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DYNAMICS OF THE IMMUNE STATUS OF COWS AGAINST THE BACKGROUND OF
COMBINED USE OF LOCAL AND ALIMENTARY-MEDIATED PHYTOBIOTICS

Abstract. The effect of a two-component phytobiotic complex on the immune status of cows with post-
parturient complications was considered. In the examined cows, inflammatory processes with moderate
intoxication were diagnosed in 50% of cases. 13 isolates of microorganisms in various combinations were
selected in the washings from the vaginal mucosa of cows. In 70% of cases, P. aeruginosa + S. aureus
were found in the species composition of associations of opportunistic pathogens; in 40% of cases - Str.
Uberis + C. Albicans. During the evaluation of the immune status, it was revealed that 30% of cows had a
decrease rate of regeneration of the pool of neutrophils and monocytes. 70% of the animals had an imbalance
between the main parts of the immune system. The humoral component prevailed in 20% of cows, and the
cellular component of immune system prevailed in 50% of cows. In 30% of cases, cows demonstrated a
reduction in the phagocytic activity of monocyte-macrophage cells by an average of 23.3%. After the end of
the experiment with the use of a two-component phytobiotic complex, P. aeruginosa, S. aureus, Str. uberis,
C. albicans, P. mirabilis and E. cloacae were totally eliminated from the microbiocenosis of the cow’s vagina.
Also, a decrease in the frequency of isolation of E. faecalis, E. faecium and E.coli was found. While reducing
the antigenic load on the cow’s body, an increase in the rate of regeneration of the pool of neutrophils and
monocytes, an up-rise in their cytotoxic activity by an average of 1.8 times, and a growth in the intensity of
oxidative metabolism by 39.5% were recorded in the immune status indices in 80% of cases. The level of
balance in the system of cellular and humoral immunity was stabilized in 80% of the animals.

Key words: Cows, postpartum period, immunoreactivity, phytobiotics, Nigella sativa, opportunistic
pathogens.

Introduction. The problem of diseases of the reproductive organs in dairy cattle has assumed a socio-
economic nature in the scope of the intensification of technologies in the livestock industry [1, 2].

One of the main factors influencing the development of these diseases is the conditions of the ‘life’ of
animals during pregnancy and after parturition. A reduced quality of conditions results in abnormal labor
and puerperal (postpartum) infections in cows. The major role in the etiology and emergence of postpartum
infectious diseases is signified by opportunistic pathogens and dysbacteriosis in the birth canal of animals [3,
4].

Involutional changes in the genitals and other organs of cows in labor generate favorable conditions for
the reproduction of pathogenic and opportunistic pathogens. The antigenic load on the body of mother cows
grows significantly. The condition is worsened by the physiological changes in the quantitative composition
of the cellular component of immune system and its qualitative features occurring in the postpartum period
in cows. At this time, the immune system is not able to completely and adequately respond to the growing
antigenic load. The immunosuppressive conditions are formed in animals, and the development of chronic
inflammatory diseases is found in the reproductive organs.

The research is executed at the expense of a grant of the Russian scientific fund (project No. 18-16-00040).

Materials and methods. We applied a two-component phytobiotic complex consisting of a drug for
topical use (M2) and a drug of alimentary action (FOG-20), designed to reconstruct the immune resistance
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of the body of productive animals with chronic immunodeficiency in the conditions of technogenic
environmental contamination. The component for topical use (M2) was a water-oil emulsion, consisted of:
Distilled water - 74% of the volume, Nigella sativa L. oil - 25% of the volume, essential oil of seeds of
Nigella sativa L. - 1.0% of the volume. The mass fraction of active metabolites in the essential oil complex
was: thymoquinone-32.8%, thymohydroquinone-2.7%, and longifolene-1.7%. The oils were produced on the
basis of the Research Institute of Agriculture of the Crimea by steam distillation and cold pressing methods.
The component for internal use (FOG-20) was a liquid feed supplement based on active plant metabolites,
ascorbic acid, and vitamin D-E complex.

