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4. K?EVKDH?�OHAYCKL<H

4 . 1 <\_^ _gb_
=eZ\Z � ³K_evkdh_ ohayckl\h´ Jmdh\h^kl\Z ih bg\_glZjbaZpbb

\u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_

ij_^klZ\ey_l i_j_jZ[hlZgguc b Z^Zilbjh\Zgguc d jhkkbckdbf mkeh\byf

l_dkl h^ghbf_ggh]h fh^mey JZ[hq_c dgb]b I_j_kfhlj_gguo

Jmdh\h^ysbo ijbgpbih\ gZpbhgZevguo bg\_glZjbaZpbc iZjgbdh\uo

]Zah\ F=WBD �^Ze__ I_j_kfhlj_gguo Jmdh\h^ysbo ijbgpbih\

F=WBD�� < fh^me_ ³K_evkdh_ ohayckl\h´ JZ[hq_c dgb]b

I_j_kfhlj_gguo Jmdh\h^ysbo ijbgpbih\ F=WBD jZkkfZljb\Zxlky

wfbkkbb iZjgbdh\uo ]Zah\ hl ke_^mxsbo iylb hkgh\guo bklhqgbdh\�

x K_evkdhohayckl\_ggh]h `b\hlgh\h^kl\Z b ilbp_\h^kl\Z� dhlhjh_

\dexqZ_l wfbkkbb ijb \gmlj_gg_c �dbr_qghc� n_jf_glZpbb m

k_evkdhohayckl\_gguo `b\hlguo b ^hfZrg_]h kdhlZ� Z lZd`_ k[hj_�

ojZg_gbb b bkihevah\Zgbb ijh^mdlh\ `bag_^_yl_evghklb `b\hlguo

b ilbpu �gZ\ha b ilbqbc ihf_l��

x Jbkh\h^kl\Z� \ujZsb\Zgb_ jbkZ gZ aZlhie_gguo jbkh\uo iheyo�

x Dhgljhebjm_fh]h \u`b]Zgby kZ\Zgg�

x K`b]Zgby k_evkdhohayckl\_gguo �ih`gb\guo� hklZldh\ gZ iheyo�

x K_evkdhohayckl\_gguo a_f_ev�

Wfbkkby f_lZgZ hl ^bdbo `b\hlguo b gZk_dhfuo g_ jZkkfZljb\Z_lky�

ihkdhevdm I_j_kfhlj_ggu_ Jmdh\h^ysb_ ijbgpbiu F=WBD klZ\yl k\hc

aZ^Zq_c hp_gblv Zgljhih]_ggu_ \u[jhku iZjgbdh\uo ]Zah\� Ke_^m_l

ijbagZlv� qlh ^hihegbl_evguf bklhqgbdhf wfbkkbc iZjgbdh\uo ]Zah\

fh`_l [ulv \aZbfh^_ckl\b_ q_eh\_dZ b ^bdbo `b\hlguo� Z lZd`_

gZk_dhfuo� H^gZdh wlb ijhp_kku \_kvfZ keh`gu ^ey hibkZgby b�

khhl\_lkl\_ggh� g_hij_^_e_gghklv lZdbo hp_ghd hq_gv \ukhdZ�

=eZ\Z � ³K_evkdh_ ohayckl\h´ Jmdh\h^kl\Z ih bg\_glZjbaZpbb

\u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_ �^Ze__

Jmdh\h^kl\Z� g_ kh^_j`bl l_dkl jZa^_eh\ ��� ³Jbkh\h^kl\h´ b ���

³Dhgljhebjm_fh_ \u`b]Zgb_ kZ\Zgg´ h^ghbf_ggh]h fh^mey JZ[hq_c

dgb]b I_j_kfhlj_gguo Jmdh\h^ysbo ijbgpbih\ F=WBD� >ey Z]jZjgh]h

k_dlhjZ Jhkkbb jbkh\h^kl\h� dZd \b^ k_evkdhohayckl\_gghc

^_yl_evghklb� g_ lbibqgh� Z dhgljhebjm_fh_ \u`b]Zgb_ kZ\Zgg \hh[s_

g_ ZdlmZevgh� Ihwlhfm f_lh^bdZ jZkq_lZ wfbkkbc iZjgbdh\uo ]Zah\ hl

wlbo bklhqgbdh\ g_ \dexq_gZ \ l_dkl Jmdh\h^kl\Z� < lh `_ \j_fy

gmf_jZpby b kh^_j`Zgb_ jZa^_eh\ ^Zgghc \_jkbb Jmdh\h^kl\Z

iheghklvx khhl\_lkl\mxl gmf_jZpbb hjb]bgZevghc \_jkbb

I_j_kfhlj_gguo Jmdh\h^ysbo ijbgpbih\ F=WBD� qlh g_h[oh^bfh ^ey

bkdexq_gby imlZgbpu ijb aZiheg_gbb jZ[hqbo ebklh\ b bkihevah\Zgbb

_^bgh]h ijh]jZffgh]h h[_ki_q_gby F=WBD� AZ ^hihegbl_evghc

bgnhjfZpb_c ih bkdexq_gguf jZa^_eZf I_j_kfhlj_gguo Jmdh\h^ysbo

ijbgpbih\ gZpbhgZevguo bg\_glZjbaZpbc iZjgbdh\uo ]Zah\ F=WBD

ke_^m_l h[jZsZlvky \ GZpbhgZevgmx ]jmiim bg\_glZjbaZpbb wfbkkbc

iZjgbdh\uo ]Zah\.
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4 . 2 K_evkdhoh ayck l\ _ggh _
`b\hlgh\h^ k l\h �b �ilbp_\h^ kl\h

4 . 2 . 1 < k l m i e _ g b _

< jZa^_e_ ��� ij_^klZ\e_gZ f_lh^bdZ jZkq_lZ wfbkkbc f_lZgZ �&+4� b

aZdbkb ZahlZ �122� hl ^\mo bklhqgbdh\�

x \gmlj_gg_c �dbr_qghc� n_jf_glZpbb m k_evkdhohayckl\_gguo

`b\hlguo�

x gZ\haZ b ilbqv_]h ihf_lZ� dZd ijh^mdlZ `bag_^_yl_evghklb

k_evkdhohayckl\_gguo `b\hlguo b ilbpu \ aZ\bkbfhklb hl f_lh^h\

_]h k[hjZ� ojZg_gby b bkihevah\Zgby�

Djmigu_ `b\hlgh\h^q_kdb_ dhfie_dku bf_xl ki_pbZevgu_ khhjm`_gby

ih hqbkld_ `b^dbo gZ\haguo klhdh\� Ke_^h\Zl_evgh� wfbkkbb

iZjgbdh\uo ]Zah\ hl djmiguo `b\hlgh\h^q_kdbo dhfie_dkh\ fh]ml

jZkkfZljb\Zlvky dZd \ ]eZ\_ ³K_evkdh_ ohayckl\h´� lZd b \ ]eZ\_

³Hloh^u´� gZjZ\g_ k ^jm]bfb hqbklgufb khhjm`_gbyfb� qlh fh`_l

ijb\_klb d ^\hcghfm mq_lm wfbkkbb iZjgbdh\uo ]Zah\� <h ba[_`Zgb_

^\hcgh]h mq_lZ wfbkkbb \ jZaguo ]eZ\Zo� \ gZklhys_f Jmdh\h^kl\_

ijbgbfZ_lky� qlh wfbkkby iZjgbdh\uo ]Zah\ hl jZaebqguo kbkl_f k[hjZ�

ojZg_gby b bkihevah\Zgby ijh^mdlh\ `bag_^_yl_evghklb `b\hlguo b

ilbpu �gZ\haZ b ilbqv_]h ihf_lZ� jZkkfZljb\Z_lky \ ]eZ\_ “K_evkdh_
ohayckl\h´�

F_lZg h[jZam_lky ijb \gmlj_gg_c n_jf_glZpbb \ `_em^dZo ljZ\hy^guo

`b\hlguo dZd ih[hqguc ijh^mdl ijhp_kkZ ibs_\Zj_gby� kmlv dhlhjh]h

aZdexqZ_lky \ [bhobfbq_kdhf jZks_ie_gbb m]e_\h^hjh^h\

fbdjhhj]ZgbafZfb ^h fhe_dme ijhkluo obfbq_kdbo kh_^bg_gbc�

dhlhju_ aZl_f ihklmiZxl \ djh\_ghkgmx kbkl_fm `b\hlguo� F_lZg

\u^_eyxl dZd `\Zqgu_ �\ qZklghklb djmiguc jh]Zluc kdhl� h\pu�� lZd b

g_dhlhju_ ^jm]b_ `b\hlgu_ �gZijbf_j ehrZ^b� k\bgvb�� H^gZdh

`\Zqgu_ `b\hlgu_ y\eyxlky hkgh\guf bklhqgbdhf wfbkkbb CH4.
H[t_f \u^_e_ggh]h f_lZgZ aZ\bkbl hl \b^Z b \_kZ `b\hlgh]h� Z lZd`_

dZq_kl\Z b dhebq_kl\Z ihlj_[ey_fuo bf dhjfh\�

JZaeh`_gb_ ijh^mdlh\ `bag_^_yl_evghklb `b\hlguo b ilbp �gZ\haZ b

ilbqv_]h ihf_lZ� \ ZgZwjh[guo mkeh\byo lZd`_ khijh\h`^Z_lky

\u^_e_gb_f f_lZgZ� Wlhl ijhp_kk oZjZdl_j_g ^ey mkeh\bc� ijb dhlhjuo

[hevrh_ dhebq_kl\h `b\hlguo b ilbp kh^_j`blky \ aZdjuluo

ihf_s_gbyo beb gZ h]jZgbq_gghc l_jjblhjbb �gZijbf_j gZ fhehqguo

n_jfZo� \ aZ]hgZo ^ey hldZjfeb\Zgby fykgh]h kdhlZ� k\bgh\h^q_kdbo b

ilbp_\h^q_kdbo dhfie_dkZo��

4 . 2 . 2 Bko h ^ gu_ � ^ Z g gu_

< gZklhys__ \j_fy g_ kms_kl\m_l ki_pbZevguo bklhqgbdh\ ^Zgguo�

dhlhju_ [u kh^_j`Zeb \kx bgnhjfZpbx� lj_[mxsmxky ^ey hp_gdb

wfbkkbb f_lZgZ hl k_evkdhohayckl\_gguo `b\hlguo b ilbp� < lh `_

\j_fy [hevrbgkl\h g_h[oh^bfuo k\_^_gbc kh^_j`blky \ ^Zgguo

_`_]h^ghc klZlbklbq_kdhc hlq_lghklb� dhlhju_ kh[bjZxlky

j_]bhgZevgufb dhfbl_lZfb ih k_evkdhfm ohayckl\m b ijh^h\hevkl\bx

Fbgbkl_jkl\Z k_evkdh]h ohayckl\Z b ijh^h\hevkl\by Jhkkbckdhc
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N_^_jZpbb b i_j_^Zxlky \ j_]bhgZevgu_ dhfbl_lu ih klZlbklbd_

=hkm^Zjkl\_ggh]h dhfbl_lZ Jhkkbckdhc N_^_jZpbb ih klZlbklbd_

�=hkdhfklZlZ Jhkkbb�� J_]bhgZevgu_ dhfbl_lu ih klZlbklbd_ h[h[sZxl

ihemq_ggmx bgnhjfZpbx b im[ebdmxl __ \b^_ _`_]h^guo

klZlbklbq_kdbo k[hjgbdh\� Djhf_ lh]h� h[h[s_ggZy bgnhjfZpby

gZijZ\ey_lky \ =hkdhfklZl Jhkkbb� dhlhjuc \uimkdZ_l k\h^gu_

hnbpbZevguo ba^Zgby gZ gZpbhgZevghf mjh\g_� DZd ijZ\beh�

him[ebdh\Zggu_ ^Zggu_ klZlbklbq_kdhc hlq_lghklb \dexqZxl g_ lhevdh

ih]heh\v_ k_evkdhohayckl\_gguo `b\hlguo b qbke_gghklv ilbpu� gh b

^Zggu_ h ijhba\h^kl\_ ijh^mdpbb fykgh]h b fhehqgh]h `b\hlgh\h^kl\Z

b ilbp_\h^kl\Z� FbgbfZevguc i_j_q_gv bkoh^guo ^Zgguo�

lj_[mxsboky ^ey jZkq_lZ wfbkkbc iZjgbdh\uo ]Zah\ hl

k_evkdhohayckl\_ggh]h `b\hlgh\h^kl\Z b ilbp_\h^kl\Z ij_^klZ\e_g \

lZ[ebp_ ��1.

L:;EBP: 4-1

BKOH>GU? >:GGU? H QBKE?GGHKLB @B<HLGUO B ILBPU, BKIHEVAM?FU? >EY
J:KQ?L : WFBKKBC I:JGBDH<UO =:AH< IH F?LH>M JY>: 1, R:= 1

K_evkdhoh� Bkoh^gu_ ^Zggu_

ayckl\_ggu_

`b\hlgu_

Qbke_gghklv

�ih]heh\v_��

Ijhba\h^kl\h

fhehdZ

Qbke_gghklv ih debfZlbq_kdbf

j_]bhgZf ���

b ilbpZ ]heh\�rl� �d]��]he� ]h^�� Oheh^guc Mf_j_gguc L_ieuc

Fhehqguc

djmiguc

jh]Zluc kdhl

Kj_^g_]h^h\h_

ih]heh\v_
Ijhba\h^kl\h

fhehdZ gZ � ]heh\m

� ^ey

oheh^gh]h

j_]bhgZ

� ^ey

mf_j_ggh]h

j_]bhgZ

� ^ey

l_ieh]h

j_]bhgZ

G_fhehqguc

djmiguc

jh]Zluc kdhl

Kj_^g_]h^h\h_

ih]heh\v_
G_ ijbf_gbfh

�GI�

� ^ey

oheh^gh]h

j_]bhgZ

� ^ey

mf_j_ggh]h

j_]bhgZ

� ^ey

l_ieh]h

j_]bhgZ

H\pu Kj_^g_]h^h\Zy

qbke_gghklv
�GI� � ^ey

oheh^gh]h

j_]bhgZ

� ^ey

mf_j_ggh]h

j_]bhgZ

� ^ey

l_ieh]h

j_]bhgZ

Dhau Kj_^g_]h^h\Zy

qbke_gghklv
�GI� � ^ey

oheh^gh]h

j_]bhgZ

� ^ey

mf_j_ggh]h

j_]bhgZ

� ^ey

l_ieh]h

j_]bhgZ

EhrZ^b Kj_^g_]h^h\Zy

qbke_gghklv
�GI� � ^ey

oheh^gh]h

j_]bhgZ

� ^ey

mf_j_ggh]h

j_]bhgZ

� ^ey

l_ieh]h

j_]bhgZ

K\bgvb Kj_^g_]h^h\Zy

qbke_gghklv
�GI� � ^ey

oheh^gh]h

j_]bhgZ

� ^ey

mf_j_ggh]h

j_]bhgZ

� ^ey

l_ieh]h

j_]bhgZ

IlbpZ Kj_^g_]h^h\Zy

qbke_gghklv
�GI� � ^ey

oheh^gh]h

j_]bhgZ

� ^ey

mf_j_ggh]h

j_]bhgZ

� ^ey

l_ieh]h

j_]bhgZ

DebfZlbq_kdb_ j_]bhgu ih^jZa^_eyxlky \ aZ\bkbfhklb hl kj_^g_]h^h\hc l_fi_jZlmju�
oheh^gu_  f_g__ ��q&� mf_j_ggu_  hl ��q& ^h ��q& \dexqbl_evgh� b l_ieu_  \ur_ ��qC.

Kj_^g_]h^h\Zy l_fi_jZlmjZ gZ l_jjblhjbb Jhkkbb gb`_ ��q K� b� ke_^h\Zl_evgh� \ky l_jjblhjby
Jhkkbckdhc N_^_jZpbb hlghkblky d oheh^ghfm debfZlbq_kdhfm j_]bhgm�

4 . 2 . 3 F_l h ^ bd Z �j Z k q _ l Z

F_lh^heh]by jZkq_lZ wfbkkbc iZjgbdh\uo ]Zah\ hq_gv keh`gZ� ihwlhfm

\ JZ[hq_c dgb]_ I_j_kfhlj_gguo Jmdh\h^ysbo ijbgpbih\ F=WBD
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ij_^eZ]Z_lky mijhs_ggZy f_lh^bdZ jZkq_lh\� WlZ f_lh^bdZ ij_^�

klZ\e_gZ b \ gZklhys_f Jmdh\h^kl\_.

>_lZevgh_ jZkkfhlj_gb_ f_lh^heh]bb jZkq_lZ wfbkkbc iZjgbdh\uo

]Zah\ ijb\_^_gh \ KijZ\hqghf Jmdh\h^kl\_ F=WBD ih bg\_glZjbaZpbb

iZjgbdh\uo ]Zah\� < p_ehf wfbkkbb f_lZgZ b aZdbkb ZahlZ ijb

\gmlj_gg_c n_jf_glZpbb� Z lZd`_ k[hj_� ojZg_gbb b bkihevah\Zgbb

gZ\haZ b ilbqv_]h ihf_lZ \ jZkkfZljb\Z_fhf j_]bhg_ jZkkqblu\Zxlky

iml_f mfgh`_gby qbke_gghklb �ih]heh\vy� jZaebqguo \b^h\

k_evkdhohayckl\_gguo `b\hlguo b ilbpu gZ khhl\_lkl\mxsb_

dhwnnbpb_glu i_j_kq_lZ �beb i_j_\h^gu_ dhwnnbpb_glu�� Ijb

hlkmlkl\bb ki_pbZevguo k\_^_gbc ih j_]bhgm� ij_^eZ]Z_lky

bkihevah\Zlv lbibqgu_ �bkihevam_fu_ ih mfheqZgbx� lh _klv ijb

hlkmlkl\bb ^jm]bo ^Zgguo� agZq_gby i_j_\h^guo dhwnnbpb_glh\�

dhlhju_ ijb\_^_gu \ lZ[ebpZo khhl\_lkl\mxsbo jZa^_eh\ Jmdh\h^kl\Z.
Mqblu\Zy� qlh djmiguc jh]Zluc kdhl y\ey_lky ]eZ\guf bklhqgbdhf

wfbkkbc iZjgbdh\uo ]Zah\ ijb \gmlj_gg_c n_jf_glZpbb� Z lZd`_ k[hj_�

ojZg_gbb b bkihevah\Zgbb gZ\haZ� \ Jmdh\h^kl\_ ij_^eZ]Z_lky

jZkkfZljb\Zlv hl^_evgh ih]heh\v_ fhehqgh]h b g_fhehqgh]h jh]Zlh]h

kdhlZ� ^ey dhlhjuo ijb\h^ylky khhl\_lkl\mxsb_ dhwnnbpb_glu

i_j_kq_lZ�

4 . 2 . 4 A Z i h e g _ g b _ �j Z [ h qb o �eb k l h \

>ey aZibkb ^Zgguo bkihevamcl_ J:;HQBC EBKL ��� WFBKKBB F?L:G: B

A:DBKB :AHL: HL K?EVKDHOHAYCKL<?GGUO @B<HLGUO B ILBPU IJB <GMLJ?GG?C

N?JF?GL:PBB B K;HJ?, OJ:G?GBB B BKIHEVAH<:GBB G:<HA: B ILBQV?=H IHF?L:,
ijb\_^_gguc \ dhgp_ ^Zgghc ]eZ\u�

R : = � H P ? G D : W F B K K B B F ? L : G : I J B

< G M L J ? G G ? C N ? J F ? G L : P B B

1 <g_kbl_ \ dhehgdm : ^Zggu_ ih]heh\vy �qbke_gghklb� \ lukyqZo

]heh\ �rl�� ih dZ`^hfm \b^m k_evkdhohayckl\_gguo `b\hlguo b

ilbpu� mdZaZgghfm \ JZ[hq_f ebkl_�

K\_^_gby ih ih]heh\vx k_evkdhohayckl\_gguo `b\hlguo b ilbpu

fh`gh ihemqblv \ j_]bhgZevghf dhfbl_l_ ih k_evkdhfm ohayckl\m b

ijh^h\hevkl\bx Fbgk_evohaijh^Z Jhkkbb beb ba klZlbklbq_kdbo

k[hjgbdh\� im[ebdm_fuo j_]bhgZevgufb hl^_e_gbyfb =hkdhfklZlZ

Jhkkbb� >ey ihemq_gby ij_^klZ\bl_evghc bgnhjfZpbb� \ iheghc

f_j_ oZjZdl_jbamxs_c jZkkfZljb\Z_fuc j_]bhg� j_dhf_g^m_lky� ih

\hafh`ghklb� bkihevah\Zlv mkj_^g_ggu_ aZ ljb ]h^Z ^Zggu_�

D:D IHEVAH<:LVKY J:;HQBF
EBKLHF

x < dhgp_ ]eZ\u ³K_evkdh_

ohayckl\h´ ijb\_^_gu JZ[hqb_

ebklu� dhlhju_ ke_^m_l aZihe�

gylv ijb bg\_glZjbaZpbb� K^_�

eZcl_ dhibx khhl\_lkl\mxs_]h

JZ[hq_]h ebklZ�

x G_ aZihegycl_ hjb]bgZe

JZ[hq_]h ebklZ� KhojZgbl_ _]h�

qlh[u k^_eZlv ^hihegbl_evgu_

dhibb \ kemqZ_ g_h[oh^bfhklb�
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L:;EBP: 4-2
DHWNNBPB?GLU WFBKKBBF?L:G: IJB <GMLJ?GG?C N?JF?GL:PBB

