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ABSRAC 

Maser hesis cnains 74 pages, 10 picure, 3 ables, 25 surce and 2 

applicains. 

Keywrds: funcinal dependence, schedule, sysem f addiinal 

educain, newrk f children's echnlgy park  inal 

wrk prgram. 

 

Research pic: he sudy f funcinal dependencies n he example f 

physical quaniies in he labrary wrk n alernaive energy surces. 

he bjec f he research is he sysem f addiinal engineering 

educain f schlchildren. 

he subjec f he sudy is he sudy f funcinal dependencies n he 

example f physical quaniies in he framewrk f labrary wrk n 

alernaive energy surces. 

he prblem f he sudy is he sudy f funcinal dependencies and he 

demnsrain f heir pracical significance fr subjecs relaed  

mahemaics. 

bjecive:  develp a wrk prgram n he subjec f "energy" wih he 

inclusin f pracical aspecs f he sudy f funcinal dependencies. 

 achieve he gal f he sudy he fllwing asks were highlighed: 

-  analyze he specialized educainal-mehdical and psychlgical-

pedaggical lieraure n he research pic; 

-  jusify he need  use he sysem f addiinal educain and 

prjec aciviies  sudy funcinal dependencies; 

-  analyze he didacic eaching aids f he Children's echnlgy park 

 and sfware specialized in he analysis f funcinal 

dependencies; 

-  develp a wrk prgram in he field f "energy" wih he inclusin f 

pracical aspecs f he sudy f funcinal dependencies; 





-  carry u labrary wrk n alernaive energy using he analysis f 

he funcinal dependence f he daa bained. 

Research mehds are: 

- analysis f varius educainal, pedaggical, educainal and 

mehdlgical, psychlgical and pedaggical lieraure n addiinal 

educain and prjec aciviies; 

- mniring and analysis f educainal aciviies f sudens f he 

Children's echnlgy park   rary wrk n alernaive 

energy. 

Final qualifying wrk cnsiss f inrducin, hree chapers, cnclusin 

and applicain. his srucure is due  he asks ulined in he inrducin 

f his wrk. 

he firs chaper deals wih he principles f he newrk f children's 

echnlgy parks "Quanrium", is gals and he expeced resuls f wrk 

wih children. he main aspecs f prjec aciviies, as well as he relainship 

f engineering prjecs and he sudy f mahemaics in addiinal educain 

insiuins, are cnsidered. he hisry f he emergence f he cncep 

inal  s mdern classificains and ypes f represenain 

is described. 

he secnd chaper is deved  he feaures f he prgram "energy" 

and is relevance in he presen. Describes he main feaures f he sfware 

Curve Exper when wrking wih funcinal dependencies bained during he 

implemenain f labrary wrk n alernaive energy. 

he hird chaper cnains a wrk prgram in he direcin f "energy", 

as well as an example f a labrary cnduced using Curve Exper sfware  

wrk wih he funcinal dependence f vlage n he emperaure difference 

fr he Pelier elemen. 

he cnclusin describes he findings f his wrk. 
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EEE 
 
e     aea aeaec 

eece ca c ea ece   e

e  a ea a aa ce

ea e  e  

e  aec  ec a cca

 aeae ec a  aae ca 

 e aaee cec ee aee aae 

accec  eeec ea   a ae 

e aea  e  ee.  aec a e 

eeea ea     ca  a 

aa  aa   ae eac eee

e ec ae ac eee e. 

e    cc ea aea ac ca 

ae     e ca e  ec

ec ec  e  eca 

c  ee ece ecc ae eca

 ae ac  a a  

aa  a  a a

ea  caa  aca a    

  , e ac, aec c accaa

ae ac a e aeaec aaa e 

ca c ea e ecca  

 e   e e  ce ec ea

a  caac c a eea a a, 

aa      a aa 

a aa ac   c a ee

aaa ee ace      a 





c ac e eaee  e  e 

ac ce a.   ac  

cae cea    ca aea

 ee   ce ca 

Aa aee ae a  ee

eea c ee  ee aec ace  e

a ace cea e  aeee

e  e a   ce   e

 a a ac    ecca

eeee 

e ccea ec ecc e  ccee 

e ee aa  

ee ccea  ee a ace a 

ee ec e  aa aa a  

aea ca e. 

e ccea ec ee a

ace  eca  aec a  ee

ce aeae. 

e ccea aaa ae a  aae 

eea c ee  ee aec ace  e

a ace 

 e e ccea  ee cee aa 

- aa ceaa e-eec 

c-eaec ea  ee ccea 

- a  ca cce e 

aa   ee  e a

ace; 





- aa aece ceca e ec 

eaa a  a eceee, ceaa 

a aae a ace 

- aaa a a  aae eea c 

ee  ee aec ace  e a

ace 

- ec aa a  aea eee c 

cae aaa a ac e a 

 

aeca a a a aaec  ca

ae ae a  e  aae eea

 ec eae a a acca. 

 

 





aa 1.   ec cce e aa ee 

 ee  ecce e a

ace 
 

1.1. ec cce e aa ee 

aae ace a ee ec eaa 
a 

 
ee e aa ee c  

 a c ecea ae ecc 

 ae a ce ee  e 

aae ee     ac

eaec a a a ee  c  ea 

 aae a e aa 

a cee a 

 a   cce e aa  e 

acae e  acae E ae - e

ae a e a caa c ee  ae

e aa  ce ee e ecea  c 

caae  aee  

e aae ee ec   ae

a aae aca, ce  ee

c ece.  a ea ee  

a  e  c eca  aca a aae, 

a eaee  cee ae, ee  ae 

eea. 

Ce ee e aa ee acae 

c. aae ee a ece

ae   ce  ccee aa -  c., ccee 

   c., ccee ca   c., ece aa  

ee  c   aaec ce   ee  ace     e





 ae  40 %  e ca ac   a 

  [1]. 

  e e aae  e a

 ec a  e ea   a 

a e a a: eceee a ee 

caeaa  aa aaa ae  aa 

 aa ea aae   a

e ce ee   a e e 

aa ee eac e ecee aece 

aa   a-ece e ee  ce

e c eca  e 

aa e ce e a e aae ee

accaac a e ec  ee ae 

c eca, a ea eea a-

eec ec   a eca a

ea  a e  ec   cee. 

 aaece cce e aa A eea 

accaae a  acca aae 

e aa ac    acee e

e aae aaec    aae

ece-ceec eec ec -

ca aa -ec ec   aeeee. 

