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BB E A E H H E

npo6neMa no^apHofi 6e3onacHocTu aKTyanbHa Bcerga u ^TO He Bbi3biBaeT 

coMHeHua. no^apHaa 6e3onacHocTb -  oguH u3 Ba^Hefiraux KpuTepueB npu Bbi6ope 

cTpouTenbHbx MarepuanoB.

A^a o6ecneneHua no^apHofi 6e3onacHocru Heo6xoguMbi Marepuanbi, 

cnoco6Hbie gnuTenbHoe BpeMa 3amumaTb Hecymue KoHcTpy^uu ot B03geficTBua 

bmcokux TeMneparyp, nu6o 3amumaTb nyTu ^BaKya^uu nrogefi bo BpeMa no^apa.

C gpyrofi cropoHbi, Tpagu^uoHHofi aBnaeTca TexHonorua cTpouTenbHbix 

MarepuanoB Ha ocHoBe Ba^ymux cucTeM, nonyneHHbix o6:«:uroM u3 npupogHoro 

ctipba. ^ to npuBoguT k 3arpa3HeHuro oKpy^awmefi cpegbi BpegHbiMu Bbi6pocaMu ot 

c^uraHua TonnuBa, ucTomaeT Hegpa 3eMnu, Tpe6yeT 3HanuTenbHbix MarepuanbHbix u 

^uHaHcoBbix 3arpar. B  to BpeMa KaK b Mupe HaKannuBaeTca orpoMHoe KonunecTBo 

TexHoreHHoro ctipba.

OgHuM u3 BapuaHToB peraeHua Bcex nepenucneHHbix npo6neM Mo^eT aBnaTbca 

nonyneHue cTpouTenbHbix MarepuanoB Ha ocHoBe cepneHTuHa u opTo^oc^opHofi 

kuchotm .

npuMeHeHue cepneHTuHa gna roroTOBneHua orHecTofiKux MarepuanoB 

Hau6onee ^K0H0MUHecKu u ^Hep^eTUHecKu ^necoo6pa3Ho. AaHHoe TexHoreHHoe 

ctipbe b HacToamee BpeMa He BocTpeSoBaHo u cKnagupyeTca b oTBanax b 6onbraux 

KonunecTBax. nonyneHue Marepuana Ha ocHoBe cucTeMbi cepnemuH/OOK aBnaeTca 

^K0̂ 0^uHecKu huctmm u ^K0H0MUHecKu BtrogHbM, TaK KaK ctpbe He TpeSyeT o6^ura.



1 .H T E P A T y P H b lH  OE3OP

1.1 OrHe3amuTHbie Marepuanbi

OrHe3amuTa —3T0 cHu^eHue no^apHofi onacHocTu MarepuanoB u KoHcTpy^ufi 

nyreM c^e^uanbHofi o6pa6oTKu. AeficTByromuMu cTpouTenbHbiMu HopMaMu u 

npaBunaMu (C H u n ) BBegeHa no^apHo-TexHunecKaa Knaccu$uKau,ua cTpouTenbHbix 

MarepuanoB, KoHcTpy^ufi, 3gaHufi u noMemeHufi, ^^eMeHT0B u nacrefi 3gaHufi, 

0cH0BMBawm,aaca Ha ux cBoficTBax, mropbie cnoco6cTByK>T B03HuKH0BeHuro onacHbix 

^aKTopoB no^apa, a TaK^e ero pa3BuTuro:

-  no^apHofi onacHocTu, u conpoTuBnaeMocTu B03geficTBuro no^apa u

pacnpocTpaHeHuw ero onacHbix ^aKTopoB;

-  orHecTofiKocTu.

A^a cHu^eHua no^apHofi onacHocTu gpeBecuHbi u MarepuanoB Ha ee ocHoBe, 

BbmonHeHHbix Ha ee ocHoBe KoHcTpy^ufi u rogenufi, Ka6enbHbix nuHufi, a TaK^e gna 

noBtraeHua orHecTofiKocTu MeTannunecKux KoHcTpy^ufi, B03gyx0B0g0B u TaK ganee 

npuMeHawTca pa3H006pa3Hbie cpegcTBa u MeTogbi orae3amuTbi [40].

OrHecTofiKufi Marepuan -  ^T0 Marepuan, o6nagawmufi onpegeneHHbiMu 

^u3une ckumu cBoficTBaMu, KoTopbie no3BonawT TaK0My Marepuany He 

BocnnaMeHaTbca MrH0BeHH0, a ygep^uBarb u npenaTcTBoBaTb pacraupeHuro 

B03ropaHua, ecTecTBeHHo npu ^T0M, yMeHbraaa BepoaTHocTb noaBneHua no^apa b 

noMemeHuu, rge TaKofi Marepuan ucnonb3yeTca.

npuMeHeHue cTpouTenbHbix KoHcTpy^uu c bmcokum  noKa3areneM 

orHecTofiKocTu, a TaK^e cTpouTenbHbix MarepuanoB c MuHuManbHofi no^apHofi 

onacHocTbw aBnaeTca nepBocTeneHHbiM M0MeHT0M npu npoeKTupoBaHuu 3gaHua.

CerogHa gna peanu3a^uu nporpaMMbi 6e3onacHocTu Tpyga Ha npou3BogcTBe, 

co6nK>geHua HopM u TpeSoBaHufi oxpaHbi Tpyga, no^apHofi 6e3onacHocTu 6binu 

co3gaHb pa3nuHHbe MeTogbi orHe3amuTbi. 3$$eKTuBHbifi MeTog 3am,uTbi ot 

B03ropaHua coctout b oSycTpoficTBe gu3afiHa uHTepbepa c noMombW pa3nuHHbix
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noKpMTufi-aHTunupeHoB, orae3am,uTHbix u oraeynopHbix naKoKpacoHHbix MaTepuanoB 
go nucT0Btx oTgenoHHbix MarepuanoB, uMeromux caMbifi raupoKufi npaKTunecKufi u 
^yH^uoHanbHbifi cMbicn u npuMeHeHue. 3 to mo^ st 6biTb BHyTpeHHaa u BHeraHaa 
oTgenKa noMemeHua. n p u  BHyTpeHHefi oTgenKe orHe3am,uTHbie Marepuanbi 
npenaTcTBywT ganbHefiraeMy pacnpocTpaHeHuK oraa BHyTpu noMemeHua. n pu  
Hapy^Hofi oTgenKe -  3am,um,aKT caM o6teKT u cocegHue 3gaHua u coopy^m ua ot 
pacnpocTpaHeHua no^apa [1]. CnegyeT noMHuTb, hto orae3am,uTHbie Marepuanbi He 
ycTpaHawT nonHocTbK no^ap, a nurab 3agep^uBawT B03ropaHue Ha onpegeneHHbifi 
cpoK. BpeMa npenaTcTBua B03ropaHuK pa3pa60TaH0 u npuMeHaeTca npu 
npou3BogcTBe orHecTofiKux MaTepuanoB cornacHo TpeSoBaHuaM u HopMaM 
6e3onacHocTu.

Bo3BoguTb npoTuBono^apHMe cTeHbi Hananu, HanuHaa c 18 BeKa. C Toro 
BpeMeHu npou3orano MHoro u3MeHeHufi. TexHonoruu nocToaHHo coBepraeHcTByrorca u 
gocTuraKT Toro ypoBHa, Korga coBpeMeHHbifi pmhok pacnonaraeT orpoMHbiM 
K0nunecTB0M HoBoro ctipba, npurogHoro gna u3r0T0BneHua orae3am,uTHbix 
MaTepuanoB. npuMeHeHue ohu Haranu gna BbmonHeHua TpeSoBaHufi 
nporaBono^apHofi 6e3onacHocTu Ha npou3BogcTBeHHbix u npoMbiraneHHbix 
noMemeHuax, a TaK^e b rpa^gaHcK0M, uHguBugyanbH0M cTpouTenbcTBe, b ToproBbix 
KoMnneKcax u cKnagcKux noMemeHuax.

CornacHo HeKoTopbiM uccnegoBaHuaM, cTpouTenbHbie Marepuanbi 
xapaKTeproyrorca no^apHofi onacHocTbK [20].

ropwnecTb, pacnpocTpaHeHue nnaMeHu no noBepxHocTu, ToKcuHHocTb, 
BocnnaMeHaeMocTb u gbiM006pa3yrom,aa cnocoSHocTb aBnarorca ochobhmmu 
onpegenaKmuMu ^aKTopaMu no^apHofi onacHocTu cTpouTenbHbix MarepuanoB.

Becb cneKrp cTpouTenbHbix MaTepuanoB mo^ ho pa3genuTb Ha HeropKnue u 
ropwnue. ropwnue cTpofiMarepuanbi mo^ ho nogpa3genuTb Ha ocHoBHbie rpynnbi:

-  r1  -  cna6oropK>Hue;
-  r 2  -  yMepeHHoropKnue (opraHoMuHepanbHbie Marepuanbi);
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-  r 3  -  HopManbHoropKHue;

-  r4  -  cunbHoropKHue (opraHunecKue Marepuanbi).

ropKHecTb u rpynnbi cTpouTenbHbix MaTepuanoB no ropKHecTu 

ycTaHaBnuBaKTca no rO C T  30244-94 "Marepuanbi cTpouTenbHbie. MeTogbi

ucnbrraHufi Ha ropKHecTb» [18]. HeropKHue cTpofiMarepuanbi He peraaMemupyKTca 

ocTanbHMMu noKa3arenaMu no^apHofi onacHocTu. MuHepanbHbie Marepuanbi, TaKue 

KaK KaMHu, KepaMuHecKue u cTeKnaHHbie Marepuanbi, MeTannbi u.T.g. oTHocaTca k 

HeropKHuM cTpofiMarepuanaM. Marepuanbi Ha opraHuHecKofi ocHoBe oTHocaTca k

cunbHo ropKHuM MarepuanaM. 3 to KaK npaBuno Marepuanbi Ha gpeBecHofi ocHoBe, u

MHorue Marepuanbi Ha cuHTeTuHecKux BonoKHax.

MHorue opraHoMuHepanbHbie Marepuanbi, KoTopbie npenaTcTByK 

pacnpocTpaHeHuK orHa oTHocaTca k cna6oropKHuM MarepuanaM. npu  B03geficTBuu c 

oTKpMTMM nnaMeHeM TaKue Marepuanbi He ropaT, a TneKT u o6yrnuBaKTca. nocne 

npeKpameHua ropeHua TneHue npeKpamaeTca. B  6onbrauHcTBe cnyHaeB k MarepuanaM, 

ygoBneTBopaKmuM ^T0My ycnoBuK mo^ ho oTHecTu $u6ponuT, ap6onuT, HacTb 

opraHuHecKux MaTepuanoB, HanpuMep, gpeBecuHa, o6pa6oTaHHaa amunepeHoBbiM 

cocTaBoM. Bce cTpouTenbHbie Marepuanbi mo^ ho pa3genuTb Ha HeTbipe ocHoBHbie 

rpynnbi no pacnpocTpa:HeHuK orHa: P n i  -  Pn4  (He pacnpocTpaHaKmue nnaMa, 

cna6opacnpocTpaHaKmue nnaMa, yMepeHHopacnpocTpaHaKmue nnaMa,

cunbHopacnpocTpaHaKmue nnaMa) [15].

npu  npoeKTupoBaHue ®:unbix 3gaHufi u coopy^m ue rpynna MarepuanoB, He 

pacnpocTpaHaKmux oroHb ycTaHaBnuBaeTca gna noBepxHocTHbix cnoeB KpoBnu u 

HanonbHtx noKptiTufi [16].

Ana Bcex gpyrux rpynn cTpouTenbHbix MarepuanoB gaHHbifi noKa3aTenb 

pacnpocTpaHeHua orHa no noBepxHocTu He ycTaHaBnuBaeTca u He pernaMeHTupyeTca. 

n o  gbiM006pa3yKmefi cnoco6HocTu cTpouTenbHbie Marepuanbi genaTca Ha Tpu 

rpynnbi A1 -  A3. (Manaa, yMepeHHaa, BbicoKaa gbiM006pa3yKmaa cnoco6HocTb 

cooTBeTcTBeHHo) AaHHbifi noKa3arenb pernaMeHTupyeTca no rO C T  12.1.044-89
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"no^apoB3ptBoonacHocTb BemecTB u MaTepuanoB. HoMeHKnaTypa noKa3aTenefi u 

MeTogbi ux onpegeneHua» [17].

Tokcuhho cTb TaK^e aBnaeTca bs^ hm m  KpuTepueM o^ hku no^apHofi 

6e3onacHocTu cTpouTenbHbix MarepuanoB. ToKcuHHocTb pa3genaeTca Ha HeTbipe 

ocHoBHbie rpynnbi T1 -  T4 (ManoonacHbie, yMepeHHoonacHbie, BbicoKoonacHbie, 

Hpe3BMHafiH00nacHte cooTBeTcTBeHHo). Ka«:goMy Marepuany u Tuny noBepxHocTu, 

Hy®:gaKmefica b 3amuTe, npucBoeHbi cbou pa3H0BugH0cTu orae3amuTHbix noKptrrufi. 

OnpegeneHHo Hy®:gaKTca b orae3amuTe cnegyKmue Marepuanbi:

-  6eT0H u ^ene306eT0HHte KoHCTpy^uu -  HecMoTpa Ha to, hto gaHHbie 

cTpofiMarepuanbi npaKTuHecKu He nogBep^eHbi ropeHuK, npu uhtshcubhom  u 

gnuTenbH0M B03geficTBuu orHa HacrynaeT ux pa3pyraeHue;

-  Hecymue CTanbHbie KoHCTpy^uu 3gaHufi u coopy^eHufi -  npu 

B03geficTBuu oTKpMToro nnaMeHu b npegenax ot 5 go 15 m u h . MeTann TepaeT cbou 

npoHHo CTHMe xapaKTepucTuKu, hto HeMuHyeMo npuBoguT k pa3pyraeHuK 

KoHCTpy^ufi;

-  KpoBenbHbie noBepxHocTu -  TaK KaK npu KpoBne Kptira npuMeHaKTca 

Marepuanbi u3 6uTyMa, nonroTuneHa, npeccoBaHHofi gpeBecuHbi, to npoBegeHue 

orae3amuTbi aBnaeTca o6a3arenbHbiM ycnoBueM ^KC^nyaTa^uu;

-  B03gyx0B0gt u KaHanbi BeHTuna^uu -  b 6onbrauHCTBe cnyHaeB, uMeHHo 

no ^TUM uH^eHepHbiM K0MMyHUKa^uaM pacnpocTpaHaeTca oroHb, ^0^T0My ux 

orae3amuTa noMo^eT CHU3UTb HeraruBHbie nocnegcTBua no^apa;

-  gepeBaHHte KoHCTpy^uu -  orae3amuTa gpeBecuHbi aBnaeTca 

o6a3arenbHMM u 3aK0H0garenbH0 ycTaH0BneHHMM ycnoBueM npu ucnonb30BaHuu ee b 

KaHecTBe Hecymux KoHCTpy^ufi 3gaHufi u coopy^eHufi;

-  gBepHbie u 0K0HHbie npoeMbi -  npu ycTaH0BKe gBepefi u okoh oHeHb HacTo 

ucnonb3yKTca 3anonHUTenu, TaKue KaK CTpouTenbHaa neHa, KoTopaa He 0Ka3brnaeT 

conpoTUBneHua pacnpocTpaHeHuK orHa npu no^ape.
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TaKUM 06pa30M, Bce nepeHucneHHbie, a TaK«:e MHorue gpyrue KoHCTpy^uu u 

K0MMyHUKa^uu Hy®;gaKTca b ^$$eKTUBHofi orHe3amuTe.

1.1.1 Pa3H0BugH0CTu orHe3amuTHMx MaTepuanoB u ocoSeHHocTu ux CTpyKTypti 

u cBoficTB.

OrHe3amuTa MaTepuanoB npegHa3HaHeHa gna noBbiraeHua ^aKTUHecKoro 

npegena orHecTofiKocTu KoHCTpy^ufi go Heo6xoguMbix 3HaHeHufi , a TaK^e gna 

orpaHUHeHua npegena pacnpocTpaHeHua orHa no h um , npu ^T0M HeoSxoguMo 

oSpamaTb BHUMaHue Ha cHu^eHue TaK Ha3biBaeMbix no6oHHbix ^$$eKT0B 

(gMM006pa30BaHua, BbigeneHua ra3006pa3Hbix tokcuhhmx BemecTB). 3Ta 3agaHa 

BtnonHaeTca, Snarogapa ucnonb30BaHUK pa3nuHHbix KoHCTpyKTUBHbix peraeHufi, 

c^e^uanbHMx Tenno3amuTHbix u TennonornomaKmux ^KpaH0B, orae3amuTHbix 

cocTaBoB, TexHonoruHecKux o^epa^ufi u npueM0B , a TaK^e npuMeHeHUK MarepuanoB 

c noHu^eHHofi ropKHecTbK.

Tenno3amuTHMe u TennonornomaKmue ^KpaHM 0Ka3biBaKT BbicoKoe 

conpoTUBneHue TennoBbiM B03geficTBuaM, B03HUKaKmuM npu no^ape, coxpaHaKT 

Tenno$u3UHecKue xapaKTepucTUKu Marepuana npu bmcokux TeMneparypax b TeHeHue 

3agaHHoro BpeMeHu, a TaK«:e cnoco6Hbi npeTepneBaTb CTpyKTypHbie u3MeHeHua npu 

TennoBtx B03geficTBuax, o6pa3ya KoKconogoSHbie nopucTbie CTpyKTypti, gna mropbix 

xapaKTepHa BbicoKaa u3onupyKmaa cnocoSHocTb. Orae3amuTHbie ^KpaHM 

pacnonaraKTca nu6o Ha oTKoce, 6narogapa c^e^uanbHbIM KapKacaM, 3aKnagHbiM 

geTanaM u MeM6paHaM-Kopo6aM, nu6o HenocpegcTBeHHo Ha noBepxHocTu 

3amumaeMMx KoHCTpyKTUBHbix ^neMeHT0B.

Orae3amuTa npegycMarpuBaeT npuMeHeHue KoHCTpyKTUBHbix MeTogoB, 

ucnonb30BaHue Tenno3amuTHbix ^KpaH0B U3 o6nerHeHHbix cocTaBoB, HaHocuMbix Ha 

noBepxHocTb KoHCTpy^ufi BbcoKonpou3BoguTenbHMMu uHgycTpuanbHMMu 

MeTogaMu, pa3pa6oTKy MaTepuanoB, oSnagaKmux CBoficTBaMu noHu^eHHofi 

no^apHofi onacHocTu (TpygH0B03r0paeM0CTbK).
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Ochobhmmu KoHCTpyKTUBHMMu MeTogaMu orae3am,uTbi aBnaKTca: 

oSeToHupoBaHue, oraTyKaTypuBaHue noBepxHocTu ^neMeHT0B KoHCTpy^ufi, oSKnagKa 

KupnuHoM, npuMeHeHue KpynHopa3MepHbix nucTOBbix MaTepuanoB u nnuTHbix 

orae3am,uTHbix oSnu^BoK, ucnonb30BaHue orae3am,uTHbix KoHCTpyKTUBHbix 

^neMeHT0B (HanpuMep, orHe3am,uTHbix nogBecHbix noTonKoB), 3anonHeHue 

BHyTpeHHux nonocTefi KoHCTpy^ufi, nogSop HeoSxoguMbix ceHeHufi ^neMeHT0B, 

oSecneHUBaKmux HeoSxoguMbie 3HaHeHua npegenoB orHecTofiKocTu KoHCTpy^ufi , 

pa3paSoTKy KoHCTpyKTUBHbix peraeHufi y3noB npuMMKaHufi, conpa^eHufi u 

coeguHeHufi KoHCTpy^ufi u gp. npu  yBenuHeHuu ceHeHufi ^neMeHT0B ucnonb3yKT Te 

^ e  MapKu SeT0Ha, KupnuHa u gpyrux MarepuanoB, hto u npu u3r0T0BneHuu 

3amumaeMofi KoHCTpy^uu [40].

OrHe3amuTHMe KpacKu, naKu, ^Manu 3agep^uBaKT BocnnaMeHeHue MaTepuanoB 

u orpaHUHUBaKT pacnpocTpaHeHue nnaMeHu no noBepxHocTu MarepuanoB. AaHHbie 

orae3am,uTHbie Marepuanbi BbinonHaKT cnegyKmue $yH ^uu : ycKopaKT 0Spa30BaHue 

KoKcoBoro cnoa Ha noBepxHocTu Marepuana, aBnaKTca 3am,uTHbiM cnoeM Ha 

noBepxHocTu MarepuanoB, nornomaKT Tenno b pe3ynbrare pa3no;«;eHua, BbigenaKT 

uHruSuTopHte ra3bi, BbiCBoSo^gaKT Bogy. KpacKu, naKu u ^Mann nogpa3genaKTca Ha 

gBe rpynnbi: BcnyHUBaKmueca u HeBcnyHUBaKmueca. BcnyHUBaKmueca KpacKu npu 

HarpeBaHuu yBenuHUBaKT TonmuHy cnoa b 1 0 - 4 0  pa3. npu  HarpeBaHuu 

HeBcnyHUBaKmuxca KpacoK TonmuHa cnoa ocTaeTca Heu3MeHHofi. KaK npaBuno, 

BcnyHUBaKmueca KpacKu aBnaKTca Sonee ^$$eKTUBHbIMu, TaK KaK npu TennoBbix 

B03geficTBuax npoucxoguT 0Spa30BaHue BcneHeHHoro cnoa, npegcTaBnaKmero coSofi 

3aK0KC0BaBraufica pacnnaB HeropKHux BemecTB (MUHepanbHbifi 0CTaT0K). 

OSpa30BaHue ^T0^0 cnoa npoucxoguT 3a CHeT BbigenaKmuxca npu HarpeBaHuu ra30- u 

napooSpa3Hbix BemecTB. KoKcoBbifi cnofi oSnagaeT bmcokumu Te^nou3ona^uoHHMMu 

KaHecTBaMu.

noHu^eHue ropKHecTu CTpouTenbHbix MaTepuanoB gocTuraeTca c noMombK 

noBepxHocTHofi u rnySoKofi nponuTKu MaTepuanoB c^e^uanbHMMu cocTaBaMu, 

BBegeHua aHTunupeH0B b cocTaB ucxogHbix K0M^03u^ufi, nyreM ucnonb30BaHua
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pa3H00Spa3Hbix TexHonoruHecKux npueM0B, a TaK^e Snarogapa ucnonb30BaHUK 

pa3nuHHtx MUHepanbHtx HanonHUTenefi.

Ana MarepuanoB Ha opraHUHecKofi ocHoBe ($aHepa, A B n , A C n , gpeBecHbifi 

nnacTUK u gp.) ucnonb3yKTca TaKue cnocoSbi npugaHua Marepuany orae3am,uTHbix 

CBoficTB, KaK oKpacKa ^Tux MaTepuanoB c noMombK orae3am,uTHbix KpacoK; 

oSnu^BKa u3genufi c noMombK MaTepuanoB, He pacnpocTpaHaKmux geficTBue orHa, 

TaKux acSecT, MeTann u gp., a TaK«:e ucnonb30BaHue noKptiTufi, ocHoBofi gna mropbix 

cny^uT TepMoaKTUBHte CMonbi c goSaBKaMu pa3H00Spa3Hbix orHe3am,uTHbix 

HanonHUTenefi b n p o^ cce  npou3BogcTBa nucTOBbix opraHUHecKux MarepuanoB.

