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H-AJIKAHBI — BO3MOYKHBIE TMPEJIIECTBEHHUKU
JTUAMAHTAHOB, HAJAEHHBIX B OPTAHUYECKOM
BEUIECTBE KPUCTAJUIMYECKOI'O
®YHJAMEHTA TATAPCTAHA

YI‘J'ICBOJIOPOZII)I aJIMa30110/JT0OHOTO CTPOCHMA — aJlaMaHTaHbl U JIuaMaHTaHbI — ITPUCYTCTBYIOT ITPAKTUYECKH BO BCEX
HCQ)TSIX, pacCcesasHHOM OpraHM4Y€CKOM BEMICCTBE 0CAIOUHBIX ITOPO/T U KPUCTATIMYECKOT'O q)yH)IaMeHTa. Bwmecte ¢ TEM,
HHUYEro He U3BECTHO 00 UX IIPOUCXOKJICHUN. C TECJIBIO BBISICHEHMS BO3MOXKHBIX HyTeﬁ X TEeHe3Hrca, 5TH YITIEBO/OPO/IbI
HaMU BIICPBBIC ITOJTYYECHBI ITYTEM BBICOKOTEMIIECPATYPHOI'O KPEKUHI'a MH/IMBUTyaJIbHBIX H-aJIKAaHOB, a0HOT eHHbBIN CUHTE?

KOTOPBIX U3 YITIEpOJa U BOJIOPO/Ja B IIPUHITUIIC BO3MOXKECH.

1. Beenenue

Kaxk m3BecTHO, BCE yIIIEBOAOPOIBI HE()TH MOKHO YCIOBHO
pa3aeauTh Ha ABE TPYIIIBL. B EpByIo rpyIiTy BXOAAT YIJIEBO-
JOPOABI-OHOMAPKEPBI, KOTOPHIE COXPAHUIIU YEPTHI CTPOCHH,
MPHUCYIINE UCXOAHBIM OMOCHHTE3UPOBAHHBIM MOJICKYJIAM.
BTopyto cocTaBsIrOT Mpeodpa30BaHHBIC YITIEBOJOPOIBI, KO-
TOPBIC 3TH 4epThI yTpaTian. O JHUMH U3 IPEICTABUTENICH Ipe-
00pa30BaHHBIX YIIICBOJOPOAOB SBJILIFOTCS YIJICBOAOPOIBI Kap-
KAaCHOTO CTPOCHMSI, CPEAH KOTOPBIX K HACTOSIIEMY BPEMCHHU
HauboJIee U3Y4YCHBI YIJICBOAOPOABI psiia anamMaHTaHa. K Hum
OTHOCATCS TE€ YITIEBOAOPOIBI, KOTOPBIC COACPKAT IO MECHb-
mieit Mepe oauH ()parMeHT aJaMaHTaHA, B YACTHOCTH, TPH-
ko [3, 3, 1, 137] ackaHbl (a1aMaHTaHbI) U IICHTAILMKIIO |7, 3,
1, 1*12,0%7, 0%!] TeTpaackaHbI (TUAMAHTAHBI). YTICBOIOPOIbI
KapKaCHOTO CTPOCHU O1arogapsi CBOei BBICOKOCHMMETPHUY-
HOH a1Ma30moJ00HON YCTOWYHMBOM CTPYKTYpE 001aat0T ps-
JIOM YHHKAJIBHBIX CBOUCTB, K KOTOPBIM CJICYET OTHECTH, TIPEXK-
JIE BCETO, BBICOKYIO TEPMHYECKYIO YCTOMYHBOCTD H BBICOKYIO
YCTOHYUBOCTH B IPOLIECCAX OMOACTPaTALIH.

AnamMaHTaHBI M JUAMAHTAHBI CYUTAIOTCS MPEOOPa30BaH-
HBIMH YITIEBOAOPOJAMH, TaK KAK O MPUCY TCTBUH MOTOOHBIX
CTPYKTYP, HMCIOIIUX B OCHOBE aJAMAHTAHOBBIH UM AUAMAH-
TAHOBBII ()parMEHT, B ONOCHHTE3HPYEMOM BEILECTBE HHYETO
HE U3BECTHO. B TO 7ke BpeMs1 yIIIEBOAOPOAbI KAPKACHOTO CTPO-
CHUSI HAWJICHBI KAK B JICTKUX (Ppakuusax He(PTEH, TaK U B TPO-
JYKTaX MATKOTO TEPMOJIM3a CMOJI, aC()aIbTCHOB U BBICOKOMO-
JICKYJIIPHBIX HACBIIECHHBIX (Dpakuuii He(Teil, a Tarke B pac-
CEsITHHOM OPTaHMYECKOM BEIICCTBE M MPOAYKTAX TEPMOTH3A
KEpOTEeHA TMopoAd. DTH COCANHECHUS BCTPEUAIOTCA B OpPTaHu-
YECKOM BEIIECTBE KAK MOPCKOTO, TAK U KOHTHHEHTAIBHOTO
TEHE3UCA PA3HOI CTENEHU MPeoOpPa30BAHHOCTH, TEHEPHPO-
BaHHOTO B PA3IHYHBIX JTUTOJIOTO-(parmanbHbIX ycroBuix (Iop-
manse, Apegres, 1997, Topmanse, 2002; I'mpyi u ap., 20006).

