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>Zggh_ f_lh^bq_kdh_ ihkh[b_ ih^]hlh\e_gh kh\f_klgh ij_ih^Z\Zl_eyfb 

;_ehjmkkdh]h gZpbhgZevgh]h l_ogbq_kdh]h mgb\_jkbl_lZ b KZgdl-

I_l_j[mj]kdh]h ]hkm^Zjkl\_ggh]h fhjkdh]h  l_ogbq_kdh]h mgb\_jkbl_lZ b 

ij_^gZagZq_gh ^ey klm^_glh\, bamqZxsbo ^bkpbiebgm «L_hjby dhjZ[ey». 

Ijb bamq_gbb ^bkpbiebgu «L_hjby dhjZ[ey» kh]eZkgh mq_[ghfm ieZgm 

ki_pbZevghklb 1-37 03 02 «DhjZ[e_kljh_gb_ b l_ogbq_kdZy wdkiemZlZpby 

\h^gh]h ljZgkihjlZ» ij_^mkfhlj_gu ijZdlbq_kdb_ aZgylby ih lZdbf jZa^_-

eZf, dZd klZlbdZ b ^bgZfbdZ dhjZ[ey. Ih ^bgZfbd_ dhjZ[ey ij_^mkfhlj_gu 

ijZdlbq_kdb_ aZgylby b dhgljhevgh_ aZ^Zgb_ ih lZdhfm ih^jZa^_em dZd oh^-

dhklv. FZl_jbZe kljmdlmjgh baeh`_g ke_^mxsbf h[jZahf: 

]eZ\Z 1 – «L_hjby dhjZ[ey. Oh^dhklv km^gZ» (ijb\_^_gu ijh]jZffZ ih^-

jZa^_eZ «Oh^dhklv km^gZ», kibkdb hkgh\ghc b ^hihegbl_evghc ebl_jZlmju, 

\hijhku ^ey kZfhijh\_jdb); 

]eZ\Z 2 – Dhgljhevgh_ aZ^Zgb_ «JZkq_l oh^dhklb km^gZ» (ijb\h^ylky \Zjb-

Zglu aZ^Zgbc b g_h[oh^bfu_ ihykg_gby d bo \uiheg_gbx; 

]eZ\Z  3 – «Ijbf_j jZkq_lZ oh^dhklb km^gZ» (ijb\h^ylky \k_ jZkq_lu ih 

oh^dhklb km^gZ, ih^h[gu_ l_f, qlh ^he`gu \uihegylv klm^_glu \ dhgljhev-

ghf aZ^Zgbb beb \ hij_^_e_gguo jZa^_eZo ^biehfguo ijh_dlh\).  

>Zggh_ ihkh[b_ g_ aZf_gy_l e_dpbhgguo dmjkh\ ih l_hjbb dhjZ[ey b g_ 

bkdexqZ_l bkihevah\Zgby kms_kl\mxsbo mq_[gbdh\. =em[hdb_ l_hj_lbq_-

kdb_ \hijhku \ g_f g_ aZljhgmlu, Z gZreb hljZ`_gb_ \ hkgh\ghf ijZdlbq_-

kdb_ jZkq_lu, g_h[oh^bfu_ kijZ\hqgu_ fZl_jbZeu, jZkq_lgu_ ko_fu b nhj-

fmeu. < ijhp_kk_ hl[hjZ, kbkl_fZlbaZpbb b h[h[s_gby fZl_jbZeZ ^ey ^Zggh-

]h ihkh[by hkgh\gh_ \gbfZgb_ [ueh m^_e_gh h[_ki_q_gbx f_lh^heh]bq_kdh-

]h _^bgkl\Z _]h kh^_j`Zgby, Z lZd`_ [he__ ijhklhfm b ihgylghfm baeh`_gbx 

f_lh^h\ jZkq_lZ oh^dhklb km^h\ \ jZaebqguo iml_\uo mkeh\byo. 
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1. L?HJBY DHJ:;EY. OH>DHKLV KM>G: 

 

Oh^dhklvx gZau\Z_lky kihkh[ghklv km^gZ ^\b]Zlvky k aZ^Zgghc kdhjhklvx 

ijb wnn_dlb\ghf bkihevah\Zgbb fhsghklb wg_j]_lbq_kdhc mklZgh\db. Wlh 

fhj_oh^gh_ dZq_kl\h \ agZqbl_evghc kl_i_gb hij_^_ey_l wg_j]_lbq_kdb_ aZ-

ljZlu gZ ^\b`_gb_ km^gZ, Z ke_^h\Zl_evgh, b _]h wdhghfbq_kdb_ ihdZaZl_eb \ 

ijhp_kk_ wdkiemZlZpbb.  

GZ ^\b`ms__ky km^gh ^_ckl\m_l kbeZ khijhlb\e_gby, ^ey ij_h^he_gby dh-

lhjhc ijbf_gyxlky ^\b`bl_eb – mkljhckl\Z, ij_^gZagZq_ggu_ ^ey kha^Zgby 

ihe_aghc ly]b. LZdbf h[jZahf, oh^dhklv \dexqZ_l \ k_[y ^\_ ^bkpbiebgu: 

«Khijhlb\e_gb_ ^\b`_gbx km^gZ» b «Km^h\u_ ^\b`bl_eb». Ijb bamq_gbb 

i_j\hc ba gbo jZkkfZljb\Zxlky ijbqbgu, \uau\Zxsb_ ihy\e_gb_ kbeu kh-

ijhlb\e_gby ^\b`_gbx, b kihkh[u hij_^_e_gby wlhc kbeu. <lhjZy ^bkpbi-

ebgZ bamqZ_l mkljhckl\Z, ij_h[jZamxsb_ f_oZgbq_kdmx wg_j]bx ^\b]Zl_ey \ 

wg_j]bx ihklmiZl_evgh]h ^\b`_gby km^gZ. Hkh[h_ \gbfZgb_ m^_ey_lky kZ-

fhfm jZkijhkljZg_gghfm ^\b`bl_ex – ]j_[ghfm \bglm, _]h ijh_dlbjh\Zgbx, 

bkiulZgbyf, \aZbfh^_ckl\bx k dhjimkhf km^gZ, Z lZd`_ jZkq_lZf oh^h\uo 

oZjZdl_jbklbd \bglh\uo km^h\. 

 

1.1. Khijhlb\e_gb_ ^\b`_gbx km^gZ 

            

Ebl_jZlmjZ 

 

Hkgh\gZy 

 

1. @bgdbg <.;. L_hjby b mkljhckl\h dhjZ[ey. KI[.:Km^hkljh_gb_, 2002. 

 

>hihegbl_evgZy 

 

2. Fbjhobg ;.<., @bgdbg <.;., AbevfZg =.B. L_hjby dhjZ[ey. 
E.:Km^hkljh_gb_, 1989. 

3. <hcldmgkdbc Y.B. Khijhlb\e_gb_ ^\b`_gbx km^gZ. E.: Km^hkljh_gb_, 
1988. 

4. <Zkbev_\ :.<., KZ\bgh\ <.G., ?]hjh\ I.G. =b^jhf_oZgbdZ km^h\ 
\gmlj_gg_]h ieZ\Zgby. < 4-o q. Q. 1. JZkq_l khijhlb\e_gby  ^\b`_gbx 

km^h\ \gmlj_gg_]h ieZ\Zgby, Gb`gbc Gh\]hjh^, G=LM, 1996. – 147 k. 
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5. Am_\ <.:., DZebgbgZ G.<., JZ[Zah\ X.B. <u[hj hkgh\guo oZjZdl_jb-

klbd fhjkdbo ljZgkihjlguo km^h\ gZ gZqZevghc klZ^bb ijh_dlbjh\Z-
gby, Gb`gbc Gh\]hjh^, G=LM, 2007. – 225 k. 

 

H[sb_ mdZaZgby 

 

 FZl_jbZe ^Zgghc ]eZ\u \ khhl\_lkl\bb k ijb\h^bfhc ijh]jZffhc ba-

eh`_g \ mq_[gbd_ [1]. IZjZ]jZnu, mdZaZggu_ \ ijh]jZff_, ke_^m_l \gbfZ-

l_evgh  bamqblv, k hklZevguf fZl_jbZehf mq_[gbdZ ^hklZlhqgh hagZdhfblv-

ky. 

 < mq_[gbd_ [1] kh^_j`Zlky g_h[oh^bfu_ fZl_jbZeu ^ey \uiheg_gby 

dhgljhevgh]h aZ^Zgby, Z jZ[hlu [2], [3], [4], [5] fh`gh bkihevah\Zlv k p_evx 

ihemq_gby [he__ ]em[hdbo agZgbc \ bamqZ_fhc h[eZklb. 

 <hijhku ^ey kZfhijh\_jdb g_h[oh^bfh ijhkfhlj_lv ih hdhgqZgbb 

bamq_gby khhl\_lkl\mxsbo l_f jZa^_eZ, ^Z\Zy gZ gbo hl\_lu, `_eZl_evgh g_ 

ihevah\Zlvky mq_[gbdhf. 

 

Ijh]jZffZ 

L_fZ 1. <\_^_gb_. H[sb_ k\_^_gby h khijhlb\e_gbb ^\b`_gbx km^gZ 

 Ij_^f_l b aZ^Zqb dmjkZ. Khijhlb\e_gb_ ^\b`_gbx km^gZ b ijbqbgu, 

_]h ihjh`^Zxsb_. J_`bfu ^\b`_gby km^h\. Km^Z \h^hbaf_sZxsb_; km^Z k 

^bgZfbq_kdbf ih^^_j`Zgb_f. 

 Ebl_jZlmjZ: [1, §3.1]. 

<hijhku ^ey kZfhijh\_jdb 

1. DZdb_ jZa^_eu \dexqZ_l \ k_[y oh^dhklv km^gZ? 

2. < q_f nbabq_kdb_ ijbqbgu \hagbdgh\_gby khijhlb\e_gby ^\b`_gby 

km^gZ? 

3. DZdbf djbl_jb_f ^bgZfbq_kdh]h ih^h[by hij_^_ey_lky j_`bf ^\b`_-

gby km^gZ? 

4. I_j_qbkebl_ lbiu \ukhdhkdhjhklguo km^h\ k ^bgZfbq_kdbf ih^^_j-

`Zgb_f. 

5. Ihq_fm ih^Z\eyxs__ dhebq_kl\h km^h\ ^\b`_lky \ j_`bf_ ieZ\Zgby? 
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L_fZ 2. KhklZ\eyxsb_ khijhlb\e_gby ^\b`_gbx 

 Hkgh\gu_ khklZ\eyxsb_ khijhlb\e_gby \yadhklghc b \hegh\hc ijbjh-

^u. DZl_]hjbb ^bgZfbq_kdh]h ih^h[by, bo hij_^_eyxsb_. >hihegbl_evgu_ 

khklZ\eyxsb_ khijhlb\e_gby. ;mdkbjh\hqgZy fhsghklv. 

Ebl_jZlmjZ: [1, §3.2; 3.3]. 

<hijhku ^ey kZfhijh\_jdb 

1. DZdb_ khklZ\eyxsb_ khijhlb\e_gby ^\b`_gbx km^gZ y\eyxlky hkgh\-

gufb? 

2. DZdh\h khhlghr_gb_ \_ebqbg \yadhklgh]h b \hegh\h]h khijhlb\e_gbc 

b hl q_]h hgh aZ\bkbl? 

3. Qlh \dexqZ_l \ k_[y \yadhklgh_ khijhlb\e_gb_? 

4. < q_f hlebqb_ l_e ohjhrh- b iehohh[l_dZ_fuo? 

5. DZd aZ\bkbl \hegh\h_ khijhlb\e_gb_ hl kdhjhklb ^\b`_gby b ]em[bgu 

ih]jm`_gby km^gZ? 

6. DZdb_ ^hihegbl_evgu_ khklZ\eyxsb_ khijhlb\e_gby \u agZ_l_? 

7. Q_f hij_^_ey_lky [mdkbjh\hqgZy fhsghklv km^gZ? 

 

L_fZ 3. Wdki_jbf_glZevgu_ f_lh^u hij_^_e_gby khijhlb\e_gby 

 MklZgh\db ^ey bkke_^h\Zgby khijhlb\e_gby km^h\ kj_^kl\Zfb fh^_ev-

gh]h wdki_jbf_glZ. Lj_[h\Zgby d ijh\_^_gbx fh^_evgh]h wdki_jbf_glZ. F_-

lh^u i_j_kq_lZ j_amevlZlh\ fh^_evgh]h wdki_jbf_glZ gZ gZlmjgh_ km^gh. 

Ebl_jZlmjZ: [1, §3.4]. 

<hijhku ^ey kZfhijh\_jdb 

1. Qlh ij_^klZ\ey_l kh[hc hiulh\uc [Zkk_cg? 

2. DZdb_ lj_[h\Zgby ij_^ty\eyxlky d fh^_eb ^ey wdki_jbf_glZevguo bk-

ke_^h\Zgbc? 

3. DZdb_ lj_[h\Zgby g_h[oh^bfh \uihegblv ijb ijh\_^_gbb fh^_evgh]h 

wdki_jbf_glZ? 

