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OCOBEHHOCTH OBPA30OBAHUA
BBICOKOAUCIIEPCHBIX I'NMIPOKCUJIATIATUTOB KAJIBIINA

MeauKH 1aBHO UCKATA MATCPHUAITBI, IPUTOXHBIC
JUTS1 BOCCTAHOBJICHHUSI HUTH JAXKE 3aMCHBI TIOBPCK ICH-
HBIX KOCTCH, CycTaBoB U 3y0oB. [TeiTasvce mpuve-
HATH PA3THYHBIC MCTAJUTB U CIUIABBI, TIOTUMEPHI U
kepamuky. Ho opranusm aktuBHO OOpeTCst ¢ JTFOOBIM
BTOPTIIMMCS B HETO HHOPOIHBIM TeioM. [IpumMepHO
YETBEPTH BEKA HA3a] OOHAPYKHUITH, UTO THAPOKCH-
JAMATHUT U €rO aHAJIOTH SIBJISFOTCS OCHOBHBIM CTPO-
UTCIIBHBIM MATCPHAIOM KOCTCH 1 3yOOB, HO HE TOJb-
KO HC BBI3BIBAIOT PCAKLIMIO OTTOPKCHUS, HO U 001a-
JAOT CIIOCOOHOCTBIO CBSI3BIBATHCS CO 3A0POBOM
KOCTHOH TKaHbIO 03 KaKuX-T1u00 HEKEIATCIBHBIX
rocaeAcTBUN. VIMeromuiicsa B Oprauu3Me JeroBeKa
THAPOKCUIATIATUT MPEACTABIICT COO0M Onomoru-
YECKU aKTUBHOC COCTUHCHME Kambims. OH MOXKET
HUMETh MICPEMCHHBIN COCTaB, HECTAOMIBHYIO MOJIC-
KyJISIPHYIO CTPYKTYPY. B ero Mosekyie MokeT ObITh
ot 8—12 WOHOB KampIIH, HO HHOTAA MOTYT COACP-
JKATHCS N30MOP(HBIC 3aMCIICHAS HOHAMH MarHUA,
cTpoHLMs, Oapust, TMAPOKCHIA, kKapOoHara, propa u
ap. Cauraercs, 4TO THAPOKCHIANIATHT OPraHU3Ma
YEI0BCKA MPEACTABIACT cOOOW MHHEpaNTbHBIH
CKEJICT, KOTOPBIH ABISCTCS HCTOUHHKOM KATBITHA U
dochara B TKaHIX.

B nocnemnee Bpems GonpIoe BHUMAaHHUE V-
JsIeTCs pa3paboTKe COCO00B MOTYUCHUSI CHHTCTH-
yeckux (ochaToB KabLs, TAK HA3BIBAEMbIX, OHO-
JOTHYCCKH — aKTHBHBIX MartepHanos. Cpeau HUX
HAHOOJIBLICE PACHPOCTPAHUC MOTYIHIN TAKUC, KAK
THAPOKCHJIANIATUT U TpUKambuidochat, KOTopeie
CrocoOHbI (hOPMHUPOBATE MPIMOE «CIESIJICHUE» C
kocTeto. [Ipu 3TOM CHauana B 30HC COCTUHCHUS
MaTepuaia U KOCTU o0paszyercs amopdHOES Belie-
CTBO, KOTOPOE MOoTOM MuHepammsyercs. [Ipu atom
OHOKOMITO3UT CO3JACT MPSIMYIO XUMHUYCCKYIO CBSI3b
C KOCTBIO TIYTEM CCTCCTBCHHBIX I[EMEHTHPYIOIIHX
MexaHu3MoB. Bepostreli Beero ayuimnum 3ddexrom
B JaHHOM ciyvae OyayT obnaiaTe MaTCpUalbl C
HU3KOU KPUCTA/UTHIHOCTHIO, BEICOKOH COPOLIMOHHOM
CIOCOOHOCTHIO U XUMHUYCCKOH MOOUIBHOCTBIO TSt
TkaHeh. OIHAKO CHHTE3 MOAOOHBIX MaTCPUANIOB
NPESACTABISICT COOON CIIOXKHBIC HAYYHO-TCXHHYCC-
KHE TPOOICMBI.

