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BBEAEHME

Oahhm h3 Han6ojiee 3HaHHMbix HanpaBjieHHH pa3BHTHa CTpoHTejibHoii 

OTpacnn aBjiaeTca co3,n,aHHe acjxJjeicTHBHbix, 3 K0 Ji0 rHHecKH HHCTbix, OTBeHammnx 

TpeSOBaHHflM COBpeMeHHOCTH CTpOHTejlbHblX MaTepnajlOB. Il05IBJI5IK)TC5I BOnpOCbl 

pau,HOHajibHoro npnpo,n,onojib3 0 BaHHa, CHH®;eHHa 3 Hepro3 aTpaT Ha np 0 H 3 B0 ,n,CTB0  

h yMeHbineHHa Harpy3 KH Ha OKpy>KammyK) cpe,n,y. A -113 TexHHHecKoro nporpecca 

B npOMblHIJieHHO CTH CTpOHHH^yCTpHH Ba>I(HO MaKCHMajlbHOe HCn0 Jlb3 0 BaHHe 

,n,o6 biBaeMoro cbipba h  otxoaob npoMbimjieHHOCTH.

IIosTOMy HayHHbiH h  npaKTHHecKHH HHTepec npeACTaBjiaioT pa3pa6oTKH h  

BHe,n,peHHe TexHOJiornii CTponTejibHbix MaTepnanoBHa 0CH0Be cepneHTHHa h  

npOH3BO,fl,CTBa Ha HX OCHOBe HinpOKOH HOMeHKJiaTypbl COBpeMeHHbIX 

CTpoHTejibHbix MaTepnanoB h  H3,n,ejinH.

H ccjie ,n ,O B aH H a b  o 6 j ia c T H  n p0H 3B 0,n ,C T B a B sn ic y m n x  H a  OCHOBe c e p n e H T H H a  h  

n o j iy n e H H a  H a  h x  o c h o b c  C T p o H T e jib H b ix  M a T e p n a n o B  c T p e6 y e M b iM H  CBOHCTBaMH 

a B Jia iO T C a  aK T y ajlb H blM H .

B p a 6 o T e  n p 0 B e ,n ,eH 0  H CCJieA O BaH H e b j i h a h h a  y c n o B H H  T B e p A e ff ir a  H a  

n p o n ,e c c b i  C T p y ia y p 0 0 6 p a 3 0 B a H H 5 i  cepn eH T H H -(j)oc(j)aT H O H  k o m h o 3 h u ,h h .

Hcxo,n,HbiM MaTepnanoM aBjiajica cepneHTHH, icoTopbiH aBjiaeTca noSoHHbiM 

npO,fl,yKTOM npOH3BO,fl,CTBa.

Marepnanbi, nojiyneHHbie b o  BpeMa nccjie,n,OBaHHH, o6jia£,aK>T xopomeii 

»cap0CT0HK0CTbK), npoHHOCTbPO. TaKHe Marepnanbi cny^caT xopomeii 3am,HToii 

KOHCTpyKn,HH (HanpHMep, BeHTHjian,HOHHbix rnaxT) o t  pa3pymeHHH b o  BpeMfl 

noicapa.
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1 JIHTEPATYPHBIH 0B 30P

1.1 Bn^bi h 0C06eHH0CTH cepneHTHHOBoro ctipta

CepneHTHHCo/iep>KamHe nopo,nbi npeACTaBjunoT co6oh KOMiuieiccHoe 

MHHepajibHoe Cbipte. Ha ceroAromiHHH ,n,eHb TexHOJiOTHH nc>3BOJi5iK)T 

Hcn0Jib30BaTb cepneHTHHHTbi h npo,n,yKTbi hx nepepa6oTKH b MeTaruiyprHHecKOH, 

oraeynopHOH, CTeKOJibHOH, KepaMHHecKOH, xhmhhcckoh h ^pynix oTpacnax 

npOMblHIJieHHOCTH, a TaiOKe B CejlbCKOM X03flHCTBe.

CepneHmm u ezo ceoucmea

C ep n eH T H H O B b ie  M H H ep an b i o t h o c 5it c 5i  k  r p y n n e  b o a h m x  CH jiH KaTOB 

M a r a n a ,  h x  x H M H H e c K a a ( j)o p M y jia 3 M g 0 2 , S i 0 2 ,2 H 2 0 .  I I o  K pH C T aju iH H ecicoH  

C T p y K T y p e  cep n eH T H H b i -  c jio>K H bie  M H H ep a jib i. K o c h o b h m m  M H H epan aM  r p y n n b i  

OTHOCaTCa: XPH 30TH J1, JlH3ap,fl,HT, aH TH rO pH T. H M eiO T  C T p y K T y p H b ie  p a3 J!H H H a, B 

p a ,n e  c j iy n a e B  o n p e / ie j i a m m H e  o 6 jia c T H  n p a K T H H e c K o ro  H cnc>jib30BaH H 5i. 

C o A e p ^ c a H H e  o k c h ^ o b  b  c e p n e H T H H e  c j i e ^ y i o m e e ,  Bee. %: MgO- 43,0; S i0 2-  44,1 

h  H20  -  12,9; c o o T H o m e H H e  M e ^ y  K 0M n0H eH T aM H  K O Jie 6 jie T c a  b

H e3H aH H T ejib H bix  n p e ,n ,e jia x . B  BH,n,e n p H M e c e ii  B cer,n ,a  n p n c y T C T B y pot o k c h a m  

»cejie3a FeO h  Fe20 3, a Taioice NiO. U ,B eT  c e p n e H T H H a  o t  T eM H O -3 e jie H o ro  a o  

3ejieH O B aTO -H epH O TO , T BepA O C Tb 2,4-3,0, njiO TH O CTb 2,5-2,7  t / c m 3, n p 0 H H 0 C T b  H a  

o ic a T H e  n o p a ,n ,K a  400-625 k t / c m  . C e p n e H T H H  o 6 jia / i ,a e T  cnoco6H C >CTbK > 

y /iep >K H B aT b  10-13% xH M H H ecK H  CBsnaH H O H  BOAbi n p n  b m c o k h x  T e M n e p a T y p a x  

(~AO 500°C).

Pa3HOBH,n,HOCTH:

1. Ocj)HT (6jiaropo,n,HbiH cepneHTHH) -  rniOTHbiii, npocBeHHBaromHH b icpaax 

>KejiTO-3ejieHbiH cepneHTHH c bockobmm 6jiecKOM.

2. XpH30THji-ac6ecT -  TOHKOBOJiOKHHCTbiH CBeTjio-3ejieHbiii, HHor,n,a 

30J10THCTbIH cepneHTHH C HiejlKOBblM 6jieCKOM.

Oco6eHHOCTaMH KpncTajuiHHecKOH CTpyKTypbi, onpeAenaiomHMH xapaKTep 

Hano^ceHHa cnoeB h rnnpHHy naKeTOB, Bbi,n,ejiaeTca HecKOJibKO MHHepanbHbix 

bhaob. Han6ojiee pacnpocTpaHeHbi Taicne MHHepanbHbie bham rpynnbi
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cepneHTHHa, Kaic MOHOKjiHHHaa chhtohha, HecKOJibKO cxo^Haa c xjiophtom  no 

BHeniHHM xapaKTepncTHKaM, KOTOpaa h och t Ha3BaHne aHTnropnTa (no AOJiHHe 

AHTHTOpHO, 6j1H3 IlbeMOHTa B HTajIHH). ^pyrHM nOJ!HMOp(j)OM, TaK>I(e CJIOHCTOH 

CTpyKTypbi, aBjiaeTca TpnroHajibHbiHjiroapAHT (no ropo,n,y JlroapA b  Ahtjihh). 

Pa3JiHnaTb 3th  MHHepanbHbie BH^bi 6e3 cnen,HajibHbix Hccjie,n,OBaHHH 

3aTpy,n,HHTejibHO, 0C06eHH0 n0T0My hto ohh wacTO o6pa3yK)T Tomcne CMecn.

HMeiOTca pa3HOBHfl,HOcth c co^ep>KaHHeM Fe, Mn, Ni:

HenyHT- h h c t m h  HHKejibaHTHropHTNi6Si4 0 io(OH)8, rapHnepnT -  

HHKejieBblH XpH30THJl.

Cepno(j)HT- njiOTHaa pa3HOBH,n,HOCTb aHTnropnTa h ji h  b  o c h o b h o m  

cepneHTHHa, KepojiHT-aHajiorHHeH h m , h o  HMeeT 6ojiee BbicoKoe co/iep>KaHHe 

KpeMHe3eMa (~ 50%) h  HH3Koe MgO (30%). TpHHajiHT Fe6Si4Oi0(OH)8,

KpoHinTeATHT Fe6[Fe2+Si2Oio](OH)8 h  6epTbepHH Fe6[AlSi3Oio](OH)8 

OTBenaiOT HeKOTOpbIM OKHCJieHHbIM XJlOpHTaM.

TpoyBecHT- MapraHueBbiH aHanor 6epTbepHHa.

A m c 3 h t  ( M g ,  Al)6[Al2Si2Oio](OH)8-  a H a n o r  K o p y H ^ o (})H jiH T a , h o  c

OAHHapHblMH KpeMHeKHCJIOpOAHblMH CJI05IMH.

KphCTan.norpac})h wee Kan xapaKTepncTHKa:

CHHTOHH5I MOHOKJlHHHaa.

Knacc CHMMeTpHH. IIpH3MaTHHecKHH -Cm, C2 HJIH C2/m.

3M g0-2Si02-2H20 -  cepneHTHH, 3MeeBHK (MojiapHaa Macca = 

277,ll;cocraB,%: MgO 43,63; S i0 2 43,37; H20  13,00; Mg 26,31; Si 20,27; O 

51,96; H 1,46). B B H ^ e  npHMeceHCO,ziep:>KHTo6biHHoFeO, Fe20 3, Cr20 3 h  

Ap.CTpyKTypHaa (j)opMyjia Mg3[Si20 3]-(0H)4. Pa3HOBĤ HOCTH cepneHTHHa- 

XpH30THJl H aHTHTOpHT. MOHOKJIHHHafl CHHTOHH5I; a =14,66,b= 18,5, c=5,33A; P = 

93° 16'. B Ta6jiHu,e 1.1 npHBe,n,eHa ,HM(|)paKUMOHHafl xapaKTepncTHKa npnpoAHoro 

cepneHTHHa (Ypaji).
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Ta6jiHiia 1.1 -  Î,H(j)paKiinoHHaa xapaKTepncTHKa npnpoAHoro cepneHTHHa (Ypan)

d,A I d,A I d,A I

7,38 10 1,789 6 1,304 8

4,619 4 1,738 2 1,277 6

3,661 10 1,655 2 1,164 4

2,625 4 1,530 10 1,100 2

2,487 10 1,500 8 1,074 2

2,141 8 1,411 6 1,057 2

1,966 4

T a6HTyc K p n c T a n jiO B  -  t o h k h c  BO JiO KH a, u ,BeT  -  TeMHO-3ejieHbin n 

6yp0BaT0-3ejieHbiH, >KejiTOBaTbiH, 5KejiTO-3ejieHbiH, 6jiecK CTeitnuiHHbiH, >KHpHbiH; 

ng= l ,545-1,561, n0= 1,532-1,552, no ApyraM AaHHbiM ng= 1,511 -  1,571, nm= 

1,502-1,570, np= 1,490-1,560; o6biHno onTHnecKH OTpmiarejieH, 2 V -
-5

KOJie6jieTca b  ujhpokhx npe,n,ejiax. njiOTHOCTb 2,5-2,7 t / c m  . B KHCJiOTax 

pa3JiaraeTca.

X p u 3 o m iu i .  C n yT aH H O -B O JiO K H H C T aa pa3HOBH,n,HOCTb c e p n e H T H H a ; x p H 3 0 T H ji 

n ap an jie jib H O -B O JiO K H H C T o ro  C T p o eH H a H a 3 b m a e T c a  x p H 3 0 T H ji- a c 6 e c T 0 M . B a p n a H T  

(j)opMyjibi M g 6S i4O i0-(O H )8.MoHOKjiHHHaa CHHromra; a 14,66, b = 9,24, c = 5,33 

A; (3= 93°16'; Z=l. ^ H c jjp a K iin o H H a a  x a p a K T e p n c T H K a  d, A: 7,33(9); 4,604(7); 

3,695(10); 2,163(9); 1,724(4); 1,528(10). ra6m yc K p n c T a n jiO B  -  BOJiOKHa; n,BeT  -  

3ejieHbiH, >KejiTbiH, c e p b i n ;  ng=l,555. nm=l,543 (BbiHHCJieHHbiH), np=l,542; n o  

A p y rH M  ^aH H biM  ng= l,5 4 -  1,55, n p=  1,53-1,54; (+) 2 V =30-35°; cn aftH O C T b 

c o B e p m e H H a a  n o  (001) h  H e c o B e p m e H H a a  n o  (110) n o A  y r a o M  130°. TA: (-) 

100-150 n  (-) 700-800°C ( c T y n e H H a r a a  A e r H ^ p a r a i iH f l ) ;  (+) 800-900°C 

(K p H C T an jiH 3an ,H a H O B o ro  coe,nH H eH H fl). Ilpn H a rp eB aH H H  o c H O B H aa  M a c c a  b o a m  

( ~  13) B b iA e jia e T c a  n p n  T e M n e p a T y p a x  110°C, o c T a n b H a a  M a c c a  -  n p n  

T e M n e p a T y p a x  ot 110 ,n,o 370°C. X h m h h c c k h  CB5i3aHHa}i BO,n,a y ,n ,a jia e T c a  n p n  

H arp eB aH H H  ~700°C. Tnji=1550°C. K o3(J)(J)H iiH eH T  T en n o n p o B O ^ H O C T H  0,35 -  

0,41 B T /(M - r p a / i ) .  n jiO T H O C T b 2,4-2,6 t / c m 3. TBep,nocTb 2-3. B HCl^cejiaTHHHpyeT. 

06jia,n,aeT b m c o k o h  npoH H O C TbK ) H a  p a 3 p b iB  n o  o c n  b o j i o k o h .  IIpoH H O C T b
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He,n,e(J)opM HpoBaHHbix b o j io k o h  H a pacT«>K eH H e - 2156- 3577  M T Ia . FIpH po^H biH  

ac6ecTOBbiii MHHepan. CHHTeTHHecKH nojiynaiOT rn^poTepMajibHbiM chhtc30m 

no,n, AaBjieH HeM  n p n  T e M n e p a T y p e  < 5 0 0 ° C .

AHm uzopum . P a 3HOBH,n,HOCTb cepneHTHHa b Bn,n,e jiHCTOBbix arperaTO B. 

B apnaH T  (jjopMyjibi Mg6Si4Oio-(OH)8. Mo>iceT co,aep>KaTb H e6 o j ib im ie  KOJiHnecTBa 

» cejie3a  h  am oM H m ra. MoHOKjiHHHaa c h h t o h h a ;  a  = 5 ,3 , b  = 9 ,2 5 , c = 13,52  A; p  

= 9 1 °4 '; Z =  2 . ^HcjjpaKiiHOHHaa xapaK T epncT H K a (d, A): 7 ,3 0 ; 3 ,6 3 ; 2 ,5 2 . r a 6 m y c  

K pncTanjiOB -  njiacTHHKH c  co B ep m eH H o ii c n a if f lo c T b io  n o  ( 0 0 1 ) , H em yiiK H ; u,BeT 

3 ejieH O BaTbrii, KopHHHeBaTbiH h jih  >KejiTOBaTbiH; n g=  1 ,5 7 1 , n m =  1 ,5 7 0 , n p=  1 ,5 6 0 ; 

( - )  2  V -  cpeA H H ii. IlnoTHOCTb 2 ,55 - 2 ,5 8 ; 2 ,62  t / c m 3. T B ep ^ o cT b  2 - 2 ,5 . 

ripH poA H biH  M HHepan. Mo>iceT 6 biTb n o jiy n e H  ncKyccTBeHHO.

1.2 IIpHM eH eH H e cepneH T H H a

Ha ceroAHfliHHHH ,n,eHb b CTponnH^ycTpHH cepneHTHHH3npoBaHHbie 

ropHbie nopo,n,bi H axo^T  CBoe npHMeHeHHe b KanecTBe 3anojiHHTejien zuifl 

6eTOHOB (me6H«).TaK>Ke b pa3Hoe BpeMa 6bijiH nonbiTKH npHMeHemM b TaKHx 

CTpoHTejibHbix MaTepnanax n H3,n,ejiHax, KaK Bsnicymee zuifl pacTBopoB n S ctohob; 

ra306eT0HHbie CMecn; aBTOKjiaBHbin KHpnnn; KepaMnnecKne H3,n,ejiH5i 

(MaHOJiHKOBbie H3,n,ejiHa h KepaMnnecKaa njinTKa); rjia3ypn h 3MajiH; 

MHHepajibHaa Bara h KaMeHHoe jiHTbe. HanSojiee nepcneKTHBHbiMH 

HanpaBjieHHaMH aBjiaeTca npHMeHeHHe cepneHTHHOB b KanecTBe cbipbeBoro 

MaTepnana zuifl np0H3B0,n,CTBa KepaMHKH, Bsracymero /urn CTpoHTejibHbix 

pacTBopoB n MaTepnanoB aBTOKjiaBHoro TBep,neHHfl.

Oahhm H3 Ba>KHbix HanpaBjieHHH Hcn0Jib30BaHHa cepneHTHHOBbix 

OTXOAOB aBJiaeTCa npOH3BO,fl,CTBO CMemaHHbIX BSDICymHX. H3BeCTHO, HTO 

cepneHTHHOBbie nopo,nbi npn TepM006pa60TKe (650-700 °C) pa3JiaraK)Tca c 

Bbi,n,ejieHHeM OKcn,n,a Marana n ^pyrnx aKTHBHbix MHHepanoB, cnoco6Hbix k  

TBep,n,eHHK) npn 3aTBopeHHH pacTBopaMH cojien cyjib(J)aTOB h xjiophaob. 

