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HCCJIENOBAThb TEPMOJHHAMHKY H KHHOTHKY PeNyMJIHKALHOHHBIX H
GUOCHHTETHUECKHX IPOLECCOB, a TAKXKe TEPMOAHHAMUKY M KHHETHKY
AeHaTypaly HYKJEHHOBHIX KHCJOT. BaxKHBIM pasnenom Guchusuku
ABNACTCA Pu3uKa MyTareHesa — CIOHTaHHOIO, XHMHYECKOIO H panu-
alHOHHOTO.

§ 8.2. CTPYKTYPA HYKNEHHOBLIX KHCROT

Janeko He Bcersa cBfisb MeXAY CTPYKTYPOH MOJIEKYJIH H ee
GyHxuHedl mpocra u oueuaHa. Mbl BHIeNH, YyTO st GENTKOB TIPoO-
6neMy yCTaHOBJIEHHS] TaKOH CBfI3H €lle HHKAK HeJb3si CYHTATb pe-
mienHoll. Muaue obcrour neno
C HYKJEHHOBBIMH KHCJIOTaMH, B
yactHoctH ¢ JHK. 3zecs mno
Kpaline#l Mepe 0lHa BaXXHeHIIas]
byukuns — pedynaucayus JHK
Oblla KadyecTBEHHO OObsicCHeHa
cpasy e Nnocje OTKPLITHS BTO-
PHYHOH CTPYKTYpHL.

BropuuHas crpykrypa JHK
6blla ycTanoBJIeHAa ~ MeTOIOM
pentreHorpa¢uun B paborax
Opauknns, Kpura, Yorcona u
Vunkunza [29—32]. Opuenrtupo-
BaHHBIE BOJIOKHA JIHTHEBON COJH

5.

Puc. 8.1. Cxema crpoenms A- w B- Puc., 8.2 MoJekyasipHas Mofednb
dopm JHK. B-dpopmur JTHK.

natuBHoll JIHK panu penrrenorpaMmel, cofepxauue no 100 ped-
JiekcoB (cM. puc. 5.8). KpecrooGpasHoe pacnosioxenue pedJekcos
NOKAa3hBaeT, UTO CTPYKTYpa SIBJAAETCS CHUPaJbHOM.

Pacumdposka penTreHorpaMM H npuUMEHEHHe MOJEKYJSIPHBIX
Monesiel packpelid JABycnupasbHyo crpykrypy JAHK. Jesokcupu-
OOHYK/NeHHOBasi KHCA0Ta MOXKET KPHUCTAJ/IM30BaTbC B Pa3iHYHBIX
nBycnupaJbHbeXx (opmax. IIpH HH3KOM OTHOCHTENBHOH BJIaXKHOCTH
(o 70%) IOHK xpucranmuayercss B. MOHOKJMHHOA A-dopme c
napaMerpamu peumerkd ¢ = 40,4 A, b = 22,074, B = 97,1°. Ilpu
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60JbIIOH BJAXKHOCTH pealiH3yercsd rekcarodaionas B-dpopMa, Is Ko-
Topoli a = 46 A. OGe dopmel Harpuesolt comn JHK u3 tumyca re-
JeHKa noKaszansl Ha puc. 8.1, a Ha pHe. 8.2 — MoneKyasapHasa Moxeb

Puc. 8.3. KoHdopmanssa NOJHHYKIEO-
THAHOA IenH H o0603HAYEHHA yTJI0OB
noBOpOTa.

B-popmur. Ilosnnee 6v1a  or-
kpoita C-dopma [33], monyuaro-
masacs NMpH HU3KOH BIaXHOCTH.
B ra6s. 8.1 npHuBeneHsl reomer-
pHuecKHe xapaKTepHcTHKH A-, B-
i C-popm HHK {34]. Onu pas-
JIHYAI0TCS 3HAYEHUSMH MPOEeKIHH
ocTaTKa Ha OCb CIMpaJH, yria-
MH NOBOpPOTa MEXIY COCELHMMHE
napaMH OCHOBAaHWH M HaKJOHOM
MJOCKOCTH Mmap K OCH CIH-
panu.

