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ñêèå áåñïèëîòíûå ëåòàòåëüíûå àïïàðàòû  
(ÁËÀ) êëàññà MALE (Medium Altitude Long 
Endurance – ñðåäíåâûñîòíûé c áîëüøîé ïðî-
äîëæèòåëüíîñòüþ ïîëåòà).

Ïðè èçãîòîâëåíèè êîìïîçèòíûõ äåòàëåé íå-
îáõîäèìî ñðàùèâàòü êðàÿ òêàíîãî àðìèðóþùå-
ãî ìàòåðèàëà ïðè âûðåçàíèè ñêëàäêè èëè ïðè 
ñîåäèíåíèè çàãîòîâîê.

Ñðàùèâàíèå àðìèðóþùåãî ìàòåðèà-
ëà (ÀÌ ) íåèçáåæíî ïðèâîäèò ê ïîÿâëåíèþ äå-

 Ââåäåíèå

Äëÿ óëó÷øåíèÿ ëåòíî-òåõíè÷åñêèõ õàðàê-
òåðèñòèê ñàìîëåòîâ â ìèðîâîì àâèàñòðîåíèè 
øèðîêî èñïîëüçóþòñÿ ïîëèìåðíûå êîìïîçè-
öèîííûå ìàòåðèàëû  (ÏÊÌ ). Îòå÷åñòâåííàÿ 
àâèàöèîííàÿ ïðîìûøëåííîñòü òàêæå ñòðåìèò-
ñÿ ê óâåëè÷åíèþ äîëè êîìïîçèöèîííûõ ìàòå-
ðèàëîâ â ïëàíåðàõ ñîâðåìåííûõ ãðàæäàíñêèõ 
è âîåííûõ ñàìîëåòîâ [1]. Íà îñíîâå ÏÊÌ 
ïðîåêòèðóþòñÿ è èçãîòàâëèâàþòñÿ ðîññèé-
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òåõíîëîãè÷åñêîãî ïðîåêòèðîâàíèÿ 
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ñî ñëîæíîé ãåîìåòðèåé, èñïîëüçóåìûõ
â áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòàõ
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V.V. Sokolov, S.I. Voinov, J.V. Agashina, P.Yu. Antipov, O.A. Golishev, S.V. Dolinsky.  Technological Design 
of Small-sized Carbon Fiber Parts with Complex Geometry Used in the Features of Unmanned Aerial Vehicles 
Design

The process of technological design of small-sized carbon fiber parts with complex geometry is considered. Approaches to 
the placement of splicing points of woven blanks when laying out a preform are presented. As a result of the studies carried out 
regularities were established that relate the number and location of splices in the reinforcing layers of CFRP and its mechanical 
characteristics (tensile strength).

Keywords: software Fibersim; carbon fiber reinforced plastic; splicing of layers.
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ìåñò ñðàùèâàíèÿ â àðìèðóþùèõ ñëîÿõ óãëåïëà-
ñòèêà è åãî ïðî÷íîñòü ïðè ðàñòÿæåíèè, à òàêæå 
îöåíêà ýôôåêòèâíîñòè ðàçëè÷íûõ òåõíîëîãè-
÷åñêèõ ðåøåíèé äëÿ ðàçíåñåíèÿ ñòûêîâ â ñëî-
ÿõ äåòàëåé ñî ñëîæíîé ãåîìåòðèåé íà ïðèìåðå 
øïàíãîóòà ÁËÀ. 

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Â êà÷åñòâå îáúåêòà èññëåäîâàíèé èñïîëüçî-
âàëèñü ñôîðìîâàííûå ìåòîäîì âàêóóìíîé èí-
ôóçèè óãëåïëàñòèêîâûå ïëàñòèíû è äåòàëè íà 
îñíîâå ðàâíîïðî÷íûõ óãëåðîäíûõ òêàíåé ïðî-
èçâîäñòâà ÎÎÎ «Èòåêìà» ñëåäóþùèõ ìàðîê:

22502 ñàðæåâîãî ïåðåïëåòåíèÿ; 
21701 ïîëîòíÿíîãî ïåðåïëåòåíèÿ. 
Ñðàùèâàíèå êðàåâ ÀÌ ïðè âûêëàäêå ïðå-

ôîðì âûïîëíÿëè âíàõëåñò ( ñïîñîá ñîåäèíå-

ôåêòîâ, êîòîðûå ïðè íåïðàâèëüíîì ïîäõîäå 
ê âûêëàäêå ïðåôîðìû ìîãóò îêàçàòü íåãàòèâ-
íîå âëèÿíèå íà ïðî÷íîñòíûå õàðàêòåðèñòèêè 
êîìïîçèòíîé äåòàëè [2 – 5]. Â ñâÿçè ñ ýòèì 
î áÿçàòåëüíûì óñëîâèåì ñîåäèíåíèÿ êðàåâ àð-
ìèð óþùåé òêàíè ÿâëÿåòñÿ ðàçíåñåíèå ñòûêîâ, 
îáðàçîâàííûõ â ðåçóëüòàòå ïðîâåäåíèÿ äàííîé 
òåõíîëîãè÷åñêîé îïåðàöèè, íà ìàêñèìàëüíîå 
ðàññòîÿíèå äðóã îò äðóãà.

Ïðè áîëüøèõ ãàáàðèòíûõ ðàçìåðàõ äåòà-
ëè ðàçíåñåíèå ìåñò ñðàùèâàíèÿ íå ÿâëÿåòñÿ 
ñëîæíîé çàäà÷åé. Îäíàêî êîìïîçèòíûå äåòàëè 
ÁËÀ êëàññà MALE õàðàêòåðèçóþòñÿ ìàëûìè 
ðàçìåðàìè è ñëîæíîé ãåîìåòðèåé. Ýòî ñîçäàåò 
çíà÷èòåëüíûå òðóäíîñòè ïðè ðàçìåùåíèè ìåñò 
ñðàùèâàíèÿ ÀÌ. 

Íà ðèñ. 1 ïîêàçàí òèïè÷íûé øïàíãîóò ïëà-
íåðà ÁËÀ, ñîñòîÿùèé èç 14 ñëîåâ óãëåðîäíîé 
òêàíè 22502. Öåíòðàëüíîå îòâåðñòèå ïðåäíà-
çíà÷åíî äëÿ óñòàíîâêè îáîðóäîâàíèÿ è ñíèæå-
íèÿ ìàññû äåòàëè. Êðîìêè öåíòðàëüíîãî îòâåð-
ñòèÿ óñèëåíû îòáîðòîâêîé. Ïðè âûêëàäêå ñëîåâ 
äàííîãî øïàíãîóòà â äâóõ ðàäèóñíûõ çîíàõ îá-
ðàçóþòñÿ ñêëàäêè è ðàçðûâû òêàíè.

Óêàçàííûå âûøå äåôåêòû ìîæíî óñòðàíèòü 
ïóòåì ðàçäåëåíèÿ òêàíîãî ñëîÿ íà íåñêîëüêî ÷à-
ñòåé ñ ïîñëåäóþùèì ñîåäèíåíèåì êðàåâ àðìè-
ðóþùåãî ìàòåðèàëà. Â ðåçóëüòàòå âûïîëíåíèÿ 
ýòîé îïåðàöèè ôîðìèðóþòñÿ ìåñòà ñðàùèâàíèÿ.

Ñëîæíîñòü çàäà÷è ïðè òåõíîëîãè÷åñêîì 
ïðîåêòèðîâàíèè äàííîé äåòàëè çàêëþ÷àåòñÿ â 
òîì, ÷òî ñêëàäêè è ðàçðûâû òêàíè, à ñëåäîâà-
òåëüíî, è ìåñòà ñðàùèâàíèÿ îáðàçóþòñÿ â êàæ-
äîì óêëàäûâàåìîì ñëîå. Ïðè ýòîì ãåîìåòðèÿ 
øïàíãîóòà íå ïîçâîëÿåò ðàçíåñòè ñòûêè íà çíà-
÷èòåëüíîå ðàññòîÿíèå äðóã îò äðóãà.

Òàêèì îáðàçîì, èçãîòîâëåíèå ïðåäñòàâëåí-
íîé êîíñòðóêöèè èç ÏÊÌ ñîïðÿæåíî ñ ðåøå-
íèåì ñëîæíîé òåõíîëîãè÷åñêîé çàäà÷è äîñòè-
æåíèÿ îïòèìàëüíîé óêëàäêè òêàíè ïðè ñáîðêå 
ïðåôîðìû, ò.å. òàêîé óêëàäêè, êîòîðàÿ ïîçâîëèò 
ìèíèìèçèðîâàòü ïîòåðþ ïðî÷íîñòè óãëåïëà-
ñòèêà èç-çà áëèçêîðàñïîëîæåííûõ ñðàùèâàíèé. 

Öåëü íàñòîÿùåé ðàáîòû –  óñòàíîâëåíèå çà-
êîíîìåðíîñòåé, ñâÿçûâàþùèõ ðàñïîëîæåíèå 

Ðèñ. 1. Ïðèìåð òèïè÷íîãî øïàíãîóòà ïëàíåðà ÁËÀ 
ñ ðåçóëüòàòàìè ìîäåëèðîâàíèÿ óêëàäêè àðìèðóþùåãî 
ñëîÿ (îðèåíòàöèÿ íèòåé â ñëîå ± 45° ) â ðàäèóñíóþ çîíó:
1 – ñêëàäêà; 2 – ðàçðûâ òêàíè
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òêàíè 22502 è òêàíè 21701. Çàëîæåííûå â ñëîÿõ 
îáðàçöîâ ìåñòà ñðàùèâàíèÿ áûëè ðàñïîëîæåíû 
ïî äèàãîíàëè ñ øàãîì 20 ìì, ñðàùåííûå ñëîè 
÷åðåäîâàëèñü ñ öåëüíûìè (òåõíîëîãè÷åñêàÿ 
ñõåìà �‹  1). Ñîåäèíåíèå êðàåâ ÀÌ âûïîëíÿëè 
âñòûê èëè âíàõëåñò. ×èñëî ñðàùèâàíèé â îáðàç-
öàõ âàðüèðîâàëîñü îò 1 äî 7.

Â êà÷åñòâå ïðèìåðà èñïîëüçóåìîé òåõíîëî-
ãè÷åñêîé ñõåìû ðàñïîëîæåíèÿ ñðàùèâàíèé íà 
ðèñ. 2 ïðèâåäåí ýñêèç 13-ñëîéíîãî îáðàçöà, ñî-
äåðæàùåãî ñåìü ìåñò ñðàùèâàíèÿ. 

Íà ðèñ. 3 ïðåäñòàâëåíû çàâèñèìîñòè îò-
íîñèò åëüíîé ïðî÷íîñòè ( �Vcð/�Vèñõ – îòíîøåíèå 
ïðî÷íîñòè óãëåïëàñòèêà ñî ñðàùåííûìè ñëîÿ-
ìè ê ïðî÷íîñòè óãëåïëàñòèêà, àðìèðîâàííîãî 
íåïðåðûâíûì òêàíûì ìàòåðèàëîì) èçãîòîâëåí-
íûõ îáðàçöîâ ÏÊÌ ïðè ðàñòÿæåíèè îò ÷èñëà 
ñðàùåííûõ ñëîåâ.  Àíàëèç ïîêàçàë, ÷òî ñ óâå-
ëè÷åíèåì ê îëè÷åñòâà ñðàùèâàíèé ïðî÷íîñòü 
óãëåïëàñòèêîâûõ îáðàçöîâ ìîíîòîííî ñíèæà-
åòñÿ íåçàâèñèìî îò èñïîëüçóåìîãî ÀÌ è ñïîñî-
áà ñîåäèíåíèÿ êðàåâ òêàíûõ çàãîòîâîê.

Ó èññëåäóåìûõ îáðàçöîâ ñ óâåëè÷åíèåì nñð 
îò 0 äî 7 ïðî÷íîñòü ïðè ðàñòÿæåíèè ñíèæàåòñÿ 
íà 18…20 % äëÿ ÏÊÌ, âûïîëíåííûõ èç òêàíè 
22502,  íà 7…14 % – èç òêàíè 21701.

Ïðî÷íîñòü óãëåïëàñòèêîâ, ñðàùèâàíèå 
ÀÌ â êîòîðûõ îñóùåñòâëÿëîñü âíàõëåñò, íà 

íèÿ êðàåâ äâóõ òêàíûõ çàãîòîâîê, ôîðìèðó-
þùèé âçàèìíîå ïåðåñå÷åíèå (5…10 ìì) èõ  
êîíòóðîâ ) è âñòûê (ñîåäèíåíèå òêàíûõ çàãî-
òîâîê, êîãäà êðàÿ çàãîòîâîê ñòûêóþòñÿ ìåæäó 
ñîáîé ).

