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Director's Message 

Greetings from the Institute of Advanced Study in Science and Technology! 

As I address you today, it fills me with immense pride and joy to announce the realization of a vision 

nurtured through extensive deliberation and collaborative endeavours. After tireless efforts and 

countless discussions, Vigyan Chetna has finally come to fruition. This effort is a tribute to our eminent 

scientists and researchers' devotion and commitment to furthering knowledge for the benefit of 

society. 

As summarized in its name, The essence of 'Vigyan Chetna' embodies the notion of Science 

Consciousness. At IASST, this consciousness is reflected in every aspect of our ethos and serves as 

our guiding principle. We believe in harnessing the power of science and technology to address the 

myriad challenges facing humanity and to pave the way for a brighter and more sustainable future.  

With the publication of the first edition of Vigyan Chetna, we have taken an essential step toward 

attaining this goal. Through its pages, we hope to dig into the complexities of scientific realms, 

showcasing the cutting-edge work of our researchers while also providing a forum for aspiring authors 

to add to the conversation. Finally, the magazine's language medium has received much attention. 

Understanding the significance of linguistic diversity in our attempts to promote science and 

knowledge, including languages like Hindi, Assamese, and other regional languages, is equally vital. 

Our earnest opinion is that by expressing scientific concepts in an understandable and approachable 

manner, our work will reach a much larger audience.  

In conclusion, the contributions of our researchers, writers, and supporters have been instrumental in 

bringing Vigyan Chetna to life. I extend my heartfelt thanks to all for your dedication and commitment 

to this cause. I am filled with a sense of optimism and excitement for the journey that lies ahead. 

Vigyan Chetna is not just a publication but an endeavour to show how books can empower and 

influence. 

"Unleashing passion, igniting curiosity ï Together, we redefine the limits of knowledge at IASST".  
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ŬŘĶūő Ķź ŋƁĸŰ Őū ĸŬŅŜůŉ Ķő ŇŶŅū Ŝŷ¼ śūƁŋ ĦśĶū ĨŋŐźĸ ĥɍőǕū ŏƎ Ŏů ĶőŅŶ Ŝŷί ŬŗŚ  ÎĨʂŅ śūſŋźƁÎ ĶŶ ōůĻ ŬŗĶūś ĶŶ 

ŇŻőūŉ ĤŋŉūŐū ĸŐū ĮĶ ˧ ūŋĶ ĸŰń Ŝŷί ŬŗŚ Ķź ĮĶ ŬŗŘŶŚ ƢƁŬņ ɨūőū śƁ˴ŶŬŚŅ ĳő śƁƢŜůŅ ŬĶŐū ĽūŅū Ŝŷ ŬĽśŶ ÎŬŗŚ  

ƢƁŬņÎ ĶŶ ƛŋ ŏƎ Ľūŉū ĽūŅū Ŝŷ¼ Ľź ŬŗŚ  ŉŬœĶūĲƁ śŶ ĽŰšū ŜźŅū Ŝŷ ĳő śūƁŋźƁ ĶŶ¼ ķźķœŶ ŇūƁŅźƁ ÅŬĽʌƎ ÎŌƑ ĸÎ ĶŜū ĽūŅū ŜŷÆ 

ĶŶ  ŏūɭŏ śŶ ŬŘĶūő ŏƎ ƬŗŶŘ ĶőūŐū ĽūŅū Ŝŷ ί ŜūœūſŬĶ¼ ĶŰ ļ ƬĽūŬŅŐūſ¼ ĨŇūŜőń ĶŶ ŬœĮ¼ Ů̗ŬŀƁĸ Ķźōőū¼ ōĻūŗ ĶŶ ŇŻőūŉ 

ĤŋŉŶ Ŝŏœūŗő ŋő ŬŗŚ ŬļšĶŉŶ ĶŶ ŬœĮ Ľūŉū ĽūŅū ŜƑί ŎūőŅůŐ ŏźŉźĶœ Ķźōőū Ŏů ŋůŬšŅ ĶŶ ĻŶŜőŶ ŋő ŬŗŚ ŬļšĶ 

śĶŅū Ŝŷί ĦśŬœĮ Ħŉ śūƁŋźƁ śŶ ōĻ ĶŶ  őŜŉū ĻūŬŜĮί  

śūſŋ Ķū ŬŗŚ ĮƁĽūĦŏ¼ Ƭźŀůŉ ĳő ŋŶʎūĦłžś Ķū ĮĶ ĽŬŀœ ŬŏƳń ŜźŅū Ŝŷί ĦśĶŶ Ĥœūŗū¼ ĦśŏƎ ĶūōƔŜūĦłƊŶŀ¼ 

ŬœŬŋł¼ ĮŏūĦŉ ĳő ŬŗŬŎʂ ňūŅŰ ĥŐŉ¼ ĽŷśŶ śźŬłŐŏ¼ Ķŷ ŮͻŘŐŏ¼ ŋźŀŶŬŘŐŏ¼ ŏŷǮůŬŘŐŏ ĳő ŬĽƁĶ Ķŏ ŏūƧū ŏƎ ŋūĮ 

ĽūŅŶ ŜƑί ŬŗŚ ĶŶ ŬŗŚūǃ ĹŀĶźƁ ŏƎ ŬŘĶūő ĶŶ  ĮĶ ŬŗŘŶŚ ŭőśŶʎő ĶŶ ƬŬŅ ĨȂ ĥĶŚƈń ĳő ĻŐŉūɍĶŅū ŜźŅů Ŝŷ ĳő 

ŬĽśĶŶ  Ōœ̠ƛŋ  ŬŘĶūő Őū ĶūŀŉŶ ŗūœŶ ŋůŬšŅźƁ ŏƎ ŉŷŇūŬŉĶ ĸŬŅŬŗŬňŐźƁ Ķů ĮĶ Ŭŗ̏ŲŅ ƳŲƁķœū ƬŇŬŘƈŅ ŜźŅů Ŝŷί śūƁŋ 

Ķū ŬŗŚ ŏŰǣ ƛŋ śŶ ŬŘĶūő Őū ŋůŬšŅźƁ ĶŶ ƝŇŐ ĳő ʈűőźŏ Ű̉ œő Ŭś̎ŏ ÅʈűőźŀŸŮǙĶ ĶūŀŉŶÆ ĳő őǃ Ľŏūŗŀ 

ÅŜŶŏźŀŸŮǙĶ ĶūŀŉŶÆ Ķź ƬŎūŬŗŅ ĶőŅū Ŝŷί 

ë¿ ŎūőŅ ŏƎ śŋƈŇƁŘ Ķů ŋŷņźŬŌŬĽŐźœŸĽů Őū ŬŗŚūǃ ƬŎūŗ Ņņū œǕń  

ĤŬňĶūƁŘ śŋƈŇƁŘ ŋŷő ŋő ŜźŅŶ ŜƑ½ ŋůŬšŅ ĶŶ Řőůő ŏƎ ŬŗŚŷœŶ ŋŇūņƈ ÅŬŗŚÆ Ōŷ œ ĽūŅŶ ŜƑ¼ ŬĽśĶŶ  ĸƁŎůő ŋŭőńūŏ ŜźŅŶ ŜƑί śūƁŋźƁ 

ĶŶ ŬŗŚ ĶŶ  Ōœ̠ƛŋ Ĩɉʂ œǕń ŏŰǣ ƛŋ śŶ ĨŉĶŶ ŬŗŚ ŏƎ ŏŻĽűŇ ŬŗŚŷœŶ ĹŀĶźƁ ĶŶ Ķūőń ŜźŅŶ ŜƑί ŬŗŚ Ķů ĹūŅĶŅū 

śūƁŋ Ķů ƬĽūŬŅ¼ ĤœĸåĤœĸ śūƁŋ Ķů Ĩư¼ ŬŗŚ Ķů śƁőĻŉū ŏƎ ŏŻśŏů ōŇœūŗ¼ ŬŘĶūő Őū ŏūŉŗ ĶŶ  Řőůő ŏŶ ƬŗŶŘ ĶŶ  ŏūĸƈ 

ÅĤƁŅƂŬŘőū¼ ĦƁŀƊūłŏƈœ¼ ĻŏšŶ ĶŶ  ŉůĻŶ¼ ĥŬŇÆ ĳő śūƁŋ ĶŶ ĶūŀŉŶ ĶŶ ŇŻőūŉ ŬŉĶœŉŶ ŗūœŶ ŬŗŚ Ķů ŏūƧū ŋő ŬŉŎƈő ĶőŅů Ŝŷί 

ĦśŬœĮ śŋƈŇƁŘ ĶŶ  ŬŗŚ ĶŶ  őźĸ śƁōƁňů ƬŎūŗ ŬŎʂ ŜźŅŶ ŜƑ ĳő ĦśŏƎ ʈűőźŏ Ű̉ œő ŋǕūĹūŅ (ʈűőźŀŸŮǙŬśŀů), őǃƵūŗ ĳő 

ĶźĸŰœźŋŷņů (ŜŶŏźŀŸŮǙŬśŀů), ĳő ĶūŀŉŶ ŗūœů ĽĸŜ ĶŶ  ĥśŋūś śűĽŉ, Ĺūŗ ÅĤˢőŶŘŉÆ ĳő ĩŅĶ ŋŭőĸœŉ 

(śūĦŀźŀŸŮǙŬśŀů) ĽŷśŶ œǕń ŘūŬŏœ ŜƑί ŐŶ śŎů ŇŰ̂Ŏūŗ ŋűőů ŅőŜ śŶ śūƁŋ Ķů ƬĽūŬŅ ŋő ŬŉŎƈő ĶőŅŶ ŜƑί 

ŎūőŅůŐ Ķźōőū ÅŉūĸÆ ĳő ĥŏ ĶőŷŅ Ķū ŬŗŚ ŋǕūĹūŅ ÅʈűőźŋŷőūŬœŬśśÆ¼ ˵śŉ ŬŗŌœŅū Ķů ŅůƲ ŘŰƚĥŅ ĳő 

ĻŶŅŉū Ķů ŜūŬŉ Ķź ŇŘūƈŅū Ŝŷί Ħŉ ʈűőźŋŷőŬœŬŀĶ œǕńźƁ ŏƎ ͈ Ŭ ˺Ķū ňŰƁňœūŋŉ¼ ōźœŉŶ ŏƎ Ĥ̗˺Ņū¼ ŬŉĸœŉŶ ŏƎ ĶŬŁŉūħ¼ 

ĤŬŉƁƩū ĳő ĽůŎ Ķū ŏźŀū Ŝźŉū Å̠ūŇ Ķū ŋŅū ŉ ĻœŉūÆ ĥŬŇ ŇŶķŶ ĽūŅŶ ŜƑί ŉūĸ  ĶŶ ĶūŀŉŶ ĶŶ ŅŰőƁŅ ōūŇ¼ ŏőůĽźƁ Ķź ĶūŀŉŶ 

ŗūœů ĽĸŜ ŋő Ľœŉ ĳő ŅŶĽ ŇŇƈ ŏŜśűś ŜźŅū Ŝŷ¼ ĦśĶŶ Χ åΨ  ĹƁŀŶ ĶŶ ōūŇ śűĽŉ ĥ ĽūŅů Ŝŷί ĶőŷŅ ĶŶ ŬŗŚ ŏƎ ĩŋő ōŅūĮ 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/metal-ion
https://www.sciencedirect.com/topics/chemistry/sodium
https://www.sciencedirect.com/topics/chemistry/potassium


ĸĮ Ķźħ œǕń ŉŜůƁ ŬŇķŅŶ ŜƑί ĦśĶŶ Ĥœūŗū¼ ĶőŷŅ ɨūőū ĶūŀŶ ĸĮ őźŬĸŐźƁ ŏƎ ĥƁŅŭőĶ őǃƵūŗ ĶŶ Ķūőń ĸƁŎůő ŋŶŀ ŇŇƈ 

ĳő įƁŁŉ ĶŶ œǕń ŇŶķŶ ĽūŅŶ ŜƑί ŋőƁŅŰ ŉūĸ ĶŶ   ŬŗŚ ĶŶ ŏūŏœŶ ŏƎ Ħŉ ɭūŉ ŇŶŉŶ Ķů ĥŗ˲ĶŅū Ŝŷί 

ŇōźħŐū ĽŷśŶ ŎūőŅůŐ ŗūĦŋŭőł śūƁŋźƁ ĶŶ  ŬŗŚ ŏŰǣ ƛŋ śŶ ŜŶŏź̎ŷŬŀĶ ĤśƁŅŰœŉ, őǃ Ľŏūŗŀ ĳő ʖūȘū 

ŌūĦŬƮŉźĽŶŉ ĶŶ Ǖőń ŜźŅŶ Ŝŷ, ŬĽśśŶ ĤƁŅŅƂ ĶźĸŰœźŋŷņů Åőǃ Ķū ŉŜůƁ  ĽŏŉūÆ ĳő ĤśŜŉůŐ ŋůšū ŜźŅů Ŝŷί ƬūņŬŏĶ 

ŬĻŬĶɔůŐ œǕńźƁ ŏƎ ĸŰŇƏ Ķů Ļźŀ ĳő őźĸů ƨźʼźśūĦŀźŋŶŬŉŐū ÅʖŶŀœŶŀ Ķů ŬĸŉŅů ŏŶ ĶŏůÆ ĽŷśŶ œǕń ŋŭőœŬǕŅ ŜźŅŶ ŜƑ, 

ŬĽśśŶ ōūő-ōūő ʖŶŀœŶŀ ĥňūŉ ĳő ŜŶŏźłūŐŬœŬśś Ķů ĥŗ˲ĶŅū ŜźŅů Ŝŷί ĦśĶŶ Ĥœūŗū, ŇŬǕń ŎūőŅ Ņņū ƳůœƁĶū 

ŏƎ ŇōźħŐū ĶŶ ĶūŀŉŶ śŶ ŏőůĽźƁ ŏƎ ƬůŬśŉŶŬʎĶ ʈűőźŏ Ű̉ œő ʮŸĶŶ Ľ ĶŶ Ķūőń ŋůŀźŬśś (ŋūœĶ Ķū ľŰĶŉūÆ¼ ō˙ő ŋǕūĹūŅ, 

ĦƁŀőʈűŮǏŐő İͨņū˛źʖŶŬĽŐū ÅĮĶ ŉŶƧ śƁōƁňů ĸŬŅŬŗŬň ŬŗĶūőÆ ĳő ˵śŉ ŋǕūĹūŅ ĽŷśŶ ĤŬɨŅůŐ ʈűőźŀŸŮǙĶ œǕń 

Ŏů ŬŇķūħ ŇŶŅŶ ŜƑί 

  ŇōźħŐū ĶŶ ŬŗŚ Ķů ŅŰœŉū ŏƎ¼ ĤŌħ Ķū ŬŗŚ ŋůŬšŅ ĶŶ őǃ Ľŏūŗ ŋő ĤŬňĶ ĸƁŎůő ƬŎūŗ łūœŅū Ŝŷί ŬŗŚ ĶŶ 

ƬūņŬŏĶ œǕńźƁ ŏƎ ĸƁŎůő śűĽŉ¼ őǃƵūŗů ļūœŶ ĳő ĶūŀŉŶ Ķů ĽĸŜ ŋő ĸƁŎůő ŇŇƈ ŘūŬŏœ ŜƑί ŅůƲ ĸŰŇƏ Ķů ŬŗŌœŅū¼ 

őǃƵūŗ ĳő ŜūĦŋźŀƎŘŉÅĤ˗ őǃ ĻūŋÆ  ĶŶ Ĥœūŗū¼ ŜŶŏźŀŸŮǙŬśŀů ĳő ĶźĸŰœźŋŷņů ĽŷśŶ ĸƁŎůő œǕń Ŏů ōŅūĮ ĸĮ 

ŜƑί ĤŬňĶūƁŘ ŉŷŇūŬŉĶ Ŭŉ˸ŚƖ ŏƎ ĶūŀŉŶ ĶŶ ōūŇ ŋŭőśƁĻőń ʖŶŀœŶŀžś ŏƎ Ķŏů Ŏů ōŅūħ ĸħ Ŝŷ ŬĽśŶ ƨź̓źśūĦŀźŋŶŬŉŐū 

ĶŜŅŶ Ŝŷί 

 

3. ŎūőŅ ŏƎ śŋƈŇƁŘ Ķū ĨŋĻūő 

 

ĩŋő ĨŮ˝ŮķŅ śūƁŋ śōśŶ ĹūŅĶ ŜƑ ĳő ĦŉĶŶ  ĶūŀŉŶ śŶ  ĸƁŎůő œǕń ŋŷŇū ŜźŅů  ŜƑί ĦśŬœĮ ŬŗŚŷœŶ śūƁŋźƁ ĶŶ  ĶūŀŉŶ 

ōūŇ ŅȻūœ Ķūőƈŗūħ ĳő ĨŋĻūő Ķů ĥŗ˲ĶŅū ŜźŅů Ŝŷί 

śūƁŋ ĶŶ  ŬŗŚ ĶŶ  ƬŎūŗ ĶŶ  ōūŇ ŅȻūœ Ķūőƈŗūħ ŏƎ ŏőůĽ Ķź ŉĽŇůĶů Ĥ̗Ņūœ œŶ Ľūŉū ŘūŬŏœ Ŝŷί śŋƈŇƁŘ Ķů ĤŬňĶūƁŘ 

ĹŀŉūĮſ Ƣūŏůń ǕŶƧźƁ Őū ĸūſŗźƁ ŏƎ ŜźŅů ŜƑ½ ĦśŬœĮ ŅŲŅůŐĶ ̠ū̔ ĶƎ ƩźƁ ĶŶ  ŋŷőūŏŶŬłĶœ ̎ūŌ Ķź ƬūņŬŏĶ ŬĻŬĶɔū 

ƬŇūŉ ĶőŉŶ ĶŶ  ŬœĮ ĨŬĻŅ ƬŬŘǕń ŬŇŐū Ľūŉū ĻūŬŜĮ ŅūŬĶ śŋƈŇƁŘ śŶ ŋůŬšŅ Ķħ œźĸźƁ Ķů Ľūŉ ōĻūŉŶ ŏƎ ŏŇŇ Ŭŏœ 

śĶŶ  ί ƬūņŬŏĶ ĨŋĻūő ĶőŉŶ śŶ őźĸů ĶŶ  Řőůő ŏƎ ŬŗŚ ĶŶ  Ōŷ œūŉŶ Ķź Ķŏ ĶőŉŶ ŏƎ ŏŇŇ Ŭŏœ śĶŅů Ŝŷ ĳő ŬŉĶŀŅŏ 

Ĥ̗Ņūœ ŅĶ ŋƞƁĻŉŶ śŶ ŋŜœŶ Ķŏ śŶ Ķŏ ĶŰ ļ śŏŐ Ŭŏœ śĶŅū Ŝŷί Ŭŗ˵ ̠ū̔ śƁĸŁŉ ŉŶ ŬŉʹŬœŮķŅ ƬūņŬŏĶ 

ŬĻŬĶɔū ŬŇŘūŬŉŇƏŘźƁ Ķū ŋūœŉ ĶőŉŶ Ķů ĤŉŰŘƁśū Ķů Ŝŷ¾ 

¶ śűĽŉ ŜźŉŶ ŋő ŉŰĶśūŉ śŶ ōĻŉŶ ĶŶ  ŬœĮ ĶūŀŶ ĸĮ ̓ūŉ ĶŶ  ĥśŋūś śŶ ŅƁĸ ĻůĽ ĽŷśŶ Ļűšů¼ ĤƁĸűŁů ĦɏūŬŇ Ŝŀū 

ŬŇŐū ĽūĮί 

¶ ŬĻƁŅū Ķź Ķŏ ĶőŉŶ ĶŶ  ŬœĮ ŋůŬšŅ Ķź ĥ˵̏ ĶőƎ ĳő ŘūƁŅ ĶőŉŶ ŏƎ ŏŇŇ ĶőƎί ĦśśŶ ŬŗŚ Řőůő ŏŶ Ķŏ 

Ōŷ œŶĸūί  

¶ ˧Ůǃ Ķź ŋűőů ŅőŜ śŶ Ů̓ő ĶőƎ ĳő ĨśŶ ŬŉĶŀŅŏ ̠ū̔ śŰŬŗňū ŅĶ ŋƞƁĻūĮƁί 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/acute-kidney-failure


¶ ŋūőƁŋŭőĶ ƬūņŬŏĶ ŬĻŬĶɔū ŋɞŬŅŐźƁ Őū Ŝōƈœ ŇŗūĲƁ ĶŶ  ƬŐźĸ śŶ ōĻƎί 

¶ ĸƁŎůő ŇŇƈ ĶŶ  ŬœĮ ŋŷőūŬśŀūŏźœ ŬŇŐū Ľū śĶŅū Ŝŷί 

¶ ŐŬŇ Ĩˎů ŜźŅů Ŝŷ¼ Ņź őźĸů Ķź ŁůĶ ŜźŉŶ ĶŶ ŬœĮ ōūħƁ Ĳő ŬœŀūĮƁί 

¶ őźŬĸŐźƁ ĶŶ  śūƁś œŶŉŶ Ķů ƬŬƠŐū Ķů ōƞŅ śūŗňūŉů śŶ Ŭŉĸőūŉů Ķů Ľūŉů ĻūŬŜĮ ĳő ĥŗ˲ĶŅū ŋšŉŶ ŋő  

ĶūŬłƈŐźŋ˛źŉőů ŋŰŉŗƈśŉ ĶŶ  ŬœĮ ŅŷŐūő őŜŉū ĻūŬŜĮί 

ĦśĶŶ ĤŬŅŭőǃ¼ ŏūŉ œůŬĽĮ ŬĶ ŬĶśů ŬŗŚŷœŶ  śūƁŋ ĶŶ ĶūŀŉŶ śŶ ŋǕūĹūŅ ĶŶ  œǕń  ŜźŅů Ŝŷ œŶŬĶŉ ̓ ūŉůŐ ĩŅĶ 

ǕŬŅ ŉŜůƁ ŜźŅů Ŝŷί Ĩś Ů̓ŬŅ ŏƎ¼ Ňōūŗ ŋȣů œĸūŉŶ śŶ Řőůő ŏƎ ŬŗŚ Ķū Ƭśūő ňůŏū Ŝź śĶŅū Ŝŷί ŜūœūſŬĶ ŐŬŇ ŬŗŚ 

̓ūŉůŐĶŲ Ņ ĩŅĶ ǕŬŅ Ķū Ķūőń ōŉŅū Ŝŷ¼ Ņź Ňōūŗ ŋȣů Ķū ĨŋŐźĸ ĶőŉŶ śŶ ōĻŉū ōŶŜŅő Ŝŷί ĶūŀŉŶ ĶŶ ̓ ūŉ ŋő 

śŏůŋ ̓ŀűŬŉƈĶŶ ŀ œĸūŉŶ Ķů ĤŉŰŘƁśū ŉŜůƁ Ķů ĽūŅů Ŝŷ ǎźƁŬĶ ĦśśŶ ŋŭőńūŏźƁ ŏƎ Ķźħ śŰňūő ƞĮ Ŭōŉū ƚǩŅū ōŢ ĽūŅů 

Ŝŷί 

ŬĶśů Ŏů ĽŜőůœŶ śŋƈŇƁŘ ĶŶ ŮķœūŌ ŗŷȐūŬŉĶ ƛŋ śŶ ̠ůĶŲ Ņ ŬĻŬĶɔū Ĥ̗Ņūœ ŏƎ ĶūŀŶ ĸĮ őźĸů Ķź ŏźŉźŗŷœƎŀ 

Őū ŋŸœůŗŷœƎŀ ĮƁŀůŗŶŉŏ Åśŋƈ ŬŗŚőźňů ŇŗūÆ Ķū ŅūȻūŬœĶ ĤƁŅƂŬŘőū ƬŘūśŉ Ŝŷί ŎūőŅ ŏƎ ĹźšźƁ ŏŶ  ĨɉūŬŇŅ ĮƁŀůŗŶŉŏ 

ÅĦŬǑŉ ĮƁŀůŗŶŉŏ ĶŶ ƛŋ ŏƎ Ľūŉū ĽūŅū ŜŷÆ ŋŶŮʙŉ ɨūőū ŋĻūħ ĸħ ʖūȘū ĥħĽůĽů Å)c'Æ Ķū ĮŌ ÅĮōůÎÆ ë Å&]Χ̂ Æ 

ĤƁŘ ŜźŅū Ŝŷί ŏźŉźŗŷœƎŀ ĮƁŀůŗŶŉŏ Ķź ĮĶ Ŝů śūƁŋ Ķů ƬĽūŬŅ ĶŶ ŬŗŚ ĶŶ  ŮķœūŌ ĨɉūŇŉ ŬĶŐū ĽūŅū Ŝŷ ĳő ŐŜ Ĩś 

ŬŗŚ Ķź ŅŰőƁŅ ōŶĤśő Ķő śĶŅū Ŝŷ ŬĽśĶŶ ƬŬŅĶű œ ĦśŶ ŬŗĶŬśŅ ŬĶŐū  ĸŐū Ŝŷί ŜūœūſŬĶ ĥĽĶœ ŎūőŅ ŏƎ ŏźŉźŗŷœƎŀ 

ĮƁŀůŗŶŉŏ Ķū Ŭŉŏūƈń ŉŜůƁ ŬĶŐū ĽūŅū Ŝŷί įśū ĦśŬœĮ Ŝŷ ǎźƁŬĶ ŎūőŅ ŏƎ śŋƈŇƁŘ ŬŉŇūŉ ŬĶŀ Ĩŋœʧ ŉŜůƁ ŜƑ¼ ĳő 

łŸǁő ĶūŀŶ ĸĮ śūƁŋ Ķů ƬĽūŬŅ Ķū ŬŉŇūŉ ŉŜůƁ Ķő śĶŅŶ ŜƑί ĦśĶŶ ŬŗŋőůŅ¼ ŋŸœůŗŷœƎŀ śŋƈ ŬŗŚőźňů Ňŗū¼ ÏŬōĸ ŌźőÏ 

ÅĦƁŬłŐŉ Ķźōőū¼ ĦƁŬłŐŉ ĶŸŏŉ ƠŶ ŀ¼ ĦƁŬłŐŉ őśŶœ ŗūĦŋő ĳő ĦƁŬłŐŉ śŸå̉Ŷ  ːŗūĦŋőÆ ĽŷśŶ ŬŗŚŷœŶ  śūƁŋźƁ ĶŶ ŬŗŚ 

ŬŏƳń ĶŶ ŮķœūŌ ŅŷŐūő ŬĶŐū ĽūŅū Ŝŷί ĦśŬœĮ¼ ŋŸœůŗœƎŀ śŋƈ ŬŗŚőźňů Ňŗū ĨŉĶŶ ĤŬňĶūƁŘ ŬŗŚūǃ ŋŇūņƖ ÅœŶŬĶŉ 

Ķŏ ĥńŬŗĶ Ŏūő ŗūœŶ ŬŗŚūǃ ŋŇūņƖ Ķź ŉŜůƁÆ Ķź ĮĶ Ĥœĸ ̏ő ŅĶ ōŶĤśő Ķő śĶŅū Ŝŷί ĦśĶŶ Ĥœūŗū ŋŸœůŗŷœƎŀ 

śŋƈ ŬŗŚőźňů Ňŗū ŏƎ ŎūőŅ ŏŶ ŋūħ ĽūŉŶ ŗūœů Ĥʈ ƬŏŰķ ŬŗŚŷœŶ śūƁŋźƁ ĶŶ ŬŗŚ  ĶŶ ƬŬŅĶű œ ĮƁŀůōŸłů Ķů Ŏů ŬśŌūŭőŘ Ķů 

ĽūŅů Ŝŷ ŅūŬĶ ŬŗŚŷœŶ śūƁŋ ĶŶ ĶūŀŉŶ ĶŶ ŋő ōŶŜŅő ĦœūĽ ŬĶŐū Ľū śĶŶ ί 

4. Ŭŉ˸Śƈ¾ śŋƈŇƁŘ ĶŶ  śŏ̝ū Ķź Ķŏ Ķŏ ĶőŉŶ ĶŶ  ŬœĮ śūŏūŬĽĶ ĽūĸƛĶŅū ĳő śƁŐŰǃ ƬŐūś Ķů 

ĥŗ̝ĶŅū Ŝŷ  

śŋƈŇƁŘ Ķů śŏ̝ū ĳő śƁōƁŬňŅ ŏŻŅźƁ Ķź Ķŏ ĶőŉŶ ĶŶ  ŬœĮ¼ śŎů ̠ū̔ ĤŬňĶūŭőŐźƁ¼ ŬĻŬĶɔĶźƁ ĳő śŋƈ 

ŬŗŚőźňů Ňŗū ōŉūŉŶ ŗūœů ĶƁ ŋŬŉŐźƁ Ķū ĮĶ śƁŐŰǃ ƬŐūś Ů̓ŬŅ śŶ ŬŉŋŀŉŶ ĶŶ  ŬœĮ ĤɏŬňĶ ƬŎūŗů Ŝźĸūί ĦśĶŶ  Ĥœūŗū 

ŬŗŘŶŚ ƛŋ śŶ Ƣūŏůń ǕŶƧźƁ ĳő ŇűőŇőūĽ ĶŶ  ĸūƁŗźƁ ŏƎ śūƁŋźƁ ĳő ĨŉĶŶ  ĶūŀŉŶ ĶŶ  ōūőŶ ŏƎ śūŏūŬĽĶ ĽūĸƛĶŅū śŶ œźĸźƁ 

Ķź śūƁŋźƁ ĳő śūƁŋźƁ ĶŶ  ŬŗŚ ĶŶ  ōūőŶ ŏƎ ŬŘŬǕŅ ĶőŉŶ ŏƎ ŏŇŇ ŬŏœŶĸů ĳő Ķħ ŏőůĽźƁ Ķů Ľūŉ ōĻūħ Ľū śĶŶ ĸůί 
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Řƽő  ¾ĮĶ ŬŏŁů œŅ 

ŬŋŐūœů ŇŶŗőŸŐ, ĥŘůŚ ōūœū * 

ĳŚŬň ŬŗȐūŉ ĮŗƁ ĳŚň ķźĽ ĤŉŰśƁňūŉ ƬŐźĸŘūœū, Ľůŗŉ ŬŗȐūŉ ŬŗŎūĸ, ŬŗȐūŉ ĮŗƁ ƬŻɦźŬĸĶů ĨȂ ĤɭŐŉ 

śƁ̓ūŉ, ŬŗȐūŉ ŋņ, ŋŬˬŏ ōšūĸūſŗ, ĸšĻŰĶ, ĸŰŗūŜūŀůå ðñêéìî, Ĥśŏ, ŎūőŅ 

 

ĮĶ śŏŐ Ķů ōūŅ Ŝŷ, ĮĶ įśů ŇŰŬŉŐū ĽŜūƁ ŎźĽŉ ŇŰœƈŎ ņū ĳő ĩĽūƈ ƵźŅźƁ Ķź ĤɏŬňĶ ŏŜɓ ŬŇŐū ĸŐū ņū, ŗŜūƁ Ļůŉů 

ŅŶĽ ĩĽūƈ ĶŶ  ƵźŅ ĶŶ  ƛŋ ŏƎ ĨŎőůί ŐŜ ŋźŚń Ķū ĮĶ ƬɏǕ ƛŋ ņū Ľź ŏūŉŗ Řőůő ĶŶ  śōśŶ ŏŜɓŋűńƈ ŬŜ̡Ŷå

ŏŮ̏-˸ Ķź ŋźŚń ŇŶŉŶ ĶŶ  ŬœĮ őǃƬŗūŜ ĳő ŏŮ̏˸ ĶŶ  ōůĻ 

ŏŜɓŋűńƈ ōūňū Ķź ŋūő Ķő śĶŅū ņūί Ħś ĤŉűŁů ǕŏŅū ŉŶ Ļůŉů Ķź 

ŏūŉŗ ĥŜūő Ķū ĮĶ ĤŬŉŗūŐƈ  ŬŜ̡ū ōŉū ŬŇŐūί Ļůŉů Ķū ŏůŁū ̠ūŇ 

ĥŉƁŇ śŶ ĽŰšū ƞĥ ņū, Ľź ĤǙő ĶŬŁŉ ĳő ǕŏūŘůœ ŗūŅūŗőń ŏƎ 

ĦƁŬƩŐźƁ ĶŶ  ŬœĮ ĥŉƁŇ ĶŶ  ƛŋ ŏƎ ĶūŐƈ ĶőŅū ņūί 

ĽŷśŶ åĽŷśŶ śʵŅūĮƁ ĥĸŶ ōŢůƁ ĳő ŎźĽŉ Ķů Ķŏů Ķħ œźĸźƁ ĶŶ  

ŬœĮ ĤŅůŅ Ķů ōūŅ ōŉ ĸħ, Ļůŉů ŉŶ ŇŰŬŉŐū Ŏő ĶŶ  œźĸźƁ ĶŶ  ŬŇœźƁ 

ĳő ĹőźƁ ŏƎ Ĥŋŉū őū̏ū ķźĽ ŬœŐūί Ľź ĶŎů ĩĽūƈ Ķū ĮĶ ŇŰœƈŎ 

ƵźŅ ƞĥ ĶőŅū ņū, Ĥō ŋūĶ åĶœū Ņņū ŬŗŬŎʂ ˧ƁĽŉźƁ Ķū ĮĶ 

œźĶŋĢžŭőŐ ĤƁĸ ōŉ ĸŐūί Ľź ĥŉƁŇ ŐŜ ƬŇūŉ ĶőŅū ņū, ŗŜ 

ĤŬŗŗūŬŇŅ ņū, ĳő Ľ˕ Ŝů ŐŜ  ŎźĽŉ Ķū ĮĶ ŏŰǣ Ŏūĸ ōŉ 

ĸŐū, ŉ ĶŶ ŗœ ĤŋŉŶ ƬūĶŲ ŬŅĶ ƛŋ ŏƎ, ōŮˉ ōŢŅů ƞħ ŬŗŬŎʂ ķūɦ 

ĳő ŋŶŐ ŋŇūņƖ ŏƎ Ŏů ĮĶ ĤŬŅŭőǃ Ņɓ ĶŶ  ƛŋ ŏƎί  

ŜūœūƁŬĶ, ĶŜūŉů ŉŶ ĮĶ ĸŜőū ŏźš Ņō ŬœŐū Ľō ŗŷȐūŬŉĶźƁ ŉŶ ŏūŉŗ 

ŏŮ̏˸ ŋő Řƽő ĶŶ  ƬŎūŗ ĶŶ  őŜ̝źƁ Ķź ĨĽūĸő Ķőŉū ŘŰƛ ŬĶŐūί 

ĤŉŰśƁňūŉ ŉŶ śƁĶŶ Ņ ŬŇŐū ŬĶ ŬĽś ŅőŜ ŉŘůœŶ ŋŇūņƈ ŏŮ̏˸ ĶŶ  Ħŉūŏ 

ĳő ĥŉƁŇ ĶƎ ƩźƁ Ķź ƬŎūŬŗŅ ĶőŅŶ ŜƑ, Ĩśů ŅőŜ Řƽő Ŏů ŏŮ̏˸ ŏƎ 

ĲŬŋŐźĦł ĳő łźŋūŏūĦŉ ŭőśŶʎśƈ Ķů ĨŋœʧŅū Ķź Ķŏ ĶőŉŶ Ķů ǕŏŅū 

őķŅū Ŝŷί Ħŉ ŋŭőńūŏźƁ śŶ ŐŜ ̗˺ Ŝź ĸŐū ŬĶ ǎźƁ ōƞŅ śŶ œźĸ Ļůŉů ĶŶ  

ŬœĮ ĮĶ ĤƁŅŜůŉ œūœśū Ķū ĤŉŰŎŗ ĶőŅŶ ŜƑ, Ľź ŬĶ ŉŘůœŶ ŋŇūņƖ Ķů 

œŅ ĶŶ  śŏūŉ Ŝŷ, ĳő Ľź Ħȃū ĳő śŶŗŉ ĶŶ  ŬŉőƁŅő ĻƠ Ķů ŘŰƚĥŅ 

ĶőŅū Ŝŷ, ŬĽś śŶ ōūŜő ŬŉĶœŉū ŏŰŮ˫œ Ŝź śĶŅū Ŝŷί įśū ĦśŬœĮ Ŝŷ 

ǎźƁŬĶ Ļůŉů Ķū ŜŏūőŶ Řőůő ŋő ŏŜɓŋűńƈ ƬŎūŗ ŋšŅū Ŝŷί  

 
 

 
 
ŬĻƧ Φ. ĥŋĶů Řūŏ Ķů ĻūŐ ĶŶ  ͈˲ Ķů ĮĶ ŏůŁů 

ľœĶů 

 

ŬĻƧ Χ. ĤŋŉŶ ŬŗĻūő ƬŬƠŐū ŋő ŬŉŐƁƧń ķź ĻŰĶū 

ĮĶ Ļůŉů ŋő ŬŉŎƈő őźĸůί 



ĤŬŅŭőǃ ŘĶƈ őū Ķů ĳśŅ ĤŏŶŭőĶů ŇŷŬŉĶ ķŋŅ ǎū Ŝŷ?  