4. < q_f aZdexqZ_lky i_j_kq_l j_amevlZlh\ fh^_evgh]h wdki_jbf_glZ gZ 

gZlmjgh_ km^gh? 
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L_fZ 4. Ijb[eb`_ggu_ kihkh[u jZkq_lZ khijhlb\e_gby km^gZ 

 H[sZy oZjZdl_jbklbdZ ijb[eb`_gguo kihkh[h\ jZkq_lZ khijhlb\e_-

gby. Ljb ]jmiiu ijb[eb`_gguo kihkh[h\. Kihkh[u jZkq_lZ ihegh]h khijh-

lb\e_gby beb [mdkbjh\hqghc fhsghklb. Ijb[eb`_ggu_ kihkh[u hij_^_e_-

gby hklZlhqgh]h khijhlb\e_gby. 

Ebl_jZlmjZ: [1, §3.5]. 

<hijhku ^ey kZfhijh\_jdb 

1. GZ q_f hkgh\u\Zxlky ijb[eb`_ggu_ kihkh[u jZkq_lZ khijhlb\e_gby? 

2. Ihq_fm kihkh[u i_j\hc ]jmiiu gZbf_g__ lhqgu_? 

3. < q_f aZdexqZ_lky hkgh\gZy b^_y kihkh[h\ \lhjhc ]jmiiu? 

4. DZdh\u hkgh\gu_ ijbqbgu g_lhqghklb jZkq_lh\ khijhlb\e_gby k bk-

ihevah\Zgb_f ijb[eb`_gguo kihkh[h\? 

 

L_fZ 5. <ebygb_ mkeh\bc wdkiemZlZpbb gZ khijhlb\e_gb_ ^\b`_gbx 

 Khijhlb\e_gb_ km^gZ ijb  ^\b`_gbb \ rlhjfh\uo mkeh\byo. >\b`_gb_ 

\ kiehrguo b [bluo ev^Zo. Baf_g_gb_ khijhlb\e_gby ijb ^\b`_gbb gZ f_e-

dhc \h^_ b \ dZgZeZo, ijbqbgu wlbo baf_g_gbc. 

Ebl_jZlmjZ: [1, §3.6]. 

<hijhku ^ey kZfhijh\_jdb 

1. DZdh\u ijbqbgu jhklZ khijhlb\e_gby \ rlhjfh\uo mkeh\byo? 

2. I_j_qbkebl_ hkgh\gu_ oZjZdl_jbklbdb e_^ygh]h ihdjh\Z? 

3. DZdb_ km^Z ij_^gZagZq_gu ^ey ^\b`_gby \ kiehrguo ev^Zo, \ [bluo 

ev^Zo? 

4. Q_f h[tykgy_lky baf_g_gb_ khijhlb\e_gby km^gZ ijb ^\b`_gbb gZ 

f_edhc \h^_? < dZgZeZo? 

5. DZdb_ lj_[h\Zgby ij_^ty\eyxlky d ]em[bg_ \h^u gZ f_jghc fbe_? 
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L_fZ 6. Khijhlb\e_gb_ ^\b`_gbx [ukljhoh^guo km^h\ k ^bgZfbq_kdbf 

ih^^_j`Zgb_f 

 Hkh[_gghklb nhjfu ]ebkkbjmxsbo km^h\ b khijhlb\e_gb_ bo ^\b`_-

gbx. Khijhlb\e_gb_ ^\b`_gbx km^h\ gZ ih^\h^guo djuevyo (KID), km^h\ 

gZ \ha^mrghc ih^mrd_ (K<I), km^h\-wdjZghieZgh\ (KWI). 

Ebl_jZlmjZ: [1, §3.7]. 

<hijhku ^ey kZfhijh\_jdb 

1. DZdb_ h[\h^u oZjZdl_jgu ^ey ]ebkkbjmxsbo km^h\? 

2. I_j_qbkebl_ hkgh\gu_ khklZ\eyxsb_ ]ebkkbjmxsbo km^h\. 

3. < q_f aZdexqZxlky mkeh\by jZ\gh\_kby KID? 

4. GZah\bl_ khklZ\eyxsb_ khijhlb\e_gby KID \ i_j_oh^ghf b jZkq_l-

ghf j_`bfZo ^\b`_gby. 

5. DZdb_ lbiu K<I kms_kl\mxl b \ q_f bo jZaebqby? 

6. < q_f ]eZ\gZy hkh[_gghklv aZ\bkbfhklb khijhlb\e_gby KWI hl kdhjh-

klb ^\b`_gby? 

7. Ihq_fm [ukljhoh^gu_ km^Z k ^bgZfbq_kdbf ih^^_j`Zgb_f g_ [u\Zxl 

[hevrh]h \h^hbaf_s_gby? 

 

L_fZ 7. F_lh^u kgb`_gby khijhlb\e_gby ^\b`_gbx km^gZ 

 F_lh^u kgb`_gby \yadhklgh]h khijhlb\e_gby. F_lh^u kgb`_gby \he-

gh\h]h khijhlb\e_gby. J_ZebaZpby wlbo f_lh^h\ ijb ijh_dlbjh\Zgbb b wdk-

iemZlZpbb km^h\. 

Ebl_jZlmjZ: [1, §7.2]. 

<hijhku ^ey kZfhijh\_jdb 

1. DZdb_ ba f_lh^h\ kgb`_gby \yadhklgh]h khijhlb\e_gby gZoh^yl ijb-

f_g_gb_ gZ ijZdlbd_? 

2. GZah\bl_ ^\Z hkgh\guo imlb kgb`_gby \hegh\h]h khijhlb\e_gby. 

3. GZ dZdbo km^Zo j_Zebamxlky kihkh[u kgb`_gby \hegh\h]h khijhlb\e_-

gby? 
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1.2. Km^h\u_ ^\b`bl_eb 

 

            Ebl_jZlmjZ 

 

Hkgh\gZy 

 

1. @bgdbg <.;. L_hjby b mkljhckl\h dhjZ[ey. KI[.:Km^hkljh_gb_, 2002. 

 

>hihegbl_evgZy 

 

2. Fbjhobg ;.<., @bgdbg <.;., AbevfZg =.B. L_hjby dhjZ[ey. 
E.:Km^hkljh_gb_, 1989. 

3. :jlxrdh\ E.K., :qdbgZ^a_ :.R., Jmk_pdbc :.:. Km^h\u_ ^\b`bl_-
eb. E.:Km^hkljh_gb_, 1988. 

4. <Zkbev_\ :.<., KZ\bgh\ <.G., ?]hjh\ I.G. =b^jhf_oZgbdZ km^h\ 
\gmlj_gg_]h ieZ\Zgby. < 4-o q. Q. 1. JZkq_l khijhlb\e_gby  ^\b`_gbx 

km^h\ \gmlj_gg_]h ieZ\Zgby, Gb`gbc Gh\]hjh^, G=LM, 1996. – 147 k. 
 

 

H[sb_ mdZaZgby 

 

 FZl_jbZeu \lhjhc ]eZ\u «Oh^dhklv km^gZ» baeh`_gu \ [1] \ khhl\_l-

kl\bb k ijb\h^bfhc ijh]jZffhc. IZjZ]jZnu, mdZaZggu_ \ ijh]jZff_, ke_^m-

_l bamqblv, k hklZevguf fZl_jbZehf ^hklZlhqgh ijhklh hagZdhfblvky. < [1] 

lZd`_ kh^_j`Zlky fZl_jbZeu, g_h[oh^bfu_ ^ey \uiheg_gby dhgljhevgh]h 

aZ^Zgby. >hihegbl_evgZy ebl_jZlmjZ fh`_l [ulv bkihevah\ZgZ ^ey [he__ 

]em[hdh]h bamq_gby dmjkZ. 

 <hijhku ^ey kZfhijh\_jdb ke_^m_l ijhkfhlj_lv ihke_ bamq_gby khhl-

\_lkl\mxs_c l_fu. Ihevah\Zlvky mq_[gbdhf ijb hl\_lZo g_ j_dhf_g^m_lky. 

 

Ijh]jZffZ 

L_fZ 1. <\_^_gb_. H[sb_ k\_^_gby h km^h\uo ^\b`bl_eyo 

 Ij_^f_l dmjkZ. GZagZq_gb_ b deZkkbnbdZpby km^h\uo ^\b`bl_e_c, bo 

hkgh\gu_ \b^u. L_hjby b^_Zevgh]h ^\b`bl_ey. 

 Ebl_jZlmjZ: [1, §4.1; 4.2]. 

<hijhku ^ey kZfhijh\_jdb 

1. < q_f khklhbl gZagZq_gb_ ^\b`bl_ey? 
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2. GZ dZdb_ ^\Z lbiZ ih ijbgpbim ^_ckl\by jZa^_eyxlky km^h\u_ ^\b`b-

l_eb? 

3. DZdh\u ijbgpbiu ^_ckl\by Zdlb\guo b ]b^jhj_Zdlb\guo ^\b`bl_e_c? 

4. I_j_qbkebl_ hkgh\gu_ lbiu Zdlb\guo b ]b^jhj_Zdlb\guo ^\b`bl_e_c. 

5. < q_f khklhyl hkgh\gu_ ^hims_gby l_hjbb b^_Zevgh]h ^\b`bl_ey? 

6. DZdh\u hkgh\gu_ \u\h^u l_hjbb b^_Zevgh]h ^\b`bl_ey? 

7. Ihq_fm DI> j_Zevgh]h ^\b`bl_ey \k_]^Z gb`_, q_f b^_Zevgh]h? 

 

L_fZ 2. =_hf_ljby ]j_[gh]h \bglZ. ?]h dbg_fZlbq_kdb_ ]b^jh^bgZfbq_-

kdb_ oZjZdl_jbklbdb 

 <bglh\Zy ebgby b \bglh\Zy ih\_joghklv. Hkgh\gu_ ]_hf_ljbq_kdb_ oZ-

jZdl_jbklbdb ]j_[gh]h \bglZ. Ihklmiv b kdhev`_gb_ \bglZ. J_amevlbjmxsZy 

kdhjhklv h[l_dZgby we_f_glZ ehiZklb, __ khklZ\eyxsb_. Kbeu, ^_ckl\mxsb_ 

gZ we_f_gl ehiZklb b ]j_[ghc \bgl \ p_ehf. Dhwnnbpb_glu mihjZ, fhf_glZ, 

ihe_agh]h ^_ckl\by ]j_[gh]h \bglZ. Djb\u_ ^_ckl\by, ]b^jh^bgZfbq_kdb_ 

oZjZdl_jbklbdb ]j_[gh]h \bglZ. 

 Ebl_jZlmjZ: [1, §4.3; 4.4]. 

<hijhku ^ey kZfhijh\_jdb 

1. DZd h[jZamxlky \bglh\Zy ebgby, \bglh\Zy ih\_joghklv? 

2. >Zcl_ hij_^_e_gby rZ]h\h]h b ^bkdh\h]h hlghr_gbc. 

3. Qlh y\ey_lky jZ[hqbf we_f_glhf ]j_[gh]h \bglZ? 

4. >Zcl_ hij_^_e_gb_ ihklmib b kdhev`_gby ]j_[gh]h \bglZ. 

5. Kmffhc dZdbo kdhjhkl_c y\ey_lky j_amevlbjmxsZy kdhjhklv h[l_dZgby 

we_f_glZ ehiZklb? 

6. >Zcl_ hij_^_e_gb_ kbeu mihjZ b fhf_glZ khijhlb\e_gby \jZs_gbx 

]j_[gh]h \bglZ. 

7. DZdb_ j_`bfu jZ[hlu ]j_[gh]h \bglZ \u agZ_l_? 
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L_fZ 3. Wdki_jbf_glZevgu_ bkke_^h\Zgby jZ[hlu ]j_[guo \bglh\ 

 GZagZq_gb_ wdki_jbf_glZevguo bkke_^h\Zgbc; mklZgh\db ^ey bo ijh-

\_^_gby. Fh^_ebjh\Zgb_ jZ[hlu ]j_[guo \bglh\, hij_^_eyxsb_ djbl_jbb 

^bgZfbq_kdh]h ih^h[by. BkiulZgby fh^_e_c ]j_[guo \bglh\ \ k\h[h^ghc 

\h^_. <ebygb_ ]_hf_ljbb \bglh\ gZ bo ]b^jh^bgZfbq_kdb_ oZjZdl_jbklbdb. 

>bZ]jZffu ^ey jZkq_lZ ]j_[guo \bglh\. 

 Ebl_jZlmjZ: [1, §4.5]. 

<hijhku ^ey kZfhijh\_jdb 

1. K dZdhc p_evx ijh\h^ylky bkiulZgby fh^_e_c ]j_[guo \bglh\? 

2. Ihq_fm bkiulu\Zxlky fh^_eb, Z g_ gZlmjgu_ ]j_[gu_ \bglu? 

3. DZdb_ lj_[h\Zgby ^he`gu \uihegylvky ijb fh^_ebjh\Zgbb jZ[hlu 

]j_[guo \bglh\? 

4. DZdb_ djbl_jbb ^bgZfbq_kdh]h ih^h[by y\eyxlky hij_^_eyxsbfb ijb 

fh^_ebjh\Zgbb jZ[hlu jZaebqguo lbih\ ]j_[guo \bglh\? 

5. DZdb_ ]_hf_ljbq_kdb_ oZjZdl_jbklbdb ]j_[guo \bglh\ hdZau\Zxl gZb-

[hevr__ \ebygb_ gZ bo ]b^jh^bgZfbq_kdb_ oZjZdl_jbklbdb? 

