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p400ry r.r B cJryqarx li3MeHeHr.rr KaqecrBa KoMnoHeHTOB (urO uepe4ro [po]rcxoAHT
B npor,r3BoAcrBeHHbrx ycnonurx), a raK)xe 6rrcrpo nepeBoAHTb ucnoJrbsyeMbre
cocraBbr Ha onrnMaJrbusre (no pacxoAy arxyu{ero).
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BJIITflHI,IE COCTABA HA IIAqAJI6HbIE OEbEMHbIE I,I3Mf, HEHI,Ifl
I{ MEXAH}IqECK}IE CBOft CTBA IIEMEHTHbIX KOMIIO3I,IUUfr

I'Iryvena 3aBucnMocrb o6semHrrx 4e$opmaqrfi a {urnrco-uexanflqecKsx xaparcrep[-
crilK HanoJrHeHHOrO UeMeHTHOTO KaMHg 0T ero HaqaJrbHoro cocr8B8. yCranonleHo,
rl'ro 3lIaqeHrlt AV u npovnocrHbrx noKa3arelefi KarrecrBa onpeAqnqrorcfl co.qeprcaH[-
eM AByBoArloro rfiflcar a raKxe KoJrnqecrBoM H AucnepcHocrbrc KBapqeBoro HanoJr-
HHTCJIC.

I{er"reurHurfi KaMeHb orroc''rcr K Marep,auraM, KoropbrM np'cyqa 3aB}rc,-
Mocrb KoHeqHbrx cBoftcrB $opr"uzpyroruefic{ cucreMbl or ee HaqulJrbHoro cocraBa r,l
npoqeccoB crpyxrypoo6pa3oBa'r.lr. 3xcnnyaraquoHHbre xapaKrepncrr4K' r-re-
MeHTHOTO KaMHr onpeAeJrrlorcr ero crpyKTypofi, npeAcranassruefi co60fi caox-
Hyro coBoKy[HoCTb Ar4cr(perHbrx afperaroB c ycrofi,rranofi $lrrcaquefi cragefi
MexAy xurr.rn [1]. (DopnalrpoaaHne KJracrepHbrx roAcrpyKryp ocyulecrBJrflerc, B
pe3yJrbrare $uslrro-xunauqecKEx n su:axo-uexaHr,rqecKHx snnennfi Bar{Mo.uer-
crBlrr rHcneporbrx qacrr4u Apyr c ApyroM n soAofi 3arBopeHH' [2]. Mexanr.rsrrarr
xnacrepoo6pa3oBaHHr 3aBHCrr OT KaqecrBeHHOrO A KOJrr4qecrBeHHOFO COAepxa-
rrur lrcxoAHblx KoM[oHeHToB Br)Kyrrlefi cNcreuu. Haqalrnufi cocraB ueMeHTa
oKa3brBaer HacJreAcrBeHHOe BflUrHHe Ha npoqeccbr opraHu3aUr.rH AHCKperHbrx
6noxon, onpeAeJr'ycJroBr,' KoHTaKTlrpoBaHru rracrxtl gncnepcuofi $a:u u npo-
TeKaHr'rr peaxqufi rHApararlHr,r. Xnusqecxaa npr{poAa lr pa3Mepbr nepBr4rrHbrx
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KOMIIOHeHTOB BrxyrJtrero, a TaKXe EX [pOqeHTHOe COAepXaHrre OOyCJraBJrr,rBarOT

Br.rA, crpoeHr4e r.r cBoficTBa crpyKTypHbrx arperaroB sopMr.rpyloueilcr KoMno3n-
r{nr4. CJreAoBareJrbHo, HarranbHbrfi cocraB TBepAercqefi clrcreMbr ruuercr ocHoB-
HbrM $aKropoM, onpeAemroqr4M TexHoJrorHrrecKue npueMbr $oprturponannr
crpyxTypbr qeMenTHoro KaMHf,, oco6eHHocrlr ero crpoeHnr H KoHerrnbre MexaHH-
qecKue csoficrea.

