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One of the moet important medico genetic probleme ie the etudy of the

poesiblo mutagenic changee of chemical eubetancee to whose influence nan is

: eubject as a result of hie industrial activity end in’ hie everyday life.

' Among the compounde which heve an unfavourable effect on man -one must include

i inorganic compounde of fluorine. The eurplus entry of these 1nto the

’ organiem leads to the accumulation of: coneiderable qunntities 0f fluorine,r
predominantly in the bone tissues. 4As a reeult of this there develope
"progressively a disease - fluorosls(1 2). The high toxicity of fluorine
“is explained prineipally by the fact that ione 6f fluorine are inhibitore
of metdeermente (3 - 6) At the present .time. data _have appeared ﬂgbwing
that inorganic compounde of fluorine are capable of producing an iiwergenetic

- @ffect as well ae a toxicicty. It is eetabliehed that the effect of
.hydrogen fluoride (HF) in-vive on shoots of maize and’ tomatoee caused an
increaae in the frequency of change to the mythotic -and meiotic chromosomee
(7) and its action on the males of drOSOphila leade to an increase in the
frequency of receesive lebal mutations (8). - These reeulte parmit one to
euggest that fluoride compounde can have a . mutagenic o effect also on man,.
'Since the data on the mutagenic activity of fluorine compounde from higher '
 animals and man ie lacking, research was carried out by ue of thie cytogenetic
effect of inorganic compounds of fluorine on the ¢ells of ‘the bone marrow of
rats and the testes of mice in vivo and on the leucocytes of man in a culture
tissue. We studied the mp.egenic influence of hydrogen fluoride and cryolite -
' coppounds . of this met in the air of industrial premises. Since these

~ compounds enter the organiem mainly«through the respiratory organe'we used the
_inhaletion method to introducefthem in our experiments.

Materials and Method /,/




Experiments were performed om albino rats and albino mice previously expoeed

‘during certain intervals of time (2 or 5 months) to inhalation of fluor -

compoumie 6 hours/day, 6 days/week. Mixture of gases was prepared in the
epec;aa. cha.mbere equipped with the Bpecific systems that a.llowed flne |
adaustmg of concentrat:.ona d:ur:x.ng all the time of experiments. The effects
of Fluorine hydrogen were examined 1nconcentra.t10n. HF(O 1 mg/m3)

cryolite (0.5, 1.0, 3.0 mg/m3) as well as the effects of their mixtures in
d.xfferent proportiona (HF + Cr 0.5 + 0.05 mg/m i 05 + 0435 mg/n’),

Chromosome.‘l. inveetigation 1n mitotic cells was performed in the bone marrow
celle of albino re.ts efter 5 monthe treatment m.th the mentioned nu.xtures. "In
| each expermental 51tuation (conoentratzon of ‘gases or mixtures) 4~7 animals
(- were: k:l.lled end analyses were performed on at least 240-511 celle. Harvestmg
of cells was d.one acoord:l.ng to the method. of T.uo and Hhang (1962) uh:.le Btauung
was done in eos:.m.c-blue (2) Meiotic. chromosomee were examined in- t)he cells
.  of white mice testes after prev:.oue 2 months treatment. Harveet:.ng of celle (
' uae done eccording to the method. of E.P.. Eva.ne (1964) and. m each. var:.ent
1 mice were k:.lled. and 700 cells were observed with the aim of revealzng

the qu.adrivalente or henvalents, cond:.t:.oned by translocatlone. _

colbse
Human leuoocyte AWas performed on the blood. obtained from healthy male donors

. (age-22-27 years), Gultlvat:.on end. harvestmg was performed by the method

( deeor:.bed by Hoorheed (1960) ‘I‘he mutagemc action of NaF selected for its
| _high 3olub:.l:|.ty in b:Lolog:Lcal media with rN combined with cell cultivation was
studied, Cultures were ‘treated with NaF durmg 2 hours (controle were treated

