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EEA 

 

aceca� ccea� e� 4 ca� 10 c, 3 

a�25 c �2 e 

ee ca� aa� ac� a, ccea 

e aa� ce� ec� ea� a�

ea�aa�aa. 

 

ea cceaec� a� ee a�

ace�a ee ec�e��aa�aa�a�

 aea�ca�e. 

e� ccea� ec� ecc e� � ccee 

e ee aa� 

ee� ccea�  ee a� ace� a 

ee ec� e� � aa� aa� a�  

aea�ca�e. 

e� ccea� ec� ee a�

ace� � eca� � aec� a� � ee�

ce�aeae. 

e� ccea� aaa ae� a�  aae 

eea� c ee� � ee aec� ace�  e�

a�ace 

�e�e�ccea��ee�cee aa 

- aa ceaa� e-eec �

c-eaec�ea� ee ccea 

- a� � ca� cce�e 

aa� � � ee� � e� a�

ace 
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- aa� aece ceca e� ec 

eaa a��a eceee, ceaa 

a aae a�ace 

- aaa� a� a�  aae� eea c 

ee� � ee aec� ace�  e� a�

ace 

- ec� aa� a�  aea� eee c 

cae�aaa a�ac�e�a 

 

ea�ccea�c 

- aa� a� e� eaec� e-eec�

c-eaec� ea e� e�

aa���ee 

- aee � aa� e� ee� ac�ec 

eaa a� � ee� aa� a�  

aea�eee. 

ca�aaa�aa �� ee� e�a�

ae� � e� aa� ca cea aaa�

ae� ee�a�a� 

�e�ae c� a�a�ce�ec�ea�

a� e e� � ae� eaa� a� c e�

acce� e ace� � ee� a a e c�

ee� � � e� aea� � ee�

e aa caa c� e� �

aa� ac� ee eee acca� � �

ecae 

a� aa ea e� a� eea� � ee 

aa� � acee e� ca� e �

a ecee� Curve Exper � ae c a�
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ac� e� � e e� aa� a�  

aea�eee. 

e� aa e� a� a�  aae�

eea�a a e e�aa�ee�c cae�

a ecee� Curve Exper � a� c a�

ac�ae��a�eea��eea ee. 

�ae�ca�� a�ae. 
�

� �
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ABSRAC 

Maser hesis cnains 74 pages, 10 picure, 3 ables, 25 surce and 2 

applicains. 

Keywrds: funcinal dependence, schedule, sysem f addiinal 

educain, newrk f children's echnlgy park � inal 

wrk prgram. 

 

Research pic: he sudy f funcinal dependencies n he example f 

physical quaniies in he labrary wrk n alernaive energy surces. 

he bjec f he research is he sysem f addiinal engineering 

educain f schlchildren. 

he subjec f he sudy is he sudy f funcinal dependencies n he 

example f physical quaniies in he framewrk f labrary wrk n 

alernaive energy surces. 

he prblem f he sudy is he sudy f funcinal dependencies and he 

demnsrain f heir pracical significance fr subjecs relaed  

mahemaics. 

bjecive:  develp a wrk prgram n he subjec f "energy" wih he 

inclusin f pracical aspecs f he sudy f funcinal dependencies. 

 achieve he gal f he sudy he fllwing asks were highlighed: 

-  analyze he specialized educainal-mehdical and psychlgical-

pedaggical lieraure n he research pic; 

-  jusify he need  use he sysem f addiinal educain and 

prjec aciviies  sudy funcinal dependencies; 

-  analyze he didacic eaching aids f he Children's echnlgy park 

 and sfware specialized in he analysis f funcinal 

dependencies; 

-  develp a wrk prgram in he field f "energy" wih he inclusin f 

pracical aspecs f he sudy f funcinal dependencies; 
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-  carry u labrary wrk n alernaive energy using he analysis f 

he funcinal dependence f he daa bained. 

Research mehds are: 

- analysis f varius educainal, pedaggical, educainal and 

mehdlgical, psychlgical and pedaggical lieraure n addiinal 

educain and prjec aciviies; 

- mniring and analysis f educainal aciviies f sudens f he 

Children's echnlgy park ��rary wrk n alernaive 

energy. 

Final qualifying wrk cnsiss f inrducin, hree chapers, cnclusin 

and applicain. his srucure is due  he asks ulined in he inrducin 

f his wrk. 

he firs chaper deals wih he principles f he newrk f children's 

echnlgy parks "Quanrium", is gals and he expeced resuls f wrk 

wih children. he main aspecs f prjec aciviies, as well as he relainship 

f engineering prjecs and he sudy f mahemaics in addiinal educain 

insiuins, are cnsidered. he hisry f he emergence f he cncep 

inal �s mdern classificains and ypes f represenain 

is described. 

he secnd chaper is deved  he feaures f he prgram "energy" 

and is relevance in he presen. Describes he main feaures f he sfware 

Curve Exper when wrking wih funcinal dependencies bained during he 

implemenain f labrary wrk n alernaive energy. 

he hird chaper cnains a wrk prgram in he direcin f "energy", 

as well as an example f a labrary cnduced using Curve Exper sfware  

wrk wih he funcinal dependence f vlage n he emperaure difference 

fr he Pelier elemen. 

he cnclusin describes he findings f his wrk. 
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e �  �aea�aeaec��

eece ca�c ea�ece���e�

e� � a� ea a� aa� ce�

ea�e��e  

e� � aec� � ec� a� cca�

 aeae ec� a � aae� ca� �

� e aaee� cec� ee aee� aae 

accec��eeec�ea ��a ae 

e� aea� � e � ee.  aec� a e 

eeea�ea�����ca��a 

aa � aa�  � ae� eac� eee�

e�ec�ae�ac�eee�e. 

e����cc�ea aea�ac�ca 

ae� � � �  e ca� e � ec�

ec� ec� � e� � eca �

c��ee�ece ecc ae eca�

� ae ac� � a� a� � �

aa� � a� � a� a�

ea��caa��aca�a �� 

 � , e� ac, aec c� accaa�

ae ac� a e� aeaec� aaa� e 

ca�c ea�e�ecca� 

�e � e�e��ce�ec�ea�

a�� caac� c a� eea� a a, 

aa� � � � � � a aa �

a� aa� ac� � � c� a� ee�

aaa� ee� ace�� � ��  a �
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c�ac�e�eaee �e �e��

ac� ce� a. � � ac�  

cae cea�� �ca�aea�

�ee�� ce�ca 

Aa� aee ae� a�  ee�

eea� c ee� � ee aec� ace�  e�

a� ace� cea e  aeee�

e��e a� �ce���e�

 a� a� ac� � � � ecca�

eeee 

e� ccea� ec� ecc e� � ccee 

e ee aa� 

ee� ccea�  ee a� ace� a 

ee ec� e� � aa� aa� a�  

aea�ca�e. 

e� ccea� ec� ee a�

ace� � eca� � aec� a� � ee�

ce�aeae. 

e� ccea� aaa ae� a�  aae 

eea� c ee� � ee aec� ace�  e�

a�ace 

�e�e�ccea��ee�cee aa 

- aa ceaa� e-eec �

c-eaec�ea� ee ccea 

- a� � ca cce�e 

aa� � � ee� � e� a�

ace; 
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- aa� aece ceca e� ec 

eaa a��a eceee, ceaa 

a aae a�ace 

- aaa a a  aae� eea c 

ee� � ee aec� ace�  e� a�

ace 

- ec aa� a�  aea� eee c 

cae�aaa a�ac�e�a 

 

aeca�a�a�a�aaec��ca�

ae�ae�a��e� aae�eea�

�ec�eae a�a acca. 
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aa 1. ��ec cce�e aa�ee��
�ee��ecce e�a�

ace 
 

1.1. ec cce e aa� ee� �

aae� ace a ee ec eaa 
a 

 
ee� e aa� ee� c� � �

�a�c�ecea�ae�ecc 

� ae a� ce� ee� � e �

aae� ee� � � �  ac�

eaec�a a a ee��c��ea 

� aae� a� e aa� �

a cee a 

�a���cce�e aa��e 

acae e�  acae� E� ae - e�

ae�a�e�a�caa c ee��ae�

e� aa� � ce� ee� e ecea� � c 

caae �aee� 

e aae ee� ec� � � ae�

a�aae aca, ce��ee�

c� ece.  a ea� ee�  

a��e� c�eca �aca a aae, 

a eaee � cee ae, ee � ae �

eea. 