B cBs13u ¢ ueM 1epr0 JaHHOU paboThI SIBUIIOCH
HCCIeI0BaHUE (PUBNKO-XUMHIICCKUX OCHOB 00pa30-

BaHHS BEICOKOUCTICPCHBIX (hOCdaTOB KANbIIU, UME-
IOLIHX CTPYKTYPY THAPOKCHIIANATHTA, C LETbI0 UX
MPUMCHECHUS B MEAUITUHCKOH MPAKTUKE B KAYCCTBE
OHOIOTUYCCKH AKTUBHBIX MATCPHAIOB.

[IpoBencHHBIC HAMH UCCIEOOBAHUS MOKA3AIH,
41O 00pa30BaHHEC COCTUHCHHH Psaa MHAPOKCHIA-
naTuta O0YCIOBICHO CIOXHBIMH MEK(paz0BEIMU
B3anMoacHcTBUAMH. [ [pr 3TOM CHITPHOE BITUSHHE HA
cocTtas 00pa3yomuxcs TBEPAbIX (a3 u UX CBOHCTB
OKa3bIBAIOT COOTHOLICHHS MEKIY HCXOIHBIMHU pea-
TCHTaMH U UX MpUpoAa, Temmeparypa u pH-ocax-
JCHUA. ITU $aKTOPl HMEIOT PEIIAIOIICE 3HAUCHHCE,
KaK Ha CTaAHH NCPBOHAYANBHOrO 00pa30oBaHHS
0CaJKa, TaK ¥ €ro CTApCHUL.

B o6nactu 3nauenuit pH 5-10, HezaBucumo ot
MPUPOABI HCXOAHBIX PEArCHTOB, 00pasyercs psix
THIPOKCHIATIATHTOB IEPEMEHHOTO COCTAaBA C MOJIb-
upiM otHoteHueM CaO/P. O, or 3,0 10 4,0, T.¢. rua-
POKCHIIATIATHUTH CTCXHOMETPHIECKOTO COCTAaBa, a
TAKXKE C MOBBIIICHHBIM U TOHIXCHHBIM COACPKa-
HHUEM KalbIHs [0 CPABHCHHUIO CO CTCXHOMETpUYCC-
KHM T'HAPOKCHIIATIATHTOM.

PesynbraTel H3yUeHUS BIUSHUS YCIOBUN CHHTE32
Ha AWCTICPCHOCTD OCAKICHHBIX THIPOKCHIAATHTOB
KabLus mpeacTasicHsl B Tabmune. ConocraBacHue
JAHHBIX MTOKA3BIBACT 3ABUCHMOCTb CBOMCTB OCAIKOB
OT U3MCHCHHSA MaPaMETPOB OCAXKACHHS, 4TO 00BsIC-
HAETCS OCOOCHHOCTSIMHM XUMHYECKOTO B3aUMOJCH-
CTBHSI B CHCTEME THAPOKCH] KanmbIvs — docopHas
KHCIIOTA.

CornacHo SKCIICPUMEHTAITBHBIM JAHHBIM YBCITH-
YCHUE KOHLEHTpauH GocHOPHOH KUCITOTH IPHBO-
JUT K YMCHBIICHHIO CPETHETO paszMepa YacTull U,
CJCIOBATCIBHO, YBEIHUCHUIO YACTBHOH MOBEpX-
Hocth. OGpaTHas 3aKOHOMEPHOCTh HAOMIOJACTCS
MPY MOBBIMICHUH TEMITCPATYPHI CHHTE3A. TaK, OBbI-
LICHHE TEMITEPATYPBI — CHOCOOCTBYET 00PA30BAHUIO
boJiee KPYITHOANCIEPCHBIX OCAIKOB.

[Tpu xuMHIIECKOM B3aUMOJCHCTBHH B CHCTEME
MPOTEKACT HECKOIBKO TOCICIOBATCIBHBIX MPOLIEC-
COB, U3MCHSFOIIUX XUMHYECKAH COCTAaB U CBOHUCTBA
ocagka. dopma B AUCHEPCHOCTh OCAAKOB OVIET
3aBHCETh, KAK OT YCIOBUH 00pa3oBaHus MEPBUIHO-
ro 0CajKa, TAaK U OT NPOTCKAHHUS BTOPHYHEIX MPO-
neccoB B cucreMe [1-3]. CormacHo KIacCHUSCKUM




Haquble cmanmvu U COO6W€H1/I}Z

Bnnsnue yciioBHii ocaskIeHHst Ha cBoiicTBa dochaToB Kanbmus,
00pa3yoNIuxcsi B cHCTeMe THAPOKCH KAJbIusi — (ocopHasi KHCI0TA

