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Huxounait Omkun

Poxnennbie
13 KPUCTAJLIOB?

Konvibenvio
HCUBO20 MUPA ObLIU
MUHePavl

IOIIKMH Hukomaii [TaBroBiy —
akagemuk PAH, aupexrop UucTuTtyTta
reosiorrt KoMy Hay4HOTo 1ieHTpa
Ypanbckoro oraenenust PAH

(1. CpIKTBIBKAP). 3aCHYKEHHBIN J1eSTEh
naykn PCOCP, maypeat npemun Coseta
Mumnuctpo CCCP, npemun umenun

A. E. ®epemana u JleMHuI0BCKOI
npemun. Mimenem akageMuka
(«IOUIKUHUT» ) Ha3Bal HOBbLI MUHEpPas
13 KJacca cyabhuion

ITo cBoeil cTpyKTYpe mpocTreiiinie GHOCUCTEMBI

U YIJIEBOIOPOIHBIE KPUCTAJLIBI HEOOBIKHOBEHHO TTOXOK.
Ecuin Takoil MUHepaJI IOMOJHUTh KOMIOHEHTaMu GeJiKa,
TO MBI TIOJIyYUM PeajibHblil IPOTOOpraHu3M. VIMeHHO Tak
BU/IUT HAYaJIO HayaJl KPUCTAIN3AIMOHHAS KOHIIETIIU
MIPOUCXOKICHUS KU3HU.

3 9eTo M KaK BO3HWKJA Ku3Hb? CoBpeMeHHas

Hayka cobupaer BCE GOJIbIIE JTAHHBIX, YTOUHSIIO-

IIUX XapakTep Mepexojia OT HeKUBBIX (GOpM Ma-
Tepur K KUBBbIM. CTAHOBUTCS SICHO, UYTO T€OXUMUYECKAST
9BOJIIONUS 3eMJIK Hen30esKHO Besia K GUOTEHHBIM [IPOLiec-
caM, K 3apOKICHIIO JKU3HU. MbI XOPOIIIO TIPEICTABIISEM,
KaK M3 TPOCTBIX XUMHUUYECKUX COETMHEHUN 006pasyioTcst
CJIOKHBIE YTJIEBOIOPO/IBI U NTasKe mojuMepbl. 3 yrieso-
JIOPOZIOB TIPU BBICOKUX TeMIIEPATYpPaX M TOBBIIIEHHON
paauanuu, 4To MOATBEPKAECHO IKCIIEPUMEHTAMM, MOTYT
06pa30BbIBATLCS AMUHOKKMCIOTHl — HaYaJbHbIE IeTajln
1t Beimkoro Konerpykropa.

Tertepb MbI TTIOXOMM K HOHUMAHHIO PEITAIONIEro IM1ara,
KaK TPOVMCXONJI TIePeX0]l OT HEKUBOTO K JKMBOMY. Paz-
BUTHE, KOIBOJIIOIUST JKUBOTO U MIHEPATIBHOTO MUPOB TI1J1a
M WIEeT B TECHOM MX B3aMMOJIEHCTBUY U B3aUMOOOYCJIOB-
JenHocTH. JKu3Hb GopMupoBasach Kak HEUTO IeJIoe,
UHTErPUPOBAHHOE, a HE B BUJIE Pa3PO3HEHHBIX YACTEH,
HPOU3BOJILHBIM 0OPA30M COEUHSIONUXCSI.
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[ peBHne Mudsl U coBpeMeHHasI
HayKa

Ha Bompoc /I:kona bepnasma, mocras-
Jienbiit ene B 50-x rozgax: «He siBiisi-
ercst in hOPMHUPOBAHUE OOIIUX BCEMY
JKUBOMY Ha 3eMJIe YepT OJIHUM U3 BBI-
PaKeHUI KPUCTAIN3AINU B CAMOM
MIMPOKOM CMBICJIE?> — MBI CETOMHS
MOJKEM JIaTh YTBEPANTEIbHBIN OTBET.
O4YeBUIHO, UMEET CMBICI BBIJIEIUTD
NpeadHONOrNIECKYIO CTaNIO B UCTO-
pun 6rochepbl, XapaKTePU3YIOILYIOCs
3apOJKIEHIEM U Pa3BUTHEM HEOMOIIO-
TMYECKUX YTJIEBOJOPOIHBIX CUCTEM
€ 3a9aTKaM¥ CTPYKTYp M (yHKIUHA
MEPBBIX OPraHU3MOB.

...CI0KeT COTBOpeHUS >KUBBIX Cy-
MIECTB W3 TJIUHBI MPUCYTCTBYET
B OOJNBIIMHCTBE JPEBHUX KOCMOTO-
nuit. B pomemmux no nac mudax
[pesuero Illymepa, 3ammcanubIxX
Ha TJIMHSHBIX TabJUUYKaX, 60T BOJIbI
OHKH TPOCUT cBolo MaTh Hamwmy,
[lepsonauanbuoe Mope, co3naThb
mepBoe JKMBOE CYIIECTBO:

Cumewaii cepoue znunvt, umo nad 6es-
OHoi,

Jlobpwie u 6aazopodnvie meopuypt czy-
cmam zauny,

Tot Jdice, mvl COmeopu ujiemnvl;

Hummax — 6oeunss Mamo-3emis — no-
mpyoumcs: 6onvuwe meos.

Boaurnu poscoenus nomozym mebe 6 pa-
Gome.

O mamv, navepmaii ezo cyovoy...

[Toxoxxuit MOTUB SIBHO IIPOCJIEKU-
BaeTcs U B ipyrux mudomnornax. Ha-
npumep, B Kuure Britusg nanncano:
«W cosman bor yesoBeka m3 TINHBI,
U BILYHYJI B JIUIIO €TO JIbIXaHWE, U CTaJ
YeJIOBEK JIYIIOI0 KUBOIO>. A B Mu(bax
[lpeBHeit Mekcuku paccka3biBaeTcs,
Kak Oor myapoctu Kercambroarib
cobpas Koctu U3 TAyO6UH 3emiu
BTJIUHSHBIN COCYZl W OPOCHUJ UX
cBoeil KpoBbio. Tak B JpeBHEHIINX
CKA3aHWIX OMUCHIBAETCS 3aPOsKIIEHIE
skn3Hu. Ckazka — JIOXKb, 71a B Hel
nameék. [lozpckaska mcenemoBaTessm
MPUPOJIBI, OCTABJICHHAS CO3/aTeJssI-
MU peBHUX MU(OB ¢ uX TryOOKOil
WHTYUIME, YyBCTBYIONIEH HCTOKHU
TeHEeTUYECKOH MaMATH YeJI0BEeYeCTBa
u Beeii buochepbl.