)

with the same dolume of Nacl solutzon - Phys:Lolog:LcaJ. eolut:Lon). Lfter 2 hours

medium was decanted and new volume of fresh medium was- added, Fixation of celle
was done in 66th hour from the beginning of the erperiment, because previous

experments with NaF showed the.t after lon@er time than 66 hours there is no

" F mitoses on the slides, Four variations were stained up and in each one at

Q least 530-600 cells were analysed, from the point of chromatid and chromosomal

eberratzona, byperd;plo:.de a.nd chromoeome "stzck:.ng"
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In'tho statistical treatment of the results the students criterion,

criterion X2 and confidence intervals were calculated by using the Fisher

transformation q=:arcsin Q 140 since the values being compared (the
frequency of chango (xi) were changed close to zero (13, 14)
Tho lovol of significance paO 05 S

Egnerimentalvﬁgerx'

The effect of compounds of fluorine on the bone marrow
of cells. , In two‘experiments.we‘studied the effect

of all theiaoove material concentrations_of'hydnogen fluoride;~

Q,cryolite, and their.mixtures..\ The results of the investigations .

are presented in table 1 trom which it can be Been that in. the

conditions of a five-monthly treatment a statistically reliablej;'

were
value. for the. frequency of: damage to the cells/noted ~only with

the action of the maximum of theaeoncentrations of cryolite
studied- (0.3 mg/ma)"and of-a mixture of 0.5 mg/mg of cryolite.
*Qwith 0.35 bnwgm: of H.F.  The percentage of damaged cells
here come to 6.5 and 5.09% respectively (in the control - 1. 4%)
At the same time one should note that in all the other variants
where animals were subjected to the inhalation influence of
fluorine compoundsAone observed a tendency to an increase in the
percentage of damaged cells and it was greater with a higher

N

, concentration of the compounds studied.




Experimental Results

Results obtained during mentioned experiments are presented on the following )

bone marrow

, ‘cells of rats exposed to chronic inhalation of Fecompo

Controls  HF Oryolite Cryolite + HF

grg DY arg

- 3 z .005 ., 100 : 3.0. 0,5 "" 0.05 ‘0.5 + U 35
1.4 . | 15 244 06,5 5.9
(0. 3; - (0.38; (0.9; (4.06; (3.64;8.67)
3.28) 3.55) 4.6)  9.48)
-1.--17. el o - e o | 1,96

(0.42; (0.84;. . ' -~ (0.95;
. _,2.3),-4 . 3,.,9-85 . N . o : 3.36)-

C51M 32 256 261 - 3T 511 334

S e 0.2 0 308 30,2 €0,002 30,2 <0,01

in.thelbracketsware,showﬁ the limits of the corresponding 95%

¢onfidence_interva1*'fu;

*%. The differences are trustworthy by comparison with the




'~ aberrations in rats exposed to chronic inhalationaof F compounds./

HF

Cryolite o Cryolite + HF

Controls 01 mg/m

0.5 140 3.0 0,5+0.05 0.5+0.3

nberratiohs ‘

P mo some

f(‘ “perdiploid
\_Jlls

ti Eberrations

141751452 5.68
(0.22 (0.4; (3.4
24 85) 3.35) 18.48)

T 0630 -7 e . -
(0; 1414) = =

- (0.06;

0.60

1.7)

' 9
0.,001; - SR (0.002 (0.69;
(1.62) | )  1.48)  3.68)
3 S - 0.35
I S E e (0s02;
_ . ~1.05)
I - 0639 0339 0,38 0,31 -
(0.03; (0.003,(0 002; (0.001;
1;515 1 51) 1 48)" 1,21)
II . 0.95 1,80 - - - 1.76
(0.29; (0.64; - S (o.Bé

- e N . Tee. oy ST e
. S s - Y -
IR " ——RL -

in the brackets are shown ‘the limits of the corresponding 95%
confidence interval
** The differences are trusfworthy by comparison with the

control.

