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Abstract The process of protein oxidative modification and lipid
peroxidation activity in rats under prolonged exposure of widely dis-
tributed industrial chemical pollutants of environment - an imidazoline
mixture were investigated in article to be necessary to disclose the
biological mechanisms of their action. Sexually mature males rats of
WAG subjected to oral administration of aqueous solutions of
compounds once daily per 30 days in 1/10 and 1/100 DL50 doses by
probe. Spectrophotometric and chemiluminescent methods at 30 th
day of experiments determined the content of neutral and basic alde-
hyde- and ketondynitrofenilhydrazones in hemolysated erythrocytes,
induced by hydrogen peroxide level chemiluminescence intensity and
TBA-active products in the blood serum, liver homogenate and brain.
Mixtures of imidazolines with alkyl radicals S7-9 and S9-15 on 30 th
day of exposure by 1/10 and 1/100 DL50 doses were led to statistically
significant all the studied parameters increase relatively to control.
imidazoline mixture with alkyl radicals S7-9 is proved to be mostly
toxic. The getting results suggest the oxidative stress with the destruction
of protein and lipid molecules development in rats under prolonged
intoxication by imidazoline-containing mixtures. Changes in activity
of protein oxidative modification and lipid peroxidation processes are
one of the pathogenic mechanisms of biochemical imidazoline-
containing mixtures links should be considered during the developing
the means of correction.

Key worlds: imidazoline mixtures, rats, dynitrophenylhydrazones,
TBA-active products, chemiluminescence intensity.

Recently, humans organisms are increasingly exposed to
significant amounts of chemicals coming from different environ-
mental objects. In most cases, their impact negatively reflected
on human health, prompting experts to conduct research aimed
at disclosure of metabolic disorders in order to develop means
of pathochemical change prevention and correction [1, 2].
Imidazolines mixtures (MIM) belong to wide industrial chemical
environmental pollutants characterized by relatively large
volumes of chemicals, frequently used in various sectors of the
economy (as a basis for industrial production of detergents,
antistatic, anticorrosive agents, adhesive additives, etc.), revenues
sources of drinking water and thus the possible impact on human
health [10-12]. The action of many chemical factors on the body
is proved to lead to oxidative stress, based on the increased
formation of free radicals able to interact with lipids, amino acids,
modified proteins, forming primary products of oxidation and
reactive carbonyl intermediates [6]. The latter can undergo
detoxification involving antioxidants or form secondary products,
which, as a source of reactive oxygen species cause oxidation of
proteins and lipid membranes, leading to non-specific changes
in their structure and functions [3, 4]. State of oxidative
metabolism under conditions of prolonged exposure MIM espe-
cially its consideration is necessary for full disclosure mechanisms
of the body and develop means of correction studied insuf-
ficiently.

The aim of'the study was to investigate the process of protein
oxidative modification and lipid peroxidation activity in rats at
the 30 th day imidazoline mixture in 1/10 and 1/100 DL50 doses
influence.

Work is carried out in the framework of KhNMU research
“Biochemical mechanisms of dismetabolic processes under
conditions of chemical environmental factors” (state registration
number 0115U000240).

Material and methods of research

The paper uses examples from MIM with alkyl radicals S7-9
(MIM7-9) and S9-15 (MIM9-15). Experiments conducted on mature
male rats line WAG, weight (180-220) g Alimentation and manipulation
with animals carried out according to the principles of bioethics. They
were subjected to oral administration of aqueous solutions of com-
pounds once daily per 30 days in 1/10 and 1/100 DL50 doses using
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probe. Medium lethal dose (DL50) was: for MIM7-9 - 1.8 g / kg;
MIMO9-15 - 5.0 g/ kg of body weight. The animals of the control group
was administered the correspondent amounts of drinking water. The
study of parameters performed 30 days after the experiment began.
Slaughter was performed by decapitation, after anesthesia by sodium
thiopental. Evaluation of oxidative modification of proteins in red blood
cells hemolysate was conducted by reaction with 2,4-dynitrophenylhyd-
razine at 356 nm (aldehyde group neutral), 370 nm (ketone group
neutral), 430 nm (the basic aldehyde group) and 530 nm (basic ketone
group) [5]. Red blood cells were separated from plasma by heparin
stabilized blood centrifugation per 15 minutes at 3000 g (final dilution
heparin / whole blood - 1: 100). Induced by H,O, chemiluminescence
(CL) intensity of blood serum, brain homogenates and liver were
recorded on chemilyuminomether HLM 1TS-01. Design and processing
of measurement results was performed using the program Excel, the
carrier of received information was CL curve fixed on a tape recorder.
The level of TBA-active products in the blood serum, liver homogenate
and brain were evaluated by spectrophotometer at 532 nm by trimethyne
complex formed in the reaction between malondialdehyde and
tiobarbituric acid [9]. The liver tissue homogenate got by sample
crushing and homogenization in the cold per 1-2 minutes using a glass
Potter homogenizer with teflon pestle in a refrigerated medium (0.25
M sucrose solution, which was prepared in 0.01 M Tris-HCI buffer,
pH 7.4 with the addition of 1 mM EDTA); the ratio of tissue / medium
(weight / volume) was 1 g / ml 9. Brain homogenate was prepared
similarly but with the selection medium were 0.32 M sucrose 0.05 M
Tris-HCI buffer, pH 7.4.

