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Abstract. Ecological and faunal complex of phytonematoids found in root and pre-root soils of vine
agrocenoses of Surkhandarya region of the southern regions of the Republic of Uzbekistan was studied, as well as
their density in individuals in the population and its impact on plants were scientifically analyzed.

Key words: phytonematoda, fauna, flora, phytoparasitism, pararizobionts, stiletto, phytohelminthiasis,

mycosis.

Introduction
In Uzbekistan, in particular in Surkhandarya
region, extensive research has been conducted on the
fauna of plant phytohelminths, but there are very few
sources of phytohelminths and their damage in vine

agrocenoses, which are not enough to solve
phythelminthological problems of our time and
therefore require additional research. Lack of

information on phytohelminths, which are the main
parasites of vine plants, and the pathological conditions
they cause, leads to a sharp decline in the high yield that
can be obtained from the plant. Based on this, our goal
is to identify the fauna of parasitic phytohelminths and
develop a system to combat them.

Methods

The development of viticulture in Uzbekistan is an
urgent task in solving the problems of providing the
population with high-quality and various medicinal
food products.

To increase the efficiency of viticulture, it is
directly related to the introduction into practice of new,
more suitable grape varieties for certain environmental
conditions, which are resistant to unfavorable abiotic
and biotic environmental factors, as well as increased
productivity in combination with a good harvest
quality. In addition, the productivity of grape plants and
the quality of their berries and bunches from biotic
factors can be limited by the wide spread of pests and
diseases on them, in particular, the most dangerous of
them are phytoparasitic nematodes that affect plants,
caused as diseases of phytohelminthiasis. According to
foreign researchers, the causative agents of
phytohelminthiasis, lead to small-leaved and dwarf
bushes, a sharp decrease in productivity and cause
significant damage to the quality of berries and grapes
[1,9]. They cause numerous and varied damage to the
root system of the plant; in addition, they play an even
greater role in the spread of mycotic, viral, bacterial and
other diseases. Therefore, phytohelminthological
studies of this culture, the study of the faunistic
complex of phytonematodes of grape plants and the
identification of parasitic species are relevant in
viticulture.

In order to determine the species composition of
the faunistic complex of phytonematodes of grape
agrocenoses, as well as to analyze the population
density and elucidate trophic relationships with the
plant in the period from 2018-2020. We collected

phytonematodes from the root soil and root system of
plants in 26 farms from 13 districts of the Surkhandarya
region. The studies were carried out by the generally
accepted route method [2,3,4].

During the phytohelminthological study, 1280
samples of soil and root system of grape plants were
collected and analyzed. In the field, each soil sample,
along with plant roots, was placed in a separate
cellophane bag and labeled. The collected samples
were analyzed in the phytohelminthological laboratory.
First, the roots of the plant were carefully examined for
nematode infestation. Then, the root soil and root
system were examined separately. To isolate
nematodes from the soil and root system of plants, a
modified Berman funnel method was used [1,5,6].
Exposure at room temperature + 250C was 20-28
hours, at a temperature of +300 + 350C - 10-12 hours.
Soil samples for the presence of cyst nematodes were
usually analyzed by the Decker method [3,7,8].

A 4-6% formalin solution was used to fix the
nematodes. Enlightenment of nematodes was carried
out in a mixture of glycerol with alcohol (1: 3), and
permanent preparations on glycerol were prepared for
in-office processing of the material according to the
Seinhorst method [6,9]. Preparations for determining
the species of root-knot nematodes were prepared
according to the well-known method of E.S.
Kiryanova, E.L. Krall [2].

The species composition of nematodes were
studied under an MBR-3 microscope using light filters
and a phase contrast device. When determining the
species belonging of plant nematodes, the works of
domestic and foreign authors were used, as well as the
atlas of plant nematodes compiled at the Institute of
Problems of Ecology and Evolution named after A. N.
Severtsov of the Russian Academy of Sciences.

To determine the species, we used morphometric
parameters that are obtained according to the generally
accepted de Mann formula modified according to
Micoletzky [5].

Results

As a result of the carried out
phytohelminthological studies in grape agrocenoses in
the southern region of Uzbekistan, we found 118
species of phytonematodes belonging to 54 genera, 39
subfamilies of 33 families, 20 superfamilies, 13
suborders, 9 orders and 2 subclasses. In total, the
detected nematodes by orders are distributed as
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follows: Order Monhysterida is represented by 5
species, Enoplida-1, Mononchida-6, Dorylaimida-23,

Aphelenchida-19 and order Tylenchida-27 species
(Table-1).

Alaimida-5, Rhabditida-7, Teratocephalida-25,
Table-1.
Qualitative and quantitative ratio of nematode species of grape agrocenoses by order

Ne Detachments Number of species % Number of individuals %
1 Monhysterida 5 4,2 % 176 13
2 Enoplida 1 1,0% 28 0,2
3 Mononchida 6 5,0 % 153 12
4 Dorylaimida 23 19,5 % 844 6,4
5 Alaimida 5 42 % 110 08
6 Rhabditida 7 59% 697 54
7 Teratocephalida 25 212% 3747 28,6
8 Aphelenchida 19 16,1 % 2070 159
9 Tylenchida 27 229% 5261 40,2

Beero: 118 100 13086 100

The order Monhysterida is represented by 2
families:  Plectidae, Monhysteridae; 4 genera:
Anaplectus, Plectus, Proteroplectus, Monhystera; 5
species (which is 4.2% of the total number of species)
and a total of 176 specimens (1.3% of the total number
of detected plant nematodes).

The order Enoplida includes one family:
Onchulidae; one genus: Prismatolaimus and 1 species
(0.9%), a total of 28 specimens (0.2%) of
phytonematodes.

The order Mononchida includes 2 families:
Mononchidae, Mylonchulidae; 3 genera: Mononchus,
Clarcus, Mylonchulus and 6 species (5.1%), a total of
153 specimens (1.2%) of phytonematodes.

The Dorylaimida order is represented by 8
families: Encholaimidae, Nygolaimidae,
Dorylaimidae, Qudsianematidae, Aporcelaimidae,
Discolaimidae, Nordiidae, Xiphinemidae; 11 genera:
Enchodelus, Nygolaimus, Paradorylaimus,
Mesodorylaimus,  Dorylaimellus,  Eudorylaimus,
Aporcelaimus,  Aporcelaimellus,  Discolaimium,
Longidorella, Xiphinema; 23 species (19.5%), a total of
844 individuals (6.3%) of phytonematodes.

The order Alaimida includes 2 families:
Alaimidae, Diphtherophoridae; 2 genera: Alaimus,
Diphtherophora and 5 species (4.2%), a total of 110
specimens (0.8%) of phytonematodes.

The order Rhabditida includes 2 families:
Rhabditidae, Diplogasteroididae; 4 genera:
Mesorhabditis, Pelodera, Rhabditis, Mesodiplogaster;
7 species (5.9%), a total of 697 individuals (5.3%) of
phytonematodes.

The order Teratocephalida is represented by 3
families: Panagrolaiminae, Cephalobinae, Acrobelinae;

8 genera:  Panagrolaimus,  Heterocephalobus,
Cephalobus, Eucephalobus, Acrobeloides,
Chiloplacus, Acrobeles, Cervidelus; 25 species

(21.2%), a total of 3747 individuals (28.9%) of
phytonematodes.

The Aphelenchida order is represented by 3
families: Aphelenchidae, Paraphelenchidae,
Aphelenchoididae; 4  genera: Aphelenchus,
Paraphelenchus, Aphelenchoides, Bursaphelenchus; 19
species (16.1%), a total of 2070 individuals (15.8%) of
phytonematodes.

The order Tylenchida includes 8 families:

Tylenchidae, Dolichodoridae, Psilenchidae,
Hoplolaimidae, Rotylenchulididae, Pratylenchidae,
Meloidogynidae,  Paratylenchidae; 13  genera:
Tylenchus,  Filenchus,  Aglenchus, Lelenchus,
Tylenchorhynchus, Bitylenchus, Psilenchus,
Helicotylenchus, Rotylenchus, Pratylenchus,
Pratylenchoides, Meloidogyne, Paratylenchus; 27

species (22.9%), a total of 5261 specimens (40.2%) of
phytonematodes.

The above analysis shows that among the orders
in terms of species composition, the order Tylenchida
occupies the first place, which is 22.9% of all detected
species of nematodes of grape plants. Then the order
Teratocephalida (21.2%), the order Dorylaimida
(19.5%) and the order Aphelenchida (16.1%).

In terms of the number of individuals among the
orders, the first place is occupied by the order
Tylenchida, which is 40.2% of the total number of
detected  phytonematodes.  Then the  order
Teratocephalida (28.9%), the order Aphelenchida
(15.8%) and the order Dorylaimida (6.3%).

Phytonematodes identified from the roots and
rhizosphere of grape plants, according to the ecological
classification of A.A. Paramonov [3], belong to 5
ecological groups: pararisobionts - 29 species (24.6%
of the total number of species), 970 individuals (7.4%
of the the total number of detected phytonematodes);
devisaprobionts - 11 species (9.3%), 797 individuals
(6.1%) of phytonematodes; eusaprobionts - 29 species
(24.6%), 3871 individuals (29.6%) of phyto-
nematodes; phytohelminths of nonspecific pathogenic
effect - 30 species (25.4%), 3661 individuals (28.0%)
of phytonematodes; phytohelminths of specific
pathogenic effect - 19 species (16.1%), 3787
individuals (28.9%) of phytonematodes (Table 2.).

Pararisobionts belong to the orders: Monhysterida,
Enoplida, Mononchida, Alaimida, Dorylaimida and are
represented by the families Monhysteridae,
Onchulidae, Mononchidae, Mylonchulidae,
Encholaimidae, Nygolaimidae, Dorylaimidae.

Representatives of this ecological group were
found mainly in the rhizosphere, where 94.6% of the
total number of nematodes were recorded.
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Table-2
Qualitative and quantitative ratio of wheat nematodes by ecological groups
Ne Environmental groups Number of species | % | Number of individuals | %
1 Pararisobionts 29 24,6 970 74
2 Eusaprobionts 11 93 797 6,1
3 Davisaprobionts 29 24,6 3871 29,6
4 | Phytohelminths of nonspecific pathogenic effect 30 254 3661 28,0
5 Phytohelminths of specific pathogenic effect 19 16,1 3787 28,9
Total: 118 100 13086 100
Species Monhystera filiformis, Prismatolaimus total number of individuals of the detected

intermedius, Clarcus papillatus, Mesodorylaimus
bastiani, M. parasubulatus, Eudorylaimus
centrocercus, E. kirjanovae, E. paraobtusicaudatus, E.
parvus, E. pratensus, Aporcelaimus superbus,
Aporcelaimellus abtusicaudatus, 4. obscurus and
Discolaimium cylindricum root soil in large numbers.

The species Anaplectus granulosus,
Proteroplectus parvus, Mylonchulus parabrachyurus,
Nygolaimus brachyuris, Paradorylaimus filiformis,
Dorylaimellus mirus, Alaimus striatus are the smallest
in number of individuals.

The group of eusaprobionts in the material studied
by us turned out to be the group with the smallest
number of species (11 species), only 9.3% of the total
number of species. Representatives of this group
include the family Rhabditidae (6 species). From
eusaprobes Rh. brevispina is found in large numbers in
the root system of plants and root soil. The species
Mylonchulus parabrachyurus, M. solus were found
only in the rhizosphere, and in the smallest number of
individuals.

The group of devisaprobionts includes 29 species
(only 24.6% of the total number of species), which
belong to the orders Plectida and Teratocephalida;
family Plestidae, Cephalobidae and Paragrolaimidae.
They were found in the root system and rhizosphere of

plants.

The species Panagrolaimus rigidus, P.
multidentatus, P. subelongatus, Heterocephalobus
elongatus, Cephalobus persegnis, Acrobeloides

buetschlii, A. Nanus, Chiloplacus propinquus found in
the rhizosphere and root system of grape plants were
the most numerous in terms of the number of
individuals.

The species Panagrolaimus armatus, P. spondyli,
Chiloplacus lentus, Cervidelus insubricus were found
in insignificant numbers in terms of the number of
individuals.

The species Chiloplacus summetricus and
Acrobeles ciliatus are found only in the rhizosphere of
plants.

Conclusion

The most numerous in terms of the number of
species was the group of phytohelminths of nonspecific
pathogenic effect, including 30 species belonging to the
orders Aphelenchida and Tylenchida; families
Aphelenchidae, Paraphelenchidae, Aphelenchoididae,
Tylenchidae, Psilenchidae. Among families in terms of
the number of individuals and species composition,
Aphelenchoididae occupies the first place, which is
63.3% of the total number of species and 8.3% of the

phytonematodes.

Species Aphelenchus avenae, 4. cylindricaudatus,
Paraphelenchus pseudoparietinus, Aphelenchoides
clarolineatus, A. dactylocercus, A. limberi, A.
parietinus, A. parasubtenuis, A. trivialis, Tylenchus
davainei, Filenchus filiformis, Aglenchus thornei,
Neotylenchus abulbosus, Ditylenchus intermedius, D.
myceliophagus, D. tulaganovi, Nothotylenchus
alliiwere found in the rhizosphere and root system of
grapes, and were the most numerous in terms of the
number of individuals.

Phytonematodes Paraphelenchus tritici,
Aphelenchoides helophilus, A. parabicaudatus, A.
pusillus, A. sacchari, A. teres, Bursaphelenchus talonus
were insignificant in the number of individuals.

Phytohelminths with a specific pathogenic effect,
including 19 species belonging to the orders
Dorylaimida and Tylenchida; families Xiphinematidae,
Dolichodoridae, Hoplolaimidae, Rotylenchulididae,
Pratylenchidae, Meloidogynidae, Paratylenchidae,
Anguinidae were found in a large number of
phytonematodes.

Among the true parasites, the dominant species
were Tylenchorhynchus capitatus, T. brassicae,
Bitylenchus dubius, Helicotylenchus dihystera, H.
erythrinae, H. multicinctus, Pratylenchus pratensis, P.
neglectus, Ditylenchus dipsaci. They were found in the
rhizosphere and the root system of plants, and were the
most numerous in terms of the number of individuals.

The  species  Psilenchus  clavicaudatus,
Meloidogyne arenaria, Pratylenchoides crenicauda,
Paratylenchus amblycephalus, P. macrophallus,
Neoditylenchus pinophilus were found in a small
number of phytonematodes.

The analysis of the research shows that the fauna
of phytonematodes of grape plants in the south of the
Republic has not been studied. Therefore, carrying out
large-scale phytohelminthological studies to study the
faunistic complex of phytonematodes of grape
agrocenoses in this territory, as well as the
identification and degree of harmfulness of parasitic
species, is of great scientific and practical importance
in the development of viticulture in the republic.



East European Scientific Journal #7(71), 2021 7

References

[11 AkonsH K.B. O maToreHHOCTH CMEUIaHHBIX
MOMYJISILUIA HEMaTo 1 ITapa3uToB Ha BUHOTpane // Beec.
koH(p. «Hemaron. bonesnn pacrt.», Kummnes, 1991:
Te3. moki. u coobur. — Kumunes, 1991. — C. 51.

[2] KupbsinoBa E.C, Kpamns 2.JL
[Tapasurndeckre HEMATOABI PACTEHHUH M MEPHI OOPHOBI
c anMmu. -M.: Hayka, 1969. -T. 1. 447 c.

[3] Xyppamos A.I1l., Bo6okenmuena JI.A. ®dayHa
M 9KOJIOTHS (PUTOHEMATO/T IIICHUIIBl U TUKOPACTYIIIHX
3JIaKOBBIX pacTeHuid Y30ekwcrana // EBpasuiickuit
HaYYHEIHA XypHau // - Mocksa, - Ne 9 (78), - 2020, 30-
36 cTp.

[4] XyppamoB  A.lll., bBobGokenmueBa JLA.
Comparative Analysis Of Biocenotic Complexes Of
Wheat Nematodes And Wild Cereals // - The American
Journal of Applied Sciences, 2 (09), - C. 96-100.

[5] XyppamoB  A.IIl., bobokengmeBa JLA.
Comparative Analysis Of Ecological- Faunistic
Complexes Of Nematodes Of The Surveyed Wild
Cereal Plants Of Uzbekistan // - The American Journal
of Applied Sciences, 2(09), - C. 304-308.

[6] XyppamoB A.ll., Bobokenmuera JLA.
Biodiversity of the faunistic complex of the
phytonematodes of the examined wild cereal plants of
Uzbekistan // - International journal of advanced
research (ijar), 8 sentabr, - 2020, - P. 1004-1009.

[7]1 XyppamoB A . Wzyudenne
(ayHHCTHIECKOTO KOMILTEKCa (uToHEMATON
JUKOPACTYIINX 3JIaKOBBIX pacTeHUH y30ekucraHa //
Bildiri tam metinleri kitabi // International mersin
symposium, Mersin / Turkey 22 - 24 October, - 2020, -
Tom 4, - C. 194-203.

[8] XyppamoB A.Ill., BoGokenmumera IIA.
durtonapasuTHuecKue  HEMaTOABl —  BPEIUTENN
3epHOBBIX KyJIbTyp Y30ekuctana // MexmayHapoTHbII
HayuHBbI xypHai, - Ne 10 (80), - 2020, - C. 8-12.

[9] Lemos R.M., Almeida M.T. de, Santos M.S.N.
de A., Abrantes I. M. de O., Marthins A. I.T., Relvas,
J.CB. de M. Studies on portuguese populations of
longidorids and tichodorids // 2 nd Inf. Nematol Congr.,
Veldhoven, 1990. — C.



8  East European Scientific Journal #7(71), 2021 =

BETEPHHAPHDIE HAVRH

Gryazneva Tatiana Nicolaevna

doctor of biological sciences,

professor of the department of microbiology,

FGBEU IN MGAVM&B - MVA named after K.I.Skryabin
Shlionskiy Vadim Yurievich

graduate student of the department of microbiology
FGBEU IN MGAVM&B - MVA named after K.I.Skryabin
Shlionskaya Alevtina Anatolievha

graduate student of the department of microbiology
FGBEU IN MGAVM&B - MVA named after K.I.Skryabin

THE SAFETY OF PHOTOSENSITIZERS AS A PREVENTIVE DRUG FOR
INDUSTRIAL POULTRY FARMING

I'pasneea Tamvana Hukonaesna

0OKMOp OUONO2UYECKUX HAYK,

npogeccop kageopvl mukpodbuosocuu,

@I'EOY BO MI'ABMubF - MBA um.K.U.Cxpsibuna
HInénckuii Baoum IOpvesuu

acnupanm Kageopvl Mukpobuonozuu,
OI'FOY BO MI'ABMub - MBA um.K.1.Cxpsouna
HInénckana Anesmuna Anamonuegna

acnupaum Kageopvl MuKpobuono2uu,
OI'FOY BO MI'ABMub - MBA um.K.1.Cxpsiouna

BE3OINACHOCTDb IPUMEHEHUSA ®OTOCEHCUBUJIN3ATOPOB B KAYECTBE

MPOPUITAKTUUYECKOI'O ITPEMMAPATA IJIS1 MPOMBIIIJIEHHOI'O IITHOEBOJICTBA

DOI: 10.31618/ESSA.2782-1994.2021.1.71.80

Annotation. The aim of the work was to determine the safety of the use of photosensitizers as a preventive
drug for industrial animals.

In the theoretical part, the definition of photosensitizers was given with a description of the reactions in which
they enter into biological systems, the purpose of the work and the tasks were formulated.

In the practical part, the effectiveness of the Photoditazine photosensitizer was determined in order to
maintain the well-being of the livestock of industrial birds and to obtain high-quality and safe poultry products. In
vivo experiments were conducted to determine the effectiveness of photosensitizers as a preventive drug for
production animals. Studies were also conducted to determine the safety of products obtained from experimental
animals by feeding their meat to laboratory rats with further determination of their pancreatic elastase
concentration by ELISA. For the experiments, non-linear white female rats were selected as the most adequate test
object for rapid analysis of the safety of raw materials obtained after the use of photosensitizers.

AnHoTanus. Llenso paboTs! ObITIO OompeneauTh 3¢h(HEeKTUBHOCTh NPUMEHEHUS (HOTOCEHCHOMIN3AaTOPOB B
KadecTBe MPOPHUIAKTHYECKOT0 Mpernapara Al MPOMBIIUIEHHBIX KUBOTHBIX. B TeopeTndeckoil yacTu ObLIO 1aHO
ompeneneHnue (HOTOCCHCHOMIN3aTOPOB C OMMCAHUEM PEAKIMi, B KOTOPbIE OHU BCTYMAIOT B OHMOJIOTHYECKUX
cucremMax, OblIa cQOpMynHpoBaHa Iienb paboThl M 3agaud. B mpakTuueckod dacTu Obula oOIpejaeseHa
3(1)(1)6KTI/IBHOCTL (1)0TOCGHCI/I6I/IJ'II/133T0pa «CDOTOI[I/ITEBI/IHa» B ICIIIX NOAACPIKAHUSA 6J'IaFOHOJ'Iy‘{I/I$I IIOroJIOBbA
MNPOMBIINUICHHBIX ITUI U NOJTYYCHUA KayeCTBEHHOM U 0e30I1acHOM MNPpOAYKIHWU NITULICBOACTBA. Breimm IPOBCJICHBI
OIIBITHI In VIVO € OCJIbKO OIMpPCACIICHNUE 3(1)(1)CKTI/IBHOCTI/I MPUMCECHCHUA (bOTOCeHCI/I6I/IJ'II/ISaTOpOB B Kad€CTBEC
HpO(I)I/IJ'IaKTI/I‘{eCKOFO npenapara JJjid MpOUu3BOACTBECHHBIX )KUBOTHBIX. Tak >xe ObLIN MPOBEACHBI UCCIICAOBAHUA T10
OIPCACIICHUIO 0€e301IacHOCTH MNpoAYyKIHHU, HOJ‘Iy‘ieHHOﬁ OT NOAOINBITHBIX JXUBOTHBIX, IIYTEM CKApMJIMBAHUA UX
MmsAca J'Ia60paTOpHBIM KpbICaM C HaJTBHeﬁMHM OIIPEACIICHUEM Y HUX KOHICHTpAalIun HaHeraTI/IqCCKOﬁ 3JIaCTa3bl
metogoM M®PA. ]l sKcepuMeHTOB OBUTH BBIOpaHBI HEMWHEWHBIE Oenble CaMKH KpPBICH, Kak HamOolee
aJICKBaTHHﬁ TECT-00BEKT IJI OKCIIpECC-aHalin3a 0€e30IMacHOCTH CBIpbs, IOJIY4a€MOro IIOCIIC TNPHUMCHCHUA
(hOoTOCEeHCHONITN3aTOPOB.

Key words: photosensitizers, industrial poultry farming, product safety, microbiological assessment,
prevention.

Knioueswvie cnoea: d)omocech6quu3amopbl, npoMblUIeHHOEe nmuue@odcm@o, 6630naCHOCWIb npody}cuuu,
MquO6u0ﬂ02ulte€Ka}Z OY€EHKA, npod)uﬂakmuxa.

BBenennue. ¢doronunamuyeckoit Tepamuu (OAT). JanHblid MeTOA
B Hacrosmiee BpeMsi B BeTepHHApHOH XUPYprMM  OCHOBAaH Ha B3aUMOJEHCTBHHM C MeMOpaHOH KIeTOK
JUIL  JIEYeHUs] OHKOJIOTMH  HCIIONB3YIOT  METOJl  MOJeKyJ goToceHcuommmsaropos [10].
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dotoceHcHOMIM3ATOPEI -  3TO  BEILIECTBA,
CIIOCOOHBIC TIepelaBaTh OJHEPIHI0 CBETa APYI'UM
BEIleCTBAaM, TE€M CaMbIM  3allycKkas  ILEMNOYKYy
(pU3MYECKO-XMMUYECKMX MPOLECCOB, W3 KOTOPBIX
HauOONBIINIT MHTEpEC NPENCTABISAIOT T pPEaKlHH,
KOTOpBIE TIPHBOJAT K 0OOpa30oBaHHIO CBOOOIHBIX
paauKalIoB M aKTUBHBIX opM Kuciopona. K mpumepy,
BO30Y)KICHHBI CEHCHOMIN3AaTOP MOXET OTIEIUTh
aToM BOZOpOJa OT MOJEKyasl Oenka. benxosas
MOJIEKyJla NPEBPAINAcTCs B PaWKal, W HAIMHACTCS
[IETIOYKa OKHMCIUTEIbHBIX peakiuid. Cama Monekyia
(doTtoceHcMOMNM3aTopa B IIpoIecce peakiuu He
U3MEHsSETCs, OHa TepelaeT KUCIOPOLy BOAOPOL,
OT/EJICHHBIH OT OETKOBOM MOJIEKYJIBI, U BO3BPAILACTCS
B HUCXOJHOE COCTOSHHE, TOTOBas MOIVIOTUTH
OuepeHyI0 MOPLHI0 cBeTa. YTO KacaeTcsl KUCIOpOo/a,
TO OH B pe3yJbTaTe MPEeBpallaeTCs B OYeHb aKTUBHBIN
aHWOH-pafuKay, cymnepokcun. Ecmum TpuruieTHas
MOJIEKyJIa CEHCHOMIN3aTOPa HANpPSIMYIO CTAJIKUBACTCS
C MOJIEKYJIOH KHCIOpOJa, TO KHCIOPOX OTOMpaeT y
CeHCHOMIIM3aTOpa S3HEPTHI0 M CaM MEPEXOIHUT B
B030y>/IeHHOE cocTostHMe. Kucrmopox B CHHITIETHOM
BO30Y>KIICHHOM COCTOSIHUHM, KaKk M CYIEpPOKCHI,
4Ype3BbIYAHO AKTHBEH: 00€ O5TH BBICOKOAKTHBHBIC
YaCTHLBl ~ OYEHb  MNOABWXXHBI M SBISIFOTCS
YHHUBEPCAJIbHBIMH OKUCIUTEAMH [2].

CornacHo maHHBIM M3 cTaThu boHmapenko B.M.,
KonoBanosa I'.H., Huxonmaea E.B. u coaBTopoB
«Oddext (hOTOTMHAMHYECKOTO BO3JICHCTBUS
METAJUIOKOMIUICKCOB TPOW3BOIHBIX XJopuHa E6 Ha
YCIIOBHO-TIATOTE€HHBIE OAaKTEpUH C WCIIOIb30BAHHEM
CBEPXBSIPKUX CBETOAMOIOB XOJIOAHOTO OEJIOr0 CBETay,
OITyOJTMKOBaHHOM B 2008 rony,
(hoToCeHCHOMNMM3aTOPHI MOTYT 001amaTh
OGakTepulIUIHBIMU CBOMcTBaMH [1].

Ha ocHoBanuu cBoiicTB (hoTOCEHCHOMIN3ATOPOB

pearupoBath ¢  OenkamMH U 00Opa30BBIBATH
BBICOKOAKTUBHBIC OKHCIIUTCIIN 6I)IJ'II/I CAcCJIaHbIL
MPE/MONIOKEHUSI O BO3MOYKHOCTH —HCIIOJIb30BaHUS
(hoToceHcHONIN3aTopoB, KakK OaKTEePHUIIMIHBIX
[penaparoB, U ObUTH MPOBEICHbI UCCICAOBAHUS I10
BBISIBJICHUIO AHTUMHUKPOOHOM AKTHBHOCTH
(hoTOCEHCHOMITN3ATOPOB Ha npumepe

(hoToceHCHOMIM3aTOpa BTOPOTO IMOKOJICHUS HA OCHOBE
XJIOpUHOB - «DOoTOaNTA3HHAY.

Lenpto Hame#t paGoOTHI SBISIIOCH OIpEICIICHHE
3¢ GEKTHBHOCTH (hoToCceHCHOUTU3aTOPOB npu
MepOpaibHOM  BBEIGHMM WX  PAacTBOPOB B
(hapmareBTHUECKUX J03ax MIPOMBIIIJICHHBIM
JKUBOTHBIM B KadeCcTBe  MPO(UIAKTHICCKOTO
npenapara. Kpome Ttoro, Obuia mocraBiieHa Uelb
BBISIBUTH OTCYTCTBHE HECTIEITUPUIECKON TOKCUIHOCTH

y msica JKHBOTHBIX, MOJTyYaBIIUX
(hoToceHCHOMIN3aTOPHI.