6. < q_f aZdexqZ_lky kihkh[ ihkljh_gby ^bZ]jZff ^ey jZkq_lZ ]j_[guo 

\bglh\? 

7. DZdb_ dhwnnbpb_glu aZ^Zgby bkihevamxlky ijb ijh_dlbjh\Zgbb ]j_[-

guo \bglh\? 

 

 L_fZ 4. <aZbfh^_ckl\b_ ]j_[gh]h \bglZ k dhjimkhf km^gZ 

 Ihimlguc ihlhd b ijbqbgu _]h \hagbdgh\_gby. <ebygb_ g_jZ\ghf_j-

ghklb ihey kdhjhkl_c gZ jZ[hlm ]j_[gh]h \bglZ. AZkZku\Zgb_. Ijhimevkb\-

guc dhwnnbpb_gl b _]h khklZ\eyxsb_. 

 Ebl_jZlmjZ: [1, §4.6]. 

<hijhku ^ey kZfhijh\_jdb 

1. AZ kq_l q_]h \hagbdZ_l ihimlguc ihlhd? 

2. DZdb_ khklZ\eyxsb_ ihimlgh]h ihlhdZ \u agZ_l_? 
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3. < q_f aZdexqZxlky jZaebqby f_`^m dhwnnbpb_glZfb ihimlgh]h ihlh-

dZ: ghfbgZevgh]h, wnn_dlb\gh]h b jZkq_lgh]h? 

4. DZd \eby_l g_jZ\ghf_jghklv ihey kdhjhkl_c gZ jZ[hlm ]j_[gh]h \bglZ? 

5. Ihq_fm ihe_agZy ly]Z g_ jZ\gZ mihjm ]j_[gh]h \bglZ? 

6. Qlh ij_^klZ\ey_l kh[hc ijhimevkb\guc dhwnnbpb_gl? 

7. DZd \ebyxl dhwnnbpb_glu ihimlgh]h ihlhdZ b aZkZku\Zgby gZ ijh-

imevkb\guc dhwnnbpb_gl? 

 

L_fZ 5. DZ\blZpby ]j_[guo \bglh\ 

 DZ\blZpby djuev_\ b ehiZkl_c ]j_[gh]h \bglZ. KlZ^bb dZ\blZpbb ]j_[-

guo \bglh\. G_]Zlb\gu_ ihke_^kl\by dZ\blZpbb, kihkh[u __ hl^Ze_gby. DZ-

\blbjmxsb_ b qZklbqgh ih]jm`_ggu_ ]j_[gu_ \bglu. 

 Ebl_jZlmjZ: [1, §4.7; 4.9]. 

<hijhku ^ey kZfhijh\_jdb 

 

1. >Zcl_ hij_^_e_gb_ dZ\blZpbb. 

2. < q_f ijbqbgZ \hagbdgh\_gby dZ\blZpbb djuev_\ b ehiZkl_c ]j_[guo 

\bglh\? 

3. DZdhc djbl_jbc ^bgZfbq_kdh]h ih^h[by hij_^_ey_l kl_i_gv jZa\blby 

dZ\blZpbb? 

4. DZd baf_gyxlky ]b^jh^bgZfbq_kdb_ oZjZdl_jbklbdb \bglh\ \ i_j\hc b 

\h \lhjhc klZ^byo dZ\blZpbb? 

5. < q_f ijbqbgu dZ\blZpbhgghc wjhabb? 

6. DZdbf h[jZahf fh`gh hl^Zeblv dZ\blZpbx ]j_[gh]h \bglZ? 

7. < dZdbo j_`bfZo jZ[hlZxl dZ\blbjmxsb_ b qZklbqgh ih]jm`_ggu_ 

]j_[gu_ \bglu? 

 

L_fZ 6. Ijh_dlbjh\Zgb_ ]j_[guo \bglh\ 

 <u[hj hkgh\guo ]_hf_ljbq_kdbo oZjZdl_jbklbd ]j_[guo \bglh\, bo 

qbkeZ b gZijZ\e_gby \jZs_gby. Ijh_dlbjh\Zgb_ ]j_[guo \bglh\ ih ^bZ-
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]jZffZf k_jbcguo bkiulZgbc. Hkh[_gghklb ]j_[guo \bglh\ [ukljhoh^guo 

km^h\, e_^hdheh\. H[_ki_q_gb_ ijhqghklb \bglh\. 

 Ebl_jZlmjZ: [1, §4.8; 4.9]. 

<hijhku ^ey kZfhijh\_jdb 

1. Ihq_fm [hevrbgkl\h fhjkdbo ljZgkihjlguo km^h\ y\eyxlky h^gh-

\bglh\ufb? 

2. Ba dZdbo mkeh\bc \u[bjZxlky dhebq_kl\h ehiZkl_c, gZijZ\e_gb_ 

\jZs_gby b ^bkdh\h_ hlghr_gb_ ]j_[gh]h \bglZ? 

3. Kdhevdh bf__lky hkgh\guo ko_f ijh_dlbjh\Zgby ]j_[guo \bglh\ ih 

^bZ]jZffZf? Dh]^Z hgb bkihevamxlky? 

4. < q_f aZdexqZxlky hkgh\gu_ hkh[_gghklb g_dZ\blbjmxsbo ]j_[-

guo \bglh\ [ukljhoh^guo km^h\? 

5. DZdh\u hkh[_gghklb ]j_[guo \bglh\ e_^hdheh\? 

 

L_fZ 7. Kh\f_klgZy jZ[hlZ ]j_[gh]h \bglZ b wg_j]_lbq_kdhc 

 mklZgh\db km^gZ 

 Ijhimevkb\guc dhfie_dk km^gZ: ^\b]Zl_ev-^\b`bl_ev. OZjZdl_jbklb-

db ^\b]Zl_ey b ^\b`bl_ey, k\yav f_`^m gbfb. Khhl\_lkl\b_ ]j_[gh]h \bglZ b 

f_oZgbq_kdhc mklZgh\db. <bglu j_]mebjm_fh]h rZ]Z. Oh^h\u_ oZjZdl_jb-

klbdb km^gZ. Oh^h\u_ bkiulZgby km^h\. 

 Ebl_jZlmjZ: [1, §4.10]. 

<hijhku ^ey kZfhijh\_jdb 

1. Qlh kh[hc ij_^klZ\eyxl oZjZdl_jbklbdb ^\b]Zl_ey, ]j_[gh]h \bglZ? 

2. Qlh kh[hc ij_^klZ\ey_l \bglh\Zy oZjZdl_jbklbdZ ^\b]Zl_ey? 

3. < q_f aZdexqZ_lky khhl\_lkl\b_ ]j_[gh]h \bglZ ^\b]Zl_ex? 

4. Qlh h[s_]h f_`^m ]b^jh^bgZfbq_kdb ly`_eufb b e_]dbfb \bglZfb? 

5. I_j_qbkebl_ hkgh\gu_ ^hklhbgkl\Z b g_^hklZldb ]j_[guo \bglh\ j_]m-

ebjm_fh]h rZ]Z. 

6. Qlh kh[hc ij_^klZ\ey_l iZkihjlgZy ^bZ]jZffZ km^gZ? DZdb_ aZ^Zqb 

j_rZxlky k __ ihfhsvx? 
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7. < q_f gZagZq_gb_ oh^h\uo bkiulZgbc? DZdb_ lj_[h\Zgby ij_^ty\ey-

xlky d bo ijh\_^_gbx? 

 

L_fZ 8. Ki_pbZevgu_ \hijhku jZ[hlu b ijh_dlbjh\Zgby  

]j_[guo \bglh\ 

 J_\_jkbjh\Zgb_ ]j_[guo \bglh\ nbdkbjh\Zggh]h b j_]mebjm_fh]h rZ-

]Z. I_jbh^bq_kdb_ kbeu, ^_ckl\mxsb_ gZ ]j_[ghc \bgl \ jZ\ghf_jghf ihe_ 

kdhjhkl_c. Mkbeby, i_j_^Z\Z_fu_ ]j_[guf \bglhf gZ dhjimk km^gZ. Rmf 

]j_[gh]h \bglZ. IZjpbZevgu_ j_`bfu ^\b`_gby km^gZ. 

 Ebl_jZlmjZ: [1, §4.11]. 

<hijhku ^ey kZfhijh\_jdb 

1. Qlh gZau\Z_lky j_\_jkhf km^gZ? 

2. DZd ijhl_dZ_l ijhp_kk j_\_jkZ <NR, <JR? 

3. Qlh lZdh_ klZlbq_kdZy g_mjZ\gh\_r_gghklv ]j_[gh]h \bglZ b \ q_f hgZ 

ijhy\ey_lky? 

4. DZdb_  ijbqbgu \uau\Zxl ^bgZfbq_kdmx g_mjZ\gh\_r_gghklv \bglZ b 

d q_fm ijb\h^bl lZdZy g_mjZ\gh\_r_gghklv? 

5. GZah\bl_ 4 hkgh\gu_ khklZ\eyxsb_ rmfghklb ]j_[gh]h \bglZ b ijb-

qbgu bo ihjh`^Zxsb_. 

6. Dh]^Z bf_xl f_klh iZjpbZevgu_ j_`bfu jZ[hlu ]j_[guo \bglh\ b q_f 

hgb khijh\h`^Zxlky? 

 

L_fZ 9. Kihkh[u ih\ur_gby wnn_dlb\ghklb jZ[hlu ]j_[guo \bglh\ 

 Ihl_jb wg_j]bb, khijh\h`^Zxsb_ jZ[hlm ]j_[gh]h \bglZ. Kgb`_gb_ 

ihl_jv – ih\ur_gb_ wnn_dlb\ghklb ]j_[guo \bglh\. GZijZ\eyxsb_ gZkZ^-

db. Kgb`_gb_ ihl_jv gZ kha^Zgb_ \ua\Zgguo hdjm`guo kdhjhkl_c. =j_[gu_ 

\bglu [_a dhgp_\uo \boj_c. FZehh[hjhlgu_ \bglu m\_ebq_ggh]h ^bZf_ljZ. 

Kgb`_gb_ hljbpZl_evgh]h \ebygby g_jZ\ghf_jghklb ihey kdhjhkl_c \ ^bkd_ 

]j_[gh]h \bglZ. 

 Ebl_jZlmjZ: [1, §7.3]. 
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<hijhku ^ey kZfhijh\_jdb 

1. I_j_qbkebl_ ihl_jb wg_j]bb, bf_xsb_ f_klh ijb jZ[hl_ ]j_[gh]h 

\bglZ. 

2. Qlh hlghkyl d dhgkljmdlb\guf, Z qlh d bg^mdlb\guf ihl_jyf  

      wg_j]bb? 

3. DZdb_ kihkh[u bkihevamxlky ^ey kgb`_gby ihl_jv gZ kha^Zgb_ \u-

a\Zgguo hk_\uo kdhjhkl_c b \ua\Zgguo hdjm`guo kdhjhkl_c? 

4. GZah\bl_ ^\Z imlb kgb`_gby \ebygby g_jZ\ghf_jghklb ihey kdhjhkl_c 

gZ jZ[hlm ]j_[gh]h \bglZ. 

 

Dhgljhevgh_ aZ^Zgb_ ih dmjkm: 

F \ZjbZglu aZ^Zgbc b ihykg_gby d \uiheg_gbx – \ ]eZ\_ 2; 

F jZkq_lguc ijbf_j – \ ]eZ\_ 3. 

 

 

 

 

2. DHGLJHEVGH? A:>:GB? 

 

«JZkq_l oh^dhklb km^gZ» 

 

 <uiheg_gb_ aZ^Zgby ij_^mkfhlj_gh mq_[guf ieZghf b ^he`gh kih-

kh[kl\h\Zlv aZdj_ie_gbx bamqZ_fh]h l_hj_lbq_kdh]h fZl_jbZeZ, Z lZd`_ 

ijbh[j_l_gbx gZ\udh\ jZkq_lZ oh^dhklb km^h\. 

