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Íåîáõîäèì 1 ìèëëèîí äîç âàêöèí äëÿ ðàáîòíèêîâ ÀÏÊ

1 million doses of vaccines needed for agribusiness workers

20 ÿíâàðÿ Ìèíèñòð ñåëüñêîãî õîçÿéñòâà Äìèòðèé Ïàòðóøåâ ïðîâåë ïåðâîå â
2021 ãîäó çàñåäàíèå îïåðàòèâíîãî øòàáà ïî ìîíèòîðèíãó ñèòóàöèè â ÀÏÊ è íà
ïðîäîâîëüñòâåííîì ðûíêå. Ó÷àñòíèêè ìåðîïðèÿòèÿ, â òîì ÷èñëå ïðåäñòàâèòåëè
ôåäåðàëüíûõ âåäîìñòâ, ðåãèîíàëüíûõ îðãàíîâ óïðàâëåíèÿ ÀÏÊ, îòðàñëåâûõ
ñîþçîâ è îðãàíèçàöèé, îáñóäèëè öåíîâóþ ñèòóàöèþ íà ïðîäîâîëüñòâåííîì ðûí-
êå, ïðîâåäåíèå âàêöèíàöèè îò êîðîíàâèðóñà ðàáîòíèêîâ ÀÏÊ, îáåñïå÷åííîñòü
îòðàñëè òðóäîâûìè ðåñóðñàìè è äðóãèå âîïðîñû.

Êàê ïîä÷åðêíóë Äìèòðèé Ïàòðóøåâ, âàæíåéøåé çàäà÷åé ÿâëÿåòñÿ êðóãëîñó-
òî÷íûé ìîíèòîðèíã öåí íà îñíîâíûå ïðîäîâîëüñòâåííûå òîâàðû. Ïðàâèòåëü-
ñòâîì ïðåäïðèíÿò êîìïëåêñ ïî ñòàáèëèçàöèè ñèòóàöèè - ýòî äîïîëíèòåëüíûå
ñóáñèäèè, ïîøëèíû è êâîòû. Êðîìå òîãî, çàêëþ÷åíî ñîãëàøåíèå ìåæäó Ìèíñåëü-
õîçîì, Ìèíïðîìòîðãîì, òîðãîâûìè ñåòÿìè, ñîþçàìè è àññîöèàöèÿìè, íàïðàâëåí-
íîå íà ñíèæåíèå öåí íà ïîäñîëíå÷íîå ìàñëî è ñàõàð. Ïî ñëîâàì Ìèíèñòðà, ýòî äàåò
ñâîè ðåçóëüòàòû, öåíû íà ñàõàð-ïåñîê è ïîäñîëíå÷íîå ìàñëî ñíèæàþòñÿ ó ïðîèç-
âîäèòåëåé è â ðîçíèöå. Âìåñòå ñ òåì ðåãèîíàì íåîáõîäèìî îáåñïå÷èâàòü ïîñòîÿí-
íûé ìîíèòîðèíã ñèòóàöèè.

Òàêæå â ôîêóñå îñîáîãî âíèìàíèÿ â òåêóùåì ãîäó ïðîäîëæàåò îñòàâàòüñÿ
ñèòóàöèÿ ñ ðàñïðîñòðàíåíèåì êîðîíàâèðóñíîé èíôåêöèè. "Ó÷èòûâàÿ ñïåöèôèêó
îðãàíèçàöèè îòäåëüíûõ ïðîèçâîäñòâ, îðãàíèçàöèÿì ÀÏÊ ñîâìåñòíî ñ ðåãèîíàëü-
íûìè âëàñòÿìè íåîáõîäèìî ïðîðàáîòàòü âîçìîæíîñòü îáåñïå÷åíèÿ äîñòóïà ê
âàêöèíàöèè â ïåðâîî÷åðåäíîì ïîðÿäêå äëÿ ðàáîòíèêîâ óáîéíûõ, ïåðåðàáàòûâàþ-
ùèõ è ñîðòèðîâî÷íûõ öåõîâ. Èñõîäÿ èç ïîëó÷åííîé îò ñóáúåêòîâ èíôîðìàöèè, íà
ïåðâîì ýòàïå ïîòðåáíîñòü äëÿ æåëàþùèõ ñäåëàòü ïðèâèâêó ðàáîòíèêîâ ÀÏÊ
îöåíèâàåòñÿ â 250 òûñÿ÷ äîç âàêöèíû. Âñåãî, ïî ïðåäâàðèòåëüíûì ðàñ÷åòàì,
íåîáõîäèì 1 ìèëëèîí äîç", - îòìåòèë Äìèòðèé Ïàòðóøåâ.

Â õîäå çàñåäàíèÿ òàêæå áûëà çàòðîíóòà òåìà ïîäãîòîâêè ê âåñåííèì ïîëåâûì
ðàáîòàì. Ãëàâà Ìèíñåëüõîçà Ðîññèè ïîðó÷èë äåðæàòü íà êîíòðîëå âîïðîñ îáåñïå-
÷åíèÿ àãðàðèåâ ìàòåðèàëüíî-òåõíè÷åñêèìè ðåñóðñàìè, à òàêæå ïðîäîëæèòü ìîíè-
òîðèíã ñîñòîÿíèÿ ïîñåâîâ îçèìûõ êóëüòóð.
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Ðåçþìå: îñíîâíûìè íàïðàâëåíèÿìè äåÿòåëüíîñòè
ÔÃÁÍÓ ÂÍÈÒÈÁÏ ÿâëÿþòñÿ ðàçðàáîòêà è ñîâåðøåíñòâî-
âàíèå òåõíîëîãèé ïðîìûøëåííîãî ïðîèçâîäñòâà ýôôåê-
òèâíûõ ñðåäñòâ ïðîôèëàêòèêè è ëå÷åíèÿ áîëåçíåé æèâîò-
íûõ, ñîçäàíèå òåñò-ñèñòåì äëÿ ýêñïðåññ-èíäèêàöèè è èäåí-
òèôèêàöèè áèîëîãè÷åñêèõ àãåíòîâ äëÿ ïðîôèëàêòèêè è
ëå÷åíèÿ áîëåçíåé æèâîòíûõ, òîì ÷èñëå ïòèö. Èíñòèòóò
íåñåò îòâåòñòâåííîñòü çà íàó÷íî-òåõíè÷åñêèé ïðîãðåññ â
îáëàñòè áèîòåõíîëîãè÷åñêîãî ïðîèçâîäñòâà. Â ñòàòüå ñäå-
ëàí àíàëèç äîñòèæåíèé èíñòèòóòà çà 50 ëåò è íàìå÷åíà
ïðîãðàììà äàëüíåéøèõ èññëåäîâàíèé.

Äàòîé îñíîâàíèÿ Âñåðîññèéñêîãî íàó÷íî-èññëåäîâà-
òåëüñêîãî è òåõíîëîãè÷åñêîãî èíñòèòóòà áèîëîãè÷åñêîé
ïðîìûøëåííîñòè (ÂÍÈÒÈÁÏ) ñ÷èòàåòñÿ 1969 ã. Ýòî áûë
ïåðèîä, êîãäà â ñòðàíå ïðîèñõîäèëî áóðíîå ðàçâèòèå ñåëü-
ñêîãî õîçÿéñòâà, â òîì ÷èñëå æèâîòíîâîäñòâà è ïòèöåâîä-
ñòâà. Âîçíèêëà íåîáõîäèìîñòü ðàçðàáîòêè ïðèíöèïèàëüíî
íîâûõ òåõíîëîãèé ïðîèçâîäñòâà ëå÷åáíî-ïðîôèëàêòè÷åñ-
êèõ è äèàãíîñòè÷åñêèõ áèîïðåïàðàòîâ äëÿ îáåñïå÷åíèÿ
âåòåðèíàðíîãî áëàãîïîëó÷èÿ. Ïîä ðóêîâîäñòâîì È.Â. Çâÿ-
ãèíà, íà÷àëüíèêà Ãëàâíîãî óïðàâëåíèÿ áèîëîãè÷åñêîé ïðî-
ìûøëåííîñòè ÌÑÕ ÑÑÑÐ, íà÷àëîñü ñòðîèòåëüñòâî íîâûõ
áèîïðåäïðèÿòèé è ðåêîíñòðóêöèÿ ñóùåñòâóþùèõ. Ãîñó-
äàðñòâåííûì êîìèòåòîì Ñîâìèíà ÑÑÑÐ ïî íàóêå è òåõíè-
êå áûëî ïðèíÿòî ðåøåíèå (îò 12 èþíÿ 1969 ã. ¹ 32) î
ñîçäàíèè íàó÷íî-èññëåäîâàòåëüñêîãî è òåõíîëîãè÷åñêîãî
èíñòèòóòà áèîëîãè÷åñêîé ïðîìûøëåííîñòè, è ïî ïðèêàçó
ÌÑÕ ÑÑÑÐ (îò 8 èþëÿ 1969 ã. ¹ 231) íà áàçå Ùåëêîâñêîãî
áèîêîìáèíàòà ñòàëè ôîðìèðîâàòüñÿ ïåðâûå íàó÷íûå îòäå-
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Abstract. The main activities of  FGBNU VNITIBP are the
development and improvement of industrial production
technologies for effective means of prevention and treatment of
animal diseases, the creation of test systems for rapid indication
and identification of  biological agents for the prevention and
treatment of animal diseases, including birds. The Institute is
responsible for scientific and technological progress in the field
of biotechnological production. The article analyzes the
achievements of the Institute over 50 years and outlines a
program for further research.

The date of foundation of the All-Russian Research and
Technological Institute of Biological Industry (VNITIBP) is
considered to be 1969. This was a period when the country was
experiencing rapid development of agriculture, including animal
husbandry and poultry farming. There was a need to develop
fundamentally new technologies for the production of therapeutic
and diagnostic biologics to ensure veterinary well-being. Under
the direction of I. V. Zvyagin, head of the Main Department of
Biological Industry of the Ministry of Agriculture of the USSR,
began construction of new biological enterprises and
reconstruction of existing ones. The State Committee of the
USSR Council of Ministers for Science and Technology adopted
a decision (No. 32 of June 12, 1969) on the establishment of the
Research and Technological Institute of Biological Industry,
and by order of the Ministry of Agriculture of the USSR (dated
July 8, 1969, No. 231), the first scientific departments and
laboratories were formed on the basis of the Shchelkovsky
biocombinat with an invitation to their leadership of highly
professional and promising scientists.

The first head of the Institute was appointed Director of the
Shchelkovsky biocombinat I. A. Khor'kov, Candidate of
Veterinary Sciences. The main directions of scientific topics
were laid by the Deputy Director for Science E. E. Nikitin,
Doctor of Biological Sciences, Professor.

From 1974 to 1980, the deputy Director for scientific work
was N. S. Shevyrev, under whom the scientific developments of
the Institute were widely implemented in the biological industry:
Shchelkovo and Alma-Ata bio-plants, Kursk, Krasnodar,
Armavir, Kherson, Stavropol, Sumy and other bio-factories.

Çàáåðåæíûé, À.Ä. Íàó÷íûå îñíîâû ðàçðàáîòêè è ïðîèçâîäñòâà áèîïðåïàðàòîâ â ÔÃÁÍÓ ÂÍÈÒÈÁÏ  //
Âåòåðèíàðèÿ è êîðìëåíèå. – 2021. – ¹1. – Ñ. 4–7.
Zaberezhny, A. D.  Scientific basis for the development and production of biologics in VNITIBP  //
Veterinaria i kormlenie. – 2021. – ¹1. – P. 4–7.
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ëû è ëàáîðàòîðèè ñ ïðèãëàøåíèåì íà èõ ðóêîâîäñòâî âûñî-
êîïðîôåññèîíàëüíûõ è ïåðñïåêòèâíûõ ó÷åíûõ.

Ïåðâûì ðóêîâîäèòåëåì èíñòèòóòà áûë íàçíà÷åí äè-
ðåêòîð Ùåëêîâñêîãî áèîêîìáèíàòà È.À. Õîðüêîâ, êàíäè-
äàò âåòåðèíàðíûõ íàóê. Îñíîâíûå íàïðàâëåíèÿ íàó÷íîé
òåìàòèêè çàëîæèë çàìåñòèòåëü äèðåêòîðà ïî íàóêå Å.Å.
Íèêèòèí, äîêòîð áèîëîãè÷åñêèõ íàóê, ïðîôåññîð.

Ñ 1974 ïî 1980 ãîäû çàìåñòèòåëåì äèðåêòîðà ïî íàó÷-
íîé ðàáîòå áûë Í. Ñ. Øåâûðåâ, ïðè êîòîðîì íàó÷íûå
ðàçðàáîòêè èíñòèòóòà ñòàëè øèðîêî âíåäðÿòüñÿ íà áèî-
ïðåäïðèÿòèÿõ áèîëîãè÷åñêîé ïðîìûøëåííîñòè: Ùåëêîâñ-
êîì è Àëìà-Àòèíñêîì áèîêîìáèíàòàõ, Êóðñêîé, Êðàñíî-
äàðñêîé, Àðìàâèðñêîé, Õåðñîíñêîé, Ñòàâðîïîëüñêîé, Ñóì-
ñêîé è äðóãèõ áèîôàáðèêàõ.

Ãëàâíûå çàäà÷è èíñòèòóòà ñîñòîÿëè â ïîâûøåíèè óðîâ-
íÿ ôóíäàìåíòàëüíûõ è ïðèêëàäíûõ èññëåäîâàíèé â îáëàñ-
òè ðàçðàáîòêè òåõíîëîãèè ïðîìûøëåííîãî ïðîèçâîäñòâà
áèîïðåïàðàòîâ è ðàçðàáîòêè ñïåöèàëèçèðîâàííîãî îáîðó-
äîâàíèÿ äëÿ áèîïðîèçâîäñòâà.

Èíñòèòóò ïðîâîäèë àïðîáàöèþ ïðåäëîæåíèé íàó÷íî-
èññëåäîâàòåëüñêèõ è äðóãèõ îðãàíèçàöèé, ñâÿçàííûõ ñ ñî-
çäàíèåì è ñîâåðøåíñòâîâàíèåì áèîïðåïàðàòîâ, ðàçðàáà-
òûâàë íîðìàòèâû ñàíèòàðíîãî ðåæèìà íà ïðåäïðèÿòèÿõ
áèîëîãè÷åñêîé ïðîìûøëåííîñòè, òåõíîëîãè÷åñêèå íîð-
ìàòèâû è ìåòîäû ýêîíîìè÷åñêîãî àíàëèçà, êîíòðîëÿ è
ïðîãíîçèðîâàíèÿ ðàçâèòèÿ áèîëîãè÷åñêîé ïðîìûøëåííî-
ñòè. Êðîìå òîãî, èíñòèòóò ïðîâîäèë ðàáîòó ïî óëó÷øåíèþ
íàó÷íî-ìåòîäè÷åñêîãî ðóêîâîäñòâà ïðåäïðèÿòèÿìè áèî-
ëîãè÷åñêîé ïðîìûøëåííîñòè.

   Â 1976 ãîäó áûëî íà÷àòî ñòðîèòåëüñòâî ñîáñòâåííîãî
çäàíèÿ èíñòèòóòà. Â ýòîò òðóäíûé ïåðèîä îðãàíèçàöèîííî-
òåõíè÷åñêîãî ñòàíîâëåíèÿ êîëëåêòèâ ÂÍÈÒÈÁÏ ñîâìåñò-
íî ñ äðóãèìè íàó÷íî-èññëåäîâàòåëüñêèìè ó÷ðåæäåíèÿìè è
áèîïðåäïðèÿòèÿìè àêòèâíî ïðîâîäèë èññëåäîâàíèÿ, èìå-
þùèå âàæíîå îòðàñëåâîå è íàðîäíî-õîçÿéñòâåííîå çíà÷å-
íèå äëÿ ñòðàíû: çàìåíà ðóòèííûõ òðóäîåìêèõ òåõíîëîãèé
íà áîëåå ïðîèçâîäèòåëüíûå, âíåäðåíèå ñîâðåìåííûõ ìåòî-
äîâ è ñðåäñòâ ìåõàíèçàöèè è àâòîìàòèçàöèè, ðàçðàáîòêà
íîâûõ âèäîâ áèîïðåïàðàòîâ äëÿ äèàãíîñòèêè è ïðîôèëàê-
òèêè èíôåêöèîííûõ áîëåçíåé æèâîòíûõ. Ê îñíîâíûì ðàç-
ðàáîòêàì òåõ ëåò, âíåäðåííûõ íà ïðîèçâîäñòâî, îòíîñÿòñÿ:

– ïðîìûøëåííàÿ òåõíîëîãèÿ èçãîòîâëåíèÿ æèäêèõ è
ñóõèõ ìîíî- è ïîëèâàêöèí ïðîòèâ áîëåçíè Ìàðåêà èç âèðó-
ñà ãåðïåñà èíäååê, àññîöèèðîâàííàÿ âàêöèíà ïðîòèâ áîëåç-
íè Ìàðåêà è Ãàìáîðî (íà Ùåëêîâñêîì áèîêîìáèíàòå, Õåð-
ñîíñêîé è Êóðñêîé áèîôàáðèêàõ);

– ðåãëàìåíò ïî èçãîòîâëåíèþ è êîíòðîëþ êóëüòóðàëü-
íîé àíòèðàáè÷åñêîé âàêöèíû èç âèðóñà áåøåíñòâà, øòàìì
"Ùåëêîâî-51", êóëüòèâèðóåìûé â ïåðåâèâàåìîé ëèíèè
êëåòîê ÂÍÊ-21/13 (íà Ùåëêîâñêîì è Òàáàõìåëüñêîì áèî-
êîìáèíàòàõ);

– ðåãëàìåíò ïî äåêîíòàìèíàöèè èíêóáàöèîííîãî ÿéöà
(íà Ñóìñêîé è Êóðñêîé áèîôàáðèêàõ, Ùåëêîâñêîì è Òà-
áàõìåëüñêîì áèîêîìáèíàòàõ);

– ðåãëàìåíò ïî êóëüòèâèðîâàíèþ âèðóñà Àóåñêè â òêà-
íåâûõ ýêñïëàíòàòàõ â áèîðåàêòîðàõ (5 è 100 ë), îñíàùåí-
íûõ àâòîìàòè÷åñêèìè ñèñòåìàìè êîíòðîëÿ îñíîâíûõ òåõ-
íîëîãè÷åñêèõ ïàðàìåòðîâ (íà Àðìàâèðñêîé áèîôàáðèêå);

– ñïîñîá êóëüòèâèðîâàíèÿ áðóöåëë â àïïàðàòàõ ÀÊÌ–
Ø (íà Ùåëêîâñêîì è Àëìà-Àòèíñêîì áèîêîìáèíàòàõ);

–  ñïîñîá óïðàâëÿåìîãî êóëüòèâèðîâàíèÿ áàêòåðèé
ïàñòåðåëë, ñàëüìîíåëë, êàìïèëîáàêòåðèé â áèîðåàêòîðàõ
ïðè ïðîèçâîäñòâå âàêöèí (íà Ñóìñêîé, Àðìàâèðñêîé áèî-
ôàáðèêàõ);

– ïîëóïðîìûøëåííûé ñïîñîá èçãîòîâëåíèÿ ãîíàäîò-
ðîïèíà èç ñûâîðîòêè êðîâè æåðåáûõ êîáûë (íà Õåðñîíñêîé
è Îðëîâñêîé áèîôàáðèêàõ) è ïîëèãëîáóëèíîâ ðèâàíîëüíûì
ìåòîäîì (íà Àðìàâèðñêîé è Õåðñîíñêîé áèîôàáðèêàõ);

– ïîëóïðîìûøëåííàÿ òåõíîëîãèÿ èçãîòîâëåíèÿ ãèäðà-
òà îêèñè àëþìèíèÿ (íà Ùåëêîâñêîì áèîêîìáèíàòå).

The main tasks of the Institute were to increase the level of
fundamental and applied research in the field of development of
technology for industrial production of biological products and the
development of specialized equipment for biological production.

The Institute tested proposals of research and other
organizations related to the creation and improvement of
biological products, developed standards of sanitary regime at
the enterprises of the biological industry, technological standards
and methods of economic analysis, control and forecasting of
the development of the biological industry. In addition, the
Institute worked to improve the scientific and methodological
management of biological industry enterprises.

In 1976, the construction of the Institute's own building was
started. During this difficult period of organizational and technical
development, the VNITIBP team, together with other research
institutions and bio-enterprises, actively conducted research of
important industrial and national economic importance for the
country: replacing routine labor-intensive technologies with
more productive ones, introducing modern methods and means
of mechanization and automation, developing new types of
biological products for the diagnosis and prevention of infectious
diseases of animals. The main developments of those years,
introduced into production, include:

– industrial technology for the production of liquid and dry
mono – and poly-vaccines against Marek's disease from the
herpes virus of turkeys, associated vaccine against Marek's
disease and Gumboro (at the Shchelkovo bio-plant, Kherson
and Kursk bio-factories);

– regulations for the production and control of culture
rabies vaccine from rabies virus, strain "Shchelkovo-51", cultured
in the transplanted cell line VNK-21/13 (at the Shchelkovsky
and Tabakhmelsky bio-plants);

– regulations on decontamination of hatching eggs (on the
Sumy and Kursk bio-mills, and Tabahmela the Shchelkovo
biokombinat);

– regulations for the cultivation of Aujeski virus in tissue
explants in bioreactors (5 and 100 liters) equipped with automatic
systems for monitoring the main technological parameters (at
the Armavir biofactory);

– method for the cultivation of brucella in AKM-Sh devices
(at the Shchelkovsky and Alma-Ata bio-plants);

– method of controlled cultivation of pasteurella, salmonella,
campylobacter bacteria in bioreactors in the production of
vaccines (at Sumy and Armavir biofactories);

– a semi-industrial method for manufacturing gonadotropin
from the blood serum of foaled mares (at the Kherson and Oryol
biofactories) and polyglobulins by the rivanol method (at the
Armavir and Kherson biofactories);

– semi-industrial technology for the production of aluminum
oxide hydrate (at the Shchelkovsky bio-plant).

In the 80s, the Institute was given new tasks to improve the level
of fundamental and applied research. The Institute has new research
areas and laboratories for associated vaccines, immunology,
molecular biology and virology, biologically active substances,
quality assurance of biological products and industrial sanitation.

During the establishment of the Institute, great importance
was attached to the creation of engineering research units. The
Department of Automation and Mechanization of biological
production became the first specialized technical scientific unit
in the country in the biological industry. At various times, the
structure of the institute included such engineering divisions as
the automation laboratory, later transformed into a department,
the laboratory of mechanization of technological processes, the
laboratory "Processes and Devices", the design bureau and the
laboratory "Clean Rooms".

The analysis of technical condition of equipment of
biological enterprises was carried out and scientifically grounded
recommendations of use of the equipment, means of
mechanization and automation at industrial production of
biological products were developed.
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Â 80-å ãîäû ïåðåä èíñòèòóòîì áûëè ïîñòàâëåíû íîâûå
çàäà÷è ïî ïîâûøåíèþ óðîâíÿ ôóíäàìåíòàëüíûõ è ïðè-
êëàäíûõ èññëåäîâàíèé. Â èíñòèòóòå ïîÿâèëèñü íîâûå íà-
ó÷íûå íàïðàâëåíèÿ è ëàáîðàòîðèè   àññîöèèðîâàííûõ âàê-
öèí, èììóíîëîãèè, ìîëåêóëÿðíîé áèîëîãèè è âèðóñîëî-
ãèè, áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ, îáåñïå÷åíèÿ êà÷å-
ñòâà áèîïðåïàðàòîâ è ïðîèçâîäñòâåííîé ñàíèòàðèè.

Ïðè ñòàíîâëåíèè èíñòèòóòà áîëüøîå çíà÷åíèå ïðèäà-
âàëîñü ñîçäàíèþ èíæåíåðíûõ íàó÷íûõ ïîäðàçäåëåíèé.
Îòäåë àâòîìàòèçàöèè è ìåõàíèçàöèè áèîëîãè÷åñêèõ ïðî-
èçâîäñòâ ñòàë ïåðâûì â ñòðàíå ñïåöèàëèçèðîâàííûì òåõ-
íè÷åñêèì íàó÷íûì ïîäðàçäåëåíèåì â áèîëîãè÷åñêîé ïðî-
ìûøëåííîñòè.  Â ðàçíîå âðåìÿ â ñòðóêòóðó èíñòèòóòà
âõîäèëè òàêèå èíæåíåðíûå ïîäðàçäåëåíèÿ êàê ëàáîðàòî-
ðèÿ àâòîìàòèçàöèè, â äàëüíåéøåì ïðåîáðàçîâàííàÿ â îò-
äåë, ëàáîðàòîðèÿ ìåõàíèçàöèè òåõíîëîãè÷åñêèõ ïðîöåñ-
ñîâ, ëàáîðàòîðèÿ "Ïðîöåññû è àïïàðàòû", êîíñòðóêòîðñ-
êîå áþðî è ëàáîðàòîðèÿ "×èñòûå ïîìåùåíèÿ".

Ïðîâîäèëñÿ àíàëèç òåõíè÷åñêîãî ñîñòîÿíèÿ îñíàù¸í-
íîñòè áèîïðåäïðèÿòèé è ðàçðàáàòûâàëèñü íàó÷íîîáîñíî-
âàííûå ðåêîìåíäàöèè èñïîëüçîâàíèÿ îáîðóäîâàíèÿ,
ñðåäñòâ ìåõàíèçàöèè è àâòîìàòèçàöèè ïðè ïðîìûøëåííîì
ïðîèçâîäñòâå áèîïðåïàðàòîâ.

 Íà Êðàñíîäàðñêîé áèîôàáðèêå áûëà ñîçäàíà îïûòíî-
ïðîìûøëåííàÿ ëèíèÿ ïðîèçâîäñòâà ïðîòèâîáàêòåðèéíûõ
ïðåïàðàòîâ ñ èñïîëüçîâàíèåì ðàçðàáîòàííûõ ïðèáîðîâ
ñèñòåì àâòîìàòèçàöèè è ñîâðåìåííûõ ôåðìåíòåðîâ. Èíæå-
íåðíûìè ïîäðàçäåëåíèÿìè ñîâìåñòíî ñ "Èðêóòñêíèèõèì-
ìàø" è  Ãðîçíåíñêèì ÍÏÎ "Ïðîìàâòîìàòèêà"  ðàçðàáîòà-
íû  áèîðåàêòîðû äëÿ êóëüòèâèðîâàíèÿ êëåòîê æèâîòíûõ è
ìèêðîîðãàíèçìîâ, òåõíè÷åñêèå ñðåäñòâà êîíòðîëÿ àâòîìà-
òèçàöèè è îïòèìèçàöèè ïðîöåññîâ êóëüòèâèðîâàíèÿ: àíà-
ëèçàòîð ðàñòâîðåííîãî O

2
 è CO

2
, àíàëèçàòîðû ãëþêîçû è

îïòè÷åñêîé ïëîòíîñòè êóëüòóðàëüíîé æèäêîñòè, êîòîðûå
áûëè îôîðìëåíû â àâòîìàòèçèðîâàííóþ ñèñòåìó óïðàâëå-
íèÿ è îïòèìèçàöèè òåõíîëîãè÷åñêîãî ïðîöåññà êóëüòèâè-
ðîâàíèÿ ñ èñïîëüçîâàíèåì ìèêðîïðîöåññîðíîé òåõíèêè
(ÀÑÓ ÒÏ). Èñïîëüçîâàíèå ýòèõ ñèñòåì ïîçâîëèëî ðàçðàáî-
òàòü íîâåéøèå ñïîñîáû êðóïíîìàñøòàáíîãî êóëüòèâèðî-
âàíèÿ êëåòîê æèâîòíûõ è âèðóñîâ â áèîðåàêòîðàõ.

Ðàçðàáàòûâàëèñü è âíåäðÿëèñü ñîâðåìåííûå ìåòîäû
äèàãíîñòèêè èíôåêöèîííûõ çàáîëåâàíèé íà îñíîâå ìîëå-
êóëÿðíîé áèîëîãèè; íà ôóíäàìåíòàëüíîì óðîâíå èçó÷à-
ëèñü âîïðîñû ñòàáèëèçàöèè áèîïðåïàðàòîâ ìåòîäàìè ñóá-
ëèìàöèîííîãî è ðàñïûëèòåëüíîãî âûñóøèâàíèÿ; ñîâåð-
øåíñòâîâàëàñü ñèñòåìà ñàíèòàðíûõ ðåæèìîâ áèîëîãè÷åñ-
êèõ ïðîèçâîäñòâ è îõðàíû îêðóæàþùåé ñðåäû ñ èñïîëüçî-
âàíèåì íîâîé íåòðàäèöèîííîé òåõíîëîãèè áèîëîãè÷åñêîé
î÷èñòêè ñòî÷íûõ âîä.

Áîëåå 30 ëåò (ñ 1987 ïî 2018 ãîäû) ÂÍÈÒÈÁÏ âîçãëàâ-
ëÿë À.ß. Ñàìóéëåíêî, äîêòîð âåòåðèíàðíûõ íàóê, ïðîôåñ-
ñîð, àêàäåìèê ÐÀÍ, ëàóðåàò Ãîñóäàðñòâåííîé ïðåìèè ÐÔ è
ïðåìèè Ïðàâèòåëüñòâà ÐÔ â îáëàñòè íàóêè è òåõíèêè,
çàñëóæåííûé äåÿòåëü íàóêè. Ïðè íåì ïðîõîäèëî ñòàíîâëå-
íèå èíñòèòóòà êàê âåäóùåãî íàó÷íîãî ó÷ðåæäåíèÿ ïî ïðî-
ìûøëåííîé áèîòåõíîëîãèè â Ðîññèè. Ïîä åãî ðóêîâîä-
ñòâîì áûë ñîçäàí äèññåðòàöèîííûé ñîâåò ïî çàùèòå íàó÷-
íûõ ðàáîò íà ñîèñêàíèå ó÷åíîé ñòåïåíè äîêòîðà è êàíäèäà-
òà íàóê, îòêðûòà è àêêðåäèòîâàíà àñïèðàíòóðà ïî íàïðàâëå-
íèþ 06.06.01 Áèîëîãè÷åñêèå íàóêè.

Ñ ïåðåõîäîì èíñòèòóòîâ Ðîññåëüõîçàêàäåìèè â ÐÀÍ
(Ôåäåðàëüíûé çàêîí ÐÔ îò 27 ñåíòÿáðÿ 2013 ã. ¹ 253) ïîä
âåäîìñòâî ÔÀÍÎ è ïîñëåäóþùèé èõ ïåðåâîä â Ìèíîáðíà-
óêè (2018 ã.)  â èíñòèòóòå  áûëè ñôîðìóëèðîâàíû ïðèîðè-
òåòíûå íàó÷íûå íàïðàâëåíèÿ â ñîîòâåòñòâèè ñ   âûïîëíåíè-
åì   ïðîãðàììû ôóíäàìåíòàëüíûõ íàó÷íûõ èññëåäîâàíèé
ãîñóäàðñòâåííûõ àêàäåìèé íàóê íà 2013–2020 ãîäû,  Ñòðà-
òåãèåé íàó÷íî-òåõíîëîãè÷åñêîãî ðàçâèòèÿ Ðîññèéñêîé
Ôåäåðàöèè (Óêàç Ïðåçèäåíòà Ðîññèéñêîé Ôåäåðàöèè îò 7

At the Krasnodar biofactory, a pilot industrial line for the
production of antibacterial drugs was created using the developed
devices of automation systems and modern fermenters.
Engineering departments together with "Irkutskniihimmash"
and Grozny NGO "Promavtomatika" developed bioreactors for
the cultivation of animal cells and microorganisms, technical
means for controlling the automation and optimization of
cultivation processes: an analyzer of dissolved O2 and CO2,
analyzers of glucose and optical density of culture liquid, which
were designed into an automated control system and optimization
of the technological process of cultivation using microprocessor
technology (APCS). The use of these systems made it possible
to develop the latest methods for large-scale cultivation of
animal cells and viruses in bioreactors.

Modern methods of diagnostics of infectious diseases based
on molecular biology were developed and implemented; the
issues of stabilization of biological products by methods of
sublimation and spray drying were studied at the fundamental
level; the system of sanitary regimes of biological production
and environmental protection was improved using a new non-
traditional technology of biological wastewater treatment.

More than 30 years (1987 to 2018) VNITIBP was headed
by A. Ya. Samoilenko, doctor of veterinary Sciences, Professor,
academician, laureate of the State prize of the Russian Federation
and the RF Government prize in science and technology, honored
worker of science. Under his leadership, the Institute was
established as a leading scientific institution for industrial
biotechnology in Russia. Under his leadership, the dissertation
council for the defense of scientific works for the degree of
doctor and Candidate of Sciences was established, and a
postgraduate course in the direction of 06.06.01 Biological
Sciences was opened and accredited.

With the transition of the institutes of the Russian agricultural
Academy Russian Academy of Sciences (the Federal law of the
Russian Federation of September 27, 2013 ¹ 253) under the
Ministry of FANO and their subsequent transfer to the Ministry
of education (2018), the Institute formulated the priority research
areas in line with the implementation of the program of
fundamental scientific research of state academies of Sciences
for 2013–2020 of the Strategy for scientific and technological
development of the Russian Federation (decree of the President
of the Russian Federation from may 7, 2018 No. 204) and a
national project "Science" (Protocol of the presidential Council
of the Russian Federation from December 24, 2018 No. 16),
which are also reflected in the development program of the
Institute for the period 2020–2024.

The purpose of the Institute according to the adopted
Strategy of Scientific and technical development of the Russian
Federation is scientific support and testing of new technological
solutions that are highly ready for mass production, in order to
reduce the time between obtaining new knowledge in basic
research, creating technologies and mastering them in production.

The main consumers (customers) of scientific and
technological products of VNITIBP are federal state-owned
biological enterprises of the country, biological organizations of
other forms of ownership and diagnostic veterinary laboratories.
The results of fundamental and exploratory research are in
demand in research institutes and higher educational institutions
of biological profile. The developed technological techniques
and methods are universal and applicable for the development of
a wide range of biological products in other industries.

Over the past 50 years, the Institute has developed a highly
productive team, which today employs 3, corresponding member
of RAS, 15 doctors and 25 candidates of Sciences, 3 honoured
scientist of the Russian Federation, 2 honoured veterinarian of
the Russian Federation, 11 winners of Government prize of the
Russian Federation, including 4 young scientists, 3 staff members
of the Institute in 1990 was awarded the State prize of the
Russian Federation in the field of science and technology.
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ìàÿ 2018 ã. ¹ 204) è   íàöèîíàëüíûì ïðîåêòîì "Íàóêà"
(Ïðîòîêîë Ñîâåòà ïðè Ïðåçèäåíòå Ðîññèéñêîé Ôåäåðàöèè
îò 24 äåêàáðÿ 2018 ã. ¹ 16),  êîòîðûå îòðàæåíû òàêæå â
ïðîãðàììå ðàçâèòèÿ èíñòèòóòà íà ïåðèîä 2020 – 2024 ãîäû.

Ïðåäíàçíà÷åíèå èíñòèòóòà ïî ïðèíÿòîé Ñòðàòåãèè íà-
ó÷íî-òåõíè÷åñêîãî ðàçâèòèÿ ÐÔ –  íàó÷íîå  ñîïðîâîæäåíèå
è àïðîáàöèÿ íîâûõ òåõíîëîãè÷åñêèõ ðåøåíèé, èìåþùèõ
âûñîêóþ ãîòîâíîñòü ê çàïóñêó â ñåðèéíîå ïðîèçâîäñòâî, ñ
öåëüþ ñîêðàùåíèÿ âðåìåíè ìåæäó ïîëó÷åíèåì íîâûõ çíà-
íèé â ôóíäàìåíòàëüíûõ èññëåäîâàíèé, ñîçäàíèåì òåõíî-
ëîãèé è èõ îñâîåíèåì â ïðîèçâîäñòâå.

Îñíîâíûìè ïîòðåáèòåëÿìè (çàêàç÷èêàìè) íàó÷íî-òåõ-
íîëîãè÷åñêîé ïðîäóêöèè ÂÍÈÒÈÁÏ ÿâëÿþòñÿ ôåäåðàëü-
íûå êàçåííûå áèîïðåäïðèÿòèÿ ñòðàíû, áèîëîãè÷åñêèå îðãà-
íèçàöèè äðóãîé ôîðìû ñîáñòâåííîñòè è äèàãíîñòè÷åñêèå
âåòåðèíàðíûå ëàáîðàòîðèè. Ðåçóëüòàòû ôóíäàìåíòàëüíûõ
è ïîèñêîâûõ èññëåäîâàíèé âîñòðåáîâàíû â ÍÈÈ è âûñøèõ
ó÷åáíûõ çàâåäåíèÿõ áèîëîãè÷åñêîãî ïðîôèëÿ. Ðàçðàáàòû-
âàåìûå òåõíîëîãè÷åñêèå ïðèåìû è ñïîñîáû óíèâåðñàëüíû
è ïðèìåíèìû äëÿ ðàçðàáîòêè øèðîêîãî ñïåêòðà áèîïðåïà-
ðàòîâ â äðóãèõ îòðàñëÿõ.

 Çà ïðîøåäøèå 50 ëåò â èíñòèòóòå ñëîæèëñÿ âûñîêîïðî-
ôåññèîíàëüíûé ðàáîòîñïîñîáíûé êîëëåêòèâ, â êîòîðîì ñå-
ãîäíÿ òðóäÿòñÿ 3 ÷ëåíà-êîððåñïîíäåíòà ÐÀÍ, 15 äîêòîðîâ è
25 êàíäèäàòîâ íàóê, 3 çàñëóæåííûõ äåÿòåëÿ íàóêè ÐÔ, 2
çàñëóæåííûõ âåòâðà÷à ÐÔ, 11 ëàóðåàòîâ ïðåìèè Ïðàâèòåëü-
ñòâà ÐÔ, â òîì ÷èñëå 4 ìîëîäûõ ó÷åíûõ, 3 ñîòðóäíèêà
èíñòèòóòà â 1990 ã. áûëè óäîñòîåíû Ãîñóäàðñòâåííîé ïðå-
ìèè Ðîññèéñêîé Ôåäåðàöèè â îáëàñòè íàóêè è òåõíèêè.

Â íàñòîÿùåå âðåìÿ ñòðóêòóðà íàó÷íûõ ïîäðàçäåëåíèé
ÔÃÁÍÓ ÂÍÈÒÈÁÏ ïðåäñòàâëåíà 10 îòäåëàìè: ïðîòèâî-
áàêòåðèéíûõ ïðåïàðàòîâ, âèðóñîëîãèè è ìîëåêóëÿðíîé
áèîëîãèè, èììóíîëîãèè, îáåñïå÷åíèÿ êà÷åñòâà ëåêàðñòâåí-
íûõ ñðåäñòâ äëÿ æèâîòíûõ, ïðîèçâîäñòâåííîé ñàíèòàðèè è
îõðàíû îêðóæàþùåé ñðåäû, áèîëîãè÷åñêè àêòèâíûõ âå-
ùåñòâ, êîíñòðóèðîâàíèÿ áèîïðåïàðàòîâ, ñóáëèìàöèîííî-
ãî âûñóøèâàíèÿ, èíôîðìàòèêè è íàó÷íî-îðãàíèçàöèîí-
íûé îòäåë, âêëþ÷àþùèé àñïèðàíòóðó.

Çà áîëåå ÷åì ïîëóâåêîâîé ïåðèîä êîëëåêòèâîì èíñòè-
òóòà áûëà ïðîâåäåíà áîëüøàÿ ðàáîòà ïî âñåìó êîìïëåêñó
ïðîáëåì ðàçâèòèÿ áèîëîãè÷åñêîé ïðîìûøëåííîñòè, èçäà-
íû ìîíîãðàôèè â òîì ÷èñëå "Âèðóñíûå áîëåçíè æèâîò-
íûõ", "Èíôåêöèîííàÿ ïàòîëîãèÿ æèâîòíûõ" â 3 òîìàõ, 7
òîìîâ ðóêîâîäñòâà "Èíôåêöèîííàÿ ïàòîëîãèÿ æèâîòíûõ",
2 èçäàíèÿ ó÷åáíèêà "Áèîòåõíîëîãèÿ".

Çà óñïåõè â ïîäãîòîâêå âûñîêîêâàëèôèöèðîâàííûõ
ñïåöèàëèñòîâ, îêàçàíèå íàó÷íî-êîíñóëüòàòèâíûõ óñëóã è
âêëàä â ðåøåíèå íàó÷íûõ ïðîáëåì ñîòðóäíèêè èíñòèòóòà
íàãðàæäåíû ìíîãî÷èñëåííûìè ìåäàëÿìè è äèïëîìàìè
ÂÄÍÕ, ÂÂÖ, âûñòàâîê "Çîëîòàÿ îñåíü", "Áèîèíäóñòðèÿ" è
äðóãèìè. ÔÃÁÍÓ ÂÍÈÒÈÁÏ îñóùåñòâëÿåò ìåæäóíàðîä-
íîå ñîòðóäíè÷åñòâî â ñîîòâåòñòâèè ñ äâóõñòîðîííèìè äî-
ãîâîðàìè è ñîãëàøåíèÿìè ñ Áåëîðóññêèì ãîñóäàðñòâåí-
íûì óíèâåðñèòåòîì (Ìèíñê), ÁÍÈÈÝÂ èìåíè Ñ.Í. Âûøå-
ëåññêîãî (Ìèíñê), Ãîñóäàðñòâåííîé àêàäåìèåé âåòåðèíàð-
íîé ìåäèöèíû (Âèòåáñê). Â òå÷åíèå íåñêîëüêèõ ëåò ïðî-
äîëæàåòñÿ ñîâìåñòíàÿ íàó÷íàÿ ðàáîòà ñ Õàðáèíñêèì íàó÷-
íî-èññëåäîâàòåëüñêèì èíñòèòóòîì Êèòàéñêîé àêàäåìèè
ñåëüñêîõîçÿéñòâåííûõ íàóê è Òàäæèêñêîé àêàäåìèåé ñåëü-
ñêîõîçÿéñòâåííûõ íàóê.

Èíñòèòóò â íàñòîÿùåå âðåìÿ îáëàäàåò äîñòàòî÷íûì íà-
ó÷íûì ïîòåíöèàëîì äëÿ âûïîëíåíèÿ ïîñòàâëåííûõ çàäà÷.
Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ôóíäàìåíòàëüíûõ è ïðè-
êëàäíûõ íàó÷íûõ èññëåäîâàíèé íåîáõîäèìî ïîñòîÿííî ïðî-
âîäèòü îïòèìèçàöèþ ðàáîòû ïîäðàçäåëåíèé èíñòèòóòà, óëó÷-
øàòü ïðèáîðíî-òåõíè÷åñêóþ áàçó è èíòåíñèâíåå ïðèâëåêàòü
ìîëîäûå âûñîêîêâàëèôèöèðîâàííûå êàäðû ñ îáÿçàòåëüíîé
ñèñòåìîé ìîòèâàöèè è ïîîùðåíèÿ ñîòðóäíèêîâ.

Currently, the structure of scientific divisions of the
VNITIBP is represented by 10 departments: antibacterial drugs,
virology and molecular biology, immunology, quality assurance
of medicines for animals, industrial sanitation and environmental
protection, biologically active substances, design of biological
products, freeze-drying, computer science and scientific and
organizational department, including postgraduate studies.

For more than fifty years the Institute staff has done a great
job on the whole complex of problems of development of the
biological industry, published monographs including "Viral
diseases", "Infectious pathology of animals" in 3 volumes, 7
volumes of the leadership of "Infectious pathology of animals",
2 editions of "Biotechnology".

For their success in training highly qualified specialists,
providing scientific advisory services and contributing to the
solution of scientific problems, the Institute's employees were
awarded numerous medals and diplomas of VDNH, VVC,
exhibitions "Golden Autumn", "Bioindustry" and others.
VNITIBP carries out international cooperation in accordance
with bilateral agreements and agreements with the Belarusian
State University (Minsk), the Vyshelessky Institute of Veterinary
Medicine (Minsk), and the State Academy of Veterinary
Medicine (Vitebsk). Joint scientific work with the Harbin
Research Institute of the Chinese Academy of Agricultural
Sciences and the Tajik Academy of Agricultural Sciences has
been ongoing for several years.

The Institute currently has sufficient scientific potential to
fulfill its tasks. To increase the efficiency of fundamental and
applied scientific research, it is necessary to constantly optimize
the work of the Institute's departments, improve the instrument
and technical base and intensively attract young highly qualified
personnel with a mandatory system of motivation and
encouragement of employees.
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ðîâîäñòâî, íîðêè, ðåïðîäóêòèâíàÿ ôóíêöèÿ, òîâàðíûå ñâîé-
ñòâà øêóðîê

Ðåçþìå. Ñ òî÷êè çðåíèÿ ðåøåíèÿ ïðîáëåìû êîðìî-
îáåñïå÷åíèÿ â ïóøíîì çâåðîâîäñòâå áîëüøîé èíòåðåñ ïðåä-
ñòàâëÿåò èñïîëüçîâàíèå áèîëîãè÷åñêè àêòèâíûõ äîáàâîê,
íîðìàëèçóþùèõ ïðîòåèíîâûé áàëàíñ. Ïîëó÷åííûé ïî ðàç-
ðàáîòàííîé íàìè òåõíîëîãèè ãèäðîëèçàò èç îòõîäîâ ïóø-
íîãî çâåðîâîäñòâà ÿâëÿåòñÿ âûñîêîóñâîÿåìûì áåëêîì, õà-
ðàêòåðèçóåòñÿ âûñîêèì ñîäåðæàíèåì àìèííîãî àçîòà, ñî-
äåðæèò âñå íåçàìåíÿåìûå àìèíîêèñëîòû. Ââåäåíèå â îñ-
íîâíîé ðàöèîí êîðìëåíèÿ íîðîê ãèäðîëèçàòà èç ìûøå÷-
íîé òêàíè ñîáîëåé ïîçâîëèëî ñíèçèòü â 1,3 ðàçà êîëè÷åñòâî
ïðîïóñòîâàâøèõ ñàìîê íîðîê, óâåëè÷èòü âûõîä ùåíêîâ
íîðîê íà îñíîâíóþ ñàìêó, ïîâûñèòü æèçíåñïîñîáíîñòü
ïðèïëîäà. Ýôôåêòèâíîñòü ñêàðìëèâàíèÿ áåëêîâîãî ãèäðî-
ëèçàòà â ðàöèîíå êîðìëåíèÿ íîðîê êëåòî÷íîãî ðàçâåäåíèÿ
îöåíèâàëàñü ïî òîâàðíûì ñâîéñòâàì øêóðîê. Íàèáîëåå
âàæíûìè èíäèêàòîðàìè ÿâëÿþòñÿ òîëùèíà êîæíîãî ïî-
êðîâà è ñîîòíîøåíèå åãî ñëîåâ, îò êîòîðûõ çàâèñèò äëè-
òåëüíîñòü îáðàáîòêè ñûðüÿ ïðè ïðîèçâîäñòâåííûõ îïåðà-
öèÿõ è ïîêàçàòåëè ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ øêóðîê.
Àíàëèç ïîëó÷åííûõ èçìåíåíèé ïîçâîëèë ñäåëàòü âûâîä,
÷òî ñêàðìëèâàíèå áåëêîâîãî ãèäðîëèçàòà ïðèâåëî ê óâåëè-
÷åíèþ òîëùèíû êîæíîãî ïîêðîâà ðàçëè÷íûõ òîïîãðàôè-
÷åñêèõ ó÷àñòêîâ øêóðîê íîðîê. Ìàêñèìàëüíîå çíà÷åíèå
òîëùèíû ýïèäåðìèñà íàáëþäàëîñü íà îãóçî÷íîé ÷àñòè,
ìèíèìàëüíîå – íà õðåáòîâîé îáëàñòè, ïðè ýòîì ìàêñèìàëü-
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Abstract. From the point of view of solving the problem of
feed supply in fur farming, the use of biologically active additives
that normalize the protein balance is of great interest. The
hydrolyzate obtained by the technology developed by us from
the waste of fur farming is a highly digestible protein, is
characterized by a high content of amine nitrogen, and contains
all non-replaceable amino acids. The introduction of hydrolyzate
from sable muscle tissue into the main diet of minks allowed to
reduce by 1.3 times the number of missing female minks, to
increase the yield of mink puppies per main female,

increase the viability of the offspring. The efficiency of
feeding the protein hydrolyzate in the diet of caged minks was
assessed by the commercial properties of the skins. The most
important indicators are the thickness of the skin and the ratio of
its layers, on which the duration of processing of raw materials
during production operations and indicators of the physical and
mechanical properties of the skins depend. Analysis of the
obtained measurements made it possible to conclude that feeding
with protein hydrolyzate led to an increase in the thickness of the
skin of various topographic areas of mink skins. The maximum
value of the epidermis thickness was observed on the rump part,
the minimum - on the spinal region, while the maximum number
of guard hairs was noted on the spinal part, the minimum - on the
lateral part of the mink skins. Thus, the results obtained indicate
the effectiveness of using a protein hydrolyzate to stimulate the
reproductive function of minks and improve the commercial
properties of animal skins.
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íîå êîëè÷åñòâî îñòåâûõ âîëîñ îòìå÷åíî íà õðåáòîâîé ÷àñ-
òè, ìèíèìàëüíîå – íà áîêîâîé ÷àñòè øêóðîê íîðîê. Òàêèì
îáðàçîì, ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò îá ýô-
ôåêòèâíîñòè èñïîëüçîâàíèÿ áåëêîâîãî ãèäðîëèçàòà äëÿ
ñòèìóëÿöèè ðåïðîäóêòèâíîé ôóíêöèè íîðîê è óëó÷øåíèÿ
òîâàðíûõ ñâîéñòâ øêóðîê æèâîòíûõ.

Â ñâÿçè ñ ñóùåñòâóþùèì â íàñòîÿùåå âðåìÿ â îòå÷å-
ñòâåííîì æèâîòíîâîäñòâå äåôèöèòîì êà÷åñòâåííûõ è áå-
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çîïàñíûõ äëÿ îðãàíèçìà æèâîòíûõ êîðìîâ, àêòóàëüíûì
ÿâëÿåòñÿ ïîèñê íîâûõ èñòî÷íèêîâ áåëêà è ïîëó÷åíèå íà èõ
îñíîâå êîðìîâûõ ïðåïàðàòîâ, êîòîðûå îáëàäàþò íå òîëüêî
áèîëîãè÷åñêîé öåííîñòüþ, íî è áåçîïàñíîñòüþ äëÿ îðãà-
íèçìà æèâîòíûõ, à èõ ïðîèçâîäñòâî ÿâëÿåòñÿ ýêîíîìè÷åñ-
êè îïðàâäàííûì äëÿ æèâîòíîâîä÷åñêîé îòðàñëè [1,2,3].

Äëÿ íîðìàëèçàöèè ïðîòåèíîâîãî áàëàíñà â êîðìëåíèè
æèâîòíûõ èñïîëüçóþò ðàçëè÷íûå áåëêîâûå äîáàâêè, â ÷à-
ñòíîñòè îòõîäû ïåðåðàáîòêè ìîëîêà, ìÿñîêîñòíóþ è ðûá-
íóþ ìóêó, êîðìîâûå äðîææè, áåëêîâûå ãèäðîëèçàòû è äð.
[4,5]. Îñîáóþ ãðóïïó â ñîñòàâå îòõîäîâ ñîñòàâëÿþò îòõîäû
ïóøíîãî çâåðîâîäñòâà, ïîñêîëüêó òóøêè çâåðåé ïîñëå óáîÿ
íåîáõîäèìî ñâîåâðåìåííî óòèëèçèðîâàòü èëè óíè÷òîæàòü,
÷òîáû íå çàãðÿçíÿòü îêðóæàþùóþ ñðåäó.

Â îòå÷åñòâåííîì ïóøíîì çâåðîâîäñòâå íà ñåãîäíÿø-
íèé äåíü êðàéíå îñòðî ñòîèò ïðîáëåìà êîðìîîáåñïå÷åíèÿ.
Ñ ýòîé òî÷êè çðåíèÿ áîëüøîé èíòåðåñ ïðåäñòàâëÿåò èñ-
ïîëüçîâàíèå áèîëîãè÷åñêè àêòèâíûõ äîáàâîê, íîðìàëèçó-
þùèõ ïðîòåèíîâûé áàëàíñ çà ñ÷åò ñîäåðæàùèõñÿ â íèõ
âñåõ íåçàìåíèìûõ àìèíîêèñëîò è õîðîøåé óñâîÿåìîñòè
îðãàíèçìîì. Òàêîé áèîëîãè÷åñêè àêòèâíîé äîáàâêîé ÿâëÿ-
åòñÿ áåëêîâûé ãèäðîëèçàò èç ìûøå÷íîé òêàíè ïóøíûõ
çâåðåé. Îí îêàçûâàåò ñòàáèëüíûé ïîëîæèòåëüíûé ýôôåêò
íà ïðèðîñò æèâîé ìàññû ìîëîäíÿêà ïóøíûõ çâåðåé â ïåðè-
îä èíòåíñèâíîãî ðîñòà, ÷òî â ñâîþ î÷åðåäü âëèÿåò íà
òîâàðíûå ñâîéñòâà ïîëó÷àåìîé øêóðêîâîé ïðîäóêöèè [6].

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé

Â êà÷åñòâå áåëîêñîäåðæàùåãî ñûðüÿ äëÿ ïîëó÷åíèÿ
áåëêîâîãî ãèäðîëèçàòà èñïîëüçîâàëè îòõîäû ïóøíîãî çâå-
ðîâîäñòâà (òóøêè ñîáîëåé), êîòîðûå ïîëó÷àëè â ÎÀÎ "Ïëå-
ìåííîé çâåðîñîâõîç "Ñàëòûêîâñêèé" è çâåðîñîâõîçå "Ðóñ-
ñêèé ñîáîëü" Ìîñêîâñêîé îáëàñòè.

Èçó÷åíèå âëèÿíèÿ ãèäðîëèçàòà íà ðåïðîäóêòèâíûå
ñâîéñòâà íîðîê è æèçíåñïîñîáíîñòü èõ ïðèïëîäà ïðîâîäè-
ëè â óñëîâèÿõ ÎÀÎ "Ïëåìåííîé çâåðîñîâõîç "Ñàëòûêîâñ-
êèé" Ìîñêîâñêîé îáëàñòè. Èç ñàìîê è ñàìöîâ íîðêè áûëî
ñôîðìèðîâàíî øåñòü îïûòíûõ è îäíà êîíòðîëüíàÿ ãðóïïû
çâåðåé (íîðêà îêðàñà "Äèêàÿ íîðêà" ïî 450 ñàìîê è 90
ñàìöîâ â êàæäîé), àíàëîãè÷íûõ ïî âîçðàñòó, ìàññå è ðå-
çóëüòàòàì ùåíåíèÿ. Çâåðè âñåõ ãðóïï â ïåðèîä îïûòà ñî-

äåðæàëèñü íà ñáàëàíñèðîâàííîì ðàöèîíå çâåðîõîçÿéñòâà.
Ñàìöàì è ñàìêàì 1–6 îïûòíûõ ãðóïï â òå÷åíèå 30 äíåé äî
íà÷àëà ãîíà, â ïåðèîä ãîíà, ñàìêàì 1–6 îïûòíûõ ãðóïï â
òå÷åíèå 60 äíåé âî âðåìÿ âûíàøèâàíèÿ ïîòîìñòâà è 40–45
äíåé â ïåðèîä âûêàðìëèâàíèÿ äî îòñàäêè äåòåíûøåé ââî-
äèëè â îñíîâíîì ðàöèîí êîðìëåíèÿ ãèäðîëèçàò èç ìûøå÷-
íîé òêàíè ñîáîëåé â äîçå 0,1; 0,2; 0,3; 0,4; 0,5 è 0,6 ã íà
ãîëîâó ñóòêè, ñîîòâåòñòâåííî. Æèâîòíûì ñåäüìîé ãðóïïû
(êîíòðîëüíàÿ) ãèäðîëèçàò â êîðì íå ââîäèëè. Ðåãèñòðàöèþ
ùåíêîâ ïðîâîäèëè âî âðåìÿ îòñàäêè îò ñàìîê.

Èçó÷åíèå âëèÿíèÿ áåëêîâîãî ãèäðîëèçàòà â ðàöèîíå
êîðìëåíèÿ íîðîê êëåòî÷íîãî ðàçâåäåíèÿ íà òîâàðíûå ñâîé-
ñòâà øêóðîê ïðîâîäèëè â óñëîâèÿõ ÎÀÎ "Ïëåìåííîé çâå-
ðîñîâõîç "Ñàëòûêîâñêèé" Ìîñêîâñêîé îáëàñòè. Äëÿ ïðî-
âåäåíèÿ èññëåäîâàíèÿ áûëè ñôîðìèðîâàíû äâå ãðóïïû
ñàìîê íîðîê (êîíòðîëüíàÿ è îïûòíàÿ) 7–8 ìåñÿ÷íîãî âîçðà-
ñòà ïî 15 ãîëîâ â êàæäîé. Åæåäíåâíî â òå÷åíèå 60 ñóòîê
æèâîòíûå êîíòðîëüíîé ãðóïïû ïîëó÷àëè òîëüêî îñíîâíîé
ðàöèîí, à æèâîòíûå îïûòíîé ãðóïïû â äîïîëíåíèå ê îñíîâ-
íîìó ðàöèîíó ïîëó÷àëè áåëêîâûé ãèäðîëèçàò èç ìûøå÷-
íîé òêàíè ñîáîëåé â êîëè÷åñòâå 4 ã íà 1 êã æèâîé ìàññû.

Èññëåäîâàíèÿ ïî òîâàðíûì ñâîéñòâàì íåâûäåëàííûõ
øêóðîê íîðêè êîðè÷íåâîé (äèêîãî òèïà) ñîñòîÿëè èç îïðå-
äåëåíèÿ ïëîùàäè è ìàññû øêóðîê, à òàêæå ãèñòîëîãè÷åñêî-
ãî èññëåäîâàíèÿ êîæíîãî ïîêðîâà íà ðàçíûõ òîïîãðàôè-
÷åñêèõ ó÷àñòêàõ øêóðîê íîðîê [6]. Ïîëó÷åííûå öèôðîâûå
äàííûå îáðàáîòàíû ìåòîäîì âàðèàöèîííîé ñòàòèñòèêè.
Äëÿ âûÿâëåíèÿ ñòàòèñòè÷åñêè çíà÷èìûõ ðàçëè÷èé èñïîëü-
çîâàëñÿ êðèòåðèé Ñòüþäåíòà.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå

Ðåçóëüòàòû îïûòà ïî èçó÷åíèþ âëèÿíèÿ ãèäðîëèçàòà íà
ðåïðîäóêòèâíûå ôóíêöèè íîðîê è æèçíåñïîñîáíîñòü èõ
ïðèïëîäà ïðåäñòàâëåíû â òàáëèöå 1.

Èç äàííûõ òàáëèöû 1 ñëåäóåò, ÷òî ââåäåíèå â îñíîâíîé
ðàöèîí êîðìëåíèÿ íîðîê ãèäðîëèçàòà èç ìûøå÷íîé òêàíè
ñîáîëåé â äîçå 0,4 ã íà ãîëîâó â ñóòêè (÷åòâåðòàÿ îïûòíàÿ
ãðóïïà) ïîçâîëèëî ñíèçèòü â 1,3 ðàçà êîëè÷åñòâî ïðîïóñòî-
âàâøèõ ñàìîê íîðîê, ïîëó÷èòü íàèëó÷øèé âûõîä ùåíêîâ
íîðîê íà îñíîâíóþ ñàìêó (7,6 ãîëîâû ïðîòèâ 6,7 ãîëîâû â
êîíòðîëå) è ïîâûñèòü æèçíåñïîñîáíîñòü ïðèïëîäà (ñî-
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õðàííîñòü ùåíêîâ íîðîê ê îòúåìó 96,1% ïðîòèâ 93,8% â
êîíòðîëå, êîëè÷åñòâî ùåíêîâ ñ ôèçèîëîãè÷åñêèìè îòêëî-
íåíèÿìè 0,6% ïðîòèâ 1,6% â êîíòðîëå).

Ýôôåêòèâíîñòü ñêàðìëèâàíèÿ áåëêîâîãî ãèäðîëèçàòà
â ðàöèîíå êîðìëåíèÿ íîðîê êëåòî÷íîãî ðàçâåäåíèÿ îöåíè-
âàëàñü ïî òîâàðíûì ñâîéñòâàì øêóðîê. Áîëüøèíñòâî ïî-
òðåáèòåëüñêèõ ñâîéñòâ øêóðîê íîðîê, êàê ïðîäóêöèè áèî-
ëîãè÷åñêîãî ïðîèñõîæäåíèÿ, çàâèñèò îò èõ ãèñòîëîãè÷åñ-
êîãî ñòðîåíèÿ, îïðåäåëÿåìîãî â ïåðâóþ î÷åðåäü ìèêðî-
ñòðóêòóðîé êîæíîãî è âîëîñÿíîãî ïîêðîâîâ. Íàèáîëåå âàæ-
íûìè èíäèêàòîðàìè ÿâëÿþòñÿ òîëùèíà êîæíîãî ïîêðîâà è
ñîîòíîøåíèå åãî ñëîåâ, îò êîòîðûõ çàâèñèò äëèòåëüíîñòü
îáðàáîòêè ñûðüÿ ïðè ïðîèçâîäñòâåííûõ îïåðàöèÿõ è ïîêà-
çàòåëè ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ øêóðîê.

Àíàëèçèðóÿ ïîëó÷åííûå äàííûå èçìåðåíèé òîëùèíû
êîæíîãî ïîêðîâà ðàçëè÷íûõ òîïîãðàôè÷åñêèõ ó÷àñòêîâ
øêóðîê íîðîê êîíòðîëüíîé è îïûòíîé ãðóïïû, ìîæíî
ñäåëàòü âûâîä î òîì, ÷òî âñå ïîêàçàòåëè îïûòíîé ãðóïïû
ïðåâîñõîäÿò êîíòðîëüíóþ. Ìàêñèìàëüíîå çíà÷åíèå òîë-
ùèíû ýïèäåðìèñà íàáëþäàåòñÿ íà îãóçî÷íîé ÷àñòè, ìèíè-
ìàëüíîå – íà õðåáòîâîé ó îïûòíîé ãðóïïû íîðîê. Ìàêñè-
ìàëüíî ðàçâèò ñîñî÷êîâûé ñëîé íà õðåáòîâîé ÷àñòè ó îïûò-
íîé ãðóïïû íîðîê, ìèíèìàëüíî – íà îãóçî÷íîé ÷àñòè ó
êîíòðîëüíîé ãðóïïû íîðîê. Â öåëîì ìîæíî ñóäèòü îá
óâåëè÷åíèè òîëùèíû êîæíîãî ïîêðîâà âñåõ òîïîãðàôè÷åñ-
êèõ ó÷àñòêîâ ó îïûòíîé ãðóïïû íîðîê, ÷òî, â ñâîþ î÷åðåäü,
ìîæåò áûòü ñâÿçàíî ñ óâåëè÷åíèåì ÷èñëà âîëîñÿíûõ ôîë-
ëèêóë è ðàçëè÷íûõ âêëþ÷åíèé ñîñî÷êîâîãî ñëîÿ çà ñ÷åò
ïîñòóïëåíèÿ äîïîëíèòåëüíûõ àìèíîêèñëîò, ñïîñîáñòâóþ-
ùèõ ðàçâèòèþ âîëîñÿíîãî ïîêðîâà ïóøíûõ çâåðåé.

Èñõîäÿ èç ïîëó÷åííûõ ðåçóëüòàòîâ ìîæíî çàêëþ÷èòü,
÷òî ìàêñèìàëüíîå êîëè÷åñòâî ôîëëèêóëîâ îñòåâûõ âîëîñ
íàáëþäàåòñÿ íà õðåáòîâîé ÷àñòè îïûòíîé ãðóïïû, ìèíè-
ìàëüíîå íà áîêîâîé ÷àñòè êîíòðîëüíîé ãðóïïû. Òàêèì
îáðàçîì, ñêàðìëèâàíèå ãèäðîëèçàòà èç ìûøå÷íîé òêàíè
ñîáîëåé â ñîñòàâå îñíîâíîãî ðàöèîíà êîðìëåíèÿ íîðîê
ïîâûñèëî ðåïðîäóêòèâíóþ ôóíêöèþ æèâîòíûõ, æèçíå-
ñïîñîáíîñòü èõ ïðèïëîäà, à òàêæå ñïîñîáñòâîâàëî óëó÷øå-
íèþ òîâàðíûõ ñâîéñòâ øêóðîê íîðîê.
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Çà àíàëîãè÷íûå ïðàâîíàðóøåíèÿ íåîäíîêðàòíî ïðèâëåêàëîñü è ðàíüøå
Âîñåìíàäöàòûé àðáèòðàæíûé àïåëëÿöèîííûé ñóä îñòàâèë áåç èçìåíåíèÿ ïîñòàíîâëåíèå Óïðàâëåíèÿ Ðîññåëüõîçíàä-

çîðà ïî ×åëÿáèíñêîé îáëàñòè î íàêàçàíèè ïðîèçâîäèòåëÿ ôàëüñèôèöèðîâàííîé ìîëî÷íîé ïðîäóêöèè
Óïðàâëåíèå Ðîññåëüõîçíàäçîðà ïî ×åëÿáèíñêîé îáëàñòè ñîâìåñòíî ñ ïîäâåäîìñòâåííûì Ñëóæáå ÔÃÁÓ "Âñåðîññèé-

ñêèé ãîñóäàðñòâåííûé Öåíòð êà÷åñòâà è ñòàíäàðòèçàöèè ëåêàðñòâåííûõ ñðåäñòâ äëÿ æèâîòíûõ è êîðìîâ" îòñòîÿëè â
àïåëëÿöèîííîé èíñòàíöèè çàêîííîñòü è îáîñíîâàííîñòü ïðèâëå÷åíèÿ ê àäìèíèñòðàòèâíîé îòâåòñòâåííîñòè ÷åëÿáèíñêî-
ãî ïðîèçâîäèòåëÿ ìîëî÷íîé ïðîäóêöèè.

13 ìàÿ 2020 ãîäà äîëæíîñòíûìè ëèöàìè Óïðàâëåíèÿ Ðîññåëüõîçíàäçîðà ïî Àìóðñêîé îáëàñòè â ðàìêàõ ïèùåâîãî
ìîíèòîðèíãà â îäíîì èç ìàãàçèíîâ ãîðîäà Áëàãîâåùåíñêà Àìóðñêîé îáëàñòè áûëà îòîáðàíà ïðîáà ñëàäêî-ñëèâî÷íîãî
ìàñëà ïðîèçâîäñòâà ÎÎÎ "Ðîñìîë" (×åëÿáèíñêàÿ îáëàñòü, ãîðîä Îçåðñê) è íàïðàâëåíà â ÔÃÁÓ "ÂÃÍÊÈ" äëÿ èññëåäî-
âàíèÿ íà ïîêàçàòåëè êà÷åñòâà è áåçîïàñíîñòè. Ëàáîðàòîðíûì ïóòåì óñòàíîâëåíî, ÷òî ìàñëî ôàëüñèôèöèðîâàíî ðàñòè-
òåëüíûìè ìàñëàìè èëè æèðàìè íà ðàñòèòåëüíîé îñíîâå, à òàêæå ñîäåðæèò êîíñåðâàíò (ñîðáèíîâóþ êèñëîòó).

Ïîñòàíîâëåíèåì Óïðàâëåíèÿ Ðîññåëüõîçíàäçîðà ïî ×åëÿáèíñêîé îáëàñòè ÎÎÎ "ÐÎÑÌÎË" áûëî ïðèâëå÷åíî ê
îòâåòñòâåííîñòè â âèäå øòðàôà â ðàçìåðå 100 000 ðóáëåé çà ñîâåðøåíèå àäìèíèñòðàòèâíîãî ïðàâîíàðóøåíèÿ, ïðåäóñ-
ìîòðåííîãî ÷. 1 ñò. 14.43 ÊîÀÏ ÐÔ. Íå ñîãëàñèâøèñü ñ ïðèâëå÷åíèåì ê îòâåòñòâåííîñòè, ÎÎÎ "ÐÎÑÌÎË" îñïîðèëî
çàêîííîñòü ïîñòàíîâëåíèÿ â ñóäå.

12 ÿíâàðÿ 2021 ãîäà Âîñåìíàäöàòûé àðáèòðàæíûé àïåëëÿöèîííûé ñóä îñòàâèë áåç èçìåíåíèÿ ðåøåíèå Àðáèòðàæíîãî
ñóäà ×åëÿáèíñêîé îáëàñòè î ïðèçíàíèè çàêîííûì ïîñòàíîâëåíèÿ Óïðàâëåíèÿ Ðîññåëüõîçíàäçîðà ïî ×åëÿáèíñêîé îáëàñòè
î ïðèâëå÷åíèè ÎÎÎ "ÐÎÑÌÎË" ê àäìèíèñòðàòèâíîé îòâåòñòâåííîñòè çà ñîâåðøåíèå àäìèíèñòðàòèâíîãî ïðàâîíàðóøåíèÿ,
ïðåäóñìîòðåííîãî ÷. 1 ñò. 14.43 ÊîÀÏ ÐÔ, – èçãîòîâëåíèå ìîëî÷íîé ïðîäóêöèè – ìàñëî ñëàäêî-ñëèâî÷íîå "Êðåñòüÿíñêîå"
ñ íàðóøåíèÿìè òðåáîâàíèé òåõíè÷åñêèõ ðåãëàìåíòîâ ÅÀÝÑ "Î áåçîïàñíîñòè ïèùåâîé ïðîäóêöèè", "Î áåçîïàñíîñòè ìîëîêà
è ìîëî÷íîé ïðîäóêöèè" è ÃÎÑÒ 32261-2013 "Ìàñëî ñëèâî÷íîå. Òåõíè÷åñêèå óñëîâèÿ".

Óïðàâëåíèå Ðîññåëüõîçíàäçîðà ïî ×åëÿáèíñêîé îáëàñòè è ÔÃÁÓ "ÂÃÍÊÈ" îáðàùàþò âíèìàíèå ïîòðåáèòåëåé è âñåõ
çàèíòåðåñîâàííûõ ëèö, ÷òî â 2019–2020 ãã. ÎÎÎ "ÐÎÑÌÎË" íåîäíîêðàòíî ïðèâëåêàëîñü ê àäìèíèñòðàòèâíîé îòâåò-
ñòâåííîñòè çà àíàëîãè÷íûå ïðàâîíàðóøåíèÿ.

Ïî ìàòåðèàëàì Ðîññåëüõîçíàäçîðà
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The effect of disinfectants on the sheep
and goat pox virus in the environment
and in livestock buildings
1Atovullozoda R.A., 1Zhbanova S.Yu.,
1Odinaev K.A., 1Nazrullozoda S.Kh., 1Rajabaliya M.
2Bogomolova O.A., 2Pukhova N.M.
1Veterinary Institute of the Medicine of the TASKHN Tajik
Academy of Agricultural Sciences, Republic of Tajikistan.
Dushanbe, iveterinari@vail.ru
2FGBNU "All-Russian Research and Technological Institute
of Biological Industry", Shchelkovo, Moscow Region,
vnitibp@mail.ru

Key words: disinfectant, contamination, antiviral effect,
sheep and goat pox.

Abstract. Smallpox of sheep and goats is an acute contagious
disease characterized by the formation of a specific papular-
pustular rash on the skin and mucous membranes of animals.
The disease has become widespread and is now often recorded
in the countries of Asia and Africa, where a significant number
of sheep and goats are concentrated. The disease is registered in
the European Union and the Russian Federation. In Russia,
smallpox is registered mainly in the border areas. In the Republic
of Tajikistan, in the Khatlon region, sheep and goat pox is one
of the five most common diseases of small ruminants, causing
significant economic damage to the industry as a whole. Smallpox
of sheep and goats has been classified by the OIE as Group A -
rapidly spreading animal diseases. An important role in
preventing the emergence and spread of smallpox, along with
vaccination and quarantine measures, is played by observance
of veterinary and sanitary standards when grazing livestock on
pastures, places for drinking and keeping animals. The purpose
of this work was to conduct comparative studies on the use of
disinfectants to localize outbreaks of sheep and goat pox in the
farms of the Republic of Tajikistan.

The experimental work was carried out at the Institute of
Veterinary and in the production conditions of sheep-breeding
farms in the Republic of Tajikistan. The effectiveness of new
drugs was determined in comparison with traditional ones.

The results of the study showed a high virucidal activity of
GAN, Dexid-400 and sodium hydroxide against the
Variolaovium virus, the causative agent of sheep and goat pox.
The use of these disinfectants indoors during outbreaks of sheep
pox made it possible to prevent the spread of infection, reduce
economic losses, while ensuring the safety and productivity of
animals.

Àòîâóëëîçîäà, Ð.À.Äåéñòâèå äåçèíôèöèðóþùèõ ïðåïàðàòîâ íà âèðóñ îñïû îâåö è êîç â  óñëîâèÿõ âíåøíåé ñðåäû è â
æèâîòíîâîä÷åñêèõ ïîìåùåíèÿõ / Ð.À.Àòîâóëëîçîäà [è äð.] // Âåòåðèíàðèÿ è êîðìëåíèå.-2021.-¹1.- Ñ. 11-13.
Atovullozoda R.A.The effect of disinfectants on the sheep and goat pox virus in the environ-ment and in livestock buildings /
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Ðåçþìå. Îñïà îâåö è êîç – îñòðîïðîòåêàþùàÿ êîíòàãè-
îçíàÿ áîëåçíü, õàðàêòåðèçóþùàÿñÿ îáðàçîâàíèåì ñïåöè-
ôè÷åñêîé ïàïïóëåçíî-ïóñòóëåçíîé ñûïè íà êîæå è ñëèçèñ-
òûõ îáîëî÷êàõ æèâîòíûõ. Çàáîëåâàíèå ïîëó÷èëî øèðîêîå
ðàñïðîñòðàíåíèå è â íàñòîÿùåå âðåìÿ ÷àñòî ðåãèñòðèðóåò-
ñÿ â ñòðàíàõ Àçèè è Àôðèêè, ãäå ñîñðåäîòî÷åíî çíà÷èòåëü-
íîå ïîãîëîâüå îâåö è êîç. Çàáîëåâàíèå ðåãèñòðèðóåòñÿ íà
òåððèòîðèè Åâðîñîþçà è Ðîññèéñêîé Ôåäåðàöèè. Â Ðîññèè
îñïà ðåãèñòðèðóåòñÿ â îñíîâíîì íà ïðèãðàíè÷íûõ òåððè-
òîðèÿõ. Â Ðåñïóáëèêå Òàäæèêèñòàí â ðàéîíå Õàòëîíñêîé
îáëàñòè îñïà îâåö è êîç îòíîñèòñÿ ê îäíîìó  èç ïÿòè ñàìûõ
ðàñïðîñòðàíåííûõ çàáîëåâàíèé ìåëêîãî ðîãàòîãî ñêîòà,
íàíîñÿùèõ çíà÷èòåëüíûé ýêîíîìè÷åñêèé óùåðá â îòðàñëè
â öåëîì. Îñïà îâåö è êîç îòíåñåíà ñïåöèàëèñòàìè ÌÝÁ ê
ãðóïïå À – áûñòðî ðàñïðîñòðàíÿþùèõñÿ áîëåçíåé æèâîò-
íûõ. Âàæíóþ ðîëü â íåäîïóùåíèå ïîÿâëåíèÿ è ðàñïðîñòðà-
íåíèÿ îñïû íàðÿäó ñ âàêöèíàöèåé è êàðàíòèííûìè ìåðîï-
ðèÿòèÿìè èãðàåò ñîáëþäåíèå âåòåðèíàðíî-ñàíèòàðíûõ

Àòîâóëëîçîäà Ð.À.
Atovullozoda R.A.

íîðì ïðè âûïàñå ñêîòà íà ïàñòáèùå, ìåñòàõ ïîåíèÿ è
ñîäåðæàíèÿ æèâîòíûõ.

Öåëü íàñòîÿùåé ðàáîòû çàêëþ÷àëàñü â ïðîâåäåíèè
ñðàâíèòåëüíûõ èññëåäîâàíèé ïî ïðèìåíåíèþ äåçèíôèöè-
ðóþùèõ ñðåäñòâ äëÿ ëîêàëèçàöèè âñïûøåê îñïû îâåö è êîç
â õîçÿéñòâàõ Ðåñïóáëèêè Òàäæèêèñòàí.

