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�K�?�D�P�B�Y I I :  

PHYSICS AND CHEMISTRY: PHYSICAL AND CHEMICAL 
FOUNDATIONS OF ENERGY 

�N�B�A�B�D�:���B���O�B�F�B�Y�����N�B�A�B�Q�?�K�D�B�?���B���O�B�F�B�Q�?�K�D�B�?���H�K�G�H�<�U��
�W�G�?�J�=�?�L�B�D�B 

 
 

AKUSTIK TO �µLQINLARNING TO �µLQINLI SIRT ORQALI 
IKKILANGAN O �µTISHIDA KUCHAYISH HODISASINI O �µRGANISH 

Q.QARSHIYEV  
�2�µzb�_�N�L�V�W�h�Q-Finl�Zndiy�Z P�_d�Z�J�h�J�L�N�Z Instituti 

�2�µzb�_�N�L�V�W�h�Q�����6�Zm�Zrq�Znd Sh.,140100. Spit�Zm�_n sh�h�K���N�R�µ�F�K�Zsi 166-uy. 
Oxirgi yillarda dunyo okeanlari tubidagi georesurslarni  o�µrganish va 

o�µzalashtirish borasidagi ishlarni intensifikatsiyalashga bog�µliq bo�µlgan juda ham 
ko�µplab ishlar muammosi turibdi [1-2] . Bu muammolarni yechishga bog�µliq 
bo�µlgan ishlarni amalga oshirishda exol�hkatsiyali qurilmalar bilan yaxshi 
jihozlangan kemalar va boshqa vositalardan foydalangan holda  10-20 m va undan 
ham ko�µproq chuqurlikdagi suv osti  tublarini yuqori qatlamlarining strukturali 
xarakteristikalarini suv ostidan keluvchi akustik exosignalning tabiatidan kelib 
chiqib qatlam strukturalarini, qatlam qalinligi yoki suv ostida yotgan mayda tuproq 
qatlamlari strukturasini ortga sochiluvchi tovush signallari yordamida xarakterlash 
mumkin. 

Shuni alohida takidlash mumkinki, okean suv osti tublarining yuqori 
qatlamini akustik exo lokatsiyalash ishlari okean yuqori qatlamining parametrlarini 
impulsli lazer yordamida amalga oshiriladigan zondlash ishlariga aynan 
o�µxshashdir. 

Tabiiyki  dunyo okeani georesurslarga juda ham boy bo�µlib, uni har 
t�hmonlama o�µrganish uchun doimiy ravishda juda ham ko�µplab keng qamrovli 
ilmiy-tadqiqot ishlarini izchil olib borishga talab tobora ortib bormoqda. 

Ushbu maqola laboratoriya sharoitida o�µtkazilgan tajriba natijalarini tahlil 
qilishga bag�µishlangan bo�µlib, tovush to�µlqinlari yordamida to�µlqinli suyuqlik sirti 
orqali tovush signalining ikkilangan o�µtishida kuchayish hodisasini o�µrganishdan 
iboratdir. Tajriba qurilmasi [3] ishda berilgan. Tovush manbai va idish tubidan 
ortga qaytgan signalni qabul qiluvchi manba sifatida elektr signalini tovush 
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signaliga aylantiruvchi diametri 2���� �P�P�� �O�L�� �S�¶�H�]�R�H�O�H�Pentdan foydalanildi. Ikki 
muhit chegarasida to�µlqinli sirtni hosil qiluvchi  garmonik tebranuvchi sistemaning 
chastotasi ~ 2,5 Hz. Kuchayish effektini tajribada tekshirish uchun ikkita bir-biri 
bilan aralashmaydigan har xil zichlikli va tovush tarqalish tezligi turlicha bo�µlgan 
suyuqliklar sistemasidan foydalanildi, ammo bu suyuqliklarning akustik 
impedanslari bir-biriga teng �:���é�5�?�5 
L �é�6�?�6�;. Tajribada impuls davomiyligi 180 
mks, takrorlanish chastotasi 1,2 kHz va yuqori chastotali (3 MHz) tovush 
signalidan foydalanildi. Akustik impedansning tengligi tufayli suyuqliklar 
chegarasidan tovushning ortga qaytishi umuman kuzatilmadi. Idish tubiga 
o�µlchamli bir necha to�µlqin uzunligiga teng bo�µlgan tovushni sochuvchi muhit - 
shishali sharikchalar joylashtirilgan. Shishali sharikchalar joylashgan idish tubiga 
yuborilgan tovush to�µlqini undan qaytib ikki muhit chegarasida hosil bo�µlgan 
to�µlqinli sirt orqali qurilmaning qabul qiluvchi sistemasida qayd etildi. 1-rasmda 
tajriba natijalari berilgan. Rasm 1,a da ikki muhit chegarasidagi bir necha davrli 
tebranishlar amplitudasining turli xil qiymatlari uchun exosignalning vaqtga 
bog�µliqlik grafigi tasvirlangan. Idish tubidagi sochuvchi muhitdan qaytgan tovush 
impulsi ikkinchi marta suyuqliklar chegarasidan o�µtishida tovush impulsining 
kelish momentida qurilmaning qabul qiluvchi �± kuchaytiruvchi sistemalari electron 
kalit yordamida ochiladi. Keyin signal ATCP ga uzatiladi, uning ishi EHM 
yordamida boshqarilib turiladi. Olingan tajriba natijalaridan ko�µrinadiki, sochuvchi 
qatlamda nurlanish fokuslanganda (ikki muhit chegarasidagi to�µlqinli sirt 
fokuslovchi linza ro�µlini o�µynaydi) exosignal amplitudasi ikki muhit chegarasi 
tinchlangan holatda bo�µlgandagi exosignal amplitudasiga nisbatan o�µnlab marta 
katta bo�µladi. Tasvirlanayotgan figuralar suyuqlik yassi sirtiga va to�µlqinli sirtiga 
tegishlidi (tinch sathga nisbatan signal amplitudasining ko�µtarilishi va 
pasayishlari). Tajribada kuchayishning o�µrtacha qiymati qayd etildi �:���) ���; �:
O�) 
P
�; 
L �:�#�����#�§�;, bu yerda �#���±to�µlqinli sirt uchun signal amplitudasi, �#�§- yassi sirt uchun 
signal amplitudasi va dispersiyasi �ê. Jumladan rasm 1,a da < G >  = 2.42; �ê = 1.42. 
Tajribaning har xil seriyalarida kuchayishning o�µrtacha qiymati <G> 7 dan to 0.5 
gacha o�µzgarishi qayd etildi , yani to�µlqinli sirt  exosignal amplitudasining o�µrtacha 
qiymatini yetarli darajada o�µzgartirar ekan. Shunday qilib o�µtkazilgan tajribada 
exosignal kuchayishining o�µrtacha qiymati va dispersiyasi nazariy hisoblashlar 
natijalariga mos kelar ekan.  
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1-rasm. Tajriba (a) va nazariy (b) exosignal quvvatining sirtning sinusoidal 

shakliga bog�µliqligi  
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�J�b�k������ �A�Z�\�b�k�b�f�h�k�l�v�� �l�_�f�i�_�j�Z�l�m�j�u�� �d�h�f�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y�� �h�l�� �w�g�_�j�]�b�b��

�=�b�[�[�k�Z�� 
�H�k�l�Z�x�l�k�y���i�h�k�l�h�y�g�g�u�f�b�����]�^�_���N� �����������·�����������w�<���Û�K���f�h�`�g�h �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v 

�d�Z�d���d�h�w�n�n�b�p�b�_�g�l���d�h�f�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y�� 
�P�_�e�v�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u��- �i�h�d�Z�a�Z�l�v�� �\�e�b�y�g�b�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �w�e�_�f�_�g�l�h�\�� �9�,��

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

�b���a�g�Z�q�_�g�b�y���w�g�_�j�]�b�b���=�b�[�[�k�Z���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���k�h�_�^�b�g�_�g�b�c�� 

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

�d�j�_�f�g�b�c��p-�l�b�i�Z�� �k���!� ���� �H�f�®�k�f��(NB� ��������15 cm-3���� �k�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �d�b�k�e�h�j�h�^�Z��
(N�H��� ��������

17 �F�f-3). �H�[�j�Z�a�p�u�� �\�u�j�_�a�Z�e�b�k�v�� �\�� �\�b�^�_�� �i�Z�j�Z�e�e�_�e�_�i�b�i�_�^�h�\�� �j�Z�a�f�_�j�Z�f�b��
���î���î�������� �P�P-3,

 �i�h�k�e�_�� �q�_�]�h�� �i�h�^�\�_�j�]�Z�e�b�k�v�� �r�e�b�n�h�\�d�_�� �f�b�d�j�h�i�h�j�h�r�d�Z�f�b�� �F-������ �\��
�m�k�e�h�\�b�y�o���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �i�h�e�m�q�_�g�b�_�� �l�h�e�s�b�g�u�� �b�� �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�h�k�l�b��
�h�[�j�Z�a�p�h�\�� �k�� �l�h�q�g�h�k�l�v�x�� �“������ �f�d�f���� �L�j�Z�\�e�_�g�b�_�� �g�Z�j�m�r�_�g�g�h�]�h�� �k�e�h�y�� �h�[�j�Z�a�p�h�\��
�i�j�h�b�a�\�h�^�b�e�h�k�v�� �\�� �j�Z�k�l�\�h�j�_�� �+�)���+�1�23 �������������� �>�e�y�� �^�b�n�n�m�a�b�b���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��
�]�h�j�b�a�h�g�l�Z�e�v�g�Z�y���l�j�m�[�q�Z�l�Z�y���i�_�q�v���l�b�i�Z���K�M�H�E-�����������L�_�f�i�_�j�Z�l�m�j�Z���^�b�n�n�m�a�b�h�g�g�h�]�h��
�h�l�`�b�]�Z���b�a�f�_�j�y�e�Z�k�v���k���i�h�f�h�s�v�x���l�_�j�f�h�i�Z�j�u���i�e�Z�l�b�g�Z-�i�e�Z�l�b�g�h�j�h�^�b�c�����>�b�n�n�m�a�b�y��
�\�k�_�o���i�j�b�f�_�k�_�c�� �i�j�h�\�h�^�b�e�Z�k�v���b�a���]�Z�a�h�\�h�c���n�Z�a�u�����h�k�l�Z�l�h�q�g�h�_���^�Z�\�e�_�g�b�_���\�h�a�^�m�o�Z���\��
�d�\�Z�j�p�_�\�h�c���Z�f�i�m�e�_���g�_���[�h�e�_�_������-4 �f�f���j�l�����k�l�������>���@�� 

�‹  �;�b�g�Z�j�g�u�_��
�d�h�f�i�e�_�d�k�u 

T �w�n�n�Û�K -�*�����w�< k  

1 MnO 1300 3,7 -0,0028 
2 MnS 1100 2,3 -0.002 
3 MnSe 820 1,7 -0.002 
4 MnTe 650 1,3 -0.002 
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�>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z�� �b�a�]�h�l�h�\�e�_�g�Z�� �i�Z�j�l�b�y�� �h�[�j�Z�a�p�h�\��
�d�j�_�f�g�b�y p-�l�b�i�Z�� �k�� �!� ���� �H�f�®�k�f���� �e�_�]�b�j�h�\�Z�g�g�h�]�h�� �[�h�j�h�f���� �I�j�h�\�h�^�b�e�Z�k�v�� �^�b�n�n�m�a�b�y��
�d�b�k�e�h�j�h�^�Z���� �k�_�j�u���� �k�_�e�_�g�Z�� �b�� �l�_�e�e�m�j�Z�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ���������� �Û�K�� �\�� �l�_�q�_�g�b�_�� ������
�q�Z�k�h�\�����>���@�� 

�I�h�k�e�_�� �e�_�]�b�j�h�\�Z�g�b�y�� �^�e�y���\�k�_�o�� �h�[�j�Z�a�p�h�\�� �6�L�� ���%���� �6�!���� �6�L�� ���%���� �6�H�!���� �6�L�� ���%���� �7�H�!��
�k�g�b�f�Z�e�b�k�v�� �i�j�h�n�b�e�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �m�^�_�e�v�g�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�y�� �b��
�i�h�^�\�b�`�g�h�k�l�_�c�� �g�h�k�b�l�_�e�_�c�� �a�Z�j�y�^�Z�� �i�h�� �]�e�m�[�b�g�_�� �h�[�j�Z�a�p�Z�� �i�j�b�� �d�h�f�g�Z�l�g�h�c��
�l�_�f�i�_�j�Z�l�m�j�_���b���i�j�h�\�h�^�b�e�k�y���j�Z�k�q�_�l���d�h�g�p�_�g�l�j�Z�p�b�b���i�j�b�f�_�k�_�c�����L�Z�[�e�b�p�Z�������� 

�L�Z�[�e�b�p�Z�� �������W�e�_�d�l�j�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �h�[�j�Z�a�p�h�\���� �e�_�]�b�j�h�\�Z�g�g�u�o�� �i�j�b��
�L� �����������Û�K���\���l�_�q�_�g�b�_���������q�Z�k�h�\�� 

 
�H�[�j�Z�a

�p�u 
�L�b�i��

�i�j�h�\�h�^�b�f�h�k�l�b�� 
�!����

�H�f���k�f 
�—�����k�f2/ 

�<���k�� 
n�����k�f-3 

�6�L���<��
�H�! 

p 5,9 221 ������������
15 

�6�L���<��
S> 

n 5,8 920 ������������
15 

�6�L���<��
Se> 

n 1,7 1385 ������������
15 

�6�L���<��
Te> 

n ������������
-2 

686 ������������
17 

�G�Z�e�b�q�b�_�� �q�z�l�d�h�c�� �d�h�j�j�_�e�y�p�b�b�� �f�_�`�^�m�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �g�Z�b�[�h�e�_�_��
�w�n�n�_�d�l�b�\�g�h�]�h�� �d�h�f�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y�� �k�� �w�g�_�j�]�b�_�c�� �=�b�[�[�k�Z�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��
�k�h�_�^�b�g�_�g�b�c���y�\�g�h���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���\���i�h�e�v�a�m���o�b�f�b�q�_�k�d�h�c���i�j�b�j�h�^�u���d�h�f�i�e�_�d�k�h�\��
O, S, Se, Te �k�� �f�Z�j�]�Z�g�p�Z�f�b���� �B�g�u�f�b�� �k�e�h�\�Z�f�b���� �\�� �i�j�h�p�_�k�k�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y��
�w�e�_�f�_�g�l�h�\�� �9�,�� �]�j�m�i�i�u�� �k�� �i�j�b�f�_�k�v�x�� �f�Z�j�]�Z�g�p�Z�� �\�� �d�j�_�f�g�b�b�� �b�f�_�_�l�� �f�_�k�l�h��
�h�[�j�Z�a�h�\�Z�g�b�_�� �w�e�_�d�l�j�h�g�_�c�l�j�Z�e�v�g�u�o�� �o�b�f�b�q�_�k�d�b�� �k�\�y�a�Z�g�g�u�o�� �d�h�f�i�e�_�d�k�h�\�� �f�_�`�^�m��
�p�_�g�l�j�h�f���a�Z�f�_�s�_�g�b�y���w�e�_�f�_�g�l�h�\���9�,���]�j�m�i�i�u���k���p�_�g�l�j�Z�f�b���\�g�_�^�j�_�g�b�y���f�Z�j�]�Z�g�p�Z�� 

�I �h�d�Z�a�Z�g�h���� �q�l�h�� �i�h�k�e�_�� �e�_�]�b�j�h�\�Z�g�b�y�� �f�Z�j�]�Z�g�p�Z�� �b�a�f�_�g�y�_�l�k�y�� �w�e�_�d�l�j�b�q�_�k�d�b�_��
�i�Z�j�Z�f�_�l�j�u�� �l���_���� �m�^�_�e�v�g�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�_���� �i�h�^�\�b�`�g�h�k�l�v�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�y��
�g�h�k�b�l�_�e�b�� �a�Z�j�y�^�Z���� �B�a�f�_�g�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �g�h�k�b�l�_�e�_�c�� �a�Z�j�y�^�Z�� �i�h�k�e�_��
�e�_�]�b�j�h�\�Z�g�b�y�� �f�Z�j�]�Z�g�p�Z�� �h�[�t�y�k�g�_�g�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f�� �f�Z�j�]�Z�g�p�Z�� �k�� �w�e�_�f�_�g�l�h�\�� �9�,��
�]�j�m�i�i�u���\���j�_�r�_�l�d�_���d�j�_�f�g�b�y�� 

�L�Z�d�b�_�� �g�h�\�u�_�� �f�Z�l�_�j�b�Z�e�u���� �l�h�� �_�k�l�v�� �d�j�_�f�g�b�c���� �h�[�h�]�Z�s�_�g�g�u�c�� �[�b�g�Z�j�g�u�f�b��
�d�h�f�i�e�_�d�k�Z�f�b�� �l�b�i�Z��Si2B

VI++Mn-- �i�h�a�\�h�e�y�x�l�� �k�h�a�^�Z�l�v�� �g�Z�� �b�o�� �h�k�g�h�\�_���g�h�\�u�_��
�h�i�l�h�w�e�_�d�l�j�h�g�g�u�_���b���g�Z�g�h�w�e�_�d�l�j�h�g�g�u�_���i�j�b�[�h�j�u�� 
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�5�L�Y�R�M�O�D�Q�J�D�Q�� �P�D�P�O�D�N�D�W�O�D�U�G�D�J�L�� �N�H�Q�J�� �L�T�W�L�V�R�G�L�\�� �R�µ�V�L�V�K�L�� �K�D�Y�R�� �Y�D�� �V�X�Y�� �V�L�I�D�W�L�J�D��

�M�L�G�G�L�\�� �W�D�¶�V�L�U�� �N�R�µ�U�V�D�W�D�G�L���� �%�X�� �D�W�P�R�V�I�H�U�D�� �V�L�I�D�W�L�G�D�J�L �W�D�¶�V�L�U�� �N�R�µ�S�O�D�E�� �P�D�Q�E�D�O�D�U�G�D�Q����
�H�Q�H�U�J�L�\�D�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�V�K���� �T�D�]�L�E�� �R�O�L�Q�D�G�L�J�D�Q�� �\�R�T�L�O�J�µ�L�O�D�U�Q�L�� �\�R�T�L�V�K���� �W�U�D�Q�V�S�R�U�W�� �Y�D�� �X�\��
�[�R�µ�M�D�O�L�J�L�G�D�Q�� �L�V�V�L�T�[�R�Q�D�� �J�D�]�O�D�U�L�Q�L�Q�J�� �N�D�W�W�D�� �W�D�¶�V�L�U�L�G�D�Q�� �L�E�R�U�D�W���� �2�O�L�Q�D�G�L�J�D�Q�� �N�D�U�E�R�Q�D�W��
�D�Q�J�L�G�U�L�G�Q�L�Q�J���D�W�P�R�V�I�H�U�D�J�D���W�D�¶�V�L�U���G�D�U�D�M�D�V�L���M�X�G�D���\�X�T�R�U�L���E�R�µ�O�L�E�����X�Q�L���[�R�]�L�U�J�L���R�µ�V�L�P�O�L�N�O�D�U��
tomonidan qayta ishlash imkonini beradi. Shu sababli, qayta tiklanadigan energiya 
�P�D�Q�E�D�O�D�U�L�G�D�Q���I�R�\�G�D�O�D�Q�L�V�K���V�R�µ�Q�J�L���R�µ�Q���\�L�O�O�L�N�O�D�U�G�D���M�X�G�D���P�X�K�L�P�G�L�U�����6�K�D�P�R�O���Y�D���T�X�\�R�V�K��
�H�Q�H�U�J�L�\�D�V�L�G�D�Q���W�D�V�K�T�D�U�L���E�L�R�P�D�V�V�D���P�X�K�L�P���R�µ�U�L�Q�Q�L���H�J�D�O�O�D�\�G�L�����<�D�¶�Q�L�����E�L�R�J�D�]�����E�Loetanol, 
biodizel). Asosiy sabab-�T�D�]�L�O�P�D�� �\�R�T�L�O�J�µ�L�O�D�U�L�Q�L�� �K�R�]�L�U�J�L�� �R�µ�V�L�P�O�L�N�O�D�U�� �W�R�P�R�Q�L�G�D�Q��
�R�V�R�Q�J�L�Q�D���R�µ�]�O�D�V�K�W�L�U�L�O�L�V�K�L���P�X�P�N�L�Q���E�R�µ�O�J�D�Q���X�J�O�H�U�R�G�O�L���E�L�R�P�D�V�V�D���E�L�O�D�Q���D�O�P�D�V�K�W�L�U�L�V�K�G�L�U����
Biomassadan foydalanishning yana bir varianti uni kimyoviy ishlab chiqarishlari 
uchun x�R�P�� �D�V�K�\�R�� �V�L�I�D�W�L�G�D�� �T�R�µ�O�O�D�V�K�� �E�R�µ�O�L�E���� �V�K�X�� �E�L�O�D�Q�� �R�U�J�D�Q�L�N�� �V�L�Q�W�H�W�L�N��
�P�D�K�V�X�O�R�W�O�D�U�Q�L�Q�J���D�V�R�V�L�\���[�R�P���D�V�K�\�R�V�L���V�L�I�D�W�L�G�D���K�H�F�K���E�R�µ�O�P�D�J�D�Q�G�D���Q�H�I�W���R�µ�U�Q�L�Q�L���E�R�V�L�V�K��
imkonini beradi. 

�4�L�V�K�O�R�T�� �[�R�µ�M�D�O�L�J�L�� �Q�D�I�D�T�D�W�� �L�T�W�L�V�R�G�L�\�� �Q�X�T�W�D�L�� �Q�D�]�D�U�G�D�Q�� �P�X�K�L�P���� �E�D�O�N�L�� �E�X�J�µ�G�R�\��
somoni, sholi somoni ka�E�L�� �T�L�V�K�O�R�T�� �[�R�µ�M�D�O�L�J�L�� �F�K�L�T�L�Q�G�L�O�D�U�L�� �K�D�P�� �M�D�P�L�\�D�W�Q�L�Q�J��
�H�Q�H�U�J�L�\�D�J�D�� �E�R�µ�O�J�D�Q�� �W�D�O�D�E�L�Q�L�� �E�D�U�T�D�U�R�U�� �T�R�Q�G�L�U�L�V�K�G�D�� �P�X�K�L�P�� �U�R�O�� �R�µ�\�Q�D�V�K�L�� �P�X�P�N�L�Q����
�;�X�V�X�V�D�Q�����T�L�V�K�O�R�T���[�R�‹�M�D�O�L�J�L���H�N�L�Q���F�K�L�T�L�Q�G�L�O�D�U�L���I�R�\�G�D�O�D�Q�L�O�P�D�J�D�Q���N�D�W�W�D���H�Q�H�U�J�L�\�D���L�V�K�O�D�E��
�F�K�L�T�D�U�L�V�K���V�D�O�R�K�L�\�D�W�L�J�D���H�J�D�����%�X���E�X�J�µ�G�R�\���V�R�P�R�Q�L�Q�Lng asosiy qismi hayvonlar uchun 
ozuqa sifatida ishlatiladi, qolganlari ishlatilmaydi yoki ochiq muhitda yondiriladi, 
bu barqaror va tavsiya etilmaydigan amaliyotdir. 

�2�O�L�E�� �E�R�U�L�O�D�\�R�W�J�D�Q�� �W�D�G�T�L�T�R�W�O�D�U�� �V�K�X�Q�L�� �N�R�µ�U�V�D�W�G�L�N�L���� �V�H�O�O�\�X�O�R�]�D�O�L�� �E�L�R�\�R�T�L�O�J�µ�L��
texnologiyasi bi�R�\�R�T�L�O�J�µ�L���L�V�K�O�D�E���F�K�L�T�D�U�L�V�K���X�]�R�T���P�X�G�G�D�W�O�L���E�D�U�T�D�U�R�U���P�X�Y�D�I�I�D�T�L�\�D�W�J�D��
erishish uchun juda zarur va muhim. Bundan tashqari, past uglerodli energiya 
texnologiyalarini mezoni asosida baholashda ishlab chiqarish potentsialini 
oshiruvchi texnologiyalar qatorida biogazdan elektr energiyasiga aylantirish 
mumkin. Shuning uchun biogaz elektr energiyasini ishlab chiqarishga hissa 
�T�R�µ�V�K�L�V�K�J�D���T�R�G�L�U���E�R�µ�O�J�D�Q���I�R�\�G�D�O�L���U�H�V�X�U�V���P�D�Q�E�D�L���K�L�V�R�E�O�D�Q�D�G�L���� 

�%�L�R�J�D�]���L�V�K�O�D�E���F�K�L�T�D�U�L�V�K���X�F�K�X�Q���E�X�J�µ�G�R�\���V�R�P�R�Q�L�G�D�Q���I�R�\�G�D�O�D�Q�L�V�K���E�L�R�H�W�D�Q�R�O���N�D�E�L��
mono yoq�L�O�J�µ�L���L�V�K�O�D�E���F�K�L�T�D�U�L�V�K���E�L�O�D�Q���V�R�O�L�V�K�W�L�U�J�D�Q�G�D���H�Q�H�U�J�L�\�D���M�L�K�D�W�L�G�D�Q���H�Q�J���V�D�P�D�U�D�O�L��
�M�D�U�D�\�R�Q�G�L�U�����6�K�X�Q�G�D�\���T�L�O�L�E�����E�X�J�µ�G�R�\���V�R�P�R�Q�L�G�D�Q���N�R�µ�S�O�D�E���E�L�R�\�R�T�L�O�J�µ�L���L�V�K�O�D�E���F�K�L�T�D�U�L�V�K��
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material va energiya samaradorligini oshirishi va biomassadan foydalanish uchun 
yanada tejamkor ja�U�D�\�R�Q�� �E�R�µ�O�L�V�K�L�� �P�X�P�N�L�Q���� �%�X�� �M�D�U�D�\�R�Q�Q�L�� �D�V�R�V�O�D�V�K�� �X�F�K�X�Q�� �T�R�U�D�P�R�O��
�J�R�µ�Q�J�L�Q�L�Q�J���X�F�K�W�D���T�L�V�K�O�R�T���[�R�µ�M�D�O�L�J�L���T�R�O�G�L�T�O�D�U�L�����P�D�N�N�D�M�R�µ�[�R�U�L���S�R�\�D�V�L�����M�R�µ�[�R�U�L���V�R�P�R�Q�L��
�Y�D���E�X�J�µ�G�R�\���V�R�P�R�Q�L���E�L�O�D�Q���E�L�U�J�D�O�L�N�G�D���S�D�U�F�K�D�O�D�Q�L�V�K�L�Q�L���N�R�µ�U�L�E���F�K�L�T�D�P�L�]�����8�O�D�U���N�X�Q�G�D�O�L�N��
biogas hosil qilishda sezilarli �R�µ�V�L�V�K�Q�L�� �N�X�]�D�W�L�V�K�� �P�X�P�N�L�Q���� �P�D�N�N�D�M�R�µ�[�R�U�L�� �S�R�\�D�V�L�G�D��
�W�D�[�P�L�Q�D�Q�� ���������� �E�D�U�D�Y�D�U���� �M�R�µ�[�R�U�L�� �V�R�P�R�Q�L�G�D�� ���������� �E�D�U�D�Y�D�U�� �Y�D�� �E�X�J�µ�G�R�\�� �V�R�P�R�Q�L�G�D��
taxminan 6,12 baravar, C/N nisbatida oddiy parchalanish bilan solishtirganda 
ancha samaraliroqdir. Bunda reaktsiya harorati va yashash vaqti strukturaning 
�E�X�]�L�O�L�V�K�L���X�F�K�X�Q���M�D�Y�R�E�J�D�U���E�R�µ�O�J�D�Q���L�N�N�L�W�D���D�V�R�V�L�\���R�P�L�O�G�L�U�����������ƒ���&���U�H�D�N�W�V�L�\�D���K�D�U�R�U�D�W�L���Y�D��
5-�������G�D�T�L�T�D���W�X�U�L�V�K���Y�D�T�W�L���Y�D���P�D�W�H�U�L�D�O�Q�L�Q�J���N�U�L�V�W�D�O�O�L���W�X�]�L�O�L�V�K�L�Q�L���\�R�µ�T���T�L�O�L�V�K���X�F�K�X�Q���D�Q�F�K�D��
�\�X�T�R�U�L���� �.�D�P�U�R�T�� �\�D�V�K�D�V�K�� �Y�D�T�W�L�� �\�X�T�R�U�L�U�R�T�� �Y�D�T�W�G�D�Q�� �I�D�U�T�O�L�� �R�µ�O�D�U�R�T�� �H�Qergiyani tejash 
imkonini beradi. 

Gidrotermal suyultirish usuli biomassani konversiyalashning juda muhim va 
�L�V�W�L�T�E�R�O�O�L�� �X�V�X�O�O�D�U�L�G�D�Q�� �E�L�U�L�G�L�U���� �%�L�R�P�D�V�V�D�G�D�Q�� �\�R�T�L�O�J�µ�L�J�D�� �H�Q�H�U�J�L�\�D�Q�L�� �T�D�\�W�D�� �W�L�N�O�D�V�K��
boshqa biomassani konvertatsiya qilish texnologiyalari bilan solishtirganda juda 
�\�D�[�V�K�L���� �E�X�� �N�R�µ�S�L�Q�F�K�D�� �I�R�\�G�D�O�L�� �L�V�K�� �N�R�H�I�I�L�V�H�Q�W�L�� ������������ �J�D�� �\�H�W�D�G�L���� �%�L�R�P�D�V�V�D�Q�L��
gidrotermik oldindan tozalash biogaz ishlab chiqarishni yaxshilash uchun katta 
ahamiyat ega. Ushbu texnikaning asosiy afzalliklari kimyoviy moddalarni 
�T�R�µ�V�K�P�D�V�O�L�N���Y�D���J�L�G�U�Rliz reaktorlari uchun korroziyaga chidamli materiallarni talab 
qilmaslikdir. Xom ashyo hajmini qisqartirish tijorat miqyosida energiya talab 
qiladigan yuqori operatsiya hisoblanadi. Biroq, gidrotermik ishlov berish usulida 
olib borilayotgan jarayonda dastl�D�E�N�L�� �L�V�K�O�R�Y�� �E�H�U�L�V�K�� �R�µ�O�F�K�D�P�O�D�U�L�Q�L�� �T�L�V�T�D�U�W�L�U�L�V�K�Q�L��
talab etmaydi va ishlab chiqarilgan gidrolizatlarni zararsizlantirish uchun juda kam 
miqdordagi kimyoviy moddalarni talab qiladi va boshqa jarayonlarga nisbatan 
kamroq qoldiqlarni hosil qiladi. Oldindan ishlov berishning, ya'ni termal, 
termokimyoviy va kimyoviy dastlabki ishlov berishning suvsizlangan qoramol 
�J�R�µ�Q�J�L�Q�L�Q�J�� �E�L�R�J�D�]�� �Y�D�� �P�H�W�D�Q�� �S�R�W�H�Q�W�V�L�D�O�L�J�D���W�D�
�V�L�U�L�� �V�K�X�Q�L�� �N�R�µ�U�V�D�W�G�L�N�L���� �W�H�U�P�R�N�L�P�\�R�Y�L�\��
dastlabki tozalash biogazga, shuningdek, 25-�������ƒ�� �K�D�U�R�U�D�W�� �R�U�D�O�L�J�µ�L�G�D�� �P�H�Wan ishlab 
�F�K�L�T�D�U�L�V�K���M�D�U�D�\�R�Q�L�J�D���\�X�T�R�U�L���W�D�¶�V�L�U���N�R�µ�U�V�D�W�D�G�L���� 

Bunda bug�µdoy somonini NaOH va gidrotermik usullardan foydalangan holda 
oldindan ishlov berish ta'sirini tahlil qilish va samarali metan fermentatsiyasi 
uchun ishlov berilmagan va oldindan ishlov berilgan substratlarning xatti-
harakatlarini solishtirishdir. 
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1-jadval 

Biogaz va metan ishlab chiqarishni kuchaytirishning potentsial qiymatini 
aniqlash 

Qishloq xo�µjaligi soxasida bug�µdoy somoni eng ko�µp ekin qoldiqlaridan biri 
bo�µlib xisoblanadi. Shuning uchun bug�µdoy somonning xarakteri va tarkibi, 
tsellyuloza tolalari gemitsellyulozalar va lignin bilan o�µzaro bog�µlangan bo�µlib, 
uning parchalanishi qiyin bo�µlgan maxsulot xisoblanadi. Bundan tashqari, biogaz 
ishlab chiqarishda, bug�µdoy somondan foydalanish va uning yuqori C/N nisbati 
mikroelementlarning past darajasi, mikroblarning o�µsishi va faolligini cheklaydi. 
Somondan olinadigan biogazni dastlabki ishlov berish orqali unimdorligini 
oshirish mumkin, bu esa materialni mikrobiologik degradatsiyaga ta�¶sir qiladi. 
Bundan tashqari, ko�µproq azotga boy materiallar, masalan, hayvonlarning go�µngi 
yoki oziq-ovqat chiqindilari bilan birgalikda foydalanish orqali ozuqa 
moddalarining cheklanishini bartaraf etish mumkin. 

Xulosa qilib aytganda, somonning hajmini 0,088-20 mm gacha qisqartirish 
56% dan ko�µp bo�µlmagan hosildorlikni keltirib chiqaradi. Bundan tashqari, boshqa 
biomassalarning maydalanishi metan hosildorligini 30% dan oshmagan va vaqti-
vaqti bilan kichraytirilgan biogaz ishlab chiqarishni kamaytirgan. Chunki 
zarrachalar hajmining haddan tashqari qisqarishi anaerob parchalanish jarayonida 
elektr energiyasining ortiqcha ishlab chiqarilishiga olib kelishi mumkin, bu esa 
�P�H�W�D�Q�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�V�K�Q�L�� �Q�D�U�[�L�J�D�� �W�D�¶�V�L�U�� �T�L�O�L�V�K�L�� �P�X�P�N�L�Q�����%�X�J�µ�G�R�\�� �V�R�P�R�Q�L�Q�L��
maydalashdan oldingi ishlov berish samaradorligini baholash frezalash sanoat 
miqyosidagi qurilma tomonidan amalga oshiriladi. 

Adabiyotlar  
[���@���� �K���D���<�Z�o�h�[�h�\�Z�� �³���b�r�e�h�� �o�†�`�Z�e�b�]�b �q�b���b�g�^�b�e�Z�j�b�^�Z�g �[�b�h�]�Z�a �h�e�b�r�^�Z 

�n�h�c�^�Z�e�Z�g�b�e�Z�^�b�]�Z�g �l�_�o�g�h�e�h�]�b�y�e�Z�j�´�� �F�_�o�Z�g�b�d�Z �\�Z �l�_�o�g�h�e�h�]�b�y �b�e�f�b�c �`�m�j�g�Z�e�b, 
�F�Z�o�k�m�k �k�h�g �������������‹��������������������-�[�_�l 

[���@���� �K���D���<�Z�o�h�[�h�\�Z���³���b�r�e�h���� �o�†�`�Z�e�b�]�b�� �q�b���b�g�^�b�e�Z�j�b�� �\�Z�� �m�e�Z�j�^�Z�g��
�h�e�b�g�Z�^�b�]�Z�g�� �w�g�_�j�]�b�y�´ �F�_�o�Z�g�b�d�Z �\�Z �l�_�o�g�h�e�h�]�b�y �b�e�f�b�c �`�m�j�g�Z�e�b, �F�Z�o�k�m�k �k�h�g 

Substrat Biogaz 
chiqishi, 
m 3 /kg 

Met
an 

miqdori, 
% 

�0�H�W�D�Q�Q�L�Q�J���R�µ�]�L�J�D��
xos chiqishi, m3 / kg 

�%�X�J�µ�G�R�\���Vomoni 0,34 58,0 0,197 
Qoram�R�O���J�R�µ�Q�J�L 0,29 62.8 0,182 
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�������������‹����������������-�[�_�l�� 
[���@���� �6���.���9�D�[�R�E�R�Y�D�� �³�*�µ�R�µ�]�D�� �S�R�\�D�V�L�� �F�K�L�T�L�Q�G�L�V�L�G�D�Q�� �H�O�H�N�W�R�W�H�[�Q�R�O�R�J�L�N�� �X�V�X�O�O�D�U��

�\�R�U�G�D�P�L�G�D�� �E�R�L�J�D�]�� �R�O�L�V�K�� �W�H�[�Q�R�O�R�J�L�\�D�V�L�´�� �5�H�V�H�D�U�F�K�� �)�R�F�X�V�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �6�F�L�H�Q�W�L�I�L�F��
Journal https://doi.org/10.5281/zenodo.14057133 

[���@���� �³�4�L�V�K�O�R�T�� �[�R�µ�M�D�O�L�J�L�� �F�K�L�T�L�Q�G�L�O�D�U�L�G�D�Q�� �D�O�W�H�U�Q�D�W�L�Y�� �H�Q�H�U�J�L�\�D�� �P�D�Q�E�D�V�L sifatida 
�I�R�\�G�D�O�D�Q�L�V�K�´�� �³�2�O�L�\�� �W�D�¶limni raqamlashtirish muhitida innovatsion texnologiyalar: 
muammo va yechimlar-���������´���[�D�O�T�D�U�R���L�O�P�L�\-amaliy konferensiya Jizzax.2024y.  
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�J�:�K�K�?�Y�G�B�? �W�E�?�D�L�J�H�G�: �< �=�J�:�N�?�G�? �K 
�:�G�L�B�K�B�F�F�?�L�J�B�Q�G�U�F�B �I�H�L�?�G�P�B�:�E�:�F�B 

�: . �=�Z�n�m�j�h�\1,*, �O. �X�k�m�i�h�\2, �: . �M�a�h�d�h�\1,3�����O�����J�Z�o�b�f�h�\1�����R�����G�m�j�f�Z�l�h�\1 
1 �B�g�k�l�b�l�m�l���f�Z�l�_�j�b�Z�e�h�\�_�^�_�g�b�y�����:�d�Z�^�_�f�b�b���g�Z�m�d���J�_�k�i�m�[�e�b�d�b �M�a�[�_�d�b�k�l�Z�g����

���������������L�Z�r�d�_�g�l�����M�a�[�_�d�b�k�l�Z�g 
2 �L�Z�r�d�_�g�l�k�d�b�c �F�_�`�^�m�g�Z�j�h�^�g�u�c���M�g�b�\�_�j�k�b�l�_�l���D�b�f�z�����L�Z�r�d�_�g�l 

3 �L�Z�r�d�_�g�l�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���i�_�^�Z�]�h�]�b�q�_�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�����L�Z�r�d�_�g�l 
*e-mail: a.gafurov@imssolar.uz 

�< �w�l�h�c �j�Z�[�h�l�_ �f�u �j�Z�k�k�f�Z�l�j�b�\�Z�_�f �j�Z�k�k�_�y�g�b�_ �j�_�e�y�l�b�\�b�k�l�k�d�h�]�h �w�e�_�d�l�j�h�g�Z �\ 
�]�j�Z�n�_�g�_ �k�� �Z�g�l�b�k�b�f�f�_�l�j�b�q�g�u�f�b �d�j�m�]�h�\�u�f�b �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�f�b��
�i�h�l�_�g�p�b�Z�e�Z�f�b�� �>�e�y�� �w�l�h�]�h�� �l�j�_�[�m�_�l�k�y�� �j�_�r�_�g�b�_�� �g�_�k�l�Z�p�b�h�g�Z�j�g�h�]�h���m�j�Z�\�g�_�g�b�y��
�>�b�j�Z�d�Z�� �d�h�l�h�j�u�_���y�\�e�y�x�l�k�y �w�n�n�_�d�l�b�\�g�u�f�� �f�_�l�h�^�h�f �^�e�y �h�i�b�k�Z�g�b�y 
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �\�h�e�g�h�\�u�o �i�Z�d�_�l�h�\ �\ �]�j�Z�n�_�g�_ [1-3], �j�Z�g�_�_�� �i�h�^�h�[�g�u�_�� �a�Z�^�Z�q�b��
�[�u�e�b�� �j�Z�k�k�f�h�l�j�_�g�u���\ �]�j�Z�n�_�g�_ �k �i�_�j�b�h�^�b�q�_�k�d�b [4] �b �k�e�m�q�Z�c�g�h [5,6] 
�j�Z�k�i�h�e�h�`�_�g�g�u�f�b�� �i�h�l�_�g�p�b�Z�e�Z�f�b�� �G�_�^�Z�\�g�h �l�Z�d�h�c�� �`�_�� �f�_�l�h�^�� �[�u�e�� �m�k�i�_�r�g�h��
�i�j�b�f�_�g�_�g���^�e�y �]�_�h�f�_�l�j�b�q�_�k�d�h�]�h �^�b�h�^�Z �g�Z���h�k�g�h�\�_ �]�j�Z�n�_�g�Z [7]. 

 

 
 

�J�b�k�������� �G�Z �j�b�k�m�g�d�_ �b�a�h�[�j�Z�`�_�g �w�k�d�b�a���]�j�Z�n�_�g�Z���k���Z�g�l�b�k�b�f�f�_�l�j�b�q�g�u�f�b��
�d�j�m�]�h�\�u�f�b���i�h�l�_�g�p�b�Z�e�Z�f�b�����]�^�_���[�h�e�v�r�b�_�����5�����b���f�Z�e�u�_�����U�����i�h�l�_�g�p�b�Z�e�u���h�a�g�Z�q�Z�_�l��
�i�h�e�h�`�b�l�_�e�v�g�u�_�����d�j�Z�k�g�u�_�����b���h�l�j�b�p�Z�l�_�e�v�g�u�_�����k�b�g�b�_�����w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�c��
�i�h�l�_�g�p�b�Z�e�� 
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�< �g�Z�r�_�c �a�Z�^�Z�q�_ �f�u �j�Z�k�k�f�Z�l�j�b�\�Z�_�f �^�\�Z�� �Z�g�l�b�k�b�f�f�_�l�j�b�q�g�u�o �k�e�m�q�Z�y 
(�h�[�j�Z�a�_�p �Z), �d�h�]�^�Z �j�Z�a�f�_�j�u �d�j�m�]�h�\�u�o �i�h�l�_�g�p�b�Z�e�h�\ �Z�g�l�b�k�b�f�f�_�l�j�b�q�g�u �i�h 
�j�Z�a�f�_�j�m, �g�h �a�Z�j�y�^�u �h�^�b�g�Z�d�h�\�u�� (�h�[�j�Z�a�_�p �[) �\�h �\�l�h�j�h�f �k�e�m�q�Z�_ �d�Z�d���i�h�l�_�g�p�b�Z�e�u 
�Z�g�l�b�k�b�f�f�_�l�j�b�q�g�u���d�Z�d �i�h �j�Z�a�f�_�j�Z�f�����l�Z�d���b���i�h���a�Z�j�y�^�Z�f�����k�f�� �j�b�k�������� �>�e�y �j�_�r�_�g�b�y 
�\�u�r�_�m�d�Z�a�Z�g�g�h�c �a�Z�^�Z�q�b �f�u �j�_�r�Z�e�b �g�_�k�l�Z�p�b�h�g�Z�j�g�h�]�h���m�j�Z�\�g�_�g�b�_ �>�b�j�Z�d�Z, �f�_�l�h�^ 
�h�i�_�j�Z�l�h�j�Z���j�Z�a�^�_�e�_�g�b�y���i�_�j�_�f�_�g�g�u�o�� �d�h�l�h�j�u�c �[�u�e �m�k�i�_�r�g�h �i�j�b�f�_�g�_�g���\ �g�Z�r�b�o��
�j�Z�g�g�b�o���j�Z�[�h�l�Z�o [2-3]. �<���d�Z�q�_�k�l�\�_���i�j�b�f�_�j�Z���\���g�Z�r�b�o���j�Z�k�q�_�l�Z�o���f�u �j�Z�k�k�f�h�l�j�_�e�b��
�k�e�m�q�Z�c, �d�h�]�^�Z �j�Z�a�f�_�j�u �i�h�l�_�g�p�b�Z�e�Z���j�Z�\�g�u��R = 9 �g�f �b r =5 �g�f�� �B�k�o�h�^�g�Z�y��
�w�g�_�j�]�b�y���\�h�e�g�h�\�h�]�h���i�Z�d�_�l�Z�����������f�w�<�����Z���j�Z�a�f�_�j���������g�f�� 

�G�Z�r�b�� �j�Z�k�q�_�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �\�_�j�h�y�l�g�h�k�l�b�� �i�j�h�o�h�`�^�_�g�b�y�� �^�e�y�� �a�g�Z�q�_�g�b�y��
�i�h�l�_�g�p�b�Z�e�v�g�h�]�h�� �[�Z�j�v�_�j�Z�� �������� �f�w�<�� �\�� �k�e�m�q�Z�c�� ���Z���� �b�f�_�_�l�� �a�g�Z�q�_�g�b�_�� ������������ �Z�� �^�e�y��
�k�e�m�q�Z�c�� ���[���� �j�Z�\�g�Z�� ������������ �b�e�Z�� �f�h�`�_�f�� �k�d�Z�a�Z�l�v�� �q�l�h�� �j�Z�a�g�b�p�Z�� ������������ �:�� �i�j�b�� �a�g�Z�q�_�g�b�y��
�i�h�l�_�g�p�b�Z�e�v�g�h�]�h�� �[�Z�j�v�_�j�Z�� �������� �f�w�<�� �\�_�j�h�y�l�g�h�k�l�_�c�� �i�j�h�o�h�`�^�_�g�b�y�� �^�e�y�� �k�e�m�q�Z�c�� ���Z����
�j�Z�\�g�Z�� ������������ �Z�� �^�e�y�� �k�e�m�q�Z�c�� ���[���� �j�Z�\�g�Z�� ������������ �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �j�Z�a�g�b�p�Z�� �[�m�^�_�l�� ������������
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ATOM  ENERGETIKASI VA  RADIATSION  XAVFSIZLIK: XA VFSIZ 
YADROVIY ENERGETIKA SARI QADAMLAR  
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Mirzo Ulug�‹bek nomidagi O�‹zbekiston Miliiy Universiteti, Toshkent, 
O�‹zbekiston 

eshtursunov_i@nuu.uz 
Kirish . Ushbu maqolada yadro texnologiyalaridagi yutuqlar va xavflarni 

kamaytirish bo'yicha amalga oshirilgan strategiyalar o'rganilib, energiya ishlab 
�F�K�L�T�D�U�L�V�K�� �Y�D�� �[�D�Y�I�V�L�]�O�L�N�� �R�
�U�W�D�V�L�G�D�J�L�� �P�X�Y�R�]�D�Q�D�W�Q�L�� �V�D�T�O�D�V�K�� �P�X�K�L�P�O�L�J�L�� �W�D�¶�N�L�G�O�D�Q�D�G�L����
�7�D�T�G�L�P���H�W�L�O�J�D�Q���P�D�¶�O�X�P�R�W�O�D�U���D�W�R�P���H�Q�H�U�J�H�W�L�N�D�V�L�Q�L�Q�J���E�D�U�T�D�U�R�U���U�L�Y�R�M�O�D�Q�L�V�K�G�D�J�L���U�R�O�L���Y�D��
uning kelajakdagi energiya ehtiyojlarini qondirish, aholi salomatligi va atrof-
muhitni muhofaza qilish imkoniyatlarini chuqurroq tushunishga yordam beradi. 

Potentsial radiatsiya xavfi atom stansiyalarining o'zlari, atom energetikasi 
bilan chambarchas bog'liq bo'lgan yadro qurollari va atom stansiyalari faoliyati 
�G�D�Y�R�P�L�G�D�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�O�J�D�Q�� �U�D�G�L�R�D�N�W�L�Y�� �F�K�L�T�L�Q�G�L�O�D�U�� �W�X�I�D�\�O�L�� �K�R�V�L�O�� �E�R�¶�O�D�G�L���� �%�X�W�X�Q��
dunyoda rentgenologiya sohasi individual, jamoaviy va populyatsion dozalarni 
oqilona kamaytirishning eng katta imkoniyatlariga ega ekanligi tan olingan. 
Birlashgan millatlar tashkilotining hisob-kitoblariga ko'ra, tibbiy nurlanish 
dozalarini atigi 10% ga kamaytirish haqiqatan, uning ta'siri aholiga, shu jumladan 
atom energiyasiga radiatsiya ta'sirining boshqa barcha sun'iy manbalarini to'liq 
yo'q qilishga teng demakdir[1]. Atom elektr stantsiyalarining ishlash tajribasi shuni 
ko'rsatdiki, to'g'ri texnik xizmat ko'rsatish va atrof-muhit monitoringi bilan ular 
deyarli xavfsizdir. Standart rejimda ishlaydigan atom stansiyalarining biosferaga 
radioaktiv ta'siri minimaldir.  1-rasmda ionlashtiruvchi nurlanishlar turli 
manbalarining insonning to'liq radiatsiya miqdoriga qo'shgan hissasi ko'rsatilgan. 

AES chiqindilari 99,9% inert radioaktiv gazlardan iborat: 85Kr (T1/2 =10 yil), 
88Kr (T1/2 = 2.8 soat), 133Xe (T1/2 = 5.3 kun), 135Xe (T1/2 = 9.2 soat), 222Rn (T1/2 = 3.8 
kun) va boshqalar[2]. Ushbu gazlar filtr yutuvchisiga kiradi, u erda ular faolligini 
yo'qotadi va keyin atmosferaga chiqariladi. Qolgan barcha radionuklidlar (asosan 
131I, 60Co, 134Cs, 137Cs va tritiy 3H) bir foizdan kamroqni tashkil qiladi. Rossiya 
atom elektr stantsiyalari uchun o'rtacha hisobda bu inert radioaktiv gazlar uchun 
���Â����12 �%�N���Y�D���L�V�K�O�D�E���F�K�L�T�D�U�L�O�J�D�Q�������*�9�W���V�R�D�W���H�O�H�N�W�U���H�Q�H�U�J�L�\�D�V�L���X�F�K�X�Q���E�R�V�K�T�D���E�D�U�F�K�D��
radionuklidlar yig'i�Q�G�L�V�L���X�F�K�X�Q�����Â����7 Bk ni tashkil qiladi [1]. 

Gaz-aerozol chiqindilarining aksariyat radionuklidlari, shu jumladan inert 
radioaktiv gazlar, juda qisqa yarim yemirilish davriga ega va atrof-muhitga zarar 
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etkazmasdan atmosferaga kirishga ulgurmasdanoq parchalanadi. Shunga qaramay, 
atom elektr stantsiyalarida ushbu radionuklidlarga nisbatan xavfsizlikni ta'minlash 
uchun, qoida tariqasida, atmosferaga gaz chiqindilarini chiqishini kechiktirish 
uchun maxsus tizim mavjud[2]. 

Ishlaydigan atom elektr stantsiyalaridan atrof �± muhitga kiradigan 
radionuklidlarning yana bir manbai bu muvozanatsiz va texnik suvdir. 
Radionuklidlar sovutish suviga reaktor yadrosida joylashgan deformatsiyalangan 
yoqilg'idan kiradi, ular ko'pincha deformatsiyalanadi va bo'linish mahsulotlari 
sovutuvchi suvga kiradi. Bundan tashqari, reaktor materiallarini neytronlar bilan 
nurlantirish natijasida hosil bo'lgan sovutish suvi quyiladi. Birinchi konturdagi suv 
vaqti-vaqti bilan yangilanadi va radioaktiv chiqindilardan tozalanadi. 

Atom elektr stantsiyasining barcha texnologik davrlaridagi suv aylanma suv 
�W�D�
�P�L�Q�R�W�L�� �W�L�]�L�P�L�J�D�� �W�L�]�L�P�O�D�V�K�W�L�U�L�O�J�D�Q�� �E�R�¶�O�D�G�L���� �+�D�U�� �E�L�U�� �D�W�R�P�� �H�O�H�N�W�U�� �V�W�D�Q�W�V�L�\�D�V�L�G�D��
mavjud bo'lgan suyuq radioaktiv chiqindilarni sovutish suv havzalariga tashlash 
sanitariya qoidalari bilan qat'iyan man etiladi. 

 

Rasm 1. Turli manbalarning insonning qabul qiladigan to'liq radiatsiyasi 
miqdoriga qo'shgan hissasi. 

Radiatsion jihatdan issiqlik elektr stantsiyalari ancha xavflidir, chunki ularda 
yoqilgan ko'mir, torf va gaz tarkibida uran va torium oilalarining tabiiy 
radionuklidlari mavjud. Yiliga 1 GVt quvvatga ega issiqlik elektr stansiyalari 
joylashgan hududda o'rtacha individual nurlanish dozalari yiliga 6 dan 60 
mkZv/yilgacha, AES chiqindilaridan esa yiliga 0,004 dan 0,13 mkZv/yilgacha[3]. 
�.�R�
�P�L�U�Q�L�Q�J�� �U�D�G�L�R�D�N�W�L�Y�O�L�J�L�� �X�Q�L�Q�J�� �K�R�V�L�O�� �E�R�¶�O�L�V�K�L�� �Y�D�� �U�D�G�L�R�D�N�W�L�Y��40K izotoplari bilan 
bog'liq[4], shunday qilib, atom elektr stantsiyalari normal ishlashi paytida issiqlik 
elektr stantsiyalariga qaraganda ekologik jihatdan toza. 

Energiya birligiga ishlab chiqarish davomida yo'qotilgan hayot nuqtai 
nazaridan qarasak, atom elektr stantsiyasi boshqa manbalarga qaraganda ishlab 
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chiqarilgan energiya birligiga kamroq o'limni tashkil qiladi(2-rasm). Ko'mir, neft, 
tabiiy gaz va gidroelektr energiyasidan energiya ishlab chiqarish energiya birligiga 
ko'proq o'limga olib keldi. Biroq, atom elektr stantsiyalaridagi baxtsiz 
hodisalarning iqtisodiy xarajatlari yuqori va juda uzoq vaqt davomida yashash 
uchun yaroqsiz hududlarni yaratishi mumkin. Jabrlangan aholini evakuatsiya qilish 
�X�F�K�X�Q���[�D�U�D�M�D�W�O�D�U���K�D�P���N�D�W�W�D���E�R�¶�O�D�G�L�� 

 

Rasm 2. Energiya birligiga (TVt soat)ishlab chiqarish davomida yo'qotilgan 
hayot soni 

Tri-Mile-Aylend AESdagi avariya davomida reaktorning yadrosi jiddiy 
shikastlangan, yadro yoqilg'isining bir qismi erigan, ammo u reaktor korpusini 
eritib yubormagan va radioaktiv moddalar asosan ichkarida qolgan. Atmosferaga 
xavfli gazlar chiqarildi, stantsiya hududi ham radioaktiv suv bilan ifloslangan. 
Stantsiya yonida yashovchi aholini evakuatsiya qilish muhim emas deb topildi. 16 
km zonada yashovchi har qanday aholi uchun o'rtacha ekvivalent nurlanish dozasi 
1 MZv dan oshmadi (1 MZv AQSh rezidenti fon nurlanishidan yiliga olgan 
o'rtacha dozaning uchdan bir qismiga teng)[3]. 

Chernobil AESda to'rtinchi energiya bloki portladi. Reaktorning katta qismi 
atrof-muhitga sochilib ketdi. Avariyadan keyingi dastlabki uch oy ichida 31 kishi 
halok bo'ldi;  keyingi 15 yil ichida aniqlangan nurlanishning uzoq muddatli 
oqibatlari 60 dan 80 gacha odamning o'limiga sabab bo'ldi. 134 kishi ma'lum 
darajada radiatsiya kasalligiga chalingan. 30 kilometrlik zonadan 115 mingdan 
ortiq odam evakuatsiya qilindi. 

Fukusima-1 AESda zilzila natijasida markazlashtirilgan elektr ta'minoti 
to'xtatildi. Tsunami natijasida stansiya generatorlari ishlamay qoldi. Tvellarni 
qolgan mablag'lar bilan sovutish bo'yicha ko'rilgan choralar ularning haroratini 
maqbul chegaralarda saqlashga imkon bermadi. Bug' - zirkonium reaktsiyasi 
natijasida gaz hosil bo'la boshladi, u o'z vaqtida o'chirilmadi. Eritma yadro 
qobig'ini yorib o'tdi, lekin hech bo'lmaganda ikkinchi va uchinchi reaktorlarda 
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eritma beton devorni yorib o'tmadi va tashqariga chiqmadi. 11-24 mart kunlari 
aholini evakuatsiya qilish zonasi asta-sekin kengayib bordi va 24 mart kuni zona 
30 kilometrgacha kengaytirildi (zonani tark etishni istaganlar uchun)[2]. Aholi 
orasida yadroviy avariyadan hech qanday o'lim yoki radiatsiya kasalligi bo'lmagan, 
ammo 100 mingdan ortiq odam o'z uylaridan evakuatsiya qilingan. Evakuatorlar 
orasida bir necha kishi professionallar uchun ruxsat etilgan darajadan yuqori 
dozalarni olgan, ammo ular orasida hech qanday o'lim qayd etilmagan. 

