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Kapuec 3yboB sBNSETCA CaMbIM pacnpocTpaHeHHbIM 3abonesaHnem
yenoseka. [locteneHHO NPOrPeCCHPYSN, OH NPUBOAWT K NOAHOMY pa3py-
weHuio 3y6os. Boaxukaiowme BCNEACTBAE KapHeca BOCNANUTENbHbIE
npoueccel B nynbne 3y608 (NynbnHT) U B NEPHOROHTE (NEPUOLOHTHT)
BbI3biBalOT Y BONLHOrO 3HauuTeNbHble Honesbie owyuwenus. Mporpec-
CHUPOBaHWE BOCNANHUTENBHOTO NPOLLECCa CONPOBOXAAETCS LE/bIM PAAOM
CaMblx pazHOOOPa3HbIX NOPAXKEHHHA HYENIOCTHO-NHLIEBOM obnacTu (abc-
yecco!, OErMOHbI, OCTEOMMENHT M AP.), KOTOPbie MOTYT 3Ha4MTeNbHO
Hapywartb obuiee cocTosHue opraHuama. Kapuec u ero ocnoxHeHus
CTAHOBSATCA HCTOUHWKOM MHOTOHYMCIEHHBIX XPOHHOCENTHHECKHUX NPOLEC-
COB B OpPraHU3Me 4e/0BeKa.

Bnaropaps ycnexam B npoprnakTuke kapueca B cpanax CesepHoit
Amepuku n 3anagror Esponbl ero pacnpoctpaHeHHOCTb NpaKTUUECKH
ceeaeHa K MuHumMymy. K coxxanenuio, B YkpaunHe v psige Apyrux cTpaH
Mupa npobnema npeaynpexaeHns Kapueca ewe o4eHb faneka ot ee
pelwenun. bopbba c kaprecom ocTaeTcs nepBocTeneHHOW 3agadedi cTo-
MaTO/I0roB BO MHOrMX peruonax. [103ToMy 3HaHHe KIMHWKK U METOLOB
NeYEHUN 3TOrO PaCNPOCTPAHEHHOrO 3ab0/1eBaHHSA ABASETCA O4EHb aK-
TyanbHbIM.

Bonpocam nedyenus kapueca NOCBALLEHO JOCTATOYHO HONbLLIOE KO-
NMYECTBO CTOMATONOrMUECKON NUTepaTypbl. B BonbwmncTee oHa pac-
CuMTaHa Ha YXKe MMEIoLMX onpeseneHHbld onbiT Bpayen. Heckonbko
MeHblue W3JaHWH, NpeAHa3Ha4YeHHbIX HeNOCPeACTBEHHO A/IA CTYAEHTOB.
YuuTbigas 370, B HACTORALLEN KHUre CAeNaHa nonbitka onee NnonHo npeg-
CTaBUTb HEKOTOpble BONPOCHI U pa3aentl. [ns NnoHMMaHUs naToreHesa
3abonesaHuns, METOAHK €ro NeyeH1s U NPUMEHEHUS COBPEMEHHbIX Ma-
TepHanos HeOBXoAMMO 3HaTb MOPEONOTHIO TBEPAbIX TKaHel 3ybos, [lo-
CTATO4HO WMPOKO NnpeacTasneHbl MeTogbl obcnefosaHun GonbHoro,
BapuaHTbl 06e36011BaHNSA, NPUMEHAEMbIE NPK ONEPATUBHOM /IEYEHHH
Kapweca, OXapaKTepH30BaHbl COBPEMEHHbIE NNOMOMPOBOUHDBIE MaTePH-
anbi. Bce 310 aaeT ocHOBaHWe nonararb, YTo KHUra byaer nosesHa Kak
OMNbITHOMY Bpayy-CTOMATO/IONy, Tak W HadMHaloLWeMy U3yyaTb CToMaro-
NIOTHIO CTYAEHTY.

AsTop npu3HateneH cotpyaHuky kadeapnl 0.6. Tkay 3a nomoius B
OChOPMAEHWH JAHHOTO H3AAHHS.
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MMCTOAOrMUECKOR CTPOCHHE
TBEPAbIX TKaHeH 3y6oB

3y6bi 06pasytoTca TBEpabIMU U MPOYHBIMK TKAHAMM, KOTOPbIE MO~
3BOJIAIOT MM NOJTHOLLEHHO BbINOJHATb CBOIO (hyHKLMI0. OCHOBHYIO Mac-
cy 3yba coctasnset AeHTHH. B 061aCcTH KOPOHKH OH CHapYXKH NOKPLIT
3Mabio, Ha KopHe — LeMeHTOM. TeepAble TKaHu 3yba 3HauMTeNbHO
OT/IMYAIOTCS MO CTPOEHHIO M XMMUUYECKOMY cocTaBy. Kaxkgpii 3y6 ume-
€T BHYTPHU NONOCTb, 3aN0/HEHHYIO 3yBHOM MaKoTbio — nynbnoi. Mo-
NIOCTb NOCTENeHHO NEePEXOAMT B KaHasl KOPHS, KOTOPbIM OKaH4YMBaeT-
CA BepXyllueuHbiM (anukanbHbiM) oTBEpPCTUEM. Yepes Hero B nynbny
MPOHUKAIOT KPOBEHOCHbIE cocyabl U HepBbl. KopeHb 3yba ¢ nomo-
LbIO CBA3KM — MEPUOAOHTA — MPUKPENNSETCA K KOCTHOM CTEHKE
anbBeOosIbl YesIIOCTHON KOCTH. B obnactw wweiiku 3yba ero nioTHO ox-
BaTbiBaeT JecHa, KoTopasl NOCTENEHHO NePEXOAUT Ha a/ibBEONSAPHDIH
OTPOCTOK YenocTH (puc. 1).