The antibacterial effect of M2 on cultures of microorganisms was previously studied. We used multidrug-
resistant isolates of S. aureus and P. aeruginosa, separated from cattle, as well as standard strains of S. Aureus
(ATCC 25923) and E. coli (ATCC 25922). The inhibitory activity of the drug was analyzed by the volume
displacement method on the Mueller-Hinton agar. The inhibition zone of microorganisms around the well with
the experimental preparation was assessed: less than 6 mm-the isolate is not sensitive to this drug (‘R’, score
in the calculations — 0), the inhibition zone of 7-16 mm-weakly sensitive (‘S/2’, score in the calculations-1);
the inhibition zone of more than 16 mm — the microorganism is sensitive (‘S’, score in the calculations - 2).

The experiment on the phytobiotic complex of local and alimentary effects on the immune status of cattle
was performed on the basis of a dairy farm situated in an area with a high level of technogenic pollution of
agrobiocenoses. 10 cows were formed in an experimental group, which included animals in the postpartum
period (12-30 days after calving). The material for microbiological, hematological, and immunological
analysis was selected before and after the experiment. The cows ‘ vagina was irrigated with the topical
preparation M2 for 7 days. The dosing schedule was 20 ml per animal a day. The alimentary component FOG-
20 was added to the diet of cows in the amount of 100 per animal a day, preliminarily diluted with water for
drinking up to a volume of 500 ml, for 7 days.

Following the completion of the experiment, swabs were re-selected for microbiological examination, and
blood was re-selected for hematological and immunological analysis. The microorganisms were cultured on
solid medium with further isolation and identification. The identification of microorganisms was performed
by the MALDI-TOF method on a VITEK MS analyzer.

The morphological composition of the blood was assessed using Abacus Junior Vet analyzer (‘Diatron’,
Austria), applying standard ‘Diatron’ reagents. The leukocyte formula was calculated in blood smears by
Giemsa stain (300 cells per smear) on an Olympus BX 43 microscope (Japan).

In order to determine the endogenous intoxication and immunoreactivity in cows, integral leukocyte indices
were computed according to the method of Marzhokhova M.Yu. (2016) in the author’s modification (Zhukov
et al.,, 2016; Marzhokhova et al., 2016) for the following cell types: neutrophils, segmental neutrophils;
banded neutrophils; immature neutrophils; monocytes; lymphocytes; eosinophils; basophils (in %). The
following indexes were estimated: leukocyte intoxication index in B. A. Reis’s modification (LII); White
blood cell shift index (WBCSI); Lymphocyte ratio (LI); G.D. Dashtayants nuclear index (NI)

Immunological blood tests included the determination of the relative content of T-lymphocytes and
B-lymphocytes, the T/B index, the phagocytic activity (PA) of neutrophils and monocytes pursuant to the
method of P.N. Smirnov and co-authors (Smirnov P.N., 2016). The reactions were recorded using a biological
microscope for laboratory research Axio Scope. Al with Zen 3.1 software (Karl Zeiss, Germany), Micros
MCX 100 binocular microscope (Austria). Osmotic fragility of cow red blood cells was assessed by the unified
photocolorimetric method (Idelson L.I., 2002). The analysis was performed on KFC-2 photocolorimeter
(Russia). The rate of oxidative metabolism in the examined cows was determined by the concentration of
lipid peroxidation products, which was defined by the accumulation of malondialdehyde (MDA) in the blood
serum (Kondrakhin I.P, 2004). The MDA level was detected using iMark™ ‘BIO-RAD’ photometer (Japan)
by the transmission density. In order to analyze the cytotoxic activity of phagocytic cells, the concentration
of myeloperoxidase (MPO) in the leukocyte lysate was defined (Kondrakhin I.P, 2004). The MPO level was
detected using iMarkTM ‘BIO-RAD * photometer (Japan) by the transmission density.

The research is executed at the expense of a grant of the Russian scientific fund (project No. 18-16-00040).

Results and discussion. During complex studies of bioassays from cows in the postpartum period (12-
30 days after calving), 13 isolates of opportunistic pathogens were separated in the swabs from the vaginal
mucosa. The pathogen isolates were identified only as part of the associations in the swabs from the vaginal
mucosa. In 70% of cases, P. aeruginosa+ S. aureus were found in the species composition of associations of
opportunistic pathogens; in 40% of cases — Str. Uberis+ C. albicans.

