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<KLMI 
 
I�^ qZk gZ\qZggy m \bshfm mq[h\hfm aZdeZ^� klm^_glb h\heh-

^�\Zxlv \_ebdhx d�evd�klx l_hj_lbqgh]h fZl_j�Zem� Ze_ \qZkgh g_
h^_j`mxlv ^hklZlg�o gZ\bqhd ch]h ijZdlbqgh]h \bdhjbklZggy� P_
ijb\h^blv ^h aZc\bo \bljZl qZkm ijb gZ\qZgg�� Z lZdh` mljm^gx}
ijZpx fheh^bo ki_p�Ze�kl�\ gZ i�^ijb}fkl\Zo qb mklZgh\Zo� 

Ydsh fZlb gZ m\Za� �g`_g_j�\ fZrbgh[m^�\gh]h ki_dljm ki_-
p�Zevghkl_c� lh py g_^hklZlg�klv fZ}� ahdj_fZ� lZd� Zki_dlb� fheh^bc
�g`_g_j g_ aZ\`^b mk\�^hfex}� sh fZ} kijZ\m g_ a lhqgbfb� Z a gZ-
[eb`_gbfb qbkeZfb � py gZ[eb`_g�klv fZ} ydhkv \�^[b\Zlbkv gZ ijZd-
lbp� jhajZomgd�\� ^jm]bc Zki_dl ihey]Z} \ lhfm� sh klm^_glm fZeh \�-
^hfZ ijZdlbdZ \bdhgZggy � hnhjfe_ggy mkydh]h jh^m jhajZomgd�\� sh
kdeZeZky ijhly]hf [Z]Zlvho ^_kylbe�lv \ dhgkljmdlhjkvdbo� ijh_dlgbo
qb _dkiemZlmxqbo mklZgh\Zo� I�key aZd�gq_ggy \mam klm^_gl fZ} gZ
f�kp� kZfhkl�cgh hiZgh\m\Zlb _e_f_glb lh]h� sh klZgh\blv dmevlmjm
�g`_g_jgh� ijZp�� G_m\Z]Z ^h dmevlmjb ijZp� \_^_ ^h g_yd�kgh]h
\bdhgZggy jh[�l� qbke_ggbo ihfbehd lZ \bijZ\e_gv � \j_rl�-j_rl – ^h
g_\bijZ\^Zgbo \bljZl qZkm� 

DmevlmjZ ijZp� – p_ g_h[o�^g�klv� Z ^�ckgh _n_dlb\gbc ijZp�\-
gbd – aZ\`^b ijZp�\gbd dmevlmjgbc� 

< i_jr�c qZklbg� ^Zgh]h gZ\qZevgh]h ihk�[gbdZ gZ\_^_g� ijh-
kl�r� ijZ\beZ ijZp� a gZ[eb`_gbfb qbkeZfb lZ ijZ\beZ hp�gdb lhq-
ghkl� fZl_fZlbqgbo hi_jZp�c � jhajZomgd�\ ih nhjfmeZo� 

< ^jm]�c qZklbg� ihk�[gbdZ gZ\_^_g� ihjZ^b sh^h aZ]Zevgh� hj]Z-
g�aZp�� ijZp� lZ hdj_fbo �� _e_f_gl�\� <bdhgZggy pbo ijZ\be af_grblv
d�evd�klv ihfbehd� ajh[blv ijZpx [�evr ijb}fghx lZ _n_dlb\ghx  
� a[_j_`_ [Z]Zlh qZkm� 

:\lhj \bkeh\ex} sbjm \^yqg�klv d�l�g� ^hp� Qm^�gh\m K�>�
�KZgdl-I_l_j[mjavdbc Fhjkvdbc l_og�qgbc mg-l�� qb� ihjZ^b kijbyeb
ihdjZs_ggx af�klm ihk�[gbdZ� 
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1.  <BDHG:GGY L?OG1QGBO H;QBKE?GV 
 

³Lhqghklv \uqbke_gbc ^he`gZ khhl\_l-
kl\h\Zlv lhqghklb ^Zgguo b lhc ijZd-
lbq_kdhc ihlj_[ghklb� ^ey dhlhjhc \u-
qbke_gby \uihegyxlky�´ 
³Ihfgbl_� qlh dZ`^Zy g_\_jgZy pbnjZ – 
wlh hrb[dZ� \kydZy ebrgyy pbnjZ – 
ihehrb[db�´ 

:dZ^� :�G�Djueh\ ³E_dpbb h

ijb[eb`_gguo \uqbke_gbyo´� 
 
< j�agbo ]Zemayo ^�yevghkl� ex^bgb kdeZebky ^_sh j�ag� \bfh]b

^h lhqghkl� qbk_e� sh m`b\Zg�� lZ ijZ\beZ \bdhgZggy h[qbke_gv �aZ-
]Zevg_ fZrbgh[m^m\Zggy� Z\�Zp�y� Zkljhghf�y � l�i���< pvhfm gZ\qZev-
ghfm ihk�[gbdm c^_ fh\Z ijh \bfh]b lZ ijZ\beZ h[qbke_gv yd� ijblZ-
fZgg� l_og�p�� l�c h[eZkl�� \ yd�c kl\hjxxlvky mkyd� f_oZg�afb lZ kih-
jm^b� 

H[qbke_ggy – p_ h^bg a _lZi�\ kl\hj_ggy fZrbgb qb kihjm^b  
� ch]h ke�^ hj]Zg�am\Zlb lZd� sh[ [meZ aZ[_ai_q_gZ g_h[o�^gZ lhqg�klv

j_amevlZl�\� Z \bljZlb qZkm [meb [ gZcf_grbfb� 
< l_og�qgbo jhajZomgdZo� gZijbdeZ^� ijbimklbfh \\Z`Zlb� sh qb-

keh π  ���� �Z[h ������ � g_ \bljZqZlb qZk gZ h[qbke_ggy a �� agZdZfb

π  ������������ ;�evr_ lh]h� \ l_o�qgbo jhajZomgdZo g_fZ g_ h[o�^-
ghkl� h[qbkex\Zlb ih lhqgbo nhjfmeZo� ydsh } ijhkl�r� gZ[eb`_g�

nhjfmeb�sh aZ[_ai_qmxlv ^hklZlgx lhqg�klv� A pvh]h \bl�dZ} ijZ\beh� 
 

A d�evdho nhjfme ^ey jhajZomgd�\ ke�^ h[bjZlb ijhkl�r��

ydsh \hgb aZ[_ai_qmxlv ^hklZlgx lhqg�klv� 
 
GZijbdeZ^� G_h[o�^gh h[qbkeblb fhf_gl hihjm d�evp_\h]h jha-

j�am a ah\g�rg�f ^�Zf_ljhf D  ��� ff � kl�gdhx aZ\lh\rdb t  � ff�

<gmlj�rg�c ^�Zf_lj d = 162–2⋅� ��� ff� k_j_^g�c ^�Zf_lj D0 = d + t = 
= 156ff� 

LhqgZ nhjfmeZ�  

�kf�������
��

��� =−π= G'
'

:  
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:e_ h[qbkeblb fh`gZ ih gZ[eb`_g�c nhjfme��  
 

�kf�������
��

� == 'W:  
 

HklZggy nhjfmeZ f�klblv � hi_jZp��� i�^g_k_ggy \ d\Z^jZl lZ ^\Z

fgh`_ggy� LhqgZ nhjfmeZ f�klblv �� hi_jZp�c� ^\�q� ih ljb fgh`_ggy

�i�^g_k_ggy \ �-c kl_i�gv� lZ s_ ^\Z fgh`_ggy� ^�e_ggy lZ \�^g�fZggy� 
G_lhqg�klv ih gZ[eb`_gg�c nhjfme� g_ [�evr_ ��� sh ijZdlbqgh

aZ\`^b ijbimklbfh� 
>h lh]h ` lhqgZ nhjfmeZ fZ} h^gm hkh[eb\�klv� ydZ g_ h^jZam

db^Z}lvky \ hq� − j�agbpx D4 − d4
� Ydsh D lZ d \�^j�agyxlvky kmll}\h – 

\�^khld�\ gZ �� qb [�evr_ lh D4 lZ d4
[m^mlv \�^j�agylbkv ijb[ebagh gZ

���� lh[lh lZdh` kmll}\h� Z kZfZ j�agbpy [m^_ h[qbke_gZ ^hkblv

lhqgh� 
Ydsh ` D lZ d [m^mlv \�^j�agylbkv fZeh� ebr_ gZ d�evdZ

\�^khld�\� lh (D4 − d4
� [m^_ fZehx j�agbp_x \_ebdbo \_ebqbg� <hgZ

aZ\`^b h[qbkex}lvky ^m`_ g_lhqgh � ijb �� \bdhjbklZgg� \�^[m\Z}lvky

\ljZlZ lhqghkl� jhajZomgdm� A pvh]h \bl�dZ} ijZ\beh� 
 

MgbdZlb \bdhjbklZggy nhjfme� ^_ } fZeZ j�agbpy \_ebdbo

\_ebqbg� 
 
Ke�^ dhjbklm\Zlbkv gZ[eb`_gbfb nhjfmeZfb� sh g_ f�klylv

fZeh� j�agbp�� 
Ijh fZem j�agbpx [m^_ s_ fh\Z gb`q_� 
 
 

���� :[khexlg� lZ \�^ghkg� ihob[db gZ[eb`_gbo qbk_e 
 
< �g`_g_jgbo jhajZomgdZo ijZdlbqgh aZ\`^b aZf�klv �klbggh]h�

lhqgh]h agZq_ggy \_ebqbgb x�kl \bdhjbklh\m}lvky �� gZ[eb`_g_

agZq_ggy x0. 
:[khexlghx ihob[dhx ∆x�kl } j�agbpy ∆x�kl = |x�kl−x0| . 
GZijbdeZ^� Z[khexlgZ ihob[dZ qbkeZ ����� sh m`b\Z}lvky aZ-

f�klv π� ^hj�\gx} π − 3,14 = 0,00159265. 
>jm]bc ijbdeZ^� AZf�jy}fh ^h\`bgm \bjh[m klZe_\hx e�g�cdhx  

a f�e�f_ljh\bfb ih^�edZfb� Fh`gZ [mlb i_\gbf� sh ihob[dZ g_ i_-
j_[�evrblv ±��� ff� Ydsh \bf�jx\Zggy ^Zeh� gZijbdeZ^� ��� ff� lh
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fh`gZ kl\_j^`m\Zlb� sh �klbggZ ^h\`bgZ fh`_ [mlb [m^v-ydhx� Ze_  
\ f_`Zo 

135,5 ≤ x�kl ≤ 136,5. 
 

LZdbf qbghf� Z[khexlgZ ihob[dZ g_ i_j_\bsblv ��� ff� ∆x�kl ≤  
≤ ��� ff� 

Yd ih^Zgh \bs_� Z[khexlgZ ihob[dZ } fh^me_f j�agbp� x�kl lZ x0, 
\hgZ aZ\`^b ^h^ZlgZ� :e_ lZd_ \bagZq_ggy �gdheb g_ajmqg_� Lhfm

aZebrbfh aZ Z[khexlghx ihob[dhx agZd� < gZ\_^_ghfm \bs_ ijbd-
eZ^� ∆x�kl ≤ ± ��� ff� 

:[khexlgm ihob[dm� sh fZ} agZd� [m^_fh gZab\Zlb ]jZgbqghx

Z[khexlghx ihob[dhx � ihagZqZlb �� ∆x. 
1klbgg_ agZq_ggy \_ebqbgb agZoh^blvky \ f_`Zo  

 

���kl [[[ ∆±=                                           (1) 
 

<bdhjbklZggy ]jZgbqgh� Z[khexlgh� ihob[db g_ aZ\`^b ajmqg_  
� ^hp�evg_� GZijbdeZ^� \bagZq_ggy fZkb ljZdlhjZ a ]jZgbqghx Z[kh-
exlghx ihob[dhx ±� d] } ^b\h\b`gbf yd a lhqdb ahjm lhqghkl�

\bagZq_ggy lZd � a lhqdb ahjm g_jhamf�ggy kml� kijZ\b lbf� olh p_c

ih^\b] a^�ckgb\� A �grh]h [hdm� \bagZqblb fZkm d�evdho d�eh]jZf�\

pmdjm a ihob[dhx ±� d] lZdh` ^b\h\b`g_ a lhqdb ahjm g_lhqghkl�� 
< ih^�[gbo \biZ^dZo lhqg�klv \bagZq_ggy gZ[eb`_gbo \_ebqbg

^hp�evgh oZjZdl_jbam\Zlb g_ Z[khexlghx� Z \�^ghkghx ihob[dhx�

∆x/x�kl� Hkd�evdb agZq_ggy x�kl g_ aZ\`^b \�^hf_� aZf�klv x�kl ^hp�evgh

\aylb [ebavdm \_ebqbgm x0. 
=jZgbqgZ \�^ghkgZ ihob[dZ ^hj�\gx} 

 

�
�[

[
[

∆=δ                                              (2) 

 

1klbgg_ agZq_ggy \_ebqbgb o�kl ih\’yaZg_ a gZ[eb`_gbf agZ-
q_ggyf o0 lZ \�^ghkghx ]jZgbqghx ihob[dhx δo hq_\b^ghx nhj-
fmehx� 

 

������kl [[[ δ±=                                      (3) 
 

>Ze� qZkl�r_ aZ \k_ [m^_fh m`b\Zlb ihgylly «]jZgbqgZ \�^ghkgZ
ihob[dZ» gZab\Zxqb �� dhjhldh «\�^ghkgZ ihob[dZ». 
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QZklh \bdhjbklh\m}lvky \bjZa «\�^ghkgZ lhqg�klv»� Hq_\b^gh� sh
\�^ghkgZ lhqg�klv } \_ebqbghx� h[_jg_ghx ^h \�^ghkgh� ihob[db: 
ydsh \�^ghkgZ ihob[dZ f_gr_� lh \�^ghkgZ lhqg�klv – [�evr_� 

 
 

���� Mfh\gbc aZibk gZ[eb`_gbo qbk_e 
 
IhdZaZlb klmi�gv lhqghkl� l_og�qgh� \_ebqbgb fh`gZ j�agbfb

kihkh[Zfb� 
1) ih^Zlb f_`�� \ ydbo \hgZ agZoh^blvky� �� [[[ ÷= ; 
2) ih^Zlb ijb[ebag_ agZq_ggy � \�^obe_ggy \�^ gvh]h: �� [[[ ∆±=  
3) ih^Zlb ijb[ebag_ agZq_ggy � \�^ghkgm ihob[dm �nhjf� ����

���� [[[ δ±= . 