Ana nogHaTua noKa3aTena orae3am,uTbi CTpouTenbHbix MarepuanoB u Hecymux 

KoHCTpy^ ufi, b nocnegHee BpeMa gocTurHyT Sonbraofi nporpecc. Pa3paS0TaH0 

MHo^ecTBo orHe3amuTHMx cocTaBoB gna noBbiraeHua orHecTofiKocTu MeTannuHecKux 

KoHCTpy^ufi. TaK^e ^TU cocTaBbi no3BonaKT orpaHUHUTb pa3pyraaKmyK 

cnocoSHocTb orHa Ha gepeBaHHbie Hecymue KoHCTpy^uu. B HacToamee BpeMa 

aKTyanbHMM CTano npuMeHeHue oSnerHeHHbix MarepuanoB u nerKux 3anonHUTenefi 

(nepnuTa, MUHepanbHoro BonoKHa u BepMUKynuTa) npu npou3BogcTBe orae3am,uTHbix 

MaTepuanoB. TaK^e oHeHb BocTpeSoBaHbi Ha ptiHKe u3-3a cBoefi BbicoKofi 

^$$eKTUBH0CTu BcnyHUBaKmueca orae3am,uTHbie KpacKu. npu geficTBuu c otkpmtmm 

orHeM TaKaa KpacKa BcnyHUBaeTca, oSpa3yK Ha noBepxHocTu He3am,um,eHHoro 

MaTepuana orHecTofiKufi nopucTbifi cnofi. Ana 3am,uTbi MeTannuHecKufi Hecymux 

K0HCTpyKu,uu TaK®;e ^$$eKTUBHbIM aBnaeTca npuMeHeHue raTyHHbix orHecTofiKux 

nnuT [33].

BbiSop onTUManbHoro cnocoSa orHe3am,uTbi npou3BogaT Ha ocHoBe TexHUKo- 

^K0H0MUHecKux pacHeT0B, npu ^T0M ochobhmmu noKa3aTenaMu aBnaKTca 

npuBegeHHte 3arparbi, onpegenaeMbie no ypaBHeHUK:

3 =  C +  En K  (1),

rge 3i -  npuBegeHHbie 3arpara no i-My BapuaHTy orae3amuTbi, pyS/M2; Q  -  

CMeTHaa CT0UM0CTb i-ro BapuaHTa orHe3am,uTbi( Se3 nnaH0Bbix HaKonneHufi , paBHbix 

8% ), pyS/M2; E n -  HopMaruBHbifi K0^$$u^ueHT ^$$eKTUBH0CTu KanuTanbHbix



Bno^eHHH; Ki -  KanHTantHbie Bno^eHHA b 6a3y cTpoHHHgycTpHH no i-My BapnaHTy, 

py6/M2.

KaK noKa3bBaK>T pacneTb, HaHMeHtmaa cTOHMocTt y orae3am,HTHbix 

mTyKaTypoK npH 3arn,HTe kohohh, HeMHoro gopo^e 3arn,HTa H3 KHpnHHa. noHTH B 

1,5 pa3a no cpaBHeHuro co mTyKarypKaMH gopo^e orae3am,HTHbie noKprnua O O n -  

M B  h B nM -2 . BapnaHTb KOM6HHHpoBaHHA orae3am,HTb, Korga KonoHHb 3am,Hm,aroT 

KHpnHHOM h 6eToHoM, a pnrenH h cba3h mTyKarypKOH HMeK>T npHMepHO ogHHaKOByro

CTOHMoCTb.

npH Bb6ope onTHMantHoro cnoco6a orae3am,HTb cyrn,ecTBeHHoe 3HaneHHe 

HMeroT noKa3arenH Tpygo3arpar Ha npoH3BogcTBO pa6oT. HaHMeHtmne Tpygo3arpaTb 

Tpe6ywTca npH BbmonHeHHH o6hh^ bok H3 KHpnHHa h MOHonuTHoro SeTOHupoBaHua, 

HeMHoro 6ontme -  npu HaHeceHHH cocTaBoB O O n  h B n M , caMbe 6ojitmne 3aTparbi 

Tpyga Tpe6ywTca npH omTyKarypuBaHHH.

TaKHM o6pa3oM, caMbe gemeBbe cnoco6bi o6h^ obkh HMewT caMbe BbcoKHe 

Tpygo3arpaTbi ^eMeHTHO-necnaHaa h nepnHTOBaa mTyKarypKH), b to ^ e  BpeMa 

cocTaBb, Tpe6yrorn,He HauMeHtmux Tpygo3aTpaT -  caMbe goporae (B n M -2 , O O n -  

M B ). K  MarepnanaM, uMeromuM He6ontmyro cTOHMocTt h HauMeHtmne 

Tpygo3aTpaTb, oTHocaTca 6eTOHHpoBaHHe h o6nH^BKa H3 KHpnHHa. KpoMe yKa3aHHbx 

noKa3areneft cnegyeT yHHTbBart h gonroBeHHocTt MarepnanoB npH onpegeneHHbix 

ycnoBuax hx ^KC^^yaTa^HH, BO3MO^HOCTt BoccTaHOBneHHA orHe3arn,HTHbix 

o6h^ obok [33].

Orae3arn,HTa MeTannoKOHcTpy^nft

OgHHM H3 Ba.vKHefiniHx acneKTOB npH cTpouTentcTBe h npoeKTupoBaHHH 

npoMbmneHHbx h rpa^gaHcKHx 3gaHHH h coopy«:eHHH aBnaeTca orHe3am,HTa 

MeTannnnecKHx KOHcTpy^HH -  paM, pnreneft, 6anoK.

06rn,eH3BecTHO, hto MeTarnHHecKHe KOHcTpy^HH BbicoKonyBcTBHTentHb k 

BbcoKHM TeMnepaTypaM h geficTBHW OTKpbToro orHa. MeTannb oneHt 6bcTpo 

TepawT cboh npoHHocTHbe cBoftcTBa, b pe3yntTare HarpeBa.
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Tpe6yeMbiH npegen orHecTOHKocTH ochobhbix cTpoHTentHbix ^^eMeHT0B 

3gaHHa -  ot 0,25 go 2,5 h, b 3aBHcHMocTH ot Knacca orHecTOHKocTH 3gaHHa, b to  

BpeMa KaK ^aKTHnecKHH npegen orae3am,HTbi MeTannnnecKHx KOHcTpy^HH 

cocTaBnaeT ot 0,1 go 0,3 h., b 3aBHcHMocTH ot geftcTByromux Hanpa^eHHH h pa3Mepa 

MeTannnnecKoH KOHcTpy^HH. H3 Hero mo^ho 3aKnroHHTb, hto MeTannnnecKHe 

KOHcTpy^HH 6e3 gon^Hoft 3arn,HTbi He npoxogaT Tpe6oBaHHa no npegenaM 

orHecTOHKocTH [20]. KaK npaBHno, npH pa3pa6oTKe npoeKTa 3gaHHa oraecTOHKocTb 

He3arn,Hffl,eHHMx MeTannnnecKHx KOHcTpy^HH TonrnuHoft go 1cm npHHHMaeTca 0,25 h.

B  ochobhom gna orae3am,HTbi MeTannHHecKHx ^^eMeHT0B 3gaHHa npHMeHaeTca 

co3gaHHe TennoroonHpyrornux ^KpaH0B no noBepxHocTH KOHcTpy^HH, KOTOpbie 

cnoco6HM Btgep^HBaTt geftcTBHe bbicokhx TeMnepaTyp h OTKptrroro nnaMeHH. 

TaKHe ^KpaHbI cnoco6cTByroT 3aMegneHHro HarpeBa MeTann0K0HcTpy^HH h 

no3BonaroT coxpaHaTt cboh npoHHocTHtie cBOHcTBa, b TeHeHHe 3agaHHoro BpeMeHH.

Orae3am,HTa MeTannoKOHcTpy^HH npoBogurca caMtiMH pa3nHHHbiMH 

cnoco6aMH. H3 Tpag^HOHHtix MeTogoB Hau6onee HacTo BcTpeHaroTca -  

o6eTOHHpoBaHne, Hcnont3OBaHHe KHpnHHHOH KnagKH, omTyKaTypHBaHHe. B  

nocnegHee BpeMa noaBHnoct TaK«:e MHO^ecTBO coBpeMeHHtix cnoco6oB orae3am,HTbi, 

opraHH3OBaHHtx Ha aBT0MaTH3Hp0BaHH0M HaHeceHHH nerKHx MaTepnanoB, uMerornux  

BtcoKHe Te^^OH3O^a^HOHHMe KaHecTBa - BepMHKynHTa, BcnyHeHHoro nepnura, 

ac6ecTa, MHHepantHoro BonoKHa. TaK^e Ha cerogHamHHH geHt OHeHt BocTpe6oBaHO 

Hcnont3OBaHHe nnurabix h hhctobmx Te^^0H30^a^H0HHbIx MaTepnanoB (CM.H, 

"KHay$ Oaftep6opg", ac6ecTO^MeHTHbie nnHTti h gp.) [61, 62, 13]. OgHHM H3 

coBpeMeHHtx MeTogoB ora e3am,HTbi TaK«:e aBnaeTca npHMeHeHHe BcnyHHBarornuxca 

KpacoK, npegcTaBnarorn,Hx cno^Htie xHMHHecKHe cncTeMbi hx opraHHHecKHx h 

HeopraHHHecKHx KOMnoHeHTOB. ^eftcTBHe ^THx KpacoK ocHOBtBaeTca Ha 

BcnyHHBaHHH cocTaBa npH bbicokhx TeMnepaTypax (o t 150°C) h 06pa30BaHHH 

nopncToro Te^^0H30^a^H0HH0^0 cnoa, TonrnuHa KOToporo nogHHMaeTca go 

HecKontKHx caHTHMeTpoB.



Hcn0nb30BaHue oSnerHeHHbix orae3am,uTHbix raTyKaTypoK oSecneHUBaeT 

npegen orHecTofiKocTu MeTannuHecKux KoHCTpy^ufi 0,75 -  2,5 h, b 3aBucuM0CTu ot 

HaHeceHHoro cnoa raTyKaTypHoro noKptiTua. BcnyHUBaKmueca KpacKu 

ucnonb3yKTca gna orae3am,uTbi MeTannoKoHCTpy^ufi ot 0,75 go 1 h . 3apySe®;HMfi 

npaKTUHecKufi onbiT npuMeHeHua BcnyHUBaKmuxca KpacoK nogcKa3brnaeT 

nepcneKTUBHocTb ux npuMeHeHua gna orae3am,uTbi KoHCTpy^ufi c pa3BUTofi 

noBepxHocTbK (SanoK, paM, kohohh).

1.1.2. HopMaTUBHbie TpeSoBaHua, npegtaBnaeMbie k orae3am,uTHbiM 

MaTepuanaM

HopMaTUBHte TpeSoBaHua k orae3am,uTHbiM MaTepuanaM no ropKHecTu:

^ toSm  onpegenuTb ropKHecTb CTpouTenbHbix MaTepuanoB Hy®;H0 npou3BecTu 

^KC^epuMeHT, c noMombK KoToporo onpegenaKTca cnegyKmue napaMeTpti: npupocT 

TeMneparypbi, noTepa Maccti u npogon^uTenbHocTb ycTofiHUBoro nnaMeHHoro 

ropeHua. K  HeropKHUM oTHocaTca Marepuanbi, uMeKmue cnegyKmue 3HaHeHua 

napaMeTpoB: npupocT TeMneparypti -  He Sonee 50 °C, noTepa Maccti oSpa3^i -  He 

Sonee 50 %  u npogon^uTenbHocTb ycTofiHUBoro nnaMeHHoro ropeHua -  He Sonee 

10 ceKyHg.

Ecnu CTpouTenbHbie Marepuanbi He ygoBneTBopaKT xoTa Sm  ogHoMy U3 

yKa3aHHtx 3HaHeHufi napaMeTpoB, ohu oTHocaTca k ropKHUM. TopKHue 

CTpouTenbHte Marepuanbi nogpa3genaKTca Ha cnegyKmue rpynnbi: r i  -  r4  

(cnaSoropKHue, yMepeHHoropKHue, HoManbHoropKHue, cunbHoropKHue Marepuanbi. 

K gaHHMM MaTepuanaM npegbaBnaKTca cnegyKmue TpeSoBaHua:

1. TeMneparypa gbiM0Bbix ra30B ot 135 go 450 °C;

2. CTeneHb noBpe^geHua no gnuHe ucnbiTbiBaeMoro oSpa3^  ot 65 go 85 %;

3. CTeneHb noBpe^geHua no Macce ucnbiTbmaeMoro oSpa3^  ot 20 go 50 %;

4. npogon^uTenbHocTb caMocToaTenbHoro ropeHua ot 0 go 300 c.
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Ana CTpouTenbHbix MaTepuanoB, mropbie oTHocaTca k rpynnaM ropKHecTu r1  -  

r3  He gonycKaeTca 0Spa30BaHue ropamux Kanenb pacnnaBa npu ucnbiTaHuu.

Ana HeropKHux CTpouTenbHbix MarepuanoB gpyrue noKa3aTenu no^apHofi 

onacHocTu He onpegenaKTca u He HopMupyKTca.

n o  BocnnaMeHaeMocTu orHe3amuTHbie Marepuanbi pa3genaeTca Ha B1 -  B3. 

(.HerK0B0cnnaMeHaeMbie, yMepeHHoBocnnaMeHaeMbie, TpygHoBocnnaMeHaeMbie 

cooTBeTcTBeHHo).

HopMaruBHbie TpeSoBaHua k orae3amuTHbiM MarepuanaM no 

BocnnaMeHaeMocTu: BenuHUHa KpuTUHecKofi noBepxHocTHofi nnoTHocTu TennoBoro 

noToKa (35 -  20 kbt/m2).

HopMaruBHbie TpeSoBaHua k orae3amuTHbiM MaTepuanaM no ckopoctu 

pacnpocTpaHeHua nnaMeHu no noBepxHocTu: BenuHUHa KpuTUHecKofi noBepxHocTHofi 

nnoTHocTu TennoBoro noToKa 11 -  5 kbt/m2.

HopMaruBHbie TpeSoBaHua k orHe3amuTHMM MarepuanaM no gbiM00Spa3yKmefi 

cnocoSHocTu:

1. c Manofi gbiMooSpa3yKmefi cnocoSHocTbK (A1), uMeKmue K0̂ $$u^ueHT 

gbiM00Spa30BaHua MeHee 50 M2/Kr;

2. c yMepeHHofi gbiMooSpa3yKmefi cnocoSHocTbK (A2 ), UMeKmue 

K0^$$u^ueHT gtM00Spa30BaHua He MeHee 50, ho He Sonee 500 M2/Kr;

3. c BbicoKofi gMMooSpa3yKmefi cnocoSHocTbK (A3), UMeKmue 

K0^$$u^ueHT gtM00Spa30BaHua Sonee 500 m2/ke

T aS n u ^  1.1 -  HopMaruBHbie TpeSoBaHua k orae3amuTHbiM MarepuanaM no

T0KCUHH0 CTU

Knacc onacHocTu

noKa3arenb tokcuhhoctu npogyKToB ropeHua b

3aBUCUM0CTU 0T BpeMeHU ^KC^03U^UU

5 MUHyT 15 MUHyT 30 MUHyT 60 MUHyT

ManoonacHbie Sonee 210 Sonee 150 Sonee 120 Sonee 90

YMepeHHoonacHbie
Sonee 70, Ho 

He Sonee 210

Sonee 50, Ho 

He Sonee 150

Sonee 40, Ho 

He Sonee 120

Sonee 30, Ho 

He Sonee 90
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OKOHHaHHe T a 6 n ^ b  1. 1

BbicoKOonacHbie
6onee 25, ho 

He 6onee 70

6onee 17, ho 

He 6onee 50

6onee 13, ho 

He 6onee 40

6onee 10, ho 

He 6onee 30

^pe3BbHaftHo onacHbe He 6onee 25 He 6onee 17 He 6onee 13 He 6onee 10

1.2 Ooc^aTHbie Ba^ymue cucTeMb

n og  noHaTueM ^oc^aTHbie Ba^ymue cucTeMb noHUMaK>Tca gucnepcHbe 

cucTeMb, b KOTopbx orHeynopHbe ^M eH Tb cny^ar b KanecTBe gucnepcHOH $a3b, a 

opTO^oc^opHaa KucnoTa (H 3PO 4 ) unu BogHbe pacTBopb ^oc^aroB aBnaK>Tca 

gucnepcHOH cpegoH. B  ochobhom, npH npou3BogcTBe ^oc^aTHbix Ba^ymux cucTeM 

ucnont3yK>Tca pacTBopb cnegyromux ^oc^aroB: anK>MO$oc$arnbie cBa3Ku -

A l(H 2P 0 4) 3, A l 2(H PO 4)3, A IPO 4 ; (A1, Cr)2 (H P 0 4) 3, anK>MoxpoMO$oc$arnaa cBa3Ka, 

M g (H 2P 0 4)2 -  MarHHH^oc^araaa cBa3Ka, Ca(H 2P 0 4)2 -  Kan^uft$oc$araaa cBa3Ka, 

(N a P 0 3), -  nonu^oc^ar Harpua, N a 5P 30 io  -  Tpunonu^oc^ar HaTpua. TaK^e 

ucnont3ywTca TexHUHecKue cMecu opTO^oc^opHofi KucnoTb c rauHoft 

(rauHucTO^oc^arnaa cBa3Ka), c gonoMUTOM (gonoMUTO^oc^arnaa cBa3Ka) u gp.

OTBepgeBaHue ^oc^aTHbix Ba^ymux cucTeM o6ycnoBneHO xuMUHecKUM 

B3auMogeficTBueM ucxogHoro TBepgoro nopomKOo6pa3Horo KOMnoHeHTa c 

^ugKocTtw 3aTBopeHua, cogep^ameft ^oc^arnbie aHuoHb. nopomKoo6pa3HbMu 

KOMnoHeHTaMu ^oc^arHbix KOM^O3u^uH cny^ar nopomKu MeTarnoB, cTeKna 

pa3nuHHoro cocTaBa, OKcugb u rugpoKcugb pa3nuHHbix MeTarnoB, conu, 

6ecKucnopogHbe coeguHeHua. MoryT ucnont3OBartca MUHepantHbie npogyKTb 

cno^Horo xuMUKO-MUHepanoruHecKoro cocTaBa KaK npupogHoro, TaK u TexHoreHHoro 

npoucxo^geHua. HanpuMep, coHeTaHua cnrog, cepneHTUHUTa, rauHucTbix MUHepanoB, 

TantKa, BonnocTaHUTa u gpyrux MUHepanoB u nopog c ^oc^opHOKucnbiMu 

pacTBopaMu.

KucnoTHO-ocHOBHoe B3auMogeficTBue ®:ugKocTu 3arBopeHua u TBepgoro 

BemecTBa aBnaeTca ocHOBHbM xuMUHecKUM npo^ccoM , KOTopoe HHHiiHHpyeT 

TBepgeHue ^oc^arnbix Ba^ymux cucTeM. CTeneHt HeHTpa^u3a^uu u xuMUHeckuh
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cocraB aBnarorca ochobhmmh cBOHcTBaMH ^oc^araoro 3arBopuTena, ot KOTOptix 

3aBHcaT ycnoBua npoaBneHua Ba^ymux cbohctb. TaK^e gaHHtie ycnoBua 3aBucaT u ot 

xuMUHeckhx oco6eHHocTefi nopomKOBOH HacTH. CHu^eHue uoHHoro ^ 0TeH^ua^a 

KaruoHa B OKcuge unu pa6oTti Btixoga ^^eKTpoHa o6ycnoBnuBaeT noBtimeHue ero 

ochobhmx cbohctb. npu  noBtimeHuu ochobhocth n0p0mK006pa3H0H cocTaBnaromefi 

$oc$aTHofi K0M^03H^HH npoucxoguT yBenuHeHue xuMUHecKOH aKTHBHocTH no 

OTHomeHuro k ^oc^araoM y 3arBopuTenro u nepexogy ot ^oc^aTHtix cucTeM. 

Hau6ontmee npaKTHHecKoe pacnpocTpaHeHue ^oc^aTHtie Ba^ymue cucTeMti k 

HacToameMy BpeMeHH nonyHunu B TexHHKe BticoKux TeMneparyp, B KaHecTBe 

c^e^ua^tHtIx MaTepuanoB npu crpouTentcTBe, b ^^eKTpoTexHUKe, b cTOMaronoruu, 

gna pa3pa6oTKH ^apocTofiKHx 6eTOHOB, orHeynopoB, KneeB, a TaK«:e K0MnayHg0B u 

KneeB c ^^eKTp0U30^a^U0HHtIMU H TOKOnpOBOgamHMH cBOHcTBaMH H T. g.

TaK^e c^epa MarepuantHoro npou3BogcTBa bo Bce BpeMeHa Hy^ganact B 

o6teKTax, nonyHaeMtix Ha ocHOBe caMonpou3BontHoft M0H0^uTU3a^uu nogBu^Htix, 

npe^ge Bcero nnacTUHHtix u nogBu^Htix Macc.

OgHHM H3 Hau6onee ^puH^u^ua^tHtIx cpegcTB gocTu^eHua M0H0nuTU3au,uu 

aBnaroTca Ba^ymue cucTeMti, uMeromue B cBoeM cocTaBe xuMUHecKu 

B3auMogeHcTByromue gucnepcHtie K0Mn0HeHTti (^MeHTti, Ba^ymue) u 3arBopuTenu.

B  nocnegHee BpeMa, HaHUHaa c cepeguHti X X  BeKa, uccnegoBaHua 

3aK0H0MepH0cTefi npoaBneHua Ba^ymux cbohctb 6tmu pacnpocTpaHeHti Ha 6ontmoe 

KOHUHecTBO 06teKT0B, pa3nuHaromuxca cocTaBOM K0Mn0HeHT0B u BHemHUMu 

ycnoBuaMu, B KOToptx ocymecTBnaeTca n p o ^cc  TBepgeHua. B  pe3yntTaTe 6tmu 

nonyHeHti noHTu HeorpaHUHeHHtie bo3mo^hocth b BaptupoBaHuu cocTaBa 

K0M^03u^uH u noaBunuct Bce ocHOBaHua nonarart, hto npoaBneHue Ba^ymux 

cbohctb cBa3aHO cKopee c oco6tiMu ycnoBuaMu npoTeKaHua npo^ccoB  xuMUHecKoro 

B3auMogeficTBua ucxogHtix K0Mn0HeHT0B, HeM c ux, K0Mn0HeHT0B, c^e^u$uK0H.

Eme b k o h ^  X IX  -  HaHane X X  BeKa noaBunuct npegno^eHua 06 

ucnont3OBaHuu gucnepcufi Hemroptix MUHepantHtix nopomKOB B ^oc^opHoft 

KucnoTe unu gpyrux $ 0c$0pH0Kucntix pacTBopax B KaHecTBe OTBep^gaeMtix
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K0M^03u^ufi, ogHaKo HayHHbie ochobm nonyHeHua u npuMeHeHua nogoSHbix cucTeM 

HaHanu co3gaBarb 3HaHUTenbH0 no3^e [30].

1.2.1 nonyHeHue ^oc^aTHbix Ba^ymux cucTeM Ha ocHoBe cunuKaT0B MarHua.

MarHufi ^oc^arnaa Ba^ymaa cucTeMa Ha KucnoTe oTHocuTca k ^ecTKUM, 

^0^T0My 0CH0BHte 3aBucuM0CTu, CBa3biBaKmue BxogHte napaMeTpti co CBoficTBaMu, 

conpa^eHbi, npe^ge Bcero, c ycnoBuaMu BbigeneHua Tenna u ero pacnpegeneHua [30].

CunuKaTM MarHua pacnpocTpaHeHbi b npupoge b Buge ropHbix nopog: 

cepneHTUHUTa, onuBUHUTa u gyHUTa. CepneHTUHUT u onuBUHUT cocToaT 

cooTBeTCTBeHHo u3 cepneHTuHa u onuBUHa -  TBepgoro pacTBopa opTocunuKaToB 

MarHua u ®;ene3a; b cocTaB gyHUTa To^e BxogaT cepneHTUH u onuBUH. Cogep^aHue 

MarHua b cepneHTUHe u ^opcTepure npeBbiraaeT ero cogep^aHue b page MarHueBbix 

MUHepanoB, HanpuMep, b KapHannuTe. CunuKarbi MarHua npegcTaBnaKT coSofi 

nepcneKTUBHoe Cbipbe gna nonyHeHua MarHua no cnegyKmuM npuHUHaM: ohu BecbMa 

pacnpocTpaHeHM, cogep^aHue okucu MarHua b hux  BenuKo, ohu reoxuMUHecKu 

CBa3aHM c gpyruMu none3HbiMu ucKonaeMMMu, HanpuMep, c HUKeneBbiMu u 

xpom obmm u  pygaMu.