Jias 31oro OBUIM TOCTaBICHBI  CIEIYIOIIUE
3a/1a49H:

1) V3meputh CyTOYHBIE NPUPOCTHI Macchl Tela
IBITUTAT - OpOIIepoB ¢ 9 CyTOK XHU3HH 1 10 Y0os1 Ha 30-
BI€ CYTKH JKU3HHU B YETHIPEX MOJIONBITHRIX TPyIIaX:

- B TIpymlne, IOJydYaBIIEH aKTUBUPOBAHHBIN
«®DoToauTazuny;

- B TIpylle, MNOJydYaBIICH HEAKTHMBUPOBAHHBIN
«DoroanuTazuny;

- B TpyIIle, NONyYaBlield aHTHOMOTHK IUPOKOTO
CIIEKTpa JEHCTBHUS;

- B KOHTPOJIBHOH IpyIIIe.

2) OrnpenenuTb o01Iyto MHKpPOOHYIO
00CEMEHEHHOCTh TYIIEK MBIUISAT W3 MOJOMBITHBIX
rpynn meroaoM nouacuera KMA®AHM;

3) BeIaBUTH ABISIETCS JTM IPOAYKIINS, TTIOJTyYSHHAS
oT MOJOTIBITHBIX KUBOTHBIX, MOTy4YaBIINX
¢doToceHcudMIM3aTop, Oe3omacHoit MyTeM
MOHHUTOPHHIA COCTOSHUS Ta0OPaTOPHBIX CaMOK KpBIC,
KOTOPBIM CKapMJIMBAJIOCh MSICO OT LIBIIUISAT OpoiiepoB
U3 NIEPBOU MOAOIBITHOM IPYILIILL;

4) CpaBHUTH NIOJTyYCHHBIE PE3yJIbTAThl U CAEIATh
BBIBOJIBI 00 3¢ PeKTUBHOCTH MIPUMEHEHHUS
(hOTOCEHCHOMITN3aTOPOB, Kak 0aKTePHIIUIHBIX
MpernapaToB W IMPEIOKATh Hambosee 3¢ ¢eKkTUBHBIE
METOJMKH NX IPUMEHEHUSI.

Marepuajbl M1 METOABI.

HccnenoBatensckas pabora BBIIONHSUIACH Ha
kadenpe muxpodbuomornn ®I'BOY BO MI'ABMub-
MBA wumenun K.MU. Ckpsbuna. Matepuamom mis

HCCIIEIOBAaHUS  CIY)KHJI ~ HMCIBITYEeMbId  TIperapar
«(DOTOZ[I/ITa?;I/IH»- JUMETUIITIIIOKAaMHUHOBAs COJIb
xymopuHa  E6,  ¢oroceHcuOmimzarop  BTOpPOro
MOKOJICHHsSI, 3TO BOJOPACTBOPUMBIC MPOM3BOTHBIC

XJIOpodHIIIa, MPEIOKECHHBIC K HCIIOIb30BAHUIO IS
METUIIMHCKUX 1eneil. Jlanuelii mpenapar obnamaer
CIOCOOHOCTBIO TIOTJIOMIATh CBET B BUAUMOW 00JIACTH,
pe3yNIBTaTOM dHero SBISACTCA ero (POToaKTHBAIMSA H
MOCJIEAYOIAs penakcanus BO30YKIICHHOTO
COCTOSIHHS C IIEPEHOCOM SHEPIUU HA PaCTBOPEHHBIN B
TKaHSIX MOJIEKYJISIPHBIA KHCIIOPOI U OpraHUYECKUE
cybcrpatel. [locne BBeieHus mpemapaT MONAgaeT B
Ne4yeHb, a 3aTeM B KpOBb, IIOCIE€ 4YEro OH
rnepepacnpenenaseTcss B Opraibl U TKaHU >KWUBOTHBIX.
«DotomuTazuH»  ObUT  AKTHBHPOBAH  JIa3epoM
MoiHoCcThIO 0,8 BT ¢ miinHO# BoaHEI 662 HM.

UccnenoBarenbckas paboTa IPOBOAWIACH B
COOTBETCTBMM  CO  CIICAYIOIICH  HOPMaTHBHOMN
JOKYMEHTAIMeH:

- TOCT P HUCO 20776-1-2010 «Knuanmdeckue
ma0opaTOpPHBIC HCCIICAOBAHUS W JAHATHOCTHYCCKHE
TECT-CUCTEMBI iN Vitro» [3];

- TOCT P 50396.0-92 «Msco mnTHIBI,
CyOnposyKThl ¥ TONy()aOpuKaTel NTHYBH. MeETOMBI
otbopa mMpobd M MOATOTOBKA K MUKPOOHOJIOTUIECKUM
uccienoBanusimM» [4];

- TOCT HCO/MBK 17025:2009 (ISO/IEC
17025:2005) «O61ue TpeOOBaHUS K KOMIIETCHTHOCTH
HCTIBITATEIbHBIX U KATMOPOBOYHBIX TabopaTopuii» [6];

- T'OCT 10444.15-94 «IIpoayKTbsl MNHUILEBLIE.
Meroapl omnpesneneHus KOJIMYecTBA Me30(HIbHBIX
a3pOOHBIX u (haKyIbTaTHBHO-aHA’POOHBIX
MUKPOOPIraHu3MoBy [7];

- CaulluH 2.3.2.1078-01 «I'uruennueckue
TpeboBaHusT 0€30MaCHOCTH W TMHIIEBOW IEHHOCTH
MTUIIEBBIX MPOIYKTOB» [11].

Jlist  gaHHBIX  ONBITOB  HMCIIOJIB30BATUCH
meUIsiTa - Opoinepsl 9-cyTodHOro BoO3pacTta B
konmpyectBe 12 ocobeit.  ns  ompeneneHus
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a¢pdexTuBHOCTH TnpuMeHeHUs «®DoroaurasuHay B
KayecTBe  NpO(WIAKTHYECKOro  mpernapara s
JIOMallHel MTHIBI, OH BBIIAUBAJICS IOJONBITHBIM
LBIIUIATAM aHAJOTMYHO METOAMKE, MPEeAyCMOTPEHHON
JUIL  BBIIAMBAaHUs ~ NTUIE  aHTHOMOTHKOB B
npoduiIakTHYeCKUX ~ HeNsX B [PEANHUCAHHOMN
(hapmakomorndeckoit mo3uposke 0,2 M mpemapara Ha
1 kr maccel Tema. MccnenoBaHus MPOBOIWINCH Ha 4
rpymnmnax, no 3 mplIUIEHKa B KaXKJOU:

- 1-1 rpynma momyvana KakKAbI JEHb PacTBOP

aHTHONMOTHKA  IIMPOKOTO  CHEKTpa  JAEHCTBHUSA
«Dypamunuey»; - 2-s TpyTIa MoTydana KaxIbli 1eHb
pacTBOp aKTUBHPOBaHHOTO (hoTOCEHCHOMIM3aTopa
«DoToauTazuHY;

- 3-9 rpymnma moisiyyana KaKAbIH J€Hb PacTBOD
HEaKTHUBUPOBAHHOIO (doroceHcubmIM3aTopa
«DoToauTa3zUHY;

- 4-5 TpyTIIIa UCIIONB30BANIACH ST KOHTPOJISL.

OTKOpPM BCEX BBIIICTICPEUHCICHHBIX IIBITUIAT
MPOBOIWIICS B Te4eHHE 21 CYyTOK ¢ eXCTHEBHBIM
B3BCIIMBAHUEM ISl OIPENEICHUS CpPEIHECYTOUYHBIX
MPHUPOCTOB MAcCCHI, IMOCie Yero ObUT MpOBEIeH yOoit
UL TONyYeHHs Tmpod wMsaca ansd  JadbHEHIINX
UCCJICIOBAaHUM.

Jnsa OIIpeJCIICHUS o01weit MHUKPOOHOI
00CEMEHEHHOCTH TYWIEK IBIUIAT U3 MOJOMBITHBIX
rpynnn  MerogqoM mnoacyera KMA®DAHM  Obun
MIPUTOTOBJICHBI CEPUIHHBIE NECATUKPATHbIE Pa3BeACHU
13 B3BECH, MTOJIyYCHHOH 13 Msca UCCIIEAYEMBIX TYIIEK.
Ilepen moceBoM Kaxkayro mpoOy OCBOOOXKIANH OT
BUIUMOH COEAVHUTEIBHOW M JKUPOBOM TKaHHU,
MOTPY’KAIH B CIIUPT U 00XKHUTANIH MOBEPXHOCTH. 3aTeM
HOXKHHIIAMHU U3 TIyOMHBI Ka)XXI0T0 00pasiia BeIpe3ain
KyCO4kHu pazMepoM 2,5X1,5%2.5 cwm, B3BemmBamu u
NOMelali B CTEPWIBHYIO CTYNKY W J100aBIIsUIN
(busunonoruueckuii pactBop. HosxxHUIIaMu M3Menb9anu
JI0 TIOJIyYeHHWsl KalluieoOpa3HoW Macchl, B KOTOPOM
HCCIIeIyeMblil MaTepHall HaXOJHMIICS B COOTHOIIEHUH K
obmemy komuuectBy 1X10-1. IMoxyueHHyro B3BeCh
oTcTanBaiy He MeHee 10 MMHYT, 3aTeM FOTOBHIH P
JIECSITUKPATHBIX pa3BeleHui [5].

Hns 3Toro B mpoOHpKy ¢ 9 cM3 cTepHIIbHOTO
(hM3MOTOTHMYECKOTO pacTBopa ObUTIO BHECeHO lcm3
B3BecH. [locie nmepemMenBanus MOTyYeHO pa3BeACHUE
1x10-2. U3 momy4eHHOTO pa3BeIeHUsI ITOCIe IIepeHOCca
1 cM3 B clenyromyro MpoOupKy ¢ (GU3NOIOTHYSCKUM
pactBopoMm noisydaercs pasBenenue 1xX10-3 u .1, s
KaXJI0ro pa3BeleHus Opanack OTAENbHAs CTepPHIIbHAs
nunetrka. M3 BTOpPOro, TpeThero M YETBEPTOTO
JIECSITUKPATHOTO pa3BefieHUs] ObLJI0 BHECEHO Mo 1cm3
COJICPXKMMOTO B CTEpHJIbHBIC Yamku lletpu, mocie
4ero B HUX OBUIH 3amuThl 12-15 cM3 pacruiaBieHHOTO
u oxyaxnaeHHoro go 45°C - 46°C MIIA. Ilyrem
OCTOPOKHOTO BpAlICHUS 4YalleK IO MHOBEPXHOCTU
cTosa  copepxumoe  Obuto  cmemano. Ilocie
3acThIBaHUs arapa 4amku I[lerpu ObutH mepeBepHyTHI

BBEPX JHOM U MOMEILEHBI B TEPMOCTAT Ha 24 yaca npu
temneparype 37°C [8].

[To ucteuenuu Tpex cyTok npu temmneparype 37°C
TIOJICYMTBIBAJIN YHCIIO BBIPOCUIMX KOJIOHHUH B IIIyOHHE
U Ha MOBEPXHOCTH arapa ¢ IMOMOIIBI0 NpHOopa st
MoJicueTa KOJIOHUH, NepeBepHYB YaIlKy BBEPX HOM.
Pe3ynbTaThl yuuTBIBaNM TOJIBKO HA TEX YalIKax, e
BbIpocio OoT 10 mo 300 xononuil. Yucao BbIpoCHINX
KOJIOHUH YMHOXaIIH Ha COOTBETCTBYIOILIEE
pasBeJeHueE, YTOOBI OTIPEICTUTh BEJINYNHY
KMA®AEM B 1 r npoxykra [7].

B xauecte koHTpOINS B TepMocTart mpu 370C Ha 3
CYTOK OBUIH MOMEIIEHBI 2 TPOOUPKHU C UCTIONB3YEMBIM
(U3HOJIOTHYECKMM  PAacTBOPOM H 2  4YallKd C
ucnons3dyemeiM  MITA s MO TBEPIKACHHS
OTCYTCTBUSI B HUX COITyTCTBYIOIIEeH MUKpoQIopsl [9].

Jnsa  omnpeneneHus BIUSHHS Ha  OpraHHU3M
MPOAYKITNH, 00paboTaHHOH (HOTOCEHCHOMIN3aTOPOM,
MSICO UBIUIAT-OPOHIEpOB W3 TEPBOW MOTOMBITHON
TPYIBI CKapMIIMBAJIOCh TPyMIIEe U3 6 1abopaTOPHBIX
kpbic. Taxke Obuta copMHpOBaHa BTOpas Takas ke
TpyIna, Kak KOHTPOJIbHAs, IOTy4YaBIIast OOBIYHBIN
kopMm. [lo mcreuennu 14 cyTtok ObLT OTOOpaH MOMET
CaMOK  KpBICBI U3  MOJOMBITHBIX TpyHn Ui
HCCIICIOBAaHU Ha COAEp)KaHHE IAaHKpEaTHIeCcKoi
sactasbl MmeTojoM MDA [3,6].

CyIHOCTh [JaHHOTO MeTOJa 3aKiiodaeTcs B
TBepAOpa3sHOM (PEepMEHTHOM HMMYHOCOPOEHTHOM
aHaJM3e, OCHOBAaHHBIM Ha TEXHHUKE IBOMHOTO COHABHYA
C TPHUMEHEHHEM JBYX IOJUKIOHAIBHBIX AHTHUTET,
PAacIIO3HAIOINX HECKOJIBKO PA3HBIX SMHUTONOB BUIO- U
OpraHocneH(pUIHBIX MIOCJIEI0BATENILHOCTEH
MENTUAOB NAHKpeaTUueCKOM anactasbl Mbleil, MDA
MHKPOTUTAIIKH TTOKPBITHI AHTUTEIIaMH,
HaIpaBJICHHBIMU IIPOTUB IAHKPEATUIECKOMN 31acTa3bl.
OHM CBS3BIBAIOTCSI C IAHKPEATHYECKOH »JacTasoii,
NPUCYTCTBYIOIIEH B oOpasme HWIM B CTaHAAPTaX,
COOTBETCTBeHHO. Ha cremyromieM 3Tame BTOPHUYHBIC
aHTHUTENIa, MEUEHHbIe OMOTHHOM, NPUKPEIUIIIOTCA K
UMMOOHMIIM3UPOBAHHOW TaHKPeaTHuecKol aracrase.
Jns Bu3yanuzaluy CBs3aBLIEHCS MaHKpeaTU4eCKOu
3J1acTa3bl, OMOTHH CBSA3BIBAETCS HA CIEAYIOMIEM JTarie
C MECUCHHOW CTPENTaBUIMHOM, IEPOKCHIA30i XpeHa.

3areM mepokcuaaza  (PEPMEHTATHBHO  OKHCIISET
BHECCHHBIN cybcTpar TMB
(3,3°,5,5’rerpameTHINOCH3UANH). Peaknuro
ocraHaBiauBaloT, n06asmas 0.25 wmons/n H2S04.

PazButne okpamuBaHuA (KOJMYECTBO OKHCICHHOTO
TMB) moxHO onpexenuts ¢poromerpudecku mpu 450
HM M Ha OCHOBAaHHMH WMHTEHCHBHOCTH OKpAIIWBaHUSI
ONTHYECKass IUIOTHOCTH oOpaslia NepeBOJUTCS B
KOHIIGHTPALMIO TTAHKPEaTHIEeCKOH »J1acTa3bl B MKI/T
[3].

Pe3yabTaThl U 00Cy:KIEHUE.

E>xecyTouHOE B3BELIMBAHUE KaXIOTO LIbIMIEHKA-
Opoiiepa M3 KaXAOW ONBITHOH Tpymmsl  Ha
71a00paTOPHBIX Becax MpejcTaBlIeHbl B Tadmune 1:
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Tabuumna 1
Pe3yabTaThl €KeCyTOYHOI0 B3BEIIMBAHUS UBIIISAT U3 NOJONBITHBIX TPy
Bpewms otkopma, Lprmuisita, ITmumsTe, moTyuARIHS Hprmusita, Ipimusima,
Ha4aToro ¢ 9-ro TMOJTyYaBIINe N TOJTyYaBILIHe
CYTOYHOT'O AKTUBUPOBAHHBII HEAKTHBHPOBAHHBIH AHTHOUOTHK BIPAIIHBACMBIC €
®doToauTaznH OOBIYHBIM KOPMJICHHA
BO3pacra PoTtoauTasuH
400 500 450 450
1 cyTku 400 500 450 450
350 450 500 450
450 550 450 450
2 CyTKH 500 550 450 450
400 550 500 450
500 600 500 500
3 cyTKH 500 600 500 475
450 550 500 475
550 650 550 500
4 cyTKH 600 620 550 480
500 570 550 480
700 700 600 520
5 cyTku 800 680 600 520
550 630 550 500
800 780 650 560
6 cyTKH 900 750 700 560
650 700 600 540
850 800 680 600
7 cyTku 1050 850 730 600
750 750 620 580
1000 900 710 640
8 cyTKH 1200 900 760 630
850 820 650 610
1100 1000 800 700
9 cytku 1300 900 850 660
950 850 700 650
1200 1050 850 730
10 cyTku 1350 950 900 700
1050 950 750 700
1300 1100 900 760
11 cyTku 1400 1020 930 740
1150 1030 800 735
1400 1200 950 800
12 cyTku 1500 1100 980 780
1250 1100 850 780
1500 1250 1000 840
13 cyTtku 1600 1200 1020 820
1350 1150 900 810
1600 1250 1050 870
14 cyTtku 1700 1300 1070 850
1450 1200 940 850
1700 1350 1100 900
15 cyTtku 1800 1400 1110 900
1550 1300 980 885
1800 1450 1150 940
16 cyTku 1900 1480 1160 935
1650 1360 1040 920
1900 1550 1200 970
17 cyTku 2000 1520 1200 970
1750 1400 1080 960
2000 1650 1250 1000
18 cyTku 2100 1600 1250 1000
1850 1480 1140 1000
19 cyTku 2100 1750 1300 1040
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2250 1680 1300 1025
1950 1570 1200 1030
2200 1850 1350 1080
20 cyTku 2320 1760 1350 1060
2050 1650 1240 1070
2300 1950 1400 1140
21 cytku 2450 1860 1400 1100
2170 1750 1300 1110

Kak BupHO M3 Tabmuuel 1, cpepHue NPUPOCTHI
BeCa MBIIIAT W3 KOHTPOJBHOW TPYIIIBl COCTAaBHIN
IpUMEpHO 33 T., CPEIHUE IPUBECHI LBITUIAT U3 TPYTIIIH,
MONMy4YaBIIEH  aHTHOMOTHK  IIMPOKOTO  CHEKTpa
neiictBus «@ypammmey - 45 T., cpefHUE TPUBECH

IuIoxasi MEepeHOCHMOCTh AHTHOMOTHKA MPH TEPBBIX
JHSAX a9y - JUCIICTICHS M YacThle )KUIKHUE nederann,
a Take 3 UBIUICHKA, HE Y4YacTBYIOIIME B
9KCIIEPUMEHTE, HO COAepiKalnuecss 0e3 Jadd KaKHX-
6o mpenaparos, nanm Ha 9, 12 u 16 cyTkH.

LBIIUIAT U3 TPYMIbI, MOJyYaBlIell HEAKTUBUPOBAaHHBIN [Tokazarenu obmieit MHUKPOOHOM
«®Doroaurazun»- 63 r., a CpeTHUE TPUBECHI IBIUIAT 3 ~ 00CEMEHEHHOCTH HCCIIeIy eMBIX po6 Mmsca
TPy, MoJTy4aBIei AKTUBUPOBAHHBIA  TPEACTABJICHBI B Ta0OHIE 2:
«Dotonutazun»- 74 r. Kpome Toro, Oblia 3aMedcHa
Tabmuna 2
IToxa3aTenn obuieii MUKPOOHOI 00ceMeHEHHOCTH NPod Msica
HawumeHnoBaHue oOpasia KMA®ARM,
KOE/r
Canl1nH2.3.2.1078-01 I'uruennyeckue TpeOOBaHMs OE30MACHOCTH ¥ ITUIIEBOW IEHHOCTH 1x 10
TTUIIEBBIX IPOAYKTOB
ITpoGa Msica U3 TPYIIIBI, MOTyYaBIIeH aKTHBUPOBAHHBIN «DOTOTUTA3HH) 2,7x 10*
[IpoGa Msica U3 TPYIITBL, OJTyJaBIIICH HeAaKTHBUPOBAHHBIN «POTOTUTA3HH) 1,4x 108
[IpoGa Msica U3 TPYMITBL, OJTYJaBIICH aHTHOMOTHK 0,9 x 106
KoHTporb, mpoba Msica 13 TpyIibl, BRIPAITUBACMON ¢ OOBIMHBIM KOPMIICHUEM 2x 108
Ha ocHOBaHWM MaHHBIX TIPEICTABICHHBIX B  COOTBETCTBYET HOpMAaTHBaM JEHCTBYIOIIETO
TabymIEe 2, MOXKHO CIeIaTh BEIBOJ, 4TO Msco mruipl, CanlluH2.3.2.1078-01.
MOJyYaBIIel aKTHBHPOBAaHHBIN TIpemapar, Hambolee [Noxazarenn MAaHKPEaTHIECKON 3J1acTa3bl
mabopaTOPHBIX KPBIC MIPEACTABICHEI B TA0IHUIIE 3:
Tabmuna 3

IMoka3aTen NaHKpeaTHYECKOIi J1acTa3bl Yy JIAGOPATOPHBIX CAMOK KPBICHI B HCCJIeyeMoii rpynie,
HOpMa (oJibiie 40 MKr/T

IMokazareny naHKpeaTH4YECKOil A1acTasbl y JIaOOPATOPHBIX CAMOK KPBICHI, M3MepeHHbIe MeTojoM DA, Mkr/r
KontposbHas rpymma [lonomneiTHAs rpymmna
35.38] 4291
50.57 268.2
200.3 2394
159.7 263.4
1674 257.8
1138 2194

Ha ocHoBaHWMM AaHHBIX M3 TAOJHUIBI 3, MOXXHO
clenaTh BBIBOJ, O TOM, 4YTO TOTpeOJICEHUE CBIPHS,
00paboTaHHOrO (OTOCCHCHOMIM3aTOPOM HE NPUBOAUT
K Pa3BUTHIO KHUIIEYHOW HEIOCTATOYHOCTH y CaMOK

KPBICHI.

OOcyskneHne MOJYYECHHBIX Ppe3yJbTATOB H
AQHHBIX.

Hcnons3oBanne  OakrepuuupHoro  sdderra
(hoToCEHCMONIN3ATOPOB /TSI CAHALIMY aKTYaJIbHO U H3-
3a TOoro (akra, 4YTO TIpPM JUIMTENBHOM Jade
AHTUONOTHKOB BO3MOXKHO BO3HHKHOBEHHE
PE3UCTEHTHOCTH MHKPOOPTaHU3MOB K

AHTHUMUKPOOHBIM mpemaparaM. llo smTepaTypHBIM
JIaHHBIM M3BECTHO, 4YTO €LI€ B Hayaje pa3BUTHsA
XUMUOTEpANVU NIPU U3yUYE€HUU JEHCTBUSI TPUIIAHOBOIO
cMHEero Ha TpumanocoMsl, [I. DOpaux 3amedan

HOSABJICHHE PE3UCTEHTHBIX (POPM MHKPOOPTaHH3MOB K
JTAHHOMY KpacHTeNIo, 10 Mepe pacIlupeHus apceHana
XHUMHOTIPETIapaToB yBEIMUNBAIOCH YHCIIO COOOIIEHUI
0 Takux HaOmromeHMsx. Tak, Mociie Havyajga MHUPOKOTo
NPUMEHEHHUs CyNb(haHWIAMHUIHBIX MPEnapaTtoB ObLIO
OTMEYEHO NOSBJIEHHE MHOTI'OYHCIICHHBIX IITaMMOB
OakTepuii, KOTOpBIE JIETKO BBIJIEP)KUBAITN
TepareBTHYECKIEe KOHIICHTPAIIMY JaHHbBIX PEaparos,
AQHTUOMOTHKOPE3UCTEHTHBIE OaKTEepUH BO3ZHUKIN U
CTall paCIpOCTPaHATbCS cpa3y IOCIE€ BHEAPEHHs
AQHTUOMOTHKOB B  KJIMHHMYECKYIO IIPAaKTHKY, B
HACTOSIIIee BpEMs ITOBCEMECTHO BO3PACTAET YHCIIO
JIEKapCTBEHHO-YCTOHUMBHIX (opm Oakrepuii. Tak,

4acToTa OOHAPYKEHUS EHUIMUTHHOYCTOMYMBBIX
cTa(hUIOKOKKOB JIOXOTUT i (s} 90-98 %,
CTpENTOMHUIIMHOYCTOHUUBBIX - 60-70 % wu BbIIIE,
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PE3UCTEHTHOCTh IIHUIe/Ul K aMIMIUIUTUHY JIOCTHIAeT
90 % u Gosnee, K TETPALUKINHY U CTPENTOMHULMUHY -
54 %.

Ha ocHOBaHMM ONBITOB, MpOJENAHHBIX Ha
MOJOTBITHBIX I'PYyINIax LBILIAT, ObUIO BBICHEHO, YTO
NTHIA, [OJyYaBlIas pacTBOP aKTHBUPOBAHHOTO
tdotocencubmmmzaropa «PotomuTazmH»  oOMamaIa
HanOONBIIMMHU TIPUBECAMH M3 BCEX MOJOIBITHBIX
TPYTII, KpOME TOTO BBEIACHHUE B OTKOPM aHTHOMOTHKA
IIHPOKOTO crieKTpa «Dyparwiiie» B IEepBBIE JHU €ro
Jla9d TIPUBEJO K JUCIETICHU y TIOJONBITHON TPYIIIHI,
MOJIy4aBIIEH €ro, ¢ JajbHEHIIEeNd 4acTOW M >KMIKOH
nedexkanmeit u cHmwkeHus anmerura. Kak mnokasanu
MHUKpPOOHOJIOTHYECKUE  HCCIENOBaHHUA TYIIEK W3
Ka)XJOH MOJOIBITHOM Tpynnbl, «DoTonuTazuH» He
OKa3bIBaeT OTPHULIATENILHOTO addekra Ha
OpTaHOJICNITUYECKHE u (PU3UKO-XUMHUYECKHUE
MoKa3aTe’an Msca yOOWHBIX KHBOTHBIX, HE BBI3BIBACT
MOPOKOB MPOAYKTA, a OakTepruanbHas 00CEeMEHEHHOCTh
Msica, 00paboTaHHOTO (POTOCCHCHOMIM3aTOPOM, HITKE,
yeM y Msca, He mojBeprimerocsi oopaborke. Kpome
TOTO, TIpH BHITaUBaHUH  (DOTOCCHCHOMIHM3ATOpa
«DotonnTazMHA» TIOTOTIBITHBIM LBIUISITaM -
Opoiiepam Ha MPOTSHIKEHUH BCETO OIBITA y LBITUIAT HE
ObIJI0O OOHAPYKEHO KaKUX-THOO OTKIOHEHHH - KOXKa
ObUTa poBHAs W Iiajkas, 0e3 MPU3HAKOB aJUIONELHUH,
MEePHEBOI MOKPOB COOTBETCTBOBAI (PU3HOIOTUUECKOMN
HOpMe, TUrMeHTalus He  Obla  HapylleHa,
MOBE/IeHUEeCKasi aKTHBHOCTh OCTaBajach HEU3MEHHOM,
TeMIIepaTypa Tejla He MpeBbIIaia (GU3UOIOTHIECKON
HOPMBI, BHUJI OTXONOB ObT 0e3 W3MCHEHHUH.
®doToceHCHOMTU3AM HE HAOMIOAAIOCh, HH TIPH
BO3ACUCTBIH COJHEYHOTO CBETA, HU MPH OOIyICHUH
KO>K{ TIOJOTBITHBIX LBITIIAT JIA3€POM C JUTHHOM BOJTHEI
662 HM B TeueHue 5 MuHYT. TakuM oOpaszoM, B
MPOBEACHHBIX OIBITaX Ha MNOAOINBITHBIX TpyInmax

ObITJIAT 6I)IJ'IO BBIAICHCHO, YTO KadeCTBO MsCa,
IMOJIYYCHHOT'O oT ITHUIBI, nonyanIHeﬁ
aKTHUBUPOBAHHBIN (dhoToceHCHOMIH3ATOP

«®oTouTa3uH», HE YCTYMaeT MO Ka4yecTBY MICY
NTHIIBL, TOJTyYaBIIel aHTHOMOTHKHU MIMPOKOTO CIIEKTpa
JNEHCTBUSA, a TPHUBECH  NTHIBL,  IOJydYaBIICH
(hOoTOCEHCHOMIM3AaTOpP TPEBOCXOAST IPUBECHI IITHIIEI,
MONyYamme aHTHOMOTHK, YTO MOXET OBITh
00yCIIOBIICHO MAaryOHBIM BIIMSIHUEM aHTHOHOTHKOB Ha
€CTECTBEHHYI0 MHKpPO(IOpPY OpraHu3Ma, a TaKKe
BBEJIEHUE aHTUOMOTHUKOB Ha PAaHHMX 3Tarax pPa3BUTHUS
TITUIBI MOKET OBITH CTpecc-(haKTOPOM JJIsl OPTaHnu3Ma,
TaKk KakK, 4YeM MOJIOKE€ INTHIa, TEM MEHEe
YCTaHOBUBIIWHCS y Hee romeocrtas. Kpome 3toro, y
OOJIBIINHCTBA MUKpPOOOB npu JTUTEIIEHOM
MPUMEHESHUH aHTHOUOTHKOB BO3HHUKAET
AHTHOMOTHKOPE3UCTCHTHOCTb, KOoTOpas
00yCcIoBIMBaETCS TaKHUMH (dakTopamu, Kak:
MpeBpalieHHeM aKTUBHOH (OPMBI AHTHOWOTHKA B
HCaKTHBHYIO  (QopMy TyTeM  (QepMEHTATHBHOMN
WHAKTUBAIMU " MOIU(DUKAIIH; yTpaToit
MIPOHUIIAEMOCTH KJIETOYHOM CTEHKH IS
OTIPEJICNIEHHOTO0 XMMHOTEPAIIEBTUIECKOTO TIpemapara;
HapyIICHUSIMH B CHCTEME CHEIUPUIESCKOTO
TpaHCIIOPTa JTAHHOTO IMperapara B OaKTepUATbHYIO
KIETKYy; BO3HUKHOBEHHEM Y MHUKPOOPTaHU3MOB

AIBTCPHATHBHOTO IMyTH OOpa30BaHUS IKUIHCHHO
Ba)XHOTO METa0O0JIUTAa, 3aMCHSIONIETO OCHOBHOH MYTh,
OJIOKMPOBAHHBIN TIPEIAPaTOM.

