
1 9 9 9 ] � � 4
L j m ^ u N H J :

© E�N� >h[jh� B�:� IZjn_gh\Z� <�B� Qb`bdh\

BKIHEVAH<:GB? N:K?LGUO L?KLH< IJB J?R?GBB

A:>:Q IH HILBD?
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Dm[Zgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� DjZkgh^Zj

< jZ[hl_ h[km`^Z_lky l_klh\hc dhgljhev mki_\Z_fhklb klm^_glh\ ih h[s_c nbabd_� >ey ih\ur_-
gby wnn_dlb\ghklb b gZ^_`ghklb wlh]h dhgljhey ij_^eZ]Z_lky ijbf_gylv nZk_lgu_ l_klu� dhlhju_

jZajZ[hlZgu b Zijh[bjh\Zgu Z\lhjZfb gZ ijZdlbq_kdbo aZgylbyo ih hilbd_�

G_hlt_fe_fhc qZklvx h[mq_gby klm^_glh\ h[s_c nbabd_ y\ey_lky j_r_gb_ aZ^Zq� =eZ\ghc

h[t_dlb\ghc kbehc� k ihfhsvx dhlhjhc fh`gh jZa\b\Zlv b ih^^_j`b\Zlv m klm^_glh\ bgl_j_k d

j_r_gbx nbabq_kdbo aZ^Zq� y\ey_lky jZa\blb_ m gbo \dmkZ d ZgZebam nbabq_kdbo mkeh\bc b y\e_gbc�

Ijbmq_gb_ klm^_glh\ d ZgZebam nbabq_kdhc h[klZgh\db b nbabq_kdbo ijhp_kkh\� jZkkfZljb\Z_fuo \

aZ^Zq_� gZ ijZdlbq_kdbo aZgylbyo fh`gh ijhba\h^blv g_kdhevdbfb kihkh[Zfb�

�� Ij_ih^Z\Zl_ev ihdZau\Z_l j_r_gb_ g_dhlhjhc aZ^Zqb� ^Z\Zy ZgZeba nbabq_kdbo k\hckl\ kbk-
l_fu� \g_rgbo mkeh\bc� ijb dhlhjuo hgZ nhjfmebjm_lky� b nbabq_kdbo y\e_gbc� ijhbkoh^ysbo \

g_c� Wlhl ZgZeba gm`gh ijhba\h^blv k lZdhc ih^jh[ghklvx� qlh[u j_r_gb_ aZ^Zqb [ueh ihgylgh

dZ`^hfm klm^_glm�

�� IhdZaZl_evgh_ j_r_gb_ aZ^Zqb ijh\h^blky ijb [he__ Zdlb\ghf mqZklbb klm^_glh\� >ey wlh]h

bf ij_^eZ]Z_lky jy^ \hijhkh\� hl\_lu gZ dhlhju_ ^he`gu ijhba\h^blv ZgZeba nbabq_kdhc h[klZgh\-
db b y\e_gbc� jZkkfZljb\Z_fuo \ aZ^Zq_� ih^h[jZlv nbabq_kdb_ aZdhgu� mijZ\eyxsb_ ijhl_dZgb_f

wlbo y\e_gbc b lZd ^Ze__� FZeh Zdlb\guo klm^_glh\ gm`gh ijb\e_dZlv d wlhc jZ[hl_ k ihfhsvx \h-
ijhkh\� ihgm`^Zxsbo bo d bamq_gbx l_hjbb b ZgZebam aZ^Zqb�

�� Klm^_gl ihdZau\Z_l m ^hkdb j_r_gb_ aZ^Zqb� ^Z\Zy ijb wlhf ijZ\bevgu_ h[tykg_gby� \ dh-
lhjuo g_ij_f_ggh ^he`_g ijbkmlkl\h\Zlv ZgZeba j_r_gby aZ^Zqb� IjZ\bevgh]h h[tykg_gby j_r_gby

aZ^Zqb g_h[oh^bfh lj_[h\Zlv b \h \k_o hklZevguo kemqZyo ijh\_jdb j_r_gby aZ^Zq� Ijhp_kk ijbmq_-
gby klm^_glh\ d ZgZebam nbabq_kdbo mkeh\bc lj_[m_l hl ij_ih^Z\Zl_ey ihklhyggh]h \gbfZgby� agZ-
gby nbabq_kdhc l_hjbb� gZoh^qb\hklb� [ukljhc hjb_glbjh\db b gZ[ex^Zl_evghklb [1,2].