OopcTepuT -  pacnpocTpaHeHHbifi MUHepan, cunuKaT MarHua (M g 2SiO4) U3 

rpynnbi onuBUHa. CoeguHeHue ^T0^0 MUHepana c opTo^oc^opHofi KucnoTofi 

npoucxoguT npu KoMHaTHofi TeMnepaType. Pa3MonoTbifi cuHTeTUHe CKufi ^opcTepuT 

(2M g0^Si0 2) 3aTBopeHHbfi opTo^oc^opHofi KucnoTofi cnocoSeH 0Spa30BbiBarb 

BMcoKonpoHHMfi Marepuan. Ha npoTa^eHuu nepBbix 7 cyT0K TBepgeHua npoucxoguT 

cnaSbfi pocT npoHHocTu. 3 to oStacHaeTca SbiCTptiM HaHanbHMM CBa3biBaHue 

KucnoTM b pe3ynbTaTe Hero oSpa3yKTca xoporao pacTBopuMbie b Boge 

0gH03aMemeHHte ^ o c ^ a ra  MarHua. nocne Hero HaHUHaeTca KpucTannu3au,ua 

ManopacTBopuMofi conu M g H P 0 4^3H20 , noaBneHue KoTopofi $uKCupyeTCa no 

chu^ s h u k  P20 5 b npogyKTax TBepgeHua u onpegenaeTca pernreHocTpyKTypHbiM

https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9E%D0%BB%D0%B8%D0%B2%D0%B8%D0%BD


MeTogoM. 3 tot n p o ^cc  conpoBo^gaeTca poctom npoHHocTu. nocne 28 cyT0K 

TBepgeHua npoucxoguT CTaSunu3au,uu npoHHocTu u KpucTannu3a^uu.

BbicoKaa npoHHocTb ^opcTepuT^oc^araoro ^ M e m a  CBa3aHa c coHeTaHueM b 

cucTeMe aMop^Htx u KpucTannuHecKux H0B00Spa30BaHufi. YcTaH0BneHH0e 

cooTHoraeHue aMop^roupoBaHHbix u KpucTannuHecKux CTpyKTyp TBepgeHua b 

CTaSunbHoM cocToaHuu cocTaBnaeT npuMepHo 1:1.

MeTacunuKaT MarHua -  HeopraHUHecKoe coeguHeHue, conb MarHua u Me- 

TaKpeMHueBofi KucnoTbi c ^opMynofi M gS iO 3, Sec^eTHbie KpucTannbi.

M gO  +  SiO2 =  M gS iO 3 

OnTUManbHte ycnoBua gna oTBep^geHua cucTeMbi MeTacunuKaT MarHua 

M gO  • SiO2 -  ^oc^opHaa KucnoTa co3gaKTca TeMnepaTypofi oKono 400 °C, 

K0H^eHTpa^nefi KucnoTbi -  80 %  H 3PO 4, gocTurayTaa npoHHocTb npu c^aTuu b nuTbix 

oSteKTax -  46 M na.

H3MCKaHue nyTefi ucnonb30BaHua cunuKaT0B MarHua gna nonyHeHua 

xnopucToro MarHua u MarHua Sbino HaHaTo b Poccuu eme b Tpug^Tbix rogax 

TeKymero CToneTua u c Tex nop He npeKpamaeTca. PaSoTbi b ^T0M HanpaBneHuu 

npoBogunu b C ff lA  u KaHage bo BpeMa BTopofi MupoBofi BofiHbi; Sbinu coopy^eHbi 

onMTHte ycTaH0BKu no npou3BogcTBy xnopucToro MarHua u MarHua U3 onuBUHUTa, 

cepneHTUHUTa u acSecTOBbix oTxogoB. 3 tu  paSoTbi npogon^aKTca u b HacToamee 

BpeMa, b HacTHocTu nogTBep^geHa ycTaH0BneHHaa b Poccuu B03M0^H0CTb oTgeneHua 

xnopucToro MarHua ot KpeMHeKucnoTbi B03r0HK0fi. B  C fflA  b nocnegHee BpeMa 

0praHU30BaH0 npoMbiraneHHoe np0U3B0gcTB0 okucu MarHua U3 onuBUHUTa. 3anacbi 

cepneHTUHUT0B, ohubuhutob u gyHUT0B b Poccuu HeucHepnaeMbi. OrpoMHbie 

KonuHecTBa gyHUTa cocpegoTOHeHbi Ha Ypane, rge oh oSpa3yeT pag MaccuBoB, b 

HacTHocTu Hu^HeTarunbCKufi, YKTyccKufi, HcoBCKufi. 3HaHUTenbHoe MecTopo^geHue 

onuBUHUToB uMeeTca BSnu3u pa3te3ga XaSo3epo Ha KonbCKoM nonyocTpoBe. 

CepneHTUHUTM raupoKo pacnpocTpaHeHbi Ha Ypane. npegcTaBnaKmue uHTepec 

MecTopo^geHua cepneHTUHUT0B uMeKTca u b KpacHogapcKoM Kpae, rge ohu 

oSpa3yKT ropHte MaccuBbi -  BegeHCKufi u EenopeHeHCKufi. 3HaHUTenbHbie MaccuBbi



cepneHTHHHTOB 3aneraK>T cpegu nopog rnaBHoro KaBKa3cKoro xpe6Ta u b pafioHe

O3. CeBaH. MecTopo^geHua cepneHTHHHTOB uMeKTca TaK«:e b Cu6upu (CaaHcKUH 

xpe6eT. Ky3He^uft AnaTay), Ha KontcKOM nonyocTpoBe (MoHHeTyHgpa), b 

K a3axcTaHe, Ha YKpauHe (b 3anopo:«:cKoft u ^HenponeTpoBcKoft o6nacTax). 

BonoKHucTofi pa3HOBugHocTtK cepneHTUHUTa aBnaeTca ac6ecT. n o  3anacaM 

ac6ecTOBbx pyg Poccua 3aHUMaeT nepBoe MecTO b Mupe. BMemaKmeH nopogoH gna 

ac6ecTa aBnaKTca cepneHTUHUTb. Cogep^aHue ac6ecTa b pyge He npeBbmaeT 

HecKontKux npo^HTOB, ^0^T0My go6braa ac6ecTa cBa3aHa c nonyHeHueM 6ontmoro 

KonuHecTBa cepneHTUHUTOBbx oTBanoB. OcHOBHbe MecTopo^geHua ac6ecTa b 

Pocchhckoh Oegepa^uu cocpegoTOHeHb Ha CpegHeM Ypane. KpynHeHmuM U3 hhx 

aBnaeTca Ea^eHOBcKoe MecTopo^geHue. MeHee 3HaHUTentHbe MecTopo^geHua 

ac6ecTa UMeKTca Ha CeBepHOM u M ^ hom Ypane, Ha CeBepHOM KaBKa3e u b Cu6upu. 

Hau6onee KpynHbe MaccuBb cepneHTHHHTOB u onuBUHUTOB b 3apy6e®;Hbx cTpaHax 

HaxogaTca b C fflA , KaHage, HopBeruu, ffloTnaHguu, HTanuu, HcnaHuu u page gpyrux 

cTpaH. KpynHbe MecTopo^geHua ac6ecTa b 3apy6e®;Hbx cTpaHax, cocTaBnaKmue 

OKono 70 %  3anacoB ^Tux cTpaH, cocpegoTOHeHb b KaHage, Poge3uu u M A P  ^o6braa 

ac6ecTa b ^Tux Tpex cTpaHax cocTaBnaeT oKono 95 %  MupoBoH go6bHu ac6ecTa (6e3 

Poccuu). ^o6braa ac6ecTa b 1985 r. cocTaBuna b KaHage cBbme 1 MnH. t, b M A P  -  

OKono 120 Tbc.T. 3anagHaa EBpona He o6nagaeT 3HaHUTentHbMu pecypcaMu ac6ecTa. 

^o6bHa ero b He6ontmux pa3Mepax npou3BoguTca b HTanuu. OuHnaHguu, Opa.HiiHH 

u ^exuu.

1.2.2 C bpte  gna nonyHeHua ^oc^arnbix Ba^ymux cucTeM

CbpteM  gna nonyHeHua ^oc^arnbix Banymux cucTeM cny^ar xuMUHecKu 

B3auMogeficTByKmue gucnepcHbe KOMnoHeHTb (Ba^ymue Ha ocHOBe cepneHTUHa) u 

3arBopuTent (opTo^oc^opHaa KucnoTa)[30].



1.2.2.1 OpTO^oc^opHaa KucnoTa

CTpyKTypa. Hau6ontmee pacnpocTpaHeHue cpegu ^oc^opHtix khchot uMeeT 

opTO^oc^opHaa KucnoTa H 3PO 4 . OHa u3BecTHa u b KpucrannuHecKOM Buge - KaK 

6e3BogHaa u nonyrugpaT, u B Buge BogHoro pacTBopa. CTpyKTypa KpucTannuHecKoft 

KucnoTt B o6oux cnyHaax npegcTaBnaeT co6oH cucTeMy TeTpaagpoB PO 4, 

coeguHeHHtix BogopogHtiMu cBa3aMu u 0TH0cuTca k mohokhuhhoh cuHroHuu [3 ].

CoBpeMeHHte npegcraBneHua o cTpyKType ^ugKofi opTO^oc^opHofi KucnoTti 

onpegenaroTca gByMa raaBHtiMu ^aKTopaMu -  pontro BogopogHtix cBa3eH u 

ckhohho cTtro ^oc^arntix  rpynn k acco^uupoBaHuro.

noBtmeHue K0H^eHTpa^uu opTO^oc^opHofi KucnoTti MeHaeT HanpaBneHHocTt 

BogopogHtx cBa3eH. ^na BticoKOKOH^mpupoBaHHoft KucnoTti Hau6onee xapaKTepHti 

BogopogHte cBa3u Me^gy ^oc^arntiMu aHuoHaMu, a B pa36aBneHHtix KucnoTax 

BogopogHaa cBa3t "^oc^araaa rpynna -  Boga" npoHHee, HeM Me^gy co6cTBeHHO 

^oc^aratiM u rpynnaMu. YKa3tiBaeTca, hto norpaHUHHoft B ^T0M 0TH0meHuu aBnaeTca 

50%-Haa K0H^eHTpa^ua KucnoTti.

nonyHeHue opTO^oc^opHofi KucnoTti npoucxoguT:

-  rugponu3OM neHTaxnopuga $oc$opa;

-  U3 $oc$ara;

-  B3auMogeficTBueM oKcuga $oc$opa c BogoH.

TepMUHecKUH cnoco6 nonyHeHua ^oc^opHoft KucnoTti ocHOBaH Ha OKucneHuu 

^^eMeHTapH0^0 $oc$opa b u36tiTKe BO3gyxa c nocnegyromeft ^ugpaTa^ueH u 

o6pa3yromeroca OKcuga $oc$opa (V )  u K0HgeHca^ueH ^oc^opHoft KucnoTti:

4P +  5O 2 =  P4O 10

nP4O 10 +  2nH2O =  4 (H PO 3)n npu 700 °C  

4 (H PO 3)n + 2nH2O =  2nH4P2O 7 npu 450 °C  

2nH4P2O 7 +  2nH2O =  4nH3PO 4 Hu^e 230 °C
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P4O 10 +  6H 2O =  4H 3PO 4

TaK®;e opTO^oc^opHyK KucnoTy nonyHaKT npu nepepa6oTKe anaTUTOB: 

Ca5(PO 4) 3F +  5H 2 SO4 +  IOH2O =  5CaSO4 -2H2O +  3H 3PO 4 + HF

Ou3HHecKue cBoficTBa

Eec^eTHbie rurpocKonuHHbe KpucTannb mohokhhhhoh cuHroHuu, nnoTHocTt 

1,88 r/cM3, TeMneparypa nnaBneHua 42,5 °C. PacnnbBaeTca Ha BO3gyxe, cMemuBaeTca 

c Bogofi b nK6bix cooTHomeHuax. He agoBUTa.

XuMHHecKue cBoficTBa

npu  KOMHarHOH TeMneparype goBontHO uHepTHa, npu HarpeBaHuu npoaBnaeT 

cBoficTBa KucnoT, OTHocuTca k KucnoTaM cpegHefi cunb

PearupyeT c MeTannaMu, cToamuMu b pagy Hanpa^eHufi MeTannoB go Bogopoga:

3Zn +  2H 3PO 4 =  Zn3(PO 4)2 + 3H2

C OKcugaMu MeTannoB:

3CaO +  2H 3PO 4 =  Ca3(PO 4)2 + 3H 2O

C ocHOBaHuaMu:

3Ca(O H )2 + 2H 3PO 4 =  Cas(PO 4)2 + 6H 2O  

C a(O H )2 + H 3PO 4 =  CaHPO 4 + 2H 2O  

C a(O H )2 +  2H 3PO 4 =  Ca(H 2PO 4)2 + 2H 2O

He npoaBnaeT hh OKucnuTentHbx, hh BoccTaHOBUTentHbx cbohctb.

1.2.2.2 CepneHTHH

CepneHTUH -  rpynna MUHepanoB nogKnacca cnoucTbx cunuKaroB, BKnKHaKmaa 

pa3nuHHbe cTpyKTypHbe Mogu$uKau,uu u nonuTunb cocTaBa M g 3[Si20 5](O H )4. 

AHTuropuT, xpu3OTun u nu3apguT aBnaKTca rnaBHbMu cTpyKTypHbMu 

pa3HOBugHocTaMu cepneHTUHa. 06bHHO b cepneHTUHe npucyTcTByKT npuMecu Fe2+, 

Fe3+, A l, N i, HHorga Ti, Mn, Ca. CepneHTHH aBnaeTca nopogoo6pa3yKmuM

CyMMapHoe ypaBHeHue:

http://www.mining-enc.ru/m/mineral/
http://www.mining-enc.ru/p/politipiya/


MUHepanoM, BxogamuM b cocTaB MHorux MeTaMop^uHecKux nopog. AaHHbifi MUHepan 

oKparauBaeT MHorue U3 ^Tux nopog b 3eneHbifi ^ e T  [60].

KpucTannuHecKaa CTpyKTypa MoneKynapHaa, peraeTKa nocTpoeHa U3 cnoucTbix 

MaKpoMoneKyn. OcHoBHofi motub CTpyKTypi nu3apguTa u xpu30Tuna -  0gH0^Ta®HbIe 

ceT0HHte paguKant U3 6-nneHHbix Kone^ SiO4-TeTpa3gpoB; MaKpoMoneKynapHbie 

naHKu y ^Tux MUHepanoB gByxcnofiHbie. y  aHTuropuTa ceTOHHbie paguKani 

gByxtapycHbie, a MaKpoMoneKyni MHorocnofiHbie [29].

B  cocTaBe cepneHTuHa cogep^uTca go 42 %  MarHua, 45 %  oKCuga KpeMHua u 

17 %  Bogbi. B  ManoM KonuHecTBe npucyTCTByKT npuMecu ^ene3a, anKMUHua u 

HUKena. O S p a3 m  b npuMecax KoTopbix npeoSnagaeT ^ene30, HageneHbi MarauTHbiMu 

cBoficTBaMu.

CepneHTUH He oSpa3yeT M0H0KpucTann0B. CepneHTUH cymecTByeT b npupoge b 

Buge HecKonbKux MUHepanbHix pa3H0BugH0CTefi: nnoTHbie CKpirroKpucTannuHecKue 

M acci KonnoMop^Hie Macci, cnnoraHie noHTu aMop^Hbie Macci; MaccuBHie 

(nu3apguT), nnacTUHHarie (aHTuropuT), BonoKHucTie (xpu30Tun); napannenbHo- 

BonoKHucTie (xpu30Tun-acSecT); cnyraHHo-BonoKHucTbie ^epMaruT) aiperarbi. 

OgHopogHo u CBeTno oKparaeHHaa, HepegKo nonynpo3paHHaa, nnoTHaa pa3H0BugH0CTb 

cepneHTuHa u3BecTHa KaK SnaropogHbifi cepneHTUH, unu o^ut. ^ e T  cepneHTuHa 

3eneHifi pa3nuHHbix ottshkob. (b 3aBucuM0CTu ot npuMecu Fe2+), uHorga Senifi, 

^enT0Barifi, ronySoBarifi u ga^e nunoBo-cuHufi (xpu30Tun-acSecT c npuMecbK Cr). 

EnecK TycKnifi (nnoTHbie M acci), raenK0BucTifi (BonoKHucTie arperari), 

CTeKnaHHbifi (nnacTUHHariie arperarbi) go BocKoBoro (cepno^uT) u nepnaMyTpoBifi 

(o ^ u t ) cepneHTUH Henpo3paHeH go nonynpo3paHHoro (o^ut). CnafiHocTb BecbMa 

coBepraeHHaa b ogHoM HanpaBneHuu; xapaKTepHM MHoroHucneHHie SnecTamue 

"3epKana CKonb^eHua". H3noM poBHifi (nnacTUHHarie a rperari), paK0BucTifi 

(nnoTHbie CKpirroKpucTannuHecKue arperarbi) unu 3aH03ucTifi (acSecTi). BonoKHa 

oSmhho ruSKue, Hame He ynpyrue, UHorga ynpyrue, ho noMKue (t.h. noMKue acSecTi).

TBepgocTb 2,5-3,5 (y acSecT0B 2 -  3). nnoTHocTb 2550±50 Kr/M3. OSpa30BaHue 

cepneHTuHa CBa3aH0 c npo^ccaM u cep^eHTUHU3a^uu. 3HaHUTenbHbie CKonneHua
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cepneHTHHa, 0c06eHH0 Ni-cepneHTUHa, o6pa3yroTca b Kopax BtmeTpuBaHua Ha 

yntTpa6a3UTax (b ycnoBuax TponuHecKoro KnuMaTa). Btime 400 -  450°C cepneHTHHa 

nepexoguT B TantK u ^opcTepuT, a npu uHTeHcuBHOM xuMUHecKOM BtmeTpuBaHuu -  B 

nantiropcKHT, cenuonuT, MOHTMopunnoHUT u 3aTeM B cMect onana c rugpoKcugaMu Al.

ToHKocTt noMona ctipta. H3BecTHO, hto noMon aBnaeTca ogHUM U3 nocnegHux 

^Ta^0B npou3BogcTBa. TaK KaK p e a ^ u a  HaHUHaeTca c noBepxHocTu HacTu^ to 

cyMMapHaa nnomagt ux noBepxHocTu 6ygeT onpegenaTt mnuHecTBO MaTepuana 

cnoco6Horo k npoTeKaHuro p ea^u u , TaKUM 06pa30M cKopocTt npoTeKaHua p ea^ u u  

3aBucuT ot tohkocth noMona cepneHTHHa u gna 6ticTporo HapacTaHua npoHHocTu 

Heo6xoguMa BticoKaa ToHKocTt noMona.

Xpu3OTun -  BonoKHucTaa pa3H0BugH0cTt cepneHTHHa ^ e T  6entift, ^ em tH , 

3eneHtift, HepHtift. BnecK menKOBucTtift. npo3paHeH. ^epTa 6enaa. TBepgocTt 2,5. 

nnoTHocTt 2,55. H3HOM pacmennaeTca Ha TOHKue BonoKHa. CuHroHua MOHOKnuHHaa. 

CnaHHocTt He onucaHa. OopMa KpucTannoB He onucaHti. Arperarti napannentHO-

BonoKHucTte, cnyTaHHO-BOHOKHucTte. n . Tp. He nnaBUTca. noBegeHue B KucnoTax

pacTBopaeTca b H C l c 06pa30BaHueM BonoKHucToro cKeneTa KpeMHe3eMa.

Xpu3OTun no xuMUHecKOMy cocTaBy npegcTaBnaeT co6oH BogHtift cunuKar 

MarHua, TeopeTUHecKUH cocTaB KOToporo OTBeHaeT ^opMyne 3MgO^2SiOr2H 2O, hto 

cooTBeTcTByeT B Macc0B0M 0TH0meHuu cogep^aHuro b HeM M gO  -  42,4 %, SiO2 -  

44,50 %, u H 2O -  13,04 %. KaK npaBuno, B HeM Bcerga npucyrcTByroT npuMecu B Buge 

FeO u Fe2O 3, cogep^aHue KOTOptix pegKO npeBtimaeT 2 %, npuHeM HacTt FeO  

xpu3OTuna u30M0p$H0 3aMemaeT M gO , ocrantHoe ®;e KonuHecTBo ^ene3a cBa3aH0 c 

MexaHHHecKOH npuMectro MarHeTUTa, pe^e xpoMUTa. KonuHecTBO gpyrux npuMecefi 

(A I2O 3, & 2O 3, CaO, N iO , M nO, CuO u menoHu) onpegenaeTca gonaMu npo^HTa. 

npu  HanuHuu npuMecefi K0nuHecTB0 M gO  u SiO2 B xpu3OTune OKa3tiBaroTca o6mhho 

noHu^eHHtMu go 40 %  u MeHee, Kone6neTca TaK«:e u cogep^aHue K0HCTUTy^u0HH0H 

Bogti, to noBtmaact go 14,5 -  15,0 %, to nagaa go 11,5 -  12,0.

AHTuropuT -  MUHepan c HemyftHaroft cTpyKTypofi, KOToptift paccnauBaeTca Ha 

TOHKue nnacTHHti. A kthbho MUHepan cran ucnont3OBartca Hen0BeK0M B 18-m BeKe,
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xoTa o6Hapy^eH 6bn HaMHoro paHtme. Ero cBoeo6pa3Hbft pucyHOK, HanoMUHaKmuft 

3MeuHyK OKpacKy, u nepeBog Ha3BaHua c naTbHu ("3Mea») noBneKnu 

pacnpocTpaHeHue omu6oHHoro MHeHua, hto cepneHTUH u 3MeeBUK -  ^T0 oguH KaMeHt. 

Ha caMOM gene, ^T0 gBa caMocToaTentHbx, ho pogcTBeHHbx MUHepana, OTHocamueca 

k ogHOMy Knaccy cepneHTHHHTOB. O hh uMeKT ugeHTUHHbe cBoftcTBa, ogHaKO 

pa3nuHHb no xuMUHecKOMy cocTaBy. B  cepneHTUHe ocHOBHbM ^neMeHT0M aBnaeTca 

MarHUH, b to BpeMa KaK b ocHOBe 3MeeBUKa cogep^uTca OKcug MarHua.

MecTopo^geHua MUHepana

MecTopo^geHua b C H r  u3BecTHb Ha Ypane (^ycoBcKoe), CeBepHOM KaBKa3e, b 

Ka3axcTaHe u gpyrux pafioHax. 3a py6e^OM cepneHTUHb pa3pa6arbBaKTca b C fflA . 

3HaMeHHTbM uctohhukom npeKpacHoro Marepuana mupoKofi raMMb ^eTOB, 

pa3nuHHbx TeKcTyp u conyrcTByKmux MUHepanoB aBnaeTca Mbc ^U3apg (KopHy3nn). 

TaK^e H3BecTeH b H oboh 3enaHguu, HHguu, A^raHucTaHe, HTanuu u MoHronuu.



BBIBOABI n O  ^H T E P A T Y P H O M Y  0 B 3 0 P Y

1. B  xoge nuTepaTypHoro o63opa BbaBneHa ^puH^u^uantHaa B03M0^H0cTt 

nonyneHua oraecToftKoro Marepuana Ha ocHOBe cucTeMb cepneHTUH/opTO$oc$opHaa 

KucnoTa.

2. YcTaHOBneHo, hto Ha OcHOBe cepneHTUHa u opTo^oc^opHofi KucnoTb 

bo3mo^ ho nonynuTt npoHHbH, BogocTofiKufi u ^apocTofiKufi KaMeHt.

3. BbaBneHO, hto ^aKTopb, b Hau6ontmefi cTeneHu, BnuaKmue Ha 

npoHHocTt u ^apocToftKocTt C O K  -  ^T0 TeMneparypa TBepgeHua u KonunecTBO 

OpTO^Oc^OpHOH KUcnOTb.

4. YcTaHOBneHO, hto ucnont3OBaHue cepneHTUHa b KanecTBe cbpta gna 

nonyneHua C O K  MO^eT 6bTt ^K0H0MUHecKu u ^Hep^eTUHecKu ^ n e c 006pa3H0, TaK 

KaK cbipte He Tpe6yeT o6^ura u aBnaeTca TexHoreHHbM -  cKannuBaeTca b OTBanax b 

6ontmux KonunecTBax.



