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3 KOJIOrHM ECKHE IIO C JIEA C TBH fl A EH C TBH ÍI  
B b lC O K O T E M Ü E P A T yP H b lX  IIO A3 EM H bIX  BO A  HA T O P H blE  
n O P O A b l

AHHOTaiiHa. PaccMOTpeHbi aKOJiormecKHe h3mchchh5i b nofl3eMHbix Boąax nofl 
BiiHBHHeM BHCOKHx TeMnepaTyp. ycTaHOBJieHO, hto noBbiiuenHan TeMnepaTypa ycKopser 
xHMHaecKHe peaicnHH pacTBopenna coneli, MHHepajioB, a Tarace pacnąą paflHoaKTHBHbix 
H30TonoB c nocjieayiomHM 3arpfl3HCHHCM boahmx pecypcoB.

EKOLOGICZNE SKUTKI ODDZIAŁYWANIA 
WYSOKOTEMPERATUROWYCH WÓD PODZIEMNYCH NA 
GÓROTWÓR

Streszczenie. Rozpatrzono zmiany w wodach podziemnych pod wpływem wysokich 
temperatur. Stwierdzono że podwyższona temperatura przyśpiesza reakcje chemiczne 
rozpuszczania soli, minerałów, a także rozpad izotopów radioaktywnych powodujących 
zanieczyszczenie zasobów wodnych.

IIpH 3KcnjiyaTatiHH npoMbiuuieHHbix TermoBbix coopymeHHH 3aHacTyio H3 -  3a 

HeąocTaTOHHO naąe>KH0H Tenno - h rmipomojiauHH b rpyHTOBOM MaccuBe ociioBaiina 

coopyaceHHH Ha ąocTaTOHHO óoabmyio rjiyómiy (o t 30 ąo 50 m) pacnpocTpanaiOTca 

noBbmieHHbie TeMnepaTypbi (200-600 °C). IlocKOjrbKy b nopax h T p e u m H a x  nopoą 

npircyTCTByeT onpeąejieniioe kojihhcctbo xhmhhcckh CBrnannoił, (jw3HHecKH CBasaiinofi, 

cbo6oahoh h TBcpąon BJiara, ee CBotłcTBa non ąeiicTBueM TeMnepaTyp MoryT 3aMerao 

n3MeiiaTbCJi. Xhmhhcckh CBJJ3aHHaa Bona Hapaay c ąpyrnMH MOJiei<yjiaMn h HOHaMH bxoaht 

b coCTaB KpHCTajiJTHHecKon peuieTKH MHHepajioB; ynajieinie laKoti bo/iw npHBoąHT 

k pajpymeHHK) MHHepana, nepexony ero b  Se jBoanoe coc/umernic.
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K p H C T a n j iH 3 a u H O H H a a  B o a a  x a p a K T e p H a  aaa n p H p o a n o r o  a s y B o a H o r o  r w i c a  

C a S 0 4 . 2 H 2 0 ,  o n a j i a  SÍ02.2H 20 , x a p H a j u i H T a  K Cl.M gCl2.6H 2O , K a o j iH H r n a  

A l 2O 3 .2 S i O 2 .2 H 2O  h  M H o n i x  a p y r u x  M H H e p a j io B .  K p H C T a j i i iH 3 a u H O H H a a  B o a a ,  x a ic  n p a B H J io ,  

y a a j w e x c a  n p n  T e M n e p a T y p e  200 -  600°C. B o a y ,  o ß p a a y i o m y i o c a  n p n  H a r p e B e  h3 B x o a a m n x  

B K p H C T a jIJ IH H e C K y iO  p e m e T K y  rH a p O K C H JIb H b lX  H O H O B OH“ H H+, H a 3 bIB aiO T  

K O H C T H T y u H O H H O H . T e M n e p a T y p a  ee B b i a e a e H H a  h3 c o c T a ß a  M H H e p a a o B  a o c x n r a e x  1300 °C. 

n m p o K C H J i b H b i e  H O H b i H M e iO T c a  b c o c T a ß e  T a j i b x a  Mg3(OH)2 SÍ4O10, M a j i a x H T a  Cu2 [CO5] 

(OH)2 ,  B H a o H 3 M e n e H H o r o  K a o j iH H H ia  Al2(OH)4.SiOs _ M y c K O B H T a  K  Al2(OH)2.AIS¡30io , 

c e p n e H T H H a  M g3(OH)4.SÍ205, Ö H O iH x a  K(M g,Fe)3.(O H )2[AlSÍ3O |0] h a p .  B c a e a c T B H e  

H a p y m e H H a  K p H C T a J ijiH H e c K O H  p e m e T K H  M H H e p a a o B  n p H  B b i a e a e H H H  h3 hhx xhmhhcckh 

C B a 3 a H H O H  B O flb i n p o H c x o / i H T  o c j i a ö j r e H H c  h p a 3 p y m e H H e  n o p o a ,  a b H e K O T o p w x  c a y n a a x  hx 

y n p o H H e H H e  ( r j i H H b i ) .

