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 motivacia. saintereso situaciebisa da movlenebis aRwera, 

romelic kiTxvebiT mTavrdeba.  

savarjiSoebi. SeZenili codnis ga-

saRrmaveblad da gansamtkiceblad. 

praqtikuli samuSao. TemasTan 

dakavSirebuli eqsperimentebi. 

proeqti. proeqtebi eqsperimentuli 

xasiaTisaa. maT gansaxorcieleblad 

SesaZlebelia sxvadasxva wyaros 

gamoyeneba. 

Semajamebeli davalebebi. 

TiToeul TavTan dakavSirebuli 

kiTxvebi da davalebebi. 

SeamowmeT Tqveni codna. kiTxvebi 

da davalebebi, romlebic 

mimarTulia SemoqmedebiTi 

unarebis ganviTarebasa da 

SeZenili codnis Sefasebisaken. 

sakvanZo sityvebi. 

axali sityvebi da 

terminebi. 

ra SeityveT? 

SeZenili informa-

ciis ganzogadeba 

sakvanZo sityvebis 

gamoyenebiT. 

SeZenili codnis 

gamoyeneba. 

davalebebi da cdebi 

SeZenili codnis 

gasamyareblad. 

ganmarteba. 

gakveTilis ZiriTadi 

Sinaarsi: ZiriTadi 

cnebebi, axsna-

ganmartebebi Temis 

irgvliv, 

gansazRvrebebi da 

wesebi. 

kvleva. sxvadasxva 

davalebebi, 

laboratoriuli 

samuSaoebi da cdebi, 

romlebic mimarTulia 

movlenebis 

mizezSedegobrivi 

kavSirebis 

gamovlenisaken.  
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Δt = t

t α

°C  K

𝛼 =
𝑅 − 𝑅0

𝑅0∆𝑡
 =

𝑅 − 𝑅0

𝑅0∆𝑇
.  1.2  

𝑅 − 𝑅0

𝑅0
= 𝛼∆𝑡 = 𝛼∆𝑇.   (1.3) 

α

𝛼 ≈
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273

1

℃
=

1

273

1

𝐾
. 

𝜌 = 𝜌0 1 + 𝛼∆𝑡   𝜌 = 𝜌0 1 +  ∆  .  1.4  
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). 

𝑡0 = 0℃, 
𝑅0 = 4 , 
𝑡 = 80℃, 

𝑅 →? 

𝛼 = 4,3 ∙ 10−3 1

℃
. 

𝑅 = 𝑅0 1 + 𝛼∆𝑡 . 
𝑡 = 𝑡 − 𝑡0. 

𝑅 = 4 ∙  1 + 4,3 ∙ 10−3
1

℃
∙ 80℃ = 5,376

°C

°C (𝛼 = 3,8 ∙ 10−3 1
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 = 𝟎, 𝟎𝟔

°C

°C (𝜶 . = 𝟒, 𝟑 ∙ 𝟏𝟎−𝟑 𝟏

℃
 ). 

𝟑𝟎𝟎𝟎𝟎𝟎

 (𝑹 . = 𝟔, 𝟒 ∙ 𝟏𝟎𝟔 ),

(𝑹 .− = 𝟏, 𝟓 ∙ 𝟏𝟎𝟏𝟏 ­ )?

R0 °C Δt

R t°C
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Na Cl

Cu Cl

CuCl

Cu
+2

 + 2e 
–1

 → Cu
0
 . 

2Cl
 –1
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 –1
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 𝐵     

°

 

 

α ° α °

𝐹ლ = 0. 

 

  

 

  2  

   

𝐹ლ      

    

𝐵   

𝐵   

  Ç
ap üçün deyil



 

 86  

 
 
 
 

 
 

 

 
 

 
B

v ·

e ·

 

 

 
B

° ·

e ·  

  2.6  

• 

 

 

 

  Ç
ap üçün deyil



 

 

2 

87  •    •   • 

 

  

 
 

 
 

 
 

• 

 

 

 

 

 
 
 
 
 
 
 

•

•

•  

  1  

•

•

•

 

  

2.13 

  Ç
ap üçün deyil



 

 88  

•

 

 

 

  Ç
ap üçün deyil



 

 

2 

89  •    •   • 

 

 
 

 
 

 
 

 

 

 

• 

 

 

 

•

•
 

 2  

   

  Ç
ap üçün deyil



 

 90  

  

 

 
 

 
 

•

•

•

•

•  

  1  

•

•

 

 

 

2.14 

  Ç
ap üçün deyil



 

 

2 

91  •    •   • 

 

•

 

 
 

 

  Ç
ap üçün deyil



 

 92  

 
 
 
 
 

 

 
 

 
 

 

 

 
 

№ 

1  

2  

3  

4  

5  

6  

 

. 