UE.HH H  3 A ^ A ^ H  H C C n E flO B A H H fl

^ n b  paSoTbi: pa3paSoTaTb Ha ocHoBe cepneHTUH-cogep^amux oTxogoB goSbiHu 

xpu30Tun -  acSecTa u opTo^oc^opHofi KucnoTbi orae3amuTHbix MaTepuanoB, c 

npoHHo CTbK npu c^aruu He MeHee 10 M n a , c KnaccoM no npegenbHo gonycTUMofi 

TeMneparype H8.

3agaHu:

1. B iS p a rb  ^aKTopi b HauSonbraefi CTeneHu BnuaKmue Ha npoHHocTb u 

npegenbHo gonycTUMyK TeMnepaTypy npuMeHeHua Ha ocHoBe nuTepaTypHoro oS3opa 

u paHee npoBegeHHbix uccnegoBaHufi.

2. OnpegenuTb BnuaHue ^aKTopoB ygenbHofi noBepxHocTu, nogBu^HocTu, 

TeMnepaTypi TBepgeHua Ha npoHHocTb npu c^aruu.

3. OnpegenuTb BnuaHue ^aKTopoB ygenbHofi noBepxHocTu, nogBu^HocTu, 

TeMnepaTypi TBepgeHua Ha npegenbHo gonycTUMyK TeMneparypy npuMeHeHua.

4. B iS p a rb  oSnacTb BapbupoBaHua ^aKTopoB, b KoTopofi bo3mo^ ho 

nonyHUTb Marepuan c TpeSyeMMMu CBoficTBaMu.



2 M E T O flM  H C C n E flO B A H H fl H  H C X O ^ H tlE  M A T E P H A m i

MaTepuanti, ucnont3yeMtie gna npou3BogcTBa pa3pa6aTtmaeMoro u3genua, 

nogBepranuct KOMnneKcy uccnegoBaHufi. y  ucxogHoro ctipta onpegenanact ygentHaa 

noBepxHocTt. y  roTOBtix o6pa3^B onpegenanu ^rouKO-MexaHUHecKue 

xapaKTepucTuKu.

2.1 Ou3HK0-MexaHHHecKue MeTogti ucntiTaHuft

2.1.1 ^apocTofiKocTt

^apocTofiKocTt cepneHTUH-^oc^aTHoro KaMHa onpegenanu Ha o6pa3^x- 

Ky6uKax 20x20x20 mm  u3r0T0BneHHtix U3 TecTa 3agaHHtix nogBu^Hocreft. O6pa3^i B 

BO3pacTe 28 cyroK HopMantHoro TBepgeHua o6^uranu B na6oparopHoft neHu npu 

TeMneparype 800 °C  co cKopocTtro 150 °C /h . ^apocroftKocTt o^ HUBanu no 

H3MeHeHuro npoHHocTu o6o^^eH H tx o6pa3^B oTHocuTentHo o6pa3^B HopMantHoro 

TBepgeHua.

2.1.2 BogocTofiKocTt

^na onpegeneHua BogocTofiKocTu o6pa3^B ucntrrtiBanu o6pa3^i 

20^20x20 mm  B B0g0Hactirn,eHH0M cocToaHuu (BogoHactirn,eHue npoucxoguno B 

TeHeHue 1 cyTOK).

BogocTofiKocTt o6pa3^B C O K  o^HUBaeTca no K0^$$u^ueHTy pa3MarHeHua, 

kotopmh onpegenaroT no 0TH0meHuro npoHHocTu npu c^aruu B B0g0Hactirn,eHH0M u 

cyxoM cocToaHuu.

Kpa3M RBn/Rcyx. (2 )

2.1.3 ygentHaa noBepxHocTt

OnpegeneHue ygentHofi noBepxHocTu npoBogu c noMorn,tro npu6opa nCX-12.



npu6op nCX -12  ucnont3yeTca gna onpegeneHua BenuHUHb cpegHux pa3MepoB 

u ygentHOH noBepxHocTu HacTu^ MarepuanoB, c gocTaroHHoft gucnepcHocTtK.

npu6op pa6oTaeT no MeTogaM ra3onpoHu^eMocTu KapMaHa u Ko3eHu. 

MeToguKa u3MepeHufi 3aKnKHaeTca b onpegeneHuu BpeMeHu, 3a KOTopoe 

^HKcupoBaHHbfi o6teM BO3gyxa npoxoguT Hepe3 cnoH o6pa3^. 3 tot MeTog Hennoxo 

npoaBnaeT ce6a b pa3nuHHoro poga OTpacnax npoMbmneHHocTu.[59] npu6op  

paccHHTbBaeT 0TH0cuTentHyK norpemHocTt u3MepeHua u b HameM cnynae OHa He 

npeBbcuna 0,2 %

2.1.4 nogBu^HocTt

Onpegenanu nogBu^HocTt TecTa cepneHTUH-^oc^araoft K0M^03u^uu c 

noMomtK npu6opa BuKa b cooTBeTcTBuu c Tpe6oBaHuaMu rO C T  310.3-76, ho 

npuMeHanu KOHycHbH necTUK B3aMeH cTaHgapTHoro. ^M eH Tb. MeTogb onpegeneHua 

HopMantHofi rycTOTb, cp0K0B cxBaTbBaHua u paBH0MepH0cTu u3MeHeHua o6teMa [10].

nepeg HananoM ucnbTaHua npoBepaKT, cB060gH0 nu onycKaeTca cTep^eHt 

npu6opa BuKa, a TaK^e HyneBoe noKa3aHue npu6opa, conpuKacaa necTUK c 

nnacTHHKOH, Ha KOTopoH pacnono^eHO Kon^o. npu  0TKn0HeHuu ot Hyna mKany 

npu6opa cooTBeTcTByKmuM 06pa30M nepegBuraKT.

^na pyHHoro npur0T0BneHua TecTa OTBemuBanu 400 r cepneHTUHa, BbcbnaKT  

b Hamy, npegBapuTentHO npoTepTyK Bna^Hofi TKaHtK. 3areM genaKT b cbpte  

yrny6neHue, b KOTopoe BnuBaKT b oguH npueM opTO^oc^opHyK KucnoTy b 

KonuHecTBe, Heo6xoguMOM (0pueHTup0B0HH0) gna nonyHeHua TecTa 3agaHHOH 

nogBu^HocTu. 3aTeM nocne npunuBaHua KucnoTb cHanana octopo^ ho 

nepeMemuBaKT, a 3areM ^Hep^uHH0 pacTupaKT TecTo nonarKoH.

npogon^HTentHocTt nepeMemuBaHua u pacTupaHua cocTaBnaeT 5 mhh c 

MOMeHTa npunuBaHua KucnoTb. nocne OKOHHaHua nepeMemuBaHua K on^o  6bicTpo 

HanonHaKT b oguH npueM nonyneHHbM TecTOM u naTt-mecTt pa3 BcTpaxuBaKT ero, 

nocTyKUBaa nnacTUHKy o TBepgoe ocHOBaHue. noBepxHocTt TecTa BbpaBHUBaKT c 

KpaaMH Kon^a, cpe3aa u36bTOK TecTa ho^ om , npoTepTbM Bna^Hoft TKaHtK.
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HeMegneHHO nocne ^T0^0 npuBogaT KOHycHtin necTUK npu6opa B conpuKocHOBeHue c 

noBepxHocTtro TecTa b ^ m p e  K on^a  u 3aKpennaroT cTep^eHt cTonopHtiM 

ycTpoficTBOM, 3aTeM 6ticTpo ocBo6o^garoT ero u npegocraBnaroT necTUKy cB060gH0 

norpy^aTtca B TecTO. ^epe3 30 c c MOMeHTa ocBo6o^geHua cTep^Ha npoBogaT OTcHeT 

norpy^eHua no mKane. K o n ^ o  c TecTOM npu OTcHeTe He gon^HO nogBepraTtca 

TonHKaM. npu  HecooTBeTcTByrorn,efi K0HCucTeH^uu TecTa u3MeHaroT KonuHecTBo 

KucnoTt u BHOBt 3aTBoparoT TecTO, go6uBaact norpy^eHua KOHycHoro necTUKa Ha 

Hy^Hyro ray6uHy.

2.1.5 nnoTHocTt

nnoTHocTt o6pa3^B onpegenaroT ucntrraHueM o6pa3^B B cocToaHuu 

ecTecTBeHHOH Bna^HocTH.

HcntTaHue npoBogunoct B cnegyrorn,eM nopagKe.

1. O6teM o6pa3^B npaBuntHon ^opMti BtraucnaroT no ux reoMeTpuHecKUM 

pa3MepaM. Pa3Mepti o6pa3^B onpegenaroT nuHenKon unu mTaH^eH^upKy^eM c 

norpemHocTtro He 6onee 0,1 m m ;

2. Maccy o6pa3^B onpegenaroT B3BemuBaHueM c norpemHocTtro He 6onee

0,1%.

O6pa6oTKa pe3yntTaTOB

3
1. IlnOTHOCTb rOTOBbIX 06pa3U,0B p, r/CM , BblHHCJMIOT C nOrpeiHHOCTbK) go

1 t/cm3 no (j)opMyjie

(3 )

rge m -  Macca o6pa3^, r; V -  o6teM o6pa3^, cm3.

2. nnoTHocTt cepuu o6pa3^B BtraucnaroT KaK cpegHee apu^MeTUHecKoe 

3HaHeHue pe3yntTaTOB ucntiTaHua Bcex o6pa3^B cepuu.



2.1.6 np0HH0CTb

nonyHeHHbie KySuKu pa3MepoM 20*20*20mm  nogBepraKT ucniTaHUK Ha 

c^arue. OSpa3^i noMemaKT Me^gy gByMa nnacTUHaMu npecca TaKUM 0Spa30M, 

htoSm  SoKoBMe rpaHu, K0T0pie npu u3r0T0BneHuu npuneranu k npogonbHMM 

CTeHKaM ^opM, Haxogunucb Ha nnocKocTax nnacTUH, a y n o p i nnacTUH nnoTHo 

npuneranu k Top^Bofi rnagKofi CTeHKe oSpa3^. OSpa3e^ BMecTe c nnacTUHaMu 

nogBepraKT c^aruK  Ha npecce. BpeMa ot HaHana paBHoMepHoro Harpy^eHua 

oSpa3^  go ero pa3pyraeHua gon^Ho cocTaBnaTb ot 5 go 30 c, cpegHaa CKopocTb 

HapacTaHua Harpy3Ku npu ucniTaHuu gon^Ha SbiTb (10±5) Krc/cM2 b ceKyHgy.

npegen npoHHocTu Ha c^arue ogHoro oSpa3^  onpegenaKT KaK HacTHoe ot 

geneHua BenuHUHM pa3pyraaKmefi Harpy3Ku Ha paSoHyK nnomagb nnacTUHM, npegen  

npoHHocTu Ha c^arue BbiHucnaKT KaK cpegHee apu^MeTUHecKoe pe3ynbTaroB 

ucniTaHufi.

2.1.7. T ennonpoBogHo CTb

TennonpoBogHocTb C O K  onpegenanu c noMombK npuSopa HTC-1. ^puH^u^  

geficTBua npuSopa 0CH0BaH Ha C03gaHuu npoxogamero Hepe3 uccnegyeMifi nnocKufi 

oSpa3e^ CTa^u0HapH0^0 TennoBoro noToKa. n o  BenuHUHe ^T0^0 TennoBoro noToKa, 

TeMnepaType npoTUBonono^Hbix rpaHefi oSpa3^  u ero TonmuHe BbiHucnaeTca 

TennonpoBogHocTb oSpa3^. HccnegyeMifi oSpa3e^ gon^eH uMeeT $opMy 

npaMoyronbHoro napannenenunega, nu^Bbie rpaHu KoToporo -  KBagpar c pa3MepaMu 

150^150 m m . TonmuHa oSpa3^  gon^Ha HaxoguTbca b npegenax 10 -  25 m m .

2.1.8. PaBH0MepH0CTb u3MeHeHua oSteMa

PaBH0MepH0CTb u3MeHeHua oSteMa onpegenanu Ha oSpa3^x neneraKax 

cornacHo rO C T  310.3. nocne 28 cyT0K TBepgeHua npu BapbupyeMix TeMnepaTypax 

TBepgeHua oSpa3^i noMemanu b Bogy Ha 24 h. Ecnu oSpa3^i nocne HacimeHua 

Bogofi u ganbHefiraero BbicyrauBaHua He pa3pyraunucb, He 0Spa30Banu ceTKy TpemuH
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unu cKB03Hbe TpemuHb, to ^T0 Ba^ym ee cHUTaeTca Bbigep^aBmuM ucnbTaHue Ha 

paBH0MepH0cTt H3MeHeHua o6teMa.

2.1.9. BogonornomeHue

BogonornomeHue -  cnoco6HocTt Marepuana unu u3genua BnuTbBaTt u 

ygep^uB art b nopax u Kanunnapax Bogy. Ana onpegeneHua BogonornomeHua 

H3Mepanu Maccy o6 p a3 ^B  b cyxoM cocToaHuu nocne 28 cyroK TBepgeHua. nocne Hero 

Hacbmanu BogoH b TeneHue 24 HacoB. O 6 p a3 ^ i nocne BogoHacbmeHua BbHUManu U3 

cocyga c BogoH, o6Tupanu TpanKOH u B3BemuBanu. BogonornomeHue no Macce paBHO 

0TH0meHUK Maccb Bogb, K0T0paa nornomaeTca o6pa3^M  npu HacbmeHuu k Macce 

cyxoro o6pa3 ^ :

m* — m
3 = — ------ xlOOV:  (4)

m  ,

rge mi -  Macca o 6 p a 3 ^  b B0g0HacbmeHH0M cocToaHuu, m -  Macca cyxoro o6pa3^.

2.2 Ou3UK0-xuMHHecKue MeTogb uccnegoBaHufi

Oa30Bbfi cocTaB ucxogHofi nopogb  u nonyneHHbix Ba^ym ux u3ynanu c 

noM om tK TepMUHecKoro MeToga aHanu3a.

2.2.1 TepMUHecKUH aHanu3

TepMHHecKHH aHanu3 npuMeHanu gna uccnegoBaHua $a30B0ro cocTaBa 

ucxogHofi n opogb  u npogyKTOB ee o6;«;ura. n o g  TepMUHecKUM aHanu3OM noHUMaeTca 

c0B0KynH0cTt Tpex MeTogoB: gu$$epeH^ua^tH0-TepMUHecK0^0 aHanu3a (A T A ),  

gu$$epeH^uantH0-TepM0^paBUMeTpuHecK0^0 (A T r )  u TepMOBecoBoro (T r )  unu 

TepMorpaBHMeTpuHecKoro. CymHocTt A T A  3aKnKHaeTca b uccnegoBaHuu u3MeHeHufi 

$a3OBoro cocTaBa unu npeBpameHUH, npoTeKaKmux b Marepuane npu ero 

HarpeBaHuu, no TennoBbM ^$$eKTaM, K0T0pbe conpoBo:^n,aKT ^TU npeBpameHua.

3HgoTepMunecKue ^$$eKTb Ha gu$$epeH^ua^tH0H KpuBOH MoryT 6bTt  

Bb3BaHb cnegyKmuMu ^rouKO-xuMunecKUMu npo^ccaM u:



-  gncco^na^nefi;

-  ge^ngpaTa^nefi BemecTBa;

-  HeK0T0piMu nonuMop^HMMu npeBpameHuaMu;

-  nnaBneHueM;

npuHUHaMu ^K30TepMUHecK0^0 ^$$eKTa MoryT SbiTb:

-  p e a ^ u a  oKucneHua;

-  p e a ^ n a  0Spa30BaHua hobmx coeguHeHufi;

-  nonnMop^Hbie npeBpameHua, c nepexogoM b ycTofiHUByK Mogu$uKau,uK 

U3 HeycTofiHUBofi npu gaHHofi TeMnepaType;

-  nepexog ot aMop^Horo cocToaHua k KpucTannuHecKoMy [29 ].

npu  noMomn MeToga guHaMUHecKoro B3BerauBaHua onncbiBaKTca KpuBbie 

noTepu M acci BemecTBa b n po^cce  nocToaHHoro HarpeBa. HccnegoBaHua oSpa3^B  

npoBogunu Ha gepuBaTorpa^e “Luxx STA 409” npou3BogcTBa HeMe^ofi ^upMbi 

“Netsch”. OcHoBMBaacb Ha gaHHbix nuTeparypHbix uctohhukob Ha3HaHanucb ycnoBua 

npoBegeHua ucniTaHufi u pe^uM cteMKu.[29] HarpeB neHu ocymecTBnann co 

CKopocTbK -  10 °C/m uh , go npegenbHoro 3HaHeHua -  1000 °C. HcniTaHua npoBogunu 

b nnaTUH0Bbix Turnax, b KaHecTBe uHepTHofi cp eg i BbiCTynan a30T.

2.3 MaTeMaTUHecKoe nnaHupoBaHue ^KC^epuMeHTa

MaTeMaTUHecKoe nnaHupoBaHue ^KC^epuMeHTa BKnKHaeT: oSocHoBaHue u 

B iSop  nnaHa npoBoguMoro ^KC^epuMeHTa, 3aTeM npoBegeHue onMToB no BbiSpaHHoMy 

nnaHy c TpeSyeMMM KonuHectbom noBTopoB, ganee MaTeMaTUHecKyK oSpaSoTKy 

nonyHeHHix pe3ynbTaroB ^KC^epuMeHTa gna nonyHeHua perpeccuoHHix 

3aBucuM0CTefi, u nocnegHufi ^Ta^- aHanu3 nonyHeHHix 3aBucuM0CTefi.

npu  peann3au,nn 3-x ^aKTopHbix ^KC^epuMeHT0B b paSoTe ucnonb30Banucb 

nnaHM BToporo nopagKa, no3BonaKmne nonyHaTb perpeccuoHHie 3aBucuM0CTu Buga:

M(x,y)=b0+b1x+b2y+b3z+b11x2+b12xy+b13xz+b22y2+b23yz+b33z2 (5)
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T a6 n u ^  2.1 -  KogoBaa Ta6nu^ ^aKTopoB

N  cocTaBa Kog ^aKTopa X Kog ^aKTopa Y Kog ^aKTopa Z

1 0 0 0

2 1 -1 -1

3 1 -1 1

4 -1 0 1

5 -1 0 -1

6 -1 1 -1

7 -1 1 1

8 1 1 1

9 1 1 -1

10 1 0 0

11 -1 0 0

12 0 1 0

13 0 0 1

14 0 0 -1

nocne ^KC^epHMeHTanbHOH peanH3a^HH nnaHa npoBogunu o6pa6oTKy 

pe3ynbTaTOB c noMorntK nporpaMM Ha nK , KOTopaa BKnKnana:

1. npoBepKy runoTe3bi paBHOTOHHOCTu npoBegeHHbix ^KC^epHMeHTOB no 

KpuTepuK KoxpeHa. Ana ^T0̂ 0 onpegenanact BenunuHa:

G p̂ "=Sy ,̂ax2/(ESy )̂, (6 )

rge Symax2-  HaH6oni>maa b pagy gucnepcuH.

PaccwraHHyK no ^opMyne BenunuHy cpaBHHBanu co 3HaneHueM G-KpuTepua, 

B3aTMM H3 Ta6nu^i [23], b 3aBucuMocTH ot ypoBHa 3HanHMocTH a, nucna cTeneHeft 

cBo6ogti f=r-1  u nucna ontiTOB N. Pag gucnepcuft cwraeTca ogHopogHbM, ecnu 

BtmonHaeTca ycnoBue:

Qpacu < Gma6n (7 )

2. PacneT KO^$$H^HeHTOB perpeccuoHHoro ypaBHeHHa;

3. nocne pacneTa KO^$$H^HeHTOB ypaBHeHHa perpeccuu npoBepaeTca runoTe3a 

o6 ux 3HanuMocTH cpaBHeHueM a6conKTHoft BenunuHbi KO^$$H^HeHTa c ero 

goBepuTentHbiM HHTepBanoM, paccnuTaHHbiM no ^opMyne:



A bi ta;flSbi., (8 )

rge t -  KpuTepufi CTtrogeHTa, npuHUMaeTca U3 Ta6nu^i [28];

Sb-gucnepcua o^ hok K0^$$u^ueHT0B, paccHUTtmaeTca no ^opMyne:

Sb0 C7Sy , Sbi c8Sy ; Sbij c9Sy ; Sbii (c5 +c6) Sy>> (9 )

rge C5,C6,C7,C8,C9 -  KOHcTaHTti, npuHHMaeMte coraacHO [28].

CTaTucTHHecKu 3HaHUMtiM Ha3tBaeTca K0^$$u^ueHT, a6conroTHaa BenuHUHa

KOToporo 6ontme goBepuTentHoro uHTepBana unu paBHa eMy:

\bi\>Abi.- (10)

^na npoBepKu npurogHocTu nonyHeHHoro ypaBHeHua perpeccuu BtiHucnanact

gucnepcua ageKBaTHOCTu no ^opMyne:

s2ad= (Z (y 3Kcn-y pacH) 2) //(N -(k + i)), (11)

rge (k+1) -  Hucno 3HaHUMtix K0^$$u^ueHT0B B ypaBHeHuu perpeccuu; y3Kcn, 
ypacH -  cooTBeTcTBeHHo ^KC^epuMeHTa^tHMe u pacHeTHtie 3HaHeHua oTKnuKa.

Onpegenanu pacHeTHoe 3HaHeHue KpuTepua Oumepa no ^opMyne:

FpacH=S2ad/S2y (12)

3areM ero cpaBHUBanu c Ta6nuHHtiM 3HaHeHueM F  -  KpuTepua gna CTeneHeH

CBo6ogti, c kotopmmu onpegenanuct S2ad u S2y , to ecTt

f ad=N  -  (k+1) (13)

f y =N  ■ (r -1 ) , (14),

rge N  -  o6rn.ee Hucno ^KC^epuMeHT0B B nnaHe; r -  Hucno napannentHtix

H3MepeHUH B Ka^goM ontrre.

B  cnyHae, ecnu FpacH<F, to ypaBHeHue c BepoaTHoCTtro p = 1 -a  ageKBaTHo

onuctBaeT u3MeHeHue uccnegyeMoro CBOHCTBa ot 3agaBaeMtix napaMeTpoB u ero

mo^ ho ucnont3OBart gna pemeHua TexHonoruHecKux 3agaH.

4. nocTpoeHue roonuHuft n0BepxH0CTeft otkhukob.
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OnpegeneHue gocTOBepHocTu otkhhkob

Ana o^ hkh gocTOBepHocTu nonyneHHbix pe3yntTaTOB BbHucnanu

K0^$$u^ueHT Bapu^uu  Vm. npu  KOHTpone no o6pa3^aM cpegHee KBagparunecKoe 

0TKn0HeHue b napTuu (Sm) npu Hucne eguHUHHbx 3HaHeHUH b napTuu n 6ontme mecTu 

onpegenaeTca no ^opMyne:

S . =
X  (R, -  Rm )
i = 1 (15)

n -1

rge R , -  eguHUHHoe 3HaneHue OTKnuKa; Rm -  cpegHee 3HaneHue OTKnuKa.

Ecnu Hucno eguHUHHbx 3HaneHUH b napTuu cocTaBnano ot gByx go mecTu 

3HaneHue Sm BbHucnanu no ^opMyne:

W

a
(16)

rge Wm -  pa3Max eguHUHHbx 3HaneHUH OTKnuKa b KOHTponupyeMofi napTuu, 

onpegenawT KaK pa3HocTt Me^gy MaKcuMantHbM u MUHUMantHbM eguHUHHbMu 

3HaneHuaMu; a  -  K0^$$u^ueHT, 3aBucamufi ot KonunecTBa eguHUHHbx 3HaHeHUH (n). 