 < dhgljhevghf aZ^Zgbb ijhba\h^blky jZkq_l oh^dhklb h^gh\bglh\h]h 

km^gZ k ijyfhc i_j_^Zq_c fhsghklb gZ ]j_[ghc \bgl. We_f_glu jZkkqblu-

\Z_fh]h km^gZ b lj_[m_fZy kdhjhklv _]h ^\b`_gby ijbgbfZxlky kh]eZkgh 

lZ[ebp_ 1. <ZjbZgl aZ^Zgby hij_^_ey_lky ^\mfy ihke_^gbfb pbnjZfb ghf_jZ 

aZq_lghc dgb`db klm^_glZ (lZd, ijb hdhgqZgbb ghf_jZ gZ 03; 23 aZ^Zgguf 

y\ey_lky \ZjbZgl �3; ^ey ihke_^gbo pbnj 13; 33 – \ZjbZgl �13). 
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LZ[ebpZ 1 – <ZjbZglu aZ^Zgbc  

 

� 

i/i 

Lbi 

km^gZ 
>ebgZ 
ih 

=<E, f

RbjbgZ 
<, f 

HkZ^dZ 
L, f 

<h^hbaf_s_gb_ 
D, l 

JZkq_lgZy 
kdhjhklv 
XS, ma 

1 2 3 4 5 6 7 

1 Obfh\ha 97,4 16,6 6,69 8400 13,5 

2 E_kh\ha 119 17,0 7,33 10200 14,5 

3 LZgd_j 141 19,2 8,50 16300 15,0 

4 ;Zed_j 138 23,0 8,50 19600 14,5 

5 Kmoh]jma 140 20,0 8,91 17800 15,5 

6 Kmoh]jma 142 21,8 9,00 19700 16,5 

7 Kmoh]jma 156 21,8 9,96 22100 18,0 

8 Dhgl_cg_jh\ha 157 25,4 9,22 22800 19,0 

9 =Zah\ha 185 29,0 10,1 39900 17,5 

10 ;Zed_j 175 32,2 12,0 54300 15,5 

11 Kmoh]jma 99,9 12,8 5,67 5380 13,8 

12 E_kh\ha 113 16,7 6,37 8460 14,0 

13 Kmoh]jma 140 20,6 9,00 17300 18,0 

14 Kmoh]jma 148 21,2 9,72 20300 18,0 

15 LZgd_j 174 23,4 9,50 29300 16,0 

16 ;Zed_j 172 22,8 10,1 31800 16,0 

17 LZgd_j 172 32,2 11,0 49800 14,5 

18 LZgd_j 214 31,1 11,6 62300 16,5 

19 LZgd_j 256 38,7 12,9 102000 17,0 

20 LZgd_j 280 45,0 17,0 173000 16,0 

 

 Dhgljhevgh_ aZ^Zgb_ ij_^mkfZljb\Z_l: 

F jZkq_l khijhlb\e_gby b [mdkbjh\hqghc fhsghklb \ nmgdpbb hl kdhjh-

klb km^gZ; 

F jZkq_l ]j_[gh]h \bglZ, h[_ki_qb\Zxs_]h aZ^Zggmx kdhjhklv ^\b`_gby 

km^gZ; 

F \u[hj ]eZ\gh]h ^\b]Zl_ey; 

F jZkq_l ]j_[gh]h \bglZ, h[_ki_qb\Zxs_]h ijb iheghf bkihevah\Zgbb 

fhsghklb ^\b]Zl_ey fZdkbfZevgmx kdhjhklv ^\b`_gby km^gZ. 

MdZaZgby d \uiheg_gbx dhgljhevgh]h aZ^Zgby. 

<k_ jZkq_lu ^he`gu [ulv hnhjfe_gu \ \b^_ ihykgbl_evghc aZibkdb gZ 

ebklZo :1 nhjfZlZ (297 × 210 ff), Z ]jZnbdb – gZ fbeebf_ljh\hc [mfZ]_ lh-

 17



]h `_ nhjfZlZ. Ijb \uqbke_gbyo  ke_^m_l ijb^_j`b\Zlvky f_`^mgZjh^ghc 

kbkl_fu _^bgbp (KB), hnhjfe_gb_ jZ[hlu ^he`gh khhl\_lkl\h\Zlv lj_[h\Z-

gbyf ?^bghc kbkl_fu dhgkljmdlhjkdhc ^hdmf_glZpbb (?KD>). 

Nbabq_kdb_ \_ebqbgu, g_h[oh^bfu_ ^ey jZkq_lh\, ijbgbfZxlky kh]eZkgh 

lZ[ebp_ 2. 

LZ[ebpZ 2 – Nbabq_kdb_ \_ebqbgu 

 

� 

i/i 
GZbf_gh\Zgb_ \_ebqbgu 

H[hagZq_gb_ Qbke_ggh_ agZq_gb_ b 

jZaf_jghklv 
1 Iehlghklv fhjkdhc \h^u 

klZg^ZjlgZy 
U 1,025 l/f3

 =  

= 1,025Ü10
3
 d]/f3 

2 Dbg_fZlbq_kdZy \yadhklv 
fhjkdhc \h^u ijb t = 4

0K 
Q 1,57�10

-6
 f2

/k 

3 :lfhkn_jgh_ ^Z\e_gb_ 
klZg^Zjlgh_ 

jZ 101 dIZ 

4 >Z\e_gb_ gZkus_gguo iZ-
jh\ \h^u ijb t = 18

0K 

jV 2,30 dIZ 

 

Kdhjhklv km^gZ XS(ma) k\yaZgZ kh kdhjhklvx X(f/k) khhlghr_gb_f 

 

X = 0,514XS .     (1) 

 

 <h \k_o jZkq_lZo nb]mjbjm_l kdhjhklv k nbabq_kdhc jZaf_jghklvx 

f_lj \ k_dmg^m, h^gZdh ih ljZ^bpbb rbjhdh bkihevam_lky b kdhjhklv, \ujZ-

`_ggZy \ maeZo. 

 < jZkq_lZo oh^dhklb ^hklZlhqgh m^_j`b\Zlv lhevdh 3 agZqZsb_ pbnju, 

ijb wlhf hlghkbl_evgZy ih]j_rghklv \uqbke_gbc (Gd1%) [m^_l khhl\_lkl\h-

\Zlv lhqghklb bkihevam_fuo \ jZkq_lZo ^Zgguo. 
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  2.1. JZkq_l khijhlb\e_gby ^\b`_gbx km^gZ 

 

 2.1.1. JZkq_l khijhlb\e_gby km^gZ ijb ^\b`_gbb gZ lbohc \h^_ 

 >ey aZ^Zggh]h km^gZ, we_f_glu dhlhjh]h b kdhjhklv ijbgbfZxlky ih 

lZ[ebp_ 1, jZkkqblu\Z_lky aZ\bkbfhklv khijhlb\e_gby b [mdkbjh\hqghc 

fhsghklb hl kdhjhklb ^\b`_gby. Ijb wlhf bkihevam_lky ijb[eb`_gguc f_-

lh^, hkgh\Zgguc gZ j_amevlZlZo bkiulZgby k_jbb fh^_e_c h^gh\bglh\uo 

fhjkdbo ljZgkihjlguo km^h\. 

 < jZkkfZljb\Z_fhf f_lh^_ ijbf_gy_lky ljZ^bpbhggh_ jZa^_e_gb_ kh-

ijhlb\e_gby gZ khklZ\eyxsb_: 

 

� �
0

2

2
F R A APR C C C C

UX
 � � � : .   (2) 

 

 Dhwnnbpb_gl khijhlb\e_gby lj_gby wd\b\Ze_glghc ieZklbgu hij_^_-

ey_lky ih nhjfme_ IjZg^ley-Rebolbg]Z: 

 

� �0 2,58

0,455

lg Re
FK   ,     (3) 

 

]^_ 

 

         Re
LX

 
Q

 .     (4) 

 

 Dhwnnbpb_gl hklZlhqgh]h khijhlb\e_gby gZoh^blky \ \b^_ 

 

0

0

/ /R R B T

a
C C k a

a

\

\

 B T  ,    (5) 
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]^_ � �
0

,R rK f F G  kgbfZ_lky k jbkmgdZ 1; a\ , 
0

a\  hij_^_eyxlky ih jbkmgdm 2 

khhl\_lkl\_ggh \ nmgdpbb hl 1 3L V\   ^ey aZ^Zggh]h km^gZ b hl 0\  ^ey   

klZg^Zjlgh]h, ^ey dhlhjh]h � �0\ G  gZoh^blky ih jbkmgdm 1; � �/ ,B T rk F B T  b 

� �/B TZ < L

150

 kgbfZxlky k jbkmgdZ 3; K: – dhjj_eypbhgguc dhwnnbpb_gl («gZ^-

[Z\dZ gZ r_jhoh\Zlhklv») ijbgbfZ_lky \ aZ\bkbfhklb hl ^ebgu km^gZ: ijb 

L d f :K = 0,3�10
-3

 , ijb 150 f < Ld 210 f :K = 0,2�10
-3

, ijb 210 f < Ld 250 

f :K = 0,1�10
-3

, ijb 250 f < Ld 300 f :K = 0, K:J – dhwnnbpb_gl khijhlb\e_-

gby \uklmiZxsbo qZkl_c, ijbgbfZ_fuc: ijb 130L d f :JK = 0,15�10
-3

 , ijb 

130 f < 130L d f :JK = 0,1�10
-3

 , ijb L >200f :JK = 0,05�10
-3

 . 

 <_ebqbgZ iehsZ^b kfhq_gghc ih\_joghklb fh`_l [ulv gZc^_gZ ih 

nhjfme_ K_f_db ^ey lbohoh^guo b kj_^g_kdhjhklguo km^h\ (Gt0,65): 

 

        � �2 1,37 0,274
B

LT
T

ª º:  � G �« »¬ ¼
    (6) 

 

beb ih nhjfme_ FmjZ]bgZ ^ey hlghkbl_evgh [ukljhoh^guo km^h\ (G<0,65): 

 

            1,36 1,13
B

LT
T

§:  � G¨
© ¹

·
¸      (7) 

 

 Ijb  gZebqbb l_hj_lbq_kdh]h q_jl_`Z kfhq_ggmx ih\_joghklv fh`gh 

hij_^_eblv ih nhjfme_ ljZi_pbb 

 

    0

0

2
2

n
n

i

L l l
l

n

�§
:  �¨

© ¹
¦ ·

¸ ,     (7c) 

 

]^_ li – ^ebgZ ihemi_jbf_ljZ i-]h riZg]hmlZ; n – qbkeh l_hj_lbq_kdbo riZg-

]hmlh\. 
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 <_ebqbgZ dhwnnbpb_glZ h[s_c iheghlu gZoh^blky ih nhjfme_ 

 

V

LBT
G  ,     (8) 

 

Z qbkeh Njm^Z hij_^_ey_lky \ujZ`_gb_f 

 

      rF
gL

X
 .     (9) 

 

 ;mdkbjh\hqgZy fhsghklv J? \uqbkey_lky dZd 

 

      ?J R � X      (10) 

 

 JZkq_l bkdhfuo aZ\bkbfhkl_c R(X) b J?(X) m^h[gh ijhba\h^blv \ lZ[-

ebqghc nhjf_, aZ^Z\Zykv jy^hf (\ gZklhys_f aZ^Zgbb – iylvx) agZq_gbc 

qbkeZ Njm^Z. Ijb wlhf qbkeh Njm^Z, khhl\_lkl\mxs__ aZ^Zgghc kdhjhklb, 

^he`gh gZoh^blvky \gmljb jZkkfZljb\Z_fh]h ijhf_`mldZ lZd, qlh[u 

. Bgl_j\Ze  aZ\bkbl hl \_ebqbgu FrjZkq b fh`_l ijbgbfZlvky 

=0,02 ijb 0,22 b 

4jZkqrF |

rF'

rF rF'

jZkqrF t rF' =0,01 ijb <0,22 . Qlh[u bkdexqblv g_h[-

oh^bfhklv bgl_jiheypbb, Z ke_^h\Zl_evgh, ih\ukblv  

jZkqrF
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Jbkmghd 1 – AZ\bkbfhklv dhwnnbpb_glZ hklZlhqgh]h khijhlb\e_gby hl qbkeZ Njm^Z 

 

 22 



 

 

Jbkmghd 2 – Mq_l \ebygby hlghkbl_evghc ^ebgu km^gZ gZ hklZlhqgh_ khijhlb\e_gb_ 

 

 23 



 

Jbkmghd 3 – Mq_l hlghr_gby </L gZ hklZlhqgh_ khijhlb\e_gb_

 

 24 

 

 



lhqghklv jZkq_lh\ b mf_gvrblv \j_fy gZ bo ijh\_^_gb_, \_ebqbgu 

\u[bjZxlky lZd, qlh[u hgb khhl\_lkl\h\Zeb l_f agZq_gbyf, dhlhju_ 

nb]mjbjmxl gZ jbkmgd_ 1. 

1 SrF F� r

 

2.1.2. JZkq_l khijhlb\e_gby km^gZ ijb ^\b`_gbb \ rlhjfh\uo 

mkeh\byo gZ \klj_qghf g_j_]meyjghf \heg_gbb 

 

Wlhl jZkq_l ijhba\h^blky ^ey lj_o aZ^Zgguo agZq_gbc [Zeevghklb g_-

j_]meyjgh]h fhjkdh]h \heg_gby ih nhjfme_ 

 

     RL L< AW AAR R R R � �     (11) 

 

]^_ RL< – khijhlb\e_gb_ km^gZ gZ lbohc \h^_, dhlhjh_ [ueh jZkkqblZgh jZg__ 

\ 2.1.1. 