Statistical analysis was performed by using the computer application
package for statistical data processing Statistica 6.1 (StatSoft, Inc.,
USA). Parametric characteristics - the average indicator (M) and
standard deviation (s) are used in the case of the normal data distribution;
in his absence nonparametric - median (Me) and interquartile scope.
p<0,05 was accepted as the critical level of significance during statistical
hypotheses testing.

Results and discussion

The increase (r<0,005) of aldehyde-dynitrofenilhidrazoniv
(DNFH) neutral (356 nm) and basic (430 nm) according to nature
28 and 131%, and the level of ketone-neutral DNFH (370 nm)
and basic (530 nm) - respectively 109 and 54% (Table. 1) were
observed compared with the control in erythrocytes of rats at the
30 th day of action at a dose MIM7-9 1/100 DL50. Prolonged
exposure by MIM9-15 was accompanied by less distinct changes:
the content of neutral aldehyde group increased only on 15%
(p=0.007) against the background of basic - 36% (p <0.001),
and the content of neutral ketone groups increased by 57%
(p<0.001). The MIM9-15 influence on the level of basic ketone-
DNFH was unreliable (p=0.17).

The results suggest accumulation in rat erythrocytes of
carbonyl-modified proteins mainly due to fixed-DNFH aldehyde
and ketone-neutral DNFH. The firee radical oxidation products

Table 1. Content aldehyde- and ketondinitrophenyl-
hydrazones in rat erythrocy te hemolisate after 30 days
exposure by imidazoline-containing organic compounds in a
1/100 AJI50 dose (un. opt. density/mg of protein, n=15;
Me [25% ; 75%)] or Mxs)

Mixture 356 nm 370 nm 430 nm 530 nm
MIM79 0,73 0,960,084 | 0,830,044 0,043
[0,63;0,78] | p<0,001 p<0,001 [0,031; 0,050]
p=0,005 p=0,002
MIM9-15 | 0,67+0,082 | 0,72+0,178 | 0,49+0,082 0,032
p=0,007 p<0,001 p<0,001 [0,024; 0,043]
p=0,17
Control 0,57+0,134 | 0,460,079 0,36 0,02840,0064
[033;039]

Note: p — level of significance compared with control
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Table 2. Intensity of hydrogen peroxide induced chemilumines-
cence of blood serum and homogenates of the internal organs of
rats after 30 days imidazoline-containing organic co mpounds
exposure (imp/s, n=15; Me [25%; 75%] or Mzs)

Table 3. The content of TBA-active products in the blood
serum and homogenate of internal organs of rats after 30 days
imidazoline-containing organic compounds exposure (n=15;
Me [25%; 75%] or Mts)

Mixture EJ?ISS% Bloodserum Brain Liver
MIM79 | 1710 |1126]990;1303]/1035 [877;1088] 125541158
p<0,001 p<0,001 p<0,001
1/100 965+130 820 [647;920] | 1189 [1016; 1256]
p<0,001 p<0,001 p<0,001
MIMO-15 1/10 |1056[985;1124]| 900 [747; 965] [ 1200 [1100;1324]
p<0,001 p<0,001 p<0,001
1/100 | 814[710; 1045] 693168 1056 [890; 1086]
p=0,007 p=0,003 p=0,005
Control 690+128 588 [477; 623] 845+182

Note: * - p<0,05 relatively to control

of lipids, proteins acting as strong oxidants can contribute in
increase their level. On the other side, the significant change in
functional activity occurs in oxidatively modified protein, they
are degraded by proteolytic enzymes and parallelly can serve as
a source of free radicals [8].