Â òàáë. 1 ïðèâåäåíû îñíîâíûå òåêñòèëüíûå 
õàðàêòåðèñòèêè è ïîêàçàòåëè äðàïèðóåìîñòè 
(ïðåäåëüíûé è ïðåäóïðåæäàþùèé óãëû äåôîð-
ìàöèè) òêàíè 22502, èñïîëüçóåìîé â ïðîöåññå 
ìîäåëèðîâàíèÿ óêëàäêè àðìèðóþùèõ ñëîåâ 
øïàíãîóòà. Ïðåäåëüíûé óãîë äåôîðìàöèè – 
óãîë ìåæäó íèòÿìè îñíîâû è óòêà, ïðè äîñòè-
æåíèè êîòîðîãî ïðîèñõîäèò îáðàçîâàíèå ñêëàä-
êè. Ïðåäóïðåæäàþùèé óãîë äåôîðìàöèè ðàâåí 
ïîëîâèíå ïðåäåëüíîãî óãëà.

�< �d�Z�q�_�k�l�\�_ �k�\�y�a�m�x�s�_�]�h �[�u�e�Z �\�u�[�j�Z�g�Z �w�i�h�d-
�k�b�^�g�Z�y �k�f�h�e�Z �L67 �i�j�h�b�a�\�h�^�k�l�\�Z �H�H�H «�B�l�_�d�f�Z». 
�I�j�h�q�g�h�k�l�v �i�j�b �j�Z�k�l�y�`�_�g�b�b �h�i�j�_�^�_�e�y�e�Z�k�v �\ �k�h-
�h�l�\�_�l�k�l�\�b�b �k �=�H�K�L �J 56785–2015 �g�Z �h�[�j�Z�a�p�Z�o �k 
�]�Z�[�Z�j�b�l�g�u�f�b �j�Z�a�f�_�j�Z�f�b 250�+25 �f�f . �J�Z�a�j�m�r�Z�x-
�s�b�_ �b�k�i�u�l�Z�g�b�y �h�[�j�Z�a�p�h�\ �i�j�h�\�h�^�b�e�b �g�Z �b�k�i�u�l�Z-
�l�_�e�v�g�h�c �f�Z�r�b�g�_ Tinius Olsen �k�_�j�b�b ST. �L�_�o�g�h�e�h-
�]�b�q�_�k�d�h�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�_ �r�i�Z�g�]�h�m�l�Z �\�u�i�h�e�g�y�e�b 
�\ �i�j�h�]�j�Z�f�f�g�h�f �h�[�_�k�i�_�q�_�g�b�b (�I�H) Fibersim.

Îáñóæäåíèå ðåçóëüòàòîâ

Ðàññìîòðèì ïðîñòîé ïðèìåð, êîãäà ãåîìå-
òðèÿ êîìïîçèòíîé äåòàëè ïîçâîëÿåò ðàçíåñòè 
ìåñòà ñðàùèâàíèÿ íà 20 ìì äðóã îòíîñèòåëüíî 
äðóãà, à íà êàæäûé ñðàùåííûé ñëîé ïðèõîäèòñÿ 
îäèí öåëüíûé.

Äëÿ îöåíêè âëèÿíèÿ êîëè÷åñòâà ñðàùèâàíèé 
íà ïðî÷íîñòíûå ñâîéñòâà óãëåïëàñòèêîâûõ äå-
òàëåé áûëè èçãîòîâëåíû 13-ñëîéíûå îáðàçöû èç 

Òàáëèöà 1
Îñíîâíûå òåêñòèëüíûå õàðàêòåðèñòèêè

è ïîêàçàòåëè äðàïèðóåìîñòè òêàíè 22502

Òèï 
ïëåòåíèÿ 

òêàíè

Ïîâåðõíîñò-
íàÿ ïëîò-
íîñòü, ã/ì 2

Ïðåäóïðåæ-
äàþùèé 

óãîë äåôîð-
ìàöèè, °

Ïðåäåëüíûé 
óãîë äåôîð-

ìàöèè, °

Ñàðæà 200 ± 10 27 54

Ðèñ. 2. Òåõíîëîãè÷åñêàÿ ñõåìà ðàñïîëîæåíèÿ ñðàùèâàíèé 
�‹  1. Ðàçðûâàìè îáîçíà÷åíû ìåñòà ñðàùèâàíèÿ. Äëèíà 
çîíû ñîñðåäîòî÷åíèÿ ìåñò ñðàùèâàíèÿ – 120 ìì
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Äëÿ äåòàëåé ñ ïðîñòîé ãåîìåòðèåé èñïîëü-
çîâàíèå îïèñàííîé ñõåìû ðàçìåùåíèÿ ìåñò 
ñðàùèâàíèÿ ÿâëÿåòñÿ ðåøàåìîé çàäà÷åé. Îä-
íàêî â ìàëîãàáàðèòíûõ äåòàëÿõ ñî ñëîæíîé 
ãåîìåòðèåé íå âñåãäà ìîæíî ðàçíåñòè ñòûêè 
íà 20 ìì. Êðîìå òîãî, ñîåäèíåíèå êðàåâ òêàíî-
ãî ìàòåðèàëà ïðèõîäèòñÿ âûïîëíÿòü â êàæäîì 
ñëîå. Äëÿ òàêèõ äåòàëåé ðàññìîòðèì òðè òåõ-
íîëîãè÷åñêèå ñõåìû ðàçìåùåíèÿ ìåñò ñðàùè-
âàíèÿ íà ó÷àñòêàõ äëèíîé 36…100 ìì (ðèñ. 4). 

3…10 % âûøå, ÷åì ïðî÷íîñòü êîìïîçèòîâ, ñî-
åäèíåíèå êðàåâ òêàíè â êîòîðûõ âûïîëíÿëîñü 
âñòûê.

Ñëåäóåò îòìåòèòü, ÷òî äâà áëèçêîðàñïîëî-
æåííûõ ñðàùèâàíèÿ, âûïîëíåííûõ âñòûê èëè 
âíàõëåñò, íå îêàçàëè ñóùåñòâåííîãî âëèÿíèÿ 
íà ïðî÷íîñòíûå õàðàêòåðèñòèêè ÏÊÌ, ñíèæàÿ 
èõ ïðî÷íîñòü íà ~ 5 % îòíîñèòåëüíî ïðî÷íîñòè 
óãëåïëàñòèêà, àðìèðîâàííîãî íåïðåðûâíûìè 
ñëîÿìè. 

Ðèñ. 3. Çàâèñèìîñòè îòíîñèòåëüíîé ïðî÷íîñòè îáðàçöîâ ÏÊÌ íà îñíîâå òêàíè 22502 ( à) è 21701 (á) ïðè ðàñòÿæåíèè îò 
êîëè÷åñòâà ñðàùåííûõ ñëîåâ nñð. Çàëîæåííûå â ñëîÿõ ìåñòà ñðàùèâàíèÿ ðàñïîëîæåíû ïî äèàãîíàëè ñ øàãîì 20 ìì, ñðà-
ùåííûå ñëîè ÷åðåäîâàëèñü ñ öåëüíûìè.   

Ðèñ. 4. Ñõåìû ðàñïîëîæåíèÿ ñðàùèâàíèé â 10-ñëîéíîì îáðàçöå (�{ – ìåñòà ñðàùèâàíèÿ; l  – çîíà ñîñðåäîòî÷åíèÿ ìåñò 
ñðàùèâàíèÿ) 
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Íà ðèñ. 5 ïðèâåäåíû çàâèñèìîñòè îòíîñè-
òåëüíîé ïðî÷íîñòè ïðè ðàñòÿæåíèè îáðàçöîâ 
ÏÊÌ íà îñíîâå òêàíè 22502, èçãîòîâëåííûõ 
â ñîîòâåòñòâèè ñ òåõíîëîãè÷åñêèìè ñõåìàìè 
�‹  1 – 4, îò êîýôôèöèåíòà ñðàùèâàíèÿ. Ñðàùè-
âàíèå òêàíûõ ïîëîòåí âûïîëíÿëîñü âñòûê.  

Ñîâìåñòíûé àíàëèç ðèñ. 5 è òàáë. 2 ïîçâîëèë 
ñôîðìóëèðîâàòü ïðàêòè÷åñêèå ðåêîìåíäàöèè 
ïî òåõíîëîãè÷åñêîìó ïðîåêòèðîâàíèþ êîìïî-
çèòíûõ äåòàëåé â ÏÎ Fibersim è ïðîãíîçèðîâà-
íèþ èõ ïðî÷íîñòè ñ ó÷åòîì ñõåìû ðàçìåùåíèÿ 
ìåñò ñðàùèâàíèÿ.

Äëÿ êîìïîçèòíûõ äåòàëåé ñ l = 50…100 ìì 
ïðè óñëîâèè ðàâíîìåðíîãî ðàñïðåäåëåíèÿ ñðà-
ùèâàíèé (êðèâûå 2, 3 íà ðèñ. 5) ñ óâåëè÷åíèåì 
Kñð îò 0 äî 0,8 ïðî÷íîñòü ÏÊÌ ñíèæàåòñÿ íà 
23…27 % îò èñõîäíîãî çíà÷åíèÿ. 

Òåõíîëîãè÷åñêàÿ ñõåìà �‹  4 ïðåäñòàâëÿåò 
ñîáîé íåãàòèâíûé âàðèàíò ðàñïîëîæåíèÿ ñòû-
êîâ, òàê êàê íàöåëåíà íà èõ êîíöåíòðàöèþ, à íå 
íà ðàâíîìåðíîå ðàñïðåäåëåíèå. Èñïîëüçîâàíèå 
äàííîé ñõåìû íåöåëåñîîáðàçíî. 

Â äèàïàçîíå Kñð = 0…0,8 âñå òî÷êè êðè-
âûõ 1 – 3 (ñì. ðèñ. 5) ìîæíî àïïðîêñèìèðîâàòü 
îäíîé êðèâîé ñ êîýôôèöèåíòîì êîððåëÿöèè 
0,97 (êðèâàÿ 5 íà ðèñ. 5). Òî åñòü âëèÿíèå ñõåìû 

Ñõåìû �‹  2, 3 ïîçâîëÿþò ðàâíîìåðíî ðàç-
íåñòè ìåñòà ñðàùèâàíèÿ â àðìèðóþùèõ ñëîÿõ 
ÏÊÌ íà îãðàíè÷åííîì ïî äëèíå ó÷àñòêå. Òåõ-
íîëîãè÷åñêàÿ ñõåìà �‹  4, íàïðîòèâ, ñïîñîáñòâó-
åò ìàêñèìàëüíîé êîíöåíòðàöèè ñðàùèâàíèé. 

Â òàáë. 2 ïðåäñòàâëåíû çíà÷åíèÿ ïðî÷íîñòè 
ïðè ðàñòÿæåíèè îáðàçöîâ ÏÊÌ íà îñíîâå òêàíè 
22502, èçãîòîâëåííûõ â ñîîòâåòñòâèè ñ ïðèâå-
äåííûìè íà ðèñ. 4 ñõåìàìè, â çàâèñèìîñòè îò 
äëèíû çîíû ñîñðåäîòî÷åíèÿ ìåñò ñðàùèâàíèÿ. 
Ñðàùèâàíèå ñëîåâ ïðè èõ âûêëàäêå âûïîëíÿ-
ëîñü âñòûê. 

Èç òàáë. 2 âèäíî, ÷òî â èíòåðâàëå 
l = 50…100 ìì ðàññòîÿíèå ìåæäó ñðàùèâàíèÿìè 
ïðè óñëîâèè èõ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ â 
ñòðóêòóðå ÏÊÌ (òåõíîëîãè÷åñêèå ñõåìû �‹  2, 
3) íå îêàçûâàåò ñóùåñòâåííîãî âëèÿíèÿ íà åãî 
ïðî÷íîñòü ïðè ðàñòÿæåíèè.

Ðàçìåùåíèå ñòûêîâ âäîëü äâóõ ïåðïåíäèêó-
ëÿðíûõ ïëîñêîñòè àðìèðóþùèõ ñëîåâ ëèíèé ñ 
l =  36 ìì (òåõíîëîãè÷åñêàÿ ñõåìà �‹  4) ïðè ñî-
åäèíåíèè êðàåâ ÀÌ â êàæäîì ñëîå ïðèâîäèò ê 
ðåçêîìó ïàäåíèþ ïðî÷íîñòè. 

Òàêèì îáðàçîì, èñïîëüçóÿ ñõåìû �‹  2 è 3, ìîæ-
íî ðàçìåùàòü ñòûêè íà ó÷àñòêå äëèíîé îò 50 ìì, 
÷òî îáåñïå÷èâàåò âîçìîæíîñòü èçãîòîâëåíèÿ ãåî-
ìåòðè÷åñêè ñëîæíûõ ìàëîãàáàðèòíûõ äåòàëåé.

Íàèáîëüøåå âëèÿíèå íà ïðî÷íîñòü ÏÊÌ 
ïðè ðàñòÿæåíèè îêàçûâàåò îòíîøåíèå ÷èñëà 
ñðàùåííûõ ñëîåâ ê îáùåìó ÷èñëó ñëîåâ:

Kñð = nñð/n,

 ãäå Kñð – êîýôôèöèåíò ñðàùèâàíèÿ.