(D=CH4 G: =HEH<M < =H> BEB LCH4G: 1000 =HEH< < =H>)

DZl_]hjby k_evkdhohayckl\_gguo JZa\blu_ JZa\b\Zxsb_ky

`b\hlguo b ilbpu kljZgu kljZgu

H\pu 8 5

Dhau 5 5

EhrZ^b 18 18

K\bgvb 1,5 1,0

IlbpZ G_ hp_g_gh G_ hp_g_gh

<k_ hp_gdb bf_xl lhqghklv � beb � ����
Bklhqgbdb kf� KijZ\hqgh_ Jmdh\h^kl\h F=WBD ih bg\_glZjbaZpbb iZjgbdh\uo ]Zah\

2 >ey dZ`^h]h \b^Z k_evkdhohayckl\_gguo `b\hlguo b ilbpu \g_kbl_

\ dhehgdm < kj_^gb_ agZq_gby dhwnnbpb_glh\ wfbkkbb f_lZgZ \ d] gZ

]heh\m \ ]h^ �wlh lh `_ kZfh_� qlh b lhggu gZ luk� ]heh\ \ ]h^�� <

kemqZ_ hlkmlkl\by j_]bhgZevguo ^Zgguo� bkihevamcl_ lbibqgu_

agZq_gby dhwnnbpb_glh\ wfbkkbc� ijb\_^_ggu_ \ lZ[ebpZo ��� b ����

>ey Jhkkbckdhc N_^_jZpbb lbibqgu_ agZq_gby dhwnnbpb_glh\

wfbkkbb f_lZgZ ba lZ[ebpu ��� khhl\_lkl\mxl agZq_gbyf�

ijb\_^_gguf ^ey jZa\bluo kljZg� Ihkdhevdm djmiguc jh]Zluc kdhl

y\ey_lky hkgh\guf bklhqgbdhf wfbkkbb f_lZgZ� _]h ih]heh\v_

j_dhf_g^m_lky jZa^_eylv gZ ^\_ dZl_]hjbb �fhehqguc b g_fhehqguc

djmiguc jh]Zluc kdhl�� ^ey dhlhjuo \ lZ[ebp_ ��� ijb\_^_gu

lbibqgu_ dhwnnbpb_glu wfbkkbc� h[h[s_ggu_ ^ey kljZg <hklhqghc

?\jhiu� \ khklZ\ dhlhjuo \oh^bl b JhkkbckdZy N_^_jZpby�

L:;EBP: 4-3
DHWNNBPB?GLU WFBKKBBF?L:G: IJB <GMLJ?GG?C N?JF?GL:PBB DJMIGH=H JH=:LH=H KDHL:

J_]bhgZevgu_ oZjZdl_jbklbdb DZl_]hjby

kdhlZ

Dhwnnbpb_gl

wfbkkbb�

�d] &+4�]he��]h^�

Ijbf_qZgb_

<hklhqgZy ?\jhiZ: Dhff_jq_kdh_ fhehqgh_
`b\hlgh\h^kl\h� dhjfe_gb_ k bkihevah�

\Zgb_f nmjZ`guo dhjfh\� Hldhjf kdhlZ gZ

fykh ijhba\h^blky ij_bfms_kl\_ggh iml_f

\uiZkZ� G_agZqbl_evgZy qZklv klZ^Z \u�

dZjfeb\Z_lky a_jghf \ aZ]hgZo�

Fhehqguc

G_fhehqguc

81

56

Kj_^g__ ijhba�

\h^kl\h fhehdZ

���� d]�]he��]h^�

<dexqZ_l fykghc

kdhl� [udh\ b

fheh^gyd�

Bklhqgbdb ebl_jZlmju� kf� KijZ\hqgh_ Jmdh\h^kl\h F=WBD ih bg\_glZjbaZpbb iZjgbdh\uo

]Zah\�

3 Mfgh`vl_ agZq_gby j_]bhgZevguo ^Zgguo ih ih]heh\vx dZ`^hc

dZl_]hjbb k_evkdhohayckl\_gguo `b\hlguo b qbke_gghklb ilbpu

�khhl\_lkl\mxsb_ yq_cdb dhehgdb :� gZ kj_^gb_ agZq_gby

dhwnnbpb_glh\ wfbkkbb f_lZgZ �&+4� �khhl\_lkl\mxsb_ yq_cdb

dhehgdb <�� J_amevlZlu mfgh`_gby � agZq_gb_ wfbkkbb &+4 ijb

\gmlj_gg_c n_jf_glZpbb hl dZ`^hc dZl_]hjbb k_evkdhohayckl\_gguo

`b\hlguo b ilbpu \ lhggZo \ ]h^� aZibrbl_ \ khhl\_lkl\mxsb_

yq_cdb dhehgdb K� Ijhkmffbjmcl_ agZq_gby wfbkkbc \ dZ`^hc

yq_cd_ b \g_kbl_ j_amevlZl kmffu \ gb`gxx yq_cdm dhehgdb K

�kljhdZ ³<k_]h´��
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R : = � H P ? G D : W F B K K B B F ? L : G : I J B K ; H J ? ,
O J : G ? G G B B B B K I H E V A H < : G B B

G : < H A : B I L B Q V ? = H I H F ? L :

1 < dhehgdm ' \g_kbl_ dhwnnbpb_glu wfbkkbb f_lZgZ ijb k[hj_�

ojZg_gbb b bkihevah\Zgbb gZ\haZ b ilbqv_]h ihf_lZ \ d] gZ ]heh\m \

]h^ ^ey dZ`^hc dZl_]hjbb k_evkdhohayckl\_gguo `b\hlguo b ilbpu�

Ijb hlkmlkl\bb j_]bhgZevguo ^Zgguo h dhwnnbpb_glZo wfbkkbb

f_lZgZ j_dhf_g^m_lky bkihevah\Zlv bo lbibqgu_ agZq_gby�

ijb\_^_ggu_ \ lZ[ebpZo ��� b ����

LZ[ebpZ ��� ij_^klZ\ey_l lbibqgu_ agZq_gby dhwnnbpb_glh\

wfbkkbb &+4 ^ey [hevrbgkl\Z dZl_]hjbc `b\hlguo b ilbpu \

jZa\bluo b jZa\b\Zxsboky kljZgZo� l_f kZfuf hljZ`Zy jZaebqgu_

mkeh\by b ijZdlbdm \_^_gby ohayckl\Z� Dhwnnbpb_glu wfbkkbc

lZd`_ ih^jZa^_e_gu ih lj_f debfZlbq_kdbf j_]bhgZf� Lbibqgu_

^ey Jhkkbckdhc N_^_jZpbb agZq_gby dhwnnbpb_glh\� ijb\_^_gguo \

lZ[ebp_ ��� khhl\_lkl\mxl agZq_gbyf ^ey jZa\bluo kljZg�

jZkiheh`_gguo \ oheh^ghf debfZlbq_kdhf j_]bhg_�

GZb[he__ agZqbfuf bklhqgbdhf Zlfhkn_jghc wfbkkbb f_lZgZ \

`b\hlgh\h^kl\_ y\ey_lky gZ\ha� ijhba\h^bfuc k\bgvyfb b djmiguf

jh]Zluf kdhlhf� < lZ[ebp_ ��� ijb\_^_gu lbibqgu_ ^ey kljZg

<hklhqghc ?\jhiu dhwnnbpb_glu wfbkkbb f_lZgZ hl gZ\haZ�

ijhba\h^bfh]h k\bgvyfb� Z lZd`_ fhehqguf b g_fhehqguf djmiguf

jh]Zluf kdhlhf� dhlhju_ ijbf_gbfu b ^ey Jhkkbckdhc N_^_jZpbb�

L:;EBP: 4-4
DHWNNBPB?GLU WFBKBB IJB K;HJ?, OJ:G?GGBB B BKIHEVAH<:GBB G:<HA: B ILBQV?=H IHF?L:

(D=CH4G: =HEH<M < =H>)

K_evkdhoh�

ayckl\_ggu_

JZa\blu_ kljZgu JZa\b\Zxsb_ky kljZgu

`b\hlgu_ b

ilbpZ

Oheh^guc Mf_j_gguc L_ieuc Oheh^guc Mf_j_gguc L_ieuc

H\pu 0,19 0,28 0,37 0,10 0,16 0,21

Dhau 0,12 0,18 0,23 0,11 0,17 0,22

EhrZ^b 1,39 2,08 2,77 1,09 1,64 2,18

IlbpZ
a 0,078 0,117 0,157 0,012 0,018 0,023

>bZiZahg hp_ghd hljZ`Z_l debfZlbq_kdb_ mkeh\by hl oheh^guo ^h l_ieuo� DebfZlbq_kdb_ j_]bhgu
ih^jZa^_eyxlky \ aZ\bkbfhklb hl kj_^g_]h^h\hc l_fi_jZlmju� oheh^gu_ � f_g__ ��q&� mf_j_ggu_ � hl ��q& ^h
25q& \dexqbl_evgh� b l_ieu_ � \ur_ ��q&� Hp_gdb ^ey oheh^guo� mf_j_gguo b l_ieuo j_]bhgh\
hkgh\u\Zebkv gZ dhg\_jkbhgguo dhwnnbpb_glZo ^ey f_lZgZ ��� ���� b ��� khhl\_lkl\_ggh�
aDmju� mldb b bg^_cdb�

Lhqghklv \k_o hp_ghd khklZ\ey_l � �� ijhp_glh\�

Bklhqgbdb� Dhwnnbpb_glu wfbkkbb ihemq_gu gZ hkgh\Zgbb ^Zgguo h dhebq_kl\_ dhjfh\ b bo mk\Zb\Z_fhklb�
dhlhju_ bkihevah\Zebkv ^ey ihemq_gby dhwnnbpb_glh\ wfbkkbb ijb \gmlj_gg_c n_jf_glZpbb �kf�
Ijbeh`_gb_ : d ]eZ\_ � KijZ\hqgh]h Jmdh\h^kl\Z F=WBD ih bg\_glZjbaZpbb iZjgbdh\uo ]Zah\�� \_ebqbgu
0&) b %o [ueb \aylu ba jZ[hlu �:RRGEXU\ DQG +DVKLPRWR� ������ Ij_^iheZ]Z_lky� qlh \_kv gZ\ha ojZgblky \
kmobo mkeh\byo� qlh kh]eZkm_lky k ^Zggufb ih bkihevah\Zgbx lZdbo kbkl_f ba �:RRGEXU\ DQG +DVKLPRWR�

1993).

2 Mfgh`vl_ agZq_gby j_]bhgZevguo ^Zgguo h ih]heh\v_ dZ`^hc

dZl_]hjbb `b\hlguo b qbke_gghklb ilbpu �khhl\_lkl\mxsb_ yq_cdb
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dhehgdb :� gZ kj_^gb_ agZq_gby dhwnnbpb_glh\ wfbkkbb f_lZgZ�

h[jZamxs_]hky ba gZ\haZ b ilbqv_]h ihf_lZ �khhl\_lkl\mxsb_

yq_cdb dhehgdb '�� J_amevlZlu mfgh`_gby � agZq_gby wfbkkbb &+4 \

lhggZo \ ]h^� aZibrbl_ \ khhl\_lkl\mxsb_ yq_cdb dhehgdb (�

Ijhkmffbjmcl_ agZq_gby wfbkkbc \ dZ`^hc yq_cd_ dhehgdb ?�

J_amevlZl kmffu \g_kbl_ \ gb`gxx yq_cdm dhehgdb ? �kljhdZ

³<k_]h´��

L:;EBP: 4-5
DHWNNBPB?GLU WFBKKBBF?L:G: HL G:<HA: >EY DJMIGH=H JH=:LH=H KDHL:, K<BG?C B ;MC<HEH<

J_]bhgZevgu_

oZjZdl_jbklbdb

DZl_]hjby

k_evkdhohayckl\_gguo

Dhwnnbpb_glu wfbkkbb ih debfZlbq_kdbf

j_]bhgZfa    �d]��]he� ]h^��

`b\hlguo Oheh^guc Mf_j_gguc L_ieuc

<hklhqgZy ?\jhiZ:
;hevrZy qZklv gZ\haZ

ojZgblky \ l\_j^hf \b^_ b

hdheh h^ghc lj_lb � \

`b^dhklguo kbkl_fZo�

Fhehqguc kdhl

G_fhehqguc kdhl

K\bgvb

6

4

4

19

13

7

33

23

11

a Oheh^guc debfZl hagZqZ_l kj_^gxx l_fi_jZlmjm gb`_ ��q&� \ mf_j_gghf debfZl_ kj_^gyy l_fi_jZlmjZ hl
15q& ^h ��q& \dexqbl_evgh� l_ieuc debfZl bf__l kj_^gxx l_fi_jZlmjm [he__ ��qC.

Bklhqgbdb kf� KijZ\hqgh_ Jmdh\h^kl\h F=WBD ih bg\_glZjbaZpbb iZjgbdh\uo ]Zah\.

R : = � H P ? G D : W F B K K B B F ? L : G : I J B < G M -
L J ? G G ? C N ? J F ? G L : P B B B K ; H J ? ,
O J : G ? G B B B B K I H E V A H < : G B B

G : < H A : B I L B Q V ? = H I H F ? L :

1 >ey dZ`^hc dZl_]hjbb `b\hlguo keh`bl_ agZq_gby wfbkkbb &+4 ijb

\gmlj_gg_c n_jf_glZpbb �khhl\_lkl\mxsZy yq_cdZ dhehgdb K� b hl

gZ\haZ b ihf_lZ �khhl\_lkl\mxsZy yq_cdZ dhehgdb ?�� J_amevlZl

kmffu jZa^_ebl_ gZ ����� qlh[u \ujZablv _]h \ ]b]Z]jZffZo� b

aZibrbl_ _]h \ khhl\_lkl\mxsmx yq_cdm dhehgdb ) JZ[hq_]h ebklZ�

2 Qlh[u ihemqblv \_ebqbgm kmffZjghc ]h^h\hc wfbkkbb f_lZgZ hl

k_evkdhohayckl\_ggh]h `b\hlgh\h^kl\Z b ilbp_\h^kl\Z� keh`bl_

yq_cdb dhehgdb ) b aZibrbl_ ihemq_gguc j_amevlZl \ kljhdm ³<k_]h´

�gb`gyy yq_cdZ dhehgdb )).

R : = � H P ? G D : W F B K K B B N 2 O  I J B K ; H J ? ,
O J : G ? G B B B B K I H E V A H < : G B B I J H -
> M D L H < @ B A G ? > ? Y L ? E V G H K L B

@ B < H L G U O B I L B P U ( G : < H A : B

I L B Q V ? = H I H F ? L : )

MJ:<G?GB? 1

Nex(AWMS) = ¦(T)[N(T) x Nex(T) x AWMS(T)]
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Nex(AWMS) = \u^_e_gb_ ZahlZ ijb ijbf_g_gbb hij_^_e_gghc

kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ

beb ihf_lZ �d]�]h^� �kf�RZ] � \ jZa^_e_ ����

³K_evkdhohayckl\_ggu_ ihq\u´��

N(T) = ih]heh\v_ k_evkdhohayckl\_gguo `b\hlguo

dZl_]hjbb 7 beb ilbpu \ jZkkfZljb\Z_fhf j_]bhg_�

Nex(T) = \u^_e_gb_ ZahlZ� kh^_j`Zs_]hky \ gZ\ha_ �ihf_l_�

k_evkdhohayckl\_gguo `b\hlguo dZl_]hjbb 7 beb

ilbpu \ jZkkfZljb\Z_fhf j_]bhg_ �d] 1�]he��]h^�

�kf� LZ[ebpm �����

AWMS(T) = ^hey ih]heh\vy `b\hlguo dZl_]hjbb 7 beb ilbpu�

dhlhju_ kh^_j`Zlky� b khhl\_lkl\_ggh \ujZ[Zlu\Z�

xl Zahl �1H[(T)�� k ijbf_g_gb_f hij_^_e_gghc

kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ

beb ihf_lZ �$:06� \ jZkkfZljb\Z_fhf j_]bhg_�

�kf� LZ[ebpm �����

T = dZl_]hjby k_evkdhohayckl\_gguo `b\hlguo �ilbpu��

JZ[hqbc ebkl ��� �^hihegbl_evguc) :AHL, KH>?J@:SBCKY < G:<HA?

(ILBQV?F IHF?L?) HIJ?>?E?GGHC KBKL?FU ?=H K;HJ:, OJ:G?GBY B

BKIHEVAH<:GBY (AWMS)

>ey jZkq_lZ ihlhdh\ ZahlZ� hl dZ`^hc ba ijbf_gy_fuo kbkl_f k[hjZ

ojZg_gby b bkihevah\Zgby gZ\haZ b ihf_lZ k_evkdhohayckl\_gguo

`b\hlguo b ilbpu �$QLPDO :DVWH 0DQDJHPHQW 6\VWHP beb $:06��

bkihevamcl_ JZ[hqbc ebkl ��� �^hihegbl_evguc�� h[jZa_p dhlhjh]h

ijb\_^_g \ dhgp_ ]eZ\u ³K_evkdh_ ohayckl\h´�

Ihjy^hd aZiheg_gby JZ[hqbo ebklh\ ��� �^hihegbl_evguo��

1 MklZgh\bl_ lbiu kbkl_f k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ b

ihf_lZ� ijbf_gy_fu_ \ <Zr_f j_]bhg_� \ khhl\_lkl\bb k

deZkkbnbdZpb_c I_j_kfhlj_gguo Jmdh\h^ysbo ijbgpbih\ F=WBD,
ijb\_^_gghc \ lZ[ebp_ ���Z� K^_eZcl_ dhibb jZ[hq_]h ebklZ b

aZihegbl_ bo ih h^ghfm gZ dZ`^mx ba mklZgh\e_gguo kbkl_f k[hjZ�

ojZg_gby b bkihevah\Zgby gZ\haZ beb ilbqv_]h ihf_lZ �$:06��

2 < dhehgdm $ dZ`^h]h ba ih^]hlh\e_gguo jZ[hqbo ebklh\ \g_kbl_

agZq_gby ih]heh\vy `b\hlguo dZl_]hjbb L �1�L�� \ lukyqZo ]heh\

�^ey ilbpu � \ luk� rl���
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1 < khhl\_lkl\mxsb_ yq_cdb dhehgdb % jZ[hqbo ebklh\� \g_kbl_

agZq_gb_ ZahlZ� \u^_eb\r_]hky ba gZ\haZ �ihf_lZ� `b\hlguo

dZl_]hjbb L beb ilbpu �1H[�L��� AgZq_gby \u^_eb\r_]hky ZahlZ

�dhlhju_ fh]ml [ulv bkihevah\Zgu ijb hlkmlkl\bb [he__ lhqguo

j_]bhgZevguo ^Zgguo� ijb\_^_gu \ lZ[ebp_ ����

2 Hij_^_ebl_ ^hex ZahlZ gZ\haZ �ihf_lZ� k_evkdhohayckl\_gguo

`b\hlguo �ilbpu�� \u^_eyxs_]hky ba hij_^_e_gguo kbkl_f _]h

k[hjZ� ojZg_gby b bkihevah\Zgby� >ey wlh]h hij_^_ebl_ kmffZjgh_

ih]heh\v_ `b\hlguo dZl_]hjbb L b ilbpu� ^ey dhlhjuo ijbf_gyxlky

l_ beb bgu_ kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ

�ihf_lZ�� Ihemq_ggmx \_ebqbgm jZa^_ebl_ gZ h[s__ ih]heh\v_

`b\hlguo dZl_]hjbb L b ilbpu <Zr_]h j_]bhgZ� Hdjm]e_gguc ^h

khluo ^he_c j_amevlZl \g_kbl_ \ khhl\_lkl\mxsmx yq_cdm dhehgdb

K� ^hihegbl_evgh]h jZ[hq_]h ebklZ ih dZ`^hc ba \u^_e_gguo kbkl_f

k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ �ihf_lZ�� < lhf kemqZ_� _keb

mdZaZggu_ jZkq_lu \uihegblv g_\hafh`gh� j_dhf_g^m_lky

bkihevah\Zlv ^Zggu_ ^ey kljZg <hklhqghc ?\jhiu� ijb\_^_ggu_ \

lZ[ebp_ ���� Ijb wlhf ke_^m_l bf_lv \ \b^m� qlh \ lZ[ebp_ ��� ^Zgu

ijhp_glgu_ khhlghr_gby ZahlZ� \u^_eyxs_]hky ba jZaebqguo

kbkl_f k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ �ihf_lZ� `b\hlguo

�ilbpu�� Ihwlhfm� ijb bkihevah\Zgbb \_ebqbg� mdZaZgguo \ lZ[ebp_

���� bo ke_^m_l jZa^_eblv gZ ����

L:;EBP: 4-6
IJBF?JGU? AG:Q?GBY IHLHDH< :AHL: , KH>?J@:S?=HKY < G:<HA? @B<HLGUO, d]��]he� ]h^�

DZl_]hjby `b\hlguo

J_]bhg G_fhehqguc

djmiguc

jh]Zluc kdhl
 a

Fhehqguc

djmiguc

jh]Zluc kdhl
a

IlbpZ
b

H\puc K\bgvb
a

>jm]b_c

JhkkbckdZy N_^_jZpby 65,4 74,5 1,7 16 24,4 25
a>Zggu_ ^ey \ajhkeh]h ih]heh\vy `b\hlguo [_a mq_lZ \hajZklghc kljmdlmju klZ^Z� Bklhqgbd� HGLI ������
b Kj_^g__ agZq_gb_ ^ey dmj� mlhd b bg^__d� Bklhqgbd� HGLI ������
k Mkj_^g_ggu_ ^Zggu_ ^ey kljZg <hklhqghc ?\jhiu� Bklhqgbdb: Ecetoc (1994), Vetter  et. al. (1988), Steffens

and Vetter (1990).

