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Ïðåäñòàâëåíû ðàññ÷èòàííûå èíòåíñèâíîñòè òðåõ ïîëîñ ïîãëîùåíèÿ 1–0, 2–0 è 3–0 ðàäèîàêòèâíîãî 
èçîòîïîëîãà õëîðèñòîãî âîäîðîäà H36Cl. Èíòåíñèâíîñòè ëèíèé áûëè ðàññ÷èòàíû ñ èñïîëüçîâàíèåì ïàðàìåò-
ðîâ ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà, ïîëó÷åííûõ ñ ïîìîùüþ èçîòîïè÷åñêèõ ñîîòíîøåíèé èç ïàðàìåòðîâ 
îäíîãî èç ñàìûõ ðàñïðîñòðàíåííûõ èçîòîïîëîãîâ ýòîé ìîëåêóëû H35Cl. Ïàðàìåòðû Í35Cl áûëè ïîäîãíàíû  
ê èíòåíñèâíîñòÿì ëèíèé, ïðåäñòàâëåííûì â áàçå äàííûõ HITRAN2020. 
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ëèíèé, ïàðàìåòð ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà; radioactive isotopologue, hydrogen chloride, absorption 
band, line intensity, effective dipole moment parameter. 

 
 

Ââåäåíèå 
 

Â 2022 ã. â ñòàòüå [1] áûëî îïóáëèêîâàíî ïåð-
âîå ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ñïåêòðà ïîãëî-
ùåíèÿ ðàäèîàêòèâíîãî èçîòîïîëîãà õëîðèñòîãî âîäî- 
ðîäà H36Cl. Àâòîðû ýòîé ðàáîòû çàðåãèñòðèðîâàëè 
ôóíäàìåíòàëüíóþ è ïåðâóþ îáåðòîííóþ ïîëîñû. 
Áûë ïðîâåäåí âðàùàòåëüíûé àíàëèç è îïðåäåëåíû 
ñïåêòðîñêîïè÷åñêèå ïîñòîÿííûå äëÿ ýòèõ ïîëîñ.  
Â [2] òåîðåòè÷åñêè ðàññ÷èòàíû öåíòðû ëèíèé ÷åòû-
ðåõ ïîëîñ (0–0, 1–0, 2–0 è 3–0) ýòîãî èçîòîïîëîãà 
íà áàçå èçîòîïè÷åñêè èíâàðèàíòíûõ ñïåêòðîñêîïè-
÷åñêèõ ïîñòîÿííûõ, ïîëó÷åííûõ ðàíåå äëÿ ìîëåêó-
ëû õëîðèñòîãî âîäîðîäà [3]. 

Â íàñòîÿùåé ðàáîòå â äîïîëíåíèå ê öåíòðàì 
ëèíèé ìû ïðåäñòàâëÿåì èíòåíñèâíîñòè ëèíèé òðåõ 
ïîëîñ (1–0, 2–0 è 3–0) ðàäèîàêòèâíîãî èçîòîïîëî-
ãà H36Cl. Îíè áûëè ðàññ÷èòàíû ñ èñïîëüçîâàíèåì 
ïàðàìåòðîâ ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà, 
ïîëó÷åííûõ ñ ïîìîùüþ èçîòîïè÷åñêèõ ñîîòíîøå-
íèé [4] èç ïàðàìåòðîâ äëÿ îäíîãî èç ñàìûõ ðàñïðî-
ñòðàíåííûõ èçîòîïîëîãîâ ýòîé ìîëåêóëû H35Cl. 

Èíôðàêðàñíûé ñïåêòð H36Cl ìîæåò áûòü èñ-
ïîëüçîâàí äëÿ äåòåêòèðîâàíèÿ ýòîãî ðàäèîàêòèâíî-
ãî èçîòîïîëîãà â ðàçëè÷íûõ ãàçîâûõ ñìåñÿõ. Ðà-
äèîàêòèâíûé èçîòîï 36Cl îáðàçóåòñÿ â âåðõíåé àò-
ìîñôåðå [5] è ïðè õèìè÷åñêîé ðåàêöèè ñ âîäîðîäîì 
äàåò ìîëåêóëó H36Cl. 

