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JG\* WHPSHUDWXU � SRZLHWU � � Q � GX*\F� Z\VRNR�FLDF � PR* � Z\QRVL � NLON � VWRSQ � SRQL*H� ]HU �
� REVHUZXMHP\�ZyZF]D � FKPXU\�NU\V]WDáNy	
	 \ZRáXM�F\FK�W]Z��]MDZLV �
� � DOR� 
  

    

5\V���D��6WUXNWXU � SU]HVWU]HQQ � NU\V]WDá� RáyZNRZH ��� �VáXSNRZHJR ��� NU\V]WDá � Sá\WNRZHJR� 
 

 

5\V���E� 6WUXNWXU � SU]HVWU]HQQ � NU\V]WDá� Sá\WNRZHJR 

 

Halo 22-stopniowe 

 
=MDZLVN ��� DO � ]ZL�]DQ � MHV����� DáDPDQLH � VL
 �ZLDWá � VáRQHF]QHJ ��� U]HFKRG]�FH ��� SU]H �
NU\V]WDáN � O �� !�#" �ZLDWá $ VáRQHF]Q % PR* % SU]HFKRG]L & SU '(%)' REL % �FLDQN * ERF]Q % NU\V]WDá +
DO,-$/. U '0%)' MHGQ� �FLDQN
 ,-$ F]Q� * SRGVWDZ
 1 3URPLH� �ZLDWá 2 SU]HFKRG]�F3 SU '(%)'540$ GUXJ��

�FLDQN
 NU\V]WDá+6$ áyZNRZH 7 $ ]RVWDM %8'02 áDPD 9 3 WDN :;7 G3<,=3 Z
GURZD > SU '(%)' ��-stopniowy 

SU\]PD?A@ RGRZ3#1 .�? RGFK\OHQL 2B'02 OH*CED=FHG VWDZLHQL I �RULHQWDFML J NU\V]WDá G#K 'O I �����

60-VWRSQLRZH L=DNM U\]PDW G PLQLPDO O�C
P �Q ]DáDPDQL I Z\QRV R ��0 S P LH F!CTM URPLHQL U �ZLDWá I
SU]HFKRG]� V\PHWU\F]QL U �U\V K<V � K 1LHZLHONL U REURW G NU\V]WDá G ZRNy W Q H L�DXG VWDZLHQL I SUDZL U
QL U ZSá\ZDM� O
I RGFK\OHQL U �ZLDWáD K 3U]C LQQ\F YZG VWDZLHQLDFYZP � Q ]DáDPDQL I MHV Q ZL
NV]\��
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* ��� �ZLDWá ��� U]HFKRG] � SU]H 	 GRZROQL 
 ]RULHQWRZDQ 
 NU\V]WDá\ � QDVW
SQL 
 NRQFHQWUDFM �
SURPLHQ � RGFK\ORQ\F 
 R�N�W\�EOLVNL 
���� VWRSQLRP��FR�áDWZR�PR*Q � X]DVDGQL � �SDWU 	 SRQL*HM��� 
 

 

5\V�����%LHJ�SURPLHQL ��� SU\]PDFL � GO � N�W � QDMPQLHMV]HJR�RGFK\OHQLD 

 

.���� DPL�F��� U\]PDWX δ ZL�* � VL
 � N�WH� QDMPQLHMV]H � ��� GFK\OHQLD θ QDVW
SXM�F��

]DOH*QR�FL� !  