 Ijb wlhf ijbgbfZ_lky: 

^ey km^gZ ^ebghc, f L<120 120< L<220 L>220 

kl_i_gv \heg_gby, [Zeeu 4, 5, 6 5, 6, 7 6, 7, 8 

  

>hihegbl_evgh_ khijhlb\e_gb_ gZ g_j_]meyjghf \heg_gbb hij_^_ey_lky ih 

nhjfme_, dG 

 

     � �0,687 2,5

AW S FR C F h f D  ,    (12) 

 

]^_  CS – dhwnnbpb_gl, aZ\bkysbc hl nhjfu b jZaf_jh\ km^gZ, dG/f2,5
; 

 

    � �� �5 2 1,52,77 10 / 1 4,4SK g B L � U � G  .   (13) 

 

 ;_ajZaf_jgu_ \_ebqbgu: 

 

 25



    0,1430,252 rF LD  � h ;     (14) 

 

     � � � �12,4

f eDD  D  .    (15) 

 

 >hihegbl_evgh_ khijhlb\e_gb_ \ha^moZ jZkkqblu\Z_lky ih nhjfme_, 

dG 

    31,08 10 2

AA AR LV� � � ,     (16) 

 

]^_  kdhjhklv \ha^mrgh]h ihlhdZ jZ\gZ kmff_ kdhjhkl_c \_ljZ b km^gZ: 

 

         A CV V VB �  .     (17) 

 

 <ukhlZ \heg 3%-ghc h[_ki_q_gghklb h b jZkq_lgZy kdhjhklv \_ljZ ijb-

gbfZxlky \ aZ\bkbfhklb hl kbeu \heg_gby: 

kl_i_gv \heg_gby, [Zeeu IV V VI VII VIII 

\ukhlZ \heg h , f 2,0 3,5 6,0 8,5 11 

kdhjhklv \_ljZ V< , f/k 11 14 19 24 29 

 

 JZkq_l khijhlb\e_gby \ rlhjfh\uo mkeh\byo ijhba\h^blky \ lZ[ebq-

ghc nhjf_. Ih j_amevlZlZf jZkq_lh\ ^ey aZ^Zgguo agZq_gbc kbeu \heg_gby 

kljhylky aZ\bkbfhklb khijhlb\e_gby gZ lbohc \h^_ b rlhjfh\uo mkeh\byo 

hl kdhjhklb. 

 

2.1.3. JZkq_l khijhlb\e_gby km^gZ ijb ^\b`_gbb gZ lbohc \h^_ 

 

Qlh[u f_edh\h^v_ g_ ijb\_eh d bkdZ`_gbx j_amevlZlh\ oh^h\uo bkiu-

lZgbc, ]em[bgZ iheb]hgZ ^he`gZ [ulv g_ f_gvr_ \_ebqbgu, \uqbke_gghc ih 

h^ghc ba ijb\h^bfuo nhjfme: 
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    1 3,0G <L! ;     (18) 

 

           2

2 2,75 /SG g! �Q .     (19) 

 

2.2. JZkq_l ]j_[gh]h \bglZ 

 

 AZ^Zggufb y\eyxlky we_f_glu km^gZ, djb\Zy [mdkbjh\hqgh]h khijh-

lb\e_gby b jZkq_lgZy kdhjhklv. < dZq_kl\_ jZkq_lgh]h ijbgbfZ_lky j_`bf 

^\b`_gby, khhl\_lkl\mxsbc kj_^gbf mkeh\byf wdkiemZlZpbb, dh]^Z khijh-

lb\e_gb_ m\_ebqb\Z_lky ih kjZ\g_gbx k lZdh\uf \h \j_fy k^Zlhqguo bkiu-

lZgbc. Wlh m\_ebq_gb_ h[mkeh\eb\Z_lky,  \ qZklghklb, h[jZklZgb_f h[rb\db 

dhjimkZ, \heg_gb_f fhjy, qlh mqblu\Z_lky 15%-ghc gZ^[Z\dhc d khijhlb\-

e_gbx, hij_^_e_gghfm \ur_. P_ev jZkq_lZ – \u[hj hilbfZevgh]h ]j_[gh]h 

\bglZ, hl\_qZxs_]h mkeh\byf aZ^Zgby b bf_xs_]h ijb wlhf gZb\ukrbc 

DI>. 

1. >bZf_lj ]j_[gh]h \bglZ \u[bjZ_lky ba mkeh\by \D # 0,7Lk, ]^_  Lk – 

hkZ^dZ km^gZ. Qbkeh ehiZkl_c ^ey h^gh\bglh\h]h km^gZ ijbgbfZ_lky 

eZ = 4. 

2. Dhwnnbpb_glu \aZbfh^_ckl\by \bglZ b dhjimkZ jZkkqblu\Zxlky ih 

nhjfmeZf: 

 

�
3

l 0,165 0,1 0,2r

B

V
W

D
 G � � �F

W

;    (20)  

 

l0,7t  ,      (21) 

 

]^_ Wr   – dhwnnbpb_gl ihimlgh]h ihlhdZ; t – dhwnnbpb_gl aZkZku\Zgby; 
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D

V LBT G  
U

.     (22) 

 

3. Hij_^_e_gb_ ^bkdh\h]h hlghr_gby, fbgbfZevgh ^himklbfh]h ba mkeh-

\by h[_ki_q_gby ijhqghklb b hlkmlkl\by dZ\blZpbb, ijhba\h^blky ih 

ke_^mxsbf nhjfmeZf: 

 

    � � > @

2 3

3

0 maxmin

10
0,24 1,08E e

G

B

A Z
d

A D

§ · § ·
 �¨ ¸ ¨ ¸

mT

G V© ¹ © ¹
,  (23) 

 

]^_ Gd = 0,167 – hlghkbl_evguc ^bZf_lj klmibpu \bglZ; Ze – qbkeh ehiZkl_c 

]j_[gh]h \bglZ; = 0.080 – hlghkbl_evgZy lhesbgZ k_q_gby ehiZklb gZ jZ-

^bmk_ 

maxG

r = 0,6; m – dhwnnbpb_gl, mqblu\Zxsbc mkeh\by jZ[hlu \bglZ jZ\guc 

2 ^ey e_^hdheh\; 1,75 – ^ey km^h\ e_^h\h]h ieZ\Zgby; 1,5 – ^ey [mdkbjh\ b 

lhedZq_c; 1,15 – ^ey ljZgkihjlguo km^h\; 
1

ET
T

t
 

�
- mihj \bglZ [V] - ^himk-

dZ_fu_ gZijy`_gby fZl_jbZeZ ehiZklb, ^ey m]e_jh^bklhc klZeb b fZj]Zgph-

\bklhc eZlmgb [V] = 6�10
4
 dIZ 

 

   
� �
� � 2

0 0min

1,5 0,35 0,2eE

V B p

Z LA

A j j D Z

� �§ ·
 ¨ ¸ �© ¹

�     (24) 

 

]^_ 0 Z Bj j h � J  - Z[khexlgh_ ^Z\e_gb_ gZ hkb ]j_[gh]h \bglZ; jZ – Zlfh-

kn_jgh_ ^Z\e_gb_; jV – ^Z\e_gb_ gZkus_gguo iZjh\ \h^u; 0,55B c Bh T D# �  - 

aZ]em[e_gb_ hkb \bglZ; Lk – hkZ^dZ km^gZ; J - 10 dG/f3
 – m^_evguc \_k \h^u; 

Zp – qbkeh ]j_[guo \bglh\. 

 <u[bjZ_lky ^bZ]jZffgh_ agZq_gb_ 
0

EA

A

§ ·
¨
© ¹

¸ , jZ\gh_ eb[h ij_\urZxs__ 

[hevrh_ ba jZkkqblZgguo ih nhjfmeZf (23) b (24). 
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 4. JZkq_l ]j_[gh]h \bglZ, h[_ki_qb\Zxs_]h km^gm aZ^Zggmx kdhjhklv, 

ijhba\h^blky k bkihevah\Zgb_f dhwnnbpb_glZ aZ^Zgby 

   

     4A
NT

p
K

Tn

X
 ,     (25) 

 

]^_ ?

1

L
T

t
 

�
- mihj ]j_[gh]h \bglZ, dG; � �1 ,A TWX  X � f/k. 

 Ijb wlhf aZ^Z_lky g_kdhevdh  agZq_gbc qZklhlu \jZs_gby ]j_[gh]h 

\bglZ n, h[/k. 

 IZjZf_lju hilbfZevgh]h ]j_[gh]h \bglZ: _]h hlghkbl_evgmx ihklmiv 

J, dhwnnbpb_gl ihe_agh]h ^_ckl\by \ k\h[h^ghc \h^_ K0 b rZ]h\h_ hlghr_-

gb_ P/D  kgbfZxl  k   ebgbb (KNT)opt  gZ ^bZ]jZff_, khhl\_lkl\mxs_c   \u-

[jZgghfm ^bkdh\hfm hlghr_gbx :? /:0 (jbkmgdb 4 – 6). 

 <_ebqbgu hilbfZevgh]h ^bZf_ljZ ]j_[gh]h \bglZ b g_h[oh^bfhc 

fhsghklb ^\b]Zl_ey gZoh^bf ih nhjfmeZf: 

 

     A
opt

n

D
J

X
 ;      (26) 

 

     E
S

D S

T
p

X
 
K K

,       (27) 

 

]^_ KS = 0,98 – DI> \Zehijh\h^Z; 

 

     0

1

1
D g

T

t

W
0

�
K  K  K

�
K     (28) 

 

– ijhimevkb\guc dhwnnbpb_gl; Kg – dhwnnbpb_gl \ebygby dhjimkZ. 
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Jbkmghd 4 – >bZ]jZffZ ^ey jZkq_lZ ]j_[guo \bglh\ ( Ze  = 4, :? /:0 = 0,55) 
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Jbkmghd 5 – >bZ]jZffZ ^ey jZkq_lZ ]j_[guo \bglh\ ( Ze  = 4, :? /:0 = 0,70) 
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Jbkmghd 6 – >bZ]jZffZ ^ey jZkq_lZ ]j_[guo \bglh\ ( Ze  = 4, :? /:0 = 0,85)
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 Ih j_amevlZlZf jZkq_lh\, dhlhju_ m^h[gh ijhba\h^blv \ lZ[ebqghc 

nhjf_, kljhylky aZ\bkbfhklb Dopt b JS \ nmgdpbb hl n b ^ey lhqdb, \ dhlhjhc 

Dopt = D\, l._. hilbfZevguc ^bZf_lj jZ\_g \u[jZgghfm jZg__, gZoh^blky agZ-

q_gb_ fhsghklb b qZklhlu \jZs_gby SJc nc . ?keb \h \k_f ^bZiZahg_ qZklhl 

Dopt < D\ (qlh kemqZ_lky ^hklZlhqgh j_^dh), \u[bjZ_lky \bgl, khhl\_lkl\mx-

sbc .  minSJc

 5. <u[hj ]eZ\gh]h ^\b]Zl_ey ijhba\h^blky ih dZlZeh]Zf ij_^ijbylbc b 

nbjf k mq_lhf ihemq_gguo \ur_ agZq_gbc SJc b nc . < gZklhys_f aZ^Zgbb 

fh`gh h]jZgbqblvky fZl_jbZeZfb lZ[ebp 3, 4, ]^_ ij_^klZ\e_gu hkgh\gu_ 

oZjZdl_jbklbdb g_dhlhjuo fZehh[hjhlguo ^\b]Zl_e_c \gmlj_gg_]h k]hjZgby 

(^ba_e_c) b ^ba_evguo j_^mdlhjguo Z]j_]Zlh\ khhl\_lkl\_ggh. 

LZ[ebpZ 3 –OZjZdl_jbklbdb g_dhlhjuo km^h\uo fZeh]Z[Zjblguo ^ba_e_c 

(FH>) 

:]j_]ZlgZy fhsghklv Sj , luk. d<l, ijb qbke_ pbebg^-

jh\ 
FZjdZ 
^ba_ey 

QZklhlZ 
\jZs_gby  
n, fbg-1 

4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 

>DJG 

45/90 
227 - 3,24 3,88 4,53 5,18 5,82 6,47 7,12 7,76 

>DJG 

52/105 
183 3,54 4,43 5,31 6,20 7,08 7,97 - - - 

>DJG 

45/120 
170 2,59 3,24 3,88 4,53 5,18 5,82 6,47 7,12 7,76 

>DJG 

55/138 
150 3,94 4,93 5,91 6,90 7,88 8,87 9,85 10,8 11,8 

>DJG 

67/140 
145 - 6,88 8,25 9,63 11,0 12,4 13,8 15,1 46,5 

>DJG 

80/160 
126 - 9,7 11,6 13,6 15,5 17,5 19,4 21,3 23,3 

>DJG 

90/160 
122 - - 16,2 18,9 21,6 24,3 27,0 - 32,4 

>DJG 

67/170 
119 5,5 6,88 8,25 9,63 11,0 12,4 13,8 15,1 16,5 

>DJG 

90/1800 
114 - 12,6 15,1 17,1 20,1 22,6 25,1 27,6 30,1 

>DJG 

80/195 
103 7,76 9,70 11,6 13,6 15,5 17,5 19,4 21,3 23,3 

 33



Ijh^he`_gb_ lZ[ebpu 3 

 

1 2 3 4 5 6 7 8 9 10 11 

>DJG 

98/200 
103 - - 18,0 21,0 24,0 27,0 30,0 33,0 36,0 

>DJG 

90/218 
94 10,1 12,6 15,1 17,6 20,1 22,6 25,1 27,6 30,1 

>DJG 

50/191 
92 3,92 4,90 5,88 6,86 7,84 - - - - 

>DJG 

90/255 
90 12,6 15,8 19,0 22,1 25,3 28,4 31,6 32,2 35,1 

>DJG 

60/194 
87 5,16 6,45 7,74 9,03 10,3 - - - - 

>DJG 

90/292 
78 15,6 19,6 23,5 27,4 31,3 35,2 39,1 43,0 46,9 

>DJG 

60/229 
76 4,48 5,6 6,72 7,84 8,96 - - - - 

>DJG 

80/259 
66 9,28 11,6 13,9 16,2 18,6 20,9 23,2 25,5 27,8 

>DJG 

90/292 
58 11,6 14,6 17,5 20,4 23,3 26,2 29,1 32,0 34,9 

 

 Ijbf_qZgby: 1.>\b]Zl_eb lbiZ >DJG – ^\molZdlgu_ dj_cpdhingu_, k 

]Zahlmj[hgZ^^m\hf, pbnju aZ [md\_gguf h[hagZq_gb_f – ^bZf_lj pbebg^jZ 

b oh^ ihjrgy \ kZglbf_ljZo. 