Xulosa: Yadro �H�Q�H�U�J�L�\�D�V�L�G�D�Q���[�D�Y�I�V�L�]�O�L�N���T�R�L�G�D�O�D�U�L�J�D���T�D�W�¶�L�\���D�P�D�O���T�L�O�J�D�Q���K�R�O�G�D��
foydalanish, uning ko'plab foydali jihatlarini ochib beradi va zamonaviy energiya 
ishlab chiqarish sohasida yangi imkoniyatlar yaratadi.  Xavfsizlik masalalari, 
tabiiyki, birinchi o'rinda turishi kerak. Xavfsiz yadro energiyasini ishlab chiqarish, 
zamonaviy texnologiyalar va qat'iy nazorat tizimlari yordamida amalga oshirilishi 
zarur. Bu yondashuv, nafaqat energiya ishlab chiqarishni ko'paytiradi, balki 
radiatsiya xavfini minimallashtiradi. Xavfsiz foydalanish orqali, yadro energiyasi 
global energiya muammolarini hal qilishda muhim rol o'ynashi mumkin va shu 
bilan birga, atrof-muhitni himoya qilishda ham o'z hissasini qo'shadi.Shu sababli, 
yadro energiyasidan xavfsiz foydalanish, uning foydali bo'lishini ta'minlaydi va 
istiqbolda barqaror va toza energiya manbai sifatida muhim ahamiyatga ega. 

Foydalanilgan adabiyotlar: 

1. OECD 2020 GIF 2019 Annual Report, NEA 7527, (OECD Nuclear 
Energy Agency for the Generation IV International Forum, Paris, France) 
https://www.gen-4.org/gif/jcms/c_119025/gif-2019-annual-report 

2. Okunev V S 2002 Physical problems of effective and safe use of 
nuclear materials: 12th Seminar on Problems of Reactor Physics. (Moscow, 
MEPhI) p 168�±70 

3. Orlov V V et al 1992 Atomnaya Energia (Atomic energy) 72 (4) 317 
4. Lehto W K et al 1987 Nucl. Eng. and Design 101 35�±44. DOI: 
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(Si2)1-x(GaP)x (0<x<1) �b�a���h�e�h�\�y�g�g�h�]�h���j�Z�k�l�\�h�j�Z-�j�Z�k�i�e�Z�\�Z�� 
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���������M�a�[�_�d�b�k�l�Z�g����razzokov.a@bk.ru, rajabovak691@gmail.com 

�I�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�_���f�Z�l�_�j�b�Z�e�u��GaAs, GaP, GaSb, GaN, ZnSe, ZnS �o�h�l�y��
�b�f�_�x�l���\�u�k�h�d�b�_���n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u���b���i�j�b�f�_�g�y�x�l�k�y���d�Z�d���Z�d�l�b�\�g�u�_��
�w�e�_�f�_�g�l�u�� �i�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �h�i�l�h�w�e�_�d�l�j�h�g�g�u�o�� �i�j�b�[�h�j�h�\���� �h�^�g�Z�d�h���� �a�Z�i�Z�k�u�� �b�o��
�d�h�f�i�h�g�_�g�l�h�\�� �\�� �a�_�f�g�h�c�� �d�h�j�_�� �h�q�_�g�v�� �f�Z�e�u�� �b�� �k�b�g�l�_�a�� �d�Z�q�_�k�l�\�_�g�g�u�o�� �d�j�b�k�l�Z�e�e�h�\��
�[�b�g�Z�j�g�u�o�� �k�h�_�^�b�g�_�g�b�c�� �y�\�e�y�_�l�k�y�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b �l�j�m�^�g�h�c�� �a�Z�^�Z�q�_�c���� �i�h�w�l�h�f�m��
�h�g�b�� �y�\�e�y�x�l�k�y�� �^�h�j�h�]�b�f�b�� �f�Z�l�_�j�b�Z�e�Z�f�b���� �B�a�]�h�l�h�\�e�_�g�b�_�� �f�Z�k�k�b�\�g�u�o�� �w�e�_�f�_�g�l�h�\��
�g�Z�� �h�k�g�h�\�_�� �[�b�g�Z�j�g�u�o�� �k�h�_�^�b�g�_�g�b�c�� �g�_�p�_�e�_�k�h�h�[�j�Z�a�g�h���� �H�^�g�Z�d�h�� �\�h�a�f�h�`�g�h�k�l�v��
�i�h�e�m�q�_�g�b�y�� �w�i�b�l�Z�d�k�b�Z�e�v�g�u�o�� �i�e�_�g�h�d�� �l�\�_�j�^�u�o�� �j�Z�k�l�\�h�j�h�\�� �[�b�g�Z�j�g�u�o��
�k�h�_�^�b�g�_�g�b�c�� �g�Z��Si �h�l�g�h�k�b�l�_�e�v�g�h�� �^�_�r�_�\�u�o �i�h�^�e�h�`�d�Z�o�� �^�_�e�Z�x�l�� �b�o��
�i�_�j�k�i�_�d�l�b�\�g�u�f�b���f�Z�l�_�j�b�Z�e�Z�f�b���� 

  �<�u�j�Z�s�_�g�u�� �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_�� �i�e�_�g�d�b�� �l�\�_�j�^�h�]�h�� �j�Z�k�l�\�h�j�Z��
(Si2)1-x(GaP)x (0<x�������� �g�Z�� �i�h�^�e�h�`�d�Z�o��Si<111>, Si���������!�� �b�a�� �h�]�j�Z�g�b�q�_�g�g�h�]�h��
�h�e�h�\�y�g�g�h�]�h�� �j�Z�k�l�\�h�j-�j�Z�k�i�e�Z�\�Z�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �\�� �b�g�l�_�j�\�Z�e�_�� �g�Z�q�Z�e�Z��
�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b����T�g�d)   T�g�d =10000�K�·������0�K���f�_�l�h�^�h�f���`�b�^�d�h�n�Z�a�g�h�c���w�i�b�l�Z�d�k�b�b�� 

�I�j�b�� �\�u�j�Z�s�b�\�Z�g�b�b�� �w�i�b�l�Z�d�k�b�Z�e�v�g�u�o�� �k�e�h�_�\���� �d�h�f�i�h�g�_�g�l�u�� �l�\�_�j�^�h�]�h��
�j�Z�k�l�\�h�j�Z��Si �b��GaP �\�� �j�Z�k�l�\�h�j�_-�j�Z�k�i�e�Z�\�_�� �m�q�Z�k�l�\�m�x�l�� �\�� �\�b�^�_�� �f�h�e�_�d�m�e�u�� �b��
�g�Z�g�h�d�e�Z�k�l�_�j�Z�� �>�������@���� �G�_�d�h�l�h�j�u�_�� �q�Z�k�l�b�p�u�� �m�k�i�_�\�Z�x�l�� �h�[�t�_�^�b�g�b�l�v�k�y�� �a�Z�� �k�q�_�l��
�i�j�h�p�_�k�k�Z�� �d�h�Z�]�m�e�y�p�b�b�� ���q�_�f�� �[�h�e�v�r�_�� �l�_�f�i�_�j�Z�l�m�j�Z���� �l�_�f�� �[�h�e�v�r�_�� �q�b�k�e�h��
�d�h�Z�]�m�e�y�p�b�b���� �h�^�b�g�Z�d�h�\�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �j�Z�k�l�\�h�j�Z�� �b�� �h�[�j�Z�a�m�x�l�� �g�Z�g�h�d�e�Z�k�l�_�j�u����
�j�Z�a�f�_�j�h�f 1-10 nm�����w�l�h���l�_�h�j�_�l�b�q�_�k�d�b���g�Z�f�b���j�Z�k�k�q�b�l�Z�g�h�����b�k�i�h�e�v�a�h�\�Z�\���n�h�j�f�m�e�m��
�W�c�g�r�l�_�c�g�Z-�K�f�h�e�m�o�h�\�k�d�h�]�h���� 
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�H�i�j�_�^�_�e�_�g�u�� �j�Z�a�f�_�j�u�� �d�j�_�f�g�b�_�\�u�o�� �b�� �n�h�k�n�b�^�u�� �]�Z�e�e�b�_�\�u�o�� �d�e�Z�k�l�_�j�h�\��
�d�h�f�i�h�g�_�g�l�h�\�� �\�� �j�Z�k�l�\�h�j�_���� �d�h�l�h�j�u�_�� �� �k�\�y�a�Z�g�u�� �k�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c��
�k�h�\�_�j�r�_�g�g�h�k�l�v�x�� �\�u�j�Z�s�_�g�g�u�o�� �w�i�b�l�Z�d�k�b�Z�e�v�g�u�o�� �k�e�h�_�\���� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��
�\�_�e�b�q�b�g�u�� �a�Z�a�h�j�Z�� �f�_�`�^�m�� �i�h�^�e�h�`�d�Z�f�b�� �� �i�j�b�� �j�Z�a�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o���� �G�Z�[�e�x�^�Z�y��
�a�Z�� �q�Z�k�l�b�p�Z�f�b�� �f�_�l�Z�e�e�b�q�_�k�d�b�o�� �d�e�Z�k�l�_�j�h�\�� �k�� �i�h�f�h�s�v�x�� �\�u�k�h�d�h�l�h�q�g�h�]�h��
�w�e�_�d�l�j�h�g�g�h�]�h�� �f�b�d�j�h�k�d�h�i�Z�� �b�� �d�h�e�b�q�_�k�l�\�_�g�g�h�� �h�p�_�g�b�\�Z�y�� �i�h�y�\�e�_�g�b�_�� �j�Z�a�e�b�q�g�u�o��
�k�l�j�m�d�l�m�j���� �w�l�b�� �l�_�h�j�_�l�b�q�_�k�d�b�_�� �i�j�_�^�k�d�Z�a�Z�g�b�y�� �[�u�e�b�� �b�a�m�q�_�g�u���� �b��
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�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�Z�y�� �k�l�j�m�d�l�m�j�Z�� �h�q�_�g�v��
�f�Z�e�_�g�v�d�b�o���d�e�Z�k�l�_�j�h�\���y�\�e�y�_�l�k�y���g�_�k�l�Z�[�b�e�v�g�h�c���>���@�� 

�W�l�h���i�h�d�Z�a�u�\�Z�_�l���q�l�h���j�h�k�l���g�Z�q�b�g�Z�_�l�k�y���b�a���`�b�^�d�h�c���n�Z�a�u���g�Z���i�h�^�e�h�`�d�m���i�j�b��
�d�h�g�l�Z�d�l�_�� �³�`�b�^�d�h�k�l�v-�l�\�_�j�^�h�]�h�� �l�_�e�Z�´�� �\�� �\�b�^�_�� �f�h�e�_�d�m�e�� �b�e�b�� �d�e�Z�k�l�_�j�h�\���� �q�l�h��
�b�f�_�x�l���g�Z�f�g�h�]�h���[�h�e�v�r�h�c�����i�h�\�_�j�o�g�h�k�l�g�u�c���w�g�_�j�]�_�l�b�q�_�k�d�b�c�����i�h�l�_�g�p�b�Z�e�����q�_�f���m��
�h�^�b�g�Z�j�g�h�]�h�� �Z�l�h�f�Z���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �\�u�j�Z�s�b�\�Z�g�b�y�� �w�i�b�l�Z�k�b�Z�e�v�g�u�o��
�w�i�b�l�Z�d�k�b�Z�e�v�g�u�o�� �k�e�h�_�\�� �g�Z�q�b�g�Z�_�l�k�y�� �l�h�]�^�Z���� �d�h�]�^�Z�� �k�b�e�u�� �i�j�b�� �d�h�g�l�Z�d�l�_��
�³�`�b�^�d�h�k�l�v-�l�\�_�j�^�h�]�h�� �l�_�e�Z�´�� �[�m�^�_�l�� �[�h�e�v�r�_���� �q�_�f�� �k�b�e�Z�� �g�Z�l�y�`�_�g�b�y�� �i�h�\�_�j�o�g�h�k�l�b��
�j�Z�k�l�\�h�j�Z-�j�Z�k�i�e�Z�\�Z���� 

�G�h�� �h�l�g�h�k�b�l�_�e�v�g�h�� �[�h�e�v�r�b�f�b�� �j�Z�a�f�_�j�Z�f�b�� �g�Z�g�h�d�e�Z�k�l�_�j�u�� �k�h�k�l�Z�\�e�y�y��
�g�_�a�g�Z�q�b�l�_�e�v�g�m�x�� �q�Z�k�l�v�� �^�h�e�b�� �\�k�_�]�h�� �j�Z�k�l�\�h�j�_�g�g�u�o�� �w�e�_�f�_�g�l�h�\���� �m�q�Z�k�l�\�m�y�� �\��
�i�j�h�p�_�k�k�_�� �j�h�k�l�Z���� �k�� �g�Z�b�f�_�g�v�r�b�f�b�� �d�h�g�p�_�g�l�j�Z�p�b�y�f�b���� �q�_�f�� �\�� �\�u�j�Z�s�b�\�Z�_�f�u�o��
�d�h�f�i�h�g�_�g�l�Z�o�� �� �g�_�� �j�Z�a�j�m�r�Z�x�l�� �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�g�h�k�l�v�� �\�Z�j�b�a�h�g�g�h�]�h�� �l�\�_�j�^�h�]�h��
�j�Z�k�l�\�h�j�Z���� �� �g�h�� �k�i�h�k�h�[�k�l�\�m�x�l�� �h�[�j�Z�a�h�\�Z�g�b�x�� �^�b�k�e�h�d�Z�p�b�c�� �b�� �g�Z�� �]�j�Z�g�b�p�m��
�i�h�^�e�h�`�d�b-�i�e�_�g�d�b�� �b�� �\�^�h�e�v�� �g�Z�i�j�Z�\�e�_�g�b�y�� �j�h�k�l�Z�� �i�e�_�g�d�b���� �q�l�h�� �m�o�m�^�r�Z�_�l��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x�� �k�h�\�_�j�r�_�g�g�h�k�l�v�� �� �i�e�_�g�h�d�� �b�� �k�l�j�m�d�l�m�j���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �b�o����
�w�e�_�d�l�j�h�n�b�a�b�q�_�k�d�b�_�� �b�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �y�\�e�y�x�s�b�_�k�y��
�\�Z�`�g�_�c�r�b�f�b���i�Z�j�Z�f�_�l�j�Z�f�b���\���i�j�b�f�_�g�_�g�b�b���i�j�b�[�h�j�h�k�l�j�h�_�g�b�y���� 
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�J�b�k. 1. �A�Z�\�b�k�b�f�h�k�l�v�� �d�h�g�l�Z�d�l�g�h�c�� �j�Z�a�g�h�k�l�b��
�i�h�l�_�g�p�b�Z�e�h�\�� �b�� �i�j�h�\�h�^�b�f�h�k�l�b�� �h�l�� �^�Z�\�e�_�g�b�y��
�Z�l�f�h�k�n�_�j�g�h�]�h���\�h�a�^�m�o�Z. 1 �± Vk , 2 �± �1 

�<�E�B�Y�G�B�?���J�:�A�E�B�Q�G�U�O���=�:�A�H�<���G�: �D�H�G�L�:�D�L�G�M�X���J�:�A�G�H�K�L�V��
�I�H�L�?�G�P�B�:�E�H�<���B���I�J�H�<�H�>�B�F�H�K�L�V���I�E�?�G�H�D���K�?�E�?�G�B�>�:��

�D�:�>�F�B�Y 

�;���D�� �L�m�c�q�b�[�Z�_�\1�����>�����Q�Z�]�Z�_�\2  
1�N�_�j�]�Z�g�k�d�b�c���i�h�e�b�l�_�o�g�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l�����Z�k�k�b�k�l�_�g�l���d�Z�n�_�^�j�u��

�©�N�b�a�b�d�Z�ª 
2�N�_�j�]�Z�g�k�d�b�c���i�h�e�b�l�_�o�g�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l�����k�l�m�^�_�g�l���]�j�m�i�i�u������-24 SI 

�<�� �d�Z�q�_�k�l�\�_�� �b�k�i�Z�j�b�l�_�e�_�c���b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �e�h�^�h�q�d�b�� �b�a�� �f�h�e�b�[�^�_�g�h�\�h�c��
�n�h�e�v�]�b�� �b�e�b�� �]�j�Z�n�b�l�h�\�u�_�� �l�b�]�e�b. �I�h�^�e�h�`�d�Z�f�b�� �k�e�m�`�b�e�b�� �k�l�_�d�e�y�g�g�u�_�� �b�e�b��
�d�\�Z�j�p�_�\�u�_�� �i�e�Z�k�l�b�g�d�b�� �j�Z�a�f�_�j�h�f��20�o20 �f�f . �B�k�o�h�^�g�u�f�� �f�Z�l�_�j�b�Z�e�h�f�� �^�e�y��
�g�Z�g�_�k�_�g�b�y�� �i�e�_�g�h�d�� �k�e�m�`�b�e�� �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�c��CdSe �f�Z�j�d�b���©�^�e�y��
�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�ª�� �H�[�j�Z�a�p�u�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�e�m�q�b�e�b�k�v�� �f�_�l�h�^�h�f��
�\�Z�d�m�m�f�g�h�]�h���b�k�i�Z�j�_�g�b�y. 

�I�h�^�e�h�`�d�b�� �h�q�b�s�Z�e�b�k�v�� �k�i�_�p�b�Z�e�v�g�h�c�� �h�[�j�Z�[�h�l�d�h�c�� �\�� �o�j�h�f�h�\�h�c�� �k�f�_�k�b�� �b��
�i�j�h�f�u�\�Z�e�b�k�v���^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c�� �\�h�^�h�c. �I�h�k�e�_�� �h�q�b�k�l�d�b�� �h�g�b�� �h�[�_�a�]�Z�`�b�\�Z�e�b�k�v��
�i�j�h�]�j�_�\�h�f�� �\�� �\�Z�d�m�m�f�_�� �\�� �l�_�q�_�g�b�_��30�±60 �f�b�g�m�l�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�Z�o��400�±�������ƒ�K�� �b 

�i�h�k�e�_�� �w�l�h�]�h�� �h�o�e�Z�`�^�Z�e�b�k�v�� �^�h��
�l�_�f�i�_�j�Z�l�m�j�u��250�±�������ƒ�K, �i�j�b��
�d�h�l�h�j�h�c�� �i�j�h�b�a�\�h�^�b�e�h�k�v�� �h�k�Z�`�^�_�g�b�_��
�i�e�_�g�d�b��CdSe. �K�j�_�^�g�y�y�� �k�d�h�j�h�k�l�v��
�h�k�Z�`�^�_�g�b�y���k�h�k�l�Z�\�e�y�e�Z 30�c/�k. �I�h�k�e�_��
�h�k�Z�`�^�_�g�b�y�� �i�e�_�g�d�b�� �i�h�^�\�_�j�]�Z�e�b�k�v��
�i�j�h�]�j�_�\�m�� �\�� �\�Z�d�m�m�f�_�� �i�j�b��400�±�������ƒ�K��
�\�� �l�_�q�_�g�b�_��10�±30 �f�b�g�m�l�� �^�e�y��
�m�e�m�q�r�_�g�b�y���k�p�_�i�e�_�g�b�y���k���i�h�^�e�h�`�d�h�c. 

�W�e�_�d�l�j�h�g�h�]�j�Z�n�b�q�_�k�d�b�_���b��
�j�_�g�l�]�_�g�h�]�j�Z�n�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�����i�j�h�\�_�^�_�g�g�u�_�� �\�� �e�Z�[�h�j�Z�l�h�j�b�b�� �f�_�l�h�^�h�f, 
�b�a�e�h�`�_�g�g�u�f�� �\�� �j�Z�[�h�l�_��[1], �i�h�d�Z�a�Z�e�b, �q�l�h�� �i�h�e�m�q�_�g�g�u�_�� �g�Z�f�b�� �i�e�_�g�d�b�� �[�u�e�b��
�i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�f�b�� �b�� �h�[�e�Z�^�Z�e�b�� �k�f�_�r�Z�g�g�h�c �k�l�j�m�d�l�m�j�h�c��(�d�m�[�b�q�_�k�d�h�c�� �b��
�]�_�d�k�Z�]�h�g�Z�e�v�g�h�c). �J�Z�a�f�_�j�u�� �d�j�b�k�l�Z�e�e�h�\�� �g�_�� �i�j�_�\�u�r�Z�e�b��0,5 �f�d�f. �<�� �d�Z�q�_�k�l�\�_��
�d�h�g�l�Z�d�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �g�Z�i�u�e�z�g�g�u�_�� �k�e�h�b�� �b�g�^�b�y, �h�[�u�q�g�h�� �h�[�j�Z�a�m�x�s�_�]�h�� �k��
CdSe �h�f�b�q�_�k�d�b�_���d�h�g�l�Z�d�l�u��[2]. 
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�J�b�k���� ������ �<�e�b�y�g�b�_�� �g�Z�i�m�k�d�Z�� �]�Z�a�h�\�� �g�Z�� �\�_�e�b�q�b�g�m��

�d�h�g�l�Z�d�l�g�h�c�� �j�Z�a�g�h�k�l�b�� �i�h�l�_�g�p�b�Z�e�h�\�� �i�j�b�� �J�� � ���Â����-���� �f�f��
�j�l�����k�l�������a�g�Z�q�_�g�b�y���û�9�N���g�h�j�f�b�j�h�\�Z�g�u���d���g�m�e�x������������������������������
5 �± �\�� �Z�l�f�h�k�n�_�j�Z�o�� �k�m�o�h�]�h�� �Z�a�h�l�Z���� �\�e�Z�`�g�h�]�h�� �Z�a�h�l�Z����
�\�e�Z�`�g�h�]�h�� �\�h�a�^�m�o�Z���� �k�m�o�h�]�h�� �d�b�k�e�h�j�h�^�Z�� �b�� �\�e�Z�`�g�h�]�h��
�d�b�k�e�h�j�h�^�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h 

�D�h�g�l�Z�d�l�g�Z�y���j�Z�a�g�h�k�l�v���i�h�l�_�g�p�b�Z�e�h�\���i�e�_�g�h�d��CdSe �h�l�g�h�k�b�l�_�e�v�g�h���w�l�Z�e�h�g�g�h�]�h��
�a�h�e�h�l�h�]�h���w�e�_�d�l�j�h�^�Z���b�a�f�_�j�y�e�Z�k�v���f�_�l�h�^�h�f���^�b�g�Z�f�b�q�_�k�d�h�]�h���d�h�g�^�_�g�k�Z�l�h�j�Z. �F�u �g�_��
�h�[�g�Z�j�m�`�b�e�b���g�b���h�^�g�h�]�h���k�e�m�q�Z�y���g�Z�j�m�r�_�g�b�y���h�f�b�q�g�h�k�l�b���b�g�^�b�_�\�u�o���d�h�g�l�Z�d�l�h�\.  

�I�j�b���b�a�f�_�g�_�g�b�b���_�f�d�h�k�l�b���b�a�f�_�j�b�l�_�e�v�g�h�]�h���d�h�g�^�_�g�k�Z�l�h�j�Z���\���p�_�i�b���\�h�a�g�b�d�Z�_�l 
�l�h�d, �_�k�e�b���f�_�`�^�m���h�[�d�e�Z�^�d�Z�f�b���d�h�g�^�_�g�k�Z�l�h�j�Z���b�f�_�_�l�k�y���d. �j. �i. �K�h�h�l�\�_�l�k�l�\�m�x�s�b�c 
�k�b�]�g�Z�e�� �i�h�^�Z�_�l�k�y�� �g�Z�� �m�k�b�e�b�l�_�e�v�g�u�c�� �[�e�h�d, �k�h�k�l�h�y�s�b�c�� �b�a�� �w�e�_�d�l�j�h�f�_�l�j�b�q�_�k�d�h�]�h 
�d�Z�k�d�Z�^�Z���W�D���k���\�o�h�^�g�u�f���k�h�i�j�h�l�b�\�e�_�g�b�_�f��109 �H�f, �d�Z�l�h�^�g�h�]�h���i�h�\�l�h�j�b�l�_�e�y �D�I���b 
�j�_�a�h�g�Z�g�k�g�h�]�h���m�k�b�e�b�l�_�e�y��28-�B�F, �i�_�j�_�^�_�e�Z�g�g�h�]�h���g�Z���q�Z�k�l�h�l�m��70 �=�p. 

�D�Z�l�h�^�g�u�c�� �i�h�\�l�h�j�b�l�_�e�v�� �i�j�b�f�_�g�y�e�k�y�� �^�e�y�� �k�h�]�e�Z�k�h�\�Z�g�b�y�� �\�u�o�h�^�g�h�]�h��
�k�h�i�j�h�l�b�\�e�_�g�b�y�� �W�D�� �b�� �\�o�h�^�g�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�y��28-�B�F. �I�h�k�e�_�^�g�b�c�� �k�e�m�`�b�e 
�g�m�e�v-�b�g�^�b�d�Z�l�h�j�h�f. �D�h�f�i�_�g�k�b�j�m�x�s�_�_���g�Z�i�j�y�`�_�g�b�_�� �i�h�^�Z�\�Z�e�h�k�v�� �g�Z�� �h�[�j�Z�a�_�p�� �h�l��
�i�h�l�_�g�p�b�h�f�_�l�j�Z�� �I�I�L�<-I. �I�j�b�� �d�h�f�i�_�g�k�Z�p�b�b�� �l�h�d�Z�� �\�� �p�_�i�b�� �^�b�g�Z�f�b�q�_�k�d�h�]�h��
�d�h�g�^�_�g�k�Z�l�h�j�Z�� �d�h�f�i�_�g�k�b�j�m�x�s�_�_�� �g�Z�i�j�y�`�_�g�b�_�� �j�Z�\�g�h�� �d. �j. �i. �f�_�`�^�m��
�\�b�[�j�b�j�m�x�s�b�f �w�e�_�d�l�j�h�^�h�f�� �b�� �i�h�\�_�j�o�g�h�k�l�v�x�� �i�h�e�m�i�j�h�\�h�^�g�b�d�Z. �F�Z�d�k�b�f�Z�e�v�g�Z�y��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v���k�o�_�f�u���^�h�k�l�b�]�Z�e�Z��1 �f�<. 

�I�j�h�k�l�Z�y �h�l�d�Z�q�d�Z��(�[�_�a��
�\�Z�d�m�m�f�g�h�]�h�� �i�j�h�]�j�_�\�Z) �h�[�u�q�g�h��
�m�\�_�e�b�q�b�\�Z�e�Z��Vk �i�j�b�f�_�j�g�h�� �g�Z��40�±
50 �f�<. �I�h�k�e�_�^�m�x�s�b�c�� �g�Z�i�m�k�d��
�Z�l�f�h�k�n�_�j�g�h�]�h�� �\�h�a�^�m�o�Z�� �b�e�b 
�d�b�k�e�h�j�h�^�Z�� �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l��
�a�g�Z�q�_�g�b�_��Vk, �b�f�_�\�r�_�_�� �f�_�k�l�h�� �^�h��
�h�l�d�Z�q�d�b. �W�l�b �h�[�j�Z�l�b�f�u�_��
�b�a�f�_�g�_�g�b�y��Vk �k�h�i�j�h�\�h�`�^�Z�x�l�k�y��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b���b�a�f�_�g�_�g�b�y�f�b 
�i�j�h�\�h�^�b�f�h�k�l�b���i�e�_�g�h�d��(�k���j�h�k�l�h�f��Vk 
�i�j�h�\�h�^�b�f�h�k�l�v�� �j�Z�k�l�_�l, �d�Z�d�� �b��

�k�e�_�^�h�\�Z�e�h �h�`�b�^�Z�l�v). �O�Z�j�Z�d�l�_�j�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �b�a�f�_�g�_�g�b�y��Vk �b�� �1�� �i�e�_�g�h�d�� �h�l��
�^�Z�\�e�_�g�b�y�� �\�� �� �i�j�h�p�_�k�k�_�� �h�l�d�Z�q�d�b�� �Z�l�f�h�k�n�_�j�g�h�]�h�� �\�h�a�^�m�o�Z�� �i�h�d�Z�a�Z�g�Z�� �g�Z�� �j�b�k. 1. 
�H�k�g�h�\�g�h�_�� �b�a�f�_�g�_�g�b�_��Vk �b�� �1�� �i�j�h�b�k�o�h�^�b�l�� �i�j�b�� �^�Z�\�e�_�g�b�b�� �J��< 10-3 �f�f�� �j�l. �k�l. �b��
�h�[�m�k�e�h�\�e�_�g�h�� �m�^�Z�e�_�g�b�_�f�� �k�e�Z�[�h�k�\�y�a�Z�g�g�h�c�� �q�Z�k�l�b�� �Z�^�k�h�j�[�b�j�h�\�Z�g�g�h�]�h�� �d�b�k�e�h�j�h�^�Z. 
�K�i�Z�^��Vk �b�� �1�� �\�� �g�Z�q�Z�e�v�g�u�c�� �f�h�f�_�g�l�� �h�l�d�Z�q�d�b��(�h�[�e�Z�k�l�v�� �:�<) �k�\�y�a�Z�g, �\�_�j�h�y�l�g�h, �k��
�m�^�Z�e�_�g�b�_�f�� �\�e�Z�]�b. �H�[�� �w�l�h�f�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �l�h�l�� �n�Z�d�l, �q�l�h�� �i�j�b�� �h�l�d�Z�q�d�_�� �k�m�o�h�c��
�Z�l�f�h�k�n�_�j�u���l�Z�d�h�c���k�i�Z�^���g�_���g�Z�[�e�x�^�Z�_�l�k�y. 
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�J�b�k���� ������ �<�e�b�y�g�b�_�� �g�Z�i�m�k�d�Z�� �]�Z�a�h�\�� �g�Z�� �\�_�e�b�q�b�g�m��

�d�h�g�l�Z�d�l�g�h�c�� �j�Z�a�g�h�k�l�b�� �i�h�l�_�g�p�b�Z�e�h�\�� �i�j�b�� �J�� � �� ��������
�f�f���j�l�����k�l���������b�������± �\���Z�l�f�h�k�n�_�j�_���k�m�o�h�]�h���d�b�k�e�h�j�h�^�Z����
���� �b�� �����± �\�� �Z�l�f�h�k�n�_�j�_�� �k�m�o�h�]�h�� �Z�a�h�l�Z�� ������ �b�� �����± �\��
�d�h�h�j�^�b�g�Z�l�Z�o���ûVk, lgt) 

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

�b�k�k�e�_�^�h�\�Z�e�b �\�e�b�y�g�b�_�� �g�Z�� �\�_�e�b�q�b�g�m��Vk, 
�i�h�f�b�f�h���Z�l�f�h�k�n�_�j�g�h�]�h���\�h�a�^�m�o�Z, �k�m�o�h�]�h��
�b�� �\�e�Z�`�g�h�]�h �Z�a�h�l�Z�� �b�� �\�e�Z�`�g�h�]�h��
�d�b�k�e�h�j�h�^�Z��(�j�b�k. 2). �=�Z�a�u�� �g�Z�i�m�k�d�Z�e�b�k�v��
�i�j�b���d�h�f�g�Z�l�g�h�c���l�_�f�i�_�j�Z�l�m�j�_���\���l�_�f�g�h�l�_��
�i�h�k�e�_�� �\�Z�d�m�m�f�g�h�]�h�� �i�j�h�]�j�_�\�Z��
(�h�[�_�a�]�Z�`�b�\�Z�g�b�y) �i�e�_�g�h�d���i�j�b �������ƒ�K. �<�h��
�\�k�_�o�� �k�e�m�q�Z�y�o�� �^�Z�\�e�_�g�b�_�� �]�Z�a�h�\��
�i�h�^�^�_�j�`�b�\�Z�e�h�k�v�� �g�Z�� �m�j�h�\�g�_��2�Â10-1 �f�f  
�j�l. �k�l., �Z�� �h�l�g�h�k�b�l�_�e�v�g�Z�y�� �\�e�Z�`�g�h�k�l�v��45 
%. 

�B�a�� �j�b�k. 2 �\�b�^�g�h, �q�l�h�� �k�m�o�h�c�� �b��
�\�e�Z�`�g�u�c�� �Z�a�h�l�� �g�_�� �h�d�Z�a�u�\�Z�_�l�� �k�m�s�_�k�l�\�_�g�g�h�]�h�� �\�e�b�y�g�b�y�� �g�Z�� �\�_�e�b�q�b�g�m��Vk �i�j�b��
�m�d�Z�a�Z�g�g�u�o�� �^�Z�\�e�_�g�b�y�o. �G�Z�b�[�h�e�v�r�_�_�� �\�e�b�y�g�b�_ �h�d�Z�a�u�\�Z�_�l���d�b�k�e�h�j�h�^�� ���k�m�o�h�c�� �b��
�\�e�Z�`�g�u�c������ �d�h�l�h�j�u�c�� �m�f�_�g�v�r�Z�_�l�� �9k �i�j�b�f�_�j�g�h �g�Z�� �����±������ �f�<�� �\�� �l�_�q�_�g�b�_�� ��������
�f�b�g�m�l���� �:�l�f�h�k�n�_�j�g�u�c�� �\�h�a�^�m�o�� �h�d�Z�a�u�\�Z�_�l�� �i�h�q�l�b�� �l�Z�d�h�_�� �`�_�� �\�e�b�y�g�b�_���� �d�Z�d�� �b��
�d�b�k�e�h�j�h�^���� �I�j�b�� �[�h�e�_�_�� �\�u�k�h�d�b�o�� �^�Z�\�e�_�g�b�y�o�� ���������� �f�f�� �j�l�� �k�l������ �g�Z�[�e�x�^�Z�_�l�k�y�� �[�h�e�_�_��
�a�g�Z�q�b�l�_�e�v�g�h�_�� �m�f�_�g�v�r�_�g�b�_�� �9k���� �I�j�b�q�_�f�� �\�� �w�l�h�f�� �k�e�m�q�Z�_ Vk �m�f�_�g�v�r�Z�_�l�k�y�� �b�� �\��
�Z�l�f�h�k�n�_�j�_���Z�a�h�l�Z�����o�h�l�y���b���f�_�g�_�_���a�g�Z�q�b�l�_�e�v�g�h�����q�_�f���\���Z�l�f�h�k�n�_�j�_���d�b�k�e�h�j�h�^�Z�����j�b�k����

3). �<�h�� �\�k�_�o�� �k�e�m�q�Z�y�o�� �d�b�g�_�l�b�d�Z�� �k�i�Z�^�Z�� �9k 
�i�j�b�� �g�Z�i�m�k�d�_�� �]�Z�a�h�\�� ���j�b�k���� ������ �k�f���� �l�Z�d�`�_��
�d�j�b�\�u�_�� ���� �b�� ���� �j�b�k���� ������ �h�i�b�k�u�\�Z�_�l�k�y��
�\�u�j�Z�`�_�g�b�_�f���� �9k � �� �9�ƒk �± Bln(t0 + t) [3], 
�]�^�_�� �90

k �± �a�g�Z�q�_�g�b�_�� �9k �i�_�j�_�^�� �g�Z�i�m�k�d�h�f��
�]�Z�a�Z���� �Z�� �<�� �b�� �W�����± �i�h�k�l�h�y�g�g�u�_���� �I�h�^�h�[�g�Z�y��
�e�h�]�Z�j�b�n�f�b�q�_�k�d�Z�y�� �d�b�g�_�l�b�d�Z�� �o�Z�j�Z�d�l�_�j�g�Z��
�^�e�y�� �i�j�h�p�_�k�k�Z�� �o�_�f�h�k�h�j�[�p�b�b�� �d�b�k�e�h�j�h�^�Z��
�g�Z���f�g�h�]�b�o���i�h�e�m�i�j�h�\�h�^�g�b�d�Z�o���>���@�� 

 

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u�� 

1. �<�b�s�Z�d�Z�k�� �X���D������ �K�f�b�y�]�Z�� �:���:�����I�h�\�_�j�o�g�h�k�l�g�u�_�� �b�� �d�h�g�l�Z�d�l�g�u�_���y�\�e�_�g�b�y�� �\��
�i�h�e�m�i�j�h�\�h�^�g�b�d�Z�o�����± �L�h�f�k�d�����L�h�f�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�����������������± �K���������±23. 

 
�J�b�k���� ������ �D�b�g�_�l�b�d�Z�� �k�i�Z�^�Z�� �9k �i�j�b�� �g�Z�i�m�k�d�_��

�]�Z�a�h�\�����J��� �������Â������-1 �f�f���j�l�����k�l�������������b�������± �\���Z�l�f�h�k�n�_�j�Z�o��
�k�m�o�h�]�h���d�b�k�e�h�j�h�^�Z���b���\�h�a�^�m�o�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 
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3. Muscheid E. // Ann. phys. 1953. �± �J. 41 �± 44. 

4. �D�b�j�v�y�r�d�b�g�Z�� �A���B������ �K�\�_�j�^�e�h�\�Z�� �$���0�����I�h�\�_�j�o�g�h�k�l�g�u�_�� �b���d�h�g�l�Z�d�l�g�u�_��
�y�\�e�_�g�b�y���\���i�h�e�m�i�j�h�\�h�^�g�b�d�Z�o�����± �L�h�f�k�d�����L�h�f�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�����������������± �K���������±26. 
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2�N�b�a�b�d�h-�l�_�o�g�b�q�_�k�d�b�c���b�g�k�l�b�l�m�l���b�f�_�g�b���K���:�����:�a�b�f�h�\�Z���:�G���J�M�a�� 

�M�a�[�_�d�b�k�l�Z�g���������������������L�Z�r�d�_�g�l�����m�e�����Q�b�g�]�b�a�Z���:�c�l�f�Z�l�h�\�Z�������;�� 
3�L�Z�r�d�_�g�l�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l���i�j�b�d�e�Z�^�g�u�o���g�Z�m�d 
�M�a�[�_�d�b�k�l�Z�g���������������������L�Z�r�d�_�g�l�����m�e�����=�Z�\�o�Z�j�������� 

 
�L�_�g�^�_�g�p�b�b�� �j�Z�a�\�b�l�b�y�� �k�h�e�g�_�q�g�h�c�� �w�g�_�j�]�_�l�b�d�b�� �\�� �i�h�k�e�_�^�g�_�_�� �\�j�_�f�y��

�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �k�l�j�_�f�b�l�_�e�v�g�h�f�� �j�h�k�l�_�� �\�\�_�^�_�g�b�y�o�� �\�� �w�d�k�i�e�m�Z�l�Z�p�b�x�� �g�h�\�u�o��
�f�h�s�g�h�k�l�_�c�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �k�l�Z�g�p�b�c�� �d�Z�d�� �\�h�� �\�k�_�f�� �f�b�j�_���� �l�Z�d�� �b�� �\��
�M�a�[�_�d�b�k�l�Z�g�_�����<�� �M�a�[�_�d�b�k�l�Z�g�_�� �^�h�e�y�� �\�h�a�h�[�g�h�\�e�y�_�f�u�o�� �b�k�l�h�q�g�b�d�h�\�� �w�g�_�j�]�b�b��
���<�B�W���� �\�� �i�j�h�b�a�\�h�^�k�l�\�_�� �w�e�_�d�l�j�h�w�g�_�j�]�b�b�� �^�h�k�l�b�]�g�_�l�� �������� �^�h�� ���������� �]�� �H�[�� �w�l�h�f�� ������
�^�_�d�Z�[�j�y�� �g�Z�� �p�_�j�_�f�h�g�b�b�� �a�Z�i�m�k�d�Z�� �g�h�\�u�o�� �w�g�_�j�]�_�l�b�q�_�k�d�b�o�� �f�h�s�g�h�k�l�_�c�� �a�Z�y�\�b�e��
�i�j�_�a�b�^�_�g�l�� �k�l�j�Z�g�u���� �A�Z�� �w�l�h�l�� �i�_�j�b�h�^�� �[�m�^�m�l�� �i�h�k�l�j�h�_�g�u�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_��
�©�a�_�e�z�g�u�_���f�h�s�g�h�k�l�b�ª���g�Z���������l�u�k�y�q���F�<�l�����k�h�h�[�s�b�e���]�e�Z�\�Z���]�h�k�m�^�Z�j�k�l�\�Z���>���@�� 

 �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �w�g�_�j�]�_�l�b�q�_�k�d�h�c�� �h�l�j�Z�k�e�b�� �M�a�[�_�d�b�k�l�Z�g�Z�� �f�h�s�g�h�k�l�v��
�n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �k�l�Z�g�p�b�c�� ���N�W�K������ �b�g�l�_�]�j�b�j�h�\�Z�g�g�u�o�� �\�� �\�u�k�h�d�h�\�h�e�v�l�g�m�x��
�w�e�_�d�l�j�b�q�_�k�d�m�x�� �k�_�l�v���� �k�h�k�l�Z�\�e�y�_�l�� ���� �=�<�l���� �;�u�e�b�� �a�Z�i�m�s�_�g�u�� �N�W�K�� �\�� �G�b�r�Z�g�k�d�h�f��
�j�Z�c�h�g�_���D�Z�r�d�Z�^�Z�j�v�b�����D�Z�j�Z�m�e�[�Z�a�Z�j�k�d�h�f���j�Z�c�h�g�_���\���;�m�o�Z�j�_�����R�_�j�Z�[�Z�^�k�d�h�f���j�Z�c�h�g�_��
�\���K�m�j�o�Z�g�^�Z�j�v�_�����=�Z�e�e�Z�Z�j�Z�e�v�k�d�h�f���j�Z�c�h�g�_���\���>�`�b�a�a�Z�d�_�����D�Z�l�l�Z�d�m�j�]�Z�g�k�d�h�f���j�Z�c�h�g�_��
�\���K�Z�f�Z�j�d�Z�g�^�_�����Z���l�Z�d�`�_���\�_�l�j�h�\�u�_���w�e�_�d�l�j�h�k�l�Z�g�p�b�b���\���j�Z�c�h�g�_���L�h�f�^�b���G�Z�\�h�b�c�k�d�h�c��
�h�[�e�Z�k�l�b��[2].  

�<���f�b�j�_���\���h�k�g�h�\�g�h�f���n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_���k�l�Z�g�p�b�b���k�l�j�h�y�l�k�y���\���i�m�k�l�u�g�g�u�o���b��
�i�h�e�m�i�m�k�l�u�g�g�u�o�� �j�_�]�b�h�g�Z�o�����<�� �i�m�k�l�u�g�g�u�o�� �j�Z�c�h�g�Z�o�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f��
�k�h�e�g�_�q�g�h�c�� �j�Z�^�b�Z�p�b�b���� �d�h�l�h�j�Z�y�� �k�q�b�l�Z�_�l�k�y�� �w�n�n�_�d�l�b�\�g�h�c�� �^�e�y�� �w�d�k�i�e�m�Z�l�Z�p�b�b��
�n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �[�Z�l�Z�j�_�c�� ���N�W�;������ �k�m�o�h�c�� �d�e�b�f�Z�l���� �w�j�h�a�b�y�� �i�h�q�\�u�� �b�� �i�u�e�v����
�i�h�^�g�b�f�Z�x�s�Z�y�k�y�� �\�� �\�h�a�^�m�o�� �b�a-�a�Z�� �\�_�l�j�Z���� �i�h�d�j�u�\�Z�x�l�� �n�j�h�g�l�Z�e�v�g�m�x�� �i�h�\�_�j�o�g�h�k�l�v��
�N�W�;���� �� �K�e�h�c�� �i�u�e�b�� �k�� �j�Z�a�e�b�q�g�u�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �b�� �l�h�e�s�b�g�h�c�� �g�Z�� �n�j�h�g�l�Z�e�v�g�h�c��
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�i�h�\�_�j�o�g�h�k�l�b���� �Z�� �l�Z�d�`�_�� �\�u�k�h�d�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �k�g�b�`�Z�x�l�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �j�Z�[�h�l�u��
�N�W�;��[3-5]. 

�B�a-�a�Z�� �^�_�]�j�Z�^�Z�p�b�b�� �h�i�l�b�q�_�k�d�b�o�� �i�h�e�b�f�_�j�g�u�o�� �]�_�j�f�_�l�b�q�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �\��
�m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�f�� �k�i�_�d�l�j�_�� �b�� �i�j�b�� �i�h�\�u�r�_�g�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �g�Z�[�e�x�^�Z�_�l�k�y����
�������� �� �i�h�l�_�j�y�� �f�h�s�g�h�k�l�b�� �N�W�;���� �k�h�^�_�j�`�Z�s�b�o�k�y�� �� �\�� �� �k�h�e�g�_�q�g�u�o����
�n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �� �k�l�Z�g�p�b�y�o���� �� �b�o�� �� �k�j�h�d�� �� �]�h�^�g�h�k�l�b�� �k�h�k�l�Z�\�e�y�_�l�� ������ �e�_�l�� �� �\����
�l�j�h�i�b�q�_�k�d�b�o�����j�_�]�b�h�g�Z�o���b�����������e�_�l���\���m�f�_�j�_�g�g�u�o���d�e�b�f�Z�l�b�q�_�k�d�b�o�����m�k�e�h�\�b�y�o [6].  

 �H�[�a�h�j�� �h�[�e�Z�k�l�b�� �h�o�e�Z�`�^�_�g�b�y�� �N�W�;�� �b�� �j�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�d�h�g�k�l�j�m�d�p�b�c�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �l�_�i�e�h�\�u�o�� �f�h�^�m�e�_�c�� ��PV-T���� �[�u�e�b��
�h�i�m�[�e�b�d�h�\�Z�g�u���\���j�Z�[�h�l�_��Chow �>�������@�����:�\�l�h�j�u���k�h�h�[�s�Z�x�l�����q�l�h��PV-T �l�_�o�g�h�e�h�]�b�b��
�b�f�_�x�l�� �]�h�j�Z�a�^�h�� �[�h�e�_�_�� �d�h�j�h�l�d�b�c�� �i�_�j�b�h�^�� �h�d�m�i�Z�_�f�h�k�l�b���� �q�_�f�� �b�o�� ���N�W�;�� �b��
�g�_�d�h�l�h�j�u�_�� �d�h�g�k�l�j�m�d�p�b�b�� �k�h�e�g�_�q�g�u�o�� �d�h�e�e�_�d�l�h�j�h�\���� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �g�Z�l�m�j�g�u�o��
�m�k�e�h�\�b�y�o���� 

�<�� �j�Z�a�\�b�l�u�o�� �k�l�j�Z�g�Z�o�� �b�f�_�_�l�k�y�� �h�i�u�l�� �m�k�l�Z�g�h�\�d�b�� �k�h�e�g�_�q�g�u�o��
�n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�Z�g�_�e�_�c�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �\�h�^�h�_�f�h�\���� �l�Z�d�b�o�� �d�Z�d����
�\�h�^�h�o�j�Z�g�b�e�b�s�Z���� �d�Z�j�v�_�j�g�u�_�� �h�a�_�j�Z���� �h�j�h�k�b�l�_�e�v�g�u�_�� �d�Z�g�Z�e�u�� �b�e�b�� �i�j�m�^�u���± 
�[�Z�k�k�_�c�g�u�����I�j�h�_�d�l���g�Z�a�u�\�Z�_�l�k�y���i�e�Z�\�Z�x�s�b�_���n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_���k�l�Z�g�p�b�b�����)�3�9������
�h�g�b�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_�� �i�Z�g�_�e�b���� �d�h�l�h�j�u�_��
�m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y�� �g�Z�� �k�i�_�p�b�Z�e�v�g�h�c�� �i�e�Z�\�Z�x�s�_�c�� �d�h�g�k�l�j�m�d�p�b�b���� �D�h�g�k�l�j�m�d�p�b�y����
�m�^�_�j�`�b�\�Z�x�s�Z�y�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_�� �i�Z�g�_�e�b���� �h�[�u�q�g�h�� �k�h�k�l�h�b�l�� �b�a��
�g�_�i�h�l�h�i�e�y�_�f�u�o�� �i�e�Z�k�l�b�d�h�\�u�o�� �i�h�e�b�f�_�j�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �>9-�����@���� �L�Z�d�b�_�� �i�j�h�_�d�l�u��
�b�f�_�x�l���j�y�^���i�j�_�b�f�m�s�_�k�l�\�����q�_�f���N�W�;���g�Z���k�m�r�_���� 

�<�h-�i�_�j�\�u�o���� �\�h�^�g�Z�y�� �k�j�_�^�Z�� �i�h�� �k�l�h�b�f�h�k�l�b�� �f�h�`�_�l�� �[�u�l�v�� �^�_�r�_�\�e�_�� �a�_�f�e�b���� �^�e�y��
�k�h�h�j�m�`�_�g�b�y�� �N�W�K���� �i�h�k�l�j�h�_�g�g�u�o�� �g�Z�� �\�h�^�h�_�f�Z�o���� �g�_�� �b�k�i�h�e�v�a�m�_�f�u�o�� �^�e�y��
�l�m�j�b�k�l�b�q�_�k�d�h�]�h���h�l�^�u�o�Z�����k�m�s�_�k�l�\�m�x�l���f�_�g�v�r�_���i�j�Z�\�b�e���b���i�h�e�h�`�_�g�b�c�� 

�<�h-�\�l�h�j�u�o���� �f�Z�k�k�b�\�u�� �N�W�;���� �g�Z�o�h�^�y�s�b�o�k�y�� �g�Z�� �\�h�^�_���� �f�h�]�m�l�� �^�h�k�l�b�]�Z�l�v�� �[�h�e�_�_��
�\�u�k�h�d�h�c���w�n�n�_�d�l�b�\�g�h�k�l�b�����q�_�f���N�W�;���g�Z���a�_�f�e�_�����i�h�k�d�h�e�v�d�m���j�Z�[�h�q�b�_���i�h�\�_�j�o�g�h�k�l�b��
�N�W�;�� �_�k�l�_�k�l�\�_�g�g�h�� �h�o�e�Z�`�^�Z�x�l�k�y�� �g�Z�� �\�h�^�y�g�h�c�� �k�j�_�^�_�����H�i�h�j�g�u�_�� �d�h�g�k�l�j�m�d�p�b�b��
�N�W�K�� �b�f�_�_�l�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �i�h�d�j�u�l�b�y�� �^�e�y�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �j�`�Z�\�q�b�g�u����
�d�h�j�j�h�a�b�b�� �b�e�b�� �g�_�h�[�o�h�^�b�f�h�� �b�a�]�h�l�h�\�e�_�g�b�_�� �b�a�� �f�Z�l�_�j�b�Z�e�h�\�� �h�p�b�g�d�h�\�Z�g�g�h�]�h��
�`�_�e�_�a�Z���� �Z�g�h�^�b�j�h�\�Z�g�g�h�]�h�� �Z�e�x�f�b�g�b�y���� �Z�� �l�Z�d�`�_�� �f�Z�l�_�j�b�Z�e�h�\�� �h�[�e�Z�^�Z�x�s�_�]�h��
�Z�g�l�b�d�h�j�j�h�a�b�c�g�h�]�h���k�\�h�c�k�l�\���>�����@������ 

�K�l�h�b�f�h�k�l�v�� �i�j�h�_�d�l�Z�� �i�e�Z�\�m�q�_�c�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �i�j�b�f�_�j�g�h�� �g�Z��
10-�������� �\�u�r�_���� �q�_�f�� �^�e�y �g�Z�a�_�f�g�u�o�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �k�l�Z�g�p�b�c�� �>�����@���� �I�h��
�k�h�h�[�s�_�g�b�x�� �b�k�k�e�_�^�h�\�Z�l�_�e�y�� �b�a�� �G�Z�p�b�h�g�Z�e�v�g�h�c�� �e�Z�[�h�j�Z�l�h�j�b�b�� �\�h�a�h�[�g�h�\�e�y�_�f�h�c��
�w�g�_�j�]�b�b�� ���1�5�(�/������ �w�l�h�� �m�\�_�e�b�q�_�g�b�_�� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �k�\�y�a�Z�g�h�� �k��
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�g�_�h�[�o�h�^�b�f�h�k�l�v�x���b�k�i�h�e�v�a�h�\�Z�g�b�y���y�d�h�j�g�u�o���k�b�k�l�_�f���^�e�y���a�Z�d�j�_�i�e�_�g�b�y���i�Z�g�_�e�_�c���g�Z��
�\�h�^�_�����q�l�h���^�_�e�Z�_�l���i�e�Z�\�m�q�b�_���N�W�K���i�j�b�f�_�j�g�h���g�Z�����������^�h�j�h�`�_�����q�_�f���g�Z�a�_�f�g�u�_���>�����@�� 

�=�_�h�]�j�Z�n�b�q�_�k�d�h�_�� �j�Z�k�i�h�e�h�`�_�g�b�_�� �M�a�[�_�d�b�k�l�Z�g�Z�� �[�e�Z�]�h�i�j�b�y�l�g�h�� �^�e�y�� �j�Z�a�\�b�l�b�y��
�\�h�a�h�[�g�h�\�e�y�_�f�h�c�� �w�g�_�j�]�_�l�b�d�b���� �B�a�h�[�b�e�b�_�� �K�h�e�g�p�Z�� �b�� �i�Z�k�l�[�b�s�Z�� �k�� �[�h�]�Z�l�u�f�b��
�\�_�l�j�h�\�u�f�b�� �j�_�k�m�j�k�Z�f�b�� �k�h�a�^�Z�x�l�� �o�h�j�h�r�b�_�� �m�k�e�h�\�b�y�� �^�e�y�� �j�Z�a�\�b�l�b�y�� �l�Z�d�b�o��
�Z�e�v�l�_�j�g�Z�l�b�\�g�u�o�� �w�g�_�j�]�_�l�b�q�_�k�d�b�o�� �g�Z�i�j�Z�\�e�_�g�b�c���� �d�Z�d�� �k�h�e�g�_�q�g�Z�y�� �b�� �\�_�l�j�h�\�Z�y��
�w�g�_�j�]�_�l�b�d�Z�� �>�g�_�\�g�u�_�� �a�g�Z�q�_�g�b�y�� �m�j�h�\�g�y�� �b�g�k�h�e�y�p�b�b�� �\�h�a�j�Z�k�l�Z�x�l�� �k�� �������� �^�h�� ��������
�d�<�l�
�q�Z�k���f2�����>�Z�g�g�u�_���i�h�d�Z�a�u�\�Z�x�l�����q�l�h���M�a�[�_�d�b�k�l�Z�g���b�f�_�_�l���h�]�j�h�f�g�u�c���i�h�l�_�g�p�b�Z�e��
�k�h�e�g�_�q�g�h�]�h���j�_�k�m�j�k�Z��[15].  