IjbdeZ^b: :=331,61÷331,95, 
< = 321,61 ± 0,06, 
K = 361,61(1 ± 0,0002). 

: l_i_j my\�fh kh[� sh qbkeZ :, <, K \oh^ylv \ ^_ydm nhjfmem� aZ

ydhx g_h[o�^gh shkv h[qbkeblb� 1 aZf�klv [md\ i�^klZ\bfh \_ebqbgb

:, <, K \ lbo nhjfZo yd ih^Zgh \bs_� Ykgh� sh aZf�klv nhjfmeb

h^_j`bfh ]jhf�a^dbc \bjZa a ydbf \Z`dh [m^_ \aZ]Ze� shkv ajh[blb�

lbf [�evr_ – h[qbkeblb� 
G_h[o�^gZ lZdZ nhjfZ aZibkm aZ ydhx fh`gZ [meh [ � h[qbkex-

\Zlb � hp�gx\Zlb lhqg�klv qbk_e� : ih^Zg� \bs_ kihkh[b \dZaZggy

lhqghkl� qbk_e ^hp�evgh \bdhjbklh\m\Zlb ^ey ihdZaZggy lhqghkl�

hkh[eb\h \Z`eb\bo d�gp_\bo j_amevlZl�\ jhajZomgdm� 
< l_og�p� �kgmxlv aZ]Zevgh\bagZg� ijZ\beZ aZibkm qbk_e� yd�

^ha\heyxlv hp�gx\Zlb \_ebqbgm ihob[db [_a ih^Zggy �� lhqgh]h

agZq_ggy� 
Jha]eyg_fh p� ijZ\beZ� 
G_oZc fZ}fh qbkeh f�gmk �-c ihjy^hd 

f�gmk �-c ihjy^hd  
      4 2 1 , 8 6 7 3 5 ± 0 , 0 5 6 . 

 
pbnjZ �-]h ihjy^dm f�gmk �-c ihjy^hd  

pbnjZ �-]h ihjy^dm f�gmk �-c ihjy^hd 
pbnjZ �-]h ihjy^dm f�gmk �-c ihjy^hd  
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Qbkeh \ p�ehfm fZ} lhc ihjy^hd� ydbc fZ} i_jrZ agZqmsZ pbnjZ – 
pbnjZ �� \hgZ 2-]h ihjy^dm� =jZgbqgZ Z[khexlgZ ihob[dZ ����� fZ}

f�gmk ^jm]bc ihjy^hd� lhfm sh lZdbc ihjy^hd fZ} 5 –i_jrZ agZqmsZ
pbnjZ� 

AZibkZg_ qbkeh fZ} � agZqmsbo pbnj� ljb ^h ^_kylbqgh� dhfb lZ

i¶ylv i�key g_��:e_ qb ^�ckgh aZibkZg_ qbkeh f�klblv kZf_ � lbkyqgbo�

Z g_ � qb �"� qb ^�ckgh \hgh f�klblv � ^_kylblbkyqgbo � lZd ^Ze� ydsh

ihob[dZ fZ} f�gmk ^jm]bc ihjy^hd � �� i_jrZ pbnjZ klZgh\blv � kh-
lbo" Ykgh sh g�� <_ebqbgZ ihob[db ihqbgZ}lvky a ����� p_ hagZqZ}� sh
\`_ pbnjZ � g_ \�jgZ� kmfg�\gZ� :e_ lh^� pbnjb� sh klhylv i�key g_� – 
�� � lZ � \aZ]Ze� g_ \�jg� � lhfm g_ fZxlv g�ydh]h af�klm� < ]jZgbqghfm

\biZ^dm� dheb ihob[dZ klZgh\blbf_ ���� � [�evr_� kmfg�\ghx [m^_  
� pbnjZ �� ������ � ����  ������� Ze_ p_ ijb fZc`_ ]jZgbqghfm agZ-
q_gg� ihob[db� sh fZeh�fh\�jgh� Lhfm pbnjm � fh`gZ \\Z`Zlb lhq-
ghx� <boh^blv� sh \ aZibkZghfm �-agZqghfm qbke� \�jgbfb� agZqm-
sbfb� lZdbfb� sh fZxlv k_gk� } ebr_ i_jr� qhlbjb pbnjb� �� �� �� ��

PbnjZ � – kmfg�\gZ� AZibkm\Zlb pbnjb �� � lZ � g_ ke�^� 
Ih^Zgbc \bs_ aZibk qbkeZ g_ } ]jZfhlgbf� 
IjZ\bevgbc aZibk qbkeZ h^_j`bfh� ydsh [m^_fh d_jm\Zlbkv

gZklmigbfb ijZ\beZfb� < kmdmighkl� \hgb gZab\Zxlvky ³ijZ\beZfb

hdjm]e_ggy´� 
 

IjZ\beh � Ke�^ aZibkm\Zlb ebr_ l� pbnjb� ihjy^hd ydbo \bs_

ihjy^dm ihob[db� 
 

< gZrhfm \biZ^dm ke�^ aZibkZlb lZd� 
 

421,86735±0,056=421,8. 
 

QZklbgm ������� ke�^ ijhklh \�^dbgmlb� yd lZdm� sh g_ fZ} k_gkm� 
H^gZd aZibkZg_ qbkeh a qhlbjvho pbnj lZdh` [m^_ g_\�jg_� lhfm

sh ihjmr_g_ 
 

IjZ\beh � Ydsh qZklbgZ�sh \�^db^Z}lvky� ihqbgZ}lvky a pbnjb

[�evr_ �� Z[h [�evr_� g�` ��� lh hklZggx pbnjm a lbo�

sh aZebrZxlvky� g_h[o�^gh a[�evrblb gZ �� 
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< l�c qZklbg�� sh aZebrZ}lvky� pbnjm � ke�^ a[�evrblb gZ � � aZ-
ibkZlb lZd� 

 

421,86735 ± 0,056 = 421,9. 
 

IjZ\beh � Ydsh qZklbgZ� sh \�^db^Z}lvky� ihqbgZ}lvky a ��  
a f_grh� pbnjb� Z[h a ��� lh hklZggy pbnjZ \ qbke��

sh aZebrZ}lvky� g_ af�gx}lvky� 
 

GZijbdeZ^� 
421, 85035 ± 0,056 = 421,8. 

 

IjZ\beh � Ydsh \�^db^Zxlvky pbnjb gmevh\h]h� i_jrh]h� ^jm]h]h

� l�^� ^h^Zlg�o ihjy^d�\� lh �o g_fh`gZ aZf�gylb

gmeyfb� G_h[o�^gh i_j_oh^blb gZ aZibk qbkeZ m \b]-
ey^� ^h[mldm ^\ho qbk_e� i_jr_ f�klblv l�evdb \�jg�

pbnjb� Z ^jm]_ – qbkeh �� m \�^ih\�^ghfm kl_i_g�� 
 

GZijbdeZ^� 1300,2 ± �� ff  ���⋅103
ff� 

Lml ��� hagZqZ}� sh ajh[e_gbc i_j_o�^ \�^ i_j\�kgh]h qbkeZ a jha-
f�jg�klx ³f�e�f_ljb´ ^h qbkeZ a jhaf�jg�klx ©f_ljbª� Ydsh p_ qh-
fmkv g_ [Z`Zg_� lh ke�^ aZibkZlb lZd� ���⋅103

ff� Qbkeh� sh klh�lv i_-
j_^ ��

3
^hp�evgh aZibkm\Zlb lZd� sh[ i_j_^ dhfhx klhyeZ h^gZ pbnjZ�

g_ ��⋅102
� Z kZf_ ���⋅103

� Ijb lZdhfm aZibk� qbkeZfb ajmqg�r_ dhjb-
klm\Zlbkv� 
IjZ\beh � :[khexlgZ ihob[dZ qbkeZ� sh aZibkZg_ m \�^ih\�^gh-

kl� a ijZ\beZfb� ih^Zgbfb \bs_� ijbcfZ}lvky j�\ghx

5⋅10n-1
� ^_ n - ihjy^hd hklZggvh� pbnjb \ aZibkm qbkeZ� 

 
GZijbdeZ^� 
:[khexlgm ihob[dm qbkeZ ���⋅103

ijbcfZ}fh j�\ghx ����⋅103. 
:[khexlgm ihob[dm qbkeZ ���� \\Z`Z}fh j�\ghx ����� Ihob[dZ qbkeZ

����� ^hj�\gx} ������ lh[lh � h^bgbpv pbnjb f�gmk lj_lvh]h ihjy^dm�

hkd�evdb hklZggy agZqmsZ pbnjZ qbkeZ – 0 – fZ} f�gmk ^jm]bc 
ihjy^hd� n-1 = -2-1 = -3. 

Dheb hp�gx}fh ihob[dm ih aZibkm qbkeZ ke�^ a\_jlZlb m\Z]m gZ

af�kl� oZjZdl_j \_ebqbgb� sh hp�gx}lvky pbf qbkehf� GZijbdeZ^�  
m njZa� ©� ysbd�\ \Z]hx ����� d]ª qbkeh � } lhqgbf � g_ fh`gZ \\Z-
`Zlb� sh d�evd�klv ysbd�\ ih^ZgZ a lhqg�klx � ± ��� ysbdZ� Z aZ]ZevgZ

\Z]Z ih^ZgZ a lhqg�klx ���� d]� 
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QZklh ajmqgh aZf�klv Z[khexlgh� ihob[db dhjbklm\Zlbkv \�^ghk-
ghx ihob[dhx δx m \�^khldZo� <hgZ \bagZqZ}lvky lZd� Z[khexlgm ih-
ob[dm ∆x ih^�eblb gZ qbkeh lZ ihfgh`blb gZ ���� 
IjbdeZ^b� �� Qbkeh ��� Z[khexlgZ ihob[dZ ���� \�^ghkgZ� 

(0,5/28)⋅100 ≈ 2%. 
2. Qbkeh ���⋅103

� Z[khexlgZ ihob[dZ – 0,05⋅103
� \�^ghkgZ

ihob[dZ ^hj�\gx} �����⋅103/1,3⋅103)⋅100 ≈ 4%. 
�� Qbkeh ����� Z[khexlgZ ihob[dZ ����� \�^ghkgZ ^hj�\gx}

0,05/17,3⋅100 ≈ 3%. 
 