Ce�ee�e aa�ee�acae��

c. aae� ee� a� ece�

ae� � � ce � ccee aa� - � c., ccee 

� �c., ccee ca  �c., ece�aa� 

ee �c���aaec�ce ��ee��ace �� �e�
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 ae� 40 % �e ca ac� �a 

��[1]. 

 �e�e aae� e�a�

� ec a� � e� ea� � � a 

a� e� a� a: eceee a� ee� �

caeaa� � aa� aaa� ae  aa 

�aa ea�aae���a�

e� ce� ee� � � a e e 

aa� ee� eac� e� ecee� aece 

aa� �a-ece e�ee��ce�

e�c eca �e 

aa�e�ce�e�a e aae ee�

accaac� a e ec� � ee ae 

c eca, a� ea� eea� a-

eec�ec � a�eca�a�

ea��a�e��ec���cee. 

�aaece cce�e aa�A�eea 

accaae� a� � acca� aae� �

e�aa�ac ���acee e�

e aae aaec�  � �aae�

ece-ceec� eec ec� -

ca� aa� -ec� ec� � � aeeee. 

Caca eae�  aee a aac� ee�

ece-ceec � eec eca� -

c� a� � ee� cee� a� -ec �

cc-aeeec aae 

� ccee e aa� eec ec 

eae� ac� e � � ecca, 

eea � a�cee�aaa��c�
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ee� � e a� ec ace�

��aa� a�e� �a��

cce�eeae��a �a e  

ee aae � eec ec ee� � �

ae ac� ace� ec� e�

ee� ce� eaa� aa� eeae 

eec a��[2]. 

ee� e aa� ee� a� ae 

cae �a�ee�aa���e�

ae� � aa� ac� a� � a � e�

a a 

� ee� ee� e aa� a�

e� cae� aee, eceaee eeaae�

a� ce� ce� eaec ecca  a� �

a� cce� ae � aa� c� �

a�aae��aa�a 

aeeca� ee� ce�ae eeeae� ee�

aa acae cae� ec eaec�

aae�eea�aeec��eaa 

e�ce�ee�e aa�ee�

� � aae� ee� aaec� � �  � ccee 

e aa� C� � c e� �

aae� � � C e  a� e� ea�

a� a   a� e � ee� a e 

aae� � � � ac� eeec� ee� eae�

e��a�a e ee��a��c��

aa� a ea a � eaa � e�

aa��ca�c�a��cce�aa�3]. 
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� ae� acce� a� eae� �

e�aa�ee� e�  �a� 

a-ea�  aee a ce� a � e�

aa�cece ec���e�caaec�

� a-ea� e� a � C e ee�

� � ea� � aa� � a� � ea� a� �

ecce aec�c eea�a. 

a� ae� aa� ee� e 

aa� ec� eccaa� ea� a a c�

��ee���ee 

a ee  eeca� cce�e aa�23 

ea� � a ee c� eea� a�

ae� �  caa  �  e� a  

a a��cea a�e�eaa a 

e a����c�a cee � e�a�

� aa� � c� �  eccaa�

a � � ea� e a � c 

a� e � aa� aaa  e�  �

ae e  � e�  � ec� ee ce � �

ce�ce�e�a eca ca ae e 

ec�ea [4]. 

ec� ea a   ae� ea�

ea� ece� ec, ae� e�

ae� a� a ae � � ec� aa� c 

ace� eace cea � aa� ea cea 

� a ae  aae� aae� ee�

ec�e�ecec� ee  e�

aae� aa� ececea� � eec�

aae� ec� e� aae�
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eec a�c�eea�c e�a��

ee� acae e� eaec, ea, 

ec � e����a��

e�ace�[5]. 

cce a ec� ece ce�

eec�a�ee��eaa a-eec eaa 

c� e� ec� ee� e e�

aa� �aa� ce�ea� 

e�ae cce�ee�e�a 

eea a��a �ee���a e�

 [5].  

�aaa�ce�ec�ea�ec 

- ae cce a-eec ee� ee�

eee ee� � �  e� � aec� ee�

a�e 

- ae a a � e� e�

aee aa��a-eec�ece; 

- eceee  aa-ea a 

eea �a��e�ace�; 

- aaa �eee  c aa e 

aa ee��cee ee�a; 

- eceee cce e � aee e�

ae��ee�aa�ee 

aaee a� a � e 

e� c� ece� � ece c e 

c� e� e� � a 

ca� aaea� ccea a� aec� a 

ea eec� eca� c e� aca� a�

e ecca  e a a� ee 
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a, c�eaec�ee�a�a aa ca�

 c�ee�e���cc 

� a� ce� ec� ea� a� aec�

ee ce�ea 

- ee  aa� a c e 

ceaa�e; 

- ���aa a eea; 

- ee eca ee��a ecc; 

- ace �eec�e ca. 

� e aae ecca a� e�

ea ���aa�aa �ceac�

�a ace�ee�a; 

� ae a� � e� a� a� e  

e a�  ae aeee ee� ee aa� �

ae, c�aaa�a��a�ee� 

ea� � � e� ca� ce� ceaca�  

�ac�eec�aa.  

Ce�ec�ea�a�ece�� 

ce�aae�a aae�a 

- a� acee ae � ae 

ce� aae cec� ece c� ae �

ea�a ec 

- aea� aee e� eec e 

eee a�e-��ee�ae 

- Aa� ae, ca, eec eee 

ec�eae�aaa 

- a� ae ec� e� e - 

e� � ece aaa� � ee a� a 
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e� cae� a acea� a� eca� aa, aa 

eea a ac. 

- a� cae ccce� a� �

ee� cc� eee aea� aeae c�

e, aa�aa�cea. 

- I a� eeae cce� � e�

a�eac�eae cce�ce��a 

eceee���aa. 

- Aa�aaa ec�ac�cec 

- ea� ee� � e� aece 

a�e��eae 

- a� eca� c� ceca aa�

e� � ac� e� � ea� cca 

aaa ca �a�a 

- aa� Ceae� ae � ee 

aea�a - �a-  

- VR\AR. Cce� acaa� a� aa� ee� �

ceae - �a�� ea�ca�a a 

a ace. 

- e� a� a eaa� eea� e 

e�aee��c�ac�aa�e �ace 

 

- ea� ee � aae� aea�

ee�a ee e ae ee�ac�cec 

- HI-�e. ea�aa�a�

aea� � ea� caa� c � a� � �

ee�ae �e�cc 

aaea� aa a aae� aa 

ec�a � acae�c�ee ee aaec�c 
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 � ca�ece� � �cea �

ea� � e� a a� e ac� aeecec� ac�

a�� eaec� e�ae c� � ae��

e�� e��e��aece 

a��� e e�eec�aa�eaee �e, c�

 �  e e� � � e� � � a 

ae� a � c� c� cea, a� aec� ee�

ee e� a� ca� cea�  a �

e�ee��a � � [6]. 