Cocyducmo-HepsHbli ny4oK

BepxyweyHoe omsepcmue

Lemerm
Anwamomuveckasn Benmun KopHa
KOpOHKa Mepuodorm
Anvseonspras decHa
Kopens 3y6a AnbseonsapHbiii ompocmox
Cnusucmo-decresoe coedurenue
(80600Has decHa
Mpukpennexnas decHa
Knunuyeckas
KOpOHKa
Mew3y6Holi cocovex
Jllecnesas 6oposda
Mynsna
Ipebeno
anveeonspHol Aenmun
Kocmil Imans

Puc. 1. Cxema cTpoeHus 3yba 1 yaepxunBaloLmx ero TkaHen (no V.Provenza,
1986)
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IManmp

Omanb (enamelum, substancia adamanting) — Hanbonee MuHe-
pan13oBaHHas TkaHb opraHuama. OHa cogepxut 4o 96—97% mu-
HepanbHbix conen. MokpbiBaeT KOPOHKY 3yHa CHapy»H B BUAe NpoY-
HOrO U CTOMKOro ob6pasosaHus. ToNWMHA IMaK BapbUPYET B 3aBU-
CHMOCTH OT hopMbl 3yHa 1 1oKanu3aumnu Ha kopoHke. Hanbonblen
TONWMHDBI (80 2—2,5 MM) OHa [OCTUraeT Ha pexKyLmUX Kpasx (OpoH-
TanbHbix 3y608 M Byropkax npemMonsapos U Monapos. B obnactu dmc-
CYpP TONLMHA 3MA/IM 3HAYUTENIbHO MeHbLue (He npesbiwaet 0,5—0,65
mm). MocTeneHHO MCTOHUAACH Ha BOKOBBIX NOBEPXHOCTAX KOPOHKH,
3Mab OCTUraeT MUHUManbHOM ToNwmHbl (MeHee 100 mk) B ob6nactm
week 3y60B. O6bI4HO OHA NONYNPO3PaYHA, UTO JIErKO ONpeaeNnseTcs
Ha peXKyLLMX Kpasx pe3uos. Tam, rae amanb NOKpbIBAeT AEHTHH, LBeT
ee BapbHpyeT OT »eNTo-6e10ro A0 ceporo. UHTEHCHBHOCTb OKpacKH
3MaNM YBENWYMBAETCA MO HanNpasNeHuIo K wenke 3yba, rae oHa ca-
Mas TOHKasi.

3Manb fBNAETCS CaMOW TBEPAOW TKaHbIO OpraHM3Ma uejoBeKa.
CornacHo aanHbim C. M. Pemusosa (1965), Teepgoctb ee gocturaer
397,6 kr Ha 1 mm? obpa3ua. Cambie TBepAble NOBEPXHOCTHbIE C/IOM
amanu. Mo HanpaBneHUIO K IMaNeBO-AEHTUHHOMY COEHHEHHUIO ee
NPOYHOCTb cHWKaeTcs. OgHOBPEMEHHO 3Manb ABNSETCS LOCTATOYHO
XPYNKOW CTPYKTYPOH. XPYNKOCTb KOMNEHCUPYETCS MPY>XUHALLUMH
CBOWCTBAMM pa3MeLLIeHHOTO NOJ HeH ieHTUHA, UTO No3BoNseT 3yOy Bbi-
JAep>KUBaTb 3HAYUTE/IbHOE YKEBATeIbHOE AaBNeHHe. TBepaoCTb amanu
obycnosneHa sbicokum (80 96 —97 %) coneprkaH1em B Heit MUHEPab-
Hbix conen. OpraHMyecKux BELECTB B IMaJIM O4eHb Mano, NO AaHHbIM
pa3nunurbix aBTopos, — oT 1 a0 3 %. B uenom xumuueckmni cocras
amanu cnegyrowmi: Boabl — 3,8% (okono 1% cesoboaHon Boabl);
opraHH1ueckux seutects — 1,2%; HeopraHuyeckux sewects — 95%,
13 HUX Kaibuns — 37% u hocopa — 17%.

Munepansrbie komnoHeHmeol 3manu. Cpean MUHepanbHbIX Conent
B 3MaNiM Hanbonbluee KONMYECTBO POCHPOPHOKHCNOro Kanbums (0
90%), MeHblie — yrnekucnoro Kanbuus (okono 4%), dpropucroro
KasibUns U PocOPHOKHUCNOro Martus. B 3HauntenbHoO MeHbLINX KO-
NMYECTBAX, 4acTo B BUE MUKPONPUMECEH, B 3MaNIU COAEPIKUTCS 0
20 pa3nnuHbIX MUKPO3NeMeHTOB. [ naBHble cpean HUX — hTop, ONOo-
BO, XK€N€30, LUMHK U T. Ai. MUHepasibHble COMU B TOJILLE IMANU pacnpe-
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AeneHbl HepaBHOMEPHO: Ha NOBEPXHOCTH 3MaNK UX KOHUEHTpaLUs
Hanbosee BbiCOKas, N0 HaNPaB/IEHHIO K 3MaNeBO-AeHTUHHOMY COefiu-
HEHHIO (rpaHuLe) oHa nocTeneHHo cHWxaetcs. COOTBETCTBEHHO B
Honee rnybokUx CNOAX IMANU YBEMUMBAETCS KOHLLEHTPALMA Opra-
HUUeCKHUX Beluects. MUHepanbHbie BelleCTBa B 3MaiM UMEIOT BUA
KPUCTaN/I0B anaTUToB, KOTOPbIX 0Bpa3yeTcs Heckonbko Buaos. Oc-
HOBHbBIM KOMNOHEHTOM 3Mafn ABASETCA TMAPOKCUANATHT, KOTOPbIH
cocrasnset 75,4% anatutos. Bctpeuatotcs Takxe kapboHatana-
T — 19,06 %), xnopanatut — 4,4%, propanatutr — 0,66%, a Tak-
e yrnekucnbin kanbuuh — 1,33% u yrnekucnbiv marumin — 1,62%.
Ippokcuanatut Hosiee paBHOMEPHO pacnpegeneH B ToNWe 3Ma-
NW, HeXKENW Apyrue anatuTbl. B Hapy>KHbiX ee C105X B OTHOCHTE b~
HO BonblueM KonMueCTBe BCTpedaeTca hTopanartuT, a B rnybokux
— kapboHaranarur.