 

1.3.G_h[o�^gZ lhqg�klv 
 

D�evd�klv agZqmsbo pbnj m \o�^gbo ^Zgbo� jhajZomgdZo  
� j_amevlZlZo g_ ih\bggZ [mlb [�evr_ qhlbjvho� 

 
GZibkZg_ } � ijZ\behf� � \bfh]hx� <hgh ihykgx}lvky lbf� sh

\o�^g� ^Zg� ^ey l_og�qgbo jhajZomgd�\ fZc`_ g�dheb g_ fZxlv ihob[dm

f_grm aZ � h^bgbpv q_l\_jlh� agZqmsh� pbnjb� A pvh]h \bieb\Z}� sh

5-Z� �-Z lZ �gr� pbnjb g_ fh`mlv [mlb \�jgbfb� : ydsh lZd� lh �o g_

ke�^ h^_j`m\Zlb � aZibkm\Zlb� 
GZ\_^_g_ ijZ\beh fZ} \bdexq_ggy� �gh^� g_h[o�^g� qbkeZ a � qb �

agZqmsbfb pbnjZfb� :e_ p_ [m\Z} ^m`_ j�^dh � ^ey l_og�qgbo

jhajZomgd�\ g_ } lbih\bf� 
QZklh fh`gZ [Zqblb� yd \bdhgZ\_pv ijZpx} a �-9–agZqgbfb

qbkeZfb ebr_ lhfm� sh �g^bdZlhj dZevdmeylhjZ fZ} �-� jhajy^�\� GZ
aZm\Z`_ggy ijh l_� sh \ qbkeZo l�evdb i_jr� �-� pbnjb } \�jgbfb� \�g
\�^ih\�^Z}� ³Sh a lh]h" G_ y ` h[qbkexx� Z dZevdmeylhj�´ 

LZd_ aZi_j_q_ggy g_ } i_j_dhgeb\bf� KijZ\Z \ l�f� sh i_jr_� g�`

\\_klb qbkeh \ dZevdmeylhj� ch]h ke�^ ijhqblZlb� \ibkZlb \ hi_jZ-
lb\gm iZf’ylv fhadm � i�key lh]h fhahd ^Zklv dhfZg^m gZlbkdZlb gZ

deZ\�r�� H^_j`Z\rb �-9–agZqg_ qbkeh gZ �g^bdZlhj� dZevdmeylhjZ�

ch]h lZdh` ke�^ ijhqblZlb � dm^bkv aZibkZlb� Ykgh� sh fZg�im-
ex\Zggy �-4–agZqgbfb qbkeZfb agZqgh ijhkl�r_� g�` a �-9–agZqgbfb� 

Jh[hlZ a [Z]ZlhagZqgbfb qbkeZfb r\b^dh klhfex}� ohqZ p_ c

g_ihf�lgh� <gZke�^hd \lhfb a’y\eyxlvky ihfbedb� yd� s_ lj_[Z agZclb
� \bijZ\blb� <j_rl�-j_rl p_ \bdebdZ} g_\bijZ\^Zg� \ljZlb qZkm� 
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Dhjbkgh aZiZf¶ylZlb ijbgpbi Djbeh\Z� 
 

GZ[eb`_g_ qbkeh ke�^ aZibkm\Zlb lZd� sh[ \ gvhfm \k�

agZqms� pbnjb� dj�f hklZggvh�� [meb \�jg�� � ebr_ hklZggy

pbnjZ [meZ kmfg�\ghx. 
 
 

1.4.Lhqg�klv j_amevlZl�\ fZl_fZlbqgbo hi_jZp�c  
a gZ[eb`_gbfb qbkeZfb 

 
����� >h^Z\Zggy 
FZ}fh ^\Z qbkeZ o lZ m� �o gZ[eb`_g� agZq_ggy o0 lZ m0 � ]jZgbqg�

Z[khexlg� ihob[db ∆o lZ ∆m: 
 

�� [[[ ∆±=  

�� \\\ ∆±=  
 

Ijb[ebag_ agZq_ggy kmfb� �� \[Z += . 

KmfZ qbk_e [m^_ ^hj�\gx\Zlb� ZZ\[ZZ ∆±=∆±∆±+= �� �� . 
Lh[lh ]jZgbqgZ Z[khexlgZ ihob[dZ kmfb ^hj�\gx} kmf� ]jZ-

gbqgbo Z[khexlgbo ihob[hd ^h^Zgd�\� 
:e_ Z[khexlg� ihob[db fh`mlv fZlb j�ag� agZdb� Ydsh ^h^Zgd�\

fZeh� lh ^hp�evgh \\Z`Zlb� sh Z[khexlg� ihob[db h^gh]h agZdm� Pbf

aZ]ZevgZ ihob[dZ kmfb [m^_ ^_sh aZ\bs_gZ� 
Ydsh ` ^h^Zgd�\ [Z]Zlh� lh lZdbc i�^o�^ [m^_ g_\bijZ\^Zgh kljh-

]bf� Z ihob[dZ kmfb – gZ^a\bqZcgh aZ\bs_ghx� 
Ydsh ijbimklblb� sh Z[khexlg� ihob[db \k�o ^h^Zgd�\ h^gZdh\��

lh h^_j`bfh ^m`_ ijhkl� nhjfmeb ^ey Z[khexlgh� ihob[db kmfb� 
– dheb d�evd�klv ^h^Zgd�\ n ≤ 4: [QZ ∆±=∆ ; 

– dheb d�evd�klv ^h^Zgd�\ n > 4: Q[Z ∆±=∆ � . 
Qbkeh � \ayl_ a ijZdlbdb� ydsh ^h^Zgd�\ f_gr_ i¶ylb� lh ijbim-

s_ggy� sh \k� \hgb fZxlv ihob[db h^gh]h agZdm� p�edhf kemrg_�

Ydsh ^h^Zgd�\ [�evr_� lh lZd_ ijbims_ggy qZkl�r_ aZ \k_ gZ^lh

kljh]_ � ^Z} y\gh aZ\bs_gm kmfZjgm ihob[dm� 
Ihj�\gxxqb p� nhjfmeb� [Zqbfh� sh ijb d�evdhkl� ^h^Zgd�\ [�ev-

r_ qhlbjvho ihob[dZ kmfb ijhihjp�cgZ g_ d�evdhkl� ^h^Zgd�\� Z dhj_-
gx a d�evdhkl�� <`_ ijb �� ^h^ZgdZo ihob[dZ kmfb ih ^jm]�c nhjfme�
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[m^_ m^\�q� f_gr_ g�` ih i_jr�c�>jm]Z nhjfmeZ h^_j`ZgZ a

mjZom\Zggyf fZeh� �fh\�jghkl� lh]h� sh Z[khexlg� ihob[db fZlbfmlv

h^gZdh\� agZdb� 
< l_og�p�� sh[ g_ jhajZoh\m\Zlb \kydbc jZa ihob[db ^h^Z\Zggy�

^hp�evgh dhjbklm\Zlbkv ijZ\behf� 
 

i_j_^ ^h^Z\Zggyf ke�^ \k� ^h^Zgdb kdjm]eblb ^h lhq-
ghkl� gZcf_gr lhqgh]h ^h^ZgdZ� i�key qh]h h^_j`Zg�

qbkeZ kdeZklb a]�^gh a\bqZcgbo ijZ\be Zjbnf_lbdb� 
 

Ijb gZy\ghkl� gZ\bqdb hdjm]e_ggy fh`gZ jh[blb \ mf� � g_ aZib-
km\Zlb kdjm]e_g� agZq_ggy hdj_fh� 

>ey ijbdeZ^m h[qbkebfh kmfm gZ[eb`_gbo qbk_e� 
 

215,83 + 6,3 + 0,0629. 
 

<\Z`Z}fh� sh qbkeZ aZibkZg� a]�^gh ijZ\be hdjm]e_ggy yd�

gZ\_^_g� \bs_ lZ sh �o aZibk \�^ih\�^Z} nZdlbqg�c lhqghkl� qbk_e� 
FZ}fh Z[khexlg� ihob[db� i_jrh]h qbkeZ – ±����� �� h^bgbpv

pbnjb \�^kmlgvh]h f�gmk lj_lvh]h ihjy^dm i�key pbnjb ��� ^jm]h]h

qbkeZ – ����� lj_lvh]h – �������� GZc[�evrm Z[khexlgm ihob[dm fZ}

^jm]_ qbkeh� ����� Lhfm i_jr_ � lj_l} qbkeZ ke�^ kdjm]eblb ^h ^_ky-
lbo� 

>ey pvh]h \ i_jrhfm qbke� ^hkblv \�^dbgmlb pbnjm �� < lj_lvh-
fm qbke� ijbc^_lvky \�^dbgmlb pbnjm � � \k_� sh klh�lv i�key g_�� Ze_

�ijZ\beZ kdjm]e_ggy�� aZf�klv f�gmk i_jrh]h ihjy^dm �gmev i�key

dhfb� ijbc^_lvky aZibkZlb � �p_ lhfm� sh pbnjZ �� ydZ \�^db^Z}lvky�

[�evr_ ���� 
L_i_j fZ}fh kdjm]e_g� qbkeZ lZ �o kmfm� 

 

125,8+6,3+0,1=132,2. 
 

J_amevlZl fZ}fh a ]jZgbqghx Z[khexlghx ihob[dhx ∆w = ±0,05. 
Ydsh ` kdeZklb Z[khexlg� ihob[db pbo qbk_e� lh fZ}fh� 

 

∆w=0,005 + 0,05 + 0,00005 = 0,055, 
 

fZc`_ l_ ` kZf_� lj_l�c ^h^Zghd \�^dbgmlbc� lhfm sh \�g gZ � ih-
jy^db f_grbc aZ ihi_j_^g�� 

LZdbf qbghf kdjm]e_ggy qbk_e i_j_^ ^h^Z\Zggyf g_ \_^_ ^h

\ljZlb lhqghkl� jhajZomgdm. 
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<bs_ ZgZe�a hi_jZp�� ^h^Z\Zggy \bdhgZgbc gZ hkgh\� Z[khexlgh�

ihfbedb� GZ ijZdlbp� lhqg�klv jhajZomgdm hp�gxxlv ih ihob[dZf

\�^ghkgbf�Ki_p�Zevg_ ^hke�^`_ggy ^Z} lZdbc j_amevlZl� 
\�^ghkgZ ihob[dZ kmfb f_gr_ g�` gZc[�evrZ \�^ghkgZ ihob[dZ

^h^Zgd�\� 
>h^Z\Zggy – p_ h^gZ a g_[Z]Zlvho fZl_fZlbqgbo hi_jZp�c� yd� g_

\bdebdZxlv af_gr_ggy \�^ghkgh� lhqghkl�� 
Qbkeh\_ �gl_]jm\Zggy� lh[lh \bagZq_ggy kmfb \_ebdh� d�evdhkl�

^h^Zgd�\ a ijb[ebagh j�\gbfb Z[khexlgbfb ihob[dZfb� \o�^g� ^Zg��

ykgh� g_ mlhqgx}� Ze_ g_ \bdebdZ} \ljZlb lhqghkl�� 
 
����� <�^g�fZggy 
Hi_jZp�y \�^g�fZggy fZ} hkh[eb\�klv� ydZ fh`_ ijbqbgblb

\bdhgZ\p_\� agZqg� g_ijb}fghkl�� ydsh px hkh[eb\�klv g_ mk\�^hfblb� 
FZ}fh ^\Z qbkeZ x lZ y� �o gZ[eb`_g� agZq_ggy x0 lZ y0� Z lZdh`

Z[khexlg� ihob[db ∆x lZ ∆y. 
J�agbpy w qbk_e ^hj�\gx}� ( )\[\[Z ∆−∆±−= �� � :[khexlgZ

ihob[dZ j�agbp� \[Z ∆−∆=∆ . GZ i_jrbc ih]ey^ Z[khexlgZ ihob[dZ
j�agbp� af_grm}lvky� :e_ kijZ\Z \ l�f� sh aZa^Ze_]�^v g_ fh`gZ [mlb

\i_\g_gbf� sh ∆x lZ ∆y fZxlv h^gZdh\� agZdb� < gZc]�jrhfm

\biZ^dm p� ihob[db g_ \�^g�fmlvky h^gZ \�^ h^gh�� Z ^h^Z^mlvky� Lhfm

^hp�evg�r_ ijbimklblb� sh \[Z ∆+∆=∆ . P_ hagZqZ}� sh Z[khexlgZ

ihob[dZ j�agbp� ^hj�\gx} kmf� Z[khexlgbo ihob[hd af_grm\Zgh]h

lZ \�^¶}fgbdZ� 
H[qbkebfh \�^ghkgm ihob[dm j�agbp�� agZxqb \�^ghkg� ihob[db

δx lZ δy� Hq_\b^gh� sh 
 

��

��

�� \[

\\[[

\[

\[
Z

−
δ+δ

=
−

∆+∆=δ . 

 

Ydsh \ qbk_evgbdm \�^dbgmlb y0δy �^h^Zghd� a\¶yaZgbc a \�^¶}f-
gbdhf� lh pbf af_grbfh δw, ydsh� ^h lh]h `� m agZf_ggbdm \�^dbgmlb
y0� \�^¶}fgbd� lh agh\m af_grbfh ^j�[� 

[
[

[[

\[

[[
Z δ=

δ
>

−
δ

>δ
�

�

��

� . 
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H^_j`Zg_ hagZqZ}� sh \�^ghkgZ ihob[dZ j�agbp�  [�evr_ aZ

\�^ghkgm ihob[dm af_grm\Zgh]h� 
Ijb \�^g�fZgg� \�^[m\Z}lvky af_gr_ggy lhqghkl� jhajZomgdm� <h-

gh hkh[eb\h \_ebd_ dheb x lZ y [ebavd� h^g_ ^h h^gh]h� Lh^� \bgbdZ}
kblmZp�y \�^hfZ yd ³fZeZ j�agbpy \_ebdbo \_ebqbg´� Ijh \ljZlm lhq-
ghkl� \`_ [meh kdZaZg_ \bs_ gZ ijbdeZ^� h[qbke_ggy fhf_glm hihjm

d�evp_\h]h i_j_j�am \ jha^�e� �� 
GZ\_^_fh s_ h^bg ijbdeZ^� 
FZ}fh ^\Z qbkeZ x = 101, y = 100. 
Ydsh p_ lhqg� qbkeZ� lh j�agbpy ��� – ���  � � lml g_fZ g�ydbo

ijh[e_f� 
1grZ kijZ\Z� dheb p_ gZ[eb`_g� qbkeZ � Z[khexlg� ihob[db \�^-

ih\�^gh ^h aZibkm ^hj�\gxxlv ±���� lh[lh x = 101 ± 0,5, y = 100 ± 0,5. 
<�^g�fZxqb ^jm]_ qbkeh \�^ i_jrh]h ijb mfh\�� sh ihob[db fZxlv

j�ag� agZdb� fZ}fh� 
 

x − y = (101 + 0,5) – (100 – 0,5) = 2. 
 