The statistically significant compared to the control, diffe-
rences of blood serum brain homogenate and liver CL in experi-
mental and control animals (Table. 2) were observed at the 30 th
day of action MIM in 1/10 and 1/100 DL50 doses. Thus, MIM7-9
and MIM9-15 ata 1/10 DL50 dose increase (p <0.001) intensity
of chemiluminescence respectively 63 and 53% in blood serum.
Mixture in a 1/100 DL50 dose action accompanied by less
expres-sive effect: for MIM7-9 - 40% (p <0.001), and MIM9-
15 - only 18% (p =0.007). Increase (r<0,003), relatively to con-
trol CL intensity, was also recorded in the brain: 76 and 53% in
the case of MIM7-9 action in 1/10 and 1/100 DL50 doses; 39
and 18% - in the case of MIM9-15 action. The same CL intensity
dynamic was observed in rat liver: an average increase of 45%
in terms of MIM impact in 1/10 DL50 dose and 33% - ina 1/
100 DL50 dose. Itshould be noted that chemiluminograms of
control animals, compared with experimental, showed slower
recovery and fewer low light-sum of impulses. This indicates
the presence of small number of peroxide compounds and
antioxidants that are in equilibrium. Chemiluminograms ofn
animals injected MIM, oppositely, showed a steep climb and a
high second peak luminescence was not found. According to the
literature [7], this gives reason to suppose the accumulation of
lipid peroxidation (LPO) products in rats under prolonged
exposure by MIM on the background of decreased activity of
antioxidant system.

Quantitative determination of malone dialdehyde, which
reacts with tiobarbituric acid (TBA), forming a complex of active
ingredients is widely used to evaluate the intensity of lipid
peroxidation. TBA-active products are obtained as reliable
markers of oxidative stress, tissue damage and severity of endo-
genous intoxication [6]. Results showed an increase (p <0,001)
of TBA-active products under long-term MIM7-9 ina 1/10 DL50
dose, 83% serum, 75% in the brain and most significantly - by
217% - in the liver of rats (Table. 3), compared to control levels.
As for the MIM7-9 action in a 1/100 DL50 dose, the significant
changes were observed in serum (increase by 61%, p=0.001)
and liver (117%, p <0.001). MIM9-15 effect in a 1/10 DL50
dose at the 30th day also led to an increase (r<0,001) content of
TBA-active products in the blood serum, brain and liver ofrats,
but clearly less than MIM7-9 action: on 70, 63 and 100%
respectively. Prolonged MIM9-15exposurein a 1/100 DL50 dose
was accompanied by statistically significant (p = 0.005), relativly
to controls, increase levels of TBA-active products only in blood
serum (35%). The comparison index distribution in the brain,
liver research and control animals to each other did not show
any statistically significant difference (p=0.32 and p = 0.125).

The summarizing of the results shows that prolonged intoxifi-

. Dose, | Bloodserum Brain, Liver,
Mixture > | nmol/mg of nmol/mg of
JJI150 umoVL . A
protemn protemn
MIM7-9 /10 | 4233;5,5] | 14[09;2,0] 1,9[1,2; 2,4]
p<0,001 p<0,001 p<0,001
1/100 3,7+1,18 1,0+0,27 1,3[0,9; 1,7]
p=0,001 p=0,062 p<0,001
MIMO-15 | 1/10 39+1,21 1,3[09; 1,6] 1,240,29
p<0,001 p=0,001 p<0,001
1/100 3,140.87 0,9+0,31 0,8+0,31
p=0,005 p=0,32 p=0,125
Comtrol 23+0,56 0,8+0,23 0,6 [0,4; 0,8]

Note: * - p<0,05 relatively to control

cation by MIM in 1/10 and 1/100 DL50 doses initiate processes
of oxidative stress with the destruction of protein and lipid
molecules displayed increased intensity of CL, content of TBA-
active products, dinitrophenylhydrazones. In turn, products of
protein oxidative modification and lipid peroxidation due to high
reactogenic capacity and selectivity of biological action can serve
as the primary link, limiting state resistance to prolonged exposure
to MIM by changing physical and chemical characteristics of
cell membranes, membrane-bound enzyme activity and receptor
complexes.