B o6lrqHrrx ycJroB?rrx nopruraHArleMerrr coAepxuT B KatrecrBe MuHep€urbabrx

Ao6anor grysognlril nrnc n M€uroa(Tr{BHbui HanoaHurerb pa3nuqnofi 4lrcnepcuo-
crn. HsraeHeHue KarrecrBeHHoro cocraBa nrxyulefi cucreMbr 3a cqer BBeAeHut

Ar{cnepcHbrx qacTl4q c oTnr4rtHbrMu oT qeMeHTHbtx 3epeH xHM}tKo-
Mr.rHeparorutrecKr,rMu xapaKTepr.rcrr{KaMn, nenuqlrnofi noBepxHocrHofi arruaHo-
cTr.r H pa3MepaMH npHBoAr,rT K r{3MeHeHHFO MexaHusMOB OpfaHH3aqHr.{ r(racTepHbrx
6roroa, nx crpoeHuf, Lr snAa. l{sl,reHeHne KoruqecrBeHHoro coAepxoHnfl MHH€:

pnnbHbrx Ao6aeor B Br)Kyu{eM TaKxe oKa3brBaer BJrr,rflHr,re Ha pacnoJro)Keuue }rc-

xoAnbrx KoMnoHeHToB B qeMeHTHofi xounognqnr,r. flpra gToM r43MeHrercfl pac-

cTotHl're r'rexcAY rlacTnqaMr.t TBepAofi $aeu n, KaK cfieAcrBne, 3HaqeHHr Mexqac-
TI{qHbrx cHJr KoHTaKTHbrx B3ar,rMoAeficrsufi, qro, B cBo}o oqepegb, orpaxaercr Ha

KaqecrBe HHoM cocraBe r{ crpyrType o6pasyroulraxcr KJracrepon.
flpeAcrannser HHTepec r,r3yqeHne 3aBr,rcuMocrlr lr3MeHennfl KlrHerr.rKr,r crpyK-

rypoo6pa:onanHt u MexaHuqecKrtx cgoitcrn LteMeHtHoro KaMHr npr n']Mcrrcnnrl
ero HaqanbHoro cocraBa. Euua nocrasrena3a.qaqa u3yqeH[Jr &nluHuq KaqecrBeH-
Horo KoJrlrqecrBenHoro cocraBoB Ha o6reunsre H3MeHeHur u npoquocrHbte nora-
3areJrrr KaqecrBa qeueH'rsofi cncreMbr.

flpH npooeneHlrr.r 3KcneprrMeHTaJrbHbrx pa6or ucnonb3oB€rJru cJreAyrouHe Ma-

Tepuanbt: noprJlaH,queMeHT AlrcnepcHocrblo 350 rtaUlr, ToHKoMoJrorbtfi xeapue-
errfi necox, a raKxe ArysoAHHfi runc c yAeluHofi noBepxHocrbro qacruu 350
rril/rcr. CocraBbr Brlr(yqrrx rounoguqrfi nog6upalucn B coornercrBnr,r c rnnoBbrM
nrrH$arcropHbrM nJIaHoM (<cMecb, TexHororurr - csor"rcrno)), clrHTe3upoBaHnr,rM B

cr{creMe "COMPEX" [3]. B rauecrBe nepeMeHHux 6ruu npr4nqrbl: .[HcnepcHocrb
HanoJrHLITeJrf, (S"o: 400 + 200 ldrr), MaccoBoe coAepxaHl4e uanorgurenr (20 1
lO%) u AByBoAHoro rlrnca (3 * 2%).

Crarncurqecrar o6pa6orKa gKcnepuMeHTarbHbrx .qaHHbrx, npoBoArrJracb c nc-
nOIb3oBaHHeM annApaTa MaTeMaTuqecKoro nnaHlrpoBaHtlq excneprar'aexra [4].
Pesyrrrarur nccre.qoBaHnfi npeqcrannenbr Ha AHarpaMMax, Br,rpa)Kanrqnx co6oi'l
rpa$lr.recxyro 14HTepnperauurc naoAenefi .

floryueHnue AaHHbre noxa:lturr, qro lt3MeHeHue coAepxaHur .qByBoAHoro
rnnca u KBaprleBoro HanoJrHr,rTeJIr, a TaK)r(e AncnepcHocTr4 nocJreAHefo B Bflxy-
rr{eM [pnEoAl.{T K H3MeHeHrlrr.o 3Har{eHr'rfi o6reuHux ge$oprr,raqrafi n flportHocrHbrx
xapaKTepr4crrrK ueM€HrHoil xounoguqnu.