�aae�� a aa acca a 60 

� e aa� � - e� ee�  cceaec� �

eaec� ee� aa� �  aaee eec �

ece� aaa eaa  ee � � a� � ee�

a� e � ec � � ae � � aee�

�a�aa. 

��e e�ae �ac�ea�- 

c�a�aa�c ae����ec�a�

e e�a�a �ac��e a�a ���

�e�aa�ec�a�a ce���a��ec�

ece�a �ca�����f skills). 

a� � e c� ,5 acec� aca� � ae 2 

a��ee�e�e��a��ece. 

aa�a�aaa��e ���e aa�

a�c ae�a�c�, a a�ac��

Hi-� ee� eee � ae ca � ca� ae� e�

cee ca�ae ca��e � 

a� a� aae ecca ec� a�

ee. 

 



�

�

 � acee e� cece� ee� a� e 

ee aa���e�a� aa� ec�

ce� ec� ea� a� ac�  ce� cae c 

e�a��ee�acae e�eaec, 

ea, ec � e����

a��e�ace. 

 

1.2 �� e��e eaa��aa�ec 
eaa a 

 

e� e����aec�aae 

c aaa� aeac� ea� ee � aae � ea, a �

� aae�a ��a�c�a�a 

cae e�eea��c�cc eaa 

C�a ���a aaa a �a 

ea� e e� � ae eaa� � ec�

ac��e�ca�a ec�� a ���e�

��e��c e�� eae ee� �e e 

ea�cee� �e �ae [7]. 

Ce� e ce��   aae a�� a�

 a � a� a� e � e� e� �

a� a ae, � cee� � a� ee�

eaae� cae  cea e�

cceaec� c� e� ea� a ea�

aec�ea�a��a aca a  

aa a� �   e� � cea 

eaa� eee a- e� a� ee�

cce�a�a cae, ec e�

ac�e�aa�c ae�a�ac�a ae 



�
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a� aee� a� ea� ae � �

ea��a ec�cceaec�a [8]. 

� ea � ecae� � ac� ec�

ea a�c�c��c�a�ec��

aa�  � ea� � � aec�

aae��a��ca aee 

�e aa��ee�ac�e�e�

e a   a �  ea� e�

c� aa cae� ee� �

aae�a eee aa�e a�e��cee 

e� � e e� eece� eeae, 

cceaece�ce �e  

e��c � e�ae�  �ea�

- eec cae� � e � ca aca 

c�c� [9]. e��c �e�e�  

ea aec cec a� e� � a�

 e� aaa� � aa� cee ee�

ac 

- aa e � eee e� a 

ee e�aa aa 

- eeaae �aae ee 

- caa��eec 

- eea�ee��ee ea 

- a  aea��ee�eea��a�e, 

c � cea e��a 

- c �a�ee cceaa��ca 

- eee a� e� �a� � a� � � ce �

ecaa�ca 
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- �e �cae e�aea�e�

ca��e��a 

- eee ccea 

ac � ecae E.C� a� ec�

cee � � � ec� c a� e �

e ea [10]: 

- cceaece � aaec� a�

c a� aa� eea ccea� � ce�

ac 

- ece �eaae ecee ee 

ea�, a a�e ee ea aa�c�

ec�ee�ac 

- e-e �ca  ae  aeaec�

� aec� �  a� a� � �

ee�ec�ec�e-a 

- ae � aaee a c� a�  

a- ee� e � � ee� aa� �

a�ac�a; 

- a-eae �ac�e ae�

c ca aaa ea� ee� ac� a, �

ae ea�a ae eec�ca�ac; 

- � e � aa�  e eea  

aee c�aea; 

- eeee � ee  e e�  

 �ee � aaae a-�eea, a ae 

a ee �ee  

�ae c � e��aae�ee 

- ea�ae e�ec� � a� a 

a e a a a�aa a c�ee 
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- e��e�aa�c��ea��e�e�

ee��cae�� 

- aae a�ec���c�e� eaa�

e a  a� a ee a�  c�

e�aa �a ��ee�c�ee�

�aa��a�ecc 

- eaa: ecee aa a� a� � e e�

c e� e� ea� � � c� a�

, c eee a� � cee� ae�

ccea� � c eee� aaa � e� e�

cee�c ae�� ee� 

- cea�ac��e e��ecae�, �

e eca��e� e a���cac�ce 

a�a aec�ee�ce e e��c�

� e� aac� aa� a� c� �

eac��cc ece�a; 

- aa� ec� ae� ce� a � ecae�

�eea�ea�a� 

ac   � � cceaec� ee�

ac � ac� cee�� aa � a �

aaea a ae �ac���cceaec�

��ee��a�aa�eaa��ece�

eea� ac� ea� ccea� ee �

eee e a� aae� a eee a�

 ��a a�e��ac�cae�

�  e� ae  � ece ee 

ac� a � a (�  � �

cceaec� ee� ac: ea� e�

a a �aa 
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- ae a�a�e- cceaec�

ee�ec e 

- c�  a� aaec� ec�

eea�ee 

- cae a��ee 

a a�  e-cceaeca� ee� �

a�ee�e�a�� �ee�

c�e� a aaea a ee e  

eaa  a, �  ea e� ace�

ecaee  e� � e� � � aa� �

�aaea�a�ccea 

- �e�ccea 

- aa ee��aa 

- ee e�ccea; 

- aa�ccea�e�ccea�a 

- caea�ee�cae ea; 

- eea. 

accaa� e-cceaec� ee� c� a 

ee�aae�a eee e�ae�ea�

ea eeaea�  e ea� � e ee� e�

ae �ea e�a�a: 

- �e�ccea; 

- aa ee��aa; 

- aae �ee; 

- eaa�a; 

- ea �caea a; 

- eea� 

� ea� e aa� ee� a e  

eec��e�a ��aae�ee �
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ce� ec� ea� a�  eaa� e�

aae ececea �eec aae�a�

ac� e � ae � � � a� ae�

eaa� a-cceaec eaec� �  

a  � � e e  � ae a�

ec eaa �ace � e�eee�

�eaec� 

�e a�a�� � eaa��a 

 a�a �eae �eae �

� a�ae�a�ccea���

ee aa� � ee� � ae� ec�

eaa�  e a e� eee �

a��cce ee�aaa ea a, 

eee aa�c e��e aa 

ea� ee� ac� � ae� ec�

�aa�aae ca�aee [11]. 

e� ea:  

1.e��e e.  

2.ece e�ea  

�ae �e�ece��aece�aaee� 

aa a eaa: 

1.ea�a aa��ec�c e� 

2.�aa eaa��e�� 

 �eac cae ea��e�

ae�ec� 

e ecc ae: 

1.ecaee  eae�aea� 

2.ae ea.  

3.ecaee  �ea�ecca 
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eea a: 

1.ece ee� e� aa� a) 

e�aaee��ee�a.  

2.ea ea �aece cae ee�a. 

eeca a 

ecaee aa ae� � ca 

ee�e�a a�e. 

eee cae aaa ae� c 

cec�aa�ca�ee�e.  

Aa 

1. ecaee ccea �c��a��e�c 

e��� 

eee e aae � a c e�

eaa 

�ee a- cacec��a�a�

a.  

c a: 

1.a�a c.  

2.ecaee  �a  a�c 

aa a: 

1. Cae ee�a �ac�a 

2. ecee ee� a aca a� c ee�

a. 

3. eeee �a �ac� e. 