CyliecTByeT MMHepan C KpacuBbIM Ha3BaHUEM
AHTPAKCONUT». BHELHE OH NOXO0X HAa KAMEHHbIiA Yrofb.
Ha doTorpacuax npencraBneHbl HaAMONEKYAAPHbIE
CTPYKTYpbl 06pa3Li0B aHTPAKCONNTA, HAaNAEHHbIX

B HU30BbsAX peku JleHbl. MoXHO M BOO6Pa3uTh,

4YTO C 3TUX CTPYKTYP Hayanacb GMONOrMYECKas KNU3Hb?
Oka3blBaeTcs, MOXKHO

Hukonali fOwKuH

Bce nwyTt poputenen
cnupanu OHK.
Kpuctannu4yeckas
pelwleTka MMHepanos
roToBa UCNONMIHUTb
3Ty poJib

OCHOBHBIE TEOPW ABMOIEHESA

KOALLEPBATHAA TEOPUA
A. W. Onapun (1924, 1975)

[lpomoknemka 6 p
(koayepsam) €/10K 2eH LUOOp2aHU3M

TEOPWA TUNEPLINKNOB
M. 3iiren v gp. (1981)

2eH (PHK, JHK) }—} benok }—} Knemka 6uoopaaruzm

TEOPUA FTEHETUYECKOIO 3AXBATA
A. Ix. KepHc-Cmut (1971, 1982)

nosepxHocms 2eH 6
MUHepanos 6enok Knemka (PHK, JIHK) uoop2aruzm
(uoHHbIX Kpucmannos)

TEOPUA MUHEPANTbHOTO OPTAHWU3MOBWN03A
(YrneBopopoAHas KpUCTANNM3ALUS KU3HY)
H. . 0wkuH (1994, 1999, 2000)

y2nesodopooHsil

Kpucmann = npomoKnemka 2eH

MUHepanbHbIl KOMNOHeHMbI Gefika (PHK, JIHK) AR Guoop2ariusm
UHOUBUO npomozex

(npomo6uoopeaHu3msi) Genok
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Pa6oramu A. V1. Onapusa u JIx. Xo-
neiina copMynrupoBaHa MIUPOKO
U3BECTHASI TEOPUST MPOUCXOKIEHUS
JKU3HMY, 3aT0KeH (PYHIAMEHT MOYTH
BCEX COBPEMEHHBIX MPECTABIEHUN
06 atom npotiecce. Bo BesikoM cirydae,
6Jaroziapss UM CTajl BO3MOJKEH Tre-
PexXoa B PEleHnn 9TOH NpodIeMbl
13 001aCTH BepPBl B 00J1aCTh 3HAHUS
U jake B 06J1aCTh MOJIEIUPOBAHUS,
4TO BOOGIIE KA3aT0Ch HEMBICIMMBIM
JUIS1 COOBITHH, TIPOMCXOANBIINX Oosee
3,5 MJIpjL JIeT TOMY Ha3al.

A. U. OmrapuH npeyiosKuJI THIIOTe-
3y XMMUYECKOW 3BOJIOIUU, XEMOTe-
He3a, 00BSCHSIONTYI0 BOSHIKHOBEHUE
CJIOKHBIX GeIKOBBIX (opM 13 bosiee
HIPOCTBIX COCAMHEHWI. Y poccuii-
CKUX YYEHBIX €CThb 3aKOHHBIN MOBOJ
ropaAnuTbCA CBOMMU BBIJAIOMIUMUCA
npeziiectBeHHrKaMu. C HAKOTLIEHN-
€M HAYYHbIX JaHHBIX THUIIOTE3a BO3-
HUKHOBEHUS JKU3HU 13 HEOPTAHUKU
BbIXO/MJIa Ha Ka4YeCTBEHHO HOBI)IfI
yposetb. Ceituac J0BOJBHO JIETATHHO
paszpaborana o0iias cxema Crajuii-
HOCTH U 9BOJIIOINN TIPEAGHOTIOTIYE-
CKUX cucteM. MHOTHE 3BE€HbS ITOM
IBOJIIOIIMOHHON CXEMBbI JOKA3aHbI
IKCIIepUMeHTATbHO. CHHTE3MPOBAHBI
MOYTH BCE AMUHOKHUCJIOTHI, CHHTE3H-
poBaHbl GeNKM, & HEOMOTIOTHIECKOEe
MPOUCXOKIEHNE MHOTUX KOMIIOHEH-
TOB TOATBEPSKACHO TEOTOTUIECCKITMU
HAOJIIOIEHUSIMA — B BYJIKAaHUYECKHX
MOPOJIaX U METEOPUTAX.

T'en uMes HEOMOJIOTUYECKUX
npe/eCcTBEHHUKOB

B ocHOBe MHOTHX COBPEMEHHBIX
KOHIIEIIIUI TTPOUCXOXKIAEHUST KU3HU
JIEIKHUT WSl CMapmoeoti poau MuHe-
pasioB. MuHepasibl paccMaTpuBaloOTCst
HE TOJIbKO KaK KaTaJH3aTopbl Heop-
TAaHUYECKOTO CHHTE3a OUOTOINMEPOB
U KaK CBOCOGPasHbIE «BOCITUTATEIH»
GesIKoB, HO U B KadectBe uH(pOpMa-
IIMOHHBIX MATPUIL, CTPYKTYPHO-(DyHK-
IMUOHAJbHBIX MNPEAIICCTBEHHUKOB
reHa, ¥ Jlake B KaueCTBe IPOTOTeHa.
Nudopmannonnas eMKOCTb MUHEPA-
JIOB (TOYHEE — WX MEXKCJIOEBBIX IPO-
CTPAHCTB), OCOGEHHO B HACBIIEHHOM
nedexTaMu COCTOSIHUM, CPABHHUMA
cemkocThio MoJiekys JITHK. Konrer-
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Kmo Bbicmpenun o

® uscmapmoBo20 hucmonema, ®

NOroOXXUB Ha4Yano ®
3BOMIOYUOHHOU 20HKE?

OQguH u3 BO3MO>XHbIX ®

omBemoB — MuHepanol @

A 3710 KepuT.