3HaneHua a  npuBegeHb b Ta6nu^ 2.3 

T a6 n u ^  2.2 -  3HaneHua K0^$$u^ueHTa a

^ucno eguHHHHbx 3HaHeHUH n 2 3 4 5 6

3HaneHue K0^$$u^ueHTa a 1,13 1,69 2,06 2,33 2,5

Ko^$$u^ueHT Bapuau,HH b napTuu ( Vm) b npo^HTax BbHucnawT no ^opMyne:

SV =-*--100  
m R (17)

AocTOBepHocTt pe3yntTaroB

AocTOBepHocTt pe3yntTaTOB pa6oTb u HayHHb%BbBogoB o6ecnenuBawT 

npuMeHeHueM noBepeHHoro o6opygoBaHua u cTaHgapTHbx MeTogoB npu ucnbTaHuu 

MaTepuanoB b ycnoBuax na6oparopuu, npomegmeH aTTecTa^uro, ucnont3OBaHueM 

ageKBarHbx MareMaruHecKux MogeneH u ux aHanu3OM, gocTaroHHbM HucnoM

2



o6pa3^B b cepHH gna o6ecneneHHa goBepHTenbHoft BepoaTHocra nonyneHHbix 

pe3ynbTaT0B ncnbiTaHHft, paBHoft 0,95. 3HaneHHe goBepHTenbHoro HHTepBana 

paccHHTbrnanH no ^opMyne

AR=aSm (18)

npn  ^TOM a  npHHHMann paBHbiM 2, hto cooTBeTCTByeT gocToBepHocTH 95 %, 

TpagH^HOHHO Hcnonb3yeMoft B TexHHKe [27]. KonnnecTBo noBTopoB onbiTOB gna 

nonyneHHa pe3ynbTaT0B, c gocToBepHocTbro 95 %, nonagaromue B goBepHTenbHbift 

HHTepBan cpegHee 3HaneHHe ±  5 %, npHBegeHbi b Ta6nn^ 2.4.

T a6 n n ^  2.3 -  goBepHTenbHbift HHTepBan h KonnnecTBo noBTopoB onbiTa gna

npHHaTbx MeTogHK HcnbiTaHHft

B ug HcnbTaHHft
KonHHecTBo noBTopoB 

0nbT0B

npoHHocTb Ha c^rnue roTOBbix o6pa3^B 3

nnoTHocTb r0T0BbIX o6pa3^B 3

^apocTOftKocTb r0T0BbIX o6pa3^B 3

BogocToftKocTb r0T0Bbx o6pa3^B 3

2.4 HcxogHbie MaTepnanbi

2.4.1 CepneHTHH

B  gaHHoft pa6oTe B KanecTBe Ba^ymero BemecTBa npHMeHanca cepneHTHH 

OpcKo -XannnoBcKoro MecTopo^geHHa.

CepneHTHH -  conyTcTByromaa ropHaa nopoga npn go6bine Marae3HTa, 6pycHTa, 

nopogoo6pa3ywm,Hft MHHepan -  cepneHTHH. XHMHHecKHft cocTaB:3Mg0^2Si0^ 2H20. 

OKcng KpeMHHa (S iO 2) 44,1 %, Boga ( H 2O ) 12,9 %, oKHcb Marana (M gO ) 43,0 %, 

TaK ® ;e npncyTCTByroT B BHge npHMeceft Fe20 3, N iO . Ha gaHHbift MoMeHT cepneHTHHbi



He Hamnn mnpoKoro npHMeHeHHa b npoMbimneHHocra h no 6onbmeft nacTH 

cKannHBaroTca b oTBanax [60].

AaHHaa ropHaa nopoga nogBeprnact gpo6neHHK> b ^ koboh gpo6nnKe. Aanee 

nopogy H3MenbnanH B BHSponcTHparene, ygentHaa noBepxHocTt cocTaBHna nopagKa 

1200 -  1800 CM2/r.

2.4.2 OpTo^oc^opHaa KHcnoTa

B  pa6oTe Hcnont3oBanH opTo^oc^opHyro KHcnoTy 70 %  KOH^empa^HH 

(H3roToBneHHon no rO C T  6552-80 "KHcnoTa opTo^oc^opHaa. TexHHnecKHe

ycnoBHa») npoH3BogcTBa O AO  "BHTaXHM EKarepHH6ypr», KoTopyro pa36aBnann 

Bogon go Tpe6yeMoft KOH^eHTpa^HH. Tpe6oBaHHa k KHcnoTe npegcTaBneHti b 

Ta6 n n ^  2.4.

T a 6 n ^ a  2.4 -  Tpe6oBaHHa k KHcnoTe no rO C T  6552-80

HaHMeHoBaHHe noKa3arena HopMa

XHMHHecKH 

hhctbih 

(x .h .) O K n  

26 1213 

0023 08

^ hctbih gna 

aHanroa (n.g.a.) 

O K n  26 1213 

0022 09

^ hctbih (h .) 

O K n  26 1213 

0021 10

1. BHemHHH BHg h ^ e T Aon^eH BMgep^HBart HcntrraHHe no n.4.2

2. MaccoBaa gona opTo^oc^opHoft 

KHcnoTM , %, He MeHee
87 85 85

3. nnoTHocTt , r/cM, He MeHee 1,71 1,69 1,69

4. MaccoBaa gona ocTaTKa nocne 

npoKanHBaHHa, %, He 6onee
0,05 0,1 0,2

5. MaccoBaa gona neTynnx KHcnoT, 

%, He 6onee
0,0004 0,0010 0,0015

6. MaccoBaa gona HmparoB, %, He 

6onee
0,0003 0,0005 0,0005

7. MaccoBaa gona cynt^aroB, %  He 

6onee
0,0005 0,002 0,003
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OKOHHaHue Ta6nu^i 2.4

8. MaccoBaa gona xnopugoB, %, He 

6onee
0,0001 0,0002 0,0003

9. MaccoBaa gona aMMOHUHHbx 

coneH, %, He 6onee
0,0005 0,002 0,002

10. MaccoBaa gona ^ene3a%, He 

6onee
0,0005 0,001 0,002

11. MaccoBaa gona MbmtaKa, %, He 

6onee
0,00005 0,0001 0,0002

12. MaccoBaa gona Ta^enbix 

MeTannoB, %, He 6onee
0,0005 0,0005 0,001

13. MaccoBaa gona BemecTB, 

BoccTaHaBnuBawmux, %, He 6onee
0,003 0,005 0,05
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3 H C O n E flO B A T E n tC K A fl ^A C T B

3.1. nonyneHHe orae3am,HTHoro Marepnana Ha ocHoBe cepneHTHHa h 

0pT0^0c^0pH0ft KHcnoTM

Ana BbaBneHHa bo3mo^ hocth nonyneHHa orHe- h BogocToftKoro MarepHana Ha 

ocHoBe C O K  (cepneHTHH-^oc^arnbift KaMeHb), 6bin npoBegeH 3-x ^aKTopHbift 

^KC^epHMeHT. BapbHpyeMbiMH ^aKTopaMH 6binn Bbi6paHbi: nogBH^HocTb, ygenbHaa 

noBepxHocTb h TeMneparypa TBepgeHHa.

B  xoge nHTeparypHoro o63opa h npegBapHTenbHbix ^KC^epHMeHT0B BbiaBneHo, 

hto gna nonyneHHa npoHHoro, Bogo-, ®:apocToftKoro KaMHa (c$opMHpoBaHHoro 3x 

3aMem,eHHMMH ^oc^araMH) Hy^Ho ncnonb30Barb MHHHManbHoe KonnnecTBo KHcnoTbi 

gna 3aTBopeHHa cepneHTHHa. Ho Manoe KonnnecTBo KHcnoTbi cHH^aeT nogBH^HocTb. 

^0^T0My, gna nonyneHHa paBHonogBH^Hbix cMeceft c pa3HbiM KonHHecTBoM KHcnoTbi 

BapbHpoBann ygenbHyro noBepxHocTb.

Ha ocHoBe nHTeparypHoro o63opa 6bino BbiaBneHo hto TeMnepaTypa TBepgeHHa 

0Ka3biBaeT 3HaHHTenbHoe BnnaHHe Ha TBepgeHHe cepneHTHH-^oc^arnbix K0Mn03Hii,HH. 

^0^T0My TeMnepaTypa TBepgeHHa 6bina Bbi6paHa ogHHM H3 BapbHpyeMbix ^aKTopoB.

HcxogHoe cbipbe gpo6nnH Ha meKoBoft gpo6nnKe go $pa^H H  20-40m m . nocne  

Hero cbipbe H3MenbHanocb Ha BHSponcTHparene go pa3nHHHbix noKa3areneft ygenbHoft 

noBepxHocTH. noKa3arenb ygenbHoft noBepxHocTH cKnagbiBaeTca H3 cyMMbi Bcex 

noBepxHocTeft Marepnana, h , cooTBeTcTBeHHo, HeM MeHbme pa3Mep Hacra^ TeM 

6onbme ygenbHaa noBepxHocTb nopomKooSpasHoro cbipba. nocKonbKy 

B3aHMogeftcTBHe nopomKa h 3aTBopHTena npoxogHT B ochobhom no noBepxHocTH, 

^0^T0My aKTHBHocTb ^T0^0 B3aHMogeftcTBHa HanpaMyro 3aBHcHT ot BenHHHHbi 

ygenbHoft noBepxHocTH.

B  paMKax ^KC^epHMeHTa H3roTaBnHBann o6pa3^i-Ky6HKH H3 cepneHTHHa, 

3arBopeHHoro O O K  70 %  K0H^eHTpa^HH. Ky6HKH H3roTaBnHBann H3 TecTa 3agaHHbix 

nogBH^HocTeft. y  nonyHeHHbix o6pa3^B onpegenann: npoHHocra npn c^aTHH B 1, 3,
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7 h 28 cyTKH TBepgeHHA npn pa3HHHHbix TeMneparypax TBepgeHHA, nocne o6^Hra h b

BOgOHacbIffl,eHHOM cOCTOflHHH, KOTOpbie Cny^HHH OTKHHKaMH ^KC^epHMeHTa. TaK^e 

OTKHHKaMH flBnanncb n^OTHOCTb o6pa3^B h paBHOMepHOCTt pacnpegeneHHA o6teMa.

nonyneHHte pe3ynbraTbi npegcTaBneHbi b Ta6nn^ 3.1

T a6 n n ^  3.1 npoHHocra o6pa3^B npn c^aTHH b 1, 3, 7, 28 cyTKH TBepgeHHA

m

n/n

OaKTopti O tkhhkh

p.H.O*.nogBH^HOcTb,

MM

YgenbHaa

noBepxHocTb,

cM2/r

TeMnepaTypa

TBepgeHHA,

°C

npoHHocTb B cyr., M na

1 3 7 28

1 7 0 1600 0 60 0 28,5 25,4 29,9 20,2 —

2 11 1 1200 -1 40 -1 2,1 11 29,2 29,9 +

3 11 1 1200 -1 80 1 20,2 26 27,2 24,4 —

4 3 -1 1600 0 80 1 25,9 23,8 22,3 25,1 +

5 3 -1 1600 0 40 -1 6,2 28,2 61,7 22,3 —

6 3 -1 1800 1 40 -1 5,5 29,1 19,8 42,5 —

7 3 -1 1800 1 80 1 37,7 36,4 29,1 25,7 —

8 11 1 1800 1 80 1 31,6 37,2 38,5 31 —

9 11 1 1800 1 40 -1 5 26,9 35,6 38,4 +

10 11 1 1600 0 60 0 26,7 30,2 24,3 23,4 —

11 3 -1 1600 0 60 0 20,5 25,2 17,5 15,3 —

12 7 0 1800 1 60 0 21,8 24,7 30,4 16,7 —

13 7 0 1600 0 80 1 31,8 36,6 35,8 36,9 +

14 7 0 1600 0 40 -1 2,7 34,2 43,6 31,6 —

*p.H.O. -  paBHOMepHOCTb H3MeHeHHfl o6teMa

AHanronpyro gaHHbie Ta6nn^i 3.1 mo^ ho cgenaTb BbiBog o tom , hto npn 

gaHHbix ^aKTopax cepneHTHH aKTHBHO B3aHMogencTByeT c opTO^oc^opHon khchotoh, 

noKa3biBaa BbicoKHe 3HaneHHa npegena npoHHocra npn c^aTHH. npegenbi npoHHocra 

npn c^aTHH b 28 cyToK TBepgeHHA BO3pacTaK>T c poctom KOH^eHTpa^HH OOK , no- 

BHgHMoMy, ^TO cB^3aHo c 6onee nonHon cTeneHbro pea^HH cepneHTHHa h khchotm. 

Hcxoga H3 gaHHbix Ta6nn^i 3.1 BHgHo, hto Ha Hemropbix cocTaBax Ha6nK>gaeTca 

c6pocbi nponHocTH npn c^aTHH. M o;®ho npegnono^HTb, hto ^TO nponcxogHT B
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pe3yntraTe ge$opMa^HH h ycagoK, hto BHgHo npn npoBegeHHH npoBegeHHH ontiTa Ha 

paBHoMepHocTt H3MeHeHHa o6teMa.

T a6 n n ^  3.2 -  HnoTHocTH o6pa3^B b 1, 3, 7, 28 cyTKH TBepgeHHa npn 3agaHHtix 

^aKTopax

OaKTopt OTKnHKH

nogBH^Ho cTt,MM

YgentHaa

noBepxHocTt,

cM2/rp

TeMneparypa 

TBepgeHHa, °C

nnoTHocTt B cyT., r/cM3

1 3 7 28

7 0 1600 0 60 0 1,86 1,87 1,968 1,826

11 1 1200 -1 40 -1 1,802 1,82 1,851 1,899

11 1 1200 -1 80 1 1,721 1,784 1,769 1,831

3 -1 1800 1 80 1 1,744 1,819 1,799 1,75

3 -1 1800 1 40 -1 1,839 1,9 1,729 1,771

3 -1 1800 1 40 -1 2,05 1,828 2,039 1,969

3 -1 1800 1 80 1 1,783 1,794 1,799 1,784

11 1 1800 1 80 1 1,809 1,839 1,833 1,875

11 1 1800 1 40 -1 1,886 1,922 1,895 1,872

11 1 1600 0 60 0 1,908 1,893 1,955 1,865

3 -1 1600 0 60 0 1,852 1,858 1,777 1,726

7 0 1800 1 60 0 1,93 1,94 1,768 1,751

7 0 1600 0 80 1 1,89 1,819 1,849 1,96

7 0 1600 40 -1 1,85 1,912 1,937 1,96

AHanH3Hpya gaHHtie Ta6nn^i 3.2 mo^ ho cgenart Btmog o tom, hto cepneHTHH 

npn B3aHMogeftcTBHH c opTo^oc^opHofi KHcnoTofi o6pa3yeT nnoTHtiH h npoHHtift 

KaMeHt. C noBtimeHHeM noKa3areneH ygentHoft noBepxHocra h nogBH^HocTH 

noBtmaeTca h 3HaHeHHe nnoraocTH. 3 to mo:®ho o6tacHHTt TeM, hto npn 6onee 

hh3khx noKa3aTenax ^THx ^aKTopoB Marepnan nonyHaeTca BbicoKonycTOTHtiM, 

cooTBeTcTBeHHo nnoTHocTt o6pa3^B HH^e.



T a 6 n ^ a  3.3 -  noKa3aTenn BogocToftKocTH h ®;apocToftKocTH o6pa3^B b 28 cyTKH 

TBepgeHHa

OaKTopb O tkhhkh

nogBH^HocTb, MM

ygenbHaa

noBepxHocTb,

cM2/r

TeMnepaTypa 

TBepgeHHa, °C

BogocToftKocTb 

B 28 cyT0K 

TBepgeHHa

^apocToftKo cTb 

B 28 cyT0K 

TBepgeHHa

7 0 1600 0 60 0 0,7 0,44

11 1 1200 -1 40 -1 0,71 0,19

11 1 1200 -1 80 1 0,62 0,22

3 -1 1600 0 80 1 0,29 0,22

3 -1 1600 0 40 -1 0,46 0,51

3 -1 1800 1 40 -1 0,62 0,13

3 -1 1800 1 80 1 0,62 0,34

11 1 1800 1 80 1 0,65 0,46

11 1 1800 1 40 -1 0,54 0,38

11 1 1600 0 60 0 0,99 0,33

3 -1 1600 0 60 0 0,85 0,48

7 0 1800 1 60 0 0,73 0,53

7 0 1600 0 80 1 0,6 0,23

7 0 1600 0 40 -1 0,72 0,24
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O6pa3^i C O K  Bbigep^ann ncnbrraHHa Ha paBHoMepHocTb H3MeHeHHa oSteMa. 

Bug o6pa3^B npegcTaBneH Ha pncyHKe 3.1.

PncyHoK 3.1 -  .HenemKH-o6pa3^i 6e3 TpemuH.

O6pa3^i C O K  cooTBeTcTByeT Tpe6oBaHHaM T y  5744-001-60779432-2009, TaK 

KaK Ha n^eBoft cTopoHe nenemeK He 06Hapy«:eH0 pagnanbHbix, goxogamux go KpaeB 

TpemuH, nnn ceTKH MenKHx TpemuH, BHgHMbix HeBoopy^eHHbiM rna30M nnn B nyny, a.



Ha Hacra o6pa3^B o6Hapy®:eHbi ge$opMa^HH, BcnegcTBHe HepaBHOMepHoro 

H3MeHeHHa o6teMa. ^aHHtie o ge^opMauu^x npHBegeHti b Ta6nn^ 3.1.
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3 7 11
IIOABH}KHOCTb, MM

M(x,y)=28,46+4,7x+12,01y+3,54z+ (-0,51)x2+ (-5,4)xy+3,08xz+ (-
13,42)y2+0,7yz+ 7,57z2

PncyHOK 3.2 -  3aBHCHMOCTt npoHHocTH o6pa3^B ot ^aKTopoB ygentHOH 

noBepxHOCTH h nogBH^HOCTH b 3 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHA 40 °C

(KO^$$H^HeHT Onmepa 0,09)

0,09=FpacH<F=3,7

XapaKTep pacnono^eHHA h3ohhhhh Ha pncyHKe 3.2 roBopHT o tom , hto c 

yBennneHHeM noKa3are.ra ygentHon noBepxHocTH noBtimaeTca npoHHocTt Ha c^arae  

o6pa3^B. ^aHHaa TeHgeH^Hfl xapaKTepHa go noKa3aTena 1750 cm2/e nocnegyro^ee  

noBMmeHHe noKa3aTena ygentHon noBepxHocTH BegeT k noHH^eHHW npoHHocTH Ha 

c^rnue. YBenHHeHHe nogBH^Hocra TaK ^ e  npHBogHT k pocTy npoHHocTH. C 

yBenHHeHHe noKa3are.ra nogBH^Hocra He3HaHHTenbHo noBbimaeTca 3HaHeHHe 

npoHHocTH.
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3 7 11
IlOflBHaCHOCTb, MM

M(x,y)=28,46+4,7x+12,01y+3,54z+ (-0,51)x2+ (-5,4)xy+3,08xz+ (-
13,42)y2+0,7yz+ 7,57z2

PncyHOK 3.3 -  3aBHCHMOCTt np0HH0CTH o6pa3^B ot ^aKTopoB ygentHoft 

noBepxHOCTH h nogBH^HOCTH b 3 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHa 60 °C

(KO^$$H^HeHT Onmepa 0,09)

0,09=FpacH<F=3,7

n o  pacnono^eHHW h30hhhhh Ha gaHHOM pncyHKe mo:®ho cgenaTt Btmog, hto 

^ aKTopm ygentHoft noBepxHOCTH h nogBH^HOCTH OKa3MBawT npHMepHO ogHHaKOBoe 

BnnaHHe Ha noKa3aTenn npoHHocra o6pa3^B Ha c^rnue. 3Ta 3aBHCHMocTt 

nponcxogHT npn 3HaHeHHax 1200-1600 cm2/e CBtime ^THx 3HaHeHHfi gaHHtie ^aKTopbi 

He oKa3MBawT 3HaHHTentHoe BnnaHHe.



n O £ B H ) K H O C T b .

M(x,y)=28,46+4,7x+12,01y+3,54z+ (-0,51)x2+ (-5,4)xy+3,08xz+ (-
13,42)y2+0,7yz+ 7,57z2

PucyHoK 3.4 -  3aBHCHMocTt npoHHocTu o6pa3^B ot ^aKTopoB ygenbHoft 

noBepxHocTH h nogBH^HOCTH b 3 cyTKH TBepgeHHa npu TeMnepaType TBepgeHHa 80 °C

(KO^$$H^HeHT Oumepa 0,09)

0,09=FpacH<F=3,7

KaK BugHo H3 3aBHCHMOCTen, npegcTaBneHHbix Ha pucyHKax 3.2 -  3.4 xapaKTep 

H3MeHeHHa npoHHocTu b 3aBucuMocTH ot BaptupyeMbix ^aKTopoB He H3MeHaeTca npu 

Bcex TeMnepaTypax TBepgeHua. TaKon ^ e  xapaKTep mo^ ho Ha6nK>gaTb bo Bce cpoKH 

TBepgeHua (3aBHcuMocTH npegcTaBneHbi b npuno^eHuu).



3 7
IIOflBJDKHOCTb, MM

M(x,y)=20,33+6,33x+7,32y+(-0,53)z+(-1,27)x2+(-4,02)xy+(-1,38)xz+(-7,93)y2+ (-
1,87)yz+14,83z2

PucyHoK 3.5 -  3aBucuMocTh npoHHocTH o6pa3^ B  ot ^aKTopoB ygentHOH 

noBepxHocTH u nogBH^HOCTH b 28 cyTKH TBepgeHua npn TeMnepaType TBepgeHua

60 °C (KO^$$H^HeHT Onmepa 0,52)

0,52=FpacH<F=3,7

Ha rpa^HKe npocne^HBaeTca 3aBucuMocTh pocTa npoHHocTH npu noBtimeHuu 

^aKTopoB ygenhHoft noBepxHocTH h nogBH^HocTu. C poctom noKa3aTeneft ^aKTopoB 

ugeT paBHoMepHtiH Ha6op npoHHocTH Ha BceM rpa^HKe. 3to  xapaKTepHo go 

noKa3aTena ygentHofi noBepxHocTH 1700 r/cM2. npu  HauMeHhinux noKa3aTenax 

ygentHofi noBepxHocTH u nogBH^HocTu noKa3aTenu npoHHocTH TaK«:e MHHHManhHbi.

Btmog: 3 to  mo^ho o6tacHHTh TeM, hto npu 6onhmeft KpynHocTH ctipha 

o6pa3yeTcfl BticoKaa nycToTHocTh, cooTBeTcTBeHHo HH3Kaa cB^3HocTh HacTH^ u, 

cnegoBaTenhHo, cna6aa M0H0^HTH3a^Ha KoMnoHeHToB.



11
Il0^BH>KH0CTb, MM

M(x,y)=20,33+6,33x+ 7,32y+ (-0,53)z+ (-1,27)x2+(-4,02)xy+ (-1,38)xz+ (-

7,93)y2+(-1,87)yz+14,83z2 

PncyHoK 3.6 -  3aBHCHM0CTt npoHHocra o6pa3^B ot ^aKTopoB ygentHon 

noBepxHOCTH h nogBH^HOCTH b 28 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHa

40 °C (KO^$$H^HeHT Onmepa 0,52)

0,52=FpacH<F=3,7

Il0^BH>KH0CTb, MM 

M(x,y)=20,33+6,33x+ 7,32y+ (-0,53)z+ (-1,27)x2+(-4,02)xy+ (-1,38)xz+ (-

7,93)y2+(-1,87)yz+14,83z2 

PncyHoK 3.7 -  3aBHCHMocTt npoHHocTH o6pa3^B ot ^aKTopoB ygentHon 

noBepxHocTH h nogBH^HocTH b 28 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHa

80 °C (KO^$$H^HeHT Onmepa 0,52)

0,52=FpacH<F=3,7

08.03.01.2017.215.00.00.n3



XapaKTep 3aBucuMocTu H30HHHHH b 28 cyTKu TBepgeHHa npH Bcex 

TeMneparypax TBepgeHHa aHanoruHeH. npoHHocTb npn c^aruu noBbimaeTca npu 

pocTe 3HaneHHH ^aKTopoB ygenbHofi noBepxHocTu u nogBH^HOCTH. npu  TeMneparype 

TBepgeHHa 40 °C gocTuraeTca 6onee BbicoKaa npoHHocTb npu c^arau, HeM npu 

TeMnepaType 60 °C u 80 °C. 3 to  mo^ho o6tacHHTb TeM, hto npu 40 °C Ha6op 

npoHHocTu npoxoguT MegneHHo, ho 6onee nnaBHo, B cnegcTBue Hero He Bo3HHKaeT 

rpagueHT TeMnepaTyp Me^gy BHemHefi noBepxHocTbK u BHyrpeHHefi HacTbK o6pa3^.
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IIOABH)KHOCTb, MM

M(x,y)=87,67+14,66x+13,34y+(-6,02)z+1,45x2+(-17,03)xy+3,52xz+(-

14,93)y2+5,35yz+(-22,8)z2 

PucyHoK 3.8 -  3aBucuMocTb BogocTofiKocTu o6pa3^B ot ^aKTopoB ygenbHofi 

noBepxHocTu u nogBu^Hocra B 28 cyTKu TBepgeHua npu TeMnepaType TBepgeHua

60 °C (KO^$$H^HeHT Oumepa 0,71)

0,71=FpacH<F=3,7

Ha gaHHofi 3aBucuMocTu Ha6nKgaeTca pocT noKa3arena KO^$$H^HeHTa 

BogocTofiKocTu c noBbimeHueM nogBu^Hocra u ygenbHofi noBepxHocTu bo Bcefi 

o6nacTu BapbupoBaHua ^aKTopoB.

