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MeTOAH4eCKHe B03MO*HOCTH HeHTPOHHoro aKTHBa~HOHHOro aHanH
aa n03BOnR~T C B~COKOH 4YBCTBHTeflbHOCTb~ H npOH3BOAHTenbHOCTb~ 
npOBOAHTb MHOr03neMeHTH~H aHanH3 nopameHH~X H HenopameHH~X 
TKaHeH npH paasHTHH 3KcnepHMeHTanbHoro onyxoneeoro npo~ecca. 

PaHee HaMH coo6~anocb11 1 o6 HccneAosaHHH coAep~aHHR PAAa 
311eMeHTOB (K, Na, Ca, Mg, P, Cl) e TKaHRX H 6HonorH4eCKHx 
~HAKOCTAX M<HBOTH~X. 3Ha4HTe11bHbiH pa36poc AaHHbiX OT ~HBOTHOrO 
K M<HBOTHOMy He n038011H11 AaTb K011H4eCTBeHHOrO OnHCaHHA H3MeHe
HHH noKa3aTeneH BOAHO-coneeoro o6MeHa npH onyxoneeoM npo~ecce. 
3TOT pa36poc npH HAeHTH4HOCTI1 TaKHX ~aKTOPOB KaK B03pacT, non, 
ce30HHOCTb, pa~HOH nHTaHHR H COAepM<aHHR OTpa~aeT HHAHBHAYaJlb
H~e OCofieHHOCTiil nOAOn~TH~X M<IIIBOTH~X /2/, 

B HaCTOR~eH pa6oTe npoBOAHTCR aHanH3 npHPOAHOH AHcnepcHH 
/pacceRHHA 3Ha4eH!IIH/ 311eMeHTHOrO COAepM<aHHR B TKaHAX nafiopa
TOpH~X mHBOTH~X /Kpblc~-caM~~ B B03paCTe 2 H 5 MeCR~eB/. 

METO,llHKA H AHAJ1H3 3KcnEPHMEHTAJlbHbiX ,llAHHbiX 

HccneAosanacb rpynna H3 25 M<liiBOTHblx. Bee OHH npoHcXOAH11H 
oT OAHHX H Tex ~e caMoK nHTOMHHKa BOHU AH CCCP, 6blnH oTca~eHbr 

OT HHX B OAHO H TO ~e speMR Ill HaXOAH1111Cb B OAHHaKOBbiX ycnOBHAX 
COAep~aHHA H nHTaHHR. 3a6op TKaHeH npOBOAH11CA no eAHHOH MeTo
AHKe. B na6opaTOPHbiX ycnoBHAX BOHU 6blno npHroTosneHo 250 npo6 
/ne4eHb, cepA~e, nerKHe, no4KH, ceneaeHKa, ceMeHH~KH, ronosHo~ 
M03r, KOCTHaA H MbiWe4HaA TKaHb/, 06pa3~bl BeCOM 200- 1500 Mr 
ynaKOBbiBaJlHCb B nonH3TH11eHOBble Kancynbl, npeABapHTeJlbHO o6pa6o
TaHHble 1%-H~M paCTBOpOM a30THOH KHC110Tbl /XHMH4eCK11 411CTO~/ 
H npOM~T~e 8-10 pa3 AeHOHH30BaHHOH BOAO~ B fiOKCaX 113 opraHH-
4eCKOrO CTeKna. Bb!CYWHBaHHe 6HonorH4eCKHX MaTepHanos npoBOAH
nocb B cy611111Ma~HOHHOH ycTaHOBKe Tr-5. 