YcnoBus cuHTE3a XapakTepucTHKa TBEP/Oi (asbl
pH Temmnepatypa, °C Kounnentpanus Monbnoe Y envHas Cpenuuii pazmep
(dochopHOH KACTOTHI CaO/P O HOBEPXHOCTh, M2/T YacTHII, HM
10,7 30 87 3,67 125 22,0
103 30 87 3,46 119 23,0
9,7 30 87 344 110 24.0
8.7 30 87 3,40 85 247
73 30 87 3,36 78 27,0
6.6 30 87 333 76 295
5.7 30 87 3,28 65 30,0
52 30 87 3,26 65 29.5
103 70 87 3,46 72 413
103 50 87 3,46 97 304
103 30 65 3,46 95 28,7
103 30 40 3,46 78 35,0

MPEACTABICHUSM MPOLIECC OCAMKACHUS MPOTCKACT B
JIBC CTaHH:

— 00pa3oBaHUe B PACTBOPE KPUCTAITHUIAHUOHHBIX
LICHTPOB B BH/C KOMILICKCOB H/IH arperaToB MOJICKYIT;

— POCT KPHUCTAJTHICCKUX 3aPOIBILICH.

CKopocTh OCaXKICHUS HAXOAUTCS B PAMOH 3a-
BUCUMOCTU OT OTHOCHUTCIIPHOI'O ICPCCHIIICHUA —
CHMXKACTCA ¢ YMCHBIICHUCM TICPCCHIMICHUA U BO3-
pacraer ¢ ero yseanuenueM. [Ipu atom dopma 06-
Pa3yIOIIEro OCaaKa 3aBUCHT OT COOTHOIICHHUSI CKO-
pocCTeil mpouecca arperupoBaHUs U OPHUCHTALIMH.
Ecnu nepeceimenne pacTBopa BEJIHKO, TO CKOPOCTh
arperupoBaHus BO3PACTACT H COOTHOLICHHE CKOPOC-

Puc. 1. PentrenorpaMma ruJipoKcUIanaTuToB
KaJIblUsl ¢ MONBHBIM oTHOMeHueM CaO P O,
paBHBIM 3,6, TONYUSHHBIM TIPU Pa3IAIHOMN
MPOAOIIKUTEIHLHOCTH OCaKICHUS:

1—15 mun, 2 - 60 mun, 3 — 120 Mun

TCH CKITaABIBACTCH B IMOJB3Y IPOLIECCA arperupo-
BaHHUA. B 3THX VCIOBUAX 0CAAKH NPOXOIAIT CTAIUIO
KOJLTOMJHOH AUCTICPCHOCTH, BEIACTISFOTCS B PEHTTC-
HoaMophHOH (hopMe U THINE B MPOLIECCE CTAPSHUS
mpeBpamaroTcd B kpuctannuueckue. M neficreu-
TENBHO, MEPBUUHBIN ocanok (ocdaroB kampius,
MOTYYCHHBIN OBICTPBIM MPHIMBAHUCM KOHLICHTPHPO-
BaHHOU (ocHOPHOH KHCITOTHI K CYCIICH3UH T IPOKCH-
Ja KambLHsl, UMEET ¢1a00 BBIPRKCHHYIO KPHCTA-
JTHYCCKYIO CTPVKTYPY, PCHTTCHOIPaMMa KOTOPOH
coaepxkuT ManouHTeHcuBHbIC TuHun (puc. 1). Io-
3TOMY CTapEHHUE TAKUX OCATKOB B CYCIICH3HH IMPH-
BOAHT K YIIOPSAOUYCHHIO W COBCPIICHCTBOBAHUIO

2,0 3,0
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CTPYKTYPBI YaCTHUL, & TAKKC OPUCHTUPOBAHHOMY UX
arperupoBaHHMIO.

Kax m3sectno [1, 2], mporuece arperupoBasus
BBI3BIBACTCA HAIUYHUCM MAJIBIX CHJI OTTAJIKHBAHUA
Y OCPBUYHBIX YaCTHUL, BCJICACTBUC UCTO OHU CITUTIA-
10TCS ¢ 00pa3oBaHueM arperatoB. B ciyuae arpe-
THPOBAHUA YaCTUL I'MAPOKCUWIAIIATUTOB KaJlbLUA
pasvep u popma 0Opas3yIOIIUXCS arperaToB 3aBH-
CHT OT YCIIOBHH OCKIACHHsI, TakuX kak pH cpexsr,
MOJIBHOTO COOTHOIICHUE PEArCHTOB, HX KOHIICHTPA-
U U T. 1.