  

    

•

 

 

 

A B

 

  2  

   

  Ç
ap üçün deyil



 

 

2 

93  •    •   • 

 

 
 
 

 

 

 

 

 

 

 

 

  2.7  

  Ç
ap üçün deyil



 

 94  

  

 

 
 

 
 

•

𝐵  0

 
 
 
 
 
 
 
 

 

 1 

•

•

  

 

2.15 

 

  Ç
ap üçün deyil



 

 

2 

95  •    •   • 
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𝐵0 + 𝐵 .

𝐵0
=

𝐵

𝐵0
, 𝐵 = 𝜇𝐵0 . 

µ 

µ

Al, Li, O2, Na

µ

Cu, Ag, Au

µ 

Gd, Fe, Ni, Co

μ μ μ 

0,999834 1,000038 8000 

0,999990 1,000023 1100 

0,999964 1,0000019 250000 
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𝑐 =
𝑑დედ.

𝑡
=

2,84∙108კმ

22 წთ
=

2,84∙108კმ

1320წმ
≈ 215000

კმ

წმ
= 2,15 ∙ 108 მ

წმ
 . 

𝑐 ≈ 215000
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 c = 2,99792458∙108 მ წმ≈3∙108 მ წმ.   

•

წყალი ≈ 2,25 ∙ 108 მ წმ ; 

მინა ≈ 2,0 ∙ 108 მ წმ ; 
ალმასი ≈ 1,25 ∙ 108 მ წმ ; 

კანადური ბალზამი ≈ 1,95 ∙ 108 მ წმ . 

 

 
 

𝑡1 = 𝑡2. 
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=
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2𝑁𝑛
→ 𝒄 = 𝟒𝑳𝑵𝒏. 
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    D) 1 = 3 < 2    E) 1 = 3 = 2 
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n1 n2
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𝑛 =
𝑐


.

n n 

2,42 1,47 

1,57 1,47 

1,54 1,36 

1,54 1,33 

1,52 1,31 

1,50  1,00029 

𝑛 =
𝑠𝑖𝑛𝛼

𝑠𝑖𝑛𝛾
=
𝑛2

𝑛1
=
1
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𝑛 =
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𝑠𝑖𝑛𝛾
;  𝑠𝑖𝑛𝛼 =

𝑀𝑁

𝐴𝑀
;   𝑠𝑖𝑛𝛾 =

𝑃𝑄

𝐴𝑃
. 

𝑛 =
𝑠𝑖𝑛𝛼

𝑠𝑖𝑛𝛾
=
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sin
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  . 

 




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ABO A1B1O

𝐻

ℎ
=

𝑓

𝑑
 ,                              (1) 

COF A1B1F

𝐻

ℎ
=

𝑓 − 𝐹

𝐹
 .                        (2) 

𝑓

𝑑
=

𝑓 − 𝐹

𝐹
. 

𝑓𝐹 = 𝑑𝑓 − 𝑑𝐹  𝑑𝑓 = 𝑓𝐹 + 𝑑𝐹.  
𝑓𝑑𝐹 

1

𝐹
=

1

𝑑
+

1

𝑓
.                    (3) 
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H h
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1

𝐹
= 𝐷                        (4) 
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 𝐷 =
1

 𝐹 
=

1

მ
= 1 დპტრ. 

𝐷 =
1

𝑑
+

1

𝑓
.                    (5) 

 

 
 

1

𝐹
    

1

𝑓
 

 

−
1

 𝐹 
=

1

𝑑
−

1

 𝑓 
.           (6) 
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Γ

 =
𝐻

ℎ
.                              (7) 

 =
𝑓

𝑑
.                              (8) 
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F < 0, D < 0

 

  Ç
ap üçün deyil



 

 

3 

155  •    •   • 

 

 

 
 
 
 
 

 
 
 
 
 

 

 
 

 
 

 

 

 

1

F
=

1

d
+

1

f
;    𝐷 =

1

d
+

1

f
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c ·

 

 

≈ ·
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≈ ·

≈ ·

 

K

 

 
 

𝟏, 𝟓 ∙ 𝟏𝟎𝟖 მ

წმ
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F < f < 2F

f <F

f = F

f = 2F

f > 2F

 

 

S  r r

 

 

1 −
𝐹

𝑑−𝐹
 ;     2 −

𝑑𝐹

𝑑−𝐹
;     3 −

𝐹𝑓

𝑓−𝐹
 ;     4 −

𝑓𝑑

𝑓+𝑑
. 