Ýêñïåðèìåíòàëüíàÿ ðàáîòà ïðîâîäèëàñü â Èíñòèòóòå
Âåòåðèíàðèè ÒÀÑÕÍ è â ïðîèçâîäñòâåííûõ óñëîâèÿõ îâöå-
âîä÷åñêèõ õîçÿéñòâ  Ðåñïóáëèêè Òàäæèêèñòàí. Îïðåäåëÿëè
ýôôåêòèâíîñòü íîâûõ ïðåïàðàòîâ â ñðàâíåíèå ñ òðàäèöèîí-
íûìè. Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçàëè âûñîêóþ âèðóëè-
öèäíóþ àêòèâíîñòü ïðåïàðàòîâ GAN, Dexid-400 è ãèäðîêñè-
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Таблица – Эффективность дезинфицирующих средств в отношении возбудителя оспы овец в зависимости от их концентрации 

Table – The effectiveness of disinfectants against the causative agent of sheep pox, depending on their concentration 

 

Дезинфектант 

Форма  

применения 

Разведение (концентрация 

активного в-ва) 

Время 

контакта, 

мин 

Эффективность 

препарата, % 

Гипохлорит натрия NaClO Концентрированный раствор 

(10-12% активного хлора) 

1:5 (2-3% активного  

хлора) 

10-30   65 

Гидроксид натрия NaOH Гранулы 20 г/л (2%) 10-30   95 

Глутаровый альдегид  

СН2 (СН2СНО)2 

Концентрированный раствор по инструкции (2% ) 10-30   85 

ГАН Концентрированный раствор 0.5 л/м2 (2%) 30   90 

Дексид-400 Концентрированный раствор 1 л Dexid-400:200 л воды (2%) 20   95 

äà íàòðèÿ ïðîòèâ âèðóñà Variolao vium, âîçáóäèòåëÿ îñïû
îâåö è êîç. Ïðèìåíåíèå ýòèõ äåçèíôåêòàíòîâ â ïîìåùåíèÿõ
ïðè âñïûøêàõ îñïû îâåö ïîçâîëèëî ïðåäîòâðàòèòü ðàñïðî-
ñòðàíåíèå èíôåêöèè, ñíèçèòü ýêîíîìè÷åñêèå ïîòåðè îáåñ-
ïå÷èâ ñîõðàííîñòü è ïðîäóêòèâíîñòü æèâîòíûõ.

Ââåäåíèå

Â Ðåñïóáëèêå Òàäæèêèñòàí (ÐÒ) ðàçâåäåíèå îâåö è êîç
ÿâëÿåòñÿ âàæíîé îòðàñëüþ æèâîòíîâîäñòâà. Ýòè æèâîòíûå
îòëè÷íî ïðèñïîñîáëåíû ê ãîðíûì óñëîâèÿì âûæèâàíèÿ,
äàþò ìÿñî, êîæó, øåðñòü è ìîëîêî. Â íàñòîÿùåå âðåìÿ â
ñòðàíå ñòàâèòñÿ çàäà÷à ïðåâðàòèòü îâöåâîäñòâî è êîçîâîä-
ñòâî â âûñîêîäîõîäíóþ îòðàñëü.

Ïðè ðàçâåäåíèè îâåö è êîç èñïîëüçóþò: îòãîííóþ ñèñ-
òåìó îâöåâîäñòâà, ëåòîì – â ãîðíûõ çîíàõ (ñ àïðåëÿ ïî
àâãóñò ìåñÿöû), çèìîé – ñîäåðæàò â ðàâíèííûõ è ïðåäãîð-
íûõ çîíàõ. Ïðèìåíÿåòñÿ ñîâìåñòíûé âûïàñ è ñîâìåñòíîå
ñîäåðæàíèå îâåö è êîç. Áûñòðîìó ðàçâèòèþ îòðàñëè ïðå-
ïÿòñòâóåò óõóäøåíèå ýïèçîîòè÷åñêîé ñèòóàöèè ïî îñïå
îâåö è êîç (ÎÎÊ), êîòîðîå çà ïîñëåäíèå 30 ëåò îòìå÷àåòñÿ
âî ìíîãèõ ñòðàíàõ Åâðàçèè è Àôðèêè (çàðåãèñòðèðîâàíî
áîëåå ÷åì â 70 ñòðàíàõ ìèðà) è íàíîñèò ñóùåñòâåííûé
ýêîíîìè÷åñêèé óùåðá [1,4].  Áîëåçíü âîçíèêàåò â ëþáîå
âðåìÿ ãîäà, ïîðàæàåò æèâîòíûõ âñåõ âîçðàñòîâ, íî íàèáî-
ëåå òÿæåëî ïðîÿâëÿåòñÿ ó òîíêîðóííûõ ïîðîä è ó ìîëîäíÿ-
êà. Èíôåêöèÿ ñîïðîâîæäàåòñÿ ìàññîâûìè àáîðòàìè, ãèáå-
ëüþ íîâîðîæäåííûõ êîçëÿò (äî 85–90%), èñòîùåíèåì, ïî-
òåðåé çðåíèÿ, ïîðàæåíèåì âûìåíè è ïðèâîäèò ê áåñïëî-
äèþ. Íàèáîëåå òÿæåëî îñïà ïðîòåêàåò ó êîç ïåðåä îêîòîì è
â ïåðèîä îêîòà. Âîñïðèèì÷èâîñòü êîç ê îñïå çàâèñèò íå
òîëüêî îò ïîðîäû, íî è îò óñëîâèé ñîäåðæàíèÿ, êîðìëåíèÿ,
âðåìåíè ãîäà, à òàêæå îò ôèçèîëîãè÷åñêîãî ñòàòóñà æèâîò-
íûõ. Ó èñòîùåííûõ æèâîòíûõ áîëåçíü ïðîòåêàåò áîëåå
òÿæåëî, îñîáåííî â õîëîäíîå îñåííåå âðåìÿ è çèìîé [2,3,5].

Öåëüþ íàñòîÿùèõ èññëåäîâàíèé ÿâèëîñü  èçó÷åíèå
äåçèíôèöèðóþùåé àêòèâíîñòè ïðåïàðàòîâ ðàçëè÷íûõ ãðóïï
èç ÷èñëà ðàíåå èñïîëüçóåìûõ ãèïîõëîðèò íàòðèÿ (îêèñëè-
òåëü), ãèäðîêñèä íàòðèÿ (ùåëî÷ü) è ãëóòàðîâûé àëüäåãèä) è
íîâûõ êîìïëåêñíûõ  äåçèíôåêòàíòîâ ÃÀÍ (GAN) è Äåê-
ñèä-400 (Dexid-400)  â îòíîøåíèè âèðóñà îñïû îâåö è êîç â
ëàáîðàòîðíûõ è ïðîèçâîäñòâåííûõ óñëîâèÿõ.

Ìàòåðèàëû è ìåòîäû

Ðàáîòà ïðîâîäèëàñü â ëàáîðàòîðèè âèðóñîëîãèè Èí-
ñòèòóòà Âåòåðèíàðèè ÒÀÑÕÍ è â äâóõ îâöåâîä÷åñêèõ õî-
çÿéñòâàõ Õàòëîíñêîãî ðåãèîíà Ðåñïóáëèêè Òàäæèêèñòàí.
Äëÿ ñáîðà âèðóñíîãî ìàòåðèàëà è ïîñòàíîâêè áèîëîãè÷åñ-
êèõ ïðîá èñïîëüçîâàíî 44 ãîëîâû îâåö è êîç, 250 ýìáðèî-
íîâ êóð. Âñåãî ïðîâåäåíî 352 èññëåäîâàíèÿ  ñ ïîñòàíîâêîé
áèîïðîáû íà áåëûõ ëàáîðàòîðíûõ ìûøàõ, ðåàêöèè äèô-
ôóçíîé ïðåöèïèòàöèè â àãàðîâîì ãåëå, ðåàêöèè ãåìàããëþ-
òèíàöèè è ìèêðîñêîïèè.

Îáúåêòàìè âíåøíåé ñðåäû ñëóæèëè ïî÷âà, êîðìóøêè,
ïîèëêè, ïîë è ñòåíû êîøàð, îãðàæäåíèÿ äëÿ ñîäåðæàíèÿ
æèâîòíûõ. Ïðè èçó÷åíèè âèðóëèöèäíîé àêòèâíîñòè ðàç-
ëè÷íûõ äåçèíôèöèðóþùèõ ñðåäñòâ ê èíãèáèðîâàíèþ âè-
ðóñà îñïû îâåö áûëè èñïîëüçîâàíû äåçèíôåêòàíòû: ãèäðî-

êñèä íàòðèÿ, ãèïîõëîðèò íàòðèÿ, ãëóòàðîâûé àëüäåãèä, ÃÀÍ,
Äåêñèä-400.

Ïîñëåäíèå äâà ïðåïàðàòà ðàçðàáîòàíû ñïåöèàëüíî äëÿ
äåçèíôåêöèè îáúåêòîâ æèâîòíîâîä÷åñêèõ ïîìåùåíèé è
âûïóñêàþòñÿ â ïðîøëåííûõ îáúåìàõ. ÃÀÍ ñîäåðæèò â
ñâîåì ñîñòàâå 5% ãëóòàðîâîãî àëüäåãèäà, 5% ãëèîêñàëÿ,
10% êàòàÏÀÂà è îáëàäàåò øèðîêèì ñïåêòðîì àíòèìèêðîá-
íîãî äåéñòâèÿ. Äåêñèä-400 ïîëó÷åí íà îñíîâå îïòèìèçè-
ðîâàííîé ñìåñè â âîäíîé ñðåäå ãëóòàðàëüäåãèäà è ÷åòâåð-
òè÷íûõ ñîåäèíåíèé àììîíèÿ è îáëàäàåò ìîùíîì âîçäåé-
ñòâèåì ãëóòàðàëüäåãèäíîé ñîñòàâëÿþùåé. Äåçèíôèöèðó-
þùèå ïðåïàðàòû â ïðîèçâîäñòâåííûõ óñëîâèÿõ èñïîëüçî-
âàëè ñîãëàñíî èíñòðóêöèÿì è ïî ðåæèìàì, òåõíîëîãèè è
öèêëîãðàììàì ïðîôèëàêòè÷åñêîé è âûíóæäåííîé äåçèí-
ôåêöèè îáúåêòîâ æèâîòíîâîä÷åñêèõ ïîìåùåíèé.

Ðåçóëüòàòû èññëåäîâàíèé

Â ïðîöåññå ïðåäâàðèòåëüíûõ ëàáîðàòîðíûõ èññëåäî-
âàíèé áûëè óñòàíîâëåíû ïðîöåíò è ñðîêè âûæèâàåìîñòè
âèðóñà îñïû îâåö â ðàçëè÷íûõ îáúåêòàõ âíåøíåé ñðåäû,
åãî óñòîé÷èâîñòè ê äåéñòâèþ ðÿäà ñîâðåìåííûõ è òðàäèöè-
îííûõ äåçèíôèöèðóþùèõ ñðåäñòâ. Âûÿâëåíû íàèáîëåå
äåéñòâåííûå äåçèíôåêòàíòû è ðåæèìû äëÿ îáåççàðàæèâà-
íèÿ âîçáóäèòåëÿ îñïû. Ïîëó÷åííûå äàííûå â äàëüíåéøåì
ïîñëóæèëè äëÿ ðàçðàáîòêè ðåêîìåíäàöèé ïî îáåççàðàæè-
âàíèþ âîçáóäèòåëÿ îñïû îâåö â î÷àãàõ.

Íà ïåðâîì ýòàïå ïðîâåëè ýêñïåðèìåíòàëüíûå îïûòû íà
âûæèâàåìîñòü âèðóñà îñïû ê äåéñòâèþ äåçèíôèöèðóþùèõ
âåùåñòâ.  Ïåðèîäè÷åñêè (ñîãëàñíî ìåòîäè÷åñêèì ðåêîìåíäà-
öèÿì) ïðîâîäèëè èññëåäîâàíèå òåñò-îáúåêòîâ íà íàëè÷èå â
íèõ æèâîãî âèðóñà ïóòåì ïîñòàíîâêè áèîëîãè÷åñêèõ ïðîá íà
êóðèíûõ ýìáðèîíàõ, îâöàõ è êîçàõ. Ïîëíîòó èíàêòèâàöèè
àãåíòîâ ïîäòâåðæäàëè ïîñòàíîâêîé áèîïðîáû.

Íà âòîðîì ýòàïå áûëè ïðîâåäåíû èññëåäîâàíèÿ óðîâíÿ
êîíòàìèíàöèè âèðóñîì îñïû â äâóõ õîçÿéñòâàõ Õàòëîíñêî-
ãî ðåãèîíà, êîòîðûå ÿâëÿëèñü ñòàöèîíàðíî íåáëàãîïîëó÷-
íûìè ïî îñïå êîç è êîç.

Ïðè èçó÷åíèè ïîëíîòû èíàêòèâàöèè àãåíòà è äåéñòâèå
íà âèðóñ îñïû  è êîç èç äîñòóïíûõ â ïðàêòèêå õèìè÷åñêèõ
ñðåäñòâ (ãèäðîêñèä íàòðèÿ, õëîðíàÿ èçâåñòü, ãëóòàðîâûé
àëüäåãèä) íàèáîëåå ýôôåêòèâíûì îêàçàëñÿ ãèäðîêñèä íà-
òðèÿ èç ãðóïïû ùåëî÷åé (95%). Ãèïîõëîðèò íàòðèÿ èìåë
ñëàáóþ ýôôåêòèâíîñòü è óáèâàë âèðóñ â òå÷åíèå 30 ìèíóò
â 65% ïðîá (ñì. Òàáëèöó).

Õîðîøèõ ðåçóëüòàòîâ óäàëîñü äîñòè÷ü ïðè îáåççàðà-
æèâàíèè ïîâåðõíîñòåé ñîâðåìåííûìè äåçèíôèöèðóþùè-
ìè ïðåïàðàòàìè, èìåþùèìè â ñâîåì ñîñòàâå êîìïëåêñ
ãðóïï äåçîñðåäñòâ ÃÀÍ è  Äåêñèä-400. Çà 20–30 ìèíóò
ïîëó÷åí ðåçóëüòàò èíàêòèâàöèè âèðóñà îñïû îâåö è êîç â 90
– 95% ñëó÷àÿõ ñîîòâåòñòâåííî.

Òàêèì îáðàçîì, ïðîâåäåííûå íàìè â ëàáîðàòîðíûõ
óñëîâèÿõ èññëåäîâàíèÿ ïîêàçàëè, ÷òî ïðåïàðàòû ÃÀÍ, Äåê-
ñèä-400 è ãèäðîêñèä íàòðèÿ îáëàäàþò íàèáîëåå âûñîêîé
âèðóëèöèäíîé àêòèâíîñòüþ è ìîãóò áûòü èñïîëüçîâàíû
äëÿ äåçèíôåêöèè ïðè ïðîÿâëåíèè âñïûøêè îñïû îâåö.

Â æèâîòíîâîä÷åñêèõ ïîìåùåíèÿõ, êîòîðûå ðàíåå áûëè
íåáëàãîïîëó÷íûìè ïî îñïå îâåö è êîç, ïîñëå ïðîâåäåííîé
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äåçèíôåêöèè ïðåïàðàòàìè ÃÀÍ, Äåêñèä-400 è ãèäðîêñè-
äîì íàòðèÿ, ñîãëàñíî èíñòðóêöèÿì ïî ïðèìåíåíèþ è ïðà-
âèëàì ïðîâåäåíèÿ äåçèíôèöèðóþùèõ ìåðîïðèÿòèé, â ïðî-
áàõ âçÿòûõ ïîñëå îáðàáîòêè ÷åðåç 1 ñóòêè âîçáóäèòåëü
îñïû îâåö è êîç íå îáíàðóæåí.

Çàêëþ÷åíèå

Íàèáîëåå ýôôåêòèâíûìè ñðåäñòâàìè äëÿ äåçèíôåêöèè
âèðóñà îñïû îâåö è êîç ÿâëÿþòñÿ: 2 % ðàñòâîð åäêîãî
íàòðèÿ è ðàñòâîðû äåçîñðåäñòâ 0,2% ÃÀÍ è 2% Äåêñèä-400.
Ýòè ñðåäñòâà   óáèâàþò âèðóñ Variola ovium â 90–95%
ñëó÷àÿõ â òå÷åíèå 20–30 ìèíóò.

Óñòàíîâëåíî, ÷òî âèðóëåíòíîñòü îñòàâøèõñÿ æèâûõ
ìèêðîáîâ ñîõðàíÿëàñü, íî èõ êîëè÷åñòâî ðåçêî óìåíüøà-
ëîñü è íå ìîãëî âûçâàòü çàáîëåâàíèå æèâîòíûõ.
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Ïî ìàòåðèàëàì Ðîññåëüõîçíàäçîðà
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Ðåçþìå. Îäèí èç ýôôåêòèâíûõ ìåòîäîâ àíàëèçà áåëêà
â ðåæèìå ðåàëüíîãî âðåìåíè îñíîâàí íà ÿâëåíèè èíòåðôå-
ðåíöèè ñâåòà è íàçûâàåòñÿ "áèîñëîéíàÿ èíòåðôåðîìåò-
ðèÿ". Ïàòåíòîâàííàÿ òåõíîëîãèÿ áèîñëîéíîé èíòåðôåðî-
ìåòðèè (Bio-Layer Interferometry, BLI), êîòîðàÿ ëåæèò â
îñíîâå ïëàòôîðìû ForteBio Octet, îáåñïå÷èâàåò àíàëèç
âçàèìîäåéñòâèé íà ïîâåðõíîñòè îäíîðàçîâûõ îïòîâîëî-
êîííûõ áèîñåíñîðîâ.  Â ñòàòüå ïðåäñòàâëåíà òåõíîëîãèÿ
èíòåðôåðîìåòðèè áèîñëîÿ ìîëåêóë BLI, êîòîðàÿ ìîæåò
áûòü èñïîëüçîâàíà äëÿ îïðåäåëåíèÿ êèíåòèêè è àôôèííî-
ñòè, äëÿ ñïåöèôè÷åñêîãî êîëè÷åñòâåííîãî îïðåäåëåíèÿ
ìîëåêóë, ñâÿçàííûõ ñ  áèîñåíñîðîì. Öåëüþ îáçîðà ÿâëÿ-
ëîñü îáîáùåíèå íàó÷íûõ äàííûõ ïî èñïîëüçîâàíèþ òåõíî-
ëîãèé èíòåðôåðîìåòðèè áèîñëîÿ ìîëåêóë BLI â îïðåäåëå-
íèè êîíöåíòðàöèè áåëêîâ è èçó÷åíèè êèíåòèêè âçàèìîäåé-
ñòâèÿ ñ èñïîëüçîâàíèåì ñèñòåì Octet ïðè ñîçäàíèè íîâûõ
âàêöèí ìíîãèìè ñïîñîáàìè. Òåõíîëîãèÿ èíòåðôåðîìåò-
ðèè áèîñëîÿ ìîëåêóë BLI ïîçâîëÿåò èçìåðÿòü êîíöåíòðà-
öèþ ïðîòåèíîâ áåç èñïîëüçîâàíèÿ ìåòîê èëè âñïîìîãà-
òåëüíûõ ðåàãåíòîâ, äàæå â íåîáðàáîòàííûõ ñðåäàõ. Îíà
õàðàêòåðèçóåòñÿ ÷óâñòâèòåëüíîñòüþ âïëîòü äî íåñêîëüêèõ
íã/ñì3, îáåñïå÷èâàåò òî÷íûå êîëè÷åñòâåííûå èçìåíåíèÿ çà
íåñêîëüêî ñåêóíä, à íå çà ìíîãèå ÷àñû, êàê òðàäèöèîííûå
ìåòîäû (ELISA, HPL Coder). Ïîêàçàòåëè àôôèííîñòè, êîí-
öåíòðàöèè è êèíåòèêà ñâÿçûâàíèÿ èçó÷àåìûõ áåëêîâ ìîãóò

èçìåðÿòüñÿ â êàïåëüíûõ ïðîáàõ îáú¸ìîì 4 ìêë ïðÿìî íà
ëàáîðàòîðíîì ñòîëå. Òåõíîëîãèÿ èíòåðôåðîìåòðèè áèî-
ñëîÿ ìîëåêóë BLI ìîæåò ïðèìåíÿòüñÿ èññëåäîâàòåëÿìè äëÿ
âûáîðà íàèáîëåå èììóíîãåííûõ ýïèòîïîâ â ìîëåêóëÿðíîé
ñòðóêòóðå ïàòîãåíà, òàêæå âîçìîæíî ïðîâîäèòü èññëåäîâà-
íèÿ ïî õàðàêòåðèñòèêå è ðàñïîçíàâàíèþ, ðàçíîîáðàçèþ è
ðàñïðîñòðàíåíèþ ïàòîãåíîâ, ñðîäñòâó ê àíòèòåëàì, ìîæíî
äàâàòü õàðàêòåðèñòèêó èììóííîãî îòâåòà õîçÿèíà, èçó÷àòü
ìîëåêóëÿðíûå  âçàèìîäåéñòâèÿ ïàòîãåíà è õîçÿèíà, à òàêæå
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Abstract. One of the effective methods for real-time protein
analysis is based on the phenomenon of  light interference and
is called "biolayer interferometry". The patented Bio-Layer
Interferometry (BLI) technology, which  underlies  ForteBio
Octet platform, provides surface interaction analysis for
disposable fiber optic biosensors. The article presents the
technology of  interferometry of the biolayer of BLI molecules,
which can be used to determine the kinetics and affinity, for the
specific quantitative determination of  molecules bound to the
biosensor. The purpose of  the review was to summarize
scientific data on the use of the interferometry technology of  the
biolayer of  BLI molecules in determining the concentration of
proteins and studying the kinetics of  interaction using Octet
systems when creating new vaccines in many ways. BLI biolayer
interferometry technology allows protein concentration
measurements to be performed without  using of labels or
auxiliary reagents, even in untreated media. It is characterized by
a sensitivity up to several ng/cm3, provides accurate quantitative
changes in a few seconds, and not in many hours like traditional
methods (ELISA, HPL Coder).  The affinity, concentration, and
binding kinetics of the studied proteins can be measured in 4- ml
drop samples directly on the laboratory table. The technology of
interferometry of the biolayer of BLI molecules can be used by
researchers to select the most immunogenic epitopes in the
molecular structure of a pathogen, it is also possible to conduct
studies on the characterization and recognition, diversity and
distribution of pathogens, affinity for antibodies, it is possible to
characterize the immune response of the host, to study molecular
interactions between the pathogen and the host, and to carry out
therapeutic and clinical research. Currently, the technology of
interferometry of the biolayer of  BLI molecules has already been
used in fundamental studies of pathogens that cause HIV, herpes,
Ebola, influenza A H7N9, Dengue, malaria, Zika virus, diphtheria,
tuberculosis, listeriosis, gastroenteritis, respiratory pathology,
including the COVID outbreak. -19.
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îñóùåñòâëÿòü òåðàïåâòè÷åñêèå è êëèíè÷åñêèå èññëåäîâà-
íèÿ. Â íàñòîÿùåå âðåìÿ òåõíîëîãèÿ èíòåðôåðîìåòðèè áèî-
ñëîÿ ìîëåêóë BLI óæå èñïîëüçîâàíà â ôóíäàìåíòàëüíûõ
èññëåäîâàíèÿõ  ïàòîãåíîâ, âûçûâàþùèõ  ÂÈ×, ãåðïåñ,
Ýáîëà, ãðèïï À Í7N9, Äåíãå, ìàëÿðèþ, áîëåçíü Çèêà, äèô-
òåðèþ, òóáåðêóëåç, ëèñòåðèîç, ãàñòðîýíòåðèòû, ðåñïèðà-
òîðíóþ ïàòîëîãèþ, â òîì ÷èñëå  è âñïûøêó COVID-19.

Â íàñòîÿùåå âðåìÿ âíèìàíèå ðîññèéñêèõ èññëåäîâàòå-
ëåé ïðèâëåêëà  èííîâàöèîííàÿ òåõíîëîãèÿ èíòåðôåðîìåò-
ðèè áèîñëîÿ ìîëåêóë BLI â îïðåäåëåíèè êîíöåíòðàöèè
áåëêîâ è èçó÷åíèè êèíåòèêè âçàèìîäåéñòâèÿ ñ èñïîëüçîâà-
íèåì ñèñòåì Octet. Îäèí èç ýôôåêòèâíûõ ìåòîäîâ àíàëèçà
áåëêà â ðåæèìå ðåàëüíîãî âðåìåíè îñíîâàí íà ÿâëåíèè
èíòåðôåðåíöèè ñâåòà è íàçûâàåòñÿ "áèîñëîéíàÿ èíòåðôå-
ðîìåòðèÿ". Óñòðîéñòâà, ðàáîòàþùèå ïî ýòîìó ïðèíöèïó,
ïîçâîëÿþò áûñòðî â êîìïëåêñå ðåøàòü çàäà÷è ïî èññëåäî-
âàíèþ âèðóñîâ è ðàçðàáîòêå âàêöèí, âçàèìîäåéñòâèþ ÐÍÊ
è ÄÍÊ, áåëêîâî-ëèïèäíîãî âçàèìîäåéñòâèÿ, õàðàêòåðèçà-
öèè àíòèòåë è ôðàãìåíòîâ àíòèòåë, ñîçäàíèþ íîâûõ ëåêàð-
ñòâåííûõ ïðåïàðàòîâ.

Ñ÷èòàåì, ÷òî òåõíîëîãèÿ èíòåðôåðîìåòðèè áèîñëîÿ
ìîëåêóë BLI áóäåò î÷åíü ïîëåçíà ïðè ôóíäàìåíòàëüíûõ
èññëåäîâàíèÿõ ñ öåëüþ ðàçðàáîòêè âàêöèí.  Ïîÿñíåíèÿ
ïðåäñòàâëåíû íèæå íà êîíêðåòíûõ ïðèìåðàõ.

Áåçìàðêåðíàÿ òåõíîëîãèè â ðåàëüíîì âðåìåíè  (RT-LF)
âíåñëà áîëüøîé âêëàä â ôóíäàìåíòàëüíûå èññëåäîâàíèÿ, à
òàêæå øèðîêî èñïîëüçóåòñÿ ïðè ðàçðàáîòêå, è ïðè ïðîèç-
âîäñòâå âàêöèí â ïîñëåäíèå ãîäû.  Áèîñåíñîðíûå òåõíîëî-
ãèè íà îñíîâå Surface Plasmon Resonance (SPR), Surface
Plasmon Resonance Imaging (SPRi), è èíòåðôåðîìåòðèè
áèîñëîÿ ìîëåêóë (BLI) èìåþò äîêàçàííóþ ïðàêòè÷åñêóþ
öåííîñòü è ýôôåêòèâíîñòü ìîíèòîðèíãà ìîëåêóëÿðíûõ
âçàèìîäåéñòâèé, òàê êàê ñâÿçûâàþùèå ñîáûòèÿ ìîãóò êîí-
òðîëèðîâàòüñÿ â ðåæèìå ðåàëüíîãî âðåìåíè áåç íåîáõîäè-
ìîñòè äîïîëíèòåëüíîé è äîðîãîñòîÿùåé ìàðêèðîâêè. Ýòè

ÐÒ-Í× áèîñåíñîðíûå ìåòîäû ÿâëÿþòñÿ î÷åíü ìîùíûìè è
ïîëåçíûìè äëÿ õàðàêòåðèñòèêè ìîëåêóëÿðíûõ âçàèìîäåé-
ñòâèé íà áîëüøèíñòâå ñòàäèé ïðîèçâîäñòâà è ðàçðàáîòêè
âàêöèí. Ýòè áèîñåíñîðíûå ìåòîäû èñïîëüçóþò âåäóùèå
ìèðîâûå ëèäåðû – ïðîèçâîäèòåëè âåòåðèíàðíûõ âàêöèí,
íàïðèìåð ôèðìà "Áåðèíãåð", òåõíîëîãèÿ BLI èñïîëüçóåòñÿ
ó÷åíûìè â Ðîññèè â  "Ñêîëêîâî".

Òàê êàê òåõíîëîãèÿ BLI ìîæåò áûòü èñïîëüçîâàíà äëÿ
îïðåäåëåíèÿ êèíåòèêè è àôôèííîñòè, äëÿ ñïåöèôè÷åñêîãî
êîëè÷åñòâåííîãî îïðåäåëåíèÿ ìîëåêóë, ñâÿçàííûõ ñ  áèî-
ñåíñîðîì, ÷òî îáåñïå÷èâàåò øèðîêèé ñïåêòð ïðèìåíåíèé.
Èñïîëüçîâàíèå òåõíîëîãèè  BLI ìîæåò ïîìî÷ü â èññëåäî-
âàíèÿõ ïðè ðàçðàáîòêå âàêöèí ìíîãèìè ñïîñîáàìè: ïîäáè-
ðàòü íàèáîëåå èììóíîãåííûå ýïèòîïû â ìîëåêóëÿðíîé
ñòðóêòóðå ïàòîãåíà, ïðîâîäèòü èññëåäîâàíèÿ ïî õàðàêòå-
ðèñòèêå è ðàñïîçíàâàíèþ, ðàçíîîáðàçèþ è ðàñïðîñòðàíå-
íèþ ïàòîãåíîâ, ñðîäñòâó ê àíòèòåëàì, ìîæíî  äàâàòü õàðàê-
òåðèñòèêó èììóííîãî îòâåòà õîçÿèíà, èçó÷àòü ìîëåêóëÿð-
íûå  âçàèìîäåéñòâèÿ ïàòîãåíà è õîçÿèíà, à òàêæå îñóùåñòâ-
ëÿòü òåðàïåâòè÷åñêèå è êëèíè÷åñêèå èññëåäîâàíèÿ.

Â íàñòîÿùåå âðåìÿ òåõíîëîãèÿ BLI óæå èñïîëüçîâàíà â
ôóíäàìåíòàëüíûõ èññëåäîâàíèÿõ  ïàòîãåíîâ, âûçûâàþ-
ùèõ  ÂÈ×,  ãåðïåñ, Ýáîëà, ãðèïï À Í7N9, Äåíãå, ìàëÿðèþ,
áîëåçíü Çèêà, äèôòåðèþ, òóáåðêóëåç, ëèñòåðèîç, ãàñòðîýí-
òåðèòû, ðåñïèðàòîðíóþ ïàòîëîãèþ, â òîì ÷èñëå  è âñïûøêó
COVID-19.

Íåâåðîÿòíîå ðàçíîîáðàçèå ìèêðîáîâ è èõ ñïîñîáíîñòü
ê àäàïòàöèè òðåáóþò ïîñòîÿííîãî èçó÷åíèÿ ìîëåêóëÿðíûõ
âçàèìîäåéñòâèé è ïîíèìàíèÿ ìåõàíèçìà äåéñòâèÿ áîëåç-
íè. Ïðàâèëüíûé ïîäáîð äèçàéíà ýïèòîïà, îòâå÷àþùåãî çà
èììóíîãåííîñòü,  ïîâëèÿåò íà ýôôåêòèâíîñòü  âàêöèíû,
òàê êàê ðàçëè÷íûå ýïèòîïû ìîãóò èìåòü ðàçëè÷íóþ èììó-
íîãåííîñòü, ôóíêöèè è ìèøåíè. Ñëåäóþùèå ïðèìåðû ïî-
êàçûâàþò ñòðàòåãèè, êîòîðûå èñïîëüçóåò òåõíîëîãèÿ BLI è
êàê îíà ðàáîòàåò, ÷òîáû âíåñòè ñâîé âêëàä â ïîíèìàíèå è
õàðàêòåðèñòèêó äèçàéíà ýïèòîïîâ äëÿ ðàçðàáîòêè âàêöèí

èëè óëó÷øåíèÿ âàêöèíû.
Õîòÿ âàêöèíà ïðîòèâ íàòóðàëü-

íîé îñïû õîðîøî èçâåñòíà è áûëà
îäíîé èç ïåðâûõ âàêöèí, â íàñòîÿùåå
âðåìÿ âîçíèêàþò ïðîáëåìû ñ îðòîëî-
ãè÷åñêèìè øòàììàìè. Ïîñêîëüêó øè-
ðîêîìàñøòàáíûå óñèëèÿ ïî âàêöèíà-
öèè ïðîòèâ îñïû çàêîí÷èëàñü, íàñå-
ëåíèå â öåëîì áîëüøå íå ìîæåò áûòü
çàùèùåíî îò îðòîïîêñâèðóñîâ, êîòî-
ðûå âêëþ÷àþò âèðóñ îñïû îáåçüÿí è
ðàçëè÷íûå øòàììû âèðóñîâ êîðîâü-
åé îñïû. Òåõíîëîãèÿ BLI èñïîëüçóåò-
ñÿ êàê èíñòðóìåíò, ÷òîáû ïîìî÷ü â
ïîèñêå ìåæâèäîâîãî çàùèòíîãî ìå-
õàíèçìà è â ðàçðàáîòêå âàêöèíû ïðî-
òèâ âèðóñà êîðîâüåé îñïû. Õîðîøî
îðãàíèçîâàííàÿ ñòðàòåãèÿ BLI îáîá-
ùåíà è ïðîèëëþñòðèðîâàíà íà Ðè-
ñóíêå 1, â êîòîðîì çàðóáåæíûå àâòî-
ðû èçó÷èëè ýïèòîïû L1, ÷òîáû ïî-
íÿòü çàùèòíûé ìåõàíèçì àíòè-L1 àí-
òèòåë, ïîñêîëüêó àíòèòåëà ê ýïèòîïó
L1 ÿâëÿþòñÿ âàæíîé ìèøåíüþ äëÿ
âèðóñíîé íåéòðàëèçàöèè. Ðåêîìáè-
íàíòíûå áåëêè L1 (N27, Q31, è D35)
ïîäâåðãàëè ïðîñòîé çàìåíå àëàíèíîì
ñ èñïîëüçîâàíèåì ñàéò-íàïðàâëåííî-
ãî ìóòàãåíåçà, è ìóòèðîâàâøèå ðå-
êîìáèíàíòíûå áåëêè L1 áûëè èììî-
áèëèçîâàíû íà áèîñåíñîðàõ Ni-NTA

Ðèñóíîê 1.  Ñõåìà ñòðàòåãèè áèî-ñëîåâîé èíòåðôåðîìåòðèè (BLI) ñ èñïîëüçîâàíèåì
çàðÿæåííîãî íèêåëåì Òðèñ-íèòðèëîòðèóêñóñà.(NTA) áèîñåíñîð äëÿ èäåíòèôèêàöèè
âèðóñíûõ îñòàòêîâ L1, êîòîðûå íàèáîëåå àêòèâíû ïîñëå ââåäåíèÿ âàêöèíû. Ñàéò-
íàïðàâëåííûé ìóòàãåíåç èñïîëüçîâàëñÿ äëÿ èçìåíåíèÿ îñòàòêîâ L1, à BLI - äëÿ
ïðîâåðêè èõ ñðîäñòâà êàíòè-L1 mAbs. Â òàáëèöå ïðèâåäåíû ðåçóëüòàòû êîíñòàíòû
ñâÿçûâàíèÿ M12B9-Fab ïî ñðàâíåíèþ ñ äèêèì òèïîì, N 27 A, Q31A èD35A. Êä-ýòî
êîíñòàíòû àôôèííîñòè, êà-àññîöèàöèÿ ïîñòîÿííàÿ, è KD ÿâëÿåòñÿ êîíñòàíòîé äèññî-
öèàöèè. Äàííûå â òàáëèöå ïîëó÷åíû èç îïóáëèêîâàííûõ äàííûõ [6] ñ ñîãëàñèÿ àâòîðà.
Figure 1. Schematics of bio-layer interferometry (BLI) strategy using a nickel-charged tris-
nitrilotriacetic (NTA) biosensor for the identi?cation of viral L1 residues that are most active
during vaccinia infection. Site-directed mutagenesis was used to alter L1 residues, and BLI
was used to test their affinity to anti-L1 mAbs. Table shows binding constant results of
M12B9-Fab versus wild-type, N27A, Q31A, and D35A. KD is affinity constant, ka is
association constant, and kd is dissociation constant. Table data was derived from published
data [6] with author consent.
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÷åðåç åãî Ñ-êîíöåâîé ãåêñàãèñòàìèí tag, è ìîíîêëîíàëü-
íûå àíòèòåëà mAb ïðîòèâ L1, èñïîëüçóåìûå â êà÷åñòâå
àíàëèòà. Èçìåðÿÿ êîíñòàíòó àôôèííîñòè (KD), ñêîðîñòü
àññîöèàöèè êîíñòàíòó (ka) è êîíñòàíòó ñêîðîñòè äèññîöè-
àöèè (kd), èñïîëüçóÿ ìîäåëü ñâÿçûâàíèÿ 1: 1, àâòîðû ñðàâ-
íèëè êèíåòèêó ñâÿçûâàíèÿ WT-L1 (äèêîãî òèïà èëè ïîëå-
âîãî òèïà), N27A, Q31A è D35A ñ àíòèòåëàìè  mAb. Â
ðåçóëüòàòå îíè íå îáíàðóæèëè ñâÿçûâàíèÿ D35A ñ M12B9-
Fab, òîãäà êàê ìåæäó áåëêàìè ïîëåâîãî øòàììà  è  N27A è
Q31A (ðèñóíîê 1, òàáëèöà) íå íàáëþäàëîñü çíà÷èòåëüíîé
ðàçíèöû â àôôèííîñòè ñâÿçûâàíèÿ ñ  àíòèòåëàìè mAb ê
ýïèòîïó L1.

 Ýòè ðåçóëüòàòû ïîêàçûâàþò, ÷òî M12B9 ñâÿçûâàåòñÿ ñ
áåëêîì L1 ñ âûñîêèì ñðîäñòâîì, íî îäíà çàìåíà D35A â L1
îòìåíÿåò ñâÿçûâàíèå, ÷òî äîêàçûâàåò, ÷òî áîêîâàÿ öåïü
D35 âàæíà äëÿ ñâÿçûâàíèÿ ãðóïïû ìîùíûõ íåéòðàëèçóþ-
ùèõ àíòèòåë.Ýòî èññëåäîâàíèå ïîêàçûâàåò, êàê BLI ìîæåò
âíåñòè áîëüøîé âêëàä â ïîíèìàíèå ôóíêöèîíàëüíûõ ñïî-
ñîáíîñòåé áåëêîâ, ó÷àñòâóþùèõ â ðàñïîçíàâàíèè âèðóñà,
÷òî ìîæåò ïðèâåñòè ê ïîâûøåíèþ ýôôåêòèâíîñòè âàêöèíû
â áóäóùåì. Â ýòîì ñëó÷àå ýïèòîï ñíà÷àëà èììîáèëèçóåòñÿ
íà áèîñåíñîðå, à àíòèòåëà mAb â ðàñòâîðå ïîçâîëÿþò ñâÿ-
çûâàòüñÿ ñ ýïèòîïàìè. Ýòîò ïîäõîä ïîëåçåí äëÿ ñàéò-íà-
ïðàâëåííîãî èññëåäîâàíèÿ ìóòàãåíåçà, ïîòîìó ÷òî òåõíî-
ëîãèÿ BLI ïîìîãàåò òåñòèðîâàòü ìîäèôèöèðîâàííûå ïåï-
òèäû íà èõ ñðîäñòâî è ñâÿçûâàþùèå õàðàêòåðèñòèêè.

Î÷åíü èíòåðåñåí åùå îäèí ïîäõîä èñïîëüçîâàíèÿ òåõ-
íîëîãèè BLI ïðè ðàçðàáîòêå âàêöèí – ýòî ïîäáîð ýïèòîïà
ïàòîãåíà è âû÷èñëèòåëüíûé äèçàéí êàðêàñà ýïèòîïà äëÿ
òðàíñïëàíòàöèè èíòåðåñóþùåãî ýïèòîïà íà ãåòåðîëîãè÷-
íûé áåëêîâûé êàðêàñ. Ýòà ñòðàòåãèÿ ñîçäàíèÿ âàêöèíû,
îðèåíòèðîâàííàÿ íà ýïèòîïû, ìîæåò áûòü î÷åíü óñïåøíîé
â ïîâûøåíèè ýôôåêòèâíîñòè âàêöèíû. Â ñëåäóþùåì ïðè-
ìåðå òåõíîëîãèè BLI áûëè èñïîëüçîâàíû äëÿ òåñòèðîâàíèÿ
àôôèííîñòè êàðêàñîâ ýïèòîïà âèðóñà ãåïàòèòà Ñ ê íåéòðà-
ëèçóþùèì àíòèòåëàì. Â îòëè÷èå îò îñïû, âàêöèí ïðîòèâ
âèðóñà ãåïàòèòà Ñ íå ñóùåñòâóåò. Ðàçðàáîòêà ïðîôèëàêòè-
÷åñêîé âàêöèíû ïðîòèâ ãåïàòèòà Ñ áûëà çàòðóäíåíà èç-çà
áîëüøîãî ðàçíîîáðàçèÿ âèðóñíîé ñòðóêòóðû è îñîáåííîñ-
òåé èììóííîãî îòâåòà õîçÿèíà. Èññëåäîâàòåëè Heetal.  ðàç-
ðàáîòàëè "ñêàôôîëäû"ýïèòîïà âèðóñà ãåïàòèòà Ñ èç àíòè-
ãåííûõ ñàéòîâ ãëèêîïðîòåèíîâ E1 è E2. Àâòîðû ïðîâåëè
ïîèñê è îòôèëüòðîâàëè ïîòåíöèàëüíûå êàðêàñû, èñïîëüçóÿ
ìåòîä ìàòðè÷íîãî ìåòà-ñåðâåðà, êîòîðûé ñîñòîèò èç øåñòè
ðàçëè÷íûõ áàç äàííûõ: TM-align (F), TM-align (C), SPalign,
CLICK, FAST è Mammoth. Çàòåì àâòîðû ìîäåëèðîâàëè
ïîòåíöèàëüíûå êàðêàñû ýïèòîïîâ. Îòîáðàííûå êàðêàñû
ýïèòîïîâ áûëè ýêñïðåññèðîâàíû â êëåòêàõ, î÷èùåíû è èõ
ñðîäñòâî ïðîâåðåíî íà ïðèáîðå BLI Octet. Ñòðóêòóðíîå
ìîäåëèðîâàíèå è ðàñ÷åòíûå êîíñòðóêöèè ìîãóò áûòü ïðî-
òåñòèðîâàíû ýêñïåðèìåíòàëüíî  ñ èñïîëüçîâàíèåì ðàçëè÷-
íûõ ïëàòôîðì BLI, ïðåâðàùàÿ òåîðèþ â ðåàëüíîñòü. Â
ñâîåì èññëåäîâàíèè àâòîðû èñïîëüçîâàëè èíñòðóìåíò BLI
- Octet RED96 – äëÿ äåìîíñòðàöèè ñðîäñòâà ñâÿçûâàíèÿ
ìåæäó êàðêàñàìè ýïèòîïîâ âèðóñà ãåïàòèòà Ñ è íåéòðàëè-
çóþùèìè àíòèòåëàìè, ÷òî ïîìîãëî îõàðàêòåðèçîâàòü è
âûáðàòü íàèáîëåå ýôôåêòèâíûå êàðêàñû.

Áèîñåíñîðíûå òåõíîëîãèè ïðåäîñòàâëÿþò èíôîðìà-
öèþ î ñðîäñòâå è êèíåòèêå ñâÿçûâàíèÿ, êîòîðàÿ èìååò
ðåøàþùåå çíà÷åíèå äëÿ èññëåäîâàíèé õàðàêòåðèñòèê. Òåõ-
íîëîãèÿ BLI ìîæåò ïðåäîñòàâèòü êîíñòàíòû ñêîðîñòè âêëþ-
÷åíèÿ è âûêëþ÷åíèÿ ñâÿçûâàíèÿ àíòèòåëà ñ àíòèãåíîì
ïóòåì ïîäáîðà ìîäåëè.

Íèæå ïðèâîäèì ïðèìåð èñïîëüçîâàíèÿ òåõíîëîãèè
áèîñëîéíîé èíòåðôåðîìåòðèè (BLI) ïðè ðàçðàáîòêå âàêöè-
íû ïðîòèâ êîðîíîâèðóñíîé èíôåêöèè. Èñïîëüçóÿ òåõíîëî-
ãèþ áèîñëîéíîé èíòåðôåðîìåòðèè (BLI),  çàðóáåæíûå èñ-

ñëåäîâàòåëè ðàçðàáîòàëè ðÿä òåñòîâ äëÿ èäåíòèôèêàöèè
àíòèòåë ñ ðåàêöèîííîé ñïîñîáíîñòüþ ê SARS-CoV-2 è äëÿ
îáåñïå÷åíèÿ áûñòðîé õàðàêòåðèñòèêè êàíäèäàòîâ íà âàê-
öèíó SARS-CoV-2. Ñåðü¸çíîñòü âñïûøêè COVID-19 ïîä-
÷åðêèâàåò íåîáõîäèìîñòü ðàçðàáîòêè òåðàïåâòè÷åñêèõ ïðå-
ïàðàòîâ, òàêèõ êàê: âàêöèíû, íèçêîìîëåêóëÿðíûå èíãèáè-
òîðû è ïðåïàðàòû äëÿ èììóíîòåðàïèè.

Ïåðâîíà÷àëüíî èññëåäîâàòåëè ïðîòåñòèðîâàëè íàáîð
ìîíîêëîíàëüíûõ àíòèòåë SARS-CoV, ïîëó÷åííûõ èç ðå-
ñóðñîâ BEI, äëÿ îöåíêè ïåðåêðåñòíîé ðåàêòèâíîñòè ê ãëè-
êîïðîòåèíó SARS-CoV-2 Spike. Ýòè àíòèòåëà íàöåëåíû íà
êîíñåðâàòèâíûé ýïèòîï, ïðèñóòñòâóþùèé íà SARS-CoV è
ñâÿçàííûõ ñ íèì áåòà-êîðîíàâèðóñàõ, ñîñðåäîòî÷åííûõ íà
ðåöåïòîð-ñâÿçûâàþùåì äîìåíå Proline 384.Èñïîëüçóÿ ýòîò
íàáîð  àíòèòåë è äîïîëíèòåëüíûé íàáîð ñèëüíîäåéñòâóþ-
ùèõ íåéòðàëèçóþùèõ àíòèòåë, ó÷¸íûå ïðîâåëè àíòèãåí-
íûé ñêðèíèíã áîëåå ÷åì 100 êàíäèäàòîâ íà âàêöèíó èç
íàíî÷àñòèö SARS-CoV-2. Ïîäìíîæåñòâî ýòèõ èììóíîãå-
íîâ áûëî îöåíåíî â èññëåäîâàíèÿõ èììóíîãåííîñòè ó ìû-
øåé. Èñïîëüçóÿ ñèñòåìû Octet è òåõíîëîãèþ BLI, èññëåäî-
âàòåëè îöåíèëè âûçâàííóþ âàêöèíîé âûðàáîòêó ñïåöèôè-
÷åñêèõ àíòèòåòåë  ïðîòèâ äîìåíà, ñâÿçûâàþùåãî ðåöåïòîð
âèðóñà SARS-CoV-2 (RBD), ÷òîáû ñäåëàòü âîçìîæíûì
îòáîð êàíäèäàòîâ íà âàêöèíó. Êðîìå òîãî, èñïîëüçóÿ ðå-
êîìáèíàíòíûé áåëîê ðåöåïòîðà ACE2, áûë ðàçðàáîòàí
àíàëèç èíãèáèðîâàíèÿ ACE2 äëÿ îöåíêè àêòèâíîñòè ñïåöè-
ôè÷åñêèõ àíòèòåë ê ACE2, èíäóöèðîâàííûõ  âàêöèíîé.
Êðîìå òîãî, ïðèìåíåíèå ñèñòåìû Octet òàêæå ïîçâîëèëî â
òîò æå äåíü èññëåäîâàòü âíîâü ïðîäóöèðîâàííûå áåëêè-
êàíäèäàòû èììóíîãåíîâ è áûñòðî ïðîàíàëèçèðîâàòü âûç-
âàííûå èìè èììóííûå ðåàêöèè ïîñëå âàêöèíàöèè.

Òàêèì îáðàçîì, ó÷èòûâàÿ âñå âûøå èçëîæåííîå, ìîæ-
íî ñäåëàòü âûâîä î íåîáõîäèìîñòè èñïîëüçîâàíèÿ áåçìàð-
êåðíîé òåõíîëîãèè èçìåðåíèÿ BLI è ñèñòåì Octet â îáëàñòè
ôóíäàìåíòàëüíûõ íàó÷íûõ èññëåäîâàíèé ïî ðàçðàáîòêå
îòå÷åñòâåííûõ âàêöèí.
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Êëþ÷åâûå ñëîâà: äåêñòðàí, ôëóîðåñöèðóþùèå êîíú-
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Ðåçþìå. Ðåçþìå. Â äàííîé ñòàòüå ïðåäñòàâëåíû ðå-
çóëüòàòû èññëåäîâàíèÿ ýôôåêòèâíîñòè êîíúþãèðîâàííûõ
ñ ôëóîðåñöåèíîì àíòèðàáè÷åñêèõ è àíòèõëàìèäèéíûõ àí-
òèòåë, âûñóøåííûõ ñóáëèìàöèîííî. Ëèîôèëèçàöèÿ èììó-
íîáèîëîãè÷åñêèõ ïðåïàðàòîâ ÿâëÿåòñÿ îäíèì èç íàèáîëåå
íàäåæíûõ ñïîñîáîâ ñîõðàíåíèÿ èõ áèîëîãè÷åñêèõ è ôèçè-
êî-õèìè÷åñêèõ ñâîéñòâ, òàê êàê ýòî ñïîñîá ìÿãêîé ñóøêè,
ïðè êîòîðîì âûñóøèâàåìûé ïðåïàðàò çàìîðàæèâàåòñÿ,
ïîòîì ïîìåùàåòñÿ â âàêóóìíóþ êàìåðó, ãäå è ïðîèñõîäèò
ñóáëèìàöèÿ ðàñòâîðèòåëÿ. Ëèîôèëèçàöèÿ ïîçâîëÿåò ïîëó-
÷àòü ïðåïàðàòû áåç ïîòåðè èõ ôîðìû, ñòðóêòóðíîé öåëîñ-
òíîñòè è ÷òî áîëåå âàæíî, áåç ïîòåðè èõ áèîëîãè÷åñêîé
àêòèâíîñòè.

Öåëüþ èññëåäîâàíèÿ ÿâëÿëàñü ñòàíäàðòèçàöèÿ ñïîñî-
áîâ î÷èñòêè ÔÈÒÖ-êîíúþãàòîâ, à òàêæå ðåàãåíòîâ, èñ-
ïîëüçóåìûõ â ïðîöåññå èõ ïðîèçâîäñòâà è âûñóøèâàíèÿ. Â
ðàáîòå èñïîëüçîâàëè êîíúþãàòû àíòèðàáè÷åñêèõ è àíòè-
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Abstract. This article presents the results of a study of the
effectiveness of anti-rabies and anti-chlamydia antibodies
conjugated with fluorescein, freeze-dried. Immunobiological
products lyophilization is one of the most reliable ways to
preserve their physicochemical and biological properties, since
this is a soft drying method, in which the dried product is frozen,
then it is placed in a vacuum chamber, where the solvent is
sublimated. Lyophilization allows you to get drugs without
losing their shape, structural integrity and more importantly,
without losing their biological activity. The study aimed to
standardize methods for the purification of FITC conjugates, as
well as reagents used in the production and drying of FITC
conjugates. We used conjugates of anti-rabies and anti-chlamydia
antibodies labeled with fluoresceinisothiocyanate (FITZ)
obtained by hyperimmunization of sheep and rams using an
immunostimulant. We tested the ability of various concentrations
of dextran T-70 to retain the specific activity of fluorescent
conjugates of anti-rabies and anti-chlamydia antibodies when
added dextran T-70 to them before the lyophilization. To
determine the optimal amount of T-70 dextran filler, prepared
1%, 2%, 3%, 4%, and 5% solutions in 10mm phosphate-salt
solution. We found that the effectiveness of dextran T-70 as a
filler substance in the lyophilization of FITC conjugates depends
on its concentration. The optimal stabilizing vehicle for
lyophilization of both fluorescent conjugates is 2-3%
concentration of dextran T-70 in 10 mM phosphate-buffered
saline. Analysis of the results of the quality of FITZ-conjugates
allows us to conclude about the high quality of biological
products prepared during freeze-drying of the material in the
developed temperature regime using dextran T-70 as a filler
substance.

As a result of the studies, the technology for the preparation
of lyophilized FITC conjugates of anti-rabies and anti-chlamydia
antibodies for diagnostic test systems was optimized. The
specific activity and stability of the physicochemical
characteristics of the preparations after lyophilization and during
subsequent storage for two years were observed.
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õëàìèäèéíûõ àíòèòåë ìå÷åííûõ ôëóîðåñöåèíèçîòèîöèî-
íàòîì (ÔÈÒÖ), ïîëó÷åííûõ ãèïåðèììóíèçàöèåé îâåö è
áàðàíîâ ñ ïðèìåíåíèåì èììóíîñòèìóëÿòîðà. Òåñòèðîâàëè
ñïîñîáíîñòü ðàçëè÷íûõ êîíöåíòðàöèé äåêñòðàíà Ò-70 ñî-
õðàíÿòü ñïåöèôè÷åñêóþ àêòèâíîñòü ôëóîðåñöèðóþùèõ
êîíúþãàòîâ àíòèðàáè÷åñêèõ è àíòèõëàìèäèéíûõ àíòèòåë
ïðè åãî äîáàâëåíèè ê íèì ïåðåä ëèîôèëüíîé ñóøêîé. Äëÿ
îïðåäåëåíèÿ îïòèìàëüíîãî êîëè÷åñòâà íàïîëíèòåëÿ äåêñò-
ðàíà Ò-70, ãîòîâèëè 1%, 2%, 3%, 4%, è 5% ðàñòâîðû â 10ìÌ
ôîñôàòíî-ñîëåâîì ðàñòâîðå. Áûëî óñòàíîâëåíî, ÷òî ýô-
ôåêòèâíîñòü äåêñòðàíà Ò-70 â êà÷åñòâå âåùåñòâà-íàïîëíè-
òåëÿ ïðè ëèîôèëèçàöèè ÔÈÒÖ-êîíúþãàòîâ âàðüèðóåò â
çàâèñèìîñòè îò èñïîëüçóåìîé êîíöåíòðàöèè. Îïòèìàëü-
íûì ñòàáèëèçèðóþùèì íàïîëíèòåëåì äëÿ ëèîôèëèçàöèè
îáîèõ ôëóîðåñöèðóþùèõ êîíúþãàòîâ ÿâëÿåòñÿ 2–3% äåê-
ñòðàí Ò-70 â 10ìÌ ôîñôàòíî-ñîëåâîì ðàñòâîðå. Àíàëèç
ðåçóëüòàòîâ êà÷åñòâà ÔÈÒÖ-êîíúþãàòîâ ïîçâîëÿåò ñäå-
ëàòü âûâîä î âûñîêîì êà÷åñòâå áèîïðåïàðàòîâ, ïðèãîòîâ-
ëåííûõ ïðè ñóáëèìàöèîííîé ñóøêè ìàòåðèàëà â ðàçðàáî-
òàííîì òåìïåðàòóðíîì ðåæèìå ñ èñïîëüçîâàíèåì â êà÷å-
ñòâå âåùåñòâà-íàïîëíèòåëÿ äåêñòðàíà Ò-70.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé îïòèìèçèðî-
âàíà òåõíîëîãèÿ ïðèãîòîâëåíèÿ ëèîôèëèçèðîâàííûõ
ÔÈÒÖ-êîíúþãàòîâ àíòèðàáè÷åñêèõ è àíòèõëàìèäèéíûõ
àíòèòåë äëÿ äèàãíîñòè÷åñêèõ òåñò-ñèñòåì ñ ñîõðàíåíèåì
ñïåöèôè÷åñêîé àêòèâíîñòè è ñòàáèëüíîñòè ôèçèêî-õèìè-
÷åñêèõ õàðàêòåðèñòèê ïðåïàðàòîâ ïîñëå ëèîôèëüíîãî âû-
ñóøèâàíèÿ è â ïðîöåññå ïîñëåäóþùåãî õðàíåíèÿ â òå÷åíèå
äâóõ ëåò.

Ââåäåíèå

Äëÿ äèàãíîñòèêè ìíîãèõ èíôåêöèîííûõ áîëåçíåé, â
òîì ÷èñëå áåøåíñòâà ïðèìåíÿþò ìåòîä ôëþîðåñöèðóþ-
ùèõ àíòèòåë (ÌÔÀ), êîòîðûé îñòàåòñÿ çîëîòûì ñòàíäàð-
òîì â äèàãíîñòèêå, òàê êàê îáëàäàåò âûñîêîé ÷óâñòâèòåëü-
íîñòüþ, ýêñïðåññíîñòüþ âûïîëíåíèÿ, ïðîñòîòîé ïîñòà-
íîâêè è îòíîñèòåëüíîé äåøåâèçíîé [2,4]. ×óâñòâèòåëü-
íîñòü ìåòîäà ÌÔÀ íàïðÿìóþ çàâèñèò îò àêòèâíîñòè è
ñïåöèôè÷íîñòè àíòèòåë, ìå÷åíûõ ôëóîðåñöåèíèçîòèîöèî-
íàòîì (ÔÈÒÖ). Ëèîôèëèçàöèÿ áèîëîãè÷åñêèõ ïðåïàðàòîâ
ÿâëÿåòñÿ îäíèì èç ñïîñîáîâ ñîõðàíåíèÿ èõ áèîëîãè÷åñêèõ
ñâîéñòâ. Ââåäåíèå â ðàñòâîð áèîïðåïàðàòà ïåðåä ëèîôèëè-
çàöèåé çàùèòíîé ñðåäû ïðåäîòâðàùàåò ïàäåíèå åãî ñïåöè-
ôè÷åñêîé àêòèâíîñòè è óâåëè÷èâàåò ñðîê õðàíåíèÿ çà ñ÷åò
ôîðìèðîâàíèÿ îáúåìíîé òàáëåòêè [3]. Äëÿ ëèîôèëèçàöèè
áèîïðåïàðàòîâïðèìåíÿþò ðàçëè÷íûå ñòàáèëèçàòîðû: ñðå-
äû íà îñíîâå ñàõàðîçû è æåëàòèíà, ñìåñè ãëèöèíà è ìàííè-
òîëà,áû÷èé ñûâîðîòî÷íûé àëüáóìèí èëè äåêñòðàíûðàç-
ëè÷íîé ìîëåêóëÿðíîé ìàññû.

Öåëüþ èññëåäîâàíèÿ ÿâëÿëàñü ñòàíäàðòèçàöèÿ ñïîñî-
áîâ è ðåàãåíòîâ, èñïîëüçóåìûõ äëÿ î÷èñòêè è ëèîôèëèçà-
öèè ÔÈÒÖ-êîíúþãàòîâ.

Â ýêñïåðèìåíòàõ ïî ëèîôèëüíîìó âûñóøèâàíèþ ìå÷å-
íûõ ôëóîðåñöåèíèçîòèîöèîíàòîì àíòèðàáè÷åñêèõ è àíòè-
õëàìèäèéíûõ àíòèòåë, íàìè èçó÷åíà ýôôåêòèâíîñòü çà-
ùèòíîãî äåéñòâèÿäåêñòðàíà Ò-70 íà ñîõðàííîñòü ñïåöèôè-
÷åñêîé àêòèâíîñòè êîíúþãàòîâ ïîñëå ëèîôèëèçàöèè èïðè
èõ õðàíåíèè â òå÷åíèå äâóõ ëåò.

Ìàòåðèàëû è ìåòîäû

Äëÿ ñóáëèìàöèè èñïîëüçîâàëè êîíúþãàòû àíòèðàáè-
÷åñêèõ è àíòèõëàìèäèéíûõ àíòèòåë ñ ôëóîðåñöåèíèçîòèî-
öèîíàòîì (ÔÈÒÖ - Ñ

20
Í
12
Î
5
 èç ãðóïïû êñàíòèíîâûõ êðàñè-

òåëåé, 90–97% ÷èñòîòû, "Sigma"). Â ðàáîòó îòáèðàëè âûñî-
êîàêòèâíûå àíòèðàáè÷åñêèå ñûâîðîòêè ñ òèòðîì ïðåöèïè-
òèðóþùèõ àíòèòåë íå ìåíåå 1:64 – 1:256 è õëàìèäèéíûå
èììóííûå ñûâîðîòêè ñ àêòèâíîñòüþ êîìïëåìåíòñâÿçûâà-
þùèõ àíòèòåë â ÐÑÊ 1:160–1:320 è îòñóòñòâèåì àíòèòåë ê
òêàíåâûì áåëêàì, ïîëó÷åííûõ ãèïåðèììóíèçàöèåé îâåö è
áàðàíîâ ñ ïðèìåíåíèåì èììóíîñòèìóëÿòîðà [1,4,5,6]. Àê-
òèâíîñòü ñûâîðîòîê óñòàíàâëèâàëè ñ êîìïîíåíòàìè íàáî-
ðà "Íàáîð êîìïîíåíòîâ äëÿ äèàãíîñòèêè áåøåíñòâà â ðåàê-
öèè äèôôóçèîííîé ïðåöèïèòàöèè (ÐÄÏ)" ÒÓ 9388-006-
0049763-99 è 99 è â ÐÑÊ, èñïîëüçóÿ êîìïîíåíòû "Íàáîðà
äëÿäèàãíîñòèêè õëàìèäèîçà ñåëüñêîõîçÿéñòâåííûõ æèâîò-
íûõ â ÐÑÊ è ÐÄÑÊ" ÒÓ-9388-020-00497963-05, ðàçðàáî-
òàííûìè â îòäåëå îáåñïå÷åíèÿ êà÷åñòâà ëåêàðñòâåííûõ
ñðåäñòâìåòîäîì E. Kuwert (1973).

Õðîìàòîãðàôè÷åñêè ÷èñòûå ôðàêöèè àíòèòåë ïîëó÷àëè
ìåòîäîì èîíîîáìåííîé õðîìàòîãðàôèè èç îáîãàùåííîé ãëî-
áóëèíàìèôðàêöèè, ïîëó÷åííîé îäíèì èç ìåòîäîâ ñ èñïîëü-
çîâàíèåì ïîëèýòèëåíãëèêîëÿ (ÏÝÃ 6000 Ä), ðèâàíîëà (ýòàê-
ðèäèíëàêòàò), êàïðèëîâîé êèñëîòû (ÒÓ 6-09-529-75) è ýòà-
íîëàèç ñûâîðîòêè êðîâè áàðàíîâ, èììóíèçèðîâàííûõ î÷è-
ùåííûì âèðóñîì áåøåíñòâà ïðîèçâîäñòâåííîãî øòàììà
"Îâå÷èé-ÂÃÍÊÈ"è èììóííîé ñûâîðîòêè êðîâè îâåö, èììó-
íèçèðîâàííûõ øòàììîì "Óëåòîâî-96-ÂÍÈÒÈÁÏ".

Äëÿ îïðåäåëåíèÿ îïòèìàëüíîãî êîëè÷åñòâà íàïîëíè-
òåëÿ äåêñòðàíà Ò-70 (Dextran 70, "AppliChem") ãîòîâèëè
1%, 2%, 3%, 4%, è 5% ðàñòâîðû äåêñòðàíà Ò-70 â 10ìÌ
ôîñôàòíî-ñîëåâîì ðàñòâîðå ðÍ 7,4±0,2. Ñóáëèìàöèîííóþ
ñóøêó êîíúþãàòîâ ïðîâîäèëè íà óñòàíîâêàõ Usifroid SM.J.
è TG-50 ñ âûïîëíåíèåì äèôôåðåíöèàëüíî-òåðìè÷åñêîãî
àíàëèçà (ÄÒÀ) êàæäîé ïðîáû ïðè çàìîðàæèâàíèè è ïîñëå-
äóþùåì íàãðåâàíèè çàìîðîæåííûõ îáðàçöîâ. Ýôôåêòèâ-
íîñòü âûñóøåííûõ êîíúþãàòîâ îöåíèâàëè ïî âíåøíåìó
âèäó, ñïåêòðó ñóáêëàññîâ IgG, íàëè÷èþ êîíãëîìåðàòîâ â
ÔÈÒÖ-êîíúþãàòàõ ìåòîäîì ãåëü-õðîìàòîãðàôèè íà ñåôà-
äåêñå G-100. Ñïåöèôè÷åñêóþ àêòèâíîñòüïîñëå ñóáëèìàöè-
îííîé ñóøêè è â ïðîöåññå õðàíåíèÿ ïðè (2+8°C) â òå÷åíèå
2-õ ëåò êîíúþãàòà õëàìèäèéíûõ àíòèòåë ñ ÔÈÒÖ îöåíèâà-
ëè íà ìàçêàõ-îòïå÷àòêàõ æåëòî÷íûõ ìåøêîâ ýìáðèîíîâ
êóð, èíôèöèðîâàííûõ õëàìèäèÿìè øòàììà "Óëåòîâî-96-
ÂÍÈÒÈÁÏ, àíòèðàáè÷åñêîãî êîíúþãàòà – ìåòîäîì ÌÔÀ
íà ìàçêàõ-îòïå÷àòêàõ ìûøåé, çàðàæåííûõòåñò-øòàììîì
âèðóñà áåøåíñòâà "CVS".

Ðåçóëüòàòû è îáñóæäåíèå

Ìåòîäû, ïðèìåíÿåìûå íà ðàçíûõ ýòàïàõ ïðèãîòîâëå-
íèÿ êîíúþãàòîâ àíòèòåë ñ ôëóîðåñöåèíèçîòèîöèîíàòîì,
íå ìîãóò áûòü ïîëíîñòüþ ñòàíäàðòèçèðîâàíû èç-çà âàðèà-
áåëüíîñòè îòäåëüíûõ îñîáåííîñòåé, îïðåäåëÿþùèõ ñïåöè-
ôè÷íîñòü è ÷óâñòâèòåëüíîñòü ÔÈÒÖ-êîíúþãàòîâ. Ðåçóëü-
òàòû èçó÷åíèÿ çàâèñèìîñòè ðåàãåíòîâ è ñïîñîáà ôðàêöèî-
íèðîâàíèÿ ïîêàçàëè, ÷òî îñàäêè ãëîáóëèíà ïîñëå ôðàêöè-
îíèðîâàíèÿ àíòèðàáè÷åñêîé è àíòèõëàìèäèéíîé ñûâîðî-
òîê ñ ïîìîùüþ ïîëèýòèëåíãëèêîëÿ (ÏÝÃ), ñïèðòî-ðèâàíî-
ëà è êàïðèëîâîé êèñëîòû ñîäåðæàëè 75–95% öåëåâîãî

Таблица 1. Характеристика ФИТЦ-конъюгатов после сублимационной сушки 

Table 1. Characteristics of FITC conjugates after sublimation drying 

Вид конъюгата Характеристика ФИТЦ-конъюгатов 

Внешний 

вид 

Наличие кон-

гломератов 

Специфичность, титр в МФА Остаточная 

влажность (%) 

до сушки после сушки через 2 года  

ФИТЦ- антирабический глобулин таблетка нет 1:128-1:256 1:128-1:256 1:128 1,8±0,2 

ФИТЦ- антихламидийный глобулин таблетка нет 1:80-1:320 1:80-1:320 1:80-1:160 1,6±0,1 
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áåëêà 92–97% ÷èñòîòû ñ ìèíèìàëüíîé âëàæíîñòüþ 56–
60%, ïðè ìàêñèìàëüíîé âëàæíîñòè äî 75–80% ñ ïðèìåíå-
íèåì ñîëåâîé ýêñòðàêöèè. Â äàëüíåéøèõ îïûòàõ ñõåìà
ïðèãîòîâëåíèÿ ÔÈÒÖ-êîíúþãàòîâ áûëà óíèôèöèðîâàíà è
äëÿ èîíîîáìåííîé õðîìàòîãðàôèè èñïîëüçîâàëè ãëîáóëè-
íîâóþ ôðàêöèþ, âûäåëåííóþ 7,5% ÏÝÃ-6000.

Äëÿ ñóáëèìàöèîííîé ñóøêè ÔÈÒÖ-êîíúþãàòîâ ãîòî-
âèëè ïî 5 ñåðèé ïðåïàðàòîâ ñ ñîäåðæàíèåì äåêñòðàíà Ò-70
îò 1 äî 5%, êîòîðûå ðàçëèâàëè ïî 1,0 ñì3 â àìïóëû ïî 5 ñì3.
Ïåðåä çàìîðàæèâàíèåì ïðîäóêòà âàæíî ïðîâåðèòü ôèçè-
÷åñêèå êðèòåðèè êîíòðîëÿ: òåìïåðàòóðà ïîëíîãî çàòâåðäå-
íèÿ, ýâòåêòè÷åñêèå òåìïåðàòóðû, ïëîòíîñòü æèäêîãî ïðî-
äóêòà. Ïîñëå äîñòèæåíèÿ òåìïåðàòóðû ïîëíîãî çàìåðçàíèÿ
â ïðîäóêòå (-55–60 °C), ïðîâîäèëèñóøêó ïðåïàðàòîâ ïðè
íà÷àëüíîé òåìïåðàòóðå ïîëêè -20 °C. Íà ýòàïå äîñóøèâà-
íèÿ êîíå÷íàÿ òåìïåðàòóðà ìàòåðèàëà ñîñòàâëÿëà +25±2 °C.
Îáùåå âðåìÿ ñóáëèìàöèîííîé ñóøêè ñîñòàâèëî 24 ÷àñà
(áåç ó÷åòà âðåìåíè ýòàïà çàìîðàæèâàíèÿ) Ïîñëå ñóáëèìà-
öèîííîãî âûñóøèâàíèÿ ïðîâåðÿëèïàðàìåòðû (êà÷åñòâåí-
íûå, êîëè÷åñòâåííûå) ãîòîâîãî ëèîôèëèçèðîâàííîãî ïðî-
äóêòà. Âàæíûì äëÿ ñîõðàíåíèÿ ýòèõ ïàðàìåòðîâ ÿâëÿåòñÿ
ýòàï çàêóïîðêè (çàïàéêè) àìïóë ïîä èíåðòíûì ãàçîì, èñ-
ïîëüçîâàëñÿÀçîò (N2) îñîáîé î÷èñòêè. Õàðàêòåðèñòèêà
ÔÈÒÖ-êîíúþãàòîâ, ïîëó÷åííûõ ïðè ââåäåíèè â âûñóøè-
âàåìûé ìàòåðèàë â êà÷åñòâå âåùåñòâà-íàïîëíèòåëÿ 2–3%
äåêñòðàíà Ò-70, ïðèâåäåíû â òàáëèöå 1.

Àíàëèç ðåçóëüòàòîâ êà÷åñòâà ÔÈÒÖ-êîíúþãàòîâ ïî-
çâîëÿåò ñäåëàòü âûâîä î âûñîêîì êà÷åñòâå áèîïðåïàðàòîâ,
ïðèãîòîâëåííûõïðè ñóáëèìàöèîííîé ñóøêè ìàòåðèàëà â
ðàçðàáîòàííîì òåìïåðàòóðíîì ðåæèìå ñ èñïîëüçîâàíèåìâ
êà÷åñòâå âåùåñòâà-íàïîëíèòåëÿ 2–3% äåêñòðàíà Ò-70.

Êîíúþãàò íà îñíîâå õðîìàòîãðàôè÷åñêè ÷èñòûõ àíòè-
ðàáè÷åñêèõ IgG, ïðè îïòèìàëüíîì ìîëÿðíîì ñîîòíîøå-
íèè, îáëàäàë àíòèãåíñâÿçûâàþùåé àêòèâíîñòüþ è âûÿâëÿë
àíòèãåíû âèðóñà áåøåíñòâà â ìàçêàõ-îòïå÷àòêàõ ìûøåé,
çàðàæåííûõ ñòàíäàðòíûì âèðóñîì áåøåíñòâà øòàìì "CVS"
â òèòðå 1:128-1:256.

Òàê æå óñòàíîâëåíî, ÷òî êîíúþãàò íà îñíîâå õðîìàòîã-
ðàôè÷åñêè ÷èñòîãî àíòèõëàìèäèéíîãî IgG ïðè îïòèìàëü-
íîì ìîëÿðíîì ñîîòíîøåíèè, îáëàäàë àíòèãåíñâÿçûâàþ-
ùåé àêòèâíîñòüþ è âûÿâëÿë àíòèãåí â ìàçêàõ-îòïå÷àòêàõ
æåëòî÷íûõ ìåøêîâ ýìáðèîíîâ êóð, èíôèöèðîâàííûõ õëà-
ìèäèÿìè øòàììà "Óëåòîâî-96-ÂÍÈÒÈÁÏ" â ðàçâåäåíèè
1:80-1:320.

Ðåçóëüòàòû èçó÷åíèÿ ñïåöèôè÷íîñòè è ñòàáèëüíîñòè
ÔÈÒÖ-êîíúþãàòîâ ïîñëå âûñóøèâàíèÿ è äàëüíåéøåãî

õðàíåíèÿ ïðè 2–8°Ñ â òå÷åíèå äâóõ ëåò ïîêàçàëè, ÷òî
ïðåïàðàòû íå ñíèæàëè ñâîþ àêòèâíîñòü, íå îáðàçîâûâàëè
êîíãëîìåðàòû è íå äèññîöèèðîâàëè íà ñâîáîäíûé êðàñè-
òåëü ôëóîðîõðîìà è ãëîáóëèíîâóþ ôðàêöèþ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâà-
íèé íàìè îïòèìèçèðîâàíà òåõíîëîãèÿ ïðèãîòîâëåíèÿ ëèî-
ôèëèçèðîâàííûõ ÔÈÒÖ-êîíúþãàòîâ àíòèðàáè÷åñêèõ è
àíòèõëàìèäèéíûõ àíòèòåë äëÿ äèàãíîñòè÷åñêèõ òåñò-ñèñ-
òåì ñ ñîõðàíåíèåì ñïåöèôè÷åñêîé àêòèâíîñòè è ñòàáèëü-
íîñòè ïðåïàðàòîâ ïîñëå âûñóøèâàíèÿ è ïîñëåäóþùåãî
õðàíåíèÿ â òå÷åíèå äâóõ ëåò.
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Íà òàìáîâñêîé ïòèöåôàáðèêå – íàðóøåíèÿ âåòåðèíàðíîãî çàêîíîäàòåëüñòâà
Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà ïî Ðÿçàíñêîé è Òàìáîâñêîé îáëàñòÿì â ðàìêàõ èñïîëíåíèÿ ïîðó÷åíèÿ çàìåñòèòåëÿ

ïðåäñåäàòåëÿ Ïðàâèòåëüñòâà ÐÔ Àáðàì÷åíêî Â.Â. â íîÿáðå 2020 ãîäà áûëà ïðîâåäåíà âíåïëàíîâàÿ âûåçäíàÿ ïðîâåðêà
â îòíîøåíèè ÎÀÎ "Òîêàðåâñêàÿ ïòèöåôàáðèêà", ðàñïîëîæåííîãî â ð.ï. Òîêàðåâêà Òîêàðåâñêîãî ðàéîíà Òàìáîâñêîé
îáëàñòè.

Â õîäå îñìîòðà öåõà ïåðåðàáîòêè óñòàíîâëåíî íàëè÷èå ó÷àñòêîâ êîððîçèè íà âíóòðåííåé ñòîðîíå âûòÿæêè íàä
ëèíèåé ñóáïðîäóêòîâ, à òàêæå õðàíåíèå áèîëîãè÷åñêèõ îòõîäîâ â òàðå, ïðåäíàçíà÷åííîé äëÿ ñóáïðîäóêòîâ.

Ïðè ïðîèçâåäåíèè îñìîòðà ïëîùàäîê îòêîðìà ïòèöû òàêæå áûëè âûÿâëåíû íàðóøåíèÿ:
– íå èñêëþ÷åí áåñïðåïÿòñòâåííûé äîñòóï äèêèõ è äîìàøíèõ æèâîòíûõ íà òåððèòîðèþ ïëîùàäêè;
– ñêîïëåíèå òàëûõ âîä;
– èñïîëüçîâàíèå îäíèõ è òåõ æå äîðîã äëÿ ïîäâîçà öûïëÿò, êîðìîâ è âûâîçà ïîìåòà è ïàäåæà ïòèöû.
Ïòèöåâîä÷åñêîå ïðåäïðèÿòèå äîïóñòèëî íàðóøåíèÿ òðåáîâàíèé òåõíè÷åñêîãî ðåãëàìåíòà ÒÐ ÒÑ 021/2011 "Î

áåçîïàñíîñòè ïèùåâîé ïðîäóêöèè" è "Âåòåðèíàðíûõ ïðàâèë ñîäåðæàíèÿ ïòèö íà ïòèöåâîä÷åñêèõ ïðåäïðèÿòèÿõ çàêðû-
òîãî òèïà (ïòèöåôàáðèêàõ)".