- In table 2 are presented the data according to the freqﬁency

of cells with different types of‘damqge to the chromosomeé in
the experiments on g four-ﬁonthly treatment with compounds

of fluorine we observed a. statistically reliable value only of

aberrations of a chronotid type which with a dose of cryolite

of 3.0 mg/m and a mixture of 0.5 mg/m .eryolite with 0,35

mg/m H.F. came to respectively 5.68 and 5.09% (in




.

The action of compounds of fluorine in the meiotic

chfoﬁosonea of the testes of nice. On studying the action

of H.F, and cryolite on concentrations of 0.1 and 0.5 no/m

.respectively, and also of C mixture of 0.25 ng/n

cryolite and 0.05 mg /m . H.F., no cells with translocations

were qﬁierved either in the-éontrbl or in the experiment.

. The effects of Sodium - fluoride on the mythotic

celli of cﬁrp-bio-éq of™ leucocytes in man. The results of the

. compound iere shown in tabieué from which 1t can be seen- that the

:concentrationn of No. F atudied did not cause an 1ncrease in

of hulan leucocyte

the trequency of aberrations of chromosones in cells of a culture

\_
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: Cells w:.th chromosomal a.berratlons in humas leucocyte cultures exposed

prevn.ously to NaF.

Concentrate of 'Na., P

Controls

(Cells with 2,72 e a0
sberrations (1.5 4.3)  (144; 4.0) (1.8; 4.5)
No,of . 530 s "’5'_39 S e00

' cells : | | | .‘
observed

In the case of higher: concentrations some cytostatic effects were observed =

growing in the cultures was stoppeds _‘

Discussion

"On thé grounds of the resulis obtainad during our experim'entsi- F compounds '

are able to produce certain changes in chromosomes from somatic cells of

animals treate y them, At the same time, no kind of chromo somal

. aharrat:.ons were observed nn the cells of mice testes previously exposed 1o

the action of E—compounds and in the cell cultures of human leucocytes,

‘Most of the aberrations observed in the case of bone marrow cells were

: ————
chromatid~type aberrations. -Analogue effect was observed by the action of
él_lqua.ting agents because of their ability to influence the chromosomes during
replication, especially dm'lng S pha.ée of the cell cycles. As a result of’this
we entertain the opinion that the main damage to chrompsomes during dur
ex.perimehts with F compounds also took part during the s;phase.' In full
accordance w:Lth this a.asun;pt;on are the resu.lts obtamed. in t)he human leucocyte

cultures. After 2 hour action of NaF on the cells in the G phase no

P LA N S, T . - - -




The increase in frequ.ency of mu.ta.t:.ons in cells of living orga.nisma dne to the
a.ction of inorganic fluorme compounds took place in the same cond:.tions
(ooncentrations, method of introduction into the organism) in which these