 

____________ 
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 1. Èíòåíñèâíîñòè ëèíèé è ïàðàìåòðû 
ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà 
 

Èíòåíñèâíîñòü ëèíèè ïîãëîùåíèÿ êîëåáàòåëüíî-
âðàùàòåëüíîãî ïåðåõîäà ′ ′ ←VJ VJ  âûðàæàåòñÿ êàê 

 
( )

′ ′ ′ ′← ←

−π

= ν ×

3 exp /8
( )

3 ( )

VJ

V J VJ V J VJ

hcE kT
S T Cg

hc Q T
 

′ ′←

′ ′←

⎡ ⎤− ν⎛ ⎞
× −⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
1 exp ,

V J VJ

V J VJ

hc
W

kT
 cì−1/(ìîë 

⋅
 cì−2), (1) 

ãäå T – òåìïåðàòóðà, Ê; C – èçîòîïè÷åñêàÿ ðàñ-
ïðîñòðàíåííîñòü; g – ÿäåðíûé ñòàòèñòè÷åñêèé âåñ; 

′ ′←νVJ VJ  – âîëíîâîå ÷èñëî ïåðåõîäà ′ ′← ;VJ VJ  EVJ – 
ýíåðãèÿ íèæíåãî ñîñòîÿíèÿ; c – ñêîðîñòü ñâåòà  
â âàêóóìå; h – ïîñòîÿííàÿ Ïëàíêà; k – ïîñòîÿííàÿ 
Áîëüöìàíà; Q(T) – ñòàòèñòè÷åñêàÿ ñóììà; ′ ′←V J VJW  – 
êâàäðàò äèïîëüíîãî ìîìåíòà ïåðåõîäà. Ïîñëåäíèé 

ìîæåò áûòü çàïèñàí â âèäå 
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2 2(1 ) ,V V
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ãäå m = −J äëÿ P-âåòâè è m = J + 1 äëÿ R-âåòâè  
(J – êâàíòîâîå ÷èñëî óãëîâîãî ìîìåíòà); ΔVM  – 
êîëåáàòåëüíûé ïàðàìåòð ýôôåêòèâíîãî äèïîëüíîãî 
ìîìåíòà; Δ ( )Vf V  – èçâåñòíàÿ ôóíêöèÿ êîëåáàòåëü-
íîãî êâàíòîâîãî ÷èñëà V ( Δ = Δ == =1 2(0) 1, (0) 2,V Vf f  

)Δ = =3(0) 6 ,Vf  Δ ( )JH J  – ôàêòîð Õåíëÿ–Ëîíäîíà 
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( )Δ = − Δ == = +1 1( ) , ( ) 1 ;J JH J J H J J  ΔV
Jb  è ΔV

Jd  – ïàðà-
ìåòðû Ãåðìàíà–Óîëëèñà. Ýòî ñîîòíîøåíèå ïîëó÷å-
íî â ðàìêàõ òåîðèè âîçìóùåíèÿ, êîãäà â êà÷åñòâå 
íóëåâîãî ïðèáëèæåíèÿ èñïîëüçóþòñÿ îïåðàòîðû 
ýíåðãèè ãàðìîíè÷åñêîãî êîëåáàíèÿ è æåñòêîãî ñèì-
ìåòðè÷íîãî âîë÷êà. 

Â íàøåé ðàáîòå [4] áûëè ïîëó÷åíû èçîòîïè÷å-
ñêèå ñîîòíîøåíèÿ äëÿ ïàðàìåòðîâ: 
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ãäå μ – ïðèâåäåííàÿ ìàññà äâóõàòîìíîé ìîëåêóëû, 
êîòîðàÿ ìîæåò áûòü âûðàæåíà ÷åðåç ìàññû àòîìîâ 
ìîëåêóëû m1 è m2 ñëåäóþùèì îáðàçîì: 
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+
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; (6) 

çíàê çâåçäî÷êè èñïîëüçóåòñÿ äëÿ ïàðàìåòðîâ èçîòî-
ïè÷åñêè çàìåùåííîé ìîëåêóëû. 