ĥˬŐƈĽŉĶ ƛŋ śŶ, ĮĶ ĳśŅ ĤŏŶŭőĶů ŗŐ̉ ƬŬŅŬŇŉ ëë śŶ ìé ĻˁĻ ĤŬŅŭőǃ Ļůŉů Ķū śŶŗŉ ĶőŅū Ŝŷ, Ľź ĤŏŶŭőĶŉ 

Ŝūŀƈ ĮśźŬśĮŘŉ Ķů ĶŶ ŗœ 6 śŶ 9 ĻˁĻ Ķů ŬśŌūŭőŘźƁ ĶŶ  ŬŗŋőůŅ Ŝŷί ŐŜ Ħ˺Ņŏ ̠ū̔ ĶŶ  ŬœĮ ĤŉŰŘƁŬśŅ ķŰőūĶ śŶ ĶŜůƁ 

ĤŬňĶ Ŝŷί Ħś ĤŬŅŭőǃ śŶŗŉ śŶ ŏňŰŏŶŜ, ŋūĻŉ śŏ̝ū, ŏźŀūŋū, ŬĻƁŅū, ŋŰőūŉů śűĽŉ ĳő ƝŇŐ őźĸ Ľŷśů ŬŗŬŎʂ ̠ū̔ śŏ̝ūĮƁ 

Ŝź śĶŅů ŜƑί  

ŜūœūƁŬĶ Ļůŉů ĩĽūƈ Ķů ƬūőƁŬŎĶ ŗŲŮɞ ƬŇūŉ ĶőŅů Ŝŷ, ŋőƁŅŰ śŏŐ ōůŅŉŶ ĶŶ  śūņ Ŝů ŐŜ őǃ ŘĶƈ őū ĶŶ  ̏ő ŏƎ ĨŅūőĻŢūŗ Ķū å

Ķūőń ōŉ śĶŅů Ŝŷ, ŬĻšŬĻšūŋŉ, Ņŉūŗ, ĤŗśūŇ, ĥɍ åŬŉŐƁƧń ŏƎ Ķŏů ĳő ŬĻƁŅū őźĸ ĽŷśŶ ŉĶūőūɍĶ ŋŭőńūŏ Ħś ŬŏŁŶ 

Ľūœ śŶ ĽŰšŶ ƞĮ ŜƑί 

ŋőƁŅŰ Ķō ĮĶ śūňūőń œūœśū ĮĶ œŅ ŏƎ ōŇœ ĽūŅů Ŝŷ?  

ŋƁĽůĶŲ Ņ ĥŜūő ŬŗŘŶŚȐ ōŶņ śŶŗƔŉů (Beth Czerwony; renowned 

registered dietitian ) , ĥőłů, Įœłů, ŉŶ Ļůŉů ŋő ŬŉŎƈőŅū ĶŶ  śƁĶŶ ŅźƁ 

Ķů ŋŜĻūŉ ĶőŉŶ ĶŶ  ŏŜɓ ŋő Ľźő ŬŇŐū, ĨŉĶŶ  ĤŉŰśūő, Ļůŉů Ķů œŅ 

Ķů ƬŏŰķ ŬŗŘŶŚŅūĮƁ ŏūƧū, ĥŗŲŬɃ ĳő ŎūŗŉūĮƁ ŜƑί ĨʌźƁŉŶ ōŅūŐū ŬĶ 

Ļůŉů ĶŶ  śŶŗŉ Ķź ŬŉŐƁŬƧŅ ĶőŉŶ ŏƎ ĤśŏņƈŅū, ŏůŁŶ ŎźĽŉ ĶŶ  ōūőŶ ŏƎ 

œĸūŅūő ŬŗĻūő Ķőŉū ĳő ŜūŬŉĶūőĶ ƬŎūŗźƁ ĶŶ  ōūŗĽűŇ Ļůŉů Ķū śŶŗŉ 

Ķőŉū ŬĻƁŅūĽŉĶ Ŝŷί 

ĮĶ ŏŜɓŋűńƈ ŏŰɜŶ ĶŶ  ƛŋ ŏƎ Ļůŉů Ķů œŅ Ķů ̠ůĶŲ ŬŅ ŉŶ ĥŜūő Ķů ĥŇŅźƁ 

ĶŶ  ŋŰŉŏűƈ˜ūƁĶŉ Ķź ƬŶŭőŅ ŬĶŐū Ŝŷί Ļůŉů ĶŶ  ƬŎūŗ śŶ ōĻŉŶ ĶŶ  ŬœĮ ĮĶ 

˧ūŋĶ ͈Ŭ˺Ķźń Ķů ĥŗ˲ĶŅū ŜźŅů Ŝŷ, ŬĽśŶ őǃ ŘĶƈ őū ĶŶ  ̏ő Ķź Ů̓ő ĶőŉŶ ĶŶ  ŬœĮ ŌœźƁ, śŮʣŐźƁ, Ƭźŀůŉ ĳő 

ĨȂ ŌūĦōő ķūɦ ŋŇūņƖ śŶ Ŏőŋűő śƁŅŰŬœŅ ĥŜūő ŋő ɭūŉ ĶƎ ŬƩŅ ĶőĶŶ  Ƭūʏ ŬĶŐū Ľū śĶŅū Ŝŷί ŎźĽŉ ŉū ļźšŉŶ, 

ŐźĽŉū ōŉūŉŶ ĳő ŋŜœŶ śŶ ķūŉŶ Ķů ŅŷŐūőů ĶőŉŶ śŶ Ŝŏ Ĥŉūŗ˲Ķ Ļůŉů śŶ ŎőŶ ķūɦ ŋŇūņƖ ĶŶ  ĥĶŚƈń śŶ Ňűő őŜ śĶŅŶ 

ŜƑί  ŐŜ śŏľŉū Ŏů  ŏŜɓŋűńƈ Ŝŷ ŬĶ Ļůŉů ŏɭŏ ŏūƧū ŏƎ ŜūŬŉĶūőĶ ŉŜůƁ ŜźŅů ŋőƁŅŰ ĤŬňĶ ŏūƧū ĳő ĥŗŲŬɃ ŏƎ Ļůŉů 

œŶŉū ĤɏŬňĶ ŜūŬŉĶūőĶ Ŝŷί 

* śŎů ŬĻƧ AI Ķū ĨŋŐźĸ ĶőĶŶ ōŉūĮ ĸĮ ŜƑί (https://www.bing.com/)  

  

 

ŬĻƧ Ψ. œūœśū śŶ œŅ ŅĶ Ķů ŐūƧū 



ʖūȘū ĮŮǁŗŶŬŀł Ľœ (Plasma Activated Water) ĶźŬŗł-Φή ĶŶ ĲŬŏƠźŉ ŗŶŭőĮƁŀ Ķź 

Ŭŉ̡ƁƠūŏĶ ĶőŉŶ ĶŶ ŬœĮ ĮĶ ĥŬņƈĶ ĳő ƬŎūŗů ŜŭőŅ ŬŗĶ ̠

őůŏū, ŇůŋșźŬŅ ōśŰŏūŅūőů, ŜŶőŶʼū ōūĦœŰƁĸ, ĶūŏǕů  ŘƁĶőŉūőūŐńŉ Ú 

ŬŗȐūŉ ĮŗƁ ƬŻɦźŬĸĶů ĨȂ ĤɭŐŉ śƁ̓ūŉ,  ŬŗȐūŉ ŋņ, ŋŬˬŏ ōšūĸūſŗ, ĸšĻŰĶ, ĸŰŗūŜūŀůå ðñêéìî, Ĥśŏ, ŎūőŅ 

ÚħŏŶœ¾ kamatchis@iasst.gov.in 

ŬŗȐūŉ ĮŗƁ ƬŻɦźŬĸĶů ŬŗŎūĸ ÅłůĮśŀůÆ ĶŶ  ĤƁŅĸƈŅ ĮĶ ̠Řūśů śƁ̓ūŉ ŬŗȐūŉ ĮŗƁ ƬŻɦźŬĸĶů ĨȂ ĤɭŐŉ śƁ̓ūŉ 

(ĥħ,Į.Įś.Įś.ŀů)¼ ĸŰŗūŜūŀů ĶŶ ŘźňĶŅūƈĲƁ ŉŶ ŋūŐū Ŝŷ ŬĶ ʖūȘū śŬƠŐ ŋūŉů (ŋů.Į.łʰű) ĶźŬŗł-19 ĶŶ ĲŬŏƠźŉ 

ŗŶŭőĮƁŀ ĶŶ ̠ ȃůĶőń ĶŶ ŬœĮ ĮĶ śƁŎūŬŗŅ ŗŷĶŮ˗Ķ őńŉůŬŅ ĶŶ ƛŋ ŏƎ ĤŋŉūŐū Ľū śĶŅū Ŝŷί Ŝŷί ĶźŬŗł-19 ŗūŐőś 

ĶŶ Ķħ ŗŶŭőĮƁŀžś ŜƑ ĽŷśŶ ŬĶ ōůŀū, ĸūŏū, ĲŬŏƠźŉ, łŶˎū, ĳő Ħś ŗūŐőś ĳő ĦśĶŶ ŗŶŭőĮƁŀžś ĶŶ Ƭśūő Ķź śƁŎūœŉŶ 

ĶŶ ŬœĮ ƬŎūŗů ĳő ĥŬņƈĶ ƬŻɦźŬĸŬĶŐźƁ Ķū ĤɭŐŉ ĶőŉŶ Ķů ĮĶ ĥɏƁŅ ĥŗ˲ĶŅū Ŝŷί ĦśśŶ ŋŜœŶ, ĥħĮĮśĮśŀů 

ŏƎ ĶūŐƈőŅ łŸ¿ ĶŶ ¿ ŘƁĶőŉūőūŐń ɨūőū śūśƈ-Ķźŗů-2 Ķź őźĶŉŶ ĶŶ  ŬœĮ ĶůŀūńŰŘźňŉ Ķů őńŉůŬŅ ĶŶ  ƛŋ ŏƎ Ķźː 

ĮŀŏŸ Ŷ̙ ŭőĶ ʖūȘū Åśů.Į.ŋů) Ķź ŬŇķūŐū ņū, ǎźƁŬĶ śů.Į.ŋů Ķźħ ŜūŬŉĶūőĶ őśūŐŉ ŉŜůƁ ļźšŅū Ŝŷί ŋů.Į.łʰű, 

ŬĽśŏƎ ŋūŉů Ķź ŬŉŬˬŅ śŏŐ ĶŶ ŬœĮ ʖūȘū ĶŶ śūņ ŀƊůŀ ŬĶŐū ĽūŅū Ŝŷ, ŋŐūƈŗőń ĶŶ ŬœĮ ŬĶŅŉů ĤśőŇūő Ŝź śĶŅů 

Ŝŷ ĦśŶ ĤɭŐŉ ŬĶŐū ĸŐū Ŝŷί ŐŜ ŋūŉů Ķħ ŬŇŉźƁ ŅĶ śƁŬĻŅ Ŏů ŬĶŐū Ľū śĶŅū Ŝŷί  

Ŭŋļœů ķźĽ Ķź ɭūŉ ŏƎ őķŅŶ ƞĮ, łŸ. ĶŶ. ŘƁĶőŉūőūŐń ĳő ĨŉĶů ŀůŏ, Ŭŏ ̡őůŏū ĳő Ƴů ŇůŋșźŬŅ ŉŶ śů.Į.ŋů ĶŶ 

śůňŶ ĳő ŋőźǕ ŅőůĶŶ śŶ śů.Į.ŋů ɨūőū ĲŬŏƠźŉ ŗŶŭőĮƁŀ ĶźŬŗł-Φή ĶŶ ʕűłź ŗūŐőś ĶŶ ŬŉŮ˹ŐĶőń Ķź ŬŇķūŐū Ŝŷί 

śů.Į.ŋů ĶŶ śůňŶ ƬŎūŗ ĶŶ ōūŇ, ĲŬŏƠźŉ ŗŶŭőĮƁŀ śūśƈ-Ķźŗů-Χ ĶŶ ̗ūĦĶ ĳő ĥőōůłů ƬźŀůŉźƁ Ķů ōūňūɍĶ 

ƬŎūŗǕŏŅū Ķŏ Ŝź ĽūŅů Ŝŷ, ĳśŅŉ 1, 3, ĳő 5 Ŭŏŉŀ ĶŶ ʖūȘū ĨŋĻūő ĶŶ ōūŇ œĸŎĸ 75%, 55%, ĳő 40% ŅĶ 

ŋƞƁĻŅů Ŝŷί Ňűśőů Ĳő, Ľō 5 ĳő 10 Ŭŏŉŀ ĶŶ ŋů.Į.łʰű śŶ ĨʌƎ ŀƊůŀ ĸŐū Ņź ̗ūĦĶ ĳő ĥőōůłů Ƭźŀůŉ œĸŎĸ 

50% ĳő œĸŎĸ 90% Ķū ŬŉŮ˹Őń ƞĥί ŋů.Į.łʰű śūśƈ-Ķźŗů-2 Ķź Ŭŉ̡ƁƠūŏĶ ĶőŅū Ŝŷ (̗ūĦĶ Ƭźŀůŉ) ĳő 

ĥőōůłů łźŏŶŉ Ķů ĸŬŅŬŗŬň Ķź Ŏů ōūŬňŅ ĶőŅū Ŝŷ, ŬĽśśŶ ŐŜ ŏūŉŗ Įśůħ-2  ŭőśŶʎő śŶ ĽŰšŉŶ Ķů ĨśĶů ǕŏŅū Ķź 

śůňŶ śů.Į.ŋů Ķů ŅŰœŉū ŏƎ ĶūŌů ŋŷŏūŉŶ ŋő ŬŗőźŬňŅ ĶőŅū Ŝŷί ŋů.Į.łʰű ŏƎ ŏŻĽűŇ Ŭŗœůŉ ŜźŅŶ ŜƑ ŬĽʌƎ ĨŉĶŶ śƁƠŏń 

ĶŶ ŬœĮ ŏŰǣŅƂ ŬĽˁŶŇūő ŏūŉū ĽūŅū Ŝŷ, ĽŷśŶ ŜūĦłƊźĽŉ ŋŶőŸǙūĦł ĳő ŉūĦŀƊŶŀ (NO3
-)ĳő ŉūĦŀƊūĦŀ (NO2

-) Ľź œƁōŶ 

śŏŐ ŅĶ ōŉŶ őŜŅŶ ŜƑ ĳő ŬĻŬĶɔūɍĶ ƬŎūŗů ƬĶūő ̗ūĦĶ ĳő ĥőōůłů ƬźŀůŉźƁ Ķź ōūŬňŅ ĶőŅŶ ŜƑί  Ħś ŅőŜ, 

ĲŬŏƠźŉ ŗŶŭőĮƁŀ śūśƈ-Ķźŗů-2 Ķź ŬŉŮ˹Ő ĶőŉŶ ĶŶ ŬœĮ ŋů.Į.łʰű ĮĶ ƬŎūŗů ƬŬŅ̓ūŋŉ Ŝź śĶŅū Ŝŷί őūśūŐŬŉĶ 

ĥňūŭőŅ ŋūőƁŋŭőĶ ̠ ȃůĶőń ƬŬƠŐūĲƁ ĶŶ ŏŰĶūōœŶ ĦśĶŶ ĦŅŉŶ śūőŶ œūŎźƁ ĶŶ śūņ, śů.Į.ŋů ĶŶ ŎŬŗ̆ ŏƎ ōūŐźŏŶŬłĶœ 

ǕŶƧ ĶŶ ŬœĮ ŏŜɓŋűńƈ Ŝŷί  

ŐŜ ĶūŐƈ ʖūȘū őśūŐŉ ĳő ʖūȘū ƬūśŶŬśƁĸ (Plasma Chemistry and Plasma Processing) ŏƎ ƬĶūŬŘŅ ŬĶŐū 

ĸŐū Ŝŷί 

ŮɨÍ: https://doi.org/ 10.1007/s11090-024-10449-9 

https://doi.org/10.1007/s11090-024-10449-9


 

ʖūȘū ŀƊůŀžŏɲ śŶ ŋŜœŶ ĳő ōūŇ ŏƎ ĲŬŏƠŸŉ ŗŶŭőĮƁŀ śūśƈåĶźŗůåë ̗ūĦĶ Ƭźŀůŉ ĳő Įśůħå2  Ƭźŀůŉ ĶŶ  ōůĻ 

ōūĦƁŬłƁĸ ƬŬŅŬƠŐū Ķū ƢūŬŌĶœ ƬŬŅŬŉŬňɓ 

  



ŎŬŗ̆ ĶŶ ĨʂŅ ĨŋĶőńźƁ ĶŶ ŬœĮ 2łů ŉŷŉźŏŀŶŭőŐœ 

ķźŏƩŏ ŬōĽŐĶŰ ŏūő ŬśƁŜ1,2 ĳő łŸ¿ Ĥƛŋ ĥő¿ ŋūœ1,2,* 

1 ʖūȘū ŉŷŉźŀŶǉźœŸĽů ƬŐźĸŘūœū, ŎŻŬŅĶ ŬŗȐūŉ ƬŎūĸ, ŬŗȐūŉ ĮŗƁ ƬŻɦźŬĸĶů ĨȂ ĤɭŐŉ śƁ̓ūŉ, ,  ŬŗȐūŉ ŋņ, 

ŋŬˬŏ ōšūĸūſŗ, ĸšĻŰĶ, ĸŰŗūŜūŀů å ðñêéìî, Ĥśŏ, ŎūőŅ 
2 ŗŷȐūŬŉĶ ĮŗƁ ŉŗůĶŲ Ņ ĤŉŰśƁňūŉ ĤĶūŇŏů, ĸūŬĽŐūōūŇ å ëéêééë, ŎūőŅ 

ÚħŏŶœ¾ arpal@iasst.gov.in
  

 

ŀƊūƁŬĽ̎ő ĥňŰŬŉĶ śʵŅū Ķů ĮĶ ĤŬŗŎūș śƁŋŬɃ ōŉ ĸĮ ŜƑ, Ľź ĦœŶǁƊŸŬŉĶ ĨŋĶőńźƁ ĳő ƬŻɦźŬĸŬĶŐźƁ Ķů ĮĶ 

Ŭŗ̏ŲŅ ƳŲƁķœū ĶŶ ŬŗĶūś Ķź śǕŏ ōŉūŅū Ŝŷί 1947 ŏƎ ĽŸŉ ōūłƌŉ, ŗūˎő Ʈŷŀŉ ĳő ōŶœ œŷ rĶŶ ŬŗŬœŐŏ ŘŸǏŶ ŉŶ 

śōśŶ ŋŜœŶ ŀƊūƁŬĽ̎ő Ķū ĥŬŗ˸ūő ŬĶŐūί ŋĻūś śūœ ŋŜœŶ, Ľŷśū ŬĶ ĸŸłƈŉ ŏűő ŉŶ ŎŬŗ̆ŗūńů Ķů ņů, ŬĶ ĮĶ ŬĻŋ 

ŋő ŀƊūƁŬĽ̎ő (ĹŀĶźƁ) Ķů śƁǣū Ŝő Ňź śūœ ŏƎ ŇźĸŰŉů Ŝź ĽūĮĸů [1]ί ĦśŬœĮ Ĩ˝ŶķŉůŐ ƬĸŬŅ śŶ ŬśŬœĶŸŉ (Si) 

ĥňūŭőŅ ňūŅŰ İǙūĦł śŶŏůĶƁ łǁő ǕŶƧ ƬŎūŗ ŀƊūƁŬĽ̎ő (MOSFET) Ķū œĹŰĶőń śƁŎŗ Ŝź ĸŐū Ŝŷί ŜūœūſŬĶ, ĮĶ 

ŬĻŋ ŏƎ ŀƊūƁŬĽ̎ő Ķů śƁǣū ōŢūŉŶ ĶŶ ŬœĮ śů-ĥňūŭőŅ ŀƊūƁŬĽ̎ő Ķź ŬĶŅŉŶ ōšŶ ŋŷŏūŉŶ ŋő Ķŏ ŬĶŐū Ľū śĶŅū Ŝŷ, ŐŜ 

ĮĶ ĻŰŉŻŅů ōŉ ĸħ Ŝŷί ŗŅƈŏūŉ ŏƎ, śŷŏśƁĸ 3 ŉŷŉźŏůŀő (ĮŉĮŏ) ĸŶŀ İœ őūĨƁł ĮŌħŀů (ĽůĮĮ ĮŌħŀů) Ķů ŋŶŘĶŘ 

Ķő őŜū Ŝŷί Apple Corporation ŉŶ ĤŋŉŶ A17 Pro ĳő M3 ƳŲƁķœū ŬĻʙ ŏƎ 3 ĮŉĮŏ ŀƊūƁŬĽ̎ő ŅĶŉůĶ Ķū ĨŋŐźĸ 

ŬĶŐū Ŝŷί  

ŗŅƈŏūŉ ŬśŬœĶŸŉ śŶŏůĶƁ łǁő ŅĶŉůĶ śŶ Ƭūʏ ʈűŉŅŏ Ŭś̎ŏ ĥĶūő Ĥŋŉů śůŏū ŅĶ ŋƞƁĻ őŜŶ ŜƑί śŏ̝ū 

ŬśŬœĶŸŉ Řůŀ Ķů ŏźŀūħ Ķź ĥŗ˲Ķ ŏű˜ ŅĶ Ķŏ ĶőŉŶ ŏƎ Ĩɉʂ ŜźŅů Ŝŷ, ŬĽśśŶ ĦƁŀőŌŶ ś ŋő ĻūĽƈ ŬōķőŉŶ ŏƎ ŗŲŮɞ 

ŜźŅů Ŝŷ ĳő ĻŷŉœźƁ ĶŶ ŎůŅő ŗūŜĶ ĸŬŅŘůœŅū Ķŏ Ŝź ĽūŅů Ŝŷ, ĦśĶŶ Ķūőń ŬłŗūĦś Ķū ƬŇŘƈŉ Ķŏ Ŝź ĽūŅū Ŝŷ [2]ί 

Ħŉ ŋő Ķūōű ŋūŉŶ ĶŶ ŬœĮ, ŘźňĶŅūƈĲƁ ŉŶ ŬŋļœŶ 15 ŗŚƖ śŶ ōŶŜŅő ŗūŜĶ ĸŬŅŘůœŅū ĶŶ śūņ 1nm śŶ Ķŏ ŏźŀūħ ĶŶ Ŭɨ-

ĥŐūŏů (2D) ĤňƈĻūœĶźƁ ŋő ɭūŉ ĶƎ ŬƩŅ ŬĶŐū Ŝŷί 2łů ĤňƈĻūœĶ ŋőŏūńŰ ƛŋ śŶ ŋŅœŶ ŜźŅŶ ŜƑ, ŗŶ ̠-ŬŉŮ˹Ő ŜźŅŶ ŜƑ, 

ĳő ĨŉĶů ĥŗŶŘ ŗūŜĶ ĸŬŅŘůœŅū śŅŜ ĶŶ ŬōķőŉŶ śŶ ̠ŅƁƧ ŜźŅů Ŝŷί ĦśŬœĮ, śů ŉŷŉźŘůŀžś [2], [3] ĶŶ ŬŗŋőůŅ, 

ŋőŏūńŰ ŏźŀūħ śůŏū ŋő ĸŬŅŘůœŅū ōšů Ŝŷί ŐŜ ŬŗŬŘ˺ ˧ŗŜūő Ķħ ƬŻɦźŬĸŬĶŐźƁ ĶŶ ŬœĮ ŗū̏ŬŗĶ Ŷ̉ ŬœƁĸ Ķź śǕŏ 

ōŉūŅū Ŝŷ ĳő ĤňƈĻūœĶ Ĩɦźĸ ĶŶ ŬœĮ ĤƁŅŅƂ 2łů śūŏŬƢŐźƁ ĶŶ śūņ ŬśŬœĶŸŉ-ĥňūŭőŅ ŀƊūƁŬĽ̎ő Ķź ōŇœŉŶ ŋő 

ŬŗĻūő ĶőŉŶ Ķū ĮĶ ŏĽōűŅ ĨɜŶ˲ Ŝŷί 

 
ŬĻƧ 1: (a) ĶŰ ļ śūŏūʈ 2łů ŉŷŉźŏŀŶŭőŐœ; (b) 2łů ŉŷŉźŏŀŶŭőŐˢ 

ĶŶ Ķħ ĤŉŰƬŐźĸ 

mailto:arpal@iasst.gov.in


 

2łů ŉŷŉźŏŀŶŭőŐœ ŋőŏūńŰ ƛŋ śŶ ŋŅœů ŋőŅ ŗūœů śƁőĻŉūĮƁ ŜƑ ĽŜūƁ ŋőŅƎ ĦƁŀƊūœŶŐő śŜśƁŐźĽĶ ĳő ĦƁŀőœŶŐő ŗŷŉ łŶő 

ŗū sōŸŮɳƁĸ ɨūőū ĮĶ śūņ ĽŰšů ŜźŅů ŜƑί ŐŶ ĤŉűŁů ōŸŮɳƁĸ śƁőĻŉū ĨŉĶŶ Ĥśūňūőń ĸŰńźƁ ĳő ōƞŏŰķů ƬŬŅŎū ŏƎ 

ŐźĸŇūŉ ĶőŅů Ŝŷί ĨŉĶŶ ŋūś ŬŗŬŘ˺ śŅŜ őśūŐŉ ŬŗȐūŉ, ĨȂ śŅŜ śŶ ĥŐŅŉ ĤŉŰŋūŅ ĳő ǑūƁŀŏ ĥĶūő ƬŎūŗ 

ĽŷśŶ ĤŬɨŅůŐ ĸŰń ŜƑ [2] [3]ί ŋŜœū 2łů ŉŷŉźŏŀŶŭőŐœ, ƢūŌůŉ 2004 ŏƎ ĥƁƩŶ ĸůŏ ĳő ĶŸʋƎŬŀŉ ŉźŗźśŶœźŗ ɨūőū ķźĽū 

ĸŐū ņūί[4] ƢūŌůŉ ĮĶ ŜŶǙūĸźŉœ Ľūœů ŏƎ ŋŷĶ Ķūōƈŉ ŋőŏūńŰĲƁ Ķů ĮĶ ŏźŉźœŶŐő ŋőŅ Ŝŷί ƢūŌůŉ ĶŶ Ĥœūŗū, 

ŘźňĶŅūƈĲƁ ŉŶ Ĥʈ 2łů ŉŷŉźŏŀŶŭőŐˢ, ĽŷśŶ ŜŶǙūĸźŉœ ōźőūŉ ŉūĦŀƊūĦł, ƢŶŌūĦŬŀĶ Ķūōƈŉ ŉūĦŀƊūĦł, ʮŷĶ 

ŌŸ̙źőś, ŀƊūƁŬŠŘŉ ŏŶŀœ łūĦǏźĽŶŉūĦłžś (ŀůĮŏłů), ĮŏĮǙůŉ ĥŬŇ ŏƎ ōƞŅ ƚŬĻ ŬŇķūħ Ŝŷί[2][3][5]ί ŜūœūſŬĶ 

ƢūŌůŉ Ķū ˧ūŋĶ ƛŋ śŶ ĦśĶŶ ĨȻŲ ˺ ŬŗŇžŐŰŅ, ņŏƈœ ĳő ŐūƁŬƧĶ ĸŰńźƁ ĶŶ Ķūőń 2łů ŉŷŉźŏŀŶŭőŐˢ ŏƎ ĤɭŐŉ ŬĶŐū 

ĽūŅū Ŝŷ, œŶŬĶŉ ĦśŏƎ ĮĶ Ĥœĸ ōƑł ĸŷŋ ŉŜůƁ ŜźŅū Ŝŷ, Ľź ĦśŶ ŬłŬĽŀœ ĦœŶǁƊŸŬŉĶ ĤŉŰƬŐźĸźƁ ĶŶ ŬœĮ ĤŉŰŋŐŰǃ ōŉūŅū 

Ŝŷί  

ŀůĮŏłů ĶŶ ōůĻ śōśŶ ĤŬňĶ ĤɭŐŉ ŬĶŐū ĸŐū 2łů ŉŷŉźŏŀŶŭőŐœ ŏźŬœͫłŶŉŏ łūĦśͻţūĦł (ĮŏĲĮś2) Ŝŷ, ĽŜūƁ 

ōƑł ĸŷŋ ŋőŅ Ķů ŏźŀūħ ĶŶ śūņ ōŇœŅū őŜŅū Ŝŷί ŏźŉźœŶŐő MoS2 ĮĶ łūŐőŶǁ ōƑł ĸŷŋ śŶŏůĶƁ łǁő Ŝŷ[6], Ľź ĦśŶ 

İʎźĦœŶǁƊŸŬŉĶ ĨŋĶőńźƁ ĶŶ ŬœĮ ĨŋŐŰǃ ōŉūŅū Ŝŷ Ľź ƬĶūŘ Ĩɉʂ Ķő śĶŅŶ ŜƑ, ŋŅū œĸū śĶŅŶ ŜƑ, ĨśĶŶ śūņ 

ĦƁŀőŷǁ Ķő śĶŅŶ ŜƑ Őū ŬŉŐƁŬƧŅ Ķő śĶŅŶ ŜƑί ĦśŏƎ śŻő śŶœ, œŶĽő, Įœħłů, ŌźŀźŬłŀŶǁő ĳő ŬłΉʖŶ ŘūŬŏœ ŜƑ [6]ί 

ƬĶūŘ ĤŗŘźŚń ĳő ĨɔĽƈŉ Ķů ǕŏŅū 2łů ŉŷŉźŏŀŶŭőŐˢ Ķů ĦœŶǁƊŸŬŉĶ ōƑł śƁőĻŉū śŶ ĶūŌů ƬŎūŬŗŅ ŜźŅů Ŝŷί 

ĻűƁŬĶ ŬśƁĸœ-œŶŐő ŀůĮŏłů ŏŰǣ ƛŋ śŶ ƬɏǕ ōƑł ĸŷŋ ĤňƈĻūœĶ ŜźŅŶ ŜƑ, ŗŶ Ĩś ŌźŀŸŉ Ķź ĤŗŘźŬŚŅ Ķő śĶŅŶ ŜƑ 

ŬĽśĶů ĩĽūƈ ĨśĶŶ ōƑłĸŷŋ śŶ ĤŬňĶ ŜźŅů Ŝŷ; ĦśŬœĮ, ŗŶ œĻůœŶ ĳő ŋūőŇŘƌ İʎźĦœŶǁƊŸŬŉǙ ŏƎ ĤŉŰƬŐźĸ ĶŶ ŬœĮ 

ōƞŅ ƚŬĻ őķŅŶ ŜƑί ŀůĮŏłů Ķů ŅŰœŉūɍĶ ƛŋ śŶ ĨȂ ŋŲəů ōƞŅūŐŅ ĳő ͈  ˲śůŏū ŏƎ ōƑłĸŷŋ ĶŶ Ķūőń, ĨʌƎ 

ŗŷĶŮ˗Ķ ƬĶūŘ-ĤŗŘźŬŚŅ śūŏƢů ĶŶ ƛŋ ŏƎ ŋŅœů ŬŌ  ̨śŻő śŶœ ŏƎ ĨŋŐźĸ ŬĶŐū Ľū śĶŅū Ŝŷί ĦśĶŶ ĤŬŅŭőǃ, 

ĨʌƎ ĹŰŏūŗŇūő ĳő ŗū̏ŰŬŘ˗ śƁőĻŉūĲƁ Ķź Ķŗő ĶőŉŶ ĶŶ ŬœĮ œĻůœŶ ŌźŀźŗźŮˎĶ ĶŶ ƛŋ ŏƎ œūĸű ŬĶŐū Ľū śĶŅū 

Ŝŷί ĨŉĶū ĨŋŐźĸ œĻůœŶ ĦœŶǁƊŸŬŉĶ ĨŋĶőńźƁ ĶŶ ŬœĮ ŬĶŐū Ľū śĶŅū Ŝŷ Ľź Ĥʈ 2łů śūŏŬƢŐźƁ ĶŶ śūņ śƁŐźĽŉ 

ĶőŅŶ ŜƑ, ĽŷśŶ ƢūŌůŉ Ķū śƁĻūœŉ ĳő ōźőŸŉ ŉūĦŀƊūĦł Ķź ĦʊŰœŶŀ Ķőŉū [2]ί 

2łů ŉŷŉźŏŀŶŭőŐˢ ŐūŇĸūő ˧ŗŜūő Ŏů ŬŇķūŅŶ ŜƑ ŬĽśĶū Ĥņƈ Ŝŷ ŬĶ œūĸű ŗźˎŶĽ ĳő ĶőƁŀ ĶŶ ĦŬŅŜūś ĶŶ ĥňūő ŋő 