IHLHDB :AHL: HL J:AEBQGUO
D:L?=HJBC@G<HLGUO B ILBPU

Ihlhdb ZahlZ hl djmigh]h jh]Zlh]h

kdhlZ� k\bg_c b ilbpu hij_^_�

eyebkv ih ³H[s_khxaguf ghjfZf

l_ogheh]bq_kdh]h ijh_dlbjh\Zgby

kbkl_f m^Ze_gby b ih^]hlh\db d

bkihevah\Zgbx gZ\haZ´ �HGLI ���

��� HGLI ������� \ dhlhjuo

ijb\_^_gu kj_^gb_ ghjfu \uoh^Z

b kh^_j`Zgb_ ZahlZ \ gZ\ha_ b

ilbqv_f ihf_l_ \ i_j_kq_l_ gZ

kmoh_ \_s_kl\h wdkdj_f_glh\�

<uoh^ ZahlZ jZkkqblu\Zeky ih

^Zgguf ^ey \ajhkeuo `b\hlguo b

ilbpu� >ey ilbpu [ueZ ijbgylZ

kj_^gyy ^ey dmj� mlhd b bg^__d

\_ebqbgZ \uoh^Z wdkdj_f_glh\�

AgZq_gby ihlhdh\ ZahlZ ^ey ^jm]bo

`b\hlguo [ueb \aylu dZd kj_^gb_

^ey <hklhqghc ?\jhiu�
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L:;EBP: 4-7
IJHP?GLGU?KHHLGHR?GBYIH=HEH<VYK?EVKDHOHAYCKL<?GGUO@B<HLGUOBILBPU, DHLHJU?KH>?J@:LKYB, KHHL<?LKL<?GGH, <UJ:;:LU<:XL:AHL<J:AEBQGUO

KBKL?F:O K;HJ:, OJ:G?GBY B BKIHEVAH<:GBY G:<HA: B IHF?L:, IJBF?GYXSBOKY< KLJ:G:O <HKLHQGHC ?<JHIU (BASAFLEY ET .AL ., 1992)

J_]bhg Lbi `b\hlguo Ijhp_glgh_ jZkij_^_e_gb_ gZ\haZ ih kbkl_fZf ojZg_gby b bkihevah\Zgby

:gZwjh[gu_

kbkl_fu k[hjZ

b ojZg_gby

gZ\haZ

@b^dhklgu_

kbkl_fu k[hjZ b

ojZg_gby gZ\haZ

beb ihf_lZ

?`_^g_\guc

\u\ha b

\g_k_gb_ gZ

ihey

OjZg_gb_ \

l\_j^hf \b^_

b \ aZ]hgZo

ijb n_jfZo

GZ\ha� hklZ\e_gguc gZ

iZkl[bsZo�

h]hjh`_gguo \uiZkZo

beb \ aZ]hgZo

Bkihevah\Zgb_ \

dZq_kl\_ lhieb\Z

>jm]b_ \b^u kbkl_f

k[hjZ� ojZg_gby b

bkihevah\Zgby

gZ\haZ b ihf_lZ

<hklhqgZy ?\jhiZ G_fhehqguc kdhl �'� 8 39 0 52 0 0 1

Fhehqguc kdhl 0 18 1 67 13 0 0

IlbpZ �(� 0 28 0 0 1 0 71

H\pu 0 0 0 0 73 0 27

K\bgvb 0 29 0 0 27 0 45

>jm]b_ `b\hlgu_ �)� 0 0 0 0 92 0 8

�'� < lhf qbke_ [mc\heu�

�(� <dexqZy dmj� mlhd b bg^__d�

�)� < lhf qbke_ dhau b ehrZ^b�
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L:;EBP: 4-7Z
LBIU KBKL?F K;HJ:, OJ:G?GBY B BKIHEVAH<:GBY IJH>MDLH< @BAG?>?YL?EVGHKLB

K?EVKDHOHAYCKL<?GGUO@B<HLGUO B ILBPU (G:<HA: B ILBQV?=H IHF?L:) <
KHHL<?LKL<BB K DE:KKBNBD:PB?CI?J?KFHLJ?GGUO JMDH<H>YSBO IJBGPBIH<F=WBD

GZa\Zgb_ kbkl_fu k[hjZ�

ojZg_gby b bkihevah\Zgby

gZ\haZ b ilbqv_]h ihf_lZ

DjZldh_ hibkZgb_ kbkl_fu

:gZwjh[gu_ kbkl_fu k[hjZ

b ojZg_gby gZ\haZ

=b^jhkfu\gu_ kbkl_fu� dhlhju_ bkihevamxlky ^ey

m^Ze_gby gZ\haZ ba ihf_s_gbc k\bgh\h^q_kdbo dhfie_dkh\�

JZa[Z\e_gguc gZ\ha hk_^Z_l \ hlklhcgbdZo b \ l_q_gb_ ���

��� ^g_c� Ijb gZebqbb aZfdgmlh]h pbdeZ \h^hkgZ[`_gby b

nbevljZpbhgguo mklZgh\hd� \h^Z ba hlklhcgbdh\ fh`_l

[ulv bkihevah\ZgZ \lhjbqgh ihke_ khhl\_lkl\mxs_c

hqbkldb� ?keb aZfdgmlh]h pbdeZ \h^hkgZ[`_gby g_l� lh

klhqgu_ \h^u bkihevamxlky ^ey hjhr_gby ihe_c�

@b^dhklgu_ kbkl_fu k[hjZ

b ojZg_gby gZ\haZ beb

ihf_lZ

Ij_^klZ\eyxl kh[hc \julu_ \ a_fex [_lhggu_ bahebjh\Zg�

gu_ _fdhklb� \ dhlhjuo gZ\ha ojZgblky \ l_q_gb_ � b [he__

f_k� ^h \g_k_gby gZ ihey� Ijb ojZg_gbb \ `b^dhklgu_

kbkl_fu fh`_l ^h[Z\eylvky \h^Z�

?`_^g_\guc \u\ha b

\g_k_gb_ gZ ihey

Ijh^mdlu `bag_^_yl_evghklb `b\hlguo kh[bjZxlky \

l\_j^hc nhjf_ ijb ihfhsb jZaebqguo kj_^kl\

�ljZgkihjl_jh\� kdj_[dh\ b ^j�� b j_]meyjgh �h[uqgh

_`_^g_\gh� \u\haylky gZ ihey�

OjZg_gb_ \ l\_j^hf \b^_ b

kmohc fZkk_ \ aZ]hgZo ijb

n_jfZo

GZ\ha beb ilbqbc ihf_l _`_^g_\gh kh[bjZ_lky \ l\_j^hf

\b^_ ijb ihfhsb hibkZgguo \ur_ kj_^kl\� gh g_ \u\hablky

kjZam `_ gZ ihey� Z gZdZieb\Z_lky \ h[hjm^h\Zgguo ^ey wlbo

p_e_c ojZgbebsZo \ l_q_gb_ ^hklZlhqgh ^ebl_evgh]h

\j_f_gb �g_kdhevdh f_kyp_\� i_j_^ bkihevah\Zgb_f� Wlhl

l_jfbg lZd`_ ijbf_gbf d h]hjh`_gguf aZ]hgZf� ]^_

`b\hlgu_ kh^_j`Zlky \ l_q_gb_ g_dhlhjh]h \j_f_gb� GZ\ha
\ wlbo aZ]hgZo \ukuoZ_l gZ ih\_joghklb ihq\u b aZl_f

i_jbh^bq_kdb m[bjZ_lky b \u\hablky \ ki_pbZevgh

h[hjm^h\Zggu_ ojZgbebsZ�

GZ\ha gZ iZkl[bsZo�

h]hjh`_gguo \uiZkZo beb

aZ]hgZo

Ki_pbZevguo f_j ih k[hjm ojZg_gbx b bkihevah\Zgbx

gZ\haZ \ ^Zgghf kemqZ_ g_ ijbf_gy_lky� GZ\ha g_ m[bjZ_lky�

Z hklZ_lky gZ lhf f_kl_� ]^_ hg [ue ijhba\_^_g�

Bkihevah\Zgb_ \ dZq_kl\_

lhieb\Z

>Zgguc lbi bkihevah\Zgby gZ\haZ g_ oZjZdl_j_g ^ey

l_jjblhjbb Jhkkbckdhc N_^_jZpbb

>jm]b_ \b^u kbkl_f k[hjZ�

ojZg_gby b bkihevah\Zgby

gZ\haZ b ihf_lZ

Ih^ ^jm]bfb kbkl_fZfb k[hjZ� ojZg_gby b bkihevah\Zgby

gZ\haZ b ihf_lZ ihgbfZxl _]h i_j_jZ[hldm \ ZgZwjh[guo

mkeh\byo gZ [bhwg_j]_lbq_kdbo mklZgh\dZo ^ey ihemq_gby

[bh]ZaZ� [bheh]bq_kdb_ f_lh^u i_j_jZ[hldb gZ\haZ \

[bh]mfmk beb [_edh\u_ dhjfZ� Z lZd`_ ^jm]b_ f_lh^u�

5. < dZ`^hf ba ^hihegbl_evguo jZ[hqbo ebklh\ i_j_fgh`vl_

khhl\_lkl\mxsb_ \_ebqbgu \ dhehgdZo $� %� b &� b aZibrbl_

j_amevlZl \ dhehgdm '�

6. Keh`bl_ ihemq_ggu_ \_ebqbgu \ dhehgd_ '� KmffZ khhl\_lkl\m_l

dhebq_kl\m ZahlZ� \u^_eb\r_fmky hl \k_o dZl_]hjbc

k_evkdhohayckl\_gguo `b\hlguo b ilbpu� kh^_j`Zsboky k

ijbf_g_gb_f hij_^_e_gghc kbkl_fu k[hjZ� ojZg_gby b

bkihevah\Zgby gZ\haZ �ihf_lZ�� 1H[(AWMS)� \ujZ`_gghfm \ d]�]h^�
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AZibrbl_ ihemq_gguc j_amevlZl \ kljhdm ³<k_]h´ \gbam dhehgdb '

^ey dZ`^h]h ba ^hihegbl_evguo jZ[hqbo ebklh\�

MJ:<G?GB? 2

N2O(AWMS)=¦[ Nex (AWMS) x EF3(AWMS)]

]^_�

N2O(AWMS) = wfbkkbb 122 hl \k_o lbih\ kbkl_f k[hjZ� ojZg_gby b

bkihevah\Zgby ijh^mdlh\ `bag_^_yl_evghklb

`b\hlguo b ilbpu �gZ\haZ b ihf_lZ� \ j_]bhg_

�d] 1�]h^��

Nex (AWMS) = kf� mjZ\g_gb_ � \ur_�

EF3(AWMS) = ki_pbZevguc dhwnnbpb_gl wfbkkbb 122 ^ey dZ`^h]h

lbiZ kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby gZ\h�

aZ �ihf_lZ�� d] 12O�1�d] ZahlZ 1H[(AWMS)� �kf� lZ[ebpm

4-8).

>ey jZkq_lZ wfbkkbb 122 hl \k_o kbkl_f k[hjZ� ojZg_gby b bkihev�

ah\Zgby gZ\haZ b ihf_lZ bkihevamcl_ ebkl � ba �� JZ[hq_]h ebklZ ����

1 <g_kbl_ agZq_gby ihlhdh\ ZahlZ� \u^_eb\r_]hky hl dZ`^h]h ba

mklZgh\e_gguo \ <Zr_f j_]bhg_ lbiZ kbkl_f k[hjZ� ojZg_gby b

bkihevah\Zgby ijh^mdlh\ `bag_^_yl_evghklb k_evkdhohayckl\_gguo

`b\hlguo b ilbpu �gZ\haZ b ihf_lZ�� 1H[(AWMS)� dhlhju_ mdZaZgu \

blh]h\hc �gb`g_c� kljhd_ dhehgdb ' dZ`^h]h ba ^hihegbl_evguo

jZ[hqbo ebklh\� \ yq_cdb khhl\_lkl\mxsb_ mklZgh\e_gghfm lbim

kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ b ihf_lZ \ dhehgd_

$ ebklZ � ba � JZ[hq_]h ebklZ ����

2 < dhehgdm < \g_kbl_ dhwnnbpb_glu wfbkkbb aZdbkb ZahlZ �122� ^ey

dZ`^h]h lbiZ kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ b

ihf_lZ `b\hlguo b ilbpu� Bkihevamcl_ lbibqgu_ agZq_gby ba

lZ[ebpu ��� beb [he__ lhqgu_ f_klgu_ ^Zggu_�

3 Mfgh`vl_ \_ebqbgu ihlhdh\ 1 �dhehgdZ $� gZ khhl\_lkl\mxsb_

agZq_gby dhwnnbpb_glh\ wfbkkbb 122 ^ey dZ`^h]h lbiZ kbkl_fu

k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ b ihf_lZ

k_evkdhohayckl\_gguo `b\hlguo b ilbpu �dhehgdZ %� b aZl_f gZ

dhg\_jkbhggh_ hlghr_gb_ ������ qlh[u ihemqblv kmffZjgmx

]h^h\mx wfbkkbx aZdbkb ZahlZ \ _^bgbpZo 122� Mfgh`vl_ j_amevlZl

gZ ��-6 b aZibrbl_ ihemq_gguc \ ]b]Z]jZffZo j_amevlZl \ dhehgdm K�

4 Keh`bl_ ihemq_ggu_ \ dhehgd_ K \_ebqbgu b aZibrbl_ j_amevlZl \

gb`gxx yq_cdm �kljhdZ ³<k_]h´� dhehgdb�

A:DBKV :AHL: HL KBKL?F K;HJ:,
OJ:G?GBY B BKIHEVAH<:GBY IJH-
>MDLH< @BAG?>?YL?EVGHKLB

K?EVKDHOHAYCKL<?GGUO@B<HL-
GUO B ILBPU (G:<HA: B IHF?L:)

A^_kv hp_gb\Z_lky ihklmie_gb_

ZahlZ� 1H[� hl \k_o lbih\ kbkl_f

k[hjZ� ojZg_gby b bkihevah\Zgby

gZ\haZ b ihf_lZ� H^gZdh� ke_^m_l

bf_lv \ \b^m� qlh wfbkkbb 122 hl

ZgZwjh[guo� `b^dhklguo kbkl_f

k[hjZ� ojZg_gby b bkihevah\Zgby

gZ\haZ �ihf_lZ�� Z lZd`_ ijb _]h

ojZg_gbb \ l\_j^hf \b^_ b \

h]hjh`_gguo aZ]hgZo b \u]hgZo

ijb n_jfZo� Z lZd`_ hl ³^jm]bo

kbkl_f ojZg_gby´ jZkkfZljb\Zxlky

\ ^Zgghf jZa^_e_� \ lh \j_fy dZd

_`_^g_\guc \u\ha gZ\haZ b ihf_lZ

gZ ihey b gZ\ha iZkl[bsgh]h `b�

\hlgh\h^kl\Z jZkkfZljb\Zxlky \

jZa^_e_ ³K_evkdhohayckl\_ggu_

ihq\u´ �kf� jZa^_e �����
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L:;EBP: 4-8
IJBF?JGU? LBIBQGU? <?EBQBGU DHWNNBPB?GLH< WFBKKBBN2O >EY J:AEBQGUO
KBKL?F K;HJ:, OJ:G?GBY B BKIHEVAH<:GBY G:<HA: @B<HLGUO B ILBQV?=H IHF?L:

(D=N2O–N/ D= <U>?EB<R?=HKY :AHL:)

Kbkl_fZ ojZg_gby b bkihevah\Zgby gZ\haZ `b\hlguo b

ilbqv_]h ihf_lZa
Dhwnnbpb_gl wfbkkbb ()3

:gZwjh[gu_ kbkl_fu k[hjZ b ojZg_gby gZ\haZb 0,001 (<0,002)

@b^dhklgu_ kbkl_fu k[hjZ b ojZg_gby gZ\haZ beb

ihf_lZb
0,001 (<0,001)

?`_^g_\guc \u\ha b \g_k_gb_ gZ iheyc ��� �^bZiZahgZ g_l�

OjZg_gb_ \ l\_j^hf \b^_ b kmohc fZkk_ \ aZ]hgZo ijb

n_jfZoc
0,02 (0,005-0,03)

GZ\ha gZ iZkl[bsZo� h]hjh`_gguo \uiZkZo beb aZ]hgZod 0,02 (0,005-0,03)

Bkihevah\Zgb_ \ dZq_kl\_ lhieb\Ze G_ \oh^bl \ ^Zggmx ]eZ\m

>jm]b_ \b^u kbkl_f k[hjZ� ojZg_gby b bkihevah\Zgby

gZ\haZ b ihf_lZb
0,005

a JZkij_^_e_gb_ bf_xs_]hky \ gZ\ha_ ZahlZ ih jZaebqguf kbkl_fZf ojZg_gby b bkihevah\Zgby
ijh^mdlh\ `bag_^_yl_evghklb djmigh]h jh]Zlh]h kdhlZ� k\bg_c b [mc\heh\ fh`_l [ulv hp_g_gh
lZd� dZd ij_^eh`_gh \ lZ[ebp_ ��� �ih 6DIOH\ HW�DO�� ������

b JZkkfZljb\Z_lky Z jZa^_e_ ³Wfbkkbb hl jZaebqguo kbkl_f k[hjZ� ojZg_gbb b bkihevah\Zgbb
gZ\haZ b ilbqv_]h ihf_lZ´�

c JZkkfZljb\Z_lky \ jZa^_e_ ��� ³K_evkdhohayckl\_ggu_ ihq\u´ dZd ijyfZy wfbkkby ihq\ ijb
\u\ha_ b \g_k_gbb gZ ihey �ij_^iheZ]Zy� qlh ^h \g_k_gby wfbkkbb g_l��

d JZkkfZljb\Z_lky \ jZa^_e_ ��� ³K_evkdhohayckl\_ggu_ ihq\u´ dZd ijyfZy wfbkkby hl h^ghc ba
kbkl_f k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ �ihf_lZ��

e JZkkfZljb\Z_lky \ ]eZ\_ ³Wg_j]_lbdZ´�

4 . 3 Jbkh\h^ kl\h

L_dkl jZa^_eZ ��� ³Jbkh\h^kl\h´ g_ \dexq_g \ Jmdh\h^kl\h ih

bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf

mjh\g_� lZd dZd wlhl \b^ ^_yl_evghklb g_ lbibq_g ^ey Z]jZjgh]h k_dlhjZ

Jhkkbb� ?keb \ <Zr_f j_]bhg_ \ha^_eu\Z_lky jbk� h[jZlbl_kv \

GZpbhgZevgmx ]jmiim ih bg\_glZjbaZpbb iZjgbdh\uo ]Zah\ �kf�

<\_^_gb_ d Jmdh\h^kl\m ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\

\ Jhkkbb gZ j_]bhgZevghf mjh\g_).