Ero cTpykTypa o4eHb
0113Ka K KOHCTUTYLUM
XXUBbIX OPraHU3MOoB.
EeTak u Ha3biBalOT —
GuoMopdHas CTpyKTypa

TYATbHBIM TEYCHUEM B 9TON 00TACTH 3HAHWH CTAHOBUTCST
reHoOM03 — TIPU3HAHNE TIEPBUYHON CTPYKTYPOIT THIIA TeHa.
To ecTp, mepBrYHA Bce-Taku CTPyKTypal A cTpyKTypa 1mpo-
TOTeHa — KPUCTAJUINYECKasl pellieTka MUHepaloB — yiKe
B IIPOIIECCE COBMECTHOI C CUHTE3NPOBAHHBIMU €10 T0JINMe-
paMu 3BOJIIOINY Pa3BUBAETCSI B 3HAKOMBIEC HAM CITHPAJIH
JTHK. I nanmee — OT TMPOCTENNIUX OPraHWU3MOB BPOE
GaxTepuil u BUPYCOB JI0 YETOBEKA.

HauGosiee spKo BBIPAKEHHYIO CXeMy TeHOOuo3a 1peiia-
raeT Teopus reHerndeckoro 3axsara A. . Kepac-Cmu-
Ta— B Hel TIpOTOT€HOM, MEPBOUCTOYHUKOM KU3HU,
SIBJISIETCST CTPYKTYPA MUHEPAJIOB 1 BOHBIX KPUCTAJIJIOB.
I/IHTyI/ITI/IBHO JACHO, 4YTO I'eH TO0JIKEeH UMEThb He()I/IOJIO[‘I/I‘-Ie-
ckux npezmecrsenHkos. Hanpuwmep, /l. Bepuasn Bbicka-
3aJ1 IPEITOJIOKEHNE O TOM, UTO IIPU Pa3BUTHH CJIOKHBIX
OPTaHMYEeCKUX COEANHEHWI, aMUHOKUCIIOT, KaTaJIuTnye-
CKYIO POJIb MOIJIM CITPATh KPUCTAITYECKHIE TOBEPXHOCTH
muHepasioB. [Iporeccht GroreHesa, HECOMHEHHO, TPOMCXO-

Hukonali fOwKuH

JIAJIA U BHYTPH MUHEPAJIOB, e hop-
MHUPOBANCH MPOCTENTITHE OIOMOJTe-
KyJibl. [IprdeM MUHEPAJIbl CIIYKUII
KaK KaTaJu3aTOPOM, TaK M <3alluT-
HUKOM» ¥ <OXPaHHHKOM» 3apPOJIHB-
1retics KusHu. JKUBOH MUP TIPH 5TOM
Kak Obl UMeeT MUHEPAJbHbIE KOPHHU.
Vzes 0 HEOMOJOTUYECKUX TIPeIiie-
CTBEHHMKAX IeHa MO3BOJMUJIA Ipe-
0/I0JIETh [POTUBOpeYns: Hauboiee
3arajlouHoro AMU30/a (GOPMUPOBAHIKS
PEIPOAYKTUBHOTO MeXaHU3Ma
HaCJeACTBEHHOCTH B HOBOJbHO
XOpOIIO pa3paboTaHHON cXeMe CTa-
JAMAHOCTH OMOreHe3a M HBOJIOIUK
npeAGUOJOTHYECKUX U OUOJIoTYe-
CKHX CHCTEM.

Ho upobiema 060CHOBaHMs KOH-
Henuuu OMoreHesa JOCTATOYHO
CIIOKHA, Belb TpeOyercs 3arjsHyTh
Ha MUJLIMAP/bBI JIET B IIPOLLIOE 3eM-
Ji. 311ech He 000iTHCh 6e3 COBMECT-
HOI PaboThl GMOJIOTOB, TE€OJIOTOB
U XUMHUKOB. /[pyroe neno, 4To BBHI-
CKa3bIBAIOTCS Pa3/IMyHble TUIIOTE3DI,
M YacTO OHM MTPOTUBOPEYAT JIPYT APY-
ry. BeibpaTh Jydlnyio rumnoresy
BechbMa TPyAHO. /lasbHelinee pa3Bu-
THE HayKH PacCyAuT, KTo ObL1 HoJiee
IpaB, a KTO 3aMETUJI TOJIBKO TYIIUKO-
BbII XOJI T€OXMMHYECKON 9BOJIONUM
BeIecTBa 3eMJIN.

3ao0biTas MeJoauda u3 IeTCTBa
IUIAHEThI

MuHepaioru HaxoIAT MHOKECTBO
CTPYKTYD, CXOXKHX C OGmomormye-
CKUMH. DTO OY€Hb YBJIEKaTEIbHOEe
3aHATHE — HAXOAUTh CXOKUE MOTH-
BBl BJIPEBHEIIINX TOPHBIX IIOPOAAX
1 BOPraHUYECKNX CTPYKTypax. Byaro
NpPUIIOMUHAEIh 3a0bITYIO MEeCHIO,
9yTh CJIBIIITHO OHOCATIILYIOCS U3 PaH-
HEro JeTcTBa 3eMJIH.

CmpyKmypHble
MOMuUuBbI Kpucmannos
u 6enKoB ABHO
nepeknukaiomcsa
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3a2ag90YHbIU MUD
VanepOgHbIX
CMPYKMyp —
MUHEDAMBHBIX

NOOMOO0LSaHUSMOB
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CrpoeHune caMoil MPOCTOil TJIMHBI
Ha CaMOM JieJie BecbMa HEIPOCTOeE.
Baasucumoctu ot husnuecknx u reo-
JIOTHYECKUX YCJIOBUN MEKCJIOEBbIE
MPOCTPAHCTBA B KPUCTAJIINYECKON
pelreTKe TJIMHUCTBIX MUHEPAJIOB —
MOHTMOPHWJIJIOHUTA U HAJbITOPCKU-
ta— Mmensiorcs B 10 pas, ot 9 710
120 anrcrpem. M mexay ciaosmu
MOTYT YMECTHUTBCS PA3JIMYHbIE IPO-
TOPraHUYEeCKNUEe MOJIEKYJIbI, OT yrJie-
BOJIOPOIOB /10 aMUHOKHUCJIOT. B xpu-
cTayunorpaduu faxe HUCIOIb3YeTCs
METO/I IMArHOCTUKN MIHEPAJIA 110 €T0
C1I0COGHOCTU BMEIIATH B MEKCJIOEBbIE
IIPOCTPAHCTBA ITUJIEHTJINKOIbHBIE
MOJIEKYJIbL. A eCJl Mbl HAUHEM HCCJIe-
JI0BaTh NPUPO/HBIE CIOUCTBIC MUHE-
paJibl, TO 06sI3aTEJBHO HAMIEM B HUX
AMUHOKHCJIOTBL, IIyCTh U B MAaJbIX
KOHIIEHTPAIHSIX.