Bomnpoc o renesuce yrieBoxopoaoB KapkacHOTO CTpoe-
HUSI HHTEPECOBAJ UCCIIECA0BATENCH €IIE CO BPEMEHU OTKPBI-
TS aJaMaHTaHA B He()TH. B HacTosimee BpeMst CUUTAETCs, YTO
aJaMaHTaHbI 1 JUAMaHTaHbI B HE(PTAX 00pa30BaJIHCh ITPH Ka-
TAJUTUYECKUX MEPETrPyNIUPOBKAX MOTUILMKINYECKUX Ha(Te-
HOBBIX YIJICBOAOPOAOB. J[eHCTBUTEIBHO, MHOTOYHCICHHBIC
paboTHI MO KaTaIM3y MHIUBHIYAIbHBIX HMOTUIHKINYCCKHX
Ha()TCHOBBIX YIIICBOJOPOAOB MOKA3AIH, YTO B YCIOBHAX KHUC-
JIOTHOTO KaTaJIM3a OHU MPEBPAILAOTCS B AAMAHTAHOUIBI KAK
TEpMOAUHAMUYECKU HAauOOIee yCTOYMBBIC CTPYKTYpHI (I1eT-

poB, 1984; Barpwii, 1989). Beuay Toro0, UT0 B HE(TAX MPHUCYT-
CTBYET OOJIBIIOC KOJHYCCTBO MOTMIUKIAHOB, IIPUPOTHBIC TITH-
HBI U QTFOMOCHTHKATHI TIPU ONPEICTICHHBIX YCIOBUSIX MOTIH
OBI CBITPATh POJIb KATATH3AaTOPOB UX MPEBPAIICHUS B YIJICBO-
JIOPOIBI KapkacHoro ctpocHus. B padore (IM'upyi u ap., 2005)
OBLITO MOKA3AHO, YTO B HE(TSX MPHCY TCTBYOT HE TOJIBKO HU3-
KOMOJICKY ISIPHBIC TIPOTOAIAMAHTAHBI U IPOTOAMAMAHTAHBI, O
yeM OBIIIO y7KE U3BECTHO, HO U BHICOKOMOIICKYISIPHBIC, U3 KO-
TOPBIX B MPOLECCE KUCTOTHOTO KAaTAJIH3a TCHEPHPYIOTCS B Pe-
3yJIbTaTe ACCTPYKTHBHON M30MEPH3alMU aIJAMAHTAHBI U JIH-
amaHTaHbL. BMmecTe ¢ TeM, C 3TO TOUKH 3PEHHS TPYIHO 00BSIC-
HHUTb HAJTHYHC KAPKACHBIX CTPYKTYP B HE(PTSAX H OPTaHHICCKOM
BCILECTBE MOPO], TCHEPUPOBAHHBIX KAPOOHATHBIMH TOJIIIAMH,
HE 00J1aJaFOLIMMH KATATUTHYCCKOM aKTHBHOCTHIO. [IpoTHBO-
peunT Takol cxeme 00Pa30BAHKS AJAMAHTAHOUIOB | (DAKT PH-
CYTCTBUS HX B OPTAHUYCCKOM BEHICCTBE C HU3KOI CTCHICHBIO
spenoctu (Topmaxse, Apedoes, 1997). Kpome Toro, TpymaHO
MPEICTABUTD, YTO B TAKMX OHOMOIMMEPAX, KaK ac(paTbTCHBI H,
TeM 0oJIee, KCPOTeH, MPOUCXOIUT H30MEPH3ALKS C 00pa3oBa-
HHUEM aJAMAHTAHOB W TMAMaHTaHOB. TakuMm 00pa3om, Ha Oc-
HOBAHHU BBIIICCKA3aHHOTO E€CTECTBCHHO MPEAMNOIOKHTD, YTO
MOTYT CYIIECTBOBATh H JPYTHUE, IOKA HCH3BECTHBIC MEXAHU3-
MBI 00pa30BaHMS YTICBOAOPOIOB KAPKACHOTO CTPOCHMUSL.
HenasHo OBLTO HAiiICHO, YTO YIICBOIOPOIBI Psda dHa-
MaHTaHA MPHUCYTCTBYFOT H B OPTAaHMUYECKOM BEIECTBE KPHC-
tammmucckoro Gpyraamenta (lopaamse, Pycunosa, 2004). B
YACTHOCTH, HAWICHBI THAMAHTAH (C1 ,) M BCC TPHU TCOPETUYEC-
KH BO3MOKHBIX H30Mepa MeTunauamMantanos (C ). Beito mo-
Ka3aHO, YTO OTHOCUTCIBHOC PACIIPEACICHAEC MCTHIIUAMAH-
TAHOB JIAJICKO OT TCPMOANHAMUYCCKOTO PABHOBECHSI, 4 TAKKE
TO, 4TO 00IIEee pacrpeaeIcHue TuaManTanos cocrasa C , —
C,, B OpraHM4eCcKoM BEMIECTBE (PyHTAMEHTA OTIMYACTCS OT
HX PaCIpeaelICHUs B OPTAHUYCCKOM BEIIECTBEC BBIIICIIC/KA-
IIMX 0CAJOYHBIX TOMHI. TaK, I OPraHUYECKOTO BEHIECTBA
0CAaJOYHBIX TOJIII XapaKTCPHbI 00JIee BEICOKHE KOHLICHTPALINH
JHAMAHTaHA M TCPMOJMHAMUYCCKH 00JIeC YCTOHUUBOTO 4-
Metunauamatana (4-MJ1) mo cpasaenmto ¢ 1- u 3-M/1,. B opra-
HUYCCKOM BEIICCTBE OCATOYHBIX TOJII PACTIPEACICHUE Me-
THJITHAMAHTAHOB KaK ObI CTPEMHTCS K PABHOBECHIO (YCTOM-
YHUBOCTH AAACT B psay 4-MJ>1-M1>3-M]1), B kpuctaiu-
YeCKOM (PpyHAAMEHTE 7K€ HAOMIOACTCSI HECKOJIBKO HHASI Kap-
tuHa: 3-M/>4-M/1>1-M/I. B pabote oTMeuaeTcs, 4To XOTs
pacnpenenchue ruamMantanos cocrtasa C,,— C, . B opranmiec-
KOM BEIIECTBE ()yHAAMCHTA H HC COOTBETCTBYET TAKOBOMY B
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JIEBOHCKHX M KAMCHHOYTOIBHBIX HE(TAX TaTapcrana, pa3Ho-
00pa3ue IX COCTaBa MO3BOJIICT IPCITIONIOKITE BO3MOKHOCTD
00HAPY>KCHI B IOPOJAX KPUCTAILTIYCCKOTO (D)YHIAMCHTA I
TAKOTO OPTAHMYECKOTO BEIECTBA, KOTOPOE OBIIO OBI OJIM3KO
10 PACHpPEACICHIIO TUAMAHTAHOB K HAWJACHHBIM HE(DTAM.