B wurtore MOXXHO cjenaTh BBIBOM, UTO
(hOTOCEHCHOMIM3AaTOPBI  00NANAIOT  OAKTEPULIUIHOM
AKTUBHOCTBIO ¥ 3()()EKTUBHBI T MPOPUIAKTHICCKOMN
JIaYM UX TOTOJIOBBIO ISl 03JJ0POBIICHHUS XO3SIHCTBA.

BruiBoabI.

1. DOoTOCEHCHOMIN3ATOPHI o0mamaroT
OaKTepUIUIHOM aKTUBHOCTBIO H SIBIISTFOTCS
MEPCICKTUBHBIMU  TIpeTapataMu Uil CaHalu|
MPOAYKIIMK  NTHIEBOACTBA M MPOQMIAKTHKA
caJbMOHEIE3a ITHIL;

2. [pu MepOPaTLHOM BBEJICHUU

¢dorocencubmmzaropa «DoToUTA3NH» OJHOKPATHO
Kaxaple cyTKH B jpo3upoBke 0,2 Mia Ha 1 Kr Macchl
nposiBIIsieTcst aHTHOaKTepHanbHbIi 3¢ dexT npenapara
- aHaJIora aHTHOMOTHUKOB. [IpH 3TOM MPUPOCTHI MACCHI
y OTUI, TOMyYaBMIHX (OTOCCHCHOMIN3AaTOp B
MPOQHUIAKTHUECKUX IIEIIX IPOTHB CaJIbMOHEIIE3a,
BhIe Ha 21,8 %, 94eM y NTHI, MOTyYaBIIUX KOPMOBBIE
aHTHOMOTHKH;

3. bakrepuansHas 00CEMEHEHHOCTh Msica HTHI,
moJiy4yaBiux (potoceHcuOmIn3arop, Ha 46,7 % Huxe,
4yeM y NTHUIl KOHTPOJIbHOI IpyTIbL;

4. Tlpoaykrtsl y0Os OT WNTHUL, IOJYYaBIIUX
(oToceHCHOMIIN3aTOp, 10 COCTaBy M KadyecTBY He
OTIMYAIOTCAd OT KOHTPOJBHBIX, HE IOABEPTaBLIMXCS
00paboTke;

5. ®oToceHCHOMIN3aTOPHI He 00JIaaI0T OCTPOH U
XPOHHYECKOH TOKCHYHOCTBIO JUISl OpraHM3Ma ITHUIl B
PEKOMEHIYEMbIX [UIl NPUMEHEHHS KOHIICHTPAIHsX.
[Tpu npoBeneHNY OMBITOB ¢ Ta00PATOPHBIMU MBIIIIAMHU
Tak Xe¢ He HaOII0Jaloch NPU3HAKOB WHTOKCHUKAIMN
OpraHu3Ma, a IMoKa3aTeld MaHKpeaTHIecKoH 31acTasbl
y HOJONBITHON TPYMIIBI KPbIC HAXOIATCA B Npenenax
HOPMBEI.
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STUDY OF GOETHITE IN THE ABYSSAL WEATHERING CRUST OF IRON ORES AT
THE YUVILEINA MINE (KRYVYI RIH BASIN).

Tpynun Anexcanop Huxonaeeuu

KAHOUOAm 2e01020-MUHePAIoSUeckux Haykx,

Ooyenm xKagheopul ceonocuu U NPUKIAOHOU MUHEPATIO2UU,
Kpusopooicckuii nayuonanvhwlii ynusepcumem

HUCCIEJOBAHME 'ETUTA B I'JIYBUHHOM KOPE BBIBETPUBAHUSI )KEJIE3HBIX PY ]
MECTOPOXJIEHUS INAXTbI «IOBUJIEMHASI» (KPUBOPOKCKHUI BACCENH).
DOI: 10.31618/ESSA.2782-1994.2021.1.71.76

Summary. The issue of the formation of iron hydroxides in deep horizons of the vertical weathering crust of
the Saksagan iron-ore strip of the Kryvyi Rih basin (the Yuvileina Mine) has been studied. A stable presence of
iron hydroxides in the ore strata has been revealed at considerable depths (1300-1400 m) using the method of
traditional microscopy and phase analysis of iron. They are represented by goethite. Ontogenic observations have
identified four main varieties of goethite. Each variety is characterized by their own forms, conditions and method
of formation such as: pseudomorphic, dispersed (earthy), colloform, cementing ones. It was found that martite
aggregates were the only source of iron for all four varieties. It has been proven that the depth factor, by itself,
does not determine the formation of goethite. The formation of the necessary physical and chemical parameters in
the system of mineralogenesis is of decisive importance. Iron hydroxides were suggested to be considered as
hypergene-metasomatic formations in the abyssal weathering crust.

AnHoTanus. M3y4ena npodiaema o0pazoBaHus TUIPOKCHIIOB XKeJjle3a B ITyOOKHUX TOPU30HTaX BEPTUKAIBHOM
KOpHI BeIBeTprBaHusl CakcaraHckoil xese3opyaHoit nonockl KpuBoposkckoro 6acceliHa (MECTOPOKICHHE LIAXThI
«IO6PIJ'I61>1H8.$[»). Ha ocHoBe METOAAa Tpa,IlPILIHOHHOﬁ MUKPOCKOIINH, UCTIOJIb30BaHUS (i)aSOBOFO aHaJIu3a KCJIC3a
BBISIBIICHO CTaOMIIBHOE MPHUCYTCTBHE B PYIHOH TOJNIIE THAPOKCHIOB JKeJie3a Ha 3HAYUTENBHBIX Tiyonnax (1300-
1400 wm). ITocmemnue mpencrtaBieHBl TeTUTOM. OHTOTCHHYECKHE HAONIOICHHS TMO3BOJIIIN BBIIBUTH YETHIPE
OCHOBHBIC PA3HOCTU I'€TUTA. Kamz{aﬂ Pa3HOCTb XAPAKTEPU3YETCSA CBOUMU (I)OpMaMI/I, YCJIOBUAMHA U crocodoom
00pa3oBaHUs: TICEBIOMOP(HBINA, TUCTIEPCHBINA (3eMIIHCTHIN), KOIUIOMOP(HEIA, [IEMEHTAITHOHHBINA. Y CTaHOBIICHO,
YTO I BCEX YCTBIPCX paSHOCTeﬁ CANMHCTBCHHBIM MCTOYHHKOM JKCJIC3a ObLIH arperaTtbl MapTHuTa. I[01<a3aH0, 4qTo
(haxTop riryOuHBI, caM 10 cebe, He onpeaenseT o0pa3oBaHue reTuta. Pemaromee 3HadeHne nmeeT GOpMHUPOBaHHUE
HEOOXOANMBIX (PU3UKO-XMMHUYECKHX IAPaMETPOB B CHCTEME MUHEpaJloreHe3a. [ MIpoKcHIpl xKese3a MpeiIosKeHO
paccMaTpuBaTh KaK THIIEPreHHO-MeTacoMaTHYeCKHe 00pa30BaHus B INTyOMHHOM KOpe BEIBETPHBAHUS.

Key words: Kryvyi Rih basin, Saksagan iron ore region, Yuvileina Mine deposit, high-grade iron ores,
hematite quartzites, abyssal weathering crust, goethite, martite, hematite.

Knmouesvie cnosa: Kpusopooiwcckuii 6accetin, Caxcazauckuil icene3opyonvili patloH, MecmopoicoeHue
waxmul «FObunetinasy, boeamoie sncenesnvie pyobvl, 2eMamumossie KeApyuml, 21yOUHHAS KOPA GblBEMPUBAHUS,
cemum, mapmum, cemamunt.

AKTyanpbHOCTh TIpoOieMbl. CIIOKHOCKIIAIIATHIHA
nosic  KpuBoposkckoro jkemnezopyIaHoro OacceiiHa
pasmensieTcs Ha TPH CTPYKTYpHO-TEKTOHHYECKUX
pationa: IOxwusiii, Cakcaranckuii (LleHTpansHBIN) H
CeBepHbiii. B cBoto ouepenp CakcaraHckuii paiioH
COCTOMT U3 CEBEpHOM M  IOKHOW  yacTeil.
Mectopoxxaeane maxTel «lOOumneiiHas» cocraBiser
OCHOBY CBIPHEBOTO IIOTEHIIMAJa IPOMBIIIICHHOTO
kommiuekca pyaHuka «Cyxas banka». SBnsercs
TUIIMYHBIM MECTOPO’K/IEHHEM OOraThlX IreMaTHTOBBIX
PYA cakcaraHcKoro BH/a M PAacIiOJIOKEHO B CEBEPHOM

vactu  Cakcaranckoro paiioHa Kpusopoxckoit
JKeNe30py IHON CTPYKTYPBL. Pynnoe nojue
MECTOPOXKJEHUSI  MPEJACTABICHO  TIPAaHUTOUIAMHU

JIHemponeTpoBCKOTO KOMILICKCa, MeTaMOop(oreHHO-
0CaJIOYHBIMH U THIEPreHHO-U3MEHEHHBIMH IOPOIaMu
JKEJNE30PYTHOM  TOJIIIH, OCAJAOYHBIMH  TMOPOJAMHU
KaifHo30lckoro Bo3pacta [10, 12]. CrpykTypHO
MECTOPOXKJIEHHE OTHOCHUTCS K BOCTOYHOMY KPBLTY
Kpupopoxckoro  cunkinuHopus. Ero  crpoenue
3HAYUTEIHHO OCJIOKHSIETCS pa3HOOOpa3HBIMU
IJTMKATUBHBIMA ¥ JU3BIOHKTUBHBIMH HAPYyIICHUSIMHU
Pa3Iu4YHOrO TOpsIIKA. HauGoiee KpYIHBIMU
Pa3phIBHBIMU HapyLIEHUSMH sBJsI0TCS CakcaraHcKuit
paznom, 3amanuelii, CakcaraHckuih U Bocrounsblit
HaaBUTH. PyHbIE 3a/1e’ KOMIUIEKCa COCPEIOTOYEHbI
B Ipeleiax ISTOMO MW IIECTOr0  MeJIE3UCThIX
ropu30HTOB. HanboupIield mpOMBIIUICHHOHN 3aJ1eKbI0
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MECTOpOXKJeHUsl  siBiAeTcss  3anexb  «[maBHas»,
KoTopast copMupoBajack B IpeAeiax IsTOro
JKEJIE3UCTOr0 TOPHU30HTa MPONYKTHBHOW Tommu. B
HEKOTOPBIX CIIy4asX OpyJeHEHHE HAaOJI0AaeTCsl TakKe
B IIpejiesiaxX MATOro U IIECTOrO CIaHLIEBBIX TOPU30HTOB.
Mopdosorus pyIHBIX TeN ONpeAenseTcs XapakTepoM

pa3sBUTHA TEKTOHMYECKH OCHA0JIeHHBIX 30H B
COYCTaHHM C  Pa3pbIBHBIMH ¥  CKJIaq9aTBIMH
JIMCIIOKAIIHSIMH. OCHOBHYIO JacTh 3aJIeKen

dopmupyroT Ooratbie MapTUTOBEIE pyzabl. Cpemnee
collepXKaHne JKere3a o0mero B HUX cocrasiser 59,0
Macc.% mpu konebanmsax ot 46,0 mo 68,2 macc.%. B
MOTYMHECHHOM KOJIMYECTBE MPUCYTCTBYIOT B 3aJiexkax
JUCTIEPCHOTEMATUT-MAPTUTOBBIC  PYIBI,  KOTOPKIC
UMCIOT OTPaHUYCHHOE pACIpPOCTPAHCHUE B BUJC
MAJIOMOIIIHBIX JIMH3. Pynpl MUCIEPCHOTEMAaTUTOBOTO
cocTaBa 3aQJICTalOT B JIeKAueM U BHCSYeM OoKax
3anekeit 1 00pa30BaHBI 3a CUET OPYACHEHHS IIOPOJ
[IECTOTO ¥ TIATOTO CIAHIEBBIX TOPH30HTOB Ha
KOHTakTe C KemesucTeiMu. CopaepikaHHe Kele3a
obmero B 3Tux pynax kojiebmercs ot 46,0 mo 60,0
Mmacc.%, cocTaBisisl B cpeiHeM 56 mace.% [10, 12].

[Momyuaemyio Ha pyAHHKE TOBapHYIO OOTaTyIo
pyay c¢ conepxkanueM kenesa 56-64 wmacc. %
HCTONB3YIOT B  arjioIOMEHHOM IPOHU3BOJCTBE B
KauyecTBe BayKHEUILEH COCTABIISAIONICH Kele30pyaHOTO
arnmomeparta. Capiie 60 % MPOAYKIMU MMOCTABISIETCS] HA
BHYTpPECHHHI pBIHOK. OCTaTbHAS YacTh 3KCIIOPTUPYETCS B
eBporeiickie cTpausi [14].

OKCIUTyaTaliss ~ PyOHOTO TIOMS  MECTOPOKICHHS
COTIPOBOK/IACTCS TIOCTETICHHBIM YTITyOJIeHHEM TOOBIYHBIX
pabot. Jlmsa 3amexku «IJaBHas» MakCHMabHas TIyOHHA
oTpaboTKM  cerogHs cocTapmsser -1420 M.  DOtoT
TPVHIIAQTGHEIT  (akT JeflaeT BeCcbMa  aKTyalIbHBIM
CUCTEMAaTUYECKUN MOHUTOPHHT 0COOEHHOCTEH
MMHEPAJIGHOTO COCTaBa JOOBIBAEMBIX PyJI Ha TIyOOKHX
TOPU30HTAX, KX BO3MOXKHBIX W3MEHCHHH, CHCTEMHOS
M3y4YeHHE TUIOMOP(HBIX KauyeCTB PyA000pa3yrOLIX
MHHEPAJIOB C IEIbI0 ONTUMH3AIMUA U CTaOWIM3AIMK
Ka4yeCTBEHHBIX TOKa3aTeleil U3BJIeKaeMol Py/IHOM Macchl,

MaKCHUMaJIbHO 3(1)(1)6KTI/IBHOFO HCIIOJIB30BaHUA
HMCIOIINXCA MUHEPpAJIbHBIX peCcypcoB,
MUHEPAIOTNICCKOT0 000CHOBaHHMS IIOBBIIIICHHUA

KadeCTBEHHBIX UM KOJHYECTBCHHBIX IIOKa3aTeeh
MMPpOU3BOJACTBA arjiopy/bl, arJIOKOHICHTpAaTa U APYyIrux
COBPCMCHHBIX MTPOJAYKTOB O6OFaH.[eHI/I$I.

ITocraHoBka 3amaun. I'MApPOKCHABI  Kere3a
SBIIIOTCST  OAHMMH W3  BaXHBIX  TMOPOJO- U
PyZnooOpa3yoImuXx  MUHEPaIbHBIX  KOMIIOHEHTOB

OoraTblx W O€IHBIX TEMAaTUTOBBIX Py, a TaKXke
BMCHIAOMINX, TUINEPréHHO H3MCHCHHBIX, CJIAHUEBbLIX
mopoa MecTopoxkaeHus: maxTthl «FOOowmeitHas». Kak
MOKA3aJIN MTPOBEJICHHBIE HCCIIEI0BAHMUSI MUHEPAIEHOTO
COCTaBa Pa3IMYHBIX TI'€0JIOTO-IIPOMBIIUICHHBIX THUIIOB
JKEJIE3HBIX pYJ B mIpenenax 3anexu «[naBHas», oHM
NPE/ICTABIICHBl BBHIJENCHUSIMH T'€TUTA, JUCIIEPCHOTO
reTuTa, HHOTJAa - JICNHJIOKPOKHTA (ToJMMOpdHas
MomuHUKanud THIPOKCHAA  Keje3a  CIOUCTOTO
CTPYKTYpHOTO MOTHBa). Ha mpoTshkKeHNH MHOTHX JIET U
10 HACTOSIIETO BpEeMEHHU HCCIIeIOBATEIN
MHUHEPaJIOTUH Kpusopoxckoro Oacceifna
paccMaTpuBalOT 00pa30BaHUS TE€TUTAa KaK pe3yJIbTar

BBICBOOOXKIICHUSI M TMCPEOTIOKCHUS Kele3a TpU
TUIICPTCHHOM Pa3pyIICHHH MATPHUIbl EPBUYHBIX
JKENE30COoAePKAIUX ~ CHIMKATOB  (KyMMHUHITOHHT,
XJIOPUT, OMOTHT, CTHIBITHOMENIAH, MUHHECOTAHUT U JIp.),
KapOOHAaTOB  (CHZIEPUT, CHUAEPOIUIE3NUT, aHKEPUT),
OKCHJIOB (MarHeTHT, TeMAaTUT B BHIC MapTHTa U
IUCIIEPCHOTO TeMaTHWTa), B MCHBIIEH CTEIeHH
cynsdunos (muput, Mmapkasur) [1,3,4,5,6,7,8,9, 11,
13]. IIpenmymiecTBO OTHAETCS >KEIE30COACPKALTIM
KapOoOHaTaM, CHJIMKATaM W MarHeTHTY, B 3HAUUTECIHHO
MEHbLIEH creneHu - remaruty. IlpoucxoxaeHue
THIPOKCHIOB JKele3a B OOraThIX KeJe3HBIX pPyHax
paccMaTpuBaeTcs Kak MPOLECC SIMUTeHETUYECKOM
MOCJIEPYJHOW LIEMEHTAllMM B TIOJOCTAX PYAHOTO
marpukca [1, 5, 6, 7, 11]. BeprukansHoe
pacmpocTpaHeHusi TeTuTa, [0 MHEHHUI0O MHOTUX
uccienoBaTesield, He MPEBHIIAET TUIICOMETPUUECKON
ormetkm 600 - 700 ™M [5, 6, 11]. OpnHako,
BO3HUKHOBEHHEC XUMHYCCKUX M TEPMOJNHAMHYCCKIX
(akTOpoB, 00ECTICUMBAIINX IIOJIE YCTOMIUBOCTH
THIPOKCHIOB JKele3a B YCIOBUAX TIIyOMHHOTO
BEIBETPHBAHMS  JKENE30COACPKAIINAX  PYA, MOXKHO
OKUZIaTh M Ha 3HAYATENHFHO OONBIIMX TIITyOWHAX.
IIpoBepka 3TOro  MNpenNOIOKEHUS  OIpeieuIa
OCHOBHYIO IIeJb JaHHON paboThl - BBIABICHHE U
HCClIeIOBaHHE 00pa3oBaHMUN THUAPOKCHUIOB JKele3a B
TIyOMHHON KOpe BBIBETPUBAHUS JKEJIE3HBIX PYI
MECTOPOXKICHHUS, o00ocHOBaHUE MeXaHH3Ma
TIIyOMHHOTO TIPOUCXOXKICHUS T€TUTA.

Wcxonublii MaTepuan U METOJUKA UCCIIEIOBAHUM.
Ucnonb3oBancs wMarepuan 40 MUHEPaTOTHYECKUX
mpo6 OoraTeIX W OCHHBIX XKENE3HBIX PyX IIITOTO,
OIECTOTO  JKEJIE3WCTBIX W  IIECTOTO  CIIAaHIICBOTO
TOPH30HTOB MECTOPOXIeHHs IMaxThl «HOOwmmeitHas.
[IpoObl ObIM  OTOOpaHBl B KOHTypax HauOoiee
KpYNHOH 3ayiexu «lJaBHas» pyJHOrO0 KOMIUIEKCA Ha
9KCIUTyaTaI[MOHHBIX TOPU30HTAX TIPOBEICHUS
n00buHBIX paboT -1340 M u -1420 m. JInsg u3ydeHus
MHUHEPAJIBHOTO COCTaBa 3aJ€HCTBOBAIUCH METOJBI

TpaZuLIUOHHON MHKPOCKOIIUU (cepwmiiHbie
mukpockonsl MUH-8M, TIOJIAM-P 311, NU (Carl
Zeiss), OwmHOKymsapHei  MBC-9).  [IpoBommics

COKpalleHHbIH (ha30BbIi aHANINM3 Marepuana npod ¢
OIpE/ICJICHHEM COJIEPIKAHUS JKelie3a, CBSI3AHHOTO C
reTuToM (Feryp.). OcHOBOH MccnenoBaHuil sBIsETCS

METOJI  OHTOT€HHYECKHMX  PEKOHCTpYKIui  [2],
MO3BOJIIIONINI  TIOJTHEE  PACKPHITh T'€HETHYECKHE
TOHKOCTH MHUHEpaI000pa3oBaHus, YCHIIUTD
UHOOPMATUBHOCTh  IIOJIyYCHHBIX  aHAJIMTHYECKHX
JaHHBIX, TIyO)Ke TpencTaBUTb  TUHOMOpP(QHBIE
CBOMCTBAa MUHEPAJIOB.

H3a0xenne OCHOBHOIO MaTepuaia.

YcpeaHeHHBI MUHEPATbHBIN COCTaB UCCIICIOBAHHBIX
00pa3IoB MPEICTaBICH CICAYIONUMHA KOMIIOHCHTAMH
(macc. %): maptur - 39,37; AucmepcHBIil arperat
(cmecw) remaruta u rerura - 31,47; kBapi - 24,16;
JIAHUETOBUIHBIA TeMaTuT - 2,10; KpucTalIu4ecKuit
(criocoOHBIH TOMMPOBATECS) TETUT - 1,99; penuKTHI

margetura - 0,82; rumepreHHO  M3MEHEHHBIN
KYMMHUHITOHUT - 0,09. IlepBuunbIMU
MeTaMop(OTreHHBIMHU MHUHEpaIaMH SBIISTIOTCS
rpaHyjioMopdHass pa3HOCTh KBapla ¥ PEIHKTHI
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MarHeTHTa B arperatax wapTthra. Bce apyrue
MUHEpaJIbHBIC COCTABIISIOIINE CBSI3aHBI C PA3THYHBIMU
MPOSIBIICHUSIMH STIUTCHETUICCKUX MPOIIECCOB.
[onmyuyeHHBIC Pe3yJBTATHI MO3BOJSIOT YBEPEHHO
KOHCTATHPOBAaTh  MPUCYTCTBHEC  Ha  TIYOOKHX
ropu3oHTax (- 1340 m u - 1420 M) B OoraThIX U OCTHBIX
TEMAaTUTOBBIX PyIaxX MECTOPOXKICHUS THIPOKCHIOB
JKele3a, TPEACTABICHHBIX  KPUCTAJUIMYECKAM U
JIUCIIEPCHBIM TETUTOM. Kpucrannnueckuii
(moxmaromuiicss TOJMPOBKE) TETHT OOHAapyXeH B
cocraBe 57% WCCIEHOBAaHHBIX TMPo0O, AWCHEpCHAS
Pa3HOCTh CTAOMIIBHO MPUCYTCTBYET BO BCEX 0Opa3max.
[lo pe3ynbraTam ompenencHUs COAEpKaHus Ferp U
MOCJCAYIONUMHA MHHEPAIOTMICCKUMHU  pacyeTaMu,
oO11iee coaepKaHue reTUTa KoJiehaeTcs B mpeaeax ot
2,56 nmo 23,16 macc. % npu cpeaneMm 3Hauenun 9,81
macc. %. IlomaBinsiomee OOJBIIMHCTBO THAPOKCH/IOB
Kenesa CKOHIIEHTPUPOBAHO B MapTUTOBUX
(reMaTHTOBBIX)  KBAapIUTaX ©  KBapl-MapTHT-
JICTIEPCHOTEMATUTOBHX OoraThix pyaax. Conmepxanne
B HHX TOHKOJWCIICPCHON CMECH TeMaTHTa W TETHTa
0Ka3ajach MOYTH OJWHAKOBBIM (COOTBETCTBEHHO 39,33
Macc. % u 38,96 macc. %). Hanbonpniee koim4aecTBo
KPHCTAJUTHUECKOTO TETHTa MPHUCYTCTBYET B 00pa3iax
KBapL-MapTUT-AUCIIEPCHOIEMAaTUTOBOM pyAbl — B
cpennem 3,62 wmacc. %. 31ech ke (HUKCUpyeTcs
MPEUMYIICCTBEHHOE  00pa3oBaHHE  JTUCIICPCHOMN
Pa3sHOCTH reTura B COBMECTHBIX arperarax C

JIUCIICPCHBIM ~ reMatuTtoM. Ero coxaepxkaHue B
Marepualie U3y4eHHbIX IIpo0 n3MeHseTcs ot 2,56 macc.
% nmo 8,47 macc.%.

Cnemyer OTMETHTh, 4YTO MHKPOCKOIIHYECKOE
HAOJIOZICHUE TUAPOKCHUIOB XKeje3a B TeMaTUTOBBIX
pylax CBSI3aHO C OIPEIACICHHBIMH CIIOKHOCTSIMH.
OOBsICHAETCST JTO TEM, YTO HX CBOMCTBA OYEHH
JAHAMHYHBI M H3MCHSAIOTCA B 3aBHCHMOCTH OT
COJIepKaHUs B MUHEpaJle KPHCTALIH3AIIMOHHON BOJIHI,
HAIMYHAS ~PA3NWYHBIX IpPUMeEcei, HEeMOCTOSHHBIM
KOJIMYECTBOM aJCOPOIMOHHON M KaNIMUIAPHON BOIBL,
CTCTIEHM  KPUCTAUIMIHOCTH H  JHUCIIEPCHOCTH
WHAWBUJOB M arperatoB. B pe3yibprate MeHSCTCS
OKpAackKa, CBETOOTpaKEHHUE, MPO3PavyHOCTh,
CIOCOOHOCTh BOCIPHHHUMATh MOJHPOBKY U TOMY
momoOHoe. JIisi  MHKPOCKOIHMYECKOTO — M3YYCHHUS
TOHKOJMCIICPCHBIX arperatoB TaK)Ke UMEET 3HAYCHHC
CTCTIEHh  YBEJNHMYCHHS, TMPH KOTOPOH  BEAyTCS
HaOmoneHns. Hampumep, B OTpakeHHOM CBeETe
0COOCHHOCTH OKPACKH AUCIICPCHBIX TEMAaTHTa U TETHTA
CTaHOBATCA 3aMETHBIMH TOJBKO TIPH  OONBIIHX
YBEIIMICHUSX.