Çà âûÿâëåííûå íàðóøåíèÿ â ÿíâàðå 2021 ãîäà þðèäè÷åñêîå è äîëæíîñòíîå ëèöî ïðèâëå÷åíû âåäîìñòâîì ê
àäìèíèñòðàòèâíîé îòâåòñòâåííîñòè ïî ÷. 1 ñò. 14.43 ÊîÀÏ ÐÔ è ÷. 1 ñò. 10.6 ÊîÀÏ ÐÔ ñ íàçíà÷åíèåì øòðàôîâ íà ñóììó
115 òûñ. ðóáëåé è 3 òûñ. ðóáëåé ñîîòâåòñòâåííî.

Ïî ìàòåðèàëàì Ðîññåëüõîçíàäçîðà
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Ðåçþìå. Õèòîçàí – ïðèðîäíûé âûñîêîìîëåêóëÿðíûé
ïîëèìåð D-ãëþêîçàìèíà è  N-àöåòèë – D - ãëþêîçàìèíà,
ñîåäèíåííûõ 1,4  - b - ãëèêîçèäíîé ñâÿçüþ ñ ìîëåêóëÿðíîé
ìàññîé 1000 êÄà (è âûøå), ïðàêòè÷åñêîå èñïîëüçîâàíèå
êîòîðîãî çàòðóäíåíî èç-çà âûñîêîé âÿçêîñòè åãî âîäíûõ
ðàñòâîðîâ äàæå ïðè íèçêîé êîíöåíòðàöèè, à òàêæå íåäîñòà-
òî÷íîé ðàñòâîðèìîñòè ïðè íåéòðàëüíûõ çíà÷åíèÿõ ðÍ è,
êàê ñëåäñòâèå, íèçêîé áèîëîãè÷åñêîé àêòèâíîñòè. Äëÿ ñíè-
æåíèÿ âÿçêîñòè, óëó÷øåíèÿ ðàñòâîðèìîñòè è óñèëåíèÿ áèî-
ëîãè÷åñêîé àêòèâíîñòè âûñîêîìîëåêóëÿðíûé õèòîçàí ïîä-
âåðãàþò äåïîëèìåðèçàöèè. Äëÿ õèòîçàíà, êàê è äëÿ äðóãèõ
ïîëèñàõàðèäîâ, ñâîéñòâåííà ðåàêöèÿ ãèäðîëèçà, êîòîðàÿ
îáóñëîâëåíà íàëè÷èåì â ìîëåêóëå ãëèêîçèäíûõ ñâÿçåé,
îáëàäàþùèõ ëàáèëüíîñòüþ ê ãèäðîëèçóþùèì àãåíòàì,
íàïðèìåð, âîäíûì ðàñòâîðàì êèñëîò, ùåëî÷åé, à òàêæå ê
âîçäåéñòâèþ íåêîòîðûõ ãèäðîëàç. Ïðè ãèäðîëèçå ïðîèñõî-
äèò ðàçðûâ ãëèêîçèäíûõ ñâÿçåé è, êàê ñëåäñòâèå, ñíèæåíèå
ìîëåêóëÿðíîé ìàññû õèòîçàíà. Îäíàêî ýòè ïðîöåññû ñî-
ïðîâîæäàþòñÿ îáðàçîâàíèåì çíà÷èòåëüíûõ êîëè÷åñòâ òîê-
ñè÷íûõ ïðîäóêòîâ è òðåáóþò âåñüìà çàòðàòíîãî îáåçâðå-
æèâàíèÿ îòõîäîâ ïåðåä èõ ñáðîñîì â îêðóæàþùóþ ñðåäó.
Õèòèí è õèòîçàí ÿâëÿþòñÿ ïðèðîäíûìè áèîïîëèìåðàìè è
èõ ñèíòåç, ìîäèôèêàöèÿ è äåãðàäàöèÿ ñâÿçàíà ñ ôåðìåíòà-
òèâíûìè ïðåâðàùåíèÿìè. Èìåííî áèîðàçëàãàåìîñòü äî
îáû÷íûõ äëÿ îðãàíèçìà âåùåñòâ ÿâëÿåòñÿ îäíèì èç îñíîâ-
íûõ ñðåäè ìíîãî÷èñëåííûõ äîñòîèíñòâ õèòîçàíà. Î÷åâèä-

Manufacturing technology of low-
molecular-weight chitosan based on
enzymatic hydrolysis
Kovaleva E.I., junior researcher department of obtaining
biologically active substances
Albulov A.I., Doctor of Biological Sciences, Professor,
Head. department for production of biologically active
substances
Frolova M.A., Doctor of Biological Sciences, Leading
Scientist from the Department of Production of Biologically
Active Substances
Varlamov V.P., Doctor of Chemical Sciences, Head lab.
department of obtaining biologically active substances
Grin A.V., Ph.D. senior researcher department of obtaining
biologically active substance
FGBNU VNITIBP RAS M.O., Shchelkovsky district,
Biokombinata, 17, VNITIBP,  vnitibp@mail.ru

Key words: low molecular weight chitosan, enzymatic
hydrolysis, viscosity average molecular weight.

Abstract. Chitosan is natural high molecular weight polymer
of D-glucosamine and N-acetyl - D - glucosamine connected by
1,4 - b - glycoside bond with a molecular mass of 1000 kDa (and
above), practical use is difficult because of high viscosity of its
aqueous solutions even at low concentrations, and lack of
solubility at neutral pH and, consequently, low biological activity.
To reduce viscosity, improve the solubility and enhance biological
activity of high molecular weight chitosan subjected to
depolymerization. Chitosan, like other polysaccharides, is
characterized by a hydrolysis reaction, which is due to the
presence of glycoside bonds in the molecule that are lable to
hydrolyzing agents, for example, aqueous solutions of acids,
alkalis, as well as to the effect of some hydrolases. During
hydrolysis, glycoside bonds are broken and, as a result, the
molecular weight of chitosan decreases. However, these processes
are accompanied by the formation of significant amounts of
toxic products and require very costly disposal of waste before
it is discharged into the environment. Chitin and chitosan are
natural biopolymers and their synthesis, modification and
degradation are associated with enzymatic transformations. It is
the biodegradability to the usual substances for the body that is
one of the main advantages of chitosan. It is obvious that the
most appropriate method is the enzymatic hydrolysis of chitosan.
As enzyme preparations for the degradation of chitin and chitosan,
enzyme complexes of various origins are used. These can be
enzymes from crab or krill hepatopancreas complexes, as well
as pancreatin from the pancreas of cattle. But more often for this
purpose, enzymes complexes with chitinolytic activity of
microbiological origin are used. In this study, low-molecular-
weight chitosan was obtained by enzymatic hydrolysis using the
extracellular chitinolytic complex of Streptomyces kurssanovii.
The resulting chitosan had a medium-viscosity molecular weight
of 25-40 kDa. Carrying out two stages of fractionation (stepwise
acidification and separation on membranes) made it possible to
obtain chitosan fractions with a narrow distribution by molecular
weight.

Êîâàëåâà Ý.È.
Kovaleva E.I.
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Таблица - Средневязкостная молекулярная масса фракций 

низкомолекулярного хитозана 

Table - Average viscosity molecular weight of low molecular 

weight chitosan fractions 

Размер пор 

мембраны кДа 

Молекулярная 

масса хитозана, 

кДа 

Содержание фракции в 

гидролизованном  

хитозане, % 

<5 - 0,3 

5-10 7,8 27,9 

10-30 17,4 37,2 

30-50 30,8 32,3 

>50 42,8 2,3 

íî, ÷òî ñàìûì ïîäõîäÿùèì ñïîñîáîì ÿâëÿåòñÿ ôåðìåíòà-
òèâíûé ãèäðîëèç õèòîçàíà.  Â êà÷åñòâå ôåðìåíòíûõ ïðåïà-
ðàòîâ äëÿ äåãðàäàöèè õèòèíà è õèòîçàíà ïðèìåíÿþò êîìï-
ëåêñû ôåðìåíòîâ ðàçëè÷íîãî ïðîèñõîæäåíèÿ. Ýòî ìîãóò
áûòü ôåðìåíòíûå êîìïëåêñû ãåïàòîïàíêðåàñà êðàáà èëè
êðèëÿ, à òàêæå ïàíêðåàòèí èç ïîäæåëóäî÷íîé æåëåçû êðóï-
íîãî ðîãàòîãî ñêîòà. Íî ÷àùå äëÿ ýòîé öåëè ïðèìåíÿþò
ôåðìåíòíûå êîìïëåêñû ñ õèòèíîëèòè÷åñêîé àêòèâíîñòüþ
ìèêðîáèîëîãè÷åñêîãî ïðîèñõîæäåíèÿ. Â äàííîé ðàáîòå
íèçêîìîëåêóëÿðíûé õèòîçàí ïîëó÷àëè ôåðìåíòàòèâíûì
ãèäðîëèçîì ñ èñïîëüçîâàíèåì âíåêëåòî÷íîãî õèòèíîëèòè-
÷åñêîãî êîìïëåêñà Streptomyces kurssanovii. Ïîëó÷åííûé
õèòîçàí èìåë ñðåäíåâÿçêîñòíóþ ìîëåêóëÿðíóþ ìàññó 25–
40 êÄà. Ïðîâåäåíèå äâóõ ýòàïîâ ôðàêöèîíèðîâàíèÿ (ñòó-
ïåí÷àòîãî ïîäêèñëåíèÿ è ðàçäåëåíèÿ íà ìåìáðàíàõ) ïîçâî-
ëèëî ïîëó÷èòü ôðàêöèè õèòîçàíà ñ óçêèì ðàñïðåäåëåíèåì
ïî ìîëåêóëÿðíûì ìàññàì.

Õèòîçàí, êàê ïðèðîäíûé ïîëèñàõàðèä, èìååò äîñòàòî÷-
íî øèðîêîå ìîëåêóëÿðíî-ìàññîâîå ðàñïðåäåëåíèå. Âõîäÿ-
ùèå â åãî ñîñòàâ ôðàêöèè îáëàäàþò ðàçëè÷íûìè ôèçèêî-
õèìè÷åñêèìè õàðàêòåðèñòèêàìè. Â ñâÿçè ñ ýòèì íàòèâíûé
õèòîçàí ìîæåò ïðîÿâëÿòü â òîé èëè èíîé ñòåïåíè ñîðáöèîí-
íûå, ïëåíêîîáðàçóþùèå, ðàäèîïðîòåêòîðíûå, èììóíîìî-
äóëèðóþùèå è äðóãèå ñâîéñòâà. Â òî æå âðåìÿ ïðèìåíåíèå
õèòîçàíà â ìåäèöèíå, âåòåðèíàðèè, ïèùåâîé áèîòåõíîëî-
ãèè òðåáóåò îò íåãî ñòðîãî îïðåäåëåííûõ ôèçèêî-õèìè÷åñ-
êèõ õàðàêòåðèñòèê è ñïåöèôè÷åñêîãî äåéñòâèÿ, ÷òî â çíà-
÷èòåëüíîé ñòåïåíè îïðåäåëÿåòñÿ ìîëåêóëÿðíîé ìàññîé è
ñòåïåíüþ ÷èñòîòû êîíå÷íîãî ïðîäóêòà.

Èñïîëüçîâàíèå âûñîêîìîëåêóëÿðíîãî õèòîçàíà ÷àñòî
ñóæåíî âñëåäñòâèå îãðàíè÷åííîé ðàñòâîðèìîñòè â áèîëî-
ãè÷åñêèõ æèäêîñòÿõ (ðÍ 6,8–7,8), êîòîðàÿ îáóñëîâëåíà,
ãëàâíûì îáðàçîì, íàëè÷èåì â ïîëèìåðíûõ ìîëåêóëàõ æèä-
êèõ êðèñòàëëè÷åñêèõ ó÷àñòêîâ, îáðàçîâàííûõ âíóòðè – è
ìåæìîëåêóëÿðíûìè âîäîðîäíûìè ñâÿçÿìè. Õèòîçàí õîðî-
øî ðàñòâîðèì â êèñëûõ âîäíûõ ðàñòâîðàõ ïðè ðÍ 4,5–6,5
áëàãîäàðÿ ïðîòîíèðîâàíèþ àìèíîãðóïïû.

Äëÿ ïðèäàíèÿ ëó÷øåé ðàñòâîðèìîñòè â áîëåå øèðîêîé
îáëàñòè çíà÷åíèé ðÍ õèòîçàí ìîäèôèöèðóþò, íàïðèìåð,
ââîäÿò ãèäðîôèëüíûå îñòàòêè, êîâàëåíòíî ïðèñîåäèíÿÿ èõ
ê ðåàêöèîííîñïîñîáíûì àìèíîãðóïïàì. Êàðáîêñèìåòèëè-
ðîâàííûå, àöåòèëèðîâàííûå ïðîèçâîäíûå è ÷åòâåðòè÷íûå
ñîëè õèòîçàíà õîðîøî ðàñòâîðèìû. Íî ÷òîáû äîñòè÷ ýô-
ôåêòà, íåîáõîäèìî ïîëó÷èòü ñòåïåíü çàìåùåíèÿ íå ìåíåå
50%. Â ðåçóëüòàòå òàêîé ìîäèôèêàöèè ôèçèêî-õèìè÷åñêèå
õàðàêòåðèñòèêè ïðîèçâîäíûõ è èõ áèîëîãè÷åñêàÿ àêòèâ-
íîñòü áóäóò çàìåòíî îòëè÷àòüñÿ îò ïðèñóùèõ ïåðâîíà÷àëü-
íîé ñòðóêòóðå õèòîçàíà. Óëó÷øåíèå ðàñòâîðèìîñòè ìîæåò
ïðèâîäèòü ê óõóäøåíèþ áèîäåãðàäèðóåìîñòè, óâåëè÷å-
íèþ òîêñè÷íîñòè è ò.ä  [1].

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé èñïîëüçîâàíèÿ
õèòîçàíà ÿâëÿåòñÿ ïðèìåíåíèå åãî íèçêîìîëåêóëÿðíûõ
âîäîðàñòâîðèìûõ ïðîèçâîäíûõ. Ïðîäóêòû äåïîëèìåðèçà-
öèè õèòîçàíà, áîëåå íèçêîìîëåêóëÿðíûå ïðîèçâîäíûå, à
òàêæå õèòîîëèãîìåðû äåìîíñòðèðóþò áîëüøóþ ôèçèîëî-
ãè÷åñêóþ àêòèâíîñòü, ÷åì õèòîçàí, è ïîýòîìó èìåþò áîëü-
øèå ïåðñïåêòèâû ïðèìåíåíèÿ [2-4]. Äåïîëèìåðèçàöèÿ õè-
òîçàíà ìîæåò ïðîâîäèòüñÿ êàê õèìè÷åñêèì ñïîñîáîì, òàê è
ìåõàíè÷åñêèì è ôåðìåíòàòèâíûì.

Ïîñëåäíèé ñïîñîá ÿâëÿåòñÿ íàèáîëåå õèìè÷åñêè ÷èñ-
òûì, ýêîëîãè÷åñêè áåçîïàñíûì è ïåðñïåêòèâíûì. Ôåðìåí-
òàòèâíûé ãèäðîëèç ðàñùåïëÿåò 0-ãëèêîçèäíûå ñâÿçè ìåæ-
äó ñîñåäíèìè çâåíüÿìè, ÷òî ïîçâîëÿåò ñîõðàíèòü àêòèâíóþ
ñòðóêòóðó è ñòåïåíü äåçàöåòèëèðîâàíèÿ. Ïðèìåíåíèå ôåð-
ìåíòîâ ïîçâîëÿåò äî ìèíèìóìà ñîêðàòèòü èñïîëüçîâàíèå
ðàçëè÷íûõ ðåàãåíòîâ, èçáåæàòü õèìè÷åñêîé ìîäèôèêàöèè
ïîëèñàõàðèäà, ïëàâíî ðåãóëèðîâàòü ìîëåêóëÿðíóþ ìàññó
ïîëó÷àåìûõ ïîëèìåðîâ îò èñõîäíîé äî 8–10 êÄà. Ñòàíäàð-

òíàÿ ñõåìà ôåðìåíòàòèâíîãî ãèäðîëèçà âêëþ÷àåò â ñåáÿ
íåñêîëüêî ñòàäèé: ðàñòâîðåíèå õèòîçàíà, ñîçäàíèå îïòè-
ìàëüíûõ óñëîâèé äëÿ ïðîâåäåíèÿ ãèäðîëèçà, ôåðìåíòàòèâ-
íûé ãèäðîëèç, ôèëüòðàöèÿ îò ìåõàíè÷åñêèõ è íåðàñòâîðè-
ìûõ ïðèìåñåé, ïåðåîñàæäåíèå, ôèëüòðàöèÿ ñ ïîñëåäóþ-
ùåé ïðîìûâíîé, êîíöåíòðàöèåé, ñóøêîé è ôàñîâêîé.

Ãèäðîëèç õèòîçàíà ìîæåò áûòü îñóùåñòâëåí ìíîãèìè
ôåðìåíòíûìè ïðåïàðàòàìè ìèêðîáíîãî ïðîèñõîæäåíèÿ, â
òîì ÷èñëå çà ñ÷åò íåñïåöèôè÷åñêîãî äåéñòâèÿ íà ýòîò
ïîëèñàõàðèä. Îñîáûé èíòåðåñ ïðåäñòàâëÿþò ôåðìåíòû
íåñïåöèôè÷åñêîãî ïî îòíîøåíèþ ê õèòîçàíó äåéñòâèÿ, ðÿä
èç êîòîðûõ áîëåå ýôôåêòèâíî äåïîëèìåðèçóþò õèòîçàí ïî
ñðàâíåíèþ ñ õèòèíàçàìè (ïåïñèí, ïàïàèí, áðîìåëàéí, ôè-
öèí) [5]. Èçâåñòíà òàêæå ñïîñîáíîñòü õèòèíàç ìèêðîáíîãî
ïðîèñõîæäåíèÿ è ðÿäà ãèäðîëàç íåñïåöèôè÷åñêîãî äåé-
ñòâèÿ äëÿ ïîëó÷åíèÿ íèçêîìîëåêóëÿðíîãî õèòîçàíà [6–8].
Ýêñòðàêò èç ãåïàòîïàíêðåàñà êðàáà èìååò ìîùíóþ ãèäðî-
ëèòè÷åñêóþ ôåðìåíòíóþ ñèñòåìó, êîòîðàÿ òàêæå ìîæåò
îêàçàòüñÿ äåéñòâåííîé ïðè ïîëó÷åíèè íèçêîìîëåêóëÿðíî-
ãî õèòîçàíà è åãî ïðîèçâîäíûõ [9-10]. Â ðÿäå ðàáîò îïèñàíî
ìîäèôèöèðîâàíèå ñòðóêòóðû è óìåíüøåíèå ìîëåêóëÿðíî-
ãî âåñà õèòîçàíà ïîñðåäñòâàì g-îáëó÷åíèÿ [11-14] è âûñî-
êîýíåðãåòè÷åñêèõ èîííûõ ïó÷êîâ [15-17]. Ïðè èñïîëüçîâà-
íèè äàííûõ ìåòîäîâ âåëè÷èíà ñðåäíåãî ìîëåêóëÿðíîãî
âåñà èñõîäíîãî áèîïîëèìåðà óìåíüøàåòñÿ òîëüêî â 2–3
ðàçà è ìîæåò ñîïðîâîæäàòüñÿ óâåëè÷åíèåì ïîëèäèñïåðñ-
íîñòè. Îäíàêî äåéñòâèå ñïåöèôè÷åñêèõ ôåðìåíòîâ-õèòî-
çàíàç êàê äåïîëèìåçàòîðà íàèáîëåå ýôôåêòèâíî.

Íèçêîìîëåêóëÿðíûé âîäîðàñòâîðèìûé õèòîçàí îáëà-
äàåò âûñîêîé èììóíîñòèìóëèðóþùåé àêòèâíîñòüþ è îáåñ-
ïå÷èâàåò ñèñòåìíîñòü è ïðîäîëæèòåëüíîñòü çàùèòíîãî
äåéñòâèÿ ïðîòèâ ãðèáêîâûõ è âèðóñíûõ çàáîëåâàíèé ðàñòå-
íèé è æèâîòíûõ. Âåòåðèíàðíî-áèîëîãè÷åñêèé àñïåêò ïðè-
ìåíåíèÿ õèòîçàíà ïðåäñòàâëÿåòñÿ âåñüìà ïåðñïåêòèâíûì.
Õèòîçàíîâûå ïðåïàðàòû ïîçâîëÿþò óñêîðèòü è óäåøåâèòü
êóðñ ëå÷åíèÿ, èñêëþ÷èòü èëè çíà÷èòåëüíî óìåíüøèòü èñ-
ïîëüçîâàíèå àíòèáèîòèêîâ è ñóëüôèíèëàìèäîâ, îáëàäàþ-
ùèõ êóìóëÿòèâíûì ýôôåêòîì.

Íèçêîìîëåêóëÿðíûé õèòîçàí âûãîäíî îòëè÷àåòñÿ îò
íàòèâíîãî äîñòàòî÷íî óçêèì ìîëåêóëÿðíî-ìàññîâûì ðàñ-
ïðåäåëåíèåì, ÷òî ïðèäàåò åìó îïðåäåëåííûå ñïåöèôè÷åñ-
êèå ÷åòêî âûðàæåííûå ñâîéñòâà. Íàïðèìåð, ôðàêöèè ñ
ìîëåêóëÿðíîé ìàññîé 80–150 êÄà îáëàäàþò âûñîêîé àäãå-
çèâíîé è ïëåíêîîáëàçóþùåé àêòèâíîñòüþ. Õèòîçàí ñ ìîëå-
êóëÿðíîé ìàññîé 30–50 êÄà îêàçûâàåò ñòèìóëèðóþùåå
äåéñòâèå íà ìèêðîôëîðó. Õèòîçàí ñ ìîëåêóëÿðíîé ìàññîé
15–25 êÄà ëåãêî ïðîíèêàåò â êðîâü, ñ ÷åì ñâÿçàíà åãî
èììóíîìîäóëèðóþùàÿ è àäàïòîãåííàÿ àêòèâíîñòü.

 Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé

Íèçêîìîëåêóëÿðíûé õèòîçàí ïîëó÷àëè ôåðìåíòàòèâ-
íûì ãèäðîëèçîì ñ èñïîëüçîâàíèåì âíåêëåòî÷íîãî õèòèíî-
ëèòè÷åñêîãî êîìïëåêñà, ïðîäóêòèâíîãî ìèêðîîðãàíèçìîì
Streptomyces kurssanovii â 0,2 Ì àöåòàòíîì áóôåðå ïðè ðÍ
4,9–5,4 è òåìïåðàòóðå 45 0Ñ. Ãèäðîëèç îñòàíàâëèâàëè äî-
áàâëåíèåì 10%-íîé ãèäðîîêèñè íàòðèÿ äî ðÍ 9,5–11,0.
Ïðîìûâêó ïåðåîñàæäåííîãî õèòîçàíà ïðîâîäèëè äåèîíè-
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çèðîâàííîé âîäîé äî ðÍ 8,5. Îòìûòûé õèòîçàí ñ öåëüþ
ôðàêöèîíèðîâàíèÿ ñòóïåí÷àòî ðàñòâîðÿëè â ñîëÿíîé, óê-
ñóñíîé è ÿíòàðíîé êèñëîòàõ ñ ðàçëè÷íûìè ðÍ.  Îïðåäåëå-
íèå ñðåäíåâÿçêîñòíîé ìîëåêóëÿðíîé ìàññû õèòîçàíà ïðî-
âîäèëè ìåòîäîì âûñîêîýôôåêòèâíîé æèäêîñòíîé õðîìà-
òîãðàôèè (ÂÝÆÕ), èñïîëüçóÿ â êà÷åñòâå ðàñòâîðèòåëÿ 0,2
Ì àöåòàò íàòðèÿ è 0,3 Ì óêñóñíóþ êèñëîòó (ðÍ áóôåðà 4,6).

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå

Íåñìîòðÿ íà âûñîêèå áèîôóíêöèîíàëüíûå ñâîéñòâà
õèòîçàíà åãî ïðèìåíåíèå â íåêîòîðûõ ñôåðàõ îãðàíè÷åíî
èç-çà âûñîêîé ìîëåêóëÿðíîé ìàññû è âÿçêîñòè, è, êàê ñëåä-
ñòâèå, íèçêîé àáñîðáöèè in vivo.

Îñîáûé èíòåðåñ äëÿ ïåðñïåêòèâíûõ ïðèìåíåíèé õèòî-
çàíà ïðåäñòàâëÿþò åãî íèçêîìîëåêóëÿðíûå ôîðìû. Â íà-
ñòîÿùåå âðåìÿ â ïðîìûøëåííûõ ìàñøòàáàõ òàêèå íèçêî-
ìîëåêóëÿðíûå ñîåäèíåíèÿ ïîëó÷àþò ìåòîäàìè õèìè÷åñ-
êîãî ãèäðîëèçà. Îäíàêî ýòè ïðîöåññû ñîïðîâîæäàþòñÿ
îáðàçîâàíèåì çíà÷èòåëüíûõ êîëè÷åñòâ òîêñè÷íûõ ïîáî÷-
íûõ ïðîäóêòîâ, ñîäåðæàùèõ áåëêè, ùåëî÷è, êèñëîòû è
ñîëè è òðåáóþò âåñüìà çàòðàòíîãî îáåçâðåæèâàíèÿ îòõîäîâ
ïåðåä èõ ñáðîñîì â îêðóæàþùóþ ñðåäó. Êðîìå òîãî, äëÿ
äàííîãî ìåòîäà õàðàêòåðíû áîëüøèå âðåìåííûå çàòðàòû, à
ïîëó÷àþùèåñÿ ïðè ýòîì íèçêîìîëåêóëÿðíûå ïðîäóêòû
îáëàäàþò âûñîêîé ñòåïåíüþ ïîëèäèñïåðñíîñòè.

Õèòèí è õèòîçàí ÿâëÿþòñÿ ïðèðîäíûìè áèîïîëèìåðà-
ìè è èõ ñèíòåç, ìîäèôèêàöèÿ è äåãðàäàöèÿ ñâÿçàíû ñ
ôåðìåíòàòèâíûìè ïðåâðàùåíèÿìè. Èìåííî áèîðàçëàãàå-
ìîñòü äî îáû÷íûõ äëÿ îðãàíèçìà âåùåñòâ ÿâëÿåòñÿ îäíèì
èç îñíîâíûõ ñðåäè ìíîãî÷èñëåííûõ äîñòîèíñòâ õèòîçàíà.
Î÷åâèäíî, ÷òî ñàìûìè ïîäõîäÿùèìè èç ôåðìåíòîâ äëÿ
îñóùåñòâëåíèÿ ïðîöåññà ôåðìåíòàòèâíîãî ãèäðîëèçà ÿâ-
ëÿþòñÿ õèòîçàíàçû, êîòîðûå ïðèâîäÿò ê ïîëó÷åíèþ îëèãî-
ñàõàðèäîâ ñî ñòåïåíüþ ïîëèìåðèçàöèè 2–5. Îäíàêî â æè-
âîé ïðèðîäå õèòîçàí äåãðàäèðóåò è ñ ïîìîùüþ íåñïåöèôè-
÷åñêèõ ôåðìåíòîâ.

Íèçêîìîëåêóëÿðíûé õèòîçàí èçãîòàâëèâàëè ôåðìåí-
òàòèâíûì ãèäðîëèçîì ñ èñïîëüçîâàíèåì âíåêëåòî÷íîãî
õèòèíîëèòè÷åñêîãî êîìïëåêñà, ïðîäóöèðóåìîãî ìèêðîîð-
ãàíèçìîì   Streptomyces kurssanovii. Ïîëó÷åííûé õèòîçàí
èìåë ñðåäíåâÿçêîñòíóþ ìîëåêóëÿðíóþ ìàññó 25–40 êÄà.

Ïðåäâàðèòåëüíîå ôðàêöèîíèðîâàíèå ïðîâîäèëè, èñ-
ïîëüçóÿ ñòóïåí÷àòóþ ôèëüòðàöèþ ñ ïîäêèñëåíèåì, pH –
ìåòðèåé è ïðîìûâíîé íà êàæäîì ýòàïå. Ýòîò òåõíîëîãè÷åñ-
êèé ïðèåì ïîçâîëÿåò îòñå÷ü ôðàêöèè äè – è ìîíîñàõàðè-
äîâ, à òàêæå âûäåëèòü âûñîêîìîëåêóëÿðíûå ïîëèìåðû è
õèòîçàíû ñ íèçêîé ñòåïåíüþ äåàöåòèëèðîâàíèÿ. Äàëüíåé-
øåå ôðàêöèîíèðîâàíèå ïðîâîäèëè íà ìåìáðàíàõ ïðîèç-
âîäñòâà "Âëàäèïîð" ñ ðàçìåðîì ïîð, ñîîòâåòñòâóþùèõ 5
êÄà, 10 êÄà, 30 êÄà è 50 êÄà. Ìîëåêóëÿðíàÿ ìàññà îòäåëü-
íûõ ôðàêöèé, îïðåäåëåííàÿ ìåòîäîì âûñîêîýôôåêòèâíîé
æèäêîñòíîé õðîìîãðàôèè (ÂÝÆÕ), èìåëà óçêîå ðàñïðåäå-
ëåíèå â îïðåäåëåííîé îáëàñòè.

Ðåçóëüòàòû îïðåäåëåíèÿ ñðåäíåâÿçêîñòíîé ìîëåêóëÿð-
íîé ìàññû ôðàêöèé íèçêîìîëåêóëÿðíîãî õèòîçàíà ïðåä-
ñòàâëåíû â òàáëèöå. Êàê âèäíî èç ïðèâåäåííûõ â òàáëèöå
äàííûõ, ïðåäâàðèòåëüíîå ôðàêöèîíèðîâàíèå ïðàêòè÷åñêè
ïîëíîñòüþ óäàëÿåò èç íèçêîìîëåêóëÿðíîãî õèòîçàíà ôðàê-
öèþ ìîíî- è äèñàõàðèäîâ, à òàêæå âûñîêîìîëåêóëÿðíûå
íåãèäðîëèçîâàííûå ó÷àñòêè ïîëèìåðà. Ïðèìåíåíèå ìåìá-
ðàíû ñ ðàçìåðîì ïîð 50 êÄà ÿâëÿåòñÿ íåöåëåñîîáðàçíûì, òàê
êàê ñóùåñòâåííîãî ðàçäåëåíèÿ íà ýòîì ýòàïå íå ïðîèñõîäèò.
Èñïîëüçîâàíèå ìåìáðàíû íà 5 êÄà ïîçâîëÿåò ïîëó÷èòü ïðàê-
òè÷åñêè îáåññîëåííûé ïðîäóêò. Òàêèì îáðàçîì, ôåðìåíòà-
òèâíûé ãèäðîëèç ñ èñïîëüçîâàíèåì âíåêëåòî÷íîãî õèòèíî-
ëèòè÷åñêîãî êîìïëåêñà, ïðîäóöèðîâàííîãî ìèêðîîðãàíèç-
ìîì Streptomyces kurssanovii, ïîçâîëèë ïîëó÷èòü íèçêîìî-
ëåêóëÿðíûé õèòîçàí ñî ñðåäíåâÿçêîñòíîé ìîëåêóëÿðíîé
ìàññîé 25–40 êÄà ñ óçêèì ðàñïðåäåëåíèåì ìîëåêóëÿðíûõ
ìàññ îòäåëüíûõ ôðàêöèé íèçêîìîëåêóëÿðíîãî õèòîçàíà.
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Ðåçþìå. Â òå÷åíèå äâóõ ìåñÿöåâ ïðîâîäèëîñü âûðà-
ùèâàíèå ìîëîäè ðå÷íîãî îêóíÿ Perca fluviatilis L. â àêâàðè-
óìíîì ýêñïåðèìåíòå. Îïëîäîòâîðåííàÿ èêðà ýòîãî âèäà
ðûá âçÿòà ñ íåðåñòèëèùà íåáîëüøîãî è íåçàãðÿçíåííîãî
ïðèðîäíîãî âîäîåìà è ïîìåùåíà â ëàáîðàòîðíûå óñëîâèÿ
äëÿ ïîñëåäóþùåé èíêóáàöèè â ðàçëè÷íûõ ãèäðîõèìè÷åñ-
êèõ óñëîâèÿõ. Ñîçäàíû ýêñïåðèìåíòàëüíûå ãðóïïû îêóíÿ
â äâóõ ïîâòîðíîñòÿõ, ðàçâèâàâøèåñÿ â êîíòðîëüíûõ óñëî-
âèÿõ ñ ìèíåðàëèçàöèåé âîäû 160 ìã/ë, â óñëîâèÿõ ðàçáàâ-
ëåííîé äî 100 ìã/ë ïðåñíîé âîäû è â óñëîâèÿõ ñ âîäîé,
ìèíåðàëèçàöèÿ êîòîðîé áûëà ïîâûøåíà îòíîñèòåëüíî êîí-
òðîëÿ äî 400 ìã/ë òðåìÿ ðàçíûìè ñïîñîáàìè – äîáàâëåíèåì
õëîðèäíûõ ñîëåé êàëüöèÿ, ìàãíèÿ èëè íàòðèÿ. Òåìïåðà-
òóðíûå, ñâåòîâûå è êèñëîðîäíûå óñëîâèÿ âûðàùèâàíèÿ
ìàëüêîâ âî âñåõ ãðóïïàõ áûëè îäèíàêîâûå. Âûêàðìëèâà-
íèå ëè÷èíîê îêóíÿ ïðîèçâîäèëè ñíà÷àëà ìåëêèì ïðèðîä-
íûì çîîïëàíêòîíîì, çàòåì èñêóññòâåííî âûðàùåííûìè
íàóïëèÿìè àðòåìèé; ìàëüêîâ – îëèãîõåòàìè ñåì. Tubificidae
èç âåðìèêóëüòóðû. Ñðåäíèå ïîêàçàòåëè âûæèâàåìîñòè
ïîçäíèõ ëè÷èíîê è ðàííèõ ìàëüêîâ ðå÷íîãî îêóíÿ âî âòî-
ðîé ïîëîâèíå ýêñïåðèìåíòà îêàçàëèñü ìàêñèìàëüíûìè â
ãðóïïàõ, ðàçâèâàâøèõñÿ â ãèäðîõèìè÷åñêèõ óñëîâèÿõ ñ
äîáàâëåíèåì Na+ è Mg2+  (73% è 67%), ìèíèìàëüíûìè – â
ãðóïïàõ, ðàçâèâàâøèõñÿ â íàèìåíåå ìèíåðàëèçîâàííîé
âîäå (46%). Ïî îêîí÷àíèè ýêñïåðèìåíòà âûæèâøèå ìàëü-
êè èç ãðóïï, ïîäâåðæåííûõ âëèÿíèþ ïîâûøåííîãî ñîäåð-
æàíèÿ õëîðèäà íàòðèÿ, èìåëè ñòàòèñòè÷åñêè çíà÷èìî (ð <
0,05) áîëüøèå ëèíåéíûå ðàçìåðû, ÷åì ìàëüêè èç êîíò-
ðîëüíûõ ãðóïï è ãðóïï, ðàçâèâàâøèõñÿ â íàèìåíåå ìèíå-
ðàëèçîâàííîé âîäå. Ìàëüêè îêóíÿ èç ãðóïï, ïîäâåðæåííûõ
âëèÿíèþ ïîâûøåííûõ êîíöåíòðàöèé Ca2+, õàðàêòåðèçîâà-
ëèñü ñòàòèñòè÷åñêè çíà÷èìî (ð < 0,05) ìåíüøèì ÷èñëîì
îòâåðñòèé â ïîäãëàçíè÷íûõ è íèæíå÷åëþñòíûõ ñåéñìî-

Influence of water mineralization and
dissolved main cations on survival, size
and seismosensory characteristics of
perch fry (Perca fluviatilis L.)

Kotegov B.G., All-Russian Research and Technological
Institute of Biological Industry, Biokombinat, Moscow
region, rutilus@yandex.ru

Keywords: perch, early ontogenesis, survival, size,
seismosensory canals, calcium, magnesium, sodium.

Abstract. Within two months the growing of the perch fry
Perca fluviatilis L. carried out in the aquarium experiment.
Fertilized eggs of this fish species were taken from the spawning
ground of a small and unpolluted natural reservoir and placed in
laboratory conditions for subsequent incubation under different
hydrochemical conditions. Experimental groups of perch were
created in two replicates that developed under control conditions
with a water salinity of 160 mg/l, under conditions of fresh water
diluted to 100 mg/l, and under conditions with water whose
salinity was increased relative to the control to 400 mg/l in three
different ways - by adding calcium, magnesium or sodium
chloride salts. Temperature, light, and oxygen conditions for
growing fry in all groups were the same. The perch larvae were
fed first with small natural zooplankton, then with artificially
grown nauplia of Artemia; perch fry - with tubificid from
vermiculture.

The average survival rates of  late larvae and early fry of
perch in the second half of the experiment were maximal in the
groups that developed under hydrochemical conditions with the
addition of Na+ and Mg2+ (73% and 67%), and minimal in the
groups that developed in the least mineralized water (46%). At
the end of the experiment, the surviving fry from the groups
affected by the increased content of sodium chloride had
statistically significantly (p < 0.05) larger linear sizes than the
fry from the control groups and groups that developed in the
least mineralized water. Perch fry from the groups affected by
increased concentrations of Ca2+ were characterized by a
statistically significant (p < 0.05) smaller number of pores in the
infraorbital and mandibular seismosensory canals of the head,
compared with fry formed in conditions of least water
mineralization and the minimal content of this main cation in it.
Thus, salinity values and features of the ionic composition of
fresh water can significantly affect the development of perch
fry, which should be taken into account when breeding it in
aquaculture.

Äëÿ öèòèðîâàíèÿ / For citation

ñåíñîðíûõ êàíàëàõ ãîëîâû, ïî ñðàâíåíèþ ñ ìàëüêàìè,
ñôîðìèðîâàííûìè â óñëîâèÿõ íàèìåíüøåé ìèíåðàëèçà-
öèè âîäû è ìèíèìàëüíîãî ñîäåðæàíèÿ â íåé ýòîãî ãëàâíîãî
êàòèîíà. Òàêèì îáðàçîì, âåëè÷èíû ìèíåðàëèçàöèè è îñî-
áåííîñòè èîííîãî ñîñòàâà ïðåñíîé âîäû ìîãóò âëèÿòü íà
ðàçâèòèå ìîëîäè ðå÷íîãî îêóíÿ, ÷òî ñëåäóåò ó÷èòûâàòü ïðè
åãî ðàçâåäåíèè â óñëîâèÿõ àêâàêóëüòóðû.

Ââåäåíèå

Ðå÷íîé îêóíü Perca fluviatilis Linnaeus, 1758 – îäèí èç
íàèáîëåå ðàñïðîñòðàíåííûõ, ìîðôîëîãè÷åñêè èçìåí÷èâûõ
è ýêîëîãè÷åñêè ïëàñòè÷íûõ âèäîâ ïðåñíîâîäíûõ ðûá, îáè-
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òàþùèõ â óìåðåííîé çîíå Åâðàçèè [1-4]. Â ðÿäå åâðîïåéñ-
êèõ ñòðàí ýòîò âèä ââåäåí â àêâàêóëüòóðó íà áàçå ðàçëè÷íûõ
òåõíîëîãèé ïðóäîâîãî è èíäóñòðèàëüíîãî âûðàùèâàíèÿ
åãî òîâàðíûõ îñîáåé [5]. Ïðîáëåìû ïîëó÷åíèÿ áîëüøîãî
êîëè÷åñòâà æèçíåñòîéêîé ìîëîäè ðå÷íîãî îêóíÿ â èñêóññò-
âåííûõ óñëîâèÿõ â îñíîâíîì ñâÿçàíû ñ óÿçâèìîñòüþ ýìá-
ðèîíàëüíûõ ñòàäèé åãî ðàçâèòèÿ ê âîçäåéñòâèþ íåêîòîðûõ
èíôåêöèé è c îñîáåííîñòÿìè åãî ïèùåâîãî ïîâåäåíèÿ íà
ëè÷èíî÷íûõ ñòàäèÿõ îíòîãåíåçà. Âíóòðèâèäîâàÿ ïèùåâàÿ
êîíêóðåíöèÿ â óñëîâèÿõ âûðàùèâàíèÿ ïðè ïîâûøåííîé
ïëîòíîñòè ïîñàäêè è îãðàíè÷åííîñòè êîðìîâûõ ðåñóðñîâ,
êàê ïðàâèëî, ñîïðîâîæäàåòñÿ àãðåññèâíûì ïîäàâëåíèåì
ìåëêèõ îñîáåé îêóíÿ êðóïíûìè âïëîòü äî ïðîÿâëåíèÿ êàí-
íèáàëèçìà, ÷òî ïðèâîäèò ê óìåíüøåíèþ êîëè÷åñòâà è óâå-
ëè÷åíèþ ðàçìåðíî-âåñîâîé ãåòåðîãåííîñòè ïîäðàñòàþùåé
ìîëîäè [6].  Ðàíåå ýêñïåðèìåíòàëüíî áûëî ïîêàçàíî [7],
÷òî âàæíóþ ðîëü â ïîèñêå ïèùè ó ëè÷èíîê è ìàëüêîâ ýòîãî
âèäà ðûá èãðàåò è ñåéñìîñåíñîðíàÿ ñèñòåìà ãîëîâû, ïîýòî-
ìó ïðè ïèòàíèè îíè îòäàþò ïðåäïî÷òåíèå æèâûì è ïîä-
âèæíûì êîðìîâûì îáúåêòàì. Êîëè÷åñòâåííîå ðàçâèòèå
ñåéñìîñåíñîðíûõ îðãàíîâ, à èìåííî êðàíèàëüíûõ êàíàëîâ
áîêîâîé ëèíèè ó ðå÷íîãî îêóíÿ ìîæåò çàâèñåòü îò ãèäðîõè-
ìè÷åñêèõ óñëîâèé ïðîòåêàíèÿ åãî ðàííåãî îíòîãåíåçà, â
÷àñòíîñòè îò ñîäåðæàíèÿ â âîäå èîíîâ ìàãíèÿ [8]. Åñòü
äàííûå [9], ÷òî óâåëè÷åíèå ìèíåðàëèçàöèè ïðåñíîé âîäû
äî 0,6–1,2 ‰ ìîæåò òàêæå ñïîñîáñòâîâàòü ïîâûøåíèþ
âûæèâàåìîñòè ëè÷èíîê îêóíÿ â ýêñïåðèìåíòàëüíûõ óñëî-
âèÿõ, îäíàêî íåèçâåñòíî, ñâÿçàíû ëè ïîêàçàòåëè âûæèâàå-
ìîñòè è ðîñòà åãî ìîëîäè ñî ñòåïåíüþ ðàçâèòèÿ ñåíñîðíûõ
îðãàíîâ, ó÷àñòâóþùèõ â ïîèñêå ïèùè.

Öåëü íàñòîÿùåé ðàáîòû – èçó÷èòü îñîáåííîñòè âëèÿ-
íèÿ ðàçëè÷íûõ ãèäðîõèìè÷åñêèõ óñëîâèé âûðàùèâàíèÿ (â
÷àñòè îáùåé ìèíåðàëèçàöèè ïðåñíîé âîäû è ñîäåðæàíèÿ â
íåé Ca2+, Mg2+, Na+) íà âûæèâàåìîñòü, ëèíåéíûå ðàçìåðû è
êîëè÷åñòâåííîå ðàçâèòèå êðàíèàëüíûõ êàíàëîâ áîêîâîé
ëèíèè ó ìàëüêîâ ðå÷íîãî îêóíÿ.

Ìàòåðèàë è ìåòîäû èññëåäîâàíèé

Îòîáðàííàÿ ñ åñòåñòâåííîãî íåðåñòèëèùà èêðà îêóíÿ â
åìêîñòÿõ ñ ïðèðîäíîé âîäîé òðàíñïîðòèðîâàíà â ëàáîðà-
òîðíþ äëÿ ïîñëåäóþùåé èíêóáàöèè. Â òå÷åíèå ñóòîê ðàç-
âèâàþùàÿñÿ èêðà ïðîøëà àêêëèìàöèþ â àýðèðóåìûõ êþâå-

òàõ ñ âîäîé êîíòðîëüíîãî õèìè÷åñêîãî ñîñòàâà.  Â êà÷åñòâå
êîíòðîëÿ èñïîëüçîâàíà áóòèëèðîâàííàÿ ïèòüåâàÿ âîäà âûñ-
øåé êàòåãîðèè ñ îáùåé ìèíåðàëèçàöèåé 160–170 ìã/ë,
ñîäåðæàíèåì Ca2+ – 42,1–50,1 ìã/ë, Mg2+ – 6,7–12,2 ìã/ë,
Na+ – îêîëî 30 ìã/ë. Ïîñëå àêêëèìàöèè "ëåíòû" èêðû áûëè
ôðàãìåíòèðîâàíû è ðàçìåùåíû ñëó÷àéíûì îáðàçîì â äå-
ñÿòè ïëàñòèêîâûõ êâàäðàòíûõ 32-ëèòðîâûõ êîíòåéíåðàõ-
àêâàðèóìàõ ñ íà÷àëüíûì îáúåìîì âîäû – 4 ë. Èñõîäíîå
êîëè÷åñòâî èêðèíîê ðå÷íîãî îêóíÿ â êàæäîì àêâàðèóìå – â
ñðåäíåì 5–7 òûñÿ÷. Â äâà àêâàðèóìà íàëèòà âîäà êîíò-
ðîëüíîãî ãèäðîõèìè÷åñêîãî ñîñòàâà, ñîîòâåòñòâåííî, â íèõ
ñîçäàíû ýêñïåðèìåíòàëüíûå ãðóïïû Con160 (1) è Con160
(2). Åùå â äâà àêâàðèóìà íàëèòà êîíòðîëüíàÿ âîäà, ðàçáàâ-
ëåííàÿ äèñòèëëÿòîì äî çíà÷åíèÿ ìèíåðàëèçàöèè 100 ìã/ë ñ
óìåíüøåíèåì êîíöåíòðàöèé Ca2+ äî 30,1 ìã/ë, Mg2+ – äî 4,9
ìã/ë, Na+ – äî 19,0 ìã/ë (ýêñïåðèìåíòàëüíûå ãðóïïû Dis100
(1) è Dis100 (2)). Â îñòàëüíûå øåñòü àêâàðèóìîâ íàëèòà
âîäà ñ îáùåé ìèíåðàëèçàöèåé, ïîâûøåííîé äî çíà÷åíèÿ
400 ìã/ë çà ñ÷åò äîáàâëåíèÿ â êîíòðîëüíóþ âîäó õëîðèä-
íûõ ñîëåé êàëüöèÿ, ìàãíèÿ èëè íàòðèÿ â äâóõ ïîâòîðíîñòÿõ.
Òàêèì îáðàçîì, ñîçäàíî åùå øåñòü ýêñïåðèìåíòàëüíûõ
ãðóïï: Ca400 (1) è Ca400 (2) ñ óâåëè÷åíèåì ñîäåðæàíèÿ
Ca2+ â âîäå äî 130 ìã/ë,  Mg400 (1) è Mg400 (2) (Mg2+ áîëåå
50 ìã/ë), Na400 (1) è Na400 (2) (Na2+ áîëåå 170 ìã/ë).

Äàëåå ÷åðåç ñóòêè â êàæäûé èç àêâàðèóìîâ äîáàâëÿëè
åùå ïî 2 ë âîäû ñ çàäàííûì ãèäðîõèìè÷åñêèì ñîñòàâîì,
äîâåäÿ â êîíå÷íîì èòîãå ÷åðåç 4 íåäåëè ýêñïåðèìåíòà
îáúåìû âîäû â íèõ äî ìàêñèìàëüíûõ çíà÷åíèé â 30 ë. Â
ïîñëåäóþùèé ïåðèîä (5–8 íåäåëè ýêñïåðèìåíòà) îáúåìû
âîäû â àêâàðèóìàõ áîëåå íå èçìåíÿëè. Ñîäåðæàíèå ðàñòâî-
ðåííîãî êèñëîðîäà â âîäå àêâàðèóìîâ ïîääåðæèâàëè â
ïðåäåëàõ 9–11 ìã/ë çà ñ÷åò ïðèíóäèòåëüíîé àýðàöèè, òåì-
ïåðàòóðà âîäû èçìåíÿëàñü îò 20–22 °Ñ äíåì äî 16–18 °Ñ
íî÷üþ, îñíîâíîå îñâåùåíèå áûëî åñòåñòâåííûì ñ çàòåíå-
íèåì è íîðìàëüíûì ñóòî÷íûì ðèòìîì. Àêâàðèóìû êàæ-
äûé äåíü î÷èùàëè îò îðãàíè÷åñêèõ îñòàòêîâ è óäàëÿëè èç
âîäû ìåðòâûõ îñîáåé ðûá. Íà÷èíàÿ ñ 5-îé íåäåëè ýêñïåðè-
ìåíòà, ïðîâîäèëè ïîäñ÷åò ïîãèáøèõ ïîçäíèõ ëè÷èíîê è
ðàííèõ ìàëüêîâ îêóíÿ èç ðàçíûõ ãðóïï.

Æèâîé ïåëàãè÷åñêèé êîðì ñòàëè äîáàâëÿòü â àêâàðèó-
ìû ñðàçó ïîñëå íà÷àëà âûõîäà ðàííèõ ëè÷èíîê îêóíÿ èç
ÿéöåâûõ îáîëî÷åê: ñíà÷àëà â âèäå ìåëêîãî ïðèðîäíîãî
çîîïëàíêòîíà, îòëîâëåííîãî â òîì æå âîäîåìå, ãäå ðàíåå
áûëà ñîáðàíà èêðà.  Íà 4-å ñóòêè ïîñëå íà÷àëà êîðìëåíèÿ
ëè÷èíîê îêóíÿ âìåñòå ñ ìåëêèì ïðèðîäíûì çîîïëàíêòî-
íîì ñòàëè äîáàâëÿòü áîëåå êðóïíûõ ïî ðàçìåðó íàóïëèé
àðòåìèé. Ñïóñòÿ 3 íåäåëè ïîñëå ïîÿâëåíèÿ ïåðâûõ ëè÷èíîê
îêóíÿ â æèâîé êîðì ê àðòåìèÿì ñòàëè äîáàâëÿòü îëèãîõåò-
òðóáî÷íèêîâ (ñåì. Tubificidae) èç âåðìèêóëüòóðû. Îëèãî-
õåòàìè ïðîäîëæàëè êîðìèòü ìàëüêîâ îêóíÿ 2 ðàçà â äåíü äî
êîíöà ýêñïåðèìåíòà.

Ïî îêîí÷àíèè ýêñïåðèìåíòà ïðîâåäåí ïîäñ÷åò îñòàâ-
øèõñÿ â æèâûõ îñîáåé ðûá â êàæäîé èç äåñÿòè ãðóïï.
Âûæèâàåìîñòü ìîëîäè îêóíÿ â òå÷åíèå ïîñëåäíèõ ÷åòûðåõ
íåäåëü ýêñïåðèìåíòà îöåíåíà ïî ñëåäóþùåé ôîðìóëå:

V = [NV / (NV + ND)] õ 100%, ãäå NV – ÷èñëî âûæèâøèõ
îñîáåé, ND – ÷èñëî ïîãèáøèõ îñîáåé.

Ó âûæèâøèõ ìàëüêîâ áûëà èçìåðåíà ñòàíäàðòíàÿ äëè-
íà òåëà SL ñ ðàñ÷åòîì ñðåäíèõ çíà÷åíèé è êîýôôèöèåíòîâ
âàðèàöèè, à òàêæå ïîäñ÷èòàíî ÷èñëî îòâåðñòèé ñåéñìîñåí-
ñîðíûõ êàíàëîâ â íåêîòîðûõ ïàðíûõ ïîêðîâíûõ êîñòÿõ
ãîëîâû: íàäãëàçíè÷íûõ â ëîáíûõ êîñòÿõ CSO

fro
, ïîäãëàç-

íè÷íûõ â ñëåçíûõ êîñòÿõ CIO
lac
, ïðåäêðûøå÷íûõ â æàáåð-

íûõ êðûøêàõ CPM
pre
 è íèæíå÷åëþñòíûõ â çóáíûõ êîñòÿõ

CPM
den
. Ìîðôîëîãè÷åñêèé àíàëèç êîñòåé ïðîâîäèëñÿ ïîä

áèíîêóëÿðíûì ìèêðîñêîïîì ÌÁÑ-9 ïîñëå íåïðîäîëæè-
òåëüíîãî âûäåðæèâàíèÿ îòäåëüíûõ ýêçåìïëÿðîâ îêóíÿ â
ãîðÿ÷åé âîäå ñ òåìïåðàòóðîé 60–80 °Ñ, àêêóðàòíîãî îñâî-
áîæäåíèÿ ñêåëåòà ãîëîâû îò ìÿãêèõ òêàíåé ïðåïàðîâàëü-
íûìè èãëàìè è âûñóøèâàíèÿ ôèëüòðîâàëüíîé áóìàãîé.
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Ñðàâíèòåëüíûé àíàëèç êîëè÷åñòâåííûõ ðåçóëüòàòîâ
ýêñïåðèìåíòà ïðîâåäåí îáùåïðèíÿòûìè ìåòîäàìè ìàòå-
ìàòè÷åñêîé ñòàòèñòèêè ñ ðàñ÷åòîì ïàðàìåòðè÷åñêîãî êðè-
òåðèÿ Ñòüþäåíòà (t) è ðàíãîâîãî êðèòåðèÿ Ìàííà-Óèòíè
(U) [10]. Äëÿ ïåðâè÷íîé îáðàáîòêè ÷èñëîâûõ äàííûõ è
ïîñëåäóþùèõ ðàñ÷åòîâ èñïîëüçîâàíû ïàêåòû êîìïüþòåð-
íûõ ïðîãðàìì MS Excel è Statistica.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå

Âûëóïëåíèå ëè÷èíîê ðå÷íîãî îêóíÿ èç èêðû âî âñåõ
àêâàðèóìàõ íà÷àëîñü íà ÷åòâåðòûé äåíü ïîñëå íà÷àëà ýêñ-
ïåðèìåíòà è ïðîäîëæàëîñü â òå÷åíèå ïÿòè ñóòîê. Â êîíå÷-
íîì èòîãå â êàæäîì èç àêâàðèóìîâ ïîÿâèëîñü ïî íåñêîëüêó
ñîòåí ïîäâèæíûõ ðàííèõ ëè÷èíîê, íàõîäÿùèõñÿ íà ýòàïå
ñìåøàííîãî ïèòàíèÿ. Íà ñëåäóþùèé ýòàï îáëèãàòíîãî ýê-
çîãåííîãî ïèòàíèÿ ïîñëå íàïîëíåíèÿ ïëàâàòåëüíîãî ïóçû-
ðÿ, ïîëíîãî ðàññàñûâàíèÿ æåëòî÷íîãî ìåøêà è óäëèíåíèÿ
÷åëþñòåé ïåðåøëî â òå÷åíèå íåäåëè â ñðåäíåì 1–2 äåñÿòêà
ëè÷èíîê îêóíÿ èç êàæäîé ýêñïåðèìåíòàëüíîé ãðóïïû, çà
èñêëþ÷åíèåì Ca400(1), ãäå îñòàëîñü òîëüêî äâå îñîáè
(òàáë. 1). Äâå "âîëíû" ìàññîâîé ãèáåëè ëè÷èíîê íà êðèòè-
÷åñêèõ ýòàïàõ âûëóïëåíèÿ è ïåðåõîäà íà ýêçîãåííîå ïèòà-
íèå âåñüìà õàðàêòåðíû äëÿ ýòîãî âèäà ðûá [11]. Àíàëèçè-
ðóÿ äàííûå òàáë. 1, ìîæíî ïðåäïîëîæèòü, ÷òî ïîâûøåíèå
ìèíåðàëèçàöèè âîäû â 2,5 ðàçà, îñîáåííî çà ñ÷åò äîáàâëå-
íèÿ õëîðèäà êàëüöèÿ, îêàçàëî îïðåäåëåííîå íåãàòèâíîå
âëèÿíèå íà âûæèâàåìîñòü ðàííèõ ëè÷èíîê îêóíÿ â ïåðâûå
äâå íåäåëè ýêñïåðèìåíòà, îäíàêî ýòà òåíäåíöèÿ ìîãëà áûòü
âûçâàíà è äðóãèìè, íå ðåãóëèðóåìûìè â ýêñïåðèìåíòå
ôàêòîðàìè.

Â òå÷åíèå ïîñëåäóþùèõ äâóõ íåäåëü ó îñòàâøèõñÿ â
æèâûõ ëè÷èíîê îêóíÿ íàáëþäàëñÿ àêòèâíûé ëèíåéíûé
ðîñò, ãåòåðîãåííîñòü êîòîðîãî áûëà íàèáîëåå âûðàæåíà â
ýêñïåðèìåíòàëüíûõ ãðóïïàõ, ðàçâèâàâøèõñÿ â ãèäðîõèìè-

÷åñêèõ óñëîâèÿõ ñ äîáàâëåíèåì ñîëåé íàòðèÿ è ìàãíèÿ. Â
ýòèõ ãðóïïàõ ñàìûå êðóïíûå îñîáè óæå íà ÷åòâåðòîé íåäå-
ëå ýêñïåðèìåíòà äîñòèãàëè ðàçìåðîâ SL 18–20 ìì, õàðàê-
òåðíûõ äëÿ ïåðâîãî ìàëüêîâîãî ýòàïà [7], è â ïåðèîäû
êîðìëåíèÿ íà÷èíàëè äåìîíñòðèðîâàòü äîìèíàíòíîå ïîâå-
äåíèå, ïðîÿâëÿÿ àãðåññèþ â îòíîøåíèè íàèìåíüøèõ ïî
ðàçìåðó îñîáåé. Êàê ñëåäñòâèå, ïîñëåäíèå íàõîäèëèñü â
óãíåòåííîì ñîñòîÿíèè, íåêîòîðûå èç íèõ ïîäíèìàëèñü ê
ïîâåðõíîñòè âîäû, óòðà÷èâàëè ïèùåâóþ àêòèâíîñòü è â
êîíå÷íîì èòîãå ïîãèáàëè. Ðåàëèçîâàííûõ àêòîâ êàííèáà-
ëèçìà â ýêñïåðèìåíòàëüíûõ ãðóïïàõ íå çàôèêñèðîâàíî.

Â òî æå âðåìÿ ñðåäíèå ïîêàçàòåëè âûæèâàåìîñòè ó
ïîçäíèõ ëè÷èíîê è ìàëüêîâ â îáúåäèíåííûõ ýêñïåðèìåí-
òàëüíûõ ãðóïïàõ Na400(1+2) è Mg400(1+2) â ïîñëåäíèå
÷åòûðå íåäåëè ýêñïåðèìåíòà îêàçàëèñü íåñêîëüêî âûøå,
÷åì â îáúåäèíåííîé êîíòðîëüíîé ãðóïïå Con160(1+2), è
ñóùåñòâåííî âûøå, ÷åì â îáúåäèíåííîé ãðóïïå Dis100(1+2),
ãäå ðàííåå ðàçâèòèå îêóíÿ ïðîèñõîäèëî â óñëîâèÿõ íàèìå-
íåå ìèíåðàëèçîâàííîé ïðåñíîé âîäû (òàáë. 1). Ïðè ýòîì
ãðóïïà Na400(1+2) ñòàòèñòè÷åñêè çíà÷èìî îòëè÷àëàñü ïî
âûæèâàåìîñòè îò ãðóïïû Dis100(1+2). Âíóòðè íåêîòîðûõ
ïàðíûõ ïîâòîðíîñòåé ìåæäó ãðóïïàìè ìîëîäè îêóíÿ, ðàç-
âèâàâøèõñÿ â îäèíàêîâûõ ãèäðîõèìè÷åñêèõ óñëîâèÿõ, òàê-
æå îòìå÷åíû ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ ïî ïîêàçà-
òåëÿì âûæèâàåìîñòè (òàáë. 1). Íå âûÿâëåíî äîñòîâåðíûõ
ðàçëè÷èé ïî âåëè÷èíå V ïðè ñðàâíåíèè äâóõ êîíòðîëüíûõ
ãðóïï, à òàêæå ìåæäó äâóìÿ ãðóïïàìè, ðàçâèâàâøèìèñÿ â
âîäå ñ äîáàâëåíèåì õëîðèäà íàòðèÿ.

Â îáúåäèíåííîé ãðóïïå Na400(1+2) îêàçàëñÿ ìàêñè-
ìàëüíûì íå òîëüêî ñðåäíèé ïîêàçàòåëü âûæèâàåìîñòè ïî-
çäíèõ ëè÷èíîê è ìàëüêîâ îêóíÿ. Êàê âèäíî èç òàáë. 2, ê
êîíöó ýêñïåðèìåíòà çäåñü íàáëþäàëèñü íàèáîëüøèå ëè-
íåéíûå ðàçìåðû ìîëîäè, ñòàòèñòè÷åñêè çíà÷èìî îòëè÷àâ-
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øèåñÿ îò àíàëîãè÷íûõ ïàðàìåòðîâ â îáúåäèíåííûõ ãðóï-
ïàõ Con160(1+2) è Dis100 (1+2). Êîýôôèöèåíò âàðèàöèè
äëèí SL ó ìàëüêîâ îêóíÿ â ãðóïïå Na400 (1+2) òàêæå áûë
íàèáîëüøèì (15,9%), òîãäà êàê â ãðóïïàõ Con160 (1+2) è
Dis100(1+2) – íàèìåíüøèé (11,4–11,5%). Ñòàòèñòè÷åñêè
çíà÷èìûõ ðàçëè÷èé ïî ëèíåéíûì ðàçìåðàì ìàëüêîâ ìåæäó
ãðóïïàìè îêóíÿ âíóòðè ïàðíûõ ïîâòîðíîñòåé íå âûÿâëåíî,
òîãäà êàê ïî êîýôôèöèåíòàì âàðèàöèè òàêèå ðàçëè÷èÿ
çàðåãèñòðèðîâàíû ìåæäó ãðóïïàìè Ña400 (1) è Ña400 (2).
Ìàêñèìàëüíàÿ äëèíà SL (45 ìì) çàðåãèñòðèðîâàíà ê êîíöó
ýêñïåðèìåíòà ó îäíîé îñîáè èç ãðóïïû Na400 (1), ìèíè-
ìàëüíàÿ (20 ìì) – ó îäíîé îñîáè èç ãðóïïû Ña400(2).

Òàêèì îáðàçîì, ïîâûøåíèå ìèíåðàëèçàöèè ïðåñíîé
âîäû çà ñ÷åò äîáàâëåíèÿ õëîðèäà íàòðèÿ ïðèâåëî ïî îêîí-
÷àíèè ýêñïåðèìåíòà ê ïîÿâëåíèþ â ñðåäíåì áîëåå êðóïíûõ
ìàëüêîâ ðå÷íîãî îêóíÿ. Ýòî áûëî ñâÿçàíî ñ óñêîðåíèåì
ëèíåéíîãî ðîñòà ó ÷àñòè èõ îñîáåé â ãðóïïàõ Na400(1) è
Na400(2) è ñîïðîâîæäàëîñü óâåëè÷åíèåì ðàçíîêà÷åñòâåí-
íîñòè ìàëüêîâ ïî ðàçìåðàì äëèíû SL. Ïîäîáíûå ïîëîæè-
òåëüíûå ðîñòîâûå ýôôåêòû ó ìîëîäè ðàçíûõ âèäîâ ïðåñíî-
âîäíûõ ðûá íàáëþäàëèñü ðàíåå â ýêñïåðèìåíòàëüíûõ èñ-
ñëåäîâàíèÿõ äðóãèõ àâòîðîâ ïðè ïîâûøåíèè ìèíåðàëèçà-
öèè ïðåñíîé âîäû äî 1–2 ‰ ñ äîáàâëåíèåì NaCl [12].

Ìàëüêè îêóíÿ èç îáúåäèíåííûõ ãðóïï Ña400 (1+2) è
Mg400 (1+2) ïî îêîí÷àíèè ýêñïåðèìåíòà õàðàêòåðèçîâà-
ëèñü ñòàòèñòè÷åñêè çíà÷èìûì óìåíüøåíèåì ÷èñëà îòâåð-
ñòèé ñåéñìîñåíñîðíûõ êàíàëîâ â ñëåçíûõ (CIO

lac
) è çóáíûõ

êîñòÿõ (CPM
den
), ïî ñðàâíåíèþ ñ ìàëüêàìè èç îáúåäèíåí-

íîé ãðóïïû Dis100 (1+2), êîòîðûå ðàçâèâàëèñü â âîäå ñ
ìèíèìàëüíûì ñîäåðæàíèåì Ca2+ è Mg2+ (òàáë. 2). Îáúåäè-
íåííàÿ ãðóïïà Na400(1+2) òàêæå ñòàòèñòè÷åñêè çíà÷èìî
îòëè÷àëàñü ïî ïðèçíàêó CPM

den
 â ìåíüøóþ ñòîðîíó îò

îáúåäèíåííîé ãðóïïû Dis100 (1+2), à ïî ïðèçíàêó CIO
lac
 –

íàîáîðîò, â áîëüøóþ ñòîðîíó îò îáúåäèíåííûõ ãðóïï
Con160 (1+2) è Mg400 (1+2). Â ñâîþ î÷åðåäü âíóòðè ïî-
âòîðíîñòåé ìåæäó ãðóïïàìè Con160 (1) è Con160 (2), à
òàêæå ìåæäó ãðóïïàìè Mg400 (1) è Mg400 (2) îòìå÷åíû
äîñòîâåðíûå ðàçëè÷èÿ ïî ïðèçíàêó CIO

lac
, êðîìå òîãî, ìåæ-

äó ãðóïïàìè  Na400 (1) è Na400 (2) – ïî ïðèçíàêó CPM
den

(òàáë. 2).
Òàêèì îáðàçîì, ïî ðåçóëüòàòàì ïðîâåäåííîãî ýêñïåðè-

ìåíòà îäíîçíà÷íî ìîæíî ñóäèòü ëèøü î âëèÿíèè Ca2+ íà
èçìåíåíèå êîëè÷åñòâåííûõ õàðàêòåðèñòèê êðàíèàëüíûõ
êàíàëîâ áîêîâîé ëèíèè ó ìàëüêîâ îêóíÿ. Ýòî âëèÿíèå
ïðîÿâèëîñü â óìåíüøåíèè ÷èñëà îòâåðñòèé ñåéñìîñåíñîð-
íûõ êàíàëîâ, ðàñïîëîæåííûõ â ïîêðîâíûõ êîñòÿõ ïåðå-
äíåé ÷àñòè ãîëîâû ó îñîáåé äàííîãî âèäà ðûá, ðàçâèâàâ-
øèõñÿ â óñëîâèÿõ ïîâûøåííîãî ñîäåðæàíèÿ èîíîâ êàëüöèÿ
â âîäíîé ñðåäå. Àíàëîãè÷íàÿ òåíäåíöèÿ íàïðàâëåííîé ìåæ-
ãðóïïîâîé èçìåí÷èâîñòè ñ÷åòíûõ ïðèçíàêîâ ñåéñìîñåí-
ñîðíîé ñèñòåìû ãîëîâû ó ðå÷íîãî îêóíÿ áûëà îòìå÷åíà
íàìè ðàíåå â åãî ïðèðîäíûõ ïîïóëÿöèÿõ, îáèòàþùèõ â
ìàëûõ ïðåñíîâîäíûõ ïðóäàõ ñ ðàçíûì ñîäåðæàíèåì ãëàâ-
íûõ êàòèîíîâ [9]. Îäíàêî ïðÿìîé è îäíîçíà÷íîé ñâÿçè
ïîíèæåííûõ ïîêàçàòåëåé âûæèâàåìîñòè è ëèíåéíûõ ðàçìå-
ðîâ ó ìàëüêîâ îêóíÿ èç îáúåäèíåííîé ãðóïïû Ña400 (1+2) ñ
íåäîðàçâèòèåì íà ïåðåäíåé ÷àñòè èõ ãîëîâû ñåéñìîñåíñîð-
íûõ îðãàíîâ, ó÷àñòâîâàâøèõ â ðåàëèçàöèè ïèùåâîãî ïîâå-
äåíèÿ, â ïðîâåäåííîì ýêñïåðèìåíòå íå îòìå÷åíî. Íàïðèìåð,
èç òàáë. 1–2 âèäíî, ÷òî áëèçêèå ïî çíà÷åíèÿì ïîêàçàòåëè
âûæèâàåìîñòè è ëèíåéíûå ðàçìåðû èìåëà òàêæå ìîëîäü
îêóíÿ èç îáúåäèíåííîé ãðóïïû Dis100 (1+2), êîòîðàÿ ðàçâè-
âàëàñü â àëüòåðíàòèâíûõ ãèäðîõèìè÷åñêèõ óñëîâèÿõ.

 Çàêëþ÷åíèå

Ðåçóëüòàòû ïðîâåäåííîãî ýêñïåðèìåíòà ïîêàçàëè, ÷òî
ìèíåðàëèçàöèÿ è èîííûé ñîñòàâ ïðåñíîé âîäû ìîãóò âëè-
ÿòü íà îñîáåííîñòè ðàçâèòèÿ ìîëîäè ðå÷íîãî îêóíÿ. Ðà-
ñòâîðåííûå â âîäå õëîðèäíûå ñîëè íàòðèÿ â îïðåäåëåííîì
äèàïàçîíå èõ êîíöåíòðàöèé îêàçûâàþò ïîëîæèòåëüíîå

âëèÿíèå íà âûæèâàåìîñòü è ëèíåéíûé ðîñò îñîáåé ýòîãî
âèäà, íàõîäÿùèõñÿ íà ïîçäíå-ëè÷èíî÷íûõ è ìàëüêîâûõ
ýòàïàõ îíòîãåíåçà. Òîãäà êàê óâåëè÷åíèå ñîäåðæàíèÿ â
âîäå èîíîâ êàëüöèÿ â ïåðèîä ðàííåãî ðàçâèòèÿ ðå÷íîãî
îêóíÿ â áîëüøåé ñòåïåíè îòðàæàåòñÿ íà íåêîòîðûõ îñîáåí-
íîñòÿõ åãî ìîðôîãåíåçà, â ÷àñòíîñòè, ïðèâîäèò ê óìåíüøå-
íèþ ÷èñëà îòâåðñòèé â êðàíèàëüíûõ êàíàëàõ áîêîâîé ëè-
íèè, ôîðìèðóþùèõñÿ ó åãî ìàëüêîâ.
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Ðåçþìå: Íàíî÷àñòèöû íàõîäÿò âñå áîëüøåå ïðàêòè÷åñ-
êîå ïðèìåíåíèå â ðàçëè÷íûõ îáëàñòÿõ ÷åëîâå÷åñêîé äåÿ-
òåëüíîñòè, â òîì ÷èñëå â âåòåðèíàðèè è ìåäèöèíå. Â ñâÿçè
ñ òåì, ÷òî ýôôåêòèâíîñòü àêòèâíîñòè êîëëîèäíûõ ðàñòâî-
ðîâ íàíî÷àñòèö íàïðÿìóþ ñâÿçàíà ñ ñîñòîÿíèåì àãðåãàöèè
íàíîðàçìåðíûõ ÷àñòèö, àêòóàëüíûì ÿâëÿåòñÿ èñïîëüçîâà-
íèå áûñòðûõ è óäîáíûõ ìåòîäîâ îöåíêè ôèçèêî-õèìè÷åñ-
êèõ õàðàêòåðèñòèê òàêèõ ïðåïàðàòîâ. Íàíî÷àñòèöû îáëàäà-
þò óíèêàëüíûìè îïòè÷åñêèìè ñâîéñòâàìè, êîòîðûå çàâè-
ñÿò îò èõ ðàçìåðà è ôîðìû. Îíè ìîãóò áûòü îïðåäåëåíû ïî
ïîêàçàòåëþ ïðåëîìëåíèÿ ñâåòà íà ïîâåðõíîñòè íàíî÷àñòèö
â ÿâëåíèè, èçâåñòíîì êàê ïëàçìîííûé ðåçîíàíñ, ÷òî äåëàåò
ÓÔ-ñïåêòðîñêîïèþ öåííûì èíñòðóìåíòîì äëÿ èçó÷åíèÿ è

Spectroscopic characteristics of
colloidal solutions of metal
nanoparticles
 1Krasochko P.A.,  1Korachkin R.B.,  1Krasochko P.P.,
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Abstrsct. Nanoparticles are finding more and more practical
applications in various fields of human activity, including
veterinary and medicine. Due to the fact that the effectiveness of
activity of colloidal solutions of nanoparticles is directly related
to the state of aggregation of nanosized particles, it is urgent to
use fast and convenient methods for assessing the
physicochemical characteristics of such preparations.
Nanoparticles have unique optical properties that depend on
their size and shape. They can be determined by the refractive
index of the light on the surface of the nanoparticles in a
phenomenon known as plasmon resonance, which makes UV-
Vis spectroscopy a valuable tool for studying and evaluating the
characteristics of nanomaterials.

Goal of the  study is to study the optical characteristics of
several samples of colloids of nanoparticles of noble metals
(silver) and bioelements (copper, silicon dioxide) in order to
determine the possibility of further application of UV-Vis
spectroscopy for evaluation of activity and stability of colloidal
solutions of nanoparticles.

Commercial preparations based on nanoparticles of noble
metals (silver) or bioelements (copper, silicon dioxide) in
working dilutions recommended by manufacturers were used to
study optical characteristics of the colloidal solutions. Optical
density and absorption spectra were determined at the
wavelengths (nm): 300-800 nm.

 The f plasmon surface resonance has been found in all test
preparations, while all of them exhibited obvious nonlinear
optical properties. The most pronounced plasma resonance
peak is found in the colloidal solution of silver nanoparticles
within a wavelength of 420 nm. In the case of a colloidal solution
of copper nanoparticles, the peak of plasmon resonance was less
pronounced and had a red shift (peak at 560 nm). In the colloidal
solution of silicon silica, the plasmon resonance was less
pronounced than other test preparations, being shifted to the
blue side of the spectrum (360 nm).
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îöåíêè õàðàêòåðèñòèê íàíîìàòåðèàëîâ. Öåëüþ ðàáîòû ÿâè-
ëîñü èçó÷åíèå îïòè÷åñêèå õàðàêòåðèñòèêè íåñêîëüêèõ îá-
ðàçöîâ êîëëîèäîâ íàíî÷àñòèö áëàãîðîäíûõ ìåòàëëîâ (ñå-
ðåáðà) è áèîýëåìåíòîâ (ìåäü, êðåìíèÿ äèîêñèä) ñ öåëüþ
îïðåäåëåíèÿ âîçìîæíîñòè äàëüíåéøåãî ïðèìåíåíèÿ ÓÔ-
ÂÑ ñïåêòðîñêîïèè äëÿ îöåíêè àêòèâíîñòè è ñòàáèëüíîñòè
êîëëîèäíûõ ðàñòâîðîâ íàíî÷àñòèö.  Äëÿ èññëåäîâàíèÿ îïòè-
÷åñêèõ õàðàêòåðèñòèê êîëëîèäíûõ ðàñòâîðîâ èñïîëüçîâàëè
êîììåð÷åñêèå ïðåïàðàòû íà îñíîâå íàíî÷àñòèö áëàãîðîä-
íûõ ìåòàëëîâ (ñåðåáðà) èëè áèîýëåìåíòîâ (ìåäè, äèîêñèäà
êðåìíèÿ) â ðàáî÷èõ ðàçâåäåíèÿõ, ðåêîìåíäîâàííûõ ïðîèç-
âîäèòåëÿìè. Îïòè÷åñêàÿ ïëîòíîñòü è ñïåêòðû ïîãëîùåíèÿ
îïðåäåëÿëèñü íà äëèíàõ âîëí (Íì): 300–800 Íì.

Óñòàíîâëåíî,  ÷òî ïîâåðõíîñòíûé ïëàçìîííûé ðåçî-
íàíñ áûë îáíàðóæåí âî âñåõ òåñòîâûõ ïðåïàðàòàõ, â òî
âðåìÿ êàê âñå îíè äåìîíñòðèðîâàëè î÷åâèäíûå íåëèíåéíî
– îïòè÷åñêèå ñâîéñòâà. Íàèáîëåå âûðàæåííûé ïèê ïëàç-
ìåííîãî ðåçîíàíñà îáíàðóæåí â êîëëîèäíîì ðàñòâîðå íàíî-
÷àñòèö ñåðåáðà â ïðåäåëàõ äëèíû âîëíû 420 Íì. Â ñëó÷àå
êîëëîèäíîãî ðàñòâîðà íàíî÷àñòèö ìåäè ïèê ïëàçìîííîãî
ðåçîíàíñà áûë ìåíåå âûðàæåí è èìåë êðàñíîå ñìåùåíèå
(ïèê ïðè 560 Íì). Â êîëëîèäíîì ðàñòâîðå êðåìíåçåìà ïëàç-
ìîííûé ðåçîíàíñ áûë ìåíåå âûðàæåí, ÷åì â äðóãèõ òåñò-
ïðåïàðàòàõ, ñìåùàÿñü â ñèíþþ ñòîðîíó ñïåêòðà (360 Íì).