The analysis of the results of the study of the main hematological indicators of blood in the examined
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animals before the experiment found that the content of red blood cells corresponded to the physiological
standards of the species: 6.12+0.45 - 10" ' (N= 5.0-7.5 - 10" I'"). The hemoglobin concentration and the
average hemoglobin concentration in red blood cells were also within the physiological standards of the
species: 98.4+1.7 g I'" (N,,,=90-120 g I'"); 307.3+4.9 g I'" (N,,.=300-360 g I'"). In the animals, there were
no hemolytic conditions during the study. It was proved by the results of the study of the physical and
chemical profiles of the erythrocyte membranes by the fragility test. In 0.9% sodium chloride solution, the
osmotic fragility of red blood cells was 1.44+0.14%, and in the osmotic load test in 0.45% sodium chloride
solution-42.62+2.17%.

The evaluation results of the degree of intoxication, the severity of inflammation and the processes of
tissue degradation, the rate of neutrophil and monocyte regeneration, and the immunological reactivity of the
examined cows. Inflammatory processes with moderate intoxication in the examined cows were observed in
50% of cases; in 30%, a decrease in the rate of neutrophil and monocyte regeneration was registered. The
balance of the humoral and cellular components of the body’s immune system was registered in 30% of the
animals. In 20% of cases, the predominance of the humoral component was observed, in 50% - the cellular
component of immune system. The results received were verified in the course of performing immunological
studies to determine the main indicators of cellular and humoral components of immune system.

Research of non-specific immunological resistance in experimental animals has demonstrated that in 30%
of specimens, the number of phagocytic monocyte-macrophage cells is decreased, on average by 23.3%. We
also found that the phagocytic index (the average number of microorganisms absorbed by one phagocyte)
in all the examined animals was less than 5 c.u., with an average of 4.12 c.u. In high-producing cows of the
Ural region, the phagocytic activity of monocyte — macrophage cells is 52.4+6.2%, and the phagocytic index
is 8.94+0.78 c.u. It is known that one of the causes of changes in the functional characteristics of phagocytic
cells may be oxidative stress or suppression of cytotoxic activity.

During the determination of the level of the intensity of oxidative metabolism in the examined cows, it was
demonstrated that the average concentration of malondialdehyde (MDA) in the blood serum was 0.82+0.09
microns I-1. In clinically healthy animals, this indicator is registered in the range of 0.8-1.2 microns 1-1 [5, 6].

Therefore, the studies conducted proved that the examined cows did not experience oxidative stress.
Analysis of the results of the study of the cytotoxic activity of phagocytic cells revealed that the intensity of
the activation processes of membrane oxidases practically does not vary from the physiological indicators of
clinically healthy animals-MPO 30-40 c.u., [6]. The myeloperoxidase (MPO) activity in the phagocytic blood
cells of the examined cows was 30.4+1.2 c.u.

Therefore, the comparison of anamnestic data and the results of laboratory studies has enabled us to
suggest with a higher degree of probability that postpartum complications and immune dysfunction in cows
were caused by the occurrence of a number of the following pathogens in the vaginal microbiocenosis: P,
aeruginosa, S. aureus, Str. uberis, C. albicans, P. mirabilis and E. cloacae.

Following the completion of the experiment with the administration of a two-component phytobiotic
(component ‘M2’ for topical use and component ‘FOG - 20’ - supplement to the diet), positive changes in the
microbiocenosis of the cow’s vagina were found. A number of the following pathogens have been completely
eliminated: P. aeruginosa, S. aureus, Str. uberis, C. albicans, P. mirabilis and E. cloacae. In all positive
animals for these isolates before the beginning of the experiment, there was no growth of isolates after the
experiment.

The total reduction in the frequency of E. faecalis, E. faecium and E.coli isolates separation was also found
in the experimental group. Moreover, Escherichia coli isolates demonstrated worse sensitivity to the M2
preparation, which is compatible with the results of experiments carried out in vitro. P. vulgaris and Bacillus
spp. isolates showed the greatest resistance to the drug.