Òàáëèöà 2
Îòíîñèòåëüíàÿ ïðî÷íîñòü

ïðè ðàñòÿæåíèè îáðàçöîâ ÏÊÌ â çàâèñèìîñòè
îò äëèíû çîíû ñîñðåäîòî÷åíèÿ ìåñò ñðàùèâàíèÿ 

Òèï
ñõåìû

Îòíîñèòåëüíàÿ ïðî÷íîñòü

l = 36 ìì l = 50 ìì l = 70 ìì l = 100 ìì

�‹  2 – 0,65 0,7 0,67

�‹  3 – 0,75 0,75 0,75

�‹  4 0,41 – – –

Ïðèìå÷àíèå:  Êîëè÷åñòâî ñðàùåííûõ ñëîåâ â îáðàç-
öàõ – 10. Ñðàùèâàíèå ñëîåâ âûïîëíÿëè «âñòûê»

Ðèñ. 5. Çàâèñèìîñòè îòíîñèòåëüíîé ïðî÷íîñòè îáðàç-
öîâ ÏÊÌ íà îñíîâå òêàíè 22502 ïðè ðàñòÿæåíèè îò Kñð. 
Îáðàçöû âûïîëíåíû â ñîîòâåòñòâèè ñ òåõíîëîãè÷åñêèìè 
ñõåìàìè �‹  1 (êðèâàÿ 1), �‹  2 (êðèâàÿ 3), �‹  3 (êðèâàÿ 2), 
�‹  4 (êðèâàÿ 4). Êðèâàÿ 5 – àïïðîêñèìàöèÿ òî÷åê êðèâûõ 
1, 2, 3 â äèàïàçîíå Kñð = 0...0,8



12 . 2021

59

ðàñïîëîæåíèÿ ìåñò ñðàùèâàíèÿ ïðè èõ ðàâíî-
ìåðíîì ðàñïðåäåëåíèè íà ïðî÷íîñòü ÏÊÌ â  
óêàçàííîì äèàïàçîíå Kñð íåâåëèêî. Îíî íà÷è-
íàåò çàìåòíî ïðîÿâëÿòüñÿ ïðè âûïîëíåíèè ñðà-
ùèâàíèé â êàæäîì àðìèðóþùåì ñëîå.

Òàê, ñðàâíåíèå êðèâûõ 2, 3 ïîêàçàëî, ÷òî 
ïðè Kñð = 1 òåõíîëîãè÷åñêàÿ ñõåìà �‹  3 ñ òî÷-
êè çðåíèÿ ïðî÷íîñòè ÿâëÿåòñÿ íàèáîëåå ýôôåê-
òèâíîé. Åå èñïîëüçîâàíèå ïîçâîëÿåò ñîõðàíèòü 
~ 75 % îò ïðî÷íîñòè óãëåïëàñòèêà, àðìèðîâàí-
íîãî íåïðåðûâíûìè ñëîÿìè.  

Ðàññìîòðåííûå çàêîíîìåðíîñòè äàþò îáùåå 
ïðåäñòàâëåíèå î òåíäåíöèè ñíèæåíèÿ ïðî÷-
íîñòè ÏÊÌ ïðè ñðàùèâàíèè êðàåâ òêàíûõ ïî-
ëîòåí. Ïðèíöèïèàëüíûé õàðàêòåð èçìåíåíèÿ 
ïðî÷íîñòè ïðè ðàñòÿæåíèè ïî âñåé âèäèìîñòè 
áóäåò îäèíàêîâ äëÿ êîìïîçèöèîííûõ ìàòåðèà-
ëîâ âñåõ òèïîâ. Äëÿ óãëåïëàñòèêîâ íà îñíîâå 
òêàíè 22502 óñòàíîâëåííûå çàêîíîìåðíîñòè 
ïîçâîëÿò ñ âûñîêîé äîñòîâåðíîñòüþ ïðîãíîçè-
ðîâàòü ïðî÷íîñòü ìàòåðèàëà ïðè ðàñòÿæåíèè â 
çàâèñèìîñòè îò êîëè÷åñòâà ñòûêîâ, âíåñåííûõ 
â ïðåôîðìó.

Ðèñ. 6. Ñõåìà ðàñïîëîæåíèÿ ìåñò ñðàùèâàíèÿ â øïàíãî-
óòå. Â ñå÷åíèè À–À ñâåòëûì ïîêàçàíû ñëîè ñ îðèåíòàöè-
åé íèòåé ± 45°, òåìíûì – ñ îðèåíòàöèåé íèòåé 0/90°

Ðèñ. 7. Ôîòîãðàôèÿ è ðåçóëüòàòû ìîäåëèðîâàíèÿ óêëàäêè â ðàäèóñíóþ çîíó øïàíãîóòà àðìèðóþùåãî ñëîÿ, ñîñòîÿùåãî 
èç äâóõ çàãîòîâîê
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íàèáîëüøåå âëèÿíèå íà ïðî÷íîñòü ÏÊÌ ïðè 
ðàñòÿæåíèè îêàçûâàåò îòíîøåíèå ÷èñëà ñðà-
ùåííûõ ñëîåâ ê îáùåìó ÷èñëó ñëîåâ nñð  / n. Äëÿ 
êîìïîçèòíûõ äåòàëåé ñ äëèíîé çîíû ñîñðåäîòî-
÷åíèÿ ìåñò ñðàùèâàíèÿ 50…100 ìì ïðè óñëîâèè 
ðàâíîìåðíîãî ðàñïðåäåëåíèÿ ñòûêîâ â àðìèðó-
þùèõ ñëîÿõ ñ óâåëè÷åíèåì êîýôôèöèåíòà ñðà-
ùèâàíèÿ îò 0 äî 0,8 ïðî÷íîñòü óãëåïëàñòèêà íà 
îñíîâå òêàíè 22502 ñíèæàåòñÿ íà 23… 27 % îò 
èñõîäíîãî çíà÷åíèÿ.

Îïðåäåëåíà òåõíîëîãè÷åñêàÿ ñõåìà ðàç-
ìåùåíèÿ ìåñò ñðàùèâàíèÿ íà íåáîëüøîì ïî 
ïëîùàäè ó÷àñòêå óãëåïëàñòèêîâîé äåòàëè (äëè-
íà çîíû ñîñðåäîòî÷åíèÿ ìåñò ñðàùèâàíèÿ îò 
50 ìì), îáåñïå÷èâàþùàÿ ñîõðàíåíèå ~ 75 % îò 
ïðî÷íîñòè ÏÊÌ, àðìèðîâàííîãî íåïðåðûâíû-
ìè ñëîÿìè, ïðè âûïîëíåíèè ñðàùèâàíèÿ â êàæ-
äîì ñëîå.

Ïîñðåäñòâîì ìîäåëèðîâàíèÿ óãëåïëàñòèêî-
âîãî øïàíãîóòà ïëàíåðà ÁËÀ â ïðîãðàììíîì 
îáåñïå÷åíèè Fibersim ïîäòâåðæäåíà âîçìîæ-
íîñòü èñïîëüçîâàíèÿ ðàçðàáîòàííîé òåõíîëî-
ãè÷åñêîé ñõåìû ðàñïîëîæåíèÿ ñðàùèâàíèé ïðè 
âûêëàäêå ìàëîãàáàðèòíûõ äåòàëåé ñî ñëîæíîé 
ãåîìåòðèåé. 

Áèáëèîãðàôè÷åñêèé ñïèñîê

1. Ñàâèí Ñ.Ï.  Ïðèìåíåíèå  ñîâðåìåííûõ  ïîëè-
ìåðíûõ  êîìïîçèöèîííûõ ìàòåðèàëîâ  â  êîíñòðóêöèè  
ïëàíåðà  ñàìîëåòîâ  ñåìåéñòâà  ÌÑ-21 // Èçâ. Ñàìàð-
ñêîãî íàó÷íîãî öåíòðà Ðîññèéñêîé àêàäåìèè íàóê. 
2012. Ò. 14,  �‹  4(2).  Ñ. 686 – 693.

 2. Meng Zhu, Dingding Chen, Qigao Hu. Failure 
mechanisms and reinforcing modes of ply splice fiber-
reinforced composite laminates under tensile load // 
Materials. 2019. No. 12. Ð. 1 – 18.

3. Tensile properties of ply splice fiber reinforced 
composite laminates / Meng Zhu, Dingding Chen, Suli 
Xing et al. // Journal of Composite Materials. 2020. 
Vol. 54. Ð. 2887 – 2897.

4. Tensile properties of fiber reinforced epoxy resin 
composite with ply splice structures / Chen D., Wang 
M., Arakawa K. et al. // Acta Mater Compos Sin. 2017. 
No. 34. Ð. 2473–2478.

5. Mechanical properties of CFRP materials with ply 
splice structures / Meng Zhu, Qigao Hu, Su Ju et al. // IOP 
Conference Series: Materials Science and Engineering.  
2019.  No. 2.  Ð. 1 – 8.

Íà ïðèìåðå 14-ñëîéíîãî øïàíãîóòà ïëàíåðà 
ÁËÀ (ñì. ðèñ. 1), â ðàäèóñíûõ çîíàõ êîòîðîãî 
îáðàçóþòñÿ ñêëàäêè è ðàçðûâû òêàíè, ïîêàçàíà 
ðåàëèçàöèÿ òåõíîëîãè÷åñêîé ñõåìû ðàñïîëîæå-
íèÿ ñðàùèâàíèé �‹  3. Äåôåêòû, âîçíèêàþùèå 
ïðè âûêëàäêå ïðåôîðìû, óäàëÿëèñü ïóòåì ðàç-
äåëåíèÿ êàæäîãî àðìèðóþùåãî ñëîÿ íà äâå çà-
ãîòîâêè.

Íà ðèñ. 6 ïðèâåäåíû ðåçóëüòàòû ìîäåëè-
ðîâàíèÿ äàííîé äåòàëè â ÏÎ F ibersim. Ñîåäè-
íåíèå äâóõ çàãîòîâîê îñóùåñòâëÿëîñü âäîëü 
ëèíèé íàäðåçà. Àíàëèç ãåîìåòðèè äåòàëè ïî-
çâîëèë îïðåäåëèòü ðàçìåðû çîíû ñîñðåäîòî-
÷åíèÿ ìåñò ñðàùèâàíèÿ. Â îáëàñòè îòáîðòîâ-
êè öåíòðàëüíîãî îòâåðñòèÿ l = 82 ìì, â çîíå 
«ïîëêè» äåòàëè l = 136 ìì. Ýòè çíà÷åíèÿ çà-
âèñÿò îò ðàçìåðîâ ôîðìèðóþùèõñÿ ïðè âû-
êëàäêå ñêëàäîê è ðàçðûâîâ òêàíè, à òàêæå îò èõ 
ìåñòîïîëîæåíèÿ, ïîýòîìó ðàñøèðåíû áûòü íå 
ìîãóò.

Ñ ó÷åòîì ýòîãî íà ýëåêòðîííîé ìîäåëè äåòà-
ëè â êàæäîé ðàäèóñíîé çîíå áûëè ðàñïîëîæåíû 
ñåìü ëèíèé íàäðåçà, âäîëü êîòîðûõ âûïîëíÿ-
ëèñü 14 ñðàùèâàíèé (ñì. ðèñ. 6). Â ðåçóëüòàòå 
ôîðìèð óþùèåñÿ â êàæäîì àðìèðóþùåì ñëîå 
äåòàëè ñêëàäêè è ðàçðûâû òêàíè áûëè óñòðàíå-
íû, à ñòûêè ðàçíåñåíû íà ïðèåìëåìîå ðàññòîÿ-
íèå.

Òàêèì îáðàçîì, ïîñðåäñòâîì ìîäåëèðîâà-
íèÿ óãëåïëàñòèêîâîãî øïàíãîóòà â ÏÎ Fibersim 
ïîäòâåðæäåíà âîçìîæíîñòü èñïîëüçîâàíèÿ ðàç-
ðàáîòàííîé òåõíîëîãè÷åñêîé ñõåìû ðàñïîëîæå-
íèÿ ñðàùèâàíèé ïðè âûêëàäêå ìàëîãàáàðèòíûõ 
äåòàëåé ñî ñëîæíîé ãåîìåòðèåé. Àäåêâàòíîñòü 
äàííîé òåõíîëîãè÷åñêîé ýëåêòðîííîé ìîäåëè 
ïîäòâåðæäåíà â ïðîöåññå âûêëàäêè ïðåôîðìû 
øïàíãîóòà ñ ïîìîùüþ ëàçåðíîé ïðîåêöèîííîé 
ñèñòåìû Laserguide (ðèñ. 7).