ƬŬŅőźň Ķź ōŇœū Ľū śĶŅū Ŝŷί Ħś śƁŋŬɃ ŏƎ ǑūƁŀŏ ĶƁ ʕűŬŀƁĸ ĳő ŎŻŬŅĶ ŅƁŬƧĶū ŉŶŀŗĶƈ ŏƎ ŏŶŏźőů ŬłŗūĦś ĶŶ ƛŋ 

ŏƎ śƁŎūŬŗŅ ĤŉŰƬŐźĸ ŜƑ [2] [6]ί ʈűőźŏŸŬŌƈ Ķ ĶƁ ʕűŬŀƁĸ ĶŶ ŬœĮ 2łů ĥňūŭőŅ ŐūŇĸūő ĨŋĶőńźƁ ĶŶ ĤŉŰƬŐźĸ ŋő Řźň 

Ļœ őŜū Ŝŷ, Ľź ĦœŶǁƊŸŬŉĶ śŬĶƈ ŀ Ķū ĨŋŐźĸ ĶőĶŶ ŏūŉŗ ŏŮ̏  ˸Ķů śƁőĻŉū ĳő ŗū̏ŰĶœū Ķů ŉĶœ ĶőŅū Ŝŷί 
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ϪϚаϩϗ ζ  ФϝϳϬє ϪϚϕӬϩӠ ϓ εБυϪϓӠ ϙϟϓ ϪψϪσЂϢϩ ϪϚаϩϗ ζ  ϪψϪσЂϢϩ ϪϚаϩϗӠ 

ϪϚϪϛґ Ϙ҃ϪϓӠ ϢϜϢϩϜϪϦσϛϩϻӡ ιґϱϓσӠϒ Ͼϣϻωί ϚϓЉϜϩϗ ϢϜϦϓ ӠϚϫύљ, σϷϬОϜ ϚϳϬ҃ϜѺϩӠ 

ϕϻӠ ϗϓϵϗ ФϝϳϬєϻϦ ϪψϪσЂϢϩ ζ  ӍϩӇӬϻϢӡϩσ νσ ϗϓϵϗ ϪϕϠ Фϕϩϗ σϪӠϻωί ϪψϪσЂϢϩ 

ϪϚаϩϗϓ ϼϣϩӡϩ ϪϚϪϛґ ζϖϳϪϗσϱσӠϒӠ ϪϛϓӠϓ Ϡϱϓϟ ϚϩϦϳϜѵϟϱϦ ҙϩϊϜϩӠ Ѿ ϼϟτϓ 

ϟϚϟυϱϦϩί νη σϔϩ ζϻϟϩψϗϩ σϪӠϚϽϟ ϼϝϩӡϩ ζυϻϓ ҙϩϊϜϩӠ ϪϚϡϻϦ ψϜϳϽσ ζϻϟϩψϗϩ 

σӠϩϻύϩ ФϻϦϩϊϗϱϦί 

ҙϩϊϜϩ Ͼϣϻω ϘϕϩϔЉӠ ϓϔϩσϪϔϓ ψϓϵϔЉ εϚӇϩ (σϫώϗ, ϓӠϟ, ζ  ϼυωϱϦ εϚӇϩӠ ϪϘωϓ)[0, 

1B, ζ  η ϼϓϊϓ ϼϘϩӡϩ ҙϩϊϜϩӠ ϘӠϩ ϘϷϔσί ҙϩϊϜϩ Ͼϣϻω ζϦϪϗϓ ϼυω ϝ'ϓ Ϝϳє ηϻϟбϗ 

ζ  ϖϗϩѽσ ζϦϗӠ ϢЇτӬϩ ФϩϻϦ ϢϜϩϗί Ϫσ, ϾϚϕϳӬϪϓσϛϩϻӡ ФϠϜ ϼϣϩӡϩ ӍϻѾο ҙϩϊϜϩη 

Ϣϣϻϊ ϪϚϕϳӬϓ ϘϪӠϚϣϗ σϻӠί υϻӡϡϒϩυϩӠϓ ϼυω νύϩσ ϪϗңψϩϘϓ ӠϩϪτ ϓϩσ ϚϩϪϣӬσ ϠϬє 

Фϕϩϗ σϪӠ ҙϩϊϜϩ ιЂϘґ σӠϩ ϣϦί νϻϗ ФϬЎϦϩӠ ϙϟϓ ιѦ ϓϩϘϜϩОϩϓ ϔσϩ ϼυωϱϦ 

σϒϩϻϚϩӠӠ Ϝϩϊϓ ϢЇφϡЉӠ ϙϟӍ ϻϘ ϼυωӠ ζϦϗϱσӠϒ ϣϦί ϢϩϖϩӠϒϻϓ νϻϗϕϻӠη ιЂϘґ 

σӠϩ ҙϩϊϜϩӠ ϓϩϘϜϩϗ εϪϓ ιѦί ζҍЈϗϩЯϬОσ Ӈϩϗ, ФϪϓФϛ (Fluorescent) ψϩϪσ , ϗЯО'Ӡ 

(ζϗϪσ Ϣ϶ϝЉӬӠ) ϚϩϓϩϚӠϗ, ϚЖϘϩϓ ζ  ϘӠϱЯϩϜ϶ϟσ ϓϩϘ-ϪϗιјϱϦ ϪϚϬЎϦσ 

(Thermonuclear reactor)ϓ ҙϩϊϜϩ εӡӇϩ ϼϘϩӡϩ ϝϩϦ] ӗӞӝӟ ψϗϓ ωϩӠ ιηϪϟϦϩϜ σЁϞϳσϻω 

ҙϩϊϜϩ εϚӇϩӠ ФϔϜ υϻӡϡϒϩ σϪӠϪωϟ ϝϪϕο ӗӟӘӞ  ψϗϓ ӠϢϩϦϗϪϚϕ ζӠϪϛЇ ϼϟЇϜϳӠϻϦ 

ϼϘϩϗ ФϔϻϜ ҙϩϊϜϩ ϠҞϻύϩ ζυϚϥϩηϪωϟί 

ҙϩϊϜϩ ϘϕϩϔЉ ϪϚаϩϗӠ ϪϛϓӠϓ Ϡϱϓϟ ϚϩϦϳϜѵϟϱϦ ҙϩϊϜϩ νϪϚϖ ϢϳσϱϦϩ ҙϩϊϜϩί ηϦϩσ 

ηЇӠϩϊϱϓ Cold Atmospheric Plasma ζ  ψϜϳϽσ ϼσϘЁ (CAP) ϚϳϪϟ ϊϗϩ ϝϩϦί óϼσϘӠô 

ϾϚϪϠҼϓϩ ϣ'ϟ ϼϝ ηϦϩσ ϚϩϦϳϜѵϟϱϦ ψϩϘϓ ιЂϘґ σϪӠϚ ϘϩϪӠ ζ  νη ҙϩϊϜϩӠ ιҾϓϩ 

ϚϩϦϳϜѵϟϱϦ ιҾϓϩӠ ФϩϦ ϢϜϩϗ ϣϦί υϻϚϡϒϩϓ ϼϘϩӡϩ Ͼυϻω ϼϝ óϼσϘӠô ϓϩϘϜϩϗ ФϩϦ Әӛ-

Ӛӛ ϪϐБϱ ϼψϟϪψϦϩψӠ ϪϛϓӠϓ ϣϦί ϢϩϖϩӠϒϻϓ ιЂϘґ ϼϣϩӡϩ ҙϩϊϜϩӠ ϓϵϟϗϩϓ ηϦϩӠ ϓϩϘϜϩϗ 

Ϛ ϻϒ σϜ ϼϣϩӡϩ ϚϩϻϚ νη ҙϩϊϜϩσ ώϩѵϩ/ Ϡϱϓϟ ҙϩϊϜϩ ϚϳϪϟ ϼσϩӡϩ ϣϦί ϟυϻϓ óϼσϘӠô 

ιЂϘґ ϚϩϦϳϜѵϟϱϦ ψϩϘϻϓ ϼϣϩӡϩӠ ϚϩϻϚ νη ҙϩϊϜϩσ Ϡϱϓϟ ϚϩϦϳϜѵϟϱϦ ҙϩϊϜϩ ϗϩϜϩσӠϒ 



σӠϩ Ͼϣϻωί óϼσϘӠô ζϗ νσ ѾϘ϶ϒЉ ϾϚϪϠҼ ϣ'ϟ ϼϝ ηϦϩϓ ФψϵӠ ϘϪӠϜϩϻϒ ϪϚϬЎϦϩϠϱϟ 

εϬљϻϊϗ ζ  ϗϩηЙϻϊϗӠ ϼϝЃυ (reactive oxygen and nitrogen species) ϼϘϩӡϩ ϝϩϦί νη 

ϼϝЃυ ϢϜ϶ϣ ӠϢϩϦϪϗσϛϩϻӡ εϪϓ ϢϬЎϦ ϣϦ ζ  Ϝϩϗӡ ϠӠϱӠӠ Ϫϝϻσϩϻϗϩ ϪϚϬЎϦϩϓ νη 

ϼϝЃυϢϜ϶ϻϣ ѾϘ϶ϒЉ ϛϵϪϜσϩ Ϙϩϟϗ σϻӠί 

ӗӟӟӜ ψϗϓ ϼϜЃϪϗӠ ϟϩϻӠϩϪψϻϦ ФσϩϠ σӠϩ υϻӡϡϒϩ ϘОη ҙϩϊϜϩӠ ФϻϦϩυϻӠ Ͼϊӡ ϪϚаϩϗӠ 

ϼЯОϓ νσ ϗϓϵϗ ϪϕϠӠ Ϣ϶ψϗϩ σϪӠϪωϟ [2B] ϼϓοЅӠ ҄ ϩӠϩ ФσϩϪϠϓ υϻӡϡϒϩ ϘОϓ óϼσϘô 

ФϻϦϩυӠ ϙϟϓ ϼϚϻѓϪӠϦϩ ϼσϩϡӠ ϪϚϗϩϠӠ σϔϩ ФϪϓϻϚϕϗ σӠϩ ϾϣϪωϟί ηϦϩӠ ϪϘωϻϓη ϪϚаϩϗϱ 

Ϣσϻϟ óϼσϘӠô ϪϚϪϛґ ФϻϦϩυӠ οϘӠϓ υϻӡϡϒϩ ψϟϩη ζϪϣϻω] ӗӟӟӜ-ӘӖӖӜ ψϗϽϟ ϼϣϩӡϩ 

υϻӡϡϒϩσ ҙϩϊϜϩ ϪψϪσЂϢϩ ϪϚаϩϗӠ ζϖϩӠ ϪϣψϩϻϘ ϪϚϻϚψϗϩ σϪӠϚ ϘϩϪӠί ζϬϊӠ ϪϕϗӠ 

ϪψϪσЂϢϩ ϼϢӡϩϓ óϼσϘӠô ФϻϦϩυ φϩЅ ϪϗӠϩϜϦ, ϕҍ ϪψϪσЂϢϩ, ωϩϟӠ ϼӠϩυӠ ϪϗӠϩϜϦ, ϼϚϻѓϪӠϦϩ 

ϊϪϗϓ ϼӠϩυӠ ϪϗӠϩϜϦ ζϪϕϓ ϚӬӡ ϓ Ͼϣϻωί ϚϓЉϜϩϗϽϟ ϼϣϩӡϩ υϻӡϡϒϩϓ ϼϘϩӡϩ Ͼυϻω ϼϝ 

ϊϱӡӠ ϼσϩϡӠ οϘӠϓ ϼσϘЁ ФϻϦϩυӠ ϙϟӍ ϻϘ η ϼσϩϡӠ οϘӠϓ ϪϗϚЉϩϪψϓ Фϛϩӡ ϪϚӆϩӠ 

σϻӠί óϼσϘô ФϻϦϩυӠ ϙϟϓ ϊϱӡ ϼϕϣӠ ϢϩϖϩӠϒ ϼσϩϡ ϢϜ϶ϣӠ ϣϩϪϗ ϗσӠϩϽσ, ϪϚϘϕϊϗσ 

ϼσϩϡ ϼϝϻϗ σσЉύ ϼӠϩυӠ ϼσϩϡ ϼσϻϘ ҈ЇϢ σϪӠϚ ϘϩϻӠί ϓϩӠ ϙϟӍ ϻϘ σσЉύ ϼӠϩυӠ ϕϻӠ 

ϊϫύϟ ϼӠϩυϻӠϩ ϪϗӠϩϜϦ ϼϘϩӡϩ Ͼυϻωί 

LϼσϘӠô ФϻϦϩυ Ͼϊӡ ϪϚаϩϗӠ ϚϩϪϣϻӠο ζϗ ζϗ ϼЯОϻϓϩ ϼϕτϩ ϼϘϩӡϩ ϝϩϦί ϓϩϻӠ ϪϛϓӠϓ 

Ϛ  ϪϚаϩϗ (material science), ϘϪӠϻϚϠ ϪϚаϩϗ, τϩϕӬ ϪϚаϩϗ, σϷϪϡ ζϪϕϓ óϼσϘӠô ФϻϦϩυ 

ϢψӠϩψӠ ϼϕτϩ ϝϩϦί ϢϩчϪϓσ σϩϟϓ ϪϚϪϛґ ϼЯОϓ óϼσϘӠô ФϻϦϩυ Ͼϣ ζϻω ζ  η 

Ϛ ϻϓϩ ϘϳӠϪϒ ФϝϳϬєӠ ФϪϓҽϩϘϗ σϪӠϚϻϟ ϢЯϜ Ͼϣϻωί εϕ϶Ӡ ϛϪϚϡӬϻϓ óϼσϘӠô ФϻϦϩυӠ 

ϙϟϓ ϪψϪσЂϢϩ ϪϚаϩϗӠ ϟυϓ ϪϚаϩϗӠ ζϗ ϼЯО ϢϜ϶ϣϻϓϩ ϗϓϵϗѾ ζϪϗϚ ϚϳϪϟ ζϠϩ σӠϩ 
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1. Myths on scorpions: 

One of the most terrible unintentional tragedies that affect humans is being stung by a 

scorpion. More than 2 billion people on the planet could be stung by a scorpion; of them, over 

1.2 million people get stung, and 3250 people lose their lives annually. The actual statistics, 

however, are unknown for India; the reported occurrence rate is estimated to be 0.6%. 

Southern India, including Kerala, Andhra Pradesh, Tamil Nadu, Saurashtra, Karnataka, 

Konkan area, Pondicherry, Chennai, Bellary, Rayalaseema, and Western Maharashtra, is 

where the highest death tolls are reported. 

Scorpions are the oldest known arthropods on Earth, having existed for about 450 million 

years. They are found in India and worldwide, except Antarctica and the Pacific islands. They 

are mainly habitat to tropical forests, grasslands, and caves. However, most cases occur in 

rural areas because of poor medical facilities, limited availability of antivenom, lack of trained 

doctors (for envenomation), inadequate transportation, and lower socioeconomic structures.  

One of the biggest challenges in managing scorpion stings is that the majority of the population 

choose faith healers over medical aid or antivenom, or they resort to their wrong traditional 

beliefs. There is a considerable portion of the population where people still tend to believe in 

magical treatments, chants/mantras to treat the victim. This happens because of a lack of 

awareness and so much misinformation spread among people that it leads to the formation of 

wrong knowledge and myths, but in reality, they are not valid. Therefore, it is vital to take a 

moment and help people to be aware and debunk such misinformation with the help of science 

and proper scientific explanation. Some of such myths and misinformation are mentioned 

below with their explanation: 

i. All scorpions are deadly: Not all scorpions are dangerous to humans. Approximately 

1500 scorpion species exist, of which only a few (~50) are hazardous to humans, while 

most belong to Buthus and Scorpionidae families. The medically essential scorpions in 

India are Mesobuthus tamulus,, Palamneus swammer-dami,, and Heterometreus 

bengalensis.  

ii. All Scorpion stings are fatal: When a person gets stung by a scorpion, they will not 

necessarily develop envenomation. Some scorpion stings are dry, which means they do 

not inject venom. However, it may cause intense pain at the site of the sting. Specific 



individuals face a higher risk of experiencing severe symptoms. Young children and older 

adults are particularly vulnerable to the effects of scorpion stings. 

iii. Giant Scorpions are more dangerous or the opposite: Some think small scorpions are 

more destructive, whereas others believe more giant scorpions are more dangerous. But 

in reality, it is not the size of the scorpion but the amount of venom injected into the person 

& species of scorpion during a sting that decides the severity of symptoms. Even small 

scorpions can pack a potent sting if they inject enough venom (if it is venomous scorpions). 

At the same time, Androctonus and Parabuthus are both giant scorpions found in South 

America and Africa and are both medically important. Another example is giant hairy 

scorpions; though they have frightening appearances, they are less dangerous than those 

of Arizona bark scorpions, which are small.  

iv. Scorpions often attack people: Scorpions are known to be aggressive, but they primarily 

use their venom/ sting to catch their prey. They attack humans only when people step on 

or reach an area where scorpions are hiding and accidentally touch/ grab them. They 

preferred to live beneath rocks and debris, i.e., where they do not encounter people 

quickly.  

v. Scorpions are only found in desserts: Scorpions can be found in almost every 

environment on Earth except for the ocean and the polar regions. Despite evolving from 

aquatic ancestors, they have adapted to thrive in diverse habitats, including forests, humid 

areas, and other ecosystems. However, two bizarre incidents of scorpion stings have been 

reported in 2023, where a woman passenger got stung by a scorpion on an Air India flight 

while flying from Nagpur to Mumbai. Where in another bizarre incident, a scorpion stung 

a man when he was asleep in a hotel in Las Vegas.  

vi. Scorpion stings can be cured by local healers/chants/ magical treatment: The 

idea that scorpion stings can be cured by local healers, chants, or magical treatments is a 

misconception. Scorpion venom contains toxins that can cause various symptoms, from 

mild irritation to severe reactions affecting the nervous system and other organs. 

Scientifically proven treatments, such as antivenom, are necessary to neutralize the 

venom and alleviate symptoms effectively. Relying on traditional or magical remedies can 

delay proper medical care, potentially worsening symptoms and endangering the 

individual's health. Seeking prompt medical attention from qualified professionals is crucial 

for the effective management of scorpion stings and for ensuring a positive outcome. 

 

2. Conclusion:  

Numerous difficulties and serious illnesses have resulted from such disinformation. Thus, we 

and others must educate ourselves and one another on the dangers of scorpion stings. By 

dispelling falsehoods and disseminating factual information, we can enable people to make 



wise decisions and swiftly seek appropriate medical attention. Prioritizing education and 

awareness is essential to preventing harmful practices from misconceptions and guaranteeing 

that people receive prompt and efficient treatment in case of a scorpion sting. 
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Classical physics laws lose their footing when confronted with the intricacies of the 

atomic and subatomic realms. The dissolution of familiar physical constraints that govern our 

everyday experiences is particularly intriguing. Consequently, the realm of what can be 

achieved undergoes a profound transformation. For instance, throwing a ball at a wall 

guarantees a rebound in our macroscopic world. However, at the subatomic scale, there is 

the possibility of quantum tunnelling, where a minute particle could traverse the wall's barrier. 

While this phenomenon may strike some as surreal and implausible, it primarily stems from 

being less known and thus not widely accepted or comprehended. 

Quantum physics has revolutionized our perspective on basic physics concepts (such 

as matter, electric current, chemical bonds, etc.) since the 20th Century. Quantum physics 

allows us to get inside of the individual physical entities; as a result, in practical terms, we can 

manipulate everything on the microscopic level. During the past 20 years, researchers have 

observed a ñsecond quantum revolution,ò spurred by understanding how to isolate and 

entangle quantum objects. Researchers are attempting to model the behaviour of óquasi-

periodicô materials, which are too complex to be described on the atomic scale. Quantum 

physics makes it possible to explain the behaviour and interactions between particles and the 

forces that drive them. We already use quantum physics in our everyday lives, but the second 

quantum revolution could make it possible to apply it to industry. The medical field has also 

made the quantum leap: how drug molecules interact with those in living organisms is being 

studied through ñquantum chemistryò. Many modern medical treatments and imaging 

techniques are based on quantum physics. MRI would not be possible without quantum 

physics and a detailed understanding of the behaviour of atomic nuclei in an electromagnetic 

field. 

Eighty years after Dirac formulated the quantum theory of electron spin, modern 

information technology continues to rely heavily on classical electronics, utilizing electron 

charge for computation and magnetic materials for durable storage. However, there is a 

burgeoning interest in harnessing spins within semiconductor nanostructures to advance 

spintronics and quantum logic technologies, aiming for enhanced information manipulation 

and storage capabilities. Recently, localized electronic states found in carbon-based systems 

have emerged as a distinctive solid-state platform. These systems offer a novel opportunity 



for in-depth explorations of magnetism and quantum phenomena at the level of single spins, 

marking significant strides in both fundamental research and practical applications. 

Quantum technology stands at the forefront of a transformative frontier in scientific 

exploration and engineering innovation. It leverages the principles of quantum mechanics to 

usher in a new era of computation, communication, sensing, and simulation. At its essence, 

quantum technology capitalizes on the extraordinary characteristics inherent in quantum 

systems, including but not limited to the phenomena of superposition and entanglement. 

These properties afford quantum systems a remarkable capability to execute tasks that 

surpass the limitations of classical systems, thereby paving the way for unprecedented 

advancements across various fields of study and technological domains. 

Quantum computing uses qubits, which is the quantum equivalent of classical bits. 

Qubits can exist in a superposition state, enabling simultaneous computation of multiple 

states. Additionally, quantum entanglement allows qubits to be correlated in ways that 

classical bits cannot, leading to exponential computational power. This promises 

transformative applications in cryptography, optimization, drug discovery, and artificial 

intelligence. Control of the above process and transmission of cryptographic keys is achieved 

by quantum communication that offers unparalleled security through protocols like Quantum 

Key Distribution (QKD), which leverages the principles of quantum mechanics to enable 

secure transmission. Quantum teleportation and secure communication protocols hold the 

potential to revolutionize data privacy and safeguard sensitive information. Precision in these 

communication processes is ensured by quantum sensors that facilitate unprecedented levels 

of precision in measurements. These quantum sensors find applications in navigation, 



imaging, and defence, offering enhanced capabilities for detecting subtle signals and 

phenomena. Out of these applications, quantum imaging is a prosperous field of quantum 

technology. Unlike classical imaging, which relies on classical physics principles, quantum 

imaging leverages the unique properties of quantum mechanics, such as superposition, 

entanglement, and interference, to achieve improved imaging resolution, sensitivity, and 

security. Quantum imaging holds promise for various applications, including biomedical 

imaging, remote sensing, quantum-enhanced microscopy, and quantum communication. 

While many quantum imaging techniques are still in the research and development phase, 

they have the potential to revolutionize imaging technology and enable new capabilities not 

achievable with classical imaging methods.  

Quantum computers can instantly execute a task that would  

normally take 47 years 

Understanding complex quantum systems often necessitates modelling and using 

advanced quantum simulation techniques. This cutting-edge technology empowers 

researchers to replicate and analyse complex molecular structures, material compositions, 

and biological systems with unparalleled precision and fidelity. By harnessing the capabilities 

of quantum simulation, scientists gain invaluable insights into the behaviour and interactions 

of these intricate systems, thereby unlocking new frontiers for scientific exploration and 

technological advancement. This groundbreaking approach facilitates the elucidation of 

fundamental scientific principles. It holds the potential to catalyse transformative innovations 

across diverse fields, ranging from drug discovery and materials science to environmental 

sustainability and quantum computing.  

These techniques and applications make quantum technology a booming domain in 

current research and technological development. For example, Google's achievement of 

quantum supremacy with Sycamore demonstrated the ability of a quantum computer to solve 

a specific problem that would be practically infeasible for supercomputers to solve within a 

reasonable timeframe. This milestone showcases the immense computational power of 

quantum computers and suggests their potential for tackling complex scientific problems that 

are currently beyond the reach of classical computing. Google's advancements in quantum 

computing could contribute to developing a quantum internet, enabling ultra-secure 

communication and distributed quantum computing across global networks. A quantum 

internet would facilitate quantum key distribution, teleportation, and distributed quantum 

computing applications. While these potential benefits are promising, it's important to note that 

quantum computing is still in its early stages, and significant technical challenges remain to 

be addressed. 



Despite the vast potential inherent in quantum technology, it encounters formidable 

challenges that demand careful attention and innovative solutions. The main challenges are 

scalability, error correction, and the preservation of quantum coherence, all of which pose 

significant obstacles to the practical implementation of quantum systems. Overcoming these 

challenges requires the development of robust frameworks and methodologies that can 

effectively manage and mitigate the inherent complexities of quantum systems. Furthermore, 

realising quantum technology's full potential depends not only on scientific breakthroughs but 

also on establishing robust infrastructure and technological readiness. Building the necessary 

hardware and software infrastructure and fostering a supportive ecosystem of research and 

development is paramount to harnessing the transformative power of quantum technologies 

across various industries and applications. 

Moreover, as quantum capabilities advance, ethical considerations loom large on the 

horizon. Questions surrounding data privacy, security, and equitable access to quantum 

technologies demand careful deliberation and proactive measures to ensure responsible and 

ethical deployment. Addressing these ethical considerations requires interdisciplinary 

collaboration and a commitment to upholding ethical principles and societal values in 

developing and applying quantum technologies. By confronting these challenges head-on and 

fostering collaboration across disciplines, industries, and stakeholders, we can unlock the full 

potential of quantum technologies and pave the way for a quantum-enabled, impactful, and 

ethically sound future. 

The future of quantum technology is promising, with ongoing advancements in 

quantum hardware and cross-disciplinary collaborations driving innovation. Integration with 

classical computing technologies and exploring societal impacts present exciting research, 

development, and commercialization opportunities. Quantum technology is key to unlocking 

unprecedented computational power, communication security, sensing capabilities, and 

simulation accuracy. As we navigate the challenges and harness the opportunities of quantum 

technology, collaboration across academia, industry, and government will be crucial in 

realizing its transformative potential and shaping a quantum-enabled future. 
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With the scientific marvels worldwide during the 20th century, science and technology 

have profoundly influenced the course of human civilization. Scientific achievements provided 

remarkable insights into the issues and problems of human life. The achievements promise to 

herald new eras in many fields. In the North Eastern region, we must take advantage to ensure 

fullest use of these developments for our people's well-being and economic uplift. Science 

and technology have a major impact on economic growth and social development. Scientific 

knowledge has become a source of economic might, power and self-reliance. This has led to 

increased restrictions on knowledge sharing, new norms of intellectual property rights, and 

global trade and technology control regimes. The ongoing globalization and the intensely 

competitive environment has a significant impact on the production and service sectors. 

The North Eastern Region 

           The country's North Eastern region comprises seven states, Arunachal Pradesh, 

Assam, Manipur, Meghalaya, Mizoram, Nagaland and Tripura, popularly known as seven 

sisters. The total geographical area of the region is 2,55,063 ha, and it has a population of 

about four crores. The region is joined with the main land of the country with a chicken neck 

like land area belonging to the state of West Bengal. On immediate West Side and on top of 

the chicken like structure there lies the state of Sikkim. The area is surrounded by the great 

Himalayas in three sides of the region. In the west, Bangladesh shares the common boundary. 

The Himalayan range stands like a óBerlin wallô against Southern China in both North and East 

sides. Across the Patkai hills, there lies Myanmar and Thailand in the east and south sides. In 

fact, the Eastern and Southern tertiary folds of the Himalayan range surround the region. The 

Himalayas also intrudes into the heartland of each of the states. Except Assam, Manipur and 

Tripura, the other states have mostly mountainous terrains. The region is situated in between 

89½o to 97½o E longitude and 21o to 30o N latitude. It has the typical sub-tropical climate of 

moderate temperature and high humidity. The minimum and maximum winter temperature 

ranges from below 10o - 22oC, whereas during summer 22o - 34oC. During winter, the region 

experiences almost drought having rainfall less than 200 mm, but in summer 4,000 ï 5,000 

mm. More than 300 big and small rivers flow through the region and the main carrier of river 

water in the region is the mighty Brahmaputra in Assam valley and the Barak in Cachar valley. 

The excessive rainwater leads to severe flood in almost 40% area of Assam.  The plain land 



of Assam has a common boundary with remaining six states effectively acting as a facilitator 

cum gateway to all of them.  

           Topographically the region can be broadly divided into five parts: the Eastern 

Himalayas, the Brahmaputra valley, Khasi and Jayantia hills, the Surama valley, the Naga, 

Manipur and Lushai hills. The region represents tertiary old sedimentary and granite rocks, 

whereas Assam valley contains Pleistocene rocks. The soil of both valleys is alluvial and 

laterite-old alluvial. Meghalaya, Manipur, Mizoram and Nagaland predominantly contain red 

loam soils. On the other hand, Arunachal Pradesh and parts of Tripura contain forest and hill 

soils rich in organic matter. Every major hill range of the region is the direct or indirect 

expression of some geographical niche. 

           Evergreen, mountainous sub-tropical and mountain-temperate natural forests 

characterize the region. Almost 55% area of the region is covered by forest vegetation, 10% 

is snow-clad wasteland and the remaining 35% area under crop cultivation. There is   scope 

for increasing the cultivation area in the region. The major crop plants of the region are rice, 

tea, mustered, jute, black-gram, sugarcane, maize, potato and vegetables. However, the 

productivity is one of the lowest except in the case of tea and jute. On the other hand, the 

destructive shifting cultivation has still been practiced in the hilly areas.  

          People of the region are predominantly (80%) of Mongoloid origin and there are more 

than 350 tribes each one of them having own language or dialect, culture and traditions. The 

average population density in the region is hardly 250 per km, the highest being 400 per km 

in Assam and the lowest 50 per km in Arunachal Pradesh. Education in the region is a far cry 

having the average literacy rate of 30%. The highest literacy rate of above 80% is prevailing 

in Mizoram and the lowest below 15% in Arunachal Pradesh. 

Major problems of the Region 

           Every year the region suffers from natural calamities like flood riverbank erosion, 

landslide, earthquake and drought. Due to excessive rainfall during summer, water levels in 

all rivers of the region rise beyond the danger mark causing severe flood. The strong under 

current of the rivers cause serious erosion of sandy alluvial riverbank soils of the Brahmaputra 

and the Barak valleys. The hilly terrain of the region also encounters landslides every year 

mostly during the rainy season. The region is situated in an active seismic zone; every year it 

encounters weak to strong tremors.  The region is characterized by very complex 

contemporary tectonic setup due to accumulation of interplate stress below the Meghalaya 

plateau and its surroundings, post-collisional adjustment along the Himalayan arc and active 

subduction convergence along the Indo-Burmese arc resulting in high level of seismic activity. 

Drought during the winter is becoming a regular feature in the region since 1997 having rainfall 

less than 100 mm.  



           In the health front, diseases like cancer, malaria, cholera, jaundice and AIDS are 

predominant in the region. Every year a large number of people suffer from the diseases and 

a good number of them succumb to.  

           Human influx from foreign countries likes Bangladesh, Nepal and Bhutan is one of the 

most serious problems of the region. Lack of economic development and employment coupled 

with influx problem has lead to some complex social problems like insurgency in the region.    

           The region lacks effective quality roads and bridges affecting transportation and 

communication. Large-scale deforestation has disturbed the ecological balance in the region 

affecting the climate in a major way. Deforestation has also adversely effected the rich bio-

diversity of the region.  

           Limited cropping intensity coupled with low yield, low input application, lack of effective 

weather forecasting, lack of cold storage facility for agro-horticultural crops, lack of measures 

to control crop and food spoilage, lack of strong post harvest technology including food 

processing and packaging, lack of proper marketing facility, lack of animal improvement and 

management practices have hindered the development of agriculture sector of the region. The 

region lacks effective strategies for systematic exploitation of plant, animal and microbial 

diversity. 

           Pollution has been increasing at an alarming rate in the region. Contamination of soil, 

water and air by crude petroleum is a major issue. Poly cyclic aromatic hydrocarbon fractions 

are carcinogenic in nature. Burning of untapped natural gas over the last three decades has 

caused serious impact on the agro-silk sectors of the region. Similarly, dusts, suspended 

particles, fumes and waste chemicals released by paper industries, fertilizer plants, cement 

and sugar factories cause pollution. Furthermore, excessive and injudicious use of pesticides 

by the tea gardens has been polluting the river ecosystem of the region making them almost 

barren.  

The Science and Technology Policy, 2003 

           To address these problems, it is necessary to formulate certain policy decisions in line 

with the science and technology policy of the Government of India. The Central Government 

enunciated the following S & T Policy, 2003 for the country: 

¶ To ensure that the message of science reaches every citizen of the country for the 

advancement of scientific temper, emerge as a progressive and enlightened society and 

to make it possible for all people to participate fully in the development of science and 

technology and its application for human welfare. 

¶ To ensure food, agricultural, nutritional, environmental, water, health and energy security 

of the people on a sustainable basis. 



¶ To mount a direct and sustained effort on the alleviation of poverty, enhancing livelihood 

security, removal of hunger and malnutrition, reduction of drudgery and regional 

imbalances both rural and urban, and generation of employment by using scientific and 

technological capabilities along with our traditional knowledge pool. This will call for the 

generation and screening of all relevant technologies, their widespread dissemination 

through networking and support for the vast unorganized sectors of our economy. 

¶ To use the full potential of modern science and technology to protect, preserve, evaluate, 

update, add value to and utilize the extensive knowledge acquired over the long 

experience. 

¶ To encourage research and innovation in areas of relevance for the economy and society, 

particularly by promoting close and productive interaction between private and public 

institutions in science and technology sectors such as soil and water management, human 

and animal nutrition, fisheries, water, health, education, industry, energy including 

renewable energy, communication and transportation would be accorded the highest 

priority. 

¶ In the era of information technology, to ensure speedier access to information both in 

quality and quantity for the development of science and technology. 

¶ To encourage research and application for forecasting prevention and mitigation of 

national hazards, particularly flood, earthquake, cyclone, drought, riverbank erosion and 

landslides. 

¶ Protection and conservation of bio-diversity, traditional knowledge base and their 

improvement. 

Work strategies 

           Mechanisms have to evolved for continuous and independent policy and planning of 

science and technology. Scientists, technocrats as well as academic and professional bodies 

have to be engaged for the purpose. These inputs will help in decision making and formulation 

of policies in socio-economic sector. The states and the North East Council have to be 

encouraged and assisted in the use of science and technology for developmental purposes 

through suitable mechanisms and in establishing linkages with national/international 

institutions for solving local and regional problems. The science departments, academic 

institutions including Universities have to be substantially strengthened by giving full autonomy 

and flexibility and de-burocratization.           Reviewing mechanisms at all levels of academics 

and administrative structures and procedures in science and technology have to be 

established for meeting the challenge of changing needs. The State Governments and the 

NEC should take steps to modernize science and engineering infrastructures. 



           Standard laboratory facilities have to be created for taking up research works on 

seismology, riverine and water body studies, hill and riverbank soil conservation, flood control, 

communicable disease control, cancer and AIDS research, refugee studies and planning, 

agro-forestry, hill cultivation, eco-protection, road bridge construction, plant based medicine 

production and improvement of economic and minor crop plants. Efforts have also to be made 

to develop skilled manpower to take up the challenging science and technology tasks of the 

states and the region. Funds may be created to impart training to qualified personnel. 

