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CJIABOE KOMIGBHMPOBAHHOE MAI'HMTHOE IIOJIE, 
HACTPOEHHOE HA IIAPAMETPEWECKE~#I PEJOHAHC 

RAEPHbIX CIIMHOB ATOMOB BOAOPOAA, YBEJIHYMBAET 
IIPOJIII;I@EPATklBH'tYIO AKTHBHOCTb HEOEJIA4XOB 

B PErEHEPMP310IQHX IIJTAHAPklSIX DUGESIA TIGRINA 
O 1996 r. B. B. flewen, JI. K. Cpeb~r~swaa, E. H. hbrrcosa, 

3. E. P o x ~ e c r ~ e ~ c ~ a ~ ,  A. A. b ~ m o a ,  X. n. T ~ p a c  
IIpenc~aenerro aKaneMaKoM A.C. C n e p n n ~ i ~  29.02.96 r. 

K n a c r o ~ e M g  BpeMenri mepno ycraHomeso, YTO 
cna6oe K O M ~ H H H ~ ~ ~ B ~ H H O ~  M a ~ ~ O e  n0.W (KMn), 
conepxauee KonnmeapHbre n o c r o ~ ~ ~ b ~ i i  (BDC) n ne- 
~ ~ M ~ H H ~ I U  (BAc + cos 2 ltft) KOMnOHeHTbl, C ~ O C ~ ~ H O  

OKa3bIBaTb CYqeCprBeHHOe BJIHXHtIe Ha ~ e ~ a 6 0 n ~ s e -  
C K H e  U $ ~ Y H K ~ H o H ~ ~ J ~  b ~ b 1 e  C B O ~ C T B ; ~  ~ U O C H C T ~ M  [ 11. 
B ~ c n e p ~ ~ e ~ ~ a x  c a c n o n b 3 o s a ~ ~ e ~  KMII 6ao3@- 
@ ~ K T ~ I  ~a6nrnnam~cx n ~ m b  npa onpeuen emblx Tea- 
peTl1Y eCKH TIpeflCKa3)'eMbIX 3 H a s e H W X  Y afXOTb1 IIe- 
peMeHnoro KoMnoneHTa.  I'Ipm  TOM BenmmHa 
6 a o s @ + e ~ ~ a  sasucm, TaKxe rrpegc~a3ye~br~ 06- 
p a 3 o ~ .  OT CooTHomeHm ahlnnllyu nepeMeHHoro w 
IIOCTOffHHOrO KOMIIOHeHTOB. COCJI~CHO TeOpHH Mar- 
HmHoro napaMeTpwecKoro p e 3 o ~ a ~ c a  (MIIP) B 
~ H O C H C T ~ M ~ X  [ I ,  21, IIePBHqHbIMEl MHlIIeHRMH Mar- 
HllTBOrO nOnA 5IBAIIIOTM CI~~IJJI@HY~CKU CBII3aHHbIe 
B ~ ~ P M ~ H T ~ X  L I  B ~ ~ J I O K - @ ~ P M & H T H ~ I X  KOMIIJIeKCaX 

norib1 (npewe  Bcero Ca2+), perynapy touae a K m -  
H O C T ~  C a 2 + - ~ a n b ~ o n y n x ~ -  H n p o ~ e n ~ m ~ a 3 a  C-sasm- 
CliMbIX ~IIOJIOTEIS~CKBX pea~IJIifi. O C H O B H ~ I ~  KOnH- 
recmeHnbre n p e ~ p ~ a 3 a ~ ~ r r  Teopm H a x o n m c R  B XO- 

POUIeM COOTBeTCTBBH C 3KCTIePKMeHTaJlbHbIMH 
aaHHbIM1.I [ 1 1. 