The reduction in the level of antigenic load due to pathogen elimination: P. aeruginosa, S. aureus, Str. uberis,
C. albicans, P. mirabilis and E. cloacae from the body had a positive impact on the immunohematological
parameters of cows. In 80% of cases, an enhanced rate of regeneration of the pool of neutrophils and
monocytes, a reduced level of imbalance in the system of cellular and humoral components of immune
system was registered.

The balanced change in immunoreactivity in the examined cows was supported by a physiological rise in
the intensity of oxidative metabolism. The concentration of MDA in the blood serum was equal to 1.13+ 0.14
um I (before using the complex: MDA 0.82+0.09 pm 1.

The most marked positive changes in experimental animals were recorded in the system of non-specific
immunological resistance. The phagocytic activity of monocyte-macrophage cells was on average 56.2+4.2%,
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and the phagocytic index was 6.08+0.49 c.u. An enhancement of the phagocytic activity of cells in 80% of
cases was followed by a pronounced activation of membrane oxidases.

Conclusions. The studies conducted revealed that one of the reasons for the reduced level of adaptive
reserve in cows in the postpartum period was the colonization of the vaginal mucosa by opportunistic
pathogens [7, 8, 9].

In 60% of cases, the infectious process in animals was followed by a moderate inflammatory reaction, which
was registered for a long time — up to 30-33 days after parturition. As it is known, smoldering inflammatory
processes necessarily cause disorders in the system of humoral and cellular components of immune system. It
results in its failure in connection with opportunistic pathogens. All the examined cows were diagnosed with
the depression of the functions of the mononuclear system and polymorphonuclear leukocytes [10, 11, 12]

The combined administration of phytobiotics of topical and alimentary-mediated action in experimental
cows was diagnosed with a reduced antigenic load on the cells and tissues of the vaginal mucosa. The positive
effect of antibiotics on the immune system of animals was mediated by the activation of the phagocytosis
process. In phagocytic cells, an enhancement of cytotoxic activity by an average of 1.8 times and an increase
in the intensity of oxidative metabolism by 39.5% were registered. Phagocytosis, as an integral feature of
the system of mononuclear cells and polymorphonuclear leukocytes, involves not only the mechanisms of
intercellular interactions, but also the synthesis of a broad spectrum of cytokines, that trigger a cascade of
immunological and biochemical reactions in the body (Zhukov et al., 2016); (Marzhokhova et al., 2016). Our
study showed that in 80% of cases in experimental cows, when phagocytosis processes are activated, there is
an enhanced level of overall immunoreactivity of the body.

Therefore, in the conditions of a scientific and production experiment, the prospects of applying a complex
two-component phytobiotic of topical and alimentary-mediated action in cows with opportunistic bacterial
infections of the vaginal mucosa in the postpartum period were demonstrated.

Kpusonorosa A.C.%, IlopriBaeBa A.IL%, UcaeBa A.I.", IlerponasioBckuii M.B.%, Becnamsatabix E.H.2

'Denepaniblk MEMJICKETTIK OIOIDKETTIK )KOFaphl O1TiM Oepy MekeMeci Ypasl MEMIICKETTIK arpapibiK
yausepeuteti (PMBBM KOO VYpan MAY), ExarepunOypr, Peceii;
2Menmepanisl MEMIIEKETTIK OIOMKETTIK FRIIBIME MeKeMe Peceit FrutbiM AkageMuscel Ypan GoiMIecinin
Opan denepanaplk arpapiblK FUIBIMU-3epTTey opTaibirsl (PFA AF30YpO ®MBEY); ExarepunOypr,
Peceii.
E-mail: isaeva.05@bk.ru