compounds act on human Abeings dunng industrial production. In this way, these
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COEAMHEHAHA ®TOPA HA KJETKA YEJIOBEKA H JROBOTHEIX
S IN YIVO H'IN VITRO
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C. H. BOPOIIA.THH, 3. T, IVI0TKO, 3. 3. TATHATYJLINHA, - ) .
8. A TEIEBAT - . T . J
" Ceepiacecxui HAYUHO-UCCACDosa M AL ER U uNCTRUNIYM
- FULUER W M pyda u -np‘oﬁa.fi.ﬂo.ceoaﬂu'q J_!_{u.ut;cmepcmc_a
; . 8dpascoxrpdnenus PCECP o
v " BBEJIEHHE _
OpnBoi n‘a_fna;xﬂeﬁm;ix;iaelr,zxq—res_emge_cicﬁx’ B87IAY  ABAACTCH m3ywenmme ™
. H03MOEON MYTareHRoOR OmacEocTE IHMOYECKOX BemecTs; BO3ZEHCTBON ¥)-
2 * TOPELX: WeJI0BEX NOZABEPIA€TCH B Peay.sTaTe CBoeﬁ.npcmaBdnc_rheEBoﬁ- HesTenth.
DOCTE E B MOBCEABEBHON IKHIHH. K ancry COCARHERNH, ORAZKBAIOMIX HEfs1a -
FODPHATHOE ‘BiiisHie Ha ‘TEHOBEKA, OTHOCHTCH ‘B: HEOPraHEYeCKHe .COenmRens A
o ¢ropa. Haburowmoe HOCTYILIeHHE B 1Ak : r
' TeALHHX KOAWSECTB (T -!
/.I. ’ 3700 .pasSRERaeTcH po ; s
- o I, 2]. Biacoran TORCEYHOCTS O e ' d E
( > 1oFH. $70pa ABAAIGTCH HErEGH MHO MEHTOB | V\/\ l&%'e .
e R BACTOAINEMY BpeMeRy TOABMIIECL RAEEKe, CBREICTEJBCIBYIOIIEE O TOM, | - l’ :
170 HeOpramygecRme COeNEHEERT $ropa enocobmur ORA3HBATH BADALY € TOKCH- - OM! 3
. 4§ YUCKEM H MyTaremHoe sieificTmme, Yerasopneno, uro Bo3neiicrsue Qroprcrore § . . e
(/} 2} rotopona (HF) in vivo Ba wpopocrrm KVEYDF3H B TOMaTOB BHSWEAGT VBEimge- 3
~ 4 e wacToTH mOEpemmenni MITOTEYErEEX MefioTEReCKEY XpoMocon [7 1R KOL“‘”—"““!
BosfeficTERE ero Ha caxnos ApoadduIn Bener k YBEIUUERHI YacTOTH pemec- | . A
| CPBERX IeTaThHEX Myranei |8). 98 peaymprarhr UO3BOISKT Upernonarats, |- - B
410 pTOpECTHE CoenHRREeRRY MOI'YT OK&3LBATh MY TaTeEREOe heficTBEe B Ha: gemo- { - i
sexg, Tlockoapky ASHERE O MYTAMeERCOE aKTEBROCTHE coeTNReERE (Topd fua | o
. BHCITEX REBOTHEY # UeroBERA OTCYTCIBYIOT, HAME HPOBEHeHO HBccnenoBigHe :
’ LUTOTeHETHYECKOTO NelCTRRg HEOPraHAYeCKHX COEIHECHEBH ¢Topa Ba KubTHE i
bt KOCTHOIO M03Ta KpHC & CEMEEEEKOB MHmeR in vivo'm ma JeHKONATH YenoBexa “F
b B Kymbrype TRamm. Wsygemo MYTareEHOE NeHcTEHe dropacroro Bonopona =
o KPBRONMHTA — COENMEERNH, HacTo BCTPEYAIOIMEXCS B BO3QYyXe. MPOH3BOACTEEE- g
1 BUX noMememn, Tockomxy o1w coenmmenns IOCTYORKT B OPragnal IIaBELIv ‘lf
, - c6pasoyM: wepes opramm JBIXAHHA, B ONKTAX Ba sKIBOTHLIX OpAMEeEANE MBTang- =z -
: i UBOHERIE cNOCOE HX BBefieRmA. J P
: \ / . ' MATEPEAJ H METOTIfKA ‘ ' it
! Omurrat ma FREBOTEHX BHDOJHEHH Ea CAMKax Gecnopormnx Genmx KPHC & ‘ :
e Ha camnax GecmopogErix Gexnix Mummeds, KOTOpEIe B TedeHNe onpexeneEHoTp €
¢poka (2 maw 5 mecsmes) DOMIBEPrainch WETAIATEOEHORA 8aTpaBKe coemgmme- R
EnaME ¢ropa mo 6 wac. B nemn 6 Pas B Benemo. 3arpasky OpOE3BOAnIR B 38 ' :
. g
e J 1&'
\ : ¥ e
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WM JU?]J}'HI‘dTb 3ulalBble hOHIleBTpaHHH ﬂay‘h’ll‘\”ﬂ\ HCIMECTB B B! 21vNe
€ A0CTA4TONROM TOYHOCTLIO B TEHEBNE BCETO BPEMEEH ombira. Jleiictere diropu-
' €TOrO BOAOPOA N3yYaan B konnesTpamum 0,1 xz/3, Kpooanra — 0,5: 1,0 n
3,0 xa/x 0 cwmeceit KpnoanTa ¢ d;ropncnm BOJ0POI0M B l\OEHCBTpaLlHR\
- 0,0 + 0,05 m2/22 31 0,5 + 0,35 w2/x? cooTreTcTBER RO,