B PaCChlOTPeHHbIX nO CKX IIOp B a p U a H T a X  TeOpEH 
M n P  C B I ~ ~ ~ I H H ~ I ~ ~  HOH BIIIIPDKCIJMAPOBanCII 3 a p R -  

X e H H b l M  II30TpOIIHblM OCqIlJlJlRTOPOM, H e  06naaam- 
UBM IIAePHbIM AJIH J n e K T P O H H b I M  CIIUHOM, ST0 

cnpasennmo nnR 6kionor~rec~a ~aa6onee aamarx 
40Ca2+ H %fg2+. Corn a c ~ o  T e o p H I i ,  6aonorusec~~ 
~ + @ ~ K T H B H ~ I ~  pe30HaHCHbIe 4aCTOTbI KMn Onpe- 
AenawTcrr senas  RHO^ s e e ~ a ~ o ~ c ~ o r o  pacwenneam 

~one6a~enbnbrx ypo~neii  mepram uoHa ocumnmo- 
pa. Rssetsrno. OnHaKO, 9TO aTOMbI 'H, 39K, *Wa, w1, 
37CI, I4N B 3'P, B x o f l n q k l e  B COCTaB ~ H O C ~ C T ~ M ,  o6na- 
naEoT qqepHbrm C ~ H H ~ M H .  Teopemqec~~  ~ e n b 3 ~  
BCKJIIOYBTb B03MOXHOCTb T W O ,  W0 ~3aFlM~aegCT- 
swe anepHbIx C ~ E H O B ,  no ~ p a u ~ e i i  Mepe HeKoTopbrX 
us neper~csren~brx noHos c KMII, Hac-rpoeHHbIM Ha 
q a C T O l y ,  COOTBeTCTByW~yH1 p a 3 H H u e  3HeprnEI C m -  
H a  npu ero opneeTaqw no nonm a npmm Hero, T.e. 
H a  YamoTy n a p ~ o p o ~ c ~ o f  npeqecma cmRa s no- 
CTORHHOM MaMIEITHOM none, Tame MOXeT rrpHBeCTH 
K U3MeHeHHH3 C B O ~ T B  ~ B O C H C T ~ M ~ I .  B qaX-Kii~# CTB- 

T M  Mbl V H B O A H M  pe3yJIbTaTbl3KCCIepKMeHTOB, CBH- 
LleTeJIbCTByIoW 0 TOM, T O  cna6oe KMn, HaCTpO- 
ennoe wa napMopoBcKym r a c r o q  mepHbIx cnHnoB 
aToMos Bonopona, cyryecmemo ysen H Y H B ~ ~ T  npo- 
JI~@epaTI l~~y lo  aKTEBHOmb pe3epBHbIX KneTOK ( ~ e -  
Q ~ ~ ~ C T O B )  B pereHepupymmpx nnarrapmx Dugesia 
tlgTlIla. 06napyxen~b1H  KT MOXBT 6 b 1 ~ b ,  II0 
~ p a h e k  Mepe + 0 p ~ a J l  ~ H O ,  OnEiCaH 8 PaMKaX TeOpEiE 
MnP B 6 o m c r e ~ a x  [ 1.21. 

P a h a  BMnonneHa H a  rmmapmx D. tignna - 6- 
nonoii na60pa~op~o8 pace ~ ~ O T H ~ I X .  Ilnaaapd oo- 
aepmann B npy~o~oZi Bone npE KOMH~THO~ Temepa- 
~ y p e  H K O P ~ ~ H  pa3 B Hegenm mmmmm NBYKPLI- 
JlbIX. 3KCIIePUMeIFTOB 0fiHPWIE XHBUlTIbiX 
mmoii o ~ o n o  10 MM H rpKpaqana KX KopMnemie 3a 
7 wefi A0 OIlblTOB. ~ X ( H I O  M ~ O B H O ~ ~  Y a m  TMa 
n n m a p ~  rrpo13om~ r n a 3 ~ b 1 ~  cKanbcIeneM B Heme- 
pctrrbHblX yCJIOBlWX noa 6 m o ~ y ~ r r r p ~ o i i  

na VmepHo 1/5 wc-ra Tena, coaepxaqro mrros~oii 
IYLHrJIMfL % T ~ M  T l J l ~ p d  IIOMeuWIS B ABa CrerUrmr- 