AJIMMEHTAPJIBIK OPTAKTAHABIPBIJIFAH ®UTOBUOTUKTEPAIH OCEPIHEH
CUBIPJTAPIBIH UMMYH/bI CTATYCbI

AnHoramusi. byn makamama eki KOMIOHEHTTI (UTOOMOTHKAIBIK KEUICHHIH TOJJIETeHHEH KeHiHTi
aCKBIHYJIAphl 0ap CUBIPIapIbIH MMMYH/IBIK JKaFJaibiHa ocepi 3epTrenai. Toxipude Kypri3inren cusipiaapaa
opTallla MHTOKCHKalMsAMEH KaObiHy mporectepi 50% aHbikTamapl. CHbIpiIap KbIHAOBIHBIH IIIBIPBIIITHI
KabaThIHAH MIAWBIHABIIAPA OPTYPIIL YillIeciMie MEKpoopranu3Maepai 13 n3omsater 6eminmi. 70% xarmaiina
MUKOPOPTaHM3MIIep KaybIMAACTHIFBIHBIH TYPJIK KYpambl keiecimel: P. aeruginosa+S. aureus, B 40% Str.
Uberis+C. Albicans. IMMyHIBIK XaFaaiiipl Oaranay kesinae cubipiaapasiH 30%-bHIa HEHTpohuIIep MeH
MOHOITUTTEP MOJIIIEPi pereHeparys XKbUIIaMIBIFBIHBIH TOMEH/CTCHI aHbIKTamAbl. JKanyapiapaeH 70%
WMMYHHUTETTIH HETi3ri 0eikTepi apachiHIaFbl TEHIePiMCi3/IiK TUarHo3bl Koibutrad. CUbIpiaapaa ryMopajib/Ibl
Ti30eKkTiH OachMIbLIbIFBI 20%, aJl jxkacymabiK Ti30ekTik uMMyHUTeT 50% ekeni Oaiikanabl. CubIpiaapabIH
30%-pIHIa MOHOITUTTIK-MaKpodar jkacymanapblHeIH (aronuTTIK OeICeHATITiHIH opTama ecenreH 23,3%
- Ffa TeMeHaereHi Oalkaiapl. Exi KOMIIAaHEHTTI (PUTOOMOTHUKAIBIK KEIICH I KOJJaHFAHHAH COH, TKipOme
AsKTAIFAHHAH KCHiH CHUBIP KbIHAOBIHBIH MHUKPOOHOIIEHO3BIHAH TOJBIFBIMEH P. aeruginosa, S. aureus, Str.
uberis, C. albicans, P. mirabilis u E. Cloacae wovibinubl )xoue E. faecalis, E. faecium u E.coli memniepi a3aiiibl.
CubIpiap/iblH JCHECIHE aHTUTCH/TIK )KYKTEMEHIH TOMEH/ICY1 Ke31H/Ie UIMMYH/IBIK CTaTyC KOPCETKIIITEePIiH/Ie
80% >xarmaiia HeUTpopUIIep MEH MOHOIIUTTEP MYJIBIHBIH PeTeHEPAITH Kb IaMIBIFBIHBIH apTYbl, OJIAPIBIH
IIATOTOKCUKAJIBIK OCJICEHIUTITIHIH OpTa ecemnreH 1,8 ece )koHe TOTBIFY MEeTa0OMN3MIiHIH KaPKBIHIBLUTBIFGIHBIH
39,5%-ra aptysl Tipkengi. IMMyHHUTETTIH jKacyIIajbIK jKOHE TyMOpajbbl OalIaHBICH! KYHECIHAET1 Tere-
TEHJIIK JCHIeHiHIH TypaKTaHybl kanyapuapasiy 80% Oaiikanibl.

Tyiiinai ce3nep: cubipnap, 60caHFaHHAH KEHIHI Ke3€H, MMMYHOPEAKTUBTLIIK, puroOnoTukTep, Nigella
sativa, Kapama-Kapchl MUKPOOPTaHH3MJIEP.
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UMMYHHBIN CTATYC KOPOB HA ®OHE AJIUMEHTAPHO-OIIOCPEJOBAHHBIX
OUTOBUOTUKOB