Manpower has to be created in emerging areas like biotechnology, medicine production and 

synthesis, hydropower, seismology, software and information technology etc. Planning and 

investments have to be made for harnessing river and other water bodies, bio-diversity and 

human resources. 

           Indigenous knowledge based on age-old traditions and experiences, have to be 

harnessed for the purpose of wealth and employment. Modern approaches to document, 

protect, evaluate and to learn from rich heritage of traditional knowledge of the natural 

resources of land, water, bio-diversity, medicine, food processing preservation, packaging and 

beverage production have to be strengthened and enlarged. Technologies need to be 

developed to add value to indigenous resources and traditional knowledge systems for 

providing holistic and optimal solutions suited to socio-cultural-economic issues. A concerted 

plan to identify research on traditional systems of medicine, local beverage industry, food 

processing and preservation so as to contribute to fundamental advances in health care, 

nutrition and quality drink and leading to commercialization of effective products have to be 

undertaken. 

           Science and technology have to be streamlined to address the problem of mitigation 

and management of the impacts of natural hazards like earthquake, flood, river-erosion, 

landslide, drought and cyclone. A concerted plan to enhance protective capabilities and 

preparedness for meeting emergencies arising from the natural calamities has to be 

developed. Measures have to be undertaken to promote research on natural phenomena that 

lead to disasters and human activities that aggravate them. Practical technological solutions 

have to be developed for predicated preparedness and mitigation and management of post 

disaster situations.  

           There is a growing need to enhance public awareness of the importance of science 

and technology in everyday life and the directions where science and technology are taking 

us. People must be able to consider the implications of emerging science and technology 

options in areas, which impinge directly, their lives including ethical, moral, legal, social and 

economic aspects. Support for wider dissemination of scientific knowledge through 

establishment of science museums, botanical gardens, herbarium preparation, planetarium, 



natural aquariums and zoos have to be enhanced. Every effort has to be made to attract the 

young ones to science and technology.  

           In order to highlight regional science and technology needs and to design policy 

decisions and working procedures, the North Eastern Council should be the lead organization. 

The state Governments should also frame their own policies on the basis of their local 

problems, aspirations and needs. Along with the óRegional Science and Technology Policyô 

under the auspices of the NEC, there should also be óSate Science and Technology Policyô 

for each of the states of the region. An initiative has to be made to establish collaboration 

among the scientists, teachers, planners, managerial and administrative personnel belonging 

to Government departments, research and academic institutions and industries of the region 

as well as of the states. As and when necessary, collaborative research works have to be 

taken up by involving internal and external experts. The work strategies for the region could 

be covered under: 

I. Regional weather and climate forecasting  

II. Hazard warning and management  

III.  Science education and research  

IV.  Biodiversity and resource management  

V. Infrastructure development  

VI.  Agro-science & rural technology 

VII. Food processing  and  

VIII.  Energy and environment. 
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India's most bio-diverse region, i.e., North Eastern Region (NER), holds sixteen national parks, 

fifty-five wildlife sanctuaries, three bird sanctuaries, and two tiger reserves with a thriving 

population of animals and birds. Besides, this region accounts for 24.3 million livestock, poultry 

birds of 69.2 million, cattle occupy 54.84% of the total livestock population, the goat population 

is about 22%, followed by the population of pigs, horses, mithuns, mules, donkeys, camels, 

and yaks (20th Livestock Census, 2019). Despite such a large number of livestock and wild 

animals and birds, entomological surveillance reports on disease viz., lumpy skin disease 

(LSD), bluetongue disease (BTD), and the role of adult Culicoides (Diptera: Ceratopogonidae) 

spp. prevalent in the North Eastern States (NESs), i.e., Assam, Arunachal Pradesh, Manipur, 

Mizoram, Meghalaya, Nagaland, Tripura, and Sikkim (Barkataki et al., 2012; Mukhopadhyay 

et al., 2016; Sarkar et al., 2023b) is lacking.  

This article deals with the adult Culicoides, which are the smallest blood-sucking biting midges 

ranging from 1-3 mm (Mellor et al., 2000), often known as biting machines that have been 

implicated globally in vectoring several important arboviruses, bacteria, protozoa, filarial 

nematodes, etc. Throughout Southeast Asia, these biting machines are known as "makunagi" 

or "nukaka" (Japan); "agas" (Malaysia and Indonesia), "nyung noi" or little mosquitoes 

(Laos) (Wirth & Hubert, 1989), and "ruwani" (rural areas of West Bengal), etc. The 

developmental cycle is similar to any other holometabolous insect, consisting of an egg, four 

larval instars, a pupa, and an adult (Mellor et al., 2000). Most immatures thrive in moist areas, 

and these environments' availability is a crucial determinant limiting their seasonal occurrence, 

distribution pattern, and abundance (Mellor et al., 2000). Geographically, the NER is 

characterised by prolonged annual precipitation of 1500-2500 mm, a humidity of 70-85% 

(Dikshit & Dikshit, 2014), and organic-rich soil, which is conducive to breed the vectors with 

the large availability of host variety. The vectorial study of these essential medico-veterinary 

flies remains utterly neglected throughout the region. In India, among 84 Culicoides species 

recorded  (Sarkar et al., 2023b), only 18 species (Table 1) were identified from this region to 

date, and their impact in vectoring arboviruses, bacteria, protozoa, and nematodes to humans 

and animals remains neglected. This article gives a cursory look into the status of the known 

potential vector species recorded, particularly in the North Eastern Region (NER) and their 

host range. It documents the transboundary occurrence of various Culicoides-borne 

pathogens. 
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Table 1. Distribution of Culicoides spp. recorded from the North Eastern Region (NER) 

of India 

Subgenus/Species 

group 

Species Distribution 

 

 

Avaritia Fox 

Culicoides actoni Smith Assam (Burnihat), Arunachal Pradesh 

Culicoides annandalei 

Majumdar & Das Gupta 

Sikkim (Rhenock) 

Culicoides orientalis 

Macfie 

Sikkim (Nayabazar) 

Culicoides sikkimensis 

Das Gupta 

Sikkim (Nayabazar) 

Haemophoructus 

Macfie 

Culicoides rariradialis 

Das Gupta 

Sikkim (Nayabazar) 

Hoffmania Fox Culicoides peregrinus 

Kieffer 

Assam  

Meijerehelea Wirth & 

Hubert 

Culicoides arakawae 

(Arakawa) 

Assam (Golaghat, Guwahati) 

Pontoculicoides 

Remm 

Culicoides kamrupi Sen 

& Das Gupta 

Assam (Guwahati) 

 

Remmia Glukhova 

Culicoides oxystoma 

Kieffer 

Assam (Golaghat) 

Culicoides schultzei 

(Enderlein) 

Assam (Golaghat, Nagaon, Burnihat, 

Kaithalkuchi, Jorabat, Boko, Sonapur, 

Silonijan 

 

 

 

Culicoides anophelis 

Edwards 

Assam (Golaghat) 

Culicoides flaviscutatus 

Wirth & Hubert 

Assam 



Trithecoides Wirth & 

Hubert 

Culicoides inornatithorax 

Das Gupta 

Sikkim (Nayabazar) 

Culicoides palpifer Das 

Gupta & Ghosh 

Assam 

Culicoides parararipalpis 

Das Gupta 

Sikkim (Nayabazar) 

Culicoides raripalpis 

Smith 

Assam (Burnihat), Sikkim 

 

shortti  

Culicoides shortti Smith 

& Swaminath 

Assam (Guwahati) 

Culicoides swaminathi 

Majumdar & Das Gupta 

Arunachal Pradesh (Pasighat) 

 

Virus 

In Bluetongue disease (BTD) epidemiology, among 29 serotypes of bluetongue virus (BTV), 

23 serotypes have so far been reported from India (Saminathan et al., 2020). A meta-analytic 

study by Rupner et al. (2020) indicated BTV seropositivity in several animals, such as cattle, 

buffaloes, mithuns, camels, sheep, and goats. The prevalence of BTV serotypes in different 

states of India has already been summarized by Saminathan et al. (2020). Among seven 

species reported transmitting BTV in India, the following four species, C. actoni, C. orientalis, 

C. peregrinus, and C. oxystoma have been recorded in this north-eastern region (Harrup et 

al., 2016; Mukhopadhyay et al., 2016; Sarkar et al., 2023b).  Previously, BTV serotypes have 

been detected in C. orientalis (serotype-21), C. oxystoma (serotypes-1 and 16), C. schultzei 

(serotype-16), C. peregrinus (serotype-23) associated with Indian livestock farms of Gujarat 

and Tamil Nadu, West Bengal and from Indonesia (Sendow et al., 1993; Dadawala et al., 

2012; Halder et al., 2013; Ranjan et al., 2017a; Ranjan et al., 2017b). Joarder et al. (2013) 

documented seroprevalence of BTV within the animals (sheep, goat and cattle) from different 

districts of Assam (Golaghat, parts of Karbi Anglong, Morigaon, Nalbari, Bongaigaon, 

Goalpara, Kamrup Metro and Kamrup Rural) located within four agro-climatic zones (Upper 

Brahmaputra Valley, Central Brahmaputra Valley, Lower Brahmaputra Valley, and hills).  

Other viruses like ephemeral fever virus were detected from C. peregrinus (Wirth & 

Hubert, 1989); Chuzan virus (CHUV), D'Aguilar virus (DAGV), Ibaraki virus (IBAV), Akabane 

virus (AKAV), Aino virus (AINOV), and epizootic hemorrhagic disease virus (EHDV) isolated 



by Yanase et al. (2005) and Thabet et al. (2023) from C. oxystoma trapped from Southern 

Japan and Tunisia. Diarra et al. (2014) and Fall et al. (2015) suspected this species as the 

potential vector of the African horse sickness virus (AHSV) based on its abundance data near 

horses in the Niayes area, Senegal. Culicoides arakawae is the fowlpox virus vector (Wirth & 

Hubert, 1989).   

Lumpy skin disease (LSD), caused by the lumpy skin disease virus (LSDV), is a global 

concern that affects cattle, buffalo, camel, gaur, and giraffes. Reddy et al. (2023) provided 

insight into the occurrence of LSD in cattle, and Yak from Sikkim exhibited skin nodular 

lesions. Bianchini et al. (2023) pointed out that Culicoides spp. are transmitted LSV, and 

Topan (2023) documented LSD from Assam, Arunachal Pradesh, along with other states. ABP 

News Bureau updated LSD from the villages of Meghalaya of the districts of Ri-Bhoi (Sumer, 

Umkon-Umden, Mawlyngkhung, Saiden-Nongpoh, Umpyrdong-Umden, and Jyntru-Nongpoh) 

and South West Khasi Hills district (Rangthong) and 20 cows dead on 31 May (2023). Press 

Trust of India updated on 27 July (2023) that 900 cattle, especially the 'thutho' indigenous 

breed to Nagaland, were infected with LSD and declared this state as an 'LSD positive state'. 

Reddy et al. (2024) first reported LSD infection within Mithun distributed across NERs.  

Bacteria 

Pathogenic bacteria-specific information within Indian Culicoides spp. is still scarce. Sarkar et 

al. (2023a) made a detailed study on beta haemolytic strains of Bacillus cereus from the non-

blood utilizing life stages, i.e., eggs, four larval instars, pupae including in laboratory-emerged 

males and females, as well as in the field-collected males and females (nulliparous, parous, 

and post-oviposited) of the abundant vector species, C. peregrinus trapped from the district of 

Burdwan (West Bengal). Based on Drobniewski (1993) and Kotiranta et al. (2000), this 

bacterium is pathogenic, as it also causes septicemia, endophthalmitis, and food poisoning in 

humans and other mammals. Further studies will be needed to identify pathogenic bacteria 

within salivary glands, specifically the saliva of these vector species, as it serves as an anterior 

transmission route for these pathogens.   

Protozoa 

The protozoans: Leucocytozoon sp., Leishmania (Mundinia) martiniquensis, L. (M.) orientalis, 

and Crithidia species were detected from another vector, C. oxystoma in Phatthalung Province 

and Songkhla Province of Southern Thailand (Sunantaraporn et al., 2022; Songumpai et al., 

2022). Crithidia sp. and Leishmania (Mundinia) martiniquensis were also identified from C. 

peregrinus (Sunantaraporn et al., 2022; Kaewmee et al., 2023). In Japan, C. arakawae has 

been reported as a pest of fowls and turkeys, along with being implicated as the vector of 

Leucocytozoonosis as Leucocytozoon caulleryi is transmitted by this species (Wirth & Hubert, 

1989). Besides that, avian haemosporidia was detected in this species (Inumaru et al., 2023).  

Nematode 



Buckley (1938) recorded infections of C. actoni, C. orientalis, C. oxystoma, and C. shortti with 

Onchocerca gibsoni's larvae, cattle filaria's causative agent, in Malaya.  

Host range 

Adult Culicoides spp. have diverse blood-meal sources, and the vast majority of midge species 

are mammalophilic and ornithophilic; however, reptiles and amphibians are also in the host 

spectrum of these midges (Lassen et al., 2012). The information about their blood-feeding 

source is essential in elucidating the host-vector interactions and Culicoides-borne virus eco-

epidemiology. Some Culicoides spp. rely on insect haemolymph as a protein source (Lassen 

et al., 2012). Further, there is a record of C. anophelis feeding on engorged mosquitoes (Ma 

et al., 2013). Wirth and Hubert (1989) suggested that C. peregrinus is strongly zoophilic and 

a general feeder. Kamyingkird et al. (2023) identified positive C. actoni, C. arakawae, and C. 

peregrinus for horse blood. Sunantaraporn et al. (2022) detected the blood meal of C. 

arakawae and found it positive for pigs. Based on the investigation of Kar et al. (2022) and 

Kamyingkird et al. (2023), C. oxystoma fed the blood of cows, buffaloes, sheep, pigs, and 

humans; C. anophelis fed the blood of humans; C. palpifer fed the blood of buffalo. Gomontean 

et al. (2023) documented positive samples of C. shortii and C. flaviscutatus for buffalo's blood. 

Wirth & Hubert (1989) observed that C. anophelis, C. raripalpis, and C. flaviscutatus bite on 

cows and humans. Sarkar et al. (2023b) reviewed the data regarding blood meal analysis by 

earlier researchers. They noted positive C. actoni for cow, buffalo, chicken, horse, and human 

blood and C. orientalis for cow blood. Ogola et al. (2024) analyzed the blood meal of C. 

schultzei and detected positive for cattle blood.  

Despite several Culicoides spp. identified from NER, data regarding pathogens and 

disease epidemiology still needs attention. Although their broad host range and pathogen-

specific information have been collated from other regions of India and contiguous Southeast 

Asian countries, further mapping will still be required to generate these data specific to the 

NER. Vector-borne disease assessments of animals of NER will need a continuous 

entomological survey of the vectors, RTPCR-based pathogenic load analyses, and identifying 

diseases in the host animals and birds, which should be taken up immediately. The 

transboundary incursion of vectors and pathogens makes the situation more complex and 

unpredictable. Let us not wait for disease outbreaks to spur but recommend to the competent 

authorities amongst NER institutes that they build a strong network and generate interactive 

databases of the host-vector-pathogen. This information, once generated, will safeguard our 

animal resource wealth of NERs. 
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The Institute of Advanced Study in Science and Technology (IASST), Guwahati, an 

autonomous Institute of DST, has integrated programs that highlight the significance of 

women's empowerment in the Northeast region because women are the driving force of 

change and are necessary for a nation to prosper and sustain itself. With its objective to 

empower tribal women and promote sustainable livelihoods, IASST has become a beacon of 

success in Northeast India's varied cultural landscape. The institute has integrated its efforts 

with the Government of India's 'Atmanirbhar Bharat' and 'Vocal for Local' initiatives while also 

revolutionizing traditional customs through creative activities under the "ST/SC Community 

Development Program at IASST," which is supported by DST's SEED division. 

Reviving Tradition: Xindol's Journey from Traditional Household Delicacy to 

Supermarket Shelves 

At Bakarapara village, near Guwahati, a Self-Help Group (SHG) named Upasona ethnic food 

society was formed, bringing together 21 rural tribal women to promote their traditional 

delicacy, Xindolða fermented fish product deeply embedded in their cultural heritage (Fig. 1). 

IASST was pivotal in elevating Xindol from a household delight to a marketable product by 

conducting nutritional analyses, facilitating FSSAI certification, and safeguarding traditional 

knowledge through geographical indication (GI) filing. 

IASST has set up a Biofloc system for fish farming to guarantee a steady supply of fish for 

fermentation. The members have received specialized training in handling Xindol safely. 

Additionally, IASST has fostered the society for market connection under the Bionest facility. 

In addition to over 300 direct and indirect beneficiaries, this program has tremendously aided 

21 women in creating sustainable subsistence.  

Diversification for Prosperity: Eri Silk and Edible Pupae Production 

Recognizing the need to enhance income opportunities, IASST expanded its initiatives to 

include the production of Eri silk and its edible pupae (Fig. 2). This forward-looking approach 

not only contributes to the economic prosperity of tribal women but also preserves and 

promotes indigenous practices, fostering a sense of self-sufficiency within the community. 

Many women in the three adopted villages of IASST, viz. Satargaon, Kallapara, and 

Bakarapara have incorporated Eri rearing into their livelihoods as a significant income source. 
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Through hands-on training provided by IASST, these women are now equipped with the 

knowledge and skills required for successful sericulture. 

Soybean Cultivation: Transforming Lives and Landscapes 

Scientists at IASST have launched an unprecedented project to grow soybeans to transform 

the agricultural landscape and lives of tribal people in Northeast India. To reduce dependence 

on imported soybean seeds, IASST's strategic intervention in Barnagaon village, Udalguri 

district, led to the formation of the Daogalang Soya Society and Gwjwnsri Soy Society, 

focusing on the cultural and economic importance of fermented soybean (Fig. 3). Comprising 

more than 20 tribal women from the Bodo community, this society processes soybean seeds 

into various products, including soy tofu. This initiative has positively impacted more than 200 

individuals directly and indirectly. Through its BioNEST incubation facility, IASST is crucial in 

facilitating market linkages for women engaged in soybean-related businesses. The institute 

supports the commercialization of products developed by women, ensuring that their efforts 

translate into tangible economic opportunities. 

IASST's Commitment and Goal: Towards a Sustainable Future 

The B. R. Ambedkar centre for Community Empowerment (BRACE), a specialized platform 

created to serve the particular requirements of the weaker portion of society, primarily focusing 

on women, is central to IASST's commitment to social empowerment (Fig. 4). Equipped with 

cutting-edge facilities, BRACE is the focal point for programs promoting inclusive 

empowerment. It provides targeted training, skill development, educational opportunities, and 

awareness campaigns, particularly for women from under-represented groups. The center 

aims to enable women to actively advance society by creating a supportive atmosphere 

through networking and mentorship opportunities. 



Beyond empowering tribal women, these programs significantly contribute to Northeast India's 

larger objective of developing a locally oriented and self-sufficient economy. IASST grows 

crops and sows the seeds of prosperity and change as success stories keep coming to life, 

influencing the next generations. 

Fig. 1 Glimpses of activities of the Upasona Ethnic Food Society. 

 

Fig. 2 Eri silk and edible pupae production in the adopted villages. 



 

Fig. 3 Glimpses of activities of the Gwjwnsri Soya Society. 

Fig. 4 B.R. Ambedkar centre for Community Empowerment (BRACE). 
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Cancer is a global health threat and a primary cause of death worldwide. In 2020, it was 

estimated by the World Health Organization that cancer claimed the lives of 10 million 

individuals. According to the National Cancer Registry, there were 1.39 million cancer patients 

in India and around 8 million worldwide, with the global burden expected to increase 5-fold by 

2025.  Although conventional treatments like surgery, radiation therapy, and chemotherapy 

are still crucial in cancer care, recent advancements have introduced new treatment options 

that are significantly altering the landscape of cancer therapy for patients. Immune checkpoint 

inhibitors, for example, are drugs that are widely used to treat various types of cancer, 

including melanoma, lymphoma, lung, bladder, and kidney cancer. Immunotherapy is an 

advanced approach to treating cancer by utilizing the patientôs immune system to target and 

combat cancer cells. In the 2000s, targeted therapies like trastuzumab (Herceptin) and 

imatinib (Gleevec) emerged, which destroy cancer cells by targeting specific molecular 

changes found in those cells. CAR-T cell therapy is another promising treatment. India's first 

indigenously produced NexCART, which uses this technique, made headlines in the news 

after its successful application. 

CAR-T cells are a revolutionary form of treatment for cancer patients. They involve genetic 

modification of T cells taken from the patient, which makes them more efficient at recognizing 

and destroying tumor cells. Chimeric antigen receptors (CARs) are produced from these 

modified T cells and added to their surface, which helps them identify and bind specific 

antigens on cancer cells' surfaces (Figure 1). This process is called precision medicine, as the 

therapy is customized for each patient. The Food and Drug Administration has authorized six 

CAR-T cell treatments for various blood cancer types, including lymphomas, specific 

leukaemias, and multiple myeloma. 
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Figure 1: Schematic representation of CAR-T cell therapy technology. 

 

In 2015, Dr. Alka Dwivedi and her team developed NexCAR19, a modified CAR-T cell that 

showed promise in treating blood cancers. After unsuccessful attempts to design the CAR-T 

cells, Dr. Dwivedi and her colleagues collaborated with experts in CAR-T cell therapy at the 

National Institutes of Health (NIH) Clinical Centre in Maryland. They developed an innovative 

CAR-T cell tailored for the Indian context that led to the approval of NexCAR19 in India in 

October 2023, marking India's first venture into CAR-T cell treatments. NexCAR19 

demonstrated impressive efficacy in treating advanced lymphoma or leukemia, with 67% of 

patients experiencing a significant reduction in cancer burden and approximately half 

achieving complete remission following promising outcomes from two clinical trials carried out 

in India. 

On June 4th, 2021, a significant milestone was achieved in the field of cancer therapeutics in 

India, marking a historic day for Tata Memorial Hospital (TMC) and IIT Bombay. This was due 

to the success of Indiaôs NexCART19 procedure, which was carried out at the ACTREC Bone 

Marrow Transplant Unit, TMC, in Mumbai. The CAR-T cells used in this procedure were 

developed and produced at IIT Bombay. The team from IIT Bombay-TMC received additional 

support from DBT/BIRAC through the National Biopharma Mission, which allowed them to 

lead this project and conduct Phase I and Phase II trials of their CAR-T product. 

 Following that, in October 2023, CDSCO, India's drug regulator, approved NexCAR19 for 

commercial use. It was developed by ImmunoACT, a company incubated at IIT Bombay. Dr. 



(Col) VK Gupta, a gastroenterologist based in Delhi, underwent treatment in India for Rs 42 

lakh instead of 4-5 crore abroad. On April 4, President Droupadi Murmu launched the first 

CAR T-cell therapy developed within India, designed to target and treat cancer. She referred 

to it as a "breakthrough" that provides "new hope for humankind" in the fight against cancer. 

The therapy is now available throughout the country. 

CAR-T cell therapy faces manufacturing, distribution, logistics, quality control, and affordability 

challenges, particularly in low-resource settings like India. Challenges include high 

manufacturing costs, complex supply chain logistics, GMP-compliant facilities, quality control, 

and traceability measures. Standardized manufacturing, reduced pricing, infrastructure 

development, and workforce development initiatives can help overcome these challenges. 

Government support, policy formulation, and strategic collaborations are also necessary to 

foster a conducive ecosystem for CAR-T therapy in India. The President of India praised CAR-

T cell therapy as a major advancement in cancer treatment, highlighting its accessibility and 

affordability. This milestone represents a beacon of hope for patients worldwide, underscoring 

the transformative impact of innovative medical interventions. 

CAR-T cell therapy holds immense promise for transforming the approach to cancer care in 

India, improving outcomes for patients nationwide. To position India as a global leader in this 

field, investing in research, infrastructure, and regulatory frameworks is crucial. By continuing 

these efforts, India can take advantage of the bright future that CAR-T cell therapy promises. 
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Did you know that trillions of bacteria are present in your gut? These gut bacteria are crucial 

in keeping our gut healthy and balanced. These microscopic heroes play an essential role in 

digestion by breaking complex food matter, producing vitamin K, improving the immune 

system, and controlling mood and sleep cycle. 

 

 

Fig. 1 Gut microbes and foods are associated with human health. 

 

Sometimes, these gut microbes may get out of balance. This may occur for many reasons, 

like taking antibiotics that kill both good and bad bacteria or eating unhealthy foods that create 

an imbalanced state. Nowadays, the term ñgut bacteriaò has drawn much attention because 

their imbalanced state is linked with different human diseases like fatty liver, diabetes, obesity, 

inflammation in the gut, depression, neurological disorders, and many more.  

But don't worry; scientists have discovered magical bacteria known as probiotics, 

which are live bacteria that can improve your gut health and maintain harmony when 

consumed in adequate amounts. Probiotics are superheroes that help us fight diseases and 
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foreign pathogens so that we live happily and age healthy. So now the question arises: from 

where do we get probiotics? You can find them in foods like yogurt or curd, fermented food 

products like kombucha, fermented bamboo shoots, kharoli, etc, or take them as supplements 

available in the market with doctors' prescriptions. 

Though probiotics are a new concept for improving our health in this modern twenty-

first century, do you know? In Bharat, our ancestors practiced probiotic-rich food daily while 

worshiping or during pooja. They used to prepare prasad, known as panchamrit, and we still 

follow the same. In Hindu ritual, no pooja is complete without offering panchamrit. It comprises 

of five divine ingredients ð milk, curd, honey, ghee (clarified butter), and jaggery ð and 

Panchamrit was a symbol of devotion and a secret of health and vitality. Curd is rich in 

beneficial bacteria like Lactobacillus sp. Raw milk is a fundamental element in panchamrit, 

which supplies nutrients for the growth of probiotic bacteria. Honey is also rich in potential 

probiotic bacteria and micronutrients. In contrast, ghee contains butyric acid, which is good for 

gut health, and a small amount of jaggary as an energy source. 

How do you maintain good gut health? Include lots of (a) green vegetables and fruits 

in your diet, which are rich in fiber, (b) a handful of sprouts and nuts, (c) fermented food 

products like curd or dahi, (d) exercise daily and (e) avoid junk food or packed food packets. 

ñTake care of your gut bacteria. They will take care of youò. By taking care of your gut bacteria, 

you're supporting your digestive system and nurturing your overall health and well-being. So, 

listen to your gut, nourish it with care, and it will surely take care of you in return. 

 

Fig. 2 Key ingredients of Panchamrit. 
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In the bustling city of an adult human body resides about 30 trillion cells, of which less 

than a third belongs to itself! The rest are tiny microscopic organisms comprised of bacteria, 

archaea, fungi, protists, and viruses, with bacteria dominating more than 90% of the microbial 

ecosystem. These inhabitants are called human ómicrobiotaô, and their collective genome is 

termed as ómicrobiomeô. Microbial diversity differs across populations, communities and 

nations, from person to person and even in different body sites of a single human. Yet of all, 

the gut microbiome is thought to be crucial in our overall health and well-being. In a healthy 

individual, the majority of the gut bacteria belong to the phyla Bacteroidetes and Firmicutes. 

The remaining 10% is largely from the phyla Actinobacteria, Proteobacteria, Fusobacteria, 

and Verrucomicrobia. This is known as eubiosis or óbalanced microbiomeô. Here arises a lot 

of questions. What are the factors that maintain and sustain this balance? Are all factors 

equally important, or do few have a more significant role to play? What role does it play in our 

overall health and metabolism? Does change in microbiome have a connection to diseased 

states, particularly metabolic diseases? Let us explore and address these questions. 

Colonisation of gut microbiota begins as early as in the fetus during gestation. The 

metabolic health and gut microbiome of the mother, mode of delivery and feeding breastmilk 

or infant formula significantly influence the early microbiota establishment in newborns and 

kickstart the initial development of the immune system. Factors including diet, medications, 

infections, environment and even genetics modulate our microbiota. Originally said by Jean 

Anthelme Brillat-Savarin, a lawyer and gastronome in 1826 and later popularised by nutritionist 

Victor Lindlahr in the 1920s, the phrase ówe are what we eatô is true. But how does it relate to 

the gut microbiota? Recent studies have shown how the quality of diet shapes our gut 

microbiome affecting our gut health, body metabolism, mood, and even immunity in ways 

unknown before! Scientists are linking perturbed gut health to conditions such as obesity, 

diabetes, metabolic-associated fatty liver disease, cardiovascular diseases and 

neurodevelopmental and neurodegenerative disorders. Quality of the food depends on a 

balanced diet, consisting of edible fiber in the form of leafy vegetables, and colourful fruits 

packed with proteins, antioxidants, vitamins, minerals, and essential amino acids, commonly 

termed a órainbow dietô.ô Fiber-rich food contains undigestible carbohydrates like inulin, 

fructans, and levan, to name a few. Humans cannot fully digest such complex molecules 
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because of lack of specific enzymes involved in degradation and there comes the role of our 

friends living in the intestine. These bacteria contain the necessary enzymes needed to break 

down the resistant carbohydrates and fibers into simpler molecules which can be absorbed. 

The end product of the fermentation produces short-chain fatty acids (SCFAs) and gases. As 

part of their metabolism neuropeptide molecules and antimicrobial products are also 

released. Lactic acid bacteria are known to produce lantibiotics like nisin which help in keeping 

the abundance of pathogens in check, a phenomenon known as ócolonisation resistanceô. 

SCFAs are small organic acids with up to six carbon atoms. Major SCFAs produced are 

acetate, propionate, and butyrate and neurotransmitters like dopamine, serotonin and 

glutamate. SCFAs and neurotransmitters have been linked to improved gut health and energy 

homeostasis, possibly playing a major role in different pathways through gut-organ axes.  

Fig. 1 Gut microbiome in health and diseases. 

Besides  the fresh food consumed, humans traditionally have also been consuming 

fermented food and beverages for ages. Although fermentation might have started to preserve 

food during off-seasons, the health benefits reaped in doing so are coming to the limelight only 

recently. Major thanks go to Russian microbiologist and Nobel laureate, Ellie Metchnikoff, who 

brought the spotlight on fermented products by hypothesizing that the longer lifespan of 

Bulgarian farmers was due to their regular consumption of yoghurt, a fermented milk product. 

Most recent science does agree with him! Periodically consuming a consortium of probiotics 

present in fermented beverages and foods is beneficial for health. Fermented foods might also 

contain pathogens in case of unhygienic handling and storage, which can be minimized by 

stringent sterile practices and maintaining an aseptic condition.  



Unlike earlier days, recent drastic changes in food habits from a fiber-rich balanced 

diet to refined and processed carbohydrate-based diet rich in fructose and low in fiber have 

brought havoc in body metabolism across populations. Disruption of this delicate microbial 

ecosystem leads to gut dysbiosis, the hallmarks of which are gastrointestinal discomforts such 

as bloating, nausea or diarrhea, inflammation, gut permeability, and development of irritable 

bowel syndrome (IBS), and/or inflammatory bowel disease (IBD) in severe cases. Further 

shifts in the intricate balance due to increased abundance in certain microbial community in 

small intestine can also lead to dyshomeostasis, a condition known as ósmall intestinal 

bacterial overgrowth (SIBO)ô. SIBO might lead to over-fermentation and release of toxins 

present in the cell wall of some pathogenic bacteria. Gram-negative bacteria, like an increased 

abundance of Proteobacteria, and changes in Bacteroidetes/Firmicutes ratio, have been 

linked with obesity, insulin resistance and fatty liver disease. Bacteria belonging to 

Enterobacteriaceae also release toxins. A class of endotoxin produced is lipopolysaccharides 

(LPS). It often leaks into the system through compromised gut integrity, binds with toll-like 

receptors (TLR4), igniting a cascade of reactions involving immune cells like Th1 and release 

of cytokines like IL-6, IL-10 and TNFŬ, ultimately leading to low-grade inflammation. Another 

phenomenon involved in increasing obesity during dysbiosis is over-harvesting of food. Due  

to SIBO, the conversion of complex undigestible food into simpler absorbable molecules 

increases manifold, leading to an increased rate of nutrient absorption. If alcohol producing 

bacteria is more, then óendogenous alcohol productionô might increase inflammation and gut 

permeability.  

Fig. 2 Recent tools and therapeutics used in gut microbiome research. 



 

However, defining ñgoodò and ñbadò bacteria is not straightforward. Even LPS 

producing bacteria are necessary at a young age to help develop our adaptive immune 

systems. Nonetheless, overgrowth and diversity loss of the microbes lead to health issues, 

where a targeted treatment approach is most desired. In that regard, one exciting area of 

research is bacteriophage-mediated gut modulation. Bacteriophages, or phages for short, are 

viruses that infect bacteria. Scientists are exploring how phages can be used to selectively 

target pathogenic bacteria and reverse the dysbiotic state. Another promising approach is 

microbiome engineering, which involves manipulating the gut microbiome to improve health. 

This could involve everything from introducing beneficial bacteria (probiotics, live 

biotherapeutics, fecal microbiota transplantation etc.) to using genetic engineering techniques 

like CRISPR-Cas9 to modify bacteria in beneficial ways. In this complex scenario, artificial 

intelligence and machine learning techniques are also emerging as powerful tools to decipher 

the intricate interactions within the gut microbiome. These technologies can help identify 

patterns and make predictions, offering new insights into disease mechanisms and potential 

treatments. Despite these advances, many challenges remain - from clinical studies to data 

generation ï to make the next big jump in human microbiome research. The road is long ahead 

and the journey to decode the host-microbe interactions must continue!  
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Water stands as an indispensable pillar of civilizations. The foundation of vibrant health rests 

firmly upon the availability of pure water. In recent decades, the global landscape has 

witnessed remarkable economic growth. As the surge in industrialization, expansion of 

agriculture, and rapid urbanization continues to spike, a notable increase in water 

contamination has escalated, ultimately leading to associated environmental problems. Water 

pollution is an alarming challenge that has continuously evolved over the past decade. 

Wastewater discharged from industries of different sectors like metal, food, textiles, paper, 

leather, cosmetics, pharmaceuticals, and other manufacturing sites stands out as a major 

cause of water pollution. This wastewater contains various hazardous pollutants, including 

harmful synthetic dyes, which are detrimental to living organisms. Annually, out of the global 

dye production of approximately 2 million tons, around 15% of it is being discharged as dye 

wastewater into the environment. The unplanned and haphazard release of these dye-laden 

industrial effluents into water bodies has given rise to numerous problems as they not only 

impart artificial color to the water bodies but also possess carcinogenic and mutagenic effects 

to living beings. These non-degradable and pigmented colorants when exposed to direct 

contact can cause severe irritation of the eyes and skin, while their consumption may lead to 

gastrointestinal discomfort like nausea, vomiting, and diarrhea. Prolonged exposure can affect 

the organs such as the liver, thyroid, and spleen as well as can damage the nervous system 

leading to headache, dizziness, and muscle cramps. Thus, considering the inherent toxicity of 

these synthetic dyes, it has become crucial to establish effective dye removal techniques from 

the wastewater.  

