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Oprannyeckast KOMIIOHEHTA OMOTeHHBIX arperaToB

OpraHo-MunHepanbHble

KayecTBEeHHbIN

CopepxaHue, macc.%

arperarbl COCTaB
SMAmb Benok (amenoreHuH, 01-3
9HaMenuH)
[NeHTuH Benok (konnareH) 20-30
KocTu Bernok (konnareH) 25-40
3yOHble 1 Benku, yrnesogpbl, 10-70%

CnOHHbIE KaMHU

Jamnnabl




e KaMHM MOYEBOU CUCTEMbI

ABnaroTca MPUYMHOM NOYEYHOKAMEHHOMN OOJIe3HM
(MoYyekameHHon borie3Hn) — ogHoro n3 Hambonee
4acTbIX YPOInOrn4yeckunx 3aboneBaHun,
BCTpeyawuwmnxca He MeHee 4YemM Yy 1-3 %
HaceneHus.

B HacTosllee BpeMa B pa3BUTLIX CTpaHax Mupa 13
10 wmnH. 4yenoeek 400 TbIC. CTpagarT
MOYeKaMeHHOW bonesHblo. ExxerogHo
peructpupyetca 85 Thic. cny4yaeB 3aborieBaHUS
MOYEKaMEHHOW OOresHbo, Npm 3ToM 62 ThIC. U3

HUX - peunanBHbl€ KaMHN.



MecTomoJio:xkeHue
(3aIITPUMX0BAHO) MOYEBBIX
KaAMHEH B OpraHu3Me 4eji0BeKa.
1,2 — mouku; 3- MOYETOUHUKH; 4
— MO4Y€BOH NMYy3bIPb; D —
BLIBOJAHOM KaHAJI

obsacTh 1O 00€ CTOPOHBI OT
MTO3BOHOYHHKA, MPEICTABISIOT
CO0OM CHUCTEMY OJHOTHUIHBIX IO
CTPOCHUIO 00pa3oBaHUil —
HE(POHOB, KaXKIbIH M3 KOTOPBIX
ABJISAETCSA OTJIEJIbLHOU
(O YHKIITUOHUPYIOIIEH e IUHUIICH.
[Ioukn BBIBOAST M3 OpraHu3Ma
OpPOAYKThI ~ a@30THUCTOrO  OOMEHa
(MOYEBHHY, KpEaTHHUH, MOYEBYIO
KHCIIOTY W JAp.) H30BITOK COJeH |
BOJIbl. [ 71aBHOE B JAEATEIBHOCTH
MOYEK — PpEryJisiius BOJHOTO U
3JIEKTPOJIMTHOIO OOMEHA, a TaKXKe
KUCJIOTHO - IEJTOYHOTO
PaBHOBECHSI B OpPraHU3MeE YEJI0BEKA



Mopdonorna noYeyHbIX KaMHEN
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KoMKoBUAHbLIN C OTPOCTKaMU CpeponaanbHbIn



MwuHepan (coeauHeHue)

HasBaHue Popmyna
OkcanaTbl

Yesennut CaC,0,H,0

Yepnennut CaC,0,2H.,0
dPocdaTbl

CtpyBut MgNH,PO, 6H,0

MmapokcunanatuT Ca;(PO,);(OH)

Bpywur CaHPO,2H,0

Butnokut Ca,(PO,),

Hbro6eput MgHPO, 3H,0

Kucnbin oktadoccar

Ca,H,(PO,),-5H,0

Kanbumsa

BaBennur Al,(PO,),(OH,F),*5H,0
Ypathbl

Ypukut C,H,N,O,

Mouekucnsin gurngpat C,H,N,O;2H,0

AMMoOHUN ypaT C,H, O;N,(NH,),

HaTtpuu ypaT MmoHorngpar C.H,O;N,Na, H,O

Kanbuun ypat gurngpart

C.H,0,N,Ca 2H,0

MuHepanbHbIU
COCTaB MOYEBbIX
KaMHeun



.U,pyme opraHn4yeckKkune coeganHeHus

KcaHTuH C,H,N,O,
'MnokcaHTUH C,H,N,O
LinctuH SCH,CH(NH,)COOH
Kap6oHaThbl

darteput CaCO; (rekc)
Kanbuurt CaCO, (Tpwmr)

Okcugbl
MarHeTtur Fe;,O,
FemaTut Fe, O,
fetur FeOOH, np. rp. Pbnm
NlennpoKpokuT FeOOH, np. rp. Amam
Kesapy SiO,

Opyrne MuHepansbl

'mnc CaS0O,*2 H,O
N'ym6onbaTuHmut | Fe(COO),-2H,0
Manur NacCl
Nonewut Zn,4(PO,),-4H.,0
CunbBuH KCI