Bbmog: 3 to  mo^ho o6tacHuTb TeM, hto npu hu3kux 3HaHeHuax ygenbHofi 

noBepxHocTu o6pa3yeTca HauMeHbmee KonuHecTBo ^oc^arnbix HoBoo6pa3oBaHufi,



Marepna. nonynaeTca BbicoKonycTOTHtiM, c.egoBarenbHo, MeHee nnoTHbiM. npn  

HacMrn,eHHH ^T0̂ 0 Marepnana BogoH nycTOTti 3ano.HaroTca, o6pa3^i pa3MarHaroTca h 

Ha6.K>gaeTca 3HaHHTe.bHoe nageHHe noKa3are.a npoHHocTH.

3 7
IlOflBHJKHOCTb, MM

M(x,y)=43,85+(-10,42)x+(-8,01)y+(-0,67)z+(- 

0,1)x2+20,3xy+3,9xz+ 17,31y2+ 6,3 6yz+ (-17,1)z2 

PncyHoK 3.9 -  3aBHCHMocTt ®;apocToHKocTH o6pa3^B ot ^aKTopoB ygentHon 

noBepxHocTH h nogBH^HocTH b 28 cyTKH TBepgeHHa npn TeMneparype TBepgeHHa

60 °C (KO^$$H^HeHT Onmepa 0,96)

0,96=FpacH<F=3,7

^aHHaa 3aBHcHMocTt no3Bo.aeT cge.aTb BbiBog, hto c noBbimeHHeM 

nogBH^HocTH yMeHbmarorca noKa3aHHa ^apocTOHKocra. Cxo^ee aBneHHe 

Ha6.K>gaeTca h c yBennneHHeM ygentHofi noBepxHocTH. 3to  xapaKTepHo g .a  o6.acTH 

1200-1600 cM2/r. Han6onbmaa ^apocTofiKocTt gocraraeTca npn HaHMeHtmefi 

nogBH^Hocra h ygentHofi noBepxHocTH. 3to  o6tacHaeTca TeM, hto npn 

MHHHMantHMx noKa3aTe.ax ^aKropoB o6pa3yeTca nopncraa cTpyKrypa, mropaa  

cnoco6cTByeT 6ecnpenaTCTBeHHoMy yganeHHW Bogti 6e3 pa3pymeHHa cTpyKTypti.
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M(x,y)=1,89+0,05x+0,11y+(-0,05)z+ (-0,01)x2+(-0,08)xy+ 0,01xz+(-0,06)y2+ (-

0,01)yz+ (-0,01)z2

PncyHoK 3.10 -  3aBHCHMOCTt nn0TH0CTH o6pa3^B ot ^aKTopoB ygentHon 

noBepxHocTH n nogBH^HOCTH b 1 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHa 60 °C

(KO^$$H^HeHT Onmepa 0,56)

0,56=FpacH<F=3,7

XapaKTep roonnHHH Ha gaHHOM rpa^HKe roBopHT o tom, hto c poctom 3HaneHHH 

^aKTopoB ygentHoft noBepxHocTH h nogBH^Hocra noBtimaeTca nnoTHocTt o6pa3^B. 

no-BHgHMoMy, ^TO o6tacHaeTca TeM, hto npn MHHHMantHbix 3HaHeHHax ygentHoft 

noBepxHocTH Marepnan HMeeT 6ontmyro nycTOTHocTt. C gpyroH cTopoHti, Manoe 

KonHHecTBo KHcnoTM, Heo6xogHMoe gna gocra^eHHa hh3koh nogBH^HocTH, npHBogHT 

k o6pa3oBaHHW He6ontmoro KonHHecTBa ^ocT^aroB MarHHa, HegocTaroHHoro gna 

3anonHeHHa nycToT Me^gy 3epHaMH cepneHTHHa.
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M(x,y)=1,84+0,12x+0,13y+(-0,02)z+(-0,05)x2+(-0,14)xy+0,001xz+(-0,15)y2+ (-

0,02)yz+0,11z2

PncyHOK 3.11 -  3aBHCHMocTt nnoTHocTH o6pa3^B ot ^aKTopoB ygenbHoft 

noBepxHocTH h nogBH^HOCTH b 28 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHa 

C00TBeTCTBeHH0 40 °C, (KO^$$H^HeHT Onmepa 0,797)

M(x,y)=1,84+0,12x+0,13y+ (-0,02)z+ (-0,05)x2+ (-0,14)xy+0,001xz+ (-0,15)y2+ (-
0,02)yz+0,11z2

PncyHOK 3.12 -  3aBHCHMOCTt nn0TH0CTH o6pa3^B ot ^aKTopoB ygenbHoft 

noBepxHocTH h nogBH^HocTH b 28 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHa 

cooTBeTCTBeHHo 60 °C, (KO^$$H^HeHT Onmepa 0,797)
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IIOABH>KHOCTb, MM

11

M(x,y)=1,84+0,12x+0,13y+ (-0,02)z+ (-0,05)x2+ (-0,14)xy+0,001xz+ (-0,15)y2+ (-

0,02)yz+0,11z2

PncyHoK 3.13 -  3aBHcHMocTt nnoTHocra o6pa3^B ot ^aKropoB ygentHoft 

noBepxHocTH h nogBH^HocTH b 28 cyTKH TBepgeHHa npn TeMneparype TBepgeHHa 

cooTBeTcTBeHHo 80 °C, (KO^$$H^HeHT Onmepa 0,797)

0,797=FPam<F=3,7 

AHa.H3Hpya 3aBHcHMocTH, npegcTaBneHHtie Ha pncyHKax 3.11 - 3,13. mo^ho 

cge.aTt Btmog o tom, hto npn H3MeHeHHH TeMnepaTypti TBepgeHHa noKa3aTe.H 

nnoTHocTH H3ge.HH 3HaHHTe.bHo He H3MeHaroTca. ^aHHaa TeHgeH^Ha coxpaHaeTca bo 

Bce cpoKH TBepgeHHa.



I l 0 #BH)KH0 CTb,
M(x,y)=6,84+ (-3,43)x+ (-1,95)y+1,32z+(-0,001)x2+2,69xy+ (-0,53)xz+1,67y2+ (-

0,32)yz+0,8z2

PncyHoK 3.14 -  3aBHCHMOCTt BogonoraameHHa o6pa3^B ot ^aKTopoB ygentHon 

noBepxHocTH n nogBH^HOCTH b 28 cyTKH TBepgeHHa npn TeMnepaType TBepgeHHa

60 °C (KO^$$H^HeHT Onmepa 0,95)

0,95=FpacH<F=3,7

PaccMaTpHBaa xapaKTep pacnono^eHna h30hhhhh Ha gaHHOM rpa^HKe mo:®ho 

CKa3aTt o tom, hto npn yBenHneHHH BaptnpyeMbix ^aKTopoB BogonoraameHne 

o6pa3^B cHH^aeTca. ^aHHaa TeHgeH^Ha xapaKTepHa npn Bcex TeMnepaTypax 

TBepgeHHa. BogonoraomeHHe H3MeHaeTca aHanorHHHo H3MeHeHHW nnoTHocTH C O K  

(pncyHoK 3.12), hto BnonHe 3aKoHoMepHo. npn  6onee bbicokoh nnoTHocTH 

BogonoraameHne o6pa3^B MeHtme, npn noHH^eHnn nnoTHocTH ^TOT noKa3aTent 

paBHoMepHo noBbmaeTca.



PncyHoK 3.15 -  Tpa^HK o6nacTH onTHManbHbix ^aKTopoB 

06o6rn,aa Bce npegbigyrnue pe3ynbTarbi mo^ho nonyHHTb Marepnan c bmcokoh 

nponHocTbw (6onee 10 M n A ),  K0^$$H^HeHT0M ^apocTofiKocTH cBbime 0.3 h bmcokoh 

BogoctohkocTbw (kpa3M 6onee 0.75) b o6nacTH BapbHpoBaHHa ^aKTopoB. TaK^e 

nonyneHHMfi Marepnan o6nagaeT gocTaroHHo hh3khm Bogonomarn,eHHeM.

Ta6n n ^  3.9 -  CBoHcTBa onTHManbHoro cocTaBa

1 cyTKH 3 cyTKH 7 cyTKH 28 cyTKH

npoHHocTb 25 M n a 27,2Mna 27,6Mna 27,8Mna

nnoTHocTb 1,92 cM2/r 1,94 cM2/r 1,94 cM2/r 1,85 cM2/r

BogocToHKocTb 0,89

^ a p o  ctohko cTb 0,5

Bogonoraorn,eHHe 5,5%

T ennonpoBogHo cTb 0,48 B t/m x °C



3.1.1 Oa30BbiH cocraB cepneHTHH-^oc^araoro KaMHa

PncyHOK 3.16 -  CepneHTHH, 3arBopeHHbift O O K  70-%.

n p o ^ c c t i, nponcxogarnue npn TBepgeHHH cepneHTHH-^oc^arHtix KoMno3MUMM:

1) CryneHnaTaa ge^HgpaTa^Ha cepneHTHHa npn TeMneparype ot 710 go 

805 °C, mropaa conpoBo^gaeTca ^Hg0^$$eKT0M Ha kphboh ^ C K  h noTepeft Maccti Ha 

kphboh IT.

YpaBHeHHe pea^HH ge ragp a^H H :

3MgO^2SiO2^2H2O^ 3MgO^2SiO2 +  2H 2OT

2) nocne pa3no^eHHa cepneHTHHa npn 837,1°C Ha6nK>gaeTca ^K30^$$eKT, 

kotopmh cooTBeTcTByeT KpHCTa^^H3a^HH ^opcTepHTa 3M gO2-SiO2.

3) ,^e^HgpaTa^Ha Tpex3aMe^eHHoro $oc$ara Marana, nponcxoga^aa npn 

TeMnepaType ot 120 go 310 °C. ConpoBo^gaeTca ^Hg0^$$eKT0M Ha kphboh ^ C K  h 

noTepeft Maccti Ha kphboh Tr.



YpaBHeHHe pea^HH:

Mg3(PO4)28H2O^Mg3(PO4)24H2O +4H2Ot 

Aanee nponcxogHT ge^HgpaTa^Ha Tpex3aMemeHHoro $oc$aTa MarHHa 

M g 3(PO 4)24H 2O c o6pa3OBaHHe aMop^Hoft Maccb M g 3(PO 4)2npn TeMnepaType ot 310 

go 635 °C. ConpoBo:®gaeTca ^Hgo^$$eKTaMH h ^K3O^$$eKTaMH Ha kphboh A C K  h 

noTepeft Maccb Ha kphboh Tr.

YpaBHeHHe pea^HH:

Mg3(PO4)24H2O^Mg3(PO4)2+ 4 ^ O T
4) KpHCTa^^H3a^Ha aMop^Horo M g 3(PO 4)2 nponcxogHT npn TeMnepaType

697 °C, npn ^TOM Ha kphboh A C K  Ha6nK>gaeTca ^K3O^$$eKT h noTepa Maccb Ha 

kphboh T r .

5) ^epeKpHCTa^^H3a^Ha SiO2. nponcxogHT npn TeMnepaType 509,4 °C, 

Ha6nwgaeTca ^K3O^$$eKT Ha kphboh A C K  h noTepa Maccb Ha kphboh Tr.

6) noTepn npn npoKanHBaHHH paBHb 16,34 %.

BbBog: C O K  coctoht h3 ^oc^aTOB MarHHa, HenpopearnpoBaBmero cepneHTHHa 

h KpeMHerena.



BBIBOABI n O  H CCH EAOBATE-ntCKOH  ^ A C T H

1. BbiaBneHO, hto nccnegyeMoe ctipte (cepneHTHH) B3aHMogeftcTByKT c 

O O K  aKTHBHO c BbigeneHHeM Tenna. H  aBnaeTca npnrogHbiM gna npoH3BogcTBa orHe-, 

Bogo ctohkhx MarepnanoB;

2. BbaBneHO, hto c yBenHHeHHe BaptnppyeMbix ^aKTopoB nogBH^Hocra h 

ygentHOH noBepxHocTH noBbimaeTca npoHHocTt o6pa3^B npn c^aran, nnoTHocTt h 

BogoctohkocTt cepneHTHH -  ^oc^arnoro KaMHa;

3. YcTaHOBneHO, hto npn noBbimeHHH 3HaHeHHfi BaptnpyeMbix ^aKTopoB 

ygentHOH noBepxHocTH h nogBH^Hocra noKa3aTent ^apocToftKocra paBHOMepHO 

cHH^aeTca;

4. BbaBneHO, hto C O K  coctoht h3 ^oc^aroB MarHHa, 

HenpopearnpoBaBmero cepnernuHa h KpeMHerena.

5. YcTaHOBneHO, hto b gnana3OHe TeMneparyp ot 20 go 1000 °C, cepneHTHH- 

^oc^arabift KaMeHt He BbigenaeT BpegHbix BemecTB.

6. B  pe3yntTaTe npoBegeHHoro ^KC^epHMeHTa 6bin nonyHeH Marepnan c 

npoHHocTtK He MeHee 10 M n a , ^apocTofiKocTtK 6onee 0,3, Bogo ctohko cTtK 6onee

0,75, hh3khm BogonornomeHHeM (5,5 % ) h K0^$$H^HeHT0M TennnpoBogHocra 

0,48 Bt/mx°C.



4 EE3O nACH O CTE  ^H3HF.nF.HTF.m HQCTH

4.1 OnncaHHe paccMarpHBaeMoro npoeKTa, npo^ccoB, npHMeHaeMoro 

o6opygoBaHHa, MexaHH3MoB, ycnoBHH Tpyga

AnnnoMHaa pa6oTa nocBa^eHa pa3pa6oTKe orHe- h BogocToHKoro Marepnana Ha 

ocHoBe cepneHTHH - ^oc^araoro KaMHa.

CepneHTHH - ^oc^arabift KaMeHb -  cTpoHTenbHbift Marepnan, H3roTOBneHHbift Ha 

ocHoBe MonoToro cepneHTHHa, 3aTBopeHHoro opTo^oc^opHofi khchotoh. Ochobhmmh 

cocTaBnawrn,HMH gaHHoro Marepnana aBnawTca: gByx- h Tpex3aMern,eHHbie ^ o c ^ a ra  

(M gH PO 4^3H2O h M g 3(PO 4)2 2̂H 2O), opTo^oc^opHaa KHcnoTa.

HayHHaa pa6oTa BbmonHanacb Ha Ka^egpe "CrpoHTenbHbie Marepnanbi h 

H3genna» M Y p r Y  -  b ^ x e  h ogHoft H3 na6oparopHH, pacnono^eHHbix b Kopnyce.

npn  H3roToBneHHH h HcnbTaHHH C O K  b na6oparopHbix ycnoBHax 

3ageficTBoBaHo cnegywrn.ee o6opygoBaHHe: cymnnbHbift mKa$, rngpaBnHHecKHH 

npecc, BH6poncTHpaTenb.

4.2 AHanH3 onacHbix h BpegHbix npoH3BogcTBeHHbix ^aKTopoB

CornacHo rO C T  12.0.003-74 CCET "OnacHbie h BpegHbie npoH3BogcTBeHHbie 

^aKToprn. KnaccH$HKa^Ha» npn H3roTOBneHHH cTeKnoMarHe3HanbHbix nncTOB b 

na6oparopHbix ycnoBHax onacHbiMH h BpegHbiMH ^aKTopaMH aBnaeTca: 

nogBH^Hbie Hacra npoH3BogcTBeHHoro o6opygoBaHHa; 

noBbimeHHaa 3anbineHHocTb h 3ara3oBaHHocTb Bo3gyxa pa6onefi 3oHbi; 

noBbmeHHaa nnn noHH^eHHaa TeMneparypa Bo3gyxa pa6onefi 3oHbi; 

noBHmeHHHH ypoBeHb myMa Ha pa6oneM MecTe; 

noBbimeHHbift ypoBeHb BH6pa^HH; 

noBbmeHHaa nnn noHH^eHHaa Bna^HocTb Bo3gyxa; 

noBbmeHHaa nnn noHH^eHHaa nogBH^HocTb Bo3gyxa;



oTcyrcTBHe hhh HegocTaToK ecTecTBeHHoro cBeTa;

HegocTaTOHHaa ocBern,eHHocTb pa6oneft 3ohbi; 

noBHmeHHHfi ypoBeHb myMa h BH6pa^HH Ha pa6oneM MecTe; 

ocTptie kpomkh, 3ayceH^i h mepoxoBaTocTb Ha noBepxHocTax 3aroToBoK, 

HHcTpyMemoB, o6opygoBaHHa;

-  TennoBoe H3nyneHHe;

-  xHMHHecKHe Bern,ecTBa;

-  ncnxo$H3HonorHHecKHe ($H3HHecKHe h HepBHo-ncnxHHecKHe

neperpy3KH)

-  BpegHtie BtigeneHHa, ncnapeHHa khchotm [3 ].

4.3 B ti6op HopMaTHBHMx 3HaHeHHfi ^aKTopoB pa6oneft cpegti

4.3.1 MHKpoKHHMaT

B  pa6oneft 3oHe npoH3BogcTBeHHoro noMern,eHHa MHKpoKHHMar oKa3biBaeT 

6ontmoe BnnaHHe Ha 3gopoBte nenoBeKa, ero pa6oTocnoco6HocTb. CaMonyBcTBHe h 

pa6oTocnoco6HocTt HenoBeKa 3aBHcaT ot cocToaHHa MeTeoponornnecKHx ycnoBHfi 

npoH3BogcTBeHHofi cpegti, KoToptie onpegenawTca coneTaHHeM Tpex ochobhbix 

napaMeTpoB: TeMneparypti, oTHocHTentHofi Bna^HocTH h nogBH^Hocra Bo3gyxa.

Ochobhmm hctohhhkom TennoBMgeneHHa b na6oparopHH aBnawTca cymnnbHbift 

mKa$. ^eficTBywrn,HM HopMaTHBHtiM goKyMeHToM, peraaMeHTHpyrornuM MHKpoKHHMar 

npoH3BogcTBeHHofi cpegti, aBnaeTca rO C T  12.1.005-88 CCET "O 6mue caHHTapHo- 

rHrneHHHecKHe Tpe6oBaHHa k Bo3gyxy pa6oneft 3ohbi »  [20]. 3thm goKyMeHToM 

ycTaHoBneHti ornuManbHbie h gonycTHMbie BenHHHHbi TeMneparypti, oTHocHTentHofi 

Bna^HocTH, cKopocTH gBH^eHHa Bo3gyxa h HHTeHcHBHo cth TennoBoro H3nyneHHa.

npn  gaHHoM npoH3BogcTBe BtmonHaeMbie pa6oTti oTHocaTca k nerKofi 16 

KareropHH.



Ta6n n ^  4.1 -  OnTHManbHbie HopMbi TeMneparypbi, OTHocHTenbHon Bna^HocTH, 

ckopocth gBH^eHHa BO3gyxa b pa6onen 3OHe npoH3BogcTBeHHbix noMern,eHHH

nepnog
roga

KaTeropna
pa6oT

TeMnepaTypa, °C OTHocHTenbHaa 
Bna^HocTb, %

CKopocTb gBH^eHHa 
BO3gyxa, m/c

onTHMan
bHaa

gonycT
HMaa

onTHMan
bHaa

gonycTHMaa, 
He 6onee

onTHManbHa 
a, He 6onee

gonycTHMa
a

xonogH
HH

.Herane 16 21-23 17-25 40-60 75 0,1
He 6onee 

0,2

Tennbfi .Herane 16 22-24 19-30 40-60
60 (npn 

27 °C )
0,2 0,1-0,3

MHTeHCHBHOCTt TennoBoro o6nyneHHa pa6oTawrn,Hx ot HarpeTbix noBepxHocren 

TexHonornnecKoro o6opygoBaHHa, ocBeTHTenbHbix npn6opoB, HHCona^HH Ha 

nocToaHHbx h HenocToaHHbix pa6onnx MecTax He gon^Ha npeBbimarb 35 Bt/m2 npn 

o6nyneHHH 50 %  noBepxHocTH Tena h 6onee, 70 Bt/m2-  npn BenHHHHe o6nynaeMon 

noBepxHocTH ot 25 go 50 %  h 100 Bt/m2-  npn o6nyneHHH He 6onee 25 %  

noBepxHocTH Tena.

AeficTBHe MeTeoponornnecKHx ycnoBHH Ha opraHH3M HenoBeKa cBa3aHO c 

npo^ccaMH TepMoperynnpoBaHHa, cnoco6cTByrorn,HMH Tennoo6MeHy Me^gy  

opraHH3MOM h BHemHen cpegofi h He3aBHcHMO ot BHemHefi cpegbi 

noggep^HBawrn,HMH nocToaHHyro TeMnepaTypy Tena nenoBem Ha6nK>geHHaMH 

ycTaHOBneHO, hto HenoBeK omym,aeT kom^opt npn TeMnepaType ot 18 go 22 °C, 

OTHocHTenbHofi Bna^HocTH BO3gyxa ot 40 go 60 %  h ckopocth ero gBH^eHHa ot 0,1 

go 0.2 m/c.

npn  BbnonHeHHH $H3HHecKHx pa6oT o6MeH Bern,ecTB ycnnHBaeTca, 

yBenHHHBaeTca KonHHecreo Bbipa6arbiBaeMoro Tenna, H3MeHaeTca n p o ^cc  

TepMope^yna^HH. C noBbimeHHeM TeMneparypbi Tena yBenHHHBaeTca TennooTgana, ho 

ecnn OHa 3aTpygHeHa, to nponcxogHT neperpeB Tena, nponcxogHT cHH^eHHe 

pa6oTocnoco6HocTH. Bna^HocTb BO3gyxa OKa3biBaeT BnnaHHe Ha TepMope^yna^HW. 

npn bhicokhx TeMnepaTypax BO3gyxa 3aTpygHaeT TennooTgany, npHBogHT k neperpeBy.
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npn  hh3khx TeMnepaTypax npHBogHT k nepeoxna^geHHW opraHH3Ma. npegenbHbie 

3HaneHHa Bna^Hocra npn TeMnepaType Bo3gyxa 30-31 °C  Bna^HocTb 85 %; npn 

TeMnepaType 40 °C  Bna^HocTb gon^Ha 6biTb 30 %. ^BH^eHHe Bo3gyxa o6nernaeT 

TennooTgany nyTeM KoHBe^HH TonbKo npn TeMnepaType 36 °C. npn  TeMnepaType 

cBbime 36 °C  TennooTgana HgeT nyTeM ncnapeHHa, npn TeMnepaType cBbime 40 °C  

gBH^eHHe Bo3gyxa Mo^eT npHBecra k neperpeBy [20].

npn  TeMnepaType oKpy^arornux noBepxHocTefi MeHee 16 °C  b Tennoo6MeHe 

HenoBeKa npeo6nagaeT TennooTgana, nponcxogHT oxna^geHHe opraHH3Ma. npn  

TeMnepaType noBepxHocTH MeHbme 25 °C  h 6onbme 16 °C  —  cocToaHHe TennoBoro 

KoM^opTa. npn  TeMnepaType noBepxHocTH 6onbme 25 °C  -  neperpeB.