Separating dye compounds from water can be a challenging task. Several techniques like 

adsorption, membrane separation, chemical coagulation, precipitation, flocculation, 

photodegradation, and ion exchange are available that bring the dye concentration within the 

World Health Organization (WHO) recommended limits. However, these techniques along 

with their excellent removal efficiency are also accompanied by several drawbacks like high 

cost, complicated multistep process, toxic sludge production, and overall slow process. 



Among them, adsorption stands out as a highly efficient technique for purifying colored 

wastewater surpassing the available alternative techniques in numerous aspects due to its 

straightforward and user-friendly operation making it relatively economical with widespread 

availability. However, there are challenges related to the type of adsorbent used and their 

disposal after potential post-contamination by the pollutants. These challenges can be 

mitigated by using cheap and biodegradable sorbents originating from agricultural by-

products. The utilization of this waste biomass addresses waste management problems, and, 

also seamlessly contributes to environmental sustainability.  

Keeping this in view, a comprehensive series of studies was embarked on by a dedicated 

team of researchers led by Dr. Arundhuti Devi, a distinguished senior scientist of the Institute 

of Advanced Study in Science and Technology (IASST). Notably, one of their research 

ventures on the utilization of the waste derived from the preparation of Kolakhar, a traditional 

Assamese alkaline food additive used in many of their dishes. The solution is prepared by 

collecting the filtrate of water-soaked ashes derived from Musa Balbisiana stems, locally 

known as Athiya Kol. In the process, the stems of the banana plant are cut into small pieces 

and sun-dried for a couple of days, and subsequently burnt to ash in the open air. The resulting 

ash is then soaked in water and filtered to yield the alkaline solution known as Kolakhar. The 

research team ingeniously used the residual ash, i.e. banana stem ash (BSA), as a 

bioadsorbent to remove toxic synthetic dyes, viz., methylene blue (MB) and basic fuchsin (BF), 

showcasing an innovative approach integrating traditional practices with a modern scientific 

solution. Upon using different characterization techniques like FTIR, XRD, XPS, and EDX, it 

was evident that the ash contained high carbon content along with different elements like K, 

Ca, and Si with different oxygen and nitrogen-containing functional groups. These functional 

groups of the ash interacted with the dye molecules via different interactions like n-ˊ, ˊ-ˊ, 

cation-ˊ, hydrogen bond formation, electrostatic interactions, and covalent interactions. This 

insight into the mechanism involving the adherence of the dye molecules to the surface of the 

bioadsorbent was examined by the team using various kinetic models, isotherm models, and 

thermodynamics data, in conjunction with experimental factors. The team also studied the 

potency of the mentioned bioadsorbent by using it to purify synthetic textile effluent formulated 

by combining various dyes such as malachite green, methyl violet, methyl orange, rhodamine 

B along with methylene blue, and basic fuchsin and salts like NaCl, NH4Cl. This testing aimed 

to validate the efficacy of the removal process under conditions mirroring real-world 

wastewater scenarios. The result showed perceptible performance of the bioadsorbent with a 

57.38% removal percentage, demonstrating it as a highly efficient adsorbent suitable for 

practical applications in the treatment of textile wastewater. This approach not only mitigates 



waste management issues but also aligns with eco-friendly practices, a conscientious solution 

that promotes both resource efficiency and environmental well-being. 

Harnessing waste biomass for reuse not only effectively tackles waste disposal challenges 

but also exemplifies a commitment to environmental friendliness. This practice not only 

addresses waste management concerns but also aligns seamlessly with eco-friendly 

principles, showcasing a thoughtful and sustainable solution that fosters resource efficiency 

and environmental well-being. With detailed investigations and an analytical approach, Dr. 

Arundhuti Devi and her research team have achieved significant advancements in unraveling 

the intricate techniques that have proven to be exceptionally effective in purifying wastewater 

using the waste agricultural biomass via an economically and environmentally sustainable 

process. 

Pictorial Representation 

 

Fig 1-Illustrating the formation process of banana stem ash (BSA) during Kolakhar preparation 

 

 

 



 

 

 

 

Fig 2- Removal of Methylene Blue (MB) and Basic Fuchsin (BF) with their potential 
mechanisms 
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ñWill you like to have coffeeò, asked one of the seniors in my lab. Four of us went outside the 

institute in a small stall. ñSo, how is your paper coming upò asked another senior to which I 

replied, ñVery very lengthyò. Everyone laughed except the newest member of the group. She 

just sat quietly and listened with a confused look on her face. Days passed and one fine 

morning she asked me ñBaa, why did you say that day that your paper was lengthy?ò I smiled 

and replied, ñBecause I have so much to report on one havoc of Assam that I donôt know 

where to stopò. Without a word, she stared at me and I just continued, ñHave you seen an 

oilfield and its effects on the nearby areas? Have you seen crude oil just scattered 

everywhere?ò She nodded no. ñI have, and once you see it, it cannot be unseenò I continued. 

ñIt was like stepping into a nightmare when I first set foot in the Geleky oilfield of the Sibsagar 

district in upper Assam. Everywhere I looked, there was oil; staining the grass, polluting nearby 

ponds. There are tea gardens, agricultural rice fields, and muga cultivations nearby (Fig. 1). 

The sight prompted us to launch a monitoring survey, driven by the urgent need to assess the 

contamination levels and their potential impact on the local community. We also wanted to 

investigate whether plants in the vicinity were absorbing crude oil from the soil, a possibility 

that could have disastrous implications for those living in the area. We gathered samples of 

water, soil, plants, and sludge (Fig.1) from a wide radius around the oilfield and do you know 

what we found?ò. Just then we were interrupted and we heard someone calling, ñItôs 5.30. 

Arenôt you late to catch the bus?ò She ran and luckily caught the Institute bus. 



ñBaa I was waiting for youò, I heard someone as soon as I reached the lab the next morning. 

It was her again. I asked what the matter was, to which she replied, ñSo, what did you find 

Baa? Did you find oil in those places? In the soil, water, plants? Do plants take up oil from the 

soil? Are we eating plants full of oil?ò were some of the 100 questions lingering in her mind. 

To her surprise, my answer was ñYES! There was oil present everywhere. The situation near 

the oilfields was terrible, with soil contamination extending even into people's homes. Water 

sources and ponds in the vicinity were polluted with oil as well. Analysis revealed alarming 

concentrations of heavy metals and petroleum hydrocarbons, beyond safe levels. This 

petroleum contamination has a tremendous effect on the environment causing water, soil, and 

air pollution, as well as a threat to wildlife. Heavy metals, known carcinogens, pose grave 

health risks, potentially leading to irreversible disorders after prolonged exposure. Human 

health effects ranged from cancer to respiratory and cardiovascular diseases, gastrointestinal 

issues, skin problems, and neurological complications. Petroleum hydrocarbons, on the other 

hand, are highly toxic and lethal substances, that also threaten both human and animal health. 

Their effects include haematotoxicity, carcinogenicity, genotoxicity, mutagenicity, 

immunotoxicity, and neurotoxicity. Metabolites of these hydrocarbons also act as potent 

endocrine disruptors, adversely impacting human reproductive development. In the samples 

analyzed, heavy metals like nickel, lead, iron, and arsenic exceeded permissible limits at most 

sites, while hydrocarbon concentrations were significantly elevated. Out of all, the most 

alarming concern was the discovery of an aromatic hydrocarbon derivative in one of the 

groundwater samples, with a concentration of 130.66 mg/L, far exceeding the safe threshold 

for drinking water of 1 mg/L, posing a threat to aquatic ecosystems and biotic species. 

Additionally, investigations into plant samples revealed the uptake of metal and hydro 

Fig. 1 Schematic representation of the study survey 



carbon contaminants by six different plant species, namely, Chromolaena odorata, 

Parthenium hysterophorus, Colocasia esculenta, Ageratum conyzoides, Leucas aspera, and 

Vernonia cinerea, highlighting the widespread impact of pollution on local flora. Now can you 

see why I called it a havoc of Assam?ò She gazed at me in stunned disbelief. ñSo, what is the 

solution to this havoc?ò, she asked with distress. "The solution lies in developing measures 

and strategies to protect the communities in those regions from this environmental threat. Our 

laboratory is actively researching various remediation techniques to combat such disasters, 

offering hope for both the environment and society." 

"Ah, I see now," she murmured, "I've found my purpose too. I'll also try to find solutions for 

such petroleum contamination that will be beneficial for our society," she declared with 

newfound hope resonating in her words and determination lighting up her eyes. 
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Tsunamis are one of the most devastating natural disasters, and they can cause significant 

loss of life and property. These destructive waves are generated by large-scale disturbances, 

such as earthquakes, landslides, or volcanic eruptions, which displace a large volume of water 

in the ocean. Understanding the mathematical theory of tsunami wave generation is crucial 

for developing early warning systems and designing effective mitigation strategies. In 

particular, understanding and modelling the generation of surface ocean waves due to ocean 

floor movement is paramount. The devastating impact of tsunami waves on coastal areas has 

been witnessed throughout history; the recent one relevant to the Indian subcontinent is the 

2004 Indian Ocean tsunami (Sumatra earthquake) that caused an estimated US$ 13 billion in 

damage, 227,899 human casualties, and displacement of 1.7 million people. Appropriate 

modelling will enable us to accurately predict the tsunami arrival time, leading to an early 

warning system and preparation time for evasive measures to minimize potential damage.  

My research group at IASST is engaged in building mathematical theory incorporating (i) 

ocean water compressibility, (ii) density stratification and (iii) ocean floor softness that can 

better simulate the tsunami generation mechanism and subsequent transoceanic propagation 

(Fig. 1). These are a few important factors that require attention while building a mathematical 
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model for tsunami propagation. It is well known that the slight compressibility of ocean water 

triggers hydroacoustic waves, which  

Fig. 1: Incorporation of ocean water compressibility, density stratification, and movement of 

soft ocean floor. 

are highly influenced by gravity at low frequencies and lead to the generation of acoustic-

gravity waves (AGW). These waves influence the propagation of tsunami waves, and their 

importance was established by a series of works by the group led by Prof. M. A. Nosov. The 

success of these works motivated researchers to look back at the theory of compressible 

ocean, which is well established in the literature through the works over the last 80 years. 

Detecting and analysing the AGWs plays a pivotal role in estimating the earthquake fault 

location, intensity, and tsunami wave arrival time. On the other hand, natural density 

stratification in the ocean, caused by variations in temperature and salinity, further complicates 

wave propagation. Under these conditions, the ocean becomes a non-homogeneous domain, 

requiring separate consideration of wave propagation within different layers (concept of a two-

layered ocean structure), as first discussed by Stokes in 1857. This aspect remains deficiently 

understood and could prove to be a crucial connection. 

Moreover, understanding how AGWs attenuate and dissipate is another crucial factor affecting 

their propagation in a softer ocean bed, such as one with properties similar to that of a 

viscoelastic medium. This knowledge could ultimately enable the measurement of AGW mode 

strength at any depth and provide insights into the size of potential tsunamis. Hence, it is 

imperative to closely study and understand these various factors in conjunction with one 

another to arrive at comprehensive conclusions, highlighting the critical importance of such 

investigations in tsunami research and early warning systems. 

My international collaborative work on the factors of tsunami wave propagation 

mechanism is focussed on the impact of (i) bathymetry change due to submarine earthquake, 

(ii) sudden ocean depth change, and (iii) moving atmospheric pressure wavefront on tsunami 

wave (Fig. 2). Let us dive deep into each of these aspects to understand their significance in 

transoceanic tsunami propagation. 



 

Fig. 2: Incorporation of arbitrary motion of circular ocean floor, moving atmospheric pressure 

front, and sudden depth change. 

A bathymetry change is quite common after a submarine earthquake, and the process 

varies event-wise. For example, the 2004 Indian Ocean tsunami resulted from a moving fault 

under the ocean. A vertical uplifting of the seabed was observed in the 2011 Tohoku Oki 

earthquake, such that the displaced block had different heights at both ends. The rupture of 

numerous faults caused the 2016 Kaikoura earthquake. The 2018 Sulawesi earthquake 

resulted from strike-strip faulting, leading to a moving Palu-Koro fault. These bathymetry 

changes can be approximated with multiple moving circular patches, implying that a moving 

circular patch holds the key to a benchmark solution and the associated mathematical problem 

can be considered canonical.  

Any changes in ocean floor bathymetry are associated with ocean water column depth 

variations, often influencing surface wave propagation, including transoceanic tsunami waves. 

These changes may occur slowly, allowing one to model the wave propagation using a mild-

slope equation and its variants, or it could be abrupt, so the assumption of slowly spatially 

varying water depth stands invalid. The latter case primarily consists of oceanic plateaus 

equivalent to large flood basalt provinces existing underneath the ocean, creating a 

significantly thicker crust than the normal ocean crust, which is 6-7 km on average, and 

trenches with thinner crusts than the average, resulting from tectonic plates' geological 

movement. The discovery of such plateaus is relatively new (the term was coined by Kroenke 

in 1974) compared to trenches (initially discovered by Vening Meinesz circa 1930). However, 

significant progress has been made to locate numerous such topography over the years. A 



surface wave generated by a submarine earthquake, underwater volcanic eruption, or 

landslides occurring near such sudden topography changes undergoes a significant evolution 

once it propagates across the sudden depth change. Such evolution results in variable impacts 

along the coastline, depending on how much energy is transported towards it. The devastation 

caused by a tsunami in coastal areas, financially or in terms of casualty, has been evident 

over the years. An appropriate mathematical model accounting for a sudden depth change 

near the submarine earthquake fault is key to accurate tsunami prediction. 

As far as tsunami generation from a moving pressure front is concerned, it could be 

from a volcanic eruption or any other event similar in magnitude of meteorological origin, such 

as thunderstorms, atmospheric gravity waves, squalls, and frontal passages. The physical 

mechanism behind these meteorological phenomena is an abrupt change in the sea-surface 

atmospheric pressure leading to pressure wave propagation in the atmosphere. Nomitsu 

provided the maiden description of tsunamis triggered by atmospheric phenomena, whereas 

Defant coined the term. Even though the reported damages caused by meteotsunamis over 

the years are not as monstrous as a seismic tsunami, reports of million-dollar damage to boats 

and harbours worldwide are available. In addition, a similar wave height to the 2004 Indian 

Ocean tsunami was recorded at Freemantle, Western Australia, during a 2002 

meteotsunamis. The recent eruption of the Hunga Tonga-Hunga Ha'apai volcano (HTHH) in 

2022 increased interest in meteotsunamis. The eruption was so violent that it generated a 58 

Km high flume with an atmospheric pressure wave propagating at a speed of approximately 

306-320 m/s, circling the globe for several days after the explosion.   

The only two volcanos in India with historical or recent activity are Barren Island (active 

volcano) and Narcondam (dormant one) in the Andaman Islands. The risk of tsunami 

inundation from these is relatively low. However, any violent volcanic eruption, as destructive 

as the HTHH 2022 eruption, in the vicinity of the Indian coastline, might trigger tsunamigenic 

waves. A comprehensive atmospheric pressure-driven tsunami generation mechanism model 

can be utilized as an initial state to an existing computational model. The ongoing collaborative 

research successfully incorporated the impact of submarine earthquakes, including 

bathymetry change, sudden ocean depth change, and moving atmospheric pressure 

wavefront on tsunami waves using linearized water wave theory. The research shows intricate 

relationships among oceanic and atmospheric parameters on tsunami propagation. The 

proposed mathematical models are useful in testing different numerical models and 

simulations for their accuracy and can be provided as the initial conditions. Recent tsunami 

encounters point towards further efficacy of existing tsunami warning systems and improved 

mathematical models that can eloquently capture the physics behind tsunami generation 

mechanism and subsequent propagation. 
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ñIôd put my money on the sun and solar energy. What a source of power! I hope we donôt 

have to wait until oil and coal run out before we tackle that. I wish I had more years left!ò 

- Thomas Edison 

 

Achieving net-zero emissions is one of the most significant tasks humans have to perform 

urgently to maintain a sustainable future and save the world before reaching the point of no 

return. Inevitably, the search for clean and renewable energy sources has begun. 

Consequently, we have various renewable energy sources such as bio, hydro, photovoltaic, 

wind, thermal (renewable), geothermal, tidal, etc. Among these, photovoltaic and wind energy 

are projected to be the leading ones, which will dominate the renewable energy sector in the 

future [1,2]. Interestingly, both photovoltaic and wind energy are fundamentally derived from 

the sun. So, looking at the parallel development of photovoltaic and wind energy sources is 

more desirable and sensible than comparing their micro and macro details. Here, we will 

primarily focus on wind energy sources.  

 With technological innovations and financial support, using renewable energy has 

become more affordable and practical than ever, and relying on renewable energy is estimated 

to contribute to half of the global energy mix by 2030 [2]. The world is on track for a 

temperature rise of 2.8 °C above preindustrial levels at the end of this century. Hence, an 

imminent deployment of renewables in electricity generation, heat production for buildings and 

industry, and transport is pivotal to maintaining the global temperature rise below 2 °C 

following the Paris Agreement [1,3]. This requires annual investments of 4-6 trillion US dollars 

(USD) as suggested by the 27th Conference of the Parties to the United Nations Framework 

Convention on Climate Change (COP27) [3]. Currently, only the solar photovoltaic (PV) 

renewable energy technology is óon trackô; for all other renewable energy technologies, the 

status is ómore efforts neededô. Now coming to wind energy, as of 2022, the worldwide total 

wind energy generation stands at 902 GW, of which 93% is onshore, and 7% is offshore, with 

an annual capacity addition of 75 GW, which is expected to reach 350 GW by 2030 provided 

the annual generation growth rate is 17%, to get 'on trackô. An outlook for renewable energy 

and wind energy is presented in Fig. 1. 



 

Fig. 1. Outlook for renewable energy. (A) Bar chart showing the share of renewable 
electricity generation by technology as of 2022. (B) Wind power capacity in the Net Zero 
Scenario (a normative scenario defining a way for realizing net zero CO2 emission for the 
global energy sector by 2050, with advanced economies hitting the target in advance) from 
2015 to 2022. Here, all data are collected from Ref. [1]. 

For this, the worldwide investment of USD 185 billion is reported, the second largest among 

the renewable energy technologies next to solar PV [4]. In India, an unprecedented 

advancement is also being observed, securing 4th place in overall renewable energy capacity 

globally, according to the International Renewable Energy Agency (IRENA). Since 2014, the 

total renewable energy production has increased 1.75 times from 190 TWh to 332 TWh, and 

the wind energy generation capacity has increased 2.18 times from 21 GW to 45.88 GW [5]. 

It is noteworthy to mention that, till now, wind energy has been mainly harvested using giant 

wind turbines. However, the installation and operation of those gigantic wind turbines face 

common challenges of institutional investment, trade-offs with agricultural, residential, and 

industrial lands; technological sophistication of maintaining the connection of large-scale 

power grids, costly transmission infrastructure, governmental restrictions regarding the 

specification of the wind turbines, and ecological impacts in terms of damages to the 

ecologically sensitive areas, harming birds and bats, and changing landscape.  

Therefore, to harness the maximum benefits of wind energy, progress in various 

aspects such as engagement of more countries through inter-governmental collaboration and 

participation in global organizations, partnership building and project facilitation, policy-making 

and planning, technological advances and innovation, and socio-economic transition and 

investment, must be focused on [6]. Moreover, introducing alternative systems to the 

conventionally used wind turbine-based wind energy harvester, like triboelectric 

nanogenerator (TENG) and piezoelectric nanogenerator (PENG) based wind energy 

harvesters, can further expedite the process of achieving the target of net-zero emission, and 

can make wind energy a more common energy source and at our doorstep [7, 8]. 
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We've all been annoyed by waiting in line. It happens a lot in busy, modern communities. We 

experience waiting in various settings, including banks, airports, gas stations, automobile 

traffic, hospitals, telephone queues, computerized commercial systems, flexible 

manufacturing systems, production-to-order systems, inventory control, and whatnot. Whether 

we're stuck in traffic, on hold during a phone call, waiting in line at the store, grabbing a quick 

bite at a fast-food restaurant, or mailing a package at the post office, waiting is an inevitable 

part of our daily lives. Customers prefer to avoid waiting, and businesses don't either because 

it can lose them money. But why does waiting happen so much? The reason is straightforward: 

There's more demand for service than resources available. This could be due to various 

factors, like a staff shortage, financial constraints preventing optimal service levels, or physical 

space limitations. To determine the right amount of service to offer, we need to understand 

factors like how long customers are willing to wait and how many people will join the line. 

The term "queue" originates from the German phrase "Wartesch lange" and the French phrase 

"File de attende," signifying customers' desire for service at a service establishment. A queue 

represents a waiting line typically formed in front of a service facility due to irregular arrival or 

departure patterns or when demand for service surpasses availability. Queue formation, a 

social phenomenon, can be mutually beneficial when managed effectively for those waiting 

and those getting the service. A mathematical exploration of queues or waiting lines is called 

"Queueing Theory". Specifically, queueing theory, a subset of stochastic process or stochastic 

modeling, orchestrates service in an organized manner, capturing various common physical 

and biological phenomena. It furnishes essential insights to forecast several queueing 

characteristics, such as the average number of customers in the queue and system and the 

mean waiting time. Numerous researchers dedicate significant efforts to crafting mathematical 

models and formulating theories to analyze such systems' irregularities and statistical 

fluctuations, aiming to propose improved and better-organized facilities for management. A 

queuing system primarily comprises customers arriving for service at a service channel, 

waiting in a queue for service if necessary, and leaving the system after being served. Here, 

the term "customer" is inclusive and not limited to human customers; any entity requiring 

service is considered a customer. 
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Agner Krarup Erlang, a Danish mathematician, statistician, and engineer (January 1, 1878 - 

February 3, 1929), made significant contributions while working at the Copenhagen Telephone 

Exchange. Widely recognized as the father of queueing theory, Erlang invented traffic 

engineering and queueing theory, revolutionizing our understanding of service systems. His 

notable publications include "The Theory of Probabilities and Telephone Conversations" 

(1909), which demonstrated the applicability of the Poisson distribution to random telephone 

traffic, laying the foundation for queueing theory. Additionally, "Solution of Some Problems in 

the Theory of Probabilities of Significance in Automatic Telephone Exchange" (1917) 

introduced Erlang's classic formulae for call loss and waiting time, which are still used by 

telephone companies worldwide, including the British Post Office. Erlang also introduced the 

concept of statistical equilibrium, developed techniques for balancing state equations, and 

tackled optimization problems in queueing theory for the first time. 

The topics investigated within queueing theory can be categorized as follows: 

Å Analyzing the stochastic behaviour of random variables and processes and evaluating 

related performance measures. 

Å Utilizing various solution methods such as exact, transform-based, algorithmic, 

asymptotic, numerical, and approximations to solve queueing models. 

Å Understanding the nature of solutions, including time-dependent and limiting 

behaviours. 

Å Controlling and designing queues to compare behaviour and performance under 

different scenarios, including queue disciplines, service rules, and strategies. 

Å Optimizing specific objective functions involving performance measures, associated 

cost functions, and other relevant factors. 

To sufficiently explain queueing theory, it's essential to understand and discuss its basic 

characteristics. These include 

1. Input Pattern: The arrival pattern in a service facility defines how customers enter and 

interact with the system. It includes whether arrivals are predictable or random, the time 

between successive arrivals, the total number of arrivals within a given period, and whether 

customers arrive individually or in groups. Additionally, it considers behaviours such as balking 

(refusing to join a long queue), reneging (leaving the queue after waiting), and jockeying 

(switching queues to potentially find faster service). Understanding these dynamics is 

essential for optimizing service systems and ensuring customer satisfaction. 



2. Service pattern: Service pattern refers to how a server provides service to units arriving at 

a facility, typically represented by a random variable indicating the time needed to complete a 

service, known as the service rate. Units may be served individually or in groups by one or 

multiple servers operating in parallel or series. The time to complete a service, termed 'service 

time,' can be stationary or non-stationary over time and deterministic or stochastic. If 

stochastic, the distribution of service times must be specified. 

3. Queue Discipline: Queue discipline outlines the rules governing how a queue forms and the 

order in which customers are chosen for service. It can be one of the following: 

(a) First-in, first-out (FIFO), also known as first-come, first-served (FCFS). 

(b) Last-in, first-out (LIFO), also known as last-come, first-served (LCFS). 

(c) Service in random order (SIRO). 

(d) Priority Service, where customers are served based on their assigned priorities (PR). 

4. System Capacity: System capacity pertains to the maximum number of units that a service 

channel can accommodate, encompassing both those in the queue and those being served. 

When the capacity is reached, additional arrivals are permitted once space becomes available 

due to service completion. Systems can either accommodate an infinite number of customers, 

allowing any number at a given time, or a finite number only. In the case of finite capacity, it 

can be likened to force balking when the system size reaches its maximum limit. 

5. Number of Service Channels: The number of service channels refers to the count of servers 

within the system. Depending on the service requirements, systems can feature either a single 

server or multiple servers organized in series, parallel, or hybrid configurations. With multiple 

servers, customers may join a single queue or opt for parallel queues corresponding to each 

channel. Typically, in parallel channels, service mechanisms are assumed to function 

independently. 

6. Stages of service: A queueing system can consist of either a single service stage or multiple 

stages, known as a multistage queueing system, to fulfill a service. The number and nature of 

service stages can vary based on the specific model being considered. 
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Dyes possess a great deal of industrial applicability, whether in textiles, printing, beverages, 

etc., due to their ability to selectively bind to specific molecules and structures. However, 

overuse and improper disposal management of dyes can lead to major environmental 

problems like water pollution, soil contamination, and human health [1]. The dyes from 

industrial processes often end up in water bodies, contaminating them. This pollution can harm 

aquatic life and disrupt ecosystems and agricultural practices. Some dyes contain chemicals 

that are harmful to human health, and their exposure to contaminated water, food, or air can 

lead to various health issues, including allergic reactions, skin irritation, and even cancer. 

Addressing these issues, we require developing eco-friendly treatment methods for dye-

containing wastewater, and photocatalysis is one method utilized for degrading dyes. 

Photocatalysis is the phenomenon whereby a semiconductor material (e.g. TiO2 [2]) upon 

irradiation with light of energy greater than its bandgap energy leads to the production of 

electron-hole pairs (eðh+). These (eðh+) pairs result in radicals (ÅOH, O
Ɇ

 etc.) formation 

through the oxidation and reduction of water molecules present in the solution. The highly 

reactive radicals interact with the dye molecule and eventually break down the dye molecules 

into simpler compounds like water and carbon dioxide.  A schematic representation of the 

photocatalytic mechanism for the degradation of dye solution is shown in Fig. 1.  A 

photocatalyst can be in the form of powder, thin films, nanoparticles (suspended in a solvent), 

etc., with each having its own merits and demerits.  Although powder and nanoparticle forms 

of the photocatalyst offer faster degradation of the dye present in the wastewater, they have 

certain limitations.  Thin film photocatalysts offer several advantages over their powder and 

nanoparticle counterparts, such as enhanced surface area, improved stability, ease of 

handling, reduced agglomeration, longevity, reusability, and better flexibility and scalability [3]. 

Overall, the  
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Fig 1. Schematic representation of the photocatalytic mechanism for degradation of dye 
solution 

 

advantages of thin-film photocatalysts make them a promising choice for efficient and 

sustainable degradation of dyes present in wastewater. 

With every photocatalyst, a region in the natural solar spectrum exists where the photocatalyst 

is active, i.e., (eðh+) pairs are formed. In the case of titanium dioxide (TiO2), this region lies in 

the near UV region of the natural solar spectrum. This poses a problem, as only 5% of the 

natural light from the sun is in the UV region. The solution to this problem can be overcome 

by modifying the thin films using various methods, which results in the reduction of the 

bandgap and also leads to enhancement in its surface properties. Various approaches have 

ensured such enhancement by doping the photocatalyst with various metallic/non-metallic 

elements, introducing vacancies and defect states in the bandgap (leading to reduced 

bandgap energy), and surface modification by various treatment methods [4]. 

Plasma treatment is one method by which we achieve surface modification and reduce 

bandgap energy [5,6]. In plasma treatment, the plasma generated is used as a medium to 

introduce such defect states in the bandgap of the thin films, thereby enhancing photocatalytic 

activity. With the bandgap energy reduced, the formation of (eðh+) pairs occurs in the visible 

light region (45%) of the natural solar irradiation. Furthermore, this approach can be scaled 

up for industrial applications, making it a viable solution for addressing dye pollution in various 

sectors. 



Overall, the synergistic effect of titanium-based compound films and plasma treatment holds 

great promise for efficient and sustainable dye degradation, preserving environmental quality 

and human health. 
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Nuclear fusion energy is a promising alternative to traditional energy sources, as it provides a 

safer, sustainable, and copious source of energy. Fusion reactions occur naturally in the sun 

and stars, where light-weight atoms fuse to form heavier ones, releasing an enormous amount 

of energy. Scientists have been working on reproducing fusion in the laboratory in a controlled 

manner for decades, and nowadays, research has advanced to a crucial point where scientists 

are constructing experimental reactors, i.e., tokamak, stellarator etc., that eventually may 

demonstrate that fusion reactors can be utilized for commercial purposes to produce 

electricity. Poor plasma confinement is one of the dead ends in the commercialization of fusion 

reactors.  

Plasma, the fourth state of matter, is an electrically conducting gaseous medium containing 

roughly equal numbers of positively and negatively charged particles and are produced when 

the atoms in a gas become ionized. Plasma is distinct from other states of matter (solid, liquid, 

and gas) because of electric and magnetic forces present between the charged particles in 

plasma, alongside forces like gravity that affect all forms of matter.  Moreover, due to the long-

range behaviour of electromagnetic forces, plasma acts collectively, just like a fluid. 

Surprisingly, almost 99% of our known universe exists in the plasma state, from the sun and 

other stars to interstellar space. 

Being consists of ions and electrons, it is the natural tendency that plasma particles recombine 

and form neutral gas in the normal temperature of our earth. The term "plasma confinement" 

describes the process of confining plasma using a variety of forces at the critical conditions 

required for thermonuclear fusion. These circumstances are found in stars naturally, where 

plasma is sustained by the force of gravity due to the enormous mass of the stars. In fusion 

devices like tokamak or stellarator, a strong magnetic field is generally utilized to confine the 

plasma.  

Several waves and instabilities, generally, are present in the plasma, which enhance the 

anomalous cross-field diffusion in plasma, causing degradation in plasma confinement. One 

of the advantageous ways to curb low-frequency turbulence is zonal flow. In plasma physics, 

zonal flows [1] are a fascinating and crucial phenomenon observed in various natural and 
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laboratory systems, from the Jovian belts (alternating zones of light and dark-colored belts on 

outer planets, namely, Jupiter, Saturn, Uranus, and Neptune) and Venusian atmosphere to 

terrestrial atmospheric jet streams and even in the solar dynamo mechanism and solar 

tacholine region. In the context of fusion plasma, zonal flows refer to azimuthally symmetric 

band-like shear flows within a constant magnetic surface and localized in their radial extent 

(see Fig. 1). Inhomogeneity in plasma parameters (i.e., density and temperature gradients) 

generates instability and turbulence, eventually enhancing plasma transport. Like the 

protagonist of Shakespearean tragedy, such type of turbulence carries the seed of its own 

destruction. The low-frequency turbulence transfers the required energy in the formation of 

zonal flows. Additionally, the zonal flows react to turbulence through shearing and wave 

trappings. This back reaction further works as a reduction of turbulence. Due to its symmetric 

nature, zonal flows prohibit radial or cross-field transport. Consequently, the anomalous 

transport is reduced by increasing the zonal flow fraction in the turbulence. In this way, zonal 

flows can play a crucial role in the self-organization of plasmas and improved magnetic 

confinement. Furthermore, due to the presence of zonal flows in planetary atmospheres and 

solar winds, studying zonal flows in these contexts helps understand atmospheric dynamics, 

climate patterns, and solar activity.  

However, the theoretical study of zonal flow started in the 1970s. The existence of 

zonal flow in the core region of TFTR tokamak was confirmed using spectral analysis by 

Levington et. al. [2] in the late 90s. The coupling between turbulence and zonal flows was 

experimentally confirmed in the first decade of the 21st century. In the case of the experimental 

study of ZFs, the main challenges come to ensure sensing long correlation length in the 

azimuthal direction along with fast radial variation. Therefore, we need highly spatial and 

temporal resolved measurement systems. Due to high heat flux in fusion devices, material 

probes cannot be used in the core region of tokamak, making such studies challenging. 

Furthermore, experimental investigation of zonal flows with external control is challenging in 

tokamak-like devices due to their complex geometry. Thatôs why the best opportunity for 

experimental study of zonal flows lies in linear device regimes. The pioneer groups for zonal 

flow study in linear devices are Holland et al. (University of California, USA) [3], Sokolov et al. 

(Columbia University, NY, USA) [4], and Itoh et al. (Kyushu University, Japan) [5]. Scientists 

of the Institute of Advanced Study in Science and Technology (IASST), Guwahati headed by 

Dr. Subir Biswas, in collaboration with the scientists from the Institute for Plasma Research 

(IPR), Gandhinagar, are also working to build a linear plasma device suitable for zonal flow 

study (see Fig. 2) 

 



Fig 1. Simulated depiction of zonal flow in tokamak-like plasmas as well as Bands of zonal 

flow velocity in Jovian turbulence [ref: http://www.ipp.mpg.de/4171847/zfsftp] 

 

Fig 2. Schematic diagram of linear plasma device at IASST, Guwahati. The snapshot of the 

device is in the present state in the inset. 

The study of zonal flows has a profound impact on astronomical plasmas as well as 

on fusion research, particularly in the context of magnetic confinement and eventual particle 

and energy loss in fusion experiments. The study of zonal flows is a rich and complex field, 

with many exciting discoveries and insights still to be made. 
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Plasma, often called the "fourth state of matter," is a unique state in which gas particles 

become ionized, forming a hot, electrically charged mixture of ions and free electrons. In 

astrophysics, plasma plays a crucial role in the dynamics of stars, galaxies, and interstellar 

space, influencing phenomena such as solar flares and cosmic ray propagation. Plasma's 

applications extend to propulsion systems, where ion thrusters utilize the accelerated ions to 

generate thrust efficiently in space exploration. In fusion research, plasma confinement is 

central to achieving controlled nuclear fusion reactions, holding the key to sustainable and 

clean energy production. Moreover, plasma finds application in medicine, specifically in 

plasma medicine, where ionized gas is used for sterilization, wound healing, and cancer 

treatment. The versatile nature of plasma makes it a fascinating and invaluable component 

across various scientific disciplines, contributing to advancements in our understanding of the 

cosmos, space exploration, energy generation, and healthcare. 

One of the important phenomena in plasma is a double layer structure. It refers to a space 

charge region where two distinct plasmas with different properties meet. These layers are 

characterized by a sharp change in electric potential, creating a strong electric field. 