Caca eae  aee a aac ee

ece-ceec  eec eca -

c a  ee cee a -ec 

cc-aeeec aae 

 ccee e aa eec ec 

eae ac e   ecca, 

eea   a cee aaa  c





ee  e a ec ace

  aa  a e   a 

cce eeae  a  a e  

ee aae  eec ec ee  

ae ac ace ec e

ee ce eaa aa eeae 

eec a  [2]. 

ee e aa ee a ae 

cae  a ee aa   e

ae  aa ac a  a  e

a a 

 ee ee e aa a

e cae aee, eceaee eeaae

a ce ce eaec ecca  a 

a cce ae  aa c 

a aae  aa a 

aeeca ee ce ae eeeae ee

aa acae cae ec eaec

aae eea aeec  eaa 

e ce ee e aa ee

  aae ee aaec     ccee 

e aa C  c e 

aae   C e  a e ea

a a   a e  ee a e 

aae    ac eeec ee eae

e  a a e ee  a  c 

aa a ea a  eaa  e

aa  ca c a  cce aa 3]. 





 ae acce a eae 

e aa ee  e    a  

a-ea  aee a ce a  e

aa cece ec   e caaec

 a-ea e a  C e ee

  ea  aa  a  ea a 

ecce aec c eea a. 

a ae aa ee e 

aa ec eccaa ea a a c

  ee   ee 

a ee  eeca cce e aa 23 

ea  a ee c eea a

ae   caa    e a  

a a  cea a e eaa a 

e a    c a cee   e a

 aa  c   eccaa

a   ea e a  c 

a e  aa aaa  e  

ae e   e   ec ee ce  

ce ce e a eca ca ae e 

ec ea [4]. 

ec ea a   ae ea

ea ece ec, ae e

ae a a ae   ec aa c 

ace eace cea  aa ea cea 

 a ae  aae aae ee

ec e ecec ee  e

aae aa ececea  eec

aae ec e aae





eec a c eea c e a 

ee acae e eaec, ea, 

ec   e    a 

e ace [5]. 

cce a ec ece ce

eec a ee  eaa a-eec eaa 

c e ec ee e e

aa   aa  ce ea  

e ae cce ee e a 

eea a  a  ee   a e

 [5].  

 aaa ce ec ea ec 

- ae cce a-eec ee ee

eee ee    e  aec ee

a e 

- ae a a  e e

aee aa  a-eec ece; 

- eceee  aa-ea a 

eea  a  e ace ; 

- aaa  eee  c aa e 

aa ee  cee ee a; 

- eceee cce e  aee e

ae  ee aa ee 

aaee a a  e 

e c ece  ece c e 

c e e  a 

ca aaea ccea a aec a 

ea eec eca c e aca a

e ecca  e a a ee 





a, c eaec ee a a aa ca

 c ee e   cc 

 a ce ec ea a aec

ee ce ea 

- ee  aa a c e 

ceaa e; 

-    aa a eea; 

- ee eca ee  a ecc; 

- ace  eec e ca. 

 e aae ecca a e

ea    aa aa  ceac

 a ace ee a; 

 ae a  e a a e  

e a  ae aeee ee ee aa 

ae, c aaa a  a ee  

ea   e ca ce ceaca  

 ac eec aa.  

Ce ec ea a ece   

ce aae a aae a 

- a acee ae  ae 

ce aae cec ece c ae 

ea a ec 

- aea aee e eec e 

eee a e-  ee ae 

- Aa ae, ca, eec eee 

ec eae aaa 

- a ae ec e e - 

e  ece aaa  ee a a 





e cae a acea a eca aa, aa 

eea a ac. 

- a cae ccce a 

ee cc eee aea aeae c

e, aa aa cea. 

- I a eeae cce  e

a eac eae cce ce  a 

eceee   aa. 

- Aa aaa ec ac cec 

- ea ee  e aece 

a e  eae 

- a eca c ceca aa

e  ac e  ea cca 

aaa ca  a a 

- aa Ceae ae  ee 

aea a -  a-  

- VR\AR. Cce acaa a aa ee 

ceae -  a   ea ca a a 

a ace. 

- e a a eaa eea e 

e aee  c ac aa e  ace 

 

- ea ee  aae aea

ee a ee e ae ee ac cec 

- HI- e. ea aa a

aea  ea caa c  a  

ee ae  e cc 

aaea aa a aae aa 

ec a   acae c ee ee aaec c 





   ca ece     cea 

ea  e a a e ac aeecec ac

a  eaec  e ae c  ae 

e   e  e  aece 

a    e e eec aa eaee  e, c

   e e   e   a 

ae a  c c cea, a aec ee

ee e a ca cea  a 

e ee  a     [6]. 

 aae  a aa acca a 60 

 e aa  - e ee  cceaec 

eaec ee aa   aaee eec 

ece aaa eaa  ee   a  ee

a e  ec   ae   aee

 a aa. 

  e e ae  ac ea - 

c a aa c ae    ec a

e e a a  ac  e a a   

 e aa ec a a ce   a  ec

ece a  ca     f skills). 

a  e c ,5 acec aca  ae 2 

a  ee e e  a  ece. 

aa a aaa  e    e aa

a c ae a c , a a ac 

Hi- ee eee  ae ca  ca ae e

cee ca ae ca  e   

a a aae ecca ec a

ee. 

 





  acee e cece ee a e 

ee aa   e a aa ec

ce ec ea a ac  ce cae c 

e a  ee acae e eaec, 

ea, ec   e   

a  e ace. 

 

1.2    e  e eaa  aa ec 
eaa a 

 

e  e    aec aae 

c aaa aeac ea ee  aae  ea, a 

  aae a   a c a a 

cae e eea  c cc eaa 

C a    a aaa a  a 

ea e e  ae eaa  ec

ac  e ca a ec   a    e

  e  c e   eae ee   e e 

ea cee   e  ae [7]. 