Summarizing the results, the following conclusions

1. Processes of oxidative stress with the destruction of protein
and lipid molecules are initiated among prolonged toxicity by
MIM in 1/10 and 1/100 DL50 doses in rats, as evidenced by in-
creased levels of chemiluminescence intensity, the content of
TBA-active products and dinitrophenylhydrazones.

2. Changes in activity of protein oxidative modification and
lipid peroxidation process are one of the pathogenetic links of
biochemical mechanisms of MIM action that must be considered
during the means of correction developing.

Perspectives further research

In future the complex research conduction is planned aimed
to study the biochemical mechanisms of MIM, including
evaluation of antiradical activity and antyperoxide protection.
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Maxcumosa 1.1

AKTHBHICTB NPOLECiB OKMCIIOBAJILHOT MoaUpikanii 6iiIkiB Ta
MePEeKUCHOI0 OKUCJIeHHS JimiaiB y uypis npu TpuBaJiii aii cymi-
el iMizasoJtiHi

XapKiBCbKUH HAIIOHAJTbHUN MEIWYHUN YHIBEPCHTET, M. XapKiB,
Vkpaina, e-mail: babuzjuk@mail.ru

Pe3stome. Y poOOTI OCIITHKEHO AKTUBHICTH TPOLIECIB OKUCITFOBAJIb-
HOI MofuGiKanii OUIKIB Ta HEPEKHCHOTO OKUCIEHHS JIIIIB y LIypiB
32 YMOB TPUBAJIOTO BIUIUBY PO3MOBCIOIPKEHUX MIPOMHUCIIOBUX XIMIYHUX
3a0pyAHIOBAYIB JOBKULIS - CyMIllleH IMia30IiHIB, 110 € HEOOXITHUM
IUT PO3KPUTTS MEXaH13MiB iXHboI OiomoriuHoi aii. CtateBo3piii IrypH-

VIK 612.751.1 : 577.118: 616-089.583.29 ] 578.08

camui JiHil WAG mignaBanucs nepopaibHii 3aTpaBlii 32 JOIOMOTOIO
30H]1a BOIHUMH PO3UMHAMHU CyMIIIEH IOAECHHO OHOPA30BO MPOTATOM
30 1i6 y nozax 1/101 1/100 JI50. CriektpohOTOMETPHIHUM 1 XEMLITIO-
MIHECIIEHTHUM MeTofaMu Ha 30-Ty 100y eKCIIEpUMEHTIB BU3HAYAIUCS
BMICT aJbJeTil- 1 KETOHAUHITPODEHUITIAPa30HIB HEUTPAILHOTO Ta
OCHOBHOTIO XapakTepy y reMoi3ari epuTPOLUTIB, IHTECHCUBHICTD HIY-
KOBaHOI IMEPEKUCOM BOJHIO XeMittoMiHecueHllii Ta piBeHb THK-ak-
TUBHHX IPOIYKTIB y CHPOBATLi KPOBi, TOMOT€HATi IEYiHKH Ta TOJIOBHO-
ro Mo3Ky. Cymiri iminasominis 3 ankimbrmmu pamkanamu C, i C) o Ha
30-ty no0Oy BrumBy y no3ax 1/10 1 1/100 JJIS0 npu3Boanu 10 craruc-
TUYHO 3HAYYILOTO, 110 BTHOUICHHIO 10 KOHTPOJIIO, MiIBUIIICHHIO BCIX
JIOCHIIKYBaHHX IMOKa3HUKIB. HalOUTbIII TOKCHYHOO BUSIBUJIACS CYMILLT
iMinasominis 3 ankinbHUM panukanom C, . OTpuMaHi pesylbTaTH CBifl-
4arh PO PO3BUTOK B OPraHi3mi IIypiB 32 yMOB TPUBAIOI IHTOKCHKALIIT
iMiZTa30IHBMICHUMH CYMIIlIaMH OKHCITIOBAIBHOTO CTPECY 3 ECTPYK-
1i€t0 OUTKOBHX 1JIIMITHMX MOJICKYJI. 3MIHM aKTHBHOCTI TIPOIIECIB OKUC-
JMOBaTbHOT Moaudikallii OUTKIB 1 MEPEKUCHOTO OKUCIICHHS JIMIIB €
OIHICIO 3 MATOT€HETUYHHUX JIAHOK OIlOXIMIYHUX MeXaHi3MIB il iMi-
JTa30JIHBMICHHUX CyMIIlIel, III0 HEOOXiTHO BPAaxOBYBaTH IIPH PO3POO-
JIeHHI 3ac00iB IX KOpEeKIIii.