C mo3umuii OHTOTCHWH TETUT NpPEACTaBICH
YETBIPbMS MOp(]OreHeTHYECKUMH pa3sHOCTAMHU.
Ilepsas paznocmb TOMOXUMHUYECKH 00pa3yeT IOJIHBIC
WIN 4YacTU4YHbIE MCeBAOMOP(O3bl B  KOHTYpax
arperaToB MapTHTa (pHc. 1.a). ITOMY CIIOCOOCTBYET

Puc. 1. IIcesdomopghnas (a) u oucnepcnas (6) pazsnocmu cemuma.
a — nonas ncesdomMopghoza cemuma no mapmumy, 6 — peauxmol mapmuma (6ejoe) 6 mampuxce
TMOHKOOUCNEPCHO20 2eMamum-2emumogozo azpezama (Kpacho-o6ypoe).

Cger OTPa’KEHHBIH, 6e3 aHaJIN3aTopa.
YBenuuenue: 400*.

UCKJIIOUUTEIBHO CJIOJKHas, KJIacTepHas
OpraHu3alus  MHUKPOKPUCTAIIMYECKUX  arperatos

reMatuTra-mMapTuTa, 4TO CYLIECTBEHHO obJleryaer ux
MPOHUIIAEMOCTD JJISI KUCJIBIX THIIEPTCHHBIX PAaCTBOPOB.

Bmopas  pazwocmv -  [UCHEPCHBIA  TI'ETUT.
DopMupyeT  3eMIIHCTBIC, TOHKOKPHCTAJIIMYECKUE
arperaTtsl BMECT€ C [UCIIEPCHBIM TE€MaTHTOM B

ydacTKaX MHTEHCHBHOTO pa3pyIIeHUs MapTuTa (pHuc.

1.6). BepostHO, B JaHHOM cIly4ae, T€TUT
MCeBAOMOP(HO  3aMellaer JAUCIEPCHBIA TreMaTuT
myteM — rugponusa  mochenHero.  Kiactephas
OpraHu3arus MHUKpPOArperaTos MapTHUTa
o0yCliaBIMBaeT  HMX  CTPYKTYPHO-MEXaHUUYECKYIO
CKJIOHHOCTh K JIC3UHTErpAallid M Pa3pyIICHHUIO C
MEPEXO/IOM B PBIXJIYIO, 3eMJIMCTYIO arperaTHyro Maccy.
MOHO KOHCTaTHPOBATbh, YTO 3EMIIMCTBIE arperaTHbIE
CMECH JUCIEPCHBIX T'E€TUTA W Te€MaTuTa SBJISIOTCS
3aKIIIOYUTETBHON POPMOIi CyIIiecTBOBaHUS MapTuTa. B
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OTpaXEHHOM cBeTe, B 3aBUCHMOCTH oT
KOJINYECTBEHHOTO COOTHOULIEHUS MUHEPAJIOB,
3eMJIMCTBIM ~ arperar NIpHOOpeTaeT KpacHOBATHIN
(ToMUHMpOBaHME TeMaTHTa), WM KpPacHO-OyphIi
(moMuHMpOBaHME reTHUTA) BET. B ci1yuae oOpa3oBaHus
Ooyiee IUIOTHBIX CKOIUIGHWH, TETUT MOJNUPYETCS U
nproOpeTaeT XapaKkTepHBIH rory0OBaTHIA OTTCHOK.
Tpemvsi  pasHocmv TIPEACTABISACT THUIIHMYHBIE

KoJDIOMOp(GHBIE, METaKOJUIOMAHBIE  00pa3oBaHUS,
HpeCTaBICHHbIE MPEUMYIIECTBEHHO
OOJITOIIONOOHBIMH, paIuanbHO-TyYHCTEIMH,

cepoIUTOBEIMI MUKpPOArperaTaMy, pa3Mep KOTOPBIX
He mpesbimaer 0,03 mm. IlpeumyiiecTBeHHO OHHU
HaOJIIOAAI0TCS B KBapI-MapTHT-
JUCIIEPCHOTEMAaTUTOBUX  pyJax, IJe OISTh JKe
BO3HUKAIOT BOKPYT PEJMKTOB MapTuTa. llomoOHble
arperatl OOBIYHO BO3HHKAIOT B  KOJUIOMIHBIX
pacTBopax. MOXHO MPENIOIOXKHUTh, YTO BO BIIAXKHOU
cpeze rImyOnHHOTO THIIEpreHe3a MapTUTOBBIE arperaThl
JIETKO HACBIIIAIOTCS BOJIOH, pa3iaralTcs U IepexoasT
B COCTOSHHE KOJUIOMAHOTO pactBopa. Ilpm sTOoM
3JIEMEHTAapHbIE MHMKPO- W HAaHOKPHCTAJUIBI T€MaTHTa
BBITIOJTHAIOT ($yHKIHIEO MU, KOTOpBIE
HOJABEPratoTCsl THAPOIM3Y B KHUCIOH cpege C
[IEPEXOIOM B JIUCIEPCHBIM retuT. B pesynerarte, Ha
OoJIbIINX TIyOMHAX MOIJIM BO3HHMKaTh KOJUIOMIHBIC
THIPOKCUAHBIE PACTBOPBI, U3 KOTOPBIX B AajbHEHIIEM
(hopMHPOBATIHCH THIMYHBIE KOJUIOMOP(HBIE arperaThl
reruta. X oOpa3oBaHMe TaKKe BO3MOXHO IIO

Y'_;;x, F

MEXaHM3MY THIPOXUMHYECKOW MUTPALMH BEUIECTBA B
TJIMHUACTBIX TOHKOJAUCIIEPCHBIX CpPEAax B YCIOBHAX
MIOCTETICHHOW JIeTUApaTalii CUCTEMBI.

[Topaxaer pasHooOpazue (GopM KOILIOMOPQPHBIX
BhIJIeNieHni retuta. Kaxkaas U3 HUX MO OTIEIBHOCTH
obpa3yerca BOKPYI CBOEro (pparMeHTa-penuKra
paspylueHHoro arperata MapTura. O4eHb 4acTO TaKUM
(parMeHTOM  SBIACTCS ~ PENMKTOBAs  4YacTHLA
JMMH30BUIHOTO  MapTuTa. Ilpm  3TOM  4eTko
¢ukcupyercss QparMeHT pPAacTBOPEHHOM JHH3BI, Ha
KOTOpPOH W3BHE HapacTal KOJUIOMOPQHBIH, YacTo
paaraNbHO-TYYIHCTHIH, CHEpOTUTONONO0HEIN arperar
CO CJIOKHBIMH (pECTOHYATHIMU BHEITHUMH KOHTYpPaMH
(puc. 2.a). I'pymnsl cdeponnToB 00pa3yroTcsi Kak B
JMCIIEPCHOM MAaTpHKCE, TaK W B IOJIOCTSIX IOPOJBI
(puc. 2.6). PacTBOpeHHEe MapTUTOBBIX JIMH3 WM APYTHX
€ro MEJKHX PEJHMKTOB, KOTOPOE CONPOBOXKIAIOCH
BBICBOOOXIICHUEM  ONPENENICHHOTO0  KOJHMYeCTBa
Kenesa, CHOCOOCTBOBAJIO JIOKaIbHOMY,
TONOXUMHYECKOMY Pa3BUTHIO palHalbHO-TyYHCTHIX U
JIPYTUX METaKOJUIOMIHBIX arperatoB rerura. VHorma
BCTPEYAIOTCSl YYacTKU CIUIOIIHOTO  JUCIICPCHOTO
TeTHTa, HACBIICHHBIC MHOTOYHCIICHHBIMH
OTPHIIATCILHBIMU (POPMAMHU - CICIAMH PACTBOPEHHUS
MapTHUTOBHUX JINH3, qTO ABIISICTCS MIpAMBbIM
JI0Ka3aTeIbCTBOM HeNoCpeICTBEHHOM CBSI3U
00pa3oBaHMs TETHTA 33 CUET XUMHUYECKOH IeCTPYKIUH
arperatoB MapTHTA.

Puc. 2. Konnomopgnas pasnocms eemuma.

a — obpasosanue hecmonyamuix azpecamog cemuma (01e0HO-KopuuHesoe) 60KPY2 TAHYEMOBUOHBIX PETUKMO8
mapmuma (6enoe); 6 — kKpycmuuKrayuonHoe Hapacmanue paduaibHO-IyHUCMbIX, CHePOTUMOBLIX Azpecamos
eemuma (61e0Ho-KopuyHeaoe) Ha CIMEHKAX NYCMOMbl, 3ANOAHEHHOU OUCNEPCHOT CMECHIO 2eMUMA U 2emMamuma
(kpacno-oypoe).

Cseem ompaodicennviii, 6e3 ananuzamopa. Yeenuuenue. 150%.

LIemeepmaﬂ pasHocmb TE€TUTA JNUTCHCTUYCCKHU

[IEMEHTUPYET, a TO4YHee, THMIEPreHHO 3aMellaeT
arperaTsl KBapua B MaJOPYOHBIX U Oe3pyIHBIX
npociosix.  Ilpm 3ToM  co3maercs 3 dekt

BO3HHKHOBEHMS THUIIMYHOrO OasampHOro reMmenra. Ho
npu OONIBIITUX YBEIMUYEHUSX OTYETIMBO BHJIHO, KaK
MEJIKO3EPHUCTHI TEeTUT (PPOHTATBHO  3aMellaeT

WHIUBHIBl KBapua, oOpa3yeT NHpH 3TOM CIIOXKHBIE
nerenbyateie, cyoOrpaduueckue ¢opmer (puc. 3).
Bo3HuKHOBeHHE METacOMaTH4eCKH-
LEMEHTAI[HOHHOTO 'eTUTa MTPOUCXOUT, BO3MOXKHO, 32
CUYeT OCTaTOYHOIO JKeJle3a, KOTOPOe BHICBOOOXKIACTCS
npu ruapatanun maprtuta [8, 11].
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Puc. 3. Memacomamuuecku-yemeHmayuonnas pasHocns 2emuma 6 Keapyesom azpezame.
FBenoe - mapmum, pozosamo-cepoe - Kéapy, 3e1eHOBAMO-KOPULHESOE - 2emun, KPACHOE - OUCNEPCHbIIL
eemamum.

Ceem ompaoicennwill, 6e3 ananuzamopa. Yeenuuernue 150,

B penkux ciiydasx IOJ MHKPOCKOIIOM MOXKHO
HaOJI0aTh YHUKAIBHBIE YYaCTKH PYAHOTO MaTpHKCa,
I7ie¢ OJHOBPEMEHHO NPHCYTCTBYIOT DPa3HOOOpas3HbIE
(opMBI M PA3HOCTH THUAPOKCHUIOB KEJIe3a, KOTOPHIC
MPOM3BOIAT BIICYATIICHHE «YAMBUTEIBHBIX CaoOB

AT
'G - .4 )

retutay (puc. 4). MOXHO MPEAION0KUT, YTO BCE OHH
BO3HHMK&INM CHHXPOHHO IPU PACTBOPEHHH arperaToB
MapTUTa ¥  OTIMYAIOTCA  Mexny cobodl  Ha
OHTOTCHHYECKOM YPOBHE CIIOCOOOM M MEXaHHU3MOM
o0Opa3oBaHus.

Puc. 4. Jloxanvnoe paznoobpasue gvloesieHuil 2emuma 6 noje 3peHus MUKpPOCKOnd.
Ceem ompadicennwili;, 6e3 ananuzamopa. Yeenuuenue 400,

Takum 00pazoM, MOXKHO cJenaTh BBIBOJA, YTO
aKTHBHBIC THIEPTCHHbIE W3MEHEHHMS Ha TIyOOKHX
ropuzonTax (1300 - 1400 M) mpoucXoamian U Tocie
MapTHTH3alMK MarHetura. llpekae Bcero OHH
NPUBOAWIM K pa3pylICHUIO arperaroB MapTHTa
(puznyeckoMy W XHMMHYECKOMY), MEPEXOJy YacTH
MapTHTa B TOHKOJUCIIEPCHOE arperaTHOE COCTOSHHE
(aucriepcHBIN TEMATHUT) M Ha 3aBEepIIArOIIeM dTare - K
nceBoMopdHOH TeTUTH3AINN YIIEIEBIINX
(parMeHTOB MapTHTa ¥ JHUCIHEPCHOTO T'eMaTHTa,
00pa3oBaHUIO 3a CYET CBOOOIHOTO JKeJe3a Pa3IMIHBIX
KOJUTOMOP(HBIX u METaCOMaTH4ECKH-
[IEMEHTAI[OHHBIX ~ arperaTroB returta. /[l Bcex
YeThlpeX MOp(QOTreHETHYECKUX pa3HOCTeH TeTuTa
PENUKTBl arperatoB MapTuTa B TIIIyOMHHOW Kope
BBIBETPUBAHUS OKa3aJIMCh €IMHCTBEHHBIM

NCTOYHUKOM l'[OCTyl'[.]'IeHI/Iﬂ JKeJIe3a, HOCKOHLKy BCC
JIpyrue  JKelne30COoJepiKallie  MHUHEpalbl  yKe
OTCYTCTBOBAJIH. B YCIOBUSIX HMHTEHCUBHOI'O
THIIEPreHHOr0  OOBOJIHEHHs, C  BO3paCTaHHEM
KHUCJIIOTHOCTH  MHHEpaoo0pasymomed  CHCTEeMBI,
HCXOJIHBIM T€MATUT YTPAYUBAET CTAOUILHOCTD, TEPSET
0JIe CBOEH YCTONYMBOCTHU ¥ TIOABEPTaeTCs TUAPOIU3Y
¢ 00pa3oBaHUEM T'e€THTA IO CIIEAYIOIeH peakinu:

Fe203 + H20 = 2Fe0(OH) [4, 9].

MOXHO VYBEpEHHO YTBEpXKAaTh, 4YTO (HaKTOp
rIyOMHBI  HE  ABISETCA  IJIAaBHBIM  (haKTOPOM
oOpaszoBanusi TeTWTa. Pelnaroiiee 3HAYCHHE HMEET
HAJIMYUE COOTBETCTBYIOUIMX  (PH3MKO-XMMHUYECKHX
rapamMeTpoB CHUCTEMbl MHHepanorenesa. llo cyTw,
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nceBIOMOp(dHBIE,  3eMIIMCTBIC, METaKOJUIOWIHBIE,
METaCOMATUYECKUE arperarsl TUIAPOKCHUIOB XKeles3a
NPE/ICTABISIIOT CO0OI  3aKIIIOUUTEIBHBIH PE3yNbTaT
OKOHYATEJILHOTO pa3pyIIeHUs] TOHKOKPUCTAJUINYECKHUX
arperaTtoB MapTHUTa B TJTyOWHHOH KOpe BBHIBETPUBAHUSI.
MapTHuTH3anus MarHeTUTa U JajibHellnee pa3pylieHue
arperaTtoB MapTUTa C 00Pa30BAHMEM IFETUTA OTPAKAIOT
€IUHbIA  HENpPEepBIBHBIL  MHUHEpATOr€HETUYECKUM
Iporece B IIyOMHHON KOpPE BBIBETPHUBAHMS KEIE3HBIX
pya. Ha ypore wmmHepanpHBIX (a3 ¢ukcupyercs
clefyomas TOCIeA0BaTelIbHAs MHHEPAIOrHYecKas
TpaHc(hOpMAaNHs Py THON COCTABIISAIONICH: MAaTHETUT —
reMatuT — retuT. ['eTuTHsanus MapTuTa OKa3anach
3aKJIIOYUTEIEHBIM  3BEHOM B OOINEM OHTOI'€He3e
MOCJIE0BATENBHBIX AECTPYKTHUBHBIX NpeoOpa3oBaHuil
MEePBUYHOTO MAarHeTUTA.

BriBoabI. Pesynbrarsl HCCIIEIOBaHUM
yOeIoWTeIbHO  CBHICTEIBCTBYIOT O  CTaOMIBHOM
(hopMupoBaHUU TUAPOKCUIOB JKenesa

(KpUCTANIMYECKUH TEeTUT, OUCHEPCHBIH TETUT) Ha
rryouHax mo 1400 M, a, ckopee Bcero, u Ooljee.
Cpennee coneprkaHue TeTUTA B MAaTEpHANIE H3y9IECHHBIX
npo6 cocrasisier 9,81 macc. % mpu MakcHMalbHOM
s3gayenuu 23,16 macc. %. Hauboiiee HACHIEHHBIMU
THIPOKCUIAMH OKa3aJIHuch MapTUTOBBIE
(remaTuTOBEIC) KBapLIUTBI U KBapL-MapTUT-
JICIIEpPCHOTEMAaTUTOBBIE OOTaThIe PYIbL.
OHTOreHHMuYeCKUil  aHaNM3  BBUIBHJ  YeThIpe
MOpQOreHeTHYECKHEe Pa3HOCTH TeTHTa, Kaxias u3
KOTOPBIX ~ XapakTepusyeTcs CBOMMH  (opmamu,
YCIIOBUSIMA u crocobamu 00pa3zoBaHUsL:
TICeBIOMOP(]HBIIA, JVCTICPCHBIN (3eMITUCTEIIT),
KOJUTOMOP(HBIH, METaCOMaTHYECKH-
LEMEHTAllMOHHBIA. 711 Bcex 4YeThIpex pa3HocTel
€AMHCTBCHHBIM HCTOYHUKOM IIOCTYIUICHHS KeJe3a
O6bu arperaThl MapTuTa. [locimenHue moaBeprarTCs

aKTUBHOH  JECTPYKIMH B  TIIyOMHHOH  Kope
BBIBETPHUBAHUS.

30HBI paauanbHOro (BepTHKAIILHOTO)
BeIBeTpuBaHus Caxcaranckoii moiocsl Kpusbacca
SIBIISTIOTCSL YHHUKAJIbHBIMU re0JIOTN4eCKUMU
o0beKkTaMH, B  KOTOPBIX TIOJISI  CTaOMIBHOCTH

NPHUBBIYHBIX Ul TIOBEPXHOCTH MHHEPAJOB MOTYT
TPAHCIUPOBaThCd Ha Oospliue riyOuHbl. DakTop
rIyOWHBI, caM o cebe, He ompeAerseT 00pa3oBaHHe
rerurta. Peraroniee 3HaueHHe uMeeT (HOPMHPOBAHHE
COOTBETCTBYIOIINX (PU3MKO-XUMUYECKUX MapaMeTpoB
B CHUCTEME MHUHEpaJoreHesa, Mepexoji OT LIETOYHOMN
peakuuu cpebl K KHCIIOW, HMOCTEHNEHHOE YCHIICHHE
PBIXJOrO  COCTOSIHMSI ~ PYAHOW  TOJIIH,  YTO
CIOCOOCTBOBAJIO BO3PACTaHUIO OOBEMOB U CKOPOCTH
NPOHUKHOBEHUSI YTIIEKHCIIBIX PAacTBOPOB Ha BCe
Oosiplime ToTyOWHBI. [Wrore3a ANUTreHETHYECKOTO
MHQUIBTPAIIMOHHO-IEMEHTAIIHOHHOTO

NPOUCXOXK/IEHUS ~ TeTUTa  HE  Halula  CBOETO
MOATBEPXKJICHUS, TaK KaK JKeJIe30 HacJeJ0BaJIOCh TYT
K€ Ha MecTe OT HCXOIHOro CyOcTpaTa HEepBHYHBIX
arperaroB Maprtuta. bojiee YMECTHO T'MIPOKCHJIBI
kKenesa  paccMaTpuBaTh — Kak  T'MIEPreHHOro-
MeTacoMaThdeckne oO0pa3oBaHHMA B  TIIyOHMHHOM
MHQUIBTPAIIMOHHO-0CTATOYHOM KOpPE BBIBETPUBAHHUSL.
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Introduction. Stable hemodynamic parameters are used as one of the criteria for adequacy of analgesia
during the surgery. In order to provide reliable antinociceptive protection, it is necessary to reduce the flow of
nociceptive stimuli from the peripheral to central receptors.

Hence, pain and hemodynamic assessment is crucial for adequate perioperative analgesia and the choice of
anesthetic technique in children undergoing orthopaedic trauma surgeries.

Purpose. This study aims to assess pain intensity and changes of hemodynamic parameters in orthopaedic
trauma pediatric patients under perioperative multimodal analgesia.

Materials and methods. A total of 61 patients with orthopaedic trauma were included in this study. Mean
age was 9.3+4.5 years (range: 8-17). Open reduction was performed in 43 cases (70.5%), and 18 children (29.5%)
underwent closed reduction. Mean duration of the surgery was 102.1£20.4 min. All patients have the
premedication (atropine sulfate, diazepam, acetaminophen, intravenously) done 30-40 min. before the surgery in
the surgical ward. Surgical procedures were performed under general anesthesia. Postoperative pain intensity was
assessed by Individualized Numeric Rating Scale — NRS. Perioperative monitoring included peripheral pulse
oximetry (Sp0O2), non-invasive blood pressure measurement (SBP, DBP, MAP), vital signs and blood glucose
level control. Postoperative analgesia was maintained by IV acetaminophen, if necessary — by administration of
divided dose of morphine.

Results and conclusions. Mean pain intensity was 2.32+0.28 (6 hrs postop.), 12.06+0.16 (12 hrs postop.),
2.78+0.24 (24 hrs postop.), 2.04+0.6 (48 hrs postop.) based on NRS, respectively (p<0.05). 26% patients required
single dose administration of morphine during the first 24 hrs after the surgery.

Significant decrease in blood glucose 12 hrs (4.3 mmol/l) and 24 hrs (4.6 mmol/l) after the surgery in
comparison to the preoperative level (6.2 mmol/l) suggests of the severe stress resolution in the majority of the
patients and adequate pain management. Preoperative stress is mainly caused by underlying disease and the
surgical procedure itself.

Heart rate (HR) monitoring shows that the vast majority of the patients (n=55, 86.5%) had mean pulse less
than 110 bpm after IV Acetaminophen administration (20 mg/kg).

Minimal mean HR throughout the study was 87.3+5.3 bpm, maximal mean HR was 120+5.3 bpm. Mean SBP
throughout the study was 100.2+5.3 mm Hg and mean DBP — 66.4+1.8 mm Hg, respectively. Oxygen saturation
was within normal limits in all children. Hemodynamic parameters were within physiological surgical stress-
related limits, which suggests of the fluctuant course of postoperative pain syndrome.
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A traditional approach to perioperative pain management in children is associated with a moderate pain
syndrome according to the results obtained with pain scales, hyperkinetic type of hemodynamics 6.24 hrs after the

surgery, and the fluctuant course of postoperative pain.

AHoTanis. Y naHiii craTTi npoBeneHa OIiHKa e()eKTHBHOCTI i O€3MEeYHICTh HOIMLENTUBHOTO 3aXUCTy Y
Jited, skuM OyJI0 3aCTOCOBAaHO MYJIBTUMOJAIBHHH IMiAXiJ B HepionepauiiiHoMy i paHbOMY MiCHsIOnepaniiHoMy
3HEOO0JICHH] IPH BEJIMKUX TPaBMBTHYHHUX Omepalis . BuBueHuii cran reMoAHaMiYHNX TIOKa3HHUKIB Ta IPOBEACHA

OIIiHKAa PiBHA OOJIO y MAIIEHTIB AUTAIOTO BIKY.

Key words: perioperative pain management, intravenous anesthesia, multimodal anesthesia, orthopaedic

trauma surgery, children, pain, hemodynamic parameters.

Knrouosi cnosa: nepionepayiiine 3neboneHHs, BHyMpIiHbO8eHHA aHeCme3is, MyTbmMUMOOdIbHA aHecmesis,
mpasmamono2iymi onepayii, nediampuyti nayieumu, Oiib, NOKA3HUKU 2eMOOUHAMIKU.

v nepiornepaniiHoMy nepioxi 9acTo
CIIOCTEpIraloThcsl  CYTTEBI  3MIHM  TOKa3HUKIB
TeMOJIMHAMIKH, 10 MOXe OyTH CIIPHYMHEHO BIUIMBOM
Ha OpraHi3M OCHOBHOI'O 3aXBOPIOBAaHHS, OOJBEOBOTO
CHHIpPOMY  (TpaBMarojoriyHa  Marojorii)  Ta
CTPECOBOTO YUHHUKA [1]. IToBHOMIHICT
MOHITOPYBAaHHS TOKAa3HHUKIB T€MOJWHAMIKH, OIliHKa
piBHA OOJIHOBOTO CHHAPOMY € O0OOB'S3KOBOIO YMOBOIO
mig 4ac mpoBedeHHs 3HeOoneHHsA [2]. OmauM i3
KPHUTEPiiB aJeKBATHOCTI HONUIIEITUBHOTO 3aXHCTY i
Yyac OIEePAaTUBHOTO BTPYUYAHHS € CTaOUTbHI MOKA3HUKA
reMOJMHAMIKH 1 Uil Toro mo0 3abe3medyuTH Lei
3aXMCT HEOOXiTHO 3HU3UTU 110 OE3MEeYHOro piBHS
IHTEHCHUBHICTH HOILIULIEIITUBHOTO MOTOKY Bix
nepupepUIHIX PEIenTOPiB 0 HeHTpanbHuX |1, 3-5].

Ilpu npoBeneHi oOnepaTHMBHUX BTPy4YaHb Yy
TPaBMATOJIOTIYHUX TMAI[IEHTIB 30JOTUM CTaHIAPTOM
BUOOpY € perioHapHi MeTOOW aHecTesii, ame y
BUTAIKAaX, KOJH MOXJMBOCTEH iX 3acCTOCYBaHHSI
BincyTHe abo HebakaHe 3 OyAb-KHX NPUYHH,
BUKOPHUCTOBYIOTH BHYTPIITHHOBEHHY a00 IO€THAHY
a”ecresito [6, 7]. Came oriHKa piBHS 001, TOKa3HUKIB
reMOJMHAMIKH € HeOOXiJHOI JUIsi MNpPOBEICHHS
aJIeKBaTHOTO  MEpioNepallifHoro 3HEOOJICHHS Ta
BUOOPY METOAY AaHeCTe310J0rIYHOr0 3a0e3neueHHs
NPU TPaBMATOJIOTTYHHX OIEpaliix y JiTek.

Mema Oocnidycennss — OLIHUTH PiBeHb OO0,
BUBYMTH CTaH TEMOJMHAMIYHUX IIOKa3HUKIB Yy
TMAII€HTIB, TKUM 0YIJI0 3aCTOCOBaHO MYJIBTHMOIATEHUI
MiAXiA OO0 IHTpAolepalifHOro Ta  PaHHBOTO
TMICIIIOTepanifHOrO 3HEOONICHHS Y TPAaBMATOIOTIIHHX
XBOPHX.