 

2. Ïàðàìåòðû ýôôåêòèâíîãî äèïîëüíîãî 
ìîìåíòà äëÿ èçîòîïîëîãîâ H35Cl è H36Cl 

 

Ïàðàìåòðû ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà 
äëÿ ïîëîñ 1–0, 2–0 è 3–0 èçîòîïîëîãà H35Cl áûëè 
ïîäîãíàíû ê èíòåíñèâíîñòÿì ëèíèé, ïðåäñòàâëåí-
íûì â áàçå äàííûõ HITRAN2020 [6], ñ ïîìîùüþ 
ñîîòíîøåíèé (1) è (2). ×òîáû ñîîòâåòñòâîâàòü  
áàçå äàííûõ HITRAN2020, ìû èñïîëüçîâàëè Ñ = 
= 0,757587, g = 8 è Q(296) = 160,654. Ïîäîãíàí-
íûå ïàðàìåòðû ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà 
è ñðåäíåêâàäðàòè÷íûå îòêëîíåíèÿ ïîäãîíîê (rms) 
ïðåäñòàâëåíû â òàáë. 1. Ïàðàìåòðû äëÿ ïîëîñ 1–0 
è 2–0 íàõîäÿòñÿ â õîðîøåì ñîãëàñèè ñ ñîîòâåòñò-
âóþùèìè ïàðàìåòðàìè èç ðàáîò [7] è [8] (ïîëîñà 
1–0). Ïàðàìåòð MΔV = 3 êîëåáàòåëüíîãî ìîìåíòà 
ïåðåõîäà óäîâëåòâîðèòåëüíî ñîãëàñóåòñÿ ñ ïàðàìåò-
ðîì èç [9]. 

 
Ò à á ë è ö à   1  

Ïàðàìåòðû ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà  
äëÿ ïîëîñ 1–0, 2–0 è 3–0 èçîòîïîëîãà H35Cl 

Ïàðà- 
ìåòð 

1–0 2–0 3–0 
Ìíîæè- 

òåëüa 

M, Ä 73,075(29)b 5,6973(23) 0,23198(19) 10−3 

bJ −1,328(23) −0,2759(32) 0,6696(50) 10−2 

dJ 0,336(17) 1,835(28) 2,806(49) 10−4 
rms, % 0,42 0,54 0,70  
____________  

Ï ð è ì å ÷ à í è å. à – ïàðàìåòðû â ñîîòâåòñòâóþùåì 
ðÿäó äîëæíû áûòü óìíîæåíû íà ïðåäñòàâëåííûé ìíîæè-
òåëü; b – ÷èñëà â ñêîáêàõ ñîîòâåòñòâóþò îäíîìó ñòàíäàðò-
íîìó îòêëîíåíèþ â åäèíèöàõ ïîñëåäíåé çíà÷àùåé öèôðû. 
 

Èñïîëüçóÿ èçîòîïè÷åñêèå ñîîòíîøåíèÿ (3)–(5), 
ìû ïåðåñ÷èòàëè ïàðàìåòðû èç òàáë. 1 íà èçîòîïî-
ëîã H36Cl. Ñîîòâåòñòâóþùèå ïàðàìåòðû ïðåäñòàâ-
ëåíû â òàáë. 2.  

 
Ò à á ë è ö à  2  

Ïàðàìåòðû ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà  
äëÿ ïîëîñ 1–0, 2–0 è 3–0 èçîòîïîëîãà H36Cl 

Ïàðàìåòð 1–0 2–0 3–0 Ìíîæèòåëüà 

M, Ä 73,061 5,6951 0,23185 10−3 
bJ −1,327 −0,2758 0,6693 10−2 
dJ 0,336 1,834 2,804 10−4 

____________  

Ï ð è ì å ÷ à í è å. à – ïàðàìåòðû â ñîîòâåòñòâóþùåì 
ðÿäó äîëæíû áûòü óìíîæåíû íà ïðåäñòàâëåííûé ìíî- 
æèòåëü. 

 

Êàê âèäíî èç òàáë. 1 è 2, ïàðàìåòðû ýôôåê-
òèâíîãî äèïîëüíîãî ìîìåíòà ïðàêòè÷åñêè ñîâïàäà-
þò äëÿ ýòèõ äâóõ èçîòîïîëîãîâ áëàãîäàðÿ òîìó, ÷òî 

èõ ïðèâåäåííûå ìàññû ïî÷òè ðàâíû: 
µ

=
µ

35

36

(H Cl)

(H Cl)
 

= 0,9992283. 