Knwowuoei cnosa: cymiwi imioasoninis, wiypu, ounimpoghenin-
2iopazonu, ThK-axmueni npodyxmu, inmencugenicms xemiiiominec-
yenuyii.
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Peztome. OcTeoTporiHi MaKpo- Ta MIKPOEJIEMEHTH € BKJIMBUMHU
CTPYKTYPHHMH CKJIAIOBUMHU KiCTKOBOI TKAHMHH, a TaKOXK KOMIIOHEH-
TaMH MaKpOMOJIEKYJI, IKi PeryioioTs OioopraHidai B3aemoii. [Topy-
LIEHHS IXHBOTO OalaHCy 3 BIKOM Ta Iif Ai€I0 PI3HUX HECHPHUATIUBUX
(haxTopiB (30KpeMa, XOJIOZOBOTO BILTUBY, SIKMH CIIPUYHUHIOE T'IIOTEPMII0
OpraHizMy) IPU3BOIATH A0 CTPYKTYPHHX 3MiH y KICTKaX Ta PO3BUTKY
TAKOTO 3aXBOPIOBAHHS SIK OCTEONOpo3. MeTa pofdoTH: TOCTIIUTH BMICT
MAaKpo- Ta MIKPOEJIEMEHTIB y KOMITAKTHIH KiCTIi LIypiB Pi3HOTO BIKY
MICJISE 3MOJIENIOBAHOI JIErKol rimotepmii. MaTtepiaan Ta MeToau.
PenTrenocnexTpanbHuUM (hIyopeceHTHHM METOOM aHali3yBalu
BMicT MakpoenemeHTiB (Ca, P, Mg) ta mikpoenemeHtis (Zn, Fe, Cu) y
niadizax CTETHOBUX KICTOK IIypiB 6- Ta 24-MiCSYHOTO BIKYy MiCIIs
rinoTepMii OpraHisaMy BHACIIZOK XOJIOIOBOTO BILIMBY (TepeOyBaHHS
TBApUH Y XOJIOZOBIH Kamepi pu Temmeparypi - 20°C Buponosx 5 16
1o 5 roguH Ha 100y). Pe3yabraTu. BeraHoBeHO, 110 y 6-MiCSYHUX
nrypiB Ha 14 o0y micis jerkoi rinorepMii HOPIBHSAHO 3 KOHTPOJIEM
cnocTepirascst 6inpmuit BMicT Gocdopy (Ha 6,5 %) 1 MeHIIUH
noka3Huk criBBigHomeHHs Ca/P (Ha 9,1 %), a Ha 28 100y 11i MOKa3HUKH
Ta BMICT iHIIMX MiHEepanbHUX enemeHTiB (Mg, Zn, Fe, Cu) He Bin-
PBHSINCS Bil KOHTPOJBHUX. Y 24-MicsiuHMX 1IypiB Ha 14 100y micist
rinorepMmii Ha BiIMiHy Bil KOHTPOJIO BUSBICHO 30UIbLICHUNA BMICT
¢bocdopy (Ha 9,9 %), marHito (Ha 12 %), 3amiza (Ha 36 %) Ta 3MeH-
LIeHui nmokas3Huk criBBigHoeHHs Ca/P (Ha 8,4 %). Ha 28 o0y BmicT
¢bocdopy nepeBuIyBaB KOHTPOIbHUN NOKa3HUK Ha 11,3 %, a cmis-
BinHomeHHs Ca/P Oyno meHmmM Ha 5,1 %. [loka3HUK BMICTy MarHito
3aJIMIIABCS BUCOKUM IOPIBHAHO 3 KOHTpoieM (Ha 9,3 %), i He Bin-
pi3HsABCS Bif MokasHuKa Ha 14 noOy. 3adikcoBaHo 3HIDKEHHA Ha 68 %
BMICTY 3ai1i3a HOPiBHAHO 3 14 100010, 1 HE BUABICHO BIIMIHHOCTEH
Bill KOHTPOJO. JIOCTOBIPHUX BIIMIHHOCTEH MOKA3HHUKIB BMICTY LIMHKY
Ta Mifi mono 14 1o0u i KOHTPOJBHUX TBAPHUH HE BCTAHOBJICHO. Buc-
HOBOK. ['imoTepmisi MpU3BOIUT 10 AUCOATIaHCY MaKpo- Ta MiKpoesie-
MEHTIB Y KOMIIAKTHIH KICTI, SIKMii OUTbII BUpaXKCHUH y 24-MiCAUHUX
LIYpiB.