 I – 2, II – 1, III – 4, IV – 3      

 I– 1, II – 3, III– 2, IV – 4  

 I – 3, II – 2, III – 4, IV – 1      

 I – 1, II – 2, III – 4, IV – 3  

 I – 3, II – 1, III – 2, IV – 4 
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1. http://www.laser-portal.ru/content_5 
2. https://ru.wikipedia.org/wiki/ применение лазеров  

3. http://www.pereplet.ru/obrazovanie/stsoros/120.html 
4. http://proiz-teh.ru/lt-lazer-praktika.html 
5. https://www.youtube.com/watch?v=aeHomJrxj-I 
6. https://www.youtube.com/watch?v=nB9AqToLFz8 

• 

 

 

 

α

 

 

 2  

   

α=10-5რად 

𝑡𝑔
𝛼

2
𝑡𝑔

10−5რად

2
= 5 ∙ 10−6 
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α
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protos p

𝑚𝑝 = 1,6726 ∙ 10−27

𝑚 = 𝑍 ∙ 𝑚𝑝 Z

• • • • • • 

 
 
 
 
 
 

•

•

 

 1  

•

 

 

 

4.4 

 
... 

 

... 
... 

 

 
 ... 

 ... 

 

  Ç
ap üçün deyil



182 

α

n

mp ·

•

•

≈

•

A A Z
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X

A Z

𝑶𝟖
𝟏𝟔 . 
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𝒑𝟏
𝟏 . 𝒏:𝟎
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𝑭𝒆𝟐𝟔
𝟓𝟔 𝑩𝒆𝟒
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D2O

°C

°C

•

izos topos
 

 𝑂, 𝑂, 𝑂 8
18

8
17

8
16

 𝑂 8
16  – 99,8% . 

 

 

 

 
 

 

 

•

•

• 𝑈92
235 𝑈92

239

• 

• • • • 

• • •
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𝑶𝟖
𝟏𝟔  

 

𝑶𝟖
𝟏𝟕  

 

𝑶𝟖
𝟏𝟖  

 

𝑋𝑍
𝐴  –... 

Z – ... 

N –... 

e – ... 

XZ
A

 – ... 
Z – ... 
N –... 
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Promethean   MimioStudio . 
 

  
•

•

•

•

•

•

•

•

•

•

•

• 

• 

•  

•

•

• 

•

•

•

• 

•

•

•

•

•

•

 

 

 
•

•

 

 

 

 

 

 

𝑷𝒃, 𝑼, 𝑶𝟖
𝟏𝟖

𝟗𝟐
𝟐𝟑𝟗

𝟖𝟐
𝟐𝟎𝟗 . 

𝑷𝒖,𝟗𝟒
𝟐𝟒𝟒   𝑷𝒖𝟗𝟒

𝟐𝟒𝟕

𝑷𝒃𝟖𝟐
𝟐𝟏𝟎

 

 
 
 

  4.2  

4.6 

  Ç
ap üçün deyil



 

 

4 

187  •    •   • 

 α β

γ

 

 

α β

•

α ( 𝑯𝒆𝟐
𝟒 ) 

β

( 𝑒−1
𝑜 )

α β

α

( 𝐻𝑒2
4 ) 

𝑅𝑎88
226 → 𝐻𝑒 + 𝑌𝑍

𝐴
2
4 . 