 

3. Ñòàòèñòè÷åñêèå ñóììû 
 

Äëÿ òîãî ÷òîáû ðàññ÷èòàòü èíòåíñèâíîñòè ëè-
íèé èçîòîïîëîãà H36Cl ñ ïîëó÷åííûìè ïàðàìåòðàìè 

ýôôåêòèâíîãî äèïîëüíîãî ìîìåíòà, íåîáõîäèìî 

çíàòü ñòàòèñòè÷åñêèå ñóììû äëÿ ýòîãî èçîòîïîëîãà. 
Ìû ðàññ÷èòàëè èõ â ïðèáëèæåíèè ïðîèçâåäåíèÿ 
âðàùàòåëüíîé ñòàòèñòè÷åñêîé ñóììû íà êîëåáàòåëü-
íóþ [10]: 
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g – ÿäåðíûé ñòàòèñòè÷åñêèé âåñ, g = 10 äëÿ âñåõ 

âðàùàòåëüíûõ óðîâíåé ýíåðãèè èçîòîïîëîãà H36Cl; 
gJ = (2J + 1). Âðàùàòåëüíûå ñòàòèñòè÷åñêèå ñóììû 
áûëè ðàññ÷èòàíû äëÿ îñíîâíîãî êîëåáàòåëüíîãî 
ñîñòîÿíèÿ íà îñíîâå âðàùàòåëüíûõ óðîâíåé ýíåð-
ãèè ER, ïîëó÷åííûõ ñ èñïîëüçîâàíèåì ïàðàìåòðîâ 

Äàíõýìà èç [2]. Ðàñ÷åò áûë ïðîâåäåí äëÿ òåìïåðàòóð 
îò −50 äî 50 

°C ñ øàãîì â 1 
°Ñ. Ïðåäïîëàãàëîñü, 

÷òî ñõîäèìîñòü ðàñ÷åòà äîñòèãíóòà, åñëè âêëàä îò 
íåó÷òåííîãî âðàùàòåëüíîãî ñîñòîÿíèÿ ìåíüøå, ÷åì 
0,0001. Êîëåáàòåëüíûå ñòàòèñòè÷åñêèå ñóììû áûëè 
ðàññ÷èòàíû äëÿ òîãî æå ñàìîãî èíòåðâàëà òåìïåðà-



 

 Èíòåíñèâíîñòè ñïåêòðàëüíûõ ëèíèé ðàäèîàêòèâíîãî èçîòîïîëîãà õëîðèñòîãî âîäîðîäà H36Cl 887 
 

òóð â ãàðìîíè÷åñêîì ïðèáëèæåíèè äëÿ êîëåáàòåëü-
íûõ ýíåðãèé EV. Â ýòîì ïðèáëèæåíèè [11]: 
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4. Ðàññ÷èòàííûå öåíòðû è èíòåíñèâíîñòè 
ëèíèé H36Cl 

 

Â òàáë. 4 ïðèâåäåíû ðàññ÷èòàííûå öåíòðû  
è èíòåíñèâíîñòè ñïåêòðàëüíûõ ëèíèé òðåõ ïîëîñ – 
1–0, 2–0 è 3–0 ðàäèîàêòèâíîãî èçîòîïîëîãà H36Cl. 
 

 

 