Cocras anatMToB 3Manu Kak B HOPME, Tak W, 0COBeHHO, NpH na-
TONOTMYECKHX H3MEHEHUSIX MOXKET BapbUPOBATh B J0BO/IbHO LUIMPO-
Kux (3HaunTenbHbix) npepenax. Cocras Haubonee pacnpocTpaHeH-
HOro ruapoKcHanaruta otsedaet gpopmyne Ca, (PO,) (OH),, 7. e. on
DEeCSATUKA/IbLIMEBBIW C MONSAPHBIM cooTHoLweHueM Ca /P, paeHbim 1,67.
OpaHako MoryT BCcTpeuatbcsi FTHAPOKCHANATHUTbI U C APYrHM COOTHO-
WeHHEM 3/11eMEeHTOB, HanpuMmep, BOCbMWKaNbLHUEBbIN —
Ca,(H,PO,),5H,0. Bapuaumm cropmyn anatutos MoryT 6biTb 06ycos-
NeHbl Pa3HbIMU NPUYUHAMH, OfHA U3 HUX — 3aMeLLLeHUe B MofeKyne
ruppokcuanatuta Ca Ha Cr, Ba, Mg, ruapokconuit (H,0*) unu apy-
ron 3N1eMeHT ¢ 6IM3KUMHU CBOMCTBaMK (M30MOpPdHOE 3aMeLueHHe).
Taxkum obpasom, obias dopmyna anatutononobHoro selecrsa 3yba
MOXeT BbiTb NpeACTaB/IeHa B TAKOM BUJE: A,(BO,)X,, rae A — mo-
xer 6bitb Ca, Cr, Ba, Cd; B— P, As, Siu X — F,OH-, CI, CO,. [ins
NPaKTUYECKOW CTOMATOJ/IONMH 3HaUeHUEe UMEEeT peakLus H30MOPGHO-
rO 3aMeLieHNs B rTMAPOKCHANATUTAX C PTOPOM, B peynbTate KOTo-
po obpa3syerca ruapoKcUdTOpanaTHT:

Ca,(PO,),0H,+ F = Ca,(PO,),F(OH) + (OH).

370 coeMHEHWe MANOPACTBOPHUMO B BOAE, U NO3TOMY C HUM CBSI-
3bIBAIOT HO/IbLLYIO KAPUECPE3UCTEHTHOCTD 3yHOB U NpochHAaKTHUec-
Koe AencTaue dropa. CneunanbHbiMU UCCnefoBaHUAMMU Bbino ycTa-
HOBJIEHO, YTO NPU 3aMeLLLeHHH PTOPoM XOTs Bbl ogHow U3 50 ruapo-
KCHJ/IbHbBIX FPYNN pacTBOPUMOCTb 3MajiM 3HAYMTE/IbHO CHWXKAETCS.
OpnHaKo HY)KHO UMeTb B BUAY, YTO NPH AEUCTBUM BbICOKUX KOHLIEHT-
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pauui hTopa Ha rMAPOKCHANATUT pPeakuWs npoTekaet ¢ obpa3osa-
HWeM Kanbuusa dTopuaa:
Ca,(PO,),(OH), + 20F = 10 CaF, + 6PO, + 2 (OH,)~.

OH npakTHuecKu HepacTBOPHUM B BOLE, HO BbICTPO Ucue3aer ¢ no-
BEPXHOCTH 3yOO0B B pe3ynbTare B/IMSHUS LENOYHBIX COEAUHEHHH CIO-
Hbl U NO3TOMY HEe MMeeT KapHecnpoHUIaKTUYeCKoro fAencTems. Ta-
KM oOpa3oM, NoaobHan peakums HexXenaTesnbHa, B CBA3M C ueM Ans
NPOHUNAKTHKH Kapreca U peMUHEPAIM3UPYIOLLEH Tepanuu He peKo-
MeHAYETCS MPUMEHATb BbICOKME KOHLEHTpauuK hTOPHUAOB.