4 . 4 Dhgljhebjm _fh_ �\u`b]Zgb_

kZ\Zgg

L_dkl jZa^_eZ ��� ³Dhgljhebjm_fh_ \u`b]Zgb_ kZ\Zgg´ g_ \dexq_g \

Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb

gZ j_]bhgZevghf mjh\g_� ihkdhevdm wlhl \b^ ^_yl_evghklb g_ ZdlmZe_g

^ey Jhkkbckdhc N_^_jZpbb�
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4 . 5 K`b]Zgb_ � k _ev kdhoh ayckl\ _gguo

�ih`gb\guo � �h k l Z ldh\ �gZ �iheyo

4 . 5 . 1 < k l m i e _ g b _ �b �b k o h ^ gu_ � ^ Z g gu_

Ihke_ m[hjdb mjh`Zy gZ iheyo hklZ_lky agZqbl_evgZy fZkkZ k_evkdh�

ohayckl\_gguo �ih`gb\guo� hklZldh\� < jy^_ kljZg bo k`b]Zgb_

y\ey_lky h[uqghc ijZdlbdhc� QZklv hklZldh\ jZkl_gb_\h^kl\Z fh`_l

[ulv bkihevah\ZgZ b dZd lhieb\h� gh ijb wlhf wfbkkbb hl bo k`b]Zgby

[m^ml jZkkfZljb\Zlvky \ ]eZ\_ ³Wg_j]_lbdZ´� < jZa^_e_ ��� mqblu\Zxlky

lhevdh \u[jhku f_lZgZ� hdbkb m]e_jh^Z� aZdbkb ZahlZ b hdbkeh\ ZahlZ�

I_j_kfhlj_ggu_ Jmdh\h^ysb_ ijbgpbiu F=WBD g_ jZkkfZljb\Zxl

k`b]Zgb_ ih`gb\guo hklZldh\ gZ iheyo dZd g_llh bklhqgbd ^\mhdbkb

m]e_jh^Z� ihkdhevdm ij_^iheZ]Z_lky� qlh ^bhdkb^ m]e_jh^Z�

\uk\h[h^b\rbcky \ Zlfhkn_jm ijb ]hj_gbb� [m^_l ih]ehs_g

dmevlmjgufb jZkl_gbyfb \ l_q_gb_ ke_^mxs_]h \_]_lZpbhggh]h k_ahgZ�

>hklh\_jguo ^Zgguo h lhf� qlh k`b]Zgb_ ih`gb\guo hklZldh\

ijbf_gy_lky \ Jhkkbb g_l� H^gZdh _keb wlZ ijZdlbdZ gZoh^bl

h]jZgbq_ggh_ ijbf_g_gb_ gZ iheyo <Zr_]h j_]bhgZ� lh f_lh^bdZ mq_lZ
Zlfhkn_jguo wfbkkbc iZjgbdh\uo ]Zah\ hl k`b]Zgby jZklbl_evguo

hklZldh\ ij_^eZ]Z_lky \ wlhf jZa^_e_�

>ey hp_gdb wfbkkbb iZjgbdh\uo ]Zah\� \u^_eyxsboky ijb k`b]Zgbb

ih`gb\guo hklZldh\ bkihevamxlky j_]bhgZevgu_ ^Zggu_ h

ijhba\h^kl\_ k_evkdhohayckl\_gguo dmevlmj� khhlghr_gby \uoh^Z

ijh^mdpbb jZkl_gb_\h^kl\Z b jZklbl_evguo hklZldh\� dhebq_kl\Z

hklZ\e_gguo gZ iheyo ih`gb\guo hklZldh\� kh^_j`Zgby m]e_jh^Z b

ZahlZ \ hklZldZo jZkl_gb_\h^kl\Z \ i_j_kq_l_ gZ kmohc \_k� Z lZd`_ ^heb

jZklbl_evguo hklZldh\� dhlhju_ k`b]Zxlky gZ iheyo� J_]bhgZevgu_

k\_^_gby h ijhba\h^kl\_ ijh^mdpbb jZkl_gb_\h^kl\Z kh^_j`Zlky

klZlbklbq_kdhc hlq_lghklb dhfbl_lh\ ih k_evkdhfm ohayckl\m b

ijh^h\hevkl\bx Fbgbkl_jkl\Z k_evkdh]h ohayckl\Z b ijh^h\hevkl\by

Jhkkbb� dhlhju_ kh[bjZxlky b i_j_^Zxlky \ dhfbl_lu ih klZlbklbd_

=hkdhfklZlZ Jhkkbb� Hgb im[ebdmxlky \ _`_]h^guo j_]bhgZevguo b

gZpbhgZevguo klZlbklbq_kdbo k[hjgbdZo� ?keb j_]bhgZevgu_

�gZpbhgZevgu_� ^Zggu_ ih khhlghr_gbx ijh^mdpbb jZkl_gb_\h^kl\Z b

jZklbl_evguo hklZldh\� Z lZd`_ ^heb kmoh]h \_s_kl\Z b kh^_j`Zgby

m]e_jh^Z b ZahlZ \ gbo g_ ^hklmigu� \ jZkq_lZo fh]ml [ulv

bkihevah\Zgu mkj_^g_ggu_ \_ebqbgu� ijbf_gy_fu_ ih mfheqZgbx �l�_�

ijb hlkmlkl\bb ^jm]bo ^Zgguo�� Bo agZq_gby ^ey g_dhlhjuo

k_evkdhohayckl\_gguo dmevlmj ijb\_^_gu \ lZ[ebp_ �����

4 . 5 . 2 F_l h ^ bd Z � j Z k q _ l Z �b � a Z i h e g _ gb _

JZ [ h qb o � eb k l h \

>ey aZibkb ^Zgguo b \uiheg_gby jZkq_lh\ wfbkkbc bkihevamcl_ ebklu

1-3 J:;HQ?=H EBKL: 4-4 “K@B=:GB? K?EVKDHOHAYCKL<?GGUO HKL:LDH<

G: IHEYO”, ijb\_^_ggu_ \ dhgp_ ]eZ\u ³K_evkdh_ ohayckl\h´�
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R : = � J : K Q ? L F : K K U K ? E V K D H O H -
A Y C K L < ? G G U O H K L : L D H <

1 MklZgh\bl_ ]eZ\gu_ k_evkdhohayckl\_ggu_ dmevlmju� ih`gb\gu_

hklZldb dhlhjuo k`b]Zxlky gZ iheyo� b \g_kbl_ bo \ ebkl � ba �

JZ[hq_]h ebklZ ����

2 < dhehgdm : \g_kbl_ _`_]h^gh_ ijhba\h^kl\h �mjh`Zc� dZ`^hc ba

mklZgh\e_gguo dmevlmj \ ]b]Z]jZffZo �lh `_ qlh b luk� lhgg��

3 < dhehgdm < \g_kbl_ agZq_gby khhlghr_gbc jZklbl_evguo hklZldh\ b

ihemqZ_fhc ijh^mdpbb jZkl_gb_\h^kl\Z �hklZldb�ijh^mdpby� ^ey

dZ`^h]h \b^Z k_evkdhohayckl\_gguo dmevlmj� < kemqZ_ hlkmlkl\by

beb g_^hklmighklb j_]bhgZevguo �gZpbhgZevguo� ^Zgguo

bkihevamcl_ \_ebqbgu� ijb\_^_ggu_ \ lZ[ebp_ �����

4 Mfgh`vl_ _`_]h^gh_ ijhba\h^kl\h �mjh`Zc� ih dZ`^hc dmevlmj_

�dhehgdZ :� gZ khhlghr_gb_ hklZldb�ijh^mdpby �dhehgdZ <��

Ihemq_gguc j_amevlZl� fZkkZ ih`gb\guo hklZldh\ ^ey dZ`^hc ba

k_evkdhohayckl\_gguo dmevlmj� aZibrbl_ \ dhehgdm K�

L:;EBP: 4-15
HL>?EVGU? KL:LBKLBQ?KDB? >:GGU? H KHHLGHR?GBB <UOH>: IJH>MDPBB B
J:KLBL?EVGUO HKL:LDH< G?DHLHJUO K?EVKDHOHAYCKL<?GGUO DMEVLMJ

K_evkdhohayckl\_ggZy
dmevlmjZ

Hlghr_gb_ jZklb�
l_evguo hklZldh\ d

ihemqZ_fhc ijh^mdpbb
�hklZldb�ijh^mdpby�

>hey kmohc
fZkku

>hey
m]e_jh^Z

Hlghr_gb_

Zahl� m]e_jh^

Ir_gbpZ 1,3 0,78-0,88 0,4853 0,012

Yqf_gv 1,2 0,78-0,88 0,4567

DmdmjmaZ 1 0,30-0,50 0,4709 0,02

H\_k 1,3

Jh`v 1,6

Jbk 1,4 0,78-0,88 0,4144 0,014

Ir_gh 1,4 0,016

=hjho 1,5

;h[u 2,1

Khy 2,1 0,05

DZjlhn_ev 0,4 0,30-0,60 0,4226

Dhjfh\Zy k\_deZ 0,3 0,10-0,20a 0,4072a

KZoZjgZy k\_deZ 0,2 0,10-0,20a 0,4072a

Ijbf_qZgb_� Ijb\_^_gguc \ lZ[ebp_ kibkhd dmevlmj g_ iheguc� >ey ^jm]bo \b^h\ dmevlmj
j_dhf_g^m_lky bkihevah\Zlv gZb[he__ [ebadb_ agZq_gby ba l_o� qlh mdZaZgu \ lZ[ebp_�

Bklhqgbdb kf� KijZ\hqgh_ Jmdh\h^kl\h F=WBD ih bg\_glZjbaZpbb iZjgbdh\uo ]Zah\.
a>Zggu_ hlghkylky d ebklvyf k\_deu�

R : = � J : K Q ? L K M O H C F : K K U H K L : L D H <

1 < dhehgdm ' \g_kbl_ ^hex kmohc fZkku hl h[s_c fZkku

jZklbl_evguo hklZldh\ ^ey dZ`^hc k_evkdhohayckl\_gghc dmevlmju�

< kemqZ_ hlkmlkl\by beb g_^hklmighklb j_]bhgZevguo ^Zgguo

bkihevamcl_ \_ebqbgu� ijb\_^_ggu_ \ lZ[ebp_ �����

D:D IHEVAH<:LVKY J:;HQBF
EBKLHF

x < dhgp_ ]eZ\u ³K_evkdh_

ohayckl\h´ ijb\_^_gu JZ[hqb_

ebklu� dhlhju_ ke_^m_l aZihe�

gylv ijb bg\_glZjbaZpbb� K^_�

eZcl_ dhibx khhl\_lkl\mxs_]h

JZ[hq_]h ebklZ�

x G_ aZihegycl_ hjb]bgZe

JZ[hq_]h ebklZ� KhojZgbl_ _]h�

qlh[u k^_eZlv ^hihegbl_evgu_

dhibb \ kemqZ_ g_h[oh^bfhklb�
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2 Mfgh`vl_ dhebq_kl\h ih`gb\guo hklZldh\ �dhehgdZ K� gZ

khhlghr_gb_ f_`^m kmohc b h[s_c fZkkhc �dhehgdZ '�� Ihemq_gguc

j_amevlZl� \_ebqbgm kmohc fZkku hklZ\e_gguo gZ iheyo ih`gb\guo

hklZldh\ \ ]b]Z]jZffZo� aZibrbl_ \ dhehgdm ?�

R : = � J : K Q ? L K @ B = : ? F H C ; B H F : K K U

1 < dhehgdm ) \g_kbl_ ^hex [bhfZkku� k`b]Z_fhc gZ iheyo ih

dZ`^hfm \b^m k_evkdhohayckl\_gguo dmevlmj� Wlb \_ebqbgu ^he`gu

hij_^_eylvky gZ hkgh\_ j_]bhgZevghc ijZdlbdb hj]ZgbaZpbb b

\_^_gby k_evkdh]h ohayckl\Z� Ihwlhfm bkihevah\Zgb_ ^jm]bo

agZq_gbc \ ^Zgghf kemqZ_ g_\hafh`gh�

2 Ih dZ`^hc dmevlmj_ \g_kbl_ agZq_gb_ hdbkeyxs_cky ijb ]hj_gbb

qZklb kmoh]h \_s_kl\Z \ dhehgdm * �\_ebqbgZ ���� j_dhf_g^m_lky

ijb hlkmlkl\bb hlebqguo hl wlh]h agZq_gby j_]bhgZevguo ^Zgguo��

3 >ey dZ`^hc k_evkdhohayckl\_gghc dmevlmju i_j_fgh`vl_ \_ebqbgm

kmohc fZkku hklZ\e_gguo ih`gb\guo hklZldh\ �dhehgdZ ?�� bo ^hex�

dhlhjZy k`b]Z_lky gZ iheyo �dhehgdZ )�� b qZklv hklZldh\� dhlhjZy

hdbkey_lky ijb ]hj_gbb �dhehgdZ *�� Ihemq_gguc j_amevlZl� h[s__

dhebq_kl\h k`b]Z_fhc [bhfZkku �\ ]b]Z]jZffZo \ i_j_kq_l_ gZ

kmohc \_k�� aZibrbl_ _]h \ dhehgdm +�

R : = � J : K Q ? L H ; S ? = H D H E B Q ? K L < :

< U K < H ; H > B < R ? = H K Y M = E ? J H > :

1 >ey dZ`^hc ba \u[jZgguo k_evkdhohayckl\_gguo dmevlmj aZibrbl_

^hex m]e_jh^Z �K� \ kmohc [bhfZkk_ jZklbl_evguo hklZldh\ \

dhehgdm ,� ebkl � ba � JZ[hq_]h ebklZ ���� Ijb hlkmlkl\bb

j_]bhgZevguo �gZpbhgZevguo� ^Zgguo j_dhf_g^m_lky bkihevah\Zlv

\_ebqbgu� ijb\_^_ggu_ \ lZ[ebp_ ����� >ey ^jm]bo dmevlmj �g_

\dexq_gguo \ lZ[ebpm� fh`_l [ulv bkihevah\Zgh mkj_^g_ggh_ agZq_gb_

���� ijbgylh_ ^ey \k_c `b\hc [bhfZkku�

2 Ih dZ`^hfm \b^m hklZldh\ k_evkdhohayckl\_gguo dmevlmj mfgh`vl_

h[s__ dhebq_kl\h k`b]Z_fhc [bhfZkku �dhehgdZ G� gZ ^hex

m]e_jh^Z� kh^_j`Zs_]hky \ g_c �dhehgdZ ,�� J_amevlZl� dhebq_kl\h

\uk\h[h^b\r_]hky m]e_jh^Z \ ]b]Z]jZffZo K� aZibrbl_ \ dhehgdm -�

3 Keh`bl_ ihemq_ggu_ hl^_evgh ih dZ`^hc ba \u^_e_gguo dmevlmj

\_ebqbgu \ dhehgd_ - b aZibrbl_ kmffm \ yq_cdm ³<k_]h´ \gbam

dhehgdb�

R : = � J : K Q ? L H ; S ? = H D H E B Q ? K L < :

< U K < H ; H > B < R ? = H K Y : A H L :

1 >ey dZ`^hc dmevlmju \g_kbl_ hlghr_gb_ Zahl�m]e_jh^ \ dhehgdm D�

J_dhf_g^m_fu_ ijb hlkmlkl\bb [he__ lhqguo j_]bhgZevguo ^Zgguo

agZq_gby khhlghr_gby ^ey g_dhlhjuo dmevlmj ijb\_^_gu \ lZ[ebp_ �����

>ey g_ mdZaZgguo \ lZ[ebp_ jZkl_gbc fh]ml [ulv bkihevah\Zgu

agZq_gby� jZ\gu_ 0,01 - 0,02.
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2 Mfgh`vl_ \_ebqbgm \uk\h[h^b\r_]hky m]e_jh^Z �dhehgdZ -� gZ

hlghr_gb_ Zahl�m]e_jh^ �dhehgdZ .� b aZibrbl_ \ dhehgdm /

ihemq_gguc j_amevlZl � dhebq_kl\h \uk\h[h^b\r_]hky ZahlZ \

]b]Z]jZffZo 1�

3 Keh`bl_ h[t_fu \uk\h[h^b\r_]hky ZahlZ ih dZ`^hc ba dmevlmj�

J_amevlZl kmffu aZibrbl_ \ yq_cdm ³<k_]h´ \gbam dhehgdb /�

R : = � H P ? G D : W F B K K B C K H I M L K L < M XS B O

= : A H < ( D J H F ? C O 2 )

1 < khhl\_lkl\mxsb_ yq_cdb dhehgdb F �ebkl � ba � JZ[hq_]h ebklZ ��

�� \g_kbl_ agZq_gby khhlghr_gbc wfbkkbb ^jm]bo ]Zah\ djhf_ &22.
J_dhf_g^m_fu_ ijb hlkmlkl\bb ^jm]bo agZq_gbc \_ebqbgu

khhlghr_gbc b ^bZiZahgu bo baf_g_gbc ijb\_^_gu \ lZ[ebp_ �����

L:;EBP: 4-16
KHHLGHR?GBY WFBKKBC =:AH<, <U>?EYXSBOKY IJB K@B=:GBB

IH@GB<GUO HKL:LDH<

AgZq_gb_ khhlghr_gby

=Za Kj_^gyy \_ebqbgZ >bZiZahg baf_g_gbc

CH4 0,004 0,002 - 0,006

CO 0,06 0,04 - 0,08

N2O 0,007 0,005 - 0,009

NOx 0,121 0,094 - 0,148
Ijbf_qZgb_� Wfbkkbhggu_ khhlghr_gby ^ey m]e_jh^hkh^_j`Zsbo ]Zah\ �&+4 b &2�

ij_^klZ\eyxl kh[hc hlghr_gb_ fZkku m]e_jh^Z� \uk\h[h^b\r_]hky ijb ]hj_gbb \ \b^_
wlbo ]Zah\ �\ _^bgbpZo &�� d fZkk_ \k_]h \uk\h[h^b\r_]hky m]e_jh^Z� ^ey
Zahlkh^_j`Zsbo ]Zah\ hgb ij_^klZ\eyxl kh[hc hlghr_gb_ fZkku ZahlZ�
\uk\h[h`^_ggh]h ijb ]hj_gbb \ \b^_ 122 b 12x d fZkk_ \k_]h \uk\h[h^b\r_]hky ZahlZ�

Bklhqgbdb kf� KijZ\hqgh_ Jmdh\h^kl\h F=WBD ih bg\_glZjbaZpbb iZjgbdh\uo ]Zah\.

2 Mfgh`vl_ \uk\h[h^b\rbcky m]e_jh^ �blh]h\Zy \_ebqbgZ \ yq_cd_

³<k_]h´ dhehgdb -� gZ wfbkkbhggu_ khhlghr_gby ^ey &+4 b &2

�dhehgdZ0�� Ihemq_ggu_ agZq_gby wfbkkbc f_lZgZ b hdbkb m]e_jh^Z

�\ ]b]h]jZffZo K� aZibrbl_ \ khhl\_lkl\mxsb_ yq_cdb dhehgdb 1�

3 Mfgh`vl_ \uk\h[h^b\rbcky Zahl �blh]h\Zy \_ebqbgZ \ yq_cd_

³<k_]h´ dhehgdb /� gZ wfbkkbhggu_ khhlghr_gby ^ey 122 b 12x

�dhehgdZ 0�� Ihemq_ggu_ agZq_gby wfbkkbc aZdbkb ZahlZ b hdbkeh\

ZahlZ �\ ]b]h]jZffZo 1� aZibrbl_ \ khhl\_lkl\mxsb_ yq_cdb

dhehgdb 1�

4 >ey dZ`^h]h ba jZkkfZljb\Z_fuo ]Zah\ mfgh`vl_ ihemq_ggu_

\_ebqbgu gZ khhl\_lkl\mxsb_ i_j_\h^gu_ dhwnnbpb_glu1 ba

dhehgdb 2� qlh[u ij_^klZ\blv h[t_fu bo wfbkkbb ijb k`b]Zgbb

k_evkdhohayckl\_gguo hklZldh\ \ ]b]Z]jZffZo \ i_j_kq_l_ gZ

                                                          

1  Bkihevam_fu_ dhg\_jkbhggu_ dhwnnbpb_glu hkgh\u\Zxlky gZ fheyjguo

\_kZo m]e_jh^Z beb ZahlZ� Z lZd`_ fhe_dme khhl\_lkl\mxsbo ]Zah\� >ey N2O
wlh 44/28� ^ey NOx 46/14� lZd dZd \ dZq_kl\_ fhe_dmeu NOx \aylZ fhe_dmeZ
NO2.
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]Zahh[jZagh_ \_s_kl\h� AZibrbl_ ihemq_ggu_ j_amevlZlu \

khhl\_lkl\mxsb_ yq_cdb dhehgdb 3�

4 . 6 K_evkdhoh ayckl\ _ggu_ � a _feb

4 . 6 . 1 < k l m i e _ g b _

< jZa^_e_ ³K_evkdhohayckl\_ggu_ a_feb´ jZkkfZljb\Z_lky�

1)  ijyfZy wfbkkby aZdbkb ZahlZ hl k_evkdhohayckl\_gguo a_f_ev� \ lhf
qbke_ l_iebqguo b iZjgbdh\uo ohayckl\� aZ bkdexq_gb_f a_f_ev�

bkihevam_fuo ih^ \uiZk k_evkdhohayckl\_gguo `b\hlguo �iZkl[bs�

h]hjh`_gguo \uiZkh\ b ^j��� 12ODIRECT;

2)  ijyfZy wfbkkby 122� k\yaZggZy k bkihevah\Zgb_f ijh^mdlh\

`bag_^_yl_evghklb k_evkdhohayckl\_gguo `b\hlguo b ilbpu

�gZ\haZ b ilbqv_]h ihf_lZ� \ dZq_kl\_ m^h[j_gbc ih^

k_evkdhohayckl\_ggu_ dmevlmju �12OANIMALS);

3)  dhk\_ggZy wfbkkby 122 hl k_evkdhohayckl\_gguo a_f_ev� dhlhjZy

fh`_l [ulv k\yaZgZ k bkihevah\Zgb_f jZaebqguo Zahlkh^_j`Zsbo

\_s_kl\ \ k_evkdhf ohayckl\_ �12OINDIRECT)