Ce e ce    aae a  a

 a  a a e  e e 

a a ae,  cee  a ee

eaae cae  cea e

cceaec c e ea a ea

aec ea a  a aca a  

aa a    e  cea 

eaa eee a- e a ee

cce a a cae, ec e

ac e aa c ae a ac a ae 





a aee a ea ae  

ea  a ec cceaec a [8]. 

 ea  ecae  ac ec

ea a c c  c a ec 

aa   ea   aec

aae  a  ca aee 

 e aa  ee ac e e

e a   a   ea e

c aa cae ee 

aae a eee aa e a e  cee 

e  e e eece eeae, 

cceaece ce  e  

e  c  e ae    ea

- eec cae  e  ca aca 

c c  [9]. e  c  e e   

ea aec cec a e  a

 e aaa  aa cee ee

ac 

- aa e  eee e a 

ee e aa aa 

- eeaae  aae ee 

- caa  eec 

- eea ee  ee ea 

- a  aea  ee eea  a e, 

c   cea e  a 

- c  a ee cceaa  ca 

- eee a e  a  a   ce 

ecaa ca 





-  e  cae e aea e

ca  e  a 

- eee ccea 

ac  ecae E.C a ec

cee    ec c a e 

e ea [10]: 

- cceaece  aaec a

c a aa eea ccea  ce

ac 

- ece  eaae ecee ee 

ea , a a e ee ea aa c

ec ee ac 

- e-e  ca  ae  aeaec

 aec   a a  

ee ec ec e-a 

- ae  aaee a c a  

a- ee e   ee aa 

a ac a; 

- a-eae  ac e ae

c ca aaa ea ee ac a, 

ae ea a ae eec ca ac; 

-  e  aa  e eea  

aee c aea; 

- eeee  ee  e e  

  ee  aaae a- eea, a ae 

a ee  ee  

 ae c   e  aae ee 

- ea ae e ec   a a 

a e a a a aa a c ee 





- e  e aa c  ea  e e

ee  cae   

- aae a ec   c e  eaa

e a  a a ee a  c

e aa  a   ee c ee

 aa  a ecc 

- eaa: ecee aa a a  e e

c e e ea   c a

, c eee a  cee ae

ccea  c eee aaa  e e

cee c ae   ee  

- cea ac  e e  ecae , 

e eca  e  e a   cac ce 

a a aec ee ce e e  c

 e aac aa a c 

eac  cc ece a; 

- aa ec ae ce a  ecae

 eea ea a  

ac     cceaec ee

ac  ac cee  aa  a 

aaea a ae  ac   cceaec

  ee  a aa eaa  ece

eea ac ea ccea ee 

eee e a aae a eee a

   a a e  ac cae

  e ae   ece ee 

ac a  a (    

cceaec ee ac: ea e

a a  aa 





- ae a a e- cceaec

ee ec e 

- c  a aaec ec

eea ee 

- cae a  ee 

a a  e-cceaeca ee 

a ee e a    ee

c e  a aaea a ee e  

eaa  a,   ea e ace

ecaee  e  e   aa 

 aaea a ccea 

-  e ccea 

- aa ee  aa 

- ee e ccea; 

- aa ccea e ccea a 

- caea ee cae ea; 

- eea. 

accaa e-cceaec ee c a 

ee aae a eee e ae ea

ea eeaea  e ea  e ee e

ae  ea e a a: 

-  e ccea; 

- aa ee  aa; 

- aae  ee; 

- eaa a; 

- ea  caea a; 

- eea  

 ea e aa ee a e  

eec  e a   aae ee 





ce ec ea a  eaa e

aae ececea  eec aae a

ac e  ae    a ae

eaa a-cceaec eaec   

a    e e   ae a

ec eaa  ace   e eee

 eaec  

 e a a    eaa  a 

 a a  eae  eae 

  a ae a ccea  

ee aa  ee  ae ec

eaa  e a e eee 

a  cce ee aaa ea a, 

eee aa c e  e aa 

ea ee ac  ae ec

 aa aae ca aee [11]. 

e  ea:  

1.e  e e.  

2.ece e ea  

 ae  e ece  aece aaee  

aa a eaa: 

1.ea a aa  ec c e  

2. aa eaa  e   

  eac cae ea  e

ae ec  

e ecc ae: 

1.ecaee  eae aea  

2.ae ea.  

3.ecaee   ea ecca 





eea a: 

1.ece ee e aa a) 

e aaee  ee a.  

2.ea ea  aece cae ee a. 

eeca a 

ecaee aa ae  ca 

ee e a a e. 

eee cae aaa ae c 

cec aa ca ee e.  

Aa 

1. ecaee ccea  c  a  e c 

e    

eee e aae  a c e

eaa 

 ee a- cacec  a a

a.  

c a: 

1.a a c.  

2.ecaee   a  a c 

aa a: 

1. Cae ee a  ac a 

2. ecee ee a aca a c ee

a. 

3. eeee  a  ac  e. 

 e  e a aec e 

a aae aa ae c a aeaa, 

a a aa eee   C e  

e ca aa  aa ecae 

ee. 





 

a ee caa  aece e 

eaa e  cce a a 

cae, ec e ac e aa c 

ae a ac a ae a aee

a ea ae   ea  a ec

cceaec a 

 

1.3 C aea c aae ec eaa 
a 

 

aeaa ae   aeaa  aa

aeca a   aae ee   ae

 ee ee [12]. a ec caa c ee

a aa     aee  ace

 a ac  

eee aeaec aaa eaae  ae

ac c eee aea  ee e a

a  ae ccea ae aeaa c 

eee  cceaec e ac ec a 

  e ce e aea aaac  aa  

eaae  aa ccc c ac e e 

ee ee e aa  aae ccea  

e ee aeaec   c e ec

ae  ac a  ee  

aee  a c eee a aea

ae ec e cae a ee 

aa ecc. 

aa : 





- ae  f) ee : ec 

ee, ea ee, a ea; 

- ac c aec aea 

-  aeaec ee c cae ce

e  

- e ceaa a;  

- eee a aa aeaec ee 

- ee e a a  

- eee a eea 

    a a aeaec aaa

c ae ac e  ec 

acea   a ae. 