MuHepasnbHyl0 OCHOBY 3MasiM COCTaBAAIOT KPUCTa/Ibl anaTuToB
(puc. 2). CuuTaloT, 4TO BO BPEMSI MUHEPaU3aLMK 3Manu U3 amopd-
HOro Kanbuus ocdata oBpa3sytoTcs rMAPOKCHANATHUTDI, U3 KOTOPbIX
M COCTOAT KpUCTaNIbl. DfieMeHTapHas sYerka ruapokcHanar1ra ume-
eT MmonekynspHyto maccy okosio 1 000, a B cocTas kpucTanna rugpo-
KcuanatuTta BXOAUT npubauautensHo 2 500 takux sueek. Takum 06-
pa3oM, MonieKysipHas Macca “TUNMUHOro” KpucTania coctasnsier
npubauantesnbHo 2 500 000. Bcneactsue npucoefuHEHHs HOBbIX MO-
NeKYN KPUCTaN/bl PACTYT B TONLUMHY W LIMPHHY, HAaNOMWHas no cop-
me anuHHble nenTbl. G. N. Jenkins (1978, 1988) ykasbisaer, uto Ta-
Kue kpuctannbl MoryT umetb gauHy ot 30 go 1000 HM 1 wupuHy 40—
120 Hm. Kpuctansbl amanu Haubonee AnvHHble CPean MUHEPanbHbIX
TKaHen u 6osee uem B 10 pa3 gosnblue, YeM KPUCTaN bl AEHTHHA W
KocTW. Ha noBepxHOCTH KpUCTaNOB ruapokcHanatuta obpasyercs
AOCTaTOUHO OONBILOW rUAPaTHDIW CROM CcBA3aHHbIX woHos OH. OH
UMeeT onpeaeNeHHyI0 OOMEHHYIO aKTUBHOCTb, UTO AAeT BO3MOXKHOCTb
NPOXOAMTb B KpUCTaNnax ruapoKcHanatuta npoLueccam reteporeH-

Puc. 2. Kpuctannbl anatutos amanu 3y6a. nekTpoHHash MMkpockonus. YB.
100 000 (no A.R.Ten Cate, 1989)



Horo uoHHoro obmena. W.Neumann (1958) cuutaert, uto npu atom
npouecce NPOHUKHOBEHUE PA3NMUUHBIX HOHOB B KPHUCTANN TMAPOKCH-
anaTtuTa NPOUCXOAMT B TpH cTaauu. B nepson (GbicTpoTekyLuen) Ha-
61108a€TCA HOHHBIN 0OMeH Mexay BUONOrMYECKOM XKUAKOCTBIO, KO-
Topas OMbIBaeT KpUCTa, U ruapaTHon obonoukoi. Bo sTopor npo-
MCXOANT OBMEH MeXAly HOHaMU r’MapaTHON 0D0IOUKH U NOBEPXHOC-
TbiO KPUCTanna ruapokcuanartura. Ha tpetbent craguu MoHbl NpoHu-
KaloT C NOBEPXHOCTH KpUCTanna sraydb. Bo BHYyTpeHHIOK 4acTb Kpu-
cTanna ruapokcuanaTuta cnocobHbl NpoHukatb uoHbl Ca?t, Sr?,
(PO,)’~, F~. Hannume Takoi runpatHoi 060104KH NO3BONSIET NOHATD
MeXaHH3M W30MOHHOTO U FreTePOUOHHOTO (M30MOP(HOro) 3ameLe-
HUA B KPUCTANIIAX aNaTUTOB. JTOT MEXAHWU3M UIPAET BAXKHYIO PO/b B
obecreueHun CTabUNbHOTO COCTOSAHWS AMAIH, U3MEHEHHUSIX ee CoCTa-
Ba U CBOWCTB, a TaK)Xe B MPOLeccax NPOHHLLAEMOCTH 3MaJIH H ee PEMH-
Hepasu3aumuu. MmapatHas obonouka (cesazaHHas BoAa) u ceobopHas
BOJa B MUKPOMNOpax IMa1 B Lie/IoM coCTaenstoT okono 3,8% obbvema
aManu.

Kpucransibl anatutos (B OCHOBHOM rHapoOKcHanaTuTa) B aManu
OPHEHTUPOBAHbI ONpeaeneHHbIM 0OpPa3oM U OpraHH3OBaHbl B BUgE
aManesbix NPU3M. IMasieBble NPU3Mbl ABNAIOTCS CTPYKTYpPaMH, KO-
Topble (hopMupytoT aManb (puc. 3). OHKM COCTOSAT U3 ThICAY UNK faXKE
MUJITMOHOB KpUCTanoB. OCHOBHYIO MX MACCy COCTaBSIOT TUNHYHbIE
NanoyYKOBUAHbIE KPUCTaNIIbl, XOTSi OHW MOTYT UMeTb UrNonofo6HYo,
npAMOYronbHyio, pombosuaHyio u apyrue dopmbi (puc. 4). Cpean
KPUCTaNI0B BCTPEYAETCA He3HAuUMTE/IbHOE KOIMYECTBO aMOPHOro
BewecTsa. Kpucrannbl B amanu pacnosioxeHbl ynopsiio4eHHO W KOM-
NaKkTHO, MEXAY HAMKU MOTyT ObiTb He3HauWTeNbHble (2—3 HM) MUK-
ponpocTpaHcTea. B ueHTpe npu3aMbl KpUCTaNIbl UMEIOT B OCHOBHOM
NPAMONIMHEMHOE HanpaB/ieHWe, KOTOPOe COBMNAJAET C UX NPOAO/b-
HoM ocblo (cM. puc. 3, B). Mo nepuceprn oK pacnonaratoTcs nog
He3HauYMuTe/IbHbIM YrIOM K NOBEPXHOCTH NPU3Mbl, BbIXOAS HA NOBEP-
XHOCTb OKOHUYaHMAMK. CKBO3b 3TH neprdepryecKkrue KpUCTanibl Mo-
YT OCYLLECTBNIATLCA NEPEXOAbI KPUCTANIOB MEXAY NPU3MAMU U UX
CBSA3b APYr C APYroM.