Commonly found in celestial bodies' magnetospheres or in interstellar space, these double 

layers play a crucial role in energy transfer and particle acceleration processes. Studying 

plasma double layers enhances our understanding of astrophysical phenomena, including 

solar flares, auroras, and the dynamics of cosmic plasma environments [1,2]. 

In laboratory settings, double layers are harnessed for advanced propulsion systems and high-

energy experiments. Additionally, their relevance extends to industrial applications, including 

semiconductor processing and materials synthesis. Understanding and manipulating plasma 

double layers offer promising avenues for advancements in both fundamental research and 

technological innovation [3,4].  

Plasma Physics research group of IASST recently executed an experiment focusing on the 

formation of a plasma double layer within a DC discharge plasma. This double layer manifests 

near the boundary of a fireball, a complex discharge phenomenon that has garnered 

significant attention over the past two decades due to its diverse applications. A fireball as  

mailto:subirb@iasst.gov.in
mailto:sutparagjyoti@gmail.com


 

Fig 2: (a) Image of the fireball produced in IASST basic plasma laboratory, and (b) electrical 

potential structure near double layer region. 

seen in Fig. 1 (a) is a discharge phenomenon observed in the vicinity of an electrode biased 

at a far higher positive potential within a plasma. The fireball zone (higher potential side) is 

separated from the bulk plasma (lower potential side) by a double layer as shown in Fig. 1(b). 

Our experiment revealed the presence of two electron populations: one comprises low-energy 

trapped electrons situated upstream of the double layer, while the other consists of higher-

energy electrons accelerated by the double layer potential. Similar particle populations and 

acceleration phenomena are commonly observed in auroral plasma and other analogous 

astrophysical environments. This work has been published in the journal Physics Letters A, 

Vol. 498, No. 129335  [5].                             
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A wave is a disturbance that propagates through a medium, transferring energy from one 

point to another. They are more than just a natural spectacle, rather they are the underlying 

fabric of our entire universe. Waves exhibit a variety of forms, and their behavior is dictated 

by parameters such as amplitude, wavelength, frequency, and velocity. While we encounter 

many different types of waves in our regular lives, a fascinating wave that has been successful 

in captivating human imagination for a long period of time is a Solitary wave. This wave which 

has been observed in various fields ranging from fluids and plasmas to solid-state, chemical, 

biological, and geological systems has a very intriguing property; it can propagate through a 

medium without any change in its shape and at a constant velocity. This particular class of 

waves possesses another distinctive characteristic: when colliding with another solitary 

wave, it can maintain its original shape and velocity. This unique particle-like property leads 

to them being referred to as solitons, as the suffix "on" in physics is frequently used to denote 

particles, a common example of it being that of ñphotonò which can be defined as a tiny particle 

or packet of light.  

Solitary waves were first observed in water almost 200 years back by a Scottish civil 

engineer, naval architect, and shipbuilder, John Scott Russell, in 1834. He observed these 

waves traveling down the Scottish channel while conducting experiments to determine the 

most efficient design for canal boats. These waves have since been observed in various 

physical systems, including fluids, optics, plasmas, and more. These long-standing waves 

are born from the delicate dance between nonlinearity and dispersion and emerge as self-

sustaining entities, gracefully moving through space and time. The nonlinearity prevents the 

wave from spreading out, while dispersion tends to disperse the wave. The combination of 

these effects allows for forming a stable, localized structure.  

The enchanting elegance of the solitary waves is explained using complex mathematical 

language. In this regard, the nonlinear partial differential equations are mostly used, notably 

the renowned Kortewegïde Vries and nonlinear Schrödinger equations. These equations 

provide a window into the intricate mathematical foundations that govern solitons. Solitary 

waves are, however, not confined to the realm of theoretical physics and mathematics; 

instead, they weave their magic across diverse fields. In telecommunications, solitons play a 
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crucial role in optical fiber communication. This is because their ability to maintain their shape 

over long distances makes them ideal for transmitting information without distortion.  

One will find solitons performing in nature's grand theatre when stepping outside the 

laboratory. From certain atmospheric waves to the rhythmic pulse of ocean waves, these 

solitary dancers leave their mark on Earth's ever-changing landscapes. Solitons showcase 

their elegance even in the intricate pathways of biological systems, such as nerve impulses. 

Plasma physicists have also discovered the presence of solar waves in multicomponent, 

dusty plasmas, adding a cosmic touch to their repertoire. These waves, undeterred by the 

complexities of charged dust particles, exhibit a dance that mirrors the cosmic ballet seen in 

planetary rings and cometary tails.  

While we revel in the marvels of solitary waves, challenges persist in fully understanding their 

dynamics in complex systems. Ongoing research seeks to unravel the mysteries surrounding 

these waves, forever pushing the boundaries of our knowledge and opening up new avenues 

for exploration.  
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Humanity has looked towards the sky with curiosity for millennia, mesmerized by the blazing 

sphere that sustains life on Earth. The complete mystery of the Sun's boundless energy 

remained elusive until 1921, when Arthur Eddington proposed that the source of stellar power 

lay in the fusion of hydrogen into helium. After this revelation, a team of visionary minds started 

thinking about building a miniature Sun here on Earth, a nuclear fusion reactor. They 

recognized the potential for near-limitless clean energy production, depending upon our ability 

to control it successfully. The concept of replicating the process that fuels the stars is elegantly 

simple. It just involves the fusion of atomic nuclei. Unlike nuclear fission, which involves 

splitting of heavy atoms, fusion unites light atoms like hydrogen isotopes deuterium and tritium, 

yielding far more energy with minimal radioactive waste. This boundless sea of energy holds 

the promise of an almost limitless power source that is safe, sustainable, and environmentally 

friendly. 

The journey, however, is filled with challenges. Recreating the Sun's environment here on 

Earth is a challenging task. It involves extreme conditions such as a high temperature of 

around 150 million degrees Celsius, which is more than the temperature of the Sun itself, and 

immense pressure to confine the hot, reactive plasma. This problem is now addressed through 

a donut-shaped magnetic confinement device known as tokamak. The tokamak holds the 

superheated plasma suspended within the vessel with the help of powerful superconducting 

magnets, preventing it from coming into contact with the walls. 

The efficacy of a fusion reactor is commonly assessed through its fusion energy gain factor 

Q, which measures how much energy it produces compared to how much energy it takes to 

operate. A Q value of 1 signifies equilibrium, where the power generated by fusion reactions 

matches the input heating power. Ideally, a commercially viable fusion reactor should achieve 

a Q value of at least 5. For over two decades since 1997, the Joint European Torus (JET) in 

the UK held the record with a Q value of 0.67. In December 2022, the National Ignition Facility 

(NIF, US) reached Q = 1.54, which remains the record as of 2023. Despite these modest 

achievements, they seed optimism among scientists, offering valuable insights into the 

challenges that need to be addressed. Pushing the boundaries of fusion research, ITER 

(meaning 'the way') is the largest globally collaborated fusion reactor under construction in 

France. ITER is designed to achieve a ten-fold return on power in its plasma (Q=10), 

generating 500 MW of fusion power from 50 MW of input heating power. As a research reactor, 
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the heat energy produced will not be converted to electricity but will be vented. ITER's primary 

objective is to close the divide between the current generation of smaller experimental fusion 

devices and the envisioned future fusion power plants. This initiative enables scientists to 

examine plasma under conditions analogous to those anticipated in forthcoming power plants 

and evaluate various technologies, including heating, diagnostics, cryogenics, control 

mechanisms, and remote maintenance. 

The road to commercial fusion power is long. Challenges of controlling instabilities within the 

plasma, developing efficient methods for fueling and extracting energy, and ensuring the 

materials can withstand the harsh environment remain. However, with each experiment, 

scientists are making significant progress. 

The Sun might be out of reach, but the fire it ignites can be replicated here on Earth. It will 

illuminate a brighter future for generations to come through the promise of a world powered 

by clean, abundant energy, freeing us from the shackles of fossil fuels and their detrimental 

effects on the environment. It will open doors to energy independence and a future where 

energy scarcity is a relic of the past. 
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Crossectional view of the worldôs largest 

tokamak, ITER. 

Schematic diagram of the fusion process. 
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Transistors have become an inseparable asset of modern civilization, enabling the 

development of a wide range of electronic devices and technologies. In 1947 John Bardeen, 

Walter Brattain, and William Shockley of Bell Labs first invented the transistor. Fifty years ago, 

as predicted by Gordon Moore, that the number of transistors (components) on a chip would 

be doubled every couple of years [1]. Hence the miniaturization of the silicon (Si) based metal 

oxide semiconductor field effect transistor (MOSFET) has been made possible by notable 

advancements. However, how extensively Si -based transistors can be scaled down to 

increase the number of transistors in a chip becomes a challenge. Currently, Samsung is 

offering a 3 nanometer (nm) gate all round FET (GAA FET). Apple Corporation employed 3 

nm transistor technology in its A17 Pro and M3 series chips. The minimum system sizes 

achievable with current silicon semiconductor technology are reaching their limit. The problem 

arises in further scaling down the silicon sheet thickness to the required value, which increases 

the charge scattering at the interfaces and decreases the carrier mobility within the channels, 

due to this the performance of the device reduces [2]. To overcome these, researchers have 

focused on two-dimensional (2D) semiconductors of thickness below 1 nm with superior 

carrier mobility for the past 15 years. 2D semiconductors are atomically thin, they are self-

passivated, and their charge carrier mobility is independent of surface scattering. Therefore, 

mobility is large at the atomic thickness limit, unlike Si nanosheets [2],[3]. This distinct behavior 

enables real scaling for several technologies and strongly motivates the semiconductor 

industry to finally consider replacing silicon-based transistors with 2D materials.  

Fig 1: (a) Some common 2D nanomaterials; (b) several applications of 2D nanomaterials 
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2D nanomaterials are atomically thin layered structures where layers are held together by 

intralayer covalent and interlayer van der Waals bonding. These unique bonding structure 

contributes to their exceptional properties and versatility. They have unique properties like 

distinct surface chemistry, high surface to volume ratio, and quantum size effect [2][3]. The 

first 2D nanomaterial, graphene was discovered in 2004 by Andre Geim and Konstantin 

Novoselov [4]. Graphene is a monolayer layer of carbon atoms packed in a hexagonal lattice. 

Apart from graphene, researchers have shown a great deal of interest in other 2D 

nanomaterials, such as hexagonal boron nitride, graphitic carbon nitride, black phosphorous, 

transition metal dichalcogenides (TMDs), Mxene etc [2][3][5]. Although graphene is widely 

studied in 2D nanomaterials due to its excellent electrical, thermal, and mechanical properties, 

it does not have a distinct band gap, making it unsuitable for digital electronic applications.  

Fig 1 (a) represents some of the commonly studied 2D nanomaterials, and (b) represents the 

various applications of these 2D nanomaterials. Among them, the most studied 2D 

nanomaterial among TMDs is molybdenum disulfide (MoS2), where the band gap varies with 

the layer thickness. The monolayer MoS2 is a direct band gap semiconductor [6], which makes 

it suitable for optoelectronic devices that can generate, detect, interact with, or control light. It 

includes solar cells, lasers, LEDs, photodetectors, and displays [6]. The ability of light 

absorption and emission is greatly influenced by the electronic band structure of 2D 

nanomaterials. As single-layer TMDs are primarily direct band gap semiconductors, they can 

absorb the photon whose energy is greater than its bandgap; hence, they are of great interest 

for application in flexible and transparent optoelectronics. Owing to TMDs' comparatively high 

earth abundance and bandgap in the visible range, they could be utilized in thin film solar cell 

as an alternative light-absorbing material. Additionally, they can be applied as flexible 

photovoltaics to cover curved and architectural structures. They can be used for flexible 

electronic devices combined with other 2D materials, such as conducting graphene and 

insulating boron nitride [2]. 

As 2D nanomaterials have a large surface-to-volume ratio, they are very sensitive to changes 

in their surroundings. Any particle or molecule capable of adsorbing or chemically absorbing 

to its surface may induce a change in electronic properties like resistance and, thus, current 

[6]. Thus TMDs can be used for chemical and gas sensing. Owing to the large surface-to-

volume ratio, the surface is efficiently functionalized with biomolecules, and these 



biomolecules can selectively capture the target molecule, enabling high specific detection of 

biomolecules. 

2D nanomaterials also show memristive behavior, which means that resistance can be 

changed based on the history of applied voltage and current. This property has potential 

applications as memory devices in quantum computing and physical neural networks [2][6]. 

Research has been going on in the application of 2D based memristive devices for 

neuromorphic computing, which mimics the structure and architecture of the human brain 

using electronic circuits. 
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Florence Nightingale, renowned as the "Lady with 

the Lamp," is often celebrated for her ground 

breaking work in nursing during the Crimean War. 

However, her contributions extend far beyond the 

confines of the hospital ward. Nightingale's lesser-

known but equally significant role as a pioneering 

statistician revolutionized the way we understand 

and interpret data. Through her innovative use of 

graphical representation, particularly the creation of 

the rose diagram, Nightingale transformed complex 

statistics into accessible and actionable insights, 

leaving an indelible mark on the field of public 

health.  

Born on May 12, 1820, in Florence, Italy, 

Nightingale enjoyed a privileged upbringing within a prominent British family. Upon their return 

to England in 1821, the Nightingale household was situated across two residences: Lea Hurst 

in Derbyshire served as their summer abode, while Embley in Hampshire was their winter 

retreat. Raised in affluence, Florence received her education through home schooling under 

her father's guidance and was groomed for early marriage as per societal expectations. During 

her teenage years, Nightingale perceived a divine "calling" urging her to aid the impoverished 

and the ailing. Undeterred by the prevailing norms, she pursued her calling with unwavering 

determination, eventually receiving formal training in nursing against her family's wishes. 

Nightingale's pivotal moment she has arrived with the outbreak of the Crimean War in 1854. 

Appalled by the appalling conditions faced by wounded soldiers in military hospitals, 

Nightingale resolved to make a difference. Accompanied by a cadre of nurses, she undertook 

a mission to enhance sanitation, hygiene, and patient welfare, earning the nickname "the Lady 

with the Lamp" for her nightly vigil and care among the wounded. However, it was during her 

time in the Crimea that Nightingale's analytical mind began to intersect with her passion for 

about:blank


healthcare. Faced with staggering mortality rates among soldiers, Nightingale recognized the 

urgent need for a systematic approach to understanding and addressing the underlying 

causes[1]. She utilized her expertise in mathematics and statistics to thoroughly analyze the 

data. She meticulously documented instances of disease and mortality, employing a rigorous 

approach to her investigation.  

Nightingale's keen observational skills and analytical prowess soon revealed a disturbing truth: 

the majority of soldier deaths were not due to battlefield injuries but rather to preventable 

diseases like typhoid and cholera, exacerbated by unsanitary conditions in the hospitals. 

Armed with this insight, Nightingale set out to enact meaningful change, advocating for reforms 

in hospital sanitation and administration. 

Yet, Nightingale faced a formidable challenge in conveying the gravity of the situation to 

policymakers and the public. Traditional tabular presentations of data proved ineffective in 

capturing the attention and understanding of her audience. Undeterred, Nightingale turned to 

a novel approach: graphical representation. 

In 1857, Nightingale unveiled her new-iconic rose diagram [Figure 1], a groundbreaking 

visual tool that depicted the monthly mortality rates of soldiers in the Crimea. Consisting of a 

series of concentric circles divided into segments, each representing a month of the year, the 

diagram vividly illustrated the stark contrast between deaths due to preventable diseases and 

those from wounds sustained in battle. The visual impact was immediate and profound, 

compelling viewers to confront the human cost of inadequate healthcare practices.  

Figure 1: Detail from Nightingale's "Diagram of the Causes of Mortality in the Army of the 

Eastò.Source: https://www.sciencelearn.org.nz/images/4288-causes-of-mortality-in-the-army-

in-the-east 
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The rose diagram was more than just a compelling visual[2]; it was a weapon of statistical 

persuasion. Unlike traditional tabular presentations, the diagram offered a clear and 

immediate comparison. It was a catalyst for change. With Nightingale's persuasive evidence, 

policymakers were spurred into action, implementing widespread reforms to improve hospital 

conditions and reduce mortality rates. Nightingale's advocacy laid the groundwork for modern 

public health practices, emphasizing the importance of data-driven decision-making and the 

power of visual storytelling. 

Beyond her contributions to nursing and statistics, Nightingale's legacy endures as a 

testament to the enduring power of dedication, compassion, and innovation in the face of 

adversity. Her tireless efforts to improve the lives of others, both on and off the battlefield, 

serve as an inspiration to generations of healthcare professionals and statisticians alike. 

Florence Nightingale's journey from the Lady with the Lamp to statistical pioneer encapsulates 

the intersection of passion, intellect, and social responsibility. Through her pioneering work in 

graphical representation, Nightingale not only transformed the way we understand healthcare 

data but also paved the way for a more equitable and compassionate approach to public 

health[3]. As we continue to grapple with complex challenges in healthcare and beyond, 

Nightingale's example serves as a guiding light, illuminating the path toward a healthier, more 

just society. In an era marked by ongoing healthcare challenges, Nightingale's example 

continues to serve as a beacon, guiding us toward a healthier and more just society[4]. 
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óOh! What was that? One of the snakes had seized hold of its tailô probably this could have 

been the reaction to the surprising óBenzeneô dream that occurred to Friedrich August Kekule╡, 

which led to the discovery of the organic structural theory of tetravalency and self-linking of 

carbon in the year 1858-1859 along with Archibald Scott Couper. This was one of the leading 

stepping stones that helped organic chemistry emerge from the grasp of óvital forceô to the 

hands of human intelligence. The structural theory's impact was such that more than twenty 

well-known reactions were discovered in the second half of the 19th century. The discovery of 

structural theory and the tempo it followed have given the thrust for chemo, regio, and 

stereochemical theories for reactions to emerge over time in due course. It marked the 

beginning of the óSelectiveô era in organic chemistry. 

Chemoselectivity deals with the reactivity of functional groups, regio with the reactive sites, 

and stereo with the 3D spatial arrangements of atoms. The 

trinity of selectivity ruled the organic reaction pathways for 

centuries, but scientists started to realize something was 

missing in the selectivity theory. There must have been 

some other concept, along with the trinity of selectivity, 

which led to the formation of product molecules. Now consider a hydrocarbon chain with a 

long string of carbon-carbon bonds. Each carbon atom is a potential reactive site ready to 

undergo chemical transformation if given the reaction condition. The selectivity that allows 

chemists to control the number of these sites to transform sequentially is different from the 

chemo, regio,  and stereoselectivity, and these theories will also not fit if we want a particular 

reaction to occur twice on a polyfunctionalized substrate. This is entirely different from the pre-

existing selectivity theories. It was one concept that was not completely aligned with either of 

the chemo, regio, or stereochemical aspects of a reaction. 

The breakthrough happened when a team of scientists, Roy Lavendomme, Axel Leroy, Michel 

Luhmer, and Ivan Jabin from the Department of Chemistry, Université Libre de Bruxelles 

(ULB), Belgium, termed the concept its name óIteroselectivityô in the year 2014.  

άLet us learn to dream, 

gentleman, then perhaps 

we shall find the truthò  

- Friedrich August Kekule╡ 
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Further, it was conceptualized by Lavendomme and Ivan in 2022. Iteroselectivity can be 

defined as the selectivity that dictates the number of repeating transformations that can 

happen or occur on a precursor molecule containing similar identical reactive sites or when 

the reactive sites can be regenerated. It is completely different from sequential reactions since 

sequence-based reactions occur by controlled methods of providing inputs to the reactant 

molecules such as adding protecting groups for a reaction to occur on a site and then 

deprotecting the group to further proceed according to the reaction needs. The number of 

times a functional group will attach to a reactant species will be termed an iteration or óió 

whereas the reaction can be termed an iterative reaction. The Iteroselectivity can only occur 

in óone-pot reactionsô. Substrates carrying multiple identical groups can react iteratively in a 

one-pot reaction.  

 

Figure 1. Selectively modifying multiple substrate sites with functional groups gives its 

iteromers in a typical one-pot reaction. 

If one or more products appear primarily in opposition to the predicted outcome while 

maintaining the same reaction kinetics during each cycle, iteroselectivity will occur. The 

products can be thus termed as iteromers and not to be confused with or should not be termed 

as iteroisomers. It emphasizes selectivity between several non-isomeric products formed 

iteratively in a one-pot reaction. At the same time, the chemo, regio, and stereoselectivity 

govern the selectivity between isomeric product forms in a single-step reaction. After a given 

number of iterations in a kinetically controlled reaction, one iterative site or iteration site after 

an iteration can activate or deactivate the reacting site in the same typical chemical reaction, 

thus giving rise to iteromers irrespective of the stability of other iteromeric products. The 

thermodynamic control of an iteroselective reaction will come into the picture in case of a 

reversible reaction and under equilibrium, the most stable iteromer or iteromers will be formed. 



The occurrence of Iteroselectivity may happen due to multiple reasons like electric, steric 

effect, and supramolecular effects or can occur due to differences in solubilities.  

A typical reaction of alkylation of ethylene glycol is an example of an iterative reaction. A 

strategy to calculate the degree of Iteroselectivity as iteromeric excess óiteô corresponding to 

enantiomeric and diastereomeric excesses has also been given in the literature. For positive 

Iteroselectivity the óiteô will range from 0 to 100% and for negative Iteroselectivity it will range 

from ï Ð to zero. 

The discovery of iteroselectivity has opened up a new scope in organic chemistry where 

control over molecules will result in the development of more precise and complex reaction 

pathways more easily. The future lies in using the strategy standing upon the foundation of 

selectivity theories to craft more intricate molecular architectures. 
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Nanotechnology is now an inseparable part of our lives. It is the technology at the nano level. 

óNano,ô as the word suggests, refers to minuscule levels invisible to our normal vision. One 

unit of a nanometer is one billionth of a meter. To put it into perspective, if humans were ant-

sized, every hair would have a one-nanometer thickness. Using nanomaterials in material 

science is a boon for multiple applications. These come in every daily aspect. Nanotechnology 

applications are ubiquitous from medical science, textile industry, energy harvesting, 

environment-remediation, and agriculture to space technology [1].  

The current energy crisis adds up the need for energy scavenging or harvesting as an 

essential need of the hour. As we thrive on minimalistic things nowadays, conventional energy-

generating systems have shrunk to nano levels. These nanoscale generators, which convert 

light, heat, mechanical fluctuations, etc., to electrical energy, are called nanogenerators. The 

first work on nanogenerators came up about two decades ago. Professor Zhong Lin Wang of 

the Georgia Institute of Technology and his group initiated the research on nanogenerators 

[2,3]. The development of nanogenerators in research groups worldwide spread later with an 
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increasing number of their types. Triboelectric nanogenerators (TENG) were the first 

nanogenerators studied extensively, followed by piezoelectric nanogenerators (PENG) and 

pyroelectric nanogenerators (PyNG). Triboelectric nanogenerators functioned with the use of 

the triboelectric effect. It is the effect where contact or friction between two surfaces generates 

electric charge, hence electric energy. Piezoelectric nanogenerators work on the principle of 

piezoelectric effect. It is the effect where constant stress or strain generates continuous 

electrical energy. Pyroelectric nanogenerators are based on the pyroelectric effect. This is a 

temporal effect where temperature difference causes electrical energy output [3].  

The nanogenerators are used for multiple reasons. Conventional generators hold numerous 

advantages. In addition to being compact, flexible, adaptable, and adept at capturing energy 

from small sources, nanogenerators offer improved efficiency, cost-effectiveness, and eco-

friendliness. Their ability to integrate seamlessly, withstand wear and tear, scale to different 

sizes, and function independently as self-powered units highlight their potential to transform 

energy harvesting methods [2].  

At the beginning of the last decade (c. 2012), pioneering work was done by adapting the 

flexible nature of such nano-electronics. An impactful work in flexible triboelectric 

nanogenerator (FTENG) was done by the same group of Georgia Tech [2,4,5]. By introducing 

flexibility using a rubber cover, their applications increased in manifolds. That included human 

motion energy harvesting, wind, or even water flow. The invention marked a breakthrough in 

energy scavenging from ambient energy sources. These sources may be in flexible or 

deformed configurations. Flexible nanogenerators have developed over the years and have 

stretchable properties. For flexible nanogenerators, polymers are used. They provide support 

to the matrix as well as the entire body of the nanogenerators [4,5].     

Recent years have shown flexible nanogenerators in a new light. Instead of being used 

in single energy generation mode, they have also been used in hybrid mode [2,7]. Thus, they 

are named flexible hybrid nanogenerators (FHNG). In this approach, triboelectric and 

piezoelectric properties are conjoined in a hybrid way. The advantages of combining these 

modes are high flexibility, high moisture, dust resistance, high electrical output, and wide 

applications.  

Various materials are used in flexible nanogenerators to impart triboelectric or 

piezoelectric properties. As mentioned, some materials provide both properties as a single 

framework. Materials like P(VDF-TrFE) nanofiber, BCZT (Ba0.85Ca0.15Zr0.1Ti0.9O3) 

nanoparticles, BaTiO3/PVDF nanocomposite impart piezoelectric properties to flexible 

nanogenerators. On the other hand, PDMS (polydimethylsiloxane), MWCNT (multi-wall 

carbon nanotubes) doped into PDMS, silicone rubber, polyester conductive cloth, defatted 



cowhide, etc. induce triboelectric properties to flexible nanogenerators [8]. As scientific 

literature progresses, researchers discover new materials that show promising properties in 

supportive, flexible nanogenerator frameworks. 

Recently, flexible pyroelectric nanogenerators (FPyNG) have also been realized. 

Mostly in literature, pyroelectricity is used to harness energy in the mutual application of the 

piezoelectric effect to explore flexibility effects. It is because flexibility inherently makes 

studying piezoelectric properties of immense importance. There is a broader scope for 

photovoltaic materials to be used with other discussed properties. Flexibility improves the 

benefits of photoconversion in specific configurations [9].  

As mentioned here, flexible devices have immense capabilities of harvesting energy 

from body movements and ambient light to power sensors, wearable electronic devices like 

smartwatches, fitness trackers, health monitors, and communication modules without 

requiring external batteries. They can also be used for textile integration due to flexibility, thus 

forming intelligent fabrics. IoT sensors and nodes can utilize flexible nanogenerators to 

harness energy from vibrations, temperature gradients, or ambient light, enabling numerous 

applications in intelligent infrastructure. Biomedical applications like powering up implantable 

medical devices, such as pacemakers, neuro-stimulators, and drug delivery systems, are also 

at the forefront [10,11]. 

Researchers have kept pushing the boundaries of flexible nanogenerators, tinkering 

with new materials, designs, and ways to make them work better, last longer, and fit into more 

stuff. These tweaks and improvements have given rise to cool gadgets that the modern world 

can welcome enthusiastically.  
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In the vast area of electronics, advancement frequently depends on shrinking components to 

microscopic scales; a curious phenomenon is emerging from the quantum realm: the spin of 

electrons. This might sound not very easy, but it is pretty exciting and has the potential to 

make our gadgets even better. Instead of just focusing on how much electricity flows, we can 

also pay attention to how the electrons spin. In an atom, an electron revolves around the atom, 

and along with the revolving, the electron also spins in a clockwise or anticlockwise direction. 

Electron spin is permanent and can be described as spin up or down. Spin-up is when an 

electron spins clockwise on its axis, while spin-down is when it spins counterclockwise. Spin 

can be considered a tiny magnetic moment associated with the electron. 

In traditional electronics, the movement of electrons occurs, which is called electronic current; 

here, we are neglecting the spin of the electrons. The spin power of an electron can be used, 

which means that instead of the flow of charges, the spin flow can be generated as a signal 

called spin current or spintronics. As spintronics does not consider the physical movement of 

electrons or charges, it is fast and can operate with meagre power. 

Memory devices store data using binary code, where each bit represents a 0 or a 1. Memory 

devices comprise millions or billions of tiny electronic component transistors, capacitors, or 

logic gates. With the help of an electrical charge, data are stored like this: if a charge is present, 

it is considered a 1; if no charge is present, it is regarded as a 0. The memory controller within 

the computer or device manages the reading and writing of data to and from these memory 

cells based on the binary patterns stored within them. However, instead of an electronic 

charge, we can also use the property of electron spin orientation to encode bits of data, either 

'up' or 'down,' which can be manipulated to encode and process data. This shift from charge-

based to spin-based electronics opens up many possibilities. One exciting use of spintronics 

in memory devices lies in non-volatile memory devices, where data retention without a 

constant power supply uses the spin of electrons to store information, which makes them very 

stable and energy-efficient. This approach holds immense promise for overcoming the 

limitations of current memory technologies, which could mean faster computers, energy 

efficiency, and data storage density. Spintronics promises a new wave of technological 

innovation, from memory devices and sensors to quantum computing. 

However, moving from theory to real-world application presents a strict set of obstacles. A 

significant obstacle is found in materials engineering, where scientists are trying to find and 

mailto:sadikulalom4@gmail.com


create materials that have the necessary electrical and magnetic characteristics to manipulate 

spin. A major challenge is still regulating electron spin, especially at average temperatures. 

Quantum mechanical phenomena restrict the stability and dependability of spin-based 

devices. 

Despite these challenges, spin-based architectures hold the future for exponential 

performance gains, opening up new applications in machine learning and artificial intelligence, 

among other fields. As we stand at the threshold of a new era in electronics, the transition 

from traditional electronics to spintronics signifies a step into the efficient one that will 

undoubtedly provide difficulties and many opportunities. By welcoming the spin revolution and 

opening a path for innovation and discovery, we can realize the full potential of spintronics and 

reign in a time when the past will no longer limit technology. Let us take advantage of the 

chances that are just around the corner that lie ahead in our pursuit of advancement. 
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The theme of World Cancer Day 2022-2024 is ñClose the Care Gap: Everyone deserves 

access to cancer careò. World Cancer Day happens on the 4th of February every year. Its goal 

is to help reduce the impact of cancer by educating people, raising awareness, and 

encouraging governments and individuals worldwide to take action. Oral cancer is a significant 

health concern that demands attention worldwide. Oral cancer includes cancers of the lips, 

cheeks, tongue, floor of the mouth, hard and soft palate, sinuses, and throat (pharynx). 

Acknowledging the impact of too much use of tobacco and excessive alcohol consumption in 

elevating the risk of oral cancer, it is crucial to address this issue and take proactive measures 

to prevent, detect, and treat this disease. 

     

Source: https://www.indiancancersociety.org/oral-cancer/ 

The burden of oral cancer is particularly prominent in South Asia, where two-thirds of global 

cases are reported, with India alone accounting for one-fourth of all oral cancer deaths. 

However, it is encouraging to note that in the United States, the incidence and mortality rates 

of oral cancer have been steadily declining over the past two decades. This positive trend can 

be attributed to the decreasing prevalence of smoking and alcohol consumption. 

In India, one of the significant contributors to the high prevalence of oral cancer is the 

widespread habit of chewing betel quid and areca nut, especially among the youth. These 

practices significantly increase the risk of developing oral cancer. Other risk factors include 

mate drinking, viral infections, chronic trauma, and genetic predisposition. 



Prevention and early detection are vital components in the fight against oral cancer. Visual 

screening of the oral cavity, primarily by healthcare professionals, has proven to be a cost-

effective preventive method. This approach is precious in low- and middle-income countries 

with limited resources. By identifying potential lesions or abnormalities at an early stage, 

appropriate interventions can be initiated to prevent oral cancer progression. Preventive 

measures for oral cancer include the following: discontinuing the use of tobacco products, 

ceasing smoking, refraining from consuming betel nut and pan masala, abstaining from 

alcohol, practising good oral hygiene, conducting regular self-examinations of the oral cavity, 

scheduling regular dental check-ups, minimizing sun exposure, promptly addressing any 

ulcers, bleeding, or pain in the oral region, adopting a balanced diet, and maintaining a healthy 

lifestyle. These strategies are recognized as effective means of reducing the risk of oral 

cancer. 

Treatment, such as for oral cancer, depends on the stage of the disease. It typically involves 

a combination of surgery, radiotherapy, immunotherapy, and chemotherapy followed by some 

other diagnosis like CT scan, magnetic resonance imaging (MRI), and positron emission 

tomography (PET). While these treatments are essential for combating the disease, they can 

also result in side effects, particularly from radiotherapy. Managing these side effects and 

providing supportive care during the treatment journey is crucial for improving patient 

outcomes and quality of life. 

The insights presented in this research highlight the importance of public awareness and 

education about oral cancer prevention, early detection, and treatment. By understanding the 

risk factors of cigarettes, smokeless tobacco, chewing tobacco, dipping snuff, cigars, bidis, 

alcohol, lack of vitamin D, nutritional deficiency and papillomaviruses, and also socio-

economic conditions associated with oral cancer, individuals can make informed choices to 

reduce their susceptibility to this disease. Moreover, healthcare professionals play a pivotal 

role in conducting oral and visual screenings, visual inspections, and questionnaires, providing 

necessary interventions, and ensuring comprehensive care for individuals affected by oral 

cancer. 

Through ongoing research, collaborations, and advancements in healthcare, the battle against 

oral cancer continues. By promoting preventive measures, early detection strategies, and 

effective treatment options, we can work together to reduce the burden of oral cancer, improve 

patient outcomes, and ultimately save lives.  

  



The Call for Skills 

 

The world keeps turning, times they change, 

New paths we tread, a different range. 

While art and culture hold their sway, 

Technical skills now light the way. 

 

Once nimble hands with artist's touch, 

Now, build and mend; they do so much. 

Machines and tools, a helping hand, 

To progress onward, across the land. 

 

From screens that glow to gears that grind, 

A world of knowledge we must find. 

Engineers, technicians, side by side, 

For a nation's growth, with purpose as their guide. 

 

So let us learn, with minds alight, 

These skills that make the future bright. 

Education's flame, a guiding star, 

To build a world that reaches far. 

 

WritTaibur Rahman, PhD Scholar, MCS Lab, IASST. 