YnHTbiBaa to, hto 3aTBopeHne npoAyicroB o6>KHra cyjib(j)aTaMH B3aMeH xjiophaob 

cnoco6cTByeT noHH ĉeHHio rHrp0CK0nHHH0CTH, B03HHKaeT Bonpoc noncKa 6ojiee
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AenieBbix MaTepnanoB, cnoco6m>ix b  c m c c h  c MarHe3HajibHbiM (cepneHTHHOBbiM) 

RHVKyiiiHM nrpaTb pojib cyjib(j)aTHoro 3aTBopnTejia. O a h h m  H3 Taicnx npoAyieroB 

aBJiaeTCa (})TOp-aHrH^pHT, KOTOpblH flBJlfleTCfl OTXOAOM npOH3BOfl,CTBeHHOH JIHHHH 

nnaBHKOBOH KHCJiOTbi. B HHCTOM BH^e ero Hcnojib3yK>T b  KanecTBe Bsracymero 

BemecTBa, h o  o h  TBep,n,eeT oneHb Me/uieHHO, n03T0My npou,ecc ero rH^paraiiHH 

Heo6xO,fl,HMO HHTeHCH(j)HLI,HpOBaTb. 3(j)(j)eKTHBHbIMH peryjIflTOpaMH CpOKOB 

CXBaTbIBaHHil a B Jia iO T C a  ,H06aBKH, MexaHH3M AeilCTBHfl KOTOpbIX 3aKJlK)HaeTCa B 

mejiOHHOH aKTHBau,HH 6e3B0,n,H0r0 cyjib(j)aTa KajibUHa. TaKHM 06pa30M, 

coBMecTHoe Hcn0Jib30BaHHe MarHe3HajibHoro Bsnicymero H3 cepneHTHHOB h  

(j)TOpaHrH,n,pHTa 3(J)(J)eKTHBH0, T. K. B KOMnjieKCHOM B«>KymeM (j)TOpaHrH,n,pHT 

aBjiaeTca «3aTBopHTejieM» MarHe3HanbHoro Bsnicymero, a MgO aBjiaeTca 

aKTHBH3aTopoM(j)TopaHrĤ ],pHTa, 3 t o  o6ycjiaBjiHBaeT noBbimeHHbie TexHHnecKHe 

CBOHCTBa. KpoMe Toro, KOMnneKCHoe B5DKyin,ee 3aTBopaeTca b o a o h  h  npona,n,aeT 

Heo6xO,fl,HMOCTb npHTOTOBJieHHa B CTpOHTejlbHOM npOH3BO,fl,CTBe >KH,7TKOrO 

3aTBopHTejia, yMeHbinaeTca rHrp0CK0nHHH0CTb nojiynaeMbix k o m h o 3 h h ,h h , a 

CHHepreTHnecKHH 3(j)(j)eKT o t  coBMecTHoro npHMeHeHHa cepneHTHHOBoro 

MarHe3HanbHoro Bsracymero h  (JjTopaHrH^pHTa b  KOMnneKce n03B0JiaeT nojiynarb 

np0HH0CTb Ha 15-20 % Bbirne npoHHOCTH Ka>K,noro K0Mn0HeHTa. nojiynaeMoe 

Bsnicymee m o >k h o  3(j)(j)eKTHBH0 npHMeH^Tb b  np0H3B0,n,CTBe OT/iejiOHHbix 

MaTepnanoB: innaicjieBOK h  HiTyKaTypoK .ana BHyTpeHHnx pa6oT.

^pyrHM npHMepoM Hcn0Jib30BaHHa cepneHTHHOBbix nopo,n, aBjiaeTca 

np0H3B0,n,CTB0 KepaMHHecKHx MaTepnanoB. EbijiH BbiaBjieHbi cjie/iymmHe 

KepaMHnecKHe CBOHCTBa cepneHTHHOBbix nopo,n, (Ta6jiHn,a 1.2).
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Ta6jiHD,a 1.2 -  KepaMMMecKne CBOHCTBa c e p n e h th  ho bbix o tx o a o b

C  BOHCTBO 3naM eH ne

T o n K o c T b  noMOjia -  ocTaTO K Ha CHTe 0 2 n e  oo.nee 15 %

ripcje.n n jiacT iiM H O CTH 3 2 .4  %

Flpeaeji p a cK a T W B a iin a 19,4 %

M h CJIO riJiaCTHMHOCTH 1 3 , 0 %

PaooM aa  a ia vK H o cT h 2 6 %

B o 3 j \ 'm n a s  v c a jK a 4 ,9  %

O rn e B a a  v c a j x a  (npn /<xvA= l 100  ° C ) 1 7 %

B o jo n o r j io m e m ie  (npn ^ * = 1 1 0 0  ° C ) 17,5 %

Mcxozim h3 nojiyMeHHbix ^aHHbix, cbipbe npHro^HO a m  iiphm chchhh  b 

KanecTBe KepaMHMecKoro h  qthochtch n o  T O C T  9 1 6 9 -7 5  k  cp e/ihen jia c r a  m h o mv .

3 t h  ,aaHHbie o n p e s e jm o T  n o jiy cy x o fi c n o c o 6  (})0p\i0BaH na, h to  

o6ecneHHBaeT MaKCHManbHyio n p o ifflocTb h  njiOTHOCTb cbipba. B  xo,a,e 

HccjieAOBaHHa Taioice BbMBHjin, h to  H an6ojiee 3 (j)(] >e k th  b h oil ziooaBKon, 

CHH>KaK)meH TeMnepaTypy o6>Knra, MBjiaeTca xjiopHfl Marana, Taicace 

nojiOKHTejibHbiH 3(j)(j)eKT flaeT okch /i >icejie3a. H p n  Hcn0Jib30BaHHH M g C l2 

npoHHOCTb o6pa3uoB B03pacTaer n p n  TeM neparype odiKHra 1100 ° C  b 2 p asa  

OTHOCHTejibHO SesA oSaB onH oro  M arepHana. n o c n e  o6>KHra cepneHTHHOBOH 

niHXTbi n o jiyn aeT ca KepaMhmcckii h M arepHan c npoH tiocTbio 10-20  MTTa.OTCio/ia 

c jie^yeT , h to  cepneHTHHbi npuroziHbi jtroi npoiQBOflCTBa c tc h o b o h  KepaMHKH T im a 

nycTOTHOTO KHpnHna. H a  0CH0Be cepneHTHHOBoro cbipba mo>kho nojiyiM Tb 

npoHHbiH CTpoHTejibHbiH K'aMehb nyTeM aBTOKjiaBHoro CHHTe3a. 1 lpnpo;im >ie 

BOflHbie CHjiHKaTbi MarHHa n o c jie  o6>KHra b TOHKOH3MejibHeHHOM cocto^h m h  npn  

3aTBopeHHH b o ao h  cxBaTbiBaiOTca h TBepfleiOT h  n pn  HopMajTbHOH TeM nepaType.

H 3BeCTHO, COCTaB CHJIHKaTHbIX MaTepHailOB, TaKHX KaK CHJIHKaTHblH 

Kuprin h h  KaMHH, BKjnoHseT ABe o6a3aTejibH bix cocTaBjiaioiiiH x:

1) CHJIHKaTHblH KOMIIOIICin, HaHpHMep, KBcipneBblH HeCOK, KBapueBaa 

HblJTb HJIH HeKOTOpbie npupOZlHbie CHJIHKaTbl C H36bITOHHOH HOBepXHOCTHOH 

SHeprHen;

2 )  meriOMHOH KOMHOHeHT, HanpHMep, OKCHflbl HJIH rH/ipOKCH/lbl KanbHHJI H 

Marana. H an 6o jiee  3fb(|)ekth bh bi m m flB jm oT ca cocTaBbi c Hcn0iib30BaHHeM b
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K O M iu ieicce  x p H 3 o r a n - a c 6 e c T a  b  K a n e c T B e  c n j i n K a r a o r o  KO M iiO H eH Ta n  h 3 b c c t h  b  

K a n e c T B e  m e jiO H H o ro . BB e,n ,eH H e b  c o c T a B  n e c x a  a B j i a e T c a  H e n ,e jie c o o 6 p a 3 H b iM , 

T a x  K aK  o h  H e O K a3 b iB aeT  y n p o H H a r o m e r o  a g h c t b m a  H a  M aT p H u y , T aK  K aK  o t x o a m  

x p H 3 0 T H ji- a c 6 e c T a  caM H  a B j i a io T c a  CH jiH KaTHbiM  K 0M n 0H eH T 0M  h  h m  T p e6 y eT C H  

m e jiO H H aa  aK T H B au H ^ . / J o S a B K a  x jio p n ,n ,a  M a r a n a  O K a3 b iB aeT  n o jio ^ c H T e jib H o e  

B jin a H H e  H a  npoH H O CTb M a T e p n a n a ,  a B j i a a c b  aK T H B H 3aT o p oM  C H H Te3a h o b m x  

THApOCHJlHKaTOB B TBep,fl,eK)IIl,eH CH CTeM e, aBJIHIOHIH XCa K a p K a c o M  H 

o S e c n e H M B a p o m n x  npoH H O CTb. npn H c n 0 Jib 3 0 B aH H H  cep n eH T H H O B b ix  nopo,n, b  s t o h  

o 6 jia c T H  np0H 3B 0,n ,C T B a C T p o n M a r e p n a n o B  m o > k h o  n o j iy n a T b  c t c h o b o h  KH pnH H , 

aH ajlO rH H H blH  no CBOHCTBaM CHJIHKaTHOM y, C M apKO H  no npOHHOCTH H e HH>I(e 

M50. C jie A O B a re jib H O  n o S o H H b ie  n p o A y K T b i n p o M b in u ie H H O c th  -  o t x o a m  

,n ,p o6 jieH H a x p H 3 0 T H ji- a c 6 e c T a ,  c o c T o a m n e  n p eH M y m e cT B e H H O  H3 cep n eH T H H O B , 

5IBJI5IIOTC5I n epC n eK T H B H bIM  C b ip b eM  J1JIK npOH3BO,n,CTBa C T p o H T e jib H b ix  

M a T e p n a jiO B . M a r e p n a n b i ,  n o j iy n a e M b ie  c h x  n pH M eH eH H eM , H e y c T y n a iO T  no 

CBOHCTBaM aH an orH H H b iM  C T poH T ejibH biM  M a T e p n a n a M , n p n  3 t o m  p e m a e T c a  

B a a c H a a  SK O JiO T H H ecK aa n p o 6 j i e M a  yTH jiH 3an,H H  H a K o n jie H H b ix  O TBajiO B n o p o A .

riepHKjia30Bbie noponiKH nocne 3aTBopeHHa h x  k h c j i o t o h  AaiOT 

TecToo6pa3Hbie Maccbi, cnoco6Hbie OTBep,n,eBaTb c 06pa30BaHHeM AOCTaTOHHO 

npoHHoro MaTepnana. 3 t h  MaTepnanbi npeACTaBjiaiOT 6ojibinoH HHTepec b  

pa3JTHHHbIX oSjiaCTflX CTpOHTejlbCTBa.

TaKHe MaTepnanbi Ha 0CH0Be (j)oc(j)aTHbix BJDKymnx, KaK >Kap0CT0HKHe 

h  orHeynopHbie 6eTOHbi, Kjien h  noKpbiTHa, (})yTep0B0HHbie MaTepnanbi, 

KepaMono,n,o6Hbie MaTepnanbi, 3y6Hbie n,eMeHTbi, 3jieKTp0H30Jian,H0HHbie 

ueMeHTbi n MaTepnanbi, a  TaioKe BJDKymne, yKpenjiaiomne rpyHTbi, b  HacToamee 

BpeMa H axo^T  mnpoKoe npnMeHeHne.

O o c c j)a T H b ie  BSD icym ne c n c T e M b i n pe,n ,C T aB jia iO T  c o 6 o n  r e T e p o r e H H b ie  

C M ecn  T Bep,n ,oe -  >K H ^K oe x a p a K T e p n 3 y io n i ,H e c a  ,zi0CTaT0H H 0 b m c o k h m h  

KO Hn,eHTpan,HaM H A H c n e p c H o ii  (j)a3bi. TBep,n,eHHe T a K n x  c h c t c m  n p o n c x o A H T  b  

y c j iO B n a x  T e c H o r o  K O H TaKTa T B e p ^ b ix  n a c T n n ,, n p n n e M  n p o n ,e c c  c o n p o B O ^ a e T c a
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n o c T e n e H H b i M  H a p a c T a m i e M  co /iep> K aH H a  T B e p A o ii  (J)a3 bi icaic 3 a  c w e T  (J)H3 H H e c K H x  

(J)aKTOpOB, T a K  H 3a  C H eT  XHMHHeCKOrO CBfl3bIBaHHfl > K H ^K O C TH  3aTB O peH H fl.

1 .3  TB ep ,n ,eH H e  cepneHTH H- (J)oc(J)aTHbix  k o m tto 3 h tt,h h

TB ep ,n ,eH H e  (j)oc(j)aTHbix Bsnicym nx n p o H C x o ,n ,H T  n p n  K O M H a T H O H  

T e M n e p a T y p e  h j ih  n p n  H a r p e B a H H H  b  p e 3y jibTaT e  x H M H n e c ic o r o  B3a n  m o,ne m c t b  m a

H ,e M e H T a  c > k h ^ k o h  (})a30H. n p o A y i e r a M H  B3a n  m o,ne m c t b  m a aB jia iO T c a  KHCJibie 

(j)oc(j)aTbi j i h 6 o  rH,n,paTbi cpe,n ,HH x  (j)0 C(j)aT0 B. n p n  H a r p e B a H H H  Bbirne 1 0 0 ° C  

H 0 B 0 0 6 p a 3 0 B a H H a  no ,fl,BepraK)Tca p e a K u n n  n 0 JiHK0 H,n ,eHcau,HH , b  p e 3yjibTaTe  

K O T O p O H  o 6 p a 3 y K )T C a  n O J IH M e p H b ie  (j)OC(j)aTbI p a 3 JIHHH bIX  T H n O B  H n p O H C X O A H T  

ynpoHHeHne Bsnicymero.

B s n K y m n e  h  ^ p y r n e  CBOHCTBa (j)0C (j)aT 0B  o n p e ,fl ,e jia K )T c a  ra a B H b iM  0 6 p a 3 0 M  

A B y M a C T pyK T ypH blM H  0 C0 6 eH H 0 CTaM H. B o - n e p B b I X ,  nOHTH BO B c e x  CO e^H H eH H ^X  

(J)o c (J)o p  n p o a B j i a e T  ycTO H H H Bypo C T p y K T y p H y io  K O o pA H H aiiH io  c TeTpaa^pHHecKOH
-5

C H M M eT p n eii, c o o T B e T C T B y io m e ii sp  -rH 6pH ,n,H 3au,H eH  e r o  3 J i e i a p o H H o r o  o 6 j ia K a .  B 

(J)o c (J)aT a x  r p y n n n p o B K a  PO4 a B j i a e T c a  (j)yH ,n,aM eH TajibHOH CTpyK TypH O H  

e,n,HHHLi,eH, K O T o p a a  c o x p a r o i e T  n p H 6 jiH 3 H T ejib H O  T e T p a a ^ p H H e c K y p o  (j)o p M y  b o  

B c e x  H 3 B ecT H b ix  coe,n H H eH H flx . K a > K /ia a  H3 w e T b ip e x  c B jn e H  h o c h t  b  

0n p e ,n ,e jieH H 0 H  C T eneH H  7 i- x a p a K T e p . 0 6 p a 3 0 B a H H e  7i-CB5i3eH n o B b im a e T  KpaTH O CTb

-5
CBsneH P -  O b  TeTpa3,n,pe PO4 ", npnneM H3MeHeHHe KpaTHOCTH Heô HHaKOBO /uiji 

Bcex CBsneH. Bo-BTopbix, (j)oc(j)aTbi cnoco6Hbi 06pa30BbmaTb pa3JiHHHbie 

coe^HHeHHa: nojin-, MeTa-, yjibTpa(j)oc(j)aTbi. B h h x  pa3JiHHaiOT weTbipe

CTpyKTypHbie rpynnbi -  H30Jinp0BaHHbie, KOHueBbie, cpeAHHHbie, pa3BeTBjieHHbie.

Ooccj)aTbi, co/iep>KamHe TOJibKO roojinpoBamibie rpynnbi, cocTaBjiaK)T 

Kjiacc 0pT0(j)0C(j)aT0B, a cocToamne H3 o ^ h h x  cpe/iHHHbix rpynn -  Kjiacc 

MeTa(j)0C(j)aT0B ( h ji h  KOJibueBbix (j)0C(j)aT0B). nojiH(j)oc(j)aTbi co,aep>KaT KOHueBbie 

h  cpeAHHHbie, a yjibTpa(j)oc(j)aTbi eme h  pa3BeTBjieHHbie rpynnbi.