OnpeAeneHHe a6'coniOTHoro COAep~aHHA HccneAyeMbrx aneMeHTOB 
K, Cl, Br, Na, Ca, Mg; P npoBOAH110Cb c HcnonbaoeaHI-'IeM cne~~~~

anbHO npHroToeneHHblx 3TanoHos. B cocTae 3TanoHa 3TH aneMeHTbl 
BBOAH11HCb s BHAe cneAYIO~Hx coeAHHeHHH: KCl , KBr, NaHC03 , CaD, 
Mg(), KH 2P04 . B Ka4ecTse HanonHHTenA B 3TanoHax Hcnonbaosanacb 
caxapo3a. Bo H36eM<aHHe ow116oK, CBA3aHHbiX c HepasHOMepHOCTbiO 
nnOTHOCTH nOTOKa He~TpOHOB no A11HHe KanCyJlbl, reoMeTpH4eCKI1e 
napaMeTpbl npo6 11 3TanOHOB 6bi11H BbiAepM<aHbl OAHHaKOBbiMH, 

06ny4eHHe o6pa3~os npoBOAH110Cb s KaHane nHeBMOTpaHcnopTa 
peaKTopa H6P~30 JlH~ OHHH c nnoTHOCTbiO He~TPOHHoro noToKa AD 
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3.10 10 H/(cM 2 c). AnR H3MepeHHR HaBeAeHHO~ aKTHBHOCTH Hcnonb
aoeancR raMMa-cneKTPOMeTp, BblnOnHeHHbl~ Ha OCHOBe nonynpOBOA
HHKOBOrO Ge-Li -AeTeKTOpa 06DeMOM 50 CM3 H paapeweHHeM 3 K3B 
no nHHHH 1333 K38 6 °Co. 

OnHcaHHe MeTOAHKH H3MepeHH~ H o6pa6oTKH peaynbTaTOB npHee
AeHO B pa6oTe Ill. 

6~no npoeeAeHo 1500 3neMeHToonpeAeneHH~ AnR ceMH 3neMeHTOB 
K, Na, Ca, Mg, P, Cl H Br e AeBRTH TKaHRx. AnR aHanHaa 3KcnepH
MeHTanbH~X AaHH~X HCnOnb30BanHCb CTaHAapTH~e CTaTHCTH4eCKHe 
napaMeTpbl 131. AnR rpynnbl H3 n >KHBOTHbiX onpeAenReTcR cpeAHee 
apH~MeTH4eCKOe 3Ha4eHHe COAep>KaHHR 3neMeHTa B Mr/r no CblpOMY 
eecy: 

- n ,.7 
X = ( ~ X. ) /n ± V -- • 

i=l 
1 

0 n 

- AHCnepCI1R /npl1 n ~ 30/, KOTopaR 
.~ (x--x)2 

3AeC b s2 = ;..1 -::...J1'--..:.1
....,....--

n-1 
CKnaAbiBaeTCR H3 aHanHTH4eCKO~ norpeWHOCTI1 MeTOAHKI1 s:H. ~~ 
KOMO~ npHpOAHO~ AHCnepCHH S~p TaKHM o6pa30M, 4TO S =v' s 2- s2a 

• - - np,. H. 
CO cpeAHHM KBaApaTH4HbiM OTKnOHeHHeM Sn ::..Sn /J2n. 

0 
v Ip. P· 

THOCHTenbHaR eenH4HHa npHpOAHOH A~Cnepc~H npeACTaBnReTCR 
4epe3 K03$~H1..1HeHT eapHai..IHH S~p~ ( Snp_IX) • 100% C OWH6KO~ 

-k k J· 1 s 2 I s ::: s . --+(-) n. 
np. np. 2n x 

noKa3aTeneM paa6poca AaHHbiX cny>KHT TaK>Ke eapHai..IHOHHbl~ paa
Max, T.e. pa3HHI..Ia Me>KAY MaKCHManbHbiMH H MHHHManbHbiMH 3Ha4eHHR-

MH R =(X MaKe.- XMJAH • ). 
C noMOUlbiO KPHTepHR CTbiOAeHTa onpeAenRIOTCR AOBepHTenbHble 

npeAeJibl AnR HCKOMoro cpeAHero 3Ha4eHI1R "c i ± .!~>..:.!- rAe t P ,. J"ii=l" . 
Ta6ynHpOBaHHOe 3Ha4eHHe een114HHbl t, AnR KOTOpOrO t:::_'tp C eepORT
HOCTbiO p np11 4Hcne cTeneHe~ ceo60Abl n-1. · 