 
Ò à á ë è ö à  3  

Ñòàòèñòè÷åñêèå ñóììû H36Cl 

Ò, Ê QR QV Q Ò, Ê QR QV Q 

223 152,1693231 1,0000000042 152,1693 274 186,2522307 1,0000001520 186,2522 
224 152,8373509 1,0000000046 152,8373 275 186,9207909 1,0000001609 186,9208 
225 153,5053896 1,0000000050 153,5053 276 187,5893612 1,0000001703 187,5893 
226 154,1734392 1,0000000054 154,1734 277 188,2579415 1,0000001801 188,2579 
227 154,8414996 1,0000000059 154,8415 278 188,9265318 1,0000001905 188,9265 
228 155,5095709 1,0000000064 155,5095 279 189,5951322 1,0000002013 189,5951 
229 156,1776530 1,0000000069 156,1776 280 190,2637427 1,0000002127 190,2637 
230 156,8457459 1,0000000075 156,8457 281 190,9323631 1,0000002247 190,9324 
231 157,5138495 1,0000000082 157,5138 282 191,6009936 1,0000002372 191,6010 
232 158,1819639 1,0000000089 158,1819 283 192,2696340 1,0000002503 192,2696 
233 158,8500891 1,0000000096 158,8500 284 192,9382845 1,0000002641 192,9383 
234 159,5182249 1,0000000104 159,5182 285 193,6069449 1,0000002785 193,6069 
235 160,1863714 1,0000000112 160,1863 286 194,2756153 1,0000002936 194,2756 
236 160,8545286 1,0000000121 160,8545 287 194,9442957 1,0000003094 194,9443 
237 161,5226964 1,0000000131 161,5226 288 195,6129860 1,0000003259 195,6130 
238 162,1908748 1,0000000141 162,1908 289 196,2816863 1,0000003432 196,2817 
239 162,8590639 1,0000000152 162,8590 290 196,9503965 1,0000003613 196,9504 
240 163,5272635 1,0000000164 163,5272 291 197,6191167 1,0000003802 197,6191 
241 164,1954737 1,0000000177 164,1954 292 198,2878467 1,0000004000 198,2879 
242 164,8636944 1,0000000191 164,8636 293 198,9565867 1,0000004206 198,9566 
243 165,5319257 1,0000000205 165,5319 294 199,6253366 1,0000004421 199,6254 
244 166,2001674 1,0000000220 166,2001 295 200,2940963 1,0000004646 200,2941 
245 166,8684197 1,0000000237 166,8684 296 200,9628660 1,0000004881 200,9629 
246 167,5366824 1,0000000254 167,5366 297 201,6316455 1,0000005125 201,6317 
247 168,2049557 1,0000000273 168,2049 298 202,3004350 1,0000005381 202,3005 
248 168,8732393 1,0000000293 168,8732 299 202,9692342 1,0000005647 202,9693 
249 169,5415334 1,0000000314 169,5415 300 203,6380434 1,0000005924 203,6381 
250 170,2098378 1,0000000337 170,2098 301 204,3068623 1,0000006213 204,3069 
251 170,8781527 1,0000000361 170,8781 302 204,9756912 1,0000006514 204,9758 
252 171,5464780 1,0000000386 171,5464 303 205,6445298 1,0000006828 205,6446 
253 172,2148136 1,0000000413 172,2148 304 206,3133783 1,0000007154 206,3135 
254 172,8831596 1,0000000441 172,8831 305 206,9822366 1,0000007494 206,9823 
255 173,5515159 1,0000000472 173,5515 306 207,6511048 1,0000007847 207,6512 
256 174,2198825 1,0000000504 174,2198 307 208,3199827 1,0000008215 208,3201 
257 174,8882594 1,0000000538 174,8882 308 208,9888704 1,0000008597 208,9890 
258 175,5566466 1,0000000574 175,5566 309 209,6577680 1,0000008995 209,6579 
259 176,2250441 1,0000000612 176,2250 310 210,3266753 1,0000009408 210,3268 
260 176,8934518 1,0000000652 176,8934 311 210,9955924 1,0000009837 210,9957 
261 177,5618698 1,0000000695 177,5618 312 211,6645193 1,0000010283 211,6647 
262 178,2302981 1,0000000740 178,2303 313 212,3334559 1,0000010746 212,3336 
263 178,8987365 1,0000000788 178,8987 314 213,0024023 1,0000011227 213,0026 
264 179,5671852 1,0000000838 179,5672 315 213,6713585 1,0000011726 213,6716 
265 180,2356441 1,0000000892 180,2356 316 214,3403244 1,0000012244 214,3405 
266 180,9041131 1,0000000948 180,9041 317 215,0093000 1,0000012782 215,0095 
267 181,5725923 1,0000001007 181,5726 318 215,6782854 1,0000013339 215,6785 
268 182,2410817 1,0000001069 182,2411 319 216,3472806 1,0000013917 216,3475 
269 182,9095812 1,0000001135 182,9096 320 217,0162854 1,0000014516 217,0166 
270 183,5780909 1,0000001204 183,5781 321 217,6853000 1,0000015136 217,6856 
271 184,2466107 1,0000001277 184,2466 322 218,3543243 1,0000015780 218,3546 
272 184,9151406 1,0000001354 184,9151 323 219,0233583 1,0000016446 219,0237 
273 185,5836806 1,0000001435 185,5837     

 
ãäå ω – ÷àñòîòà ãàðìîíè÷åñêèõ êîëåáàíèé. ×àñòîòà 
ω = 2989, ñì−1 áûëà ïîëó÷åíà ñ èñïîëüçîâàíèåì êî-
ýôôèöèåíòîâ Äàíõýìà [2]. Âðàùàòåëüíûå, êîëåáà-
òåëüíûå è ïîëíûå (Q) ñòàòèñòè÷åñêèå ñóììû ïðåä-
ñòàâëåíû â òàáë 3. 