Ucxonubrit AnaMaHTaHBI JlnamaHTaHbI
aJIKaH 1-MA | 1,3-tMA | 1,3,5-TMA | 4-M]] 4,9-nM/]]

1-C6Hsq 73 29 17 29 11
H-CioHyg 74 31 15 28 8
H-CaoHae 75 31 14 27 8
H-C34H7o 76 32 15 25 11
H-CscH7a 69 28 15 24 9
B PABHOBECHOH | gg 92,5 92,5 87 61,5
CMECHU

Taén. 1. OmuocumenvHoe cooepicanue MmepmMoOUHAMUYECKU HAll-
bosee yCMOoTivUBbIX U30MePO6 AOAMAHMAHOE U OUAMAHMAHOE (%5)
6 NPOOYKMAX 6bICOKOMEMNEPantypHo20 KpeKUHaa H-lKaAHOS.

[TpucyTcTBHE B OPraHM4YECKOM BELIECTBE KPUCTAIIIIHICC-
KOTO (D)YHAAMCHTA TMAMAHTAHOB,  TAKKE OMOMAPKEPOB (KaK
OUKTAYECKUX, TaK U AIUKINYCCKUX) MPEACTABIIACT 0COOBIH
HHTEPEC B CBETE MPOOIEMBI HE(DTETa30HOCTHOCTH (DYHIAMCH-
Ta. YIIEBOIOPOAbI KPUCTALIMYECKOTO (DYHIAMEHTA HMEIOT
SIBHO MUTPALIMOHHBINA Xapaktep. O0 3TOM CBHACTEIBCTBYIOT
MIPAKTHYECKH I0JTHOE OTCYTCTBHE KEPOTEHA, MAJIOE COZIEPIKa-
HUE CMOJI U OTCY TCTBHE aC(DaTBTEHOB B OPTAHIMYECCKOM BEIIC-
crBe nopox (pyHmamenta (I'pyruc u ap., 2004). Kpome Toro,
TPYAHO ITPEICTABUTD, YTO B CHIIBHOMETaMOP(PH30BAHHBIX TT0-
Poaax, moaABCPTIINXCA BO3,I[€I\/'ICTBI/IIO OYCHBb BBICOKHX TCMIIC-
paryp, MOTJIH OBl COXPAHHTBCS MOJIEKYJIbl ONOMAPKEPOB, 0CO-
OEHHO BBICOKOMOJIEKYIIPHBIC. UTO KacaeTcsi TMaMaHTAHOB,
1o B pabdore (Topmanse, Pycunosa, 2004) BEICKA3bIBACTCS MHE-
HHUC, YTO OHH HC MOIIH O6paSOBaTI>C}I 13 OBCHUWIBHBIX YTJIC-
poma u Bogopona. MokHO OBLITO OBI PEATIONIOKUTH KOHTA-