AZ^Zgby gZ \uiheg_gb_ ^_yl_evghklb hij_^_e_ggh]h mjh\gy \ khq_lZgbb k kbkl_fhc hp_gdb gZ-
ah\_f l_klZfb� Wlh gZa\Zgb_ m^h[gh ih ^\mf ijbqbgZf� \h�i_j\uo� hgh ^hklZlhqgh djZldh h[hagZqZ_l

keh`gh_ ihgylb_ b� \h�\lhjuo� _]h kfuke� agZq_gb_ b bkihevah\Zgb_ klZeb f_`^bkpbiebgZjgufb�

L_jfbg �l_klbjh\Zgb_� bkihevamxl b f_^bdb� b bg`_g_ju� b ikboheh]b� ihgbfZy h^gh b lh `_� bkiu-
lZgb_ ^ey \uy\e_gby k\hckl\ h[t_dlZ� ijbf_gy_fh_ \ khq_lZgbb k \iheg_ hij_^_e_gghc f_lh^bdhc

baf_j_gby b hp_gdb j_amevlZlZ�

>ey baf_j_gby b hp_gdb j_amevlZlZ \uiheg_gby l_klZ d dZ`^hfm l_klm jZajZ[Zlu\Z_lky wdki_-
jbf_glZevguf f_lh^hf wlZehg� lh _klv iheguc b ijZ\bevguc f_lh^ \uiheg_gby aZ^Zgghc ^_yl_evgh-
klb ih \k_f hi_jZpbyf k mdZaZgb_f kj_^b gbo kms_kl\_gguo� lh _klv hljZ`Zxsbo kmlv b kh^_j`Zgb_

bkiulZgbc� KhihklZ\eyy ihhi_jZpbhggh hl\_l klm^_glZ k wlZehghf� ijboh^yl d \u\h^m h dZq_kl\_
\uiheg_ggh]h l_klZ� G_dhlhju_ ij_ih^Z\Zl_eb hlghkylky kd_ilbq_kdb d jZ[hl_ k wlZehgZfb b ij_^-
ihqblZxl ]eZahf_jgu_ hp_gdb� D k\h_fm m^b\e_gbx hgb h[gZjm`b\Zxl g_khklhyl_evghklv lZdhc

lhqdb aj_gby� mqZkl\my ^Z`_ \ kZfhf ijhklhf wdki_jbf_gl_� dh]^Z bf gZ^h ^ey hp_gdb jZ[hlu klm-
^_glh\ \uqbkeblv \ ijhp_glZo h[t_f ijZ\bevgh \uiheg_gghc jZ[hlu� JZafZo dhe_[Zgbc \ hp_gd_

h^ghc b lhc `_ jZ[hlu klm^_glZ jZaebqgufb ij_ih^Z\Zl_eyfb \ lZdhf wdki_jbf_gl_ ^hklb]Z_l ^\mo��

lj_odjZlghc \_ebqbgu hl kj_^g_]h agZq_gby�

< i_^Z]h]bd_ b ikboheh]bb \ jZagh_ \j_fy [ueh ij_^eh`_gh g_kdhevdh jZagh\b^ghkl_c l_klh\�

^ey ^bZ]ghklbdb dZq_kl\Z ebqghklb� mfkl\_gguo kihkh[ghkl_c� ikbohnbabq_kdbo dZq_kl\� ^hklb`_-
gbc b ^jm]b_�

D l_klZf ij_^ty\ey_lky jy^ lj_[h\Zgbc� ]eZ\gu_ ba dhlhjuo Z^_d\Zlghklv �\Zeb^ghklv�� hij_-
^_e_gghklv �h[s_ijbgylhklv� h[s_ihgylhklv�� ijhklhlZ� h^ghagZqghklv b gZ^_`ghklv�

Ih^ Z^_d\Zlghklvx beb \Zeb^ghklvx l_klZ ihgbfZxl lhqgh_ khhl\_lkl\b_ kh^_j`Zgby aZ^Z-
\Z_fhc l_klhf ijh[u kfukem b kh^_j`Zgbx \uy\ey_fh]h ijbagZdZ� Hp_gdZ \Zeb^ghklb l_klZ fh`_l

[ulv hkms_kl\e_gZ iml_f l_hj_lbq_kdh]h ZgZebaZ b wdki_jbf_glZevgh� Ijb l_hj_lbq_kdhf ZgZeba_

ijh\h^blky wdki_jlgZy hp_gdZ kljmdlmju b kh^_j`Zgby dZ`^h]h ^_ckl\by b bkke_^m_lky \hafh`guc
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imlv __ hkms_kl\e_gby klm^_glZfb� @_eZl_evgh l_hj_lbq_kdbc ZgZeba ^hihegblv wdki_jbf_glZev-
guf� ijb dhlhjhf wdki_jbf_glZlhj gZ[ex^Z_l b nbdkbjm_l oZjZdl_j \uiheg_gby dZ`^hc hi_jZpbb

l_klZ� G_evay kdZaZlv� qlh f_lh^bdZ hij_^_e_gby \Zeb^ghklb l_klZ hljZ[hlZgZ ^hklZlhqgh ihegh b

y\ey_lky m^h[ghc b dhjj_dlghc�

Ijb dhgkljmbjh\Zgbb l_klh\ \k_o mjh\g_c g_h[oh^bfh ^h[blvky bo h[s_ijbgylhklb �hij_^_-
e_gghklb� ^ey klm^_glh\� <Z`gh� qlh[u� qblZy l_dkl� klm^_gl ohjhrh ihgbfZe� dZdmx ^_yl_evghklv hg

^he`_g \uihegylv� dZdb_ agZgby ijh^_fhgkljbjh\Zlv b \ dZdhf h[t_f_�

Lj_[h\Zgb_ ijhklhlu l_klZ fh`_l [ulv jZkrbnjh\Zgh dZd g_h[oh^bfhklv bf_lv \ l_kl_ [he__

q_ldmx b ijyfhebg_cgmx nhjfmebjh\dm aZ^Zgby gZ ^_yl_evghklv� >ey wlh]h aZ^Zgb_ l_klZ ^he`gh

[ulv h]jZgbq_gh h^ghc aZ^Zq_c hij_^_e_ggh]h mjh\gy�
Lj_[h\Zgb_ h^ghagZqghklb l_klZ hagZqZ_l� qlh dZq_kl\h _]h \uiheg_gby klm^_glZfb ^he`gh

hp_gb\Zlvky h^bgZdh\h jZaebqgufb ij_ih^Z\Zl_eyfb� <hl ihq_fm jZajZ[hldZ l_klZ g_ aZdZgqb\Z_lky

nhjfmebjh\dhc aZ^Zgby gZ ^_yl_evghklv� Z h[yaZl_evgh ij_^iheZ]Z_l kha^Zgb_ wlZehgZ� hij_^_eyx-
s_]h kbkl_fm baf_j_gby b hp_gdb dZq_kl\Z ^_yl_evghklb� \uiheg_gghc klm^_glZfb ih l_klm�

Lj_[h\Zgb_ gZ^_`ghklb l_klZ aZdexqZ_lky \ h[_ki_q_gbb mklhcqb\hklb ihke_^h\Zl_evguo j_-
amevlZlh\ l_klbjh\Zgby h^gh]h b lh]h `_ bkiulm_fh]h� >ey lh]h� qlh[u hij_^_eblv� khhl\_lkl\m_l eb

l_kl wlhfm lj_[h\Zgbx� ijhba\h^yl ih\lhjgh_ l_klbjh\Zgb_ bkiulm_fh]h �^\mo�� lj_o� beb [he__

djZlgh_�� k ihfhsvx jZaebqguo l_klh\ ^Zggh]h \b^Z� ?keb dhjj_eypby hp_gdb \ ihke_^h\Zl_evguo