l'Icnorugosauue CaSO+'2I{zO lr sanonsureJrr, He3aBr{cuMo or Hx KoJurqecrBa
14 yAerbHoI noBepxHocrr.r qacrnr"l roHKoMoJroror'o KBapqeBoro necxa, npltooAll'l- K

cHr.r)r(eHr,rro o6rer'ruux nsueHeHlrfi 6esAo6aBoqHoro ueMeHTa (prac. 1). O6utar ee-
JrHrrHHa AV nr:ryuero sa 9 qacoB ero rBepAeHl,rs cocraBnJra 1,58yo. BseAeHr.re

AByBOAHOnO rHnoa B KOJTHqeCTBe lYo npn pa3nHqHOM COAep)KaHHH HanOIHHTeJrfl
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Puc. l. Bnn*rue AByBoAHoro rnnca n HanoJrnureJl,
na o6rcunuc H3r,rcHcHHr rroMgHTHbtx xorunoluqri

no3BoJrrer yMeHbur.rrb gror noKa3areJrb B cpeAHeu ua 3v/o. floruruenue npo-
qeHTHOnO COAep)KaHnr caSo+'2HzO n Soprtlrrpyrou-(eMcs Marepu€rne 40 3%o npn-
noAur K cHHXeHUlo O6reuHlrx Aeooprraaqnfi qelreurHofi c[creMbr B cpeAHeM Ha
37Yo. YsenvrqeHr.te KoJruqecrBa AByBoAHofo rrrnca ao 5%o BbtsbrBaer yMeHbrueHue
AV rnep4emrqefi xounoguqlrr,r B cpeAHeM sa 43Yo. Bregenne B cocraB Brxyulero
20Yo xaapUesofi Ao6asxu [pl,rBoAtrr x cnrxeHuro AV Ueuerrnofi cHcTeMbr, B
3aBIrCHMOCTT.T OT Konr{qecrBa AByBOAHO|O mnoa, B cpeAHeM Aa 3lYo. VrraeHrurenlre
trJlr{ yBeJlI{qeHHe coAepxaHl{t HanoJrH}rreJrfl Ao llYo u 3070, coorB€TcrBeHHo,
cnoco6crnyer 6o.nee eQ$errr.rnHoMy cHnxteHltro o6renanrx 4e$oprilaunfi rIeMeH-
ra, B cpeAHeu na 38Yo a o6olrx c{rqaJ{x. BnegeHne rrapuenofi Ao6anxn c y,qenb-
Hofi norepxuocrbto qacrl,tU 200 talre Bbr3brBaer cHH)KeHr{e o6teuHux usrrlenennfi
Bnxyulero, B 3aB|,|CHMoCTH OT KoJrHqecraa caSol'2H20 u HanoJrHHTeJrr, B cpeA-
f f eM Ha 29,5yo. VseflH.reHue Sn, uanornnrenr Ao 400 Mzlrcr- npuBoAHT r( yMeHbuje-
nuro AV B cpeAHeM na39/o,Ao 600 rrFtxr - B cpeAHeM sa45,5yo. Taxurrro6pasorra,
ycraHoBneHo, rrro AJrr MaKcxMEUrbHOrO CHnxeHnq Haq€urbHblx o6teuurx ,ue{op-
uraqufi rBepAerou{ero Mareprraira e$$exrlrBno npr,rMeHeHr,r€ 10 % rnapuenoro
rranonHlmeJrr c yAenuHofi noBepxHocrbto r{acrr.tu 400 u 600 r*F/*. npr coAepxa-
lrHH AByBOAHOTO r}Inca B KoJrHqecrBe 5Yo. IIpu sroM o6ret{Hrre trs}reHeHHr 6es-
Ao6anoquoro Br)Kyulero yMeHbuzlKlrc n na 47 Yo.