MuHepanbHbIN COCTaB
MOYeBbIX KAMHeN
(npopornxeHue)



PacripoCcTpaHEHHOCTh MUHEPAJIOB ITIOYEYHBIX KAMHEU

MuHepaJbHBIA COCTAB MOYEBbIX KAMHEH
xkuresnein Cankr-IlerepOypra




OKkcanaTtbl NOYeYHbIX KAaMHeu
VYapeaant CaC204 (1+x)H20, x <0.07

(Mpuamarnyeckn BUg CUMMETPUN

MOHOKIMMUHHOW CUHIOHUK, 2/m )

OObIYHO BCTpeYaeTcs B BUOEe Hanerawwmnx __»
Opyr Ha gpyra TOHYauwmnx, nogobHbIX dooribre
NAIACTUHOK, PacrofioXeHHbIX napannensHo
NOBEPXHOCTU KaMHS.

Uacto kpuctannbl yeBennuta obpasytoT
OpYy30BUOHbLIE HapacTaHUs Ha MOBEPXHOCTSAX
MHOIMMX OKCanaTHbIX KaMHen, TpaBMUpyoLme
Npu pasnuyHbIX OBMXKEHUAX TeNo 60nbLHOro.
XapaKkTepHbl OBOWHWKK, MNpu paspacTaHuu
KOTOPbIX BO3MOXHO Obpa3oBaHue NpeKkpacHbIX—, |.

po3oyek, anameTpom 10-20 MKM.
YeBennnT o4eHb MMOXO pPacTBOpPHAETCA B
Pa3nnYHbIX PU3NONOrMYecKknx pacTeopax.

MBONIHNKY B BHIC
po30oueK



Kpucrajiaudeckasi CTpYKTypa yeBeJJIMTA
CaC204 (1+X)H20, X £ 0.07 np.rp.P2,/c
a=06.286 —6.292(1), > C
b =14.560 — 14.588(4),
c =10.094 — 10.132(4) A;
B =109.39 — 109.49(2)°.

| — cnon n3 KatTuoHoB Ca u
oKcanaTt UOHOB

Il — cnon U3 okcanart MOHOB
MOJIEKYyn BOAbl

Jomn. moseky. b1 H,O

JIeHTa U3 oKcajaar-uoHOB U MOJICKYJII BOHI,

o H:0(1) ¢ H:0(2)
CBSI3aHHBIX BOJOPOIHBIMHU CBA3SIMU. MOJIEKYJIBI o H:0(11) @ H0(21)

o H:0(22)
BOJIBI PacIpeACICHBI HEYITOPSIOUCHO



Yapgpennut CaC204 - (2+x)H20, x =0.13 — 0.37

TerparonanbHasi CHHTOHUS,

JUIUPaMUIANBHBIA B CUMMETpUH, 4/m
HaOmromaercss B Bulie C(EPOJUTOB, a TaK XKE
XOPOIIIO 00pa30BaHHBIX YIUIOIIECHHBIX
JTUTIUPAMUIATTBHBIX KOHBEPTOOOPA3HBIX
KPHUCTAJJIOB Pa3MEPOB JI0 2 MM.

KpucTasnisl *MEIOT O4€Hb OCTPBIC Kpasi, KOTOPbhIC
IIpU JBMXKCHUU KaMHS PaHAT TeEO.

VYennemnmur He cTaOWIeH W TpPEBpaIllaeTcs Cco
BpEeMEHEM B  YEBEIUIUT TPU  KOMHATHOMU
TeMIepaTrype, HEIMOCPEJICTBEHHO B OpraHHU3ME.
[TosToMy B OKcajdaTHBIX KaMHSX OH OOBIYHO
ciaraeT ux 000JIOUKY.

Hlug yaseur-
Y311 IMTOBOIO
KaMHS

oL |
p

JlntmpamugajibHbIE
KOHBEPTOOOpa3HbIC
KPUCTAJUIBI C HAJIETOM
OPTaHUYECKOTO BENIECCTBA

I

Kpucranasl yyigeainra Ha

IIOBCPXHOCTH YEBC/VINTA



Kpuctannuueckas cTpykTypa yeaoennura

(OW1),: (OW1),(OW3/OW31),= 7 -2

MoJiekyJibl BOAbl HAXOASTCS B
KaHaJax, CpOPMHUPOBAHHBIX
KkoJJoHKamMu u3 Ca-nmoau3apos,

KOTOPLIC CBA3AHDbI JICHTAMH
«'C204 = H20->>.

CaC,0, - (2+X)H,0, x = 0.13 - 0.37 Ilp. 2p. 14/m

[lapaMeTpBl KPUCTAIUTNYECKON PEIIETKH

Amount of “zeolitic” water (x), a.p.fu.