ijh[Zo m^h\e_l\hjy_l ijbgylhfm mjh\gx gZ^_`ghklb� l_kl ijbagZ_lky gZ^_`guf [1,3].
< ijZdlbd_ ij_ih^Z\Zgby h[s_c nbabdb ijbf_gyxlky l_klu mki_rghklb �beb l_klu ^hklb`_-

gbc� � p_e_gZijZ\e_ggu_ kbkl_fu aZ^Zgbc ^ey ijh\_jdb agZgbc klm^_glh\ ih hij_^_e_gghc qZklb
mq_[gh]h fZl_jbZeZ� Ijbf_g_gb_ l_klh\ mki_rghklb p_e_khh[jZagh ^ey \uy\e_gby wnn_dlb\ghklb

jZaebqguo f_lh^h\ b ijb_fh\ h[mq_gby� Hgb fh]ml ijbf_gylvky ^ey kjZ\gbl_evghc hp_gdb mk\h_gby

klm^_glZfb agZgbc� Z lZd `_ ^ey ZgZebaZ bg^b\b^mZevghc oZjZdl_jbklbdb mk\h_gby k p_evx hij_^_-
e_gby kh^_j`Zgby jZ[hlu \ dZ`^hf dhgdj_lghf kemqZ_�

L_klh\u_ aZ^Zgby fh]ml [ulv �aZdjulufb� b �hldjulufb�� �AZdjulu_� aZ^Zgby kh^_j`Zl gZ-
[hj ]hlh\uo hl\_lh\� ijbq_f h^bg hl\_l ijZ\bevguc� Z hklZevgu_ g_lhqgu_ b g_ihegu_� Bkiulm_-
fuc ^he`_g mdZaZlv ijZ\bevguc hl\_l� IjZ\bevguf kqblZ_lky lhl� ^ey ihemq_gby dhlhjh]h bkihev-
am_lky \ky bgnhjfZpby� kh^_j`ZsZyky \ aZ^Zgbb� GZb[he__ ijhklZy nhjfZ �aZdjulh]h� l_klZ lj_[m_l

hl bkiulm_fh]h \uy\e_gby h^gh]h ba ^\mo Zevl_jgZlb\guo j_r_gbc� �^Z � g_l� beb �\_jgh � g_\_jgh��

< �hldjuluo� aZ^Zgbyo bkiulm_fhfm g_h[oh^bfh kZfhklhyl_evgh ^Zlv ijZ\bevguc hl\_l� LZ-
db_ aZ^Zqb fh]ml bf_lv nhjfm \hijhkh\� lj_[h\Zlv bkdexqblv ebrg__� ^hibkZlv g_^hklZxs__� kbk-
l_fZlbabjh\Zlv b lZd ^Ze__� Djhf_ lh]h� d lZdbf l_klZf ij_^ty\eyxlky ke_^mxsb_ lj_[h\Zgby� dZ`-
^uc l_kl ^he`_g oZjZdl_jbah\Zlvky hij_^_e_gguf mjh\g_f ljm^ghklb� gZ^_`ghklvx �hlghkbl_evgZy

g_baf_gghklv l_klZ b lh]h� qlh bf hij_^_ey_lky� b \Zeb^ghklvx �kl_i_gv khhl\_lkl\by l_klZ _]h gZ-
agZq_gbx�� Wlb oZjZdl_jbklbdb l_klZ hij_^_eyxlky wdki_jbf_glhf� AZ^Zgby l_klZ ^he`gu nhjfmeb-
jh\Zlvky djZldh� q_ldh b g_^\mkfuke_ggh� G_ ke_^m_l aZ^Zgby� jZkkqblZggu_ gZ ijh\_jdm agZgbc�

khklZ\eylv lZd� qlh[u gZ gbo fh`gh [ueh ijZ\bevgh hl\_lblv gZ hkgh\_ bglmbpbb� AZ^Zgby� k ihfh-
svx dhlhjuo bkke_^m_lky �mf_gb_ khh[jZ`Zlv�� g_ ^he`gu lj_[h\Zlv aZihfbgZgby fgh]bo nbabq_-
kdbo ^Zgguo�

Jhev b f_klh l_klh\uo aZ^Zgbc ih h[s_c nbabd_ \ mq_[ghf ijhp_kk_ hij_^_ey_lky kljmdlmjhc

ijhp_kkZ mk\h_gby klm^_glZfb agZgbc� < gZklhys__ \j_fy ^_yl_evghklv klm^_glh\ ih kl_i_gb mk\h_-
gby bfb kh^_j`Zgby mq_[gh]h fZl_jbZeZ mkeh\gh jZkqe_gyxl gZ q_luj_ klZ^bb�

• ihgbfZgb_�

• aZihfbgZgb_�

• ijbf_g_gb_ agZgbc ih ba\_klguf ijZ\beZf beb nhjfmeZf�

• ijbf_g_gb_ agZgbc \ gh\uo mkeh\byo�

<gZqZe_ klm^_gl agZdhfblky k gh\uf fZl_jbZehf� mk\Zb\Z_l k\yav gh\h]h k m`_ ba\_klguf�

AZl_f hg mk\Zb\Z_l fZl_jbZe gZklhevdh� qlh kihkh[_g \hkijhba\_klb ihemq_ggmx bgnhjfZpbx �ba-
eh`blv e_dpbhgguc fZl_jbZe� i_j_kdZaZlv lh� qlh [ueh kdZaZgh ij_ih^Z\Zl_e_f� \hkijhba\_klb hiul�

ko_fm�� GZ lj_lv_c klZ^bb klm^_gl fh`_l ijbf_gblv ijbh[j_l_ggu_ agZgby ^ey j_r_gby lj_gbjh\hq-
guo aZ^Zq� mkeh\b_ dhlhjuo ijyfh mdZau\Z_l gZ lh� dZdb_ ijZ\beZ b aZdhgu g_h[oh^bfh bkihevah\Zlv

^ey bo j_r_gby� Q_l\_jlZy klZ^by mk\h_gby mq_[gh]h fZl_jbZeZ oZjZdl_jbam_lky l_f� qlh klm^_gl

kihkh[_g ijbf_gblv bf_xsb_ky aZ^Zgby ^ey j_r_gby l\hjq_kdbo� g_klZg^Zjlguo aZ^Zq�

Ijbf_gyy l_klu ijb h[mq_gbb nbabd_� g_h[oh^bfh \uihegblv ihke_^h\Zl_evgh ke_^mxsb_
lj_[h\Zgby�
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�� Hij_^_eblv� qlh gm`gh \uy\blv k ihfhsvx l_klZ �agZgb_ nZdlbq_kdh]h fZl_jbZeZ� ihgbfZ-
gb_� mf_gb_ ijbf_gylv agZgby b lZd ^Ze__�� b \u^_eblv djbl_jbc lh]h� qlh \uy\ey_lky �k\hckl\Z iZ-
fylb� mf_gb_ ijh\h^blv eh]bq_kdb_ hi_jZpbb� gZebqb_ kms_kl\_gguo ijbagZdh\ khh[jZabl_evghklb b

^jm]b_�� lh _klv hij_^_eblv p_e_\h_ gZagZq_gb_ l_klZ� Z lZd `_ _]h ljm^ghklv�

�� Q_ldh hj]Zgbah\Zlv mkeh\by jZ[hlu klm^_glh\� hij_^_eblv \j_f_ggu_ ]jZgbpu jZ[hlu gZ^

aZ^Zgbyfb l_klZ� ihjy^hd k[hjZ b h[jZ[hldb ^Zgguo�

�� KhihklZ\blv j_amevlZlu l_klh\ b ljZ^bpbhgguo f_lh^h\ ijh\_jdb agZgbc� Ih fZl_jbZeZf

l_klh\ g_evay ^_eZlv h[h[sZxsbo b dZl_]hjbq_kdbo \u\h^h\ h[ mfkl\_gguo kihkh[ghklyo klm^_glh\�

L_klh\u_ aZ^Zgby ih h[s_c nbabd_ fh`gh ijbf_gylv ^ey l_dms_c b blh]h\hc ijh\_jdb agZ-
gbc� DZd b \k_ ^jm]b_ f_lh^u ijh\_jdb agZgbc� l_klu h[eZ^Zxl ^hklhbgkl\Zfb b g_^hklZldZfb� Ijb
ijZ\bevghf bkihevah\Zgbb hgb kihkh[kl\mxl klZg^ZjlbaZpbb lj_[h\Zgbc d mjh\gx agZgbc klm^_g-
lh\� [he__ iheghfm ho\Zlm mq_[gh]h fZl_jbZeZ b fbgbfZevghc aZljZl_ \j_f_gb gZ ijh\_jdm hl\_lh\�

Djhf_ lh]h� l_klh\u_ aZ^Zgby iha\heyxl ijh\h^blv ihwe_f_glguc ZgZeba mk\h_gby mq_[gh]h fZl_-
jbZeZ� \uy\blv� gZkdhevdh mk\h_gu hkgh\gu_ \hijhku l_fu� <f_kl_ k l_f l_klh\u_ aZ^Zgby g_ iha\h-
eyxl nbdkbjh\Zlv oh^ fukeb klm^_glh\ ijb hl\_l_� g_ ^Zxl \hafh`ghklb ijh\_jblv mf_gb_ ijbf_-
gylv agZgby d j_r_gbx dhf[bgbjh\Zgguo \uqbke_gbc aZ^Zq ih h[s_c nbabd_� G_dhlhjh_ hljbpZ-
l_evgh_ \ebygb_ fh]ml hdZaZlv ij_^eZ]Z_fu_ hl\_lu �h[e_]qZ_lky ihbkd hl\_lZ� kha^Z_lky \hafh`-
ghklv m]Z^u\Zgby� aZihfbgZgb_ g_\_jguo hl\_lh\ b ^jm]h_��

< k\yab k wlbf l_klh\u_ aZ^Zgby ih h[s_c nbabd_ ke_^m_l jZkkfZljb\Zlv� dZd \kihfh]Zl_evgu_

\ dhfie_dk_ k ^jm]bfb f_lh^Zfb b kj_^kl\Zfb ijh\_jdb agZgbc [2,4].
L_klbjh\Zgb_ � wlh f_lh^ ki_pbZebabjh\Zgghc ^bZ]ghklbdb� bkihevamxs_c klZg^Zjlbabjh\Zg-

gu_ \hijhku k hij_^_e_gghc rdZehc agZq_gbc� JZkrbjb\ kn_jm ijbf_g_gby l_klh\uo aZ^Zgbc \

h[mq_gbb h[s_c nbabd_ bo fh`gh jZkkfZljb\Zlv� dZd kj_^kl\Z ^bZ]ghklbdb dZq_kl\Z agZgbc� ki_pb-
nbq_kdmx nhjfm dhgljhey� kj_^kl\Z ^bnn_j_gpbZpbb b bg^b\b^mZebaZpbb h[mq_gby� Z lZd`_ ki_pb-
nbq_kdmx nhjfm h[h[s_gby agZgbc�

< f_lh^bd_ ij_ih^Z\Zgby h[s_c nbabdb ijbf_gyxlky \ hkgh\ghf h^ghlbigu_ l_klh\u_ aZ^Z-
gby k \u[hjhf hl\_lZ� <f_kl_ k l_f \ ikboheh]bb ih^q_jdb\Z_lky� qlh h^bg ba hkgh\guo ijbgpbih\�

dhlhjhfm ^he`gu m^h\e_l\hjylv l_klu� wlh ijbgpbi k[ZeZgkbjh\Zgghklb aZ^Zgbc ih hlghr_gbx d

jZaebqguf lbiZf mfkl\_gguo kihkh[ghkl_c h[mqZ_fuo� Hlkx^Z \ul_dZ_l lj_[h\Zgb_ d jZaghh[jZ-
abx nhjf aZ^Zgbc� < ijZdlbq_kdhc ikboheh]bb \u^_eyxlky ke_^mxsb_ \b^u l_klh\ i_^Z]h]bq_kdbo