Lh[lh� Z[khexlgZ ihob[dZ j�agbp� ∆w = +0,5 – (–����  � ^hj�\-
gx} kZf�c j�agbp�� <�^ghkgZ ihob[dZ j�agbp� kdeZ^Z} ����� 

 

I�^klmig�klv hi_jZp�� \�^g�fZggy ihey]Z} \ l�f� sh dh-
eb af_grm\Zg_ � \�^¶}fgbd [ebavd� h^g_ ^h ^jm]h]h \�^-
[m\Z}lvky ih\gZ \ljZlZ lhqghkl� jhajZomgdm� 
 

1g`_g_j ih\bg_g agZlb ijh px hkh[eb\�klv \�^g�fZggy lZ a\_j-
lZlb hkh[eb\m m\Z]m gZ lhqg�klv af_grm\Zgh]h lZ \�^¶}fgbdZ � gZfZ]Z-
lbkv a[�evrblb �� �ydsh p� qbkeZ ©g_ aZgZ^lh [ebavd�ª p_ ^hihfZ]Z}��

Z[h mgbdZlb \bdhjbklZggy nhjfme \ ydbo ijbkmlgy fZeZ j�agbpy \_-
ebdbo \_ebqbg� 

Fh`gZ gZ\_klb [Z]Zlh ijbdeZ^�\ a ]Zema_c hihjm fZl_j�Ze�\� [m-
^�\_evgh� f_oZg�db qb Z_jh^bgZf�db� dheb l_hj_lbqgh [_a^h]Zggbc f_-
lh^ qb nhjfmeZ \by\eyxlvky g_ijb^Zlgbfb kZf_ q_j_a gZy\g�klv fZ-
eh� j�agbp� \_ebdbo \_ebqbg� 

< ijZdlbqgbo jhajZomgdZo� dheb g_fZ hkh[eb\bo \bfh] ^h lhq-
ghkl�� ke�^ d_jm\Zlbky lbf kZfbf ijZ\behf yd � ijb ^h^Z\Zgg�� 
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i_j_^ \�^g�fZggyf ke�^ hdjm]eblb af_grm\Zg_ lZ

\�^’}fgbd ^h gZcf_gr lhqgh]h a gbo ih Z[khexlgbf

ihob[dZf� Z ihl�f \bdhgZlb \�^g�fZggy a\bqZcgbf

kihkh[hf� 
 

IjbdeZ^� ������� – 6,3 – 0,0651 = 125,8 – 6,3 – 0,1 = 119,4. 
 
�����Fgh`_ggy lZ ^�e_ggy 
:gZe�a lhqghkl� pbo hi_jZp�c ajmqg�r_ \bdhgZlb aZ ^hihfh]hx

\�^ghkgbo ihob[hd� 
Jha]eyg_fh fgh`_ggy x lZ y. 2o ijb[ebag� agZq_ggy x0 lZ y0� Z \�^-

ghkg� ihob[db ±δx lZ ±δy: 
 

x = x0(1 ± δx), 
y = y0(1 ± δy). 

 

>h[mlhd \_ebqbg ^hj�\gx}� 
 

( )( ) ( )\[\[\[\[\[[\Z δδ±δ±δ±=δ±δ±== ��� ���� . 
 

<_ebqbgm δxδy h^jZam \�^dbg_fh hkd�evdb \hgZ fZeZ \ ihj�\gygg�
a δx lZ δy� lh[lh fZeZ ^jm]h]h ihjy^dm� 

IhagZqbfh w0 = x0y0, δw = δx + δy� lh^� w = x0y0(1 ± δx ± δy) =  
= w0(1 ± δw). 

Hl`_� \�^ghkgZ ihob[dZ ^h[mldm ^hj�\gx} kmf� \�^ghkgbo ih-
ob[hd fgh`gbd�\. 

G_oZc� gZijbdeZ^� i_j_fgh`Zxlvky ^\Z qbkeZ a \�^ghkgbfb ih-
ob[dZfb ��� lZ ���� Ihob[dZ ^h[mldm kdeZ^_ �� � �  ���� P_ dheb

agZdb h^gZdh\��: dheb j�ag� lh ihob[dZ kdeZ^_ �� – 3 = −�� �Z[h �����

<�^[m^_lvky qZkldh\Z dhfi_gkZp�y ihob[hd� :e_ agZdb ihob[hd \�^hf�

^m`_ j�^dh� Sh[ �o \bagZqblb ihlj�[_g ZgZe�a �ohq g_ aZ\`^b kdeZ^-
gbc�� Lhfm jhamfgZ h[_j_`g�klv \bfZ]Z} \\Z`Zlb agZdb h^gZdh\bfb� 

Hdj_fbc \biZ^hd – fgh`_ggy lhqgh]h qbkeZ x gZ gZ[eb`_g_ y. 
<bs_ [meh� δw = δx + δy� Hkd�evdb x – qbkeh lhqg_� lh δx = 0 � δw = δy. 

<�^ghkgZ ihob[dZ ^h[mldm lhqgh]h qbkeZ

gZ gZ[eb`_g_ ^hj�\gx} \�^ghkg�c ihob[p�

gZ[eb`_gh]h qbkeZ� 
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<�^ghkgh Z[khexlgh� ihob[db fZ}fh �grbc j_amevlZl� 
:[khexlgZ ihob[dZ ^h[mldm lhqgh]h qbk-
eZ x gZ gZ[eb`_g_ y ^hj�\gx} Z[khexlg�c
ihob[p� ∆y ihfgh`_g�c gZ lhqg_ qbkeh�

∆w = x∆y. 
A \bdeZ^_gh]h \bl�dZ} ijZdlbqg_ ijZ\beh ijh d�evd�klv agZd�\  

\ ^h[mldm� Ydsh� gZijbdeZ^� ihfgh`blb �-agZqg_ gZ[eb`_g_ qbkeh
gZ �-agZqg_� lh dZevdmeylhj ^Zklv �–� agZd�\� sh ah\k�f g_ hagZqZ}� sh

\ j_amevlZl� \�jg� \k� pbnjb� QZklbgm �o ijbc^_lvky \�^dbgmlb a]�^gh

ijZ\be hdjm]e_ggy� >�ckgZ lhqg�klv j_amevlZlZ g_ af_grblvky� ydsh  
\ ^h[mldm aZebrblb kl�evdb agZd�\ kd�evdb �o \ gZcf_gr lhqghfm

fgh`gbdm� < gZrhfm \biZ^dm ke�^ aZebrblb � agZdb� \ mkydhfm jZa�

g_ [�evr_ �� Z \k� hklZgg� – \�^dbgmlb yd lZd�� sh g_ fZxlv k_gkm� 
IjbdeZ^� ����⋅48,256 = 1196,7488 = 1197,0. 
Ydsh aZklhkm\Zlb \bdeZ^_gbc \bs_ i�^o�^ ^h ^�e_ggy� lh

h^_j`bfh� 
 

������
�

�

� \[
\

[
ZZ δ−δ+=δ+ . 

 

:e_ \�^ghkg� ihob[db fh`mlv [mlb j�agbo agZd�\ � eh]�qgh ijbc-
gylb� sh  

\�^ghkgZ ihob[dZ qZkldb ^hj�\gx} kmf� \�^-
ghkgbo ihob[hd ^�e_gh]h � ^�evgbdZ� 

Yd � m \biZ^dm fgh`_ggy qbkeh agZqmsbo pbnj qZkldb ih\bggh

^hj�\gx\Zlb qbkem agZqmsbo pbnj ^�e_gh]h qb ^�evgbdZ �sh f_gr_��

G_oZc� gZijbdeZ^� �-agZqg_ qbkeh ^�eblvky gZ �-agZqg_� < j_amevlZl�

ke�^ aZebrblb � pbnjb� Z \k� �gr� \�^dbgmlb yd lZd��sh g_ fZxlv k_gkm� 
 
����� I�^g_k_ggy ^h kl_i_gy � \b^�e_ggy dhj_gy 
I�^g_k_ggy ^h kl_i_gy � \b^�e_ggy dhj_gy p_� ih kml�� h^gZ hi_jZ-

p�y� <ky kijZ\Z \ l�f� ydbf qbkehf aZ^Zgbc kl_i�gv – p�ebf qb ^jh[-
gbf� ;m^_fh aZ\`^b \\Z`Zlb� sh kl_i�gv – p�ebc qb ^jh[gbc – qbkeh

lhqg_� 
:gZe�a lhqghkl�� ih^�[gbc ^h gZ\_^_gh]h \bs_� ^Z} lZdbc

j_amevlZl� 
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<�^ghkgZ lhqg�klv ijb i�^g_k_gg� \ d\Z^jZl Z[h dm[

af_grm}lvky \�^ih\�^gh \ ^\Z Z[h ljb jZab� Z \�^ghkgZ

ihob[dZ – a[�evrm}lvky� 
 
Ijb ^h[m\Zgg� dhj_gy �i�^g_k_ggy \ ^jh[h\bc kl_i�gv�

2-]h qb �-]h kl_i_gy \�^ghkgZ lhqg�klv a[�evrm}lvky� Z
\�^ghkgZ ihob[dZ – af_grm}lvky� 

 

>h[m\Zggy dhj_gy lZ ^h^Z\Zggy g_ \_^mlv ^h af_gr_ggy

lhqghkl�� 
Ijb l_og�qgbo h[qbke_ggyo hp�gdm lhqghkl� \bdhgmxlv

j�^dh�Lhfm dhjbkgh iZf’ylZlb� sh \hgZ g_ af_grm}lvky� ydsh

dhjbklm\Zlbkv ijZ\behf� 
 

ijb i�^g_k_gg� ^h kl_i_gy qb ^h[m\Zgg� dhj_gy \ j_-
amevlZl� ke�^ aZebrZlb kl�evdb agZd�\ kd�evdb �o [meh

\ qbke��  
 

IjbdeZ^ �� < dm[ i�^ghkblvky �-agZqg_ qbkeh ��� �lh[lh ��� ± 0,5): 
 

3273 = 34 965 783 = 350⋅103 = 3,50⋅105. 
 

 

gZ �g^bdZlhj� 
dZevdmeylhjZ 

 

IjbdeZ^ �� <b^�eblb dhj�gv d\Z^jZlgbc a qbkeZ ���� �lh[lh

32,7±0,05): 
 

����������������� == . 
 
 

gZ �g^bdZlhj� 
dZevdmeylhjZ 

 

< h[ho \biZ^dZo g_h[o�^gh \ j_amevlZlZo aZebrblb ih � pbnjb� 
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1.5. F_lh^b aZ]Zevgh� hp�gdb lhqghkl� j_amevlZl�\ 
 
<bs_ gZ\_^_gbc ZgZe�a ihob[hd hdj_fbo fZl_fZlbqgbo hi_jZp�c

a gZ[eb`_gbfb qbkeZfb� GZ ijZdlbp� jhajZomgdb jh[eylv ih nhj-
fmeZo� dheb \bdhgm}lvky ^_ydZ kmdmig�klv hi_jZp�c� A gbo h^g� hi_jZ-
p�� af_grmxlv lhqg�klv \kvh]h jhajZomgdm� ^jm]� – g_ af_grmxlv�

lj_l� – a[�evrmxlv : sh [m^_ \ dhgdj_lghfm \biZ^dm� ijb ^Zg�c dhf-
[�gZp�� hi_jZp�c" G_h[o�^g� kihkh[b hp�gdb ihob[db jhajZomgdm ih

nhjfme� \ p�ehfm� 
Ijhkl�rbf lZdbf f_lh^hf } f_lh^ djZcg�o agZq_gv. 
Kmlv f_lh^Z \ gZklmighfm� 
- ih nhjf� ih^Zggy qbk_e� sh \bdhjbklh\mxlvky \ nhjfme�� lj_-

[Z \bagZqblb �o ]jZgbqg� Z[khexlg� ihob[db lZ f_`�� \ ydbo p�

\_ebqbgb fh`mlv agZoh^blbkv� lh[lh �og� djZcg� agZq_ggy – gZc[�evr_
lZ gZcf_gr_� 

- \ aZe_`ghkl� \�^ \b^m nhjfmeb \aylb lZdm dhf[�gZp�x djZcg�o

agZq_gv� sh[ j_amevlZl jhajZomgdm [m\ gZc[�evrbf – wg[ lZ h[qbk-
eblb ch]h� 

- \aylb �grm dhf[�gZp�x djZcg�o agZq_gv� sh[ j_amevlZl jha-
jZomgdm [m\ gZcf_grbf – wgf lZ lZdh` h[qbkeblb ch]h� 

Ykgh� sh j_amevlZlb jhajZomgd�\ ih p�c nhjfme� [m^mlv \ f_`Zo

\�^ wgf ^h wg[. 
K_j_^g} agZq_ggy j_amevlZlZ [m^_� w0 = 0,5⋅(wgf + wg[�� Z ]jZgbqgZ

Z[khexlgZ ihob[dZ [m^_ ∆w = 0,5⋅(wgf − wg[). 
Pbf f_lh^hf hp�gbfh Z[khexlgm ihob[dm jhajZomgdm \_ebqbgb

T ih nhjfme� 

�
�

S

W.
7

⋅=  

 

AgZq_ggy \_ebqbg� K = 23; t = 14; p = 7,2; kl_i�gv � \\Z`Z}fh

lhqgbf� 
Ih nhjf� aZibkm qbk_e \�^gh\bfh �o Z[khexlg� ihob[db � f_`�

af�gb� 
K = 23 ± ���� gZc[�evr_ agZq_ggy Kg[ = ����� gZcf_gr_ Dgf = 22,5, 
t = 14 ± 0,5;             tg[ = 14,5;         tgf = 13,5; 
p = 7,2 ± 0,05;         pg[ = 7,25;        pgf = 7,15. 
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L_i_j h^_j`bfh gZc[�evr_ Lg[ � gZcf_gr_ Lgf agZq_ggy� 
 

gf

g[

�

g[

g[
S

W.
7 = ; 

g[

gf

�

gf

gf
S

W.
7 = . 

 

< i_jr�c nhjfme� \ qbk_evgbdm klhylv gZc[�evr� agZq_ggy Dg[ lZ

tg[� Z \ agZf_ggbdm – gZcf_gr_ jgf� < ^jm]�c nhjfme� – gZ\iZdb� 
 

����
����

��������
�

g[ =⋅=7  ���
����

��������
�

g[ =⋅=7 . 