2
sinn

2
sin

δ⋅=θ+δ
…………………………………………………………………………..(1)  

Po podstawieniu do wzoru (1)  δ=600 i  ZVSyáF]\QQLN "$#%" áDPDQL " OyG-powietrze n§1,31, 

mamy: 

655,05,031,1
2

60
sin31,1

2

60
sin

00

=⋅=⋅≈θ+
……………………………………………....(2)  

Ze wzoru (2) obliczamy θ :  

022≈θ ....................................................................................................................................(3) 
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SU]\SDGNRZ *�( VWDZLRQ\F/ NU\V]WDáy 0 ORG(435* ZVWDM , ZRNy 6 6áR� 7-) SLHU�FLH� 28' WyUHJ *
ZHZQ
WU]Q9:3 URPLH� ' �WRZ 9 P ) ��

0
��� ; -HV <=<>* W]Z ; KDO *5; 0R*Q )?+-) XZD*\ @?7.+%, UZRQ ,

]DEDUZLHQL , ZHZQ
WU]QH A *CB U]H A ( KDO *D; .�< PLQLPDOQH A *?*�E FK\OHQL ) �ZLDWá )F7.+-, UZRQHJR�
MHV < PQLHMV] 9HG L* ]LHORQH A *I2 F] 9 QLHELHVNLH A *D; &]HUZ *�G�9 ZHZQ
WUzny brzeg przechodzi          

0 SDVP * *yáWH 2J) SRWHKL0 JáyZG�9MB LDá 9 SDV 2N0 NWyU\K NRORU9 QDNáDGDM� VL
 GD) VLHELH ; +DOR�������������� � �
22-VWRSQLRZ , P )�+-) ZV +-, W , VDP , UR]PLDU\�N�WRZH� 
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)RW�����3HáQ � ��-stopniowe halo w Wisconsin [2] 

 

 

Fot. 2. Fragment 22-stopniowego halo sfotografowanego w Wisconsin [2] 

 

Halo 22-VWRSQLRZ � VáR�F � SRERF]QH 
 
' ����� ZVWDQL 	 SHáQHJ ��
 DO ����� WU]HEQ 
 V� � U\V]WDáN � O ������� VWDZLRQ 
�� SRZLHWU]� SR �
ZV]\VWNLP � PR*OLZ\P � N�WDPL � D����� O 	 ND*GH� F]
�F � KDO � LVWQLDá ��� U\V]WDáN ��� WDNLH�
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RULHQWDFML � * � ��� áDPDQ � SU � � � QL � �ZLDWá ��� RFLHU � �	�
� N � REVHUZDWRUD � .U\V]WDáN ��
������ QL �
]DZV � � MHGQD � ��� DGDM� � SU]\SDGNRZ\F� � VWDZLHQLDF� � .U\V]WD � Sá\WNRZ� QDMFK
WQLH�
XVWDZL � VL
 WD � � *H�	��� UyWV]D � � �	� á � SURVWRSDGá � ��� � LHU ��� � �
��� DGDQLD � � ZL
NV � � SáDVNL �
SRGVWDZ� � UDZL � SR]LRPH � * � � 6áR�F � � QDMG]L � VL
 � LV � ��� � QLHELH � RULHQWDFM � W\FK�

NU\V]WDáy� VSRZRGXMH � * � E
G� � Q � ��� áDP\ZD � �ZLDWá � � NLHUXQ� � REVHUZDWRU � � ERF]Q\F�
F]
�F � KDOR � � QL � � MHJ � ZLHU]FKRáND � 3RZVWDM � ZWH � � ]MDZLV � � ]ZDQ � IDáV]\Z\ ! VáR�FHP �
WRZDU]\V]H! 6áR� "�� O� � VáR�FH# SRERF]Q\P $ , # OHSV %�& XVWDZLHQL & NU\V]WDáNy ' W\#
PQLHMV %�& (�) D�QLHMV %�& E
G� * ODP+-,/. WyU & SRMDZLDM� VL
 *1020�354 VWURQDF 6 6áR�FD $ 1LHNLH 7�+ LFK�

QDW
*HQL & MHV 8 GX*H ,:9 SR]RUQ 9 ZLHONR� ; MHV 8 SRUyZQ\ZDOQ 9<% ZLHONR�FL� 6áR�FD $ *G\�
GRNáDGQLH) SU]\MU]\P+ VL
 *-0 ZL
NV]RQHP4 VáR�F4 SRERF]QHP4 Q 9 EDUZQH) IRWRJUDILL ,
GRVWU]H*HP+ F]HUZRQH ,=*-0 PDUD�F]RZH , *yáWH , ]LHORQ &>( QLHELHVNL &@?A% 
�F ( ZLGP 9 SL
NQL &
uwidocznione na tle niewielkiej * LHU]DVWH) FKPXUNL $ 3U]\F] +�B�+ WHJR , * & ZLG]LP +C* HáQLHMV]\�
]DNUH D ZLGP 9E' VáR�FX�SRERF]Q\# QL*�' SR]RVWDáH) F]
�F ( KDOR�V� 7�0 � ; % áR*RQH� 
 

 

)RW�����=DFKRG]� ?�& 6áR� ?�&�( ��-VWRSQLRZ & VáR� ?�& SRERF]Q & [2] 

 

*yUQ F áXN G VW\F]Q F G HJIKI -stopniowego halo 

 
&]DVDP L RSUy MAN VáR� M SRERF]Q\FO
L ��-VWRSQLRZH P�QRO DO Q ZLGRF]QS MHV TKU HV]F N�V MD�QLHMV]S
REV]DW �ZLDWá X QD Y JyUQ� F]
�FL� O DO Q1Z =MDZLVN Q W Q MHV T GRV\ [ F]
VW VRL ]Z\NO V SU]\MPXM V
IRUP
 Q VREQH P�Q áXNX \ VW\F]QHJ Q]Y�Q V]F]\Ŵ>O DO Q5\ DO V PDM�FH P	Q ]XSHáQL V LQQ� _ U]\ZL]Q
��
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:\JO� � á ����� ]DOH*�	��� Z\VRNR�F 
 6áR� �
� QD ����� U\]RQWHP � 3RGVWDZRZ � SUDF � SR�ZL
FRQ �
W\� áXNR � ]RVWDá � RSXEOLNRZDQ ��� ODWDF����� -VW\F� XELHJáHJ � VWXOHFL � SU ���
� GZyF�
naukowców niemieckich - Perntera i Exnera. Autorzy doszli do wniosku, * � áXN 
 V� WZRU]RQ �
SU ����� RSDGDM� � � NU\V]WDá\��NWyU\F ��� áXJL � RVL � XVWDZLDM��VL
�SR]LRPR� 

 

 

)RW�����*yUQ\�á ��� VW\F]Q\�GR���-stopniowo halo sfotografowany w stanie Wisconsin.  

6áR� � ��� QDMGXM � VL
�Q � Z\VRNR�F 
 �0 [2] 

 

àXN � 3DUU\
HJ �! #" XN  /RZLW]D 

 
2SUy $
% RSLVDQ\F & ]MDZLV ' Z\VW
SXM� UyZQLH* ( Z ) U]DGNL *+% MDZLVND , UyZQLH* VSRZRGRZDQ *
]DáDPDQLH - �ZLDWá )/. NU\V]WDáNDF& O 0�(2143 1D]Z5 W\F & ]MDZLV ' ]DZG]L
F]DP5�0 VRERP ,6' WyU *
7 0 U )�% SLHUZV]5 M * RSLV\ZDá598�) W\O * GRNáDGQLH , * *:%�) LQWHUHVRZDá5 Sy(QLHMV]\F&
REVHUZDWRUyZ ; &KRG] <>= áXN < 3DUU\
H ?�=!<A@ XN < /RZLW]D ;4B ODWDFCED�FGDIHJ< ��� K : ; ( ; 3DUU L
SRGF]D M Z\SUDZ L DUNW\F]QHNPO SRV]XNLZDQL Q 3U]HM�FL R 3yáQRFQR-=DFKRGQLH ?�=S=�T LV\ZD @
VZRM U REVHUZDFM U UR�OLQQR�FL V ]ZLHU]�W V PLHV]ND�FyZ VW? HRORJLL V K\GURORJLi i metorologii . 