CTOpOHHUKYM HEOPTAHWYECCKONH TEOPHH IPOMCXOMKICHHS
HE()TH HEMPABUWJIBHO CUUTAIOT, YTO B HE()TH YTICBOIOPOIBI
HAXOOATC B PABHOBECHOM COCTOSIHUH U, B Y1ACTHOCTH, OTHO-
CUTCJIbHBIC KOHLICHTPALINU H-aJIKAHOB B HG(I)T}IX COOTBETCTBY -
FOT PaBHOBECHBIM TTpH Temmepartypax >1000°C (Tuxomorosa,
Topmanze, 1971). Bmecte ¢ TeM, B OTIHYHE OT LUKIHYECKUX K
ANUKIMYECKUX YITIEBOAOPOI0B-OHOMapKEPOB, 00pa30BaHHE
H=-aJIKAHOB U3 FOBCHUJIBHBIX YITICPOOA K BOAOPOOA B MPUHIIUIIC
BO3MOYKHO. JTO XOPOIIO H3BECTHBIN B POMBIIIIICHHOCTH TTPO-
IIECC MPAMOTO CHHTE3a YIIICBOAOPOIHBIX MpoaykToB u3 CO u
H, mo metoxy ®umepa-Tponma. B sTrom mpomecce o6pasy-
FOTCSI CMECH aMU(PaTHYECKUX YITIEBOAOPOIOB (mapauHoB u
0JIE()MHOB) C YMCIIOM YTJIEPOTHBIX aTOMOB OT C, 10 mpuMep-
HO C, — C,,. MOXKHO TaKKe yNOMSHYTh aHAJOTHIHBIA MPO-
necc Kémpbemsa — Hrenprapra — 00pa3oBaHUE CMECCH aTii-
(paTHUCCKUX YTICBOAOPOIOB, MPCHMYIICCTBCHHO OJIC(DITHOB
m COnH,0.

B cBoro ouepenp, MpeacTaBIsiI HHTEPEC TEHE3HC YITIEBOIO-
POIOB KAPKACHOTO CTPOCHHS — AJAMAHTAHOB M JHAMAHTAHOB.
B yactHOCTH, TIPEACTABIILIA HHTEPEC BO3ZMOKHOCTH 00pa30Ba-
HUSL TOOOHBIX CTPYKTYP M3 TEX COCTHHEHUI, KOTOPBIE TEOpE-
THYECKH MOTYT 00pa30BaThCsl M3 FOBEHHUJIBHOTO YIICpPOIa U
BOJOPOAA. B 3T0M CBA3M HAMU MPEATNPHHATA MOMBITKA BBLAC-
HHUTH BO3MOKHOCTb 00pa30BaHMI YIIICBOAOPOIOB PsIZia aTaMaH-
TaHA M TMAMAHTAHA W3 H-AJTKAHOB IIPH BBICOKUX TEMIICPATYPaX.

2. JKcnepUMEHTAIbHAA YaCTh

B kauecTBe 00BEKTA UCCIICTOBAHUS OBIITH OTOOPAHBI MH-
JUBHIyadbHBIE H-ATKAHBI C PA3HOM AIMHON YIIEPOIHOM Le-
MOYKH, KAK C YETHBIM, TaK U C HECUYECTHBIM YHCIOM aTOMOB
YIJIEPOAA B MOJIEKYJIE. BhUIH B3ATHI HHAUBUIYAIbHbIE H-aJIKA-
met cocrasa C H,,.C H,,C H, . C H nC H . xotopsie
noasepramu kpekunry npu 450°C B teuenue 5 4. (Puc. 1-4).

ITpoxyKTBI TEPMIYECKOTO KPEKUHTA H-ATKAHOB TTOBEPTa-

e B AJaMaHTaHb! JlMaMaHTaHb! mu Xpomaromacc-cnekrpomerpuueckomy (I'X-MC)
XOAHBIN An | An | An Ts | L, | @HammsyHampuGope HP-5973. Onpenemstucs ataman-
ameatt | AwAwAcAs |0 T A | sdisdle | T 0 gy cocrasa C,,— C,,. mmavanTansi cocrasa C ,— C,

H-Ci6Haa 7:29:44:20 43 1,5 0,4 15:55:30 3,8 0,6 U H-aJIKAHBL.