06CYmAEHHE PE3YnbTATOB 

B Ta6n. 1 npHBeAeHbl pe3ynbTaT~ cTaTHCTI14eCKoro aHanH3a 
nony4eHHbiX AaHHbiX no KOCTHO~ TKaHI1 ABYX rpynn 3AOP0Bb1X lKH
BOTH~X. Ha6niOAaeMble pa3ni1411R e 3neMeHTHOM coAep>KaHHH cornacy
IOTCR C 113BeCTH~M ~aKTOM 113MeHeHHR B03paCTHbiX noKa3aTene~ MI1He
panbHOrO COCTaaa KOCTHO~ TKaHH41,B APYri1X TKaHRX TaKOrO pa3nH-
4HR He o6Hapy>KeHO, no3TOMY AnR 3TI1X TKaHe~ AaHHble no ABYM rpyn
naM lKI1BOTHbiX 2· 11 5-MeCR4HOrO B03pacTa 06DeAHHeHbl. 

H3 pe3ynbTaToe aHanH3a Mb1We4HO~ TKaHH /Ta6n. 2/ cneAyeT, 
4TO K03~~H1..111eHT npHPOAHO~ eap11a1..11111 MeHReTCR OT /B+1/% A11R HaT
PI1R AO /15+5/% A11R Ka11bi..IHR, B TO epeMR KaK AnR MarHHR OH COCTae-
11ReT /28~57%. 
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0TMeT~M, 4TO np~ aHan~ae see opraHbl, KpoMe ne4eH~, ~ccne
AOBan~cb ~en~KOM, Ha-aa 6onbworo paaMepa ne4eH~ An~ aHan~aa 
6panacb TOnbKO ee 4aCTb, HasecTHo~1• 4TO An~ TaKoro opraHa, 
KaK no4K~, o6Hapy~eHo ~3MeHeHHe coAep~aHH~ Na ~ Cl a 5 paa 
no Mepe npOABH~eHH~ srny6b opraHa, 3TO o6CTO~TenbCTBO no6yAHnO 
HaC npoBeCTH aHanH3 npo6, B3~T~X H3 pa3H~X y4aCTKOB ne4eH~ 
OAHoro H Toro ~e ~HBOTHoro. B Ta6n. 3 npHBeAeHw AaHHWe no 
a6con~THOMY coAep~aHH~ 3neMeHTOB a n~TH npo6ax ne4eHH, An~ 
Br, P, Cl, Na He Ha6n10AaeTc~ cyUieCTBeHHoro paam-14~~, K03<!>4>~
~~eHT BapHa~HH An~ 3T~X 3neMeHTOB He npeBWWaeT 4%, B TO epeM~ 
KaK ,qn~ Mg ~ K sen~4~Ha K03<f>4>H~~eHTa np~POAHOH eapHa~HH COCTae
n~eT /26,4+9,0/% ~ /19,4+6,4/%, COOTBeTCTBeHHO, 

B CBOAHOH Ta6n.4 -npeAcTasneH~ 3Ha4eHH~ K03~~~~~eHTOB 
eapHa~~H COAep~aHH~ 3neMeHTOB a HccneAyeM~x TKaH~x. B nocneA
HeM CTOn6~e npHBeAeHbl Cpe,qHHe 3Ha4eHH~ K03~~11~~eHTa BapHai.\I>IH 
no 3neMeHTaM: Ha~6onbW~MH cpeAHHM~ oTn~4aiOTc~ no4Ka ~ cene
aeHKa, Ha~MeHbW~M~ - KOCTHa~ ~ M~We4Ha~ TKaHb.MaKCHManbHOe 3Ha-
4eH~e ycpeAHeHHoro'no TKaH~M K03~~~~~eHTa sap~a~H~ xapaKTepHo 
An~ 6pOMa, 3TO CB~3aHO C ero np~Ha,qne~HOCTb~ K MHKP03neMeHTaM, 
An~ KoTop~x 6~onor~4eCK~H paa6poc cyUieCTBeHHO 6onbwe 11>1, 4eM 
An~ MaKpo3neMeHTOB. 