Öåíòðû ëèíèé âçÿòû èç ðàáîòû [2]. Èíòåíñèâíîñòè 
ëèíèé ðàññ÷èòàíû äëÿ ÷èñòîãî èçîòîïîëîãà (C = 1) 
è Ò = 296 Ê ñ èñïîëüçîâàíèåì ïàðàìåòðîâ ýôôåê-
òèâíîãî äèïîëüíîãî ìîìåíòà è ñòàòèñòè÷åñêèõ ñóìì, 
ïîëó÷åííûõ â íàñòîÿùåé ðàáîòå. 
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Ò à á ë è ö à  4  

Ðàññ÷èòàííûå öåíòðû è èíòåíñèâíîñòè ñïåêòðàëüíûõ ëèíèé  
äëÿ ïîëîñ 1–0, 2–0 è 3–0 ðàäèîàêòèâíîãî èçîòîïîëîãà H36Cl 

1–0 2–0 3–0 
m 

ν, ñì−1 S ν, ñì−1 S ν, ñì−1 S Elow, ñì
−1

 

−25 2215,3727 1,568E-31 4817,6392 3,173E-33 7317,5265 1,737E-35 6562,5477 

−24 2246,8454 1,614E-30 4863,2736 3,256E-32 7377,2874 1,791E-34 6072,9582 

−23 2278,0276 1,523E-29 4908,0482 3,068E-31 7435,6163 1,697E-33 5600,6049 

−22 2308,9068 1,318E-28 4951,9482 2,651E-30 7492,4968 1,474E-32 5145,7661 

−21 2339,4702 1,043E-27 4994,9588 2,096E-29 7547,9124 1,174E-31 4708,7102 

−20 2369,7050 7,536E-27 5037,0648 1,516E-28 7601,8464 8,547E-31 4289,6957 

−19 2399,5982 4,970E-26 5078,2510 1,000E-27 7654,2818 5,684E-30 3888,9710 

−18 2429,1367 2,985E-25 5118,5023 6,019E-27 7705,2017 3,449E-29 3506,7740 

−17 2458,3073 1,631E-24 5157,8032 3,297E-26 7754,5891 1,906E-28 3143,3321 

−16 2487,0966 8,095E-24 5196,1384 1,641E-25 7802,4271 9,578E-28 2798,8619 

−15 2515,4913 3,644E-23 5233,4926 7,417E-25 7848,6988 4,373E-27 2473,5691 

−14 2543,4780 1,486E-22 5269,8504 3,038E-24 7893,3871 1,810E-26 2167,6483 

−13 2571,0430 5,478E-22 5305,1967 1,126E-23 7936,4755 6,787E-26 1881,2826 

−12 2598,1730 1,823E-21 5339,5160 3,771E-23 7977,9473 2,300E-25 1614,6440 

−11 2624,8544 5,468E-21 5372,7934 1,139E-22 8017,7860 7,036E-25 1367,8925 

−10 2651,0736 1,475E-20 5405,0138 3,097E-22 8055,9753 1,938E-24 1141,1768 

−9 2676,8171 3,569E-20 5436,1624 7,560E-22 8092,4993 4,795E-24 934,6332 

−8 2702,0713 7,724E-20 5466,2244 1,652E-21 8127,3422 1,063E-23 748,3864 

−7 2726,8229 1,489E-19 5495,1851 3,219E-21 8160,4883 2,102E-23 582,5488 

−6 2751,0584 2,546E-19 5523,0304 5,565E-21 8191,9226 3,688E-23 437,2207 

−5 2774,7645 3,825E-19 5549,7458 8,465E-21 8221,6301 5,698E-23 312,4899 

−4 2797,9279 4,987E-19 5575,3176 1,118E-20 8249,5962 7,650E-23 208,4319 

−3 2820,5354 5,509E-19 5599,7319 1,253E-20 8275,8067 8,714E-23 125,1097 

−2 2842,5741 4,888E-19 5622,9753 1,129E-20 8300,2478 7,981E-23 62,5738 