1-C9Hyo 7:30:44:19 45 1,4 | 04 17:54:29 3,1 0,5 I'X — MC ananum3 mpoBOIWIH C HCHOTb30BAHHEM

H-CarHus 7:33:43:17 510 13 | 04 16:56:28 34 |05 KOMITBFOTEPHOIT 00paboTKH JaHHBIX B pexknme SIM ¢

1-C34H7o 9:37:40:14 4,1 1,1 | 04 16:57:27 32 | 05 3aIMUCHE0 HOHOB 71/Z 71 1711 ankaHoB, n/z 136, 135, 149,

H-C36H7a 9:33:43:15 3,9 1,3 0,3 17:58:25 3,4 0,4 163 mna amamanranos u m1/z 188, 187, 201 s muaman-

Taon. 2. Pacnpedenenue adamanmarnos cocmasa C, — C , u ouamanmanos co-
cmasa C,— C, . 6 npodykmax 6bicOKOmMeMnepanypHo20 KpekuHea H-aiKaHoG.

MUHAIHIO KPUCTATTIYCCKOTO ()YyHIAMEHTA YIICBOIOPOIAMHE
OPraHN4CCKOTO BEIICCTBA BBIICTICKAIINX OCAA0THBIX TOJIIII.
OmHako, Kak OBITO CKA3aHO, PACTIPSACICHUC KAK YTIC-

TaHOB. Pa3aenenue yrieBoqopoaoB MpoOBOJIIIH HA Ka-
MATSIPHOI KOJIOHKE C MPUBUTON CHIIMKOHOBOM (pazoi
trma OV-101. Xpomarorpa@upoBaHiie 0CyIECTBILLTH
B PEKUME THHEHHOTO MPOrPaMMHUPOBAHUA TEMIEPATYPHI OT
70 0 290 °C co CKOPOCTBIO TTOBEMA TEMIICPATYPHI 4 °/MUH.

BOJIOPOIOB-OHOMAPKEPOB, TAK H AMAMAHTAHOB B Opra- Merunmavanras (%) | A | A Al L
OOBEKT HCCIe10BaHUs A Mis | Tie | I+

HUYECKOM BEHIECTBE (DYHAAMEHTA H BBIIICICKAIINX 4-MJ1 | 1I-MJ1 | 3-M]] (%)
ocaaouHbIx Toym otmyactea (lFopmanse, Pycunosa, 1-CHag 29 50 21 sl 9 |26 o1
2004). To eCTb NPHCY TCTBUE YKA3aHHBIX YIIIEBOAOPO- Mposykre: 4#-CioHao 8 52 20 | 8|11 29 24
0B B OPraHMYCCKOM BCIIECTBE KPHCTATTHYCCKOTO | renviueckoro | #-CoHag 27 49 25 91333 23
(pyHOaMEHTa MOXKET HABECTU HA MBIC/Ib O TOM, YTO | KpeKuHra 11-CagHoo 25 56 18 110l 13 | 29 24
ITyOMHHYIO TEOPHIO MPOUCXOKICHUA HE()TH (HO HE #-CoHra 4 57 19 |ol11l31 23
HCOPTAHHHCCKY0) HCKIFOYATh HEb3A. Tako€ MPEANO- (OB wpucrammn- | YparsMunckas 13 ” s 16
JI0’KEHHE MOATBEPKIACTCS H UMEFOLIUMUCS B TUTEPA- | ueckoro hymaa- | (Cpel.laHHbIe)

TypE HEKOTOPHIMH KOCBEHHBIMH JAHHBIMH O CymIe- |MeHTa miomamn® | Bapmmckas | 18 | 11 | 71 | -] - | - 12

CTBOBAHHH (l)eHOMeHa IIOCTOSHHOM TIOAMUTKH YyIJIC-
BOJOpOAAMU U3 (pyHIaMEHTa ACHCTBYIOMUX CETOTHA
MecTopoxkaeHui Tatapcrana (Kpucrannmaeckui. . .,
2006; T'opaaase u ap., 2000).
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Taon. 3. Pacnpedenenue adamanmanos cocmasa C, — C . u ouamanmanos co-
cmaga C ,— C, . 6 npooyKmax 6blcokomeMnepamypHo20 Kpekun2a H-aikatos i
Op2aHUuecKOM Geljecniee U3yueHHbIX 00PA3Y08 NOPOO KPUCMANIUYECKO20 (IYH-

oamenma.
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I"a3-Hocutems — remiii. Bce CeKTphI CHATHI IPH SHEPTUH HOHU-
3anuu 70 3B u yckopsromeM Hanpspkeruu 3500 B. Temmnepa-
Typa B kamepe nonmanuu 250°C. VneHTn(puKanuro yrieso-
JOpPOJ0B MPOBOJIIH C HCI0JIb30BAHHEM TAJOHHBIX COEAU-
HeHuit 1adoparopuu ['eoxumun ve(tu 1 POB nopox UT'uP-
I'", a Taxoke Ha OCHOBAHUM TUTEPATYPHBIX JAHHBIX.

3. Pe3yabTaThl U MX 00CyKIeHHE

B pesynberare BBICOKOTEMIIEPATYPHOTO TEPMUYECKOTO Kpe-
KUHTa HOPMAJIbHBIX A/IKAHOB 00PA3yIOTCA aIaMAHTAH, THAMAH-
TaH U BCC TCOPETHYCCKH BO3MOYKHBIC H30MEPHI AJAMAHTAHOB
coctaBa C  —C, . n tmamanTanos coctasa C, .~ C, (Puc. 4).

