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HL�J?>:DLHJ:�BA>:GBY 

 
GZklhysZy� fhgh]jZnby� y\ey_lky� blh]hf� gZmqguo� jZ[hl� \� h[eZklb�

fZ]gblgh-j_ahgZgkghc� lhfh]jZnbb�� ij_^ijbgyluo� \� l_q_gb_� ihke_^gbo�
e_l� \�Mq_[gh-gZmqghf�f_`nZdmevl_lkdhf�b�f_`^bkpbiebgZjghf�p_glj_�
fZ]gblghc� lhfh]jZnbb� b� ki_dljhkdhibb�Fhkdh\kdh]h� ]hkm^Zjkl\_ggh]h�
mgb\_jkbl_lZ�bf_gb�F�<��Ehfhghkh\Z� �PFLK�F=M���Bkke_^h\Zgby�ijh�
\h^bebkv�� \� hkgh\ghf�� gZ� ���-Le� lhfh]jZn_� Lhfbdhg-K��� nbjfu� ©;jm�
d_jª�� AZf_qZl_evguf� k\hckl\hf� ^Zggh]h� lhfh]jZnZ� �bkke_^h\Zl_evkdbc�
\ZjbZgl�ijb[hjZ��y\ey_lky�hldjulhklv�mijZ\eyxs_]h�ijh]jZffgh]h�h[_k�
i_q_gby�� iha\heb\rZy� gZmqghfm� dhee_dlb\m�PFLK�F=M� jZajZ[hlZlv� b�
\g_^jblv�\�ijZdlbdm�FJL-bkke_^h\Zgbc�p_emx�k_jbx�ijbgpbibZevgh�gh�
\uo�f_lh^bd�fZ]gblgh-j_ahgZgkguo�baf_j_gbc��D�lZdh]h�jh^Z�f_lh^bdZf�
hlghkylky��gZijbf_j��hibkZggu_�a^_kv�kihkh[u�h^gh\j_f_ggh]h�ih^Z\e_�
gby�bgl_gkb\guo�FJL-kb]gZeh\�hl�ghjfZevguo�ldZg_c��gZ�nhg_�dhlhjuo�
keZ[u_�iZlheh]bb�h[uqgh�g_�[u\Zxl�aZf_lgufb��<u^_e_gb_�h[jZaZ�h^ghc�
ldZgb� ijb� ih^Z\e_gbb� kb]gZeh\� hl� ^jm]bo�� __� hdjm`Zxsbo�� iha\hey_l�
ijh\h^blv� lhqgu_�baf_j_gby�jZaf_jh\�\u^_e_gghc� ldZgb��g_�ijb[_]Zy�d�
bkihevah\Zgbx� keh`guo� fZl_fZlbq_kdbo� ijb_fh\� jZkihagZ\Zgby� i_j_�
dju\Zxsboky�h[jZah\�� 

D�\_khfuf�^hklb`_gbyf�PFLK�F=M�fh`gh�hlg_klb�jZajZ[hldm�f_�
lh^bdb� baf_j_gby� djhkk-j_eZdkZpbhgguo� iZjZf_ljh\� k� ihfhsvx� FJL�
wdki_jbf_glh\�� bkihevamxsbo� wnn_dl� i_j_ghkZ� gZfZ]gbq_gghklb�� Wlh�
kha^Z_l� \hafh`ghklb� ^ey� ^hihegbl_evghc� ^bnn_j_gpbZpbb� ldZg_c�� ih�
kljh_gguo�ba�fZdjhfhe_dme��kh^_j`Zsbo�k\yaZggmx�\h^m��b�kihkh[guo�d�
h[f_gm�k�fhe_dmeZfb�k\h[h^ghc�\h^u��Hkgh\gZy�aZkem]Z�\�jZajZ[hld_�wlbo�
f_lh^h\�ijbgZ^e_`bl�Yjguo�<�E���dhlhjuc�\�gZklhys__�\j_fy�jZ[hlZ_l�\�
KR:�b�mki_rgh�ijh^he`Z_l�jZ[hlu�\�^Zgghf�gZijZ\e_gbb�� 

FJL-bkke_^h\Zgby�y\eyxlky�ijbgpbibZevgh�djhkk^bkpbiebgZjgufb��
Ihwlhfm�gZb[he__�mki_rguc�j_amevlZl�lZdbo�wdki_jbf_glh\�ihemqZ_lky�\�
dhfie_dkguo�gZmqguo�dhee_dlb\Zo�]^_�kh\f_klgh�jZ[hlZxl�ij_^klZ\bl_�
eb�jZaguo�ki_pbZevghkl_c�—�nbabdb��obfbdb��f_^bdb��[bheh]b��ikboheh�
]b��bg`_g_ju�b�^j��LZd��g_h`b^Zggh�bgl_j_kgu_�j_amevlZlu�[ueb�ihemq_�
gu�]jmiihc�nbabdh\�ijb�\aZbfh^_ckl\bb�k�nbeheh]Zfb��^ey�dhlhjuo�[u�
eb� ki_pbZevgh� jZajZ[hlZgu� f_lh^u�FJL-\bamZebaZpbb� Zjlbdmeylhjguo�
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ijhp_kkh\�ijhbag_k_gby�a\mdh\��<�dhf[bgZpbb�k�Zdmklbq_kdbfb�b�\b^_h�
kj_^kl\Zfb� fZ]gblgh-j_ahgZgkgZy� lhfh]jZnby� iha\hebeZ� \i_j\u_� ihem�
qblv� g_� lhevdh� lhqgu_� h[jZau� Zjlbdmeylhjgh]h� ZiiZjZlZ�� gh� b� \uy\blv�
jy^� gh\uo�nmgdpbhgZevguo� hkh[_gghkl_c�nhjfbjh\Zgby� j_qb��<ukhdZy�
bgnhjfZlb\ghklv�f_lh^Z�FJL�hkh[_ggh�yjdh�\uy\ey_lky�k�ihfhsvx�b_�
jZjobq_kdb�deZkkbnbpbjh\Zgghc�[Zau�^Zgguo�\�ijhkljZgkl\_�fgh]hiZjZ�
f_ljbq_kdbo� FJL-baf_j_gbc�� Ijbf_g_gb_� kh\j_f_gguo� bgnhjfZpbhg�
guo�l_ogheh]bc�ihbkdZ�b�ZgZebaZ�^Zxl�\hafh`ghklv�[ukljh�b�wnn_dlb\gh�
hjb_glbjh\Zlvky� \� kha^Zgghc� [Za_� ^Zgguo�� kh^_j`Zs_c� ^_kyldb� lukyq�
lj_of_jguo�h[jZah\��jZ[hlZlv�g_�lhevdh�\�j_`bfZo�aZijhkZ��gh�bbgl_jZd�
lb\gh��\�lhf�qbke_��b�^bklZgpbhggh��k�j_]eZf_glbjh\Zgguf�^hklmihf�q_j_a�
Bgl_jg_l�� H^gbf� ba� agZqbfuo� j_amevlZlh\� h[jZ[hldb� FJL-ihdZaZl_e_c��
ij_^klZ\e_gguo� \� lZdhc� [Za_� ^Zgguo�� y\bebkv�� gZijbf_j�� gh\u_� Zgljhih�
f_ljbq_kdb_� aZdhghf_jghklb�� h[gZjm`_ggu_� ijb� ZgZeba_� jZaf_jh\� ]heh\�
gh]h�fha]Z�\�aZ\bkbfhklb�hl�iheZ�b�]h^Z�jh`^_gby�^bZ]ghklbjh\Zgguo�iZ�
pb_glh\�\�ij_^_eZo�ihqlb����-e_lg_]h�i_jbh^Z� 

<�fhgh]jZnbb�g_�gZreb�hljZ`_gby�g_dhlhju_�\_kvfZ�bgl_j_kgu_�jZa�
jZ[hldb�� gZijbf_j�� \� h[eZklb� ikbohnbabheh]bb�� \uiheg_ggu_� \�PFLK�
F=M�kh\f_klgh�k�nZdmevl_lhf�ikboheh]bb�b�[bheh]bq_kdbf�nZdmevl_lhf�
F=M��Bgklblmlhf� \ukr_c� g_j\ghc� ^_yl_evghklb� J:G� b� ^j�� ih� ZgZebam�
nmgdpbhgZevghc�^_yl_evghklb�fha]Z�k�ihfhsvx�FJL-�b�we_dljhwgp_nZ�
eh]jZnbq_kdbo�wdki_jbf_glh\�� 

JZkkfhlj_ggu_� f_lh^bdb� ij_^iheZ]Z_lky� bkihevah\Zlv� b� \� f_^bdh-
[bheh]bq_kdbo�wdki_jbf_glZo�k�fZeufb�`b\hlgufb��>ey�ijh\_^_gby�lZ�
dbo�wdki_jbf_glh\�\�PFLK�F=M�mklZgh\e_g�i_j\uc�\�Jhkkbb�ki_pbZeb�
abjh\Zgguc� lhfh]jZn-[bhki_dljhf_lj�BioSpec� ������nbjfu� ©;jmd_jª� k�
fZ]gblguf�ihe_f���Le��^bZf_ljhf�l_ieh]h�hl\_jklby����kf�b�\hafh`gh�
klvx�j_]bkljZpbb�kb]gZeh\�y^_j��hlebqguo�hl�ijhlhgh\��<ukhdb_�[ukljh�
^_ckl\b_� b� ijhkljZgkl\_ggh_� jZaj_r_gb_� ijb[hjZ� iha\heyxl� ^_lZevgh�
gZ[ex^Zlv�in vivo aZ�fgh]bfb�ijhp_kkZfb�nmgdpbhgbjh\Zgby�`b\uo�hj]Z�
gbafh\�\�bgl_j_kZo�[bhf_^bpbgu��[bhobfbb��nZjfZdheh]bb�b�^j� 

;hevrbgkl\h�gZmqguo�b^_c��iheh`_gguo�\�hkgh\m�jZa\bluo�f_lh^bd�
b� jZkkfhlj_gguo� \� fhgh]jZnbb�� j_Zebah\Ze� gZ� ijZdlbd_� hi_jZlhj-
bkke_^h\Zl_ev�:gbkbfh\�G�<���dZg^b^Zl�nba�-fZl��gZmd��klZjrbc�gZmqguc�
khljm^gbd�PFLK�F=M��F_^bpbgkdmx�ih^^_j`dm�bkke_^h\Zgbc��jZkrbn�
jh\dm� b� bgl_jij_lZpbx� FJL-bah[jZ`_gbc� h[_ki_qbe� ^hp_gl� dZn_^ju�
g_\jheh]bb� J=FM� =m[kdbc� E�<��� dZg^b^Zl� f_^bpbgkdbo� gZmd�� klZjrbc�
gZmqguc� khljm^gbd�PFLK�F=M�� JZajZ[hldm� bgnhjfZpbhgguo� l_ogheh�
]bc�hkms_kl\be�\_^msbc�bg`_g_j�dZn_^ju�jZ^bhnbabdb�nbabq_kdh]h�nZ�
dmevl_lZ�F=M�=eZ^mg�<�<� 

Mq_[gh-gZmqguc�p_glj�fZ]gblghc�lhfh]jZnbb�b�ki_dljhkdhibb�F=M�
[ue� kha^Zg� ��e_l�gZaZ^�ih�bgbpbZlb\_�J_dlhjZ�F=M�ZdZ^_fbdZ�<bdlhjZ�
:glhgh\bqZ�KZ^h\gbq_]h��[_a�ihklhygghc�ih^^_j`db�b�\gbfZgby�dhlhjh�
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]h� [ueh� [u� g_\hafh`gh� hkms_kl\blv� hibkZggu_� \� fhgh]jZnbb� FJL-
wdki_jbf_glu��<�]h^����-e_lby�Fhkdh\kdh]h�mgb\_jkbl_lZ�hkh[_ggh�ijb�
ylgh�\ujZablv�]em[hdmx�[eZ]h^Zjghklv�<�:��KZ^h\gbq_fm�aZ�_]h�[hevrmx�
aZ[hlm�h�gZmqghf�dhee_dlb\_�PFLK�F=M�� 

:\lhju� \ujZ`Zxl� bkdj_ggxx� [eZ]h^Zjghklv� ^bj_dlhjm� F_`^mgZ�
jh^gh]h�lhfh]jZnbq_kdh]h�p_gljZ�KH�J:G�ZdZ^_fbdm�J_gZ^m�Abggmjh\b�
qm� KZ]^__\m�� dhlhjuc� [ue� i_j\uf� ^bj_dlhjhf-hj]ZgbaZlhjhf� PFLK�
F=M��?]h�jmdh\h^ysZy�jhev�b�l_i_jv�dZd�Ij_ab^_glZ�gZr_]h�P_gljZ�ih�
bklbg_�g_hp_gbfZ�–�i_j_^Zgguc�bf�b�_]h�khljm^gbdZfb�mgbdZevguc�hiul�
FLP� KH� J:G� iha\hebe� gZf� \� dhjhldbc� kjhd� hk\hblv� b� jZa\blv� klhev�
keh`gh_�gZmqgh_�gZijZ\e_gb_��dZdbf�y\ey_lky�fZ]gblgh-j_ahgZgkgZy�lh�
fh]jZnby�� 

:\lhju�[eZ]h^Zjgu�M\_�b�;Zj[Zj_�:coohnn�aZ�ihklhyggh_�\gbfZgb_��
ihfhsv�b�ih^^_j`dm�\�jZ[hl_��:�G� ;hcdh��<�F� <_joexlh\m��=�?� D_^jh-
\hc��Y�<� IZjfhg��—�aZ�mqZklb_�\�kh\f_klguo�bkke_^h\Zgbyo�b�ihe_agu_�
h[km`^_gby� 

Hkh[Zy� ijbagZl_evghklv� khljm^gbdZf� PFLK� F=M� —� >�:�� Lbs_gdh, 
:�:� >m[bg_� aZ� hi_jZlb\gh_� j_r_gb_� \k_o� l_ogbq_kdbo� b� hj]ZgbaZpbhg�
guo�\hijhkh\��>�:��Dmijbygh\m�—�aZ�Zdlb\gh_�mqZklb_�\�ijh\_^_gbb�jy^Z�
FJL-bkke_^h\Zgbc�� khljm^gbdm� nbabq_kdh]h� nZdmevl_lZ�F=M� K�G�� <Z�
kbev_\m� —� aZ� ihfhsv� b� l\hjq_kdbc� ih^oh^� \� j_fhgl_� b� fh^bnbdZpbb�
h[hjm^h\Zgby�� 

Ke_^m_l�hlf_lblv�\deZ^�<�E��Yjguo�gZ�gZqZevghc�klZ^bb�ijh\_^_gby�
bkke_^h\Zgbc�—�jZajZ[hldm�ijhlhdheh\�b�ihklZgh\dm�wdki_jbf_glh\� 

GZdhg_p��g_h[oh^bfh�hlf_lblv�jZ[hlm�\jZq_c�\ukhdhc�d\ZebnbdZpbb��
[_a�dhlhjuo�[ueh�[u�g_\hafh`gh�kh[jZlv��h[jZ[hlZlv�g_h[oh^bfuc�wdk�
i_jbf_glZevguc� fZl_jbZe� b� ^Zlv� ijZ\bevgmx� bgl_jij_lZpbx� j_amevlZ�
lh\�� Wlh� K�=� :g^jbZgh\�� :�:� ;Z_\�� J�N� ;Zolbhabg�� >�<� ;mj_gq_\��
F�G� =heml\bgZ��?�W� >m[jh\bg��E�N� I_kl_j_\Z� 

Hkh[mx� [eZ]h^Zjghklv� fu� \ujZ`Z_f� Fbgbkl_jkl\m� h[jZah\Zgby� b�
gZmdb�Jhkkbb� �jZg__�FbgijhfgZmdb�JN��aZ�ih^^_j`dm�gZmqguo�bkke_^h�
\Zgbc�PFLK�F=M� \� jZfdZo�N_^_jZevghc� ijh]jZffu� ©Ih^^_j`dZ� ijb�
[hjghc�[Zau�gZmdbª� 

 
 

>bj_dlhj�PFLK�F=M�� 
^��n�-f��g���ijhn_kkhj 
X�:� Ibjh]h\ 
���yg\Zjy������]h^Z 
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FZ]gblgh-j_ahgZgkgZy�lhfh]jZnby��FJL��\�gZklhys__�\j_fy�y\ey_lky�

fhsguf�f_lh^hf�f_^bpbgkdhc�^bZ]ghklbdb�[eZ]h^Zjy�\ukhdhc�bgnhjfZ�
lb\ghklb� b� [_ahiZkghklb� bkke_^h\Zgby� >�–�@��>ey� ih\ur_gby� bgnhjfZ�
lb\ghklb� bkke_^h\Zgby� ihklhyggh� \\h^ylky� l_ogbq_kdb_� mkh\_jr_gkl\h�
\Zgby��jZajZ[Zlu\Zxlky�bfimevkgu_�ijh]jZffu�b�f_lh^u�h[jZ[hldb�^Zg�
guo�� iha\heyxsb_� h[_ki_qblv� gZbemqrmx� \bamZebaZpbx� bamqZ_fuo�
kljmdlmj�k�mq_lhf�^bZ]ghklbq_kdbo�aZ^Zq��H^gbf�ba�iml_c�memqr_gby�\b�
amZebaZpbb�y\ey_lky�ijbf_g_gb_�bfimevkguo�f_lh^h\��iha\heyxsbo�mi�
jhklblv�dZjlbgm�ldZg_\h]h�dhgljZklZ�aZ�kq_l�ih^Z\e_gby�kb]gZeh\�hl�hl�
^_evguo�ldZg_\uo�dhfihg_glh\��<�P_glj_�fZ]gblghc�lhfh]jZnbb�b�ki_d�
ljhkdhibb�F=M�bf��F�<� Ehfhghkh\Z� �PFLK�� aZ�i_jbh^� ����–����� ]�]��
gZdhie_g�agZqbl_evguc�hiul�ijbf_g_gby�ih^h[guo�f_lh^h\�^ey�j_r_gby�
dhgdj_lguo�^bZ]ghklbq_kdbo�aZ^Zq�>�@��FZl_jbZeu�jZajZ[hlhd�PFLK�[u�
eb�\hklj_[h\Zgu�dZd�gZ�jhkkbckdbo� �FBNB��DZaZgv-������Fhkd\Z-2002), 
lZd� b� gZ� aZjm[_`guo� gZmqguo� dhgn_j_gpbyo�� \dexqZy� ISMRM, SPIE, 
ESMRMB, ECR, MEDINF��GZ�jy^�jZajZ[hlhd�ihemq_gu�Z\lhjkdb_�k\b^_�
l_evkl\Z� 

<�ij_^klZ\e_gghc�jZ[hl_�h[h[s_g�hiul�PFLK�ih�ijbf_g_gbx�mdZ�
aZgguo�f_lh^bd�\�jZfdZo�dhgp_ipbb��kh]eZkgh�dhlhjhc�gZbemqrZy�\bamZ�
ebaZpby�iZlheh]bb�\hafh`gZ�lh]^Z��dh]^Z�dZjlbgZ�dhgljZklZ�hl�\k_o�ghj�
fZevguo�ldZg_c�ij_^klZ\e_gZ�h^ghjh^guf�nhghf� 

Djhf_� lh]h�� ij_^iheZ]Z_lky� jZkkfhlj_lv� ijh[e_fu�� k\yaZggu_� k� bg�
nhjfZpbhgguf� kh^_j`Zgb_f� ^Zgguo�� ihemqZ_fuo� ijb�FJL-bkke_^h\Z-
gbyo��Wlh�hlghkblky�dZd�d�h[jZ[hld_�^Zgguo��ihemq_gguo�ijb�jmlbgguo�
bkke_^h\Zgbyo�—�ihkljh_gby�[Zau�^Zgguo��lZd�b�d�h[jZ[hld_�^Zgguo��ih�
emq_gguo�ijb�ijh\_^_gbb� ki_pbZebabjh\Zgguo�bkke_^h\Zgbc�—� \�qZkl�
ghklb��wdki_jbf_glh\�ih�nmgdpbhgZevghc�FJL��NFJL�� 

JZ[hlZ�khklhbl�ba�\\_^_gby��r_klb�]eZ\��aZdexq_gby�b�kibkdZ�pblb�
jh\Zgghc�ebl_jZlmju��<k_�beexkljZpbb��kh^_j`Zsb_�FJL-bah[jZ`_gby��
k^_eZgu� ih� fZl_jbZeZf�� ihemq_gguf� khljm^gbdZfb� PFLK� gZ� FJ-
lhfh]jZn_�7RPLNRQ�6���nbjfu�©;jmd_jª� 

<�i_j\hc�]eZ\_�jZkkfZljb\Zxlky�l_hj_lbq_kdb_�hkgh\u�FJL�� 
<h�\lhjhc�]eZ\_�h[km`^Zxlky�ijZdlbq_kdb_�ih^oh^u�d�ijh[e_f_�gZb�

emqr_c� \bamZebaZpbb� iZlheh]bq_kdbo� baf_g_gbc�� IZlheh]bb� mkeh\gh�
jZa^_e_gu�gZ�^\_�]jmiiu��^Zxsb_�ih\ur_gb_�b�^Zxsb_�kgb`_gb_�FJL-
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^_e_gu� gZ� ^\_� ]jmiiu�� ^Zxsb_� ih\ur_gb_� b� ^Zxsb_� kgb`_gb_�FJL-
kb]gZeZ��>bnn_j_gpbZpby�k^_eZgZ�gZ�hkgh\_�gZdhie_ggh]h�hiulZ�ih�\b�
amZebaZpbb�dhgdj_lguo�iZlheh]bc�k�bkihevah\Zgb_f�ba\_klguo�bfimevk�
guo�f_lh^bd��Kfuke�jZa^_evgh]h�jZkkfhlj_gby�^\mo�lbih\�iZlheh]bc�— 
hij_^_eblv� kljZl_]bq_kdh_� gZijZ\e_gb_� ih� memqr_gbx� bo� \bamZebaZpbb�
ihkj_^kl\hf� eb[h� \ujZ\gb\Zgby� ldZg_\h]h� dhgljZklZ� ^ey� ghjfZevguo�
ldZg_c��eb[h�ihegh]h�bo�ih^Z\e_gby� 

<�lj_lv_c� ]eZ\_�jZkkfZljb\Zxlky�ba\_klgu_�f_lh^u�ih^Z\e_gby�kb]�
gZeh\�ghjfZevghc�ldZgb�-�k\h[h^ghc�`b^dhklb�b�`bjZ��Hkgh\gh_�\gbfZ�
gb_� m^_ey_lky� f_lh^bdZf�� hkgh\Zgguf� gZ� wnn_dl_� ©bg\_jkby-
\hkklZgh\e_gb_ª��dhlhju_�ijhs_�\�j_ZebaZpbb�ih�kjZ\g_gbx�k�f_lh^bdZ�
fb��hkgh\Zggufb�gZ�qZklhlgh-k_e_dlb\ghf�\ha^_ckl\bb�gZ�kibgh\mx�kbk�
l_fm� 

<�q_l\_jlhc�]eZ\_�hibkZg�f_lh^�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�
\h^u�b�`bjZ��[eZ]h^Zjy�ijbf_g_gbx�dhlhjh]h�memqrZ_lky�\bamZebaZpby�
jy^Z�iZlheh]bq_kdbo�h[jZah\Zgbc�b�mijhsZ_lky�bo�h[t_fgZy�j_dhgkljmd�
pby��<� ^hiheg_gb_� d�fZl_jbZem�� jZg__� hljZ`_gghfm� \� jy^_�im[ebdZpbc��
ih^jh[g__�jZkkfhlj_gu�f_lh^u�]jZnbq_kdhc�h[jZ[hldb��Z�lZd`_�\hafh`�
ghklv�ih^Z\e_gby�g_�lhevdh�^\mo��gh�b�[hevr_]h�qbkeZ�ghjfZevguo�ldZg_�
\uo�dhfihg_glh\� 

<� iylhc� ]eZ\_� baeh`_gZ� dhgp_ipby� ijh\_^_gby� baf_j_gbc� djhkk-
j_eZdkZpbhgguo�iZjZf_ljh\�\�FJL-bkke_^h\Zgbyo��FZl_jbZe�]eZ\u�ij_�
^hklZ\e_g�<�E��Yjguo��dhlhjhfm�Z\lhju�\ujZ`Zxl�ijbagZl_evghklv� 

<�r_klhc�]eZ\_�ijb\_^_gu�ijbf_ju�g_klZg^Zjlgh]h��g_�k\yaZggh]h�k�
f_^bpbgkdhc�^bZ]ghklbdhc��ijbf_g_gby�FJL��JZkkfhlj_gu� wdki_jbf_g�
lu�ih�\bamZebaZpbb�Zjlbdmeylhjguo�hj]Zgh\�ijb�ijhbag_k_gbb�a\mdh\�j_�
qb��Djhf_�lh]h��ihdZaZgh��dZd�k�ihfhsvx�h[jZ[hldb�fZl_jbZeh\�[Zau�^Zg�
guo�FJL-bkke_^h\Zgbc�ijh\_klb�w\hexpbhgguc�ZgZeba�Zgljhihf_ljbq_�
kdbo�baf_g_gbc� 

Ij_^klZ\e_ggZy�jZ[hlZ�jZkkqblZgZ�gZ�qblZl_ey��agZdhfh]h�k�hkgh\Zfb�
y^_jgh]h� fZ]gblgh]h� j_ahgZgkZ� �YFJ��� ihwlhfm� l_hj_lbq_kdb_� Zki_dlu�
YFJ�b�FJL�baeh`_gu�hq_gv�djZldh��>ey�ih^jh[gh]h�hagZdhfe_gby�k�l_h�
jb_c�y\e_gby�bf__lky�[hevrhc�\u[hj�ebl_jZlmju��>ey�dhgl_dklgh]h�ih�
bkdZ�m^h[gh�bkihevah\Zlv�]eh[Zevgmx�k_lv�Bgl_jg_l��Bkiulu\Zxsbf�aZ�
ljm^g_gby�\�\u[hj_�ba^Zgby�fh`gh�j_dhf_g^h\Zlv�deZkkbq_kdb_�jZ[hlu�
>����@�beb�h[mqZxsb_�Web-im[ebdZpbb�>�����@��Ihe_agh�hagZdhfblvky�lZd�
`_�k�mq_[gufb�ihkh[byfb�jhkkbckdbo�Z\lhjh\��gZijbf_j��>������@� 
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D:D�NBABQ?KDBC�F?LH>�BKKE?>H<:GBY 
 

 
 
 

�����Hkgh\gu_�ij_^klZ\e_gby�h�y^_jghf�fZ]gblghf�j_ah�
gZgk_ 

 

�������Mjh\gb�wg_j]bb�y^_jguo�kibgh\�b�j_ahgZgkgu_�qZklhlu 

Hkgh\ghc� aZ^Zq_c� fZ]gblgh-j_ahgZgkghc� lhfh]jZnbb� �FJL�� y\ey�
_lky�[_kdhglZdlgZy�\bamZebaZpby�\gmlj_gg_c�kljmdlmju�`b\uo�ldZg_c��<�
hkgh\_�f_lh^Z�e_`bl�wnn_dl�y^_jgh]h�fZ]gblgh]h�j_ahgZgkZ��kmlv�dhlhjh�
]h�khklhbl�\�lhf��qlh�Zlhfgu_�y^jZ��bf_xsb_�kibg� I�!����ihf_s_ggu_�\�
ihklhyggh_�fZ]gblgh_�ihe_�B0��\aZbfh^_ckl\mxl�k�jZ^bhqZklhlguf� �JQ��
ihe_f� B1�� Wlh� \aZbfh^_ckl\b_� ijb\h^bl� d� i_j_hjb_glZpbyf� fZ]gblguo�
fhf_glh\��qlh�khijh\h`^Z_lky�ih]ehs_gb_f�b�jZkk_ygb_f�d\Zglh\�\ha[m�
`^Zxs_]h�JQ-ihey��GZb[he__�bgl_gkb\gh_��j_ahgZgkgh_� \aZbfh^_ckl\b_�
\hagbdZ_l�ijb�jZ\_gkl\_�jZ^bhqZklhlu�&�\_ebqbg_�&0 = �B0��]^_�� —�]bjh�
fZ]gblgh_�hlghr_gb_�y^jZ��QZklhlZ �B0�ba\_klgZ�dZd�eZjfhjh\Z�qZklhlZ��
dhlhjZy� oZjZdl_jbam_l�ij_p_kkbhggh_�^\b`_gb_� y^_jguo�fZ]gblguo�fh�
f_glh\�\�ihe_�B0. 

<� kh\j_f_gghc�FJL� gZb[hevrbc� bgl_j_k� ij_^klZ\ey_l� j_]bkljZpby�
ijhlhgh\�—�hkgh\gh]h�bahlhiZ�ZlhfZ�\h^hjh^Z��\oh^ys_]h�\�khklZ\�\h^u�
b�fgh]bo�hj]Zgbq_kdbo�fhe_dme��hij_^_eyxsbo�kljmdlmjm�`b\uo�ldZg_c��
>ey�ijhlhgZ��� ������F=p�Le�b�\�fZ]gblghf�ihe_�����Le�_]h�j_ahgZgkgZy�
qZklhlZ�khklZ\ey_l����F=p� 

<� i_j\hf� ijb[eb`_gbb� y^_jgu_� kibgu� fh`gh� jZkkfZljb\Zlv� dZd�
bahebjh\Zggmx�d\Zglh\mx�kbkl_fm��dhlhjZy�\�klZpbhgZjghf�khklhygbb�
h[eZ^Z_l�^bkdj_lguf�gZ[hjhf�ba��I���wg_j]_lbq_kdbo�mjh\g_c��k\yaZg�
guo�k�hjb_glZpb_c�kibgh\�hlghkbl_evgh�ihey�B0��>ey�ijhlhgZ��bf_xs_�
]h�kibg�I = ������bf__f�mjh\gb�– (1/2)h�B0�b��������h�B0. 

FZ]gblgh-j_ahgZgkgZy�lhfh]jZnby dZd�nbabq_kdbc�f_lh^�bkke_^h\Zgby   
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�������<ebygb_�fhe_dmeyjgh]h�hdjm`_gby�b�l_fi_jZlmju 

H[uqgh� \� ki_dljhkdhibb� YFJ� b� lhfh]jZnbb� fZ]gblgh]h� j_ahgZgkZ�
jZkkfZljb\Zxlky�g_�bahebjh\Zggu_�y^jZ��Z�y^jZ��\oh^ysb_�\�khklZ\�Zlh�
fh\��hdjm`_gguo�we_dljhggufb�h[hehqdZfb��Ijb�wlhf�Zlhfu�fh]ml�\oh�
^blv�\�khklZ\�fhe_dme�beb�^jm]bo�keh`guo�kljmdlmj�—�djbklZeebq_kdbo�
j_r_lhd�b�l�^��LZdh_�hdjm`_gb_�\eby_l�gZ�bklbggmx�\_ebqbgm�fZ]gblgh]h�
ihey��kha^Z\Z_fh]h�\�f_kl_�jZkiheh`_gby�dhgdj_lgh]h�y^jZ��Wlh�k\yaZgh�k�
l_f��qlh�ZlhfgZy�we_dljhggZy�h[hehqdZ�^_ckl\m_l�dZd�fZ]gblguc�wdjZg�ih�
hlghr_gbx�d�\g_rg_fm�iheyjbamxs_fm�ihex��<�k\hx�hq_j_^v��obfbq_�
kdb_� k\yab� kha^Zxl�mkeh\by�^ey�^_nhjfZpbb� we_dljhgguo�h[hehq_d��qlh�
\eby_l�gZ�bo�wdjZgbjmxsb_�k\hckl\Z��<�j_amevlZl_��gZ�ki_dlj_�YFJ�j_ah�
gZgkgu_�qZklhlu�y^_j�kf_s_gu�hlghkbl_evgh�eZjfhjh\hc�qZklhlu�gZ�\_�
ebqbgm�1�B0 ��]^_�1 —�hlghkbl_evgZy�\_ebqbgZ�obfbq_kdh]h�k^\b]Z��DZj�
lbgZ� ki_dljZ�YFJ� ^hihegbl_evgh� mkeh`gy_lky� ba-aZ� jZks_ie_gbc�� h[m�
keh\e_gguo�\aZbfh^_ckl\b_f�jZaebqguo�kibgh\�\gmljb�fhe_dmeu��Obfb�
q_kdb_�k^\b]b�b�jZks_ie_gby��k\yaZggu_�kh�kibg-kibgh\ufb�\aZbfh^_c�
kl\byfb�—�dhgklZglu�kibg-kibgh\h]h�\aZbfh^_ckl\by��khklZ\eyxl�\_eb�
qbgu�ihjy^dZ���–6�hl�Z[khexlgh]h�agZq_gby�eZjfhjh\hc�qZklhlu��Bo�ba�
f_j_gb_� k� ihke_^mxsbf� ZgZebahf� ki_dljZ�YFJ� ^Z_l� p_ggmx� bgnhjfZ�
pbx�h�obfbq_kdhc�kljmdlmj_�bkke_^m_fh]h�\_s_kl\Z� 

<ebygb_� hdjm`_gby� g_� h]jZgbqb\Z_lky� ihijZ\dZfb� d� j_ahgZgkghc�
qZklhl_� y^jZ�� Kms_kl\_ggh_� \ebygb_� gZ� khklhygb_� kibgh\hc� kbkl_fu�
hdZau\Z_l�h[f_g�fZ]gblghc�wg_j]b_c��\hagbdZxsbc�ijb�i_j_f_s_gbyo�
Zlhfh\�b�fhe_dme��FZ]gblgu_�ihey��\hagbdZxsb_�\�ijhp_kk_�i_j_f_s_�
gby�fZ]gblguo�fhf_glh\�� kihkh[gu�� ih^h[gh� \g_rg_fm� JQ-ihex�� \u�
a\Zlv�bo�i_j_hjb_glZpbx��<�j_amevlZl_�^_ckl\by�wlbo�ijhp_kkh\�h[_ki_�
qb\Z_lky�j_eZdkZpby�—�i_j_oh^�kibgh\hc�kbkl_fu�d�jZ\gh\_kghfm�kh�
klhygbx��Kdhjhklv�j_eZdkZpbb�hij_^_ey_lky�dhgdj_lgufb�kljmdlmjgu�
fb�hkh[_gghklyfb�hdjm`_gby�y^jZ�b�bgl_gkb\ghklvx�_]h�^\b`_gby��dh�
lhjh_� aZ\bkbl�hl�l_fi_jZlmju�T��L_fi_jZlmjZ�y\ey_lky�\Z`g_crbf�iZ�
jZf_ljhf�� hij_^_eyxsbf� khklhygb_� kibgh\hc� kbkl_fu��ihkdhevdm� \g_�
y\ghc�aZ\bkbfhklb�hl�kljmdlmju�hdjm`_gby�hij_^_ey_l�klZlbklbq_kdh_�
jZkij_^_e_gb_�hjb_glZpbc�kibgh\�hlghkbl_evgh�ihey�B0�b��\�dhg_qghf�
blh]_��fZdjhkdhibq_kdh_�agZq_gb_�jZ\gh\_kghc�gZfZ]gbq_gghklb�� 

Wlh�k\yaZgh�k�l_f��qlh�ijb�h[uqguo�mkeh\byo�hkgh\ghc�ijbqbghc�i_�
j_f_s_gbc�Zlhfh\�b�fhe_dme��\dexqZy�dhe_[Zl_evgu_�^\b`_gby��y\ey_lky�
l_ieh\h_� ^\b`_gb_�� oZjZdl_jbam_fh_� l_fi_jZlmjhc�� L_ieh\h_� ^\b`_gb_�
ihklhyggh� jZajmrZ_l� mihjy^hq_ggh_� �wg_j]_lbq_kdb� \u]h^gh_�� jZkiheh�
`_gb_�fZ]gblguo�fhf_glh\�kibgh\�\^hev�gZijZ\e_gby�ihey�B0��>ey�hib�
kZgby� klZlbklbq_kdh]h� jZkij_^_e_gby� hjb_glZpbc� kibgh\� g_h[oh^bfh�
mq_klv� lj_[h\Zgby� l_jfh^bgZfbq_kdbo� aZdhgh\��Kh]eZkgh� wlbf� aZdhgZf��
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q_f� gb`_� wg_j]_lbq_kdbc� mjh\_gv�� l_f� \ur_� \_jhylghklv� gZoh`^_gby�
kibgZ�gZ�^Zgghf� mjh\g_��Ijb� dhfgZlguo� l_fi_jZlmjZo� �kT >> h�B0�� wlZ�
\_jhylghklv� hij_^_ey_lky� jZkij_^_e_gb_f� ;hevpfZgZ�� l�_�� ijhihjpbh�
gZevgZ�exp(– kT/h�B0���<�j_amevlZl_�\hagbdZ_l�jZagbpZ�f_`^m�dhebq_kl\hf�
y^_jguo� fZ]gblguo� fhf_glh\� hjb_glbjh\Zgguo� iZjZee_evgh� b� ZglbiZ�
jZee_evgh�ijbeh`_gghfm�ihex�B0��qlh�kha^Z_l�hlebqguc�hl�gmey�kmffZj�
guc�fZ]gblguc�fhf_gl��b�\�jZ\gh\_kghf�khklhygbb�\hagbdZ_l�fZdjhkdh�
ibq_kdZy��y^_jgZy���gZfZ]gbq_gghklv��M 0 = N�2 I(I + 1)(1 – 1)2 B0 /3kT���]^_�
N —�dhebq_kl\h�j_ahgbjmxsbo�y^_j�\�h[t_f_�h[jZapZ� 

 

�������Fh^_ev�;ehoZ��<j_f_gZ�j_eZdkZpbb��Ihgylb_�h�\jZsZxs_c�
ky�kbkl_f_�dhhj^bgZl 

>ey�hibkZgby�fZdjhkdhibq_kdhc�y^_jghc�gZfZ]gbq_gghklb�qZklh�bk�
ihevam_lky�\_dlhjgZy�fh^_ev�;ehoZ��Kh]eZkgh�wlhc�fh^_eb�^\b`_gb_�\_d�
lhjZ�fZ]gblgh]h�fhf_glZ�M = {Mx, My, Mz̀ �aZ^Z_lky�\g_rgbf�ihe_f�B�b�
j_Zdpb_c�hdjm`_gby�R:  

 
dM/dt = � [MxB ] – R (M – M 0) , 

 
]^_�R —�fZljbpZ�>�x�@��bf_xsZy�hlebqgu_�hl�gmey�lhevdh�^bZ]hgZevgu_�
we_f_glu�— 1/T2, 1/T2, 1/T1. 

Ohly�fh^_ev� ;ehoZ� g_� mqblu\Z_l� \k_� lhgdhklb�YFJ-ki_dljhkdhibb��
hgZ�iha\hey_l�gZ]ey^g__�ij_^klZ\blv�ih\_^_gb_�y^_jgh]h�kibgZ�\�klZpbh�
gZjghf�khklhygbb��i_j_oh^gu_�ijhp_kku��\hagbdZxsb_�ijb�\ha^_ckl\bb�
JQ�ihey��j_eZdkZpbhggu_�ijhp_kku�� 

<�qZklghklb��^ey�jZkkfhlj_gby�wnn_dlh\��k\yaZgguo�k�\ha^_ckl\b_f�
JQ�ihey�B1��hkpbeebjmxs_]h�k�qZklhlhc�&�b�gZijZ\e_ggh]h�i_ji_g^bdm�

eyjgh�ihex�B0��m^h[gh�k�ihfhsvx�ij_h[jZah\Zgbc�MT = (Mx + iMy)
i te− ω , 

ML = Mz��]^_�i —�fgbfZy�_^bgbpZ��i_j_clb�\�kbkl_fm�dhhj^bgZl��dhlhjZy�
\jZsZ_lky�\hdjm]�hkb�z�k�wlhc�`_�qZklhlhc��<�wlhc�\jZsZxs_cky�kbkl_f_�
dhhj^bgZl�mjZ\g_gby�;ehoZ�ijbh[j_lZxl�ijhklhc�\b^ 

 
dMT /dt  = – (i û + 1/T2) MT + i ML 
1, 

 
dML /dt = – Im(MT) 
1 – (ML – M0)/T1, 

 
]^_ û = &0 – &, 
1 = � B1. 

Ba�wlbo�mjZ\g_gbc��\�qZklghklb��ke_^m_l��qlh�_keb�\_dlhj�gZfZ]gbq_g�
ghklb�i_j\hgZqZevgh�gZijZ\e_g�\^hev�hkb�z��lh�ih^�\ha^_ckl\b_f�JQ-ihey�
hg� [m^_l� hldehgylvky� d� ihi_j_qghc� iehkdhklb� k� m]eh\hc� kdhjhklvx�
1. 
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Ijb�hldehg_gbb�hl�lhqgh]h�j_ahgZgkZ�dhg_p�\_dlhjZ�[m^_l�^hihegbl_evgh�
\jZsZlvky�\hdjm]�hkb�z�k�m]eh\hc�kdhjhklvx�û��J_eZdkZpbhggu_�ijhp_kku��
oZjZdl_jbam_fu_�dhgklZglZfb�T��b�T���gZijZ\e_gu�gZ�\ha\jZs_gb_�\_d�
lhjZ�gZfZ]gbq_gghklb�\�bkoh^gh_�jZ\gh\_kgh_�khklhygb_��DhgklZglu�T��b�
T��hij_^_eyxl�\j_f_gZ�\hkklZgh\e_gby�ijh^hevghc�ML b�ihi_j_qghc�MT 
gZfZ]gbq_gghkl_c��khhl\_lkl\_ggh�� 

 

�������J_]bkljZpby�kb]gZeZ�YFJ 

:gZebabjmy�ijhp_kk�\�eZ[hjZlhjghc�kbkl_f_�dhhj^bgZl��fh`gh�hlf_�
lblv�� qlh� ihi_j_qgZy� gZfZ]gbq_gghklv� kha^Z_l� hkpbeebjmxsbc� fZ]gbl�
guc�ihlhd��kihkh[guc�gZ\_klb�w�^�k��\�ijh\hehqghc�dZlmrd_��Wlh�k\hckl\h�
bkihevam_lky� \� ki_dljhf_ljZo�YFJ�� ]^_� dZlmrdZ�� ki_pbZevguf� h[jZahf�
hjb_glbjh\ZggZy�b�gZkljh_ggZy�k�ihfhsvx�jZ^bhl_ogbq_kdbo�kj_^kl\�gZ�
eZjfhjh\m�qZklhlm��bkihevam_lky�dZd�^Zlqbd�kb]gZeh\�YFJ��?keb�hkv�ijb�
_fghc�dZlmrdb�hjb_glbjh\ZgZ�i_ji_g^bdmeyjgh�hkb�z��lh�fZdkbfZevguc�
kb]gZe�\�lZdhc�dZlmrd_�\hagbd�Z_l�ijb�ih\hjhl_�\_dlhjZ�gZfZ]gbq_gghklb�
hlghkbl_evgh�hkb�z�gZ������LZdhc�ih\hjhl�fh`gh�j_Zebah\Zlv�JQ�bfimev�
khf�ijyfhm]hevghc�nhjfu�k�^ebl_evghklvx�jZ\ghc� t = (�/2)/(�B1���LZdhc�
\u\h^� kijZ\_^eb\�� _keb� gZ� \j_fy� ^_ckl\by� JQ-bfimevkZ�fh`gh� ij_g_[�
j_qv�j_eZdkZpbhggufb�ijhp_kkZfb��l�_��t << T2.  

 

�������G_h^ghjh^gh_�mrbj_gb_�ebgbc�ki_dljZ�YFJ 

Ihke_�^_ckl\by�JQ-bfimevkZ�\�dZlmrd_�ijb_fgbdZ�gZ\h^ylky�kb]gZ�
eu�hl�kibgh\�k�jZagufb�obfbq_kdbfb�k^\b]Zfb��Hgb�ij_^klZ\eyxl�kh�
[hc�]Zjfhgbq_kdb_�kb]gZeu�k�jZagufb�qZklhlZfb��Zfieblm^Zfb�b�aZlm�
oZxsb_� k� jZagufb� kdhjhklyfb�—� \� aZ\bkbfhklb� hl�T���Ihwlhfm� kmf�
fZjguc� kb]gZe� ij_^klZ\ey_l� keh`gmx� \j_f_ggmx�nmgdpbx��Gh� ihke_�
hpbnjh\db� kb]gZeZ� b� _]h� ihke_^mxs_c� Nmjv_-h[jZ[hldb� ihemqZ_lky�
dZjlbgZ�ki_dljZ�YFJ��]^_�jZkij_^_e_gb_�qZklhl�hljZ`Z_l�kljmdlmjm�\_�
s_kl\Z��jZkij_^_e_gb_�Zfieblm^�—�hlghkbl_evguc�\deZ^�dZ`^h]h�dhf�
ihg_glZ��Z�rbjbgZ�ebgbb�—�j_eZdkZpbhggu_�oZjZdl_jbklbdb�kj_^u� 

DZd�ihdZaZeZ�ijZdlbdZ��g_kfhljy�gZ�l_ogbq_kdb_�mkh\_jr_gkl\h\Zgby��
\� ahg_� qm\kl\bl_evghklb� ijb_fghc� dZlmrdb� g_\hafh`gh� ^hklbqv� Z[kh�
exlgh�h^ghjh^gh]h�iheyjbamxs_]h�ihey��<�j_amevlZl_�^Zlqbd�YFJ�j_]b�
kljbjm_l� kmffZjguc� kb]gZe� hl� kibgh\�� m� dhlhjuo� eZjfhjh\u� qZklhlu�
bf_xl�g_h^ghjh^gh_�ijhkljZgkl\_ggh_�jZkij_^_e_gb_��<ke_^kl\b_�wlh]h�
j_]bkljbjm_fu_� ki_dljZevgu_� ebgbb� YFJ� hdZau\Zxlky� mrbj_ggufb��
>hihegbl_evgh_��g_h^ghjh^gh_�mrbj_gb_�ebgbc�\hagbdZ_l�ba-aZ�l_fi_jZ�
lmjgh]h�^j_cnZ��ihkdhevdm�obfbq_kdbc�k^\b]�aZ\bkbl�hl�l_fi_jZlmju��Ba-
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aZ�g_h^ghjh^gh]h�mrbj_gby mkdhjy_lky�kiZ^�j_]bkljbjm_fhc�kmffZjghc�
\_ebqbgu� ihi_j_qghc� gZfZ]gbq_gghklb�� ihkdhevdm� _]h� khklZ\eyxsb_��
jZkiheh`_ggu_�\�jZaguo�qZklyo�h[t_fZ�h[jZapZ�� kh\_jrZxl�^\b`_gb_�k�
jZagufb�m]eh\ufb� kdhjhklyfb��Ijb�jZkkfhlj_gbb�j_eZdkZpbhgguo�ijh�
p_kkh\�\�g_h^ghjh^ghf�fZ]gblghf�ihe_�qZklh�\f_klh�T��bkihevamxl�iZ�
jZf_lj� T2* —� wnn_dlb\gh_� \j_fy� ihi_j_qghc� j_eZdkZpbb�� ]^_� ��T2* = 
1/T2 + 1/T2int��ijbq_f�ihke_^gbc�qe_g�kmffu�hljZ`Z_l�nZdlhju��\ebyx�
sb_�gZ�g_h^ghjh^gh_�mrbj_gb_�ebgbc�YFJ�  
 

�������I_jki_dlb\gu_�gZijZ\e_gby�jZa\blby�ki_dljhkdhibb�YFJ 

Baf_j_gb_� obfbq_kdbo� k^\b]h\� b� dhgklZgl� kibg-kibgh\h]h� \aZbfh�
^_ckl\by�m^h[gh�ijhba\h^blv�gZ�ki_dljhf_ljZo�YFJ�\ukhdh]h�jZaj_r_�
gby��<�gZklhys__�\j_fy�jZajZ[hlZgh�[hevrh_�dhebq_kl\h�bfimevkguo�f_�
lh^bd��iha\heyxsbo�ihemqZlv�g_�lhevdh�h[uqgu_�ki_dlju�YFJ��gh�b�jZa�
ebqgh]h�jh^Z�©hlj_^Zdlbjh\Zggu_ª�ki_dlju��\�dhlhjuo�ih^Z\e_gu�kb]gZ�
eu��aZljm^gyxsb_�jZkrbnjh\dm�keh`gh]h�ki_dljZ�>��@� 

Ki_dljhkdhiby�YFJ�\�gZklhys__�\j_fy�y\ey_lky�jZa\bluf�f_lh^hf�— 
[eZ]h^Zjy�ijbf_g_gbx�fZ]gblh\�k�\ukhdbfb�iheyfb�—����Le�b�\ur_��bk�
ke_^h\Zgby�ijh\h^ylky�ijZdlbq_kdb�gZ�\k_o�fZ]gblguo�y^jZo��bkke_^mxl�
ky�kZfu_�keh`gu_�fhe_dmeu��\dexqZy�fZdjhfhe_dmeu��<�ihke_^g__�\j_fy�
h[km`^Zxlky�i_jki_dlb\u�jZajZ[hldb�bfimevkguo�f_lh^bd�^ey�kha^Zgby�
d\Zglh\uo�dhfivxl_jh\�gZ�hkgh\_�YFJ�>������@�� 

 
 

�����Ihgylb_�h�lhfh]jZnbq_kdhf�bkke_^h\Zgbb 
 

�������Dhhj^bgZlgh-qZklhlgh_�dh^bjh\Zgb_�kb]gZeh\�YFJ 

J_eZdkZpbhggu_� iZjZf_lju� lZd`_� fh`gh� baf_jylv� gZ� ki_dljhf_lj_�
YFJ��h^gZdh�^ey�ihemq_gby�dZjlbgu�ijhkljZgkl\_ggh]h�jZkij_^_e_gby�j_�
eZdkZpbhgguo� iZjZf_ljh\� lj_[m_lky� ki_pbZebabjh\Zgguc� ki_dljhf_lj�— 
FJ-lhfh]jZn��Hg�hlebqZ_lky�m\_ebq_gguf�jZ[hqbf�aZahjhf�^ey�jZaf_s_�
gby�ijhly`_ggh]h�h[t_dlZ�b�gZebqb_f�hkh[uo�lhdh\uo�dZlmr_d��kihkh[�
guo� kha^Zlv� ^hihegbl_evgh_�� g_h^ghjh^gh_� fZ]gblgh_� ihe_� �jbk�� ���� <�
wlhf�kemqZ_�ijb�fZ]gblgh-j_ahgZgkghf��FJ��kdZgbjh\Zgbb�dZ`^hfm�we_�
f_glm�h[t_fZ�—�\hdk_em��fh`gh�ijbk\hblv�k\hx�eZjfhjh\m�qZklhlm�b�ih�
ihemq_gghfm�ki_dljm�YFJ�ijhba\_klb�hlg_k_gb_�qZklhl�k�dhhj^bgZlZfb�
dZ`^h]h�we_f_glZ�h[t_fZ� 
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Jbk�� ��� FZ]gblgh-j_ahgZgkgh_� h[hjm^h\Zgb_� PFLK� F=M�� Ke_\Z� —� YFJ-
ki_dljhf_lj�\ukhdh]h�jZaj_r_gby�$9$1&(������B0  ������Le������F=p�^ey�1G��— 
^bZf_lj� �l_ieh]h� �hl\_jklby� �����kf�� �KijZ\Z�—�FJ-lhfh]jZn�Tomikon S50  B0 = 
0.5 Le� ����F=p�^ey� 1G�� k�^bZf_ljhf�jZ[hq_]h�hl\_jklby� ��� kf��FZ]gblgh_�ihe_�
kha^Z_lky�lhdZfb��ijhl_dZxsbfb�ih�k\_joijh\h^ysbf�dZlmrdZf��<ky�ZiiZjZlmjZ�
ijhba\h^kl\Z�nbjfu�©;jmd_jª��NJ=� 

 

<_ebqbgZ�]jZ^b_glZ�G��ijb�dhlhjhf�kqblu\Z_lky�kb]gZe�YFJ��^he`gZ�
[ulv�^hklZlhqghc��qlh[u�baf_g_gb_�ihey�\�ij_^_eZo�\hdk_eZ�[ueh�[hevr_�
^bZiZahgZ� obfbq_kdbo� k^\b]h\��GZijbf_j�� ^ey� ihey� ���� Le�� ]^_� ^bZiZahg�
obfbq_kdbo�k^\b]h\�û ~ 102 =p��^ey�ZgZebaZ�\hdk_eh\�jZaf_jZfb�r� ���ff�g_�
h[oh^bfh� ijbf_gblv�G > 2�û/�r ~� ���fLe�M��<� ihklZ\e_gghc� ^ey�PFLK�
F=M�fh^_eb�GfZdk ����fLe�f��Bgl_gkb\ghklv�dZ`^hc�ebgbb�\�ki_dlj_�YFJ�
ijb�^Zgghf�kihkh[_�j_]bkljZpbb�kb]gZeh\ YFJ�ijhihjpbhgZevgZ�dhebq_�
kl\m j_ahgbjmxsbo�y^_jguo�kibgh\�\�ij_^_eZo�khhl\_lkl\mxs_]h�\hdk_eZ�� 
 
 

1.�����Ijbgpbiu�ihkljh_gby�bfimevkguo�ihke_^h\Zl_evghkl_c�
^ey�FJL�kdZgbjh\Zgby 

Bgl_gkb\ghklv�j_]bkljbjm_fuo�kb]gZeh\�\�FJL�aZ\bkbl�g_�lhevdh�hl�
dhgp_gljZpbb�j_ahgbjmxsbo�y^_j��gh�lZd`_�hl�j_eZdkZpbhgguo�oZjZdl_�
jbklbd�kj_^u��<j_f_gZ�j_eZdkZpbb�T��b�T���^ey�bkke_^m_fuo�`b\uo�ldZ�
g_c�hgb�e_`Zl�\�^bZiZahg_����–����k��fh`gh�\uy\blv�ih^[hjhf�aZ^_j`_d�\�
kdZgbjmxs_c�bfimevkghc�ihke_^h\Zl_evghklb��D�lZdbf�aZ^_j`dZf�hlgh�
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kylky�� \j_fy� ih\lhj_gby� pbdeZ� kdZgbjh\Zgby� TR (Time of Repetition�� b�
\j_fy�aZ^_j`db�f_`^m�\ha[m`^Zxsbf�JQ�bfimevkhf�b�gZqZehf�kqblu\Z�
gby�kb]gZeZ�— TE��Ijb�fZehc�\_ebqbg_�TR (TR < T���kibgh\Zy�kbkl_fZ�
ijboh^bl�\�gZkus_ggh_�khklhygb_�—�hgZ�g_�mki_\Z_l�iheghklvx�\hkklZ�
gh\blv�jZ\gh\_kgh_� agZq_gb_�ijh^hevghc�gZfZ]gbq_gghklb��qlh�kgb`Z_l�
ihl_gpbZevgu_�\hafh`ghklb�^ey�nhjfbjh\Zgby�fZdkbfZevgh]h�agZq_gby�
ihi_j_qghc� gZfZ]gbq_gghklb��<� j_amevlZl_�� q_f� [hevr_� T��� l_f� keZ[__�
FJL-kb]gZe�ijb�aZ^Zgghf�TR��<�k\hx�hq_j_^v��ijb�[hevrhc�\_ebqbg_�TE 
kbevg__�aZlmoZ_l�kb]gZe�hl�kibgh\�k�dhjhldbf�T��ba-aZ�jZknZabjh\db�ih�
i_j_qghc�gZfZ]gbq_gghklb��dhlhjZy�g_ihkj_^kl\_ggh�hij_^_ey_l�kb]gZe�\�
ijb_fghc� dZlmrd_�� :gZebabjmy� baf_g_gby� \� bgl_gkb\ghklb� kb]gZeh\�
YFJ�ijb�\Zjvbjh\Zgbb�TR�b�TE�\�kdZgbjmxs_c�bfimevkghc�ihke_^h\Z�
l_evghklb�fh`gh�ihemqblv�g_h[oh^bfmx�bgnhjfZpbx�h�T��b�T2. 
 

1.2.3. Ihgylb_�h�kibgh\hf�b�]jZ^b_glghf�woh 

Kqblu\Zgb_�kb]gZeZ�\�FJL�bf__l�hij_^_e_ggu_�hkh[_gghklb��k\yaZg�
gu_�k�l_f��qlh�hgh�ijhbkoh^bl�\�]jZ^b_glghf�ihe_��mkdhjyxs_f�jZknZab�
jh\dm�kibgh\h]h�iZd_lZ��<�hlebqb_�hl�h[uqghc�YFJ-ki_dljhkdhibb��]^_�
qZs_� \k_]h�bf_xl�^_eh� kh� kiZ^Zxsbf� kb]gZehf� k\h[h^ghc�bg^mdpbb��\�
FJL�ijbf_gyxl�woh-f_lh^bdb��iha\heyxsb_�kqblu\Zlv�kb]gZe�YFJ�q_�
j_a� g_dhlhjuc� bgl_j\Ze� \j_f_gb� TE� ihke_� ^_ckl\by� JQ� bfimevkZ�� Wlh�
^hklb]Z_lky�k�ihfhsvx�f_lh^h\�kibgh\hc�j_nhdmkbjh\db�—�h[jZs_gby�
^\b`_gby�kibgh\�\�ihi_j_qghc�iehkdhklb��qlh�iha\hey_l�j_]bkljbjh\Zlv�
ijhp_kk� \hkklZgh\e_gby� kb]gZeZ�YFJ��Ijb�bkihevah\Zgbb� kibgh\hc� j_�
nhdmkbjh\db�kqblu\Zgb_�kb]gZeZ�fh`gh�gZqZlv�g_� lhevdh�gZ�klZ^bb�_]h�
aZlmoZgby�� gh� b� gZ� klZ^bb� \hkklZgh\e_gby�� qlh� ih\urZ_l� bgnhjfZlb\�
ghklv�bkke_^h\Zgby�aZ�kq_l�ih\ur_gby�hlghr_gby�kb]gZe�rmf��>ey�j_nh�
dmkbjh\db�kibgh\�ijbf_gyxlky�^\Z�lbiZ�bfimevkguo�f_lh^bd�—�f_lh^b�
dZ�]jZ^b_glgh]h�woZ��GE��b�kibgh\h]h�woZ��SE���Wlb�f_lh^bdb�hlebqZxlky�
kihkh[hf�h[jZs_gby�^\b`_gby�kibgh\�\�ihi_j_qghc�iehkdhklb�ihke_�gZ�
qZevgh]h� JQ� \ha[m`^_gby�—� ^ey�GE� bkihevam_lky� iZjZ� jZaghiheyjguo�
]jZ^b_glguo�bfimevkh\��ijbdeZ^u\Z_fuo�ih�hkb�qZklhlgh]h�dh^bjh\Zgby��
Z�^ey�SE — 180°-JQ-bfimevk��Hlf_lbf��qlh�\�f_lh^bd_�GE�mjh\_gv�\hk�
klZgh\e_ggh]h� kb]gZeZ� hij_^_ey_lky� \_ebqbghc� exp(– t/T�
��� \� lh� \j_fy�
dZd� ^ey�SE� hg� \ur_� aZ� kq_l� h[jZs_gby� ^\b`_gby� dhfihg_gl��bf_xsbo�
jZagu_�eZjfhjh\u�qZklhlu��b�hij_^_ey_lky�\_ebqbghc�exp(– t/T2). 