BosHukaer BOIpoc — OHU 3apOJIU-
JINCh TaM MJIM HAKOIHUJINCH B ITPOIIEC-
ce TEOXUMUYECKOI 9BOIONNUN 3eM-
a1? AMHHOKHUCJOTHI CTPYKTYPHO
NOKO0OHBI MUHEDATIAM, B KOTOPBIX Ha-
XO/ISIT OPTaHWYECKUE MOJIEKYJIbI.
BriosiHe BeposTHO, YTO CHHTE3 aMu-
HOKHUCJIOT I1II€JT BHYTPH CTPYKTYPBI
1 HATIOBEPXHOCTH TJIMHUCTBIX MUHe-
pasioB. EcTb M aKcIiepuMeHTaIbHbIE
MOATBEPIKACHUS] TaKOTO CHUHTE3a.
Takum 06pasoM, «IIIUHSAHbIN» TEH MOT
CTaTh OCHOBOII IIPOMCXOKICHHS JKU3-
Hu. OHAKO CTPYKTYpPHOE COOTBET-
CTBHME M COBMECTHMOCTb HEKOTOPBIX
MUHEPAJIOB U MaKPOMOJIEKYJISIPHBIX
6uocHCTEM HE MOXKET OJHO3HAYHO
CBUJIETEILCTBOBATL B M0JIb3Y OUO-
CTApTOBOI POJIM MHHEPAJIOB. ITO
CKOpee SIBJSIETCST KPUTEPHUEM 0TOOpa
MUHEPAJIOB, OPTAaHUYECKH COBMECTHU-
MbIX C JKUBBIMU TKAHSIMU U CHOCOO-
HBIX BCTPAUBATBCSI B JKMBBIE CUCTEMBI,
06pasyst OpraHOMUHEPAJIbHbIE KOHCT-
PYKIIUHL.

CnnpaneBugHble KpUcTaibl
tubpokepuTa — Hanbonee NopxoasLmMe
NpeAdMOoNorMyecKkme CUCTEMBI.

Bce ocranbHOe pa3Buiaoch UMEHHO

Ha 37Ol 6ase

= Hukonati Owrun

Bo BcsikoM cirydae, coBpeMeHHasi HayKa CaMbIM Cepbe3-
HBIM 00pPa3oM TIPOBEPSIET TUTIOTE3Y 3aPOSKACHUST SKIUIHI
BTJIMHUCTBIX MUHepasjaX. B mpoiecce aBosonunu
CTPYKTYPHOE CPOJACTBO MUHEPAJIOB U GUOMOJIEKYJI MOTJIO
puBecTH K GOPMIPOBAHKIO AIUTHBIX 00PA30BAHMIT THITA
PaKOBUH M XUTHHOBBIX TOKPOBOB, BHYTPEHHUX OTIOPHBIX
CTPYKTYp THIa cKejeroB. VI Bcé ato pasnoobpasue —
U3 [EePBUYHOI riiMHbL Tak, MOKET ObITh, ApeBHUE MU(bI —
9TO c1ocob MepeIadr HaM 3HAHUS O POIIECCAX, TPOXO/HB-
MUX MUJJIMAP/AB JieT Hazaa? TeM Wim MHBIM Croco6oM,
HO TIpOItecchl (hOPMHUPOBAHSI CTPYKTYPbI TIEPBBIX GHO-
MOJIEKYJT JIOJIKHBI OTIPE/IENIATh BCIO HAITY JKU3HD, M OTTO-
JIOCKM 3TUX TIPOIECCOB MOTYT IIPOTJISIIBIBATL BCIOLY —
OTTe0JIOTHYECKUX TIOPOJL /10 CTPYKTYPLI TeHOMA YeJI0BEKA.

Paguanus pykosoaut co6opkoit PHK

Eme oxna Bepcust 3aposKIeHUs JKM3HU U3 HEOPTAHUKU
6asupyercs Ha CYIIEeCTBOBAHUH I€JI0TO MUPa YTJIEBOIOPO-
noB. [Ipuuem TBEpABIX yIIEBOIOPOLOB HEOPTAHIUECKOTO
MIPOUCXOKIEHNUST, 0OJIA/IAIONINX CTPYKTYPOI HOHHBIX KPH-
CTAJIJIOB. JTOT KJIACC APEBHENIITNX BENECTB MAJIO U3y9YeH
B KauecTBe GUOTEHHBIX CTPYKTYP. VlccaeoBaHust IPUPO/I-
HBIX YTJIEBOJOPOIOB HEOPTaHUIECKOTO MPOUCXOKIEHUS
O/ICKA3bIBAIOT, YTO IPeAOUONOrnYecKre MHPOPMAIOH-
HbI€ CTPYKTYPBI CJIEYET UCKATh B CEMENCTBE KOHIEHCUPO-
BAHHBIX YTJIEBOJOPOAHBIX MOJEKYJISIPHBIX CUCTEM —
TBEPIBIX OUTYMOB, HEOPTAHWYECKWIT CHHTE3 KOTOPBIX
OCYIIECTBIISIETCS B YCJIOBUSIX Kak 3eMJin, Tak 1 Kocmoca.

PocT copepxaHus 6enKoBbIX aMUHOKUCIOT @
B pPAAY CTPYKTYPHOIA YNOPAAOYEHHOCTH

NPUPOAHBIX GUTYMOB

TUAPOTEPMAIbHbIA

HaGTU R aHTpaKconuT

" ~—
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Cpe/u HUX BCTPEYAIOTCsT I0BOJIBHO PAa3HOOOPA3HbIE CTPYK-
TYPUPOBAHHBIE 1 TEKCTYPUPOBAHHBIC 00PA30BAHUS, B TOM
YHCJIie MOJIEKYJISIPHBIE M HaJIMOJIEKYJISIPHBIE CTPYKTYPBI.