  



ÖɩÑ ŢȑÍÛɟÏ 

Ïɭ¿ɟ ßɮ zÅ ÖʅÑɭ ηÓØ ¤¾ ÔɟØ ÖɩÑ ŢȑÍÛɟÏ 

ÖÑɨ ÅɠθÛÍ ßɨ zÅ Õɠ ¾ßɡ Ñ ¾ßɡ ÀɟɰÐɠÛɟÏ 

z¿ʃ ¾ßÍɠ η¾ÍÑɟ ¾ȓÄ, ÃȓÒɠ ÞɟÐɭ ßȓz ßɮ Öȓ¿ 

ÙÀÍɠ ÔɭÔÞ ηÓØ Õɠ ȸï, ÖÑ ¾ɥ ÜȒĆÍ zÅ }ęÖȓĆÍ 

Ñɟ ÑØÖ ÏÙ ßɮ Ñɟ ÀØÖ ÏÙ, ©Ø Ñ ßɡ ¾ɨ| yę× ÔÙ  

ÔÞ ȏÏ¿Íɟ ÏȕØ, ÏȕØ Í¾ yÞɰć× ÖɟÑÛʇ ¾ɟ ÑÛ ȑÑεÖxÍ ÞÖȓş  

ȒÅÞÖɭ ÞÖɟȏßÍ yÑκÀÌÍ ÑÛ ØĕÑ, ȒÅÞ¾ɟ ÜɭÝ ßɮ yÔ Õɠ ÖɰÎÑ  

}ÖîÍɠ čÛɟØÕɟÈɟ ¾ɥ ÙßØʇ Þɠ zÀɭ ÔïÍɠ ŢȑÍÒÙ] 

ßɟɰ ! Ïɭ¿ɟ ßɮ zÅ ηÓØ Ûßɡ ÖɩÑ ŢȑÍÛɟÏ 

ȒÅÞ¾ɭ ÔÙ ÒØ ÔÑɟ Îɟ ÕɟØÍ ¾ɟ Ûß ÑÛ ĦÛȼÒ  

yÑɭ¾ z¿ʃ ßɮ yÑɭ¾ʇ ÖÑ, ÖÑ Öʃ }ÉÍɭ ¾| ŢĤÑ, ÒØ }ǡØ zζ¿Ø ÏɭÀɟ ¾ɩÑ] 

Îɨîɟ ŎɨÐ ßɮ ¾ȓÄ zÜɰ¾ɟ, Îɨîɟ Üɨ¾ ßɮ ¾ȓÄ ȑÑØɟÜɟ 

ŢĤÑ yÔ ¾ɭÛÙ ĦÛÍɰŝÍɟ Í¾ Ñßɡɰ ÔÃɟ ßɮ ÜɭÝ, 

zßÍ ßȓz ßɮ yɰÍÖxÑ, ¿ɨÅɭ ŢȑÍÒÙ ÑɠØÛÍɟ ¾ɭ ÒÙ] 

ÒØ ÙÀÍɟ ¥Þɟ ÖɟÑɨ ¾ȓÄ yÔ ÔÃɟ Ñɟ ÜɭÝ] 

Ïɭ¿ɨ Ć×ɟ ×ßɡ ßɮ Ûß ÖɩÑ ŢȑÍÛɟÏ?  

Åɨ ÏɭÀɟ ÞȗȒĥÈ ¾ɨ ¤¾ Ñ×ɟ Ȼ¿]   

ȑÑÖɟxÙɡ ÏɭÛɠ 

ȏßɰÏɡ Þßɟ×¾ 

z|-¤-¤Þ-¤Þ-Èɡ 

  



őūĽŎūŚū ƬĻūőåƬśūő ĶŶ  ĨɜŶ˲ śŶ ĥħĮĮśĮśŀů ɨūőū Ŭŗ˵ ŬŜƁŇů ŬŇŗś Ķū ĥŐźĽŉ  

Ŭŗ˵ ŬŜƁŇů ŬŇŗś ĶŶ  Ĥŗśő ŋő, ŬŗȐūŉ ĮŗƁ ƬŻɦźŬĸĶů ĨȂ ĤɭŐŉ śƁ̓ūŉ  ÅĥħĮĮśĮśŀůÆ ɨūőū śƁ̓ūŉ 

ŋŭőśő ŏƎ ĨɔūŜŋűŗƈĶ ĦśĶū ĥŐźĽŉ ŬĶŐū ĸŐūί ĶūŐƈƠŏ Ķū ĨɜŶ˲ ŎūőŅůŐ ŎūŚū ĶŶ  ĨŋŐźĸ ĶŶ  ōūőŶ ŏƎ 

ĽūĸƛĶŅū Ōŷ œūŉū ĳő ŬŜƁŇů ĶŶ  ĨŋŐźĸ ĳő ƬĻūő śŶ śƁōƁŬňŅ ƬūśƁŬĸĶ ŏŰɜźƁ Ķū śŏūňūŉ Ķőŉū ņūί  

Ħś Ĥŗśő ŋő Ƭź¿ ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ¼ ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů ŉŶ ŬŜƁŇů Ķů ˧ūŋĶŅū ŋő ƬĶūŘ łūœŅŶ ƞĮ, 

śŎů ĥŬňĶūŭőĶ śŶŬŀƁǸ ŏƎ ŬŜƁŇů ĶŶ  ĶūŐūƈʉŐŉ Ķź ōŢūŉŶ ĶŶ  ŬœĮ śƁ̓ūŉ ĶŶ  ͈Ţ śŏŋƈń ĶŶ  ōūőŶ ŏƎ ĻĻūƈ Ķůί 

ĤŋŉŶ ˧ūǣūŉ ŏƎ Ƭź ŏŰķĽƌ śŏūĽ ĶŶ  ĨɆūŉ Ķů ŬŇŘū ŏƎ ŬŗȐūŉ Ķź ōŢūŗū ŇŶŉŶ ŏƎ ŗŷȐūŬŉĶźƁ Ķů ŎűŬŏĶū ŋő 

Ľźő ŇŶŅŶ ƞĮ ĦśŶ Ľŉśūňūőń ŏŶ ŏɭ ŋƞĻūŉŶ ŏƎ  ŬŜƁŇů Ķů ŎűŬŏĶū Ķź Ĩ˝ŶŮķŅ ŬĶŐūί    

ĶūŐƈƠŏ Ķū ŏŰǣ ĥĶŚƈń śƁ̓ūŉ ĶŶ  ŘźňĶŅūƈĲƁ ĶŶ  ŬœĮ ĥŐźŬĽŅ ÏśŏūĽ ĶŶ  ŬœĮ ŬŗȐūŉÏ ŬŗŚŐĶ ŎūŚń 

ƬŬŅŐźŬĸŅū ņů¼ ŬĽśŏƎ śƁ̓ūŉ ĶŶ  ŘźňĶŅūƈĲƁ ŉŶ ĨŅśūŋűŗƈĶ Ŏūĸ œŶĶő Ĥŋŉů ŎūŚūħ ĶŻŘœ Ķū ƬŇŘƈŉ ŬĶŐūί 

ƬŬŅŐźŬĸŅū ĶŶ  ŇŻőūŉ ȐūŉŗňƈĶ ŎūŚńźƁ ŉŶ ŎūŚūħ ŬŗŬŗňŅū Ķź ōŢūŗū ŇŶŉŶ ĳő ŇŶŘ Ķů ŋŜĻūŉ Ķź ĥĶūő ŇŶŉŶ 

ŏƎ ŬŜƁŇů Ķů ŏŜɓŋűńƈ ŎűŬŏĶū Ķź ŇŘūƈŐūί  

 

 

 

 

 

Ŭŗ˵ ŬŜƁŇů ŬŇŗś

 

 

 

 

 

 

 



ŬŗȐūŉ ĤʉŶŚń¾   9ŗūƁ ŎūőŅ ĤƁŅőūƈ˺ƊůŐ ŬŗȐūŉ ŏŜźɔŗ ŏƎ ĥħ¿Į¿Įś¿Įś¿ŀů 

ŬŗȐūŉ ĳő ŉŗūĻūő ĶŶ  ǕŶƧ ŏƎ Ĩ˝ŶķŉůŐ ƬĸŬŅ Ķź ƬŇŬŘƈŅ ĶőŉŶ ĶŶ  ĨɜŶ˲ śŶ ŬŇŉūƁĶ 17 śŶ 20 Ľŉŗőů, 2024 

ĶŶ  ŇŻőūŉ ŌőůŇūōūŇ, ŜŭőŐūńū ŏƎ ĥŐźŬĽŅå 9ŗūƁ ŎūőŅ ĤƁŅőūƈ˺ƊůŐ ŬŗȐūŉ ŏŜźɔŗ ÅĥħĥħĮśĮŌÆ ŏƎ 

ĥħĮĮśĮśŀů ɨūőū ƬŬŅŎūŬĸŅū Ķů ĸħί ŬŗŬŎʂ śőĶūőů ŏƁƧūœŐźƁ Ņņū  ŬŗȐūŉ ŎūőŅů ĶŶ  śŜŐźĸ śŶ ĥŐźŬĽŅ 

Ħś ĶūŐƈƠŏ ŏƎ ŬŗȐūŉ, ƬŻɦźŬĸĶů ĳő ŉŗūĻūő ŏƎ ŎūőŅ Ķů ĨŋœŮʧŐźƁ Ķź ŋŭőŇŬŘƈŅ ŬĶŐū ĸŐūί   

Ƭź¿ ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ¼ ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů śŬŜŅ śƁ̓ūŉ ĶŶ  ŗŷȐūŬŉĶźƁ ĶŶ  Ňœ ɨūőū ŗŷȐūŬŉĶ Ȑūŉ Ķź 

ĥĸŶ ōŢūŉŶ ĶŶ  ŬœĮ śƁ̓ūŉ Ķů ƬŬŅōɞŅū Ķź ƬŇŬŘƈŅ ĶőŅŶ ƞĮ ŎūőŅ ĶŶ  ŎŬŗ̆ Ķź ĥĶūő ŇŶŉŶ ŏƎ ŗŷȐūŬŉĶ 

ĤʉŶŚń ĳő ŉŗūĻūő ĶŶ  ŏŜɓ ŋő ƬĶūŘ łūœū ĸŐūί Ħś Ĥŗśő ŋő ŬŇŉūƁĶ ìê ŬŇśƁōő, ëéëì Ķź ű̉ œů 

ļūƧźƁ ĶŶ  ŬœĮ ĮĶ ĥĨŀőůĻ ĶūŐƈƠŏ Ŏů ĥŐźŬĽŅ ŬĶŐū, ŬĽśśŶ ļūƧźƁ Ķź ĥħĮĮśĮśŀů Ķů ŋŭő Ų˸ Ņ 

ƬŐźĸŘūœūĲƁ Ķź ĽūŉŉŶ Ķū Ĥŗśő ƬŇūŉ ŬĶŐū ĸŐūί    

 

 

 

 

ŌőůŇūōūŇ ĶŶ  ĥħĥħĮśĮŌ ŏŷŇūŉ śŶ  ĥħĮĮśĮśŀů ŋŷŗŶŬœŐŉ Ķů ĶŰ ļ ľœŬĶŐūƁ 

 

 

 

 

 

 

 

 

 

ĥħĥħĮśĮŌ 2023 ŏƎ ĥħĮĮśĮśŀů ŀůŏ ĶŶ  śūņ ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ

 

 



ŏŬŜœū śŘŮǃĶőń ŬŗŚŐ ŋő ĥŐźŬĽŅ ðîŗūƁ ĸńŅƁƧ ŬŇŗś śŏūőźŜ 

Ħś ŗŚƈ śƁ̓ūŉ ɨūőū ĥŐźŬĽŅ ŎūőŅ Ķū ðîŗūƁ ĸńŅƁƧ ŬŇŗś śŏūőźŜ ŏŬŜœūĲƁ ĶŶ  ĨɆūŉ ĳő ĨŉĶŶ  

śŘŮǃĶőń Ķź śŏŬŋƈŅ őŜū Ľź ŏŬŜœūĲƁ Ķź śŏūĽ ĶŶ  ƬɏŶĶ ǕŶƧ ŏƎ ĤƢńů ōŉūŉŶ ĶŶ  śƁ̓ūŉ Ķů Ĥŀűŀ 

ƬŬŅōɞŅū Ķź ƬŇŬŘƈŅ ĶőŅū Ŝŷί   

ĶūŐƈƠŏ Ķū ĥőƁŎ śƁ̓ūŉ ĶŶ  ŬŉŇŶŘĶ Ƭź¿ ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ ɨūőū őū˺ƊůŐ ɮĽūőźŜń ĶŶ  śūņ ƞĥί Ƭź¿ 

ŏŰķĽƌ ŉŶ ŬŗȐūŉ, ƬŻɦźŬĸĶů ĳő ĤŉŰśƁňūŉ śŬŜŅ ŬŗŬŗň ǕŶƧźƁ ŏƎ ƬĸŬŅ Ķź ĥĸŶ ōŢūŉŶ ŏƎ ŏŬŜœūĲƁ Ķů ŏŜɓŋűńƈ 

ŎűŬŏĶū ŋő Ľźő ŬŇŐūί 

Ħś Ĥŗśő ŋő ĮĶ őƁĸūőƁĸ śūƁ Ų̉ ŬŅĶ ĶūŐƈƠŏ Ķū Ŏů ĥŐźĽŉ ŬĶŐū ĸŐūί ĦśĶŶ  Ĥœūŗū ĶūŐƈƠŏ Ķū ŏŰǣ 

ĥĶŚƈń ÐĨŋūśŉū ĮņŬŉĶ Ōű ł śźśūĦŀůÑ Ķů Ňź ƬŬŅŎūŘūœů ŏŬŜœūĲƁ Ķů Ĩ˝ŶķŉůŐ ĨŋœŮʧŐźƁ ŋő ĨʌƎ 

śˁūŬŉŅ Ķőŉū őŜūί  . 

 

 

 

 

 

 

 

 

 

 

 

 

ĥħĮĮśĮśŀů ŏƎ ðîŗūƁ ĸńŅƁƧ ŬŇŗś śŏūőźŜ Ķū Ŏ˧ ĥŐźĽŉ  

 

 

 

 

 

 

 

 

 



ŏūĦƠźŬōŐœ ĻŏȻūőźƁ Ķů ķźĽ¾ ŬĶŮȺŅ ķūɦ ŋŇūņƖ ĶŶ  ŏūɭŏ śŶ ĮĶ ŐūƧūÏ 

ëò Ľŉŗőů śŶ ë Ōőŗőů, ëéëí ĶŶ  ŇŻőūŉ ĥħĮĮśĮśŀů ŏƎ ĮłŗūƁś œŶŗœ łůōůŀů ōūŐźŀŶĶ Ŝō ɨūőū ÒĽūŅůŐ 

ķūɦ ĳő ŋŶŐ ŋŇūņƖ ĶŶ  ŬĶȺŉ ŏƎ ŏūĦƠźŬōŐœ ĸŬŅŘůœŅū ŋő ĤɭŐŉÓ ŬŗŚŐ ŋő ŋūƁĻ ŬŇŗśůŐ ˧ūŋĶ 

śƁĶūŐ śŰňūő ƬŬŘǕń ĶūŐƈƠŏ ĥŐźŬĽŅ ŬĶŐū ĸŐū¼ ŬĽśŏƎ ŬŗŬŎʂ őūșźƁ ĶŶ  śƁĶūŐ śŇ̝źƁ ŉŶ Ŏūĸ ŬœŐūί  

ĶūŐƈŘūœū ĶŶ  œǗ ĶŶ  ōūőŶ ĻĻūƈ ĶőŅŶ ƞĮ, ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő  ŏŰķĽƌ ŉŶ ŬĶŮȺŅ 

ķūɦ ŋŇūņƖ Ķů ŅŷŐūőů Ķů ĸŜőů śŏľ Ķź ōŢūŗū ŇŶŉŶ Ķů ĥŗ˲ĶŅū ŋő Ľźő ŬŇŐū ĳő ĦśĶŶ  śūƁ Ų̉ ŬŅĶ ĮŗƁ 

ŗŷȐūŬŉĶ ŏŜɓ ŋő ƬĶūŘ łūœūί Ħś î ŬŇŗśůŐ ĶūŐƈŘūœū ŏƎ ĮĶ ˧ūŋĶ ŋūȪƠŏ¼ ŬŗŘŶŚȐ ˧ūǣūŉ ƳŲƁķœū 

ĳő ˧ūŗŜūŭőĶ ƬŬŘǕń śƧ ŘūŬŏœ ņŶί  

 

 

 

 

 

 

 

 

 

 

 

 

5 ŬŇŗśůŐ ƬŬŘǕń ĶūŐƈƠŏ ĶŶ  ŬœĮ ĮĶŬƧŅ ƞĮ ŬŗŬŎʂ śƁ̓ūŉźƁ ĶŶ  śƁĶūŐ śŇ̝  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



śŋƈŇƁŘ ĻŰŉŻŬŅŐźƁ śŶ Ŭŉŋŀūŉ¾ ŬĻŬĶɔū ŬŘǕū Ķů śŌœŅū  

ñ Ōőŗőů Ķź ĥħĮĮśĮśŀů ɨūőū śŅŅ ŬĻŬĶɔū ŬŘǕū ÅśůĮŏħÆ śƧ Ķū ĥŐźĽŉ ŬĶŐūί ŗŚƈ ëéêð ŏƎ Ŭŗ˵ 

̠ū̔ śƁĸŁŉ ɨūőū ĨŋŶŬǕŅ Ĩ˿ĶŬŀōƁňůŐ őźĸ ĶŶ  ƛŋ ŏƎ ĹźŬŚŅ ŬĶĮ ĸĮ śŋƈŇƁŘ Ķź ĮŗƁ ĨśĶŶ  ƬōƁňŉ Ķů 

ĽŬŀœ ĻŰŉŻŬŅŐźƁ Ķū śŏūňūŉ ĶőŉŶ ŋő ĶƎ ŬƩŅ, Ħś ŬŗŬŘ˺ śˁŶœŉ ŉŶ ĮĶ ȚœƁŅ ŏŰɜŶ śŶ ŬŉŋŀŉŶ ĶŶ  ŬœĮ ĮĶ 

śŜŐźĸů ŏƁĻ ĶŶ  ƛŋ ŏƎ ĶūŐƈ ŬĶŐūί  

ĦƁŬłŐŉ ŏŶŬłĶœ ĮśźŬśĮŘŉ, Ĥśŏ Ļŷʎő ĶŶ  śŜŐźĸ śŶ ĥŐźŬĽŅ śůĮŏħ śƧ ŉŶ śŋƈŇƁŘ Ķů ĹŀŉūĲƁ Ķů 

ĽŬŀœŅūĲƁ Ķź śƁōźŬňŅ ĶőŉŶ Ķů ŬŇŘū ŏƎ ĮĶ ŏŜɓŋűńƈ ĶŇŏ ĨŁūŐū, ŬĽśŉŶ  ŬĻŬĶɔū ƬōƁňŉ ĶŶ  ǕŶƧ ŏƎ 

śŜŐźĸūɍĶ ŬŘǕń ĶŶ  ŏŜɓ Ķź ŋŰ˺ ŬĶŐūί  

 ŬŗŚ ŬŗȐūŉ ŏƎ Ĥŋŉů ŬŗŘŶŚȐŅū ĶŶ  ŬœĮ ƬŬśɞ, ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ ĳő ĶūŐƈƠŏ ĶŶ  ŏŰǣ śƁőǕĶ 

ƬźŌŶ śő ĥŘůŚ ĶŶ  ŏŰķĽƌ ŉŶ ĤŉŰśƁňūŉ ĶŶ  Ħś ĤǙő ŉĽőĤƁŇūĽ ŬĶĮ ĽūŉŶ ŗūœŶ ǕŶƧ ŋő ƬĶūŘ łūœŉŶ Ķů 

ĥŗ˲ĶŅū ŋő Ľźő ŬŇŐūί ĨʌźƁŉŶ Ħś ŏŜɓŋűńƈ ŏŰɜŶ Ķź śƁōźŬňŅ ĶőŉŶ ĶŶ  ŬœĮ ĮĶ śŜŐźĸů ŏƁĻ ƬŇūŉ ĶőĶŶ  

Ħś ĤƁŅő Ķź ŋūŀŉŶ ĶŶ  ŬœĮ ĥħĮĮśĮśŀů Ķů ƬŬŅōɞŅū ŋő Ľźő ŬŇŐūί 

ĶūŐƈƠŏ ŏƎ őūș ĶŶ  ŬŗŬŎʂ ŬĻŬĶɔū ŬŗŎūĸźƁ ĶŶ  śˁūŬŉŅ ĸńŏūʈ ˧ŮǃŐźƁ ĽŷśŶå ĥħĮŏĮ, Ĥśŏ Ļŷʎő Ķů 

ĤɭǕ ĤƚŬńŏū ĸź̠ūŏů, łŸ¿ Įŉ¿Įś¿ ŬŅ̆, őūș Ŭŉĸőūŉů ĤŬňĶūőů, ĥħłůĮśŋů ĳő łŸ¿ Įś¿Į¿ œ̉ő, 

őūș ŉźłœ ĤŬňĶūőů, ĮŉĮĻĮŏ Ķů ĨŋŮ̓ŬŅ ŇĽƈ Ķů ĸħί ĦśĶŶ  Ĥœūŗū Ħś ĶūŐƈƠŏ ŏƎ Ħś ǕŶƧ ĶŶ  ŬŗŘŶŚȐźƁ 

ĽŷśŶå łŸ¿ ŇŐūœ ōƁňŰ ŏĽűŏŇūő¼ ĶœĶɃū ŏŶŬłĶœ ĶŸœŶĽ½ łŸ¿ śŇūŉƁŇ őūĨŅ, ŬŗǹŜő ŉŬśƋĸ Ŝźŏ, ŋŰńŶ½ łŸ¿ 

śŰőĽůŅ Ŭĸŭő¼ łŶŏź śūŏŰŇūŬŐĶ ̠ū̔ ĶƎ Ʃ, ŬŘŗśūĸő ĳő łŸ¿ Įŏ¿ Ŭŗ¿ ķūƁłŶĶő, ŅĶŉůĶů ŬŉŇŶŘĶ¼ 

ŋůĮśŗůŋůĮœ, ŋŰńŶ ɨūőū śŋƈŇƁŘ ƬōƁňŉ śŶ śƁōƁŬňŅ ŬŗŬŎʂ ŬŗŚŐźƁ ŋő ōƞŏű˜ ĽūŉĶūőů Ňů ĸħί  

śůĮŏħ ĶūŐƈƠŏ Ķū śŏűŜ ŬĻƧ 

  



 

śŋƈŬŗŚ ŋő ĤɏūňŰŬŉĶ śƁĸź˽ů¾ ĮĶ ŗŷŬ˵Ķ ƬŐūś 

ò ĳő êé Ōőŗőů Ķź ĥħĮĮśĮśŀů ɨūőū śŋƈŬŗŚ śŶ śƁōƁŬňŅ ŬŗŚŐ ŋő Ňź ŬŇŗśůŐ ĤƁŅőūƈ˺ƊůŐ śƁĸź˽ů Ķū 

ĥŐźĽŉ ŬĶŐū ĸŐūί ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ ƬźŌŶ śő ĥŘůŚ ĶŶ  ŏŰķĽƌ Ķů ĤĸŰŗūħ ŏƎ ĥŐźŬĽŅ Ħś 

śƁĸź˽ů ŏƎ śŋƈŬŗŚ ŋő ŗŅƈŏūŉ Ļœ őŜŶ ŘźňĶūŐƖ ŏƎ ŗŲŮɞ śƁōƁňů śŜŐźĸūɍĶ ĻĻūƈ Ķů ĸħί ĶūŐƈƠŏ ŏƎ Ŭŗ˵ ĶŶ  

Ķħ ƬŬŅŬ˽Ņ śƁ̓ūŉźƁ Ķū ƬŬŅŬŉŬňɓ ĶőŉŶ ŗūœŶ ŬŗŬŗň ƬŬŅŎūŬĸŐźƁ Ķů ƬŬŅŎūŬĸŅū ŇŶķů ĸħ¼ ŬĽŉŏƎ śŶ ĤƁŅőūƈ˺ƊůŐ 

̏ő ŋő ŉŶŘŉœ ŐűŬŉŗŬśƈŀů İŌ ŬśƁĸūŋŰő, ŏœūŐū ŐűŬŉŗŬśƈŀů, ŏœŶŬŘŐū, ĳő ŐűŬŉŗŬśƈŀů İŌ ŋźŀƔ, ŋŰŅƈĸūœ 

ĶŶ  ŉūŏ ŘūŬŏœ Ŝŷί ŗŜů Ňűśőů Ĳő ŎūőŅ Ķū ƬŬŅŬŉŬňɓ ĶőŅŶ ƞĮ ŏŷśűő Ŭŗ˵ŬŗɦūœŐ, ĥħĥħśůōů ĶźœĶūŅū, 

ĮśĥőĮŏĥħĮśŀů ĻŶʂħ ĳő ĥħĥħĮśśů ōƎĸœŰƚ ĽŷśŶ śƁ̓ūŉźƁ ŉŶ ĶūŐƈƠŏ ŏƎ Ŏūĸ œŶŅŶ ƞĮ Ĥŋŉū 

ŏŜɓŋűńƈ ŐźĸŇūŉ ŬŇŐūί ĦśĶŶ  Ĥœūŗū ŬŏĽźőŏ Ŭŗ˵ŬŗɦūœŐ, ŅŶĽŋŰő Ŭŗ˵ŬŗɦūœŐ, łŶŏź ŏŸłœ Ĥ̗Ņūœ śŜ 

̠ū̔ ĶƎ Ʃ ĽŷśŶ ̓ūŉůŐ śƁ̓ūŉźƁ ĶŶ  śūņåśūņ Ĥśŏ ĶŶ  Ķħ Ĥʈ śƁ̓ūŉźƁ ŉŶ Ŏů ĦśŏƎ śŬƠŐ ƛŋ śŶ Ŏūĸ 

ŬœŐūί śƁĸź˽ů ŏƎ ŬŗƁś ōūŐźƬźłǁžś ŬœŬŏŀŶł ŜŷŇőūōūŇ ĳő ƬůŬŏŐŏ śůőˆ ĮƁł ŗŷǙůʊ ƬūĦŗŶŀ ŬœŬŏŀŶł ŋŰńŶ 

ĽŷśŶ ĤƢńů ĮƁŀůŗŶŉŏ ŬŉŏūƈŅū ŘūŬŏœ ƞĮ, ĳő Ħś ǕŶƧ ŏƎ Ļœ őŜŶ ĶūŐƈ ŋő Ĥŋŉů ŬŗŘŶŚȐŅū ƬŇūŉ Ķůί ĶūŐƈƠŏ 

ŏƎ ŬŗŚ ĳő ŬŗŚūǃ ŋŇūņƖ ŏƎ ŏűœ Řźň ĶūŐƈ Ķő őŜŶ ŐŰŗū ŗŷȐūŬŉĶźƁ ĳő ŋź̎ő Ƭ̏ŰŅĶŅūƈĲƁ Ķź ĨŉĶŶ  ĨȻŲ ˺ 

ŐźĸŇūŉ ĶŶ  ŬœĮ ƬźɔūŬŜŅ ŬĶŐū ĸŐūί  

 

 

 

 

 

 

 

 

 

 

̖ŶĶŬśʺ 2024 Ķū ĮĶ śŏűŜ ŬĻƧ 

 

 

 

 

 



 

 

 

̖ŶĶŬśʺ 2024 ŏƎ ŋź̎ő Ƭ̏ŰŬŅ śƧ  

 

  



ŬŗȐūŉ ĶŶ  ǕŶƧ ŏƎ śŏŬŋƈŅ ŏŬŜœūĲƁ Ķū śˁūŉ ĳő śŏņƈŉ 

êë Ōőŗőů Ķź ĥħĮĮśĮśŀů ŉŶ ŬŗȐūŉ ĶŶ  ǕŶƧ ŏƎ śŏŬŋƈŅ ŏŬŜœūĲƁ ĳő ōūŬœĶūĲƁ ĶŶ ĤƁŅőūƈ˺ƊůŐ ŬŇŗś ĶŶ  

Ĥŗśő ŋő ĮĶ ĥĶŚƈĶ śƁŗūŇūɍĶ śƧ Ķū ĥŐźĽŉ ŬĶŐū, ŬĽśŏƎ ĨŉĶŶ  Ĥŏű˜ ŐźĸŇūŉ ŋő ƬĶūŘ łūœū 

ĸŐūί  

śƧ Ķů ĤɭǕŅū ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ¼ ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů ɨūőū Ķů ĸħ¼ ŬĽśŏƎ ƬźŌŶ śő Įŉ 

Įś Řŏūƈ ĳő łŸ¿ Įœ ōů ŏŜƁŅ ŉŶ  Ŏūĸ œŶŅŶ ƞĮ ŬŗĻūőźɃŶĽĶ ŋŷŉœ ĻĻūƈ Ķů ĳő ŬŗȐūŉ ĶŶ  ǕŶƧ ŏƎ ĤŬňĶ 

ŏŬŜœūĲƁ Ķź ĥĶŬŚƈŅ ĶőŉŶ ĶŶ  ĨɜŶ˲ śŶ ŬŗŬŎʂ őńŉůŬŅŐźƁ Ķź ĤŋŉūŉŶ ŋő Ľźő ŬŇŐūί Ħś ǕŶƧ ŏƎ ŏūĸƈŇŘƈŉ 

Ķů ŏŜɓŋűńƈ ŎűŬŏĶū ĳő śŏūŗŶŘů ŗūŅūŗőń Ķź ōŢūŗū ŇŶŉŶ ĶŶ  ŏŜɓ ŋő Ľźő ŇŶŅŶ ƞĮ, ŋŷŉŬœ̎źƁ ŉŶ ŬŗȐūŉ ŏƎ 

ŏŬŜœūĲƁ Ķź śŘǃ ōŉūŉŶ ŜŶŅŰ Ĥŋŉů ĤƁŅ͈ƈŬ˺ śūľū Ķůί   

 

 

 

 

 

 

 

 

ŬŗȐūŉ ŏƎ ŏŬŜœūĲƁ ĳő ōūŬœĶūĲƁ ĶŶ ĤƁŅőūƈ˺ƊůŐ ŬŇŗś ĶŶ  Ĥŗśő ŋő ĥħĮĮśĮśŀů Ķů ŏŬŜœūĮƁ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ƭūƁśůśů ƬŬŅŬŉŬňŏƁłœ ĶŶ  śūņ śŜŐźĸūɍĶ ōŷŁĶ  

21 Ōőŗőů Ķź, ĥħĮĮśĮśŀů ŉŶ ŎūőŅ Ů̓Ņ ƭūƁś ŇűŅūŗūś ŏƎ ŗŷȐūŬŉĶ ĮŗƁ ŘŷǕŬńĶ śŜŐźĸ ĶŶ  ŬœĮ ĥĮ 

ƭūƁśůśů ŇűŅ łŸ¿ ŬłŬłĮő őūōźĦśŉ ĳő łŸ¿ ŏůŉūǕů ŬśƁŜ¼ ŗŷȐūŬŉĶ śŏʉŐĶ¼ ƭƎ Ļ ĦƁ̎ůȦűŀ Ħŉ ĦƁŬłŐū, 

ƭūƁśůśů ŇűŅūŗūś Ķū śƁ̓ūŉ ŏƎ  ̠ ūĸŅ ŬĶŐūί Ħś Ĥŗśő ŋő ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ Ķů ĤɭǕŅū ŏƎ, 

śŎů śƁĶūŐ śŇ̝źƁ ĶŶ  śūņ ōŷŁĶ ĥŐźŬĽŅ Ķů ĸħ ņů, ŬĽśĶū ĨɜŶ˲ ƭūƁśůśů śƁ̓ūŉźƁ ĶŶ  śūņ Ĩɦźĸå

ĤĶūŇŬŏĶ ĤŉŰśƁňūŉ ĳő ŬŗĶūś śūľŶŇūőů ŋő ĸŜŉ ŬŗĻūőåŬŗŏŘƈ Ķőŉū ņūί ĻĻūƈ Ķū ŏŰǣ ŬŗŚŐ ŗŷȐūŬŉĶ 
ƬŐūśźƁ Ķź ĥĸŶ ōŢūŉŶ ĶŶ  ŬœĮ śƁŐŰǃ ƬŐūśźƁ ĶŶ  ŉĮ ŏūĸƈ ƬŘ̏ Ķőŉū ņūί    

 

 

 

 

 

 

 

 

ōŷŁĶ Ķū ĮĶ ̖ŷŋŘŸŀ 

 

 

 

 

 

 

 

 

ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ, ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů ĳő łŸ¿ ŬłŬłĮő őūōźĦśŉ, ŗŷȐūŬŉĶ ĳő ŘŷǕŬńĶ 

śŜŐźĸ ĶŶ  ŬœĮ ŇűŅ  



ŬŗȐūŉ Ķź ŉŏŉ¾ łŸ¿ śů¿ŗů¿ őŏŉ ĳő ĨŉĶŶ  ŉŗūĻūő  

őū˺ƊůŐ ŬŗȐūŉ ŬŇŗś ŋő ĥħĮĮśĮśŀů ŋŭőŗūő ŉŶ ŎŻŬŅĶ ŬŗȐūŉů łŸ¿ śů¿ŗů¿ őŏŉ Ķź ŎūŗŎůŉů ƳɞūƁĽŬœ ĤŬŋƈŅ 

Ķůί  

ƬŬŅŗŚƈ ëñ Ōőŗőů Ķź ĥŐźŬĽŅ ŬĶĮ ĽūŉŶ ŗūœŶ Ħś śŏūőźŜ Ķū Ħś ŗŚƈ Ķū ŬŗŚŐå ÏŬŗĶŬśŅ ŎūőŅ ĶŶ  ŬœĮ 

̠ŇŶŘů ƬŻɦźŬĸĶůÏ ņū¼ ŬĽśĶŶ  ĤƁŅĸƈŅ ŎūőŅ Ķů ƬĸŬŅ Ķź ĥĶūő ŇŶŉŶ ŏƎ ĹőŶœű ŉŗūĻūőźƁ Ķů ŘŮǃ ŋő ƬĶūŘ 

łūœū ĸŐūί Ƭź¿ ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ¼ ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů ŉŶ ĤŋŉŶ ŬŗĻūő śūľū ĶőŅŶ ƞĮ őū˺ƊůŐ ŬŘǕū 

ŉůŬŅ ëéëé ŏƎ ŬŉňūƈŭőŅ őū˺ƊůŐ ƬūņŬŏĶŅūĲƁ ĶŶ ĤŉŰƛŋ ŗŷȐūŬŉĶ ŬŘǕū Ķź ōŢūŗū ŇŶŉŶ ĶŶ ŬœĮ śƁ̓ūŉ Ķů 

ƬŬŅōɞŅū ŇźŜőūħί  

ĶūŐƈƠŏ Ķū ŏŰǣ ĥĶŚƈń ŏƎ śƁ̓ūŉ ĶŶ  ŗŷȐūŬŉĶźƁ ɨūőū Ňů ĸħ ŗūŅūƈįƁ¼ ōūŐźŉŶ̎åĥħĮĮśĮśŀů ̎ūŀƈĤŋ 

ĨɦŬŏŐźƁ ĶŶ  śūņ ĮĶ ĦƁŀőŷŮǁŗ ĻĻūƈ śƧ¼ ĥħĮĮśĮśŀů ĶŶ  ŘźňūŬņƈŐźƁ ɨūőū ŋź̎ő Ƭ̏ŰŬŅ ĳő ĮĶ ŬŗŘŶŚ 

Ƭ˰źɃőů ƬŬŅŐźŬĸŅū őŜū  

 

 

 

.  