Hlf_lbf��qlh�i_j_ghk�gZqZeZ� kqblu\Zgby�hl�hdhgqZgby�^_ckl\by�JQ�
bfimevkZ� iha\hey_l� kgbablv� \ebygb_� iZjZablguo� kb]gZeh\�� h[mkeh\e_g�
guo� ijhkZqb\Zgb_f� fhsgh]h� kb]gZeZ� i_j_^ZlqbdZ� g_ihkj_^kl\_ggh� gZ�
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\oh^�ijb_fghc�dZlmrdb��Wlhl�wnn_dl�bgh]^Z�ijboh^blky�mqblu\Zlv��_keb�
kdhjhklv�aZlmoZgby�©a\hgZª�hl�bfimevkZ�i_j_^ZlqbdZ�\�ijb_fghf�dhglmj_�
g_^hklZlhqgZ� 
 

�������:e]hjblf�kdZgbjh\Zgby�b�ihkljh_gby�FJ-bah[jZ`_gbc 

;eZ]h^Zjy� ijbf_gy_fuf� kh\j_f_gguf� Ze]hjblfZf� FJL-kdZgbjh-
\Zgby� b� dhfivxl_jghc� h[jZ[hldb� ihemqZ_fu_� ^Zggu_� ij_h[jZamxlky� \�
FJL-bah[jZ`_gb_�—�^\mf_jgmx�dZjlbgm��hlh[jZ`Zxsmx�jZkij_^_e_gb_�
iehlghklb� j_ahgbjmxsbo� y^_j� b� j_eZdkZpbhgguo� oZjZdl_jbklbd� ih� aZ�
^Zgghc�ahg_�kdZgbjh\Zgby��Bkoh^guf�fZl_jbZehf�^ey�dhfivxl_jghc�h[�
jZ[hldb�y\eyxlky�gZ[hju�kb]gZeh\�YFJ��j_]bkljbjm_fu_�\�ijbkmlkl\bb�
qZklhlgh-dh^bjmxs_]h�]jZ^b_glgh]h�bfimevkZ��GZ�jbk���A� �jZa^_e��������
ij_^klZ\e_g�lZdhc�gZ[hj�—�k_jby�kb]gZeh\�kibgh\h]h�woZ��jZaf_s_gguo�
iZjZee_evgh�hkb�F���Ij_^klZ\e_gZ�lZd`_�aZibkv�h^gh]h�ba�kb]gZeh\��Ih�
iheg_gb_�gZ[hjZ� �aZiheg_gb_�K-ijhkljZgkl\Z��hkms_kl\ey_lky�\�khhl\_l�
kl\bb�k�Ze]hjblfhf��ij_^mkfZljb\Zxsbf�nZah\h_�dh^bjh\Zgb_�kb]gZeh\�
aZ� kq_l� bkihevah\Zgby� nZah-dh^bjmxs_]h� ]jZ^b_glgh]h� bfimevkZ�� ijb�
deZ^u\Z_fh]h� ihke_� ^_ckl\by� \ha[m`^Zxs_]h� JQ� bfimevkZ�� NZah-
dh^bjmxsbc�bfimevk��Zfieblm^Z�dhlhjh]h�f_gy_lky�\�khhl\_lkl\bb�k�aZ�
^Zgguf� Ze]hjblfhf�� bf__l� gZijZ\e_gb_� i_ji_g^bdmeyjgh_� qZklhlgh-
dh^bjmxs_fm�� Wlh� iha\hey_l� aZ^Zlv� hjb_glZpbx� iehkdhklb� FJL-
kdZgbjh\Zgby� b�� \� dhg_qghf� blh]_�� ihemqblv� fZljbpm� ^Zgguo�� m� dhlhjhc�
jZkiheh`_gb_�we_f_glh\�\^hev�kljhd�khhl\_lkl\m_l�jZkiheh`_gbx�hpbnjh�
\Zgguo�agZq_gbc�kqblu\Z_fuo�kb]gZeh\�YFJ��Z�aZiheg_gb_�klhe[ph\�hkm�
s_kl\ey_lky�ih�f_j_�baf_g_gby�\_ebqbgu�nZah-dh^bjmxs_]h�]jZ^b_glZ�  

Kibgu�\�h[eZklb�FOVx��jZkiheh`_ggu_�\^hev�X —�gZijZ\e_gby�qZklhl�
gh]h� dh^bjh\Zgby�� kihkh[gu� ]_g_jbjh\Zlv� kb]gZeu�� bf_xsb_� qZklhlguc�
ki_dlj�rbjbghc�BW = �GxFOVx��]^_�Gx —  \_ebqbgZ�qZklhlgh-dh^bjmxs_]h�
]jZ^b_glZ��AZ^Z\�ihehkm�ijhimkdZgby�ijb_fgbdZ� �  BW�b�kdhjhklv�hpbn�
jh\db�ZgZeh]h\h]h�kb]gZeZ��BW��fh`gh�h[_ki_qblv�g_bkdZ`_ggh_�\hkijh�
ba\_^_gb_�kb]gZeh\�\gmljb�b�ih^Z\blv�kb]gZeu�\g_�kdZgbjm_fhc�ahgu��Hl�
f_lbf��qlh�q_f�f_gvr_�lj_[m_fuc�FOVx��l_f�[hevr_�fh`gh�kmablv�ihehkm�
ijhimkdZgby�ijb_fgbdZ�b��aZ�kq_l�wlh]h��kgbablv�mjh\_gv�rmfZ�\�ijb_fghf�
ljZdl_��QZklhlghfm�jZaj_r_gbx�BW/Nx��]^_�Nx —�qbkeh�hpbnjh\u\Z_fuo�
agZq_gbc�kqblu\Z_fh]h�kb]gZeZ��[m^_l�khhl\_lkl\h\Zlv�ijhkljZgkl\_ggh_�
jZaj_r_gb_� FOVx/Nx = BW/Nx�Gx�� <_ebqbgZ� Nx� \u[bjZ_lky� ba� dhfijh�
fbkkguo� khh[jZ`_gbc�� l�d�� k� jhklhf�Nx g_� lhevdh� ih\urZ_lky� dZq_kl\h�
ki_dljZ��gh�b�m\_ebqb\Z_lky�\j_fy�kqblu\Zgby�kb]gZeZ� 
 
 



=eZ\Z�� 
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�������Hkh[_gghklb�j_ZebaZpbb�nZah\h]h�dh^bjh\Zgby�\�FJL 

NZah\h_�dh^bjh\Zgb_�kb]gZeh\�\�gZijZ\e_gbb�Y�^hklb]Z_lky�\Zjvbjh�
\Zgb_f�Zfieblm^u�nZah-dh^bjmxs_]h�]jZ^b_glZ�hl�– Gy�^h���Gy��qlh�\�dh�
g_qghf�blh]_�h[_ki_qb\Z_l�ijhkljZgkl\_ggmx�jZaj_rZxsmx�kihkh[ghklv�
\� wlhf� gZijZ\e_gbb� jZ\gmx� ��Gy2y)

–1�� ]^_� 2y —� ^ebl_evghklv� nZah-
dh^bjmxs_]h�]jZ^b_glgh]h�bfimevkZ��Hl�dhebq_kl\Z�rZ]h\�\�pbde_�nZah�
\h]h�dh^bjh\Zgby�Ny�aZ\bkbl�jZaf_j�kdZgbjm_fhc�ahgu��^ebl_evghklv�kdZ�
gbjh\Zgby�b�hlghr_gb_�kb]gZe�rmf��dhlhjuc�ijhihjpbhgZe_g��Ny)

1/2. 
Ijb� \u[hj_� gZijZ\e_gby� nZah\h]h� dh^bjh\Zgby� ke_^m_l� mqblu\Zlv�

ihl_gpbZevgu_� \hafh`ghklb� ^ey� Zjl_nZdlh\�� k\yaZgguo� k� ©aZ\hjhlZfbª�
FJ-bah[jZ`_gbc��LZdZy�kblmZpby�\hagbdZ_l��_keb�jZaf_j�h[t_dlZ��kh^_j�
`Zs_]h�j_ahgbjmxsb_�kibgu��ij_\urZ_l�jZaf_j�kdZgbjm_fhc�h[eZklb�\�
gZijZ\e_gbb�nZah\h]h�dh^bjh\Zgby��Wlh�k\yaZgh�k�l_f��qlh�nZaZ�ij_p_kkbb�
kibgh\�\� ahg_�k�dhhj^bgZlhc�Y�hlebqZ_lky�hl�nZau�ij_p_kkbb�\� ahgZo�k�
dhhj^bgZlZfb�Y ± FOVy  gZ�±�������qlh�g_�iha\hey_l�hlnbevljh\Zlv�kb]gZ�
eu�aZ�ij_^_eZfb�FOVx.�Ijh[e_fm�fh`gh�j_rblv�ijh]jZffgufb�kj_^kl\Z�
fb�—�m\_ebq_gb_f�jZaf_jZ�FOVy�beb�ijhkljZgkl\_ggh�k_e_dlb\guf�JQ-
ih^Z\e_gb_f�g_`_eZl_evghc�^ey� \bamZebaZpbb� ahgu��Gh� \hafh`gh�b�bk�
ihevah\Zgb_� ijb_fghc� dZlmrdb� k� g_h^ghjh^guf� jZkij_^_e_gb_f� qm\kl�
\bl_evghklb��GZijbf_j��ih\_joghklghc�dZlmrdb��m�dhlhjhc�qm\kl\bl_ev�
ghklv�[ukljh�mf_gvrZ_lky�ijb�m^Ze_gbb�hl�__�iehkdhklb� 

LZdmx�dZlmrdm�\u]h^gh�bkihevah\Zlv�^ey�bkke_^h\Zgby�iha\hghqgb�
dZ��dhlhjuc�[ebadh�ijbe_]Z_l�d�__�ih\_joghklb��Ijb�wlhf�g_`_eZl_evguc�
^ey�j_]bkljZpbb�kb]gZe�hl�ldZg_c�[jxrghc�ihehklb�ih^Z\ey_lky��GZ�jbk��
��ihdZaZgh�ijbf_g_gb_�ijb_fguo�dZlmr_d�k�h^ghjh^guf��A, B, C, D, H��b�
g_h^ghjh^guf��E, F, G��jZkij_^_e_gb_f�qm\kl\bl_evghklb�ijb�bkke_^h\Z�
gbb�iha\hghqgbdZ��Lbibqgu_�]jZnbdb�aZ\bkbfhklb�kb]gZeZ�\^hev�h^gh]h�
b�lh]h�`_�gZijZ\e_gby�ij_^klZ\e_gu�gZ�njZ]f_glZo�B�b�F��Ijb� aZ^Zgbb�
[hevrhc�ahgu�kdZgbjh\Zgby��dZd�gZ�njZ]f_glZo�A�b�F��Zjl_nZdlu�hlkmlkl�
\mxl��Km`_gb_�ahgu�kdZgbjh\Zgby�\^hev�gZijZ\e_gby�nZah\h]h�dh^bjh\Z�
gby�ijb\h^bl�d�lhfm��qlh�bah[jZ`_gb_�hl�[jxrghc�ihehklb�©aZ\hjZqb\Z�
_lkyª�d�iha\hghqgbdm�—�qlh�hkh[_ggh�aZf_lgh�^ey�dZlmrdb�k�h^ghjh^guf�
jZkij_^_e_gb_f� qm\kl\bl_evghklb� �jbk�� �C���IjhkljZgkl\_ggh_� gZkus_�
gb_� ©aZ\hjZqb\Z_fhcª� ahgu� �kf�� lZd`_�jZa^_e� �����iha\hey_l� ©hqbklblvª�
bah[jZ`_gb_�hl�Zjl_nZdlZ��jbk���D�b�H���Ijhs_�\k_]h�ba[Z\blvky�hl�^Zg�
gh]h�Zjl_nZdlZ��_keb�bkihevah\Zlv�ijb_fgmx�dZlmrdm��m�dhlhjhc�qm\kl\b�
l_evghklv�j_adh�iZ^Z_l�ijb�m^Ze_gbb�hl�ih\_joghklb��jbk����G).  
 

FZ]gblgh-j_ahgZgkgZy�lhfh]jZnby dZd�nbabq_kdbc�f_lh^�bkke_^h\Zgby   
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Jbk�����Ijbf_g_gb_�ijb_fguo�dZlmr_d�k�h^ghjh^guf��A, B, C, D, H��b�g_h^ghjh^�
guf��E, F, G��jZkij_^_e_gb_f�qm\kl\bl_evghklb�ijb�bkke_^h\Zgbb�iha\hghqgbdZ��
B�b�F —��]jZnbdb�baf_g_gby�FJ-kb]gZeZ�\�gZijZ\e_gbb�hl�`b\hlZ�d�kibg_ 
 
 

>hihegbl_evgu_�\hafh`ghklb�ih^Z\e_gby�Zjl_nZdlh\�\�gZijZ\e_gbb�
nZah\h]h� dh^bjh\Zgby� kha^Zxlky� ijb� bkihevah\Zgbb� fgh]hdZlmr_qguo�
ko_f� j_]bkljZpbb� kb]gZeh\� YFJ� �Winkler M.L., Fritz J.V. http://www.rt-
image.com/0922multidetectormri). 

 

 

�������Kihkh[u�hlh[jZ`_gby�^Zgguo�FJL 

Ihkljh_gb_�FJ-bah[jZ`_gbc�ijhba\h^blky�k�ihfhsvx�^\hcgh]h�Nm�
jv_-ij_h[jZah\Zgby�fZljbpu�K-ijhkljZgkl\Z�� J_amevlZl� lZdh]h� ij_h[jZ�
ah\Zgby� fh`gh� ij_^klZ\blv� eb[h� \� \b^_� j_ev_nZ�� hlh[jZ`Zxs_]h� ijh�
kljZgkl\_ggh_�jZkij_^_e_gb_�bgl_gkb\ghklb�kb]gZeZ�YFJ�—�jbk���B��eb�
[h�gZ[hjZ�djhkk-ibdh\�—�j_ev_nguo�k_q_gbc��gZihfbgZxsbo�]_h^_abq_�
kdb_� ebgbb�—� jbk�� �C��Djhf_� lh]h�� j_amevlZl�fh`gh� hlh[jZablv� \� \b^_�
iehkdhc� dZjlbgu�� khklZ\e_gghc� ba� lhq_d� �ibdk_eh\��� yjdhklv� dhlhjuo�
ijhihjpbhgZevgZ� bgl_gkb\ghklb� kb]gZeZ�—� jbk�� �D��Ihke_^gbc� kihkh[�
hlh[jZ`_gby�y\ey_lky�klZg^Zjlguf�\�FJL� 

=jZ^Zpbyf�yjdhklb�k_jh]h�hll_gdZ�fh`gh�ihklZ\blv�\�khhl\_lkl\b_�b�
p\_lh\mx�]Zffm��Wlhl�ijb_f�hkh[_ggh�ihe_a_g�^ey�hlh[jZ`_gby�h[eZkl_c�
k�\ukhdbf�mjh\g_f�kb]gZeZ��ihkdhevdm�ijb�q_jgh-[_ehf�ij_^klZ\e_gbb�gZ�
yjdhf� nhg_� keh`gh� aZf_lblv� \ZjbZpbb� dhgljZklZ��Ijbf_g_gb_� p\_lghc�
]Zffu�jZkrbjy_l�\hafh`ghklb�ldZg_\hc�^bnn_j_gpbZpbb��gZijbf_j��ijb�
bkke_^h\Zgbb� ih]jZgbqgh]h� kehy� f_`^m� ldZg_\ufb� kljmdlmjZfb� beb�
\gmljb�kZfbo�kljmdlmj�� 

 
 



=eZ\Z�� 
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Jbk�����Hlh[jZ`_gb_�^Zgguo�FJL��A —��bkoh^guc�gZ[hj�—��k_jby�kb]gZeh\�kib�
gh\h]h�woZ��ihemq_gguo�ijb�jZaguo�Zfieblm^Zo�nZah-dh^bjmxs_]h�]jZ^b_glZ��<�
jZfd_�ijb\_^_g�h^bg�ba�kb]gZeh\�kibgh\h]h�woZ��Ihke_� �D-Nmjv_-h[jZ[hldb�ih�
emqZ_f�FJL-h[jZa�\�\b^_��B —� �ijhkljZgkl\_ggh]h�j_ev_nZ��C —� �gZ[hjZ�ihi_�
j_qguo� k_q_gbc�q_j_a�j_ev_n��D —� �ibdk_evgh_�bah[jZ`_gb_�� ]^_�yjdhklv�lhq_d�
ijhihjpbhgZevgZ�\_ebqbg_�kb]gZeZ�YFJ 

 
 
GZ�jbk����ihdZaZgh��dZd�k�ihfhsvx�i_j_oh^Z�d�p\_lh\hc�]Zff_�fh`gh�

ihemqblv� bgnhjfZpbx� h� ih]jZgbqghf� keh_� f_`^m� dbklhc� b� \_s_kl\hf�
fha]Z��GZ�FJL-bah[jZ`_gbyo��ij_^klZ\e_gguo�k�ihfhsvx�k_jhc�iZeblju��
dbklZ�\u]ey^bl�ijZdlbq_kdb�dZd�h^ghjh^gZy�kljmdlmjZ��lhesbgm�h[hehqdb�
dhlhjhc�g_evay�hij_^_eblv�dZd�gZ�h[uqghf��A) ��lZd�b�g_]Zlb\ghf�bah[jZ�

FZ]gblgh-j_ahgZgkgZy�lhfh]jZnby dZd�nbabq_kdbc�f_lh^�bkke_^h\Zgby   
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`_gbb� �B���Ijb�p\_lh\hf�ij_^klZ\e_gbb�]jZgbpZ�dbklu�hlq_leb\h�\bamZ�
ebabjm_lky��ijbq_f�bgnhjfZpby�h�]jZgbp_�g_�l_jy_lkyb�\�j_amevlZl_�ij_�
h[jZah\Zgby� p\_lgh]h� bah[jZ`_gby� \� k_jh_�� dhlhjh_� ijhba\h^blky� k� ih�
fhsvx�h[uqgh]h�]jZnbq_kdh]h�j_^ZdlhjZ���LZdh_�ij_h[jZah\Zgb_�bgh]^Z�
hdZau\Z_lky� \ugm`^_gguf�ba-aZ�g_�\k_]^Z�bf_xsboky�iheb]jZnbq_kdbo�
\hafh`ghkl_c��� Gh\h_� ©k_jh_ª� FJL-bah[jZ`_gb_� �K�� fh`gh� ^hihegb�
l_evgh�ljZgknhjfbjh\Zlv�\�g_]Zlb\gh_�bah[jZ`_gb_��D���_keb�lZdh_�ij_^�
klZ\e_gb_�hdZ`_lky�_s_�[he__�m^h[guf�^ey�\hkijbylby� 

 

 
 
Jbk���� <bamZebaZpby�kljmdlmj�]heh\gh]h�fha]Z�\�ijZ\hc�l_f_gghc�h[eZklb�b�dbklu�
k�bkihevah\Zgb_f�k_jhc�rdZeu��A, B��b�p\_lghc�rdZeu�k�ihke_^mxs_c�ljZgknhj�
fZpb_c\�©k_jh_ª�FJL-bah[jZ`_gb_��C, D) 

 
 
<�g_dhlhjuo� kh\j_f_gguo�FJL-ijbeh`_gbyo�p\_lh\h_� hlh[jZ`_gb_�

y\ey_lky� g_hlt_fe_fuf� we_f_glhf� \bamZebaZpbb�� GZijbf_j�� ijb� ih�
kljh_gbb�^bnnmabhggh-\a\_r_gguo�FJL-bah[jZ`_gbc��^ey�hdjZkdb�dhlh�
juo� bkihevamxlky� ljb� p\_lZ�� dhlhju_� kf_rb\Zxlky� \� ijhihjpbb�� hljZ�
`Zxs_c�khhlghr_gb_�f_`^m�\_ebqbgZfb�^bZ]hgZevguo�dhfihg_gl�l_gah�
jZ�^bnnmabb�� 

 

�������Ihgylb_�h��D-kdZgbjh\Zgbb 

:e]hjblf�FJL-kdZgbjh\Zgby�fh`_l�\dexqZlv�^hihegbl_evguc�pbde�
nZah\h]h�dh^bjh\Zgby��]^_�bkihevam_lky�lj_lbc��hjlh]hgZevgh�gZijZ\e_g�
guc� ih� hlghr_gbx� d� qZklhlgh-dh^bjmxs_fm� b� i_j\hfm� nZah-
dh^bjmxs_fm�� ]jZ^b_gl� —� l�g�� �D-kdZgbjh\Zgb_�� ;eZ]h^Zjy� �D-Nmjv_�
h[jZ[hld_� ihemq_ggh]h� gZ[hjZ� ^Zgguo� \hafh`gh� ihkljh_gb_� FJL-
bah[jZ`_gbc�ih�lj_f�hjlh]hgZevguf�ijh_dpbyf��Djhf_�lh]h��k�ihfhsvx�
ijh_dpbhgguo�ij_h[jZah\Zgbc�fh`gh�ihkljhblv�FJL-bah[jZ`_gb_�q_j_a�
ex[h_�`_eZ_fh_�k_q_gb_��ihiZ^Zxs__�\�ahgm�kdZgbjh\Zgby��Wlh�hkh[_ggh�
ZdlmZevgh�ijb�bkke_^h\Zgbb�hj]Zgh\��dhlhjuo�ke_^m_l�jZkkfZljb\Zlv�ih^�
jZagufb�jZdmjkZfb��LZdZy�kblmZpby�\hagbdZ_l��\�qZklghklb��ijb�bkke_^h�
\Zgbb�\gmlj_gg_]h�moZ��ajbl_evgh]h�g_j\Z�b�g_dhlhjuo�^jm]bo�\gmljbq_�
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j_iguo�kljmdlmj��GZ�jbk����ijb\_^_gu�ijbf_ju�h[jZ[hldb�^Zgguo��ihem�
q_gguo�hl��D-kdZgbjh\Zgby��Ihkljh_gu�FJL-bah[jZ`_gby�dZd�\�ZdkbZev�
ghc��ke_\Z���lZd�b�\�kZ]bllZevghc�ijh_dpbyo��kijZ\Z���dhlhju_�ijbp_evgh�
ijhoh^yl�bf_ggh�q_j_a�ajbl_evguc�g_j\�� 

 

 
 
Jbk�����FJL-bah[jZ`_gby�ajbl_evgh]h�g_j\Z��ihemq_ggu_�ihke_�h[jZ[hldb�^Zgguo�
hl��D-kdZgbjh\Zgby 

 
 

�������Hkh[_gghklb�j_ZebaZpbb�ihkj_ah\h]h�kdZgbjh\Zgby 

<�ijZdlbd_�FJL�qZs_�bkihevam_lky�ihkj_ah\h_�kdZgbjh\Zgb_��]^_�eh�
dZebaZpby�b� lhesbgZ� kj_aZ�hij_^_ey_lky�qZklhlhc� aZiheg_gby�b�nhjfhc�
h]b[Zxs_c�JQ-bfimevkZ�� dhlhjuc�ijbdeZ^u\Z_lky� \�ijbkmlkl\bb� kj_ah-
dh^bjmxs_]h� ]jZ^b_glgh]h� bfimevkZ�� Ijhkl_crZy� ko_fZ� ihkj_ah\h]h�
FJL-kdZgbjh\Zgby�ijb\_^_gZ�gZ�jbk���� 

Ih� kjZ\g_gbx� k� �D-kdZgbjh-\Zgb_f� wlhl�f_lh^�bkihevam_l�f_gvrbc�
h[t_f�^Zgguo��b�ihlhfm�lj_[m_l�f_gvr_�\j_f_gb�^ey�j_ZebaZpbb��>ey�ih�
kj_ah\h]h� kdZgbjh\Zgby� ijh[e_fhc� y\ey_lky� ihemq_gb_� ijyfhm]hevgh]h�
ijhnbey�kj_aZ��qlh�\_kvfZ�ZdlmZevgh�ijb�jZ[hl_�k�lhgdbfb�kj_aZfb��hkh�
[_ggh� ijb� bgl_jiheypbhgghc� h[jZ[hld_�� g_h[oh^bfhc� ^ey� h[t_fghc�
FJL-j_dhgkljmdpbb�� Ijhnbev� \ha[m`^_gby� kibgh\hc� kbkl_fu� ijhklh�
jZkkqblu\Z_lky�ebrv�ijb�fZeuo�m]eZo�hldehg_gby�\_dlhjZ�gZfZ]gbq_ggh�
klb��dh]^Z�hg�kh\iZ^Z_l�k�nmjv_-h[jZahf�h]b[Zxs_c�JQ-bfimevkZ��Ihwlh�
fm� ijyfhm]hevguc� ijhnbev� \ha[m`^_gby� kibgh\hc� kbkl_fu� ijb�fZeuo�
m]eZo�hijhdb^u\Zgby�fh`gh�ihemqblv��_keb�^ey�JQ-bfimevkZ�aZ^Zlv�nhj�
fm�h]b[Zxs_c�lbiZ�sin(2�t/2p)/(2�t/2p���<�wlhf�kemqZ_�lhesbgZ�\ha[m`^Z_�
fh]h�kj_aZ�khklZ\bl���Gz2p)

–1. 
>ey� m]eh\� hldehg_gby� ���� beb� ����� ijhnbev� \ha[m`^_gby� b�nmjv_-

h[jZa� h]b[Zxs_c� kms_kl\_ggh� jZaebqZxlky�� HilbfZevgZy� nhjfZ� JQ-
bfimevkZ�hij_^_ey_lky�iml_f�qbke_ggh]h�jZkq_lZ�mjZ\g_gbc�;ehoZ��Z�ijb�

FZ]gblgh-j_ahgZgkgZy�lhfh]jZnby dZd�nbabq_kdbc�f_lh^�bkke_^h\Zgby   
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ieZgbjh\Zgbb�wdki_jbf_glZ�lj_[m_lky�mqblu\Zlv�lZd`_�j_Zevgu_�ZiiZjZ�
lmjgu_� \hafh`ghklb�� GZijbf_j�� ^ey� bg\_jkbb� gZfZ]gbq_gghklb� hilb�
fZevguf� y\ey_lky� lZd� gZau\Z_fuc� ©Z^bZ[Zlbq_kdbcª� bfimevk�� l�_�� bf�
imevk� k� h]b[Zxs_c� sech(at�� \� khq_lZgbb� k� nZah\hc� fh^meypb_c� JQ-
aZiheg_gby�>������@��Ihke_^g__�
lj_[h\Zgb_� \uihegbfh� g_� ^ey�
\k_o� fh^_e_c� lhfh]jZnh\��
IjZdlbdZ� ihdZaZeZ�� qlh� ^ey�
fgh]bo�ijbeh`_gbc�FJL�ijb�
_fe_fuf� dhfijhfbkkhf� f_`�
^m� ijhklhlhc� j_ZebaZpbb� b�
dZq_kl\hf� ijhnbey�
\ha[m`^_gby� y\ey_lky�
bkihevah\Zgb_� wjfblh\uo� bf�
imevkh\��m�dhlhjuo�h]b[ZxsZy�
hibku\Z_lky� nmgdpb_c� H(t) = 
(1 – bt2)exp(– at2���Bfimevku� k�
lZdhc�nhjfhc� bkihevamxlky� \�
bfimevkguo� ih�
ke_^h\Zl_evghklyo�� \� dhlhjuo�
ijbf_gy_lky�dZd�����bfimevku�
^ey� hijhdb^u\Zgby� kibgh\��
lZd� b� ^ey� ����� bfimevku� ^ey�
bg\_jkbb� gZfZ]gbq_gghklb�� b��
djhf_�lh]h�������bfimevku�^ey�
h[jZs_gby�^\b`_gby�kibgh\�\�
ihi_j_qghc� iehkdhklb� b� nhj�fbjh\Zgby�kibgh\h]h�woh��G_�ihke_^gxx�jhev�\�ij_^ihql_gbb�wjfblh\Z�
bfimevkZ�i_j_^�sech-bfimevkhf�y\ey_lky�lh��qlh�ijb�h^bgZdh\h�\u[jZg�
ghc� ^ebl_evghklb�bfimevkh\�ihke_^gbc� lj_[m_l� [hevr_c�ibdh\hc�fhs�
ghklb�hl�JQ�i_j_^ZlqbdZ�ijb�jZ[hl_�\�bfimevkghc�ihke_^h\Zl_evghklb�k�
bg\_jkb_c�gZfZ]gbq_gghklb�� 

Ijb��D-kdZgbjh\Zgbb�nhjfZ�JQ-h]b[Zxs_c�\eby_l�ebrv�gZ�dZq_kl\h�
JQ-\ha[m`^_gby� i_jbn_jbcghc� ahgu� \ha[m`^Z_fhc� h[eZklb� —� keZ[Z�
(slab���<ukhdh_�dZq_kl\h� �D�bah[jZ`_gbc�h[tykgy_lky� l_f��qlh� lhesbgZ�
hl^_evgh]h� j_dhgkljmbjm_fh]h� kj_aZ� hij_^_ey_lky� g_� h]b[Zxs_c� JQ-
ihey��Z�\_ebqbghc�bgdj_f_glZ�nZah-dh^bjmxs_]h�]jZ^b_glZ��GZ�jbk����kh�
ihklZ\e_gu�FJL-j_dhgkljmdpbb��ihemq_ggu_�f_lh^Zfb��D-�b�ihkj_ah\h]h�
kdZgbjh\Zgby�ijb�h^bgZdh\hf�ijhkljZgkl\_gghf�jZaj_r_gbb�\�iehkdhklb�
kdZgbjh\Zgby�— 1×��ff�� 

 
 
Jbk�� ��� Ko_fZ� ihkj_ah\h]h� FJL-
kdZgbjh-\Zgby�� Ijbf_gyxlky�� Gs —  
kj_ah-dh^bjm-xsbc�� G--nZah-dh^bjm-
xsbc� b� Gf —� � qZklhlgh-dh^bjmxsbc�
]jZ^b_glgu_�bfimevku 
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Ijb� h[t_fghc� h[jZ[hld_�^Zgguo� hl�ihkj_ah\h]h� kdZgbjh\Zgby�ba-aZ�
agZqbl_evghc�lhesbgu�kj_ah\�—���ff�ihlj_[h\ZeZkv�^hihegbl_evgZy�bg�
l_jiheypbhggZy�h[jZ[hldZ��Ijb�wlhf� aZf_lgu�bkdZ`_gby�lbiZ� ©klmi_gv�
dbª��Z�lZd`_�\ZjbZpbb�bgl_gkb\ghklb�kb]gZeZ�\^hev�klmi_gvdb��hljZ`Zx�
sb_�g_jZ\ghf_jghklv�ijhnbey�\ha[m`^_gby��Ijb��D-kdZgbjh\Zgby�e_]dh�
^hklb]Z_lky�ihkj_ah\h_�jZaj_r_gb_���ff��b�ijb�h[t_fghc�j_dhgkljmdpbb�
bkdZ`_gbc�g_�hlf_qZ_lky� 

 

 
 
Jbk���.�KhihklZ\e_gb_�FJL�bah[jZ`_gbc��ihemq_gguo�f_lh^Zfb��D��\_jogbc�jy^��
b�ihkj_ah\h]h��gb`gbc�jy^��kdZgbjh\Zgby��:�—��bkoh^gu_�kj_au��B —��bah[jZ`_�
gby�^jm]bo�hjlh]hgZevguo�ijh_dpbc��C —� �h[t_fgZy�h[jZ[hldZ�k�hll_g_gb_f�ih�
\_joghkl_c�—��j_g^_jbg]�ih�\g_rg_c�`bjh\hc�h[hehqd_ 
 
 

Fh`gh�aZf_lblv��qlh�gZ�ij_^klZ\e_gguo�FJL-bah[jZ`_gbyo�bf__lky�
jZaebqgh_�jZkij_^_e_gb_�dhgljZklZ�^ey�h^gbo�b�l_o�`_�ldZg_c��Wlh�k\yaZ�
gh�k�bkihevah\Zgb_f�jZaguo�bfimevkguo�ihke_^h\Zl_evghkl_c��<�^Zgghf�
kemqZ_�bkihevah\Zebkv�f_lh^bdb�]jZ^b_glgh]h�woZ�— GE��\_jogbc�jy^��b�
kibgh\h]h� woZ�— SE� �gb`gbc� jy^��� AZ^_j`db� \� bfimevkguo� ihke_^h\Z�
l_evghklyo�\�^Zgghf�kemqZ_�ih^h[jZgu�lZd��qlh[u�^ey�GE�ihemqblv�T1-
\a\_r_ggu_� bah[jZ`_gby�— T�<B�� l�_��FJL-bah[jZ`_gby�� hljZ`Zxsb_�
jZkij_^_e_gb_�bgl_gkb\ghkl_c�kb]gZeh\�hl�T1 (TR� ����fk��TE� �����fk���Z�

FZ]gblgh-j_ahgZgkgZy�lhfh]jZnby dZd�nbabq_kdbc�f_lh^�bkke_^h\Zgby   
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^ey�SE��khhl\_lkl\_ggh��T2-\a\_r_ggu_�bah[jZ`_gby�— T�<B� �TR = 5c, 
TE� �����fk�� 

 
 

�������Ijh^he`bl_evghklv�kdZgbjh\Zgby�b�kb]gZe�rmf� 

Ijb� deZkkbq_kdhc� ko_f_�FJL-kdZgbjh\Zgby� \j_fy�� g_h[oh^bfh_� aZ�
iheg_gby�fZljbpu�k-ijhkljZgkl\Z�khklZ\ey_l�T = (TR)(Ny)(Nz��� ]^_ Ny — 
dhebq_kl\h�rZ]h\�nZah\h]h� dh^bjh\Zgby� \�Y —� gZijZ\e_gbb� iehkdhklb�
kdZgbjh\Zgbb� �ij_^iheZ]Z_lky��qlh�x —�gZijZ\e_gb_�qZklhlgh]h�dh^bjh�
\Zgby���IZjZf_lj�Nz�hij_^_ey_l�eb[h�dhebq_kl\h� kj_ah\�ijb�ihkj_ah\hf�
kdZgbjh\Zgbb�� eb[h� dhebq_kl\h�rZ]h\�nZah\h]h� dh^bjh\Zgby� \� z —� gZ�
ijZ\e_gbb� ijb� �D-kdZgbjh\Zgbb��Dhebq_kl\h�rZ]h\�nZah\h]h� dh^bjh\Z�
gby� aZ\bkbl�hl�lj_[m_fh]h�ijhkljZgkl\_ggh]h�jZaj_r_gby�—�h[t_f_�\h�
dk_eZ�dv = dxdydz�ijb�aZ^Zgghc�\_ebqbg_�kdZgbjm_fh]h�h[t_fZ�V = FOVx-

FOVyFOVz = (Nx)(Ny)(Nz)(dxdydz). 
Ijb�oZjZdl_jguo�jZaf_jZo�kdZgbjm_fhc�ahgu�ihjy^dZ���–���kf��lj_�

[m_fhf� jZaj_r_gbb� ihjy^dZ� �–��ff� \j_fy� kdZgbjh\Zgby� ijb� deZkkbq_�
kdhf�ih^oh^_�hdZau\Z_lky�g_ijb_fe_fh�[hevrbf��hkh[_ggh�ijb�ihemq_�
gbb�T�<B��]^_�TR�khklZ\ey_l�[he__���k�� 

Mkdhj_gb_�kdZgbjh\Zgby�^hklb]Z_lky�aZ�kq_l�jZpbhgZevgh]h�aZiheg_�
gby�iZmau�TR��\h�\j_fy�dhlhjhc�aZimkdZxlky�kj_ah-k_e_dlb\gu_�JQ�b�]jZ�
^b_glgu_� bfimevku�� h[_ki_qb\Zxsb_� \ha[m`^_gb_� khk_^gbo� kj_ah\� b�
�beb��aZ^Zxsb_�^hihegbl_evgu_�nZah\u_�dhgnb]mjZpbb�kibgh\��g_h[oh�
^bfu_�^ey�ihiheg_gby�^Zgguo�^ey� k-ijhkljZgkl\Z��IZjZf_lj� mkdhj_gby�
aZ\bkbl�hl�khhlghr_gby� �TR) / (TE + Ts + To���]^_�TE�b�Ts —�khhl\_lkl�
\_ggh��\j_fy�i_j_nhdmkbjh\db�b�hpbnjh\db�kibgh\h]h�woZ��To —�kmffZ�
hklZevguo� aZ^_j`_d� �^ebl_evghklb� ]jZ^b_glguo�b�JQ�bfimevkh\�b� l�^����
lj_[m_fuo�^ey�j_ZebaZpbb�h^gh]h�wlZiZ�FJ-kdZgbjh\Zgby�ijb�deZkkbq_�
kdhf�ih^oh^_�� 

Ijbf_jhf�f_lh^bdb�[ukljh]h�FJL-kdZgbjh\Zgby�y\ey_lky�FSE (Fast 
Spin Echo��>��@��]^_�ijZdlbdm_lky�aZ^Zgb_�mkdhjyxs_]h�iZjZf_ljZ�hl���^h�
�����kf��jZa^_e�������Hlf_lbf��qlh�ijb�mkdhj_gghf�kdZgbjh\Zgbb�ldZg_\hc�
dhgljZkl�hij_^_ey_lky�g_�lhevdh�\_ebqbgZfb�TE, TR��gh�b�^jm]bfb�iZjZ�
f_ljZfb��\�aZ\bkbfhklb�hl�dhgdj_lgh]h�kihkh[Z�j_ZebaZpbb�f_lh^bdb� 

H^gbf� ba� hkgh\guo� iZjZf_ljh\�� hij_^_eyxsbo� dZq_kl\h� FJL-
bah[jZ`_gbc� y\ey_lky�hlghr_gb_� kb]gZe�rmf��WlZ�\_ebqbgZ�ijhihjpbh�
gZevgZ�mjh\gx�j_]bkljbjm_fh]h�YFJ�kb]gZeZ��b�ihlhfm�aZ\bkbl�hl�l_o�`_�
nZdljh\�� dhlhju_� hij_^_eyxl� _]h� agZq_gb_� \� h[uqghf� YFJ-ki_dljh-
f_lj_ —�h[t_f�h[jZapZ��j_ahgZgkgZy�qZklhlZ��jZ^bhl_ogbq_kdb_�iZjZf_l�
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ju�b�l�^�� >�@��Ijbf_g_gb_�nZah\h]h�dh^bjh\Zgby�ijb�FJL-kdZgbjh\Zgbb�
kha^Z_l�^hihegbl_evguc�j_a_j\�gZdhie_gby�kb]gZeZ�b�mkj_^g_gby�rmfZ��\�
j_amevlZl_� q_]h� kb]gZe�rmf� jZkl_l� ijhihjpbhgZevgh� �Ny)

1/2�� <� �D-
kdZgbjh\Zgbb�ijbf_gyxlky�g_�h^bg��Z�^\Z�pbdeZ�nZah\h]h�dh^bjh\Zgby� ��
l�_�� kha^Z_lky� _s_� h^bg� ZgZeh]bqguc� dZgZe� gZdhie_gby� kb]gZeZ�� b� kb]�
gZe�rmf�jZkl_l�ijhihjpbhgZevgh� �NyNz)

1/2��AZf_lbf��qlh�ijb�ihkj_ah\hf�
kdZgbjh\Zgbb� m\_ebq_gb_� qbkeZ� kj_ah\� Nz� g_� kihkh[kl\m_l� ih\ur_gbx�
qm\kl\bl_evghklb�� LZdbf� h[jZahf�� ijb� i_j_oh^_� hl� �D-� d� �D-
kdZgbjh\Zgbx� hlghr_gb_� kb]gZe�rmf� ih\urZ_lky� \� �Nz)

1/2� jZa�� H^gZdh�
ijb�wlhf�b�\j_fy�kdZgbjh\Zgby�m\_ebqb\Z_lky�\�Nz�jZa��ihkdhevdm�mkdhj_�
gb_�kdZgbjh\Zgby�ijb�[hevrhf�TR�^ey��D-\ZjbZglZ�\hafh`gh�lhevdh�aZ�
kq_l�\Zjvbjh\Zgby�nZah\uo�dhgnb]mjZpbc�ih�Y-hkb�kdZgbjh\Zgby�� 
 

��������=jZnbq_kdZy�h[jZ[hldZ�FJL-bah[jZ`_gbc 

=jZnbq_kdhc� h[jZ[hld_� FJL-bah[jZ`_gbc� m^_ey_lky� agZqbl_evgh_�
\gbfZgb_�gZ�dhg_qghf�wlZi_�FJL-bkke_^h\Zgby��ihkdhevdm�bf_ggh�\�j_�
amevlZl_�lZdhc�h[jZ[hldb�fh`gh�gZb[he__�Zj]mf_glbjh\Zgh�h[hkgh\Zlv�l_�
beb�bgu_�ij_^iheh`_gby�h� kljmdlmj_�b�\hafh`ghc�iZlheh]bb�bkke_^m_�
fh]h�h[t_dlZ��=jZnbq_kdZy�h[jZ[hldZ�\k_]^Z�\dexqZ_l�\�k_[y�\u[hj�kj_^�
g_]h�agZq_gby�b�^bZiZahgZ�baf_g_gby�yjdhklb�FJL-bah[jZ`_gby��window-
ing���<�g_dhlhjuo�kemqZyo�hdZau\Z_lky�ihe_aguf�aZf_gZ�k_jhc�rdZeu�yj�
dhklb�gZ�p\_lgmx��kf��jZa^_e��������� 

Djhf_�lh]h��rbjhdh�bkihevamxlky�Ze]_[jZbq_kdb_�b�eh]bq_kdb_�hi_�
jZpbb�k�FJL-bah[jZ`_gbyfb��Bf_xlky�\�\b^m�hi_jZpbb�k�qbkeZfb��hlh�
[jZ`Zxsbfb� bgl_gkb\ghklb�FJ-kb]gZeh\� \h� \k_o� lhqdZo� kdZgbjm_fh]h�
ijhkljZgkl\Z�b�ihkljh_gb_�ba�wlbo�^Zgguo�gh\h]h�FJL-bah[jZ`_gby��Bk�
oh^gu_�FJL-bah[jZ`_gby�h[uqgh�hlh[jZ`Zxl�h^bgZdh\u_�ahgu�bgl_j_�
kZ��Ijbf_ju�lZdbo�hi_jZpbc��]^_�bkihevah\Zgu�FJL-bah[jZ`_gby��ihem�
q_ggu_�ijb�jZaebqguo�j_`bfZo�kdZgbjh\Zgby��[m^ml�ijb\_^_gu�\�]eZ\_��� 

AZf_lbf�� qlh� ijb� Ze]_[jZbq_kdbo� hi_jZpbyo� k�FJL-bah[jZ`_gbyfb�
ijbf_gy_lky�b�iZd_lgZy�h[jZ[hldZ�gZ[hjZ�kj_ah\��GZijbf_j��ijb�bkke_^h�
\Zgbb�djh\_ghkguo�khkm^h\�\�FJL-Zg]bh]jZnbb��LZf�keh`_gb_�bah[jZ`_�
gbc�bkihevam_lky�^ey�ihkljh_gby�MIP-j_dhgkljmdpbc�\h�\j_fy-ijhe_lghc�
f_lh^bd_�TOF (Time Of Flight��� Z�\uqblZgb_�bah[jZ`_gbc�—�\�nZahdhg�
ljZklghc�PC (Phase Contrast��Zg]bh]jZnbb��BeexkljZpbb�ijbf_g_gby�wlbo�
f_lh^bd�ijb\_^_gu�\�jZa^_e_�������� 

Kms_kl\_gguf� ih^kihjv_f� \� FJL-bkke_^h\Zgbb� y\ey_lky� \hafh`�
ghklv� h[t_fghc� h[jZ[hldb�FJL-bah[jZ`_gbc�� iha\heyxs_c� ij_h[jZah�
\Zlv� gZ[hj�FJL-^Zgguo� \� h[t_fguc� ]jZnbq_kdbc� h[t_dl��<� j_amevlZl_�
wlhl�h[t_dl�fh`gh�ij_^klZ\blv�ih^�ijhba\hevguf�m]ehf�h[ahjZ��k�j_]m�
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ebjm_fhc� ih^k\_ldhc� b� hll_g_gb_f� ih\_joghkl_c�� ZgbfZpbhggufb� wn�
n_dlZfb��IhklZ\ey_fZy� nbjfhc� ³;jmd_j´� ijh]jZffZ�ParaVision� ij_^hk�
lZ\ey_l�rbjhdb_�\hafh`ghklb�^ey��D-h[jZ[hldb�^Zgguo�FJL��<�jZfdZo�
wlhc�ijhp_^mju�ij_^mkfhlj_gu�ke_^mxsb_�\hafh`ghklb� 

���Ihkljh_gb_�ijh_dpbc�FJL-bah[jZ`_gbc�ih^�ijhba\hevguf�m]ehf�
h[ahjZ�� 

���Hlk_q_gb_�g_`_eZl_evghc�^ey�\bamZebaZpbb�beb�g_bgnhjfZlb\ghc�
qZklb�^Zgguo� 

��� Bgl_jiheypbhggu_� ij_h[jZah\Zgby� ^Zgguo� ^ey� k]eZ`b\Zgby� dh�
g_qgh]h�bah[jZ`_gby� 

���<u[hj�gb`g_]h�b�\_jog_]h�ihjh]h\�yjdhklb�^ey�hlk_q_gby�keZ[uo�
rmfh\uo� kb]gZeh\� b� ³aZk\_q_gguo´� �Zjl_nZdlguo�� lhq_d� gZ� FJL-
bah[jZ`_gbb� 

���K_]f_glZpby� �]jmiibjh\dZ��^Zgguo� k�bkihevah\Zgb_f�bgl_ee_dlm�
Zevgh]h�Ze]hjblfZ�jZkihagZ\Zgby�h[jZah\� 

���AZ^Zgb_�iZjZf_ljh\�wfmeypbb�\gmlj_gg_c�b�\g_rg_c�ih^k\_ldb�j_�
dhgkljmbjm_fh]h�h[t_dlZ� 

���M]eh\u_��fZkrlZ[gu_��k^\b]h\u_�ij_h[jZah\Zgby�ihemqZ_fh]h�h[t�
_dlZ�� 

���:gbfZpbhggu_�wnn_dlu�—�\u[hj�hkb��gZijZ\e_gby��rZ]Z�b�kdhjh�
klb�\jZs_gby�h[t_dlZ� 

GZ� jbk�� �� b� �� ijb\_^_gu� ijbf_ju� ]jZnbq_kdhc� h[jZ[hldb� FJL-
bah[jZ`_gbc��GZ� jbk�� �� ij_^klZ\e_gu� jZaebqgu_� \ZjbZglu� ]jZnbq_kdhc�
h[jZ[hldb�T�<B��ihemq_gguo�ijb�ihkj_ah\hf�kdZgbjh\Zgbb�� 

<�kZfhf�\_jog_f�jy^m�ke_\Z�ij_^klZ\e_g�h^bg�ba�bkoh^guo�ZdkbZev�
guo� kj_ah\��>Ze__�ke_^mxl�FJL-bah[jZ`_gby�\�kZ]bllZevghc�b�ZdkbZev�
ghc�ijh_dpbb��ihemq_ggu_� k�ihfhsvx�bgl_jiheypbhgguo�b�ijh_dpbhg�
guo� ij_h[jZah\Zgbc� bkoh^guo� ^Zgguo�� AZ\_jrZ_l� \_jogbc� jy^� kijZ\Z�
MIP-j_dhgkljmdpby�\�ZdkbZevghc�ijh_dpbb� 

<h� \lhjhf� \_jog_f� jy^m� ke_\Z�ij_^klZ\e_gh� h[t_fgh_�ij_^klZ\e_�
gb_�— 3D-j_g^_jbg]�ih�\g_rg_c�h[hehqd_�q_j_ighc�kljmdlmju��AZl_f�\�
wlhf�`_�jy^m�ihdZaZg�ijhp_kk�hlk_q_gby�^Zgguo��hlh[jZ`Zxsbo�kljmdlm�
ju� \_jogbo� keh_\� �ZdkbZevguo� kj_ah\��� B� kijZ\Z� ij_^klZ\e_g� �D-
j_g^_jbg]�lhevdh�ih�mk_q_gghfm�gZ[hjm�^Zgguo� 

<�lj_lv_f�jy^m�ihdZaZgu�ijbf_ju�Ze]_[jZbq_kdbo�hi_jZpbc�k�j_dhg�
kljmbjm_fufb� ^Zggufb� k� p_evx� kh\f_s_gby� bah[jZ`Z_fuo� kj_ah\� k�
\g_rgbfb�ZgZlhfbq_kdbfb�kljmdlmjZfb�—�©\bjlmZevgZy�objmj]byª��>ey�
ihemq_gby� h[t_dlh\��bah[jZ`_gguo� \� wlhf�jy^m�bkihevah\Zgu�hi_jZpbb�
\uqblZgby��keh`_gby��Z�lZd`_�\uqblZgby�b�keh`_gby�k�ihke_^mxsbf�i_�
j_fgh`_gb_f�^Zgguo��ij_^klZ\e_gguo�\h�\lhjhf�\_jog_f�jy^m� 
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Jbk�� �� Ijbf_ju� ]jZnbq_kdhc� h[jZ[hldb� ^Zgguo� hl� ihkj_ah\h]h� kdZgbjh\Zgby�
T�<B��Bkoh^guc�fZl_jbZe�—����ZdkbZevguo�kj_ah\�lhesbghc���ff��jZaj_r_gb_�
—  1×��ff 

 
<�q_l\_jlhf�jy^m�ij_^klZ\e_gu�ZgZeh]bqgu_�j_amevlZlu�ijbf_g_gby�

©\bjlmZevghc�objmj]bbª�g_�lhevdh�^ey�ZdkbZevguo�k_q_gbc��gh�b�^ey�kZ�
]bllZevgh]h��dhjhgZjgh]h�b�dhf[bgbjh\Zggh]h�—�dhjhgZjgh]h�b�ZdkbZev�
gh]h�k_q_gby�� 

GZ� jbk�� �� ihdZaZgh� ijbf_g_gb_� ZgZeh]bqguo� ijb_fh\� ^ey� ]jZnbq_�
kdhc� h[jZ[hldb� ^Zgguo� hl� �D-kdZgbjh\Zgby�� \� j_amevlZl_� q_]h� ^Zggu_�
fh`gh� ij_^klZ\blv� dZd� gZ[hj� kj_ah\� lhesbghc� �� ff� k� jZaj_r_gb_f� \�
iehkdhklb�kdZgbjh\Zgby��×��ff��Ijb�\ukhdhf�jZaj_r_gbb�ih�\k_f�hjlh�
]hgZevguf�gZijZ\e_gbyf�bgl_jiheypby�g_�y\ey_lky�h[yaZl_evguf�wlZihf 

FZ]gblgh-j_ahgZgkgZy�lhfh]jZnby dZd�nbabq_kdbc�f_lh^�bkke_^h\Zgby   
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Jbk�� �� Ijbf_ju� ]jZnbq_kdhc�h[jZ[hldb�^Zgguo�hl� �D-kdZgbjh\Zgby�T1GE��Bk�
oh^gu_�^Zggu_�jZkij_^_e_gu�ih�����kZ]bllZevguf�kj_aZf�lhesbghc���ff��jZaj_�
r_gb_�\�iehkdhklb�kdZgbjh\Zgby�—  1×��ff� 

 
ijb� ijh_dpbhgghf� ij_h[jZah\Zgbb� ^Zgguo�� ihkdhevdm� dZq_kl\h� FJL-
bah[jZ`_gby� ^ey� \k_o� hjlh]hgZevguo� ijh_dpbc� �i_j\u_� ljb� njZ]f_glZ�
\_jog_]h� jy^Z�� hdZau\Z_lky� h^bgZdh\h� ohjhrbf�� GZ� djZcg_f� ijZ\hf�
njZ]f_gl_�jy^Z�bah[jZ`_gZ�MIP-j_dhgkljmdpby�\�kZ]bllZevghc�ijh_dpbb� 

<h�\lhjhf�jy^m�^Zgu�\ZjbZglu� �D-j_g^_jbg]Z��ijbq_f�gZ�p_gljZev�
guo�njZ]f_glZo�bah[jZ`_gu�\kihfh]Zl_evgu_�]jZnbq_kdb_�bgkljmf_glu��
bkihevam_fu_�ijb��D-h[jZ[hld_�—�jZfdb�b�\kihfh]Zl_evgu_�iehkdhklb��
gZdeZ^u\Z_fu_�gZ��D-j_g^_jbg]�� 
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<�lj_lv_f�jy^m�ij_^klZ\e_gu�g_dhlhju_�\ZjbZglu�ij_^klZ\e_gby�mk_�
q_ggh]h�gZ[hjZ�^Zgguo� 

<�gb`g_f�jy^m�^Z_lky�hlh[jZ`_gb_�FJL-^Zgguo�\�nhjf_�©\bjlmZev�
ghc�objmj]bbª� 

Fh`gh� hlf_lblv� [he__� \ukhdh_� dZq_kl\h� h[t_fguo� j_dhgkljmdpbc�
^ey�^Zgguo�hl��D-kdZgbjh\Zgby�ih�kjZ\g_gbx�k�ihkj_ah\uf�kdZgbjh\Zgb�
_f��H^gZdh�ke_^m_l�mqblu\Zlv�b�lh��qlh��D-kdZgbjh\Zgb_�ihlj_[h\Zeh�g_�
kdhevdh�[hevr_]h�\j_f_gb�^ey�k[hjZ�bkoh^guo�^Zgguo� 

 

1.2.11��Gh\u_�gZijZ\e_gby�fZ]gblgh-j_ahgZgkghc�lhfh]jZnbb 

<�gZklhys__�\j_fy�ijbf_gy_lky�[hevrh_�dhebq_kl\h�bfimevkguo�f_�
lh^bd�� iha\heyxsbo� ihemqblv� hilbfZevgh_� jZkij_^_e_gb_� dhgljZklZ� k�
p_evx� gZbemqr_c� \bamZebaZpbb� bkke_^m_fuo� ldZg_c�� <k_� [hevr__� jZk�
ijhkljZg_gb_� ihemqZxl� f_lh^bdb�� kdhgkljmbjh\Zggu_� ^ey� \uy\e_gby�
kljmdlmjguo�hkh[_gghkl_c�kljh_gby�`b\uo�ldZg_c��Kj_^b�gbo�hkh[_gguc�
ijh]j_kk� ^hklb]eb� f_lh^bdb�� gZp_e_ggu_� gZ� ihemq_gb_� ^bnnmabhggh-
\a\_r_gguo�bah[jZ`_gbc�>������@��k�ihfhsvx�dhlhjuo�g_�lhevdh�\uy\ey�
xlky�g_dhlhju_�ljm^gh�j_]bkljbjm_fu_�iZlheh]bb��gh�b�j_dhgkljmbjm_l�
ky�\hehdhggZy�kljmdlmjZ�]heh\gh]h�fha]Z��<g_^j_gb_�wlbo�f_lh^bd�klZeh�
\hafh`guf�[eZ]h^Zjy�ijbf_g_gbx�\ukhdhihevguo�lhfh]jZnh\�—�hl�����
^h���Le�^ey�bkke_^h\Zgby�q_eh\_dZ��Z�lZd`_���Le�b�[he__�—�^ey�bkke_^h�
\Zgby�f_edbo�`b\hlguo��Kms_kl\_ggh_� agZq_gb_�bf__l�kh\_jr_gkl\h\Z�
gb_� f_lh^bd� [ukljh]h� kdZgbjh\Zgby�� \� qZklghklb�� woh-ieZgZjguo� �EPI) 
f_lh^bd� >��@��G_h[oh^bfh� hlf_lblv� b� f_lh^bdb�� bkihevamxsb_� wnn_dl�
i_j_ghkZ�gZfZ]gbq_gghklb�\�kj_^_��kh^_j`Zs_c�fZdjhfhe_dmeu� >������@��
;hevrhc� ihl_gpbZe� aZeh`_g� \� FJL-bkke_^h\Zgbyo� y^_j�� hlebqguo� hl�
ijhlhgh\��b�wdki_jbf_glZo�k�iheyjbah\Zggufb�y^jZfb�>������@�� 

J_amevlZlu� lZdbo� jZajZ[hlhd� g_� lhevdh� ^Zxl� p_gguc� fZl_jbZe� ^ey�
nmg^Zf_glZevguo� [bheh]bq_kdbo� bkke_^h\Zgbc�� gh� b� ih\urZxl� wnn_d�
lb\ghklv� f_^bpbgkdhc�FJL-^bZ]ghklbdb� b�nZjfZdheh]bq_kdbo� jZajZ[h�
lhd� 

MijZ\e_gb_�FJL-dhgljZklhf�ijb�lbih\hf�bkke_^h\Zgbb 
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MIJ:<E?GB?�FJL-DHGLJ:KLHF 
IJB�LBIH<HF�BKKE?>H<:GBB 

 
 
 

Hkgh\gZy�aZ^ZqZ��j_rZ_fZy�ijb�^bZ]ghklbq_kdhf�FJL-bkke_^h\Z-gbb��
k\h^blky�d�\uy\e_gbx� ZgZlhfbq_kdbo�hldehg_gbc�bkke_^m_fuo�hj]Zgh\��
D� gbf� hlghkylky� gZjmr_gby� ]_hf_ljbq_kdbo�ijhihjpbc�� Z� lZd`_�g_ghj�
fZevgu_�baf_g_gby� ldZg_\h]h�dhgljZklZ��Ij_^\Zjbl_evgZy��dZq_kl\_ggZy�
hp_gdZ� jZkij_^_e_gby� dhgljZklZ� ^_eZ_lky� gZ� hkgh\_� ZgZebaZ� FJL-bah-
[jZ`_gby�� ]^_� yjdhklv� dZ`^h]h�ibdk_eZ� aZ\bkbl� hl�bgl_gkb\ghklb�FJL-
kb]gZeZ�\�khhl\_lkl\mxs_c�lhqd_� �lhqg__�]h\hjy��\hdk_e_��ijhkljZgkl\Z��
>ey�dhebq_kl\_gghc�hp_gdb�dhgljZklZ�bkke_^m_fhc�ldZgb�baf_jy_lky�\_�
ebqbgZ�C = (I – IR) / (I + I R���]^_�I —�bgl_gkb\ghklv�YFJ�kb]gZeZ�\�h[eZklb�
ehdZebaZpbb�ldZgb��Z� IR�bgl_gkb\ghklv�YFJ�kb]gZeZ�\�h[eZklb�jZaf_s_�
gby� ldZgb��ijbgylhc�\�dZq_kl\_� wlZehgZ��GZijbf_j��^ey� ]heh\gh]h�fha]Z�
lZdbf�wlZehghf�h[uqgh�\u[bjZxl�[_eh_�\_s_kl\h�fha]Z��Ijb�\uy\e_gbb�
hldehg_gbc�\�FJL-dhgljZkl_�j_rZ_lky�aZ^ZqZ�h�\hafh`guo�ijbqbgZo�lZ�
dbo�baf_g_gbc��IZlheh]bq_kdb_�hldehg_gby�\�ldZg_\hf�dhgljZkl_�ijhs_�
h[gZjm`blv�eb[h�ijb�iheghf�ih^Z\e_gbb�kb]gZeh\�hl�ghjfZevguo�ldZg_c��
eb[h� ijb� qZklbqghf�� ijb� dhlhjhf� kha^Z_lky� h^ghjh^gh_� jZkij_^_e_gb_�
dhgljZklZ�^ey�ghjfZevguo�ldZg_c��Qlh[u�\u[jZlv�hilbfZevguc�f_lh^�\b�
amZebaZpbb� iZlheh]bb�� g_h[oh^bfh� ij_^\Zjbl_evgh� hij_^_eblv� \hafh`�
gmx�ahgm�ihbkdZ��Ihbkd�lZdhc�ahgu�ijh\h^blky�\�jZfdZo�lbih\h]h�FJL-
bkke_^h\Zgby� 
 
 

�����Bkke_^h\Zgb_�ghjfZevguo�ldZg_\uo�kljmdlmj 

�������Ihgylb_�h�lbih\hf�b�g_klZg^Zjlghf�FJL-bkke_^h\Zgbb 

Ijb� lbih\hf� �klZg^Zjlghf�� ^bZ]ghklbq_kdhf�FJL-bkke_^h\Zgbb� qZ�
s_�\k_]h�h]jZgbqb\Zxlky�dZq_kl\_gguf�ZgZebahf�FJL-bah[jZ`_gbc��KZ�
fh�bkke_^h\Zgb_�ijb�g_hij_^_e_gghf�debgbq_kdhf�^bZ]gha_�h[uqgh�kh�
klhbl�ba�^\mo�wlZih\��AZ^Zq_c�i_j\h]h�wlZiZ�y\ey_lky�hp_gdZ�ghjfZevguo�
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�g_iZlheh]bq_kdbo�� kljmdlmj�� ^ey� q_]h�`_eZl_evgh� ihemqblv� dZjlm� ijh�
kljZgkl\_ggh]h� jZkij_^_e_gby� ldZg_c� ih� \j_f_gZf� ijh^hevghc� b� ihi_�
j_qghc�j_eZdkZpbb�T��b�T���Z�lZd`_�dZjlm�jZkij_^_e_gby�! —�h[t_fghc�
iehlghklb�j_ahgbjmxsbo�fZ]gblguo�y^_j��Ihkdhevdm�h[uqgh�FJL�ijh�
\h^blky�^ey�ijhlhgguo�kibgh\��lh�^ey !�ijbf_gy_lky�lZd`_�l_jfbg�³ijh�
lhggZy�iehlghklv´��>_lZevgh_�ihkljh_gb_�ih^h[guo�dZjl� lj_[m_l� agZqb�
l_evgh]h� \j_f_gb�� b� ihwlhfm� ijZdlbdm_lky� j_^dh�� gZijbf_j�� ijb�FJL-
j_eZdkhf_ljbb��Jmlbggh_�FJL-bkke_^h\Zgb_�ijh\h^blky�k�mq_lhf�gZdhi�
e_ggh]h�[hevrh]h�hiulZ�ih�b^_glbnbdZpbb�ghjfZevguo�kljmdlmj��ba�dh�
lhjh]h�ke_^m_l��qlh�\�ih^Z\eyxs_f�[hevrbgkl\_�kemqZ_\�^ey�wlhc�b^_g�
lbnbdZpbb� ^hklZlhqgh� bf_lv� ebrv� g_kdhevdh� klZg^Zjlguo� T1-� b� T2- 
\a\_r_gguo�bah[jZ`_gbc��T�<B��T�<B��\�lj_o�ijh_dpbyo��jbk�������Kqb�
lZ_lky��qlh�ba��–��klZg^Zjlguo�FJL-bah[jZ`_gbc�fh`gh�ihemqblv�^hklZ�
lhqgh�bgnhjfZpbb�^ey�^bnn_j_gpbZpbb�b�ij_^\Zjbl_evghc�hp_gdb�ghj�
fZevguo�kljmdlmj� 

 

 
 
Jbk�� ����<_jogbc� jy^�—� � ko_fZ� jZkiheh`_gby� kdZgbjm_fuo� kj_ah\�ijb� aZ^Zgbb�
klZg^Zjlguo� j_`bfh\�FJL-bkke_^h\Zgby� ]heh\gh]h� fha]Z�� Gb`gbc� jy^� —� hl�
^_evgu_�FJL-bah[jZ`_gby��ihemqZ_fu_�\�khhl\_lkl\bb�k�mdZaZgghc�ko_fhc- A —  
T�<B� \� ZdkbZevghc� ijh_dpbb�� B — T�<B� GE� \� kZ]bllZevghc� ijh_dpbb�� C —  
T�<B�SE�\�dhjhgZjghc�ijh_dpbb��D —��j_`bf�k�ih^Z\e_gb_f�kb]gZeZ�\h^u�\�Zd�
kbZevghc� ijh_dpbb�� LhesbgZ� kj_ah\� �–�� ff�� IjhkljZgkl\_ggh_� jZaj_r_gb_� —  
1×��ff��<j_fy�kdZgbjh\Zgby�—  2–��fbg���:���f������e�� 
 
 

Fh`gh�hlf_lblv�lZd`_��qlh�h[uqgh�FJL-kdZgbjh\Zgb_�ijh\h^blky�k 
bkihevah\Zgb_f�f_lh^bd��dhlhju_�kms_kl\_ggh�mkdhjyxl�ijh\_^_gb_�bk�
ke_^h\Zgby��Wlh�^hklb]Z_lky� aZ� kq_l� lh]h��qlh�iZmaZ�TR (Time of Repeti-
tion���hl\h^bfZy�^ey�\hkklZgh\e_gby�ijh^hevghc�gZfZ]gbq_gghklb�kdZgb�
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kdZgbjm_fh]h� kj_aZ�� aZihegy_lky�JQ-bfimevkZfb�� dhlhju_�h[_ki_qb\Zxl�
JQ-\ha[m`^_gb_�khk_^gbo�kj_ah\��Ihfbfh�wlh]h��ijbf_gy_lky�fgh]hdjZl�
gZy� klbfmeypby� kibgh\h]h� woZ� k� ihfhsvx� i_jbh^bq_kdb� aZimkdZ_fuo�
�����JQ-bfimevkh\��Ijb�dZ`^hf� aZimkd_�kbgojhggh�f_gy_lky�Zfieblm^Z�
nZah-dh^bjmxs_]h�]jZ^b_glgh]h�bfimevkZ��\�j_amevlZl_�q_]h�nhjfbjmxl�
ky�kb]gZeu�kibgh\h]h�woh��kh^_j`Zsb_�bgnhjfZpbx�h�ijhkljZgkl\_gghf�
dh^bjh\Zgbb�� Wlh� mkdhjy_l� k[hj� ^Zgguo�� g_h[oh^bfuo� ^ey� ihkljh_gby�
FJL-bah[jZ`_gbc� >��@�� F_lh^� ba\_kl_g� ih^� gZa\Zgb_f� FSE (Fast Spin 
Echo), TSE (Turbo Spin Echo���Z�lZd`_�RARE (Rapid Acquisition Relaxation 
Enhanced��>Ze__� ih^� l_jfbghf�T�<B� [m^_f� ihgbfZlv� eb[h� j_`bf�FSE, 
eb[h�bah[jZ`_gby��ihemq_ggu_�bf_ggh�\�j_amevlZl_�_]h�ijbf_g_gby� 

Q_f� [hevr_� hlghr_gb_�TR/TE�� l_f� [hevr__� dhebq_kl\h� kj_ah\� \ha�
fh`gh� kdZgbjh\Zlv� \h� \j_fy�iZmau�TR��Ihwlhfm� k� j_`bfZ�FSE�� ]^_�TR 
^hklZlhqgh�\_ebdh���–10 k��m^h[gh�gZqbgZlv�h[ahjgh_�FJL-bkke_^h\Zgb_��
Ba-aZ�ijbf_g_gby�f_lh^h\�fgh]hdjZlgh]h�\ha[m`^_gby�kb]gZeh\�kibgh\h�
]h�woZ�\hagbdZxl�g_dhlhju_�hlebqby�\�ldZg_\hf�dhgljZkl_�ih�kjZ\g_gbx�
kh�kdZgbjh\Zgb_f�f_lh^hf�h^ghdjZlgh]h�kibgh\h]h�woZ��hkgh\gh_�ba�dh�
lhjuo�khklhbl�\�lhf��qlh�gZ�T�<B�hij_^_ey_lky�ZghfZevgh�yjdbc�kb]gZe�
hl�`bjh\hc�ldZgb��bf_xs_c�dhjhldh_�\j_fy�T���Wlh�k\hckl\h�iulZxlky�
k\yaZlv� k� hkh[_gghklyfb� __� obfbq_kdhc� kljmdlmju�� kha^Zxs_c� mkeh\by�
^ey�kibg-kibgh\h]h�\aZbfh^_ckl\by�f_`^m�]ebp_jb^gufb�ijhlhgZfb�>�@��
<�lh�`_�\j_fy�g_dhlhju_�hlebqby�\�dhgljZkl_�g_ba[_`gu��ihkdhevdm�\j_�
fy�i_j_nhdmkbjh\db�TE (Time of Echo��\�oh^_�kdZgbjh\Zgby�f_gy_lky�hl�
fbgbfZevgh]h�agZq_gby�TE0�^h�TE0 + N.

