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Abstract. In practice, forecasting of ava-

lanche occurrences in a single avalanche path 

is usually subjective based on background 

avalanche and weather forecasts, data on the 

location and topography of the avalanche 

starting zone, as well as available data on the 

snowpack in it. Moreover, forecasters some-

times identify avalanche starting zones, in 

which, according to their opinion, avalanche 

formation is similar. It is generally believed 

that avalanche formation occurs similarly in 

avalanche starting zones similar in morphol-

ogy and morphometry, as well as having sim-

ilar exposure. The aim of the work was to es-

tablish a quantitative relationship in the ava-

lanche formation of snowstorm avalanches in 

22 avalanche starting zones located in an area 

of about 25 km2 located in the southern part 

https://doi.org/10.34753/HS.2019.1.3.005


2019 Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA 

 

 

382 
Chernous P.A., Volkov A.V An assessment of the similarity of snowstorm avalanching in the Khibiny 
Mountains. Hydrosphere. Hazard processes and phenomena, 2019, vol. 1, iss. 3, pp. 381-391 (In Russian; 
abstract in English). DOI: 10.34753/HS.2019.1.3.005 

 

�\�� �x�`�g�h�c �q�Z�k�l�b�� �O�b�[�b�g���� �B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�\�_��

�^�_�g�h�� �g�Z�� �h�k�g�h�\�_�� �f�g�h�]�h�e�_�l�g�b�o�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z��

�e�Z�\�b�g�Z�f�b���\���^�Z�g�g�h�f���j�_�]�b�h�g�_�����<���d�Z�q�_�k�l�\�_���f�_�j�u��

�[�e�b�a�h�k�l�b���e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���\���^�\�m�o���e�Z�\�b�g�g�u�o��

�h�q�Z�]�Z�o��P(i/j) �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �m�k�e�h�\�g�Z�y�� �\�_��

�j�h�y�l�g�h�k�l�v�� �h�[�j�Z�a�h�\�Z�g�b�y�� �e�Z�\�b�g�u�� �\�� �e�Z�\�b�g�g�h�f��

�h�q�Z�]�_��i, �_�k�e�b���e�Z�\�b�g�Z���h�[�j�Z�a�h�\�Z�e�Z�k�v���\���e�Z�\�b�g�g�h�f��

�h�q�Z�]�_��j�����D�Z�d���i�h�d�Z�a�Z�e�h���b�k�k�e�_�^�h�\�Z�g�b�_�����k�l�Z�l�b�k�l�b��

�q�_�k�d�b�_���k�\�y�a�b���e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���\���j�Z�a�e�b�q�g�u�o��

�e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o���y�\�e�y�x�l�k�y���a�g�Z�q�b�f�u�f�b�����g�h�����d�Z�d��

�i�j�Z�\�b�e�h�����^�h�\�h�e�v�g�h���k�e�Z�[�u�f�b�����G�Z�b�[�h�e�_�_���k�o�h�^�g�h��

�h�[�j�Z�a�h�\�Z�g�b�_�� �f�_�l�_�e�_�\�u�o�� �e�Z�\�b�g�� �i�j�h�b�k�o�h�^�b�l�� �\��

�h�q�Z�]�Z�o�� �b�f�_�x�s�b�o�� �k�o�h�^�g�m�x�� �w�d�k�i�h�a�b�p�b�x���� �I�h��

�f�b�f�h�� �w�l�h�]�h���� �\�e�b�y�x�l�� �^�_�n�h�j�f�Z�p�b�b�� �\�h�a�^�m�r�g�h�]�h��

�i�h�l�h�d�Z���\���]�h�j�g�h�c���k�b�k�l�_�f�_���b���j�Z�a�f�_�j�u���a�h�g���f�_�l�_��

�e�_�\�h�]�h���k�g�h�k�Z���k�g�_�]�Z�����Z���l�Z�d�`�_���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y��

�b�a�f�_�g�q�b�\�h�k�l�v�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_��

�j�b�k�l�b�d�� �f�_�l�_�e�_�\�h�]�h�� �k�g�_�]�Z�� �\�� �e�Z�\�b�g�g�u�o�� �h�q�Z�]�Z�o����

�I�j�_�^�e�h�`�_�g�Z���f�_�l�h�^�b�d�Z���\�_�j�h�y�l�g�h�k�l�g�h�c���^�b�Z�]�g�h��

�k�l�b�d�b�� �b�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �f�_�l�_�e�_�\�u�o�� �e�Z�\�b�g�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �e�Z�\�b�g�g�u�o�� �h�q�Z�]�h�\-�b�g�^�b�d�Z�l�h��

�j�h�\�� 

 

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �f�_�l�_�e�_�\�u�_�� �e�Z�\�b�g�u���� �f�Z�k��

�k�h�\�u�c���k�o�h�^�����\�_�j�h�y�l�g�h�k�l�b�����e�Z�\�b�g�g�u�_���h�q�Z�]�b-�Z�g�Z��

�e�h�]�b�����^�b�Z�]�g�h�k�l�b�d�Z���e�Z�\�b�g�����i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_�� 

of the Khibiny Mountains. The study was 

based on long-term observations of ava-

lanches in this area. As a measure of the 

proximity of avalanche formation in two av-

alanche starting zones P (i / j), we used the 

conditional probability of avalanche for-

mation in avalanche starting zone i, if an av-

alanche formed in avalanche starting zone j. 

As the study showed, correlations between 

avalanche formation in various avalanche 

starting zones are statistically significant, 

but, as a rule, rather weak. The most similar 

formation of snow avalanches occurs in the 

starting zones having a similar exposure. In 

addition, the deformations of the air flow in 

the mountain system and the size of the snow 

drift zones, as well as the spatial variability 

of the physical and mechanical characteris-

tics of snowpack in avalanche starting zones, 

also affect. A methodology for probabilistic 

diagnosis and forecasting of snowstorm ava-

lanches using avalanche starting zones-indi-

cators is proposed. 

Keywords: snowstorm avalanches; numer-

ous releases; probabilities; avalanche starting 

zones-analogues; avalanche diagnostics; 

forecasting 
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�J�b�k�m�g�h�d��1. �K�o�_�f�Z���e�Z�\�b�g�g�u�o �h�q�Z�]�h�\���\���j�Z�c�h�g�_���g�Z�[�e�x�^�_�g�b�c���\���O�b�[�b�g�Z�o 

Figure 1. Schema of avalanche starting zones in the avalanche  

monitoring area in the Khibiny Mountains 
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�[�u�e�b���Z�d�l�b�\�g�u�f�b���������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\�����������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���± �h�^�b�g���j�Z�a�����������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���± 

2 �j�Z�a�Z���b���\���������e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o�� �± �����j�Z�a�����<�����������\�k�_�o���^�g�_�c���k���e�Z�\�b�g�Z�f�b���[�u�e���Z�d�l�b�\�_�g���e�b�r�v���h�^�b�g��

�e�Z�\�b�g�g�u�c���h�q�Z�]�����F�Z�k�k�h�\�u�o���k�o�h�^�h�\���e�Z�\�b�g�����d�h�]�^�Z���g�Z�[�e�x�^�Z�_�l�k�y���\�h�a�g�b�d�g�h�\�_�g�b�_���e�Z�\�b�g���[�h�e�_�_���q�_�f���\��

���������\�k�_�o���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���\���j�_�]�b�h�g�_1�����\���O�b�[�b�g�Z�o���g�_���a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h���� 

�I�h�o�h�`�b�_���j�_�a�m�e�v�l�Z�l�u���[�u�e�b���i�h�e�m�q�_�g�u���\���K�d�Z�e�b�k�l�u�o���]�h�j�Z�o�����\���r�l�Z�l�_���D�h�e�h�j�Z�^�h�����K�R�:�����L�Z�f��

�g�Z�[�e�x�^�_�g�b�y�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �������� �d�f2 �i�h�d�Z�a�Z�e�b���� �q�l�h�� �l�h�e�v�d�h�� �^�\�Z�`�^�u�� �\�� �]�h�^�� �g�Z�[�e�x�^�Z�x�l�k�y�� �l�Z�d�b�_��

�k�o�h�^�u���e�Z�\�b�g�����d�h�]�^�Z���^�_�c�k�l�\�m�x�l���[�h�e�_�_�����������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���>Judson�������������@�����L�b�i���e�Z�\�b�g���i�j�b���w�l�h�f��

�\�h���\�g�b�f�Z�g�b�_���g�_���i�j�b�g�b�f�Z�e�k�y���� 

�Q�l�h���d�Z�k�Z�_�l�k�y���f�_�l�_�e�_�\�u�o���e�Z�\�b�g�����l�h���b�o���h�^�g�h�\�j�_�f�_�g�g�u�c���k�o�h�^���\�h���f�g�h�]�b�o���e�Z�\�b�g�g�u�o���h�q�Z�]�Z�o��

�l�Z�d�`�_�� �y�\�e�_�g�b�_�� �^�h�\�h�e�v�g�h�� �j�_�^�d�h�_�� �b�� �\�_�j�h�y�l�g�h�k�l�v�� �_�]�h�� �j�_�a�d�h�� �m�f�_�g�v�r�Z�_�l�k�y�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �^�h�e�b��

�Z�d�l�b�\�g�u�o���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���d���b�o���h�[�s�_�f�m���d�h�e�b�q�_�k�l�\�m���\���^�Z�g�g�h�f���j�Z�c�h�g�_�����:�g�Z�e�b�a���^�Z�l���k�o�h�^�Z���e�Z�\�b�g��

�\�� �j�Z�c�h�g�_�� �O�b�[�b�g���� �d�h�g�l�j�h�e�b�j�m�_�f�h�f�� �i�j�h�l�b�\�h�e�Z�\�b�g�g�h�c�� �k�e�m�`�[�h�c�� �H�:�H �©�:�i�Z�l�b�l�ª���� �i�h�d�Z�a�Z�e���� �q�l�h��

�^�h�e�y�� �k�e�m�q�Z�_�\���� �d�h�]�^�Z�� �\�� �h�^�b�g���b�� �l�h�l�� �`�_�� �^�_�g�v�� �k�o�h�^�b�e�b�� �f�_�l�_�e�_�\�u�_�� �e�Z�\�b�g�u�� �\�� �[�h�e�_�_�� �q�_�f�� �������� �\�k�_�o��

�h�q�Z�]�h�\���k�h�k�l�Z�\�e�y�_�l���g�_���[�h�e�_�_���������\�k�_�o���^�g�_�c���k���f�_�l�_�e�_�\�u�f�b���e�Z�\�b�g�Z�f�b�����?�k�e�b���k�h�\�f�_�k�l�g�u�c���k�o�h�^���e�Z�\�b�g��

�h�l�g�h�k�b�l�v���g�_���d���d�Z�e�_�g�^�Z�j�g�u�f���^�g�y�f�����Z���d�h���\�k�_�f�m���i�_�j�b�h�^�m���f�_�l�_�e�_�\�h�]�h���y�\�e�_�g�b�y�����l�h���k�o�h�^���f�_�l�_�e�_�\�u�o��

�e�Z�\�b�g���\���[�h�e�_�_���q�_�f�����������e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���g�Z�[�e�x�^�Z�_�l�k�y���i�h�q�l�b���\�����������\�k�_�o���k�b�l�m�Z�p�b�c�����\���d�h�l�h�j�u�o��

�g�Z�[�e�x�^�Z�e�b�k�v�� �f�_�l�_�e�_�\�u�_�� �e�Z�\�b�g�u���� �W�l�h�� �h�[�t�y�k�g�y�_�l�k�y�� �l�_�f���� �q�l�h�� �^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h��

�©�e�Z�\�b�g�g�u�o�ª�� �f�_�l�_�e�_�c�� �b�f�_�_�l�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �[�h�e�_�_�� �k�m�l�h�d�� �b�� �g�_�d�h�l�h�j�u�f�b�� �\�j�_�f�_�g�g�u�f�b��

�j�Z�a�e�b�q�b�y�f�b�� �\�� �f�_�l�_�e�_�\�h�f�� �k�g�_�]�h�g�Z�d�h�i�e�_�g�b�b�� �\�� �j�Z�a�e�b�q�g�u�o�� �e�Z�\�b�g�g�u�o�� �h�q�Z�]�Z�o���� �g�_�h�[�o�h�^�b�f�h�f�� �^�e�y��

�\�h�a�g�b�d�g�h�\�_�g�b�y���f�_�l�_�e�_�\�h�c���e�Z�\�b�g�u���� 

�I�j�h�\�_�j�d�Z�� �\�_�j�h�y�l�g�h�k�l�g�u�o�� �k�\�y�a�_�c�� �f�_�`�^�m�� �\�h�a�g�b�d�g�h�\�_�g�b�_�f�� �e�Z�\�b�g�� �\�� �j�Z�a�e�b�q�g�u�o�� �i�Z�j�Z�o��

�e�Z�\�b�g�g�u�o�� �h�q�Z�]�h�\�� �k�� �i�h�f�h�s�v�x�� �d�j�b�l�_�j�b�y�� �$2 �i�h�d�Z�a�Z�e�Z���� �q�l�h�� �i�j�b�� ���������� �m�j�h�\�g�_�� �a�g�Z�q�b�f�h�k�l�b��

�[�h�e�v�r�b�g�k�l�\�h�� �k�\�y�a�_�c�� �y�\�e�y�x�l�k�y�� �a�g�Z�q�b�f�u�f�b���� �H�p�_�g�d�b�� �\�_�j�h�y�l�g�h�k�l�_�c��P(i/j) �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��

�l�Z�[�e�b�p�_ 1. 

                                                 
1 �F�_�l�h�^�b�q�_�k�d�b�_���m�d�Z�a�Z�g�b�y���i�h���k�g�_�]�h�e�Z�\�b�g�g�h�f�m���h�[�_�k�i�_�q�_�g�b�x���g�Z�j�h�^�g�h�]�h���o�h�a�y�c�k�l�\�Z�����L�Z�r�d�_�g�l, �������������������k�� 
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�<�� �p�_�e�h�f�� �\�_�j�h�y�l�g�h�k�l�b��P(i/j) �^�h�\�h�e�v�g�h�� �f�Z�e�u���� �q�l�h�� �h�l�j�Z�`�Z�_�l�� �[�h�e�v�r�m�x�� �g�_�h�^�g�h�j�h�^�g�h�k�l�v��

�m�k�e�h�\�b�c�� �e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y�� �b�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �g�b�a�d�m�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �n�h�g�h�\�u�o�� �i�j�h�]�g�h�a�h�\����

�d�h�l�h�j�u�_���� �i�h�� �k�m�l�b�� �^�_�e�Z���� �m�e�Z�\�e�b�\�Z�x�l�� �e�b�r�v�� �h�[�h�[�s�_�g�g�m�x�� �l�_�g�^�_�g�p�b�x�� �e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y����

�d�h�g�d�j�_�l�g�u�_�� �i�j�h�y�\�e�_�g�b�y�� �d�h�l�h�j�h�c�� �y�\�e�y�x�l�k�y�� �\�� �j�Z�f�d�Z�o�� �l�Z�d�b�o�� �i�j�h�]�g�h�a�h�\�� �g�_�i�j�_�^�k�d�Z�a�m�_�f�u�f�b����

�G�Z�b�[�h�e�v�r�_�_���a�g�Z�q�_�g�b�_��P(i/j)=0,61 (P(j/i)� �������������i�h�e�m�q�_�g�h���^�e�y���h�q�Z�]�h�\��i� �������b��j� ���������j�b�k�m�g�h�d�������� 

  

�J�b�k�m�g�h�d������ �K�o�_�f�Z���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���‹���������± �‹�� �������]�h�j�u���X�d�k�i�h�j 

Figure 2. Schema of avalanche starting zones �‹�� 13 �± �‹  19 of the Yukspor Mountain 

�;�h�e�v�r�b�_���a�g�Z�q�_�g�b�y��P(i/j) �l�Z�d�`�_���i�h�e�m�q�_�g�u���^�e�y���i�Z�j���h�q�Z�]�h�\���\�o�h�^�y�s�b�o���\���]�j�m�i�i�m���h�q�Z�]�h�\���k��

�������i�h�����������j�b�k�m�g�h�d�����������Z���l�Z�d�`�_���^�e�y���i�Z�j���j�y�^�h�f���j�Z�k�i�h�e�h�`�_�g�g�u�o���h�q�Z�]�h�\���������b�����������������b�����������������b��������

���j�b�k�m�g�h�d�����������G�Z�i�j�b�f�_�j�����h�d�h�e�h�����������\�k�_�o���f�_�l�_�e�_�\�u�o���e�Z�\�b�g���\���e�Z�\�b�g�g�h�f���h�q�Z�]�_�����������j�b�k�m�g�d�b�������b��������

�k�o�h�^�b�l���\�h���\�j�_�f�y���f�_�l�_�e�_�c�����i�j�b���d�h�l�h�j�u�o���h�[�j�Z�a�m�x�l�k�y���e�Z�\�b�g�u���\���e�Z�\�b�g�g�h�f���h�q�Z�]�_���������b���g�Z�h�[�h�j�h�l����

�;�h�e�v�r�b�_���a�g�Z�q�_�g�b�y���\�_�j�h�y�l�g�h�k�l�_�c���h�[�t�y�k�g�y�x�l�k�y���k�o�h�^�g�h�c���h�j�b�_�g�l�Z�p�b�_�c���b���[�e�b�a�d�b�f���j�Z�k�i�h�e�h�`�_�g�b�_�f��

�h�q�Z�]�h�\�����i�j�b�g�Z�^�e�_�`�g�h�k�l�v�x���d���h�^�g�h�f�m���f�Z�d�j�h�k�d�e�h�g�m���b���h�[�s�_�c���h�[�e�Z�k�l�v�x���k�g�h�k�Z���f�_�l�_�e�_�\�h�]�h���k�g�_�]�Z����

�I�j�b�q�_�f�� �k�o�h�`�Z�y�� �h�j�b�_�g�l�Z�p�b�y�� �e�Z�\�b�g�g�u�o�� �h�q�Z�]�h�\�� �y�\�e�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�u�f���� �g�h�� �g�_�^�h�k�l�Z�l�h�q�g�u�f��

�m�k�e�h�\�b�_�f�� �Z�g�Z�e�h�]�b�q�g�h�k�l�b�� �e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���� �G�Z�i�j�b�f�_�j���� �\�_�j�h�y�l�g�h�k�l�b��P(i/j) �b��P(j/i) �^�e�y��
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�h�^�b�g�Z�d�h�\�h�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o�� �h�q�Z�]�Z�� ������ �b�� �h�q�Z�]�h�\�� �b�a�� �]�j�m�i�i�u�� �k 13-�]�h�� �i�h�� ����-�c�� �k�j�Z�\�g�b�l�_�e�v�g�h��

�g�_�[�h�e�v�r�b�_�����L�h���`�_���k�Z�f�h�_���f�h�`�g�h���h�l�f�_�l�b�l�v���^�e�y���h�q�Z�]�Z���������b���h�q�Z�]�h�\���b�a���]�j�m�i�i�u���k������-�]�h���i�h������-�c���� 

�H�q�_�\�b�^�g�h�����q�l�h���k�b�g�o�j�h�g�g�h�k�l�v���\�h�a�g�b�d�g�h�\�_�g�b�y���e�Z�\�b�g���a�Z�\�b�k�b�l���b���h�l���j�Z�a�e�b�q�b�c���\���d�j�m�l�b�a�g�_��

�e�Z�\�b�g�g�u�o���h�q�Z�]�h�\�����G�Z���d�j�m�l�u�o���k�d�e�h�g�Z�o���f�_�l�_�e�_�\�u�_���e�Z�\�b�g�u���n�h�j�f�b�j�m�x�l�k�y���[�u�k�l�j�_�_���b���q�Z�s�_�����q�_�f���g�Z��

�i�h�e�h�]�b�o�����<�e�b�y�g�b�y���j�Z�a�e�b�q�b�c���\���i�e�h�s�Z�^�b���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\���g�Z���l�_�k�g�h�l�m���k�\�y�a�_�c���\���\�h�a�g�b�d�g�h�\�_�g�b�b��

�f�_�l�_�e�_�\�u�o�� �e�Z�\�b�g�� �h�l�f�_�q�_�g�h�� �g�_�� �[�u�e�h���� �D�Z�d�� �m�`�_�� �]�h�\�h�j�b�e�h�k�v���� �m�k�e�h�\�b�y�� �h�[�j�Z�a�h�\�Z�g�b�y�� �f�_�l�_�e�_�\�u�o��

�e�Z�\�b�g�� �\�� �e�Z�\�b�g�g�u�o�� �h�q�Z�]�Z�o�� �k�� ������ �i�h�� ������ ���j�b�k�m�g�h�d�� ������ �h�[�e�Z�^�Z�x�l�� �g�Z�b�[�h�e�v�r�_�c�� �k�l�_�i�_�g�v�x��

�Z�g�Z�e�h�]�b�q�g�h�k�l�b�����E�Z�\�b�g�u�����k�o�h�^�y�s�b�_���\���w�l�b�o���h�q�Z�]�Z�o�����m�]�j�h�`�Z�x�l���h�^�g�h�f�m���h�[�t�_�d�l�m���± �`�_�e�_�a�g�h�c���^�h�j�h�]�_��

���j�b�k�m�g�d�b�� ���� �b�� �������� �W�l�h�l�� �n�Z�d�l�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �i�j�b�� �k�h�a�^�Z�g�b�b�� �f�_�l�h�^�b�d�b�� �i�j�h�]�g�h�a�Z�� �e�Z�\�b�g�g�h�c��

�h�i�Z�k�g�h�k�l�b���^�e�y���w�l�h�]�h���h�[�t�_�d�l�Z�����;�u�e�b���k�n�h�j�f�b�j�h�\�Z�g�u���^�h�k�l�Z�l�h�q�g�h���[�h�e�v�r�b�_���h�^�g�h�j�h�^�g�u�_���\�u�[�h�j�d�b��

�e�Z�\�b�g�g�u�o���b���g�_���e�Z�\�b�g�g�u�o���k�b�l�m�Z�p�b�c�����h�i�b�k�u�\�Z�_�f�u�o���g�Z�[�h�j�h�f���o�Z�j�Z�d�l�_�j�b�k�l�b�d�����g�Z���h�k�g�h�\�_���d�h�l�h�j�u�o��

�[�u�e�b�� �i�h�k�l�j�h�_�g�u�� �i�j�Z�\�b�e�Z�� �j�Z�a�^�_�e�_�g�b�y�� �k�b�l�m�Z�p�b�c�� �\�� �w�l�b�o�� �h�q�Z�]�Z�o�� �g�Z�� �e�Z�\�b�g�g�u�_�� �b�� �g�_���e�Z�\�b�g�g�u�_��

�>�Q�_�j�g�h�m�k�������������@�����B�k�i�h�e�v�a�m�y���j�Z�k�q�_�l�g�m�x���\�_�j�h�y�l�g�h�k�l�v���h�[�j�Z�a�h�\�Z�g�b�y���e�Z�\�b�g�u���\ �e�Z�\�b�g�g�h�f���h�q�Z�]�_��P(j), 

�i�h�e�m�q�_�g�g�m�x�� �d�Z�d�b�f-�e�b�[�h�� �h�[�j�Z�a�h�f���� �g�Z�i�j�b�f�_�j�� �k�� �i�h�f�h�s�v�x�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��

�>�Q�_�j�g�h�m�k�����I�_�j�e�b�d�h�\�����F�h�d�j�h�\�������������@�����f�h�`�g�h���k���i�h�f�h�s�v�x���n�h�j�f�m�e�u���i�h�e�g�h�c���\�_�j�h�y�l�g�h�k�l�b���h�p�_�g�b�l�v��

�\�_�j�h�y�l�g�h�k�l�v���h�[�j�Z�a�h�\�Z�g�b�y���e�Z�\�b�g�u���\���h�q�Z�]�_��i: 

P(i) = P(i/j)P(j) + P(i/j �g)[1 �± P(j)] (1) 