Çàêëþ÷åíèå

Óñòàíîâëåíû çàêîíîìåðíîñòè, ñâÿçûâàþùèå 
êîëè÷åñòâî è ðàñïîëîæåíèå ìåñò ñðàùèâàíèÿ â 
àðìèðóþùèõ ñëîÿõ óãëåïëàñòèêà ñ åãî ïðî÷-
íîñòíûìè õàðàêòåðèñòèêàìè.  Ïîêàçàíî, ÷òî 
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�f�b�j�h�\�h�f �Z�\�b�Z�k�l�j�h�_�g�b�b �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y �i�h�e�b�f�_�j�g�u�_ �d�h�f-
�i�h�a�b�p�b�h�g�g�u�_ �f�Z�l�_�j�b�Z�e�u (�I�D�F). �H�l�_�q�_�k�l�\�_�g�g�Z�y �Z�\�b�Z�p�b�h�g�g�Z�y 
�i�j�h�f�u�r�e�_�g�g�h�k�l�v �l�Z�d�`�_ �k�l�j�_�f�b�l�k�y �d �m�\�_�e�b�q�_�g�b�x �^�h�e�b �d�h�f�i�h�a�b-
�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �\ �i�e�Z�g�_�j�Z�o �k�h�\�j�_�f�_�g�g�u�o �]�j�Z�`�^�Z�g�k�d�b�o �b
�\�h�_�g�g�u�o �k�Z�f�h�e�_�l�h�\ [1]. �G�Z �h�k�g�h�\�_ �I�D�F �i�j�h�_�d�l�b�j�m�x�l�k�y �b �b�a�]�h-
�l�Z�\�e�b�\�Z�x�l�k�y �j�h�k�k�b�c�k�d�b�_ �[�_�k�i�b�e�h�l�g�u�_ �e�_�l�Z�l�_�e�v�g�u�_ �Z�i�i�Z�j�Z�l�u 
(�;�i�E�:) �d�e�Z�k�k�Z MALE (Medium Altitude Long Endurance���� �k�j�_�^�g�_-
�\�u�k�h�l�g�u�c, �[�h�e�v�r�h�c �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x �i�h�e�_�l�Z).

�J�b�k. 1. �>�_�n�_�d�l�u, �h�[�j�Z�a�m�x�s�b�_�k�y �i�j�b �m�d�e�Z�^�d�_ �Z�j�f�b�j�m�x�s�_�c �l�d�Z�g�b 
�\ �h�k�g�Z�k�l�d�m, �b �b�o �h�l�h�[�j�Z�`�_�g�b�_ �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b �\ �I�H Fibersim:
�:  – �k�d�e�Z�^�d�Z; �;  �� �j�Z�a�j�u�\ �\ �l�d�Z�g�h�f �f�Z�l�_�j�b�Z�e�_.

�D�h�f�i�h�a�b�l�g�u�_ �^�_�l�Z�e�b �;�i�E�: �d�e�Z�k�k�Z MALE �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y 
�f�Z�e�u�f�b �j�Z�a�f�_�j�Z�f�b �b �k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�_�c, �q�l�h �k�h�a�^�Z�_�l �h�i�j�_�^�_-
�e�_�g�g�u�_ �l�j�m�^�g�h�k�l�b �i�j�b �\�u�d�e�Z�^�d�_ �k�e�h�_�\ �i�j�_�n�h�j�f�u. �I�j�b �m�d�e�Z�^�d�_ 
�Z�j�f�b�j�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z (�:�F ) �g�Z �]�_�h�f�_�l�j�b�q�_�k�d�b �k�e�h�`�g�u�_ �m�q�Z�k�l�d�b 

�h�k�g�Z�k�l�d�b �i�j�h�b�k�o�h�^�b�l �h�[�j�Z�a�h�\�Z�g�b�_ �k�d�e�Z�^�h�d �b �j�Z�a�j�u�\�h�\ �\ �l�d�Z�g�h�f 
�f�Z�l�_�j�b�Z�e�_ (�j�b�k. 1), �Z �l�Z�d�`�_ �h�l�d�e�h�g�_�g�b�_ �h�l �a�Z�^�Z�g�g�h�c �h�j�b�_�g�l�Z�p�b�b
�g�b�l�_�c. �M�d�Z�a�Z�g�g�u�_ �^�_�n�_�d�l�u �m�k�l�j�Z�g�y�x�l�k�y �i�h�k�j�_�^�k�l�\�h�f �n�h�j�f�b�j�h-
�\�Z�g�b�y �Z�j�f�b�j�m�x�s�_�]�h �k�e�h�y �^�_�l�Z�e�b �b�a �g�_�k�d�h�e�v�d�b�o �a�Z�]�h�l�h�\�h�d, �d�j�Z�y 
�d�h�l�h�j�u�o �k�j�Z�s�b�\�Z�x�l�k�y �f�_�`�^�m �k�h�[�h�c. �H�[�j�Z�a�m�x�s�b�_�k�y �k�d�e�Z�^�d�b �l�Z�d�`�_ 
�\�h�a�f�h�`�g�h �\�u�j�_�a�Z�l�v �k �i�h�k�e�_�^�m�x�s�b�f �k�j�Z�s�b�\�Z�g�b�_�f �d�j�Z�_�\ �a�Z�]�h�l�h�\�d�b 
�\�^�h�e�v �e�b�g�b�b �g�Z�^�j�_�a�Z.  �K�j�Z�s�b�\�Z�g�b�_ �Z�j�f�b�j�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z �i�j�b �g�_-
�i�j�Z�\�b�e�v�g�h�f �i�h�^�o�h�^�_ �d �\�u�d�e�Z�^�d�_ �i�j�_�n�h�j�f�u �f�h�`�_�l �h�d�Z�a�Z�l�v �g�_�]�Z-
�l�b�\�g�h�_ �\�e�b�y�g�b�_ �g�Z �i�j�h�q�g�h�k�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �d�h�f�i�h�a�b�l�g�h�c 
�^�_�l�Z�e�b [2��5]. �I�h�w�l�h�f�m �b�a�]�h�l�h�\�e�_�g�b�_ �^�_�l�Z�e�_�c �b�a �I�D�F �k�h�i�j�y�`�_�g�h 
�k �j�_�r�_�g�b�_�f �k�e�h�`�g�h�c �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �a�Z�^�Z�q�b �i�h �^�h�k�l�b�`�_�g�b�x �h�i-
�l�b�f�Z�e�v�g�h�c �m�d�e�Z�^�d�b �l�d�Z�g�b �i�j�b �k�[�h�j�d�_ �i�j�_�n�h�j�f�u, �l�h �_�k�l�v �l�Z�d�h�c 
�m�d�e�Z�^�d�b, �d�h�l�h�j�Z�y �i�h�a�\�h�e�b�l �f�b�g�b�f�b�a�b�j�h�\�Z�l�v �i�h�l�_�j�x �i�j�h�q�g�h�k�l�b 
�m�]�e�_�i�e�Z�k�l�b�d�Z �b�a-�a�Z �[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�o �k�j�Z�s�b�\�Z�g�b�c [6]. 

�P�_�e�v�x �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u �y�\�e�y�e�h�k�v �m�k�l�Z�g�h�\�e�_�g�b�_ �a�Z�d�h�g�h�f�_�j-
�g�h�k�l�_�c, �k�\�y�a�u�\�Z�x�s�b�o �j�Z�k�i�h�e�h�`�_�g�b�_ �f�_�k�l �k�j�Z�s�b�\�Z�g�b�y �\ �Z�j�f�b-
�j�m�x�s�b�o �k�e�h�y�o �m�]�e�_�i�e�Z�k�l�b�d�Z �b �_�]�h �i�j�h�q�g�h�k�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�i�j�b �j�Z�k�l�y�`�_�g�b�b �b �k�`�Z�l�b�b, �Z �l�Z�d�`�_ �h�p�_�g�d�Z �w�n�n�_�d�l�b�\�g�h�k�l�b �j�Z�a-
�e�b�q�g�u�o �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �j�_�r�_�g�b�c �i�h �j�Z�a�f�_�s�_�g�b�x �k�l�u�d�h�\ �\ 
�k�e�h�y�o �I�D�F �g�Z �i�j�b�f�_�j�_ �^�_�l�Z�e�_�c �i�e�Z�g�_�j�Z �;�i�E�: �k�h �k�e�h�`�g�h�c 
�]�_�h�f�_�l�j�b�q�_�k�d�h�c �n�h�j�f�h�c.

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �q�Z�k�l�v

�< �d�Z�q�_�k�l�\�_ �h�[�t�_�d�l�Z �b�k�k�e�_�^�h�\�Z�g�b�c �\ �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�b �k�n�h�j-
�f�h�\�Z�g�g�u�_ �f�_�l�h�^�h�f �\�Z�d�m�m�f�g�h�c �b�g�n�m�a�b�b �m�]�e�_�i�e�Z�k�l�b�d�h�\�u�_ �i�e�Z�k�l�b�g�u 
�b �^�_�l�Z�e�b �g�Z �h�k�g�h�\�_ �j�Z�\�g�h�i�j�h�q�g�h�c �m�]�e�_�j�h�^�g�h�c �l�d�Z�g�b �f�Z�j�d�b 22502 
�k�Z�j�`�_�\�h�]�h �i�_�j�_�i�e�_�l�_�g�b�y �i�j�h�b�a�\�h�^�k�l�\�Z �H�H�H «�B�l�_�d�f�Z».

�K�j�Z�s�b�\�Z�g�b�_ �d�j�Z�_�\ �:�F  �i�j�b �\�u�d�e�Z�^�d�_ �i�j�_�n�h�j�f �\�u�i�h�e�g�y�e�h�k�v 
«�\�k�l�u�d», �l�h �_�k�l�v �k�i�h�k�h�[�h�f, �i�j�b �d�h�l�h�j�h�f �d�j�Z�y �k�h�_�^�b�g�y�_�f�u�o �l�d�Z�g�u�o 
�a�Z�]�h�l�h�\�h�d �k�l�u�d�m�x�l�k�y �f�_�`�^�m �k�h�[�h�c.

�< �l�Z�[�e�b�p�_ 1 �i�j�b�\�_�^�_�g�u �h�k�g�h�\�g�u�_ �l�_�d�k�l�b�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�b �i�h�d�Z�a�Z�l�_�e�b �^�j�Z�i�b�j�m�_�f�h�k�l�b (�i�j�_�^�_�e�v�g�u�c �b �i�j�_�^�m�i�j�_�`�^�Z�x�s�b�c 
�m�]�e�u �^�_�n�h�j�f�Z�p�b�b) �b�k�k�e�_�^�m�_�f�h�c �l�d�Z�g�b. �I�j�_�^�_�e�v�g�u�c �m�]�h�e �^�_�n�h�j�f�Z-
�p�b�b �� �m�]�h�e �f�_�`�^�m �g�b�l�y�f�b �h�k�g�h�\�u �b �m�l�d�Z, �i�j�b �^�h�k�l�b�`�_�g�b�b �d�h�l�h�j�h�]�h 
�i�j�h�b�k�o�h�^�b�l �h�[�j�Z�a�h�\�Z�g�b�_ �k�d�e�Z�^�d�b. �I�j�_�^�m�i�j�_�`�^�Z�x�s�b�c �m�]�h�e �^�_�n�h�j-
�f�Z�p�b�b �j�Z�\�_�g �i�h�e�h�\�b�g�_ �i�j�_�^�_�e�v�g�h�]�h �m�]�e�Z.

�M�>�D 677.4

�L�_�o�g�h�e�h�]�b�q�_�k�d�h�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�_ �m�]�e�_�i�e�Z�k�l�b�d�h�\�u�o �^�_�l�Z�e�_�c
�k�h �k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�q�_�k�d�h�c �n�h�j�f�h�c �^�e�y �[�_�k�i�b�e�h�l�g�u�o �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\
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�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �j�Z�k�k�f�h�l�j�_�g �i�j�h�p�_�k�k �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �f�Z�e�h�]�Z�[�Z�j�b�l�g�u�o �m�]�e�_�i�e�Z�k�l�b�d�h�\�u�o �^�_�l�Z�e�_�c 
�k�h �k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�_�c, �b�k�i�h�e�v�a�m�_�f�u�o �\ �d�h�g�k�l�j�m�d�p�b�b �[�_�k�i�b�e�h�l�g�u�o �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\.  �I�j�_�^�k�l�Z�\�e�_�g�u �i�h�^�o�h�^�u �d 
�j�Z�a�f�_�s�_�g�b�x �f�_�k�l �k�j�Z�s�b�\�Z�g�b�y �\ �k�e�h�y�o �i�j�_�n�h�j�f�u. �M�k�l�Z�g�h�\�e�_�g�u �a�Z�d�h�g�h�f�_�j�g�h�k�l�b, �k�\�y�a�u�\�Z�x�s�b�_ �d�h�e�b�q�_�k�l�\�h �b �j�Z�k�i�h�e�h�`�_�g�b�_ 
�f�_�k�l �k�j�Z�s�b�\�Z�g�b�y �\ �Z�j�f�b�j�m�x�s�b�o �k�e�h�y�o �m�]�e�_�i�e�Z�k�l�b�d�Z �b �_�]�h �f�_�o�Z�g�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b. 