JZkq_lu \uihegyxlky \ � ihke_^h\Zl_evguo wlZih\ �rZ]h\� b

khijh\h`^Zxlky aZiheg_gb_f khhl\_lkl\mxsbo ^hihegbl_evguo

ebklh\ JZ[hq_]h ebklZ ����

4 . 6 . 2 Bko h ^ gu_ � ^ Z g gu_

>ey \uiheg_gby jZkq_lh\ g_h[oh^bfu ke_^mxsb_ bkoh^gu_ ^Zggu_�

x H[s__ dhebq_kl\h fbg_jZevguo Zahlguo m^h[j_gbc� \g_k_gguo ih^

k_evkdhohayckl\_ggu_ dmevlmju gZ l_jjblhjbb j_]bhgZ aZ hlq_lguc

]h^ \ i_j_kq_l_ gZ ���� fbg_jZevguo \_s_kl\ �1FERT� \ d] 1�]h^��

x Ih]heh\v_ k_evkdhohayckl\_gguo `b\hlguo ih ke_^mxsbf

dZl_]hjbyf� g_fhehqguc b fhehqguc djmiguc jh]Zluc kdhl� k\bgvb�

h\pu ehrZ^b� Z lZd`_ kmffZjgZy qbke_gghklv ilbpu \

jZkkfZljb\Z_fhf j_]bhg_� 1(T).
x J_]bhgZevgu_ ^Zggu_ ih \Zeh\hfm k[hjm a_jgh[h[h\uo b khb \

i_j_kq_l_ gZ kmohc \_k ihke_ ^hjZ[hldb �&URSBF� d]�]h^��

x J_]bhgZevgu_ ^Zggu_ ih \Zeh\hfm k[hjm ^jm]hc ijh^mdpbb

jZkl_gb_\h^kl\Z �djhf_ a_jgh[h[h\uo b khb� \ i_j_kq_l_ gZ kmohc

\_k ihke_ ^hjZ[hldb �&URS0� d]�]h^��

x IehsZ^v h[jZ[Zlu\Z_fuo \ j_]bhg_ lhjnyguo ihq\� )OS� ]Z�

�Hij_^_e_gb_ lhjnyguo ihq\ beb ]bklhkhe_c �+LVWRVROV�� \

khhl\_lkl\bb k f_`^mgZjh^ghc ihq\_gghc deZkkbnbdZpb_c�

ijb\_^_gh \ keh\Zj_ \ dhgp_ gZklhys_]h Jmdh\h^kl\Z��

Bkoh^gu_ ^Zggu_ fh]ml [ulv \aylu ba fZl_jbZeh\ _`_]h^ghc

klZlbklbq_kdhc hlq_lghklb� dhlhju_ kh[bjZxlky j_]bhgZevgufb

dhfbl_lZfb ih k_evkdhfm ohayckl\m b ijh^h\hevkl\bx Fbgbkl_jkl\Z

k_evkdh]h ohayckl\Z b ijh^h\hevkl\by Jhkkbckdhc N_^_jZpbb b

i_j_^Zxlky \ j_]bhgZevgu_ dhfbl_lu ih klZlbklbd_ =hkdhfklZlZ

Jhkkbb� Ihemq_ggZy bgnhjfZpby im[ebdm_lky bfb \ \b^_ _`_]h^guo

klZlbklbq_kdbo k[hjgbdh\ b [xee_l_g_c� Djhf_ lh]h� gZ hkgh\_ wlhc
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bgnhjfZpbb =hkdhfklZl Jhkkbb \uimkdZ_l k\h^gu_ gZpbhgZevgu_

hnbpbZevgu_ ba^Zgby� DZd ijZ\beh� him[ebdh\Zggu_ ^Zggu_

klZlbklbq_kdhc hlq_lghklb \dexqZxl g_ lhevdh k\_^_gby h ih]heh\v_

k_evkdhohayckl\_gguo `b\hlguo b qbke_gghklb ilbpu� gh b ^Zggu_ ih

\uimkdm b \g_k_gbx fbg_jZevguo m^h[j_gbc� Z lZd`_ ijhba\h^kl\m

ijh^mdpbb jZkl_gb_\h^kl\Z� `b\hlgh\h^kl\Z b ilbp_\h^kl\Z�

4 . 6 . 3 F_l h ^ bd Z � j Z k q _ l Z

DZd mdZau\Zehkv \h \klmie_gbb� kmffZjguc ]h^h\hc \u[jhk aZdbkb

ZahlZ �122� \ Zlfhkn_jm k_evkdhohayckl\_ggufb ihq\Zfb jZkkfZljb�

\Z_fh]h j_]bhgZ ij_^klZ\ey_l kmffm ijyfhc wfbkkbb �12ODIRECT),
wfbkkbb ijb \uiZk_ k_evkdhohayckl\_gguo `b\hlguo �12OANIMALS � b

dhk\_gghc wfbkkbb 12O (N2OINDIRECT):

N2O = N2ODIRECT + N2OANIMALS + N2OINDIRECT

JZkq_lu ih dZ`^hfm ba ij_^klZ\e_gguo lbih\ wfbkkbb \uihegyxlky \

i_j_kq_l_ gZ ^_ckl\mxs__ \_s_kl\h �ZlhfZjguc Zahl� b \ujZ`Zxlky \

d] 1 \ ]h^� J_amevlZlu i_j_kqblu\Zxlky \ aZdbkv ZahlZ �d] 122±1�]h^�

ijb ihfhsb khhl\_lkl\mxs_]h dhwnnbpb_glZ i_j_\h^Z �������� hkgh\m

dhlhjh]h khklZ\eyxl fheyjguc \_k fhe_dmeu 122 b \_k ^\mo fhe_dme

ZahlZ \ g_c�

4 . 6 . 4 A Z i h e g _ g b _ �JZ [ h qb o � eb k l h \

>ey aZibkb ^Zgguo bkihevamcl_ J:;HQBC EBKL 4-5
K?EVKDHOHAYCKL<?GGU? A?FEB� dhlhjuc ijb\_^_g \ dhgp_ ^Zgghc

]eZ\u�

4 . 6 . 4 . 1 J : K Q ? L I J Y F H C W F B K K B B A : D B K B

: A H L : H L K ? E V K D H O H A Y C K L < ? G G U O A ? F ? E V

R : = � J : K Q ? L H ; T ? F : I H K L M I B < R ? = H <

K ? E V K D H O H A Y C K L < ? G G U ? A ? F E B

: A H L :

Ebkl � ba � JZ[hq_]h ebklZ ��� IJYF:Y WFBKKBY A:DBKB :AHL: HL

K?EVKDHOHAYCKL<?GGUO A?F?EV A: BKDEXQ?GB?F H;J:;:LU<:?FUO

LHJNYGUO IHQ<

>ey \uiheg_gby jZkq_lh\ b aZibkb ihemq_gguo j_amevlZlh\ bkihevamcl_

ebkl � ba � JZ[hq_]h ebklZ ����

1 JZkq_l ^heb ZahlZ \g_k_gguo fbg_jZevguo Zahlguo

m^h[j_gbc� dhlhjZy khklZ\beZ hkgh\m ^ey wfbkkbb 12O (FSN)

DZd ba\_klgh� ]Zahh[jZagu_ ihl_jb ZahlZ hl \g_k_gguo \

k_evkdhohayckl\_ggu_ ihq\u Zahlguo m^h[j_gbc \dexqZxl \u[jhku \

D:D IHEVAH<:LVKY J:;HQBF
EBKLHF

x < dhgp_ ]eZ\u ³K_evkdh_

ohayckl\h´ ijb\_^_gu JZ[h�

qb_ ebklu� dhlhju_ ke_^m_l

aZihegylv ijb \uiheg_gbb

bg\_glZjbaZpbb� K^_eZcl_

dhibb JZ[hqbo ebklh\�

x G_ aZihegycl_ hjb]bgZeu

JZ[hqbo ebklh\� KhojZgbl_

bo� qlh[u k^_eZlv ^hihe�

gbl_evgu_ dhibb \ kemqZ_

g_h[oh^bfhklb�
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Zlfhkn_jm ke_^mxsbo ]Zahh[jZaguo kh_^bg_gbc� ZffbZdZ �1+3�� aZdbkb

ZahlZ �122�� Z lZd`_ hdbkeh\ ZahlZ �12x�� >ey aZiheg_gby JZ[hq_]h

ebklZ g_h[oh^bfh hij_^_eblv wfbkkbx aZdbkb ZahlZ m^h[j_gbc�

Ke_^h\Zl_evgh gZ^h \uqbkeblv ^hex ZahlZ m^h[j_gbc FSN� dhlhjZy

khklZ\ey_l hkgh\m ^ey wfbkkbb aZdbkb ZahlZ� >ey \uiheg_gby wlbo

jZkq_lh\ ke_^m_l bkihevah\Zlv MjZ\g_gb_ ��

MJ:<G?GB? 1

FSN = NFERT x (1-FracGASF)

]^_�

NFERT = h[s__ dhebq_kl\h fbg_jZevguo Zahlguo m^h[j_gbc�

\g_k_gguo \ k_evkdhohayckl\_ggu_ a_feb �d] 1�]h^��

FracGASF = ^hey ZahlZ \g_k_gguo m^h[j_gbc� dhlhjZy l_jy_lky \

\b^_ wfbkkbb 12x b 1+3� d] 1�d] 1� �kf� lZ[ebpm ������

Ba j_]bhgZevguo �gZpbhgZevguo� ^Zgguo klZlbklbq_kdhc hlq_lghklb

\havfbl_ k\_^_gby h[ h[s_f dhebq_kl\_ fbg_jZevguo Zahlguo

m^h[j_gbc� \g_k_gguo \ k_evkdhohayckl\_ggu_ a_feb <Zr_]h j_]bhgZ

(NFERT�� Bkihevamy agZq_gb_ dhwnnbpb_glZ )UDFGASF� ijb\_^_ggh]h \

lZ[ebp_ ����� jZkkqblZcl_ agZq_gb_ )SN� Ihemq_gguc j_amevlZl \g_kbl_

\ dhehgdm : ebklZ � ba � JZ[hq_]h ebklZ ����

2 JZkq_l ^heb ZahlZ� y\eyxs_cky bklhqgbdhf wfbkkbb 12O,
ijb bkihevah\Zgbb gZ\haZ b ilbqv_]h ihf_lZ \ dZq_kl\_

m^h[j_gbc �)AW)

>ey jZkq_lZ wfbkkbb aZdbkb ZahlZ hl gZ\haZ b ilbqv_]h ihf_lZ�

\g_k_gguo \ dZq_kl\_ hj]Zgbq_kdbo m^h[j_gbc \ k_evkdhohayckl\_ggu_

a_feb <Zr_]h j_]bhgZ� gm`gu ^Zggu_ ih ih]heh\vx g_fhehqgh]h b

fhehqgh]h djmigh]h jh]Zlh]h kdhlZ� k\bg_c� h\_p� ehrZ^_c� Z lZd`_

qbke_gghklv ilbpu �1(T)�� Wlb k\_^_gby fh`gh ihemqblv ba ^Zgguo

j_]bhgZevghc klZlbklbq_kdhc hlq_lghklb�

>hey ZahlZ hj]Zgbq_kdbo m^h[j_gbc jZkkqblu\Z_lky gZ hkgh\_

ih]heh\vy k_evkdhohayckl\_gguo `b\hlguo b qbke_gghklb ilbpu k

bkihevah\Zgb_f ^Zgguo h \u^_e_gbb bfb ZahlZ� dhlhju_ ijb\_^_gu \

lZ[ebp_ ���� < lZ[ebp_ ��� ijb\_^_gZ ^hey ZahlZ gZ\haZ b ihf_lZ�

dhlhjuc bkihevam_lky \ dZq_kl\_ lhieb\Z (FracFUEL�� beb `_ hklZ_lky gZ

iZkl[bsZo b h]hjh`_gguo \uiZkZo ijb \uiZk_ `b\hlguo �)UDFGRAZ�� <

lZ[ebp_ ���� ijb\h^blky ^hey ZahlZ gZ\haZ b ihf_lZ �)UDFGASM�� dhlhjZy

l_jy_lky \ \b^_ wfbkkbb ZffbZdZ �1+3� b hdbkeh\ ZahlZ �12x�� b�

khhl\_lkl\_ggh� g_ ^he`gZ mqblu\Zlvky ijb jZkq_l_ wfbkkbb aZdbkb

ZahlZ �122�� >hex ZahlZ gZ\haZ b ilbqv_]h ihf_lZ� bkihevah\Zgguo dZd

m^h[j_gb_� �)AW� ij_^eZ]Z_lky jZkkqblu\Zlv ih MjZ\g_gbyf �� � b ��

MJ:<G?GB? 2

FAW = (Nex (1-(FracFUEL + FracGRAZ + FracGASM))

MJ:<G?GB? 3

Nex = ¦ Nex(AWMS)
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MJ:<G?GB? 4

Nex(AWMS) = ¦ [N(T) x Nex(T) x AWMS(T)]

]^_�

AWMS(T) = ^hey ih]heh\vy `b\hlguo dZl_]hjbb 7 beb ilbpu�

dhlhju_ kh^_j`Zlky� b khhl\_lkl\_ggh \ujZ[Zlu\Zxl

Zahl �1H[(T)�� k ijbf_g_gb_f hij_^_e_gghc kbkl_fu

k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ beb ihf_lZ

�$:06� \ jZkkfZljb\Z_fhf j_]bhg_� Fh`_l [ulv

jZkkqblZgZ gZ hkgh\_ lZ[ebp ��� b ����

FAW = Zahl gZ\haZ b ilbqv_]h ihf_lZ� bkihevah\Zgguc dZd

m^h[j_gb_ b kem`Zsbc hkgh\hc ^ey wfbkkbb 122 aZ

\uq_lhf ^heb� l_jyxs_cky \ \b^_ \u[jhkZ 1+3 b 12x� b

[_a mq_lZ gZ\haZ iZkmsboky `b\hlguo b lh]h� dhlhjuc

bkihevah\Zeky \ dZq_kl\_ lhieb\Z �d] 1�]h^��

FracFUEL = ^hey ZahlZ gZ\haZ� bkihevah\Zggh]h \ dZq_kl\_ lhieb\Z

�d] 1� d] h[s_]h dhebq_kl\Z 1��

FracGRAZ = ^hey ZahlZ� \u^_eb\r_]hky ba gZ\haZ� hklZ\r_]hky gZ

iheyo ijb \uiZk_ `b\hlguo �d] 1� d] h[s_]h dhebq_kl\Z

1�� Hp_gb\Z_lky hl^_evgh ^ey dZ`^h]h j_]bhgZ�

FracGASM = ^hey ZahlZ gZ\haZ b ihf_lZ� dhlhjuc l_jy_lky \ \b^_

Zlfhkn_jghc wfbkkbb 12x b 1+3 �d] 1�d] 1� �kf�

lZ[ebpm ������

N(T) = qbke_gghklv `b\hlguo �ilbpu� dZl_]hjbb L \

jZkkfZljb\Z_fhf j_]bhg_�

Nex = h[s__ dhebq_kl\h ZahlZ� h[jZah\Z\r_]hky \ gZ\ha_ b

ilbqv_f ihf_l_ aZ ]h^ �d] 1�]h^��

Nex(T) = Zahl� ijhba\_^_gguc `b\hlgufb dZl_]hjbb L beb

ilbp_c aZ ]h^ �d]�]h^� �kf� lZ[ebpm �����

Nex(AWMS) = fZkkZ ZahlZ� h[jZah\Z\r_]hky ijb ijbf_g_gbb hij_^_�

e_gghc kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ

b ilbqv_]h ihf_lZ �d]�]h^��

JZ[hqbc ebkl ���$ �^hihegbl_evguc) :AHL G:<HA: B ILBQV?=H IHF?L:,
BKIHEVAM?FUO < D:Q?KL<? HJ=:GBQ?KDBO M>H;J?GBC.

Bkihevamcl_ JZ[hqbc ebkl ���: �^hihegbl_evguc� ^ey jZkq_lZ ^heb

ZahlZ gZ\haZ b ilbqv_]h ihf_lZ� \ghkbfuo dZd hj]Zgbq_kdb_ m^h[j_gby

ih^ k_evkdhohayckl\_ggu_ dmevlmju b y\eyxsboky bklhqgbdhf wfbkkbb

aZdbkb ZahlZ� aZ \uq_lhf qZklb hj]Zgbq_kdbo m^h[j_gbc� dhlhjZy

l_jy_lky \ \b^_ \u[jhkZ 1+3 b 12x� Z lZd`_ qZklb gZ\haZ� hklZ\r_]hky

gZ iZkl[bsZo beb bkihevam_fh]h \ dZq_kl\_ lhieb\Z� JZkq_lu b

aZiheg_gb_ JZ[hq_]h ebklZ ���: �^hihegbl_evgh]h� \uihegyxlky \

ke_^mxs_c ihke_^h\Zl_evghklb�

1 <g_kbl_ \ dhehgdm : h[s__ dhebq_kl\h ZahlZ 1H[� h[jZah\Z\r_]hky

aZ ]h^ \ gZ\ha_ b ilbqv_f ihf_l_ \h \k_o kbkl_fZo k[hjZ� ojZg_gby b

bkihevah\Zgby ijh^mdlh\ `bag_^_yl_evghklb k_evkdhohayckl\_gguo

`b\hlguo b ilbpu �$:06�� dhlhjh_ ijb\_^_gh \ ]jZn_ ³<k_]h´

dhehgdb : ebklZ � ba � JZ[hq_]h ebklZ ����
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2 < dhehgdm < \ibrbl_ ^hex ZahlZ gZ\haZ� bkihevam_fh]h dZd lhieb\h�

FracFUEL� Ijb hlkmlkl\bb j_]bhgZevguo beb mkj_^g_gguo

gZpbhgZevguo ^Zgguo� j_dhf_g^m_lky bkihevah\Zlv lbibqgu_

^Zggu_� ijb\_^_ggu_ \ lZ[ebp_ �����

3 <g_kbl_ \ dhehgdm K ^hex ZahlZ� kh^_j`Zs_]hky \ gZ\ha_� dhlhjuc

[ue hklZ\e_g gZ iZkl[bsZo \h \j_fy \uiZkZ kdhlZ� )UDFGRAZ.
J_dhf_g^m_lky bkihevah\Zlv ^Zggu_� ijb\_^_ggu_ ^ey iZkl[bs b

h]hjh`_gguo \uiZkh\ \ lZ[ebp_ :�� Ijbeh`_gby \ lhf kemqZ_� _keb

[he__ lhqgu_ j_]bhgZevgu_ beb mkj_^g_ggu_ gZpbhgZevgu_ ^Zggu_�

g_ ^hklmigu� AZf_lvl_� qlh \k_ \_ebqbgu lZ[ebpu :�� ^Zgu \

ijhp_glZo� Ihwlhfm dZ`^mx \_ebqbgm� \aylmx ba lZ[ebpu :��� gZ^h

jZa^_eblv gZ ���� qlh[u ihemqblv lj_[m_fmx ^hex ZahlZ�

4 < dhehgdm ' \g_kbl_ ^hex ZahlZ gZ\haZ b ilbqv_]h ihf_lZ� dhlhjuc

l_jy_lky \ j_amevlZl_ Zlfhkn_jgh]h \u[jhkZ 12x b 1+3, FracGASM.
Bkihevamcl_ lbibqgu_ ^Zggu_� ijb\_^_ggu_ \ lZ[ebp_ ����� ijb

hlkmlkl\bb j_]bhgZevghc beb gZpbhgZevghc bgnhjfZpbb�

5 Keh`bl_ agZq_gby ^he_c ZahlZ \ dhehgdZo %� & b '� J_amevlZl

keh`_gby \uqlbl_ ba _^bgbpu b aZibrbl_ ihemq_ggmx jZaghklv \

dhehgdm ?�

6 I_j_fgh`vl_ agZq_gby \ dhehgdZo : b ?� Ihemq_gguc j_amevlZl -
Zahl gZ\haZ b ilbqv_]h ihf_lZ� bkihevam_fuc dZd m^h[j_gb_ �)AW),
dhlhjuc h[mkeh\eb\Z_l wfbkkbx 122� k mq_lhf qZklb� l_jyxs_cky \

\b^_ 1+3 b 12x� b aZ \uq_lhf gZ\haZ� bkihevam_fh]h \ dZq_kl\_

lhieb\Z b hklZ\e_ggh]h gZ iZkl[bsZo ijb \uiZk_ `b\hlguo�

AZibrbl_ ijhba\_^_gb_ \ dhehgdm )�

7 <g_kbl_ agZq_gb_ )AW ba dhehgdb ) JZ[hq_]h ebklZ ���:

�^hihegbl_evgh]h� \ khhl\_lkl\mxsmx yq_cdm dhehgdb : ebklZ � ba

� JZ[hq_]h ebklZ ����

L:;EBP: 4-17
LBIBQGU? AG:Q?GBY >HE?C :AHL: FBG?J:EVGUO B HJ=:GBQ?KDBO M>H;J?GBC, : L:D@?
J:KLBL?EVGHC ;BHF:KKU, DHLHJU? J?DHF?G>M?LKY BKIHEVAH<:LV < J:KQ?L:O IJB

HLKMLKL<BB ;HE?? LHQGUO J?=BHG:EVGUO BEB G:PBHG:EVGUO AG:Q?GBC

FracBURN = ���� \ jZa\b\Zxsboky kljZgZo� ���� beb f_g__ \ jZa\bluo �d] N/ d] ZahlZ jZkl_gbc�

FracFUEL = ��� d] N/ d] ijhba\_^_ggh]h ZahlZ a

FracGASF = ��� d] NH3–N + NOx–N/ d] ZahlZ \g_k_gguo fbg_jZevguo m^h[j_gbc

FracGASM = ��� d] NH3–N + NOx–N/ d] ZahlZ gZ\haZ `b\hlguo beb ilbqv_]h ihf_lZ

FracGRAZ = Kf� lZ[ebpm $��� Ijbeh`_gb_ $ �dhehgdZ IZkl[bsZ b h]hjh`_ggu_ \uiZku�a