Y

• α ( 𝐻𝑒2
4 )

•

•

 

 1  

•

α β

γ
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α X

α  ( 𝐻𝑒2
4 ) Y

𝑿𝒁
𝑨 → 𝒀 +𝒁−𝟐

𝑨−𝟒 𝑯𝒆.𝟐
𝟒  

α

β X β  ( 𝑒−1
𝑜 )

Y

𝑿𝒁
𝑨 → 𝒀 +𝒁+𝟏

𝑨 𝒆.−𝟏
𝟎  

β

γ

•

 

 

 

 
 

 

α

β

γ

 

 
𝑷𝒐𝟖𝟒

𝟐𝟎𝟖
α

𝑻𝒉𝟗𝟎
𝟐𝟑𝟎  𝑹𝒂𝟖𝟖

𝟐𝟐𝟔

 

  4.3  

• 

α β

γ

 

 

 

 

𝑵𝒑 →? + 𝒆−𝟏
𝟎

𝟗𝟑
𝟐𝟑𝟗 ;    𝑷𝒖 →? + 𝑯𝒆.𝟐

𝟒
𝟗𝟒

𝟐𝟑𝟗  

 2  

   

β
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 𝑺𝒃𝟓𝟏
𝟏𝟑𝟑  

β

𝑻𝒉𝟗𝟎
𝟐𝟑𝟒  

α

) 𝐻1
1  и 𝐻𝑒2

4     ) 𝑃𝑢94
244  и 𝑃𝑢94

247     ) 𝐻1
3  и 𝐻𝑒2

4     ) 𝑃𝑎91
231  и 𝑅𝑓

106
264     ) 𝑃𝑜84

209  и 𝐻1
2  

 
 
 

 

 

 
 

 

n 0 1 2 3 4 5 ... 

N

100 ... ... ... ... ... ... 
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T SI

t N

t1 = T

𝑁1 =
𝑁0

2
t2 = 2T

𝑁2 =
𝑁1

2
=

𝑁0

4
,

t3 = 3T

𝑁3 =
𝑁2

2
=

𝑁0

8
 

tn = nT

𝑁 =
𝑁0

2𝑛
=

𝑁0

2
𝑡𝑛

𝑇

. 

 

 

 
 

t

T

 
 
 
 
 
 
 
 
 
 

t

T

 

   

t N

𝑡0 = 0 𝑁0 = 2400 

𝑡1 = 𝑇 = 5  𝑁1 =
𝑁0

2
=

1000

2
= 1200 

𝑡2 = 2𝑇 = 10  𝑁2 =
𝑁0

4
=

1000

4
= 600 

𝑡3 = 3𝑇 = 15  𝑁3 =
𝑁0

8
=

1000

8
= 300 

𝑡4 = 4𝑇 = 20  𝑁4 =
𝑁0

16
=

1000

16
= 150 

 

N 

t,  

 2  
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E = mc
2
. 

m E c

ΔE Δm

∆𝑚 =
∆𝐸

𝑐2
 →  ∆𝐸 = ∆𝑚𝑐2 .

-

• -

eU · · ·

· ·
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SI

•
SI
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1 =
1

1,6022 ∙ 10−13
= 6,2414 ∙ 1012 . 

• 

• 

m = 1

𝑐 = 2,9979 ∙ 108 , 

∆𝐸 →? 

∆𝑚 = 1 . . . = 1,6605 ∙ 10−27 , 

∆𝐸 = ∆𝑚𝑐2 

∆E=1,6605∙10-27 ∙2,99792∙1016
მ2

წმ2 =14,9235∙10-11ჯ=14,9235∙10-11∙6,2414∙1012 =931,5 . 
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M Zm Nm

Δm Zm Nm M

M Z N 

m m

Δm

E

•

E ΔE = Δmc
2

E Zm Nm M · c

mH

M

E ZmH Nm M · c

E ZmH Nm M ·

  

 ( 𝑒−1
0 ) 0,0005486   ( 𝐿𝑖3

6 ) 6,941 

 ( 𝑝1
1 ) 1,0072765  ( 𝐶6

12 ) 12,0 

 ( 𝑛0
1 ) 1,008665  ( 𝐶6

13 ) 13,003354 

 ( 𝐻1
1 ) 1,007825 ( 𝑈92

235 ) 235,04418 

 ( 𝐻1
2 ) 2,014102 ( 𝑈92

238 ) 238,05113 

 ( 𝐻1
3 ) 3,016062 ( 𝑁𝑝93

239 ) 239,05320 

 ( 𝐻𝑒2
4 ) 4,002603 ( 𝑃𝑢94

239 ) 239,05242 

 ( 𝐻𝑒2
3 ) 3,016042   
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 =
𝐸св

𝐴
. 

      A ε

  =
 𝐸  

 𝐴 
= 1 .