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: Fibersim, �m�]�e�_�i�e�Z�k�l�b�d�h�\�u�_ �^�_�l�Z�e�b �Z�\�b�Z�p�b�h�g�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y, �i�j�h�q�g�h�k�l�v
In this paper, the process of technological design of small-sized carbon Þ ber parts with complex geometry used in the design of 

unmanned aerial vehicles is considered. Approaches to the placement of splicing points in preform layers are presented. Regularities 
have been established that relate the number and location of splicing points in the reinforcing layers of carbon Þ ber reinforced 
composite and its mechanical characteristics.
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�L�Z�[�e�b�p�Z 1. �L�_�d�k�l�b�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b �i�h�d�Z�a�Z�l�_�e�b �^�j�Z�i�b�j�m�_�f�h�k�l�b 
�l�d�Z�g�b 22502.

�L�b�i 
�i�e�_�l�_�g�b�y 

�l�d�Z�g�b

�I�h�\�_�j�o�g�h-
�k�l�g�Z�y �i�e�h�l-
�g�h�k�l�v, �]/�f2

�I�j�_�^�m�i�j�_�`�^�Z�x�s�b�c 
�m�]�h�e �^�_�n�h�j�f�Z�p�b�b, 

�]�j�Z�^

�I�j�_�^�_�e�v�g�u�c
�m�]�h�e �^�_�n�h�j�f�Z�p�b�b, 

�]�j�Z�^
�K�Z�j�`�Z 200 ± 10 27 54
�< �d�Z�q�_�k�l�\�_ �k�\�y�a�m�x�s�_�]�h �[�u�e�Z �\�u�[�j�Z�g�Z �w�i�h�d�k�b�^�g�Z�y �k�f�h�e�Z �L67 

�i�j�h�b�a�\�h�^�k�l�\�Z �H�H�H «�B�l�_�d�f�Z». �H�i�j�_�^�_�e�_�g�b�_ �i�j�h�q�g�h�k�l�b �i�j�b �j�Z�k�l�y-
�`�_�g�b�b �\�u�i�h�e�g�y�e�b �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �=�H�K�L �J 56785-2015 �g�Z �h�[�j�Z�a-
�p�Z�o �k �]�Z�[�Z�j�b�l�Z�f�b 250×25 �f�f . �H�i�j�_�^�_�e�_�g�b�_ �i�j�h�q�g�h�k�l�b �i�j�b �k�`�Z-
�l�b�b �\�u�i�h�e�g�y�e�b �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �=�H�K�L �J 56788-2015 �g�Z �h�[�j�Z�a�p�Z�o 
�k �]�Z�[�Z�j�b�l�Z�f�b 300×36 �f�f . �J�Z�a�j�m�r�Z�x�s�b�_ �b�k�i�u�l�Z�g�b�y �h�[�j�Z�a�p�h�\ �i�j�h-
�\�h�^�b�e�b �g�Z �b�k�i�u�l�Z�l�_�e�v�g�h�c �f�Z�r�b�g�_ Tinius Olsen �k�_�j�b�b ST. �L�_�o�g�h-
�e�h�]�b�q�_�k�d�h�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�_ �d�h�f�i�h�a�b�l�g�h�c �^�_�l�Z�e�b �\�u�i�h�e�g�y�e�b �\ 
�i�j�h�]�j�Z�f�f�g�h�f �h�[�_�k�i�_�q�_�g�b�b (�I�H) Fibersim, �d�h�l�h�j�h�_ �f�h�^�_�e�b�j�m�_�l
�m�d�e�Z�^�d�m �Z�j�f�b�j�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z �\ �h�k�g�Z�k�l�d�m. �>�Z�g�g�h�_ �I�H �i�h�a�\�h-
�e�y�_�l �h�[�g�Z�j�m�`�b�l�v �n�h�j�f�b�j�m�x�s�b�_�k�y �i�j�b �\�u�d�e�Z�^�d�_ �^�_�n�_�d�l�u �b �i�h-
�^�h�[�j�Z�l�v �f�_�l�h�^�u �^�e�y �b�o �m�k�l�j�Z�g�_�g�b�y. �J�_�a�m�e�v�l�Z�l�h�f �f�h�^�_�e�b�j�h�\�Z�g�b�y 
�y�\�e�y�x�l�k�y �^�Z�g�g�u�_ �h �]�_�h�f�_�l�j�b�b �a�Z�]�h�l�h�\�h�d, �n�h�j�f�b�j�m�x�s�b�o �Z�j�f�b-
�j�m�x�s�b�_ �k�e�h�b �^�_�l�Z�e�b. �W�l�b �^�Z�g�g�u�_ �i�_�j�_�^�Z�x�l�k�y �g�Z �j�Z�k�d�j�h�c�g�u�c 
�d�h�f�i�e�_�d�k, �i�j�b �i�h�f�h�s�b �d�h�l�h�j�h�]�h �a�Z�]�h�l�h�\�d�b �\�u�j�_�a�Z�x�l�k�y �b�a �i�h�e�h�l�g�Z 
�Z�j�f�b�j�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z. �>�Z�g�g�u�_ �l�Z�d�`�_ �h�l�k�u�e�Z�x�l�k�y �g�Z �e�Z�a�_�j�g�m�x 
�i�j�h�_�d�p�b�h�g�g�m�x �k�b�k�l�_�f�m, �d�h�l�h�j�Z�y �h�l�h�[�j�Z�`�Z�_�l �g�Z �h�k�g�Z�k�l�d�_ �\�b�^�b�f�u�_ 
�e�b�g�b�b �d�h�g�l�m�j�Z �a�Z�]�h�l�h�\�h�d. �I�j�b �\�u�d�e�Z�^�d�_ �a�Z�]�h�l�h�\�h�d �h�[�_�k�i�_�q�b�\�Z�_�l�k�y 
�k�h�\�i�Z�^�_�g�b�_ �b�o �d�h�g�l�m�j�Z �k �d�h�g�l�m�j�h�f, �i�j�h�_�p�b�j�m�_�f�u�f �g�Z �h�k�g�Z�k�l�d�_. �G�Z 
�j�b�k. 2 �i�j�b�\�_�^�_�g�Z �n�h�l�h�]�j�Z�n�b�y, �b�e�e�x�k�l�j�b�j�m�x�s�Z�y �i�j�h�_�d�p�b�h�g�g�m�x 
�\�u�d�e�Z�^�d�m �d�h�f�i�h�a�b�l�g�h�c �^�_�l�Z�e�b.

�J�b�k. 2. �N�h�l�h�]�j�Z�n�b�y �i�j�h�_�d�p�b�h�g�g�h�c �\�u�d�e�Z�^�d�b �^�_�l�Z�e�b, �d�h�g�l�m�j �a�Z�]�h�l�h�\�d�b 
�i�h�^�k�\�_�q�_�g �e�Z�a�_�j�g�u�f �i�j�h�_�d�l�h�j�h�f.

�J�_�a�m�e�v�l�Z�l�u

�I�j�b �m�k�l�j�Z�g�_�g�b�b �^�_�n�_�d�l�h�\, �\�h�a�g�b�d�Z�x�s�b�o �g�Z �k�l�Z�^�b�b �\�u�d�e�Z�^�d�b 
�^�_�l�Z�e�_�c �k�h �k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�_�c, �g�_ �\�k�_�]�^�Z �\�h�a�f�h�`�g�h �j�Z�a�g�_�k�l�b 
�f�_�k�l�Z �k�j�Z�s�b�\�Z�g�b�y �\  �k�e�h�y�o �i�j�_�n�h�j�f�u �g�Z �a�g�Z�q�b�l�_�e�v�g�h�_ �j�Z�k�k�l�h�y�g�b�_ 
�^�j�m�] �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�]�Z. �W�l�h �i�j�b�\�h�^�b�l �d �l�h�f�m, �q�l�h �a�h�g�Z �k�h�k�j�_-
�^�h�l�h�q�_�g�b�y �f�_�k�l �k�j�Z�s�b�\�Z�g�b�y �f�h�`�_�l �k�h�k�l�Z�\�e�y�l�v �f�_�g�_�_ 100 �f�f . �< 
�w�l�h�f �k�e�m�q�Z�_ �i�j�b �j�Z�a�f�_�s�_�g�b�b �k�l�u�d�h�\ �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v 
�l�_�o�g�h�e�h�]�b�q�_�k�d�m�x �k�o�_�f�m, �i�j�_�^�k�l�Z�\�e�_�g�g�m�x �g�Z �j�b�k. 3. �>�Z�g�g�Z�y �k�o�_�f�Z 
�i�h�a�\�h�e�y�_�l �j�Z�\�g�h�f�_�j�g�h �j�Z�a�g�_�k�l�b �f�_�k�l�Z �k�j�Z�s�b�\�Z�g�b�y �\ �Z�j�f�b�j�m�x�s�b�o 
�k�e�h�y�o �I�D�F �g�Z �h�]�j�Z�g�b�q�_�g�g�h�f �i�h �^�e�b�g�_ �m�q�Z�k�l�d�_.

�J�b�k. 3. �L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y �k�o�_�f�Z �j�Z�k�i�h�e�h�`�_�g�b�y 10 �k�j�Z�s�b�\�Z�g�b�c �\ 10-�k�e�h�c-
�g�h�f �h�[�j�Z�a�p�_. l �� �a�h�g�Z �k�h�k�j�_�^�h�l�h�q�_�g�b�y �f�_�k�l �k�j�Z�s�b�\�Z�g�b�y.

�G�Z �j�b�k. 4 �i�j�_�^�k�l�Z�\�e�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h�c �i�j�h�q�g�h�k�l�b 
(�1�k�j/�1�b�k�o – �h�l�g�h�r�_�g�b�_ �i�j�h�q�g�h�k�l�b �m�]�e�_�i�e�Z�k�l�b�d�Z �k�h �k�j�Z�s�_�g�g�u�f�b 
�k�e�h�y�f�b �d �i�j�h�q�g�h�k�l�b �m�]�e�_�i�e�Z�k�l�b�d�Z, �Z�j�f�b�j�h�\�Z�g�g�h�]�h �g�_�i�j�_�j�u�\�g�u�f 
�l�d�Z�g�u�f �f�Z�l�_�j�b�Z�e�h�f) �h�[�j�Z�a�p�h�\ �I�D�F �i�j�b �j�Z�k�l�y�`�_�g�b�b �b �k�`�Z�l�b�b �h�l 
�d�h�e�b�q�_�k�l�\�Z �k�j�Z�s�_�g�g�u�o �k�e�h�_�\. �I�j�b �b�a�]�h�l�h�\�e�_�g�b�b �h�[�j�Z�a�p�h�\ �[�u�e�Z 
�b�k�i�h�e�v�a�h�\�Z�g�Z �l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y �k�o�_�f�Z, �i�h�d�Z�a�Z�g�g�Z�y �g�Z �j�b�k. 3.

�B�a �j�b�k. 4 �\�b�^�g�h, �q�l�h �k �m�\�_�e�b�q�_�g�b�_�f �d�h�e�b�q�_�k�l�\�Z �k�j�Z�s�b�\�Z�g�b�c �h�l 
0 �^�h 10 �i�j�h�q�g�h�k�l�v �m�]�e�_�i�e�Z�k�l�b�d�h�\�u�o �h�[�j�Z�a�p�h�\ �i�j�b �j�Z�k�l�y�`�_�g�b�b �b 

�k�`�Z�l�b�b �f�h�g�h�l�h�g�g�h �k�g�b�`�Z�_�l�k�y �g�Z 25 �b 20% �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �M�k�l�Z-
�g�h�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �k�e�_�^�m�_�l �m�q�b�l�u�\�Z�l�v �i�j�b �i�j�h�_�d�l�b�j�h�\�Z�g�b�b 
�d�h�f�i�h�a�b�l�g�u�o �^�_�l�Z�e�_�c �i�h�k�j�_�^�k�l�\�h�f �\�\�_�^�_�g�b�y �^�h�i�h�e�g�b�l�_�e�v�g�u�o �Z�j�f�b-
�j�m�x�s�b�o �k�e�h�_�\, �d�h�f�i�_�g�k�b�j�m�x�s�b�o �k�g�b�`�_�g�b�_ �f�_�o�Z�g�b�q�_�k�d�b�o �o�Z�j�Z�d-
�l�_�j�b�k�l�b�d �I�D�F �b�a-�a�Z �[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�o �k�j�Z�s�b�\�Z�g�b�c.

�J�b�k. 4. �A�Z�\�b�k�b�f�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h�c �i�j�h�q�g�h�k�l�b �h�[�j�Z�a�p�h�\ �I�D�F �g�Z �h�k�g�h-
�\�_ �l�d�Z�g�b 22502 �i�j�b �k�`�Z�l�b�b (1) �b �j�Z�k�l�y�`�_�g�b�b (2) �h�l �d�h�e�b�q�_�k�l�\�Z �k�j�Z�s�_�g-
�g�u�o �k�e�h�_�\ (n�k�j). l = 100 �f�f .