H ~ X X  crawia, conepmauwr no 20 WI npy~omii B O ~ M  
( 0 6 b l ~ ~ o  no 28 nnmapdi H a  CraKaH). B K ~ ~ I B  ma- 
K ~ H  no6aanma K O ~ ~ I I H  (AO K O ~ C H T ~ ~ B  0.05%), 
06ecnes~sasm~B ocTaHoBKy nponr;x+epam ~ e o 6 -  
nacToB B ~ e ~ a a a 3 e .  3 ~ c n e p a ~ e m b 1  npoBoaHnkl r r p ~  
TeMnepaType 17.5 f 0.5"C H 8.0 f 0.5"C; TeMnepa- 
Typa BOAbI B 3KClYepHMeHTaJIbHOM kl KOHTPOJlbHOM 



cTaKmax nomepxmarracb onamxosott c m a w -  
m m  k0.S0C. Bce o m  H a m a w  s s a n m m a n a  
B O ~ H O B T O X ~ B ~ ~ ~ - B ~ ~ ~ ~ M . O ~ H ~ C T B E ~ -  
4 

HOB uoAaenqam B M, myrofi - B ~ o ~ ~ p o ~ r b ~ a e .  
B e n m a  ~ a m m o a  mqppm n m m o m  ~ a r -  
7mmoro n m  B moqme paBHItnacb ralroma m 
IIOCtWHHHQ~ UOMIIOHWTa B m. 3mRT m n  
oqewms naae 24 P p e r e ~ e p w  no pa-e Be- 
nmimb~ ~ ~ C I E O X Y I  r n ~ ~ =  A M I  (%) B 3-e- 
pmemanbwx B K O ~ ~ ~ J I ~ R ~ I X  o6pasqax c 
fqbm M O ~ ~ B ~ O ~  ~rdmom [3lonpeple~remw 
4HCJIa MHTO~OB B cycnea3m memit, q m m m m e ~ -  
HMX m yvacram n d a m e w  m-oa 0.5 m. 
He&nacm o~pamasan~ @~ryopetqemmr+s qam- 
TeneM Hoechst-33342 ("Sigma") a nmocanzl aa 
rrpewemme mema. KOJX~~OC~BO ~era@a311b1x 
weTm orrpeamnnn G IIOMO- ~ J I ~ O ~ C C L ~ ; ~ I P T B O -  
ro mqaaona Fluoval ("Carl Zeiss", Yena). Kax- 
noe 3acrrepmemm~~o nonyremoe srrauehe MH 
- e r a  pe3ynmam~d ycpeAHe- no 7000 a-6- 
JmCrOB. 

KMII, amomqee ~3 ~ommmapwc 11-0- 
ro A nepemmra ecomoEfemB, a o q m  v, 
acc~bmco p m s m m m  c n d a m .  B nepsoaa m 
HHX B Ecaqeme nmmmotr) IcomoHem nom Bm 
P I M O J L b 3 0 ~  XOKWibElOe Y m T E O e  lTQJIe ~ ~ M E I  
B  em pacrronoxqim -, a nepase- 
Kommem BAC, m n p a m e m  rrapmne~n~o 3e~a~o- 
lyry II(llIIO, -aBWlE C l3OM- -0a nolpM 
~anmmonbqa, ma~e~pobx omno 30 - Bo mqma 
~ o c o & I T ~ ~ ~ ~ e & r r o ~ r a o -  
rn -mapomma c na~onp10 ~ p e x  nap m y m e K  
hmatmqa c W ~ M  O K ~ O  40 c u  nap1 
Koneq ycmxamanacn -0 c ropmoaranmoP 
I L O M ~ O H ~ ~  3ewiora 11031~1, B TO Bpew Ear ~pe~nrr 
natm - mwmo c em wmmwwioh ~o~no~earoii.  