ûTE��]^_�N —�dhebq_kl\h�i_j_nh�
dmkbjh\hd� �h[uqgh�N = 8–�����<_ebqbgZ�N� gZau\Z_lky�RARE-nZdlhjhf��
Bgh]^Z�^ey�oZjZdl_jbklbdb�j_`bfZ�kdZgbjh\Zgby�\f_klh�gZ[hjZ�iZjZf_l�
jh\� TE0, ûTE, N� mdZau\Zxl� lhevdh� kj_^g__� agZq_gb_� — TEav = TE0 + 
(N.

ûTE)/2.  

 

 
 
 
Jbk������Ko_fu�kdZgbjh\Zgby�— (A, C��b�khhl\_lkl\mxsb_�FJL-bah[jZ`_gby�— 
(B, D��ijb�bkke_^h\Zgbyo�ih�fhjnhf_ljbb��B —  T�<B�SE�\�ZdkbZevghc�ijh_dpbb��
D —  T�<B�GE�\�dhjhgZjghc�ijh_dpbb��<�ihke_^g_f�kemqZ_�^ey�ihemq_gby�\ukh�
dh]h�ijhkljZgkl\_ggh]h�jZaj_r_gby�����×����ff��ijh\h^blky��D-kdZgbjh\Zgb_� 
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KlZg^Zjl�FJL-bkke_^h\Zgby�� ijbgyluc� ^ey� \jZq_[ghc� ^bZ]ghklbdb�
gZp_e_g��\�hkgh\ghf��gZ�[ukljh_�jZkihagZ\Zgb_�ZgZlhfbq_kdbo�kljmdlmj�k�
ijb\uqguf�jZdmjkhf�b�jZkij_^_e_gb_f�dhgljZklZ��b�ihlhfm�j_]eZf_glb�
jm_l�hjb_glZpbx� �gZdehg��kdZgbjm_fuo�kj_ah\��g_h[oh^bfuc�gZ[hj�ijh�
_dpbc�b��\�hij_^_e_gghc�f_j_��^bZiZahg�aZ^_j`_d�^ey�kdZgbjmxsbo�bf�
imevkguo�ihke_^h\Zl_evghkl_c��<� lh�`_�\j_fy��ijb�bamq_gbb�hl^_evguo�
kljmdlmj�b� ^ey�bkke_^h\Zl_evkdbo� jZ[hl�gZb[he__� hilbfZevgu_� mkeh\by�
wdki_jbf_glZ�lj_[mxl�hldehg_gby�hl�klZg^ZjlZ��GZijbf_j��ijb�ijh\_^_�
gbb� nmgdpbhgZevgh]h� FJL� �NFJL��� gZp_e_ggh]h� gZ� ihemq_gb_� FJL-
bgnhjfZpbb�\�j_`bf_�j_Zevgh]h�\j_f_gb��\ukhdh]h�\j_f_ggh]h�jZaj_r_�
gby��^_eZ_lky�\k_�\hafh`gh_�^ey�khdjZs_gby�\k_o�aZ^_j`_d�\�bfimevkghc�
ihke_^h\Zl_evghklb��>ey�bkke_^h\Zgbc�ih�fhjnhf_ljbb�]heh\gh]h�fha]Z�
hkh[uf�h[jZahf� aZ^Z_lky� ]_hf_ljby�kdZgbjh\Zgby��Z�bf_ggh�—�ZdkbZev�
gu_�kj_au�^ey�T�<B�`_eZl_evgh�ijh\_klb�bf_ggh�\^hev�]eZ\ghc�hkb�]bi�
ihdZfih\�� Z� dhjhgZjgu_�^ey�T�<B�—�i_ji_g^bdmeyjgh� d�gbf� �jbk� 11). 
Ijb� lZdhc�hjb_glZpbb�kj_ah\�m^h[gh�ijh\h^blv� ]_hf_ljbq_kdb_�baf_j_�
gby��g_h[oh^bfu_�^ey�bkke_^h\Zgby�kljmdlmj�ebf[bq_kdhc�kbkl_fu�b�`_�
em^hqdh\�fha]Z�>������@� 
 

�������HilbfbaZpby�ijhlhdheh\�FJL-bkke_^h\Zgby 

>ey�ih\ur_gby�wnn_dlb\ghklb�FJL-bkke_^h\Zgby�j_`bfu�kdZgbjh�
\Zgby�ih^]hlZ\eb\Zxlky�\�\b^_�ijhlhdheh\��dhlhju_�mqblu\Zxl�hkh[_g�
ghklb� kdZgbjm_fh]h� h[t_dlZ�� Ohjhrh� hleZ`_gguc� ijhlhdhe� iha\hey_l�
ijh\h^blv� kdZgbjh\Zgb_� aZ�fbgbfZevgh_�\j_fy�b�ihemqZlv�fZdkbfZevgh�
bgnhjfZlb\gu_�FJL-bah[jZ`_gby�k�gZbemqrbf�hlghr_gb_f�kb]gZe�rmf��
HleZ^dZ� ijhlhdheh\� ^ey� h^gh]h� b� lh]h�`_� lbiZ� bfimevkghc� ihke_^h\Z�
l_evghklb�khklhbl�\�ih^[hj_�jZaf_jh\�fZljbpu��hij_^_eyxs_c�ijhkljZg�
kl\_ggh_�jZaj_r_gb_��\_ebqbg�TR, TE��jy^Z�^jm]bo�iZjZf_ljh\��Ijb�jm�
lbgghf�bkke_^h\Zgbb�\Z`gh��qlh[u�ijhlhdhe��ih�\hafh`ghklb��hklZ\Zeky�
g_baf_gguf��<� wlhf� kemqZ_�fh`gh� kjZ\gb\Zlv�FJL-bah[jZ`_gby��ihem�
q_ggu_�\�jZagh_�\j_fy��^ey�hp_gdb�^bgZfbdb�baf_g_gbc��gZijbf_j��k\y�
aZgguo�k�e_q_gb_f��GZ�jbk�����ijb\_^_gu�^Zggu_�^ey�^\mo�bkke_^h\Zgbc�
iha\hghqgbdZ�—�gZqZevgh]h� �\_jogbc�jy^��b�ijh\_^_ggh]h�q_j_a�^\_�g_�
^_eb��gb`gbc�jy^��ihke_�fZgbimeypbc�fZgmZevgh]h�l_jZi_\lZ��h[_sZ\r_�
]h� ©ihijZ\blvª� iha\hgdb� b�f_`iha\hghqgu_� ^bkdb��KhihklZ\e_gb_� ^Zg�
guo�g_�^Z_l�gZ^_`guo�hkgh\Zgbc�kqblZlv��qlh�\�j_amevlZl_�_]h�^_ckl\bc�
ijhbahreb�dZdb_-eb[h�baf_g_gby�gZ�ZgZlhfbq_kdhf�mjh\g_�� 

;eZ]h^Zjy� hilbfbaZpbb� ijhlhdheh\� gZ� lhfh]jZn_� TOMIKON S50 
(«Brukerª�� k�fZ]gblguf� ihe_f� ����Le� m^Zehkv� ijh\h^blv� g_dhlhju_� g_�
klZg^Zjlgu_�^ey�^Zggh]h�lhfh]jZnZ�bkke_^h\Zgby�—�gZijbf_j��FJL�]h�
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eh\gh]h�fha]Z�djuku�b�jZkl_gbc��bkihevamy�ijb_fgmx�dZlmrdm��ij_^gZ�
agZq_ggmx�^ey�bkke_^h\Zgby�hj]Zgh\�q_eh\_dZ��jbk������� 

 

 
 
Jbk�� ���� >bgZfbq_kdh_� gZ[ex^_gb_� ijb� h^bgZdh\uo� ijhlhdheZo� FJL-
kdZgbjh\Zgby��<_jogbc� jy^��>Zggu_�FJL� gZ� gZqZevghf� wlZi_� bkke_^h\Zgby� ih�
a\hghqgbdZ�� T�<B� SE-kZ]bllZevguc� kj_a� b� 7�<B� GE-ZdkbZevgu_� kj_au� q_j_a�
f_`iha\hghqgu_�^bkdb�L5–S1, L4–5, L3–���Gb`gbc�jy^�—�khhl\_lkl\mxsb_�^Zg�
gu_��ihemq_ggu_�q_j_a�^\_�g_^_eb�ihke_�e_q_gby��ijh\_^_ggh]h�fZgmZevguf�l_jZ�
i_\lhf 

 

 
 

Jbk����.�FJL-bah[jZ`_gby�]heh\u�djuku��A —� �kZ]bllZevgZy�b�B —��dhjhgZjgZy�
ijh_dpbb�� b� �D-j_dhgkljmdpbb�FJL-bah[jZ`_gbc� \_ldb� j_i_cgbdZ�� ihemq_ggu_�
hl��D-j_`bfh\�kdZgbjh\Zgby��C —  T1GE, D —  T2WI (TSE���Bkihevah\Zgu�iZjZ�
f_lju�TR = 1.2 c, TE�  � ����� k��JZaj_r_gb_�—  (0.6×0.6×�����ff��Kt_fdZ�djuku�
ijh\_^_gZ�<�E��Yjguo� \� jZfdZo� bkke_^h\Zgby� br_fbq_kdh]h� bgkmevlZ� m� djuku�
������]�� 

 
G_kfhljy�gZ�lh��qlh�jZaf_ju�dZlmrdb��Z��ke_^h\Zl_evgh��__�ahgZ�qm\kl�

\bl_evghklb� dh� \k_f� kb]gZeZf�� \� lhf� qbke_��rmfh\uf�� gZfgh]h� [hevr_�
jZaf_jh\�bkke_^m_fh]h�h[t_dlZ��ihemqZ_lky�\iheg_�ijb_fe_fh_�dZq_kl\h�
FJL-bah[jZ`_gby�� 
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�����H[sb_�ih^oh^u�d�ZgZebam�iZlheh]bq_kdbo�kljmdlmj 
 
GZihfgbf��qlh�lbih\h_�FJL-bkke_^h\Zgb_�fu�mkeh\gh�jZa^_ebeb�gZ�

^\Z�wlZiZ��]^_�aZ^Zq_c�i_j\h]h�wlZiZ��nZdlbq_kdb��y\ey_lky�hp_gdZ�khklhy�
gby�ghjfZevguo�kljmdlmj��?keb�gZ�hkgh\_�ihemq_gguo�bah[jZ`_gbc�fh`gh�
aZih^hajblv�gZebqb_�iZlheh]bq_kdh]h�h[jZah\Zgby�—�himoheb��dbklu��ahgu�
hl_dZ��djh\hbaebygby�b�l�i���lh�h[uqgh�ijh\h^blky�\lhjhc�wlZi�bkke_^h\Z�
gby��\�oh^_�dhlhjh]h�bkihevamxlky�j_`bfu�kdZgbjh\Zgby��h[_ki_qb\Zxsb_�
gZbemqrmx�\bamZebaZpbx�ij_^iheZ]Z_fuo�iZlheh]bq_kdbo�baf_g_gbc��>ey�
wlh]h�`_eZl_evgh�aZ^Zlv�lZdhc�j_`bf�kdZgbjh\Zgby��qlh[u�ijhkljZgkl\_g�
gh_� jZkij_^_e_gb_� dhgljZklZ� hl�ghjfZevguo� ldZg_c�gZ�FJL-bah[jZ`_gbb�
[ueh� dZd�fh`gh� [he__� h^ghjh^guf��ihkdhevdm�gZ� lZdhf�nhg_�ijhs_� \u�
y\blv�baf_g_gby�dhgljZklZ��k\yaZggu_�bf_ggh�k�iZlheh]b_c� 

<ujZ\gb\Zgb_�dhgljZklZ�^ey�ghjfZevguo�ldZg_c�hkh[_ggh�ZdlmZevgh��
_keb�ahgZ�iZlheh]bb�ehdZebah\ZgZ�hdheh�]jZgbp�jZa^_eZ�ghjfZevguo�ldZ�
g_c�—�gZijbf_j��ahgu�jZkiheh`_gby�`_em^hqdh\�fha]Z�b�[_eh]h�\_s_kl\Z�
fha]Z��Ijb�wlhf�gZb[hevrb_�keh`ghklb�^ey�\bamZebaZpbb�ahgu�iZlheh]bb�
\hagbdZxl�\�lhf�kemqZ_��dh]^Z�lhesbgZ�kdZgbjm_fuo�kj_ah\�[hevr_��q_f�
khhl\_lkl\mxsbc�jZaf_j�ahgu�iZlheh]bb��Wlh�k\yaZgh�k�l_f��qlh�gZ�FJL-
bah[jZ`_gbb�hl^_evgh]h�kj_aZ�dhgljZkl�dZ`^hc�lhqdb�iehkdhklb�kdZgbjh�
\Zgby�hij_^_ey_lky�kmffZjguf�dhgljZklhf�hl�\k_o�ldZg_c��jZkij_^_e_g�
guo�ih�lhesbg_�kj_aZ�� 

Ihke_� \ujZ\gb\Zgby� ldZg_\h]h� dhgljZklZ� ^ey� ghjfZevguo� ldZg_c�
FJL-bah[jZ`_gb_�fh`gh�jZkkfZljb\Zlv�dZd�h^ghjh^guc�nhg��gZ�dhlhjhf�
^he`gZ� \bamZebabjh\Zlvky� iZlheh]bq_kdb� baf_g_ggZy� ldZgv�� Ijb� wlhf�
nhgh\Zy�hdjZkdZ�^he`gZ�[ulv� aZ^ZgZ�k�mq_lhf�dhgdj_lghc�iZlheh]bb�— 
nhg�^he`_g�[ulv�l_fguf��_keb�iZlheh]bq_kdb_�baf_g_gby�khijh\h`^Zxl�
ky�ih\ur_gb_f�FJL-kb]gZeZ�^ey�^Zgghc�ldZgb�b��gZh[hjhl��k\_leuf��_keb�
iZlheh]by�ijb\h^bl�d�kgb`_gbx�kb]gZeZ� 

MdZaZggu_� aZ^Zqb� j_rZxlky� ih^[hjhf� bfimevkghc� ihke_^h\Zl_ev�
ghklb�b�gZkljhcdhc�aZ^_j`_d�f_`^m�JQ-bfimevkZfb��ijb�dhlhjuo�^hk�
lb]Z_lky�\ujZ\gb\Zgb_�dhgljZklZ�f_`^m�ghjfZevgufb�ldZgyfb�beb�km�
s_kl\_ggh_�kgb`_gb_�dhgljZklZ�^ey�hl^_evguo�dhfihg_glh\��Ih^[hj�b�
gZkljhcdZ�bfimevkguo�iZjZf_ljh\�hkms_kl\ey_lky�k�mq_lhf�ba\_klguo�
^Zgguo� h� \j_f_gZo� j_eZdkZpbb� wlbo� ldZg_c��LZdZy� bgnhjfZpby� kh^_j�
`blky�\�ebl_jZlmjguo�h[ahjZo��<�lZ[ebp_���ijb\_^_gu�agZq_gby�\j_f_g�
j_eZdkZpbb� ^ey� ghjfZevguo� ldZg_c� ih�fZl_jbZeZf� jZ[hlu� >��@��Ij_^�
klZ\e_ggu_�^Zggu_�ke_^m_l�jZkkfZljb\Zlv�ebrv�dZd�hjb_glbj��ihkdhev�
dm�^ey�j_eZdkZpbhgguo�baf_j_gbc�ghjfZevguo�ldZg_c�bf__l�f_klh�agZ�
qbl_evguc�klZlbklbq_kdbc�jZa[jhk�—�ijbf_jgh��� ���Z�^ey�iZlheh]bq_�
kdbo�— 30 % [29].  

Ke_^m_l�hkh[h�hlf_lblv��qlh�kljmdlmjZ�`bjh\hc�ldZgb�bf__l�kms_kl�
\_ggu_�hkh[_gghklb�^ey�jZaguo�hj]Zgh\��qlh�hljZ`Z_lky�gZ�j_eZdkZpbhg�
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guo�oZjZdl_jbklbdZo��Ijb\_^_ggh_�\�lZ[ebp_�agZq_gb_�T��^ey�`bjZ��ih-
\b^bfhfm��hlghkblky�d�`bjm�\�h[eZklb�hj[bl��Z�^ey�ih^dh`gh]h�`bjZ��dZd�
ihdZau\Z_l�wdki_jbf_gl�—�kf��jZa^_e��������\_ebqbgZ�T��ihqlb�\�^\Z�jZaZ�
dhjhq_�� 

LZ[ebpZ�����AgZq_gby�iZjZf_ljh\�T1, T��^ey�ghjfZevguo�ldZg_c���ba�jZ[hlu�>��@� 
 

LdZgv�fha]Z GZijy`_gghklv�fZ]gblgh]h�ihey�B0, T���fk T���fk 

K_jh_�\_s_kl\h 
0.5 
1.5 

650 
900 

100 
 

;_eh_�\_s_kl\h� 
0.5 
1.5 

500 
760 

90 
 

Kibggh-fha]h-
\Zy�`b^dhklv 

0.5 
1.5 

1800 
2400 

160 
 

@bj 
0.5 
1.5 

210 
255 

80 
 

 
Qlh� dZkZ_lky�iZlheh]bq_kdb�baf_g_gguo� ldZg_c�� lh�gZb[he__�gZ^_`�

gu_�^Zggu_�ijb\h^ylky�ebrv�^ey�\j_f_gb�j_eZdkZpbb�T���Wlh�k\yaZgh�k�
l_f��qlh�^ey�baf_g_gghc�ldZgb�oZjZdl_jghc�l_g^_gpb_c�y\ey_lky�ij_\jZ�
s_gb_� \� ]_l_jh]_ggmx� kljmdlmjm�� j_eZdkZpbx� dhlhjhc� g_evay� hibkZlv�
lhevdh�h^gbf�iZjZf_ljhf�T���<�lZ[ebp_���ih�fZl_jbZeZf�jZ[hlu�>��@�ijb�
\_^_gu� agZq_gby�T��^ey�g_dhlhjuo�iZlheh]bc��Fh`gh�hlf_lblv�hlghkb�
l_evgh�g_[hevrhc� jZa[jhk� agZq_gbc�T�� ^ey�iZlheh]bc��<� jZ[hl_� >�@� wlh�
h[tykgy_lky�g_h^ghjh^ghklvx�ex[h]h�ihjZ`_gby��k\yaZggh]h�k�gZebqb_f�
\ZkdmeyjbaZpbb��g_djhaZ�b�khklhygb_f�de_lhd� 

 
LZ[ebpZ�����AgZq_gby�iZjZf_ljZ�T��\�fZ]gblghf�ihe_�����Le�g_dhlhjuo�iZlheh]b�
q_kdbo�ldZg_c�]heh\gh]h�fha]Z���Ba�jZ[hlu�>��@� 
 

IZlheh]bq_kdZy�ldZgv T���fk� IZlheh]bq_kdZy�ldZgv T���fk� 
:kljhpblhfZ 180 G_ki_pbnbq_kdb_�himoheb 261 
=ebh[eZklhfZ 170 BgnZjdl 170 
Heb]h^_g^jhfZ 200 JZkk_ygguc�kde_jha 190 

 

 
�����<bamZebaZpby�iZlheh]bc��^Zxsbo�kgb`_gb_�FJL-kb]gZeZ 

 
>h\hevgh�hlq_leb\h_�kgb`_gb_�kb]gZeZ�gZ�FJL-bah[jZ`_gbb�\hagb�

dZ_l� ijb� gZdhie_gbb� dZevpbnbdZlh\�� \hagbdgh\_gbx� dhlhjuo� kihkh[kl�
\mxl�g_dhlhju_�himohe_\u_�h[jZah\Zgby��GZ�jbk�� ���ihdZaZgh�h[t_fgh_�
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h[jZah\Zgb_��heb]h^_g^jh]ebklhfZ"��\�aZ^g_f�hl^_e_�e_\hc�eh[ghc�^heb�k�
lhlZevghc�dZevpbnbdZpb_c�himoheb��GZb[he__�hlq_leb\h�h[jZah\Zgb_�\u�
]ey^bl�gZ�FJL-bah[jZ`_gbb��]^_�ghjfZevgu_�ldZgb��k_jh_�b�[_eh_�\_s_�
kl\Z�fha]Z��ij_^klZ\e_gu�k\_leuf�h^ghjh^guf�dhgljZklhf� 
 

 
 
Jbk�� ���� <bamZebaZpby� dZevpbnbpbjh\Zggh]h� h[jZah\Zgby�� A — T�<B�� B — 
FLAIR� �kf��jZa^_e� ������K�—�GZ�j_`bf_�T1SE�hlf_qZ_lky�ijhgbdgh\_gb_�dhg�
ljZklbjmxs_]h�\_s_kl\Z�\gmljv�h[jZah\Zgby��D —�j_`bf�T2*GE (TR� �����fk��
TE� ����fk��FA� ������^Z_l�h^ghjh^gh_�jZkij_^_e_gb_�ldZg_\h]h�dhgljZklZ��k\_l�
euc�nhg��gZ�dhlhjhf�ohjhrh�\bamZebabjmxlky�mqZkldb�\uiZ^_gby�kb]gZeZ��qlh�
k\yaZgh�k�aZf_s_gb_f�ijhlhgkh^_j`Zs_c�ldZgb�dZevpbnbdZlZfb 
 
 

>jm]hc�]jmiihc�iZlheh]bc��^Zxsbo�kgb`_gb_�FJ-kb]gZeZ��y\eyxlky�
g_dhlhju_�h[jZah\Zgby��\hagbdZxsb_�ijb�ihjZ`_gbyo�hj[bl�—�jbk� 15. 

 

 
 
Jbk�� ����IZlheh]bq_kdb_�baf_g_gby�\�hj[blZo��^Zxsb_�kgb`_gb_�FJ-kb]gZeZ�gZ�
T�<B��A- [_kib]f_glgZy�kf_rZgghde_lhqgZy�f_eZghfZ�ohjbhb^_b�k�wdahnblguf�
jhklhf, B — ebfnhfZ�hj[blu�k�\h\e_q_gb_f�ke_aghc�`_e_au�k�j_Zdlb\guf�\hkiZ�
e_gb_f�\�g_c��C —�Zg]bhnheebdmeyjgZy�]bi_jieZaby�ldZg_c�hj[blu�k�whabghnb�
eb_c, D — j_pb^b\�ie_hfhjnghc�Z^_ghfu�ke_aghc�`_e_au�k�ijbagZdZfb�`_e_ab�
klhc�Zlbibb  

 
<� ^Zgghf� kemqZ_� ehdZebaZpby� iZlheh]bc� gZ� T�<B� g_� ij_^klZ\ey_l�

[hevrhc� keh`ghklb�� ihkdhevdm� hgb� \bamZebabjmxlky� gZ� yjdhf� k\_lehf�
nhg_�hl�ghjfZevguo�ldZg_c�—�]eZaguo�y[ehd�b�hj[bl� 
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Jbk����� <bamZebaZpby� ]_fhkb�
^_jbgZ�ihke_� ]_fhjjZ]bq_kdh]h�
bgkmevlZ��Ke_\Z�h[uqgh_�T�<B�
SE�� kijZ\Z� FJL-bah[jZ`_gb_��
©\a\_r_ggh_�ih�fZ]gblghc�\hk�
ijbbfqb\hklbª�� ihemq_gh� f_�
lh^hf�T2*GE�k�iZjZf_ljZfb�TR 
 �����fk��TE� ����fk��FA = 25° 

 

 
?s_�h^gbf�ijbf_jhf�iZlheh]bc��^Zxsbo�agZqbl_evgh_�kgb`_gb_�FJ-

kb]gZeZ�� y\eyxlky� ahgu� jZg__� ijhr_^rbo� djh\hbaebygbc�� bf_xsbo� gZ�
i_jbn_jbb� hleh`_gby� ]_fhkb^_jbgZ�—� iZjZfZ]gblgh]h� \_s_kl\Z�� ij_^�
klZ\eyxs_]h� ijh^mdl� jZkiZ^Z� djh\b�� J_adh_� baf_g_gb_� fZ]gblghc� \hk�
ijbbfqb\hklb�\�ahg_�hleh`_gby�]_fhkb^_jbgZ�kha^Z_l�ehdZevgmx�g_h^gh�
jh^ghklv�fZ]gblgh]h�ihey��qlh�h[mkeh\eb\Z_l�[he__�[ukljmx�jZknZabjh\�
dm� kibgh\� ih� kjZ\g_gbx� k� ^jm]bfb� mqZkldZfb�� Ba-aZ� wlh]h� gZ� FJL-
bah[jZ`_gbb� \hagbdZxl�mqZkldb� agZqbl_evgh]h� kgb`_gby� kb]gZeZ�� dhlh�
ju_�m^h[gh�gZ[ex^Zlv�gZ�k\_lehf�b��ih�\hafh`ghklb��h^ghjh^ghf�nhg_��
LZdhc�nhg� y\ey_lky� oZjZdl_jguf� ^ey�ijhlhggh-\a\_r_gguo�bah[jZ`_�
gbc�— TE << TR�b�TR > T���Ihke_^g__�g_jZ\_gkl\h�mdZau\Z_l�gZ�g_h[oh�
^bfhklv�\hkklZgh\e_gby�ijh^hevghc�gZfZ]gbq_gghklb�i_j_^�pbdehf�kdZ�
gbjh\Zgby��H^gZdh�wlhc�`_�p_eb�fh`gh�^hklbqv�b�ijb�TR < T���_keb�ijb�
\ha[m`^_gbb�kibgh\hc�kbkl_fu�ijbf_gblv�fZeuc�m]he�hldehg_gby�\_dlh�
jZ�gZfZ]gbq_gghklb�FA (Flip Angle���Mqblu\Zy�\k_�wlh��^ey�j_r_gby�bk�
oh^ghc�aZ^Zqb�fh`gh�ijbf_gblv�f_lh^bdm�]jZ^b_glgh]h�woZ��dhlhjZy�qm\�
kl\bl_evgZ�d�ehdZevguf�g_h^ghjh^ghklyf�fZ]gblguo�ihe_c�—�\�^Zgghf�
kemqZ_�h[mkeh\e_gguo�ijbkmlkl\b_f�iZjZfZ]g_lbdZ��Ijb�jZ[hl_�gZ�lhfh�
]jZn_�k�ihe_f�����Le��fh`gh�aZ^Zlv�iZjZf_lju�TE� ����fk��TR� �����fk��
FA� ������b�\�blh]_�ihemqblv�bah[jZ`_gby��gZ�dhlhjuo�ghjfZevgZy�ldZgv�
ij_^klZ\e_gZ�k\_leuf��^hklZlhqgh�h^ghjh^guf�nhghf��GZ�wlhf�nhg_�oh�
jhrh� \bamZebabjmxlky� mqZkldb� kgb`_gby� kb]gZeZ�� h[mkeh\e_ggu_� hleh�
`_gb_f�]_fhkb^_jbgZ�\�ahg_�bgkmevlZ��jbk������ 

H^ghjh^guc� k\_leuc� nhg�� ihemqZ_fuc� gZ� T�<B�� ohjhrh� ih^oh^bl�
^ey�\bamZebaZpbb�djh\_ghkguo� khkm^h\�b�\uy\e_gby�khkm^bklhc�iZlheh�
]bb��ihkdhevdm�^\b`msZyky�`b^dhklv�gZ�lZdbo�bah[jZ`_gbyo�ij_^klZ\e_�
gZ�gbadbf�kb]gZehf�� 

WlZ� b^_y� gZreZ� ijbf_g_gb_� ijb� jZajZ[hld_�f_lh^Z� ©q_jghc� djh\bª�
(black blood���>ey�lhfh]jZnZ�����Le�ijb_fe_fu_�j_amevlZlu�hl�ijbf_g_�
gby� ^Zgghc� f_lh^bdb� ihemqZxlky� ijb� aZ^Zgbb� iZjZf_ljh\� �D-kdZ-
gbjmxs_c�bfimevkghc�ihke_^h\Zl_evghklb�kibgh\h]h�woh��]^_�TR� �����k��
TEav  �����k�jbk������ 
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Jbk������<bamZebaZpby�khkm^h\�ijb�Zjl_jbh-\_ghaghc�fZevnhjfZpbb�f_lh^hf��D-
TOF —�ke_\Z�b�f_lh^hf�©q_jghc�djh\bª�—�\�p_glj_�b�kijZ\Z��Ke_\Z�b�\�p_glj_�—  
kZ]bllZevgZy��ke_\Z�—�ZdkbZevgZy�ijh_dpbb���<�E��Yjguo�������]�� 
 
 

�����<bamZebaZpby�iZlheh]bc�^Zxsbo�ih\ur_gb_ 
FJL-kb]gZeZ 
 
>Ze__�\�hkgh\ghf��[m^_l�jZkkfZljb\Zlvky�ijh[e_fZ�\bamZebaZpbb�iZ�

lheh]bq_kdbo�ldZg_\uo�baf_g_gbc��dhlhju_�^Zxl�ih\ur_gb_�kb]gZeZ��Wlb�
baf_g_gby�m^h[gh�gZ[ex^Zlv�gZ�FJL-bah[jZ`_gbyo��]^_�ghjfZevgu_�ldZ�
gb�ij_^klZ\e_gu�kgb`_gguf�kb]gZehf�—�l_fguf�nhghf��Ihemq_gb_�lZ�
dh]h�nhgZ�aZ�kq_l�ih^Z\e_gby�kb]gZeh\�hl�ghjfZevghc�ldZgb�ijb�khojZg_�
gbb�kb]gZeZ�hl�iZlheh]bb�—�keh`gZy�aZ^ZqZ��ihwlhfm�h[uqgh�ijZdlbdm_l�
ky� ih^Z\e_gb_� kb]gZeh\� hl� hl^_evguo�ghjfZevguo� ldZg_\uo� dhfihg_gl��
Wlh� gZb[he__� ZdlmZevgh� ^ey� ldZg_c�� kh^_j`Zsbo�`bj� beb� g_k\yaZggmx�
\h^m��Ijbf_gbl_evgh�d�kljmdlmjZf�]heh\gh]h�fha]Z�fh`gh�hlf_lblv��qlh�
`bjh\Zy� ldZgv� kh^_j`blky� \� ih^dh`ghc� h[eZklb�� djZgbh-\_jl_[jZevghf�
i_j_oh^_��hj[blZo��K\h[h^gZy� �g_k\yaZggZy��`b^dhklv�gZoh^blky�\�`_em�
^hqdZo�fha]Z��]eZaguo�y[ehdZo�aZihegy_l�km[ZjZoghb^Zevgu_�ijhkljZgkl�
\Z�b�[hjha^u� 

LZdb_� ldZgb� \u]ey^yl�ba[ulhqgh� yjdbfb�gZ�FJL-bah[jZ`_gbyo�ijb�
klZg^Zjlguo�j_`bfZo�kdZgbjh\Zgby��hkh[_ggh�gZ�T�<B��ba-aZ�q_]h�keh`gh�
\uy\blv� \ZjbZpbb� dhgljZklZ� ^ey� iZlheh]bq_kdbo� baf_g_gbc�� ij_^klZ\�
eyxsbo�^bZ]ghklbq_kdbc�bgl_j_k��Ih^Z\e_gb_�ohly�[u�h^gh]h�dhfihg_g�
lZ�mijhsZ_l�j_r_gb_�aZ^Zqb�h�^bnn_j_gpbZpbb�iZlheh]bq_kdh]h�h[jZah�
\Zgby� 

�������<ha^_ckl\b_�iZjZfZ]gblguo�\_s_kl\�gZ�baf_g_gb_ 
FJL-dhgljZklZ 

Ih\ur_gb_�FJL-kb]gZeZ�\�h[eZklb�iZlheh]bb�fh`gh�kijh\hpbjh\Zlv�
iml_f�\gmljb\_ggh]h�\\_^_gby�iZjZfZ]gblgh]h�dhgljZklbjmxs_]h�\_s_�
kl\Z�—�h[uqgh�gZ�hkgh\_�bhgh\�]Z^hebgby�Gd+��GZdhie_gb_�iZjZfZ]g_lb�
dZ�\�ahg_�iZlheh]bb�ijb\h^bl�d�khdjZs_gbx�\j_f_gb�j_eZdkZpbb�T���l�_��d�
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[he__�[ukljhfm� \hkklZgh\e_gbx� jZ\gh\_kghc�gZfZ]gbq_gghklb�ijb� kdZ�
gbjh\Zgbb�b��\�j_amevlZl_��d�ih\ur_gbx�kb]gZeZ�gZ�T�<B��Ke_^m_l�mqb�
lu\Zlv��qlh�g_dhlhju_�ghjfZevgu_�ldZgb�—�`bjh\Zy�ldZgv��\_s_kl\h�]b�
ihnbaZ�b�g_dhlhju_�^jm]b_�lZd`_�kihkh[gu�gZdZieb\Zlv�dhgljZklgh_�\_�
s_kl\h��qlh�bgh]^Z�aZljm^gy_l�bgl_jij_lZpbx�wdki_jbf_glZ� 

Wnn_dl�khdjZs_gby�\j_f_gb�T��kihkh[_g�\hagbdgmlv�lZd`_�hl�mihl�
j_[e_gby�e_dZjkl\�beb�gZjdhlbdh\��kh^_j`Zsbo�iZjZfZ]gblgu_�^h[Z\db�b�
kihkh[guo�gZdZieb\Zlvky�\�hij_^_e_gguo�ahgZo�]heh\gh]h�fha]Z�jbk������ 
 

 
 
Jbk����� Lhdkbq_kdZy�wgp_nZehiZlby�ijb�gZjdhfZgbb��hljZ\e_gb_�kheyfb�fZj]Zg�
pZ��ba-aZ�\gmljb\_ggh]h�\\_^_gby�kf_kb��\dexqZxs_c�KMnO4��l�g��©fmevdbª��A�b�
B —�dhjhgZjgZy�b�kZ]bllZevgZy�ijh_dpbb�^ey�T�<B-GE�^h�gZqZeZ�e_q_gby�hl�gZj�
dhfZgbb��C, D —�ZgZeh]bqgu_�FJL-bah[jZ`_gby�q_j_a���b����f_kyp_\�ihke_�ij_�
djZs_gby��mihlj_[e_gby��gZjdhlbdZ���Bhgu��fZj]ZgpZ��gZdZieb\Zxlky��\��ih^dhj�
dh\uo�maeZo��qlh�ijb\h^bl�d�mf_gvr_gbx�\�wlbo�ahgZo�\_ebqbgu�T���b��ke_^h\Z�
l_evgh��d�ih\ur_gbx�kb]gZeZ�gZ�T�<B�b�aZf_lghfm�kgb`_gbx�kb]gZeZ�gZ�T�<B��
�I���f������e�� 
 

 
 

Jbk�� ��� Baf_g_gb_�dZjlbgu�ldZg_\h]h�dhgljZklZ�ijb�\\_^_gbb�dhgljZklgh]h�\_�
s_kl\Z�\�f_`iha\hghqgu_�^bkdb�L4-��b�L3-4. A-T2<B, B — T1<B GE, C — T1<B 
SE 

 
DhgljZklgh_�\_s_kl\h�fh`_l�[ulv�\\_^_gh�g_�lhevdh�q_j_a�djh\v��gh�b�

g_ihkj_^kl\_ggh�\�bkke_^m_fmx�ldZgv��LZdhc�kihkh[�\bamZebaZpbb�fh`_l�
hdZaZlvky� ihe_aguf�� gZijbf_j�� ijb� hlke_`b\Zgbb� baf_g_gbc� \� f_`ih�
a\hgdh\uo�^bkdZo��jbk������ 



=eZ\Z�� 
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�����AZ^Zgb_�iZjZf_ljh\�kdZgbjmxs_c�bfimevkghc� 
ihke_^h\Zl_evghklb�^ey�^bnn_j_gpbZpbb�ldZg_c� 
ih�\j_f_gZf�j_eZdkZpbb 

 
Ih^Z\e_gb_�kb]gZeh\�hl�ghjfZevguo�kljmdlmj�^ey�emqr_c�\bamZebaZ�

pbb�b�^bnn_j_gpbZpbb�iZlheh]bq_kdbo� ldZg_c�rbjhdh�ijbf_gy_lky�ijb�
FJL-bkke_^h\Zgbyo�� Ijhkl_crbf� kihkh[hf� ih^Z\e_gby� g_`_eZl_evguo�
^ey�j_]bkljZpbb�ldZg_c�y\ey_lky�hkh[h_�aZ^Zgb_�aZ^_j`_d�TE�b�TR�\�kdZ�
gbjmxs_c�bfimevkghc�ihke_^h\Zl_evghklb��jZ[hlZxs_c�gZ�hkgh\_�f_�
lh^Z� ©gZkus_gb_-\hkklZgh\e_gb_ª�� MdZaZggu_� aZ^_j`db� hij_^_eyxl�
dhgljZkl�FJL-bah[jZ`_gby�\�aZ\bkbfhklb�hl�\j_f_g�ihi_j_qghc��T���b�
ijh^hevghc� �T��� j_eZdkZpbb��GZijbf_j�� ^ey�f_lh^bdb� ©kibgh\h_� woh» 
kb]gZe� S� hij_^_ey_lky� kh]eZkgh� nhjfme_�� S = !K[1 – exp[– (TR + 
TE)/T1]exp) – TE/T��@��]^_�! —�ijhlhggZy�iehlghklv��K� �mqblu\Z_l�\eby�
gb_�^jm]bo�nZdlhjh\��ihlhd��^bnnmaby��i_jnmaby�b�l�i��� 

 

2������<bamZebaZpby�ldZg_c�k�dhjhldbfb�\j_f_gZfb�j_eZdkZpbb 

Ihkdhevdm�ijb\u[jZgghc�\_ebqbg_�TR�hkgh\ghc�\deZ^�^Zxl�ebrv�l_�
ldZgb��m�dhlhjuo�T1 < TR��lh��mf_gvrZy�TR�fh`gh�^h[blvky�j_]bkljZpbb�
ldZg_c�lhevdh�k�dhjhldbfb�T���<�ij_^_evghf�kemqZ_�TR << T��gZ�FJL-
bah[jZ`_gbb�hkh[_ggh�\u^_eyxlky�kb]gZeu�hl�^\b`ms_cky�`b^dhklb�— 
djh\b� beb� kibggh-fha]h\hc� `b^dhklb�� ihkdhevdm� ba-aZ� fZeh]h� \j_f_gb�
ij_[u\Zgby�qZklbp�`b^dhklb�\�\ha[m`^Z_fhf�keh_�g_�ijhbkoh^bl�bo�gZ�
kus_gby� \ha[m`^Zxsbf� JQ-ihe_f��Ihemq_ggu_� ^Zggu_� hl� ihkj_ah\h]h�
kdZgbjh\Zgby�fh`gh�bkihevah\Zlv�^ey�h[t_fghc�\bamZebaZpbb�khkm^h\�— 
f_lh^hf�ijh_dpbb�fZdkbfZevghc�bgl_gkb\ghklb�— MIP (Maximum Inten-
sity Projection���Z�ihke_�bgl_jiheypbhgghc�h[jZ[hldb�b�h[t_fghc�j_dhgkl�
jmdpbb�k�hll_g_gb_f�ih\_joghkl_c�— 3D-j_g^_jbg]Z��jbk������� 

>hihegbl_evgu_� \hafh`ghklb� ^ey� ih^Z\e_gby� kb]gZeh\� hl� ldZg_c� k�
[hevrbfb�\j_f_gZfb�j_eZdkZpbb�k\yaZgu�k�bkihevah\Zgb_f�wnn_dlZ�i_�
j_ghkZ�gZfZ]gbq_gghklb�MTC — Magnetization Transfer Contrast [21, 22]. 
Wlhl�wnn_dl�\hagbdZ_l�\�kj_^_��kh^_j`Zs_c�fZdjhfhe_dmeu��ijb�g_j_ah�
gZgkghf� gZkus_gbb� ijhlhgh\� k\yaZgghc� \h^u�� kihkh[ghc� h[f_gb\Zlvky�
ijhlhgZfb�hl�k\h[h^ghc�`b^dhklb��Ijbf_g_gb_�f_lh^bd��hkgh\Zgguo�gZ�
wlhf�wnn_dl_� �h�gbo�ih^jh[g__�baeh`_gh�\�]eZ\_� ����iha\hey_l�ijh\_klb�
hqZ]h\mx�^bnn_j_gpbZpbx�jy^Z�iZlheh]bc��\�qZklghklb��ahg�^_fb_ebgb�
aZpbb�ijb�jZkk_ygghf�kde_jha_��<�jZfdZo�MTC-wnn_dlZ�baf_g_gb_� �kgb�
`_gb_��FJL-kb]gZeZ�hl�ijhlhgh\�g_k\yaZgghc�\h^u�fZeh��b�h[uqgh�h[gZ�
jm`b\Z_lky� ebrv� ijb� \uqblZgbb� bah[jZ`_gbc� ihemq_gguo� ^h�� b� ihke_��
\ha^_ckl\by�gZkusZxs_]h�JQ�ihey��H^gZdh��\�g_dhlhjuo�kemqZyo��gZijb�
f_j�� ijb� bamq_gbb� djh\hlhdZ�f_lh^Zfb�FJL-Zg]bh]jZnbb��MTC-wnn_dl�
kihkh[kl\m_l�emqr_c�FJL-\bamZebaZpbb�� 
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Jbk�� ����<bamZebaZpby� djh\_ghkguo� khkm^h\� ]heh\u� k� bkihevah\Zgb_f�FJL-Zg]b-
h]jZnbq_kdbo�f_lh^bd��<_jogbc�jy^�—�ijbf_g_gb_�f_lh^bdb��D-TOF GE (TR = 33 
fk��TE� ���fk��FA = 30º).  :�—�Zjl_jbb�<beebab_\Z�djm]Z�MIP–j_dhgkljmdpby��<��C, 
D —� p_j_[jZevgu_� Zjl_jbb�� B —� bah[jZ`_gb_� hl^_evgh]h� kj_aZ�� C — MIP-
j_dhgkljmdpby�� D — 3D-j_g^_jbg]�� �:��� f��� ��� e���� Gb`gbc� jy^� — MIP-
j_dhgkljmdpbb�^ey�f_lh^bdb��D-TOF GE (E, F��b�nZahdhgljZklgZy�Zg]bh]jZnby��G, 
H). E —� Zjl_jbh\_ghagZy�fZevnhjfZpby��F —� \_ghagZy� kbkl_fZ��G —� hl^_evguc�
kj_a�^ey�nZahdhgljZklghc�Zg]bh]jZnbb��PCA), H —�j_dhgkljmdpby�khkm^h\�ih�f_lh�
^bd_�PCA  
 
 

2.5.2.�<bamZebaZpby�ldZg_c�k�[hevrbfb�\j_f_gZfb�j_eZdkZpbb 

>ey� j_]bkljZpbb� ldZg_c� lhevdh� k� [hevrbfb� \j_f_gZfb� j_eZdkZpbb�
ijbf_gyxl� ihke_^h\Zl_evghklb� kibgh\h]h� woZ� k� [hevrbf� \j_f_g_f�TE. 
Ijb�wlhf�^ey�jZpbhgZevgh]h�aZiheg_gby�iZmau�TR�ijbf_gy_lky�f_lh^bdZ�
RARE — fgh]hdjZlgh_�\ha[m`^_gb_�kibgh\h]h�woZ�k�ihfhsvx�^ebgghc�
k_jbb�— (128–�����i_j_nhdmkbjmxsbo������JQ�bfimevkh\��<�wlhf�kemqZ_�
ihemqZxlky�kbevgh�\a\_r_ggu_�T��bah[jZ`_gby��gZ�dhlhjuo�ohjhrh�\b�
amZebabjmxlky�kljmdlmju�k�[hevrbf�\j_f_g_f�j_eZdkZpbb�T���Z��ke_^h\Z�
l_evgh��[hevrbf�\j_f_g_f�T���ihkdhevdm�\k_]^Z�T1 > T���MdZaZgguc�j_�
`bf� kdZgbjh\Zgby�—� l�g�� ©fb_ehmjh]jZnbq_kdbcª� beb�MYUR�� ^Z_l� oh�
jhrb_� j_amevlZlu� ijb� bkke_^h\Zgbb� kibggh-fha]h\hc� `b^dhklb�� `_em�
^hqdh\�fha]Z��hj[bl��dbklhaguo�h[jZah\Zgbc�—�jbk����� 

<h�fgh]bo�kemqZyo�j_`bf�MYUR�iha\hey_l�ij_^_evgh�fbgbfbabjh�
\Zlv�jZaf_j�ahgu�kdZgbjh\Zgby��b�ijb�wlhf�g_�\hagbdZ_l��ijbkms__�h[uq�
guf�T�<B��Zjl_nZdlgh_�gZeh`_gb_�kb]gZeh\�hl�`bjh\hc�ldZgb�ba�h[eZk�
l_c� \g_rg_� ijbfudZxsbo� d� bkke_^m_fhc� ahg_� b� jZkiheh`_gguo� \� gZ�
ijZ\e_gbb� nZah\h]h� dh^bjh\Zgby�� Wlh� h[klhyl_evkl\h� fh`gh� bkihevah�
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\Zlv�ijb�bkke_^h\Zgbb�\gmlj_gg_]h�moZ��ihkdhevdm�ahgZ�kdZgbjh\Zgby�hd�
jm`_gZ�ldZgyfb�k�[hevrbf�kh^_j`Zgb_f�`bjZ��@bj��^Zxsbc�yjdbc�kb]�
gZe�gZ�h[uqguo�T�<B��ih^Z\e_g�gZ�j_`bf_�MYUR��ihkdhevdm�\�wlhf�j_�
`bf_�TE�[hevr_��q_f�\j_fy�	���Z��ke_^h\Zl_evgh��b�T��^ey�`bjh\hc�ldZgb��
Ihwlhfm�gZ�ijb_fgbd�ihklmiZ_l�kbevgh�hkeZ[e_gguc�kb]gZe�hl�`bjh\hc�
ldZgb��dhlhjuc�g_�f_rZ_l�\bamZebaZpbb�bkke_^m_fuo�kljmdlmj��jbk������ 

 
 

 
 
Jbk������Ijbf_g_gb_�j_`bfZ�MYUR�k�ihke_^mxs_c��D-h[jZ[hldhc�^ey�bkke_^h�
\Zgby� kljmdlmj� k� [hevrbfb� \j_f_gZfb� j_eZdkZpbb��A —�`_em^hqdb� fha]Z� ijb�
jZkrbj_gbb�ijhajZqghc�i_j_]hjh^db��B —�g_\jbghfZ�dhj_rdZ�kibggh]h�fha]Z��C 
—�ZjZoghb^Zevgu_ dbklu�iha\hghqgh]h�dZgZeZ��D —�dZjlbgZ�\gmljbi_q_ghqguo�
`_eqguo�ijhlhdh\ 

 

 
 
Jbk������<bamZebaZpby�\gmlj_gg_]h�moZ�— A - T�<B��lhesbgZ�kj_ah\�—���ff��jZa�
j_r_gb_�\�iehkdhklb�kdZgbjh\Zgby�-�o�ff���B -�j_`bf�MYUR��lhesbgZ�kj_aZ�ijb�
3D-f_lh^bd_� kdZgbjh\Zgby�—� ����ff�� jZaj_r_gb_� \� iehkdhklb� kdZgbjh\Zgby�—
���o���ff���C — MIP –j_dhgkljmdpby��D — 3D-j_g^_jbg]�^ey�j_`bfZ�MYUR 

 
 
Mijhs_gb_� ldZg_\h]h� dhgljZklZ�� \hagbdZxs__� aZ� kq_l� ih^Z\e_gby�

ldZg_c� k� dhjhldbfb� \j_f_gZfb� T��� [eZ]hijbylkl\m_l� ihkljh_gbx� �D-
j_dhgkljmdpbc� ^ey� ldZg_c� k� [hevrbf� \j_f_g_f�T�� b� bo� ZgbfZpbhgguo�
h[jZah\�>��@��LZdb_�ihkljh_gby�iha\heyxl�gZ]ey^g__�ij_^klZ\blv�g_�lhev�
dh� kljmdlmjm� h[jZah\Zgbc�� gh� b� ijhke_^blv� jZa\b\Zxsbcky� \h� \j_f_gb�
nbabheh]bq_kdbc�ijhp_kk�—�jbk����� 
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Jbk�� ���� Hl^_evgu_� njZ]f_glu� aZibkb� ijhp_kkZ� gZiheg_gby� fhq_\h]h� imaujy��
A,B,C,D��FJL-bah[jZ`_gby��ihemq_ggu_�f_lh^hf�MYUR��khhl\_lkl\_ggh��q_j_a��
����������b����fbg��ihke_�ijb_fZ�`b^dhklb��<j_fy�aZibkb�dZ`^h]h�bah[jZ`_gby�— 
���k��H���`������e�� 
 
 

Ihke_^g__�h[klhyl_evkl\h�ij_^klZ\ey_l�ijZdlbq_kdbc�bgl_j_k�[eZ]h�
^Zjy�dhjhldhfm�\j_f_gb�kdZgbjh\Zgby�\�j_`bf_�MYUR —�ihjy^dZ����k�
gZ���kj_a� 

 
 

�����<bamZebaZpby�iZlheh]bc�keh`guo�ih�ldZg_\hfm�khklZ\m 

 
Hlf_lbf��qlh�^ey�\bamZebaZpbb�g_dhlhjuo�iZlheh]bq_kdbo�h[jZah\Z�

gbc�`_eZl_evgh�bf_lv�bah[jZ`_gby��gZ�dhlhjuo�ghjfZevgu_�ldZgb�ij_^�
klZ\e_gu�dZd�k\_leuf��lZd�b�l_fguf�nhghf��Wlh�hkh[_ggh�dZkZ_lky�dZ\_j�
ghaghc�Zg]bhfu�—�himoheb�]heh\gh]h�fha]Z��khijh\h`^Zxs_cky�djh\h�
baebygb_f��>ey�\bamZebaZpbb�ijh^mdlh\�jZkiZ^Z�djh\b�—�]_fhkb^_jbgZ��
^Zxs_]h�kgb`_gb_�kb]gZeZ�gZ�T�<B��g_h[oh^bf�k\_leuc�nhg��Z�^ey�\b�
amZebaZpbb�kZfhc�himoheb��^Zxs_c�\ukhdbc�kb]gZe�gZ�L�<B��g_h[oh^bf�
l_fguc�nhg��GZ�jbk�����ihdZaZg�\ZjbZgl�j_r_gby�wlbo�aZ^Zq��I_j\Zy�aZ^Z�
qZ�j_rZ_lky� k�ihfhsvx�bfimevkghc�ihke_^h\Zl_evghklb� lbiZ� ]jZ^b_gl�
gh]h�woZ��TE� ����fk��TR� �����fk��FA� �������Z�\lhjZy�—�k�ihfhsvx�bf�
imevkghc� ihke_^h\Zl_evghklb� k� h^gh\j_f_gguf� ih^Z\e_gb_f� kb]gZeh\�
k\h[h^ghc�\h^u�b�`bjZ��h�dhlhjhc�[m^_l�ih^jh[g__�baeh`_gh�\�=eZ\_���� 

>jm]hc� ijbf_j� bkihevah\Zgby� ZgZeh]bqguo� bfimevkguo� ihke_^h\Z�
l_evghkl_c� ihdZaZg� gZ� jbk�� ����Bkke_^h\ZeZkv� ahgZ� ih^hkljh]h� djh\hba�
ebygby��kh^_j`ZsZy�dbklhaguc�njZ]f_gl��k�hleh`_gb_f�]_fhkb^_jbgZ�ih�
i_jbn_jbb�� Hkh[_gghklvx� bkke_^h\Zgby� y\ey_lky� ijbf_g_gb_� j_`bfZ��
ijb�dhlhjhf�kb]gZeu�\h^u��ih^Z\eyxlky�g_�iheghklvx��Z�^h�lZdh]h�mjh\�
gy��ijb�dhlhjhf�dhgljZkl�^ey��`_em^hqdh\�fha]Z��kh\iZ^Z_l��k��dhgljZklhf 
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Jbk������<bamZebaZpby�dZ\_jghfu�k�bkihevah\Zgb_f�f_lh^bd��h[_ki_qb\Zxsbo�dZd�
k\_leuc��lZd�b�l_fguc��nhg�^ey�ghjfZevguo�ldZg_c��Ke_\Z�— T�<B��\�p_glj_�— 
FJL-bah[jZ`_gb_�ihemq_gh�f_lh^hf�T2*GE��kijZ\Z�FJL-bah[jZ`_gb_�ihemq_gh�
f_lh^hf�h^gh\j_f_ggh]h��ih^Z\e_gby��kb]gZeh\��k\h[h^ghc�\h^u�b�`bjZ��kf��=eZ�
\Z��� 
 
 

 
 
 
Jbk�� ���� Bkke_^h\Zgb_� ih^hkljh]h� djh\hbaebygby� \� ]em[bg_� e_\h]h� ihemrZjby�
fha]Z��A — T�<B��B —�j_`bf�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ��
C —�j_`bf�g_ihegh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ��D —�j_`bf�T2*GE 
 
 
[_eh]h�\_s_kl\Z�fha]Z�—�jbk����C��Wlh�[eZ]hijbylgh�^ey�\uy\e_gby�iZ�
lheh]bb�� ihkdhevdm� gZ�FJL-bah[jZ`_gbb� hgZ� \bamZebabjm_lky� gZ� h^gh�
jh^ghf�k_jhf�nhg_�� 
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�����>hihegbl_evgu_�kj_^kl\Z�mijZ\e_gby�ldZg_\uf�dhg�
ljZklhf 

<� kdZgbjmxsb_� bfimevkgu_� ihke_^h\Zl_evghklb� bgh]^Z� \klZ\eyxl�
^hihegbl_evgu_�JQ�bfimevku��ijbdeZ^u\Z_fu_�\�ijbkmlkl\bb�]jZ^b_gl�
gh]h�bfimevkZ��dhlhju_�g_h[oh^bfu�^ey�gZkus_gby�kibgh\�\�\u[jZgghc�
ijhkljZgkl\_gghc�h[eZklb��Wlhl�\u[hj�ijhba\h^blky��dZd�b�^ey�h[uqgh]h�
kdZgbjh\Zgby��iml_f�aZ^Zgby�qZklhlu�JQ�bfimevkZ��IjhkljZgkl\_ggh_�gZ�
kus_gb_�h[uqgh�ijhba\h^blky�^ey� lhc�h[eZklb��hldm^Z�ihklmiZ_l�ba[u�
lhqgh� kbevguc� kb]gZe�� dhlhjuc� aZ^Z_l� rdZem� yjdhklb� gZ� FJL-
bah[jZ`_gbb��Ijb�ih^Z\e_gbb�fhsgh]h� kb]gZeZ� kha^Zxlky� [he__� [eZ]h�
ijbylgu_�mkeh\by�jZ[hlu�ijb_fgh]h� ljZdlZ��ihkdhevdm�jZkrbjy_lky� _]h�
^bgZfbq_kdbc�^bZiZahg��IjhkljZgkl\_ggh_�gZkus_gb_�ihe_agh�lZd`_�^ey�
ih^Z\e_gby�Zjl_nZdlh\��k\yaZgguo�k�©aZ\hjhlZfbª�bah[jZ`_gby�\^hev�hkb�
nZah\h]h� dh^bjh\Zgby��GZdhg_p�� \hafh`gh�gZkus_gb_�g_� lhevdh�g_ih^�
\b`guo� kibgh\�� gh� b� l_o�� dhlhju_� i_j_f_sZxlky� q_j_a� aZ^Zggmx� ahgm��
Wlhl�ijb_f�bkihevam_lky�\�FJL-Zg]bh]jZnbb�^ey�^bnn_j_gpbZpbb�Zjl_�
jbc�b�\_g��Ih^Z\e_gb_�kb]gZeh\�l_dms_c�djh\b�ihe_agh�ijb�bkke_^h\Zgbb�
]bihnbaZ��ihkdhevdm�gZ�T�<B�\�j_`bf_�GE�yjdb_�khkm^u�hl�Zjl_jbc�f_�
rZxl�_]h�\bamZebaZpbb��jbk������ 
 

 
 
Jbk����.�<bamZebaZpby�]bihnbaZ�\�dhjhgZjghc�ijh_dpbb��Ke_\Z�—� �j_`bf�T1GE, 
kijZ\Z�—�lhl�`_�j_`bf�k�gZkus_gb_f�khkm^h\ 

 
>ey�ijhkljZgkl\_ggh]h�gZkus_gby�fh`gh�\u[jZlv�h^bg�beb�g_kdhev�

dh�kj_ah\��Hjb_glZpby�b�lhesbgZ�gZkusZ_fuo�kj_ah\�fh`_l�[ulv�aZ^ZgZ�
ijhba\hevgh��GZ�jbk�����ij_^klZ\e_gu�g_dhlhju_�\ZjbZglu�mklZgh\db�gZ�
kusZxsbo� kj_ah\��GZ�njZ]f_gl_�A� bah[jZ`_g� g_gZkus_gguc� ZdkbZev�
guc�kj_a��GZ�njZ]f_gl_�B�ko_fZlbqgh�h[hagZq_gZ�ahgZ�gZkus_gby��ijhoh�
^ysZy�q_j_a�^Zgguc�kj_a��GZ�njZ]f_gl_�C�ij_^klZ\e_g�j_amevlZl�^_ckl\by�
gZkusZxs_]h�bfimevkZ�—�l_fgZy�ihehkZ�khhl\_lkl\m_l�hlkmlkl\bx�kb]�
gZeh\�hl� ahgu�gZkus_gby��H[t_fguc�j_g^_jbg]� �njZ]f_gl�D���ihemq_g�
guc�hl�h[jZ[hldb�^Zgguo�hl�\k_o�ZdkbZevguo�kj_ah\��iha\hey_l�[he__�gZ�
]ey^gh�ij_^klZ\blv�ahgm�gZkus_gby�� 
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Jbk����.�G_dhlhju_�\ZjbZglu�mklZgh\db�©gZkusZxsboª�kj_ah\ 

 
>ey� kjZ\g_gby�ij_^klZ\e_gu� j_g^_jbg]b� hl�g_gZkus_gguo� ZdkbZev�

guo� kj_ah\�—� njZ]f_gl�E�� b� h[t_fgu_� j_dhgkljmdpbb� ^ey� ZdkbZevguo�
kj_ah\� ijb� jZaebqguo� \ZjbZglZo� aZ^Zgby� ahg� gZkus_gby�� <� qZklghklb��
h^bghqguc�gZkusZxsbc�kj_a�\�dhjhgZjghc�ijh_dpbb��njZ]f_gl�F���iZjZ�
ba�\aZbfgh�i_ji_g^bdmeyjguo�kj_ah\��njZ]f_gl�G���gZ[hj�ba�r_klb�kj_ah\�
�njZ]f_gl�H).  