Ââåäåíèå.

Ïðîôèëàêòèêà è ëå÷åíèå èíôåêöèîííûõ áîëåçíåé ó
æèâîòíûõ äî ñèõ ïîð ïðåäñòàâëÿåò ñîáîé  ñåðüåçíóþ ïðî-
áëåìó, íåñìîòðÿ íà î÷åâèäíûå äîñòèæåíèÿ âåòåðèíàðíîé
ôàðìàêîëîãèè. Ïðàêòè÷åñêèå âåòåðèíàðíûå âðà÷è âñå ÷àùå
ñòàëêèâàþòñÿ â ïîëåâûõ óñëîâèÿõ ñ ïàòîãåíàìè, èìåþùè-
ìè  ìíîæåñòâåííóþ ëåêàðñòâåííóþ óñòîé÷èâîñòü. Ëå÷åíèå
òàêèõ ïàòîëîãèé òðåáóåò ïðèìåíåíèÿ àíòèáèîòèêîâ øèðî-
êîãî ñïåêòðà äåéñòâèÿ, êîòîðûå ÿâëÿþòñÿ áîëåå òîêñè÷íû-
ìè, áîëåå äîðîãèìè è çà÷àñòóþ ìåíåå ýôôåêòèâíûìè, ÷åì
ïðåïàðàòû óçêîé íàïðàâëåííîñòè. Êðîìå òîãî, ó÷àñòèå â
ïàòîãåíåçå âîçáóäèòåëåé ñ ìíîæåñòâåííîé ëåêàðñòâåííîé
óñòîé÷èâîñòüþ óâåëè÷èâàþò ñðîê âûçäîðîâëåíèÿ áîëüíî-
ãî æèâîòíîãî ëèáî êóðñ åãî ëå÷åíèÿ. Îäíèì èç äåéñòâåí-
íûõ àëüòåðíàòèâ ïðèìåíåíèÿ êëàññè÷åñêèõ àíòèáèîòèêîâ
ÿâëÿåòñÿ âíåäðåíèå â ëå÷åáíóþ ïðàêòèêó ïðåïàðàòîâ íà
îñíîâå êîëëîèäíûõ ðàñòâîðîâ íàíî÷àñòèö ìåòàëëîâ. Èõ
òåðàïåâòè÷åñêèé ýôôåêò âñåãäà ìíîãîñòîðîíåí, íî ÷àùå â
åãî îñíîâå ëåæèò âûñâîáîæäåíèå ñâîáîäíûõ èîíîâ, êîòî-
ðûå, êàê èçâåñòíî, îáëàäàþò áàêòåðèöèäíûìè ñâîéñòâàìè
â îòíîøåíèè øèðîêîé ãðóïïû ðàçíîèìåííûõ ïàòîãåíîâ,
âêëþ÷àÿ âèðóñû è áàêòåðèè. Òàê, íàíî÷àñòèöû ñåðåáðà,
êîòîðûå ñ÷èòàþòñÿ íàèáîëåå ýôôåêòèâíûìè ñðåäè ïðåïà-
ðàòîâ äàííîé ãðóïïû, àêòèâíû â îòíîøåíèè áîëåå ÷åì 150
âèäîâ áàêòåðèé, âêëþ÷àÿ ìåòèöèëëèí-óñòîé÷èâûå øòàì-
ìû Staphylococcus aureus, áàêòåðèè ðîäîâ Acinetobacter,
Klebsiella è Pseudomonas, ñîñòàâëÿþùèõ ãðóïïó ìèêðîîð-
ãàíèçìîâ ESKAPE ñ âûðàæåííîé àíòèáàêòåðèàëüíîé ðåçè-
ñòåíòíîñòüþ.

C äðóãîé ñòîðîíû, íàíîñòðóêòóðû òàêæå çíà÷èòåëüíî

ïðî÷íåå îáúåìíûõ ìàòåðèàëîâ è ïîýòîìó øèðîêî èñïîëü-
çóþòñÿ â òàêèõ îáëàñòÿõ, êàê ñòðóêòóðíàÿ èíæåíåðèÿ, ýíåð-
ãåòèêà è õèìèÿ [5]. Íàíî÷àñòèöû ñåðåáðà ïðåäñòàâëÿþò
îñîáûé èíòåðåñ èç-çà ìíîæåñòâà ïîëåçíûõ ñâîéñòâ. Îíè
îáëàäàþò âûñîêîé ïðîâîäèìîñòüþ, âûñîêîé òåïëîïðîâîä-
íîñòüþ è èìåþò âûñîêóþ îïòè÷åñêóþ îòðàæàþùóþ ñïî-
ñîáíîñòü [2]. Ïîìèìî êîììåð÷åñêîãî èñïîëüçîâàíèÿ, áëà-
ãîäàðÿ ñâîèì îïòè÷åñêèì ñâîéñòâàì, íàíî÷àñòèöû òàêæå
èìåþò îòíîøåíèå ê ïîïóëÿðíîé îáëàñòè èññëåäîâàíèé â
îáëàñòè ïëàçìîíèêè. Íàíî÷àñòèöû ñåðåáðà äåìîíñòðèðó-
þò ñèëüíûå è øèðîêèå ïîâåðõíîñòíûå ïëàçìîííûå ðåçî-
íàíñû â óëüòðàôèîëåòîâîì è âèäèìîì ñâåòå èç-çà ñèëüíîãî
êîãåðåíòíîãî êîëåáàíèÿ ñâîáîäíûõ ïîâåðõíîñòíûõ ýëåêò-
ðîíîâ â íàíî÷àñòèöàõ, ÷òî ïðèâîäèò ê ñèëüíîìó ïîãëîùå-
íèþ è ðàññåÿíèþ ïàäàþùåãî ñâåòà. Óíèêàëüíûå ðåçîíàíñ-
íûå ïëàçìîííûå õàðàêòåðèñòèêè â íàíî÷àñòèöàõ äàæå ñïî-
ñîáñòâîâàëè èõ âíåäðåíèþ â ðàçëè÷íûå îòðàñëè õèìèè è
îðãàíè÷åñêîãî ñèíòåçà, íàïðèìåð, â ðåàêöèÿõ ýïîêñèäèðî-
âàíèÿ ýòèëåíà è îêèñëåíèÿ óãàðíîãî ãàçà [1].

Ñïåêòðîñêîïèÿ ÓÔ-ÂÑ (Óëüòðàôèîëåò/Âèäèìûé ñâåò)
ÿâëÿåòñÿ ìîùíûì àíàëèòè÷åñêèì èíñòðóìåíòîì èññëåäî-
âàíèÿ ïî íåñêîëüêèì ïðè÷èíàì. Îíà ïîçâîëÿåò áûñòðî è
êà÷åñòâåííî ñðàâíèâàòü ñâîéñòâà áîëüøîãî ÷èñëà îáðàç-
öîâ áåç ïðåäâàðèòåëüíîãî çíàíèÿ îá èõ ñïåöèôèêå. Ñðàâíè-
âàÿ ñïåêòðîñêîïè÷åñêèå õàðàêòåðèñòèêè íåñêîëüêèõ îá-
ðàçöîâ, ëåãêî îïðåäåëèòü, îòëè÷àþòñÿ ëè èõ ýëåêòðîííûå
ñòðóêòóðû. Â ñâÿçè ñ òåì, ÷òî ñïåêòðîñêîïè÷åñêèå ñâîéñòâà
êîëëîèäíûõ ðàñòâîðîâ íàíî÷àñòèö â î÷åíü çíà÷èòåëüíîé
ñòåïåíè çàâèñÿò îò èõ îäíîðîäíîñòè, ÓÔ-ÂÑ ñïåêòðîñêî-
ïèåé ìîæíî áûñòðî è äîñòîâåðíî ñóäèòü îá èõ êà÷åñòâåí-
íûõ õàðàêòåðèñòèêàõ [4].

Ïî ñóòè, â îñíîâå ÓÔ-ÂÑ ñïåêòðîñêîïèè ëåæèò  èçìå-
ðåíèå êîëè÷åñòâà óëüòðàôèîëåòîâîãî è âèäèìîãî ñâåòà,
êîòîðûé ïîãëîùàåòñÿ îáðàçöîì. Ñ ôèçè÷åñêîé òî÷êè çðå-
íèÿ, ïîñëå ïîãëîùåíèÿ ôîòîíîâ èññëåäóåìûì îáðàçöîì
ïðîèñõîäèò âîçáóæäåíèå ýëåêòðîíîâ â ìàòåðèàëå è èõ ïå-
ðåõîä â ñîñòîÿíèå ñ áîëåå âûñîêîé ýíåðãèåé, ñîçäàâàÿ
ñïåêòðàëüíóþ õàðàêòåðèñòèêó íà ñîîòâåòñòâóþùåé äëèíå
âîëíû. ÓÔ-ÂÑ ñïåêòðîñêîïèÿ ÿâëÿåòñÿ ïðèçíàííûì ìåòî-
äîì îöåíêè êîëëîèäíîé àãðåãàöèè âåùåñòâ, îñîáåííî äëÿ
ñèñòåì ÷àñòèö ìèêðîñêîïè÷åñêîãî ðàçìåðà. Íåñìîòðÿ íà
íåîñïîðèìûå ïðåèìóùåñòâà, ýòîò àíàëèòè÷åñêèé ìåòîä
èìååò îïðåäåëåííûå îãðàíè÷åíèÿ, â ÷àñòíîñòè, ñâÿçàííûå
ñ òåì, ÷òî èçìåðÿåìûé ñâåòîâîé ñèãíàë èçìåíÿåòñÿ êàê â
çàâèñèìîñòè îò îáúåìíîé äîëè ÷àñòèö, òàê è îò èõ ðàçìåðà,
ïðè÷åì òîëüêî ïðè óñëîâèè îäíîâðåìåííîãî èçìåíåíèÿ
îáîèõ ïàðàìåòðîâ ìîæíî äîñòîâåðíî ñóäèòü î êà÷åñòâåí-
íûõ õàðàêòåðèñòèêàõ ñàìîãî îáðàçöà. Äëÿ ïëàçìîííûõ
íàíî÷àñòèö, äåìîíñòðèðóþùèõ ñèëüíîå ïîãëîùåíèå ñâå-
òà, ÓÔ-ÂÑ àáñîðáöèîííàÿ ñïåêòðîñêîïèÿ ïðåîäîëåâàåò
ýòî îãðàíè÷åíèå, òàê êàê ïîãëîùåíèå òåñíî ñâÿçàíî ñ ôèçè-
÷åñêèìè ñâîéñòâàìè ñàìîé íàíî÷àñòèöû [3].

Öåëüþ ðàáîòû ÿâèëîñü èçó÷åíèå îïòè÷åñêèå õàðàêòåðè-
ñòèêè íåñêîëüêèõ îáðàçöîâ êîëëîèäîâ íàíî÷àñòèö áëàãî-
ðîäíûõ ìåòàëëîâ (ñåðåáðà) è áèîýëåìåíòîâ (ìåäü, êðåìíèÿ

äèîêñèä) ñ öåëüþ îïðåäåëåíèÿ âîçìîæíîñòè
äàëüíåéøåãî ïðèìåíåíèÿ ÓÔ-ÂÑ ñïåêòðîñêî-
ïèè äëÿ îöåíêè àêòèâíîñòè è ñòàáèëüíîñòè êîë-
ëîèäíûõ ðàñòâîðîâ íàíî÷àñòèö.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé.

Îïòè÷åñêèå õàðàêòåðèñòèêè êîëëîèäíûõ
ðàñòâîðîâ íàíî÷àñòèö ìåòàëëîâ è áèîýëåìåí-
òîâ îöåíèâàëè ïî íàëè÷èþ ïèêîâ ïëàçìîííîãî
ðåçîíàíñà â ñïåêòðàõ ïîãëîùåíèÿ êîëëîèäîâ.
Ïëàçìîííûé ðåçîíàíñ ïðåäñòàâëÿåò ñîáîé ðå-
çîíàíñíîå êîëåáàíèå ñâîáîäíûõ ýëåêòðîíîâ íà
ïîâåðõíîñòè íàíî÷àñòèö ïîä âîçäåéñòâèåì èç-
ìåíÿþùåãîñÿ âî âðåìåíè âíåøíåãî ýëåêòðî-
ìàãíèòíîãî ïîëÿ, ñîçäàâàåìîãî ýëåêòðîìàãíèò-

Таблица 1. Зависимости показателей абсорбции света от оптических 

характеристик образца 

Tabl. 1. Dependencies of light absorption indices on optical characteristics of 

the sample 

Показатель 

абсорбции 

света (αλ) 

Интенсивность  

поглощения света 

образцом (%) 

Интенсивность 

прошедшего через 

образец света (%) 

Показатель 

I0/I1 

0 0 100 1 

0,25 43,7 56,23 1.778410101 

0,5 68,38 31,62 3.162555345 

1 90 10 10 

2 99 1 100 

3 99,9 0,1 1000 

4 99,99 0,01 10000 
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íûìè âîëíàìè. Äàííûé ôåíîìåí ÿâëÿåòñÿ ñèëüíûì èíäè-
êàòîðîì òîãî, ÷òî èññëåäóåìûé ìàòåðèàë ïî ñâîèì ôèçè-
÷åñêèì ïàðàìåòðàì ÿâëÿåòñÿ íàíîðàçìåðíûì ìåòàëëîì.
Ñ÷èòàåòñÿ, ÷òî øèðîòà ïèêà ïëàçìîííîãî ðåçîíàíñà óêàçû-
âàåò íà áî¢ëüøóþ íåîäíîðîäíîñòü ðàçìåðîâ íàíî÷àñòèö â
èññëåäóåìîì îáðàçöå, à èíòåíñèâíîñòü ïîãëîùåíèÿ ïëàç-
ìîííîãî ðåçîíàíñà (âåëè÷èíà ïèêà) ñíèæàåòñÿ ñ óìåíüøå-
íèåì ðàçìåðà íàíî÷àñòèö [4]. Â îòäåëüíûõ ïóáëèêàöèÿõ [6]
ïîêàçàíî, ÷òî ïîëîæåíèå ïîëîñû ïëàçìîííîãî ðåçîíàíñà
äåìîíñòðèðóåò èñêëþ÷èòåëüíóþ çàâèñèìîñòü îò ðàçìåðà
íàíî÷àñòèö.

Ïîêàçàòåëü àáñîðáöèè (ïîãëîùåíèÿ) ñâåòà íà îïðåäå-
ëåííîé äëèíå âîëíû (l), îïðåäåëÿåòñÿ ïî ôîðìóëå (1):

 al= log
10
 (I0/I1), ãäå

I
0
 – èíòåíñèâíîñòü ïàäàþùåãî ñâåòà

I
1
 – èíòåíñèâíîñòü ñâåòà, ïðîøåäøåãî ÷åðåç îáðàçåö

Â òàáëèöå îòðàæåíî ñîîòâåòñòâèå ïîêàçàòåëÿ àáñîðá-
öèè ÷èñëîâûì çíà÷åíèÿì ïðîöåíòà ïîãëîùåíèè ñâåòà îá-
ðàçöîì.

Äëÿ èññëåäîâàíèÿ îïòè÷åñêèõ õàðàêòåðèñòèê êîëëîèä-
íûõ ðàñòâîðîâ èñïîëüçîâàëè êîììåð÷åñêèå ïðåïàðàòû íà
îñíîâå íàíî÷àñòèö áëàãîðîäíûõ ìåòàëëîâ (ñåðåáðî) èëè
áèîýëåìåíòîâ (ìåäü, êðåìíèÿ äèîêñèä) â ðàáî÷èõ ðàçâåäå-
íèÿõ, ðåêîìåíäóåìûõ ïðîèçâîäèòåëÿìè. Ðàçìåð íàíî÷àñ-
òèö, ñîãëàñíî çàÿâëåíèåì ïðîèçâîäèòåëÿ, ëåæàë â ïðåäåëàõ
10–40 íì. Íà ìîìåíò ïðîâåäåíèÿ îïûòà âñå ïðåïàðàòû
èìåëè íåèñòåêøèé ñðîê ãîäíîñòè (äàâíîñòü ïðîèçâîäñòâà â
ïðåäåëàõ 2–4 ìåñ.), îòâå÷àëè çàÿâëÿåìûì èçãîòîâèòåëÿì
ôèçèêî-õèìè÷åñêèì ïàðàìåòðàì. Ïîñëå âíåñåíèÿ ðàñòâîðîâ
â êþâåòû îáðàçöû âûäåðæèâàëè 10 ìèíóò ïðè êîìíàòíîé
òåìïåðàòóðå äëÿ îñâîáîæäåíèÿ èõ îò ïóçûðüêîâ ãàçà.

Îïòè÷åñêóþ ïëîòíîñòü è ñïåêòðû ïîãëîùåíèÿ îïðåäå-
ëÿëè íà ñïåêòðîôîòîìåòðå Hanon I3 (ïðîèçâîäñòâî Êèòàé)
íà ñëåäóþùèõ äëèíàõ âîëí (íì): 300, 320, 340, 360, 380,
400, 405, 410, 415, 420, 425, 430, 440, 460, 480, 500, 520, 540,

560, 580, 600, 650, 700, 750, 800. Íåðàâíîìåðíîñòü ðàñïðå-
äåëåíèÿ ïîðÿäêà ñíÿòèÿ ïîêàçàòåëåé àáñîðáöèè (al) îïðå-
äåëÿëàñü îæèäàíèåì ïèêà ïëàçìîííîãî ðåçîíàíñà êîëëîè-
äîâ â äèàïàçîíå äëèí ýëåêòðîìàãíèòíûõ âîëí 300-600 íì.
Ïåðåä àíàëèçîì îáðàçöîâ áûëè çàïèñàíû áàçîâûå èçìåðå-
íèÿ ðàñòâîðèòåëÿ (äèñòèëëèðîâàííîé âîäû), èñïîëüçîâàí-
íîãî â êà÷åñòâå íóëåâîãî îáðàçöà.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå

Â õîäå  ïðîâåäåíèÿ ñïåêòðîôîòîìåòðè÷åñêîãî àíàëèçà
òåñòèðóåìûõ îáðàçöîâ êîëëîèäîâ íàíî÷àñòèöû áûëè ïîëó-
÷åíû ïîêàçàòåëè àáñîðáöèè ñâåòà ïðè ðàçíûõ äëèíàõ âîëí,
êîòîðûå âíåñåíû â òàáëèöó 2.

×èñëîâûå äàííûå èç òàáëèöû 2 áûëè èñïîëüçîâàíû äëÿ
ïîñòðîåíèÿ ãðàôèêîâ ñ öåëüþ âèçóàëüíîãî îáíàðóæåíèÿ
ïèêîâ ïëàçìîííîãî ðåçîíàíñà èññëåäóåìûõ îáðàçöîâ êîë-
ëîèäíûõ ðàñòâîðîâ íàíî÷àñòèö (ðèñ. 1-3).

Ðèñ. 3. Ñïåêòðîôîòîìåòðè÷åñêèå õàðàêòåðèñòèêè
êîëëîèäíîãî ðàñòâîðà íà-íî÷àñòèö êðåìíèÿ äèîêñèäà
Fig. 3. Spectrophotometric characteristics of a colloidal
solution of silicon dioxide nanoparticles

Ðèñ. 1. Ñïåêòðîôîòîìåòðè÷åñêèå õàðàêòåðèñòèêè
êîëëîèäíîãî ðàñòâîðà íà-íî÷àñòèö ñåðåáðà
Fig. 1. Spectrophotometric characteristics of a colloidal
solution of silver nanoparticles

Ðèñ. 2. Ñïåêòðîôîòîìåòðè÷åñêèå õàðàêòåðèñòèêè
êîëëîèäíîãî ðàñòâîðà íà-íî÷àñòèö ìåäè
Fig. 2. Spectrophotometric characteristics of a colloidal
solution of copper nanoparticles

Таблица 2. Значения показателей абсорбции света 

коллоидных растворов наночастиц 

Tabl. 2. Values of light absorption indices of colloidal 

solutions of nanoparticles 

Длина 

света (λ) 

Показатель абсорбции света (αλ) 

Наночастиц

ы серебра 

Наночастиц

ы меди  

Наночастицы 

кремния диоксид 

300 0.548 1.297 0.475 

320 0.344 1.262 0.398 

340 0.669 1.237 0.407 

360 1.42 1.221 0.380 

380 2.284 1.199 0.360 

400 2.722 1.182 0.348 

405 2.725 1.175 0.341 

410 2.728 1.168 0.335 

415 2.735 1.164 0.330 

420 2.756 1.156 0.324 

425 2.655 1.148 0.321 

430 2.616 1.137 0.316 

440 2.261 1.126 0.311 

460 1.108 1.101 0.306 

480 0.574 1.072 0.289 

500 0.345 0.962 0.280 

520 0.287 0.934 0.271 

540 0.247 0.915 0.263 

560 0.220 0.952 0.256 

580 0.154 0.827 0.248 

600 0.089 0.742 0.243 

650 0.064 0.347 0.231 

700 0.045 0.213 0.224 

750 0.036 0.178 0.219 

800 0.026 0.073 0.209 
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  Ïîñòðîåííûå ãðàôèêè (ðèñ. 1-3) äåìîíñòðèðóþò íà-
ëè÷èå ó âñåõ òåñòèðîâàííûõ ïðåïàðàòîâ íàëè÷èå ïëàçìîí-
íîãî ïîâåðõíîñòíîãî ðåçîíàíñà, áëàãîäàðÿ êîòîðîìó âñå
îíè ïðîÿâëÿþò î÷åâèäíûå íåëèíåéíûå îïòè÷åñêèå ñâîé-
ñòâà. Íàèáîëåå âûðàæåííûé ïèê ïëàçìîííîãî ðåçîíàíñà
íàëè÷åñòâóåò ó êîëëîèäíîãî ðàñòâîðà íàíî÷àñòèö ñåðåáðà,
íàõîäÿùèéñÿ â ïðåäåëàõ äëèíû âîëíû 420 íì. Â ñëó÷àå
êîëëîèäíîãî ðàñòâîðà íàíî÷àñòèö ìåäè ïèê ïëàçìîííîãî
ðåçîíàíñà îêàçàëñÿ ìåíåå âûðàæåííûì è, ê òîìó æå, ñìå-
ùåííûì â êðàñíóþ ñòîðîíó (åãî ïèê ïðèõîäèòñÿ íà äëèíó
560 íì). Ó êîëëîèäíîãî ðàñòâîðà êðåìíèÿ äèîêñèäà ïëàç-
ìîííûé ðåçîíàíñ îêàçàëñÿ ìåíåå âûðàæåííûì ïî ñðàâíå-
íèþ ñ äðóãèìè òåñòèðóåìûìè ïðåïàðàòàìè, áóäó÷è ñìå-
ùåííûì â ãîëóáóþ ñòîðîíó ñïåêòðà (360 íì).

Â ñâÿçè ñ âûøåîòìå÷åííûì, ñðåäè èññëåäóåìûõ îáðàç-
öîâ ãîðàçäî áîëåå âûðàæåííûé õàðàêòåð ïëàçìîííîãî ðå-
çîíàíñà îòìå÷àåòñÿ ó êîëëîèäíîãî ðàñòâîðà íàíî÷àñòèö
áëàãîðîäíîãî ìåòàëëà (ñåðåáðà), òàê êàê ñèëüíîå ïîãëîùå-
íèå ñâåòà îáóñëîâëåíî åãî ïîâåðõíîñòíî-ïëàçìîííûìè
ðåçîíàíñíûìè ñâîéñòâàìè. Êðîìå òîãî, ïî óòâåðæäåíèÿì
íåêîòîðûõ àâòîðîâ [7], íàíî÷àñòèöû áëàãîðîäíûõ ìåòàë-
ëîâ äåìîíñòðèðóþò ïèêè ïîãëîùåíèÿ ñâåòà, ñèëüíî çàâèñÿ-
ùèå îò ðàçìåðà, ôîðìû, ñîîòíîøåíèÿ è ñîñòàâà íàíî÷àñ-
òèö, ÷òî äàåò íàì âîçìîæíîñòü â ïîñëåäóþùåì ïðîâåñòè
ðÿä äîïîëíèòåëüíûõ îïûòîâ äëÿ îöåíêè ñòàáèëüíîñòè è
àêòèâíîñòè êîëëîèäíûõ ðàñòâîðîâ íàíî÷àñòèö ïóòåì èõ
ñïåêòðîôîòîìåòðè÷åñêîãî àíàëèçà.

Âûâîäû è ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé

Ïðîâåäåííûå íàìè èññëåäîâàíèÿ ïîçâîëÿþò ñäåëàòü
ñëåäóþùèå âûâîäû è íàìåòèòü ñëåäóþùèå ïåðñïåêòèâû
äàëüíåéøèõ èçûñêàíèé:

1. Êîëëîèäíûå ðàñòâîðû íàíîðàçìåðíûõ ÷àñòèö ìå-
òàëëîâ îáëàäàþò ñòàáèëüíî îäíîðîäíûìè îïòè÷åñêèìè

õàðàêòåðèñòèêàìè, ÷òî â äîñòóïíîì âèäå ìîæåò áûòü îïðå-
äåëåíî ïðîâåäåíèåì èõ ÓÔ-ÂÑ ñïåêòðîñêîïèè.

2. Ïèêè èíòåíñèâíîñòè ïîãëîùåíèÿ ñâåòà, îáóñëîâ-
ëåííûå ÿâëåíèåì ïëàçìîííîãî ðåçîíàíñà íà ïîâåðõíîñòè
íàíî÷àñòèö ìåòàëëîâ, èìåþò íàèáîëåå âûðàæåííûå õàðàê-
òåðèñòèêè ó íàíî÷àñòèö áëàãîðîäíîãî ìåòàëëà (ñåðåáðà) ïî
ñðàâíåíèþ ñ íàíî÷àñòèöàìè áèîýëåìåíòîâ (ìåäè è êðåì-
íèÿ äèîêñèäà).

3. Ìåòîäèêà ÓÔ-ÂÑ ñïåêòðîñêîïèè íàíîðàçìåðíûõ
÷àñòèö áëàãîðîäíûõ ìåòàëëîâ è áèîýëåìåíòîâ òðåáóåò äàëü-
íåéøèõ èññëåäîâàíèé íà ïðåäìåò îöåíêè èõ ñòàáèëüíîñòè,
ñîõðàííîñòè è âëèÿíèÿ íà èõ àêòèâíîñòü ðàçëè÷íûõ âíå-
øíèõ ôàêòîðîâ.
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Ìÿñíàÿ ïðîäóêöèÿ ïîä âèäîì òîâàðà ïðèêðûòèÿ
Â Ñìîëåíñêîé îáëàñòè ïðåñå÷åíà ïîïûòêà íåëåãàëüíîãî ââîçà èç Ðåñïóáëèêè Áåëàðóñü ãîòîâîé ìÿñíîé ïðîäóêöèè

ïîä âèäîì òîâàðà ïðèêðûòèÿ
21 ÿíâàðÿ â ÏÏÓ "Êðàñíàÿ Ãîðêà" â ðàìêàõ ñîâìåñòíûõ ìåðîïðèÿòèé ïî óñèëåíèþ êîíòðîëÿ çà ââîçîì ïðîäóêöèè

ñîòðóäíèêàìè Ñìîëåíñêîé òàìîæíè áûëî ïðèîñòàíîâëåíî äâèæåíèå ãðóçîâîãî àâòîìîáèëÿ ïîä óïðàâëåíèåì ãðàæäàíè-
íà Ðåñïóáëèêè Áåëàðóñü, îñóùåñòâëÿâøåãî ïåðåâîçêó ãîòîâîé ìÿñíîé ïðîäóêöèè ïîä âèäîì òîâàðà ïðèêðûòèÿ, íåïîä-
êîíòðîëüíîãî ãîñâåòíàäçîðó.

Â ðàìêàõ ìåæâåäîìñòâåííîãî âçàèìîäåéñòâèÿ äàííîå òðàíñïîðòíîå ñðåäñòâî áûëî ïåðåäàíî Óïðàâëåíèþ Ðîññåëü-
õîçíàäçîðà ïî Áðÿíñêîé, Ñìîëåíñêîé è Êàëóæñêîé îáëàñòÿì äëÿ ïðîâåäåíèÿ äàëüíåéøåãî êîíòðîëÿ â ðàìêàõ èìåþùèõñÿ
ïîëíîìî÷èé è ïðèíÿòèÿ ñîîòâåòñòâóþùåãî ðåøåíèÿ.

Ñïåöèàëèñòû âåäîìñòâà óñòàíîâèëè, ÷òî, ñîãëàñíî ìåæäóíàðîäíîé òîâàðíî-òðàíñïîðòíîé íàêëàäíîé CMR îò
21.01.2021, â òðàíñïîðòíîì ñðåäñòâå äîëæíû áûëè ïåðåâîçèòüñÿ áûâøèå â óïîòðåáëåíèè ïîääîíû. Îòïðàâèòåëåì
äàííîãî ãðóçà çíà÷èëàñü ÈÏ Ëåîíîâà Å.Ï. (Âèòåáñêàÿ îáëàñòü, ã. Îðøà), à ïîëó÷àòåëåì – ÈÏ Àëåêñååâà Ì.À. (ã.
Ñìîëåíñê).

Â õîäå ïîñëåäóþùåãî äîñìîòðà âåòåðèíàðíûå èíñïåêòîðû Óïðàâëåíèÿ Ðîññåëüõîçíàäçîðà âûÿñíèëè, ÷òî ïîä
âåðõíèìè ðÿäàìè çàãðóçêè èç ïîääîíîâ áûëè ñêðûòû óïàêîâêè ñ ãîòîâîé ìÿñíîé ïðîäóêöèåé îáùèì âåñîì îêîëî 4 òîíí.
Ñîãëàñíî èìåþùåéñÿ ìàðêèðîâêå, åå ïðîèçâîäèòåëÿìè ÿâëÿëèñü ÎÀÎ "Ãðîäíåíñêèé ìÿñîêîìáèíàò" è ÎÎÎ "Ìÿñîêîì-
áèíàò Ñëàâÿíñêèé". Ïðè ýòîì ó ïåðåâîç÷èêà òàêæå îòñóòñòâîâàëè êàêèå-ëèáî âåòåðèíàðíûå ñîïðîâîäèòåëüíûå äîêóìåí-
òû, â òîì ÷èñëå â ýëåêòðîííîì âèäå, ïîäòâåðæäàþùèå êà÷åñòâî è áåçîïàñíîñòü ãðóçà, êîòîðûìè äîëæíà áûëà ñîïðîâîæ-
äàòüñÿ èõ ëåãàëüíàÿ ïîñòàâêà.

Â òî æå âðåìÿ òðàíñïîðòèðîâêà îñóùåñòâëÿëàñü â àíòèñàíèòàðíûõ óñëîâèÿõ, â àâòîìîáèëå, íå ïðåäíàçíà÷åííîì äëÿ
ïåðåâîçêè ïèùåâîé ïðîäóêöèè, ñ ñóùåñòâåííûì íàðóøåíèåì òåìïåðàòóðíûõ ðåæèìîâ, óêàçàííûõ íåïîñðåäñòâåííî
èçãîòîâèòåëÿìè íà óïàêîâêå òîâàðîâ.

Â íàñòîÿùåå âðåìÿ ãðóç çàäåðæàí. Äëÿ óñòàíîâëåíèÿ âñåõ îáñòîÿòåëüñòâ äàííîãî ôàêòà Óïðàâëåíèåì Ðîññåëüõîçíàä-
çîðà ïðîâîäÿòñÿ íåîáõîäèìûå ïðîâåðî÷íûå ìåðîïðèÿòèÿ.

Ïîñëå çàâåðøåíèÿ àäìèíèñòðàòèâíîãî ðàññëåäîâàíèÿ â ñîîòâåòñòâèè ñ äåéñòâóþùèì âåòåðèíàðíûì çàêîíîäàòåëü-
ñòâîì áóäåò ïðèíÿòî ðåøåíèå î ïðèâëå÷åíèè âèíîâíîãî ëèöà ê àäìèíèñòðàòèâíîé îòâåòñòâåííîñòè è âîçâðàòå íåëåãàëü-
íî ââåçåííîãî ãðóçà íà ñîïðåäåëüíóþ òåððèòîðèþ â ïðèñóòñòâèè ïðåäñòàâèòåëåé áåëîðóññêîé âåòåðèíàðíîé ñëóæáû äëÿ
äàëüíåéøåãî ðàçáèðàòåëüñòâà.

Ïî ìàòåðèàëàì Ðîññåëüõîçíàäçîðà
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çàöèè äâóõ òðîôîâàðèàíòîâ ëèíèé êëåòîê ÌDÂÊ òðàäèöè-
îííûì ìåòîäîì è ïðîòî÷íîé öèòîìåòðèåé. Îáúåêòîì èñ-
ñëåäîâàíèÿ ÿâëÿëèñü òåñò-êóëüòóðû ÌDBK-E è ÌDÂÊ-Â,
ïðîøåäøèå ñîîòâåòñòâåííî 30 è 43 ïàññàæà ïîñëå êðèî-
êîíñåðâèðîâàíèÿ. Øèðîêî èñïîëüçóåìûé íà ïðàêòèêå òðà-
äèöèîííûé ìåòîä àòòåñòàöèè ïåðåâèâàåìûõ ëèíèé êëåòîê
äîñòàòî÷íî òðóäî¸ìîê è òðåáóåò çíà÷èòåëüíûõ çàòðàò òðó-
äà, ñðåäñòâ è âðåìåíè. Ìåòîä ïðîòî÷íîé öèòîìåòðèè áàçè-
ðóåòñÿ íà øèðîêîì ñïåêòðå öèòîõèìè÷åñêèõ è ôëóîðåñöåí-
òíûõ ñïîñîáîâ àíàëèçà ðàçìåðîâ, ãðàíóëÿðíîñòè, ôàç êëå-
òî÷íîãî öèêëà, ñòðóêòóðíûõ êîìïîíåíòîâ (ÄÍÊ, ÐÍÊ, áåë-
êà), àïîïòîçà êëåòîê è ðÿäà äðóãèõ ïîêàçàòåëåé. Ýêñïåðè-
ìåíòàëüíî óñòàíîâëåíî, ÷òî ñóáëèíèè êëåòîê ÌDBK-E è
ÌDÂÊ-Â ðàçëè÷àëèñü ïî êóëüòóðàëüíûì, öèòîìîðôîëîãè-
÷åñêèì è êàðèîëîãè÷åñêèì ïîêàçàòåëÿì, à òàêæå ïî êîíòà-
ìèíàöèè ïîñòîðîííèìè àãåíòàìè è ÷óâñòâèòåëüíîñòè ê
âèðóñàì ïàðàãðèïïà-3 è èíôåêöèîííîãî ðèíîòðàõåèòà êðóï-
íîãî ðîãàòîãî ñêîòà. Àíàëèç ãèñòîãðàìì ðàñïðåäåëåíèÿ
êëåòîê â çàâèñèìîñòè îò ñîäåðæàíèÿ ÄÍÊ ñâèäåòåëüñòâî-
âàë î òîì, ÷òî ïî ïîêàçàòåëþ àïîïòîçà èññëåäóåìûå ëèíèè
ÌDBK-E è ÌDÂÊ-Â íå ïðåâûøàëè íîðìàòèâíîãî ïîêàçà-
òåëÿ è íàõîäèëèñü íà óðîâíå 3,9 è 6,8% ñîîòâåòñòâåííî.
Êëåòêè ëèíèè ÌDBK-E íå ñîäåðæàëè âèðóñíîé è ìèêîï-

ëàçìåííîé êîíòàìèíàöèè, õàðàêòåðèçîâàëèñü âûðàæåííûì
ðîñòîâûì ïîòåíöèàëîì, ñîõðàíÿëè èñõîäíóþ ìîðôîëîãèþ
êëåòîê è ÿâëÿëèñü íàèáîëåå ïåðñïåêòèâíûì ñóáñòðàòîì
äëÿ ïðîèçâîäñòâà àíòèãåíîâ ïàðàãðèïïà-3, èíôåêöèîííîãî
ðèíîòðàõåèòà êðóïíîãî ðîãàòîãî ñêîòà. Àíàëèç ðåçóëüòà-
òîâ ðàñïðåäåëåíèÿ ãðàíóëÿðíîñòè ñâèäåòåëüñòâîâàë î íà-
ðóøåíèè ïðîöåññîâ äåëåíèÿ è ïîÿâëåíèè â ïîïóëÿöèè ñóá-
ëèíèè ÌDÂÊ-Â àíîìàëüíûõ êëåòîê, à òàêæå î íåàäåêâàò-
íûõ óñëîâèÿõ ïîääåðæàíèÿ òåñò-êóëüòóðû.

Óñòàíîâëåíî, ÷òî ìåòîä ïðîòî÷íîé öèòîìåòðèè ÿâëÿ-
åòñÿ îáúåêòèâíûì è äîñòàòî÷íî ïåðñïåêòèâíûì ïðè âûáî-
ðå êóëüòóðàëüíûõ ìîäåëåé, îòâå÷àþùèõ òðåáîâàíèÿì
îòå÷åñòâåííûõ è ìåæäóíàðîäíûõ ñòàíäàðòîâ. Âûÿâëåííàÿ
êîððåëÿöèÿ ìåæäó âåëè÷èíîé àïîïòîçà, êóëüòóðàëüíûìè ñâîé-
ñòâàìè è ïîêàçàòåëÿìè êëåòî÷íîãî öèêëà ïîçâîëÿþò ðàñöåíè-
âàòü áèîëîãè÷åñêèå ñâîéñòâà êóëüòóðû-ïðîäóöåíòà êàê îäèí

Ñðàâíèòåëüíàÿ îöåíêà ýôôåêòèâíîñòè ìåòîäîâ ïàñïîðòèçàöèè ïåðåâèâàåìûõ ëèíèé êëåòîê / Å.Â. Ìàðêîâà è [äð.]//
Âåòåðèíàðèÿ è êîðìëåíèå.- 2021.-¹1. -C.31-34.
Comparative evaluation of the effectiveness of methods for certification of trans-planted cell lines/ E. V. Markova [et al.]//
Veterinaria I kormlenie. -2021.-¹1.-Ð.31-34.

Comparative evaluation of the
effectiveness of methods for
certification of transplanted cell lines
Markova E. V., Nochevny V. T.,
Manin B. L., Matveeva I. N.

Key words: cytometry, cell culture, apoptosis, reproduction,
infectious activity of the virus

Abstract.  The article presents the results of certification of
two trofovariants of MDVK cell lines with the help of traditional
method and flow cytometry. Research object was the test
cultures MDBK-E and MDBK-B, which passed 30 and 43
passages, respectively, after cryopreservation. The traditional
method of attestation of transplanted cell lines, widely used in
practice, is rather laborious and requires significant expenditures
of labor, money and time. The flow cytometry method is based
on a wide range of cytochemical and fluorescent methods for the
analysis of sizes, granularity, phases of the cell cycle, structural
components (DNA, RNA, protein), cell apoptosis and a number
of other indicators. It was experimentally established that the
sublines of MDBK-E and MDBK-B cells differed in cultural,
cytomorphological and karyological parameters, as well as in
contamination by foreign agents and sensitivity to parainfluenza-
3 viruses and infectious rhinotracheitis in cattle. Analysis of
histograms of cell distribution depending on the DNA content
showed that the studied lines MDBK-E and MDBK-B did not
exceed the standard indicator in terms of apoptosis and were at
the level of 3,9 and 6,8%, respectively. Cells of the MDBK-E
line did not contain viral and mycoplasma contamination, were
characterized by a pronounced growth potential, retained the
original cell morphology and were the most promising substrate
for the production of antigens of parainfluenza-3, infectious
rhinotracheitis in cattle. Analysis of granularity distribution
results testified to the violation of the division processes and the
appearance in the population of the subline MDBK-B of abnormal
cells, as well as inadequate conditions for maintaining the test
culture. It has been established that the flow cytometry method
is objective and quite promising in the selection of culture
models that meet the requirements of domestic and international
standards. The revealed correlation between the magnitude of
apoptosis, cultural properties and parameters of the cell cycle
makes it possible to assess the biological properties of the
producer culture as one of the leading factors in the change in
programmed cell death. Changes the index of programmed cell
death underlies a number of important pathological conditions
and degenerative processes.

Ìàðêîâà Å.Â.
Markova E. V.
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èç âåäóùèõ ôàêòîðîâ èçìåíåíèÿ ïðîãðàììèðîâàííîé êëåòî÷-
íîé ãèáåëè. Èçìåíåíèå ïîêàçàòåëÿ ïðîãðàììèðîâàííîé êëå-
òî÷íîé ãèáåëè ëåæèò â îñíîâå ðÿäà âàæíåéøèõ ïàòîëîãè÷åñ-
êèõ ñîñòîÿíèé è äåãåíåðàòèâíûõ ïðîöåññîâ.

Â ïîñëåäíèå ãîäû äëÿ ïðîèçâîäñòâà ïðîòèâîâèðóñíûõ
ïðåïàðàòîâ øèðîêî èñïîëüçóþòñÿ êóëüòóðàëüíûå ìîäåëè
(ÊÌ) ðàçëè÷íîãî ïðîèñõîæäåíèÿ. Ïðè ýòîì âûáîð è ïàñ-
ïîðòèçàöèÿ òåñò-êóëüòóð, îòâå÷àþùèõ òðåáîâàíèÿì ÂÎÇ è
ÐÄ 42-28-10-89, ÿâëÿåòñÿ îñíîâîé äëÿ ñåðèéíîãî ïðîèçâîä-
ñòâà âûñîêîàêòèâíûõ ïðîòèâîâèðóñíûõ ïðåïàðàòîâ â ñîîò-
âåòñòâèè ñ  òðåáîâàíèÿìè GMP [1,2]. Íàèáîëåå ïåðñïåêòèâ-
íûì ñóáñòðàòîì äëÿ èçãîòîâëåíèÿ âèðóñíûõ àíòèãåíîâ â
áîëüøèõ îáú¸ìàõ ñ÷èòàþòñÿ ïåðåâèâàåìûå ëèíèè êëåòîê.
Ñëåäóåò, îäíàêî, îòìåòèòü, ÷òî áîëüøèíñòâî èç íèõ ñóùå-
ñòâåííî ðàçëè÷àþòñÿ ïî êóëüòóðíûì è ìîðôîëîãè÷åñêèì
ïîêàçàòåëÿì, ðîñòîâîìó ïîòåíöèàëó, óðîâíþ êîíòàìèíà-
öèè è ÷óâñòâèòåëüíîñòè ê ìîäåëüíûì âèðóñàì, ÷òî íå
ãàðàíòèðóåò ýôôåêòèâíîñòè è ñòàíäàðòíîñòè ðåçóëüòàòîâ
âèðóñîëîãè÷åñêèõ èññëåäîâàíèé  è òðåáóåò îáÿçàòåëüíîé
ïàñïîðòèçàöèè êóëüòóðàëüíûõ ìîäåëåé. Øèðîêî èñïîëü-
çóåìûé íà ïðàêòèêå òðàäèöèîííûé ìåòîä àòòåñòàöèè ïåðå-
âèâàåìûõ ëèíèé êëåòîê äîñòàòî÷íî òðóäî¸ìîê è òðåáóåò
çíà÷èòåëüíûõ çàòðàò òðóäà, ñðåäñòâ è âðåìåíè [3]. Äëÿ
àòòåñòàöèè ïåðåâèâàåìûõ ëèíèé êëåòîê àïðîáèðîâàí ìå-
òîä ïðîòî÷íîé öèòîìåòðèè (ÏÖ), êîòîðûé áàçèðóåòñÿ íà
øèðîêîì ñïåêòðå öèòîõèìè÷åñêèõ è ôëóîðåñöåíòíûõ ñïî-
ñîáîâ àíàëèçà ðàçìåðîâ, ãðàíóëÿðíîñòè, ôàç êëåòî÷íîãî
öèêëà, ñòðóêòóðíûõ êîìïîíåíòîâ (ÄÍÊ, ÐÍÊ, áåëêà), àïîï-
òîçà êëåòîê è ðÿäà äðóãèõ ïîêàçàòåëåé. Ïðè ýòîì èçìåðÿþòñÿ
è àíàëèçèðóþòñÿ ïàðàìåòðû íå âñåé ïîïóëÿöèè, à êàæäîé
êëåòêè â îòäåëüíîñòè â áîëüøèõ âûáîðêàõ 103–106 â òå÷åíèå
1–2-õ ñåêóíä [4,5,6]. Ïðîãðàììèðîâàííàÿ êëåòî÷íàÿ ãèáåëü
(ÏÊÃ) – àïîïòîç èãðàåò îïðåäåëÿþùóþ ðîëü â ïîääåðæàíèè
êëåòî÷íîãî ãîìåîñòàçà â òêàíÿõ è îðãàíàõ ÷åëîâåêà è æèâîò-
íûõ, â òîì ÷èñëå â êëåòî÷íûõ êóëüòóðàõ.   Èçìåíåíèå ïîêà-
çàòåëÿ ïðîãðàììèðîâàííîé êëåòî÷íîé ãèáåëè ëåæèò â îñíî-

âå ðÿäà âàæíåéøèõ ïàòîëîãè÷åñêèõ ñîñòîÿíèé è äåãåíåðà-
òèâíûõ ïðîöåññîâ "in-vivo" è "in-vitro" [7,8,9,10].

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ïàñïîðòèçà-
öèè äâóõ òðîôîâàðèàíòîâ ëèíèé êëåòîê ÌDÂÊ òðàäèöèîí-
íûì ìåòîäîì è  ïðîòî÷íîé öèòîìåòðèåé (ÏÖ).

Ìàòåðèàëû è ìåòîäû
Êëåòî÷íûå êóëüòóðû. Èçó÷àëè ïåðåâèâàåìûå ëèíèè

êëåòîê ïî÷êè òåëÿò, "ÌDÂÊ-E", ïîëó÷åííûå èç Àíãëèè
("ÅÑÀÑÑ") è èç ÔÃÁÓ ÂÍÈÈÇÆ "ÌDÂÊ-Â" íà óðîâíå 30
è 43 ïàññàæåé cîîòâåòñòâåííî. Òåñò-êóëüòóðû ïîääåðæè-
âàëè â ìîíîñëîå â òå÷åíèå 48–72 ÷ ïðè òåìïåðàòóðå 370Ñ.
Îöåíèâàëè êóëüòóðàëüíûå, ìîðôîëîãè÷åñêèå è êàðèîëîãè-
÷åñêèå ïîêàçàòåëè, ïðèãîäíîñòü  äëÿ ðåïðîäóêöèè è ñòåïå-
íè íàêîïëåíèÿ èíôåêöèîííîé àêòèâíîñòè âèðóñîâ ïàðà-
ãðèïïà-3 (ÏÃ-3, øòàìì "45/86") è èíôåêöèîííîãî ðèíîòðà-
õåèòà êðóïíîãî ðîãàòîãî ñêîòà (ÈÐÒ, øòàìì "ÒÊ-À/ÂÈÝÂ").

Ìåòîäû àòòåñòàöèè ïåðåâèâàåìûõ ëèíèé êëåòîê ïðî-
òî÷íîé öèòîìåòðèåé. Ôèêñàöèÿ è îêðàøèâàíèå êëåòîê.
Êëåòêè 2–3 ñóòî÷íûõ êóëüòóð ÌDÂÊ îòäåëÿëè îò ñóáñòðàòà
äèñïåðãåíòîì íà îñíîâå õèìîïñèíà, òðèæäû îòìûâàëè
îõëàæä¸ííûì ôîñôàòíî-áóôåðíûì ðàñòâîðîì (ÔÁÐ), ñî-
äåðæàùèì 0,15 M NaCl ïðè pH7,2. Îñàäîê êëåòîê ôèêñèðî-
âàëè 70% ýòàíîëîì â òå÷åíèå 3 ÷ ïðè 4 0Ñ. Ôèêñèðîâàííûå
êëåòêè òðèæäû îòìûâàëè îò ôèêñàòèâà öåíòðèôóãèðîâà-
íèåì (7 ìèí, 450 g) â 3 ñì3 îõëàæäåííîãî ÔÁÐ. Îñàäîê
êëåòîê ðåñóñïåíäèðîâàëè â 0,5 ñì3  ÔÁÐ, ñîäåðæàùåì 40ìã/
ñì3 èîäèòà ïðîïèäèÿ ("Calbiochem") è 0,5 ìã/ñì3 ðèáîíóê-
ëåàçû ("Sigma", ÑØÀ), âûäåðæèâàëè 60 ìèí è àíàëèçèðî-
âàëè íà  ëàçîðíîì ïðîòî÷íîì öèôëþîðèìåòðå-ñîðòåðå
"EPICS® Elite" ("Coulter", ÑØÀ), îáîðóäîâàííîì àðãîíî-
âûì ëàçåðîì CYONICS ("Uniphase") ñ äëèíîé âîçáóæäåíèÿ
488 íì è ìîùíîñòüþ ëó÷à 15 ìÂò. [1,2,3]

Ñðåäíåñòàòèñòè÷åñêèå ðàçìåðû èíòàêòíûõ êëåòîê îöå-
íèâàëè ïî ðàññåèâàíèþ ñâåòà ïîä óãëàìè îò (0–100) â
ñðàâíåíèè ñî ñòàíäàðòíûìè ìèêðîñôåðàìè ("Flow & Check",
Beckman-Coulter, ÑØÀ) äèàìåòðîì 10ìm.

Ãðàíóëÿðíîñòü íåîêðàøåí-
íûõ êëåòîê (ÌÅÀÌ) îïðåäåëÿëè
ïî ðàññåèâàíèþ ñâåòà, ïîä óã-
ëîì 90 0Ñ. Îáðàçöû êóëüòóð àíà-
ëèçèðîâàëè ñ èñïîëüçîâàíèåì
áàðüåðíûõ ôèëüòðîâ 488ÂÊ,
488ÂÇ è 488DL. Äëÿ äèñêðèìè-
íàöèè ÷àñòèö, íå ñîîòâåòñòâóþ-
ùèõ ïî ðàçìåðàì è ãðàíóëÿðíîñ-
òè æèâûì êëåòêàì, â ïðîãðàììó
àíàëèçà ââîäèì ëîãè÷åñêèå îã-
ðàíè÷åíèÿ.

Ðàñïðåäåëåíèå ÄÍÊ ïî ôà-
çàì êëåòî÷íîãî öèêëà  àïîïòîçó.
Èññëåäîâàëè ëèíèè êëåòîê
ÌDÂÊ-E è ÌDÂÊ-Â çà 24 ÷ äî
îáðàçîâàíèÿ ìîíîñëîÿ. Ïîïóëÿ-
öèþ êëåòîê, îêðàøåííûõ èîäè-
òîì ïðîïèäèÿ, èññëåäîâàëè â èí-
òåãðàëüíîì êàíàëå ôëóîðåñöåí-
öèè ñ èñïîëüçîâàíèåì áàðüåðíûõ
ôèëüòðîâ 488 ÂÊ, 488ÂÐ è 625ÂÐ.
Äëÿ óäàëåíèÿ èç ïîïóëÿöèè àãðå-
ãàòîâ êëåòîê â ïðîãðàììó ââîäè-
ëè ëîãè÷åñêèå îãðàíè÷åíèÿ. Êëåò-
êè, ñîäåðæàùèå ÄÍÊ ìåíüøå 2n,
ñ÷èòàëè àïîïòîòè÷åñêèìè. Ïîëó-
÷åííûå ãèñòîãðàììû ïîäâåðãàëè
ìàòåìàòè÷åñêîé îáðàáîòêå ñ èñ-
ïîëüçîâàíèåì ïðîãðàìì EXPO-
32 ("Beckman-Coulter", ÑØÀ) è
Multi Cycle ("Phoenix Flow &
Sistems", ÑØÀ).

Êîíòðîëü ÷óâñòâèòåëüíîñòè
êóëüòóð êëåòîê ê âèðóñàì ÏÃ-3,
ÈÐÒ êðóïíîãî ðîãàòîãî ñêîòà. Èí-
ôåêöèîííóþ àêòèâíîñòü øòàììîâ
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âèðóñîâ ÏÃ-3, ÈÐÒ îöåíèâàëè òèòðîâàíèåì ïî ÖÏÄ íà ìîíî-
ñëîéíûõ ïðîáèðî÷íûõ êóëüòóðàõ ÌDBK-E è ÌDÂÊ-Â ñîîò-
âåòñòâåííî ÷åðåç 72–96 ÷ è 40–48 ÷ èíêóáèðîâàíèÿ.

Ðåçóëüòàòû è îáñóæäåíèÿ
Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî ñóáëèíèè êëåòîê

ÌDBK-E è ÌDÂÊ-Â ðàçëè÷àþòñÿ ïî êóëüòóðàëüíûì, öèòî-
ìîðôîëîãè÷åñêèì è êàðèîëîãè÷åñêèì ïîêàçàòåëÿì, à òàêæå
ïî êîíòàìèíàöèè ïîñòîðîííèìè àãåíòàìè è ÷óâñòâèòåëüíîñ-
òè ê âèðóñàì ÏÃ-3 è ÈÐÒ.

Òåñò-êóëüòóðà ÌDBK-E  ïðåäñòàâëåíà ìåëêèìè ýïèòå-
ëèîïîäîáíûìè êëåòêàìè ñ ÷¸òêî âûðàæåííûìè ãðàíèöàì
(ðèñ.1). Öèòîïëàçìà êëåòîê íå çåðíèñòàÿ, èíòåðôàçíûå ÿäðà
îêðóãëîé ôîðìû ñîäåðæàò 1–4 ÿäðûøêà. Íàïðîòèâ, êëåòêè
ñóáëèíèè ÌDÂÊ-Â áûëè áîëåå êðóïíûìè, çåðíèñòûìè ñ
íåçíà÷èòåëüíîé âàêóîëèçàöèåé öèòîïëàçìû (ðèñ.1). Öèòî-
ïàòè÷åñêèõ èçìåíåíèé â ìîíîñëîéíûõ êóëüòóðàõ êëåòîê íà
ïðîòÿæåíèè 10 ñóòîê íàáëþäåíèÿ íå óñòàíîâëåíî. Ïðè
àíàëèçå ìåòàôàçíûõ ïëàñòèíîê äîñòîâåðíî óñòàíîâëåíî,
÷òî ÷èñëî õðîìîñîì â êëåòêàõ ÌDBK-E è ÌDÂÊ-Â êîëåá-
ëåòñÿ ñîîòâåòñòâåííî íà óðîâíå îò 43 äî 58 è îò 49 äî104,
à ìîäàëüíîå ÷èñëî õðîìîñîì ïðåäñòàâëåíî 51 è 52 õðîìî-
ñîìàìè, ñîñòàâëÿþùèìè â ïîïóëÿöèè 30 è 58 %. Â êàðèî-
òèïå ñóáëèíèè êëåòîê ÌDBK-E, êðîìå òîãî, âûÿâëåíû 2
ìàðê¸ðíûå õðîìîñîìû – áîëüøîé ìåãàöåíòðèê è áîëüøàÿ
ñóáìåòàöåíòðè÷åñêàÿ õðîìîñîìà, õàðàêòåðíûå äëÿ ëèíèè
ÌDÂÊ-NBLI èç àìåðèêàíñêîé êîëëåêöèè ÀÒÑÑ êëåòî÷-
íûõ êóëüòóð (ðèñ. 2).

Èíôèöèðîâàííîñòü êóëüòóð êëåòîê ìèêîïëàçìàìè îöå-
íèâàëè ìèêðîáèîëîãè÷åñêèì (ÌÌ), öèòîõèìè÷åñêèì
(ÖÕÌ) ìåòîäàìè è â ÏÖÐ â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè
"Ìåòîäè÷åñêèõ ðåêîìåíäàöèé ïî ñïîñîáó âûÿâëåíèÿ ìè-
êîïëàçì â êóëüòóðàõ ïåðåâèâàåìûõ êëåòîê (Ì.,1983). Öè-
òîõèìè÷åñêèì ìåòîäîì è â ÏÖÐ ìèêîïëàçìåííàÿ èíôåê-
öèÿ áûëà âûÿâëåíà â êëåòêàõ ñóáëèíèè ÌDÂÊ-Â. Êîíòàìè-
íàöèÿ óêàçàííîé êóëüòóðû êëåòîê ÌDÂÊ-Â âèðóñîì BVD
(íåöèòîïàòîãåííûé) áûëà òàêæå ïîäòâåðæäåíà. Íàïðîòèâ
êëåòêè ëèíèè ÌDBK-E íå ñîäåðæàëè âèðóñíîé è ìèêîï-
ëàçìåííîé êîíòàìèíàöèè, õàðàêòåðèçîâàëèñü âûðàæåííûì
ðîñòîâûì ïîòåíöèàëîì, ñîõðàíÿëè èñõîäíóþ ìîðôîëîãèþ
êëåòîê  è ÿâëÿëèñü íàèáîëåå ïåðñïåêòèâíûì ñóáñòðàòîì
äëÿ ïðîèçâîäñòâà àíòèãåíîâ ÏÃ-3 ÈÐÒ (ðèñ. 1,2).

Â öåëÿõ îïòèìèçàöèè è ñòàíäàðòèçàöèè ïðîèçâîäñòâà
àíòèãåíîâ  ÏÃ-3 è ÈÐÒ è ñíèæåíèÿ àïîïòîçà êëåòîê â êóëü-

òóðå áûëè èçãîòîâëåíû ýòàëîííûé ("Master seed") è ðàáî÷èé
áàíêè ("Working seed") ñóáëèíèè êëåòîê ÌDBK-E â ñîîòâåò-
ñòâèè ñ òðåáîâàíèÿìè ñòàíäàðòà ïî 20  è 150 àìïóë [1,2].

Îáúåêòàìè àòòåñòîâàííûõ êëåòîê ðàáî÷åãî áàíêà îáåñ-
ïå÷èâàþò ñåðèéíîå ïðîèçâîäñòâî è êîíòðîëü àêòèâíîñòè
àíòèãåíîâ ÏÃ-3 è ÈÐÒ ñòàíäàðòíûì êëåòî÷íûì ñóáñòðà-
òîì â òå÷åíèè 10–15 ëåò.

Ïàðàëëåëüíî òåñò-êóëüòóðû ÌDBK-E è ÌDÂÊ-Â, ïðî-
øåäøèå ñîîòâåòñòâåííî 30 è 43 ïàññàæà ïîñëå êðèîêîíñåð-
âèðîâàíèÿ,  áûëè èçó÷åíû ìåòîäîì ïðîòî÷íîé öèòîìåòðèè
ïî ðàçìåðàì êëåòîê, ãðàíóëÿðíîñòè, ðàñïðåäåëåíèþ ÄÍÊ
ïî ôàçàì êëåòî÷íîãî öèêëà è ïðîãðàììèðîâàííîé êëåòî÷-
íîé ãèáåëè-àïîïòîçó [1,2,3].

Ñðåäíåñòàòèñòè÷åñêèå ðàçìåðû êëåòîê. Äàííûé ïîêà-
çàòåëü õàðàêòåðèçóåò èçìåíåíèå ðàçìåðà íå îêðàøåííûõ
êëåòîê â ïðîöåññå äëèòåëüíîãî êóëüòèâèðîâàíèÿ. Óâåëè÷å-
íèå èëè óìåíüøåíèå ðàçìåðà êëåòîê ñâèäåòåëüñòâóåò î
íàðóøåíèè ïðîöåññîâ äåëåíèÿ è ïîÿâëåíèå â îáðàçöàõ
àíîìàëüíîé ïîïóëÿöèè êëåòîê â êóëüòóðå. Â ðåçóëüòàòå
öèòîìåòðè÷åñêîãî àíàëèçà ïîêàçàíî, ÷òî èíòàêòíûå êëåòêè
ñóáëèíèé ÌDBK-E è ÌDÂÊ-Â âàðüèðóþò ïî âåëè÷èíå íà
óðîâíå 30 è 43 ïàññàæåé ïîñëå êðèîêîíñåðâèðîâàíèÿ â
ïðåäåëàõ 18±3,65 è 21,3±4,53 ìêì ñîîòâåòñòâåííî, ÷òî
õàðàêòåðíî äëÿ ïåðåâèâàåìîé ëèíèè êëåòîê ïî÷åê òåëÿò íà
ñòàäèè ñòàíîâëåíèÿ.

Ãðàíóëÿðíîñòü. Ïîêàçàòåëü ãðàíóëÿðíîñòè (MEAM) õà-
ðàêòåðèçóåò ñîñòîÿíèå âíóòðåííåé ñòðóêòóðû êëåòîê, ñîîò-
íîøåíèå ÿäðà è öèòîïëàçìû, à òàêæå ñâèäåòåëüñòâóåò î
íàëè÷èè  àíîìàëüíûõ è àïîïòîòè÷åñêèõ êëåòîê.

Àíàëèç ðåçóëüòàòîâ ðàñïðåäåëåíèÿ ãðàíóëÿðíîñòè ñâè-
äåòåëüñòâóåò î òîì, ÷òî èçîëèðîâàííûå êëåòêè ñóáëèíèé
MDBK òàêæå ñóùåñòâåííî ðàçëè÷àëèñü. Â ÷àñòíîñòè áîëåå
ãðàíóëÿðíûìè áûëè êëåòêè ñóáëèíèè ÌDÂÊ-Â (444). Â
òîæå âðåìÿ ïîêàçàòåëü MEAM ëèíèè êëåòîê ÌDBK-E íå
ïðåâûøàë 387. Îòìå÷åííûå ôàêòû ñâèäåòåëüñòâóåò î íàðó-
øåíèè ïðîöåññîâ äåëåíèÿ è ïîÿâëåíèè â ïîïóëÿöèè ñóáëè-
íèè ÌDÂÊ-Â àíîìàëüíûõ êëåòîê, à òàêæå î íåàäåêâàòíûõ
óñëîâèÿõ ïîääåðæàíèÿ òåñò-êóëüòóðû.

Íà ñëåäóþùåì ýòàïå èññëåäîâàíèé îöåíèâàëè ïåðñ-
ïåêòèâíîñòü ìåòîäà ïðîòî÷íîé öèòîìåòðèè äëÿ àòòåñòà-
öèè ñóáëèíèé êëåòîê ÌDBK â êà÷åñòâå ñóáñòðàòà äëÿ
ïðîèçâîäñòâà âèðóñíûõ àíòèãåíîâ. Ðåçóëüòàòû ñðàâíè-
òåëüíîãî èçó÷åíèÿ ôàç êëåòî÷íîãî öèêëà ÌDBK-E è

ÌDÂÊ-Â íà óðîâíå 32 è 45 ïàññàæåé ìåòî-
äîì ïðîòî÷íîé öèòîìåòðèè ïðåäñòàâëåíû
â òàáëèöå (ðèñ.3)

Àíàëèç ãèñòîãðàìì ðàñïðåäåëåíèÿ êëå-
òîê ïî ôàçàì êëåòî÷íîãî öèêëà ïîêàçûâà-
åò, ÷òî ñóáëèíèÿ êëåòîê ÌDBK-E ÿâëÿåòñÿ
íàèáîëåå ïåðñïåêòèâíûì ñóáñòðàòîì äëÿ
êóëüòèâèðîâàíèÿ è êîíòðîëÿ àêòèâíîñòè
âèðóñîâ ÏÃ-3 è ÈÐÒ. Ýòî îáóñëîâëåíî, êàê
îòíîñèòåëüíî íèçêèìè çíà÷åíèÿìè ðàçìå-
ðîâ è ãðàíóëÿðíîñòè, òàê è áîëåå âûñîêèìè
ïîêàçàòåëÿìè ïðîëèôåðèðóþùèõ êëåòîê, â
òîì ÷èñëå è â ôàçàõ G2+M  (17,5%), è
S+G2+M (63,8%), è îïòèìàëüíûì ñîîòíî-
øåíèåì G2/G1 ðàâíûì 1,96, ÷òî óêàçûâàåò
íà ïðàêòè÷åñêîå îòñóòñòâèå â ïîïóëÿöèè
àíîìàëüíûõ êëåòîê ñ èçìåí¸ííûì êîëè÷å-
ñòâîì ÄÍÊ.Íàïðîòèâ, êîëè÷åñòâî ïðîëè-
ôåðèðóþùèõ êëåòîê ñóáëèíèè ÌDÂÊ-Â
áûëî íåñêîëüêî íèæå è íå ïðåâûøàëî íà
ñòàäèÿõ G2+M  (8,2%) è S+G2+M (52,6%)
ïðè àíàëîãè÷íîì ñîîòíîøåíèè G2/G1
(1,96). Ñëåäóåò òàêæå îòìåòèòü, ÷òî ïðè
ñîïîñòàâèìûõ ïîêàçàòåëÿõ êëåòî÷íîãî öèê-
ëà ñóáëèíèÿ êëåòîê ÌDÂÊ-Â ìîðôîëîãè-
÷åñêè èçìåíåíà, ñîñòîèò èç áîëåå êðóïíûõ,
çåðíèñòûõ è âàêóîëèçèðîâàííûõ êëåòîê ñ
÷ðåçâû÷àéíî âûñîêîé (MEAM-444) ãðàíó-
ëÿðíîñòüþ è êîíòàìèíèðîâàíà âèðóñîì äè-
àðåè (BVD) è ìèêîïëàçìàìè.

Ðèñ. 2 - Êàðèîòèïû ñóáëèíèé êëåòîê MDBK-ECACC (A)  è MDBK-
ÂÍÈÈÇÆ (Â)
Fig. 2  - Karyotypes of cell sublines MDBK-ECACC (A) and MDBK-
ARRIAH (B)

Ðèñ. 1 - Öèòîìîðôîëîãè÷åñêàÿ õàðàêòåðèñòèêà ñóáëèíèé êëåòîê  MDBK-
ECACC (A)  è MDBK-ÂÍÈÈÇÆ (Â): ìèêðîôîòî, îê.õ10, îá õ90, íàòèâíûå
ïðåïàðàòû
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Ïîëó÷åííûå ôàêòû ñâèäåòåëüñòâóþò î òîì, ÷òî ÌDÂÊ-
Â íå îòâå÷àåò òðåáîâàíèÿì îòå÷åñòâåííûõ è ìåæäóíàðîä-
íûõ ñòàíäàðòîâ è íå ïðèåìëåìà, â êà÷åñòâå ñóáñòðàòà, äëÿ
ïðîèçâîäñòâà àíòèãåíîâ ÏÃ-3 è ÈÐÒ. Ñ ó÷¸òîì ïîëó÷åííûõ
ðåçóëüòàòîâ ìîæíî êîíñòàòèðîâàòü, ÷òî ýêñïðåññ-ìåòîä
ïðîòî÷íîé öèòîìåòðèè ÿâëÿåòñÿ îáúåêòèâíûì è äîñòàòî÷-
íî ïåðñïåêòèâíûì äëÿ ïàñïîðòèçàöèè è àòòåñòàöèè êóëü-
òóð êëåòîê ïî ðàçìåðàì, ãðàíóëÿðíîñòè, ôàçàì êëåòî÷íîãî
öèêëà, àïîïòîçó è ðîñòîâîìó ïîòåíöèàëó. Îïðåäåëÿþùèì
ïîêàçàòåëåì ïåðñïåêòèâíîñòè ïðèìåíåíèÿ ïåðåâèâàåìûõ
ëèíèé êëåòîê íà ïðàêòèêå ÿâëÿåòñÿ àïîïòîç. Ýòîò ïîêàçà-
òåëü õàðàêòåðèçóåòñÿ ñìîðùèâàíèåì êëåòîê, ôðàãìåíòàöè-
åé ÄÍÊ, äåçèíòåãðàöèåé êëåòî÷íîé ìåìáðàíû è îáðàçîâà-
íèåì àïîïòîçíûõ òåëåö. Êëåòêè, ñîäåðæàùèå ÄÍÊ ìåíüøå
2n, ñ÷èòàëè àïîïòîòè÷åñêèìè. Ýòîò ïîêàçàòåëü îòðàæàåò
ñîñòîÿíèå êëåòî÷íîé ïîïóëÿöèè. Â ïåðèîä èññëåäîâàíèÿ
ïðè îïòèìàëüíûõ óñëîâèÿõ êóëüòèâèðîâàíèÿ è â êà÷åñòâåí-
íîé ëèíèè êëåòîê êîëè÷åñòâî êëåòîê, íàõîäÿùèõñÿ â ñîñòî-
ÿíèè ñïîíòàííîãî àïîïòîçà íå ïðåâûøàåò 14–19%. Ïðè
óõóäøåíèè óñëîâèé ïàññèðîâàíèÿ èëè â ðåçóëüòàòå âîçäåé-
ñòâèÿ öèòîñòàòèêîâ êîëè÷åñòâî àïîïòîòè÷åñêèõ êëåòîê ñó-
ùåñòâåííî âîçðàñòàåò [9].

Àíàëèç ãèñòîãðàìì ðàñïðåäåëåíèÿ êëåòîê â çàâèñèìî-
ñòè îò ñîäåðæàíèÿ ÄÍÊ ñâèäåòåëüñòâóåò î òîì, ÷òî ïî
ïîêàçàòåëþ àïîïòîçà èññëåäóåìûå ëèíèè ÌDBK-E è
ÌDÂÊ-Â íå ïðåâûøàþò íîðìàòèâíîãî ïîêàçàòåëÿ è íàõî-
äÿòñÿ íà óðîâíå 3,9 è 6,8% ñîîòâåòñòâåííî. Â òîæå âðåìÿ
âûñîêèå ðîñòîâûå ñâîéñòâà, îòñóòñòâèå êîíòàìèíàöèè è
óäîâëåòâîðèòåëüíûå ïîêàçàòåëè ôàç êëåòî÷íîãî öèêëà è
àïîïòîçà äàþò îñíîâàíèå ðåêîìåíäîâàòü ñóáëèíèþ êëåòîê
ÌDBK-E äëÿ ïðîèçâîäñòâà àíòèãåíîâ ÏÃ-3 è ÈÐÒ. Íàïðî-
òèâ, êîíòàìèíàöèÿ ìèêîïëàçìàìè è âèðóñîì BVD, áîëåå
íèçêèå ïîêàçàòåëè ðîñòîâîãî ïîòåíöèàëà è ÷óâñòâèòåëüíî-
ñòè ê âèðóñàì, à òàêæå ìåíåå ñòàíäàðòíûå çíà÷åíèÿ ïîêàçà-
òåëåé êëåòî÷íîãî öèêëà ñâèäåòåëüñòâóþò î íåñîîòâåòñòâèè
ñóáëèíèè êëåòîê ÌDÂÊ-Â òðåáîâàíèÿì îòå÷åñòâåííûõ è
ìåæäóíàðîäíûõ ñòàíäàðòîâ è íåïðèãîäíîñòè äàííîé êóëü-
òóðû äëÿ ïðàêòè÷åñêèõ öåëåé [7,8,9].

×óâñòâèòåëüíîñòü êóëüòóðàëüíîé ìîäåëè ÿâëÿåòñÿ îï-
ðåäåëÿþùèì ôàêòîðîì äëÿ ìàêñèìàëüíîãî íàêîïëåíèÿ
âèðóñîâ. Óñòàíîâëåíî, ÷òî ñóáëèíèÿ êëåòîê ÌDBK-E  õà-
ðàêòåðèçóåòñÿ áîëåå âûñîêîé ÷óâñòâèòåëüíîñòüþ è îáåñïå-
÷èâàåò ñòàöèîíàðíûì ñïîñîáîì ìàêñèìàëüíîå íàêîïëåíèå
âèðóñîâ ÏÃ-3 è ÈÐÒ íà óðîâíå 7,17±0,12 è 7,43±0,08 lg
ÒÖÄ

50
/ñì3. Â ñóáëèíèè êëåòîê ÌDÂÊ-Â íàêîïëåíèå âèðó-

ñîâ áûëî íåñêîëüêî íèæå. Íàïðîòèâ, ðîëëåðíîé ìåòîä
êóëüòèâèðîâàíèÿ îêàçàëñÿ ïðîèçâîäèòåëüíûì è áîëåå ýô-
ôåêòèâíûì ñïîñîáîì êóëüòèâèðîâàíèÿ âèðóñîâ è îáåñïå-

÷èë ìàêñèìàëüíîå íàêîïëåíèå âèðóñîâ ÈÐÒ (7,60±0,04 lg
ÒÖÄ

50
/ñì3) è ÏÃ-3 (7,47±0,06 lg ÒÖÄ

50
/ñì3). Îòìå÷åííûå

ïðåèìóùåñòâà  ðîëëåðíîãî ìåòîäà êóëüòèâèðîâàíèÿ è ïî-
ñòîÿííîå èñïîëüçîâàíèå ñòàíäàðòíûõ ïî êà÷åñòâó ïèòà-
òåëüíûõ ñðåä, ðàñòâîðîâ è àòòåñòîâàííîãî êëåòî÷íîãî ñóá-
ñòðàòà ÌDBK-E  ïîñëóæèëî îñíîâîé ýôôåêòèâíîãî ïðîèç-
âîäñòâà àíòèãåíîâ ÏÃ-3 è ÈÐÒ êðóïíîãî ðîãàòîãî ñêîòà ñ
àêòèâíîñòüþ â ïðåäåëàõ 6,67–7,5 è 7,0–8,0 lg ÒÖÄ

50
/ñì3.

Ñðàâíèòåëüíûé àíàëèç ðåçóëüòàòîâ ïàñïîðòèçàöèè
êóëüòóðàëüíûõ ìîäåëåé ïîêàçàë, ÷òî ýêñïðåññ-ìåòîä ïðî-
òî÷íîé öèòîìåòðèè ÿâëÿåòñÿ îáúåêòèâíûì è òðåáóåò ìèíè-
ìàëüíûõ çàòðàò òðóäà, ñðåäñòâ, âðåìåíè ïðè îöåíêå è âûáî-
ðå íàèáîëåå ïåðñïåêòèâíîé òåñò-êóëüòóðû. Ïðè 1000 ðàç
áîëüøåé âûáîðêè êëåòîê ìåòîä ïðîòî÷íîé öèòîìåòðèè
ïîçâîëÿåò â 15–20 ðàç óñêîðèòü ïîëó÷åíèå äîñòîâåðíûõ
ðåçóëüòàòîâ êîíòðîëÿ æèçíåñïîñîáíîñòè, ðàçìåðîâ, ãðàíó-
ëÿðíîñòè, ôàç êëåòî÷íîãî öèêëà è àïîïòîçà òåñò-êóëüòóðû
ÌDBK-E. Âûÿâëåííàÿ êîððåëÿöèÿ ìåæäó âåëè÷èíîé àïîï-
òîçà, êóëüòóðàëüíûìè ñâîéñòâàìè è ïîêàçàòåëÿìè êëåòî÷-
íîãî öèêëà ïîçâîëÿþò ðàñöåíèâàòü áèîëîãè÷åñêèå ñâîé-
ñòâà êóëüòóðû-ïðîäóöåíòà êàê îäèí èç âåäóùèõ ôàêòîðîâ
èçìåíåíèÿ ïðîãðàììèðóåìîé êëåòî÷íîé ãèáåëè. Ñóùå-
ñòâåííîå óâåëè÷åíèå èëè ñíèæåíèå ïðîãðàììèðóåìîé êëå-
òî÷íîé ãèáåëè ìîæíî ðàññìàòðèâàòü êàê îäèí èç îáúåêòèâ-
íûõ è ïðàêòè÷åñêè çíà÷èìûõ ìàðêåðîâ ïðè âûáîðå êóëüòó-
ðàëüíîé ìîäåëè äëÿ èçãîòîâëåíèÿ èììóíîáèîëîãè÷åñêèõ
ïðåïàðàòîâ è êîíòðîëÿ àêòèâíîñòè âèðóñíûõ àíòèãåíîâ.
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Ðèñ. 3 Ãèñòîãðàììû ðàñïðåäåëåíèÿ êëåòîê ñóáëèíèé
MDBK-E è  MDBK-B ïî ðàçìåðàì  è ãðàíóëÿðíîñòè
Fig. 3 Histograms of the distribution of cells of sublines
MDBK-E and MDBK-B in size and granularity
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Ðåçþìå.Îäíîé èç îòðàñëåé îòå÷åñòâåííîé áèîòåõíî-
ëîãèè ÿâëÿåòñÿ ïðîèçâîäñòâî èììóíîáèîëîãè÷åñêèõ ïðå-
ïàðàòîâ, â òîì ÷èñëå âàêöèí ìåäèöèíñêîãî è âåòåðèíàðíî-
ãî íàçíà÷åíèÿ. Íåñìîòðÿ íà îáùèé ñïàä, íàáëþäàþùèéñÿ
â ìèðîâîé ýêîíîìèêå ïîñëåäíèõ ëåò, ôàðìàöåâòè÷åñêèé
ðûíîê ðàçâèâàåòñÿ.Â 2020 ãîäó ðûíîê áèîëîãè÷åñêèõ ëå-
êàðñòâåííûõ ñðåäñòâ ìîæåò ïðåâûñèòü 250 ìëðä. äîëëà-
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samples for veterinary medicine
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Abstract.One of the branches of domestic biotechnology is
the production of immunobiological drugs, including vaccines
for medical and veterinary purposes. Despite the general decline
observed in the global economy in recent years, the
pharmaceutical market is developing. In 2020, the biological
drug market could exceed $250 billion. In the Russian Federation
and the countries of the Eurasian Economic Union, serious
actions are being taken to harmonize national regulatory
requirements with international rules and foreign control systems
in the field of the production of immunobiological drugs and
quality control. It should be noted the price availability of
domestic vaccines, their high adaptation to the Russian epizootic
situation, since they were created on the basis of strains
characteristic of the territory of the country and the Eurasian
continent. For the prevention of diseases such as foot-and-
mouth disease, anthrax, trichophytia, microsporia, brucellosis,
domestic vaccines are used in Russia. The main component of
the strategy for the production of veterinary vaccines to increase
competition of products is ensuring their quality. Products of
Russian companies that do not have the practice of applying
international standards cannot be competitive. This leads to the
loss of the domestic market. Currently, regulatory documents of
the Russian Federation and the Eurasian Economic Union have
established uniform requirements for the organization of the
production and quality control of medicines for medical and
veterinary use. Within the framework of these documents, areas
related to the development and certification of standard samples
of various levels are actively developing, the purpose of which
is to quantify the specific activity of drugs and the metrological
characteristics of the methods used to evaluate quality, stability
indicators, as well as control of auxiliary substances. The use of
auxiliary substances and pharmaceutical substances is regulated
by regulatory documentation: GF, FFS, FS, FSP or industry
standards. This is necessary, since heterogeneity of drug quality
parameters is possible due to various factors, including
uncontrolled and uncontrolled.