OH3HHecKH CBa3aHHaa Boaa npoHHO coeanHena MOJieKyjiapHbiMH chji3mh c XBepawMH 

HacTHqaMH nopoa«, oÔBoaaKHBaa hx b BHfle nncHKH h yaepwHBaacb Ha noBepxHocra 

MHHepajibHbix nacTHLi 3a c h c t  3aeKTpocTaTHHecKoro npHTaaceHHa. Bojibuihhctbo ropHbix 

nopoa OTHOCHTCa K xopouio CMaHHBaeMbiM (rH/ipo4)HJIbHbIM), a HCKOTOpue -  k naoxo 

CMaHHBaeMbiM h a a * e  nojiHOCTbio He CMaHHBaeMbiM (rH^pocJioOHbiM), HanpHMep, cepa, yrsiu, 

ÔHTyMHH03Hbie necHaHHKH h ap. AacopöijHOHHaa cnocoöiiocTb ropHbix nopoa B03pacTaeT 

npH HajIHHHH B HHX paCTBOpHMblX COJieH. CjICayCX TOKH/iaTb, HTO npH nOCTynjieHHH COJiaHblX 

pacTBopoB noa aeñcxBHeM noBbiuieHHwx TeMnepaTyp aacop6uH.ii 6yaex npoTexaib 

HHTeHCHBHee, cooTBeTCTBeHHO ycHJiHBaa pa3pyniHTejTbHbie npouecc«.

OH3HHecKH CBa3aHHaa Boaa b HopMaabHbix yc/ioBHax He nepeMemaeTca b nopoaax, 

HMeeT BbicoKyio naoxnocxb (ao  17,4 kH/ m3), HH3Kyio TenaoeMKOCTb, anaaeKxpHHecKyio 

npoHHLiaeMOCTb, aaeierponpoBoaHOCTb h He aBnaeTca pacTBopHTeneii cojieñ. Taxas Boaa 

yaaaseT cs H3 n o p o a «  tojibko nyTeM HarpeBa ao T eM nepaT ypbi 110 °C. Hajinnne Taxon 

BOflbI 3HaHHTejlbHO H3MeHaeT CBOHCTBa nopoa.

KojiHMecTBo Boabi, yaepxKHBaeMOH noBepxHOCTHbiMH cnjiaMH MoaexysspHoro 

npHTaaccHHa, xapaxxepH3yex BJiaroeMKOCTb nopoa«. MojreKyjiapnaa BJiaroeMKOCTb 

h MaKCHMajibHaa rHrpocxonuHHOcxb o6ycsoBaenbi HajiHHHeM b nopoae naeiiOHHOM 

caa6ocBa3aHHOH Boabi. OHa oxsHaaexcs o t  4)H3HHecKH npoHHO cBS3aHH0H Boabi 

enocoÖHOCTbio nepeaBHraTbca noa aeiicTBHeM MoaexyaspHbix cna npHTssceHHs. Baaaoibie 

nopoabi o6aaaaioT cnocoöiiocxbio aacopOwpoBaxb Hapaay c Boaoü h o h h  h3 Hacbimaiomero 

pacTBopa, T.e. hoh ho -  cop6uHOHHOH cnocoöiiocxbio [ 1].
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C ß o ö o a H a a  B O « a  b  n o p o a a x  m o ä c t  i i a x o a n T b C H  b  B i i a e  x a n n a a a p H o n  B o a w ,  

y f le p a c H B a e M o f t  b  n o p a x  c H J ia M H  K a n n j u i a p n o r o  n o f l H a m a ,  h  b  B n a e  r p a ß H T a w i o H H O H  B o a w ,  

s a n o j T H a i o m e n  K p y n H b i e  n o p w  h  n e p e a B i i r a i o m c H C H  b  n o p o a a x  n o a  a e ñ c T B H e M  c n a  T a r e e r a  

H a n  a a ß a e n n a  ( H a n o p a ) .