�=�h�j�u�� �L�y�g�v-�R�Z�g�y���� �I�Z�f�b�j�Z�� �b���=�b�k�k�Z�j�h-�:�e�Z�y�� �^�Z�x�l�� �i�j�b�l�h�d�b�� �^�e�y�� �\�k�_�o�� �j�_�d��
�M�a�[�_�d�b�k�l�Z�g�Z���� �L�Z�f�� �k�h�k�j�_�^�h�l�h�q�_�g�u�� �e�_�^�g�b�d�b�� �b�� �k�g�_�`�g�b�d�b���� �d�h�l�h�j�u�_�� �k�l�_�d�Z�y�� �k��
�k�Z�f�u�o�� �\�u�k�h�d�b�o�� �]�h�j�g�u�o�� �\�_�j�r�b�g�� �h�[�j�Z�a�m�x�l�� �[�h�e�_�_�� �������� �j�_�d���� �D�j�h�f�_�� �l�h�]�h���� �h�[�s�Z�y��
�i�j�h�l�y�`�_�g�g�h�k�l�v�� �h�j�h�k�b�l�_�e�v�g�u�o�� �d�Z�g�Z�e�h�\�� �\�� �k�b�k�l�_�f�_�� �\�h�^�g�h�]�h�� �o�h�a�y�c�k�l�\�Z�� �\��
�j�_�k�i�m�[�e�b�d�_�� �M�a�[�_�d�b�k�l�Z�g�� �k�h�k�l�Z�\�e�y�_�l�� ������������ �d�f���� �G�Z�i�j�b�f�_�j���� �[�m�^�_�f�� �m�k�e�h�\�g�h��
�i�j�b�g�b�f�Z�l�v�� �r�b�j�b�g�m�� �d�Z�g�Z�e�h�\�� �\�� �k�j�_�^�g�_�f�� �j�Z�\�g�h�c�� ���� �f�_�l�j�Z�f���� �l�h�� �^�e�y�� �j�Z�a�f�_�s�_�g�b�y��
�N�W�;���b�f�_�_�l�k�y���h�d�h�e�h�������������]�Z������������������6 �f2�����k�\�h�[�h�^�g�h�c���i�e�h�s�Z�^�b���\�h�^�g�u�o���d�Z�g�Z�e�h�\��
�\�[�e�b�a�b�� �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�h�\���� �g�h�� �k�� �m�q�_�l�h�f�� �n�Z�d�l�h�j�h�\�� �a�Z�l�_�g�_�g�g�h�k�l�b���� �w�j�h�a�b�b��
�i�h�q�\�u�� �i�h�e�_�a�g�h�c�� �i�e�h�s�Z�^�b�� �\�h�^�y�g�h�]�h�� �[�Z�k�k�_�c�g�Z�� �^�e�y�� �j�Z�a�f�_�s�_�g�b�y�� �N�W�K�� �f�h�`�_�l��
�[�u�l�v�� �f�_�g�v�r�_���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_�� �f�h�^�m�e�b�� �j�Z�a�f�_�s�Z�x�l�k�y�� �g�Z��
�\�u�k�h�l�_�� �h�l�� �������� �^�h�� �������� �f�_�l�j�h�\�� �g�Z�^�� �m�j�h�\�g�_�f�� �\�h�^�y�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �k�� �i�h�f�h�s�v�x��
�k�i�_�p�b�Z�e�v�g�h�c���d�h�g�k�l�j�m�d�p�b�b�� 

�?�k�e�b�� �p�_�e�_�k�h�h�[�j�Z�a�g�h���b�k�i�h�e�v�a�h�\�Z�l�v�� �i�h�e�_�a�g�u�_�� �i�e�h�s�Z�^�b�� �j�_�d�� �b��
�h�j�h�k�b�l�_�e�v�g�u�o�� �f�Z�]�b�k�l�j�Z�e�v�g�u�o�� �\�h�^�y�g�u�o�� �d�Z�g�Z�e�h�\�� �^�e�y�� �i�j�h�_�d�l�Z�� �N�W�K����
�b�g�l�_�]�j�b�j�h�\�Z�g�g�u�o�� �k�� �\�h�^�y�g�u�f�� �[�Z�k�k�_�c�g�h�f���� �y�\�e�y�x�l�k�y�� �j�_�g�l�Z�[�_�e�v�g�u�f�� �\�� �m�k�e�h�\�b�y�o��
�`�Z�j�d�h�]�h�� �d�e�b�f�Z�l�Z�� �M�a�[�_�d�b�k�l�Z�g�Z�� �^�e�y�� �m�k�l�j�Z�g�_�g�b�y�� �w�n�n�_�d�l�Z�� �©�i�_�j�_�]�j�_�\�Z�ª��
�n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o���f�h�^�m�e�_�c���� 

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

�E�b�l�_�j�Z�l�m�j�Z 

[1] https://www.gazeta.uz/ru/2024/12/17/green-energy/ ���^�Z�l�Z�� �h�[�j�Z�s�_�g�b�y�� �h�l��
�����������������������]���� 

[2] https://www.yashilenergiya.uz/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���h�l�������������������������]���� 
�>���@�� �X�e�^�h�r�_�\�� �B���:������ �R�h�]�m�q�d�Z�j�h�\�� �K���D������ �@�Z�f�h�e�h�\�� �L���J������ �K�m�e�l�Z�g�� �B���J������

�O�Z�c�j�m�e�e�Z�_�\�� �O���D������ �F�m�o�l�Z�j�h�\�� �G���,���� �J�Z�a�j�Z�[�h�l�d�Z�� �k�h�e�g�_�q�g�h�c�� �d�h�]�_�g�_�j�Z�p�b�h�g�g�h�c��
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�m�k�l�Z�g�h�\�d�b�� �g�Z�� �h�k�g�h�\�_�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �l�_�i�e�h�\�h�c�� �[�Z�l�Z�j�_�b�� ������ �W�g�_�j�]�b�y�� �\�Z��
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DEARATOR �4�8�5�,�/�0�$�6�,�'�$���7�$�¶�0�,�1�2�7���6�8�9�,�1�,���*�$�=�/�$�5�'�$�1��
TOZALASH JARAYONIDA UNING SAMARADORLIGINI 

OSHIRISHNING NAZARIY ASOSLARI  

R.M. Yusupaliev, Radjabov.M.K  , Farmanova X. M. 

�,�V�O�R�P���.�D�U�L�P�R�Y���Q�R�P�L�G�D�J�L���7�'�7�8���7�R�V�K�N�H�Q�W���2�µ�]�E�H�N�L�V�W�R�Q 

�0�D�µ�O�X�P�N�L�� �,�V�V�L�T�O�L�N�� �H�Q�H�U�J�H�W�L�N�D�V�L�G�D���E�X�J�µ�� �R�O�L�V�K���X�F�K�X�Q beriladigan suv tarkibidagi 
barcha moddalardan tozalanishi bilan birgalikda gazlardan xam yuqori darajada 
�W�R�]�D�O�D�V�K�Q�L�� �W�D�O�D�E�� �T�L�O�D�G�L���%�X�Q�J�D�� �V�D�E�D�E�� �E�X�J�µ�� �R�O�L�V�K�� �X�F�K�X�Q�� �L�V�K�O�D�W�L�O�D�G�L�J�D�Q�� �V�X�Y�� �W�D�U�N�L�E�L�G�D��
�P�D�Y�M�X�G�� �E�R�¶�O�J�D�Q�� �J�D�]�O�D�U�� �W�D�µ�V�L�U�L�G�D�� �V�X�Y�� �Y�D�� �E�X�J�µ�� �E�L�O�D�Q�� �P�X�O�R�T�D�W�G�D�� �E�R�µ�O�J�D�Q issiqlik 
almashinuvchi metall yuzalarda ximiyaviy xamda elektroximiyaviy karroziya 
�M�D�U�D�\�R�Q�O�D�U�L���V�R�G�L�U���E�R�µ�O�D�G�L�����%�X�Q�L�Q�J���Q�D�W�L�M�D�V�L�G�D���V�X�Y���Y�D�����E�X�J�µ���[�D�U�D�N�D�W�O�D�Q�D�\�R�W�J�D�Q���E�D�U�F�K�D��
qurilmalarning samaradorligi kamayadi va ishlash muddati keskin qisqarib boradi. 
Shu sababli bu soxada ishlatiladigan suv gazlardan ikki bosqichda, dearator 
�T�X�U�L�O�P�D�V�L�G�D�� �[�D�P�G�D�� �W�D�µ�P�L�Q�R�W�� �V�X�Y�L�J�D�� �[�L�P�L�\�D�Y�L�\�� �U�H�D�J�H�Q�W�O�D�U�� �T�R�µ�V�K�L�V�K�� �\�R�µ�O�L�� �E�L�O�D�Q��
yuqori darajada tozalanadi. 

Har qanday suvlarni, korroziya jarayonlarini keltirib chiqaruvchi gazlardan 
tozalashda  dearator qurilmasining samaradorligini oshirish maqsadida dearator 
bakidagi suv yuzasiga temir chiqindisi moslamasini 1 -rasmda korsatilgandek 
�R�¶�U�Q�D�W�L�V�K�Q�L�� �W�D�G�E�L�T�� �T�L�O�G�L�N�� �� ���� �6�X�Y�� �\�X�]�D�V�L�J�D�� �E�X�Q�G�D�\�� �P�R�V�O�D�P�D�� �R�µ�U�Q�D�W�L�O�J�D�Q�G�D�� �E�D�N�G�D�J�L��
suv tarkibidagi kislarodning temir elementi bilan birikishi xisobiga uning miqdori 
yanada kamayishi xisoblash natijalari asosida aniqlangan  

Bu jarayonda tarkibidagi kislarodning temir moddasi bilan birikishi quyidagi 
�[�L�P�\�D�Y�L�\���U�H�D�N�V�L�\�D�O�D�U���Q�D�W�L�M�D�V�L�G�D���V�R�G�L�U���E�R�µ�O�D�G�L�� 

�t�	�‡
E�� �6 
L �t�	�‡��                          �t�	�‡
E�t�� �6�� 
E �� �6= 2Fe(OH)2                     
�v�	�‡��
E�� �6 
L �t�	�‡�6�� �7                   4Fe+6�� �6�� +�u���6=4Fe(OH)3                     

�v�	�‡
E�u���6 
L �t�	�‡�6�� �7 
�%�X���M�D�U�D�\�R�Q���V�X�Y���W�D�U�N�L�E�L�G�D���P�D�Y�M�X�G���E�R�µ�O�J�D�Q���%�1�6 gazning miqdori xam kamayishi 

quyidagi reaksiyalar �Q�D�W�L�M�D�V�L�G�D���V�R�G�L�U���E�R�µ�O�D�G�L�� 

�	�‡
E���� �6 
E�� �6O
L �	�‡���� �7 
E�� �6O 
2Fe
E�u���� �6 
E�u�� �6O
L �	�‡�6�:���� �7�;�7 
E�� �6 
4Fe
E�x���� �6 
E�u���6 
L �t�	�‡�6�:���� �7�;�7 
�	�‡�� 
E���� �6 
E�� �6O
L �	�‡���� �7 



�F�_�`�^�m�g�Z�j�h�^�g�Z�y���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y���d�h�g�n�_�j�_�g�p�b�y 
�©�B�G�G�H�<�:�P�B�H�G�G�:�Y���W�G�?�J�=�?�L�B�D�:�����N�M�G�>�:�F�?�G�L�:�E�V�G�U�?���H�K�G�H�<�U���W�G�?�J�=�?�L�B�D�B���B��

�B�G�G�H�<�:�P�B�H�G�G�U�?���B�G�@�?�G�?�J�G�U�?���J�?�R�?�G�B�Y�ª 
International scientific and practical conference on the topic:  

�³�(�1�(�5�*�<���,�1�1�2�9�$�7�,�2�1�6�����)�8�1�'�$�0�(�1�7�$�/�6���$�1�'���,�1�1�2�9�$�7�,�9�(���(�1�*�,�1�(�(�5�,�1�*���6�2�/�8�7�,�2�1�6�´  

 

 

 

 

110 
 

Quyidagi 1-jadvalda dearator bakidagi suv tarkidagi �� �6 va ���� �6 gazlarining  
temir moddasi bilan birikishi natijasida bu gazlarning kamayish miqdori 
keltirilgan. 

�� �6va���� �6 gazlarining  temir moddasi bilan 
birikish reaksiyalari 

Gazlarning kamayish miqdori 

Gr.da % da 
Kislarodning kamayish 

�t�	�‡
E�� �6 
L �t�	�‡�� 
�v�	�‡��
E�u�� �6 
L �t�	�‡�6�� �7 
�v�	�‡
E�u���6 
L �t�	�‡�6�� �7 

3�	�‡
E�t�� �6 
L �	�‡�7�� �8 
�	�‡�� 
E�	�‡�6�� �7 
L �	�‡�7�� �8 
�t�	�‡
E�t�� �6�� 
E �� �6= 2Fe(OH)2 

4Fe+6�� �6�� +�u���6=4Fe(OH)3 

0,28 
0,31 
0,40 
0,40 
0,0 
0,21 
0,40 

2,8 
3,1 
4,0 
3,0 
0,0 
2,1 
4,0 

JAMI 2,00 2,0 
Karbonat angidridning kamayish 
FeO
E���� �6 
L �	�‡���� �7 
�	�‡
E���� �6 
E�� �6O
L �	�‡���� �7 
E�� �6 
2Fe + 3�%�1�6 
E�u�� �6O 


L �	�‡�6�:���� �7�;�7 
E�� �6 
�	�‡
E���� �6 
E�u���6 
L �t�	�‡�6�:���� �7�;�7 

0,37 
0,37 
0,58 
 
0,42 

3,7 
3,7 
5,8 
 
4,2 

   JAMI 1,74 1,74 

       Xisoblash natijalariga asosan dearator bakidagi suv tarkibidagi  �1�6 ning  
miqdori  xar litrda 10 mkg atrofida bo�µlganda, uning temir bilan birikishi natijasida 
kamayish darajasi  19-20% foyizni  ���� �6 gazining kamayish darajasi esa 17-18% 
foyizni tashkil etadi. 

Quyidagi rasmda dearator bakiga temir chiqindi-�P�R�V�O�D�P�D�Q�L�Q�J�� �� �R�µ�U�Q�D�W�L�O�L�V�K�L��
keltirilgan. 

 

1-rasm. Temir chiqindi moslamaning dearator bakidagi suv yuzasiga 
�R�µ�U�Q�D�W�L�O�L�V�K�L�� 
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1-dearator qurilmasi; 2-dearator bakidagi suv; 3-temir chiqindisi 
�P�R�V�O�D�P�D�V�L�Q�L�Q�J���V�X�Y���\�X�]�D�V�L�J�D���R�µ�U�Q�D�W�L�O�L�V�K�L�� 

Temir elementining ���� �6 gazi bilan birikishi natijasida bir gram �	�‡�6�:���� �7�;�7  
xos�L�O�� �E�R�µ�O�L�V�K�L�G�D�� ���������� �J�U�������� �6 gazi sarflanishi bilan birgalikda 0,2 gr. �� �6 xam 
sarflanadi. 

Bu usulda dearator bakidagi suv tarkibida kislarodning kamayish darajasi 
�T�X�\�L�G�D�J�L�� �R�P�L�O�O�D�U�J�D�� �\�D�µ�Q�L�� �V�X�Y�� �\�X�]�D�V�L�G�D�� �M�R�\�O�D�V�K�J�D�Q�� �W�H�P�L�U�� �V�L�P�O�L�� �P�R�V�O�D�P�D�V�L�Q�L�Q�J��
satxiga, bakdagi suv�Q�L�Q�J�� �[�D�U�R�U�D�W�L�J�D�� �Y�D�� �V�X�Y�Q�L�Q�J�� �G�H�D�U�D�W�R�U�� �E�D�N�L�G�D�� �E�R�µ�O�L�V�K�� �Y�D�T�W�L�J�D��
�E�R�J�µ�O�L�T���� �'�H�D�U�D�W�R�U�� �E�D�N�L�G�D�J�L�� �V�X�Y�Q�L�Q�J�� �W�H�P�S�H�U�D�W�X�U�D�V�L�� �T�D�Q�F�K�D�� �\�X�T�R�U�L�� �E�R�µ�O�V�D�� �V�X�Y��
tarkibidagi �� �6 va ���� �6 �J�D�]�L�Q�L�Q�J���E�X�J�µ���I�D�]�D�J�D���R�µ�W�L�V�K�L���W�H�]�O�D�V�K�D�G�L�����\�D�µ�Q�L���E�X�J�µ���I�D�]�D�V�L�G�D����
�N�R�Q�V�H�Q�W�U�D�W�V�L�\�D�V�L�� �N�R�µ�S�D�\�D�G�L���� �Q�D�W�L�M�D�G�D�� �E�X gazlarning temir elmenti bilan  birikish 
�L�P�N�R�Q�L�\�D�W�L�� �\�D�Q�D�G�D�� �R�U�W�D�G�L���� �%�X�� �X�V�X�O�Q�L�Q�J�� �\�X�W�X�T�� �W�R�P�R�Q�L�� �W�D�µ�P�L�Q�R�W�� �V�X�Y�Q�L�� �D�P�P�L�D�N����
�:�0�*�8�1�*�; xamda gidrazin �0�6�*�8 eritmasi bilan tozalashda bu moddalarning 
�W�D�µ�P�L�Q�R�W���V�X�Y�L�J�D���T�R�µ�V�K�L�O�D�G�L�J�D�Q���P�L�T�G�R�U�L���[�D�P���N�D�P�D�\�D�G�L�����7�D�µ�P�L�Q�R�W���V�X�Y�L�J�D���T�R�µ�V�K�L�O�J�D�Q��
gidrazin xamda ammiak birikmasi suv tarkibidagi �� �6 va ���� �6 gazlari bilan yuqori 
�G�D�U�D�M�D�G�D�� �U�H�D�N�V�L�\�D�J�D�� �N�L�U�L�V�K�L�V�K�� �T�R�E�L�O�L�\�D�W�L�J�D�� �H�J�D�� �E�R�µ�O�J�D�Q�L�� �X�F�K�X�Q�� �E�X�� �J�D�]�O�D�U�Q�L�Q�J�� �E�X��
�P�R�G�G�D���E�L�O�D�Q���E�L�U�L�N�L�V�K�L���T�X�\�L�G�D�J�L���U�H�D�N�V�L�\�D�O�D�U���D�V�R�V�L�G�D���V�R�G�L�U���E�R�µ�O�D�G�L�� 

�0�6�*�8 
E�1�6 
L �0�6 
E�t�*�6�1 

�%�1�6 
E�0�*�8�1�* 
L �0�*�8�*�%�1�7 

�0�*�8�*�1�7 
E�0�*�8�1�* 
L (�0�*�8�;�6�%�1�7 
E�*�6O 

Bu reaksiyalar natijasida dearator bakidagi xar bir litr suv tarkibidagi 10 mkg 
miqdordagi kislarodni biriktirish uchun 10 mkg gidrazin sarflansa bakdagi suv 
tarkibidagi kislarodning miqdori 20% ga kamayishi xisobiga sarflangan 
gidrazinning miqdori xam 20 foizga kamayadi. 

Suvni gazlardan tozalash jarayonida unga beriladigan gidrazin xamda ammiak 
birikmalarining miqdori kamayishi, bu soxada sarflanadigan xarajatlarni 
kamayt�L�U�D�G�L�����[�D�P�G�D���V�X�Y�Q�L�Q�J���J�D�]�O�D�U�G�D�Q���W�R�µ�O�D���G�D�U�D�M�D�G�D���W�R�]�D�O�D�Q�L�V�K���L�P�N�R�Q�L�\�D�W�L���R�U�W�D�G�L�� 
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�w�g�_�j�]�b�_�c�� �?�h� �������� �w�<���j�b�k���������� �I�j�h�p�_�k�k�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �f�b�r�_�g�b�� �k�� �i�Z�^�Z�x�s�_�c��
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�m�k�l�h�c�q�b�\�u�f���� �G�Z�r�b�� �^�Z�e�v�g�_�c�r�b�_�� �j�Z�k�q�_�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �f�h�e�_�d�m�e�u�� �\�h�^�u��
�i�h�d�b�^�Z�x�l���b�h�g�g�u�c���d�e�Z�k�l�_�j���i�j�b���^�h�k�l�b�`�_�g�b�b���\�j�_�f�_�g�b���k�l�h�e�d�g�h�\�_�g�b�y���i�h�j�y�^�d�Z������
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�m�k�l�h�c�q�b�\�u�f���� �>�Z�e�v�g�_�c�r�b�_�� �j�Z�k�q�_�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �g�Z�[�e�x�^�Z�_�f�u�c�� �b�h�g�g�u�c��
�d�e�Z�k�l�_�j�� �\�� �l�_�q�_�g�b�_�� ������ �i�b�d�h�k�_�d�m�g�^�� �[�_�a�� �m�q�z�l�Z�� �\�e�b�y�g�b�y�� �f�b�r�_�g�b���g�_�� �j�Z�k�i�Z�^�Z�_�l�k�y����
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ASOSLANGAN DETEKTORLAR OLISHNI  TEXNOLOGIK  VA ELEKTROFIZIK 

XUSUSIYATLARI.  

Maripov Ilhom Isakovich 1., Otaboyev Sirojiddin Komilovich2., Xasanov Sardor 
Faxriddinovich 1. 

1Toshkent davlat �D�J�U�D�U���X�Q�L�Y�H�U�V�L�W�H�W�L�����7�R�V�K�N�H�Q�W���V�K�D�K�U�L�����2�¶�]�E�H�N�L�V�W�R�Q�� 
2�8�U�J�D�Q�F�K���G�D�Y�O�D�W���X�Q�L�Y�H�U�V�L�W�H�W�L�����8�U�J�D�Q�F�K���V�K�D�K�U�L�����2�¶�]�E�H�N�L�V�W�R�Q�� 

1E-mail: imaripov@list.ru 

�+�R�]�L�U�J�L�� �N�X�Q�G�D�� �M�D�K�R�Q�� �D�P�D�O�L�\�R�W�L�G�D�� �\�D�U�L�P�� �R�¶�W�N�D�]�J�L�F�K�O�L�� �T�X�U�L�O�P�D�O�D�U�G�D�Q��
foydalangan holda yadroviy nurlanishlarni qayd qilish sohasi jadallik bilan 
rivojlanib bormoqda. Yadroviy nurlanishlarni qayd etish uchun mavjud yarim 
�R�¶�W�N�D�]�J�L�F�K�O�L���T�X�U�L�O�P�D�O�D�U�Q�L���W�D�N�R�P�L�O�O�D�V�K�W�L�U�L�V�K���Y�D���\�D�Q�J�L���]�D�P�R�Q�D�Y�L�\�� �T�X�U�L�O�P�D�O�D�U���L�V�K�O�D�E��
chiqish talab etadi. Bu borada yarim�R�¶�W�N�D�]�J�L�F�K�O�L�� �6�L���/�L���� �S-i-n struktura asosidagi 
�V�L�Q�W�L�O�O�\�D�W�V�L�R�Q���G�H�W�H�N�W�R�U�O�D�U���D�O�R�[�L�G�D���R�¶�U�L�Q���H�J�D�O�O�D�\�G�L�����6�L�Q�W�L�O�O�\�D�W�V�L�R�Q���G�H�W�H�N�W�R�U�O�D�U���K�R�]�L�U�J�L��
�Y�D�T�W�G�D�� �\�D�G�U�R�� �Q�X�U�O�D�Q�L�V�K�O�D�U�L�Q�L�� �U�R�µ�\�[�D�W�J�D�� �R�O�L�V�K�� �Y�D�� �V�S�H�N�W�U�R�P�H�W�U�L�\�D�� �T�L�O�L�V�K�Q�L�Q�J�� �H�Q�J��
keng tarqalgan usullaridan biri xisoblanadi. Sintillyatsion detektorlar yadro 
�I�L�]�L�N�D�V�L�� �V�R�K�D�V�L�G�D�� �U�D�G�L�R�D�N�W�L�Y�� �Q�X�N�O�L�G�O�D�U�Q�L�Q�J�� �Q�X�U�O�D�Q�L�V�K�� �V�S�H�N�W�U�O�D�U�L�Q�L�� �R�µ�U�J�D�Q�L�V�K���� �D�W�R�P��
�\�D�G�U�R�O�D�U�L�Q�L�Q�J�� �T�R�µ�]�J�µ�D�O�J�D�Q�� �K�R�O�D�W�O�D�U�L�Q�L�Q�J�� �\�D�V�K�D�V�K�� �Y�D�T�W�O�D�U�L�Q�L�� �R�µ�O�F�K�D�V�K���� �N�R�V�P�L�N��
�Q�X�U�O�D�Q�L�V�K�Q�L���W�D�G�T�L�T���T�L�O�L�V�K���N�D�E�L���Y�D�]�L�I�D�O�D�U�G�D���N�H�Q�J���T�R�µ�O�O�D�Q�L�O�D�G�L�� Zaryadlangan zarralar 
�W�D�¶�V�L�U�L�G�D�� �K�R�V�L�O�� �E�R�µ�O�D�G�L�J�D�Q�� �\�R�U�X�J�µ�O�L�N�� �F�K�D�T�Q�D�V�K�O�D�U�L�� �R�G�D�W�G�D�� �V�L�Q�W�L�O�O�\�D�W�V�L�\�D�O�D�U�� �G�H�E��
nomlanadi. �'�X�Q�\�R�� �P�L�T�\�R�V�L�G�D�� �N�L�F�K�L�N�� �R�¶�O�F�K�D�P�O�L�� �\�D�U�L�P�R�¶�W�N�D�]�J�L�F�K�O�L�� �G�H�W�H�N�W�R�U�O�D�U��
ishlab chiqish keng rivojlangan.  Dunyo olimlari tomonidan hozirgi kungacha 50 
�P�P���R�¶lchamga ega Si (Li) p-i-n �±�V�W�X�U�X�N�W�X�U�D���D�V�R�V�L�G�D�J�L���\�D�U�L�P���R�¶�W�N�D�]�J�L�F�K�O�L���G�H�W�H�N�W�R�U��
ishlab chiqarilgan. [1] 

TADQIQOD METODLAR  
Yadro nurlanishning xarakteristikasini juda uzoq vaqt mobaynida saqlab 

qolishi, �\�D�U�L�P�R�¶�W�N�D�]�J�L�F�K�O�L�� �G�H�W�H�N�W�R�U�O�D�U�Q�Lng namunaviy texnologiyalari asosida 
aniqlanadi. Quyidagi ketma-ketlikda nurlanishning kremniyli detektorlarda olish 
usullari detektorlar tayyorlashning alohida bosqichlari hamda texnologik 
�M�D�U�D�\�R�Q�O�D�U�Q�L�Q�J���Q�D�]�R�U�D�W�L���N�R�¶�U�L�E���F�K�L�T�L�O�G�L 

Tadqiqotda, diametri �à (10 �·��30)mm va qalinligi d=(1�·��) mm  �E�R�¶�O�J�D�Q 
kremniy plastinalari �é = (3�·5) kOm sm, �N=(50-1000) mks p-turidagi kremniy 
monokristallarini olmosli diskni ichki kesuvchi yoyi usuli bilan olinadi. Kesish 
�Y�D�T�W�L�G�D�� �E�X�]�L�O�J�D�Q�� �T�D�W�O�D�P�Q�L�� �\�R�¶�T�R�W�L�V�K�� �X�F�K�X�Q�� �V�L�O�O�L�T�O�R�Y�F�K�L�� �X�V�N�X�Q�D�G�D�� �0-14, M-5 
mikroporoshokdan foydalanib ikki taraflama shlifovka qilinadi, keyinchalik 
diametrni kamaytirib boriladi. Bunda har bir tomonidan 50 mkm dan kam 
�E�R�¶�O�P�D�J�D�Q qalinlikda qatlam olib tashlanadi. Plastinalar ishqori �E�R�¶�O�P�D�J�D�Q 
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sovunli deionizatsiyalangan suv bilan  shlifovka qilingach, ultra-tovushli vannada 
qayta �L�V�K�O�R�Y�� �E�H�U�L�O�D�G�L���� �6�L�O�O�L�T�O�D�V�K�� ���V�K�O�L�I�R�Y�N�D���� �M�D�U�D�\�R�Q�L�G�D�� �S�D�\�G�R�� �E�R�¶�O�J�D�Q��
shikastlanish chuqurligi silliqlangan kukun zarrasidan sezilarli darajada katta 
�E�R�¶�O�D�G�L���� �2�O�P�R�V�O�L�� �N�X�N�X�Q�G�D�Q�� �I�R�\�G�D�O�D�Q�L�O�J�D�Q�G�D�� �H�V�D�� �V�K�L�N�D�V�W�Oanish chiqurligi undan 
�K�D�P�� �N�R�¶�S�U�R�T�� �E�R�¶�O�D�G�L���� �0�H�[�D�Q�L�N�� �V�L�O�O�L�T�O�D�V�K�Q�L�� �W�R�¶�O�L�T�� �T�L�U�L�V�K�� ���W�U�D�Y�O�H�Q�L�\�D���� �E�L�O�D�Q��
�R�¶�]�J�D�U�W�L�U�L�V�K�� �P�X�P�N�L�Q���� �.�L�P�\�R�Y�L�\�� �\�H�P�L�U�L�O�L�V�K�� �M�D�U�D�\�R�Q�L�G�D�Q�� �R�O�G�L�Q�� �N�U�H�P�Q�L�\�� �S�O�D�V�W�L�Q�D�V�L��
�V�L�U�W�L�� �W�R�]�D�O�D�E�� �R�O�L�Q�D�G�L���� �Q�D�P�X�Q�D�� �G�L�V�W�L�O�O�D�Q�J�D�Q�� �V�X�Y�G�D�� ������ �P�L�Q�X�W�G�D�Q�� �N�D�P�� �E�R�¶�O�P�D�J�D�Q��
vaqtda yuviladi. [2] 

Kremniy plastinasini kimyoviy ishlov berishda ftorli vodorod (HF), azot 
(HNO3) va uksus (CH3COOH) kislotalari ftoroplast materialidan tayyorlanilgan 
vannada kimyoviy qorishma tayyorlab olinadi va amalga oshiriladi. Kimyoviy 
yemirilish jarayoni 1:5:1 nisbatda kislotalar yordamida qorishma tayyorlanib 
�R�O�L�Q�D�G�L���Y�D���[�D�U�R�U�D�W�L�������ž�&���J�D�F�K�D���S�D�V�D�\�W�L�U�L�O�D�G�L�����+�D�U�R�U�D�W���T�D�Q�F�K�D���S�D�V�W���E�R�¶�O�V�D�����V�L�O�O�L�T�O�D�V�K��
�W�H�]�O�L�J�L�� �V�K�X�Q�F�K�D�O�L�N�� �V�H�N�L�Q�U�R�T�� �E�R�¶�O�D�G�L���� �6�L�O�O�L�T�O�D�V�K�� �M�D�U�D�\�R�Q�L�� �X�F�K�X�Q�� �R�S�W�L�P�D�O�� �W�H�]�O�L�N�� ����
mkm/min deb hisoblanadi. Kimyoviy silliqlash jarayoni uchun ftoroplastik vanna 
ishlatilgan. Tekis sirtni olish uchun ftoroplastik vannada kremniy plastinka 15-20 
daqiqa aylantiriladi. [3] 

NATIJALAR VA MUHOKAMA  
Tayyor kremniy plastinkalariga kontakt xosil qilish vakuumny universal post 

qurulmasida VUP-4 amalga oshirildi. Maxsus dizayndagi tagliklar molibden va 
volframdan tayyorlanadi, ular spirtda yuviladi va keyin 10-15 daqiqa davomida 
vakuumda qizdiriladi. Molibde�Q�� �X�]�X�Q�O�L�J�L�� ������ �P�P���� �E�X�J�¶�O�D�W�J�L�F�K�� �� �Y�D�� �N�U�H�P�Q�L�\��
plastinkasi orasidagi masofa 80 mm qilib olingan.  

�1�D�P�X�Q�D�O�D�U�� �P�D�[�V�X�V�� �N�R�U�S�X�V�J�D�� �M�R�\�O�D�V�K�W�L�U�L�O�G�L���� �6�R�Œ�Q�J�U�D�� ���î�����í5 mm.sim.ust. 
bosimida old tomon plastinaga Al materiali (0,1 mkm) va frontal tomonidan Au 
(~0,02 mkm) omik kontakt olindi 

a)  Si(Li) drevf  
qilingandan keying 

�N�R�¶�U�L�Q�L�V�K�L 

 

 

 b)  Si(Au) uchirilgandan 
�N�H�\�L�Q�J���N�R�¶�U�L�Q�L�V�K�L  

1-rasmda a) Si(Li) va  b) Si( Au) strukturali detektorlarning  �X�P�X�P�L�\���N�R�¶�U�L�Q�L�V�K�L�� 

Si(Li) p-i-n strukturali detektorlarning volltamper, xarakteristikasi (VAX) 
GOST 26222-86 metodikasi �E�R�¶�\�L�F�K�D tadqiq qilindi Yuqorida qayd qilingan 
xarakteristikani �W�D�G�T�L�T�� �T�L�O�L�V�K�� �X�F�K�X�Q�� �T�R�U�R�Q�J�µ�X tok kattaliklari haqidagi 



�F�_�`�^�m�g�Z�j�h�^�g�Z�y���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y���d�h�g�n�_�j�_�g�p�b�y 
�©�B�G�G�H�<�:�P�B�H�G�G�:�Y���W�G�?�J�=�?�L�B�D�:�����N�M�G�>�:�F�?�G�L�:�E�V�G�U�?���H�K�G�H�<�U���W�G�?�J�=�?�L�B�D�B���B��

�B�G�G�H�<�:�P�B�H�G�G�U�?���B�G�@�?�G�?�J�G�U�?���J�?�R�?�G�B�Y�ª 
International scientific and practical conference on the topic:  

�³�(�1�(�5�*�<���,�1�1�2�9�$�7�,�2�1�6�����)�8�1�'�$�0�(�1�7�$�/�6���$�1�'���,�1�1�2�9�$�7�,�9�(���(�1�*�,�1�(�(�5�,�1�*���6�2�/�8�7�,�2�1�6�´  

 

 

 

 

121 
 

�P�D�¶�O�X�P�R�W�O�D�U�Q�L bir vaqtda olish imkonini beruvchi detektorlar teskari tok 
�R�¶�O�F�K�R�Y�F�K�L���P�D�[�V�Xs qurilma ishlab chiqilgan va tayyorlangan.  

Siljish kuchlanishi Utes �������·�������� �9�� �R�U�D�O�L�T�O�D�U�L�G�D�� �R�¶�U�Q�D�W�L�O�D�G�L���� �,tes�W�R�N�� �R�¶�O�F�K�D�V�K 
chegaralari 1, 10 va 100 mkA ni tashkil etadi. 

 
2-rasmda Si(Li) va Si( Au) strukturali detektorlarning VAX   

Ushbu rasmdan �N�R�¶�U�L�Q�L�V�K�L mumkinki butun hajm uchun chiqish toklarining 
qiymati 200 V da ���������·���� mkA intervalda yotadi. Bu shuni anglatadiki, �R�¶�O�F�K�D�P�L 
(diametri 20 mm, qalinligi 2 mm) kremniy hajmidagi litiy ionlari tomonidan 
bir jinsli kompensatsiyaga erishilgan. Ushbu �R�O�L�Q�J�D�Q���Q�D�W�L�M�D�O�D�U���\�D�U�L�P�R�¶�W�N�D�]�J�L�F�K�O�L��
�G�H�W�H�N�W�R�U�O�D�U���X�F�K�X�Q���H�Q�J���\�D�[�V�K�L���Q�D�W�L�M�D�O�D�U���E�R�¶�O�L�E hisoblanadi. 

�$�'�$�%�,�<�2�7�/�$�5���5�2�¶�<�;�$�7�, 
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�I�E�?�G�H�D�����6�E2Se3 
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Sb2S3 �b�� �6�E2 (S,Se)3, �i�j�b�\�e�_�d�e�b�� �[�h�e�v�r�h�_�� �\�g�b�f�Z�g�b�_�� �d�Z�d�� �\�h�a�f�h�`�g�u�_�� �d�Z�g�^�b�^�Z�l�u��
�g�Z���a�Z�f�_�g�m���[�h�e�_�_���l�j�Z�^�b�p�b�h�g�g�u�o���i�h�]�e�h�s�Z�x�s�b�o���f�Z�l�_�j�b�Z�e�h�\���\���l�h�g�d�h�i�e�_�g�h�q�g�u�o��
�n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o�� �l�_�o�g�h�e�h�]�b�y�o�� ���&�G�7�H�� �b�� �&�,�*�6���� �>1-2]. �>�_�c�k�l�\�b�l�_�e�v�g�h���� �w�l�b��
�g�h�\�u�_�� �f�Z�l�_�j�b�Z�e�u�� �b�f�_�x�l�� �f�g�h�`�_�k�l�\�h�� �i�j�_�b�f�m�s�_�k�l�\���� �i�h�k�d�h�e�v�d�m�� �h�g�b��
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�l�_�f�i�_�j�Z�l�m�j�Z�o���i�h�^�e�h�`�d�b. 
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�a�Z�f�u�d�Z�g�b�y�� ���-�d�a������ �g�Z�i�j�y�`�_�g�b�y�� �o�h�e�h�k�l�h�]�h�� �o�h�^�Z�� ���8�o�o), �n�Z�d�l�h�j�Z�� �a�Z�i�h�e�g�_�g�b�y��
�k�\�_�l�h�\�h�c�� �\�h�e�v�l-�Z�f�i�_�j�g�h�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� ���)�)���� �b�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �������� �i�j�b��
�h�[�e�m�q�_�g�b�b�� �K�W�� �k�\�_�l�h�\�u�f�� �i�h�l�h�d�h�f�� �f�h�s�g�h�k�l�v�x�� �������� �f�<�l���k�f2 �b�a�f�_�j�y�e�b�k�v�� �b�o��
�k�\�_�l�h�\�u�_���\�h�e�v�l-�Z�f�i�_�j�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����<�:�O�������B�k�i�h�e�v�a�h�\�Z�g�b�_���k�h�e�g�_�q�g�h�]�h��
�b�f�b�l�Z�l�h�j�Z�� �i�h�a�\�h�e�y�e�h�� �j�_�Z�e�b�a�h�\�u�\�Z�l�v�� �k�\�_�l�h�\�h�c�� �i�h�l�h�d�� �k�h�� �k�i�_�d�l�j�Z�e�v�g�u�f��
�k�h�k�l�Z�\�h�f���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�� �k�i�_�d�l�j�m�� �k�h�e�g�_�q�g�h�]�h�� �b�a�e�m�q�_�g�b�y�� �\�� �e�Z�[�h�j�Z�l�h�j�g�u�o��
�m�k�e�h�\�b�y�o���� 

�G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �k�\�_�l�h�\�u�_�� �\�h�e�v�l-�Z�f�i�_�j�g�u�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �K�W�� �i�h�e�m�q�_�g�g�u�o�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �i�h�^�e�h�`�d�b��
�[�Z�a�Z�\�h�]�h�� �k�e�h�y���� �k�� �p�_�e�v�x�� �b�a�m�q�_�g�b�y�� �\�e�b�y�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�h�^�e�h�`�d�b�� �g�Z��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�h�e�g�_�q�g�u�o�� �w�e�_�f�_�g�l�h�\���� �A�g�Z�q�_�g�b�y�� �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o��
�i�Z�j�Z�f�_�l�j�h�\���� �i�e�h�l�g�h�k�l�v�� �l�h�d�Z�� �d�h�j�h�l�d�h�]�h�� �a�Z�f�u�d�Z�g�b�y���� �g�Z�i�j�y�`�_�g�b�_�� �o�h�e�h�k�l�h�]�h��
�o�h�^�Z���� �n�Z�d�l�h�j�� �a�Z�i�h�e�g�_�g�b�y�� �k�\�_�l�h�\�h�c�� �\�h�e�v�l- �Z�f�i�_�j�g�h�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� ���)�)���� �b��
�w�n�n�_�d�l�b�\�g�h�k�l�b�����������i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_�������b���j�b�k�m�g�h�d�������������� 



�F�_�`�^�m�g�Z�j�h�^�g�Z�y���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y���d�h�g�n�_�j�_�g�p�b�y 
�©�B�G�G�H�<�:�P�B�H�G�G�:�Y���W�G�?�J�=�?�L�B�D�:�����N�M�G�>�:�F�?�G�L�:�E�V�G�U�?���H�K�G�H�<�U���W�G�?�J�=�?�L�B�D�B���B��

�B�G�G�H�<�:�P�B�H�G�G�U�?���B�G�@�?�G�?�J�G�U�?���J�?�R�?�G�B�Y�ª 
International scientific and practical conference on the topic:  

�³�(�1�(�5�*�<���,�1�1�2�9�$�7�,�2�1�6�����)�8�1�'�$�0�(�1�7�$�/�6���$�1�'���,�1�1�2�9�$�7�,�9�(���(�1�*�,�1�(�(�5�,�1�*���6�2�/�8�7�,�2�1�6�´  

 

 

 

 

123 
 

�D�h�]�^�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�^�e�h�`�d�b��Sb2Se3 �k�h�k�l�Z�\�e�y�e�Z�� ��������oC���� �m�k�l�j�h�c�k�l�\�h��
�i�h�d�Z�a�Z�e�h�� �d�h�w�n�n�b�p�b�_�g�l�� �i�h�e�_�a�g�h�]�h�� �^�_�c�k�l�\�b�y�� ���D�I�>���� �a�� ������������ �k�� �g�Z�i�j�y�`�_�g�b�_��
�o�h�e�h�k�l�h�]�h���o�h�^�Z�����������f�<�����i�e�h�l�g�h�k�l�v�x���l�h�d�Z���d�h�j�h�l�d�h�]�h���a�Z�f�u�d�Z�g�b�y����J�d�a�����������f�:���k�f2 
�b�� �d�h�w�n�n�b�p�b�_�g�l�h�f�� �a�Z�i�h�e�g�_�g�b�y�� ��FF���� ���������� �>�e�y�� �m�k�l�j�h�c�k�l�\�Z���k�� �l�_�f�i�_�j�Z�l�m�j�h�c�� ��������
oC �w�n�n�_�d�l�b�\�g�h�k�l�v���[�u�e�Z���m�e�m�q�r�_�g�Z���^�h�����������������i�j�b���w�l�h�f���g�Z�i�j�y�`�_�g�b�_���o�h�e�h�k�l�h�]�h��
�o�h�^�Z�� �\�h�a�j�h�k�e�h�� �^�h�� �������� �f�<����J�d�a ������������ �f�:���k�f2 �b��FF �������� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �W�l�b��
�l�h�g�d�b�_�� �i�e�_�g�d�b��Sb2Se3 �b�f�_�e�b�� �\�u�k�h�d�h�_�� �d�Z�q�_�k�l�\�h���� �[�h�e�_�_�� �d�j�m�i�g�u�_�� �a�_�j�g�Z�� �b��
�f�_�g�v�r�_�� �^�_�n�_�d�l�h�\���� �q�l�h�� �[�u�e�h�� �\�u�]�h�^�g�h�� �^�e�y�� �g�Z�i�j�y�`�_�g�b�_���o�h�e�h�k�l�h�]�h�� �o�h�^�Z�� �b����
�k�e�_�^�h�\�Z�l�_�e�v�g�h���� �^�e�y�� �d�h�w�n�n�b�p�b�_�g�l�� �i�h�e�_�a�g�h�]�h�� �^�_�c�k�l�\�b�y���� �W�l�h�l�� �j�_�a�m�e�v�l�Z�l��
�i�j�_�^�i�h�e�Z�]�Z�_�l���� �q�l�h�� �i�h�\�u�r�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�h�^�e�h�`�d�b�� �\�u�a�\�Z�e�h��
�i�j�_�^�i�h�q�l�b�l�_�e�v�g�m�x�� �h�j�b�_�g�l�Z�p�b�x�� �i�e�_�g�d�b�� �b���� �k�e�_�^�h�\�Z�l�_�e�v�g�h���� �i�j�b�\�_�e�h�� �d��
�m�k�l�j�h�c�k�l�\�Z�f�� �k�� �m�e�m�q�r�_�g�g�u�f�b�� �D�I�>���� �D�h�]�^�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�^�e�h�`�d�b��Sb2Se3 

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

 

  
�J�b�k�m�g�h�d����- a) �K�\�_�l�\�h�c �<�:�O �b���[) �<�g�_�r�g�y�y���d�\�Z�g�l�h�\�Z�y���w�n�n�_�d�l�b�\�g�h�k�l�v��(EQE)-

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���k�h�e�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\���k�l�j�m�d�l�m�j�h�c���i�h�^�e�h�`�d�b��
(Mo/Sb2Se3/CdS/ZnO/ITO/Au) 

�L�Z�[�e�b�p�Z�� ��- �N�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �l�h�g�d�h�i�e�_�g�h�q�g�u�o�� �k�h�e�g�_�q�g�u�o��
�w�e�_�f�_�g�l�h�\�� �g�Z�� �h�k�g�h�\�_�� �6�E2Se3, �i�h�e�m�q�_�g�g�u�o�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o��
�i�h�^�e�h�`�d�Z�o 
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�W�l�h�� �f�h�`�g�h�� �h�[�t�y�k�g�b�l�v�� �[�h�e�_�_�� �\�u�k�h�d�h�c�� �r�_�j�h�o�h�\�Z�l�h�k�l�v�x�� �i�h�\�_�j�o�g�h�k�l�b�� �b��
�g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�f��p-n-�i�_�j�_�o�h�^�h�f���� �D�h�]�^�Z�� �f�u�� �i�j�b�f�_�g�y�e�b�� �<�Q-�j�Z�k�i�u�e�_�g�b�_ 
(RF sputtering) �^�e�y�� �h�k�Z�`�^�_�g�b�y�� �h�[�s�_�]�h�� �[�m�n�_�j�g�h�]�h�� �k�e�h�y�� �l�h�e�s�b�g�h�c�� �������� �g�f�� �g�Z��
�l�Z�d�b�_�� �i�h�^�e�h�`�d�b���� �[�m�n�_�j�g�u�c�� �k�e�h�c�� �[�h�e�v�r�_�� �g�_�� �i�h�d�j�u�\�Z�e�� �h�[�e�Z�k�l�v�� �i�h�]�e�h�l�b�l�_�e�y��
�o�h�j�h�r�h���� �<�k�_�� �i�h�e�m�q�_�g�g�u�_�� �\�u�r�_�� �j�_�a�m�e�v�l�Z�l�u�� �m�d�Z�a�u�\�Z�x�l�� �g�Z�� �l�h���� �q�l�h�� �k�\�h�c�k�l�\�Z��
�i�e�_�g�d�b���b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���m�k�l�j�h�c�k�l�\�Z��Sb2Se3 �\���a�g�Z�q�b�l�_�e�v�g�h�c���k�l�_�i�_�g�b���k�\�y�a�Z�g�u��
�k�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �i�h�^�e�h�`�d�b���B�a�f�_�j�_�g�b�y�� �d�\�Z�g�l�h�\�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�����D�W�� �\�k�_�o��
�w�e�_�f�_�g�l�h�\���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �g�Z�� �j�b�k�m�g�d�_�����[���� �i�h�^�l�\�_�j�`�^�Z�x�l�� �j�_�a�m�e�v�l�Z�l�u����
�i�h�e�m�q�_�g�g�u�_���b�a���b�a�f�_�j�_�g�b�c���<�:�O�����i�j�b���w�l�h�f���e�m�q�r�_�_���m�k�l�j�h�c�k�l�\�h���i�h�d�Z�a�Z�e�h���k�Z�f�u�c��
�\�u�k�h�d�b�c���h�l�d�e�b�d���\�g�_�r�g�y�y���d�\�Z�g�l�h�\�Z�y���w�n�n�_�d�l�b�\�g�h�k�l�v���^�e�y���^�b�Z�i�Z�a�h�g�Z���^�e�b�g���\�h�e�g��
�h�l�� �������� �g�f�� �^�h�� ���������� �g�f���� �>�e�y�� �k�h�e�g�_�q�g�u�o�� �w�e�_�f�_�g�l�h�\�� �k�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �i�h�^�e�h�`�d�b��
400 oC �b�� ��������oC �f�Z�d�k�b�f�Z�e�v�g�u�c���D�W �[�u�e�� �[�e�b�a�h�d�� �d�� �������� �\�� �k�i�_�d�l�j�_�� �^�e�b�g�� �\�h�e�g��
600-���������g�f�����\���l�h���\�j�_�f�y���d�Z�d���f�Z�d�k�b�f�Z�e�v�g�Z�y���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v���D�W �m�k�l�j�h�c�k�l�\�Z��
�k�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �i�h�^�e�h�`�d�b�� ��������oC �k�h�k�l�Z�\�b�e�Z�� �h�d�h�e�h�� �������� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �i�j�b��
�������� �g�f���� �;�h�e�_�_�� �\�u�k�h�d�b�c�� �h�l�d�e�b�d���\�g�_�r�g�y�y �d�\�Z�g�l�h�\�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �^�e�y��
�m�k�l�j�h�c�k�l�\�Z �k�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �i�h�^�e�h�`�d�b�� ��������oC �f�h�`�g�h�� �i�j�b�i�b�k�Z�l�v�� �k�g�b�`�_�g�b�x��
�i�h�l�_�j�v�� �[�_�a�b�a�e�m�q�Z�l�_�e�v�g�h�c�� �j�_�d�h�f�[�b�g�Z�p�b�b���� �l���� �_���� �j�_�d�h�f�[�b�g�Z�p�b�b�� �b�g�l�_�j�n�_�c�k�Z�� �b��
�h�[�e�Z�k�l�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �a�Z�j�y�^�Z�� �>5�@���� �I�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �i�h�^�e�h�`�d�b�� ���������(  
�k�g�b�`�_�g�b�_�� �n�h�l�h�h�l�\�_�l�Z�� �f�h�`�g�h�� �h�[�t�y�k�g�b�l�v�� �g�_�^�h�k�l�Z�l�h�q�g�u�f�� �d�Z�q�_�k�l�\�h�f��
�b�g�l�_�j�n�_�c�k�Z�� �f�_�`�^�m��p-n-�i�_�j�_�o�h�^�h�f���� �A�Z�l�_�f���� �\�� �h�[�e�Z�k�l�y�o�� �k�� �[�h�e�_�_�� �d�h�j�h�l�d�b�f�b�� �b��
�[�h�e�_�_�� �^�e�b�g�g�u�f�b�� �^�e�b�g�Z�f�b�� �\�h�e�g���� �g�Z�[�e�x�^�Z�_�l�k�y�� �j�_�a�d�h�_�� �k�g�b�`�_�g�b�_���� �d�h�l�h�j�h�_��
�k�\�y�a�Z�g�h�� �k�� �i�h�]�e�h�s�_�g�b�_�f�� �[�m�n�_�j�g�h�]�h�� �k�e�h�y��CdS �b�� �g�_�^�h�k�l�Z�l�h�q�g�u�f�� �k�[�h�j�h�f��
�g�h�k�b�l�_�e�_�c�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�E�b�l�_�j�Z�l�m�j�Z 
1. Yuqi Zhao, Shaoying Wang,  Chuang Li, Bo Che, Xueling Chen, 

Hongyi Chen, Rongfeng Tang,  Xiaomin Wang,  Guilin Chen,  Ti Wang, Junbo 
Gong, Tao Chen,  Xudong Xiao and Jianmin Li, Regulating deposition kinetics via 
a novel additive-assisted chemical bath deposition technology enables fabrication 

T�i�h� ̂
(oC) 

U�o�o 
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FF 

 (%) 
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R  

���
 �„cm2) 

R�r�m�g�l 
���
 �„cm2) 

J0 
(mA/cm2

) 

400 436 22 51 4.89 11.1 234 2.6 10-5 

450 476 22.97 49 5.36 13.5 248 2.8 10-6 

500 423 17.58 41 3.05 16.7 230 1.64 10-4 
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�K�I�?�D�L�J�H�K�D�H�I�B�B 

�M���H���D�m�l�e�b�_�\�����:���:���K�Z�l�l�Z�j�h�\�Z 
�M�j�]�_�g�q�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���M�j�]�_�g�q���M�a�[�_�d�b�k�l�Z�g 

�F�Z�e�h�m�]�e�h�\�h�_�� �j�Z�k�k�_�y�g�b�_�� �b�h�g�h�\- �w�l�h���f�_�l�h�^�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�\�_�j�o�g�h�k�l�b��
�f�Z�l�_�j�b�Z�e�h�\���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �m�i�j�m�]�h�f�� �j�Z�k�k�_�y�g�b�b�� �b�h�g�h�\�� �k�� �f�Z�e�u�f�b�� �m�]�e�Z�f�b��
�h�l�d�e�h�g�_�g�b�y���� �W�l�h�l�� �f�_�l�h�^�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �Z�g�Z�e�b�a�Z�� �k�h�k�l�Z�\�Z���� �k�l�j�m�d�l�m�j�u�� �b��
�k�\�h�c�k�l�\�� �k�Z�f�u�o�� �\�_�j�o�g�b�o�� �Z�l�h�f�g�u�o�� �k�e�h�_�\�� �i�h�\�_�j�o�g�h�k�l�b���� �<�� �w�l�h�f�� �f�_�l�h�^�_��
�b�k�i�h�e�v�a�m�x�l�k�y�� �g�b�a�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�_�� �b�h�g�u�� ���������±������ �d�w�<������ �q�Z�s�_�� �\�k�_�]�h��
�i�j�b�f�_�g�y�x�l�� �[�e�Z�]�h�j�h�^�g�u�_�� �]�Z�a�u�� ���+�H�†, Ne�†, Ar�†, Kr+������ �B�h�g�u�� �g�Z�i�j�Z�\�e�y�x�l�k�y�� �i�h�^��
�f�Z�e�u�f�� �m�]�e�h�f�� �d�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�Z�� �����±�����ƒ������ �Q�_�j�g�u�c�� �n�h�k�n�h�j�� �b�f�_�_�l�� �l�Z�d�m�x��
�n�h�j�f�m���d�j�b�k�l�Z�e�e�Z�����d�h�l�h�j�m�x���f�h�`�g�h���j�Z�a�^�_�e�b�l�v���g�Z���i�e�h�k�d�b�_���k�e�h�b���l�h�e�s�b�g�h�c���\�k�_�]�h��
�\�� �h�^�b�g�� �Z�l�h�f���� �M�q�b�l�u�\�Z�y���� �q�l�h�� �k�Z�f�h�� �\�_�s�_�k�l�\�h�� �y�\�e�y�_�l�k�y�� �i�h�e�m�i�j�h�\�h�^�g�b�d�h�f���� �l�h�� �\��
�i�_�j�k�i�_�d�l�b�\�_�� �g�Z�� �_�]�h�� �h�k�g�h�\�_�� �f�h�`�g�h�� �b�a�]�h�l�Z�\�e�b�\�Z�l�v�� �k�\�_�j�o�l�h�g�d�b�_�� �i�j�h�\�h�^�y�s�b�_��
�i�e�_�g�d�b�� �^�e�y�� �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�u�o�� �k�b�k�l�_�f�� �k�\�y�a�b���� �f�_�^�b�p�b�g�k�d�h�c�� �^�b�Z�]�g�h�k�l�b�d�b����
�a�h�g�^�b�j�h�\�Z�g�b�y�� �a�_�f�e�b�� �g�Z�� �n�b�a�b�q�_�k�d�b�o�� �i�j�b�g�p�b�i�Z�o�� �n�h�l�h�g�b�d�b�����I�j �b�� �g�Z�r�b�o��
�j�Z�k�q�z�l�Z�o�� �f�u�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �f�_�l�h�^�� �Z�i�i�j�h�d�k�b�f�Z�p�b�y�� �[�b�g�Z�j�g�u�o�� �k�l�h�e�d�g�h�\�_�g�b�c����
�:�i�i�j�h�d�k�b�f�Z�p�b�y�� �[�b�g�Z�j�g�u�o�� �k�l�h�e�d�g�h�\�_�g�b�c�� ���%�&�$�����²  �w�l�h�� �f�_�l�h�^���� �b�k�i�h�e�v�a�m�_�f�u�c��
�^�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �[�u�k�l�j�u�o�� �q�Z�k�l�b�p�� ���b�h�g�h�\���� �Z�l�h�f�h�\���� �k��
�f�Z�l�_�j�b�Z�e�h�f���� �W�l�h�l�� �i�h�^�o�h�^�� �r�b�j�h�d�h�� �i�j�b�f�_�g�y�_�l�k�y�� �\�� �n�b�a�b�d�_�� �l�\�z�j�^�h�]�h�� �l�_�e�Z����
�j�Z�^�b�Z�p�b�h�g�g�h�c�� �n�b�a�b�d�_�� �b�� �i�j�b�� �Z�g�Z�e�b�a�_�� �i�j�h�p�_�k�k�h�\�� �b�f�i�e�Z�g�l�Z�p�b�b�� �b�h�g�h�\���� �%�&�$��
�i�j�_�^�i�h�e�Z�]�Z�_�l���� �q�l�h�� �i�j�b�� �^�\�b�`�_�g�b�b�� �q�_�j�_�a�� �f�Z�l�_�j�b�Z�e�� �q�Z�k�l�b�p�Z�� �k�h�\�_�j�r�Z�_�l��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �g�_�a�Z�\�b�k�b�f�u�o�� �[�b�g�Z�j�g�u�o�� �k�l�h�e�d�g�h�\�_�g�b�c �k�� �Z�l�h�f�Z�f�b�� �k�j�_�^�u����
�I�j�b���w�l�h�f���m�q�b�l�u�\�Z�x�l�k�y�� 

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

�i�h�l�_�g�p�b�Z�e. 
�F�_�l�h�^�� �i�h�a�\�h�e�y�_�l�� �f�h�^�_�e�b�j�h�\�Z�l�v���l�j�_�d�b�� �b�h�g�h�\ �\�� �f�Z�l�_�j�b�Z�e�_���� �b�o���]�e�m�[�b�g�m��

�i�j�h�g�b�d�g�h�\�_�g�b�y���� �Z�� �l�Z�d�`�_���i�h�l�_�j�b�� �w�g�_�j�]�b�b �b�� �i�j�h�p�_�k�k�u���i�h�\�j�_�`�^�_�g�b�y��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c�� �j�_�r�z�l�d�b. �>�h�k�l�h�b�g�k�l�\�Z�� �b�� �h�]�j�Z�g�b�q�_�g�b�y�� �w�l�h�]�h�� �f�_�l�h�^�Z��
�y�\�e�y�x�l�k�y�����%�&�$�� �h�k�l�Z�z�l�k�y�� �d�e�x�q�_�\�u�f�� �f�_�l�h�^�h�f�� �^�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �b�h�g�g�u�o��
�i�j�h�p�_�k�k�h�\���� �h�k�h�[�_�g�g�h�� �\�� �h�[�e�Z�k�l�b�� �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�o�� �l�_�o�g�h�e�h�]�b�c�� �b��
�j�Z�^�b�Z�p�b�h�g�g�h�c���n�b�a�b�d�b�� 
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  �;�b�j�a�Z�d�Z-�P�b�]�e�_�j�Z-�E�b�l�l�f�Z�j�d�Z���� �d�h�l�h�j�u�c�� �i�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �o�h�j�h�r�h��
�k�h�]�e�Z�k�m�_�l�k�y�� �k�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b�� �^�Z�g�g�u�f�b�� �B�h�g�g�h-�j�Z�k�k�_�b�\�Z�l�_�e�v�g�Z�y��
�k�i�_�d�l�j�h�k�d�h�i�b�y�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �n�h�j�f�m�� �i�h�\�_�j�o�g�h�k�l�g�u�o��
�i�h�e�m�d�Z�g�Z�e�h�\�� �b�� �k�h�j�l�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �Z�l�h�f�h�\���� �G�Z�f�b�� �b�k�k�e�_�^�h�\�Z�g�Z�� �j�Z�k�k�_�y�g�b�y��
�b�h�g�h�\��Kr+ �k�� �i�h�\�_�j�o�g�h�k�l�v�x�� �q�z�j�g�h�]�h�� �n�h�k�n�h�j�Z���� �G�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�m�_�l�k�y��
�i�h�e�m�d�Z�g�Z�e���� �i�j�_�^�k�l�Z�\�e�_�g�g�h�c�� �g�Z�� �j�b�k�������� �<�b�^�g�h���� �q�l�h�� �^�\�_�� �Z�l�h�f�u�� �n�h�k�n�h�j�Z��
�j�Z�k�i�h�e�h�`�_�g�u�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�g�h�f�� �k�e�h�_�� �b�� �^�\�Z�� �Z�l�h�f�Z �n�h�k�n�h�j�Z�� �j�Z�k�i�h�e�h�`�_�g�� �g�Z��
�\�l�h�j�h�f�� �k�e�h�_���� �I�e�h�k�d�h�k�l�g�h�c�� �j�_�r�_�l�d�Z���n�h�k�n�h�j�Z�� �b�� �w�w�e�_�f�_�g�l�Z�j�g�Z�y�� �y�q�_�c�d�Z��
�i�h�d�Z�a�Z�g�u�� �g�Z�� �\�b�^�Z�o�� �k�\�_�j�o�m���� �Q�_�j�g�u�c�� �n�h�k�n�h�j�� �b�f�_�_�l�� �q�_�l�u�j�_�o�Z�l�h�f�g�m�x��
�w�e�_�f�_�g�l�Z�j�g�m�x�� �y�q�_�c�d�m�� �k�h�� �k�l�j�m�d�l�m�j�h�c�� �©�D�U�P�F�K�D�L�U�ª�� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h��
�]�e�m�[�b�g�Z �w�l�h�]�h�� �d�Z�g�Z�e�Z�� �j�Z�\�g�Z��h� ���������� �c���� �Z�� �r�b�j�b�g�Z�� �j�Z�\�g�Z�� �Z� ���������c���� �I�j�b�� �j�Z�k�q�_�l�_ 
�g�Z�f�b�� �\�u�[�j�Z�g�Z�� �i�h�e�h�\�b�g�Z�� �i�h�e�m�d�Z�g�Z�e�Z���� �d�h�l�h�j�u�c�� �^�Z�e�v�r�_�� �f�h�`�g�h��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h���i�h�d�j�u�\�Z�l�v���\�_�k�v���i�h�e�m�d�Z�g�Z�e�� 
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�G�Z�� �j�b�k������ �i�j�_�^�k�l�Z�\�e�_�g�Z�� �h�[�s�Z�y�� �l�j�Z�_�d�l�h�j�b�y�� �b�h�g�h�\��Kr+���� �j�Z�k�k�_�y�g�g�u�o�� �h�l��

�i�h�\�_�j�o�g�h�k�l�b�� �q�z�j�g�h�]�h�� �n�h�k�n�h�j�Z�� �i�j�b�� �?0� �� ���� �d�w�<�� �b���\ = 30���� �B�a�� �j�b�k�m�g�d�Z�� �f�h�`�g�h��
�k�d�Z�a�Z�l�v���� �q�l�h�� �\�� �w�l�b�o�� �m�k�e�h�\�b�y�o�� �b�h�g�� �g�_�� �i�j�h�g�b�d�Z�e�� �\�h�� �\�g�m�l�j�v�� �i�h�e�m�d�Z�g�Z�e�Z���� �g�h��
�i�h�d�Z�a�u�\�Z�_�l�� �i�h�e�h�\�b�g�m�� �i�j�b�[�e�b�`�_�g�g�m�x�� �n�h�j�f�m�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �i�h�e�m�d�Z�g�Z�e�Z����
�Q�l�h�[�u�� �[�h�e�_�_�� �l�h�q�g�h�� �Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �w�l�b�o�� �l�j�Z�_�d�l�h�j�b�b�� �j�Z�k�k�f�h�l�j�b�f�� �g�_�k�d�h�e�v�d�h��
�l�j�Z�_�d�l�h�j�b�b�� �b�h�g�h�\���� �j�Z�k�k�_�y�g�g�u�o�� �h�l���i�h�\�_�j�o�g�h�k�l�g�u�o�� �Z�l�h�f�h�\���j�b�k�����[������ �W�l�b��
�l�j�Z�_�d�l�h�j�b�b�� �j�Z�k�k�_�y�g�g�u�o�� �b�h�g�h�\���� �d�h�l�h�j�u�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �\�� �g�Z�q�Z�e�_�� �b�h�g�g�h�c��
�[�h�f�[�Z�j�^�b�j�h�\�d�b�� ���g�Z�q�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �i�j�b�p�_�e�v�g�h�c�� �l�h�q�d�b������ �<�b�^�g�h���� �q�l�h��
�i�Z�^�Z�x�s�b�c���b�h�g���j�Z�k�k�_�b�\�Z�_�l�k�y���\���e�_�\�m�x���k�l�h�j�h�g�m�����W�l�h���h�[�t�y�k�g�y�_�l�k�y���k���l�_�f�����q�l�h���g�Z��
�i�h�\�_�j�o�g�h�k�l�b�� �^�\�Z�� �Z�l�h�f�u�� �J�� �j�Z�k�i�h�e�h�`�_�g�u�� �h�q�_�g�v�� �[�e�b�a�d�h���� �K�� �m�\�_�e�b�q�_�g�b�_�f��
�a�g�Z�q�_�g�b�b���i�j�b�p�_�e�v�g�h�c���l�h�q�d�b�����i�Z�^�Z�x�s�Z�y���b���j�Z�k�k�_�y�g�g�Z�y���q�Z�k�l�v���l�j�Z�_�d�l�h�j�b�b���b�f�_�x�l��
�k�b�f�f�_�l�j�b�q�g�u�_�� �n�h�j�f�u���� �A�g�Z�q�_�g�b�y�� �w�g�_�j�]�b�b�� �b�� �d�h�w�n�n�b�p�b�_�g�l�� �k�l�h�e�d�g�h�\�_�g�b�y��
�j�Z�k�k�_�y�g�g�u�o�� �b�h�g�h�\�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �j�Z�\�g�h�� �d�� �������� �w�<�� �b�� �������� �Q�l�h�[�u�� �j�Z�k�k�f�h�l�j�_�l�v��
�[�h�e�_�_ �m�k�l�h�c�q�b�\�u�_�� �h�[�e�Z�k�l�b�� �j�Z�k�k�_�y�g�g�u�o�� �b�h�g�h�\�� �g�Z�f�b�� �\�u�[�j�Z�g�Z�� �l�Z�� �q�Z�k�l�v��
�l�j�Z�_�d�l�h�j�b�b���� �d�h�l�h�j�Z�y�� �q�m�\�k�l�\�m�_�l�k�y�� �k�l�_�g�d�b�� �i�h�e�m�d�Z�g�Z�e�Z���j�b�k�����k������ �:�g�Z�e�b�a�� �w�l�b�o��
�l�j�Z�_�d�l�h�j�b�b���i�h�d�Z�a�u�\�Z�_�l�����q�l�h���b�h�g�u���g�_���i�j�h�g�b�d�e�b���\�h���\�g�m�l�j�v���i�h�e�m�d�Z�g�Z�e�Z�����<���w�l�h�c��
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�h�[�e�Z�k�l�b���l�h�`�_���l�j�Z�_�d�l�h�j�b�b���i�h�q�l�b���i�Z�j�Z�e�e�_�e�v�g�u���b���b�a-�a�Z���[�h�e�_�_���[�h�e�v�r�h�c���r�b�j�b�g�u��
�a�g�Z�q�_�g�b�b�� �w�g�_�j�]�b�b�� �b�� �d�h�w�n�n�b�p�b�_�g�l�� �k�l�h�e�d�g�h�\�_�g�b�y�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� ���������� �w�<���b�� ��������
�k�h�h�l�\�_�l�k�l�\�_�g�g�h������ �G�Z���j�b�k�����Z���i�h�d�Z�a�Z�g�Z���h�[�s�Z�y���l�j�Z�_�d�l�h�j�b�y���j�Z�k�k�_�y�g�g�u�o���b�h�g�h�\��Kr+ 
�k�� �i�h�\�_�j�o�g�h�k�l�v�x�� �q�z�j�g�h�]�h�� �n�h�k�n�h�j�Z�� �i�j�b�� �?0� �� ���� �d�w�<�� �b���\ = 50���� �� �M�\�_�e�b�q�_�g�b�y�� �m�]�e�Z��
�i�Z�^�_�g�b�y���i�j�b�\�h�^�b�l�v���d���i�j�h�g�b�d�g�h�\�_�g�b�x���b�h�g�h�\���\�h���\�g�m�l�j�v���i�h�e�m�d�Z�g�Z�e�Z���_�s�_���[�h�e�_�_��
�q�_�l�d�Z�� �i�h�d�Z�a�u�\�Z�y�� �_�z�� �n�h�j�f�m���� �G�Z�� �j�b�k�����[�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �l�j�Z�_�d�l�h�j�b�y�� �j�Z�k�k�_�y�g�g�u�o��
�b�h�g�h�\�� �h�l�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �Z�l�h�f�g�h�]�h�� �j�y�^�Z���� �K�j�Z�\�g�_�g�b�y�� �w�l�b�o�� �l�j�Z�_�d�l�h�j�b�b�� �k��
�l�j�Z�_�d�l�h�j�b�y�f�b�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�c�� �g�Z�� �j�b�k�����[�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �h�g�b�� �i�h�q�l�b��
�h�^�b�g�Z�d�h�\�u���� �A�g�Z�q�_�g�b�y�� �w�g�_�j�]�b�b�� �b�� �d�h�w�n�n�b�p�b�_�g�l�� �k�l�h�e�d�g�h�\�_�g�b�y�� �j�Z�k�k�_�y�g�g�u�o��
�b�h�g�h�\�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �j�Z�\�g�h�� �d�� �������� �w�<�� �b�� �������� �:�� �k�j�Z�\�g�_�g�b�y�� �l�j�Z�_�d�l�h�j�b�b��
�j�Z�k�k�_�y�g�g�u�o�� �b�h�g�h�\�� �h�l�� �k�l�_�g�d�b�� �i�h�e�m�d�Z�g�Z�e�Z�� ���j�b�k�����k���� �h�l�e�b�q�Z�_�l�k�y�� �h�l�� �l�j�Z�_�d�l�h�j�b�b��
�i�h�d�Z�a�Z�g�g�u�c�� �g�Z�� �j�b�k�����k���� �H�l�e�b�q�b�_�� �k�h�k�l�h�b�l�� �\�� �l�h�f���� �q�l�h�� �i�Z�^�Z�x�s�Z�y�� �b�� �j�Z�k�k�_�y�g�g�Z�y��
�q�Z�k�l�v�� �l�j�Z�_�d�l�h�j�b�b�� �b�h�g�h�\�� �k�l�Z�g�h�\�b�e�b�k�v�� �_�s�_�� �[�h�e�_�_�� �i�Z�j�Z�e�e�_�e�v�g�u���� �:�� �l�Z�d�`�_�� �w�l�b��
�l�j�Z�_�d�l�h�j�b�b���i�h�d�Z�a�u�\�Z�x�l�����q�l�h���b�h�g�u���i�j�h�g�b�d�e�b���\�h���\�g�m�l�j�v���i�h�e�m�d�Z�g�Z�e�Z�����A�g�Z�q�_�g�b�y��
�w�g�_�j�]�b�b���b���d�h�w�n�n�b�p�b�_�g�l���k�l�h�e�d�g�h�\�_�g�b�y���w�l�b�o���j�Z�k�k�_�y�g�g�u�o���b�h�g�h�\���k�h�h�l�\�_�l�k�l�\�_�g�g�h��
�j�Z�\�g�h���d�����������w�<���b������-25. 
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�i�h�e�m�d�Z�g�Z�e�Z���k���� 
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�H�^�g�Z�� �b�a�� �l�_�g�^�_�g�p�b�c�� �j�Z�a�\�b�l�b�y�� �k�h�\�j�_�f�_�g�g�u�o�� �l�_�o�g�h�e�h�]�b�c�� �k�h�k�l�h�b�l�� �\��
�\�h�a�j�Z�k�l�Z�g�b�b�� �j�h�e�b���i�h�\�_�j�o�g�h�k�l�b�� �b�� �i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�o�� �h�[�e�Z�k�l�_�c�� �l�\�_�j�^�u�o�� �l�_�e����
�W�l�h�� �k�\�y�a�Z�g�h�� �k�� �l�_�f���� �q�l�h�� �a�Z�q�Z�k�l�m�x�� �l�Z�d�b�_�� �h�[�e�Z�k�l�b�� �h�i�j�_�^�_�e�y�x�l�� �n�b�a�b�d�h-
�o�b�f�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �f�Z�l�_�j�b�Z�e�h�\���� �i�j�_�^�k�l�Z�\�e�y�x�s�b�o���g�Z�b�[�h�e�v�r�b�c�� �b�g�l�_�j�_�k���^�e�y��
�f�b�d�j�h�w�e�_�d�l�j�h�g�b�d�b���b�e�b���f�Z�l�_�j�b�Z�e�h�\�_�^�_�g�b�y�����I�h�w�l�h�f�m���g�_���k�e�m�q�Z�c�g�h�����q�l�h���f�g�h�]�b�_��
�l�_�o�g�h�e�h�]�b�b���� �g�Z�i�j�b�f�_�j���� �b�h�g�g�Z�y�� �b�f�i�e�Z�g�l�Z�p�b�y���� �h�[�j�Z�[�h�l�d�Z�� �i�h�\�_�j�o�g�h�k�l�b��
�b�f�i�m�e�v�k�g�u�f�b�� �w�e�_�d�l�j�h�g�g�u�f�b�� �i�m�q�d�Z�f�b�� �b�� �e�Z�a�_�j�Z�f�b���� �i�j�b�\�h�^�y�l�� �d�� �f�h�^�b�n�b�d�Z�p�b�b��
�b�f�_�g�g�h�� �w�l�b�o�� �h�[�e�Z�k�l�_�c�� �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h�� �f�Z�l�_�j�b�Z�e�Z���� �L�Z�d�b�_�� �h�[�e�Z�k�l�b�� �f�h�`�g�h��
�k�i�_�p�b�Z�e�v�g�h�� �k�h�a�^�Z�\�Z�l�v�� �i�h�k�j�_�^�k�l�\�h�f�� �g�Z�g�_�k�_�g�b�y�� �l�h�g�d�b�o�� �k�e�h�_�\�� �k�� �i�h�f�h�s�v�x��
�k�Z�f�u�o�� �j�Z�a�g�u�o�� �b�k�l�h�q�g�b�d�h�\���� �<�� �a�g�Z�q�b�l�_�e�v�g�h�c�� �k�l�_�i�_�g�b�� �i�j�Z�d�l�b�q�_�k�d�Z�y��
�i�j�b�f�_�g�b�f�h�k�l�v�� �m�d�Z�a�Z�g�g�u�o�� �k�i�h�k�h�[�h�\�� �h�[�j�Z�[�h�l�d�b�� �f�Z�l�_�j�b�Z�e�h�\�� �k�l�Z�e�Z�� �\�h�a�f�h�`�g�h�c��
�[�e�Z�]�h�^�Z�j�y�� �j�Z�a�\�b�l�b�x�� �k�i�_�p�b�Z�e�v�g�h�c�� �]�j�m�i�i�u�� �f�_�l�h�^�h�\�� �Z�g�Z�e�b�a�Z���� �k�j�_�^�b�� �d�h�l�h�j�u�o��
�\�Z�`�g�h�_���f�_�k�l�h���a�Z�g�b�f�Z�x�l���f�_�l�h�^�u�����h�k�g�h�\�Z�g�g�u�_���g�Z���b�k�k�e�_�^�h�\�Z�g�b�b���j�Z�a�g�h�h�[�j�Z�a�g�u�o��
�b�a�e�m�q�_�g�b�c���� �d�h�l�h�j�u�_�� �\�h�a�g�b�d�Z�x�l�� �\�� �h�[�t�_�f�_�� �f�Z�l�_�j�b�Z�e�Z���� �h�[�e�m�q�_�g�g�h�]�h��
�m�k�d�h�j�_�g�g�u�f�b���b�h�g�Z�f�b���k���w�g�_�j�]�b�_�c���g�_�k�d�h�e�v�d�h���d�b�e�h�w�e�_�d�l�j�h�g�\�h�e�v�l�� 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �b�f�_�_�l�k�y�� �f�g�h�`�_�k�l�\�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o�� �i�h��
�j�Z�k�i�u�e�_�g�b�x�� �i�h�\�_�j�o�g�h�k�l�b�� �h�^�g�h�d�h�f�i�h�g�_�g�l�g�u�o�� �\�_�s�_�k�l�\���� �b�� �j�Z�a�j�Z�[�h�l�Z�g�� �j�y�^��
�f�h�^�_�e�_�c�� �j�Z�k�i�u�e�_�g�b�y�� �f�h�g�h�d�j�b�k�l�Z�e�e�h�\���� �B�g�Z�y�� �k�b�l�m�Z�p�b�y�� �\�� �k�e�m�q�Z�_�� �j�Z�k�i�u�e�_�g�b�y��
�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o�����\���q�Z�k�l�g�h�k�l�b���^�\�m�o�d�h�f�i�h�g�_�g�l�g�u�o�����d�j�b�k�l�Z�e�e�h�\�����b�]�j�Z�x�s�b�o��
�\�Z�`�g�m�x�� �j�h�e�v���� �\�� �k�h�\�j�_�f�_�g�g�h�c�� �g�Z�g�h�w�e�_�d�l�j�h�g�b�d�_�� �b�� �f�b�d�j�h�w�e�_�d�l�j�h�g�b�d�_���� �A�^�_�k�v��
�b�f�_�_�l�k�y�� �p�_�e�u�c�� �j�y�^�� �g�_�j�_�r�_�g�g�u�o �i�j�h�[�e�_�f���� �k�\�y�a�Z�g�g�u�o���� �\�� �l�h�f�� �q�b�k�e�_���� �k��
�f�_�o�Z�g�b�a�f�Z�f�b�� �j�Z�k�i�u�e�_�g�b�y�� �l�h�g�d�b�o�� �i�e�_�g�h�d�� �b�� �k�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�y�f�b�� �j�Z�k�i�u�e�_�g�b�y��
�w�l�b�o�� �i�h�\�_�j�o�g�h�k�l�_�c���� �:�i�i�j�h�d�k�b�f�Z�p�b�y�� �d�\�Z�g�l�h�\�h�c�� �l�_�h�j�b�b�� �d�e�Z�k�k�b�q�_�k�d�h�c��
�f�_�o�Z�g�b�d�h�c�� �\�h�� �f�g�h�]�h�f�� �m�i�j�h�k�l�b�l�� �a�Z�^�Z�q�m���� �;�h�j�� �i�h�^�j�h�[�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�� �l�Z�d�b�_��
�Z�i�i�j�h�d�k�b�f�Z�p�b�b�� �� �b�� �m�d�Z�a�Z�e���� �q�l�h�� �� �\�� �i�j�_�^�_�e�Z�o�� �h�l�� ������ �^�h�� �g�_�k�d�h�e�v�d�b�o�� �� �f�b�e�e�b�h�g�h�\����
�w�e�_�d�l�j�h�g-�\�h�e�v�l�� �� �^�\�b�`�_�g�b�_�� �� �q�Z�k�l�b�p�� �f�h�`�_�l�� �[�u�l�v�� �h�i�b�k�Z�g�h�� �m�j�Z�\�g�_�g�b�y�f�b��
�d�e�Z�k�k�b�q�_�k�d�h�c�� �f�_�o�Z�g�b�d�b���� �o�h�l�y�� �i�h�e�g�h�k�l�v�x�� �i�j�_�g�_�[�j�_�q�v�� �� �d�\�Z�g�l�h�\�h-
�f�_�o�Z�g�b�q�_�k�d�b�f�b�� �w�n�n�_�d�l�Z�f�b�� �\�� �i�j�h�p�_�k�k�_�� �� �� �Z�l�h�f�g�u�o�� �k�l�h�e�d�g�h�\�_�g�b�c���� �d�h�g�_�q�g�h����
�g�_�e�v�a�y���� �g�Z�i�j�b�f�_�j���� �f�h�`�g�h�� �� �h�`�b�^�Z�l�v�� �� �i�j�h�p�_�k�k�u�� �� �\�h�a�[�m�`�^�_�g�b�y�� �� �b�� �� �b�h�g�b�a�Z�p�b�b��
�i�Z�^�Z�x�s�b�o�����Z�l�h�f�h�\�� 

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

�G�Z�� �j�b�k�������� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �l�b�i�b�q�g�Z�y�� �l�j�Z�_�d�l�h�j�b�y�� �j�Z�k�k�_�y�g�g�h�]�h�� �b�h�g�Z�� �i�j�b��
�a�g�Z�q�_�g�b�b�� �l�h�q�d�b�� �i�j�b�p�_�e�b�\�Z�g�b�y��J� ���������c���� �<�b�^�g�h���� �q�l�h�� �i�Z�^�Z�x�s�Z�y�� �q�Z�k�l�b�p�Z��
�i�j�h�g�b�d�Z�_�l���\�g�m�l�j�v���f�h�g�h�d�j�b�k�l�Z�e�e�Z���g�Z�������± �h�c���k�e�h�c���b���g�Z�q�b�g�Z�_�l���j�Z�k�k�_�b�\�Z�l�v�k�y���k��4 
�b�� ��-�u�f�b�� �Z�l�h�f�g�u�f�b�� �j�y�^�Z�f�b���� �L�j�Z�_�d�l�h�j�b�y�� �b�f�_�_�l�� �a�b�]�a�Z�]�h�h�[�j�Z�a�g�m�x�� �n�h�j�f�m����
�I�j�h�[�_�]�� �b�h�g�Z�� �f�_�`�^�m�� ��-�u�f�� �b�� ��-�u�f�� �k�e�h�y�f�b�� �b�f�_�_�l�� �k�e�h�`�g�m�x�� �n�h�j�f�m���� �^�e�b�g�Z��
�d�h�l�h�j�h�]�h�� �j�Z�\�g�Z�� �������� �c���� �I�h�k�e�_�� �\�u�o�h�^�Z�� �b�a�� �w�l�h�]�h�� �d�Z�g�Z�e�Z�� �b�h�g�� �a�Z�o�\�Z�l�u�\�Z�_�l�k�y�� �\��
�k�h�k�_�^�g�b�c���d�Z�g�Z�e�����h�[�j�Z�a�h�\�Z�g�g�u�c����-�b�f���b����-�f���k�e�h�y�f�b�����I�h�k�l�_�i�_�g�g�h���i�h�^�g�b�f�Z�y�k�v���\��
�\�_�j�o�g�b�_�� �k�e�h�b���� �b�h�g�� �i�h�d�b�^�Z�_�l�� �d�j�b�k�l�Z�e�e���� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �l�j�Z�_�d�l�h�j�b�y��
�j�Z�k�k�_�y�g�g�h�]�h�� �b�h�g�Z�� �g�_�� �h�]�j�Z�g�b�q�b�\�Z�_�l�k�y�� �h�^�g�b�f�� �d�Z�g�Z�e�h�f���� �l���_���� �b�h�g���� �i�j�h�g�b�d�Z�y�� �\��
�^�j�m�]�b�_�� �d�Z�g�Z�e�u�� ���\�� �h�[�s�_�f�� �k�e�m�q�Z�_�� �\�� ���� �d�Z�g�Z�e�h�\������ �\�� �d�h�g�_�q�g�h�f�� �k�q�_�l�_���� �\�u�o�h�^�b�l�� �b�a��
�k�h�k�_�^�g�_�]�h���d�Z�g�Z�e�Z���� 

 

 

�J�b�k���������O�Z�j�Z�d�l�_�j�g�u�_���l�j�Z�_�d�l�h�j�b�b���j�Z�k�k�_�y�g�g�u�o���b�h�g�h�\��Ne+ �i�h�\�_�j�o�g�h�k�l�y�f�b��
Si0,5Ge0,5 �i�j�b���m�]�e�_���k�d�h�e�v�`�_�g�b�y���%��� ��0 �k���?0� ���d�w�<���l�j�Z�_�d�l�h�j�b�y���i�j�b��J� ���������c�� 
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�4�8�<�2�6�+���5�$�'�,�$�6�,�<�$�6�,�1�,���7�$�5�4�$�/�,�6�+�,���9�$���8�1�,���2�¶�/�&�+�$�6�+��
USULLARI  

�2���$���4�R�V�L�P�R�Y�����6���2�µ���6�K�D�U�R�E�L�G�G�L�Q�R�Y 

Andijon davlat texnika �L�Q�V�W�L�W�X�W�L���$�Q�G�L�M�R�Q���2�µ�]�E�H�N�L�V�W�R�Q 

   Quyosh nuri bitmas tuganmas en�_giya manbaidir. Y�_r atm�hsf�_rasi 
ch�_garasiga 1,35 kW/m2 nurlanish �h�T�L�P�L�� �]�L�F�K�O�L�J�L�� �W�R�¶�J�¶�U�L�� �N�_ladi va quyosh 
d�himiysi  d�_b yuritiladi. Quyosh nuri Y�_r  atm�hsf�_�U�D�V�L�G�D�Q�� �R�¶�W�J�D�Q�G�D���� �X�Q�L�Q�J��
�_n�_rgiyasi qaytish, tarqalish va yutilish jarayonlari natijasida kamayadi. Bu 
jarayonlar  nurni hav�h tarkibiga kiruvchi gaz m�hl�_kulalari va chang 
�]�D�U�U�D�F�K�D�O�D�U�L�Q�L�Q�J�� �R�¶�]�D�U�h �W�D�¶�V�L�U�O�D�U�L�� �E�L�O�D�Q���oarakt�_rlanadi. Masalan az�hn 
���X�O�W�U�D�E�L�Q�D�I�V�K�D�� �Q�X�U�O�D�U�Q�L�Q�J�� �N�R�¶�S�� �T�L�V�P�L�Q�L�� �\�X�W�D�G�L������ �V�X�Y �E�X�J�¶�L�� ���L�Q�U�I�U�D�T�L�]�L�O�� �V�S�_ktriga 
yaqin nurlarni yutadi), karb�h�Q�D�W�D�Q�J�L�G�U�L�G���J�D�]�L�����R�¶�U�W�D�F�K�D���L�Q�I�U�D�T�L�]�L�O���Q�X�U�O�D�U�Q�L�Q�J���N�R�¶�S��
�T�L�V�P�L�Q�L���\�X�W�D�G�L�������7�R�¶�J�¶�U�L���T�X�\�R�V�K���Q�X�U�L���\�_r yuzasiga y�_tib k�_lganda, uning en�_giyasi 
haqiqatdan ham kamayishiga qaramasdan, bir yilda y�_r yuzasi qabul qilayotgan 
quyosh nurining en�_rgiyasi ta�ominan 1,2 1017W (1 1018kW s�hat)ni tashkil qiladi. 
Bu dunyoda ist�_�¶�P�hl qilinadigan en�_�U�J�L�\�D�G�D�Q�� ������ �������� �P�D�U�W�D�� �N�R�¶�S���� �$�P�P�h 
quyoshdan k�_ladigan en�_�U�J�L�\�D�Q�L�Q�J�� �K�D�P�P�D�V�L�Q�L�� �W�R�¶�S�O�D�V�K�� �M�X�G�G�D�� �P�X�V�K�N�X�O�O�L�J�L�� �E�L�O�D�Q��
�oarakt�_rlanadi.  

Ek�hl�h�J�L�N�� �P�X�K�L�W�J�D�� �]�D�U�D�U�� �E�R�¶�O�P�D�V�O�L�J�L�� �X�F�K�X�Q�� �\�_r yuziga tushadigan hamma 
quyosh en�_�U�J�L�\�D�V�L�Q�L�Q�J�� ������������ �\�D�¶�Q�L�� �\�L�O�L�J�D�� ��������������16�.�:���V�hat en�_rgiyasidan 
f�h�\�G�D�O�D�Q�V�D���E�R�¶�O�D�G�L�����E�X����������12 �W���V�K�D�U�W�O�L���\�R�Q�L�O�J�¶�L�J�D���W�_ng  ekvival�_ntdir). Y�_r kurrasi 
yuzasiga quyosh nurining taqsimlanishi bir t�_kisda emas. Yil dav�hmida y�_rning 1 
m2 �\�X�]�L�J�D�� �W�R�¶�J�¶�U�L�� �N�_ladigan quyosh en�_rgiyasi 3000 MJ/m2 dan 8000 MJ/m2 
�J�D�F�K�D�� �R�¶�]�J�D�U�L�E�� �W�X�U�D�G�L���� �<�_rning 1 m2 yuzasiga bir kunda tushadigan quyosh 
en�_�U�J�L�\�D�V�L�Q�L�Q�J�� �R�¶�U�W�D�F�K�D�� �\�L�O�O�L�N�� �P�L�T�G�hri 7,2 MJ/m2 (shim�hlda) dan  21,4 MJ/m2 
(sahr�h�O�D�U�G�D���J�D�F�K�D�� �� �R�¶�]�J�D�U�D�G�L���� �4�X�\�R�V�K�� �Q�X�U�L���h�T�L�P�L�Q�L�Q�J�� �R�¶�U�W�D�F�K�D�� �\�L�O�O�L�N�� �]�L�F�K�O�L�J�L��
subtr�hpik va sahr�hlarda 210...250 W/m2 MDH davlatlari markaziy qismida 
130...210 W/m2 va shim�hlda 80...130 W/m2 ni tashkil qiladi. Quyosh en�_rgiyasi 
�hqimining eng yuq�hri zichligi 1 kW/m2 �J�D�F�K�D���N�R�¶�W�D�U�L�O�D�G�L���>���@ 

       �2�¶�U�W�D���Hsiyo r�_spublikalarida quyosh en�_rgiyasidan  f�hydalanish uchun 
shar�hit juda ham ya�oshi, chunki iyun �h�\�L�G�D�� �� �\�R�U�X�J�¶�� �N�X�Q�Q�L�Q�J�� �X�]�X�Q�O�L�J�L�� ������ �V�hat, 
d�_kabrda esa 8-10 s�hat.  Bu y�_rda  yiliga 300 kun, yozda �hyiga 320-400 s�hat �hchiq 
�T�X�\�R�V�K���Q�X�U�L���W�R�¶�J�¶�U�L���N�_ladi.   

�4�X�\�R�V�K���U�D�G�L�D�V�L�\�D�V�L�Q�L���R�¶�O�F�K�D�V�K����Y�_r shartida amaliyotda  quyosh  radiatsiya 
darajasini avvaldan aniq  aytish uchun  atm�hsf�_rada tashqaridagi  radiatsiyaning 
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pasayishini  his�hblab chiqmaydilar, chunki bu ishni bajarish uchun qiyin 
�hlinadigan  m�_t�_�hr�hl�hgik a�ob�hr�ht k�_�U�D�N���� �%�X�Q�L�Q�J�� �R�¶�U�Q�L�J�D�� �T�X�\�R�V�K�� �� �� �P�hslamalarni 
l�h�\�L�K�D�O�D�V�K�G�D�� �� �\�R�N�L���T�X�\�R�V�K�� �U�D�G�L�D�W�V�L�\�D�V�L�� �R�¶�O�F�K�D�P�O�D�U�L�G�D�Q�� �I�hydalaniladi yoki b�_rilgan 
m�_t�_�hr�h�O�L�N�� �N�R�¶�U�V�D�W�N�L�F�K�O�D�U�� �\�R�U�G�D�P�L�G�D�� �T�X�\�R�V�K�� �U�D�G�L�D�W�V�L�\�D�V�L�Q�L�Q�J�� �U�D�T�D�P�O�D�U�L 
aniqlaydilar. Mazkur b�h�E�G�D�� �T�X�\�R�V�K�� �U�D�G�L�D�W�V�L�\�D�V�L�� �R�¶�O�F�K�D�V�K�Q�L�Q�J�� �X�V�O�X�E�O�D�U�L�� �N�R�¶�U�L�E��
�F�K�L�T�L�O�D�G�L���� �N�R�¶�U�V�D�W�N�L�F�K�O�D�U�� �P�D�osus �oususiyatlari muh�hkama qilinadi va  bu 
�N�R�¶�U�V�D�W�N�L�F�K�O�D�U�Q�L�����N�R�¶�U�L�E���F�K�L�T�L�V�K���X�V�O�X�E�O�D�U�L���N�R�¶�U�L�E�����F�K�L�T�L�O�D�G�L���>���@�� 

�$�P�D�O�L�\�R�W�G�D���T�X�\�R�V�K���U�D�G�L�D�W�V�L�\�D�V�L���R�¶�O�F�K�D�V�K�Q�L�Q�J���N�R�¶�U�V�D�W�N�L�F�K�O�D�U�G�D�Q�����I�hydalanishning bir 
n�_�F�K�D�� �\�X�O�O�D�U�L�� �N�R�¶�U�V�D�W�L�O�J�D�Q���� �%�L�U�L�Q�F�K�L�� �\�R�¶�O�� �T�X�\�R�V�K�� �� �U�D�G�L�D�W�V�L�\�D�V�L�Q�L�� �M�D�U�D�\�R�Q�Q�L�� �R�¶�U�W�D�F�K�D��
�R�¶�O�F�K�D�V�K���� �P�D�V�D�O�D�Q���� �E�L�U���h�\�G�D���� �E�X�� �M�D�U�D�\�R�Q�Q�L�Q�J�� �R�¶�U�W�D�F�K�D�� �H�I�I�_ktivligini his�h�E�O�D�V�K�J�D�� �\�R�¶�O��
b�_radi. L�_�N�L�Q�� �E�X�� �\�R�¶�O�Q�L�Q�J���oat�hligi shundan ib�h�U�D�W�N�L�� �N�R�¶�S�� �M�D�U�D�\�R�Q�O�D�U�� �P�hslamalarda 
Quyosh radiatsiyasiga chiziqsiz b�h�J�¶�O�L�T�� �E�R�¶�O�D�G�L���� �V�K�X�Q�L�Q�J�� �� �X�F�K�X�Q�� �R�¶�U�W�D�F�K�D����
�N�R�¶�U�V�D�W�N�L�F�K�O�D�U�G�D�Q���E�X���K�hdisalarda  f�hydalanish  juda katta  �oat�hlarga �hlib k�_lish mumkin. 
�,�N�N�L�Q�F�K�L�� �\�R�¶�O�� �M�D�U�D�\�R�Q�� �H�I�I�_ktivligini bah�hlash uchun b�_rilgan mayd�hnda quyosh 
radiatsiyasi darajasini s�hat yoki kunlar natijalaridan  f�h�\�G�D�O�D�Q�L�V�K���� �8�F�K�L�Q�F�K�L�� �\�R�¶�O��
en�_�U�J�L�\�D�Q�L�� �R�¶�]�J�D�U�W�L�U�L�V�K�� �M�D�U�D�\�R�Q�L�� �H�I�I�_ktivligini avvaldan his�hblash uchun vaqtincha  
taqsimlashlardan f�h�\�G�D�O�D�Q�L�E�� �Y�D�� �T�X�\�R�V�K�� �U�D�G�L�D�W�V�L�\�D�V�L�� �N�R�¶�U�V�D�W�N�L�F�K�O�D�U�L�Q�L �R�¶�U�J�D�W�L�E�� �F�K�L�T�L�V�K�G�D����
statistik uslublardan  f�hydalanishdan ib�hrat.  

         T�_rm�hel�_ktrik aktin �hm�_�W�U�� �\�R�U�G�D�P�L�G�D�� �W�R�¶�J�¶�U�L�� �T�X�\�R�V�K�� �U�D�G�L�D�V�L�\�D�V�L�Q�L��
�R�¶�O�F�K�D�V�K����T�_rm�hel�_ktrik aktin�hm�_�W�U�� �\�R�U�G�D�P�L�G�D�� �W�R�¶�J�¶�U�L�� �T�X�\�R�V�K�� �U�D�G�L�D�W�V�L�\�D�V�L�� �L�Q�W�_nsivligini 
�R�¶�O�F�K�D�V�K���T�X�\�L�G�D�J�L���W�D�U�W�L�E�G�D���hlib b�hriladi. 

1.Aktin�hm�_tr  t�_rm�hbatar�_yasining uchlaridan tashqariga 
chiqarilgan ikkita simni GSA-1 tipidagi  galv�hn�hm�_trning (+) va 
S d�_�E�� �\�R�]�L�E�� �T�R�¶�\�L�O�J�D�Q�� �� �N�O�_mmalariga ulanadi  Bunda 
galv�hn�hm�_tr str�_lkasining  n�h�O�L�Q�F�K�L���E�R�¶�O�L�P�L�G�D�Q���R�¶�Q�J�J�D���h�J�¶�L�V�K�L�J�D��
erishish k�_rak.[2] 

          Galv�hn�hm�_trning yuz t�hm�hniga j�hylashtirilgan 
t�_rm�hm�_�W�U�Q�L�Q�J�����N�R�¶�U�V�D�W�L�V�K�L�Q�L���\�R�]�L�E���T�R�¶�\�L�O�D�G�L�� 

 

1-chizma: Oddiy aktinometr   
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������ �6�R�¶�Q�J�U�D�� �� �D�N�W�L�Q�hm�_tr  trubkasi  q�hpq�hq yordamida b�_rkitiladi va 20-25 
s�_kunddan k�_yin (galv�hn�hm�_tr str�_lkasining t�_�E�U�D�Q�L�V�K�L�� �W�R�¶�otagach) galv�hn�hm�_tr 
str�_�O�N�D�V�L�Q�L�Q�J���N�R�¶�U�V�D�W�J�D�Q���E�R�¶�O�L�P�L�����\�D�¶�Q�L���J�D�O�Y�hn�hm�_trning n�hl h�hlati ' aniqlanadi. 

3. Trubka q�hpq�h�J�¶�L�Q�L���h�O�L�E�� �T�R�¶�\�L�E���� �K�D�U�� ������ �V�_�N�� �R�¶�W�J�D�Q�G�D�Q�� �N�_yin galv�hn�hm�_tr  
�N�R�¶�U�V�D�W�L�V�K�O�D�U�L�Q�L�����������E�R�¶�O�L�P�L�J�D�F�K�D���D�Q�L�T�O�L�N�G�D�����V�K�N�D�O�D�G�D�Q���\�R�]�L�E���E�hriladi. N1, N2, N3, 
N4, N5 �E�R�¶�O�L�P�O�D�U�L�J�D�� �W�_�Q�J�� �E�R�¶�O�V�L�Q���� �6�K�X�� �W�D�U�]�G�D�� �R�¶�W�N�D�]�L�O�J�D�Q�� �R�¶�O�F�K�D�V�K�O�D�U�Q�L�Q�J�� �� �V�hni 5 
�P�D�U�W�D�G�D�Q���N�D�P���E�R�¶�O�P�D�V�L�O�L�J�L���N�_rak.       
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YADRO ENERGETIKASI: FIZIKA VA KIMYO KESISHMASI.  
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Kimyoviy texnologiya kafedrasi 78-24 KT gurux talabasi. 
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Annotatsiya:  Yadro energetikasi zamonaviy energetikaning eng murakkab va 

�L�V�W�L�T�E�R�O�O�L�� �V�R�K�D�O�D�U�L�G�D�Q�� �E�L�U�L�� �E�R�‹�O�L�E���� �X�� �I�L�]�L�N�D�� �Y�D�� �N�L�P�\�R�� �I�D�Q�O�D�U�L�Q�L�Q�J�� �N�H�V�L�V�K�J�D�Q�� �M�R�\�L�G�D��
joylashgan. Ushbu maqolada yadro energetikasining fizikaviy va kimyoviy 
asoslari, yadro energiyasining afzalliklari (masalan, yuqori energiya samaradorligi 
va karbon chiqindilarining kamligi) va kamchiliklari (yadro chiqindilari va 
xavfsizlik muammolari) yoritib berilgan. Bundan tashqari, yadro energetikasining 
kelajakdagi istiqbollari va atrof-�P�X�K�L�W�J�D�� �W�D�Œ�V�L�U�L�� �K�D�T�L�G�D�� �P�D�¶�O�X�P�R�W�O�D�U�� �N�H�O�W�L�U�L�O�J�D�Q����
Maqola yadro energetikasini chuqurroq tushunish va uning zamonaviy dunyodagi 
ahamiyatini anglashga yordam beradi. 

�.�D�O�L�W���V�R�‹�]�O�D�U: Yadro energetikasi, yadro reaktsiyalari, parchalanish va sintez, 
yadro chiqindilari, energiya samaradorligi, atrof-�P�X�K�L�W�J�D���W�D�Œ�V�L�U�����\�D�G�U�R���[�D�Y�I�V�L�]�O�L�J���� 

Yadro energetikasi zamonaviy energetikaning eng murakkab va istiqbolli 
sohalaridan biri hisoblanadi. U fizika va kimyo fanlarining kesishgan joyida 
joylashg�D�Q�� �E�R�‹�O�L�E���� �\�D�G�U�R�� �U�H�D�N�W�V�L�\�D�O�D�U�L�� �R�U�T�D�O�L�� �H�Q�H�U�J�L�\�D�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�V�K�J�D��
asoslangan. Yadro energetikasi yuqori energiya samaradorligi va atrof-muhitga 
nisbatan kam zararli chiqindilar chiqarishi tufayli dunyo miqyosida keng 
�T�R�‹�O�O�D�Q�L�O�P�R�T�G�D���� �%�L�U�R�T���� �\�D�G�U�R�� �H�Q�H�U�J�H�W�L�N�Dsining xavfsizligi, chiqindilarni qayta 
�L�V�K�O�D�V�K�� �Y�D�� �X�]�R�T�� �P�X�G�G�D�W�O�L�� �W�D�Œ�V�L�U�O�D�U�L�� �N�D�E�L�� �P�X�D�P�P�R�O�D�U�� �K�D�O�L�� �K�D�P�� �K�D�O�� �H�W�L�O�L�V�K�L�� �N�H�U�D�N��
�E�R�‹�O�J�D�Q���P�D�V�D�O�D�O�D�U�G�L�U�� 

Yadro energetikasining rivojlanishi bilan bir qatorda bir qator muammolar 
ham yuzaga kelmoqda. Bu muammolarni quyidagicha ajratish mumkin: 

Yadro chiqindilari���� �<�D�G�U�R�� �U�H�D�N�W�R�U�O�D�U�L�G�D�� �I�R�\�G�D�O�D�Q�L�O�J�D�Q�� �\�R�T�L�O�J�‹�L�� �F�K�L�T�L�Q�G�L�O�D�U�L��
�\�X�T�R�U�L�� �U�D�G�L�D�W�V�L�R�Q�� �[�D�Y�I�� �W�X�J�‹�G�L�U�D�G�L�� �Y�D�� �X�O�D�U�Q�L�� �T�D�\�W�D�� �L�V�K�O�D�V�K�� �Y�D�� �V�D�T�O�D�V�K�� �P�X�D�P�P�R�O�L��
jarayon hisoblanadi. Chiqindilarni uzoq muddatli saqlash uchun maxsus omborlar 
�T�X�U�L�V�K�� �W�D�O�D�E�� �H�W�L�O�D�G�L���� �E�X�� �H�V�D�� �T�R�‹�V�K�L�P�F�K�D�� �[�D�U�D�M�D�W�O�D�U�� �Y�D�� �H�N�R�O�R�J�L�N�� �[�D�Y�I�O�D�U�Q�L�� �N�H�O�W�L�U�L�E��
chiqaradi. 

Xavfsizlik muammolari: Yadro reaktorlaridagi baxtsiz hodisalar (masalan, 
Chernobil va Fukusima falokatlari) yadro energetikasining xavfsizligi haqida 
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jiddiy savol�O�D�U�� �W�X�J�‹�G�L�U�D�G�L���� �%�X�Q�G�D�\�� �K�R�G�L�V�D�O�D�U�� �D�W�U�R�I-muhit va aholi salomatligiga 
jiddiy zarar yetkazishi mumkin. 

�<�X�T�R�U�L�� �E�R�V�K�O�D�Q�J�±�L�F�K�� �[�D�U�D�M�D�W�O�D�U: Yadro elektr stansiyalarini qurish va ularni 
�L�V�K�J�D���W�X�V�K�L�U�L�V�K���X�F�K�X�Q���N�D�W�W�D���P�L�T�G�R�U�G�D���P�D�E�O�D�J�‹���W�D�O�D�E���H�W�L�O�D�G�L�����%�X���H�V�D���U�L�Y�R�M�O�D�Q�D�\�R�Wgan 
�P�D�P�O�D�N�D�W�O�D�U���X�F�K�X�Q���M�L�G�G�L�\���W�R�‹�V�L�T���E�R�‹�O�L�V�K�L���P�X�P�N�L�Q�� 

Yadro qurollarining tarqalishi xavfi: Yadro texnologiyalarining tarqalishi 
yadro qurollarining tarqalishi xavfini oshiradi, bu esa xalqaro xavfsizlik uchun 
jiddiy tahdid hisoblanadi. 

Yadro energetikasining muammolarini hal qilish va uning afzalliklarini 
oshirish uchun quyidagi yechimlar taklif etilishi mumkin: 

Yadro chiqindilarini qayta ishlash: Yadro chiqindilarini qayta ishlash 
texnologiyalari orqali chiqindilarning hajmini kamaytirish va ularni qayta 
f�R�\�G�D�O�D�Q�L�V�K���P�X�P�N�L�Q���E�R�‹�O�J�D�Q���U�H�V�X�U�V�O�D�U�J�D���D�\�O�D�Q�W�L�U�L�V�K���P�X�P�N�L�Q�����0�D�V�D�O�D�Q�����)�U�D�Q�V�L�\�D���Y�D��
�5�R�V�V�L�\�D�� �N�D�E�L�� �G�D�Y�O�D�W�O�D�U�� �\�D�G�U�R�� �F�K�L�T�L�Q�G�L�O�D�U�L�Q�L�� �T�D�\�W�D�� �L�V�K�O�D�V�K�� �E�R�‹�\�L�F�K�D�� �P�X�Y�D�I�I�D�T�L�\�D�W�O�L��
loyihalarni amalga oshirmoqda. 

Yadro xavfsizligini oshirish: Zamonaviy yadro reaktorlari (masalan, IV avlod 
reaktorlar) avvalgilarga qaraganda ancha xavfsizroq va samaraliroq hisoblanadi. 
Bunday reaktorlar avtomatik tizimlar va favqulodda vaziyatlarni boshqarish 
mexanizmlari bilan jihozlangan. 

Yadro energiyasini boshqa energiya manbalari bilan integratsiya qilish: 
Yadro energiyasini quyosh, shamol va boshqa qayta tiklanadigan energiya 
�P�D�Q�E�D�O�D�U�L�� �E�L�O�D�Q�� �E�L�U�O�D�V�K�W�L�U�L�V�K�� �R�U�T�D�O�L�� �H�Q�H�U�J�L�\�D�� �W�D�Œ�P�L�Q�R�W�L�Q�L�Q�J�� �E�D�U�T�D�U�R�U�O�L�J�L�Q�L�� �R�V�K�L�U�L�V�K��
mumkin. 

Xalqaro hamkorlikni kuchaytirish: Yadro texnologiyalarining xavfsiz 
ta�U�T�D�O�L�V�K�L�� �Y�D�� �F�K�L�T�L�Q�G�L�O�D�U�Q�L�� �E�R�V�K�T�D�U�L�V�K�� �E�R�‹�\�L�F�K�D�� �[�D�O�T�D�U�R�� �K�D�P�N�R�U�O�L�N�Q�L�� �N�X�F�K�D�\�W�L�U�L�V�K��
zarur. Buning uchun Xalqaro Atom Energiyasi Agentligi (IAEA) kabi tashkilotlar 
�P�X�K�L�P���U�R�O���R�‹�\�Q�D�\�G�L�� 

�<�D�G�U�R�� �H�Q�H�U�J�H�W�L�N�D�V�L�� �]�D�P�R�Q�D�Y�L�\�� �H�Q�H�U�J�H�W�L�N�D�Q�L�Q�J�� �P�X�K�L�P�� �W�D�U�P�R�J�‹�L�� �E�R�‹�O�L�E���� �X��
yuqori energiya samaradorligi va atrof-muhitga nisbatan kam zararli chiqindilar 
chiqarishi tufayli katta ahamiyatga ega. Biroq, yadro chiqindilari, xavfsizlik 
�P�X�D�P�P�R�O�D�U�L�� �Y�D�� �\�X�T�R�U�L�� �E�R�V�K�O�D�Q�J�‹�L�F�K�� �[�D�U�D�M�D�W�O�D�U�� �N�D�E�L�� �P�X�D�P�P�R�O�D�U�� �K�D�O�L�� �K�D�P�� �K�D�O��
�H�W�L�O�L�V�K�L���N�H�U�D�N���E�R�‹�O�J�D�Q���P�D�V�D�O�D�O�D�U�Gir. Yadro chiqindilarini qayta ishlash, xavfsizlikni 
oshirish va xalqaro hamkorlikni kuchaytirish orqali bu muammolarni bartaraf etish 
mumkin. Yadro energetikasining kelajagi uning texnologik yangiliklari va qayta 
tiklanadigan energiya manbalari bilan inte�J�U�D�W�V�L�\�D�V�L�J�D�� �E�R�J�‹�O�L�T���� �%�X�� �H�V�D�� �L�Q�V�R�Q�L�\�D�W��
�X�F�K�X�Q���E�D�U�T�D�U�R�U���Y�D���[�D�Y�I�V�L�]���H�Q�H�U�J�L�\�D���W�D�Œ�P�L�Q�R�W�L�Q�L���\�D�U�D�W�L�V�K�J�D���\�R�U�G�D�P���E�H�U�D�G�L�� 
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SiO2 SIRTIGA Ge QATLAMLARINI O �µTKAZISH JARAYONIDA 
�6�2�'�,�5���%�2�¶�/�$�'�,�*�$�1���.�,�0�<�2�9�,�<���9�$���)�,�=�,�.���-�$�5�$�<�2�1�/�$�5�� 

Ruslan Maxammadi o�µg�µli Yorqulov 1, �1�X�U�]�R�G���2�G�L�O�M�R�Q���R�¶�J�¶�O�L  Mizomov2 

1Iqtisodiyot va pedagogika universiteti, v.b.professor, PhD. Qarshi, 
�2�¶�]�E�H�N�L�V�W�R�Q 

2�,�T�W�L�V�R�G�L�\�R�W���Y�D���S�H�G�D�J�R�J�L�N�D���X�Q�L�Y�H�U�V�L�W�H�W�L���W�D�O�D�E�D�V�L�����4�D�U�V�K�L�����2�¶�]�E�H�N�L�V�W�R�Q 
 

 Mikron o�µlchamdagi dielektrik zarralar yorug�µlik bilan o�µzaro 
ta�¶sirlashganda magnit va elektr rezonanslarini hosil qiladi. Ge ning sindirish 
ko�µrsatkichi SiO2 dan katta ekanligini hisobga olgan holda ularning yorug�µlik 
yutilish koeffitsiyentlarining spektral bog�µliqligi hisobga olsak, Ge materialini 
elektromagnit nurlanish uchun istiqbolli material sifatida ko�µrish mumkin. SiO2 da 
Ge qatlamlarini o�µtkazish paytida qattiq holatda namlanish hodisasi yuz beradi, 
zarrachalar o�µz-o�µ�]�L�G�D�Q�� �K�R�V�L�O�� �E�R�¶�O�D�G�L�� �Y�D�� �V�K�D�N�O�L�� �K�D�P�G�D�� �K�D�M�P�L�� �E�R�µyicha keng 
yoyiladi. SiO2 sirtlarida Ge zarrachalarining shakllanishini o�µrganish mobaynida 
nano o�µlchamdagi ya�µ�Q�L���������Q�P���J�D�F�K�D���E�R�¶�O�J�D�Q���X�F�K���R�µlchovli Ge orolchalari va kvant 
�Q�X�T�W�D�O�D�U�L�� �Q�D�P�R�\�R�Q�� �E�R�¶�O�G�L�� �>��-3]. Ge orolchalari nisbatan past haroratlarda, ya�µni 
toblanishdan keyin hosil bo�µlishi mumkinligi ko�µrsatdi. Hisob-kitoblarga ko�µra, 
o�µ�O�F�K�D�P�O�D�U�L�� �N�R�¶�U�L�Q�D�G�L�J�D�Q�� �Y�D�� �L�Q�I�U�D�T�L�]�L�O�� �V�S�H�N�W�U�D�O�� �G�L�D�S�D�]�R�Q�O�D�U�G�D���� �I�R�W�R�Q�L�N�� �T�R�µllash 
uchun submikron va mikron o�µlchamdagi dielektrik zarrachalar talab qilinadi. 
Ge/Si/SiO2/Si tuzilmalari 700 0C da (30 katta o�µlchamdagi SiGe zarralari o�µstirildi. 
Ge qatlamlarini namlash jarayonini SiO2 ga bog�µliqligi kamroq o�µrgangan [4-5]. 

 SiO2 namuna yuzasi tabiiy oksid bilan qoplangan bo�µlib, u keyingi Ge 
bilan bog�µlanish jarayoniga kam miqdorda halaqit berishi mumkin[6]. Kimyoviy 
ravishda o�µstirilgan SiO2 oksidiga o�µtkaziladigan Ge oksidini SiO2 namuna 
bog�µlanish jarayoni minimal kichik haroratlardan boshlab boshlanishi mumkin. 
Ushbu tadqiqotda mikron o�µlchamdagi Ge zarralarini olish uchun biz dastlab xona 
haroratida SiO2 ustiga 10 dan 86 nm qalinlikgacha Ge ni yotqizamiz. SiO2 sirtida 
Ge qatlamlarining bir xil bo�µlmagan zarrachalarning shakllanishi yuz beradi. 1 
mkm qalinlikdagi termal SiO2 plyonkasi bilan qoplangan Si (100) plitalari substrat 
sifatida ishlatiladi. Ge o�µtkazilib bo�µlingandan sung, turli temperaturalarda 
qizdirish yo�µli bilan bog�µ�O�D�Q�L�V�K���K�R�V�L�O���E�R�¶�O�L�V�K���M�D�U�D�\�R�Q�L�Q�L���W�H�N�V�K�L�U�L�V�K�� 

 SiO2 sirtiga, Ge yotqizish jarayoni o�µta yuqori vakuumli kamerada amalga 
oshiriladi, bu bosim    1 * 10-10 Torr.  Ge ni SiO2 yuzasida o�µtirish tezligi  taxminan 
~ 1,0 nm/min. Plyonkani o�µtkazish o�µ�V�L�V�K�� �N�D�P�H�U�D�V�L�G�D�� �W�D�[�P�L�Q�D�Q�� �������� �ƒ�&�� �K�D�U�R�U�D�W�G�D��
muntazam qizdirib turish orqali amalga oshiriladi. Ge ni namuna yuzasiga 
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o�µ�W�N�D�]�L�V�K�� ������ �\�R�N�L�� �������� �G�D�T�L�T�D�� �G�D�Y�R�P�L�G�D�� �D�P�D�O�J�D�� �R�V�K�L�U�L�O�D�G�L���� �+�R�V�L�O�� �E�R�¶�O�J�D�Q�� �S�O�\�R�Q�N�D��
yuzasini Skanerli elektron mikroskopda (SEM) da ko�µzatishimiz mumkin. Bu 
yerda taqdim etilagan barcha o�µlchov natijalarimizning SEM tasvirlari 30 daqiqa 
davomida toblanganidan keyin namunalardan olingan. SiO2 namuna yuzasi 
avvalambor yuqori vakuumda kuchli qizdirish yo�µli bilan tozalandi.  

 
1-rasm. 1a rasm 30 nm va 1a va b-rasm 40 nm qalinlikdagi Ge qatlamlari 

bilan qoplangan SiO2 �Q�D�P�X�Q�D�O�D�U�L�Q�L�����������ƒ�&���G�D���W�R�E�O�D�V�K�G�D�Q���N�H�\�L�Q�J�L���6�(�0���W�D�V�Y�L�U�O�D�U�L��
keltirilgan. [4-5]. 