Fh`gh� aZf_lblv�� qlh�gZ� ZdkbZevguo� kj_aZo� \[ebab� ahgu�gZkus_gby�
bf_xlky�bkdZ`_gby�FJL-kb]gZeZ�\�\b^_�k_juo�ihehk��ijhoh^ysbo�iZjZe�
e_evgh�hjb_glZpbb�gZkusZ_fh]h�kj_aZ�—��njZ]f_gl�C���Wlh�k\yaZgh�k�l_f��
qlh�ijb�\u[jZgguo�iZjZf_ljZo�gZkusZxs_]h�JQ�bfimevkZ�ijhnbev�\ha�
[m`^_gby��gZkus_gby��kibgh\hc�kbkl_fu�hlebq_g�hl�ijyfhm]hevgh]h��J_�
Zevguc� ijhnbev� \ha[m`^_gby�fh`_l� kh^_j`Zlv�� \� qZklghklb��b� [hdh\u_�
e_i_kldb�� dhlhju_� \� ^Zgghf� kemqZ_� b� \ua\Zeb� bkdZ`_gby� gZ� FJL-
bah[jZ`_gbb�� 

Lhqguc�jZkq_l�hilbfZevguo�iZjZf_ljh\�bfimevkZ�—�nhjfZ�h]b[Zx�
s_c��^ebl_evghklv�b�l�^��^hklZlhqgh�keh`_g��Ijb�wlhf�g_�\k_]^Z�fh`gh�\�
iheghc�f_j_�mq_klv�\ebygb_�ZiiZjZlmjguo�g_kh\_jr_gkl\��Ihwlhfm�l_h�
j_lbq_kdb_�j_dhf_g^Zpbb�lj_[mxl�wdki_jbf_glZevghc�ijh\_jdb��Ijhnbev�
\ha[m`^_gby�^ey�gZkusZxs_]h�bfimevkZ�fh`gh�ihkljhblv��baf_jb\� aZ�
\bkbfhklv�FJL-kb]gZeZ�hl�dhhj^bgZlu��hkv�dhlhjhc�ijhoh^bl�i_ji_g^b�
dmeyjgh�gZkusZ_fhfm�kehx��Ijbf_ju�lZdbo�ihkljh_gbc�^ey�jZaguo�nhjf�
h]b[Zxs_c�JQ-bfimevkZ�ij_^klZ\e_gu�gZ�jbk����� 

GZ� jbk�� ��� ij_^klZ\e_gu� j_amevlZlu� wdki_jbf_glZ�ih� l_klbjh\Zgbx�
jZaebqguo� h]b[Zxsbo� gZkusZxs_]h� JQ-bfimevkZ� ^ey� h^ghjh^gh� jZk�

MijZ\e_gb_�FJL-dhgljZklhf�ijb�lbih\hf�bkke_^h\Zgbb 

 

47 

ij_^_e_ggh]h� \_s_kl\Z�� KdZgbjh\Zeky� nZglhf�� ij_^klZ\eyxsbc� kh[hc�
gZiheg_gguc� \h^hc� dm[bd� k� j_[jhf� ��� kf� k� lhgdbfb� ieZklfZkkh\ufb�
kl_gdZfb��H[uqgh_� �[_a� \ha^_ckl\by� gZkusZxs_]h� JQ-bfimevkZ��FJL-
bah[jZ`_gb_�qZklb�]jZgb�dm[Z�ij_^klZ\e_gh�gZ�njZ]f_gl_�A�\�\_jog_c�ah�
g_� njZ]f_glZ�� JZkij_^_e_gb_� bgl_gkb\ghklb� \^hev� ]hjbahglZevgh]h� gZ�
ijZ\e_gby�bf__l�nhjfm�klmi_gvdb��b�hlh[jZ`Z_l�ehdZebaZpbx�`b^dhklb��
Ijb� ^_ckl\bb� gZkusZxs_]h� bfimevkZ�� dhlhjuc� kijh_dlbjh\Zg� ^ey� gZ�
kus_gby�kehy�lhesbghc���kf��gZ�klmi_gvd_�\hagbdZ_l�ijh\Ze��nhjfZ�dh�
lhjh]h�hlh[jZ`Z_l�j_Zevguc�ijhnbev�\ha[m`^_gby�� 

 

 
 

Jbk�� ���� JZkij_^_e_gb_�FJL-kb]gZeZ� ^ey� h^ghjh^gh]h� h[jZapZ� �A��� Baf_g_gb_�
jZkij_^_e_gby�FJL-kb]gZeZ�ihke_�\ha^_ckl\by�gZkusZxs_]h�bfimevkZ��bf_xs_�
]h�nhjfm��B —�]ZmkkbZg��C — sinc-bfimevk��D —�wjfblh\�bfimevk��E —�]bi_j[h�
ebq_kdbc� k_dZgk�— sech-bfimevk��F –gZiheh\bgm� ©mk_q_ggucªih� \j_f_gghc�hkb�
sech-bfimevk 

 
Bf_y�ih^h[guc�wdki_jbf_glZevguc�fZl_jbZe��fh`gh�[he__�hkhagZggh�

ih^hclb� d� ieZgbjh\Zgbx� b� hilbfbaZpbb� wdki_jbf_glh\�� k\yaZgguo� g_�
lhevdh�k�ijhkljZgkl\_gguf�gZkus_gb_f�kibgh\��gh�b�^ey�h[uqgh]h�kdZ�
gbjh\Zgby��H^gZdh�gZ^h� mqblu\Zlv�� qlh� ^ey� h[uqgh]h� kdZgbjh\Zgby� j_�
Zevguc�ijhnbev�\ha[m`^_gby�hij_^_ey_lky�\k_fb�bfimevkZfb��ij_^r_kl�
\mxsbfb� kqblu\Zgbx� kb]gZeZ�� Z� bf_ggh�� \ha[m`^Zxsbf�� i_j_nhdmkb�
jmxsbf�b�l�^��� 
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=eZ\Z�� 
 
<BAM:EBA:PBY�I:LHEH=BQ?KDBO�KLJMDLMJ�IJB 
IH>:<E?GBB�KB=G:EH<HL�GHJF:EVGHC�LD:GB 

 
 
 

DZd�m`_�hlf_qZehkv��bgl_gkb\gu_�kb]gZeu�hl�k\h[h^ghc�\h^u�b�`bjZ��
kh^_j`Zsboky�\�ghjfZevguo�ldZgyo��y\eyxlky�h^gbf�ba�]eZ\guo�nZdlh�
jh\��ij_iylkl\mxsbo�\uy\e_gbx�iZlheh]bc��Ihwlhfm�ih^Z\e_gbx�kb]gZ�
eh\�\h^u�b�`bjZ�m^_eyxl�hkh[h_�\gbfZgb_�ijb�FJL-bkke_^h\Zgbb� >��@��
>ey� wlh]h� bkihevamxl� dZd� qZklhlgh-k_e_dlb\gu_�f_lh^u�� lZd� b�f_lh^u��
qm\kl\bl_evgu_�d�\j_f_gb�j_eZdkZpbb� 
 
 

�����QZklhlgh-k_e_dlb\gh_�ih^Z\e_gb_�kb]gZeh\�hl�`bjh\hc�
ldZgb 

 
Ijbf_g_gb_� qZklhlgh-k_e_dlb\guo� f_lh^h\� \hafh`gh� [eZ]h^Zjy� lh�

fm�� qlh� eZjfhjh\u� qZklhlu� \h^u� b� `bjZ� ba-aZ� jZagbpu� \� obfbq_kdhf�
k^\b]_�hlebqZxlky�gZ�����f�^���^ey�ihey�����Le�—�gZ����=p���Ihwlhfm�k�ih�
fhsvx�JQ�bfimevkh\�k� ]eZ^dhc�h]b[Zxs_c�b�ih^h[jZgghc�qZklhlhc� aZ�
iheg_gby� fh`gh� k_e_dlb\gh� ih^Z\blv� khhl\_lkl\mxsbc� ibd��Ijbf_gyy�
wlhl�ijb_f�ijb�FJL-kdZgbjh\Zgbb��fh`gh�ihemqblv�bah[jZ`_gby��gZ�dh�
lhjuo�hlkmlkl\mxl�kb]gZeu�hl�l_o�ldZg_\uo�dhfihg_gl��m�dhlhjuo�eZjfh�
jh\Z�qZklhlZ�[ebadZ�d�qZklhl_� aZiheg_gby�mdZaZgguo�JQ�bfimevkh\� >��@��
GZ� jbkmgd_� ��� ihdZaZg� wnn_dl� ijbf_g_gby� obf�� k^\b]h\h]h� ih^Z\e_gby�
kb]gZeZ�`bjZ�gZ�T�<B�ijb�bkke_^h\Zgbb�\bkhqghc�dhklb�� 

GZ� jbk�� ��� ke_\Z�—� h[uqgh_�T�<B�� kijZ\Z — T�<B� k�ih^Z\e_gb_f�
kb]gZeZ�`bjZ��KhihklZ\b\�wlb�^\Z�bah[jZ`_gby�fh`gh�ijbclb�d�\u\h^m��
qlh�baf_g_gby�\�e_\hc�\bkhqghc�dhklb�k\yaZgu�bf_ggh�k�\hkiZebl_evguf�
ijhp_kkhf��Z�g_�k�`bjh\hc�^_]_g_jZpb_c�� 
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Jbk����� Ih^Z\e_gb_�kb]gZeZ�hl�`bjh\hc�ldZgb�ijb�bkke_^h\Zgbb�\bkhqghc�dhklb 

 
QZklhlgh-k_e_dlb\gh_�ih^Z\e_gb_�kb]gZeh\�fh`gh�j_Zebah\Zlv�lZd`_�

k�ihfhsvx�g_k_e_dlb\guo�bfimevkh\��bkihevamy�wnn_dl�jZaghc�kdhjhklb�
ih\hjhlZ�\_dlhjh\�gZfZ]gbq_gghklb�\�ihi_j_qghc�iehkdhklb�^ey�\h^u�b�
`bjZ�ba-aZ�jZagbpu�\�obfbq_kdbo�k^\b]Zo��>ey�lZdbo�f_lh^h\�ijbf_gy_l�
ky�l_jfbg�©nZah\Zy�k_e_dpbyª��>ey�h[hagZq_gby�f_lh^h\�ih^Z\e_gby�kb]�
gZeh\�� hkgh\Zgguo� gZ� qZklhlgh� k_e_dlb\ghf� \ha^_ckl\bb�� ijbf_gy_lky�
lZd`_� l_jfbg� ©obf�� k^\b]h\h_� ih^Z\e_gb_ª� beb� Z[[j_\bZlmjZ� CSS 
(Chemical Shift Suppression). 

 

�������Ijbf_g_gb_�in vivo�ki_dljhkdhibb�^ey�FJL�^bZ]ghklbdb 

AZf_lbf�� qlh� gZ�FJ-lhfh]jZn_� h[uqgh� ij_^mkfZljb\Z_lky� \hafh`�
ghklv�ihemqZlv�ki_dlju�YFJ�\ukhdh]h�jZaj_r_gby��;eZ]h^Zjy�bkihevah�
\Zgbx�]jZ^b_glguo�ihe_c�b�JQ�k_e_dlb\guo�bfimevkh\��fh`gh�\u^_eblv�
^ey�j_]bkljZpbb�h[t_f�g_h[oh^bfhc�\_ebqbgu�b�ehdZebaZpbb��ijb�g_h[�
oh^bfhklb�ih^Z\blv�fhsguc�kb]gZe�\h^u��<�ihke_^gbo�jZajZ[hldZo�ij_�
^mkfhlj_gZ�Z\lhfZlbq_kdZy�rbff-dhjj_dpby�h^ghjh^ghklb�ihey�^ey�\u�
[jZggh]h�h[t_fZ�>��@��<�gZklhys__�\j_fy�FJ-ki_dljhkdhiby��j_Zebam_fZy�
gZ�lhfh]jZnZo�k�ihe_f�����Le�b�[he__��\k_�qZs_�ijbf_gy_lky�\�^bZ]ghklb�
q_kdhf�bkke_^h\Zgbb��gZijbf_j��ijb�b^_glbnbdZpbb�himohe_\uo�h[jZah�
\Zgbc��F_`^m� l_f��\hafh`ghklb� ki_dljhkdhibq_kdbo�bkke_^h\Zgbc�bf_�
xlky� b� ^ey� kjZ\gbl_evgh� keZ[hihevguo� lhfh]jZnh\�—� ihe_� ����Le� beb�
gb`_��jbk������ 

<�jy^_�kemqZ_\�bf_xs_cky�qm\kl\bl_evghklb�b�jZaj_rZxs_c�kihkh[�
ghklb�hdZau\Z_lky�^hklZlhqgh�^ey�^bklZgpbhggh]h�[_kdhglZdlgh]h�dheb�
q_kl\_ggh]h�ZgZebaZ�—�hij_^_e_gby�hlghkbl_evgh]h�kh^_j`Zgby�obfbq_�
kdbo� kh_^bg_gbc� g_� hq_gv� keh`ghc� kljmdlmju�� ihkdhevdm� agZy� obfbq_�
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kdmx�nhjfmem�kh_^bg_gbc�b�baf_jyy�bgl_]jZeu�hl�ibdh\��fh`gh�hij_^_�
eblv�hlghkbl_evgh_�kh^_j`Zgb_�\h^u�b�jZkl\hj_ggh]h�\_s_kl\Z� 

Ijbf_gbl_evgh� d�f_^bpbgkdhc� ^bZ]ghklbd_� \_kvfZ� ihe_aguf� hdZaZ�
ehkv�baf_j_gb_�hlghkbl_evgh]h�kh^_j`Zgby�`bjZ�b�\h^u�ijb�bkke_^h\Z�
gbb�iha\hgdh\� >��@��Bkke_^h\Zgb_�wlh]h�iZjZf_ljZ�\�^bgZfbd_�iha\hey_l�
\uy\blv� ijh[e_fgu_� iha\hgdb� m`_� gZ� jZgg_c� klZ^bb� bo� ^_]_g_jZpbb�
�jbk� 31). 

 

 
Jbk������Ke_\Z�—�FJL-bah[jZ`_gby��^\_�ijh_dpbb��aZi_qZlZgghc�_fdhklb��kh^_j�
`Zs_c�wlZghe�k�^h[Z\e_gb_f�\h^u��KijZ\Z�ki_dlj�YFJ�hl���kf3�wlh]h�\_s_kl\Z 

 

 
 
Jbk������Ki_dlju�YFJ�b�bo�bgl_]jZeu�^ey�ghjfZevgh]h�iha\hgdZ��ke_\Z��b�iha\hg�
dZ�\�klZ^bb�^_]_g_jZpbb��kijZ\Z� 

 
GZ�ki_dlj_�YFJ�ibdb�hl�kb]gZeh\�\h^u�b�`bjZ�e_`Zl��khhl\_lkl\_ggh��

\�h[eZklb���b�–�����f�^��EhdZebaZpby�j_]bkljbjm_fuo�h[t_fh\�h[hagZq_gZ�
gZ�FJL-bah[jZ`_gbb�d\Z^jZlbdZfb� �p_gljZevgucnjZ]f_gl�jbkmgdZ���Kh�
hlghr_gb_�bgl_]jZeh\�iha\hey_l�hp_gblv�hlghkbl_evgh_�kh^_j`Zgb_�\h^u�
b�`bjZ�\�iha\hgdZo� 
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�����Ih^Z\e_gb_�kb]gZeh\�ghjfZevghc�ldZgb 
f_lh^hf�©bg\_jkby–\hkklZgh\e_gb_ª 

 
:evl_jgZlb\hc�qZklhlgh-k_e_dlb\guf�kihkh[Zf�ih^Z\e_gby�kb]gZeh\�

\h^u�b�`bjZ�y\eyxlky�f_lh^bdb��ihkljh_ggu_�gZ�bkihevah\Zgbb�wnn_dlZ�
©bg\_jkby-\hkklZgh\e_gb_ª�>������@��>ey�wlh]h�\�gZqZeh�kdZgbjmxs_c�bf�
imevkghc�ihke_^h\Zl_evghklb�^h[Z\ey_lky�JQ�bfimevk��i_j_\h^ysbc�kib�
gh\mx�kbkl_fm�ba�jZ\gh\_kgh]h�khklhygby�\�bg\_jkgh_��ihke_�q_]h�gZqb�
gZ_lky� __� h[jZlgh_� \hkklZgh\e_gb_��Ihkdhevdm� kdhjhklv� \hkklZgh\e_gby�
hij_^_ey_lky� \j_f_g_f� ijh^hevghc� j_eZdkZpbb�T��� dhlhjh_� jZaebqZ_lky�
^ey� jZaguo� ldZg_c�� lh� i_j_^� kqblu\Zgb_f� kb]gZeZ� ^h[Z\ey_lky� iZmaZ�TI 
lZd��qlh[u�kqblu\Zgb_�gZqZehkv�\�fhf_gl�i_j_oh^Z�ijh^hevghc�gZfZ]gb�
q_gghklb� ldZgb� k� aZjZg__� hij_^_e_gguf� \j_f_g_f� T�� q_j_a� gmev�� Ih�
kdhevdm�j_eZdkZpby�ijhl_dZ_l�ih�wdkihg_gpbZevghfm�aZdhgm��lh�^ey�i_j_�
oh^Z�gZfZ]gbq_gghklb�hl�iheghc�bg\_jkbb�d�gmex�g_h[oh^bfh�aZ^Zlv�TI = 
T1ln2 = 0.69.T���>ey�ih^Z\e_gby�kb]gZeh\�\h^u�beb�`bjZ�f_lh^hf�©bg\_j�
kby-\hkklZgh\e_gb_ª�mqblu\Zxl�lhl�nZdl��qlh�bo�\j_f_gZ�j_eZdkZpbb�km�
s_kl\_ggh�jZaebqZxlky��LZd��\�ihe_�����Le�\j_fy�T��^ey�`bjZ�khklZ\ey_l�
ihjy^dZ� ����k��Z�^ey�\h^u�—�hl�h^ghc�^h�g_kdhevdbo�k_dmg^��Khhl\_lkl�
\mxsb_�f_lh^bdb�ih^Z\e_gby�kb]gZeh\�`bjZ�b�\h^u�ba\_klgu�ih^�Z[[j_�
\bZlmjZfb�STIR (Short TI Inversion Recovery��b�FLAIR (Fluid Attenuated In-
version Recovery���<�gZklhys__�\j_fy�j_`bf�FLAIR�\k_�qZs_�\dexqZ_lky�\�
klZg^Zjlgh_�bkke_^h\Zgb_�^ey�^bnn_j_gpbZpbb�f_edbo�dbkl�hl�mqZkldh\�
]ebZevghc�ljZgknhjfZpbb��Djhf_�lh]h��\�j_`bf_�FLAIR�q_ldh�hij_^_ey�
xlky�]jZgbpu�`_em^hqdh\�fha]Z�b�kiZcdb��_keb�lZdh\u_�bf_xlky��\gmljb�
gbo��jbk������ 

 

 
 
Jbk�� ���� Ijbf_g_gb_� j_`bfZ� FLAIR�� ^ey� \uy\e_gby� dbkl� —- (B�� b� \uy\e_gby�
kiZcdb�\gmljb�aZ^g_]h�jh]Z�e_\h]h�`_em^hqdZ�— (D���GZ�jbk��A�b�D�ij_^klZ\e_gu�
khhl\_lkl\mxsb_�T�<B 
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Ijb�FJL-kdZgbjh\Zgbb�ih�fgh]hkj_ah\hc�f_lh^bd_�ijbf_g_gb_�f_�
lh^h\�©bg\_jkby-\hkklZgh\e_gb_ª�g_�ijb\h^bl�d�kms_kl\_gghfm�m\_ebq_�
gbx� \j_f_gb� kdZgbjh\Zgby�� ihkdhevdm� \h� \j_fy� iZmau�� hl\_^_gghc� gZ�
\hkklZgh\e_gb_�ijh^hevghc�gZfZ]gbq_gghklb�kdZgbjm_fh]h�kj_aZ��ijh\h�
^blky� kdZgbjh\Zgb_� khk_^gbo� kj_ah\�� Wlh� \hafh`gh�� ihkdhevdm� JQ� bf�
imevku�� \ha[m`^Zxsb_� kj_au�� qZklhlgh-k_e_dlb\gu_�� >hihegbl_evgu_�
j_a_j\u�\�khdjZs_gbb�\j_f_gb�kdZgbjh\Zgby�fh`gh�gZclb�\�bkihevah\Z�
gbb�^ey�bg\_jkbb�gZfZ]gbq_gghklb�g_�������Z�[he__�dhjhldbo��gZijbf_j��
����� bfimevkh\� —� q_f� f_gvr_� m]he� hldehg_gby� gZfZ]gbq_gghklb�� l_f�
f_gvr_�\j_f_gb�lj_[m_lky�^ey�__�h[jZlgh]h�\hkklZgh\e_gby�>��@��H^gZdh�
\� wlhf� kemqZ_� ihlj_[m_lky� ijbgylv� f_ju� d� ih^Z\e_gbx� g_`_eZl_evghc�
ihi_j_qghc� gZfZ]gbq_gghklb�� gZijbf_j�� k� ihfhsvx� ^hihegbl_evgh]h�
]jZ^b_glgh]h�bfimevkZ� 
 

�������Bkihevah\Zgb_�f_lh^bdb�STIR�\�ijZdlbd_�FJL-
bkke_^h\Zgby 

F_lh^�STIR� >��@� qZklh� ijbf_gy_lky� ijb� bkke_^h\Zgbb� ijb^Zlhqguo�
iZamo�� ^ey� \uy\e_gby� ^_jfhb^guo� dbkl� �jbk�� �����`bjh\uo� h[jZah\Zgbc�
�ebihf�� �jbk�� ����� ^ey� ^bnn_j_gpbZpbb� baf_g_gbc� \� dhklghc� ldZgb�� gZ�
ijbf_j�� \� \bkhqghc� dhklb��F_lh^� qZklh� ijbf_gy_lky� ijb� bkke_^h\Zgbb�
iha\hghqgbdZ��[jxrghc�ihehklb��fZeh]h�lZaZ��kmklZ\h\� 
 

 
 
Jbk����. <uy\e_gb_�^_jfhb^ghc�dbklu��A — T�<B�—�\�ahg_�f_`^m�kl\hehf�fha]Z�
b�fha`_qdhf�\uy\ey_lky�ahgZ�baf_g_ggh]h�kb]gZeZ��B — FLAIR —�ahgZ�iZlheh]bb�
\u]ey^bl�yjq_�ba-aZ�ih^Z\e_gby�yjdbo�nhgh\uo�kb]gZeh\�hl�k\h[h^ghc�`b^dhklb��
C — STIR —�aZf_lgh_�kgb`_gb_�kb]gZeZ�\�ahg_�iZlheh]bb�\�wlhf�j_`bf_�mdZau\Z�
_l�gZ�\ukhdh_�kh^_j`Zgb_�`bjZ�\�wlhc�ahg_��qlh�oZjZdl_jgh�^ey�^_jfhb^ghc�dbklu 
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Jbk�� ��� <uy\e_gb_� ebihfu�� A — 3D-j_g^_jbg]� ih� bgl_jihebjh\Zgguf� kZ]bl�
lZevguf�kj_aZf�hl�T1GE. C —�h[jZah\Zgb_�\�eh[gh-l_f_gghc�h[eZklb�bf__l�yjdbc�
kb]gZe��qlh�oZjZdl_jgh�^ey�ldZg_c�k�dhjhldbf�\j_f_g_f�T1. D —�\�j_`bf_�STIR-
T2 (TI� ����fk��aZf_lgh�kgb`_gb_�kb]gZeZ�\�ahg_�iZlheh]bb��qlh�mdZau\Z_l�gZ�\u�
khdh_�kh^_j`Zgb_�`bjZ��oZjZdl_jgh_�^ey�ebihfu 

 
GZ� jbk�� ��� ihdZaZgh� ijbf_g_gb_�f_lh^Z�STIR� ^ey� bkke_^h\Zgby� ih�

a\hghqgbdZ��GZ�7�<B�\b^gu�^\_�ahgu�ZghfZevgh]h�ih\ur_gby�kb]gZeZ�— 
^bkd�L5-S��b�iha\hghd L���GZ�T�<B�GE�ih\ur_gguc�kb]gZe�\b^_g�lhevdh�
^ey� ahgu� ^bkdZ� L5-S��� qlh� mdZau\Z_l� gZ� ijbkmlkl\bb� \� ijbe_]Zxsbo� d�
^bkdm�iha\hgdZo�ldZgb�k�dhjhldbf�\j_f_g_f�j_eZdkZpbb��GZ�j_`bf_�STIR 
kb]gZe�hl�ahgu�^bkdZ�L5-S��gbadbc��qlh�k\b^_l_evkl\m_l�h�`bjh\hc�^_]_�
g_jZpbb�\�wlhc�ahg_��<�lh�`_�\j_fy�\�ahg_�iha\hgdZ�L��kb]gZe�ih\ur_g�— 
wlh� oZjZdl_jgh� ^ey� ldZgb� k� [hevrbf� \j_f_g_f� j_eZdkZpbb�� b� y\ey_lky�
ijbagZdhf� \hkiZebl_evgh]h� ijhp_kkZ�� Ihimlgh� \� ih^dh`ghf� `bjh\hf�
keh_� \uy\ey_lky� `b^dhklv�� k\yaZggZy� k� ijh\_^_gb_f� h[_a[heb\Zxsbo�
bgt_dpbc�� 

 

 
 
Jbk�� ����>bnn_j_gpbZpby�\hkiZebl_evguo�baf_g_gbc�b�`bjh\hc� �^_]_g_g_jZpbb� 
\�iha\hgdZo��A —  T2<B, B —  T1<B GE, C — STIR, D —  MYUR 
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KhihklZ\b\�T�<B�b�STIR�gZ�jbk�����fh`gh�\uy\blv�gZebqb_�`b^dhklb�
\� fy]dbo� ldZgyo� kibgu�� Z� lZd`_� ijbagZdb�`bjh\hc� ^_]_g_jZpbb� \� ahg_�
^bkdZ�L5-S��b�\hkiZebl_evgh]h�ijhp_kkZ�\�ahg_�iha\hgdZ�L1. 

IZjZf_lj�TI��ijbf_gy_fuc�\�f_lh^bd_�STIR��ke_^m_l�aZ^Z\Zlv�k�mq_�
lhf�lh]h��dZdZy�dhgdj_lgh�`bjh\Zy�ldZgv�^he`gZ�[ulv�ih^Z\e_gZ�gZ�FJ-
bah[jZ`_gbb��Wlh�h[klhyl_evkl\h�gZ^h�bf_lv�\�\b^m��ihkdhevdm�\�g_dhlh�
juo�kijZ\hqguo�ba^Zgbyo�ijb\h^ylky�j_eZdkZpbhggu_�iZjZf_lju�^ey�`b�
jh\hc�ldZgb�[_a�mdZaZgbc�gZ�lh��^ey�dZdhc�ahgu�beb�hj]ZgZ�wlb�^Zggu_�ba�
f_jyebkv�GZijbf_j�� \� qZklh�pblbjm_fhc� jZ[hl_� >��@� ^ey�`bjh\hc� ldZgb�
ijb\h^blky�agZq_gb_�T�� �����fk��ihe_����Le�� 

Wlh�^_ckl\bl_evgh�lZd��_keb�bf__lky�\�\b^m�ldZgv�\�h[eZklb�hj[bl��qlh�
fh`gh�^hdZaZlv�wdki_jbf_glZevgh��Ijb�ijh\_^_gbb�kdZgbjh\Zgby�ih�f_�
lh^bd_�STIR��]^_�TI = 0.69T�� �������o������fk� �����fk��ihemqbf�bah[jZ�
`_gb_��ijb\_^_ggh_�gZ�jbk����B��Ijb�wlhf�fh`gh�aZf_lblv��qlh�ih^dh`�
guc�`bj�\�h[eZklb�h[hehq_d�fha]Z�mki_rg__�ih^Z\ey_lky�ijb�TI� ����fk��
q_fm�khhl\_lkl\m_l�T�� �����fk�—�jbk�����C. 

 

 
 
Jbk������Ijbf_g_gb_�j_`bfZ�STIRk�jZaebqgufb�iZjZf_ljZfb�TI�ijb�bkke_^h\Zgbb�
]heh\gh]h�fha]Z��A —  RARE-T2, B —  STIR (TI = 80 fk), C —  STIR (TI = 147 fk) 

 

 
 

Jbk������Ijbf_g_gb_�j_`bfZ�STIRk�jZaebqgufb�iZjZf_ljZfb�TI�ijb�bkke_^h\Z�
gbb�ihq_d��A —  RARE-T2, B — STIR (TI = 80 fk), C — STIR (TI = 147 fk) 
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Hkh[_ggh� aZf_lgh� lh��qlh�T��^ey�ih^dh`gh]h�`bjZ� ]hjZa^h�[eb`_�d�
����fk��q_f�d�����fk��ijb�bkke_^h\Zgbb�hj]Zgh\�aZ[jxrbggh]h�ijhkljZg�
kl\Z��jbk�������<�wlhf�kemqZ_�wnn_dl�ih^Z\e_gby�kb]gZeZ�ih^dh`gh]h�`bjZ�
aZ�kq_l�ijbf_g_gby�STIR�k�iZjZf_ljhf�TI� �����fk��^ey�T�� �����fk��ijZd�
lbq_kdb�gbdZd�g_�\uy\ey_lky��jbk������C���<�lh�`_�\j_fy�^ey�TI� ����fk��T1 
 �����fk��ih^Z\e_gb_�kb]gZeh\�`bjZ�ijhbkoh^bl� agZqbl_evgh�wnn_dlb\�
g__�—�jbk�����B.  

Hlf_lbf��qlh�\�g_dhlhjuo�kemqZyo�f_lh^�obf�k^\b]h\h]h�ih^Z\e_gby�
kb]gZeh\�`bjh\hc� ldZgb� hdZau\Z_lky� ij_^ihqlbl_evg__� f_lh^bdb�STIR. 
GZijbf_j��ijb�FJL-bkke_^h\Zgbb� k�\\_^_gb_f�dhgljZklbjmxs_]h�iZjZ�
fZ]gblgh]h� \_s_kl\Z��<� wlhf� kemqZ_� \hafh`gh� khdjZs_gb_� \j_f_gb� j_�
eZdkZpbb� bkke_^m_fhc� ldZgb� ^h� lZdhc�`_� \_ebqbgu�� dZd� b� ^ey�`bjh\hc�
ldZgb�� b� \� j_amevlZl_� ijbf_g_gby�f_lh^bdb�STIR� ihe_aguc� kb]gZe� hdZ�
`_lky�ih^Z\e_gguf�\f_kl_�k�kb]gZehf�hl�`bjh\hc�ldZgb�� 
 

�������Hkh[_gghklb�ijbf_g_gby�f_lh^bdb�FLAIR �^ey�ih^Z\e_gby�
kb]gZeh\�hl�k\h[h^ghc�`b^dhklb 

Ijb� bkihevah\Zgbb� f_lh^Z� FLAIR� >��@� ^ey� bkke_^h\Zgby� ]heh\gh]h�
fha]Z� ijhbkoh^bl� ih^Z\e_gb_� kb]gZeh\� hl� `_em^hqdh\�� ]eZaguo� y[ehd��
km[ZjZoghb^Zevguo�ijhkljZgkl\��\dexqZy�dhjdh\u_�[hjha^u��Ba-aZ�wlh]h�
gZ� FJL-bah[jZ`_gbyo� ij_h[eZ^Zxl� mqZkldb� agZqbl_evgh]h� ihgb`_gby�
kb]gZeZ��Wlh�g_�\k_]^Z�m^h[gh�^ey�hlke_`b\Zgby�keZ[uo�\ZjbZpbc�dhgljZ�
klZ� m� iZlheh]bq_kdbo� ldZg_c�� jZkiheh`_gguo� \� ahg_� j_adh]h� baf_g_gby�
dhgljZklZ��<� wlhc� k\yab�^ey�emqr_c�\bamZebaZpbb�iZlheh]bq_kdbo�baf_�
g_gbc�fh`gh�j_dhf_g^h\Zlv�g_�ihegh_��Z�qZklbqgh_�ih^Z\e_gb_�kb]gZeh\�
\h^u��Ih^[hjhf�iZjZf_ljZ�TI��aZ^Z\Z_fuf�\�bfimevkghc�ihke_^h\Zl_ev�
ghklb� FLAIR� fh`gh� ^h[blvky� \ujZ\gb\Zgby� ldZg_\h]h� dhgljZklZ� ^ey�
ghjfZevguo�ldZg_c��:�bf_ggh��^h[blvky��qlh[u�dhgljZkl�kibggh-fha]h\hc�
`b^dhklb� �ebd\hjZ��kh\iZe�k�dhgljZklhf�eb[h�[_eh]h��eb[h�k_jh]h�\_s_�
kl\Z�fha]Z��IZjZf_lj�TI�fh`gh�jZkkqblZlv�aZjZg__��_keb�ba\_klgu�agZq_�
gby�ijhlhgguo�iehlghkl_c�b�j_eZdkZpbhgguo�iZjZf_lju�mdZaZgguo�ldZ�
g_c�^ey�dhgdj_lgh]h�h[t_dlZ�bkke_^h\Zgby��?keb�hij_^_e_gb_�wlbo�iZjZ�
f_ljh\�aZljm^g_gh��lh�\_ebqbgm�TI�ke_^m_l�ih^h[jZlv�wdki_jbf_glZevgh� 

GZ�jbk�� ���ijb\_^_g�ijbf_j�FJL-bkke_^h\Zgby��\�dhlhjhf�j_rZeZkv�
ih^h[gZy� aZ^ZqZ��Fh`gh� aZf_lblv�� qlh� iZlheh]bq_kdh_� h[jZah\Zgb_� — 
dbklZ��\�jZaguo�j_`bfZo�bf__l�lhl�`_�dhgljZkl��qlh�b�ebd\hj��Hg�bf__l�
\ukhdh_�agZq_gb_�gZ�T�<B�b�gbadh_�—�gZ�FLAIR�k�iheguf�ih^Z\e_gb_f�
kb]gZeZ�ebd\hjZ��<�lhf�kemqZ_��dh]^Z�dhgljZkl�ebd\hjZ�kh\iZ^Z_l�k�dhg�
ljZklhf�[_eh]h�\_s_kl\Z�fha]Z��gZb[he__�hlq_leb\h�hij_^_ey_lky�]jZgbpZ�
dbklu��>ey�ihemq_gby�FJ-bah[jZ`_gby�k�lZdbf�jZkij_^_e_gb_f�ldZg_\h]h�
dhgljZklZ�� agZq_gb_� iZjZf_ljZ� TI� \� bfimevkghc� ihke_^h\Zl_evghklb�
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FLAIR�\Zjvbjh\Zehkv�\�ij_^_eZo����-����k��Wdki_jbf_glZevgh�hij_^_e_g�
gh_�hilbfZevgh_�agZq_gb_�TI�khklZ\beh������k�� 

 

 
 

Jbk�� ���� <bamZebaZpby� ebd\hjghc� dbklu� ijb� jZaebqguo� iZjZf_ljZo� TI� j_`bfZ�
FLAIR. A — T2<B, B —  FLAIR(TI = 1.3 k), C — FLAIR (TI = 1.05 k), D — FLAIR 
(TI = 1.8 k) 

 

 
 
Jbk������<bamZebaZpby�`_em^hqdh\�]heh\gh]h�fha]Z�ijb�gZebqbb�bgl_jkl_gpbZev�
gh]h�hl_dZ�ijb�]b^jhp_nZebb��A —��h[uqgh_�T�<B��^Ze__�ahgZ�`_em^hqdh\�ij_^�
klZ\e_gZ�\�m\_ebq_gghf�fZkrlZ[_�^ey�B —  T�<B��C —  FLAIR (TI� ������fk���D 
—  FLAIR (TI =������fk���GZ�bah[jZ`_gbb�D�baf_g_gby�\�kl_gdZo�`_em^hqdh\�hi�
j_^_eyxlky�gZb[he__�hlq_leb\h 

 
>ey�\ujZ\gb\Zgby�dhgljZklZ�ebd\hjZ�b�k_jh]h�\_s_kl\Z�fha]Z�fh`gh�

ijbf_gblv�FLAIR�k�m\_ebq_gguf�agZq_gb_f�TI —�³^ebgguc�FLAIR” [38]. 
LZdhc�j_`bf�fh`gh�j_Zebah\Zlv��_keb��gZijbf_j��^ey�fZ]gblgh]h�ihey�����
Le�aZ^Zlv�TI� �����k��Hkh[_gghklv�w\hexpbb�ijh^hevghc�gZfZ]gbq_gghklb�
k\h[h^ghc�`b^dhklb�^ey�lZdh]h�j_`bfZ�\�lhf��qlh�ijhc^y�q_j_a�gmev��hgZ�
qZklbqgh�\hkklZgZ\eb\Z_lky�d�fhf_glm�kqblu\Zgby��<�j_amevlZl_�dhgljZkl�
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ebd\hjZ� klZgh\blky� [ebahd� d� dhgljZklm� k_jh]h� \_s_kl\Z� fha]Z�� qlh�
h[e_]qZ_l�bkke_^h\Zgb_�mqZkldh\�\�kl_gdZo�`_em^hqdh\�—�jbk����� 

LZdbf�h[jZahf��^ey�\uy\e_gby�jy^Z�iZlheh]bc�`_eZl_evgh�h[_ki_qblv�
g_�ihegh_�ih^Z\e_gb_�kb]gZeh\�hl�ghjfZevghc�ldZgb��Z�lZdh_��ijb�dhlhjhf�
\hagbdZ_l�^hklZlhqgh�h^ghjh^gh_��[_a�agZqbl_evguo�baf_g_gbc�ih�yjdh�
klb��jZkij_^_e_gb_�ldZg_\h]h�dhgljZklZ�\hdjm]�ahgu�iZlheh]bb� 

F_lh^u�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ�ihklhyggh�kh\_jr_gkl\m�
xlky��Kj_^b�kjZ\gbl_evgh�g_^Z\gh�\hr_^rbo�\�ijZdlbdm�FJL�fh`gh�hl�
f_lblv�dhf[bgbjh\Zgguc�f_lh^�ih^Z\e_gby�kb]gZeh\�`bjZ��\�dhlhjhf�bg�
\_jkby� gZfZ]gbq_gghklb� j_Zebam_lky� qZklhlgh-k_e_dlb\guf� kihkh[hf� - 
f_lh^�SPIR (Selective Presaturation Inversion Recovery��>��@��Ih�kjZ\g_gbx�
k� STIR� ^Zgguc� f_lh^� ^Z_l� f_gvr__� hkeZ[e_gb_� kb]gZeZ� ^ey� ldZg_c� k�
[hevrbfb�\j_f_gZfb�j_eZdkZpbb��gh�^ey�j_ZebaZpbb�lj_[m_l�\ukhdhc�h^�
ghjh^ghklb� fZ]gblguo� ihe_c� b� lhqguo� qZklhlguo� gZkljh_d��Ba-aZ� wlbo�
h]jZgbq_gbc� _]h� ijbf_g_gb_� h[uqgh� h]jZgbqb\Z_lky� ahgZfb� g_[hevrhc�
ijhly`_gghklb�—�gZijbf_j��h[eZklvx�hj[bl�>��@�� 
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H>GH<J?F?GGH?�IH>:<E?GB?�KB=G:EH< 
<H>U�B�@BJ:�<�FJL-BKKE?>H<:GBYO 

 
 
 
 

IjZdlbdZ�FJL-bkke_^h\Zgbc�ihdZaZeZ��qlh�ih^Z\e_gb_�lhevdh�h^gh]h�
ldZg_\h]h�dhfihg_glZ�g_�\k_]^Z�kha^Z_l�mkeh\by�^ey�gZ^_`gh]h�\uy\e_gby�

iZlheh]bq_kdbo� baf_g_gbc�� b� \h� fgh]bo� kemqZyo� g_h[oh^bfh� h[_ki_qb�

\Zlv�h^gh\j_f_ggh_�ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ��Wlh�hkh[_ggh�Zd�

lmZevgh� ijb� bkke_^h\Zgbb� h[eZkl_c�� ]^_� [ebadh� khk_^kl\mxl� `bjh\Zy�

ldZgv�b�ldZgv�k�[hevrbf�kh^_j`Zgb_f�k\h[h^ghc�\h^u��gZijbf_j��h[eZk�

lb� hj[bl�� djZgbh-\_jl_[jZevgh]h�i_j_oh^Z�b�^j��F_lh^u�dhf[bgbjh\Zg�

gh]h� ih^Z\e_gby� kb]gZeh\� \h^u� b�`bjZ� ijbf_gyxlky� ^ey� bkke_^h\Zgby�

hj[bl��Z�lZd`_�\�FJ-ki_dljhkdhibb�>������@� 
 
 
 

�����<bamZebaZpby�iZlheh]bq_kdbo�baf_g_gbc 
ijb�h^gh\j_f_gghf�ih^Z\e_gbb�kb]gZeh\�\h^u�b�`bjZ 

 
GZrZ�ijZdlbdZ�ihdZaZeZ�>��–��@�qlh�mijhs_gb_�ldZg_\h]h�dhgljZklZ��

\hagbdZxs__�ijb�h^gh\j_f_gghf�ih^Z\e_gbb�kb]gZeh\�\h^u�b�`bjZ��ih�

e_agh�^ey�\bamZebaZpbb�g_�lhevdh�hj[bl��gh�b�h[hehq_d�fha]Z��\bkhqghc�

dhklb��fy]dhldZgguo�h[jZah\Zgbc�gZ�hkgh\Zgbb�q_j_iZ��jbk�������Hlkmlkl�

\b_�gZ�FJL-bah[jZ`_gbyo�bgl_gkb\guo�kb]gZeh\�hl�\h^u�b�`bjZ�kha^Z_l�
[eZ]hijbylgu_� mkeh\by� ^ey� k_]f_glZpbb� bah[jZ`_gby� b� ihke_^mxs_c�

hp_gdb� h[t_fZ� ahgu� iZlheh]bq_kdbo� baf_g_gbc��MijhsZ_lky� aZ^ZqZ� ih�

kljh_gby�lj_of_jghc�j_dhgkljmdpbb�iZlheh]bq_kdbo�h[jZah\Zgbc��himoh�

eb�� ]_fZlhfu�� f_lh^hf� ijh_dpbb� fZdkbfZevghc� bgl_gkb\ghklb� MIP 
(Maximum Intensity Projection�� b� h[t_fghc� j_dhgkljmdpbb� k� hll_g_gb_f�
ih\_joghkl_c�— 3D-j_g^_jbg]Z�>��–51]. 
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Hlf_lbf��qlh�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�

`bjZ�hdZaZeky�kj_^b�gZb[he__�bgnhjfZlb\guo�j_`bfh\��aZ^_ckl\h\Zgguo�

^ey�nZdlhjgh]h�ZgZebaZ�>��@��jZajZ[Zlu\Z_fh]h�^ey�Z\lhfZlbq_kdh]h�jZk�

ihagZ\Zgby�iZlheh]bq_kdbo�baf_g_gbc�kljmdlmj�]heh\gh]h�fha]Z�� 

 

 
 
Jbk�� ����Ijbf_ju� ijbf_g_gby� j_`bfZ� k� h^gh\j_f_gguf� ih^Z\e_gb_f� kb]gZeh\�

\h^u�b�`bjZ�—� �gb`gbc�jy^��A —� �ihklljZ\fZlbq_kdb_� �\dexqZy�h[hehq_qgu_��

baf_g_gby��B —� �fy]dhldZgh_�h[jZah\Zgb_�\�dhklb�q_j_iZ��C—� �\bkhqgZy�dhklv�b�

baf_g_gby�\�h[hehqd_�fha]Z��<_jogbc�jy^�—  A�b�B —  T�<B��C —  T�<B 

 
�������Fh^bnbdZpby�j_`bfZ FLAIR �^ey�qZklhlgh-k_e_dlb\gh]h�
ih^Z\e_gby�`bjh\hc�ldZgb 

>ey�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ�fh`gh�ijbf_�

gblv�bfimevkgmx�ihke_^h\Zl_evghklv��gZkljh_ggmx�gZ�ih^Z\e_gb_�kb]gZ�

eh\�\h^u�f_lh^hf�©bg\_jkby-\hkklZgh\e_gb_ª��\�dhlhjmx�^h[Z\e_g�k_e_d�
lb\guc�bfimevk��gZkusZxsbc�`bjh\mx�ldZgv�— SPIR/FLAIR�>��@��H^gh�
ba� i_j\uo�gZrbo�gZ[ex^_gbc� k�bkihevah\Zgb_f� ^Zggh]h�ih^oh^Z�� [ueh�

k\yaZgh� k� g_h[oh^bfhklvx� mkljZg_gby� Zjl_nZdlZ� gZ�FJL-bah[jZ`_gbyo�
fha]Z��gZ�dhlhjuo�gZdeZ^u\Zeky�kb]gZe�hl�ih^dh`gh]h�`bjZ�ba-aZ�g_klZg�
^Zjlghc�mdeZ^db�ihegh]h�iZpb_glZ��Ba-aZ�lh]h��qlh�_]h�jmdb�[ueb�meh`_�
gu�\[ebab�]heh\u��gZ�T��<B�b�\�j_`bf_�FLAIR�\hagbdZe�Zjl_nZdl�\�h[�
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eZklb� aZluedZ� �jbk�� ����� ;eZ]h^Zjy� \\_^_gbx� \� bfimevkgmx� ihke_^h\Z�

l_evghklv�FLAIR�bfimevkZ��gZkusZxs_]h�`bj��^Zggmx�ijh[e_fm�m^Zehkv�

j_rblv�b�ihemqblv�FJL-bah[jZ`_gby��k\h[h^gu_�hl�Zjl_nZdlZ�� 
 

 
 

Jbk������Ih^Z\e_gb_�Zjl_nZdlZ�hl�`bjh\hc�de_lqZldb� (K���f������e�� 
 
 

J_Zebah\ZggZy�gZfb�ihke_^h\Zl_evghklv�[ebadZ�ih�k\h_c�dhgp_ipbb�d�

f_lh^m�SPIR��ohly�bf_eZ�g_dhlhju_�hkh[_gghklb��dhlhju_�[m^ml�hlf_q_gu�
\�jZa^_e_������� 

IjZdlbdZ� ihdZaZeZ�� qlh� qZklhlgh-k_e_dlb\gZy�f_lh^bdZ� h^gh\j_f_g�
gh]h� ih^Z\e_gby� kb]gZeh\� \h^u� b�`bjZ�g_� \k_]^Z� jZ[hlZeZ� wnn_dlb\gh��

hkh[_ggh�ijb�bkke_^h\Zgbb�hj]Zgh\�k�[hevrbf�\deZ^hf�`bjh\hc�ldZgb�— 
gZijbf_j��iha\hghqgbd��hj]Zgu�[jxrghc�ihehklb��Ijb�gZebqbb�^Z`_�g_�

[hevrhc� ijhkljZgkl\_gghc� g_h^ghjh^ghklb� dZd� iheyjbamxs_]h�� lZd� b�

JQ-ihe_c� wnn_dlb\ghklv�f_lh^bdb� kbevgh� kgb`Z_lky��qlh�ijhy\ey_lky�\�
g_jZ\ghf_jghf� ih^Z\e_gbb� kb]gZeh\� `bjZ� ih� iehkdhklb� bah[jZ`_gby��

Ihwlhfm�^ey�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ�fu�ij_^�

ihqeb�bfimevkgmx�ihke_^h\Zl_evghklv��hkgh\Zggmx�gZ�^\hcghf�bkihev�

ah\Zgbb�wnn_dlZ�©bg\_jkby–\hkklZgh\e_gb_ª��dZd�[u�h[t_^bgyxsmx�f_�

lh^bdb�FLAIR�b�STIR��LZdZy�ihke_^h\Zl_evghklv�ijhs_�\�j_ZebaZpbb��l�d��

g_�lj_[m_l�lhqguo�qZklhlguo�gZkljh_d�� 
 

�������H^gh\j_f_ggh_�ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�f_lh^hf�

©bg\_jkby–\hkklZgh\e_gb_ª 

;ueZ�j_Zebah\ZgZ�ihke_^h\Zl_evghklv�����TIW – 80° – IF –��kqblu\Zgb_�
kb]gZeZ��� ]^_� aZ^_j`db�TIF�b�TIW�ih^h[jZgu� lZdbf� h[jZahf��qlh[u�ijh�

^hevgu_�gZfZ]gbq_gghklb�dZd�\h^u��lZd�b�`bjZ��ijhoh^beb�\�ijhp_kk_�j_�

eZdkZpbb�q_j_a�gmev�h^gh\j_f_ggh��jbk�������<�wlhf�kemqZ_�ijb�j_]bkljZ�

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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pbb�hlebqguf�hl�gmey�[m^_l�lhevdh�kb]gZe�hl�ldZgb��bf_xs_c�\j_fy�j_�

eZdkZpbb�T��hlebqgh_�hl�T1F,T1W.  
 

RF 1800 1800 

900 

t 

t

+1 

-1 

0

Fat

Water 

TW TF 

Mz/M0 

 
 
Jbk������>bZ]jZffZ�bfimevkghc�ihke_^h\Zl_evghklb��\_jogyy�djb\Zy��b�w\hexpby�

ijh^hevghc�gZfZ]gbq_gghklb�`bjZ�b�\h^u��gb`gb_�djb\u_��^ey�ihke_^h\Zl_evgh�

klb�180°–TIW–180°–TIF 

 

 
 
Jbk������AZ\bkbfhklv�kb]gZeZ�hl�T��^ey�f_lh^bd��hkgh\Zgguo�gZ�wnn_dl_�©bg\_j�
kby-\hkklZgh\e_gb_ª�— A — STIR, B — FLAIR, C —�ihke_^h\Zl_evghklv� ����–
TIW–180°–TIF 

 
Djb\Zy�aZ\bkbfhklb�kb]gZeZ�hl�T��ijb\_^_gZ�gZ�jbk������JZkq_l�^Zg�

ghc�djb\hc�ijb\_^_g�\�>��@�� 
Hg�ijh\_^_g�^ey�\_dlhjghc�fh^_eb�;ehoZ�\�ij_^iheh`_gbb��qlh�^eb�

l_evghklv�bfimevkh\�fZeZ�ih�kjZ\g_gbx�kh�\j_f_g_f�j_eZdkZpbb�T��b�\_�
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ebqbghc���û��]^_�û —�^bZiZahg�obfbq_kdbo�k^\b]h\��Z�qZklhlZ�aZiheg_gby�

JQ�bfimevkZ�[ebadZ�d�eZjfhjh\hc��Ijb�wlbo�mkeh\byo�fh`gh�g_�jZkkfZl�

jb\Zlv�ihi_j_qgu_�dhfihg_glu�\_dlhjZ�gZfZ]gbq_gghklb��b�\�dhg_qguc�

j_amevlZl�g_�\hc^ml�iZjZf_lju�T��b�û. 
<�j_amevlZl_�^ey�T1F/T1W �����bf__f� 

SC(z) = |1 – 2(1 – exp(– (ln2/z)(1/k + 1))exp(– ln2/z)|, 

]^_�k = T1F/T1W, z = T1/T1F.�Fh`gh�aZf_lblv��qlh�]jZnbd�djb\hc�C�[ebahd�
d� ]jZnbdm��ihemqZ_fhfm�i_j_fgh`_gb_f� ]jZnbdh\�A�b�B, jZkkqblZgguo�
^ey�j_`bfh\�STIR�b�FLAIR��khhl\_lkl\_ggh��=jZnbdb�A�b�B�hibku\Zxl�

ky�nhjfmeZfb�� 

SA(z) = |1 – 2*exp(– (ln2)/z�_��b��SB(z) = |1 – 2*exp(– (ln2)/kz)|, 

khhl\_lkl\_ggh� 
AZf_lbf��qlh�ijb�jZkq_l_�g_�mqblu\Zehkv�\ebygb_�iZjZf_ljZ�TR��l�_��

g_y\gh�ij_^iheZ]Zehkv�TR >> T1F,T1W��b�ihlhfm�^ey�aZ^_j`_d�TIW�b�TIF-

ihemqbebkv�ijhklu_�aZ\bkbfhklb�hl�T1F�b�T1W��Z�bf_ggh� 

TIW = (T1F + T1W)ln2, TIF = T1F ln2.  