OManesble NPU3MbI ABAAIOTCA CTPYKTYPHBIMK eAUHUL@MK 3Mau,
KoTopble 06pa3oBaHbl KpUcTannamu anatutos. OHW NPeACTaBASIOT co-
6o cKopee Nanoyku, KOTOpbIE Ha NONEPEUHOM PA3PE3E HMEIOT reK-
CaroHaJIbHy10, NOMroHasbHYO hopMy. [MpHU3Mbl HAUMHAIOTCS OT 3Ma-
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Puc. 3. 9manesble npuambl: A — BuA B CBETOBOM Mukpockone (yB. 180);
B — Bua B anekTpoHHOM Mukpockone (yB. 1200) (no A. R. Ten Cate, 1989)

Puc. 4. NanoykoBngHble KpUcTanibl. dNEeKTPOHHAA MUkpockonus. YB.
160 000 (no M.U.Nylen, 1963)

NIeBO-AEHTUHHOrO COeAMHEHHS (rpaHHLibl) M NPOXOAAT CKBO3b BCIO TON-
Ly 3Manu K ee nosepxHocTH (puc. 5). Hanbonee yskue soane amane-
BO-[IEHTUHHOIO COEMIMHEHUS, OHW MOCTENEHHO PACILMPSAIOTCA N0 Mepe
NPUBAHMKEHHS K NOBEPXHOCTH aManu. CpeaHsis LWMpHHa NPU3M cocTas-
nset okono 4— 10 mMk. Ha nyti kK noBepxHOCTH Np13Mbl 0BpasyioT He-
CKO/IbKO CnUpanenofobHbiX M3rMboB, K MOBEPXHOCTH 3Ma/iM OHU pac-
NoNoXeHbl NepneHankynspHo. O6bluHO 3mManesble NPHU3Mbl COBpaHbl
B nyuku (pvc. 6), KoTopble UAYT pafuanbHO OT 3MANEBO-AEHTUHHOIO
coefnHeHus, cnupanenogobHo 3akpyuusasce. B Heapenoi amanu npu-

11



3Mbl, 32 HeBO/bLIMM UCKAIOUE-
HWEM, He AOXOAST A0 NOBEPX-
HOCTH 3MaJu, B 3pesioi ee BHe-
LLHSS TOBEPXHOCTb TEPSIET NPU-
3MaTUYeCKylo CTPYKTYpy — TaK
Ha3biBaeMbll He3npuameHHbii | /
cnovt amanu (A. B. laniokosa, /

1972; 1. A. Jleyc, 1977; 1. Ripa Puc. 5. Omanesbie npmsMQ Ha NpPoaosb-

1 coasr., 1966). HoM paspeae wamda amanu. Ya. 160 (no
Ha nonepeuHbix cpesax A.R.Ten Cate, 1989)

WAMHOB IMaU NPU3Mbl UMEIOT
apkagonogobHyto hopmy, B KO- N
TOPOW YC/IOBHO BbIAENAIOT ap-
KagonofobHylo ronoBKy W
XBOCT, U/IM OTPOCTOK, KOTOPbIM
BK/IMHUBAETCS MEXJY rO/I0BKa-
MW HUXEepPaCnoNOXKEeHHbIX
npuam (puc. 7, A, B), Hanomu-
Hasl No KOHMUrypaLuu 3amou-
HYHO CKBaXKMHY (LLienb). Ta KOH-

Puc. 6. [llyykn osmanesbix Npu3m.

Ljeas (XBOCTOBaﬂ) HACTh QnekTpoHHas mMukpockonusa. Ys. 2000
npU3M, KOTOpasi HAXOAMTCA (no A. R. Ten Cate, 1989)
MeX[y ronoBKamu, paHee (npu
HCCNefoBaHWK C NOMOLLBIO TOJIbKO ONTUYECKOrO MUKpOCKona) Bbina
onWcaHa nopj HasBaHWeM “Mexknpuamatiueckas cybcraHuma”. OHa oT-
NIMYAETCH OT rO/IOBHbIX YaCTEM NPU3M JIULLb OPHUEHTALMEN KPUCTAII/IOB.
YeTkue rpaHuLpl Mexay NpuaMamu 0BycioB/ieHbl pa3HOM OpUeHTaLM-
€l KPUCTa/INIOB: B LieHTPasIbHbIX OTAENaX KPHUCTasl/ibl PACnoNIOXKEHbI
NOYTH NEPNEHANKYIAPHO K NOBEPXHOCTH, MO nepudepHn rofIoBOK OHM
OPMEHTUPOBaHbI NOZ Yr/10M K NOBEPXHOCTH Npuambl (puc. 7, B). B cny-
yae OMHOYHOrO PACMOIOKEHHA NPU3M Cpean BeanpuamaTUUecKom
3MaNu KPUCTa/ibl B HUX COEOUHSIOTCS C KpUCTannamu besnpuameH-
HOMOM amManu. B xopoluo MUHepanu3oBaHHOH aMau MeXXNPU3MEHHbIe
MWKPOMPOCTPAHCTBA NOYTU HEe Pa3NMUaIOTCS, a FPaHULLbl MEXAY NpH-
3MaMH NPOCNEXUBAIOTCS JIULLb MO PA3HOW OPUEHTALMU KPHUCTAINOB.
MMpy npoTpaBAMBaHKK 3ManK KMCNOTOM BbiSBNSETCA Bonbluas pe-
3UCTEHTHOCTb NepUEPUUECKUX OTLENOB MPU3M KU MEXKMPUIMEHHDBIX
npomexyTkoB. OfHW aBTOPbI CUMTAIOT, YTO IMANIEBbIE NPHU3MbI OKPY-
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Puc. 7. MNonepeuyHbii cpe3 amanesbix npuam (no A. R. Ten Cate). 9nekTpoH-
Has mukpockonus. A — YB. 1500; B — yB. 1800; B — cxema pacrnonoxeHus
npuam B amManu 3yba, n3 KOTopoi BUAHO, kak obpasyeTtcs ahdekT “3amMo4HON
CKBaXxuHbl” (1)