Ìàòâååâà È.Í.
Matveeva I.N.

ïî ãàðìîíèçàöèè íàöèîíàëüíûõ íîðìàòèâíûõ òðåáîâàíèé
ñ ìåæäóíàðîäíûìè ïðàâèëàìè è çàðóáåæíûìè êîíòðîëüíû-
ìè ñèñòåìàìè â ñôåðå ïðîèçâîäñòâà èììóíîáèîëîãè÷åñ-
êèõ ïðåïàðàòîâ è êîíòðîëÿ êà÷åñòâà. Ñëåäóåò îòìåòèòü
öåíîâóþ äîñòóïíîñòü îòå÷åñòâåííûõ âàêöèí, èõ âûñîêóþ
àäàïòàöèþ ê ðîññèéñêîé ýïèçîîòè÷åñêîé ñèòóàöèè, ïî-
ñêîëüêó îíè ñîçäàâàëèñü íà îñíîâå øòàììîâ, õàðàêòåðíûõ
äëÿ òåððèòîðèè ñòðàíû è Åâðàçèéñêîãî êîíòèíåíòà. Äëÿ

Òðåáîâàíèÿ ê ñòàíäàðòíûì îáðàçöàì âèðóñíûõ âàêöèí äëÿ âåòåðèíàðèè/ Ìàòâååâà È.Í. [è äð.] // Âåòåðèíàðèÿ è
êîðìëåíèå. – 2021. - ¹ 1 – Ñ. 35-37.
Requirements for standard viral vaccine samples for veterinary medicine/ Matveeva I.N. [et al. ]// // Veterinaria i kormlenie. –
2021. – #1. – P. –. 35-37.
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ïðîôèëàêòèêè òàêèõ çàáîëåâàíèé, êàê ÿùóð, ñèáèðñêàÿ
ÿçâà, òðèõîôèòèÿ, ìèêðîñïîðèÿ, áðóöåëëåç, â Ðîññèè ïðè-
ìåíÿþòñÿ îòå÷åñòâåííûå âàêöèíû. Ãëàâíîé ñîñòàâëÿþùåé
ñòðàòåãèè ïðîèçâîäñòâà âåòåðèíàðíûõ âàêöèí äëÿ ïîâû-
øåíèÿ êîíêóðåíöèè ïðîäóêöèè ÿâëÿåòñÿ îáåñïå÷åíèå èõ
êà÷åñòâà. Ïðîäóêöèÿ ðîññèéñêèõ êîìïàíèé, íå âëàäåþùèõ
ïðàêòèêîé ïðèìåíåíèÿ ìåæäóíàðîäíûõ ñòàíäàðòîâ, íå
ìîæåò áûòü êîíêóðåíòîñïîñîáíîé. Ýòî ïðèâîäèò ê ïîòåðå
âíóòðåííåãî ðûíêà. Â íàñòîÿùåå âðåìÿ íîðìàòèâíûå äîêó-
ìåíòû Ðîññèéñêîé Ôåäåðàöèèè Åâðàçèéñêîãî ýêîíîìè÷åñ-
êîãî ñîþçà óñòàíîâèëè åäèíûå òðåáîâàíèÿ ê îðãàíèçàöèè
ïðîèçâîäñòâà è êîíòðîëÿ êà÷åñòâà ëåêàðñòâåííûõ ñðåäñòâ
äëÿ ìåäèöèíñêîãî è âåòåðèíàðíîãî ïðèìåíåíèÿ.Â ðàìêàõ
ýòèõ äîêóìåíòîâ àêòèâíî ðàçâèâàþòñÿ íàïðàâëåíèÿ, ñâÿ-
çàííûå ñ ðàçðàáîòêîé è àòòåñòàöèåé ñòàíäàðòíûõ îáðàçöîâ
ðàçëè÷íîãî óðîâíÿ, öåëüþ ïðèìåíåíèÿ êîòîðûõ ÿâëÿåòñÿ
êîëè÷åñòâåííîå îïðåäåëåíèå ñïåöèôè÷åñêîé àêòèâíîñòè
ïðåïàðàòîâ è ìåòðîëîãè÷åñêèõ õàðàêòåðèñòèê ïðèìåíÿå-
ìûõ ìåòîäîâ îöåíêè ïîêàçàòåëåé êà÷åñòâà, ñòàáèëüíîñòè, à
òàêæå êîíòðîëü âñïîìîãàòåëüíûõ âåùåñòâ. Ïðèìåíåíèå
âñïîìîãàòåëüíûõ âåùåñòâ è ôàðìàöåâòè÷åñêèõ ñóáñòàí-
öèé ðåãëàìåíòèðóåòñÿ íîðìàòèâíîé äîêóìåíòàöèåé: ÃÔ,
ÎÔÑ, ÔÑ, ÔÑÏ èëè îòðàñëåâûìè ñòàíäàðòàìè. Ýòî íåîá-
õîäèìî, ïîñêîëüêó âîçìîæíà íåîäíîðîäíîñòü ïàðàìåòðîâ
êà÷åñòâà ïðåïàðàòà èç-çà ðàçëè÷íûõ ôàêòîðîâ, â òîì ÷èñëå
íåêîíòðîëèðóåìûõ è íåóïðàâëÿåìûõ.

Ââåäåíèå
Ïî ïðîãíîçàì âåäóùèõ ìåæäóíàðîäíûõ îðãàíèçàöèé –

Âñåìèðíîãî áàíêà, ÎÝÑÐ, Åâðîêîìèññèè è äð.,– òåìïû
ðîñòà ðûíêîâ áèîòåõíîëîãè÷åñêîé ïðîäóêöèè áóäóò íåóê-
ëîííî âîçðàñòàòü [1]. Íåñìîòðÿ íà îáùèé ñïàä, íàáëþäàþ-
ùèéñÿ â ìèðîâîé ýêîíîìèêå ïîñëåäíèõ ëåò, ôàðìàöåâòè-
÷åñêèé ðûíîê ðàçâèâàåòñÿ.Â 2020 ãîäó ðûíîê áèîëîãè÷åñ-
êèõ ëåêàðñòâåííûõ ñðåäñòâ ìîæåò ïðåâûñèòü 250 ìëðä.
äîëëàðîâ [2].

Îäíîé èç îòðàñëåé îòå÷åñòâåííîé áèîòåõíîëîãèè ÿâëÿ-
åòñÿ ïðîèçâîäñòâî èììóíîáèîëîãè÷åñêèõ ïðåïàðàòîâ, â
òîì ÷èñëå âàêöèí ìåäèöèíñêîãî è âåòåðèíàðíîãî íàçíà÷å-
íèÿ [3]. Ñëåäóåò îòìåòèòü öåíîâóþ äîñòóïíîñòü îòå÷å-
ñòâåííûõ âàêöèí äëÿ âåòåðèíàðèè è æèâîòíîâîäñòâà, èõ
âûñîêóþ àäàïòàöèþ ê ðîññèéñêîé ýïèçîîòè÷åñêîé ñèòóà-
öèè, ïîñêîëüêó îíè ñîçäàâàëèñü íà îñíîâå øòàììîâ, õàðàê-
òåðíûõ äëÿ òåððèòîðèè ñòðàíû è Åâðàçèéñêîãî êîíòèíåí-
òà. Äëÿ ïðîôèëàêòèêè òàêèõ çàáîëåâàíèé, êàê ÿùóð, ñèáèð-
ñêàÿ ÿçâà, òðèõîôèòèÿ, ìèêðîñïîðèÿ, áðóöåëëåç, â Ðîññèè
ïðèìåíÿþòñÿ îòå÷åñòâåííûå âàêöèíû.

Ãëàâíîé ñîñòàâëÿþùåé ñòðàòåãèè ïðîèçâîäñòâà âåòå-
ðèíàðíûõ âàêöèí äëÿ ïîâûøåíèÿ êîíêóðåíöèè ïðîäóêöèè
ÿâëÿåòñÿ îáåñïå÷åíèå èõ êà÷åñòâà. Ïðîäóêöèÿ ðîññèéñêèõ
êîìïàíèé, íå âëàäåþùèõ ïðàêòèêîé ïðèìåíåíèÿ ìåæäóíà-
ðîäíûõ ñòàíäàðòîâ, íå ìîæåò áûòü êîíêóðåíòîñïîñîáíîé.
Ýòî ïðèâîäèò ê ïîòåðå âíóòðåííåãî ðûíêà.

Â Ðîññèéñêîé Ôåäåðàöèè è ñòðàíàõ Åâðàçèéñêîãî ýêî-
íîìè÷åñêîãî Ñîþçà, ïðåäïðèíèìàþòñÿ ñåðüåçíûå äåéñòâèÿ
ïî ãàðìîíèçàöèè íàöèîíàëüíûõ íîðìàòèâíûõ òðåáîâàíèé
ñ ìåæäóíàðîäíûìè ïðàâèëàìè è çàðóáåæíûìè êîíòðîëüíû-
ìè ñèñòåìàìè â ñôåðå ïðîèçâîäñòâà èììóíîáèîëîãè÷åñ-
êèõ ïðåïàðàòîâ è êîíòðîëÿ êà÷åñòâà. Â íàñòîÿùåå âðåìÿ
íîðìàòèâíûå äîêóìåíòû Ðîññèéñêîé Ôåäåðàöèè è Åâðà-
çèéñêîãî ýêîíîìè÷åñêîãî ñîþçà óñòàíîâèëè åäèíûå òðåáî-
âàíèÿ ê îðãàíèçàöèè ïðîèçâîäñòâà è êîíòðîëÿ êà÷åñòâà
ëåêàðñòâåííûõ ñðåäñòâ äëÿ ìåäèöèíñêîãî è âåòåðèíàðíîãî
ïðèìåíåíèÿ. Òðåáîâàíèÿ GMP, ïðåäúÿâëÿåìûå ê ïðîèç-
âîäñòâó âåòåðèíàðíûõ ëåêàðñòâåííûõ ïðåïàðàòîâ, ñîâïà-
äàþò ñ òàêîâûìè, ïðåäúÿâëÿåìûìè ê ïðåïàðàòàì äëÿ ìåäè-
öèíñêîãî ïðèìåíåíèÿ (Äèðåêòèâà 91/412/ÅÅÑ îò 12.06.2013
ã.). "Ïðàâèëà – 2013" (íàöèîíàëüíûå ïðàâèëà GMP ÐÔ)
îáÿçàòåëüíû äëÿ âûïîëíåíèÿ ñîäåðæàùèõñÿ â íèõ òðåáîâà-
íèé îòå÷åñòâåííûìè ôàðìàöåâòè÷åñêèìè, ìåäèöèíñêèìè
è áèîëîãè÷åñêèìè ïðåäïðèÿòèÿìè. Ýòî çàôèêñèðîâàíî ÔÇ-
140 "Î âíåñåíèè èçìåíåíèé â Ôåäåðàëüíûé çàêîí "Îá

îáðàùåíèè ëåêàðñòâåííûõ ñðåäñòâ" îò 4.06. 2018 ã.
Óòâåðæäåíû 3.11.2016 ã. "Ïðàâèëà íàäëåæàùåé ïðîèç-

âîäñòâåííîé ïðàêòèêè Åâðàçèéñêîãî ýêîíîìè÷åñêîãî ñî-
þçà" (¹77), êàñàþùèåñÿ òðåáîâàíèé ê ïðîèçâîäñòâó âåòå-
ðèíàðíûõ ëåêàðñòâåííûõ ñðåäñòâ, êîòîðûå ââîäÿòñÿ ñ 1
ÿíâàðÿ 2021 ã. Çíàêîâûìè ÿâëÿþòñÿ ðåøåíèÿ î ââåäåíèè â
äåéñòâèå Ïðàâèë GDP (¹ 80), à òàêæå ïðèíÿòèå êóðñà íà
âûðàâíèâàíèå Ôàðìàêîïåè Åâðàçèéñêîãî ýêîíîìè÷åñêîãî
ñîþçà ñ Ôàðìàêîïååé ÅÑ [4 ].

Â ðàìêàõ ýòèõ äîêóìåíòîâ àêòèâíî ðàçâèâàþòñÿ íà-
ïðàâëåíèÿ, ñâÿçàííûå ñ òåðìèíîëîãèåé, ðàçðàáîòêîé è àò-
òåñòàöèåé ñòàíäàðòíûõ îáðàçöîâ ðàçëè÷íîãî óðîâíÿ, öå-
ëüþ ïðèìåíåíèÿ êîòîðûõ ÿâëÿåòñÿ êîëè÷åñòâåííîå îïðå-
äåëåíèå ñïåöèôè÷åñêîé àêòèâíîñòè ïðåïàðàòîâ è ìåòðîëî-
ãè÷åñêèõ õàðàêòåðèñòèê ïðèìåíÿåìûõ ìåòîäîâ îöåíêè
ïîêàçàòåëåé êà÷åñòâà, ñòàáèëüíîñòè, à òàêæå êîíòðîëü âñïî-
ìîãàòåëüíûõ âåùåñòâ. Ïðèìåíåíèå âñïîìîãàòåëüíûõ âå-
ùåñòâ è ôàðìàöåâòè÷åñêèõ ñóáñòàíöèé òàêæå ðåãëàìåíòè-
ðóåòñÿ íîðìàòèâíîé äîêóìåíòàöèåé: ÃÔ, ÎÔÑ, ÔÑ, ÔÑÏ
èëè îòðàñëåâûìè ñòàíäàðòàìè [5].

Â ÐÔ ñòàíäàðòèçàöèÿ ëåêàðñòâåííûõ ñðåäñòâ, â òîì
÷èñëå, áèîëîãè÷åñêèõ ëåêàðñòâåííûõ ïðåïàðàòîâ îñíîâûâà-
åòñÿ íà Ãîñóäàðñòâåííîé Ôàðìàêîïåå (ÃÔ ÐÔ),XIV èçäàíèå
êîòîðîé, ðåøàåò ñòðàòåãè÷åñêèå çàäà÷è îáåñïå÷åíèÿ êà÷å-
ñòâà ëåêàðñòâåííûõ ñðåäñòâ, íàõîäÿùèõñÿ â îáðàùåíèè íà
îòå÷åñòâåííîì ôàðìàöåâòè÷åñêîì ðûíêå, è èõ ñîîòâåòñòâèÿ
òðåáîâàíèÿì êàê ðîññèéñêèõ, òàê è ìèðîâûõ ñòàíäàðòîâ.

Ðàçðàáîòàíû è ââåäåíû â ÃÔ ÐÔ XIV èçäàíèÿ íîâûå
ôàðìàêîïåéíûå ñòàòüè, ÷òî ñâÿçàíî ñ èçìåíåíèÿìè â 61-ÔÇ
"Îá îáðàùåíèè ëåêàðñòâåííûõ ñðåäñòâ" (èçìåíåíèÿ ê ÔÇ
îò 22.12.2014 ¹ 429), à ÎÔÑ1.8.1.0002.15 "Èììóíîáèîëî-
ãè÷åñêèå ëåêàðñòâåííûå ïðåïàðàòû" ãàðìîíèçèðîâàíà â
ñâÿçè ñ ýòèìè èçìåíåíèÿìè.

Ñòàíäàðòíûå îáðàçöû óñëîâíî ïîäðàçäåëÿþò íà áèî-
ëîãè÷åñêèå è õèìè÷åñêèå. Îäèí è òîò æå ñòàíäàðòíûé
îáðàçåö â ñîîòâåòñòâèè ñ óêàçàíèÿìè ôàðìàêîïåéíîé ñòà-
òüè (èëè èíîé íîðìàòèâíîé äîêóìåíòàöèè) ìîæåò áûòü
èñïîëüçîâàí äëÿ ôèçèêî-õèìè÷åñêèõ è äëÿ áèîëîãè÷åñêèõ
àíàëèçîâ. Îïèñàíèå ãîñóäàðñòâåííûõ ñòàíäàðòíûõ îáðàç-
öîâ, èñïîëüçîâàíèå êîòîðûõ ïðåäóñìîòðåíî â Ðîññèéñêîé
Ôåäåðàöèè, ïðèâåäåíî â Ãîñóäàðñòâåííîé ôàðìàêîïåå ÐÔ
(ðàçäåë "Îáùèå ìåòîäû àíàëèçà"). Ôàðìàêîïåéíûì ñòàí-
äàðòíûì îáðàçöîì ÿâëÿåòñÿ ñòàíäàðòíûé îáðàçåö, ïðîèç-
âåäåííûé â ñîîòâåòñòâèè ñ ôàðìàêîïåéíîé ñòàòüåé.

Áîëåå øèðîêîå ðîäîâîå ïîíÿòèå "ñðåäñòâî èçìåðåíèé"
äëÿ ñòàíäàðòíîãî îáðàçöà ñîõðàíèëîñü äî íàñòîÿùåãî âðå-
ìåíè â ïîñëåäíåé ðåäàêöèè ÃÎÑÒ 8.315-2019 [6].

Ïîñêîëüêó íà íàñòîÿùèé ìîìåíò ñóùåñòâóþò íåêîòî-
ðûå ðàçíî÷òåíèÿ â òåðìèíîëîãèè, â ïðàêòèêå ïðåäïî÷òè-
òåëüíåå ïîëüçîâàòüñÿ Ìåæãîñóäàðñòâåííûì ñòàíäàðòîì
ÃÎÑÒ 8.315-2019. ÂÎÇ ó÷ðåæäàåò ìåæäóíàðîäíûå áèîëî-
ãè÷åñêèå ñòàíäàðòû äëÿ îïðåäåëåíèÿ åäèíèö àêòèâíîñòè
áèîëîãè÷åñêèõ ïðåïàðàòîâ, îáåñïå÷èâàåò áèîëîãè÷åñêèå
ñïðàâî÷íûå ìàòåðèàëû, ñ àêòèâíîñòüþ â ÌÅ.Íàöèîíàëü-
íûé èíñòèòóò ñòàíäàðòîâ è êîíòðîëÿ áèîïðåïàðàòîâ
(NIBSC) ÿâëÿåòñÿ îñíîâíîé ëàáîðàòîðèåé ñîòðóäíè÷àþ-
ùåé â ýòîé îáëàñòè, ïðîèçâîäèò >95% ìåæäóíàðîäíî-ïðè-
çíàííûõ ñòàíäàðòîâ íà áèîïðåïàðàòû.

Äàëüíåéøåå ñîâåðøåíñòâîâàíèå è ðàçâèòèå ðàçëè÷-
íûõ íàïðàâëåíèé â èììóíîáèîëîãèè, èììóíîáèîëîãè÷åñ-
êèõ òåõíîëîãèÿõ, áàçèðóþùèõñÿ íà ñòûêå èììóíîëîãèè è
ìîëåêóëÿðíîé áèîëîãèè, à òàêæå ãåííîé èíæåíåðèè è, êàê
ñëåäñòâèå ýòîãî, ðàçðàáîòêà íîâûõ ÈÁËÏ òðåáóåò ðàçâèòèÿ
è ñòàíäàðòèçàöèè ýòèõ ëåêàðñòâåííûõ ñðåäñòâ, ãàðàíòèðó-
þùèõ èõ êà÷åñòâî íà âñåõ ýòàïàõ æèçíåííîãî öèêëà.

Ðåçóëüòàòû
Ðàáîòà âûïîëíåíà â îòäåëå îáåñïå÷åíèÿ êà÷åñòâà ëå-

êàðñòâåííûõ ñðåäñòâ äëÿ âåòåðèíàðèè è æèâîòíîâîäñòâà
ÔÃÁÍÓ ÂÍÈÒÈÁÏ. Â êà÷åñòâå ïðåäïîëàãàåìîãî êàíäèäà-
òà â îòðàñëåâîé ñòàíäàðòíûé îáðàçåö (ÎÑÎ) âûáðàíà ýòà-
ëîííàÿ (ðåòðîñïåêòèâíàÿ) ñåðèÿ ñóõîé âàêöèíû ïðîòèâ
íüþêàñëñêîé áîëåçíè (ÍÁ) øòàììà Ëà-Ñîòà. Äëÿ ñòàòèñòè-
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÷åñêîãî àíàëèçà ðåçóëüòàòîâ ïðèìåíåíû ïðîãðàììíûå ïà-
êåòû StatPlusèSPSS. Àòòåñòàöèÿ ñòàíäàðòíîãî îáðàçöà ïðå-
äóñìàòðèâàåò óñòàíîâëåíèå çíà÷åíèÿ àòòåñòóåìîé õàðàêòå-
ðèñòèêè ñòàíäàðòíîãî îáðàçöà è åãî íåîïðåäåëåííîñòè,
îôîðìëåíèå ïàñïîðòà. Àòòåñòóåìîé õàðàêòåðèñòèêîé ÑÎ
âàêöèíû ìîæåò ñëóæèòü ñïåöèôè÷åñêàÿ àêòèâíîñòü:àíòè-
ãåííàÿ àêòèâíîñòü (òèòð èëè êîíöåíòðàöèÿ âèðóñîâ) èïîêà-
çàòåëè èììóíîãåííûõ ñâîéñòâ, ñòàáèëüíîñòü, ñîäåðæàíèå
âñïîìîãàòåëüíûõ âåùåñòâ, ìèêðîáèîëîãè÷åñêàÿ ÷èñòîòà è
äð. Ïðè ðàçðàáîòêå è àòòåñòàöèè ÑÎ äîëæíû áûòü ïîêàçà-
íû îäíîðîäíîñòü ìàòåðèàëà – êàíäèäàòà â ÑÎ, óñòàíîâëå-
íû óñëîâèÿ õðàíåíèÿ è ñðîê ãîäíîñòè.

Íåîïðåäåëåííîñòü àòòåñòîâàííîé õàðàêòåðèñòèêè ñòàí-
äàðòíîãî îáðàçöà ñâÿçàíà ñ ðåçóëüòàòîì èñïûòàíèÿ è õà-
ðàêòåðèçóåò äèñïåðñèþ çíà÷åíèé, êîòîðûå îáîñíîâàííî
ìîãëè áû áûòü ïðèïèñàíû èçìåðÿåìîé âåëè÷èíå. Äëÿ ýì-
ïèðè÷åñêèõ ìåòîäîâ, êîòîðûìè ÿâëÿþòñÿ ïðàêòè÷åñêè âñå
ìåòîäû èñïûòàíèé áèîëîãè÷åñêèõ ëåêàðñòâåííûõ ñðåäñòâ,
ïîêàçàíà öåëåñîîáðàçíîñòü îöåíêè íåîïðåäåëåííîñòè ìå-
òîäîâ èñïûòàíèé áèîëîãè÷åñêèõ/èììóíîáèîëîãè÷åñêèõ
ëåêàðñòâåííûõ ñðåäñòâ ïî ñòàíäàðòíîìó îòêëîíåíèþ ïðè
îöåíêå âîñïðîèçâîäèìîñòè ìåòîäèêè [6, 7].

 Ïîëó÷åíû ñëåäóþùèå ðåçóëüòàòû:
1. Ñòàíäàðòèçîâàí ìåòîä îïðåäåëåíèÿ àíòèãåííîé àê-

òèâíîñòè âèðóñà ÍÁ ýòàëîííîé ñåðèè. Ðàññ÷èòàíà âåëè÷èíà
ñðåäíåãî çíà÷åíèÿ òèòðà âèðóñà è ñðåäíåêâàäðàòè÷íîãî
îòêëîíåíèÿ, êîòîðàÿ ñîñòàâèëà (9,00 ± 0,36) lgÝÈÄ

50
/ìë.

2. Ðàçðàáîòàí àëãîðèòì ñòàòèñòè÷åñêîãî àíàëèçà ðå-
çóëüòàòîâ îïðåäåëåíèÿ èììóíîãåííûõ ñâîéñòâ ýòàëîííîé
ñåðèè âàêöèíû:

– îáîñíîâàíî íåîáõîäèìîå è äîñòàòî÷íîå êîëè÷åñòâî
îáúåêòîâ (ãîëîâ ïòèöû) â ãðóïïå – íå ìåíåå 10;

– ïîäòâåðæäåíà âçàèìîñâÿçü ìåæäó âåëè÷èíîé ïðè-
âèâíîé äîçû âàêöèíû è ïîêàçàòåëÿìè èììóíîãåííîñòè:
óðîâíåì ñïåöèôè÷åñêèõ àíòèòåë â ñûâîðîòêå êðîâè âàêöè-
íèðîâàííîé ïòèöû (r=0,948) è ñòåïåíüþ å¸ çàùèòû ïîñëå
êîíòðîëüíîãî çàðàæåíèÿ (r=0,989);

– ñòàòèñòè÷åñêè ïîäòâåðæäåí ëèíåéíûé õàðàêòåð çàâè-
ñèìîñòè ñòåïåíè çàùèòû âàêöèíèðîâàííîé ïòèöû ïîñëå
êîíòðîëüíîãî çàðàæåíèÿ îò óðîâíÿ àíòèòåë
(ÊÇ=21,4312+0,6732õÀÒ);
– ñ ïðèìåíåíèåì ïðîáèò-àíàëèçà ðàññ÷èòàíû âåëè÷èíû
ÝÄ

50
 è ÝÄ

95
:

ÝÄ
50
 = (4,146 ± 0,189) lg ÝÈÄ

50
 (StatPlus)

ÝÄ
50
 = (4,158 ± 0,187) lg ÝÈÄ

50
 (SPSS)

ÝÄ
95
 = (6,055 ± 0,274) lg ÝÈÄ

50
 (SPSS).

3. Ñ ïðèìåíåíèåì ïðîãðàììû StatPlus:
– ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü ïðîöåññà òåðìî-

èíàêòèâàöèè âèðóñà ÍÁ â âàêöèíå, âûñóøåííîé ñ ðàçëè÷-
íûìè ñòàáèëèçàòîðàìè, êîòîðàÿ ïîêàçàëà, ÷òî âåëè÷èíà
êîíñòàíòû ñêîðîñòè èíàêòèâàöèè ÿâëÿåòñÿ êîëè÷åñòâåí-
íîé îöåíêîé ñòàáèëüíîñòè âàêöèíû, à äëÿ åå ðàñ÷åòà ïðè-
ìåíèìî óðàâíåíèå Àððåíèóñà;

– ïîäòâåðæäåíà àäåêâàòíîñòü ìîäåëè ïî ðåçóëüòàòàì
ðåòðîñïåêòèâíîãî àíàëèçà êîíñòàíò ñêîðîñòåé èíàêòèâà-
öèè âèðóñà â øåñòè ïðîìûøëåííûõ è äâàäöàòè øåñòè
îïûòíî-ïðîìûøëåííûõ ñåðèÿõ âàêöèíû;

– ðàçðàáîòàííàÿ ìîäåëü ïðèìåíåíà äëÿ ñòàòèñòè÷åñêî-
ãî îáîñíîâàíèÿ õàðàêòåðèñòèê âàêöèíû: òåñò óñêîðåííîãî
ñòàðåíèÿ "7 ñóòîê – 370Ñ"; îöåíêà ýôôåêòà çàùèòû ñòàáèëè-
çàòîðà; òåðìîäèíàìè÷åñêèå ïàðàìåòðû âàêöèíû.

4. Ñòàòèñòè÷åñêè ïîäòâåðæäåíà ïðàâîìåðíîñòü èñïîëü-
çîâàíèÿ òåñòà óñêîðåííîãî ñòàðåíèÿ "7 ñóòîê – 370Ñ" äëÿ
ïðîãíîçà äëèòåëüíîãî õðàíåíèÿ âàêöèíû ïðè 4–80Ñ â òå÷å-
íèå 12 ìåñ. íåçàâèñèìî îò èñïîëüçóåìîãî ñòàáèëèçàòîðà.

5. Äëÿ ñðàâíèòåëüíîé îöåíêè ýôôåêòà çàùèòû (Ýç)
ðàçëè÷íûõ ñòàáèëèçàòîðîâ ïðåäëîæåíà ôîðìóëà Ýç = D

ÇÑ1
/

D
ÇÑ2
, ãäå D

ÇÑ1
 è D

ÇÑ2
 – ñíèæåíèå òèòðà àêòèâíîñòè âèðóñà,

âûñóøåííîãî â ñðåäàõ ÇÑ
1
 è ÇÑ

2
, ñîîòâåòñòâåííî. Ðàññ÷è-

òàí ýôôåêò çàùèòû ñòàáèëèçàòîðà íà îñíîâå ãèäðîëèçàòà
áåëêà – ÃÁËÔ (ïî ñðàâíåíèþ ñ îáåçæèðåííûì ìîëîêîì –
ÎÌ), âåëè÷èíà êîòîðîãî – 2,1 ïðè 370Ñ.

6. Ïîêàçàíà ïðèìåíèìîñòü óðàâíåíèÿ Àððåíèóñà äëÿ
ðàñ÷åòà òåðìîäèíàìè÷åñêèõ õàðàêòåðèñòèê âàêöèíû – ýí-
òàëüïèÿ (DH), ýíòðîïèÿ (DS) è ñâîáîäíàÿ ýíåðãèÿ (DG).
Óñòàíîâëåíî, ÷òî ââåäåíèå ñòàáèëèçàòîðà â ñîñòàâ âàêöè-
íû óâåëè÷èâàåò (îäèíàêîâî äëÿ ÎÌ è ÃÁËÔ) óïîðÿäî÷åí-
íîñòü ñèñòåìû (óìåíüøåíèå ýíòðîïèéíîãî ôàêòîðà), íå
èçìåíÿÿ çíà÷åíèé ýíòàëüïèè è ñâîáîäíîé ýíåðãèè.

7. Ñ èñïîëüçîâàíèåì ýòàëîííîé ñåðèè âàêöèíû îöåíå-
íû íåîïðåäåë¸ííîñòè ÷åòûðåõ ìåòîäîâ: îïðåäåëåíèÿ òèòðà
àíòèãåííîé àêòèâíîñòè âèðóñà ÍÁ (8%); îïðåäåëåíèÿ èì-
ìóíîãåííûõ ñâîéñòâ âèðóñâàêöèíû ïðîòèâ ÍÁ ïî òèòðàì
àíòèòåë (22,6%) è ðåçóëüòàòàì êîíòðîëüíîãî çàðàæåíèÿ
(13,3%); èññëåäîâàíèÿ êèíåòèêè òåðìîèíàêòèâàöèè àíòè-
ãåííîé àêòèâíîñòè âèðóñà ÍÁ (17,6%).

8. Èññëåäîâàíèå îäíîðîäíîñòè ïðåäïîëàãàåìîãî ñòàí-
äàðòíîãî îáðàçöà ïðîâåäåíû â ñîîòâåòñòâèè ñ Îáùåé Ôàð-
ìàêîïåéíîé Ñòàòüåé "Îäíîðîäíîñòü äîçèðîâàíèÿ" –
ÎÔÑ.1.4.2.0008.15 [5].

Óñòàíîâëåíî, ÷òî êîýôôèöèåíò âàðèàöèè ìàññû ñóõî-
ãî âåùåñòâà, ïî êîòîðîìó îöåíèâàëè òî÷íîñòü ðîçëèâà, íå
ïðåâûøàë 2%, óðîâåíü îñòàòî÷íîé âëàæíîñòè (íå ìåíåå
3%), ÷òî ÿâëÿåòñÿ ïðèåìëåìûì äëÿ äëèòåëüíî õðàíÿùèõñÿ
ñòàíäàðòíûõ îáðàçöîâ.

Çàêëþ÷åíèå
Ðàáîòà ïîñâÿùåíà ðåøåíèþ âàæíîé íàó÷íî-ïðàêòè-

÷åñêîé ïðîáëåìû, íàïðàâëåííîé íà ðàçâèòèå íàó÷íûõ îñ-
íîâ è ïðèêëàäíûõ àñïåêòîâ áèîòåõíîëîãèè. Îïðåäåëåíû
èàòòåñòîâàíû ïîêàçàòåëè êà÷åñòâà ïðåäïîëàãàåìîãî îòðàñ-
ëåâîãî ñòàíäàðòíîãî îáðàçöà (ÎÑÎ) âèðóñíîé âàêöèíû
âåòåðèíàðíîãî íàçíà÷åíèÿ ïðîòèâ íüþêàñëñêîé áîëåçíè,
îïðåäåëåíû èõ ìåòðîëîãè÷åñêèå õàðàêòåðèñòèêè. Äëÿ îáåñ-
ïå÷åíèÿ ýôôåêòèâíîé ðàáîòû íà âñåõ ýòàïàõ àòòåñòàöèè
õàðàêòåðèñòèê è èõ íåîïðåäåëåííîñòåé ïðèìåíåíà ïðî-
ãðàììà StatPlus. Â ìåòîäè÷åñêîì ïëàíå ðåçóëüòàòû èññëå-
äîâàíèé ìîãóò áûòü ïîëåçíû äëÿ ðàçðàáîò÷èêîâ è ïðîèçâî-
äèòåëåé ëåêàðñòâåííûõ ñðåäñòâ äëÿ âåòåðèíàðèè, à òàêæå
èñïîëüçîâàíû â îáðàçîâàòåëüíîì ïðîöåññå äëÿ ñòóäåíòîâ,
îáó÷àþùèõñÿ ïî ñïåöèàëüíîñòè "Áèîòåõíîëîãèÿ".
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Ðåçþìå. Ñòàòüÿ ïîñâÿùåíà ïðîáëåìàì äèàãíîñòèêè
ïóëëîðîçà-òèôà ïòèö è ðàçðàáîòêè òåõíîëîãèè èçãîòîâëå-
íèÿ äèàãíîñòèêóìà ïðîòèâ äàííîãî çàáîëåâàíèÿ. Ïîêàçàí
ñïîñîá èçãîòîâëåíèÿ ýðèòðîöèòàðíîãî äèàãíîñòèêóìà äëÿ
äèàãíîñòèêè ïóëëîðîçà-òèôà ïòèö, âêëþ÷àþùèé ïîëó÷å-
íèå áàêòåðèàëüíîé ìàññû Salmonella pullorum-gallinarum,
âûäåëåíèå èç íåå àíòèãåííîé ôðàêöèè îáðàáîòêîé áàêòå-
ðèàëüíîé ìàññû ïîâåðõíîñòíî-àêòèâíûì âåùåñòâîì ñ äî-
áàâëåíèåì ñîäû èëè ùåëî÷è â äèñòèëëèðîâàííîé âîäå ïðè
93–96°Ñ ñ ïîñëåäóþùåé ñåíñèáèëèçàöèåé ôîðìàëèíèçè-
ðîâàííûõ ýðèòðîöèòîâ, èõ î÷èñòêîé è ïîëó÷åíèåì öåëåâî-
ãî ïðîäóêòà â âèäå 10%-íîé ñóñïåíçèè, îòëè÷àþùèéñÿ òåì,
÷òî â êà÷åñòâå ïîâåðõíîñòíî-àêòèâíîãî âåùåñòâà äëÿ âûäå-
ëåíèÿ àíòèãåííîé ôðàêöèè èñïîëüçóþò 1–1,5%-íûé âîä-
íûé ðàñòâîð Äåçìîëà, âçÿòîãî â êîíå÷íîé âåñîâîé êîíöåí-
òðàöèè 0,1–0,3%, à ñåíñèáèëèçàöèþ ôîðìàëèíèçèðîâàí-
íûõ ýðèòðîöèòîâ ïðîâîäÿò â ïðèñóòñòâèè íàòðèåâîé ñîëè
ñóêöèíàòà õèòîçàíà, âçÿòîé â êîíå÷íîé âåñîâîé êîíöåíòðà-
öèè 0,5–1,5%. Ïðè ïðîìûøëåííîì èçãîòîâëåíèè äèàãíîñ-
òèêóìà â íà÷àëüíîé ñòàäèè áàêòåðèàëüíóþ ñóñïåíçèþ îáÿ-
çàòåëüíî ïåðåìåøèâàëè è èçìåðÿëè îïòè÷åñêóþ êîíöåíò-
ðàöèþ ôîòîìåòðè÷åñêè. Äîâîäèëè êîíöåíòðàöèþ ðàñòâî-
ðîì ÏÀÂ äî 25 ìëä ìèêðîáíûõ êëåòîê â 1 ìë. Íà âòîðîé
ñòàäèè ïîëó÷àëè àíòèãåí-ñåíñèòèíà è õðàíèëè ïðè 4?Ñ.
Èñïîëüçîâàëè äëÿ ñåíñèáèëèçàöèè ýðèòðîöèòû áàðàíà.

Íà òðåòüåé ñòàäèè ïîëó÷àëè 20% ôîðìàëèçèðîâàííûå
ýðèòðîöèòû áàðàíà. Ôîðìàëèçèðîâàííûå ýðèòðîöèòû îò-
ìûâàëè ïÿòü ðàç äî ïîëíîãî ïðîñâåòëåíèÿ íàäîñàäî÷íîé

æèäêîñòüþ è ïîäâåðãàëè ñåíñèáèëèçàöèè.
Íà ÷åòâåðòîé ñòàäèè äëÿ ñåíñèáèëèçàöèè ê 1 ëèòðó

âçâåñè ýðèòðîöèòîâ äîáàâëÿëè 300–500 ìë. ñåíñèòèíà è
âûäåðæèâàëè â âîäÿíîé áàíå ïðè òåìïåðàòóðå 600Ñ.

Íà ïÿòîé ñòàäèè – ïðîâîäèëè ïðîìûâêó ñåíñèáèëèçè-
ðîâàííûõ ýðèòðîöèòîâ îò îñòàòî÷íîãî ñåíñèòèíà íå ñâÿ-
çàííîãî ñ ýðèòðîöèòàìè.

Development and manufacture of
erythrocyte pullorosis diagnosticum for
the diagnosis of avian pullorosis
typhoid
R.N. Melnik,  N.S. Klyushentseva, N.V. Melnik
FSBSI All-Russian Research and Technological Institute of
Biological Industry (141142, Moscow Region, Losino-
Petrovsky district, Biokombinata, tel.: +7 (496) 567-32-63, e-
mail: vnitibp@mail.ru)

Key words: avian pullorosis typhoid, erythrocytes,
phosphate-buffered saline, antigen, sensitin, sedimentation,
decantation.

Abstract. The article is devoted to the problems of
diagnostics of poultry typhoid fever and the development of a
technology for the manufacture of diagnosticum against this
disease. A method of making erythrocyte diagnosticum for the
diagnosis of poultry typhoid fever is shown, including obtaining
the bacterial mass of Salmonella pullorum-gallinarum, isolating
the antigenic fraction from it by treating the bacterial mass with
a surfactant with the addition of soda or alkali in distilled water
at 93-96 °C, followed by sensitization of formalinized
erythrocytes, their purification and obtaining the target product
in the form of 10% suspension, characterized in that 1-1.5%
aqueous solution of Desmol is used as a surfactant to isolate the
antigenic fraction, taken in a final weight concentration of 0, 1-
0.3%, and the sensitization of formalinized erythrocytes is
carried out in the presence of the sodium salt of chitosan
succinate taken in a final weight concentration of 0.5-1.5%.

In the industrial production of the diagnosticum at the initial
stage, the bacterial suspension was necessarily mixed and the
optical concentration was measured photometrically. The
concentration of the surfactant solution was adjusted to 25 ml of
microbial cells in 1 ml. At the second stage, antigen-sensitin was
obtained and stored at 4 ° C. Sheep erythrocytes were used for
sensitization. At the third stage, 20% formalized ram erythrocytes
were obtained. Formalized erythrocytes were washed five times
until the supernatant was completely cleared and sensitized.

At the fourth stage, 300-500 ml was added to 1 liter of
erythrocyte suspension for sensitization. sensitin and kept in a
water bath at a temperature of 600Ñ.

At the fifth stage, the sensitized erythrocytes were washed
to remove residual sensitin not associated with erythrocytes.

Obtaining highly effective erythrocyte diagnostics for the
diagnosis of avian pullorosis typhoid is an urgent problem. We
have produced, improved and optimized the technology of
industrial production of erythrocyte pullor antigen from the
Salmonella pullorum-gallinarum strain for the diagnosis of
avian pullorosis-typhus. We have theoretically substantiated
and tested in production conditions a new method of resuspension,
extraction, clarification of the bacterial mass. Used surfactants
(surfactants) to obtain sensitin.
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Ïîëó÷åíèå âûñîêîýôôåêòèâíûõ ýðèòðîöèòàðíûõ äè-
àãíîñòèêóìîâ äëÿ äèàãíîñòèêè ïóëëîðîçà-òèôà ïòèö ÿâëÿ-
åòñÿ àêòóàëüíîé ïðîáëåìîé. Íàìè ïðîèçâåäåíà, óñîâåð-
øåíñòâîâàíà è îïòèìèçèðîâàíà òåõíîëîãèÿ ïðîìûøëåí-
íîãî ïðîèçâîäñòâà ïóëëîðíîãî ýðèòðîöèòàðíîãî àíòèãåíà
èç øòàììà Salmonella pullorum-gallinarum äëÿ äèàãíîñòèêè
ïóëëîðîçà-òèôà ïòèö. Íàìè òåîððåòè÷åñêè îáîñíîâàí è
îïðîáèðîâàí â óñëîâèÿõ ïðîèçâîäñòâà íîâûé ìåòîä ðåñóñ-
ïåíäèðîâàíèÿ, ýêñòðàãèðîâàíèÿ, îñâåòëåíèÿ áàêòåðèàëü-
íîé ìàññû. Èñïîëüçîâàëè ïîâåðõíîñòíî-àêòèâíûå âåùå-
ñòâà (ÏÀÂ) äëÿ ïîëó÷åíèÿ ñåíñèòèíà.

Ââåäåíèå

ýðèòðîöèòû ìëåêîïèòàþùèõ è ïòèö øèðîêî èñïîëüçó-
þòñÿ â âèðóñîëîãè÷åñêèõ, èììóíîëîãè÷åñêèõ èññëåäîâà-
íèÿõ äëÿ ïîñòàíîâêè ÐÑÊ, ÐÃÀ, ÐÒÃÀ â êà÷åñòâå îñíîâû
äëÿ ñîçäàíèÿ ýðèòðîöèòàðíûõ äèàãíîñòèêóìîâ (àíòèòåëü-
íûõ è àíòèãåííûõ) è äëÿ äðóãèõ öåëåé â ÷àñòíîñòè, ê
ñïîñîáàì ïîëó÷åíèÿ äèàãíîñòè÷åñêèõ ïðåïàðàòîâ, èñïîëü-
çóåìûõ äëÿ ìàññîâîé ïðèæèçíåííîé äèàãíîñòèêè ïóëëîðî-
çà òèôà ïòèö.

Ïóëëîðîç – èíôåêöèîííîå çàáîëåâàíèå ïòèö, âûçûâà-
åìîå Salmonella pullorum-gallinarum.

Ìåòîäû äèàãíîñòèêè

Äèàãíîç óñòàíàâëèâàþò íà îñíîâàíèè ýïèçîîòîëîãè-
÷åñêèõ äàííûõ, êëèíè÷åñêèõ ïðèçíàêîâ, ïàòîëîãîàíàòîìè-
÷åñêèõ èçìåíåíèé, ðåçóëüòàòîâ ëàáîðàòîðíûõ èññëåäîâà-
íèé. Ïîëó÷åíèå êëåòîê êðîâè ÿâëÿåòñÿ íåñëîæíûì ïðîöåñ-
ñîì. Îäíàêî, ñðîê õðàíåíèÿ íàòèâíûõ ýðèòðîöèòîâ î÷åíü
ìàë (3–7 äíåé), ÷òî ïðèâîäèò ê íåîáõîäèìîñòè ïîñòîÿííî
ñîäåðæàòü æèâîòíûõ–äîíîðîâ êðîâè, à òàêæå – ê ïîëó÷å-
íèþ íåñòàíäàðòíûõ, íåñòàáèëüíûõ ðåçóëüòàòîâ ïðè ó÷åòå
ðåàêöèè.

Ñóùåñòâóþò ìåòîäû, ïîçâîëÿþùèå ñòàáèëèçèðîâàòü è
äëèòåëüíîå âðåìÿ ñîõðàíÿòü íåîáõîäèìûå äëÿ èññëåäîâà-
òåëåé ñâîéñòâà ýðèòðîöèòîâ: àããëþòèíèðóþùèå è ïîâåðõ-
íîñòíî-àäñîðáöèîííûå ñïîñîáíîñòè êëåòîê. Îäíèì èç âîç-
ìîæíûõ ìåòîäîâ äëÿ äîñòèæåíèÿ äàííîé öåëè ÿâëÿåòñÿ
ôèêñàöèÿ ýðèòðîöèòà, åãî ìåìáðàíû ðàçëè÷íûìè ðåàãåí-
òàìè, ÷àùå âñåãî àëüäåãèäàìè àëèôàòè÷åñêîãî ðÿäà: ôîð-
ìàëüäåãèä, ãëþòàðîâûé è àêðèëîâûé àëüäåãèäû è äð. Âîç-
ìîæíîñòü ïðèìåíåíèÿ äëÿ ïîñòàíîâêè ÐÃÀ ýðèòðîöèòîâ,
ôèêñèðîâàííûõ ôîðìàëüäåãèäîì. Ñðîê õðàíåíèÿ êîòîðûõ
äîñòèãàåò äî 1 ãîäà, ïîêàçàë Flick J.A.(1948). Â äàëüíåéøåì
ðàáîòû â ýòîì íàïðàâëåíèè áûëè ïðîäîëæåíû ðÿäîì àâòî-
ðîâ, êîòîðûìè ïîêàçàíî, ÷òî ôèêñèðîâàíèå êëåòîê ïî-
ðàçíîìó âëèÿåò íà ðåöåïòîðû îäíèõ è òåõ æå ýðèòðîöèòîâ
ê ðàçëè÷íûì âèðóñàì. Ïðè ýòîì áûëà âûÿâëåíà èçáèðà-
òåëüíàÿ ñïåöèôè÷íîñòü ðåöåïòîðîâ êðàñíûõ êëåòîê ê âèðó-
ñàì è áàêòåðèÿì. Ýòî ïîòðåáîâàëî îòðàáîòêè ìåòîäà ôèê-
ñàöèè â êàæäîì êîíêðåòíîì ñëó÷àå äèàãíîñòèêè. Òàê äëÿ
ïîñòàíîâêè ÐÃÀ ñ âèðóñîì èíôåêöèîííîé àíåìèè (ÈÍÀÍ)
èëè ïàðàãðèïïà êðóïíîãî ðîãàòîãî ñêîòà èñïîëüçóþò ýðèò-
ðîöèòû ìîðñêîé ñâèíêè è ëîøàäè, áåøåíñòâà – ãóñÿ; íüþ-
êàñëñêîé áîëåçíè – ïåòóõà, íåêðîáàêòåðèîç æèâîòíûõ –
ýðèòðîöèòû áàðàíà (ýðèòðîöèòû ýòèõ æèâîòíûõ ìîãóò ñî-

õðàíÿòüñÿ ïðè +40Ñ â òå÷åíèè 7–10 äíåé â ôèçèîëîãè÷åñ-
êîì ðàñòâîðå è äî 25 äíåé â ñïåöèàëüíûõ ðàñòâîðàõ. Îäíà-
êî, ñóùåñòâóþùèå ìåòîäû ïîëó÷åíèÿ ñòàíäàðòíûõ, ñòà-
áèëüíûõ ïðåïàðàòîâ æèäêèõ ôèêñèðîâàííûõ ýðèòðîöèòîâ
îòðàáîòàíû íåäîñòàòî÷íî ïîëíî, òðåáóþò óñîâåðøåíñòâî-
âàíèÿ è óíèôèêàöèè. Êðîìå òîãî, áîëåå ïåðñïåêòèâíûì è
ïðîãðåññèâíûì ÿâëÿåòñÿ ïðèãîòîâëåíèå ñóõèõ ïðåïàðàòîâ
ýðèòðîöèòîâ. [1,2]

Öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿëîñü óñîâåðøåí-
ñòâîâàíèå ïðîèçâîäñòâåííîé òåõíîëîãèè èçãîòîâëåíèÿ
ýðèòðîöèòàðíîãî äèàãíîñòèêóìà äëÿ ïðèæèçíåííîé äèàã-
íîñòèêè ïóëëîðîçà-òèôà ïòèö.

Ìàòåðèàëû è ìåòîäû

Ðàáîòà âûïîëíÿåòñÿ â îòäåëåíèè ïðîòèâîáàêòåðèàëü-
íûõ ïðåïàðàòîâ â ÔÃÁÍÓ "Âñåðîññèéñêèé íàó÷íî-èññëå-
äîâàòåëüñêèé è òåõíîëîãè÷åñêèé èíñòèòóò áèîëîãè÷åñêîé
ïðîìûøëåííîñòè" è ÔÊÏ "Ùåëêîâñêèé áèîêîìáèíàò" â
ðàìêàõ çàäàíèÿ Ðîññèéñêîé íàó÷íî-òåõíîëîãè÷åñêîé ïðî-
ãðàììû ôóíäàìåíòàëüíûõ è ïðèîðèòåòíûõ è ïðèêëàäíûõ
èññëåäîâàíèé ïî íàó÷íîìó îáåñïå÷åíèþ ÀÏÊ ÐÔ ïî òåìå
"Ðàçðàáîòàòü òåõíîëîãèè èçãîòîâëåíèÿ è ïðèìåíåíèÿ íî-
âûõ äèàãíîñòè÷åñêèõ òåñò-ñèñòåì, ñðåäñòâ ïðîôèëàêòèêè è
èììóíîêîððåêöèè íàèáîëåå ðàñïðîñòðàíåííûõ è ýêîíîìè-
÷åñêè çíà÷èìûõ èíôåêöèîííûõ áîëåçíåé æèâîòíûõ íà
îñíîâå ñîâðåìåííîãî îáîðóäîâàíèÿ è áèîòåõíîëîãè÷åñêèõ
ïðîöåññîâ".

Â ïðîöåññå ðàáîòû èçãîòîâëåíî 34 îïûòíî ïðîìûø-
ëåííûõ ñåðèè ñóõèõ ýðèòðîöèòîâ æèâîòíûõ (áàðàíà, ëîøà-
äè, ìîðñêîé ñâèíêè, áåëîé ìûøè, ãóñÿ, ïåòóõà), êîòîðûå
èñïûòûâàëèñü íà ñòàáèëüíîñòü ïðè ïîâûøåííûõ òåìïåðà-
òóðàõ (òåñò ïîâûøåííîãî ñòàðåíèÿ ïðè 370Ñ) è â ïðîöåññå
äëèòåëüíîãî õðàíåíèÿ ïðè +40Ñ. Óñòàíîâëåíî, ÷òî áîëü-
øèíñòâî îáðàçöîâ ñåðèé ñóõèõ ïðåïàðàòîâ ýðèòðîöèòîâ
ñîõðàíÿëè àêòèâíîñòü è ñïåöèôè÷íîñòü íà ïðîòÿæåíèè 12–
27 ìåñÿöåâ õðàíåíèÿ ïðè +40Ñ. Áîëåå ñòàáèëüíûìè ÿâëÿ-
ëèñü ýðèòðîöèòû ôèêñèðîâàííûå ôîðìàëüäåãèäîì. Ñòà-
áèëüíîñòü ýðèòðîöèòîâ òàêæå âàðüèðîâàëà â çàâèñèìîñòè
îò âèäà æèâîòíîãî – äîíîðà. Òàê áîëåå ñòàáèëüíûìè ÿâëÿ-
ëèñü ýðèòðîöèòû áàðàíà (ñðîê ãîäíîñòè 2,5 è áîëåå ëåò) è
ìåíåå ñòàáèëüíûìè áûëè ýðèòðîöèòû ìîðñêîé ñâèíêè è
ïåòóõà (ñðîê ãîäíîñòè îò 12 äî 18 ìåñÿöåâ).

Â òàáëèöå 1 ïîêàçàí îïòèìàëüíûé ðåæèì ôèêñàöèè
ýðèòðîöèòîâ ðàçëè÷íûõ âèäîâ æèâîòíûõ. (Ìîðñêèõ ñâè-
íîê, ëîøàäåé, áàðàíîâ, áåëûõ ìûøåé, ãóñåé, êóð).

Íàìè ïðîèçâåäåíà, óñîâåðøåíñòâîâàíà è îïòèìèçèðî-
âàíà òåõíîëîãèÿ ïðîìûøëåííîãî ïðîèçâîäñòâà ïóëëîðíî-
ãî ýðèòðîöèòàðíîãî àíòèãåíà èç øòàììà Salmonella
pullorum-gallinarum äëÿ äèàãíîñòèêè ïóëëîðîçà-òèôà ïòèö.
Áûë òåîðåòè÷åñêè îáîñíîâàí è àïðîáèðîâàí â óñëîâèÿõ
ïðîèçâîäñòâà íîâûé ìåòîä ðåñóñïåíäèðîâàíèÿ, ýêñòðàãè-
ðîâàíèÿ, îñâåòëåíèÿ áàêòåðèàëüíîé ìàññû Salmonella
pullorum-gallinarum ïðè ïðîèçâîäñòâå ïóëëîðíîãî ýðèòðî-
öèòàðíîãî àíòèãåíà ñ èñïîëüçîâàíèåì ïîâåðõíîñòî-àêòèâ-
íîãî âåùåñòâà (ÏÀÂ). [4]

Таблица 1 Оптимальный режим фиксации эритроцитов различных видов животных 

Table 1 Optimal mode of fixation of red blood cells of various animal species 

№ 
Животные 

доноры 

Фиксирующий 

реагент 

Оптимальный режим фиксации 

Концентрация % (конечная) Время, час Температура 

1 Морская свинка Формальдегид 

ИГЛА 

2,5 

0,75-1,1 

48 

24-48 

+20 

+20 

2 Лошадь Формальдегид 

ИГЛА 

1,26 

0,3 

24-48 

16-32 

+20 

+20 

3 Баран ИГЛА 0,5-0,75 24-48 +20 

4 Белая мышь Формальдегид 

ИГЛА 

2,5 

0,1-0,2 

48 

2-4 

+20 

+20 

5 Гусь Формальдегид 1,5-2,5 18-20 +37,5 

6 Петух  1,5-2,5 18-20 +37,5 
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Ðåçóëüòàòû èññëåäîâàíèÿ

Ïîëó÷åíèå âûñîêî ýôôåêòèâíûõ ýðèòðîöèòàðíûõ äè-
àãíîñòèêóìîâ äëÿ äèàãíîñòèêè ïóëëîðîçà-òèôà ïòèö ÿâëÿ-
åòñÿ àêòóàëüíîé ïðîáëåìîé.

Ïðîìûøëåííîå ïðîèçâîäñòâî äèàãíîñòèêóìà ïî åãî
èçãîòîâëåíèþ ïîäðàçäåëÿåòñÿ íà ñòàäèè: ðåñóñïåíäèðîâà-
íèå áàêòåðèàëüíîé ìàññû; ïîëó÷åíèå àíòèãåíà-ñåíñèòèíà;
ïîëó÷åíèå 20% ôîðìàëèçèðîâàííûõ ýðèòðîöèòîâ áàðàíà;
ñåíñèáèëèçàöèÿ 20% ýðèòðîöèòîâ áàðàíà; ïðèãîòîâëåíèå
ïðîìûøëåííûõ ñåðèé ïóëëîðíîãî ýðèòðîöèòàðíîãî àíòè-
ãåíà; ôàñîâêà. [3]

Ðåñóñïåíäèðîâàíèå. Â ñòåðèëüíîì áîêñå ïðè ñîáëþäå-
íèè óñëîâèé ñòåðèëüíîñòè ïðîèçâîäèëè ñúåì áàêòåðèàëü-
íîé ìàññû ñ ðîòîðà öåíòðèôóãè â ñòåðèëüíóþ ìåòàëëè÷åñ-
êóþ åìêîñòü ãîìîãåíèçàòîðà. Ñîáðàííóþ áàêòåðèàëüíóþ
ìàññó ðåñóñïåíäèðîâàëè ñ ïîìîùüþ 0,1% ðàñòâîðà ïîâåð-
õíîñòíî-àêòèâíîãî âåùåñòâà (ÏÀÂ). Äëÿ ýòîãî â åìêîñòü
äîáàâëÿëè íåáîëüøîå êîëè÷åñòâî ÏÀÂ, óñòàíàâëèâàëè íà
ìåøàëêó ãîìîãåíèçàòîðà. Áàêìàññó ãîìîãåíèçèðîâàëè â
òå÷åíèå 2–3 ìèíóò ïðè ñêîðîñòè âðàùåíèÿ 3–8 òûñÿ÷ îáî-
ðîòîâ â ìèíóòó.

Ãîìîãåíèçèðîâàííóþ áàêòåðèàëüíóþ ñóñïåíçèþ ïåðå-
êà÷èâàëè â áóòûëü ñ 10 äì3 ðàñòâîðà ÏÀÂ.

Ïîëó÷åíèå àíòèãåíà-ñåíñèòèíà. Ïîëó÷åííóþ áàêòåðè-
àëüíóþ ñóñïåíçèþ òùàòåëüíî ïåðåìåøèâàëè, èçìåðÿëè
îïòè÷åñêóþ êîíöåíòðàöèþ ôîòîìåòðè÷åñêè. Äîâîäèëè
êîíöåíòðàöèþ ðàñòâîðîì ÏÀÂ äî 25 ìëðä, ìèêðîáíûõ
êëåòîê â 1 ìë. Ñ ñîáëþäåíèåì óñëîâèé ñòåðèëüíîñòè ïåðå-
êà÷èâàëè â ñòåðèëüíûå êîíè÷åñêèå êîëáû. Ýêñòðàãèðîâàëè
â âîäÿíîé áàíå â òå÷åíèå 1 ÷àñà ïðè òåìïåðàòóðå 93–96°Ñ.
Îõëàæäàëè, ñëèâàëè â ÷èñòûé ñòåðèëüíûé ðåàêòîð ñ ñî-
áëþäåíèåì ñòåðèëüíîñòè è ïîäâåðãàëè öåíòðèôóãèðîâà-
íèþ íà öåíòðèôóãå. Ôóãàò ñîáèðàëè â ñòåðèëüíûå êîíè÷åñ-
êèå êîëáû, ïðîãðåâàëè â âîäÿíîé áàíå â òå÷åíèå 1 ÷àñà ïðè
òåìïåðàòóðå 93–96°Ñ. Îõëàæäàëè è ôèëüòðîâàëè ÷åðåç
ìàðëåâûé ôèëüòð ñ ñîáëþäåíèåì óñëîâèé ñòåðèëüíîñòè â
áóòûëè åìêîñòüþ 18 äì3, çàêðûâàëè ðåçèíîâûìè ñòåðèëü-
íûìè ïðîáêàìè. Õðàíèëè ïðè 4°Ñ, èñïîëüçîâàëè äëÿ ñåí-
ñèáèëèçàöèè ýðèòðîöèòû áàðàíîâ.

Êëåòî÷íûé äåéòðèò, ñîáðàííûé â ðîòîð öåíòðèôóãè çàëè-
âàëè 6%-íûì ðàñòâîðîì ïåðåêèñè âîäîðîäà è óòèëèçèðîâàëè.

Ïîëó÷åíèå 20%-íûõ ôîðìàëèíèçèðîâàííûõ ýðèòðî-
öèòîâ áàðàíîâ. Êðîâü áðàëè èç ÿðåìíîé âåíû áàðàíîâ-
äîíîðîâ ñ æèâîé ìàññîé 40-60 êã 1 ðàç â ìåñÿö ïî 500 ìë îò
êàæäîãî áàðàíà â ëèòðîâûå ôëàêîíû ñî ñòåðèëüíûì ôîð-
ìàòèçèðîâàííûì ðàñòâîðîì Îëñâåðà. Ñîîòíîøåíèå êðîâè
è ðàñòâîðà Îëñâåðà äîëæíî áûòü 1:1. Òùàòåëüíî ïåðåìå-
øèâàëè, îõëàæäàëè, òðàíñïîðòèðîâàëè ñ ñîáëþäåíèåì îñ-
òîðîæíîñòè.

Â ñòåðèëüíîì áîêñå ïîëó÷åííóþ êðîâü ôèëüòðîâàëè
÷åðåç ñòåðèëüíûé ìàðëåâûé ôèëüòð ñ ñîáëþäåíèåì óñëî-
âèé ñòåðèëüíîñòè â ñòåðèëüíûå ñòåêëÿííûå áóòûëè, åìêî-
ñòüþ 18 äì3, çàêðûâàëè ðåçèíîâîé ïðîáêîé. Îñòàâëÿëè íà
îòñòàèâàíèå â òå÷åíèå 10 äíåé. Äàëåå ñ ñîáëþäåíèåì óñëî-
âèé ñòåðèëüíîñòè, íàäîñàäî÷íóþ æèäêîñòü îòêà÷èâàëè ñ
ïîìîùüþ ñòåðèëüíûõ ñèëèêîíîâûõ òðóáî÷åê (ñòåðèëèçî-
âàííûõ ïðè 1 àòì 40 ìèíóò.) Ê îñàäêó ýðèòðîöèòîâ ïðèëè-
âàëè íåáîëüøîå êîëè÷åñòâî ôîðìàëèíèçèðîâàííîãî áó-
ôåðíîãî ðàñòâîðà, ðåñóñïåíäèðîâàëè, äîâîäèëè îáúåì ôîð-
ìàëèíèçèðîâàííûì áóôåðíûì ðàñòâîðîì äî ïåðâîíà÷àëü-
íîãî. Îñòàâëÿëè íà îòñòàèâàíèå â òå÷åíèå 10 äíåé. Îòìûâ-
êó ïîâòîðÿëè ïÿòü ðàç äî ïîëíîãî ïðîñâåòëåíèÿ íàäîñàäî÷-
íîé æèäêîñòè. Ïîëó÷åííûå ôîðìàëèíèçèðíîâàííûå ýðèò-
ðîöèòû äîâîäèëè äî êîíöåíòðàöèè 20% è ïîäâåðãàëè ñåí-
ñèáèëèçàöèè.

Ñåíñèáèëèçàöèÿ 20% ýðèòðîöèòîâ áàðàíà. 20% âçâåñü
ôîðìàëèçèðîâàííûõ ýðèòðîöèòîâ áàðàíà îòìûâàëè îò îñ-
òàòî÷íîãî ôîðìàëèíà ôîñôàòíî-áóôåðíûì ðàñòâîðîì ñ pH
7,0–7,4. Äëÿ ñåíñèáèëèçàöèè ê 1 ëèòðó âçâåñè ýðèòðîöèòîâ
äîáàâëÿëè ïî 300–350 ìë ñåíñèòèíà. Ñìåñü òùàòåëüíî

ïåðåìåøèâàëè è âûäåðæèâàëè â âîäÿíîé áàíå â òå÷åíèè 60
ìèíóò ïðè òåìïåðàòóðå 55–60 °Ñ, à çàòåì åùå â òå÷åíèè 2
÷àñîâ ïðè òåìïåðàòóðå 40–42 °Ñ. Ïîñëå îêîí÷àíèÿ ïðîöåñ-
ñà ñåíñèáèëèçàöèè ïðîâîäèëè îòìûâêó ýðèòðîöèòîâ îò
ñåíñèòèíà, íåñâÿçàííîãî ñ ýðèòðîöèòàìè. Îòìûâêó ïðîâî-
äèëè ôîðìàëèíèçèðîâàííûì ôîñôàòíî-áóôåðíûì ðàñòâî-
ðîì ìåòîäîì îòñòîÿ äî ïîëíîãî ïðîñâåòëåíèÿ íàäîñàäî÷-
íîé æèäêîñòè.

Ïðèãîòîâëåíèå ñåðèè ïóëëîðíîãî ýðèòðîöèòàðíîãî
àíòèãåíà. 20%-íûå ôîðìàëèíèçèðîâàííûå ñåíñèáèëèçè-
ðîâàííûå ýðèòðîöèòû áàðàíà ðåññóñïåíäèðîâàëè ÷åðåç
ñòåðèëüíûé ìàðëåâî-áÿçåâûé ôèëüòð ñ ñîáëþäåíèåì óñëî-
âèé ñòåðèëüíîñòè â ñòåðèëüíûå áóòûëè åìêîñòüþ 18 äì3,
ÀÁ 2, çàêðûâàëè ðåçèíîâûìè ïðîáêàìè. Îòáèðàëè ïðîáû
èç êàæäîé áóòûëè äëÿ îïðåäåëåíèÿ êîíöåíòðàöèè ýðèòðî-
öèòîâ. Äëÿ ýòîãî â öåíòðèôóæíûå ïðîáèðêè âíîñèëè ïî 10
ìë àíòèãåíà. Ïðîáèðêè óðàâíîâåøèâàëè, öåíòðèôóãèðîâà-
ëè â òå÷åíèè 5 ìèíóò ïðè 2000 îá\ìèí íà öåíòðèôóãå Ö 1.
Íàäîñàäî÷íóþ æèäêîñòü àêêóðàòíî ïåðåëèâàëè â ìåðíûé
öèëèíäð 10 ñì3, îïðåäåëÿëè êîëè÷åñòâî. Êîíöåíòðàöèþ
ýðèòðîöèòîâ â ïðîöåíòàõ âû÷èñëÿëè ïî ôîðìóëå:

K=

Ê – êîíöåíòðàöèÿ ýðèòðîöèòîâ;
V – êîëè÷åñòâî àíòèãåíà, íàëèòîå â öåíòðèôóæíóþ ïðîáèðêó, ñì3;
VI – êîëè÷åñòâî íàäîñàäî÷íîé æèäêîñòè, ñì;

Äàëåå ïðîôèëüòðîâàííûé àíòèãåí äîâîäèëè ôîðìàëè-
íèçèðîâàííûì áóôåðíûì ðàñòâîðîì äî êîíöåíòðàöèè ýðèò-
ðîöèòîâ 10+1% ñ ñîáëþäåíèåì óñëîâèé ñòåðèëüíîñòè.
Îòáèðàëè ïðîáó èç êàæäîé áóòûëè äëÿ îïðåäåëåíèÿ êîí-
öåíòðàöèè ýðèòðîöèòîâ. Ïðèãîòîâëåííûé àíòèãåí âûäåð-
æèâàëè â òåðìîñòàòå ïðè 37 °Ñ 24 ÷àñà. Äàëåå àíòèãåí ñ
ñîáëþäåíèåì óñëîâèé ñòåðèëüíîñòè ïåðåêà÷èâàëè â ñòå-
ðèëüíûå áóòûëè åìêîñòüþ 18 äì3 è ïåðåäàâàëè íà ðàñôà-
ñîâêó â öåõ ñóáëèìàöèîííîé ñóøêè. [5,6]

Çàêëþ÷åíèå

1. Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé, ëàáîðà-
òîðíûõ è ïðîèçâîäñòâåííûõ èñïûòàíèé ðàçðàáîòàíà òåõ-
íîëîãèÿ èçãîòîâëåíèÿ ëèîôèëèçèðîâàííûõ ïðåïàðàòîâ
ýðèòðîöèòîâ ðàçëè÷íûõ âèäîâ æèâîòíûõ.

2. Óñòàíîâëåíî, ÷òî èçãîòîâëåííûå ïî ðàçðàáîòàííîé
òåõíîëîãèè ñóõèå ïðåïàðàòû ýðèòðîöèòîâ æèâîòíûõ ñî-
õðàíÿþò àêòèâíîñòü è ñïåöèôè÷íîñòü â òå÷åíèè 12–30
ìåñÿöåâ õðàíåíèÿ ïðè +4°Ñ.

3. Óñîâåðøåíñòâîâàíà òåõíîëîãèÿ èçãîòîâëåíèÿ ýðèò-
ðîöèòàðíîãî äèàãíîñòèêóìà äëÿ äèàãíîñòèêè ïóëëîðîçà-
òèôà ïòèö, âêëþ÷àþùàÿ ïîëó÷åíèå áàêòåðèàëüíîé ìàññû
Salmonella pullorum-gallinarum, âûäåëåíèå èç íåå àíòèãåí-
íîé ôðàêöèè îáðàáîòêîé áàêòåðèàëüíîé ìàññû ïîâåðõíîñ-
òíî-àêòèâíûì âåùåñòâîì ñ äîáàâëåíèåì ñîäû èëè ùåëî÷è
â äèñòèëëèðîâàííîé âîäå ïðè 93–96°Ñ ñ ïîñëåäóþùåé
ñåíñèáèëèçàöèåé ôîðìàëèíèçèðîâàííûõ ýðèòðîöèòîâ, èõ
î÷èñòêîé è ïîëó÷åíèåì öåëåâîãî ïðîäóêòà â âèäå 10%-íîé
ñóñïåíçèè, îòëè÷àþùèéñÿ òåì, ÷òî â êà÷åñòâå ïîâåðõíîñò-
íî-àêòèâíîãî âåùåñòâà äëÿ âûäåëåíèÿ àíòèãåííîé ôðàê-
öèè èñïîëüçóþò 1–1,5%-íûé âîäíûé ðàñòâîð Äåçìîëà, âçÿ-
òîãî â êîíå÷íîé âåñîâîé êîíöåíòðàöèè 0,1–0,3%, à ñåíñè-
áèëèçàöèþ ôîðìàëèíèçèðîâàííûõ ýðèòðîöèòîâ ïðîâîäÿò
â ïðèñóòñòâèè íàòðèåâîé ñîëè ñóêöèíàòà õèòîçàíà, âçÿòîé
â êîíå÷íîé âåñîâîé êîíöåíòðàöèè 0,5–1,5%.

4. Ïî ðåçóëüòàòàì èññëåäîâàíèÿ ïîëó÷åí ïàòåíò íà
èçîáðåòåíèå ¹2685413 îò 18.04.2019ã. "Ñïîñîá èçãîòîâëå-
íèÿ ýðèòðîöèòàðíîãî äèàãíîñòèêóìà äëÿ äèàãíîñòèêè ïóë-
ëîðîçà-òèôà ïòèö".
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Ê îòâåòñòâåííîñòè ïðèâëå÷åíû ìîëîêîïåðåðàáàòûâàþùèå ïðåäïðèÿòèÿ

Â Ìîñêîâñêîé îáëàñòè çà íàðóøåíèÿ òðåáîâàíèé âåòåðèíàðíîãî çàêîíîäàòåëüñòâà ÐÔ ê îòâåòñòâåííîñòè ïðèâëå÷åíû
ìîëîêîïåðåðàáàòûâàþùèå ïðåäïðèÿòèÿ

Â äåêàáðå 2020 ãîäà Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà ïî ãîðîäó Ìîñêâà, Ìîñêîâñêîé è Òóëüñêîé îáëàñòÿì ïî
ðåçóëüòàòàì ìîíèòîðèíãà ñîáûòèé, ðàçìåùåííûõ â ñèñòåìå ðàííåãî îïîâåùåíèÿ "Ñèðàíî", ïðîâåäåíû ïðîâåðêè
ìîëîêîïåðåðàáàòûâàþùèõ ïðåäïðèÿòèé Ìîñêîâñêîé îáëàñòè (ÎÎÎ "Àéñáåðã Ïëþñ", ÎÎÎ "Ìîäóñ", ÀÎ "Îçåðåöêèé
ìîëî÷íûé êîìáèíàò", ÎÎÎ "ÀÌÊ", ÎÎÎ "Ëàâ Ïðîäóêò").

Â ðåçóëüòàòå ïðîâåðîê Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà âûÿâëåíû íàðóøåíèÿ òðåáîâàíèé çàêîíà ÐÔ "Î âåòåðèíà-
ðèè", òåõíè÷åñêèõ ðåãëàìåíòîâ "Î áåçîïàñíîñòè ïèùåâîé ïðîäóêöèè" è "Î áåçîïàñíîñòè ìîëîêà è ìîëî÷íîé ïðîäóê-
öèè", äåéñòâóþùèõ íà òåððèòîðèè ÅÀÝÑ, Âåòåðèíàðíûõ ïðàâèë îðãàíèçàöèè ðàáîòû ïî îôîðìëåíèþ âåòåðèíàðíûõ
ñîïðîâîäèòåëüíûõ äîêóìåíòîâ, ïîðÿäêà îôîðìëåíèÿ âåòåðèíàðíûõ ñîïðîâîäèòåëüíûõ äîêóìåíòîâ â ýëåêòðîííîé
ôîðìå è ïîðÿäêà îôîðìëåíèÿ âåòåðèíàðíûõ ñîïðîâîäèòåëüíûõ äîêóìåíòîâ íà áóìàæíûõ íîñèòåëÿõ:

– îáíàðóæåíèå â ïðîäóêöèè äàííûõ ïðîèçâîäèòåëåé àíòèáèîòèêîâ, êîíñåðâàíòîâ ìèêðîáèîëîãè÷åñêîé êîíòàìèíàöèè;
– íåñîáëþäåíèå âåòåðèíàðíî-ñàíèòàðíûõ òðåáîâàíèé, ïðåäúÿâëÿåìûõ ê ïðîèçâîäñòâåííûì ïîìåùåíèÿì, îáîðóäî-

âàíèþ è èíâåíòàðþ, èñïîëüçóåìûì â ïðîèçâîäñòâå, èñêëþ÷àþùèõ çàãðÿçíåíèå ïèùåâîé ïðîäóêöèè.
Êðîìå òîãî, ïðè àíàëèçå â ñèñòåìå "Ìåðêóðèé" Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà óñòàíîâëåíî, ÷òî ÎÎÎ "Ëàâ

Ïðîäóêò" ïóòåì îôîðìëåíèÿ àêòîâ î ðàñõîæäåíèè ïî êîëè÷åñòâó è êà÷åñòâó òîâàðíî-ìàòåðèàëüíûõ öåííîñòåé ââåëî â
îáîðîò ñâûøå 4,5 òûñ. òîíí ïðîäóêöèè íåèçâåñòíîãî ïðîèñõîæäåíèÿ. ÎÎÎ "ÀÌÊ" ïóòåì ïåðåðàáîòêè ïðîäóêöèè äðóãèõ
ïðîèçâîäèòåëåé, ðàñôàñîâàííîé â ïîòðåáèòåëüñêóþ óïàêîâêó, óâåëè÷èâàëî ñðîê ãîäíîñòè âûïóñêàåìîãî ìàñëà ñëèâî÷-
íîãî íà íåñêîëüêî ìåñÿöåâ.

Â ÿíâàðå 2021 ãîäà Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà ìîëîêîïåðåðàáàòûâàþùèå ïðåäïðèÿòèÿ Ìîñêîâñêîé îáëàñòè
ïðèâëå÷åíû ê àäìèíèñòðàòèâíîé îòâåòñòâåííîñòè ïî ÷. 1 è ÷. 2 ñò. 14.43, ÷. 1 ñò. 10.6 ÊîÀÏ ÐÔ â âèäå íàëîæåíèÿ
àäìèíèñòðàòèâíûõ øòðàôîâ íà ñóììó 12,1 ìëí ðóáëåé.