 

 ae a a aec caac c 

 ca aeaec aaa  ee

ae aa ae aeaa c  eee 

cceaec e ac  

 

 

1.4 ae ac   ec   ce 
aea 

 
e a ac ac  ae . ee 

ee eae  a  e aeaec ae 

e e ea   aa ec a ca

Ec acce   ae a  ea a 

  ae  ace ee (4   c e aa c 

ae ca  a a ec e  e 

aca ec ae e e  2. 





ec c e aa a e c e ae aa

 ae acece a a e e 

e a ea cec aa  c ea  

ce e ae a  aaa a e aee. 

      aea   ee 

 ee ac e aca e  ee ea a a 

aaaa ea ea aeaeca ca,  ee

ee ae eec - e a ac aaa 

-    ec - aa a  e aaa -      

 a  ca  a e  ee ae, 

  e e  aea a e ee e ca

ac  aca e   

Ca c   ac funci -eee, 

ee) e ee aea  e    ce  

ca ec  a ce  e aaa e, 

a  eec  a- eee a aa c 

 a e e ae e eeea  caa  

ee c   a   aa  e a 

 ca  eee c    a

eee ee cea eac aea a e

(1667-1748),     ee  ce a

e eee e aa ec, aa a

 c   eee e   [13] 

ae     e e a j (x), 

aa aaec  e e 1, x2 ec 

cc ceac f1(x), f2(x). a e a ee     

     aae ee    aee e e 

ca  aae   ae     e. 





Ce a a   ee ae  cea a

aae,  aca e ea e   y). 

aeee ae aea  ececa e  

 aee ace    

a aec     ae  cea

eec c ae  eeee  ee 

e ee  e   aa c,  aec 

a   ece c  ee eec aee  e 

a  aaec aee  ce  ae cec 

ca ce ca  a     ae ac

e ceca  aac eec   

cae cecae ac    cce  ca, 

 c   c a a  a ece 14]. 

 ee  a     a

ee aea e e  ec  eee  a ee 

a < x < b), ec a ae  a  ee ece ee 

eee aee  e ea, a a cae  

ece  aaec  a ae  ae 

 ca  

e e eee caa caa   e j (x). 

aa  aaec  a  cec. Aaec 

eeee  cea  c  c  e 

cc ce e  cc a

a e  ceee  ea e e  e

e    a aaec ae 

eac aaec  a    e

eee   eaec a e ec 





 aee e   eece ec a  

   e a a aae a eea 

ccee a e ea,  a ea     

 acee e  aa ac  a

a eeee: ac e eee    a 

a ae    eee ece aee  aaec

a ac  e    c ac eee

D [15]. e     eeee, ae ce ae a D 

ec ae eee  

eee   a ac aa eac eee

 ae eee  ac eee   

aa ac a eec a f,g, F,    

ac eee   ac aa  aee eee 

  ece  aa aee    e  

aa f  ac    aae  aaa  f. 

a ac eee    a aca a:  

 ec ae e ae aca eeea  ec 

 eae ac eee   aa ec ae

   aa E(f). 

 e  aaa e a ca

aaec a   e aa. 

Aaec c ecae  aae a

ac  e   ec .  c

 ca ec a  eee  

eece aea, a ea ec aaa ee a 

eee e aeaec ea. e

aaec aa  c  a y=2x,  y=x2  

C e,  e ca a e aaa   

ee c c  eee  A e a 





a x e    y ae  e    

ae  aec a ae  y=-2.  aae  a

 aa a  e. 

a e c e   aaec aa 

  cceae a ac a e 

e e ee   ca aa  aec 

 a 

a cee  aa a c ecae  

a   ae a ae ece cac 

ece) a- aee . a a e 

ea  a e ecae  ae 1.  e

ce - ae aea   ce - ece 

ae  

 
aa 1  e a aa a ac y=x2 

x 0 2 4 6 8 10 12 

y 0 4 16 36 64 100 144 

 

a c aa ace ec aee 

acae e    acae  e 

ca ae a a, aa e). 

 a ac ae cae a  c 

ae a- e ae aaec ae

a a ceee eec    ,  a 

ac ceea ccea   e  aea 

eca a   a. a  ec

 ee ce  ee aa  cae 

ae aae e  ee ee  e 

ecca ee 





 c ec  e c 

ae  ea aac    aa e 

 aea  a e e e ae aea. 

  e a  e a ae  

ae e aa  ae  ae a  

eca  aaa   a e aec

c 

aec c aaec  ee aa  

ae aea ec  a  accc, a ae  

ece ae . e aa  y=x2 

ecae a ce 1. 
 

 
c 1  a  y=x2 

 

cca  cca aa aac  ec  

ecc c,  eec ee aea; eca 

ec eee cee c  cc e  

ae. a a ece ac,    

ae (acae),  ee ae,  ca c e 





 a  aaec ee aa acce. a e  

a  a e aee aea  a cecee 

e aee .  

C e,   ce  cca aa  eea 

ee  a  acc, a a ae   

ca a  a ae   

ce  ce ae, e aa ca 

c  eee e ae.  

a e cec ee a cca aa a 

acc: cec cc, cc  aa  ca,  

ec cc, cc  aa  ee ca ce,   

ae  eec ee e ee e ae. e 

e cca c ae aa,   aa e, 

e ae  cece e . e  cca 

ec aee ca ea.  

  a acc, c e,  

cece ec : ce, ee, ceee, 

aece  .. c aaec , aaa  

y=b, e b  ee c. a a  ec a, 

aaea c accc  a ee  b a c a.  

acc, a c  ec c accc. a e ec 

ea , aee  y=kx+b, e k  b    aae 

ca. Cec  y=kx  a ae y=k/x , 

e k  c e. e a eece  

ec ae a ce 2 a-. 
 jghib f gjhb j thirtj u itrj mhb itj hbltrj  ihrtej nmhr ltiuhjr tiguj heihgbj treij  hntrhgtr  

 

 

 

 

   

                          

        

    

      

                               
 

 

 





 

 

 