AHHOTanus. V3ydanu BIUSHHE JIBYXKOMIIOHEHTHOTO (PUTOOMOTHYECKOTO KOMIUIEKCAa Ha MMMYHHBIN
CTaTyC KOPOB C TMOCJIEPOOBBIMHU OCTIOKHEHUAMU. BocianurenbHble IpOoLecch ¢ yMEPEHHOH MHTOKCHKAIMEH
y 00CJIeIOBaHHBIX KOPOB JuarHoctupoBaiiv B 50% ciaydaeB. B cMbIBax co cM3UCTOlN 000JIOUKH BiIarajiuiia
KOpOB BBIJIeNIEHO 13 M30JTOB MUKPOOPTaHU3MOB B pa3iU4HbIX coueTaHusx. B 70% ciydaeB B BUIOBOM
COCTaBe acCOIMALUil OMIOPTYHUCTHUECKUX MHKPOOPTaHU3MOB NPUCYTCTBOBaNMN P. aeruginosa+S. aureus,
B 40% cityuaeB Str. Uberis+C. Albicans. Ilpu olileHKe IMMYHHOI'O CTaryca yCTaHOBIIEHO, 4To y 30% kopoB
HaOMI01a7I0Ch CHMYKCHUE CKOPOCTH pPEreHepaluy myna HeWTpopuioB u MOHOUMTOB. Y 70% >KMBOTHBIX
JMAarHOCTHPOBAIM AMcOanaHC MEXJY OCHOBHBIMH 3BEHBSIMH HMMyHHUTeTa. Y 20% KOpOB OTMedanu
MpeBAIUPOBaHNE TI'yMOpalIbHOIO 3BeHa, y 50% - kierogHoro 3BeHa uMMmyHHuTeTa. B 30% cinyuyaeB y kopos
OTMeYalll CHIKCHUE (ParonuTapHOi aKTMBHOCTH MOHOIMTAPHO-MaKpoQaralbHbIX KJIETOK B CPEJAHEM Ha
23,3%.

[locne 3aBepuieHUs] OMbITa C NPUMEHEHHEM JBYXKOMIIOHEHTHOTO (PUTOOMOTHYECKOTO KOMIUIEKCA W3
MHUKpPOOHOILIEHO3a BJIarajiuiia KOpoB ObLIH MOJHOCTBIO STMMHUHUPOBaHbl P, aeruginosa, S. aureus, Str. uberis,
C. albicans, P. mirabilis u E. cloacae u 0TMEUEHO CHMXECHHUE YaCTOTHI BBIICICHUS M30JSATOB E. faecalis, E.
faeciumu E.coli. Ilpy CHUKEHUH aHTUTCHHOM HAarpy3KH Ha OpraHU3M KOPOB B IOKa3aTeJIsIX UIMMYHHOTO cTaryca
B 80% ciy4aeB perucTpypoBaIM YBEIMYEHHE CKOPOCTH PEreHEepalyy IMyja HEHTPO(PHIOB U MOHOIMTOB,
MOBBIILICHHE MX LUTOTOKCUYECKOW aKTHBHOCTH B cpeiHeM 1,8 pa3a U HMHTEHCHBHOCTH OKHCIUTEIBHOTO
Metabonm3Ma Ha 39,5%. Crabunmszanuio ypoBHsl OajiaHca B CHCTEME KJIETOYHOTO M TyMOPajbHOTO 3BEHA
nMMyHHTeTa oTMedasn y 80% KMBOTHBIX.

KuroueBbie cji0Ba: KOPOBBI, IOCIEPOIOBOM IEPHOJI, UMMYHOPEAKTUBHOCTbD, (DUTOOMOTHKH, Nigellasativa,
OIMOPTYHUCTHYECKHE MUKPOOPTaHU3MBI.
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MEMORY OF SCIENTISTS

29.09.1932 r. -16.09.2021 r.
J.x.H., npoeccop Hurmerona Poza Lllykypraiuesna

HurmeroBa Poza IllykypramueBHa, kotopas 18 meT ObLia 3aBeAyromIel JrabopaTopueil CBEPXYMCTHIX
metamoB MOKD HAH PK, a 3atem — maBHBIM Hay9HBIM COTPYIHHUKOM 3TOH T1a00paTOpHH.