Ha pucynkax 1 u 2 npuBeaeHBI THIIHYIHBIE MACC-XPOMA-
TOrpaMMBbl AJAMAHTAHOB U TUAMAHTAHOB, 06p33yIOH.[I/IXCSI B
Ppe3yJIbTare BHICOKOTEMIIEPATYPHOTO KPEKHHTA H-aTKAHOB.

Puc. 1. Tunuunvie
oH 136.10 Mace-xpomamoe-
15000 pammel adamam-

manoé cocmaga
1 C,,— C,, oopasy-
I0UUXCS 8 Pe3Yilb-

5000
..@AILJL Ana mame 6blCOKO-

MHTEHCMBHOCTb

10000

T r T

2 Yok 135.10 memnepamypHo2o

KpeKunea H-ajiKa-
HOG Ha npumepe H-
C,H,. I — aoa-
mauman; 2 — 1-
Memuiadamat-
mawn; 3 — 2-memu-
15000 naoamanman; 4 —

15000
10000
5000

6 1 0

10000 78 9 -smunadama-
man; 5 — 2-smuna-

5000 10 P 6
m A aMaHmaw, —
T A 1, 3-oumemunaoa-
manman; 7 u 8 —
15000 Wow 163.10 yuc- u mpanc-1,4-
10000 OUMeMUNAOAMAH-
00 manvl; 9 —1,2-0u-
1 12 1314 15 Memuiadamat-
8.00 10.00 1200 Bpems M4 10— I-omui-

3-memunaoaman-
maH; 11 — 1,3,5-mpumemunadamanman, 12 — 1,3,6-mpumemauna-
damanman; 13 u 14 — yuc- u mpanc-1,3,4-mpumemunaoamanma-
Hol; 15 — 1-smun-3, 5-oumemunaoamanman.

B TaOmuue | mpuBeicHBI OTHOCHTEIBHBIC KOHIICHTPALNA
TCPMOIMHAMIYCCKN HAHOO0JICC YCTONYHBBIX H30MCPOB aga-
MAHTAHOB U JUAMAHTAHOB B MPOAYKTAX TCPMHUICCKOTO KPEC-
KHHTA WHIWBHIYATbHBIX H-aTIKAHOB. Kak BUTHO W3 TaOJTHIIEL,
OTHOCHUTCJIBHBIC KOHICHTPAIUUA TCPMOAUNHAMUYICCKH HAuO0-
JICC YCTOWYUBBIX H30MEPOB AJAMAHTAHOB H THAMAHTAHOB
JTOBOJTBHO OJTU3KH, OHH HIDKC PABHOBCCHBIX U MTATAFOT C VBE-
JUYEHUEM MOJICKYISIPHOM MAcChl. Takas ke 3aKOHOMEPHOCTh
OBLTA BBIABJICHA ¥ TA TCHCTHYCCKU Pa3muHbIX He(hTel (Top-
mamse, Apednes, 1997). Tak, oTHOCHTETEHOE CoACpKaHuC 1-
MA cocrasmaer 69 — 76%, 1,3-tMA — 28 —32%, 1,3,5-TMA —
14 — 17%. B ciiyyaec TmaMaHTaHOB OTHOCHTCTBHBIC KOHIICHT-
parm cneayromue: 4-MJ]—24 —29% u 4,9-iM1 - 8 — 11%.
Ecmu cpaBHATB OTHOCHTCTBHOC COACPKAHNUC 4-MCTIITHAMAH-
TaHA B MPOIYKTaX KPCKUHTA H B OPTAaHIICCKOM BCIICCTBE KPH-
cramueckoro (pyraamenta ([opaamse, PycuHosa, 2004), TO
HCTPYIHO 3aMCTHUTh, YUTO B IOCJICTHCM CITy4ac OHO BapPbHPY -
eT B 6opIeM quama3oHe: 18% i1 opraHmIecKoTo BEmECTBa
KPHUCTALTIYCCKOTO (hyHAAMCEHTA TI0ma i baBmuHCkast u 26 —
37% and momaayu YpaTbMIHCKAS.

Puc. 2. Tunuunvie

MHTEeHcMBHOCTL
Mmacc-xpomamoz- | 1200 1 VoH 188.10
pammul Ouaman- | 1000
manoe cocmasa C 800
-C,, obpasyroujuix- 600
ca 6 pesynvmame 400
6blCOKOMeMnepa- 20
NYypHO2O KpeKuHea
H-Q/IKAHO6 Ha npu- 1200 3MOH 127'10
mepe u-C H,. 1 — = 1000 2
ouamanmanu; 2 — 4- 800
Memunouamam- 600
mawn; 3 — 1-memun- 400
Ouamvanman; 4 — 3- 200
Memunouamam- ‘ ‘ ‘ ‘
part; 5 4,9-0ie- 120 Viow 201.10
munouavanmat; 6 1900
— 1,4- u 2,4-oume- 800
MUnOUAMAHMAHDL; 600 67 8
7 — 4,8-0oumemun- 400 5
ouamauman; 8 — 200 WMM\VV

3,4-0oumemunoua-
MAHNAH.