Heo6xopo m m m ,  m a m @  cy~oq- 
W I X  B~PE- ' ' C ~ O K O ~ O ~ O "  M m O r 0  llOlr#l 
3emm B mqbrro~ qxmpmcme (me noMeD- 

qomram =O.M hmT, w o  MOXCT 06ywmm 
moaenme @amp-) r r a p ~ o p o ~ ~ ~ &  ~ ~ C T O T ~ E  

rrpe9e- =OD ~P[opoAabur mq np- 
1.7 I'q OT ~ t w m o r o  3m~ems1. B-o m e -  
-, = 3 ~ a  B e m a  w m w m o  Meabme IIOJLY- 
V E H M  ( ~ a  IIOJIOBHEC B~ICOTM) m a  OTBBTa 6 ~ 0 .  
amMbl. H C I I ~ ~ M O ~  B rime m, B03- 

@CTBEP~ KMn (cna. m). Ose~mo,  m 
nomuam ~ammmae none B ~ c c r e  ~ ~ ~ O H C C H B B  me Y = 42-57? T d r T  - mpo~aremoe oTAomeHBe ,Kmepmmanb- -- 

aEcWm - a m  BOAOPOAa BV n m  6, mmeo - rpm, n- 
mmro KomoRema rma m~eprttra c no~orqbw caojrb~u ocnabnemmm m-sa qamsmoB arcpam- Q , ~ x u m o m m  MmMeTPa Taaa CrK-64M po.8 n w e q e d .  Cnqqo~annmo, W c  -- (sasoq "~sonorop~p[aa") ,  o 6 e c r r e ~ ~ m  
B 0 3 M O ~ ~  E3MePeRHg Bt?JIM- HWIIJJEB MW- peme, nonysemoe B pmot pa-, -- 
mmom nom e ncnom30satlmeMcII ~ a m  m a n ~ -  
He c TOPKOCX~H~ k0.0 1 Id (WH HCllOXb3OB- Ka- K o M f I o H e m  m* wemop 3P 24 vw- 
na6pomwb1x ~ a 6 -  ~ m m m ~ e ~ p a ) .  Ammqqy qElR r r ~ r m a p ~ ~  ~ O C ~ O J I ~ Y  OTmfibl WmVCb 
n e p e ~ e ~ ~ a m  mmoHema mom ymmmarr~ c O m  H TOT x e  m m  8 p e B  M0mo 
rnwtocm~) 1% c y s e m  mmmm n e p e ~ m ~ ~ ~ o r o  ape~rrmomb, mo  armm mom no= 
~o-mzewra k (fitmu%) m-~a ~ e m m w n q a  3 e m  ~rramm O W H B E O B ~  o d r c y  oe ~ 3 -  

q a m m  m a .  ~ e p e m e .  



PHC. 1. JBBIICMM~C'I-b MHTOTHV~CKOR BKTHBHOCTII IIc06- 
nacTos B pcrctrcpnpytounx IIJSaHapMHX OT CoOTttoLLte- 
HHH, B,41-/BnC UZ.f!H'IHH M B ~ H M T H O ~ ~  HHAYKWII. flepeMeH- 

pii3llklUa (%) MCXny HtnH&[HHsMM MHTUTM'ieCKOrn MHAeK- 
ca B aKcnepHMerrmnbHbrx (MM,) e KDHT~C)J ILH~~X  

B ncp~nir ceparr 6b1n0 npoBeneHo cpaRHeHne 
~ ~ o J L M ~ ~ ~ ~ T E ~ B H o %  aKTFiBHOCTU 0 KOHTPOJIbHblX B 

S K C I I ~ ~ H M ~ H T ~ J I ~ H ~ I X  pcre ~ e p ~ ~ p y m w n x  nnarraprwr 
npH T e M n e p a T y p e  8.0 + 0.5'C. Kompon b ~ b ~ e  06~x3- 
ubl HaXOAAJlMCb B ZOKaJIbHOM nOCTO9HHOM MaTHMT- 
HOM none BDL' = 43.00 1 0.0 1 hl~iT, 3~cIIep11~e~TaJIb- 