 

 

 

 

 

 

łŸ śů¿ŗů¿ őŏŉ Ķź ƳɞūƁĽŬœ ĤŬŋƈŅ ĶőŅū ĥħĮĮśĮśŀů ŋŭőŗūő   
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

ŋź̎ő Ƭ̏ŰŬŅ ĶŶ  ŇŻőūŉ ŘźňūŬņƈŐźƁ śŶ ōūŅĻůŅ ĶőŅŶ ƞĮ ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ   

 

 

 

 

 

 

 

 

 

 

 

 

 

ŋź̎ő Ƭ̏ŰŬŅ śƧ ĶŶ  ŇŻőūŉ ŘźňūŬņƈŐźƁ śŶ ĻĻūƈ ĶőŅŶ ōūŜőů ŬŗŘŶŚȐ  
 

 

 

 

 

  



ŉŗźʇŶŚ ĶŶ  ŬœĮ ŬŘǕū ĳő Ĩɦźĸ ĽĸŅ ĶŶ  ōůĻ śŶŅŰ Ķū Ŭŉŏūƈń 

4 ŏūĻƈ, 2024 Ķź ĥħĮĮśĮśŀů ŉŶ ƬŻɦźŬĸĶů Ŝ̏ūƁŅőń ŋő ĮĶ ŏŜɓŋűńƈ ĨɦźĸåĤĶūŇŬŏĶ śˁŶœŉ Ķů 

ŏŶĽōūŉů Ķůί ĥħĮĮśĮśŀů ɨūőū ĥŐźŬĽŅ Ħś śˁŶœŉ Ķū ĨɜŶ˲ ĤĶūŇŬŏĶ ĤŉŰśƁňūŉ ĳő Ĩɦźĸ ĶŶ  ōůĻ 

śƁōƁňźƁ Ķź ŏĽōűŅ Ķőŉū, ŉŗūĻūő, ˧ ūŗśūŐůĶőń Ķź ĥĸŶ ōŢūŉū ĳő śŏūĽ Ķů ōŶŜŅőů ĶŶ  ŬœĮ ĤɏūňŰŬŉĶ 

ŅĶŉůĶźƁ Ķź ˧ūŋĶ ƛŋ śŶ Ĥŋŉūŉū ņūί 

ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ¼ ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů ŉŶ ĤŉŰśƁňūŉ ĳő ŉŗūĻūő Ķź ōŢūŗū ŇŶŉŶ ĶŶ  ŬœĮ 

ƬŻɦźŬĸĶů Ŝ̏ūƁŅőń ŜŶŅŰ ̗˺ ŬŇŘūŬŉŇƏŘ ̓ūŬŋŅ ĶőŉŶ ĶŶ  ŏŜɓ ŋő ōœ ŬŇŐū, ŬĽśśŶ őū˺Ɗ Ķź ŅĶŉůĶů ŉŶŅŲɓ 

Ķů Ĳő ĤƢśő ŬĶŐū Ľū śĶŶ ί    

ĶūŐƈƠŏ ŏƎ ŗŷȐūŬŉĶźƁ ɨūőū ȐūŉŗňƈĶ ŗūŅūƈĲƁ Ķů ĮĶ ƳŲƁķœū ŘūŬŏœ ņů, ŬĽśŏƎ Ƭź¿ ƬŇůŋ Ƴůŗū̏ŗ, 

ŀůĥħĮŌĮśů, łůĮśŀů¼ łŸ¿ ŜŭőĶŲ ˿ ŗŏūƈ ĳő łŸ¿ őŸŐ ĽźśŶŌ¼ ĮśśůŀůĥħĮŏĮśŀů Ƭź¿ ĥő¿Įŉ¿ ŬśƁŜ, 

ŬŜŏūœŐŉ ōūŐźĶŶ ŏů Ŝʳƈ, ĳő łŸ¿ śŻőŗ ŏĽűŏŇūő, śůőŏ ĦƁ̎ůȦűŀ İŌ ĦƁŬłŐū ƬūĦŗŶŀ ŬœŬŏŀŶł ĶŶ  ŉūŏ 

ŘūŬŏœ Ŝŷί 

 

 

 

 

 

 

 

 

 

 

 

ƬŻɦźŬĸĶů Ŝ̏ūƁŅőń ŋő ĨɦźĸåĤĶūŇŬŏĶ śˁŶœŉ Ķū ĮĶ ŏŜɓŋűńƈ ͈˲ 

 

 

  



ĤƁŅőūƈ˺ƊůŐ ŏŬŜœū ŬŇŗś  

8 ŏūĻƈ, 2024 Ķź, ĥħĮĮśĮśŀů ŉŶ ŉŗūĻūő ĳő ƬĸŬŅ Ķź ĥĸŶ ōŢūŉŶ ŏƎ ŏŬŜœūĲƁ Ķů ŏŜɓŋűńƈ ŎűŬŏĶū Ķū 

śˁūŉ ĶőŉŶ ĶŶ  ĨɜŶ˲ śŶ ĤƁŅőūƈ˺ƊůŐ ŏŬŜœū ŬŇŗś Ķū ĥŐźĽ ŬĶŐūί ÏŏŬŜœūĲƁ ŏƎ ŬŉŗŶŘ¾ ƬĸŬŅ ŏƎ ŅŶĽůÏ ŬŗŚŐ 

ĶŶ  ĤƁŅĸƈŅ ĥħĮĮśĮśŀů ŉŶ ĮĶ ŋűőŶ ŬŇŉ Ķū śƧ ĥŐźŬĽŅ ŬĶŐū, ŬĽśŏƎ ƬŬŅŬ˽Ņ ŗǃūĲƁ ŉŶ őū˺ƊůŐ ŬŗĶūś 

ŏƎ ŏŬŜœūĲƁ ĶŶ  ŐźĸŇūŉ ĶŶ  ŏŜɓ ŋő ƬĶūŘ łūœūί 

śŎū Ķź śƁōźŬňŅ ĶőŅŶ ƞĮ ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ ŇŶŘ Ķź ĥĸŶ ōŢūŉŶ ŏƎ ŏŬŜœūĲƁ Ķů ĤŋŭőŜūŐƈ ŎűŬŏĶū 

Ķź őŶķūƁŬĶŅ ŬĶŐūί ĥħśůśů Ķů ĤɭǕ łŸ¿ ĤƚƁňŬŅ ŇŶŗů ŉŶ ĨŋŮ̓Ņ œźĸźƁ Ķū ĸŏƈĽźŘů śŶ ̠ūĸŅ ĶőŅŶ ƞĮ 

śŏūŗŶŬŘŅū ĮŗƁ śŘŮǃĶőń Ķū ŏūŜŻœ ōŉūŐū 

Ħś ĶūŐƈƠŏ Ķū ŏŰǣ ĥĶŚƈń ĮĶ ˧ūŗŜūŭőĶ ĳő śƁŗūŇūɍĶ ŋŷŉœ ĻĻūƈ ņů, ŬĽśŏƎ ƬĸŬŅ Ķź ĸŬŅ ŇŶŉŶ ŏƎ 

śŎů ǕŶƧźƁ ŏƎ ŏŬŜœūĲƁ Ķů ƬŎūŗŘūœů ŎűŬŏĶū ŋő ƬĶūŘ łūœū ĸŐūί ŋŷŉŬœ̎źƁ ŏƎ śŶŗūŬŉŗŲɃ ĥħŋůĮś 

ĤŬňĶūőů ƳůŏŅů ŗūŐœŶŀ ōƚĥ, ĦʉŶ̎ ĦƁŬłŐū ŏƎ ŉŸņƈ ħ̎ łŶ̉ Ķů ƬŏŰķ łŸ¿ ĸůŬŅŏū Ňūś ĶŲ ˿ū, ŎūőŅůŐ 

ĥŬśŐūŉ ˧ūŋūő ŋŭőŚŇ Ķů ĤɭǕ łŸ¿ ĤœĶŉƁŇū Ňūś ĳő őŸŐœ Ƕźōœ ŐűŬŉŗŬśƈŀů ĶŶ  őŸŐœ ű̉ œ İŌ 

ĶŸŏśƈ ŏƎ ĮśźŬśĮŀ łůŉ ĳő ĮśźŬśĮŀ ƬźŌŶ śő łŸ¿ Ĥƚńū ŇŶō őŸŐ ŘūŬŏœ ņŶ, ŬĽʌźƁŉŶ ĤŋŉŶ Ĥŏű˜ ĤƁŅ͈ƈŬ˺ 

ĳő ĤŉŰŎŗ śūľū ŬĶĮί ŏŬŜœū ĨɦŬŏŐźƁ ĶŶ  ŬœĮ śŜŐźĸ ĳő ŉŶŀŗŬĶƋ ĸ ĶŶ  ĤŗśőźƁ Ķź ōŢūŗū ŇŶŉŶ ĶŶ  ŬœĮ, 

ĥħĮĮśĮśŀů ŉŶ ŏŬŜœū ĨɦŬŏŐźƁ ĳő ōūŐźŉŶ̎åĥħĮĮśĮśŀů ĦŉǎűōŶŀůŠ ĶŶ  ĨɉūŇźƁ ĳő ŜņĶőĹźƁ Ķź 

ƬŇŬŘƈŅ ĶőŉŶ ŗūœů ĮĶ ƬŇŘƈŉů Ķū Ŏů ĥŐźĽŉ ŬĶŐūί   

 

ĤƁŅőūƈ˺ƊůŐ ŏŬŜœū ŬŇŗś śŏűŜ ŬĻƧ   

  



 

 

 

ŬĽȐūśū ĳő ķźĽ Ķů Ŏūŗŉū Ķź ƬŶŭőŅ ĶőŅů¾ ŬŗŘŶŚȐ ˧ūǣūŉ ƳƁķœū 

êñ ŏūĻƈ Ķź ÏƬźŬŀĲŬŏǙ ŬŇŗś ĶŶ  Ĥŗśő ŋő   śƁ̓ūŉ ɨūőū ĮĶ œźĶŬƬŐ ˧ūǣūŉ ƳŲƁķœūÏ Ķū ĥŐźĽŉ ŬĶŐū ĸŐū 

ŬĽśĶŶ  ĤƁŅĸƈŅ ŬŗŘŶŚȐźƁ ŉŶ ȐūŉŗňƈĶ ŗūŅūƈĲƁ ƳŲƁķœū ĶŶ  ŏūɭŏ śŶ ĽŷŬŗĶ ƬŬƠŐūĲƁ, ƬźŬŀĲŬŏǙ ĳő ŜŭőŅ őśūŐŉ 

ŬŗȐūŉ ŬŗŚŐ ŋő Ĥŋŉů Ƭ̏ŰŬŅŐūſ Ƭ̏ŰŅ Ķůί ĶūŐƈƠŏ ŏƎ ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů ĳő ŋűŗƔɃő ŋŗƈŅůŐ Ŭŗ˵ ŬŗɦūœŐ ĶŶ  

ƬźŌŶ śő ŬŅŬŏő ŬƧŋūŁů śŬŜŅ Ĥʈ ƬŬŅŬ˽Ņ ŗǃūĲƁ ŉŶ ĤŋŉŶ ĸŜŉ ŬŗĻūő śūľū ŬĶĮ ĳő ĥĶŚƈĶ ˧ūǣūŉźƁ ĶŶ  ŏūɭŏ 

śŶ Ƭźŀůŉ ŅƁƧ Ķů ĸŜŉ śŏľ ƬŇūŉ Ķůί  

 

 

 

 

 

 

ƬźŌŶ śő ŬŅŬŏő ŬƧŋūŁů 

 

 

ŉŶŘŉœ ŐűŬŉŗŬśƈŀů İţ ŬśƁĸūŋŰő ŏƎ śůŬŉŐő ŬƬƁŬśŋœ śūĦƁŬŀ̎ II ĳő śŜūŐĶ śƁĶūŐ śŇ̝ łŸ¿ śŰŇůʏź őūŐ ŉŶ 19 ŏūĻƈ 

Ķź 'ŬśŬœŐū ĳő ŬśŬœĲŋŷņůŠ' ŬŗŚŐ ŋő ĮĶ ŗūŅūƈ Ƭ̏ŰŅ Ķů¼ ŬĽśŏƎ ĨʌźƁŉŶ ŬśŬœŐū Ķů śűǖ śƁőĻŉūĲƁ ĳő ŏūŉŗ 

̠ū̔ ĶŶ  ŬœĮ ĨŉĶŶ  ŏŜɓŋűńƈ ŬŉŬŜŅūņƖ ŋő ĸŜŉ ĻĻūƈ Ķůί 

 

 

 

 

 

 

łŸ¿ śŰŇůʏź őūŐ 



22 ŏūĻƈ Ķź, ŬŇ˝ů Ŭŗ˵ŬŗɦūœŐ ĶŶ  Ƭź¿ ŋʂűƛ ŗƎĶŀśŰ ŉŶ ÒĶħ ŅŉūŗźƁ ĶŶ  ŮķœūŌ Ƭźŀůŉ Ķů ōŢů ƞħ Ů̓őŅū ĶŶ  ŬœĮ ŜŭőŅ 

ŬŗœūŐĶ ĶŶ  ƛŋ ŏƎ ĥŐŬŉĶ Ņőœ ŋŇūņƈÓ ŬŗŚŐ ŋő Ĥŋŉū  ˧ ūǣūŉ Ƭ̏ŰŅ ŬĶŐūί ĨŉĶů Ƭ̏ŰŬŅ ŏƎ Ƭźŀůŉ Ů̓őŅū Ķź 
ōŢūŉŶ ĶŶ  ŬœĮ ŋŐūƈŗőń ĶŶ  ĤŉŰĶű œ ŬŗœūŐĶźƁ ĶŶ  ĨŋŐźĸ Ķů ĥńŬŗĶ ĽŬŀœŅūĲƁ ŋő ĸŜŉ ĻĻūƈ Ķů ĸħί  

 

      ƬźŌŶ śő ŋʂűƛ ŗƎĶŀśŰ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ŬŜƁŇů ĶūŐƈŘūœū  

ŬŇŉūƁĶ 26.03.2024 Ķź ĥħ¿Į¿Įś¿Įś¿ŀů ŏƎ Ľŉŗőůå ŏūĻƈ ëéëìåëí ŬŅŏūŜů ĶūŐƈŘūœū Ķū ĥŐźĽŉ ŬĶŐū ĸŐūί Ĩǃ 

ĥŐźĽŉ ŏƎ Ƭź¿ ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ¼ ŬŉŇŶŘĶ¼  

ĥħĮĮśĮśŀů ɨūőū śƁ̓ūŉ ĶŶ  ĶūŬŏƈĶźƁ Ķź ŬŜƁŇů ĶūŐūƈʉŐŉ  Ķź ōŢūŉŶ śƁōƁňů ŬŗŬŗň ŬōƁŇŰĲƁ  ŋő ĽūŉĶūőů Ňů ĸħ Ņņū 

śƁ̓ūŉ Ķů ŬŜƁŇů śŜūŐĶ ɨūőū ŬŜƁŇů ŀūĦŬŋƁĸ śŶ śƁōƁŬňŅ ƬŬŘǕń ŬŇŐū ĸŐūί  ĶūŐƈŘūœū ŏƎ śƁ̓ūŉ ĶŶ  ĶŰ œ êé śƁĶūŐ 

śŇ̝źƁ śŬŜŅ 4 ƬŘūśŬŉĶ ĮŗƁ ŅĶŉůĶů ĤŬňĶūŭőŐźƁ ŉŶ Ŏūĸ ŬœŐūί  

 

 

 

 

 

 

 

 

ŬŜƁŇů ĶūŐƈŘūœū 

 

 

 

 

 

 

 

 

 

  

  



ŉŶǁő ĶŸ͠ǏŶŗ ŏƎ ĥħĮĮśĮśŀů Ķů ƬŬŅŎūŬĸŅūå ŋűŗƔɃő ŏƎ ĨɦŬŏŅū ŬŗĶūś   

ëð ŏūĻƈ, ëéëí Ķź ƳůŏƁŅ ŘƁĶőŇŶŗ ĶœūǕŶƧ ŏƎ ŉŶǁő ɨūőū ĥŐźŬĽŅ ŋűŗƔɃő ̎ūŀƈĤŋ ĳő Ĩɦŏů śˁŶœŉ ĶŶ  

ĨŇžĹūŀŉ śŏūőźŜ ŏƎ ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ¼ ŬŉŇŶŘĶ¼ ĥħĮĮśĮśŀů Ķů ƬŬŅŎūŬĸŅū ŋűőŶ  

ĥħĮĮśĮśŀů ŋŭőŗūő ĶŶ  ŬœĮ ŜŚƈ Ķū ŬŗŚŐ őŜūί    

ƬŬŅŬ˽Ņ ĸńŏūʈ ˧ŮǃŐźƁ ĳő ĨŎőŅŶ ĨɦŬŏŐźƁ ĶŶ  ōůĻ ĥħĮĮśĮśŀů Ķū ƬŬŅŬŉŬňɓ ĶőŅŶ ƞĮ, ĨʌźƁŉŶ 

ŋűŗƔɃő ǕŶƧ ŏƎ ̎ūŀƈĤŋ ĶŶ  ŗŅƈŏūŉ ŋŭő͈˲ ŋő ĮĶ ŬŗĻūőŘůœ śƁŎūŚń Ƭ̏ŰŅ ŬĶŐū ĳő ĨɦŬŏŅū 

ŋūŭőŮ̓ŬŅĶů ŅƁƧ Ķź ōŢūŗū ŇŶŉŶ ŏƎ ōūŐźŉŶ̎åĥħĮĮśĮśŀů ĦŉǎűōŶŘŉ śƎŀő ɨūőū ŬĶĮ ĸĮ ŐźĸŇūŉ ŋő 

ƬĶūŘ łūœūί ĶūŐƈƠŏ ŏƎ Ƭź¿ ŏŰķĽƌ ɨūőū ĮĶ ŋŷŉœ ĻĻūƈ śƧ Ķů ĤɭǕŅū Ķů, ŬĽśŏƎ ĨʌźƁŉŶ ŋűŗƔɃő ǕŶƧ ŏƎ 

ŅĶŉůĶů ĳő ĨɦŏŘůœŅū ŇźŉźƁ ƬŐūśźƁ Ķů ŏĽōűŅů ŋő ĤŋŉŶ ͈Ŭ˺Ķźń śūľū ŬĶĮί 

 

 

 

 

 

 

 

ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ ŋŷŉœ ĻĻūƈ ŏƎ ĤƁŅ͈ƈŬ˺ śūľū ĶőŅŶ ƞĮ 

 

 

 

 

 

 

 

 

 

ŉŸņƈ ħ̎ ̎ūŀƈĤŋ ĮƁł ĮƁŀőƬŶʈźśƈ ĶŸ͠ǏŶŗ 2024 Ķū śŏűŜ ŬĻƧ  

 

 



 

őūŬƧ ĥĶūŘ ĤŗœźĶŉ ĶūŐƈƠŏ

28 ŏūĻƈ, 2024 Ķź ĥħĮĮśĮśŀů ŉŶ Ĥŋŉů ĦŉåŜūĨś ŗŶňŘūœū ĶŶ  ŏūɭŏ śŶ őūŬƧ ĥĶūŘ ĤŗœźĶŉ ĶūŐƈƠŏ 

Ķū ĥŐźĽŉ ŬĶŐūί Ħś ĶūŐƈƠŏ ŏƎ ĶŰ œ ìñ ƬŬŅŎūŬĸŐźƁ ŉŶ ŬŜ̡ū ŬœŐūί ĶūŐƈƠŏ Ķū śŏʉŐ ĥħĮĮśĮśŀů 

Ķů ŀŶœů̉źŋ śŬŏŬŅ ĶŶ  śŏʉŐĶ łŸ¿ śŰōůő Ŭŗ˵ūś ɨūőū ŬĶŐū ĸŐū ŬĽśŏƎ ĨʌźƁŉŶ ķĸźœůŐ ĻŏȻūőźƁ ĶŶ  ōūőŶ 

ŏƎ ŬŗŘŶŚȐ ĽūŉĶūőů ƬŇūŉ Ķůί     
 

 

 

 

 

 

 

 

 

 

 

ĥĶūŘ ĤŗœźĶŉ ĶūŐƈƠŏ Ķū ĮĶ ͈˲   

 

 

 

 

 

 

 

 

 

 

łŸ¿ śŰōůő Ŭŗ˵ ūś ÅĥħĮĮśĮśŀů Ňűőōůŉ śŬŏŬŅ ĶŶ śŏʉŐĶÆ ĶŶ śūņ ĥħĮĮśĮśŀů ŘźňĶŅūƈĲƁ 



ĥħĮĮśĮśŀů ĶŶ  ŗŷȐūŬŉĶ Ŝ̏ǕŶŋ ŉŶ ŋőƁŋőū Ķź ŋŰŉĽƌŬŗŅ ĶőŉŶ Ķū ŏūĸƈ ƬŘ̏ ŬĶŐū¾ Ĥśŏ Ķū 

ŬŘŇœ ŋūĶĶœū  

śŜŐźĸ ĳő śūŏŰŇūŬŐĶ śŘŮǃĶőń ĶŶ  śūő ĶŶ  śūņ ƬŬŅɮŬŉŅ ĮĶ ŏŜɓŋűńƈ ĶūŐƈƠŏ ĶŶ  ŅŜŅ  5 ĤƬŷœ, 

2024 Ķź ĶőůŏĸƁĽ ŏƎ ĥŐźŬĽŅ ŬŘŇœ ōūĽūő œŸɱ ŏƎ ŗŷȐūŬŉĶ ĶŻŘœ, śūŏŰŇūŬŐĶ ŎūĸůŇūőů ĳő 

ĨɦŏŘůœŅū ĶŶ  ŅūœŏŶœ Ķź ƬŇŬŘƈŅ ŬĶŐūί  łůĮśŀůåśůł ɨūőū ƬūŐźŬĽŅ ĮśśůÌĮśŀů śūŏŰŇūŬŐĶ ŬŗĶūś 

ŉūŏĶ ŋŭőŐźĽŉū ĶŶ  ŅŜŅ Ķů ĸħ ŐŜ ŋŜœ Ĥśŏ ĶŶ  ̠ŇŶŘů śŏŰŇūŐźƁ, ŬŗŘŶŚ ƛŋ śŶ ĶőůŏĸƁĽ ĶŶ  śźŉōůœ 

ĶŶ  Ķŷ ōūŅūƈ śŏŰŇūŐ ĶŶ  ŬœĮ ĮĶ ŏŜɓŋűńƈ ŏůœ Ķū ŋɆő ņūί ĶūŐƈƠŏ Ķū  ŉŶŅŲɓ ĥħĮĮśĮśŀů ĶŶ  ŬŉŇŶŘĶ 

ƬźŌŶ śő ĥŘůŚ ĶŰ ŏūő ŏŰķĽƌ śŬŜŅ ƬźŌŶ śő ŏźĽůōŰő ĥő ķūŉ, ŋŭőŐźĽŉū ƬŎūőů ĳő łŸ¿ ĽŐőūĽ ŎȣūĻūĽƌ, 

ŋŭőŐźĽŉū ŗŷȐūŬŉĶ ɨūőū ŬĶŐū ĸŐūί  

ĶūŐƈƠŏ Ķū ĥŐźĽŉ ŎūőŅ ŬŗĶūś ŋŭőŚŇ, ĶőůŏĸƁĽ ɨūőū śƁŐŰǃ ƛŋ śŶ ŬĶŐū ĸŐū ņū, ŬĽśŏƎ ĶūŌů śƁǣū 

ŏƎ œźĸźƁ Ķů ƬŬŅŎūŬĸŅū ŇĽƈ Ķů ĸħ ί 

Ħś ĶūŐƈƠŏ Ķū ŏŰǣ ĨɜŶ˲ ŬŘŇœ ĨɉūŇŉ ƬŬƠŐū ŏƎ ŗŷȐūŬŉĶ Ŝ̏ǕŶŋ ĶŶ  ŏūɭŏ śŶ ŬŘŇœ ĶŶ  ŋźŚń śƁōƁňů 

œǕńåŬŉňūƈőń Ķőŉū ņūί Ƭź¿ ŏŰķĽƌ ŉŶ ĥŘū ˧ǃ ĶőŅŶ ƞĮ ĶŜū ŬĶ ŬŘŇœ Ķź ōūĽūő ŏƎ ĨŅūőŉŶ śŶ Ķŷ ōūŅūƈ 

śŏŰŇūŐ ĶŶ  śŇ̝źƁ Ķź Łźś ĥŬņƈĶ œūŎ ŬŏœŉŶ Ķů śƁŎūŗŉū Ŝŷί ŏūʈŅū ĳő śŏņƈŉ ĶŶ  ƬŅůĶūɍĶ ŬĻʌ ĶŶ  

ƛŋ ŏƎ, śŰŇŘƈŉ ŬĶŮȺŅ ŏļœů śźśūŐŀů Ķź ŎūőŅůŐ ķūɦ śŰőǕū ĳő ŏūŉĶ ƬūŬňĶőń ÅĮŌĮśĮśĮĥħ) 

śŶ ĥŬňĶūŭőĶ œūĦśƎś ĳő ĥħĮĮśĮśŀů śŶ ŀƊŶł œūĦśƎś ƬŇūŉ ŬĶĮ ĸĮί  

  

 

 

 

 

 

 

 

 

 ĶőůŏĸƁĽ śŶ ōūŠūő œŸɱ ĶūŐƈƠŏ Ķů ľœŬĶŐūſ 



  



ŗŷȐūŬŉĶ ƬŬŅŎū Ķū Ĩɔŗ¾ ĦŉźŗŶŘŉ ŌŶ Ů̎ŗœ 2024 ŏƎ ĥħĮĮśĮśŀů Ķů ƬŬŅŎūŬĸŅū 

ŬŇŉūƁĶ ëë ĳő ëì Ōőŗőů, ëéëí Ķź ǕŶƧůŐ ŬŗȐūŉ ĶƎ Ʃ, ķūŉūŋūšū ŏƎ őū˺ƊůŐ ŉŗūĻūő ŌūĨƁłŶŘŉåłůĮśŀů, 

ŎūőŅ śőĶūő ĶŶ śŜŐźĸ śŶ őū˺ƊůŐ ŬŗȐūŉ śƁƢŜūœŐ ŋŭőŚŇ ɨūőū ĥŐźŬĽŅ ÏŉŗūĻūő ŏŜźɔŗÏ ŏƎ  

ĥħĮĮśĮśŀů ŉŶ ƬŬŅŎūŬĸŅū Ķůί  

ĥŬŗ˸ūőŘůœ ĳő ŏŉŏźŜĶ ƬŇŘƈŉźƁ ĶŶ  ōůĻ, ĥħĮĮśĮśŀů ŀůŏ ŉŶ śƁ̓ūŉ ŏƎ Ŝź őŜŶ Ķħ ĤŎűŅŋűŗƈ ĶūŐƖ 

Ķū ƬŇŘƈŉ ŬĶŐū, ŬĽśŉŶ śŎů Ĩư ĳő ŋŲ˽ŎűŬŏ ĶŶ  ĥĸƁŅŰĶźƁ Ķź ĥĶŬŚƈŅ ŬĶŐūί  ŗŷȐūŬŉĶ ĨɦŬŏŅū Ķů 

ŋŭőŗŅƈŉĶūőů ǕŏŅū ŋő ƬĶūŘ łūœŅŶ ƞĮ ōūŐźŉŶ̎åĥħĮĮśĮśŀů ĶŶ  ̎ūŀƈåĤŋ ĦŉǎűōŶŬŀŐźƁ ɨūőū ŅŷŐūő ŬĶĮ 

ĸĮ ĨɉūŇźƁ Ķź ƬŇŬŘƈŅ ĶőŉŶ ŏƎ ĨŉĶū śŏŋƈń ŬŗŘŶŚ ƛŋ śŶ Ĩ˝ŶķŉůŐ ņūί 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĦŉźŗŶŘŉ ŌŶ Ů̎ŗœ 2024 ŏƎ ōūŐźŉŶ̎åĥħĮĮśĮśŀů Ķů ŎūĸůŇūőů Ķů ĶŰ ļ ľœŬĶŐūƁ 

 

 

 

 

 

 

 

 



ŉŗƬŗŅƈŉ Ķū ŏūĸƈ ƬŘ̏ Ķőŉū¾ ĽŷŗåĨɦŬŏŅū ŏƎ ŬłĽūĦŉ ŬņƁŬĶƁ ĸ Ķů ķźĽ 

ĽŷŗåĨɦŬŏŅū Ķů ĸŬŅŘůœ ŇŰŬŉŐū ŏƎ, ŉŗūĻūő Ŝů ĸŬŅ Ŝŷ ĳő ĥĸŶ ōŉŶ őŜŉŶ Ķū Ĥņƈ Ŝŷ ĤɏūňŰŬŉĶ őńŉůŬŅŐźƁ 

Ķź Ĥŋŉūŉū Ŝŷί Ħśů ŬŗŚŐ Ķź ɭūŉ ŏƎ őķŅŶ ƞĮ ōūŐźŉŶ̎åĥħĮĮśĮśŀů ɨūőū ÏōūŐźåĨɦŬŏŅū ŏƎ ŬłĽūĦŉ 

ŬņƁŬĶƁ ĸÏ ŬŗŚŐ ŋő ĮĶ ĥĶŚƈĶ ŗŶŬōŉūő ĥŐźŬĽŅ ŬĶŐū ĸŐūί ĶūŐƈƠŏ ŏƎ Ĥŀœ ĦŉǎűōŶŘŉ śƎŀőå Ƴů 

ĶŲ˿ŇŶŗőūŐ Ŭŗ˵ŬŗɦūœŐ ĶŶ  śůħĲ łŸ¿ Ħŉŗ ŬŘŗŬĶőń Įŏ¿Įś¿ ŉŶ ŏŰǣ ŗǃū ĶŶ  ƛŋ ŏƎ Ŏūĸ ŬœŐūί  

ëî Ľŉŗőů, ëéëí Ķź ōūŐźŉŶ̎åĥħĮĮśĮśŀů ĦŉǎűōŶŘŉ śƎŀő ŏƎ ĥŐźŬĽŅ Ħś ȐūŉŗňƈĶ śƧ ŏƎ ŬłŠūĦŉ 

ŬņƁŬĶƁ ĸ ĶŶ  ǕŶƧ ŏƎ ĸŜŉ ĻĻūƈ Ķů ĸħί łŸ¿ Ħŉŗ ŬŘŗŬĶőń Įŏ¿Įś¿ ɨūőū ƬŬŅŎūŬĸŐźƁ Ķź Ħś ǕŶƧ Ķů ĽŬŀœŅūĲƁ 

śŶ ĤŗĸŅ ĶőŗūŐū ĸŐū  Ņņū ĽŷŗåĨɦŬŏŅū ŏƎ ƠūƁŬŅĶūőů ōŇœūŗ œūŉŶ Ķů ĦśĶů ǕŏŅū ŋő Ľźő ŬŇŐūί ŉŗūĻūő 

ĶŶ  Ħś ŉĮ ŐŰĸ ŏƎ ōūŐźŉŶ̎åĥħĮĮśĮśŀů ɨūőū ĥŐźŬĽŅ ŐŜ ŗŶōŉūő ŉĮ ĨɦŬŏŐźƁ Ķů ƬŶőńū Ķū ƵźŅ ōŉūί  

 

 

 

 

 

 

 

 

 

 

 

Ľŷŗ ĨɦŬŏŅū ŏƎ ŬłĽūĦŉ ŬņƁŬĶƁ ĸ ŋő ŗĻŰƈĤœ ŗŶŬōŉūő śƧ Ķū ĮĶ ̖ŷŋŘŸŀ 

 

 

 

 

 

 

 

 

 

 



Ĩɦŏů śŘŮǃĶőń¾ Ŭŗ˵ ĥħŋůĥő ŬŇŗś ĶŶ  Ĥŗśő ŋő ŉŗūĻūőźƁ ŜŶŅŰ ōŻŮɞĶ śƁŋŇū ĤŬňĶūőźƁ Ķū 

Ŭŉňūƈőń  

ĨɦŬŏŐźƁ ĶŶ  ŉŗūĻūőźƁ Ķů śŰőǕū ŋő ŏŜɓŋűńƈ Ȑūŉ ĶŶ  śūņ śŘǃ ōŉūŉŶ ĶŶ  ĨɜŶ˲ śŶ ōūŐźŉŶ̎åĥħĮĮśĮśŀů 

ɨūőū ŬŇŉūƁĶ 26 ĤƬŷœ, 2024 Ķź 'ōŻŮɞĶ śƁŋŇū ĤŬňĶūő ŬŇŗś ĶŶ  Ĥŗśő ŋő ĨɦŬŏŐźƁ ĶŶ  ŬœĮ ŉŗūĻūőźƁ Ķů 

śŰőǕū śŶ ĽŰšů Ķūŉűŉů ōūŅźƁ Ķū ĤŗœźĶŉ ŬŗŚŐĶ ĮĶ śŶŬŏŉūő ĥŐźŬĽŅ ŬĶŐū ĸŐūί  

ĶūŐƈƠŏ Ķū ĥőƁŎ ŎŻŬŅĶ ŬŗȐūŉ ƬŎūĸ ĶŶ  Ƭź ŇŶŗūŘůŚ ĻŻňőů ĶŶ  ̠ūĸŅ śƁŎūŚń śŶ ƞĥ¼ ŬĽśŏƎ ĨʌźƁŉŶ 

ŉŗūĻūő ĳő ĨɦŏŘůœŅū Ķź ōŢūŗū ŇŶŉŶ ŏƎ ōŻŮɞĶ śƁŋŇū ĤŬňĶūőźƁ Ķů ŏŜɓŋűńƈ ŎűŬŏĶū Ķź őŶķūƁŬĶŅ ŬĶŐūί  

śƧ Ķū ŏŰǣ ĥĶŚƈń ĸŻŜūŀů ĨȂ ʈūŐūœŐ ĶŶ  ĤŬňŗǃū Ƴů ŅŻŜůŇ Ĥœźŏ œ̉ő Ķū ˧ūǣūŉ  őŜū¼ ŬĽśŏƎ 

ĨʌźƁŉŶ ōŻŮɞĶ śƁŋŇū ĤŬňĶūőźƁ śŶ ĽŰšů Ķūŉűŉů ŋŶĻůŇŬĸŐźƁ ŋő Ŭŗ̏ūő śŶ ƬĶūŘ łūœūί ĨŉĶŶ  ȐūŉŗňƈĶ ĻĻūƈ 

śŶ ĶūŐƈƠŏ ŏƎ ĨŋŮ̓Ņ ƬŬŅŎūŬĸŐźƁ Ķź ŉŗūĻūő śƁőǕń ĶŶ  ĽŬŀœ ŋŭő͈˲ Ķź śŏľŉŶ ŏƎ śŜūŐŅū ƬŇūŉ Ķůί  
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Ŭŗ˵ ĥħŋůĥő ŬŇŗś Ķź  ŬĻỤ̆Ņ ĶőŅū śŏűŜ  

ŬĻƧ 

ģ×ɟć×ɟÑ ÏɭÍɭ ßȓ¤ Ŭɠ ÍɩßɡÏ yÙɨÖ ÙĦ¾Ø 

 