 

 

 

 

 

 

(a) 

 

c 2  a  (a)  ca  

 

 

 
 





 
(c) 

c 2  a   ea  aa    

ea a aa  ee) 

  

a e cec ceee  aaec  y=xn, 

n   c aece  y=lgax e a>0, a    

 

cae a ace  aaa a

e  e aa a  a a 

ae ac e  a e ea  acca

ee  acae ae    

ca aea  ea   

 

ae e ee aa  

cce a  ee acae e

eaec, ea, ec   e 

  a  e ace.  





 eaa e ee aa

cc ae e e cee   aa

 cee c e ae e ec  

a ee caa  aece e eaa 

e   ae a a aec caac

c  ca aeaec aaa  ee

ae aa ae aeaa c  eee 

cceaec e ac  

e e c ec ee  e

ee a  ec aa ec ee

a ac e e  ae 

ac a e a ee aea 

ea   cea  aee ce aa a

e ace 

 

  





aa 2. aece aea ec eaa a
 ceaa a eceee  aaa 

a ace 

 

2.1 e-a 
 

e  e    ae ce cae ce 

 c  ec (a  ee  cce  

ececea) ea  ee cee 

ece eece ece  e ace 

e e e ceac, a a  ca   e

eeec - eeec   eeec e e c

 ca ae  a ca  eeec ce -a e 

a  acea  ee aca, cec

aeca.  a ae ceca ca  e  

ace  ca    ee  ac ee

aaaac ace eeece a ecee 

 ee a c   aea aa 

eeec a e e e  e eac

c a  ece c e aac a  

e  aa   e e ae  aac e a - 

aa      a  eaa-ae

 aec eceae aac ee a  

a, a aee eee ea a e 

ac a  ca   aca eec 

cae ea e c e 

  a e e  e ee c

ea  eaa e a aa e ea 

e   e  cae    e e 





ae ec ae aaca  aae  

cae  eee e ee  ee cea a 

Aeaa eea   ece c

e e e acae e a , a 

ae, a eca eec -a  

ca   ce e ea  

Aea c e  c cc 

ee, ee a eec e  

ee  e  ae  ae c

e e a e ae  ae  e. 

Cece ec  aea ee e 

ecae  ec   a c  e

ee eeee c  c a a e  ae

e  

ea eea  aae e e 

ee eec  eaec ea 

eec ea cc eece 

aae  c eece aae e

ce a   ee 

eaece ca  ae e a 

aae  e, a ae  eaec  aee  eec e

ea e e   eea a e 

ee aaee a e aae  aae ee: 

  a e c  ce 

ac   c  ee e e

  ceee ae  a cce a ccea 

a e aee cc  ce ca

ea e caa  ecee  ee

ca e  ee  a e





eeec ca  a ea eece 

a 

eaa eea  c e ee e

aa ee ea e e  a

c  eec e 

 c e ee a a ae  

eeaa  c  ace  a e 23   e

e eae C. Cece ec ce e

ee a ea ea 

a cea  a aaec  a  

ee c eeeaa ea cea a eae  

 a aae   a  a a aee 

 Ceaa cea e a ae   a ae 

 aac  eae eca a e acec

 e a 

C a a ea eeec aaa a 

e ca  cce ca aa  ec e 

e C ca ea   eea a a a 

e ee  e ca    

 eaa ea eca c

 a a   e cecec

a A e - e a  ea ae 

eeca. e    ea ea

 eeee ece c 

eeea   ac ee ceaac a 

ca e ea (eec e  acc 

aee). 

ea ea  caa aa eec

e ea  eec e  a  eae





eeaa eec a, aaec cca ae

a eae  eeaa, e   ca 

ca 

 e e ea e ae c

ace a  e cae ee

eae    

c e ea e ee   

aa   aa ac     e  e  

e ee ea ae c a  a

  ee ea a e   

e  ae  a eee e ea

ae a aee c   eaee 

ea e a  ae ee a a

ae  ca e ea  e 

a  e e    eeea 

a eea  c e eec e e

aa ea e   eec e

ca  e ca  aae ce aaee 

a eeeaa. 

 cae c e  e ee e  aae

a e e . a, ce  e

e  ea a a eae    e    

 ae    ec   e ea e 

e  ea e  eaec  eec e

 ca  ac  e   

e aa e e  a    e 

a eea, a  e  aea ee

ec e c e 





 a ee ea a a c

e a  cca ee  ea

C e acce  ee  a  ce e  e 

ec ce ec  cae  e 

aa eea 

 e a a ae  acce a   

accee  e cac a c ec

aac C acee a e   e aec 

a a cac a   ee c 

eeea aa aa a a  accea ee  

Caec ec ea cec 

ea  aa c  ea   e eee 

  a   ea ac  aaea 

a  ae ceca ca  ea  a  

accea,  ca  cae  ee  

ea  ea     cc  

a ee e  ea   e  aa e e 

 a   a ce  a aa  c  ae 

ec e eac  aa a e e 

ec   e ca  c  c   a 

  a a  e eeec ea c 

 c  e eeee 

ae-eeaa eea  c  e

a a a eea  e c  acaeC e 

  aaa a  ec e 

ee ceec ca ee 

c ae-eea ea ace a 

c eee  c  a c   ea

ae   e e aae a e eea





eea e  a a e  ec e e 

e a a e eaa ecae  

c e eae  - c    aec

e  ca    

ece c e ce ea e a eeae 

eea c  cc ee  eca 

ec ae  ce ae    a

e A ecc  e  e caac a ae e 

ae ea. 

a eea  e acc a ee 

a ace eec a c  eae eaa, 

  cec  ea a ee   

Cec e ca     e ca

ecea ce eee  e a ce   e

ec  a a caca e acc aa 

   ee aa a e a ec a e a 

 e 

Ee  eec  a ee ec   

eae ca a aa  e e  aa 

aec c a c eac ee  e 

ae  aece a   ca cace 

  ee  aec  ce 

a   

e aa   ec ee ee 

ae ec e       

e aa  aaec   caa 

aaec    ea   aaa e ea

c aa   e ec  ae

eaa  e eac aa ae 





ea  a a aaea a ea  

 a a  ae eaa 

ca aaa ae ec ea e 

 ea ea ae  ec

   ce 5- e [16].  

aacec ea aaa  ee  ea  ac

a aa a  ca e e

a ec ec ce eee a ae aee. 

a  a aa   ae  e - aa e

ee a ae e-a aaea 

a ee  aae aea ee aec

a   ac e  a ee

ac cec a ee e ee a  eaec 

e e ec c a aeaee e 

 a ee  e  ac

a ee a a a. 

accaac  ce ae aae   a e

c cce  a, cae e  e

ea, ee, c eee e eeea 

a  cca, eceee cce  eea a

ec   ee ecee ae ce, 

 a    [17].  

 eaa a eec ee e 

ae a a  aec  caa aa 

ea ae  ce a e aae ea

ae ee cc e eeca  e

aea c e  ae  eea ac  

a  cec  e-ae.  