Hurmerosa P.I1I. pomunack 29 centaopst 1932 1. B 1955 r okonumnna xumudeckuit paxynsrer Kazaxckoro
TocynapcrBennoro Yuusepcutera um. C.M. Kupopa. B 1955-1958 r. yuunace B acnupantype MHcTuTyTa
xumuyeckux Hayk AH Ka3CCP mon pykoBoxnctBom akanemuka Kosznosckoro M.T. B 1958-1961 rr. -
cTapmuii 1abopaHT JabopaTopuy aHATMTHIECKON XuMHH. 1962-1966 TT. — MIaAmuil HAyIHBIH COTPYIHUK
nabopaTopuu amManbraMHoOW XUMUU MHCTHTyTa XUMHUYecKHX HayK. 1966-1969.rr. - crapmmii HaydHBIH
COTPY/AHUK J1a00paTOPUU CBEPXUYHUCTHIX METaJUIOB VHCTUTYyTa OpraHU4ecKoro Karaiusa 1 anekrpoxumun AH
Ka3CCP. B 1980 r. P.I1I. HurmeroBa Bo3mitaBmia 3Ty J1a00OpaTOpHUIO U MOCBATHIIA €€ paboTe U Pa3BUTHIO BCIO
KH3Hb, KAK KPYIHBIH CIIEUAIUCT B 00JIACTH (PU3UKO-XMMHUH U TEPMOANHAMMKH amMajibraMHbIx cuctem. P11
HurmeroBa npuHrMaa ydyacTye B IPOBEACHUH BHEIPEHUYECKUX PadOT Ha CBUHLIOBOM 3aBozae UM. Kannnuna,
. UuMkeHT. JluccepTannio Ha COUCKaHME CTENEHU JIOKTOpa XMMHUYECKHX HayK «TepMoguHamMuueckue u
(U3UKO-XMMHUYECKHIE HCCIEIOBAaHNS )KUAKUX CIUIABOB PTYTH ¢ MeTaiuiamu [I-V moarpynn nepuonuueckoi
cuctemsl 3nemenToB» P. III. Hurmerona 3anmutiiia B 1984 r. Ha yueHom cosere MOKD, . Anma-Ara. P.II.
HurmeTtoBoii BriepBble IPOBEAECHO CUCTEMATUYECKOE N3YUEHUE TEPMOIUHAMUYECKUX U (PU3NKO-XUMHUYECKHX
CBOMCTB JIBOWHBIX M TPOHHBIX (22 cHCTEMBI) aMaJIbTaMHBIX CUCTEM C UCIIOIb30BaHUEM OOJIBIIOTO KOJUYECTBA
(U3UKO-XMMHUYECKUX METOJOB HcCcienoBaHus. V3ydeHbl TepMOOMHAMHYECKUE CBOMCTBA pa30aBICHHBIX
KUJKUAX aMalibraM KaJMMs, WHOUSl, CBUHIIA, OJIOBA, BUCMYTAa, LMHKAa Ipu Temmeparypax 25-200°C.
YcraHoBIEHA 3aBHCUMOCTh TEPMOJMHAMHUYECKUX M (PU3MKO-XMMHUYECKHUX CBOWMCTB JKUAKHMX aMallbl'aM OT
MOJIOKEHHUS METAJIOB B IEPHOAMYECKON CHUCTEME 3JIEMEHTOB, YTO MO3BOJMJIO NMPOrHO3MPOBATh CBOICTBA
elle HEeM3yYeHHbIX cHUcTeM. Ha OCHOBaHMH MNOJIyYEHHBIX TEPMOAMHAMHMYECKHX IaHHBIX amajiblaMHBIX
CHCTEM YCTaHOBJICHBI KPUTEPHHU MOBEJCHNUS MHOTOKOMIIOHEHTHBIX aMajblaM B JJIOMUHECLEHTHBIX JIaMIlax.
B 1992 1. P1I. HurmeroBa momyumia 3Banue npodeccopa. P.II. Hurmerooit omybmmukoBano oxono 200
Hay4yHBIX CTaTei U MOATOTOBJIECHO COBMECTHO C I.T.H. Kozunbim JI.®. 7 kanauaaroB xumuueckux Hayk. P.III.
HurmeroBa paborana ydeHbIM cekpeTapeM aucceprarmonHoro copera MOKD. Komnern coxpanunm o Heit
aMsITh, KaK O MPUHLIUIINAIBHOM YYCHOM U OT3bIBUNBOM UEIIOBEKE.

CoTpyasHMKH U KOJLJIeTH.
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