nony4eHHOe HaM~ o6o6UieHHoe cpeAHee aHa4eHHe K03~~H~HeHTa 
eapl-ta~~~ cocTaBl-tno /17+3/% ~ cornacyeTc~ c ,qaHHbiM~ pa6oT 161 -
20% ~ 18! - /10-30/%, xoT~ e 111 paa6poc peaynbTaToB aHan~aa 
CB~3~BaeTC~ C MeTOA~4eCKl-IM~ norpeWHOCT~MH ~ OTO~,qeCTBn~eTC~ 
c K03~~~~~eHTOM socnpoi>J3BOA~MOCT~. B ~cnonbayeMoi4 HaM~ MeTo,q~
Ke 3TOT K03<!>4>~1.1~eHT He npeeblwaeT een~4~Hbl aHan~Tl-14eCKoi4 norpew
HOCTH. 

An~ rpynn~ l-13 n~TH ~~BOTH~X np~ K03<f>4>~~HeHTe eapHa~Hl-1 17% 
l-1 aHanHT .... 4eCKOH norpeWHOCTI>I MeTOA~KH 5% senH4HHa 95%-Horo 
AOBepl-ITenbHOrO HHTepsana COCTasnHeT +0, 25 X. 3TOT peaynbTaT 
Tpe6yeT KPHT~4eCKOrO OTHOWeHH~ K O~eHKe nony4aeM~X 3KCnepHMeH
TanbHbiX ,qaHH~x, ecnH paanH4He 8 COAep~aHH~ 3neMeHTOB He npes~
waeT 25%, OOCKOnbKY TaKOe pa3nH4He MO~eT 6b1Tb cneACTBHeM HH
AHBH,qyanbHOrO 6Honor~4ecKoro paa6poca. 

npH8eAeHHble HH~e np~Mepbl 00380n~~T 01.\eHHTb B03MO~HOCTH HC
cneAOBaH~~ H3MeHeHHH a 3neMeHTHOM coAep~aH~~ np~ onyxoneswx 
npo1.1eccax. 

BcneACTBHe npHBHBKH 3KcnepHMeHTanbHOH onyxonl-1 /KaPL\HHocap
J<OMa YoKepa/ e MWWe4HYIO TKaHb npaeoH aaAHeH nanKH ~HBOTHoro 
Ha6n~,qaeTC~ H3MeHeHHe coAep~aH~R Ca, P, Na ,Mg a KOCTHOH TKa
HH OOAOn~THbiX ~HBOTH~X /Ta6n. 5/, KOTOpoe npeswwaeT senH4HHY 
npHPOAHOH AJ.1CnepCHH, 

B Ta6n. 6 npe,qcTaeneHbl AaHHWe, AeMOHCTP~PY~IJIHe awcoKoe co
,qep~aHHe Na,Cl HBr a npHne~allleH K onyxonH Mwwe4HOH TKaHH H 
8 caMOH onyxon~ no cpaeHeHHIO c Mb1We4HOH TKaHb~ a,qopoawx ~~soT
Hwx. 
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Ta5JIH~a 3 

CoAepEaHHe 3neMeHTOB B pa3Hb~ npo6ax ne'leHH OAHOrO 3AOPOBOrO EHBOTHOro 

(i ± S/ y'ii) 