 





aa 2  aea-eec eceee   c eaa
a 

  aeae Ea 
ee ec 

1.  e  ee   ac
aea ee a a 

 5 

2.  a-eec ce  
eee 

 5 

3.  ea aa caa  a
ea a c 

 3 

4.  aaa aca aa  a
a  aa aa  e
eee 

 4 

5.  eea a e   1 

6.  e c  14 

7.  a  ee  acca 
e e eeaa a 

 2 

8.  Ce-eae  aa 
ae c eeec
ccea 

 1 

9.  Ccea aec ca 
ee e  a c 
eea a 

 2 
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a   a e-a ae ae 

ce ac ace aea ee 

 e aa a e e  aa

a ec e  ee   ac

aea ee a a ecae a 

ce 3. 





c 3  e  ee   acac aea ee

a a

a a aeae  cece ecec eece e

aa a, eaae  aca c aea

ca e [18].

cee c ce ee:

1. e ea  ae a cee ae.

2. e e a cee ae.

3. e a aa a cee ae.

4. c aca c ae ce aae.





cee c e ee: 

 1. ae ea c  ca ea. 

2. Aa a ee c cae 

e c e.  

3. ae a eeec ea. 

cee c  ee: 

1. e ea: c  a  ca  . 

2. e  ee: ee ee  a 

 ca. 

3. eeee a ae  ae . 

4. eeee a cc   

 ee. 

cee c eaec / eec ee: 

1. ee  e  

2. cceae a ce ceecaa. 

3. ae ea eec ee. 

4. ae ea eaec ee  aa. 

cee c e ee: 

1. eeee ae a ace. 

2. eeee ec .  

3. eee   .  

6. aca  aca c. 

7. eeee a  ac  aa  a c a. 

cee c ee ce : 

1. Cae e  aca ce   ee 

ea. 

2. Aa eee ee  ae a  a 

ea c. 





3. Aa eee ee  ae a  a 

eeae aca.  

4. Aa ee a  ae c cae a 

 a. 

-eeece cee: 

1. Cae eeca  aa  . 

2. ee c. 

3. ace aca a aa. 

4. ee  a ea a a ae 

c. 

 eee a, a a e ceae ea  

ee   ac aea ee a 

a ecae  e 1.  

a   ee aa a, eaae 

aa ea, e   aae a eee 

acc ae eec e   e   aae. 

a ce eee   eee a 

ec aae ca., a a e ce  e, 

ee aee, c a  c (c 4). 
    

                    

                            

                      

                           

 

      

            

      

      

                    

          

            

   

  

                        

 

          

 

            

            

      

      

                    

          

            

   

  

                         

 

          

 

            

                    

 

          

 

            

 

        

                    

                      

                          

 

 

 

 

c 4    e  ee c a, ae  c 

aa aea c e 

 ee ae aaee aec ca 

  aa a.  cae, a cae 





 a ee.   a e aae 

aa  ee cea ace.  

 ee  ca   ee cae 

a Curve Exper  a eca a 

acc e ae ee  a aaea 

cce, a a e  c  ae  e 

ea,  ecaa aae  c  

cee. 

 

ea ae e-a aaea a ee 

c aae aea ee, aec a  

 ac, e  ca cee ac 

cec a ee ce, ee a  eaec e, e 

ec c a, aeaee, cee c 

a, ee, . ce   aa 

ee e a, c ce cca 

ea c e. 

 

 

2.2 ae eceee Curve Exper 
 

Aa ceea a e aec e 

eca e aaa a c eee 

ce a.   ee cece e ec 

a,   a c aeaec aa, a  

aaa e eee c  a aae. 

eaa aae ec aa ceea a  

aee  e -  e aec acce,   

aee a   eecc aaa. ee 





acce a eec aa ec aa 

CurveExper, a e  ea a acca 

ceea a. 

CurveExper - aa ccea ea 

ec acce, aaa  cee Windws. a ee 

e ec ee eecc aaa (e  

ee), a ae a ce e, eca 

ceeae ae aee    cc. e 

, ae e ee  ace e, 

eae  ca  aae eecca.  

 ae a a ecae a ce 5. 
                             

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                 

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                             

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                 

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                       

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

                

                     

            

  

                            

                   

                      

                

                              

                   

                 

 

 

c 5  aa ccea ea ec ace 

CurveExper 

 

a eceee ae  a  ee e 

c ee eecc aaa a c ee e 

e e ae a eeee aee





eeee aee e   e 

a  eecca c e   aae 

a ce   ace ae e

e  ee eecc aaa  ec 

eecc ee e   CurveExper eaaec: 

- ea eee  a  a 

- ae c e   a; 

- e   e aaec caae 

aee e  aeee; 

- cceae a  e eecca  ae  

ae ; 

-   aec ace c aec

ac; 

-  ea cee   e; 

- ae a a  a ee e ea 

ca   e ws; 

- ee   a a   ea 

ec  ae;  

- ea a a a ca

ae a a. 

.  

ce  ce a  e ca

a  a aaa a ac 

 

aa  e a aec  e-

ae   ce aae a  aea

eee  aa a ee a   e

aece aaa ae a  a ecee 

a eceee  ee ccea a





ace  CurveExper, aa ec cea

ce  





aa 3. aa aa  aae eea 
 

3.1 aa aa  aae eea c ee 

ee aec ace  e a ace 
 

 a aaae e accaa  ae  aae

eea a a e ee ee aea 

ea aaea eaaa aa 

eea aee - aa ee ecece-a

aae  eaa a ac - e aa 

ee  aca accaa a    acea  aca  ee. 