Ha puc. 2 noxa3zassl 31eKTPOHHOMHKPOCKOITH-
YUCCKUC CHUMKU I'MAPOKCUIAIIATUTOB € PA3TNYIHBIM
coornomenueM CaO/ P O,. CpaBnuBas CHUMKH
00pa3LoB MOKHO 3aK/IIOUUTE, YTO BHCLIHUC Pa3Me-
pH U GopMa YaCTHI HMCIOT PA3TINYHS, YTO CBHIC-
TENbCTBYET 00 OTIMuusIX B ux Tekctype. s ob-
pasia, COOTBETCTBYIOLICTO N0 COCTABY CTEXHOMET-
PUYICKOMY TUAPOKCHJIANATUTY, HA CHUMKC BUAHBI
OPUIMATUICCKUC KPUCTAJUIUKH, HCKOTOPBIC U3 HUX
cpocauchk B armoMepatsl. ns docdaros kambims,
HUMCHOIUX PCHTTCHOIpaMMYy amnartura, HO € IOBbI-
IMCHHBIM, IO CPABHCHUIO CO CTCXHUOMCTPUUCCKUM,
COJCPKAHUEM KaNbLHs, XapaKTCPHA CTPYKTYpa,
HAITOMHUHAFOINAS [TO BHEITHEMY BHY TIOOYIISIPHYIO,
KOTOPYHO UMCHOT MHOTHC OKCHUABI U TUAPOKCHUABL
MCTAJIJIOB, MPUMCHACMBIC B KQUCCTBC a,Z[COp6CHTOB
u katamu3aropos. Ha puc. 2 BUIHEI KOHTTOMEPATHI,
COCTOSAIIHE M3 HEOOMBIINX, OCCHIOPSAOYHO VIIAKO-
BAHHBIX TJIOOYJ, MPOMEKYTKH MEXKAY KOTOPBIMH
00pa3yroT CUCTEMY MOp.

VYunuteiBasgd 0COOEHHOCTH B3aUMOACHCTBUA B
CHUCTEME THAPOKCU KaabLus — ochopHas KUCITO-
Ta, MO’KHO MPEAMONOKNTE, YTO (hopMa U CBOMCTBA
00pa3yOIIHMXCS OCAAKOB O0YC/IOB/ICHBI BO3ICHCTBHEM
CpEABL, B KOTOPOH MPOUCXOANT UX oOpa3oBanue. Tak,
BO3HUKIIAS B HAYAIC OCAXKICHHS CHCTEMA OCAIO0K —
pacTBOp BKIIOYACT TBEPAYIO a3y, COCTOAIIYIO U3
dochara xkaapius, U PacTBOP, COACPIKAIIUL OOJTb-
1ot I/I36LITOK HWOHOB Ka/IbLUd U I'UAPOKCHUIIBHBIX
rpym. Hanuaue n30pITKa HOHOB KBS B PACTBO-
PE€ OMPEICISCT MPOTCKAHUE B CHCTEME BTOPUYIHBIX
TOMMOXUMHUYECKUX B3aUMOJACHCTBUH ¢ 0Opa3oBaHu-
eM (dochaToB CO CTPYKTYPOU amaTHTa.

[Tpu 3TOM Ha MOBEPXHOCTH MPOUCXOIUT AICOP-
OLMS MOHOB KaJIbLMS, KOTOPHIC OMPEACTISIOT 3apsi
MOBCPXHOCTH OCAIKA U CTCICHb €0 COIbBATALHH.
[MomMHuMO OTCHIIHAIOPEACTSFOIIIX HOHOB Y ITOBEP-
XHOCTH TBEPAOH (asbl B pacTBOPS YIACPKHBACTCS
SKBHUBAJICHTHOC KOJIHYCCTBO MPOTHBOMOIKHO 3apsi-

JKEHHBIX HOHOB. Taxumu uoHamu B 1udh(hy3HOM C10S
V HOBEPXHOCTH TMAPOKCUIATIATHTA SBIAIOTCS TUA-
POKCHIIBHBIC TPYIIIHL, COACPKAIIHECS B PACTBOPE.