−1 2864,0309 2,938E-19 5645,0345 6,893E-21 8322,9059 4,959E-23 20,8621 
1 2905,1479 3,127E-19 5685,5491 7,599E-21 8362,8216 5,665E-23 0,0000 
2 2924,7830 5,539E-19 5703,9794 1,372E-20 8380,0542 1,041E-22 20,8621 
3 2943,7860 6,645E-19 5721,1756 1,679E-20 8395,4543 1,298E-22 62,5738 
4 2962,1447 6,401E-19 5737,1260 1,651E-20 8409,0103 1,301E-22 125,1097 
5 2979,8473 5,222E-19 5751,8192 1,377E-20 8420,7114 1,105E-22 208,4319 
6 2996,8819 3,696E-19 5765,2441 9,973E-21 8430,5473 8,160E-23 312,4899 
7 3013,2370 2,299E-19 5777,3901 6,354E-21 8438,5079 5,300E-23 437,2207 
8 3028,9014 1,267E-19 5788,2468 3,590E-21 8444,5837 3,052E-23 582,5488 
9 3043,8639 6,216E-20 5797,8042 1,808E-21 8448,7657 1,567E-23 748,3864 
10 3058,1137 2,726E-20 5806,0528 8,147E-22 8451,0453 7,201E-24 934,6332 
11 3071,6403 1,072E-20 5812,9833 3,295E-22 8451,4145 2,970E-24 1141,1768 
12 3084,4331 3,789E-21 5818,5868 1,199E-22 8449,8656 1,102E-24 1367,8925 
13 3096,4823 1,205E-21 5822,8547 3,931E-23 8446,3915 3,684E-25 1614,6440 
14 3107,7778 3,460E-22 5825,7791 1,164E-23 8440,9853 1,112E-25 1881,2826 
15 3118,3103 8,970E-23 5827,3521 3,117E-24 8433,6408 3,036E-26 2167,6483 
16 3128,0703 2,104E-23 5827,5662 7,558E-25 8424,3521 7,507E-27 2473,5691 
17 3137,0488 4,473E-24 5826,4144 1,663E-25 8413,1138 1,683E-27 2798,8619 
18 3145,2371 8,627E-25 5823,8899 3,322E-26 8399,9207 3,428E-28 3143,3321 
19 3152,6267 1,512E-25 5819,9865 6,037E-27 8384,7681 6,348E-29 3506,7740 
20 3159,2094 2,410E-26 5814,6980 9,991E-28 8367,6516 1,070E-29 3888,9710 
21 3164,9772 3,500E-27 5808,0186 1,508E-28 8348,5672 1,646E-30 4289,6957 
22 3169,9224 4,638E-28 5799,9429 2,079E-29 8327,5110 2,311E-31 4708,7102 
23 3174,0375 5,614E-29 5790,4657 2,620E-30 8304,4795 2,966E-32 5145,7661 
24 3177,3155 6,218E-30 5779,5820 3,025E-31 8279,4693 3,486E-33 5600,6049 
25 3179,7494 6,310E-31 5767,2872 3,203E-32 8252,4773 3,756E-34 6072,9582 
26 3181,3323 5,875E-32 5753,5767 3,115E-33 8223,5003 3,717E-35 6562,5477 

_____________  

Ï ð è ì å ÷ à í è å. Èíòåíñèâíîñòè ëèíèé ïðèâåäåíû äëÿ 100% êîíöåíòðàöèè H36Cl â åäè-
íèöàõ cì−1/(ìîë 

⋅
 cì–2) ïðè Ò = 296 Ê. 

 

 

Íà ðèñóíêå ïðåäñòàâëåíà äèàãðàììà èíòåíñèâ-
íîñòåé äëÿ ïîëîñû 1–0 èçîòîïîëîãîâ H35Cl è H36Cl. 
Çíà÷åíèÿ èíòåíñèâíîñòåé ëèíèé äëÿ ýòèõ èçîòîïî-