Aa   a a aa 

ae ee ee   ee

 e c e a ae 

acaee a aca. e a

ec   a  eca aaea a 

ae aec a  a ac ee

aa  acee e aeae c e  

aec eee eeeae e e c

e e  a   ece  e. 

c   a e a   ccea

e aea ee eea - 

 ee  eeec cee  e ee 

ae  cee Aa   a

a aa ea a ee ee 

ee ee  e c e a 

ae  ec a aca. 

eaeca ea cec a a 

ce c    acaee ee  a 





aea    a e ecc ca  

a a  c eec  a aca  eca aa 

aaea aa ae  ee ce aa

eaec aa a a: 

- aa ec   ee  ce ee ecc 

-  ac ce a   ccea ee- 

ea  ee-aa ccea  e ecae  c

  ee 

- eaa aec   aa

ec ec eae   ca ee

a a a   

- ca a ae-eccaa  ae

 a  ae 

- aea e  ee ae e 

ecca a e e ecc 

 e  ecca aa 

aa aca aaaa a e eec aea

e  ecae    a

aa      

aa aa aaaa  ec c a

a aa  ac aa eea a 

 ea    -  aa  c eea

aee aeca c eea   a                  

   eea ee ae a aa a 2016-

  a ceca aa  a c

eea   aca      ee a 

aa  ece aae ee  

e aae aa aee

a ace caa aa c eea                    





        ee Ca 2.4.4.3172- Caa-

eece ea  cc ea  aa

ea a aae aa e aa

ee  

aa a e ea aec ee a

 ac ca ce   eea-

a eeec cce  

 aa a aec e c cec

ee  eeec ee a ae aaa

cee e ee e , aec a ee 

a a a 

e a ec ae aec a

a  ca  ac ee aea

ee ee  aec e. 

e aa a ecae e.  

ae:  

-  e ea ca a 

ecee  aaa e  eae ceea 

a ace e. 

-  e ea c  a c ea

cea  e  eea ecea

aa  e aa eeec ca.  

- Ca aece a aa aa c 

e ae ec e 

ece  

-  a e ee   

c a aeaee ee 

eec eaeca.  

aae: 





- ae aae e eea  ec

ce  ac  e eee 

e aeae c e e ee

ee   e aaa e ea 

eec eaeca ae a 

- ae a a   a

ae 

aee: 

- ae ece e   ca

e ecea eeec   ecca 

- ae ae e   ca

e ecea eeec   ecca 

e a ec   a 

ecaa aaea a ae aec a

a  ca  ac ee aea

ee ee aec e    

 aa a aac cee ee Sf  Hard 

skills. 

ace  f skills.  a ace aa e 

ee e   ae a  c

ee  aae, a a ee ce

ecca ee 

- aaa  C aaaa e  e

 a   e a aac 

 a ec  cae a c

a a cce aa eeec a  a 

- aa c ca C a c cea

c aaa  eae c ea c

ca c 





- aa  ae. C aa  aa

eeece ea c  cce aee a; 

c e eeec ea 

ace  f skills.  a ace aa e 

ee e   ae a

ca a aaea: 

- ee  ee C ec

ee c a cea ee  aa e 

ecce eaa ee   ee ee 

- ec. C a ae  

a  ea ee e e a ce

ece a ee ee 

- ea ee e  aa e ee

  acee  c  aca ec 

- eec C  e ee

ec 

ace eca f skills  a ace aa e 

ee e   ecee ee 

- Caeec  aec ee. C ea

ace caea  a  ae. 

ace    aa a c cee 

eccae a 

- a eca eec e a

 

- a ee aeaec   ee aa  

ce ca 

- a ee aaa a ace a

e  e ceea. 





- a ee aaa e a 

ceaa a ecee 

- a a e e 

- a ee e aec 

ae cc 

- a e ec a ec e a).  

- a ea eec cc e

ece.  

- a aa, c  a ee  cc 

- a   e  

- a  e a e cce  

- a   aa eca   rd, a 

eea   werpin. 

- a  a c e a eac a 

- a a c e ea c aa c 

aaa  eee ee  aa a 

- a cae ee eec aa  ecce 

ca eeec cce. 

- a a eec cce ce cc  

- a ceeec a 

ea  ae c eaaee  ecce 

e ac ce  a  a 

ea  cec eaa e ecca

Junir   ee aea eae 

a 

 

  

Aca ea aaea eaaa

aa eea aaea a ae ee Sf  Hard 





skills: ea a ee c c aaaa

e  e  a   c a a

cce aa eeec a  a; c

ea ace caea  a  ae; a ee

aeaec   ee aa  ce ca

a cae ee eec aa  ecce 

ca eeec cce. 

3.2 e e a ace  aa
aa a  e eee. 

 

ee e a aec ca   ee 

    a  e  c aea

ca e   c ea aaa  ace ceea

a  a aaae e ee e aa a

a  aa e aae a ece

 ee aeaec e ccea 

ee a e ca aa ee   a 

aaa aa c  e aca ac c 

e ca e ae ee ee  aa

a aa e ca e cee aa

ee ae  ee  a ac

e      ee ae  

e aa a  e eee  ee 

a ac ae  a eea  

ae  ceca ee a eeaa  , 

e  aa eeeca ccea ee

a e  c a eceee CurveExper. 

 a aa ecae  e  

 e a   





 e ee e    a  

cae    ce aea 

 e    aee ee   eea. 

ae   ee  a ee  e a 

eeaa e e ec e  ee 

  ece e  ec e  ee e

 ee ac a eeaa eeec  cee 

ee eaec  ece c ac c ea, a ac - 

ece c e c aee   a a   

eeec ccee  eec  a ae. eec  

ea e  ae   a  a

a ae    ee a eeae   C 

  e e c 6). 

 
c 6  aaa aa  e eee  

 

ae ee  e aaee a e

ecae  ae 3.  a a eea ae a 

ae ee  ee ce ee ae e e e 

ee e eea  e    a 2,5.  





 
aa 3  ae ee  aa ae  e eee 
 e      , aa 

eea 
U e 
aee 

75 25 50 0,72 
72,5 27,5 45 0,53 
70 30 40 0,49 

 
 ee aaa e eceee CurveExper 

eeece ae     ca e a   a

a aa a ce 7. 

 
c 7 aaa aa  e eee  
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c 10  a  ae a ace 

 

 ace  a ac ae 

a eea  e a  a ecee





CurveExper aa   eea ee ac ee 

e aae  a ae a eea e 

  ee  a  ee

ee ae ee e  e a a e 

 ae c e ae eea e  

e cea  aa c acca   e ca 

aca a      ae eea

e e 75  ec a aa   aae

aa ee, a a cae e  a aae 

eea e eae.  