MapameTpbl BenuuuHa Alo
a, A 12.345 — 12.365(1) 20
c, A 7,348 — 7,360(1) 12
3.29 A
3.28 .
327 A
< 3.26 -
5 325
[=] *
. 3.24 A
£ 323 <
322 1
321 1
3.2 T T T T T T
0.05 0.1 0.15 0.2 0.25 0.3 0.35 04

olitic” water ), a.p.fiu.

of “ze

unt

Amo

0.4 -

0.3 4

0.2 1

0.1 4

12.32

12.33

12.34 12.35 12.36 12.37 12.38

Unit cell a parameter, A

12.39




N3omopdunsm cbocdaroB noyeUHbIX KAMHEN

Kpuctannunyeckasi CTpykTypa cTpyBuTa

NH.MaPO. - 6H.O nn. ro. Pmn2, CTpyxTypa npeicTassier cogoii
b a qYEepeaoBaHUEC OIMHAKOBLIX CJI0€B

" () ()

B10JIb OcH ¢c. Kaxablii ciioi
cocrout U3 Mg-okTa’apos,
KOOPAMHMPOBAHHBIX MOJIEKYJIAMH

Mg2* 6(H,0)

NH,* B BO/IbI, a TaK ke TeTpasapos PO u
NH,*
BakaHcus
Caz*
NapameTp, A Bapuauum Alo
a 6.933(2) - 6.947(2) 7
b 6.127(1) - 6.139(1 6
[Ipoekius Ha mmockocTs (110) (1) (1)
c 11.193(2) - 11.220(2) | 13.5

Bo3moxxHbIE cXeMbl H30MOP(HBIX 3aMeLeHHH
« NH4" « K*;
. 0.5Mg?* + PO43‘ < 0.50 + A2(S0O,%, HPO42‘)



bpyLuunT

CaPO,4(OH) -2H,0 KYc..= 8
CTpyKTypa COCTOUT N3

rocppupoBaHHbIx crioeB CaHPO,,,
nepneHanKynsapHbIX ocu b.

Cnowu cBA3aHbl Mexay cobou
Moriekynamu Bogbi.

ITapameTpsbl 3J1. AYEHKHU:
a=5.812(2),

b=15.180(3),

c=6.239(2),

=116 ° 252’

CxemMbl H130MOP(HBIX 3aMelleHUA
0.5(Ca) 2*+(HPO,)? 0.5 + (H,PO,)

(HPO,)% «(S0,)*



M3oMmopdu3M dacharoB MOUEYHBIX KaAMHEH (IIPOJOIKEHHUE)

CrpyBut bpymut
(NH,)«K* [ Mg?*«<Ca?* | Mg?*«a | (PO,)*«(S0,)%* | (HPO,*«(SO,)?* (Ca)z+—0
XapakrepucTuka
IIpeneabHoe coaep:xxkanue npumecu (Ha popmyJy)
Cmax (B 1IOY. KaMHSIX) 0.02 0.06 0.08 0.01 0 0.08
C,ax(B cunt. Kpucr.) 0.84 0.02 0.14 0.01 0.05 0.10
()T B %0 4 39 - 0.5 -
Koa¢. pacnpen. snem. 2.32102 3.7104 - 1.82102 (makc) 2.2108 -

[, — MOHHBIM pajguyC OCHOBHOIO DJIEMEHTA
r',,~ HOHHBIN paJnyc IPUMECHOTO SIEMEHTa




 MunHepanbl NOYeYHbIX KAMHEN XapaKTepuayroTCH
nepeMeHHbIM HECTEXNOMETPUYECKNM COCTaBOM,
YTO OTpa)kaeT HecCTauMoOHapHbLIe YCNOBUA UX
obpa3oBaHus.

° HeCTeXI/IOMeTpI/IFI OKCaJlaToB Kallbund CBA3adHa C
nepemMeHHbIM KOJIN4YeCTBOM BObI.

 [lepeMeHHbIN cocTaB ocdaToB Kanbuna WU
MarHums obycroBrieH N30MOPMHLIMU
3aMeLLeHNaAMN BO BCeX KpucTtannorpaguyeckmnx
no3numnax. HecTtexmometpua  anatuta u
bpywmnta cBsidaHa C BaKaHCUSIMM B MNO3ULUSX

KalribLun4d, CTpyBUTA — MarHn4.



CTpyKTypa MOYEBBIX KAMHEM

CTPYKTYPHO-TEKCTYPHbIe OCOOEHHOCTH
MOYeBbIX KAMHEU TECHO CBA3aHbl C UX
MUHepanbHbIM cocTtaBoM. 1o
reHeTU4YeCKMM nNpuU3Hakam BblOaensaroT
ABa pe3KOo pa3nUyYHbIX KpanHUX Tuna
CTPYKTYP — KpUCTannmsaumoHHble U
ceauMeHTauNOHHble (TOYHee —
arriomepaunoHHbIe), a TaKXe CTPYKTYpbI
CMeluaHHOoro Tuna.