FracLEACH = ��� d] 1� d] ZahlZ fbg_jZevguo beb hj]Zgbq_kdbo m^h[j_gbc

FracNCRBF = ���� d] N/ d] kmohc fZkku

FracNCR0 = ����� d] 1� d] kmohc fZkku

FracR = ���� d] 1� d] 1 jZklbl_evguo �ih`gb\guo� hklZldh\

aJ_dhf_g^m_lky ihemqblv [he__ lhqgu_ j_]bhgZevgu_ beb gZpbhgZevgu_ ^Zggu_�
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�� JZkq_l dhebq_kl\Z ZahlZ� ihklmib\r_]h \ k_evkdhohayckl\_g�

gu_ a_feb hl jZkl_gbc�ZahlhnbdkZlhjh\ �)BN)

Kh]eZkgh kh\j_f_gghfm ij_^klZ\e_gbx h k_evkdhohayckl\_gguo a_f�

eyo� dZd bklhqgbd_ Zlfhkn_jgh]h \u[jhkZ aZdbkb ZahlZ� kqblZ_lky� qlh

bo h[h]Zs_gb_ Zahlhf� Zkkbfbebjh\Zgguf jZkl_gbyfb�ZahlnbdkZlh�

jZfb� fh`_l ijb\_klb d m\_ebq_gbx ijyfhc wfbkkbb 122 \ Zlfhkn_jm�

Ihwlhfm ihklmie_gb_ ZahlZ \ k_evkdhohayckl\_ggu_ a_feb k

jZkl_gbyfb�ZahlhnbdkZlhjZfb ih^e_`bl h[yaZl_evghfm mq_lm \ ^Zgghc

]eZ\_� >hey ZahlZ� ihklmib\rZy \ k_evkdhohayckl\_ggu_ ihq\u k

jZkl_gbyfb�ZahlnbdkZlhjZfb aZ ]h^ �)BN� d] N/ ]h^�� fh`_l [ulv

jZkkqblZgZ gZ hkgh\_ j_]bhgZevguo ^Zgguo h ijhba\h^kl\_

a_jgh[h[h\uo dmevlmj b khb� &URSBF �d]�]h^� ih ke_^mxs_c nhjfme_

�MjZ\g_gb_ ���

MJ:<G?GB? 5

FBN = 2 x CropBF x FracNCRBF

]^_�

CropBF = j_]bhgZevgu_ ^Zggu_ ih \Zeh\hfm k[hjm a_jgh[h[h\uo

b khb \ i_j_kq_l_ gZ kmohc \_k ihke_ ^hjZ[hldb� �d]

kmohc fZkku �]h^��

FracNCRBF = ^hey ZahlZ \ kmohc fZkk_ Zahlnbdkbjmxsbo dmevlmj

�d] N/ d] kmohc [bhfZkku�� Ijb hlkmlkl\bb [he__ lhqguo
j_]bhgZevguo �gZpbhgZevguo� ^Zgguo� agZq_gb_

FracNCRBFke_^m_l \aylv ba lZ[ebpu �����

2 = Mkeh\guc dhwnnbpb_gl i_j_\h^Z ^Zgguo h

ijhba\h^kl\_ dmevlmj \ kmohc fZkk_ \ bo h[smx

[bhfZkkm

1 Ba ^Zgguo j_]bhgZevghc klZlbklbq_kdhc hlq_lghklb \havfbl_

k\_^_gby h \Zeh\hf k[hj_ a_jgh[h[h\uo dmevlmj b khb \ <Zr_f

j_]bhg_ aZ ]h^ \ i_j_kq_l_ gZ kmohc \_k ihke_ ^hjZ[hldb�

2 JZkkqblZcl_ fZkkm ZahlZ� ihklmib\r_]h \ k_evkdhohayckl\_ggu_

a_feb ijb \ujZsb\Zgbb dmevlmj�ZahlnbdkZlhjh\ k bkihevah\Zgb_f

i_j_\h^gh]h dhwnnbpb_glZ ��� b dhwnnbpb_glZ )UDFNCRBF� Ijb

hlkmlkl\bb j_]bhgZevguo beb mkj_^g_gguo gZpbhgZevguo ^Zgguo

FracNCRBF� bkihevamcl_ lbibqgh_ agZq_gb_� ijb\_^_ggh_ \ lZ[ebp_ ��

17.

3 J_amevlZl jZkq_lh\� agZq_gb_ )BN� \g_kbl_ \ khhl\_lkl\mxsmx

yq_cdm dhehgdb : ebklZ � ba � JZ[hq_]h ebklZ ����

�� JZkq_l fZkku ZahlZ� ihklmib\r_c \ k_evkdhohayckl\_ggu_

a_feb k ih`gb\gufb hklZldZfb �)CR)

AZiZob\Zgb_ hklZ\e_gguo gZ iheyo jZklbl_evguo �ih`gb\guo� hklZldh\

k_evkdhohayckl\_gguo dmevlmj rbjhdh jZkijhkljZg_gh \ Jhkkbb� <

gZklhys_c ]eZ\_ hklZ\e_ggu_ gZ iheyo Zahlkh^_j`Zsb_ ih`gb\gu_

hklZldb jZkkfZljb\Z_lky dZd h^bg ba Zgljhih]_gguo bklhqgbdh\

Zlfhkn_jghc wfbkkbb aZdbkb ZahlZ� Bkoh^gufb ^Zggufb ^ey jZkq_lZ

dhebq_kl\Z ZahlZ� ihklmib\r_]h \ ihq\m k jZklbl_evgufb hklZldZfb
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(FCR�� y\eyxlky�

x J_]bhgZevgu_ ^Zggu_ ih \Zeh\hfm k[hjm a_jgh[h[h\uo b khb \

i_j_kq_l_ gZ kmohc \_k ihke_ ^hjZ[hldb� &URSBF� �d]�]h^��

x J_]bhgZevgu_ ^Zggu_ ih \Zeh\hfm k[hjm ^jm]hc ijh^mdpbb

jZkl_gb_\h^kl\Z �djhf_ a_jgh[h[h\uo b khb� \ i_j_kq_l_ gZ kmohc

\_k ihke_ ^hjZ[hldb� &URS0� �d]�]h^��

Wlb ^Zggu_ fh]ml [ulv \aylu ba j_]bhgZevguo beb gZpbhgZevguo

fZl_jbZeh\ _`_]h^ghc klZlbklbq_kdhc hlq_lghklb� dhlhju_ kh[bjZxlky

j_]bhgZevgufb dhfbl_lZfb ih k_evkdhfm ohayckl\m b ijh^h\hevkl\bx

Fbgbkl_jkl\Z k_evkdh]h ohayckl\Z b ijh^h\hevkl\by Jhkkbckdhc

N_^_jZpbb b i_j_^Zxlky \ j_]bhgZevgu_ dhfbl_lu ih klZlbklbd_
=hkdhfklZlZ Jhkkbb� Dhebq_kl\h ZahlZ� ihklmib\r_]h \ k_evkdhoh�

ayckl\_ggu_ a_feb k jZklbl_evgufb hklZldZfb aZ hlq_lguc i_jbh^ �)CR,
d] N/ ]h^�� jZkkqblu\Z_lky gZ hkgh\_ MjZ\g_gby ��

MJ:<G?GB? 6

FCR = 2 x [Crop0 x FracNCR0 + CropBF x FracNCRBF] x (1-FracR)
x (1-FracBURN)

]^_�

CropBF = \Zeh\uc k[hj a_jgh[h[h\uo b khb \ i_j_kq_l_ gZ kmohc

\_k ihke_ ^hjZ[hldb �d] kmohc fZkku�]h^��

Crop0 = \Zeh\uc k[hj ^jm]hc ijh^mdpbb jZkl_gb_\h^kl\Z �djhf_

a_jgh[h[h\uo b khb� \ i_j_kq_l_ gZ kmohc \_k ihke_

^hjZ[hldb �d] kmohc fZkku �]h^��

FracNCRBF = ^hey ZahlZ \ jZkl_gbyo ZahlnbdkZlhjZo �d] 1�d] kmohc

fZkku�� kf� lZ[ebpm ���� ijb hlkmlkl\bb j_]bhgZevguo

beb gZpbhgZevguo ^Zgguo�

FracNCR0 = ^hey ZahlZ \ jZkl_gbyo� g_ y\eyxsboky ZahlnbdkZlhjZfb

�d] 1� d] kmohc fZkku�� kf� lZ[ebpm ���� ijb hlkmlkl\bb

j_]bhgZevguo beb gZpbhgZevguo ^Zgguo�

FracR = ^hey ZahlZ ih`gb\guo hklZldh\� baufZ_fZy k mjh`Z_f

�d] N/ d] ZahlZ jZkl_gbc�� Lbibqgu_ agZq_gby ijb\_^_gu
\ lZ[ebp_ �����

FracBURN = ^hey ih`gb\guo hklZldh\� dhlhju_ \_jhylgh�

k`b]Zxlky� Z g_ hklZxlky gZ iheyo� kf� lZ[ebpm ���� ijb

hlkmlkl\bb j_]bhgZevguo beb gZpbhgZevguo ^Zgguo�

Dhwnnbpb_gl � ijbf_gy_lky ^ey i_j_\h^Z ^Zgguo h[ mjh`Z_

k_evkdhohayckl\_gguo dmevlmj �kt_^h[ghc qZklb� \ ^Zggu_ h[ bo h[s_c

[bhfZkk_�

JZ[hqbc ebkl ���% �^hihegbl_evguc) :AHL IH@GB<GUO HKL:LDH<,
HKL:<E?GGUO G: IHEYO

Bkihevamcl_ JZ[hqbc ebkl ���% �^hihegbl_evguc� ^ey jZkq_lZ ihklmi�

e_gby ZahlZ ih`gb\guo hklZldh\� hklZ\e_gguo gZ iheyo�
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1 < dhehgdm : \g_kbl_ ^Zggu_ h \Zeh\hf k[hj_ ijh^mdpbb jZkl_�

gb_\h^kl\Z �djhf_ a_jgh[h[h\uo b khb� \ i_j_kq_l_ gZ kmohc \_k

ihke_ ^hjZ[hldb �&URS0�� ?keb ^hklmigu ebrv ^Zggu_ h \Zeh\hf

k[hj_ \ kujhf \_k_� lh \uihegbl_ i_j_kq_l gZ kmohc \_k iml_f

mfgh`_gby &URS0 gZ ���� ����� = 1 -������ qlh[u g_ mqblu\Zlv

kh^_j`Zgb_ \h^u \ kujhf \_k_ ijh^mdpbb �������

2 < dhehgdm < \g_kbl_ ^hex ZahlZ \ dmevlmjZo� g_ y\eyxsboky Zahl�

nbdkZlhjZfb� )UDFNCR0� Ijb hlkmlkl\bb j_]bhgZevguo beb gZpbh�

gZevguo ^Zgguo� bkihevamcl_ lbibqgu_ agZq_gby ba lZ[ebpu �����

3 < dhehgdm K aZibrbl_ \Zeh\uc k[hj a_jgh[h[h\uo b khb \ i_j_kq_l_

gZ kmohc \_k ihke_ ^hjZ[hldb� &URSBFN� ?keb ^hklmigu ebrv ^Zggu_

h \Zeh\hf k[hj_ \ kujhf \_k_� lh \uihegbl_ i_j_kq_l gZ kmohc \_k

iml_f mfgh`_gby &URSBFN gZ ���� ����� = 1 -������ qlh[u g_

mqblu\Zlv kh^_j`Zgb_ \h^u \ kujhf \_k_ ijh^mdpbb �������

4 < dhehgdm ' \g_kbl_ ^hex ZahlZ \ jZkl_gbyo ZahlnbdkZlhjZo�

FracNCRBF� Lbibqgu_ agZq_gby kf� \ lZ[ebp_ kf� lZ[ebpm ���� ijb

hlkmlkl\bb j_]bhgZevguo beb gZpbhgZevguo ^Zgguo�

5 <uqlbl_ ba _^bgbpu ^hex ZahlZ ih`gb\guo hklZldh\� baufZ_fuo k

mjh`Z_f� )UDFR� b aZibrbl_ ihemq_gguc j_amevlZl \ dhehgdm ?�

Lbibqgu_ agZq_gby )UDFR ijb\_^_gu \ lZ[ebp_ ����� Bkihevamcl_ bo

ijb hlkmlkl\bb j_]bhgZevguo beb gZpbhgZevguo ^Zgguo�

6 <uqlbl_ ba _^bgbpu ^hex ih`gb\guo hklZldh\� dhlhju_ fh]ml [ulv

kh``_gu �Z g_ aZiZoZgu�� )UDFBURN� b aZibrbl_ j_amevlZl \ dhehgdm

)� Lbibqgu_ agZq_gby kf� \ lZ[ebp_ ����� Bkihevamcl_ bo ijb

hlkmlkl\bb j_]bhgZevguo beb gZpbhgZevguo ^Zgguo�

7 I_j_fgh`vl_ agZq_gby \ dhehgdZo : b <� K b '� Keh`bl_ ijhba\_�

^_gby b mfgh`vl_ j_amevlZl kmffu ihke_^h\Zl_evgh gZ agZq_gby \

dhehgdZo ? b )� AZl_f mfgh`vl_ j_amevlZl gZ � b aZibrbl_ ihemq_g�

gh_ ijhba\_^_gb_ \ dhehgdm *� Ihemq_gguc \ dhehgd_ * j_amevlZl -
h[s__ dhebq_kl\h ZahlZ� ihklmib\r__ \ k_evkdhohayckl\_ggu_ a_feb

k ih`gb\gufb hklZldZfb� )CR.

8 <g_kbl_ )CR \ khhl\_lkl\mxsmx yq_cdm dhehgdb : ebklZ � ba �

JZ[hq_]h ebklZ ����

R : = � H P ? G D : I J Y F H C W F B K K B B A : D B K B

: A H L : H L K ? E V K D H O H A Y C K L < ? G G U O

A ? F ? E V A : B K D E X Q ? G B ? F H ; J : ; : -
L U < : ? F U O L H J N Y G U O I H Q <

>ey \uiheg_gby jZkq_lh\ b aZibkb ihemq_gguo j_amevlZlh\ bkihevamcl_

ebkl � ba � JZ[hq_]h ebklZ ����

1 <g_kbl_ \ dhehgdm < dhwnnbpb_glu ijyfuo wfbkkbc aZdbkb ZahlZ

(N2O) EF1 ^ey \k_o mdZaZgguo \ lZ[ebp_ bklhqgbdh\� ?keb [he__

lhqgu_ f_klgu_ ^Zggu_ <Zf g_ ^hklmigu� bkihevamcl_ lbibqgu_

agZq_gby dhwnnbpb_glZ ()1 ba lZ[ebpu �����

2 Mfgh`vl_ fZkkm ZahlZ� ihklmib\r_]h \ k_evkdhohayckl\_ggu_ a_feb

hl dZ`^h]h ba bklhqgbdh\ �khhl\_lkl\mxsb_ yq_cdb dhehgdb $�� gZ

dhwnnbpb_gl ijyfhc wfbkkbb aZdbkb ZahlZ ()1 �dhehgdZ %�� Ihem�

q_gguc j_amevlZl � ijyfZy wfbkkby 122 hl k_evkdhohayckl\_gguo
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a_f_ev \ i_j_kq_l_ gZ ZlhfZjguc Zahl� \ujZ`_ggZy \ dbeh]jZffZo \

]h^� Mfgh`vl_ ihemq_gguc j_amevlZl bo gZ ��-6� qlh[u \ujZablv

wfbkkbx 122 \ ]b]Z]jZffZo \ ]h^� b aZibrbl_ __ agZq_gb_ \

khhl\_lkl\mxsmx yq_cdm dhehgdb &�

3 Keh`bl_ ihemq_ggu_ agZq_gby wfbkkbb 122 hl k_evkdhohayckl\_g�

guo a_f_ev ih dZ`^hfm ba bklhqgbdh\ ZahlZ b aZibrbl_ kmffm \

khhl\_lkl\mxsmx yq_cdm ]jZnu ³<k_]h´ \ gb`g_c qZklb dhehgdb K�

R : = 3  H P ? G D : I J Y F H C W F B K K B B N 2 O  I J B
H ; J : ; H L D ? L H J N Y G U O I H Q <

>ey \uiheg_gby jZkq_lh\ b aZibkb ihemq_gguo j_amevlZlh\ bkihevamcl_

ebkl � ba � IJYF:Y WFBKKBY A:DBKB :AHL: IJB H;J:;HLD? LHJNYGUO

IHQ< JZ[hq_]h ebklZ ���

1 < dhehgdm ' \g_kbl_ iehsZ^v lhjnyguo ihq\� Fos� h[jZ[Zlu\Z_fuo \

<Zr_f j_]bhg_� H[jZlbl_ \gbfZgb_ gZ lh� qlh \ ^Zgghf kemqZ_ ih^

lhjnygufb ihq\Zfb ihgbfZxlky \k_ bkihevam_fu_ \ k_evkdhf

ohayckl\_ a_feb� k lhesbghc lhjnyghc aZe_`b �lhjnhkh^_j`Zs_]h

kehy� g_ f_g__ �� kf �kf� Keh\Zjv l_jfbgh\ \ dhgp_ Jmdh\h^kl\Z��

2 < dhehgdm ? \g_kbl_ dhwnnbpb_gl ijyfhc wfbkkbb 122 hl lhjnyguo

ihq\ �()2�� Bkihevamcl_ lbibqgu_ agZq_gby dhwnnbpb_glZ ()2 ba

lZ[ebpu ����� ijb hlkmlkl\bb [he__ lhqguo j_]bhgZevguo ^Zgguo�

3 Mfgh`vl_ iehsZ^v h[jZ[Zlu\Z_fuo \ <Zr_f j_]bhg_ lhjnyguo

ihq\ �dhehgdZ '� gZ dhwnnbpb_gl ijyfhc wfbkkbb aZdbkb ZahlZ ()2

�dhehgdZ (�� J_amevlZl� agZq_gb_ ijyfhc wfbkkbb 122 hl lhjnyguo

ihq\ \ i_j_kq_l_ gZ ZlhfZjguc Zahl �d] \ ]h^�� mfgh`vl_ gZ ��
-6
,

qlh[u \ujZablv \ ]b]Z]jZffZo� b aZibrbl_ \ dhehgdm )�

L:;EBP: 4-18
LBIBQGU? AG:Q?GBY DHWNNBPB?GLH< WFBKKBB A:DBKB :AHL: >EY J:KQ?L: <U;JHK:

N2O HL J:AGUO K?DLHJH< K?EVKDHOHAYCKL<?GGH=H IJHBA<H>KL<:

EF1 = ������ ��������������� d] 12O–N/d] ihklmib\r_]h ZahlZ

EF2 = � ^ey mf_j_ggh]h debfZlZ b �� ^ey � ljhibq_kdh]h ������ �d] 1��]Z ]h^��

EF3 = kf� lZ[ebpm ���

EF4 = ���� ������������ d] 122±1 gZ d] \u^_eb\rboky 1+3±1 b 12x–N

EF5 = ����� ������������ d] 122±1 gZ d] \us_ehq_ggh]h� \ufu\r_]hky ZahlZ

EF6 = ���� ������������ d] 122±1 gZ d] ZahlZ ijhba\_^_gguo klhqguo \h^

R : = � H P ? G D : K M F F : J G H C I J Y F H C

W F B K K B B N 2 O

IjyfZy wfbkkby 122 jZkkqblu\Z_lky ih MjZ\g_gbx �� Bkihevamcl_ ebkl

� ba � IJYF:Y WFBKKBY A:DBKB :AHL: IJB H;J:;HLD? LHJNYGUO IHQ<

JZ[hq_]h ebklZ ��� ^ey jZkq_lZ b aZibkb ihemq_ggh]h j_amevlZlZ�

MJ:<G?GB? 7

N2ODIRECT �d] 1� ]h^�  >)SN + FAW + FCR + FBN] x EF1 + FOS x EF2
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1 Keh`bl_ blh]h\u_ \_ebqbgu wfbkkbb hl k_evkdhohayckl\_gguo

a_f_ev �]jZnZ ³<k_]h´ dhehgdb & ebklZ � ba � JZ[hq_]h ebklZ ���� b

lhjnyguo ihq\ �]jZnZ ³<k_]h´ dhehgdb ) ebklZ � ba � JZ[hq_]h ebklZ

����� Mfgh`vl_ kmffm gZ i_j_\h^ghc dhwnnbpb_gl ������ qlh[u

\ujZablv j_amevlZl \ 122� Ihemq_ggmx \_ebqbgm� agZq_gb_

kmffZjghc ijyfhc wfbkkbb aZdbkb ZahlZ� aZibrbl_ \ dhehgdm *�

4 . 6 . 4 . 2 J : K Q ? L W F B K K B B A : D B K B : A H L : ,
I J B < U I : K ? K ? E V K D H O H A Y C K L < ? G G U O

@ B < H L G U O

>ey \uiheg_gby jZkq_lh\ b aZibkb ihemq_gguo j_amevlZlh\ bkihevamcl_

ebkl � ba � WFBKKBY A:DBKB :AHL: IJB <UI:K? @B<HLGUO G:

I:KL;BS:O B H=HJH@?GGUO <UI:K:O JZ[hq_]h ebklZ ����

R : = � H P ? G D : W F B K K B B N 2 O  B A I H Q <

I : K L ; B S ,  B K I H E V A M ? F U O > E Y < U -
I : K : K ? E V K D H O H A Y C K L < ? G G U O

@ B < H L G U O

A^_kv jZkkfZljb\Z_lky lhevdh wfbkkby aZdbkb ZahlZ� dhlhjuc h[jZam_lky

\ ijh^mdlZo `bag_^_yl_evghklb k_evkdhohayckl\_gguo `b\hlguo gZ

l_jjblhjbb iZkl[bs b h]hjh`_gguo \uiZkh\� Wfbkkby 122 hl ^jm]bo

kbkl_f k[hjZ� ojZg_gby b bkihevah\Zgby ijh^mdlh\ `bag_^_yl_evghklb

`b\hlguo b ilbpu mqblu\Z_lky jZa^_e_ ��� �ebkl � JZ[hq_]h ebklZ �����

Wfbkkby 122 ijb \uiZk_ `b\hlguo �12OANIMALS � d] 1� ]h^� jZkkqblu\Z�

_lky ih MjZ\g_gbx ��

MJ:<G?GB? 8

N2OANIMALS  = N2O(AWMS)=¦ (T)[ N(T) x Nex(T) x AWMS(T) x EF3(AWMS)]

]^_�

N2OANIMALS = kmffZjgZy wfbkkby 122 k iZkl[bs b \uiZkh\

\ jZkkfZljb\Z_fhf j_]bhg_ �d] 1� ]h^��

N2O(AWMS) = kmffZjgZy wfbkkby 122 hl bkihevam_fhc

kbkl_fu k[hjZ� ojZg_gby b bkihevah\Zgby

gZ\haZ beb ihf_lZ �\ dhgdj_lghf kemqZ_ wlh

iZkl[bsZ b h]hjh`_ggu_ \uiZku�� d] 1� ]h^�

= [N(T=1) x Nex(T=1) x AWMS(T=1) x EF3(AWMS)]+ ...
+ [N(T=TMAX ) x Nex(T=TMAX ) x AWMS(T=TMAX ) x
EF3(AWMS)] ;

N(T) = ih]heh\v_ `b\hlguo �beb qbke_gghklv ilbpu�

dZl_]hjbb 7 \ jZkkfZljb\Z_fhf j_]bhg_�

Nex(T) = Zahl� \u^_ey_fuc `b\hlgufb dZl_]hjbb 7 \

j_]bhg_ �d] 1� �]he� =h^�� kf� lZ[ebpm ����

AWMS(T) = ^hey ih]heh\vy `b\hlguo dZl_]hjbb 7 beb

ilbpu� dhlhju_ kh^_j`Zlky� b khhl\_lkl\_ggh

\ujZ[Zlu\Zxl Zahl �1H[(T)�� k ijbf_g_gb_f
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hij_^_e_gghc kbkl_fu k[hjZ� ojZg_gby b

bkihevah\Zgby gZ\haZ beb ihf_lZ �$:06� \

jZkkfZljb\Z_fhf j_]bhg_� < ^Zgghf kemqZ_

wlh iZkl[bsZ b h]hjh`_ggu_ \uiZku �kf�

lZ[ebpm �����

EF3(AWMS)

beb ()3

= dhwnnbpb_gl wfbkkbb 122 ^ey jZkkfZljb�

\Z_fhc kbkl_fu k[hjZ� ojZg_gby b bkihev�

ah\Zgby gZ\haZ �d] 12O-N/ d] ZahlZ `b\hlguo
�1H[�� kh^_j`Zsboky k ihevah\Zgb_f \ ^Zgghc

$:06�� Ijb hlkmlkl\bb [he__ lhqguo j_�

]bhgZevguo ^Zgguo ih ()3� kf� LZ[ebpm ����

T = dZl_]hjby k_evkdhohayckl\_gguo `b\hlguo

beb ilbpu �Q ���

TMAX = Q�Zy beb gZb[hevrZy dZl_]hjby `b\hlguo

�ilbpu� \ j_]bhg_ �Q PD[��

1 < dhehgdm : ebklZ � ba � JZ[hq_]h ebklZ ��� \g_kbl_ kmffZjgmx

fZkkm ZahlZ 1H[(AWMS)� ijhba\_^_ggh]h `b\hlgufb b ilbp_c ijb

\uiZk_ gZ iZkl[bsZo b h]hjh`_gguo \uiZkZo �khhl\_lkl\mxsZy

yq_cdZ dhehgdb ' \ kljhd_ ³<k_]h´ JZ[hq_]h ebklZ ���

^hihegbl_evgh]h ³IZkl[bsZ b h]hjh`_ggu_ \uiZku´��

2 < dhehgdm < \g_kbl_ dhwnnbpb_gl wfbkkbb aZdbkb ZahlZ EF3 ^ey

^Zgghc kbkl_fu $:06� Bkihevamcl_ lbibqgu_ agZq_gby ()3,
ijb\_^_ggu_ \ lZ[ebp_ ����� beb [he__ lhqgu_ f_klgu_ ^Zggu_�

3 Mfgh`vl_ agZq_gb_ 1H[(AWMS) �dhehgdZ $� gZ dhwnnbpb_gl wfbkkbb

EF3 �dhehgdZ %�� Ihemq_ggh_ ijhba\_^_gb_ mfgh`vl_ gZ i_j_\h^ghc

dhwnnbpb_gl ������ qlh[u \ujZablv j_amevlZl \ 122� b aZl_f gZ ��-6,
qlh[u i_j_\_klb _]h \ ]b]Z]jZffu �=]�� Ihemq_ggZy <Zfb \_ebqbgZ

khklZ\ey_l wfbkkbx aZdbkb ZahlZ k l_jjblhjbb a_f_ev� bkihevam_fuo

^ey \uiZkZ `b\hlguo b ilbpu� AZibrbl_ __ \ dhehgdm K�

4 . 6 . 4 . 3 J : K Q ? L D H K < ? G G H C W F B K K B B N 2 O

R : = � H P ? G D : D H K < ? G G H C W F B K K B B N 2 O
I J B : L F H K N ? J G U O < U I : > ? G B Y O

N H 3 B N O X

>ey \uiheg_gby jZkq_lh\ b aZibkb ihemq_gguo j_amevlZlh\ bkihevamcl_

ebkl � ba � DHK<?GG:Y WFBKKBY A:DBKB :AHL: HL :LFHKN?JGUO

<UI:>?GBC 1+3B 12X JZ[hq_]h ebklZ ��5.

1 < dhehgdm : \g_kbl_ h[s__ dhebq_kl\h fbg_jZevguo Zahlguo

m^h[j_gbc� \g_k_gguo \ k_evkdhohayckl\_ggu_ a_feb <Zr_]h

j_]bhgZ \ i_j_kq_l_ gZ ^_ckl\mxs__ \_s_kl\h 1(FERT).

2 <ibrbl_ ^hex ZahlZ \g_k_gguo fbg_jZevguo Zahlguo m^h[j_gbc�

dhlhjZy l_jy_lky \ \b^_ e_lmqbo 12x b 1+3, (FracGASF� \ dhehgdm <�

Bkihevamcl_ lbibqgu_ agZq_gby� ijb\_^_ggu_ \ lZ[ebp_ ����� beb

[he__ lhqgu_ f_klgu_ ^Zggu_�

3 I_j_fgh`vl_ agZq_gby \ dhehgdZo : �h[s__ dhebq_kl\h \g_k_gguo
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fbg_jZevguo Zahlguo m^h[j_gbc� b < �^hey ZahlZ� dhlhjZy l_jy_lky \

\b^_ e_lmqbo 12x b 1+3�� Ihemq_gguc j_amevlZl� h[s__ dhebq_kl\h

ZahlZ fbg_jZevguo Zahlguo m^h[j_gbc� dhlhjh_ l_jy_lky \

j_amevlZl_ wfbkkbb 12x b 1+3� aZibrbl_ \ dhehgdm K�

4 < dhehgdm ' \g_kbl_ h[s__ dhebq_kl\h ijhba\_^_ggh]h aZ ]h^

k_evkdhohayckl\_ggufb `b\hlgufb b ilbp_c ZahlZ gZ\haZ b

ilbqv_]h ihf_lZ �1H[�� jZkkqblZggh_ ih MjZ\g_gbx ��

5 < dhehgdm ? \g_kbl_ ^hex ZahlZ gZ\haZ b ihf_lZ� dhlhjZy l_jy_lky \

\b^_ e_lmqbo 12x b 1+3 (FracGASM�� Bkihevamcl_ [he__ lhqgu_

f_klgu_ ^Zggu_ beb lbibqgu_� ij_^klZ\e_ggu_ \ lZ[ebp_ �����

6 I_j_fgh`vl_ agZq_gby \ dhehgdZo ' �h[s__ dhebq_kl\h ZahlZ�

h[jZah\Z\r_]hky \ gZ\ha_ b ilbqv_f ihf_l_ aZ ]h^� b ( �^hey ZahlZ

gZ\haZ b ihf_lZ� ihl_jyggZy \ \b^_ Zlfhkn_jghc wfbkkbb 12x b

NH3�� J_amevlZl� h[s__ dhebq_kl\h ZahlZ gZ\haZ b ilbqv_]h ihf_lZ�

dhlhjh_ l_jy_lky \ \b^_ e_lmqbo kh_^bg_gbc 12x b 1+3� aZibrbl_ \

dhehgdm )�

7 < dhehgdm * aZibrbl_ dhwnnbpb_gl wfbkkbb 122 hl ZahlZ� ihklm�

ib\r_]h gZ ih^klbeZxsmx ih\_joghklv \ j_amevlZl_ Zlfhkn_jguo

\uiZ^_gbc 12x b 1+3 (EF4�� Bkihevamcl_ lbibqgu_ agZq_gby�

ijb\_^_ggu_ \ lZ[ebp_ ����� beb [he__ lhqgu_ f_klgu_ ^Zggu_�

8 Keh`bl_ \_ebqbgu \ dhehgdZo & b ) �h[sb_ dhebq_kl\Z ZahlZ

fbg_jZevguo Zahlguo m^h[j_gbc� gZ\haZ b ilbqv_]h ihf_lZ� dhlhju_

l_jyxlky \ \b^_ wfbkkbb 12x b 1+3�� Mfgh`vl_ kmffm gZ

dhwnnbpb_gl wfbkkbb� ()4� �dhehgdZ *�� Ihemq_gguc j_amevlZl�

wfbkkby 122 hl Zlfhkn_jguo \uiZ^_gbc 12x b 1+3 \ i_j_kq_l_ gZ

ZlhfZjguc Zahl� mfgh`vl_ gZ ��
-6
�qlh[u \ujZablv \ ]b]Z]jZffZo� b

aZibrbl_ \ dhehgdm G�

R : = � H P ? G D : D H K < ? G G H C W F B K K B B N 2 O
I J B < U FU < : G B B K H ? > B G ? G B C

: A H L : B A I H Q <

>ey \uiheg_gby jZkq_lh\ b aZibkb ihemq_gguo j_amevlZlh\ bkihevamcl_

ebkl � ba � DHK<?GG:Y WFBKKBY N2O IJB <UFU<:GBB KH?>BG?GBC

:AHL: JZ[hq_]h ebklZ ����

1 < dhehgdm , \ibrbl_ h[s__ dhebq_kl\h fbg_jZevguo Zahlguo

m^h[j_gbc� \g_k_gguo \ k_evkdhohayckl\_ggu_ a_feb <Zr_]h

j_]bhgZ \ i_j_kq_l_ gZ ^_ckl\mxs__ \_s_kl\h 1(FERT).

2 <g_kbl_ \ dhehgdm - \g_kbl_ j_]bhgZevgu_ ^Zggu_ ih h[s_fm

dhebq_kl\m ZahlZ� h[jZah\Z\r_]hky \ gZ\ha_ b ilbqv_f ihf_l_ aZ ]h^

�1H[�� jZkkqblZggh_ ih MjZ\g_gbx ��

3 < dhehgdm D \ibrbl_ ^hex \g_k_ggh]h ZahlZ� dhlhjuc

\us_eZqb\Z_lky beb \ufu\Z_lky ba ihq\u� )UDFLEACH� Ijb

hlkmlkl\bb j_]bhgZevguo beb gZpbhgZevguo ^Zgguo )UDFLEACH

bkihevamcl_ lbibqgu_ agZq_gby� ij_^klZ\e_ggu_ \ lZ[ebp_ �����

4 < dhehgdm / \g_kbl_ dhwnnbpb_gl wfbkkbb 122� h[jZamxs_cky ijb

\ufu\Zgbb b ihke_^mxs_c ljZgknhjfZpbb Zgljhih]_gguo kh_^b�

g_gbc ihq\_ggh]h ZahlZ �()5�� Bkihevamcl_ lbibqgu_ agZq_gby ()5,
ij_^klZ\e_ggu_ \ lZ[ebp_ ����� beb [he__ lhqgu_ f_klgu_ ^Zggu_�
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5 Keh`bl_ h[s__ dhebq_kl\h fbg_jZevguo Zahlguo m^h[j_gbc�

\g_k_gguo \ a_feb <Zr_]h j_]bhgZ� 1(FERT)� �dhehgdZ ,� b ]h^h\u_

^Zggu_ ih Zahlm gZ\haZ b ilbqv_]h ihf_lZ� 1H[� �dhehgdZ -��

Mfgh`vl_ kmffm gZ ^hex ZahlZ� dhlhjuc \ufu\Z_lky ba ihq\�

FracLEACH� �dhehgdZ .� b gZ dhwnnbpb_gl wfbkkbb 12O,
h[jZamxs_cky ijb \ufu\Zgbb b ihke_^mxs_c ljZgknhjfZpbb

Zgljhih]_gguo kh_^bg_gbc ihq\_ggh]h ZahlZ� ()5� �dhehgdZ /��

Ihemq_gguc j_amevlZl� dhk\_ggmx wfbkkbx 122 ijb \ufu\Zgbb

kh_^bg_gbc ZahlZ ba ihq\ \ _^bgbpZo ZlhfZjgh]h ZahlZ� mfgh`vl_ gZ

10-6� qlh[u \ujZablv \ ]b]Z]jZffZo� b aZibrbl_ \ dhehgdm F�

R : = � H P ? G D : D H K < ? G G H C W F B K K B B

KmffZjgZy dhk\_ggZy wfbkkby 122 �d]�]h^� jZkkqblu\Z_lky iml_f

kmffbjh\Zgby blh]h\uo \_ebqbg ebklh\ � b � JZ[hq_]h ebklZ ��� ijb

ihfhsb MjZ\g_gby ��

MJ:<G?GB? 9

N2OINDIRECT = N2O(G) + N2O(L)

]^_�

N2O(G) = (NFERT x FracGASF + Nex FracGASM) x EF4;

N2O(L) = (NFERT + Nex) x FracLEACH x EF5;

]^_�

FracLEACH = ^hey \g_k_ggh]h ZahlZ� dhlhjuc \us_eZqb\Z_lky

beb \ufu\Z_lky ba ihq\u� d] N/ d] \g_k_ggh]h
ZahlZ� �kf� lZ[ebpm ������

N2OINDIRECT = dhk\_ggZy wfbkkby 122 k l_jjblhjbb <Zr_]h

j_]bhgZ� �d] 1� ]h^��

N2O(G) = wfbkkby 122� h[mkeh\e_ggZy Zlfhkn_jgufb

\uiZ^_gbyfb 1+3 b 12x �d] N/ ]h^��
N2O(L) = wfbkkbb 122 ijb \us_eZqb\Zgbb b \ufu\Zgbb

kh_^bg_gbc ZahlZ ba ihq\u �d] 1� ]h^��

1 Keh`bl_ \_ebqbgu dhk\_gghc wfbkkbb 122 ijb Zlfhkn_jguo

\uiZ^_gbyo 12x b 1+3 �dhehgdZ +� b \ufu\Zgbb kh_^bg_gbc ZahlZ

ba ihq\ �dhehgdZ 0�� Kmffm mfgh`vl_ gZ i_j_\h^ghc dhwnnbpb_gl

������ qlh[u \ujZablv blh]h\mx dhk\_ggmx wfbkkbx aZdbkb ZahlZ \

_^bgbpZo 122� AZibrbl_ Ihemq_gguc j_amevlZl \ dhehgdm 1�

4 . 6 . 4 . 4 J : K Q ? L K M F F : J G H C W F B K K B B

A : D B K B : A H L : H L K ? E V K D H O H A Y C K L < ? G G U O

A ? F ? E V

>ey \uiheg_gby jZkq_lh\ b aZibkb ihemq_gguo j_amevlZlh\ bkihevamcl_

ebkl � ba � DHK<?GG:Y WFBKKBY N2O IJB <UFU<:GBB KH?>BG?GBC

:AHL: JZ[hq_]h ebklZ ����
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R : = � K M F F : J G : Y W F B K K B Y N 2 O  H L K ? E V -
K D H O H A Y C K L < ? G G U O A ? F ? E V

KmffZjgZy wfbkkby aZdbkb ZahlZ hl k_evkdhohayckl\_gguo a_f_ev

jZkkqblu\Z_lky dZd kmffZ ijyfhc wfbkkbb 122 �dhehgdZ * ebklZ � ba ��

rZ] �� JZ[hq_]h ebklZ ����� wfbkkbb k l_jjblhjbb iZkl[bs b h]hjh�

`_gguo \uiZkh\ �dhehgdZ K ebklZ � ba �� rZ] �� JZ[hq_]h ebklZ ���� b

dhk\_gghc wfbkkbb 122 �dhehgdZ 1 ebklZ � ba �� rZ] �� JZ[hq_]h ebklZ

����� LZdbf h[jZahf� kmffZjgZy wfbkkby aZdbkb ZahlZ \ _^bgbpZo 12O
(N22±1� k l_jjblhjbb jZkkfZljb\Z_fh]h j_]bhgZ �d] 12O–N/ ]h^�
jZkkqblu\Z_lky ih MjZ\g_gbx ���

MJ:<G?GB? 10

N2O = N2ODIRECT + N2OANIMALS  + N2OINDIRECT

1 Keh`bl_ kmffZjgu_ agZq_gby ijyfhc wfbkkbb 122 �dhehgdZ * ebklZ

� ba �� rZ] �� JZ[hq_]h ebklZ ����� wfbkkbb k l_jjblhjbb iZkl[bs b

h]hjh`_gguo \uiZkh\ �dhehgdZ K ebklZ � ba �� rZ] �� JZ[hq_]h ebklZ

���� b dhk\_gghc wfbkkbb 122 �dhehgdZ 1 ebklZ � ba �� rZ] ��

JZ[hq_]h ebklZ ����� Ihemq_ggZy kmffZ ij_^klZ\ey_l kh[hc h[smx

wfbkkbx aZdbkb ZahlZ hl k_evkdhohayckl\_gguo a_f_ev� AZibrbl_

j_amevlZl kmffbjh\Zgby \ dhehgdm 2 ebklZ � ba � JZ[hq_]h ebklZ ����

L:;EBP: 4-19
LBIBQGU? AG:Q?GBY I:J:F?LJH< >EY J:KQ?L: DHK<?GGUO WFBKKBC A:DBKB :AHL:

FracNPR ���� d] 1� d] [_edZ

FracLEACH ��� ��������� d] 1� d] ZahlZ fbg_jZevguo beb

hj]Zgbq_kdbo m^h[j_gbc
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Ijbeh`_gb_ A
<kihfh]Zl_evgu_� ^Zggu_� ^ey� jZkq_lZ� wfbkkbb

aZdbkb�ZahlZ�hl�k_evkdhohayckl\_gguo�ihq\

< lZ[ebp_ :�� ijbeh`_gby : ijb\_^_gu \kihfh]Zl_evgu_ ^Zggu_�

dhlhju_ j_dhf_g^m_lky bkihevah\Zlv ijb jZkq_l_ dhebq_kl\Z ZahlZ�

\u^_eyxs_]hky ba ijh^mdlh\ `bag_^_yl_evghklb �gZ\haZ b ilbqv_]h

ihf_lZ� k_evkdhohayckl\_gguo `b\hlguo b ilbpu� Z lZd`_

khhl\_lkl\mxsbo dhwnnbpb_glh\ wfbkkbb 12O.
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L:;EBP: A-1
IH=HEH<V? K?EVKDHOHAYCKL<?GGUO@B<HLGUO B ILBPU B DHEBQ?KL<: :AHL: < IJH>MDL:O BO @BAG?>?YL?EVGHKLB (G:<HA B ILBQBC IHK?L) B DHWNNBPB?GL WFBKKBBN2O (EF3)
>EY J:AEBQGUO KBKL?F K;HJ:, OJ:G?GBY B BKIHEVAH<:GBY G:<HA: B ILBQV?=H IHF?L: < KLJ:G:O<HKLHQGHC ?<JHIU� IJBF?GYXLKY >EY J:KQ?L: WFBKKBBN2O HL J:AEBQGUO

KBKL?F K;HJ:, OJ:G?GBY B BKIHEVAH<:GBY G:<HA: B ILBQV?=H IHF?L: DJHF? KEMQ:?<, DH=>: G:<HA B ILBQBC IHF?L ?@?>G?<GH <U<HAYLKY G: IHEY, HKL:<EYXLKY G:
I:KL;BS:O B H=HJH@?GGUO <UI:K:O (J:A>?E ³WFBKKBYN2O HL K?EVKDHOHAYCKL<?GGUO IHQ<”), BEB@? BKIHEVAMXLKY < <B>? LHIEB<: (=E:<: ³WG?J=?LBD:”)