�]�^�_ P(i/j �g) �± �\�_�j�h�y�l�g�h�k�l�v���h�[�j�Z�a�h�\�Z�g�b�y���e�Z�\�b�g�u���\���e�Z�\�b�g�g�h�f���h�q�Z�]�_��i�����_�k�e�b���e�Z�\�b�g�Z���\���e�Z�\�b�g�g�h�f��

�h�q�Z�]�_��j �g�_���k�h�r�e�Z���� 

�L�Z�[�e�b�p�Z�� �\�_�j�h�y�l�g�h�k�l�_�c��P(i/j �g) �a�^�_�k�v�� �g�_�� �i�j�b�\�h�^�b�l�k�y���� �g�h�� �b�o�� �a�g�Z�q�_�g�b�y�� �a�g�Z�q�b�l�_�e�v�g�h��

�f�_�g�v�r�_�����q�_�f��P(i/j) �b���\���j�Z�k�q�_�l�Z�o���b�o���f�h�`�g�h���g�_���m�q�b�l�u�\�Z�l�v 

�A�Z�d�e�x�q�b�l�_�e�v�g�u�_���a�Z�f�_�q�Z�g�b�y 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �d�h�e�b�q�_�k�l�\�_�g�g�h�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �a�g�Z�q�b�l�_�e�v�g�m�x��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x���b�a�f�_�g�q�b�\�h�k�l�v���e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���� �k�\�y�a�Z�g�g�h�]�h���k���f�_�l�_�e�y�f�b���\�� �O�b�[�b�g�Z�o���� �]�^�_��

�w�l�h�l���l�b�i���e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y���y�\�e�y�_�l�k�y���h�k�g�h�\�g�u�f�����I�j�b���h�[�j�Z�a�h�\�Z�g�b�b���f�_�l�_�e�_�\�u�o���e�Z�\�b�g�����[�h�e�v�r�m�x��

�j�h�e�v���b�]�j�Z�x�l���g�_���l�h�e�v�d�h���f�h�j�n�h�e�h�]�b�y���b���f�h�j�n�h�f�_�l�j�b�y���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\�����g�h���b���b�o���j�Z�k�i�h�e�h�`�_�g�b�_��

�i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �b�k�l�h�q�g�b�d�Z�f�� �k�g�h�k�Z�� �f�_�l�_�e�_�\�h�]�h�� �k�g�_�]�Z���� �L�Z�d�Z�y�� �b�a�f�_�g�q�b�\�h�k�l�v�� �k�b�e�v�g�h�� �h�l�e�b�q�Z�_�l��

�h�[�j�Z�a�h�\�Z�g�b�_���f�_�l�_�e�_�\�u�o���e�Z�\�b�g���h�l���e�Z�\�b�g���k�\�_�`�_�\�u�i�Z�\�r�_�]�h���k�g�_�]�Z�����Q�l�h���\���k�\�h�x���h�q�_�j�_�^�v���i�j�b�\�h�^�b�l��

�d�� �\�u�\�h�^�m�� �h�� �[�h�e�v�r�_�c�� �k�e�h�`�g�h�k�l�b�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �f�_�l�_�e�_�\�u�o�� �e�Z�\�b�g���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_�f���e�Z�\�b�g���k�\�_�`�_�\�u�i�Z�\�r�_�]�h���k�g�_�]�Z���� 
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�N�h�j�f�m�e�b�j�h�\�d�b�� �n�h�g�h�\�u�o�� �i�j�h�]�g�h�a�h�\�� �e�Z�\�b�g���� �\�� �j�Z�c�h�g�Z�o�� �k�� �b�g�l�_�g�k�b�\�g�h�c�� �f�_�l�_�e�_�\�h�c��

�^�_�y�l�_�e�v�g�h�k�l�v�x���� �^�h�e�`�g�u�� �h�l�e�b�q�Z�l�v�k�y�� �[�h�e�v�r�b�f�� �^�b�Z�i�Z�a�h�g�h�f�� �h�i�b�k�Z�g�b�y�� �e�Z�\�b�g�h�i�j�h�y�\�e�_�g�b�y�� �h�l��

�f�_�k�l���� �]�^�_�� �f�_�l�_�e�_�c�� �g�_�l�� �b�e�b�� �h�g�b�� �j�_�^�d�b���� �>�e�y�� �^�_�l�Z�e�v�g�u�o�� �e�Z�\�b�g�g�u�o�� �i�j�h�]�g�h�a�h�\�� �\�� �©�f�_�l�_�e�_�\�u�o��

�j�Z�c�h�g�Z�o�ª�� �f�h�g�b�l�h�j�b�g�]�� �i�j�_�^�b�d�l�h�j�h�\�� �^�h�e�`�_�g�� �h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �k�� �[�h�e�_�_�� �\�u�k�h�d�b�f��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�� �b�� �\�j�_�f�_�g�g�u�f�� �j�Z�a�j�_�r�_�g�b�_�f���� �q�_�f�� �\�� �j�Z�c�h�g�Z�o���� �]�^�_�� �f�_�l�_�e�_�\�Z�y�� �^�_�y�l�_�e�v�g�h�k�l�v��

�k�e�Z�[�Z�y�����^�e�y���^�h�k�l�b�`�_�g�b�y���h�^�b�g�Z�d�h�\�h�]�h���d�Z�q�_�k�l�\�Z���i�j�h�]�g�h�a�h�\���� 

�I�h�d�Z�a�Z�l�_�e�v���Z�g�Z�e�h�]�b�q�g�h�k�l�b���e�Z�\�b�g�g�u�o���h�q�Z�]�h�\��P(i/j) �i�h�a�\�h�e�y�_�l���j�Z�a�[�b�l�v���h�q�Z�]�b���g�Z���]�j�m�i�i�u����

�\�� �d�h�l�h�j�u�o�� �i�j�h�p�_�k�k�� �e�Z�\�b�g�h�h�[�j�Z�a�h�\�Z�g�b�y�� �i�j�h�l�_�d�Z�_�l�� �k�o�h�^�g�h���� �Z�� �l�Z�d�`�_�� �h�i�j�_�^�_�e�b�l�v��

�j�_�i�j�_�a�_�g�l�Z�l�b�\�g�u�_�� �e�Z�\�b�g�g�u�_�� �h�q�Z�]�b���� �<�� �k�\�h�x�� �h�q�_�j�_�^�v���� �^�Z�g�g�u�_�� �h�� �k�h�r�_�^�r�b�o�� �e�Z�\�b�g�Z�o�� �\��

�j�_�i�j�_�a�_�g�l�Z�l�b�\�g�u�o���h�q�Z�]�Z�o�����i�h�e�m�q�_�g�g�u�_���h�i�_�j�Z�l�b�\�g�h�����i�h�a�\�h�e�y�x�l���[�h�e�_�_���h�[�h�k�g�h�\�Z�g�g�h���h�p�_�g�b�\�Z�l�v��

�e�Z�\�b�g�g�m�x���h�i�Z�k�g�h�k�l�v���\���^�j�m�]�b�o���h�q�Z�]�Z�o�����L�Z�d�`�_���^�e�y���w�l�b�o���p�_�e�_�c���f�h�`�_�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g���e�x�[�h�c��

�g�Z�^�_�`�g�u�c�� �f�_�l�h�^�� �h�p�_�g�d�b�� �\�h�a�f�h�`�g�h�k�l�b�� �h�[�j�Z�a�h�\�Z�g�b�y�� �e�Z�\�b�g�u�� �\�� �j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h�f�� �e�Z�\�b�g�g�h�f��

�h�q�Z�]�_�����<���l�h�f���q�b�k�e�_���b���w�d�k�i�_�j�l�g�u�_���h�p�_�g�d�b���� 

�I�j�_�^�k�l�Z�\�e�_�g�g�Z�y�� �f�Z�l�j�b�p�Z��P(i/j)  �m�k�i�_�r�g�h�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �\�� �j�Z�[�h�l�_�� �P�_�g�l�j�Z�� �e�Z�\�b�g�g�h�c��

�[�_�a�h�i�Z�k�g�h�k�l�b���H�:�H���©�:�i�Z�l�b�l�ª���^�e�y���h�p�_�g�d�b���e�Z�\�b�g�g�h�c���h�i�Z�k�g�h�k�l�b���\�h���\�j�_�f�y���f�_�l�_�e�_�c�� 
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