Bee g,. Mg /( p Ct k 
o6pa3aa 

MKI'/r 'IIII'/r Mr/r r~r/r IIII'/r Mr/r r 

I,~I 7,S ± 0,3 0,42 ± 0,06 3,6 ± o,s 3,9 ± 0,3 I,27 ± 0,03 0,8I ± 0,02 

I,27 7,6 ± 0,3 0,39 ± 0,02 3,8 ± o,s 4,7 ± 0,3 I,23 ± o,os 0,74 ± 0,03 

I,48 7,0 ± 0,3 0,27 ± O,OI I,9 :!: 0,3 4,I ± 0,2 I,I3 ± O,OS 0,7! ± 0,03 

I,20 7,3:!: 0,3 0,22 ± O,OI 3,S:!: o,s 4,3 :t 0,3 I,2S ± 0,06 0,79 ± 0,04 

I,I8 ?,I:!: 0,3 0,27 :t O,OI 3,I ± 0,4 4,I :t 0,2 I,IS ± 0,05 0,73:!: 0,03 

~ 7,3 :t O,I 0,3I ± 0,04 3,2 :t 0,3 4,2 ± O,I I,2 ± 0,03 0,7S:!: 0,02 
"' -/( S,f,. t: Slfl. 2,2 ± o, 7 26 ± 9 I9,4 ± 6,4 3,7 ± I,2 3,3 ± I,I 4,0 ± I,3 

••• . !! . 

Ta5JIH~a 4 

Ko3<PcPH~eHT sapua~H COAepEaHHH 3neMeHTOB B HCcneAOBaH~ TKaHHX 3AOpOBb~ 

EHBOT~ 
k - k 

(Snp ± Snp )% 

3JieMeHT 
Br 1'1g I< p Cl ..N'a. Ca. Cpe,ItHee no 

TKa.Hb 3JieMeHTaM 

KocTHa.li 
Titallb (2 MeC.) 13 ± 3 IO :!: 2 I6 :!: 3 I2 ± 2 22 ± 4 7 ± I 9±2 I3 ± 2 
KocTHa.!i 

I8 :t 4 9 ± 2 38 ±II 4 ± I I9 ± 6 9±2 6 ± I IS:!: 4 Titalli> (S Me c.) 
ldHJne'IHa.li 

I4:!: 2 28 ± 6 II± 2 9 ± I 9 ± I 8 ± I IS :!: 2 I3 :!: 2 TKaHP 
rOJIOBHO!.t M03r 24:!: 4 20 :!: 3 IO :!: I I9 ± 3 I3 :!: 2 I2 ± 2 I6 :!: 3 
CepJtUe 34 ± 6 II± 2 I? ± 3 20 ± 3 I? ± 3 I4 ± 2 I9 ± 3 

Jlenme 22 ± 4 I?:!: 3 I3 :!: 2 2I ± 3 I4 ± 2 I2 :!: 2 I7 ± 3 

llo'IKH 32 ± 6 38 ± 7 2I ± 3 I6 :!: 2 IS :!: 2 I7 :!: 2 23 ± 4 

CeJie3eHKa 30 ± s 3I ± s 28 ± 4 II± 2 I7 ± 3 Is± 2 22 :!: 4 

CeMeHimKH 2S :!: 4 24 ± 4 IS ± 2 !7 :!: 2 I7:!: 2 2I ± 3 20 :!: 3 

lle'leHI> 25:!: 4 9 ± I 20 ± 3 IO ± I I9 :!: 3 I4 :!: 2 I6 :!: 2 

Cpe,ItHee no 
24 ± 4 20 ± 4 I9 ± 3 I4 ± 2 I6 ± 3 I3 ± 2 !2 ± 2 I? ± 3 TKa.HIIM 
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Ta6JJHIJ;a 5 

Cop;epJKaHHe Ca, P, Mg, Na a KOCTHOH TKaHH sp;opoablx JKHBOT
HbiX H onyXOJleHOCHTeJleH Ha 7- H p;eHb ITOCJle ITpHBHBKH 
Kapu;HHocapKOMbJ YoKepa npH paaMepe onyxoJJH 4,6-8,5% 
OT Beca JKHBOTHOro {x'± S/Vn) 

3JJBMeHT Ca p M9 .Ml 
~~r/r r.rr/r tlfr/r ~~r/r 

3,nopoBHe 
llHl!OTHHe 

!44:!: 4 52± !,7 !,7 ± O,IM) 2,7:!: 0,05 (2 MeC,) 
fl = !7 -

OnyXOJJBHO-
CHTBJIJI 83:!: 4 33,2 ± 3,2 !,37 :!: 0,07 2,07 :!: 0,09 (2 MBC,) 
n=4 -

olli 
B 3TOM cJJyqae n=6 

Ta6JJHu;a 6 

CpaBHHTeJJ&Hoe cop;epJKaHHe 3JleMeHTOB B MbJMeqHoH: TKaHH, 
B ITPHJleJKa~eH K onyxoJJH MbJWeqHQH TKaHH H B CaMOH ony