Mamepianu i memoou. Y NOCHTiPKEHHS YBIAILITH
XBOpi [IiTH BikOM Big 8 pokiB mo 17 pokiB 3
TPaBMaTUYHHUM YIIKO/KEHHSIM KiHIIIBOK (CepeHill Bik
— 9,3+4,5 pokiB), HMpPOONEPOBaHI BIAKPUM HUISXOM
(n=43) abo 3akputuM (n=18), 1110 CKJIATO BIIMOBIIHO
70,5% Ta 29,5%. Cepennst TpUBaIiCTh ONMEPATUBHOTO
BTpy4yaHHs cranoBwiaa 102,1£20,4 xBuiamH. Ycim
XBOPHM BHKOHYBAJIM IIpeMeArKalliio B najari 3a 30-40
XB JI0 omepamii 3 BBEAEHHSAM aTpoIiHy cyibdary,
JiazerlaMy y  CTaHAapTHUX  JO3yBaHHAX  Ta
arnieraMiHo(eHy (mapaneramonry) 15 MI/KT
BHYTPIIIHBOBEHHO. HeoOXimHy mms 1HAYKOIl J03y
nporiodosry  po3paxoByBaIM 32 (OpMyIIOI0:

iHnykniiiHa nosa (mr/kr) = 4,3 - (0,152 X Bik XBoporo
(pokn) 1 moBibHO (TpoTsirom 30-40 ¢) BBOAMIM B OJTHY
3 BEJHMKHX INepu(epuyHUX BEH BEPXHHOI KIiHIIBKH.
[Mintpumky  aHecte3il  3AIMCHIOBANM  LLIIXOM
OesnepepBHOi iHQY3il mpomodoay 3a "step-down"
cxeMoro: 12 mr/kr/rox npotsirom 10 XB MicIIs BBEISHHS
IHAYKIIHHOT 031 mpemnapaTy, 9 MI/KI/ToI MPOTATOM
HactynHHX 10 XB 1 gami mo 6 MI/Kr/Tox A0 3aBepIICHHS
OTIEPaTHBHOTO BTpYYaHHS [8]. Amnectesito
3a0e3meuyBaii 3a TOTOMOrolo peHTaHimy 8-12 MKI/KT,
i3 OITYYHOI BEHTWIALIE JIETCHb amapatoM “Leon”,
Drager y pexumi PCV. Miopenakcariisi mpoBoauiIacs
CYKIUHUIXOIIHOM 1103010 0,5 - 1 MI/KT.

[HTEHCHBHICTh MICIAONEPAIIHHOTO OOJIBOBOIO
CHHIPOMY OILIHIOBAaJIM 32 YHCJIOBOI DPEHTHHIOBOIO
mkanoro (Individualized Numeric Rating Scale —

NRS).
[Nepionepamiiiamnit MOHITOPHHT BKITIOYAB
mymbcokcumeTpito  (SpOz),  KOHTPOIb  YacTOTH

cepueBnx ckopoueHb (UCC), cucronignoro (ATcucr),
miacromiuaoro  (ATmiact), cepemaporo  (CAT)
apTepiaJbHOTO THCKY, pPIBEHSI TJIIOKO3H B KpOBI.
Peecrtpanis  maHux mapamerpiB  BimOyBamacs B
ABTOMAaTHYHOMY 1 PY4YHOMY DPEXKHMI 3a JOIOMOTO0
monitopa Life Scope (NIHON KOHDEN).
JocnijpkeHHsT TPOBOJIWIIOCH HA TaKHX eTamax: 0
omeparii, mcis mpemeaukanii, 1-i — 1-a rog micis
omepariii, 2-i — 6-a rox, 3-i1 — 12-a rox, 4-it — 24-arox
Ta 5-if — 48-a Tox micNsA ONMepaTHBHOTO BTPYYaHHS. Y
TiCIsIoTIepaitHOMY nepiomi 3HEOOJICHHS
3a0e3evyBaocss BHYTPILIHBOBEHHHM  BBEICHHIM
aneramino¢eny (mapameramony) 15 mr/kr koxHi 8 rog,
npu noTpebi — ¢pakuiiianm BBeneHHAM 1% po3unHy
Mophiny JI03010 0,1-0,2 MT/KT. Cxema
nepionepaniiHoro MyJIbTUMOJAIBHOTO 3HEOOICHHS
npezcrasieHa B Tabmumi 1. Cratuctudny 0OpOOKy
OTPUMaHUX JaHUX MPOBOAWIM 32  JOTIOMOTOO
nporpamu Microsoft Excel. Jlani HaBeaeHO y BUTIISII
cepenHbol apudmernynoi (M) i craHIapTHOT MOXUOKH
CEPEHBOrO 3HAUEHHS (m). JlocToBipHICTE
BIIMIHHOCTEH MIDXK IIOKa3HMKaMH BH3HAYald 3a
Jonomororo  t-kpurepiss CrtbromeHTa. BimminHOCTI
BB@KaJM CTATHCTUYHO 3Hauyumumu mpu p<0,05 (95%-
i piBEeHb 3HAYYIIOCTI).
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Tabmuus 1

CxeMa nepionepaniiiHoi MyJ1bTHMOAATBbHOI aHaJTe3il

[epen onepattiero

IHTpaonepanuiiiHo

[Ticnstonepartiiina aHanre3ist

B/B atieTaMiHO(eH
(mapaueramon) 15 mr/kr
3a 30 XB A0 MoYyaTKy
orepartii

[Haykuis — B/B nponiodoi 3 MI/kr.
bazuc-napko3: nporodoin 1% — 12 mr/kr/ron
npotsiroM 10 XB miciist BBEIGHHS IHAYKIIHHOT 103U
npenapary; 9 MI/Kr/roJ1 mpoTsroM HacTymHux 10
XB, JIAJTi TI0 6 MI/KI/TOJT IO 3aBEPIICHHS
OIEPATHBHOIO BTPYYaHHS.

AmHecTesito 3a0e3mneTyBaiy 3a JOOMOTOI0
(erraniny 8-12 MKT/KT.
11IBJI amaparom “Leon”, Drager y pesxumi PCV.

Opaxuiiine BBeneHHs 1% po3unHy
Mopdiny 0,1-0,2 mr/kr B/M +
aretamino(deH (maparneramoln) B/B
15 Mr/kr KOXHI 6 TOOUH

Pesynomamu  ma  06z060penna.  Cepenas
IHTEHCHBHICTH 0OJILOBOTO CHHIPOMY 4epe3 6 TojauH
IICJIsl ONepaTUBHOTO BTPY4aHHs cTaHoBHia 2,32+0,28
Oamu 3a NRS, uepes 12 roaun — 2,06+0,16 6amu, uepe3
24 romun — 2,78+0,24 Oamu, uepe3 48 roauH —
2,04+£0,60 6amu ( p < 0,05). 26% xBopum Oyno
MOTPIOHO O/HOpa30Be BBEICHHS MOpP(]IiHY MPOTArom
24 rtomgmH. JIOCTOBipHE B3HIDKCHHS 3HAYCHb PIiBHI
TJIIOKO3H B KPOBi depe3 12 roanH micist onepaTuBHUX
BTpy4aHb (4,3 mMoins/1, p<0,05) i uepe3 24 rox (4,6
MMoJIB/11, p<0,05) MOpiBHSAHO 3 AOOTIEPALlifHIM piBHEM

Amnamiz YUCC y miteit 3acBiquuB, M0 y OUTBIIOCTI
xBopux (N=55, 86,5%) cepenue 3nauenHs YCC micins
BHYTPIIIHLOBEHHOTO BBEJICHHS arieraMiHo(heHy
(mapareramoiry) no3oro 20 mr/kr 0yno meHmummM 3a 110
y/xB (Tabn. 2) . MiHiMaJbHE 3HAYEHHS CEPEAHBOTO
3HaueHHss YCC 3a Bech NPOMIKOK JOCIHIIKEHHS
CTaHOBHJIO (87,3£5.,3) YI/XB, MaKcUMaJbHe
migsumenas — 120453 ya/xB. CepenHe 3Ha4eHHS
ATcucr 3a Bech mnepion cranoBuino 100,2+5,3 MM pr.
cT., a ATmiact — 66,4+1,8 MM pr. cT. [Tokazauku SpO2
3a BECh Mepiof JOCHTIHKEHHS B YCIX AITSH 3aIHIIanucs

(6,2 MMOTIB/IT) CBITYHTH TIPO JNIKBiAAIil0 y OUTBIIOCTI  cTaOiIbHUMHU. TToxazuukn reMOIMHAMIKH
XBOPHX MPOTSTOM repmunx 12-24 ronuH micis oniepariii  3HaXOIWINCHh Y MEXaxX CTPec-HOPMHU, IO CBIAYHUTE IIPO
BA)XKOTO CTPECy, BHHUKHEHHS SIKOTO IIOB'SI3aHO 3  XBHWJICHOAIOHMIH nepeoir micisionepaniiHoro
OCHOBHMM  3aXBOPIOBaHHSIM a00  ONEpPaTUBHUM  OOJHOBOTO CHHAPOMY.
BTPY4YaHHSIM, 1 TpO JOCTaTHIO aHajiresito Imicis
omepariii.
Ta6muus 2
JuHaMika mMoKa3HUKIB reMOIHHAMIKH Ha eTanax gociimkenns (M+m)
Etanm q10ociimKeH s
Ilokazauku Yepes Yepes Yepes Yepes Yepes
Jlo onepaii 1 rrz)/:[ 6 13);[ 12 ?0;[ 24 ?0;[ 48 ?0;{
YCC, yn/xB 114,447 3 104,3+6,2 118,0+7,1 108,2+7,1 100,2+7,1 108+7,1
ATCHCT., MM PT. CT. 110,4+1,4 117,2+1,2 121,3+1,4 108,1+1.,4 118,3+1,4 101+1,4
ATmiacT., MM pT. CT. 68,214 69,3£1,3 89,4+1.4 70,4+1,4 89,4+1.4 69,0+1,4
SpO,, % 96,140,1 92,2+0,1 94,4+0,2 92,4+0,2 94,4+0,2 97,4+0,2
Y  pite#l, sKki OTpPUMyBald ameTaMiHOPEH TeMOIWHAMiKH depe3 6, 24 TOMUHM IMICHsS BTPYYaHHS,
(mapameramon) y CKJami MpeMemuKamii Ta A XBHWICHONIOHMM  XapaKTepoM  IMicIOIepariiifHoro
MOAAJBUIOTO MICHSONEepaIifHOro 3HeOOJeHHS, He  OolIo.

BiJI3HAYAIOCS M'S30BOTO TPEMOpY, a MPOOYHKEHHS
Oyno 6e3 HCUXOMOTOpPHOTO 30yMKEHHS, HYIOTH Ta
omroBoTH. EHTEpanbHe XxapuyBaHHs OyJio po3royaro B
cepenHbomy 4epes 4,3+1,8 roauH.

Bucnoeku

1. TlpoBenmeHHs MYJIBTHMOIAIBHOI aHecTe3il €
e(peKTHBHAM 1 BIOJHOCHO O€3MEYHUM METOAOM
nepionepaniiHoro 3HeO0ICHHS.

2. MynbTEMOTANEHUH MIAX1M 13 BAKOPHCTAHHIM
BHYTpIIIHOBEHHOI aHectesii (mpomodoin, ¢eHraHi)
3abe3neuye OLIBII BUPAKCHHUM aTUCTPECOBUH 3aXUCT,
cupusie MIBHAKOMY TNpOOY/DKEHHIO Ta eKcTyOarii,
3amobirae HebakaHMM edekTaM 0 TMOB'SI3aHi 3
BUKOPHUCTAHHS OTI0i/IiB.

3. TIpoBeneHus TPaaUIiHHOTO
micnsonepaniiHoro  3HEOOMIOBaHHA Yy JiTel
ACOLIIOETHCS i3 30epeKeHHAM cepeaHbo1
IHTCHCUBHOCTI  OOJBOBOTO  CHHAPOMY 3TigHO 3

MOKa3HMKAMH IIKaJl OL[IHKK OO0JII0, TepKiHETHYHICTIO

OTtpumaHi pe3yJIbTaTH BHMArarOTh MOJIMIICHHS
METOJIMK KOPEKIli OOJbOBOTO CHHAPOMY ILISIXOM
CTBOpPEHHS O1bII KEepOBaHUX METOMK
nicisionepaniitHoro 3He00IFOBaHHSL.
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CLINICAL PECULIARITIES OF BACTERIAL KERATITIS IN TYPE 1 DIABETIC PATIENTS

Key messages:

Diabetes mellitus is a systemic risk factor for bacterial keratitis.

There are clinical peculiarities of bacterial keratitis in patients with type 1 diabetes mellitus at visit 1.

Compared to nondiabetic, diabetic patients with bacterial keratitis show higher degree of inflammatory
reaction in the anterior chamber of the eye at visit 1 as well as 28.8% lower mean corneal sensitivity threshold.

DOI: 10.31618/ESSA.2782-1994.2021.1.71.81

Abstract. The purpose was to define the clinical peculiarities of bacterial keratitis in patients with type 1

diabetes mellitus (DM1) at visit 1.

Methods. We retrospectively reviewed the results of 62 DM1 patients (62 eyes) with bacterial keratitis and

43 nondiabetic patients (43 eyes) with bacterial keratitis of the control group who were referred for visit 1 (before
administering the treatment). Research methods were as follows: visual acuity, tonometry, slit-lamp
biomicroscopy of anterior and posterior eye segments, bacteriological studies, fluorescein dye test, anterior eye
OCT and non-contact corneal esthesiometry.

Results. Compared to nondiabetic,c, DM1 patients with bacterial keratitis showed higher degree of
inflammatory reaction in the anterior chamber of the eye at visit 1 (p<0.05) as well as 28.8% lower mean corneal
sensitivity threshold (p<0.05). At visit 1, the degree of decreasing of corneal sensitivity in DM1 patients with
bacterial keratitis was higher than in control group (p<0.05). Localization of bacterial keratitis, the degree of
pericorneal injection, corneal ulcer defect size and depth, corneal infiltration as well as edema of the corneal tissue

surrounding the ulcer did not depend on the presence of diabetes mellitus (p>0,05) at visit 1.
Conclusions. There are clinical peculiarities of bacterial keratitis in patients with type 1 diabetes mellitus at

visit 1.

Keywords: diabetes mellitus, bacterial keratitis, corneal sensitivity, corneal sensitivity threshold,

inflammatory reaction in the anterior chamber of the eye.

Introduction

A lot of authors suggested that diabetes mellitus
(DM) is a systemic risk factor for inflammatory
diseases of the cornea [1-14], which are characterized
by a more severe course and more often lead to
blindness [10-14]. Several studies have reported the
occurrence of DM in patients with infectious keratitis.

Retrospective, nationwide, matched cohort study
in Taiwan included 239 854 patients with DM showed
that patients with DM were 1.35 times (95% CI, 1.24 to
1.48) more likely to develop recurrent corneal erosion
than the total sample cohort. In total, during for 8-10

years 1236 patients with DM and 884 controls
developed recurrent corneal erosion, resulting in an
incidence rate of recurrent corneal erosion in patients
with DM (5.87/10 000 person-years) higher than that in
the controls (4.23/10 000 person-years) [1].

Badawi et al. have reported that the prevalence of
DM was 15.1% out of 245 patients with infective
keratitis, attended Mansoura Ophthalmic Center, Egypt
from Mar. 2013 to Feb. 2015, and suggested that DM
was the predominant systemic predisposing factor [2].

Inoue et al. found that the occurrence of DM was
23.8% in 30 cases of corneal ulcer due to Moraxella
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infection; they suggested that DM patients are more
prone to Moraxella keratitis [3].

A study from Chine, included 230 diabetic and
168 nondiabetic patients with infectious keratopathy
showed statistically significant differences in the
incidences of bacterial keratitis in the two groups
(P<0.05), but no significant statistical difference was
found between fungal keratitis and amoebic keratitis
(P>0.05) [4]. The durations of hospitalization and
recovery period in diabetic patients with keratitis was
longer. Authors conclude that DM was a predisposing
factor for bacterial keratitis.

The purpose was to define the clinical peculiarities
of bacterial Kkeratitis in patients with type 1 diabetes
mellitus (DM1) at visit 1.

Methods

We retrospectively reviewed the results of 62
DML1 patients (62 eyes) with bacterial keratitis and 43
nondiabetic patients (43 eyes) with bacterial keratitis of
the control group who were referred for visit 1 (before
administering the treatment) to the Kharkiv regional
hospital over a period of 10 years between February
2011 and November 2020. Bacterial keratitis was
diagnosed on the basis of typical clinical picture and
bacteriologically confirmed. The exclusion criteria
were as follows: glaucoma, moderate and severe
refractive errors, previous eye surgeries.

The study protocol complied with the Declaration
of Helsinki and was approved by the Ethics and
Bioethics Committee of Kharkiv National Medical
University.

There were 27 (43.5%) women and 35 (56.5%)
men among DM1 patients with bacterial keratitis. DM1
patient age varied from 18 to 49 years (mean, 30.9+8.4
years). Of the 62 DM1 patients, 8 (12.9%) had a
diabetes duration less than 5 years, 28 (45.2%) had a
diabetes duration of 5 to 10 years, and 26 (41.9%) had
a diabetes duration of more than 10 years. In addition,
of the 62 DM1 patients, 12 (19.4%) had adequately
controlled diabetes (defined as hemoglobin Alc
(HbAlc) level of <7.1-7.5%), 18 (29%) had
inadequately controlled diabetes (defined as HbAlc
7.1-7.5%), and 32 (51.6 %) had out-of-control diabetes
(defined as HbAlc >7.5%). Diabetic polyneuropathy
(DPN) was found in all DM1 patients. Of the 62 DM1
patients, 17 (27.4%) had asymptomatic DPN, 21
(33.9%) had symptomatic DPN and 24 (38.7%) had
disabling DPN as per the classification of Dyck (1999)
[15, 16].

There were 18 (41.9%) women and 25 (58.1%)
men among nondiabetic patients with bacterial keratitis
of the control group. Nondiabetic patient age varied
from 18 to 50 years (mean, 32.7+8.4 years). So, patients
of the DM1 group and controls were comparable with
regard to sex and age.

Research methods were as follows: visual acuity,
tonometry, slit-lamp biomicroscopy of anterior and
posterior eye segments, bacteriological studies,
fluorescein dye test, anterior eye OCT (TOPCON 3D
OCT-2000) and non-contact corneal esthesiometry.

Non-contact corneal esthesiometry was performed
with the use of the device we have developed for this

purpose [17]. Corneal sensation was assessed at nine
specified examination points (superior, superior nasal,
superior temporal, nasal, central, temporal, inferior
nasal, inferior temporal, and inferior points), and
average corneal sensitivity threshold was determined.
The following parameters for the novel non-contact air-
jet corneal esthesiometer were used: diameter of air jet
output orifice, 0.5 mm; pulse duration, 1 s; distance to
the corneal surface, 4 mm; and air jet temperature, 20
°C. The minimum air jet force was used initially.
Thereafter, the air jet force was gradually increased
until the subject reported a sensation of breeze.

The parameters for assessment of changes in
bacterial keratitis were as follows: pericorneal injection
(mild; moderate; marked); size of corneal ulcer defect
(< 2 mm; 2-5 mm; > 5 mm); OCT-measured depth of
the corneal ulcer defect (< 1/3 of the corneal thickness;
1/3-2/3 of the corneal thickness; > 2/3 of the corneal
thickness); corneal infiltration (epithelial; stromal,
diffuse); edema of the corneal tissue surrounding the
ulcer (epithelial; stromal; diffuse); inflammatory
reaction in the anterior chamber of the eye (mild, 5-10
cells in the field of view; moderate, 10-50 cells in the
field of view, keratic precipitates; marked, > 50 cells in
the field of view, hypopyon); and reduction in corneal
sensitivity (mild, 80-130 mL/min; moderate, 130-150
mL/min; marked, > 150 mL/min).

Statistics

Mean and standard deviation (SD) values as well
as ranges for corneal sensitivity threshold were
calculated. The Mann-Whitney rank test was used to
compare the scores for pericorneal injection, size and
depth of the corneal defect, edema of the corneal tissue
surrounding  the ulcer, corneal infiltration,
inflammatory reaction in the anterior chamber of the
eye and reduction in corneal sensitivity for DM1
patients with bacterial keratitis and controls. The level
of significance p < 0.05 was assumed. Excel 2010 was
used to develop the primary data base, and Stata 12
software (Stata Corp., College Station, TX) was used
for statistical analyses.

Results

In DM1 patients with bacterial keratitis 25.8% of
eyes (16 eyes) had central localization of the disease,
54.8% of eyes (34 eyes) — paracentral one, in 19.4% of
eyes (12 eyes) — peripheral one. Localization of
bacterial keratitis in nondiabetic patients of the control
group was central in 27.9% of eyes (12 eyes),
paracentral — in 60.5% of eyes (26 eyes), peripheral —
in 11.6% of eyes (5 eyes), was not statistically changed
from the parameters of the DM1 patients (p>0.05).

The degree of pericorneal injection in DM1
patients with bacterial keratitis was found marked,
moderate and mild in 48.4% (30 eyes), 37.1% (23 eyes)
and 14.5% patients (9 eyes), respectively, versus 46.5%
(20 eyes), 37.2% (16 eyes) and 16.3% nondiabetic
patients (7 eyes) with bacterial keratitis of the control
group, respectively, p>0.05.

Corneal ulcer defect size in DM1 patients with
bacterial keratitis was found more than 5 mm, 2-5 mm,
less than 2 mm in 27.4% (17 eyes), 35.5% (22 eyes) and
37.1% DML1 patients (23 eyes) with bacterial keratitis,
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respectively, versus 30.2% (13 eyes), 30.2% (13 eyes)
and 39.6% (17 eyes) nondiabetic patients with bacterial
keratitis of the control group, respectively, p>0.05.

In DM1 patients with bacterial keratitis the corneal
ulcer defect depth was as deep as more than 2/3 of the
corneal thickness in 8% (5 eyes), and as deep as 1/3-2/3
of the corneal thickness in 33.9% (21 eyes), and as deep
as less than 1/3 of the corneal thickness in 58.1% (36
eyes). In nondiabetic patients with bacterial keratitis the
corneal ulcer defect depth was as deep as more than 2/3
of the corneal thickness in 7% (3 eyes), and as deep as
1/3-2/3 of the corneal thickness in 27.9% (12 eyes), and
as deep as less than 1/3 of the corneal thickness in
65.1% (28 eyes), was not statistically changed from the
parameters of the DM1 patients (p>0.05).

The depth of corneal infiltration in DM1 patients
was found diffuse, stromal and epithelial in 8.1% (5

eyes), 62.9% (39 eyes) and 29% patients (18 eyes),
respectively, versus 7% (3 eyes), 60.5% (26 eyes) and
32.5% (14 eyes) nondiabetic patients with bacterial
keratitis of the control group, respectively, p>0.05.
The depth of edema of the corneal tissue
surrounding the ulcer in DM1 patients with bacterial
keratitis was found diffuse, stromal and epithelial in
21% (13 eyes), 40.3% (25 eyes) and 38.7% patients (24
eyes), respectively, versus 20.9% (9 eyes), 39.5% (17
eyes) and 39.5% (17 eyes) nondiabetic patients with
bacterial keratitis of the control group, respectively,

p>0.05.
Compared to controls, DM1 patients with
bacterial ~ Kkeratitis showed higher degree of

inflammatory reaction in the anterior chamber of the
eye, p<0.05 (tab 1).

Table 1

Inflammatory reaction in the anterior chamber of the eye score in patients with bacterial keratitis
according to the presence of diabetes mellitus

Number (percentage) of patients with particular scores

Group
0 points 1 point 2 points 3 points
DM1 patients, n=62 4 (6.5%)* 30 (48.4%) 17 (27.4%) 11 (17.7%)*
Nondiabetic patients, n=43 7 (16.2%) 22 (51.2%) 11 (25.6%) 3(71%)

Note: *, Statistically significant difference between the groups p<0.05

The degree of inflammatory reaction in the
anterior chamber of the eye in DM1 patients with
bacterial keratitis was found marked, moderate and
mild in 17.7%, 27.4% and 48.4% patients, respectively,
versus 7%, 25.6% and 51.2% nondiabetic patients with
bacterial keratitis of the control group, respectively. In

6.5% and 16.2% of DM1 and nondiabetic patient with
bacterial keratitis, respectively, inflammatory reaction
in the anterior chamber of the eye was not found.

Compared to controls, DM1 patients with
bacterial keratitis showed 28.8% lower mean corneal
sensitivity threshold, p<0.05 (tab 2).

Table 2
Scores for corneal sensitivity threshold in patients with bacterial keratitis according to
the presence of diabetes mellitus
Number (percentage) of patients with particular
Group ScOres M:m Range
0 points 1 point 2 points 3 points
. 16
= 05)* 0/4)* * _
DM1 patients, n=62 0 6 (9.7%) (25.8%)* 40 (64.5%) 164.8£29.4 119.8-235.6
S _ 23 17 0 i
Nondiabetic patients, n=43 0 (535%) (39.5%) 3(7.0%) 128+20.2 97.5-194.3

Note: *, Statistically significant difference between the groups p<0.05

Mean corneal sensitivity threshold in DM1
patients with bacterial keratitis was 164.8+29.4 ml/min,
ranged from 119.8 to 235.6 ml/min. Mean corneal
sensitivity threshold in nondiabetic patients with
bacterial keratitis of the control group was 128+20.2
ml/min, ranged from 97.5 to 194.3 ml/min. The degree
of decreasing of corneal sensitivity in DM1 patients
with bacterial keratitis was higher than in nondiabetic
patients of the control group, p<0.05. Severely,
moderately and mildly decreased corneal sensitivity
was found in 64.5%, 25.8% and 9.7% patients,
respectively, in DM1 patients with bacterial keratitis,
versus 7%, 39.5% and 53.5% nondiabetic patients with
bacterial keratitis of the control group, respectively.

Discussion

DM is a systemic risk factor for inflammatory
diseases of the cornea [1-14], especially for bacterial

keratitis [3, 4]. However, there is few information about
the clinical peculiarities of bacterial keratitis in DM1
patients.

We defined that localization of bacterial keratitis,
the degree of pericorneal injection, corneal ulcer defect
size and depth, corneal infiltration as well as edema of
the corneal tissue surrounding the ulcer did not depend
on the presence of diabetes mellitus (p>0,05) at visit 1.
But compared to nondiabetic patients with bacterial
keratitis, DM1 patients with bacterial keratitis showed
higher degree of inflammatory reaction in the anterior
chamber of the eye at visit 1, p<0.05. Our data agree
with the fact that DM patients have abnormal
inflammatory reaction [18-20]. It was suggested that
the janus kinase/signal transducers and activators of
transcription (JAK/STAT) pathway to be activated in
the setting of diabetes. This pathway is normally
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activated by interferons, interleukins and growth
factors. Recio and colleagues demonstrated that
systemic administration of a cell permeable suppressor
of cytokine signaling-1 (SOCS1) peptide, containing
the Kinase inhibitory region, reduced measures of
inflammation in diabetic apolipoprotein E (ApoE)-
deficient mice [19]. In another study, Gray et al. found
that deficiency in the hydrogen peroxide-generating
NADPH oxidase isoform 4 (NOX4) resulted in
augmented pro-inflammatory status, measured as
circulating levels of CCL2 and vascular gene
expression of several cytokines in ApoE-deficient
diabetic mice [20].

Our present study revealed that compared to
controls, DM1 patients with bacterial keratitis showed
28.8% lower mean corneal sensitivity threshold,
p<0.05. The degree of decreasing of corneal sensitivity
in DM1 patients with bacterial keratitis was higher than
in nondiabetic patients of the control group (p<0.05).
These may be due to diabetic corneal neuropathy -
pathological changes of corneal innervations in diabetic
patients. Diabetic corneal neuropathy is a part and an
important early indicator of diabetic neuropathy [21].
Chronic hyperglycaemia leads to a variety of metabolic
changes, such as the accumulation of advanced
glycation end products, increased polyol pathway flux,
reactive oxygen species production, as well as
activation of protein kinase C pathway, causing corneal
neuronal degeneration and apoptosis of neural cells [14,
22]. Decreased corneal sensitivity in diabetic patients is
a sign of corneal diabetic neuropathy [14, 21, 22].
There were made a lot of studies which showed
decreased corneal sensitivity in DM patients [23-29]
and abnormalities of corneal nerve structure [24, 28,
30-33]. But still that there was no information in the
literature concerning the corneal sensitivity in DM
patients with bacterial keratitis.

Corneal diabetic neuropathy may influence on the
duration and prognosis of bacterial keratitis in DM1
patients, so future studies should be done in order to
define that.

Management of bacterial keratitis in DM1 patients
should take into account diabetic corneal neuropathy as
well.

This study has some limitations because of small
sample size. To our mind, quantitative evaluation of the
morphology of corneal nerves due to recent
advancements in corneal nerve imaging and software
allow to define the possible associated pathogenic
mechanisms for corneal ulcer in DM patients better.