[Ipu oTcyTcTBHE H30BITKA OJHOTO M3 KOMIIOHCH-
TOB B CHCTEME THAPOKCHUI Kaabius — (ochopHas
KHCJIOTa 00pa3yIOTCs CTEXHOMETPHUYCCKUEC THAPO-
KCHUITANTATUTHI, C SIBHO BBIPKCHHOH HOPMOH KpHC-
TJITHKOB, MOKA3aHHOU Ha 3JICKTPOHHOMUKPOCKOIIH-
ueckoM cHUMKE (puc. 2). [pu sToM Ha moBEepXHOC-
TH 0CaJKa OTCYTCTBYIOT MOTCHINAIONPEACIITIOLIHE
noHBI. [lepBUYHEIC YACTHIIBI TAKOTO 0CaIKa B OOIb-
mIei CTEICHU NOABEPKEHBI arperaluyi, 9To MpHBO-
JUT K UX YKPYITHCHHIO, 33 CUCT 3TOr0 YMCHBINACTCS
BEJTUYMHA UX TOBEPXHOCTH.

Ipu vHaauuuu B cucreme u3dbiTKa oprodochar-
HBIX aHHWOHOB, MOCICAHHUE MOTYT CTaTh MOTCHLIUA-
JONPEICTSIOIUAMH, COIBBATPOITHOE ACHCTBUE KOTO-
PBIX Ha 0CafoK OVAET HHBIM, YEM B CIVYaC MOTCH-
HATONPEACISIOMMX HHOB Kambuws. [ Ipu aacopOrmm
HA MOBEPXHOCTH 0CaaKa opTodochaTHRIX AaHHOHOB,
MEPSAAIOINUX CBOH 3apsia TBEpAOH (dase, mpoucxo-
JUT 00pa3oBaHUC V €€ MOBEPXHOCTH A dHy3HOrO
CIIOSI, B KOTOPOM JOJDKHO YACPIKUBATHCS HKBHBA-
JICHTHOE KOJIMYECTBO MOJIOKHUTCIBHO 3apsSKCHHBIX
HOHOB. TakuMu HOHAMH MOTYT OBITh TPOTOHBI.

CraenoBatenbHO, pu ocakacHUH (ochaToB B
CHUCTEME THAPOKCHA Kaabiust GochopHas KUCIOTa
MpH U30BITKE OMHOTO U3 KOMIIOHEHTTOB CBEXE00pa-
30BaHHBIN IEPBUYHBIN OCAJO0K HUMEET OUCHb HECO-
BEPLICHHYIO CTPYKTYPY KPHCTAIHYCCKOH pPEIIeT-
KA THIPOKCUJIANIATHTA, KOTOpas CIOCOOHA Kak K
BHCAPCHUIO KATBIU W THAPOKCUIBHBIX [PV, TaK
1 00pPaTHOMY 3aMEIICHUIO THAPOKCUIIBHBIX IPYIIT HA
tochaTHBIC aHHOHBI, IO MEPEe HAKOIUICHHUS TOCTe-
JHHUX B CHCTCME.

Ecnu B3anmoneiicTBHE THAPOKCHAA KATBLUS C
dhochopHOIH KHUCIOTOH BECTH IMPU MOBBIIICHHBIX
TEMIICpaTypax, MpuanuBas pactBop hochopHoi Kuc-
JOTHI K CYCIICH3UH T'HAPOKCHAA Kby, 1o u3-3a
HEOOBIIOH PACTBOPHUMOCTH THAPOKCHIA KIS B
skuAKoM (haze, aacopOLHst TOTCHIIHATIONPESACISIFOIIIX
HOHOB TPAKTUYCCKH HE NUMEET MECTa.

[To BHEIIHEMY BUAY CHHTE3UPOBAHHBIC THAPO-
KCHUNTANTATUTHI KATbLMS C MOBBIIICHHBIM COACPIKa-
HUEM KaIbLHSI U €r0 HEAOCTATKOM IPCACTABIISIOT
€000 METKOAHUCIICPCHBIC OCAIKH, KOTOPBIC 1O BETH-
YHHE YACTbHOU MOBEPXHOCTH M COPOLIMOHHOH EMKO-
cTH OOJIBLIC CXOTHBI C PSHTTCHOAMOP(HBIMH 0ca-
KaMH, 4eM ¢ kpuctannuaeckumu. CornacHo KBau-
(hUKaLUHU 0CAIKOB HA YETHIPE THIA, TPEIIIOKCHHOU
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