I'pynmosoii coctae anamantanos coctasa C —C . v aua-
manTanos coctasa C ,— C, mpusenen B Tabm. 2.

HetpymHO 3aMETHTB, YTO OTHOCHTEIIHHOE COZIEPIKAHIIC a1a-
MaHTaHOB W AWAMAHTAHOB ONW3KO, MPUYEM HanOOJIbIICE CO-
JIep KaHME CPEN ANKIIAIAMAHTAHOB HMCFOT JUMCTILT3aMCIICH-
Heie (40 — 44 %), a cpenu aNKHITHAMAHTAHOB MOHO3AMCITICH-
HbIe (54 — 58 %) romomorn. OTHOCHTEIEHBIC KOHIICHTPATIH
HE3aMEIICHHBIX 4TAMAHTAHA ¥ THAMAHTAHA HANMEHBLINE Cpe-
M CBOMX T'OMOJIOTOB: COOTBETCTBEHHO 7 —9 Y%ou 15— 17 %.

Kak y>ke ymoMuHanoch, METUII3aMEIICHHbBIC THAMAHTA-
HBI B TIOPAJKE YBEJIUYCHUSA TEPMOAUHAMUYECKON yCTONYH-
BOCTH PACIOJIATAIOTCS CICAYFOIIIM 00pa3oM:

4-MJ> 1-MJT> 3-M]T,

2100 22.00 23.00 24.00 Bpems

;/(0) = 1 Puc. 3. Pacnpeoenenue oua-
- 2 manmanos cocmasa C, — C
60| = 3 14 15
- 6 NPOOYKMAx mepMuuecko2o
40 KpeKuHea H-aIKaHoG (CpeoHile
30 SHAYEH1s1) 1 OPeAHUYECKOM Ge-
20 wecmee KpuUcCmMaiiuiecko2o
10 ¢ynoamenma. 1 — npodykmel
“Zma ima 3wa [(O+ME) KPeKumea H-aikawos; 2 — kpii-

cmannuyeckuil ghyHoamenm,
Vpamvmunckas nnowaow, 3 —
Kpucmaiuieckuii gynoa-
menm, basnunckas niowaos.

Puc. 4. 1 — Aoamanmanul
' (mpuyuxno[3,3,1,137]oexa-
—R mwvl); 2 — /luamanmanel nemu-

mayuxno [7,3,1,1412,027,061]

A B mempaaekanbl.

B pab6ote (I'opmaase, PycuHosa, 2004) GbLTO MOKa3aHo,
YTO BO BCEX W3YUCHHBIX 00pa3ax OPraHMICCKOTO BEIECTBA
KPHCTAITMIECKOTO ()yHITAMECHTA OTHOCHUTEIIBHOE COZICP KAHHE
TEPMOJAMHAMUYECKH HAUMEHee ycTonuuBoro 3-M/I BbIme,
YeM COACPIKAHKC TCPMOIUHAMIUCCKH 00JICC YCTONYNBEIX 4-
u 1-M/l. B cayuae TepMHYECKOTO KPEKHMHIA H-aTKAHOB, KAK
BHIHO U3 Ta0I. 3  puc. 3, HAaHOOIbIIIEE OTHOCUTEIBHOE CO-
nepkanue umeeT 1-MJI (oTHOcHTETPHAS KOHLIEHTpaLms 49 —
57 %), 3aHIMArOIIHI TIPOMCIKYTOYHOC TOJI0KCHHE O YCTOT-
unBocTH MKy 4-M/J[ u 3-M /1.
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M.B. I'mpyn, I'H. l'opragze H-AJkaHbI — BO 1 H TAHOB...

Cpenu IByX OCTaBIIMXCS H30MCPOB MCTHIAHAMAHTAHOB
3-M/I umMeeT OTHOCUTEIBHYIO KOHICHTPALIMIO HIDKE, YeM 4-
M. Y3 Tabm. 3 BUIHO, YTO OTHOCHTCIHHOC COACPKAHKC THA-
MaHTaHA B CJIy4ae MPOAYKTOB KPEKUHTA H-ATKAHOB HECKOJTb-
KO OOITBINE, YEM B OPTaHMYECKOM BEIICCTBE KPUCTALIUUCCKO-
ro ¢pyrgamenra: 21 — 24 % nportus 12 — 17 %.