Conclusions

There are clinical peculiarities of bacterial
keratitis in patients with type 1 diabetes mellitus at visit
1. Compared to nondiabetic, diabetic patients with
bacterial keratitis show higher degree of inflammatory
reaction in the anterior chamber of the eye, as well as
28.8% lower mean corneal sensitivity threshold.
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Abstract. The article presents the results of our own studies of structural changes in the pancreas according
to computed tomography data in patients with various clinical and morphological forms of the disease. It was
shown that the identification of structural changes in the pancreatic parenchyma using computed tomography with
contrast (calcifications and calcifications, pancreatic cysts, fibrosis, expansion of pancreatic ducts) is a reliable
confirmation of the diagnosis of chronic pancreatitis and allows to determine clinical and morphological form of
the disease. Severe structural changes in the pancreatic parenchyma were found in 71.8% of the examined patients,
in 18.5% of patients - moderate, in 8.7% - mild.

AHHoTanus. B cTatee mpeacTaBiIeHbl pe3yabTaThl COOCTBEHHBIX MCCIEIOBAHUM CTPYKTYPHBIX U3MEHEHUIH
MOJDKENYZIOYHON JKeJe3bl M0 JaHHBIM KOMIBIOTEpHOIl ToMorpadguu y OONBHBIX pa3iUYHBIMH KIMHHKO-
Mopdosornyeckumu Gopmamu 3aboneBanus. [IokazaHo, 4TO BBISBICHHE CTPYKTYPHBIX U3MEHEHHH MapeHXHMBI
MOJKENTYZIOUHON JKeNe3bl MPU MOMOIIN KOMIbIOTEPHOH TOMOrpaduu ¢ KOHTpacTHpOoBaHWEM (KaJIbLIMHATHI W
KabIU(UKATBI, KUCTBI MOJPKENTYIOYHON Kele3bl, (UOpo3, paCIIMpeHUe TaHKPEaTHYeCKUX MPOTOKOB) SIBIISETCS
JOCTOBEPHBIM TOATBCPKACHUEM JIHAarHo3a XpOHI/I‘{eCKI/Iﬁ NMaHKPEATUT M TIO3BOJACT ONPEACINTh KIMHUKO-
Mopdostornyeckyo (opmy 3aboneBanusa. Y 71.8% oOcnenoBaHHBIX OOJBHBIX YCTAHOBJICHBI TSDKEIIbIE
CTPYKTYPHBIE M3MEHEHUs APEHXUMBI IT0JDKEITy IOYHOH skene3bl, y 18.5% GonbHbIX — cpenHel crenen, y 8.7% —
JIETKOM CTETNEHHU.

Keywords: chronic pancreatitis, pancreas, clinical and morphological forms, computed tomography

Kniouegvie cnoea: xponuueckuii nawkpeamum, RnOOINCENYOOUHA Jicene3d, KIUHUKO-MOpGhoaocuyeckue

Gopmbl, KomnvIomepHas MomMocpagusi.

Introduction. Chronic pancreatitis (CP) is a
progressive destruction of the pancreatic parenchyma
and its replacement with fibrous tissue, which
ultimately leads to irreversible disruption of the
exocrine and endocrine functions of the pancreas [2, 4,
6,7,8,9, 10].

In the recommendations of the American Society
of Gastroenterology (ACG) specify that CP is a
pathologic fibroinflammatory syndrome of the
pancreas in individuals with genetic, environmental,
and/or other risk factors who develop persistent
pathologic responses to parenchymal injury or stress
[71.

Diagnosis of CP is difficult, because there is no
method that can be considered the "gold standard" for

diagnosing the disease. In addition, the diagnosis is
made at the late stages of a progressive disease, when
irreversible morphological changes with various
clinical consequences have already developed [7]. CP
is diagnosed using a combination of methods, including
a thorough history and physical examination, risk factor
analysis, imaging techniques, and direct and / or
indirect pancreatic function tests [2, 4, 6, 7, 8, 9].

The initial methods of pancreas imaging are
computed tomography (CT) and magnetic resonance
imaging (MRI) [2, 4, 6, 7, 8, 9], invasive methods
(endoscopic ultrasound and pancreatic functional tests)
are not the primary research methods [7], so to make a
diagnosis, the X-ray and endoscopic assessment of a
patient with suspected CP should move from the least
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invasive to the more invasive method. For the patients
with ambiguous or insufficient CT findings or
refractory symptoms, additional tests are done -
MRI/Magnetic Resonance Cholangiopancreatography
with Secretin (SMRCP) or endoscopic procedures such
as endoscopic ultrasound (EUS), endoscopic retrograde
cholangiopancreatography (ERCP) and examination of
pancreatic function [2, 4, 6, 7, 8, 9].

At the State Institution “Institute  of
Gastroenterology of the National Academy of Medical
Sciences of Ukraine" we carried out work, which was a
fragment of research work "To study the mechanisms
of development of complications of chronic
pancreatitis and to develop methods of diagnostics and
surgical treatment using minimally invasive
technologies”, 2008-2010. (code VN. 25.01.001.08,
state registration number No. 0107U012136) and "To
study the mechanisms of development of fibrotic
processes in chronic pancreatitis and improve the
technology of their surgical correction”, 2011-2013.
(code VN. 25.01.001.11, state registration number No.
0111U001065).

This study was clinical, randomized, controlled,
open-label, prospective. There were used research
methods in the study: clinical, instrumental (ultrasound,
CT, ERCP), functional (gastric intubation and duodenal
intubation), morphological, biochemical
(determination of indicators of lipid peroxidation and
antioxidant defense, average weight molecules, the
level of total lipids, collagen synthesis products, bile
acids, C-reactive protein), immunological (enzyme-
linked immunosorbent assay for determining blood
levels of interleukins TNF-a, TGF-pf1, REG-1la,
lactoferrin, fecal elastase-1, methods of analysis of the
immune status and nonspecific resistance of the
organism), microbiological , dynamic (prospective
observation), questionnaires, statistical.

During the study, the following results were
achieved: it was proved that the development and
course of clinical and morphological forms of CP
depends on the ratio of the levels of cytokines and
mediators of pancreatic fibrosis, factors of stone
formation, apoptosis, oxidative stress and regulatory
factors of the immune system; predictors of the
progression of fibrotic changes, the formation of
calcifications / calcifications have been established;
defined markers for predicting the course of the
disease; developed a method of treatment aimed at
inhibiting the processes of fibrosis, apoptosis, stone
formation in the pancreas, normalizing the cytokine
profile of patients, the use of which helped to increase
the effectiveness of treatment, lengthen remission,
improve the quality of life of patients [3].

In this article, we present the results of our study
on the study of the structural features of the pancreas in
patients with various clinical and morphological forms
of the disease according to computed tomography data.

The aim of the article. To study the structural
features of the pancreas in patients with various clinical
and morphological forms of the disease.

Material and methods. We examined 103
patients with CP, 87 men and 16 women. The age of the

patients ranged from 31 to 65 years, the average age
was (46.7 £ 0.7) years. In accordance with the
Marseilles-Roman classification, patients were divided
into 4 clinical groups: group | consisted of 14 patients
(13.6%) with obstructive CP, Il - 29 patients (28.2%)
with calcifying, 111 - 34 patients (33.0%) with fibrotic -
parenchymal form, IV - 26 patients (25.2%) with CP
complicated by pseudocyst. Isolated forms of CP were
detected quite rarely. More often, a combination of
several variants of fibro-degenerative damage to the
pancreas tissue was observed, and only the
predominance of signs and clinical manifestations of
one form or another gave the right to conditionally
assign the patient to one of the identified groups. All
patients signed voluntary informed consent. The study
was approved by the ethical commission of the State
Institution "Institute of Gastroenterology of the
National Academy of Medical Sciences of Ukraine",
protocol No. 5 of 09/10/2008. To diagnose pancreatic
pathology, the CT method (with contrast) was used,
which is based on the principle of X-ray scanning of
internal organs with subsequent computer processing of
the results and conversion of the data obtained into a
flat image on the screen. On the film, as on the monitor,
the internal organs are shown in a cross section with a
given interval of the depth of the sections. The
detection of calcifications in the parenchyma and
calcifications in the pancreatic ducts is considered
pathognomonic. Contrast-enhanced CT can detect
pseudocysts, duct dilation, thrombosis,
pseudoaneurysms, necrosis and parenchymal atrophy,
pancreatic infiltration. The accuracy of the study ranges
from 59-95%, depending on the type of tomograph and
the criteria for diagnosis [10]. For the study, we used a
Somatom-CR  computer  tomograph  (Siemens,
Germany).

Descriptive and inductive statistics were used to
analyze the results obtained. In the case of quantitative
data and subject to their normal distribution, the mean
and standard error of the mean were used. To determine
the significance of differences, the Student's t-test was
used. In the absence of a normal distribution, the
median, minimum, maximum, upper and lower
quartiles were used, and the significance of differences
was determined by the Mann-Whitney U-test. To
describe the qualitative data, the frequency of detection
of the feature (%) was used. In this case, the y test was
used to determine the significance of differences
between the groups. Differences were considered
significant at p <0.05. Correlation and factor analysis
were used. All calculations were performed using the
SPSS 9.0 for Windows (or Statistica 6) program [1, 5].

Presentation of the main material. CT scan
revealed structural changes in the pancreas, which were
an indisputable morphological confirmation of the
pathology of the pancreas (Table 1) and ultimately
made it possible to compare the obtained indicators
with indicators characterizing the development and
course of CP and functional changes in the pancreas.
According to CT, the size of the pancreas was increased
in the majority of patients by 72.8%. An enlargement
of the pancreas due to the head was observed in almost
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half of the patients (46.6%), along the entire length - in
a small part of patients (14.6%), the body of the
pancreas and its tail - in a tenth of patients (8.7 and
11.7%, in accordance).

In the intergroup analysis, it was found that the
sizes of the pancreas: were changed in the majority of
patients in groups | and IV (78.6 and 76.9%,
respectively) and in groups Il and Il (69.0% and
70.6%, respectively). The high frequency of
enlargement of the pancreas in patients of groups | and
IV is associated with an enlargement of the pancreas
due to the formation of pseudocysts and their
obstruction of the main pancreatic duct (MPD).

The frequency of pancreatic head enlargement did
not differ significantly between groups, but in group |
this sign was detected in 1.3; 1.6; 1.5 times more often
than in 11, 111, and IV, respectively. According to the
groups, the ratio of the frequency of increase in the size
of the pancreas head was 1.56: 1.17: 1: 1.03, body -
1.86 0.9 1.14: 1, tail - 1: 1.45: 2.07: 1.62, along the
entire length - 1.43: 1: 1.47: 1.92, respectively. That is,
an increase in the head and body was most often found
in patients of group I, tail - in group 11, but throughout
the entire length of the prostate was more often
increased in patients of group IV.

Table 1.
Changes in the size of the pancreas and the diameter of the main pancreatic duct in patients
Group of patient _

Index To=d) | =29 | M®m34) | Ve | 00109

n % n % n % n % n %

pancreas size not increased 3| 214 | 9 310 | 10| 294 6 23.1 28 27.2

increase in the size of the pancreas

head 9 643 | 14 48.3 14 | 412 11 | 423 48 46.6

body 2 14.3 2 6.9 3 8.8 2 7.7 9 8.7

tail 1 7.1 3 10.3 5 14.7 3 115 12 11.7
all over 2 14.3 3 10.3 5 14.7 5 19.2 15 14.6
main pancreatic duct not expanded 3 | 214% | 6 | 2077 | 17 | 50.0" | 20 | 76.9 46 447
expanded 11| 786 | 23| 793 |17 | 500" | 6 | 231% | 57 55.3

diameter, mm 7.83+0.61 7.19+0.81 5.98+0.55" | 4.40+0.54* 6.80+0.37

Notes:

1. * - significant difference between | compared with groups Il and IV (p <0.05)
2. # - significant difference compared to groups I, I1, 111 (p <0.05)

*Hk 42 =25.21,p=9.62E-05 - significant difference with group 1V;

## - x2 =12.23, p = 0.0005 - significant difference with group IV;

** .42 =4.61,p=0.0318 - significant difference with groups I and Il

3.
4,
5."- 42 =3.45,p=0.063 - significant difference with group IV;
6.
7.

& - y2=15.209, p = 9.62334E-05 - significant difference with groups I and I

Expansion of the MPD was detected in 55.3% of
patients; its diameter was (6.80 £ 0.37) mm (Fig. 1).

The MPD was tortuous, its walls were compacted in
almost half of the cases.
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Figure 1 - MPD diameter depending on the form of CP

In the intergroup analysis, it was found that the
expansion of the MPD is characteristic of the
overwhelming majority of patients in groups | and Il
(78.6 and 79.3%, respectively) and half of patients in
group 111 (50.0%), in IV - this sign was established with
a low frequency - 23.1% (p < 0.05). The expansion of

the MPD was significantly more significant in groups |
and Il, and the least pronounced was in group IV
patients (p <0.05) (Table 1).

The diagnosis of CP was undeniable when
calcifications of the parenchyma and calcifications in
the pancreatic ducts were detected (Fig. 2).

Figure 2 - Computed tomogram. Calcifications in the pancreas head

Parenchymal calcifications were found in 35.0%
of patients, and significantly more often in patients of
group 1 (89.7%), compared with groups I, Ill, and IV

(p <0.05), which made it possible to diagnose calcific
pancreatitis in them (Table 2).

Table 2.
Structural changes in the pancreas in patients
Group of patient Total

Index I (n=14) 11 (n=29) I (n=34) IV (n=26) (n=103)

n % n % n % n % n %
parenchymal calcifications 7 50.0# 26 | 897 | 2 5.9 1 3.9 36 | 350
duct calcifications 9 | 64.3** 1 35 0 0 0 0 10 | 97
pseudocysts, up to 10 mm 2 14.3 1 35 1 2.9 1 3.9 5 4.9
pseudocysts, larger than 10 mm 4 28.6 10 | 345 | 8 | 235 | 25| 96.2" | 47 | 456
cyst size, mm 65.8£17.0° 22.9+43.0 21424 54.7+6.4° 434445




34 East European Scientific Journal #7(71), 2021

|/

Notes:

1.#-y2=28.32-12.67, p = 0.004-0.0004 - significant difference compared with groups II, ll1, 1V;
2.* - 42 =40.39-44.48, p = 0.0001 - significant difference compared with groups I, I1l, 1V;

3. ** -2 =19.58-26.90, p = 0.00001 - significant difference compared with groups II, 111, 1V;
4."-y2=17.59-28.53, p = 2.73E-05-9.68E-08 - significant difference compared with groups I, 11, 111
4.7 - p <0.05 - significant difference compared to groups Il and Il1.

However, calcifications in the pancreatic ducts
were found in 9.7% of the total number of patients, and
more often in patients of group | - 64.3% (x2 = 26.90,
p = 0.0001), which was the cause of obstruction.

Another cause of MPD obstruction in patients of
group | were pseudocysts found on CT in 42.9% of
patients. In 7.2% of patients in this group, the cause of

obstruction was a combination of the presence of
calcifications in the ducts and a pseudocyst.

Small pseudocysts up to 10 mm in size were found
in 4.9% of patients, most often in group | (14.3%), in
other groups of patients, pseudocysts of this size were
found in isolated cases (Fig. 3).

Figure 3 - Computer tomogram. Pancreas tail cyst

Large pseudocysts (from 10 mm to 135 mm, on
average (43.4 £ 4.5) mm) were found in 45.6% of
patients, significantly more often in group 1V - 96.2%
(x2 = 28.53, p = 9.68E-08). In groups I, Il and IlI, the
frequency of detection of large pseudocysts did not
differ significantly (28.6%, 34.5%, and 23.5%,
respectively). In terms of size, the largest pseudocysts
were in patients in groups IV (p <0.05) and | (p <0.005),
which led to duct obstruction in group I.

CT scan revealed changes in other organs of the
abdominal cavity, primarily in the pancreatobiliary
system (Table 3).

On the part of the liver and gallbladder, the
changes accompanying CP were expressed mainly by
the presence of signs of chronic cholecystitis (17.5%),
cholelithiasis (5.8%) and signs of cholestasis (29.1%)
with intrahepatic hypertension (3.9%). Changes of the
gallbladder, signs of cholestasis and intrahepatic
hypertension were more often found in patients of
groups Il and 111 - 31.0% and 23.5%, 31.0% and 44.1%,
10.3% and 2.9%, respectively.

The diameter of the common bile duct was normal
in all patients of groups I, Il and Il1, and significantly
enlarged in patients of group 1V, especially in cases
when there was a cavity formation in the head region.

Table 3.
Changes in the abdominal organs in patients with chronic pancreatitis detected on CT
Group
Pathology [ (n=14) 11 (n=29) I (n=34) IV (n=26)
n % n % n % n %
chronic cholecystitis 1 7.1 8 27.6 5 14.7 4 154
cholelithiasis 0 0 1 34 3 8.8 2 7.7
intrahepatic hypertension 0 0 3 10.3 1 2.9 0 0
cholestasis 2 143 9 31.0 15 44.1 0 0
diffuse liver changes 0 0 4 13.8 3 8.8 5 19.2
focal liver formation 0 0 3 10.3 2 5.9 3 115
hepatomegaly 0 0 1 34 2 5.9 2 7.7
splenomegaly 0 0 1 34 0 0 0 0
cyst of left / right kidney 2 143 6 20.7 5 14.7 1 3.8
aortic plaque calcification 1 7.1 0 0 0 0 0 0
enlargement of regional lymph nodes 2 143 2 6.9 5 14.7 1 3.8
ascites 1 7.1 0 0 3 8.8 2 7.7
pyloric stenosis 0 0 1 34 0 0 0 0
Urolithiasis disease 0 0 1 34 0 0 0 0
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The data obtained made it possible to determine
the severity of structural changes in the pancreas
according to the Cambridge classification (Table 4).

According to CT data, structural changes in the
pancreas were found as mild in 8.7% of patients,
moderate in 18.5%, and severe in 71.8%.

Table 4.

The severity of structural changes in the pancreas detected on CT
(according to the Cambridge classification)

Group of patient _
Severity 1(n=14) 11 (1=29) 111 (n=34) IV (1=26) Total (n=103)
n % n % n % n % n %
mild 3 214 0 0 6 17.7 0 0 9 8.7
moderate 1 7.1* 4 13.8# 13 38.2 2 777 19 185
severe 10 714 25 86.2# 15 44.1 24 92.3" 74 718
Notes:

1. # -2 =3.58, p =0.059 - significant difference with group IlI;
2.* - 42 =3.26, p =0.071 - significant difference with group IlI;
3.** - 42 =5.79, p=0.016 - significant difference with group III.

Intergroup analysis revealed a unidirectional
distribution of patients according to this criterion in
groups I, Il and V. Thus, in the overwhelming majority
of patients in these groups, severe structural changes in
the pancreas were revealed (71.4%, 86.2% and 92.3%,
respectively). The frequency of detecting structural
changes of moderate severity also did not differ
significantly between the groups and amounted to
7.1%, 13.8% and 7.7%, respectively. Patients in group
111 had severe (44.1%) and moderate (38.2%) structural
changes in the pancreas with almost the same
frequency. Mild degree was determined only in patients
of groups I (21.4%) and 111 (17.7%).

Conclusions.

1. Identification of structural changes in the
pancreatic parenchyma using computed tomography
with contrast (calcifications, pancreatic cysts, fibrosis,
expansion of the pancreatic ducts) is a reliable
confirmation of the diagnosis of chronic pancreatitis
and allows to determine the clinical and morphological
form of the disease.

2. Severe structural changes in the pancreatic
parenchyma were found in 71.8% of the examined
patients, in 18.5% of patients - moderate, in 8.7% -
mild.
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Summary. Statistical data in most cases are described as an arithmetic mean value and a median depending
on themselves, in the absence or presence of extreme values, respectively. Also, when using the classical
hypothesis testing, errors of the type | (erroneous rejection of the null hypothesis of the absence of differences)
and type Il (erroneous acceptance of the null hypothesis) inevitably occur. Sometimes in the data, you can make
the wrong choice when choosing the dependent and independent variable. The classical check does not give a
complete picture of the data of the general population. Confidence intervals for a range of values for selection
within a certain probability (95%). One of the modern methods for assessing the mean, mean and other measures
is resampling, in particular, bootstrap (multiple generation of samples).

AHHOTa].ll/lﬂ. CTraTuCTHYECKHE JaHHBIC B OOJIBIIINHCTBE CJIy4acB OIMCBIBAOTCA € UCIIOJIBb30BAHUECM BBI60pOK,
rac MepOI7[ I.IeHTpaJ'IBHOﬁ TCHACHIUNU MOTYT OBITH KakK apI/I(bMCTI/I‘IeCKOG CpeAHCC 3HAYCHUC, TaK U MCJMaHA B
3aBUCUMOCTH OT CaMUX JAHHBIX, IPU OTCYTCTBUU NN HAJIUINUU SKCTPEMAJIbHBIX 3HAYEHHH COOTBETCTBEHHO. Tak
7K€ IpH MCIIOJIb30BaHUHN KJIaCCUYECKOHN IIPOBCPKU I'KIIOTE3 Hen30€KHO BO3HUKAIOT OMINOKY | (OH.II/I60‘{HLII7I OTKa3
OT HYJICBOH THITOTE3BI OTCYTCTBHUSA pa3nmunii) u || pona (ommbouHOe MpUHSTHE HYyNIEBOW TumoTe3sl). MHOTHA B
JaHHBIX MOXXHO CACJIAaTh HeBepHLIﬁ BLI60p pu BLI60pe 3aBHCHUMOM U HE3aBUCHMOK NEPECMCHHBIX. Kmaccuueckas
IMMPOBEPKaA HE JACT MOJHOTO NPCACTABJICHUA O JaHHBIX reHepanLHoﬁ COBOKYIIHOCTH. I[OBepI/ITeJ'H)HI)Ie HNHTEPBAJIbI
MPEIOCTABIIAIOT MUANa30H 3HAUYCHUH JJisi BHIOOPKH B TpeJesax OIpeneieHHOW BepOoATHOCTH (00bIYHO 95%).
OJIHI/IM N3 COBPEMEHHBIX METOAOB OLICHKU CPCAHETO0, MCIUAHBI U APYTUX MEP ueHTpaanoﬁ TCHACHIIUU SIBJIACTCA
PECEMILIMHT, B YaCTHOCTH OyTCTpen (MHOTOKpaTHasl reHepalys BHIOOPOK).

Keywords: data; measures of the central trend; resampling; bootstrap.

Knrouesvie cnosa: dannvie; mepol yenmpanbHoOU meHOeHYuu, pecemniune;, Oymcmpen.

BBenenue

CraTtucTuKka — MHCTPYMEHT Ul aHalu3a JaHHBIX
U YCTaHOBJICHUS NPUYUHHO-CIEACTBEHHBIX CBs3EH.
OHa mNOBBINIAET TOYHOCTb BBIBOJAOB, CJHENAHHBIX B
MCAUIUHCKUX HCCIICAOBAHUAX, U NPEAOCTECPEracT OT
JIOKHBIX BBIBOJOB. IlonnmaHue CTaTUCTUKU ITIOMOTAET
KIIMHUIUCTaAM B OLCHKH OMIIMPUICCKUX
UCCIJIEIOBaHMM, KOTOPBIE COIEPKAT J0Ka3aTe/IbCTBA,
JeKalUe B OCHOBE KJIMHUYECKOM NpakTUKh. HacTo

CJIy4JacTCcd Tak, 4YTO 3HAaHUM KJIWHUIUCTOB O
CTaTUCTHKEC OKa3bIBACTCA HCJO0CTAaTO4YHO, 4qTo
MNpUBOAUT K HeraBHJ’IbHOﬁ HUHTCpIIpETallun
CTaTUCTHYCCKUX JaHHBIX B OHy6J’II/IKOBaHHBIX
MaTtepuajiax. CJ'IG,I[OBaTeJ'IBHO, IIOHUMaHHEC
CTaTUCTHYCCKOI'0 aHajJIm3a H€O6XO,Z[I/IMO KaK JIJId
YCTaHOBJICHMA, TakK u JJIA HUHTEPIIpETAINN
JI0Ka3aTeCIIbCTB, HCIIOJIB3YEMBIX B KIMHUYCCKOHU
IIPaKTHUKE. CraTuCcTHYECKHUE JaHHBIC MOTyT

UCIIOJIb30BAThCS JJIsl OMMCAHUS MCXOJHBIX JaHHBIX UITH
JUIL  TOTO, 4TOOBI JeNaTh BBIBOJBL, HCIIOJB3YS
nHpopmanmio u3 BeIOOpok (1). B mamHO# pabote
paccMaTpuBaroTcs (pyHIaMEHTAJIbHBIC MIPHHIUIEI KaK
OIHCATEeNHPHON M JIOTMYECKOH CTATHCTUKHU, BKIFOYAs
oOIIMe CTATHCTHYSCKUE TECTHI M  HCKAXKAIOIIUE
(dakTopsl (OmMOKM) C YIOPOM HAa HATJSIHOC
rpaduveckoe MpeICTaBICHHE. BaXHO TOHUMATE,

KaKkoW THIl JAQHHBIX IIepe] HCClieoBaTesieM, 4TOObI
BBIOPATH JIy4IIHEe METOJIBI BU3yaTU3aLUH.

KosnnyecTBeHHbIE [JaHHbIE MOXHO HW3MEPUTH
00BbeKTHBHO. OHHM MOTYT OBITH:

* JluckpeTHsle - OTZEIIbHBIE
HEIEPEKPBIBAIOIIMECS ~ 3HAYEHUS;  ONPEIEIISIFOTCS
HOJICUETOM.

* HenpepblBHBIE ~ —  HE  OIPaHUYMBAOTCS
HPOHU3BOJBHO OTAEIHHBIMHM 3HAYCHUSAMH. OHH MOTYT
NpUHUMATh JI000€ 3Ha4eHHe B  HENPEPHIBHOM
JUarna3oHe.

KateropunanbHble JaHHBIE MOXXHO HaOMIOATh M
OXapaKkTepu30BaTh OOBEKTHBHO WIH CyOBEKTHUBHO.
OHH MOTYT OBITB:

* [lopsinkoBele  —  fmaHHBIE B TIOpSAKE
PamXUpPOBaHMA, KOTOPBIE HE U3MEPSIOTCA (Hammpumep,
pa3IMYHbIC IKAJIBI U CTEIICHH).

* HomuHanbHBIE — TOJIBKO KaTeropuu (Hampumep,
TI0JT WK (DaKTOPBI PHCKA).

Ilo mMumo sTOrO, maHHBIE HAa camMoM Trpaduke
MOTYT OBITB:

* PaBHOMEpHO  pacmpeneneHsl IO BCEM
BO3MOXKHOCTSIM  (paBHOMEpPHOE  paclpeJiesieHue).
OmHNM W3 NIPUMEPOB MOTYT OBITH JAThl POXKICHUS
moneit. «KpuBas» Oyner cTpeMuTbess K IIpSIMOH
TOPU30HTAIBHOMN JINHUU.
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» CrpynnupoBaHbl BOKPYT CPEJHEr0 AMana3oHa,
CO CKOPOCTBbIO, CUMMETPUYHO YyMEHBIIAIOUIEHCS M0
Mepe OTKJIOHEHUsI 3HAUEHUH OT CpeAHero 3HaueHus, u
KpHBOH, wuMeromed  (GopMy  KOJOKONa;  3TO
pacmpesieleHHie  MOXHO  Ha3BaTb  HOPMAJIbHBIM,
rayCcCoBbIM WM  IapaMeTpudeckuM.  MHorue
nU3MepseMbIe TIEPEMEHHBIE, MOJBEPKCHHBIE
HOpPMAaJbHON OHMOJIOTHYECKON H3MEHYMBOCTH, WMEIOT
Takoe pacrnpeenenue. [Ipumepsl BKIIIOYAOT poCT, BeC
U TEMIEpPATypy Tela.

* ACHMMETPHYHO CTPYNIIUPOBAHBI BOKPYT YacTH
pactipeneneHus (aCHMMETPUIHOE pacIipeieieHue).

» CrpynnupoBaHbel BOKpYr Oojiee 4eM OJHOIO
MUKOBOTO 3HAYCHMUS.