zsyueHlre p;flvflHnf, MaccoBoro coAepxaHgfl xrapqenofi ,qo6asxta Ha 3HaqeHHt
R"* E Rp.n. qeMenTHoro KaMHr rto3Borter orMeruTb, rITo nplr BBeAeHr.I[l HanoJIHI,l-
TeJrr B cocraB Btxcyuero na6nrcAaercn o6r{ar reHAeHqur cHuxeHr{fl npoqHocr-
urrx croficrn 3arBepAeBulr,rx cr.rcreM (puc. 2 r,r 3). llpovnocrr 6esAo6aaoqHofi
qeueHTuoil KoMno3Hql4r4 Ha c)Ka'rHe cocraBnJra 63,5 Mfla, Ha pacrrxeHue npn
Hsrn6e - 8,9 MlIa. HcnorusonauHe HanoJrHHTeJlr B KoJrr4qecrse 20o u 3u/o, ue-
3aBIlcHMo or npoqeHTHofo coAepxaHlrt AByBoAHoro fflnca, npHBoAHT t( yMeHb-
rneHnlo noxasarelefr B cpe.qHeM na SYo n ly/o, cooTBercrBeHHo. cHuxeune sHa-
venuir Ro.n npoucxoAur npu BBeAeHHu B cocraa qeMerrra 20yo u 30% rnapueaofi
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.{o6aBKr.r npr4 coAepx(auvn lyo CaSO+'2}IzO. B sroN,r cryqae npeAeJr npoqHocrll
naxryuqefi, c[creMbl Ha pacrrxenue nprl nsrn6e yMeHbluaercr B cpeAHeM Ha

l3,4yo. u 20o/o, coorBercrBeHHo. Haru.rlre B qeMeHTHofi KoM[o3r4UHH Ha-

nOJIHI,ITOJI' B KoInqeCTBe ICF/o npra 3Yo u 5o/o AByBoAHOTO rutnOa nO3BoJIteT noBbl-
cHTb npoqHocTHble noKtBaTeJII,t KoHeqHoro MaTepr,rzlfla KaK Ha cxaTue, TaK u Ha

usrn6. B gaHHrx ycJroBr4rx 3HaqeHr,rr &* u Ro." Bo3pacraor sa 6Yo n l5olo, coor-
BeTcTBeHHO. Ynennqenne Ar{cnepcHocTH xnapqenofi Ao6asrn, He3aBr,rorMo or ee

MaccoBoro co,qepxaHHr B cocTaBe B$Kyrr{ero, cnoco6cTByeT noBbrrrreHHrc npoq-
HoCTu ueMeFrnofi cucrerulr. HononrgonaHr,re HanoJrHrrerr B KoJrr{qecrBe 30Yo c
yAenbHofr roBepxHocrbrc 400 ra 600 r'rr/ra npu 5o/o AByBoAHoro rlrnca o6ecneqn-
Baer noflyqeHue qeMenrHofo KaMnt, 3HaqeHHq R.* ro,roporo npeBbrrualor noK[Ba-
renr4 6esAo6aso.rHofi KoMno3HLIHr.r naSYo (R"*: 69 Mfla) u Ro.n - Ha 26Yo (R"":
l2 MIla).

3rcnrryarauroHHat HaAexHocrb rleMerrrnoro KaMrur Bo MHoroM 3aBrlcrrtr or
ero rpeulnHocrofiKocrn [5]. Besxocrb p$pyureHus Bfl)Kyrrtnx rouno:uqnfi onpe-
AeJIreTCr HX HaqarbHbrM cocTaBoM H npoqeccaMu cTpyKTypoo6pasonaHna, KoTo-
pbre, B cBoro oqepegr, o6ycloalHB:uoT HHTeHcHBHocTb nporB.rreHHs o6beMHblx
nsueHeHufi rBep,qercqerc rIeMeHTa. [pr xoruvecrBeHnofi or{eHKrr rperrlnnocrofi-
KOCTT4 npeAJtaraeTcff LIHr,rLurrpoBaHI,Ie rpeulnHbr MeroAoM 3€IJro)KeHr4s x MeroAoM

pacnrrJra. Or cnoco6a oopasoraur,rr rpeunHbr saBHcrT ycJroBHs $opr'luposaur.rr
HarrprxeHHo-ge$opuarunHoro cocrorHr4fl r{eMeHTHbrx o6pasqor, O6temHure
ge$opnraqrara, nposBJuflcb Ha 6eperax 3:rJroxeHHofi Tpeurr{Hbr KaK Ha cnoeo6pas-
Hbrx noBepxHocTtx pa3AeJra onpeAeJrxtoT KaqecTBeHHbIe p€l3JrHqHr B ocTaToqHbrx
Hanpfl)KeHr4rx, Koropbre o6ycnonnHsaror Lr3MeHeHue rperr1nnocrofixocru lrare-
puaula oAHoro cocraBa, r{To orpax(aercfl Ha KoJll,rqecrBenHbrx 3HaqeHnr.x K1".

30 400 mzlrr

s
d()
*
L.(()-
EJ

xa()
5(J

20
CoacpNil HHc HanoJrH urcJrrl

Puc.Z. BrurHHe AByBoAHoro rurca H HanonHnTeirrr Ha

npoqHocTb rIeMeHTHoro KaMHr npH cx(aTHH

/
67

I
/

(

60

\

\
57

\

60

63

66

rta'lxr

102



9,9

/ t
8,9

I

7,1

/
lo 20 30

Ct>/tcllxil I tHc I ta I t(ut I I H't't:lt rl

6

4ff) u"lrcr

Puc.3. Bnnrrure.{ByBoAHoro rurrca r{ Ha[oJrHHTejrt
Ha flpoqnocrb rleMenrHoro Kauna npll urrrbe

llosuueHrzro 3saqeHnfi roe$$nunenra nnregcr{BHocr}r Hanprxerurfi cnocoG
crByer BBeAeHae B cocraB qeMetrra AByBoAHOTO runca B KoJrr{qecrBe 5 7o, u$aBr{-
cHMo or KoJrlrqecrBa rnapuenofi xo6asKr.r (puc.a). B srou cryqae rpeuluuocrofi-
Kogrb rreMenrHoro KaMHr Bo3pacTaer B cpeAHeM Wa 210/o. YuenrneHue npo-
qeHTHOTO COI€PX?HU.fl HAnorHl{rerr, ao lv/o TaKr.re no3BoJrrer noBbrcHTb [oKa3a-
reln 1(", B cpeAHeM sa 25o/o. vuern.reHr,re KorHqecrBa HarroJrHureJlr npnBoAr.{r K
cH HxeH r,tlo Br3Kocrr,r pa:ipyrx eH Hr qeuerrrnofi KoM[o3r,ruHr4. Hcnolrgoaa nue 3 0%o
KBaprreBoro HanoJrHHTerr onr[MaJrbHoFo rpaHyJtoMfipHqecKofo cocraBa (20o W

600 r,a'zlxr unu20o u 400 rvr2lxr) npr,r BbrcoKoM coAepxaHnr{ CaSo+.2Hzo Bbr3brBa-
er noBbrureHr{e Tpeqr.rHocroilrocrl 3arBepAeBruefi nrxyrlefi cucreMbl B cpegHeM
na3l %o.

20 400 rtrzlrrCogepxanne Ha noJrrruTeJrfl

Puc. . BnHxHHe AByBoAHoro runca H HarroJrHlrreJnr
Ha TpeI.qHHOCTOfirOCrr TIeMeHTHOTO KaMHfl

Tarrau o6pasorra, npoBeAenHbre HccneAoBaHHr noKa3a.Jrn, qro rlgMeHeHlre Ko-
ruqecrBa AByBoAHOTO fnnca u HanoJrHnrerfl no3Bonrer H3MeHflTb suslrro-
MexaHHt{ecKHe cnoficrsa ueMenrHoro KaMHr B AocraroqHo rrlnporrr( npelenac
rlpn :ronr npoHcxoAr,rr yMeHbrueHr,re o6reunrx get[oprvraurafi TBepAerorqHx KoM-
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l.

no3r4rlltil n yflyqruaroTct nporlHocTHble xapaKTepucTllKl{ KoHeqHoro MaTepuaJla.

nnq Nrarclrrv{aJrbH6rg CHpr211eHHt AV nnxyUerg, a TaKXe C UeIIbIo noBblueH}It
MexaH ltqecKofi npou HocrH H TpeqH Hocrofi rocrn qeMeHTHoro rarra Hn a$$cKTH llHo

BBOATTT6 3ff/o rrapr{eBgrg HanOJlHnreJIt C yAeIbHOfi nOBepxHOCTbn qaCruq 400 n

600 #/xr ilpvt 50 CaSOq'2HzO

CnHcoK flHTeparypbl
Conouaron 8.H., BupoBofi 8.H., Fo6purueB A.H. r.r AP. llolptcrpyKrypHal reopnt
KOMnO3HT{HOHHbrX crpoHreJrbHbrx Marepr4anoB. - Taurnesr: OAH, 1991. - 345c.