Ñîäåðæàíèå â ìîëîêå îñòàòî÷íûõ àíòèáèîòèêîâ
Â Òàìáîâñêîé îáëàñòè Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà îøòðàôîâàí íåäîáðîñîâåñòíûé ïðîèçâîäèòåëü çà ñîäåðæà-

íèå â ìîëîêå îñòàòî÷íûõ àíòèáèîòèêîâ
Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà ïî Ðÿçàíñêîé è Òàìáîâñêîé îáëàñòÿì â ðàìêàõ ïèùåâîãî ìîíèòîðèíãà, à òàêæå â

öåëÿõ êîíòðîëÿ áåçîïàñíîñòè ïèùåâîé ïðîäóêöèè â ñîöèàëüíûõ ó÷ðåæäåíèÿõ Òàìáîâñêîé îáëàñòè â àâãóñòå 2020 ãîäà
áûë îñóùåñòâëåí îòáîð ïðîá ìîëî÷íîé ïðîäóêöèè â ÒÎÃÁÓ «Öåíòð ïîääåðæêè ñåìüè è ïîìîùè äåòÿì èì. Ã.Â.
×è÷åðèíà» â Èíæàâèíñêîì ðàéîíå Òàìáîâñêîé îáëàñòè.

Â ñîîòâåòñòâèè ñ ïîñòóïèâøèì ïðîòîêîëîì èñïûòàíèé ïîäâåäîìñòâåííîãî Ñëóæáå ÔÃÁÓ «Áåëãîðîäñêàÿ ÌÂË» â
ìîëîêå ïðîèçâîäñòâà ÎÎÎ «ËÅÁÅÄßÍÜÌÎËÎÊÎ» (Ëèïåöêàÿ îáëàñòü) îáíàðóæåíî îñòàòî÷íîå ñîäåðæàíèå àíòèáèîòè-
êà – ñïèðàìèöèíà.

ÎÎÎ «ËÅÁÅÄßÍÜÌÎËÎÊÎ» äîïóñòèëî íàðóøåíèÿ òðåáîâàíèé òåõíè÷åñêèõ ðåãëàìåíòîâ ÅÀÝÑ «Î áåçîïàñíîñòè
ïèùåâîé ïðîäóêöèè» è «Î áåçîïàñíîñòè ìîëîêà è ìîëî÷íîé ïðîäóêöèè».

Â ÿíâàðå 2021 ãîäà íåäîáðîñîâåñòíûé ïðîèçâîäèòåëü ïðèâëå÷åí Óïðàâëåíèåì Ðîññåëüõîçíàäçîðà ê àäìèíèñòðàòèâ-
íîé îòâåòñòâåííîñòè, ïðåäóñìîòðåííîé ÷. 2 ñò. 14.43 ÊîÀÏ ÐÔ ñ íàçíà÷åíèåì íàêàçàíèÿ â âèäå øòðàôà â ðàçìåðå 300 òûñ.
ðóáëåé.

Ïî ìàòåðèàëàì Ðîññåëüõîçíàäçîðà
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Ðåçþìå. Èíôåêöèîííûå áîëåçíè ìîëîäíÿêà ñåëüñêî-
õîçÿéñòâåííûõ æèâîòíûõ ïðåäñòàâëÿþò ñîáîé ñåðü¸çíóþ
ïðîáëåìó äëÿ æèâîòíîâîä÷åñêîé îòðàñëè. Ñîâðåìåííàÿ
ïðîìûøëåííàÿ òåõíîëîãèÿ ñîäåðæàíèÿ æèâîòíûõ, ñïî-
ñîáñòâóþùàÿ âîçíèêíîâåíèþ âèðóñíûõ áîëåçíåé, ÷àñòî
ïðèâîäèò ê ñíèæåíèþ èììóíîëîãè÷åñêîé ðåàêòèâíîñòè èõ
îðãàíèçìà, èç-çà íåäîðàçâèòîñòè èììóííîé ñèñòåìû ìî-
ëîäíÿêà (ïåðâè÷íûé èììóíîäåôèöèò), ïèùåâûõ òîêñèêî-
çîâ, íåäîñòàòî÷íîãî è íåñáàëàíñèðîâàííîãî ïî ðàçëè÷íûì
êîìïîíåíòàì êîðìëåíèÿ, à òàêæå âîçäåéñòâèÿ ñòðåññ-ôàê-
òîðîâ ïðèñóùèõ ïðîìûøëåííîé òåõíîëîãèè – áåçâûãóëü-
íîãî ñîäåðæàíèÿ æèâîòíûõ, òðàíñïîðòèðîâêè, èçìåíåíèÿ
ìèêðîêëèìàòà, ôîðìèðîâàíèÿ áîëüøèõ ãðóïï æèâîòíûõ,
ìàëûé ôðîíò êîðìëåíèÿ, èíòåíñèâíàÿ ýêñïëóàòàöèÿ. Ýòè
ôàêòîðû îòðèöàòåëüíî âîçäåéñòâóþò íà èììóííóþ ñèñòå-
ìó è îáìåííûå ïðîöåññû, ÷òî ïðèâîäèò ê çíà÷èòåëüíîìó
ñíèæåíèþ èõ óñòîé÷èâîñòè ê èíôåêöèîííûì çàáîëåâàíè-
ÿì. Â ñâîþ î÷åðåäü âîçáóäèòåëè âèðóñíûõ ðåñïèðàòîðíûõ

Selection of adjuvants in the design of
an inactivated vaccine against
respiratory infections of cattle

1Prytychenko A. V., 1Krasochko P.A.,
2Eremets N.K., 2Provotorova O.V.
1Vitebsk State Academy of Veterinary Medicine, Vitebsk,
Republic of Belarus, e-mail: vit.nauka@gmail.com
2FSBSI All-Russian Research and Technological Institute of
Biological Industry, Shchelkovo, email: vnitibp@mail.ru

Key words: respiratory diseases, cows, vaccine, adjuvants,
antigenic activity.

Abstract. Infectious diseases of young farm animals are a
serious problem for the livestock industry. Modern industrial
technology of keeping animals, contributing to the emergence of
viral diseases, often leads to a decrease in the immunological
reactivity of their body, due to the underdevelopment of the
immune system of young animals (primary immunodeficiency),
food toxicosis, insufficient and unbalanced in various
components feeding, as well as the impact of stress factors
inherent in industrial technology – rearing animals, transportation,
microclimate changing, forming large groups of animals, small
feeding area, intensive exploitation. These factors negatively
affect the immune system and metabolic processes, which leads
to a significant decrease in their resistance to infectious diseases.
In turn, the causative agents of viral respiratory diseases inhibit
the cellular and humoral components of the immune system.
Epizootological monitoring shows that viruses of infectious
rhinotracheitis, viral diarrhea, parainfluenza-3 and respiratory
syncytial infection in cattle are the main cause of pathological
processes in respiratory diseases of young animals. Animal
specific prophylactic methods are effective in preventing
infectious diseases. Immunization of a pregnant herd promotes
the birth of young animals with a full-fledged immune system.
In mixed infections, it is difficult to determine the leading role
of a particular infectious agent, therefore the most effective
method for preventing such diseases is associated vaccines. In
the process of designing a vaccine, the selection of antigens and
an adjuvant is of great importance, contributing to the formation
of a specific and long-term immunity. We studied the comparative
efficacy of adjuvants and the antigenic activity of the selected
viral strains of infectious rhinotracheitis, viral diarrhea,
parainfluenza-3 and respiratory syncytial infection of cattle.
The dynamics of biosynthesis of antiviral antibodies after
immunization in cows were determined.

Ïðèòû÷åíêî À.Â.
Prytychenko A. V.
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áîëåçíåé óãíåòàþò êëåòî÷íûå è ãóìîðàëüíûå çâåíüÿ èì-
ìóííîé ñèñòåìû. Ýïèçîîòîëîãè÷åñêèé ìîíèòîðèíã ïîêà-
çûâàåò, ÷òî âèðóñû èíôåêöèîííîãî ðèíîòðàõåèòà, âèðóñ-
íîé äèàðåè, ïàðàãðèïïà-3 è ðåñïèðàòîðíî-ñèíöèòèàëüíîé
èíôåêöèè êðóïíîãî ðîãàòîãî ñêîòà ÿâëÿþòñÿ âåäóùèìè â
ðàçâèòèè ïàòîëîãè÷åñêîãî ïðîöåññà ïðè ðåñïèðàòîðíûõ
çàáîëåâàíèÿõ ìîëîäíÿêà. Cïåöèôè÷åñêàÿ ïðîôèëàêòèêà
æèâîòíûõ ÿâëÿåòñÿ ýôôåêòèâíûì ìåòîäîì ïðåäîòâðàùå-
íèÿ èíôåêöèîííûõ çàáîëåâàíèé. Èììóíèçàöèÿ ñòåëüíîãî
ñòàäà ñïîñîáñòâóåò ðîæäåíèþ ìîëîäíÿêà ñ ïîëíîöåííîé
èììóííîé ñèñòåìîé. Ïðè ñìåøàííûõ èíôåêöèÿõ òðóäíî
îïðåäåëèòü âåäóùóþ ðîëü òîãî èëè èíîãî èíôåêöèîííîãî



 Æóðíàë "Âåòåðèíàðèÿ è êîðìëåíèå" # 1-2021

   43

 Journal "Veterinaria i kormlenie"

àãåíòà, ïîýòîìó íàèáîëåå ýôôåêòèâíûì ñðåäñòâîì ïðîôè-
ëàêòèêè òàêèõ áîëåçíåé ÿâëÿþòñÿ àññîöèèðîâàííûå âàêöè-
íû. Â ïðîöåññå êîíñòðóèðîâàíèÿ âàêöèíû âàæíîå çíà÷åíèå
ïðèîáðåòàåò ïîäáîð àíòèãåíîâ è àäúþâàíòà, ñïîñîáñòâóþ-
ùèõ ôîðìèðîâàíèþ íàïðÿæ¸ííîãî è ïðîäîëæèòåëüíîãî
èììóíèòåòà. Íàìè áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî ïîä-
áîðó àäúþâàíòà, îïðåäåëåíèþ àíòèãåííîé àêòèâíîñòè âè-
ðóñîâ èíôåêöèîííîãî ðèíîòðàõåèòà, âèðóñíîé äèàðåè, ïà-
ðàãðèïà-3, ðåñïèðàòîðíî-ñèíöèòèàëüíîé èíôåêöèè è îï-
òèìàëüíûõ äîç ïðè êîíñòðóèðîâàíèè èíàêòèâèðîâàííîé
àññîöèèðîâàííîé âàêöèíû. Èññëåäîâàíèÿ ïðîâîäèëè íà
ìîðñêèõ ñâèíêàõ è êðóïíîì ðîãàòîì ñêîòå. Îïðåäåëåíà
ñðàâíèòåëüíàÿ ýôôåêòèâíîñòü àäúþâàíòîâ è èçó÷åíà àíòè-
ãåííàÿ àêòèâíîñòü ïîäîáðàííûõ øòàììîâ âèðóñîâ èíôåê-
öèîííîãî ðèíîòðàõåèòà, âèðóñíîé äèàðåè, ïàðàãðèïïà-3 è
ðåñïèðàòîðíî-ñèíöèòèàëüíîé èíôåêöèè êðóïíîãî ðîãàòî-
ãî ñêîòà, âûÿâëåíà äèíàìèêà áèîñèíòåçà ïðîòèâîâèðóñíûõ
àíòèòåë ïîñëå èììóíèçàöèè êîðîâ.

Ââåäåíèå

Ïðîáëåìà áîðüáû ñ ðåñïèðàòîðíûìè áîëåçíÿìè ìî-
ëîäíÿêà êðóïíîãî ðîãàòîãî ñêîòà, âûçûâàåìûìè âèðóñàìè
èíôåêöèîííîãî ðèíîòðàõåèòà, âèðóñíîé äèàðåè, ïàðàãðèï-
ïà-3 è ðåñïèðàòîðíî-ñèíöèòèàëüíîé èíôåêöèè è äðóãèìè
âîçáóäèòåëÿìè îñòà¸òñÿ àêòóàëüíîé. Íàèáîëåå ýôôåêòèâ-
íûì ìåòîäîì çàùèòû îò èíôåêöèîííûõ çàáîëåâàíèé ÿâëÿ-
åòñÿ ñïåöèôè÷åñêàÿ ïðîôèëàêòèêà æèâîòíûõ. Èììóíèçà-
öèÿ ñòåëüíîãî ñòàäà ñïîñîáñòâóåò ðîæäåíèþ ìîëîäíÿêà ñ
ïîëíîöåííîé èììóííîé ñèñòåìîé. Íîâîðîæä¸ííûé òåë¸-
íîê, ïîëó÷åííûé îò âàêöèíèðîâàííîé ìàòåðè, ïðè óñëîâèè
ñâîåâðåìåííîé âûïîéêè åìó ìîëîçèâà, ïðèîáðåòàåò êîëî-
ñòðàëüíûé èììóíèòåò. Îäíàêî, êîëè÷åñòâî êîëîñòðàëüíûõ
àíòèòåë ê 2-õ ìåñÿ÷íîìó âîçðàñòó çíà÷èòåëüíî ñíèæàåòñÿ,
è òåë¸íîê ïîäâåðãàåòñÿ ðèñêó çàðàæåíèÿ. Òàêèì îáðàçîì,
íà ðÿäó ñ âàêöèíàöèåé ñòåëüíûõ êîðîâ íåîáõîäèìî ïðîâî-
äèòü èììóíèçàöèþ ìîëîäíÿêà [1, 2].

Ïðè êîíñòðóèðîâàíèè âàêöèíû âàæíîå çíà÷åíèå ïðè-
îáðåòàåò ïîäáîð àíòèãåíîâ
è àäúþâàíòà, ñïîñîáñòâó-
þùåãî ôîðìèðîâàíèþ íà-
ïðÿæ¸ííîãî è ïðîäîëæè-
òåëüíîãî èììóíèòåòà. Â
ýòîé ñâÿçè íàìè áûëè ïðî-
âåäåíû èññëåäîâàíèÿ ïî
ïîäáîðó àäúþâàíòà, îïðå-
äåëåíèþ àíòèãåííîé àêòèâ-
íîñòè âèðóñîâ èíôåêöèîí-
íîãî ðèíîòðàõåèòà, âèðóñ-
íîé äèàðåè, ïàðàãðèïà-3,
ðåñïèðàòîðíî-ñèíöèòèàëü-
íîé èíôåêöèè è îïòèìàëü-
íûõ äîç ïðè êîíñòðóèðîâà-
íèè èíàêòèâèðîâàííîé âàê-
öèíû.

Ìàòåðèàëû è ìåòîäû
èññëåäîâàíèÿ

Èññëåäîâàíèÿ áûëè
ïðîâåäåíû â óñëîâèÿõ êëè-
íèêè êàôåäðû ýïèçîîòîëî-
ãèè è èíôåêöèîííûõ áîëåç-
íåé è ÍÈÈ ÏÂÌ è Á ÓÎ
ÂÃÀÂÌ, à òàêæå ÑÐÄÓÏ
"Óëèøèöû-Àãðî" Ãîðîäîê-
ñêîãî ðàéîíà Âèòåáñêîé
îáëàñòè. Íà ïåðâîì ýòàïå
èññëåäîâàíèé ïðîâîäèëè
ïîäáîð àäúþâàíòà. Ïðè
êîíñòðóèðîâàíèè âàêöèíû
áûëè èñïîëüçîâàíû 2 âèäà
ìàñëÿíûõ àäúþâàíòîâ -
Montanide ISA 15 è ISA 25
("Seppic" Ôðàíöèÿ). Àäúþ-
âàíò ISA 15 èñïîëüçîâàí â
äîçå 15% îò êîëè÷åñòâà àí-
òèãåíà, à ISA 25 - 25%. Äëÿ
ïðîâåäåíèÿ èññëåäîâàíèé
áûëî ñôîðìèðîâàíî 3 ãðóï-
ïû ìîðñêèõ ñâèíîê ïî 4
ãîëîâû â ãðóïïå. Æèâîò-
íûì ââîäèëè âíóòðèìû-
øå÷íî äâóêðàòíî ñ èíòåð-
âàëîì â 21 äåíü ïî 0,5 ñì3
âàêöèíû îïûòíîé ãðóïïå
¹1 ñ àäúþâàíòîì ISA 15,
îïûòíîé ãðóïïå ¹ 2 ñ àäú-
þâàíòîì ISA 25, òðåòüÿ
ãðóïïà - êîíòðîëü. Ó ìîðñ-
êèõ ñâèíîê áûëà âçÿòà êðîâü
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äî ââåäåíèÿ âàêöèíû è ÷åðåç 21 äåíü. Â ñûâîðîòêå êðîâè
îïðåäåë¸í òèòð ïðîòèâîâèðóñíûõ àíòèòåë â ÐÍÃÀ.

Íà âòîðîì ýòàïå èññëåäîâàíèé èçó÷àëè àíòèãåííóþ
àêòèâíîñòü âèðóñîâ èíôåêöèîííîãî ðèíîòðàõåèòà, âèðóñ-
íîé äèàðåè, ïàðàãðèïà-3, ðåñïèðàòîðíî-ñèíöèòèàëüíîé èí-
ôåêöèè íà êîðîâàõ. Òèòð êîìïîíåíòîâ ÈÐÒ, ÂÄ è ÏÃ-3
äîâîäèëè äî 5,0 lg ÒÖÄ50/ìë, òèòð ÐÑÈ - äî 4,5 lg ÒÖÄ50/ìë.
Ñôîðìèðîâàëè 9 ãðóïï êîðîâ ïî 10 ãîëîâ â êàæäîé. Æèâîò-
íûì âàêöèíó ââîäèëè âíóòðèìûøå÷íî â îáëàñòü êðóïà â
îáú¸ìå 5,0 è 2,5 ñì3 äâóêðàòíî ñ èíòåðâàëîì 21 äåíü. Êîíò-
ðîëüíûì æèâîòíûì áèîïðåïàðàòû íå ââîäèëèñü. Çà æèâîò-
íûìè âåëè íàáëþäåíèå (òåðìîìåòðèÿ, êëèíè÷åñêèé îñìîòð,
îöåíêà ïðîäóêòèâíîñòè). Ó êîðîâ áûëà âçÿòà êðîâü äî èììó-
íèçàöèè, ÷åðåç 21 è 45 äíåé ïîñëå èììóíèçàöèè. Â ñûâîðîò-
êàõ êðîâè òèòð àíòèòåë îïðåäåëÿëè â ðåàêöèè ÐÍÃÀ, à òàêæå
èçó÷àëè äèíàìèêó ïðîòèâîâèðóñíûõ àíòèòåë.

Ðåçóëüòàòû è îáñóæäåíèå

Â ïðåäâàðèòåëüíûõ îïûòàõ ïðè ïîäáîðå øòàììîâ äëÿ
êîíñòðóèðîâàíèÿ âàêöèíû ïîëèâàëåíòíîé èíàêòèâèðîâàí-
íîé êóëüòóðàëüíîé ïðîòèâ èíôåêöèîííîãî ðèíîòðàõåèòà,
âèðóñíîé äèàðåè, ïàðàãðèïà-3, ðåñïèðàòîðíî-ñèíöèòèàëü-
íîé èíôåêöèè áûëè èñïîëüçîâàíû àâèðóëåíòíûå âàêöèí-
íûå øòàììû âèðóñîâ ÈÐÒ (ÊÌÈÝÂ V-123), ÂÄ (ÊÌÈÝÂ-
V120), ïàðàãðèïïà-3 (ÊÌÈÝÂ-V124), ÐÑ-âèðóñ (ÐÑÂ+).
Îñíîâàíèåì äëÿ âûáîðà øòàììà ñëóæèëà èõ èíôåêöèîí-
íàÿ àêòèâíîñòü. Äëÿ íàêîïëåíèÿ âèðóñíîé ìàññû âàêöèí-
íûõ øòàììîâ èñïîëüçîâàëè ïåðåâèâàåìóþ êóëüòóðó êëå-
òîê ïî÷êè ýìáðèîíà òåë¸íêà ÌDBK. Îïòèìàëüíûì èíàêòè-
âàíòîì ÿâëÿåòñÿ òåîòðîïèí. Â ïðîöåññå ïîäáîðà ñîîòíîøå-
íèé êîìïîíåíòîâ çà îñíîâó áûëè âçÿòû ðàíåå ïðîâåä¸ííûå
íàìè èññëåäîâàíèÿ, êîòîðûå óñòàíîâèëè èõ ðàâíîå ñîîòíî-
øåíèå 1:1:1:1. Ïðè ýòîì òèòð âèðóñîâ ÈÐÒ, ÂÄ, ÏÃ-3
äîëæåí áûòü íå ìåíåå 5,0 lg ÒÖÄ 50/ìë, âèðóñà ÐÑ - íå
ìåíåå 4,5 lg ÒÖÄ50/ìë.

Ðåçóëüòàòû ïîäáîðà àäúþâàíòîâ ïðè êîíñòðóèðîâàíèè
ïîëèâàëåíòíîé âàêöèíû ïðîòèâ èíôåêöèîííîãî ðèíîòðà-
õåèòà, âèðóñíîé äèàðåè, ïàðàãðèïà-3, ðåñïèðàòîðíî-ñèí-
öèòèàëüíîé èíôåêöèè ïðåäñòàâëåíû â òàáëèöå 1.

Èòîãè èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î òîì, ÷òî äëÿ
èçãîòîâëåíèÿ âàêöèíû öåëåñîîáðàçíî èñïîëüçîâàòü àäúþ-
âàíò Montanide ISA 15 â êîíöåíòðàöèè 15%. Ïðè êîíñòðó-
èðîâàíèè ïîëèâàëåíòíîé èíàêòèâèðîâàííîé êóëüòóðàëü-
íîé âàêöèíû ïðîòèâ ÈÐÒ, ÂÄ, ÏÃ-3 è ÐÑÈ êðóïíîãî ðîãàòî-
ãî ñêîòà áûëè îòðàáîòàíû îïòèìàëüíûå äîçû êîìïîíåíòîâ
âèðóñîâ íà êîðîâàõ (òàáëèöà 2). Ïðåäñòàâëåííûå äàííûå
äåìîíñòðèðóþò ìàêñèìàëüíîå âîçðàñòàíèå òèòðîâ àíòèòåë
ïîñëå ââåäåíèÿ ìîíîêîìïîíåíòîâ âàêöèíû â äîçå 5 ñì3.
Ïîñëå ââåäåíèÿ êîðîâàì ýêñïåðèìåíòàëüíîãî îáðàçöà âàê-
öèíû ïðîòèâ ðåñïèðàòîðíûõ âèðóñíûõ èíôåêöèé íå âûÿâëå-
íî îáùèõ è ìåñòíûõ èçìåíåíèé â êëèíè÷åñêîì ñîñòîÿíèè
æèâîòíûõ, àëëåðãè÷åñêèõ ðåàêöèé íå óñòàíîâëåíî. Àïïåòèò
áûë ñîõðàí¸í, ïðîäóêòèâíîñòü êîðîâ íå ñíèæàëàñü. Íà ìåñòå
ââåäåíèÿ êîìïîíåíòîâ áîëåçíåííîñòü è âîñïàëèòåëüíàÿ ðå-
àêöèÿ íå îïðåäåëÿëàñü. Ïðåäñòàâëåííûå â òàáëèöå 3 ðåçóëü-
òàòû ïîêàçûâàþò, ÷òî ó èììóíèçèðîâàííûõ æèâîòíûõ îòìå-
÷àåòñÿ âûðàæåííûé èììóííûé îòâåò íà ââåäåíèå âàêöèíû
êî âñåì âèðóñàì, âõîäÿùèõ â ñîñòàâ áèîïðåïàðàòà.

Âûâîäû è ïåðñïåêòèâà äàëüíåéøèõ èññëåäîâàíèé

Òàêèì îáðàçîì, ïðîâåä¸ííûå èññëåäîâàíèÿ ïî ðàçðà-
áîòêå ïîëèâàëåíòíîé èíàêòèâèðîâàííîé êóëüòóðàëüíîé
âàêöèíû ïðîòèâ èíôåêöèîííîãî ðèíîòðàõåèòà, âèðóñíîé
äèàðåè, ïàðàãðèïïà-3, ðåñïèðàòîðíî-ñèíöèòèàëüíîé èí-
ôåêöèè êðóïíîãî ðîãàòîãî ñêîòà ïîêàçàëè, ÷òî ââåäåíèå
ïðåïàðàòà íå âûçûâàåò îáùèõ è ìåñòíûõ èçìåíåíèé â
êëèíè÷åñêîì ñîñòîÿíèè æèâîòíûõ, àëëåðãè÷åñêèõ ðåàê-
öèé, íå ñíèæàåò ïðîäóêòèâíîñòè êîðîâ, ñïîñîáñòâóåò âû-
ðàáîòêå ïðîòèâîâèðóñíûõ àíòèòåë â äîñòàòî÷íî âûñîêèõ
òèòðàõ, ñîçäàâàÿ íàïðÿæ¸ííûé ïîñòâàêöèíàëüíûé èììó-
íèòåò ó èììóíèçèðîâàííûõ æèâîòíûõ.
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Ðåçþìå: Îäíèì èç íàèáîëåå âàæíûõ òåõíîëîãè÷åñêèõ
ýòàïîâ ïðè ïðîèçâîäñòâå áèîëîãè÷åñêèõ ïðåïàðàòîâ, ïðåä-
íàçíà÷åííûõ äëÿ ñïåöèôè÷åñêîé ïðîôèëàêòèêè èíôåêöè-
îííûõ çàáîëåâàíèé, ÿâëÿåòñÿ êóëüòèâèðîâàíèå ìèêðîîð-
ãàíèçìîâ. Èìåííî íà ýòîé òåõíîëîãè÷åñêîé ñòàäèè ïðîèç-
âîäñòâà âàêöèí ïðîèñõîäèò ñèíòåç àíòèãåíîâ, îò êîòîðûõ
çàâèñèò ýôôåêòèâíîñòü èììóíîïðåïàðàòîâ. Â ïðîöåññå
âûðàùèâàíèÿ áàêòåðèé íåîáõîäèìî îäíîâðåìåííî ñ óâå-
ëè÷åíèåì âûõîäà áèîìàññû äîáèâàòüñÿ òîãî, ÷òîáû âîçáó-
äèòåëü íå èçìåíÿë ñâîè áèîëîãè÷åñêèå ñâîéñòâà. Äëÿ ýòîãî
íåîáõîäèìî ñîçäàâàòü îïòèìàëüíûå óñëîâèÿ êóëüòèâèðî-
âàíèÿ ñ ó÷¸òîì ôèçèîëîãè÷åñêîãî ñîñòîÿíèÿ ìèêðîîðãà-
íèçìîâ. Òåõíîëîãèÿ èçãîòîâëåíèÿ áàêòåðèàëüíûõ âàêöèí
ìíîãîàñïåêòíàÿ ïðîáëåìà, êëþ÷åâûì íàïðàâëåíèåì êîòî-
ðîé ÿâëÿåòñÿ ðàçðàáîòêà óïðàâëÿåìûõ ïðîöåññîâ êóëüòè-
âèðîâàíèÿ ìèêðîîðãàíèçìîâ. Â íàñòîÿùåå âðåìÿ ïîëó÷å-
íèå áàêòåðèàëüíîé ìàññû ìèêðîîðãàíèçìîâ äëÿ èçãîòîâ-
ëåíèÿ âàêöèí îñíîâàíî íà ïåðèîäè÷åñêîì ñïîñîáå êóëüòè-
âèðîâàíèÿ, â òå÷åíèå êîòîðîãî ñâîéñòâà êëåòîê è ñîñòàâ
êóëüòóðàëüíîé ñðåäû íåïðåäñêàçóåìî èçìåíÿþòñÿ.

Îäíàêî, ïî äàííûì ðÿäà èññëåäîâàòåëåé íàèáîëåå ýô-
ôåêòèâíûì ïî íàêîïëåíèþ áèîìàñññû áàêòåðèé ÿâëÿåòñÿ
õåìîñòàòíîå êóëüòèâèðîâàíèå ñ ëèìèòèðîâàíèåì ïî èñ-
òî÷íèêó óãëåðîäà [1, 2]. Ïðîäóêòèâíîñòü íåïðåðûâíîãî
(õåìîñòàòíîãî) âûðàùèâàíèÿ ìèêðîîðãàíèçìîâ çíà÷èòåëü-
íî ïðåâûøàåò ïðîäóêòèâíîñòü ïåðèîäè÷åñêîãî ìåòîäà.

Ïîýòîìó, âåñüìà ïåðñïåêòèâíû èññëåäîâàíèÿ, íàïðàâ-
ëåííûå íà îðãàíèçàöèþ ïðîöåññîâ óïðàâëÿåìîãî êóëüòè-
âèðîâàíèÿ è, â ÷àñòíîñòè, íà íåïðåðûâíûå ñïîñîáû âûðà-
ùèâàíèÿ ìèêðîîðãàíèçìîâ, ïîçâîëÿþùèå ñîçäàâàòü è äëè-
òåëüíîå âðåìÿ ïîääåðæèâàòü êóëüòóðû ñ ïîñòîÿííîé è
òî÷íî îïðåäåë¸ííîé êîíöåíòðàöèåé áèîìàññû, ôàçîé è
ñêîðîñòüþ ðîñòà, à òàêæå ñ ñîîòíîøåíèåì ïðîòåêòèâíûõ
àíòèãåíîâ [3, 4].

Öåëü ðàáîòû – ïîñòðîåíèå àäåêâàòíîé ìàòåìàòè÷åñ-
êîé ìîäåëè ïðîöåññà õåìîñòàòíîãî âûðàùèâàíèÿ ïàñòå-
ðåëë ïðè ïðîèçâîäñòâå ïðîòèâîïàñòåðåëëåçíîé âàêöèíû ñ
öåëüþ åãî îïòèìèçàöèè.

Â ðåçóëüòàòå èññëåäîâàíèé ðàçðàáîòàíà ñòðóêòóðà ìà-
òåìàòè÷åñêîé ìîäåëè íåïðåðûâíîãî êóëüòèâèðîâàíèÿ P.

Development of a mathematical model
of the continuous (chemostat) process
of culturing pasteurella
Raevsky A.A., Candidate of  Biological Sciences, Deputy
Director for Scientific and Technical Issues of  the All-
Russian Scientific Research and Technological Institute of
Biological Industry, Shchelkovo, e-mail: raevskyaa@mail.ru

   Key words: pasteurella, continuous cultivation, chemostat,
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 Abstract. One of the most important technological stages
in the production of biological preparations intended for the
specific prevention of infectious diseases is the cultivation of
microorganisms. The synthesis of antigens occurs precisely at
this technological stage of vaccine production; the effectiveness
of immunopreparations depends on them. In the process of
growing bacteria, it is necessary, simultaneously with an increase
in the biomass yield, to ensure that the pathogen does not change
its biological properties. To do this, it is necessary to create
optimal conditions for cultivation, taking into account the
physiological state of microorganisms. The technology of
manufacturing bacterial vaccines is a multifaceted problem, the
key direction of which is the development of controlled processes
for the cultivation of microorganisms.   At present, obtaining a
bacterial mass of microorganisms for the manufacture of vaccines
is based on a periodic method of cultivation, during which the
properties of cells and the composition of the culture medium
change unpredictably.    According to a number of researchers,
the most efficient in terms of accumulation of bacterial biomass
is chemostat cultivation with limitation by the carbon source [1,
2].   The productivity of continuous (chemostat) cultivation of
microorganisms significantly exceeds the productivity of the
batch method.  Therefore, very promising research aimed at
organizing the processes of controlled cultivation and, in
particular, on continuous methods of growing microorganisms,
allowing you to create and maintain for a long time cultures with
a constant and precisely defined biomass concentration, phase
and growth rate, as well as the ratio of protective antigens [ 3, 4].
The aim of this work is to build an adequate mathematical model
of the process of chemostat cultivation of Pasteurella in the
production of anti-Pasteurella vaccine in order to optimize it.   As
a result of the research, the structure of the mathematical model of
continuous cultivation of P. multocida was developed, its coefficients
were determined, the adequacy of the model to the real process was
verified, the obtained mathematical description of the process
makes it possible to calculate and select the modes of chemostatic
cultivation - the dilution rate D and the initial glucose concentration
S
0
 - to obtain the optimal concentrations of viable pasteurella, the

specified productivity values, the degree of substrate conversion,
etc. in the manufacture of antibacterial vaccines. In addition, the
obtained mathematical dependences make it possible to make a
proposal on the metabolic mechanism for increasing the
concentration of pasteurella at low dilution rates.
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multocida, îïðåäåëåíû åå êîýôôèöèåíòû, ïðîâåðåíà àäåê-
âàòíîñòü ìîäåëè ðåàëüíîìó ïðîöåññó, ïîëó÷åííîå ìàòåìà-
òè÷åñêîå îïèñàíèå ïðîöåññà äàåò âîçìîæíîñòü ðàññ÷èòàòü
è âûáðàòü ðåæèìû õåìîñòàòíîãî êóëüòèâèðîâàíèÿ – ñêî-
ðîñòü ðàçáàâëåíèÿ D è íà÷àëüíóþ êîíöåíòðàöèþ ãëþêîçû
S
0
 – äëÿ ïîëó÷åíèÿ îïòèìàëüíûõ êîíöåíòðàöèé æèçíåñïî-

ñîáíûõ ïàñòåðåëë, çàäàííûõ çíà÷åíèé ïðîäóêòèâíîñòè,
ñòåïåíè ïðåâðàùåíèÿ ñóáñòðàòà è ò.ä. ïðè èçãîòîâëåíèè
ïðîòèâîáàêòåðèéíûõ âàêöèí. Êðîìå òîãî, ïîëó÷åííûå ìà-
òåìàòè÷åñêèå çàâèñèìîñòè ïîçâîëÿþò ñäåëàòü ïðåäëîæå-
íèå î ìåòàáîëè÷åñêîì ìåõàíèçìå ïîâûøåíèÿ êîíöåíòðà-
öèè ïàñòåðåëë ïðè ìàëûõ ñêîðîñòÿõ ðàçáàâëåíèÿ.

Íà ðèñ. 1 ïðèâåäåíû ðåçóëüòàòû èçó÷åíèÿ ðîñòà
P.multocida â ïèòàòåëüíîé ñðåäå íà îñíîâå ïåðåâàðà Õîò-
òèíãåðà ïðè íà÷àëüíîé êîíöåíòðàöèè ãëþêîçû 1 – 3 ìã/ìë
(ëåâàÿ ïîëîâèíà ðèñóíêà) â ñîïîñòàâëåíèè ñ îñíîâíûìè
çàêîíîìåðíîñòÿìè òåîðèè Ìîíî (ïðàâàÿ ïîëîâèíà). Äàí-
íûå ïîëó÷åíû â îòäåëå ïðîòèâîáàêòåðèéíûõ ïðåïàðàòîâ
ÂÍÈÒÈÁÏ [5, 6].

Ïîñëåäîâàòåëüíî ñâåðõó âíèç ïðåäñòàâëåíû çàâèñèìî-
ñòè êîíöåíòðàöèè æèçíåñïîñîáíûõ ïàñòåðåëë Õ

Æ
, ýêîíî-

ìè÷åñêîãî êîýôôèöèåíòà Y, óäåëüíîé ñêîðîñòè ïîòðåáëå-
íèÿ ãëþêîçû q

S
, îñòàòî÷íîé êîíöåíòðàöèè ãëþêîçû S îò

ñêîðîñòè ðàçáàâëåíèÿ D, à òàêæå óäåëüíîé ñêîðîñòè ðîñòà
m îò êîíöåíòðàöèè ãëþêîçû S.

Î÷åâèäíî, ÷òî ýêñïåðèìåíòàëüíûå äàííûå õåìîñòàò-
íîãî êóëüòèâèðîâàíèÿ ïàñòåðåëë â óñëîâèÿõ ëèìèòèðîâà-
íèÿ èõ ðîñòà ãëþêîçîé (S

0
 < 3 ìã/ìë) ñâèäåòåëüñòâóþò î

ñóùåñòâåííîì ïðîòèâîðå÷èè ñ çàâèñèìîñòÿìè, ðàññ÷èòû-
âàåìûìè ïî òåîðèè Ìîíî. Îñîáåííîñòüþ ïîëó÷åííûõ ýê-
ñïåðèìåíòàëüíûõ äàííûõ ÿâëÿåòñÿ ïîâûøåíèå êîíöåíòðà-
öèè ïàñòåðåëë X è ýêîíîìè÷åñêîãî êîýôôèöèåíòà Y ïðè
óìåíüøåíèè ñêîðîñòè ðàçáàâëåíèÿ D. Äðóãèì îòêëîíåíè-
åì îò òåîðèè ÿâëÿåòñÿ âåñüìà ìàëàÿ (ïðàêòè÷åñêè ðàâíàÿ

íóëþ) óäåëüíàÿ ñêîðîñòü ïîòðåáëåíèÿ ãëþêîçû qS ïðè
ìàëûõ ñêîðîñòÿõ ðàçáàâëåíèÿ. Òàêèì îáðàçîì, äëÿ ðàñ÷åòà
ïðîöåññà õåìîñòàòíîãî êóëüòèâèðîâàíèÿ ïàñòåðåëë íåëüçÿ
ïðèìåíèòü ìîäåëü Ìîíî, íåîáõîäèìî ðàçðàáîòàòü ìàòåìà-
òè÷åñêóþ ìîäåëü, ó÷èòûâàþùóþ îñîáåííîñòè ïîëó÷åí-
íûõ ýêñïåðèìåíòàëüíûõ äàííûõ.

Öåëü èññëåäîâàíèé çàêëþ÷àëàñü â àíàëèçå ýêñïåðè-
ìåíòàëüíûõ äàííûõ, ïîèñêå âàðèàíòà óðàâíåíèÿ êèíåòèêè
ïîòðåáëåíèÿ ñóáñòðàòà, êîòîðûé ìîæíî ïðèìåíèòü â ìîäå-
ëè, à òàêæå îïðåäåëåíèè êîýôôèöèåíòîâ ìàòåìàòè÷åñêîé
ìîäåëè m

m
 è K

s
, ò.å.

– K
s
 – êîíñòàíòû íàñûùåíèÿ – êîýôôèöèåíòà, ñîîòâåò-

ñòâóþùåãî òîìó çíà÷åíèþ êîíöåíòðàöèè ëèìèòèðóþùåãî
ñóáñòðàòà, ïðè êîòîðîì óäåëüíàÿ ñêîðîñòü ðîñòà ðàâíà
ïîëîâèíå ìàêñèìàëüíîé âåëè÷èíû (m

m
 / 2);

– m
m
 – ìàêñèìàëüíî âîçìîæíîãî çíà÷åíèÿ óäåëüíîé

ñêîðîñòè ðîñòà â äàííîé ñðåäå âûðàùèâàíèÿ, à òàê æå ðàñ÷åò
– êîýôôèöèåíòà îñíîâíîãî îáìåíà (m), ò.å. ðàñõîäà

ïèòàòåëüíîãî âåùåñòâà íà ïîääåðæàíèå æèçíè åäèíèöû
ìèêðîáíîé ïîïóëÿöèè â òå÷åíèå 1 ÷àñà (òðàòà íà îñíîâíîé
îáìåí);

– èñòèííîãî ýêîíîìè÷åñêîãî êîýôôèöèåíòà (y¢).
Äëÿ ðàçðàáîòêè ìàòåìàòè÷åñêîé ìîäåëè èñïîëüçîâàëè

ýêñïåðèìåíòàëüíûå äàííûå õåìîñòàòíîãî êóëüòèâèðîâà-
íèÿ êóëüòóðû Pasteurella multocida 2-îé àâèðóëåíòíûé (ïà-
ñòåðîâñêèé) øòàìì.

Äëÿ êóëüòèâèðîâàíèÿ ïàñòåðåëë â ðåæèìå íåïðåðûâ-
íîãî õåìîñòàòíîãî âûðàùèâàíèÿ èñïîëüçîâàëè ìíîãîôóí-
êöèîíàëüíûé ëàáîðàòîðíûé êîìïëåêñ ïðèáîðîâ è óñòðîéñòâ
ÀÍÊÓÌ-2Ì, ñ ïîìîùüþ êîòîðîãî îñóùåñòâëÿåòñÿ çàäà-
íèå è ïîääåðæàíèå ðàçëè÷íûõ óñëîâèé è ðåæèìîâ êóëüòè-
âèðîâàíèÿ â áèîðåàêòîðàõ ¸ìêîñòüþ 3 èëè 10 ëèòðîâ

Áèîðåàêòîð îñíàùåí ïåðåìåøèâàþùèì óñòðîéñòâîì ñ
ìàãíèòíîé ìóôòîé è èçìåíÿåìîé ñêîðîñòüþ ïåðåìåøèâà-
íèÿ, áàðáîòåðîì. Â í¸ì óñòàíîâëåíû äàò÷èêè èçìåðåíèÿ
òåìïåðàòóðû, pH, îêèñëèòåëüíî-âîññòàíîâèòåëüíîãî ïî-
òåíöèàëà ñðåäû (Eh), äàò÷èê ðàñòâîð¸ííîãî â êóëüòóðàëü-
íîé æèäêîñòè êèñëîðîäà (pO

2
).

Ôèçèêî-õèìè÷åñêèå ïàðàìåòðû êóëüòèâèðîâàíèÿ ïàñ-
òåðåëë ïîääåðæèâàëè íà îïðåäåë¸ííûõ ðàíåå îïòèìàëü-
íûõ óðîâíÿõ â ðåæèìå ïåðèîäè÷åñêîãî óïðàâëÿåìîãî âû-
ðàùèâàíèÿ Pasteurella multocida – 37 0C, pH – 8 åä.pH, pO

2

– 35% îò íàñ.
Íà êàæäîé ñêîðîñòè ðàçáàâëåíèÿ ïîñëå óñòàíîâëåíèÿ

ñòàöèîíàðíîãî ðåæèìà êóëüòóðó âûäåðæèâàëè íå ìåíåå 7
ïåðèîäîâ ãåíåðàöèè. Ïðîâåðêó òèïà ëèìèòèðîâàíèÿ îñó-
ùåñòâëÿëè ïóòåì îïðåäåëåíèÿ êîíöåíòðàöèè ãëþêîçû â
êóëüòóðàëüíîé æèäêîñòè. Çíà÷åíèÿ êîýôôèöèåíòîâ ìàòå-
ìàòè÷åñêîé ìîäåëè îïðåäåëÿëè íà îñíîâå ýêñïåðèìåíòàëü-
íûõ äàííûõ ìåòîäîì íàèìåíüøèõ êâàäðàòîâ, à òàêæå ïî
äâóì óñòàíîâèâøèìñÿ ðåæèìàì ñ èñïîëüçîâàíèåì ñèñòå-
ìû äâóõ óðàâíåíèé ñ äâóìÿ íåèçâåñòíûìè. Îöåíêó àäåêâàò-
íîñòè ìàòåìàòè÷åñêîãî îïèñàíèÿ ïðîâîäèëè ïî êðèòåðèþ
Ôèøåðà F.

Íà ðèñ. 2 è 3 ïðåäñòàâëåíû ñîîòâåòñòâåííî çàâèñèìî-
ñòè êîíöåíòðàöèè æèçíåñïîñîáíûõ ïàñòåðåëë Õ

Æ
 îò ñêîðî-

ñòè ðàçáàâëåíèÿ D è íà÷àëüíîé êîíöåíòðàöèè ãëþêîçû S
0
 è

óäåëüíîé ñêîðîñòè ïîòðåáëåíèÿ ãëþêîçû q
s
 îò ñêîðîñòè

ðàçáàâëåíèÿ D.
Îñîáåííîñòüþ ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ äàí-

íûõ ÿâëÿåòñÿ ïîâûøåíèå êîíöåíòðàöèè ïàñòåðåëë X è
ýêîíîìè÷åñêîãî êîýôôèöèåíòà Y ïðè óìåíüøåíèè ñêîðî-
ñòè ðàçáàâëåíèÿ D. Äðóãèì îòêëîíåíèåì îò òåîðèè ÿâëÿåò-
ñÿ âåñüìà ìàëàÿ (ïðàêòè÷åñêè ðàâíàÿ íóëþ) óäåëüíàÿ ñêî-
ðîñòü ïîòðåáëåíèÿ ãëþêîçû q

s
 ïðè ìàëûõ ñêîðîñòÿõ ðàç-

áàâëåíèÿ.
Èçâåñòíî, ÷òî ïî òåîðèè Ìîíî çàâèñèìîñòü êîíöåíòðà-

öèè áàêòåðèé X îò ñêîðîñòè ðàçáàâëåíèÿ D íàõîäèòñÿ èç
âûðàæåíèÿ:

Ðèñ. 1. Ñîïîñòàâëåíèå çàêîíîìåðíîñòåé ðîñòà P.
multocida øòàìì Ïàñòåðîâñêèé ïðè õåìîñòàòíîì
êóëüòèâèðîâàíèè â óñëîâèÿõ ëèìèòèðîâàíèÿ ðîñòà
ãëþêîçîé (ëåâàÿ ïîëîâèíà ðèñóíêà) ñ çàêîíîìåðíîñòÿìè,
ñîîòâåòñòâóþùèìè òåîðèè Ìîíî (ïðàâàÿ ïîëîâèíà).
Figure1. Comparison of  the growth patterns of  P. multicida
strain Pasteur during chemostatic cultivation under
conditions of growth limitation by glucose (left half of the
figure) with the patterns corresponding to Monod's theory
(right half)
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ãäå, S
0
 – íà÷àëüíàÿ (èñõîäíàÿ) êîíöåíòðàöèÿ ñóáñòðàòà

â ïèòàòåëüíîé ñðåäå;
K
s
– êîíñòàíòà íàñûùåíèÿ – êîýôôèöèåíò, ñîîòâåò-

ñòâóþùèé òîìó íà÷åíèþ êîíöåíòðàöèè ëèìèòèðóþùåãî
ñóáñòðàòà, ïðè êîòîðîì óäåëüíàÿ ñêîðîñòü ðîñòà ðàâíà
ïîëîâèíå ìàêñèìàëüíîé âåëè÷èíû (m

m
 / 2);

m
m
– ìàêñèìàëüíî âîçìîæíîå çíà÷åíèå óäåëüíîé ñêî-

ðîñòè ðîñòà â äàííîé ñðåäå âûðàùèâàíèÿ;
à óäåëüíàÿ ñêîðîñòü ïîòðåáëåíèÿ ñóáñòðàòà q

s
 îïðåäå-

ëÿåòñÿ ñëåäóþùåé çàâèñèìîñòüþ:

,
1

m
Y

q
s

 

ãäå, m – êîýôôèöèåíò îñíîâíîãî îáìåíà, ò.å. ðàñõîä

ïèòàòåëüíîãî âåùåñòâà íà ïîääåðæàíèå æèçíè åäèíèöû
ìèêðîáíîé ïîïóëÿöèè â òå÷åíèå 1 ÷àñà (òðàòà íà îñíîâíîé
îáìåí). Ñîãëàñíî òåîðèè Ìîíî m ïðàêòè÷åñêè ðàâåí íóëþ.

Óâåëè÷åíèå êîíöåíòðàöèè ìèêðîîðãàíèçìîâ ïðè ìà-
ëûõ ñêîðîñòÿõ ðàçáàâëåíèÿ îòìå÷åíî â ðÿäå ðàáîò ïðè
ëèìèòå àììîíèÿ, ñóëüôàòà, ìàãíèÿ, êàëèÿ, ôîñôîðà. Â
óñëîâèÿõ æå ëèìèòà ãëþêîçû ïîäîáíóþ çàâèñèìîñòü íà-
áëþäàëè ó Salmonella typhi [3]. Â ýòîé ðàáîòå â ìàòåìàòè-
÷åñêîå âûðàæåíèå ñêîðîñòè ïîòðåáëåíèÿ ñóáñòðàòà (ãëþ-
êîçû) q

S
 áûëî ïðåäëîæåíî ââåñòè êîýôôèöèåíò îñíîâíîãî

îáìåíà m, èìåþùèé îòðèöàòåëüíîå çíà÷åíèå, à ñàìî âûðà-
æåíèå ñîîòâåòñòâóåò óðàâíåíèþ Ïèðòà-Ëåéåíáåðãåðà:

,
1

m
y

q
s




   (1)

ãäå:
y 

1

– êîýôôèöèåíò, ïîêàçûâàþùèé ðàñõîä ñóá-

ñòðàòà íà ðîñò ïîïóëÿöèè.

Ýòî óðàâíåíèå ó÷èòûâàåò ðàñõîä ñóáñòðàòà íà ïîääåð-
æàíèå æèçíè ìèêðîáíîé êëåòêè, ò.å. íà îñíîâíîé îáìåí,
íåçàâèñÿùèé îò ñêîðîñòè ðîñòà. Áèîëîãè÷åñêàÿ ñóùíîñòü
îòðèöàòåëüíîãî çíà÷åíèÿ êîýôôèöèåíòà îñíîâíîãî îáìå-
íà m îáúÿñíÿåòñÿ ñëåäóþùèì îáðàçîì. Ïðè ìàëûõ ñêîðî-
ñòÿõ ðàçáàâëåíèÿ, êîãäà ëèìèòèðóþùèé ñóáñòðàò èñïîëü-
çóåòñÿ ïî÷òè äî íóëÿ, âìåñòî íåãî ìèêðîîðãàíèçìû íà÷èíà-
þò ïîòðåáëÿòü ïðîäóêòû ìåòàáîëèçìà, ñïîñîáíûå çàìå-
íèòü äàííûé ñóáñòðàò. Ýòî îáåñïå÷èâàåò çíà÷èòåëüíîå óâå-
ëè÷åíèå êîíöåíòðàöèè ìèêðîîðãàíèçìîâ â óêàçàííîì ðå-
æèìå. Ó Salmonella typhi òàêèì ìåòàáîëèòîì ÿâëÿåòñÿ ïè-
ðîâèíîãðàäíàÿ êèñëîòà – îñíîâíîé ïðîäóêò ðàñùåïëåíèÿ
ãëþêîçû.

Ðèñ. 3. Çàâèñèìîñòü óäåëüíîé ñêîðîñòè ïîòðåáëåíèÿ
ãëþêîçû q

s
 õåìîñòàòíîé êóëüòóðîé ïàñòåðåðåëë îò

ñêîðîñòè ðàçáàâëåíèÿ D.
Ïî òåîðèè Ìîíî – âåðõíÿÿ ïðÿìàÿ; ýêñïåðèìåíòàëüíûå
çíà÷åíèÿ äëÿ ïàñòåðåëë – íèæíÿÿ.
Figure 3. Dependence of  the specific rate of  glucose
consumption  q

s
 by a chemostat culture of  Pasteurella on the

rate of  dilution D. According to the Monod's theory-upper
straight line; experimental values for Pasteurella is at the
bottom.

Ðèñ. 2. Çàâèñèìîñòü êîíöåíòðàöèè æèçíåñïîñîáíûõ
ïàñòåðåëë Õæ îò ñêîðîñòè ðàçáàâëåíèÿ D è íà÷àëüíîé
êîíöåíòðàöèè ãëþêîçû S

0
.

Âåðõíÿÿ êðèâàÿ – ïðè S
0
 = 3 ã/ë, íèæíÿÿ - S

0
 = 1 ã/ë.

Figure 2. Dependence of  the concentration of  viable
pasteurella  Xg on the dilution rate  D and the initial
concentration of  glucose So. Upper curve at
S
o
 = 3g / l, lower curve at S

o
 = 1 g / l

Èç óðàâíåíèÿ ìàòåìàòè÷åñêîãî áàëàíñà ïî ñóáñòðàòó ñëå-
äóåò, ÷òî âûðàæåíèå äëÿ ïåðåñ÷åòà óäåëüíîé ñêîðîñòè ïî-
òðåáëåíèÿ ãëþêîçû qs â óñòàíîâèâøèõñÿ ðåæèìàõ èìååò âèä:

.

0 D
X

SS
q
s



  (2)

Ïðèðàâíèâàÿ ïðàâûå ÷àñòè óðàâíåíèé (1) è (2), õàðàê-
òåðèçóþùèõ óäåëüíóþ ñêîðîñòü ïîòðåáëåíèÿ ñóáñòðàòà,
ïîëó÷èì:

.
1

0 D m
y

D
X

S S






Îòñþäà: ,

0

Y
SS

X

Dmу

Dу





 



 (3)

ãäå: y¢ – èñòèííûé ýêîíîìè÷åñêèé êîýôôèöèåíò.
 Ïîäñòàâèâ ýòî âûðàæåíèå äëÿ Y â èçâåñòíîå óðàâíåíèå

òåîðèè Ìîíî çàâèñèìîñòè êîíöåíòðàöèÿ áàêòåðèé X îò
ñêîðîñòè ðàçáàâëåíèÿ D, ïîëó÷èì çàâèñèìîñòü äëÿ ðàñ÷åòà
êîíöåíòðàöèè áàêòåðèé

Çíà÷åíèÿ êîýôôèöèåíòîâ m
m
 è K
s
 äëÿ ïàñòåðåëë îïðåäå-

ëÿþòñÿ ïî äàííûì äâóõ óñòàíîâèâøèõñÿ ðåæèìîâ íåïðå-
ðûâíîãî êóëüòèâèðîâàíèÿ.

Ïîëó÷èì ñëåäóþùèå çíà÷åíèÿ êîýôôèöèåíòîâ K
s
 =

0,133 ìã/ìë è m
m
 = 2,18 1/÷àñ, ìîäåëü íà äàííîé ñòàäèè

èññëåäîâàíèé èìååò âèä:













 



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D
S

Dmу
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Х

Ж

2,18

0,133
0

 Ðàñ÷åò êîýôôèöèåíòîâ ìîäåëè m è y¢ ïðîâîäèëè ìåòî-


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äîì íàèìåíüøèõ êâàäðàòîâ ïî äàííûì äðóãèõ óñòàíîâèâ-
øèõñÿ ðåæèìîâ õåìîñòàòíîãî êóëüòèâèðîâàíèÿ â óñëîâèÿõ
ëèìèòèðîâàíèÿ ðîñòà ïàñòåðåëë ãëþêîçîé.

Îïóñòèâ ðàñ÷åòû, ïðèâåäåì îêîí÷àòåëüíûå ðåçóëüòà-
òû âû÷èñëåíèé:

m = 0,165, y¢ = 2,29.
Ïîñëå îïðåäåëåíèÿ çíà÷åíèé ïàðàìåòðîâ óðàâíåíèé

êèíåòèêè, áûëî èññëåäîâàíî ñîîòâåòñòâèå ïîëó÷åííîãî
ìàòåìàòè÷åñêîãî îïèñàíèÿ

 

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
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


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
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D
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18,2

133,0

378,0

29,2
0

ýêñïåðèìåíòàëüíûì äàííûì, ïîëó÷åííûõ â íîâûõ (êîíò-
ðîëüíûõ) ýêñïåðèìåíòàõ.

Â ðåçóëüòàòå ðàñ÷åòîâ óñòàíîâëåíî, ÷òî âåëè÷èíà êðè-
òåðèÿ Ôèøåðà ïî äàííûì êîíòðîëüíûõ îïûòîâ, ñîñòàâëÿåò
5,99, à êðèòè÷åñêîå çíà÷åíèå ýòîãî ïîêàçàòåëÿ ðàâíî 2,2,
ò.å. F

êîíòð
 > F

êð
. Ñëåäîâàòåëüíî, ìàòåìàòè÷åñêîå îïèñàíèå

àäåêâàòíî îïèñûâàåò ýêñïåðèìåíòàëüíûå äàííûå.
Äëÿ íàãëÿäíîãî ïðåäñòàâëåíèÿ î ñîîòâåòñòâèè ïîëó-

÷åííîãî îïèñàíèÿ ðåàëüíîìó ïðîöåññó âíîâü îáðàòèìñÿ ê
ðèñ. 2, íà êîòîðîì ñîïîñòàâëåíû ðàñ÷åòíûå çíà÷åíèÿ êîí-
öåíòðàöèè æèçíåñïîñîáíûõ ïàñòåðåëë Õ

æ
 (ëèíèè) ñ äàííû-

ìè êîíòðîëüíûõ îïûòîâ (ìàðêåðû) ïðè íà÷àëüíîé êîíöåí-
òðàöèè ãëþêîçû S

î
= 3,0 (âåðõíÿÿ êðèâàÿ) è 1,0 ìã/ìë (íèæ-

íÿÿ). Î÷åâèäíî, ÷òî ýêñïåðèìåíòàëüíûå è ðàñ÷åòíûå çàâè-
ñèìîñòè êîíöåíòðàöèè Õ

æ
 îò ñêîðîñòè ðàçáàâëåíèÿ D íîñÿò

àíàëîãè÷íûé õàðàêòåð, êðîìå òîãî ýêñïåðèìåíòàëüíî ïî-
ëó÷åííûå òî÷êè ëåæàò âáëèçè ðàñ÷åòíûõ êðèâûõ.

Èñïîëüçóÿ ñîñòàâëåííîå ìàòåìàòè÷åñêîå îïèñàíèå
ïðîöåññà êóëüòèâèðîâàíèÿ ðàññ÷èòàí ðÿä ïîêàçàòåëåé. Èç
óðàâíåíèé (1à), (1) è (3) ïîëó÷åíû ñîîòâåòñòâåííî çàâèñè-
ìîñòè óäåëüíîé ñêîðîñòè ïîòðåáëåíèÿ ãëþêîçû, ýêîíîìè-
÷åñêîãî êîýôôèöèåíòà è òåêóùåé êîíöåíòðàöèè ãëþêîçû
îò ñêîðîñòè ðàçáàâëåíèÿ. Ïî óðàâíåíèþ Ìîíî îïðåäåëåíà
çàâèñèìîñòü óäåëüíîé ñêîðîñòè ðîñòà ïàñòåðåëë m îò êîí-
öåíòðàöèè ãëþêîçû S.

Àíàëèçèðóÿ ïîëó÷åííûå ìàòåìàòè÷åñêîå çàâèñèìîñòè
ìîæíî ïðåäëîæèòü ïî àíàëîãèè ñ S.typhi, ÷òî è ïàñòåðåëëû
ïðè ìàëûõ ñêîðîñòÿõ ðîñòà, êîãäà ëèìèòèðóþùàÿ ðîñò
ãëþêîçà èñïîëüçóåòñÿ ïî÷òè äî íóëÿ, âìåñòî íåå íà÷èíàþò
ïîòðåáëÿòü ïðîäóêòû ñâîåãî ìåòàáîëèçìà, ñïîñîáíûå çà-
ìåíèòü ãëþêîçó.

Ïîëó÷åííîå ìàòåìàòè÷åñêîå îïèñàíèå ìîæíî òàêæå
èñïîëüçîâàòü äëÿ ðàñ÷åòà ïîêàçàòåëåé, õàðàêòåðèçóþùèõ
ýôôåêòèâíîñòü ïðîöåññà. Òàêèìè ïîêàçàòåëÿìè ÿâëÿþòñÿ:
ñòåïåíü ïðåâðàùåíèÿ ñóáñòðàòà (ãëþêîçû) è ïðîäóêòèâ-
íîñòü ïî âûõîäó ìèêðîîðãàíèçìîâ Q

Õ
. Ñòåïåíü ïðåâðàùå-

íèÿ ïîêàçûâàåò ñîîòíîøåíèå ìåæäó ïîòðåáëåííûì ñóá-
ñòðàòîì (S

0
– S) è íà÷àëüíîé êîíöåíòðàöèåé ñóáñòðàòà S

0
 è

âûðàæàåòñÿ â ïðîöåíòàõ. Ïðîäóêòèâíîñòü ïî âûõîäó ïîêà-
çûâàåò êîëè÷åñòâî ìèêðîîðãàíèçìîâ, êîòîðîå ìîæíî ïî-
ëó÷èòü ñ åäèíèöû îáúåìà ôåðìåíòåðà çà åäèíèöó âðåìåíè.

Ñòåïåíü ïðåâðàùåíèÿ ãëþêîçû óìåíüøàåòñÿ ñ óâåëè÷å-
íèåì ñêîðîñòè ðîñòà è ñ óìåíüøåíèåì íà÷àëüíîé êîíöåíò-
ðàöèè ñóáñòðàòà. Ïðè ìàëûõ ñêîðîñòÿõ ðàçáàâëåíèÿ ñòåïåíü
ïðåâðàùåíèÿ ãëþêîçû ïðèáëèæàåòñÿ ê ñòà ïðîöåíòàì.

Ïðîäóêòèâíîñòü ïî âûõîäó Q
Æ
 çàâèñèò îò íà÷àëüíîé

êîíöåíòðàöèè ãëþêîçû. Êàæäîìó çíà÷åíèþ S
Î
 ñîîòâåò-

ñòâóåò ñâîÿ êðèâàÿ çàâèñèìîñòè ïðîäóêòèâíîñòè ïî âûõîäó
æèçíåñïîñîáíûõ ïàñòåðåëë îò ñêîðîñòè ðàçáàâëåíèÿ. Ïðè-
÷åì âåëè÷èíà ïðîäóêòèâíîñòè óâåëè÷èâàåòñÿ ïî ìåðå óâå-
ëè÷åíèÿ íà÷àëüíîé êîíöåíòðàöèè ãëþêîçû è íåîäíîçíà÷-
íî çàâèñèò îò ñêîðîñòè ðàçáàâëåíèÿ.

  Òàêèì îáðàçîì, ïîëó÷åííîå ìàòåìàòè÷åñêîå îïèñà-
íèå ïðîöåññà:
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äàåò âîçìîæíîñòü ðàññ÷èòàòü è âûáðàòü ðåæèìû õåìîñòàò-
íîãî (íåïðåðûâíîãî) êóëüòèâèðîâàíèÿ – ñêîðîñòü ðàçáàâëå-
íèÿ D è íà÷àëüíóþ êîíöåíòðàöèþ ãëþêîçû S

0
 – äëÿ ïîëó÷å-

íèÿ îïòèìàëüíûõ êîíöåíòðàöèé æèçíåñïîñîáíûõ ïàñòåðåëë
Õ

Æ
, çàäàííûõ çíà÷åíèé ïðîäóêòèâíîñòè, ñòåïåíè ïðåâðàùå-

íèÿ ñóáñòðàòà è ò.ä. ïðè ïðîèçâîäñòâå ñóõîé æèâîé âàêöèíû
ïðîòèâ ïàñòåðåëëåçà ïòèö. Êðîìå òîãî, ïîëó÷åííûå ìàòåìà-
òè÷åñêèå çàâèñèìîñòè ïîçâîëÿþò ñäåëàòü ïðåäëîæåíèå î
ìåòàáîëè÷åñêîì ìåõàíèçìå ïîâûøåíèÿ êîíöåíòðàöèè ïàñ-
òåðåëë ïðè ìàëûõ ñêîðîñòÿõ ðàçáàâëåíèÿ.
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Ðåçþìå: Ïðîìûøëåííîå èçãîòîâëåíèå ñòåðèëüíûõ
ëèîôèëèçèðîâàííûõ áèîïðåïàðàòîâ ÿâëÿåòñÿ ìíîãîñòà-
äèéíûì ïðîöåññîì. Ñóáëèìàöèîííîå âûñóøèâàíèå ÿâëÿ-
åòñÿ êðèòè÷åñêèì ýòàïîì, ïîñêîëüêó çàâåðøàåò àñåïòè÷åñ-
êèå ïðîöåäóðû. Â äàííîé ðàáîòå ðàññìàòðèâàþòñÿ ïðîáëå-
ìû ñóáëèìàöèîííîé ñóøêè, ñ êîòîðûìè ñòàëêèâàþòñÿ
èíæåíåðû, áèîëîãè, òåõíîëîãè öåõîâ ñóøêè, ðàçðàáîò÷èêè
ñóõèõ ïðåïàðàòîâ, ñïåöèàëèñòû ïî êà÷åñòâó. Ïðèâåäåíà
ñõåìà âàëèäàöèè ñóáëèìàöèîííîãî îáîðóäîâàíèÿ è ïðî-
ãðàììíîãî îáåñïå÷åíèÿ. Îáîðóäîâàíèå, òåõíîëîãèÿ è íîð-
ìàòèâíûå äîêóìåíòû ðàññìîòðåíû â ñòàòüå â êà÷åñòâå
âçàèìîçàâèñèìûõ ýëåìåíòîâ, ñîñòàâëÿþùèõ ñóáëèìàöè-
îííóþ ñóøêó êàê ñèñòåìó, âêëþ÷àþùóþ ðàçðàáîòêó ðåæè-
ìîâ, ýêñïëóàòàöèþ è òåêóùèé êîíòðîëü ðàáîòû îáîðóäîâà-
íèÿ, ñîñòàâëåíèå âíóòðåííåé è âíåøíåé äîêóìåíòàöèè. Â
ðàáîòå ïîêàçàíî, ÷òî èçó÷åíèå ôèçèêî-õèìè÷åñêèõ è áèî-
ëîãè÷åñêèõ ïàðàìåòðîâ êàê æèäêîãî ïîëóôàáðèêàòà, òàê è
ñóõîãî ïðîäóêòà, ÿâëÿåòñÿ áàçîé äëÿ íàó÷íî-îáîñíîâàííî-
ãî ïîñòðîåíèÿ ðåæèìîâ ñóøêè. Áåç îïðåäåëåíèÿ âõîäíûõ è
âûõîäíûõ ïàðàìåòðîâ íåâîçìîæíî ïðîâåñòè êà÷åñòâåí-
íûé êîíòðîëü ñóøêè, êàê ïðîöåññà. Â íàøåé ðàáîòå îïðå-
äåëåíû êëþ÷åâûå õàðàêòåðèñòèêè ñóáëèìàöèîííîé ñóøêè
ïðè çàìîðàæèâàíèè, ñóáëèìàöèè, äîñóøèâàíèè. Òàêæå
ïîêàçàíà öåëåñîîáðàçíîñòü îïðåäåëåíèÿ íå òîëüêî îñòà-
òî÷íîé âëàæíîñòè, íî è âåëè÷èíû óìåíüøåíèÿ ìàññû âû-
ñóøèâàåìîãî ìàòåðèàëà, ïðèâåäåíû ôîðìóëû ðàñ÷åòîâ.
Ïîêàçàíû ïðèìåðû ñîñòàâëåíèÿ  ñîïðîâîäèòåëüíûõ äîêó-
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Abstract:Òhe aseptic process of industrial production of
sterile lyophilized biological products is completed by one of
the critical stages of the technological process, the freeze-
drying. GOST R ISO 13408-3-2011 defines the term
lyophilization as a synonym for the sublimation. Sublimation -
the physical process on which the freeze-drying method is
based. This paper discusses the issues of freeze drying that
engineers and biologists, production technologist, designers of
dry preparations, and quality specialists face with. Freeze-
drying consists of three stages: freezing, freeze-drying and
drying. Each stage has its own critical points, input and output
parameters. The task of the developer of freeze-drying technology
is to determine the need for each parameter and the sufficiency
of their quantity. Equipment, technology and regulatory
documents are considered as interdependent elements that
make up freeze drying as a system. An integrated approach to
the freeze-drying process includes the development of modes,
equipment control, and internal documentation. The key
parameters of the process are the qualitative and quantitative
characteristics (reference values, measurement procedures,
acceptable range of values) of the semi-finished liquid product
and the finished freeze-dried product. Characteristics of the
semi-finished liquid product are the temperature of complete
crystallization; upper and lower eutectic temperatures; maximum
permissible heating temperature (thermo-lability); density;
specific (biological) activity. Freeze-drying process
characteristics are: at the freezing stage - reaching the temperature
of complete crystallization in the entire volume of the material
received for drying; at the sublimation stage - maintaining the
temperature in the dried material in the range between the lower
and upper eutectic temperatures (without going beyond the
upper); at the drying stage - reaching the maximum temperature
in the material. The duration of each stage depends on the vial
in which the dried material is packed, the volume of packaging,
and the features of heat, mass, and energy exchange in the
sublimation plant. Standard operating procedures (SOPs) should
be designed with these features in mind. For example, for
different packages (2ml or 10ml) in vials of the same volume, or
for the same packaging in vials of different volumes, for
example, 2ml in vial of 10-ml or 20-ml, separate SOPs are
required in each case. In the current practice of industrial
production, the quality of the lyophilized product is evaluated
by humidity (GOST 24061-2012). In our work, to assess the
quality of the process, we measured the decrease in the mass of
liquid material during drying. We recommend measure both
indicators, since they complement each other.
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ìåíòîâ. Êàæäàÿ ñòàäèÿ îôîðìëÿåòñÿ êàê Ñòàíäàðòíàÿ Îïå-
ðàöèîííàÿ Ïðîöåäóðà (ÑÎÏ). Ïðè ýòîì íåîáõîäèìî îïðå-
äåëÿòü ãðàíèöû âõîäíûõ è âûõîäíûõ ïàðàìåòðîâ êàæäîé
ñòàäèè ïðîèçâîäñòâåííîãî ïðîöåññà. Îïðåäåëåíû âåëè÷èíû
îïîðíûõ çíà÷åíèé è ãðàíèöû äîïóñòèìûõ èíòåðâàëîâ ýòèõ
âåëè÷èí. Íàó÷íî-îáîñíîâàííûé ïîäõîä ê ðàçðàáîòêå ïðî-
öåññà, ïðîöåäóðàì âõîäíîãî è âûõîäíîãî êîíòðîëÿ êàæäîé
ñòàäèè, ñîîòâåòñòâóþùåå òðåáîâàíèÿì îôîðìëåíèå äîêó-
ìåíòàöèè ïîçâîëÿåò äîáèòüñÿ ðèòìè÷íîñòè è ÷åòêîñòè â
ðàáîòå âñåõ çâåíüåâ ïðîèçâîäñòâåííîé öåïè è ãàðàíòèðîâàí-
íîé ñòàíäàðòíîñòè êàê ãîòîâîãî ïðîäóêòà îò ñåðèè ê ñåðèè,
òàê è ïðîöåññà ïðîèçâîäñòâà â öåëîì.

Ââåäåíèå

Ñóøêà ïðîäóêòîâ è êîðìîâ èñïîëüçóåòñÿ ñ äàâíèõ âðå-
ìåí. Ïîïûòêè ëèîôèëèçèðîâàòü ñûâîðîòêó êðîâè, ìèêðî-
îðãàíèçìû è äðóãèå áèîëîãè÷åñêèå îáúåêòû èçâåñòíû ñ
íà÷àëà ïðîøëîãî âåêà [1,2]. Ëèîôèëèçàöèÿ òåðìîëàáèëü-
íûõ áèîïðåïàðàòîâ ìåòîäîì ñóáëèìàöèîííîé ñóøêè â íà-
ñòîÿùåå âðåìÿ øèðîêî ïðèìåíÿåòñÿ, ïîñêîëüêó îòðèöà-
òåëüíûå òåìïåðàòóðû è ãëóáîêèé âàêóóì ñîçäàþò ùàäÿùèå
óñëîâèÿ, ïîçâîëÿþùèå ñîõðàíÿòü ñòðóêòóðó è ôóíêöèè
íàòèâíûõ áåëêîâ, âèðóñîâ, æèâûõ áàêòåðèé. Ãîñóäàðñòâåí-
íûé îòðàñëåâîé ñòàíäàðò Ðîññèè (ÃÎÑÒ Ð ÈÑÎ 13408 -3 -
2011) íàçûâàåò ëèîôèëèçàöèþ ñèíîíèìîì òåðìèíà âîç-
ãîíêà.[3] Âîçãîíêà – ýòî ôèçè÷åñêèé ïðîöåññ, ñóùíîñòü
êîòîðîãî çàêëþ÷àåòñÿ â ïðåâðàùåíèè òâ¸ðäîãî âåùåñòâà â
ïàð, ìèíóÿ æèäêóþ ôàçó. Äåñóáëèìàöèÿ – ýòî îáðàòíûé
ïðîöåññ ôèçè÷åñêîãî ïåðåõîäà ïàðîîáðàçíîãî âåùåñòâà â
òâ¸ðäîå ñîñòîÿíèå, òàêæå áåç ïðîõîæäåíèÿ æèäêîé ôàçî-
âîé ñòàäèè.

Ñîâðåìåííàÿ ôàðìàöåâòè÷åñêàÿ ïðîìûøëåííîñòü îñ-
íàùåíà äîñòàòî÷íî áîëüøèì ñïåêòðîì îáîðóäîâàíèÿ äëÿ
ñóáëèìàöèîííîé ñóøêè. Ïî ñïîñîáó ðàçìåùåíèÿ ìàòåðèà-
ëà ïðè âûñóøèâàíèè ðàçëè÷àþò êîëëåêòîðíûå è êàìåðíûå
óñòàíîâêè; ïî äëèòåëüíîñòè òåõíîëîãè÷åñêîãî ïðîöåññà –
íåïðåðûâíîãî è öèêëè÷åñêîãî äåéñòâèÿ; ïî îáúåìàì âûñó-
øèâàåìîãî ìàòåðèàëà – ëàáîðàòîðíûå, ïîëóïðîìûøëåí-
íûå è ïðîìûøëåííûå óñòàíîâêè. Íàëè÷èå íèçêîòåìïåðà-
òóðíîé õîëîäèëüíîé óñòàíîâêè ÿâëÿåòñÿ îáÿçàòåëüíûì â
òîì ñëó÷àå, åñëè ïëèòû ñóáëèìàöèîííîãî àïïàðàòà, íàïðè-
ìåð ñóáëèìàòîðû ÒÃ-50, íå ïîçâîëÿþò çàìîðîçèòü æèäêèé
ìàòåðèàë äî íåîáõîäèìîé òåìïåðàòóðû. Â íåêîòîðûõ ñëó-
÷àÿõ ìîðîçèëüíèêè ïðîäàþòñÿ èçãîòîâèòåëåì â êîìïëåêòå
ñ àïïàðàòîì äëÿ ñóøêè. Íà ñîâðåìåííûõ âûñîêîòåõíîëî-
ãè÷íûõ óñòàíîâêàõ ðàçëè÷íûõ ôèðì (Tofflon, Boc Edvards,
Frigera è äð.) ìîæíî çàìîðàæèâàòü ìàòåðèàë íåïîñðåä-
ñòâåííî íà ïëèòàõ ñóáëèìàòîðà. Ïðîèçâîäèòåëè ðàçëè÷íûõ
ôèðì ïðåäëàãàþò øèðîêèé âûáîð õîëîäèëüíèêîâ-ìîðî-
çèëüíèêîâ, îòëè÷àþùèõñÿ îáúåìàìè, ðàñïîëîæåíèåì, êî-

ëè÷åñòâîì êàìåð. Äèàïàçîí òåìïåðàòóð îò -60  äî -85 Ñ
óäîâëåòâîðÿåò òðåáîâàíèÿì äëÿ áîëüøèíñòâà âûïóñêàå-
ìûõ ïðîìûøëåííîñòüþ âåòåðèíàðíûõ ïðåïàðàòîâ.

Ñîçäàíèå êîìïëåêñíûõ òåõíîëîãè÷åñêèõ ëèíèé è ñèñ-
òåì, èíòåãðàöèÿ õîëîäèëüíîãî è ñóáëèìàöèîííîãî îáîðóäî-
âàíèÿ ñ öèôðîâûìè (êîìïüþòåðíûìè) ñèñòåìàìè – ýòî ìè-
ðîâàÿ òåíäåíöèÿ ñîâðåìåííîãî ïðîìûøëåííîãî ïðîèçâîä-
ñòâà. Ïðîöåññ âàëèäàöèè ñóáëèìàöèîííûõ óñòàíîâîê è ïðî-
ãðàììíîãî îáåñïå÷åíèÿ ïðè ïîäáîðå è ìîíòàæå îáîðóäîâà-
íèÿ ïðîõîäèò â íåñêîëüêî ñòàäèé, ïîêàçàííûõ íà ðèñ. 1.

 Êâàëèôèöèðîâàííûé ïîäáîð íåîáõîäèìîãî ïîòðåáè-
òåëþ îáîðóäîâàíèÿ ïîìîãàþò îñóùåñòâèòü ñåìèíàðû è
âûñòàâêè, ðåãóëÿðíî ïðîâîäèìûå â íàøåé ñòðàíå è çà
ðóáåæîì. Ê ñîæàëåíèþ, ìèðîâàÿ ïàíäåìèÿ êîðîíîâèðóñà
ìåíÿåò ôîðìàò îáùåíèÿ.