Martepuainsl 1 METObI

Jnst rpaguyeckoro NpenCcTaBiICHUs ITaHHBIX M
JIEMOHCTpAalUU Mep LEHTPAIbHOM TEeHICHUUH OyIyT

HCIONb30BaHbl JAaHHBIE MO TaJONepUAONy «J03a-
KOHLIeHTpaLus». Bribopka cocrout u3 42 o0BEKTOB
(2). /JlanHBle MOXXHO OTHECTM K KaTErOpUaJIbHBIM
(IOpsAKOBBIM), ¥ IPHYHUCINTB 103! (D) K Kareropusm.
I'mcrorpamma naHHOTO pacrpeseseHuss oToOpaxeHa
Ha pucyHke 1.

Jns ommcanns W OOOOIICHHUS XapaKTEPHUCTHK
Ha0opa  JaHHBIX  HCHOJB3YyeTCs  OMHCATEIbHAs
CTaTHCTHKA. PacmpeneneHusi OaHHBIX OTOOpPaKaroT
CBOIHBIC JaHHBIE O YaCTOTE KaXXJOr0 3HAYCHUS

nepemeHHol.  PacmpepeneHue  yacTor  —  3TO
paclpocTpaHEHHBIH ~ CIOCOO  OMHCAHWSA  OJHOW
NepeMEHHO}. LenTpansHas TeH/ICHIIUA

pacnpeaciacHus 0003HavyaeT OLICHKY €IWHCTBECHHOI'O
HanboJee PCOpE3CHTAaTUBHOI'O 3HAYCHUS YaCTOTHOI'O
pacnpeaciacHus.
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Pucynox 1. lucmozpamma pacnpedenenus «003a-KOHYSHMPAyusiy»
B CBOHO o4yepeab TOUYCYHAas OLCHKa — YHCIIO pa3, MO3TOMY B BbI60pKe TaKOI'o0 3Ha4YCHUsA HCT)
CANHCTBCHHOC 3HAYCHHUEC, KOTOPOC JIy4dlI€ BCECTO (3)
OTpaXaceT 3Ty HCHTPAJIbHYIO TCHACHIIUIO. HaI/I6OHe€ B 4aCTHOCTH, Koraa JaHHBbIC HMCEHOT
pacopoCTpaHCHHbBIMU TOYCYHBIMHU OLICHKaAMu OKCTpEMAJIILHBIC 3HA4YCHUA, MEaAuaHa 60Hee
SIBJISIFOTCSL: penpe3eHTaTHBHA, YeM cpejiHee 3HaueHue. Hanpumep,

* CpenHee: cyMMa BceX 3Ha4YeHHH B BBIOOpKe,
JIeNleHHas Ha KoJu4decTBo HabmoaeHui. Tak, cpeau 42
MarueHToB, cpennss kouuneHtpamus (C) cocramnser
10,5 Hr/m.

* Mennana (50-i MIPOIICHTHIIB ) npu
pamXHpOBaHWM HaHHBIX TosioBuHA (50%) 3HaueHMi
HIDKE MeinaHsbl, a Apyrue 50%. Haxoxasarcs Hag HUM. Ee
3Ha4Ye€HHe cocTaBisgeT 9,1 Hr/MIL

* Moza: Haubosiee pacrpoCTpaHeHHOE 3HA4YEHHE
(HECKOIBKO 3HAYCHWH TOBTOPSIOTCS OIMHAKOBOE

€CIIM TIOYTH BCE MAIMEHTHI C ONpPECICHHBIM PaKOM
BBDKHBAIOT BCErO HECKOJIBKO MECSIEB, a HEKOTOPHIE
BBDKMBAIOT  MHOTO  JIeT, KpalfHHEe  3HaueHHA
YBEJIMYMBAIOT CPEHEE 3HAUCHHE JI0 YHCTIa BHIIIE, YeM
y OOJBIIMHCTBA TALMEHTOB B BBIOOpKe. Takum
00pa3oM, CpenHssl BBDKHBAEMOCTh OyleT HaMHOTO
BBIIIIE MeE/AWaHbl, 0OoJiee XapaKTEpPHOTO 3HAYCHHMS.
HarnsnHoe mpeacTaBneHHe pacHpeleneHHs XOpOILIo
JEMOHCTPHPYET «SIIHMK C ycaMu» (pHuc. 2).
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Pucynox 2. «Hwux ¢ ycamuy 015 KOHYyenmpayuu 2aionepuooia 6 6bloopke

I'me rpanwune ycoB cocrasisitor 0,6 Hr/mi u 31,4
HI/MJ — MHHAMAJBHOEC M MaKCHMalbHOC 3HAYCHUC
COOTBETCTBEHHO. UepTa B caMOM SIIUKE — MEIUaHa
(9,1 sr/mm). I'pannmsl aomka BkIrodaoT 50% Bcex
3HAYEHUH.

CraTHcTHKa TaKkKe MOYKET ONHCHIBAThH JHATIA30H
JAaHHBIX U pa30poc. Mephl BKIIIOYAIOT ClIeayIomiee:

* PaHT: 3HaueHUS PaH)XHUPYIOTCS OT MEHBIIETO K
Oonbiiemy. Mcmonmb3yloTcss B HemapaMeTpUUECKHX
METO/aX OICHKH JaHHBIX.

* CrannapTHoe OTKJIOHEHUE (SD):
XapaKTepu3yoT AUCTEPCHUIo (KaK paclpeseneHa yacTh
3HAa4YeHUH) B TMapaMETPUUYECKOM pacIpeieICHHH.
Oxoio 66% 3HaveHuit HaxoaaTcs B nmpenenax 1 SD mo
00e CTOPOHBI OT CPeIHEro, a 95% 3HaYeHN HaXOATCS
B mpegenax 2 SD.

1.5

* MexxkBapTuibHblid quana3oH (IQR): 3HaueHus B
JuanazoHe oT 25-To A0 75-TO MPOIEHTWIA IO PaHTy
(«tmuk» Ha pucyHke 2). 3nadeHus IQR ocoGeHHO
TIOJIE3HBI JJIsl HETTApaMEeTPUIECKNX AaHHbIX.

Obpabomka oanHbix

HccnenoBaTeny 9acTo MPOBOIAT HOPMaTTH3ALUIO
JaHHBIX — METOJ NMpeo0pa30BaHMsI UCXOAHBIX JTaHHBIX
(4). Iocne HOpMaNHM3alMK BCE YHCIOBBIC 3HAYCHHS
BXOJ/IHBIX PU3HAKOB OYyT MPUBEIEHBI K OJIMHAKOBOI
o0nacT HMX UW3MEHEHHsS — HEKOTOPOMY Y3KOMY

JIUana3oHy. OTO MOXET IMO3BOJHUTh OOECICUYHTh
KOPPEKTHYIO padOTy BBIYMCIUTENBHBIX aITOPUTMOB. B
JIAHHOM ClTyyae 11e71ec000pa3Ho Co31aTh COOTHOIICHHE
KOHLIEHTPAIMH K JI03€.

Llenecoobpa3sHOCTs HOpMAJIM3alMHU TIPOBEPSIETCS
MHOXXECTBOM CIIOCOOOB, OJMH W3 KOTOPBIX METO[
Hamorpamm (puc. 3).

.5
Inverse Normal

Pucynox 3. Hamoepamma coomnouieHusi KOHyeHmpayuu K 0ose 2aionepuond

Nmeromasicst B pabote BbIOOpKa SIBIAETCS Majoi
4acThl0 OT OOIIeH TeHepaJbHOW COBOKYITHOCTH
3aBHCUMOCTH KOHLEHTPAIMU OT J03bl TaJONepuaoIa.
Jns  oueHkM TOYHOCTHM  Habopa IapaMeTpos,

HaIpUMep, CPEIHEro 3HA4YEHUs, OJHHUM H3 METOAOM
SIBIISIETCS PECEMILIUHT.

Hawnyummii Bux pecemmimHra — OyTCTpeIL.
MeTon OCHOBaH Ha WCHOJb30BAHWUU 3HAYEHHH U3



[ |
[EESY] |

East European Scientific Journal #7(71), 2021 39

NepBOi BBHIOOPKM C BO3BPATOM 3HAYCHUH B Jpyrue
BeIOOpKH (5). Uem Oomble Takux BBIOOPOK, TeM

CUJIbHEE pacnpenenenue MPUOJINKACTCS K
HOpMajbHOMY. JlaHHBIH TMOAXOA TOJNE3eH  JJs
OTIpeJIeNIeHUs]  JIOBEPUTENbHBIX HWHTEpBajioB. Bcee

ornepanuu ¢ OYTCTPENMHIOM OBUIM MPOU3BEIECHBI C
nomornpto PopTools B Microsoft Excel.
Pe3yabTarthl U 00CYKAECHUS

a0 A

Yacrora

OTYeTIMBO 3aMETHO, YTO NPSIMbIE HA PUCYHKE 3
HE JIOXKaTCs Ha NPSIMYIO U CIIEJ0BATENIBHO, JaKe MOocIie
HOpPMaJIM3allMd  paclpelieliecHne B BBIOOpPKE HE
NIPUOIM3UIOCH K HOPMAJILHOMY .

Mertonom Oyrcrpena Obuto mpousseneHo 1200
TeHepalui ClydailHbIX BEIOOPOK. [IJist Kaxmoit ux HUX
MIOJICYNTAHO cpeaHee 3HadeHue. [1o aTuM pesynpraTam
1 9aCTOTE UX IIOBTOPCHMS MOTYIMIIOCH MPUOIMKEHHOE
K HOpMaIFHOMY pactipenencHue (puc. 4).

67 7,2 7.7 83 88 9,3 9,8 10,410,911,411,912,513,013,514,014,615,1

CpegHWe 3HaYeHMA

Puc. 4. Bymcmpenupogannoe pacnpedenenue KOHYEeHMpayuu 2aionepuood

CpenHre 3Ha4YeHUs] KOHIEHTpAUWi JUisl KaxIou
u3 1201 BEIOOPOK OBUTH TIOJIBEPTHY THI
CTaTUCTHYECKOMY aHAIU3Yy (Tadm. 1).

Tab6muma 1.

OnucareJbHasi CTATHCTHKA KOHICHTPAIMH TaJIONEPUI0J1a 1MOCJIe PECEMIVIMHT A, HI/MJI

Cpennee SD MunumanbHOe 3HaUeHHE

MaxkcrManpHOe 3HaUCHUE Pazmax Mennana

10,5 12 6,5

15,1 8,6 105

T.o. ¢ momomnipro OyTcTpena OBIIM TOYYESHBI
ONHUcaTeNbHbIE NAaHHBIE AN BCEW IpeanoaaraeMoi
IreHepaabHOU COBOKYITHOCTH.

BriBosl

Ilpu pabore C MaubIMM BBHIOOpDKAMH  HET
BO3MOXKHOCTH [UIi TOYHOH OLEHKH IIapaMeTpoB,
HalpuMep CpeIHero, CTaHIAPTHOTO OTKJIOHEHHS,
JIOBEPHUTEIBHBIX HHTEPBAJIOB U T.1.

Ha  ceroguamHuii  A€Hp  pECEMIUIMHI  C
NpUMEHeHneM OyTcTpemna  sBISIETCS OIHUM M3
Hanbosee MIMPOKO TPUMEHAEMBIX METOAOB IS

JOCTHXKEHHUSI  PENpPE3CHTATUBHOCTH  BBIOOPKU U
orpeieIeHusI OmHUcaTeNbHEIX JIaHHBIX JUIS
reHepabHON COBOKYIHOCTH, B YaCTHOCTH
rajonepua0a.

CHucoK uTepaTypsl
1. dépddens K. Crarnutika B aHAIMTHYECKOH
xumun / K. JI€pddens // Tlep. ¢ mem. — M. Mup. —
1994. -268 c.

2. baiimeeBa H.B. Pesyznbratel npoBeneHus
TEPANeBTUYECKOIO  JIEKAPCTBEHHOTO  MOHMUTOPUHIA
raJlonepujojla y HAIUEHTOB C  AJKOIOJbHBIMU

ncuxo3zamu U mmzodpenneit / H.B. baiimeeBa, M.C.
3actpoxxkuH, JJ.A. Ceues, B.I. Kanema, HW.N.
Mupomnnyenko // lenxnatpus. — 2019;1.

3. I'mann C. Meauko-0Onooruyeckast CTaTUCTHKA
/ C. I'mann // Ilep. ¢ amrm. — M., Ilpaktuka. —
1998. — 459 c.

4. Jlpeiinep H.P. TlpuxmagHoil perpeccHOHHBIN
anamu3 / H.P. [lpeiiniep, I'. Cmur // Jlnanektuka. —
2017.-912 c.

5. Davison, A. C. Bootstrap methods and their
application / A.C. Davison, D.V. Hinkley // New York,
NY: Cambridge University Press. 2009 — 38c.



40 East European Scientific Journal #7(71), 2021

UDC 532.546

Kerimova Sh.A.

Institute of Mathematics and Mechanics of

the National Academy of Sciences of Azerbaijan,
Baku, AZ1141, Azerbaijan

STUDY OF WELL PRESSURE AND DYNAMICS OF OiL PRODUCTION GROWTH iN PULSATING
CASES OF iNiTIAL PRESSURE VALUES

DOI: 10.31618/ESSA.2782-1994.2021.1.71.83

Pulsations are generated by the generator at the values of the initial pressure applied to the well. Depending
on these pulsations, the well pressure and the resulting oil production also change. In this issue, changes in well

pressure and oil production are studied.

Keywords: reservoir-wells, Laplace transform, fluid movement, gas movement, continuity equation, initial

pressure values

Introduction.

order to increase the permeability and
productivity of oil production, pulsations are created in
the values of wellhead pressure and initial pressure. The
elastic waves generated by the generator help to clean
the pores of the formation from blockages and gas bags,
while increasing the permeability of the formation and
oil refining. When penetrating to the depth of the
formation, it can release the energy stored under the
influence of the rocks inside, and activates the
previously located parts of the oil, thereby increasing
the extraction of oil from the formation. In addition, by

moving in the pores of the rock, elastic waves change
the nature of the pressure distribution in the layer and
increase its permeability [1,2-6,7].
2. Statement and solution of the problem.
The pulsations in the pressure values of the well
vary with the following regularities. [8]

By generating pulsations through the generator,
the value of the initial pressure of the well changes with

the following regularities.

Tt
APO 44Pp, COS((Zm-l)?)

Po(t) = APo1 + 5 = X~y 1)
_ 2APO _ Cos(an ) Apo 3cos(2nm%)(cos( nm)+cos(4nTm))
Py(t) = APy, + 34P, S R R Z 2t ) 2
24P, 4AP, cos(2mms

Py(t) = 4Py; + 0_—02:" %, 3)

. t

AP, AP, sin|2mmz=
Po(t) = APy + °—J2"—J;J2 @
rr=3-10"20; a=10""c¢"Y; u=10Pa-c¢; h=10m; k=10""x% = py, =4-10%kr/a>;

2
1l =2000m;y = 0.17 mT; P.(0)=12- 1071a; APy; =11 - 106Ha;PweHhead(0) =1 106Ha;Pk =1,4-10"a;
P = 10°IIa; R, =100m; m = 3,14;,C =1000m/c; g = 1Om/c2 r.=75" 1072, B(x,) = 0.114;
b, = 0,0002048; anz(O) = 1407,724120kg /sec; Qmix(0) = 1407,72571kg/sec; Qﬁ,(O) =
0,00159217410kg/sec

3. Calculation of well pressure

According to reports in the literature, the well pressure was found as follows [9-15].

k1 APCy
l_l In (Rk) AP

e

ﬁc = 21hpyiq

(s +2a)(s + b,)((s + a)* + w?) -

1 [—
sp(s)

(s +2a)((s + a)? + w?)

k T,
—4mh ;pliqBv (xv R_k) . APcy

Y(s)

2 i L ARy 2 b 2 4oty
+2mhpy, ;PL_(O) : - (Rk) P (s+2a)(s +b)((s+a) +wi)- ol
Te
k Ry (s +2a)((s + @)° + )
~4rh pigB, (x —C) - P.(0) 0
+f—k (s +by) - ((s +a)? + ] 3 [s6:(0) + :(0) +

&w) l

”w)


https://www.doi.org/10.31618/ESSA.2782-1994.2021.1.71.83
https://www.doi.org/10.31618/ESSA.2782-1994.2021.1.71.83

w2 East European Scientific Journal #7(71), 2021 41
2 . 4 2= 4a—
+2a;(0) =~ (sP.(0) + Fo(0)) + —P(0) = —Fy = —Py | +
Qa0 +5) (s + @) + 0)  fiPuecatread (5 +5,) (s + ) + wf)
Y(s) L-y(s)
fen(s + by) [s¢h:2(0) + ¢h1;(0) +2aeh;(0 °F
L 9(s) $¢i1(0) + ¢1:(0) +2a¢;(0) et
D > Qmix s+by)((s+a)? “’iz
_%Pwealhead +%(SPC(O) + PC(O) + 4;‘ZPC(O)] -k o -;(S))(( re) roi)
(®)
Where

Y(s) = F(s) - [(s + a)? + w?] +2%(s+b,,) +4a%(s+bv)s+

+2%(s + b,)s? + 4a%(s +b,)s

F(s) = 2mh k 1 AP,
S) = 271 R
pllq u In (Rk) APcl

7AC
+ka(S+bv) +%(s+bv)

k R
(s +2a)(s+b,) — 4nh;p”qBv <xv r_k> s+ (s+2a)+
Cc

Qmix(0) and Q44,(0) found in the following expressions

Fz(O)-exp(g—ﬁ}ﬂﬂl)—-Fz(0>

Pund
Quu (0) = = a
exp(gLey-1 2w
Pam
Qmix (0) = Qg (0) + 24D, 0, (0) = 2mh £ e

Tc
We return the original by writing the given parameters and the (1) value of P, in the expression of P,.
Then we get the mathematical expression for the well pressure.

P, = 1,20000095 - 107 — 0,101659082 sin( 0,5233333333t) — 1,20287618 cos(0,5233333333t) +
+6,564371819 - 10786(—4,288471004 - 108% — 1,571997176 - 108° cos( 0,5233333333¢)) -
=0.0002045376007¢ | 1 471082102 - 10~134(1,814216776 - 101(—9,806749185 - 1023 +
+7,73937399 - 10122 cos( 0,5233333333¢)) cos(0,9071083878¢) + (2,649328293 - 10135 —
—1,618013171 - 1035 cos( 0,5233333333t)) sin( 0,9071083878¢))e 003764469709t

+5,923393961 - 10763(1,122404995 - 1055 — 6,629550319 - 1054 cos( 0,5233333333¢))e"2969372812¢ (g)

The time dependence graph of the mathematical expression of pressure (6) is given in Figure 1.
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Figure.1. Time dependence graph of well pressure at pulsating value given by formula (1) of initial pressure at
large and small moments of time

In the next step, we replace the given parameters and the (2) value of P, in the expression of P.and return to
the original. By making calculations, we can get the mathematical expression for the well pressure.

P, = 1,20000998 - 107 — 0,4307094 sin( 1,04666666t) + 1,601099781 cos( 1,04666666¢) +
+8,205465704 - 10757 (—3,488663038 - 1084 — 1,415230277 - 108! cos( 1,04666666¢))e 0002045376007t
+
+2,806956989 - 107134(1,81426776 - 1011(—5,912989613 - 10123 +
+4,564491463 - 10122 cos( 1,04666666t)) - cos(0,9071083878¢) + (1,747116929 - 10135 —
—9,542641716 - 1013 cos( 1,04666666t)) sin( 0,9071083878t))e 003764469709t
+2,689945938 - 1074(3,071000901 - 10°° — 1,642844847 - 106 cos( 1,04666666t))e 2269372812t (7)

The time dependence graph of the mathematical expression of pressure (7) is given in Figure 2.

120003 x 107 130003 x 107

1.20002 x 107 120002 x 107

120001 % 107 1.20001 x 107

U
1210 12x10°

F T T T T 1 I ! ! ! |
a 200 400 . &00 200 1000 0 0 a0 40 30 100
t

Figure 2. Time dependence graph of well pressure at pulsating value given by formula (2) of initial pressure at
large and small moments of time

We replace the given parameters and the (3) value of P, in the expression of P.and return to the original.
Now we get the following mathematical expression for the well pressure
P. =1,20000981 - 107 + 1,489160058 cos(1,046666667t) — 0,4005966715 sin( 1,046666667t) +
+8,205465704 - 10787(—3,478339312 - 108* — 1,316285485 - 108! cos(1,046666667t))e~,0002045376007¢

+

+2,806956989 - 10713%(1,814216776 - 10'1(—5,847890011 - 10123 +
+4,245368375 - 1022 cos(1,046666667t)) - cos(0,9071083878t) + (1,684044749 - 10135 —
—8,87574889 - 103* cos(1,046666667t)) - sin(0,9071083878t)e 003764469709t
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+2,689945938 - 107%%(2,964035811 - 10°® — 1,5279866549 - 10°%° cos( 1,046666667t))e 2969372812t

®)

The time dependence graph of the mathematical expression of pressure (8) is given in Figure 3.

Pe Pc
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Figure 3. Time dependence graph of well pressure at pulsating value given by formula (3) of initial pressure at
large and small moments of time

In the next step, we replace the given parameters and the (4) value of P, in the expression of P, and return to
the original. We can get the mathematical expression for the well pressure.
P. =1,20000909 - 107 + 0,3004475035 cos(1,046666667t) + 1,116870044 sin( 1,046666667t) +
+4,102732852 - 10786(—6,73549954110%% — 1,974428229 - 108° 5in(1,046666667t))e 0002045376007
+
+1,403478495 - 107133(1,814216776 - 101 (—1,02772708 - 10'% +
+6,368052566 - 10121 5in(1,046666667t)) cos(0,9071083878t) + (1,898457944 - 10134 —
—1,331321234 - 1013 5in( 1,046666667t)) sin( 0,9071083878t))e 03764469709t 1
+1,344972969 - 107%3(3,635438265 - 10%° — 2,291979824 - 10°° sin(1,046666667t))e 2969372812t

©)

The time dependence graph of the mathematical expression of pressure (9) is given in Figure 4.
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Figure 4. Time dependence graph of well pressure at pulsating value given by formula (4) of initial pressure at
large and small moments of time
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4. Calculation of oil production from the well

In a previous scientific study, the expression (10) was used to calculate 5smes [9]. Based on this, we return

to the original by substituting the (1) mathematical expression of P, and the known parameters.

Qi = ! 21h k1 £ 2 b 2 2 1
Qmix = m TthPyiq ;@ . AP, (s+20)(s+b)((s+a) +w))- 0) -
TC

k 7, (s +2a)((s + @)% + w?)
_47Th;pliqBv (xv R_k) : APcy o)
+2mhpy EP(0)~ -&(s+2a)(s+b (s + a)? + w?) - ! _

llq# c ln(&) APcl v i SI,D(S)

rC

k Ry (s +2a)((s + a)* + w?)
_4-7Thl_lpliqBv (xv Z) - P, (0) B 1!)(5)
+&-(s+b ) ((s+a)* + wd)- P +&-irr-(s+b )i'[5¢-(0)+¢5-(0)+

l v t Slp(S) l v w(s) i i

2 . 4 2— 4da—
+2a,(0) == (SP.(0) + P(0)) + —P.(0) =~ Py — — Py | +

+kagaz(0)(S +b,)((s + @)* + wf) + fiPwetthead (1) (s + b)) ((s + @)* + w}) +

Y(s) B0
fim(s + by) ) -
EEON [56:1(0) + h1:(0) +2a6h1(0) =~ Py —
B i_ : : = - ftQmiX(O)(s+bV)((s+a)2+(”i2) _ Pwelthead(t) %511'“) Qmix(0)
in Puwettnead + . (sP(0) + F(0) + . PC(O)] ¥(s) ] I(s+2a) + (s+2a) + (s+2a)
(10)

Using the mathematical expression (10) we can obtain the following value.

Qumixs = 8477,800346 — 1,023158754 - 1072 sin(0,5233333333¢) + 2,678407965 - 10~°
- 0s(0,5233333333¢) + 1,801322764 - 107228 (—1,155681322 - 10216)g—0:0002045376007¢ 4
+2,311663269 - 101°7(3,730101532 - 10112 cos(0,9071083878t) + 1,651939706 - 10113
- 5in(0,9071083878¢t)e 003764469709t | 1 047991352 - 10210 . g =29.69372812¢ _
—1,441970193 - 10227¢7002¢ 4 9 251101996 - 10'3*(—1,396831892 - 108* sin( 1,569968153¢) +
+8,684373671 - 10%3 cos( 1,569968153t)e~%01t) cos( 0,5233333333¢) —
—5,679110878 - 1072 - ¢ ~0:0002045376007¢ 4 g 995971335 - 107187 (—2,432063385 - 1017%)
- c0s(0,9071083878¢) — 3,2053678 - 1017° sin( 0,9071083878t)e ~0-03764469709¢ _
—3,196058763 - 10~ 2969372812t | () 6512552574002t 4
+1,683932117 - 107112(1,131354574 - 10'1° cos( 1,569968153¢) +
+2,109375178 - 1011 sin( 1,569968153t))e 001t (11)

The time dependence graphs of (11) expression @Q,,;, are given in Figure 5.
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Figure 5. Time dependence graphs of Q,,;, on the pulsating value of (1) expression of P,

In the next step, we return the original by writing the parameters given and the (2) mathematical expression
of P, in the expression (10) of Q,,,;,- Then we will get the following expression for the Q-
Qmix = 8477,800346 + 1,22829998 - 1078 sin(1,0466667t) —
—1,570480713 - 107° cos( 1,0466667t) + 2,2211631409 - 107227(—1,054491386 - 10215 -
- @70,0002045376007t 4 9 311663269 - 101°7(3,403498754 - 10**2 cos(0,9071083878t) +
+1,507298041 - 10112 5in( 0,9071083878t)e 003764469709t 1
+9,562306094 - 10217 2969372812t _ 1 315713183 - 102267002t 4
+2,775330599 - 10135(—4,248423772 - 10%? - sin(1,569968153t) +
+2,641327118 - 1082 cos(1,569968153t)e~%%1) cos(1,0466667t) —
—5,774933083 - 107 %¢~0.0002045376007t 4 1 582945962 - 107186(—1,644954413 - 10179 -
- c0s(0,9071083878t) — 1,993902754 - 1017° 5in(0,9071083878t)e~003764469709t _
—3,971166008 - 1079 ~2969372812t 4 () 7579629109¢ %02 — 1,683932117 - 107112 .
-(1,31354610 - 101° c0s(1,569968153¢t) + 2,109375122 - 1011% sin(1,569968153¢))e 001t (12)

The time dependence graphs of (12) expression Q,,;, are given in Figure 6.
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Figure 6. Time dependence graphs of Q,,;, on the pulsating value of (2) expression of P,

Now we return the original by writing the parameters given and the (3) mathematical expression of P, in the
expression (10) of Q,,,;- Then we will get the following expression for the Q-
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Qumix = 8477,800346 + 1,137336732 - 108 sin(1,046666667t) — 1,460681701 - 107 -

- c0s(1,046666667t) + 7,505511516 - 107229 — (2,903071476 - 10216 ~0,0002045376007¢

+2,311663269 - 101°7(9,370015043 - 10**3 cos(0,907108378t) +

+4,149672542 - 10*13 5in(0,907108378t))e 003764469709t | 7 632554276 - 10219 ~29.69372812¢ _

—3,622229126 - 1072727002t  4,440528958 - 10'3°(4,544822222 - 1083 cos(1,569968153t) —

—7,310086902 - 1083 sin(1,569968153t)e~%°1%) cos(1,046666667t) — 5,757843775 - 107° -

- g0/0002045376007ty 4 3165891922 - 107186(—7,872812464 - 10178 c0s(0,907108378t) —

—3,832847543 - 107 %¢2969372812t 4 (738932246202t — 1,683932117 - 107112 .
-(1,131354603 - 10'1° c0s(1,569968153¢t) + 2,109375131 - 10119 5in(1,569968153¢t))e 201t

(13)
The time dependence graphs of (13) expression Q,,;, are given in Figure 7.
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Figure 7. Time dependence graphs of @,,;, on the pulsating value of (3) expression of P,

Again we return the original by writing the parameters given and the (4) mathematical expression of P, in the
expression (10) of Q,,;,- Then we will get the following expression for the Q-

Qumix = 8477,800346 — 8,530025484 - 1079 cos( 1,046666667t) —

—1,095511275 - 107 sin( 1,046666667t) + 7,505511516 - 107229(—2,17730361 - 10216 -

—0/0002045376007¢ | 2 311663269 - 10107(7,027511287 - 1013 cos(0,9071083878t) +

+3,112254407 - 10113 5in( 0,9071083878t)e 003764469709t 4 1 974415708 - 10229 -

. @T29,69372812t _ 2 716671845 - 10227002t 4 4, 440528958 - 10135(—5,482565177 - 1083 -

- sin(1,569968153t) + 3,408616667 - 1083 cos( 1,569968153t)e~01t) sin(1,046666667t) —

—5,57480183 - 109 ~00002045376007¢ 4 3 165891922 - 10~185(—3,754099024 - 10177 -

- c0s(0,9071083878t) — 7,500234752 - 10177 5in( 0,9071083878¢)e 003764469709t _

—2,350525012 - 107 % ~2969372812 | () 53503226002 — 1,683932117 - 10~ 12(1,131354536 -
- 10110 c0s(1,569968153t) + 2,109375239 - 1011° sin( 1,569968153t)e 01t (14)

The time dependence graphs of (14) expression @Q,,;, are given in Figure 8.
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Figure 8. Time dependence graphs of Q,,;, on the pulsating value of (4) expression of P,
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5. Conclusion
It can also be seen from the graphs and
calculations that when the value of the initial pressure
fluctuates, so do the values of the well pressure. This
affects the amount of oil extracted from the well.
Studies show that there is an increase in the price of oil
production obtained when the initial pressure creates

pulsations in the price.
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AHTUOKCHUJAHTHBIE CBOMCTBA 3KCTPAKTA I'PUBA BEHIEHKH PLEUROTUS
ASTREATUS L 1 TIEPIA BOJI'APCKOI'O PIPER CAPSICUM L.