�?�k�e�b �i�j�b �\�u�d�e�Z�^�d�_ �Z�j�f�b�j�m�x�s�_�]�h �k�e�h�y �\ �h�k�g�Z�k�l�d�m �k�h �k�e�h�`�g�h�c 
�]�_�h�f�_�l�j�b�_�c �i�j�h�b�k�o�h�^�b�l �j�Z�a�j�u�\ �l�d�Z�g�b, �l�h �^�e�y �_�]�h �m�k�l�j�Z�g�_�g�b�y �\ 
�a�h�g�m �k�n�h�j�f�b�j�h�\�Z�\�r�_�]�h�k�y �^�_�n�_�d�l�Z �m�d�e�Z�^�u�\�Z�x�l «�\�k�l�Z�\�d�m» �� �l�d�Z-
�g�m�x �a�Z�]�h�l�h�\�d�m �g�_�[�h�e�v�r�h�]�h �j�Z�a�f�_�j�Z (�i�h �k�j�Z�\�g�_�g�b�x �k �^�j�m�]�b�f�b �a�Z�]�h-
�l�h�\�d�Z�f�b, �h�[�j�Z�a�m�x�s�b�f�b �Z�j�f�b�j�m�x�s�b�c �k�e�h�c). �K�m�s�_�k�l�\�_�g�g�u�f �g�_�^�h-
�k�l�Z�l�d�h�f �^�Z�g�g�h�]�h �k�i�h�k�h�[�Z �y�\�e�y�_�l�k�y �l�h, �q�l�h �\ �d�Z�`�^�h�f �k�e�h�_ �i�j�_�n�h�j�f�u 
�g�Z �[�e�b�a�d�h�f �j�Z�k�k�l�h�y�g�b�b �^�j�m�] �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�]�Z �n�h�j�f�b�j�m�x�l�k�y �^�\�Z 
�f�_�k�l�Z �k�j�Z�s�b�\�Z�g�b�y. �L�h �_�k�l�v �\ �d�h�f�i�h�a�b�l�_ �[�m�^�m�l �i�j�b�k�m�l�k�l�\�h�\�Z�l�v �k�e�h�b 
�k �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b, �q�l�h �h�l�j�b�p�Z�l�_�e�v�g�h �k�d�Z�`�_�l�k�y �g�Z �_�]�h �i�j�h�q�g�h�k�l�b. 

�>�e�y �h�p�_�g�d�b �\�e�b�y�g�b�y �d�h�e�b�q�_�k�l�\�Z �k�j�Z�s�_�g�g�u�o �k�e�h�_�\, �k�h�^�_�j�`�Z�s�b�o 
�[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�_ �i�Z�j�g�u�_ �k�l�u�d�b, �g�Z �i�j�h�q�g�h�k�l�v �I�D�F �[�u�e�b 
�b�a�]�h�l�h�\�e�_�g�u 10-�k�e�h�c�g�u�_ �h�[�j�Z�a�p�u �k �j�Z�a�e�b�q�g�u�f n�k�j �\ �k�h�h�l�\�_�l�k�l�\�b�b 
�k�h �k�o�_�f�Z�f�b, �i�j�b�\�_�^�_�g�g�u�f�b �g�Z �j�b�k. 5. �G�Z �j�b�k. 6, 7 �i�j�_�^�k�l�Z�\�e�_�g�u 
�i�j�h�q�g�h�k�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �^�Z�g�g�u�o �h�[�j�Z�a�p�h�\. 

�J�b�k. 5. �L�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �k�o�_�f�u �j�Z�k�i�h�e�h�`�_�g�b�y �i�Z�j�g�u�o �k�l�u�d�h�\ �\ 
10-�k�e�h�c�g�h�f �h�[�j�Z�a�p�_, �]�̂ �_ �|  �h�[�h�a�g�Z�q�_�g�u �f�_�k�l�Z �k�j�Z�s�b�\�Z�g�b�y.

�J�b�k. 6. �H�l�g�h�k�b�l�_�e�v�g�Z�y �i�j�h�q�g�h�k�l�v �i�j�b �j�Z�k�l�y�`�_�g�b�b 10-�k�e�h�c�g�u�o �h�[�j�Z�a-
�p�h�\ �I�D�F �g�Z �h�k�g�h�\�_ �l�d�Z�g�b 22502, �k�h�^�_�j�`�Z�s�b�o �j�Z�a�e�b�q�g�h�_ �d�h�e�b�q�_�k�l�\�h 
�k�j�Z�s�_�g�g�u�o �k�e�h�_�\ �k �[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�f�b �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b.

�B�a �j�b�k�m�g�d�h�\ �\�b�^�g�h, �q�l�h �k �m�\�_�e�b�q�_�g�b�_�f �d�h�e�b�q�_�k�l�\�Z �k�j�Z�s�_�g�g�u�o 
�k�e�h�_�\, �k�h�^�_�j�`�Z�s�b�o �i�Z�j�g�u�_ �k�l�u�d�b, �g�Z�[�e�x�^�Z�_�l�k�y �l�_�g�^�_�g�p�b�y �i�h
�k�g�b�`�_�g�b�x �i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �d�h�f�i�h�a�b�p�b�h�g�g�h�]�h �f�Z�l�_-
�j�b�Z�e�Z. �I�j�b �g�Z�e�b�q�b�b �i�Z�j�g�u�o �k�l�u�d�h�\ �\ �d�Z�`�^�h�f �k�e�h�_ �I�D�F �_�]�h 
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�i�j�h�q�g�h�k�l�v �i�j�b �j�Z�k�l�y�`�_�g�b�b �b �k�`�Z�l�b�b �k�g�b�`�Z�_�l�k�y �h�l�g�h�k�b�l�_�e�v�g�h 
�i�j�h�q�g�h�k�l�b �m�]�e�_�i�e�Z�k�l�b�d�Z, �Z�j�f�b�j�h�\�Z�g�g�h�]�h �g�_�i�j�_�j�u�\�g�u�f�b �k�e�h�y�f�b,
�g�Z 48 �b 30% �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �1�j �y�\�e�y�_�l�k�y 
�[�h�e�_�_ �q�m�\�k�l�\�b�l�_�e�v�g�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c �d �i�j�b�k�m�l�k�l�\�b�x �k�j�Z�s�b�\�Z-
�g�b�c �\ �k�l�j�m�d�l�m�j�_ �h�[�j�Z�a�p�h�\ �i�h �k�j�Z�\�g�_�g�b�x �k �1�k� .̀ �K�j�Z�\�g�_�g�b�_ �j�_�a�m-
�e�v�l�Z�l�h�\ �b�k�i�u�l�Z�g�b�c �h�[�j�Z�a�p�h�\, �b�a�]�h�l�h�\�e�_�g�g�u�o �\ �k�h�h�l�\�_�l�k�l�\�b�b �k
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�b �k�o�_�f�Z�f�b �‹ 1 �b 2, �i�h�d�Z�a�Z�e�h, �q�l�h �i�j�b �b�k�i�h�e�v-
�a�h�\�Z�g�b�b «�\�k�l�Z�\�h�d» �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �g�Z �i�j�h�q�g�h�k�l�v �I�D�F 
�h�d�Z�a�u�\�Z�_�l �i�h�e�h�`�_�g�b�_ �k�e�h�y �k �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b �\ �k�l�j�m�d�l�m�j�_ �d�h�f-
�i�h�a�b�l�Z. �L�Z�d, �i�j�b �j�Z�\�g�h�f �d�h�e�b�q�_�k�l�\�_ �k�e�h�_�\ �k �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b 
�h�[�j�Z�a�_�p �‹ 1 �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e �[�h�e�v�r�m�x �i�j�h�q�g�h�k�l�v �d�Z�d �i�j�b �j�Z�k-
�l�y�`�_�g�b�b, �l�Z�d �b �i�j�b �k�`�Z�l�b�b, �i�h �k�j�Z�\�g�_�g�b�x �k �h�[�j�Z�a�p�h�f �‹ 2. 

�J�b�k. 7. �H�l�g�h�k�b�l�_�e�v�g�Z�y �i�j�h�q�g�h�k�l�v �i�j�b �k�`�Z�l�b�b 10-�k�e�h�c�g�u�o �h�[�j�Z�a�p�h�\ 
�I�D�F �g�Z �h�k�g�h�\�_ �l�d�Z�g�b 22502, �k�h�^�_�j�`�Z�s�b�o �j�Z�a�e�b�q�g�h�_ �d�h�e�b�q�_�k�l�\�h �k�j�Z-
�s�_�g�g�u�o �k�e�h�_�\ �k �[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�f�b �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b.

�:�g�Z�e�b�a �^�b�Z�]�j�Z�f�f �j�Z�k�l�y�`�_�g�b�y �b �n�h�l�h�]�j�Z�n�b�c �j�Z�a�j�m�r�_�g�g�u�o �i�j�b 
�j�Z�k�l�y�`�_�g�b�b �h�[�j�Z�a�p�h�\ �‹ 1, 2 �i�h�a�\�h�e�b�e �h�i�j�_�^�_�e�b�l�v �f�_�o�Z�g�b�a�f �b�o 
�j�Z�a�j�m�r�_�g�b�y. �K �\�h�a�j�Z�k�l�Z�g�b�_�f �g�Z�]�j�m�a�d�b �g�Z �h�[�j�Z�a�_�p �‹ 1 �i�j�h�b�k�o�h�^�b�l 
�h�l�k�e�Z�b�\�Z�g�b�_ �b�f�_�x�s�b�o �i�Z�j�g�u�_ �k�l�u�d�b �i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�_�\, �q�l�h 
�\�b�^�g�h �i�h �n�h�l�h�]�j�Z�n�b�b �j�Z�a�j�m�r�_�g�g�h�]�h �h�[�j�Z�a�p�Z (�j�b�k. 8) �b �g�Z�e�b�q�b�x 
�o�Z�j�Z�d�l�_�j�g�h�]�h �i�b�d�Z �i�j�b 28,3 �d�G �g�Z �^�b�Z�]�j�Z�f�f�_ �j�Z�k�l�y�`�_�g�b�y (�j�b�k. 9). 
�I�j�b �^�Z�e�v�g�_�c�r�_�f �j�h�k�l�_ �g�Z�]�j�m�a�d�b �^�h 39,0 �d�G �h�[�j�Z�a�_�p �j�Z�a�j�m�r�Z�_�l�k�y. 
�I�j�b �g�Z�]�j�m�`�_�g�b�b �h�[�j�Z�a�p�Z �‹ 2 �\ �f�_�k�l�Z�o �j�Z�k�i�h�e�h�`�_�g�b�y �k�j�Z�s�b�\�Z�g�b�c, 
�d�h�l�h�j�u�_, �i�h �k�m�l�b, �y�\�e�y�x�l�k�y �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�b �^�_�n�_�d�l�Z�f�b, �g�Z�q�b-
�g�Z�_�l�k�y �j�Z�a�\�b�l�b�_ �i�h�i�_�j�_�q�g�h�c �l�j�_�s�b�g�u, �d�h�l�h�j�Z�y �i�h�\�j�_�`�^�Z�_�l �i�h-
�\�_�j�o�g�h�k�l�g�u�_ �k�e�h�b, �q�l�h �i�j�b�\�h�^�b�l �d �i�h�e�g�h�f�m �j�Z�a�j�m�r�_�g�b�x �h�[�j�Z�a�p�Z. 
�J�Z�a�g�b�p�Z �\ �i�j�h�q�g�h�k�l�b �^�Z�g�g�u�o �h�[�j�Z�a�p�h�\ �h�[�m�k�e�h�\�e�_�g�Z �l�_�f, �q�l�h �m 
�h�[�j�Z�a�p�Z �‹ 1 �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �j�Z�a�j�m�r�_�g�b�y �b�a �j�Z�[�h�l�u �b�k�d�e�x�q�Z�x�l�k�y 
�^�\�Z �k�e�h�y, �Z �h�k�l�Z�e�v�g�u�_ �i�j�h�^�h�e�`�Z�x�l �k�h�i�j�h�l�b�\�e�y�l�v�k�y �g�Z�]�j�m�a�d�_, �\ �l�h 
�\�j�_�f�y �d�Z�d �h�[�j�Z�a�_�p �‹ 2 �_�^�b�g�h�\�j�_�f�_�g�g�h �l�_�j�y�_�l 4 �\�g�_�r�g�b�o �k�e�h�y.

�J�b�k. 8. �N�h�l�h�]�j�Z�n�b�y �j�Z�a�j�m�r�_�g�g�h�]�h �h�[�j�Z�a�p�Z, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �\ �k�h�h�l�\�_�l-
�k�l�\�b�b �k �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �k�o�_�f�h�c �‹ 1.

�J�b�k. 9. �>�b�Z�]�j�Z�f�f�u �j�Z�k�l�y�`�_�g�b�y �h�[�j�Z�a�p�h�\, �b�a�]�h�l�h�\�e�_�g�g�u�o �\ �k�h�h�l�\�_�l-
�k�l�\�b�b �k �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�b �k�o�_�f�Z�f�b �‹ 1 (1) �b �‹ 2 (2).