. Hayveune \mromuem\nx XPOMOCOM KOCTHOT'O MO03Ta OPOBOTEAE Ha KpHICaX,
' DOJBCPTaBIINXCA 5-MeCAYHOR WHIalfAMBEOHHOMN 3atpaBke. Ha xassamit Bapnant
(w ‘ “OTHTA B3ATO W0 4—7 KHBOTHWX B upoasa;ausnposaro no 240—511 xaerox.
Hpenaparer 11s apaanss XPOMOCOM TOTOBHJIE 10 mero;mhe ,[9] ¢ HEKOTOPHIMA

© MoIndnks AME 1 OKDAIIBAIE 23YP-3030HOM.

Hccaeaoranme meforauecknx xpomocon COMEHRHKOB I]pOBOIh.’lK Ba Geamx
MIIMAX. KOTuPHe NOABEPranich 2-MeCAYHOM HEralANmoHHOK 3aTpaBKe B He-
CRO-TLKUX BapUaHTax OOEITa OFHOBPEMEHHO ¢ KPHCAME, B rammou BdpEaHTe
. E3Y4eHO.7 MBImeH #- npoana'manpmaano 700 x1eToR ¢ edbi) BHABIEHNA KBaj-
PEBAICHTOB DAL FCRCaBAI€RTOB, 00YCAORICEHIY TPaRCT0KA I AL, IpeilapaTit
TOTOBII DG Meremxke [10].

HeeaenoBanne xyaprypm aemoumoa 9e;0B¢Ka BHIDOIBCHO Ba A0BOPTKOlS
KPOBN B, MY#HCKOTO DoJa B Boapacte 2227 aer. Kyantusuposain Jefikonn-
TH o Metoiy [11]. Maywaim M\“rdrepnoe HeficTBBe (TOPICTOIO EATPMSA, Bh-
Gpaiinoro B ¢BA3E ¢ ero xopomeii PacTBOPHMOCTLIO B GHONONITECEAT Cpéaax npm
PH C(J:;\IL‘CT'TUBI\ C VCI0REAME h\ﬂbTHBBpOPdHEH }\TCTOX\ @TUPHCTHE BBTPHU
BHOCRIN B cpeay:.Ra 2 yaca (5 KURTPOIBEYIQ KYIbTyPY EHOCAIE $u3mcIordge-
CKHl DacTROD Ra.ToT me CPOK), UOCIE METO CPEAY 3aMEBAID Chosmed B BBOININ
QOTA. Raersn drRcirpoBain me ﬁﬁ—sﬁéacy KYJIpTRAAPOBRARA, TAaK KaK pa-
HCe ITOr0 CPOK2 B. BaPHaHTAY ‘a00asiennen NaF MuT0308 He Gh0.: Onnt
'DOCTABJEH. B: YeTHIpeX: nowopaocmx. B “RauRz0M BAapHaHTe npoaﬂammponaﬂo
19330600 Kaeroxk.

' mw JH3€e - TpenapaToR JEHKOWITOB B }-OCTEOI‘O MO03Ta., yq—nrmann BCE
REIR A0EpDAUNH -XDOMOCOMIOTO. H XPOMATHABOTO TiiOa, TROepIUIAORIRBIC
- Ba€TRD. cannmerue xpoMocom. TpoGersr we BK.TIOYRAN B YHCTO abeppamnit: Ana-
AEILPARATIN AROb T€ MeTada3NBIe DIACTHHKE, KOTOpLe ¥ vA0BIeTBOPAIR ofme- ~¥ &
r[pr'LHTb.M rppumaﬁnm{ R onvcuemnam ‘BaJeRBYI0 oueahv anpe,;\;:ennu g,
T4or i é
" . Hpn CTATHCTERECKOI Cmpa\)OT}\e peav:rwama hpmepnn C%}o:sea*a wpeTe- 1§ J& l"
S 0133 L aoBepiTeTnTIe BHETEPBATH BLIYRCIAIN ¢ DPOMRHCRLEM Opeofipasona- '. S se
Hig L‘bn NEPR G 2 aresin Y7i, DOCKOILKY CHoREIRACMbIE BeaT9HRL (RagToTn 3
DOF(" AHiennii.—z;) kieraa m,l T3 (CNs3RE HY210 113, 1-;] \poseﬂb 31& 1 MO- >"
Cern B =005, o . B T