K_j_^g} agZq_ggy 
 

Lkj = 0,5⋅( Lg[ + Lgf) = 0,5⋅(1120 + 943) = 1031. 
 

:[khexlgZ ihob[dZ 
 

∆L = 0,5⋅(Lg[ – Lgf) = 0,5⋅(1120 – 943) = 88. 
 

Hl`_� L = 943 ÷ 1120 = 1031 ± 88. 
GZ ijZdlbp� p_c f_lh^ fh`_ \by\blbkv ^m`_ kdeZ^gbf� < kdeZ^-

gbo \biZ^dZo g_ aZ\`^b ykgh� yd� kZf_ ih}^gZggy djZcg�o agZq_gv

\_ebqbg fh`mlv ^Zlb djZcg� j_amevlZlb� 
Lhfm qZklh ajmqg�rbc �grbc f_lh^ – f_lh^ qZklbggbo iho�^gbo. 

AZibr_fh \bjZa ^ey ^bn_j_gp�Zem nmgdp��
S

WN
7

�

= : 

GS
S

7
GW

W

7
GN

N

7
G7

∂
∂+

∂
∂+

∂
∂= . 

QZklbgg� iho�^g�
N

7

∂
∂

; 
W

7

∂
∂

; 
S

7

∂
∂

 ^h\_^_lvky h[qbkeblb ^ey k_j_^-

g�o agZq_gv k, t, lZ p �\hgb ihagZq_g� �g^_dkhf ³gmev´�� 
 

��
���

�����
�

�

�

=⋅⋅=






∂
∂=

∂
∂

N

7

S

NW

N

7
; 

��
���

��
�

�

�

�

==






∂
∂=

∂
∂

W

7

S

N

W

7
; 

���
���

����
�

�

�

�

�

�

−=⋅−=





∂
∂−=

∂
∂

S

7

S

WN

S

7
. 
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:[khexlgZ ihob[dZ [m^_ 
 

=





∂
∂+







∂
∂+







∂
∂= GS

S

7
GW

W

7
GN

N

7
G7

���

 

 

= 89⋅0,5 + 73⋅0,5 + 143⋅0,05 = 88. 
 

Ihj�\gxxqb p_c j_amevlZl a ihi_j_^g�f� \�^f�qZ}fh� sh \hgb

h^gZdh\�� P_ ijhklh \biZ^hd� F_lh^b j�ag� � \ aZ]Zevghfm \biZ^dm

j_amevlZlb [m^mlv j�ag�� ohq � [ebavd�� 
 
 
 

2. <BDHG:GGY IHYKGX<:EVGBO  
A:IBKHD L: JHAJ:OMGD1< 

 
���� <bdhgZggy ihykgx\Zevgbo aZibkhd 
 
1. <kydZ ^hkblv \_ebdZ jh[hlZ �aZ\^Zggy� ih\bggZ kmijh\h^`m-

\Zlbkv ihykg_ggyfb �ihykgx\Zevghx aZibkdhx�� 2� h[ky] aZe_`blv \�^

h[ky]m lZ kdeZ^ghkl� aZ\^Zggy � fh`_ kdeZ^Zlb \�^ ^_kyldZ jy^d�\

l_dklm ^h ^_kyld�\ klhj�ghd� :e_ ihykg_ggy ih\bgg� [mlb aZ\`^b� 
2. Ihykgx\ZevgZ aZibkdZ ^h jh[hlb �hkgh\gbc l_dkl jh[hlb� ih-

\bggZ f�klblb lZd� eh]�qg� qZklbgb� 
Z� \bdeZ^ aZ\^Zggy� \o�^g� ^Zg�� 
[� \bdeZ^ ihke�^h\ghkl� \bdhgZggy jh[hlb �oh^m \bj�r_ggy aZ-

^Zq���Lml g_h[o�^gh ^Zlb h[]jmglm\Zggy h[jZgh]h f_lh^m lZ dhjhld�

ihykg_ggy sh^h f_lb � af�klm dh`gh� qZklbgb jhajZomgd�\ Z[h qZklbgb

\bdhgZggy� 
\� \bkgh\hd� d�gp_\bc j_amevlZl jh[hlb� 
Ihykgx\ZevgZ aZibkdZ fh`_ [mlb ih^�e_gZ gZ qZklbgb� ]eZ\b�

i�^]eZ\b� Z[h gZ qZklbgb� jha^�eb� iZjZ]jZnb� klZll� � l�^� GZ ijZdlbp�

qZkl�r_ aZ \k_ h[¶}f aZibkdb �yd � ^hdmf_glm� ^�eylv gZ 
¾ jha^�eb� 
¾ i�^jha^�eb� 
¾ imgdlb� 
<k� \hgb gmf_jmxlvky ZjZ[kvdbfb pbnjZfb a djZidhx i�key gbo� 
Ydsh jha^�e \_ebdbc� \�g ^�eblvky gZ i�^jha^�eb� sh fZxlv

ihjy^dh\� ghf_jb \ f_`Zo jha^�eZ� 
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Ydsh � i�^jha^�eb \_ebd�� lh \hgb ^�eylvky gZ imgdlb� sh lZdh`

fZxlv ihjy^dh\� ghf_jb \ f_`Zo i�^jha^�e�\� 
IjbdeZ^ ihagZq_ggy qZklbg aZibkdb� 
2.1.12 – 12-c imgdl �-]h i�^jha^�em �-]h jha^�em� 
<bdeZ^_g_ \bs_ g_ } klZg^Zjlhf� p_ ebr_ aZ]ZevgZ j_dhf_g^Zp�y. 

< aZe_`ghkl� \�^ ^bkpbie�gb lZ dZn_^jb \bfh]b ^h hnhjfe_ggy

fh`mlv ^_sh af�gx\Zlbky� 
3. Ydsh jh[hlZ \_ebdZ � kdeZ^Z}lvky a d�evdho qZklbg lh kdZaZg_

\bs_ \�^ghkblvky ^h dh`gh� qZklbgb� 
4. G_ijbimklbfZ ^h\�evgZ ihke�^h\g�klv \bdhgZggy hdj_fbo 

qZklbg jh[hlb� Ihke�^h\g�klv \bdhgZggy � ih^Zggy ih\bggZ [mlb

lZdhx� ydZ \dZaZgZ \ aZ\^Zgg� gZ \bdhgZggy jh[hlb� 
5. < d�gp� ihykgx\Zevgh� aZibkdb ke�^ ih^Zlb kibkhd \bdhjbklZ-

gh� e�l_jZlmjb� < gvhfm ^ey dh`gh� dgb]b ke�^ \dZaZlb ij�a\bs_

Z\lhjZ lZ ch]h �g�p�Zeb� \b^Z\gbpl\h� f�kp_ \b^Zggy� j�d \b^Zggy lZ

h[¶}f �d�evd�klv klhj�ghd�� 
IjbdeZ^� 
�� F�og_gdh <�<� =Zah\_ iZeb\h lZ �h]h \bdhjbklZggy� – Ev\�\�

DZf_gyj� ����� – ��� k� 
< pvhfm ijbdeZ^� � – ghf_j dgb]b aZ kibkdhf� Ev\�\ – f�kp_

\b^Zggy� DZf_gyj – gZa\Z \b^Z\gbpl\Z� ^Ze� – j�d \b^Zggy lZ h[’}f�
Ijb kdeZ^Zgg� kibkdm ke�^ [mlb m\Z`gbf � klZ\blb djZidb� lbj_�

^\hdjZidm lZ dhfm lZd� yd ih^Zgh \ ijbdeZ^�� 
Ydsh Z\lhj�\ [Z]Zlh� lh \ ihkbeZgg� fh`gZ aZebrblb ij�a\bs_

l�evdb i_jrh]h Z\lhjZ� gZijbdeZ^�F�og_gdh <�<� lZ �gr�� 
IhkbeZggy gZ klZllx \ `mjgZe� Z[h a[�jgbdm klZl_c \bdhgm}lvky

^_sh �gZdr_� 
IjbdeZ^� 
DheiZd G�>�� GZlZexd <�N� <bfh]b ^h jhajh[db f_lh^bdb

\bdhgZggy \bf�jx\Zgv �� F_lh^b lZ ijbeZ^b dhgljhex ydhkl�� – 1999. 
–��� – C.59–63. 

< pvhfm ijbdeZ^� ^\� dhk� jbkdb \�^hdj_fexxlv gZa\m klZll� \�^

gZa\b `mjgZem qb a[�jgbdZ klZl_c� ���� – j�d \b^Zggy� �� – ghf_j

`mjgZem� k��� – 63 –klhj�gdb� gZ ydbo gZ^jmdh\ZgZ klZlly� 
< kibkdm e�l_jZlmjb gZa\b ih^Zxlvky fh\hx dgb]b qb klZll��

lh[lh fh\hx hjb]�gZem� 
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Ihke�^h\g�klv dgb] lZ klZl_c \ kibkdm yd ijZ\beh \bagZqZ}lvky
ihke�^h\g�klx a]Z^m\Zggy �o m l_dkl� �yd m l_dkl� – lZd � \ kibkdm� Z[h
aZ ZenZ\�lhf ih i_jrbf e�l_jZf Z\lhj�\� Dheb Z\lhj�\ dgb]b [Z]Zlh� �o
ij�a\bsZ g_ \bghkylvky gZ h[deZ^bgdm� lh^� dgb]Z klZ\blvky \ kibkhd
aZ i_jrhx e�l_jhx gZa\b� 

< kZfhfm l_dkl� dgb]Z qb klZlly a]Z^mxlvky lZd� ©p_ ih^Zgh
<�<�F�og_gdhf \ [2] …ª� Z[h ©p_ ihdZaZgh \ [2] …ª� Fh`gZ \aZ]Ze�
h[f_`blbkv ghf_jhf dgb]b� ih^Zgbf \ d\Z^jZlgbo ^m`dZo� 

6. L_dkl ihykgx\Zevgh� aZibkdb \bdhgm}lvky gZ hdj_fbo ZjdmrZo
iZi_jm� yd� ihl�f kdj�iexxlvky� GZ i_jrhfm� lblmevghfm Zjdmr�
h[h\’yadh\h ke�^ \dZaZlb� 

- gZa\m mq[h\h]h aZdeZ^m� 
- gZa\m lZ l_fm aZ\^Zggy� 
- ij�a\bs_ lZ �g�p�Zeb \bdhgZ\py� 
- ghf_j ]jmib� 
- gZa\m dZn_^jb lZ ij�a\bs_ � �g�p�Zeb \bdeZ^ZqZ� ydbc ih\bg_g

ijbcgylb jh[hlm� 
L_dkl \bdhgm}lvky l�evdb gZ h^g�c klhjhg� ZjdmrZ� 
7. Dj_ke_ggy� ]jZn�db lZ lZ[ebp� fh`mlv [mlb \g_k_g� \ l_dkl�

Ydsh p_ qhfmkv g_^hp�evgh� lh fZxlv [mlb ^h^Zg� ^h aZibkdb�  
< mkydhfm jZa� \hgb ih\bgg� [mlb ijhgmf_jh\Zg� � \ kZfhfm l_dkl� gZ
gbo ih\bgg� [mlb ihkbeZggy� Ydsh gZ ydbckv ]jZn�d \ l_dkl� g_fZ
ihkbeZggy� lh \�g g_ ihlj�[_g � ch]h fh`gZ ijhklh \bdbgmlb� 