Taxoke u3 Ta01. 3 BUIHO, YTO MPU TEPMUUCCKOM KPCKHHTE
H-aJIKAHOB 00pa3yeTCs Topas3ao OOIbIINC AJAMAHTAHOB, YCM
JMAMAHTAHOB, TIPHYCM C YBETHUCHHEM KOJIMUECTBA 3aMECTH-
TeJNeif OTHOCHTEITBHOE COICPKAHNE AJAMAHTAHOB MO CPaBHE-
HUFO C THAMAHTAaHAMY 3HAYHTCIHHO YBEIMUNBACTCS.

HeoOX0miMo OTMETHTB, UTO, KAK U CIICI0BAJIO O’KHIATH, KPO-
M€ YIJICBOAOPOIOB KAPKACHOTO CTPOCHMS (37AMAHTAHOB U [TH-
AMAHTAHOB) B PE3YJIbTATC BBICOKOTEMIIEPATYPHOTO KPEKUHTA
00pa3yeTcst TOMOIOTHYCCKHUH ST H-aTKAHOB C YHCIIOM yTJIe-
POIHBIX aTOMOB J10 35 (BKIFOUHTCIIEHO) U KOKC. OOpa30BaHuUs
HACBIIICHHBIX IIKIMYECKUX YIJICBOIOPOIOB HE HAOFOIACTCS.

BobiBOabI

Taxum 00pa30M, Ha OCHOBAHHH BBIIIECKA3AHHOTO MOYXK-
HO CZICJIATh CJCAYFOIIHC BBIBOIBI:

- BriepBBIc MOKA3aHO, YTO MPU BBICOKOTCMIICPATYPHOM
KPCKUHTC HHIWBUIYAJTbHBIX HOPMAJIBHBIX AJTKAHOB C PA3HBIM
YHUCIIOM YIJICPOIHBIX ATOMOB B MOJICKYJIC 00pa3yrOTCs yIie-
BOJOPO/IBI PsIa aJAMAHTAHA M THAMAHTAHA.

- B pesysrare TepMHYECKOTO KPEKUHTA H-aJTKAHOB 00pa-
3YFOTCS BCE TEOPCTHYICCKU BO3MOKHBIC H30MEPHI 4 JaMAHTA-
HoB coctaBa C, — C , m qmamanranos cocrasa C,— C,, a
Takoke #-ankanbl 10 C, H. ) mkokc.

- MO>KHO TIPEATIONOKUTE, YTO TUAMAHTAHBI, HAWJICHHBIC B
OpPraHUYECKOM BEIICCTBE KPUCTAJLIHYCCKOTO (DYHIAMCHTA,
MOT/IH 00Pa30BaThCS B PE3YyJIBTATE BHICOKOTEMIICPATYPHOTO
KpeKHHTA H-amkaHOB. OTHAKO 3TO MPEIMOI0KCHUE TPEOyeT
CEPBE3HON MPOBEPKHU.
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Ileaxkaues B.H. /lopora k ucrune

Inasuwiit peoakmop - B.H. I paiighep

KHnura nocpsmieHa CToJIeTHI0
KPYITHOTO POCCHIICKOTO Y4EHOTO B
o0macTu pa3paboTKu HE(DTSHBIX
MECTOPOXKIACHHH, IPEKPACHOTO
nenarora, mpogeccopa Poccuiickoro
TOCYJAAPCTBCHHOTO YHHBEPCHUTETA
Hedru uraza um. 1.M. I'yOkuna
Bnaguvmupa Hukonaesuya Ilenkauesa,
b, USRS ¥ H3BECTHOTO CBOMMU TPYAAMU MO
MOA3EMHOI TUIPOANHAMUKE, AHATU3Y U 0000IIECHUIO
MUPOBOTO OTIBITA PA3PAOOTKH HE(PTSAHBIX MECTOPOKICHHHA.
ITpeanaraecmast KHUTa COACPKUT OUEPK O SKU3ZHH U ACATCITb-
Hoctu B.H. [lleakadyena, ero TudHbIC BOCIIOMUHAHU,
MUCHMA, A TAKKE BOCTIOMUHAHUsA 0 Bragumupe Hukonaepu-
Y€ €ro YYeHUKOB, KOJIIET U Apy3eil. B BoCOMUHAHMAX
YUEHOTO COACP KUTCSI HHTEPECHBIN PACCKa3 O JETCTBE U
FOHOCTH; JaHbI HOPTPETHI MPO(ECCOPOB-MATEMATHKOB
MOoCKOBCKOTO rocyAapCTBEHHOTO yHHBepcuTeTa — . D.
Eroposa, H.H. Jly3una, H.H. Byxromnsua, JI.C. Jleitben3ona u
JPYTUX; OMUCAHBI IEPBBIC IIATU COBETCKOM BBICIIEH IIKOJIBI,
KH3HB U OBIT MOCKBHYCH, PEUFHO3HAS 5KH3H MOCKBEI B
1920-X TOAAX; TIOKA3AHbI KAPEMHBI KIT3HE 1 OBITA HOTHTHYEC=
KHX 3aKJTIOUCHHBIX 1 CChUIBHBIN Py OCzka 1920 ~1930-x ronos
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