VRIS,

B LN n\rr’ap'mwn TLHAA qacn,_

‘ :le:mem* coezimenuit dropa Ba \:monmem\ne RAETKE KOCTHOTO xoara
’}p&c B asyx ﬂhrnepmxenra\"nameno AelicTBNE BCeX IPHBCAGHHMWIX BRIOIC

. RGEneBTDAmMI .rroprcToro Bo:mpo:xa KPHOTNTa B HX cyeceil. Pezyapratii

- ecaeanRaRnll OpNBeIeRL:B. a0, 1, m3"KoTopoi BUIHO, 4T0 B VCIOBOAYX 5-Me-

CAUESH 34TPABKE CTATRCTNUECKN '10cr(:BepHoe YBEIUYCHNE TaCTOTH HORicik-
BEVBBIX KPTOK OTMeSERO TOTHKO NI Jelic TRy \ra;\cm;a TLEOI U3 m3vdennniy | |-

EORDenTrannil kpnemira (0.3 we/ad) 11 evect 0,5 Moyt KrnoanTta ¢ (.35 sa/ar 5‘@‘/ A2
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Jefictere coepuBenms (bfmpa Ha MefoTHueCKHe XPOMOCOMH CEMEERKKOB
Mueil. Ilpr maysemym pelictens HF B KpHOTETA B KORNEHTPAUHAX 04 =,
0,5 x2/x® cooTseTcTBEERO, & Takme cMeck 0,25 m2/M kpuomura ¢ 0,05 xz/x

B xneroK ¢ rpaEciokammamu He oﬁnapymeno EE B KOETpOJE, HE T’omﬂe.

Heficrene ¢ropacroro HarpEf HA MOTOTHJeCKHE XPOMOCOMH defikonuros
qe:wsexa. PesyspraTh omiTa npefcTaBneHs B Tabxy. 3, B3 KoTOPOH BEZHO, UTO

IIBK XPOMOCOM B KIETKAX Kym.'rypu nemfozmron ‘IEJIOBGK&.
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. IIHXCH HBI‘&J’IEILBOHBOM} BO3,ZI€‘UCTBE]O m VIVO H B KJIETKax !\) JIbT\ pbl JIGKI\O
. IIBTOB 9eJ0BeRa.

- N I Ta6.unxa3 B

Kaetkm ¢ BAPYIICHHINK XpOWOCOM B EyInType zefxommros
‘senosexa upn pelicremr (b'ropxc-mm mrrpu :

v

Koﬁumpn_niix‘ Na¥, ll -

: HoneMenme RueT- 2,72, ) ) 25 30
. R, % ) (1.5; 4,3) (1,4; 4,Q) + 0s 4'5)
.- np(‘auazmsnpomo 1 - 53 E e |
- . -KIeToK: .= . A - S =
TP %_; o bosos ] ses

Hpn Koanenrparmu 601mm:ux, qeM yxaaaao 5 rabit 3, xaﬁ.uxma.ucx mETO- }E
crateveckui aderr, pocr 'KYyZBTYPH OTCYTCTBOBAL Cnenyer BAMETHTDH, YTO }&