Conorrraron 8.H., BnpoBofi B.H. Knacrepoo6pa3oBaHl,Ie KoMno3HI{HoHHbIX crpol'r-
TcnbHbrx MaropnaJroB // TexHonornqecKafl McxaHHKa 6sTo*a lPnH. - Pnra, 1985. - C.

5-2r.
Mc'roAHtrccKHc .vKa3aHufl no MoAcJrrrpoBaHHlo cncTcrrr "Cuccn, TcxHolorlttt - cnot'icr-

Ba" c HcnoJrb3oBaHr.reM 3BM B KypcoBoM H AHnJIoMHoM npoelcrupoBaHnt{ no xatftc4pe

IATCM / B.A.BosHeceHcKHfi, T.B.JlsrueHKo, B.B.A6arcyMoB. A.F.A6AbII(anbIKoB. -
Otecca: OI,ICH, 1985. - 64 c.

3BM H onrgMn3arlun KoMno3HuHoHHbIx MarcpHaron /8.A. BosHcccHcxt'tii,

T.B.JIsrncnKo, .fl.n.HnaHoB' H.l4.HHronoB. - K.: 6y4incrlbHnK, 1989.* 240 c.

6poerA. OcHoBbr MexaHHKH pa3pyluoHnl. M.: Bucu. trIK., 1980. - 36tt c.

Koponen E.8., x.r.u., [pournH A.[., q.neu-ropp. PAACH, npo$., A.r.H.r
Eonrururen C.A., acn., Marcapon O.8., acn. (fleuseHcxan focyAapcrBeHHatl

apxnreKTypHo-crpoureJlbnat aKa,{eMnn, PO)

noAEoP cocTABA PAAI4A UI{OH HO-3A lqnrHof O
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flpHnrrrrfi s 2001 roay focyaapcrneHHofi ,{yr.aoit PO narer 3aKoHoB, pa3pe-

urarOulnfi BBo3 Ha Teppnmplal,O POCCnn paAHoaKTI4BHbtx LrcTot{HHKOn (O6nyuenuO-

ro rAepnoro roilIIIBa, paAnoaKTHBHbIx orxo,qoB n r.A.), aKTnBH3HpoBan pa6ory
MarepnaJroBe,[oB, HanpaBneHxylo Ha co3,qaHre HoBbtx aucorosS$eKTtrBHblx pa-

ArrarIHoHHo-3auI[rHbIx MarepnaJloB.

B flenseHcxoft rocyAapcrsenHofi apxnreftTypHo-crponreJlbnofi axaAeuwr na

xa$eape crpol{TerbHbrx MarepnaJroB Ha nporsx(enn}l pr.qa Jler npoBoAtrct ttc-

cJreAOBaHIlt no paSpa6orKe MaTepI4aJIoB, npeAHa3HaqeHHblx AJIn 3atq6rbl oT HOHI,I-

3npyrcuux r,rsly reHufi. ftr n:rorouennr raKux Marepl{tuloB npl4MeHf;Jll.{cb pa3-

JrnqHbre cBt3yroune KaK Ha MuHeparbnoft (noptlaH.queMeHT, rlinc, rulHHo3eMH-

crrrfi qeuenr, xHAKoe creKJro H gp.), TaK n Ha opraHnqecKofi (gnorcnAnat, Kap-

6arvrra4Ho-$opMarJrbAerr,rAHt[r, pe3opunHo-QoprtranlgernAH#I ]r Apyrlle cuolur)
OCHoBe. flepCnerrltnHblM Bfl)KyIIIHM BeITISCTBOM tBJIteTCfl uOgr.lSlrqlrpOBaHHge

Cepnoe cBs3yloqee. AHa.n[S HayqHg-TexnraqecxOii ilrrepaTypbl noKa3ai, qTo cepa

no cBorrM pa.,quaqnoHno-3aulrtrnblM cnofictrau He ycrynaer, a B Hexoropblx cJIy-
q{rf,x rrpeBocxoAr,rT cBr3yrculne TpaALrrIHoHHo npnMeHteMble AJIfl }I3foToBIeH}tt

oco6o raNemtx 6eronon. Elarogapr cBoeMy MoJIeKyJItpHoMy crpoeullrc cepa
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