B 33BHCHMOCTH OT MHHCpaabHOrO H 3epHOBOTO COCTaBa nopoa H 4>OpMbI aaCTHU 

cooTHomeHHe BnaoB Boaw b  nopoae pa3Jinmo. HanpnMcp, necKH coaepacaT b  o c h o b h o m  

rpaBHTaunoHHyio Boay, a raHHbi h cyranHKH - MoaexyaapHyio. B raHHax coaepacaHne 

KannaaapHOH Boabi aocraraeT 1 8 - 5 0  %. HeM 6oabuie MoaexyaapHaa BaaroeMKOCTb nopoa, 

TeM MeHbme nx KoafjajwuneHT BoaooTaaan. HanpnMep, y  aeccoB, ranH h  nbiaeßaTbix necKOB 

(nabiByHOB) BoaooTaaaa oaeub caaöaa.

OcHOBHbie cBOHCTBa noa3eMHbix Boa - naoTHocTb, Ba3KocTb, (jmabTpauHOHHaa 

cnocoÓHOCTb, CKopocTb aH(J)(J)y3HH Moaexya u hohob, pacTBopaiomaa cnoco6nocTb 3aBHcaT 

ot CTpyKTypbi Boaw. OcoßennocTaMH cTpyxTypw Boabi o6ycaoBaeHbi Taxace Bce H3BecTHbie 

aHOMaann ee (})H3hhccxhx cboííctb [2], OnpeaeaeHHbiM TeMnepaiypaM n aaßaeHnaM 

cooTBeTCTByeT cneuHcjwaecxaa CTpyxrypa noa3eMHon Boabi. B Boae HMeeT MecTO 

CTpyxTypHoe paBHOBecne Meacay MoaexyaaMn, 3aBHcamee o t  TeMnepaTypw n aaBaenna. 

C noBbiuieHneM TeMnepaTypw ycnanBaioTca xoaeßanna Moaexya oxoao cocToaHnn 

BpeMeHHoro paBHOBecna, BcaeacTBne aero acjxjiexTHBHWH paanyc Moaexya yBeananBaeTca, 

Meacay hhmh HapymaioTca BoaopoaHbie cb33h, hto npnBoanT x HapyuieHHio 6anacHen 

ynopaaoacHnocTH (ynaoTHeHHOCTn) pacnoaoacenna Moaexya , CBOHCTBeHHOH Boae. Tax, 

npn TeMnepaType naaBaenna abaa (cBbiine 0 °C) pa3pbiBaeTca oxoao 9 % BoaopoaHbix 

cBa3en, npn xnneHHH Boaw pa3pwBaeTca 6oaee 20 % CBa3en, npn 200 °C -*oxoao 35 %, npn 

300 °C - ao 62 % n npn 350 °C h 6oaee Bce Moaexyaw pa3pwBaK>Tca n cTaHOBaTca 

CBOöoaHWMH, T.e. Boaa nepexoanT b BoaaHon nap. K aHaaornanoMy pe3yabTaTy npnBoanT 

noBbiuieHne aaßaenna, nocxoabxy n b 3tom cayaae nponcxoanT pa3pymeHne BoaopoaHbix 

CBa3en h Moaexyaw 3anoaHaioT nycTOTbi [3, 4],

Pa3pymeHne CTpyxTypw Boaw npnBoaHT x TOMy, hto aaabHenuiee noBbiuieHne 

aaBaeHna npenaTCTByeT BoaaencTBHio TeMnepaiypw n ocaa6aaeT TpaHcaannoHHoe 

aBHacenne Moaexya Boaw, yBeananBaa ee Ba3xocTb.

MoacHO BbiaeanTb Hecxoabxo xapaxTepHbix rpannanbix Toaex, pa3aeaaromnx 

cocToaHne rpyHTOBon Boaw Ha (J)a3bi c  pæsaHHHHMH CTpyxrypHWMH CBa3aMH. 

B 3aBHCHMOCTH o t TenaoBOTO noTOxa. TlepBOH aßaaeTca Toaxa 3aMep3aHna Boaw, xoraa ee 

Moaexyaw o6pa3yioT CTporo ynopaaoaennyio peuieTxy, a nx noaoaceHne <})HXCHpyeTca 

BoaopoaHHMH CBa3aMH. BTopon aßaaeTca Toaxa xnnenHa Boaw, xoraa 20 % BoaopoaHbix
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cßü3cii pa3opBaHi»i h Bo^a npH aaBaeHHH, MeHbuieM AaßaeHHa HacbimeHHoro napa, BCKHnaeT. 