KOENEHTPanEE HOHA ¢ropa B cpene GuLIE TOIG e HOpAIRa, RarEe naﬁmoxa—
BT B THABEBHX EAKOCTAX npn na6u'ro'~mox noc'ryruxexmn @mpa B op-
oscnnn}a}mz L o ﬁ :

o,

B pesyirrare Bsmo:meznm Hamx nccnenona.xzn ycranomleno, wro neop-
raEEYecKEe CoeAREeHRA Topa MOIYT BH3HBATE oGpaaoBamze TepecTpoeR Xpo-

MOCOM B COMaTHYECRHEX RIeTRAX H\.KBOTEE\LI in vivo II})K I]OC'!’YIUI&HEK 9THX

OOQ;(EBGHI{H B OpraEE3M qepea OpIraBR maﬂnx. B TO X\G Bpelﬁl M\'le"&'ﬂ'ﬂoe
»J.I&BCTBHQ @Topa He oﬁaapva{eao B KJIETKAX CEMEERHKOB Humen HO,’IBGPI‘BB-

YBe’IB"IEHHQ ’K&CTOTH Bapvmemm XPOMOCOH B K.'IGTI'\B.X ROCTHOI‘O MO3ru-
HPOHCXOIHT BCRINYATETLHO 3& CHET aoeppan:zz XPOMSTE,IBOFO TBOA. ABB’ZO'

‘rogEbE aderT oTMevaerca Tarske mpm ReACTBHE TAKEX XEMEYECKHX MyfTare-

HOB, KaK aIKEANPYIOMEe ‘COEIEHERAN, KOTOPLE OKa3HBAKT CBOE AeficTBEe Ha:
XPOMOCOMH ITABHLIM ‘06pa30M BO -BPEME WX PEIyILTHEANER,: T. €. /Ha' CTALER
S raerousore mmkma [15— 1/] IToaroMy Mu “Takse CKIOHHN cunTaTh, 1O
DOBEEKHOBEHHEe IOBPEXZEHHE XPOMOCOM B BAIIHX OIKTAX HPOBCXOJEI0 Ha
cragnz S. C raxmmM OpeAnoI0/AKEEneM BIOJEEe COrIacyTCa B pesyapTaTH Ha-
IIEX OOBITOB B& KyJbType NeHKONETOB: Hocae 2-4acoBOr0 Bo3fielCTBEA r0-
PHCTOTO EaTpRa Ha KJIETKN, HaXOIOBIOReCH B cTagne Go, YBeAOREENA YacTOTH

HupYIOeEn{ xpomocom He 61.1:10 Mo,icao UPeANOIUAATE, YT0 AIA. obBapyme-
‘HDA Z0CTOBEPHOIO yne:mqemm ‘abeppanni: xpoxocon B KIeTHaX KyAbTYypH
'TKaRE BeoOX0IMMO BHECECHRHE d)ropncmx coe;mnennn Ha npymx c'ra;mfa Kie-

- TOYHOTO. AIRIA (BEPOHTHGE Ba cTaanm S).

B Bacmfmlee Bpesm OI‘C\ TCTBVIOT IIPHMHQ naﬂnme HOI\GSLIBE.IOIIIHB haxou

:ME‘I&BDEIM .'lEthT B OCBOBK:' HOBPG&\J,GBHH lpO\lOCOM @TOPHCTHME COB}HIHEEBH—

o u,ﬁvww#-mﬁ

. nayw;emime RornerTpanEr NaF He BLamBamT ynememm YacToTH aﬁeppa- o £
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JAeficraue neopeanuveckur caeal_meuzu! gropa na x_.t_encu ue.mgnra} o119