B H 30Jinp0BaH H bix r p y n n a x  pacnpe,n,ejieHHe 7i-CB5i3eH np n M ep H O  OAHHaKOBO  

(b  OTCyTCTBHH KaTHOHa, T.e. B paCTBO pax), KpaTHOCTb CBfl3eH o k o j i o  1,25, a
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BSDKymne CBOHCTBa MHHHMajibHbi. B K0H,n,eHcnp0BaHHbix (J)oc(J)aTax, ecnn 

npHH^Tb KpaTHOCTb CB5I3eH B MOCTHKOBOH ipynnHpOBKe paBHOH eAHHHLie, 

KpaTHOCTb CBjneH b KOHu,eBbix rp yn n ax  noBbimaeTca ao 1,33 (paccToam ie P -  O = 

1,51 A), b cpe,n,HHHbix ,11,0 1,5 ( 1,48 -  1,49 A), b Tonicax pa3BeTBjieHHa ao 2 

( 1,46 A), n p n  nepexo,n,e o t  H30Jinp0BaHH0H rpynn b i k  Konn,eBon, a 3aTeM k  

cpe,n,HHHOH n pa3BeTBjieHHon HepaBHOMepHOCTb noBbim em M  7i-CBa3en 

noBbimaeTca. 3 thm  o6t>5ich5iio tc 5i BbicoKHe BSDKymne CBOHCTBa y  (j)0C(j)aT0B, 

co,nep>KamHx cpe,n,HHHbie n  pa3BeTBjieHHbie rpynn bi. I l 03T0My ajm  noBbimeHHa 

npoHHOCTH (j)oc(j)aTHbix BsracymHx b n x  cocTaB bb o a^ t HanojiHHTejin, 

cnoco6cTByK)ni,ne 06pa30BaHHK) MeTa- n  yjibTpa(j)0C(j)aT0B. ripHBeAeHHbie Bbirne 

pacnpe,n,ejieHHa KparaocTen CBfl3e ii P -  O HecKOJibKO MeroiiOTCfl no,n, BjiroiHHeM  

KaTHOHOB. B HeK0T0pbix c jiyn aax o6pa3yK)TCfl CBepxBeTBHCTbie rp yn n b i, 

HM eiom ne to h k h  pa3BeTBjieHHa b neTbipex HanpaBjieHHax. HanpHM ep, 

CBepxBeTBHCTaa rp yn n a  b K0H,n,eHcnp0BaHH0M (j)oc(j)aTe ajnoMHHHa

Bsnicymne CBOHCTBa (j)0C(j)aT0B, Hapa^y co cn0C06H0CTbK> 06pa30BbiBaTb 

nojiHMepHbie CTpyKTypbi, icoTopbie peajiH3yiOTca TOJibKO npn HarpeBaHHH, 

o6bflCHflK)TCfl eni,e tcm , h to  onn  cnoco6Hbi 06pa30BbiBaTb cnjibHbie 

Me^cMOJieKyjiapHbie BOAopoAHbie cba3h. 3 to  cbohctbo xapaKTepHO ajm  khcjim x n 

rn^paTOB cpe^HHx (j)0C(j)aT0B n  06y c j i0BjiHBaeTca noABH>KHOCTbPO o6jiaKa n- 

3JieKTp0H0B B CB5I35IX P -  O. BOAOpO^Hbie CB5I3H M e ^ y  MOJieKyjiaMH CB5I3KH H Ha 

rpaHHue Me>K,ny cba3koh h n0BepxH0CTbK) HanojiHHTena oSecneHHBapoT 

06pa30BaHHe MexaHHHecKH npoHHon CTpyKTypbi (y>Ke npn  KOMHaraon 

TeMneparype).

T aK H M  0 6 p a 3 0 M , T B e p A e m ie , a 3 a r e M  y n p o H H e m ie  n p n  H arp eB aH H H  

M a T e p n a n o B  H a  ( j jo c c j ja r a b ix  C B sn y ro m H x  o 6 t> 5 ich 5 iio tc5 i n o f lB j ie m ie M  A B y x  

OCHOBHbIX M exaH H 3M 0B : 0 6 p a 3 0 B a H H e M  BOAOpOAHbIX CB5I3eH H nO JIH M epH 3an,H eH  

(j)0C (j)aT 0B . O neB H A H O , h t o  n p n  h h 3 k h x  T e M n e p a T y p a x  (HH>Ke 100 °C) ^ e n c T B y e T  

n p eH M y m ecT B eH H O  n e p B b if i  M exaH H 3M , a c n o B b im e H H e M  T e M n e p a T y p b i  

o 6 p a 6 o T K H , b  y c n o B H a x  0 6 p a 3 0 B a H H a  n 0 Jin ( j)0 C (j)a T 0 B  -  B T o p o n .
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npn,naHHfl (J)oc(J)aTHbiM MarepHajiaM 0npe,n,ejieHH0H coBOKynHOCTH 

c b o h c t b  h x  HacTO o6pa6arbiBaK>T npn TeMneparype 100 -  600°C, a  

3KcnjiyaTHpoBaTbca o h h  MoryT h  npn 6ojiee b m c o k h x . I l p n  s t o m  npoHHOCTHbie 

CBOHCTBa HX MeH5IK)TC5I B 3aBHCHMOCTH OT XapaKTepa H3MeHeHHa HHTeHCHBHOCTH 

Bcex (J)aKTOpOB, OTBeTCTBeHHbIX 3 a  npOHHOCTb. BOAOpOAHaa CBfl3b MO>KeT

cymecTBOBaTb ,n,o 400 -  700°C, n o x a  b  Marepnajie co,n,ep»cHTca BO,n,a. r io jiH M e p H a a

CTpyKTypa MO>ICeT COXpaHaTbCa B 3aBHCHMOCTH OT COCTaBa CB5I3KH ,11,0 pa3J!HHHbIX 

TeMnepaTyp -  ,n,o 300°C. nepexoA cjiOKHbix n o jiH - , MeTa- h  yjibTpa(j)0C(j)aT0B b  

n n p o -  H OpTO(j)OC(j)aTbI npHBÔ HT K CHH>KeHHK> npOHHOCTH (j)OC(j)aTHbIX

MaTepnanoB b  HHTepBane TeMnepaTyp 600 -  1000°C 06biHH0 Ha 40 -  50 % .

C jie ,n ,y eT  OTM eTHTb, h t o  TBep,n,eH H e (J)oc(J)aT H bix  B5DKyin,Hx n p o T e K a e T  n o  

M exaH H 3 M y , x a p a K T e p H O M y  .a n a  6 o jib n iH H C T B a  M H H e p an b H b ix  B JD K y m n x , t . e . 

H a6 jn o ,fl,aK )T ca  o S b iH H b ie  T p n  C T a ^ n n  TBep,n ,eH H a: HH,n,yKn,HOHHbiH n e p n o A

B b iK p n c t a ju iH 3 a n ,n n , HH,n,yKn,HOHHbiH n e p n o A  C T p y K T y p 0 0 6 p a 3 0 B a H H 5 i h  n e p n o A

ynpoHHeHHa Bsnicymero.

XHMHnecKHe peaKUHH, npoHCxo^amHe npn TBep^eHnn:

1) 3M g 0 -2 Si0 2-2H 20  ^ 3M g O  + 2 Si0 2 + 2H 20 ;

^ Mg(H2P04)2xH20;

2 ) nM gO  + m H 3P0 4 +k H 20 —► -< M g H P 0 4 xH 20 ;

^ M g 3(P0 4)2 xH 20 ; 

r^e M g  (H 2P0 4)2 xH20  - 0^H03aMemeHHbie (j)oc(j)aTbi Marana;

M g H P 0 4 xH20  - ,n,Byx3aMeiii,eHHbie (j)oc(j)aTbi M annra;

M g 3(P0 4)2 xH 20  Tpex3aMemeHHbie (j)oc(j)aTbi Marana.

Tax K aK  b  H cc jie ,n ,y eM b ix  c n c T e M a x  co /iep > K aH H e OKCH,n,a M a r a n a  M a n o , 

C H a n a jia  o 6 p a 3 y K ) T c a  0 ^ H 0 3 a M e m e H H b ie  (j)o c(j)aT b i M a r a n a ,  K O TO pbie c o  B p eM eH eM  

M o ry T  n e p e iiT H  b  ,n ,B yx3aM eiii,eH H bie h  T p e x 3 a M e m e H H b ie  (j)o c(j)aT b i M a r a n a .

Y  0^H03aMemeHH0 ro (j)oc(j)aTa Marana pacTBopHMOCTb n o  cpaBHeHHio c  

AByxsaMemeHHbiM h  Tpex3aMemeHHbiM Bbirne, y Hero HH3Kaa BO^ocTOHKOCTb, 

cjie,n,OBaTejibHO, Heo6xo,n,HMO ^oSHTbca t o t o ,  HToSbi KaK m o > k h o  6ojibine



0,n,H03aMemeHH0r0 (J)oc(J)aTa MarHHa nepenmo b ,n,Byx3aMemeHHbiH h 

Tpex3aMeiu,eHHbiH.

1.4 BjinaHHe TexHOJiorHHecKHx cjjaKTopoB h cocTaBa Ha npon,eccbi 

CTpyKTyp006pa30BaHHa h  CBOHCTBa cepneHTHH-(j)oc(j)aTHbix k o m h o 3 h h ,h h

MHTeHCHBHOCTb XHMHHCCKHX peaKH,HH 5IBJI5ieTC5I OCHOBHbIM (J)aKTOpOM , 

onpeAenaiomHM cn0C06H0CTb BemecTBa o6jia,naTb BsnicymHMH cBoiicTBaMH. 

H3ynaa xapaKTep npoTeKaHHa x h m h h c c k h x  peaKH ,H H  Me>K,ny OKCH,n,aMH h  

(j)OC(j)OpHOH KHCJIOTOH, KH H ^>K epH  n p H H ie jl  K BbIBO,Ziy, HTO n p H  H O pM ajlbH blX  

ycjiOBH5ix npoHCxo,n,HT TBep,n,eHHe t o ji b k o  yMepeHHO pearnpymmnx k o m h o 3 h h ,h h , 

c o /ie p > K a m H x  c jia 6 o o c H O B H b ie  h ji h  aM (j)O T epH bie OKCH,n,bi.

H a KanecTBO (j)oc(j)aTHbix MarepHanoB BjinaeT TaioKe CTeneHb 3aBepmeHH5i 

npouecca O T B e p ^ e H H a  ueivieHTHpyromeH (})a3bi, KOTopaa xapaKTeproyeTCfl 

(J)OpMOBaHHeM AOCTaTOHHO >KeCTKHX H npOHHbIX CTpyKTyp H 06pa30BaHHeM 

XHMHHCCKHX COe,Zl,HHeHHH, CTOHKHX K B03fl,6HCTBHK) BO,HbI, BJia>KHOrO B03,Ziyxa, 

arpeccHBHbix cpeA, HarpeBaHHH). HanpHMep, a m  (j)oc(j)aTHbix CTpoHTejibHbix 

MaTepnanoB, 3KcnjiyarapyeMbix b aTMOC(j)epHbix ycnoBHax, TeMnepaTypa 

OTBep^eHHA onpe,n,ejiaeTca nojiyneHHeM boaoctohkhx n p 0 A,yKT0 B. TaKHM H 

KOHeHHblMH npO,fl,yKTaMH OTBep>K,HeHHfl, o6jia,fl,aK)Hl,HMH A O C T a T O H H O  BblCOKOH 

CTeneHbK) BOAOCTOHKOCTH, 5IBJI5HOTC5I Cpe,fl,HHe H OCHOBHbie COJIH (J)OC(J)OpHOH 

KHCJIOTbl.

n p 0HH0CTb ueMeHTHpymmeH (})a3bi, a, cjieAOBarejibHO, h Bcero (j)oc(j)aTHoro 

MaTepnana b 3HaHHTejibHOH CTeneHH 3aBHCHT ot Bbi6opa 3aTBopHTejia h ero 

KOHH,eHTpan,HH. Maccbi Ha opto(J)oc(J)ophoh KHCJiOTe HMeiOT 6ojiee BbicoKyio 

npOHHOCTb no CpaBHeHHIO C COCTaBaMH Ha OCHOBe CHHTe3HpyiOHl,HX (j)OC(j)aTHbIX 

CBsnyromnx. 0,n,HaKO nocjie,n,HHe TepMO^HHaMHHecKH 6ojiee CTaSnjibHbi h, 

C00TBeTCTBeHH0, MaTepnajibi Ha hx ochobc npn bbicokhx TeMnepaTypax (700 -  

900 °C) pa3ynpoHH5noTC5i b MeHbineii CTeneHH.
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3 H aH H T ejibH oe B jin a H n e  H a  K anecTB O  (J)oc(J)aTHbix M a re p H a n o B  OKa3 b m a e T  

co c T aB  C B s n y ro m n x , H e3H aH H T ejibH oe H3M eH eH n e K O T o p o ro  npnB O A H T k  p e 3KOMy 

H3MeHeHHK> o c h o b h m x  xapaK TepH C TH K  MaTepnana. B b i6 o p  c o c T a B a  (j)oc(j)aTH bix 

CBa3yK)Hl,HX BO MHOrO O npe,fl,eJiaeT  TepMHHeCKyPO CTOHKOCTb (j)OC(j)aTOB.

0 6 o 6 m eH H e o  B sn icym nx  CBOHCTBax b  c h c t c m c  M e x0 y- P 2 0 5 - H 20  ( x ,  y  =  1 , 

2, 3) CAenaHO b  p a 6 o T a x  JL r. C y ^ a K a c a ,  C. JI. ro j ib im c o -B o jib c J jc o H . X a p a K T e p

n pO aB JieH H a B«>KymHX CBOHCTB OHH o 6 l>5ICHHJIH HOHHbIM nOTeHH,HajlOM KaTHOHa 

OKCH,n,a: n o  Mepe y M e H b in e H n a  n o H H o ro  n o T e m iH a n a  H a6 jno ,fl,aeT ca y c K o p e H n e  

n p o n ,e c c a  B3 anMO,zi,eHCTBH5i OKcn,n,a c  k h c j i o t o h ,  c 0 0 TBeTCTBeHH0  y c K o p e H n e  

n p o n ,e c c o B  cx B aT b iB aH n a  n  T B epA effira . B o n e e  o 6 m a a  3 aKOHOMepHOCTb 

n p o a B j ie H n a  B a ^ c y m n x  c b o h c t b  n o j iy n e H a  n p n  y w eT e BejiHHHHbi 3 H e p r a H  

K p n cT an jiH H ecK H x  p em eT O K  o k c h a o b .  Y cTaH O B jieH O , h t o  OKcn,n,a MgO c  3 H e p m e H  

K p n cT an jiH H ecK H x  pem eT O K , paBHOH 3600 -  4000 K/^ic/M OJib c 0 3 ,n,ai0 T

T B e p A e io m n e  n p n  KOMHaTHOH T e M n e p a T y p e  k o m h o 3h li ,h h  TOJibKO n o c j i e  

n p e ,n ,B ap H T ejib H o ro  o 6 ^ c n r a  a o  T e M n e p a T y p b i 1000 -  1200 °C. O n n c a H H a a  

3 aKOHOMepHOCTb OCHOBaHa H a  TOM, HTO peaKU,HH B3 aHMO,fl,eHCTBHH OKCHAOB c  

H3PO4 c o n p o B O K A a e T c a  p a 3p y in e H n e M  K p n c T a ju iH H ec K o n  C T pyK T ypbi h c x o a h o t o  

OKcn,n,a n  H e C B jn aH a c o  C T poeH neM  B H e n iH e ro  sn e K T p o H H o ro  c n o a  KaTHOHa.

B e e  TpH paC C M O TpeH H bie 3 aKOHOMepHOCTH H e 5IBJI5IIOTC5I AOCTaTOHHO 

CTpOTHMH, TaK KaK C n0 C0 6 H0 CTb K (J)OpMHpOBaHHK) C TpyK T yp TBep,H£HMfl 3 aBHCHT 

o t  m h o t h x  H e yH T eH H bix  b  n n x  (})aKTopoB: C TeneH H  A H cnepcH O C TH , y c jiO B n n  n  

c n o c o 6 oB n o j iy n e H n a  o k c h a o b ,  H a j in n n a  ,n,e(|)eKTOB C T pyK T ypbi, n  Bee >ice 3 t h  

3 aKOHOMepHOCTH n 0 3 B0 J ia i0 T n p n  nepB O M  n p n 6 jin»ceH H H  n p o m o 3n p o B a T b  

CBOHCTBa n  p e r y j in p o B a T b  cpoK H  cx B aT b iB aH n a  n  T B epA S H na (j)oc(j)aTH bix 

B f ln y m n x  b  c n c T e M e  OKcn,n,Hbie coe,n,HHeHH5i -  H3PO4.

B c n c T e M e  o k c h a  M a r a n a  -  H3PO4 H a6 jno ,fl,aeT ca 3 aBHCHMOCTb x a p a K T e p a  

T B ep A e ro ra  o t  BejiHHHHbi n p H B eA e H H o ro  TennoBoro 3 (j)(j)eKTa p e a K n ,n n , e c j in  

A o n y cT H T b , h t o  b  p e 3y j ib T a re  p e a K i in n  o 6 p a 3y K )T ca c p e ^ H n e  (J)oc(J)aTbi. 

npH B e,fl,eH H biH  TenjiOBOH 3 (j)(j)eKT n o j iy n a e T c a  A en eH n eM  BejiHHHHbi T e n jiO B o ro  

3 (j)(j)eKTa p e a K iin n  H a  h h c j i o  M O Jien b o a m ,  y n a c T B y io m e n  b  p e a K n ,n n .
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B cjiynae K or,n ,a o k c h ,h o m  aBjiaeTca MgO, npnBe,neHHbiH TemiOBOH 3(J)(J)eKT 

peaKu,HH Haxo,n,HTca b  npe,n,ejiax-850 <Qn<-500 ^ ^ c/ m o j i b . TBep,n ,eH H e 

H a6 jiK ),fl,aeT ca  t o ji b k o  nocne naccHBan,HH o6>K H roM .

06Hapy>KeHa KoppejMiiroi Me>K,ny ycjiOBHe TBep,neHHfl cncTeMbi okcha -  

H3PO4 h 3HepraeH cbjbh Me - O b  OKCH,n,ax. CncTeMbi, HMeioniHe okchabi co 

3HaHeHH5IMH 3HeprHH CB5I3H Me -  O 150,5 -  242,9 K^»c/MOJlb, ( k  HHM OTHOCHTC5I 

MgO) (j)opMHpyK)T CTpyKTypti TBep,neHHfl npn KOMHarabix TeMnepaTypax.

OCHOBHbIM (J)aKTOpOM, Onpe,fl,eJiaK)IIl,HM TeXHOJlOTHK) H3rOTOBJieHHa 

(J)oc(J)aTHbix MaTepnanoB, aBjiaeTca oSecneneHne 0npe,n,ejieHH0H 

«COpa3MepHOCTH» CTpyKTyp006pa30BaHHa H HHTeHCHBHOCTH XHMHHeCKOrO 

B3aHMO,neHCTBHfl noponiKOBOH HacTH Bsracymero co CB«3ypomeH. BbinojraeHHe 

3Toro ycjiOBna, t .  e. peryjinpoBaHne cpokob cxBaTbiBaHna n TBep,neHHfl, MO>iceT 

6bITb AOCTHmyTO HeCKOJlbKHMH nyraMH.

y M e H b in e H n a  CKopocTH B3an m  o,ne m c t b  m a o c h o b h b i x  MaTepnanoB c  

(j)0C(j)aTH0H CB«3ypomeH ncn0Jib3yi0Tca cjieAyiomne MeTÔ bi.

1. Y M e H b in e H n e  aKTH BH 0 c t h  ( J jo c c Jm th o h  C B sn y ro m e H  y B e jin n e H n e M

CTeneHH 3aMein,eHna h o h o b  H+ HOHaMH MeTamiOB -  Mg2+ h ji h  

BBe,n,eHHeM b  cocTaB C B sn y ro m e H  ,n,pyrHx MHHepajibHbix k h c jio t  h  cojieii.

2. Y M e H b in e H H e  aKTHBHO c t h  n o p o n iK O B O H  c o c T a B jia io m e H  Bsnicymero

o6>K H roM  npn b b i c o k h x  TeMnepaTypax.

3 . Y M e H b in e H H e  aK T H B H O C T H  n o p o n iK O B O H  w acTH  B sn ic y m e ro  

npe,n,BapHTejibHbiM nepeBO,n,OM ee b  CTeKjioo6pa3Hoe cocToaHHe.

4. Hajio^ceHHe Ha noBepxHOCTb aieniBHbix K0Mn0HeHT0B noponiKOBOH

nacTH opraHHHecKoii h  HeopraHHHecKoii njieHOK, Me/uieHHon

pearnpypomnx c  (J)0C(J)aTH0H CBjnypomeH.

^jia yBejinneHHa h h t c h c h b h o c t h  B 3 an  m  o,ne m c t b  m a k h c j i b i x  h  nojiyKHCJibix 

MaTepnanoB c  (j)oc(j)aTHbiM CBjnypomeM yBejiHHHBaiOT TOHHHy n0M0Jia noponiKOB, 

b  h x  cocTaB b b o a ^ t  6ojiee aKTHBHbie OKCH,n,Hbie h  Apyrne ,n,o6aBKH, noBbimaiOT 

aKTHBHOCTb (j)OC(j)aTHbIX CB5I3yK>ni,HX H3MeHeHHeM HX KOHLI,eHTpan,HH, nOBbimeHHe 

TeMnepaTypbi Bsnicymero h  BBe^eHneM b  cocTaB CBsnyromero KaTHOHOB Mg.
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PaCCMOTpeHHbie 3aKOHOMepHOCTH npOaBJieHHa B5DKyiH,HX CBOHCTB, 

y cT aH O B jieH H b ie  H a  o c h o b c  3 K c n e p H M e H T a jib H b ix  ^ a H H b ix , 0 T H 0 c a T c a  k  

(j)oc(j)aTHbiM CHCTeMaM THna o k c h a  -  H3PO4. OAHaico o h h  Moryr 6biTb 

Hcn0Jib30BaHbi npn aHajiroe h  6ojiee cjiOKHbix c h c t c m  THna OKCH,n,Hbie 

coeAHHeHna -  (j)oc(j)aTHoe CB5Byiomee.



BBIBOAbI no JIHTEPATYPHOMY 0B30PY

TaKHM 06pa30M, 3(J)(J)eKTHBHbIM HCn0JIb30BaHHeM CepneHTHHOBbIX 

OTXOAOB flBJlfleTCfl npOH3BO,fl,CTBO CepneHTHH(J)OC(J)aTHbIX B«>KymHX. 

CepneHTHHOBbie noponncn nocne 3aTBopeHH5i h x  k h c jio t o h  ,naK)T TecT006pa3Hbie 

Maccbi, cnoco6Hbie OTBep,n,eBaTb c 06pa30BaHHeM AOCTaTOHHO npoHHoro 

MaTepnana. MaTepnanbi Ha 0CH0Be (j)oc(j)aTHbix B5DKyin,nx, TaKne KaK 

>Kap0CT0HKHe n orHeynopHbie 6eTOHbi, Kjien n noKpbiTna, (})yTep0B0HHbie 

MaTepnanbi, KepaMono,n,o6Hbie MaTepnanbi, 3y6Hbie n,eMeHTbi, 

3jieKTp0H30Jian,n0HHbie ueMeHTbi n MaTepnanbi, a TaioKe BSDKymne, yKpenjiaiomne 

rpyHTbi Haxo^HT CBoe mnpoKoe npnMeHeHne.

H3BecTHO, h t o  MarHe3najibHbie K0Mn03Hn,nn TBep,n,eiOT c 06pa30BaHneM

0,HH03aMemeHH0r0, AByxsaMemeHHoro n Tpex3aMeni,eHHoro (j)0C(j)aT0B Mamna. B 

Hanane peaKn,nn H3-3a 6ojibinoro KOJinnecTBa k h c j i o t m  name o6pa3yeTca

0,n,H03aMeiu,eHHbiH (j)oc(j)aT Marana, noBbiinaiomnn pacTBopnMOCTb MaTepnana. B 

Konn,e peaKn,nn name o6pa3yeTca Tpex3aMemeHHbiH (j)oc(j)aT Marana, KOTopbin 

nojio>KHTejibHO BjinaeT Ha BÔ ocTOHKOCTb MaTepnana.

H eo6xO ,fl,H M O  BbM B H Tb OTJIHHH5I npOU,eCCOB T B ep A eH H a C epn eH T H H - 

(j)o c (j)aT H b ix  K 0M n03n n ,H H  o t  M a ra e 3 H a jib H 0 -( j)0 C (j)a T H b ix  K 0 M n 0 3 H n ,n n .
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UEJIH H 3A/JAMH PABOTbl

U,ejib pa6oTbi:

H ccjie,n,O BaH H e n p o u ,e c c o B  TBep,neHHfl cepneH TH H -(J)oc(J)aTH bix c h c t c m .

3a/iaHH pa6oTbi:

1. B blflB H T b 3aBHCHM0CTH BJIH5IHH5I T C M n ep aT ypb l, KOHU,eHTpai],HH BO/Ibl H 

OpTO(j)OC(j)OpHOH KHCJIOTbl H a CKOpOCTb H HHTCHCHBHOCTb npOTCKaHHfl peaKH,HH.

2 . P accM O T p eT b , KaKHe x h m h h c c k h c  n p o u ,e c c b i npoTeK aK >T H a p a3 H b ix  

3 T a n a x  TBep,neHHfl cepneH TH H -(j)oc(j)aTH bix  c h c t c m .

3 . B b isB H T b  B jinaH H e (JjaK T opoB  TBep,n,eHH5i (T eM n ep a T y p b i, KOHH,eHTpau,HH 

b o a m  h  0pT0(J)0C (J)0pH 0H  k h c jio t m )  H a c o c T a B  h  CBOHCTBa n o jiy n a e M b ix  

cepneH TH H -(j)oc(j)aTH bix c h c t c m .



2 MATEPHAJIbl H METOJIbI HCntlTAHHH

2.1 HcxoflHbie MaTepnajibi

2.1.1 CepneHTHH

/],po6jieHHe cepneHTHHa nponcxoAHiio Ha meKOBOH flpo6HHKe, homoji b 

BH6poHCTHpaTejie b TencHHe 10 MHHyT. OcTaTOK Ha cnTe 008 cocTaBjiaji 12-14 %. 

PemreHorpaMMa hcxoahoto cepneHTHHa npe/iCTaBJieHa Ha pncymce 2.1.

Ha peHTreHorpaMMe bh^ch cne^yioinHH cj)a30BbiH cocTaB hcxoahoto 

cepneHTHHa:

-  cepneHTHH (d /n  7 ,2 3 8 9 ; 4 ,7 4 0 1 ; 4 ,5 9 0 3 ; 3 ,6 5 3 6 ; 2 ,4 4 7 6 ; 2 ,1 4 9 ; 

1 ,8 3 3 6 ; 1 ,7 9 2 8 ; 1 ,7 4 6 9 ; 1 ,5375  A);

-  \ i a r i i C 5n  r (d /n 3 ,5 2 4 5 ; 2 ,7 6 2 7 ; 2 ,5 0 6 1 ; 2 ,3 5 9 3 ; 1 ,5 0 2 4  A).

P hcvhok  2.1 -  PeHTreHorpaM M a HCxo,zi,Horo cepneHTHHa

2 .1 .2  O pT O (J)oc(j3o p H a a  KHCJiOTa

T pe6oB aH H a, npefl'bm naeM bie k icanecTBy 0pT0(j)0C(j)0pH0H k h c jig tm , 

C0 0TBeTCTByi0T TOCT 6 5 5 2 -8 0  «KHCJiOTa opTO(j)occj)opHaa. TexH H iecK H e 

ycjiO B M  (c  MmeiieiiHMMH N 1, 2 )»(T a6 jiH u ,a 2 .1 ).
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T a 6 jiH u ,a  2 .1  -  O h 3 h k o - x h m h h c c k h m  n o K a 3 a r e j i5 iM  o p T O ( j)o c ( |)o p H a H  KH C JiO Ta

HanMeHOBaHne noKa3areji5i HopMa
XHMHHeCKH 

HHCTblH (X.H.)
O Kn26 1213 

0023 08

^HCTblH AM 
aHajiH3a 
(H.fl.a.) 
O Kn26 

1213 0022 
09

^HCTblH
W

O Kn26 
1213 0021 

10

1. BHeniHHH bha H U,BeT /JojDiceH Bbi êp>KHBaTb HcnbiTaHHe no 
onpe,n,ejieHHK) BHeniHero BH,n,a h n,BeTa

2. MaccoBaa aojm 0pT0(j)0C(j)0pH0H 
KHCJiOTbi (H3PO4), %, He MeHee

87 85 85

203. njiOTHOCTb p 4, t/cm , He MeHee 1,71 1,69 1,69
4. MaccoBaa aojia ocTaTKa nocjie 
npoKajiHBaHHa, %, He 6ojiee

0,05 0,1 0,2

5. MaccoBaa aojm jieTynnx 
khcjiot(CH3COOH), %, He 6ojiee

0,0004 0,0010 0,0015

6. MaccoBaa aojm HHTpaTOB (N 03), 
%, He 6ojiee

0,0003 0,0005 0,0005

7. MaccoBaa aojm cyjib(j)aTOB (S 0 4), 
%, He 6ojiee

0,0005 0,002 0,003

8. MaccoBaa aojm xjiophaob (Cl), %, 
He 6ojiee

0,0001 0,0002 0,0003

9. MaccoBaa aojm aMMOHHHHbix 
cojieii (NH4), %, He 6ojiee

0,0005 0,002 0,002

10. MaccoBaa aojm >icejie3a (Fe) %, He 
6ojiee

0,0005 0,001 0,002

11. MaccoBaa aojm Mbinibflica (As), %, 
He 6ojiee

0,00005 0,0001 0,0002

12. M a cc o B a a  a o jm  T5DKejibix 
MeTajuiOB (Pb), %, He 6 o jiee

0,0005 0,0005 0,001

13. M a cc o B a a  a o jm  BemecTB, 
BOCCTaHaBjiHBaiomnx KM n04(H3P 0 4), 
% , He 6o jiee

0,003 0,005 0,05

Onpe,n,ejieHHe B H e n iH e r o  BH,n,a h  u ,B eT a .

PeaKTHBbi, nocy,n,a:

1. I I p o 6 H pK a -  II-2-10-90 H3 6 e c iiB e T H o ro  C T eK jia  no TOCT 25336.

2. Bo,n,a AHCTHjiJinpoBaHHaa no TOCT 6709. 

rTpoBe^eHne aHajiroa:
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5 cm  n p e n a p a T a  n 0 M ein,ai0 T b npo6npKy H3 6ecu,BeTHoro CTeKjia. B

A p y r y io  T aK yio >ice n p o S n p K y  noMein,aK>T 5  cm  AHCTHjiJinpoBaHHon b o a m .

I lp n  HanHHHH b n p o 6 e  KpHCTanjiOB npo6npKy c npo6on cjie,n,yeT onycTHTb 

b BO,n,y, HMeiomyK) TeMnepaTypy 23-25°C, ajm pacnjiaBjieHna KpHCTanjiOB.

I I p e n a p a T  cnnTaiO T cooT B eT C T B yiom nM  TpeSoBaHHAM  H a cT o a m er o  

CTaH,n,apTa, e c j in  n p n  c p a B H e m m  c AHCTHjiJinpoBaHHon b o a o h  n o  o c n  n p o 6 npKH  

o h  6y,n,eT n p o 3p a LiHbiM, 6 ecn,BeTHbiM n  He 6 y,n,eT co,nep>KaTb B3B em eH H b ix  

HaCTHLl.

KoHn,eHTpan,na 0pT0(J)0C(J)0pH0H KncjiOTbi, ncnojib3yeM on b o  BpeM a 

nccjieAOBaHHH, paBH a 7 0  % . OpTO(J)oc(J)opHa5i KncnoTa, ncn o jib3yeM aa b o  BpeM a 

nccjie^O B aH H H , cooTBeTCTByeT T p e6 oBaH naM  ^ e n c T B y io m e r o  TOCT 6 5 5 2 - 8 0  

«K n cjiO T a 0 pT 0 (j)0 C(j)0 pHaH. TexH H necKne y cn o B n a  (c  H3MeHeHnaMn N 1 , 2 )» .

2.2 MeTO^bi nccjie,fl,OBaHHa

2.2.1 ,H,epHBaTorpa(J)HHecKHH aHann3

^epnBaTorpacjjHHecKHH aHann3 0CH0BaH Ha OAHOBpeMeHHOM H3MepeHnn  

M accbi n  3H Tajibnnn aHajin3n p yeM oro  M aTepnana b npon,ecce HarpeBaHHH. B xo,n,e 

/iepHBaTorpa(})HHecKoro aH anroa zuifl o a h o h  e,n,HHCTBeHHOH n p o 6bi OAHOBpeMeHHO 

3anncbiBaK)Tca neTbipe KpnBbix: AT A, IT, /JIT n  T (pncyHOK 2.2). K p n B aa  T -  

BcnoM oraTejibHaa; n p o eu n p y a  Ha Hee cooTBeTCTByiom ne t o h k h  o c h o b h m x  

KpnBbix, m o>kho HaHTH TeM nepaTypbi (j)a30Bbix npeBpam eH nn n  xnM nnecKH x  

peaKHHH aHajiH3n p yeM o ro  MaTepnana.
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PucyHOK 2 .2  -  j],epM Baxorpa.\i\ia, o6iu,hh bh a, p acn ex  3Heprnn aKXHBaiiHH 

A n n a p a x  a m  cteMKH AepHBaxorpaMM -  ,o .epnB arorpacf)ST A P C Luxx 4 0 9  

(JjHpMbi N etsch B K .iw iaex  b c e 6 a  HHcjjpaicpacHyto oxpaacaxejitHyio ne'ib , K oxopaa 

oGecneHHBaex Obiexpbiw noA teM  xeM nepaxypbi; xepMoperynaxop, c noMonibio 

Koxoporo 3aA aexca CKopocxt H arpeBa; b m cokowyb c x bHxe.nbhbie Becbi, Koxopbie
n

(j)HKCHpyiox oxHOCHxenbHoe H3MeHeHHe Maccbi Bnjioxb ao Be.iii'imibi 10’ ; 

Aep>KaxejiH 06pa3u,0B (xhxjih h 6 jtokh), b Koxopbie iiOMemaior aiia;m  Hip\e\ibiM 

Maxepnaji h axajiOH; xepMonapbi, c noMombio Koxopbix HSMepaexcji xeMnepaxypa 

o6pa3u,a h pa3HOcxb re\in epar\ p o o p a su a  h axanoHa. XlepnBaxorpad) CHa&KeH 

6e3biHepu,HOHHbiM iimny iiiHM MexaHH3MOM ((}) oxo pern  exp h pv K) m n m hjih 

UH(J)pOBbiM) a m  i-ienpepbiBHOH sanncH KpHBbix HarpeBaHHH. U,M(})pOBafl 

perHcrpaiiHa c \iaiiiiiiiiion 06pa60XK0H pe3yjibxaxoB H36aBjraex 

9KCiiepnMeinaropa ox pyxHHHOH pa6oxbi h o 6 jie r ia e x  pacniHcjjpoBKy 

AepHBaxorpaMM.

Hcnojibsya b hecueaobbhmax mcxoabi xepM orpacjm i, cneAyex HMexb b  BHAy, 

hxo tjxipivia nojrynaeMbix icpHBbix b  HCKoropoH cxeneHH 3aBHCHx ox paAa 

3KcnepHMeHxajxbHbix (])aKxopoB: CKopocxn HarpeBa, BejiHHHHbi HaBecKH, cxeneHH 

ee H3MejibiieHHJi h hjioxhocxh ynaicoBKH, BHAa yrajiona. Hpn mcajishhom  i-iarpeBe 

rcpNin'iecKxie nHKH nojiynatoxcfl pa3MbixbiMH h xpyAHO noAAaioxca pacLuncjipoBKe,
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a  npn bbicokoh ckopocth HarpeBa -  hctkhmh, ho c,HBHHyTbi b CTopoHy 6ojiee 

bbicokhx TeMnepaTyp. n p n  BcnyHHBaHHH hjih chjibhoh yca/i,Ke o6pa3u,a b xo,n,e 

HarpeBaHHH 6a3HCHaa jihhha Ha kphboh J\TA OTKjiOHaeTca ot roprooHTajibHoro 

nojio^ceHHa h Ha Hen noaBjiaK)Tca «jio>KHbie nHKH».

BejiHHHHa HaBecKH cocraBjiajia ot 50 Mr ,n,o IOOmt: neM cnjibHee TemiOBOH 

3(j)(j)eKT, TeM MeHbineii HaBecKoii mo>kho oS ohthcb npn aHajiroe.

M aTepnaji npn noAnyroBKe k aHajiH3y H3MejibHaiOT b nopomoK, nocicojibKy 

MejiKHe HacTHLibi 6biCTpee nporpeBaK)Tca no BceMy oSteM y. E cjih o6pa3en, Ajra 

aHajiH3a He H3MejibneH, to nnKH 6yn,yT CABHHyra b CTopoHy 6ojiee bbicokhx 

TeMnepaTyp. 0,n,HaKO cjie,n,yeT homhhtb, hto npe3MepHoe H3MejibneHHe MO>iceT 

npHBecTH k pa3pyineHHK) CTpyKTypbi MaTepnajibi h , KaK cjie,n,CTBHe, k 

HCHe3HOBeHHK) 0,fl,HHX nHKOB, nOilBJieHHK) ^pyrHX. H3MejlbHeHHe npOBOAflT B 

araTOBOH CTynKe araTOBbiM necTHKOM. IIpHMeHeHHe MeTanuiHHecKHx hjih 

(j)ap(j)opoBbix CTynoK npnBO^HT k 3arpa3HeHHio aHajiH3HpyeMoro BemecTBa 

MaTepnajiOM CTynKH.

IXriOTHOCTb ynaKOBKH o6pa3n,a, noMemaeMoro b THrejib, ,nojDKHa 6biTb 

oahopoahoh, HTo6bi ero Tenji0np0B0,n,H0CTb no BceMy oSteM y ocTaBajiacb 

nocToaHHoii. Ecjih b npon,ecce HarpeBaHHH npoHCxo,n,HT BcnynHBaHne hjih yca,n,Ka 

o6pa3ua, B03HHKai0T B03AyniHbie 3a3opbi Me>K,ny HacTHuaMH o6pa3ua h CTeHKaMH 

th tjih  -  Tenji0np0B0,n,H0CTb yMeHbinaeTca, a  Ha kphboh J\TA hohbjihiotch 

jio>KHbie nnKH -  6a3HCHaa jihhha OTKjiOHaeTca o t  ropH30HTajibHoro nojio^ceHHa.

TaKHM 06pa30M, KpHBbie HarpeBaHHH B0cnp0H3B0,zi,5rrc5i He TaK xoponio, 

KaK, HanpHMep, pe3yjibTarbi peHTreHorpa(})HHecKoro hjih cneKTpajibHoro aHajiH3a. 

TeM He MeHee, TepMorpa(J)H5i -  sto oahh H3 ochobhbix HHCTpyMeHTajibHbix 

MeTOAOB aHajiH3a cbipba /urn np0H3B0,n,CTBa CTpoHTejibHbix MaTepnajiOB, H3yneHHa 

npon,eccoB CTpyKTyp006pa30BaHHa h pa3pymeHHa CTpoHTejibHbix MaTepnajiOB.

HccjieAOBaHHa npoBOAHjiH Ha npnSope .nepn BaTO rpac}) ST  A PC L uxx 409 

(JjnpMbi Netsch. CKopocTb noAteMa TeMnepaTypbi 10 °C  b MHHyTy, MaKCHMajibHaa 

TeMnepaTypa 1000 °C . CteMKy np0B0,n,HjiH b cpe,n,e a30Ta b KopyH,n,OBbix thtjm x.
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2.2.2 KanopHMeTpHHecKHH mctoa HccjieAOBafflM

KajiopHMeTpna npe^CTaBjiaeT co6on cnoco6 H3MepeHH5i TennoBoro

3(j)(j)eKTa CaMbIX pa3H006pa3HbIX XHMHHeCKHX, 6nOXHMHHeCKHX H (})H3HHeCKHX 

npoueccoB. OneHb nacTO H3MepaeMOH BejiHHHHOH 0Ka3bmaeTca TennoTa cropaHna 

opraHHnecKHx coe,n,HHeHHH hjih TennoTa HeK0T0pbix ^pyrnx peaKn,nn, HanpnMep, 

MeTaSojiHHecKHx npou,eccoB hjih peaKUHH coe,nHHeHHfl.

flpHHHHn KajlOpHMeTpHHeCKHX H3MepeHHH COCTOHT B TOM, HTO, npOBO^ B 

KanopHMeTpe Hccjie,n,yeMbiH npou,ecc, Ha6jiK),naK)T H3MeHeHHe cocto5ihh5i 

KajlOpHMeTpHHeCKOH CHCTeMbI, H no BejlHHHHe 3T0T0 H3MeHeHHa Cyn,5IT 0 

KOJinnecTBe TenjiOTbi, Bbi,n,ejieHHOH (hjih norjiomeHHon) npn stom npon,ecce. 

KoHCTpyKUHfl KajiopnMeTpa onpe,n,ejiaeTca TeMnepaTypHbiM HHTepBanoM, 

Tpe6yeMOH TOHHOCTbK) H BHAOM H3MepaeMOTO TenjlOBOTO 3(j)(j)eKTa.

Ilpn B3aHMOfl,6HCTBHH B«>KymHX BemeCTB C BOAOH HJIH BOAHblMH 

pacTBopaMH cojien, b tom nncjie n c ,n,o6aBKaMH, HaSjiiOAaiOTca AOBOJibHO 

cjio>KHbie npon,eccbi, npoTeKaiomee c Bbi,n,ejieHHeM Tenjia Q n n03B0Ji5n0in,ne 

on,eHHTb 0C06eHH0CTn:

-  CManHBaHna Bsracymero;

-  a,n,C0p6n,H0HHbix npon,eccoB Ha n0BepxH0CTH B5DKyin,nx MHHepanoB;

-  XHMHHeCKHX peaKn,nn b noBepxHOCTHOM cjioe HacTHu Bsracymero, c

06pa30BaHneM MeM6paHbi H3 H0B006pa30BaHHH, n a/j,cop6n,HK> Ha nnx bboahmmx 

Ao6aBOK;

-  H3MeHeHH5i .̂jiHTejibHOcth nH^],yKn,noHHoro nepnoAa;

-  TenjioBbi,n,ejieHHa b o6jiacTH aKTHBHoro npon,ecca TBep/ieHHa;

-  HHTeHcn(j)HKan,HH hjih 3aivie,zuieHHfl TeMnoB TBep,n,eHHa;

-  npon,eccoB nepeKpHCTajuiH3an,HH MeTacTa6njibHbix rn,n,paTHbix (j)a3;

- H3MeHeHH5i KOJiHHecTBa npopearnpoBaBinero n,eMeHTa npn BBe,n,eHHH 
Ao6 aBOK pa3Horo AeHCTBna;

-  noBe,n,eHH5i ,n,06aB0K b KOMnjieKcax;
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-  neH CTBH Ji n o 6 a b o k - [)e r v jt jit o p o b  CKOPOCTH T B e p fle H H a  b  jic t h m h  h

3HMHHH nepHO^tl H T.fl.

IIpHMep KajiopuMerphneekoit kphboh js$r  Ha pucynKe 2.3.

0,25 0,5 1 10 20 30 40 50 60 70 80 168 t  Mac

P h c v h o k  2 . 3  -  B h j kbjio phm e r p h  m e c koh kphboh npn r n ; i p a i  a n n n  u e M e m a

OnpeAeJi^eTca BiiyrpemiflH 3Hepnra BemecTBa chcicmbi b BT/r, Bx/Kr,

/],}k/mOJ1 b, k/^k/mOJI b, JX'Adv HJIH /̂ IC/KT.

B o 3,n,eHCTBHe KOM m ieKCHbix A o6 aBOK H a n p o u e c c b i ,  n p o T e K a io m H e  b 

BiDKymeM  n p n  r n ; i p a  i a n n n  h TB ep/ieH H H , M o ry T  nposiRjiflTbCH b  b h ^ c  a /m n  THBHoro 

-  c y M M a p H o ro  3 (])(])eKTa, c h  h e  p  r e r a  n e e  k o  r o  -  n p e B b iu ja r o m e r o  cyM M apH biH  BKnaa, 

H c n o j ib s y e M tix  n o 6 aBOK, a  T aioK e c y n e p n 0 3 HH,H0 HH0 r 0  -  Hajio:>KeHHe b j id h iih h  

aKTHBHbIX KOMHOHeHTOB H aHTaiOHHCTHMeCKOIO -  Bbl3b(BaK)UJ.eiO HCraTHBHbie 

MBJICHHH.

/JooaBKM jiK)6oro rana h MexaHH3Ma Aenctbhh BbBbiBaiOT hjih ycKopeHHe 

hjih 3aMeAJieHHe TeMnoB TBep,neHHa, a 3HanHT xenjioBbi,nejieHHii.

OlieHHBaiOT B B5DKV LU.HX CHCTeMaX B OCHOBHOM CJie/n.VK)UJ.He KH HCTM meCKhe 

napaMeTpbi:

-  npoflOJDKHTejibHQCTb HH/iy kuhohhoio nepHO.aa;

-  CKopocTb TenjTOBbmejieHHfl;

-  Ten.noBbiziejreHHe npn TBep/ieHHH 3a 24 naca hjih 3a zipyroH

H a3 H aHeHHbiH n e p n o A ;

- TepmokhheThhecKhh aHajiH3 paHHero TBepAeHHa BiDKymero b

HpHCyTCTBHH XHMHHCCKHX H M HHCp3JI bH bIX ^OOaBOK;

-  TemiOBbmejieHHe b 6ojiee no3,n,HHe cpoKH ;io 7...8 cyxoK,

-  COBMeCTHMOCTb A0 6 aBOK H T.JX.
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H CCJieAOBaHH fl 0 C0 6 eH H 0 C T eii T e n jiO B b i^ e jie H H ^  n p n  rH ^ p a T a u H H

B5DKyiIl,HX npH M eH ^IO T  a^H aSaT H H eC K H H , TepM O CH blH  H H 3 0 T e p  M H HeCK H H 

K a n o p H M eT p b i. B a^HaSaTHHecKOM K a n o p H M e T p e  aBTO m slth wee k h n o ,zm ep}K H BaeTca 

T a x a a  T e M n e p a r y p a ,  K O T o p y io  b  Ka>K,nbiH m o m c h t  B peM eH H  H M eeT  T B e p / ie m m e e  

T e jio .  T aK O H  K a n o p n M e T p  c jiO K H b in  b  KOHCTpyKTHBHOM n n a H e  n  b h o c h t  b  

HCCJie,n,OBaHHe AOBOJibHO 3H aH H T ejibH bie  h c t o h h o c t h .  K TOM y >ice, n o B b im e H H a a  

T e M n e p a T y p a  b  K a M e p e  y c K o p a e T  npou,ecc TBep,neHHflBfl}KymHx, h t o  HCKa>KaeT 

n o j iy n a e M b i i i  p e 3 y jib T a r .

B H30TepMHHecK0M KanopHMeTpe H a  n p o T 5DKeHHH Bcero o n b iT a  

T e M n e p a T y p a  c o x p a H a e T c a  n o c T o a H H o n , H ecM O T pa H a  T e rn iO B b m e jieH n e , 

n p o H C x o /ia m e e  n p n  TBep,n,eHHH B5D Kyin,nx. Bee B b i^ e jia e M o e  T e n n o  otbo,h,htc5i n  

H3MepaeTca.

HCCJieAOBarora 0C06eHH0CTen TBep,neHHfl B5DKyin,nx name Bcero 

ncn0Jib3yi0T H30TepMHHecKne KanopHMeTpbi.

Hccjie,n,OBaHHa npoBOAnjin Ha 8 KaHanbHOM H30TepMHHecK0M KanopHMeTpe 

TAMAir (jjn p M b i TAInstruments. Bee K a H a n b i K a n o p n M e T p a  ^B O H H bie, 

B K jn o H a io m H e  b ce6a o6pa3en, n  3 T a n o H  b a M n y n a x  0 6 b e M 0 M 20 m ji. T ep M O C T aT  

n p n 6 o p a  -  B03,n ,yniH biH , o 6 e c n e w H B a e T  C T a6 njibH O C Tb ± 0, 02 °C. ^ ,n a n a 3 0 H  

T e M n e p a T y p  ot 5 90 °C.
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3 MATEMATHqECKOE nJIAHHPOBAHHE 3KCIIEPHMEHTA

C u e jib K )  n o jiy n e H H a  3aBH CH M O CTen T e x H O Jio r n n e c K H x  c b o h c t b  

3aK jia,n ,O H H bix C M e c e ii o t  c o o T H o m e H H a  B sn ic y m e ro  h  3 a n o jiH H T e jia , B sn ic y m e ro  h  

6 n m o (j)H T a , c o 'W H H fl  m a T e m a T H h e c k h x  M O ^ e jie n  n c c j ie A y e M b ix  n p o n ,e c c o B  h  h x  

C T aT H C T H n ecK o ro  a H a n H 3 a , H c n o jib 3 0 B a jin  M are M aT H H e c ico e  n jiaH H p o B a H H e  

3 K cn e p H M e H T a . O h o  B K r a o n a e T  b  c e 6 a :  B b i6 o p  h  0 6 0 CH0 B aH H e n n a n a

3 K c n e p H M e H T a , n poB e,n ,eH H e on b iT O B  n o  n n a n y  c  H eo6xo,n ,H M biM  K O JinnecT B O M  

n o B T o p o B , m a T e m aT H he c k y po o 6 p a 6 o T K y  p e 3 y jib T aT O B  3 k c t ie p h m e H T a  c  n ,e jib io  

n o jiy n e H H a  p e r p e c c n o n n b i x  3aBH C H M O CTeii, a n a j i r o  n o j iy n e n H b ix  3aBH CH M O CTeii.

I l p n  p ea jiH 3 an ,H H  3 - x  ( J ja ic ro p H b ix  3 K c n e p n m e h t o b  b  p a 6 o T e  H c n o jib 3 y K )T c a  

n j i a n b i  B T o p o r o  n o p a ,H K a , n o 3 B O Jia p o m n e  n o j i y n a r b  p e r p e c c n o H H b ie  3aBHCHMOCTH 

BH^a:
2 2 M(x,y)=b0+bix+b2y+bsz+bux huxy hL<xy h2<\- (1)

Ta6jiHiia 3 -  Ko^OBaa MaTprma (})aKTopoB

N°cocTaBa Koa (J)aKTopa X Ko a (J)aKTopa Y Ko a (J)aKTopa z
1 0 0 0,3
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 -0,3
9 0 1 -0,3
10 1 0 0,3
11 0 -1 0,3
12 -1 0 0,3
13 0 1 0,3
14 0 0 1
15 0 0 -1

Ilocjie SKcnepHMeHTanbHOH peanroaiiHH nnana np0B0,n,njin o6pa6oTKy

pe3yjibTaTOB c noiviombK) nporpaMM na IIK, K0T0paa BKjnoHana:

1. I I p o B e p K y  r n n o T e 3 b i  paBHOTOHHOCTH n p oB e ,n ,eH H b ix  3 K c n e p n M e n T 0 B  n o  

K p H T e p n io  K o x p e n a .  s t o t o  o n p e A e j i a n a c b  B e jiH n n n a : z
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( r  H SvmJ  A >V-a  (2)

r ^ e  S ymax2-  H a n S o jib in a a  b  p a ^ y  A n c n e p c n ii .

P accH H T aH H yio  n o  (j)opM yjie  B e jin n H H y cp aB H H B ajin  c o  3 ha n e h he m G -  

K p H T e p n a , B 3aBHCHMOCTH OT ypOBHfl 3HaHHMOCTH (X, HHCJia C T en eH en  CB0 6 0 ,HbI 

f = r - l  n  HHCJia onbiTO B N. Pa,n, ^H cn ep cH H  CH H TaeTca o,HHopo,HHbiM, e c jin  

B b in o jiH a e T c a  y c jiO B n e :

ĵpacu ̂  ^  ̂

2. PacneT K03(j)(j)Hn,HeHT0B p e r p e c c n o H H o r o  y p aB H eH n a ;

3. Ilocjie pacneTa K03(J)(J)Hi],HeHT0B ypaBHeHna perpeccnn npoBepaeTca 

rnnoTe3a 06  nx 3HaHHMOCTM cpaBHeHneM a6cojnoTHon BejiHHHHbi K03(j)(j)Hn,HeHTa 

c  ero AOBepnTejibHbiM HHTepBanoM, paccHHTaHHbiM no (j)opMyjie:

Abi= ta;flSbi, (4)

r,n,e t -  K p n T ep n H  C T b io ^ e H T a ;

Sbi - A H c n e p c n a  ouenoK K03(}x})HUHeHT0B, p accH H T b iB aeT ca  no (J)opMyjie:

b̂O C?Sy, Sjji CgSy, Sjjij CgSy, Sjjii (c$ ^CtfJSy,

T ^ e  C5,C6,C7 ,Cg,C9 -  KOHCTaHTbl.

K03(j)(j)Hn,HeHT CHHTaeTCa CTaTHCTHHeCKH 3HaHHMbIM, K or,na e r o

a 6 c o jn o T H a a  BejinH H H a 6 o jib in e  A O B epH T ejibH oro H H T ep B an a h jih  p a B H a  eM y:

\bi\>Abi, (6)

A,jia npoBepKH npnroAHOCTH nojiyneHHoro ypaBHeHna perpeccnn

BbiHHCJiajiacb AHcnepcna a^eKBaTHOCTH no (j)opMyjie:

s2ad=(L(y3Kcn- facu)2)/(N-(k+1)), (7)

r,n,e ( k + 1 )  -  h h c jio  3H anH M bix K03(j)(j)Hn,HeHT0B b  y p aB H eH n n  p e r p e c c n n ;  

y >KCH, ypacM -  c00TBeTC TBeH H 0 SK cnepH M eH T ajibH bie  n  pacneTHbie 3H aH eH na

OTKJIHKa.

O n pe,n ,e jia jiH  p a c n e T H o e  3H aLieHHe K p n T e p n a  O n r n e p a  n o  (j)opM yjie :

F’^ ^ S ’j S ’y (8)

3aT eM  e r o  cp aB H H B an n  c  Ta6jiHHHbiM  3H aLieHHeM F  -  K p n T e p n a  ,zuifl 

C T en eH en  CBo6o,zibi, c k o t o p m m h  o n p e A e jia jin c b  S 2ad h  S 2y, t o  ecT b

f ad= N - (k+1) (9)



fy= N -(r-1), (10)

r,n,e N -  o6mee h h c jio  3 K cn e p H M e H T 0 B  b  n n a H e ; r -  h h c jio  n a p a m ie j ib H b ix  

H 3M epeH H H  b  K a ^ O M  o n b iT e .

B c jiyn ae  ecnn FpacM< F, t o  ypaB H em ie c BepoaTHOCTbK) p = l-a  afleK B arao  

onncbiBaeT H3MeHeHHe nccjie,nyeM oro CBOHCTBa o t  3a£,aBaeMbix napaM eTpoB h  ero  

m o > k h o  Hcnojib3QBaTb ,n,jiii p e m e m ia  TexHOJiornnecKHx 3anaw.



4MHKPOKAJIOPHMETPHqECKOE HCCJIE^OBAHHE EIPOUECCOB 

TBEP^EHHil CEPnEHTHH-OOCOATHbIX K0MTI03HUHH IIPH 

PA3JW1HBIX TEMTIEPATyPAX TBEP^EHHil

Hccjie,n,O BaH H H  n p o u e c c o B  TBep,neH H fl cep n eH T H H -(J)o c (J)aT H b ix  c h c t c m  

6 b i j i  c n jia H H p o B a H  h  p e a j i r o o B a H  c j i e ^ y m m n n  3 ic cn ep H M e H T : B a p b n p o B a jiH

c o o T H o m e H H e  cepneH TH H /B O ,n,a/K H C JiO Ta h  T e M n e p a T y p y  T e n n o B o n  o 6 p a 6 o T K H  

20°C, 40°C, 60°C, 80°C.

Ta6jiHiia 4.1 -  KoHueHTpauHH o6pa3uoB

CepneHTHH, % Bo,zia, % KncjiOTa, %

1 o6pa3eii 100 0 21

2 o6pa3eii 100 15 21

3 o6pa3eii 100 28 21

4 o6pa3eii 100 0 35

5 o6pa3eii 100 15 35

6 o6pa3eii 100 28 35

7 o6pa3eii 100 0 50

8 o6pa3eii 100 15 50

P accM O T p H M , K aK H e n p o u ,e c c b i  n p oH C xo ,n flT  n p n  TBep,n,eHHH ce p n eH T H H - 

(J)oc(J)aT H b ix  K0M n03H u,H H  H a  n p H M e p e  2 - x  0 6 p a 3 u ,0 B  c KOHH,eHTpau,HeH b o a m  0%, 

KHCJiOTbi 35% h  T e M n e p a T y p a M H  TBep,neH H fl 20°C h  80°C.
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PucyHOK 4 .1- MHKpOKajiopHMexpHa AJia o6pa3u,a c KOHu,eHTpau,n5iMH BÔ bi 0%, 

KHCJiOTbi 35% h  TeMnepaTypoft TBep,a,eHHJi 20 °C
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BpeMH npoTeKaHHH peaKijnn, m h h .

Phcvhok 4.2 -  MhKpoKa;iopiiMC i pn« oopasua c KOiiuempaunH\ui boaw 0%,

K H C J iO T b i 35% h  T e M n e p a T y p o i i  TBep,n ,eHHa 80 °C 

r ip o u e c c b i ,  n p o H C x o A a iU H e  n p n  T B e p ^ e H H H  c e p n e H T H  h -(|)oc(})aTH b ix  

K 0 M n 03HH,HH:

1) Ha pHcyHKe 4.1 npn TeMnepaType 20°C nepBbin nojiô KHTejibi-ibiH 

nHK 06ycji0BjieH 3(j)(|)eKTOM cmanHBaHHa.



Ha pncynKe 4.2 npn TeMneparype 80°C 3tot nnK HMeeT OTpniiarejibHbie 

3naHenna, hto 06ycji0Bjien0 norjiomenneM Tenna, KOTopoe npoH3onmo 

BCJie,n,CTBHe onycKanna npo6bi b narpeTbin KanopnMeTp.

2) BTopon nepnoA -  npoijecc rHAparaiinn.

Ha p n c y n K e  4.1 n p n  T e M n e p a r y p e  20°C n p o n ,e c c  rn ,n p aT au ,H H  n p oxo ,n ,H T  3 a  

n pe,n ,e jiaM H  n c c jie ,n ,y e M b ix  3 n aH en H H . n 0 3 T 0 M y  n a  rpac})H K e m m  na6jiK>,zi,aeM  

J1HHHK), yXOTT T̂TTyTO B 6eCKOHeHHOCTb.

Ha pncynKe4.2 npon,ecc rnAparaiinn, 06pa30Banne ochobhmx MnnepanoB 

(j)0C(j)aT0B Marnna npoxo^HT b 3Tana:

а) 06pa30BaHne OAnosaMemennoro (j)oc(j)aTa Marnna, na rpa(J)HKe 

npeACTaBjieno nepBbiM nnKOM c nojio^cnTejibnbiM 3naHenneM.

б) 06pa30BaHne Tpex3aMemennoro (J)oc(J)aTa Marnna, na rpac})HKe 

npeACTaBjieno BTopbiM, MaKCHManbHbiM nnKOM c nojio^cnTejibnbiM 3naHenneM.

3) Ha pncynKe 4.2 nocjieAnnn nepno,n, xapaKTeproyeTca MOHOTOHHbiM 

3aTyxanneM TenjiOBbiAejienna.

H3ynnB MHKpoKajiopnMeTpHHecKne rpacj)HKH 06pa3n,0B cepnenTnn- 

(j)oc(j)aTHbix K0Mn03nn,nn (npnno^cenne A), TBepAenne K0T0pbix nponcxoAnjio 

npn pa3Hbix TeMneparypax h cooTHomennn cocTaBa (cepnenTnn/BOAa/KncjiOTa), 

BblflBHM 3aBHCHMOCTH BJIH5IHH5I (J)aKTOpOB yCJIOBHH, Ha CKOpOCTb H 

HHTeHCHBHOCTb npOTeKaHHfl peaKUHH.

Ta6jinn,a 4.2 -  CBOAHbin KajiopnMeTpnHecKnn aHann3

o6pa3iia

T = 20°C T = 40°C T = 60°C T = 80°C

BpeMA,
MHH

HnTen-
CHBHOCTb,

Bt/t

BpeMa,
MHH

HnTen-
CHBHOCTb,

Bt/t

BpeMa,
MHH

HnTen-
CHBHOCTb,

Bt/t

BpeMa,
MHH

HnTen-
CHBHOCTb,

Bt/t
1 3000 0,0000 430 0,0011 80 0,0092 29 0,0293
2 3000 0,0000 253 0,0007 54 0,0076 33 0,0222
3 3000 0,0000 201 0,0007 51 0,0050 33 0,0122
4 3000 0,0000 1207 0,0008 209 0,0071 82 0,0428
5 3000 0,0000 144 0,0009 145 0,0041 83 0,0182
6 3000 0,0000 583 0,0005 289 0,0024 105 0,0117
7 3000 0,0000 2502 0,0005 776 0,0031 158 0,0260
8 3000 0,0000 1409 0,0005 481 0,0030 121 0,0108
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H a  0 CH0 BaHHH n o jiy n e H H b ix  .n an n b ix  nocTpO H M  rpacjM KH  (pH cym cH  4 ,3 ­

4 .6 ), u o K a 3biBaioui,H e C K o p o d b  h  HHTeHCHBHOCTb npoTeK ai-iH a p ea io iH H  b 

3 aBHCHMOCTH OT T peX  (J)aKTOpOB: KOimCII I pailHH BOflbl, KOHU,eHTpaU,HH KHCJIOTbl H 

xeMnepaxypbi, npn kotopoh npoHCxoAKJio TBep^eHne.

Te\inepaTypa TBepneHim 20°C

Cô epiKaHiie bohm e °o ot MaccEi cepneHTHHa

P hcvhok 4.3 -  Bpeivia npoxeKaHHa peaK unn npn xeMnepaType TBepfleH M  20°C,

MHHyT

TeMnepaiypa TBepjieHiw 40°C

CojieoacaHiie bojibi b % ot Maccti cepneHTHHa

P hcvhok 4.4 -  BpeMa npoTeKai-iHa peaioiHH npn TeMnepaType TBep^eHHS 40°C,

MHHyT

08. 03. 01. 2017. 059, 00. 00.113



TeMnepaiypa TBepnemia 60°C

PncyHOK 4 .5  -  B peM a npo rcKann« p e a x u n n  n pn  TeM nepaTypexBepAeHna 60°C,

MHHyT

T e M n e p a iy p a  T B e p f le m m  8 0 ° C

PncyHOK 4 . 6  -  Bpeivm n p o re  Kami a  p e a K i u i n n p n  t c  m n e p a iy  peiBepae h h a  80°C,

MHHyT

H3 pncyHKOB 4 .3 - 4 .6 bh,ii:ho, m to peaKu,na (J)opMnpoBann«

Tpex3aMem,eHHoro (|)0C(})aTa Marana npoieKaeT 6biCTpee c yBejiHMeHHeM 

TeMneparypbi.



MeM MeHbine 3<n b o p h t  en a , jt io 6 o h  KOHneHxpauHH tc m  6 b icT p ee  npoT eK aeT  

pea ic ip ra  h  TeM 6 o jib in e  (j)opM H pyeTca u p o n  ho  ro , b o /io - h  >KapocTOHKoro 

T pex3aM em eH H oro (j)oc(J)aTa \ianiH H .

TeMnepaiypa TBepaeHiw 20°C

Coaep̂ caHiie eojjbi e °/o ot Maccbi cepneHTHHa

PiicyHOK 4.7 -  MHTeHCHBHOCTb npoTeKaHHJi peaKiiH rnipn tcmnepaTy peTBeprieh h a

20°C, B t / t

Tesineparypa TBepneHiLs 40°C

C o aep acaH iie  bouw b ° o o t Maccbi cepneHTHHa

PucyHOK 4 .8  -  MHTeHCHBHOCTb npoTeKaHHJi peaKiiH rnipn t c m n epaTy peTBeprieh h a

40°C, B t / t



TeMirepaiypa TBepnewm 60°C

P hcvhok 4 .9  -  MHTeHCHBHOCTb npoxeKaHHa peaKUHnnpn TeM nepaType TBepfleHHa

60°C, B t/t

TeMnepaiypa iBepnemm 80°C

PHcyHOK 4 .10 -  MHTeHCHBHOCTb iipoieKaiiiia peaKiuimipii tcmnepaTyperBepziemha

80°C, B t/t

H3 pacyHKOB 4 .7 -4 .1  Obh/ihm, hto c yBejTHHCHHeM TeMnepaTypbi, 

MHTeHCHBHOCTb peaioiHH oopasoBannfl rpex3aM emehho ro  cj)oc(})aTa icarHHJi
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yBejiHHHBaeTca. Co/iep>KaHHe 3aTBopHTejia Taioice ybe jihhhb acT HHTeHCHBHOCTb 

npoTeKanna peaKn,nn.

B npouecce KanopHMeTpriHecKoro ananroa 6bijio BbiaBjieno, hto o6pa3u,bi 

npn TBepAennn BcnynnBaiOTca. IIo jinTepaTypnbiM ^annbiM 3to CBsnaHO c 

06pa30BanneM napoB bo^bi h 06pa30BanneM yraeKncjioro ra3a npn peaKunn:

-  Mg(H2P04)2xH20  

nMgC03 + mH3P04 +kH20  -► J MgHP04 xH20  + C02|,

^ Mg3(P04)2 xH20  

r^e Mg (H2P 0 4)2 xH20  -  0^H03aMemeHHbie (j)oc(j)aTbi Marnna;

MgHP04 xH20  -  ,n,Byx3aMeiii,eHHbie (j)oc(j)aTbi Marnna;

Mg3(P04)2 xH20  Tpex3aMemennbie (j)oc(j)aTbi Marnna.



5 TEPMH^ECKOE HCCJIE/JOBAHHE COCTABA nPO^YKTOB 

TBEP^EHHil CEPnEHTHH-OOCOATHbIX K0MTI03HLIMH,

nOJIY^EHHblX nPH PA3JlMMEIbIX TEMTIEPATyPAX TBEP^EHHil

Bbijio  np0Be,n,eH0 TBepAenne cepneHTHH-(J)oc(J)aTHbix k o m h o s h i i h h  n pn  

TeM nepaTypax 20, 40, 60 n 80 °Cn pa3JiHHHbix cooTH om ennn

cepnenTHH/BO,fl,a/KHCJiOTa. Konn,eHTpan,Hn 06pa3n,0B npe,n,CTaBjieHbi b  Ta6jinn,e 5.1. 

T a 6 jin iia  5.1 -  KoHueHTpauHH o6pa3uoB

CepneHTHH, % Bo,zia, % KncjiOTa, %

1 o6pa3eii 100 0 21

2 o6pa3eii 100 15 21

3 o6pa3eii 100 28 21

4 o6pa3eii 100 0 35

5 o6pa3eii 100 15 35

6 o6pa3eii 100 28 35

7 o6pa3eii 100 0 50

8 o6pa3eii 100 15 50

npoBe,n,eM TepMHHecicoe nccjieAOBanne nojiynennbix np0,n,yKT0B 

TBepAenna.

npnMepa paccMOTpnM, Kaicne npon,eccbi nponcxo^T npn 

pa3jio>iceh hhcep n eh th  h-(})oc(})aTHbix K0Mn03Hn,nn c Konn,eHTpan,naMH boam 0 % n 

KncjiOTbi 21 %, nponcxo,n,ani,eM npn 20 °C.

08.03.01.2017.059M00.n3



OCKAmkB/mD
Tf 1% 4QCK h MttfifarfeMH I

KHCJIOXbl 2 1  %  H I CM IICpa iA poM  X B epfleH H H  2 0  °C 

I I p o u ,e c c b i ,  n p o H C x o f la m n e  n p n  p a s jio a e e H H H  c e p n e H x n H - (J )o c ( j)a x H b ix

K0MII03HLI,HH'

1) C xy n eH iax afl ,zierH,iipaxanHfl ccp n cii rm ia n p n  xeMnepaxype ox 710 a o  

805 °C, K oxopaa conpoB O ^caaexca 3HA03(J)(f)eKr0M Ha k p h b o h  JS;CK h  n ox ep en  

M accbi Ha KpHBOH TF.

YpaBHeHHe peaicipiH flerHApaxannn:

3MgO2Si0r2H20->  3M g02Si02 + 2H2O t

2) IT o c jie  pasjiO'/iceHHH cepneirrnna n p n  835,5°C n aG jiio r ia e x c ji 

3K303(j)(J)eKx, Koxopwii cooxBexcxByex KpH CxajuiH 3au,H H  ())o p c x e p n x a  3Mg02-Si02.

3) ^ erH ^ p ax aiiH a xpex3aM eiueH H oro cj)oc(J)axa \ia n m jL  n po n cxo flflm aa

n pn  xeMnepaxype ox 120 310 °C. ConpOBO>Kfl,aexcji 3HA03(J)(j)eKX0M Ha k p h b o h

ACK h  n ox ep en  Maccbi Ha k p h b o h  TF.

YpaBHeHHe peaKunn:

Mg3(P04)2 • 8H20->Mg3(P04)2 -4H20  +4H2O t

4) llerH^parauHH xpex3aMemeHHoro (|)oc(})axa Marana Mg3(P04)24H2C) 

c  06pa30BaHHe aMOp(j)HOH Maccbi Mg3(P04)2npn xeMnepaxype ox 310 jio 635 °C. 

C0np0B0>Kziaexcii 3HA03(J)(J)eKxaMH h  3K303(J)(j)eKxaMH Ha k p h b o h  J\CK h  noxepen 

Maccbi Ha k p h b o h  TT.
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YpaBHeHHe peaKUHH:

Mg3(P04)2-4H20^M g3(P04)2+ 4H2O t

5) K p n c T a jiJiH 3 a u H a  aiviop(})H oro Mg3(P04)2 n p o n c x o ^ H T  n p n  

T e M n e p a r y p e  697°C, n p n  s t o m  H a  k p h b o h  /JCK H a 6 jn o ,fl,a e T c a  3K 303(J)(J)eK T  h  

n o T e p a  M a c c b i H a  k p h b o h  Tr.

6) r ie p e K p n c T a ji J iH 3 a i iH a  Si02. I I p o n c x o A H T  n p n  T e M n e p a r y p e  509,4°C, 

H a6jiK ),naeT C fl 3K 303(j)(j)eK T  H a  k p h b o h  /JCK h  n o T e p a  M a c c b i H a  k p h b o h  Tr.

7) IIoTepn npn npoKanHBaHHH paBHbi 16,34 %.

H e 0 6 x 0 ,n,HM0  o n p e ,n ,e jin T b  K O Jinn ecT B O  o c T aT O H H o ro  c e p n e H T H H a , 

0 A H 0 3 a M e m e H H 0 r0  (j)o c (j)a T a  M a r a H a  h  T p e x 3 a M e m e H H o r o  (J)oc (J)aT a  M a r a H a  b  %  o t  

M a c c b i n c x o ,n ,H o ro  c e p n e H T H H a , T aK  K aK  o t  co /iep > K aH H a  s t h x  B e m e c T B  3 a B H c a T  

CBOHCTBa (n poH H O C T b, b o a o -  h  >K ap0C T 0H K 0C T b) n o j iy n e H H o r o  M a T e p n a n a .

n p o B e ,n ,e M  p a c n e T  k o ji  n h e c t  b a o  CTaTO h h o ro c e p n e H T H H a , 0 ,n,H0 3 a M e m eH H 0 r 0  

( j)o c (j)a T a  M arH H a h  T p e x 3 a M e m e H H o r o  ( j)o c ( j)a T a  M a r a H a  b  %  o t  M a c c b i n c x o A H o r o  

c e p n e H T H H a  a m  M a T e p n a n a ,  n o j iy n e H H o r o  n p n  T B ep ^ eH H H  o 6 p a 3 H ,a  n p n  20 °C h  

HMeTOTTTHX COOTHOHieffiM  C epneH TH H /B0,fl,a/K H C J10Ta paB H blM H  100/0/21.

1. PaccHHTaeM KOJinnecTBO ocTaTOHHoro cepneHTHHa b  %  o t  Maccbi 

ncxo^Horo cepneHTHHa.

Co/iep>KaHHe ocTaTOHHoro cepneHTHHa b  %  o t  Maccbi ncxo,n,Horo 

cepneHTHHa paBHo:
11 7 100% = 74,24%,15.76 ’ ’

r^e 11,7 -  TenjiOBOH 3(j)(j)eKT peaKUHH 06pa30BaHroi (})opcTepHTa,

npoTeKaiomHH npn TeMnepaTypax 800-870°C, mkB/mt;

15.76 -  TenjiOBOH 3(j)(j)eKT peaKH,HH 06pa30BaHHa (JjopcTepHTa b  npo6e 

HHCTOTO Cbipbfl, mkB/mt.