TpeTbfl TOHKa - KpHTHHecKaa TeMnepaTypa, B u r n e  KOTopoił BOAopoAHbie cbjt:sh paapwisaioTcsi 

h BOfla nepexoflHT b ra30o6pa3Hoe coctobhuc.

Cßo6oAHaa ßo/ia, ynacTByiomaa b noA'iCMHOM cTOKe, ncnbiTbiBaeT raapocTaTHHecKoe 

flaBjieHne, KOTopoe b 6 ojibmHHCTBe caynaeB b 2 - 3  pa3a MeHbine AaBnenna ropHbix nopofl. 

^aB/ienne boabi, H30Jinp0 BaHH0H b 3aMKHyTbix nycTOTax nopoA, npnMcpno OAHHaKOBO. Oho 

H3MeHHGTCH OT 0,1 AO 850 MÜa B MaCCHBe jTHTOC(|)epbI B 3aBHCHMOCTH OT rjiyÖHHbl. OflHaKO 

npaKTHHecKH H3 — 3a BbicoKoro AaßaeHHa BOAa He BCKnnaeT ao Tex nop, noxa e e  

TeMneparypa He npeBbicHT xpHTHHecxoro 3HaneHHa. Topanaa BOAa, npoxoaa reoaorHnecxHe 

ejión, pacTBopacT cojih, MHHepajibi, Macaa h cmojibi h caMa MHnepaaH3ycTca, npH 3tom 

TOHKa KHneHHa BOAbi H3MCHflGTCa B 3aBHCHMOCTH OT MHHepaAH3aUHH H AaBHeHHa. TaK, 

b HacbiujeHHOM pacTBOpe NaCl npn P = 0,1 MÜa TOHKa xnneHHa cocTaßaaeT 108,8 °C. Ecjih 

AaßaeHHe MeHbme, TOHKa KHneHHa He AOCTHraeT 100 °C. Bo mhothx caynaax Maao 

MHHepajIH30BaHHbIX nOA3eMIIbIX BOA B 3aBHCHMOCTH OT aTMOC(J)epHOrO ABBAeHHa TOHKa 

KHneHHa cocTaB.nacT 97 -  99 °C. C pocTOM AaBJicuna h Mi-mepainmuHH TOHKa KHneHHa 

BOAbi cooTBeTCTBeHHO nepeMemaeTca BBepx, npH stom Ana KOHnenTpupoBaiiHbix 

BbicoKOMHHepaAH30BaHHbix pacTBopoB KpHTHHecKaa TeMnepaiypa h Aaßneime 6yAyi 

3HaHHTeJibHo Bbirne, hcm ah a axoaorHHecxH hhctoh boabi.

H am h 3KcnepHMeHTbi c o6pa3naMH cnoHAHAOBoñ rjiHHbi npn HarpeßaHHH ao 

pa3AHHHOH TeMnepaTypbi noKa3aan, hto no Mepe HarpeBa ao 120 °C nponcxoAHT iicnapeime 

rnrpocKonnHecKOH Baarn. TTpH nanbnefmieM HarpeBe MHHcpanbi, cocTaBaaiomne riiHHy, 

TepaioT KpncTajui!i3aiiH0HHyK) BOAy, a  npn TeMnepaType 400  -  500 °C H3 rjimibi ynanaerca 

KOHCTHTyUHOHHaa BOAa,

I T p n  B b ic o K H x  T e M n e p a i y p a x ,  n p O H U K a io m n x  b  r p y i r r  n o A  T e n a o B b i M H  c o o p y a c e H H a M H ,  

n o A 3 e M H a a  B O A a  n p c B p a m a c T c a  b  b o a b h o h  n a p  c  n o B b i i n e m i b i M H  T e p M O A H H aM H H e c K H M H  

n a p a M e T p a M H ,  H a n p n M e p ,  c  3 i i T a . n b n n e n  o x o a o  3000 k / I ż k / k t  . P a c T B o p a i o m a a  e n o c o Ö H O C T b  

T a K o r o  n a p a  n o  o t h o i h c h h k )  k  c o a a M  n  x h m h h c c k h m  3 a c M e i iT a M  3 H a H H T e a b H o  B b i i n e ,  h c m  

y h h c t o h  B O A b i. y  n e p e r p e T o r o  n a o r a o r o  n a p a  ( ] ) n a b T p a n H O H n a a  c n o c o ö n o c T b  3 H a H H T e a b H O  

B b i r n e  n o  c p a B H e H H i o  c  h h c t o h  b o a o h .