-m.v - Oamako, ylmrmaa qTO Heopramv;ecme coe,u,nﬂennﬂ (b:ropa xm:mmrca
- . CuIbHMMD QEPMEHTHHMH A1aMu, TOPAKAIOMAME DUUPOKHE" CHEKTP “MeTal- -
' 1 Jmo- q»epyeﬁron npefcTdBaReTca Gojee BePOATHEIM, W10 NOBPEAJleHNe XPOMO-
+';§ coM npE AelCTBAN QTOPECTHX COEANEEENH NPOHCXOART CKOPEe BCIEACTBNE Mo~ .
pazieREA (epMerToB, 00eCNeINBAKIIAI CEHTES HAH penapanmo -JHK, weu B -_
pesyabTaTe TpaMore mopaseRsa JIHIL Tukoe npeacrapnénmé o- MEXERDIMUE
'MYTareEEOro Aeficters (ropa BamTysSmEM:- 00pasoM.cooTBercTBopano GM HE- .
meMy -TPEATON0KEHI); YTO nan601ee 'wscrnnre.zmmu K nm'}umn BOBPEd\- .
AeEnE XPOMOCOM ABiAeTcA neprog S. - a8
- Ysenngernne 9acrorTH Myramm B RNETKAX FEBOTHOIG opramaana npE ned-
CTREE HEOPraHHTeCKHX COSMEEEEER (T0pa MMEJO MECTO IP TeX e YCiIOBRAX
(KoEReETpaNEL, MyTh DOCTYILIEHAA B OPranmax), IPE KOTODHIX 3TH COENEBe-
HHf BO3JeBCTBYIOT Ha YelOBEKA Ha POE3BOACIBE, £ 00pasuM, 3TH aEFke
DO3BOAEKT CEETATH AOCTATOLHO oGocﬁ_ BAHHBIM - .
3¢CKBe COJHBERNA (bropa Moryr npencranun ny:raren:aym onacnocu Ans B
YeaA0BeKa.

. BHBOJILI - - ﬁ

Hqueao MYTaremHoe zelicTEme cbropncroro Bonopona, hpnozmra B oEx
cueced Ba XPOMOCOME KAETOR BEBOTHREIX, R TAKKE MYTATeHHO® .nencmne &ro-
PECTOro BaTpPRA B RIETKH KyIBTYPH JeHKONETOB ZeI0BEKA.

B pesymrruare S-MecayROT0 MEralSUEOEBOTO BOBLEHCTBRA HA. CAMOK Bec-
nopoZEnT bersx xpuc coefEEeREAME (prTopa YCTREORJIEHO *nae*mqemxe "WACTO- -
TH . KIETOK € HOBPE/EJIPERAME . XDOMOCOM B KOCTHOM MO03ré IPE JAeHCTBEE .
3.0-x2/x* xproxETE B cMecH 0,5 x2/x* RproxeTa ¢ 0,25 Mz/x* $ropmcroro Bo-
Aopona {n0.6,5 8 59% coornemcrnemao upE 1,4% —=» KOHTpOzE). Boapacra-;
HEE 9&CTOTH. BAPYeHHH IPE 2TOM npo CXOMTO TARBERIM 00pasok sa cyer .
mogenerrs abeppansi xpoMarzanoro Teoa -(5:68 B .5 09% coo'naercnaemao JApE oo
124%-,—-3 Kon'rpo.ue).' S _

‘He. naun:km TH YBEIHIeHHEA qacroru r.xemn c :rpancmhan,nmm B cenea-' " ’ S
EFKAX CAMIOB Gexix &cnopomm Miomel, DOZBEPraBOIEICR B TeueEBe .2 Me-
CHOeB MATAJANHOKEOMY BO3NEECTBEIO (TOPHCTOrO BOJOPOAR B xomezrpamm»

0,4 x2/5, Eprosmra 0,5 x2/x* m cxecr 0,25 xe/x’ KPHOJHTA C 0,05 me/x? @m—'
pBCcTONe Bonopona. '
. Upr r3yvenEw sosneficTemm (b'ropncrom xd':pma B nomen'rpannax 1 10‘3 -
5. 3 107° M Ba xretEE KynbTYPH nefiromnroB Ha cramm. G, He Eabmoxaim
yBeIETeRAE macToTH 8beppanmi xpovocom. Ilpm Goxee ErmcokmEX HOHNEETPA- -
OBAX GTOPECTOTO BATPRA OTMETAIE I TOCTATE Y eCHER aqrcbext.
TaﬁJmn — 3, ﬁno.morpaqms — 47 ms3B.
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