MeponpnaTHa gna co3gaHHa ygoBneTBopHTenbHoro MHKpoKnHMara.

Pacnonararornueca B6nH3H pa6oHero MecTa oTonneHHe h npHToHHo-BMTa^Haa 

BeHTHna^Ha -  cny^ar gna co3gaHHa Heo6xogHMoro MHKpoKnHMaTa h KomponnpyroTca 

HopMaTHBHbM goKyMeHToM C H n n  2.04.05-91* "OTonneHHe, BeHTHna^Ha h

KOHgH^HOHHpOBaHHe» [19].

4.3.2 OcBe^eHHe

OcBern,eHHocTb Ha pa6oHeM MecTe gon^Ha oTBeHaTb ycnoBHaM onTHManbHofi 

pa6oTM 3peHHa npn 3agaHHbix pa3Mepax o6teKTa pa3nHHHa. HoBMmeHHe 

ocBern,eHHocTH BegeT k pocTy npoH3BogHTenbHocTH Tpyga.

npaBHnbHo ycTpoeHHoe ocBern,eHHe o6ecneHHBaeT xopomyw BHgHMocTb h 

co3gaeT 6naronpnaTHbie ycnoBHa Tpyga. rO C T  12.0.003-74 CCET "OnacHbie h 

BpegHbe npoH3BogcTBeHHbie ^aKTopbi. KnaccH$HKa^Ha »  cogep^HT cnegyrornue 

onacHbe h BpegHbie ^aKropbi, cBa3aHHbie c HeygoBneTBopHTenbHMM ocBern,eHHeM:

-  oTcyTcTBHe Hnn HegocTaroK ecTecTBeHHoro cBeTa;

-  HegocTaToHHaa ocBern,eHHocTb pa6oHeft 3ohm;

-  npaMaa h oTpa^eHHaa 6necTKocTb;

-  noBbmeHHaa ^ynbca^Ha cBeToBoro noToKa.
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Bo3geftcTBHe ^THx ^aKTopoB Bbi3biBaeT npe^geBpeMeHHoe yroMneHHe, 

npHTynnaeT BHHMaHHe, cHH^aeT npoH3BogHTenbHocTb Tpyga h Kanecreo npogy^HH h 

Mo^eT oKa3aTtca npHHHHoft Hecnacraoro cnynaa. ^nHTenbHoe Bo3geficTBHe 

yKa3aHHtx ^aKTopoB Mo^eT npHBecra k yxygmeHHW 3peHHa.

YpoBeHb ocBern,eHHocTH Ha pa6oneM MecTe gon^eH cooTBeTcTBoBaTb xapaKTepy 

BtnonHeHHa 3pHTenbHofi pa6oTbi. C o6ecneneHHa paBHoMepHocra

pacnpegeneHHa apKocra Ha pa6onefi noBepxHocTH Ha ynacrae Hcnonb3ywT npn 

ecTecTBeHHoM ocBern,eHHH KoM6nHHpoBaHHoe ocBern,eHHe (BepxHee h 6oKoBoe), npn 

HcKyccTBeHHoM ocBern,eHHH -  o6rn.ee h MecTHoe ocBern,eHHe. BenHHHHa ocBem,eHHocra 

gon^Ha 6biTb nocToaHHa bo BpeMeHH. Han6onbmaa BHgHMocTb co3gaeTca npn 

nageHHH cBeTOBbix nynefi Ha pa6onyro noBepxHocTb nog yraoM 60° k ee HopMann. 

OcBeTHTenbHaa ycTaHoBKa gon^Ha 6biTb 6e3BpegHoft h 6e3onacHofi b npo^cce  

^KC^^yaTa^HH [20] .

CoraacHo C aannH  2.2.1/2.1.1.1278-03 'TnrHeHHHecKHe Tpe6oBaHHa k 

ecTecTBeHHoMy h HcKyccreeHHoMy ocBern,eHHW ^hhmx h o6rn,ecTBeHHbix 3gaHHft» 

pa6oTa b na6oparopnax Bbcmux yne6Hbix 3aBegeHHfi nogHHHaeTca HopMHpyeMbiM 

noKa3aTenaM ecrecTBeHHoro h HcKyccreeHHoro ocBern,eHHa, KoTopte yKa3aHbi b 

Ta6n n ^  4.2 [23].



Ta6n ^ a  4.2 -  HopMHpyeMbie noKa3arenn ecTecTBeHHoro h HcKyccTBeHHoro 

ocBern,eHHa b na6oparopnax Bbicmnx yHe6Hbix 3aBegeHHH

Pa6oHaa 

noBepxHocTb h 

nnocKocTb 

HopMHpoBaHHa

KEO  h 

ocBern,eHHocTH 

H BbicOTa 

nnocKocTH Hag 

nonoM, m

EcTecTBeHHoe

ocBern,eHHe
HcKyccTBeHHoe ocBern,eHHe

KEO e, %  h

ocBern,eHH 

ocTb, E, 

nK
noKa3arenb 

gncKOM^op 

Ta, M , He 

6oneee

KO^$$H^HeHT 

^ynbca^HH 

ocBern,eHHocT 

h, Kn, %, He 

6onee

npn

BepxHeM

nnn

KOM6HHHpOB

aHHoM

ocBern,eHHH

npn

6OKOBOM

ocBern,eHH

H

npn

cncTeMe

kom6hhhp

OBaHHoro

ocBern,eHH

a

r - 0,8 3,5 1,2 400 40 10

HopMHpoBaHHe npoH3BogcTBeHHoro ocBern,eHHa BegeTca no C n  52.13330.2011 

"EcTecTBeHHoe h HcKyccTBeHHoe ocBern,eHHe» (aKTyanronpoBaHHaa p ega^n a  

C H n n  23-05-95*).

B  na6oparopHH npegycMoTpeHo HcKyccTBeHHoe h ecTecTBeHHoe ocBern,eHHe.

EcTecTBeHHoe ocBern,eHHe ocyrn,ecTBnaeTca Hepe3 cBeTOBbie npoeMbi b cTeHax 

3gaHHa (6oKoBoe ocBern,eHHe), TaK^e npHMeHawT KOM6nHHpoBaHHoe ocBern,eHHe. 

HcKyccTBeHHoe ocBern,eHHe Heo6xogHMo b MecTax co cna6ofi ocBern,eHHocTbro. 

HegocTaroHHocTb ecTecTBeHHoro ocBern,eHHa nHKBHgnpyeTca xopomHM

HcKyccTBeHHbM ocBern,eHHeM, npegcTaBneHHbiM 16 6noKaMH nK>MHHHc^HTHbix naMn 

(Ka^gbift 6noK cogep^HT no 4 He6onbmne naMnbi). Pa6oTa no pa3pa6oTKe 

KoMnneKcHofi go6aBKH gna npoH3BogcTBa CM.H aBnaeTca oHeHb bmcokoh tohhocth 

(HaHMeHbmnfi nnn ^KBHBaneHTHMH pa3Mep oSteKra pa3nHHeHHa ot 0,15 go 0,30 mm), 

h HMeeT II pa3pag 3pHTenbHoft pa6oTbi, nogpa3pag 3pHTenbHoft pa6oTbi "b».

CornacHo P 2.2.2006-05 "PyKoBogcTBo no rHrneHHHecKoft o^HKe ^aKTopoB 

pa6oHee cpegbi h TpygoBoro npo^cca. KpHTepHH h KnaccH$HKa^Ha ycnoBHH Tpyga» 

HopMHpoBaHHoe 3HaneHHe KO^$$H^HeHTa ecTecTBeHHofi ocBern,eHHocTH >  0,5 %  [23]
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4.3.3 BH6pa^Ha

B  na6oparopHH Hcnonb3yrorca MamuHH h o6opygoBaHHe, co3gaKrnue 

BH6pa^HW, KOTopaa Mo^eT nepegaBaTbca Ha pa6onne MecTa h 0Ka3HBarb BpegHoe 

BO3geficTBHe Ha HenoBeKa.

OcHOBHHMH HCTOHHHKaMH BH6pa^HH aBnaK>TCa BH6pOcTOn, BH6pOHccTHpaTenb. 

npn  pa6oTe MamuH h MexaHH3MOB HH3KOHacTOTHHe BH6pa^HH h myMH 

BH3HBaKTca HHep^H0HHbIMH cHnaMH, cnnaMH TpeHHa, nepHOgHHecKHMH pa6OHHMH 

Harpy3KaMH. BbicoKonacTOTHbie BH6pa^HH h myMH BO3HHKaKT B pe3ynbTaTe ygapoB 

H3-3a HanHHHa 3a3opoB B coegHHeHHax MexaHH3MOB, ygapoB B 3y6naTHx h ^n H H x  

nepeganax, coygapeHHa B nogmnnHHKax KaneHHa.

npn  noBHmeHHofi ^ e  HHTeHcHBHO cth h gnHTenbHOM BO3geficTBHH pa3BHBaeTca 

npo^eccnoHanbHaa BH6pa^H0HHaa 6one3Hb, H3MeHaeTca HyBcTBHTenbHocTb ko:®h pyK, 

Ha6nKgaeTca ronoBOKpy^eHHe. CaMoe cTpamHoe, ecnn HacTOTa BH6pa^HH coBnagaeT 

c HacT0T0fi BH6pa^HH Tena, b ^T0M cnynae npoaBnaKTca oneHb cnnbHHe 

^yH^HOHanbHHe H3MeHeHHa B 3gopoBbe HenoBeKa.

rnrHeHHHecKoe HopMHpoBaHHe BH6pa^HH pernaMeHTHpyeT CH  -2.2. 

4/2.1.8.556-96 "npoH3BogcTBeHHHe BH6pa^HH» [21].

K  HopMHpyeMHM napaMeTpaM BH6pa^HH 0TH0caTca cKopocTb h ycKopeHHe 

Kone6aHHfi, BO3HHKaKmux npn pa6oTe o6opygoBaHHa h nepegaBaeMHx Ha cngeHbe, 

pa6oHyK nno^agKy B 3OHe pa6onero MecTa. BH6pa^HK nogpa3genaKT Ha o6iuyK h 

noKanbHyK. B  na6oparopHH cyrn,ecTByeT o6rn,aa BH6pa^Ha. O 6opygoBaHHe, KOTopoe 

Mo^eT BH3HBaTb noKanbHyK BH6pa^HK, HeT. ^ a 6oparopHH -  ^T0 pa6onne MecTa 3-e 

KareropHH TexHonornnecKoro THna "b». npegenbHO gonycTHMHe 3HaneHHa BH6pa^HH 

pa6oHHx MecT KareropHH III -  TexHonornnecKoro THna "b » cornacHO CH  -2.2. 

4/2.1.8.556-96 "npoH3BogcTBeHHaa BH6pa^Ha, BH6pa^Ha B noMern,eHHax ^Hntix h 

o6rn,ecTBeHHHx 3gaHHfi" npHBegeHH b Ta6n n ^  5.3[21].

Ta6n n ^  4.3 -  npegenbHO gonycTHMHe 3HaneHHa BH6pa^HH pa6onnx MecT 

KaTeropHH III -  TexHonornnecKoro THna "b"
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CpegHereoMeTpHnecKHe 

nacTOTti nonoc

HopMaraBHbie 3HaneHHa b HanpaBneHHax

Bn6poycKopeHHa BH6pocKopocTH

m/c2 gE m/c 10-2 gE

1/3 okt
1/1
okt

1\3

okt

1/1
okt

1/3 okt
1/1
okt

1\3

okt

1/1
okt

1,6 0,0130 82 0,130 88
2,0 0,0110 0,020 81 86 0,089 0,180 85 91

2,5 0,0100 80 0,063 82

3,15 0,0089 79 0,045 79

4,0 0,0079 0,014 78 83 0,032 0,063 76 82

5,0 0,0079 78 0,025 74

6,3 0,0079 78 0,020 72

8,0 0,0079 0,014 78 83 0,016 0,032 70 76

10,0 0,0100 80 0,016 70

12,5 0,0130 82 0,016 70

16,0 0,0160 0,028 84 89 0,016 0,028 70 75

20,0 0,0200 86 0,016 70

Mepti 3arn,HTbi ot BH6pa^HH: TexHHnecKHe, 0praHH3a^H0HHbIe, caHHTapHo-

rHrneHHHecKHe h neHe6Ho-npo$HnaKTHHecKHe.

B  na6opaTopHH BtmonHaroTca cnegyrornue ycnoBHa: k ^KC^^yaTa^HH

gonycKaK>Tca tohbko ncnpaBHtie MamHHti; pa6onne, k pa6oTe c BH6pHpyrorn,HMH 

MamHHaMH gonycKaroTca He Mono^e 18 neT, npomegmne MegH^HHCKHH ocmotp.

^na CHH^eHHa ypoBHa BH6pa^HH mo:®ho npHMeHaTb HHgHBHgyanbHtie cpegcTBa 

3arn,HTM (c^e^Ha^bHbIe 6othhkh Ha nogomBe H3 MHKponopncTOH pe3HHti Tonm,HHofi 

go 40 mm) h KoHCTpyKTHBHte Mepti 3arn,HTbi. ^na npegoTBparn,eHHa pacnpocTpaHeHHa 

BH6pa^HH Ha ocHoBaHHe h ^yHgaMeHT BH6pHpyrom,HH opraH nogBemHBaeTca Ha 

npy^HHHtie aMopTH3aTopti.

Bn6ponnom,agKa roonnpyeTca ot nona (^yHgaMeHTa) nyTeM ycTaHoBKH ee Ha 

c^e^Ha^bHMe npy^HHHtie aMopTH3aTopti Kone6aHHH. OyHgaMeHT BtmonHeH b BHge 

cnnomHoro 6eToHHoro MaccHBa. TaK KaK BH6ponnorn,agKa oneHb Mana (yne6Haa) h 

npogon^HTenbHocTb pa6oTti c Hen BecbMa HeBenHKa, ^ 0^T0My BpegHoe Bo3gencTBHe 

oKa3bmaeMoe eft Ha nenoBeKa oTcyTcTByeT.
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4.3.4 fflyM

fflyM B03HHKaeT b pe3ynbrare pa6oTbi nporoBogcTBeHHoro o6opygoBaHHa. 

MexaHHnecKHH myM Bo3HHKaeT b pe3ynbTare gBH^eHHa ^neMeHTOB c nepeMeHHbiM 

ycKopeHHeM, coygapeHHe geTaneft, TpeHHe. n o  Mepe H3Hoca o6opygoBaHHa ypoBeHb 

myMa B03pacTaeT.

fflyM He6naronpnaTHo Bo3geftcTByeT Ha nenoBeKa. npogon^HTenbHoe geftcTBHe 

CHHbHoro myMa Ha opraHH3M Bbi3bmaeT o6rn.ee yTOMneHHe, noBbimeHHe KpoBaHoro 

gaBneHHa, cHH^eHHe ocTpoTbi cnyxa, ocna6neHHe BHHMaHHa, HeKoToporo HapymeHHa 

KoopgHHa^HH gBH^eHHa h cHH^eHHe pa6oTocnoco6HocTH. nocTo^HHoe Bo3gencTBHe 

myMa npHBogHT k 6eccoHHH^, pa3gpa^HTenbHocTH.

Ochoboh HopMHpoBaHHa myMa aBnaeTca orpaHHneHHe 3ByKoBoft ^Hep^HH, 

Bo3geHCTBywrn,eH Ha nenoBeKa b TeneHHe pa6onefi cMeHbi, 3HaneHHaMH, 6e3onacHbiMH 

gna ero 3gopoBba h pa6oTocnoco6HocTH. HopMHpoBaHHe ywrbiBaeT pa3nHHHe 

6nonorHHecKoH onacHocra myMa B 3aBHcHMocTH ot cneKTpanbHoro cocTaBa h 

BpeMeHHbx xapaKTepncTHK h nporoBogHTca B cooTBeTCTBHH c rO C T  12.1.003-83 

CCET "fflyM. O 6^ n e  Tpe6oBaHHa 6e3onacHocTH", CH  2.2.4/2.1.8.562-96 "fflyM Ha 

pa6onnx MecTax, b ^Hnbix noMern,eHHax o6rn,ecTBeHHbix 3gaHHH" [9 ].

Ta6n n ^  4.4 -  npegenbHo gonycTHMbie ypoBHH 3ByKa h ^KBHBaneHTHMe ypoBHH 3ByKa 

Ha pa6onnx MecTax (gE A )

Kareropna 

Hanpa^eHHo cth 

TpygoBoro 

n p o^cca

KaTeropna Ta^ecra TpygoBoro n po^cca

nerKaa

$H3HnecKaa

Harpy3Ka

cpegHaa

$H3HnecKaa

Harpy3Ka

Ta^enbift 

Tpyg 1 

cTeneHH

Ta^enbift 

Tpyg 2 

cTeneHH

Ta^enbift 

Tpyg 3 

cTeneHH

Hanpa^eHHo cTb 

neraoft cTeneHH
80 80 75 75 75

Hanpa^eHHo cTb 

cpegHefi cTeneHH
70 70 65 65 65

Hanpa^eHHbift 

Tpyg 1 cTeneHH
60 60 - - -
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Ta6n ^ a  4 .5 - npegenbHO gonycTHMHe ypoBHH 3ByK0B0r0 gaBneHHa, ypoBHH 3ByKa h 

^KBHBaneHTHHe ypoBHH 3ByKa no BHgy BHnonHaeMHx pa6oT.

Pa6oHHe

MecTa

YpoBHH 3ByKOBoro gaBneHHa, gE, B OKTaBHHx nonocax 

co cpegHereoMeTpHHecKHMH nacTOTaMH, ^

YpOBHH 

3ByKa h 

^KBHBaneHT 

HHe ypoBHH 

3ByKa, gE

31,5 63
12

5 250 500 1000 2000 4000 8000

BbnonHeH 

He Bcex 

BHgOB 

pa6oT Ha 

pa6oHHx 

MecTax b 

npoH3BogcT 

BeHHHx 

noMern,eHH 

ax

107 95 87 82 78 75 73 71 69 80

Ana 6opb6H c MexaHHHe ckhm myMOM Hcnonb3yKT cMa3OHHHe h npoKnagoHHHe 

MaTepnanH. KonneKTHBHHM MeTogoM 3arn,HTH ot myMa aBnaKTca 3ByKonoraom,aKm,He 

o6nn^BKH, neperopogKH, m ^yxn ; HHgHBHgyanbHHM MeTogoM 3arn,HTH aBnaKTca 

BKnagHmn, HaymHHKH (ecnn ypoBeHb 3ByKa cocTaBnaeT 20 -  40 A 6 ) [8 ].

4.4 3anHneHHocTb h 3ara30BaHH0cTb pa6onefi 3OHH

npn  npoH3BogcTBe Ba^yrn,ero, a TaK^e npn H3MenbneHHH Heo6xogHMbix 

go6aBOK h 3anonHHTenefi o6pa3yeTca MHHepanbHaa nHnb. CornacHO rO C T  12.1.005

88 "O6rn,He caHHTapHO-rarHeHHHecKHe Tpe6oBaHHa k BO3gyxy pa6onefi 30h h " [7] 

npegenbHO gonycTHMaa K0H^eHTpa^Ha (n A K ) MHHepanbHofi nbinH cocTaBnaeT 

6 Mr/M3. Knacc onacHocra IV, cocroaHHe -  a3po3onb. AeficTBHe Ha opraHH3M HenoBeKa 

O  -  a3po3onb $n6poreHHoro geficTBHa.

Ana npegoTBparn,eHHa 3anbineHHocTH BO3gyxa B ^ x e  npegycMOTpeHa cncreMa 

ecTecTBeHHofi BeHTHna^HH, K0T0paa gon^Ha c00TBeTcTB0Barb Tpe6oBaHHaM 

C H u n  2.04.05-91* "OTonneHHe, BeHTHna^Ha h KOHg^noHHpoBaHHe" [19], a TaK^e
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perynapHaa y6opKa ntmn c Hcn0nb30BaHHeM cpegcTB MexaHH3a^HH h MoKporo 

cnoco6a (cmmb ntmn Bogon, noggep^aHHe nonoB bo Bna^HoM cocroaHHH). 

06opygoBaHHe gon^Ho 6tiTb repMeTH3HpoBaHo.

B  pa6oTe Hcnonb3yeTca Marae3HanbHoe Ba^yrn,ee, 3anonHHTenn h 

MHHepanbHte go6aBKH. npoH3BogcTBeHHaa ntmb, BtigenaeMaa b noMern,eHHa ^ x a ,  

HMeeT BticoKyro ygenbHyro noBepxHocTb, oco6eHHo Marae3HanbHoe Ba^yrn,ee. ntm b  

cnoco6Ha ocegaTb b nerKHx nenoBeKa. OHa HepacTBopHMa, ^ 0^T0My ee yganeHHe 

opraHH3MoM 3aTpygHeHo. Bo3gencTBHe 6onbmnx KonnnecTB MHHepanbHon ntmn 

Mo^eT npHBecTH k npo^eccnoHanbHtiM 3a6oneBaHHaM c nopa^eHHeM nerKHx. 

^ 0^T0My Bce pa6onne gon^Hti 6tiTb o6ecneneHti cpegcTBaMH HHgHBHgyanbHofi 

3arn,HTb opraHoB gtixaHHa, a TaK^e onKaMH.

npn  pa6oTe gon^Hti co6nrogaTbca Mepti hhhhoh rHrneHbi: HomeHHe pa6onen 

oge^gti, MtiTbe pyK nepeg npneM0M nnrnu, npneM nnrnu b c^e^Ha^bHbIx 

noMern,eHHax.

4.5 Ee3onacHocTb npoH3BogcTBeHHtix npo^ccoB  o6opygoBaHHa

Ee3onacHocTb npn pa6oTe c na6opaTopHtiM o6opygoBaHHeM.

npn  npoBegeHHH na6opaTopHtix nccnegoBaHHH ncnonb30Banocb cnegyro^ee 

o6opygoBaHHe: npecc rngpaBnnnecKHH, BH6pocTon, BH6poHcrapaTenb, cymnnbHtiH 

mKa$.

^na 6e3onacHofi pa6oTti c BH6poHcrapaTeneM Heo6xogHMo co6nrogaTb 

cnegyro^ne npaBHna:

-  Bce nacTH BH6poHcTHpaTena gon^Hti 6tiTb 3a3eMneHti coraacHo 

cy^ecTByro^HM npaBHnaM rO C T  12.1.030-81 (2001) "CCET. 3neKTpo6e3onacHocTb. 

3a^HTHoe 3a3eMneHHe, 3aHyneHHe" [8] ;

-  npn npoBegeHHH npo^HnaKranecKHx ocmotpob h peM0HT0B 

^^eKTp0^ycK0B0e ycTponcTBo BH6poncTHpaTena gon^Ho 6tiTb BtiKnroneHo h Ha HeM

noBemeHa Ta6nHHKa c Hagnncbro "He BKnronaTb, Ha peM0HTe";
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-  npn o6Hapy^eHHH HencnpaBHocTefi B BuSpoucTuparene He HaHUHarb unu 

npeKpaTHTb pa6oTy;

-  pa6onee MecTo gon®Ho 6biTb gocTaroHHo ocBern,eHo;

KareropunecKu 3anpern,aeTca:

-  npoH3BogHTb peMOHT, perynupoBKy unu pa36opKy BuSpoucTuparena 6e3

OTKnKHeHHa ot ^neKTpoceTH;

-  n u ^M  He uMeKrnuM Ha to npaBO, ycTpaHaTb HenonagKu B pa6oTe 

^neKTpogBH^aTenefi;

-  ocTaBnaTb BuSpoucTuparenb 6e3 Hag3opa bo BpeMa pa6oTH.

Ana 6e3onacHofi pa6oTH c rugpaBnunecKUM npeccoM Heo6xoguMO co6nKgaTb 

cnegyK^ue npaBuna.