Mq_l�gZkus_gby�kibgh\�ba-aZ�dhg_qgh]h� agZq_gby�TR�mkeh`gy_l�jZkq_l��
gh�fZeh�\eby_l�gZ�dhg_qguc�j_amevlZl�� 

>bZiZahg� agZq_gbc�T��� \� ij_^_eZo� dhlhjh]h� djb\Zy�SC� kiZ^Z_l� g_�

[he__��q_f�\���jZaZ��^hklZlhqgh�rbjhd�—�^ey�ihey�����Le�hg�aZgbfZ_l�

h[eZklv�ijbf_jgh����–����k��Bf_ggh�\�wlhf�^bZiZahg_�e_`Zl�\_ebqbgu�
T���ijbgZ^e_`Zsb_�jy^m�iZlheh]bq_kdbo�baf_g_gbc��hqZ]b�^_fb_ebgb�

aZpbb�� ahgu� hl_dZ�� djh\hbaebygby�� dZ\_jghagu_� Zg]bhfu�� g_dhlhju_�

himoheb�b�^j��Ihwlhfm�ijb�h^gh\j_f_gghf�ih^Z\e_gbb�kb]gZeh\�\h^u�

b�`bjZ� wlb�iZlheh]bq_kdb_� h[jZah\Zgby� \u]ey^yl�gZb[he__� hlq_leb\h�

gZ�nhg_�ih^Z\e_gguo� kb]gZeh\� hl�ghjfZevguo� kljmdlmj�� \� qZklghklb��

kibggh-fha]h\hc�`b^dhklb�b�ih^dh`gh]h�`bjZ��jbk������ 
<j_f_gZ�j_eZdkZpbb�iZlheh]bq_kdbo� �dZd��\ijhq_f��b�ghjfZevguo��

h[jZah\Zgbc�fh`gh�hij_^_eblv�ba\_klgufb�\�FJL-j_eZdkhf_ljbb�f_�
lh^Zfb�ihkljh_gby�dZjl�ijhkljZgkl\_ggh]h�jZkij_^_e_gby�T1, T2.  

>ey�ihkljh_gby�dZjlu�T1 (T1-map��fh`gh�bkihevah\Zlv�^Zggu_�hl�
bfimevkghc� ihke_^h\Zl_evghklb�� jZ[hlZxs_c� ih� f_lh^bd_� ©gZkus_�

gb_–\hkklZgh\e_gb_ª� — 90°–TR–90°–FID� beb� ���–TR–90°–TE–FID�� \�
dhlhjhc�\Zjvbjm_lky�iZjZf_lj�TR��Bf_y�gZ[hj�T1-<B��ihemq_gguo�ijb�
jZaebqguo� agZq_gbyo� TR�� fh`gh� ihkljhblv� bah[jZ`_gby�� ]^_� bgl_g�
kb\ghklv� dZ`^hc� lhqdb�gZijyfmx� aZ\bkbl�eb[h�hl�dhgp_gljZpbb�ijh�

lhgh\� M0�� eb[h� hl� T1 — (T1-dZjlZ��� JZkq_l� T1-dZjlu� ijh\h^blky� ih�
nhjfme_� 

M(TR) = M0exp(1 – A.exp{– TR/T1}). 
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Jbk�� ����<bamZebaZpby� iZlheh]bq_kdbo� baf_g_gbc� gZ�T�<B� �\_jogbc� jy^�� b� ijb�
h^gh\j_f_gghf�ih^Z\e_gbb�kb]gZeh\�\h^u�b�`bjZ��gb`gbc�jy^���A —�g_\jbghfZ��
B —�djh\hbaebygb_�\�hj[bl_��K�—�jZkk_ygguc�kde_jha��D —�^\mklhjhggyy�km[^m�
jZevgZy�]_fZlhfZ 
 

 
 

Jbk�� ��� A — T�<B��B —� �dZjlZ�! —�h[t_fghc�iehlghklb�j_ahgbjmxsbo� y^_j��
C —�dZjlZ�T���ihemqZ_fZy�f_lh^hf�kibgh\h]h� woZ�ijb�TE�  � ���fk�b�TR�f_gyx�
s_fky�\�ij_^_eZo�hl����^h������fk��D —�dZjlZ�T���ihemqZ_fZy�ijb�TE�f_gyxs_f�
ky�hl����^h������fk 
 
DZjlm� T�� fh`gh� lZd`_� ihemqblv� ba� wdki_jbf_glh\� ©bg\_jkby–
\hkklZgh\e_gb_ª�����–TI–90°–FID��]^_�\Zjvbjm_lky�iZjZf_lj�TI��A^_kv�kb]�
gZe�YFJ�aZ\bkbl�hl�TI�dZd�� 

M(TI) = M0(1 – C.exp{– TI/T1}), 

_keb�ihke_�j_dhgkljmdpbb�bgnhjfZpby�h�nZa_�kb]gZeZ�khojZg_gZ��beb� 

M(TI) = |M0(1 – C.exp{– TI/T1})|, 

_keb�^ey�jZkq_lZ�dZjlu�bkihevam_lky�ki_dlj�fhsghklb� 
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DZjlm�T��fh`gh�ihemqblv�ba�wdki_jbf_glh\�ih�kibgh\hfm�woh��Kb]�
gZeu� kibgh\h]h� woZ�� \ha[m`^Z_fu_� \� bfimevkghc� ihke_^h\Zl_evghklb�
90°–TE–180°–TE–FID��kiZ^Zxl�kh]eZkgh�nhjfme_� 

M(TE) = M0exp(–TE/T2). 

Ihwlhfm�� bf_y� gZ[hj� T�<B�� ihemq_gguo� ijb� jZaebqguo� agZq_gbyo� TE, 
fh`gh�ihkljhblv�bah[jZ`_gby��]^_�bgl_gkb\ghklv�dZ`^hc�lhqdb�aZ\bkbl�
hl�T2 — (T2-dZjlZ���Ihkljhblv�gZ[hj�T�<B��ihemq_gguo�ijb�jZaebqguo�
agZq_gbyo�TE��fh`gh�aZ�h^bg�i_jbh^�TR��_keb�woh�klbfmebjh\Zlv�k�ihfh�
svx� i_jbh^bq_kdb� aZimkdZ_fuo� i_j_nhdmkbjmxsbo� ����� bfimevkh\�— 
f_lh^bdZ�fmevlbwoh�� 

<�oh^_�jZkq_lZ�T1-�b�T2-dZjl�dZd�p_gguc�ih[hqguc�j_amevlZl�ihemqZ�
_lky� dZjlZ� jZkij_^_e_gby� ! —� h[t_fghc�iehlghklb� j_ahgbjmxsbo� y^_j�
�jbk������ 
 

�����H[t_fgZy�j_dhgkljmdpby�iZlheh]bq_kdbo�h[jZah\Zgbc 

>ey� \bamZebaZpbb� iZlheh]bq_kdh]h� h[jZah\Zgby� ihe_agh� ijh\_klb�
h[t_fgmx�h[jZ[hldm�— MIP-j_dhgkljmdpbx�beb��D-j_g^_jbg]��qlh[u�gZ�
]ey^g__�ij_^klZ\blv�ijhkljZgkl\_ggmx�dhgnb]mjZpbx�wlh]h�h[jZah\Zgby�
b�baf_jblv�__�h[t_f�>��@��GZ�jbkmgdZo��������^Zgu�ijbf_ju�lZdhc�h[t_f�
ghc� h[jZ[hldb��GZ� jbk�� ��� wlZ�f_lh^bdZ� ijbf_gy_lky� ^ey� \bamZebaZpbb�
km[^mjZevghc�]_fZlhfu� 

 

 
 
Jbk����� 3D-\bamZebaZpby�Zkljhpblhfu��<���f������e����<_jogbc�jy^��ke_\Z�—�h^bg�
ba� ZdkbZevguo� kj_ah\�L�<B��bkihevam_fuo�^ey�ihkljh_gby�hihjgh]h� �D-h[jZaZ��
kijZ\Z�— 3D-j_dhgkljmdpby��Gb`gbc�jy^�—�^ey�ZgZeh]bqguo�ihkljh_gbc�bkihev�
ah\Zgu�^Zggu_�hl�kdZgbjh\Zgby�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�
`bjZ 
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Fh`gh� hlf_lblv�� qlh� gZ� �D —� j_dhgkljmdpbb� ohjhrh� \uy\ey_lky�

ijhgbdgh\_gb_�]_fZlhfu�\�f_`ihemrZjgmx�s_ev��qlh�keh`gh�\uy\blv�gZ�

klZg^Zjlguo�FJL-bah[jZ`_gbyo� 
 

 
 
Jbk�� ��� 3D-\bamZebaZpby� ^\mklhjhgg_c� km[^mjZevghc� ]_fZlhfu� �H��� f��� ��� e����
<_jogbc�jy^��ke_\Z�—�bah[jZ`_gb_�h^gh]h�ba�ZdkbZevguo�kj_ah\�L�-<B��bkihev�
am_fuo�^ey�ihkljh_gby�hihjgh]h� �D–h[jZaZ��kijZ\Z�— 3D-j_dhgkljmdpby��hihj�
gh_�bah[jZ`_gb_�ij_^klZ\e_gh�\�g_kdhevdbo�jZdmjkZo��Gb`gbc�jy^�—�^ey�ZgZeh�

]bqguo�ihkljh_gbc�bkihevah\Zgu�^Zggu_�hl�kdZgbjh\Zgby�k�h^gh\j_f_gguf�ih�

^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ��<_jogb_�b�gb`gb_�bah[jZ`_gby�ij_^klZ\e_gu�k�

h^bgZdh\ufb�jZdmjkZfb 

 

�����Baf_j_gb_�h[t_fZ�ahgu�ihjZ`_gby 

 
;eZ]h^Zjy�lhfm��qlh�ihke_�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�

b�`bjZ�iZlheh]bq_kdh_�h[jZah\Zgb_�ohjhrh�hl^_ey_lky�hl�hkgh\guo�ldZ�

g_c�]heh\gh]h�fha]Z��_]h�e_]dh�baf_jblv��qlh�\Z`gh�^ey�hp_gdb�w\hexpb�

hgguo�baf_g_gbc��>ey�baf_j_gby�h[t_fZ�ahgu�ihjZ`_gby�fh`gh�\hkihev�

ah\Zlvky�ba\_klgufb�dhff_jq_kdbfb�ijh]jZffZfb��gZijbf_j�� �D-Doctor 
(Able Software��� jZ[hlZxs_c� \� kj_^_� MS Windows� �ih^jh[g__� —� kf��

www.3d-doctor.com�� b� lj_[mxs_c� ij_^klZ\e_gby� ^Zgguo� h[�FJ-bah[jZ-
`_gbyo�\�\b^_�gZ[hjZ�]jZnbq_kdbo�nZceh\��K�ihfhsvx�wlhc�ijh]jZffu�

ijh\h^bebkv�baf_j_gby�h[t_fZ�]_fZlhf�^ey�hp_gdb�bo�w\hexpbhgguo�ba�

f_g_gbc�—�jbk�� ����Kh]eZkgh�baf_j_gbyf�baf_g_gb_�h[t_fZ� ]_fZlhf� aZ�

9.5�g_^_ev�khklZ\beh�—�k������^h�����kf3 ^ey�e_\hc�^heb�b�k������^h���� kf3 

—�^ey�ijZ\hc� 
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Jbk������<_jogbc�jy^��FJL-bah[jZ`_gby��ihemq_ggu_�hl�kdZgbjh\Zgby�k�h^gh\j_�
f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ�^ey�h^ghc�b�lhc�`_�ahgu�bgl_j_kZ��A 
—�gZqZevgZy�klZ^by�bkke_^h\Zgby��B —� �q_j_a�����g_^_ev��C —� �q_j_a���f_kyp_\��

Gb`gbc�jy^���D —��j_g^_jbg]�^ey�khhl\_lkl\mxsbo�^Zgguo 

 
<�PFLK�F=M� ^ey� baf_j_gby� h[t_fh\� iZlheh]bq_kdbo� h[jZah\Zgbc�

ij_^ihql_gb_�hl^Zgh�kh[kl\_gghc�jZajZ[hld_��dhlhjZy�kihkh[gZ�jZ[hlZlv�

k�FJL-bah[jZ`_gbyfb�\�bo�bkoh^ghf�nhjfZl_��g_�ijb[_]Zy�d�dhg\_jlZpbb�
\�h[uqgu_�]jZnbq_kdb_�nhjfZlu��GZ�jbk�����ij_^klZ\e_g�bgl_jn_ck�ijh�

]jZffu� ^ey� jZkq_lZ� h[t_fZ� ahgu� ihjZ`_gby�� aZims_gghc� \� kj_^_� MS 
Windows XP� �Z\lhj� ijh]jZffu� —�I�<�� ;Z[bq���Ijb� aZimkd_� wlhc� ijh�

]jZffu� gZ� wdjZg� \u\h^ylky� bah[jZ`_gby� hl^_evguo� kj_ah\�� gZ� dhlhjuo�

hi_jZlhjm�g_h[oh^bfh�\u[jZlv�mqZklhd�^ey�k_]f_glZpbb�—�h^gm�ba�\gml�

j_ggbo�lhq_d�b�h^gm�ba�lhq_d�gZ�]jZgbp_��ihke_�q_]h�ijh]jZffZ�Z\lhfZlb�

q_kdb�ijh\h^bl�k_]f_glZpbx�\hdjm]�aZ^Zgghc�lhqdb��\uqbkey_l�iehsZ^v�

k_]f_glbjh\Zggh]h� mqZkldZ� b�� \� dhg_qghf� blh]_�� kmffbjm_l� ^Zggu_� hl�

\k_o�kj_ah\� 
K�ihfhsvx�^Zgghc�ijh]jZffu�m^Zehkv�ihkljhblv� ]jZnbd� w\hexpbb�

ahgu�ihjZ`_gby�ijb�Zkljhpblhf_�^ey�iZpb_glZ�<���f������e���—�kf��jZa^_e�

�����=jZnbd��ho\Zlu\Zxsbc�[he__�q_f��-o�e_lgbc�i_jbh^��ij_^klZ\e_g�gZ�
jbk����� 
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Jbk������Bgl_jn_ck�ijh]jZffu�^ey�jZkq_lZ�h[t_fZ�ahgu�ihjZ`_gby��Ke_\Z�—�h^bg�

ba�jZkkqblu\Z_fuo�kj_ah\��I_j_dj_kl�mdZau\Z_l�gZ�\gmlj_ggxx�lhqdm�k_]f_glb�

jm_fhc�h[eZklb��KijZ\Z�— 3D-ij_^klZ\e_gb_�k_]f_glbjh\Zgguo�kj_ah\ 

 

 
 

Jbk�� ��� >bgZfbdZ� baf_g_gbc� h[t_fZ� ahgu� ihjZ`_gby� ijb� Zkljhpblhf_� 
�<���f������e�� 
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Jbk�� ��� <bamZebaZpby� ahgu� ijbjhklZ� himoheb� aZ� ^\moe_lgbc� i_jbh^� k�
ijbf_g_gb_f�MIP-�j_dhgkljmdpbc 

 
Ijb�g_h[oh^bfhklb�[ukljhc��hi_jZlb\ghc�hp_gdb�h[t_fguo�baf_g_�

gbc� ahgu� ihjZ`_gby� m^h[gh� bkihevah\Zlv� MIP-j_dhgkljmdpbb�� Ijbq_f�
^ey�[hevr_c�gZ]ey^ghklb�fh`gh�ijbf_gblv�]jZnbq_kdb_�ijb_fu��k\yaZg�
gu_� k� aZdjZrb\Zgb_f�gZb[he__� yjdh� \u^_eyxsboky�gZ�MIP-j_dhgkljmd-
pbb� ahg�\�jZagu_�p\_lZ�k�ihke_^mxsbf�i_j_fgh`_gb_f�bah[jZ`_gbc��<�
j_amevlZl_�fh`gh�ihemqblv�bah[jZ`_gb_��gZ�dhlhjhf�\b^gZ�i_j\hgZqZev�
gZy�ahgZ�ihjZ`_gby��ih�i_jbn_jbb�dhlhjhc�hkh[uf�hll_gdhf�ijhjbkh\u�
\Z_lky�ahgZ�__�ijbjhklZ��jbk������� 

GZ� jbk�� ��� ihdZaZgu� wlZiu� ]jZnbq_kdbo� ij_h[jZah\Zgbc� FJL-
bah[jZ`_gbc��<� \_jog_f�b�gb`g_f�jy^m�ij_^klZ\e_gu�^Zggu_�^ey� ahgu�
ihjZ`_gby��khhl\_lkl\_ggh��gZ�gZqZevghf�b�dhg_qghf�wlZi_�gZ[ex^_gby��
Ijhp_kk�h[jZ[hldb�^Zgguo�\dexqZ_l�\�k_[y��ke_\Z�gZijZ\h��—�ihemq_gb_�
FJL-bah[jZ`_gbc� hl^_evguo� kj_ah\�� MIP-j_dhgkljmdpby�� k_]f_glZpby�
ahgu�ihjZ`_gby�k�aZdjZrb\Zgb_f�__�\�hij_^_e_gguc�p\_l��Eh]bq_kdh_�i_�
j_fgh`_gb_� p\_lguo� bah[jZ`_gbc� ^Z_l� bah[jZ`_gb_�� gZ� dhlhjhf� \b^gZ�
i_j\hgZqZevgZy�h[eZklv�ihjZ`_gby�—� k\_leZy� ahgZ��ih�i_jbn_jbb�dhlh�
jhc�k_juf�hll_gdhf�ijhjbkh\u\Z_lky�ahgZ�__�ijbjhklZ�� 

<�^Zgghf�kemqZ_�ZgZebam�ih^e_`Zeb�l_�`_�FJL-^Zggu_��qlh�bkihev�
ah\Zebkv�^ey�h[t_fguo�baf_j_gbc��ij_^klZ\e_gguo�gZ�jbk��������� 

 
 

�����<bamZebaZpby�djh\_ghkguo�khkm^h\ 

<bamZebaZpby� ^\b`ms_cky�`b^dhklb� djh\b�� kibggh-fha]h\hc�`b^�
dhklb�—�ij_^f_l�hkh[h]h�\gbfZgby�\�FJ-lhfh]jZnbb��H^gbf�ba�kihkh�
[h\�\bamZebaZpbb�djh\_ghkguo�khkm^h\�y\ey_lky�ijbf_g_gb_�lZd�gZau�
\Z_fuo� ©Zg]bh]jZnbq_kdboª�ihke_^h\Zl_evghkl_c�—�h[uqgh�gZ�hkgh\_�
GE�k�dhjhldbfb�	ü, TR��qlh�iha\hey_l�aZ�kq_l�JQ-gZkus_gby�ih^Z\blv�
kb]gZe�hl�g_ih^\b`guo�ldZg_c�b�ihemqblv�kb]gZe�hl�qZklbp�^\b`ms_cky�
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`b^dhklb��Ihke_^gb_�g_�mki_\Zxl�gZkulblvky�JQ�ihe_f� aZ�lh�\j_fy��\�
l_q_gb_�dhlhjh]h�hgb�ijh[_]Zxl�q_j_a�gZkusZ_fuc�kehc��Bkke_^h\Zgb_�
khkm^h\�kms_kl\_ggh�m\_ebqb\Z_l�\j_fy�bkke_^h\Zgby���^ey�����Le�lhfh�
]jZnZ�ijbf_jgh�gZ� �–���fbg����ijb� wlhf�Zg]bh]jZnbq_kdb_�^Zggu_�g_�
bgnhjfZlb\gu�^ey�bkke_^h\Zgby�kljmdlmj�fha]Z��Ihwlhfm�FJ-Zg]bh]jZ-
nby� h[uqgh� ijh\h^blky� ih� ki_pbZevghfm� \jZq_[ghfm� aZijhkm��<� wlhc�
k\yab�ij_^klZ\ey_l�bgl_j_k�\uy\e_gb_�khkm^bklhc�iZlheh]bb�g_ihkj_^�
kl\_ggh�ijb�bkke_^h\Zgbb�kljmdlmj�fha]Z��<�g_dhlhjuo�kemqZyo�ijbf_�
g_gb_�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ�kihkh[kl\m_l�
j_r_gbx�wlhc�aZ^Zqb�� 

Fh`gh�ijb\_klb�ijbf_j�\uy\e_gby�ljhf[haZ�\gmlj_gg_c�khgghc�Zj�
l_jbb�—� jbk�� ����GZ�	�<B� \� dhjhgZjghc� ijh_dpbb� \uy\ey_lky� ©jZafu�
lucª�ke_^�hl�e_\hc�khgghc�Zjl_jbb��>ey�kjZ\g_gby�—�kbff_ljbqgh�jZk�
iheh`_ggZy�ghjfZevgZy�ijZ\Zy�Zjl_jby�ij_^klZ\e_gZ�hlq_leb\uf�gbadbf�
kb]gZehf�� 
 
 

 
 
Jbk�� ��� <uy\e_gb_� ljhf[haZ� \gmlj_gg_c� khgghc� Zjl_jbb��ù —  	�<B�SE, B —  
FLAIR, C —j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeZ�\h^u�b�`bjZ�—�ijbf_�
g_g�\ZjbZgl�obf��k^\b]h\h]h�ih^Z\e_gby�kb]gZeZ�hl�`bjZ���D —��FJ-Zg]bh]jZnby�
3D-TOF GE 
 
 

Hkh[_gghklv�e_\hc� Zjl_jbb�—�gZebqb_� ljhf[haZ�—�emqr_�ijhkfZl�
jb\Z_lky� \� j_`bf_�FLAIR��;hevrZy� q_ldhklv� \hagbdeZ� aZ� kq_l� m^Zqgh]h�
i_j_jZkij_^_e_gby� dhgljZklZ�� h^gZdh� `bjh\Zy� ldZgv� \k_-lZdb� f_rZ_l�
mlhqgblv�]jZgbpu�ljhf[Z��Ijb�h^gh\j_f_gghf�ih^Z\e_gbb�kb]gZeh\�\h^u�
b�`bjZ� kljmdlmjZ� ljhf[Z� \uy\ey_lky� gZb[he__� hlq_leb\h��FJ-Zg]bh]jZ-
nby�ih^l\_j`^Z_l�gZebqb_� ljhf[haZ�ih� hlkmlkl\bx� djh\hlhdZ� q_j_a� e_�
\mx�khggmx�Zjl_jbx� 

<� \ur_ijb\_^_gghf� ijbf_j_� j_`bf� k� h^gh\j_f_gguf�ih^Z\e_gb_f�
kb]gZeZ� \h^u� b� `bjZ� bkihevah\Zg� ^ey� hp_gdb� khklhygby� g_ih^\b`ghc�
`b^dhklb��F_`^m�l_f��^Zgguc�j_`bf�\�jy^_�kemqZ_\�hdZau\Z_lky�ihe_a�
guf�b�^ey�\bamZebaZpbb�^\b`ms_cky�`b^dhklb��<�k\yab�k�wlbf�fh`gh�hl�
f_lblv��qlh�gZ�FJL-bah[jZ`_gbyo��ihemq_gguo�hl�kdZgbjh\Zgby�k�h^gh�
\j_f_gguf�ih^Z\e_gb_f�kb]gZeZ�\h^u�b�`bjZ��ohjhrh�ijhkfZljb\Zxlky�
f_edb_�djh\_ghkgu_�khkm^u�gZ�i_jbn_jbb�]heh\gh]h�fha]Z�� 
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Jbk������<uy\e_gb_�Zjl_jbh-\_ghaghc�fZevnhjfZpbb�m�iZpb_glZ�;���f������e���ijb�
bkihevah\Zgbb�j_`bfZ�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ�— C 
k� ihke_^mxs_c�MIP–j_dhgkljmdpb_c�— D��Ke_\Z� ijb\_^_gu�FJL-bah[jZ`_gby�
^ey�lhc�`_�ahgu�kdZgbjh\Zgby��ihemq_ggu_�\�j_`bfZo��A — T�<B�b�B — FLAIR 
 

<�h^ghf�ba�bkke_^h\Zgbc�ihke_�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ�k�

ihke_^mxs_c�MIP-j_dhgkljmdpb_c�m^Zehkv�\uy\blv�g_[hevrmx�Zjl_jbh-
\_ghagmx�fZevnhjfZpbx� \[ebab� h[hehq_d�fha]Z� �jbk�� �����Hkh[_gghklv�

kblmZpbb�\�lhf��qlh�^Zgguc�lbi�iZlheh]bb�keh`_g�^ey�\uy\e_gby�h[uq�

gufb�FJ-Zg]bh]jZnbq_kdbfb�f_lh^bdZfb��gZijbf_j���D-TOF��ba-aZ�keZ�
[h]h�djh\hlhdZ�� 

 
 

�����<bamZebaZpby�ZghfZevgh]h�ebd\hjhlhdZ 
ijb�]b^jhp_nZebb 

Ke_^m_l�hlf_lblv��qlh�gZ�FJL-bah[jZ`_gbyo��ihemq_gguo�ijb�kdZgb�
jh\Zgbb�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeZ�\h^u�b�`bjZ��aZf_lgh�yj�
q_�\u]ey^yl�mqZkldb�ZghfZevgh]h�lhdZ�kibggh-fha]h\hc�`b^dhklb��ebd\h�
jZ���qlh�h[uqgh�\hagbdZ_l�ijb�]b^jhp_nZebb�jbk������� 

DhgljZkl�\�wlbo�mqZkldZo�kms_kl\_ggh�\ur_�dhgljZklZ�k_jh]h�\_s_�
kl\Z�fha]Z��\�lh�\j_fy�dZd�gZ�	�<B�b�FLAIR�hlebqby�\�wlbo�dhgljZklZo�g_�
kms_kl\_ggu��F_`^m�l_f��ih\ur_ggZy�yjdhklv�ih^h[guo�mqZkldh\�bgh]^Z�

 

 
Jbk������<bamZebaZpby mqZkldh\�ZghfZevgh]h�ebd\hjhlhdZ�ijb�]b^jhp_nZebb��ù 
— 	�<B��B —  FLAIR, C —��j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeZ�\h^u�

b�`bjZ��D —  MIP-�j_dhgkljmdpby�\�kZ]bllZevghc�ijh_dpbb 
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aZljm^gy_l�ZgZeba�g_dhlhjuo�iZlheh]bc�kl\heZ�fha]Z��<hafh`gh��qlh�^ey�
ih^Z\e_gby� kb]gZeh\� hl� mdZaZgguo� mqZkldh\� hdZ`mlky� ihe_agufb� j_dh�
f_g^Zpbb��ij_^eZ]Z_fu_�^ey�j_`bfZ�FLAIR —�hilbfbaZpby�nhjfu�JQ-
bfimevkh\�>��@�beb�Ze]hjblfZ�FJL-kdZgbjh\Zgby�>��@��K�^jm]hc�klhjhgu��
wnn_dl�fh`gh�bkihevah\Zlv�^ey�ihkljh_gby�h[t_fghc�dZjlbgu�ZghfZev�
gh]h�ebd\hjhlhdZ��dhlhjmx�fh`gh�ij_^eh`blv�\�dZq_kl\_�^hihegbl_evgh�
]h�^bZ]ghklbq_kdh]h�fZl_jbZeZ�>��@�� 

 
�����Ijbf_g_gb_�j_`bfZ�FLAIR �k�g_iheguf�ih^Z\e_gb_f�
kb]gZeZ�\h^u 

Ijb�bkihevah\Zgbb�^\Z`^u�bg\_jlbjmxs_c�ihke_^h\Zl_evghklb�\ha�
gbdZ_l�h[s__�hkeZ[e_gb_�kb]gZeZ�—�kh]eZkgh�]jZnbdm�gZ�jbk������hgh�kh�
klZ\ey_l�ijbf_jgh�����jZaZ�ih�kjZ\g_gbx�k�f_lh^Zfb�FLAIR�b�STIR��Ih�
wlhfm� ^ey� ihemq_gby� ijb_fe_fh]h� hlghr_gby� kb]gZe�rmf� g_h[oh^bfh�
m\_ebqb\Zlv�qbkeh�gZdhie_gbc�kb]gZeZ�ih�kjZ\g_gbx�k�h[uqgufb�j_`b�
fZfb�—�\�gZr_f�ijZdlbd_�k���^h����k�khhl\_lkl\mxsbf�m\_ebq_gb_f�\j_�
f_gb�kdZgbjh\Zgby�k���^h���fbg��<hafh`gh��qlh�m\_ebq_gb_�gZijy`_ggh�
klb�fZ]gblgh]h�ihey�b�� ke_^h\Zl_evgh��qZklhlu� lhfh]jZnZ��iha\hebl�gZ�
klhevdh�ih\ukblv�mjh\_gv�kb]gZeZ��qlh�m\_ebqb\Zlv�qbkeh�gZdhie_gbc�g_�
ihlj_[m_lky� 

G_dhlhjh_�ih\ur_gb_�h[s_]h�mjh\gy�kb]gZeZ�fh`gh�ihemqblv�aZ�kq_l�
bkihevah\Zgby� \� bfimevkghc� ihke_^h\Zl_evghklb� m\_ebq_ggh]h� \j_f_gb�
TIW�� lZd�� dZd� wlh� ijhbkoh^bl� ijb� bkihevah\Zgbb� j_`bfZ� ©^ebgguc�
FLAIRª�� \� dhlhjhf� ijh^hevgZy� gZfZ]gbq_gghklv� \h^u� qZklbqgh� \hkklZ�
gZ\eb\Z_lky�d�fhf_glm�kqblu\Zgby��qlh�\�j_amevlZl_�ijb\h^bl�d�g_ihegh�
fm�ih^Z\e_gbx�kb]gZeh\�\h^u�gZ�FJL-bah[jZ`_gbyo��FZdkbfmf�^ey�]jZ�
nbdZ�aZ\bkbfhklb�kb]gZeZ�hl�T�� �jbk�� ����[m^_l�kf_s_g�\�klhjhgm�[hev�
rbo�T���qlh�ij_^hij_^_ebl�hkh[mx�dZjlbgm�dhgljZklZ��<b^bfh��wlbf�h[t�
ykgy_lky� lh�� qlh� \� g_dhlhjuo� kemqZyo� ijbf_g_gb_� j_`bfZ� ©^ebgguc�
FLAIR» (TI� �����k�^ey�ihey�����Le��\�dhf[bgZpbb�k�ih^Z\e_gb_f�`bjZ�ih�
a\hey_l�\uy\blv�baf_g_gby�dhgljZklZ��g_^hklmigu_�^ey�h[uqgh]h�FLAIR 
—�jbk����� 

 
 
Jbk����� <bamZebaZpby�iZlheh]bq_kdbo�baf_g_gbc\�h[eZklb�kl\heZ�]heh\gh]h�fha�
]Z��A — T�<B��B — FLAIR (TI� ������fk���C —�j_`bf k�h^gh\j_f_gguf�ih^Z\e_�
gb_f�kb]gZeZ�\h^u�b�`bjZ��]^_�ijbf_g_gu�TIW  ������fk��b�TIF  ����fk 
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�����:^ZilZpby�ijb_fgbdZ�d�kb]gZem�hl�iZlheh]bq_kdh]h�h[�
jZah\Zgby 

Ke_^m_l�hlf_lblv��qlh�[eZ]h^Zjy�ih^Z\e_gbx�fhsguo�kb]gZeh\�\h^u�

b�`bjZ�jZkrbjy_lky�^bgZfbq_kdbc�^bZiZahg�ijb_fgh]h�ljZdlZ��ijhbkoh�

^bl� ih\ur_gb_� _]h� qm\kl\bl_evghklb�� ih� kmlb�� ijhbkoh^bl� Z^ZilZpby�

ijb_fgbdZ�d�kb]gZem�bf_ggh�hl�iZlheh]bq_kdh]h�h[jZah\Zgby��Wlh�k\hc�

kl\h�fh`gh�ijhbeexkljbjh\Zlv�gZ�ijbf_j_�bkke_^h\Zgby�himoheb�\�h[�

eZklb�djZgbh\_jl_[jZevgh]h�i_j_oh^Z��Hkh[_gghklv�bkke_^h\Zgby�\� lhf��

qlh�^ey�\uy\e_gby�]jZgbp�ahgu�ihjZ`_gby�iZpb_glm�\gmljb\_ggh�\\h^b�

ehkv�dhgljZklbjmxs__�\_s_kl\h�Omniscan���H[uqgh�j_amevlZl�\\_^_gby�
dhgljZklbjmxs_]h� \_s_kl\Z� �gZdhie_gb_� dhgljZklZ�� hlke_`b\Zxl� gZ�

T�<B��H^gZdh�\�^Zgghf�kemqZ_�ijbkmlkl\b_�ghjfZevghc�`bjh\hc�ldZgb��
dhlhjZy�lZd`_�h[eZ^Z_l�k\hckl\hf�gZdZieb\Zlv�dhgljZkl��f_rZ_l�\uy\blv�

]jZgbpm�ahgu�ihjZ`_gby��GZ�j_`bf_�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]�

gZeh\�\h^u�b�`bjZ�ohjhrh�\bamZebabjm_lky�gZdhie_gb_�dhgljZklZ�ih�i_�

jbn_jbb�ahgu�ihjZ`_gby��Ijb�wlhf�bf_ggh�kb]gZe�hl�i_jbn_jbq_kdhc�ah�

gu�� Z� g_� `bjh\Zy� ldZgv�� dZd� gZ� T�<B�� aZ^Z_l�rdZem� yjdhklb� gZ�FJL-
bah[jZ`_gbb�—�jbk����� 

 

 
 
Jbk������Ke_\Z�— T�<B�^ey�ahgu�ihjZ`_gby�\�h[eZklb�djZgbh\_jl_[jZevgh]h�i_j_�
oh^Z��KijZ\Z�—�FJL-bah[jZ`_gb_�lhc�`_�ahgu�ijb�kdZgbjh\Zgbb�k�h^gh\j_f_g�
guf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ��<�ihke_^g_f�kemqZ_�hij_^_ey_lky�ldZg_\Zy�

^bnn_j_gpbZpby� ahgu�ihjZ`_gby�b�[he__�hlq_leb\h�\bamZebabjm_lky�gZdhie_gb_ 
dhgljZklZ�ih�__�i_jbn_jbb 

 
 
 

>jm]hc�ijbf_j�Z^ZilZpbb�ij_^klZ\e_g�gZ�jbk������>ey�h^ghc�b�lhc�`_�

h[eZklb�kdZgbjh\Zgby�ihemq_gu�A — T�<B��B — STIR, C — FLAIR�b�D 
—�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ�—�\_jo�

gbc�jy^��<�gb`g_f�jy^m�^Zg�]jZnbd�yjdhklb�\^hev�dhhj^bgZlu��ijhoh^y�

s_c� ke_\Z� gZijZ\h� q_j_a� mqZklhd�� ]^_� bf_xlky� baf_g_gby� \� h[hehqdZo��

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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Baf_g_gby�k\yaZgu�k�jZg__�i_j_g_k_gghc�hi_jZpb_c�ih�m^Ze_gbx�km[^m�

jZevghc�]_fZlhfu�� 
 
 

 
 

Jbk������<bamZebaZpby�baf_g_gbc�\�h[hehqd_�fha]Z��k\yaZgguo�k�hi_jZpb_c�m^Ze_�

gby�km[^mjZevghc�]_fZlhfu��D���f������e�� 

 
Lhevdh� ijb� h^gh\j_f_gghf� ih^Z\e_gbb� kb]gZeh\� \h^u� b�`bjZ� ibd��

khhl\_lkl\mxsbc� ^Zgguf� baf_g_gbyf�� \b^_g� hlq_leb\h�� GZ� hklZevguo�

j_`bfZo�wlhl�ibd�fZkdbjm_lky�kb]gZeZfb�hl�ebd\hjZ�b�ih^dh`gh]h�`bjZ��

qlh�ij_iylkl\m_l�\bamZebaZpbb�iZlheh]bq_kdbo�baf_g_gbc� 
 
 

�����H^gh\j_f_ggh_�ih^Z\e_gb_�kb]gZeh\�`bjZ�b�qZklbqgh�
k\yaZgghc�`b^dhklb 

 
F_lh^bdm� ^\modhfihg_glgh]h� ih^Z\e_gby� ghjfZevghc� ldZgb� fh`gh�

bkihevah\Zlv�g_�lhevdh�^ey�ih^Z\e_gby�kb]gZeh\�`bjZ�b�k\h[h^ghc�\h^u��

gh�b�^ey�ih^Z\e_gby�`bjZ�b�qZklbqgh�k\yaZgghc�`b^dhklb��kh^_j`Zs_cky�

\�kebabklhc�ghkZ��qlh�ihe_agh�ijb�bkke_^h\Zgbb�\hkiZebl_evguo�baf_g_�

gbc�\�h[eZklb�iZamo�b�ajbl_evgh]h�g_j\Z� �jbk�������<j_fy�j_eZdkZpbb�T1 
^ey�kebabklhc�jZ\gh�����k��ihwlhfm�^ey�__�ih^Z\e_gby�f_lh^hf�©bg\_jkby-
\hkklZgh\e_gb_ª�\j_fy�TIW�aZ^Z\Zehkv�jZ\guf������k� 

Hlf_lbf��qlh�bfimevkgZy�ihke_^h\Zl_evghklv�k�^\hcguf�bkihevah\Z�

gb_f�f_oZgbafZ�bg\_jkbb-\hkklZgh\e_gby�fh`_l�ijbf_gylvky�g_� lhevdh�
^ey�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ��gh�b�^ey�ih^Z\e_gby�kb]gZeh\�hl�
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^jm]bo�ldZg_c�k�jZaebqgufb�\j_f_gZfb�j_eZdkZpbb�T���Ba\_klgh�ijbf_�
g_gb_�ih^h[ghc�bfimevkghc�ihke_^h\Zl_evghklb�^ey�bkke_^h\Zgby�kl_ghd�

Zjl_jbb��]^_�lj_[h\Zehkv�h[_ki_qblv�h^ghjh^gh_�ih^Z\e_gb_�kb]gZeh\�dZd�

h[uqghc�djh\b��lZd�b�djh\b��i_j_ghkys_c�dhgljZklbjmxsbc�j_Z]_gl�>��@�� 
 

 
 
Jbk����� <bamZeb-aZpby�ajbl_evgh]h�g_j\Z��Ke_\Z�— T�<B��kijZ\Z�—�ijbf_g_gb_�

j_`b-fZ�k�h^gh\j_f_g-guf�ih^Z\e_gb_f�kb]gZeh\�`bjZ�b�`b^dhklb�\�kebab-klhc 
 
 
 
 
 

 

�����Ijbf_g_gby�f_lh^Z�h^gh\j_f_ggh]h�ih^Z\e_gby 
kb]gZeh\�\h^u�b�`bjZ�^ey�bkke_^h\Zgby�kljmdlmj� 
hlebqguo�hl�]heh\gh]h�fha]Z 

IjZdlbdZ�ihdZaZeZ��qlh�f_lh^�h^gh\j_f_ggh]h�ih^Z\e_gb_y�kb]gZeh\�

\h^u�b�`bjZ�fh`_l�[ulv�ihe_a_g�g_�lhevdh�ijb�bkke_^h\Zgbb�]heh\gh]h�

fha]Z�� gh� b� ^ey� \uy\e_gby� fy]dhldZgguo� baf_g_gbc� \� iha\hghqgbd_��

[jxrghc� ihehklb��Ohjhrb_� j_amevlZlu� ihemqZxlky� ijb� bkihevah\Zgbb�

^Zggh]h�f_lh^Z�^ey�\bamZebaZpbb�himoheb�\�fy]dbo�ldZgyo�kibgu�b�\uy\�

e_gbb�`b^dhklb�\�ih^dh`ghf�`bj_��jbk�����A, B). 
 

 
 
Jbk����� Ijbf_g_gb_�j_`bfZ�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ�
ijb� bkke_^h\Zgbb� iha\hghqgbdZ� �B�� b�fZeh]h� lZaZ� �D���GZ�A� b�C� ij_^klZ\e_gu�
T�<B 

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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I_jki_dlb\guf�ij_^klZ\ey_lky�ijbf_g_gb_�f_lh^Z�ijb�bkke_^h\Zgbb�
hj]Zgh\�fZeh]h�lZaZ��H^gh\j_f_ggh_�ih^Z\e_gb_�kb]gZeZ�hl�`b^dhklb��kh�
^_j`Zs_cky�\�fhq_\hf�imauj_��b�`bjh\hc�ldZgb��hdjm`Zxs_c�ahgm�bgl_�
j_kZ��kha^Z_l�[eZ]hijbylgu_�mkeh\by�^ey�\bamZebaZpbb�ijhklZlu��jbk�����
C, D���Ihke_� ih^Z\e_gby� kbevguo� nhgh\uo� kb]gZeh\� bf_ggh� kb]gZe� hl�
ijhklZlu�hij_^_ey_l�rdZem�yjdhklb� 

 
 

������Wfmeypby�j_`bfZ�h^gh\j_f_ggh]h�ih^Z\e_gby 
kb]gZeh\�\h^u�b�`bjZ�k�ihfhsvx�^Zgguo�hl�j_`bf 
\�FLAIR �b�STIR 

>Zggu_�hl�j_`bfh\�FLAIR�b�STIR�fh`gh�bkihevah\Zlv�^ey�wfmeypbb�
j_`bfZ�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ��_keb�ijhba\_�
klb�i_j_fgh`_gb_�bah[jZ`_gbc��ihemq_gguo�^ey�h^ghc�b lhc�`_�ahgu�bg�
l_j_kZ. Bf__lky�\�\b^m�i_j_fgh`blv�agZq_gby�bgl_gkb\ghkl_c�^ey�dZ`^hc�
dhhj^bgZlu�ahgu�bgl_j_kZ��qlh[u�\�j_amevlZl_�ihemqblv�gh\h_�bah[jZ`_�
gb_�� 

 

 
 
Jbk�� ���� Bgl_jn_ck� ijh]jZffu� ^ey� i_j_fgh`_gby� bah[jZ`_gbc�� 
�I�<�;Z[bq�������]�� 

 
I_j_fgh`Z_fu_�bah[jZ`_gby�khklhyl�ba�yjdbo�b�l_fguo�lhq_d��ijb�

q_f�kgb`_gb_�bgl_gkb\ghkl_c�^ey�qZklb�lhq_d�ijhbahreh�ba-aZ�ih^Z\e_�
gby�kb]gZeh\�hl� ldZg_\uo�dhfihg_gl�\�oh^_�kdZgbjh\Zgby��<�j_amevlZl_�
i_j_fgh`_gby� ihemqZxlky� bah[jZ`_gby�� gZ� dhlhjuo� ihgb`_gZ� yjdhklv�
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^ey�l_o�lhq_d��dhlhju_�ih^Z\eyebkv�ohly�[u�\�h^ghf�ba�pbdeh\�kdZgbjh�
\Zgby��>ey�i_j_fgh`_gby�bah[jZ`_gbc�jZajZ[hlZgZ� ki_pbZebabjh\ZggZy�
ijh]jZffZ��jZ[hlZxsZy�\�kj_^_�MS Windows XP��jbk�������<�^hiheg_gb_�d�
\hafh`ghklyf��ij_^mkfhlj_gguo�\�nbjf_gghc�\ZjbZgl_�ParaVision (™)��\�
^Zgghc�ijh]jZff_�hi_jZpby�mfgh`_gby�ijhba\h^blky�kjZam�^ey�\k_o�kj_�
ah\� k� khojZg_gb_f� j_amevlZlZ� \f_kl_� k� ^jm]bfb� ^Zggufb� h[jZ[hldb�� Z�
lZd`_� ijbgylu� f_ju�� ij_iylkl\mxsb_� i_j_iheg_gbx� iZfylb� ijb� i_j_�
fgh`_gbb�kebrdhf�yjdbo�lhq_d�� 

GZ�jbk�����njZ]f_glhf�F�ij_^klZ\e_g�j_amevlZl�i_j_fgh`_gby�^Zg�
guo�FLAIR�b�STIR��Ih�kjZ\g_gbx�k�^Zggufb��dhlhju_�ihemqZxlky�^ey�

lhc�`_�ahgu�bgl_j_kZ�\�j_`bf_�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�

\h^u�b�`bjZ��bf__lky�g_dhlhju_�jZaebqby�\�ldZg_\hf�dhgljZkl_��GZijb�

f_j�� kebrdhf� k\_leuf� \u]ey^bl� kb]gZe� hl�`_em^hqdh\��Wlh� k\yaZgh� k�

l_f��qlh�dZ`^Zy�ba�ihke_^h\Zl_evghkl_c�bagZqZevgh�hilbfbabjh\ZgZ�gZ�

ih^Z\e_gb_�lhevdh�©k\h_]hª�ldZg_\h]h�dhfihg_glZ��Ihwlhfm�ijb�hleZ^d_�

j_`bfh\�—�ijb�ih^[hj_�iZjZf_ljh\��mq_l_�ZiiZjZlmjguo�nZdlhjh\��g_�

m^_eyehkv�\gbfZgby� ©i_j_dhkmª�\�jZkij_^_e_gbb�dhgljZklZ�^ey�^jm]hc�

dhfihg_glu��Hi_jZpby� mfgh`_gby� ebrv� ih^q_jdb\Z_l� \ebygb_�ih^h[�

guo�g_kh\_jr_gkl\. 
Ke_^m_l�aZf_lblv��qlh�d�g_ebg_cghc�h[jZ[hld_�^Zgguo�FJL��Z�d�gbf�

hlghkylky�g_�lhevdh�mfgh`_gb_��gh�b�g_dhlhju_�^jm]b_�hi_jZpbb��gZijb�

f_j��MIP-h[jZ[hldZ��ke_^m_l�hlg_klbkv�hq_gv�\gbfZl_evgh��hkh[_ggh��_keb�
ih^h[gu_�hi_jZpbb�gZ^�h^gbfb�b�l_fb�`_�^Zggufb�ijh\h^ylky�g_kdhevdh�

jZa��Ba-aZ�g_h[jZlbfuo�baf_g_gbc�^Zgguo�\�oh^_�g_ebg_cguo�hi_jZpbc�
kms_kl\_ggh_� agZq_gb_�bf__l�ihjy^hd�bo� \uiheg_gby��GZ� jbk�� ���ij_^�

klZ\e_gu�j_amevlZlu�MIP�h[jZ[hlhd�^ey�FLAIR�b�STIR��h[hagZq_ggu_�dZd�
MIP(FLAIR��b�MIP(STIR���Z�lZd`_�j_amevlZl�i_j_fgh`_gby�wlbo�j_dhgkl�
jmdpbc�� 

<�lh�`_�\j_fy��_keb�MIP-j_dhgkljmdpby�^_eZ_lky�^ey�j_amevlZlZ�i_j_�
fgh`_gby� ^Zgguo�FLAIR� b�STIR�� lh� \� wlhf� kemqZ_�MIP–j_dhgkljmdpby�
ijZdlbq_kdb�kh\iZ^Z_l�k�khhl\_lkl\mxs_c�MIP-j_dhgkljmdpb_c�^ey�^Zg�
guo�hl�j_`bfZ�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ�— 
jbk�� ����LZdbf� h[jZahf�� ijhklh� \uy\ey_lky�� qlh� hi_jZpbb�MIP(FLAIR x 
STIR��b�MIP(FLAIR) x MIP(STIR��^Zxl�kms_kl\_ggh�jZaebqgu_�dhg_qgu_�

j_amevlZlu� 
G_kfhljy�gZ� lh�� qlh� dZq_kl\h�ih^Z\e_gby� kb]gZeZ� \h^u�gZ� wfmebjh�

\Zgguo�bah[jZ`_gbyo�dZ`_lky��gZ�i_j\uc�\a]ey^��g_�hq_gv�\ukhdbf��hgb�

m^h\e_l\hjbl_evgh�ih^oh^yl�^ey�ZgZebaZ�iZlheh]bb��:�j_amevlZlu�h[t_f�

ghc�h[jZ[hldb� �MIP�b��D-j_g^_jbg]��ihqlb�g_hlebqbfu�hl�l_o��dhlhju_�
ijhba\_^_gu�ba�^Zgguo��ihemqZ_fuo�hl�©bklbggh]hª�j_`bfZ�h^gh\j_f_g�

gh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ� 

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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Jbk����� JZkij_^_e_gb_�bgl_gkb\ghklb�FJ-kb]gZeZ�\^hev�ebgbb��h[hagZq_gghc�gZ�
njZ]f_gl_�A�^ey�jZaguo�j_`bfh\� kdZgbjh\Zgby��A — T�<B��B — FLAIR, C — 
STIR, D —�h^gh\j_f_ggh_�ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�k�ijbf_g_gb_f�obf��

k^\b]h\h]h�f_oZgbafZ�gZkus_gby�`bjZ��E —�h^gh\j_f_ggh_�ih^Z\e_gb_�kb]gZeh\�

\h^u�b�`bjZ�k�ijbf_g_gb_f�lhevdh�f_oZgbafZ�bg\_jkby-\hkklZgh\e_gb_��F —�j_�

amevlZl�i_j_fgh`_gby��FLAIR�b�STIR 
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Jbk�� ��� A — MIP-j_dhgkljmdpbb� ^ey� FLAIR — MIP(FLAIR), B — MIP-
j_dhgkljmdpby�^ey�STIR – MIP(STIR). C —�j_amevlZl�mfgh`_gby�MIP(FLAIR��gZ�

MIP(STIR) 
 

 
 
Jbk. 63. Bkoh^gu_�^Zggu_��\_jogbc�jy^��b�bo�h[t_fgu_�j_dhgkljmdpbb�— MIP-j_-
dhgkljmdpbb��kj_^gbc�jy^��b��D-j_g^_jbg]��gb`gbc�jy^���Ij_^klZ\e_gu�j_`bfu��
A — (FLAIR x STIR), B —�j_`bf�k�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ�ijb�bk�

ihevah\Zgbb�obfk^\b]h\h]h�ih^Z\e_gby�`bjZ��C —�j_`bf�k�ih^Z\e_gb_f�kb]gZeh\�

\h^u�b�`bjZ�ijb�bkihevah\Zgbb�^\Z`^u�bg\_jlbjmxs_c�bfimevkghc�ihke_^h\Z�

l_evghklb 

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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������Ihemq_gb_�FJL-bah[jZ`_gbc 
k�ih^Z\e_gb_f�lj_o�ldZg_\uo�dhfihg_glh\ 

 
>ey�\uy\e_gby�iZlheh]bq_kdbo�baf_g_gbc�[ueh�[u�ihe_aguf�m^Ze_�

gb_�ba�FJL-bah[jZ`_gby�\k_o�ldZg_c��dhlhju_�g_�ij_^klZ\eyxl�bgl_j_kZ�
[55–��@��>ey�ijh^\b`_gby�d�wlhc�p_eb�[ueZ�jZajZ[hlZgZ�f_lh^bdZ�ihem�
q_gby� fZdkbfZevgh� mijhs_gguo� ih� ldZg_\hfm� dhgljZklm� FJL-
bah[jZ`_gbc��gZ�dhlhjuo�ih^Z\e_gu�g_�lhevdh�ldZg_\u_�dhfihg_glu��kh�
^_j`Zsb_�`bj�b�k\h[h^gmx�\h^m��gh�lZd`_�ih^Z\e_gu�ldZgb�keh`gh]h�kh�
klZ\Z��\�qZklghklb��kebabklZy�ghkZ��Ihlj_[ghklv�\�lZdhc�f_lh^bd_�\hagb�
dZ_l��gZijbf_j��ijb�j_r_gbb�aZ^Zqb�h�ihkljh_gbb��D-j_dhgkljmdpbb�him�
oheb�� jZkijhkljZgyxs_cky� \� h[eZklv� ghkZ� b� _]h� ijb^Zlhqguo� iZamo�� <�
wlhf�kemqZ_�ih^Z\e_gb_�lhevdh�kb]gZeh\�\h^u�b�`bjZ�m`_�g_^hklZlhqgh��
>ey�h^gh\j_f_ggh]h�lj_odhfihg_glgh]h�ih^Z\e_gby�kb]gZeh\�c�\j_f_gZ�
fb�j_eZdkZpbb�T1A, T1B b�T1C��]^_�T1A > T1B > T1C��fh`gh�bkihevah\Zlv�
ljb`^u� bg\_jlbjmxsmx� ihke_^h\Zl_evghklv� ����–TIA–180°–TIB–180°–
TIC� >��@��H^gZdh� agZqbl_evgh_�kgb`_gb_�kb]gZeZ�hl�bkke_^m_fuo�ldZg_c�
aZljm^gy_l�ihklZgh\dm�lZdh]h�wdki_jbf_glZ� 

:ijh[bjh\ZggZy� gZfb� f_lh^bdZ� fgh]hdhfihg_glgh]h� ih^Z\e_gby�
kb]gZeh\�hl�ghjfZevghc� ldZgb�[Zabjm_lky�gZ�bkihevah\Zgbb�j_amevlZlh\�
^\mo� wdki_jbf_glh\� k� h^gh\j_f_gguf�ih^Z\e_gb_f�^\mo� kb]gZeh\��KgZ�
qZeZ� ijh\h^blky�FJL-kdZgbjh\Zgb_� k� h^gh\j_f_gguf�ih^Z\e_gb_f� kb]�
gZeh\�\h^u�b�`bjZ��aZl_f�kdZgbjm_lky�lZ�`_�ahgZ�bgl_j_kZ�k�h^gh\j_f_g�
guf� ih^Z\e_gb_f� kb]gZeh\� `bjZ� b� ldZg_c� kebabklhc��Bf_y� ^\Z� gZ[hjZ�
^Zgguo��hibku\Zxsbo�bgl_gkb\ghklv�FJL-kb]gZeZ��yjdhklv��^ey�dZ`^hc�
lhqdb�FJL-bah[jZ`_gby��g_h[oh^bfh�ihlhq_qgh�bo�i_j_fgh`blv��qlh[u�
ihemqblv� gh\h_� bah[jZ`_gb_��Hkh[_gghklb� lZdh]h� jh^Z� ij_h[jZah\Zgbc�
hibkZgu�\�ij_^u^ms_f�jZa^_e_��I_j_fgh`Z_fu_�bah[jZ`_gby�khklhyl�ba�
yjdbo�b�l_fguo�lhq_d��ijbq_f�qZklv�l_fguo�lhq_d�\hagbdZ_l�ba-aZ�ih^Z\�
e_gby�kb]gZeh\�hl�ldZg_\uo�dhfihg_gl�\�oh^_�kdZgbjh\Zgby��<�j_amevlZl_�
i_j_fgh`_gby�ihemqZxlky�bah[jZ`_gby��gZ�dhlhjuo�ih^Z\e_gu�l_�ldZg_�
\u_�dhfihg_glu��dhlhju_�ih^Z\eyebkv�ohly�[u�\�h^ghf�ba�pbdeh\�kdZgb�
jh\Zgby�� 

GZ�jbkmgdZo����b����\�\_jogbo�jy^Zo�ijb\_^_gu�FJL-bah[jZ`_gby�]h�
eh\gh]h�fha]Z�iZpb_glZ�<���f������e����\�ZdkbZevghc�b�kZ]bllZevghc�ijh_dpb�
yo��ihemq_ggu_�hl�h^gbo�b�l_o�`_�ahg�kdZgbjh\Zgby��Bkke_^h\Zgb_�ijh\h�
^behkv�\�jZfdZo�^bgZfbq_kdh]h�gZ[ex^_gby�k�p_evx�hp_gdb�jZaf_jh\�ahgu�
ihjZ`_gby�ijb�himoheb� �Zkljhpblhf_���Bkke_^h\Zgb_�ijh\h^behkv�k�iZjZ�
f_ljZfb�kdZgbjh\Zgby��khhl\_lkl\mxsbfb�ihemq_gbx�njZ]f_glh\��A — 
T�<B��B —�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�`bjZ�b�kebab�
klhc��C —�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�`bjZ�b�\h^u��
GZ�njZ]f_gl_�D —�j_amevlZl�i_j_fgh`_gby�bah[jZ`_gbc�B�b�C��<�gb`�
gbo�jy^Zo�ij_^klZ\e_gu�khhl\_lkl\mxsb_�MIP-j_dhgkljmdpbb��GZ�jbk�����
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hl^_evgh� bah[jZ`_gu� MIP-j_dhgkljmdpby� b� �D-j_g^_jbg]� hl� gZb[he__�
ijhkluo�ih�ldZg_\hfm�dhgljZklm�bah[jZ`_gbc�C�b�D. 

 

 
 
Jbk������<_jogbc�jy^�—�ZdkbZevgu_�kj_au��ihemq_ggu_�\�j_`bfZo��A — T�<B��B 
—�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�`bjZ�b�kebabklhc��C —�j_`bf�k�

h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�`bjZ�b�\h^u��D —�j_amevlZl�i_j_fgh`_gby�

bah[jZ`_gbc�B�b�C��Gb`gbc�jy^�—�khhl\_lkl\mxsb_�MIP-j_dhgkljmdpbb 

 

 
 
Jbk����� <_jogbc�jy^�—��kZ]bllZevgu_�kj_au��ihemq_ggu_�\�j_`bfZo��A — T�<B��
B —�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�`bjZ�b�kebabklhc��C —�j_�

`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�`bjZ�b�\h^u��D —�j_amevlZl�i_j_�

fgh`_gby�bah[jZ`_gbc�B�b�C��Gb`gbc�jy^��khhl\_lkl\mxsb_�MIP-j_dhgkljmdpbb 
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Jbk������KjZ\g_gb_�MIP-j_dhgkljmdpbc��A��K��b��D-j_g^_jbg]Z��B, D��^ey�j_`bfh\�
k�^\moldZg_\uf��k\_jom��b�lj_oldZg_\uf��kgbam��ih^Z\e_gb_f 

 

 
 

Jbk�� ����<uy\e_gb_�kljmdlmju� ahgu�iZlheh]bb�k�ihfhsvx�f_lh^bdb�lj_odhfih�

g_glgh]h�ih^Z\e_gby��<_jogbc�jy^�—�hqZ]�djh\hbaebygby� �K���`������e����gb`gbc�

jy^�—�himohev�]ebZevgh]h�lbiZ�iZpb_glZ��I���f������e����>ey�h^ghc�b�lhc�`_�ahgu�

kdZgbjh\Zgby�ij_^klZ\e_gu��A — T�<B��B —�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_�

gb_f�kb]gZeh\�\h^u�b�`bjZ��C —�j_`bf�k�h^gh\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�

`bjZ�b�kebabklhc��D —�j_amevlZl�i_j_fgh`_gby�bah[jZ`_gbc�B�b�C 
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GZ� ijb\_^_gguo� bah[jZ`_gbyo� k� lj_odhfihg_glguf� ih^Z\e_gb_f�

himohe_\uc�ma_e�dZd�[u�mf_gvr_g�\�jZaf_jZo�ba-aZ�ih^Z\e_gby�kh^_j`Z�
s_cky�gZ�_]h�i_jbn_jbb�ldZgb��bf_xs_c�lh�`_�\j_fy�j_eZdkZpbb�T���qlh�
b� kebabklZy�� Ijb� bkke_^h\Zgbb� g_dhlhjuo� iZlheh]bq_kdbo� h[jZah\Zgbc�

lj_odhfihg_glguf�f_lh^hf�ih^Z\e_gb_�ldZgb�gZ�bo�i_jbn_jbb�hdZau\Z�

_lky� g_iheguf��;eZ]h^Zjy� wlhfm� k\hckl\m�fh`gh� \uy\blv� ^hihegbl_ev�

gu_� kljmdlmjgu_� ^_lZeb� wlbo� h[jZah\Zgbc�� qlh� keh`gh� ^hklbqv� ijb� bk�

ihevah\Zgbb�h[uqguo�f_lh^h\��jbk�������Ij_^\Zjbl_evgu_�^Zggu_�mdZau�

\Zxl�� gh� lh�� qlh� ijb� bkihevah\Zgbb� \j_f_gb�TI = 0.55 c� djhf_� kb]gZeZ�
kebabklhc�ih^Z\eyxlky�dhfihg_glu�]ebhaghc�ljZgknhjfZpbb��\Zah]_ggh�

]h�hl_dZ�� 
LZdbf� h[jZahf�� f_lh^bdZ� lj_odhfihg_glgh]h� ih^Z\e_gby� iha\hey_l�

g_� lhevdh� ihemqblv� fZdkbfZevgh� mijhs_ggu_� ih� ldZg_\hfm� dhgljZklm�

bah[jZ`_gby��gZ�dhlhjuo�g_dhlhju_�iZlheh]bq_kdb_�baf_g_gby�\bamZeb�

abjm_lky�gZb[he__�hlq_leb\h��gh�b�mlhqgblv�ldZg_\mx�kljmdlmjm�^Zgguo�

baf_g_gbc��F_lh^bdZ� ihe_agZ� ^ey� bkke_^h\Zgby� himohe_c�� dbkl�� hqZ]h\�

djh\hbaebygbc�� 
 
 

������L_ogbq_kdb_�Zki_dlu�ijh\_^_gby�wdki_jbf_glh\�ih�

h^gh\j_f_gghfm�ih^Z\e_gbx�kb]gZeh\�\h^u�b�`bjZ 

 
<k_� \ur_hibkZggu_� wdki_jbf_glu� ijh\h^bebkv� gZ�FJ-lhfh]jZn_�

TOMIKON S50 (“Brukeŕ ��k�ihe_f� ����Le� �j_ahgZgkgZy�qZklhlZ�ijhlh�
gh\�— 21 MHz).  