Knrwouogi cnoea: makpoenemenmu, mikpoenemenmu, cmeznoea
Kicmka, zinomepmis, wiypu.
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IHocTanoBka npod;ieMu i aHAJII3 OCTAHHIX JOCTIIKEHb.
Oco0nrBoCTI NepeOynoBH KiCTKU B yMOBAX /i1 Pi3HUX HECTIPHSAT-
JMUBHMX (HAKTOPIB CTAHOBJIATH CO00I0 (DYHIAMEHTAIBHY MPO-
Onemy Oiomorii Ta MenumuaH [8, 14]. OcreoTpornHi Makpo- Ta
MIKpOEJIEMEHTH € Ba)KIMBUMH CTPYKTYPHHMH CKJIQJOBUMH
KICTKOBOI TKAHHHH, @ TAKOK KOMITOHEHTaMH MaKpPOMOJIEKYIL, SIKi
perynoroTh 6ioopraHiuHi B3aemonii. Came MiHepasbHa CKila-
JIOBa KICTKOBOTO MaTpPHKCY Bi/IIOBiJajIbHA 38 CKJIaJHY apXiTeK-
Typy KicTkH. JlOCIiIXKEHHSIMH BCTaHOBIICHO, II0 Makpo- Ta
MIKpOEJIEMEHTHHUH CKIIa]T KiCTKOBOI TKAHWHHU HEOJHAKOBUH Y Pi3-
HHX KICTKaX CKeJIeTy Ta 3MiHIOEThCS 3 BIKOM, a TAKOX ITiJ] BIUTH-
BOM PI3HUX (Pi3MYHHX Ta XIMIYHHUX (PAKTOPIB HABKOIHUIITHBOTO
cepenosuiia [3, 4, 9, 10]. B niteparypi € qaHi npo HerarMBHUA
BIUTHB TiNOTEpMii Ha CTPYKTYpHY OpraHi3allito ry04acToi i KoM-
TMIAKTHOI KICTOK, a TAKO)K HaBEJICHI pe3yNIbTaTh JOCIIIKEHb TIPO
3Ha4HI JIECTPYKTUBHI 3MiHHU y KICTKOBOMY MaTPHKCI, SIKUIA Mic-
THTb MiHEpaJIbHI KOMIOHEHTH [ 1, 6]. Asie poOiT, B sIKUX O1 BUB-
YaJy Makpo- Ta MIKpOEJIEMEHTH Y BiJTHOBHOMY Tepiofi MicIs
3MOJIETTbOBAHOI JIETKOI TiloTepMil y TBapWH, MU HE 3HANIILTH.

Merta po6oTH: TOCIIIUTH BMIiCT Makpo- Ta MiKpOEJIEMEHTIB
y KOMITAKTHIH KICTII IypiB PI3HOTO BiKY MiCIsl 3MOJEIHOBAHOL
JIETKOI TirorepMii.

MarepiaJ i MeToIU 10CTiTKEHHS

B excriepumenTi BUKOprCTaHO 48 HENIHIMHUX OUTHX LIypiB-caMIiB
6- Ta 24-micsuHoro Biky. JlocmigHux TBapuH (24 mypu) mignaBanu
BIUTMBY XOJIOAY, YTPUMYIOUHM iX BIPOIOBXK 5 Ni0 B OKPEMHX CEKIIIX
XOJIOMOBOI Kamepu mpu temneparypi “20°C 1mon0008o mo 5 roguH (3
10% mo 15%). lypx KOHTpOIBHHUX Tpym (24 TBAPHHM) 3HAXOIUIUCH
IIpH KiMHaTHIA Temnepatypi 18-22°C. Temnepatypy Tina LIypiB BUMi-
PIOBaIM MEAUYHUM eNIeKTPOHHUM TepMomerpoM MT-3001 pektansHo.
Hampukiaii ekciepuMeHTy TeMIieparypa Tia y IIypiB MOJIOOTO BIKy