Vardanyan L.R.
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Goris, Armenia

ANTIOXIDANT PROPERTIES OF EXTRACT OF OYSTER MUSHROOM PLEUROTUS
ASTREATUS L AND BULGARIAN PEPPER CAPSICUM L.

Summary.By the example of the reaction of initiated oxidation of cumene, the antioxidant properties (AO)
of extracts of oyster mushroom and paprika were investigated. It was found that the effective content of AO in the
ethyl acetate extract of the oyster mushroom at 348K is 1,74:10* mol / I, and in bell pepper 0,17:10* mol / I. For
the investigated extracts in the temperature range 328-348 K, antioxidant activities were also determined - the

k
reaction rate constants RO, + InH it ROOH + In'.

AnHotanusi. Ha npumMepe peakiiuy HHUIMMPOBAHHOTO OKUCIICHUS KyMOJia HCCIIEI0BaHbl aHTHOKCHUIAHTHBIC
cBoiictBa (AO) PKCTpaKTOB TpHba BEMICHKH M KPACHOTO Iepra OoITrapcKoro. Y CTaHOBICHO, UTO 3(PPEKTHBHOE
conepxkanne AO B STHIAIETATHOM DKCTpakTe rpuba Bemenku mpu 348K cocrasnser 1,74'10* Mons/1, a B mepiie
oomrapckom 0,17-10* mons/n. i HCCIeJOBAaHHBEIX DSKCTPAKTOB B MHTEpBAJIE TeMieparyp 328-348 K,

. k7 .
OIpEIENEHBI TAK)KE AHTUOKCHAHTHBIE AKTUBHOCTU — KOHCTAHTHI CKOpocTH peakuuu RO, + InH - ROOH + In'.
Kniouesvie crosa: epub ewenka, nepey 6oneapckuii, AHMUOKCUOAHMbI, AHMUOKCUOAHMHbIE AKIMUSHOCTU,

OKUcl1erue Kymoad.

Keywords: oyster mushroom, bell pepper, antioxidants, antioxidant activity, cumene oxidation.

Hapymienue €CTECTBEHHOTO OanaHca
CBOGOIHOPAANKAIBPHOTO OKKCICHHS W aKTHBHOCTH
AHTHOKCHIAQHTHOM 3aIlMThl OPraHU3Ma, BOSHHKAOIINE

MOZ BO3JCHCTBHEM BHEIIHUX HEOJaroHmpUsITHBIX
(akTOpoB  (3arpsi3HEHHE  OKpYy’KaromeHl  cpempl,
yinbTpaduonseroBoe  M3MydeHHE, OMOIMOHAIBHBIN
CTpecc,  BBICOKOE  COAEp)KaHHE B  paIlOHE
JIETKOYCBOSIEMBIX ~ yTJIEBOJOB M JKHPOB  C
OJTHOBPEMEHHBIM CHIDKEHHEM COJlepKaHUsA
OMOaHTHOKCHJAHTOB) HWIpaeT BaXHYI poOJIb B
BO3HUKHOBEHUU MHOTHX 3a0oneBaHUH -

CEePIICUHOCOCYAUCTHIX, OHKOJIOTHYECKUX, KEIyI0UHO-
KHIICYHBIX U 1p. [1-3]. B cBsi3u ¢ 3THM, yroTpebieHue
mumy  Oorarol  AHTHOKCHAAHTAMHM  SIBIISIETCS
BocTpeOoBaHHOH. [13BeCTHO, YTO JeKapCTBEHHBIE
pacTeHus]  SIBISIFOTCS ~ OCHOBHBIM ~ HMCTOYHHKOM
MOCTYIUICHNSI OMOJIOTMYECKH aKTHBHBIX BELIECTB IS
JKHMBBIX OPraHU3MOB, B TOM YHCIie M 4elioBeka [4-5].
JleuebHOE  nHeiicTBHME  JIEKApPCTBEHHBIX  PACTCHHN
CBS3aHO C HAIWYMEM B HUX (HapMaKOJIOTHYECKH —
AKTHBHBIX BEIECTB, KOTOpBIE IPU TOCTYIUICHHH B
OpraHM3M 4YeJIOBeKa M JKUBOTHBIX  IPOSBIISIOT
(hM3MOTIOTHYECKH AKTHBHBIE CBOWCTBA M OKAa3BIBAIOT
J1e4ebHoe JIEHCTBHE. K qUCITY OCHOBHBIX
JEWCTBYIOINX BEIIECTB OTHOCATCS  ()JIABOHOMJIBL,
nonmgpeHosl, GpeHoIKapOOHOBBIE KUCIIOTHI, d(UPHBIE
Macna, IyOWJibHbIE BEIECTBA W BUTaMHHBI [5],
obmagaromue AO coiictBamu. Ciie10BaTeILHO, [IOUCK
W HCCIeOBaHHE IIEPCIEKTHBHOTO PacTHTEIHLHOTO
CBIPbSI COJIEPIKAIETO B HauOOJbIIeM KojudecTBe AO
Ha CeroJHSLIHUII JIeHb SIBJSIETCS] BEChMa aKTyalbHBIM.

B nannoit pabote nccnenoanu AO cBoiicTBa
skcTpakroB rpuba Bemenku (Pleurotus astreatus L)u
KpacHOTo ciamkoro Oonrapckoro rmepua (Piper
capsicum L.). I'pubbl BEUICHKH WCIONB3YyEeTCS B
KyJIMHapHUU KaK BBICOKOKOJIOPUHHBIN NpoayKT. Kpome
TOTO, OKCTPAaKThl TI'puOa BEUNICHKH NPHUMEHSIOT B
HApOJHOW W OQHIHMATBHOM MEIWIMHE B KauecTBe
IPOTUBOPAKOBOI0, TOHHM3MPYIOLIEr0, OYHILAIOLIEro
KPOBb U 00JICYTOJIAIOIIETO JEKAPCTBEHHOTO CPEACTBA.
[Ipuem BOAHBIX HACTOEB BELICHKH yMEHbIIAET 00JIb U
yIIy4IIaeT COCTOSHHUE OOJIBHOT0, CHUMAET U3XKOTY. DTH
HACTOM TPUMEHSIOTCS TaKke IPH XPOHHYECKOM

racTpure ¥ Jpyrux 3a00JeBaHUAX JKEIYIOYHO-
KHIIEYHOTO TpakTa, BKmodas s3By [6]. JleweOHOe
JelcTBre rpudoB BEIICHKH 00yCIIOBIICHO
MPUCYTCTBUEM B €r0  COCTaBe  OCHOBHOTO
JEeHCTBYIOIETr0 BElIEeCTBa -
oM (EHOIOKCHKAPOOHOBOTO KOMIUIEKCa, (PEHOTIBHBIX
AIBJICTH/IOB, CTEpOUIHBIX, TIEPUHOBBIMH

COCIMHEHMSAMH, a TakXKe Makpo (Kajuid, HaTpuii,
MarHu#i, Qocdop) W MEKpodTEMEeHTaMH (Kene3o,
MapraHell, MeJib, CeJIeH, IIMHK) [7].

Cnankuif KpacHBIH OONTapcKuii Tmeper Takxke
SBJISIETCS OJHMM W3 OCHOBHBIX IPOAYKTOB B
MUTaTEeIbHOM pannoHe uesoBeka. Coctas Ooiarapckoro
TiepIa XapakTepu3yeTcs 3HaUUTEIbHBIM COJIepKaHHEM
0enkoB, o- ¥ 3- kKapoTuHOB, BuTaMHHOB (A, Bg, C, E,
K, P), 18 amuHokuciior, Makpo — (Kaauii, Kaabluii,
MarHui, cepa, dochop, XJIOp) M MHKPOIIEMEHTOB
(on, w™emp, MommbneH, ¢rop). Perymsproe
ynorpebieHne  OONrapckoro  nepra  OKas3bIBaeT
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MMYHHOCTUMYJIUpYIOLIee TOHHU3UpYIOLIEe
BO3JICUCTBHE, TOJE3CH NpU NpodiieMax C MaMsThIO,
HEPBHOW BO30YIUMOCTBIO, CaxXapHbIM JIuabeTOM, a
TaKXKe OH YNy4IIaeT paboTy KEIyJAOYHO-KHIICYHOTO
TpakTa, MOHKETYIOUYHOM JKele3bl M  CepACUHO-
COCYUCTON CHUCTEMBI, MPEeIOTBPALLAET
BO3HHKHOBEHHE M PAa3BUTHE PaIUKAIbHO-LICITHOTO
psina 3abomeBanmii [8].

H3BecTHO, YTO COCTAB U CBOMCTBA PACTUTEIHHOIO
CBIPBSI OTHOTO U TOTO K€ OHOJIOTHYECKOTO BHIa MOTYT
CYIIECTBEHHO Pa3MUaThCA B 3aBUCUMOCTH OT MECT HX

TIPOM3paCTaHuUs, BpPEMCEHHU cbopa, Croco0oB
nepepabotku u apyrux dakropos [9-10]. B cesasu ¢
9TMM  TpeXJe  4Ye€M  HCIOJIb30BaTh  JaHHOE

pacTUTENILHOE CHIPhE B JICYEOHBIX LENAX, WIH XKe Kak
nuctoyHuk AO, He0OOXOIMMBIM SIBIISIETCS UCCIIEI0BAaHNE
STHX CBOICTB 3KCTPAKTOB PACTUTENIBHOIO CBHIPhS
mpom3pacTalomeii B JaHHOH  reorpaduveckoit
MECTHOCTH.

Lenpro Hameil paboOTHI SIBISETCA HCCIEIOBaHNC
AO CBOHUCTB CBHIphsI OYKOBOTO TpHOa BEHMICHKH U
60JIrapcKoro KpacHOT0-CIIaAKOro nepiia.

JKcnepUMMeHTAIbHAS YaCTh

C6op u monroroBka ceipbsi. Ceipbe OYKOBBIH Iprbd
BeIlIeHKH ObUT coOpaH B KoHLe Mast 2017 roaa B ecax
Jummkanckoro  paiioHa  ApMeHHUM  BAald  OT
ABTOMOOWJIBHBIX TpacC M HACEJCHHBIX IYHKTOB.
Bonrapckuii mepery ObT MpHOOpeTeH Ha pBIHKAX T.
EpeBana. Cplppe CymHIH O BO3IYIIHO-CYXOTO
coctossHUS B cymmibHOM 1mkady mpu 313K,
YIaKOBBIBAIM B OyMa)KHbIC NAKEThl M XPaHWINA HPH
KOMHAaTHOH Temnepartype. [ moydeHns: 3KCTpakTa
BBICYIIIGHHOE CBIPhE HW3MENbUald B KEPaMHUYCCKOMN
CTyNKE /0 HOPOIIKOOOPAa3HOTO COCTOSHUS (pasmep
yacTul < 1MM), IPOIMYCKaIK Yepe3 CUTO C THAMETPOM
1 mMm. Ha nonyuyeHHBIH MOPOIIOK, MPU KOMHATHOM
TeMmIeparype, N00aBISUIM TEpeTHAHHBIA 3THIIAIETaT
cootHomeHneM 1:20 (1a 1 r mopomka 20 mui), uepes 24
yaca oTguibTpoBann OymaxHbiM ¢uibsrpom (IOCT
12026-76, mnpoussoauteasr OO0 “Memmop XXI”
Poccust). @unbTpar McOapsyiv 0 MOCTOSHHOTO Beca
NpY KOMHATHOH TeMreparype B BaKkyyMHOM HIKade.

AQO cBoiicTBa MOJyYEHHBIX 3KCTPAKTOB

UCCIEIOBAIN KWHETHYECKMM METOIOM Ha IpHuMepe
MOJIETIBHOW PpEaKIMN HHHUIIMMPOBAHHOTO OKHCICHUS
kymonia. ONBITBI TI0 OKUCICHHWIO MPOBOAWIN Ha
MaHOMETPHYECKOH yCTaHOBKE C aBTOMAaTHYECKUM
perynupoBanneM masnerms [13]. B kagecte
WHUNHAATOPa TEPBUYHBIX PAJUKAIOB HCIIOIB30BAIN
azo-mu-nzobyruponutpun (AUBH), pactBoputenem
ciayxum xjaopoenszon. O0beM peakMOHHONW CMECH BO

BCEX ONBITaX COCTABIsIA 5 MJI, KOHLIEHTPALMSI KyMoJia
2,87 moub/n. Mcronb3oBaHHBIE PEaKTUBBI — KyMOJI,
xnopOenzon, AWBH, ostunanerar ouumaiu Mo
METO/IMKe, OnHcanHoit B [14].

AO pjelicTBHE OSKCTPaKTOB OLEHUBAIM  II0
TeproiaM MHAYKIHH (T) HOTJIOMIEHHsT KUCIOPOAa PH
OKHCJICHMHM  KyMoOJIa,  KOTOPBIH  OIHCBIBaeTCS
ypaBHeHHEM (1),

rae f - [InH] -»>ddextuBnoe conepxanne AO B
JaHHOM  HaBecke  HKCTpakTa, Vj-  CKOpOCTb
MHHULUMPOBAHHS, f —CTEXHOMETPHUIECKUI
ko3 unreHT WHruOupoBaHus (YUCIIO pPaJUKajIoB,
OOpBIBAIOIIUXCSI HAa OJHOW MOJIEKyJle WHIHOUTOpa
InH). TlockonbKy 3KCTPAaKTBl PACTHUTEIHHOTO ChHIPbS
HPE/ICTABISIOT MHOTOKOMIIOHEHTHYIO CUCTEMY, B TOM
quclie, COJCpKAallyld [0 XUMHYECKOMY COCTaBy
pasmuunble AO, TO K03 duuueHT f He BBIYHCIAM U,
CIICIOBATENIbHO, B  HCCIEJOBAaHHBIX  SKCTPaKTax
ompenesii  He aOCONMIOTHBIE, a A(PQPEKTHBHEIC
comepxkanuss AOQO, T.e. npousBeaeHue f - [InH]
(Tabmn.1).

Pe3yabTaTsl U HX 00Ccy:KIeHHE

OMBITHI TTOKa3aJIH, YTO NPU OKHCIEHHH KyMOJIa Ha
KMHETHYECKHX KPHBBIX IOTJIOUICHHUsST KUCIOpOJAa B

HPUCYTCTBHH HCCIIeIOBAaHHBIX SKCTPAKTOB
HOSABIISIIOTCS.  YETKO BBIPAKEHHbIE HHIYKIIMOHHBIC
nepuonsl  (puc.l). IlosBneHme  HHIYKIHOHHOTO

Neproa CBUIETENLCTBYET 0 Hanmnyuu AQO BellecTB B
sKkcTpaktax. OOHapyKeHHbIE IEPHOJBl HHAYKIINU
OITUCHIBAIOTCS ypaBHEHHEM (1). Crpsivitsist
9KCTIEpUMEHTAJIbHbIE JTaHHBIE (pHUC.2) B KOOPIMHATAX
ypaBHerus (1) onpenemmm 3¢ hekTHBHOE CoepKaHne
AO (f-[InH] ) B wucclemoBaHHBIX 3KCTPaKTax B
€IMHHLIAX MOJIb/JI. Pe3ynbTaThl pacueToB IPHBE/ICHBI B
Tabn.1, M3 Tabmumbl BHUAHO, YTO 3KCTPAKT Tpuda
BEIIIEHKHU COAEPKUT MPUMEPHO B 6,5 pasza 6oibmie AO,
4yeM OKCTpakT Iepma Oonrapckoro. Kpome Toro
NPUBEJICHHBIE PE3YJIbTaThl CBUIETEIBCTBYIOT, YTO C
NOHI)KeHHeM Temmepatypel oT 348 1o 328K
spdextuBHOEe coxmepxkanne AO Kak B 3IKCTPaKTax
rpuba BEHmIEHKH, TaKk M OONrapckoro rnepua
YBEIMYUBAETCS, COOTBETCTBEHHO, B 1,8 u 2,75 paza.
OTO sBIEHHE MOXHO OOBACCHUTH TEM, 4YTO B
HCCIIEIOBAHHBIX 9KCTpaKTax cojiepkarcs
Jerkookucistomuecs  Bemecrsa  (SH), kotopsie
oJIBeprasich ABTOOKHCIICHUIO JIOTIOJTHUTENBHO
WHHUIUHUPYIOT IETHON MpPOLIECC OKUCIEHUSI KyMmosa U
YBEJIMYIHUBAIOT CKOPOCTH pacxogoBanus AO.
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Puc. 1. Kunemuueckue Kpugbie no2nowjerus KUCIopood npu OKUCieHuu Kymona 6 omcymemsue (1) u @
npucymemeuu 2,88 me sxkempaxma epuda eewenku (2) u 26,1 me sxcmpakma boneapckozo nepya (3).
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Puc. 2. 3asucumocmo nepuodos uHOyKyuu NO2IOWEHUS KUCIOPOOd NPU OKUCTEHUU KYMOJIA O COOEPICAHUS
axcmparxma 6onzapckozo nepya (1) u epuba sewenxu (2). V; = 1,25 - 10™7 monwv/n-c, T=348K.

B mo100HOM cirydae oOHapy>KEHHEIE
MHJIYKIUOHHbIE  TNEpHOAbl  OyJeT  ONUCHIBATHCS
BEIpakeHUeM (2)

[-lInH]o
= Ve @
13 o

rae Vi — CKOpocTb 00pa3oBaHUS IMEPBUYHBIX

parKaioB (ABTOMHULIMUPOBAHUS) TI0 PEAKLIUH
SH+0,—-S +HO, }
S+0,- S50,

EctecTBeHHO, 9TO YeM BHINIE TeMIIEpaTypa, TeM
6ompme Vi, M, COOTBETCTBEHHO, MEHbBIIE OYyIyT
usMepeHHble Hamu f - [InH] . 11 yTOYHEHHS 3TOro
(hakTa HaM MPEJACTOUT OTAEITBHOE HCCIICTOBAHHE.

B Ttabmmme 1 mnpuBeneHbl TaKkKe 3HAUSHUS
napameTpoB K7, XxapakTepu3yoIie aHTHOKCHIAHTHBIC

aktuBHOCTH (AOA) 3KCcTpakToB. 3HaueHus Ky
OIIPEAEISAIN CHPSMIISS DKCIIEPUMEHTAJIbHBIE J[aHHbBIE
MOTJIOMICHHUST KUCJIOPOJa 33 BpeMs HMHAYKIIMOHHOTO
repro/ia B KOOpAMHATaX ypaBHeHHS 2 (cM. puc.3). 13
Tabmumel BUAHO, 9T0 AOA »KCTpakTa G0OITrapcKoro
nepua (Ken) cymectBenHo Gombime AOA 3KcTpakTa
BemreHku (Kr). Harmpumep, npu 348K Ksn/Krs ~ 6,56.
OnpIThl  MOKa3and, 4YTO B  I[PUCYTCTBUH
HCCJIEIOBAHHBIX JKCTDAKTOB CKOPOCTh OKHCIICHUS
KyMoJi1a TIOCJIE B (Vi 1HAYKIHOHHOIO MepHO/a
OCTaeTCs CYIIECT- .. __..__)KEHHOH 110 CPaBHEHUIO C
OeH3MHIMOMPOBAaHHEIM OKHCIeHneM (cM. rpada 7,
tabm.1). Ortor ¢akr obObscHsercss AO cBOWCTBOM
npoaykroB  okucnenus (QH)  wmcxommeix  AO
HaxoJsmMxcst B askcTpaktax [17,18]. YcranosneHo,
YTO  MEXAY  CKOPOCTSIMH  HEMHI'MOMPOBAHHOTO
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okucieHus kymosa (VO) u 1mocne BbIXOHA U3

uHAyKunoHuoro  mepuoma  (V),  HaGmrogaercs
3aBUCUMOCTH (puc. 4),
_ Vo _V _ knulQ]
¢ = v Vo  JkeV; ®)

rae k71- KOHCTAaHTa CKOPOCTH 06pI)IBa ICIIM Ha
IPOAYKTAaX OKHUCIICHNUA NaXOAHbIX AO, HaxXoJAIuXxcCs B
OKCTpaKTax

k
RO, + QH -5 ROOH + Q'

Ke- KOHCTaHTa CKOPOCTH KBaJPaTHIHOTO OOpPHIBA

ke
uend RO5 + RO5~ MoneK. IPOILyKTHI

Tabuuma 1
Copep:xxkanue AO B 3THIAaIETATHBIX JKCTPAKTAX rpuda BellleHKU U nepua doarapckoro u ux AO
Chipbe T°K :)Klz/l’[?)?}?"[a T fIn H]a<104 V0,108 k710 k71102 Vi107,
™r MHH MOJIB/JT MOJIB/ITC J/MONb.C | J/MOJB.C | MONB/IC
348 0 0 - 3,0 - - 1,250
348 5,76 90 117 0,66 1,61 4,28 1,250
348 2,88 45 117 117 1,55 4,30 1,250
348° 1,44 23 1,20 1,67 1,67 4,27 1,250
348 2,15 20 0,7 21 2,82 3,23 1,250
T'pu6 339 0 0 - 2,0 - - 0,783
BeLICHK 339 2,88 83 135 0,73 131 3,11 0,783
339 1,44 41 1,34 115 1,26 3,05 0,783
339 0,72 20 1,33 1,50 1,36 3,15 0,783
328 0 0 - 10 - - 0,344
328 0,72 75 2,13 0,69 0,98 159 0,344
328 0,48 50 2,14 0,77 1,13 1,60 0,344
328 0,24 25 2,13 0,88 0,82 1,58 0,344
348 26,10 61 0,175 0,36 10,75 12,00 1,250
348 17,40 40 0,17 0,59 10,59 11,05 1,250
348 8,70 20 0,17 1,05 10,44 11,50 1,250
348° 10,10 21 0,156 2,62 2,83 115 1,250
Tleperr 339 0,96 5 0,244 1,58 6,78 8,78 0,783
Gonrapoxuit 339 4,80 25 0,244 0,82 6,58 8,75 0,783
339 9,60 50 0,244 0,46 6,98 8,82 0,783
328 0,48 11 0,47 0,80 4,55 6,76 0,344
328 0,96 22 0,47 0,62 4,70 6,95 0,344
328 1,92 43 0,46 043 4,43 6,75 0,344
328 3,84 87 0,47 0,25 4,50 6,68 0,344

a- B IiepecueTe Ha | Mr 3KCTpakTa, 6- CKOPOCTh
TIOTJIOIIEHHS KUCIIOPO/1a TT0CTIe BBIXO/A U3

10

2

A[0.1.10°, monb/n

WHAYKIIMOHHOTO TEPHOAA, B- SKCTPAKIIUIO
OCYLIECTBIISLIIN 96%-bIM 3TAHOJIOM.

2

A[0.1.10°, monb/n

0,0

0,0 0,2 0,4 0,6 0,8 1,0
-In(1-t/)

12 14 16 18 20 22

Puc. 3. 3asucumocms Konuvecmea no2noujeHH020 KUCI0pooa npu OKUCIEHUU KYMOJA 6 NEPpUode UHOVKYUU
peaxyuu 6 npucymcmeuu skcmpaxkma epuba eewenxu (1) u 6oreapcroeo nepya (2) om napamempa
In(1-t/7). T=348K.
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Puc. 4. 3asucumocmov ckopocmu no2nowenus KUCI0pooa npu OKUCIEHUU KYMOLA O IKCMPAKma 6012apcro2o
nepya (1) u 2puba sewenxu (2) u ux cnpamnenue (1°,2°) 6 koopounamax @ = f(moxemp). V; = 1,25 - 1077
monv/n ¢, T=348K.

B pacuerax K71 y4uTBIBaNH, YTO I KyMmoJja
ke=4,7410°xp(-1800/RT) [16] u, 4TO

Jlist KOHCTaHT CKOpOCTH peakuuu Kz u k71 B
uHTepBane Temnepatryp 348-328K ompeneneHbl HX

f[InH], = f[QH] . Pesymbrartel pacuetoB K71  TemmeparypHble 3aBUCHUMOCTH B appEHUYCOBBIX
npuBeneHsl B Tabnuie 1. IlomyueHHble nanHble  KoopauHatax k = k,exp (—E/RT). Pesynbrarsl
CBHACTEIECTBYIOT, YTO M3 NPOAYKTOB OKHCJICHHS  IIPUBEICHBI B TaOIHLE 2.
Oonpmie Bcero AOA MpOsIBISET IKCTPAKT OOATApCKOTO
nepia, Hampumep, npu 348K  (k71)en/(K71)m=
11,50/4,30 = 2,67.
Tab6muma 2.
Temnepatypuasi 3aBucumMoctb AOA skcTpakToB (k7) M npoaykToB ux okuciaenus (k).
OKCTpakT ks k71
ko108 j/Mmob.C E, xai/MoIb ko107 1/momb.c E, xan/mMoIb
['pub BemeHKN 0,688 5776 53110 11220
[eperr Gosrapckmit 5,22:10* 12234 8,08 6149
Ussectno [19, 20], uro coxmepxanne AO 3. C uenbl0 MOJNyYEeHUS ~ IKCTPAKTa  C
9KCTPAKTa OJHOTO M TOrO XC PACTUTCIILHOIO ChIPbsl  HamOosblIMM  cojaepkanumeM AQO B KadecTBe

3aBUCHT KaK OT croco0a 5KCTpakiMu, TaK WU OT
UCIIONIb3YEMOT0 OIKCTpareHTa. J{is moaTBepkIeHUs
3TOr0 B KayeCTBE AKCTPAareHTa KpoMe 3THIaleTaTa
(BA) ucnome3oBamu Takxe 96%-piii stanon (OT).
Kunernueckue nmapaMeTpbl 3TAHOJIBHBIX JSKCTPAKTOB
npuBeJIeHHl Takxke B Tabnuue 1. OTKyaa cinexyer, 4To
Kak M3 rpuba BeIIEHKH, TaK W OOJrapckoro mnepua
9TaHOJIOM PKCTparupyercsi MeHbliee kosmaectso AO,
yeM sTmianeraroM. Hampumep, st akcTpakTa rpuda

BELLCHKU pu 348K II0KAa3aHo, 4TO
f[InH]3x /f - [InH]3r = 1,67, a mus Gosrapckoro
nepma — 1.1.

Takum obpazom 00o00mas MOJTy9YEeHHBIE

PE3YJILTATHI IPUXOIUM K CIEAYIOIIMM 3aKIIOUEHHAM:

1. Tlo comepxkannro AQO  STHIALETATHBIN
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