I_j\u_�wdki_jbf_glu�ih�h^gh\j_f_gghfm�ih^Z\e_gbx�kb]gZeh\�\h^u�

b�`bjZ�ijh\h^bebkv�gZ�[Za_�fh^bnbpbjh\Zggh]h�j_`bfZ�FLAIR�k�bkihev�

ah\Zgb_f� qZklhlgh-k_e_dlb\gh]h� ih^Z\e_gby� kb]gZeh\� `bjZ�� Mki_rghc�

j_ZebaZpbb�wlhc�f_lh^bdb�kihkh[kl\h\Zeh�lh��qlh�bkihevah\Zehkv�bf_ggh�

fgh]hkj_ah\h_� kdZgbjh\Zgb_�� >_eh� \� lhf�� qlh� fh^bnbdZpby� j_`bfZ�

FLAIR�ijh\h^beZkv�\�jZfdZo�nbjf_gghc�ijh]jZffu��\�dhlhjhc�k_e_dlb\�

guc�bfimevk��gZkusZxsbc�`bj��fh]�[ulv�\klZ\e_g�lhevdh�\�gZqZeh�bf�

imevkghc�ihke_^h\Zl_evghklb��kdZgbjmxs_c�aZ^Zgguc�kj_a��jbk������� 
FLAIR�� ihgZqZem� \hkijbgbfZeky� dZd� iZjZ^hdk�� ihkdhevdm� ihke_� bg�

\_jlbjmxs_]h������bfimevkZ�b�iZmau�ihjy^dZ�k_dmg^u��g_h[oh^bfhc�^ey�

i_j_oh^Z�gZfZ]gbq_gghklb�\h^u�q_j_a�ghev��ijh^hevgZy�gZfZ]gbq_gghklv�

`bjZ��bf_xsZy�\j_fy�j_eZdkZpbb�T��ihjy^dZ� ����k��^he`gZ�ijZdlbq_kdb�
iheghklvx�\hkklZgh\blvky�^h�jZ\gh\_kgh]h�agZq_gby� 
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Jbk������>bZ]jZffZ�bfimevkghc�ihke_^h\Zl_evghklb�fh^bnbpbjh\Zggh]h�j_`bfZ�

FLAIR�k�^hihegbl_evguf�bfimevkhf�^ey�qZklhlgh-k_e_dlb\gh]h�ih^Z\e_gby�kb]�
gZeh\�`bjZ��GZ�rdZe_�F�� ke_\Z� gZijZ\h� h[hagZq_gu� bfimevku�� k_e_dlb\guc�— 
^ey� gZkus_gby� `bjh\hc� ldZgb�� ����-bg\_jlbjmxsbc�� ���-kqblu\Zxsbc�� ����-
i_j_nhdmkbjmxsbc��<�imgdlbjghc�jZfd_�h[hagZq_g�kqblu\Z_fuc�kb]gZe�kibgh�

\h]h�woh� 

 
<�k\yab�k�wlbf�ihe_aguc�j_amevlZl��ihemqZ_fuc�hl�fh^bnbpbjh\Zggh�

]h� 
JZa]Z^dZ�iZjZ^hdkZ�khklhyeZ�\�hkh[_gghklyo�Ze]hjblfZ�fgh]hkj_ah\h�

]h�kdZgbjh\Zgby�—�iZmaZ��hl\h^bfZy�^ey�j_eZdkZpbb�kibgh\�kdZgbjm_fh]h�

kj_aZ�� aZihegyeZkv�JQ�bfimevkZfb�� kdZgbjmxsbfb� khk_^gb_� kj_au��Ijb�

wlhf�bfimevku��gZkusZxsb_�`bj��\�hlebqb_�hl�\k_o�hklZevguo��bg\_jlb�

jmxsbo��kqblu\Zxsbo��i_j_nhdmkbjmxsbo���\ha^_ckl\h\Zeb�gZ�\k_�kj_�

au�� ihkdhevdm� \h� \j_fy� bo� \ha^_ckl\by� kj_ah-k_e_dlb\gu_� ]jZ^b_glgu_�
bfimevku� g_� ijbdeZ^u\Zebkv�� <� j_amevlZl_� bgl_j\Ze� f_`^m� kqblu\Zx�

sbf� ��°� bfimevkhf� b� gZkusZxsbf� bfimevkhf�� nhjfZevgh� ij_^gZagZ�

q_gguf�^ey�gZkus_gby�^jm]h]h�kj_aZ��g_�ij_\urZe����fk�� 
>ey� gZkus_gby� `bjZ� bkihevah\Zeky� sinc-bfimevk�� h[_ki_qb\Zxsbc�

qZklhlgmx�ihehkm�ih^Z\e_gby� ����=p� �^ebl_evghklv� ���fk�ijb�fhsghklb�

i_j_^ZlqbdZ� ��d<l�k�hkeZ[e_gbb_f���–���^;���MklZgh\dZ�qZklhlu�aZiheg_�
gby�bfimevkZ�ijh\h^beZkv�ih�j_amevlZlZf�hij_^_e_gby�Z[khexlguo�agZq_�

gbc�eZjfhjh\uo�qZklhl�\�jZfdZo�ijhp_^mju�Z\lhfZlbq_kdhc�gZkljhcdb��aZ�

imkdZ_fhc�\�gZqZe_�dZ`^h]h�ijhp_kkZ�jmlbgghc�kt_fdb��Ijb�bkke_^h\Zgbb�
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]heh\gh]h�fha]Z�f_lh^bdZ�obfk^\b]h\h]h�ih^Z\e_gby�kb]gZeh\�`bjZ�^Z\ZeZ 
m^h\e_l\hjbl_evgu_� j_amevlZlu�� H^gZdh� ijb� bkke_^h\Zgbb� h[t_dlh\� k�

[hevrbf� \deZ^hf�`bjh\hc� ldZgb�—� gZijbf_j�� ijb� bkke_^h\Zgbb� iha\h�

ghqgbdZ�� ijbf_g_gb_� ^Zgghc� f_lh^bdb� hdZau\Zehkv� g_wnn_dlb\guf� — 
kl_i_gv�ih^Z\e_gby�`bjZ�^ey�jZaguo�h[eZkl_c�ahgu�kdZgbjh\Zgby�[ueZ�g_�

h^bgZdh\hc�� Ijbqbghc�� ih-\b^bfhfm�� y\ey_lky� \ukhdZy� qm\kl\bl_evghklv�
qZklhlgh-k_e_dlb\guo�f_lh^h\�d�g_h^ghjh^ghklyf�fZ]gblguo�ihe_c�b�g_�
^hklZlhqgh�lhqgu_�j_amevlZlu�baf_j_gby�eZjfhjh\hc�qZklhlu��ihemqZ_fu_�

\�jZfdZo�ijhp_^mju�Z\lhfZlbq_kdhc�gZkljhcdb��Ih^h[gu_�ijh[e_fu�bf_�

xl�f_klh�ijb�j_ZebaZpbb�qZklhlgh-k_e_dlb\guo�f_lh^h\��\dexqZy�SPIR. 
IjZdlbq_kdb�� ijhs_� hdZaZehkv� j_Zebah\Zlv� h^gh\j_f_ggh_� ih^Z\e_�

gb_�kb]gZeh\�\h^u�b�`bjZ�k�ihfhsvx�^\Z`^u�bg\_jlbjmxs_c�bfimevk�

ghc�ihke_^h\Zl_evghklb�—�kf���������>ey�j_ZebaZpbb�wlhc�ihke_^h\Zl_ev�

ghklb� ihlj_[h\Zehkv� \g_klb� baf_g_gby� \� l_dkl� nbjf_gghc� ijh]jZffu�

msme.ppg��HgZ�gZibkZgZ�gZ� yaud_�ijh]jZffbjh\Zgby�C�b�ij_^gZagZq_gZ�
^ey�h[kem`b\Zgby�hkgh\ghc�mijZ\eyxs_c�ijh]jZffu�ParaVision(TM)v.1.0, 
\oh^ys_c�\�khklZ\�ijh]jZffgh]h�h[_ki_q_gby�lhfh]jZnZ� 

 

 
 
Jbk����� >bZ]jZffZ�bfimevkghc�ihke_^h\Zl_evghklb�^ey�h^gh\j_f_ggh]h�ih^Z\e_�
gby� kb]gZeh\� \h^u� b� `bjZ��GZ�rdZe_� F�� ke_\Z� gZijZ\h� h[hagZq_gu� bfimevku��
180°-bg\_jlbjmxsbc�� ����-bg\_jlbjmxsbc�� ���-kqblu\Zxsbc�� ����-i_j_nh-
dmkbjmxsbc��<�imgdlbjghc�jZfd_�h[hagZq_g�kqblu\Z_fuc�kb]gZe�kibgh\h]h�woh� 
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Ijb�ihklZgh\d_� wdki_jbf_glh\� c�ih^Z\e_gb_f� \h^u�b�`bjZ�^ey�bf�
imevkghc�ihke_^h\Zl_evghklb��jbk������aZ^Z\Zebkv�iZjZf_lju��hjb_glbjh�

\Zggu_�gZ�ih^Z\e_gb_�lj_[m_fuo�ldZg_\uo�dhfihg_glh\�ijb�khojZg_gbb�

T2-\a\_r_gghklb�FJL-bah[jZ`_gbc��Ihwlhfm�h[uqgh�aZ^Z\Zebkv�aZ^_j`�
db��TIW  ������beb������fk�—�^ey�\h^u������fk�—�^ey�kebabklhc��TIF = 80 
fk�—�`bjZ��TEav  �����k��TR = 5.5 c��<�dZq_kl\_������bfimevkh\�bkihevah�
\Zgu� kj_ah-k_e_dlb\gu_�bfimevku� wjfblh\hc�nhjfu� ^ebl_evghklvx� ����
fk� hl� i_j_^ZlqbdZ� fhsghklvx� �� d<l� ijb� bkihevah\Zgbb� ijh]jZffgh�

mijZ\ey_fh]h�Zll_gxZlhjZ�k�hkeZ[e_gb_f��–4 dB.  
Kqblu\Zgb_� hkms_kl\eyehkv� ih�f_lh^bd_�RARE —� k� �-djZlguf� bk�

ihevah\Zgb_f� ����� i_j_nhdmkbjmxsbo� bfimevkh\� �gZ� ^bZ]jZffZo� bah�

[jZ`_g� lhevdh� h^bg� ba� lZdbo� bfimevkh\� b� klbfmebjh\Zgguc� bf� kb]gZe�

kibgh\h]h�woh��\�khq_lZgbb�k�bkihevah\Zgb_f�Ze]hjblfZ�fgh]hkj_ah\h]h�

kdZgbjh\Zgby�—�^h����ZdkbZevguo�kj_ah\�jZaf_jZfb�ihjy^dZ���×���kf�b�
lhesbghc���ff��Pbnjh\h_�jZaj_r_gb_�ijb�bkihevah\Zgbb�fZljbpu�k�fZd�

kbfZevguf�jZaf_jhf����×����khklZ\eyeh��×��ff�\�iehkdhklb�kdZgbjh\Z�
gby��<j_fy�kdZgbjh\Zgby�^ey�dZ`^h]h�pbdeZ�kt_fdb�ijb�bkihevah\Zgbb���

gZdhie_gbc� �NEX = 3) — 5–��fbg��H[jZ[hldZ�bah[jZ`_gbc�ijh\_^_gZ�\�
jZfdZo�ijh]jZffu�ParaVision(TM)v.1.0. 

F_lh^�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ�l_klbjh\Ze�

ky�gZ�nZglhf_��kh^_j`Zs_f�\h^m�b�jZklbl_evgh_�fZkeh��dZd�ZgZeh]�`bjZ���

Z� lZd`_� gZ� ©ldZgv-wd\b\Ze_glghfª�nZglhf_�� kha^Zgghf� ba� h[jZaph\�� kh�
^_j`Zsbo� Z]Zjhaguc� ]_ev� jZaebqghc� dhgp_gljZpbb� k� nbdkbjh\Zggufb�

^h[Z\dZfb�]Z^hebgby�Gd-DTPA� >��@��Dhgp_gljZpby�]_ey�b�^h[Z\db�]Z^h�
ebgby� hij_^_eyeb�� khhl\_lkl\_ggh�� kdhjhklb� ihi_j_qghc� b� ijh^hevghc�

j_eZdkZpbb�dZ`^h]h�ba�h[jZaph\� 
Djhf_�lh]h��[ueb�ijh\_^_gu�bkiulZgby�gZ�iZpb_glZo�\�jZfdZo�bkke_�

^h\Zgbc�ih�f_^bpbgkdhc�^bZ]ghklbd_��>ey�hij_^_e_gby�j_Zevgh]h�ih^Z\�

e_gby�ghjfZevguo�ldZg_\uo�dhfihg_glh\�b�baf_g_gby�ldZg_\h]h�dhgljZ�

klZ�klZlbklbq_kdbfb�f_lh^Zfb�[ueb�h[jZ[hlZgu�^Zggu_�hl�bkke_^h\Zgbc�

^ey����iZpb_glh\��bf_xsbo�jZaebqgu_�iZlheh]bq_kdb_�baf_g_gby��dbklu��

djh\hbaebygby��himoheb�fha]Z�� 
Hp_gb\Zebkv�ke_^mxsb_�iZjZf_lju�iZlheh]bq_kdbo�hqZ]h\��hlghr_�

gb_� kb]gZeZ� d�rmfm�— SNR (Signal to Noise Ratio�� ih�nhjfme_�SNR = 
SIA/SIN�b�ldZg_\hc�dhgljZkl�— CI�ih�hlghr_gbx�d�ghjfZevguf�ldZgyf�— 
kibggh-fha]h\hc�`b^dhklb��[_ehfm� \_s_kl\m�fha]Z�b�`bjm��ih�nhjfme_�

KI = (SIA – SIR)/SIR��A^_kv�SIA, SIR, SIN —�bgl_gkb\ghklb�kb]gZeZ�^ey�hp_�

gb\Z_fhc�ldZgb��ghjfZevghc�ldZgb�b�rmfZ��khhl\_lkl\_ggh��Mjh\_gv�rm�

fZ�hij_^_eyeky�\g_�ahgu�FJL-bah[jZ`_gby�bamqZ_fh]h�h[t_dlZ��Hij_^_�
eyeky�lZd`_�iZjZf_lj�dhgljZkl�rmf�— CNR (Contrast to Noise Ratio���dh�
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lhjuc� oZjZdl_jbam_l� kihkh[ghklv� jZaebq_gby� ldZg_c� gZ� FJL-
bah[jZ`_gbb��ih�nhjfme_�— CNR = (SIA – SIR)/SIN.  

<�lZ[ebpZo������ijb\_^_gu�j_amevlZlu�baf_j_gbc�^ey�iZlheh]bc��k\y�

aZgguo�k�]ebhaghc�ljZgknhjfZpb_c��\Zah]_gguf�hl_dhf�fha]Z��b�bgnZjd�

lhf�fha]Z� 
 
LZ[ebpZ����AgZq_gby�SNR��Z�lZd`_�iZjZf_ljh\�CI�b�CNR�hlghkbl_evgh�ghjfZev�
guo�ldZg_c�^ey�]ebhaghc�ljZgknhjfZpbb�ijb�jZaguo�j_`bfZo�kdZgbjh\Zgby 
 

 CI CNR SNR 

Ghjf� 
ldZgv 

T2-
RARE 

FLAIR 
Double 

IR 
T2-

RARE 
FLAIR 

Double 
IR 

T2-
RARE 

FLAIR 
Double 

IR 

Ebd\hj –0.23 2.20 3.44 11.56 21.70 11.77 48.93 6,32 4,19 

;_eh_�

\_s_kl\h 1.14 0.44 1.51 24.31 10.35 11.99 18.48 19,32 7,02 

@bj 0.56 0.18 2.83 14.84 7.39 14.51 28.64 31,00 4,87 

=ebhagZy�ljZgknhjfZpby 48.14 27,44 19,89 

 
LZ[ebpZ����AgZq_gby�SNR��Z�lZd`_�iZjZf_ljh\�CI�b�CNR�hlghkbl_evgh�ghjfZev�
guo�ldZg_c�^ey�bgnZjdlZ�fha]Z�ijb�jZaguo�j_`bfZo�kdZgbjh\Zgby 
 

 CI CNR SNR 

Ghjf� 
ldZgv 

T2-
RARE 

FLAIR 
Double 

IR 
T2-

RARE 
FLAIR 

Double 
IR 

T2-
RARE 

FLAIR 
Double 

IR 

Ebd\hj –0,16 3,37 3,21 –8,90 27,81 17,63 50,32 6,29 5,00 

;_eh_�

\_s_kl\h 1,26 0,60 2,40 31,95 13,05 17,30 21,77 20,87 10,94 

@bj 0,67 0,45 3,55 23,64 10,50 18,87 19,2 4,84 2,86 

BgnZjdl�fha]Z 50,14 30,42 16,37 
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G_h^ghjh^gZy�kljmdlmjZ�iZlheh]bc�h[mkeh\eb\Z_l�agZqbl_evguc�klZ�

lbklbq_kdbc� jZa[jhk� baf_jy_fuo� iZjZf_ljh\�—� ^h� �� ���Wlh� hkh[_ggh�
dZkZ_lky�iZjZf_ljh\�CI�b�CNR��Ijb�wlhf�nhjfZevguc�ZgZeba�lZ[ebqguo�
agZq_gbc� g_� ^Z_l� ihegh]h� ij_^klZ\e_gby� h� j_Zevghc� ^bZ]ghklbq_kdhc�

p_gghklb� ^Zgguo�� ihemqZ_fuo� hl� jZaguo� j_`bfh\�� GZijbf_j�� \ukhdb_�

dhwnnbpb_glu�CNR��^hklb]Z_fu_�^ey�T2-RARE��_s_�g_�^Zxl�hkgh\Zgbc�

kqblZlv��qlh�k�ihfhsvx�lhevdh�wlh]h�j_`bfZ�fh`gh�gZ^_`gh�hij_^_eblv�

lbi�iZlheh]bb��IjZdlbdZ�ihdZaZeZ��qlh�ijZ\bevguc�^bZ]ghklbq_kdbc�j_�

amevlZl�fh`gh�ihemqblv��bkihevamy�g_�lhevdh�^Zggu_�hl�T�<B��gh�b��dZd�
fbgbfmf��^Zggu_�hl�j_`bfZ� k�ih^Z\e_gb_f�\h^u��<� wlhc�k\yab� lZ[ebpZ�

ihfh`_l�\u[jZlv�hilbfZevguc�j_`bf� kdZgbjh\Zgby� k�ih^Z\e_gb_f�kb]�

gZeZ�\h^u�\�aZ\bkbfhklb�hl�\hafh`ghc�ehdZebaZpbb�iZlheh]bb��<�qZklgh�

klb�� ba� lZ[ebqguo� ^Zgguo� ke_^m_l�� qlh�� g_kfhljy� gZ� kgb`_gb_� kb]gZeZ��

f_lh^bdZ�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ�kihkh[kl\m_l�

emqr_c�\bamZebaZpbb�]ebhaghc�ljZgknhjfZpbb�b�bgnZjdlZ�fha]Z�gZ�nhg_�

[_eh]h�\_s_kl\Z�b�`bjh\hc�ldZgb�ih�kjZ\g_gbx�k�j_`bfhf�FLAIR��<�lh�

`_�\j_fy�FLAIR�ij_^ihqlbl_evg__�^ey�^bnn_j_gpbZpbb�mdZaZgguo�iZlh�

eh]bc�gZ�nhg_�ih^Z\ey_fh]h�kb]gZeZ�ebd\hjZ� 
Hlf_lbf��qlh�i_j_oh^�hl�j_`bfh\�FLAIR��beb�STIR��d�j_`bfm�k�h^gh�

\j_f_gguf�ih^Z\e_gb_f�kb]gZeh\�\h^u�b�`bjZ��]^_�bkihevamxlky�^hihe�

gbl_evguc�JQ�bfimevk��ebrv�g_agZqbl_evgh�m\_ebqb\Z_l�JQ�gZ]jmadm�^ey�

iZpb_glZ��<�h[uqghc�ko_f_�FSE–FLAIR c RARE-nZdlhjhf�jZ\guf� ��bk�
ihevam_lky����JQ�bfimevkh\�—�h^bg������—�bg\_jlbjmxsbc��h^bg����- 
^ey� kqblu\Zgby� b� �� i_j_nhdmkbjmxsbo� ����� bfimevkh\��Ijb� h^gh\j_�

f_gghf�ih^Z\e_gbb�kb]gZeh\�\h^u�b�`bjZ�\�^hiheg_gb_�d�wlhfm�gZ[hjm�

bfimevkh\�^h[Z\ey_lky�_s_�h^bg�JQ�bfimevk�—�����^ey�obf��k^\b]h\h]h�

ih^Z\e_gby�beb� �����—�^ey�^\Z`^u�bg\_jlbjmxs_c�bfimevkghc�ihke_�

^h\Zl_evghklb��b�\�j_amevlZl_��JQ�gZ]jmadZ�gZ�bkke_^m_fuc�h[t_dl�m\_eb�

qb\Z_lky�g_�[he__�q_f�gZ��� %. 
Qlh�dZkZ_lky�jZkrbj_gby�^bgZfbq_kdh]h�^bZiZahgZ�ijb_fgbdZ��lh�dh�

ebq_kl\_ggh�wnn_dl�fh`gh�hp_gblv�ih�baf_g_gbx�dhwnnbpb_glZ�mkbe_�

gby�ijb_fgbdZ��?]h�fh`gh�hij_^_eblv�\�jZfdZo�Z\lhfZlbq_kdhc�ijhp_^m�

ju��ih^[bjZxs_c�hilbfZevgh_�mkbe_gb_�ijb_fgbdZ�ih�j_amevlZlZf�ijh[�

guo� aZimkdh\��ij_^r_kl\mxsbo�hkgh\ghfm�pbdem�kdZgbjh\Zgby��J_amev�

lZl�m^h[gh�khihklZ\blv�k�\_ebqbghc�mkbe_gby�^ey�j_`bfZ��bkihevam_fh]h�

^ey�ihemq_gby�T�<B��]^_�bkihevah\Zgu�ZgZeh]bqgu_�iZjZf_lju�kdZgbjh�
\Zgby��gh�\�klZg^Zjlghf�j_`bf_�—�[_a�ih^Z\e_gby�dZdbo-eb[h�kb]gZeh\��
DZd�ihdZaZeb� wdki_jbf_glu��^ey�j_`bfZ� k�h^gh\j_f_gguf�ih^Z\e_gb_f�

kb]gZeh\� \h^u�b�`bjZ� jZkrbj_gb_�^bgZfbq_kdh]h�^bZiZahgZ�ijb_fgbdZ�

khklZ\ey_l�ijbf_jgh����Z�^ey�h^gh\j_f_ggh]h�ih^Z\e_gby�kb]gZeh\�`bjZ�b�

kebabklhc�— 20. 
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Ijb� khihklZ\e_gbb� \ZjbZglh\� h^gh\j_f_ggh]h� ih^Z\e_gby� kb]gZeh\�

\h^u�b�`bjZ�—�k�ijbf_g_gb_f�qZklhlgh-k_e_dlb\gh]h�ih^Z\e_gby�kb]gZ�
eh\�`bjZ�b�^\hcghc�bg\_jkbb��fh`gh�hlf_lblv��qlh��_keb�Z[kljZ]bjh\Zlv�

ky� hl� l_ogheh]bq_kdbo� ijh[e_f�� lh� i_j\uc� \ZjbZgl� ij_^ihqlbl_evg__� 
Ijb�_]h�bkihevah\Zgbb�JQ�gZ]jmadZ�gZ�bkke_^m_fuc�h[t_dl�f_gvr_��ih�

kdhevdm�\�gZqZe_�bfimevkghc�ihke_^h\Zl_evghklb�bkihevam_lky������Z�g_�

�����bfimevk��dZd�\h�\lhjhf�\ZjbZgl_��Djhf_� lh]h��fbgbfbabjh\Zgh�hk�

eZ[e_gb_�kb]gZeZ�^ey�ldZg_c�k�dhjhldbfb�\j_f_gZfb�j_eZdkZpbb��L_f�g_�

f_g__��gZ�FJ-lhfh]jZn_�`_eZl_evgh�bf_lv�h[Z�\ZjbZglZ�h^gh\j_f_ggh]h�
ih^Z\e_gby�kb]gZeh\�\h^u�b�`bjZ��ihkdhevdm�g_�\k_]^Z�fh`gh�]ZjZglbjh�

\Zlv��lh�qlh�obfbq_kdbc�k^\b]�beb�j_eZdkZpbhggu_�iZjZf_lju�jZaebqZxl�

ky�m�ih^Z\ey_fhc�b�bkke_^m_fhc�ldZg_c� 
 
 

������Hkh[_gghklb�ijbf_g_gby�j_`bfh\�k�ih^Z\e_gb_f 
kb]gZeh\�ghjfZevghc�ldZgb�\�f_^bpbgkdhc�^bZ]ghklbd_ 

 
Ki_pbnbdhc�f_^bpbgkdh]h�FJL-bkke_^h\Zgby�y\ey_lky�lh��qlh�bkke_�

^m_fuc�h[t_dl�—�q_eh\_d�g_�\k_]^Z�kihkh[_g�dhgljhebjh\Zlv�k\hb�^_ckl�

\by�b�gZoh^blvky�\�g_ih^\b`ghf�khklhygbb��Ijbqbghc�wlh]h�fh`_l�[ulv�

g_�lhevdh�[he_agv��gh�b�^bkdhfnhjl��k\yaZgguc�k�^ebl_evguf�gZoh`^_gb�

_f�\�g_ih^\b`ghf� khklhygbb��g_m^h[ghc�iha_��\�rmfghc�kj_^_�� Z� lZd`_�

deZmkljhnh[by�—�[hyagv�aZfdgmlh]h�ijhkljZgkl\Z��<�wlhc�k\yab�[hevrh_�

agZq_gb_� bf__l� ihjy^hd� ke_^h\Zgby� j_`bfh\� kdZgbjh\Zgby�—� gZb[he__�

bgnhjfZlb\gu_�FJL-bah[jZ`_gby� g_h[oh^bfh� ihemqblv� bf_ggh� gZ� gZ�
qZevghf�wlZi_�bkke_^h\Zgby��ihdZ�^bkdhfnhjlgu_�mkeh\by�_s_�g_�\ugm�

^beb�bkke_^m_fh]h�\uclb�ba�g_ih^\b`gh]h�khklhygby� 
H[uqgh� ijb� bkke_^h\Zgbb� ]heh\gh]h� fha]Z� kgZqZeZ� ihemqZxl� FSE–

T�<B��qlh[u�ihemqblv�h[s__�ij_^klZ\e_gb_�h�kljmdlmjZo�]heh\gh]h�fha�

]Z��Z�aZl_f�T�<B�\�lhc�`_�ahg_�bgl_j_kZ�^ey�i_j\bqghc�^bnn_j_gpbZpbb�
\hafh`guo�iZlheh]bc��?keb�\�oh^_�bkke_^h\Zgby�g_�ij_^iheZ]Z_lky�\gml�

jb\_ggh]h�\\_^_gby�dhgljZklbjmxs_]h�\_s_kl\Z��lh�ij_^klZ\ey_lky�[he__�

jZpbhgZevguf�gZ�\lhjhf�wlZi_�ijbf_gylv�j_`bf�FSE–FLAIR��Z�g_�T�<B��
Ijb�koh`_f�jZkij_^_e_gbb�dhgljZklZ�^ey�wlbo�j_`bfh\�rdZeZ�yjdhklb�gZ�

FLAIR�\�f_gvr_c�kl_i_gb��q_f�gZ�T�<B��hij_^_ey_lky�fZehbgnhjfZlb\�
guf� ^ey� ^bZ]ghklbdb� kb]gZehf�`bjZ��Hlf_lbf� lZd`_�� qlh� \f_klh�FSE–
FLAIR� \h�fgh]bo� kemqZyo� �ijbf_ju� ijb\_^_gu� \� ij_^u^msbo� jZa^_eZo�

^Zgghc� dgb]b�� \u]h^g__� ijbf_gblv� f_lh^� h^gh\j_f_ggh]h� ih^Z\e_gby�

kb]gZeh\�\h^u�b�`bjZ��hkh[_ggh�_keb�Zijbhjb�ba\_klgh��qlh�iZlheh]bb�g_�

k\yaZgu� k� baf_g_gbyfb� `bjh\hc� ldZgb�� KdZgbjh\Zgb_� ^ey� ihemq_gby�

T�<B� bah[jZ`_gbc� \� kZ]bllZevghc� b� dhjhgZjghc� ijh_dpbb� ij_^ihqlb�

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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l_evg__�gZqbgZlv�m`_�ihke_�ZdkbZevguo�FSE–T��b�FSE–FLAIR��DZd�ihdZ�
aZeZ� ijZdlbdZ� PFLK�F=M�� lZdhc� Ze]hjblf� iha\hey_l� gZb[he__� jZpbh�

gZevgh�hj]Zgbah\Zlv�ijhp_kk�FJL-bkke_^h\Zgby� 
>ey� bfimevkguo� ihke_^h\Zl_evghkl_c� FSE–T�� b� FSE–FLAIR� �beb�

^jm]bo� ihke_^h\Zl_evghkl_c�� jZ[hlZxsbo� ih� f_lh^bd_� bg\_jkby-
\hkklZgh\e_gb_��`_eZl_evgh�g_�baf_gylv�iZjZf_lju��dhlhju_�hl\_lkl\_g�

gu�aZ�dhgljZkl�— TR, TE�b�jy^�^jm]bo��<�wlhf�kemqZ_�mijhsZ_lky�hp_gdZ�

j_eZdkZpbhgguo� iZjZf_ljh\� ^ey� baf_g_gguo� ldZg_c��Wlm� hp_gdm�fh`gh�

k^_eZlv��khihklZ\b\�jZagbpm�\�dhgljZkl_�^ey�bah[jZ`_gbc�FSE–T��b�FSE–
FLAIR� k� l_hj_lbq_kdhc� aZ\bkbfhklvx�FJ-kb]gZeZ�hl� \_ebqbgu�TI�b�ba�
\_klgufb�agZq_gbyfb�\j_f_g�j_eZdkZpbb�^ey�ghjfZevguo�ldZg_c� 

JZkkfhljbf�g_kdhevdh�ijbf_jh\�FJL-bkke_^h\Zgby�k�bkihevah\Zgb_f�
f_lh^h\� bg\_jkby-\hkklZgh\e_gb_��Ijb� bkke_^h\Zgbb�fha]Z� iZpb_glZ�G��
�f������e���\�aZ^g_f�hl^_e_�e_\hc�eh[ghc�h[eZklb�h[gZjm`_gh�h[t_fgh_h[�

jZah\Zgb_g_h^ghjh^ghc� kljmdlmju�� \� dhlhjhf� ^bnn_j_gpbjm_lky� kheb^�

gZy�qZklv��rbjhdh�ijbe_`ZsZy�d�\gmlj_gg_c�ih\_joghklb�dhklb�q_j_iZ�k�

g_jZ\ghf_jgh�]bi_jbgl_gkb\guf�kb]gZehf�gZ�L�<B��jbk�����A��b�g_jZ\�
ghf_jgh� ]bihbgl_gkb\guf� kb]gZehf� gZ� L�<B� �jbk�� ��� B���F_^bZevg__�

jZkiheZ]Z_lky�dbklhagZy�ihehklv�g_ijZ\bevgh�rZjh\b^ghcnhjfu��aZihe�

g_ggZy� h^ghjh^guf� kh^_j`bfuf� k� \ukhdbf� kb]gZehf� gZ�L�<B�� bahbg�

l_gkb\guf�d�\_s_kl\m�fha]Z�—�gZ�FLAIR�bah[jZ`_gbyo��jbk�����E��b�mf_�
j_ggh�]bihbgl_gkb\guf�gZ�L�<B� 

 

 
 
Jbk�� ���� Bkke_^h\Zgb_� himoheb� f_lh^Zfb�� FSE–T2 —� njZ]f_gl� A� bbg\_jkby-
\hkklZgh\e_gb_�kih^Z\e_gb_f�kb]gZeZ�`bjZ�—�njZ]f_glu�B, C, D, E, F�^ey�TIW 
jZ\guo��khhl\_lkl\_ggh�������������������������������k 
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Ihkdhevdm�ehdZebaZpby�ahgu�ihjZ`_gby�g_�ij_^klZ\ey_l�keh`ghkl_c��
lh�hkgh\gh_�\gbfZgb_�m^_e_gh�hij_^_e_gbx�j_eZdkZpbhgguo�oZjZdl_jb�
klbd�h[t_fgh]h�h[jZah\Zgby��<_ebqbgm�T��fh`gh�hij_^_eblv�\Zjvbjh\Z�
gb_f�iZjZf_ljZ�TI�^ey�j_`bfh\�bg\_jkby-\hkklZgh\e_gb_��Ijb�\Zjvbjh�
\Zgbb�TI�`_eZl_evgh�bkihevah\Zlv�l_�agZq_gby��ijb�dhlhjuo�ghjfZevgu_�
ldZgb�eb[h�ih^Z\e_gu��eb[h�bf_xl�koh^guc�f_`^m�kh[hc�dhgljZkl��Ijb�
wlhf�`_eZl_evgh��gZijbf_j��f_lh^hf�^\hcghc�bg\_jkbb��DIR���ba[Z\blvky�
hl�kb]gZeZ�`bjh\hc�ldZgb��Ihwlhfm�^ey�j_`bfZ�DIR�bf__l�kfuke�aZ^Z\Z�
ebkv�ke_^mxsb_�agZq_gby�TIW������k�—�^ey�ih^Z\e_gby�kb]gZeh\�k\h[h^�
ghc� \h^u� �njZ]f_gl�E��� ���� k��—�^ey�ih^Z\e_gby� kb]gZeh\�hl� kebabklhc�
�njZ]f_gl� B��� ����� k� —� ^ey� \ujZ\gb\Zgby� dhgljZklZ� f_`^m� kibggh-
fha]h\hc�`b^dhklvx��KF@��b�[_euf�\_s_kl\hf�fha]Z��njZ]f_gl�D), 1.8 
k-� ^ey� \ujZ\gb\Zgby� dhgljZklZ� f_`^m� KF@� b� k_juf� \_s_kl\hf� fha]Z�
�njZ]f_gl�F��Ihkdhevdm�ihegh_�ih^Z\e_gb_�kb]gZeZ�hl�himoheb�ihemq_gh�
ijb�TIw = 1.05 c� �njZ]f_gl�D���lh�T��e_]dh�hij_^_eblv�ba�nhjfmeu��TI / 
(ln��� �����k�DZd�b�ke_^h\Zeh�h`b^Zlv��ijb�TIw  ������k�bgl_gkb\ghklv�kb]�
gZeZ�hl�himoheb�bf__l�ijhf_`mlhqgh_�^ey�^Zgghc�k_jbb�agZq_gb_�f_`^m�
fZdkbfZevguf�ijb�Tiw� ������k�b�[ebadbf�d�gmex�^ey�TIw = 1.05c��njZ]�
f_gl�C). 

<\_^_gb_� dhgljZklbjmxs_]h� \_s_kl\Z� iha\hebeh� \uy\blv� ^hihegb�
l_evgmx�bgnhjfZpbx�h�ahg_�ihjZ`_gby��\�qZklghklb��gZdhie_gb_�dhgljZ�
klbjmxs_]h�\_s_kl\Z�\h�\lhjhf�mae_�—�jbk������qlh�gZb[he__�hlq_leb\h�
\uy\ey_lky�\�j_`bf_�DIR��[eZ]h^Zjy�gZebqbx�l_fgh]h�nhgZ�hl�ih^Z\e_g�
guo�ghjfZevguo�ldZg_c� 
 

 
 
Jbk������Bkke_^h\Zgb_�himoheb�f_lh^Zfb�GE–T1 (A�b�B��b�DIR–FSE��K��^h�\\_^_�
gby��A�b�ihke_�\\_^_gby�dhgljZklbjmxs_]h�\_s_kl\Z��B�b�K� 

 
Ihemq_ggu_�^Zggu_�^Zxl�hkgh\Zgb_�k�[hevrhc�\_jhylghklvx�ij_^ih�

eh`blv��qlh�ahgZ�ihjZ`_gby�\�e_\hc�eh[ghc�h[eZklb�—�wlh�h[hehq_qgZy�
himohev��\hafh`gh�—�ZlbibqgZy�f_gbg]bhfZ��^bnn_j_gpbZevgZy�^bZ]gh�
klbdZ�k�]_fZg]bhi_jbpblhfhc�beb�^jm]hc�j_^dhc�f_a_gobfZevghc�himoh�
evx� 

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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>jm]hc�ijbf_j�bkke_^h\Zgby�ahgu�ihjZ`_gby�]heh\gh]h�fha]Z�beex�
kljbjh\Zg�gZ�jbk����������M�iZpb_glZ�B���f������e���\uy\e_gh�h[t_fgh_�h[�
jZah\Zgb_��himohev��ijZ\hc�eh[ghc�h[eZklb�k�jZkijhkljZg_gb_f�gZ�i_j_^�
gbc� hl^_e�fhahebklh]h� l_eZ� b� kj_^bggu_� kljmdlmju�fha]Z��Himohev� kh�
klhbl�ba�^\mo�maeh\��ijb�wlhf�fZeuc�ma_e�jZkiheZ]Z_lky�eZl_jZevgh�hl�hk�
gh\gh]h��<�p_gljZevguo�hl^_eZo�[hevrh]h�maeZ�fh`gh�hlf_lblv�kgb`_gb_�
kb]gZeZ�gZ�L�<B��ijbq_f�g_jZ\ghf_jgh_��k�gZebqb_f�mqZkldh\�agZqbl_ev�
gh]h�kgb`_gby��qlh�oZjZdl_jgh�^ey�j_]j_kkbhgguo��g_djhlbq_kdbo��baf_�
g_gbc�\�himoheb�—�jbk������ 
 

 
 
Jbk������FJL-bah[jZ`_gby�^h�\\_^_gby�dhgljZklbjmxs_]h�\_s_kl\Z��A — T2<B, 
B — DIR-FSE, K — GE-T1 

 

 
 
Jbk����� FJL-bah[jZ`_gby��k\_jom��b�bo�MIP-j_dhgkljmdpbb��kgbam��ihke_�\\_^_�
gby�dhgljZklgh]h�\_s_kl\Z��A — T1–GE, B — DIR–FSE. K�—�j_amevlZl�i_j_fgh�

`_gby�bah[jZ`_gbc�A�b�B 



=eZ\Z�� 
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K�ihfhsvx�\gmljb\_ggh]h�\_^_gby�dhgljZklgh]h�\_s_kl\Z�ij_^iheZ�

]Zehkv�hij_^_eblv�kl_i_gv�ijhgbdgh\_gby�himoheb�\�\_s_kl\h�fha]Z��Ijb�

wlhf�h[gZjm`behkv��qlh�h[t_fgh_�h[jZah\Zgb_�g_jZ\ghf_jgh�gZdZieb\Z_l�

dhgljZklguc� ij_iZjZl� \� i_jbn_jbq_kdbo� hl^_eZo� —� dhevp_\b^guc� lbi�

dhgljZklgh]h� gZdhie_gby��LZdhc�`_� lbi� gZdhie_gby� hij_^_ey_lky� b� ^ey�

\lhjh]h�maeZ�—�jbk������ 
 

 
 

Jbk����� Bkke_^h\Zgb_�]heh\gh]h�fha]Z�ijb�gZebqbb�djh\hbaebygby�\�himohe_\uc�
ma_e��A —�L��<B��FSE), B —��L�GE, C —  T2*GE, D —  DIR1 (TIF   ����fk��TIW = 
�����fk���E — DIR2 (TIF  ���fk��TIW� �����fk���F —��j_amevlZl�i_j_fgh`_gby�DIR1 
b�DIR2, G —� � j_amevlZl� i_j_fgh`_gby�T1GE� b�DIR1, Hb� J —� khhl\_lkl\_ggh��

T1GE�b�FLAIR�ihke_�\\_^_gby�dhgljZklgh]h�\_s_kl\Z 
 
 

JZkij_^_e_gb_�dhgljZklgh]h�ij_iZjZlZ�gZb[he__�hlq_leb\h�\uy\ey_l�
ky� gZ�FJL-bah[jZ`_gbb� b�MIP-j_dhgkljmdpbb�� ihemq_gguo� ihke_� i_j_�
fgh`_gby� bah[jZ`_gbc� GE–T�� b� DIR–FSE�� BgnhjfZlb\ghklv� MIP-

Ih^Z\e_gb_�kb]gZeh\�\h^u�b�`bjZ�\�FJL-bkke_^h\Zgbyo 
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j_dhgkljmdpbb�hl�©i_j_fgh`_ggh]hª�bah[jZ`_gby�hkh[_ggh�aZf_lgZ�ijb�
kjZ\g_gbb� k�fZehbgnhjfZlb\ghc�MIP-j_dhgkljmdpb_c� ^ey�GE–T1. MIP-
j_dhgkljmdpby�^ey�DIR–FSE�g_�hljZ`Z_l�ijhp_kkZ�gZdhie_gby�dhgljZkl�
gh]h�\_s_kl\Z�� 

?s_�h^bg�ijbf_j�bkke_^h\Zgby�iZpb_glZ�D�� �f��� ���e����m�dhlhjh]h�
ij_^iheZ]Zehkv�djh\hbaebygb_�\�]heh\ghc�fha]��Ijb�FJL-bkke_^h\Zgbb�
\uy\behkv��qlh�\� aZ^g_f�hl^_e_�e_\hc�\bkhqghc�^heb�b�e_\hc�aZluehq�
ghc� ^heb� k� \h\e_q_gb_f� gb`g_]h� hl^_eZ� l_f_gghc� ^heb� jZkiheZ]Z_lky�
h[t_fgh_� h[jZah\Zgb_� g_ijZ\bevgh� h\Zevghc� nhjfu� k� ]_l_jh]_gguf�
kb]gZehf� gZ�L�-� b�L�-\a\_r_gguo� bah[jZ`_gbyo�� k� gZebqb_f� i_jbnh�
dZevgh]h�hl_dZ�—�jbk�����A, B��GZ�L�<B�h[jZah\Zgb_�]bi_jbgl_gkb\gh_��
gh� \� _]h� p_gljZevguo� hl^_eZo� bf_xlky� ]bihbgl_gkb\gu_� mqZkldb�� gZ�
L�<B� \�i_jbn_jbq_kdbo�hl^_eZo�h[jZah\Zgby�bf_xlky� ]bi_jbgl_gkb\�
gu_�baf_g_gby��khhl\_lkl\mxsb_�ih^hkljhfm�djh\hbaebygbx��<uy\e_gh�
lZd`_�ijbagZdb�hleh`_gbc�]_fhkb^_jbgZ�gZ�L�
-\a\_r_gguo�bah[jZ`_�
gbyo�—�jbk�����C��<�i_j_^g_f�hl^_e_�e_\hc�eh[ghc�^heb�bf__lky�\lhjhc�
ma_e�� [_a� ijbagZdh\� djh\hbaebygby� k� mf_j_ggh� \ujZ`_gguf� i_jbnh�
dZevguf�hl_dhf��GZ[ex^Zehkv�mf_j_ggh_�gZdhie_gb_�dhgljZklgh]h�ij_�
iZjZlZ��ij_bfms_kl\_ggh�\�i_jbn_jbq_kdbo�hl^_eZo�h[_bo�\uy\e_gguo�
himohe_\uo�maeh\�—�jbk����H, I. 

LZdbf�h[jZahf��FJL-^Zggu_�mdZau\Zxl�gZ�gZebqb_�^\mo�himohe_\uo�
maeh\�\�e_\hf�ihemrZjbb�fha]Z�\�khq_lZgbb�k�ih^hkljuf�\lhjbqguf�djh�
\hbaebygb_f�\�himohe_\uc�ma_e�\�aZ^g_f�hl^_e_�e_\h]h�ihemrZjby� 

FJL-bah[jZ`_gby�� ihemq_ggu_� \� j_amevlZl_� i_j_fgh`_gby� T1GE� b�
DIR���iha\heyxl�\_kvfZ�gZ]ey^gh�hlh[jZablv�hkgh\gu_�hkh[_gghklb�iZlh�
eh]bq_kdbo� h[jZah\Zgbc�—�gZebqb_� himohe_\hc� ldZgb�b�djh\hbaebygby��
gZb[he__�hlq_leb\h�\uy\ey_fh_�gZ�i_jbn_jbb�himoheb� 

M�^Zggh]h�iZpb_glZ�[ueh�ijh\_^_gh�ih\lhjgh_�bkke_^h\Zgb_�kimkly���
g_^_ev�^ey�hp_gdb�^bgZfbdb�ahg�ihjZ`_gby�—�jbk����� 

 

 
 

Jbk�� ��� FJL-^Zggu_�ih\lhjgh]h�bkke_^h\Zgby� �kimkly���g_^_ev��iZpb_glZD�� �f���
���e����$�— T2WI (FSE), DIR (TIF  ����fk��7,W� ������fk���%�— T1GE, C —��j_amev�
lZl�i_j_fgh`_gby�7�*(�b�',5 
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Fh`gh� aZf_lblv�� qlh� ih� kjZ\g_gbx� k� ij_^u^msbf� bkke_^h\Zgb_f�

ma_e�\�e_\hc�eh[ghc�^he_�m\_ebqbeky�\�jZaf_jZo��hij_^_ey_lky�kf_s_gb_�

fha]Z�\ijZ\h��Z�\�aZ^g_f�hl^_e_�e_\h]h�ihemrZjby�gZ[ex^Z_lky�jZkkZku�

\Zgb_�\gmljbfha]h\h]h�djh\hbaebygby� 
Ij_^klZ\e_ggu_�ijbf_ju�ba�ijZdlbdb�FJL�bkke_^h\Zgby�[ueb�ijb�

\_^_gu�^ey� lh]h��qlh[u�ijh^_fhgkljbjh\Zlv� wnn_dlb\ghklv�ijbf_g_gby�

f_lh^bd� k�ih^Z\e_gb_f� kb]gZeh\�ghjfZevghc� ldZgb� \� khq_lZgbb� k�g_eb�

g_cghc� h[jZ[hldhc� ^Zgguo�� ijbq_f� g_� lhevdh� ijb� jmlbgguo� FJL-
bkke_^h\Zgbyo�� gh� b� ijb� bkke_^h\Zgbyo� k� bkihevah\Zgb_f� dhgljZklguo�

\_s_kl\� 
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=eZ\Z�� 
 
BFIMEVKG:Y�DJHKK-J?E:DK:PBHGG:Y� 
KI?DLJHKDHIBY��L?HJBY�B�I?JKI?DLB<U� 
IJBF?G?GBY�<�DEBGBQ?KDHC 
F:=GBLGH-J?AHG:GKGHC�LHFH=J:NBB 

 
 
 
 
 
<�^Zgghf�jZa^_e_�ijb\h^blky�hibkZgb_�f_lh^Z�^ey�bamq_gby�y^_jghc�

fZ]gblghc� djhkk-j_eZdkZpbb� \� [bheh]bq_kdbo� h[t_dlZo� k�ihfhsvx�fZ]�

gblgh-j_ahgZgkghc� lhfh]jZnbb� —� bfimevkgZy� djhkk-j_eZdkZpbhggZy�
ki_dljhkdhiby��F_lh^�hkgh\Zg�gZ�ZgZeba_�aZ\bkbfhkl_c�wnn_dlZ�i_j_ghkZ�

gZfZ]gbq_gghklb�hl�qZklhlu�hlkljhcdb�b�fhsghklb�jZ^bhqZklhlgh]h�ihey�

ijb� bfimevkghf� gZkus_gbb� k� bkihevah\Zgb_f� bfimevkghc� ihke_^h\Z�

l_evghklb�]jZ^b_glgh]h�woZ��H[hkgh\u\Z_lky�\hafh`ghklv�i_j_oh^Z�d�mi�

jhs_gghfm�l_hj_lbq_kdhfm�hibkZgbx�^bgZfbdb�gZfZ]gbq_gghklb�\�ijb�

kmlkl\bb�djhkk-j_eZdkZpbb�f_`^m�k\h[h^gufb�b�k\yaZggufb�ijhlhgZfb�\�
mkeh\byo�bfimevkgh]h�klZpbhgZjgh]h�khklhygby��IhdZaZgh��qlh�ijb�lZdhf�

ih^oh^_� ^ey� ZgZebaZ� djhkk-j_eZdkZpbb� \hafh`gh� bkihevah\Zgb_� lj_oiZ�
jZf_ljbq_kdhc�fh^_eb��^hklmighc�ZgZeblbq_kdhfm�jZkq_lm��GZ�hkgh\_�ih�

kljh_gghc� fh^_eb� ij_^eZ]Z_lky� wdki_jbf_glZevgZy� f_lh^bdZ� baf_j_gby�

djhkk-j_eZdkZpbhgguo�iZjZf_ljh\�\�jZfdZo�bkke_^h\Zgby�FJL��\dexqZy�

ihkljh_gb_�dZjl�bo�ijhkljZgkl\_ggh]h�jZkij_^_e_gby��IhdZaZgZ�\hafh`�

ghklv� ijbf_g_gby� ij_^eh`_ggh]h� f_lh^Z� \� debgbq_kdbo� bkke_^h\Zgbyo�

q_eh\_dZ�� 
 
 

�����<\_^_gb_ 

<� ihke_^gb_� ]h^u� bamq_gb_� ijhp_kkh\� fZ]gblgh-y^_jghc� djhkk-
j_eZdkZpbb�\�[bheh]bq_kdbo�fZl_jbZeZo�ijb\e_dZ_l�agZqbl_evguc�l_hj_�

lbq_kdbc� b� ijbdeZ^ghc� bgl_j_k��Ihkdhevdm� [bheh]bq_kdb_� h[t_dlu� oZ�



=eZ\Z�� 
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jZdl_jbamxlky� agZqbl_evghc� ]_l_jh]_gghklvx� j_eZdkZpbhgguo� oZjZdl_�

jbklbd�� ljZ^bpbhggu_� ih^oh^u� d� hibkZgbx� fZ]gblghc� j_eZdkZpbb�� g_�

mqblu\Zxsb_�wnn_dlh\�kibgh\h]h�h[f_gZ�f_`^m�jZaebqgufb�nZaZfb��dZd�

ijZ\beh��g_�^Zxl�Z^_d\Zlgh]h�hibkZgby�kibgh\hc�^bgZfbdb��>ey�baf_j_�

gby�kdhjhkl_c�djhkk-j_eZdkZpbb�f_`^m�y^jZfb��ijbgZ^e_`Zsbfb�d�njZd�

pbyf� k�jZaebqgufb�j_eZdkZpbhggufb� k\hckl\Zfb�b�j_eZdkZpbhgguo�iZ�

jZf_ljh\�bg^b\b^mZevguo�njZdpbc��[ue�ij_^eh`_g�jy^�wdki_jbf_glZev�

guo�f_lh^h\� ki_dljhkdhibb� y^_jgh]h�fZ]gblgh]h� j_ahgZgkZ� �YFJ�� >��–
��@��<Z`ghc� hkh[_gghklvx�^Zgghc� h[eZklb�bkke_^h\Zgbc� y\ey_lky�g_h[�

oh^bfhklv� bkihevah\Zgby� Zijbhjghc� l_hj_lbq_kdhc�fh^_eb� ^ey� ZgZebaZ�

wdki_jbf_glZevguo� ^Zgguo�� WlZ� fh^_ev� ^he`gZ� mqblu\Zlv�� dhebq_kl\h�

njZdpbc��gZijZ\e_gb_�iml_c�i_j_ghkZ�a__fZgh\kdhc�wg_j]bb�f_`^m�gbfb��

Z�lZd`_�g_dhlhju_�hkh[_gghklb�hldebdZ�kb]gZeh\�hl^_evguo�njZdpbc�gZ�

ijbf_gy_fh_�\�dhgdj_lghc� wdki_jbf_glZevghc�f_lh^bd_�jZ^bhqZklhlgh_�

�JQ��\ha^_ckl\b_��>h�gZklhys_]h�\j_f_gb�g_�[ueh�ij_^eh`_gh�fh^_e_c��

mqblu\Zxsbo� [he__� lj_o�njZdpbc� >���� ��@��Ijb� wlhf� gZb[he__� ijhklZy�

fh^_ev�^\mo�njZdpbc�>��–��@��dZd�ijZ\beh��hdZau\Z_lky�Z^_d\Zlghc�\�ij_�
^_eZo� lhqghklb� [hevrbgkl\Z� wdki_jbf_glZevguo� f_lh^bd� ijhlhggh]h�

fZ]gblgh]h� j_ahgZgkZ��<� dZq_kl\_� hl^_evguo�njZdpbc� \� ^Zgghc�fh^_eb�

jZkkfZljb\Zxl�� Z�� ijhlhgu� [bheh]bq_kdbo�fZdjhfhe_dme� b� k\yaZgghc� k 
gbfb�\h^u�k�oZjZdl_jbklbq_kdbfb�\j_f_gZfb�dhjj_eypbb�ihjy^dZ���

–8
�k�

�^Ze__�—� k\yaZggu_� ijhlhgu��� [�� ijhlhgu� k\h[h^ghc� \h^u� k� \j_f_g_f�

dhjj_eypbb�hdheh���
–11
�k��^Ze__�—�k\h[h^gu_�ijhlhgu���Kb]gZe�YFJ��gZ�

[ex^Z_fuc� \� [bheh]bq_kdbo� kbkl_fZo�� nZdlbq_kdb�� hljZ`Z_l� khklhygb_�

gZfZ]gbq_gghklb�njZdpbb�k\h[h^guo�ijhlhgh\��\�lh�\j_fy�dZd�ijyfh_�gZ�

[ex^_gb_� kb]gZeZ� k\yaZgguo� ijhlhgh\� g_\hafh`gh� ba-aZ� qj_a\uqZcgh�
[hevrhc�rbjbgu�ki_dljZevghc�ebgbb��ihjy^dZ�g_kdhevdbo�^_kyldh\�d=p���

JZaebqgu_�wdki_jbf_glZevgu_�f_lh^u�bamq_gby�djhkk-j_eZdkZpbb�>��–64] 
y\eyxlky� \ZjbZglZfb� g_ijyfh]h� ^_l_dlbjh\Zgby� khklhygby� b� ^bgZfbdb�

gZfZ]gbq_gghklb� k\yaZgguo� ijhlhgh\� ih� gZfZ]gbq_gghklb� k\h[h^guo�

ijhlhgh\�ijb� k_e_dlb\ghf�beb�qZklbqgh� k_e_dlb\ghf�\hafms_gbb�gZk_�

e_gghkl_c�h^ghc�ba�njZdpbc�� 
Kms_kl\mxsb_�\�gZklhys__�\j_fywdki_jbf_glZevgu_�f_lh^bdb�fh`�

gh�jZa^_eblv�gZ�^\_� ]jmiiu��bfimevkgZy�djhkk-j_eZdkhf_ljby� >���� ��@�b�
klZpbhgZjgZy�djhkk-j_eZdkZpbhggZy�ki_dljhkdhiby��beb�=-ki_dljhkdhiby��
[62–��@��<�f_lh^Zo�bfimevkghc�djhkk-j_eZdkhf_ljbb�hkms_kl\ey_lky�[u�

kljh_� \ha[m`^_gb_� gZfZ]gbq_gghklb� k\h[h^guo� �©k_e_dlb\gZy� bg\_jkby�

\h^uª�>��@��beb�k\yaZgguo��[bghfbZevguc�f_lh^�>��@��ijhlhgh\�k�ihke_�

^mxsbf�ZgZebahf�^bgZfbq_kdbo�djb\uo�ijh^hevghc�j_eZdkZpbb�\�jZfdZo�

^\mowdkihg_gpbZevghc�fh^_eb��Khhl\_lkl\mxsb_� wnn_dlb\gu_�dhgklZg�

lu� kdhjhklb� h^ghwdkihg_gpbZevguo� dhfihg_gl� y\eyxlky� kh[kl\_ggufb�
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agZq_gbyfb� j_eZdkZpbhgghc� fZljbpu� �kf�� gb`_��� G_^hklZldhf� f_lh^h\�

lZdh]h�lbiZ�y\ey_lky�g_\hafh`ghklv�j_ZebaZpbb�^hklZlhqgh�k_e_dlb\ghc�

bg\_jkbb�beb�gZkus_gby�h^ghc�ba�dhfihg_gl��GZb[he__�bgnhjfZlb\guf�

b�wdki_jbf_glZevgh�Zijh[bjh\Zgguf�f_lh^hf�\�^Zgghc�h[eZklb�y\ey_lky�

Z-ki_dljhkdhiby�>��–��@��<�=-ki_dljhkdhibb�hkms_kl\ey_lky�j_]bkljZpby�

aZ\bkbfhkl_c� klZpbhgZjgh]h� agZq_gby�ijh^hevghc�dhfihg_glu�gZfZ]gb�

q_gghklb��mklZgZ\eb\Zxs_]hky�ijb�^ebl_evghf�JQ�gZkus_gbb��hl�qZklh�

lu� hlkljhcdb� JQ� ihey� �=-ki_dljh\�� ^ey�rbjhdh]h� ^bZiZahgZ� qZklhl� hl�

kljhcdb��h[uqgh�hl���^h���–����d=p���J_eZdkZpbhggu_�iZjZf_lju�kbkl_fu�
hij_^_eyxlky�k�ihfhsvx�ZgZebaZ�nhjfu�ebgbb�k_jbb�=-ki_dljh\��ihem�
q_gguo�ijb�g_kdhevdbo�fhsghklyo�JQ�ihey��\�jZfdZo�fZl_fZlbq_kdbo�fh�

^_e_c��hkgh\Zgguo�gZ�klZpbhgZjghf�j_r_gbb�mjZ\g_gbc�;ehoZ–FZd�Dhg�

g_eZ��kf��gb`_���Bkke_^h\Zgby�jy^Z�[bheh]bq_kdbo�h[t_dlh\�in vitro��jZk�
l\hju� b� ]_eb� [bhihebf_jh\�� ij_iZjZlu� hj]Zgh\� b� ldZg_c� `b\hlguo�� k�

ijbf_g_gb_f�=-ki_dljhkdhibb�k\b^_l_evkl\mxl�h�lhf��qlh�^Zgguc�f_lh^�
iha\hey_l�^hklZlhqgh�gZ^_`gh�hij_^_eylv�hkgh\gu_�iZjZf_lju��oZjZdl_�

jbamxsb_�^bgZfbdm�gZfZ]gbq_gghklb� \� ]_l_jh]_gguo� kbkl_fZo�� khhlgh�

r_gb_�njZdpbc�k\h[h^guo�b�k\yaZgguo�ijhlhgh\��wnn_dlb\gmx�dhgklZg�

lm� kdhjhklb�djhkk-j_eZdkZpbb��\j_f_gZ�ijh^hevghc�b�ihi_j_qghc�j_eZd�
kZpbb� hl^_evguo� njZdpbc�� Ba\_klgh� ijbf_g_gb_� klZpbhgZjghc� =-
ki_dljhkdhibb� \�fZ]gblgh-j_ahgZgkghc�fbdjhlhfh]jZnbb� eZ[hjZlhjguo�
`b\hlguo��djuku��in vivo [66].  