 2. < lZ[ebp_ ijb\_^_gu ghfbgZevgu_ agZq_gby fhsghklb b qZklh-

lu \jZs_gby nG. 

SGJ

 3. Ijbf_j aZibkb oZjZdl_jbklbd 12-pbebg^jh\h]h ^\b]Zl_ey: 

12>DJG 90/292,  
SGJ = 34900 d<l; nG 58 fbg-1

. 
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LZ[ebpZ 4 – Hkgh\gu_ oZjZdl_jbklbdb g_dhlhjuo ^ba_ev-j_^mdlhjguo Z]j_]Zlh\ 

� i/i Lbi ^\b]Zl_ey Dhebq_kl\h 
pbebg^jh\ 

Fhsghklv  
JS, luk.d<l 

Qbkeh h[hjh-
lh\ gZ \uoh^_ 
j_^mdlhjZ, 

n, fbg-1 

JZkoh^ lhieb-

\Z, 
]

d<l qZk�
 

=Z[Zjblu ^\b]Z-
l_ey, 

L B Hu u , ff 

1 6 1,470 252 192 5330 1732 3186u u  

2 6 1,470 201 192 5330 1732 3186u u  

3 6 1,470 161 192 5330 1732 3186u u  

4 6 1,470 141 192 5330 1732 3186u u  

5 7 1,715 252 192 5810 1732 3186u u  

6 7 1,715 201 192 5810 1732 3186u u  

7 7 1,715 161 192 5810 1732 3186u u  

8 7 1,715 141 192 5810 1732 3186u u  

9 8 1,960 252 192 6290 1732 3186u u  

10 8 1,960 201 192 6290 1732 3186u u  

11 8 1,960 161 192 6290 1732 3186u u  

12 8 1,960 141 192 6290 1732 3186u u  

13 9 2,205 252 192 6770 1844 3242u u  

14 9 2,205 201 192 6770 1844 3242u u  

15 9 2,205 161 192 6770 1844 3242u u  

16 

MAN 

L28/32A 

9 2,205 141 192 6770 1844 3242u u  

17 12 2,940 248 193 5560 2015 3032u u  

18 12 2,940 201 193 5560 2015 3032u u  

19 12 2,940 171 193 5560 2015 3032u u  

20 12 2,940 151 193 5560 2015 3032u u  

21 

MAN 

V28/32A 

16 3,920 248 193 5560 2015 3032u u  
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Ijh^he`_gb_ lZ[ebpu 4 

5560 2015 303222  16 3,920 231 193 u u  

23 16 3,920 191 193 5560 2015 3032u u  

24 

MAN 

V28/32A 16 3,920 151 193 5560 2015 3032u u  

25 6 0,800 268 192 6680 2015 3032u u  

26 6 0,800 214 192 6680 2015 3032u u  

27 6 0,800 190 192 6680 2015 3032u u  

28 

MAN 

L23/30A-? 

6 0,800 159 192 6680 2015 3032u u  

29 6 0,960 292 194 3737 1628 2467u u  

30 6 0,960 233 194 3737 1628 2467u u  

31 6 0,960 207 194 3737 1628 2467u u  

32 6 0,960 173 194 3737 1628 2467u u  

33 8 1,280 292 194 3737 1628 2467u u  

34 8 1,280 233 194 3737 1628 2467u u  

35 8 1,280 207 194 3737 1628 2467u u  

36 

MAN 

L23/30A 

8 1,280 173 194 3737 1628 2467u u  

37 12 1,920 292 195 4477 1628 2467u u  

38 12 1,920 233 195 4477 1628 2467u u  

39 12 1,920 187 195 4477 1628 2467u u  

40 

MAN 

V28/30A 

12 1,920 164 195 4477 1628 2467u u  

41 Wartsila 6L170 6 0,660 270 190 � �2895 1312 1226 849u u �  

42 Wartsila 8L170 8 0,880 260 190 � �3507 1312 1461 849u u �  

43 Wartsila 12V170 12 1,320 250 190 � �3065 1589 1470 880u u �  

44 Wartsila 12V200 12 2,400 250 190 � �4119 1636 1624 990u u �  

45 Wartsila 18V200 18 3,600 250 190 � �4812 1840 1827 1023u u �  
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� �46 Wartsila 6L20 6 0,990 290 190 3123 1360 1612 630u u �  

47 Wartsila 8L20 8 1,320 250 190 � �3731 1360 1740 630u u �  

48 Wartsila 9L20 9 1,485 230 190 � �4031 1360 1720 630u u �  

49 Wartsila 6L26 6 1,950 220 190 � �3660 1804 1918 790u u �  

50 Wartsila 8L26 8 2,600 220 190 � �40440 1804 1918 790u u �  

51 Wartsila 6L32 6 2,760 185 190 � �5110 2207 2553 1150u u �  

52 Wartsila 9L26 9 2,925 180 190 � �4830 1804 1918 790u u �  

53 Wartsila 8L32 8 3,680 175 190 � �6405 2207 2806 1150u u �  

54 Wartsila 12V26 12 3,900 180 190 � �4000 2375 2012 790u u �  

55 Wartsila 6L38 6 3,960 180 190 � �6069 2073 4178 1269u u �  

56 Wartsila 9L32 9 4,140 175 190 � �6895 2207 2806 1150u u �  

57 Wartsila 8L38 8 5,280 170 190 � �7135 2073 4501 1296u u �  

58 Wartsila 12V32 12 5,520 165 190 � �6868 2920 2680 1472u u �  

59 Wartsila 9L38 9 5,940 155 190 � �7990 2073 4501 1296u u �  

60 Wartsila 6L46 6 6,300 150 190 � �8290 2895 3970 1457u u �  

61 Wartsila 12V38 12 7,920 140 190 � �7705 3158 4750 1540u u �  

62 Wartsila 8L46 8 8,400 130 190 � �10005 3105 3970 1457u u �  

63 Wartsila 9L46 9 9,450 125 190 � �11015 3270 4135 1457u u �  

64 Wartsila 6L64 6 12,000 120 190 10135 3965 6315u u  

65 Wartsila 12V46 12 12,600 120 190 � �10330 3740 4365 1502u u �  

66 Wartsila 864 8 16,000 115 190 12525 3965 6655u u  



 Qlh[u kdhjhklv km^gZ g_ hdZaZehkv f_gvr_, q_f aZ^ZggZy, ijb \u[hj_ 

^\b]Zl_ey ke_^m_l \uihegblv mkeh\b_ JS > JcS  ; ijb wlhf `_eZl_evgh, qlh[u 

qZklhlZ \jZs_gby \hafh`gh f_gvr_ hlebqZeZkv hl gZc^_ggh]h \ur_ agZq_-

gby, ijbq_f emqr_ \ [hevrmx klhjhgm. 

 Ijbf_qZgb_. K_]h^gy \_^msb_ nbjfu-ba]hlh\bl_eb fZehh[hjhlguo 

km^h\uo ^ba_e_c (FH>) fh]ml ihklZ\eylv ih bg^b\b^mZevghfm aZdZam ^\b-

]Zl_eb k aZ^Zggufb agZq_gbyfb fhsghklb b qZklhlu \jZs_gby. Ijb wlhf 

hliZ^Z_l g_h[oh^bfhklv jZkq_lZ ]j_[gh]h \bglZ \h \lhjhf ijb[eb`_gbb 

(gZ ^hklb`_gb_ fZdkbfZevghc kdhjhklb). 

 H^gZdh ^ey ^jm]bo lbih\ ^\b]Zl_e_c (kj_^g_- b \ukhdhh[hjhlgu_ ^b-

a_eb, iZjh\u_ b ]Zah\u_ lmj[bgu) wlh \lhjh_ ijb[eb`_gb_ hklZ_lky Zdlm-

Zevguf. 

 Ihwlhfm ohly \ ijb\h^bfhf ijbf_j_ jZkq_lZ oh^dhklb km^gZ bkihev-

am_lky FH>, \ jZkq_lghc ko_f_ \k_ `_ khojZg_gh \lhjh_ ijb[eb`_gb_. Wlh 

iha\hey_l k^_eZlv mdZaZggmx ko_fm ijh_dlbjh\hqgh]h jZkq_lZ ]j_[gh]h 

\bglZ mgb\_jkZevghc, l. _. ijb]h^ghc b \ kemqZ_ ijbf_g_gby ^jm]bo lbih\ 

^\b]Zl_e_c. 

 Djhf_ lh]h, \ j_dhf_g^m_fhc mq_[ghc ebl_jZlmj_ g_l f_lh^bdb jZk-

q_lZ \bglZ b \u[hjZ ^\b]Zl_ey k mq_lhf ihke_^gbo \hafh`ghkl_c nbjf-

ba]hlh\bl_e_c, h dhlhjuo j_qv reZ \ur_. 

 6. JZkq_l ]j_[gh]h \bglZ, h[_ki_qb\Zxs_]h km^gm fZdkbfZevgmx kdh-

jhklv.  

 Ihkdhevdm oZjZdl_jbklbdb \u[jZggh]h ^\b]Zl_ey JS b n g_ kh\iZ^Zxl 

iheghklvx k hij_^_e_ggufb gZ i_j\hf wlZi_ jZkq_lZ JcS b nc , \hagbdZ_l g_-

h[oh^bfhklv jZkq_lZ \bglZ, dhlhjuc [u ijb bkihevah\Zgbb iheghc (ghfb-

gZevghc) fhsghklb h[_ki_qb\Ze km^gm fZdkbfZevgmx kdhjhklv. Ijb wlhf 

^he`gh \uihegylvky mkeh\b_ \ maxD Dd = 0,7 Lk , h[_ki_qb\Zxs__ lj_[h\Zgb_ 

jZaf_s_gby \bglZ \ dhjfh\hc hdhg_qghklb km^gZ. 
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 JZkq_l ijhba\h^blky ih ko_f_, ih^h[ghc baeh`_gghc \ur_, h^gZdh aZ-

^Zggufb kqblZxlky oZjZdl_jbklbdb ^\b]Zl_ey JS , n b dhjimkZ km^gZ R(X), Z 

kdhjhklv ^\b`_gby \Zjvbjm_lky. 

 Ijb wlhf, dZd ijZ\beh, ^hklZlhqgh aZ^Zlvky lj_fy agZq_gbyfb X : 

; ; , ]^_ 2 jZkqX  X 1 2X  X � 'X 3 2X  X � 'X � �0,5 1,0'X  � ma. ?keb hij_^_e_g-

guc ih ^bZ]jZff_ ^bZf_lj hdZ`_lky [hevr_ Dmax , lh \ ^Zevg_crbo jZkq_lZo 

ke_^m_l ijbgbfZlv \ maxD D . Ijb jZkq_lZo ih ^bZ]jZff_ b \ ^Zgghf kemqZ_ 

bkihevam_lky dhwnnbpb_gl aZ^Zgby DNT. 

 Ih j_amevlZlZf  jZkq_lh\ kljhylky ]jZnbdb � � � � � �\ \; ;
s s s s

D P D PX X X . 

BkdhfZy fZdkbfZevgh ^hklb`bfZy  kdhjhklv km^gZ, ^bZf_lj ]j_[gh]h \bglZ 

b _]h rZ]h\h_ hlghr_gb_ hij_^_eyxlky ]jZnbq_kdb ijb mkeh\bb jZ\_gkl\Z 

lj_[m_fhc fhsghklb b ghfbgZevghc fhsghklb \u[jZggh]h ^\b]Zl_ey. 

 JZkq_lu \bglZ m^h[gh ijhba\h^blv \ lZ[ebqghc nhjf_ (kf. ijbf_j 

jZkq_lZ oh^dhklb km^gZ). 

 < dhgp_ dhgljhevgh]h aZ^Zgby ^he`gu [ulv \uibkZgu oZjZdl_jbklbdb 

]j_[gh]h \bglZ ( \ ? 0 e, , ,D : : J D z ) ^\b]Zl_ey (fZjdZ JS , n) b ^hklb`bfZy 

km^ghf (fZdkbfZevgZy ^ey jZkq_lgh]h j_`bfZ) kdhjhklv. 

 7. JZkq_l b ihkljh_gb_ iZkihjlghc ^bZ]jZffu (oh^h\uo oZjZdl_jb-

klbd) km^gZ. 

 IZkihjlgZy ^bZ]jZffZ – wlh k\_^_ggu_ \h_^bgh b kh]eZkh\Zggu_ f_`-

^m kh[hc oZjZdl_jbklbdb dhjimkZ, ^\b]Zl_ey b ]j_[gh]h \bglZ. >ey ihkljh_-

gby iZkihjlghc ^bZ]jZffu bkihevamxlky gZc^_ggu_ \ur_ aZ\bkbfhklb: 

� �jZkqR X  - oZjZdl_jbklbdZ dhjimkZ; JS ( n) – oZjZdl_jbklbdZ ^\b]Zl_ey; � �L JD  

- oZjZdl_jbklbdZ jZkkqblZggh]h ]j_[gh]h \bglZ. 