Ñóáëèìàöèîííàÿ ñóøêà âêëþ÷àåò â ñåáÿ òðè ñòàäèè –
çàìîðàæèâàíèå, ñóáëèìàöèþ è äîñóøèâàíèå. Êàæäàÿ ñòà-
äèÿ èìååò ñâîè êðèòè÷åñêèå òî÷êè, âõîäíûå è âûõîäíûå
ïàðàìåòðû. Çàäà÷à ðàçðàáîò÷èêà òåõíîëîãèè ñóáëèìàöè-
îííîãî âûñóøèâàíèÿ – îïðåäåëèòü íåîáõîäèìîñòü êàæäî-
ãî ïàðàìåòðà è äîñòàòî÷íîñòü èõ êîëè÷åñòâà. Íàðàáîòêà
áèîìàòåðèàëà âêëþ÷àåò âñå ïðåäøåñòâóþùèå ñòàäèè ïîëó-
÷åíèÿ ìàòåðèàëà îò ïðîäóöåíòîâ, êóëüòèâèðîâàíèå, î÷èñò-
êó è ìíîãèå äðóãèå ñòàäèè, âïëîòü äî æèäêîãî ïîëóôàáðè-
êàòà, ïîñòóïàþùåãî íà âûñóøèâàíèå. Îòäåëüíûå ïóíêòû
èìåþò ðàçëè÷íóþ çíà÷èìîñòü äëÿ âñåãî ïðîöåññà èçãîòîâ-
ëåíèÿ ñóõîãî ïðåïàðàòà. Ñòåïåíü êðèòè÷íîñòè êàæäîãî èç
íèõ äîëæíà áûòü èññëåäîâàíà è ïîäðîáíî èçëîæåíà â íîð-
ìàòèâíî-òåõíè÷åñêîé äîêóìåíòàöèè ïî èçãîòîâëåíèþ êàæ-
äîãî êîíêðåòíîãî ïðåïàðàòà. [4] Ðåæèìû âûñóøèâàíèÿ
ñîñòàâëÿþò êëþ÷åâóþ ïðîáëåìó òåõíîëîãèè ñóøêè., âêëþ-
÷àÿ òåõíè÷åñêîå îáñëóæèâàíèå Âûáîð ðåæèìîâ ñóøêè çà-

Ðèñ. 2. Ýòàïû ñóáëèìàöèîííîãî âûñóøèâàíèÿ
áèîïðåïàðàòîâ.
 Fig. 2 The stages freeze-drying biological products.

Ðèñ.1. Âàëèäàöèÿ ëèîôèëüíîãî îáîðóäîâàíèÿ.
Fig. 1, Validation of freeze dryers



 Æóðíàë "Âåòåðèíàðèÿ è êîðìëåíèå" # 1-2021

   51

 Journal "Veterinaria i kormlenie"

âèñèò îò áèîëîãè÷åñêèõ è ôèçèêî-õèìè÷åñêèõ ñâîéñòâ
âûñóøèâàåìîãî îáúåêòà, îò âûáîðà ïîñóäû äëÿ ñóøêè, îò
ìîäåëè è èíäèâèäóàëüíûõ îñîáåííîñòåé êîíêðåòíîãî ñóá-
ëèìàöèîííîãî àïïàðàòà, îò ñòåïåíè íàó÷íîé ïðîðàáîòàí-
íîñòè òåõíîëîãèè ñóøêè. Òåõíîëîãè÷åñêàÿ êóëüòóðà è äèñ-
öèïëèíà ïðîèçâîäñòâà çàêëþ÷àåòñÿ â íàó÷íîé îáîñíîâàí-
íîñòè òåõíîëîãèè, â ñîçäàíèè äîêóìåíòîîáîðîòà, ñîïðî-
âîæäàþùåãî âåñü ïðîèçâîäñòâåííûé öèêë, â ïëàíèðîâà-
íèè, ó÷åòå è àíàëèçå âñåõ ïðîöåññîâ

Êëþ÷åâûìè ïàðàìåòðàìè ïðîöåññà èçãîòîâëåíèÿ ñó-
õîãî áèîïðåïàðàòà ÿâëÿþòñÿ êà÷åñòâåííûå è êîëè÷åñòâåí-
íûå õàðàêòåðèñòèêè (îïîðíûå çíà÷åíèÿ âåëè÷èí, ïðîöåäó-
ðû èõ èçìåðåíèÿ, äîïóñòèìûé èíòåðâàë çíà÷åíèé) æèäêîãî
ïîëóôàáðèêàòà è ãîòîâîãî ñóáëèìèðîâàííîãî ïðîäóêòà.
Õàðàêòåðèñòèêàìè æèäêîãî ïîëóôàáðèêàòà ÿâëÿþòñÿ òåì-
ïåðàòóðà ïîëíîé êðèñòàëëèçàöèè; âåðõíÿÿ è íèæíÿÿ ýâòåê-
òè÷åñêèå òåìïåðàòóðû; ìàêñèìàëüíî äîïóñòèìàÿ òåìïåðà-
òóðà íàãðåâà (òåðìî-ëàáèëüíîñòü); ïëîòíîñòü; ñïåöèôè÷åñ-
êàÿ (áèîëîãè÷åñêàÿ) àêòèâíîñòü áèîïðåïàðàòà.

Îáñóæäåíèå ðåçóëüòàòîâ. Â ðàáîòå îïðåäåëåíû õàðàê-
òåðèñòèêè ñóáëèìàöèîííîé ñóøêè, êàê ïðîöåññà. Íà ýòàïå
çàìîðàæèâàíèÿ íåîáõîäèìî  äîñòèæåíèå òåìïåðàòóðû ïîë-
íîé êðèñòàëëèçàöèè âî âñ¸ì îáúåìå ïîñòóïèâøåãî íà ñóø-
êó ìàòåðèàëà; íà ýòàïå ñóáëèìàöèè – ïîääåðæàíèå òåìïå-
ðàòóðû â âûñóøèâàåìîì ìàòåðèàëå â äèàïàçîíå ìåæäó
íèæíåé è âåðõíåé ýâòåêòè÷åñêîé òåìïåðàòóðàìè (íå âûõî-
äÿ çà ïðåäåëû âåðõíåé); íà ýòàïå äîñóøèâàíèÿ – äîñòèæå-
íèå ìàêñèìàëüíîé òåìïåðàòóðû â ìàòåðèàëå. Äëèòåëüíîñòü
ïðîâåäåíèÿ êàæäîãî èç ýòàïîâ çàâèñèò îò âèäà è îáúåìà
ïîñóäû (ïîääîíû, ôëàêîíû, àìïóëû), â êîòîðóþ íàëèâàþò
âûñóøèâàåìûé ìàòåðèàë, îò êîëè÷åñòâà íàëèâàåìîãî ïî-
ëóôàáðèêàòà, îò îñîáåííîñòåé òåïëî-, ìàññî- è ýíåðãîîá-
ìåíà â êîíêðåòíîé ñóáëèìàöèîííîé óñòàíîâêå. Ïðè âàëè-
äàöèè òåõíîëîãè÷åñêèõ ïðîöåññîâ íåîáõîäèìî ó÷èòûâàòü
ýòè ðàçëè÷èÿ. Ðîçëèâ ïðè  ôàñîâàíèè â îäèíàêîâûå ïî
îáúåìó ôëàêîíû ðàçíûõ îáúåìîâ æèäêîãî ïîëóôàáðèêàòà
(íàïðèìåð, ïî 2 ìë èëè 4 ìë âî ôëàêîíû îáúåìîì 20 ñì3)
èëè ðîçëèâ îäèíàêîâîãî îáúåìà æèäêîñòè â ïîñóäó ðàçíîãî
îáúåìà (íàïðèìåð, ïî 2 ìë âî ôëàêîíû îáúåìîì 20 ñì3 èëè
îáúåìîì 10 ñì3), òðåáóåò ÷åòûðåõ îòäåëüíûõ Ñòàíäàðòíûõ
Îïåðàöèîííûõ Ïðîöåäóð (ÑÎÏ). Ïðèâåäåííûå ïðèìåðû
ñîñòàâëÿþò ÷åòûðå ðàçíûõ âàðèàíòà ÑÎÏ. Êà÷åñòâî ëèî-
ôèëèçèðîâàííîãî ïðîäóêòà â ñëîæèâøåéñÿ ïðàêòèêå ïðî-
ìûøëåííîãî ïðîèçâîäñòâà îöåíèâàþò ïî ïîêàçàòåëþ îñòà-
òî÷íîé âëàæíîñòè (ÃÎÑÒ  24061-2012). [5]

Â íàøåé ðàáîòå ìû îïðåäåëÿëè ôèçèêî-õèìè÷åñêèå
ïàðàìåòðû ïðîöåññà ñóøêè íå òîëüêî ïî ïîêàçàòåëþ îñòà-
òî÷íîé âëàæíîñòè (ÎÂ). Ýòîò óíèôèöèðîâàííûé äëÿ âñåõ
áèîïðåïàðàòîâ ïîêàçàòåëü íå äàåò äîñòîâåðíîé èíôîðìà-
öèè î êîëè÷åñòâå âëàãè, óäàëåííîé èç æèäêîãî áèîïðåïàðà-
òà âî âðåìÿ ñóáëèìàöèîííîé ñóøêè. Íàìè áûëà îïðåäåëå-

íà çàâèñèìîñòü, ïî êîòîðîé ñëåäóåò âû÷èñëÿòü âåëè÷èíó
èçìåíåíèÿ ìàññû â ïðîöåññå ñóøêè.

Õ = (Ð2 -Ð3) / (Ð2-Ð1) õ100% , ãäå
Õ – Âåëè÷èíà èçìåíåíèÿ ìàññû â %;
Ð1 – ìàññà ïóñòîé ïîñóäû;
Ð2 – ìàññà ïîñóäû ñ æèäêèì ïîëóôàáðèêàòîì;
Ð3 – ìàññà ïîñóäû ñ ñóáëèìèðîâàííûì ïðåïàðàòîì.
Îáùàÿ ôîðìóëà äëÿ ðàñ÷åòà äîëè îñòàòî÷íîé âëàãè

(ÎÂ) îò ïåðâîíà÷àëüíîé ìàññû àíàëîãè÷íà ðàñ÷åòó ïðî-
öåíòîâ îò ïðîöåíòîâ. Ýòà âåëè÷èíà ïðè  çíà÷åíèÿõ ÎÂ îò
1äî 4% ñîñòàâëÿåò ñîòûå äîëè ïðîöåíòà îò ïåðâîíà÷àëüíîé
ìàññû æèäêîãî ïîëóôàáðèêàòà. Îñîáåííîñòü íàøåãî ïîä-
õîäà çàêëþ÷àåòñÿ â òîì, ÷òî çà 100 ïðîöåíòîâ íàìè âçÿòà
ìàññà âñåãî æèäêîãî ïîëóôàáðèêàòà, à íå âåëè÷èíû âëàãè
èëè ñóõîãî âåùåñòâà â æèäêîì ïîëôàáðèêàòå. Ïðè ðîçëèâå
íà àâòîìàòè÷åñêèõ ëèíèÿõ ìàññà èñõîäíîãî ïîëóôàáðèêà-
òà êîíòðîëèðóåòñÿ àâòîìàòè÷åñêè. Îäíàêî, â ïðîìûøëåí-
íîé ïðàêòèêå ýòî íå ó÷èòûâàåòñÿ, ïîñêîëüêó íåò ñîîòâåò-
ñòâóþùåé  íîðìàòèâíîé äîêóìåíòàöèè.

Âåëè÷èíà èçìåíåíèÿ ìàññû â ïðîöåññå ñóøêè áîëåå
ïîëíî õàðàêòåðèçóåò îñîáåííîñòè îòäåëüíûõ ïðåïàðàòîâ è
èõ ãðóïï. Ó÷åò ïîêàçàòåëÿ èçìåíåíèÿ ìàññû â ïðîöåññå
ñóøêè è ðåãóëÿðíûé òåõíîëîãè÷åñêèé ìîíèòîðèíã ïîçâî-
ëÿò ïîâûñèòü êà÷åñòâî êîíòðîëÿ ñòàäèè ñóáëèìàöèîííîé
ñóøêè è âñåãî ïðîèçâîäñòâåííîãî ïðîöåññà èçãîòîâëåíèÿ
ñóõèõ áèîïðåïàðàòîâ â öåëîì.

Ëèòåðàòóðà
1. Shackell L.F. An improved method of desiccation, with some
applications to biological problems. Am. J. Physiol. -1909. - 24. - Ð.325
-340.
2. Flosdorf E.W. & Mudd S. Procedure and apparatus for preservation
in "lyophile" from of serum and other biological substance // J. Immunol.
- 1935. - 29 (5). - Ð. 389-425.
3. ÃÎÑÒ Ð ÈÑÎ 13408-3 - 2011 Àñåïòè÷åñêîå ïðîèçâîäñòâî ìåäè-
öèíñêîé ïðîäóêöèè ×àñòü 3 Ëèîôèëèçàöèÿ. Ìîñêâà. Ñòàíäàðòèí-
ôîðì. 2012. 385 ñ.
4. Íåæóòà À.À., Òîêàðèê Ý.Ô., Ñàìóéëåíêî À.ß., Áåçãèí Â.Ì., Ñåðáèñ
Å.Ñ. Òåîðåòè÷åñêèå è ïðàêòè÷åñêèå îñíîâû òåõíîëîãèè ñóáëèìàöè-
îííîãî âûñóøèâàíèÿ áèîïðåïàðàòîâ.- Êóðñê: ÊÃÑÕÀ. - 2002. - 239 ñ.
5. ÃÎÑÒ 24061-2012 Ïðåïàðàòû áèîëîãè÷åñêèå ñóõèå. Ìåòîä îïðå-
äåëåíèÿ âëàæíîñòè
References
1. Shackell L.F. An improved method of desiccation, with some
applications to biological problems. Am. J. Physiol. -1909. - 24. - Ð.325
-340.
2. Flosdorf E.W. & Mudd S. Procedure and apparatus for preservation
in "lyophile" from of serum and other biological substance // J. Immunol.
- 1935. - 29 (5). - Ð. 389-425.
3. GOST R ISO 13408-3 - 2011 Aseptic manufacturing of medical
products-Part 3 Lyophilization. Moscow. STANDARTINFORM. 2012.
P. 385 p.
4. Nezhuta A. A., Tokarik E. F., Samuylenko A. Ya., Bezgin V. M., Serbis
E. S. Theoretical and practical bases for freeze-drying biological
products.- Kursk: KGSHA. - 2002. - P.239.
5. GOST 24061-2012 The dry biological Preparations. Method
determining humidity.

Ïðåññ-ðåëèç/ Press-release

Ìîëî÷íàÿ ïðîäóêöèÿ èç Óäìóðòèè â ÑØÀ

Èç Óäìóðòñêîé Ðåñïóáëèêè íà ýêñïîðò â ÑØÀ íàïðàâëåíî áîëåå 8 òîíí ìîëî÷íîé ïðîäóêöèè
25 ÿíâàðÿ 2021 ãîäà Óïðàâëåíèå Ðîññåëüõîçíàäçîðà ïî Êèðîâñêîé îáëàñòè è Óäìóðòñêîé Ðåñïóáëèêå ïðîèíñïåêòè-

ðîâàëî îòïðàâêó íà ýêñïîðò â ÑØÀ ïåðâîé ïàðòèè ìîëî÷íîé ïðîäóêöèè (8,4 ò) èç Óäìóðòèè.
Íà ýêñïîðò îòïðàâëåíà ìîëî÷íàÿ ïðîäóêöèÿ íåñêîëüêèõ íàèìåíîâàíèé (ñëèâêè ïèòüåâûå, ìîëîêî ïèòüåâîå öåëüíîå,

ìîëîêî ïèòüåâîå òîïëåíîå è ïð.).
Ïîäêîíòðîëüíûå òîâàðû ïðèçíàíû áåçîïàñíûìè â âåòåðèíàðíî-ñàíèòàðíîì îòíîøåíèè, ñîîòâåòñòâóþò òðåáîâàíè-

ÿì ñòðàíû-èìïîðòåðà. Êà÷åñòâî è áåçîïàñíîñòü ìîëî÷íûõ èçäåëèé ïîäòâåðæäåíû èññëåäîâàíèÿìè ïîäâåäîìñòâåííîãî
Ñëóæáå ÔÃÁÓ "Òàòàðñêàÿ ìåæðåãèîíàëüíàÿ âåòåðèíàðíàÿ ëàáîðàòîðèÿ" (ãîðîä Êàçàíü).

Ðàçðåøåíèå íà âûâîç âûäàíî Ðîññåëüõîçíàäçîðîì â àâòîìàòèçèðîâàííîé èíôîðìàöèîííîé ñèñòåìå "Àðãóñ".

Ïî ìàòåðèàëàì Ðîññåëüõîçíàäçîðà



 Æóðíàë "Âåòåðèíàðèÿ è êîðìëåíèå" # 1-2021

   52

 Journal "Veterinaria i kormlenie"

DOI CrossRef:10.30917/ATT-VK-1814-9588-2021-1-15
 ÓÄÊ 619:616.636:636.8

Âèðóñ èììóíîäåôèöèòà êîøêè:
õàðàêòåðèñòèêà è  ðîëü â ïàòîëîãèè

Ôåäîðîâ Þ.Í., ÷ëåí-êîððåñïîíäåíò ÐÀÍ, äîêòîð
áèîëîãè÷åñêèõ íàóê, ïðîôåññîð, ãëàâíûé íàó÷íûé
ñîòðóäíèê îòäåëà èììóíîëîãèè
Êëþêèíà Â.È., äîêòîð áèîëîãè÷åñêèõ íàóê, ïðîôåññîð,
çàâåäóþùàÿ îòäåëîì èììóíîëîãèè
Áîãîìîëîâà Î.À., êàíäèäàò áèîëîãè÷åñêèõ íàóê, ñòàðøèé
íàó÷íûé ñîòðóäíèê îòäåëà èììóíîëîãèè
Ðîìàíåíêî Ì.Í., êàíäèäàò áèîëîãè÷åñêèõ íàóê, ñòàðøèé
íàó÷íûé ñîòðóäíèê îòäåëà èììóíîëîãèè
Öàðüêîâà Ê.Í., íàó÷íûé ñîòðóäíèê îòäåëà èììóíîëîãèè
ÔÃÁÍÓ "Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé è
òåõíîëîãè÷åñêèé èíñòèòóò áèîëîãè÷åñêîé
ïðîìûøëåííîñòè" (ÔÃÁÍÓ ÂÍÈÒÈÁÏ), Ìîñêîâñêàÿ
îáë/, Ùåëêîâñêèé ð-í, ï. Áèîêîìáèíàòà, fun181@mail.ru

Êëþ÷åâûå ñëîâà: âèðóñ èììóíîäåôèöèòà, êîøêè,
ñòðóêòóðà, ýïèäåìèîëîãèÿ, ïàòîëîãèÿ, êëèíè÷åñêîå ïðîÿâ-
ëåíèå, ïàòîãåíåç, èììóíèòåò, äèàãíîñòèêà, òåðàïèÿ, èììó-
íîïðîôèëàêòèêà

Ðåçþìå. Îáçîð îïèñûâàåò ñòðóêòóðó è áèîëîãèþ âèðó-
ñà èììóíîäåôèöèòà êîøêè, ýïèäåìèîëîãèþ, êëèíè÷åñêîå
ïðîÿâëåíèå, èììóíîëîãè÷åñêóþ è èììóíîãåíåòè÷åñêóþ
õàðàêòåðèñòèêó ïàòîãåíåçà, ïðèíöèïû äèàãíîñòèêè òåðà-
ïèè è ïðîôèëàêòèêè. Ýòî êðàòêèé îáçîð ñîâðåìåííûõ çíà-
íèé îá ýòîì âèðóñå. Âèðóñ èììóíîäåôèöèòà êîøêè ÿâëÿåò-
ñÿ ðåòðîâèðóñîì ðîäà Lentivirus, ñåìåéñòâà Retroviridae,
âïåðâûå âûäåëåí â Êàëèôîðíèè (ÑØÀ) â êîëîíèè äîìàø-
íèõ êîøåê â 1986 ãîäó. Ïî ñòðóêòóðå, æèçíåííîìó öèêëó è
ïàòîãåíåçó áëèçîê ê âèðóñó èììóíîäåôèöèòà ÷åëîâåêà,
èíôèöèðóåò ïðåäñòàâèòåëåé ñåìåéñòâà Felidae è ÿâëÿåòñÿ
âàæíûì âèðóñíûì ïàòîãåíîì äëÿ äîìàøíèõ êîøåê âî âñåì
ìèðå. Âàæíî îòìåòèòü, ÷òî ÷åëîâåê íå ÷óâñòâèòåëåí ê
âèðóñó èììóíîäåôèöèòà êîøêè. Îí øèðîêî èçó÷àåòñÿ êàê
âàæíûé âåòåðèíàðíûé ïàòîãåí è êàê áèîëîãè÷åñêàÿ ìîäåëü
äëÿ HIV/AIDS. Ãëàâíûìè ìèøåíÿìè âèðóñà èììóíîäåôè-
öèòà êîøêè ÿâëÿþòñÿ àêòèâèðîâàííûå CD4+T-ëèìôîöè-
òû. Âèðóñ èììóíîäåôèöèòà êîøêè ÿâëÿåòñÿ ïðè÷èíîé áî-
ëåçíåé èììóííîé ñèñòåìû ó êîøåê, âûçûâàåò èñòîùåíèå
CD4+ ïîïóëÿöèè Ò-ëèìôîöèòîâ, ïîâûøàåò ÷óâñòâèòåëü-
íîñòü ê îïïîðòóíèñòè÷åñêèì èíôåêöèÿì. Îí èìååò 7 ãåíå-
òè÷åñêè ðàçëè÷íûõ ñóáòèïîâ (A,B,C,D,E,F,U-Nzenv), ðàñ-
ïðîñòðàíåíèå êîòîðûõ çàâèñèò îò ãåîãðàôè÷åñêèõ çîí.
Ïåðåäà÷à âèðóñà ïðîèñõîäèò ïðåèìóùåñòâåííî ïàðåíòå-
ðàëüíî ÷åðåç óêóñû ñî ñëþíîé  ïðè äðàêàõ êîøåê. Áîëüøèí-
ñòâî êëèíè÷åñêèõ ïðèçíàêîâ íå âûçûâàþòñÿ íåïîñðåäñòâåí-
íî âèðóñîì, à ÿâëÿþòñÿ ðåçóëüòàòîì âòîðè÷íûõ èíôåêöèé.
Âèðóñ âûçûâàåò èììóíîäåïðåññèþ èëè èììóíîñòèìóëÿ-
öèþ. Îäíèì èç íàèáîëåå ïðåçåíòèðóþùèõ êëèíè÷åñêèõ

Feline Immunodeficiency Virus:
characteristics and role in pathology
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Romanenko M.N., Tsarykova K.N.
All-Russian Research and Technological Institute of the
Biological Industry, Moscow Province, Shchelkovskij
Region, pos. Biokombinata

Key words: immmunodeficiency virus, structure, cat,
pathology, diagnosis, immune system, immunity,
immunoassay, immunodeficiencies, immunogenetics,
therapy, immunoprophylactic

Abstract. The review describes structure and biology feline
immunodeficiency virus, epidemiology, clinical manifistation,
immunological and immunogenetic characteristics of the
pathogenesis, principles of diagnosis, treatment and prophylactic.
This is a brief overview of the current state of knowledge of this
virus. The feline immunodefficiency virus (FIV) is a retrovirus
of the Lentivirus genus  (Family Retroviridae) was initially
isolated from colony of domestic cats in California (USA) in
1986 and has now been recognized as a common feline pathogen
worldwide. FIV closely related to HIV, which infect members
of Felidae family and it is an importmant viral pathogen worldwide
in the domestic cats. FIV these reasons has been studied widely
as both an important veterinary pathogen and an animal model
for HIV/AIDS. However, it is important to emphasise that
humans are not susceptible to FIV infection. The main cellular
target for FIV is the CD4+ T cell. FIV causes an immune system
disease in domestic cats involving depletion of the CD4+
population of T lymphocytes, increased susceptibility to
opportunistic infections, and sometimes death. Seven genetically
distinct subtypes has been defined (A,B,C,D,E,F,U-Nzenv).The
seroprevalence of feline immunodeficiency virus infection of
cats varies markedly between geographic regions. Transmission
of FIV is principally by parenteral inoculation of the virus in
blood and saliva, presuamably via biting during fighting. Most
clinical signs are not directly caused by FIV, clinical signs will
be the result of a secondary infection. The virus itself is
responsible for immunodeficiency or immune stimulation.
Chronic gingivostomatitis one of the most common presenting
signs in FIV-infected cats. Methods of diagnosis are included
virus isolation (not used routinely), polymerase chain reaction
with sensitive and specificities ranging from 40-100%. These
techniques result in relatively high numbers of false-positive
and false-negative results. Routinely, FIV-infection is diagnosed
by detecting antibodies using ELISA and immunochro-matography
methods. Western blot analysis is considered the "gold standart"
for FIV serology to confirm questionable results. The most
common drugs used for treatment of FIV-infection: reverse
transcriptase inhibitors drugs, that ingibit firal ensymes, such as
DNA or RNA polymerases, integrase ingibitors, protease
ingibitors; and interferons.  Development of an effective vaccine
against FIV is difficult because of the high number and variations
of the virus strains. Vaccines that only protect against a single
virus variant, have already demonstrated a good efficacy against
homologous FIV strains. This review summaries pertinent findings
about FIV from work published in a variety research journals.
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ïðèçíàêîâ ó âèðóñ-èíôèöèðîâàííûõ êîøåê ÿâëÿåòñÿ ãèí-
ãèâîñòîìàòèò. Ìåòîäû äèàãíîñòèêè èíôåêöèè âêëþ÷àþò
âûäåëåíèå âèðóñà, ÏÖÐ ñ ÷óâñòâèòåëüíîñòüþ è ñïåöèôè÷-
íîñòüþ îò 40 äî 100%. Ðóòèííî âèðóñíàÿ èíôåêöèÿ äèàãíî-
ñòèðóåòñÿ íà îñíîâàíèè îïðåäåëåíèÿ ñïåöèôè÷åñêèõ àíòè-
òåë ñ èñïîëüçîâàíèåì ÈÔÀ- è ÈÕÀ-òåñòîâ. Âåñòåðí áëîò
ðàññìàòðèâàåòñÿ êàê "çîëîòîé ñòàíäàðò" â ñåðîëîãè÷åñêèõ
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èññëåäîâàíèÿõ äëÿ ïîäòâåðæäåíèÿ ñïîðíûõ ðåçóëüòàòîâ
äèàãíîñòè÷åñêèõ èññëåäîâàíèé. Íàèáîëåå ðàñïðîñòðàíåí-
íûìè ëåêàðñòâåííûìè ñðåäñòâàìè äëÿ òåðàïèè âèðóñíîé
èíôåêöèè ÿâëÿþòñÿ èíãèáèòîðû îáðàòíîé òðàíñêðèïòàçû,
èíòåãðàçû, ïðîòåàçû è èíòåðôåðîíû. Ïîëó÷åíèå ýôôåêòèâ-
íûõ âàêöèí ïðîòèâ èíôåêöèè, âûçûâàåìîé âèðóñîì èììó-
íîäåôèöèòà êîøêè, çàòðóäíåíî, èç-çà áîëüøîãî ÷èñëà è
âàðèàíòîâ øòàììîâ âèðóñà. Âàêöèíû çàùèùàþò òîëüêî ïðî-
òèâ îäíîãî âàðèàíòà âèðóñà è ïîêàçûâàþò õîðîøóþ ýôôåê-
òèâíîñòü ïðîòèâ ãîìîëîãè÷íûõ øòàììîâ. Îáçîð îáîáùàåò
ñîîòâåòñòâóþùèå äàííûå î âèðóñå èììóíîäåôèöèòà êîøêè
èç ðàáîò, îïóáëèêîâàííûõ â ðàçëè÷íûõ íàó÷íûõ æóðíàëàõ.

Ââåäåíèå
Â íàñòîÿùåå âðåìÿ îòìå÷àåòñÿ çíà÷èòåëüíîå óâåëè÷å-

íèå ïîïóëÿöèè êîøåê (èõ ÷èñëî ïðåâûñèëî êîëè÷åñòâî
ñîáàê) è ðîñò èíôåêöèîííûõ áîëåçíåé. Ýòè îáñòîÿòåëüñòâà
ñòèìóëèðîâàëè óñèëèÿ âåòåðèíàðíûõ èììóíîëîãîâ ê ðàñ-
øèðåíèþ ôóíäàìåíòàëüíûõ è ïðèêëàäíûõ èññëåäîâàíèé,
íàïðàâëåííûõ íà èçó÷åíèå èììóííîé ñèñòåìû êîøêè, ïà-
òîãåíåçà èììóíîîïîñðåäîâàííûõ áîëåçíåé, èììóííûõ ðå-
àêöèé, äèàãíîñòèêó ðàçëè÷íûõ áîëåçíåé, ðàçðàáîòêó è ñî-
âåðøåíñòâîâàíèå âàêöèííûõ ïðåïàðàòîâ. Ñ ôóíäàìåíòàëü-
íîé òî÷êè çðåíèÿ êîøêè ïðåäñòàâëÿþò èíòåðåñ êàê áèîëî-
ãè÷åñêàÿ ìîäåëü äëÿ èçó÷åíèÿ ðàçëè÷íûõ áîëåçíåé ÷åëîâå-
êà. Ïîâûøåíèþ èíòåðåñà ê èçó÷åíèþ èììóíîëîãèè êîøêè
ïîñëóæèëè äâà ñîáûòèÿ: îòêðûòèå âèðóñà ëåéêåìèè êîøêè
â Øîòëàíäèè ãðóïïîé ó÷åíûõ [1] è âûäåëåíèå âèðóñà
èììóíîäåôèöèòà êîøêè â Êàëèôîðíèè â 1986 ãîäó â êîëî-
íèè êîøåê ñ âûñîêîé ñòåïåíüþ îïïîðòóíèñòè÷åñêèõ èí-
ôåêöèé è äåãåíåðàòèâíûõ ïîðàæåíèé, êîòîðûé áûë íàçâàí
Ò-ëèìôîòðîïíûì âèðóñîì êîøêè [2].

Îòêðûòèå âèðóñà èììóíîäåôèöèòà êîøêè ïðèâëåêëî
áîëüøîé èíòåðåñ ìíîãèõ ãðóïï âèðóñîëîãîâ è èììóíîëî-
ãîâ äëÿ ïðîâåäåíèÿ ôóíäàìåíòàëüíûõ íàó÷íûõ èññëåäîâà-
íèé, ïîñêîëüêó áûëî óñòàíîâëåíî, ÷òî îí ÿâëÿåòñÿ âàæíîé
áèîëîãè÷åñêîé ìîäåëüþ äëÿ èçó÷åíèÿ âèðóñà èììóíîäå-
ôèöèòà ÷åëîâåêà è âèðóñà  ïðèîáðåòåííîãî èììóíîäåôè-
öèòà ÷åëîâåêà, ïîñêîëüêó î÷åíü áëèçîê ïî ñòðóêòóðå, æèç-
íåííîìó öèêëó è ïàòîãåíåçó, îáà âèðóñà ðàçìíîæàþòñÿ â Ò-
ëèìôîöèòàõ, ìàêðîôàãàõ è êëåòêàõ íåðâíîé ñèñòåìû. Âàæ-
íî ïîä÷åðêíóòü, ÷òî ÷åëîâåê íå ÷óâñòâèòåëåí ê âèðóñó
èììóíîäåôèöèòà êîøêè, êîòîðûé èíôèöèðóåò òîëüêî ïðåä-
ñòàâèòåëåé ñåìåéñòâà Felidae. Ýêñïåðèìåíòàëüíî èíôèöè-
ðîâàííûå êîøêè â òåðìèíàëüíîé ñòàäèè ïðîÿâëÿþò âûðà-
æåííóþ èììóíîñóïðåññèþ, êîòîðàÿ ïðîãðåññèðóåò äî ðàç-
âèòèÿ ñèíäðîìà ïðèîáðåòåííîãî èììóíîäåôèöèòà [3,4,5].

Ñòðóêòóðà è áèîëîãèÿ âèðóñà. Âèðóñ èììóíîäåôè-
öèòà êîøêè ÿâëÿåòñÿ ÐÍÊ âèðóñîì èç ðîäà Lentivirus, â
ñåìåéñòâå Retroviridae. Çíàíèå ðåòðîâèðóñíîé ñòðóêòóðû è
ðåïëèêàöèè âèðóñà íåîáõîäèìî äëÿ ïîíèìàíèÿ ñòðàòåãèè
äèàãíîñòèêè, òåðàïèè è ïðîôèëàêòèêè èíôåêöèè, âûçûâà-
åìîé âèðóñîì èììóíîäåôèöèòà êîøêè. Ïîäîáíî äðóãèì
ðåòðîâèðóñàì, îí èìååò òðåõñëîéíóþ ñòðóêòóðó, äèàìåòð
âèðèîíà - îò 80 äî 100 íì. Ãåíîì âèðóñà äèïëîèäíûé, èìååò
òèïè÷íóþ ñòðóêòóðó ãåíîìà ðåòðîâèðóñîâ è ãëèêîïðîòåèä-
íóþ îáîëî÷êó.  Â ñòðóêòóðå âèðóñà èììóíîäåôèöèòà êîø-
êè èìååòñÿ òðè ãëàâíûõ ãåíà: gag-ãåí, êîäèðóþùèé êàïñèä-
íûé áåëîê ð24, êîòîðûé ÿâëÿåòñÿ âàæíûì äëÿ äèàãíîñòèêè
èíôåêöèè. Äðóãîé, pol-ãåí, êîäèðóåò ïðîòåàçó, èíòåãðàçó è
áåëêè îáðàòíîé òðàíñêðèïòàçû, îïðåäåëÿþùèå âèðóëåíò-
íîñòü âèðóñà. Îáà ãåíà îòíîñèòåëüíî êîíñåðâàòèâíû ïî
îòíîøåíèþ ê ðàçëè÷íûì øòàììàì. Ãåí env êîäèðóåò âè-
ðóñíûé ãëèêîïðîòåèí (gp120) è òðàíñìåìáðàííûé áåëîê
(gp41), êîòîðûå ÿâëÿþòñÿ ãëàâíûìè äåòåðìèíàíòàìè ðàç-
ëè÷èé ìåæäó èçîëÿòàìè. Âèðóñ èììóíîäåôèöèòà êîøåê
èìååò ïÿòü ãëàâíûõ ãåíåòè÷åñêè ðàçëè÷íûõ ñóáòèïîâ, îáî-
çíà÷àåìûõ îò À äî Å ñî çíà÷èòåëüíûìè (äî 26%) îòëè÷èÿìè
íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé, êîäèðóþùèõ âèðóñ-
íóþ îáîëî÷êó (env-ãåí) èëè ïîëèìåðàçó (pol-ãåí). Äîïîë-
íèòåëüíî íîâûå ñóáòèïû (ñóáòèï F è U-NZenv) îïèñàíû â
Òåõàñå, Íîâîé Çåëàíäèè è Ïîðòóãàëèè [6-10].

Áîëüøèíñòâî èç èäåíòèôèöèðîâàííûõ âèðóñîâ èììó-
íîäåôèöèòà êîøêè ïðèíàäëåæàò ê ñóáòèïàì À èëè Â, èìå-

åòñÿ îïðåäåëåííàÿ ãåîãðàôè÷åñêàÿ ïðèóðî÷åííîñòü ñóáòè-
ïîâ, ÷òî èìååò âàæíîå çíà÷åíèå äëÿ ÏÖÐ-äèàãíîñòèêè.
Íàïðèìåð, â Àíãëèè îáíàðóæåí òîëüêî ñóáòèï À, êîòîðûé
ÿâëÿåòñÿ äîìèíàíòíûì â Àâñòðàëèè è â äðóãèõ ñòðàíàõ, íî
ïðè ýòîì ïðèñóòñòâóþò è äðóãèå ñóáòèïû (Øâåéöàðèÿ,
Àâñòðàëèÿ, çàïàäíàÿ ÷àñòü ÑØÀ, ñåâåðíàÿ ÷àñòü ßïîíèè,
ñåâåðíàÿ ÷àñòü Ãåðìàíèè, Þæíàÿ Àôðèêà), âïåðâûå ýòîò
òèï îïèñàí â êîíòèíåíòàëüíîé Àçèè. Âèðóñ Â-ñóáòèïà
øèðîêî ðàñïðîñòðàíåí â ìèðå, íî íàèáîëüøóþ ïðèóðî÷åí-
íîñòü   èìååò â âîñòî÷íîé ÷àñòè ßïîíèè, Èòàëèè, Ïîðòóãà-
ëèè è ñåâåðíîé ÷àñòè ÑØÀ, â òî âðåìÿ êàê ñóáòèï Ñ âèðóñà
èäåíòèôèöèðîâàí â Åâðîïå, Àôðèêå, Êàíàäå è Àðãåíòèíå.
Ñîîáùåíèÿ î âûäåëåíèè âèðóñà ñóáòèïà Ä îòíîñÿòñÿ ê
ßïîíèè [6], ñóáòèï Å ïîñòîÿííî èäåíòèôèöèðóåòñÿ òîëüêî
â Àðãåíòèíå [7], è êàê ïðåâàëåíòíûé ñóáòèï â Áðàçèëèè
[11]. Â Þæíîé Àìåðèêå îáíàðóæèâàþòñÿ òîëüêî ñóáòèïû
Â è Å âèðóñîâ. Ñóáòèï F îïèñàí òîëüêî â Ïîðòóãàëèè è
ÑØÀ, à U-Nzenv-ñóáòèï òîëüêî â Íîâîé Çåëàíäèè [12,13].

Çíàíèå ïðåâàëåíòíîñòè è âàðèàáåëüíîñòè âèðóñà ÿâëÿ-
åòñÿ âàæíûì äëÿ êîíñòðóèðîâàíèÿ è îöåíêè ýôôåêòèâíîñ-
òè âàêöèí â ïîëåâûõ óñëîâèÿõ. Êðîìå òîãî, èäåíòèôèêàöèÿ
öèðêóëèðóþùèõ ñóáòèïîâ ÿâëÿåòñÿ ñóùåñòâåííîé äëÿ ðàç-
ðàáîòêè ñòðàòåãèè ìîëåêóëÿðíîé äèàãíîñòèêè, ïîñêîëüêó
âûñîêîå ãåíåòè÷åñêîå ðàçíîîáðàçèå ýòîãî âèðóñà ïðèâîäèò
ê ëîæíî îòðèöàòåëüíîìó äèàãíîçó ïðè èñïîëüçîâàíèè â
äèàãíîñòè÷åñêîé òåñò-ñèñòåìå ñ èñïîëüçîâàíèåì íåñîîò-
âåòñòâåííîãî ïðàéìåðà. Âèðóñ íå óñòîé÷èâ âî âíåøíåé
ñðåäå è ÷óâñòâèòåëåí ê ðàçëè÷íûì äåçèíôåêòàíòàì.

Ýïèäåìèîëîãèÿ. Íåñìîòðÿ íà òî, ÷òî âûäåëåíèå âèðó-
ñà îòíîñèòñÿ ê 1986 ãîäó, à ïåðâûå ñîîáùåíèÿ ê 1987 ãîäó,
ðåòðîñïåêòèâíûå ñåðîëîãè÷åñêèå èññëåäîâàíèÿ ïîêàçàëè,
÷òî âèðóñ èììóíîäåôèöèòà êîøêè ÿâëÿåòñÿ ýíäåìèêîì â
ïîïóëÿöèè êîøåê âî âñåì ìèðå â òå÷åíèå ìíîãèõ ïðåäøå-
ñòâóþùèõ ëåò, ïðè÷åì âàðèàáåëüíîñòü â ðàçëè÷íûõ ðåãèî-
íàõ îòëè÷àåòñÿ ñ îöåíêîé îò 1 äî 14% ó êîøåê, íå èìåþùèõ
êëèíè÷åñêîãî ïðîÿâëåíèÿ è äî 44% ó áîëüíûõ êîøåê [14].
Áîëüíûå âçðîñëûå êîøêè, êîòû è ñâîáîäíî-áðîäÿùèå êîø-
êè ñ íàèáîëüøåé âåðîÿòíîñòüþ ìîãóò áûòü èñòî÷íèêîì
èíôåêöèè [15]. Ãëàâíûé ïóòü åñòåñòâåííîé ïåðåäà÷è âèðó-
ñà ïðîèñõîäèò ïðè óêóñàõ ÷åðåç ñëþíó âî âðåìÿ äðàêè [16].
Êîòû áîëåå ÷àñòî èíôèöèðóþòñÿ, ÷åì êîøêè, ñòåïåíü ðàñ-
ïðîñòðàíåíèÿ ó êîøåê âàðüèðóåò ãåîãðàôè÷åñêè îò 2% äî
30% [17]. Âåðòèêàëüíàÿ ïåðåäà÷à âèðóñà è ïåðåäà÷à åãî
ìåæäó êîøêàìè â ñòàáèëüíûõ ïèòîìíèêàõ îòíîñèòåëüíî
ðåäêî èìåþò ìåñòî. Âîçíèêíîâåíèå åñòåñòâåííîé èíôåê-
öèè àññîöèèðóåòñÿ ñ óêóñàìè ïåðñèñòåíòíî èíôèöèðîâàí-
íûõ êîøåê, ïðåèìóùåñòâåííî ÷åðåç èíîêóëÿöèþ âèðóñà
èëè ÷åðåç âèðóñ-èíôèöèðîâàííûå êëåòêè ñëþíû. Ïåðåäà÷à
âèðóñà îò ìàòåðè êîòÿòàì ìîæåò èìåòü ìåñòî ïðåíàòàëüíî
è ïîñòíàòàëüíî, íî ïðè ýòîì òîëüêî ÷àñòü ïîòîìñòâà ñòàíî-
âèòñÿ ïåðñèñòåíòíî èíôèöèðîâàííûìè, ÷òî çàâèñèò îò âè-
ðóñíîé íàãðóçêè ìàòåðè â òå÷åíèå áåðåìåííîñòè è ðîäîâ. Â
åñòåñòâåííûõ óñëîâèÿõ íå çàðåãèñòðèðîâàíû íè îðîíà-
çàëüíûé, íè âåíåðàëüíûé ïóòè ðàñïðîñòðàíåíèÿ, â ýêñïå-
ðèìåíòàëüíûõ óñëîâèÿõ êîøêè ìîãóò èíôèöèðîâàòüñÿ èíî-
êóëÿöèåé âèðóñà â íîñîâóþ è ðîòîâóþ ïîëîñòè, âàãèíó,
ïðÿìóþ êèøêó, è âèðóñ ìîæåò áûòü âûäåëåí èç ñïåðìû
ïîñëå åñòåñòâåííîé è ýêñïåðèìåíòàëüíîé èíôåêöèè.  Êîø-
êè ìîãóò èíôèöèðîâàòüñÿ âî âðåìÿ ñïàðèâàíèÿ ïðè óêóñàõ
èíôèöèðîâàííûì êîòîì [18].

Ïàòîãåíåç. Âèðóñ øèðîêî ðàñïðîñòðàíåí â ìèðå â
ïîïóëÿöèè äîìàøíèõ êîøåê, ÿâëÿåòñÿ Ò-ëèìôîòðîïíûì,
âûçûâàåò ïðîãðåññèâíóþ äåãåíåðàöèþ èììóííûõ ôóíê-
öèé, îáóñëîâëèâàÿ âòîðè÷íî âîçíèêíîâåíèå çàáîëåâàíèé
ïðè÷èíîé êîòîðûõ ÿâëÿþòñÿ îïïîðòóíèñòè÷åñêèå ïàòîãå-
íû âèðóñíîãî, áàêòåðèàëüíîãî, ïðîòîçîéíîãî è ãðèáêîâîãî
ïðîèñõîæäåíèÿ. Ãëàâíûìè ìèøåíÿìè âèðóñà èììóíîäå-
ôèöèòà êîøêè ÿâëÿþòñÿ àêòèâèðîâàííûå CD4+ T- ëèìôî-
öèòû, êîòîðûå ôóíêöèîíèðóþò êàê òèïè÷íûå Ò-õåëïåðû,
èãðàþùèå öåíòðàëüíóþ ðîëü â îñóùåñòâëåíèè èììóííûõ
ôóíêöèé, îòâåòñòâåííûõ çà ðàçâèòèå ãóìîðàëüíîãî è êëå-
òî÷íîãî èììóíèòåòà.

Òàêæå âèðóñ èíôèöèðóåò ïåðèòîíåàëüíûå ìàêðîôàãè,
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äðóãèìè êëåòêàìè-ìèøåíÿìè ÿâëÿþòñÿ äåíäðèòíûå êëåò-
êè, àñòðîöèòû ìîçãà, ìèêðîãëèàëüíûå êëåòêè, ìåãàêàðèî-
öèòû è ìîíîíóêëåàðíûå êëåòêè êîñòíîãî ìîçãà. Âèðóñ
âûçûâàåò ïðîãðåññèâíîå íàðóøåíèå êëåòî÷íîãî èììóíè-
òåòà çà ñ÷åò èñòîùåíèÿ ÑD4 ïîïóëÿöèè Ò-ëèìôîöèòîâ, ïðè
ýòîì ìåõàíèçìû ãóìîðàëüíîãî èììóíèòåòà êàæóòñÿ íîð-
ìàëüíûìè èëè äàæå ãèïåðñòèìóëèðîâàíû. Ñîîòíîøåíèå
ÑD4+(õåëïåðû) ê ÑD8+ (öèòîòîêñè÷åñêèå) - ëèìôîöèòàì
íîðìàëüíîå è ñîñòàâëÿåò 1,7:1 çà ñ÷åò ïðîãðåññèâíîãî ñíè-
æåíèÿ êîëè÷åñòâà ÑD4+Ò-ëèìôîöèòîâ. Äðóãèå èììóíîëî-
ãè÷åñêèå íàðóøåíèÿ, ñâÿçàííûå ñ èíôåêöèåé, âêëþ÷àþò:
óãíåòåíèå áëàñòîãåíåçà ëèìôîöèòîâ â îòâåò íà Ò- è Â-
êëåòî÷íûå ìèòîãåíû, ñíèæåíèå àíòèòåëüíîãî îòâåòà íà Ò-
çàâèñèìûå êëåòî÷íûå èììóíîãåíû è ñïîñîáíîñòè ïðîäó-
öèðîâàòü è îòâå÷àòü íà èíòåðëåéêèí-2.

Ïàòîãåíåç FIV-èíôåêöèè îòðàæàåò âçàèìîäåéñòâèå
áîëüøîãî ÷èñëà ôàêòîðîâ, âêëþ÷àÿ âîçðàñò æèâîòíîãî è
âðåìÿ èíôèöèðîâàíèÿ, ñâîéñòâà âèðóñíîãî èçîëÿòà, êîëè-
÷åñòâî âèðóñà, èñïîëüçóåìîãî äëÿ èíôèöèðîâàíèÿ, ïóòü
èíôèöèðîâàíèÿ è èíîêóëÿò â ôîðìå ñâîáîäíîãî îò êëåòîê
èëè àññîöèèðîâàííûé ñ êëåòêàìè âèðóñ. Ïîñëå ýêñïåðè-
ìåíòàëüíîãî çàðàæåíèÿ âèðóñíûå ÷àñòèöû ïðîíèêàþò â
òêàíè, áîãàòûå ìàêðîôàãàìè è âèðóñíàÿ ðåïëèêàöèÿ çàòåì
ïðîèñõîäèò â êëåòêàõ-ìèøåíÿõ ëèìôîèäíûõ îðãàíîâ (òè-
ìóñ, ñåëåçåíêà, ëèìôàòè÷åñêèå óçëû) è äðóãèõ òêàíÿõ, áî-
ãàòûõ ëèìôîöèòàìè. Èñïîëüçóÿ ÏÖÐ èëè êóëüòóðó êëåòîê,
âèðóñ ëåãêî îáíàðóæèâàåòñÿ â ïëàçìå èëè â ëèìôîöèòàõ
ïåðèôåðè÷åñêîé êðîâè ÷åðåç äâå íåäåëè ïîñëå èíôèöèðî-
âàíèÿ è äàæå ðàíüøå ñ ïèêîì âèðåìèè â òå÷åíèå íåñêîëü-
êèõ íåäåëü ïîñëå èíôèöèðîâàíèÿ. Îáû÷íî ñïåöèôè÷åñêèå
àíòèòåëà, ïðåèìóùåñòâåííî ê êàïñèäíûì è òðàíñìåìáðàí-
íûì áåëêàì, ó ýêñïåðèìåíòàëüíî èíôèöèðîâàííûõ êîøåê
âïåðâûå îáíàðóæèâàþòñÿ ÷åðåç 2–4 íåäåëè ïîñëå çàðàæå-
íèÿ. Âèðóñ-íåéòðàëèçóþùèå àíòèòåëà íå äåéñòâóþò íà
êëåòêè è ïîýòîìó íå ýëèìèíèðóþò âèðóñ, èõ ðîëü â ñóïðåñ-
ñèè âèðåìèè îñòàåòñÿ íåÿñíîé [15,17,19].

Êëèíè÷åñêîå ïðîÿâëåíèå. Áîëüøèíñòâî êëèíè÷åñêèõ
ïðèçíàêîâ ó èíôèöèðîâàííûõ êîøåê íå ÿâëÿþòñÿ ïðÿìîé
ïðè÷èíîé, âûçûâàåìûõ ñàìèì âèðóñîì èììóíîäåôèöèòà, âî
ìíîãèõ ñëó÷àÿõ îíè ÿâëÿþòñÿ ðåçóëüòàòîì âòîðè÷íîé èíôåê-
öèè. Âèðóñ âûçûâàåò ôîðìèðîâàíèå èììóíîäåôèöèòà, è êîø-
êà ñòàíîâèòñÿ áîëåå ÷óâñòâèòåëüíîé ê âòîðè÷íûì èíôåêöèÿì
è íåîïëàçèè, à òàêæå âèðóñ âûçûâàåò èììóíîñòèìóëÿöèþ ñ
ðàçâèòèåì èììóíîçàâèñèìûõ áîëåçíåé è ìîæåò áûòü â ðÿäå
ñëó÷àåâ ïðè÷èíîé íåéðîëîãè÷åñêèõ áîëåçíåé.

Â ïåðâûå íåäåëè ïîñëå èíôèöèðîâàíèÿ êëèíè÷åñêèå
ïðèçíàêè ïðîÿâëÿþòñÿ â òå÷åíèå íåñêîëüêèõ äíåé èëè íå-
äåëü. Îíè âêëþ÷àþò ëèõîðàäêó, ëåòàðãèþ è ïåðèôåðè÷åñ-
êóþ ëèìôàäåíîïàòèþ, ãåìàòîëîãèÿ îáíàðóæèâàåò íåéòðî-
ïåíèþ. Èíôèöèðîâàííûå êîøêè îáû÷íî îñòàþòñÿ çäîðî-
âûìè äî ïðîáëåì, àññîöèèðîâàííûõ ñ ðàçâèòèåì èììóíî-
äåôèöèòà. Ýòîò ïåðèîä áåç ïðîÿâëåíèÿ êëèíè÷åñêèõ ïðè-
çíàêîâ ìîæåò ïðîäîëæàòüñÿ ãîäàìè â áîëüøèíñòâå ñëó÷àåâ
è íåêîòîðûå êîøêè íå ïðîÿâëÿþò êëèíè÷åñêèõ ïðèçíàêîâ,
âûçûâàåìûõ âèðóñîì [20,21]. Áîëåçíü ÷àñòî íå ïðîÿâëÿåò-
ñÿ äî êîíöà æèçíè, îáû÷íî äî 4-6-ëåòíåãî âîçðàñòà è ñòàð-
øå. Èììóíîäåôèöèòíîå ñîñòîÿíèå èëè èììóíîñòèìóëÿ-
öèÿ â áîëüøèíñòâå ñëó÷àåâ ïðîÿâëÿþòñÿ â ôîðìå õðîíè-
÷åñêèõ ãèíãèâèòîñòîìàòèòîâ, õðîíè÷åñêèõ ðèíèòîâ, ëèì-
ôàäåíîïàòèè, èììóíîñâÿçàííûìè ãëîìåðóëîíåôðèòàìè è
ïîòåðåé âåñà. Õðîíè÷åñêèé ãèíãèâîñòîìàòèò ÿâëÿåòñÿ îä-
íèì èç íàèáîëåå ÷àñòûõ ïðîÿâëÿþùèõñÿ ïðèçíàêîâ ó èíôè-
öèðîâàííûõ âèðóñîì êîøåê. Èìåþòñÿ ñîîáùåíèÿ î ìíîãèõ
âèðóñíûõ, áàêòåðèàëüíûõ, ãðèáêîâûõ è ïðîòîçîéíûõ èí-
ôåêöèÿõ ó êîøåê, èíôèöèðîâàííûõ âèðóñîì èììóíîäåôè-
öèòà. Èñõîä èíôåêöèè çàâèñèò îò áàëàíñà ìåæäó ðàçðóøå-
íèåì âèðóñîì èììóííîé ñèñòåìû è ñïîñîáíîñòüþ èììóí-
íîé ñèñòåìû ýëèìèíèðîâàòü âèðóñ, êîòîðûé èíôèöèðóåò
ðàçëè÷íûå òèïû êëåòîê â èõ îòíîøåíèè õîçÿèíà, âêëþ÷àÿ
CD4+- è CD8+- ëèìôîöèòû, Â-ëèìôîöèòû, êëåòêè íåéðî-
íàëüíîé ëèíèè è ìîíîöèòàðíî / ìàêðîôàãàëüíîé ëèíèè
[22]. Äåíäðèòíûå êëåòêè ýêñïðåññèðóþò ñïåöèôè÷åñêèå
âèðóñíûå ðåöåïòîðû è â âûñîêîé ñòåïåíè èíôèöèðóþòñÿ

âèðóñîì èììóíîäåôèöèòà êîøêè.
Ýêñïåðèìåíòàëüíàÿ FIV-èíôåêöèÿ ïðîòåêàåò â íåñêîëü-

êî ñòàäèé, ïîäîáíî HIV-1 ó ÷åëîâåêà. Êëèíè÷åñêèå ñòàäèè ó
êîøåê âêëþ÷àþò: îñòðóþ ôàçó, êëèíè÷åñêè áåññèìïòîìíóþ
ôàçó ðàçëè÷íîé ïðîäîëæèòåëüíîñòè è òåðìèíàëüíóþ ôàçó
èíôåêöèè, êîòîðóþ ÷àñòî àíîíñèðóþò êàê ïðèîáðåòåííûé
èììóíîäåôèöèò êîøêè. Ó èíôèöèðîâàííûõ êîøåê îïèñàí
áîëüøîå êîëè÷åñòâî êëèíèêî-ïàòîëîãè÷åñêèõ íàðóøåíèé,
íî íè îäíî íå ÿâëÿåòñÿ ñïåöèôè÷åñêèì [15,17,23,24,25].

Äèàãíîñòèêà. Ñîâðåìåííûå ìåòîäû, èñïîëüçóåìûå
äëÿ äèàãíîñòèêè èíôåêöèè, âûçûâàåìîé âèðóñîì èììóíî-
äåôèöèòà ó äîìàøíèõ êîøåê, âêëþ÷àþò èçîëÿöèþ âèðóñà,
èììóíîëîãè÷åñêèå òåñòû äëÿ âûÿâëåíèÿ ñïåöèôè÷åñêèõ
àíòèòåë è ìîëåêóëÿðíûå òåñòû ãåíîìà âèðóñà ñ ó÷åòîì
êëèíè÷åñêîãî äèàãíîçà. Ñðåäè ïðÿìûõ ìåòîäîâ äåòåêöèè
íàèáîëåå íàäåæíûì ìåòîäîì äèàãíîñòèêè ÿâëÿåòñÿ âûäå-
ëåíèå âèðóñà â êóëüòóðå ëèìôîöèòîâ. Ïðîöåäóðà ÿâëÿåòñÿ
òðóäîåìêîé è ðóòèííî íå èñïîëüçóåòñÿ. Ðóòèííûì òåñòîì
äëÿ îáíàðóæåíèÿ àíòèòåë, ðàñïîçíàþùèõ âèðóñíûå ñòðóê-
òóðíûå áåëêè (êàïñèäíûé áåëîê ð24 è ïåïòèä gp41) ÿâëÿ-
þòñÿ ÈÔÀ è èììóíîõðîìàòîãðàôè÷åñêèå (ÈÕÀ) ìåòîäû
[26,27]. Îäíàêî, êîãäà ðåçóëüòàòû ýòèõ òåñòîâ ÿâëÿþòñÿ
íåóáåäèòåëüíûìè, èñïîëüçóþòñÿ áîëåå ñïåöèôè÷åñêèå òå-
ñòû, òàêèå êàê Âåñòåðí-áëîò, êîòîðûé ðàññìàòðèâàåòñÿ êàê
"çîëîòîé ñòàíäàðò" äëÿ ñåðîëîãè÷åñêèõ èññëåäîâàíèé è
ïðèìåíÿåòñÿ äëÿ ïîäòâåðæäåíèÿ ñïîðíûõ ðåçóëüòàòîâ.
ÈÔÀ-òåñòû ïî îáíàðóæåíèþ ñïåöèôè÷åñêèõ àíòèòåë îñ-
íîâàíû íà ð24 è òðàíñìåìáðàííîì àíòèãåíàõ. Â ñðàâíåíèè
ñ ÈÕÀ-òåñòàìè, êîòîðûå âûÿâëÿþò òîëüêî àíòèòåëà ê êî-
ðîòêèì ïåïòèäàì, îòíîñÿùèìñÿ ê òðàíñìåìáðàííîìó áåë-
êó, â Âåñòåðí-áëîòå î÷èùåííûé âèðóñ ðàçäåëÿåòñÿ ãåëü-
ýëåêòðîôîðåçîì íà åãî ñîñòàâëÿþùèå áåëêè, ÷òî ïîçâîëÿåò
îïðåäåëÿòü àíòèòåëà ê êàæäîìó èíäèâèäóàëüíîìó áåëêó
âèðóñà. ÈÔÀ- è ÈÕÀ-òåñòû ïðèìåíÿþòñÿ â áîëüøèíñòâå
ñëó÷àåâ, íî èìåþò îãðàíè÷åíèÿ, ïîòîìó ÷òî èõ äèàãíîñòè-
÷åñêàÿ ñïåöèôè÷íîñòü ñîñòàâëÿåò ìåíåå 100% [15,28].

Ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ (ÏÖÐ) îñíîâàíà íà îá-
íàðóæåíèè ïðîâèðóñíîé ÄÍÊ. ÏÖÐ-òåñòû âàðèàáåëüíû â
âûïîëíåíèè è ìîãóò â íåêîòîðûõ ñëó÷àÿõ ïî ýôôåêòèâíî-
ñòè áûòü íèæå ñåðîëîãè÷åñêèõ òåñòîâ ñ ÷óâñòâèòåëüíîñòüþ
è ñïåöèôè÷íîñòüþ îò 40 äî 100% [29,30,31]. ÏÖÐ ìîæåò
äàâàòü íåäîñòîâåðíûå (ñîìíèòåëüíûå) ðåçóëüòàòû, èç-çà
âûñîêîé ãåíåòè÷åñêîé âàðèàáåëüíîñòè âèðóñà, èñïîëüçóÿ
ñïåöèôè÷åñêèé ïðàéìåð òîëüêî äëÿ îäíîãî ñóáòèïà, íèç-
êîé âèðóñíîé íàãðóçêè â òå÷åíèå äëèòåëüíîãî ïåðèîäà
èíôåêöèè è íåàäåêâàòíîãî ïðèãîòîâëåíèÿ ÏÖÐ-êîìïîíåí-
òîâ. ÏÖÐ ïîçâîëÿåò ýôôåêòèâíî âûÿâëÿòü ñóáòèï À âèðóñà,
íî øòàììû äðóãèõ ñóáòèïîâ âûÿâëÿåò áîëåå âàðèàáåëüíî.
Âàðèàáåëüíîñòüþ øòàììîâ ìîæíî îáúÿñíèòü íå ñîâïàäà-
þùèå ðåçóëüòàòû, êîãäà èäåíòè÷íûå îáðàçöû ïåðåäàþòñÿ
äëÿ èññëåäîâàíèÿ â ðàçëè÷íûå ëàáîðàòîðèè [32,33]. Òàêèå
ðåçóëüòàòû ìîãóò òàêæå èìåòü ìåñòî ïðè ñðàâíåíèè ðåçóëü-
òàòîâ ñåðîëîãè÷åñêèõ èññëåäîâàíèé ñ ðåçóëüòàòàìè ïðè
èñïîëüçîâàíèè ÏÖÐ (ñåðîïîëîæèòåëüíûå, ÏÖÐ-íåãàòèâ-
íûå), ÷òî ñâÿçàíî ñ ïðèñóòñòâèåì ñóáòèïà âèðóñà, êîòîðûé
â áîëüøåé ñòåïåíè íå ðàñïîçíàåòñÿ ìåòîäîì ÏÖÐ. Ýòîò
àñïåêò âàæåí â òåõ ñëó÷àÿõ, êîãäà êîøêà ìîæåò áûòü âàêöè-
íèðîâàíà ïðîòèâ âèðóñà èììóíîäåôèöèòà. Îäíàêî, íå ñî-
âïàäàþùèå ðåçóëüòàòû (ñåðîíåãàòèâíûå, ÏÖÐ-ïîëîæèòåëü-
íûå) ìîãóò òàêæå íàáëþäàòüñÿ ïðè èññëåäîâàíèè êîøåê,
íàõîäÿùèõñÿ â òåñíîì êîíòàêòå ñ âèðóñ-èíôèöèðîâàííû-
ìè ñåðîïîçèòèâíûìè êîøêàìè. Â ýòîì ñëó÷àå, ïðîâèðóñ
ìîæåò âûÿâëÿòüñÿ â ÏÖÐ áåç ðàçâèòèÿ îáíàðóæèâàåìîãî
óðîâíÿ ñûâîðîòî÷íûõ àíòèòåë èëè ïðîÿâëåíèÿ áîëåçíè
[34]. Ýòè êîøêè èíôèöèðóþòñÿ è â áîëüøèíñòâå ñëó÷àåâ
ñåðîêîíâåðñèÿ ó íèõ ðàçâèâàåòñÿ îò íåäåëè äî ìåñÿöåâ
ïîçäíåå.Â äèàãíîñòè÷åñêèõ èññëåäîâàíèÿõ c ïðèìåíåíèåì
êîììåð÷åñêèõ òåñò-ñèñòåì ðàçëè÷íîé íàïðàâëåííîñòè èñ-
ïîëüçóåòñÿ êðîâü è ñëþíà [35,36].

Îêîí÷àòåëüíûé äèàãíîç íàèáîëåå ÷àñòî îñíîâàí íà
äåòåêöèè ñïåöèôè÷åñêèõ àíòèòåë â êðîâè. Íåñìîòðÿ íà òî,
÷òî òåñòèðîâàíèå àíòèòåë ÿâëÿåòñÿ î÷åíü óäîáíûì è âûñî-
êî íàäåæíûì ìåòîäîì äèàãíîñòèêè â ðÿäå ñèòóàöèé ïðè



 Æóðíàë "Âåòåðèíàðèÿ è êîðìëåíèå" # 1-2021

   55

 Journal "Veterinaria i kormlenie"

óñòàíîâëåíèè îêîí÷àòåëüíîãî äèàãíîçà îíî íå ÿâëÿåòñÿ
îïðåäåëÿþùèì. Äèàãíîñòè÷åñêèå òåñòû, ïðèìåíÿåìûå â
íàñòîÿùåå âðåìÿ, íå ðàçëè÷àþò âàêöèíèðîâàííûõ êîøåê
îò èíôèöèðîâàííûõ èëè îò êîøåê, êîòîðûå âàêöèíèðîâà-
íû è èíôèöèðîâàíû [37]. Ïîëîæèòåëüíûå òåñòû íà àíòèòå-
ëà ó êîòÿò äî 6-ìåñÿ÷íîãî âîçðàñòà äîëæíû èíòåðïðåòèðî-
âàòüñÿ ñ ó÷åòîì ïîëó÷åííûõ ìàòåðèíñêèõ àíòèòåë.

ÀÁÑÄ (European Advisory Board on Cat Diseases) ðåêî-
ìåíäóåò, ÷òî êîøêè íå äîëæíû ïîäâåðãàòüñÿ ýôòàíàçèè èç-
çà ïîëîæèòåëüíûõ ðåçóëüòàòîâ âèðóñíîé èíôåêöèè. Èìå-
þòñÿ ñîîáùåíèÿ, ÷òî âèðóñ-èíôèöèðîâàííûå êîøêè ìîãóò
æèòü òàêæå äîëãî, êàê è íå èíôèöèðîâàííûå. Îäíàêî èíôè-
öèðîâàííûå êîøêè èìåþò âûñîêèé ðèñê âîçìîæíîñòè ðàç-
âèòèÿ êëèíè÷åñêèõ ïðèçíàêîâ ãëàâíûì îáðàçîì áëàãîäàðÿ
âòîðè÷íûì èíôåêöèÿì, èììóíîñâÿçàííûì áîëåçíÿì èëè
íåîïëàçèè [38,39,40].

Ñïåöèôè÷åñêàÿ ïðîôèëàêòèêà è òåðàïèÿ. Âàêöèíà-
öèÿ ïðîòèâ èíôåêöèè, âûçûâàåìîé âèðóñîì èììóíîäåôè-
öèòà ó êîøåê, ÿâëÿåòñÿ ïðåäìåòîì îáñóæäåíèÿ. Ñîçäàíèå
ýôôåêòèâíûõ âàêöèí ïðîòèâ âèðóñà èììóíîäåôèöèòà êîø-
êè ÿâëÿåòñÿ òðóäíîé çàäà÷åé, èç-çà áîëüøîãî ÷èñëà âàðèàí-
òîâ øòàììîâ âèðóñà. Âàêöèíû èç îäíîãî øòàììà äåìîíñò-
ðèðóþò ýôôåêòèâíóþ çàùèòó ïðîòèâ ãîìîëîãè÷íûõ âèðóñ-
íûõ øòàììîâ. Èíàêòèâèðîâàííûå âàêöèíû ïðèìåíÿþòñÿ â
ðÿäå ñòðàí, êîòîðûå èíäóöèðóþò áûñòðûé ãóìîðàëüíûé
îòâåò ñ îáðàçîâàíèåì àíòèòåë, êîòîðûå íåëüçÿ äèôôåðåí-
öèðîâàòü îò àíòèòåë, îáðàçîâàâøèõñÿ â ðåçóëüòàòå åñòå-
ñòâåííîé èíôåêöèè. Ýòî îáñòîÿòåëüñòâî ñîçäàåò òðóäíîñòè
â äèàãíîñòèêå, ïîñêîëüêó âàêöèíèðîâàííûå êîøêè ïîêà-
çûâàþò ïîëîæèòåëüíûå ðåçóëüòàòû â äèàãíîñòè÷åñêèõ òåñò-
ñèñòåìàõ. Ïðîáëåìíîé ÿâëÿåòñÿ âàêöèíàöèÿ êîøåê â ïî-
çäíåé ñòàäèè ðàçâèòèÿ èíôåêöèè, êîãäà ðàçâèâàåòñÿ èììó-
íîäåôèöèòíîå ñîñòîÿíèå. Â ýòîì ñëó÷àå èììóííàÿ ñòèìó-
ëÿöèÿ, âûçâàííàÿ âàêöèíàöèåé, ìîæåò ïðèâåñòè ê ïðîãðåñ-
ñèðîâàíèþ èíôåêöèè, ñòèìóëÿöèÿ èíôèöèðîâàííûõ ëèì-
ôîöèòîâ ïîâûøàåò ïðîäóêöèþ âèðóñà.   Ðåêîìåíäóåòñÿ
èñïîëüçîâàíèå èíàêòèâèðîâàííûõ âàêöèí, ïîñêîëüêó ó
èììóíîñóïðåññèâíûõ êîøåê æèâûå âàêöèíû ìîãóò ñîõðà-
íÿòü íåêîòîðûé ïàòîãåííûé ïîòåíöèàë âèðóñà è âûçûâàòü
êëèíè÷åñêóþ áîëåçíü.

Â íàñòîÿùåå âðåìÿ íåò ïðèãîäíûõ äëÿ ïðèìåíåíèÿ
êîììåð÷åñêèõ âàêöèí â Åâðîïå. Ýêñïåðèìåíòàëüíûå âàê-
öèíû, èíäóöèðóþùèå çàùèòó ïðîòèâ âèðóñ-èíôåêöèè ó
êîøåê ñ èñïîëüçîâàíèåì íåêîòîðûõ èììóíîãåíîâ, âêëþ÷à-
þò èíàêòèâèðîâàííûé âèðóñ èëè âàêöèíû íà îñíîâå èíàê-
òèâèðîâàííûõ èíôèöèðîâàííûõ êëåòîê, ñóáúåäèíè÷íûå,
ïåïòèäíûå è ðåêîìáèíàíòíûå âåêòîðíûå âàêöèíû è ÄÍÊ-
âàêöèíû [41]. Èç ýòèõ âàêöèí íàèáîëåå óñïåøíûìè ÿâëÿ-
þòñÿ öåëüíûå èíàêòèâèðîâàííûå âèðóñ-âàêöèíû, òàêàÿ
êîììåð÷åñêàÿ âàêöèíà ïðèìåíÿåòñÿ â âåòåðèíàðèè ÑØÀ ñ
2002 ãîäà è ñ 2004 ãîäà - â Àâñòðàëèè è Íîâîé Çåëàíäèè.
Îäíàêî, ýôôåêòèâíîñòü âàêöèí íå áûëà òåñòèðîâàíà ïðî-
òèâ ðÿäà Åâðîïåéñêèõ ïîëåâûõ èçîëÿòîâ [42]. Òàêæå èì-
ïîðòèðîâàííûå âàêöèíèðîâàííûå êîøêè ìîãóò áûòü íå
çàùèùåíû ïðîòèâ åñòåñòâåííîãî çàðàæåíèÿ åâðîïåéñêèìè
âèðóñíûìè èçîëÿòàìè.

ÀÂÑÄ íå ðåêîìåíäóåò ïðèìåíåíèå öåëüíûõ èíàêòèâè-
ðîâàííûõ âèðóñ-âàêöèí íå ïðèíàäëåæàùèõ Åâðîïå, êîòî-
ðûå ñîçäàþò ïðîáëåìû, êîòîðûå àññîöèèðóþòñÿ ñ ñåðîëî-
ãè÷åñêîé äèàãíîñòèêîé èíôåêöèè è íåäîñòàòêîì èõ î÷å-
âèäíîé ýôôåêòèâíîñòè ïðîòèâ Åâðîïåéñêèõ èçîëÿòîâ âè-
ðóñà èììóíîäåôèöèòà êîøêè (Guidelines on Feline Infectious
Diseases.  Feline Imminodeficiency Virus. 2008).

Â êà÷åñòâå ñðåäñòâ ïîääåðæèâàþùåé òåðàïèè íåêîòî-
ðûå êëèíèöèñòû ñîîáùàþò î ïîëüçå ïðèìåíåíèÿ êîðòèêî-
ñòåðîèäîâ è äðóãèõ èììóíîäåïðåññèâíûõ ïðåïàðàòîâ ó
âèðóñ-èíôèöèðîâàííûõ êîøåê ñ õðîíè÷åñêèìè ñòîìàòèòà-
ìè. Îäíàêî, èõ ïðèìåíåíèå îñòàåòñÿ äèñêóññèîííûì, èç-çà
ñòåïåíè ïîòåíöèàëüíîãî ïîáî÷íîãî äåéñòâèÿ. Êîëîíèå-
ñòèìóëèðóþùèé ôàêòîð â âèäå ðåêîìáèíàíòíîãî ïðîäóêòà
÷åëîâåêà (rHuG-CSF) èñïîëüçóåòñÿ ó âèðóñ-èíôèöèðîâàí-
íûõ êîøåê ñ ãëóáîêîé íåéòðîïåíèåé, íî ïðåïàðàò ìîæåò
ïîâûøàòü êîëè÷åñòâî íåéòðîôèëîâ ó èíôèöèðîâàííûõ êî-

øåê è âèðóñíóþ íàãðóçêó â ìîíîíóêëåàðíûõ êëåòêàõ êðîâè,
ýêñïðåññèþ âèðóñà èíôèöèðîâàííûìè êëåòêàìè [43]. Ýðèò-
ðîïîýòèí, êàê ðåêîìáèíàíòíûé ÷åëîâå÷åcêèé ïðîäóêò
((rHuEPO), áåçîïàñåí äëÿ ïðèìåíåíèÿ è ýôôåêòèâíî èñïîëü-
çóåòñÿ ó êîøåê ñ íåðåãåíåðàòèâíîé àíåìèåé. Ó âèðóñ-èíôè-
öèðîâàííûõ êîøåê, ïîëó÷àâøèõ ëå÷åíèå ÷åëîâå÷åñêèì ýðèò-
ðîïîýòèíîì (100ÌÅ/êã), íàáëþäàåòñÿ óâåëè÷åíèå êîëè÷å-
ñòâà ýðèòðîöèòîâ è ëåéêîöèòîâ áåç óâåëè÷åíèÿ âèðóñíîé
íàãðóçêè [44]. Èíñóëèí-ïîäîáíûé ðîñòîâîé ôàêòîð-1 (IGF),
êàê ðåêîìáèíàíòíûé ÷åëîâå÷åñêèé ïðîäóêò (rHuIGF-1), êðî-
ìå äðóãèõ äåéñòâèé, âûçûâàåò çíà÷èòåëüíîå óâåëè÷åíèå
òèìóñà è ñòèìóëèðóåò Ò-êëåòî÷íóþ ôóíêöèþ [45].

Â ÑØÀ ëèöåíçèðîâàí ëèìôîöèòàðíûé Ò-êëåòî÷íûé
èììóíîìîäóëÿòîð äëÿ ëå÷åíèÿ êîøåê, èíôèöèðîâàííûõ
âèðóñîì èììóíîäåôèöèòà, êîòîðûé ÿâëÿåòñÿ áåëêîì, èìå-
þùèì îäíó ïîëèïåïòèäíóþ öåïü. Ïðåïàðàò ïîëó÷åí èç
ñòðîìàëüíûõ êëåòîê òèìóñà êðóïíîãî ðîãàòîãî ñêîòà, ÿâëÿ-
åòñÿ ìîùíûì ðåãóëÿòîðîì ïðîäóêöèè è ôóíêöèè CD4 ëèì-
ôîöèòîâ, óâåëè÷èâàåò êîëè÷åñòâî ëèìôîöèòîâ, ïðîäóê-
öèþ ÈË-2 è ÈÍÔ [46].

Àíòèâèðóñíàÿ òåðàïèÿ. Íàèáîëåå ÷àñòî ïðèìåíÿå-
ìûìè ëåêàðñòâàìè äëÿ òåðàïèè èíôåêöèè, âûçûâàåìîé
âèðóñîì èììóíîäåôèöèòà êîøêè ÿâëÿþòñÿ èíãèáèòîðû
îáðàòíîé òðàíñêðèïòàçû, èíãèáèòîðû ÄÍÊ èëè ÐÍÊ-ïîëè-
ìåðàçû, ñðåäñòâà, êîòîðûå èíãèáèðóþò âèðóñíóþ ðåïëèêà-
öèþ, è èíòåðôåðîíû.

AZT-Zidovudine - çèäîâóäèí (3,-àçèäî-2,3,-äèäåîêñè-
òèìèäèí, ÀÇÒ) ÿâëÿåòñÿ íóêëåîçèäíûì àíàëîãîì (äåðèâàò
òèìèäèíà), êîòîðûé áëîêèðóåò ðåâåðñèþ òðàíñêðèïòàçû
ðåòðîâèðóñîâ. Ïîêàçàíî, ÷òî îí èíãèáèðóåò ðåïëèêàöèþ
âèðóñà èììóíîäåôèöèòà êîøêè in vitro è in vivo, ìîæåò
îãðàíè÷èâàòü íàêîïëåíèå âèðóñà â ïëàçìå, óëó÷øàÿ èì-
ìóííûé è êëèíè÷åñêèé ñòàòóñ èíôèöèðîâàííûõ êîøåê è
óâåëè÷èâàåò êà÷åñòâî æèçíè. Ïðèìåíÿåòñÿ ïåðîðàëüíî è
ïàðåíòåðàëüíî (5–10 ìã/êã) [49]. Êàê è ïðè ÂÈ×-èíôåêöèè,
ðàçâèâàþòñÿ ÀÇÒ-óñòîé÷èâûå ìóòàíòû ê âèðóñó èììóíî-
äåôèöèòà êîøêè, êîòîðûå ìîãóò âîçíèêàòü â òå÷åíèå 6 ìåñ.
ïîñëå íà÷àëà ëå÷åíèÿ. Êðîìå ÀÇÒ â êà÷åñòâå íóêëåîçèäíûõ
àíàëîãîâ èíãèáèòîðîâ îáðàòíîé òðàíñêðèïòàçû èñïûòûâà-
þòñÿ ñòàâóäèí, äèäàíîçèí, ëàìèâóäèí, ýìòðèöèòàáèí, àáà-
êàâèð, ýôôåêòèâíîñòü êîòîðûõ ïîêàçàíà èí âèòðî. Íóêëå-
îòèäíûå àíàëîãè èíãèáèòîðîâ îáðàòíîé òðàíñêðèïòàçû
âêëþ÷àþò àäåôîâèð, òåíîôîâèð, íî èõ ýôôåêòèâíîñòü äëÿ
òåðàïèè èíôåêöèè, âûçûâàåìîé âèðóñîì èììóíîäåôèöèòà
êîøêè, ñ ïåðåìåííûì óñïåõîì ïîêàçàíà òîëüêî èí âèòðî. Â
ñòàäèè èññëåäîâàíèé ïî îöåíêå ýôôåêòèâíîñòè íàõîäÿòñÿ
èíãèáèòîðû íóêëåîòèäíîãî ñèíòåçà, èíãèáèòîðû ïðîòåàçû
è èíòåãðàçû [47,48].