IjbdeZ^ghc�Zki_dl�bamq_gby�djhkk-j_eZdkZpbb�\�[bheh]bq_kdbo�h[t�
_dlZo�\�hkgh\ghf�k\yaZg�k�jZajZ[hldhc�b�hilbfbaZpb_c�f_lh^bd�fZ]gblgh-
j_ahgZgkghc�lhfh]jZnbb��FJL��gZ�hkgh\_�i_j_ghkZ�gZfZ]gbq_gghklb��I_�

j_ghk�gZfZ]gbq_gghklb�[ue�\i_j\u_�ij_^eh`_g�d�ijbf_g_gbx�\�FJL�>��@�

\� dZq_kl\_� kihkh[Z� ihemq_gby� ki_pbnbq_kdh]h� dhgljZklZ� bah[jZ`_gbc��

ijbgpbibZevgh�hlebqZxs_]hky�hl�ljZ^bpbhggh�bkihevam_fuo�lbih\�dhg�

ljZklZ��hkgh\Zgguo�gZ�jZaebqbyo�\j_f_g�j_eZdkZpbb�b�iehlghklb�ijhlh�

gh\�\�[bheh]bq_kdbo�ldZgyo��Wdki_jbf_glZevgh_�gZ[ex^_gb_�wnn_dlZ�i_�

j_ghkZ�gZfZ]gbq_gghklb�hkgh\Zgh�gZ�JQ�h[emq_gbb�h[t_dlZ��bfimevkghf�

beb�g_ij_ju\ghf��ijb�^hklZlhqgh�[hevrhc�hlkljhcd_�hl�j_ahgZgkZ��qlh�

iha\hey_l� ihemqblv� qZklbqgh_� gZkus_gb_� gZfZ]gbq_gghklb� k\yaZgguo�

ijhlhgh\�ijb�fbgbfZevghf�\ha^_ckl\bb�gZ�gZfZ]gbq_gghklv� k\h[h^guo�

ijhlhgh\� >������@��I_j_ghk�gZkus_gby�\ke_^kl\b_�djhkk-j_eZdkZpbb�ijb�
\h^bl�d�kgb`_gbx�wdki_jbf_glZevgh�baf_jy_fhc�bgl_gkb\ghklb�kb]gZeZ�

k\h[h^guo�ijhlhgh\��<�gZklhys__�\j_fy�ijbf_g_gb_�i_j_ghkZ�gZfZ]gb�

q_gghklb�\�FJL�\�hkgh\ghf�h]jZgbqb\Z_lky�aZ^ZqZfb�memqr_gby�dhgljZ�

klZ� bah[jZ`_gbc� \� g_dhlhjuo� ki_pbZevguo� f_lh^bdZo� �\j_fyijhe_lgZy�

Zg]bh]jZnby� >��@��FJL� k� dhgljZklguf� mkbe_gb_f� >��@�� ih\ur_gb_� dhg�

ljZklZ�f_`^m�`b^dhklvx�b�ojys_\hc�ldZgvx�\�ihke_^h\Zl_evghklyo�]jZ�
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^b_glgh]h�woZ�ijb�bkke_^h\Zgbb�kmklZ\h\�b�iha\hghqgbdZ�>��@���I_jki_d�

lb\guf�gZijZ\e_gb_f�bkke_^h\Zgbc�y\ey_lky�ihemq_gb_�dhebq_kl\_gguo�

oZjZdl_jbklbd�ghjfZevguo�b�iZlheh]bq_kdbo�ldZg_c� in vivo�gZ�hkgh\_�i_�
j_ghkZ� gZfZ]gbq_gghklb�� ihkdhevdm� ij_^iheZ]Z_lky�� qlh� wnn_dlb\ghklv�

i_j_ghkZ�gZfZ]gbq_gghklb�^he`gZ�[ulv� \_kvfZ�qm\kl\bl_evgZ�d�iZlheh�

]bq_kdbf�baf_g_gbyf�[bhihebf_jh\�b�de_lhqguo�f_f[jZg�� 
<� gZklhys__� \j_fy� dhebq_kl\_ggZy� hp_gdZ� wnn_dlZ� i_j_ghkZ� gZfZ]�

gbq_gghklb�ijh\h^blky�ijb�ihfhsb�hlghr_gby�i_j_ghkZ�gZfZ]gbq_ggh�

klb��MTR) [77]: 

00 S)SS(MTR mt−=             (1) 
 

]^_�S0�b�Smt —�bgl_gkb\ghklb�FJ-kb]gZeZ��khhl\_lkl\_ggh��\�hlkmlkl\bb�b�
ijbkmlkl\bb� \g_j_ahgZgkgh]h� gZkus_gby��DZd� ihdZaZe� jy^� debgbq_kdbo�

bkke_^h\Zgbc� >��–��@�� agZq_gby�MTR� y\eyxlky� i_jki_dlb\guf� bklhqgb�
dhf�^bZ]ghklbq_kdhc�bgnhjfZpbb�ijb�iZlheh]byo�]heh\gh]h�fha]Z��\�qZ�

klghklb� ijb� himoheyo� >���� ��@�b� ^_fb_ebgbabjmxsbo� aZ[he_\Zgbyo� >����

��@�Kms_kl\_ggh_� aZljm^g_gb_� \� dhebq_kl\_gghc�FJL� k� i_j_ghkhf� gZ�

fZ]gbq_gghklb�h[mkeh\e_gh�l_f��qlh�\_ebqbgu�MTR�\�agZqbl_evghc�kl_�
i_gb�ih^\_j`_gu�\ebygbx�ZiiZjZlmjguo�nZdlhjh\� �iZjZf_lju�bfimevk�

ghc�ihke_^h\Zl_evghklb��fhsghklv�b�^ebl_evghklv�JQ�gZkus_gby�� >��@��

G_kfhljy� gZ� ihiuldb� klZg^ZjlbaZpbb�f_lh^bdb� >��@�� khihklZ\e_gb_� j_�

amevlZlh\�jZaebqguo�]jmii�y\ey_lky�\_kvfZ�ijh[e_fZlbqguf�ba-aZ�l_ogh�
eh]bq_kdbo� hlebqbc� bfimevkguo� ihke_^h\Zl_evghkl_c� k� i_j_ghkhf� gZ�

fZ]gbq_gghklb��ihklZ\ey_fuo�jZagufb�nbjfZfb-ijhba\h^bl_eyfb�\�dhf�
ie_dlZo�ijh]jZffgh]h�h[_ki_q_gby�FJ-lhfh]jZnh\�� 

Ijb�ieZgbjh\Zgbb�wdki_jbf_glh\�ih�FJL�k�bkihevah\Zgb_f�wnn_dlZ�

i_j_ghkZ�gZfZ]gbq_gghklb��\�dhlhjuo�ij_^iheZ]Z_lky�ihemqblv�dhebq_kl�

\_ggu_�hp_gdb�[bhnbabq_kdbo�ijhp_kkh\��baf_j_gb_�\_ebqbgu�MTR�g_�
^hklZlhqgh�� Wlh� k\yaZgh� g_� lhevdh� k� ZiiZjZlmjgufb� ijh[e_fZfb�� gh� b�

l_f��qlh�wlZ�\_ebqbgZ�keh`guf�h[jZahf�aZ\bkbl�hl�kljmdlmjguo�iZjZf_l�

jh\�—�khhlghr_gby�njZdpbc��kdhjhklb�djhkk-j_eZdkZpbb�b�l�i��<hafh`�
guf�j_r_gb_f�^Zgghc�ijh[e_fu�y\ey_lky�hij_^_e_gb_�gZb[he__�\Z`guo�

ldZg_-ki_pbnbqguo�iZjZf_ljh\�b�jZajZ[hldm�f_lh^bd�bo�baf_j_gby�f_lh�
^Zfb� FJL�� k� bkihevah\Zgb_f� ijb_fh\�� Zijh[bjh\Zgguo� \� =-
ki_dljhkdhibb�� H^gZdh�� ijyfh_� ijbf_g_gb_� f_lh^bd�� jZa\bluo� \� =-
ki_dljhkdhibb�� \� h[eZklv�FJL� q_eh\_dZ� k\yaZgh� k� k_jv_agufb� wdki_jb�

f_glZevgufb� b� l_hj_lbq_kdbfb� ijh[e_fZfb��IjbgpbibZevgh_� jZaebqb_�

f_`^m�l_ogbdhc�wdki_jbf_glZ�\�=-ki_dljhkdhibb�b�FJL�k�i_j_ghkhf�gZ�

fZ]gbq_gghklb� aZdexqZ_lky� \� lhf�� qlh� \�FJL� ijZdlbq_kdb� g_\hafh`gh�

^hklb`_gb_�klZpbhgZjgh]h�khklhygby�gZfZ]gbq_gghklb��dhlhjh_�y\ey_lky�

g_h[oh^bfuf�mkeh\b_f�\�=-ki_dljhkdhibb��>ey�^hklb`_gby�klZpbhgZjgh�
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]h�khklhygby�\�=-ki_dljhkdhibb�ijbf_gy_lky�JQ�h[emq_gb_�\�l_q_gb_��–
5 k�^ey�dZ`^h]h�pbdeZ�bfimevkghc�ihke_^h\Zl_evghklb��LZdb_�\j_f_ggu_�
iZjZf_lju�g_ijb_fe_fu�^ey�FJL�`b\uo�h[t_dlh\��ihkdhevdm�ijb\h^yl�d�

kebrdhf� [hevrhc� ^ebl_evghklb� wdki_jbf_glZ�� Djhf_� lh]h�� ^ebl_evgh_�

g_ij_ju\gh_�JQ�\ha^_ckl\b_�g_^himklbfh�\�FJL�q_eh\_dZ��bf_xs_c�^hk�

lZlhqgh�`_kldb_�h]jZgbq_gby�ih�ih]ehsZ_fhc�h[t_dlhf�fhsghklb�JQ�ih�

ey��Ihwlhfm�\�kh\j_f_gghc�FJL�k�i_j_ghkhf�gZfZ]gbq_gghklb�bkihevam�

_lky�bfimevkgh_�\g_j_ahgZgkgh_�gZkus_gb_�>��@��H[uqgh�ijbf_gyxl�gZ�

kusZxsb_� JQ� bfimevku� ^ebl_evghklvx� g_� [he__� ��–��� fk� ijb� h[s_c�

^ebl_evghklb� pbdeZ� bfimevkghc� ihke_^h\Zl_evghklb� TR = 40–����� fk��
>ey�hibkZgby�wdki_jbf_glZevgh�ihemqZ_fuo�ZgZeh]h\�Z-ki_dljh\�lj_[m�
_lky� hkh[uc�fZl_fZlbq_kdbc� ZiiZjZl�� ihkdhevdm� a^_kv� g_evay� bkihevah�

\Zlv�j_amevlZlu�ZgZebaZ��ijh\_^_ggh]h�^ey�klZpbhgZjgh]h�JQ�gZkus_gby� 
Hkh[_gghklvx�lhfh]jZnbq_kdh]h�kdZgbjh\Zgby�y\ey_lky�\hafh`ghklv�

[ukljh]h�ih\lhj_gby�bfimevkghc�ihke_^h\Zl_evghklb��TR << L1, L2���qlh�

kihkh[kl\m_l� j_ZebaZpbb� l�g��bfimevkgh]h� klZpbhgZjgh]h� khklhygby�� oZ�

jZdl_jbamxs_]hky� gme_\uf� kmffZjguf� ijbjZs_gb_f� \_dlhjZ� gZfZ]gb�

q_gghklb�\�l_q_gb_�ihegh]h�pbdeZ�bfimevkghc�ihke_^h\Zl_evghklb��LZdZy�

kblmZpby�bf__l�f_klh�\�[ukljuo�bfimevkguo�ihke_^h\Zl_evghklyo�]jZ^b�

_glgh]h� woZ� ^ey�FJL�� qZklh� ijbf_gy_fuo� \� dhf[bgZpbb� k� bfimevkghc�

l_ogbdhc�i_j_ghkZ�gZfZ]gbq_gghklb��>Zevg_cr__�jZa\blb_�dhebq_kl\_g�

guo�ih^oh^h\�\�FJL�k�i_j_ghkhf�gZfZ]gbq_gghklb�k\yaZgh�k�jZajZ[hldhc�

fZl_fZlbq_kdbo�fh^_e_c�i_j_ghkZ�gZfZ]gbq_gghklb�\�mkeh\byo�bfimevk�

gh]h�klZpbhgZjgh]h�khklhygby��<�jZ[hl_�>��@�[ue�ijh\_^_g�l_hj_lbq_kdbc�

ZgZeba� ^ey� b^_Zebabjh\Zggh]h� kemqZy� i_jbh^bq_kdb� ih\lhjyxsboky� dh�

jhldbo�\g_j_ahgZgkguo�gZkusZxsbo�bfimevkh\��gh�ijb�wlhfg_�[ueh�mq�

l_gh� \ha^_ckl\b_� kqblu\Zxs_]h� bfimevkZ�� bf_xs__� f_klh� \� j_Zevguo�

bfimevkguo�ihke_^h\Zl_evghklyo�� 
<� jZ[hl_� >��@� ij_^klZ\e_gZ� l_hjby� djhkk-j_eZdkZpbhgghc� ^bgZfbdb�

gZfZ]gbq_gghklb� \� mkeh\byo� bfimevkgh]h� klZpbhgZjgh]h� khklhygby� ^ey�

bfimevkghc�ihke_^h\Zl_evghklb�]jZ^b_glgh]h�woZ��GZ�hkgh\Zgbb�^Zgghc�

l_hjbb� [ue� ij_^eh`_g� gh\uc� wdki_jbf_glZevguc� f_lh^� bfimevkghc�

djhkk-j_eZdkZpbhgghc�ki_dljhkdhibb�b�ihdZaZgZ�\hafh`ghklv�_]h�ijbf_�
g_gby�\�debgbq_kdhc�FJ-lhfh]jZnbb�q_eh\_dZ�� 
 
 

�����L_hjby 

>bgZfbdZ� gZfZ]gbq_gghklb� \� kbkl_fZo� djhkk-j_eZdkZpbhggh� k\yaZg�
guo�kibgh\�hibku\Z_lky�mjZ\g_gbyfb�;ehoZ�\�fh^bnbdZpbb�FZd�Dhgg_eZ�

>��@��mqblu\Zxsbfb�h[f_g�f_`^m�Z-dhfihg_glZfb�gZfZ]gbq_gghklb��>ey�
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kemqZy�^\mo�njZdpbc�k\h[h^guo�b�k\yaZgguo�ijhlhgh\�kbkl_fZ�mjZ\g_gbc�

;ehoZ–FZd�Dhgg_eZ�bf__l�\b^� 

 
F
Y

F
X

FF
X MMR/dtdM �û22 +−= ,                     (2) 

 
F
Z

F
Y

FF
X

F
Y MMRM/dtdM 12 &�û2 +−−= ,                (3) 

 

0111 MRMfkM)kR(Mdt/dM FB
Z

F
Z

FF
Y

F
Z +++−ω−= ,  (4) 

 
B
Y

B
X

BB
X MMR/dtdM �û22 +−= ,          (5) 

 
B
Z

B
Y

BB
X

B
Y MMRM/dtdM 12 &�û2 +−−= ,               (6) 

 

0111 fMRkMM)fkR(Mdt/dM BF
Z

B
Z

BB
Y

B
Z +++−ω−= ,  (7) 

 
]^_� F,B

X,Y,ZM  — X-, Y-�b�Z-dhfihg_glu�gZfZ]gbq_gghklb�k\h[h^guo� �F��b�

k\yaZgguo� �B�� ijhlhgh\�� F,BF,B /TR 11 1= , F,BF,B /TR 22 1= —� kdhjhklb� ijh�

^hevghc�b�ihi_j_qghc�j_eZdkZpbb�� 0ν−ν=∆  —�hlkljhcdZ�JQ�ihey�hl�j_�

ahgZgkZ�� 0ν —�eZjfhjh\Z�qZklhlZ��h^bgZdh\Zy�^ey�k\h[h^guo�b�k\yaZgguo�

ijhlhgh\�� 11 Bγ=ω —�Zfieblm^Z�JQ�ihey��\ujZ`_ggZy�\�_^bgbpZo�qZklhlu�

(γ—� ]bjhfZ]gblgh_�hlghr_gb_��� f —�fheyjgh_�hlghr_gb_�njZdpbc� k\h�

[h^guo� b� k\yaZgguo� ijhlhgh\�� k —� wnn_dlb\gZy� dhgklZglZ� kdhjhklb�

djhkk-j_eZdkZpbb�� n_ghf_gheh]bq_kdb� hibku\ZxsZy� \deZ^u� y^_jgh]h�

wnn_dlZ�H\_joZma_jZ�b�obfbq_kdh]h�h[f_gZ��M0 —�jZ\gh\_kgZy�gZfZ]gb�

q_gghklv� njZdpbb� k\h[h^guo� ijhlhgh\�� JZ\gh\_kgZy� gZfZ]gbq_gghklv�

k\yaZgguo� ijhlhgh\� BM0 � \� mjZ\g_gbb� ���� \ujZ`_gZ� q_j_a� \_ebqbgu� f b 

M0: 
BM0 = f M0.  

GZ� hkgh\_� mjZ\g_gbc� ���–���� jZkkfhljbf� bfimevkgh_� klZpbhgZjgh_�
khklhygb_�� \hagbdZxs__� \� j_amevlZl_� ih\lhjyxs_]hky� \ha^_ckl\by� bf�

imevkghc� ihke_^h\Zl_evghklb� ]jZ^b_glgh]h� woZ� k� \g_j_ahgZgkguf� bf�

imevkhf�^ey�i_j_ghkZ�gZfZ]gbq_gghklb��jbk�������H^bg�pbde�bfimevkghc�

ihke_^h\Zl_evghklb� fh`gh� jZa^_eblv� gZ� �� \j_f_gguo� bgl_j\ZeZ�� gZku�

sZxsbc�bfimevk��aZ^_j`dZ�^ey�\dexq_gby�hqbsZxs_]h�]jZ^b_glZ��kqb�

lu\Zxsbc�bfimevk�b�j_eZdkZpbhggZy�aZ^_j`dZ�k�^ebl_evghklyfb�tm, ts, tp, 
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b tr khhl\_lkl\_ggh��GZkusZxsbc�bfimevk�bkihevam_lky�^ey�bg^mpbjh\Z�

gby�i_j_ghkZ�gZfZ]gbq_gghklb�b�bf__l� hlkljhcdm�∆��Kqblu\Zxsbc�bf�

imevk�nhjfbjm_l�ihi_j_qgmx�gZfZ]gbq_gghklv��baf_jy_fmx�\�\b^_�kb]�

gZeZ�]jZ^b_glgh]h�woZ��b�ijbf_gy_lky�gZ�j_ahgZgkghc�qZklhl_�∆� �����Hl�
f_lbf��qlh�ih�hdhgqZgbb�bgl_j\Zeh\�\j_f_gb�tm b tr�^ey�mkljZg_gby�hklZ�
lhqguo� ihi_j_qguo� dhfihg_gl� gZfZ]gbq_gghklb� ijbf_gyxlky� bfimevk�

gu_�\dexq_gby�]jZ^b_glguo�fZ]gblguo�ihe_c��]jZ^b_glguc�kihcebg]��� 
 

 
 

Jbk������>bZ]jZffZ�bfimevkghc�ihke_^h\Zl_evghklb�]jZ^b_glgh]h�woZ�k�i_j_ghkhf�

gZfZ]gbq_gghklb� 
 
 

>ey� \u\h^Z� mjZ\g_gbc�� hibku\Zxsbo� gZfZ]gbq_gghklv� \� mkeh\byo�

bfimevkgh]h� klZpbhgZjgh]h� khklhygby�� jZkkfhljbf� hl^_evgh� ^bgZfbdm�

ijh^hevguo�dhfihg_gl�gZfZ]gbq_gghklb�\�l_q_gb_�i_j_qbke_gguo�\ur_�

hlj_adh\� \j_f_gb��<\_^_f� \_dlhju�Mm, M s, Mp�� b�M r�� khklhysb_� ba�Z-
dhfihg_gl�gZfZ]gbq_gghklb�k\h[h^guo�b�k\yaZgguo�ijhlhgh\�ih�hdhgqZ�

gbb�bgl_j\Zeh\�tm, ts, tp��b tr: 
 

r,p,s,mi,
)tt(M

)tt(M

i
B
Z

i
F
Z

i =

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


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



=
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<�hlkmlkl\b_�JQ�ihe_c��bgl_j\Zeu�\j_f_gb�ts�b tr��w\hexpby�ijh^hev�
guo�dhfihg_gl�g_aZ\bkbfZ�hl�ihi_j_qguo�b�hibku\Z_lky�mjZ\g_gbyfb�����

b� ����ijb� 01 =ω ��J_r_gby�^ey�gZqZevguo�mkeh\bc��khhl\_lkl\mxsbo�kh�

klhygbx�gZfZ]gbq_gghklb�ihke_�gZkusZxs_]h�b�kqblu\Zxs_]h�bfimev�

kh\��ts = 0, M s(0) = Mm b�tr = 0, M r(0) = Mp���fh`gh�aZibkZlv�\�fZljbqghf�

\b^_�� 
( ) ( )( ) 0expexp MRIMRM ⋅−+⋅= smss tt ,        (8) 

 
( ) ( )( ) 0expexp MRIMRM ⋅−+⋅= rprr tt ,        (9) 

 
]^_�R —�j_eZdkZpbhggZy�fZljbpZ� 
 













−−
−−=

f/kRk

f/kkR
B

F

1

1R  ; 

 
M0 —�\_dlhj�jZ\gh\_kghc�gZfZ]gbq_gghklb� 









=

f
M

1
00M ; 

 
I  —�_^bgbqgZy�fZljbpZ��MjZ\g_gby�����b�����hibku\Zxl�^\mowdkihg_gpb�

Zevgmx�j_eZdkZpbx�ijh^hevguo�dhfihg_gl� k�dhgklZglZfb�kdhjhklb��hi�

j_^_ey_fufb�kh[kl\_ggufb�agZq_gbyfb�fZljbpu�R. 
L_hj_lbq_kdh_�hibkZgb_�^_ckl\by�gZkusZxs_]h�bfimevkZ�gZ�kibgh�

\mx�kbkl_fm�\�h[s_f�kemqZ_�lj_[m_l�j_r_gby�mjZ\g_gbc�kbkl_fu����–(7) 
b�g_�fh`_l�[ulv�\ujZ`_gh�ZgZeblbq_kdb��H^gZdh�\hafh`gh�kms_kl\_ggh�

mijhklblv�fZl_fZlbq_kdh_�hibkZgb_��_keb�ij_g_[j_qv�g_ihkj_^kl\_gguf�

\ebygb_f� JQ� \ha^_ckl\by� gZ� gZfZ]gbq_gghklv� k\h[h^ghc� njZdpbb��>ey�

wlh]h� \� oh^_� wdki_jbf_glZ� g_h[oh^bfh� aZ^Zlv� ^hklZlhqgh� [hevrmx� hl�

kljhcdm�b�gbadmx�fhsghklv�JQ�ihey��<�wlhf�kemqZ_�ihi_j_qgu_�dhfih�

g_glu�gZfZ]gbq_gghklb�k\h[h^guo�ijhlhgh\�\uiZ^Zxl�ba�mjZ\g_gbc���–
�����qlh�iha\hey_l�kgbablv�jZaf_jghklv�kbkl_fu�k� ��^h� ���L_hj_lbq_kdbc�

ZgZeba�>��@�b�qbke_ggh_�fh^_ebjh\Zgb_�>��@�bfimevkgh]h�i_j_ghkZ�gZfZ]�

gbq_gghklb�ijb�^Zgghf�ij_^iheh`_gbb�ihdZaZeb��qlh�^bgZfbdZ�gZfZ]gb�

q_gghklb�\�l_q_gb_�gZkusZxs_]h�bfimevkZ�k�\ukhdhc�lhqghklvx�hibku�

\Z_lky�wnn_dlb\gufb�mjZ\g_gbyfb�^ey�ijh^hevguo�dhfihg_gl� 
 

( ) 011 MRMfkMkRdt/dM FB
Z

F
Z

FF
Z +++−=    (10) 
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( ) 011 fMRkMMRfkRdt/dM BF
Z

B
Z

B
rf

BB
Z ++++−= ,    (11) 

 

]^_ B
rfR  —�kdhjhklv�ml_qdb�ijh^hevghc�gZfZ]gbq_gghklb�k\yaZgguo�kib�

gh\�ih^�^_ckl\b_f�JQ�h[emq_gby� 

( ) 1û2
2

2

2
2
1

+π

ω=
B

B
B
rf

T

T
R .          (12) 

 
MjZ\g_gby� �����b� �����ihemq_gu�gZ�hkgh\_�klZpbhgZjgh]h�ijb[eb`_�

gby�^ey�ihi_j_qguo�dhfihg_gl�k\yaZgguo�ijhlhgh\��dhlhjh_�\uihegy_l�

ky��_keb� m
B tT <<2 ��>Zggh_�mkeh\b_�kijZ\_^eb\h�^ey�[hevrbgkl\Z�[bheh]b�

q_kdbo�fZl_jbZeh\� � BT2 �hl���^h����fdk��b�JQ�bfimevkh\��ijbf_gy_fuo�\�

FJL��tm�h[uqgh�\�ij_^_eZo��–���fk��� 

G_h[oh^bfh� hlf_lblv�� qlh� iZjZf_lj� B
rfR � g_ihkj_^kl\_ggh� k\yaZg� k�

nhjfhc�ebgbb�ih]ehs_gby�k\yaZgguo�kibgh\� )(g ∆π2 [5,6]: 
 

)(gRB
rf ∆ππω= 22

1 .                 (13) 

 

<ujZ`_gb_� �����khhl\_lkl\m_l�ehj_gp_\hc�nhjf_�ebgbb�b�ke_^m_l�ba�

klZpbhgZjgh]h�j_r_gby�mjZ\g_gbc�;ehoZ��:evl_jgZlb\gu_�nmgdpbb�nhj�

fu�ebgbb��wfibjbq_kdb�ijbf_gy_fu_�\�YFJ�mihjy^hq_gguo�kj_^��lZd`_ 
fh`gh�\\_klb�\������b��ke_^h\Zl_evgh��\�mjZ\g_gb_������<�qZklghklb��\�klZ�

pbhgZjghc� =-ki_dljhkdhibb� [bheh]bq_kdbo� fZl_jbZeh\� bkihevah\Zebkv�
]Zmkkh\Z�>������@� 

( ) ( ) 




 ∆π−

π
=∆π

2
2

2 2
2

1
exp2 B

B

T
T

g     (14) 

 
b�kmi_jehj_gp_\Z�>����@� 
 

θθ



























−θ

∆π
−

−θπ
=∆π ∫

π

d
T

||

T
)(g

BB

sin
1cos3

2
2exp

1cos3

2
2

2

0

2

2
2

2
2   (15) 

 
nhjfu�ebgbb��Nmgdpby� ������dZd�[ueh�ihdZaZgh�^ey�jy^Z�[bheh]bq_kdbo�

ldZg_c�in vitro [64] b�\_s_kl\Z�fha]Z�djuku�in vivo�>��@��h[_ki_qb\Z_l�emq�
rmx�ZiijhdkbfZpbx� wdki_jbf_glZevguo�^Zgguo��q_f�ehj_gp_\Z�b� ]Zmk�
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kh\Z� nhjfu� ebgbb�� >Zggh_� h[klhyl_evkl\h� h[mkeh\beh� \u[hj� kmi_jeh�

j_gp_\hc�nhjfu�ebgbb�\�gZklhys_c�jZ[hl_��h^gZdh��\hafh`gh��g_h[oh^b�

fh�^Zevg_cr__�bamq_gb_�\hijhkZ�h[�hilbfZevghc�nhjf_�ebgbb�k\yaZgguo�

ijhlhgh\� \� dhgl_dkl_� bkke_^h\Zgbc� gZ� q_eh\_d_ in vivo� k� ijbf_g_gb_f�
ij_^eh`_ggh]h�f_lh^Z�bfimevkghc�djhkk-j_eZdkZpbhgghc�ki_dljhkdhibb� 

FZljbqgh_�j_r_gb_�kbkl_fu�mjZ\g_gbc� �����������^ey�bgl_j\ZeZ�\j_�

f_gb� 
tm�b�gZqZevguo�mkeh\bc��tm = 0, Mm(0) = M r��bf__l�\b^�� 
 

( ) ( )( ) SSmrfrmrfm tt MRIMRM ⋅−+⋅= expexp ,  (16) 

]^_� 













−−−
−−

= B
rf

B

F

rf
Rf/kRk

f/kkR

1

1R ;  

 

MSS —� \_dlhj� klZpbhgZjghc� gZfZ]gbq_gghklb� k� we_f_glZfb�� khhl\_lkl�

\mxsbfb�agZq_gbyf� 
ijh^hevguo�dhfihg_gl�ijb�klZpbhgZjghf�gZkus_gbb�� 









=

B
ZSS

F
ZSS

SS
M

M
M , 

 

( )( ) fkRfkRkR

RRkRfkRRR
MM

B
rf

BF

B
rf

FBFBF
F
ZSS 2

11

11111
0

−+++

+++
= ,  (17) 

 

( )( ) fkRfkRkR

kRfkRRR
fMM

B
rf

BF

BFBF
B
ZSS 2

11

1111
0

−+++
++= .  (18) 

 
MjZ\g_gb_� ����� hibku\Z_l� ^\mowdkihg_gpbZevgmx� w\hexpbx� ijh�

^hevghc�gZfZ]gbq_gghklb�d�klZpbhgZjghfm�khklhygbx��Ijb�wlhf������y\�

ey_lky�mjZ\g_gb_f�nhjfu�ebgbb�klZpbhgZjgh]h�=-ki_dljZ�ijb�hlkmlkl\bb�
ijyfh]h�JQ�gZkus_gby�gZfZ]gbq_gghklb�k\h[h^guo�ijhlhgh\�� 

>ey�hibkZgby�^_ckl\by�kqblu\Zxs_]h�bfimevkZ�[m^_f�ij_^iheZ]Zlv��

qlh� hg� g_� hdZau\Z_l� agZqbfh]h� \ebygby� gZ� gZfZ]gbq_gghklv� k\yaZgguo�

kibgh\� \\b^m� ^hklZlhqgh� gbadhc� fhsghklb� b� dhjhldhc� ^ebl_evghklb��

>_ckl\b_� ^Zggh]h� bfimevkZ� gZ� kibgh\mx� kbkl_fm� fh`gh� ij_^klZ\blv�

dZdih\hjhl�\_dlhjZ�gZfZ]gbq_gghklb�k\h[h^ghc�njZdpbb�gZ�m]he�α��?keb�
ihi_j_qgu_� dhfihg_glu� hlkmlkl\mxl� i_j_^� kqblu\Zxsbf� bfimevkhf��

k\yav�f_`^m�\_dlhjZfb�M p�b�M s�bf__l�\b^� 
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sp MCM ⋅= ,               (19) 

]^_�C —�^bZ]hgZevgZy�fZljbpZ 
 








 α
=

10

0cos
C . 

MjZ\g_gby����������������b������y\eyxlky�hkgh\hc�^ey�jZkq_lZ�ijh^hev�

ghc� gZfZ]gbq_gghklb� \� mkeh\byo� bfimevkgh]h� klZpbhgZjgh]h� khklhygby�

^ey�ex[h]h�fhf_glZ�\j_f_gb��J_r_gb_�mjZ\g_gbc����������������b������hlgh�

kbl_evgh�M s�bf__l�\b^� 
  

( ) ( ) ( )[ ]
( ) ( ) ( )[ ]{

( ) ( )[ ] ( )}SSmrfs

rsmrf

rsmrfs

tt

ttt

ttt

MMRIR

MRRRI

CRRRIM

−⋅−⋅−

−⋅⋅⋅−×

×⋅⋅⋅−= −

0

0

1

expexp

expexpexp

expexpexp

.  (20) 
 
Ba� j_r_gby� mjZ\g_gbc� �����fh`gh� \uqbkeblv� ijh^hevgmx� gZfZ]gb�

q_gghklv�k\h[h^ghc�njZdpbb� F
ZSM ��\oh^ys_c�\�\_dlhj�M s���dhlhjZy�ijyfh�

ijhihjpbhgZevgZ�wdki_jbf_glZevgh�baf_jy_fhc�bgl_gkb\ghklb�kb]gZeZ�� 
 

( ) α−= sinexp 2
*F

ZSmt T/TEMS ,                 (21) 

 

]^_� *T2 —� wnn_dlb\gh_� \j_fy� ihi_j_qghc� j_eZdkZpbb� k� mq_lhf� g_h^gh�

jh^ghkl_c�fZ]gblgh]h�ihey�

 
MjZ\g_gb_������ihdZau\Z_l��qlh�gZfZ]gbq_gghklv�\�mkeh\byo�bfimevk�

gh]h�klZpbhgZjgh]h�khklhygby�fh`gh�ijyfh�\ujZablv�q_j_a�jZ\gh\_kgmx�

klZpbhgZjgmx�gZfZ]gbq_gghklv�b�iZjZf_lju�bfimevkghc�ihke_^h\Zl_ev�

ghklb��>Zggh_�mjZ\g_gb_�ij_^klZ\ey_lky�[he__�m^h[guf�^ey�fZl_fZlbq_�

kdh]h�fh^_ebjh\Zgby�bfimevkgh]h�i_j_ghkZ�gZfZ]gbq_gghklb��q_f�ih^oh�

^u�� hkgh\Zggu_� gZ� qbke_gghf� j_r_gbb� ^bnn_j_gpbZevguo� mjZ\g_gbc�

;ehoZ-FZdDhgg_eZ�>������–��@��<�lh�`_�\j_fy��ZgZeblbq_kdh_�\ujZ`_gb_�

^ey� F
ZSM ��dhlhjh_�fh`_l�[ulv�ihemq_gh�ba�������hdZau\Z_lky�qj_a\uqZcgh�

keh`guf� b� ijZdlbq_kdb� [_kihe_aguf� ^ey� ZgZebaZ� wdki_jbf_glZevguo�

^Zgguo��qlh�^bdlm_l�g_h[oh^bfhklv�^Zevg_crbo�mijhs_gbc�� 
K�ijZdlbq_kdhc�lhqdb�aj_gby�bgl_j_kgh�jZkkfhlj_lv�kemqZc�ij_^_ev�

gh�dhjhldbo�\j_f_g� tm, ts, tr�b�fZeh]h�m]eZ�α���qlh�khhl\_lkl\m_l�f_lh^m�
FJL� FLASH (Fast Low-Angle Shot�� >��@�� m^h[ghfm� ^ey� ijh\_^_gby� �D-
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kdZgbjh\Zgby�\�dhf[bgZpbb�k�i_j_ghkhf�gZfZ]gbq_gghklb��:iijhdkbfb�

jmy�FRVα�dZd� 
( ) α+≈α=α cosln1coslnexpcos , 

 
jZaeZ]Zy�fZljbqgu_�wdkihg_glu�\�jy^�b�ij_g_[j_]Zy�qe_gZfb�\ur_�i_j\h�

]h�ihjy^dZ�ba�������ihemqZ_f� 
 

( )[ ] ( )[ ]mSSrfrsrsmrfs tttttt MRMRCRRM ⋅++⋅⋅+++≈ −
0

1ln . (22) 

 
Mqblu\Zy��qlh�75�≈ tm + ts + tr��_keb�^ebl_evghklv�kqblu\Zxs_]h�bf�

imevkZ�ij_g_[j_`bfh�fZeZ��b�ijbf_gyy�lh`^_kl\h� 












−=⋅=⋅

B

F

SSrf
fR

R
M

1

1
00 MRMR , 

 
\ujZ`_gb_������fh`gh�aZibkZlv�\�\b^_ 

( )











⋅













−−−
−−−

≈











−

B

F

B
rf

B

F

B
ZS

F
ZS

fR

R

sRf/kRk

f/kTRkR
M

M

M

1

1

1

1

1
0

cos.ln
,   (23) 

 
]^_�s —�kd\Z`ghklv�gZkusZxsbo�bfimevkh\�� TRts m= ��Ba������ke_^m_l�

ijb[eb`_gb_�i_j\h]h�ihjy^dZih�α ^ey F
ZSM : 

 

( )( )( ) fksRfkRTRkR

sRRkRfkRRR
MM

B
rf

BF

B
rf

FBFBF
F
ZS 2

11

11111
0

cos.ln −++−+

+++
≈ .  (24) 

 
<ujZ`_gb_������\u]ey^bl�ZgZeh]bqgh�klZpbhgZjghfm�agZq_gbx�������\�

dhlhjhf� \f_klh� B
rfR � b� FR1 ijbkmlkl\mxl� wnn_dlb\gu_� agZq_gby� B

rfsR  

b ( ) TRRF
.cosln1 − ��aZ\bkysb_�hl�iZjZf_ljh\�bfimevkghc�ihke_^h\Zl_ev�

ghklb��Mqblu\Zy�gZebqb_�\������g_hij_^_e_gghc�dhgklZglu� 0M ��^ey�ZgZ�

ebaZ� wdki_jbf_glZevguo� ^Zgguo� g_h[oh^bfZ� ghjfbjh\dZ� gZ� bgl_gkb\�

ghklv� kb]gZeZ� ijb� hlkmlkl\bb� gZkusZxs_]h� bfimevkZ� 0S �� ZgZeh]bqgh�

jZkq_lm� MTR� ����� IheZ]Zy�� qlh� ^ey� 0S � kijZ\_^eb\h� \ujZ`_gb_� ����� k�

F
ZSM ��jZkkqblZgguf�ijb� 0=B

rfR �kh]eZkgh������beb�������^ey�ghjfbjh\Zg�

ghc�\_ebqbgu 
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( ) ( ) MTRRMRMSSm B
rf

F
ZS

B
rf

F
ZSmtS −===≡ 100           (25) 

 
bkihevamy�������bf__f� 

( )
B
rf

B
rf

S
QRP

RQP
m

+

−+
=

1
,                (26) 

]^_� 

( )( )( )
( )( )TRRRk

TRfkRRR
P

B
S

B
SS

cos.ln

cos.ln

1

1

−

+−
= ,             (27) 

 

( )( )
( )( )TRRRk

TRkRR
Q

B
S

F
S

lncos.

lncos.

1

1

−

−+
= ,        (28) 

 

kRfkRRRR BFBF
S 1111 ++= .    (29) 

 
MjZ\g_gb_������hibku\Z_l�nhjfm�ebgbb�=-ki_dljZ��ihemq_ggh]h�\�mk�

eh\byo�bfimevkgh]h�klZpbhgZjgh]h�khklhygby�gZfZ]gbq_gghklb��Ijb�wlhf�

aZ\bkbfhklv� kb]gZeZ� hl� hlkljhcdb� b� fhsghklb� JQ� ihey� hij_^_ey_lky�

nmgdpb_c� B
rfR �\�khhl\_lkl\bb�k�\ujZ`_gbyfb������b�������IZjZf_lju�P, Q 

b BT2 iheghklvx�hij_^_eyxl�nhjfm�ebgbb�=-ki_dljZ�b�fh]ml�[ulv�gZc^_�

gu� �gZijbf_j�� k� ihfhsvx� g_ebg_cgh]h� f_lh^Z� gZbf_gvrbo� d\Z^jZlh\�

�FGD��� ba� k_jbb� baf_j_gbc� bgl_gkb\ghkl_c� ijb� jZaebqguo� agZq_gbyo�

fhsghklb�b�hlkljhcdb�gZkusZxs_]h�bfimevkZ��G_kfhljy�gZ�lh��qlh�dh�

wnnbpb_glu�P�b Q�y\eyxlky�^hklZlhqgh�keh`gufb�dhf[bgZpbyfb�fhe_�
dmeyjgh-nbabq_kdbo�iZjZf_ljh\��hij_^_eyxsbo�^bgZfbdm�gZfZ]gbq_ggh�

klb��bo�kfuke�fh`gh�ijhykgblv�\�ij_g_[j_`_gbb�\_ebqbghc� fkRB <<1 . 

LZd`_� g_h[oh^bfh� hlf_lblv�� qlh�� kh]eZkgh� ^Zgguf� klZpbhgZjghc� =-

ki_dljhkdhibb��\_ebqbgZ BR1 �g_�ih^^Z_lky�gZ^_`ghfm�wdki_jbf_glZevgh�

fm�hij_^_e_gbx�—�\�jZ[hlZo�>��–��@�ijb\h^ylky�agZq_gby�wlhc�\_ebqbgu�

kh�agZqbl_evguf�jZa[jhkhf���–���k–1 ��Nbabq_kdb�ij_g_[j_`_gb_�
B
rfR �ha�

gZqZ_l�� qlh� ^hfbgbjmxsbfb�f_oZgbafZfb� i_j_ghkZ� a__fZgh\kdhc� wg_j�

]bb� ^ey� k\yaZgguo� kibgh\� y\eyxlky� JQ� gZkus_gb_� b� djhkk-j_eZdkZpby��

Ijb� fkRB <<1 �bf__f� 

( )( ) fTRRP F α−≈ cosln1 ,         (30) 



=eZ\Z�� 
 

 

108 

 

( )( ) kTRRQ F α−+≈ cosln1 1 .            (31) 

 
LZdbf�h[jZahf��iZjZf_lju�P�b Q�ijb�^hklZlhqgh�fZeuo�m]eZo�α��^Zxl�

hp_gdb�hlghr_gbc fRF
1 b� kRF

1 .  
 

 
 
Jbk������Ijbf_ju�ihkljh_gby�jZkq_lguo�]jZnbdh\�^ey�Z-ki_dljh\�ijb�jZaebqguo�
ZiiZjZlmjguo�iZjZf_ljZo��B1�b�α���Z�lZd`_�iZjZf_ljZo�h[f_gZ�— k�b�f���Ih�]hjb�
ahglZevghc�hkb�hleh`_gh� agZq_gb_�hlkljhcdb�û�\�d=p��AgZq_gby�nbdkbjh\Zgguo�

iZjZf_ljh\�^ey�ij_^klZ\e_gguo�]jZnbdh\�b�dhff_glZjbb�ijb\_^_gu�\�jZ[hl_�>��@� 
 
 
 

�����Wdki_jbf_glZevgZy�qZklv 
 

Wdki_jbf_glu�ih�FJL�\uihegyebkv�gZ�����Le�lhfh]jZn_�TOMIKON 
S50 (BRUKER���>ey�baf_j_gby�djhkk-j_eZdkZpbhgguo�ki_dljh\�bkihevah�
\Zebkv�lhfh]jZffu��ihemq_ggu_�k�ihfhsvx�bfimevkghc�ihke_^h\Zl_ev�

ghklb� �D� ]jZ^b_glgh]h� woZ� k� i_j_ghkhf� gZfZ]gbq_gghklb� �TR  � ��� fk��
TE  � ��fk��α = 8°��I_j_ghk�gZfZ]gbq_gghklb� hkms_kl\eyeky� k�ihfhsvx�

gZkusZxs_]h� JQ� bfimevkZ� k� ]Zmkkh\hc�nhjfhc� h]b[Zxs_c� ^ebl_evgh�

klvx� tm� ����fk��>ebl_evghklb�bgl_j\Zeh\�bfimevkghc�ihke_^h\Zl_evgh�
klb�ts, tp��b tr �jbk������khklZ\eyeb��������b������fk��Baf_j_gby�ijh\h^bebkv�

^ey�k_jbb�agZq_gbc�∆�\�bgl_j\Ze_��–��d=p�b�^\mo�agZq_gbc�B1 ���fdL�b���

fdL��gZkusZxs_]h�bfimevkZ��=jZ^b_glguc�kihcebg]�hkms_kl\eyeky�ijb�

ihfhsb�^\mo�bfimevkh\�k_e_dlbjmxs_]h�]jZ^b_glZ�k�^ebl_evghklvx���fk�

b� Zfieblm^hc� ���fL�f��Ijhlhdhe�kdZgbjh\Zgby�\dexqZe�gZdhie_gb_� �-o�
f_jghc� fZljbpu� ^Zgguo� jZaf_jhf� ���×108×�� �ijhkljZgkl\_ggh_� jZaj_�
r_gb_����×1.6×��ff��ijb�mkj_^g_gbb���kb]gZeh\��<j_fy�kdZgbjh\Zgby�kh�
klZ\eyeh� �� fbg�� H[s__� \j_fy� wdki_jbf_glZ� ^ey� ihemq_gby� djhkk-
j_eZdkZpbhgguo�ki_dljh\�����lhq_d��—�hdheh���q�� 
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H[hkgh\Zgghklv�ijbf_g_gby�ijb[eb`_gby�i_j\h]h�ihjy^dZ��ijbgylh�

]h� ijb� \u\h^_� \ujZ`_gbc� ����� b� ������ [ueZ� mklZgh\e_gZ� gZ� hkgh\Zgbb�

kjZ\g_gby� j_amevlZlh\� qbke_ggh]h� fh^_ebjh\Zgby� kh]eZkgh� mjZ\g_gbyf�

����� b� ������Ijb� mkeh\byo� wdki_jbf_glZ� jZaebqb_�f_`^m� lhqguf� ����� b�

ijb[eb`_gguf������j_r_gbyfb�g_�ij_\urZeh�� %. 
H[jZ[hldZ�djhkk-j_eZdkZpbhgguo�ki_dljh\�ijh\h^beZkv�ijb�ihfhsb�

ki_pbZevgh� jZajZ[hlZgghc� dhfivxl_jghc� ijh]jZffu�� j_Zebamxs_c� hi�

lbfbaZpbx� wdki_jbf_glZevguo� aZ\bkbfhkl_c� k� ihfhsvx� g_ebg_cgh]h�

FGD� \� jZfdZo�fZl_fZlbq_kdhc�fh^_eb�� hibku\Z_fhc� mjZ\g_gbyfb� ������

(13), (15). 
 
 
 

����J_amevlZlu�b�h[km`^_gb_ 

 
<�dZq_kl\_�beexkljZpbb�d�debgbq_kdhfm�ijbf_g_gbx�jZajZ[hlZggh]h�

f_lh^Z�bfimevkghc�djhkk-j_eZdkZpbhgghc�ki_dljhkdhibb�ijb\h^ylky�j_�
amevlZlu�wdki_jbf_glZ��\uiheg_ggh]h�ijb�bkke_^h\Zgbb�]heh\gh]h�fha]Z�

[hevgh]h� jZkk_ygguf� kde_jhahf�� HqZ]b� ihjZ`_gby� [ueb� ehdZebah\Zgu�

\bamZevgh� ih� ljZ^bpbhggh� ijbf_gy_fuf� \� ^bZ]ghklbd_� L2-\a\_r_gguf�

bah[jZ`_gbyf� �T�<B�� b� k� ihfhsvx� f_lh^bdb� )/$,5�� h[_ki_qb\Zxs_c�

dhgljZkl��[ebadbc�d�T�<B ijb�ih^Z\e_gbb�kb]gZeZ�k\h[h^ghc�`b^dhklb�
�jbk�����A, B���IZlheh]bq_kdb�baf_g_ggh_�[_eh_�\_s_kl\h�oZjZdl_jbam_lky�

]bi_jbgl_gkb\guf�kb]gZehf�gZ�T�<B�b�)/$,5-lhfh]jZffZo��Ijb�wlhf�\�
jZkkfZljb\Z_fhf�kemqZ_�hlkmlkl\m_l�\ujZ`_ggh_�ih\ur_gb_�L1 \�hqZ]Zo�

ihjZ`_gby�� qlh� beexkljbjm_lky� bahbgl_gkb\guf� kb]gZehf� gZ� T�<B�
�jbk� 78 C).  
 

 
 
Jbk�� ����FZ]gblgh-j_ahgZgkgu_� lhfh]jZffu� ]heh\gh]h�fha]Z� [hevgh]h� jZkk_yg�
guf�kde_jhahf��A — T�<B��B — FLAIR; C —�dZjlZ�MTR�ijb�∆� ���d=p��<1 = 5 
fdL��D�b�E —�dZjlu�^ey�P�b�Q��khhl\_lkl\_ggh��HqZ]b�ihjZ`_gby�hlf_q_gu�klj_e�
dZfb�� 
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Bah[jZ`_gb_�� ihkljh_ggh_� ih� jZkij_^_e_gbx�MTR (MTR-dZjlbjh\Z-
gb_��^_fhgkljbjm_l�\ujZ`_ggh_� kgb`_gb_�\_ebqbgu�MTR�\� ahgZo�ihjZ�
`_gby��jbk�����D���qlh�gZoh^blky�\�ohjhr_f�khhl\_lkl\bb�k�ebl_jZlmjgu�

fb�^Zggufb�>��@� 
>ey�^\mo�hqZ]h\�ihjZ`_gby��Z�lZd`_�^ey�ghjfZevgh]h�[_eh]h�b�k_jh]h�

\_s_kl\Z� fha]Z� ih� ^Zgguf� k_jbb� baf_j_gbc�� hibkZgguo� \� wdki_jbf_g�

lZevghc�qZklb��[ueb�ihkljh_gu�djhkk-j_eZdkZpbhggu_�ki_dlju��Jbk������� 

 

 
 
Jbk������Bfimevkgu_�djhkk-j_eZdkZpbhggu_�ki_dlju��A —�[_eh]h�\_s_kl\Z��B — 
k_jh]h�\_s_kl\Z�b�C, D —�hqZ]h\�ihjZ`_gby�]heh\gh]h�fha]Z�[hevgh]h�jZkk_yg�

guf� kde_jhahf�� wdki_jbf_glZevgu_� agZq_gby�ijb�B1  � �fdL� �gb`gyy� \_l\v��b� ��

fdL��\_jogyy�\_l\v��l_hj_lbq_kdb_�ki_dlju��kiehrgu_�ebgbb��jZkkqblZgu�^ey�iZ�

jZf_ljh\�ba�LZ[e���ih�mjZ\g_gbyf�������������������Ih�]hjbahglZevghc�hkb�hleh`_�

gZ�hlkljhcdZ�∆�\�d=p� 

 
Hilbfbabjh\Zggu_� k� ihfhsvx� g_ebg_cgh]h�FGD� ^ey� \k_]h� gZ[hjZ�

wdki_jbf_glZevguo� ^Zgguo� iZjZf_lju� P,Q� b� BT2 �� Z� lZd`_� wdki_jbf_g�

lZevgu_�agZq_gby MTR�ijb\_^_gu�\�lZ[e����DZd�\b^gh�ba�jbk������ij_^eh�
`_ggZy� l_hj_lbq_kdZy�fh^_ev� ^hklZlhqgh� Z^_d\Zlgh� hibku\Z_l� wdki_jb�

f_glZevgu_� aZ\bkbfhklb�� JZaebqby�nhjfu� ebgbb� djhkk-j_eZdkZpbhgguo�
ki_dljh\�^ey�ghjfZevgh]h�b�iZlheh]bq_kdb�baf_g_ggh]h�\_s_kl\Z�fha]Z�\�

hkgh\ghf�hij_^_eyxlky�iZjZf_ljZfb�P b Q.  

Ijb� wlhf� \_ebqbgZ� BT2 �� hibku\ZxsZy�rbjbgm� kmi_jehj_gp_\hc�eb�

gbb�ih]ehs_gby�k\yaZgguo�ijhlhgh\��hdZau\Z_lky�ijZdlbq_kdb�h^bgZdh�

\hc�^ey�\k_o�ki_dljh\��>Zgguc�\u\h^�ohjhrh�kh]eZkm_lky�k�j_amevlZlZfb�

bkke_^h\Zgbc�ih� klZpbhgZjghc� =-ki_dljhkdhibb� >���� ��@�� kh]eZkgh�dhlh�

juf� \� ij_^iheh`_gbb� kmi_jehj_gp_\hc�nhjfu� ebgbb� agZq_gby� BT2 � ^ey�

jZaebqguo�ldZg_c�qj_a\uqZcgh�[ebadb�b�e_`Zl�\�ij_^_eZo����–�����fdk� 
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LZ[ebpZ����J_amevlZlu�h[jZ[hldb�djhkk-j_eZdkZpbhgguo�ki_dljh\�]heh\gh]h�
fha]Z�[hevgh]h�jZkk_ygguf�kde_jhahf 

 

IZjZf_lju�Z-ki_dljZ 

J_]bhg BT2 ��fdk P�=p Q 

MTR, % 
Ijb� 

∆ = 2 d=p�� 
<1 = 5 fdL 

;_eh_�\_s_kl\h 
K_jh_�\_s_kl\h 
HqZ]�� 
HqZ]�� 

9.1 ± 0.6 

8.8 ± 0.5 

8.9 ± 0.7 

8.6 ± 0.6 

20.5 ± 1.5 

23.6 ± 1.4 

32.6 ± 2.5 

27.9 ± 1.9 

1.31± 0.16 

1.36 ± 0.15 

1.38 ± 0.26 

1.43 ± 0.21 

41.6 ± 1.5 

37.7 ± 1.5 

31.5 ± 1.8 

32.7 ± 1.7 

 
KhihklZ\e_gb_�^Zgguo�lZ[ebpu���iha\hey_l�hp_gblv�^bZ]ghklbq_kdb_�

b� bkke_^h\Zl_evkdb_� i_jki_dlb\u� djhkk-j_eZdkZphgghc� ki_dljhkdhibb��
GZb[he__�\ujZ`_ggu_�jZaebqby�f_`^m�ghjfZevgufb�b�iZlheh]bq_kdbfb�

ldZgyfb� gZ[ex^Zxlky� ^ey� iZjZf_ljZ� P�� LZd`_� bf_xl� f_klh� agZqbfu_�
jZaebqby� \_ebqbg� MTR�� h^gZdh� hlghkbl_evguc� ^bZiZahg� bo� baf_g_gbc�
f_gvr_��q_f�^ey�P��<ujZ`_gguc�oZjZdl_j�iZlheh]bq_kdbo�baf_g_gbc�\_�
ebqbgu�P�fh`gh�bgl_jij_lbjh\Zlv�\�khhl\_lkl\bb�k�mjZ\g_gb_f�������dZd�
ke_^kl\b_� mf_gvr_gby� hlghkbl_evgh]h� kh^_j`Zgby� njZdpbb� k\yaZgguo�

ijhlhgh\� �f�� ijb� ^_fb_ebgbabjmxs_f� ijhp_kk_��K� ^Zgguf� \u\h^hf� kh�

]eZkm_lky� lhl�nZdl�� qlh� ^ey� [_eh]h� \_s_kl\Z�P�f_gvr_�� q_f�^ey� k_jh]h��

:gZeh]bqgZy�l_g^_gpby�bf__l�f_klh�^ey�iZjZf_ljZ�Q��gh�^bZiZahg�_]h�ba�
f_g_gbc�khbaf_jbf�k�ih]j_rghklvx�hij_^_e_gby��G_h[oh^bfh�hlf_lblv��

qlh�mdZaZggu_�jZaebqby�g_�y\eyxlky�hljZ`_gb_f�\deZ^Z�ijh^hevghc�j_�

eZdkZpbb� kh]eZkgh�mjZ\g_gbyf� �����b� ������ lZd�dZd�baf_g_gby�gZ[ex^Z_�

fhc� kdhjhklb� ijh^hevghc� j_eZdkZpbb� \� ldZgyo� �ijb[ebabl_evgh� jZ\ghc�
FR1 �bf_xl�ijhlb\hiheh`guc�oZjZdl_j��[_eh_�\_s_kl\h�!�k_jh_�\_s_kl\h�≥ 

h[eZklb�^_fb_ebgbaZpbb���FZehfm�baf_g_gbx�agZq_gbc�iZjZf_ljZ�Q��ih-
\b^bfhfm�� khhl\_lkl\m_l� fZeh_� jZaebqb_� dhgklZgl� kdhjhklb� djhkk-
j_eZdkZpbb� k� ^ey� bamq_gguo� ldZg_c��Ihemq_ggu_� j_amevlZlu� iha\heyxl�
bgl_jij_lbjh\Zlv�gZ[ex^Z_fu_�iZlheh]bq_kdb_�baf_g_gby�MTR�dZd�ijh�
y\e_gb_�\deZ^Z�\_ebqbgu�P�b��ke_^h\Zl_evgh�f��<�lh`_�\j_fy��g_evay�bk�
dexqblv�� qlh� ijb� iZlheh]byo�� oZjZdl_jbamxsboky� agZqbl_evgufb� baf_�

g_gbyfb�fZdjhfhe_dmeyjghc� kljmdlmju�� \ebygb_� iZjZf_ljZ�Q� hdZ`_lky�
[he__�agZqbfuf� 
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Jbk. 80.�IZjZf_ljbq_kdb_� dZjlu��nhjfbjm_fu_� ijb� wdki_jbf_glZo� k� i_j_ghkhf�
gZfZ]gbq_gghklb� >��@�� >ey�FJL-bkke_^h\Zgby� [hevgh]h� jZkk_ygguf� kde_jhahf�
ij_^klZ\e_gu��A — T�<B��B, C, D, E-dZjlu��khhl\_lkl\_ggh��T1, MTR (∆� ���d=p���
k, f.  
 

 

 
 

Jbk������Hkgh\gu_�iZjZf_ljbq_kdb_�dZjlu��nhjfbjm_fu_�ijb�wdki_jbf_glZo�k�i_�
j_ghkhf� gZfZ]gbq_gghklb� >��@��>ey�FJL-bkke_^h\Zgby� [hevgh]h� ]ebhfhc� ij_^�
klZ\e_gu��A — FLAIR, B, C, D, E-dZjlu��khhl\_lkl\_ggh��T1, MTR (∆� ���d=p���k,f. 
 