 IZkihjlgZy ^bZ]jZffZ khklhbl ba ^\mo jZkiheh`_gguo ^jm] gZ^ ^jm-

]hf qZkl_c. GZ h^ghc (h[uqgh \_jog_c) ijb\h^ylky jZkq_lgh_ khijhlb\e_gb_ 

dhjimkZ b ihe_agZy ly]Z, jZa\b\Z_fZy ]j_[guf \bglhf, \ aZ\bkbfhklb hl kdh-

jhklb ^\b`_gby ^ey jy^Z agZq_gbc qZklhlu \jZs_gby ijb n = const. 
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 GZ \lhjhc, gb`g_c qZklb ^bZ]jZffu, kljhblky ihlj_[ey_fZy ]j_[guf 

\bglhf fhsghklv \ aZ\bkbfhklb hl kdhjhklb (^ey l_o `_ agZq_gbc n = const), 

Z lZd`_ fZdkbfZevgZy fhsghklv f_oZgbq_kdhc mklZgh\db (\_jogyy h]jZgb-

qbl_evgZy b j_]meylhjgZy oZjZdl_jbklbdb \u[jZggh]h ^\b]Zl_ey). 

 JZkq_l iZkihjlghc ^bZ]jZffu m^h[g__ ijhba\h^blv \ lZ[ebqghc nhj-

f_, aZ^Z\Zykv jy^hf nbdkbjh\Zgguo agZq_gbc qZklhlu \jZs_gby ]j_[gh]h 

\bglZ . Ijb wlhf mqblu\Zxlky oZjZdl_jbklbdb \aZbfh^_ckl\by \bglZ 

b dhjimkZ WT b t. 

i ghfn nd

 IZkihjlgZy ^bZ]jZffZ iha\hey_l ihemqblv ihegmx bgnhjfZpbx h oh-

^h\uo dZq_kl\Zo km^gZ, ihlj_[ey_fhc \bglhf fhsghklb b qZklhl_ _]h \jZ-

s_gby gZ \k_o \hafh`guo \ ijhp_kk_ wdkiemZlZpbb j_`bfZo ^\b`_gby. < 

jZkq_lghf j_`bf_ ^bZ]jZffZ kem`bl ^ey dhgljhey \k_o \uiheg_gguo \u-

qbke_gbc: gZ __ \_jog_c qZklb aZ\bkbfhklb � �jZkqR X  b   ijb n = nghf ^he`gu 

i_j_k_qvky \ lhqd_, khhl\_lkl\mxs_c fZdkbfZevgh ^hklb`bfhc kdhjhklb, gZ 

gb`g_c qZklb lhc `_ lhqd_ ^he`_g khhl\_lkl\h\Zlv b ghfbgZevguc j_`bf 

jZ[hlu ^\b]Zl_ey JS = Jghf ; n = nghf . 

 

3. IJBF?J J:KQ?L: OH>DHKLB KM>G: 

 

Bkoh^gu_ ^Zggu_ ^ey jZkq_lZ: 

L  = 173 f; < = 28,2 f; L = 9,50 f; D = 29400 l; SX = 21 ma ( X = 10,8 f/k). 

 

3.1. JZkq_l khijhlb\e_gby ^\b`_gbx 

 1. Hij_^_ebf \_ebqbgu, g_h[oh^bfu_ ^ey jZkq_lZ: 

 
29400

1,025

D
V

P
  = 28 700 f3

 ;  
28700

173 28,2 9,5

V

LBT
G   

� �
 = 0,619; 

 1
3 3

173

28700

L

V
\    5,65; 

 
28,2

9,5

<

L
  2,97;     jZkqFr

gL

X
  0,262; 
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 � �1,36 1,13 173 9,5 1,36 1,13 0,619 2,97
B

LT
T

§ ·:  � G  � � � �¨ ¸
© ¹

=5650 f2
. 

 2. AZ^Z_fky iylvx agZq_gbyfb qbk_e  Njm^Z: Fr = 0,20; 0,22; 0,24; 0,26; 

0,28. K jbkmgdZ 1 kgbfZ_f \0 = 6,0. >Zevg_crbc jZkq_l \_^_f \ lZ[ebp_ 5, 

ijbgbfZy agZq_gby nbabq_kdbo ihklhygguo  Q b U kh]eZkgh lZ[ebpu 2 , Z dh-

wnnbpb_glu khijhlb\e_gby r_jhoh\Zlhklb b \uklmiZxsbo qZkl_c khhl\_l-

kl\_ggh 

3

: 0,2 10K � � , 3

:J 0,1 10K � � . 

 3. JZkq_l khijhlb\e_gby ^\b`_gbx km^gZ \ rlhjfh\uo mkeh\byo ijh-

ba\h^bf ^ey lj_o qbk_e Njm^Z (Fr1, Fr3, Fr5) b lj_o agZq_gbc kl_i_gb fhj-

kdh]h \heg_gby – 5, 6, 7 [Zeeh\. 

 <_ebqbgm khijhlb\e_gby km^gZ gZ lbohc \h^_ ijbgbfZ_f ba ij_^u^m-

sbo jZkq_lh\ (lZ[ebpZ 5). 

LZ[ebpZ 5 – Ijb[eb`_gguc jZkq_l khijhlb\e_gby ^\b`_gbx km^gZ 

� 

i/i 
<_ebqbgZ JZaf_jghklv Qbke_ggu_ agZq_gby 

1 Fr - 0,20 0,22 0,24 0,26 0,28 

2 KR0 10
3   k jbk.1 - 0,57 0,66 0,79 1,02 1,31 

3 
0\D         k jbk. 2 - 1,0 1,0 1,0 1,0 1,0 

4 \D          k jbk. 2 - 1,116 1,15 1,12 1,11 1,11 

5 D</L           k jbk. 3 - 1,02 1,02 1,02 1,02 1,03 

6 D</L           k jbk. 3 - 1,0 1,0 1,0 1,0 1,0 

7 KR 10
3      ih (5) - 0,673 0,774 0,902 1,15 1,51 

8 Fr gLX   f/k 8,24 9,06 9,89 10,7 11,5 

9 Re 10
-8

   ih (4) - 9,08 9,98 10,9 11,8 12,7 

10 KF0         ih (3) - 1,59 1,57 1,55 1,54 1,52 

11 �
�

3

R F0

3

AP

10

10A

K K C

C C

�  �

� � �

�
 

- 2,56 2,64 2,71 2,99 3,34 

12 R            ih (2) Dg 517 628 766 993 1290 

13 ?J R �X  d<l 4260 5690 7570 10600 14900 

14 / 0,514SX  X  ma 16,0 17,6 19,2 20,8 22,4 
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Ih j_amevlZlZf jZkq_lh\ kljhbf aZ\bkbfhklb KR(Fr), dhlhju_ ijb\_^_-

gu gZ jbkmgd_ 7, Z lZd`_ � �SR X b � �S SP X  - gZ jbkmgd_ 8. 

 

Jbkmghd 7 – AZ\bkbfhklv dhwnnbpb_glZ hklZlhqgh]h khijhlb\e_gby hl qbkeZ 

Njm^Z 

 

 

Jbkmghd 8 – Khijhlb\e_gb_ b [mdkbjh\hqgZy fhsghklv \ nmgdpbb hl kdhjh-

klb ^\b`_gby  

 

 >hihegbl_evgh_ khijhlb\e_gb_ gZ g_j_]meyjghf \heg_gbb jZkkqblu-

\Z_f ih nhjfme_ (12): 
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� �0,687 2,5

SAWR C Fr h f � D , 

 

dhwnnbpb_gl, aZ\bkysbc hl nhjfu b jZaf_jh\ km^gZ, gZoh^bf ih (13): 

 

� �� �
� �

5 2 1,5

5 2

2,56

2,77 10 1 4,4

2,77 10 1,025 9,81 28,2 1 4,4 0,619 /173

3,6 10   dG f

SK g B L � U � G  

 � � � � � �

 �

1,5  

B

 

 

 >hihegbl_evgh_ khijhlb\e_gb_ \ha^moZ hij_^_ey_f ih nhjfme_ (16): 

 

3 2 21,08 10 0,187  ;  dG,AA A AR L v v� � �  �  

A Cv v v � . 

 

 >Zevg_crb_ jZkq_lu ijhba\h^bf \ lZ[ebp_ 6 

LZ[ebpZ 6 – JZkq_l khijhlb\e_gby ^\b`_gbx km^gZ \ rlhjfh\uo mkeh\byo 

� 

i/

i 

<_ebqbgZ 
JZa-
f_j-
ghklv 

Qbke_ggh_ agZq_gb_ 

1 Fr - 0,20 0,24 0,28 

2 v f/k 8,24 9,89 11,5 

3 vS ma 16 19,2 22,4 

4 Rl\ dG 517 766 1290 

5 <heg_gb_ 
fhjy, [Ze-
eu 

- 5 6 7 5 6 7 5 6 7 

6 D  ih (14) - 1,41 1,07 0,905 1,44 1,10 0,929 1,48 1,13 0,95

1 

7 10
6
f(D)   

ih (15) 

- 1,81 4,00 3,88 1,62 3,89 3,99 1,38 3,74 4,06 

8 RAW  

 ih (12) 

dG 49,4 420 974 50,0 463 1130 47,4 493 1280 

9 
A Cv v v � B

 f/k 22,4 27,2 32,2 23,9 28,9 33,9 25,5 30,5 35,5 

10 RA:  ih (16) d/G 92 138 194 107 156 215 121 174 235 

11 RAW + RA:  d/G 141 558 1170 157 619 1350 168 667 1510 
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Ijh^he`_gb_ lZ[ebpu 6 

 
12 Rrl  ih (11) d/G 658 1080 1690 923 1390 

 

2110 1460 1960 2800 

  

Ih j_amevlZlZf jZkq_lh\ kljhbf aZ\bkbfhklb khijhlb\e_gby km^gZ ijb ^\b-

`_gbb gZ lbohc \h^_ b \ rlhjfh\uo mkeh\byo hl kdhjhklb (jbkmghd 9). 

 4. FbgbfZevgZy ]em[bgZ iheb]hgZ ^ey ijh\_^_gby oh^h\uo bkiulZgbc 

hij_^_ey_lky ih nhjfmeZf (18) b (19): 

 

1 3 3 28,2G < Lt �  � �9,5  = 49 f; 

2 2

2

21
2,75 2,75

9,81

Sv
g

g
  = 125 f. 

 

 IjbgbfZ_f [óevrmx ba ^\mo ihemq_gguo \_ebqbg G t 125 f. 

 

 

 

Jbkmghd 9 – Khijhlb\e_gb_ ^\b`_gbx km^gZ \ rlhjfh\uo mkeh\byo 
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3.2. JZkq_l ]j_[gh]h \bglZ 

 

 1. <u[hj ]_hf_ljbq_kdbo oZjZdl_jbklbd b hij_^_e_gb_ dhwnnbpb_g-

lh\ \aZbfh^_ckl\by. 

 Km^gh h^gh\bglh\h_, ijbgbfZ_f qbkeh ehiZkl_c ze = 4. FZdkbfZevguc 

^bZf_lj ]j_[gh]h \bglZ D< = 6,6 f. 

 < dZq_kl\_ jZkq_lgh]h [_j_f khijhlb\e_gb_, gZ 15% ij_\urZxs__ lZ-

dh\h_ gZ lbohc \h^_. Ijb aZ^Zgghc kdhjhklb Xs = 21 ma ih jbkmgdm 8 hij_^_-

ey_f Rl\ = 1030 dG b gZoh^bf RjZkq = 1,15 dG Rl\ = 1180 dG. 

 Dhwnnbpb_gl ihimlgh]h ihlhdZ jZkkqblu\Z_f ih (20): 

 

� �

� �

3

B

3

0,165 0,1 0,2

28700
0,165 0,619 0,1 0,262 0,2 0,216.

6,6

T

V
W Fr

D
 � �  

 � �  

 

 

 Dhwnnbpb_gl aZkZku\Zgby gZoh^bf ih (21): 

 

                             . T0,7 0,7 0,216 0,151t W �  �  

 

 Dhwnnbpb_glu \ebygby g_jZ\ghf_jghklb ihlhdZ gZ fhf_gl b mihj 

ijbgbfZ_f iQ = iT =1,0. 

 Hij_^_ey_f fbgbfZevgh ^himklbfh_ ^bkdh\h_ hlghr_gb_: 

– ba  mkeh\by h[_ki_q_gby ijhqghklb ih (23) ([1] = 6Ü10
4
 dIZ, m =1,15; dg 

=0,167; /max = 0,08;  �1180 / 1 0,151
1

?LL
t

  �
�

�  1390 dG) 
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� � > @

� �

2
3

2
3

e
30

max B

3
4

10
0,24 1,08

4 10 1,15 1390
0,24 1,08 0,167 0,543;

0,08 6,6 6 10

g?

z mT
: : d

D

§ ·
 �  ¨ ¸G V© ¹

� �§ ·
 � u  ¨ ¸� �© ¹

 

 

– ba  mkeh\by hlkmlkl\by \j_^guo ihke_^kl\bc dZ\blZpbb ih (24) 

 

         � �B c a0,55 9,5 0,55 6,6 5,9; 101dIZ;p 2,3dIZvh T D p �  � �     

� �
� �

� �
� �

0 e
0 p

2

0,2
1,5 0,35

1390
1,5 0,35 4 0,2

101 59 2,3 6,6

0,786.