�>�e�y �m�k�l�Z�g�h�\�e�_�g�b�y �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c, �k�\�y�a�u�\�Z�x�s�b�o �i�h�e�h�`�_�g�b�_ �k�e�h�_�\ 
�k �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b �\ �k�l�j�m�d�l�m�j�_ �m�]�e�_�i�e�Z�k�l�b�d�Z �b �_�]�h �i�j�h�q�g�h�k�l�g�u�_ 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b, �[�u�e�b �b�a�]�h�l�h�\�e�_�g�u �h�[�j�Z�a�p�u �\ �k�h�h�l�\�_�l�k�l�\�b�b �k�h �k�o�_-
�f�Z�f�b, �i�j�b�\�_�^�_�g�g�u�f�b �g�Z �j�b�k. 10. �J�_�a�m�e�v�l�Z�l�u �j�Z�a�j�m�r�Z�x�s�b�o �b�k�i�u�l�Z-
�g�b�c �^�Z�g�g�u�o �h�[�j�Z�a�p�h�\ �i�j�b �j�Z�k�l�y�`�_�g�b�b �b �k�`�Z�l�b�b �i�h�d�Z�a�Z�g�u �g�Z �j�b�k. 11.

�J�b�k. 10. �L�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �k�o�_�f�u �j�Z�k�i�h�e�h�`�_�g�b�y «�\�k�l�Z�\�h�d» �\ 10-�k�e�h�c�g�h�f 
�h�[�j�Z�a�p�_, �]�̂ �_ �k�e�h�c �‹ 1 �y�\�e�y�_�l�k�y �i�h�\�_�j�o�g�h�k�l�g�u�f, �k�e�h�c �‹ 5 – �i�j�b�e�_�]�Z�_�l �d 
�i�e�h�k�d�h�k�l�b �k�b�f�f�_�l�j�b�b �d�h�f�i�h�a�b�l�Z.

�J�b�k. 11. �A�Z�\�b�k�b�f�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h�c �i�j�h�q�g�h�k�l�b �i�j�b �j�Z�k�l�y�`�_�g�b�b (1) 
�b �k�`�Z�l�b�b (2) �m�]�e�_�i�e�Z�k�l�b�d�Z �h�l �]�e�m�[�b�g�u �a�Z�e�_�]�Z�g�b�y �k�j�Z�s�_�g�g�u�o �k�e�h�_�\ �k 
�[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�f�b �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b. 

�B�a �j�b�k�m�g�d�Z �\�b�^�g�h, �q�l�h �a�Z�\�b�k�b�f�h�k�l�v �i�j�h�q�g�h�k�l�b �h�[�j�Z�a�p�h�\, �d�Z�d �i�j�b 
�j�Z�k�l�y�`�_�g�b�b, �l�Z�d �b �i�j�b �k�`�Z�l�b�b, �h�l �]�e�m�[�b�g�u �a�Z�e�_�]�Z�g�b�y �k�j�Z�s�_�g�g�u�o 
�k�e�h�_�\ �b�f�_�_�l �w�d�k�l�j�_�f�Z�e�v�g�u�c �o�Z�j�Z�d�l�_�j. �K�Z�f�h�_ �g�b�a�d�h�_ �a�g�Z�q�_�g�b�_ 
�i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �g�Z�[�e�x�^�Z�_�l�k�y �i�j�b �j�Z�k�i�h�e�h�`�_�g�b�b 
«�\�k�l�Z�\�h�d» �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�y�o �m�]�e�_�i�e�Z�k�l�b�d�Z (�k�e�h�b �‹ 2), 
�q�l�h, �d�Z�d �b �\ �i�j�_�^�u�^�m�s�_�f �i�j�b�f�_�j�_, �h�[�m�k�e�h�\�e�_�g�h �i�j�_�`�^�_�\�j�_�f�_�g�g�u�f 
�j�Z�a�j�m�r�_�g�b�_�f �q�_�l�u�j�_�o �\�g�_�r�g�b�o �k�e�h�_�\ (�k�e�h�b �‹ 2 �b 1). �I�j�b �j�Z�a�f�_�s�_-
�g�b�b «�\�k�l�Z�\�h�d» �[�e�b�`�_ �d �i�e�h�k�d�h�k�l�b �k�b�f�f�_�l�j�b�b �d�h�f�i�h�a�b�l�Z, �l�h �_�k�l�v 
�\ �k�e�h�y�o �‹ 4 �b 3, �f�_�o�Z�g�b�q�_�k�d�b�_ �i�h�d�Z�a�Z�l�_�e�b �h�[�j�Z�a�p�h�\ �\�h�a�j�Z�k�l�Z�x�l. 
�I�j�b �w�l�h�f �j�Z�a�j�m�r�_�g�b�_ �m�]�e�_�i�e�Z�k�l�b�d�Z �l�Z�d�`�_ �g�Z�q�b�g�Z�_�l�k�y �\ �f�_�k�l�Z�o 
�k�j�Z�s�b�\�Z�g�b�y. 

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �^�Z�x�l �h�[�s�_�_ �i�j�_�^�k�l�Z�\�e�_�g�b�_ 
�h �l�_�g�^�_�g�p�b�b �k�g�b�`�_�g�b�y �i�j�h�q�g�h�k�l�b �I�D�F �i�j�b �k�j�Z�s�b�\�Z�g�b�b �d�j�Z�_�\ 
�l�d�Z�g�u�o �i�h�e�h�l�_�g. �I�j�b�g�p�b�i�b�Z�e�v�g�u�c �o�Z�j�Z�d�l�_�j �b�a�f�_�g�_�g�b�y �i�j�h�q�g�h�k�l�b,
�i�h �\�k�_�c �\�b�^�b�f�h�k�l�b, �[�m�^�_�l �h�^�b�g�Z�d�h�\ �^�e�y �d�h�f�i�h�a�b�p�b�h�g�g�u�o �f�Z�l�_-
�j�b�Z�e�h�\ �\�k�_�o �l�b�i�h�\. �>�e�y �m�]�e�_�i�e�Z�k�l�b�d�h�\ �g�Z �h�k�g�h�\�_ �l�d�Z�g�b 22502 
�m�k�l�Z�g�h�\�e�_�g�g�u�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �i�h�a�\�h�e�y�l �k �\�u�k�h�d�h�c �^�h�k�l�h�\�_�j-
�g�h�k�l�v�x �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �i�j�h�q�g�h�k�l�v �f�Z�l�_�j�b�Z�e�Z �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l 
�d�h�e�b�q�_�k�l�\�Z �f�_�k�l �k�j�Z�s�b�\�Z�g�b�y, �\�g�_�k�_�g�g�u�o �\ �i�j�_�n�h�j�f�m.  

�G�Z �j�b�k. 12 �i�h�d�Z�a�Z�g 5-�k�e�h�c�g�u�c �r�i�Z�g�]�h�m�l �i�e�Z�g�_�j�Z �;�i�E�: , �\ �j�Z�^�b�m�k-
�g�u�o �a�h�g�Z�o �d�h�l�h�j�h�]�h �i�j�b �n�h�j�f�b�j�h�\�Z�g�b�b �d�Z�`�^�h�]�h �Z�j�f�b�j�m�x�s�_�]�h �k�e�h�y
�b�a �p�_�e�v�g�h�c �a�Z�]�h�l�h�\�d�b �h�[�j�Z�a�m�x�l�k�y �j�Z�a�j�u�\�u �l�d�Z�g�b �b �k�d�e�Z�^�d�b,
�q�l�h �i�h�^�l�\�_�j�`�^�Z�_�l�k�y �j�_�a�m�e�v�l�Z�l�Z�f�b �f�h�^�_�e�b�j�h�\�Z�g�b�y �m�d�e�Z�^�d�b �i�j�_�n�h�j-
�f�u �\ �I�H Fibersim.

�M�^�Z�e�_�g�b�_ �k�d�e�Z�^�h�d �\ �i�j�h�p�_�k�k�_ �k�h�a�^�Z�g�b�y �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �w�e�_�d�l-
�j�h�g�g�h�c �f�h�^�_�e�b �^�_�l�Z�e�b �h�k�m�s�_�k�l�\�e�y�e�b �i�h�k�j�_�^�k�l�\�h�f �\�u�i�h�e�g�_�g�b�y 
�h�i�_�j�Z�p�b�b «�g�Z�^�j�_�a». �K�m�l�v �^�Z�g�g�h�c �h�i�_�j�Z�p�b�b �a�Z�d�e�x�q�Z�_�l�k�y �\ �k�e�_�^�m-
�x�s�_�f: �a�Z�]�h�l�h�\�d�Z �g�Z�^�j�_�a�Z�_�l�k�y �\ �a�h�g�_ �^�_�n�_�d�l�Z, �Z �_�_ �d�j�Z�y �k�l�u�d�m�x�l�k�y 
�\�^�h�e�v �e�b�g�b�b �g�Z�^�j�_�a�Z. �>�e�y �m�k�l�j�Z�g�_�g�b�y �j�Z�a�j�u�\�h�\ �\ �l�d�Z�g�h�f �f�Z�l�_-
�j�b�Z�e�_ �i�j�b �i�j�h�_�d�l�b�j�h�\�Z�g�b�b �k�e�h�_�\ �‹ 1, 3, 5 �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u 
«�\�k�l�Z�\�d�b», �k�e�h�b �‹ 2 �b 4 �n�h�j�f�b�j�h�\�Z�e�b�k�v �b�a �g�_�k�d�h�e�v�d�b�o �a�Z�]�h�l�h�\�h�d, 
�k�l�u�d�m�_�f�u�o �f�_�`�^�m �k�h�[�h�c �\ �f�_�k�l�Z�o �h�[�j�Z�a�h�\�Z�\�r�b�o�k�y �^�_�n�_�d�l�h�\ 
(�j�b�k. 13). �I�j�b�f�_�g�_�g�b�_ �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �k�o�_�f�u 
(�\�d�e�x�q�Z�x�s�_�c �\ �k�_�[�y �i�j�b�f�_�g�_�g�b�_ «�\�k�l�Z�\�h�d» �b �^�_�e�_�g�b�_ �Z�j�f�b�j�m�x�s�b�o 
�k�e�h�_�\ �g�Z �g�_�k�d�h�e�v�d�h �a�Z�]�h�l�h�\�h�d) �^�e�y �m�k�l�j�Z�g�_�g�b�y �j�Z�a�j�u�\�h�\ �\ �l�d�Z�g�h�f 
�f�Z�l�_�j�b�Z�e�_ �i�h�a�\�h�e�b�e�h �j�Z�a�g�_�k�l�b �f�_�k�l�Z �k�j�Z�s�b�\�Z�g�b�y �\ �k�e�h�y�o �i�j�_-
�n�h�j�f�u �^�j�m�] �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�]�Z �g�Z �i�j�b�_�f�e�_�f�h�_ �j�Z�k�k�l�h�y�g�b�_. �L�Z�d�b�f 
�h�[�j�Z�a�h�f, �i�h�k�j�_�^�k�l�\�h�f �f�h�^�_�e�b�j�h�\�Z�g�b�y �m�]�e�_�i�e�Z�k�l�b�d�h�\�h�]�h �r�i�Z�g�]�h�m�l�Z 
�\ �I�H Fibersim �i�h�^�l�\�_�j�`�^�_�g�Z �w�n�n�_�d�l�b�\�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y «�\�k�l�Z-
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�\�h�d» �i�j�b �l�_�o�g�h�e�h�]�b�q�_�k�d�h�f �i�j�h�_�d�l�b�j�h�\�Z�g�b�b �f�Z�e�h�]�Z�[�Z�j�b�l�g�u�o �^�_-
�l�Z�e�_�c �k�h �k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�_�c. �:�^�_�d�\�Z�l�g�h�k�l�v �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �l�_�o-
�g�h�e�h�]�b�q�_�k�d�h�c �w�e�_�d�l�j�h�g�g�h�c �f�h�^�_�e�b �[�u�e�Z �i�h�e�g�h�k�l�v�x �i�h�^�l�\�_�j�`�^�_�g�Z 
�\ �i�j�h�p�_�k�k�_ �\�u�d�e�Z�^�d�b �i�j�_�n�h�j�f�u �r�i�Z�g�]�h�m�l�Z �i�j�b �i�h�f�h�s�b �e�Z�a�_�j�g�h�c 
�i�j�h�_�d�p�b�h�g�g�h�c �k�b�k�l�_�f�u Laserguide.

�J�b�k. 12. �R�i�Z�g�]�h�m�l �i�e�Z�g�_�j�Z �;�i�E�:  �b �j�_�a�m�e�v�l�Z�l�u �f�h�^�_�e�b�j�h�\�Z�g�b�y �m�d�e�Z�^-
�d�b �_�]�h �Z�j�f�b�j�m�x�s�_�]�h �k�e�h�y (�h�j�b�_�g�l�Z�p�b�y �g�b�l�_�c �\ �k�e�h�_ ± 45°), �]�̂ �_ �:  – �j�Z�a-
�j�u�\ �l�d�Z�g�b, �;  – �k�d�e�Z�^�d�Z �l�d�Z�g�b.