<�jZ[hl_�>��@�ijb\h^ylky�agZq_gby�\_ebqbg�f (%) b�k (k–1)��ihemq_gguo�
iml_f�i_j_kq_lZ�iZjZf_ljh\�P�b�Q ^ey�g_dhlhjuo�ghjfZevguo�b�iZlheh�
]bq_kdbo� ldZg_c�� Wlb� \_ebqbgu� khklZ\beb� ^ey� ^Zgguo� iZjZf_ljh\� ke_�

^mxsb_�agZq_gby��[_eh_�\_s_kl\h — 11–15 %, 5.5–7.5�k–1; k_jh_�\_s_kl\h 
— 6–8 %, 3.6–4.8 k–1; hqZ]b� ^_fb_ebgbaZpbb�ijb� jZkk_ygghf� kde_jha_ - 
2.5–6.5 %, 1.8–4.5�k–1; himoheb (]ebhfZ�b�wi_g^bfhfZ) — 5 b 3 %, 1.5 b 2.5 
k–1;� ahgZ� hl_dZ�— 4 %, 3 k–1. <_ebqbgu�T2

B �� dZd�h[gZjm`behkv��e_`Zl� \�
^bZiZahg_�8.0–9.5�fdk�b�[ebadb�^ey�jZaebqguo�ldZg_c�� 
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�����<u\h^u 

 
Ij_^klZ\e_ggu_�j_amevlZlu�bf_xl��kdhj__��^_fhgkljZpbhgguc�oZjZd�

l_j�b��\hafh`gh��lj_[m_lky�[he__�^_lZevgh_�h[hkgh\Zgb_�^ey�kljh]bo�dh�

ebq_kl\_gguo�hp_ghd��Hkgh\ghc�j_amevlZl�khklhbl�\�lhf��qlh�gZ�ijZdlbd_�

ihdZaZgZ� ijbgpbibZevgZy� \hafh`ghklv� ijh\_^_gby� wdki_jbf_glh\� ih�

djhkk-j_eZdkZpbhgghc� ki_dljhkdhibb�\�mkeh\byo�debgbq_kdhc�FJL��Wlh�

m^Zehkv� k^_eZlv� [eZ]h^Zjy� jZajZ[hlZgghc� l_ogheh]bb� ihemq_gby� ijb_f�

e_fuo�^ey�dhebq_kl\_ggh]h�ZgZebaZ�=-ki_dljh\�ijb�`_kldbo�\j_f_gguo�b�
ZiiZjZlmjguo� h]jZgbq_gbyo�� g_ba[_`guo� \� bkke_^h\Zgbyo� q_eh\_dZ��

Ij_^eZ]Z_fuc�f_lh^�iha\hey_l�ihemqZlv�ijbgpbibZevgh�gh\mx�bgnhjfZ�

pbx�h�djhkk-j_eZdkZpbb�\� ldZgyo� in vivo��>Zggu_�gZklhys_c�jZ[hlu�ih�

a\heyxl�ij_^iheh`blv��qlh�iZjZf_lju��hij_^_eyxsb_�djhkk-j_eZdkZpbx��
fh]ml�bf_lv�b�^bZ]ghklbq_kdh_�agZq_gb_��Djhf_�lh]h��jZajZ[hlZgguc�l_h�

j_lbq_kdbc�nhjfZebaf�kha^Z_l�hkgh\m�^ey�hilbfbaZpbb�f_lh^bd�b�bgl_j�

ij_lZpbb�j_amevlZlh\�FJL�k�i_j_ghkhf�gZfZ]gbq_gghklb��Hkgh\guf�g_�

^hklZldhf�ij_^eh`_ggh]h�f_lh^Z�\�gZklhys__�\j_fy�y\ey_lky�^hklZlhqgh�

keh`gZy�ijhp_^mjZ�h[jZ[hldb�^Zgguo��<�lh�`_�\j_fy��[eZ]h^Zjy�h[jZ[hl�

d_�^Zgguo�fh`gh�ihemqblv�dZjlu��hljZ`Zxsb_�ijhkljZgkl\_ggh_�jZkij_�

^_e_gb_� djhkk-j_eZdkZpbhgguo� iZjZf_ljh\� \� ldZgyo�� Wlb� dZjlu� fh`gh�
jZkkfZljb\Zlv�dZd�FJL-bah[jZ`_gby�k�hkh[uf�lbihf�dhgljZklZ��^Zxsb_�

^hihegbl_evguc� fZl_jbZe� ^ey� f_^bpbgkdhc� ^bZ]ghklbdb�� <� wlhc� k\yab�

ij_^klZ\ey_l�bgl_j_k�jZ[hlZ�>��@��\�dhlhjhc�ijh^_fhgkljbjh\Zgh�bkihev�

ah\Zgb_�dZjl�k�b�f�^ey�bkke_^h\Zgby�ijh\h^ysbo�iml_c�p_gljZevghc�g_j\�

ghc�kbkl_fu� 
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BGNHJF:PBHGGUC�IHL?GPB:E�FJL-BAF?J?GBC 

 
 
 
 

MijZ\e_gb_� dhgljZklhf� g_� y\ey_lky� kZfhp_evx� ijb� ieZgbjh\Zgbb�

wdki_jbf_glh\�ih�FJL��Dhg_qghc�p_evx�bkke_^h\Zgby�y\ey_lky�ba\e_q_�

gb_� ihe_aghc� bgnhjfZpbb�� dhlhjmx� aZljm^gbl_evgh� ihemqblv� ^jm]bfb�

kj_^kl\Zfb��<�wlhf�dhgl_dkl_�agZqbl_evguc�bgl_j_k�ij_^klZ\eyxl�bkke_�

^h\Zgby�ih�\bamZebaZpbb�FJL-bah[jZ`_gbc�\�j_Zevghf�\j_f_gb�—�nmgd�

pbhgZevguc�FJL� �NFJL���<�gZklhys__�\j_fy�k�ihfhsvx�NFJL�ZgZeb�

abjm_lky�jZ[hlZ�k_j^pZ��^jm]bo�imevkbjmxsbo�hj]Zgh\��bkke_^mxlky�kmk�

lZ\u�� \uy\eyxlky� ahgu� Zdlb\ghklb� ]heh\gh]h� fha]Z� ijb� \ha^_ckl\bb�

\g_rg_]h�jZa^jZ`bl_ey�>������@��AZ^Zqb�NFJL�j_rZxlky�aZ�kq_l�ij_^_ev�

gh]h�khdjZs_gby�\j_f_gb�kdZgbjh\Zgby��qlh�^hklb]Z_lky�aZ�kq_l�fbgbfb�

aZpbb� \k_o� \j_f_gguo� aZ^_j`_d� \� kdZgbjmxs_c� bfimevkghc� ihke_^h\Z�

l_evghklb��Wlh��\�k\hx�hq_j_^v��ijb\h^bl�d�kgb`_gbx�ijhkljZgkl\_gghc�

jZaj_rZxs_c� kihkh[ghklb�� mf_gvr_gbx� hlghr_gby� kb]gZe�rmf�� mijh�

s_gbx�dZjlbgu�dhgljZklZ�ba-aZ�kgb`_gby�\a\_r_gghklb��ih\urZ_l�\_jh�

ylghklv� Zjl_nZdlguo� bkdZ`_gbc� kb]gZeh\� ba-aZ� ZiiZjZlmjguo� g_kh\_j�
r_gkl\�� L_f� g_�f_g__�� \k_� ba^_j`db�� k\yaZggu_� k� mkdhj_gb_f� ijhp_kkZ�

kdZgbjh\Zgby��kqblZxlky�hijZ\^Zggufb��_keb�aZ�kq_l�ih\ur_gby�\j_f_g�

gh]h�jZaj_r_gby�fh`gh�ba\e_qv�ihe_agmx�bgnhjfZpbx� 
 
 

�����<bamZebaZpby�Zjlbdmeylhjguo�hj]Zgh\�\�ijhp_kk_� 
ihjh`^_gby�j_qb 

 
<�dZq_kl\_�ijbf_jZ�NFJL�fh`gh�hlf_lblv�ijh\_^_ggu_�\�PFLK�bk�

ke_^h\Zgby�ih�FJL-\bamZebaZpbb�Zjlbdmeylhjguo�hj]Zgh\�\�ijhp_kk_�ih�
jh`^_gby�j_qb��:dlmZevghklv� lZdh]h�bkke_^h\Zgby�h[mkeZ\eb\Z_lky� l_f��

qlh�\�gZklhys__�\j_fy�hlkmlkl\mxl�^hklh\_jgu_�agZgby�h�^bgZfbq_kdbo�
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f_oZgbafZo� ihjh`^_gby� j_qb�� Ihwlhfm� ij_^klZ\ey_l� bgl_j_k� \uy\blv�

hkh[_gghklb� jZ[hlu� hj]Zgh\�� hl\_lkl\_gguo� aZ� ]hehkh\h_� \hkijhba\_^_�

gb_�j_qb�—�]m[��yaudZ��jhlh\hc�ihehklb��ibs_\h^Z��]hjlZgb�b�^j��>h�g_�

^Z\g_]h�\j_f_gb�gZb[he__�bgnhjfZlb\guf�kj_^kl\hf�wdki_jbf_glZevgh�

]h� bkke_^h\Zgby� j_q_\hc� Zjlbdmeypbb� kqblZeZkv�nhlhj_gl]_gh]jZnby��K�

ihfhsvx�wlh]h�f_lh^Z�ihkljh_gZ�ba\_klgZy�ZjlbdmeylhjgZy�[ZaZ�jmkkdh]h�

yaudZ� >��@�� Ijhp_kk� ihemq_gby� nhlhj_gl]_gh]jZff� l_ogbq_kdb� keh`_g��

bf__l�kZgblZjgh-]b]b_gbq_kdb_�h]jZgbq_gby�—�ijb�j_ZebaZpbb�wlh]h�f_�

lh^Z� ijZdlbdm_lky� \\_^_gb_� \_s_kl\Z�� ih\urZxs_]h� \aZbfh^_ckl\b_�

fy]dbo�ldZg_c�k�j_gl]_gh\kdbfb�emqZfb��Ijb�\k_f�ijb�wlhf�ihemq_gguc�

nhlhfZl_jbZe�lj_[m_l�^hihegbl_evghc�ijhjbkh\db�b�j_lmrbjh\db��F_lh^�

jZkkqblZg� gZ� ihemq_gb_� klZlbq_kdbo� bah[jZ`_gbc�� gZ� dhlhjuo� fy]db_�

ldZgb�bf_xl�keZ[uc�dhgljZkl��<�lh�`_�\j_fy�f_lh^u�FJL�qm\kl\bl_evgu�

bf_ggh�d�kb]gZeZf�hl�fy]dbo�ldZg_c��h[eZ^Zxl�^hklZlhqgh�\ukhdbf�[ukl�

jh^_ckl\b_f�� b� ihlhfm� iha\heyxl� ij_h^he_lv� h]jZgbq_gby� j_gl]_gh]jZ�

nbq_kdh]h�f_lh^Z�>��–90]. 
>ey� \bamZebaZpbb� ijhp_kkZ� ijhbag_k_gby� j_qb� \� j_Zevghf� \j_f_gb�

g_h[oh^bfh�ijhba\h^blv�FJL-kdZgbjh\Zgb_�kh�kdhjhklvx�[he__� ���dZ^�
jh\� \� k_dmg^m��GZfb� [ueb� k^_eZgu� ihiuldb� ijbkihkh[blv� ^ey� [ukljhc�

kt_fdb�^\Z�\ZjbZglZ�bfimevkguo�ihke_^h\Zl_evghkl_c��h^gZ�ba�dhlhjuo�

bkihevah\ZeZ�f_lh^bdm�FSE��kf���������k�[hevrbf�RARE-nZdlhjhf��Z�\lh�
jZy�—�f_lh^bdm�SNAP��ihkljh_ggmx�gZ�hkgh\_�f_lh^Z�]jZ^b_glgh]h�woZ�k�
fZeuf�m]ehf�hijhdb^u\Zgby� >��@��>��@��<�i_j\hf�kemqZ_�[ukljh^_ckl\b_�

^hklb]Zeh�ihqlb� ��dZ^jh\�\� k_dmg^m��h^gZdh�FJL-bah[jZ`_gby�hdZau\Z�
ebkv� g_^hklZlhqgh� bgnhjfZlb\gufb� ba-aZ� gbadh]h� hlghr_gby� dhg�

ljZkl�rmf��<h�\lhjhf�kemqZ_�ihemqZehkv�ijb_fe_fh_�dZq_kl\h�bah[jZ`_�

gbc�ijb�[ukljh^_ckl\bb�^h���dZ^jh\�\�k_dmg^m� 
GZ� jbk�� ��� �A, C�� ijb\_^_gu� bah[jZ`_gby�� ihemq_gguo� mdZaZggufb�

f_lh^Zfb��>ey�kjZ\g_gby�jy^hf�ij_^klZ\e_gu�bah[jZ`_gby��ihemq_ggu_�

ijb�gZdhie_gbb�kb]gZeZ�\�l_q_gbb����k�—�jbk������B, D���IZjZf_lju�bf�
imevkguo�ihke_^h\Zl_evghkl_c� 

a) FSE — TR� �������fk��TEfbg� �����fk��RARE-nZdlhj� �����^ebl_ev�
ghklv�JQ�bfimevkZ�wjfblh\hc�nhjfu�— 2.2 fk��fZljbpZ�^Zgguo�— 39×50, 
lhesbgZ�kj_aZ�—������ff��ijhkljZgkl\_ggh_�jZaj_r_gb_�— 0.33×����ff��
\j_fy�kdZgbjh\Zgby�dZ^jZ�—������k�� 

[��SNAP — TR� ������fk��TE� �����fk��FA� ������^ebl_evghklv�JQ�sinc-
bfimevkZ�—� ����fk��fZljbpZ�^Zgguo�— 34×����lhesbgZ�kj_aZ —� ���ff��

jZaj_r_gb_�— 0.38×�����ff� 
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Jbk�� ����KhihklZ\e_gb_�FJL-bah[jZ`_gbc�� ihemq_gguo� k� bkihevah\Zgb_f� [ukl�
juo�f_lh^bd�kdZgbjh\Zgby�—  FSE (A, B���b�SNAP (C, D) 

 
Ijb� bf_xsboky� m� gZk� iZjZf_ljZo� ]jZ^b_glghc� kbkl_fu� �G = 

16 fLe�f��ijb�\j_f_gb�gZjZklZgby�bfimevkZ�����fk��ihemqblv�[he__�\ukh�
dh_�[ukljh^_ckl\b_�ij_^klZ\ey_lky�aZljm^gbl_evguf��Ihwlhfm��bkoh^y�ba�

bf_xsboky�\hafh`ghkl_c��hkgh\gu_�mkbeby�[ueb�gZijZ\e_gu�gZ�lh��qlh�

[u�ihemqblv�FJL-bah[jZ`_gby� Zjlbdmeylhjguo� hj]Zgh\�ijb�ijhbag_k_�
gbb� lhevdh� hl^_evguo� ]eZkguo� a\mdh\��>ey�hlh[jZ`_gby� wlh]h�ijhp_kkZ�

\j_fy�kdZgbjh\Zgby�fh`gh�m\_ebqblv�^h����–��k��Ihwlhfm�ij_^ihql_gb_�
[ueh�hl^Zgh�f_lh^bd_�SNAP�k�iZjZf_ljZfb��dhlhju_�hilbfbabjh\Zeb�dZ�
q_kl\h�FJL-bah[jZ`_gby�^ey�mdZaZggh]h�\j_f_gb�kdZgbjh\Zgby�� 

 

 
KdZgbjh\ZeZkv�ahgZ�jZaf_jZfb���×���kf��ho\Zlu\ZxsZy�h[eZklb�jlZ�b�

\_jog_c�qZklb�r_b��k�ijhkljZgkl\_gguf�jZaj_r_gb_f��×��ff�b�lhesbghc�

 

Jbk�� ��� >bZ�

]jZffZ� bf�

imevkghc� ih�

ke_^h\Zl_evgh�

klb SNAP 
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kj_aZ���ff��IZjZf_lju�bfimevkghc�ihke_^h\Zl_evghklb��TR� ����fk��TE = 
����fk��FA� ������JQ�bfimevk� �bah[jZ`_g�gZ�rdZe_�F���bf_e�nhjfm�sinc-
bfimevkZ�^ebl_evghklvx�����fk�� 

Bkiulm_fuc�jZkiheZ]Zeky�\�h[uqghf�^ey�lhfh]jZnbq_kdh]h�bkke_^h�

\Zgby�iheh`_gbb�e_`Z��Fbdjhnhg�jZaf_sZeky�\[ebab�_]h�jlZ�b�ijbdj_i�

eyeky� d� ijb_fghc� dZlmrd_�� ij_^gZagZq_gghc� ^ey� bkke_^h\Zgby� r_b�

�jbk� 84).  
IhemqZ_fu_� FJL-bah[jZ`_gby� ij_^klZ\eyeb� kh[hc� gZ[hj� dZ^jh\��

jZa^_e_gguo�ih�\j_f_gb�gZ� �–����k��b�hlh[jZ`Zxsbo�h^gm�b�lm�`_�ahgm�

kdZgbjh\Zgby� 
 

 
 
Jbk������Bgl_jn_ck�\h�\j_fy�FJL-bkke_^h\Zgby�ih�\bamZebaZpbb�Zjlbdmeylhjguo�
hj]Zgh\��IZjZee_evgh� jZ[hlZxl�� ijh]jZffZ�FJL-kdZgbjh\Zgby� b� ijh]jZffZ� Zm�
^bhaZibkb��H[uqgh_� \b^_hbah[jZ`_gb_� ijb\_^_gh� ebrv� ^ey� gZ]ey^gh]h� hlh[jZ�

`_gby�ijhp_kkZ 
 

Ihkdhevdm� ki_pbZevghc� kbgojhgbaZpbb� gZqZeZ�FJL-kdZgbjh\Zgby� b�
ijhbag_k_gby�a\mdh\�g_�ij_^mkfZljb\Zehkv��lh�hlg_k_gb_�dZ^jh\�b�a\mdh\�
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ijhba\h^behkv�gZ�hkgh\_�ZgZebaZ�Zm^bhaZibkb��>ey�Zm^bhaZibkb�bkihev�

ah\Zebkv�ZiiZjZlmjgu_�b�ijh]jZffgu_�kj_^kl\Z�hkgh\gh]h��mijZ\eyxs_�

]h�lhfh]jZnhf��dhfivxl_jZ�INDY ��nbjfu�SiliconGraphics).  
Hkh[_gghklvx�ijhp_kkZ�Zm^bhaZibkb�[ueh�iZjZee_evgh_�bkihevah\Z�

gb_�^\mo�Zm^bhdZgZeh\��kl_j_h�aZibkv���GZ�i_j\uc�dZgZe�ihklmiZe�kb]gZe�

hl�fbdjhnhgZ�� Z� gZ� \lhjhc�—� bfimevk� gZqZeZ� kdZgbjh\Zgby� dZ^jZ��>ey�

nhjfbjh\Zgby�wlh]h�bfimevkZ�[ueb�\g_k_gu�baf_g_gby�\�mijZ\eyxsmx�

ijh]jZffm�kdZgbjh\Zgby�b�aZ^_ckl\h\Zg�j_a_j\guc�bgl_jn_ck��<�j_amev�

lZl_� dZ`^uc� mqZklhd� Zm^bh]jZffu� m^Zehkv� khhlg_klb� k� dhgdj_lguf� dZ�

^jhf�—�FJL-bah[jZ`_gb_f�� 
FJ-bah[jZ`_gby�b�Zm^bh]jZffu�ij_^klZ\e_gu�gZ�jbk�����>��–��@��>\Z�

gb`gbo�jy^Z�—�wlh�^Zggu_��ihemq_ggu_�hl�^bdlhjZ�—�`_gsbgu����e_l��

>\Z�ke_^mxsbo�jy^Z�—�^Zggu_��ihemq_ggu_�hl�^bdlhjZ�—�fm`qbgu� ���

e_l��FJ-bah[jZ`_gby��hlh[jZ`Zxsb_�dhgnb]mjZpbx�Zjlbdmeylhjguo�hj�

]Zgh\�ijb�ijhbag_k_gbb�]eZkguo�a\mdh\�jmkkdh]h�yaudZ��fh`gh�kjZ\gblv�k�

khhl\_lkl\mxsbfb�bah[jZ`_gbyfb��ihemq_ggufb�f_lh^hf�nhlhj_gl]_gh�

]jZnbb� 

 
>Z@ >w@ >h@ >m@ >u@ >b@ 

 
Jbk����� <bamZebaZpby�Zjlbdmeylhjguo�hj]Zgh\�ijb�ijhbag_k_gbb�]eZkguo�a\mdh\�
f_lh^Zfb��nhlhj_gl]_gh]jZnbb��\_jogbc�jy^��b�FJL��\lhjhc�b�q_l\_jluc�jy^u� 
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Ijb�agZqbl_evghf�kh\iZ^_gbb�hkgh\guo�iZjZf_ljh\�h[hbo�lbih\�bah�

[jZ`_gbc� \� kemqZ_�FJ-lhfh]jZnbq_kdhc� kt_fdb� ijhkfZljb\Z_lky� [hev�
rZy� ^_lZebaZpby� ^_ckl\bc� hj]Zgh\� Zjlbdmeypbb�� hkh[_ggh� \� hlghr_gbb�

fy]dbo�ldZg_c��—�gZijbf_j��dhgqbdZ�yaudZ� 
>ey�hp_gdb�kl_i_gb�bgnhjfZlb\ghklb�ihemq_gguo�bah[jZ`_gbc�[ue�

lZd`_�ijh\_^_g�ki_pbZevguc�i_jp_ilb\guc�wdki_jbf_gl��<�jZfdZo�wlh]h�

wdki_jbf_glZ� hp_gb\ZeZkv� \hafh`ghklv� deZkl_jbaZpbb�FJ-bah[jZ`_gbc�
gZ� hkgh\_� \hkijbgbfZ_fuo� ]eZahf� jZaebqbc� \� hkh[_gghklyo� dhgnb]mjZ�

pbc�Zjlbdmeylhjguo�hj]Zgh\��Z�lZd`_�kl_i_gv�kh\iZ^_gby�ihemq_gguo�hl�

jZaguo�bkiulm_fuo�deZkkbnbdZpbc�bah[jZ`_gbc��<�wdki_jbf_gl_�ijbgy�

eb�mqZklb_����^h[jh\hevp_\��\j_fy�jZ[hlu�k�wdki_jbf_glZevguf�fZl_jbZ�

ehf�[ueh�g_h]jZgbq_gh��jZaf_j�deZkl_jh\�b�bo�qbkeh�lZd`_�gbdZd�g_�h]�

jZgbqb\Zebkv��<�j_amevlZl_�m^Zehkv�ihdZaZlv�\ukhdmx�bgnhjfZlb\ghklv�

�magZ\Z_fhklv��ihemq_gguo�bah[jZ`_gbc� 
Wlh�^Z_l�hkgh\Zgby�ij_^iheh`blv��qlh�k�ihfhsvx�FJL�fh`gh�k�\u�

khdhc�kl_i_gvx�^hklh\_jghklb�ij_^klZ\blv�\k_�hkgh\gu_�hkh[_gghklb�Zj�

lbdmeylhjguo�^\b`_gbc�ijb�ijhbag_k_gbb�jmkkdbo�]eZkguo�a\mdh\� 
<�k\hx�hq_j_^v��wlb�FJ-bah[jZ`_gby�fh`gh�bkihevah\Zlv�^ey�hl[hjZ�

FJ-bah[jZ`_gbc��hlh[jZ`Zxsbo�dhgnb]mjZpbx�Zjlbdmeylhjguo�hj]Zgh\�

ijb� ijhbag_k_gby� kh]eZkguo� a\mdh\�� Wlh�� \� dhg_qghf� blh]_�� hldju\Z_l�

imlv� d� bamq_gbx� dhgnb]mjZpbc� Zjlbdmeylhjguo� hj]Zgh\� \� ^bgZfbd_�— 
ijb�ijhba\h^kl\_�keblghc�j_qb��Ij_`^_�\k_]h��wlh�dZkZ_lky�lZdhc�yaudh�

\hc�mgb\_jkZebb��dZd�dhZjlbdmeypby��:dlmZevghklv�bamq_gby�dhZjlbdmey�

pbhgguo�f_oZgbafh\�k\yaZgZ�b�k�l_f��qlh�ijhp_kku�dhZjlbdmeypbb�fh]ml�

[ulv�ih-jZaghfm�j_Zebah\Zgu�gZ�]jZgbp_�a\mdh\�\gmljb�keh]Z�b�gZ�]jZgb�
p_�keh]h\��Z�lZd`_�\�j_q_\uo�_^bgbpZo�[hevr_]h�jZaf_jZ�—�\�keh\Zo��gZ�

]jZgbp_�keh\hkhq_lZgbc��nhg_lbq_kdbo�keh\��b�l�^� 
GZ�jbk�����ij_^klZ\e_gu�FJ-bah[jZ`_gby��aZnbdkbjh\Zggu_�ijb�ijh�

bag_k_gbb�ik_\^hkeh\��kh^_j`Zsbo�kh]eZkguc�a\md�\�hdjm`_gbb�]eZkguo��

GZ� ihemq_gguo� bah[jZ`_gbyo� hlq_leb\h� \uy\eyxlky� oZjZdl_jgu_� ^ey�

^Zgguo�kh]eZkguo�iheh`_gby�yaudZ�b�]m[� 
H[jZ[hldZ�FJL-bah[jZ`_gbbc� iha\hebeZ� k^_eZlv� jy^� \u\h^h\�� dZ�

kZxsboky�f_oZgbafZ�dhZjlbdmeypbb�>��@��<�qZklghklb��\u\h^�h�lhf��qlh�

\�keblghc�j_qb�bf_ggh�dhZjlbdmeylhjgh_�\ha^_ckl\b_�kh]eZkgh]h�a\mdZ�

klZgh\blky�hij_^_eyxsbfb�^ey�kihkh[Z�j_ZebaZpbb�]eZkguo�a\mdh\��Wlh�

ml\_j`^_gb_�\_jgh�g_�lhevdh�^ey�ihke_^mxs_]h�aZ�kh]eZkguf�]eZkgh]h�

a\mdZ�� gh� lZd`_� \� hij_^_e_gghc� kl_i_gb� b� ^ey� ij_^r_kl\mxs_]h� _fm�

]eZkgh]h�� jZ\gh� dZd�b�^ey�i_jbh^h\�iZmau�f_`^m�h^ghlbigufb�ih\lh�

jyxsbfbky�a\mdh\ufb�ihke_^h\Zl_evghklyfb��GZb[hevrZy�kl_i_gv�dh�

Zjlbdmeypbb�hlebqZ_l� ]eZkguc� a\md�� dhlhju_� khk_^kl\m_l� k� aZ^g_yauq�

guf�kh]eZkguf��gZbf_gvrZy�hlf_q_gZ�gZfb�^ey�]m[gh]h�\aju\gh]h�kh�
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]eZkgh]h��Fh`gh�lZd`_�hlf_lblv��qlh�i_j_^g_yauqguc�\aju\ghc��>^@��\�

[hevr_c�kl_i_gb�\eby_l�gZ�Zjlbdmeypbx�ihke_^mxs_]h�]eZkgh]h�a\mdZ��

q_f� gZ� Zjlbdmeypbhgggu_� ihau� ij_^u^ms_]h�� <� p_ehf� fh`gh� ml\_j�

`^Zlv��qlh�dhZjlbdmeypby�]eZkgh]h�ih�hlghr_gbx�d�kh]eZkghfm�kms_kl�

\_ggh�\hajZklZ_l�ijb�mf_gvr_gbb�kl_i_g_c�k\h[h^u�yauqguo�dhgnb]m�

jZpbc� 

 
Jbk�� ���� Dhgnb]mjZpby� Zjlbdmeylhjguo� hj]Zgh\� ijb� ijhbag_k_gbb� ik_\^hkeh\��
kh^_j`Zsbo� kh]eZkgu_� a\mdb��Ke_\Z�—� i_j_^g_yauqguc� ZibdZevguc� a\md� >^@� \�

ik_\^hkeh\_� >Z^Z@��\�p_glj_�—�aZ^g_yauqguc�a\md� >]@�\�ik_\^hkeh\_� >Z]Z@��kijZ\Z�

—�]m[ghc�a\md�>[@�\�ik_\^hkeh\_�>Z[Z@ 
 
Ij_^klZ\ey_lky�i_jki_dlb\guf�bkihevah\Zlv�NFJL�^ey�ihkljh_gby�Zgb�

fZpbhgguo� bah[jZ`_gbc�� hlh[jZ`Zxsbo� ijhp_kk� ijhbag_k_gby� [he__�

keh`guo�a\mdh\uo�dhgkljmdpbc�—�keh\��njZa�b�l�i��Wlh��\�k\hx�hq_j_^v��

kha^Z_l�\hafh`ghklb�^ey�j_r_gby�dZd�jy^Z�nmg^Zf_glZevguo�aZ^Zq�l_hj_�

lbq_kdhc�nhg_lbdb�b�nhgheh]bb��ij_`^_�\k_]h�kh\_jr_gkl\h\Zgby�l_hjbb�

j_q_ihjh`^_gby���lZd�b�^ey�fgh`_kl\Z�ijbdeZ^guo�h[eZkl_c�j_q_\_^_gby�

�ebg]\h^b^Zdlbdb�� Z\lhfZlbq_kdh]h� jZkihagZ\Zgby� b� kbgl_aZ� j_qb�� dhf�

ivxl_jguo�j_q_\uo�[Za�^Zgguo�b�l�^����<hafh`gh��qlh�FJL-bah[jZ`_gby�
hdZ`mlky�ihe_agufb� ^ey�bkke_^h\Zgby� j_q_\uo�iZlheh]bc�—�gZijbf_j��

aZbdZgby� 
Ke_^m_l�h^gZdh��ijbagZlv��qlh�kh\_jr_gkl\h\Zlv�f_lh^bdm�m^h[g__�gZ�

lhfh]jZn_� k�fZ]gblhf� hldjulh]h� lbiZ�� ]^_�FJ� bah[jZ`_gby�fh`gh� gZ�

ijyfmx�khihklZ\eylv�k�dZ^jZfb�h[uqghc�\b^_hkt_fdb��Z�^ey�fZdkbfZev�

gh]h� mkdhj_gby� kt_fdb�� \hafh`gh�� ke_^m_l� ijbkihkh[blv�f_lh^bdm� woh-
ieZgZjghc�lhfh]jZnbb�— EPI [20]. 

 
JZ[hlZ� ijh\_^_gZ� kh\f_klgh� k� khljm^gbdZfb� nbeheh]bq_kdh]h� nZ�

dmevl_lZ�F=M�\�jZfdZo�F_`^bkpbiebgZjgh]h�gZmqgh]h�ijh_dlZ������hl�

����� ]�� ©Bkke_^h\Zgb_� Zjlbdmeylhjghc� [Zau� jmkkdh]h� yaudZ�f_lh^Zfb�

fZ]gblgh-j_ahgZgkghc� lhfh]jZnbbª� b� ih^^_j`ZgZ� ]jZglhf� j_dlhjZ�
F=M� 
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�����;ZaZ�^Zgguo�ih�bkke_^h\Zgbyf�FJL�k�^hklmihf 
q_j_a�Bgl_jg_l 

 
;hevrhc�h[t_f�b�\ukhdbc�mjh\_gv�dhfivxl_jbaZpbb��khijh\h`^Zx�

sbc� ijh\_^_gb_�FJL-bkke_^h\Zgbc�� kha^Zxl� agZqbl_evgu_� ihl_gpbZev�
gu_�\hafh`ghklb�^ey�klZlbklbq_kdhc�h[jZ[hldb�^Zgguo��LZdmx�h[jZ[hldm�

g_\hafh`gh�hkms_kl\blv�[_a�khhl\_lkl\mxs_c�[Zau�^Zgguo��<�gZklhys__�

\j_fy�bkihevam_lky�g_kdhevdh�\ZjbZglh\�ijh]jZffghc�ih^^_j`db�lZdh]h�

jh^Z�[Za�^Zgguo��DICOM, ANALIZE ���dhlhju_�ij_^mkfZljb\Zxl�\hafh`�
ghklv� bgl_]jZpbb� ^Zgguo� h� jZaebqguo� ^bZ]ghklbq_kdbo� bkke_^h\Zgbyo��

hlghkysboky�d�iZpb_glm�>��@��G_m^h[kl\h�jZ[hlu�k�lZdbfb�ijh]jZffgufb�

ijh^mdlZfb�k\yaZgh�k�l_f��qlh�aZbgl_j_kh\Zgguc�ihevah\Zl_ev�^he`_g�mk�

lZgh\blv� ki_pbZevgh_� ebp_gabjh\Zggh_� ijh]jZffgh_� h[_ki_q_gb_� g_�

lhevdh�^ey�Zjob\Zpbb��gh�b�^ey�^hklmiZ�d�wlbf�^Zgguf� 
F_`^m� l_f�� fZl_jbZe�FJL-bkke_^h\Zgbc� ij_^klZ\ey_l� bgl_j_k� dZd�

^ey� \jZq_c-^bZ]ghklh\�� lZd� b� ^ey� gZmqguo� bkke_^h\Zgbc� b� h[mq_gby��<�
k\yab�k�wlbf�jZkkfZljb\ZeZkv�aZ^ZqZ�ij_^hklZ\e_gby�mijhs_ggh]h�^hklm�

iZ�d�Zjob\Zf�^Zgguo�b�\hafh`ghklv�dhee_dlb\gh]h�ihevah\Zgby�bo�\�k_lb�

Bgl_jg_l� 
<�j_amevlZl_�\�PFLK�F=M�[ueZ�jZajZ[hlZgZ�hjb]bgZevgZy�[ZaZ�^Zg�

guo� k� ^hklmihf� q_j_a�Bgl_jg_l� b� gZebqb_f�WEB-bgl_jn_ckZ� ^ey� ijh�
kfhljZ�FJL-bah[jZ`_gbc� >���–���@��HgZ�bkihevam_lky�^ey� kbkl_fZlbaZ�
pbb�b�hl[hjZ�fZl_jbZeZ�h�[he__�q_f� �����bkke_^h\Zgbc��ijh\_^_gguo� \�

PFLK�k������ih������]]��gZ�FJ-lhfh]jZn_�7RPLNRQ�6���nbjfu�©%UXNHUª��
b�ihklhyggh�ihihegy_lky�gh\uf�fZl_jbZehf��GZqbgZy�k������]h^Z��kh[jZg�

Zjob\�h�[he__������iZpb_glZo�h[t_fhf�k\ur_�����=[� 
IeZlnhjfhc� ^ey� jZajZ[hldb� y\ey_lky� k_j\_j� gZ� [Za_� ijhp_kkhjZ�

�o�����F=p�3HQWLXP�,,,6�k�mklZgh\e_gghc�hi_jZpbhgghc�kbkl_fhc�:SJ/i-
QX[� ���� jhkkbckdh]h� ijhba\h^kl\Z�� <ky� bgnhjfZpby� gZdZieb\Z_lky� gZ�

5$,'� fZkkb\_�� Ijb� ihfhsb� jZa\blh]h� ijh]jZffgh]h� h[_ki_q_gby� �bk�

ihevah\Zgu�ijh]jZffu�^ey�hldjulh]h�^hklmiZ��g_h[oh^bfu_�^Zggu_�h[�

FJL-bkke_^h\Zgbyo�iZpb_glh\�b�iZjZf_lju�FJL-bah[jZ`_gbc�Z\lhfZlb�
q_kdb�aZghkylky�\�kbkl_fm�mijZ\e_gby�[Zahc�^Zgguo� �KM;>��3RVWJUH64/��

=jZnbq_kdbc� bgl_jn_ck� h[_ki_qb\Z_lky� ijb� ihfhsb� jZajZ[hlZgguo� gZ�

yaud_�3+3�ijh]jZff��dhlhju_�\aZbfh^_ckl\mxl�k�KM;>�3RVWJUH64/�ijb�

ihfhsb�jZkrbj_gby�$'2GE��:ml_glbnbdZpby�ihevah\Zl_e_c�j_Zebah\ZgZ�

\kljh_ggufb�kj_^kl\Zfb�:(%�k_j\_jZ�$SDFKH� 
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Jbk�� ���� WEB-bgl_jn_ck� [Zau� ^Zgguo� ih� bkke_^h\Zgbyf�FJL�� ijh\_^_gguo� \�

PFLK��Ij_^mkfhlj_g�dhgl_dklguc�ihbkd�ih�iZjZf_ljZf��bkihevah\Zgb_�\jZq_[�

guo�hibkZgbc��\u\h^�]jZnbdb��^hklmi�d�bkoh^guf�^Zgguf 

 
Hkh[_gghklvx�jZa\blh]h�IH�y\ey_lky�\hafh`ghklv�jZ[hlu�ihevah\Z�

l_ey�q_j_a�:(%�bgl_jn_ck� �jbk�� ����k�^Zggufb��dhlhju_�ojZgylky�\�bk�

oh^ghf�nhjfZl_�ijh]jZffu� 3DUDYLVLRQ�LF�v������bkihevam_fhc�^ey�mijZ\�
e_gby�FJ-lhfh]jZnhf��>ey� \ukhdhkdhjhklgh]h� �RQ� OLQH��ij_h[jZah\Zgby�
wlbo�^Zgguo�jZajZ[hlZgu� ki_pbZevgu_�dhg\_jlhju�� wnn_dlb\gh�bkihev�

amxsb_� kbff_ljbqgu_� fgh]hijhp_kkhjgu_� l_ogheh]bb�� Kj_^kl\Zfb�

3RVWJUH64/�hj]Zgbah\Zg�iheghl_dklh\uc�ihbkd�ih�f_^bpbgkdbf�hibkZgb�

yf�b� aZdexq_gbyf�ih�ijh\_^_gguf�FJL-bkke_^h\Zgbyf��Ijb�ijhkfhlj_�
k_jbc�FJL-bah[jZ`_gbc� bf__lky� \hafh`ghklv� j_^Zdlbjh\Zgby� bo� iZjZ�
f_ljh\��fZkrlZ[��dhgljZkl��b�l�^��� 

FZl_jbZeu�[Zau�^Zgguo�Zdlb\gh�bkihevamxlky�\�PFLK�g_�lhevdh�dZd�

Zjob\guc�fZl_jbZe��gh�b�^ey�ZgZebaZ�j_`bfh\�FJL-kdZgbjh\Zgby��ihbkdZ�
beexkljZlb\gh]h�fZl_jbZeZ��klZlbklbq_kdbo�\u[hjhd� 

BgnhjfZpbhgguc�ihl_gpbZe�FJL-baf_j_gbc 
 

 

123 

 
 
Jbk������Bgl_jn_ck�ijh]jZffu�Brainmatic�ijb�ijhkfhlj_�FJ-bah[jZ`_gbc�\�kj_^_�
MS Windows XP 

 
>ey�ih^]hlh\db�^Zgguo�d�Zjob\Zpbb��qlh�ij_^iheZ]Z_l�ij_^\Zjbl_ev�

guc�ijhkfhlj�FJL-bah[jZ`_gbc�\�bkoh^ghf�nhjfZl_��\_kvfZ�ihe_aguf�
hdZaZehkv� bkihevah\Zgb_� ijh]jZffu� Brainmatic�� jZajZ[hlZgghc�

<�F� <_joexlh\uf� �Bgklblml�\ukr_c�g_j\ghc�^_yl_evghklb�b�g_cjhnb�

abheh]bb� J:G�� ^ey� h[jZ[hldb� ^Zgguo� FJL� b� we_dljhwgp_nZeh]jZnbb�

�WW=��—�jbk� 88. 
>ey� FJL-^Zgguo� ijh]jZffZ� ij_^hklZ\ey_l� \hafh`ghklv� ebg_cguo�

baf_j_gbc� kljmdlmj� fha]Z�� \hexf_ljbx� ihke_� k_]f_glZpbb� hl^_evguo�

kljmdlmj� fha]Z�� kha^Zgb_� h[t_fguo� fh^_evguo� bah[jZ`_gbc� ]heh\u� b�

fha]Z� >����� ���@��Djhf_�lh]h��wlZ�ijh]jZffZ�iha\hey_l�gZdeZ^u\Zlv�^Zg�

gu_�NFJL� gZ� kha^Zggu_�fh^_eb�fha]Z�� ijbq_f� ^ey� ^_lZevgh]h� ZgZebaZ�

^Zgguo�NFJL�b�WW=�\hafh`gZ�b^_glbnbdZpby�ih^dhjdh\uo�b�dhjdh\uo�

�^heb��ba\bebgu�b�^j���kljmdlmj�k�bkihevah\Zgb_f�ZleZkZ�LZe_cjZoZ�>���@�� 
GZ�jbk�����ij_^klZ\e_gu�\ZjbZglu�h[t_fghc�h[jZ[hldb�^Zgguo�FJL�

ihfhsvx�ijh]jZff�ParaVision(™)v�����b�Brainmatic��GZ�njZ]f_glZo�A�b�B 
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ij_^klZ\e_gu�� khhl\_lkl\_ggh�� h[t_fguc� j_g^_jbg]� b� ik_\^hh[t_fgh_�

ij_^klZ\e_gb_�FJL-bah[jZ`_gby� k� ihfhsvx� hjlh]hgZevguo� ijh_dpbc��

GZ�njZ]f_glZo�C�b�D�ij_^klZ\e_gu�h[t_fgu_�fh^_eb��ihemqZ_fu_�k�ih�
fhsvx�ijh]jZffu�Brainmatic —�\bjlmZevgZy�objmj]by�b�ljbZg]meypby�� 
 

 
 
Jbk����� <ZjbZglu�h[t_fghc�h[jZ[hldb�^Zgguo�FJL��ihemq_gguo�ih�f_lh^bd_��D-
kdZgbjh\Zgby��k�ihfhsvx�ijh]jZff��ParaVision(™) v.1.0 — (A, B��b�Brainmatic — 
(C, D). 

 
 

�����:gZeba�Zgljhihf_ljbq_kdhc�bgnhjfZpbb�� 
kh^_j`Zs_cky�\�[Za_�^Zgguo�FJL-bkke_^h\Zgbc 

 
CljmdlmjZ� [Zau� ^Zgguo� hdZaZeZkv� ijbkihkh[e_gghc� ^ey� j_r_gby� g_�

lhevdh�h[uqguo�^ey�FJL�aZ^Zq��k\yaZgguo�k�dhgl_dklguf�ihbkdhf�ih�aZ�

ijZrb\Z_fuf�iZjZf_ljZf�b�ijhkfhljhf�FJL-bah[jZ`_gbc��gh�b�^ey�klZ�
lbklbq_kdhc� h[jZ[hldb� iZjZf_ljh\�FJL-kdZgbjh\Zgby��;eZ]h^Zjy� wlhfm�
m^Zehkv�ijh\_klb� ZgZeba� Zgljhihf_ljbq_kdbo�� Z� lZd`_�^_fh]jZnbq_kdbo�

^Zgguo��>ey�wlh]h�[ueb�aZ^_ckl\h\Zgu�ijh]jZffgu_�\hafh`ghklb�KM;>�

3RVWJUH64/��qlh�iha\hebeh�ijh\_klb�g_h[oh^bfuc�ihbkd�b�\u[hjdm�klZlb�

klbq_kdh]h�fZl_jbZeZ� 
:dlmZevghklv� lZdh]h�jh^Z�bkke_^h\Zgbc�k\yaZgZ�k�l_f��qlh�\�gZklhy�

s__� \j_fyhlkmlkl\m_l� kbkl_fguc�ih^oh^�d� Zgljhihf_ljbq_kdbf�baf_j_�

gbyf��ba-aZ�q_]h�ljm^gh�kh[jZlv�g_h[oh^bfuc�h[t_f�^Zgguo�^Z`_�^ey�klZ�
lbklbdb��g_�]h\hjy�m`_�h[�w\hexpbhgguo�bkke_^h\Zgbyo��F_`^m�l_f�g_�

h[oh^bfhklv�lZdh]h�jh^Z�baf_j_gbc�hkhagZ_lky�g_�lhevdh�gZmqguf�khh[�

s_kl\hf��gh�b�ijhba\h^kl\_ggbdZfb��gZijbf_j��ijhba\h^bl_eyfb�]hlh\hc�

h^_`^u��Ijbf_j�bo�^_eh\h]h�ih^oh^Z�d�wlhc�ijh[e_f_�hibkZg�\�`mjgZe_�

©GZmdZ�b�`bagvª����������klj������LZf�gZibkZgh��©K�ghy[jy������]h^Z�ih�

NjZgpbb�i_j_f_sZxlky�^\_�i_j_^\b`gu_�Zgljhihf_ljbq_kdb_�eZ[hjZlh�

jbb�\�Z\lhnmj]hgZo��Ihke_^gb_�rbjhdb_�Zgljhihf_ljbq_kdb_�baf_j_gby�

njZgpmah\� ijh\h^bebkv� \� ��-o� ]h^Zo� ijhreh]h� \_dZ��H^gZdh� k� l_o� ihj�

kj_^gbc�jhkl��jZaf_j�gh]b�b�^jm]b_�ihdZaZl_eb�gZk_e_gby� aZf_lgh�baf_�
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gbebkv��b�l_i_jv�bg^mkljby�]hlh\h]h�ieZlvy�b�h[m\b�gm`^Z_lky�\�h[gh\e_�

gbb�^Zgguo��AZ�ihelhjZ�]h^Z�[m^ml�ijhf_j_gu� ���lukyq�q_eh\_d�jZaguo�

\hajZklh\��m�dZ`^h]h�[m^_l�baf_j_g����iZjZf_ljª� 
J_amevlZlu�FJL-bkke_^h\Zgbc�kh^_j`Zl�[h]Zluc�fZl_jbZe�^ey�Zgljh�

ihf_ljbq_kdbo�bkke_^h\Zgbc�b�e_]dh�ih^^Zxlky�kbkl_fZlbaZpbb��>ey�ba�

\e_q_gby� Zgljhihf_ljbq_kdhc� bgnhjfZpbb� ba� [Zau� ^Zgguo� FJL� m`_�

ij_^eZ]Zehkv� kha^Zlv� ijh]jZffu�� kihkh[gu_� hp_gb\Zlv� jZaf_ju� q_j_iZ��

ZgZebabjmy�FJL-bah[jZ`_gby��iZl_gl�KR:�����������—�>���@���JZ[hlZ�

lZdhc�ijh]jZffu�lj_[m_l�agZqbl_evguo�dhfivxl_jguo�j_kmjkh\��<b^bfh��

ihwlhfm�ihdZ�g_�ihklmiZeh�khh[s_gbc�h�jZajZ[hld_�ih^h[ghc�ijh]jZffu�

beb�j_amevlZlZo�ih^h[gh]h�ZgZebaZ�� 
<� dZq_kl\_� ijhklhc� Zevl_jgZlb\u� Zgljhihf_ljbq_kdbo� baf_j_gbc� k�

bkihevah\Zgb_f�^Zgguo�FJL�fh`gh�ij_^eh`blv�ZgZeba�iZjZf_ljh\��aZ^Z�

\Z_fuo� hi_jZlhjhf� i_j_^� kdZgbjh\Zgb_f� ZdkbZevguo� kj_ah\� ]heh\gh]h�

fha]Z�� Z� bf_ggh�� jZaf_ju� ijyfhm]hevghc� h[eZklb�� hlh[jZ`Zxs_c� ahgm�

kdZgbjh\Zgby�>��������@��<�PFLK�F=M�ahgZ�kdZgbjh\Zgby��ih^[hj�jZaf_�

jh\�ijyfhm]hevghc�ahgu��kljhblky�k�jZkq_lhf�lhqgh�ho\Zlblv�fZdkbfZev�

gu_�jZaf_ju�q_j_iZ�\�^\mo�baf_j_gbyo�—�jbk�����A, D� �=eZ\Z�����Hkh[h�
ke_^m_l�hlf_lblv��qlh�\�PFLK�F=M�aZ^Zgb_�ahgu�kdZgbjh\Zgby�^_eZ_lky�

[_a�qZklh�ijZdlbdm_fh]h�jZaf_jgh]h�aZiZkZ��qlh�lj_[m_l�hl�hi_jZlhjZ�^h�

ihegbl_evghc� kh[jZgghklb�� aZlh� h[_ki_qb\Z_l� gZbemqr__� dZq_kl\h� bah�

[jZ`_gbc� ijb�fZdkbfZevghc� bgnhjfZlb\ghklb� b�fbgbfZevghf� \j_f_gb�

kdZgbjh\Zgby�� Z� lZd`_� mijhsZ_l� jZ[hlm� ih�fZkrlZ[bjh\Zgbx� blh]h\uo�

]jZnbq_kdbo�bah[jZ`_gbc�ijb�bo�\u\h^_�gZ�ghkbl_ev�� 
Ijbf_j� h[jZ[hldb� Zgljhihf_ljbq_kdhc� bgnhjfZpbb� ijb\_^_g� gZ�

jbk� ����>Zggu_� hl�[he__� �����FJL-bkke_^h\Zgbc� ]heh\gh]h�fha]Z��ojZ�
gysb_ky�\�[Za_�^Zgguo�PFLK�F=M��bkihevah\Zgu�^ey�baf_j_gby�b�ZgZ�

ebaZ�w\hexpbhgguo�baf_g_gbc�jZaf_jZ�q_j_iZ�q_eh\_dZ�ihqlb�aZ�\_dh\hc�

i_jbh^�� 
:gZeba� ^Zgguo� \dexqZe� \� k_[y� jZkq_l� kj_^g_]h� jZaf_jZ� q_j_iZ� ^ey�

^Zggh]h�]h^Z�jh`^_gby��jZkq_l�\_jhylguo�hrb[hd�baf_j_gbc�b�ijbf_g_�

gb_�k]eZ`b\Zxs_]h�*&9-Ze]hjblfZ� >���@�^ey�ihkljh_gby�blh]h\h]h�]jZ�
nbdZ��<_jogbc�]jZnbd�hljZ`Z_l�aZ\bkbfhklv�ihi_j_qgh]h�jZaf_jZ�q_j_iZ�

q_eh\_dZ� �^ey�fm`qbg�b�`_gsbg��hl�]h^Z�jh`^_gby��Hl^_evgu_�lhqdb�gZ�

jbkmgd_�hljZ`Zxl�\deZ^�hl�dZ`^h]h�FJL�bkke_^h\Zgby�]heh\gh]h�fha]Z. 
<_jlbdZevgu_� hlj_adb� hljZ`Zxl� \_jhylgmx� hrb[dm�baf_j_gbc�� dhlhjZy�

aZ\bkbl� g_� lhevdh� hl� klZlbklbq_kdh]h� jZa[jhkZ� ^Zgguo� \� hl^_evghc� \u�

[hjd_��gh�b�hl�h[t_fZ�wlhc�\u[hjdb�—�dhebq_kl\Z�ijhba\_^_gguo�baf_j_�

gbc�\�^Zgghf�bgl_j\Ze_��>ebgZ�hlj_adZ�jZ\gZ��St(a, N–����]^_�S —�kj_^g_�
d\Z^jZlbqgh_�hldehg_gb_��t(a, n – 1) —�dhwnnbpb_gl�Klvx^_glZ�^ey�N�ba�
f_j_gbc��JZkq_l�ijh\_^_g�^ey�a = 0.95. 
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Jbk�� ��� :gZeba� Zgljhihf_ljbq_kdhc� bgnhjfZpbb�� kh^_j`Zs_cky� \� [Za_� ^Zgguo�
FJL��<_jogbc�]jZnbd�—�aZ\bkbfhklv�ihi_j_qgh]h�jZaf_jZ�q_j_iZ�hl�]h^Z�jh`^_�
gby�iZpb_glZ� Gb`gbc�]jZnbd�—�aZ\bkbfhklv�qbkeZ�iZpb_glh\�hl�]h^Z�jh`^_gby�� 

 

 
 

=h^�jh`^������������������������������������������������������������������������������������������������������������ 
 
Jbk�� ����<hajZklgh_�jZkij_^_e_gb_� ]jZ`^Zg�Jhkkbb��=bklh]jZffgu_�klhe[bdb�— 
fm`qbgu��ebgbb�]jZnbdZ�—�`_gsbgu��Ih�fZl_jbZeZf�jZ[hl�P_gljZ�ih�bamq_gbx�
ijh[e_f�gZjh^hgZk_e_gby��wdhghfbq_kdbc�nZdmevl_l�F=M — :�:��:\^__\�b�^j. 
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:gZeba� ]jZnbdh\� ihdZau\Z_l�� qlh� g_kfhljy� gZ� agZqbl_evguc� klZlb�

klbq_kdbc�jZa[jhk�^Zgguo�^ey�kj_^gbo�agZq_gbc�q_ldh�ijhke_`b\Zxlky�� 
���Hlghkbl_evgZy�klZ[bevghklv�jZaf_jh\�q_j_iZ�dZd�m�fm`qbg��lZd�b�m�

`_gsbg�gZ�ijhly`_gbb�\k_]h�ZgZebabjm_fh]h�—�ihqlb�klhe_lg_]h�i_jbh�

^Z� 
���;hevrZy�\_ebqbgZ�fm`kdh]h�q_j_iZ�ih�kjZ\g_gbx�k�`_gkdbf��gZqb�

gZy�k�^_lkdh]h�\hajZklZ� 
F_g__�\ujZ`_gh�b�lj_[mxl�mlhqg_gby�ij_^iheh`_gby� 
���H�\aZbfghc�dhjj_eypbb�Zgljhihf_ljbq_kdbo�iZjZf_ljh\�^ey�fm`�

qbg�b�^ey�`_gsbg� 
���H�^he]hkjhqghc� l_g^_gpbb�d�\ujZ\gb\Zgbx�jZaf_jh\�fm`kdh]h�b�

`_gkdh]h�q_j_ih\� 
GZdehg�]jZnbdh\�\gba��gZqbgZy�k� �����]���h[tykgy_lky�l_f��qlh�m�bk�

ke_^m_fuo�^_l_c�nhjfbjh\Zgb_�q_j_iZ� _s_�g_� aZ\_jr_gh��Fh`gh�hlf_�

lblv�m\_ebq_gguc�jZaf_j�q_j_iZ�^ey�ex^_c��jh^b\rboky�^h������]��H^gZ�

dh�gZ^h�mq_klv��qlh�dhebq_kl\h�bkke_^h\Zgguo�\�PFLK�F=M�ex^_c�lZdh�

]h�\hajZklZ�kebrdhf�fZeh��qlh[u�^_eZlv�^Ze_dh�b^msb_�\u\h^u� 
Gb`gbc�]jZnbd�hlh[jZ`Z_l�dhebq_kl\h�ijhba\_^_gguo�baf_j_gbc�^ey�

dZ`^hc�\hajZklghc�]jmiiu��KiZ^�\�ijZ\hc�qZklb�]jZnbdZ�hljZ`Z_l�lh��qlh�

gZ�bkke_^h\Zgb_�ih�FJL�ijboh^yl��\�hkgh\ghf��\ajhkeu_��l�d��ih�h[t_d�

lb\guf�ijbqbgZf�^_lb� y\eyxlky� kjZ\gbl_evgh�j_^dbfb�iZpb_glZfb�^ey�

FJL��Fh`gh�hlf_lblv��qlh�`_gsbgu�ijhy\eyxl�[hevrbc�bgl_j_k�d�FJL-
^bZ]ghklbd_�ih� kjZ\g_gbx� k�fm`qbgZfb��WlZ�hkh[_ggh�hlghkblky�d�\ha�

jZklghc�]jmii_�ij_^i_gkbhggh]h�\hajZklZ�— 50-���e_l�� 
Ihemq_ggu_�^Zggu_�fh`gh�khihklZ\blv�k�^Zggufb�=hkdhfklZlZ�JN�

aZ������]h^�h�\hajZklghf�jZkij_^_e_gbb�gZk_e_gby�Jhkkbb�—�jbk������GZ�

h[hbo� ]jZnbdZo�hlf_qZxlky�ehdZevgu_� kiZ^u��ijbq_f�gZb[he__� aZf_l�

guc�—�^ey�k_j_^bgu�khjhdh\uo�]h^h\��Bo�fh`gh�bgl_jij_lbjh\Zlv�dZd�

ke_^kl\b_� gbadhc� jh`^Z_fhklb� \� ]h^u�<_ebdhc�Hl_q_kl\_gghc� \hcgu� b�

ihke_^mxsbo�^_fh]jZnbq_kdbo�baf_g_gbc�\�kljmdlmj_�gZk_e_gby�� 
Koh^kl\h�]jZnbdh\�gZ�jbk������gb`gbc��b�jbk�����mdZau\Z_l�gZ�lh��qlh�

hlghkbl_evgh_� khhlghr_gb_� h[s_]h� dhebq_kl\Z� gZk_e_gby� �\� hkgh\ghf��

a^hjh\h]h��b�ex^_c��kljZ^Zxsbo�aZ[he_\Zgbyfb�]heh\gh]h�fha]Z��kms_kl�

\_ggh�g_�f_gyehkv�\�l_q_gb_�klhe_lby��LZdbf�h[jZahf��[ZaZ�^Zgguo�FJL-
bkke_^h\Zgbc� fh`_l� [ulv� bkihevah\ZgZ� dZd� ^hihegbl_evguc� fZl_jbZe�

^ey�bkke_^h\Zgbc�\�h[eZklb�^_fh]jZnbb� 
Ijb�mgbnbdZpbb�FJL-bkke_^h\Zgbc�b�bgl_]jZpbb�^Zgguo� k�bkihev�

ah\Zgb_f� k_lb�Bgl_jg_l�fh`gh� kms_kl\_ggh� jZkrbjblv� h[t_f� \u[hjdb�

^ey�klZlbklbq_kdh]h�ZgZebaZ�Zgljhihf_ljbq_kdhc�b�^jm]hc�ihe_aghc�bg�

nhjfZpbb�aZ�kq_l�^Zgguo��ihemqZ_fuo�gZ�^jm]bo�lhfh]jZnbq_kdbo�mklZ�

gh\dZo� 
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>ey� \uy\e_gby� b� emqr_c� \bamZebaZpbb� iZlheh]bb� gZ� FJL-

bah[jZ`_gbb�`_eZl_evgh�k�ihfhsvx�f_lh^h\�mijZ\e_gby�ldZg_\uf�dhg�

ljZklhf�m[bjZlv�ba�jZkkfhlj_gby�ghjfZevgu_�ldZgb��J_r_gbx�wlhc�aZ^Z�

qb�kihkh[kl\mxl�bfimevkgu_�f_lh^bdb��k�ihfhsvx�dhlhjuo�dZjlbgZ�dhg�

ljZklZ�^ey�ghjfZevguo�ldZg_c�ij_h[jZam_lky�gZ�FJL-bah[jZ`_gbb�\�h^�
ghjh^guc�nhg� 

>ey�\uy\e_gby�iZlheh]bc��^Zxsbo�ih\ur_gb_�kb]gZeZ��ohjhrb_�j_�

amevlZlu� ^Z_l� ijbf_g_gb_� f_lh^h\� ih^Z\e_gby� kb]gZeh\� ghjfZevghc�

ldZgb��H[uqgh�lZdh\ufb�y\eyxlky�ldZgb��kh^_j`Zsb_�`bj�beb�k\h[h^�

gmx�`b^dhklv��Ihe_agh�lZd`_�ih^Z\e_gb_�qZklbqgh�k\yaZgghc�`b^dhklb�

\� kebabklhc��Wlh� iha\hey_l� kms_kl\_ggh� mijhklblv� dZjlbgm� ldZg_\h]h�

dhgljZklZ��memqrblv�\bamZebaZpbx�iZlheh]bq_kdbo�baf_g_gbc��mlhqgblv�

bo� kljmdlmjm��;eZ]h^Zjy�ih^Z\e_gbx�ghjfZevguo� ldZg_\uo� dhfihg_gl�

kha^Zxlky�[eZ]hijbylgu_�mkeh\by�^ey�k_]f_glZpbb�b�h[t_fghc�j_dhgkl�

jmdpbb�ahgu�ihjZ`_gby��Ijb�hij_^_e_gguo�mkeh\byo�\hafh`gh�\uy\e_�

gb_� khkm^bklhc� iZlheh]bb��Ih^Z\e_gb_�fhsguo� kb]gZeh\� hl� ghjfZev�

guo� ldZg_c�iha\hey_l� jZkrbjblv�^bgZfbq_kdbc�^bZiZahg�ijb_fgbdZ�b�

hilbfbabjh\Zlv�mjh\_gv�mkbe_gby�^ey�ijb_fZ�kb]gZeh\�lhevdh�hl�iZlh�

eh]bq_kdbo�kljmdlmj� 
>ey�j_ZebaZpbb�^Zggh]h�ih^oh^Z�m^h[gh�bkihevah\Zlv�f_lh^bdb��hk�

gh\Zggu_�gZ�wnn_dl_� ©bg\_jkby-\hkklZgh\e_gb_ª��ihkdhevdm�hgb�g_�lj_�
[mxl�lhqguo�qZklhlguo�gZkljh_d��<�lh�`_�\j_fy��`_eZl_evgh�bf_lv�\�Zj�

k_gZe_�b�f_lh^bdb��hkgh\Zggu_�gZ�obf��k^\b]h\hf�ih^Z\e_gbb��ihkdhevdm�

j_eZdkZpbhggu_�k\hckl\Z�ghjfZevghc�b�iZlheh]bq_kdhc�ldZg_c�fh]ml�hdZ�

aZlvky�g_jZaebqbfufb� 
>ey� ZgZebaZ� iZlheh]bq_kdbo� baf_g_gbc� ij_^klZ\ey_lky� i_jki_dlb\�

guf� bkihevah\Zlv� f_lh^bdb�� mqblu\Zxsb_� ki_pbnbdm� `b\hc� ldZgb�� D�

gbf�hlghkylky�f_lh^bdb��bkihevamxsb_�wnn_dl�i_j_ghkZ�gZfZ]gbq_ggh�

klb��Ihwlhfm�bo�kh\_jr_gkl\h\Zgbx�ke_^m_l�m^_eblv�^he`gh_�\gbfZgb_�� 
BgnhjfZpbhgguc� ihl_gpbZe� ^Zgguo� FJL� \_kvfZ� \_ebd�� Ihwlhfm�

hkh[h_�\gbfZgb_�^he`gh�[ulv�m^_e_gh�kh\_jr_gkl\h\Zgbx�f_lh^h\�Zjob�

\Zpbb��ij_^hklZ\e_gby�^hklmiZ��klZlbklbq_kdhc�h[jZ[hldb�^Zgguo�FJL�� 
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