KpucrajqauzanuoHHbIe CTPYKTYPbI OKCAJATHBIX H
YEKHCJABIX YPOJIUTOB

By i

|~

« ] "

Mmnozoypostesas OCUUANAUUOHHAA
MUKPO- U MAKPO-30HAABHOCHD
OKCAAAMHBIX KAMHET

Oopaszyromcsa npeumyuiecmeeHHo 6
no4ykKe u mMo4emouyHuKe




CdepouToBoe CTpOeHHE MOUYEBbIX KAMHEH
OKCAJIATHOI'0 THUIIA

OQHOUEHTPOBLIN
chepoaut

MHOroueHTpoBbIi
chepoaur

Cieponumoeasn cmpykmypa A61a1emcsa pe3yabmamom pacuienieHusl
npuzMamuueckux  Kpucmaiios yeeeaiuma npu  npaAmMou
Kpucmanauzauuu u3 Quzuonozuueckozo pacmaeopa



MoueKucavle KAMHU

3axeam OpP2AHUUECKO20 8CULECBA MEMHCOY UHOUBUOAMU CPepoSIumos
NPOUCXO0UmM CYULeCMBEHHO UHMEHCUBHEe, UeM 6 YIBEATUMOBBIX
ypoaumax. Konuemmpuueckana 30HAIbHOCMb MO Op2aHUKe 30€Chb
Oonee 2pybasn, a OCUUNIAUUOHHAA MUKDPO3ZOHAIbHOCHb NPOABIECHA
MeHee Omuemiugo.

D __“

Ciheponumosan cmpykmypa
| Aeemc pe3ybmamom
| pacwiennienus  Kpucmaniog
== ypuxkuma npu  npamou
 Kpucmannuzayuu uz
uszuonozuueckozo pacmeopa



B uenom, cmpykmypor ypamuvix (YypuKumoevix) u
YIGETUMOBBIX KamHeil CXOOHDbL, Ymo
noopasymeeaem u CXOOHbIU CHOCOO (MexaHuim)
dopmuposanus Imux ypoaumoe, HeCMOmMpPA HaA
PA3HYI0 UX JIOKAU3AUUIO 8 OP2AHU3ME Ue108€eKA.
Okcanammnoie KaMHU oopazyromcs
npeumMyuieCmeeHHo 6 noYKe U MOUemoUHUKe, moz2oa
KaK ypamHble — 6 MO4€680M ny3vlpe.



CeQMMeHTaUNOHHaA CTPYKTypa

cdocaTHbIX KamHen

- -,
AT R T -

M'mapokcunanaTuT-yaBennurt

3X

rmagpoxKkcunanatTuT

s L o
BT,

A | 100 mkm |
MapokcunanaTuT-6pyLmnT



3oHanbHOE cTpoeHue pocharHbIX KAMHEH

YepeaoBaHue cJj10eB
CTpyBUTA (TEeMHBIE ) H
anarura (0ejble).

Cion amarura B
OKCAJIATHOM KAMHE



CTpyKTypa doocdraTHbIX YPOInMnTOB
TOHKO3epHUCTad nUnn, yatile,
CKpbITOKpUCTannuyeckas, 4yTo roBopuT 0
NPUHUMNMWANBHO MHOM MeXaHu3Me (MOpMUPOBaHUSA
nyTem arfnomepaumm MUKPOKPUCTaNIUYECKOro wunu
amMmopdHoro martepuana.

OcHoBHasa cocTtaBnswwas gocdaTHbIX KaMHeun
— peHTreHoamMopdHbIK anaTUT CTEKNOBUOHOW,
KOMKOBaTOW Nnu rnodynsapHou TEKCTYpbI,
CINOXXEHHbLIN, Nno OaHHbIM 9NEKTPOHHOWU
MWUKPOCKOMNUN, MENKUMUN LLIApOBMOHLIMA YaCcTULLaMU
anametpom 1-2 MKM. B anatut-cTpyBUTOBbIX
KaMHAX OH NepecnanBaeTcAa C TOHKO3EPHUCTbIM UM
CKPbITOKpUCTaNIM4YeCKUM CTPYBUTOM. Takue
CTPYKTYPbl CBUOETENbLCTBYIOT 06 0OpasoBaHMK
docdaTHbIX KaMHeM 3a CcueT Koarynaumm wu
arperauumn 4yactuy 3onen gocdatHbIX MUHEPAOB.
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