 

 e aa a a aa a

ac  e  ee     ec

  ac ae  a eea 

e aa a, ee ee ae

ee  ae e  c   e ee

ceea.  

 

ee  ac e aae 

eaa a eea ee a

ace a ee ec e  aa aa a

 aea ca e ae   ee 

ec a  ee ceea ea  aec

aac e  a  a   a ee e ace

 cce e ae a a e ea

ee a e  e a ae. 

  





AEE 
 

 acee e cece ee a e 

ee aa   e a aa ec

ce ec ea a ac  ce cae c 

e a  ee acae e eaec, 

ea, ec   e   

a  e ace a ee

caa  aece e eaa e 

cce a a cae, ec e

ac e aa c ae a ac a ae 

a aee a ea ae  

ea  a ec cceaec a 

 ae a a aec caac c 

 ca aeaec aaa  ee

ae aa ae aeaa c  eee 

cceaec e ac  

cae a ace  aaa a

e  e aa a  a a 

ae ac e  a e ea  acca

ee  acae ae    

ca aea  ea  ae aeaa c 

eee  cceaec e ac  

e e c ec ee  e

ee a  ec aa ec ee

a ac e e  ae 

ac a e a ee aea 

ea   cea  aee ce aa a

e ace 





a ae e-a aaea a ee 

 aae aea ee aec a 

 ac e  a ee ac

cec a ee e ee a  eaec e e 

ec c a aeaee e 

a ee  ce   aa

ee e a  e cca 

ea c e 

Aca ea aaea eaaa

aa eea aaea a ae ee Sf  Hard 

skills: ea a ee c c aaaa

e  e  a   c a a

cce aa eeec a  a c

ea ace caea  a  ae; a ee

aeaec   ee aa  ce ca

a cae ee eec aa  ecce 

ca eeec cce 

aa  e a aec  e-

ae   ce aae a  aea

eee  aa a ee a   e

aece aaa ae a  a ecee 

a eceee  ee ccea a

ace  , aa ec cea

ce 

ee  ac e aae

eaa a eea ee a

ace a ee ec e  aa aa a

 aea ca e ae   ee 

ec a  ee ceea ea  aec





aac e  a  a   a ee  

ace  cce e ae a a e ea

ee a e  e a ae. 
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 Hrizn Energy B   e ecc] /.  e

  hrizneducai e a: .  

hps://www.fuelcellsre.cm/manuals/hrizn-renewable-energy-bx-

assembly-guide-english-fcjj-40.pdf 

 Aeae c e e ecc:refera-

na5.cm.ua/71/5827.hml. e a c 16]..  

 ea  c ee     c 

aea  ee e ecc   ea.  

e     c ace

eaec ece e aa  ec, 2013.  e

a: [14] 

 ee e A  acc a  

acc: a   

 ee  c aea  e: 7-8 acc -  eee. 

- 1982. 

 ee  c aea  e: 9-10 acc - 

eee. - 1983. 

 a A  eae  eec cea

cceaec a  ee e aa

e   A  a. -  A-   84 c.  [3] 

 ae,  e acca  ceaec e 

aca ece a aeae ec-ceaec  ea

  cc  ac a e ecc] / 

ae.  e   e   e a: 

a  cceaeca ee  c eaa . 

 C aea ee  





 c a   e ecc] / A.a, 

E a.  e   c c ace

eaec ece e aa  ec, 1998.  e

a: [13] 

 c a   e ecc] /.  

e   c   Caa acea eaeca

aae   e a: .  

hps://herreferas.allbes.ru/mahemaics/00143409_0.hml[15] 

 a A   eee a e ecc] 

/ A a  e   a    a

aa   

 eeea  aa E e    e

 e e     

 e C.A. Ca  e  ee 

aa e ecc] / C.A e  e   

2016.  e a: hps://dcviewer.yandex.ru/view/271007450ru, 

c  ecc  a ecaa 

ea   

 a e e aa a  Aec 

caeec ea 

 aaea aa  eaaee  ee

ec ea a  e e a 

eca a: a   

 a aaeca a  e ecc] 

/.  e   Cee Aec eea ece

   a e a: hps://sudfiles.ne/preview/1792067/ 

 a, A.E. Ca e aae  ee

Ccee aa c eea e ecc] / A.E. 





a.  e   e a: 

hps://sciencefrum.ru/2016/aricle/2016028917, c  e

ec e a  

 a E.C e  a a a a // 

ae   e     

 a E.C e eaece  ae e 

ccee aa e ecc] / E.C a  aa.  

e   a aec e Aae   e

a a  cceaeca ee  c eaa

.  C aea ee  

 eaae aea e ecc  ea  

e   Cee Aec eea ece 

  a, 2008.  e a: 

hps://nashl.cm/2015011281734/prepdavanie-maemaiki-djerman-r-

2008.hml 

 a  cceaeca ee  c eaa

 e ecc] /.  e   Ceec: 

aec aae a a ccea 

caa ece   e a a 

cceaeca ee  c eaa .  C 

aea ee  

 ea aae ec a  aa 

Scien  eec ae) [17] 

 Caaeea A aa  c e ee 

Aeae c ee  

 Caa EC EAA A  a: 

a   





   aeae a e ecc] / C  
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[12] 
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e eee. 

 

 