B xauecTBe mpuMepoB MOXKXHO Ha3BaTh ITyHTHT 13 Kape-
JIMU C YHOPSIZIOYEHHO paciipe/iesieHHbIMI (yJIiepeHaMH,
riobysiaMu 1 Konudeckumu u cepudeckumu Ghopmamu,
CJIOKHBIMU BOJIOKHAMU, TIIyHTUT 13 Gacceiina JleHsl ¢ Ko-
Hycamu u cdepaMn, KepuT U3 erMaTUToB Bossiam ¢ Bo-
JokHamu, cepamu u cnupansamu. CTpyKTypHast uepap-
XHYHOCTD, KAK M3BECTHO, THITHYHA ISt GEJIKOB U B I[EIOM
IUIST BCEX OPraHUYeCKuX CTPYKTYp. V1 BOT 4TO HEOOBIKHO-
BEHHO UHTEPECHO — CTPYKTYpa U cBolicTBa hubpokepuTa
oueHb OJIM3KY K KOHCTUTYIMU KUBBIX OPraHU3MOB. XUMU-
YecKUil COCTaB, HAIIPUIMEP, MOYTH TOYHO COOTBETCTBYET
cocraBy Geska. CriocoOHOCTD MHOTHX MUHEPAJIOB UIPATh
poJib MeMOpaH, OOUJILHOE BbIAEJICHUE YIJICBOAOPOLHbIX

tubpokpucTanbl
KepuTa

LWYHIUT

rMApoOTEpPManbHbIN
Keput

vv
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ra30B IIPU HATPEBAHIH, CJIOKHASI MOD-
omorusa, Hammume BHYTPEHHHUX
AKTHBHBIX ITOBEPXHOCTEHl — CIHMCOK
MOM00OUsT CTPYKTYPHBIX MOTHBOB
KPHCTAJLIIOB U OEJKOB MOJKHO EIé
mpomokuTh. HecpaBHmMO Gosee
CJIOXKHAS 110 CPABHEHHIO C HOHHBIMU
HEOPTraHNYECKUMU KpHUCTaJJIaMu
«KM3Hb> BOJIOKHUCTBIX KPHCTAJLIOB
KepuTa CTUMYJINPYET Pa3BUTUE pPa3-
HOOOPA3HBIX OOMEHHBIX MPOIECCOB.
Brportecce kpuctamamsanum Jerko
OCYIIECTBISIETCSI HEOOXOUMBIiL
It PYHKIMOHUPOBAHUSA OHOCKCTEM
XUPAIBHBINA 0T60P — JleJIeH e Ha Jie-
BbI€ U TIpaBbI€ CIINPaJIN.

MOSIBIIEHNEM TOYHBIX METOJIOB
MCCAEeIOBAHUS CTPYKTYPbI
O6UTYMOB OOHAPYIKIIOCH, YTO
B HUX CYI[ECTBYET CTPYK-

TypHast YIOPSIZIOYEHHOCTD, TIPHYEM

YIOPSIOYEHHOCTh HA BHICOKOM, HAJl-

MOJIEKYJISIpHOM ypoBHe! Uem crokHee

MOJIEKYJIbI, TEM CJOKHEEe HaAMO-

JIEKYJISIPHAs CTPYKTypa. Y KepuTa

OHA OYEHb IOXOKA HAa CTPYKTYPY

MPOCTENTITNX GHOTOTUYECKUX CHCTEM.

Hekoropble ucciepoBatenu gaxe

CUWTAIOT, YTO TOAOOHBIE CTPYKTYPhI

SIBJISIIOTCSI OCTATKAMU JIPEBHIX Opra-

HI3MOB. Ho 8T0O BechMa CIIOPHO, BeIb

yuYeHble JI0 CHX IOp HE COILIUCH

BBOIIPOCE O BPEMEHU 3aPOsKIEHUs

JKU3HU — Pa3bpoc BO MHEHUSIX WUJIET

Ha MUJIJTHAP]L JIET.

Celiyac MBI M3y4aeM HeOpTaHUYe-
CKW€ CTPYKTYPBI, KOTOPBIE MOTJIH
CTaTh CTAPTOBBIME Ui OHOreHe3a.
ITO yIIIEBOIOPOIBI, OIU3KHE MO CBOE-
My COCTaBY K OeJiKaM, 9T0 CTPYKTYPHO
POICTBEHHbBIE AMUHOKHCJIOTAM MUHE-
panbl. Het moka sicHocT B TOM, 9TO
OBLIIO TOJTYKOM, AABIIAM HMITYJIHC
sBosionuu. Ha 3Ty posib BIOJHE
TOJIUTCST pajinaliis. YTJIeBOAOPO/I-
Hble MOJIEKYJISIPHBIE KPUCTAJJIbI,
non06HbIe (PHOPOKEPHTY, — HanboJIee
HOAXOIALINE PEeAOUONIOTHYECKIE
cucreMbl. Ha 6ase ¢pubpoKkepuToBOro
CIIUPAIBHOTO KPUCTAJLIA ¢ BHYTPEH-
HUMHU KaHaJTaM¥ MOKHO CMOJIETTHPO-
BaTh aBTOHOMHYIO STYEHKY, TJe TIPO-
ucxoaur coopka PHK (man JJHK)

Lok
MoXXem
cocry>Xumb
u gobpyto
cnyxoy

FeH BpAg nu GbIn
azpecCuBHbIM
«3aXBamM4yuKoOM».
Bce Bbipocno camMo
cob6odl...

Hukonali OwKuH

A 3T0 BOJIOKHWUCTbIE KpUCTaJIbl
Keputa ¢ BonblHu. [ge-To B aT0M
TOYKE, MOX03XKe, U CTapToBaN
6uoreHes
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ucuHTe3 Geska. ITO MepBUUYHAS
YaCcTUYKA SKU3HH, TPOTOOPTAHU3M —
CTPYKTYPHO-TEHETUYECKUH IPEIOK
BceX (HOPM KHU3HU. JHEpreTudecKoe
obecrieyeHie abUOTeHHOTO CHHTE3A
OPTaHWKH OCYIIECTBISACTCS PACTIAZIOM
PaZMOAKTUBHBIX 3JIEMEHTOB. «3a-
IIyCK» B JKU3Hb MPEIOMOJOTMYECKIX
CHCTEM, UX OXKUBJIEHUE 0OeCcIIeyrnBa-
eTcs He TOCTOSHHO ACHCTBYIONINMMA
dhakrTopamm, a NEPUOANYECKUMU
ABJICHUSMH, TIOKOBBIMU BO3/ICHICTBU-
SIMH, 9KCTPEMAJIbHBIMU YCJIOBHSIMHU.
Temu ke BCILIECKaMU PaiialliOHHOTO
doHa 1 pe3kiM KosebaHmeM TeMITe-

paTyphlL.