^hklb`_gbc�

�� AZ^Zgby aZdjulh]h lbiZ �k \u[hjhf hl\_lZ��

�� AZ^Zgby hldjulh]h lbiZ �hl\_l \ibku\Z_lky \f_klh fgh]hlhqby��
�� AZ^Zgby gZ mklZgh\e_gb_ ijZ\bevghc ihke_^h\Zl_evghklb�

�� KblmZpbhggu_ aZ^Zgby�

5. NZk_lgu_ aZ^Zgby�
Ijb h[mq_gbb h[s_c nbabd_� \ hkgh\ghf� bkihevamxlky i_j\u_ ^\Z ba mdZaZgguo \b^h\ aZ^Z-

gbc� JZajZ[hldZ b ijbf_g_gb_ nZk_lguo l_klh\ ih h[s_c nbabd_ fh`_l mkljZgblv hlf_q_ggu_ g_-
^hklZldb�

L_jfbg �nZk_l� hagZqZ_l kljmdlmjgh�nmgdpbhgZevgmx _^bgbpm nZk_lhqgh]h ]eZaZ gZk_dhfuo�

NZk_lguc l_kl lZd`_ ij_^klZ\ey_l kh[hc [hevrhc fZkkb\ we_f_glh\ � nZk_lhd� ba dhlhjuo iml_f jZa-
ebqguo bo khq_lZgbc dhgkljmbjmxl l_klh\u_ aZ^Zgby� NZk_lguc l_kl lZd`_ fh`gh kjZ\gblv k ijh-
p_kkhf lbih]jZnkdh]h gZ[hjZ keh\ ba hl^_evguo [md\� WlZ kljmdlmjZ iha\hey_l ba ij_^klZ\e_gguo

we_f_glh\ gZ[bjZlv [hevrmx kh\hdmighklv aZ^Zq� D l_klm ijbeZ]Z_lky lZ[ebpZ hl\_lh\� k __ ihfh-
svx \uihegy_lky hi_jZlb\gZy ijh\_jdZ j_r_gby aZ^Zqb [5]� Ih wlhc f_lh^bd_ hl^_evgu_ aZ^Zgby dZd
[u dhfiZgmxlky \ h^gh� < j_amevlZl_� fu ihemqZ_f l_kl� khklhysbc ba h^gh]h aZ^Zgby� gh khklZ\e_g-
guc lZd� qlh ba g_]h fh`_f ihemqblv \k_ gZqZevgu_ \hijhku� Wlh ^hklb]Z_lky \ZjbZpb_c mkeh\bc� <

dZq_kl\_ ijbf_jZ ijb\_^_f l_dkl h^gh]h ba jZajZ[hlZgguo gZfb l_klh\ ih hilbd_�

K\_l iZ^Z_l gZ ]jZgbpm jZa^_eZ
�� ih^ m]ehf ;jxkl_jZ�

�� ghjfZevgh�

�� ih^ m]ehf ��°
b iZ^Zxsbc k\_l
�� _kl_kl\_gguc�

5. iheyjbah\Zgguc \ iehkdhklb iZ^_gby�
6. iheyjbah\Zgguc \ iehkdhklb� i_ji_g^bdmeyjghc iehkdhklb iZ^_gby�
7. iehkdhiheyjbah\Zg� k Zabfmlhf ��°,
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Z ]jZgbp_c jZa^_eZ y\ey_lky
�� \ha^mo � kl_deh�

�� \ha^mo � \h^Z�

��� \h^Z � kl_deh�

GZclb kl_i_gv iheyjbaZpbb hljZ`_ggh]h k\_lZ \ kemqZ_
1.   1, 4, 8;   2. 1, 4, 9;   3. 1, 4, 10;   4. 1, 5, 8;   5. 1, 5, 9;   6. 1, 5, 10;
7.   1, 6, 8;   8. 1, 6, 9;   9. 1, 6, 10; 10. 1, 7, 8; 11. 1, 7, 9; 12. 1, 7, 10;
13. 2, 4, 8; 14. 2, 4, 9; 15. 2, 4, 10; 16. 2, 5, 8; 17. 2, 5, 9; 18. 2, 5, 10;
19. 2, 6, 8; 20. 2, 6, 9; 21. 2, 6, 10; 22. 2, 7, 8; 23. 2, 7, 9; 24. 2, 7, 10;
25. 3, 4, 8; 26. 3, 4, 9; 27. 3, 4, 10; 28. 3, 5, 8; 29. 3, 5, 9; 30. 3, 5, 10;
31. 3, 6, 8; 32. 3, 6, 9; 33. 3, 6, 10; 34. 3, 7, 8; 35. 3, 7, 9; 36. 3, 7, 10.