AMD3100,1,1,- [1,4-phenylenbis (methylene)] bis-
1,4,8,11-tetraazacyclotetradecene octahydrochloride, JM3100,
SID791 ïðèíàäëåæèò ê íîâîìó êëàññó áèöèêëè÷åñêèõ ñî-
åäèíåíèé, êîòîðûé äåéñòâóåò êàê ñåëåêòèâíûé àíòàãîíèñò.
AMD3100 íå ëèöåíçèðîâàí êàê àíòèâèðóñíîå ñîåäèíåíèå,
íî êàê àêòèâàòîð ñòâîëîâûõ êëåòîê äëÿ ïàöèåíòîâ, êîòîðûå
ïåðåíåñëè òðàíñïëàíòàöèþ êîñòíîãî ìîçãà. Îí ýôôåêòè-
âåí ïðîòèâ âèðóñà èììóíîäåôèöèòà êîøêè èí âèòðî è ïðè
ëå÷åíèè åñòåñòâåííî èíôèöèðîâàííûõ êîøåê (0,5 ìã/êã),
âûçûâàåò ñòàòèñòè÷åñêè âûðàæåííîå óëó÷øåíèå êëèíè-
÷åñêèõ ïðèçíàêîâ è ñíèæåíèå ïðîâèðóñíîé íàãðóçêè ó
èíôèöèðîâàííûõ êîøåê. Ó êîøåê, ïîëó÷àâøèõ AMD 3100,
íå íàáëþäàåòñÿ ïîáî÷íûõ ýôôåêòîâ [49].

Èíòåðôåðîíû èãðàþò âàæíóþ ðîëü â ðàçâèòèè àíòèâè-
ðóñíîãî îòâåòà è ìîäóëÿöèè èììóííîãî îòâåòà è ïîýòîìó
íàõîäÿò ïðèìåíåíèå ïðè òåðàïèè èíôåêöèè, âûçûâàåìîé
âèðóñîì èììóíîäåôèöèòà êîøêè.  Ðåêîìáèíàíòíûé ÈÍÔ-
îìåãà êîøêè èìååò ðûíî÷íûé õàðàêòåð ïðèìåíåíèÿ â ßïî-
íèè, Àâñòðàëèè è ëèöåíçèðîâàí âî ìíîãèõ Åâðîïåéñêèõ
ñòðàíàõ äëÿ èñïîëüçîâàíèÿ êîøêàì è ñîáàêàì. Èíòåðôåðî-
íû âèäîñïåöèôè÷íû, ïîýòîìó êîøà÷èé èíòåðôåðîí - îìå-
ãà ìîæåò ïðèìåíÿòüñÿ ïàðåíòåðàëüíî áåç îãðàíè÷åíèé ïå-
ðèîäà âðåìåíè, ïîñêîëüêó ó êîøåê íå îáðàçóþòñÿ àíòè-
ÈÍÔ-àíòèòåëà [50].

Ðåêîìáèíàíòíûé ÷åëîâå÷åñêèé èíòåðôåðîí-àëüôà èìå-
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åò èììóíîìîäóëèðóþùèé ýôôåêò, íî òàêæå äåéñòâóåò êàê
èñòèííûé àíòèâèðóñíûé ïðåïàðàò, èíäóöèðóÿ çàùèòó êëå-
òîê îò âèðóñíîé ðåïëèêàöèè [51]. Äâà îáû÷íûõ ðåæèìà
ñóùåñòâóåò äëÿ ïðèìåíåíèÿ ÷åëîâå÷åñêîãî èíòåðôåðîíà-
àëüôà ó êîøåê: ïîäêîæíàÿ èíúåêöèÿ â âûñîêîé äîçå (104-
106 ÌÅ/êã êàæäûå 24 ÷àñà) èëè ïåðîðàëüíàÿ àïïëèêàöèÿ â
íèçêîé äîçå (1 äî 50 ÌÅ/êã  êàæäûå 24 ÷àñà).  Ïðè ïîäêîæ-
íîì ââåäåíèè ïðåïàðàòà â âûñîêîé äîçå â òå÷åíèå òðåõ-
ñåìè íåäåëü ñíèæàëàñü åãî ýôôåêòèâíîñòü áëàãîäàðÿ ôîð-
ìèðîâàíèþ íåéòðàëèçóþùèõ àíòèòåë. Ïîýòîìó ïåðîðàëü-
íîå ââåäåíèå ÿâëÿåòñÿ ïðåäïî÷òèòåëüíûì ïðè äëèòåëüíîì
êóðñå ëå÷åíèÿ, ïðîÿâëÿÿ èììóíîìîäóëèðóþùóþ àêòèâ-
íîñòü çà ñ÷åò ñòèìóëÿöèè ìåñòíûõ ëèìôîèäíûõ òêàíåé â
ðîòîâîé ïîëîñòè [52,53].

Çàêëþ÷åíèå
Äî íàñòîÿùåãî âðåìåíè âèðóñ èììóíîäåôèöèòà êîøêè

ÿâëÿåòñÿ ãëàâíûì âèðóñíûì ïàòîãåíîì â ïîïóëÿöèè êîøåê
ðàçëè÷íûõ ñòðàí ìèðà. Ïðîäîëæàþòñÿ èññëåäîâàíèÿ ïî
ðàçðàáîòêå ýôôåêòèâíûõ ìåòîäîâ äèàãíîñòèêè, ñðåäñòâ
òåðàïèè è èììóíîïðîôèëàêòèêè âèðóñíîé èíôåêöèè, èñ-
ïîëüçîâàíèè âèðóñà êàê áèîëîãè÷åñêîé ìîäåëè âèðóñà
èììóíîäåôèöèòà ÷åëîâåêà è âèðóñà ïðèîáðåòåííîãî èì-
ìóíîäåôèöèòà ÷åëîâåêà, ïî ñîçäàíèþ ýôôåêòèâíûõ èììó-
íîôàðìàêîëîãè÷åñêèõ ïðåïàðàòîâ è âàêöèí.
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ìåäîïðîäóêòèâíîñòü.

Ðåçþìå. Íåáëàãîïðèÿòíûå ôàêòîðû îêðóæàþùåé ñðå-
äû: ïåñòèöèäû, õèìè÷åñêèå ïðåïàðàòû, íåêà÷åñòâåííîå
ïèòàíèå ï÷åëèíûõ ñåìåé ïðèâîäÿò   ê ñíèæåíèþ èììóííîé
çàùèòû ï÷åëû. Â íàñòîÿùåå âðåìÿ âåäåòñÿ íåïðåðûâíûé
ïîèñê áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ, ñòèìóëèðóþùèõ
æèçíåäåÿòåëüíîñòü ï÷åë è ïîâûøàþùèõ ÿéöåêëàäêó ìà-
òîê. Àíàëèç äàííûõ íàó÷íûõ èñòî÷íèêîâ ïîêàçàë âûñîêóþ
ýôôåêòèâíîñòü äëÿ ñòèìóëÿöèè æèçíåñïîñîáíîñòè è ïî-
âûøåíèÿ ïðîäóêòèâíîñòè ï÷åë òàêèõ áèîëîãè÷åñêè àêòèâ-
íûõ äîáàâîê, êàê õèòîçàí è åãî ïðîèçâîäíûå, ïðîáèîòè÷åñ-
êèå øòàììû áàêòåðèé Bacillus subtilis è Bacillus lichineformis,
à òàêæå èñòî÷íèêîâ æèçíåííî íåîáõîäèìûõ àìèíîêèñëîò.
Íàêîïëåííûé ê íàñòîÿùåìó âðåìåíè îïûò ïðèìåíåíèÿ
õèòîçàíà è åãî ïðîèçâîäíûõ â âåòåðèíàðèè ïîçâîëÿåò îòíå-
ñòè õèòîçàí ê ýôôåêòèâíûì àäàïòîãåíàì ñ ïîëèôóíêöèî-
íàëüíûìè ñâîéñòâàìè, ñïîñîáíûì îáåñïå÷èâàòü ðåçèñòåí-
òíîñòü îðãàíèçìà ê ìíîãî÷èñëåííûì íåáëàãîïðèÿòíûì
ôàêòîðàì âíåøíåé ñðåäû è ê âîçáóäèòåëÿì ðàçëè÷íûõ
çàáîëåâàíèé. Çà ñ÷åò èçáûòî÷íîãî ïîëîæèòåëüíîãî çàðÿäà
õèòîçàí ïðèîáðåòàåò ñâîéñòâà âûñîêîàêòèâíîãî àíèîíèòà,
ñâÿçûâàþùåãî è ïðî÷íî óäåðæèâàþùåãî èîíû ðàçëè÷íûõ
òÿæåëûõ ìåòàëëîâ, ðàäèîàêòèâíûõ èçîòîïîâ, òîêñè÷íûõ
ýëåìåíòîâ ñ ïîñëåäóþùèì âûâåäåíèåì èõ èç îðãàíèçìà
æèâîòíûõ, â òîì ÷èñëå è ï÷åëû. Õèòîçàí è åãî ïðîèçâîä-
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Abstract. Unfavorable environmental factors: pesticides,
chemicals, poor nutrition of bee colonies lead to a decrease in
the bee's immune defense. Currently, there is a continuous
search for biologically active substances that stimulate the vital
activity of bees and increase the egg-laying of queens. Analysis
of scientific sources data has shown high efficiency for stimulating
the viability and increasing the productivity of bees of such
biologically active additives as chitosan and its derivatives,
probiotic strains of bacteria Bacillus subtilis and Bacillus
Lichineformis, as well as sources of vital amino acids. The
experience accumulated to date in the use of chitosan and its
derivatives in veterinary medicine makes it possible to classify
chitosan as an effective adaptogen with multifunctional properties
capable of providing the body's resistance to numerous adverse
environmental factors and pathogens of various diseases. Due to
the excess positive charge, chitosan acquires the properties of a
highly active anionite. It binds and firmly holds ions of various
heavy metals, radioactive isotopes, toxic elements with their
subsequent removal from the body of animals, including bees.
Chitosan and its derivatives have high antibacterial, sorption,
fungicidal, antiviral activity, being a natural biocompatible
product that is biodegradable to CO2 and H2O and does not
pollute the environment. To stimulate the vital activity of bees
and increase the egg-laying of queens, stimulating protein
supplements are needed to cover the lack of vital amino acids,
probiotic preparations that improve the microbiocenosis of the
intestines of bees, sugar syrup.

Earlier, at the preliminary stage of research, we developed
a recipe for stimulating feeding for bees "BiChit", which includes
low molecular weight chitosan, chitosan succinate, dry bacterial
mass of Bacillus subtilis VKM B-2716D and Bacillus
licheniformis VKM B-2717D, lactose-free edible glucose
hydrolyzate, lactose-free whey. In this work, the influence of the
multifunctional stimulating feeding "BiHit" on the economically
useful traits of bee colonies based on private apiaries in the
Moscow region and the Republic of Crimea has been studied.
Studies have shown a positive effect of feeding on family
strength, brood and honey production.

Ôðîëîâà Ì.À.
Frolova M.A.
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Таблица 1. Влияние полифункциональной подкормки «БиХит» на хозяйственно 

полезные признаки пчелиных семей в условиях частной пасеки (Московская обл.) 

Tabl 1. Influence of BiHit multifunctional feeding on economically useful traits of bee 

colonies in a private apiary (Moscow region) 

Группа Сила семей        

(количество улочек) 

Расплод     

(колич. ячеек) 

Мед, кг 

28.05.18г (начало опыта  

Контрольная (n=3) 4,5 17771 - 

Опытная(n=3) 5,0 14607 - 

26.06.18г (конец опыта) 

Контрольная (n=3) 7,7 26795 5,4 

Опытная(n=3) 10,3 32885 8,1 

íûå îáëàäàþò âûñîêîé àíòèáàêòåðèàëüíîé, ñîðáöèîííîé,
ôóíãèöèäíîé, ïðîòèâîâèðóñíîé àêòèâíîñòüþ, ÿâëÿÿñü åñ-
òåñòâåííûì áèîñîâìåñòèìûì è áèîäåãðàäèðóåìûì äî ÑÎ2
è Í2Î ïðîäóêòîì, íå çàãðÿçíÿþùèì îêðóæàþùóþ ñðåäó.
Äëÿ ñòèìóëÿöèè æèçíåäåÿòåëüíîñòè ï÷åë è ïîâûøåíèÿ
ÿéöåêëàäêè ìàòîê íåîáõîäèìû ñòèìóëèðóþùèå áåëêîâûå
ïîäêîðìêè, ïîçâîëÿþùèå ïîêðûâàòü íåäîñòàòîê â æèçíåí-
íî âàæíûõ àìèíîêèñëîòàõ, ïðîáèîòè÷åñêèå ïðåïàðàòû,
óëó÷øàþùèå ìèêðîáèîöåíîç êèøå÷íèêà ï÷åë, ñàõàðíûé
ñèðîï. Ðàíåå íà ïðåäâàðèòåëüíîì ýòàïå èññëåäîâàíèé íàìè
áûëà ðàçðàáîòàíà ðåöåïòóðà ñòèìóëèðóþùåé ïîäêîðìêè
äëÿ ï÷åë "ÁèÕèò", âêëþ÷àþùàÿ íèçêîìîëåêóëÿðíûé õèòî-
çàí, ñóêöèíàò õèòîçàíà, ñóõóþ áàêòåðèàëüíóþ ìàññó Bacillus
subtilis ÂÊÌ Â-2716D è Bacillus licheniformis ÂÊÌ B-2717D,
ãèäðîëèçàò áåçëàêòîçíîé ìîëî÷íîé ñûâîðîòêè, ïèùåâóþ
ãëþêîçó. Â äàííîé ðàáîòå íà áàçå ÷àñòíûõ ïàñåê â Ìîñêîâ-
ñêîé îáëàñòè è Ðåñïóáëèêå Êðûì èçó÷åíî âëèÿíèå ïîëè-
ôóíêöèîíàëüíîé ñòèìóëèðóþùåé ïîäêîðìêè "ÁèÕèò" íà
õîçÿéñòâåííî ïîëåçíûå ïðèçíàêè ï÷åëèíûõ ñåìåé. Èññëå-
äîâàíèÿ ïîêàçàëè ïîëîæèòåëüíîå âëèÿíèå ïîäêîðìêè íà
ñèëó ñåìåé, ðàñïëîä è ìåäîïðîäóêòèâíîñòü.

Ï÷åëû ÿâëÿþòñÿ ñàìûìè ïîëåçíûìè íàñåêîìûìè â
ìèðå è èãðàþò îñîáóþ ðîëü â ïîâñåäíåâíîé æèçíè ÷åëîâå-
êà. Áëàãîäàðÿ ýòèì íàñåêîìûì ìû ïîëó÷àåì íå òîëüêî
ïîëåçíûå ï÷åëîâîä÷åñêèå ïðîäóêòû, íî è îïûëåíèå 80–
95% öâåòêîâ ýíòîìîôèëüíûõ ðàñòåíèé, à ýòî 80% âñåãî
îáúåìà êóëüòóðíûõ ðàñòåíèé. Ïðàêòè÷åñêè âñå îíè ÿâëÿ-
þòñÿ êîðìîâîé áàçîé äëÿ æèâîòíûõ è ÷åëîâåêà. Âàæíûì
ïåðèîäîì â æèçíåäåÿòåëüíîñòè ï÷åëèíûõ ñåìåé ÿâëÿåòñÿ
áëàãîïîëó÷íàÿ çèìîâêà. Îò åå èñõîäà â çíà÷èòåëüíîé ìåðå
çàâèñèò äàëüíåéøàÿ ïðîäóêòèâíîñòü è ðàçâèòèå ï÷åëèíûõ
ñåìåé. Óñïåøíàÿ çèìîâêà ïîçâîëÿåò ýôôåêòèâíî èñïîëü-
çîâàòü ï÷åë â âåñåííå-ëåòíèé ïåðèîä íà ìåäîñáîðå è îïû-
ëåíèè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð [1, 2].

Â ñîâðåìåííîì ï÷åëîâîäñòâå ìàññîâàÿ ïîòåðÿ ï÷åëè-
íûõ ñåìåé ÿâëÿåòñÿ îñíîâíîé ïðîáëåìîé. Â ïåðèîä çèìîâ-
êè åæåãîäíî òåðÿåòñÿ 20–30% ï÷åëîñåìåé, à ê íà÷àëó âåñíû
ï÷åëû çàìåòíî îñëàáëåíû. Äëÿ îáåñïå÷åíèÿ äîñòàòî÷íîãî
êîëè÷åñòâà ðàáî÷åé ï÷åëû êî âðåìåíè ìàññîâîãî ìåäîñáî-
ðà íåîáõîäèìî ñòèìóëèðîâàòü ïðîöåññ ÿéöåêëàäêè ï÷åëè-
íîé ìàòêîé [3].

Ïðèíîñ íåêòàðà è ïûëüöû â óëåé ñòèìóëèðóåò æèçíåäå-
ÿòåëüíîñòü ï÷åë, ïîâûøàåò ÿéöåêëàäêó ìàòîê. Ñ óìåíüøå-
íèåì èëè ïðåêðàùåíèåì ìåäîñáîðà êëàäêà ÿèö óìåíüøàåò-
ñÿ èëè âîâñå ïðåêðàùàåòñÿ – ðîñò ñåìåé çàìåäëÿåòñÿ. Ìíî-
ãèå ï÷åëîâîäû, ïûòàÿñü óâåëè÷èòü ÷èñëî ï÷åë âåñíîé (ê
íà÷àëó ìåäîñáîðà) èëè îñåíüþ (äëÿ óñèëåíèÿ ñåìåé ê çèìíå-
ìó ïåðèîäó), ïîäêàðìëèâàþò ï÷åëèíûå ñåìüè ìàëûìè äîçà-
ìè ñàõàðíîãî ñèðîïà, èìèòèðóÿ ïîääåðæèâàþùèé ìåäîñ-
áîð. Êðîìå òîãî, äëÿ ñòèìóëÿöèè ðàçâèòèÿ ï÷åëèíûõ ñåìåé
ñèðîï îáîãàùàþò áåëêàìè, æèðàìè, âèòàìèíàìè, ãîðìîíà-
ìè, àíòèáèîòèêàìè, ìèíåðàëüíûìè âåùåñòâàìè [4].

Äëÿ ñòèìóëÿöèè ÿéöåêëàäêè â âåñåííèé ïåðèîä øèðî-
êî èñïîëüçóþò ïîäêîðìêó ñàõàðíûì ñèðîïîì, êîòîðàÿ êîì-
ïåíñèðóåò îòñóòñòâèå âçÿòêà, íî íå îáåñïå÷èâàåò ïîëíîöåí-

íîå ïèòàíèå áåëêîâûì êîðìîì [5]. Ìåæäó òåì, ïðèáàâëåíèå
ê êîðìó áåëêîâûõ âåùåñòâ ïîâûøàåò ñîäåðæàíèå áåëêà â
òåëå ï÷åëû, ñïîñîáñòâóåò óâåëè÷åíèþ ðàñïëîäà. Ìàòêà âî-
îáùå ìîæåò íå íà÷àòü çàñåâ, åñëè íåò áåëêîâîãî êîðìà.

Äëÿ óñòðàíåíèÿ äåôèöèòà áåëêà èñïîëüçóþò ñòèìóëè-
ðóþùèå âèòàìèííî-ìèíåðàëüíûå è áåëêîâûå ïîäêîðìêè.
Ñ ýòîé öåëüþ â ñàõàðíûé ñèðîï äîáàâëÿþò öâåòî÷íóþ
ïûëüöó, îáåçæèðåííîå ìîëîêî, ïðåïàðàòû áåëêà. Â íàñòî-
ÿùåå âðåìÿ â êà÷åñòâå çàìåíû ïûëüöû â ðàííåâåñåííèé
ïåðèîä âñå ÷àùå ïðèìåíÿþò ïèâíûå äðîææè, ñîåâóþ ìóêó,
ìîëî÷íóþ ñûâîðîòêó [6].

Âàæíåéøèì óñëîâèåì ñóùåñòâîâàíèÿ ï÷åë ÿâëÿåòñÿ
ïîñòîÿííîå îáåñïå÷åíèå èõ ïûëüöîé. Â îðãàíèçìå ï÷åë
áåëêè ïûëüöû ðàñùåïëÿþòñÿ íà àìèíîêèñëîòû, êîòîðûå â
äàëüíåéøåì èñïîëüçóþòñÿ íà ïîñòðîåíèå òåëà ï÷åëû. Â
ñîñòàâå ïîñòóïàþùèõ â îðãàíèçì àìèíîêèñëîò äîëæíû îáÿ-
çàòåëüíî ïðèñóòñòâîâàòü â ãîòîâîì âèäå ñëåäóþùèå 10 íåçà-
ìåíèìûõ àìèíîêèñëîò, ñèíòåç êîòîðûõ â îðãàíèçìå ï÷åë
íåâîçìîæåí: àðãèíèí, ãèñòèäèí, ëåéöèí, èçîëåéöèí, ëèçèí,
ìåòèîíèí, ôåíèëàëàíèí, òðåîíèí, òðèïòîôàí è âàëèí [7].

Áåëîê íåîáõîäèì òàê æå âûøåäøèì èç ÿ÷ååê ìîëîäûì
ï÷åëàì, òàê êàê ãëîòî÷íûå æåëåçû ó íèõ ðàçâèâàþòñÿ äî
íîðìàëüíûõ ðàçìåðîâ òîëüêî ïîñëå ïîåäàíèÿ ïðîòåèíîâ.
Ïðè íåäîðàçâèòèè ãëîòî÷íûõ æåëåç ï÷åëû íå â ñîñòîÿíèè
âûêàðìëèâàòü ðàñïëîä, à â ïîñëåäóþùåì ó÷àñòâîâàòü â
èíâåðòèðîâàíèè ñàõàðîâ íåêòàðà. Îòëîæåííûé â òàêèõ
ñëó÷àÿõ â ÿ÷åéêè ìåä ñîäåðæèò ïîâûøåííîå êîëè÷åñòâî
âîäû è îáû÷íî íå çàïå÷àòûâàåòñÿ ï÷åëàìè. Àíàëîãè÷íàÿ
çàâèñèìîñòü ðàçâèòèÿ îò áåëêà íàáëþäàåòñÿ ó âîñêîâûäå-
ëèòåëüíûõ æåëåç, ïðè èõ íåäîðàçâèòèè ñíèæàåòñÿ îòñòðîé-
êà ñîòîâ. Ñíèæàþò òàê æå ñâîè ôóíêöèè ïèùåâàðèòåëüíûå
è ïîëîâûå æåëåçû ðàáî÷èõ ï÷åë è ìàòêè [8].

Íåáëàãîïðèÿòíûå ôàêòîðû îêðóæàþùåé ñðåäû: ïåñòè-
öèäû, õèìè÷åñêèå ïðåïàðàòû, íåêà÷åñòâåííîå ïèòàíèå ï÷å-
ëèíûõ ñåìåé ïðèâîäÿò ê ñíèæåíèþ èììóííîé çàùèòû ï÷å-
ëû [9,10].  Â íàñòîÿùåå âðåìÿ âåäåòñÿ íåïðåðûâíûé ïîèñê
áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ, ñòèìóëèðóþùèõ æèçíåäå-
ÿòåëüíîñòü ï÷åë è ïîâûøàþùèõ ÿéöåêëàäêó ìàòîê.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé

Èññëåäîâàíèÿ ïðîâîäèëè â óñëîâèÿõ ÷àñòíûõ ïàñåê
Ìîñêîâñêîé îáëàñòè è Ðåñïóáëèêè Êðûì.

Íà áàçå ÷àñòíîé ïàñåêè Ìîñêîâñêîé îáëàñòè áûë ïðî-
âåäåí îïûò â ïåðèîä ñ 28.05.18 ïî 28.06.18 ñ öåëüþ èçó÷å-
íèÿ âëèÿíèÿ ñòèìóëèðóþùåé ïîäêîðìêè "ÁèÕèò" íà õî-
çÿéñòâåííî ïîëåçíûå ïðèçíàêè ï÷åëèíûõ ñåìåé. Áûëî ñôîð-
ìèðîâàíî 2 ãðóïïû ï÷åë (êîíòðîëüíàÿ è îïûòíàÿ) ïî 3
ï÷åëîñåìüè â êàæäîé. Êîíòðîëüíàÿ ãðóïïà ïîëó÷àëà 60%-
íûé ñàõàðíûé ñèðîï, îïûòíàÿ – 60%-íûé ñàõàðíûé ñèðîï
ñ äîáàâëåíèåì 4-õ ã ïîäêîðìêè "ÁèÕèò" íà 1 ë ñàõàðíîãî
ñèðîïà (èç ðàñ÷åòà 1 ëèòð ñàõàðíîãî ñèðîïà íà 10000 ï÷åë)
îäèí ðàç â íåäåëþ â òå÷åíèå ìåñÿöà. Ó÷åò ñèëû, ÿéöåíîñêî-
ñòè ìàòîê è ìåäîïðîäóêòèâíîñòè ï÷åëîñåìåé ïðîâîäèëè â
íà÷àëå îïûòà è ïî èñòå÷åíèè 30 äíåé.

Èçó÷åíèå âëèÿíèÿ ñòèìóëèðóþùåé ïîäêîðìêè "Áè-
Õèò" íà õîçÿéñòâåííî-ïîëåçíûå ïðèçíàêè ï÷åëèíûõ ñåìåé
íà áàçå ÷àñòíîé ïàñåêè â Ðåñïóáëèêå Êðûì ïðîâîäèëè  â

ïåðèîä ñ 18.03.19 ïî 18.04.19. Áûëè ñôîð-
ìèðîâàíû ãðóïïû ï÷åë: êîíòðîëüíàÿ è
îïûòíàÿ – ïî 13 ï÷åëîñåìåé â êàæäîé.
Êîíòðîëüíàÿ ãðóïïà ïîëó÷àëà 60%-íûé
ñàõàðíûé ñèðîï, îïûòíàÿ 60%-íûé ñàõàð-
íûé ñèðîï ñ äîáàâëåíèåì ïîäêîðìêè "Áè-
Õèò" â êîëè÷åñòâå 4 ã íà 1 ë ñàõàðíîãî
ñèðîïà. Ñàõàðíûé ñèðîï äàâàëè èç ðàñ÷¸-
òà 1 ëèòð ñàõàðíîãî ñèðîïà íà 10000 ï÷åë
îäèí ðàç â íåäåëþ â òå÷åíèå ìåñÿöà. Ó÷¸ò
ñèëû ñåìüè è ÿéöåíîñêîñòè ìàòîê ïðîâî-
äèëè â íà÷àëå, â ñåðåäèíå è â êîíöå îïûòà.

)



 Æóðíàë "Âåòåðèíàðèÿ è êîðìëåíèå" # 1-2021

   59

 Journal "Veterinaria i kormlenie"

Таблица 2. Влияние полифункциональной подкормки «БиХит» 

на хозяйственно полезные признаки пчелиных семей в условиях 

частной пасеки (Республика Крым)  

Tabl 2. Influence of BiHit multifunctional feeding on economically 

useful traits of bee colonies in a private apiary (Republic of Crimea) 

Группа Сила семей        

(колич. улочек) 

Расплод          

(колич. ячеек) 

18.03.19г (начало опыта) 

Контрольная (n=3) 2,9 2820 

Опытная(n=3) 2,9 2641 

28.03.19г (середина опыта) 

Контрольная (n=3) 3,0 6339 

Опытная(n=3) 3,2 7112 

18.04.19г (конец опыта) 

Контрольная (n=3) 6,5 16723 

Опытная(n=3) 7,1 18199 

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå

Êàê ïîêàçàë àíàëèç äàííûõ íàó÷íûõ èñòî÷íèêîâ âûñî-
êóþ ýôôåêòèâíîñòü äëÿ ñòèìóëÿöèè æèçíåñïîñîáíîñòè è
ïîâûøåíèÿ ïðîäóêòèâíîñòè ï÷åë èìåþò òàêèå áèîëîãè÷åñ-
êèå äîáàâêè, êàê õèòîçàí è åãî ïðîèçâîäíûå, ïðîáèîòè÷åñ-
êèå øòàììû áàêòåðèé Bacillus subtilis è Bacillus lichineformis,
à òàêæå èñòî÷íèêè æèçíåííî íåîáõîäèìûõ àìèíîêèñëîò.

Â ðåçóëüòàòå ïðîâåäåííûõ ïðåäâàðèòåëüíûõ èññëåäî-
âàíèé ïî èçó÷åíèþ ýôôåêòèâíîñòè ïîëèôóíêöèîíàëüíîé
ïîäêîðìêè "ÁèÕèò" äëÿ ï÷¸ë áûëà ðàçðàáîòàíà åå ðåöåïòó-
ðà, âêëþ÷àþùàÿ ñóõóþ áàêòåðèàëüíóþ ìàññó Bacillus subtilis
BKM B-2716D è Bacillus licheniformis BKM B-2717D, ñóê-
öèíàò õèòîçàíà, íèçêîìîëåêóëÿðíûé õèòîçàí, ãèäðîëèçàò
áåçëàêòîçíîé ìîëî÷íîé ñûâîðîòêè, ïèùåâóþ ãëþêîçó.

Ñ öåëüþ èçó÷åíèÿ âëèÿíèÿ ïîëèôóíêöèîíàëüíîé ïîä-
êîðìêè "ÁèÕèò" íà õîçÿéñòâåííî ïîëåçíûå ïðèçíàêè ï÷å-
ëèíûõ ñåìåé íà áàçå ÷àñòíîé ïàñåêè Ìîñêîâñêîé îáëàñòè
íàìè áûë ïðîâåäåí îïûò â ïåðèîä ñ 28.05.18 ïî 28.06.18.
Ïîëó÷åííûå ðåçóëüòàòû ïðåäñòàâëåíû â òàáëèöå 1. Èç
äàííûõ, ïðèâåäåííûõ â òàáëèöå 1, âèäíî, ÷òî êîíòðîëüíàÿ
ãðóïïà ïî ñèëå ï÷åëîñåìåé è êîëè÷åñòâó ðàñïëîäà óâåëè÷è-
ëàñü íà 71,1% è 50,8%, à îïûòíàÿ íà 106% è 125,1%,
ñîîòâåòñòâåííî, ïî ñðàâíåíèþ ñ íà÷àëîì îïûòà. Ñêàðìëè-
âàíèå ïîëèôóíêöèîíàëüíîé ïîäêîðìêè "ÁèÕèò" îïûòíîé
ãðóïïå îêàçàëî ïîëîæèòåëüíîå âëèÿíèå íà ìåäîïðîäóêòèâ-
íîñòü ï÷åëîñåìåé (â 1,5 ðàçà).

Íà áàçå ÷àñòíîé ïàñåêè â Ðåñïóáëèêå Êðûì áûë ïðî-
âåäåí îïûò â ïåðèîä ñ 18.03.19 ïî 18.04.19 ñ öåëüþ
èçó÷åíèÿ âëèÿíèÿ ïîëèôóíêöèîíàëüíîé ïîäêîðìêè "Áè-
Õèò" íà õîçÿéñòâåííî ïîëåçíûå ïðèçíàêè ï÷åëèíûõ ñå-
ìåé (Òàáëèöà 2). Èç äàííûõ, ïðåäñòàâëåííûõ â òàáëèöå 2,
âèäíî, ÷òî óæå ê ñåðåäèíå îïûòà ñèëà ñåìåé è ðàñïëîä
óâåëè÷èëèñü â êîíòðîëüíîé ãðóïïå íà 3,4%, 124,8% è îïûò-
íîé ãðóïïå íà 10,3%, 169,3%, ñîîòâåòñòâåííî. Ê êîíöó
îïûòà ïîêàçàòåëè ñèëû ñåìüè è ðàñïëîä ï÷åëîñåìåé â
êîíòðîëüíîé ãðóïïå óâåëè÷èëèñü íà 24,1 % è 493,0%, à â
îïûòíîé – íà 44,8% è 589,1%, ñîîòâåòñòâåííî.

Òàêèì îáðàçîì, ïîëó÷åííûå íàìè ðåçóëüòàòû èññëåäî-
âàíèé ñâèäåòåëüñòâóþò î ïîëîæèòåëüíîì âëèÿíèè íà õî-
çÿéñòâåííî ïîëåçíûå ïðèçíàêè ï÷åëèíûõ ñåìåé ïîëèôóí-
êöèîíàëüíîé ñòèìóëèðóþùåé ïîäêîðìêè äëÿ ìåäîíîñíûõ

ï÷åë "ÁèÕèò". Íà ïîëèôóíêöèîíàëüíóþ ïîäêîðìêó äëÿ
ìåäîíîñíûõ ï÷åë "ÁèÕèò" ïîëó÷åí ïàòåíò ÐÔ ¹ 2687457.
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Ðåçþìå. Îñíîâíûì óñëîâèåì âûáîðà ñðåäñòâ ñïåöè-
ôè÷åñêîé ïðîôèëàêòèêè ïðîòèâ êîëèáàêòåðèîçà (ýøåðè-
õèîçà) êðóïíîãî ðîãàòîãî ñêîòà ÿâëÿåòñÿ íåîáõîäèìîñòü
ñîâïàäåíèÿ àíòèãåííîãî ñïåêòðà øòàìììîâ, âõîäÿùèõ â
âàêöèíó ñ  ýïèçîîòè÷åñêèìè, âûäåëÿåìûõ äèàãíîñòè÷åñêè-
ìè âåòåðèíàðíûìè ó÷ðåæäåíèÿìè èç ïàòîëîãè÷åñêîãî ìà-
òåðèàëà, îòîáðàííîãî îò ïàâøèõ òåëÿò. Òîëüêî â ýòîì ñëó-
÷àå ñëåäóåò îæèäàòü âûñîêèõ ðåçóëüòàòîâ ïðîôèëàêòè-
÷åñêîé ýôôåêòèâíîñòè ïðèìåíÿåìûõ áèîïðåïàðàòîâ. Êîí-
ñòðóèðîâàíèå âàêöèí íà îñíîâå ôàêòîðîâ ïàòîãåííîñòè
âîçáóäèòåëåé áîëåçíè ÿâëÿåòñÿ íàèáîëåå ïåðñïåêòèâíûì
íàïðàâëåíèåì ïðè ïðîâåäåíèè ðàçðàáîòêè íîâûõ ñðåäñòâ
ñïåöèôè÷åñêîé ïðîèôëàêòèêè èíôåêöèîííûõ áîëåçíåé
ñåëüñêîõîçÿéñòâåííûõ æèâîòíûõ. Îòðàáîòêà îïòèìàëüíûõ
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Selection the optimal dose of
application associated vaccine against
rota-, coronavirus infection and
colibacillosis in calves
1Yaromchyk Y. P., 1Krasochko P. À., 1Krasochko P. P.,
2Eremets V.M., 2Skotnikova T.A.
1Vitebsk State Academy of Veterinary Medicine, Vitebsk,
Republic of Bela-rus  e-mail: yaromchykyroslau@mail.ru
2FSBSI All-Russian Research and Technological Institute of
Biological Indus-try, Shchelkovo, vnitibp@mail.ru
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Abstract. The main rules for choosing the means of specific
prophylactic against colibacillosis (escherichiosis) in cattle is
the need to match the antigenic spectrum of the vaccine strains
with epizootic strains isolated by diagnostic veteri-nary
institutions from pathological material taken from dead calves.
Only in this case one should expect high results of the preventive
efficacy of the applied vac-cines. The design of vaccines based
on pathogenicity factors of bacterias is the most promising
direction in the development of new bioproducts of specific pre-
vention of infectious diseases of farm animals. Researchs in the
areas to choice the optimal doses and ratios of monocompo-
nents, determining the optimal immunizing dose, and choosing
a adjuvant is an im-portant part of research work on the creation
of vaccines. We completed work to establish the optimal dose
when using the associated vaccine against rota-, coronavirus
infection and colibacillosis of cattle by vaccinat-ing cows in
different doses of the test vaccine. Subsequently, serological
studies of the blood of animals were carried out, according to the
results of which the indica-tors of the best immune response
were determined by comparing the established levels of
biosynthesis of specific antibodies from animals of the
experimental and control groups. A number of indicators of
possible reactogenicity of the tested vac-cine were also studied.
When conducting studies of blood serum of cows, the indi-rect
hemagglutination reaction and agglutination reaction were
performed. Serolog-ical blood tests carried out were accompanied
by the necessary controls to ensure the reliability of the results.
According to the results of studies of blood serum of cows in the
experimental groups, immunization of cows with an associated
vaccine against rota-, coronavirus infection and colibacillosis of
cattle in different volumes led to a significant level of antiviral
and antibacterial antibodies. The optimum dose for virus antigens
with infectious titres from 7,0 lg and 5,5-TCI50/sm3 for
vaccinated cows forms 1,5 sm3 for each viral monocomponents.
The optimum dose for each vaccine strains E.coli F4, F5, Àtt25,
F41 and 987P forms from 1,5-2,5 milliard bacterial cells for
each bacterial monocomponents.
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ßðîì÷èê ß.Ï.
Yaromchyk Y. P.

äîç è ñîîòíîøåíèé ìîíîêîìïîíåíòîâ, îïðåäåëåíèå îïòè-
ìàëüíîé èììóíèçèðóþøåé äîçû, âûáîð äåïîíèðóþùåãî
âåùåñòâà ñîñòàâëÿåò âàæíóþ ÷àñòü íàó÷íî-èññëåäîâàòåëü-
ñêîé ðàáîòû ïî ñîçäàíèþ âàêöèí.

Íàìè ïðîâåäåíà ðàáîòà ïî óñòàíîâëåíèþ îïòèìàëüíîé
äîçû ïðè ïðèìåíåíèè àññîöèèðîâàííîé âàêöèíû ïðîòèâ
ðîòà-, êîðîíàâèðóñíîé èíôåêöèèè è êîëèáàêòåðèîçà ìî-
ëîäíÿêà êðóïíîãî ðîãàòîãî ñêîòà ïóòåì âàêöèíàöèè êîðîâ
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â ðàçíûõ äîçàõ ââåäåíèÿ èñïûòóåìîé âàêöèíû. Â ïîñëåäó-
þùåì ïðîâåäåíû ñåðîëîãè÷åñêèå èññëåäîâàíèÿ êðîâè æè-
âîòíûõ, ïî ðåçóëüòàòàì êîòîðûõ îïðåäåëåíû ïîêàçàòåëè
íàèëó÷øåãî èììóííîãî îòâåòà ïóòåì ñîïàñòàâëåíèÿ óñòà-
íîâëåííûõ óðîâíåé áèîñèíòåçà ñïåöèôè÷åñêèõ àíòèòåë îò
æèâîòíûõ îïûòíûõ è êîíòðîëüíîé ãðóïï. Âûïîëíåíî èçó-
÷åíèå ðÿäà ïîêàçàòåëåé âîçìîæíîé ðåàêòîãåííîñòè èñïû-
òóåìîé âàêöèíû.  Ïðè ïðîâåäåíèè èññëåäîâàíèé ñûâîðî-
òîê êðîâè êîðîâ ïðîâîäèëè ïîñòàíîâêó ÐÍÃÀ è ÐÀ. Ïðîâî-
äèìûå ñåðîëîãè÷åñêèå èññëåäîâàíèÿ êðîâè ñîïðîâîæäàëè
íåîáõîäèìûìè êîíòðîëÿìè, îáåñïå÷èâàþùèìè äîñòîâåð-
íîñòü ðåçóëüòàòîâ. Ñîãëàñíî ïîëó÷åííûõ ðåçóëüòàòîâ èñ-
ñëåäîâàíèé ñûâîðîòîê êðîâè êîðîâ îïûòíûõ ãðóïï èììó-
íèçàöèÿ êîðîâ àññîöèèðîâàííîé âàêöèíîé ïðîòèâ ðîòà-,
êîðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà ìîëîäíÿêà
êðóïíîãî ðîãàòîãî ñêîòà â ðàçíûõ îáúåìàõ ïðèâîäèëà ê
äîñòîâåðíîìó óðîâíÿ ïðîòèâîâèðóñíûõ è àíòèýøåðèõèîç-
íûõ àíòèòåë. Îïðåäåëåíà îïòèìàëüíàÿ äîçà äëÿ ðîòà-, è
êîðîíàâèðóñîâ ñ èíôåêöèîííûì òèòðîì – 7,0 è 5,5  lg
ÒÖÄ

50
/ñì3, êîòîðàÿ ñîñòàâèëà ïðè ïðîâåäåíèè âàêöèíàöèè

êîðîâ – 1,5 ñì3 êàæäîãî âèðóñíîãî ìîíîêîìïîíåíòà. Äëÿ
âàêöèííûõ øòàììîâ E.coli Ê99, Ê88, 987P, F41 è À20
îïòèìàëüíàÿ äîçà óñòàíîâëåíà â äîçàõ îò 1,5 äî 2,5 ìëðä.
áàêòåðèàëüíûõ òåë êàæäîãî áàêòåðèàëüíîãî ìîíî-êîìïî-
íåíòà. Íà ïðîòÿæåíèè âñåãî îïûòà ñðîêîâ ó êîðîâ ãðóïïû
êîíòðîëÿ äîñòîâåðíûõ èçìåíåíèé óðîâíÿ ñïåöèôè÷åñêèõ
àíòèòåë â ñûâîðîòêàõ êðîâè æèâîòíûõ íå ïðîèñõîäèëî,
îòìå÷åíû ëèøü íåçíà÷èòåëüíûå êîëåáàíèÿ èõ çíà÷åíèé.

Ââåäåíèå

Ñîãëàñíî äàííûõ îò÷åòíîñòè âåòåðèíàðíûõ äèàãíîñ-
òè÷åñêèõ ó÷ðåæäåíèé è ðåçóëüòàòîâ íàó÷íûõ ðàáîò ðÿäà
èññëåäîâàòåëåé, îäíèìè èç íàèáîëåå ðàñïðîñòðàíåííûõ
áîëåçíåé íîâîðîæäåííîãî ìîëîäíÿêà êðóïíîãî ðîãàòîãî
ñêîòà ÿâëÿþòñÿ ðîòà-, êîðîíàâèðóñíàÿ èíôåêöèÿ è êîëè-
áàêòåðèîç.  Ñðåäè áîëåçíåé áàêòåðèàëüíîé ýòèîëîãèè ýøå-
ðèõèîç òåëÿò çàíèìàåò ïåðâîå ìåñòî ïî êîëè÷åñòâó íåáëà-
ãîïîëó÷íûõ ïóíêòîâ, êîëè÷åñòâó çàáîëåâøèõ è ïàâøèõ
æèâîòíûõ óæå áîëåå 15 ëåò íàáëþäåíèÿ. Ïðîòåêàíèå ðîòà-
, êîðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà â àññîöèà-
öèè ìîæåò äîñòèãàòü äî 53,6 % ñëó÷àåâ, ñ áîëåå òÿæåëûì
òå÷åíèåì áîëåçíè è ðåçêèì âîçðàñòàíèåì ïðîöåíòà ëåòàëü-
íîñòè çàáîëåâøèõ òåëÿò [6, 8, 9, 10, 13].

Âàêöèíàöèÿ ãëóáîêîñòåëüíûõ êîðîâ ïðèâîäèò ê ñîçäà-
íèþ ó ïîëó÷åííîãî îò íèõ ìîëîäíÿêà ñòîéêîãî êîëëîñò-
ðàëüíîãî èììóíèòåòà ïðè âûïîéêå íîâîðîæäåííûì òåëÿ-
òàì èììóííîãî ìîëîçèâà â ïåðâûå ÷àñû èõ æèçíè. Àíòèòå-
ëà, ïîëó÷åííûå ñ ìîëîçèâîì êîðîâ-ðîæåíèö, îáåñïå÷èâà-
þò çàùèòó íîâîðîæäåííûõ òåëÿò îò áîëåçíåé äî òåõ ïîð,
ïîêà ó íèõ íå ðàçîâüþòñÿ ñîáñòâåííûå ìåõàíèçìû èììóíè-
òåòà [4, 6, 8, 10, 12].

Ïðè âûáîðå ñðåäñòâ ñïåöèôè÷åñêîé ïðîôèëàêòèêè
êîëèáàêòåðèîçà ñëåäóåò ó÷èòûâàòü, ÷òî èçìåíåíèå ýïèçîî-
òîëîãè÷åñêîé ñèòóàöèè îïðåäåëÿåò íåîáõîäèìîñòü ïðåäúÿâ-
ëåíèÿ íîâûõ òðåáîâàíèé ê ïîêàçàòåëÿì, õàðàêòåðèçóþùèì
ñîñòàâ è ñâîéñòâà âàêöèííûõ ïðåïàðàòîâ. Â ñëó÷àÿõ íåñîâ-
ïàäåíèÿ àíòèãåííîãî ñîñòàâà âàêöèííûõ è ýïèçîîòè÷åñêèõ
øòàììîâ ïðîôèëàêòè÷åñêàÿ ýôôåêòèâíîñòü ïðèìåíÿåìûõ
áèîïðåïàðàòîâ çíà÷èòåëüíî ïîíèæàåòñÿ è òðåáóåò ïîèñêà
áîëåå ýôôåêòèâíûõ ñðåäñòâ ñïåöèôè÷åñêîé ïðîôèëàêòèêè
èíôåêöèîííûõ ýíòåðèòîâ íîâîðîæäåííûõ òåëÿò [8, 13, 16].

Â áîëüøèíñòâå ñëó÷àåâ îò âûíóæäåííî óáèòûõ è ïàâ-
øèõ òåëÿò âûäåëÿþò ýíòåðîòîêñèãåííûå øòàììû ýøåðè-
õèé ñ àäãåçèâíûìè àíòèãåíàìè, âõîäÿùèìè â äèàãíîñòè-
÷åñêèé íàáîð: À20, Ê88, Ê99 è ðåæå F41 è P987 [6, 8, 16].

Âûñîêàÿ êîíöåíòðàöèÿ àíòèãåíîâ â âàêöèíàõ íå âñåãäà
ïðèâîäèò ê æåëàåìîìó ðåçóëüòàòó, òàê êàê â ðÿäå ñëó÷àåâ
âîçíèêàåò çíà÷èòåëüíàÿ àíòèãåííàÿ íàãðóçêà íà îðãàíèçì è
èììóííóþ ñèñòåìó æèâîòíûõ, ÷òî ïðèâîäèò ê ïîâûøåíèþ
îáùåé òåìïåðàòóðû òåëà, âîñïàëèòåëüíûì îòåêàì íà ìåñòå

ââåäåíèÿ, ñíèæåíèþ ïðîäóêòèâíîñòè. Îòñóòñòâèå äàííûõ
î êîððåëÿöèè ìåæäó ïîêàçàòåëÿìè èììóíîãåííîñòè è êî-
ëè÷åñòâåííûì ñîäåðæàíèåì â âàêöèíàõ àíòèãåíà, äåëàþò
äèñêóòàáåëüíûì ïðåäëîæåíèå î íåîáõîäèìîñòè ïðèìåíå-
íèÿ âûñîêèõ êîíöåíòðàöèé áàêòåðèàëüíûõ òåë è òðåáóþò
äîïîëíèòåëüíûõ èññëåäîâàíèé ïî îïðåäåëåíèþ îïòèìàëü-
íûõ äîç è ñîîòíîøåíèé ìîíîêîìïîíåòîâ áèîïðåïàðàòîâ
[1, 6, 10, 12].

Ïðè êîíñòðóèðîâàíèè âàêöèí êîëè÷åñòâî ïðèìåíÿå-
ìûõ àíòèãåíîâ, îáúåì ïðèìåíÿåìîãî áèîïðåïàðàòà, çíà÷è-
òåëüíî çàâèñèò îò âûáîðà äåïîíèðóþùåãî âåùåñòâà. Îò
ôèçèêî-õèìè÷åñêèõ ñâîéñòâ àäúþâàíòà çàâèñèò âçàèìî-
ñâÿçü óðîâíÿ áèîñèíòåçà àíòèòåë è ìîðôîëîãè÷åñêèõ èçìå-
íåíèé òêàíåé æèâîòíûõ íà ìåñòå ââåäåíèÿ âàêöèí [2, 3, 4,
7, 11, 14, 15].

Öåëüþ íàñòîÿùåé ðàáîòû ÿâèëîñü îïðåäåëåíèå îï-
òèìàëüíîé èììóíèçèðóþùåé äîçû àññîöèèðîâàííîé âàê-
öèíû ïðîòèâ ðîòà-, êîðîíàâèðóñíîé èíôåêöèè è êîëèáàê-
òåðèîçà êðóïíîãî ðîãàòîãî ñêîòà ñ ðàçíûìè àäúþâàíòàìè
ïðè åå êîíñòðóèðîâàíèè è ïðèìåíåíèè.

Ìàòåðèàëû è ìåòîäû

Ýêñïåðèìåíòàëüíàÿ ÷àñòü íàó÷íî-èññëåäîâàòåëüñêîé
ðàáîòû âûïîëíåíà íà áàçå ÑÐÄÓÏ "Óëèøèöû Àãðî" Ãîðî-
äîêñêîãî ðàéîíà Âèòåáñêîé îáëàñòè. Äëÿ ýòîãî ñôîðìèðî-
âàíî 2 îïûòíûõ ãðóïïû êîðîâ ÷åðíî-ïåñòðîé ïîðîäû, æè-
âîé ìàññîé 400–450 êã ïî 10 ãîëîâ â ãðóïïå. Äëÿ ïîäòâåð-
æäåíèÿ äîñòîâåðíîñòè îïûòà áûëà ñôîðìèðîâàíà ãðóïïà
êîíòðîëÿ (n=10).  Ëàáîðàòîðíûå èññëåäîâàíèÿ ïðîâîäè-
ëèñü â íàó÷íîé ëàáîðàòîðèè êàôåäðû ýïèçîîòîëîãèè è
èíôåêöèîííûõ áîëåçíåé è îòðàñëåâîé ëàáîðàòîðèè âåòå-
ðèíàðíîé áèîòåõíîëîãèè è çàðàçíûõ áîëåçíåé æèâîòíûõ
ÓÎ "Âèòåáñêàÿ ãîñóäàðñòâåííàÿ àêàäåìèÿ âåòåðèíàðíîé

Ðèñ. 2 - Òèòðû àíòèòåë ê êîðîíàâèðóñàì ó êîðîâ ïîñëå
ïðèìåíåíèÿ àññîöèèðî-âàííîé âàêöèíû â ðàçíûõ îáúåìàõ
Fig. 2 - Titers of antibodies to coronaviruses in cows after
application of the associated vaccine in different volumes

Ðèñ. 1 - Òèòðû àíòèòåë ê ðîòàâèðóñàì  ó êîðîâ ïîñëå
ââåäåíèÿ àññîöèèðîâàííîé âàê-öèíû â ðàçíûõ îáúåìàõ
Fig. 1 - Titers of antibodies to rotaviruses in cows after
administration of the associated vaccine in different volumes
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ìåäèöèíû". Âàðèàíòû àññîöèèðîâàííîé âàêöèíû ïðîòèâ
ðîòà-, êîðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà ìîëîä-
íÿêà êðóïíîãî ðîãàòîãî ñêîòà èçãîòîâëåíû â ïðîèçâîä-
ñòâåííûõ óñëîâèÿõ ÎÀÎ "ÁåëÂèòóíèôàðì" Âèòåáñêîãî
ðàéîíà, Ðåñïóáëèêà Áåëàðóñü.

Êîðîâàì îïûòíîé ãðóïïû ¹1 ïðèìåíèëè àññîöèèðî-
âàííóþ âàêöèíó ïðîòèâ ðîòà-, êîðîíàâèðóñíîé èíôåêöèè è
êîëèáàêòåðèîçà, ïðè èçãîòîâëåíèè êîòîðîé â êà÷åñòâå àäú-
þâàíòà èñïîëüçîâàëè âîäíî-ìàñëÿíóþ ýìóëüñèþ  ÈÇÀ-25
(Seppic, Ôðàíöèÿ). Âàêöèíó ââîäèëè âíóòðèìûøå÷íî, â
îáëàñòü êðóïà, äâóêðàòíî, ñ èíòåðâàëîì â 21 äåíü, â îáúåìå
5,0 ñì3.

Èììóíèçàöèþ æèâîòíûõ âòîðîé îïûòíîé ãðóïïû ñ
ïðèìåíåíèåì àññîöèèðîâàííîé âàêöèíû ïðîòèâ ðîòà-, êî-
ðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà ñ àäúþâàíòîì
ÈÇÀ-25 ïðîâîäèëè ïî àíàëîãè÷íîé ñõåìå, íî ââîäèìûé
îáúåì áèîïðåïàðàòà ñîñòàâèë 3,0 ñì3.

Ïðè êîíñòðóèðîâàíèè âûøåîïèñàííûõ âàðèàíòîâ âàê-
öèí èíôåêöèîííûé òèòð ðîòàâèðóñîâ ñîñòàâëÿë 7,0 lg ÒÖÄ

50
/

ìë., à äëÿ êîðîíàâèðóñîâ – 5,5 lg ÒÖÄ
50
/ìë. Äëÿ ïîëó÷åíèÿ

áàêòåðèàëüíûõ ìîíîêîìïîíåíòîâ èñïîëüçîâàíû øòàììû
E.coli ñ àäãåçèâíûìè àíòèãåíàìè À20, Ê88, Ê99, F41 è 987P,
ñ êîíöåíòðàöèåé áàêòåðèàëüíûõ êëåòîê – îò 1,5 äî 2,5 ìëðä.
áàêòåðèàëüíûõ òåë â 1 ñì3. Èíàêòèâàöèþ âèðóñíûõ è áàêòå-
ðèàëüíûõ êîìïîíåíòîâ ïðîâîäèëè 0,3% ðàñòâîðîì ôîðìà-
ëèíà.

Ïîñëå âàêöèíàöèè çà æèâîòíûìè áûëî óñòàíîâëåíî
êëèíè÷åñêîå íàáëþäåíèå â òå÷åíèå 60 äíåé. Î ðåàêòîãåí-
íîñòè âàêöèíû ñóäèëè ïî íàëè÷èþ ìåñòíîé ðåàêöèè è ïî
èçìåíåíèþ îáùåãî ñîñòîÿíèÿ îðãàíèçìà æèâîòíûõ. Äëÿ
îïðåäåëåíèÿ óðîâíÿ áèîñèíòåçà ñïåöèôè÷åñêèõ àíòèòåë îò
æèâîòíûõ îïûòíûõ è êîíòðîëüíûõ ãðóïï áûëè îòîáðàíû
ñûâîðîòêè êðîâè äî èììóíèçàöèè, ÷åðåç 21, 45 è 60 ñóòêè
ïîñëå âàêöèíàöèè.

Ñûâîðîòêè êðîâè êîðîâ îïûòíûõ è êîíòðîëüíûõ ãðóïï
èññëåäîâàëè â ÐÍÃÀ (äèàãíîñòèêóìû ïðåäñòàâëÿëè ñîáîé
ñòàáèëèçèðîâàííûå àêðîëåèíîì èëè ãëþòàðîâûì àëüäåãè-
äîì ýðèòðîöèòû êðóïíîãî ðîãàòîãî ñêîòà, òàíèçèðîâàííûå
è ñåíñèáèëèçèðîâàííûå àíòèãåíàìè âèðóñîâ ñ ïîìîùüþ
êîíúþãèðóþùèõ âåùåñòâ – õëîðèäà õðîìà ñ òðèïàíîâûì
ñèíèì) è â ÐÀ íà ïîëèñòèðîëîâûõ ïëàíøåòàõ ñ èñïîëüçîâà-
íèåì ñòàíäàðòíûõ äèàãíîñòèêóìîâ. Îöåíêó ðåçóëüòàòîâ
ïðîâîäèëè ñ ó÷åòîì  èíòåíñèâíîñòè àíòèòåëîîáðàçîâàíèÿ â
ñûâîðîòêàõ êðîâè æèâîòíûõ ïðè ââåäåíèè ðàçíûõ âàðèàí-
òîâ âàêöèíû. Ñòàòèñòè÷åñêóþ îáðàáîòêó ïîëó÷åííûõ ðå-
çóëüòàòîâ èññëåäîâàíèé ïðîâîäèëè ñ èñïîëüçîâàíèåì êîì-
ïüþòåðíûõ ïðîãðàìì Excel è Stat Biom 2720.

Ðåçóëüòàòû èññëåäîâàíèé

Èììóíèçàöèÿ ñòåëüíûõ êîðîâ âàðèàíòàìè âàêöèíû ïðî-
òèâ ðîòà-, êîðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà ìî-
ëîäíÿêà êðóïíîãî ðîãàòîãî ñêîòà â èññëåäóåìûõ äîçàõ ñîïðî-
âîæäàëàñü âûðàæåííûì áèîñèíòåçîì ñïåöèôè÷åñêèõ àíòè-
òåë â îðãàíèçìå æèâîòíûõ. Ïðè ïðîâåäåíèè íàáëþäåíèÿ íà
âñåì ïðîòÿæåíèè îïûòà ó âàêöèíèðîâàííûõ æèâîòíûõ ìåñò-
íûõ è îáùåêëèíè÷åñêèõ èçìåíåíèé íå îáíàðóæåíî.

Íà ðèñóíêå 1 ïðåäñòàâëåíû ðåçóëüòàòû èçó÷åíèÿ äèíà-
ìèêè ñïåöèôè÷åñêèõ àíòèòåë â ñûâîðîòêå êðîâè êîðîâ
îïûòíûõ ãðóïï, èììóíèçèðîâàííûõ âàðèàíòàìè âàêöèíû ñ
àäúþâàíòîì ÈÇÀ-25. Âàêöèíàöèÿ æèâîòíûõ âàêöèíîé ïðî-
òèâ ðîòà-, êîðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà
ìîëîäíÿêà êðóïíîãî ðîãàòîãî ñêîòà â îáúåìå 5,0 ñì3 âåäåò
ê âûðàáîòêå ñïåöèôè÷åñêèõ àíòèòåë ê ðîòàâèðóñó äî çíà÷å-
íèÿ 6,0±0,2 log

2
 ïîñëå äâóêðàòíîé âàêöèíàöèè.

Íà ðèñóíêå 2 ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ
ïðèðîñòà ïðîòèâîâèðóñíûõ àíòèòåë ê êîðîíàâèðóñàì êðóï-
íîãî ðîãàòîãî ñêîòà ó æèâîòíûõ ãðóïï îïûòà ¹1 è ¹2,
ïîñëå âàêöèíàöèè àññîöèèðîâàííîé âàêöèíîé ïðîòèâ ðîòà-
, êîðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà ìîëîäíÿêà
êðóïíîãî ðîãàòîãî ñêîòà ñ ðàçíûìè àäúþâàíòàìè.

Ðèñóíîê 3-7 - Òèòðû àíòèáàêòåðèàëüíûõ àíòèòåë ê
E.coli ïðè ïðèìåíåíèè àññîöè-èðîâàííîé âàêöèíû â
ðàçíûõ îáúåìàõ
Fig. 3-7 - Titers of antibacterial antibodies to E. coli after
using the associated vaccine in different volumes
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Ñîãëàñíî ïîëó÷åííûõ ðåçóëüòàòîâ ñåðîëîãè÷åñêèõ èñ-
ñëåäîâàíèé êðîâè âàêöèíèðîâàííûõ æèâîòíûõ îïûòíûõ
ãðóïï óñòàíîâëåíî, ÷òî ïðè ââåäåíèè èñïûòóåìîé âàêöèíû
íàèáîëüøèé ïðèðîñò ïðîòèâîâèðóñíûõ àíòèòåë ê âîçáóäè-
òåëþ êîðîíàâèðóñíîé èíôåêöèè êðóïíîãî ðîãàòîãî ñêîòà
áûë òàêæå íàèáîëüøèì ïðè ââåäåíèè âàðèàíòà âàêöèíû â
îáúåìå 5,0 ñì3. Ïðèðîñò àíòèòåë ÷åðåç 24 äíÿ ïîñëå ïåðâè÷-
íîé è 15 äíåé ïîñëå ïîâòîðíîé èììóíèçàöèè äîñòèãàë äî
çíà÷åíèÿ 4,8±0,36 è 5,6±0,24 log

2
 ñîîòâåòñòâåííî.

Íà ðèñóíêàõ 3–7 ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëå-
íèÿ ïðèðîñòà ïðîòèâîáàêòåðèàëüíûõ àíòèòåë ê E.coli ñ
àäãåçèâíûìè àíòèãåíàìè À20, Ê88, Ê99, F41 è 987P ó êîðîâ
ãðóïï îïûòà è æèâîòíûõ ãðóïïû êîíòðîëÿ.

Äàííûå ðåçóëüòàòîâ ñåðîëîãè÷åñêèõ èññëåäîâàíèé
ñûâîðîòîê êðîâè êîðîâ îïûòíûõ ãðóïï òàêæå óêàçûâàþò íà
íàèáîëåå âûñîêèé äîñòîâåðíûé ïðèðîñò ïðîòèâîýøåðèõè-
îçíûõ àíòèòåë â ñûâîðîòêàõ êðîâè êîðîâ 2-é îïûòíîé
ãðóïïû, çíà÷åíèÿ êîòîðûõ ïîñëå äâóêðàòíîé âàêöèíàöèè
äîñòèãëè: ê  E.coli À20 – 10,5±0,45 log

2
, ê E.coli Ê88 –

10,4±0,64 log
2
, ê E.coli Ê99 – 9,8±0,15 log

2
, ê E.coli 987Ð –

10,6±0,54 log
2
. Ïðè ýòîì, óñòàíîâëåíî, ê áàêòåðèàëüíîìó

êîìïîíåíòó E.coli F41 ó æèâîòíûõ ïåðâîé îïûòíîé ãðóïïû
óðîâåíü ñïåöèôè÷åñêèõ àíòèòåë ïîñëå äâóêðàòíîé âàêöè-
íàöèè áûë âûøå íà 2,1 log

2
 ïîëó÷åííîãî çíà÷åíèÿ â ñûâî-

ðîòêàõ êðîâè êîðîâ âòîðîé îïûòíîé ãðóïïû.
Â ñûâîðîòêàõ êðîâè êîðîâ ãðóïïû êîíòðîëÿ, íà ïðîòÿæå-

íèè âñåõ ñðîêîâ èññëåäîâàíèé, íå íàáëþäàëè äîñòîâåðíûõ
îòëè÷èé èçìåíåíèÿ óðîâíÿ òèòðîâ ñïåöèôè÷åñêèõ àíòèòåë.

Âûâîäû è ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâàíèé

1. Ñîãëàñíî ïîëó÷åííûõ ðåçóëüòàòîâ ñåðîëîãè÷åñêèõ
èññëåäîâàíèé êðîâè êîðîâ, âàêöèíèðîâàííûõ àññîöèèðî-
âàííîé âàêöèíîé ïðîòèâ ðîòà-, è êîðîíàâèðóñíîé èíôåê-
öèè è êîëèáàêòåðèîçà ìîëîäíÿêà êðóïíîãî ðîãàòîãî ñêîòà
óñòàíîâëåíî, ÷òî ïî ðåçóëüòàòàì ãóìîðàëüíîãî èììóííîãî
îòâåòà îïòèìàëüíîé äîçîé äëÿ êîìïîíåíòîâ ðîòà-, è êîðî-
íàâèðóñîâ êðóïíîãî ðîãàòîãî ñêîòà ñ èíôåêöèîííûì òèò-
ðîì 7,0–5,5 lg ÒÖÄ

50
/ñì3, îïðåäåëåíî ó æèâîòíûõ, èììó-

íèçèðîâàííûõ â îáúåìå – 5,0 ñì3.
2. Äëÿ áàêòåðèàëüíûõ ìîíîêîìïîíåíòîâ À20, Ê88, Ê99

è 987Ð, ñ êîíöåíòðàöèåé áàêòåðèàëüíûõ êëåòîê îò 1,5 äî 2,5
ìëðä./ñì3, ìàêñèìàëüíûé ñèíòåç ïðîòèâîýøåðèõèîçíûõ
àíòèòåë äîñòèãíóò ïðè ââåäåíèè èñïûòóåìîé âàêöèíû â
îáúåìå 5,0 ñì3, à äëÿ E.coli F41 – â îáúåìå 3,0 ñì3.

3. Ðåçóëüòàòû èçó÷åíèÿ äèíàìèêè áèîñèíòåçà ñïåöè-
ôè÷åñêèõ àíòèòåë óêàçûâàþò íà íåîáõîäèìîñòü äâóêðàò-
íîãî ïðèìåíåíèÿ àññîöèèðîâàííîé âàêöèíû ïðîòèâ ðîòà-,
è êîðîíàâèðóñíîé èíôåêöèè è êîëèáàêòåðèîçà ìîëîäíÿêà
êðóïíîãî ðîãàòîãî ñêîòà.
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Â 2020 ãîäó óâåëè÷èëîñü ïðîèçâîäñòâî ïðîäóêöèè æèâîòíîâîäñòâà

Livestock production increased in 2020

Â 2020 ãîäó ðîññèéñêàÿ îòðàñëü æèâîòíîâîäñòâà ïðîäåìîíñòðèðîâàëà óñòîé÷èâóþ ïîëîæèòåëüíóþ äèíàìèêó
ðàçâèòèÿ êàê â ìÿñíîì, òàê è â ìîëî÷íîì íàïðàâëåíèè. Ïî ìíåíèþ ýêñïåðòîâ, òåíäåíöèÿ ñîõðàíèòñÿ è â òåêóùåì ãîäó.

Ïî îïåðàòèâíûì äàííûì, ïðîèçâîäñòâî ñêîòà è ïòèöû íà óáîé â æèâîì âåñå â õîçÿéñòâàõ âñåõ êàòåãîðèé äîñòèãëî
15,6 ìëí òîíí, ÷òî íà 3,1% (+472 òûñ. òîíí) áîëüøå ïîêàçàòåëÿ 2019 ãîäà. Íàèáîëüøèé ðîñò íàáëþäàåòñÿ â ñâèíîâîäñòâå
- 8,9% (+446 òûñ. òîíí), ÷òî îáóñëîâëåíî ðåàëèçàöèåé èíâåñòèöèîííûõ ïðîåêòîâ â ýòîé ñôåðå è ðàñøèðåíèåì ýêñïîðòíûõ
âîçìîæíîñòåé äëÿ ðîññèéñêèõ ïîñòàâùèêîâ. Ïî ñëîâàì ãåíåðàëüíîãî äèðåêòîðà Íàöèîíàëüíîãî Ñîþçà ñâèíîâîäîâ
Þðèÿ Êîâàëåâà, åæåãîäíûé ïðèðîñò ñîõðàíèòñÿ íà óðîâíå 3-5%, è ê 2025 ãîäó ïîêàçàòåëü óâåëè÷èòñÿ äî 5,8 ìëí òîíí
â æèâîì âåñå. Ïðîäîëæàåòñÿ ñòðîèòåëüñòâî ñîâðåìåííûõ ìîùíîñòåé, ÷òî ïîçâîëèò îáåñïå÷èâàòü ïîòðåáèòåëåé ñàìûì
ðàçíîîáðàçíûì àññîðòèìåíòîì ïðîäóêöèè.

Òàêæå äîñòèãíóò ïðèðîñò â ïðîèçâîäñòâå êðóïíîãî ðîãàòîãî ñêîòà (+0,3%) è ïòèöû (+0,3%). Ïðîèçâîäñòâî ÿèö
ñîñòàâèëî 44,8 ìëðä øòóê, â òîì ÷èñëå â ñåëüñêîõîçÿéñòâåííûõ îðãàíèçàöèÿõ ïîêàçàòåëü óâåëè÷èëñÿ íà 64,6 ìëí øòóê
(+0,2%). Êàê îòìåòèë ãåíåðàëüíûé äèðåêòîð Íàöèîíàëüíîãî Ñîþçà ïòèöåâîäîâ Ñåðãåé Ëàõòþõîâ, â ïîñëåäíèå ãîäû
îòðàñëü ïîêàçûâàåò ñòàáèëüíûå ðåçóëüòàòû, ÷òî ïîçâîëÿåò ïîëíîñòüþ îáåñïå÷èâàòü ïîòðåáíîñòè íàñåëåíèÿ è ñïîñîá-
ñòâóåò ñíèæåíèþ èìïîðòà. Äàëüíåéøåå ðàçâèòèå âíóòðåííåãî ïîòðåáëåíèÿ ìÿñà ïòèöû âîçìîæíî çà ñ÷åò íàðàùèâàíèÿ
ïðîèçâîäñòâà èíäåéêè è äðóãèõ íèøåâûõ ïðîäóêòîâ. Îòðàñëü ïðîäîëæèò ïëàíîìåðíûé ðîñò ñ òåìïîì 0,5-1% â ãîä.

Êëþ÷åâûìè ôàêòîðàìè, îïðåäåëÿþùèìè ïîëîæèòåëüíóþ äèíàìèêó â îòå÷åñòâåííîì æèâîòíîâîäñòâå, ÿâëÿþòñÿ
àêòèâíîå èñïîëüçîâàíèå àãðàðèÿìè ìåð ãîñóäàðñòâåííîé ïîääåðæêè, ôîðìèðîâàíèå ïëåìåííîé áàçû è óêðåïëåíèå
âåòåðèíàðíîé çàùèòû.

Êëþ÷åâûå çàäà÷è àãðàðíîé íàóêè - ñîõðàíåíèå ðåñóðñîâ è îáåñïå÷åíèå ïðîäáåçîïàñíîñòè

The key tasks of agricultural science are the preservation of resources and ensuring food safety

Çàìåñòèòåëü Ìèíèñòðà ñåëüñêîãî õîçÿéñòâà Ìàêñèì Óâàéäîâ ïðèíÿë ó÷àñòèå â ïàíåëüíîé äèñêóññèè, êîòîðàÿ
ïðîøëà â ðàìêàõ Ìåæäóíàðîäíîé çåëåíîé íåäåëè (International Green Week Berlin) â Áåðëèíå â ðåæèìå îíëàéí.
Åæåãîäíîå ìåðîïðèÿòèå ïîñâÿùåíî ñîòðóäíè÷åñòâó Ðîññèè è Ãåðìàíèè â öåëÿõ óñòîé÷èâîãî ðàçâèòèÿ ñåëüñêîãî
õîçÿéñòâà è ïèùåâîé ïðîìûøëåííîñòè.

Òåìàìè äèñêóññèè, â ÷àñòíîñòè, ñòàëè óñëîâèÿ äëÿ ïðîèçâîäñòâà âûñîêîòåõíîëîãè÷íîé ñåëüõîçïðîäóêöèè, ïðèìå-
íåíèå íàó÷íûõ èññëåäîâàíèé è ðàçðàáîòîê â ñåëüñêîì õîçÿéñòâå, ïðîôåññèîíàëüíûé îáìåí â ýòîé ñôåðå. Ðîññèéñêèå
àãðàðíûå âóçû íà âñòðå÷å ïðåäñòàâèë ðåêòîð ÐÃÀÓ-ÌÑÕÀ èì. Ê.À. Òèìèðÿçåâà Âëàäèìèð Òðóõà÷åâ.

Â ñâîåì âûñòóïëåíèè Ìàêñèì Óâàéäîâ ïîä÷åðêíóë, ÷òî â ñîâðåìåííûõ óñëîâèÿõ ïåðåä àãðàðíîé íàóêîé ñòîèò çàäà÷à
ñîõðàíåíèÿ ðåñóðñîâ è îäíîâðåìåííî îáåñïå÷åíèÿ ïðîäîâîëüñòâåííîé áåçîïàñíîñòè. Ýòîìó äîëæíû ñïîñîáñòâîâàòü
ïîâûøåíèå íàó÷íî-òåõíîëîãè÷åñêîãî óðîâíÿ ÀÏÊ çà ñ÷åò ðàçâèòèÿ ñåëåêöèè è ãåíåòèêè, à òàêæå öèôðîâàÿ òðàíñôîðìà-
öèÿ. Â Ðîññèè ìèíèìèçèðîâàòü íåãàòèâíîå âîçäåéñòâèå íà îêðóæàþùóþ ñðåäó ïðèçâàí äåéñòâóþùèé ñ 1 ÿíâàðÿ 2020
ãîäà Çàêîí îá îðãàíè÷åñêîé ïðîäóêöèè. Ïî ñëîâàì çàììèíèñòðà, ðàçâèòèå îðãàíè÷åñêîãî ñåëüñêîãî õîçÿéñòâà ïîìèìî
ïîâûøåíèÿ êà÷åñòâà ïðîäóêöèè âëå÷åò è èíûå ïîçèòèâíûå èçìåíåíèÿ â ÀÏÊ - ñîçäàíèå äîïîëíèòåëüíûõ ðàáî÷èõ ìåñò,
ñíèæåíèå íåãàòèâíîãî âëèÿíèÿ íà êëèìàò è áîëåå ýôôåêòèâíîå èñïîëüçîâàíèå ýíåðãèè.

Òàêæå Ìàêñèì Óâàéäîâ îòìåòèë, ÷òî äëÿ îáåñïå÷åíèÿ íàñåëåíèÿ ïðîäóêòàìè ïèòàíèÿ íà îñíîâå ýêîëîãè÷åñêè
îðèåíòèðîâàííûõ òåõíîëîãèé ñîçäàåòñÿ íîâûé çàùèùåííûé "çåëåíûé" ñòàíäàðò ñåëüõîçïðîäóêöèè, ñûðüÿ è ïðîäîâîëü-
ñòâèÿ ñ óëó÷øåííûìè õàðàêòåðèñòèêàìè. Ñîãëàñíî ïðîåêòó çàêîíà, êîòîðûé óæå âíåñåí â Ãîñóäàðñòâåííóþ Äóìó ÐÔ,
ïðîèçâîäñòâî òàêèõ ïðîäóêòîâ ïðåäïîëàãàåò áåðåæíîå îòíîøåíèå ê îêðóæàþùåé ñðåäå. Ìèíñåëüõîç ðàññ÷èòûâàåò, ÷òî
çàêîíîïðîåêò áóäåò ïðèíÿò â 2021 ãîäó

Â 2021 ãîäó îáúåì ñóáñèäèé íà ëüãîòíîå êðåäèòîâàíèå ÀÏÊ ñîñòàâèò áîëåå 80 ìëðä

In 2021, the volume of subsidies for concessional lending to the agro-industrial complex
will amount to more than 80 billion rubles

Ëüãîòíîå êðåäèòîâàíèå îñòàåòñÿ îäíèì èç îñíîâíûõ ìåõàíèçìîâ ãîñïîääåðæêè àãðîïðîìûøëåííîãî êîìïëåêñà
ñòðàíû. Â öåëÿõ äàëüíåéøåé ðåàëèçàöèè ìåõàíèçìà Ìèíñåëüõîç Ðîññèè óòâåðäèë Ïëàí ëüãîòíîãî êðåäèòîâàíèÿ
çàåìùèêîâ íà î÷åðåäíîé ôèíàíñîâûé ãîä.

Ñîãëàñíî äîêóìåíòó, â 2021 ãîäó îáùèé îáúåì ñóáñèäèé, ïðåäîñòàâëÿåìûõ óïîëíîìî÷åííûì áàíêàì ïî äàííîé
ïðîãðàììå, ñîñòàâëÿåò 80,2 ìëðä ðóáëåé, â òîì ÷èñëå 15,5 ìëðä ðóáëåé - íà âûäà÷ó íîâûõ êðåäèòîâ.

Äëÿ îáåñïå÷åíèÿ ëüãîòíîãî êðàòêîñðî÷íîãî êðåäèòîâàíèÿ ïðåäóñìîòðåíû ñóáñèäèè â îáúåìå 22,5 ìëðä ðóáëåé, â òîì
÷èñëå 12 ìëðä ðóáëåé - íà íîâûå êðåäèòû. Ñðåäñòâà áóäóò íàïðàâëåíû íà ïîääåðæêó ìàëûõ ôîðì õîçÿéñòâîâàíèÿ,
ðàçâèòèå ðàñòåíèåâîäñòâà, æèâîòíîâîäñòâà è ïåðåðàáîòêè ïðîäóêöèè äàííûõ îòðàñëåé, à òàêæå ìîëî÷íîãî è ìÿñíîãî
ñêîòîâîäñòâà.

Íà ëüãîòíûå èíâåñòêðåäèòû çàëîæåíî 57,7 ìëðä ðóáëåé, â òîì ÷èñëå 3,5 ìëðä ðóáëåé çàïëàíèðîâàíû íà âûäà÷ó íîâûõ
êðåäèòîâ. Îíè ïðåäóñìîòðåíû äëÿ ìàëûõ ôîðì õîçÿéñòâîâàíèÿ, íà ðàçâèòèå ðàñòåíèåâîäñòâà, æèâîòíîâîäñòâà è
ïåðåðàáîòêè, ìîëî÷íîãî ñêîòîâîäñòâà, íà ïðèîáðåòåíèå òåõíèêè, à òàêæå æåëåçíîäîðîæíîãî ïîäâèæíîãî ñîñòàâà.
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