�A�Z�d�e�x�q�_�g�b�_

1. �M�k�l�Z�g�h�\�e�_�g�u �a�Z�d�h�g�h�f�_�j�g�h�k�l�b, �k�\�y�a�u�\�Z�x�s�b�_ �j�Z�k�i�h�e�h�`�_�g�b�_ �b 
�d�h�e�b�q�_�k�l�\�h �f�_�k�l �k�j�Z�s�b�\�Z�g�b�y �\ �Z�j�f�b�j�m�x�s�b�o �k�e�h�y�o �m�]�e�_�i�e�Z�k�l�b�d�Z 
�b �_�]�h �i�j�h�q�g�h�k�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�b �k�`�Z�l�b�b �b �j�Z�k�l�y�`�_�g�b�b. 
�G�Z �i�j�b�f�_�j�_ 10-�k�e�h�c�g�h�]�h �h�[�j�Z�a�p�Z �i�h�d�Z�a�Z�g�h, �q�l�h �k �m�\�_�e�b�q�_�g�b�_�f 
�d�h�e�b�q�_�k�l�\�Z �k�j�Z�s�b�\�Z�g�b�c �h�l 0 �^�h 10 �i�j�h�q�g�h�k�l�v �m�]�e�_�i�e�Z�k�l�b�d�h�\�u�o 
�h�[�j�Z�a�p�h�\ �i�j�b �j�Z�k�l�y�`�_�g�b�b �b �k�`�Z�l�b�b �f�h�g�h�l�h�g�g�h �k�g�b�`�Z�_�l�k�y �g�Z 25 �b 
20% �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

2. �B�k�i�h�e�v�a�h�\�Z�g�b�_ «�\�k�l�Z�\�h�d» �i�j�b �m�k�l�j�Z�g�_�g�b�b �j�Z�a�j�u�\�Z �l�d�Z�g�h�]�h 
�f�Z�l�_�j�b�Z�e�Z �i�j�b�\�h�^�b�l �d �l�h�f�m, �q�l�h �\ �d�Z�`�^�h�f �k�e�h�_ �i�j�_�n�h�j�f�u �g�Z 
�[�e�b�a�d�h�f �j�Z�k�k�l�h�y�g�b�b �^�j�m�] �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�]�Z �n�h�j�f�b�j�m�x�l�k�y �^�\�Z 
�f�_�k�l�Z �k�j�Z�s�b�\�Z�g�b�y. �I�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �g�Z�e�b�q�b�b �i�Z�j�g�u�o �k�l�u�d�h�\ 

�\ �d�Z�`�^�h�f �k�e�h�_ �I�D�F �_�]�h �i�j�h�q�g�h�k�l�v �i�j�b �j�Z�k�l�y�`�_�g�b�b �b �k�`�Z�l�b�b 
�k�g�b�`�Z�_�l�k�y �h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�q�g�h�k�l�b �m�]�e�_�i�e�Z�k�l�b�d�Z, �Z�j�f�b�j�h�\�Z�g�g�h�]�h 
�g�_�i�j�_�j�u�\�g�u�f�b �k�e�h�y�f�b, �g�Z 48 �b 30% �k�h�h�l�\�_�l�k�l�\�_�g�g�h.

3. �K�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �g�Z �i�j�h�q�g�h�k�l�v �I�D�F �h�d�Z�a�u�\�Z�_�l �i�h�e�h-
�`�_�g�b�_ �k�e�h�_�\ �k �i�Z�j�g�u�f�b �k�l�u�d�Z�f�b �\ �k�l�j�m�d�l�m�j�_ �d�h�f�i�h�a�b�l�Z, �q�l�h �h�[�m�k-
�e�h�\�e�_�g�h �j�_�Z�e�b�a�Z�p�b�_�c �j�Z�a�e�b�q�g�u�o �f�_�o�Z�g�b�a�f�h�\ �_�]�h �j�Z�a�j�m�r�_�g�b�y. �D�Z�d 
�i�h�d�Z�a�Z�e�b �b�k�i�u�l�Z�g�b�y �i�h �j�Z�k�l�y�`�_�g�b�x 10-�k�e�h�c�g�u�o �h�[�j�Z�a�p�h�\, �g�Z�e�b�q�b�_ 
�i�Z�j�g�u�o �k�l�u�d�h�\ �\ �i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�y�o �m�]�e�_�i�e�Z�k�l�b�d�Z �i�j�b�\�h�^�b�l �d 
�b�o �h�l�k�e�Z�b�\�Z�g�b�x �i�j�b �g�Z�]�j�m�a�d�_ 28,3 �d�G. �I�j�b �w�l�h�f �d�h�f�i�h�a�b�l �i�j�h-
�^�h�e�`�Z�_�l �k�h�i�j�h�l�b�\�e�y�l�v�k�y �g�Z�]�j�m�`�_�g�b�x, �b �_�]�h �h�d�h�g�q�Z�l�_�e�v�g�h�_ �j�Z�a�j�m-
�r�_�g�b�_ �i�j�h�b�k�o�h�^�b�l �i�j�b 39,0 �d�G. �< �k�e�m�q�Z�_ �j�Z�k�i�h�e�h�`�_�g�b�y �i�Z�j�g�u�o 
�k�l�u�d�h�\ �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�y�o �I�D�F �j�Z�a�j�m�r�_�g�b�_ �g�Z�q�b�g�Z�_�l�k�y 
�b�f�_�g�g�h �k �g�b�o �b �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �g�Z �i�h�\�_�j�o�g�h�k�l�g�u�_ �k�e�h�b. �W�l�h 
�i�j�b�\�h�^�b�l �d �i�h�e�g�h�f�m �j�Z�a�j�m�r�_�g�b�x �h�[�j�Z�a�p�Z �i�j�b 33,9 �d�G.  

4. �I�h�k�j�_�^�k�l�\�h�f �f�h�^�_�e�b�j�h�\�Z�g�b�y �m�]�e�_�i�e�Z�k�l�b�d�h�\�h�]�h �r�i�Z�g�]�h�m�l�Z �\ 
�i�j�h�]�j�Z�f�f�g�h�f �h�[�_�k�i�_�q�_�g�b�b Fibersim �i�h�^�l�\�_�j�`�^�_�g�Z �w�n�n�_�d�l�b�\�g�h�k�l�v 
�b�k�i�h�e�v�a�h�\�Z�g�b�y «�\�k�l�Z�\�h�d» �^�e�y �m�k�l�j�Z�g�_�g�b�y �j�Z�a�j�u�\�h�\ �\ �l�d�Z�g�h�f 
�f�Z�l�_�j�b�Z�e�_ �i�j�b �\�u�d�e�Z�^�d�_ �i�j�_�n�h�j�f�u �f�Z�e�h�]�Z�[�Z�j�b�l�g�h�c �^�_�l�Z�e�b �k�h 
�k�e�h�`�g�h�c �]�_�h�f�_�l�j�b�_�c.
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�J�b�k. 13. �K�o�_�f�Z �j�Z�k�i�h�e�h�`�_�g�b�y �f�_�k�l �k�j�Z�s�b�\�Z�g�b�y �\ �r�i�Z�g�]�h�m�l�_
�i�e�Z�g�_�j�Z �;�i�E�: . 



�L�_�o�g�h�e�h�]�b�y���n�h�j�f�h�\�Z�g�b�y���m�]�e�_�i�e�Z�k�l�b�d�h�\�u�o���e�h�g�`�_�j�h�g�h�\���^�\�m�l�Z�\�j�h�\�h�]�h���k�_�q�_�g�b�y���k���\�u�k�h�d�h�c���]�_�h�f�_�l�j�b�q�_�k�d�h�c��
�l�h�q�g�h�k�l�v�x���^�e�y���i�_�j�k�i�_�d�l�b�\�g�h�]�h���;�i�E�:

�< �j�Z�f�d�Z�o �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�b �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �e�h�g�`�_�j�h�g�Z �b�k�i�h�e�v�a�m�_�l�k�y

�h�k�g�Z�k�l�d�Z�� �d�h�l�h�j�Z�y �k�h�k�l�h�b�l�b�a4 �h�k�g�h�\�g�u�o �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o �w�e�_�f�_�g�l�h�\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h

�k�l�u�d�m�x�s�b�o�k�y �f�_�`�^�m �k�h�[�h�c�i�h �f�_�j�_ �m�d�e�Z�^�d�b �i�Z�d�_�l�h�\ �k�e�h�_�\. �I�j�b �w�l�h�f �w�e�_�f�_�g�l�u �h�k�g�Z�k�l�d�b

�k�h�[�b�j�Z�x�l�k�y �k �a�Z�^�Z�g�g�u�f�b �a�Z�a�h�j�Z�f�b�� �h�i�j�_�^�_�e�y�x�s�b�f�b �l�h�e�s�b�g�u �i�h�e�h�d �b �k�l�_�g�d�b �e�h�g�`�_�j�h�g�Z.

�W�l�Z�i�u���b�a�]�h�l�h�\�e�_�g�b�y���e�h�g�`�_�j�h�g�Z

1, 2�± �i�Z�d�_�l�u �k�e�h�_�\; 6, 7 �± �[�Z�e�d�b; 8 �± �m�i�h�j�u; 9 �± �p�m�e�Z�]�Z; 10 �± �m�i�h�j

�K�l�_�d�e�h�i�e�Z�k�l�b�d�h�\�u�c
�h�[�j�Z�a�_�p



�L�_�o�g�h�e�h�]�b�y���b�a�]�h�l�h�\�e�_�g�b�y���d�h�f�i�h�a�b�l�g�h�c���d�h�g�k�h�e�b���d�j�u�e�Z���f�Z�e�h�j�Z�a�f�_�j�g�h�]�h���[�_�k�i�b�e�h�l�g�h�]�h���e�_�l�Z�l�_�e�v�g�h�]�h��
�Z�i�i�Z�j�Z�l�Z

�L�_�o�g�h�e�h�]�b�y �\ �j�Z�f�d�Z�o �h�^�g�h�]�h �n�h�j�f�h�\�Z�g�b�y �i�h�a�\�h�e�y�_�l �i�h�e�g�h�k�l�v�x �b�a�]�h�l�h�\�b�l�v �d�h�g�k�h�e�v �d�j�u�e�Z �[�_�a �b�k�i�h�e�v�a�h�\�Z�g�b�y �k�[�h�j�h�q�g�h�c

�h�k�g�Z�k�l�d�b. �I�j�b�f�_�g�_�g�b�_ �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�b �k�i�h�k�h�[�g�h �h�[�_�k�i�_�q�b�l�v �k�_�j�b�c�g�h�_ �i�j�h�b�a�\�h�^�k�l�\�h �\�u�r�_�m�d�Z�a�Z�g�g�u�o �b�a�^�_�e�b�c.

�K�o�_�f�Z �b�a�]�h�l�h�\�e�_�g�b�y �d�h�f�i�h�a�b�l�g�h�c �d�h�g�k�h�e�b �d�j�u�e�Z �\ �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�c �h�k�g�Z�k�l�d�_



�>�e�y �d�h�g�l�j�h�e�y �^�_�l�Z�e�_�c �b �Z�]�j�_�]�Z�l�h�\ �;�i�E�: �©�K�d�h�j�i�b�h�g�ª �b

�©�K�b�j�b�m�k�ª �j�Z�a�j�Z�[�h�l�Z�g�u �l�_�o�g�h�e�h�]�b�b �m�e�v�l�j�Z�a�\�m�d�h�\�h�]�h �f�_�l�h�^�Z

�d�h�g�l�j�h�e�y. �J�Z�a�j�Z�[�h�l�Z�g�g�u�_ �l�_�o�g�h�e�h�]�b�b �i�h�a�\�h�e�y�_�l �j�_�r�Z�l�v �k�e�_�^�m�x�s�b�_

�a�Z�^�Z�q�b:

- �d�h�g�l�j�h�e�v �b�a�]�h�l�h�\�e�_�g�g�u�o�b�a�i�h�e�b�f�_�j�g�u�o �d�h�f�i�h�a�b�p�b�h�g�g�u�o

�f�Z�l�_�j�b�Z�e�h�\ �^�_�l�Z�e�_�c�g�Z�g�Z�e�b�q�b�_ �^�_�n�_�d�l�h�\;

- �d�h�g�l�j�h�e�v �d�e�_�_�\�u�o �k�h�_�^�b�g�_�g�b�c �\ �i�j�h�p�_�k�k�_ �k�[�h�j�d�b �Z�]�j�_�]�Z�l�h�\

�i�e�Z�g�_�j�Z�g�Z�g�Z�e�b�q�b�_ �^�_�n�_�d�l�h�\;

- �^�b�Z�]�g�h�k�l�b�d�Z �i�e�Z�g�_�j�Z �b�a�^�_�e�b�y �k �p�_�e�v�x �\�u�y�\�e�_�g�b�y

�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �i�h�\�j�_�`�^�_�g�b�c.

�L�_�o�g�h�e�h�]�b�b���m�e�v�l�j�Z�a�\�m�d�h�\�h�]�h���d�h�g�l�j�h�e�y
�i�j�b�����i�j�h�b�a�\�h�^�k�l�\�_���b���w�d�k�i�e�m�Z�l�Z�p�b�b���;�i�E�:


