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BBE,L\EHV1E 

PacnpeAeneH~e op~eHT~pOBOK Kp~CTann~4eCK~x 3epeH B ropH~x 

nopoAax ~ M~Hepanax cOAepm~T ~eHHY~ ~H$opMa~~~ O TeKTOH~4eCK~x 

npo~eccax, npo~cxOA~BW~X B 3eMHO~ Kope M~nn~OH~ neT TOMY Ha3aA . 
CpaBHeH~e npe~My~ecTBeHHblx op~eHTa~~~ B eCTeCTBeHHO ~ 3Kcnep~

MeHTanbHO Ae$opM~pOBaHH~x ropH~x nopOAax, a TaKme MOAen~pOBa
H~e caMoro Ae~opMa~~OHHoro npo~ecca Ha 3BM n03BonReT o~eH~Tb 

ycnoB~R BO BpeMR 06pa30BaH~R AaHHoro M~Hepana, TaK~e, KaK TeM
neparyp a , HanpRmeH~e Ae$opMa~~~ ..3TO 3Ha4~T, 4TO norn-oe ~ T04
Hoe on~caH~e TeKCTYPbl B reonor~4eCKOM 06pa3~e MomeT AaTb Bam
HY~ ~H$opMa~~~ AnR CTPYKTYPHO~ reonor~~. np~ peweH~~ 3aAa4 Ta
Koro pOAa onpeAeneH~e $YHK~~~ pacnpeAeneH~R op~eHTa~~~ I~POI 

RBnReTCR 60nee ~H$opMaT~BHbIM MeTOAoM ~~cneAOBaH~R, 4eM ~3Mepe
H~e pacnpeAeneH~R onT~4eCK~ aKT~BH~X oce~ B KBap~é. $PO COAep
m~T nonHY~ ~H$opMa~~~ o TeKcType AaHHorD MaTep~ana. OHa onpe
AenReTCR ~3 noruoc nux <p~ryp, ~3MepeHHblx c no--oureo He~TPoHHO~ 

~n~ peHTreHOBCKO~ A~<ppaK~~~. 3a nocneAH~e rOA~ 4~cno pa60T no 
~ccneAOBaH~1O npe~My~ecTBeHH~x op~eHTa~~~ B pa3n~YH~x reonor~

4eCK~X MaTep~anax 3aMeTHO B03pocno. ICM., Hanp~Mep, /1-4 I. 
B AaHHO~ pa60Te 6~no ~ccneAOBaHO CTpoeH~e KBap~a B cTe6enb

4aTOM rHe~ce PYAH~X rop llOr r,L\P/. nonlOCH~e <p~ryp~ 6~n~ ~3Mepe

Hbl c nOMO~b~ He~TpoHHO~ A~<ppaK~~~ no BpeMeH~ nponeTa Ha ~Mnynb
CHOM peax r ope V16P-2 /5,6 3TOT MeTOA n03BOm=leT ~ccneAoBaTbI. 

H~3KoC~MMeTp~4H~e Kp~CTann~4eCK~e C~CTeM~, TaK~e, KaK KBap~, 

c AOCTaT04Ho~ T04HOCTb~ Aame B eCTeCTBeHH~X MHoro<pa3H~x MaTep~

anax ~! • Ma1eMaT~4ecK~~ TeKCTYPH~~ aHan~3 npOBoA~TCR c ~C

nonb30BaH~eM aHan~3a no C$ep~4eCK~M ~YHK~~RM ~.9 

rEonorV14ECKHE ,L\AHH~E HCCnE~OBAHH~X rOPH~X nopo~ 

B AaHHO~ pa60Te ~3Y4a~TCR npe~My~ecTBeHH~e op~eHTa~~~ KBap
4a B cTe6enb4aTOM rHe~ce ~3 KOMnneKca CKnaA4aTOCT~, T~n~4Ho~ 

AnR BepxHe~ 4aCT~ 3eMHo~ KOp~ Irny6~Ha < 5 KM/. CO CTpYKTypHO
reonor~4eCKO~ T04K~ 3peH~R 3Ta Ae<popMa~~R npO~CXOA~na B 3KCTpe
ManbHo-ac~MMeTp~4Ho~ cKnaA4aTOCT~ B + napannenbHo~ C~CTeMe 

nnOCKOCTe~ IKp~cTann~3a4~oHHaR cnaH4eBaTocTb sk 
1 
I. Pe3ynbTaToM 

11· @b'helH:id{'liH~il K'Hcnrryy 1 
i ail:~!i.b~ _.HC ~.'j_?}!~Hlaufiti 

I 
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PHC. 1. CTPYKTYPHO(' 
reOnOrHQeCKOe nono
~eHHe HccnegoBaHHo~ ro oõp asua,//~ 

06pa308aH~R 3TO~ 

CKnaA4aTOCT~ RB~naCb 

,MonoAaR Kp~cTann~3a
~~oHHaR cnaH~eBaTocTb 

( s k2) , xcropaa <t>OP
M~pOBanaCb n04T~ na

nnOCKOCT~ CKnaA4aTOCTIII, CBp.3aHHoi:1 C "~-1en
CnaH~eBaTOCT~ (sk 1 ) B6m13~ r peõun 

cTe6enb4aTYIO CTPYKTYPY / b -TeI<TOHVlF<a/, puc . 1. 
Vl30KnVlHanbHoiíl CTpYKTYP~ CKnaAKIII opVleHTa

cnaH~eBaTOCTVI (sk.-2) CTaHOB~naCb 

04eB~AHo, 4TO CKnOHbl /I1I'1M6bl/ cKnaAKVI 
c<t>opM~poBa8weiílcR KpVlcTann~3a~~oHHoiíl cnaH~e

napannenbH~. B6nVl3V1 rpe6HR CKnaAK~ yron 
Y8en~4~8aeTCR.~ AOCTHraeT 90 

rpe6eHb MomHO oxapaKTepVl308aTb MOp
nnockocr ea s k 2 VI 8bJTRr~8aH~eM 8 b 

c rpyxryoa/ B C04eTaHIIf~ C 8pa~eH\lteM BOKpyr 
npoueccu B unrpoxux npeneriax He 3a

nopOA, OT XVlMVl4eCKOrO CQCTa8a, a T6Kme 
reonor~4eCKoro pacnonomeHVlR. B AaHHOM cnY4ae 
Kp~T~4eCKVlX M~Hepan08 C~CTeMa nnocKocTeiíl Ae

Kp~cTann~3a~~oHHoiíl cnaH~e8aTOCT~, 

perVlOHanbHOM MeTaMop<t>~3Me B ycn08~RX: p > 4+ 
nOA06H~i:1 IIfnVl Aame 60nee cna6~i:1 MeTa

paCCMOTpeHVlR 06pa308aH~R MonoAoiíl Kp~1CTann~~ 

sk 2' 3TVI AaHH~e YCTaHOBneH~ Vl3 cy~ecT

8Aonb sk2-nnOCKOCT~. 

- cTe6enb4aT~ií1 rHeiílc ~3 caMoro rpe6HR 
CKnaAK~ c nonoB~Hoiíl AnIlfH~ BonH~ nopRAKa 

B3RT Vl3 xap s epa B 1,5 KM IOmHee r. EWTaAT 
OT rpaHVI~~ c 4CCP. reonbr~4eCKaR 

KOMnneKC /BHYTpeHH~ií1 KpacH~ií1 rHeiílc/ 
Ha3~BaeM~ií1 ,peiílT~eHraiílHcKoiíl cTPYKTypoiíl 

06paseu npeAtTasnRn c060iíl nnaCTVlHY Ton~~
G :- Z' VI nnouians o nopanxe 15x7.0 CM 2 

C nOMO~bIO pe-rr r-eaoac xoro CTPYKTyp,HOI-O aua
MVlKpOCKon~4eCKVlM aHan~30M OCHOBH~X M~Hepa

06pa3ua cTe6enb4aToro rHe~ca: KBap~ 

nonesoiíl wnaT 15%, MYCKOB~T 10%, 6~OTVlT 5%. 

-</, 

pannensuo aKt:~anbHoi:1 

Kr)~ CKJlaAl.laTOCTblO" ApeBHeiíl 
CKJTaAKVI, VlMelO~ei:1 

BMeCTe c 06pa30BaHV1eM 
~"lR MonoAoiíl KpVicTann~3a~~oHHoiíl 

Bce õonee aKCVlaJlbHoiíl. 
ApesHeiíl ~ MonoAoi:1 
BaTOCT~ npVl6nVl3V1TenbHo 
nepece4eH~~ 06eVlx cKnaA4aTocTeiíl 
rpaAycoB,Ha caMOM rpe6He. 
<t>onor~4eCKVlM npeoõnan auaex 
= X /cTe6enb4aTaR 
b = X . TaKlIle Ae<t>OpMa~~OHHble 

BVlCRT OT TVinOB rOpH~X 

OT perVlOHanbHoro 
6narOAapR HanVl4~1O 

<t>opMa~H~ sk 2 COOTBeTcT8yer 
c<t>opMVlpoaaHHoiíl npVl 
i5 K6ap, T > 400+500 0 C. 
MOp<t>~3M cneAyeT ~3 

3a~VloHHoi:1 cnaH~eBaTOCTIIf 

BOBaH~R MonOAoro 6~OT~T~ 

HccneAoBaHH~i:1 06pa3e~ 

aCVlMMeTp~4HO nema~eiíl 

1 I<M /p~c. 1/. OH õun 
B HenocpeAcTBeHHoi:1 6n~30CTVI 

C~CTeMa - 3TO opTorHeiílcoB~ií1 

aHT~Kn~HanVl PYAH~X rop, 
KpaCH~X rHeiílcoB:/10~ 
HOj)j 1 CM n apanneru.uo OCVI 
B ab:;= xy nnOCKOC:T~. 

nVl3a B C04eTaH~H c 
nOB 6~n ~ccneAOBaH COCTaB 
35%, nnar~OKna3 35%, 

3KcnEPHMEHT 

TeKCTYPH~ií1 aHan~3 KBapua AaHHoro o6pa3ua rHeiílca npoBoAVlnCR 
c nOMO~blO HeiílTpoHHoiíl A~<t>paK~VIVI no BpeMeH~ nponeTa. AnR Vl3Mepe
H~R Vlcnonb30BanCR cnexrpoaer p HCBP /11,/ Ha ~MnynbcHoM p eaxro
pe H6P-2. B Ta6n. 1 npVlBOARTCR HeKoTop~e BamH~e napaMeTp~ 3KC
nep~MeHTa. 

'I'aõnaua 1. 

06~aR nponeTHaR 6a3a L 1+L 2
YrJIbI p acceamrn rtpn 

34,2 M 

reOMeTpHH nponycKaHHR: 
28 1 80 0 

'2-8 2 1000 

reoMeTpHH OTp~eHHR: 

2 til t400 

28 2 JOO~ 
,UHaMeTp l1YQKa 5 CM 
Paaxep oõp asu a 20x10x1 CM 3 
LtnHTeJIbHo,cTb C'beMI<H orraor-o cne xrp a 2 Q 

illHpHHa apesreaxsrx xaaanoa 32 MKC 

Ha puc , 2 nOKa3aH BpeMR-nponeTHbliíl cnexr p rHeiílca, HOpM~pOBa.H-
Hbliíl Ha naAalO~V1i:1 nOTOK HeiílTp0HoB. HHTerpa-nb Hble HHTeHCVlBHOCT~ . 
A~<t>paK~VloHHbIX nVlKOB nponOp~IIfOHanbHbl noruocaoã nnor aocr« B COOT
BeTcTBYIO~e~ nonlOc~oi:1 <t>~rype. Bpa~eH~e 06pa3~a OTHOCVlTenbHO BeK
Topa pac ceauua , He06xÓA~M~e AnR nonucro nepeKpbln1R noruocuoa 
$VI r ypu , ocyurec TBnRllOCb TeKCTYPHblM rOH~OMeTpOM. np~4eM ace aHa
n~3~PyeM~e nonlOCH~e <t>~ryp~ ~3MepRIOTCR OAHOBpeMeHHO. KOOPAVlHaT

'.0 r i i I I i f i i i i i i I i i 
HaR cVlcteMa 06pa3~a 

'''lol 
B~6paHa TaK, 4T06~ 

.... 3,5 ~ xaapueeue IIH~T~II 6blIl~ 

'\ napannenbH~ OC~ X 
3,0 /lIfn~ b B TeKToH~4ec

"", I1 KOM npeACTaBneH~VI/. 

2.5 IJO"1 1211 ~) ) 
112'7/ 1~, I 1\ l1of7J I, 

20, . I r"·' r ~~'V';
\5,J'v-J ler WJ\;,·V PHC. 2.· BpeMR-l1pOneT

HWn cneKTp p;H~paXQHH 

OCb Z /c B TeKToH~
4eCKOM npeACTaBneH~~/ 

cTe6enbQaTOrO rHeHca 
500 600 700 800 900 

N 
/2 fi == 1000 / . 

3 



COBnaAaeT c HOpManb~ 06pa3~a, a HanpaBneH~e O~ Y /a B TeKTO
H~4eCKOM npeACTaBneH~~/ onpeAeneHO OCRM~ x ~ z • 3Kcnep~MeH
r ans Hble TOLrK~ B ueurp ax noruocuux <1l~rYP nonY4alOTCR a TOM cny-rae , 
ecnu OCb z -napannensaa BeKTOPY pacceauaa , T. e. ~3MepeHlI1e npo
BOAIIITCH B reOMeTplII1II OTpa>KeHIIIR. Ecnu' OCb x 11I11111 OCE) Y COBna,QaeT 
c BeKTopOM paCCep.HitlR, TO onpeAenR~TCR T04KII1 Ha 3KBaTopax no
n~CHWX $lIIryp /CM. plllC. 3/. B 3TOM cny4ae II1MeeT MeCTO reOMeTpll1R 

nponYCKaHIIIR. Cne,QoBaTenbHp, nonHwe 
noruocaue $lI1rypbl onpenenmorca rons xo 
c nOMO~blO KOM6I11Ha~1II111 1113MepeHIII~ Ha 
nponYCKaHllle M Ha OTpameHllle. B paMKax 
HacToR~e~ paôoru 1I13MepRIlIIICb "paaõaa

_Z v	 neHHble' I nornoc aae $lI1rYPbl. no KOH~eH
Tplll4eCKIIIM KPyraM nplll nOCTORHHOM yrne 
J . nnOTHOCTb 3KCnep1l1MeHTanb~WX TO

4eK Ha OTAenbHWX KPyrax MeHReTCR OT 
OAHoro Kpyra K APyrOMY /CM. Ta6n. 2/~ 

YrnOBble uiar« no a RBnR~TCR nOCTORH

y	 HWMIII ha = 100 . CaMwe ManeHbKHe y~

noaue paCCTORHII1R no a3I11MYT:Y t/J -raxo-
ARTCR Ha axaarope / L\ t/J = 100 / . 

f'UC. 3. Yr'Jlhl nornoc uoü 

cPHrYPbl. 

'Laõrnrua 2. 

-
a 0° 10° 20° 30° 40° 50° 60° 70° 80~, 90° 

100 j'OO,At/J 36° 30° 36° 30° 2~~.. ' 20° 18à 
IS~ 

onPEAEfiEHHf nOfi~CH~X 0Hryp 

KaK ynoMII1HanOCb B~we, 3Ha4eHIIIR T04eK B nonlOCHO~ ~~rype npo
\nop~HoH~nbHw IIIHTeHCIIIBHOCTIII COOTBeTCTBYIO~e~ AIII$paK41110HHoro nll1
K3 npll1 AaHHOM nOnO>KeHIIIIII 06pa3~a4 ~HTerpanbHwe ~HTeHCIIIBHOCTIII 

onpeAenRIOTCR c nOMO~b~ nporpaMMW nOArOHKII1. B HacToR~e~ pa60Te 
o6cY>KAaeTCR TonbKO KBap~ Kal< COCTaBHaR 4acTb rHe~ca. BpeMR
nponeTHw~ AIII$paK~1II0HHW~ cneKTp COCTOIIIT 1113 60nbworo 4111C11a 6p3r
rOBCKIIIX pe$neKCOB, taK KaK IIIccneAyeMoe Be~eCTBO GOCT6111T 11I3 
HeCKOnbKII1X $a3, IIIMe~~IIIX ~1II3KY~ CII1MMeTplll1O KpIIICTannlll4eCKOH pe
weTKIII. 3TO BeAeT K MHor04111cneHHWM nepeKpWTIIIRM 111 COBnaAeHIII~M 

oTAenbHWX OTpa>KeHIII~, a B AanbHe~weM - K cepbe3H~M npo6neMaM 
B nOArOH04HO~ npo~eAype: 

4· 

- c YBenll14eHllleM 4111cna nOArOHReMWX nlllKOB C4eTHoe BpeMR Ha 38M 
6WCTPO pacTeT. n03TOMY aHanll13111pyeTcR He 60nbwe 4eM 5 nlllKOB 
OAHOBpeMeHHO; 

- B cneKTpax, COCTOR~IIIX 1113 MHO>KeCTBa pe$neKCOB, TPYAHO Ha~TIII 

Y4aCTKII1 cneKTpa AnR H~Ae>KHOrO BW4eTa $OHa. 3TO nplllBOAIIIT K 
COOTBeTCTBY~~IIIM oWIll6KaM, BWpa>Ka~~II1MCR B HenpaBlllnbHO~ HOP
MlI1pOBKe non~CHWX $lIIryp 111 npIllBOAR~II1M 06W4HO K 1113nlllWHe pe3KIIIM 
TeKcTypaM; 

- 04eHb CII111bHO nepeKpWBa~~lIIeCR 11I COBnaAa~~lI1e OTpa>KeHIIIR He P~3
Aen~~TCR c nOMO~b~ nporpaMMW nOArOHKIII. B pe3ynbTaTe HY>KHO 
Omll1AaTb BKnaAa APyrlllx $a3 B B~4l11cneHHwe IIIHTerpanbHwe IIIHTeH
CIIIBHOCTII1 OTAenbHWX nIllKOB. Ha OCHOBe opllleHTlllpOB04Horo $a30
Boro aHanlll3a /KOMnOHeHTW ~ 5%/ ~omHO MOAenlllpOBaTb BpeMRnpo
neTHwe cneKTpw OTAenbHWX COCTaBHWX 4aCTe~ Ha 38M 11I Bw6111paTb 
OTHOCII1TenbHOI4I11cTble" peonekcu AnR AanbHe~wero aaaruiaa . 
B HaCTOR~eM TeKcTypHOM aHanll13e KBap~eBo~ 4aCTIII rHe~ca Bw6111

panlllcb' TonbKO Te OTpameHII1R, rAe cOAepmaHllle Apyrlllx $a3 He npe
BWClllno 30%. Ecnlll TeKcTypa Bcex KOMnOHeHTOB cna6aR, TO MO>KHO 
omlllAaTb, 4TO B03HIIIKa~~lIIe OWII16KIII 6YAyT He3Ha4111~enbHW. 

OCHOBbl MATEMATHYECKOrO TEKCTYPHOro ,l\HAfilt13A 

nplII MaTeMaTIII~eCKOM aHanlll3e TeKcTY~ C8~3b MemAY KooPAIIIHaTHW
MIII CIllCTeMaMIII 06pa3~a 11I MOHOKpll1CTannlll4eCKIIIX 3epeH B 06pa3~e 

onlllCWBaeTCR $YHKUllle~ pacnpeAeneHIIIR opllleHTaUIII~ reg) /$PO/. OHa 
COAep>KIIIT nonHY~ IIIH$opMa~lII~ o TeKcType AaHHoro 06pa3ua. B 06~eM 

cnY4ae 0PO onpeAenReTCR 11I3 3KcneplllMeHTanbHWX non~CHWX $lIIryp. 
Halll60nee pacnpOCTpaHeHHblM MeTOAOM BOCCTaHOBneHIIIR reg) RBnReTCR 
~a3nO>KeHllle ee B PRA no 0606~eHHWM C$epIll4eCKIIIM $YHK4 I11RM /S' : 

Mel' ) N{P) 

r ( g ) 2: L l C ILlI T IlI' (g - 1 ) • /1/p r . r -= o 11 ~ 11.,. 

non~CHwe $lIIrypw RBnR~TCR ABYXMepHWMIII npoeK~IIIRMII1 $PO. lt1x 
MomHO pa3naraTb B PRA no C$epIll4eCKIIIM $YHKUIIIRM, nplll4eM K03$$III
~V1eHTbl pa3~omeHIIIR TaKlI1e >Ke, KaK 11I B Yp./l/: . 

1 1/C 1M(P) N{P)
~ 

P. (y) .~ 17 ~ 1 2- e	 
/2/h i r = o 11 = 1 v = 1	 2 e +

rAe M(E) 11I N(e) - 4111cno nIllHe~HO He3aBIIICIIIMWX $YHKUIII~ CTeneHIII 
c'IIICTeMbl peweTKIII 11I oõpaau a , a ~ i = (h k e) - HanpaBneHllle HopMa

5 



n~ ~ccneAyeMo~ nnOCKOCT~ peWeTK~ B Kp~CTann~4eCKO~ KOOPA~HaT

HO~ C~CTeMe ~ y- HanpaBneHl1e B KOOPAJ,1HaTHO~' C~CTeMe 06p'a~L4a. 
K03~~~L4HeHTW C~V CBR3WBa~T nOn~CHWe ~~rypw ~ $PO. np~HL4Hn~

anbHWe TP~AHOCT~ B03H~Ka~T np~ ~3MepeH~~ nOn~CHWX $~ryp c no
MOW.b~ ,D,J.1$paKL4HOHHbIX MeTOAOa. 3aKOH <I>plt1ACnR n03BOmleT orrpene
nlt1Tb TOnbKO K03<t><Pv1L4lt1eHTb~ C~V c 4e.THb1MIt1 CTeneHRMIt1' pa3nO>KeH~R e. 
npeHe6peH(eH~e He4eTHblMIt1 e BeAeT K B03H~KHOBeHIt1~ l'Ayxos'l, T. e. 
nO>KHWX n~KOB, B <I>PO /91 • B HacToRw.e~ pa60Te 3Ta npo6neMa nOA
p06HO He oÓCY>KAaeTCR. nplt1 onpeneneunn noruocaux $~ryp 80 ace» 
Alt1ahasoHe Kcnonb3yeTcR opTorOHanbHOCTb c~ep~4eCKIt1X $YHK41t1~. 

C nOMo~b~ ~HTerpKpOBaH~R 

,~ Ph . (y )kt~ * (y ) dY 
IF~ (h~i ) 417 ---- /3/ 

PPil.(y)dY 
I 

CH~1MaeTC.R CBR3b Me>KAY ~HAeKcaM~ e, fl ~ v B 60nbwo~1 C~CTeMe 
ypaBHeHJ.1~ /2/. ~HaMeHaTenb B yp./3/ ~BnReTcR $aKTopoM HOpM~
pOBK~ non~cHo~ $~rYPbl. nonY4eHHaR CHCTeMa ypaBHeH~~ 

M(r) ~ 
v -. 417Fe (h i ) 2: C VV k t (h i ), /4/ 

2 e+ r 11 = 1 

pewaeTCR c nOMow.b~ MeTOAa Ha~MeHbWIt1X KBaApaToB oTAenbHo AnR 
Ka>KAbIX e J.1 v AO e = emax • Ecna K03<1>$~L4~eHTbl C ~v 1t13SeCTHbl, TO 
MO)KHO BbI4~Cn~Tb <I>PO c nonouu,o yp. /1/ lt1 ruoõue noruocuue <I>~rYPbl 

-+ .~ .... (
Ha OCHose yp~/2/. C $~Kc~pOBaHHWM HanpaBneHlt1eM y. BMeCTO h. . J I 

onpeAenReTcR 06paTHaR non~CHaR $lt1rypa 

M(e) N(e) c flV 
~ L L ,. e fl ~ v ~ 

R~ (h) 417 4., ---k (h)k ( /5/s. 
J e=0(2) fl=O v==1 2e + 1 e E Yj ), , 

OTHOCR~aRCR K HanpaBneHIt1~ i 
J 

KOHTPonb KA4ECTBA 3KcnEP~MEHTAflbH~X non~CH~X ~~rYP 

Ka4eCTBO lt1 B3a~MHaR cornacoeaHHOCTb 3KCneplt1MeHTanbHWX no
n~CHWX <l>lt1ryp 06R3aTenbHO npoBepR~TcR AO npOBeAeHIt1R nonHoro Ma- ' 
TeMaT~4eCKoro TeKCTYPHoro aHan~3a. 8 HaCTOR~ee ~peMR nonb3Y~T

CR cneAY~~It1MIt1 Kp~1Tep~RM~ 17 I : 

- 3KCneplt1MeHTanbHble ~ COOTBeTcTBy~~lt1e nepeC4~TaHHble non~CHwe 

~lt1rYPhl AOn>KHbl coananar s /B3:a~MHaR cornaCOBaHHOCTb/; 

6 

- AnR CTeneH~ pa3nO>KeH~R r = 2 eCTb M(e) = 1, T.e. c~v MO>K
HO Bbl4~cn~Tb oTAenbHO AnR Ka>KAO~ $~rYPbl. 8 cnY4ae 6e30wlt1
604HO~ pa60Tw Bce c~v (~i) AOn>KHbI 6b1Tb paBHbI He3aB~C~MO 
OT AaHHo~ non~cHo~ ~~rypw. B3a~MHwe OTKnOHeH~R RBnR~TCR 

kplt1Tep~eM Ka4ecTBa; 
- B n~6b1x nepeC41t1Ta~HWX non~CHWX <I>~rypax ~ 06paTHwx non~CHblX 

$~fypax A~ana30HbI OTp~L4aTenbHWX 3Ha4eHIt1~ YKa3b1Ba~T Ha He
npaBlt1nbHy~ HOpM~POBKY 3KCneplt1MeHTanbHWX AaHHWX. 
HapyweH~e nepe4~cneHH~X ycnoB~~ MO>KHO B KaKo~-To Mepe ~c

npaB~Tb nYTeM A06aBneH~R nOCTORHHoro ~oHa K OTAenbHblM HeKOp
peKT~WM non~CHblM $~rypa~. 

PE3YflbTATbl 

~3 cneKTpoB AIt1~paKL4~~ 06pa3L4a cTe6enb4aToro rHe~ca onpeAe
neuu 6 nornoc aux ~J.1ryp /p~c. 4/ ~ Bbl6paHbl AnR nocnenyouiea 06
pa60T'K~ MeToAoM, on~caHHblM B npep,blgyli.teM nap arpece . KooPA~HaT
HaR C~CTeMa 06p-a3L4a Bbl6patia TaK, 4T06bl "c~e6eIlbll K'SapL4a B rHe~
ce, npeAcTaBnR~w.Vli:1 HanpaBneHlIle TeKToH~4ecKo~ b -ocu , õun na
pannenea x -oc~ 06pa3L4a. rlpVl6n~>KeHHY~ OpTOpoM6Vl4ecKY~ CIt1MMeT
pVl~ no~~cH~X ~Hryp MO>KHO nonY4~Tb Bpa~eHlt1eM KooPA~HaTHo~ CIt1C

{1120} {2f30} {1012H0112} 

.s.:»> 
y 

{2021}{0221} {1231}{2131} {1121} 

8 
PHC. 4. 3KcnepHMeHTanbHble nornccnue CÍlHrYPbl. 
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--

TeMbl oõpaaua aoxpyr OCl-1 Z Ha 20 rpanycoe 111 soxpyr OCII1 Y Ha 
8 rpaAYCOB. PacxomAeH~e ·MemAY TeKTOH~4eCKO~ l-1 nepBdHa4anbHo~ 
KOOPAII1HaTHO~ Cl-1CTeMO~ 06pa31..ta MomHO 06bRCHII1Tb HeT04HOCTblO B 
l-13rOTOBJleHII1I11 o6pa3l..ta, a TaK}f{e ·ero YCTaHoBKo~ B rOt::l1ll0MeTpe. 

nepBoHa4anbHbl~ Ha60p noruccaux $l-1ryp 6btn nepec-urr aa J13 C~v 
K03ep$II1l.\lt1eHTOB /Pl-1c. 5/. Pa3nW.:jllle TeKCTypHblX KOMnOHeHT 8 akcne
pl-1MeHTanb HblX 111 nepec-urr aHHblX noruocuux $111 rypax CGCTaBm~eT MeHb
we 10% non~cHo~ nnOTHOCT~. KpOMe Toro, 5~nll1 nepeC~II1TaH~ non~c

Hble $111 r ypa OCHOBHblX Mop$onOrll14eCKII1X $OpM t<Bap~a /Pl-1c. 6/. 110
n~cHafl $11I rypa 6a3111CHOYl nnoct<OCTIII I 0001 } oõnaaaer HHTeHCi4BHbIM 
MaKCII1MYMOM npll1 a = y 111 II1MeeT TeHAeHI..tIl1~ K o6pa30BaHJ.1~ nORca 
OT a = Y K C = z . 

(l120} {2130} {1012} {0112} " \y" " 
'\3'/,(~(@)(~. n 

-~n~ ;'
~ ~J :-VI 

I "I. ,// <.. 'G-> 
yY 

{2021}{0221} {1231} {2131} 

----~ 'I 

PHC. 5. 06paTHo nepeCqHTaHH~e non~CHwe ~Hrypw /nepBoHa
tIarIbHbIH Ha6op/. ' 

3TII1 pe3ynbTaTbl CpaBHII1Banll1Cb co CTPYKTYPHO~ AlI1arpaMMo~ KBap
~e8~X oce~,onpeAeneHHO~ 1113 OnTl-14eCKII1X 1I13MepeHII1~ /200 oce~ B ce
4eHlI1l11a-c/,pl-1c.6.CornaCOBaHlI1e 3TII1X pe3ynbTaToB YAoBneTBOpll1Tenb~ 

Hoe. OAHaKo CTPYKTypHaR AlI1arpaMMa, onpeAeneHHaR 1113 OnTII14eCKl-1X 
1I13MepeHII1~, He II1MeeT TeHAeH~II1~ K 06pa30BaHII1~ nORca. OTCYTCTBlI1e 
nORca MomHO 06bflCHl-1Tb paCCMOTpeHlI1eM KBap~eB~X 3epeH TonbKO 8 
cTe6ne rHe~ca. B Al-1$paKI..tHOHHOM 3KCnepll1MeHTe KBap~eB~e aepHa 
MaTpll1~W, II1Me~~lI1e Man~e pa3Mepw, TaKme BHOCRT CBO~ BKnaA B no

8 

a a{101"O} 

-]
 b
b 

~ , 

a o 

b 

a {5161} 

PHC. 6. CTPYKTYPHafI naarp asera KBapq€BhIX o ceü /200 ocets] 
cne aa H nep ecva-raaasre HonIOCHbIe ~HrYPhI Mop~OnOrH"lIeCKHX 

~OpM. 

nIOCHY~ $lI1ryPY. C APyro~ CTOpOHbI, paaneneuae MaKCIIIMYMa npa a == v. 
Ha ABa, II1Me~II1X yrnoBoe paCCTORHllle nopRAKa 20 rpaAYCOB, Ha 
CT-PYKTYPHO~ AlI1arpaMMe He Ha6n~AaeTcR B nonocuoã $lI1rype 10001 I. 
3TO MomeT 6blTb CBR3aHO co Crna}f(II1BaHlI1e.M nornocuax nJ10THOCTe~ 

BcneACTBlI1e OTHOCII1TenbHO HII13KII1X cTeneHe~ pa3J10meHII1R 11I B~6opOM 

noruocaoã nnOT-J-lOCTII1 B 3KCnepll1MeHTaJlbHblX nOJ1~CHbIX $lI1rypax. 
Ha puc , 7 np enc r aartexa oõoaruue noruocaue $lI1rYPbl ,AnR KOOPAII1

HaTH~X oce~ o5pa3~a. KpoMe MaKC~MYMa npll1 /0001/, B .y -HanpaB

101101,10110.1 101101 

A} 4s1:J i2J L1!dJ
100011 110101(0001) 110101 100011 IIOTOI 

PHC.. 7. 06paTHbIe nornocasre cllHrYPbI Koopp.HHaTHbIX oceü o6pag
~a /z-, X-, Y-OCh c neBOH CTOpOHW/. 
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neH~~ He Ha6n~AaeTCR KaK~x-n~60 3aMeTH~X TeKcTypH~X KOMnOHeHTo 
Cy~ecTByeT TohbKO OAHa XOpOWO B~pa*eHHaR KOMnOHeHTa B COOTBeT
cTBy~~e~ ~YHK4~~ DaCnpeAeneH~R Op~eHTa4~~ /~Pol, ~306pa*eHHaR 

Ha p~Co 80 ~Ba MaKC~MYMa np~ ±y B non~CHO~ ~~rype. {OOOll 

~ 

, 

PHC'. 8. <J)PO x s apua B cTe6e31b"llaTOM PHeHce o 

npORBnRDTCR B B~COKO~ ~HTeHC~BHOCT~ B <Ppo np~ {3 =: a 1 = 900 l1 
a 2 = 2700 COOTBeTCTBeHHOo Ha p~c. 9 nOKa3aH~ CKeneTH~e R~H~~ 

06e~x KOMnOHeHT B 3a
B~C~MOCT~ OT yrna 

-llO;OI!l1;ol 00011111101 1", '170'1 3~nepa y. KamAaR rui ~ I R 

(1':>(,01111]01 " ~ " " ': 1 ' C : " 11 0 ' J I ~' l O J H~R ~MeeT ABa 'MaKC~
81 'o'1011'1:211. MYMa c paCCTORH~eM 
b ~
 

I ~1 
PHc.90 CKe31eTHWe 31H

oI------r---.-----.---.----.-~ o --	 HHH <J)PO MaKCHMYMoB B 
o	 1C LO E.C 80 '00 11C 1. 'x
 

3aBHCllMOCTH OT y •
 

B 60 rpaAYCOB. CKeneTH~e n~H~H np~BeAeH~ AnR MaKC~ManbH~X Be
n~4~H COOTBeTCTBY~~~X KOMnOHeHT <1>PO, Aa*e e cnn {3 CTpeM~1TCR K 
ManblM yrnaa , oc06eHHO B6fl~31tt 60 rp anycoe . <t>JlYKTya4~~ B (3 CBR
3aHbt c HenOJlHO~ OpTOpoM6~4ecKo~ C~t"'MeTp~e.:1 noruoc asrx ~Varyp. 

! , 
~HTEPnPETAU~Ul 3KcnEP~MEHTAnbHbIX ~AHHbIXI,. 

non~CH~e ~~ryp~ OCHOBH~X Mop~onor~4eCK~X ~OpM KBap~a /~a3~c, 

np~3Ma I ~ 11, pOM603AP, Tp~roHanbHaR A~n~p~M~Aa) Tpane403AP/ 
6~n~ onpeAeJleHW AnR KooPA~HaTHo.:1 C~CTeMW co cneAY~~~M COOTHO
weH~eM oçe.:1 a = y , b ::: x " C =: Z o nYTeM Bpa~eH~R KooPA~HaTHo~ 
C~CTeMbl 06pa34.a B nonoxeuae a ::: z, b = x, c::: -y MaKC~MYM no
mocHo~ ~~rYPbl MO*HO cnaa-urr s c Kp~cTannorpa~~4ecKo~ c r epeorpaw
MO~ "npaeoro'" xaapua ./npaBbJ,:t ~ J1eBbl~ KBap4 uens aa paana-uir e 
B A~~paK4~oHHOM 3Kcnep~MeHTe/. CooTBeTcTB~e Hennoxoe /p~c. 10/, 
4TO raBop~T 06 YAOBneTBOp~TeJlbHO~ 3Kcnep~MeHTaJlbHO~ T04HOCT~. 

Pa3n~4~e Me*AY 3Kcnep~MeHTanbH~M~ ~ cTepeorpa$~4ecK~MK T04Ka
M~ OKono 10 rpaAycoB, 4TO 06bRcHReTc~ HenonHo~ cHMMeTp~e~ 

C·Z 
t -o, 

.I 
I

A2 

b anot, !f" '~-- \~'7Js-;,'" H 
X ;~~?01Tl.J~ ~-,~ 0111 O1l1 <\.,v r ; X.'r_ 

i 

I	 -°2 

li' 
II 

' 

A, 
C·Z 

PHC. 10. CpaBHeHHe 3KcrrepHMeHTaJJbHbIX TeKC TypHbIX KOMIlOHeHT 

c TOtIKaMH Ha CTepeorpaMMe }J,J1fl rrpaBOf"O KBapu;a. TeMHafl TIJIO

W;aAb nOKa3bIBaeT OTK310HeHHfl. 

lO II 



nOnJOCHblX ep\l1ryp. Ilpennonar ae r ca , 4TO uexor opue Op\l1eHTaLt\l1V1 ~ OT
n\l14Hble OT c r epeor pa-ua , COOTSeTCTBYIOT' cn'a:6oMY ac = yz nOHCY B 
nOnIOCHO~ ep\l1rype 100011. CTPYKTYPH~~ T\I1n K~apLteBO~ epa3~ COOTBe~

cTByeT MaKC\I1MYMY 1 npe\l1My~ecTBeHH~X Op\l1eHTaL.t\l1~ no CaHA~~y/121 
B C04eTaH\I1\11 c TeHAeHL.t\l1e~ K 06pa30BaH\I11O ac -nOHca. XO$MaHH / 13 1 

" On\l1CblSaeT TaKoro pOAa Opll1eHTaLt\l1\11 \I1e~apx\I1e~ 3BonlOLt\l1\11 nap~\I1anb


HO~ CTPYKTYP~ KBapLta B aHT\I1Kn\l1Han\l1 PYAH~X rop, xapa~Tep~o~ ',\
 

AnH BepxHe~ KOp~ per\l10Ha. 5a3\11CHOe cKOnbmeH\I1e, conpoBomAalO~ee


CH BHeWH\I1M Bpa~eH\I1eM OC\I1 c B HanpaBneH\I1\11 ai, np\l1BOA\I1T K C-MaK

C\I1MYMY, napannenbHOMY a1 np\l1 TeMnepaType H\I1me 800 0C \11 np\l1 CKO

pOCTHX Ae$OpMau,\I1\11 -.( == 10-5 c-1 , AP~r\l1e 3KB\I1BaneHTHble 3Ha'4eH\I1H
 
( T , ;) MomHO nonY4\11T b \113 puc . ,11 14/. B 3TO~ 06naCT\I1 A\11 a r pa-r


Mbl nnaCT\I14eCKOe r eve aa'e 
npo\l1CXOA\I1T 6e3 peKp\l1CTan
n\l13au,\I1\11. 06pa30Ba~\I1e 

nOHca B CTpYKType 06bHC
T(°C) HHeTCH COBMeCTH~M Ae~cT@ oel5'1 
11001 50° B\I1eM 6a3\11CH'OrO \11 npll1'3


i 31.0 1iJ'
t MeHHoro cKOnbmeHII1H, np\l1
1 35" + c b 4eM YBen\l14eH\I1e np\l13MeH

900 

1 

Horo CKOnbmeH\I1H np\l1BOA\I1T

~280 34°1__ 25'	 "0 K YBen\l14eH\I11O yrna OTKPW

1' 30°
 

700 PHC. 11.H3MeHeHHH rrpeHMY

j	 35°; 6-~10:--------270 

ll~eCTBeHHbIX opHeHTau,HI1 C
JCH KBapu,a c TeMrrepaTY


500 - 
3001 +C, b ~Oo- po~ H ~KOpOCTbW ge~opMa


U,HH B KBapu,HTe.4Hcna rro

Ka3bIBaWT cpenuee 3Hat.Ie


I -
HHe rronOBHH!>1 yrna OTKP!!

10-7 ~ (see1) THH noa c a . 
~ 

T\I1H nOHca. CpaBHeH~e o6HapymeHH~x T\I1nOB CTPYKTYPW C 3KCnep\l1 l 

I
;MeHTanbHo AeepopM\I1pOSaHHblM	 KBapu,\I1TOM np\l1BOA\I1T K cneAYIO~\I1M YC

/<	 500 0C/,nOB\I1AM AeepopMau,\I1\11: OTHOC\I1TenbHO H\I13K\I1e TeMnepaTYP~ 

HO BblCOK\I1e CKOpOCT\I1 AeepopMau,\I1\11 1"( <, 10-4 c- 1 / lU. KaK cne 
-	 (1"5' tAyeT \113 MOAenbHWX paC4eTOB no Te~nopy-5awnHy-X\I1nny ,\I1Ccne

AOBaHHble r excr ypuue KOMnOHeHTbl COOTBeTCTBYIOT T\I1ny "MOAenb xe ap iI 
u,\I1Ta Ali B 06nacT\I1 MemAY aKC\I1anbHblM paCTHmeH\I1eM \11 Crnam\l1BaH\I1eM, J 

I.rAe AOM\I1H\I1pYIO~e~ C\I1CTeMO~ CKOnbmeH\I1H HBnHeTCH /0001/ [a 1 , 

p\l1C. 12. KpoMe Toro, He06xOA\I1MO Y4\11TWBaTb Bn\l1flH\I1e BOA~, COAep
ma~e~CH B KBapu,e, Ha ero nOBeAeH\I1e np\l1 AeepopMau,\I1\11. 3TO cneAyeT 
\113 pa60T~ /14', B KOTOPO~ Kp\l1CTann~ C~HTeT\I14ecKqro KBapu,a, CO
Aepma~\I1e MoneKyn~ BOA~ 8,8' 10- 3 H/ Si , nOABepran\l1Cb Ae$opMau,\I1\11 
np\l1 Kp\l1T\I14eCKO~ TeMnepaType 380 0C np\l1 HanpHmeH\I1HX, B 10 \11 20 

PHC. 12. Pe~ynbTaTw paCt.IeTOB 
rro T,el1nopy gníI pa3nHt.IHblX Mo.o;e-" 
nel1, x.:tpaKTepH3YIOllI;HXCH pa3HbIMHéa,éa 
CHCTeMaMH CKOnbJKeHHH, aKTHBHpO

ITOõõUIaJ! BaHHWMH B rrpou,eccax ge~opMa
z[c+o)

b / ~ mlul	 gHH(151 . BepT~KanbHoe HarrpaB
neHHe COOTBeTcTByeT aKCHaflbHO.-_~a MY paCTHJKeHH,fO, r-optr aorrr arrs ao e 
xap ax-r-epaave r axcaan suoe YKO
pOt.IeHHe H AHarOHanbHoe Crn3JKH
BaHHe.éa,~a 
p aa MeHbWII1X, 4eM 06bl4Hble "rie
peHaCbl~eHHblell Kp\l1C r annu . Taxoe'«':'::-: .. ' 

.:::::jJ::..... o r\l1APOn\l1T\I14eCKOe ocna6neH\I1ee:"'<íD.:.::~ ....::\:;::.;: 
CBH3aHO c YBen\l14eH\I1eM nOAB\I1m
~OCT\I1 A\I1CnOKa~~~ np~ r\l1APOnll13e 
II1Mem~~XCH KoaaneHTHWX ~BH3e~.éa,$a

... : .... :. J 

(i/i:':\':: o-> a• "'/* v..~ .:..~.: ~'.: ~ :. 
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