 SiO2 namuna sirtiga o�µtkazilgan 30 va 40 nm qalinlikdagi Ge qatlamlari      
���������ƒ�&���G�D��toblanganda Ge qatlamlarining qisman  quruqlanish jarayoni ko�µzatildi 
(1a-rasm). Ge qatlamlari katta orolchalari strukturasi buzilishining boshlanishi va 
bir vaqtning o�µzida tor kanallarning shakllanishi ko�µzatildi (1b-rasm). Bu ikki 
tajriba o�µrtasidagi farq asosan toblanish haroratiga bog�µlik ekanligi bilan 
baholanadi.  Yuqori haroratlarda toblanganda, Ge zarralarining kontsentratsiyasi 
undan ancha yuqori bo�µlib, ular sirt bo�µylab bir tekis taqsimlanadi.  
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�0�$�*�1�,�7���0�$�<�'�2�1�,�'�$���%�2�µ�/�*�$�1���.�2�9�8�6�+�2�4��- ELASTIK 
�3�/�$�6�7�,�1�.�$���9�$���6�,�/�,�1�'�5�,�.���4�2�%�,�4�'�$���7�2�µ�/QIN TARQALISH 

XUSUSIYATLARI  
Ergasheva NilufarMansurovna 
Buxoro davlat texnika universiteti 

�0�D�J�Q�L�W�� �P�D�\�G�R�Q�L�G�D�J�L�� �W�R�µ�O�T�L�Q�� �W�D�U�T�D�O�L�V�K�L�� �H�O�D�V�W�L�N�� �P�X�K�L�W�O�D�U�G�D�� �P�X�U�D�N�N�D�E�� �I�L�]�L�N��
�M�D�U�D�\�R�Q�� �E�R�µ�O�L�E���� �X�� �P�X�K�D�Q�G�L�V�O�L�N���Y�D�� �P�D�W�H�U�L�D�O�V�K�X�Q�R�V�O�L�N���V�R�K�D�O�D�U�L�G�D���P�X�K�L�P�� �D�K�D�P�L�\�D�W�J�D��
ega. Elastik �S�O�D�V�W�L�Q�N�D���Y�D���V�L�O�L�Q�G�U�L�N���T�R�E�L�T���N�D�E�L���W�X�]�L�O�P�D�O�D�U�G�D���P�D�J�Q�L�W���P�D�\�G�R�Q�L���W�R�µ�O�T�L�Q��
�W�D�U�T�D�O�L�V�K���[�X�V�X�V�L�\�D�W�O�D�U�L�J�D���V�H�]�L�O�D�U�O�L���W�D�¶�V�L�U���N�R�µ�U�V�D�W�D�G�L�����E�X���H�V�D���W�R�µ�O�T�L�Q���W�H�]�O�L�J�L�����G�L�V�S�H�U�V�L�\�D��
�Y�D�� �D�P�S�O�L�W�X�G�D�� �R�µ�]�J�D�U�L�V�K�L�G�D�� �N�R�µ�U�L�Q�D�G�L�� �>���@���� �0�D�J�Q�L�W�� �P�D�\�G�R�Q�L�G�D�� �W�R�µ�O�T�L�Q�� �W�D�U�T�D�O�L�V�K�L��
magnitoelastik naza�U�L�\�D�V�L�J�D�� �D�V�R�V�O�D�Q�D�G�L���� �%�X�� �M�D�U�D�\�R�Q�G�D�� �H�O�D�V�W�L�N�� �W�H�Q�J�O�D�P�D�O�D�U�� ���/�D�P�p��
�W�H�Q�J�O�D�P�D�V�L���� �Y�D�� �0�D�N�V�Y�H�O�O�� �W�H�Q�J�O�D�P�D�O�D�U�L�� �T�R�µ�O�O�D�Q�D�G�L�� �>���@���� �0�D�J�Q�L�W�� �P�D�\�G�R�Q�L�� �/�R�U�H�Q�V��
�N�X�F�K�L�� �Y�D�� �P�D�W�H�U�L�D�O�Q�L�Q�J�� �P�D�J�Q�L�W�� �[�X�V�X�V�L�\�D�W�O�D�U�L�� �R�U�T�D�O�L�� �W�R�µ�O�T�L�Q�� �W�D�U�T�D�O�L�V�K�L�J�D�� �W�D�¶�V�L�U�� �T�L�O�D�G�L 
[3,4]. 

�(�O�D�V�W�L�N�� �S�O�D�V�W�L�Q�N�D�G�D�� �W�R�µ�O�T�L�Q�� �Warqalishining asosiy tenglamasi quyidagicha 
ifodalanadi:[1]  

�O
�¼�6�—
�¼�–�6


L �:�I 
E�t�J�;�Ï�:�Ï �Û�—�; 
F�J�Ï �Û�:�Ï �Û�—�; 
E�
�Û��  

�%�X�� �\�H�U�G�D���� �!���± material zichligi, u �± �N�R�µ�F�K�L�V�K�� �Y�H�N�W�R�U�L���� ���������± �/�D�P�p��
koeffitsiyentlari, J �± tok zichligi, B �± magnit maydon vektori. 
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Bu yerda �ä�4 
F�Y�D�N�X�X�P�G�D�J�L�� �P�D�J�Q�L�W�� �R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�N���� �8�V�K�E�X�� �I�R�U�P�X�O�D�� �P�D�J�Q�L�W��
�P�D�\�G�R�Q�L���H�Q�H�U�J�L�\�D�V�L���W�R�µ�O�T�L�Q���W�H�]�O�L�J�L�Q�L���R�V�K�L�U�L�V�K�L�Q�L���N�R�µ�U�V�D�W�D�G�L�� 

�6�L�O�L�Q�G�U�L�N�� �T�R�E�L�T�G�D�� �W�R�µ�O�T�L�Q�� �W�D�U�T�D�O�L�V�K�L�� �6�L�O�L�Q�G�U�L�N�� �T�R�E�L�T�G�D�� �W�R�µ�O�T�L�Q�� �W�D�U�T�D�O�L�V�K�L�Q�L��
tavsiflovchi tenglama:[3] 

�O
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Bu yerda: w �± �U�D�G�L�D�O���N�R�µ�F�K�L�V�K��
 
�� 
L

�I �f �/

�5�6�:�5�?�•�. �;

F��  qobiq qattiqligi, E �± upruglik 

moduli, h �± qobiq qalinligi, R �± silindr radiusi, �� �± Puasson koeffitsiyenti H �± 
magnit maydon intensivligi. 

�0�D�J�Q�L�W�� �P�D�\�G�R�Q�� �W�R�µ�O�T�L�Q���F�K�D�V�W�R�W�D�V�L�� �Y�D�� �W�H�]�O�L�J�L�J�D�� �W�D�¶�V�L�U�� �T�L�O�L�E���� �G�L�V�S�H�U�V�L�R�Q��
�E�R�J�µ�O�L�T�O�L�N�Q�L���R�µ�]�J�D�U�W�L�U�D�G�L���>���@ 
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Bu yerda �& �± �W�R�µ�O�T�L�Q���F�K�D�V�W�R�W�D�V�L�����N���± �W�R�µ�O�T�L�Q���V�R�Q�L�� 
�0�D�J�Q�L�W�� �P�D�\�G�R�Q�� �/�R�U�H�Q�V�� �N�X�F�K�L�� �R�U�T�D�O�L�� �W�R�µ�O�T�L�Q�� �D�P�S�O�L�W�X�G�D�V�L�Q�L�Q�J�� �R�µ�V�L�V�K�L�� �\�R�N�L��

pasayishiga olib kelishi mumkin. Magni�W�� �P�D�\�G�R�Q�L�� �H�Q�H�U�J�L�\�D�� �\�R�µ�T�R�W�L�V�K�L�Q�L�� �R�V�K�L�U�L�E����
�W�R�µ�O�T�L�Q�Q�L�Q�J���V�R�µ�Q�L�V�K���G�D�U�D�M�D�V�L�Q�L���N�X�F�K�D�\�W�L�U�D�G�L�� 

�0�D�J�Q�L�W�� �P�D�\�G�R�Q�L�G�D�� �H�O�D�V�W�L�N�� �S�O�D�V�W�L�Q�N�D�G�D�� �W�R�µ�O�T�L�Q�� �V�K�D�N�O�L�� �Y�D�T�W�J�D�� �Q�L�V�E�D�W�D�Q��
�R�µ�]�J�D�U�D�G�L���� �0�D�V�D�O�D�Q���� �P�D�J�Q�L�W�� �P�D�\�G�R�Q�L�� �P�D�Y�M�X�G�� �E�R�µ�O�J�D�Q�G�D�� �W�R�µ�O�T�L�Q�� �W�H�]�O�L�J�L�� �Y�D��
amplitudasi oshadi, lekin dampferlik kuchayishi mumkin. Silindrik qobiqda esa 
�W�R�µ�O�T�L�Q�� �W�D�U�T�D�O�L�V�K�L�� �U�D�G�L�X�V���:�� �; va burchak �:�E�; �J�D�� �E�R�J�µ�O�L�T�� �E�R�µ�O�L�E���� �P�D�J�Q�L�W�� �P�D�\�G�R�Q�L��
�W�R�µ�O�T�L�Q�Q�L�Q�J���V�L�P�P�H�W�U�L�\�D�V�L�Q�L���E�X�]�L�V�K�L���P�X�P�N�L�Q�����>���@ 

 Xulosa qilib shuni aytish mumkinki, magnit maydoni elastik plastinka va 
silindrik �T�R�E�L�T�G�D���W�R�µ�O�T�L�Q���W�D�U�T�D�O�L�V�K���[�X�V�X�V�L�\�D�W�O�D�U�L�J�D���V�H�]�L�O�D�U�O�L���W�D�¶�V�L�U���N�R�µ�U�V�D�W�D�G�L�����7�R�µ�O�T�L�Q��
�W�H�]�O�L�J�L���Y�D���G�L�V�S�H�U�V�L�\�D���P�D�J�Q�L�W���P�D�\�G�R�Q���L�Q�W�H�Q�V�L�Y�O�L�J�L�J�D���S�U�R�S�R�U�V�L�R�Q�D�O���U�D�Y�L�V�K�G�D���R�µ�]�J�D�U�D�G�L�� 
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  �4�X�\�R�V�K�� �H�Q�H�U�J�L�\�D�V�L�� �T�D�\�W�D�� �W�L�N�O�D�Q�X�Y�F�K�L�� �H�Q�H�U�J�L�\�D�� �P�D�Q�E�D�O�D�U�L�G�D�Q�� �E�L�U�L�� �E�R�µ�O�L�E���� �X��
ekologik toza va cheksiz resurs hisoblanadi. Kremniy asosidagi quyosh elementlari 
�K�R�]�L�U�J�L�� �N�X�Q�G�D�� �N�H�Q�J�� �T�R�µ�O�O�D�Q�L�O�D�\�R�W�J�D�Q�� �I�R�W�R�Y�R�O�W�D�L�N�� �W�H�[�Q�R�O�R�J�L�\�D�O�D�U�� �R�U�D�V�L�G�D�� �H�Q�J��
samaralilaridan biridir. Biroq, tashqi omillar �± harorat, chang, nurlanish burchagi 
va boshqa muhit sharoitlari quyosh panellarining foydali ish koeffitsientiga (FIK) 
�V�H�]�L�O�D�U�O�L���G�D�U�D�M�D�G�D���W�D�¶�V�L�U���N�R�µ�U�V�D�W�D�G�L�����6�K�X���V�D�E�D�E�O�L�����X�V�K�E�X���W�D�G�T�L�T�R�W�G�D���N�U�H�P�Q�L�\���D�V�R�V�L�G�D�J�L��
quyosh elementlarining samar�D�G�R�U�O�L�J�L�Q�L�� �R�V�K�L�U�L�V�K�� �X�F�K�X�Q�� �W�D�V�K�T�L�� �R�P�L�O�O�D�U�� �W�D�¶�V�L�U�L�Q�L��
�R�µ�U�J�D�Q�L�V�K�� �Y�D�� �L�Q�Q�R�Y�D�W�V�L�R�Q�� �P�R�G�H�O�O�D�V�K�W�L�U�L�V�K�� �K�D�P�G�D�� �E�R�V�K�T�D�U�L�V�K�� �X�V�X�O�O�D�U�L�Q�L�� �L�V�K�O�D�E��
chiqish maqsad qilingan. 

�7�D�V�K�T�L���R�P�L�O�O�D�U�Q�L�Q�J���W�D�¶�V�L�U�L 

Omil �7�D�¶�V�L�U�L 
Harorat Harorat oshishi bilan samaradorlik 

pasayadi 
Chang va 

ifloslanish 
Nurlanish kamayadi, FIK pasayadi 

Nurlanish 
burchagi 

Optimal burchak samaradorlikni 
oshiradi 

Iqlim va ob-
havo 

�%�X�O�X�W�O�L���N�X�Q�O�D�U���Y�D���\�R�P�J�µ�L�U���)�,�.�Q�L��
kamaytiradi 

1. �+�D�U�R�U�D�W�Q�L�Q�J���W�D�¶�V�L�U�L�� 

Kremniy asosidagi quyosh elementlari haroratning ortishi bilan 
�V�D�P�D�U�D�G�R�U�O�L�J�L�Q�L�� �S�D�V�D�\�W�L�U�D�G�L���� �+�D�U�R�U�D�W�� �R�U�W�L�V�K�L�� �Q�D�W�L�M�D�V�L�G�D�� �\�D�U�L�P�R�µ�W�N�D�]�J�L�F�K��
�P�D�W�H�U�L�D�O�O�D�U�Q�L�Q�J�� �R�µ�]�L�J�D�� �[�R�V�� �H�O�H�N�W�U�� �[�X�V�X�V�L�\�D�W�O�D�U�L�� �R�µ�]�J�D�U�D�G�L�� �Y�D�� �Q�D�W�L�M�D�G�D�� �K�R�V�L�O��
�E�R�µ�O�D�G�L�J�D�Q���T�X�Y�Y�D�W���N�D�P�D�\�D�G�L�� 
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�7�D�G�T�L�T�R�W�O�D�U�J�D�� �N�R�µ�U�D���� �K�D�U�R�U�D�W�� �K�D�U�� ���ƒ�&�� �J�D�� �R�V�K�J�D�Q�G�D�� �N�U�H�P�Q�L�\�� �T�X�\�R�V�K�� �S�D�Q�H�O�O�D�U�L��
samaradorligi taxminan 0,3-0,5% ga kamayadi[1]. 

�%�X�� �W�D�¶�V�L�U�Q�L�� �N�D�P�D�\�W�L�U�L�V�K�� �X�F�K�X�Q�� �P�D�[�V�X�V�� �V�R�Y�L�W�L�V�K�� �W�L�]�L�P�O�D�U�L�� �Y�D�� �Y�H�Q�W�L�O�\�D�W�V�L�\�D��
�W�L�]�L�P�O�D�U�L���T�R�µ�O�O�D�Q�L�O�D�G�L�>���@�� 

2. �&�K�D�Q�J���Y�D���L�I�O�R�V�O�D�Q�L�V�K�Q�L�Q�J���W�D�¶�V�L�U�L�� 

�¾ Quyosh panellarining sirtiga chang, qum va boshqa iflosliklar 
yopishishi quyosh �Q�X�U�O�D�U�L�Q�L�Q�J���T�D�E�X�O���T�L�O�L�Q�L�V�K�L�J�D���W�R�µ�V�T�L�Q�O�L�N���T�L�O�D�G�L�� 

�¾ Tozalanmagan panellarning samaradorligi 10-30% gacha pasayishi 
mumkin[1]. 

�¾ Muqobil yechim sifatida avtomatlashtirilgan tozalash tizimlari va 
changni qaytaruvchi maxsus qoplamalar joriy qilinmoqda. 

3. Nurlanish b�X�U�F�K�D�J�L�Q�L�Q�J���W�D�¶�V�L�U�L�� 

�¾ Quyosh panellarining nurlanishga optimal burchakda joylashtirilishi 
ularning samaradorligini oshiradi. 

�¾ �%�X�U�F�K�D�N�Q�L�Q�J�� �Q�R�W�R�µ�J�µ�U�L�� �W�D�Q�O�D�Q�L�V�K�L�� �T�X�\�R�V�K�� �Q�X�U�O�D�U�L�Q�L�Q�J�� �P�D�N�V�L�P�D�O��
�\�X�W�L�O�L�V�K�L�J�D���W�R�µ�V�T�L�Q�O�L�N���T�L�O�D�G�L���Y�D���L�V�K�O�D�E���F�K�L�T�D�U�L�O�D�G�L�J�D�Q���H�Q�H�U�J�L�\�D�Q�L��kamaytiradi. 

�¾ Optimal burchak yillik quyosh nurlanishi burchagiga mos ravishda 
belgilanishi kerak. Masalan, qishda burchakni kattaroq, yozda esa kichikroq qilish 
samaradorlikni oshiradi. 

4. Iqlim va ob-havo sharoitlari: 

�¾ �%�X�O�X�W�O�L�� �N�X�Q�O�D�U�� �Y�D�� �\�R�P�J�µ�L�U�� �\�R�J�µ�L�V�K�L�� �T�X�\�R�Vh panellarining ishlab 
�F�K�L�T�D�U�L�V�K���T�X�Y�Y�D�W�L�J�D���V�H�]�L�O�D�U�O�L���G�D�U�D�M�D�G�D���W�D�¶�V�L�U���N�R�µ�U�V�D�W�D�G�L�� 

�¾ Quyoshli ob-havo sharoitlarida panellar maksimal quvvat hosil qiladi, 
�D�P�P�R���E�X�O�X�W�O�L���N�X�Q�O�D�U�G�D���E�X���N�R�µ�U�V�D�W�N�L�F�K������-70% gacha pasayishi mumkin[2]. 

�¾ �<�R�P�J�µ�L�U�� �T�L�V�T�D�� �P�X�G�G�D�W�O�L�� �W�D�¶�V�L�U�� �N�R�µ�Usatib, changni yuvib ketishi 
�K�L�V�R�E�L�J�D���E�D�¶�]�D�Q���S�D�Q�H�O�O�D�U�Q�L���W�R�]�D�O�D�V�K�J�D���K�D�P���\�R�U�G�D�P���E�H�U�D�G�L�� 

Innovatsion modellashtirish va boshqarish usullari 
1. Issiqlikni kamaytirish texnologiyalari : Quyosh panellariga maxsus 

�V�R�Y�L�W�L�V�K���W�L�]�L�P�O�D�U�L���\�R�N�L���P�D�W�H�U�L�D�O�O�D�U���T�R�µ�O�O�D�V�K���R�U�T�D�O�L���K�D�U�R�U�D�W���W�D�¶�V�L�U�L�Q�L���P�L�Q�L�P�D�O�O�D�V�K�W�L�U�L�V�K��
mumkin. 

2. Avtomatlashtirilgan tozalash tizimlari : Chang va ifloslanishni 
bartaraf etish uchun avtomatlashtirilgan tozalash mexanizmlari joriy etilishi 
mumkin[4]. 
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3. Optimal joylashtirish va kuzatish tizimlari : Quyosh panellarini 
�K�D�U�D�N�D�W�O�D�Q�W�L�U�L�V�K�� �Y�D�� �D�Y�W�R�P�D�W�L�N�� �W�D�U�]�G�D�� �H�Q�J�� �\�D�[�V�K�L�� �E�X�U�F�K�D�N�N�D�� �\�R�µ�Q�D�O�W�L�U�L�V�K�� �W�L�]�L�P�O�D�U�L��
ularning samaradorligini oshirishga yordam beradi[3]. 

4. �6�X�Q�¶�L�\���L�Q�W�H�O�O�H�N�W���Y�D���,�7���W�H�[�Q�R�O�R�J�L�\�D�O�D�U�L�Q�L���T�R�µ�O�O�D�V�K: Real vaqt rejimida 
monitoring va boshqaruv tizimlari yordamida quyosh panellarining samaradorligini 
doimiy ravishda kuzatib borish va optimallashtirish mumkin. 

5. Nano-�T�R�S�O�D�P�D�O�D�U���Y�D���L�O�J�µ�R�U���P�D�W�H�U�L�D�O�O�D�U: Chang va suvni qaytaruvchi 
nano-�T�R�S�O�D�P�D�O�D�U�� �\�R�U�G�D�P�L�G�D�� �T�X�\�R�V�K�� �S�D�Q�H�O�O�D�U�L�Q�L�Q�J�� �V�L�U�W�L�J�D�� �L�I�O�R�V�O�D�Q�L�V�K�� �W�D�¶�V�L�U�L�Q�L��
kamaytirish mumkin. 

�4�R�µ�V�K�L�P�F�K�D���W�H�[�Q�R�O�R�J�L�\�D�O�D�U���Y�D���W�D�G�T�L�T�R�W�O�D�U 
�¾ Energiya saqlash tizimlari: Quyosh panellaridan ishlab chiqarilgan 

�H�Q�H�U�J�L�\�D�Q�L�� �V�D�P�D�U�D�O�L�� �V�D�T�O�D�V�K�� �X�F�K�X�Q�� �L�O�J�µ�R�U�� �E�D�W�D�U�H�\�D�O�D�U�� �Y�D�� �H�Q�H�U�J�L�\�D�� �E�R�V�K�T�D�U�X�Y��
tizimlari ishlab chiqilmoqda. 

�¾ Ikki tomonlama quyosh panellari: Quyosh nurlarining ikki 
�\�R�µ�Q�D�O�L�V�K�G�D�� �T�D�E�X�O�� �T�L�O�L�Q�L�V�K�L�Q�L�� �W�D�¶�P�L�Q�O�D�\�G�L�J�D�Q�� �W�H�[�Q�R�O�R�J�L�\�D�O�D�U�� �S�D�Q�H�O�O�D�U��
samaradorligini oshiradi[5]. 

�¾ Aqlli monitoring tizimlari ���� �6�X�Q�¶�L�\�� �L�Q�W�H�O�O�H�N�W�� �D�V�R�V�L�G�D�� �L�V�K�O�D�\�G�L�J�D�Q��
monitoring tizimlari quyosh panellarining ishlashini real vaqt rejimida 
optimallashtiradi. 

Xulosa �.�U�H�P�Q�L�\���D�V�R�V�L�G�D�J�L���T�X�\�R�V�K���H�O�H�P�H�Q�W�O�D�U�L�J�D���W�D�V�K�T�L���R�P�L�O�O�D�U���V�H�]�L�O�D�U�O�L���W�D�¶�V�L�U��
�N�R�µ�U�V�D�W�L�V�K�L�� �V�D�E�D�E�O�L���� �X�O�D�U�Q�L�Q�J�� �V�D�P�D�U�D�G�R�U�O�L�J�L�Q�L�� �R�V�K�L�U�L�V�K�� �X�F�K�X�Q�� �L�Q�Q�R�Y�D�W�V�L�R�Q��
modellashtirish va boshqarish texnologiyalarini joriy etish zarur. Harorat, chang, 
nurlanish burchagi va iqlim sharoitlarini hisobga olib, quyosh panellarining ish 
�V�D�P�D�U�D�G�R�U�O�L�J�L�Q�L�� �R�V�K�L�U�L�V�K�� �P�X�P�N�L�Q���� �=�D�P�R�Q�D�Y�L�\�� �W�H�[�Q�R�O�R�J�L�\�D�O�D�U���� �M�X�P�O�D�G�D�Q�� �V�X�Q�¶�L�\��
intellekt va avtomatlashtirilgan boshqaruv tizimlari yordamida quyosh 
energiyasidan yanada samarali foydalanish imkoniyati yaratiladi. Ushbu 
yondashuvlar kelajakda quyosh energetikasining rivojlanishiga katta hissa 
�T�R�µ�V�K�L�V�K�L���P�X�P�N�L�Q�� 
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 Qalay (IV) nanodioksidi (SnO2���� �Q�R�\�R�E�� �[�X�V�X�V�L�\�D�W�O�D�U�J�D�� �H�J�D�� �E�R�µ�O�J�D�Q�� �P�X�K�L�P��

�P�D�W�H�U�L�D�O�� �E�R�µ�O�L�E���� �X�� �]�D�P�R�Q�D�Y�L�\�� �H�Q�H�U�J�H�W�L�N�D�G�D�� �N�H�Q�J�� �T�R�µ�O�O�D�Q�L�O�D�G�L���� �8�Q�L�Q�J�� �\�X�T�R�U�L��
�R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�J�L���� �N�R�U�U�R�]�L�\�D�J�D�� �F�K�L�G�D�P�O�L�O�L�J�L�� �Y�D�� �W�X�U�O�L�� �[�L�O�� �T�R�µ�V�K�L�P�F�K�D�O�D�U�� �\�R�U�G�D�P�L�G�D��
st�U�X�N�W�X�U�D�Q�L�� �R�µ�]�J�D�U�W�L�U�L�V�K�� �T�R�E�L�O�L�\�D�W�L�� �Q�D�Q�R�G�L�R�N�V�L�G�Q�L�� �H�Q�H�U�J�H�W�L�N�D�� �W�H�[�Q�R�O�R�J�L�\�D�O�D�U�L�� �X�F�K�X�Q��
yangi materiallarni ishlab chiqishda asosiy elementlardan biriga aylantiradi. Ushbu 
tezisda qalay (IV) nanodioksidining xususiyatlari, uning quyosh batareyalari, litiy-
ion bat�D�U�H�\�D�O�D�U�L���� �\�R�Q�L�O�J�µ�L�� �H�O�H�P�H�Q�W�O�D�U�L�� �Y�D�� �H�Q�H�U�J�H�W�L�N�D�Q�L�Q�J�� �E�R�V�K�T�D�� �V�R�K�D�O�D�U�L�G�D��
�T�R�µ�O�O�D�Q�L�O�L�V�K�L���� �V�K�X�Q�L�Q�J�G�H�N�� �X�V�K�E�X�� �P�D�W�H�U�L�D�O�Q�L�� �N�H�\�L�Q�J�L�� �W�D�G�T�L�T�� �T�L�O�L�V�K�� �Y�D�� �U�L�Y�R�M�O�D�Q�W�L�U�L�V�K��
�L�V�W�L�T�E�R�O�O�D�U�L���N�R�µ�U�L�E���F�K�L�T�L�O�D�G�L�� 

 �7�H�[�Q�R�O�R�J�L�\�D�O�D�U�Q�L�Q�J�� �U�L�Y�R�M�O�D�Q�L�V�K�L�� �Y�D�� �W�R�]�D�� �H�Q�H�U�J�L�\�D�J�D�� �E�R�µ�O�J�D�Q�� �H�K�W�L�\�R�M�Q�L�Q�J��
or�W�L�V�K�L�� �E�L�O�D�Q�� �H�Q�H�U�J�L�\�D�� �W�H�M�D�\�G�L�J�D�Q�� �\�H�F�K�L�P�O�D�U�� �X�F�K�X�Q�� �\�D�Q�J�L�� �P�D�W�H�U�L�D�O�O�D�U�Q�L�� �R�µ�U�J�D�Q�L�V�K��
�W�R�E�R�U�D�� �G�R�O�]�D�U�E�� �E�R�µ�O�L�E�� �E�R�U�P�R�T�G�D���� �1�D�Q�R�P�D�W�H�U�L�D�O�O�D�U���� �V�K�X�� �M�X�P�O�D�G�D�Q�� �T�D�O�D�\�� ���,�9����
�Q�D�Q�R�G�L�R�N�V�L�G�L���� �X�V�K�E�X�� �W�D�G�T�L�T�R�W�O�D�U�Q�L�Q�J�� �P�X�K�L�P�� �T�L�V�P�L�G�L�U���� �<�X�T�R�U�L�� �R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�N����
�N�D�W�W�D�� �V�L�U�W���� �E�D�U�T�D�U�R�U�O�L�N�� �Y�D�� �R�µzgartirish qobiliyati kabi fizik-kimyoviy xususiyatlari 
tufayli SnO2 fotoelementlar, superkondensatorlar va batareyalar kabi turli xil 
�H�Q�H�U�J�H�W�L�N�D���T�X�U�L�O�P�D�O�D�U�L�G�D���I�D�R�O���T�R�µ�O�O�D�Q�L�O�D�G�L�� 

Qalay (IV) nanodioksidining asosiy xususiyatlari 
 Qalay (IV) nanodioksidi oq �N�X�N�X�Q���E�R�µ�O�L�E�����Q�D�Q�R���R�¶�O�F�K�D�P�O�L���P�D�W�H�U�L�D�O�O�D�U���L�F�K�L�G�D��

�\�X�T�R�U�L���V�L�U�W���I�D�R�O�O�L�J�L���Y�D���\�X�T�R�U�L���R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�N���N�D�E�L���Q�R�\�R�E���[�X�V�X�V�L�\�D�W�O�D�U�Q�L���Q�D�P�R�\�L�V�K��
etadi. SnO2 �\�D�U�L�P�R�µ�W�N�D�]�J�L�F�K�Q�L�Q�J�� �Q-�W�X�U�L�� �E�R�µ�O�L�E���� �X�Q�L�Q�J�� �R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�J�L�Q�L�� �N�L�V�O�R�U�R�G��
atomlari yoki metallar kabi turli xil aralash�P�D�O�D�U���T�R�µ�V�K�L�O�L�V�K�L���E�L�O�D�Q���R�V�K�L�U�L�V�K���P�X�P�N�L�Q����
�8�V�K�E�X���[�X�V�X�V�L�\�D�W�O�D�U���X�Q�L���\�X�T�R�U�L���R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�N���Y�D���E�D�U�T�D�U�R�U�O�L�N���P�X�K�L�P���E�R�µ�O�J�D�Q���W�X�U�O�L��
xil texnologiyalarda foydalanish uchun qulay qiladi [1]. 

�(�Q�H�U�J�H�W�L�N�D�G�D���T�R�µ�O�O�D�Q�L�O�L�V�K�L 
 1. Qalay (IV) nanodioksididan foydalanishning eng istiqbolli 

�\�R�µ�Q�D�O�L�V�K�O�D�U�L�G�D�Q�� �E�L�U�L�� �T�X�\�R�V�K�� �H�Q�H�U�J�H�W�L�N�D�V�L�G�L�U���� �6�Q�22 quyosh panellarida shaffof 
�R�µ�W�N�D�]�X�Y�F�K�D�Q�� �R�N�V�L�G�O�D�U�� ���7�&�2���� �Y�D�� �I�R�W�R�N�D�W�D�O�L�]�D�W�R�U�O�D�U�� �X�F�K�X�Q�� �I�D�R�O�� �P�D�W�H�U�L�D�O�� �V�L�I�D�W�L�G�D��
ishlatiladi. Yupqa plyonkali texnologiyaga asoslangan quyosh elementlarida qalay 
(IV) nanodioksidi elektr ish faoliyatini yaxshilaydi va quyosh nurini elektr 
energiyasiga aylantirish samaradorligini oshiradi. Bundan tashqari, mexanik 
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shikastlanishga chidamliligi tufayli SnO2 asosidagi materiallar yuqori samarali 
quyosh panellarini ishlab chiqarishda asosiy komponentlarga aylanadi [2]. 

 ������ �4�D�O�D�\�� ���,�9���� �Q�D�Q�R�G�L�R�N�V�L�G�L�� �V�R�µ�Q�J�J�L�� �\�L�O�O�D�U�G�D�� �O�L�W�L�\-ion batareyalarda anodlar 
�X�F�K�X�Q���P�D�W�H�U�L�D�O���V�L�I�D�W�L�G�D���K�D�P���T�R�µ�O�O�D�Q�L�O�P�R�T�G�D�����<�X�T�R�U�L���H�O�H�N�W�U�R�N�L�P�\�R�Y�L�\���I�D�R�O�O�L�N���Y�D���W�H�]��
zaryadlash va tushirish qobiliyati tufayli qalay (IV�����Q�D�Q�R�G�L�R�N�V�L�G�L���V�L�J�µ�L�P���Y�D���[�L�]�P�D�W��
muddati kabi batareyalarning ish faoliyatini sezilarli darajada yaxshilaydi. Bunga 
�T�R�µ�V�K�L�P�F�K�D�� �U�D�Y�L�V�K�G�D���� �P�D�W�H�U�L�D�O�� �H�N�R�O�R�J�L�N�� �W�R�]�D�� �Y�D�� �R�P�P�D�Y�L�\�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�V�K�� �X�F�K�X�Q��
�P�D�Y�M�X�G�� �E�R�µ�O�L�E���� �X�Q�L�� �H�O�H�N�W�U�R�Q�L�N�D�� �Y�D�� �H�O�H�N�W�U�� �W�U�D�Q�V�S�R�U�W�� �Y�R�V�L�W�D�O�D�U�L�G�D foydalanish uchun 
jozibador qiladi [3]. 

 ������ �<�R�T�L�O�J�µ�L�� �H�O�H�P�H�Q�W�O�D�U�L�G�D�J�L�� �T�D�O�D�\�� ���,�9���� �Q�D�Q�R�G�L�R�N�V�L�G�L�� �Y�R�G�R�U�R�G�� �E�L�O�D�Q��
�L�V�K�O�D�\�G�L�J�D�Q�� �\�R�Q�L�O�J�µ�L�� �H�O�H�P�H�Q�W�O�D�U�L�� �W�R�]�D�� �H�Q�H�U�J�L�\�D�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�V�K�� �X�F�K�X�Q�� �L�V�W�L�T�E�R�O�O�L��
texnologiyalardan biridir. Qalay (IV) nanodioksidi ushbu qurilmalarda katalizator 
�V�L�I�D�W�L�G�D�� �L�V�K�O�D�W�L�O�D�G�L�� �Y�D�� �X�O�D�U�Q�L�Q�J�� �V�D�P�D�U�D�G�R�U�O�L�J�L�Q�L�� �R�V�K�L�U�D�G�L���� �2�µ�]�L�Q�L�Q�J�� �Q�R�\�R�E�� �H�O�H�N�W�U�� �Y�D��
katalitik xususiyatlari tufayli SnO2 elektrod reaksiyalarini yaxshilashga yordam 
�E�H�U�D�G�L�����E�X���H�V�D���\�R�Q�L�O�J�µ�L���H�O�H�P�H�Q�W�O�D�U�L�Q�L�Q�J���X�P�X�P�L�\���V�D�P�D�U�D�G�R�U�O�L�J�L�Q�L���R�V�K�L�U�D�G�L���>���@�� 

 4. Qalay nanodioksiddan foydalanishning afzalliklari va kamchiliklari qalay 
nanodioksidning afzalliklari uning mavjudligi, arzonligi, korroziyaga chidamliligi 
�Y�D���\�X�T�R�U�L���N�D�W�D�O�L�]�D�W�R�U���[�X�V�X�V�L�\�D�W�O�D�U�L�G�L�U�����%�L�U�R�T�����E�X���E�D�U�F�K�D���D�I�]�D�O�O�L�N�O�D�U�J�D���T�D�U�D�P�D�\�����E�D�Œ�]�L��
bir muamm�R�O�D�U�� �P�D�Y�M�X�G���� �P�D�V�D�O�D�Q���� �E�D�Œ�]�L�� �V�K�D�U�R�L�W�O�D�U�G�D�� �S�D�V�W�� �R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�N����
�V�D�P�D�U�D�G�R�U�O�L�N�Q�L���R�V�K�L�U�L�V�K���X�F�K�X�Q���T�R�µ�V�K�L�P�F�K�D���P�R�G�L�I�L�N�D�W�V�L�\�D�O�D�U�J�D���H�K�W�L�\�R�M�����V�K�X�Q�L�Q�J�G�H�N����
�P�L�T�\�R�V�L���Y�D���L�V�K�O�D�E���F�K�L�T�D�U�L�V�K���[�D�U�D�M�D�W�O�D�U�L���E�L�O�D�Q���E�R�J�µ�O�L�T���P�X�D�P�P�R�O�D�U�� 

 5. Keyingi tadqiqotlar uchun istiqbollar va yo�µ�Q�D�O�L�V�K�O�D�U�� �H�Q�H�U�J�H�W�L�N�D��
sohasidagi qalay (IV) nanodioksidining kelajagi uning samaradorligini oshirish 
�X�F�K�X�Q�� �P�D�W�H�U�L�D�O�O�D�U�� �V�L�Q�W�H�]�� �T�L�O�L�V�K�� �Y�D�� �R�µ�]�J�D�U�W�L�U�L�V�K�Q�L�Q�J�� �\�D�Q�J�L�� �X�V�X�O�O�D�U�L�Q�L�� �L�V�K�O�D�E�� �F�K�L�T�L�V�K��
�E�L�O�D�Q���E�R�J�µ�O�L�T���� �0�X�K�L�P���\�R�µ�Q�D�O�L�V�K�O�D�U�G�D�Q���E�L�U�L���T�D�O�D�\�� ���,�9���� �Q�D�Q�R�G�L�R�N�V�L�G�Q�L�Q�J���W�Xzilishi va 
�[�X�V�X�V�L�\�D�W�O�D�U�L�Q�L���K�D�U���[�L�O���K�D�U�R�U�D�W���Y�D���E�R�V�L�P�O�D�U�G�D���R�µ�U�J�D�Q�L�V�K���Y�D���L�V�K���I�D�R�O�L�\�D�W�L�Q�L���\�D�[�V�K�L�O�D�V�K��
�X�F�K�X�Q���E�R�V�K�T�D���Q�D�Q�R�]�D�U�U�D�F�K�D�O�D�U���T�R�µ�V�K�L�O�J�D�Q���\�D�Q�J�L���N�R�P�S�R�]�L�W���P�D�W�H�U�L�D�O�O�D�U�Q�L���\�D�U�D�W�L�V�K�G�L�U��
[5]. 

Xulosa 

 Qalay (IV) nanodioksidi zamonaviy energetikaning turli sohalarida 
foydalanish uchun istiqbolli materialdir. U quyosh batareyalari, litiy-ion 
�E�D�W�D�U�H�\�D�O�D�U���� �\�R�Q�L�O�J�µ�L�� �H�O�H�P�H�Q�W�O�D�U�L�� �Y�D�� �E�R�V�K�T�D�� �T�X�U�L�O�P�D�O�D�U�G�D�� �I�D�R�O�� �T�R�µ�O�O�D�Q�L�O�D�G�L���� �E�X�� �H�V�D��
ushbu texnologiyalarning samaradorligi va chidamliligini oshiradi. Kelajakda 
qalay (IV) nanodioks�L�G�L�Q�L�� �V�L�Q�W�H�]�� �T�L�O�L�V�K�� �E�R�µ�\�L�F�K�D�� �W�D�G�T�L�T�R�W�O�D�U�� �H�N�R�O�R�J�L�N�� �W�R�]�D�� �Y�D��
samarali energetikani rivojlantirish uchun yangi imkoniyatlar ochadi. 
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Kadmiy tellurid (CdTe) sirtidan sochilgan Ar+ ionlarining xarakteristik 
�W�U�D�\�H�N�W�R�U�L�\�D�O�D�U�L�Q�L���R�µ�U�J�D�Q�L�V�K 

Sadullaev Shukhrat Ravshanovich1�����5�R�µ�]�P�H�W�R�Y���5�X�V�W�D�P���5�D�P�D�Q�R�Y�L�F�K1,2 

1Abu Rayhon Beruniy nomidagi Urganch davlat universiteti. 
2Jaloliddin Manguberdi nomidagi harbiy-akademik litseyi 

Annotatsiya: 

�,�R�Q�� �V�R�F�K�L�O�L�V�K�L�� �V�S�H�N�W�U�R�V�N�R�S�L�\�D�V�L�� �]�D�P�R�Q�D�Y�L�\�� �V�L�U�W�� �W�D�K�O�L�O�� �X�V�X�O�O�D�U�L�G�D�Q�� �E�L�U�L�� �E�R�µ�O�L�E����
�P�D�W�H�U�L�D�O�O�D�U�� �V�L�U�W�L�Q�L�Q�J�� �D�W�R�P�� �W�X�]�L�O�L�V�K�L�Q�L�� �R�µ�U�J�D�Q�L�V�K�G�D�� �N�H�Q�J�� �T�R�µ�O�O�D�Q�L�O�D�G�L���� �8�V�K�E�X�� �X�V�X�O��
�R�U�T�D�O�L�� �L�R�Q�O�D�U�Q�L�Q�J�� �V�L�U�W�� �E�L�O�D�Q�� �R�µ�]�D�U�R�� �W�D�¶�V�L�U�L�� �Q�D�W�L�M�D�V�L�G�D�� �\�X�]�D�J�D�� �N�H�O�D�G�L�J�D�Q�� �H�Q�H�U�J�L�\�D��
�\�R�µ�T�R�W�L�V�K�� �Y�D�� �V�R�F�K�L�O�L�V�K�� �E�X�U�F�K�D�N�O�D�U�L�� �D�Q�L�T�O�D�Q�D�G�L���� �.�D�G�P�L�\�� �W�H�O�O�X�U�L�G�� ���&�G�7�H���� �\�D�U�L�P��
�R�µ�W�N�D�]�J�L�F�K�� �P�D�W�H�U�L�Dli sifatida keng tadqiq qilinmoqda, chunki u yuqori yutilish 
�N�R�H�I�I�L�W�V�L�\�H�Q�W�L���Y�D���W�R�µ�J�µ�U�L�G�D�Q-�W�R�µ�J�µ�U�L���H�Q�H�U�J�L�\�D���]�R�Q�D�V�L���E�L�O�D�Q���D�M�U�D�O�L�E���W�X�U�D�G�L�����8�V�K�E�X���L�V�K�G�D��
CdTe (001) <110> sirtidan Ar+ ionlarining sochilish trayektoriyalari 
modellashtirilib, ularning fizik xususiyatlari tahlil qilindi. 

�.�D�O�L�W�� �V�R�µ�]�O�D�U: kompyuter modellashtirish, ion sochilishi, yarimkanal, 
trayektoriya, CdTe. 

Asosiy qism 

Tadqiqotda Ar+ ionlarining CdTe (001) <110> sirtiga 1 keV energiyada �\ � ���ƒ��
�Y�D�� ���ƒ�� �E�X�U�F�K�D�N�O�D�U�G�D�� �W�X�V�K�L�U�L�O�L�V�K�L�� �Q�D�W�L�M�D�O�D�U�L�� �W�D�K�O�L�O��qilindi. Kompyuter modellashtirish 
�R�U�T�D�O�L�� �L�R�Q�O�D�U�Q�L�Q�J�� �V�R�F�K�L�O�L�V�K�� �W�U�D�\�H�N�W�R�U�L�\�D�O�D�U�L�� �Y�D�� �X�O�D�U�Q�L�Q�J�� �H�Q�H�U�J�L�\�D�� �\�R�µ�T�R�W�L�V�K��
xususiyatlari aniqlandi[1-3]. 

 
1-rasm. Yarim kanalli va ionli tarqalish sxemasi 

 �1�D�W�L�M�D�O�D�U�� �V�K�X�Q�L�� �N�R�µ�U�V�D�W�G�L�N�L�� Sochilgan ionlarning trayektoriyalari sirt atom 
qatori, yarimkanal devorlari va yarimkanal tubidan turlicha taqsimlanadi. Burchak 
�R�V�K�J�D�Q�� �V�D�U�L�� �L�R�Q�O�D�U�Q�L�Q�J�� �W�U�D�\�H�N�W�R�U�L�\�D�O�D�U�L�� �\�D�Q�D�G�D�� �W�R�U�D�\�D�G�L�� �Y�D�� �H�Q�H�U�J�L�\�D�� �\�R�µ�T�R�W�L�V�K��
�M�D�U�D�\�R�Q�L�� �V�H�]�L�O�D�U�O�L�� �G�D�U�D�M�D�G�D�� �R�µ�]�J�D�U�D�G�L���� �,�R�Q�O�D�U�Q�L�Q�J�� �V�R�F�K�L�O�L�V�K�� �N�R�H�I�I�L�W�V�L�\�H�Q�W�L�� �Y�D�� �H�O�D�Vtik 
�H�Q�H�U�J�L�\�D���\�R�µ�T�R�W�L�V�K�O�D�U�L���K�L�V�R�E�O�D�E���F�K�L�T�L�O�G�L���Y�D���W�X�U�O�L���E�X�U�F�K�D�N�O�D�U���X�F�K�X�Q���W�D�T�T�R�V�O�D�Q�G�L�>���@���� 
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�,�R�Q�O�D�U�Q�L�Q�J�� �V�L�U�W�� �E�L�O�D�Q�� �R�µ�]�D�U�R�� �W�D�¶�V�L�U�L�Q�L�� �F�K�X�T�X�U�U�R�T�� �R�µ�U�J�D�Q�L�V�K�� �X�F�K�X�Q��
modellashtirish natijalari quyidagicha tafsilotlarga ega:  

Sochilish jarayoni uch asosiy turga �E�R�µ�O�L�Q�D�G�L���� �V�L�U�W�� �D�W�R�P�� �T�D�W�R�U�G�D�Q�� �V�R�F�K�L�O�L�V�K����
yarimkanal devoridan sochilish va yarimkanal tubidan sochilish. Sochilish 
�W�U�D�\�H�N�W�R�U�L�\�D�O�D�U�L�� �V�L�P�P�H�W�U�L�\�D�� �[�X�V�X�V�L�\�D�W�O�D�U�L�J�D�� �H�J�D�� �E�R�µ�O�L�E���� �E�X�� �L�R�Q�O�D�U�Q�L�Q�J�� �V�L�U�W��
�J�H�R�P�H�W�U�L�\�D�V�L���E�L�O�D�Q���E�R�J�µ�O�L�T�O�L�J�L�Q�L���W�D�V�G�L�T�O�D�\�G�L�>��-6]. 

 
2-rasm. CdTe(001) <110> yuzasidan �\ � ���ƒ�����Y�D���(0=1 keV da tarqalgan Ar+ 

ionlarining traektoriyalari. 
�\ � ���ƒ���E�X�U�F�K�D�N�G�D���L�R�Q�O�D�U�Q�L�Q�J���D�N�V�D�U�L�\�D�W�L���V�L�U�W���T�D�W�R�U�G�D�Q���\�R�N�L���\�D�U�L�P�N�D�Q�D�O���G�H�Y�R�U�L�G�D�Q��

sochiladi, kam qismi esa kristall ichiga kirib qoladi. �\ � ���ƒ�� �E�X�U�F�K�D�N�G�D�� �L�R�Q�O�D�U�Q�L�Q�J��
�\�R�µ�Q�D�O�L�V�K�O�D�U�L �\�D�Q�D�G�D�� �W�D�U�W�L�E�V�L�]�O�D�V�K�D�G�L���� �E�X�� �H�V�D�� �L�R�Q�O�D�U�Q�L�Q�J�� �H�Q�H�U�J�L�\�D�� �\�R�µ�T�R�W�L�V�K�L�Q�L��
�R�V�K�L�V�K�L�J�D�� �R�O�L�E�� �N�H�O�D�G�L���� �0�R�G�H�O�O�D�V�K�W�L�U�L�V�K�� �Q�D�W�L�M�D�O�D�U�L�� �V�K�X�Q�L�� �N�R�µ�U�V�D�W�D�G�L�N�L���� �&�G�7�H�� �V�L�U�W�L��
�E�R�µ�\�O�D�E�� �L�R�Q�O�D�U�Q�L�Q�J�� �V�R�F�K�L�O�L�V�K�� �H�I�I�H�N�W�L�� �X�Q�L�Q�J�� �D�W�R�P�� �W�X�]�L�O�L�V�K�L�� �Y�D�� �L�R�Q�� �H�Q�H�U�J�L�\�D�V�L�J�D��
�E�R�J�µ�O�L�T���K�R�O�G�D���R�µ�]�J�D�U�D�G�L�����8�V�K�E�X��natijalar CdTe sirtining atom darajasida tuzilishini 
tushunish va ion-�P�D�W�H�U�L�D�O���R�µ�]�D�U�R���W�D�¶�V�L�U�L�Q�L���P�R�G�H�O�O�D�V�K�W�L�U�L�V�K�G�D���P�X�K�L�P���D�K�D�P�L�\�D�W���N�D�V�E��
etadi. 

Xulosa 

�7�D�G�T�L�T�R�W�� �Q�D�W�L�M�D�O�D�U�L�� �V�K�X�Q�L�� �N�R�µ�U�V�D�W�G�L�N�L���� �$�U���� �L�R�Q�O�D�U�L�Q�L�Q�J�� �&�G�7�H�� ������������ ���������!��
sirtidan sochilishi trayektoriyalari sirt atomlari va yarimkanal geometriyasiga 
�E�R�J�µ�O�L�T�����6�R�F�K�L�O�L�V�K���E�X�U�F�K�D�J�L���R�U�W�J�D�Q���V�D�U�L���L�R�Q�O�D�U�Q�L�Q�J���H�Q�H�U�J�L�\�D���\�R�µ�T�R�W�L�V�K�L���Y�D���V�L�U�W���E�L�O�D�Q��
�R�µ�]�D�U�R�� �W�D�¶�V�L�U�L�� �R�µ�]�J�D�U�D�G�L���� �%�X�� �P�D�¶�O�X�P�R�W�O�D�U�� �&�G�7�H�� �D�V�R�V�L�G�D�J�L�� �P�D�W�H�U�L�D�O�O�D�U�� �X�F�K�X�Q�� �L�R�Q��
bilan ishlov berish texnologiyalarini takomillash�W�L�U�L�V�K�G�D���T�R�µ�O�O�D�Q�L�O�L�V�K�L���P�X�P�N�L�Q�� 
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QUYI  AMU DARYO OXAKTOSH XOM -ASHYOSIDAN OLINGAN 
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2�©�$�1�7�(�1�1-�%�5�$�1�&�+�ª���0�&�K�-���7�R�V�K�N�H�Q�W���V�K�����2�µ�]�E�H�N�L�V�W�R�Q 

�'�X�Q�\�R�� �P�L�T�\�R�V�L�G�D�� �V�H�P�H�Q�W�� �L�V�W�H�¶�P�R�O�L�� ��������-2019 yillarda 3,5 barobarga, 1970-
2020 yillarda esa qariyib 7 barobarga oshgan. Sementning asosiy qismi beton 
ishlab chiqarishga (73%) sarflangan. Sement zahirasi  turli xil qurilish inshootlari 
va binolarida mujassam �E�R�µ�O�J�D�Q���V�H�P�H�Q�W���P�L�T�G�R�U�L�Q�L�Q�J���N�R�µ�U�V�D�W�N�L�F�K�L���K�L�V�R�E�O�D�Q�L�E�����E�D�¶�]�L��
bir rivojlangan mamlakatlarda uning darajasi aholi jon boshiga 12-30 tonnani 
�W�D�V�K�N�L�O�� �H�W�D�G�L���� �6�H�P�H�Q�W�Q�L�Q�J�� �D�K�R�O�L�� �M�R�Q�� �E�R�V�K�L�J�D�� �Q�L�V�E�D�W�D�Q�� �L�V�W�H�¶�P�R�O�L�� ������-0,8 tonna 
�R�U�D�O�L�J�µ�L�G�D�� �E�R�µ�O�L�E���� �L�V�W�H�¶�P�R�O�� �G�D�U�D�M�D�V�L�� �W�R�µ�\�L�Q�L�V�K�� �Q�X�T�W�D�V�L�J�D�� �\�H�W�J�D�Q�L�G�D�Q�� �V�R�µ�Q�J�� �V�H�P�H�Q�W��
�L�V�W�H�¶�P�R�O�L���V�W�D�E�L�O�O�D�V�K�D�G�L���Y�D���N�H�\�L�Q�F�K�D�O�L�N���S�D�V�D�\�L�V�K�L���K�D�P���N�X�]�D�W�L�O�D�G�L�� 

2000-2014 yillarda �;�L�W�R�\�G�D���V�H�P�H�Q�W���L�V�K�O�D�E���F�K�L�T�D�U�L�V�K���N�H�V�N�L�Q���R�V�K�J�D�Q�L�Q�L���N�R�µ�U�L�V�K��
�P�X�P�N�L�Q�� �Y�D�� �X�Q�L�Q�J�� �K�D�M�P�L�� ���������� �P�O�Q���� �W�R�Q�Q�D�J�D�� �\�H�W�J�D�Q���� �.�H�O�W�L�U�L�O�J�D�Q�� �P�D�¶�O�X�P�R�W�O�D�U�J�D��
�N�R�µ�U�D���� ���������� �\�L�O�G�D�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�O�J�D�Q�� �V�H�P�H�Q�W�Q�L�Q�J�� �������� �;�L�W�R�\�J�D�� �W�R�µ�J�µ�U�L�� �N�H�O�D�G�L����
Rossiyaning ulushi esa 1,4% ni tashkil etgan [1]. 

Sement klinkeri ishlab chiqarishning xom-�D�V�K�\�R���E�D�]�D�V�L�Q�L���W�R�J�µ���M�L�Q�V�O�D�U�L���Y�D���W�X�U�O�L��
xil sanoat chiqindilari tashkil etadi. Klinker xom-ashyosining karbonatli tashkil 
etuvchisi sifatida oxaktosh, mel, oxaktoshli tuf, marmar, dolomitli oxaktosh, 
oxaktoshli mergellar va boshqalar; alyumosilikatli tashkil etuvchi sifatida 
giltuproqlar, slaneslar, giltuproqli mergellar va boshqalar; kremnezyomli tashkil 
etuvchi sifatida kvars qumlari, turli xil pussolanalar, diatomit, trepel, opoka va 
�E�R�V�K�T�D�O�D�U���� �P�X�Y�R�I�L�T�O�D�V�K�W�L�U�X�Y�F�K�L�� �W�H�P�L�U�� �R�N�V�L�G�L�� �V�D�T�O�R�Y�F�K�L�� �T�R�µ�V�K�L�P�F�K�D�O�D�U�� �V�L�I�D�W�L�G�D��
�R�J�D�U�N�D�����S�R�µ�O�D�W���H�U�L�W�L�V�K���W�R�V�K�T�R�O�O�D�U�L���Y�D���V�D�Q�R�D�W���F�K�L�T�L�Q�G�L�O�D�U�L���T�R�µ�O�O�D�Q�L�O�L�V�K�L���P�X�P�N�L�Q���>���@�� 

Uch komponentli xom-�D�V�K�\�R�� �D�U�D�O�D�V�K�P�D�V�L�� �W�D�U�N�L�E�L�J�D�� �P�X�Y�R�I�L�T���� �� �³�8�F�K�� �R�µ�F�K�R�T�´��
�R�[�D�N�W�R�V�K�L�� ���������������� �³�0�H�V�K�L�N�O�L�´�� �J�L�O�V�L�P�R�Q�� �P�H�U�J�H�O�L�� �������������� �Y�D�� �W�H�P�L�U�� �T�R�µ�V�K�L�P�F�K�D��
������������ �E�R�µ�O�J�D�Q���D�U�D�O�D�V�K�P�D���O�D�E�R�U�D�W�R�U�L�\�D���W�H�J�L�U�P�R�Q�L�G�D���P�D�\�G�D�O�D�E���R�O�L�Q�G�L������������ �H�O�D�N�G�D�J�L��
qoldiq 12% ni tashkil etdi.  

Namligi 6-������ �E�R�µ�O�J�D�Q�� �D�U�D�O�D�V�K�P�D�G�D�Q�� �G�L�D�P�H�W�U�L�� ������ �P�P�� �Y�D�� �E�D�O�D�Q�G�O�L�J�L�� ������-1,2 
�P�P�� �E�R�µ�O�J�D�Q�� �[�R�P-�D�V�K�\�R�� �Q�D�P�X�Q�D�O�D�U�L�� �P�H�[�D�Q�L�N�� �T�R�µ�O�� �S�U�H�V�V�L�G�D�� �W�D�\�\�R�U�O�D�Q�G�L���� �6�K�D�N�O��
berilgan namunalar belgilanib, avvaliga atrof-muxit haroratida. Keyinchalik esa 
laboratoriya quritgichida 3 soat davomida 105-110 oC haroratda quritildi. Tajriba 
�Q�D�W�L�M�D�O�D�U�L�Q�L�� �V�R�O�L�V�K�W�L�U�L�V�K�� �P�D�T�V�D�G�L�G�D�� �³�%�(�.�2�%�2�'�6�(�0�(�1�7�´�� �$�-�� �G�D�� �W�D�\�\�R�U�O�D�Q�J�D�Q��
xom-ashyo aralashmasidan ham namunalar yuqoridagi tartibda tayyorlandi. 
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Tajriba va solishtirish uchun tayyorlangan namunalar 1500 oC ga 
�P�R�µ�O�M�D�O�Oangan programmalashtirilgan laboratoriya elektr pechida 1300-1420 oC 
�R�U�D�O�L�J�µ�L�G�D���N�X�\�G�L�U�L�O�L�E�����W�D�U�N�L�E�L�G�D���E�R�J�µ�O�D�Q�P�D�\���T�R�O�J�D�Q���N�D�O�V�L�\���R�N�V�L�G�L���P�L�T�G�R�U�L�����&�D�2erkin) 
�D�Q�L�T�O�D�Q�G�L���� �0�D�N�V�L�P�D�O�� �K�D�U�R�U�D�W�G�D�� �X�V�K�O�D�E�� �W�X�U�L�V�K�� �Y�D�T�W�L�� ������ �P�L�Q�X�W���� �%�R�J�µ�O�D�Q�P�D�\�� �T�R�O�J�D�Q��
kalsiy oksidi miqdorini (CaOerkin) aniqlash kimyoviy taxlilning etil-glitserat usulida 
GOST 5382 ga muvofiq olib borildi. 