YKeHbl O4eHb TOHKOW 0BO/IOUKOM, APYrHe — YTO 3TH Yy4aCTKH OT/IMYa-
IOTCA JIMLLb OPUEHTALMEN KPUCTANIIOB U COLEPIKAT HECKO/IbKO 60osb-
Lee KOJIMYECTBO OPraHUYECKUX BELLECTB, KOTOPbIE PE3UCTEHTHbI K
LENUCTBUIO KHUCNOT.

OpeaHudeckue komnoHeHmol amanu. Kpome MuHepasbHbiX, B
3Manh COAEPXKUTCA HEKOTOPOE KOJIMYECTBO U OpraHUYEeCKHx Be-
wects. CornacHo gaHHbiM R. Frank (1979), B cospesLuei amanu oHu
coctasnsiot 0,3% Macchl 3Manu, No AaHHbIM HEKOTOPbIX APYrHX aB-
topos, — a0 1,2% (G. N. Jenkins, 1978). Bonbluyto yacTb opraHu-
ueckux BewecTs (58%) cocrasnsaior 6enku, 42% — nunugpl C He-
3HauWTE/IbHBIM KOJIMYECTBOM WOHOB JlaKTaTa, CaxapoB W LUTPATOB.
C nomolbio XxpoMaTorpayecKoro UCCiefoBaH!s rMapPOIU3aToB
6eNKoB 3MaNK YCTAHOBJIEHO, UTO B HUX COAEPXKUTCS BOJIbLUMHCTBO
aMUHOKMCNOT, XapaKTepHbix ans 6enkos. B 1o e spema amuHo-
KUCNOTHbIM cocTaB BeNKoBoOM (hpaKuMK 3Manu oTNUYaeTCs OT amu-
HOKHC/IOTHOIO COCTaBa KOJIlareHa U KepaTuHa, XOTa MeXay HAMH U
umeetca MHoro obuero. HecmMoTpsi Ha HoBble JaHHble O cogepKa-
HWU OPraHUYECKUX BELLECTB B IMasiM, OCTAETCs HepeLleHHbIM BOM-
poc 06 obmeHe 6enkos B amanu 3y6os uenoseka. OCoBEHHOCTbIO
AB/IAETCA OnpeaeneHHoe oTiMuue BenKoBoro coctasa aMOpUOHab-
HOW W co3pesluen amManu. Conepxkarnue Henka B aMasu MOXKeT on-
peaeneHHbiM 06pa3oM BNMATL Ha €e KapUecpe3UCTEHTHOCTb
(C.Robinson et al., 1978), nockonbKy ecTb TOUKa 3PEHHS, UTO MHK-
POOPraHW3Mbl BrepBble NPOHUKAIOT B NOPbl 3Mas C HONbLWIMM KO-
JIMYECTBOM OPraHWYecKoro BeLlecTsa.
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B 6enkax co3zpesiueit aManu sbissafoT HeOObILOE KOMHUECTBO
a30Ta W BbICOKOe coiepykaHue HenKoBOCBA3aHHbIX YI/1eBOAOB, YTO
nossonser cuntatb atu Benku ramkonpotenaamu. OcobenHocTbio
6enkoB aManu ABASETCA WX CBOMCTBO 0BPa30BbIBATD KOMMNEKCHI C
NUNWAAMH; BLISIBAEHDBI TAKXKE KanbLMHCBA3bIBaOLWME Benku amanu,
KOTOpble 0Bpa3yioT HePaCTBOPUMBIN KOMNAEKC C HOHAMH KastbLns.

I'. H. NaxomoB. (1974) cuntaet, 4To OpraHUuECcKMi MaTPUKC IMa-
v npeacTasnsieT coboi ynopagoueHHoe nepennererue opraHudec-
KUX BONOKOH, KOTOPbIE HAYT B HANPABNEHWU KPUCTANNOB W NpHU3M. B
LeNOM 3TO CO3/aeT BneuaTieHHe, YTo KaxKabli KpUCTaNN U NpU3Ma
UMeloT cOBCTBEHHYIO OpraHHYecKyto cyGcTaHumio.

10. A. NMeTposuy 1 coastopnbi (1979) cumTaloT, uTO OPraHUUecKyto
OCHOBY 3Manu COCTaBAsET HePACTBOPUMAs TpexMepHas CeTKa Kasb-
uMcesasbiBaowero 6enka aManu, obpa3oBaHHas NyTeMm arperayuu
MOHOMePHbIX BENKOBLIX €AHHKL C MOMOLLBIO KaNbUHA. JTa CeTKa,
ONATb € C NOMOLLBIO KanbLWs, NPHKPENIAEeTC K HEPACTBOPUMOMY
6enky amanu, KOTOpblH 0Bpasyer MArkuid “crenet” aTon Tkanu. ben-
KOBas MaTpuLa HeNocpeaCcTBEHHO CBA3aHa C KPUCTa1aMH THAPOKCH-
anaTuTa, HYKeaLM1Io U KPUCTaNIM3aUKIO KOTOPbIX OHA HHHLMHPYeT.
JTUM QOCTUrAOTCA OPUEHTALMS, YNOPAROUEHHOCTh, PABHOMEPHOCTD
U NOCNeR0BaTeNbHOCTL POPMUPOBAHNUA CTPYKTYPbI 3MASH.