E

v

T
A A z

p p z
� � �

�

 � � �
� � �

 

  

 

 LZdbf h[jZahf, [he__ `_kldb_ lj_[h\Zgby d ^bkdh\hfm hlghr_gbx 

ij_^ty\ey_l mkeh\b_ hlkmlkl\by dZ\blZpbb. Wlh, dklZlb ]h\hjy, lbibqgh ^ey 

]j_[guo \bglh\ ljZgkihjlguo km^h\. IjbgbfZ_f [eb`Zcr__ [hevr__ agZq_-

gb_ ^bkdh\h]h hlghr_gby 0 0,85?: :  . 

 2. JZkq_l ]j_[gh]h \bglZ, h[_ki_qb\Zxs_]h km^gm aZ^Zggmx kdhjhklv. 

<u[hj ^\b]Zl_ey. 

 JZkq_l hilbfZevgh]h ]j_[gh]h \bglZ [m^_f ijhba\h^blv k bkihevah\Z-

gb_f dhwnnbpb_glZ aZ^Zgby  DNT . 

 JZkq_lgZy ^bZ]jZffZ ijb\_^_gZ gZ jbkmgd_ 6: ze = 4; 0 0,85?: :  . 

 >Zggu_, aZdeZ^u\Z_fu_ \ jZkq_l:  

� � � �a T1 10,8 1,0 0,216 8,46WX  X �  �  f/k; L=1380 dG; g
0

1 1

1 T

t

i W

�
K  

�
=1,08; 

SK  = 0,98 – fZrbggh_ hl^_e_gb_ \ dhjf_. 

 AZ^Z\Zykv qZklhlhc \jZs_gby ]j_[gh]h \bglZ \ ^bZiZahg_  n = (80-140) 

h[/fbg, ^Zevg_crb_ jZkq_lu \_^_f \ lZ[ebp_ 7. < kljhd_ 5 lZ[ebpu 7 gZoh-
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^blky bkijZ\e_ggh_ agZq_gb_ hlghkbl_evghc ihklmib J
1
 =ZÜJ, ]^_ Z - ihijZ-

\hqguc dhwnnbpb_gl, ^ey \bglZ \ >I Z=1,05. 

LZ[ebpZ 7 – JZkq_l ]j_[gh]h \bglZ, h[_ki_qb\Zxs_]h aZ^Zggmx kdhjhklv 

� 

i/i 
<_ebqbgZ 

JZaf_j-
ghklv 

Qbke_ggu_ agZq_gby 

1 n h/fbg 80 100 120 140 

2 n
1 h[/k_d 1,33 1,67 2,00 2,33 

3 KNT - 1,21 1,08 0,986 0,913 

4 J = f(KNT)   ih jbk. 6 - 0,745 0,675 0,615 0,565 

5 J
1
 =1,05 J - 0,782 0,709 0,646 0,593 

6 Dhjt f 8,11 7,16 6,55 6,11 

7 KT - 0,176 0,185 0,184 0,178 

8 � �1

0 Tf K JK   ih jbk. 6 - 0,678 0,655 0,630 0,610 

9 
0K  - 0,732 0,707 0,680 0,659 

10 JS d<l 17000 18300 19000 19700 

 

 Ih j_amevlZlZf jZkq_lZ kljhbf ]jZnbd JS(n) b Dhjt(n) (jbkmghd 10), k 

dhlhjh]h ijb mkeh\bb Dhjt = Dmax = 6,6 f kgbfZ_f: 

 JS = 18900 d<l, n =118 h[/fbg. 

 

 

Jbkmghd 10 – Hij_^_e_gb_ ^bZf_ljZ ]j_[gh]h \bglZ b g_h[oh^bfhc  

fhsghklb 
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 Ih lZ[ebp_ 3 \u[bjZ_f ^_kylbpbebg^jh\uc ^\b]Zl_ev 10 >DJG 80/160, 

ghfbgZevgu_ oZjZdl_jbklbdb dhlhjh]h: JSG = 19400 d<l, n =118 h[/fbg. 

 3.JZkq_l ]j_[gh]h \bglZ, h[_ki_qb\Zxs_]h km^gm fZdkbfZevgh]h ^hk-

lb`bfmx kdhjhklv. 

 Ohly \u[jZgguc ^\b]Zl_ev b bf__l g_kdhevdh [hevrmx, q_f lj_[m_-

fZy, fhsghklv, gh \ kbem jZaebqby \ qZklhl_ \jZs_gby kdhjhklv km^gZ, \ 

ijbgpbi_, fh`_l b mf_gvrZlvky. Bkoh^y ba wlbo khh[jZ`_gbc, aZ^Z_fky ^bZ-

iZahghf kdhjhkl_c XS = (20-22) ma, Z ^Zevg_crb_ jZkq_lu ijb  n = nG = 126 

h[/fbg \_^_f \ lZ[ebp_ 8. 

  Ih j_amevlZlZf jZkq_lh\ kljhbf aZ\bkbfhklb Dhjt(XS), JS(XS) – (jbkmghd 

11) b ijb JSG = 19400 d<l hij_^_ey_f Xmax = 21,1 ma; D = Dhjt = 6,42 f. 

 >ey mdZaZgghc kdhjhklb ih jbkmgdm 8 gZoh^bf: R = 1040 dG; 

 

 L? = 1,15   R = 1120dG;    ?

1

T
T

t
 

�
= 1410 dG; 

 � �: S T0,514 1 WX  X �  8,5 f/k 

  0,630;    
2 4T

T
K

n D
  
U � �

0,184.  AJ
nD

X
 

  

 GZ ^bZ]jZff_ (jbkmghd 6) ih dhhj^bgZlZf J b KT hij_^_ey_f DI> \bg-

lZ \ k\h[h^ghc \h^_ �0 = 0,630 b _]h rZ]h\h_ hlghr_gb_ P/D = 0,95. 

LZ[ebpZ 8 – JZkq_l \bglZ, h[_ki_qb\Zxs_]h fZdkbfZevgmx kdhjhklv 

� 

i/i 
<_ebqbgZ 

JZaf_j-
ghklv 

Qbke_ggu_ agZq_gby 

1 2 3 4 5 6 7 

1 XS ma 20,0 20,5 21,0 22,0 

2 X f/k 10,3 10,5 11,0 11,3 

3 � �: T1 WX  X �  f/k 8,06 8,22 8,62 8,85 

4 R(X)   ih jbk. 8 dG 870 940 1090 1190 

5 TE =1,15 R dG 1000 1080 1250 1370 

6 T dG 1180 1270 1470 1610 

7 KNT - 0,955 0,960 0,970 0,971 

8 J = f(KNT)   ih jbk. 6 - 0,595 0,598 0,603 0,605 
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Ijh^he`_gb_ lZ[ebpu 8  

 

9 J
1
 =1,05 J - 0,625 0,628 0,633 0,635 

10 Dhjt f 6,14 6,27 6,52 0,65 

11 

D 

opt max

opt

D D

D D

t

 
opt max

max

D D

D D

!

 
 

f 6,14 6,27 6,52 6,60 

1 2 3 4 5 6 7 

12 J = J
1 
  maxAj nD X  - 0,625 0,628 0,633 0,640 

13 KT - 0,182 0,183 0,184 0,188 

14 � �0 Tf KK   ih jbk. 6 - 0,625 6,28 0,630 0,620 

15 
0K  - 0,675 0,678 0,680 0,670 

16 
JS d<l 

1550 

0 

1710 

0 

1910 

0 

23400 

  

Ijbf_q_gb_: < klhe[pZo 4-7 lZ[ebpu 8 opt maxD D� , ihwlhfm ijbgbfZ_lky 

optD D , \ ihke_^g_f klhe[p_  b ijbgylh opt maxD D! maxD D . 

 

 

 

Jbkmghd 11 – Hij_^_e_gb_ ^bZf_ljZ ]j_[gh]h \bglZ b ^hklb`bfhc kdhjhklb 

 Ih^\_^_f blh]b. 

 =_hf_ljbq_kdb_ oZjZdl_jbklbdb \u[jZggh]h ]j_[gh]h \bglZ:   

D = 6,42 f; P/D = 0,95; 
0

?:

:
= 0,85; ze = 4. ?]h ]b^jh^bgZfbq_kdb_ oZjZdl_jb-

klbdb \ jZkq_lghf j_`bf_:  j = 0,630; DL = 0,184; �0 = 0,630. 
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 FZdkbfZevgZy kdhjhklv, ^hklb`bfZy km^ghf \ jZkq_lghf j_`bf_ ^\b-

`_gby, XS = 21,1 ma. 

 4. JZkq_l iZkihjlghc ^bZ]jZffu (oh^h\uo oZjZdl_jbklbd) km^gZ. 

 AZ^Z^bfky jy^hf nbdkbjh\Zgguo agZq_gbc qZklhlu \jZs_gby, \dexqZy 

ghfbgZevgmx: n = 95; 105; 115; 126 h[/fbg. 

 >ey g_kdhevdbo hlghkbl_evguo ihklmi_c k ^bZ]jZffu kgbfZ_f agZq_-

gb_ KT b , khhl\_lkl\mxsb_ jZkkqblZgghfm ]j_[ghfm \bglm (P/D = 0,95): 0K

j 0,40 0,50 0,60 0,70 

KT 0,297 0,248 0,198 0,149 

0K  0,424 0,520 0,608 0,672 

 

 <_jogxx h]jZgbqbl_evgmx oZjZdl_jbklbdm \u[jZggh]h ^\b]Zl_ey 

ijbgbfZ_f ebg_cghc � � SH
S

H

n
P

P
n

§ ·
 ¨ ¸
© ¹

n ; j_]meyjgmx – \_jlbdZevghc ijyfhc, 

hl\_qZxs_c mkeh\bx  n =nG (jbkmghd 12). JZkq_l [m^_f \_klb \ lZ[ebp_ 9. 

 

1 – \_jogyy h]jZgbqbl_evgZy; 2 - j_]meylhjgZy 

Jbkmghd 12 – OZjZdl_jbklbdb ^\b]Zl_ey 

 

 Ih ^Zgguf lZ[ebpu kljhbf iZkihjlgmx ^bZ]jZffm – oh^h\u_ oZjZdl_-

jbklbdb km^gZ (jbkmghd 13). JZkq_lghfm j_`bfm ^\b`_gby hl\_qZ_l lhqdZ :, 

\ dhlhjhc koh^ylky: jZkq_lgZy aZ\bkbfhklv khijhlb\e_gby R = 1,15RL< (djb-
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\Zy 1 – ihlj_[gZy ly]Z); \_jogyy h]jZgbqbl_evgZy oZjZdl_jbklbdZ ^\b]Zl_ey 

(djb\Zy 3 – jZkiheZ]Z_fZy fhsghklv); aZ\bkbfhklb TE(XS) b PS(XS), khhl\_l-

kl\mxsb_ ghfbgZevghc qZklhl_ \jZs_gby. 

LZ[ebpZ 9 – JZkq_l oh^h\uo oZjZdl_jbklbd km^gZ 

� 

i/i <_ebqbgZ 
JZaf_j
ghklv Qbke_ggu_ agZq_gby 

1 n
1 h[/fbg 95 105 115 126 

2 n h[/k 1,58 1,75 1,92 2,10 

3 � �S ¬/ 0,514 1JnD WX  �ª T º¼  ma 10,1 11,1 12,2 13,4 

4 � �2 4

E 1TT K n D t U �  dG 1180 1440 1730 2080 

5 

J 
=

0
,4

0
 

0,514 /S S E D SP T X K K  d<l 12700 17100 22500 29600 

6 XS ma 12,6 13,9 15,3 16,7 

7 

J 

=
0

,5

0
 

TE dG 966 1180 1420 1700 

8  JS d<l 108000 14600 19200 25200 

9 XS ma 15,1 16,7 18,3 20,1 

10 TE dG 745 910 1090 1310 

11 J 
=

0
,6

0
 

JS d<l 8850 11900 15700 20600 

12 XS ma 17,7 19,5 21,4 23,4 

13 TE dG 525 641 769 923 

14 J=
0

,6
2

 

JS d<l 7030 9490 12500 16400 

 

Ijb wlhf jZkq_lgZy kdhjhklv ^\b`_gby km^gZ khklZ\ey_l XS = 21,1 ma, Z 

fhsghklv gZ \Zem ^\b]Zl_ey jZ\gZ ghfbgZevghc JS = JSG = 19400 d<l. 

 GZ oh^h\uo bkiulZgbyo (k\_`_hdjZr_gguc dhjimk, lboZy \h^Z - djb-

\Zy khijhlb\e_gby 2) km^gh ihdZ`_l fZdkbfZevgmx kdhjhklv XS = 21,6 ma, 

]j_[ghc \bgl ijb wlhf [m^_l ]b^jh^bgZfbq_kdb e_]dbf. 

 < rlhjfh\uo mkeh\byo, gZ \klj_qghf g_j_]meyjghf \heg_gbb, kdh-

jhklv ^\b`_gby km^gZ kgbablky b khklZ\bl: 

 ijb 5 [ZeeZo  XS = 20,9 ma 

 ijb 6 [ZeeZo  XS = 17,8 ma 

 ijb 7 [ZeeZo  XS = 12,4 ma 
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Jbkmghd 13 – IZkihjlgZy ^bZ]jZffZ km^gZ 
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