�7�D�M�U�L�E�D�� �Y�D�� �V�R�O�L�V�K�W�L�U�L�V�K�� �X�F�K�X�Q�� �W�D�\�\�R�U�O�D�Q�J�D�Q�� �Q�D�P�X�Q�D�O�D�U�� ���������×�ƒ�&�� �J�D��
�P�R�µ�O�M�D�O�O�D�Q�J�D�Q�� �G�D�V�W�X�U�O�D�V�K�W�L�U�L�O�J�D�Q�� �O�D�E�R�U�D�W�R�U�L�\�D�� �H�O�H�N�W�U�� �S�H�F�K�L�G�D�� ���������±���������×�ƒ�&��
�R�U�D�O�L�J�µ�L�G�D�� �N�X�\�G�L�U�L�O�L�E���� �W�D�U�N�L�E�L�G�D�J�L�� �E�R�J�µ�O�D�Q�P�D�J�D�Q�� �N�D�O�V�L�\�� �R�N�V�L�G�L�� �P�L�T�G�R�U�L�� ���&�D�2erkin) 
�D�Q�L�T�O�D�Q�G�L�����0�D�N�V�L�P�D�O���K�D�U�R�U�D�W�G�D���X�V�K�O�D�E���W�X�U�L�V�K���Y�D�T�W�L���������G�D�T�L�T�D���E�R�µ�O�G�L�����%�R�J�µ�O�D�Q�P�D�J�D�Q��
kalsiy oksidi miqdorini aniqlash kimyoviy tahlilning etil-glitserat usulida GOST 
5382 ga muvofiq olib borildi. 

Kal�V�L�\�� �R�N�V�L�G�L�Q�L�� �R�µ�]�O�D�V�K�W�L�U�L�V�K�� �N�L�Q�H�W�L�N�D�V�L�G�D�Q�� �N�R�µ�U�L�V�K�� �P�X�P�N�L�Q�N�L���� �W�D�M�U�L�E�D�Y�L�\�� �Y�D��
�³�%�(�.�2�%�2�'�6�(�0�(�1�7�´���$�-���D�U�D�O�D�V�K�P�D�O�D�U�L�G�D�����������×�ƒ�&���K�D�U�R�U�D�W�G�D���E�R�J�µ�O�D�Q�P�D�J�D�Q���&�D�2��
�Q�L�Q�J�� �P�L�T�G�R�U�L�� �W�H�Q�J�� �E�R�µ�O�L�V�K�L�J�D�� �T�D�U�D�P�D�\���� ���������×�ƒ�&�� �J�D�� �N�H�O�L�E�� �E�R�J�µ�O�D�Q�P�D�J�D�Q�� �&�D�2�� �Q�L��
�R�µ�]�O�D�V�K�W�L�U�L�V�K�G�D�J�L�� �I�D�U�T�� �V�H�]�L�O�D�U�O�L�� �E�R�µ�O�L�E�� �T�R�O�D�G�L���� �6�K�X�Q�L�� �K�D�P�� �D�\�W�L�E�� �R�µ�W�L�V�K�� �N�H�U�D�N�N�L����
�E�R�J�µ�O�D�Q�P�D�J�D�Q���&�D�2���Q�L�Q�J���P�L�T�G�R�U�L���W�D�M�U�L�E�D�Y�L�\���D�U�D�O�D�V�K�P�D�G�D�����������×�ƒ�&���K�D�U�R�U�D�W�G�D���*�2�6�7��
34850 talablari darajasidadir. �'�H�P�D�N���� �W�D�M�U�L�E�D�Y�L�\�� �D�U�D�O�D�V�K�P�D�� ���������×�ƒ�&�� �K�D�U�R�U�D�W�G�D��
kuydirilganida talabga javob beradigan klinker olinar ekan. Bu esa, klinkerning 
�N�X�\�G�L�U�L�O�L�V�K���K�D�U�R�U�D�W�L�Q�L�������×�ƒ�&���J�D���S�D�V�D�\�W�L�U�L�V�K���L�P�N�R�Q�L�Q�L���E�H�U�D�G�L�� 

Tajribaviy klinkering rentgenofaza tahlili natijalari shuni ko�µrsatadiki, 
tajribaviy klinker tarkibida yaxshi shakllangan mineral fazalar mavjud. Ularning 
difraksiya chiziqlari quyidagi asosiy minerallarga mos keladi. Klinker strukturasida 
�\�D�[�V�K�L�� �V�K�D�N�O�O�D�Q�J�D�Q�� �P�L�Q�H�U�D�O�O�D�U�Q�L�Q�J�� �G�L�I�U�D�N�V�L�R�Q�� �F�K�L�]�L�T�O�D�U�L�� �E�R�U�� �E�R�µ�O�L�E���� �X�O�D�U�� �&3S 
���G� ������������������������ ���������������������c��, C2�6�� ���G� ������������ ���������������������������������c��, C3A (d=1,89; 2,82; 
������������ ���������c���� �Y�D�� �&4AF (d=2,003; 2,1������ ���������c���� �O�D�U�J�D�� �P�D�Q�V�X�E�G�L�U���� �%�R�J�µ�O�D�Q�P�D�J�D�Q��
C�D�2�� �Q�L�Q�J�� �P�L�T�G�R�U�L�� ������ �G�D�Q�� �N�D�P�� �E�R�µ�O�J�D�Q�L�� �X�F�K�X�Q�� �X�Q�L�Q�J�� �S�D�V�W�� �L�Q�W�H�Q�V�L�Y�� �F�K�L�]�L�T�O�D�U�L�� ����
�G� ���������������������������������c�����N�X�]�D�W�L�O�D�G�L���� 

�6�K�X�Q�L�Q�J�G�H�N���� �E�R�J�µ�O�D�Q�P�D�J�D�Q�� �N�D�O�V�L�\�� �R�N�V�L�G�L�� ���H�U�N�L�Q�� �&�D�2���� �P�L�T�G�R�U�L�� ������ �G�D�Q�� �N�D�P��
�E�R�µ�O�J�D�Q�L���X�F�K�X�Q���X�Q�L�Q�J���S�D�V�W���L�Q�W�H�Q�V�L�Y�O�Lkdagi difraksiya chiziqlari (d = 1,70; 2,30; 2,46 
�c�����N�X�]�D�W�L�O�D�G�L�� 

Bu natijalar tajribaviy klinkerning mineral tarkibi va uning sifatini baholashda 
muhim ahamiyatga ega. Klinker tarkibidagi asosiy mineral fazalar (C�ŽS, C�•S, C�ŽA, 
C�•AF) sementning mustahkamligi, qotish tezligi va boshqa xususiyatlariga 
�E�H�Y�R�V�L�W�D�� �W�D�µ�V�L�U�� �N�R�µ�U�V�D�W�D�G�L���� �(�U�N�L�Q�� �&�D�2�� �P�L�T�G�R�U�L�Q�L�Q�J�� �S�D�V�W�� �E�R�µ�O�L�V�K�L�� �H�V�D�� �N�O�L�Q�N�H�U�Q�L�Q�J��
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�W�R�¶�O�L�T�� �N�X�\�G�L�U�L�O�J�D�Q�O�L�J�L�Q�L�� �Y�D�� �V�L�I�D�W�O�L�� �H�N�D�Q�O�L�J�L�Q�L�� �N�R�µ�U�V�D�W�D�G�L���� �%�X�� �H�V�D���� �R�µ�]�� �Q�D�Y�E�D�W�L�G�D����
sementning sifatini oshirishga xizmat qiladi. 

Demak, tadqiq qilinayotgan Quyiamudaryo oxaktosh xom-ashyolari asosidagi 
�N�O�L�Q�N�H�U�� �D�Q�¶�D�Q�D�Y�L�\�� �W�H�[�Q�R�O�R�J�L�\�D�� �E�R�µ�\�L�F�K�D�� �R�O�L�Q�D�G�L�J�D�Q�� �N�O�L�Q�N�H�U�J�D�� �Q�L�V�E�D�W�D�Q�� ����-70 oC 
past haroratlarda olinadi. 1380 oC �K�D�U�R�U�D�W�G�D�� �N�X�\�G�L�U�L�O�J�D�Q�� �N�O�L�Q�N�H�U�G�D�� �E�R�J�µ�O�D�Q�P�D�J�D�Q��
CaO  1,9% dan oshmaydi. 

�)�R�\�G�D�O�D�Q�L�O�J�D�Q���D�G�D�E�L�\�R�W�O�D�U���U�R�µ�\�[�D�W�L 
1. �;�Z�r�f�Z�d�h�\�� �B���:���� �I�_�j�k�i�_�d�l�b�\�u�� �j�Z�a�\�b�l�b�y�� �b�� �^�_�d�Z�j�[�h�g�b�a�Z�l�k�b�b��

�p�_�f�_�g�l�g�h�c�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �f�b�j�Z�����N�m�g�^�Z�f�_�g�l�Z�e�g�Z�y�� �b�� �i�j�b�d�e�Z�^�g�Z�y��
�d�e�b�f�Z�l�h�e�h�]�b�y, 2023. - �L����������- �‹��������- �K��������-���������^�h�b����������������������������-8758-2023-1-
33-64. 

2. �;�m�l�l�� �X���F������ �K�u�q�_�\�� �F���F������ �L�b�f�Z�r�_�\�� �<���<���� �O�b�f�b�q�_�k�d�Z�y�� �l�_�o�g�h�e�h�]�b�y��
�\�y�`�m�s�b�o�� �f�Z�l�_�j�b�Z�e�h�\���� �M�q�_�[�g�b�d�� �^�e�y�� �\�m�a�h�\, �i�h�^�� �j�_�^���� �<���<���L�b�f�Z�r�_�\�Z�����±�F������
�<�u�k�r�����r�d�h�e�Z�����������������± ���������k�� 
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Q.Qarshiev., M.Rustamova 
�2�µzb�_�N�L�V�W�h�Q-Finl�Zndiy�Z P�_d�Z�J�h�J�L�N�Z Instituti 

�2�µzb�_�N�L�V�W�h�Q�����6�Zm�Zrq�Znd Sh.,140100. Spit�Zm�_n sh�h�K���N�R�µ�F�K�Zsi 166-uy. 

�0�D�¶�O�X�P�N�L���� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L�Q�L�Q�J�� �V�X�Y�G�D�J�L�� �J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L�� �E�L�O�D�Q�� �R�µ�]�D�U�R��
�W�D�¶�V�L�U�O�D�V�K�X�Y�L�� �W�X�I�D�\�O�L�� �R�U�T�D�J�D�� �V�R�F�K�L�O�D�\�R�W�J�D�Q�� �W�R�µ�O�T�L�Q�O�D�U�Q�L�Q�J�� �V�R�F�K�L�O�L�V�K�� �L�Q�G�L�N�D�W�U�L�V�D�V�L�G�D��
kuchayish hodisasi kuzatilgan [1-���@���� �2�U�T�D�J�D�� �V�R�F�K�L�O�D�\�R�W�J�D�Q�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L��
�D�P�S�O�L�W�X�G�D�V�L�� �E�L�U�O�D�P�F�K�L�� �W�R�Y�X�V�K�� �P�D�Q�E�D�L�Q�L�Q�J�� �L�Q�W�H�Q�V�L�Y�O�L�J�L�J�D�� �E�R�J�µ�O�L�T�� �E�R�µ�O�D�G�L���%�H�Y�R�V�L�W�D��
tajribada orqag�D�� �V�R�F�K�L�O�D�\�R�W�J�D�Q�� �� �N�R�J�H�U�H�Q�W�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L�� �� �H�I�I�H�N�W�L�Y�O�L�J�L�Q�L�Q�J�� �J�D�]��
pufakchalari va tovush nurlanishi manbaiga berilayotgan kuchlanishga 
�E�R�J�µ�O�L�T�O�L�J�L�Q�L�� �W�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�V�L�]�� �Y�D�� �W�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�Q�L�� �T�R�µ�O�O�D�V�K�� �Q�D�W�L�M�D�V�L�G�D��
�R�µ�U�J�D�Q�L�V�K�J�D���E�D�J�µ�L�V�K�O�D�Q�J�D�Q���� �7�D�M�U�L�E�D�� �L�P�S�X�O�V�� �U�H�M�L�P�L�G�D�� �R�µ�W�N�D�]�L�O�G�L���� �W�R�Y�X�V�K�� �P�D�Q�E�D�L�Q�L�Q�J��
rezonans chastotasi 3 �0�*�V���W�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�� �G�L�D�P�H�W�U�L�� ������ �P�P�� �Y�D�� �X�]�X�Q�O�L�J�L�� ������ �V�P��
�E�R�µ�O�J�D�Q�� �V�K�L�V�K�D�� �W�U�X�E�D�� �E�R�µ�O�L�E���� �J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L�� �P�D�Q�E�D�L�J�D�� �E�H�U�L�O�D�\�R�W�J�D�Q�� �N�X�F�K�O�D�Q�L�V�K��
(U) 30 va 50 V ni tashkil qildi. Gaz pufakchalarining konsentratsiyasi ana shu 
berilayotgan kuchlanish-�J�D���E�R�J�µ�O�L�T���U�D�Y�L�V�K�G�D���R�µ�]�J�D�U�W�L�U�L�O�G�L���� 

Tajriba qurilmasining sxemasi 1-rasmda berilgan.   

 
Rasm 1, a                                                 Rasm 1, b 

�7�D�M�U�L�E�D�G�D�� �J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L�� �P�D�[�V�X�V�� �P�H�W�D�O�O�� �V�L�P�� �W�R�µ�U�� �Y�D�� �P�H�W�D�O�O�� �S�O�D�V�W�L�Q-kadan 
�\�D�V�D�O�J�D�Q�� �R�µ�O�F�K�D�P�L�� ���[�����O�I�6 �E�R�µ�O�J�D�Q�� �N�Y�D�G�U�D�W�� �V�K�D�N�O�L�G�D�J�L�� �J�D�]�� �S�X�I�D�N�F�K�D-larini hosil 
qiluvchi moslama tok manbaiga ulanib suv solingan idishda tovush manbaidan 
tarqalayotgan  tovush to�µ�O�T�L�Q�L���E�L�O�D�Q���R�µ�]�D�U�R���W�D�¶�V�L�U�O�D�V�K�X�Y�F�K�L���J�D�]���S�X�I�D�N�F�K�D�O�D�U�L���X�V�W�X�Q�L�Q�L����
�K�R�V�L�O�� �T�L�O�D�G�L���� �%�X�� �R�µ�]�D�U�R�� �W�D�¶�V�L�U�O�D�V�K�X�Y�L�� �Q�D�W�L�M�D�V�L�G�D�� �L�N�N�L�� �P�X�K�L�W�� �F�K�H�J�D�U�D�V�L�� ���V�X�Y-havo) da 
�W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�L�Q�L�Q�J�� �W�X�U�O�L�� �W�R�P�R�Q�J�D�� �V�R�F�K�L�O�L�V�K�L���� �V�K�X�� �M�X�P�O�D�G�D�Q�� �R�U�T�D�J�D�� �T�D�\�W�L�V�K�L�� �K�D�P��
�V�R�G�L�U���E�R�µ�O�D�G�L���� 

Ushbu maqolani�Q�J�� �D�V�R�V�L�\�� �P�D�T�V�D�G�L�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L�Q�L�Q�J�� �J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L��
�E�L�O�D�Q�� �R�µ�]�D�U�R�� �W�D�¶�V�L�U�O�D�V�K�X�Y�L�� �Q�D�W�L�M�D�V�L�G�D�� �R�U�T�D�J�D�� �T�D�\�W�D�\�R�W�J�D�Q�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L�Q�L�Q�J��
effektivligini oshirish masalasiga qaratilgan. Suvda hosil qilingan gaz pufakchalari 
fotoapparat yordamida suratga tushirib olindi va IZA -������ �R�µ�O�F�K�R�Y�� �D�V�E�R�E�L��
�\�R�U�G�D�P�L�G�D�� �R�µ�O�F�K�D�P�O�D�U�L�� �R�µ�O�F�K�D�E�� �R�O�L�Q�G�L���� �*�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L�Q�L�Q�J�� �R�µ�U�W�D�F�K�D�� �G�L�D�P�H�W�U�L�� ����
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H�s�r�?�6�P�P�� �Q�L�� �W�D�V�K�N�L�O�� �T�L�O�G�L���� �7�D�M�U�L�E�D�G�D�� �R�µ�O�F�K�D�Q�J�D�Q�� �J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�Q�L�Q�J�� �R�µ�U�W�D�F�K�D��
�R�µ�O�F�K�D�P�L�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�L�Q�L�Q�J�� �X�]�X�Q�O�L�J�L�G�D�Q���1 10 marta kichik (�1 �������� �P�P�� ���� �E�R�µ�O�G�L����
Olingan tajriba natijalariga nazar solsak  gaz pufakchalari manbaiga berilgan 
�N�X�F�K�O�D�Q�L�V�K�� ������ �9�� �Y�D�� ������ �9�� �E�R�µ�O�J�D�Q�G�D �J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L�G�D�Q�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�L�Q�L�Q�J��
qaytish koeffitsienti tovush intensivliklari 1 dan 6,5 vt/sm2 �J�D���R�µ�]�J�D�U�J�D�Q�G�D���G�H�\�D�U�O�L��
�E�L�U���[�L�O���R�µ�]�J�D�U�L�V�K�L���N�X�]�D�W�L�O�L�E�����F�K�L�]�L�T�O�L��
ravishda oshishi kuzatildi (Rasm 2 
(�¿,�Ý�;)  Qaytish koeffitsientining 
�R�µ�]�J�D�U�L�V�K�L�� �W�R�Y�X�V�K�� �L�Q�W�H�Q�V�L�Y�O�L�J�L�� ����
Vt/sm2 da �1 0,1 ni tashkil qilsa , 
6,5 Vt/sm2 da qaytish 
koeffitsientining qiymati �10,3 ni 
tashkil qilib 3 martaga oshishi 
�N�X�]�D�W�L�O�G�L���� �7�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L�Q�L�Q�J��
�J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L�� �E�L�O�D�Q�� �R�µ�]�D�U�R��
�W�D�¶�V�L�U�O�D�V�K�X�Y�L�G�D���R�U�T�D�J�D���T�D�\�W�D�\�R�W�J�D�Q��
�W�R�Y�X�V�K���W�R�µ�O�T�L�Q�L���T�D�\�W�L�V�K���N�R�H�I�I�L�W�V�L�H�Q�W�L��
R ning effektivligini oshirish 
maqsadida tajribada diametri 2,5 sm va uzunligi 30 sm b�R�µ�O�J�D�Q���V�K�L�V�K�D���Q�D�\�����W�R�µ�O�T�L�Q��
�R�µ�W�N�D�]�J�L�F�K���� �G�D�Q�� �I�R�\�G�D�O�D�Q�L�O�G�L���� �7�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�V�L�]�� �R�µ�W�N�D�]�L�O�J�D�Q�� �W�D�M�U�L�E�D�G�D�� �R�U�T�D�J�D��
�T�D�\�W�J�D�Q���W�R�Y�X�V�K���W�R�µ�O�T�L�Q�L���H�Q�H�U�J�L�\�D�V�L�Q�L�Q�J���E�D�U�F�K�D�V�L���W�R�Y�X�V�K���P�D�Q�E�D�L�J�D�����T�D�E�X�O���T�L�O�J�L�F�K�J�D����
�T�D�\�W�P�D�V�G�D�Q���� �P�D�¶�O�X�P�� �T�L�V�P�L�� �D�W�U�R�I�� �P�X�K�L�W�J�D�� �V�R�F�K�L�O�L�V�K�L�� �V�R�G�L�U�� �E�R�µ�O�D�G�L���� �\�D�¶�Q�L��
�H�Q�H�U�J�L�\�D�Q�L�Q�J�� �\�R�µ�T�R�W�L�O�L�V�K�L�J�D�� �R�O�L�E�� �N�H�O�D�G�L���� �$�Q�D�� �V�K�X�� �\�R�µ�T�R�W�L�V�K�O�D�U�Q�L�� �E�D�U�W�D�U�D�I�� �H�W�L�V�K��
�P�D�T�V�D�G�L�G�D�� �W�D�M�U�L�E�D�G�D�� �W�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�G�D�Q�� �I�R�\�G�D�O�D�Q�L�O�G�L���� �%�X�� �H�V�D�� �R�µ�]�� �V�D�P�D�U�D�V�L�Q�L��  
�E�H�U�J�D�Q�O�L�J�L�Q�L�� �W�D�M�U�L�E�D�� �Q�D�W�L�M�D�O�D�U�L�G�D�Q�� �K�D�P�� �N�R�µ�U�L�Q�L�E�� �W�X�U�L�E�G�L�� ���5�D�V�P�� �������� �2�O�L�Q�J�D�Q�� �Q�D�W�L�M�D�O�D�U��
�N�R�µ�U�V�D�W�D�G�L�N�L���� �W�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�Q�L�Q�J�� �T�R�µ�O�O�D�Q�L�O�L�V�K�L���� �J�D�]�� �S�X�I�D�N�F�K�D�O�D�U�L�G�D�Q�� �R�U�T�D�J�D��
�V�R�F�K�L�O�D�\�R�W�J�D�Q�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L�Q�L�Q�J�� �T�D�\�W�L�V�K�� �N�R�H�I�I�L�W�V�L�H�Q�W�L�� �H�I�I�H�N�W�L�Y�O�L�J�L�Q�L�� �D�Q�F�K�D��
�R�V�K�L�U�D�U�� �H�N�D�Q���� �7�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�� �T�R�µ�O�O�D�Q�L�O�J�D�Q�� �S�D�\�W�G�D�� �T�D�\�G�� �T�L�O�L�Q�J�D�Q�� �T�D�\�W�L�V�K��
�N�R�H�I�I�L�W�V�L�H�Q�W�L���T�L�\�P�D�W�L���W�R�µ�O�T�L�Q���R�µ�W�N�D�]�J�L�F�K�V�L�]���S�D�\�W�G�D���T�D�\�G���T�L�O�L�Q�J�D�Q���T�L�\�P�D�W�J�D���Q�L�V�E�D�W�D�Q��
turli tovush intensivliklarida taxminan 1,6-2,8 martani tashkil qildi (Rasm 2 ( �� �á�Ö 
)). 

�6�K�X�Q�G�D�\�� �T�L�O�L�E�� ���� �W�D�M�U�L�E�D�G�D�� �W�R�µ�O�T�L�Q�� �R�µ�W�N�D�]�J�L�F�K�Q�L�Q�J�� �T�R�µ�O�O�D�Q�L�O�L�V�K�L�� �W�X�I�D�\�O�L�� �V�X�Y�G�D�J�L��
gaz pufakchalaridan orqaga sochilayo�W�J�D�Q�� �W�R�Y�X�V�K�� �W�R�µ�O�T�L�Q�O�D�U�L�� �T�D�\�W�L�V�K��
koeffitsientining effektivligini sezilarli darajada oshirar ekan. 
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GOSSIPOL SIRKA  KI SLOTASINING FIZIK  �± KIMYOVIY  
ASOSLARI  

A.E. Alimov 1, Q.J. Rejepov2, A.X. Islomov2
, 
   

1Guliston davlat universiteti, �*�X�O�L�V�W�R�Q���V�K�D�K�U�L�����2�¶�]�E�H�N�L�V�W�R�Q���� 
2�2�¶�]�)�$���%�L�R�R�U�J�D�Q�L�N���N�L�P�\�R���L�Q�V�W�L�W�X�W�L�����7�R�V�K�N�H�Q�W���V�K�D�K�U�L, �2�¶�]�E�H�N�L�V�W�R�Q���� 

 Gossipol moylarda yaxshi eriydi. Uning shu xususiyatidan foydalanib, 
chigit-�Q�L�� �W�X�J�¶�U�L�G�D�Q�� �W�X�J�¶�U�L�� �V�R�Y�X�T�� �S�U�H�V�O�D�V�K�� �X�V�X�O�L�� �E�L�O�D�Q�� �\�D�G�U�R�G�D�J�L�� �W�X�J�X�Q�F�K�D�O�D�U�G�D��
�M�R�\�O�D�V�K�J�D�Q�� �J�R�V�V�L�S�R�O�� �S�L�J�P�H�Q�W�L�Q�L�� �P�R�\�J�D�� �R�¶�W�N�D�]�L�O�D�G�L���� �%�X�Q�G�D�� �H�U�N�L�Q�� �J�R�V�V�L�S�R�O�Q�L�Q�J��
yuqori haroratda oqsillarga birikib qolishini va parchalanib ketishini kamaytirish 
maqsadida pressdan chiqayotgan moyning harorati 600�K�� �G�D�Q�� �R�V�K�L�U�L�O�P�D�\�G�L���� �6�R�Y�X�T��
�S�U�H�V�V�V�O�D�E�� �R�O�L�Q�J�D�Q�� �N�R�¶�S�� �J�R�V�V�L�S�R�O�O�L�� �P�R�\�� �R�¶�]�L�G�D�� �������� ��-3,5 % gacha erkin gossipol 
tutadi [1]. 

Hozir sanoat va yarim sanoat miqiyosida ishlab chiqarilyotgan gossipol sirka 
kislotasi (GSK) chigitni sovuq usulda ezib olingan kup gosssipol moydan dastlab 
texnik gossipol holatida ajratib olinadi. Bu texnik gossipol kukunida toza gossipol 
�P�L�T�G�R�U�L�����������G�D�Q���W�R�����������J�D�F�K�D���E�R�¶�O�D�G�L��[2]. 

Texnik gossipol ajratib olish uchun �N�R�¶�S gossipolli moyning kislota soniga 
muvofiq hisob qilingan natriy gidroksidi (NaOH) ning suyuq eritmasi bilan moyni 
yumshoq rafinatsiya-forrafinatsiya jarayoni �R�¶�W�N�D�]�L�O�D�G�L�� Bu jarayon natijasida �R�¶�] 
tar-kibida gossipolning natriyli tuzi, sovun fosfatidlari va boshqa �\�R�¶�O�G�R�V�K 
moddalar tutgan suyuq soapstok hosil �E�R�¶�O�D�G�L�� Suyuq soapstokni moydan ajratib, 
�V�X�O�¶�I�D�W kislo-tasi eritmasi yordamida parchalanadi, natijada gossipolning natriyli 
tuzi parchalanib gossipol erkin holatga �R�¶�W�D�G�L va �\�R�J�¶ kislotalari, fosfatidlar va 
boshqa �\�R�¶�O�G�R�V�K mod-dalar bilan aralashgan holda suv yuziga qalqib chiqadi. �+�R�¶�O�� 
�\�R�J�¶�O�L�� �R�¶�]�L�G�D gossipol tutgan bu massa filtirlanadi, ekstrakt benzinida 
�\�R�J�¶�V�L�]�O�D�Q�W�L�U�L�O�D�G�L va quritiladi hamda maydalanadi. Bu usul ikki  bosqichda olib 
boriladi. Birinchi bosqichda gossipolni natriy gidroksid ishtirokida suvda eruvchan 
natriyli tuzi hosil qilinadi. Bu kimyoviy jarayon 1-sxemada keltirilgan. 

Paxta moyi tarkibidagi erkin gossipol Gossipolning natriyli tuzi  
1-sxema. Natriy gidroksid ishtirokida gossipolning suvda eruvchan natriyli 

tuzini hosil �E�R�¶�O�L�V�K�L 
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Ikkinchi bosqichda gossipolning natriyli tuzini sulfat kislota ishtirokida 
parcha-lash natijasida erkin gossipol hosil �E�R�¶�O�D�G�L�� Bu jarayonning kimyoviy 
reaktsiyasi quyidagi 2-sxema �E�R�¶�\�L�F�K�D olib boriladi. 

 
     Gossipolning natriyli tuzi      Erkin gossipol 
2-sxema. Gossipolning natriyli tuzini sulfat kislota ishtirokida parchalaganda 

erkin gossipol hosil �E�R�¶�O�L�V�K�L 
Texnik gossipoldan gossipol sirka kislotasi (GSK)ni olish. Texnik gossipol 

tar-kibidagi erkin gossipolni ekstraktsiya usuli bilan erituvchiga-atsetonga 
�R�¶�W�N�D�]�L�O�D�G�L�� �\�L�J�¶�L�O�J�D�Q atsetonli eritma vakuum �E�R�¶�J�¶�O�D�W�L�V�K apparatida �T�R�¶�\�L�O�W�L�U�L�O�D�G�L 
va konsentr-langan muz sirka kislotasi yordamida gossipol sirka kislotasi 
�F�K�R�¶�N�W�L�U�L�O�D�G�L �F�K�R�¶�N�P�D avval sirka kislotasi:atseton 1:1 nisbatdagi aralashmasida 
keyin geksanda yuviladi va quritiladi �V�R�¶�Q�J esa maydalanadi. Birinchi chuktirishda 
olingan 1-GSK tarkibidagi asosiy modda miqdori 50-80% atrofida �E�R�¶�O�D�G�L�� 1-GSK 
ni tozalash jarayoni; uni yana atsetonda eritish va muz sirka kislotasi yordamida 
qayta �F�K�R�¶�N�W�L�U�L�E�� �F�K�R�¶�N�P�D�Q�L filtr -lash jarayonida sirka kislotasi va atseton 
aralashmasida �V�R�¶�Q�J geksanda yuvilib quritiladi va maydalanadi[3]. 2-GSK sining 
tozalik �G�D�U�D�M�D�V�L�����������G�D�Q���N�D�P���E�R�¶�O�P�D�V-ligi kerak. Olingan moddalar yupqa qatlamli 
�[�U�R�P�D�W�R�J�U�D�I�L�\�D�� ���<�X�.�;���� �\�R�¶�O�L�� �E�L�O�D�Q�� �E�H�Q�]�R�O���� �D�W�V�H�W�R�Q�� ������������ �Y�D�� �J�H�N�V�D�Q���� �D�W�V�H�W�R�Q�� ������������
sistemalarda tekshirilganda bu modda-larning Rf qiymatlari benzol:atseton (5:1) 
sistemasida 0,7-0,8 va geksan: atseton (3:1) sistemasida 0,26-0,33 intervali 
�R�U�D�O�L�J�¶�L�G�D���Q�D�P�R�\�R�Q���E�R�¶�O�D�G�L�� Gossipol sirka kislotasini struktura formulasi 2-rasmda 
keltirilgan [4]. 

 
2-rasm. Gossipol sirka kislotasini struktura formulasi 

      
    texnik gossipol 1-GSK 2-GSK 
3-rasm. �<�R�J�¶�V�L�]�O�D�Q�W�L�U�L�O�J�D�Q texnik gossipol kristalizatsiya bosqichlardan �V�R�¶�Q�J 

hosil �E�R�¶�O�J�D�Q 1-GSK, 2-GSK lar 
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�f�Z�p�_�\�l�b�d�Z���k�h���Z�k�b�g�b�g�]���^�h�e�a�Z�j�[���f�m�Z�f�f�h�k�b�����b�k�h�[�e�Z�g�Z�^�b�����F�Z�\�`�m�^���[�†�e�]�Z�g���^�h�j�b��
�\�h�k�b�l�Z�e�Z�j�b�]�Z���g�b�k�[�Z�l�Z�g���[�Z�d�l�_�j�b�y���\�Z���\�b�j�m�k�e�Z�j���q�b�^�Z�f�e�b�e�b�]�b�g�b�g�]���h�j�l�b�r�b���\�Z�a�b-
�y�l�g�b���y�g�Z�^�Z���h���b�j�e�Z�r�l�b�j�f�h���^�Z���� 

�;�m�� �f�m�Z�f�f�h�g�b�� �[�Z�j�l�Z�j�Z�n�� �w�l�b�r�� �m�q�m�g�� �\�b�j�m�k�� �\�Z�� �[�Z�d�l�_�j�b�y�e�Z�j�]�Z�� �g�b�k�[�Z�l�Z�g��
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KALSIY SILIKATLARNING GIDRATLANI SH JARAYONI VA 
�%�(�7�2�1���0�8�6�7�$�+�.�$�0�/�,�*�,�*�$���7�$�¶�6�,�5�, 

1�6�D�Q�µ�D�W���.�X�U�E�D�Q�E�D�H�Y�L�F�K���'�R�µ�V�F�K�D�Q�R�Y����2Bayjanov Islom Rajabboevich. 
Abu Rayhon Beruniy nomidagi Urganch davlat universiteti, Urganch shahri, 

�2�µ�]�E�H�N�L�V�W�R�Q���5�H�V�S�X�E�O�L�N�D�V�L 
duschanovs81@gmail.com,  rajrajrajradju@gmail.com 

Mamlakatimizda qurilish materiallari va buyumlari sanoatining jadal 
�U�L�Y�R�M�O�D�Q�L�V�K�L�Q�L�� �W�D�¶�P�L�Q�O�D�V�K�� �X�F�K�X�Q�� �P�D�Y�M�X�G�� �U�H�V�X�U�V�O�D�U�G�D�Q�� �V�D�P�D�U�D�O�L�� �I�R�\�G�D�O�D�Q�L�V�K���� �X�O�D�U�Q�L��
tejash va ortiqcha sarf-xarajatlarning oldini olish muhim ahamiyatga ega. 
�2�‹�]�E�H�N�L�V�W�R�Q�� �5�H�V�S�X�E�O�L�N�D�V�L�G�D�� ��������-yilning yanvar-iyun oylarida yirik korxonalar 
tomonidan 7 745,3 ming tonna sement ishlab chiqarilgan. Mazkur ishlab chiqarish 
hajmi 2023-yilning tegishli davriga nisbatan 36,7 % ga oshgan. 2024-yilning iyun 
oyida yirik korxonalar tomonidan 1 519,6 ming tonna sement ishlab chiqarilgan. 

Sement �± �V�X�Q�¶�L�\���Q�R�R�U�J�D�Q�L�N���N�X�N�X�Q�V�L�P�R�Q���E�R�J�‹�O�R�Y�F�K�L���P�D�W�H�U�L�D�O���E�R�µ�O�L�E�����V�X�Y���E�L�O�D�Q��
aralashtirilganda xamirsimon massa hosil qiladi va vaqt �R�µ�W�L�V�K�L�� �E�L�O�D�Q�� �T�R�W�L�E����
mustahkam toshsimon jismga aylanadi. U havoda ham, suvda ham qotish 
�[�X�V�X�V�L�\�D�W�L�J�D�� �H�J�D���� �6�H�P�H�Q�W�� �T�X�U�L�O�L�V�K�G�D�� �N�H�Q�J�� �T�R�µ�O�O�D�Q�L�O�L�E���� �E�H�W�R�Q�Q�L�Q�J�� �D�V�R�V�L�\�� �W�D�U�N�L�E�L�\��
qismini tashkil etadi.  

Sementning bir necha turlari mavjud. Shulardan Romansement ohaktoshni 
�������ƒ�&�� �J�D�F�K�D�� �N�X�\�G�L�U�L�V�K�� �R�U�T�D�O�L�� �R�O�L�Q�D�G�L���� �V�R�µ�Q�J�� �P�D�\�G�D�O�D�E�� �N�X�N�X�Q�� �K�R�O�L�J�D�� �N�H�O�W�L�U�L�O�D�G�L����
�8�Q�L�Q�J�� �T�R�W�L�V�K�� �P�X�G�G�D�W�L�� �[�R�P�� �D�V�K�\�R�J�D�� �E�R�J�µ�O�L�T�� �E�R�µ�O�L�E���� ������ �G�D�T�L�T�D�G�D�Q�� ������ �V�R�D�W�J�D�F�K�D��
�G�D�Y�R�P�� �H�W�L�V�K�L�� �P�X�P�N�L�Q���� �0�X�V�W�D�K�N�D�P�O�L�J�L�� �Q�L�V�E�D�W�D�Q�� �S�D�V�W�� �E�R�µ�O�L�E���� ������ �G�D�Q�� �������� �J�D�F�K�D��
�E�R�µ�O�J�D�Q�� �P�D�U�N�D�O�D�U�G�D�� �Lshlab chiqariladi. Shu sababli, 20-�D�V�U�� �R�µ�U�W�D�O�D�U�L�G�D�Q�� �E�R�V�K�O�D�E��
�U�R�P�D�Q�V�H�P�H�Q�W���R�µ�U�Q�L�Q�L���S�R�U�W�O�D�Q�G�V�H�P�H�Q�W���H�J�D�O�O�D�\���E�R�V�K�O�D�G�L���>���@�� 

�5�R�P�D�Q�V�H�P�H�Q�W�� �R�K�D�N�W�R�V�K�Q�L�� �������ƒ�&�� �J�D�F�K�D�� �T�L�]�G�L�U�L�V�K�� �Y�D�� �V�R�µ�Q�J�U�D�� �X�Q�L�� �P�D�\�G�D��
kukunga aylantirish orqali olinadi. Xomashyo tarkibiga qarab, uning qotish vaqti 
15 daqiqadan 24 soatgacha davom etishi mumkin. Biroq, uning mustahkamligi 
�Q�L�V�E�D�W�D�Q�� �S�D�V�W�� �E�R�µ�O�L�E���� ������ �G�D�Q�� �������� �J�D�F�K�D�� �E�R�µ�O�J�D�Q�� �P�D�U�N�D�O�D�U�� �E�L�O�D�Q�� �L�I�R�G�D�O�D�Q�D�G�L���� �6�K�X��
sababli, 20-�D�V�U�� �R�µ�U�W�D�O�D�U�L�G�D�Q�� �E�R�V�K�O�D�E�� �S�R�U�W�O�D�Q�G�V�H�P�H�Q�W�� �U�R�P�D�Q�V�H�P�H�Q�W�Q�L�Q�J�� �R�µ�U�Q�L�Q�L��
egallay boshladi . 

�*�O�L�Q�R�]�\�R�P�V�H�P�H�Q�W�� �D�O�\�X�P�L�Q�L�\�� �R�N�V�L�G�L�J�D�� �E�R�\�� �W�R�J�µ�� �M�L�Q�V�O�D�U�L���± boksit (alyuminiy 
rudasi), ohak yoki ohaktosh aralashmasini yuqori haroratda kuydirish natijasida 
hosil qilinadi. Tarkibida 40% SaO, 40% Al2O3 va 6�±8% SiO2 mavjud. Ushbu 
sement tez qotishi, yuqori must�D�K�N�D�P�O�L�N�N�D�� �H�J�D�� �E�R�µ�O�L�V�K�L�� �Y�D�� �P�L�Q�H�U�D�O�O�D�V�K�J�D�Q�� �V�X�Y��
�W�D�¶�V�L�U�L�J�D�� �F�K�L�G�D�P�O�L�O�L�J�L�� �E�L�O�D�Q�� �D�M�U�D�O�L�E�� �W�X�U�D�G�L���� �8�Q�L�Q�J�� �P�D�U�N�D�V�L�� ���������� �������� �Y�D�� �������� �E�R�µ�O�L�E����
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narxi portlandsementga qaraganda 2,5�±3 baravar qimmatroq. Sement sanoatda 19-
asrdan boshlab keng miqyosda ishlab chiqarila boshlandi [2-3]. 

Sementning kimyoviy xossalari uning tarkibidagi minerallarning tuzilishiga 
�E�R�J�µ�O�L�T�����.�R�µ�S�J�L�Q�D���T�D�W�W�L�T���P�L�Q�H�U�D�O�O�D�U���N�U�L�V�W�D�O�O���K�R�O�D�W�G�D���X�F�K�U�D�\�G�L�����\�D�¶�Q�L���L�R�Q�O�D�U�L���P�D�¶�O�X�P��
�E�L�U���W�D�U�W�L�E�G�D���M�R�\�O�D�V�K�J�D�Q���E�R�µ�O�L�E�����T�D�W�¶�L�\���J�H�R�P�H�W�U�L�N���S�D�Q�M�D�U�D���K�R�V�L�O���T�L�O�D�G�L�����%�X�Q�J�D���T�D�U�D�P�D-
�T�D�U�V�K�L���U�D�Y�L�V�K�G�D�����D�P�R�U�I���P�L�Q�H�U�D�O�O�D�U���W�D�U�W�L�E�V�L�]���W�X�]�L�O�L�V�K�J�D���H�J�D���E�R�µ�O�L�E�����L�R�Q�O�D�U�L���P�D�¶�O�X�P���E�L�U��
�W�L�]�L�P�� �D�V�R�V�L�G�D�� �M�R�\�O�D�V�K�P�D�\�G�L���� �%�X�� �I�D�U�T�� �X�O�D�U�Q�L�Q�J�� �I�L�]�L�N�� �[�X�V�X�V�L�\�D�W�O�D�U�L�J�D�� �E�H�Y�R�V�L�W�D�� �W�D�¶�V�L�U��
�T�L�O�D�G�L���� �N�U�L�V�W�D�O�O�� �P�L�Q�H�U�D�O�O�D�U�� �W�X�U�O�L�� �\�R�µ�Q�D�O�L�V�K�O�D�U�G�D�� �K�D�U�� �[�L�O�� �[�R�V�V�D�O�D�U�J�D�� �H�J�D�� �E�R�µ�O�L�E����
anizotr�R�S�� �G�H�E�� �D�W�D�O�D�G�L���� �D�P�R�U�I�� �P�L�Q�H�U�D�O�O�D�U�� �H�V�D�� �E�D�U�F�K�D�� �\�R�µ�Q�D�O�L�V�K�G�D�� �E�L�U�� �[�L�O�� �I�L�]�L�N��
�[�R�V�V�D�O�D�U�J�D�� �H�J�D�� �E�R�µ�O�L�E���� �L�]�R�W�U�R�S�� �P�L�Q�H�U�D�O�O�D�U�� �K�L�V�R�E�O�D�Q�D�G�L���� �.�U�L�V�W�D�O�O�D�U�� �J�H�R�P�H�W�U�L�N��
shakllarga �± �S�U�L�]�P�D�O�D�U�����S�L�U�D�P�L�G�D�O�D�U�����N�X�E�O�D�U���\�R�N�L���R�N�W�D�H�G�U�O�D�U�J�D���H�J�D���E�R�µ�O�L�V�K�L���P�X�P�N�L�Q����
Kristall yuzalarining kesishgan nuqtasi uning uchi deb ataladi. 

�6�H�P�H�Q�W�� �W�D�U�N�L�E�L�Q�L�Q�J�� �D�V�R�V�L�� �X�]�R�T�� �\�L�O�O�D�U�� �G�D�Y�R�P�L�G�D�� �G�H�\�D�U�O�L�� �R�µ�]�J�D�U�P�D�J�D�Q���� �8�Q�L�Q�J��
�D�V�R�V�L�\���N�R�P�S�R�Q�H�Q�W�L���N�O�L�Q�N�H�U���E�R�µ�O�L�E�����X�Q�J�D�������±���������P�L�Q�H�U�D�O���T�R�µ�V�K�L�P�F�K�D�O�D�U���T�R�µ�V�K�L�O�D�G�L����
�8�V�K�E�X�� �N�R�Q�V�H�Q�W�U�D�W�V�L�\�D�G�D�� �T�R�µ�V�K�L�P�F�K�D�O�D�U�� �V�H�P�H�Q�W�Q�L�Q�J�� �[�X�V�X�V�L�\�D�W�O�D�U�L�J�D�� �V�H�]�L�O�D�U�O�L�� �W�D�¶�V�L�U��
�N�R�µ�U�V�D�W�P�D�\�G�L���� �D�P�P�R�� �������G�D�Q�� �R�V�K�J�D�Q�G�D�� �X�O�D�U�Q�L�Q�J�� �W�D�¶�V�L�U�L�� �N�X�F�K�D�\�L�E���� �N�R�P�S�R�]�L�W�V�L�R�Q��
material puzolanik sement deb ataladi. Sement ishlab chiqarish jarayoni �± bu 
�P�X�U�D�N�N�D�E�� �N�L�P�\�R�Y�L�\�� �Y�D�� �I�L�]�L�N�D�Y�L�\�� �M�D�U�D�\�R�Q�� �E�R�µ�O�L�E���� �X�� �W�D�U�N�L�E�L�G�D�J�L�� �N�R�P�S�R�Q�H�Q�W�O�D�U�Q�L�Q�J��
�R�µ�]�D�U�R���W�D�¶�V�L�U�L���Q�D�W�L�M�D�V�L�G�D���P�X�V�W�D�K�N�D�P���E�R�J�µ�O�R�Y�F�K�L���P�D�W�H�U�L�D�O���K�R�V�L�O���E�R�µ�O�D�G�L�� 

Sement odatda quyidagi asosiy tarkibiy qismlardan iborat: 
65�±68% kalsiy oksidi (CaO) �± �P�X�V�W�D�K�N�D�P�O�L�N�� �Y�D�� �T�R�W�L�V�K�� �M�D�U�D�\�R�Q�L�J�D�� �W�D�¶�V�L�U��

qiladi; 
20�±25% kremniy dioksidi (SiO2) �± betonning mustahkamligini oshiradi; 
4�±7% alyuminiy oksidi (Al2O3) �± qotish tezligini boshqaradi; 
2�±4% temir oksidi (Fe2O3) �± sementning rangini va mexanik xossalarini 

shakllantiradi; 
2�±4% boshqa komponentlar �± natriy va kaliy oksidlari kabi elementlar 

�W�V�H�P�H�Q�W�Q�L�Q�J���N�L�P�\�R�Y�L�\���U�H�D�N�V�L�\�D�O�D�U�L�J�D���W�D�¶�V�L�U���T�L�O�D�G�L���>��������-10]. 
Sementning eng muhim gidravlik tarkibiy qismlari kalsiy silikatlari �± C2S va 

C3S hisoblanadi. Ushbu birikmalar suv bilan reaksiyaga kirishganda kalsiy silikat 
gidratlari (C-S-�+���� �Y�D�� �N�D�O�V�L�\�� �J�L�G�U�R�N�V�L�G�L�� ���&�+���� �K�R�V�L�O�� �E�R�µ�O�D�G�L���� �*�L�G�U�D�W�V�L�\�D�� �M�D�U�D�\�R�Q�L�G�D��
C3S va C2S quyidagi reaksiyalar asosida parchalanadi: 

2C�Ž�6���������+���:���&�ŽS�•H�Ž + 3CH 
2C�•�6���������+���:���&�ŽS�•H�Ž + CH 

�*�L�G�U�D�W�V�L�\�D���G�D�V�W�O�D�E�N�L���E�R�V�T�L�F�K�G�D���N�L�P�\�R�Y�L�\���E�R�J�µ�O�D�Q�L�V�K�O�D�U�Q�L�Q�J���X�]�L�O�L�V�K�L���Q�D�W�L�M�D�V�L�G�D��
�V�H�]�L�O�D�U�O�L���L�V�V�L�T�O�L�N���F�K�L�T�D�U�D�G�L�����%�L�U�R�T�����E�X���M�D�U�D�\�R�Q���W�R�µ�O�L�T���W�X�V�K�X�Q�L�O�P�D�J�D�Q���V�D�E�D�E�O�D�U�J�D���N�R�µ�U�D��
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�P�D�¶�O�X�P�� �E�L�U�� �Y�D�T�W�G�D�� �W�R�µ�[�W�D�\�G�L���� �8�V�K�E�X�� �³�V�R�N�L�Q�� �G�D�Y�U�´�� �E�H�W�R�Q�Q�L�� �T�X�\�L�V�K�� �Y�D�� �M�R�\�O�D�V�K�W�L�U�L�V�K��
jarayonida m�X�K�L�P�� �D�K�D�P�L�\�D�W�J�D�� �H�J�D���� �$�J�D�U�� �E�X�� �E�R�V�T�L�F�K�� �E�R�µ�O�P�D�V�D���� �V�H�P�H�Q�W�� �\�X�N��
mashinalari ishlay olmaydi, chunki aralashtirilgan betonni darhol quyish kerak 
�E�R�µ�O�D�G�L�� 

�6�H�P�H�Q�W�� �Y�D�� �E�H�W�R�Q�� �E�D�¶�]�L�� �N�L�P�\�R�Y�L�\�� �P�R�G�G�D�O�D�U�Q�L�Q�J�� �W�D�¶�V�L�U�L�G�D�� �\�R�P�R�Q�O�D�V�K�L�V�K�L��
mumkin. Ayniqsa, alyumina birikmalari sulfatlarga boy tuproqlar va dengiz suvida 
�N�L�P�\�R�Y�L�\�� �W�D�¶�V�L�U�J�D�� �M�X�G�D�� �]�D�L�I���� �%�X�Q�J�D�� �T�D�U�D�P�D-qarshi ravishda, temir birikmalari va 
kalsiy silikatlari bunday sharoitlarga ancha chidamli. Kalsiy silikatlar 
gidratsiyalanish jarayonida ajratib chiqaradigan kalsiy gidroksidi ham tashqi 
�N�L�P�\�R�Y�L�\���W�D�¶�V�L�U�O�D�U�J�D���P�R�\�L�O�� 

Keyinchalik sovutish jarayoni natijasida beton yorilish ehtimoli paydo 
�E�R�µ�O�D�G�L���� �*�L�G�U�D�W�V�L�\�D�� �Q�D�W�L�M�D�V�L�G�D�� �H�Q�J�� �N�R�µ�S�� �L�V�V�L�T�O�L�N�� �&2A tomonidan chiqariladi, undan 
keyin esa kamayish tartibida C3S, C4AF va C2S issiqlik hosil qiladi. 
Quyidagi jadval sementning gidravlik gidratsiya reaksiyalari va gidratsiya 
�M�D�U�D�\�R�Q�L�G�D���L�V�V�L�T�O�L�N���D�M�U�D�O�L�V�K�L���N�R�µ�U�V�D�W�L�O�J�D�Q 

 

Gidratsiya reaksiyalari  

1-jadval 
Reaksiya �+�R�V�L�O���E�R�µ�O�D�G�L�J�D�Q��jarayonlar  

2C3�6���������+���:���&3S2H3 + 
3CH 

Mustahkamlikni oshiruvchi 
birikmalar 

2C2�6���������+���:���&3S2H3 + 
CH 

Sekin qotish jarayoni 

C3�$�������*�L�S�V�������6�X�Y���:��
Ettringit 

Dastlabki bosqichda kengayish 
va mustahkamlik 

 
Gidratsiya jarayonida issiqlik ajralishi  

2-jadval 
Tarkibiy qism  Issiqlik chiqarish darajasi 

C2A (Trikalsiy alyuminat) Eng yuqori 
C3S (Trikalsiy silikat) Yuqori 

C4AF (Tetrakalsiy 
alyumoferrit) 

�2�µ�U�W�D�F�K�D 

C2S (Dikalsiy silikat) Eng past 
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Bu jadval sementning tarkibi, gidratsiya jarayoni va turli sharoitlarga 

chidamliligini tizimli ravishda tushunishga yordam beradi. 
Kalsiy silikatlar �± dikalsiy silikat (C2�6���� ���&�D�2���6�L�22) va trikalsiy silikat (C3S, 
���&�D�2���6�L�22) �± Portland sement klinkeri �W�D�U�N�L�E�L�G�D�J�L�� �D�V�R�V�L�\�� �I�D�]�D�O�D�U�� �E�R�µ�O�L�E���� �X�O�D�U��
�V�H�P�H�Q�W�Q�L�Q�J�� �J�L�G�U�D�W�O�D�Q�L�V�K�L�� �Y�D�� �P�X�V�W�D�K�N�D�P�O�D�Q�L�V�K�� �M�D�U�D�\�R�Q�L�G�D�� �P�X�K�L�P�� �U�R�O�� �R�µ�\�Q�D�\�G�L����
Ushbu minerallar sementning mustahkamligi, qattiqlashish tezligi va betonning 
�\�D�N�X�Q�L�\���[�R�V�V�D�O�D�U�L�J�D���N�D�W�W�D���W�D�¶�V�L�U���N�R�µ�U�V�D�W�D�G�L�� Gidratatsiya jarayoni quyidagi umumiy 
tenglamalar bilan ifodalanadi: 

C2S (Dikalsiy Silikat) kimyoviy jihatdan ���&�D�2���6�L�22 formula bilan ifodalanadi. U 
�W�X�U�O�L���N�U�L�V�W�D�O�O���I�D�]�D�O�D�U�G�D���P�D�Y�M�X�G���E�R�µ�O�L�V�K�L���P�X�P�N�L�Q�����.-C2S �± yuqori haroratda barqaror 
faza. ��-C2S �± klinker ishlab chiqarishda eng muhim va faol shakli. ��-C2S �± faol 
�E�R�µ�O�P�D�J�D�Q�����J�L�G�U�D�W�O�D�Q�P�D�\�G�L�J�D�Q���I�D�]�D�����&3�6���J�D���Q�L�V�E�D�W�D�Q���S�D�V�W�����\�D�¶�Q�L���V�H�N�L�Q���J�L�G�U�D�W�O�D�Q�D�G�L����
C-S-H (kalsiy-silikat-gidrat) va Ca(OH)2 ajraladi.  

C2S ning gidratlanish reaksiyasi 2Ca2SiO4+4H2�2�:���&�D�22SiO2�„3H2O+Ca(OH)2 

C3S (Trikalsiy Silikat) kimyoviy jihatdan ���&�D�2���6�L�22 formula bilan ifodalanadi. U 
quyidagi kristall fazalarda mavjud: Juda faol, tez gidratlanadi. C-S-H va Ca(OH)2 
�D�M�U�D�O�D�G�L���� �7�H�]�� �H�N�]�R�W�H�U�P�L�N�� �U�H�D�N�W�V�L�\�D�� �V�R�G�L�U�� �E�R�µ�O�D�G�L���� �H�U�W�D�� �E�R�V�T�L�F�K�G�D�� �P�X�V�W�D�K�N�D�P�O�L�N�Q�L��
�W�D�¶�P�L�Q�O�D�\�G�L���>���������������@���� 

C3S ning gidratlanish reaksiyasi. 3Ca3SiO5+6H2�2�:���&�D�22SiO2�„3H2O+3Ca(OH)2 

�%�X�� �M�D�U�D�\�R�Q�� �Q�D�W�L�M�D�V�L�G�D�� �K�R�V�L�O�� �E�R�µ�O�D�G�L�J�D�Q�� �&-S-H va Ca(OH)2 betonning 
mustahkamligini oshiradi. 

C2S va C3�6���Q�L�Q�J���V�H�P�H�Q�W�J�D���W�D�¶�V�L�U�L 

3-jadval 

Xususiyat 
C2S (Dikalsiy 
Silikat)  

C3S (Trikalsiy 
Silikat)  

Gidratlanish tezligi Sekin Juda tez 
Dastlabki 

mustahkamlik 
Past Yuqori 

Yakuniy 
mustahkamlik 

Yuqori �2�µ�U�W�D�F�K�D 

Issiqlik ajralishi Kam �.�R�µ�S 
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Suv talab qilish 
darajasi 

Kamroq �.�R�µ�S�U�R�T 

Barqarorlik 
(Kimyoviy chidamlilik) 

Yuqori Past 

 
C2S sekin qattiqlashadi, lekin yakuniy mustahkamligi yuqori va uzoq 

muddatli chidamlilikka ega. C3S tez qattiqlashadi, erta bosqichda yuqori 
�P�X�V�W�D�K�N�D�P�O�L�N�� �E�H�U�D�G�L���� �O�H�N�L�Q�� �N�R�µ�S�U�R�T�� �L�V�V�L�T�O�L�N�� �F�K�L�T�D�U�D�G�L����Dastlabki bosqichda (1-3 
kun) �± C2S �N�R�µ�S�U�R�T�� �W�D�¶�V�L�U�� �T�L�O�D�G�L���� �P�X�V�W�D�K�N�D�P�O�L�N�Q�L�� �R�V�K�L�U�D�G�L����Uzoq muddatli 
bosqichda (28 kun va undan keyin) �± C2S �Q�L�Q�J�� �W�D�¶�V�L�U�L�� �R�V�K�L�E�� �E�R�U�D�G�L���� �\�D�N�X�Q�L�\��
mustahkamlikni oshiradi Gidratatsiyaning dastlabki bosqichida kalsiy silikatlari 
suvda eriydi va bu jarayon davomida sezilarli darajada issiqlik ajralib chiqadi. 
Keyin, ma�¶lum sabablarga ko�µra, gidratatsiya vaqtincha to�µxtaydi. Ushbu 
harakatsiz davr beton quyish jarayoni uchun juda muhim hisoblanadi.  

Temir birikmalari hamda kalsiy silikatlari nisbatan yuqori chidamlilikka ega. 
Gidratatsiya natijasida hosil bo�µlgan kalsiy gidroksidi ham kimyoviy ta�¶sirlarga 
moyilligi  bilan ajralib turadi. 

Sementning gidratlanishi jarayonida sezilarli miqdorda issiqlik ajraladi. 
�.�H�\�L�Q�F�K�D�O�L�N���V�R�Y�L�E���N�H�W�L�V�K���H�V�D���\�R�U�L�O�L�V�K�O�D�U�J�D���V�D�E�D�E���E�R�µ�O�L�V�K�L���P�X�P�N�L�Q�����,�V�V�L�T�O�L�N���D�M�U�D�O�L�V�K�L��
�M�L�K�D�W�L�G�D�Q�� �J�L�G�U�D�W�D�W�V�L�\�D�� �M�D�U�D�\�R�Q�L�G�D�� �H�Q�J�� �N�R�µ�S�� �L�V�V�L�T�O�L�N�� �&2A tomonidan, keyin esa 
kamayish tartibida C3S, C4AF va C2S tomonidan chiqariladi [7-8]. 