C nomotupio cneunanbHon metoauku R. Sundstrom (1966) nony-
YUN OPraHHYeCcKYHO YaCTb IMANU B BUE BOSIOKHHCTOM CTPYKTYpbI, KO-
TOpas pacnonaraercs BAO/b ROBEPXHOCTH amMani. CyuiecTByeT TOU-
Ka 3PEeHHA, YTO B CHOPMUPOBAHHON 3MaNU HEPacTBOPHUMbIN Belok
obpa3syet ToHKylo ceTouky. R. Frank (1988) ycraHosun, uto 6enko-
BAA OCHOBA 3Ma/IM HAXOAWUTCA B MEXNPU3MEHHBIX NPOMEXYTKAaX U
naxe obpasyet ceTouky BHYTpPW npu3m. B cnyuae npotpaenueanus
amanu cnabbiMy PaCTBOPaMU KUCNOT MEXNPU3MEHHbIE NPOCTPAHCTBA
ocTaloTcs Honee pe3ucTeHTHBIMHU K pacTBOPEHHIO BCAeacTaHe Honee
BbICOKOrO COfiepXaHns B HUX OpPraHU4eCcKHX BeLLecTs.

B otHOCHTENbHO 60NbWIOM KONHUECTBE OPraHUYecKoe BeLecTBO
3IMaNU COREPHUTCS B MEXNPHU3MEHHbIX NPOCTPAHCTBAX, 3MANeBbIX
naMennax, amManeebix Nyykax W BepeteHax. KoHueHTpauus opraHu-
YECKMX BELLECTB YBE/IMUMBAETCS MO HAMPAB/IEHHIO OT MOBEPXHOCTH
3ManM K 3MaNeBo-4EHTUHHOMY COEAUHEHHIO.

Takum 0Bpa3om, CTPYKTYpa IManu npeacrasnset cobon ynopsaso-
YEHHDbIM B BUAE KPUCTANIOB ¥ NPU3M KOMNJEKC anaTHTonogobHoro
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BEWECTBA U OpraHuueckoi matepuu. [pasaa, nocneaHss coaepuT-
CA B HE3HAUUTE/IbHOM KOJIHYECTBE,

Cmpykmypreie ocobennocmu cmpoetus amany. OcHosHOMU
CTPYKTYPHbIA KOMNOHEHT 3yBHOU 3Masii — 3MaJieBbie NPU3Mb — Ha-
YMHAIOTCA OT 3IMANEBO-AEHTUHHOMO COEAUHEHUS U B PaSHANIBHOM Ha-
npaB/ieHWH PacXOANTCS K NOBEPXHOCTH amanu. Ha nytu K nosepxHo-
CTH OHW 06pa3yIoT paa BoAHKCTbIX (S-nopobHbix) uarnbos. O6bitHO
NPU3MbL PACNONOXEHBI NEPNEHANKYNAPHO K NOBEPXHOCTU aManu. Ha
)KeBaTeNbHON NOBEPXHOCTH UM HA peXyWeM Kpae 3yba OHM MayT
napasinensHo AAMHHOM OcH 3yba, Toraa Kak Ha 6oKoBbIX — nepneH-
AMKYNAPHO K Hel, a B 00nacTH LWelku 3y6a NPU3Mbl UMEIOT fake He-
KOTOpbI# HAKNOH K Bepxyluke 3yba.

Ha npogonbHbix wauchax amManu nog 6yropkamMu MHOTOKOPHEBbIX
3y60B BO BHYTPEHHEN TPETH 3Ma/IH BOJTHUCTOCTb X0Aa Npu3amM Bonee Bbi-
paxeHa. 310 npugaeT 6oMbLIYIO CNUPANTEBHAHOCTD XOAY, UYTO HHOTAA
ONMCbIBAETCA Kak “lWMLIKacTas 3Manb”. CunuTaIoT, UTo TaKas KOHGMry-
paums xofa npu3M o6ecneyrBaeT NPOUHOCTb H PE3UCTEHTHOCTb NPHU3M
K CWNIaM pasfaBN1BaHWs, BEHCTBYIOWMM Ha IMaSIb NPH IKEBAHUM.

flonocsr Nynmepa—Llpezepa. Ecan paccMaTpusatb Npogosib-
HbIH WAUG IMaNU B OTPAXKEHHOM CBETe, TO Ha Hel MOXHO yBHAeTb
CBET/Ible W TEMHbIE NOOCHI, KOTOPbIE YEPeAYIOTCA MeXay cobom U
UAYT OT 3MafEBO-AEHTHHHOIO COEAMHEHHS K NOBEPXHOCTH IMaNM.
OHu OTHOCHTENBHO HEUETKO OTAE/NEHbl APYT OT APYra W NOCTeNeHHO
MCYe3aloT BO BHELUHEH TPeTH 3MasH. [1010ChI HECKOBKO BOFHYTbI NO
HanpasfeHUIO K LwenKe 3y6a, uTo Honee BoipaKeHo B HOKOBbIX 3ybax
(puc. 8, A, B). ITn 30HbI APUHATO Ha3biBaTb nonocamu MNyHTepa—
Wperepa (Hunter—Schreger), 4 oHu ABNAIOTCSH ONTUUECKUM (heHO-
MEHOM, KOTOPbIM BO3HUKAET B pe3y/nbTare Pas/iMuHoi OpUeHTaL1u
Fpynn Npu3M B OTHOLIEHWH NIIOCKOCTH cpe3a Wanuda amanu. Imane-
Bbl€ MPHU3MbI WMEIOT H3BUIUCTBINA X0/, NOITOMY NPU NPUTOTOBAEHHH
NPOAOAbHbIX WAHGOB IMaNKU NNOCKOCTb CPE3a NO-Pa3HOMY NPOXOo-
anT yepes atu u3rubol. OHa nepepesaeT HEKOTOPbIE U3 HWUX TOrAa,
KOrga OHM BXOASAT B NNOCKOCTb CPE3a, a ApYrue — KorjAa OHHW BbiXo-
OAT 13 Hee (T. e. O4HH Nepepe3aloTbCs NapannebHo, a Apyrue npo-
B0nbHO). [onockl, Y KOTOPbIX 3ManeBbie NPHU3Mbl Nepepe3aloTcs nog,
Honee OCTPbIM YrNOM, HA3bIBAIOTCA AHA3OHAMM, A T€, Y KOTOPLIX OHH
nepepe3aloTcs NpoAONbHO, — Napa3oHamu, Beneactsue pasHoro
NPENOM/IEHUS CBETA 3TUMU 30HAMU OH MO OTPaKaeTCa OT UX No-
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Puc. 8. MNonocsl NyHTepa—LLperepa Ha wnande amanu — B B OTPAKEHHOM
ceete. A — yB. 25; B — yB. 50 (no V.Provenza, 1986)