2GQRWRZ\ZD @ UyZQLH* =�? O�GDQ UAO F]DVL U Z\SUDZ L ]MDZLVN R Q R QLHELH ; 0L
G]L LQQ\P < RSLVD @
á Q�XYTG= MDZLDM�F L VL
 QD Z 6áR�FHP ; 3RZVWDZDQL U áXNyO 3HUU\
H ?�=[T U]\SLVXM U VL
 �ZLDWáX�

SU]HFKRG]�FHPQ\T U ]�U
]+^�= Z UXJ� _G= F]Q� �FLDQN
 X U\V]WDáyO RáyZNRZ\F CGV których orientacje 

V� = JUDQLF]RQ U Z = ]QDF]QL U PQLHMV]H ?�=JT U]HG]LDáQà L* O SU]\SDGX�Q áXNy O VW\F]Q\FC F]\�

KDO bdc àXN e /RZLW f�g V� WUXGQLHMV f�hji�b Z\MD�QLHQLD c 1D]Z
 ]DZG]L
F]DM� 7RELDVRZ e
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/RZLW]RZL � NWyU ��� SXEOLNRZD � V]F]HJyáRZ����� L � WH 	
� ]MDZLVN � ]DREVHUZRZDQHgo w 1790 

U �
������� QLHEL ��� 6DQN� 3HWHUVEXUJ� � 5RVML � 1DMEDUG]LH� SUDZGRSRGREQ\� Z\WáXPDF]HQLH �
SRFKRG]HQL � áXNy � /RZLW � � MHV � KLSRW ��� � VXJHUXM�FD � * ��� � LF� � RZVWDZDQL � RGSRZLHG]LDOQ �
V��NU\V]WDá � Sá\WNRZH��ZLUXM� ��� SRGF]D � RSDGDQLD� 
 

 

)RW�����*yUQ\�á �� VW\F]Q\� ! Z\UD(QL "#!�$ U\VRZDQ\ % QDGVáRQHF]Q\% áXNLH % 3DUU\
HJR�[2] 

 

Halo 46-stopniowe 

 
' & LQQ\F' U]DGNLF' ]MDZLV  )( DOH**+' DO &-, �-VWRSQLRZH . 3RSU]HGQL & RSLV\ZDOL�P* ]MDZLVN $
SRZVWDM�F " SRGF]D / SU]HM�FL $ �ZLDWá $ SU]H !10�& GUXJ� �FLDQN
 2�& F]Q� ' HNVDJRQDOQHJ &
NU\V]WDá � OR 34�5. =MDZLVN $ W " V� RSDUW " Q $ SUDZDF'76 U]HFKRG]HQL $ �ZLDWá $ SU !�"�! ��-stopniowy 

SU\]PD8:9 RGRZ *5. 2ND]XM " VL
 ; * " SU !�"�! WH( VD% NU\V]WD < �ZLDWá & PR* " SU]HFKRG]L = WD  MD 
przez pryzmat 90-VWRSQLRZ *5.?> SU\]PDFL "@&- �FL " áDPL�F\ %BA�C VWRSQ D N� 8 QDMPQLHMV]HJ &
RGFK\OHQL $ �ZLDWá $ Z\QRV D � E VWRSQL . +DO & ��-VWRSQLRZ " Z\VW
SXM "F! QDF]QL " U]DG]LHGH( L*�
halo 22-VWRSQLRZH ;�6 RQDGW & MHV 8 WU �I3
(�& ]DXZD*DOQH ;?J
3 \* WU �I34(I& MHV 8 REVHUZRZ $�=K! MDZLVN &
REHMPXM�F " WDN�GX*\�REV]D L QLHED� 
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Fot. 6. HDO � RSLVDQH��6áR� ����� QDMGXM � VL
�Q � Z\VRNR�F � ��0 [2] 
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