T e M n e p a T y p a ,  H 3 a y n a e M a a  T e n a o B b i M H  c o o p y a c e H H H M H , p a c n p o c i p a H a a c b  H a  ß o n b u i y r o  

r a y 6 H H y ,  c n o c o ö c T B y e T  < |) o p M H p o B a H H io  h o b m x  h c t o h h h k o b  T e n a a  — n e p B H H H b ix  

H B T O p H H H b IX .

K nepBHHHbiM MOHCHO OTHecTH npeo6pa30BaHHe b Tenao anepran paAHoaKTHBHoro 

p a c n a A a  H 3 0 T o n o B ,  K O T o p w e  H M e iO T c a  b  c o c T a B e  r o p i i b r x  n o p o A -  E c T e c T B e H H a a
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p a a H o a K T H B H o c T b  r o p H b i x  n o p o a  o 6 y c n o B J i e n a  H a jiH H H e M  b  h x  c o c T a B e  j i h 6 o  M H H e p a j io B ,  

c o a c p ) K a m H X  p a z iH o a K T H B H b ie  3 J ie M e t iT b i  ( y p a H ,  T o p n i ł ,  p a u n i ł ) ,  j i h 6 o  pauHoaKTHBHbie 

H3 0 T o n b i  (K ajT H H , K a jib U H H , p y O H f l n a ,  u n p K O H H a ,  o j iO B a ,  T e j m y p a ,  B O J ib i j ip a M a , p e n n a  

h  B H C M y T a ) . H e K O T o p w e  M H H e p a j ib i  o G j i a n a i o T  c n o c o 6 n o c T b i o  a u c o p O H p o B a T b  H 3 

O K p y w a i o m e i ł  c p e u b i  p a f lH o a K T H B H b ie  3JieMeHTbi h  H 3 0 T o n b i .  H a j iH H H e  t 3 k h x  M H H e p a j io B  b  

r o p H b ix  n o p o u a x ,  H a n p H M e p ,  n p n c y T C T B H e  t j i h h  b  M e p r e j i a x ,  n o B B iu i a e T  h x  

p a a n o a K T H B H O C T b . H x  p a z u io a K T H B H b ii ł  p a c n a u  a K T H B i n n p y e T c a  n p n  n o B b im e H H H  

T e M n e p a T y p b i  b  p e 3 y j i b T a T e  A B H iK e H H a  r o p a w e i i  b o / i m .  KoponcoacHBymHe p a u H o a K T H B H b ie  

H3 0 T o n w ,  T aK H C  K aK  A l26, B e10, C l36 , K O T o p w e  c o n e p a c a T c a  b o  M H o rH X  r o p H b i x  n o p o , u a x ,  

TaKHce aK T H B H 3 H p y K )T C H  o t  n p H T O K a  u r e H e p a u H H  r o p a H e i i  b o a m .

B npHcyTCTBHH p acn au a  a o j i t o -  h KpaTKO*HByiuHx paAHoaKTHBHbix H30TonoB 

noflieMHaa Boua m ojkct 3axBaTbraaTb Ha CBoeM (jm ntTpannoim oM  nyTH h  nepeHOCHTb 

MHOTHe HCTOHHHKH renepailHH 3a rp 83HeHHH.

K B T o p H H H b iM  HCTOHHHKaM T e n u a  o t h o c j i t c h  n p o u e c c b i ,  n p e o 6 p a 3 y i o m H e  b  T e n n o  

3 H e p rH K )  T eK T O H H H eC K H X  ,XBH>KCHHH, X H M H H eC K H X  p e a K U H H  H c{)a3 0 B bIX  n p e B p a m e H H H  

M H H e p a j io B . B p e 3 y j i b T a T e  r c H e p a m i H  T e M n e p a T y p b i  h  A B H a c e H H a  r o p a n e H  b o a m  b  n o p o B O M  

n p o c T p a H C T B e  h  b  T p e u i H H a x  3 t h  n p o u e c c b i  y c K o p a i o T c a .