BEPXHOCTH, Mo nornowaetcs ew. TakiM 06pPa3oM, [Ha30HbI Bbir-
NAOAT Gonee TeMHbIMM, a Napa3oHbl — Hosee CBET/IbIMK NONOCaMH.

lMosocer Pemyuyca. Ha npofonbHbIX cpe3ax 3Manu 4acto BUA-
Hbl >KENTO-KOPHUHEBbIE UM KOPHUHEBble nosochl (puc. 9, A), koTto-
pble uayT Gonee NPAMOUHERHO, Hexxenu nonockl M'yHTepa—LLpere-
pa, ¥ nepeceKaloT WX nog ocTpbiM yraom (puc. 9, B). Okpacka nonoc
YCHNMBAETCA C BO3PACTOM W 3aBUCHT OT NPOHUKHOBEHHWS B 3Maslb U3
CNIOHbI OKpaLlL1BaloLLMX BelecTs. Mx Ha3biBaloT MHUAMK PeTunyca.
HauuHaloTca OHM OT 3MaNeBo-AeHTHHHOTO COeMHEHHUs, KOCO nepe-
ceKalot Tosy aManu (puc. 9, B) u, kpyTo crapas BHK3 (BBEpX), OKaH-
YMBAIOTCA Ha NOBEPXHOCTH 3ManH B obnactn Bmxe K weiike. B mec-
Tax nepeceyeHus nonoc Petuuyca c noBepxHOCTbIO 3Manu obpasy-
|OTCS BO3BbILIEHHS U YrAybneHWs, KOTOpble NPUAAIOT el NecTHULe-
nofo6HbIi, cMoplueHHbin Bug (puc. 9, IN. Jlunuu yrnybnexui Ha no-
BEPXHOCTM 3Ma/i1 Ha3bIBAIOT YellyenofoOHbIMU nuHUAMK [ukepuns
(Pickerill).

Takum 06pa3oMm, NpH YBEMUEHHH Ha NOBEPXHOCTU 3MaW onpe-
LeNsoTCA CMeHsIoLMe APYT Apyra BO3BbllLeHUs W yriybneHus (puc.
10). Ux obosHauartoT Kak nepukumarsbl (puc. 11), xots HekoTopble aB-
TOPbI TaK Ha3blBAIOT TOMbKO BO3BbILLEHWS IMasH.

Monocbi Petumyca HabnopatoTtcs B 6onblieM KonudecTse Ha 60-
KOBbIX MOBEPXHOCTAX KOPOHKH 3yba, N03aToMy nepukumarbl bonee
YUCNEHHbI U BanXKe pacnonoxeHbl APYr K Apyry B obnactu week
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Puc. 9. lMonockl PeTuuyca Ha npoponbHom winnde 3y6a. A — ys. 15; 5 — yB.
25; B —yB. 30; I' — yB. 30 (no A.R.Ten Cate, 1989)

3y608. MeprKknUMaThbl OTCYTCTBYIOT Ha ByropKax U pexyLiux KpasX,
rae nonocbl Petuuyca He flocTuraior nosepxHoctu amanu. C Bo3pa-
CTOM NepUKUMaTbl CrNaXKMBAIOTCS, OCOBEHHO Ha TeX NOBEPXHOCTAX
3y60B, KOTOpbIE NOABEPraloTCs CTMpaHUio. Ha nonepeuHbix cpesax
3y6oB nonocbl PeTuymnyca MMEIOT BUA KOHLIEHTPMYECKMX KOJell, Ha-
NOMWHAIOLMX FOJOBble KOJbLA Ha NoNepeyHoM cpese CTBona fe-
pesa (puc. 12).

IneKTPOHHAs MUKPOCKOMKUA W MUKpOopaarorpad1ueckie nccne-
[LOBaHMS1 NOKa3bIBAIOT, YTO KOTAa 3MasieBble NPU3Mbl NepeceKaroT no-
nocbl PeTuuyca, oHM copepkar MeHbLee KOJIMUECTBO HeopraH1yec-
KWX W Bosbluee — opraHudeckux elects. CoobiiaeTcs 06 oTkIoHe-
HWM HanpaB/ieHWsi IPU3M TaM, FAe OHHU NepeceKatoTcs ¢ nonocamu Per-
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