2. P a c c H H T a e M  K O Jin n ecT B O  0,zi,H 03aM eH i,eH H 0r0 ( j)o c (j)a T a  M arH H a b  %  o t  

M a c c b i n c x o ,n ,H o ro  cep n eH T H H a .

B H H T e p B a n e  T e M n e p a T y p  120 -  310 °C n p o n c x o ,n ,H T  0,n ,H 0BpeM eH H 0 

pa3 Jio>K eH H e c e p n e H T H H a  h  pa3Jio>K eH H e 0 ^ H 0 3 a M e m e H H 0 r o  (j)o c (j)a T a  M arH H a.
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IIoTepa Maccbi npn pa3Jio>KeHHH ocTaTOHHoro cepneHTHHa paBHa:
74 24 %0,43% .izirU l = o 32 %,’ 100 % ’ ’

r,n,e 0,43% -  noTepn boam npn pa3Jio>KeHHH cepneHTHHa n pa3Jio>KeHHH 

0/iH03aMemeHH0r0 (j)oc(j)aTa MaraHa b hcxo^hom cepneHTHHe b % ot Maccbi 

ncxo,n,Horo cepneHTHHa npn TeMnepaTypax 120 -  310 °C;

74,24 % -  co/iep>KaHHe ocTaTOHHoro cepneHTHHa b % o t Maccbi ncxo,n,Horo 

cepneHTHHa.

IIoTepn Maccbi npn pa3Jio>KeHHH 0,HH03aMemeHH0r0 (j)oc(j)aTa MaraHa n 

pa3Jio>KeHHH cepneHTHHa paBHbi 7,00 %.

Tor^a CKoppeKTnpoBaHHaa noTepa bo^m ,ana 0,nH03aMemeHH0r0 (j)oc(j)aTa 

MaraHa paBHa:

7,00 % -  0,32 % = 6,68 %.

BbiHHCJiHM KOJinHecTBO 0,n,H03aMeiii,eHH0r0 (j)oc(j)aTa MaraHa no noTepaM 

Bo^bi bo BpeMa peaKUHH 06pa30BaHHa 0,nH03aMemeHH0r0 (j)oc(j)aTa MaraHa:
254 3 %6,68 % •-——-•0,55 = 25,96 %,

’ 36 % ’ ’ ’

r^e 254,3 -  MOJiapHaa Macca 0AH03aMemeHH0r0 (j)oc(j)aTa MaraHa 

Mg(H2P04)-2H20 , r/MOJib;

36 -  MOJiapHaa Macca 2-H20 , r/MOJib;

0,55 -  K03(j)(j)Hn,HeHT, ywHTbiBapomHH noTepn Maccbi cepneHTHHa b 

HHTepBajie TeMnepaTypl20 -  310 °C.

3. PaccHHTaeM KOJinnecTBO Tpex3aMemeHHoro (j)oc(j)aTa MaraHa b % ot 

Maccbi ncxo,n,Horo cepneHTHHa.

B HHTepBajie TeMnepaTyp 710 -  805 °C HaKjia/ibiBaeTca pa3Jio>iceHHe 

cepneHTHHa n Tpex3aMemeHHoro (j)oc(j)aTa MaraHa.

2,21 % -  noTepa Maccbi npn pa3Jio>iceHHH cepneHTHHa n Tpex3aMemeHHoro 

(j)oc(j)aTa MaraHa npn TeMnepaTypax 710 -  805 °C.

IIoTepa Maccbi H3 ocTaTOHHoro cepneHTHHa paBHa:
74 24 %3,78 = 2,81 %,’ 100 % ’ ’



r^e 3,78 -  noTepa Maccbi cepneHTHHa npn TeMnepaTypax 710 -805°C b % 

ot Maccti Hcxo^Horo cepneHTHHa;

74,24 % -  co/iep>KaHHe ocTaTOHHoro cepneHTHHa b % ot Maccti hcxoahoto 

cepneHTHHa.

Tor,n,a kojihhcctbo Tpex3aMemeHHoro (j)oc(j)aTa Marana:
406 9(2,21 - 2 ,8 1 ) - ^ -  = -9,3%,

r,n,e 406,9 -  MOJiapHaa Macca Tpex3aMemeHHoro (j)oc(j)aTa Marana 

Mg3(P04)2-8H20 , t/mojib;

18 -  MOJiapHaa Macca H20 , t/mojib.

AHajiH3Hpya AepHBaTorpaMMbi 06pa3H,0B cepneHTHH-(J)oc(J)aTHbix 

K0Mn03HH,HH (npHjio^ceHHe B), TBep,n,eHHe K0T0pbix npoHCxo,n,HJio npn Apyrnx 

ycnoBHax, BbiABHM 3aBHCHMOCTH co,nep}KaHHfl ocTaTOHHoro cepneHTHHa, 

0^H03aMemeHH0ro (j)oc(j)aTa Maransi h Tpex3aMemeHHoro (J)oc(J)aTa Marana ot 

TeMnepaTypbi, KOHiiempaiiHH boam h khcjiotm (Ta6jiHH,e 5.2).

Ta6jiHH,a 5.2 -  Co/iep>KaHHe ocTaTOHHoro cepneHTHHa, 0 ,n,H03aMemeHH0r 0 

(j)oc(j)aTa MarHHa h  Tpex3aMemeHHoro (j)oc(j)aTa MarHHa o t  TeMnepaTypbi, 

KOHH,eHTpan,HH b o a m  h  KHCJiOTbiB %  o t  Maccbi cepneHTHHa

K0JlHHeCTB0

3MgO-2SiOr  

•2H20 , %

K0JlHHeCTB0

Mg(H2P04)2-H20 ,

%

K0JlHHeCTB0

Mg3(P04)2- 

•xH20 , %

nnn,
%

T = 

20°C
1

ClCHCJIOTBI 21 /o
74,24 25,96 0,00 16,34

2
C„„,w=1 5%

ClCHCJIOTBI 21 /o
69,23 21,34 0,00 14,39

3
CI„o,u,I=28%

ClCHCJIOTBI 21 /o
68,40 25,94 0,00 16,06

npo,n,ojT»ceHHe Ta6jiHH,bi 5.2
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K0JlHHeCTB0

3Mg0-2Si02- 

•2H20 , %

KojlHHeCTBO

Mg(H2P 04)2-H20,

%

KojlHHeCTBO 

Mg3(P04)2- 

•xH20 , %

nnn,
%

4
CBoabi- 0% 

CkHCJIOTBI 35 /o
52,46 39,37 3,39 18,98

5
C„„,w=1 5%

ClCHCJIOTBI 35 /o
70,24 34,49 0,00 17,08

6
CI„o,u,I=28%

ClCHCJIOTBI 35 /o
76,46 39,40 0,00 18,83

7
CBOfli,i=0%

ClCHCJIOTBI 50 /o
47,65 45,86 3,57 19,79

8
C„„,w=1 5%

ClCHCJIOTBI 50 /o
33,60 46,53 15,91 20,46

T = 

40°C
1

CBOfli,i=0%

ClCHCJIOTBI 21 /o
56,01 20,32 13,78 15,12

2
C„„,w=1 5%

ClCHCJIOTBI 21 /o
67,77 20,12 0,00 14,03

3
CI„o,u,I=28%

ClCHCJIOTBI 21 /o
62,98 22,49 0,00 15,08

4
Cbo«bi=0%

ClCHCJIOTBI 35 /o
59,12 35,69 0,71 17,40

5
Cbo«bi=15%

ClCHCJIOTBI 35 /o
56,04 46,66 0,00 20,17

6
CBOflBi=28% 

ClCHCJIOTBI 35 /o
25,15 35,40 24,02 18,00

7
Cbo«bi=0%

ClCHCJIOTBI 50 /O
43,23 47,45 11,64 19,88

npoAOJDKeHHe Ta6jiHu,bi 5.2
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KojlHHeCTBO

3Mg0-2Si02- 
•2H20, %

KojlHHeCTBO

Mg(H2P04)2-H20,
%

KojlHHeCTBO 

Mg3(P0 4 )2- 
•xH20, %

nnn,
%

8
CI)0,W=1 5%

ClCHCJIOTBI 50 /o
49,68 47,97 1,12 19,74

T = 

60°C
1

CBOW,i=0%
ClCHCJIOTBI 21 /o

55,66 22,46 10,08 15,86

2
C„„,w=1 5%

ClCHCJIOTBI 21 /o
47,87 22,47 11,24 15,01

3
CBOfli,i=28%

ClCHCJIOTBI 21 /o
67,58 26,46 0,00 16,04

4
CBOfli,i=0%

ClCHCJIOTBI 35 /o
50,85 33,18 5,27 17,22

5
CI!0,u,,= l 5%

ClCHCJIOTBI 35 /o
56,41 34,18 1,83 17,52

6
CBOflBi=28%

ClCHCJIOTBI 35 /o
57,16 39,53 1,86 18,33

7
CBOW)I=0% 

ClCHCJIOTBI 50 /o
28,79 53,72 12,82 21,03

8
Cbow,i=15%

ClCHCJIOTBI 50 /o
30,50 58,12 4,17 22,00

T = 

80°C
1

CBOW)I=0% 
ClCHCJIOTBI 21 /O

59,24 25,55 15,93 16,40

2
Cbow,i=15%

ClCHCJIOTBI 21 /O
58,60 22,33 11,63 15,06

3
Cbow,i=28% 

ClCHCJIOTBI 21 /O
62,51 16,21 12,44 12,47

OKOHHaHHe Ta6jiHu,bi 5.2
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K0JIHxieCTB0

3M g02Si02- 

•2H20 , %

KojlHHeCTBO 

Mg(H2P04)2 -H20 , 

%

KojlHHeCTBO 

Mg3(P04)2- 

•xH20 , %

nnn,
%

4
CBow,i_0% 

Ckhcjiotbi 35 /o
51,28 38,73 5,33 18,56

5
Cbo«bi=15%

C-KHCJIOTBI 35 /O
56,48 38,65 1,80 19,08

6
CBOflBi=28%

ClCHCJIOTBI 35 /O
58,64 36,78 1,30 17,42

7
CBo«bi=0%

ClCHCJIOTBI 50 /O
42,93 49,32 4,33 20,10

8
Cbo«bi=15%

ClCHCJIOTBI 50 A)
44,97 49,60 0,00 20,46

Ha 0CH0BaHHH MiYieiomnxcfl ,a.anHbix nocxpoHM rpacf)HKH, noicasbiBaioumie 

coziep̂ KaHĤ  ocTaTOMHoro cepneHTHHa, ozmosaivieluch h oro (jjoccjma Manana h  

Tpex3aMein,eHHoro (j30C(j)aTa M a rn n a  b  %  b  3aBHCHMOCTH o t  Tpex cj)aKTopoB: 

KOHiieHTpan,HH boaw, KOHneHTpau,HH KHCJiOTbi h  TeMneparypbi, npn KOTOpOH 

npoHcxo,n,HJio TBep.aeHne.

TeMnepaTypa TBepneHim 20°C
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PHcyHOK 5.2 -  Coxiep̂ KaHHe ocTaTO'iHoro cepneHTHHa n p n  TeMnepaType

TBep̂ eHHa 20°C, %

TeMnepaTypa TBepnemifl 40°C

Phcyhok 5.3 -  CoAep̂ caHHe ocTaTOHHoro cepneHTHHa npn TeMnepaType

TBep^eHna 40 °C, %

TeMnepaiypa TBepneHim 60°C

Kgc
&u
3(Ju
2
HO
vO
o
M

O
t=;u

35*

1 21

- 50-

>5- -4 5 - - 4 5 -

0—
35—

- 4 0 - - 40-

- 35- - 35-

o 0 15 28
( j  Coflep^KaHHe e o ^ u  b %  o t  m s c c h  c e p n e im iH a

P n c y H O K  5.4 -  Coiiep>KaHne ocTaTOHHoro c e p n e H T H H a  n p n  TeMnepaType

TBep^eHna 60 °C, %



TeMnepaT\Tpa TBepneHiin 80°C

50

55

40

45

15

--------40

45

28
I

o
U C o jie p x c a H H e  b o j h  e  %  o t  M a c c u  c e p n e H T H H a

P hcvhok 5 .5  -  Co^ep>KaHHe ocTaTOHHoro cepneHTHHa n pn  TeM nepaType

H3 pncyHKOB5.2 -  5.5 bh/iho, hto TeMnepaTypa noHTH He OKastmaeT 

Bunanne na coAep ĉaHne ocTaTOHHoro cepnei-iTnna b cpe^e.

Koimein paiuni bo,u>i Ta force hohth He OKa3bmaeT BjinaHne Ha coaep^caHne 

o cT aT O H H o ro  c e p n eH T H H a .

Ho c noBbnueHHeM KOimem paiuin KncjiOTbi Ha6jiKxaaeTCfl iiom>imeiine 

coAep>KaHHe ocTaTO'iHoro cepneHTHHa. 3to mokct 6biTb cBH3aHO c TeM, hto ot 

pH cpe.abi (khcjtothocth) 3aBncnT CKopocTb npoTeKaHna nponecca. C 

noBbiineHneM pH cpejtbi pacTBopnMOCTb OKcn,aa mhii in a MgO y  m e h b lu aeic m .

TBepaeHHJi 80 °C, %

08.03.01.2017.059,00.00.113
nucm
50



TeMneparypa iBepneww 20°C

PHcyHOK 5 .6  -  Ccuiep'A'aHne 0 ,0.h0 3a,\iem ehh 0 ro  (|)0C(j)aTa \iam n>i npH 

TeMnepaType TBepfleHHii 20°C, %

TeMnepaiypa TBepneroifl 40°C
a  50

C oflepiK aH iie e o jih  e %  o t  M a c c u  c e p n e im iH a

PncyHOK 5 .7  -  Co/xepyicaHHe 0 ,0.h0 3a,\iem ehh 0 ro  (|)0C(j)aTa \ ia n in a  n pn  

TeMnepaType TBeprieHHH 40°C, %



TeMnepaiypa TBepneHiw 60°C

PncyHOK 5.8 -  C o ziep > K aH H e o,nh o3 aM e me h h o ro (j)o c (])aT a  M a m n a  n p n  

T e M n e p a x y p e  T B e p a e H H a  60 °C, %

TeMnepaiypa T B epnem m  8CPC

Copepacaioie Bo.ubi b %  ot Maccbi cepneimiHa

P n c y H O K  5.9 -  C o A ep > K aM n e  o z iho 3 a M e m e hho r o  ( j ) O C $ a ia  Marnna n p n  

TeMnepaType i Bep/iennH 80°C, %

H3 pncyHKOB 5.6-5.9 bh/uio. mto TeMnepaTypa noHTH He OKastiBaeT 

BjTHaHne Ha to, KaKoe KOjiHHecTBo cepneHTHHa nepeinno b 0,n,H03aMeiii,eHHbiH 

(})oc(})aT MarHHH. TaioKe na 3to nowra He OKasbiBaer bjihhhhc co/iep>KaHiie Bo^bi b 

% ot Maccbi cep n eH T H H a .
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C noB bim eH H eM  koh nenT panM M  k h c j io t m  co,nep>KaHHe ohho3amem e h horo 

(})0C(})aTa Man-ina yMeHbinaeTca. 3 t o  mo'/KCt 6biTb CBasaHO c TeM, h t o  MeHbiuee 

KOJiHnecTBO cepneHTHHa pacTBopnnocb n h t o  b  pe3yjibTaTe peaKn,nn o6pa3yeTca 

6ojibinee k o jih h c c  i b o  Tpex3aMein,eHHoro (J)oc4)aTa MarHHa.

TeM nepaTypa TBepneH im 20°C

P n c y H O K  5.10 -  C o ,a e p > K a H n e  T p e x 3 a M e m e H H o r o  (})0C(f)aTa M a r H n a  n p n  

TeMneparype i Bep;xenHH 20°C, %

T e.vm eparypa T B ep n em ia  4 0 °C

P n c y H O K  5.11- C o ,aep > icaH H e rp e x 3 a M e ru ,e H H o ro  (} )o c (j)a ra  M a r a n a  n p n  

T e M n e p a T y p e  T B e p ^ e H n a  40 °C, %
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T e M n e p a T y p a  T B e p n e m w  60°C

PncyHOK 5.12- Co£ep>KanHe Tpex3aMemeHHoro (j)occj)aTa MaraHa npn 

TeMnepaType TBep^eHna 60 °C, %

T eM n ep aT y p a T B epn em w  80°C

P n c y H O K  5.13 -  C o ,aep > icaH H e T p e x 3 a M e iu ,e H H o ro  (} )o c (j)a ra  M a r a n a  n p n  

T e M n e p a T y p e  T B e p ^ e H n a  80 °C, %

H3 pncyHKOB 5.10-5.13 Buruio, h t o  npn 20°C c iiOBbimenHeM KommecTBa 

KHCjiOTBi C0Aep>KaHne Tpex3aMemeHHoro (j30C(j)aTa Marana yMenbmaeTca. ripn 

noBbimeHHH TeivinepaTypbi cnTyaiina MeHaeTca, n c iiom>iiiieiine\i Ko.iH'ieema 

KHCJTOTbi coAep>KaHne TpexsaMemeh h oro (|)occ})ara Marana \  Bc.:in'iiiBacrc«. 3 t o  

MOiicei nponcxoflHTb H3-3a CBa3biBaHna n Mac i HMiioro ncnapeHna 3aTBopnTejra.
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6 on MCA H ME MPOUECCOB TBEP^EHHil CEPIIEHTHH- 
OOCOATHBIX K0MM03MUMM B PA3JIMMHMX YCJIOBHilX 
TBEP^EHHil.

TBep,n,eHHe (J)oc(J)aTHbix BsnicymHx npoTeKaeT no MexaHH3My, xapaKTepHOMy 

AJia 6ojibniHHCTBa MHHepanbHbix B5DKyin,nx, t. e. HaSjiiOAaiOTca oSbiHHbie TpH 

CTa,n,HH TBep,n,eHHa: HH,n,yKn,HOHHbiH nepHO,n, BbiKpncTajuiroaiiHH, HH,n,yKn,HOHHbiH 

nepHOA CTpyKTyp006pa30BaHHa n nepHO,n, ynpoHHeHna Bsnicymero.

X H M H H ecK H e p e a K u ,n n , n p o n c x o ,n ,a n i,H e  n p n  T B e p ^ e H H n c e p n e H T H H - 

(j)OC(j)aTHbIX K0M n03H U,H H :

1. PacTBopeHne cepneHTHHa h 06pa30BaHHe OKcn,n,a Marana, OKCH,n,a 

KpeMHHfl H BOflbl.

3Mg0-2Si02-2H20  ^3MgO + 2Si02 + 2H20;
r,zie 3Mg0-2Si02-2H20  -  cepneHTHH.

MacTb cepneHTHHa He pacTBopaeTca b pe3yjibTaTe peaKiinn. 3to 

n o A T B e p w i a e T c a  a H a jin 3 0 M  /JTA.
KaK bhaho H3 /iepHBaTorpa(})HHecKoro aHajiroa, TeMnepaTypa noHTH He 

OKa3biBaeT BjinaHne Ha co/iep>KaHHe ocTaTOHHoro cepneHTHHa b cpe,n,e. 

K o H u e H T p a u H fl b o a m  T aio ic e  noH TH  H e O K a3 b iB aeT  B m ra H n e  H a  co /iep > K aH H e  

ocTaTOHHoro cepneHTHHa. Ho c noBbimeHHeM KOHn,eHTpan,HH khcjiotm 

Ha6jno,fl,aeTca noBbimeHne co/iep>KaHHe ocTaTOHHoro cepneHTHHa. 3to mo>kct 

6bITb CB33aH0 C TeM, HTO OT pH Cpe,HbI (KHCJIOTHOCTH) 3aBHCHT CKOpOCTb 

npoTeKaHHa npon,ecca. C noBbimeHneM pH cpe,nbi pacTB0pHM0CTb OKcn,n,a MaraHa 

MgO yMeHbmaeTca.

npn npoBeAeHHH peaKUHH o6pa3yeTca aMopcj)HbiHSi02, hto 

noATBepwiaeTca aHanrooM AT A.
2. B3aHMO,n,eHCTBHe Marana c khcjiotoh, h 06pa30BaHne 0,n,H03aMeni,eHHbix, 

,n,Byx3aMeni,eHHbix h Tpex3aMeni,eHHbix (j)0C(j)aT0B MaraHa.
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Mg(H2P 04)2xH20; 

nMgO + mH3P 0 4 +kH20 ^  -<j MgHP04 xH20;

 ̂ Mg3(P04)2 xH20; 

r^e Mg (H2P04)2 xH20  -  0,HH03aMemeHHbie (j)oc(j)aTbi Marana;

MgHP04 xH20 -  ,n,Byx3aMeiii,eHHbie (j)oc(j)aTbi Marana;

Mg3(P04)2 xH20  Tpex3aMemeHHbie (j)oc(j)aTbi MarHHa.

PaccMOTpHM npoueccbi, npoTeicaiomHe npn TBep,n,eHHH cepneHTHH- 

(j)OC(j)aTHbix K0Mn03HU,HH, npoHCxo/TmnHM npn 20 °C.

n p n  npoBe,n,eHHH M H K poK anopH M eT pH H ecK oro a H a ji r o a  6b ijiH  B biaB jieH bi

cjie^yiomHe npoiieccbi:

1. f l p o u e c c  CM aH H BaH H a H an,COp6u,HH >KH^KOH (j)a3b l H a  HaCTHLiaX 

Bsnicymero.

0 6 y c j iO B j ie H  TemiOBbmejieHHeM, h t o  OTpa»caeTca Ha rpa(J)HKax, 

nojiyHeHHbix npn npoBe,n,eHHH MHKpoicajiopHMeTpHH.

r i o c j i e  H a n H H a e T c a  n p o u ,e c c  rH ^ p a T a u H H , o h  n p o T e ic a e T  6 o j ie e  7 cyT O K . 

H c x o ,n ,a  H3 3 T o r o  m m  b h ^ h m  H a  rp a (J)H K e  n p a M y io ,  y x o / ia m y p o  3a npe ,n ,e jib i 

Hccjie,nyeMbix 3HaneHHH.

n p n  T e M n e p a T y p a x  T B e p A e H H a  40, 60 h 80°C n p o n ,e c c  C M a n H B a H H a  

n p o T e K a e T  H e cK O J ib K O  HHane. O h npoHCxo,n,HT c n o r n o m e H H e M  Tenna, K O T o p o e  

n p o H 3 o m j io  BCJie,n,CTBHe o n y c K a H H a  n p o 6 b i  b  H a r p e T b if i  K a n o p H M e T p .

r ip o H ,e c c b i TH,n,paTau,HH o c h o b h b i x  M H H e p a n o B  (j)0C(j)aT0B M a r a n a  

n poH C xo ,n ,H J iH  b  2 3 T a n a .

Ha nepBOM 3TaneH3-3a 6ojibinoro co/iep>KaHHe k h c j i o t m  6bmo 

SHepreTHnecKH B b iro A H O  06pa30BaHHe OAHOsaMemeHHbix (j)0C(j)aT0B. 3 t o t  3Tan 

06ycji0BjieH npon,eccoM TenjiOBbi,n,ejieHHa.

H 3  ,n ,epH BaTorpa(|)H H  b h ^ h o , h t o  T e M n e p a T y p a  n o H T H  H e  O K a 3 b m a e T  B j in a H H e  

H a  t o , K a K o e  k o j i h h c c t b o  c e p n e H T H H a  n e p e m j io  b  0 ,n ,H 0 3 aM e m eH H b iH  (j)oc(j)aT 

M a r a n a .  T a io ic e  H a  s t o  n o H T H  H e  O K a 3 b iB a e T  B j in a H H e  co / iep > K aH H e  b o a b i  b  %  o t  

M a c c b i  c e p n e H T H H a . C n o B b m ie H H e M  K O H i ie m p a i iH H  k h c j i o t b i  co / iep> K aH H e



0 ,n ,H 0 3 aM em eH H 0 r0  (J)o c (J)aT a  M a r a n a  y M e H b in a e T c a . 3 t o  m o k c t  6 b iT b  C B jn aH O  c  

T eM , h t o  M e H b in e e  k o ji h h c c t b o  c e p n e H T H H a  p a c T B o p H jio c b .

H a  B T o p o M  3 T a n e  0 6 p a 3 0 B b iB a i0 T c a  T p ex 3 aM e n i,e H H b ie  (J)oc(J)aT bi M a r a n a .  H a  

rp a c j)H K a x  o h h  n pe,n ,C T aB jieH bi B T op b iM  n o jio m iT e jib H b iM  nnK O M  T en jiO B bi,n ,ejieH H a. 

B  ,n,am>HeHHieM H a S jiiO A a e T c a  y r a c a H n e  T en jiO B bi,n ,e jieH H a. 3 t o t  3 T a n  a B j i a e T c a  

nocjie,n ,H H M .

H 3yH H B  M H K pO K ajlO pH M eTpH H eC K H e rpa(j)H K H  0 6 p a 3 U ,0 B  C epn eH T H H - 

(j)OC(j)aTHbIX K0M n03H U ,H H , TBep,fl,eHHe KOTOpbIX npOHCXOAHJIO n p n  p a3 H b IX  

T e M n e p a T y p a x  n  c o o T H o m e m r a x  c o c T a B a x ,  m m  B b ia B H jin  c j i e A y io m n e  

3aBHCHMOCTH BJlH ilH H e (j)aKTOpOB yCJIOBHH H a  CKOpOCTb H HHTCHCHBHOCTb.

P e a K n ,n a  0 6 p a 3 0 B a H n a  T p e x 3 a M e n i,e H H o ro  ( j)o c ( j)a T a  M a r a r o i  n p on cxo ,z i,H T  

6 b iC T p e e  c  y B e jin n e H n e M  T e M n e p a r y p b i ,  h t o  H a 6 jn o ,fl,a e T c a  H a  rp ac})H K ax  

( n p o n ,e c c b i  C M e n ja iO T c a  b j i c b o , t o  e c T b  H a  p a H e e  B p e M a ) .

T a io ic e  H a  B peM fl p e a K i in n  B jin a e T  c o o T H o m e H H e  cepneH TH H /B O fl,a/K H C JiO Ta. 

Meivi M eH b rn e  3 a T B o p n T e jia  j i k >6o h  K O H iie m p a iiH H , TeM  6 b iC T p e e  n p o T e K a e T  

p e a K u n n .

KHTeHCHBHOCTb p e a K iin n  0 6 p a 3 0 BaH H e T p e x 3aM en i,eH H o ro  (j)oc(j)aT a M a r a n a  

yB ejiH H H B aeT ca  c  n o B b im eH H eM  T e M n e p a T y p b i h  c  n o B b im e H n e M  co,n ,ep»caH H a  

3 a T B o p H T e jia .

3 t o  T a io ic e  no,H TBep>K,aaeTCfl n p n  a H a jiH 3 e  J \ T A .  H a  A e p H B a r o r p a M M e , 

n o jiy n e H H o n  n p n  a H a n r o e ,  b h j t h o ,  h t o  n p n  2 0 ° C  c  n o B b im e H H e M  K O Jin n e c T B a  

KHCJiOTbi co /iep > K aH H e  T p e x 3 a M e in ,e H H o ro  ( j)o c ( j)a T a  M a r a n a  y M e H b m a e T c a . H o  n p n  

n o B b im e H H H  T e M n e p a T y p b i CH TyauH A  M em ieT C fl, n  c  n o B b im e H H e M  K O Jin n e c T B a  

KHCJiOTbi co /iep > K aH H e T p e x 3 a M e n i,e H H o ro  (j)o c (j)a T a  M a r a n a  y B e jiH H H B a e T c a . 3 t o  

MO>KeT npO H C XO ^H Tb H 3 -3 a  CB5I3bIBaHH5I H HaCTHHHOTO H C n ap eH H fl 3 aT B O p H T e jia .
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7 PA3PAEOTKA PEKOMEHfl,AUMH n o  nOJlYMEHHK) CEPIIEHTHH- 

OOCOATHBIX K0MTI03HUMH

n p o B e ,n ,e H H b ie  H cc jieA O B aH H a n o K a 3 a jiH , K aK  H a  y c jiO B H a  T B e p /ieH H a  

cepneHTHH-(J)oc(J)aTHon k o m h o 3hh,hh OKa3biBaiOT BjiroiHHe TaKHe (J)aKTopbi, KaK 

T eM n epaT yp a h  cooTH om eH H e cepneHTHH/BOAa/KHCJiOTa. ^ e M  Bbirne T eM n epaT yp a 

h  neM M eHbine 3aTBopH Tejia jik>6 o h  KOHH,eHTpan,HH, TeM 6 b icT pee  npoTeKaK>T 

peaKH,HH. K p oM e T o ro , n p n  h h 3k o h  KO H iiem paiiH H  k h c jio tm  p e a K u n a  6 yn,eT 

npoTeK aTb HHTeHCHBHee, TaK KaK b 3 to m  c jiy n a e  6 o jib in e e  k o jih h c c tb o  n cx o A H o ro  

cepneH TH H a 6 y,n,eT nepexo,n,HTb b ,n,Byx3aMemeHHbiH h  T p e x 3aM em eHH biii (j)oc(j)aT 

MarHHfl, o S jia ^ a m m n e  jiyH m eii b o a o c t o h k o c t lk )  n o  cpaBHeHH io c

0 ,n,H03aMeHi,eHHbiM (j)0 C(j)aT0 M MarHHa, KOTopbiii n a m e  o 6 p a 3y e T c a  n p n  p e a K u n a x , 

n p oT eK aiom H x c H cn0 Jib3 0 BaHHeM 6 o jib in e ro  KO JinnecTBa k h c jio tb i.

Ha 0 CH0 BaHHH H arnnx Hccjie,n,OBaHHH, mbi peKOMeH,n,yeM a m  /lajibH eH iuH x 

nccjie^OBaHH H onTH M ajibHoe cooTH om eH H e cepneHTHH/BOA,a/KHCJiOTa paBHbiM 

100/0/21 h  T eM n e p a ry p y  TBepAeHHa 60°C h  Bbim e.

n p n  TBep,n,eHHH M arepH ajib i B cn y  HHBaiOTca. B cn yn H B aH n e M accbi 

npoHCxo,n,HT 3a  cneT  Bbi,n,ejieHHa n a p o B  b o a m  h  yrneK H C Jioro  r a 3a. H e 0 6 x 0 ,n,HM0 

npe,n,ycMOTpeTb M epon pn aT H a, oSecneH H Barom H e paBHOMepHOCTb BcnynHBaHHa. 

H an p n M e p , a m  j ih c to b b ix  M arepnajiO B  mo>kho n c n 0 Jib3 0 BaTb TaKne 

BbipaBHHBaK>mne y cT p o n cT B a, KaK KaTKn, h jih  o 6 p e 3Ky r o p 6 yniKH b n p 0 H3B0 ,n,CTBe 

a n e n cT b ix  6 eTOHOB.

O a h h m  h 3 K 0 M n 0 H eH T 0 B  peaK ii,H H  a B j i a e T c a  KHCJiOTa, c jie ,n ,O BaTejibH O , B e e  

o 6 opy,n,OBaHHe a o jd k h o  6 b iT b  k h c jio c to h k h m . T aK o e  0 6 0 pyn,0 BaHHe

H 3T O TaBJIH B aeT C a H3 Hep>KaBePOm HH CTajIH.

TexH H K a 6 e 3 0 n a c H 0 C T H  n p e A y c M a r p H B a e T  h h a h b h A ,y a jib H b ie  c p e A C T B a  

3aui,H Tbi (3  a  iTTHTHbTH x a j i a T ,  pe3H H O B bie  n e p n a T K H ), n p e A B a p H T e jib H y io  

BeHTHjian,Hio noM em eH H a h  H cn0 Jib3 0 BaHHe bbitjdickh.
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B B I B O A b I  no P A E O T E

1. C e p n e H T H H b i -  n e p c n e K T H B H o e  c t i p t e  ,zuia n p0H 3B 0,n ,C T B a c e p n eH T H H - 

(j)o c (j)aT H b ix  M a r e p n a jiO B , T a x  K aK  H e T p e 6 y e T  n pe,n ,B apH T ejibH O H  T e M n e p a ry p H O H  

0 6 p a 6 0 TKH, HTO 3K 0H 0M H H eCK H  BbirOAHO.

2 . n p n  TBep,n,eHHH H e0 6 x 0 ,n,HM0  (j)opM H poBaTb C T pyK T ypy, c o c T o a m y K )  

npeH M ym ecTBeH H O  H3 n p oH H b ix , b o a o -  h  >Kap0CT0HKHx T p ex 3 aM em e H H b ix  

(j)0C(j)aT0B M a r a n a .

3 . ,H,jia n o jiy n e H H a  n p o H H o ro , b o a o -  h  >K ap0C T 0H K 0r0 M a T e p n a n a  peaK n ,n n  

AOJi^cHbi n p o T eK aT b  b  y c jiO B n a x  n oB b iin eH H b ix  T eM n ep aT y p . n p n  s t o m  H ejib 3 a  

A o n y cK aT b  cyn iK H  H 3-3a b o 3 m o ^ c h o to  p ac T p ec K H B aH n a  0 6 p a3 n ,0 B  n , KaK  p e 3 y jib T a r , 

n o T e p n  npoHHOCTH n  H e0 6 x 0 ,n,HM0  CTpeM H Tbca k  yM eH bineH H io c o o T H o m e H n a  

KHCJiOTa/cepneHTHH.

4 . n p n  TBep,n,eHHH M aT ep n an b i B c n y n n B a iO T c a . B c n y n n B a H n e  M accb i 

n p o n c x o A H T  3 a  c n eT  Bbi,n,ejieHHa n a p o B  b o a m  h  y r j ie K n c j io r o  r a 3 a .  H e 0 6 x 0 ,n,HM0 

npe,n,ycM O TpeTb M e p o n p n a T n a , o S ecn e H H B aro m H e paBHOM epHOCTb B c n y n n B a H n a . 

H a n p n M e p , ,zuia jin cT O B b ix  M are p n a jiO B  m o>kho n c n 0 Jib 3 0 B a T b  B b ip a B H n B a io m n e  

y c T p o n c T B a , KaK KaTKH, h jih  o 6 p e 3 K y  ro p 6 y n iK H  b  np0H3B0,n,CTBe a n e n c T b ix  

6eTOHOB.

5 . O a h h m  H3 K 0 M n 0 H eH T 0 B  peaK U H H  a B j i a e T c a  K n c jiO T a , c jie A O B a re jib H O , B e e  

0 6 0 p y n ,0 B a H n e  a o jd k h o  6b iT b  k h c jio c t o h k h m .

6 . T exH H K a 6 e3 0 n acH 0 CTn AOJDKHa n p eA y cM arp n B arb  HH^HBH^yanbHbie 

cpe,n,CTBa 3amHTbi, npHHyAHTejibHyio BeHTHjian,Hio n oM em eH n a n  n c n 0 Jib3 0 BaHne 

BblTa^CKH.

08.03.01.2017.059M00.n3



BHBJIHOrPAOHqECKHH CIMCOK

1. TOCT 23789-79. BsnKymne rnncoBbie. MeTÔ bi HcnbiTaHira. -  M.: 

H3a-bo CTaĤ apTOB, 198. -  12 c.

2. TOCT 7759-73. MarHHH xjiophctmh TexHHHecKHH (6hiho(J)ht). 

TexHHnecKHe ycjiOBira. -M .: H3,h,-bo CTatmapTOB, 1973. -  16 c.

3. TOCT 12.0.003-74 CCBT. OnacHbie h Bpe^Hbie np0H3B0ACTBeHHbie 

(j)aKTopbi. KnaccH(j)HKaiiHa (c TfeMeHemieM N«1). -  M.: H3a-bo CTaĤ apTOB, 1980. 
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Pnra: Hayica, 1971. -3 1 5  c.

32. BemnejiB, E.C. Teopna BepoaTHOCTefi / A. Î. BemnejiB. -  M.: Hayica, 
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