�e��e�a aec�e �

a� aae� aa� ae c� a aeaa, 

a� a�aa� eee � �C� e�  �

e�ca aa� aa�ecae 

ee. 
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a� ee� caa� � aece e 

eaa e� � cce� a� a 

cae, ec e� ac� e� aa� c 

ae� a� ac� a ae a� aee�

a� ea� ae � � ea� � a ec�

cceaec�a 

 

1.3 C� aea� c aae� ec eaa 
a 

 

aeaa ae� � � aeaa� � aa�

aeca� a� � � aae� ee � � ae�

�ee�ee [12]. a ec caa c ee�

a aa� � �aee��ace�

�a�ac� 

eee aeaec�aaa eaae �ae�

ac� c eee� aea� � ee� e� a�

a� � ae� ccea� ae aeaa c� �

eee��cceaec�e�ac� ec�a 

�  e ce e�aea� aaac� � aa�  �

eaae� � aa� ccc� c ac� e� e 

ee ee�e�aa��aae�ccea� 

e ee� aeaec� � � c e� ec�

ae � ac� a� � ee�  �

aee� � a� c eee� a� aea�

ae ec e� cae a� ee 

aa�ecc. 

aa�: 
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- ae � f) ee� : ec 

ee, ea ee, a�ea; 

- ac c aec�aea 

- � aeaec� ee� c cae� ce�

e� 

- e ceaa�a;  

- eee a�aa�aeaec�ee 

- ee e�a�a� 

- eee a�eea 

��� a a�aeaec�aaa�

c� ae ac� e � ec� �

acea���a�ae. 

 

� ae a� a� aec� caac� c 

� ca� aeaec� aaa� � ee�

ae� aa� ae aeaa c� � eee� �

cceaec�e�ac� 

 

 

1.4 ae ac � � ec � � ce 
aea 

 
e�a�ac�ac� ae�. ee 

ee eae  a � e aeaec� ae 

e�e�ea�� aa�ec�a�ca�

Ec� acce�  � ae� a� � ea a 

  ae� ace ee (4  �c�e�aa�c��

ae� ca�  a� a ec� e� � e 

aca ec� ae� e e� � 2. 
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ec c� e� aa� a e c� e ae aa�

�ae acece a�a�e�e��

e� a ea� cec aa�  c ea  

ce e�ae�a �aaa a e aee. 

�  ���aea�  ee �

�ee ac�e aca e �ee ea�a a 

aaaa ea ea aeaeca ca, � ee�

ee ae�eec�- e�a�ac aaa 

- ���ec�- aa�a� e aaa - ������

�a��ca �a�e  ee ae, 

 � e e� � aea� a e� ee� e� ca�

ac��aca�e   

Ca c � � ac funci -eee, 

ee) e ee aea �e ���ce  

ca� ec�� a�ce  e aaa e, 

a  eec� a-�eee�a aa�c 

�a�e�e�ae e�eeea��caa���

ee c� � � a � � aa�  e a 

� ca� � eee� c � �  a�

eee� ee cea� eac� aea a� e�

(1667-1748), ����ee��ce�a�

e�eee�e�aa�ec, aa a�

 c� � � eee� e� �  [13]� �

ae� � � � � e� e� a j (x), 

aa� aaec� � e� e� 1, x2 ec 

cc�ceac f1(x), f2(x). a�e�a�ee������

���  aae�ee�� �aee�e e 

ca��aae ��ae�����e. 



�

�

Ce�a� a �  ee�ae � cea�a�

aae, �aca�e ea�e���y). 

aeee ae aea� � ececa� e  

�aee ace �  

a� aec  � � � ae � cea�

eec� c ae�  eeee � ee 

e ee��e���aa�c,  aec��

a ��ece c �ee eec�aee �e��

a �aaec�aee��ce� ae�cec 

ca� ce ca � a�  � � � ae� ac�

e�ceca��aac�eec����

cae� cecae ac�  � � cce� � ca, 

�c ��c�a�a �a�ece�14]. 

� ee �a�� � � � a�

ee�aea e e��ec��eee��a ee 

a < x < b), ec�a�ae��a �ee ece�ee 

eee aee �e�ea, a�a�cae  

ece  aaec� � a� ae�  ae 

 ca  

e�e eee�caa caa � e j (x). 

aa � aaec � a� � cec. Aaec 

eeee  cea��c� c��e 

cc ce� e�  cc� a�

a� e � ceee � ea e e� � e�

e � � � a aaec ae� �

eac� aaec� � a� � � � e�

eee���eaec�a e�ec 



�

�

�aee�e � eece ec a� 

 � e�a�a�aae�a eea 

ccee�a e ea, �a�ea��   

�acee e��aa�ac� a�

a eeee: ac� e� eee� � � � a� �

a ae� � � � eee� ece aee � aaec�

a�ac��e����c ac�eee�

D [15]. e �   eeee, ae ce ae�a D 

ec ae�eee  

eee���a�ac�aa eac�eee�

 ae�eee �ac�eee�� 

aa� ac� a eec� a� f,g, F,  � � �

ac�eee���ac aa �aee eee 

�  ece � aa aee� � � � e � �

aa f � ac� � � � aae�  aaa  f. 

a�ac�eee � �a aca�a: ��

 ec ae�e ae�aca�eeea��ec 

�eae�ac�eee� �aa�ec�ae�

���aa�E(f). 

� e� � aaa e� a� ca�

aaec�a���e aa. 

Aaec� c ecae� � aae a�

ac��e ��ec�. �c�

 ca ec� a� � eee� � �

eece aea, a ea� ec� aaa ee� a 

eee e� aeaec� ea. e�

aaec�aa��c��a y=2x,  y=x2 ��

C�e,  e ca�a e�aaa��  

ee c� c  eee�  A e a 
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a�x e�� �y�ae��e �� 

ae��aec a ae��y=-2.  aae� a�

�aa�a� e. 

a e c� e�  � aaec� aa� �

  cceae a� ac� a e 

e�e�ee� �ca�aa��aec 

�a 

a cee��aa�a�c�ecae���

a� � � ae a� ae ece� cac� �

ece) a- aee . a a� e� �

ea��a e�ecae��ae 1. �e�

ce - ae� aea�  � ce - ece �

ae� 

 
aa 1  e�a aa�a�ac�y=x2 

x 0 2 4 6 8 10 12 

y 0 4 16 36 64 100 144 

 

a� c aa� ace� ec� aee 

acae� e �   acae� � e 

ca� ae� a a, aa� e). 

�a�ac�ae cae a��c 

ae� a- e� ae� aaec� ae�

a�a�ceee�eec����, �a 

ac� ceea�ccea�  �e� �aea 

eca�a ��a. a� ec�

� ee� ce� � ee� aa� � cae 

ae aae� e� � ee� ee� � e 

ecca�ee 
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� c� ec� � e� c 

ae �ea�aac��� aa e��

 aea �a e e�e�ae�aea. 

� � e� a � e a� ae� � �

ae� e aa� � ae�  ae� a� � �

eca �aaa ��a�e�aec�

c 

aec� c aaec� � ee aa� � �

ae aea ec� � a � accc, a ae  

ece ae . e� aa � y=x2 

ecae�a ce 1. 
 

 
c 1  a  y=x2 

 

cca  cca aa aac  ec  

ecc c,  eec ee aea; eca 

ec eee cee c  cc e  

ae. a a ece ac,    

ae (acae),  ee ae,  ca c e 
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 a  aaec ee aa acce. a e  

a  a e aee aea  a cecee 

e aee .  