Foydalanilgan adabiyotlar 

1. �2�µ�]�E�H�N�L�V�W�R�Q���5�H�V�S�X�E�O�L�N�D�V�L���6�W�D�W�L�V�W�L�N�D���D�J�H�Q�W�O�L�J�L����Sement ishlab chiqarish 
�E�R�µ�\�L�F�K�D����������-yilning yanvar-iyun oylaridagi hisobot. �± Toshkent, 2024 

2. Rasulov M. X., Qodirov A. A. Qurilish materiallari va ularning 
xossalari. �± Toshkent: Fan, 2002. 

3. �$�E�G�X�U�D�K�P�R�Q�R�Y�� �7������ �<�R�µ�O�G�R�V�K�H�Y�� �;����Sement va uning xossalari. �± 
Toshkent: Qurilish, 2015. 

4. Karimov S. Noorganik materiallar kimyosi. �± Toshkent: Universitet 
nashriyoti, 2018. 

5. Yoqubov H. �0�L�Q�H�U�D�O�� �E�R�J�µ�O�R�Y�F�K�L�� �P�R�G�G�D�O�D�U�� �Y�D��ularning xossalari. �± 
�7�R�V�K�N�H�Q�W�����0�H�¶�P�R�U�F�K�L�O�L�N���Q�D�V�K�U�L�\�R�W�L�������������� 

6. Nurmatov B. Sement va beton tarkibiy qismlarining gidratlanish 
jarayoni. �± Samarqand: Samarqand davlat arxitektura-qurilish instituti, 2019. 



�F�_�`�^�m�g�Z�j�h�^�g�Z�y���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y���d�h�g�n�_�j�_�g�p�b�y 
�©�B�G�G�H�<�:�P�B�H�G�G�:�Y���W�G�?�J�=�?�L�B�D�:�����N�M�G�>�:�F�?�G�L�:�E�V�G�U�?���H�K�G�H�<�U���W�G�?�J�=�?�L�B�D�B���B��

�B�G�G�H�<�:�P�B�H�G�G�U�?���B�G�@�?�G�?�J�G�U�?���J�?�R�?�G�B�Y�ª 
International scientific and practical conference on the topic:  

�³�(�1�(�5�*�<���,�1�1�2�9�$�7�,�2�1�6�����)�8�1�'�$�0�(�1�7�$�/�6���$�1�'���,�1�1�2�9�$�7�,�9�(���(�1�*�,�1�(�(�5�,�1�*���6�2�/�8�7�,�2�1�6�´  

 

 

 

 

173 
 

7. Tursunov B. Beton va temir-beton buyumlarining fizik-mexanik 
xossalari. �± �7�R�V�K�N�H�Q�W�����2�µ�]�E�H�N�L�V�W�R�Q���0�L�O�O�L�\���(�Q�V�L�N�O�R�S�H�G�L�\�D�V�L�������������� 

8. �2�µ�]�E�H�N�L�V�W�R�Q�� �5�H�V�S�X�E�O�L�N�D�V�L�� �4�X�U�L�O�L�V�K�� �9�D�]�L�U�O�L�J�L����Sement ishlab chiqarish 
texnologiyasi va sifat nazorati. �± Toshkent, 2020. 

9. Sanat K. Duschanova1*, Islom R. Boyjanov1, Kholilla S. 
Kholmuratov1, Erkinbay D. Ismailov1, Murat A. Bekiev1, Rahmatjon I. Ismoilov1, 
and Munisbek M. Akhmedov1,2. Analysis of the influence of marl raw materials on 
the properties of portland cement. EPJ Web of Conferences 321, 02013 (2025) 
APITECH-VII -2025 https://doi.org/10.1051/epjconf/202532102013 

10.  �;�h�c�`�Z�g�h�\�� �B���J������ �F�m�o�Z�f�_�^�[�Z�_�\�� �:���:������ �>�†�k�q�Z�g�h�\�� �K���������� �:�o�f�_�^�h�\�� ��������
�F�Z�r�Z�j�b�i�h�\�Z�� �O���N���� �©�B�A�<�?�K�L�G�Y�D�� �M�Q-�M�Q�:�D�K�D�H�=�H�� �F�?�K�L�H�J�H�@�>�?�G�B�Y��
�D�:�D�� �K�U�J�V�?�� �>�E�Y�� �I�J�H�F�U�R�E�?�G�G�H�K�L�B�� �<�Y�@�M�S�B�O���F�:�L�?�J�B�:�E�H�<�ª. 
�J�_�k�i�m�[�e�b�d�Z�g�k�d�Z�y���d�h�g�n�_�j�_�g�p�b�y�� �©�B�g�g�h�\�Z�p�b�h�g�g�u�_�� �l�_�o�g�h�e�h�]�b�b���\���o�b�f�b�q�_�k�d�h�c���b��
�k�l�j�h�b�l�_�e�v�g�h�c�� �h�l�j�Z�k�e�y�o�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �b�� �j�_�r�_�g�b�_�� �Z�d�l�m�Z�e�v�g�u�o��
�w�d�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�[�e�_�f�ª�� ����-������ �g�h�y�[�j�y�� �L�Z�r�d�_�g�l���± 2021. 157 �k�l���� ������ �k�l����
http://tkti.uz/ru 
  



�F�_�`�^�m�g�Z�j�h�^�g�Z�y���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�Z�y���d�h�g�n�_�j�_�g�p�b�y 
�©�B�G�G�H�<�:�P�B�H�G�G�:�Y���W�G�?�J�=�?�L�B�D�:�����N�M�G�>�:�F�?�G�L�:�E�V�G�U�?���H�K�G�H�<�U���W�G�?�J�=�?�L�B�D�B���B��

�B�G�G�H�<�:�P�B�H�G�G�U�?���B�G�@�?�G�?�J�G�U�?���J�?�R�?�G�B�Y�ª 
International scientific and practical conference on the topic:  

�³�(�1�(�5�*�<���,�1�1�2�9�$�7�,�2�1�6�����)�8�1�'�$�0�(�1�7�$�/�6���$�1�'���,�1�1�2�9�$�7�,�9�(���(�1�*�,�1�(�(�5�,�1�*���6�2�/�8�7�,�2�1�6�´  

 

 

 

 

174 
 

OPTIK TOLALAR ISHLASH PRINSIPI, OPTIK TOLALI, MIS -
OPTIK TOLALI KABELLAR  
Ozoda Tojimirzayeva Vohidjon qizi 

Namangan davlat universiteti magistranti 
e-mail: ozodatojimirzayeva@gmail.com 

 Hozirgi kunda nur tola optikasi rivojlanib borayotgan sohalardan biri 
�K�L�V�R�E�O�D�Q�D�G�L���� �8�O�D�U�� �R�G�G�L�\�� �H�O�H�N�W�U�R�Q�� �N�D�E�H�O�O�D�U�J�D�� �Q�L�V�E�D�W�D�Q�� �P�D�¶�O�X�P�R�W�O�D�U�Q�L�� �W�H�]�� �Y�D�� �V�L�I�D�W�O�L��
�\�H�W�N�D�]�L�E�� �E�H�U�L�V�K�L�� �E�L�O�D�Q�� �D�M�U�D�O�L�E�� �W�X�U�D�G�L���� �2�S�W�L�N�� �W�R�O�D�O�D�U�� �R�¶�O�F�K�D�P�L�� �M�X�G�D�� �N�L�F�K�L�N�� �Y�D�� �W�D�V�K�T�L��
�H�O�H�N�W�U�R�P�D�J�Q�L�W���W�D�¶�V�L�U�J�D���X�F�K�U�D�P�D�\�G�L�J�D�Q���E�R�¶�O�D�G�L�����0�R�E�L�O���W�H�O�H�I�R�Q�O�D�U�G�D�J�L���D�O�R�T�D�����L�Q�W�H�U�Q�H�W��
aloqasida optik tolalardan foydalaniladi [1]. 

 �2�S�W�L�N�� �W�R�O�D�O�D�U�J�D�� �R�S�W�L�N�� �N�D�E�H�O�O�D�U�� �P�L�V�R�O�� �E�R�¶�O�D�� �R�O�D�G�L���� �2�S�W�L�N�� �W�R�O�D�O�D�U�� �R�¶�]�D�N�� �K�D�P�G�D��
�X�Q�L���R�¶�U�D�E���W�X�U�X�Y�F�K�L���T�R�E�L�T�G�D�Q���L�E�R�U�D�W���E�R�¶�O�D�G�L�����2�¶�]�D�N���Y�D���X�Q�L�Q�J���G�L�D�P�H�W�U�L�J�D���T�D�U�D�E���R�S�W�L�N��
to�O�D�O�D�U���L�N�N�L�J�D�����E�L�U���P�R�G�D�O�L���Y�D���N�R�¶�S���P�R�G�D�O�L���W�X�U�O�D�U�J�D���E�R�¶�O�L�Q�D�G�L�����2�S�W�L�N���W�R�O�D�O�D�U���\�R�Q�J�¶�L�Q�J�D��
�F�K�L�G�D�P�O�L���E�R�¶�O�J�D�Q�O�L�J�L���V�D�E�D�E�O�L���D�Y�L�D�W�V�L�\�D���V�R�K�D�V�L�G�D���K�D�P���T�R�¶�O�O�D�Q�L�O�D�G�L���>���@�� 

�2�S�W�L�N���W�R�O�D�O�D�U�G�D���M�D�U�D�\�R�Q���W�R�¶�O�D���L�F�K�N�L���T�D�\�W�L�V�K���K�R�G�L�V�D�V�L���D�V�R�V�L�G�D���U�R�¶�\���E�H�U�D�G�L�����7�R�¶�O�D��
ichki qaytish jarayoni �\�R�U�X�J�¶�O�L�N�� �Q�X�U�L�� �R�S�W�L�N�� �]�L�F�K�O�L�J�L�� �N�D�W�W�D�� �E�R�¶�O�J�D�Q�� �P�X�K�L�W�G�D�Q�� �R�S�W�L�N��
�]�L�F�K�O�L�J�L�� �N�L�F�K�L�N�� �E�R�¶�O�J�D�Q�� �P�X�K�L�W�J�D�� �R�¶�W�J�D�Q�G�D�� �V�R�G�L�U�� �E�R�¶�O�D�G�L���� �'�H�P�D�N���� �R�S�W�L�N�� �W�R�O�D�G�D�� �W�R�¶�O�D��
�L�F�K�N�L�� �T�D�\�W�L�V�K�� �K�R�G�L�V�D�V�L�� �U�R�¶�\�� �E�H�U�L�V�K�L�� �X�F�K�X�Q�� �R�¶�]�D�N�Q�L�Q�J�� �Q�X�U�� �V�L�Q�G�L�U�L�V�K�� �N�R�¶�U�V�D�W�J�L�F�K�L�� �X�Q�L��
�R�¶�U�D�E���W�X�U�X�Y�F�K�L���T�R�E�L�T�Q�L�Q�J���Q�X�U���V�L�Q�G�L�U�L�V�K���N�R�¶�U�V�D�W�J�L�F�K�L�J�D���Q�L�V�E�D�W�D�Q���N�D�W�W�D���T�L�\�P�D�W�J�D���H�J�D��
�E�R�¶�O�V�D�J�L�Q�D�� �R�S�W�L�N�� �W�R�O�D�G�D�� �W�R�¶�O�D�� �L�F�K�N�L�� �T�D�\�W�L�V�K�� �K�R�G�L�V�D�V�L�� �U�R�¶�\�� �E�H�U�D�G�L���� �<�D�¶�Q�L�� �Q�X�U�� �I�D�T�D�W��
�R�¶�]�D�N�� �E�R�¶�\�O�D�E�� �W�D�U�T�D�O�D�G�L�� �Y�D�� �T�R�E�L�T�T�D�� �F�K�L�T�L�E�� �N�H�W�L�V�K�L�J�D�� �\�R�¶�O�� �T�R�¶�\�L�O�P�D�J�D�Q�L�� �V�D�E�D�E��
�\�R�U�X�J�¶�O�L�N�� �Q�X�U�L�� �L�V�U�R�I�L�� �R�O�G�L�Q�L�� �R�O�L�Q�D�G�L�� �K�D�P�G�D�� �P�D�¶�Oumotlarni uzatishdagi kamchiliklar 
kamayadi. Bir nechta optik tolalarni birlashtirib optik kabellarni hosil qilishimiz 
�P�X�P�N�L�Q���� �2�S�W�L�N�� �N�D�E�H�O�O�D�U�� �K�D�P�� �W�R�¶�O�D�� �L�F�K�N�L�� �T�D�\�W�L�V�K�� �M�D�U�D�\�R�Q�L�� �D�V�R�V�L�G�D�� �L�V�K�O�D�J�D�Q�L�� �V�D�E�D�E��
kabel qanday egilgan va bukilganligiga qaramasdan kabel o�U�T�D�O�L�� �X�]�D�W�L�O�J�D�Q�� �W�D�¶�V�Y�L�U��
yoki axborot kabelning narigi uchiga uzilishlarsiz yetib keladi [3]. 

 Optik tolalar elektr energiyani sarfini kamaytirishi mumkin.  Buning uchun 
�J�L�E�U�L�G���N�D�E�H�O�O�D�U�G�D�Q���I�R�\�G�D�O�D�Q�V�D�N���E�R�¶�O�D�G�L�����*�L�E�U�L�G���N�D�E�H�O�O�D�U���P�L�V���V�L�P���K�D�P�G�D���R�S�W�L�N���W�R�O�D�O�L��
simni birlashtirib hosil qilinadi. Bu orqali energiya va axborortni bir vaqtda 
yetkazib berish imk�R�Q�L�J�D�� �H�J�D�� �E�R�¶�O�D�P�L�]���� �0�L�V�� �V�L�P�� �R�U�T�D�O�L�� �T�X�Y�Y�D�W�� �X�]�D�W�L�O�V�D���� �R�S�W�L�N��
�W�R�O�D�O�D�O�L�� �V�L�P�� �R�U�T�D�O�L�� �P�D�¶�O�X�P�R�W���� �D�[�E�R�U�R�W�� �X�]�D�W�L�O�D�G�L���� �%�L�U�J�L�Q�D�� �J�L�E�U�L�G�� �N�D�E�H�O�� �R�U�T�D�O�L�� �K�D�P��
quvvat ham axborot uzatishga erishamiz. Bu bizga oshiqcha simlardan 
foydalanmaslik imkonini beradi. Bu esa birinchi o�¶�U�L�Q�G�D���N�D�E�H�O���L�V�K�O�D�E���F�K�L�T�D�U�L�V�K�G�D�J�L��
�K�D�U�D�M�D�W�O�D�U�Q�L�Q�J���N�D�P�D�\�L�V�K�L�J�D���V�D�E�D�E���E�R�¶�O�D�G�L���� 
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ELEKTR  TEXNIK  MATERIALLARNING  FIZIK -KIMYOVIY  
XOSSALARI  

Zokirova Iroda Zakrullayevna. 
�$�Q�G�L�M�R�Q���G�D�Y�O�D�W���W�H�[�Q�L�N�D���L�Q�V�W�L�W�X�W�L�������$�Q�G�L�M�R�Q���2�µ�]�E�H�N�L�V�W�R�Q 

zirodaxon@gmail.com 
Kirish . Elektr  texnikada vujudga kelayotgan muammolarni ijobiy hal etish 

uchun yangidan-yangi materiallarni ishlab chiqarish, shu bilan birga mavjud 
materiallar xossalarini uzluksiz takomillashtirib borish va ularning sifatini 
�\�D�[�V�K�L�O�D�V�K�� �N�H�U�D�N�� �E�R�µ�O�D�G�L���� �%�X�� �H�V�D�� �\�D�Q�J�L�� �W�H�[�Q�R�O�R�J�L�\�D�� �D�V�R�V�L�G�D�J�L�� �\�X�T�R�U�L�� �V�L�I�D�W�O�L�� �H�O�H�N�W�U��
texnika materiallarini  ishlab chiqaruvchi korxonalarni juda tez rivojlantirishni 
taqozo etadi. �4�R�µ�\�L�O�J�D�Q�� �P�D�T�V�D�G�J�D�� �� �D�P�D�O�L�\�� �U�D�Y�L�V�K�G�D�� �\�R�Q�G�R�V�K�L�V�K�� �X�F�K�X�Q�� �T�R�µ�O�O�D�Q�L�V�K�L��
�P�X�P�N�L�Q�� �E�R�µ�O�J�D�Q�� �P�D�W�H�U�L�D�O�O�D�U�Q�L�Q�J�� �I�L�]�L�N-kimyoviy  va mexanik xossalarini chuqur 
talqin eta bilish kerak. Yangi turdagi materiallarni yaratishga ularning fizik, 
kimyoviy va mexanik  xossalarini c�K�X�T�X�U���R�µ�U�J�D�Q�L�V�K���R�U�T�D�O�L���H�U�L�V�K�L�O�P�R�T�G�D���� 

Asosiy qism. Hozirgi paytda fan va texnika rivojlangan, texnologik jarayonlar 
�W�D�N�R�P�L�O�O�D�V�K�J�D�Q�� �E�L�U�� �Y�D�T�W�G�D�� �H�O�H�N�W�U�� �W�H�[�Q�L�N�D�� �K�D�P�� �\�D�Q�J�L�� �E�R�V�T�L�F�K�O�D�U�J�D�� �N�R�µ�W�D�U�L�O�L�E���� �W�X�U�O�L����
�[�L�O�G�D�J�L�� �P�D�W�H�U�L�D�O�O�D�U�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�O�P�R�T�G�D�� �Y�D�� �R�µ�]�O�D�V�K�W�L�U�L�O�Poqda. Ishlab 
�F�K�L�T�D�U�L�O�D�\�R�W�J�D�Q�� �� �H�O�H�N�W�U�� �W�H�[�Q�L�N�D�� �P�D�W�H�U�L�D�O�O�D�U�L�Q�L�Q�J�� �\�D�Q�J�L�� �[�R�V�V�D�O�D�U�J�D�� �H�J�D�� �W�X�U�O�D�U�L�� �N�R�µ�S��
miqdorda tayyorlanmoqda. Yangi  turdagi materiallarni yaratishga ularning fizik, 
�N�L�P�\�R�Y�L�\���Y�D���P�H�[�D�Q�L�N�����[�R�V�V�D�O�D�U�L�Q�L���F�K�X�T�X�U���R�µ�U�J�D�Q�L�V�K���R�U�T�D�O�L���H�U�L�V�K�L�O�P�R�T�G�D�� 

Elektr texnika uskunalarini loyihalash, ishlab chiqarish va tekshirishda 
mutaxassis turli-�W�X�P�D�Q�� �[�R�V�V�D�J�D�� �H�J�D�� �E�R�µ�O�J�D�Q�� �H�O�H�N�W�U�� �W�H�[�Q�L�N�� �P�D�W�H�U�L�D�O�O�D�U�� �E�L�O�D�Q��
�W�R�µ�T�Q�D�V�K�D�G�L���� �%�X�� �P�D�W�H�U�L�D�O�O�D�U�� �H�O�H�N�W�U�� �P�D�V�K�L�Q�D�V�L�� �Y�D�� �M�L�K�R�]�O�D�U�L�G�D�� �N�X�]�D�W�L�O�D�G�L�J�D�Q��
elektromagnit jarayonida ishtirok etadi. E�O�H�N�W�U�� �W�H�[�Q�L�N�� �P�D�W�H�U�L�D�O�O�D�U�L�G�D�Q�� �P�D�¶�O�X�P��
darajada elektr, mexanik va magnit xossalar talab etiladi.  

Elektr texnik materiallari asosan 4 turga - �R�µ�W�N�D�]�J�L�F�K���� �G�L�H�O�H�N�W�U�L�N���� �\�D�U�L�P��
�R�µ�W�N�D�]�J�L�F�K�� �Y�D�� �P�D�J�Q�L�W�� �P�D�W�H�U�L�D�O�O�D�U�L�J�D�� �E�R�µ�O�L�Q�D�G�L���%�X�� �P�D�W�H�U�L�D�O�O�D�U�Q�L�� �H�O�H�N�W�U�R�W�H�[�Q�L�N�D�G�D��
�T�R�µ�O�D�Qilishi borasida ularnining fizik- kimyoviy xossalari keng miqyosda 
�R�µ�U�J�D�Q�L�O�D�G�L�� 

�(�O�_�N�W�U�� �W�_�[�Q�L�N�� �� �P�D�W�_�U�L�D�O�O�D�U�� �H�O�_�N�W�U�� �R�µ�W�N�D�]�X�Y�F�K�D�Q�O�L�N�� �T�R�E�L�O�L�\�D�W�O�D�U�L�J�D�� �N�R�¶�U�D�� ����
�J�X�U�X�[�J�D���E�R�µ�O�L�Q�D�G�L�� 

������ �0�_�W�D�O�O�D�U�� ���R�µ�W�N�D�]�J�L�F�K�O�D�U������ �7�R�]�D�� �P�_�W�D�O�O�D�U�� �Y�D�� �X�O�D�U�Q�L�Q�J�� �T�R�W�L�V�K�P�D�O�D�U�L�� �V�K�X��
guruxda mansub: 

�/=[105�·����6]�H�f-1��sm-1 
������ �'�L�H�O�_�N�W�U�L�N�O�D�U�� ���L�]�R�O�\�D�W�R�U�O�D�U������ �3�O�D�V�W�P�D�V�V�D�O�D�U���� �U�_�]�L�Q�D�O�D�U���� �I�D�U�I�R�U�� ���F�K�L�Q�Q�L������

�N�_�U�D�P�L�N�D�����N�D�W�U�R�Q�O�D�U�����V�K�L�V�K�D�����N�D�U�W�R�Q�����T�R�J�R�]���Y�D���E�����V�K�X�O�D�U���M�X�P�O�D�V�L�G�D�Q�G�L�U�� 
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�/=[10-10�·����-15]�H�f-1���V�P-1 
������ �<�D�U�L�P�� �R�µ�W�N�D�]�J�L�F�K�O�D�U���� �%�X�� �J�X�U�X�[�G�D�� �J�_�U�P�D�Q�L�\���� �N�U�_�P�Q�L�\�����V�_�O�_�Q���� �W�_�O�O�X�U�� �Y�D�� �E����

kiradi. 
�/=[105�·����-10]�H�f-1���V�P-1 

�(�O�H�N�W�U�R�W�H�[�Q�L�N�D�G�D�� �H�Q�J�� �N�R�µ�S�� �T�R�µ�O�O�D�Q�L�O�D�G�L�J�D�Q�� �L�]�R�O�\�D�W�V�L�R�Q�� �P�D�W�H�U�L�D�O�O�D�U�J�D��
�G�L�H�O�H�N�W�U�L�N�O�D�U���N�L�U�D�G�L���'�L�H�O�H�N�W�U�N�L�O�D�U���D�J�U�H�J�D�W���K�R�O�D�W�J�D���N�R�µ�U�D�������W�X�U�J�D���E�R�µ�O�L�Q�D�G�L�� 

-qattiq dielektriklar 
-suyuq dielektriklar 
-gazsimon dielektriklar 
Elektr energiyani uzatish va taqsimlash uchun xizmat qiladigan elektr 

qurilmalarga asosan transformatorlar kiradi.Ularning asosiy izolyatsion materiali 
�V�X�\�X�T�� �G�L�H�O�H�N�W�U�L�N�� �� �E�R�µ�O�J�D�Q�� �W�U�D�Q�V�I�R�U�P�D�W�R�U�� �P�R�\�L�G�L�U���%�X�� �P�R�\�Q�L�Q�J�� �H�N�V�S�O�X�D�W�D�V�L�\�D�G�D��
xizmat uzoq muddatli ishlatilishi uchun uning fizik-kimyoviy xususiyatlarini 
aniqlash talab etiladi. Ekspluatasiyada ishlatilayotgan transformator moyini fizik-
�N�L�P�\�R�Y�L�\�� �[�X�V�X�V�L�\�D�W�L�Q�L�� �W�H�N�V�K�L�U�L�V�K�� �W�D�M�U�L�E�D�� �\�R�µ�O�L�� �E�L�O�D�Q�� �D�P�D�O�J�D�� �R�V�K�L�U�L�O�L�E�� �T�L�\�P�D�W�O�D�U��
berilgan standart qiymatlarda chiqishi talab qilinadi. 

Izolyatsion materiallaridan ishlab chiqarilgan konstruksiyalar mexanik kuch 
�W�D�¶�V�L�U�L�� �R�V�W�L�G�D�� �E�R�µ�O�L�V�K�L�� �V�D�E�D�E�O�L�� �X�O�D�U�Q�L�Q�J�� �P�H�[�D�Q�L�N�� �P�X�V�W�D�K�N�D�P�O�L�J�L�� �Y�D�� �G�H�I�R�U�P�D�W�V�L�\�D�V�L�Q�L��
�R�µ�U�J�D�Q�L�V�K���N�D�W�W�D���D�K�D�P�L�\�D�W�J�D���H�J�D�����6�W�D�W�L�N���F�K�R�µ�]�L�O�L�V�K�����V�L�T�L�O�L�V�K���Y�D���H�J ilishning oddiy 
�N�R�µ�U�L�Q�L�V�K�O�D�U�L�� �� �D�P�D�O�L�\�� �P�H�[�D�Q�L�N�D�Q�L�Q�J�� �D�V�R�V�L�\�� �T�R�Q�X�Q�L�\�D�W�O�D�U�L�J�D�� �E�R�µ�\�V�L�Q�D�G�L�� �Y�D�� �E�X�Q�G�D�J�L��
�P�X�V�W�D�K�N�D�P�O�L�N�� �F�K�H�J�D�U�D�O�D�U�Q�L�Q�J�� �T�L�\�P�D�W�O�D�U�L�G�D�� �� �3�D�V�N�D�O�G�D�� �R�µ�O�F�K�D�Q�D�G�L���� �$�V�N�D�U�L�\�D�W��
materiallarning mexanik mustahkamligi ularning kesim yuzasiga uzviy ravishda 
�E�R�J�µ�O�L�T�� �E�R�µ�O�D�G�L���� �'�L�H�O�H�N�W�U�L�N�Q�L�Q�J�� �P�H�[�D�Q�L�N�� �[�R�V�V�D�V�L�� �K�D�U�R�U�D�W�J�D�� �K�D�P�� �E�R�J�µ�O�L�T�� �E�R�µ�O�L�E����
�L�V�V�L�T�O�L�N���W�D�¶�V�L�U�L�G�D���X�Q�L�Q�J���P�H�[�D�Q�L�N���P�X�V�W�D�K�N�D�P�O�L�J�L���N�D�P�D�\�D�G�L���� 

Suyuq dielektreklarga (moy, lok, kompaund) ning mexanik xossalarini 
�R�µ�U�J�D�Q�L�V�K�G�D�� �T�R�Y�X�V�K�T�R�T�O�L�N�� �T�R�µ�O�� �N�H�O�D�G�L���� �4�R�µ�Y�X�V�K�T�R�T�O�L�N�� �G�H�J�D�Q�G�D�� �V�X�\�X�T�O�L�N�� �Y�D�� �J�D�]��
molekulalarining siljishdagi ichki ishqalanishi tufayli yuzaga keladigan ichki 
qarshilik tushuniladi. Bundan tashqari suyuq dielektrikni bir qator xususiyatlarini 
�W�D�M�U�L�E�D���\�R�µ�O�L���E�L�O�D�Q���D�P�D�O�J�D���R�V�K�L�U�L�V�K���N�H�U�D�N���E�R�µ�O�D�G�L�� 

Tajribada suyuq dielektriklarni elektr va kimyoviy tahlil qilinadi.  
Qisman  taxlilga  quyidagi ko�µrsatkichlarni  aniqlash  kiradi: 
-tashqi ko�µrinishi va rangi; 
-mexanik aralashmalar bor y�R�µ�Tligini ko�µrish ( ko�µz bilan); 
-teshib o�µtish kuchlanishini tekshirish; 
-achiganlik miqdorini tekshirish; 
-chaqnash xaroratini aniqlash; 
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-suvda eruvchi kislota va ishqorlar bor yo�µqligini tekshirish; 
To�µliq  tahlilga esa quyidagi ko�µrsatkichlarni aniqlash kiradi. 
- �W�D�Q�J�H�Q�V�������ž S burchak ostida dielektrik yo�µqotilishi tekshirish; 
-mexanik aralashmalarni son jixatdan aniqlash; 
-tozalik sinfi; 
Namlik miqdorini son jihatdan aniqlash; 
-qovushqoqligini tekshirish; 
- oksidlanishini tekshirish; 
�%�X�Q�G�D�\�� �W�D�M�U�L�E�D�� �R�µ�W�N�D�]�L�V�K�G�D�Q�� �P�D�T�V�D�G�� �� �D�V�R�V�D�Q�� �W�U�D�Q�V�I�R�U�P�D�W�R�U�� �P�R�\�L�Q�L�� �V�L�I�D�W��

�N�R�µ�U�V�D�W�N�L�F�K�O�D�U�L�Q�L���D�Q�L�T�O�D�V�K�G�D�Q���L�E�R�U�D�W���&�K�X�Q�N�L���E�X���V�L�I�D�W���N�R�µ�U�V�D�W�N�L�F�K�O�D�U���H�O�H�N�W�U���T�X�U�L�O�P�D�Q�L��
�Q�R�U�P�D�O���L�V�K���U�H�M�L�P�G�D���L�V�K�O�D�V�K�L�Q�L���W�D�¶�P�L�Q�O�D�V�K�G�D�Q���L�E�R�U�D�W�G�L�U�� 

Elektr   analizga quyidagilar kiradi: 
- teshib o�µtish kuchlanishini tekshirish; 
-chaqnash xaroratini aniqlash; 
- �W�D�Q�J�H�Q�V�������ž S burchak ostida dielektrik yo�µqotilishi tekshirish; 
               Kimyoviy  analizga quyidagilar kiradi: 
- Achiganlik miqdorini aniqlash; 
- �6�X�Y�G�D���H�U�X�Y�F�K�L���N�L�V�O�R�W�D���Y�D���L�V�K�T�R�U�O�D�U���E�R�U���\�R�µ�T�O�L�J�L�Q�L���W�H�N�V�K�L�U�L�V�K�� 
- Namlik miqdorini tekshirish; 
- -qovushqoqligini tekshirish; 
- - oksidlanishini tekshirish; 
  Xulosa qilib shuni aytish mumkinki elektr qurilmalardagi ishlatiladigan 

izolyatsion materiallarning  fizik-kimyoviy va mexanik xossalarini aniqlash eng 
�G�R�O�]�D�U�E�� �P�D�V�D�O�D�O�D�U�G�D�Q�� �E�L�U�L�� �E�R�µ�O�J�D�Q�O�L�J�L�� �X�F�K�X�Q�� �L�V�K�O�D�E�� �F�K�L�T�D�U�L�V�K�� �M�D�U�D�\�R�Q�L�G�D�� �E�X�Q�G�D�\��
�N�R�µ�U�V�D�W�N�L�F�K�O�D�U�Q�L���E�H�O�J�L�O�D�Q�J�D�Q���W�D�U�W�L�E�G�D�����R�µ�W�N�D�]�L�O�L�E���W�X�U�L�V�K�L���P�D�T�V�D�G�J�D���P�X�Y�R�I�L�T�G�L�U�� 
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ENERGETIKANING FIZIKAVIY VA KIMYOVIY ASOSLARI  
A.A.Xaydarov 

�)�D�U�J�µ�R�Q�D���G�D�Y�O�D�W���W�H�[�Q�L�N�D���X�Q�L�Y�H�U�V�L�W�H�W�L 
Azamjonx70@gmail.com 

Kirish  Energetika inson hayoti va jamiyat taraqqiyotining ajralmas qismi 
hisoblanadi. Bugungi kunda sanoat, transport, turmush va boshqa sohalarda 
�H�Q�H�U�J�L�\�D�J�D���E�R�µ�O�J�D�Q���W�D�O�D�E���N�X�Q�G�D�Q-kunga ortib bormoqda. Energetika tizimlari turli 
tabiiy va texnogen manbalar asosid�D�� �L�V�K�O�D�E�� �F�K�L�T�L�O�J�D�Q�� �E�R�µ�O�L�E���� �X�O�D�U�� �I�L�]�L�N�D�Y�L�\�� �Y�D��
kimyoviy jarayonlarga asoslanadi. Energetikaning rivojlanishi energiya 
manbalaridan samarali foydalanish, ulardan olinadigan energiyaning ekologik 
�[�D�Y�I�V�L�]�O�L�J�L�� �Y�D�� �E�D�U�T�D�U�R�U�O�L�J�L�� �E�L�O�D�Q�� �F�K�D�P�E�D�U�F�K�D�V�� �E�R�J�µ�O�L�T���� �=�D�P�R�Q�D�Y�L�\ texnologiyalar 
�\�R�U�G�D�P�L�G�D���D�Q�¶�D�Q�D�Y�L�\���Y�D���T�D�\�W�D���W�L�N�O�D�Q�X�Y�F�K�L���H�Q�H�U�J�L�\�D���P�D�Q�E�D�O�D�U�L�G�D�Q���P�D�N�V�L�P�D�O���I�R�\�G�D��
�R�O�L�V�K���L�P�N�R�Q�L�\�D�W�O�D�U�L���N�H�Q�J�D�\�P�R�T�G�D�����(�Q�H�U�J�H�W�L�N�D���W�L�]�L�P�O�D�U�L�G�D���D�V�R�V�L�\���H�¶�W�L�E�R�U���\�R�T�L�O�J�µ�L���Y�D��
boshqa energiya manbalarining fizikaviy xususiyatlarini tahlil qilish, energiya 
almashinuvi va uni konversiya qilish mexanizmlarini tushunish, shuningdek, 
�N�L�P�\�R�Y�L�\�� �M�D�U�D�\�R�Q�O�D�U�Q�L�� �F�K�X�T�X�U�� �R�µ�U�J�D�Q�L�V�K�J�D�� �T�D�U�D�W�L�O�J�D�Q���� �8�V�K�E�X�� �P�D�T�R�O�D�G�D��
energetikaning fizikaviy va kimyoviy jihatlari, asosiy jarayonlari va ularning 
�W�H�[�Q�R�O�R�J�L�N���T�R�µ�O�O�D�Q�L�O�L�V�K�L���N�R�µ�U�L�E���Fhiqiladi. 

Asosiy qism 
1. Energetikaning fizikaviy asoslari Energiya tabiatning asosiy 

�W�X�V�K�X�Q�F�K�D�O�D�U�L�G�D�Q���E�L�U�L���E�R�µ�O�L�E�����X�Q�L�Q�J���W�X�U�O�L���V�K�D�N�O�O�D�U�L���P�D�Y�M�X�G�����P�H�[�D�Q�L�N�����L�V�V�L�T�O�L�N�����H�O�H�N�W�U����
kimyoviy va yadro energiyalari. Fizika energiyaning saqlanish qonuni asosida 
�L�V�K�O�D�\�G�L���� �\�D�¶�Q�L�� �H�Q�H�U�J�L�\�D�� �\�R�µ�T�R�O�P�D�\�G�L�� �Y�D�� �\�R�µ�T�G�D�Q�� �S�D�\�G�R�� �E�R�µ�O�P�D�\�G�L�� faqat bir 
�V�K�D�N�O�G�D�Q�� �E�R�V�K�T�D�� �V�K�D�N�O�J�D�� �R�µ�W�D�G�L���� �(�Q�H�U�J�H�W�L�N�D�� �W�L�]�L�P�O�D�U�L�G�D�� �T�X�\�L�G�D�J�L�� �D�V�R�V�L�\�� �I�L�]�L�N�D�Y�L�\��
jarayonlar kuzatiladi: 

Issiqlik  energiyasi va uni elektr energiyasiga aylantirish  �± issiqlik 
dvigatellari va bug�µ��turbinalari ishlash prinsipi issiqlik energiyasining mexanik 
energiyaga, so�µng elektr energiyasiga aylanishiga asoslangan���� �%�X�J�µ�� �W�X�U�E�L�Q�D�O�D�U�L�G�D��
�V�X�Y�� �E�X�J�µ�J�D�� �D�\�O�D�Q�W�L�U�L�O�L�E���� �\�X�T�R�U�L�� �E�R�V�L�P�� �K�R�V�L�O�� �T�L�O�L�Q�D�G�L�� �Y�D�� �X�� �W�X�U�E�L�Q�D�� �S�L�F�K�R�T�O�D�U�L�Q�L��
aylantiradi. �+�R�V�L�O�� �E�R�µ�O�J�D�Q�� �P�H�[�D�Q�L�N�� �H�Q�H�U�J�L�\�D�� �J�H�Q�H�U�D�W�R�U�� �R�U�T�D�O�L�� �H�O�H�N�W�U�� �H�Q�H�U�J�L�\�D�V�L�J�D��
�R�µ�J�L�U�L�O�D�G�L�����=�D�P�R�Q�D�Y�L�\���L�V�V�L�T�O�L�N���H�O�H�N�W�U���V�W�D�Q�V�L�\�D�O�D�U�L�G�D���\�R�T�L�O�J�µ�L�O�D�U�Q�L�Q�J���\�R�Q�L�V�K�L�G�D�Q���K�R�V�L�O��
�E�R�µ�O�J�D�Q���L�V�V�L�T�O�L�N���\�X�T�R�U�L���V�D�P�D�U�D�G�R�U�O�L�N���E�L�O�D�Q���H�O�H�N�W�U���H�Q�H�U�J�L�\�D�V�L�J�D���D�\�O�D�Q�W�L�U�L�O�D�G�L�����E�X���H�V�D��
�V�D�Q�R�D�W���Y�D���P�D�L�V�K�L�\���H�K�W�L�\�R�M�O�D�U�Q�L���W�D�¶�P�L�Q�O�D�V�K�G�D���P�X�K�L�P���D�K�D�P�L�\�D�W�J�D���H�J�D�� 

Elektromagnit maydon va elektr energiyasi �± generatorlar va 
transformatorlar orqali energiyani uzatish va aylantirish elektr energiya 
tizimlarining muhim jihatlaridan biridir. Generatorlar mexanik energiyani elektr 
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�H�Q�H�U�J�L�\�D�V�L�J�D�� �D�\�O�D�Q�W�L�U�D�G�L���� �E�X�Q�G�D�� �R�µ�]�J�D�U�X�Y�F�K�D�Q�� �H�O�H�N�W�U�R�P�D�J�Q�L�W�� �Paydon induksiya 
oqim hosil qiladi. Transformatorlar esa elektr energiyasining kuchlanishini oshirish 
yoki kamaytirish orqali uzatish jarayonini optimallashtiradi. Ular yuqori 
�N�X�F�K�O�D�Q�L�V�K�O�L�� �H�O�H�N�W�U�� �X�]�D�W�L�V�K�� �O�L�Q�L�\�D�O�D�U�L�G�D�� �H�Q�H�U�J�L�\�D�� �\�R�µ�T�R�W�L�V�K�O�D�U�L�Q�L�� �N�D�P�D�\�W�L�U�L�V�K�G�D��
m�X�K�L�P�� �U�R�O�� �R�µ�\�Q�D�\�G�L���� �(�O�H�N�W�U�� �H�Q�H�U�J�L�\�D�V�L�Q�L�Q�J�� �V�D�P�D�U�D�O�L�� �X�]�D�W�L�O�L�V�K�L�� �V�D�Q�R�D�W�� �Y�D�� �P�D�L�V�K�L�\��
�H�K�W�L�\�R�M�O�D�U�Q�L���E�D�U�T�D�U�R�U���W�D�¶�P�L�Q�O�D�V�K�J�D���[�L�]�P�D�W���T�L�O�D�G�L�>���@�� 

Termodinamik qonuniyatlar  �± issiqlik mashinalarining samaradorligi va 
entropiya tushunchasi termodinamikaning asosiy tamoyil�O�D�U�L�G�D�Q�� �E�L�U�L�� �E�R�µ�O�L�E����
energiya aylanish jarayonlarining muhim jihatini tashkil etadi. Issiqlik mashinalari 
�H�Q�H�U�J�L�\�D�Q�L�� �E�L�U�� �V�K�D�N�O�G�D�Q�� �E�R�V�K�T�D�V�L�J�D�� �R�µ�W�N�D�]�L�V�K�G�D�� �P�D�¶�O�X�P�� �\�R�µ�T�R�W�L�V�K�O�D�U�J�D�� �G�X�F�K��
keladi. Samaradorlikni oshirish uchun termodinamik sikllar, jumladan, Karno sikli 
�T�R�µ�O�O�D�Q�L�O�D�G�L���� �(�Q�W�U�R�S�L�\�D�� �W�X�V�K�X�Q�F�K�D�V�L�� �H�V�D�� �W�L�]�L�P�G�D�J�L�� �W�D�U�W�L�E�V�L�]�O�L�N�� �G�D�U�D�M�D�V�L�Q�L�� �L�I�R�G�D�O�D�\�G�L��
�Y�D�� �E�D�U�F�K�D�� �W�D�E�L�L�\�� �M�D�U�D�\�R�Q�O�D�U�Q�L�Q�J�� �R�µ�]-�R�µ�]�L�G�D�Q�� �E�R�U�L�V�K�� �\�R�µ�Q�D�O�L�V�K�L�Q�L�� �D�Q�L�T�O�D�\�G�L����
Entropiyaning ortishi tizimning energiya foydalilik darajasini pasaytiradi, shuning 
uchun samarali issiqlik almashinuvi va izolyatsiya choralari energiya tejashda 
�P�X�K�L�P���R�µ�U�L�Q���W�X�W�D�G�L�>���@�� 

2. Energetikaning kimyoviy asoslari Kimyo energetik jarayonlarning 
�D�M�U�D�O�P�D�V�� �T�L�V�P�L�� �E�R�µ�O�L�E���� �H�Q�H�U�J�L�\�D�Q�L�Q�J�� �D�M�U�D�O�L�V�K�L�� �Y�D�� �\�X�W�L�O�L�V�K�L�� �N�L�P�\�R�Y�L�\�� �U�H�D�N�V�L�\�D�O�D�U��
davomida sodir b�R�µ�O�D�G�L���� �<�R�Q�L�V�K���� �H�O�H�N�W�U�R�N�L�P�\�R�Y�L�\�� �M�D�U�D�\�R�Q�O�D�U���Y�D�� �\�D�G�U�R���U�H�D�N�V�L�\�D�O�D�U�L��
�D�V�R�V�L�\�� �D�K�D�P�L�\�D�W�J�D�� �H�J�D���� �<�R�Q�L�V�K�� �Q�D�W�L�M�D�V�L�G�D�� �L�V�V�L�T�O�L�N�� �K�R�V�L�O�� �E�R�µ�O�L�E���� �V�D�Q�R�D�W�� �Y�D��
�W�U�D�Q�V�S�R�U�W�G�D�� �N�H�Q�J�� �T�R�µ�O�O�D�Q�L�O�D�G�L���� �(�O�H�N�W�U�R�N�L�P�\�R�Y�L�\�� �U�H�D�N�W�V�L�\�D�O�D�U�� �H�V�D�� �E�D�W�D�U�H�\�D�O�D�U�� �Y�D��
�\�R�T�L�O�J�µ�L�� �H�O�H�P�H�Q�W�O�D�U�L�G�D�� �T�R�µ�O�O�D�Q�L�O�L�E���� �E�D�U�T�D�U�R�U�� �H�O�H�N�W�U�� �P�D�Q�E�D�O�D�U�L�Q�L�� �W�D�¶�P�L�Q�O�D�\�G�L����Yadro 
reaksiyalari esa ulkan energiya ishlab chiqarish imkonini beradi[3]. 

�.�L�P�\�R�Y�L�\�� �H�Q�H�U�J�H�W�L�N�D�� �W�L�]�L�P�O�D�U�L�G�D�� �T�X�\�L�G�D�J�L�� �D�V�R�V�L�\�� �M�D�U�D�\�R�Q�O�D�U�� �P�X�K�L�P�� �R�µ�U�L�Q��
tutadi: 

Yonish �± Yonish �± �R�U�J�D�Q�L�N���\�R�T�L�O�J�µ�L�O�D�U�Q�L�Q�J�����N�R�µ�P�L�U���� �Q�H�I�W���� �J�D�]�����N�L�V�O�R�U�R�G���E�L�O�D�Q��
reaksiyasi natijasida katta miqdorda issiqlik energiyasi ajraladigan ekzotermik 
jarayondir. Ushbu jarayon natijasida karbonat angidrid (CO�•�����Y�D���V�X�Y���E�X�J�µ�O�D�U�L���K�R�V�L�O��
�E�R�µ�O�D�G�L�����<�R�Q�L�V�K���H�Q�H�U�J�Lya ishlab chiqarish va transportda muhim ahamiyatga ega. 

Elektrokimyoviy reaktsiyalar  �± �E�D�W�D�U�H�\�D�O�D�U�� �Y�D�� �\�R�T�L�O�J�µ�L�� �H�O�H�P�H�Q�W�O�D�U�L�G�D�� �V�R�G�L�U��
�E�R�µ�O�L�E���� �N�L�P�\�R�Y�L�\�� �H�Q�H�U�J�L�\�D�Q�L�� �H�O�H�N�W�U�� �H�Q�H�U�J�L�\�D�V�L�J�D�� �D�\�O�D�Q�W�L�U�D�G�L���� �%�X�� �M�D�U�D�\�R�Q�� �D�Q�R�G�� �Y�D��
katod elektrodlarida oksidlanish-qaytarilish reaktsiyalari hisobiga amalga oshadi. 
�$�N�N�X�P�X�O�\�D�W�R�U�O�D�U�� �Y�D�� �\�R�T�L�O�J�µ�L�� �H�O�H�P�H�Q�W�O�D�U�L�� �H�O�H�N�W�U�� �W�D�¶�P�L�Q�R�W�L�� �W�L�]�L�P�O�D�U�L�G�D�� �N�H�Q�J��
�T�R�µ�O�O�D�Q�L�O�D�G�L�����E�D�U�T�D�U�R�U���Y�D���H�N�R�O�R�J�L�N���W�R�]�D���H�Q�H�U�J�L�\�D���P�D�Q�E�D�L���K�L�V�R�E�O�D�Q�D�G�L�>���@�� 

Yadro reaksiyalari  �± �D�W�R�P�� �\�D�G�U�R�V�L�Q�L�Q�J�� �E�R�µ�O�L�Q�L�V�K�L�� �\�R�N�L�� �V�L�Q�W�H�]�L�� �Q�D�W�L�M�D�V�L�G�D��
�X�O�N�D�Q���H�Q�H�U�J�L�\�D���D�M�U�D�O�D�G�L���� �%�R�µ�O�L�Q�L�V�K���M�D�U�D�\�R�Q�L���D�W�R�P���H�O�H�N�W�U���V�W�D�Q�V�L�\�D�O�D�U�L�G�D���I�R�\�G�D�O�D�Q�L�O�L�E����
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nazorat ostida issiqlik energiyasi hosil qiladi. Sintez esa quyosh energiyasining 
�D�V�R�V�L�\�� �P�D�Q�E�D�L�� �E�R�µ�O�L�E���� �N�H�O�D�M�D�N�G�D�� �W�R�]�D��energiya manbai sifatida istiqbolli 
hisoblanadi[4]. 

Energetikaning kimyoviy jarayonlari  
Jarayon Turi  Natijasi 

Yonish Egzotermik 
Issiqlik energiyasi 
�K�R�V�L�O���E�R�µ�O�D�G�L 

Elektrokimyoviy 
reaktsiyalar 

Redoks 
Elektr energiyasi 
�K�R�V�L�O���E�R�µ�O�D�G�L 

Yadro reaksiyalari �%�R�µ�O�L�Q�L�V�K�������V�L�Q�W�H�] 
Ulkan miqdorda 

energiya ajraladi 
Xulosa Energetika sohasining rivojlanishi fizikaviy va kimyoviy asoslarni 

chuqur tushunishga bog�µliq. Zamonaviy texnologiyalar energiya manbalaridan 
yanada samarali foydalanish va ekologik xavfsiz usullarni qo�µllash imkonini 
bermoqda. Barqaror rivojlanish maqsadida qayta tiklanuvchi energiya 
manbalarining ulushini oshirish va yangi texnologiyalarni rivojlantirish muhim 
vazifalardan biridir. 
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ERKIN HOLATDAGI KALS IY OKSIDINI  �.�/�,�1�.�(�5�*�$���7�$�¶�6�,�5�,�1�,��
�2�µ�5�*�$�1�,�6�+ 

�6�D�Q�µ�D�W���.�X�U�E�D�Q�E�D�H�Y�L�F�K���'�R�µ�V�F�K�D�Q�R�Y�����%�D�\�M�D�Q�R�Y���,�V�O�R�P���5�D�M�D�E�E�R�H�Y�L�F�K����
�7�R�µ�[�W�D�Q�D�]�D�U�R�Y���)�D�U�K�R�G�� 

Abu Rayhon Beruniy nomidagi Urganch davlat universiteti, Urganch shahri, 
�2�µ�]�E�H�N�L�V�W�R�Q���5�H�V�S�X�E�O�L�N�D�V�L 

duschanovs81@gmail.com1,  rajrajrajradju@gmail.com2 
Erkin holatdagi CaO �± sement va klinker sifatini belgilovchi muhim 

�S�D�U�D�P�H�W�U�O�D�U�G�D�Q�� �E�L�U�L�G�L�U���� �$�J�D�U�� �X�Q�L�Q�J�� �P�L�T�G�R�U�L�� �P�H�¶�\�R�U�G�D�Q�� �\�X�T�R�U�L�� �E�R�µ�O�V�D���� �J�L�G�U�D�W�D�W�V�L�\�D��
jarayonida ortiqcha Ca(OH)2 �K�R�V�L�O�� �E�R�µ�O�L�E���� �W�V�H�P�H�Q�W�� �P�D�V�V�D�V�L�Q�L�Q�J�� �N�H�Q�J�D�\�L�V�K�L�J�D�� �Y�D��
�\�R�U�L�T�O�D�U�Q�L�Q�J���S�D�\�G�R���E�R�µ�O�L�V�K�L�J�D���V�D�E�D�E���E�R�µ�O�D�G�L�����0�D�V�D�O�D�Q�����\�X�T�R�U�L���H�U�N�L�Q���K�R�O�D�W�G�D�J�L���&�D�2��
�H�J�D�� �V�H�P�H�Q�W�� �E�H�W�R�Q�Q�L�Q�J�� �P�X�V�W�D�K�N�D�P�O�L�J�L�Q�L�� �S�D�V�D�\�W�L�U�L�E���� �X�Q�L�� �J�L�G�U�D�Y�O�L�N�� �W�D�¶�V�L�U�O�D�U�J�D��
chidamsiz qiladi. Aksi�Q�F�K�D���� �H�U�N�L�Q�� �K�R�O�D�W�G�D�J�L�� �&�D�2�� �\�H�W�D�U�O�L�� �E�R�µ�O�P�D�V�D���� �N�O�L�Q�N�H�U�� �W�R�µ�O�L�T��
�K�R�V�L�O���E�R�µ�O�P�D�J�D�Q���E�R�µ�O�L�E�����Q�D�W�L�M�D�G�D���V�H�P�H�Q�W�Q�L�Q�J���G�D�V�W�O�D�E�N�L���P�X�V�W�D�K�N�D�P�O�L�J�L���S�D�V�W���E�R�µ�O�L�V�K�L��
mumkin. Ushbu tadqiqot sement va klinkerdagi erkin ohakni aniqlash usullarini 
�N�R�µ�U�L�E���F�K�L�T�D�G�L���Y�D���X�O�D�U�Q�L�Q�J���D�Q�L�T�O�L�J�L����ishonchliligi hamda samaradorligini baholaydi. 

Shuning uchun, CaO bilan aralashtirilgan xom ashyolarni kuydirish paytida, 
�N�O�L�Q�N�H�U�G�D�� �P�D�¶�O�X�P�� �P�L�T�G�R�U�G�D�� �H�U�N�L�Q�� �&�D�2�� �E�R�µ�O�L�V�K�L�� �P�X�P�N�L�Q���� �\�D�¶�Q�L�� �N�X�\�G�L�U�L�V�K��
jarayonida birikmagan CaO. Erkin CaO, xom ashyo aralashmasining yetarli 
�G�D�U�D�M�D�G�D���W�R�µ�O�L�T���N�X�\�G�L�U�L�O�P�D�J�D�Q�O�L�J�L���X�F�K�X�Q���V�R�G�L�U���E�R�µ�O�D�G�L�� 

Portlandsementni kuydirish jarayonida C3�6���K�R�V�L�O���E�R�µ�O�L�V�K�L���X�]�R�T���Y�D�T�W���G�D�Y�R�P�L�G�D��
�\�X�T�R�U�L�� �K�D�U�R�U�D�W�O�D�U�G�D�� �V�R�G�L�U�� �E�R�µ�O�D�G�L���� �2�G�G�L�\�� �S�R�U�W�O�D�Q�G�V�H�P�H�Q�W�� �N�O�L�Q�N�H�U�L�G�D�J�L�� �H�U�N�L�Q�� �&�D�2��
miqdori 1-2% dan oshmasligi kerak, aks holda gidratsiya paytida CaO dan 
Ca(OH)2 �K�D�M�P�L�Q�L�Q�J�� �N�R�µ�S�D�\�L�V�K�L�� �Q�D�W�L�M�D�V�L�G�D�� �T�R�W�L�V�K�� �S�D�\�W�L�G�D�� �V�H�P�H�Q�W�G�D�� �R�µ�]�J�D�U�L�V�K�O�D�U��
�E�R�µ�O�L�V�K�L���P�X�P�N�L�Q�����'�H�N�D�U�E�R�Q�L�]�D�W�V�L�\�D���]�R�Q�D�V�L�G�D���K�D�U�R�U�D�W�����������G�D�Q�����������ƒ�&���J�D�F�K�D���E�R�µ�O�L�E����
�N�D�O�V�L�\�� �Y�D�� �P�D�J�Q�L�\�� �N�D�U�E�R�Q�D�W�O�D�U�� �G�L�V�V�R�W�V�L�D�W�V�L�\�D�O�D�Q�D�G�L�� �Y�D�� �&�D�2�� �N�R�µ�S�� �P�L�T�Gorda erkin 
�K�R�O�G�D�� �K�R�V�L�O�� �E�R�µ�O�D�G�L���� �.�X�\�G�L�U�L�V�K�� �]�R�Q�D�V�L�G�D�� �K�D�U�R�U�D�W�� ���������ƒ�&�� �G�D�Q�� ���������ƒ�&�� �J�D�F�K�D��
�N�R�µ�W�D�U�L�O�D�G�L���� �%�X�� �]�R�Q�D�G�D�� �K�R�V�L�O�� �E�R�µ�O�J�D�Q�� �P�L�Q�H�U�D�O�O�D�U�� �T�L�V�P�D�Q�� �H�U�L�\�G�L���� �T�D�\�W�D�� �E�L�U�L�N�L�E��
3CaOSiO2 �K�R�V�L�O�� �E�R�µ�O�D�G�L���� ���������ƒ�&�� �K�D�U�R�U�D�W�G�D�� ���&�D�2�6�L�22 va CaO birikib alit hosil 
�E�R�µ�O�D�G�L���Y�D���N�O�L�Q�N�H�U���Warkibida erkin holatdagi CaO 0,5 �± 1 % qoladi. 

�'�D�Y�O�D�W�� �V�W�D�Q�G�D�U�W�O�D�U�L�J�D�� �N�R�µ�U�D�� �S�R�U�W�O�D�Q�G�V�H�P�H�Q�W�� �[�R�V�V�D�O�D�U�L�Q�L�� �R�µ�]�J�D�U�W�L�U�L�E�� �W�X�U�L�V�K����
shuningdek, uning tannarxini kamaytirish maqsadida klinkerga faol (gidravlik) va 
�L�Q�H�U�W�� �P�L�Q�H�U�D�O�� �T�R�µ�V�K�L�P�F�K�D�O�D�U�� �T�R�µ�V�K�L�V�K�J�D�� �U�X�[�V�D�W�� �H�W�L�O�D�G�L���� �,�Q�H�U�W�� �T�R�µ�V�K�L�P�F�K�D�O�D�U��
(ohaktosh, dolomit, kvars qum va boshqalar) miqdori 10% dan, faol (trepel, 
�G�L�D�W�R�P�L�W�����W�U�D�V�V���Y�D���E�R�V�K�T�D�O�D�U�����T�R�µ�V�K�L�P�F�K�D�O�D�U���P�L�T�G�R�U�L���H�V�D�����������G�D�Q���R�V�K�P�D�V�O�L�J�L���N�H�U�D�N����
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�%�L�U�R�T���J�L�G�U�D�Y�O�L�N���T�R�µ�V�K�L�P�F�K�D�O�D�U�����������Y�D���X�Q�G�D�Q���R�U�W�L�T���E�R�µ�O�L�V�K�L���K�D�P���P�X�P�N�L�Q�����8���K�R�O�G�D 
�P�D�\�G�D�O�D�Q�J�D�Q���P�D�K�V�X�O�R�W���Q�L�P�D���T�R�µ�V�K�L�O�J�D�Q�L�J�D���T�D�U�D�E���Q�R�P�O�D�Q�D�G�L���� 

Portlandsementning asosiy texnik xossalari klinker tarkibida muhim 
�P�L�Q�H�U�D�O�O�D�U�G�D�Q���Q�H�F�K�D���I�R�L�]���E�R�U�O�L�J�L�J�D���E�R�J�µ�O�L�T�� 

�3�R�U�W�O�D�Q�G�V�H�P�H�Q�W�� �W�D�U�N�L�E�L�G�D�J�L�� �D�V�R�V�L�\�� �Y�D�� �T�R�µ�V�K�L�P�F�K�D�� �R�N�V�L�G�O�D�U�� �P�L�T�G�R�U�L��
quyidagicha boladi: CaO �± 63 - 67%; SiO2 �± 21 - 24%; Al2O3 - 4 - 8%; Fe2O3 - 2 - 
4%; MgO - 0,5 - 5%; SO - 0,3 - 1%; Na2O va K2O - 0 ,4 -1%; TiO2 va Cr2O3 - 0,2 - 
0,5%; P2O - 0,1 - 0,3%. 