 

28 ≤ 𝐴 ≤ 138. 
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 𝐻𝑒2
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მევ

ნუკლონი
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α ( 𝐻𝑒2
4 ) 𝑁7

14 𝑂8
17  

( 𝑝1
1 )   

𝑁7
14 + 𝐻𝑒 → 𝑂8

17 + 𝑝1
1

2
4 . 

𝐴𝑙13
27   α

( 𝐻𝑒2
4 ).

Y

𝐴𝑙13
27 + 𝑛 → 𝑌𝑍

𝐴 + 𝐻𝑒2
4

0
1 . 

•

 

 1  

•

•

•

 

𝑯𝒈 + 𝒆−𝟏
𝟎 = 𝑨𝒖𝟕𝟗

𝟏𝟗𝟕
𝟖𝟎

𝟏𝟗𝟕 + ⋯ 

( 𝑒−1
0 ) β
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α

α

: 

𝐿𝑖3
7 + 𝑝 → 𝐻𝑒2

4 + 𝐻𝑒2
4

1
1 . 
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α

β

 
 

 
1.   𝑭𝒆𝟐𝟔

𝟓𝟔 ,

       1) 𝐵𝑒 + 𝐻𝑒2
4

4
9 → 𝐶 + ⋯ ;6

12   

2) … + 𝐻1
1 → 𝑁𝑎 + 𝐻𝑒2

4 ; 11
22  

3) 𝑀𝑛25
55 + 𝐻1

1 → ⋯ + 𝑛0
1 ;            

4) 𝑈92
235 + 𝑛0

1 → ⋯ + 3 ∙ 𝑛0
1 + 𝐶𝑠55

143 . 

1) 𝑂 + 𝐻1
1

8
18 → ⋯ + 𝑛; 0

1  

2) … + 𝐻𝑒2
4 → 𝑆𝑖 + 𝐻1

1 ; 14
30  

3) 𝐹𝑒26
56 + 𝐻1

2 → ⋯ + 𝐻𝑒2
4 ;            

4) 𝑈92
235 + 𝑛0

1 → 𝑆𝑟38
95 + ⋯ + 𝑋𝑒54

139 . 

  

   4.5  

 

• 

 

 

 

𝑁 + ⋯ → 𝐶 +6
14 𝐻;1

1
7

14           𝐻𝑔 + 𝐻𝑒2
4 → ⋯ + 𝐻𝑒 + 2 𝑛 + 𝑒−1

0
0
1 .2

4
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• 

 

 

 

 

𝑼 + 𝒏𝟎
𝟏 → 𝑼 → 𝑲𝒓 +𝟑𝟔

𝟗𝟏 … + 𝟐𝟗𝟐
𝟐𝟑𝟔 𝒏𝟎

𝟏
𝟗𝟐

𝟐𝟑𝟓   ;   𝑼 + 𝒏𝟎
𝟏 → 𝑼 → 𝑺𝒃 +𝟓𝟏

𝟏𝟑𝟑 𝑵𝒃𝟒𝟏
𝟗𝟗 + ⋯𝟗𝟐

𝟐𝟑𝟔 𝒏𝟎
𝟏

𝟗𝟐
𝟐𝟑𝟓   ; 

𝑼 + 𝒏𝟎
𝟏 → 𝑼 → ⋯ + 𝑴𝒐𝟒𝟐

𝟏𝟎𝟐 + 𝟑𝟗𝟐
𝟐𝟑𝟔 𝒏𝟎

𝟏
𝟗𝟐

𝟐𝟑𝟓  ;   𝑼 + 𝒏𝟎
𝟏 → 𝑼 → 𝑩𝒓 +𝟑𝟓

𝟗𝟎 … + 𝟑𝟗𝟐
𝟐𝟑𝟔 𝒏𝟎

𝟏
𝟗𝟐

𝟐𝟑𝟓  . 

 2  

   

R37
90 b + Cs55

143 + 3 𝑛0
1     

Zr40
97 + Te52

137 + 2 𝑛0
1   

Sr38
95 + Xe54

139 + 2 𝑛0
1   

K36
91 r + Ba56

142 + 3 𝑛0
1   

𝐧𝟎
𝟏 + 𝐔𝟗𝟐

𝟐𝟑𝟓  
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•

𝑘 =
𝑁ეს თაობა

𝑁წინა თაობა
. 

𝑘 ≥ 1 k

k

k
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