8.G_h[o�^gh ihykgblb \k� \\_^_g� e�l_jg� ihagZq_ggy� gZ\�lv lh^��
dheb \bdhgZ\px a^Z}lvky� sh ©lml � [_a ihykg_gv \k_ ajhamf�ehª�
<�jgh� ©\k_ ajhamf�ehª \bdhgZ\px \ fhf_gl gZibkZggy l_dklm� Z qb
[m^_ \k_ ajhamf�eh qblZqm qb kZfhfm \bdhgZ\px q_j_a ^_ydbc qZk – lh
p_ s_ iblZggy� 

IjbdeZ^� ©<bdhjbklZ}fh j�\gyggy ijyfh� e�g�� 
 

y = kx + b, 
 

^_ x lZ y – ihlhqg� dhhj^bgZlb� k – dmlh\bc dh_n�p�_gl� b – ihqZldh\Z
hj^bgZlZª� 

Ijb ih\lhjghfm \bdhjbklZgg� l�}� ` nhjfmeb Z[h ihagZq_ggy \
f_`Zo ^Zgh]h jha^�em qb qZklbgb agh\ ihykgylb �o g_ lj_[Z� 

G_ijbimklbfh m`b\Zlb j�ag� e�l_jb ^ey ihagZq_ggy h^g�}�
\_ebqbgb� Z[h gZ\iZdb� m`b\Zlb h^gm � lm ` kZfm e�l_jm ^ey
ihagZq_ggy j�agbo \_ebqbg� LZd_ g_ ijhklh \by\ g_^[Zehkl�� Z ]�jr_� 

9. Ke�^ [mlb m\Z`gbf ^h gZibkZggy �g^_dk�\� Ydsh� gZijbdeZ^�
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ydZkv \_ebqbgZ ihagZq_gZ aj lh g� \ ydhfm jZa� g_ fh`gZ \ p�c kZf�c
jh[hl� qb qZklbg� jh[hlb ihagZqZlb �� q_j_a a Z[h a2� Ydsh ` p_ \djZc
g_h[o�^gh lh ke�^ ih^Zlb ^hdeZ^g_ ihykg_ggy� 

10. <aZ]Ze� ke�^ [mlb m\Z`gbf ijb gZibkZgg� fZl_fZlbqgbo
agZd�\� GZijbdeZ^� g_ijbimklbfh ijhimkdZlb djZidm gZ^ �� Z[h ibkZlb
e�l_jb h, n, u lZd� sh �o \Z`dh jhaj�agblb� 

Ke�^ gZ\qblbky jha[�jeb\hfm gZibkZggx g_a\bqgbo ^ey gZk

]j_pvdbo e�l_j ξ, ς, ρ, σ �dk�� ^a_lZ� jh� k�]fZ� � lZd ^Ze�� QZklh� gZ-
ijbdeZ^� e�l_jm k�]fZ σ ibrmlv lZd� sh �� fh`gZ ijbcgylb aZ pbnjm �� 

Ke�^ ijb\qblb k_[_ ibkZlb lZd� sh[ \_ebd� e�l_jb [meb lZdb
\_ebdbfb� Z fZe� – fZebfb� G_ijbimklbfh� gZijbdeZ^� ibkZlb an (n – 
kl_i�gv �� Z[h an (n – �g^_dk� koh`bfb gZ an �^h[mlhd a lZ n). 

Ijb i_j_e�dm ihagZq_gv �o ke�^ \�^hdj_fex\Zlb g_ dhfhx� Z
dhfhx a djZidhx� lhfm sh dhfm fh`gZ ijhqblZlb yd �g^_dk� Z[h yd
dhfm� sh \�^hdj_fex} p�em qZklbgm \�^ ^jh[h\h�� LZd� ihfbedb
gZ^a\bqZcgh \Z`dh \by\eylb� 

11. Dh`gZ njZaZ \ l_dkl� ihykg_gv ih\bggZ [mlb lhqghx� ykghx�
]jZfZlbqgh \�jghx� Ke�^ mgbdZlb ^h\]bo lZ aZiemlZgbo �©gZmdh-
\hih^�[gboª� njZa� G_ fh`gZ m`b\Zlb kdhjhq_gv� sh g_ } aZ]Zevgh-
\bagZgbfb� 

IjbdeZ^� NjZaZ ³�⋅)o Z } hk� �⋅� ^bn� j-gy�´ fh`_ \`b\Zlbky \ dhg-
ki_dl�� Ze_ g_ \ ihykgx\Zevghfm l_dkl�� < gvhfm njZam ke�^ aZibkZlb
lZd� 

©LhqdZ o Z } hkh[eb\hx lhqdhx ^bn_j_gp�Zevgh]h j�\gyggy�ª 
12. G_ fh`gZ kdhjhqm\Zlb keh\Z� gZ\�lv l�� sh qZklh \`b\Zxlvky�

©j�\gyggyª� ©[�evr_ Z[h f_gr_ª� ©^hj�\gx}ª � l� �g� 
G_fh`gZ af�rm\Zlb fZl_fZlbqg� agZdb a� keh\Zfb l_dklm�

©r\b^d�klv  � f�kª� ih\bggh [mlb ©r\b^d�klv ^hj�\gx} � f�kª� 
I_j_^ qbkeZfb g_ ke�^ klZ\blb lbj_� gZ\�lv dheb p_ [Z`Zgh aZ

af�klhf� lhfm sh ch]h fh`gZ ijhqblZlb yd agZd ³f�gmk´� 
13. AZibkb ih\bgg� [mlb kljh]h ihke�^h\gbfb� Ydsh hdj_f�

g_\_ebd� j�\gyggy Z[h \bjZab aZibkmxlvky \ h^bg jy^hd� lh �o ke�^
\�^hdj_fex\Zlb dhfhx a djZidhx. 

DjZs_ aZ \k_ ihke�^h\g� \bjZab aZibkm\Zlb klh\iqbdhf� dheb
dh`gZ nhjfmeZ ihqbgZ}lvky a gh\h]h jy^dZ� LZdbc l_dkl e_]dh kijbc-
fZ}lvky� 

Ah\k�f g_ijbimklbfh lZd_ [_aeZ^^y� dheb� gZijbdeZ^� ki_jrm \b-
jZab aZibkmxlvky klh\iqbdhf� Z ihl�f – \ jy^hd� Z[h gZ\iZdb� ihl�f – 
a[hdm \�^ klh\iqbdZ � l�^� 
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G_ lj_[Z \ h^ghfm jy^dm aZibkm\Zlb nhjfmem� Z ^Ze� – l_dkl ihyk-
g_ggy �dj�f ihykg_ggy ihagZq_gv�� < gZmdh\�c lZ gZmdh\h-l_og�qg�c
e�l_jZlmj� g_fZ� gZijbdeZ^� lZdbo aZibk�\� 

«m = K1m1(o) + K2m2(o) – aZ]Zevgbc jha\¶yahd ^Zgh]h ^bn_j_gp�Zev-
gh]h j�\gyggyª� 

Ke�^ aZibkZlb lZd� 
©AZ]Zevgbc jha\¶yahd ^Zgh]h ^bn_j_gp�Zevgh]h j�\gyggy fZ}

\b]ey^� 
m = K1m1(o) + K2m2(o)». 

 

14. AgZd ©^hj�\gx}ª ke�^ klZ\blb l�evdb f�` lbfb \_ebqbgZfb lZ

\bjZaZfb� yd� } ^�ckgh j�\gbfb� G_ijbimklbfh aZibkZ\rb \bjZa � agZd

© ª i�key gvh]h \ lhfm kZfhfm Z[h \ gZklmighfm jy^dm aZibkZlb shkv

lZd_� sh g_ ^hj�\gx} chfm� 
IjbdeZ^ g_ijbimklbfh]h aZibkm� 
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15. Ydsh g_h[o�^gh ihkeZlbky gZ nhjfmeb� lh �f ke�^ gZ^Zlb

ghf_jZ� gZijbdeZ^� ���� ���� Z[h lZd� ������ ������ sh hagZqZ} ©�-Z
nhjfmeZ jha^�em �ª� ©�-y nhjfmeZ jha^�em �ª � l�i� 

 
���� <bdhgZggy fZl_fZlbqgbo jhajZomgd�\ lZ ]jZn�d�\ 

 
1. JhajZomgdb� gZ\�lv qhjgh\�� ke�^ \bdhgm\Zlb g_ \ ahrblZo� Z gZ

hdj_fbo ZjdmrZo g_jhae�gh\Zgh]h iZi_jm� Ih oh^m \bdhgZggy jh[hlb

aZih\g_g� Zjdmr� kdj�iexxlvky� P_ ^m`_ ajmqgh – \bcgylb ihlj�[gbc
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Zjdmr � ihdeZklb ch]h i_j_^ hqbfZ� aZf�klv lh]h� sh[ dh`gbc jZa

i_j_]hjlZlb klhj�gdb ahrblZ� IjZpx\Zlb a g_e�gh\Zgbf iZi_jhf

ajmqg�r_� g�` a e�gh\Zgbf� \ hq� g_ e�amlv g_ihlj�[g� e�g�� � gZibkZg_

djZs_ \b^gh� <bdhgZ\px lj_[Z f_gr_ gZijm`m\Zlb m\Z]m� \�g f_gr_

klhfex}lvky � jh[blv f_gr_ ihfbehd� 
2. AZibkb \_^mlvky f¶ydbf he�\p_f� Z g_ iZklhx� 
Ydsh \b ]jm[h ihfbebebkv� lh gZibkZg_ ke�^ kl_jlb ]mfdhx � gZ

p_ f�kp_ aZibkZlb l_� sh lj_[Z� Ydsh \b ibr_l_ iZklhx� lh gZibkZg_

ijbc^_lvky aZfZaZlb� aZdj_keblb – lZd m aZibkZo a¶y\ey}lvky [jm^�

ydbc \ k\hx q_j]m fh`_ [mlb ijbqbghx ihfbehd� 
3. JhajZomghd \bdhgm}lvky \ ^\Z aZoh^b� gZqhjgh� Z ihl�f

i_j_ibkm}lvky gZqbklh� QZklh klm^_glb \\Z`Zxlv� sh hoZcgbf �

qbklbf ih\bg_g [mlb l�evdb qbklh\bd – l_� sh a^Z}lvky \bdeZ^Zqm� :

ihlhqg� jhajZomgdb fh`gZ \bdhgm\Zlb gZ qhfm aZ\]h^gh � yd aZ\]h^gh�

:e_ kijZ\Z \ l�f� sh a qbklh\bdhf klm^_gl g_ ijZpx}� \�g ch]h

ihdZam} \bdeZ^Zqm� ^_sh \bijZ\ey}� Z ihl�f a^Z}� IjZpx} klm^_gl

ebr_ a qhjgh\bdhf� 1 ydsh aZibkb \bdhgmxlvky g_^[Zeh� g_hoZcgh� gZ

j�aghj�^gbo iZi�jpyo – \b [m^_l_ qZklh ihfbeylbky� ^h\]h rmdZlb

ihfbedb� jh[blb �o agh\m � l�^� – \j_rl� gZ\�lv g_kdeZ^gZ jh[hlZ

i_j_l\hjblvky gZ g_kd�gq_gg_ � gm^g_ ibkZggy � i_j_ijZ\e_ggy� 
 

Qbklbc� hoZcgbc qhjgh\bd – p_ aZk�[ _dhghf�� qZkm � k\�-
^hpl\h dmevlmjb \bdhgZggy� 

 

<k� ihjZ^b� sh } \ pvhfm ihk�[gbdm� klhkmxlvky i_jr aZ \k_

_lZim jh[hlb a qhjgh\bdhf� 
4. <k� jhajZomgdb� gZ\�lv \ qhjgh\bdm� ke�^ kmijh\h^`m\Zlb dh-

jhldbfb� Ze_ q�ldbfb ihykg_ggyfb� Py ihjZ^Z kdhj�r aZ \k_ \bdebq_

a^b\m\Zggy� ©P_ sh� y kZf kh[� [m^m shkv ihykgx\Zlb"� Y � lZd agZx�

sh gZibkZ\�ª – kdZ`_ klm^_gl� LZd� \�jgh� < fblv gZibkZggy \�g mk\�-
^hfex}� sh kZf_ aZibkZ\ �ijbimklbfh p_�� Ze_ sh [m^_� dheb jhajZ-
omgdb ijbc^_lvky i_j_j\Zlb � ih\_jgmlbky q_j_a d�evdZ ^g�\ qb lb`-
g�\" G�� djZs_ aZibkm\Zlb dhjhl_gvd� ihykg_ggy� g�` ihl�f eZfZlb