TenjioBoił 3(j)4>eKT xhm hhcckhx  peaKunii, KOTopwe HHHUHHpyeT TeMnepaTypa 

o t  TenjiOBbix coopy>KeHHH h  nepeMemeHHa noA3eMHbix ro p a lm x boa, m ojkct ycKOpHTb 

pacTBopeHHe MHHepajioB h cojieii, xhm hlicckhx pearem o B , 3a rp a 3Haa no/peM Hbie boam 

b 6ojibuiHX o 6i>eMax. n p o u eccb i pacTBopeHua ropHbix nopou  o 6ycjioBJiHBaiOT 

B03HHKHOBeHHe H pa3BHTHe KapCTOBbIX HBJieHHH. npncyTCTBHe B BO/IHOM pąCTBOpe Na+ H 

C1‘ możkct yBenHMHTb pacTBopHMOCTb ra n c a  b 4 -  5 pa3 Aaace n p n  TeMnepaType 25°C.

PacTBopHMocTb ropHbix nopon b BOAe o6pa™ o nponopuHOHajibHa 3HeprHH 

KpHCTajuiHMecKHx p e u ie T O K .  HanpHMep, una N aC l, C aS0 4 , CaCCh pacTBopHMOCTb paBHa 

cooTBeTCTBeHHO 3 2 0 ; 2 , 1; 0,15 r/ji npn TeMnepaType 25 °C.

TeMnepaTypa noA3CMHOH boabi coiuacT  6jiaronpHaTHbie ycnoBHa jp ia  ycKopeHHa 

XHMHnecKHX peaKUHH Kap6 oHaTHbix nopou , noneBbix uinaTOB, cyjib<J)aTHbix nopou  

(aHTHupHTa, THnca) h  A pyrnx MHHepajioB, KOTopwe pacnauaiOTca Ha OT/ienbiibie aneMeiiTbi 

h mejioHHbie BemecTBa. CoBOKynHocTb pacTBopeHHbix cojieii h  xhm hhcckhx  peareHTOB 

cyiuecTBeHHO 3a rp a 3HaeT no,T3eMiibie bo/iłi.

Ha ocHOBe BBiiueranoHceHHoro mohcho cuenaTt cjieuyioujHe bbiboabi:

- BbicoKue TeMnepaTypbi o t  Tenji0Bbix coopy/Kemin nepeuaioTca b rpyHT ocHOBamia 

h HarpeBaiOT nou3eMHyio Boay ao  Kimcuna, nacTO npeBpamaa ee b boabhoh nap. Topanaa
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Boaa hjih BOflHHoii nap, o6aaaaa hoblimh CTpyKTypHbiMH cBoncTBaMH, npoiiHKaiOT rjiy6oK0 

b ropHUH MaccHB, pacTBopaa aaace TpyanopacTBopHMbie cojih, Mnnepajiu, xHMHnecKHe 

peareHTbi, meaoHH, Macaa n cmojim, HaxoaamHeca b cocTaBe ropHbix nopoa, BbiMbreaioT hx 

npn cBoeM aBHweHHH b npouecce (¡uuibTpaiiHH, coiaaiOT BbicoKyto CTeneHb MHHepaaH3auHH 

BoaHbix pacTBOpOB, Hacbimaa hx 3KoaorHnecKH HeHHCTbiMH nonaMH h MoaeKyaaMH;

- noa TenjioBbiMH coopyaceHHaMH 4>opMHpyioTca HOBbie hctohhhkh Tenaa, 

6jraronpnaTCTBya npeo6pa30BaHHio b Tenao SHepran, nonyneHHOH npn pacnaae h30toiiob 

paAHoaKTHBHbix 3JieMeHTOB b cocTaBe ropHbix nopoa, nepeHocaT pacTBopeHHbie b Boae 

3arpa3HeHna b BHae aabtfia -  h 6eTa - nacTHn, raMMa - jiynen n HeihpoHOB;

- TeMneparypHoe B03aettcTBne TenaoBoro coopyaceHHa o6ycjioBjiHBaeT HarpeB 

nOa3eMHbIX BOfl, H3MeHaa BB3KOCTb BO,HHbIX paCTBOpOB, yCKOpaeT (J)HabTpaUHK), HHHHHHpyeT 

npoueccbi pacTBopeHHa cojieii, Macea h CMoa, nrpaeT poab aKTHBaTopa TeieroHHHecKHX 

flBHHceHHH, xHMHHecKHX peaKUHH, (J)opMHpyeT hctohhhkh 3HeprHH noBTopHoro 3arpa3HeHHa 

OKpyacaiomeH reoaorHHecKoił cpeabi.
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