C e,   ce  cca aa  eea 

ee  a  acc, a a ae   

ca a  a ae� � � �

ce  ce ae, e aa ca 

c  eee e ae.  

a e cec ee a cca aa a 

acc: cec cc, cc  aa  ca,  

ec cc, cc  aa  ee ca ce,   

ae  eec ee e ee e ae. e 

e cca c ae aa,   aa e, 

e ae  cece e . e  cca 

ec aee ca ea.  

  a acc, c e,  

cece ec : ce, ee, ceee, 

aece  .. c aaec , aaa  

y=b, e b  ee c. a a  ec a, 

aaea c accc  a ee  b a c a.  

acc, a c  ec c accc. a e ec 

ea , aee  y=kx+b, e k  b    aae 

ca. Cec  y=kx  a ae y=k/x , 

e k  c e. e a eece  

ec ae a ce 2 a-. 
 jghib f gjhb j thirtj u itrj mhb itj hbltrj  ihrtej nmhr ltiuhjr tiguj heihgbj treij  hntrhgtr  

 

 

 

 

   

                          

        

    

      

                               
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(a) 

 

c 2  a  (a)  ca  

 

 

 
 



�

�

 
(c) 

c 2  a���ea� aa��� 

ea�a aa��ee) 

  

a e cec� ceee � aaec��y=xn, 

n   c�aece  y=lgax�e a>0, a���  

 

cae a� ace� � aaa a�

e� � e� aa� a� � a� a� �

ae�ac�e  a e�ea��acca�

ee  acae ae�  � � �

ca�aea��ea�� 

 

ae e ee aa� � �

cce� a � ee� acae e�

eaec, ea, ec � e��

��a �e�ace.  
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� eaa� e ee aa�

cc�ae e�e cee ��aa�

 cee c e� ae� e� ec� 

a� ee� caa� � aece e eaa 

e���ae a�a�aec�caac�

c � ca� aeaec� aaa� � ee�

ae� aa� ae aeaa c� � eee� �

cceaec�e�ac� 

e� e c� ec� ee�  e�

ee� a  ec� aa� ec� ee�

a� ac� e� e�  ae� �

ac� a e� a� ee� aea� �

ea� � � cea� � aee ce� aa� a�

e�ace 
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aa 2. aece aea�ec eaa a�
�ceaa a eceee �aaa 

a�ace 

 

2.1 e-a 
 

e� e   �ae ce cae�ce��

 c  ec (a � ee � cce  

ececea) ea�  ee� cee 

ece�eece�ece �e ace 

e�e e ceac, a a �ca�� e�

eeec - eeec���eeec e�e c�

 ca�ae��a�ca��eeec�ce�-a e 

a� � acea� � ee� aca, cec�

aeca.  a� ae� ceca� ca� � e�  

ace �ca �  �ee� � ac� ee�

aaaac� ace eeece a� ecee 

�ee�a�c���aea�aa 

eeec�a e�e�e��e�eac�

c a� � ece c e� aac� a� � �

e��aa ��e�e�ae �aac�e a - 

aa � � �   a� � eaa-ae�

� aec� eceae� aac� ee a  

a, a aee eee ea� a e �

ac� a � ca� � � aca� eec� �

cae ea�e�c�e 

  a� e� e� � e� ee� c�

ea� � eaa� e� a� aa� e� ea �

e� � � e � cae� � � � e� e 



�

�

ae� ec� ae� aaca�  aae�  �

cae �eee e ee� ee�cea�a 

Aeaa� eea  � ece� c�

e� e� e acae� e a , a 

ae, a eca� eec -a � �

ca���ce e�ea  

Aea� c e  c� cc �

ee, ee a� eec� e � �

ee� � e� � ae� � ae c�

e�e a e�ae��ae �e. 

Cece� ec � aea� ee� e 

ecae�  ec � � � a� c� � e��

ee�eeee c��c�a a e �ae�

e� 

ea� eea  aae e� e� �

ee� eec� � eaec� ea� �

eec ea cc� eece 

aae� � c eece� aae� e�

ce�a���ee 

eaece ca  ae e� a 

aae �e, a ae��eaec��aee �eec�e�

ea� e� e� � � eea� a e 

ee�aaee a e aae��aae�ee: 

� � a e� c� � ce� �

ac���c��ee�e�e�

��ceee ae��a�cce�a�ccea 

a e� aee cc � ce� ca�

ea�e�caa��ecee� ee�

ca e�  ee� � a� e�



�
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eeec�ca� a ea�eece 

a 

eaa� eea  c� e� ee� e�

aa� ee ea e� e� � a�

c��eec�e 

� c� e� ee� a� a ae�  

eeaa � c � ace� � a e 23 � � e�

e� eae� C. Cece� ec ce� e�

ee�a ea�ea 

a� cea� � a� aaec�  a� � �

ee c eeeaa�ea�cea�a�eae  

 a aae� � � a�� a� a�aee 

�Ceaa�cea�e�a�ae���a ae��

�aac��eae eca�a�e acec�

�e�a 

C�a�a�ea�eeec�aaa�a 

e ca� � cce� ca aa � ec� e 

e�C�ca�ea���eea�a a a 

e ee��e�ca��� 

 eaa� ea� eca c�

� a a � � e� cecec�

a�A e -�e�a��ea�ae 

eeca. e � � � ea� ea�

�eeee ece c 

eeea   ac� ee� ceaac a 

ca� e� ea (eec� e� � acc �

aee). 

ea� ea�  caa� aa� eec�

e� ea � eec� e� � a � eae�
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eeaa eec a, aaec cca ae�

a� eae� � eeaa, e� �  ca� �

ca 

� e� e� ea e� ae c�

ace a� � e cae� ee�

eae �� 

c e�ea�e�ee� ��

aa���aa ac��� �e �e���

e ee ea� ae c� a � a�

 � ee ea� a� e� �  

e� � ae � a� eee e� ea�

ae� a aee c� � � eaee 

ea� e� a� � ae ee a a�

ae��ca�e�ea��e 

a� e�e����eeea 

a�eea  c�e�eec�e e�

aa� ea� e�  � eec� e�

ca��e�ca��aae ce�aaee 

a�eeeaa. 

 cae�c e��e�ee�e� aae�

a e� e� . a, ce� � e�

e��ea�a a�eae����e ����

�ae��� ec���e�ea�e 

e� � ea� e� � eaec� � eec� e�

 ca�  ac� � e�  � �

e�aa�e�e��a   �e 

a�eea, a �e �aea�ee�

ec�e�c�e 
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�a�ee�ea�a a c�

e� a� � cca ee� � ea�

C�e�acce� ee��a��ce e��e 

ec�ce ec��cae��e 

aa�eea 

 e� a a ae� � acce� a � � �

accee � e cac� a� c� ec�
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a a� cac� a� � � ee c �

eeea�aa�aa�a a �accea ee  
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�� ce 5-�e [16].  

aacec� ea� aaa � ee� � ea  ac�

a� aa a� � ca� e� e�

a�ec�ec�ce eee�a ae�aee. 

a �a�aa���ae �e�- aa e�

ee a�ae�e-a�aaea 

a ee �aae aea�ee�aec�

a� � � ac� e� � a ee�

ac�cec�a ee e�ee�a� eaec 

e� e ec�c� a� aeaee� e 

� a ee� � e � ac�

a�ee a�a�a. 

accaac� � ce ae aae �  a e�

c�cce� a, cae e��e�

ea, ee, c�eee e�eeea��

a �cca, eceee cce� eea a�

ec�� ee�ecee�ae�ce, 

�a �  [17].  

� eaa� a� eec� ee e 

ae� a a  aec� � caa aa 

ea ae�  ce�a�e aae ea�

ae ee� cc� e� eeca  e�

aea� c� e� � ae � eea ac�  

a� cec��e-ae.  
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aa 2  aea-eec eceee  �c�eaa�
a 

� aeae Ea 
ee ec 

1.  e��ee���ac�
aea�ee a�a 

 5 

2.  a-eec�ce� �
eee 

 5 

3.  ea�aa�caa �a�
ea a�c 

 3 

4.  aaa�aca�aa �a�
a �aa�aa� e�
eee 

 4 

5.  eea�a e�  1 

6.  e�c  14 

7.  a��ee��acca 
e�e�eeaa a 

 2 

8.  Ce-eae��aa��
ae�c�eeec�
ccea 

 1 

9.  Ccea aec ca��
ee�e� a�c 
eea�a 

 2 

 
  37 

 
 

a  �a�e-a�ae�ae��

ce� ac� ace� aea� ee� �

� e� aa� a� e� e� � aa�

a� ec� e� � ee� � � ac�

aea� ee� a� a� ecae� a 

ce 3. 





c 3  e  ee   acac aea ee

a a

a a aeae  cece ecec eece e

aa a, eaae  aca c aea

ca e [18].

cee c ce ee:

1. e ea  ae a cee ae.