DZl_]hjby

Ih]heh\v_

`b\hlguo <u^_e_gb_

Dhwnnbpb_gl wfbkkbb ()3 ^ey jZaebqguo kbkl_f k[hjZ� ojZg_gby b bkihevah\Zgby gZ\haZ b

ilbqv_]h ihf_lZ �� ZahlZ� \u^_eb\r_]hky ba gZ\haZ beb ihf_lZ� dhlhjuc wfblbjm_lky \ \b^_ 12O) H[s__

J_]bhg k_evkdhohayckl\_g�

guo `b\hlguo b

ilbpu

b qbke_g�

ghklv

ilbpu

(x106)

ZahlZ

d] 1��]he� ]h^�

:gZwjh[gu_

kbkl_fu k[h�

jZ b ojZg_�

gby gZ\haZ�

(EF3)

@b^�

dhklgu_

kbkl_fu�

(EF3)

?`_^g_\�

guc \u\ha

b \g_k_gb_

gZ ihey�

(EF3)

OjZg_gb_ \

l\_j^hf \b^_

b kmohc

fZkk_�

(EF3)

GZ\ha iZkl�

[bs b h]h�

jh`_gguo

\uiZkh\�

(EF3)

Bkihevah�

\Zgb_ \

dZq_kl\_

lhieb\Z�

(EF3)

>jm]b_

kbkl_fu�

(EF3)

\u^_e_gb_

ZahlZ�

�7] 1�

<hklhqgZy

?\jhiZ

G_fhehqguc kdhl �'� 101,447 50 0,1 0,1 0,0 2,0 2,0 0,0 0,5 5,1

Fhehqguc kdhl 56,800 70 0,1 0,1 0,0 2,0 2,0 0,0 0,5 4,0
IlbpZ �(� 1667,000 0,6 0,1 0,1 0,0 2,0 2,0 0,0 0,5 1,0
H\pu 188,159 16 0,1 0,1 0,0 2,0 2,0 0,0 0,5 3,0
K\bgvb 152,757 20 0,1 0,1 0,0 2,0 2,0 0,0 0,5 3,1
>jm]b_ `b\hlgu_ �)� 21,558 25 0,1 0,1 0,0 2,0 2,0 0,0 0,5 0,5

�'� <dexqZy [mc\heh\�

�(� <dexqZy dmj� mlhd b bg^xr_d�

�)� <dexqZy dha� ehrZ^_c� fmeh\� hkeh\ b \_j[ex^h\�
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FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV WFBKKBBF?L:G: B A:DBKB :AHL: HL K?EVKDHOHAYCKL<?GGUO@B<HLGUO

B ILBPU IJB <GMLJ?GG?C N?JF?GL:PBB, : L:D@? K;HJ?, OJ:G?GBB B
BKIHEVAH<:GBB G:<HA: B ILBQV?=H IHF?L:

J:;HQBC EBKL 4-1

EBKL 1 BA � WFBKKBY F?L:G: IJB <GMLJ?GG?C N?JF?GL:PBB, K;HJ?, OJ:G?GBB
B BKIHEVAH<:GBB G:<HA: B ILBQV?=H IHF?L:

R:= � R:= � R:= �

DZl_]hjby

k_evkdhohayc�

kl\_gguo

`b\hlguo

A

Ih]heh\v_

`b\hlguo b

qbke_gghklv

ilbpu

�lukyq�

B

Dhwnnbpb_gl

wfbkkbb ijb

\gmlj_gg_c

n_jf_glZpbb

�d]��]he�]h^��

C

Wfbkkby hl

\gmlj_gg_c

n_jf_g�

lZpbb

�l�]h^�

D

Dhwnnbpb_gl

wfbkkbb ^ey

gZ\haZ b

ilbqv_]h

ihf_lZ

�d]��]he� ]h^��

E

Wfbkkby hl

gZ\haZ b

ilbqv_]h

ihf_lZ

�l� ]h^�

F

H[sZy ]h^h\Zy

wfbkkby hl

k_evkdhoh�

ayckl\_gguo

`b\hlguo b

ilbpu

�=]�

C = (A x B) E = (A x D) F =(C + E)/1000

Fhehqguc

jh]Zluc kdhl

G_fhehqguc

jh]Zluc kdhl

;mc\heu

H\pu

Dhau

<_j[ex^u

EhrZ^b

Fmeu b hkeu

K\bgvb

IlbpZ

<k_]h
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FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV WFBKKBBF?L:G: B A:DBKB :AHL: HL K?EVKDHOHAYCKL<?GGUO@B<HLGUO B

ILBPU IJB <GMLJ?GG?C N?JF?GL:PBB, : L:D@? K;HJ?, OJ:G?GBB B
BKIHEVAH<:GBB G:<HA: B ILBQV?=H IHF?L:

J:;HQBC EBKL 4-1 (>HIHEGBL?EVGUC)

<B> KBKL?FU OJ:G?GBY B

BKIHEVAH<:GBY HLOH>H<

@B<HLGUO (AWMS)

EBKL :AHL, KH>?J@:SBCKY < G:<HA? (ILBQV?F IHF?L?) HIJ?>?E?GGHC
KBKL?FU ?=H K;HJ:, OJ:G?GBY B BKIHEVAH<:GBY (AWMS)

DZl_]hjby

k_evkdhohayckl�

\_gguo `b\hlguo

A
Ih]heh\v_

`b\hlguo b

qbke_gghklv ilbpu

�lukyq�

B
:ahl� \u^_eb\rbcky

ba gZ\haZ b ilbqv_]h

ihf_lZ�

Nex

�d]��]he� ]h^��

C
>hey ZahlZ� \u^_ey�

xs_]hky ijb ^Zgghc

AWMS

�ijhp������

�^hey�

D
:ahl� h[jZah\Z\rbcky

ijb ^Zgguo mkeh\byo

k[hjZ� ojZg_gby b bk�

ihevah\Zgby gZ\haZ

�ihf_lZ� 1H[ �$:06�

�d] 1�]h^�

D = (A x B x C)

G_fhehqguc

jh]Zluc kdhl

Fhehqguc

jh]Zluc kdhl

IlbpZ

H\pu

K\bgvb

>jm]b_ `b\hlgu_

<K?=H
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FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV WFBKKBBF?L:G: B A:DBKB :AHL: HL K?EVKDHOHAYCKL<?GGUO@B<HLGUO B

ILBPU IJB <GMLJ?GG?C N?JF?GL:PBB, : L:D@? K;HJ?, OJ:G?GBB B
BKIHEVAH<:GBB G:<HA: B ILBQV?=H IHF?L:

J:;HQBC EBKL 4-1

EBKL 2 BA � WFBKKBY A:DBKB :AHL:, <U>?EB<R?CKY IJB IJBF?G?GBB
HIJ?>?E?GGUO KBKL?F K;HJ:, OJ:G?GBY B BKIHEVAH<:GBY IJH>MDLH<
@BAG?>?YL?EVGHKLB K?EVKDHOHAYCKL<?GGUO@B<HLGUO B ILBPU (G:<HA: B
ILBQV?=H IHF?L:, AWMS)

R:= �

Lbi kbkl_fu k[hjZ�

ojZg_gby b

bkihevah\Zgby gZ\haZ b

ilbqv_]h ihf_lZ

(AWMS)

A
H[jZah\Zgb_ ZahlZ� ijb

^Zgghc kbkl_f_ $:06�

Nex(AWMS)

�d] 1�]h^�

B
Dhwnnbpb_gl wfbkkbb

^ey ^Zgghc kbkl_fu k[h�

jZ� ojZg_gby b bkihevah�

\Zgby gZ\haZ b ihf_lZ

(AWMS)

EF3

�d] 12O–N/d] 1�

C
KmffZjgZy ]h^h\Zy

wfbkkby 12O

�=]�

C= (A x B)[44/28] x 10-6

:gZwjh[gu_ kbkl_fu

k[hjZ b ojZg_gby

@b^dhklgu_ kbkl_fu

k[hjZ b ojZg_gby

?`_^g_\guc \u\ha b

\g_k_gb_ gZ ihey

OjZg_gb_ \ l\_j^hf \b^_

b kmohc fZkk_ \ aZ]hgZo

ijb n_jfZo

GZ\ha iZkl[bs b

h]hjh`_gguo \uiZkh\

>jm]b_ kbkl_fu ojZg_gby

<k_]h
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FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K@B=:GB? K?EVKDHOHAYCKL<?GGUO HKL:LDH< G: IHEYO

J:;HQBC EBKL 4-4

EBKL 1 BA 3

R:= � R:= � R:= �

K_evkdhoh�

ayckl\_ggu_

dmevlmju

�mdZ`bl_

agZqbfu_

dmevlmju�

A

?`_]h^gh_

ijhba\h^kl\h

�mjh`Zc�

�=]�

B

Hlghr_gb_

hklZldb�

ijh^mdpby

C

FZkkZ ih`�

gb\guo hklZl�

dh\ dZ`^hc ba

dmevlmj

�=] [bhfZkku�

D

>hey kmohc

fZkku

E

KmoZy fZkkZ

hklZldh\�

hklZ\e_g�

guo gZ

iheyo

�=] kmo�

fZkku�

F

>hey

[bhfZkku�

k`b]Z_fhc

gZ iheyo

G

QZklv

kmoh]h

\_s_kl\Z�

hdbkey�

xsZyky

ijb

]hj_gbb

H

H[s__

dhebq_kl\h

k`b]Z_fhc

[bhfZkku

�=] kmo� fZkku�

C = (A x B) E = (C x D) H = (E x F xG)

<k_]h�



4 K?EVKDH? OHAYCKL<H

Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_ 4 . 4 1

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K@B=:GB? K?EVKDHOHAYCKL<?GGUO

HKL:LDH< G: IHEYO

J:;HQBC EBKL 4-4

EBKL 2 BA 3

R:= � R:= �

I

>hey m]e_jh^Z

\ kmohc fZkk_

hklZldh\

J

FZkkZ

\uk\h[h^b\�

r_]hky

m]e_jh^Z

�=] &�

K

Hlghr_gb_

Zahl� m]e_jh^

\ k_evkdhoh�

ayckl\_gguo

hklZldZo

L

FZkkZ

\uk\h[h^b\�

r_]hky ZahlZ

�=] 1�

J = (H x I) L = (J x K)

<k_]h�



K?EVKDH? OHAYCKL<H

4 . 4 2 Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K@B=:GB? K?EVKDHOHAYCKL<?GGUO HKL:LDH< G:

IHEYO

J:;HQBC EBKL 4-4

EBKL 3 BA 3

R:= �

M

Khhlghr_gb_

wfbkkbb ^jm]bo

]Zah\

N

Wfbkkby

^jm]bo ]Zah\

�=] & beb =] 1�

O

I_j_\h^ghc

dhwnnbpb_gl

P

Wfbkkby ^jm]bo

]Zah\ ijb k`b�

]Zgbb k_evkdh�

ohayckl\_gguo

hklZldh\

�=]�

N = (J x M) P = (N x O)

CH4 16/12

CO 28/12

N = (L x M) P = (N x O)

N2O 44/28

NOx 46/14



4 K?EVKDH? OHAYCKL<H

Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_ 4 . 4 3

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K?EVKDHOHAYCKL<?GGU? A?FEB

J:;HQBC EBKL 4-5

EBKL 1 BA � IJYF:Y WFBKKBY A:DBKB :AHL: HL
K?EVKDHOHAYCKL<?GGUO A?F?EV A: BKDEXQ?GB?F

H;J:;:LU<:?FUO LHJNYGUO IHQ<

R:= � R:= �

Bklhqgbdb ZahlZ�

ihklmib\r_]h \ ihq\m

A
FZkkZ

ihklmib\r_]h

ZahlZ

�d] 1� ]h^�

B
Dhwnnbpb_gl

ijyfhc wfbkkbb

N2O

EF1
�d] 122±1�d] 1�

C
IjyfZy wfbkkby

N22 hl

k_evkdhohayckl�

\_gguo a_f_ev

�=] 12O-N/ ]h^�

C = (A x B)x10-6

Fbg_jZevgu_ Zahlgu_

m^h[j_gby �)SN)

Hj]Zgbq_kdb_ m^h[j_gby�

gZ\ha b ilbqbc ihf_l�

(FAW)

Dmevlmju�ZahlnbdkZlhju

(FBN)

K_evkdhohayckl\_ggu_

�ih`gb\gu_� hklZldb �)CR)

<k_]h



K?EVKDH? OHAYCKL<H

4 . 4 4 Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K?EVKDHOHAYCKL<?GGU? A?FEB

J:;HQBC EBKL ���$ �>HIHEGBL?EVGUC)

EBKL 1 BA � :AHL G:<HA: B ILBQV?=H IHF?L:, BKIHEVAM?FUO < D:Q?KL<? HJ=:GBQ?KDBO
M>H;J?GBC

A
H[sZy fZkkZ

h[jZah\Z\r_]hky

ZahlZ�

�d] 1� ]h^�

B
>hey ZahlZ gZ\haZ b

ihf_lZ�

bkihevam_fuo \ \b^_

lhieb\Z

�\ ^heyo _^bgbpu�

C
>hey ZahlZ \ gZ\ha_�

hklZ\r_fky gZ

iZkl[bsZo b

\uiZkZo

�\ ^heyo _^bgbpu�

D
>hey ZahlZ�

dhlhjuc

l_jy_lky \ \b^_

NOX  b 1+3

�\ ^heyo

_^bgbpu�

E
>hey ZahlZ�

bkihevam_fh]h dZd

m^h[j_gb_

�\ ^heyo _^bgbpu�

F
:ahl gZ\haZ b ihf_lZ�

bkihevam_fuc dZd

m^h[j_gb_ �bkijZ\e_gguc k

mq_lhf wfbkkbb 12X b

NH3), FAW
�d] 1� ]h^�

F = 1 - (B + C + D) F = (A x E)

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>?EV K?EVKDHOHAYCKL<?GGU? A?FEB

J:;HQBC EBKL 4-5B (>HIHEGBL?EVGUC)

EBKL 1 BA � :AHL IH@GB<GUO HKL:LDH<, HKL:<E?GGUO G: IHEYO

A
<Zeh\uc k[hj

dmevlmj� g_

y\eyxsboky

Zahl�

nbdkZlhjZfb

�d] kmohc

fZkku� ]h^�

B
>hey ZahlZ \

dmevlmjZo� g_

y\eyxsboky

Zahl�nbdkZ�

lhjZfb

�d] 1� d]

kmohc fZkku�

C
<Zeh\uc k[hj

a_jgh[h[h�

\uo dmevlmj b

khb

�d] kmohc

fZkku� ]h^�

D
>hey ZahlZ \

dmevlmjZo�

y\eyxsboky

Zahl�nbdkZ�

lhjZfb

�d] 1� d] kmo�

fZkku�

E
IhijZ\dZ gZ

batylb_ ih`�

gb\guo hk�

lZldh\

�?^bgbpZ fb�

gmk ^hey ZahlZ

hklZldh\� \u�

\_a_gguo k

ihey�

�^hey�

F
IhijZ\dZ gZ

k`b]Zgb_

ih`gb\guo

hklZldh\ gZ

iheyo �?^b�

gbpZ fbgmk

^hey ZahlZ

k`b]Z_fuo

hklZldh\�

�^hey�

G
:ahl�

ihklmib\rbc \

ihq\m k

ih`gb\gufb

hklZldZfb

�d] 1� ]h^�

G = 2 x (A x B +
C x D) x E x F



4 K?EVKDH? OHAYCKL<H

Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_ 4 . 4 5

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K?EVKDHOHAYCKL<?GGU? A?FEB

J:;HQBC

EBKL

4-5

EBKL 2 BA � IJYF:Y WFBKKBY A:DBKB :AHL: IJB H;J:;HLD?
LHJNYGUO IHQ<

R:= � R:= �

D
IehsZ^v

h[jZ[Zlu\Z_fuo

lhjnyguo ihq\

FOS

�]Z�

E
Dhwnnbpb_gl

ijyfhc wfbkkbb ba

lhjnyghc ihq\u

EF2

�d] 122±1��]Z ]h^��

F
IjyfZy wfbkkby hl

lhjnyguo ihq\

�=] 122±1�]h^�

G
KmffZjgZy

ijyfZy wfbkkby

N2O

�=]�

F=(D x E)x10-6 G = (C+F)[44/28]

<k_]h

Fh^mev K?EVKDH? OHAYCKL<H

IH>FH>MEV K?EVKDHOHAYCKL<?GGU? A?FEB

J:;HQBC EBKL 4-5

EBKL 3 BA � WFBKKBY A:DBKB :AHL: IJB <UI:K? @B<HLGUO G:
I:KL;BS:O B H=HJH@?GGUO <UI:K:O

R:= �

Lbi kbkl_fu k[hjZ�

ojZg_gby b

bkihevah\Zgby gZ\haZ b

ihf_lZ

 (AWMS)

A

Ijhba\_^_gguc

Zahl�

Nex(AWMS)

�d] 1� ]h^�

B

Dhwnnbpb_gl

wfbkkbb ^ey

^Zgghc AWMS

EF3

�d] 122±1�d] 1�

C

Wfbkkby 122 k

l_jjblhjbb a_f_ev

iZkl[bs b \uiZkh\

�=]�

C = (A x B)[44/28]x10-6

IZkl[bsZ b

h]hjh`_ggu_ \uiZku



K?EVKDH? OHAYCKL<H

4 . 4 6  Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K?EVKDHOHAYCKL<?GGU? A?FEB

J:;HQBC EBKL 4-5

EBKL 4 BA � DHK<?GG:Y WFBKKBY A:DBKB :AHL: HL :LFHKN?JGUO <UI:>?GBC NH3B NOX

R:= �

Bklhqgbdb

Zlfhkn_jguo

\uiZ^_gbc

A
<g_k_gb_

ZahlZ

fbg_jZevguo

Zahlguo

m^h[j_gbc \

ihq\m�

NFERT

�d] 1� ]h^�

B
>hey ZahlZ

fbg_jZevguo

m^h[j_gbc�

dhlhjZy

l_jy_lky \ \b^_

NH3 b 12x

FracGASF

�d] 1� d] 1�

C
H[sZy fZkkZ

ZahlZ m^h[j_�

gbc� dhlhjZy

l_jy_lky \ j_�

amevlZl_ wfbk�

kbb 1+3 b 12x

�d] 1� ]h^�

D
H[s__

dhebq_kl\h

ZahlZ gZ\haZ b

ihf_lZ�

NEX

�d] 1� ]h^�

E
>hey ZahlZ

gZ\haZ b

ihf_lZ�

dhlhjZy

l_jy_lky \ \b^_

NH3 b 12x,

FracGASM

�d] 1� d] 1�

F
H[s__ dhebq_kl\h

ZahlZ `b\hlguo�

dhlhjh_ l_jy_lky \

j_amevlZl_ wfbkkbb

NH3 b 12x

�d] 1� ]h^�

G
Dhwnnbpb_gl

wfbkkbb

EF4

�d] 12O–N/d] 1�

H
Wfbkkby aZdbkb ZahlZ

hl Zlfhkn_jguo

\uiZ^_gbc 1+3 b

NOx

�=] 12O–N/ ]h^�

C = (A x B) F = (D x E) H = (C + F) x G x10-6

<k_]h



4 K?EVKDH? OHAYCKL<H

Jmdh\h^kl\h ih bg\_glZjbaZpbb \u[jhkh\ iZjgbdh\uo ]Zah\ \ Jhkkbb gZ j_]bhgZevghf mjh\g_ 4 . 47

FH>MEV K?EVKDH? OHAYCKL<H

IH>FH>MEV K?EVKDHOHAYCKL<?GGU? A?FEB

J:;HQBC EBKL 4-5

EBKL 5 BA � DHK<?GG:Y WFBKKBYN2O IJB <UFU<:GBB KH?>BG?GBC :AHL:

R:= 7 R:= � R:= �

I
<g_k_gb_ fbg_jZev�

guo Zahlguo

m^h[j_gbc \ ihq\m�

NFERT

�d] 1� ]h^�

J
H[s__ dhebq_kl\h

ZahlZ gZ\haZ b

ihf_lZ� 1EX

�d] 1� ]h^�

K
>hey ZahlZ� dhlhjZy

\ufu\Z_lky ba

ihq\u� )UDFLEACH

�d] 1� d] 1�

L
Dhwnnbpb_gl

wfbkkbb

EF5

M
Dhk\_ggZy wfbkkby

aZdbkb ZahlZ \

j_amevlZl_ \ufu\Zgby

�=] 12O–N/ ]h^�

N
KmffZjgZy

dhk\_ggZy

wfbkkby aZdbkb

ZahlZ

�=] 12O/ ]h^�

O
KmffZjgZy wfbkkby

aZdbkb ZahlZ hl

k_evkdhohayckl\_g�

guo a_f_ev

�=]�

M = (I + J) x K x Lx10-6 N = (H + M)[44/28] O = (G + C + N)
�* ba JZ[hq_]h ebklZ

� ��� ebkl �� rZ] ��

& ba JZ[hq_]h ebklZ

4-5� ebkl �� rZ] ��
1 ba JZ[hq_]h ebklZ

4-5� ebkl �� rZ] ���

<k_]h