�3�R�U�W�O�D�Q�G�V�H�P�H�Q�W�� �[�R�V�V�D�O�D�U�L�� �D�Q�D�� �V�K�X�� �P�L�Q�H�U�D�O�O�D�U�� �P�L�T�G�R�U�L�J�D�� �E�R�J�µ�O�L�T����
Portlandsement klinkerining asosiy minerallari quyidagilar: uch kalsiy silikat (alit) 
- ���&�D�2�� �‡�� �6�L�22 yoki C3S; ikki kalsiy silikat (belit) - ���&�D�2�� �‡�� �6�L�2���� �\�R�N�L�� �&3S; uch 
kalsiy alyuminat - ���&�D�2���‡���$��2O3 yoki C3�$�����W�R�µ�U�W���N�D�O�V�L�\���D�O�\�X�P�R�I�H�U�U�L�W�����V�H�O�L�W����- 4CaO 
�‡���$�O2O3 �‡���)�H2O3 yoki C4AF. 

�7�R�µ�\�L�Q�L�V�K�� �N�R�H�I�I�L�W�V�L�\�H�Q�W�L�� ���7�.���� �\�X�T�R�U�L�� �E�R�µ�O�P�D�J�D�Q�� �Y�D�� �R�G�D�W�G�D�J�L�� �T�X�P�W�X�S�U�R�T��
modulli klinkerlarda kalsiy alyuminatlarning C12A7 (C5A3) va C3A shakli uchraydi. 
�7�R�µ�\�L�Q�L�V�K�� �N�R�H�I�I�L�W�V�L�\�H�Q�W�L�� �E�R�µ�O�J�D�Q�� �N�O�L�Q�N�H�U�O�D�U�G�D�� �H�V�D�� �D�O�\�X�P�R�I�H�U�U�L�W�O�D�U�� �E�L�O�D�Q�� �E�L�U�J�D�� �I�D�T�D�W��
C3�6�� �K�R�V�L�O�� �E�R�µ�O�D�G�L���� �.�O�L�Q�N�H�U�Q�L�Q�J�� �D�O�\�X�P�R�I�H�U�U�L�W�O�L�� �T�L�V�P�L�� �R�µ�]�J�D�U�X�Y�F�K�D�Q�� �W�D�U�N�L�E�J�D�� �H�J�D��
�E�R�µ�O�L�E�����&2F, C12A7 (C5A3�����Y�D���H�U�N�L�Q���&�D�2���G�D�Q���L�E�R�U�D�W���T�D�W�W�L�T���H�U�L�W�P�D���K�R�O�L�G�D���E�R�µ�O�D�G�L�� 

Erkin holatdagi CaO miqdori oshishi bilan sementning kengayishi ortadi. Bu, 
ohakning gidratlanishi natijasida hajmning oshishi va sement matritsasida ichki 
�E�R�V�L�P�Q�L�Q�J���N�R�µ�S�D�\�L�V�K�L���E�L�O�D�Q���E�R�J�µ�O�L�T 

Klinker tarkibida erkin holdagi �&�D�2�� �P�L�T�G�R�U�L�Q�L�� �D�Q�L�T�O�D�V�K�� �E�R�µ�\�L�F�K�D�� �W�D�M�U�L�E�D��
natijalari 

Ushbu tajribalarda mufel pechida haroratni oshirib borish orqali erkin CaO 
miqdorining kamayishi kuzatilgan. Bu jarayon klinkerni kuydirish jarayonidagi 
�N�L�P�\�R�Y�L�\���R�µ�]�J�D�U�L�V�K�O�D�U �E�L�O�D�Q���E�R�J�µ�O�L�T�� 

�2�µ�W�N�D�]�L�O�J�D�Q�� �W�D�M�U�L�E�D�O�D�U�J�D�� �D�V�R�V�O�D�Q�L�E���� �H�U�N�L�Q�� �K�R�O�G�D�J�L�� �&�D�2�� �Q�L�Q�J�� �P�L�T�G�R�U�L�� �������� ����
ekanligi aniqlandi. 

Erkin holdagi CaO aniqlash uchun xom ashyolardan bir kilogram massa 
tayyorlab olindi. Mufel pechida ���������ƒ�K, ���������ƒ�K, ���������ƒ�K haroratlarda kuydirib 
olinib boshqa namuna bilan solishtirilib, erkin holdagi CaO tekshirilganda, 
jadvaldagi natijalar olindi.  

            
 
 

1-jadval 
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�2�µ�W�N�D�]�L�O�J�D�Q���W�D�M�U�L�E�D Solishtirilgan namuna 
�‹  Haro

rat  
Erkin 

CaO 
Harora
t 

Erkin 
CaO 

1 1300
�ƒ�K 

8.8 ���������ƒ�K 11.0 

2 1350
�ƒ�K 

7.1 ���������ƒ�K 2.0 

3 1380
�ƒ�K 

3.7 ���������ƒ�K 1.5 

 
Birinchi tajribada ���������ƒ�&���� ���������ƒ�&�� �Y�D�� ���������ƒ�& haroratlarda kuydirilgan 

�Q�D�P�X�Q�D�O�D�U���R�µ�U�J�D�Q�L�O�G�L�����2�O�L�Q�J�D�Q���Q�D�W�L�M�D�O�D�U�G�D�Q���N�R�µ�U�L�Q�L�E���W�X�U�L�E�G�L�N�L�����������ƒ�&���G�D��erkin CaO 
miqdori 8.8%, solishtirma namunada esa 11.0% �E�R�µ�O�J�D�Q���� ���������ƒ�&�� �J�D�� �\�H�W�J�D�Q�G�D����
erkin CaO miqdori 7.1% gacha pasaydi, solishtirma namunada esa 2.0% gacha 
�N�D�P�D�\�G�L���� ���������ƒ�&�� �G�D�� �H�V�D��3.7% tajriba namunasi va 1.5% solishtirma namunaga 
tushdi. 

Harorat oshgani sayin erkin CaO miqdori sezilarli darajada kamaygan. Bu esa 
yuqori haroratda CaO ning boshqa tarkibiy qismlar bilan reaksiyaga kirishib, yangi 
�P�L�Q�H�U�D�O�O�D�U���K�R�V�L�O���T�L�O�L�V�K�L���E�L�O�D�Q���E�R�J�µ�O�L�T�� 

Keyingi holatda mufel pechida ���������ƒ�K, ���������ƒ�K, ���������ƒ�K, 1480�ƒ�K 
haroratlarda kuydirilib, boshqa namuna bilan solishtirilganda erkin holdagi CaO 
miqdori quyidagicha ekanligi aniqlandi.  

2-jadval 
�2�µ�W�N�D�]�L�O�J�D�Q���W�D�M�U�L�E�D Solishtirilgan namuna 

�‹  Haro
rat  

Erkin 
CaO 

Harora
t 

Erkin 
CaO 

1 ���������ƒ�K 8.8 ���������ƒ�K 11.0 

2 ���������ƒ�K 7.1 ���������ƒ�K 2.0 

3 ���������ƒ�K 3.7 ���������ƒ�K 1.5 

4 1420�ƒ�K 1.8 1420�ƒ�K 1.4 

 
Keyingi bosqichda tajriba ���������ƒ�&�� �K�D�U�R�U�D�W�J�D�F�K�D kengaytirildi va erkin CaO 

�P�L�T�G�R�U�L�Q�L�Q�J���N�D�P�D�\�L�V�K�L���G�D�Y�R�P���H�W�G�L�������������ƒ�&���J�D���\�H�W�J�D�Q�G�D��erkin CaO miqdori 1.8% 
�E�R�µ�O�G�L���� �6�R�O�L�V�K�W�L�U�L�O�D�\�R�W�J�D�Q�� �Q�D�P�X�Q�D�� �X�F�K�X�Q�� �H�V�D��1.4% �J�D�F�K�D�� �W�X�V�K�G�L���� ���������ƒ�&�� �G�D�� �H�U�N�L�Q��
CaO �*�2�6�7�� �P�H�¶�\�R�U�O�D�U�L�J�D�� �P�X�Y�R�I�L�T�� �E�R�µ�O�J�D�Q�� ������ �F�K�H�J�D�U�D�V�L�J�D�� �\�H�W�G�L. Bu esa 
klinkerlash jarayonining optimal harorati haqida xulosa chiqarishga yordam beradi. 
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1-rasm. �%�R�J�µ�O�D�Q�P�D�J�D�Q���H�U�N�L�Q���K�R�O�D�W�G�D�J�L���&�D�2���J�U�D�I�L�J�L 

 
2-rasm. �%�R�J�µ�O�D�Q�P�D�J�D�Q���H�U�N�L�Q���K�R�O�D�W�G�D�J�L���&�D�2���Y�D���K�D�U�R�U�D�W���G�L�D�J�U�D�P�P�D�V�L 

Tajribadan kelib chiqadigan asosiy xulosalar. Harorat oshgani sari erkin CaO 
miqdori kamayadi. �3�D�V�W�� �K�D�U�R�U�D�W�O�D�U�G�D�� �����������ƒ�&�±���������ƒ�&���� �H�U�N�L�Q�� �&�D�2�� �\�H�W�D�U�O�L�F�K�D��
�U�H�D�N�V�L�\�D�J�D�� �N�L�U�L�V�K�P�D�\�G�L���� ���������ƒ�&�±���������ƒ�&�� �R�U�D�O�L�J�µ�L�G�D���H�V�D�� �&�D�2�� �G�H�\�D�U�O�L�� �\�R�µ�T�R�O�L�E��
boradi. �2�S�W�L�P�D�O���K�D�U�R�U�D�W�����������ƒ�&�±���������ƒ�&���D�W�U�R�I�L�G�D�����*�2�6�7���E�R�µ�\�L�F�K�D��2% gacha ruxsat 
etilgan���� �E�X�� �H�V�D�� ���������ƒ�&�� �G�D�� �W�D�¶�P�L�Q�O�D�Q�G�L����Yuqori harorat klinkerni kuydirish 
jarayonini yaxshilaydi, lekin ortiqcha energiya talab qiladi.  
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3���� �2�W�D�T�R�µ�]�L�\�H�Y�� �7���$������ �2�W�D�T�R�µ�]�L�\�H�Y�� �(���7���� �%�R�J�µ�O�R�Y�F�K�L�� �P�R�G�G�D�O�D�P�L�Q�J�� �N�L�P�\�R�Y�L�\��
�W�H�[�Q�R�O�R�J�L�\�D�V�L���� �G�D�U�V�O�L�N���� �2�� �µ�]�E�H�N�L�V�W�R�Q�� �5�H�V�S�X�E�O�L�N�D�V�L�� �2�O�L�\�� �Y�D�� �R�µ�U�W�D�� �P�D�K�V�X�V�� �W�D�¶�O�L�P��
vazirligi.-�7�������&�K�R���µlpon nomidagi nashriyot-matbaa ijodiy uyi, 2005.-256 b.  

������ �4�X�U�L�O�L�V�K�� �P�D�W�H�U�L�D�O�O�D�U�L���� �R�µ�T�X�Y�� �T�R�µ�O�O�D�Q�P�D���$���,���� �$�G�L�O�[�R�G�M�D�\�H�Y����-Toshkent: 
�©�2�µ�]�E�H�N�L�V�W�R�Q�� �[�D�O�T�D�U�R�� �L�V�O�R�P�� �D�N�D�G�H�P�L�\�D�V�L�ª�� �Q�D�V�K�U�L�\�R�W-matbaa birlashmasi, 2020. - 
256 b. 
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�B�K�K�E�?�>�H�<�:�G�B�Y���F�?�O�:�G�B�A�F�H�<���>�B�N�N�M�A�B�H�G�G�H�=�H���L�H�D�:���<��
�K�L�J�M�D�L�M�J�? 

�M���K���;�Z�[�Z�o�h�^�`�Z�_�\�����F���:���M�k�f�Z�g�h�\�����B���R�����<�h�o�h�[�`�h�g�h�\�����J���D����
�:�[�^�m�f�m�o�l�h�j�h�\�Z 

�G�Z�f�Z�g�]�Z�g�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l 

�I�h�j�b�k�l�u�c���d�j�_�f�g�b�c�����L�K�N
F �5�E�����k�q�b�l�Z�_�l�k�y���i�_�j�k�i�_�d�l�b�\�g�u�f���f�Z�l�_�j�b�Z�e�h�f���^�e�y��
�i�j�b�f�_�g�_�g�b�y�� �\�� �n�h�l�h�i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�_���� �I�h�l�h�f�m�� �q�l�h�����L�K�N
F�5�E �b�f�_�_�l��
�Z�g�l�b�h�l�j�Z�`�Z�x�s�b�_�� �k�\�h�c�k�l�\�Z���� �i�h�w�l�h�f�m�� �a�Z�� �k�q�_�l�� �k�g�b�`�_�g�b�y�� �i�h�l�_�j�v�� �g�Z�� �h�l�j�Z�`�_�g�b�b��
�k�m�s�_�k�l�\�_�g�g�h�� �m�e�m�q�r�Z�_�l�k�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �n�h�l�h-�i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y���� �?�k�e�b��
�L�K�N
F�5�E �d�j�_�f�g�b�y���h�k�Z�`�^�Z�_�l�k�y���g�Z���i�h�\�_�j�o�g�h�k�l�b���f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h���d�j�_�f�g�b�y��
-�l�b�i�Z���:�L
F �5�E�;�����\�h�a�g�b�d�Z�_�l���[�Z�j�v�_�j�g�Z�y���k�l�j�m�d�l�m�j�Z���\���\�b�^�_���L�K�N
F�5�E���L
F �5�E �b�e�b���L�4 
- �L�>- �i�_�j�_�o�h�^���� �W�l�h�l�� �i�_�j�_�o�h�^�� �y�\�e�y�_�l�k�y�� �\�u�i�j�y�f�e�y�x�s�b�f���� �w�l�h�f�m��
�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �i�h�e�m�q�_�g�g�u�_�� �\�h�e�v�l�Z�f�i�_�j�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �w�l�b�o�� �k�l�j�m�d�l�m�j��
�\�� �j�Z�[�h�l�_�� �>���@���� �D�j�h�f�_�� �w�l�h�]�h�� �\�� �w�l�h�c�� �`�_�� �k�l�j�m�d�l�m�j�_�� �\�h�a�g�b�d�Z�_�l���^�b�n�n�m�a�b�h�g�g�u�c�� �l�h�d��
�i�j�b���h�l�k�m�l�k�l�\�b�b���\�g�_�r�g�_�]�h�����i�h�e�y���l�h���_�k�l�v���i�j�b��U=0.  

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �j�Z�k�k�f�h�l�j�_�g�u�� �f�_�o�Z�g�b�a�f�u�� �\�h�a�g�b�d�g�h�\�_�g�b�y��
�^�b�n�n�m�a�b�h�g�g�h�]�h�� �l�h�d�Z�� �b�� �l�_�h�j�_�l�b�q�_�k�d�b�� �i�h�e�m�q�_�g�h�� �g�Z�e�b�l�b�q�_�k�d�h�_�� �\�u�j�Z�`�_�g�b�_�� �^�e�y��
�w�l�h�]�h�� �l�h�d�Z���� �I�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b���L�K�N
F�5�E �g�Z�� �i�h�\�_�j�o�g�h�k�l�b���L
F�5�E �h�[�j�Z�a�m�_�l�k�y��
�d�j�b�k�l�Z�e�e�b�l�� �b�� �w�l�h�� �i�j�b�\�h�^�b�l�� �d�� �g�Z�j�m�r�_�g�b�x�� �^�Z�e�v�g�_�]�h�� �b�� �[�e�b�`�g�_�]�h�� �i�h�j�y�^�d�Z��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�� �j�_�r�_�l�h�d���� �I�h�w�l�h�f�m�� �b�a-�a�Z�� �g�Z�j�m�r�_�g�b�y�� �i�h�j�y�^�d�Z�� �\�h�a�g�b�d�Z�x�l��
�]�e�m�[�h�d�b�_���a�Z�j�y�^�h�\�u�_���k�h�k�l�h�y�g�b�y���\���a�Z�i�j�_�s�_�g�g�h�c���a�h�g�_�����W�l�b���a�Z�j�y�^�h�\�u�_���k�h�k�l�h�y�g�b�y��
�y�\�e�y�x�l�k�y�� �e�h�\�m�r�d�Z�f�b�� �^�e�y�� �a�Z�o�\�Z�l�Z�� �^�u�j�h�d�����?�k�e�b�� �d�h�g�p�_�g�l�j�Z�p�b�x�� �a�Z�j�y�^�h�\�u�o��
�k�h�k�l�h�y�g�b�c�� �k�j�Z�\�g�b�f�� �k�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �e�_�]�b�j�m�x�s�_�c�� �i�j�b�f�_�k�b���� �l�h�]�^�Z�� �f�_�`�^�m��
�k�e�h�y�f�b���L�K�N
F�5�E �b���L
F�5�E �i�j�h�b�k�o�h�^�b�l�� �b�a�]�b�[�� �a�h�g�� �b�� �\�h�a�g�b�d�Z�_�l�� �h�[�e�Z�k�l�v��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �a�Z�j�y�^�Z�� ���H�I�A������ �H�k�h�[�_�g�g�h�k�l�v�x�� �w�l�h�]�h�� �i�_�j�_�o�h�^�Z�� �y�\�e�y�x�l�k�y��
�k�m�s�_�k�l�\�h�\�Z�g�b�y�� �b�a�[�u�l�h�q�g�u�o�� �^�u�j�h�d�� �i�h�� �h�[�_�� �k�l�h�j�h�g�u�� �i�_�j�_�o�h�^�Z���� �g�h�� �k�� �j�Z�a�g�u�f�b��
�d�h�g�p�_�g�l�j�Z�p�b�y�f�b�� �b�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �i�h�e�g�h�_�� �h�l�k�m�l�k�l�\�b�_�� �g�_�h�k�g�h�\�g�u�o��
�w�e�_�d�l�j�h�g�h�\���� �I�h�� �w�l�h�c�� �i�j�b�q�b�g�_���� �b�a-�a�Z�� �g�_�j�Z�\�g�h�f�_�j�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �^�u�j�h�d��
�\�h�a�g�b�d�Z�_�l�� �^�b�n�n�m�a�b�y�� �^�u�j�h�d�� �d�� �k�l�h�j�h�g�_�� �b�f�_�x�s�_�c�� �f�_�g�v�r�_�� �d�h�g�p�_�g�l�j�Z�p�b�b���� �l�h��
�_�k�l�v���\���k�l�h�j�h�g�m���L�K�N
F�5�E. 

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

�M�j�Z�\�g�_�g�b�y���^�b�n�n�m�a�b�h�g�g�h�]�h���l�h�d�Z�����\�h�a�g�b�d�r�_�]�h���b�a-�a�Z���i�h�\�_�j�o�g�h�k�l�g�h�c��
�j�_�d�h�f�[�b�g�Z�p�b�b�� �F�ã 
L ���A���5�¿�L 
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STUDY OF THE EFFECT OF HEIGHT ON THE EFFICIENCY  OF 
SILICON TWO -JUNCTION VERTICAL SOLAR CELLS . 

�$�W�D�E�H�N���(�����$�W�D�P�X�U�D�W�R�Y�����%�H�[�]�R�G���4�����-�X�P�D�E�R�\�H�Y�
�����(�O�G�R�U���;�D�\�L�W�E�R�\�H�Y����
�0�D�K�N�D�P���0�����.�K�D�O�L�O�O�R�H�Y�����6�K�����5�D�[�P�D�Q�R�Y�D�����=�X�[�U�D���$�W�D�P�X�U�D�W�R�Y�D 

�3�K�\�V�L�F�V���G�H�S�D�U�W�P�H�Q�W�����8�U�J�H�Q�F�K���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\�����.�K���2�O�L�P�M�D�Q���V�W�U�������������8�U�J�H�Q�F�K����
�����������������8�]�E�H�N�L�V�W�D�Q 

*jumaboyevbexzod@urdu.uz 
In this work comprehensive study of efficiency dependence on height in 

silicon-based vertical two-junction (VTJ) SC in a wide range of heights is 
considered. 

The structure of the considered silicon-based vertical two-junction SC is 
shown in Fig.1. p-n-junctions in this structure are connected in series by a tunnel 
junction. A tunnel junction consists of p++ - n++ junction. Geometric sizes of the 
structure and doping levels are presented in Table 1. The height of the SC structure 
�Y�D�U�L�H�V���E�H�W�Z�H�H�Q�������D�Q�G�����������—�P�����7�K�H��2D simulation was carried out by using TCAD 
Sentaurus [3]. Drift-diffusion transport model and mobility models, which account 
for doping dependence, and SRH recombinations are included. As contact between 
p-n-junctions in SC is being implemented by tunnel junction the tunnel current is 
simulated by using the BTB model, and in SRH recombination model it is used 
Schenk model of trap-assisted tunneling. Physical models used in the simulation 
were calibrated by comparing J-V curves for experimental SC [2] and simulated 
solar cells with the same parameters (Fig.2). 

Results of the simulation show, that the efficiency of VTJ SC mainly 
decreases with height, but has jump features (Fig. 3, a). To analyze these features 
the dependencies of short circuit current density Jsc, open circuit voltage Voc, and 
fill factor FF on the height H of the VTJ SC were considered. In accordance with 
formula (1) for efficiency for vertical solar cells [1], the efficiency depends on 
height H and width W of SC structure, besides of quantities mentioned above:  

�ß
L
�Ã�Þ�Î�����®�Ï�Ú�Î���®�¿�¿���®�Á

�É�Ô�Ù�®�Ð
                           (1) 

where Pin is incident power per unit area, and W is the width of the solar cell, 
which is constant in our consideration. 

In accordance with formula (1) decreasing the efficiency is mainly defined by 
stepwise decreasing the short circuit current density because, in the considered 
range of height, it is decreased by several orders (Fig.3 b, curve 1), while the fill 
factor is decreased only by several percent (Fig.3, d). Open circuit voltage is also 
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decreased (fig.3, c), promoting the decrease in efficiency. Decreasing the short 
circuit current density is induced by increasing the cross-section area normal to the 
current flow  

 
 

Fig.1 The structure of the silicon 
VTJ SC  under investigation, with two 
p-n junctions connected by tunnel 
junction (TJ).  

Fig 2. J-V curves for experimental 
and simulated vertical solar cells with 
two p-n junctions and with the same 
parameters.  

 
Table 1. Geometric parameters and doping levels of simulated VTJ SC. 

connected with increasing the height.  Jumpwise features of the dependence 
of efficiency mainly is defined by the jumpwise dependence of the short circuit 
current on the height of the SC structure (Fig, 3, b, curve 2). Such behavior of short 
circuit current is caused by the dependence of optical generation rate on the height 
of the solar cell structure (Fig. 4). This dependence is constructed from optical 
generation rate dependence on the wavelength of solar radiation at a different 
height H. Obviously, jumpwise feature of the optical generation rate on the height 
is connected with light absorption depth on wavelength [4] as well as on the form 
of the solar spectrum [3].  

It is seen in Fig.3, that dependencies of short circuit current, open circuit 
voltage, and fill factor on the height have stepwise features while efficiency 
dependence on the height has clear jumpwise features. According to formula (1) it 
is connected with the "amplifying" effect of the height H. It can be clearly seen by 
comparing the dependencies of normalized efficiency - JscVocFF/Pin and efficiency 
on the height in Fig.5. 

Results from the simulation show, that the efficiency of a vertical two-
junction solar cell does not monotonically depend on its height. The feature of this 
effect of height is that efficiency strongly varies with the height. So at a change the 
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This is a very strong increase, therefore defining the optimal height for vertical SC 
is very important in designing VTJ SC.  

a b 

c d 
Fig.3 Dependence of efficiency (a), short circuit current and current density 

(b), open circuit voltage (c) and fill factor (d) on the height of solar cell structure 
at solar concentration 1 Sun. 

  
Fig.4. Optical generation rate 

dependence on the height H of SC at 
different wavelengths of solar radiation 
at solar concentration 1 Sun. 

Fig.5. Normalaised efficiency 
and efficiency dependence on the 
height. 
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�m�g�b�d�Z�e�v�g�u�f�� �k�h�q�_�l�Z�g�b�_�f�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\���� �[�h�e�v�r�Z�y�� �r�b�j�b�g�Z��
�a�Z�i�j�_�s�_�g�g�h�c�� �a�h�g�u��Eg � �� ���������� �w�<�� �i�j�b�� �d�h�f�g�Z�l�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_���� �[�h�e�v�r�Z�y��
�w�g�_�j�]�b�y�� �k�\�y�a�b�� �w�d�k�b�l�h�g�Z�� �������� �f�w�<������ �\�u�k�h�d�b�c�� �d�h�w�n�n�b�p�b�_�g�l�� �i�j�h�i�m�k�d�Z�g�b�y�� �\��
�h�i�l�b�q�_�k�d�h�f���b���[�e�b�`�g�_�f���b�g�n�j�Z�d�j�Z�k�g�h�f���^�b�Z�i�Z�a�h�g�_�����^�h�k�l�b�]�Z�x�s�b�c�������±90 % . 

�<�Z�`�g�h�c�� �h�k�h�[�_�g�g�h�k�l�v�x�� �k�e�h�_�\�� �=�Q�2�� �y�\�e�y�_�l�k�y�� �k�d�e�h�g�g�h�k�l�v�� �d��
�h�^�g�h�k�l�h�j�h�g�g�_�f�m�� �h�l�d�e�h�g�_�g�b�x�� �h�l�� �k�l�_�o�b�h�f�_�l�j�b�b�� �>���@���� �I�j�b�� �w�l�h�f�� �^�_�n�b�p�b�l��
�d�b�k�e�h�j�h�^�Z�� �\�� �k�e�h�y�o�� �f�h�`�_�l�� �k�h�a�^�Z�\�Z�l�v�� �\�u�k�h�d�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �k�h�[�k�l�\�_�g�g�u�o��
�^�h�g�h�j�g�u�o�� �p�_�g�l�j�h�\���� �L�Z�d���� �\�� �>���@�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �h�l�d�e�h�g�_�g�b�_�� �h�l�� �k�l�_�o�b�h�f�_�l�j�b�b��
�i�h�a�\�h�e�y�_�l�� �k�b�g�l�_�a�b�j�h�\�Z�l�v�� �k�e�h�b�� �=�Q�2�[�� �F�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �g�h�k�b�l�_�e�_�c�� �g�Z�� �m�j�h�\�g�_��
1020 �k�f-3�����i�h�^�\�b�`�g�h�k�l�v�x���—��� ���������k�f2�<�í1�k�í1 �b���m�^�_�e�v�g�u�f���k�h�i�j�h�l�b�\�e�_�g�b�_�f���!��� �������î��
10�í3 �H�f���k�f���� �<�� �p�_�e�h�f���� �k�h�]�e�Z�k�g�h�� �>���@���� �\�g�_�k�_�g�b�_�� �\�� �k�e�h�b�� �=�Q�2�� �k�h�[�k�l�\�_�g�g�u�o��
�^�_�n�_�d�l�h�\�� �b�� �j�Z�a�e�b�q�g�u�o�� �e�_�]�b�j�m�x�s�b�o�� �d�h�f�i�h�g�_�g�l�h�\�� �i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�Z�l�v�� �k�e�h�b�� �k��
�m�^�_�e�v�g�u�f���k�h�i�j�h�l�b�\�e�_�g�b�_�f���h�l���!� �����í4�·��09 �H�f���k�f���<���f�Z�]�g�_�l�j�h�g�Z�o���b�k�i�h�e�v�a�m�x�l�k�y��
�i�h�k�l�h�y�g�g�u�_�� �f�Z�]�g�b�l�u�� �k�� �g�Z�i�j�y�`�_�g�g�h�k�l�v�x�� �i�h�e�y�� �g�Z�� �i�h�e�x�k�Z�o�� �������� �L�e����
�J�Z�k�i�u�e�y�_�f�u�_�� �f�b�r�_�g�b�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �^�b�k�d�b�� �^�b�Z�f�_�l�j�h�f�� �����f�f�� �b��
�l�h�e�s�b�g�h�c�����·���f�f [ 4]. 

�G�Z���i�h�\�_�j�o�g�h�k�l�b���i�h�^�e�h�`�_�d���b�a���k�l�_�d�e�Z�����>�b�Z�i�Z�a�h�g���m�^�_�e�v�g�u�o���k�h�i�j�h�l�b�\�e�_�g�b�c��
�k�e�h�_�\���h�d�k�b�^�Z�� �p�b�g�d�Z���� �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o�� �f�_�l�h�^�h�f�� �f�Z�]�g�_�l�j�h�g�g�h�]�h�� �j�Z�k�i�u�e�_�g�b�y����
�i�j�h�k�l�b�j�Z�_�l�k�y�� �h�l�� �������®10�í4 �H�f���k�f�� �^�e�y�� �h�l�g�h�k�b�l�_�e�v�g�h�� �k�l�_�o�b�h�f�_�l�j�b�q�g�u�o��
�g�_�e�_�]�b�j�h�\�Z�g�g�u�o���k�e�h�_�\���=�Q�2�� 
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�h�d�k�b�^�Z���p�b�g�d�Z���i�j�h�\�h�^�b�e�h�k�v���f�_�l�h�^�h�f���k�d�Z�g�b�j�m�x�s�_�c���w�e�_�d�l�j�h�g�g�h�c���f�b�d�j�h�k�d�h�i�b�b�� 

�L�h�e�s�b�g�Z���i�e�_�g�d�b���h�d�k�b�^�Z �p�b�g�d�Z ZnO �k�h�k�l�Z�\�e�y�_�l���h�d�h�e�h�� 
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������ �f�d�f�� �]�_�d�k�Z�]�h�g�Z�e�v�g�Z�h�c�� �k�l�j�m�d�l�m�j�h�c�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c���b�� �j�_�r�_�l�d�b���h�d�k�b�^�Z��
�p�b�g�d�Z���h�[�e�Z�^�Z�x�l���d�j�b�k�l�Z�e�e�b�l�Z���l�b�i�Z���\�x�j�p�b�l�Z���>���@�� 

�K�n�h�j�f�b�j�h�\�Z�g�g�u�_ �i�e�_�g�d�b�� �h�d�k�b�^�Z�� �p�b�g�d�Z�� �\�d�e�x�q�Z�x�l�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� ������
�Z�l���� ���� �d�b�k�e�h�j�h�^�Z�� �b�� ������ �Z�l���� ���� �p�b�g�d�Z���� �l�h�� �_�k�l�v�� �b�f�_�x�l�� �k�h�k�l�Z�\���� �[�e�b�a�d�b�c�� �d��
�k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�h�f�m���� �B�a�[�u�l�h�q�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �d�b�k�e�h�j�h�^�Z�� �g�_�� �i�j�_�\�u�r�Z�_�l�� �������±
�������� �Z�l���� ������ �N�h�j�f�b�j�h�\�Z�g�b�_�� �h�d�k�b�^�Z�� �p�b�g�d�Z�� �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z��
�o�Z�j�Z�d�l�_�j�g�h�� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �i�j�h�p�_�k�k�Z����
�i�j�h�l�_�d�Z�x�s�b�o���\�h���\�j�_�f�y���n�h�j�f�b�j�h�\�Z�g�b�y���i�e�z�g�h�d���>���������@���� 

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

 
                       �Z��                                                 �[�� 
�J�b�k��������P�_�g�l�]�_�g�h�\�k�d�Z�y�� �^�b�n�j�Z�d�p�b�y�� �l�h�g�d�b�o�� �i�e�_�g�h�d��ZnO ���Z���� �b��

�j�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j�g�u�c�� �k�i�_�d�l�j�� �i�e�_�g�d�b�� �h�d�k�b�^�Z���p�b�g�d�Z �=�Q�2���[������ �i�h�e�m�q�_�g�g�u�o��
�f�_�l�h�^�h�f���f�Z�]�g�_�l�j�h�g�g�h�]�h���j�Z�k�i�u�e�_�g�b�y�� 

�I�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b���i�e�_�g�h�d���h�d�k�b�^�Z���p�b�g�d�Z���j�h�k�l�� �d�j�b�k�l�Z�e�e�h�\���h�d�k�b�^�Z���p�b�g�d�Z��
�i�j�h�b�k�o�h�^�b�l�� �\�� �d�j�b�k�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b�� �>���������@�� �>���@���� �I�j�b�� �w�l�h�f��
�h�j�b�_�g�l�Z�p�b�y�� �d�j�b�k�l�Z�e�e�h�\�� �h�l�g�h�k�b�l�_�e�v�g�h�� �i�h�\�_�j�o�g�h�k�l�b�� �i�h�^�e�h�`�d�b�� �f�h�`�_�l�� �[�u�l�v��
�j�Z�a�e�b�q�g�h�c���� �I�h�� �^�Z�g�g�u�f�� �j�_�g�l�]�_�g�h�\�k�d�h�c�� �^�b�n�j�Z�d�l�h�f�_�l�j�b�b�� �k�e�h�c�� �h�d�k�b�^�Z�� �p�b�g�d�Z����
�i�h�e�m�q�_�g�g�u�c�� �f�_�l�h�^�h�f���f�Z�]�g�_�l�j�h�g�g�h�]�h�� �j�Z�k�i�u�e�_�g�b�y���\�d�e�x�q�Z�e�� �l�h�e�v�d�h�� �n�Z�a�m��
(0002). 

�I�e�_�g�d�b���h�d�k�b�^�Z���p�b�g�d�Z���q�Z�k�l�h���k�h�^�_�j�`�Z�l���k�l�j�m�d�l�m�j�g�u�_���^�_�n�_�d�l�u�����k�\�y�a�Z�g�g�u�_���k��
�\�Z�d�Z�g�k�b�y�f�b�� �b�� �f�_�`�^�h�m�a�_�e�v�g�u�f�b�� �Z�l�h�f�Z�f�b�� �d�b�k�e�h�j�h�^�Z�� �\�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c��
�j�_�r�_�l�d�_�� �>���@���� �G�Z�� �i�h�e�m�q�_�g�g�u�o�� �f�_�l�h�^�h�f�� �j�_�g�l�]�_�g�h�\�k�d�h�c�� �n�h�l�h�w�e�_�d�l�j�h�g�g�h�c��
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�k�i�_�d�l�j�h�k�d�h�i�b�b�� �w�g�_�j�]�_�l�b�q�_�k�d�b�o�� �k�i�_�d�l�j�Z�o�� ���J�b�k�������Z������ �� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o����
�i�e�_�g�d�Z�f�� �h�d�k�b�^�Z�� �p�b�g�d�Z���� �i�h�e�h�k�Z���� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �� ���V�� �w�e�_�d�l�j�h�g�g�h�c�� �h�[�h�e�h�q�d�_��
�Z�l�h�f�h�\�� �d�b�k�e�h�j�h�^�Z���� �k�h�^�_�j�`�b�l�� �g�_�k�d�h�e�v�d�h�� �d�h�f�i�h�g�_�g�l���� �d�h�l�h�j�u�_�� �k�\�y�a�Z�g�u�� �k��
�i�j�b�k�m�l�k�l�\�b�_�f�� �\�� �i�e�_�g�d�Z�o�� �f�_�`�^�h�m�a�_�e�v�g�u�o�� �Z�l�h�f�h�\�� �b�� �o�_�f�h�k�h�j�[�b�j�h�\�Z�g�g�u�o��
�Z�l�h�f�h�\���d�b�k�e�h�j�h�^�Z�����j�b�k���������[������ 

�M�^�_�e�v�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �k�e�h�y�� �h�d�k�b�^�Z�� �p�b�g�d�Z���� �i�h�e�m�q�_�g�g�h�]�h�� �k�� �l�h�e�s�b�g�h�c����
�k�h�k�l�Z�\�e�y�e�h��d� �� �������� �f�d�f�� �!� ��������-5 �H�f���k�f���� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �h�d�k�b�^�Z�� �p�b�g�d�Z��
�l�h�e�s�b�g�h�c���k�h�k�l�Z�\�e�y�e�h��d� ���������f�d�f���!� �����������H�f���k�f���� 

�K�n�h�j�f�b�j�h�\�Z�g�g�u�_�� �i�e�_�g�d�b�� �y�\�e�y�x�l�k�y�� �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�f�b��
�i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�f�b�� �k�� �g�_�k�d�h�e�v�d�b�f�b�� �\�u�j�Z�`�_�g�g�u�f�b�� �n�Z�a�Z�f�b���± �������������� �b��
���������������� �L�h�g�d�b�c�� �k�e�h�c�� �h�d�k�b�^�Z�� �p�b�g�d�Z�� �h�[�e�Z�^�Z�_�l�� �g�b�a�d�b�f�� �m�^�_�e�v�g�u�f��
�k�h�i�j�h�l�b�\�e�_�g�b�_�f����������-5 �H�f���k�f�����h�[�m�k�e�h�\�e�_�g�g�u�f �\�u�k�h�d�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�_�c��
�k�l�j�m�d�l�m�j�g�u�o���^�_�n�_�d�l�h�\���d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c���j�_�r�_�l�d�b���i�h�e�m�i�j�h�\�h�^�g�b�d�Z�����k�\�y�a�Z�g�g�u�o��
�k���\�Z�d�Z�g�k�b�y�f�b���b���f�_�`�^�h�m�a�_�e�v�g�u�f�b���Z�l�h�f�Z�f�b���d�b�k�e�h�j�h�^�Z�� 
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POLIOKSIDLI KATALIZATORLAR SINTEZI VA ULARNING 
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IMKONIYAT LARI  
1Saidov X.M., 2Muxamadiyev N.Q, 1Murodov X.X.  

1Samarqand davlat veterinariya meditsinasi, chorvachilik va biotexnologiyalar 
�X�Q�L�Y�H�U�V�L�W�H�W�L���6�D�P�D�U�T�D�Q�G�����2�µ�]�E�H�N�L�V�W�R�Q 

2�6�D�P�D�U�T�D�Q�G���G�D�Y�O�D�W���X�Q�L�Y�H�U�V�L�W�H�W�L���6�D�P�D�U�T�D�Q�G�����2�µ�]�E�H�N�L�V�W�R�Q 
e-mail: xmsaidov@gmail.com 

�6�R�µ�Q�J�J�L���Y�D�T�W�O�D�U�G�D���W�D�E�L�L�\���J�D�]���H�Q�H�U�J�H�W�L�N�D���V�R�K�D�V�L�G�D���L�V�V�L�T�O�L�N���H�O�H�N�W�U���V�W�D�Q�V�L�\�D�O�D�U�L�G�D����
�P�H�W�D�O�O�X�U�J�L�\�D�G�D���� �L�V�V�L�T�O�L�N�� �E�L�O�D�Q�� �E�R�U�X�Y�F�K�L�� �M�D�U�D�\�R�Q�O�D�U�Q�L�Q�J�� �E�D�U�F�K�D�V�L�G�D�� �\�R�T�L�O�J�µ�L���� �N�L�P�\�R��
sanoatida vodorod, ammiak, formaldegid, metanol, dietil efir ishlab chiqarishda, 
geterosiklik birikmalar sintezida, etilen olishda, Fisher �± Tropsh sintezida va 
boshqa mahsulotlar olishda eng muhim xom-ashyodir [1]. 

Sintez gazi, vodorod, etilen, formaldegid, benzol kabi mahsulotlarning narxi 
dastlabki xom-ashyo tabiiy gazga nisbatan 10-100 baravar yuqori ekanligi ham, bu 
usulning istiqbolli va iqtisodiy jihatdan eng maqbul jarayon ekanligini isbotlaydi 
[2]. 

�0�H�W�D�Q�Q�L�Q�J���N�R�Q�Y�H�U�V�L�\�D�V�L���Q�D�W�L�M�D�V�L�G�D���R�O�L�Q�J�D�Q���Y�R�G�R�U�R�G�Q�L���R�O�L�Q�L�V�K�L�Q�L�Q�J���R�µ�]�L���N�L�P�\�R��
san�R�D�W�L�G�D���D�P�P�L�D�N�����D�]�R�W�O�L���R�µ�J�µ�L�W�O�D�U���R�O�L�V�K�G�D���L�V�K�O�D�W�L�O�L�V�K�L���X�Q�L�Q�J���D�K�D�P�L�\�D�W�L�Q�L���E�H�O�J�L�O�D�\�G�L����
Shu bilan bir qatorda tabiiy gazning ekologik jihatdan toza va xavfsiz ekanligi 
�K�D�P�G�D�� �L�Q�V�R�Q�O�D�U�� �N�X�Q�G�D�O�L�N�� �K�D�\�R�W�L�J�D�� �N�L�U�L�E�� �N�H�O�L�V�K�L�� �P�D�K�V�X�O�R�W�J�D�� �E�R�µ�O�J�D�Q�� �W�D�¶�O�D�E�Q�L�Q�J��
ortishiga sabab �E�R�µ�O�P�R�T�G�D���>�������@���0�H�W�D�Q�Q�L�Q�J���N�R�Q�Y�H�U�V�L�\�D�V�L���R�U�T�D�O�L���V�L�Q�W�H�]���J�D�]�L���R�O�L�V�K���Y�D��
�X�V�K�E�X�� �M�D�U�D�\�R�Q�O�D�U�G�D�� �T�R�µ�O�O�D�Q�L�O�D�G�L�J�D�Q�� �N�D�W�D�O�L�]�D�W�R�U�O�D�U�Q�L�� �L�V�K�O�D�E�� �F�K�L�T�L�V�K�� �E�L�O�D�Q��
�V�K�X�J�µ�X�O�O�D�Q�D�G�L���� 

Shunga qaramasdan metanni karbonat angidridli konversiyasini amalga 
oshirishga imkon beradigan, yuqori samadorlikni namoyon qiladigan, tanlab 
�W�D�¶�V�L�U�J�D�� �H�J�D�� �E�R�µ�O�J�D�Q���� �W�H�[�Q�L�N�� �Y�D�� �W�H�U�P�L�N�� �M�L�K�D�W�G�D�Q�� �E�D�U�T�D�U�R�U�� �E�R�µ�O�J�D�Q�� �N�D�W�D�O�L�]�D�W�R�U�O�D�U��
sintezi hamda konversiya jarayonida energiya sarfini kamaytirishga doir 
tadqiqotlar olib borish dolzarbligicha qolmoqda. 

�6�K�X�� �P�D�T�V�D�G�G�D�� �P�H�W�D�Q�Q�L�Q�J�� �N�D�U�E�R�Q�D�W�O�L�� �N�R�Q�Y�H�U�V�L�\�D�V�L�G�D�� �T�R�µ�O�O�D�V�K�� �P�D�T�V�D�G�L�G�D��
solution-combustion synthesis usulida ���1�L�2�Â�=�U�22/5Al2O3 tarkibli polioksidli mezo 
�Y�D���P�D�N�U�R�J�µ�R�Y�D�N�O�L���N�D�Walizator sintezi amalga oshirildi. [5,6].  

Ushbu sintez qilingan katalizatorni metanning karbonatli konversiyasi 
�M�D�U�D�\�R�Q�L�G�D���I�D�R�O�O�L�J�L�J�D���W�D�¶�V�L�U�L���R�µ�U�J�D�Q�L�O�G�L���K�D�P�G�D���N�D�W�D�O�L�]�D�W�R�U�Q�L�Q�J���N�D�W�D�O�L�W�L�N���I�D�R�O�O�L�N�O�D�U�L�J�D��
�U�H�D�N�V�L�\�D���K�D�U�R�U�D�W�L���R�µ�U�J�D�Q�L�O�G�L���>�������@���� 
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Rasm.1. Konversiya jarayoni temperaturasining metanning  karbonatli  

�N�R�Q�Y�H�U�V�L�\�D�J�D���W�D�¶�V�L�U�L��������- CO2, 2 - CH4, 3- CO va 4 - H2) 
�0�H�W�D�Q�Q�L�Q�J�� �N�D�W�D�O�L�W�L�N�� �N�R�Q�Y�H�U�V�L�\�D�V�L�� �W�H�P�S�H�U�D�W�X�U�D�J�D�� �E�R�J�µ�O�L�T�� �E�R�µ�O�L�E���� �N�D�W�D�O�L�]�D�W�R�U��

�T�R�µ�O�O�D�Q�L�O�J�D�Q�� �U�H�D�N�V�L�\�D�� �M�D�U�D�\�R�Q�L�G�D�� �W�H�P�S�H�U�D�W�X�U�D�� �R�U�W�L�E�� �E�R�U�L�V�K�L�� �E�L�O�Dn, metanning va 
karbonat angidridning konversiya % unumi ortib bordi, shu bilan bir vaqtda hosil 
�E�R�µ�O�D�\�R�W�J�D�Q�� �V�L�Q�W�H�]�� �J�D�]�L�Q�L�Q�J�� �K�D�P�� �K�R�V�L�O�� �E�R�µ�O�L�V�K�� �X�Q�X�P�L�� �\�X�T�R�U�L�� �E�R�µ�O�L�V�K�L�Q�L�� �N�R�µ�U�L�V�K��
mumkin (1-rasm). 

�.�D�W�D�O�L�]�D�W�R�U�Q�L�Q�J�� �P�H�W�D�Q�Q�L�Q�J�� �N�D�U�E�R�Q�D�W�O�L�� �N�R�Q�Y�H�U�V�L�\�D�V�L�G�D�� �T�R�µ�O�O�D�V�K�� �Q�D�W�L�M�D�V�L�G�D��
�R�O�L�Q�J�D�Q���P�D�¶�O�X�P�R�W�O�D�U����-jadvalda keltirilgan.  

1-jadval 
Metanning karbonatli konversiyasining katalizator tarkibi va  

�W�H�P�S�H�U�D�W�X�U�D�J�D���E�R�J�µ�O�L�T�O�L�J�L 

Katalizator t, �h�K 
CH4 

konversiyasi % 
CO2 

konversiyasi % 

Mahsulotlar % 
H2 CO H2:CO 

 
 
 

K1 

650 20,2 15,1 11,0 7,0 1,6 
700 23,1 19,1 13,0 9,3 1,4 
750 35,0 28,0 23,2 18,3 1,3 
800 47,3 39,2 32,2 21,1 1,5 
850 87,0 77,1 47,9 33,9 1,4 

900 68,2 61,1 35,5 26,4 1,3 

Karbonatli konversiya �U�H�D�N�V�L�\�D�V�L���M�D�U�D�\�R�Q�L�J�D���W�H�P�S�H�U�D�W�X�U�D�Q�L�Q�J���W�D�¶�V�L�U�L���Y�D���D�V�R�V�L�\��
konversiya mahsulotlarining konsentratsiyasi: 1 �± CH4, 2 �± CO2, 3 �± H2 va 4 - CO 
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�N�H�O�W�L�U�L�O�J�D�Q�� �E�R�µ�O�L�E���� �W�H�P�S�H�U�D�W�X�U�D�Q�L�Q�J�� �������h�K�� �G�D�� �P�H�W�D�Q�Q�L�Q�J�� �N�R�Q�Y�H�U�V�L�\�D�V�L�� �������� �Q�L��
tashkil etib, temperatura 50�h�K�� �R�U�W�J�D�Q�G�D�� �N�R�Q�Y�H�U�V�L�\�D�Q�L�Q�J�� �N�H�V�N�L�Q�� �N�R�µ�W�D�U�L�O�L�V�K�L�Q�L�� �Y�D��
�������� �Q�L�� �W�D�V�K�N�L�O�� �H�W�J�D�Q�O�L�J�L�� �N�X�]�D�W�L�O�G�L���� �6�K�X�� �E�L�O�D�Q�� �E�L�U�J�D�O�L�N�G�D�� �K�R�V�L�O�� �E�R�µ�O�D�\�R�W�J�D�Q�� �V�L�Q�W�H�]��
gazining unumi ham ortib bordi. 800 �h�K���Y�D���X�Q�G�D�Q���\�X�T�R�U�L���W�H�P�S�H�U�D�W�X�U�D�G�D���P�H�W�D�Q�Q�L�Q�J��
karbonatli konversiyasi 80% dan yuqori unumga erishildi. Konversiya jarayonida 
temperaturaning ortishi natijasida 750-800 �h�K�� �W�H�P�S�H�U�D�W�X�U�D�G�D�� �V�L�Q�W�H�]�� �J�D�]�L�� �K�R�V�L�O��
�E�R�µ�O�L�V�K���X�Q�X�P�L���K�D�P���R�U�W�G�L��  

Temperaturaning �P�H�W�D�Q�Q�L�Q�J�� �� �N�D�U�E�R�Q�D�W�O�L���N�R�Q�Y�H�U�V�L�\�D�J�D�� �W�D�¶�V�L�U�L���Q�D�W�L�M�D�V�L�G�D��sintez 
�J�D�]�L�� �P�D�K�V�X�O�R�W�L�� �E�R�µ�O�J�D�Q�� �Y�R�G�R�U�R�G�� �Y�D�� �X�J�O�H�U�Rd (II) oksidi konsentratsiyalarining 
�Q�L�V�E�D�W�L�� �K�D�P�� �N�H�O�W�L�U�L�O�J�D�Q�� �E�R�µ�O�L�E���� �E�X�� �Q�L�V�E�D�W�� �W�X�U�O�L�� �W�H�P�S�H�U�D�W�X�U�D�O�D�U�G�D�� �W�X�U�O�L�F�K�D�� �T�L�\�P�D�W�J�D��
ega. 850�(  �G�D�� �H�Q�J�� �\�X�T�R�U�L�� �N�R�Q�Y�H�U�V�L�\�D�� �Y�D�� �P�D�K�V�X�O�R�W�O�D�U�Q�L�Q�J�� �K�R�V�L�O�� �E�R�µ�O�L�V�K�� �X�Q�X�P�L�J�D��
erishildi, temperatura 900�(  �J�D�� �N�R�µ�W�D�U�L�O�L�V�K�L�� �K�D�P�� �N�R�Q�Y�H�U�V�L�\�D�Q�Lng ham, unumning 
ham pasayishiga olib kelishini kuzatish mumkin. Ushbuu holatni katalizator aktiv 
markazlarini kokslanishi bilan izohlash mumkin. 
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�h�d�k�b�^�Z�� �d�h�[�Z�e�v�l�Z�� ���&�R�2���� �b�� �h�d�k�b�^�Z�� �`�_�e�_�a�Z�� ���)�H�23���� �\�� �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�h�f��
�k�h�h�l�g�h�r�_�g�b�b�����L�Z�[�e�b�p�Z�������I�h�^�j�h�[�g�Z�y���k�o�_�f�Z���k�b�g�l�_�a�Z���i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k�m�g�d�_�� 

�L�Z�[�e�b�p�Z�� 

�K�h�h�l�g�h�r�_�g�b�y���k�f�_�k�_�c���h�d�k�b�^�Z���d�h�[�Z�e�v�l�Z���b���`�_�e�_�a�Z����CoO + Fe�•O�Ž)  

�G�h�f�_�j��
�h�[�j�Z�a�p�Z 

�K�h�h�l�g�h�r�_�g�b�_��
CoO:Fe�•O�Ž 

�F�Z�k�k
�Z���&�R�2�����]�� 

�F�Z�k�k�Z��
Fe�•O�Ž ���]�� 

�H�[�s�Z�y��
�f�Z�k�k�Z���k�f�_�k�b��

���]�� 
�‹�� -

Co3FeO1.2 
3:1 24 8 32 

�‹�� -
CoFeO2.5 

1:1 15 15 30 

�‹�� -
CoFe2O4 

1:2.13 10 21 31 

�‹�� -
CoFe2.8O4 

1:3 8 24 32 

�I�h�k�e�_�� �b�a�f�_�e�v�q�_�g�b�y�� ���^�h�� ������ �f�d�f���� �b�� �i�h�e�m�k�m�o�h�]�h�� �i�j�_�k�k�h�\�Z�g�b�y�� ���i�j�b�� �������� �F�I�Z����
�[�u�e�b�� �i�h�e�m�q�_�g�u�� �p�b�e�b�g�^�j�b�q�_�k�d�b�_�� �h�[�j�Z�a�p�u�� �^�b�Z�f�_�l�j�h�f�� ������ �f�f���� �A�Z�l�_�f�� �w�l�b��
�h�[�j�Z�a�p�u�� �[�u�e�b�� �i�h�f�_�s�_�g�u�� �g�Z�� �h�o�e�Z�`�^�Z�_�f�u�c�� �\�h�^�h�c�� �i�e�Z�\�b�e�v�g�u�c�� �Z�]�j�_�]�Z�l����
�j�Z�k�i�h�e�h�`�_�g�g�u�c�� �\�� �n�h�d�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b�� �k�h�e�g�_�q�g�h�c�� �i�_�q�b���� �G�Z�� �h�[�j�Z�a�_�p�� �[�u�e��
�g�Z�i�j�Z�\�e�_�g�� �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�u�c�� �i�h�l�h�d�� �k�h�e�g�_�q�g�h�]�h�� �b�a�e�m�q�_�g�b�y�� �k�� �i�e�h�l�g�h�k�l�v�x��
�f�h�s�g�h�k�l�b�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �4�� � �� �������� �<�l���k�f�ð���� �I�j�b�� �w�l�h�c�� �l�_�f�i�_�j�Z�l�m�j�_�� �h�[�j�Z�a�_�p��
�g�Z�q�b�g�Z�_�l���j�Z�k�i�e�Z�\�e�y�l�v�k�y�����I�h�k�e�_���d�Z�i�e�b���j�Z�k�i�e�Z�\�Z���i�Z�^�Z�x�l���\���\�h�^�m���b���h�o�e�Z�`�^�Z�e�b�k�v��
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�B�G�G�H�<�:�P�B�H�G�G�U�?���B�G�@�?�G�?�J�G�U�?���J�?�R�?�G�B�Y�ª 
International scientific and practical conference on the topic:  
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�k�h�� �k�d�h�j�h�k�l�v�x�� �����ñ�� �ƒ�K���k���� �L�Z�d�b�_�� �m�k�e�h�\�b�y�� �h�o�e�Z�`�^�_�g�b�y�� �i�h�a�\�h�e�y�x�l�� �k�h�o�j�Z�g�y�l�v��
�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_�� �k�l�j�m�d�l�m�j�g�u�_�� �k�h�k�l�h�y�g�b�y�� �f�Z�l�_�j�b�Z�e�Z���� �D�Z�i�e�b�� �j�Z�k�i�e�Z�\�Z��
�i�j�b�� �i�h�]�j�m�`�_�g�b�b�� �\�� �\�h�^�m�� �j�Z�k�l�j�_�k�d�b�\�Z�e�b�k�v�� �g�Z�� �f�_�e�d�b�_�� �k�l�_�d�e�h�\�b�^�g�u�_�� �q�Z�k�l�b�p�u��
�i�j�h�b�a�\�h�e�v�g�h�c�� �n�h�j�f�u���� �A�Z�l�_�f�� �j�Z�k�i�e�Z�\�e�_�g�g�u�c�� �f�Z�l�_�j�b�Z�e�� �b�a�f�_�e�v�q�Z�e�b�� �\��
�e�Z�[�h�j�Z�l�h�j�g�h�c�� �r�Z�j�h�\�h�c�� �f�_�e�v�g�b�p�_�� �^�h�� ������ �f�d�f���� �I�h�e�m�q�_�g�g�u�_�� �h�[�j�Z�a�p�u��
�h�l�i�j�Z�\�e�_�g�u���g�Z���^�Z�e�v�g�_�c�r�_�_���b�k�k�e�_�^�h�\�Z�g�b�y�� 

 

�J�b�k�����K�o�_�f�Z���k�b�g�l�_�a�Z���h�[�j�Z�a�p�h�\���n�_�j�j�b�l�Z���d�h�[�Z�e�v�l�Z���g�Z���;�h�e�v�r�h�c���K�h�e�g�_�q�g�u�c��
�I�_�q�b 

  










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