2. e e a cee ae.

3. e a aa a cee ae.

4. c aca c ae ce aae.
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cee c e ee: 

 1. ae ea c  ca ea. 

2. Aa a ee c cae 

e c e.  

3. ae a eeec ea. 

cee c  ee: 

1. e ea: c  a  ca  . 

2. e  ee: ee ee  a 

 ca. 

3. eeee a ae  ae . 

4. eeee a cc   

 ee. 

cee c eaec / eec ee: 

1. ee  e  

2. cceae a ce ceecaa. 

3. ae ea eec ee. 

4. ae ea eaec ee  aa. 

cee c e ee: 

1. eeee ae a ace. 

2. eeee ec .  

3. eee   .  

6. aca  aca c. 

7. eeee a  ac  aa  a c a. 

cee c ee ce : 

1. Cae e  aca ce   ee 

ea. 

2. Aa eee ee  ae a  a 

ea c. 
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3. Aa eee ee  ae a  a 

eeae aca.  

4. Aa ee a  ae c cae a 

 a. 

-eeece cee: 

1. Cae eeca  aa  . 

2. ee c. 

3. ace aca a aa. 

4. ee  a ea a a ae 

c. 

 eee a, a a e ceae ea  

ee   ac aea ee a 

a�ecae  e 1.  

a   ee aa a, eaae 

aa ea, e   aae a eee 

acc ae eec e   e   aae. 

a ce eee   eee a 

ec aae ca., a a e ce  e, 

ee aee, c a  c (c 4). 
    

                    

                            

                      

                           

 

      

            

      

      

                    

          

            

   

  

                        

 

          

 

            

            

      

      

                    

          

            

   

  

                         

 

          

 

            

                    

 

          

 

            

 

        

                    

                      

                          

 

 

 

 

c 4    e  ee c a, ae  c 

aa aea c e 

 ee ae aaee aec ca 

  aa a.  cae, a cae 



�

�

 a ee.   a e aae 

aa  ee cea ace.  

 ee  ca   ee cae 

a Curve Exper  a eca a 

acc e ae ee  a aaea 

cce, a a e  c  ae  e 

ea,  ecaa aae  c  

cee. 

 

ea ae e-a� aaea a ee 

c aae aea ee, aec a  

 ac, e  ca cee ac 

cec a ee ce, ee a  eaec e, e 

ec c a, aeaee, cee c 

a, ee, . ce   aa 

ee e a, c ce cca 

ea c e. 

 

 

2.2 ae eceee Curve Exper 
 

Aa ceea a e aec e 

eca e aaa a c eee 

ce a.   ee cece e ec 

a,   a c aeaec aa, a  

aaa e eee c  a aae. 

eaa aae ec aa ceea a  

aee  e -  e aec acce,   

aee a   eecc aaa. ee 



�

�

acce a eec aa ec aa 

CurveExper, a e  ea a acca 

ceea a. 

CurveExper - aa ccea ea 

ec acce, aaa  cee Windws. a ee 

e ec ee eecc aaa (e  

ee), a ae a ce e, eca 

ceeae ae aee    cc. e 

, ae e ee  ace e, 

eae  ca  aae eecca.  

�ae a a�ecae�a ce 5. 
���������� �� ���� ��  �� ��� 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �  ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

   ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� ��  ��� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �   � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� �� �� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  �  �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��   � �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����   � � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �  ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ����  ���  

  

� � �� � �� �� � � � � ���  

 � �����   � � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 

c 5  aa�ccea ea�ec�ace 

CurveExper 

 

a eceee ae�� a � ee e��

c� ee� eecc aaa� a� c ee e� �

e�e�ae�a eeee aee�



�
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eeee aee� e� � � e� �

a��eecca c e� �aae 

a� ce� �  ace� ae� e�

e � ee eecc aaa � ec �

eecc�ee e  �CurveExper eaaec: 

- ea eee��a��a 

- ae c e ��a; 

- e � � e� aaec� caae �

aee e� aeee; 

- cceae a  e eecca  ae���

ae�; 

- � � aec� ace� c aec�

ac; 

- �ea�cee � e; 

- ae a�a��a ee�e�ea �

ca���e�ws; 

- ee  � a a� � � ea� �

ec��ae;  

- ea� a� a� a ca�

ae a�a. 

.  

ce �ce�a��e ca�

a���a aaa a�ac 

 

aa��e�a�aec��e-

ae ��ce aae a� aea�

eee �aa�a�ee�a� �e�

aece aaa ae�a� a�ecee 

a eceee��ee�ccea�a�
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ace��CurveExper, aa�ec�cea�

ce  
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aa 3. aa�aa  aae�eea 
 

3.1 aa�aa  aae�eea�c ee��
ee aec�ace� e�a�ace 

 

� a� aaae e� accaa  ae  aae��

eea��a a e ee�ee aea 

ea� aaea� eaaa� aa 

eea� aee - aa� ee� ecece-a�

aae� � eaa a ac� -� e� aa �

ee �aca accaa a ���acea �aca �ee. 

Aa� � � a� a� aa 

ae� ee� ee� �  ee�

� e� c� e� a ae �

acaee� a aca. e� a�

ec� �  a� � eca� aaea a 

ae aec� a� � a� ac� ee�

aa� � acee e� aeae c� e� � �

aec eee�eeeae e�e c�

e�e��a���ece��e. 

c���a e�a���ccea�

e� aea� ee� eea� - �

�ee��eeec�cee��e ee 

ae� � cee�Aa� � � a�

a� aa ea� a� ee� ee� �

ee� ee� � e� c� e� a 

ae �ec�a aca. 

eaeca� ea� cec� a� a 

ce c����acaee ee �a �



�
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aea   �a e�ecc�ca� 

a� a � c� eec� � a� aca � eca� aa 

aaea� aa ae� � ee� ce� aa�

eaec�aa�a�a: 

- aa�ec ��ee��ce ee�ecc 

- �ac�ce�a���ccea�ee- 

ea��ee-aa�ccea��e�ecae� c�

��ee 

- eaa� aec� � � aa�

ec� ec� eae� � � ca� ee�

a�a�a�� 

- ca�a�ae-eccaa� ae�

�a��ae 

- aea� e� � ee ae� e� �

ecca�a�e�e�ecc��

�e��ecca�aa 

aa aca�aaaa a e eec�aea�

e � ecae� � � � a�

aa����  

aa� aa aaaa � ec� c a�

a�aa��ac�aa�eea�a������������������������

� ea� � ��-� �aa� �c�eea�

aee� aeca c� eea� � � a� � �               

�� eea�ee�ae a�aa�a 2016-

� � a� ceca aa� � a� c�

eea� � � aca � � � � � ee� a 

aa� � ece� aae� ee�  

e� aae� aa� aee�

a ace caa aa c� eea�                   
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��������ee�Ca�2.4.4.3172-�Caa-

eece ea�  cc� ea� � aa�

ea a�aae�aa�e aa�

ee  

aa a e ea� aec� ee� a�

� ac ca� ce� � � eea-

a eeec�cce� 

�aa�a�aec�e�c�cec�

ee� � eeec� ee� a ae aaa�

cee e ee�e , aec�a�ee 

a�a�a 

e� a� ec� ae aec� a�

a� � ca� � ac� ee� aea�

ee�ee��aec�e. 

e aa�a�ecae e.  

ae:  

-  e� ea ca� a 

ecee� � aaa e� � eae ceea 

a�ace�e. 