XOJleBOH TKaHH JKHBOTHbiX Ha 5-H: p;eHb ITOCJle ITpHBHBKH Kap
I.I;HHOCapKOMbl YoKepa npH paaMepe onyxoJJH 0,3-0,8% OT 
aeca JKHBOTHOrO 

3JJBMBHT Cl. Na.. 8r 
Mrjr l'lrjr l'tKrjr 

3,nopoBble llUIOOTHHe 
0,49 ± O,OI 0,44 ± O,OI 4,o ± o.~> 2-X H 5-JIJ MBC, 

ll = 24 

Jie Ball OOJtPB HHali 
o,48 ± q,oa 0,53 :!: 0,!5 5,0 :!: 0,9 MbiWUB O~XOJJBHo-

CHTBJJBlt MBC, 
n=3 

IIpaBall 6e;Iij)B HHM 
~ onsxoneHO-
CHTeJJBit MBC, 0,63 :!: 0,08 0, 75 :!: 0,!2 5,9:!: 0,9 

fl=3 

IIpHJJelllll!IM x ony-
XOJIJI MblllJB'UWJI 3,06:!: 0,7 3,05 :!: 0,7 30:!: 7 TKaJU. 

n.=3 

OnyxoJJeBaSI TJCaHL 
n=3 2,0 :!: O,I 2,! :!: O,I 20,7:!: 4,0 

--
olli 

B 3Tor-t cJJyqae n = 1 9, 

I 
I 
'I 

I 

np~BeAeHH~e pesynbTaT~ CB~AeTenbCTBY~T 0 nepepacnpeAeneH~~ 
3T~x 3neMeHTOB e opraH~SMe m~BOTHoro np~ paSBHTH~ onyxoneeoro 
npo~ecca H nOATBepmAa~T eosMomHOCTb ero ~Sy4eH~R np~ HanH4~~ 
np~POAHOH A~cnepcH~. 

3AKI1104EHHE 

1. OnpeAeneH~ xapaKTepHbre napaMeTpw np~POAHOH AHCnepc~H 
COAepmaHHA 3neMeHTOB K, Na,C~ Mg, P, Cl H Br e AeBRT~ TKaHAX 
na6opaTOPHbiX mHBOTHWX - 6ecnOPOAH~X Kpwc-caM~OB, 06o6~eHHOe 
cpeAHee SHa4eHHe K03~H~HeHTa aapHa~~~ COCTaanReT /17+3/%, 

2. AnR nony4eHHA pesynbTaTOB C AOBepHTenbHWMH npeAenaMH 
+0,25i Ha YPOBHe AOCTOBepHOCTH 95% AOCTaT04HO nRTH mHBOTHbiX 
8 KamAOH 3KcnepHMeHTanbHOH rpynne. 

3. BenH4HHa npHPOAHOH AHCnepcHH COAepmaHHA onpeAenReMwx a 
pa6oTe 3neMeHTOB nosaonReT ~sy4aTb HanpaaneHHOCTb ~sMeHeHHH 
B nopameHHbiX H HenopameHHbiX TKaHRX onyxoneHOCHTeneH /Kap~HHO
capKOMa YoKepa/. 

AeTopw 6naroAaPHbl B.M.Hasapoey ~ npo~eccopy A.H.PyAepMaHy 
sa BHHMaHHe K pa6oTe, H.B.Kasa4eBCKOMY sa noneSHble o6cymAeH~R, 
a TaKme P. 6aKanoeoH ~ E.A.~ep6aKOBOH sa noMo~b np~ o6pa6oTKe 
3Kcnep~MeHTanbHblx AaHHbiX, 
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