HbIe - B K U M ~ I I I I H ~ O B ~ H H O M :  BIIC = 42.70 f 0.01 MKT, 
BAc = 78.5 k 0.8 MKT C V ~ C T O T C ~ < ~ , ~ ~ { -  = 181 8.0 k 0.1 rII 
(sgec6 LI HIMC CMMBOJIOM BAC 0 6 0 3 ~ a ~ e ~ 0  3nave~ue 
n m a  aMnnwynb1 nepeMeHnoro K O M ~ O H ~ H T ~ ) .  Cornac- 

HO Teopmi [ I ,  21. rrpn cmmo1uem BA,IBDc = 1.8, ac- 
IIOn~O~HHOM B 3- 3KCITePIIMHiTaX, flOmHEleW 
MaKcuManbnoe 3 ~ a s e n ~ e  6aoa++e~~a.  P e s y n b ~ a ~ y  
rrrecTtr Hesasacsmblx a 3 ~ e p e ~ n i i ,  npencTasneHHbre 
El ~ a 6 n .  1, CBIJAeTeJIbCTBYIOT 0 TOM, VTO npE 3THX yC; 

n o B m  B 3KCneplTMeHTaJlbHbIX o6pasqax ~ a 6 J I m ~ a -  
e T w  ysexuYemie MM H ~ O ~ ~ ~ C T O B  npeMepHo H a  
46%. J a ~ e m r ~ ,  YTO senarrraa H 3 ~ a ~  ~a6nwnae~o-  
ro a $ + e ~ ~ a  npaKTHsecKm cosnaaamT c T a K o m I m ,  
IIOnYUeHHbIMEl HaMU Ha 3 ~ 0 f i  Xe Tern-CHCTeMe npli 
ee 3KCllOHHpOBaHHU 6 KMn,  HaCTpQeHHOM H a  
~ e ~ p ~ i r e c ~ w f  p e s o ~ a ~ c  Ana Kanbqaa [l, 41. 

BO B T O P O ~ ~  E p H H  3KCnepHMeHTOB MbI OnpeRenUJIK 
3 a e a ~ O c T b  6~os+@ema KMn (Bnc = 20.87 f 
f 0.0 1 MKT, = 889.0 rq) or senwmihr cooTaorne- 
HIM BAc/BDc ITpH 3 ~ a 9 e ~ m X  kAr /BDc,  PaBIUiBUIIIXCR 

0.0; 0.5: 1 .O; 1.8; 2.6 kl3.8.3a BWlAWiHY 6 ~ 0 3 @ + e ~ ~ a  

MarnHmoro nonH npHHliManm paxwuy, AMR (%), 
MeWy BeJIArHHaMH, M3MepeHHbIMA y 3KCIIepUMeH- 
TaJrbHbIX B KOHTPOJIbHbtX WHBOTHblX (npu TeMIIepa- 
Type 17.5 f 0.5"C). K ~ K  BHJIHO us puc. 1, sKcnepH- 
MeHTaJKbHO H Z L ~ J T I O ~ ~ ~ ~ M ~ F ~  3aBHCHMOCTb, lT0 K P ~ ~ H ~ E  
Mepe B 06nac~ki 0 I B,,/B,,. 5 3.8, xoporuo amrpoK- 
CMMHpyeTCfl K B a p a T O M  ~ Y H K Y H E I  6eC3Xflg [IepBOrQ 

B ~ p e ~ b e i  CCpHhl 3KCIIepHMelITOB MbI OnpefleJIH- 
JIM 3aBMCHMOCTb BenA9HHbl  f i ~ 0 3 @ @ e ~ ~ a  K M n  
(BD, = 42.74 + 0.01 MKT, BAC = 73.6 f 0.8 MKT) OT qa- 
CTOTLI nepeMeHnoro KoMnoHeHTa rronlr nplr snaue- 
H M X  Y a C T O T  fAC,  PaEIHbIX 1808.0; 1814.0; 1816.5: 
18 19.7 ( p e s o ~ a ~ c ~ a a  YacToTa, fp); 1 822.0; 1824.8: 
1826.0 H 1830.0 npn TeMnepaType 8.0 f 0.5"C. 