-  e� ea� c� � a� c ea�

cea� � e � eea� ecea�

aa��e�aa�eeec�ca.  

- Ca� aece a� aa� aa c 

e� ae� ec e 

ece� 

-  a e� ee� � � �

c� a� aeaee� ee� �

eec eaeca.  

aae: 
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- ae aae�e�eea��ec�

ce� � ac� � e� eee 

e� aeae c� e� e� ee�

ee� �  e� aaa e� ea 

eec eaeca�ae�a 

- ae a� a� � � a�

ae 

aee: 

- ae ece e�  � ca�

e�ecea�eeec���ecca 

- ae ae e�  � ca�

e�ecea�eeec���ecca 

e� a� ec� �  a� �

ecaa� aaea a ae aec� a�

a� � ca� � ac� ee� aea�

ee�ee�aec�e �� 

�aa�a�aac�cee ee�Sf �Hard 

skills. 

ace� � f skills. � a� ace� aa� e 

ee� e � � ae� a� � c�

ee� � aae, a a� ee� ce�

ecca�ee 

- aaa �C� aaaa� e� � e�

� a� � � e� a� aac� �

�a�ec� cae�a�c�

a�a�cce�aa�eeec a �a 

- aa c ca�C� a� c� cea�

c� aaa� � eae� c� ea� c�

ca�c 
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- aa � ae. C� aa� � aa�

eeece ea�c��cce�aee�a; 

c�e�eeec�ea 

ace� � f skills. � a� ace� aa� e 

ee� e � � ae� a�

ca�a aaea: 

- ee� � ee� C� ec�

ee� c a� cea� ee� � aa� e �

ecce eaa�ee���ee�ee 

- ec. C�a�ae���

a� � ea� ee e� e� a ce�

ece�a ee ee 

- ea�ee e��aa�e ee�

��acee �c� aca�ec 

- eec� C� � e� ee�

ec 

ace� eca� f skills � a� ace� aa� e 

ee�e ��ecee�ee 

- Caeec � aec ee. C� ea�

ace�caea��a��ae. 

ace� �  � aa� a� c� cee 

eccae a 

- a� eca� eec e� a�

 

- a�ee�aeaec��� ee� aa� 

ce�ca 

- a�ee�aaa a�ace�a�

e��e ceea. 
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- a� ee� aaa e� a� �

ceaa�a�ecee 

- a�a e�e 

- a� ee� e aec� �

ae�cc 

- a�e ec�a�ec e�a).  

- a� ea� eec� cc� e�

ece.  

- a�aa, c��a�ee��cc 

- a���e  

- a� e a�e�cce� 

- a�  � aa� eca � � rd, a 

eea���werpin. 

- a� a�c e�a�eac�a 

- a� a c e� ea� c aa� c 

aaa��eee ee �aa a 

- a� cae ee� eec� aa � ecce 

ca�eeec�cce. 

- a�a�eec�cce�ce�cc  

- a�ceeec a 

ea � ae� c� eaaee� � ecce 

e�ac�ce  a �a �

ea�  cec� eaa� e ecca�

Junir � � ee� aea� eae 

a 

 

  

Aca� ea� aaea� eaaa�

aa eea aaea a ae ee Sf �Hard 
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skills: ea�a�ee�c c�aaaa�

e��e��a � c�a�a�

cce� aa� eeec a � a; c�

ea�ace�caea��a��ae; a�ee�

aeaec� � � ee� aa�  ce� ca�

a� cae ee� eec� aa � ecce 

ca�eeec�cce. 

3.2 e�e�a�ace��aa�
aa�a� e�eee. 

 

ee�e�a aec�ca� �ee��

����a��e  c aea�

ca�e� �c ea�aaa �ace�ceea�

a��a aaae e�ee�e�aa�a�

a� � aa� e� aae� a ece�

� ee� aeaec� e� ccea� �

ee�a�e�ca�aa�ee� �a 

aaa� aa c� � e� aca ac� c 

e� ca� e� ae� ee� ee� � aa�

a�aa�e�ca�e�cee�aa�

ee ae � ee� � a� ac�

e��� ��ee ae� 

e� aa� a�  e� eee  ee� �

a�ac ae��a�eea� 

ae � ceca ee� a eeaa � , 

e�  aa� eeeca� ccea� ee�

a� e�  c a� eceee� CurveExper. 

�a�aa ecae��e� 

�e�a�� 



�

�

� e� ee� e � �  a�  

cae  � � ce aea� �

� e� � � � aee ee �  eea. 

ae   ee � a� ee� � e� a 

eeaa e e ec�e� ee �

� ece e��ec�e �ee e�

� ee� ac� a eeaa eeec � cee 

ee eaec��ece c ac�c�ea, a ac - �

ece c e� c� aee � � a� a � � �

eeec�ccee �eec� a ae. eec� 

ea�e��ae���a��a�

a ae� � � � ee�a eeae �  C 

��e e�c 6). 

 
c 6  aaa�aa  e�eee  

 

ae ee� � e� aaee a e�

ecae��ae 3. �a�a�eea�ae a��

ae ee �ee�ce�ee ae�e e e 

ee�e�eea��e����a 2,5.  



�

�

 
aa 3  ae�ee �aa�ae  e�eee 
 e�  �  , aa 

eea 
U�e 
aee 

75 25 50 0,72 
72,5 27,5 45 0,53 
70 30 40 0,49 

 
�ee�aaa e eceee CurveExper �

eeece ae ����ca e�a�� a�

a aa a ce 7. 

 
c 7 aaa�aa  e�eee  

 

e e e a ac�U(), ceae � 

ceca�a�ac�e�aae�

(c 8). 

 

 

 
�����  

 � � ��� �� �� �� 

�� � �� ��� ����� � � 

 ������ ��  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  ��  �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ������ ��  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ������ ��  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � ��  ��� � ���  

�� � �� ��� ����� � � 

 ������ ��  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �     

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  

�� � �� �  � ����� � � 

 ������ ��  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 

 �� �  �� �� �� ���� 

����� ��   ������   

 

 � �� ���� � ���  

�� � �� ��� ����� � � 

 ������ ��  

  

� � �� � �� �� � � � � ���  

 � �����  �� � �  � 

����  ���  � �  � ���  

� ��� � ����� �  

��  �  ��� ���  �� ��  �� �� � 



�

�

 �� �  �� �� �� ���� 

����� ��   �������  

 

 � �� ���� � ���  
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  
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ec�  a a a�ac�e 

aa� � � � ac a ae c� ce 35 caa�

a� ace� aceee� � e a�

��ae aa.  