Hauanom siBisiercst crpykrypal

VccnenoBanust GUTYMOB OKa3aiiu,
YTO aMUHOKHCJIOTBI B HUX TIPHCYT-
cTByIoT Bcerma. Ho — BoT 3ameua-
TEJIbHOE COBMajieHne! — deM BBIIe
HOPSI/IOK CTPYKTYPBI YIJIEBOZOPOIOB,
TEM BBIIIIE COJEPKAHNE B HUX aMIHO-
kucsot. [Ipu paguannoanom obJryye-
HIM GUTYMOB COZIEP/KAHIE AMHHOKHC-
JIOT B HUX YBEJIMYNBAETCS — TO €CTh
UIET PaINOCHHTE3 aMUHOKHUCJIOT.
[Iprnuem Hambosee MHTEHCHBHO
CHUHTE3UPYIOTCS T€ aMUHOKUCIO-
ThI, KOTOPbIE CYMTAIOTCS IIEPBBIMU
<«KUPIAYAKaMU» TIPOTOxkMU3HI. Heop-
raHNYeCKHUi CUHTE3 aMUHOKHUCJIOT,
JKMPHBIX KUCJIOT ¥ IPYTUX «GHOMOJIE-
KyJl», TAaKUM 00Pa3oM, SIBJISIETCS Ofi-
HIM U3 (OYHKITMOHATBHBIX SIEMEHTOB
cyuecTBoBaHus (HubPOKPUCTAIIOB
KepuTa ¥ elie 6osee cOMMKAET ero
C MPOCTEHIINMU KUBBIMH Opra-
HU3MaMu. J[pyrumu cioBamu, Hau-
GoJiee BEPOSITEH HE «3aXBaT» MUHe-
PaTIbHOTO CTPYKTYPHOTO «IIPOTOTEHa»
OPraHryYeCKUM FEeHOM, a CaMOCTOSI-
TeJIbHAsT KPUCTAJIN3AINST YTIEBOI0-
POIHOIO IIPOTOOPraHU3Ma CO CBOEHL
TeHHOI CHCTEMOIA, CO CBOMM (DEeHOTH-
oM. [IpenyioxenHast MozieJib IpOTO-
opraHnama, 6asupymoIascs Ha Kprc-
TaJUIMBAIAN U JaJIbHENIIEM PasBUTHI
peasibHbIX BBICOKOOPTaHU30BAHHBIX
CTPYKTYP, HECPABHUMO GOJIeE parmo-
HaJIbHa, YeM TUPOKO M3BECTHas
mozens Onapuna—Xoneina.
KoneuHo, cos3aaTh ycaoBus, me-
penpoboBaHHbIe 32 MUJLIUAP/ABI JIET
TEOXUMUYECKO 9BOIOIINHI, MBI B Jia-
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6OpaTOPHBIX YCAOBUSAX HE MOXKeM. MbI TOKa JIHUIIb
npubIMKaeMCcsl K TOHUMAHUIO TOTO, KAKUMK OBLIN 9TH
yeaosust. Cropee BCero, enHBIM 6a3icoM st 06paso-
BaHMsI HEOPraHMYECKUX OMOTEHHBIX M 3aTeM OMOJIornye-
CKUX CHCTEM CJyKWJIa KPHUCTaJLIM3anus, oOpasoBaHue
BCE GoJiee CIOKHOI CTPYKTYPhI BemecTBa. HekoTopwlie
uccaeposaresu nosaraiot, uro u PHK, n /IHK asisiorcs
NpeadrOTOTHIECKUMU CTPYKTYPAMH.

0 TyT caMOe TJIaBHOE — HAYajiOM SIBJISIETCS

crpykrypal V1 BO3MOKHO, TIepBBIe TPOTOOPTaHu3-

MBI BO3HUKJIHM U3 YIJIE€BOIOPOIHBIX KPUCTAJLIOB,
COYETABIINX CTPYKTYPY, HOAO0OHYIO TEHY, U KOMIIOHEHTBI
6enka. A yrieBoJOposOoB Ha 3eMJie BO BpeMeHa 3a-
POKIEHUS KU3HU OBLJIO MHOTO, OYe€M CBUIETEIBCTBYIOT
reoJIOrMYecKre JaHHbie. BIIOIHE BOBMOKHO, UTO Pa3BUTHE
O6UOCHCTEM MLIO Cpa3y IO HECKOJbKUM HAIPABICHIIM,
JOTIOJIHSIBIIUM JIPYT Jpyra. BeposiTHO, 10 Takoil cxeme
OGUoJIOTYEeCKIe CHCTeMbI 00Pa3yIoTCs BCET/la, HellPEPbIB-
HO. Ho MBI — B CHJTy CBOETO BPOJKIAEHHOTO GHOIIEHTPHU3MA
— He BUJIUM 3TOTO TIPollecca 3a MOIIHOM BOJIHOW COBpe-
MEHHO 6UOJIOrMYeCcKOil KU3HU, XOTS BOT 3TU-TO OA30BbIE
peOMONIOTYECKIe TIPOIeCChl HaBepHsIKa 1 00pas3yioT
OCHOBY Grochepbl.

Kak usBecTHO, B €CTeCTBO3HAHUU CYIIECTBYIOT JiBa KOH-
HENTyaNbHBIX TEUECHHUS B paspaboTKe MpobieMbl abuoTeHe-
3a (HEOPraHMYECKOTO IPOUCXOKICHUST JKUBHN ) 2eH00U03,
HOCTYJIUPYIONIUE TIEPBUYHOCTD MOJIEKYJISIPHOM CUCTEMBI
CO CBOWCTBAaMU TIEPBUYHOTO T€HETHYECKOTO KO/IA, U 20710~
6103, WU 4ean6103, HACTAMBAIOUIMI Ha MEePBUYHOCTU
CTPYKTYD THIIA KJIETOYHBIX, HaeJEHHBIX CIIOCOGHOCTHIO
K 2JIeMEHTapHOMY OOMEHY BEIeCTB TIPH y4acTuu hep-
MEHTHOTO MeXaHu3Ma.