]heh\m� ©: sh p_ y gZibkZ\" >h qh]h \hgh"ª� 
5. Ijb aZibkm\Zgg� jhajZomgd�\ ih nhjfmeZo ke�^ jh[blb lZd�

aZibkZlb i_j\�kgm nhjfmem� Z ihl�f aZf�klv dh`gh� [md\b i�^klZ\blb
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\bjZa Z[h qbkeh\_ agZq_ggy� Ke�^ i�^klZ\eylb lZdh` � � �� � g� \ ydhfm

jZa� g_ aZibkm\Zlb j_amevlZl fgh`_ggy gZ � qb gZ 1. Nhjfmem ke�^

ih\lhjblb \ qbkeZo� � l�evdb i�key pvh]h aZibkZlb j_amevlZl� yd m

gZklmighfm ijbdeZ^�� 
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I_j_^hklZgg�c� ijhf�`gbc ^j�[ fh`gZ g_ ibkZlb� ydsh nhjfmeZ

g_kdeZ^gZ� 
Ijb lZdhfm ihjy^dm aZibkm f_gr_ �fh\�jg�klv ihfbeblbkv� Z

ydsh ihfbedZ lZdb ajh[e_gZ� lh e_]r_ i_j_\�jblb � agZclb ��� 
 

6.    I�^klZ\eyxqb \ nhjfmem qbkeZ aZf�klv ihagZq_gv� g�  
\ ydhfm jZa� g_ ke�^ \ibkm\Zlb jhaf�jg�klv qbk_e� Jha-
f�jghkl� fh`gZ fgh`blb� ^�eblb� i�^ghkblb \ kl_i�gv  
� l�^�� Ze_ \ klhjhg�� hdj_fh� 

 

Ydsh \ibkm\Zlb qbkeZ jZahf a jhaf�jghklyfb �yd pvhfm \qZlv  
\ ^_ydbo rdheZo�� lh e_]dh kZfm jhaf�jg�klv ijbgylb aZ qbkeh� LZd \b-
gbdZxlv ^m`_ g_ijb}fg� ihfbedb� yd� \Z`dh \by\blb� 

FZc`_ ^\hklhe�lg�c ^hk\�^ �g`_g_j�\ k\�^qblv ijh l_� sh a qbk-
eZfb ke�^ ijZpx\Zlb hdj_fh \�^ �o jhaf�jghkl_c. 

7. < ijhf�`gbo jhajZomgdZo qb \bdeZ^dZo g_ [Z`Zgh aZf�gylb

lhqg� \_ebqbgb �o gZ[eb`_gbfb agZq_ggyfb� gZijbdeZ^� aZf�gylb π gZ
����� Z � gZ ����� P_ lj_[Z jh[blb ijb aZd�gq_gg�� dheb h^_j`m}lvky 
d�gp_\bc qbkeh\bc j_amevlZl� 

8.<k� qbkeh\� jhajZomgdb ke�^ \bdhgm\Zlb a]�^gh ijZ\be jh[hlb a
gZ[eb`_gbfb qbkeZfb� yd� \bdeZ^_g� \ i_jr�c qZklbg� pvh]h ihk�[-
gbdZ� /^bgbc \�^klmi \�^ gbo ihey]Z} \ lhfm� sh ^ey mgbdZggy gZdh-
ibq_ggy ihob[db \�^ hdjm]e_ggy qbk_e d�evd�klv agZd�\ \ gbo fh`gZ

a[�evrblb gZ h^bg� aZf�klv �-agZqgh]h qbkeZ \aylb �-agZqg_ � l�^� :e_
\ mkydhfm jZa� d�evd�klv agZd�\ g_ ih\bggZ [mlb [�evr_ �� 

JhajZomghd� \bdhgZgbc a [�evrbf qbkehf agZd�\� g�` p_ ^�ckgh

g_h[o�^gh� } ijhy\hf gbavdh]h j�\gy \bdhgZ\qh� dmevlmjb� 
9. 1fh\�jg�klv ihob[hd \ jhajZomgdm fh`gZ a\_klb fZc`_ ^h gmey

ydsh \`b\Zlb ihlhqgbc dhgljhev ijZ\bevghkl�� Ch]h nhjfb fh`mlv

[mlb ^m`_ j�agbfb� 
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Z� ydsh g_h[o�^gh h[qbkeblb h[¶}f l�eZ Z[h iehsm ih\_jog� � l� �g�� 
lh i_jr g�` ihqZlb jhajZomghd� ijbdbgvl_ ihjy^hd j_amevlZlm �ydsh
p_ iehsZ� – lh h^bgbp�� qb ^_kyldb� qb khlg� d\Z^jZlgbo f_lj�\� ydsh
\bljZlb iZeb\Z – lh e�ljb qb khlg� e�lj�\� ydsh p_ ijh]gml�klv [Zedb – 
lh kZglbf_ljb qb f_ljb�� P_ ajh[blb ah\k�f g_\Z`dh� [h a^hjh\bc
]ema^ } \ dh`gh]h� 

[� ih\lhjblb jhajZomghd \ �gr�c ihke�^h\ghkl�� 
\� ydsh jhajZomghd \bdhgm}lvky \ lZ[ebqg�c nhjf�� lh ^m`_ dh-

jbkgh �� ^m`_ ijhklh�� \ lZ[ebp� ijhke�^blb oZjZdl_j af�gb \_ebqbg�
QZkl�r_ aZ \k_ \hgb af�gxxlvky ieZ\gh� � ihjmr_ggy ieZ\ghkl� – p_ 
ijZdlbqgh aZ\`^b hagZdZ ijbkmlghkl� ihob[db� 

QZklh [m\Z} � lZd� klm^_gl ^\�q�-ljbq� jh[blv jhajZomghd� Ze_
h^_j`m} h^bg � lhc kZfbc y\gh ihfbedh\bc j_amevlZl� : ihob[dZ
�dhebkv \hgZ lZdb [m^_ agZc^_gZ�� f�klblvky \ ihi_j_^g�o� i�^]hlh\qbo
� ijhklbo jhajZomgdZo� gZ yd� g_ a\_jlZxlv m\Z]m q_j_a �o ijhklhlm� 

10.H^ghlbig� qbkeh\� jhajZomgdb \bdhgmxlvky l�evdb \ lZ[ebq-
g�c nhjf�� 

LZ[ebqgZ nhjfZ jhajZomgdm f�klblv \k� _lZib h[qbke_ggy� ih^�-
e_g� gZ _e_f_glZjg� djhdb � \ lZd�c nhjf�� dheb h[qbke_ggy gZ dh`gh-
fm djhp� \bdhgmxlvky ^m`_ ijhklh �f_gr_ �fh\�jg�klv ihob[db� � ^m-
`_ e_]dh i_j_\�jyxlvky� G_\_ebd� \bljZlb qZkm gZ kdeZ^Zggy lZ[ebp�  
� jhajZomgdb dhfi_gkmxlvky _dhghf�}x qZkm \gZke�^hd fZeh� �fh\�j-
ghkl� ihfbehd� 

QbkeZ \ klh\iqbdZo lZ[ebpv ke�^ jhalZrh\m\Zlb lZd� sh[ deZkb
qbk_e [meb h^bg i�^ h^gbf �khlg� – i�^ khlgyfb� ^_kyldb – i�^
^_kyldZfb � l�^��� < lZdhfm jZa� lZ[ebpx e_]r_ qblZlb � af_grm}lvky
�fh\�jg�klv ihfbedb ijb aqblm\Zgg�� 

IjbdeZ^� Lj_[Z h[qbkeblb a qhlbjfZ \�jgbfb agZdZfb agZq_ggy
nmgdp�� 

�
�

��OQ�
��

[

[
[7

+

++π=  

 

gZ �gl_j\Ze� [0; 1] a djhdhf ∆o = ���� lh[lh lj_[Z lZ[mex\Zlb nmgdp�x
L(o). 

<kydZ lZ[ebpy ih\bggZ fZlb gZa\m � gZibk ©LZ[ebpy � ���ª 
Jy^dhf gb`q_ \bibkmxlvky dhgklZglb� sh \bdhjbklZg� \ jha-

jZomgdm� \ gZrhfm ijbdeZ^� p_ π lZ ln10. 
1-c jy^hd – agZq_ggy g_aZe_`gh� af�ggh� o. 
Af�kl \_ebqbg \ �grbo jy^dZo ykgbc a kZfh� lZ[ebp�� 
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JhajZomgdh\� nhjfmeb ^ey djhd�\ jhajZomgdm f�klylvky \ �-c
dhehgp�� QbkeZ \ ^m`dZo } ghf_jZ jy^d�\� GZibk � + o = 1 ���� hagZqZ}�
sh ^h � ke�^ ^h^Zlb l_� sh f�klblvky \ �-m jy^dm� 
 

LZ[ebpy � 
LZ[mex\Zggy L(o) 

π = 3,1416; ln10 = 2,3026 
1 
2 
3 
4 
5 
6 
7 

o 
1 + o = 1 + (1) 
lg(1 + x) = lg(2) 
ln(1 + x) = ln10⋅ln(1 + x)= 2,3026⋅(3) 
π + ln(1 + x) = 3,1416 + (4) 
x2 = (1)2 
2 + x2 = 2 + (6) 

0 
1,0 
0 
0 
3,1416 
0 
2,00 

0,1 
1,1 
0,041393 
0,095311 
3,2369 
0,01 
2,01 

0,2 
1,2 
0,079181 
0,18232 
3,3239 
0,04 
2,04 

0,3 
1,3 
0,11394 
0,26236 
3,4040 
0,09 
2,09 

8 
 
9 

����
� =+ [  

���

���

�

��OQ�

�

=
+

++π
=

[

[
\  

1,4142 
 
2,221 

1,4177 
 
2,283 

1,4283 
 
2,327 

1,4457 
 
2,355 

 
LZ[ebpy aZih\gx}lvky g_ ih dhehgdZo� Z ih jy^dZo� 
< jy^dm � f�klblvky agZq_ggy qbk_evgbdZ� \ jy^dm � – agZf_g-

gbdZ� \ � – j_amevlZl� 
Hkd�evdb lj_[Z fZlb j_amevlZl a � \�jgbfb agZdZfb� jhajZomghd

\bdhgm}lvky a � agZdZfb� D�gp_\bc j_amevlZl fZ} � agZdb� 
Ydsh jhajZomghd ^m`_ ]jhf�a^dbc� lh \�g \bdhgm}lvky \ d�evdho

lZ[ebpyo – hkgh\g�c �lm^b \ibkmxlvky \o�^g� ^Zg�� gZc[�evr \Z`eb\�
ijhf�`g� lZ d�gp_\�� � ^hihf�`gbo �ijhf�`g� jhajZomgdb�� 

I�key aZd�gq_ggy jhajZomgdm \bdb^Zlb ^hihf�`g� lZ[ebp� g_
fh`gZ� [h p_ mljm^gblv i_j_\�jdm� ihrmd lZ \bijZ\e_ggy ihfbehd� 

Ydsh h[¶}f h[qbke_gv \_ebdbc� lh ^hp�evgh \bdhjbklZlb
ijh]jZfh\Zgbc dZevdmeylhj� Lh^� h[¶}f lZ[ebp� fh`gZ af_grblb�
�gh^� ^h ih^Zggy l�evdb \o�^gbo � \bo�^gbo ^Zgbo� :e_ \ pvhfm jZa�
ke�^ ih^Zlb l_dkl ijh]jZfb � dhgljhevgbc ijbdeZ^ jhajZomgdm� sh 
^h\h^blv \�jg�klv ijh]jZfb� 

��� Ijh dZevdmeylhjb 
Kvh]h^g� gZy\g�klv \eZkgh]h dZevdmeylhjZ – ghjfZ� M ijh^Z`m

aZ\`^b } d�evdZ ^_kyld�\ fh^bn�dZp�c rbjhdh]h ^�ZiZahgm – ih
fh`eb\hklyf � ih p�g�� 

<k� dZevdmeylhjb ijbjh^gh h[¶}^gmxlvky \ ljb ]jmib� 
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Z� Zjbnf_lbqg� �rd�evg��� 
[� �g`_g_jg�� 
\� ^ey gZmdh\p�\� 
GZcijhkl�r� dZevdmeylhjb – Zjbnf_lbqg�� <hgb ^m`_ ^_r_\�  

� \bdhgmxlv qhlbjb Zjbnf_lbqg� hi_jZp��� ^h[m\Zggy d\Z^jZlgh]h

dhj_gy lZ h[qbke_ggy \�^khld�\� P_ \b^gh ih gZibkZo gZ dghidZo�

<kydbc dZevdmeylhj ih\bg_g fZlb iZf¶ylv� Ijh �� gZy\g�klv k\�^qZlv

gZibkb gZ dghidZo�F�F��F- � l�i� a [md\hx F� 
<bdhjbklZggy pbo ijbeZ^�\ ^m`_ ijhkl_ � g�ydh� ki_p�Zevgh�

i�^]hlh\db g_ ihlj_[m}� 
1g`_g_jgbc dZevdmeylhj ^ha\hey} h^jZam h^_j`Zlb agZq_ggy

lZdbo lbih\bo nmgdp�c yd kbgmk� dhkbgmk � l�i� P� dZevdmeylhjb fZxlv

^\Z j_`bfb� Zjbnf_lbqgbc lZ nhjfmevgbc� I�key \\h^m Zj]mf_glZ

ke�^ gZlbkgmlb dghidm i_j_oh^m \ nhjfmevgbc j_`bf� Z i�key g_� – 
dghidm� [�ey ydh� } gZa\Z ihlj�[gh� nmgdp��� <k� dZevdmeylhjb p�}�

]jmib fZxlv lZdh` dghidb� gZ ydbo ihagZq_g� djm]e� lZ d\Z^jZlg�

^m`db� <hgb g_h[o�^g� ^ey h[qbke_gv ih nhjfmeZo� >ey pvh]h \\h-
^blvky ihlj�[g� qbkeZ� agZdb hi_jZp�c lZ ^m`db� I�key qh]h jhajZ-
omghd \bdhgm}lvky Z\lhfZlbqgh� Ydsh lj_[Z� gZijbdeZ^� �� jZa�\ h[-
qbkeblb aZ h^g�}x � l�}x ` nhjfmehx� lh g_h[o�^gh �� jZa�\ \\h^blb

\k� qbkeZ� \dexqZxqb dhgklZglb� P_ g_ aZ\`^b ajmqgh� 
G_^he�d pbo ijbeZ^�\ \ lhfm� sh g_fh`eb\bc ijhf�`gbc dhgl-

jhev gZ \�^kmlg�klv ihob[hd� >ey \i_\g_ghkl� \ �o \�^kmlghkl� jha-
jZomghd ke�^ ih\lhjblb d�evdZ jZa�\ lZ \bdhjbklZlb �gr� kihkh[b

dhgljhex� ijh yd� kdZaZgh \bs_� Hkv qhfm dZevdmeylhj g_ fh`_

aZf�gblb jhajZomgdb \ nhjf� lZ[ebpv �©dh`ghfm – k\h}ª�� 
DZevdmeylhjb ^ey gZmdh\p�\ ^ha\heyxlv \\_klb ijh]jZfm h[-

qbke_gv �^h ��� djhd�\ � [�evr_� � jhajZoh\m\Zlb ih g�c kl�evdb jZa�\�

kd�evdb lj_[Z� P� dZevdmeylhjb \�^j�agyxlvky \_ebdhx d�evd�klx dgh-
ihd � ki_p�Zevgbfb ihagZq_ggyfb gZ gbo� gZijbdeZ^� D� BI� I� ;I�

II � l�^� P� dghidb ^ha\heyxlv hj]Zg�aZp�x pbde�qgbo jhajZomgd�\�

i_j_\h^ dZevdmeylhjZ a �g`_g_jgh]h j_`bfZ \ ijh]jZfgbc � l�i� 
A \�lqbagygbo dZevdmeylhj�\ gZc[�evr ihrbj_g� ©We_dljhgbdZ

FD-��ª� ©We_dljhgbdZ FD-��ª lZ ©We_dljhgbdZ FD-��ª �[mo]Ze-
l_jkvdbc� Db�\kvdh]h aZ\h^m Z\lhfZlbdb� >hkblv ihrbj_g� aZjm[�`g�

ZgZeh]b n�jf Hewlett-PackardlZ Texas Instruments�h[b^\Z –KR:�� 
>ey dhjbklm\Zggy gZmdh\bfb dZevdmeylhjZfb ke�^ gZ\qblbky
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ijh]jZfm\Zggx gZ gbo� P�dZ\h� sh m \k�o dZevdmeylhj�\ lZdh]h lbim – 
\�lqbagygbo � aZjm[�`gbo – ^m`_ [ebavd� fh\b ijh]jZfm\Zggy� P_ g_

;_ck�d� g_ IZkdZev � l�i�� Z ki_p�ZevgZ fh\Z� sh ]jmglm}lvky gZ lZd

a\Zg�c ©ihevkvd�c eh]�p�ª� A]�^gh g_� \bjZa� sh a\bqZcgh aZibkm}lvky

yd ©a×b=cª �a]�^gh a a\bqZcghx ©Ze]_[jZ�qghxª eh]�dhx� fZ} [mlb

aZibkZgbc �� \\_^_gbc� lZd� ©a; b; ×ª� < i_j_deZ^� gZ jhafh\gm fh\m p_

hagZqZ}� ©qbkeh alZ qbkeh bi_j_fgh`blb� ^h[mlhd aZibkZlb gZ f�kp_ Z». 
HiZgm\Zlb ijh]jZfm\Zggy ^hkblv ijhklh gZ\�lv ^ey rdheyj�\�  

< [�[e�hl_dZo } ^_kyldb dgb`hd ijh p_� gZijbdeZ^� ^m`_ ^h[j_

gZibkZgZ dgb`dZ 1�>� >Zg�eh\Z [5] �^b\bkv kibkhd e�l_jZlmjb \ d�gp�
pvh]h ihk�[gbdZ�� Z lZdh` [1, 3, 5, 7]. 

Ijh]jZfh\Zg� dZevdmeylhjb \bimkdZxlvky ^Z\gh� >ey gbo gZijZ-
pvh\ZgZ \_ebq_agZ d�evd�klv ijh]jZf� sh him[e�dh\Zg� [1, 5, 7]� <hgb
aZih\gxxlv g�rm f�` �g`_g_jgbfb dZevdmeylhjZfb lZ dhfi¶xl_jZfb

� \bdhjbklh\mxlvky lh^�� dheb �g`_g_jg� dZevdmeylhjb keZ[d� � g_ajmq-
g�� Z dhfi¶xl_jb – gZ^lh ihlm`g� � ^hjh]�� 

<b[bjZxqb� dZevdmeylhj ke�^ fZlb gZ m\Za�� sh him[e�dh\Zg� ijh-
]jZfb jhajh[e_g� ^ey \�lqbagygbo ijbeZ^�\� 1fihjlg� ijbeZ^b GJ fZ-
xlv ^m`_ [ebavd� fh\b ijh]jZfm\Zggy� Ze_ gZibkb gZ dghidZo ah\k�f

g_ l�� sh gZ \�lqbagygbo� � \\_klb \ gbo ijh]jZfm a \�lqbagygh]h

^h\�^gbdZ ijhklh g_fh`eb\h� 
DZevdmeylhjb L1 \bdhjbklh\mxlv a\bqZcgm� Ze]_[jZ�qgm� eh]�dm�

Ijh ijh]jZfm\Zggy gZ GJ lZ L1 fh`gZ ^h\�^Zlbkv a >�@ lZ �gkljmdp�c

ih _dkiemZlZp��� 
12.Ih[m^h\Z ]jZn�d�\ 
<hgb \bdj_kexxlvky ih j_amevlZlZo jhajZomgd�\ gZ ki_p�Zev-

ghfm iZi_j� – f�e�f_lj�\p�� 
;m\Zxlv lZd� \b^b �dhevhjb� iZi_jm� 
¾ [e�^gh-`h\lZ f�e�f_lj�\dZ� 
¾ `h\lZ� 
¾ [e�^gh-kbgy� 
¾ kbgy� 
HklZgg� ^\Z \b^b iZi_jm ^m`_ g_ajmqg� \ dhjbklm\Zgg�� lhfm sh

\bfZ]Zxlv gZijm`_ggy ahjm � lhfm �o ke�^ \k�eydh mgbdZlb� GZc[�evr

ijb^ZlgZ f�e�f_lj�\dZ – [e�^gh-`h\lZ� 
I_j_^ ih[m^m\Zggyf ]jZn�dZ ke�^ he�\p_f gZdj_keblb dhhj-

^bgZlg� \�k� lZ ajh[blb �o jhaf�ldm� IhqZlhd dhhj^bgZl ke�^ \aylb gZ
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i_j_oj_kl� lh\klbo e�g�c� sh ijh\_^_g� q_j_a dh`g� �� ff� Jhaf�-
sm\Zlb rdZeb ke�^ lZd� sh[ gbfb [meh ajmqgh dhjbklm\Zlbkv� sh[

e�g�� gZ iZi_j�� yd� ijh\_^_g� q_j_a �� ff� ki�\iZ^Zeb a� ³ajmqgbfb´

agZq_ggyfb \_ebqbgb� ]jZn�d ydh� [m^m}lvky� 
IjbdeZ^� Ih ]hjbahglZevg�c hk� ke�^ jhaf�klblb rdZem \ ]jZ^mkZo

\�^ �° ^h ��°� Jhaf�qZlb lZd� sh[ �� ff hk� \�^ih\�^Zeb �°� Z[h ��°� Z[h
20°� 1 g�yd g_ ijbimklbfh� sh[� gZijbdeZ^� �°, 35° � l�^� 

S_ ijbdeZ^� Ih \_jlbdZevg�c hk� ke�^ jhaf�klblb rdZem kbeb \�^

��� ^h ���� gvxlhg� Lh^� ^hp�evgh ajh[blb� sh[ �� ff rdZeb \�^-
ih\�^Zeb [ ���� Z[h ��� Z[h �� gvxlhgZf� 1 g_ijbimklbfh� sh[ �� ff

hk� \�^ih\�^Zeb ���� Z[h ��� gvxlhgZf � l�^� 
G_ajmqgZ jhaf�ldZ rdZe jh[blv g_fh`eb\bf \bdhjbklZggy ]jZ-

n�dZ ^ey \bagZq_ggy agZq_gv \_ebqbg� sh gZ gvhfm ah[jZ`_g�� 
I�key jhaf�ldb rdZe ke�^ gZg_klb lhqdb ]jZn�dZ � a¶}^gZlb �o aZ

^hihfh]hx e_dZeZ� G� \ ydhfm jZa� g_ ke�^ ijh\h^blb e�g��� sh \�^ih-
\�^Zxlv dhhj^bgZlZf pbo lhqhd� lZd� e�g�� ebr_ aZl_fgxxlv ]jZn�d�

lZ jh[eylv ch]h ^m`_ g_ajmqgbf m jh[hl�� 
Ydsh gZ ]jZn�dm g_h[o�^gh ijh\_klb d�evdZ e�g�c� lh ^hp�evgh

lhqdb h^g�}� ihagZqblb ijhklh lhqdZfb� ^jm]h� e�g�� – lhqdZfb \ fZ-
e_gvdhfm dhe�� lj_lvh� – lhqdZfb \ ljbdmlgbqdZo � l�^� 

IjbdeZ^b lh]h� yd ke�^ � yd g_ ke�^ [m^m\Zlb ]jZn�db� ih^Zg� gZ

gZklmighfm jbkmgdm� 

Yd [m^m\Zlb ]jZn�db 
 

GZ e�\hfm jbkmgdm rdZeb gZ\�lv g_ jhaf�q_g� – \bdhgZ\_pv

ljbfZ\ �o m ]heh\�� Kijh[mcl_ ih lZdhfm ]jZn�dm \bagZqblb t� ydsh�
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gZijbdeZ^� j = ����� P_ ijZdlbqgh g_fh`eb\h� LZd [m^m\Zlb ]jZn�db
g_fh`gZ� 

GZ ijZ\hfm jbkmgdm ajh[e_gZ ajmqgZ jhaf�ldZ rdZe � \bagZqblb t 
ijb j = ���� g_ klZgh\blv g�ydh� ijh[e_fb� Lml `_ gZg_k_g� djb\�� sh
\�^ih\�^Zlv d�evdhf agZq_ggyf iZjZf_ljZ D� sh \oh^blv \ aZe_`g�klv  
t \�^ j� Sh[ mgbdgmlb g_ihjhamf�gv� ke�^ gZ dh`g�c djb\�c gZibkZlb

agZq_ggy D� ydhfm \hgZ \�^ih\�^Z}� 
Ydsh ]jZn�db \bdhgmxlvky g_ gZ f�e�f_ljh\p�� Z gZ g_jhae�gh-

\Zghfm iZi_j�� lh gZ ]jZn�dm ke�^ ijh\_klb lhgd� ]hjbahglZevg� lZ \_j-
lbdZevg� e�g��� sh \�^ih\�^Zxlv ih^�edZf gZ rdZeZo� yd p_ ih^Zgh gZ

fZe� �� kijZ\Z� LZdbfb ]jZn�dZfb dhjbklm\Zlbkv � ajmqg�r_� � ijb}f-
g�r_� � ihfbehd [m^_ f_gr_� 

13.<bdhgmxqb jhajZomgdh\� lZ ]jZn�qg� jh[hlb� ke�^ d_jm\Zlbky
lZdbfb aZ]Zevgbfb ijbgpbiZfb� 

Ijbgpbi � 
G_hoZcg�klv lZ [_aeZ^^y ijb \bdhgZgg� jh[�l aZ\`^b ijb-
\h^ylv ^h [Z]Zlvho ihfbehd� \_ebq_agbo \bljZl qZkm lZ

ijZp� gZ �o ihrmd lZ \bijZ\e_ggy� 
 

Ijbgpbi � 
<kydm jh[hlm \bdhgZ\_pv jh[blv g_ ^ey k_[_� Z ^ey �grbo� 
<bdhgZgZ jh[hlZ – p_ h[ebqqy \bdhgZ\py� a\_jg_g_ ^h kih-
`b\Zq�\� 1 lj_[Z� sh[ \hgh [meh-lZdb h[ebqqyf� 
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