� ceee� ecae� a e� a�

aae� � aa� � c a� aa�

ac��aa�e�a��ae�ecae�

a ce 9. 
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ae� ee��aca� a� eea� � aa 
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a. ae ecae�a ce 10.  
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 �  �  �       
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����� ��� �� �

�  ��� �

      �

   �       �

� � �� �� �� � �� � � �  �

� �   �� � ��� � � �� �

� � �

� �� � � �  ��  �

�

 � � � ��  �� � � �  �  �� ��  � �

� � � � � ���� � � � � � � �  �� ��

�� � �   � �

        �

                          �

  � �� ���  �

� � � � �

� � � � ��  �  �

  � �� � � �  �

�� � �� � � �  ��� �   �        �    �

�

�

��      �

�� ���  �� �  � �  �   � �   � � � �� ��

� � � � � ��� � ����  ���  � �   ���  � � �

����  � �  �  ��  �  �   � � �

���  � ��� �    ��� � �   ���  �  �
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� ����  �  �  �� � � � ��  � 

� �  �  

 �     

  �� �� � � 

 

 

�� �� ������������ ���      �  � �         � 

 

 

      

� �

�

�

�

�

�

�

�

�

�  � � ����� ��� �  ���  �� �

� ��� �� � ��          �

��    �     � �
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�           �
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c 10  a��ae�a�ace 

 

 ace� � a� ac� ae� �

a� eea� � e a� �  a� ecee�
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CurveExper aa�  � eea ee ac� ee� �

e� aae� � a� ae� a� eea� e� �

� � ee � a� � ee�

ee ae� ee� e � e� a a e 

� ae� c e� ae� eea� e  

e cea��aa�c�acca���e�ca 

aca�a�� � �ae eea�

e e�75  ec�a�aa�  �aae�

aa� ee, a a� cae e � a� aae 

eea�e eae.  

 

� e aa� a� a� aa� a�

ac� � e  ee� � �  � ec�

� � ac� ae� � a� eea� �

e aa a, ee� ee ae�

ee��ae�e  c ��e ee�

ceea.  

 

ee � ac� e aae 

eaa a eea ee a�

ace�a ee ec�e��aa�aa�a�

 aea�ca�e ae���ee 

ec a��ee�ceea�ea��aec�

aac�e  a �a� �a ee e ace�

 cce� e� ae� a a e ea�

ee�a�e��e�a ae. 
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� acee e� cece� ee� a� e 

ee aa���e�a� aa� ec�

ce� ec� ea� a� ac�  ce� cae c 

e�a��ee�acae e�eaec, 

ea, ec � e����

a� � e� ace a� ee�

caa� � aece e eaa e� �

cce�a�a cae, ec e�

ac�e�aa�c ae�a�ac�a ae 

a� aee� a� ea� ae � �

ea��a ec�cceaec�a 

� ae a� a� aec� caac� c 

� ca� aeaec� aaa� � ee�

ae� aa� ae aeaa c� � eee� �

cceaec�e�ac� 

cae a� ace� � aaa a�

e� � e� aa� a� � a� a� �

ae�ac�e  a e�ea��acca�

ee  acae ae�  � � �

ca�aea��ea��ae aeaa c��

eee��cceaec�e�ac� 

e� e c� ec� ee�  e�

ee� a� � ec� aa� ec� ee�

a� ac� e� e�  ae� �

ac� a e� a� ee� aea� �

ea� � � cea� � aee ce� aa� a�

e�ace 



�

�

a� ae� e-a� aaea a ee 

�aae�aea�ee�aec�a��

� ac� e� � a� ee� ac�

cec�a ee e�ee�a� eaec�e�e 

ec� c� a� aeaee� e �

a� ee� � ce   aa�

ee�e�a��e cca 

ea�c�e 

Aca� ea� aaea� eaaa�

aa eea�aaea a ae ee�Sf �Hard 

skills: ea�a�ee�c c�aaaa�

e��e��a���c�a�a�

cce� aa� eeec a � a� c�

ea�ace�caea��a��ae; a�ee�

aeaec� � � ee� aa�  ce� ca�

a� cae ee� eec� aa� � ecce 

ca�eeec�cce 

aa��e�a�aec��e-

ae ��ce aae a� aea�

eee �aa�a�ee�a� �e�

aece aaa ae�a� a�ecee 

a eceee��ee�ccea�a�

ace��, aa�ec�cea�

ce 

ee � ac� e� aae�

eaa� a� eea� ee a�

ace�a ee ec�e��aa�aa�a�

 aea�ca�e�ae���ee 

ec a��ee�ceea�ea��aec�
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aac� e  a � a�  � a ee  

ace� cce�e�ae�a a e ea�

ee�a�e��e�a ae. 
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C CA�C 
 

 Hrizn Energy B���e�ecc] /.  e�

�  hrizneducai� e� a: .  

hps://www.fuelcellsre.cm/manuals/hrizn-renewable-energy-bx-

assembly-guide-english-fcjj-40.pdf 

 Aeae c� e� e� ecc:refera-

na5.cm.ua/71/5827.hml. e�a c�16]..  

 ea��c� ee��� ��c 

aea� � ee� e� ecc� � � ea.  

e� �  � � c� ace�

eaec�ece�e�aa��ec, 2013.  e�

a: [14] 

 ee e� A � acc� a�  

acc: a�� 

 ee��c�aea��e: 7-8 acc - �eee. 

- 1982. 

 ee� � c� aea� � e: 9-10 acc - �

eee. - 1983. 

 a A� � eae � eec� cea�

cceaec� a� � ee� e aa�

e ��A��a. - �A-�� 84 c.  [3] 

 ae, �e acca� � ceaec�e 

aca�ece�a aeae ec-ceaec �ea�

� � cc� � ac� a� � e� ecc] / �

ae.  e� �  e� �  e� a: 

a��cceaeca�ee��c�eaa�. 

 C aea�ee� 
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 c�a���e�ecc] / A.a, 

E� a.  e� �  c� c� ace�

eaec�ece�e�aa��ec, 1998.  e�

a: [13] 

 c� a� � � e� ecc] /.  

e�� c�� Caa acea�eaeca�

aae� �  e� a: .  

hps://herreferas.allbes.ru/mahemaics/00143409_0.hml[15] 

 a�A�� eee a�e�ecc] 

/ A�a� e�� a����a�

aa�� 

 eeea �aa E�e����e�

�e e���� 

 e� C.A. Ca  e�  ee 

aa�e�ecc] / C.A�e� e�� 

2016.  e� a: hps://dcviewer.yandex.ru/view/271007450ru, 

c�  ecc � a� ecaa� �

ea � 

 a�e�e aa�a� Aec 

caeec�ea 

 aaea� aa � eaaee� � ee�

ec�ea�a��e�e a 

eca a: a�� 

 a�aaeca a� e�ecc] 

/.  e�� Cee�Aec�eea�ece�

���a�e�a: hps://sudfiles.ne/preview/1792067/ 

 a, A.E. Ca e aae �ee�

Ccee aa� c�eea� e� ecc] / A.E. 
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a.  e� �  e� a: 

hps://sciencefrum.ru/2016/aricle/2016028917, c�  e�

ec�e�a� 

 a� E.C� e� � a a� a a // 

ae ��e���� 

 a� E.C� e eaece � ae e� �

ccee aa�e�ecc] / E.C�a��aa.  

e�� a�aec�e�Aae�� e�

a�a��cceaeca�ee��c�eaa�

.  C aea�ee� 

 eaae aea e� ecc� � ea�  

e�� Cee�Aec�eea�ece��

� � a, 2008.  e� a: 

hps://nashl.cm/2015011281734/prepdavanie-maemaiki-djerman-r-

2008.hml 

 a� � cceaeca� ee� � c� eaa�

 e� ecc] /.  e� �  Ceec: 

aec aae� a� a� ccea� �

caa ece� �  e� a� a� �

cceaeca�ee�� c�eaa�.  C 

aea�ee� 

 ea� aae� ec� a� � aa� �

Scien��eec ae) [17] 

 Caaeea A� aa� � c e� ee 

Aeae c�ee� 

 Caa�EC EAA A� a: 

a�� 



�

�

 � aeae a�e�ecc] / C�� 

e�� a����a�aa��

[12] 

  



�

�

EE 

ee 1. 
�

�eee�a�a a e eae ea �

ee���ac�aea�ee�a�

a. 
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�

�

ee 2. 
�

ae �ceca ee��aa�a� 

e�eee. 

 

 