-  KOHcTpy^ua rugpaBnunecKux npeccoB gon^Ha OTBenarb Tpe6oBaHuaM

rO C T  12.2.017-93 "O 6opygoBaHue Ky3HeHH0-npecc0B0e" u rO C T  12.2.117-88

"CucTeMa cTaHgapTOB 6e3onacHocTu Tpyga. npeccH rugpaBnuHecKue".

-  Bce geTanu npecca, Haxoga^ueca nog gaBneHueM, Heo6xoguMO

nogBepraTb nocToaHHOMy ocMOTpy, nepuogunecKUM ocBugeTenbcTBOBaHuaM u 

ucnHTaHuaM cornacHO n E  10-573-03 "npaBunaM ycTpoficTBa u 6e3onacHofi

^KC^nyaTa^HH Tpy6onpoBogoB napa u ropanefi BogH" [23] u n E  03-576-03 "npaBunaM 

ycTpoficTBa u 6e3onacHofi ^KC^nyaTa^HH cocygoB, pa6oTaKmux nog gaBneHueM" [24], 

yTBep^geHHHM PocrexHag3opoM [6] .

-  nogBu^Haa TpaBepca npecca gon^Ha cKonb3UTb no HanpaBnaKrnuM c 

MUHUManbHHM 3a3opoM, He gonycKaa nepeKoca.

-  nogBu^Haa TpaBepca He gon^Ha goxoguTb go BepxHero nono^eHua Ha 30

- 400 mm, gna Hero npecc gon^eH 6biTb o6opygoBaH KOHeHHHM BHKnKHareneM. Ha  

KonoHHax gon^HH 6biTb ycTaHOBneHH c^e^HanbHHe orpaHHHHTenH (unu KOHeHHHe 

BHKnKHaTenu) xoga bhh3 [5 ].

-  npeccH gon^HH 6biTb cHa6^eHH ycTpoficTBOM, npegoTBpam,aKm,uM 

caMonpou3BonbHoe onycKaHue nogBu^Hofi TpaBepcH.
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-  npeccbi gon^Hbi 6biTb cHa6^eHbi ycTpoftcTBaMH gna ygep^aHHa 

nogBH^Hofi TpaBepcb B BepxHeM nono^eHHH npn BbmonHeHHH peMoHTHbix h 

HanagonHbx pa6oT.

-  npn npoBegeHHH ncnbrraHHH 3anpern,aeTca nonpaBnaTb o6pa3e^ 6e3 

BMKnwneHHa nycKoBoro MexaHH3Ma h nonHoft ocraHoBKH TpaBepc.

Ana 6e30nacH0H pa6oTbi c cymnnbHbiM arperaToM Heo6xogHM0 co6nKgaTb 

cnegyK^ne npaBHna:

-  3arpy3onHoe okho arperaTa gon^Ha 3aKpbiBarbca nnoTHo npHnerawm,efi 

3acnoHKofi c Heo6xogHMofi Te^noH3ona^HeH;

-  cymnnbHbfi mKa$ gon^eH HMeTb TaKyK H3ona^HK cTeH h cBogoB, hto6m

TeMnepaTypa Hapy^Hbix noBepxHocreft o6ecnenHBanacb B cooTBeTcTBHH c 

Tpe6oBaHHaMH rO C T  12.2.007.9-93 "Ee3onacHocTb ^neKTp0TepMHHecK0̂ 0

o6opygoBaHHa".

npn  co6nwgeHHH Bcex Tpe6oBaHHH npHBegeHHbix Bbime o6ecnenHBaeTca 

6e3onacHocTb ycnoBHH Tpyga

4.6 3neKTpo6e3onacHocTb

B  gaHHofi pa6oTe Hcnonb3yrorca ^neKTpoycTaH0BKH Hanpa^eHHeM go 380 (B )  

(rngpaBnHnecKHH npecc gna onpegeneHHa npoHHocra o6pa3^B npn c^araH, MamHHa 

MHH-100 gna npoBegeHHa ncnbrraHHH Ha H3rn6), 3arn,HTa ot B03geftcTBHa 

^neKTpHHecTBa T0Ka cBogrnca k Hage^Hofi H3ona^HH T0K0np0B0garn,Hx npoBogoB h 

Ka6enefi, ycTaH0BKe 3arn,HTHoro 3a3eMneHHa, ycTaH0BKe 3arn,HTHbix aBT0MaT0B- 

BbiKnKtHareneft.

AaHHoe o6opygoBaHHe perynapHo npoBepaeTca Ha Hannnne HencnpaBHocTeft. K  

pa6oTe c hhm He gonycKaKTca n n ^ ,  He roynHBmne onncaHHe ^KC^nyaTa^HH, h He 

pacnncaBmneca B ^ypHane no TexHHKe 6e3onacHocra.

3neKTpo6e3onacHocTb b na6oparopHH o6ecnenHBaeTca KoHcTpy^neft 

^neKTpoycTaH0B0K, TexHHHe ckhmh cnoco6aMH h cpegcTBaMH 3arn,HTbi, 

0p^aHH3a^H0HHMMH h TexHHHe ckhmh MeponpnaTHaMH.
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C o raacH o  T O C T  12 .1.019-79  C C E T  " 3 neKTpo6e3onacHocTb. O 6m ue 

Tpe6oBaHHa u  HoMeHKnaTypa BugoB  3arn,HTM" cym ecTByroT KoHcTpyKTUBHtie M epti 

3arn,HTM: 3aHyneHue, 3a3eMneHue, 3am,uTHoe oTKnroneHue, npuM eH eH ue M an t ix

Hanpa^eHUH, Ko rnp onb  H30^a^HH u  g p y ru e  [8] .

3aHyneHHe ycTpauBaroT Ha cnyn an  n o B p e ^ g e H u a  H30^a^HH u  bo3mo;«;hocth 

3aMtiKaHHa T0Ka Ha M eTannunecKux  nacTax ^^eKTpoycTaH0B0K c roonupoBaH H tiM  

HyneM. n o  r O C T  12.1.030 -81 C C E T  " 3 neKTpo6e3onacHocTb. 3am uTHoe 3a3eMneHue, 

3aHyneHHe" 3a3eMneHue mo;®ho npou3BoguTb  ecTecTBeHHtiM u  ucKyccTBeHHtiM  

3a3eMHHTenaMH.

^ n a  3arn,HTM nenoBeKa o t  n o p a ^ e H u a  ^^eKTpHHecKHM t o k o m  npuMeHaroTca 

cnegyrom ue  Mepti:

-  Bce ^^eKTpoycTaH0BKH coraacH o r O C T  12.1.1.030-81 "3neKTpo6e3onacHocTb. 

3arn,HTHoe 3a3eMneHue, 3aHyneHue" 3a3eMneHti M egH tiM u  npoBogaM H  ceneHueM He 

MeHee 12 (mm2). 3a3eMnuTenb u  3a3eMneHHtiH np oB o g  npucoeguH eH  n p n  n o M o m u  

xoM yTa  U3 M egu  u n u  naTyHu, Ha ynacTKe 3aHum,eHH0M o t  KpacKu [4 ];

-  coraacH o r O C T  12 .1.019-79  C C E T  " 3 neKTpo6e3onacHocTb. O 6m ue 

Tpe6oBaHHa" g o n ^ H a  6tiTb o 6ecneneHHa H egocTynHocTb T0K0B e g ym u x  nacTen 

^^eKTpoycTaH0B0K u  n p u 6opoB;

-  KoHTponb H30^a^HH u  np o^unaKT H Ka  ee noBpe^geH ua.

B o  u 36e^ aH ue  TepM unecKux  o ^ o ro B  Heo6x o g u M 0 cTporoe  co6nrogeHue npaBun  

TexHHKu 6e3onacHocTu n p u  pa6oTe c ^^eKTpo^pH6opaMH. 3HaneHue n ^ Y  H anp a^eH ua  

n p uK 0cH0BeHua tokob, npoTeKarom ux nepe3 Teno nenoBeKa, n p u  aBapuHH0M p e ^H M e  

^^eKTpoycTaH0B0K gn a  nocToaH H oro  u  nepeM eHHoro T0Ka ycTaHaBnuBaeTca r O C T  12. 

1 .038-82  C C E T  " 3 neKTpo6e3onacHocTb. n p e ge n b H o  gonycT U M tie  3HaneHua 

H anp a^eH ua  np uK 0cH0BeHua u  tokob ".



T a6 n u ^  4.6 -  n ^ y  Hanpa^eHHH npuKocHOBeHua tokob

Pog TOKa HopMupyeMaa
npegenbHO gonycTHMbie 3HaneHua, He 6onee, npu 

npogon^HTenbHocTH BO3geficTBua TOKa t, c

BenuHHHa
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50 ^
U , B 550 340 160 135 120 105 95 85 75 70 60 20
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d
- 

aI

650 500 400 350 300 250 240 230 220 210 200 40

15

npH ucnonb3OBaHuu ^neKTpHHecKHx npu6opoB Hy^HO co6nKgarb o6m,ue 

npaBuna TexHHKH 6e3onacHocra: He BKHKnarb b ceTb HeucnpaBHbie npu6opbi; He 

npuKacarbca ogHOBpeMeHHo k ^neKTpoa^pe^aTaM ycTaHOBKH k ycrpoftcTBaM c 

ecTecTBeHHMM 3a3eMneHueM; Heo6xoguMo oTKnKnarb npu6opbi Ha BpeMa peMOHTa.

npn  OKa3aHHH nepBOH noMornu nocrpagaBmeMy npn nopa^eHuu 

^^eKTpHHecKHM tokom, Heo6xoguMO ocBo6ogHTb ero ot geHcTBua TOKa nyTCM cHaTua 

Hanpa^eHua (oTKHKHHTb ^neKTpoycTaHOBKy ot ^neKTpoceTH) unu oTopBaTb ero npn 

noMornu groneKTpunecKux nepnaroK. Ecnu nocTpagaBmuH noTepan co3HaHue, ho ero 

gbixaHue coxpaHunocb, to Hy^HO yno^HTb ero ygo6Ho, o6ecnenHTb eMy noKoH, 

co3garb npuTOK CBe^ero Bo3gyxa, gaBarb HK>xarb HamarapHbiH cnupT, pacTuparb ero 

Teno go npu6brraa Bpana. npn  OTcyrcTBuu npu3HaKOB ^h3hh (gbixaHua, 

c e p g ^ 6ueHua, nynbca) y nocTpagaBmero, to Heo6xoguMO cpohho genarb 

HCKyccTBeHHoe gbixaHue go Tex nop, noKa nocTpagaBmuH hh HanHeT gbimarb unu go 

npu6brraa Bpana.

4.7 no;«;apo6e3onacHocTb

Ochobhmmh npuHHHaMu no^apoB MoryT 6biTb HeucnpaBHocTb 

^neKTpoycTaHOBOK, KoHcTpyKTHBHbie HegocTaTKu o6opygoBaHua, Heco6nKgeHue Mep 

6e3onacHocTH [ 1] .
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Bo3Mo:^HbiMH hctohhhkom no^apa B np0H3B0gcTBeHH0M noMern,eHHH MoryT 

cny^HTb HencnpaBHoe o6opygoBaHHe h nerK0B0cnnaMeHaKm,neca MaiepHanbi, 

Hcnonb3yKrn,Heca B pa6oTe.

O6ecneneHHe no;«;apo6e3onacHocTH gocraraeTca co6nwgeHHeM Heo6xogHMbix 

MeponpnaTHH h HannnneM cpegcTB no^apoiymeHHa. B 3gaHHH na6opaTopHoro 

Kopnyca, rge npoBognnncb HccnegoBaHHa, npegycMoipeHbi ^BaKya^H0HHbIe nyTH, 

Hapy^Hbie no^apHbie necTHH^i, aBapnftHbie nKKH, HMeKrnue yctohhhbocTb npn 

no^ape h oraecToftKocTb KoHcipy^HH He MeHbme BpeMeHH, Heo6xogHMoro gna 

cnaceHHa nwgefi npn no^ape h pacneraoro BpeMeHH TymeHHa no^apa, a TaK^e 

no^apHaa cnrHanroauua, cncieMa onoBern,eHHa, no^apHbie 3HaKH.

npn pa6oTe c ^neKTpoo6opygoBaHHeM cyrn,ecTByeT h no^apHaa onacHocTb, 

o6ycnoBneHHaa, npe^ge Bcero bmcokoh TeMnepaiypofi B pa6onefi 30He. npHMeHeHHe 

^neKTpHHecKHx npn6opoB, Tpe6yeT ot nepcoHana co6nwgeHHa npaBHn no^apHofi 

6e3onacHocTH:

-  no 0K0HnaHHH Ka^goro pa6onero gHa npoBogHTca y6opKa Ha pa6oneM Mecie;

-  Becb no^apHbfi HHBeHTapb (pynHbie cpegcTBa TymeHHa, BHyipeHHHe 

no^apHbie KpaHbi) gon^Hbi cogep^aibca B HcnpaBHoM cocioaHHH. OraeiymHTenH 

pa3Mern,aKTca Ha Bbicoie 1,5 m ot ypoBHa nona h Ha paccioaHHH He MeHee 1,2 m ot 

Kpaa gBepn npn ee oTKpbreaHHH. fflKa^HHKH BHyipeHHHx no^apHbix KpaH0B 

3aKpbmaKTca h onenaibiBaKTca;

-  KypeHHe pa3pemeH0 TonbKo B c^e^HanbH0 oTBegeHHbix MecTax;

-  e^egHeBHo no 0K0HnaHHH 3aHaTHH oTBeTcTBeHHbift gon^eH npoBepHTb h 

ycipaHHTb npoTHBono^apHbe HegoneTbi. Bo Bcex noMern,eHHax, miopbie no 

0K0HnaHHH pa6oTbi 3aKpbmaKTca h He KoHTponnpyKTca, Bce nepeKnKnaienH h 

py6nnbHHKH BbiKnKHaroica [2].

noMern,eHHe no no^apoonacHocra oTHocaTca k KaieropHH A.

08.03.01.2017.215.00.00n3



B  noMemeHuu na6opaTopuu HaxoguTca npoTHBono^apHtifi HHBeHTapb: 

orHeTymuTenb neHHtifi (O X n  -  15); oraeTymuTenb yrneKucnoTHMH (O Y  -  10); tttht  c 

pyHHMMu cpegcTBaMu TymeHua; no^apHtifi KpaH [4 ].

O 6mue Tpe6oBaHua k no^apHofi 6e3onacHocTu cooTBeTcTByroT rO C T  12.4.004

91 CCET "no^apHaa 6e3onacHocTb. O 6mue Tpe6oBaHua".

OnacHtMu ^aKTopaMu, B03geftcTByromuMH Ha nrogefi u MaTepuanbHtie 

^h h octh , coraacHo rO C T  12.1.004-91 "no^apHaa 6e3onacHocTb. O 6mue

Tpe6oBaHua" aBnaroTca:

1. nnaMa u ucKpti;

2. noBtmeHHaa TeMneparypa oKpy^aromefi cpegti;

3. ToKcuHHte npogyKTti ropeHua u TepMHHecKoro pasno^eHua;

4. gtM ;

5. noHu^eHHaa K0H^eHTpa^Ha Kucnopoga.

K  BTopuHHtiM npoaBneHuaM onacHtix $aKTopoB no^apa, B03geftcTByromuM Ha 

nrogefi u MaTepuanbHtie ^ hhocth, oTHocaTca:

1. ockohkh, HacTu pa3pymuBmuxca annapaT0B, arperaT0B, ycTaH0B0K, 

K0HCTpy^Hft;

2. ^^eKTpHHecKHH tok, B03HHKmuH b pe3ynbTaTe BtHoca BtcoKoro 

Hanpa^eHua Ha T0K0np0B0gam,ue HacTu KoHcTpy^ufi, annapaT0B, arperaT0B;

^na o6ecneHeHua ^BaKya^HH ycTaH0BneHti KonuHe ctbo , pa3Mepti u 

cooTBeTcTByrom.ee KoHcTpyKTHBHoe ucnonHeHue ^BaKya^H0HHbIx nyTefi u BtixogoB.

KonneKTHBHaa 3am,uTa o6ecneHHBaeTca c noMombro no;«;apo6e3onacHMx 30H u 

gpyrux KoHcTpyKTHBHtix pemeHufi. CpegcTBa HHguBugyanbHofi 3am,HTM npuMeHaroTca 

TaK^e gna no^apHtix, yHacTByromux b TymeHuu no^apa.

Ha o6teKTe o6ecneHeHo cBoeBpeMeHHoe onoBemeHue nrogefi u CH^Ha^H3a^HH o 

no^ape b ero HaHanbHofi cTaguu TexHHHecKHMH cpegcTBaMu.

B  3gaHuu Heo6xoguM0 npegycMoTpeTb necrauHHtie KneTKH, Hapy^Htie 

no^apHtie necTHH^i, aBapufiHtie nroKH, HMeromue ycTofiHHBocTb npu no^ape u
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orHecTofiKocTb KOHcrpy^HH He MeHbme BpeMeHH, Heo6xoguMoro gna cnaceHua 

nKgefi npu no^ape u pacneraoro BpeMeHH TymeHua no^apa.

4.8 npaBuna pa6oTbi c opTo^oc^opHoft KucnoToH

3anpern,aeTca pa6oTa c KOH^HTpupoBaHHbiMu KucnoTaMu u rnenonaMu 6e3 

3arn,HTHbix cpegcTB (ohkh, nepnaTKu).

npu  pa6oTe c KOH^HTpupoBaHHbiMu m,enonaMH u KucnoTaMu Heo6xoguMo 

co6nKgaTb cnegyK^ue Mepbi npegocTopo^Hocra:

-  noMern,eHue, b kotopom npou3BogaTca pa6oTbi c KucnoToH gon^HO o6nagaTb 

xopomeH npuTOHHO-BMTa^HOH BeHTHna^HOHHOH cucTeMOH;

-  gna nepeHoca He6onbmoro KonunecTBa KucnoTbi Heo6xoguMO ucnonb3OBaTb 

nuneTKu; 3acacbiBaTb pacTBopb b nuneTKH poTOBOH nonocTbK 3anpern,aeTca.

-  HeHTpanH3a^HK npoBoguTb TonbKO nocne pa36aBneHua. Pa36aBneHue KucnoT, 

npou3BoguTca ocTopo^HbiM npunuBaHueM KucnoTbi B Bogy. npu nocToaHHOM 

nepeMemuBaHuu. npu  aKTHBHOM BbigeneHHH TennoTbi n p o ^cc  cnegyeT npeKpaTHTb, 

pacTBop oxnaguTb u TonbKO nocne ^T0^0 mo^ ho go6aBnaTb cnegyKrnyK ^op^HK  

KucnoTbi. npunuBaTb Bogy B KucnoTy 3anpern,aeTca;

-Kon6b u MeH3ypKH c KOH^mpupoBaHHbiMH KucnoTaMu u ffl,enonaMH cnegyeT 

3aKpbmaTb cTeKnaHHbMH unu ^ap^opoBbiMH npo6KaMH. 3anpern,aeTca ucnonb3OBaTb 

pe3HHOBbe npo6Ku;

-  npu cocTaBneHuu cMecu KucnoT cnegyeT npunuBaTb KucnoTy c 6onbmefi 

nnoTHocTbK k KucnoTe c MeHbmeH nnoTHocTbK;

-  HaBecKy rn,enoHH cnegyeT He6onbmuMH ^op^HaMH c noMorn,bK ^ap^opoBbix 

no^eK onycKaTb B cocyg, B KOTopbift 3anuTa xonogHaa Boga B Heo6xoguMOM 

KonunecTBe, u ^HgKocTb HenpepbiBHO nepeMemuBaTb ^ap^opoBoft nanoHKofi. 

n p o ^ c c  pacTBopeHua BegyT TaK, hto6m  He gonycTHTb neperpeBa. Ana ucKnKHeHua 

pa36pM3ruBaHua eMKocTb cocyga gon^Ha 6biTb B HecKonbKO pa3 6onbme o6teMa 

npuroTaBnuBaeMoro pacTBopa;

08.03.01.2017.215m00.n3



-  gna H36eraHHa o:®ora bo BpeMa npnroTOBneHHa pacTBopoB TBepgbie rn,enoHH H3 

cocygoB cnegyeT 6paTb ^ap^opoBbiMH, cieKnaHHbiMH nnn nnacTMaccoBbiMH 

no^enKaMH. npn  B3aTHH HaBecKH Heo6xogHM0 Hcnonb30BaTb TOHKocieHHbie 

^ap^opoBbie nameHKH nnn ^ 0nH^THneH0ByK nneHKy. EyMaroft, TeM 6onee 

$HnbTpoBanbHofi, nonb30BaTbca Henb3a, t.k. m,enonb ee pa3tegaeT, B KpaHHeM cnynae 

npHMeHaKT nepraMeHT nnn KanbKy;

-  cocygbi c K0H^HTpnp0BaHHbiMH egKHMH m,enonaMH cnegyeT 3aKpbmaTb 

pe3HH0BbIMH, ^ 0nH^THneH0BMMH (ho He npHTepTbMH) npo6KaMH [58].



BBIBOABI n O  PAEOTE

1. B  xoge nHTepaiypHoro o63opa BbiaBneHa ^pHH^H^Ha^bHaa B03M0^H0cTb 

nonyneHHa oraecioftKoro Maiepnana Ha ocHoBe cncieMbi cepneHTHH/opTo^oc^opHaa 

KHcnoia.

2. YciaH0BneH0, hto Ha ocHoBe cepneHTHHa h opio^oc^opHoft KHcnoTbi 

B03M0^H0 nonyHHTb npoHHblH, BogocTofiKHH H ^ap 0cT0HKHH KaMeHb.

3. BbiaBneHo, hto ^aKTopbi, B Han6onbmeft cTeneHH, BnnaKmue Ha 

npoHHocTb h ^apocTofiKocTb C O K  -  ^T0 TeMnepaTypa TBepgeHHa h KonHHecTBo 

0pT0^ 0c^ 0pH0H KHcnoTbi.

4. YciaH0BneH0, hto Hcnonb30BaHHe cepneHTHHa b KaHecTBe cbipba gna 

nonyHeHHa C O K  m o^st 6biTb ^K0H0MHHecKH h ^Hep^eTHHecKH ^necoo6pa3Ho, TaK 

KaK cbipbe He TpeSyeT o6^n ra  h aBnaeTca TexHoreHHbiM -  cKannHBaeica B oTBanax B 

6onbmnx KonHHecTBax.

5. BbiaBneHo, hto nccnegyeMoe cbipbe (cepneHTHH) B3aHMogeftcTByKT c 

O O K  aKTHBHo c BbigeneHHeM Tenna. H  aBnaeTca npnrogHbiM gna npoH3BogcTBa orHe-, 

Bogo ctohkhx MaiepnanoB;

6. BbiaBneHo, hto c yBenHHeHHe BapbHpyeMbix ^aKiopoB nogBH^Hocra h 

ygenbHofi noBepxHocTH noBbimaeica npoHHocTb o6pa3^B npn c^aran, nnoTHocTb, 

BogoctoHkocTb cepneHTHH -  ^oc^arnoro KaMHa;

7. YciaH0BneH0, hto npn noBbimeHHH 3HaHeHHft BapbHpyeMbix ^aKiopoB 

ygenbHoft noBepxHocTH h nogBH^Hocra noKa3aienb ^apoctohkocth paBH0MepH0 

cHH^aeica;

8. BbiaBneHo, hto C O K  coctoht H3 ^oc^aioB  Marana, 

HenpopearnpoBaBmero cepneHTHHa h KpeMHerena.

9. YciaH0BneH0, hto b gnana30He TeMnepaiyp ot 20 go 1000 °C, cepneHTHH- 

^oc^aiHbift KaMeHb He BbigenaeT BpegHbix Bern,ecTB.
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10. B  pe3ynbTaTe npoBegeHHoro ^KC^epHMeHTa 6tm nonyHeH MaTepuan c 

npoHHocTbro He MeHee 10 M n a , ®;ap0CT0HK0CTbro 6onee 0,3, BogocTofiKocTbro 6onee

0,75, HH3KHM BogonornomeHueM (5,5%) u K0^$$H^HeHT0M TennonpoBogHocTH 0,48 

Bt/mx°C.
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