Cornac~o TeopnH MarmrrHoro n a p a ~ e ~ p ~ ~ e c ~ o -  
r0 p30HaHCa E ~ U O C I I C T ~ M U ,  3aBHCMMOCTb BeJIUUH- 
Hbl61103@@e~~a (B AaHHOM CnyYae AMB. %)OT ra- 
C T O T ~ I  n e p e ~ e ~ ~ o r o  KoMnoHenTa nonrr f onpe~ena- 
e T M  BTOPblM COMHOXATeneM B ttpa~0f4 Wm 
BbIpaXeHbW 

YTO, h. = k/2.~c,  rae k =: 1 /T C-I - KOHCTaHTa CKOPUCTM 
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?HE. 2. ~ ~ € I C I C H M O C T ~  M ~ T F ) T H T I ~ C K O #  il6THBHOCTH ~ e ~ 6 -  
nacroB B pereeepnpytowkin nnaHapnaa OT 'I~CTOTJJ fAC, 
neptueworo KoMnoHeHTa KMII. narrpoe~noro Ira na- 
p a ~ c ' r p ~ ~ e c ~ ~ f l  PF3OHBHC CnkiHOB aTOMOB BOAOpOna. 

l l a p a ~ e ~ p b r  KMIT: BuC = 42.74 ?0.0! MKT, BAr = 
= 78.6 k 0.8 MKT. fkC = 1808.0; 1814.0; 1816.5; t 819.7 
(pcso~anc~aa IIacToTa fp); 1822.0: 1824.8; 1 826.0 n 
1830.0. KOHTPOJI b~b1e 0 f i p a 3 q b 1  Haltr)AH!ltiCb B IlOCFOltH- 
naM nune c ~ e n u q a ~ o i t  M a r u c r ~ ~ o B  a l ~ ~ y ~ u ~ w ,  paenol 
41.00 f 0.01 MKT. 
Cnnoru~oR ~peeoi7 n o ~ a 3 a ~ a  ?reopcTuvecra 0;atIiflaeMaH 

3aBHCklMOCTb - IlOPCHTqHaH, ( 1 + Cf -j' )'/hZ]-I, rfle h - P 
nonyurnpnHa (Ha nonoaeHe BMCOTU) nnKa ureeTa 6 ~ 0 -  
CHCTCMbI H a  B O S R ~ ~ ~ C T B M ~  MBIXBTHOCO IlOIlR. f l p ~  arm- 
POKCHMaUIlB T ~ O ~ ~ T H ~ ~ C K H ~  U 3 Y  ~nep~h4eHTaJIb~blfi 
MaKCWMYMbS ALI~II COBhlCU<HbI. 

HeKoToporo nepexomoro rrpouecca co cperrHHM 

BpeMeHeM WH3HLl 2,  B KOTOPOM YYaCTbyiOT aTOhIbI 
Bonopona, ~ s a ~ ~ o ~ e i i c ~ s y m u a e  c KMH. Cornac~o 
H a m H M  H3MePeHkfXM, k = h2~1= 26.4 C-' U, CQOTBeT- 
CrBeHHO, 'L - 38 MC. 

As~opbr Bnaronap~b~ npoa. A.H. K o s n o ~ y  3a 
noMoUb B nn a m p o e a ~ ~ k ~  3 ~ c n e p ~ ~ e n ~ o s .  

Pa6o~a  sbInonneHa npu nognepxKe Poccsi#cuo- 
ro @ o ~ ~ a  t p y ~ a a ~ e ~ ~ a n ~ ~ b ~ x  ~ c u r e ~ o a a ~ e ,  rpam 
95-04-1 1739. 
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