Ha ocHoBe ncciezioBanust 6iOMOPGHBIX YIIEBOIOPO/I-
HBIX CTPYKTYD MBI CYMTaeM HanboJjiee peaJucTHYHBIM
op2anusmo6u03, T. €. CTPyKTYPHO-(DYHKIIMOHAIBHOE Pa3BU-
THE YHOPSAJAOYEHHBIX MOJIEKYJISPHBIX YTIEBOAOPOIHBIX
cucTeM (IIPOTOOPraHU3MOB) B OUOJIOTMYECKIE OPTAHU3MBL.
[TpemmosxkeHHast KPUCTAIIH3AIIMOHHAST KOHITEIIIIHST TPOMC-
XOJKAEHUST JKU3HU 3aCTaBJISIET YCOMHUTBCS B aGCOTIOTHO-
CT MOHO(MDHIINH, TO €CTh OJJHOAKTHOTO 3aPOsKACHUS JKU3HI
Ha 3emie. EnnHas 9BOJIOLMOHHAS TEHAEHIIHMS, CKOpEe
BCErO0, CKJIQ/[bIBAETCS U3 HECKOJIBKIX, €CJIM He MHOKECTBA,
reHeTUYEeCKIX JIMHNI. B mpolecce pasBUTHSI JKU3HU B 9THUX
JIMHUSX TIPOUCXOINJIA,  MOKET OBbITh, M ceiivac MpOMCXo-
JIUT, AHTEPBEHIUSI HOBBIX reHeTrueckux Gopm. OHU wim
MOTJIOMIAJIACH YoKe CYIECTBYIOMUMEI (GOpPMaMK KI3HH,
WJIA OTTOPTAJINCH, YHUYTOKAIICH. BepOsSTHO, TAKUMY WH-
TepBeHTaMU GBI HEKOTOPhIE BHPYCHI.

CyMMupyst cKazaHHoe, MOBTOPUM HAIIy OCHOBHYIO
MBICJIb — MHOTHE OGUOTeHHbIe 1 GHOJIOTHYECKHE TPOIIECCHI
OIIPEAEISIOTCS 6A30BLIMU AJIS BCEH IPUPOADI IPOLIECCAMU

KpHUCTaLIN3alUI, 00pa3oBaHus YIIOPSA0YEHHOI CTPYKTY-
pol. O6pasoBanmre GMONOTUYECKUX CTPYKTYP SBUJIOCH
IePEXO/IOM BEIIECTBA Ha KauyeCTBEHHO HOBBI ypOBEHb
nopsiaka. Y 9TOT mepexo TOMBKO HAYMHAET M3YYaThCsL.
Bracrosmiee Bpems nccienosaresn 8 Poccun 1 Bo BceM
MUpe TIATeIbHO U3y4atoT ¥ aHATU3UPYIOT AaHAJIOTHH MU-
HepaJioB 1 GHOCHCTEM, CXOACTBO CTPYKTYP *KUBBIX CYLIECTB
U UX KPUCTAIIMYECKUX MPeaKoB. KoHmenmus yrieso-
JOPOIHOI KPHCTALIN3AIMN KU3HA MOKET CTaTh OIHIM
N3 TIEPCIIEKTUBHBIX MEKIUCITUTIINHAPHBIX HaHpaB]IeHI/If/,I.

JKuBoe u3 He;kHUBOro

Ho Bcé-Taxm — rie ke HeyJIOBIMAas TPAHb MEKAY KUBLIM
M HESKUBBIM? BOT pacTyIuii yrieBogopoaHbIi KPUCTAILT,
9TO MUHEPAJIbHASA JKU3Hb, JTO HPOIECC U3BJICUYECHUS Be-
[ecTBa W SHEPIUU CUCTEMON M3 OKPYsKAMoIei Cpejibl.
AuTo HeOOXO0IUMO, YTOOBI HauaIaCh «KUBasl», OMOJIOrye-
ckast ku3Hb? CHcTeMa J0JKHA CTAHOBUTHCST BCE BGoliee
ABTOHOMHOI, JIJIs1 4€T0 OHA 1 CO3AET MOAXO/SILYIO CTPYK-
Typy. [IpUHIMNHATLHON Pa3HUIBI MEKIY MTPOIECCaMu
KPUCTAJLJIU3AIMY 1 [IOJIMMEPU3ALIUH, JIesKAIIel B OCHOBE
(DYHKIIMOHUPOBAHUS KMBBIX CYIIECTB, MPAKTHIECCKH HET.

MpbI paccMOTpes HTEpecHeNIe CTPYKTYPbI, KOTOPbIE
MorJi GBI JIaTh TIMILY JJIST Pa3MbIINIEHNUST U Te0JIoTaM,
W cuCTeMaTnKaM, 1 GnoxuMukam. VIHTYUIns MocKas3biBa-
e, uTo (opMooOPa3OBaHNE KaK MPOIECC NakKe B CaMbIX
CJIOKHBIX CUCTEMAX YIIPABJISETCS OOIUMUE JJIs F€0JIOTUI
u 6uonoruu sakoHamu. Ectb ob1ue daxropsl opmoobdpa-
30BaHUsA, CTPYKTYpHBIE (DAKTOPbI, M JJIsl BCEX HAYyK 3TO
BepHO. CyIIeCcTBYIOT TOJIBKO JiBa MUpa, 06pasoBaHHBIE
OTHOCHUTETBHO aBTOHOMHBIMU CHCTEMAMK. ITO MUP GUOJIO-
IMYECKUX OPraHM3MOB M MUP KPUCTAJIOB-UHIUBH/IOB.
Bce ocranbHble CHCTEMBI 3aBUCAT OT BHEITHUX (HOPM —
" 3eMJIsT, ¥ TIJTAHETHI, U 3BE3IBL.