Hq_\b^gh� \ ^Zgghf l_kl_ kh^_j`blky �� aZ^Zq� <hl d ijbf_jm nhjfmebjh\dZ h^ghc ba gbo�

1.4.8. K\_l iZ^Z_l gZ ]jZgbpm jZa^_eZ \ha^mo � kl_deh ih^ m]ehf ;jxkl_jZ b iZ^Zxsbc k\_l y\ey_l-
ky _kl_kl\_gguf� GZclb kl_i_gv iheyjbaZpbb hljZ`_ggh]h k\_lZ�

:gZeh]bqguf h[jZahf nhjfmebjmxlky b hklZevgu_ �� aZ^Zq� A^_kv ijhy\ey_lky _s_ h^gh ^hk-
lhbgkl\h nZk_lguo l_klh\ � ih^jh[ghklv� lZd dZd \_kv l_kl ihk\ys_g h^ghc l_f_ �\ ^Zgghf kemqZ_

iheyjbaZpbb k\_lZ ijb hljZ`_gbb�� Kj_^b ^jm]bo ^hklhbgkl\ nZk_lguo l_klh\ fh`gh mdZaZlv bg^b-
\b^mZevghklv� \hafh`ghklv bo ijbf_g_gby g_ lhevdh ^ey l_dms_]h b blh]h\h]h dhgljhey agZgbc klm-
^_glh\� gh b ^ey h[mq_gby� ihkdhevdm� j_rZy dZd fh`gh [hevr_ aZ^Zq ba h^gh]h l_klZ� klm^_gl [m^_l

emqr_ mk\Zb\Zlv b l_hj_lbq_kdbc fZl_jbZe�
GZfb jZajZ[hlZgu b bkihevamxlky nZk_lgu_ l_klu ^ey dhgljhey l_dms_c b blh]h\hc mki_\Z_-

fhklb klm^_glh\ ih lZdbf jZa^_eZf hilbdb� dZd nhlhf_ljby� ]_hf_ljbq_kdZy hilbdZ� bgl_jn_j_gpby�

^bnjZdpby b iheyjbaZpby k\_lZ� B^_y ijbf_g_gby nZk_lguo l_klh\ ^ey dhgljhey agZgbc b mf_gbc

klm^_glh\ ih h[s_c nbabd_ hdZaZeZkv \_kvfZ ieh^hl\hjghc� Z kZfb l_klu hq_gv wnn_dlb\gu�

Eb l _ j Z l m j Z

1. ;_kiZevdh <�I� Hkgh\u l_hjbb i_^Z]h]bq_kdbo kbkl_f� <hjhg_`� <=M� �����

2. Bevq_\Z >�<� F_lh^bdZ j_r_gby aZ^Zq hilbdb� F��F=M� �����

3. :gZklZab :� Ikboheh]bq_kdh_ l_klbjh\Zgb_� I_j_\. k Zg]e� \ ��o dgb]Zo� F�� I_^Z]h]bdZ� �����

4. Ih\aeh ?� Gh\Zy f_lh^bdZ khklZ\e_gby h[mqZxsbo l_klh\ ih nbabd_� DjZkgh^Zj� Dm[=M� �����

�� ©Rdhevgu_ ]h^uª� G_i_jbh^bq_kdbc l_fZlbq_kdbc ZevfZgZo � � ih^ h[s. j_^� :jobih\hc :�B��
DjZkgh^Zj� �����

Usage of "facette" tests for learning to physics

L.F. Dobro, I.A. Parvenova, V.I. Chigikov

The test control progress of students on general course of physics is discussed. For rise effectiveness
and reliable of the control "facette" tests are offered.