ëîãîâ áëèçêè äðóã ê äðóãó. Ñ äðóãîé ñòîðîíû, êàê 
ýòî áûëî ïîêàçàíî â ðàáîòå [1], öåíòðû ëèíèé ñëåã-
êà ñäâèíóòû (íà åäèíèöû ñì−1). 
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Äèàãðàììà èíòåíñèâíîñòåé äëÿ ïîëîñ 1–0 èçîòîïîëîãîâ H35Cl è H36Cl ïðè Ò = 296 Ê; èíòåíñèâíîñòè äàíû äëÿ 100% êîí- 
  öåíòðàöèé èçîòîïîëîãîâ 

 

Çàêëþ÷åíèå 
 

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ðàññ÷èòàííûå 
öåíòðû è èíòåíñèâíîñòè ñïåêòðàëüíûõ ëèíèé ïîëîñ 
1–0, 2–0 è 3–0 ðàäèîàêòèâíîãî èçîòîïîëîãà H36Cl. 
Ýòè äàííûå ìîãóò áûòü èñïîëüçîâàíû äëÿ åãî äåòåê-
òèðîâàíèÿ â ðàçëè÷íûõ ãàçîâûõ ñðåäàõ ñïåêòðîñêî-
ïè÷åñêèìè ìåòîäàìè. Òî÷íîñòü ðàñ÷åòîâ èíòåíñèâíî-
ñòåé ñïåêòðàëüíûõ ëèíèé ðàäèîàêòèâíîãî èçîòîïî-
ëîãà õëîðèñòîãî âîäîðîäà H36Cl çàâèñèò â îñíîâíîì 
îò íåîïðåäåëåííîñòè ýêñïåðèìåíòàëüíûõ çíà÷åíèé 
èíòåíñèâíîñòåé ëèíèé èçîòîïîëîãà H35Cl, ïîñêîëüêó 
ïðè ïîëó÷åíèè èçîòîïè÷åñêèõ ñîîòíîøåíèé (3)–(5) 
ó÷èòûâàëèñü âêëàäû â ýôôåêòèâíûé äèïîëüíûé ìî-
ìåíò, íà äâà ïîðÿäêà ìåíüøèå, ÷åì îñíîâíîé âêëàä, 
à âîëíîâûå ÷èñëà è ýíåðãèè íèæíèõ ñîñòîÿíèé ðàñ-
ñ÷èòûâàþòñÿ ñ ïîìîùüþ èçîòîïè÷åñêè èíâàðèàíò-
íûõ ïàðàìåòðîâ Äàíõýìà ñ âûñîêîé òî÷íîñòüþ [2]. 
Îñíîâûâàÿñü íà èíôîðìàöèè, ïðåäñòàâëåííîé  

â áàçå äàííûõ HITRAN2020 [6], äëÿ èíòåíñèâíîñòåé 
ëèíèé èçîòîïîëîãà H35Cl ìû îöåíèâàåì òî÷íîñòü 
ðàñ÷åòîâ èíòåíñèâíîñòåé ëèíèé H36Cl äëÿ ïîëîñû 

1–0 â ïðåäåëàõ 2–5% â çàâèñèìîñòè îò âðàùàòåëü-
íîãî êâàíòîâîãî ÷èñëà J, äëÿ ïîëîñû 2–0 – â ïðåäå-
ëàõ 3–10%, à äëÿ ïîëîñû 3–0 – â ïðåäåëàõ 6–20%. 
 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèÿ, ïðîâåäåííûå 
â Èíñòèòóòå îïòèêè àòìîñôåðû èì Â.Å Çóåâà ÑÎ 
ÐÀÍ, âûïîëíåíû ïðè ôèíàíñîâîé ïîääåðæêè Ìè-

íèñòåðñòâà íàóêè è âûñøåãî îáðàçîâàíèÿ ÐÔ (ïðî-
åêò ¹ 121031500297-3). 
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A.A. Marinina, T.I. Velichko, V.I. Perevalov. Line intensities of the H36Cl radioactive isotopologue  
of hydrogen chloride. 

The calculated line intensities of the 1–0, 2–0 and 3–0 absorption bands of the radioactive hydrogen 
chloride isotopologue H36Cl are presented. The line positions were calculated using the Dunham coefficients ob-
tained with the help of the isotopic independent spectroscopic constants. The line intensities of these bands 
were calculated using the effective dipole moment parameters obtained with the help of the isotopic substitu-
tion equations based on the effective dipole moment parameters of the H35Cl isotopologue. The latter were fit-
ted to the line intensities presented in the HITRAN2020 database. 

 
 