370 TOXKE BOSILIHCKMA
tbubpokeput. He npasga nu,
0YeHb OpUrMHaNbHas
KOHCTPYKUMA ANst KonblGenn?
Ho umeHHo Takas cTpykTypa
MOr/ia CTaTb B HE3aNaMATHbIE
BpeMeHa KoNbIGebio A1st HU3HU

Hukonali fOwKuH
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3apor<geHue »usHU
MOHO CpaBHUME

C 2eHuanbHLIM
cnekmaknem Ho o
HE ObIN OgHOAKMHbLIM
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eCcJiu 3apOsK/JeHue JKU3HU

M3 TJNHBL, ¢ €é HeJ0CTaTou-

HO YHOPSIIOYEHHON CTPYK-

TYPOIi, BCe sKe MaJIOBEPOSITHO,
TO MUHEPAJbl MOTJIM MOCTYKUTH
KaTaIM3aTOPAMHU [171s1 BOSHIUKHOBEH S
BCE 6oJIee CIOKHBIX YTIEBOAOPOJIOB,
nepeaTh MEPBBIM OGUOMOJEKYIaM
yacTh cBoeil ctpykrypol. Ilepenath
B CMBbICJIC I/IHq)OpMaI_[I/IOHHOM, regeTum-
4ecKOM. [eH, TIpesK/ie BCero, siByisieTcst
HOocHTeTeM HHGopMarmi. Mbl MoxeM
MPOCJEUTh Tiepeady nHbopmamm
0 CTPYKTYPE B X0O/Ie 9BOJIIOINHY Bellle-
CTBAa OT MPOCTBIX KPUCTALTHYECKUX
cucreM K GUOJIOTMYECKUM.

B oTeuecTBeHHON Hayke 3TO
HalnpasjieHe OUoreHe3a HpeacTaB-
seno emte paboramu A.. Omnapuna
u B.U. Bepuamackoro. Obs3aTespHo
BCIIOMHUM U TQJaHTJIUBOTO KPH-
crannorpada A.H. Kapnoxwurkoro.
Haszaceganun Munepasorngeckoro
obmectBa B 1894 Tomy oH ckasai:
«7Ku3Hb €CTb COBOKYITHOCTH XUMUYE-
CKUX U (DUBNYECKUX PEAKIHIT 1 MOTJIA
MOJIYYUTHh 3aPOXKJAEHUE B MOMEHT
BbIJIE/IEHIS] KPUCTAJIIMYECKOTO CJIOST
M3 pacTBOpa IO JeHCTBUEM YCJIO-
B, ONIPEIEISIONUX OPraHuuecKyio
JKU3Hb, — MOJABUIKHOCTA XUMUIECKO-
TO COCTaBa, OIPEIEIEHHBIX TEMIIEPA-
TYpPbI 1 faBienusi». Ceiiuac, HAXO/SICh
Ha WHOM YPOBHE€ HAYYHOTO 3HaHWA,
MBI CHOBAa BO3BpAIaeMCs K 3TOU
MBICJIF, HO TIPH/IaeM €l KaueCTBEHHO
HOBYIO OTPAHKY.

Bce Te e BONOKHUCTbIE KpUCTaNbl
tunbpokeputa. CibilwmnTe AU MOTUB
KonblbenbHo? bat-6atlku-6aio...

Hukonali fOwKuH

KpucmannbrUHgUBUGE
CO33garnu CBOE He3aBUCUMOE
20cygapcmBo. [ lpuHUUN
aBMOHOMUU CONuUxaem eeo
C MUPOM DUONO2UYEeCKUX
OP2aHU3MOB

A
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Banentun BJIACOB

ce Hauunaiocp ¢ PHK

MonekynsipHas 6Mosorus — Hayka COBCEM MOJIOAaS,

i1 BCero-To NATbAECAT NeT oT pogdy. Ho, KaK y BCAKoW
yBaxatolieil ce6s HayKK, y Hee ecTb CBOS KNACCUKay —
3aKOHbI, Onpefensiolne Kak Obl ee hyHAAMEHT, TO CaMOe Hayano,
13 KOTOPOTo BCe W BbipacTaeT. bonee Toro, ectb gaxe
«LEeHTpanbHas formay. B aByx cnoBax — reHetnyeckas
uHdopmaums, 3akoguposaHHas B 1HK, nepepnaetcs B xecTkom
HanpasneHun: QHK—PHK—G6enok. Mo 3Toi knaccuyeckoi
KapTuHKe nosyyaetcs, 4to PHK — Heo6X0anMblii, HO LOCTaTOYHO
CKPOMHbIi MPOMEXYTOUHbIN NepeHOCYUK MHDOpMaL UK.

WNccnepoBaHus nocnesHux ABafLaTv IET pafuKanbHo NOMEHANN
HawWw B3rnafbl Ha ponb U GyHKLMM 3TOr0 6aU3KOrO
«popcteeHHukay» OHK. Y PHK o6Hapyxunuch hepmeHTHbIe
CBOWCTBA, CTPYKTYpPHbIE, TPAHCMOPTHLIE — HE MONIEKYNA,
anpocTo-Taku MacTep Ha BCe pyku!

HeyanBUTENbHO, YTO NIOZOM 3TUX OTKPBITUI CTana
NPUHLUMUNUANBHO HOBAs MAEA O TOM, YTO COBPEMEHHOI XKNU3HM
npejWwecTBOBa COBEPLIEHHO CaMOA0CTaTo HbIN Mup PHK.
1370 6611 MUP CO BCEMM aTpMOYTAMM XKMBOFO: CO CMOCOBHOCTbIO
KOnWpoBaTh W NepefaBaTb MHPOPMALMIO B NOKONEHUAX,

€O CBOEW 3BONIOLUEN.

Kak 310 06bI4HO ObIBAET, HOBOE 3HAHME, PACLIMPSAS TOPU3OHT,
MOpoAUIO U Maccy HOBbIX BONPOCOB. KakoBbl Obinn MexaHU3Mbl
«3Boatounmn» B Mupe PHK? 3auem, oTkyga v kak nossunucs JHK
n 6enkn? Kak PHK «obyunnuce» cuntesy 6enka? Kak npousowen
nepexop ot «Mmupa PHK» k coBpemeHHoMy mupy? Ha HekoTopble
13 3TUX BONPOCOB NoKa TPYAHO OTBETUTb JAXe B aHpe
runoTessl. TeM He MEHee B NOCNEAHME FOAbl YHEHbI MUP
NO3HAKOMWUJICA C PAAOM KOHLENTYANbHbIX CXEM, UMEIOLLUX OYEHb
XOPOLUME WAHCh CTaTb HAYYHON UCTUHON — AOKA3aHHOW U
NOLTBEPKAEHHOW.

06 yBneKaTebHbIX NOUCKAX, KOTOPble BeAYTCs B 3TOM
HanpaBieHWUM, HALWUM YATATENSAM PACCKAXET
akademuk Banermut Bnacos.