Oco6oit T-dpopmoit 06J1a11aeT
JAHK ¢ara T 2 [33]. Ora AHK
CONEpPKHT BMECTO IHTO3HHA OK-
CUMETH/IIUTO3UH, NpuieMm 70%
BCEX OKCHMETHMJIIMTO3HHOB TIJIO-
KO3WJIHpOBaHbl, a 5% IHrIIOKO-
suaupoBanbl. [IpH HE3KOU Birax
HOCTH TJIIOKO3HIHDOBaHHAA
JOHK ¢ara umeer T-popmy c
maroM cnupanu 27,2—28,2 A u
4HCAOM 1ap OCHOBAHMH Ha BHTOK
8,0—8,3.

Konpopmamusa noauHyxeo-
THEHOH  1enu  omnpenensercsd

mecTblo yraaMu nosopora (puc. 8.3). OHH OTCYMTHIBAIOTCA ClIELYIO-
IHM 06pa3oM: ec/ii CMOTpPEeTh BAO/b CBA3H, BOKPYT KOTOPOH Mpouc-

Ta6auna 8.1

Feomerpus JHHK B pasamunsx dopmax!)

4 T -
Bagw! | myiae. | Sor | upa | Mosopor |
Coss JIHK HO;Z‘Tb, ng::::l( paJH, ﬂaol;ygg'le- oTan epﬁa epzia
cnupanyu 2pad
Hartpuesas, A-popma | 75 11 28,15 2,55 32,7 20 16
Harpuesas, B-bopma | 92 10 34,6 3,36 36 - —
Jlntuenas, B-popma 66 10 33,7 3,37 36 2 5
JlutueBas, C-dbopma 66 9.3 31,0 3,32 39 6 10

1) @ — yronm MeXny nepneHpuKyJasipoM K OCH CIHpaJ# H NIOCKOCTHIO OCHO-

BaHHMH, 1) — gH9APHUECKHUA YroJ MeXAY NJOCKOCTAMH OCHOBAHH{ Naphl.

T o p
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XONUT BpalleHHe, To JaJbHssA CBA3b BpalllaeTcs 10 YacoBOH CTpefKe
OTHOCHTEIbHO GJHKHeld (puc. 8.4). YroJ, oTBeYalOUINH yuc-NoJoxKe-
HHIO CBsi3eli, IpUHUMaeTcA paBHLIM Hydio. COMocTaB/eHle CTPYKTYP
MOJIMHYKJGOTHAOB H HYKJEOTHAOB MNO3BOJAAET HANTH Te 3HAUEHHS
yIJIoB, KOTOpble BCTpedaroTcss B Npupoje. CYIIECTBEHHYIO PoJb B
ollpelieJieHHH YTJIOB UTPAIOT U pacueThbl HAUBHI-

roiHEeHIUX KoH(popMaluui. ®
Kondopmanus nosuHyK/AeoTHIHON Lend B
O60MbIIOH CTeNeHH 3aBHCHT OT KoH(opmauHH : ~

pubossl (nesokcupubossl). B kpucrannax Hy-

KJIEO3SHAOB H HYKJEOTHIOB, a TaKXKe MOJHHY-

KJI€OTHIOB, pH6O3a BCTpeuaeTcss B YeThIpex

KoH(opMmauusax, pas/UYalONIUXCH TeM, KaKoH

M3 aToMOB nsiTHwienHoro uukiaa C§ uau Ci

BLIBECH H3 MJIOCKOCTH OCTaJbHBIX YETHIPEX -
atomoB. [Ilepeumcaum 3TH KoHdopMauuu:

Ci-an00, Cji-sndo, Ch-axso, Ci-sxzo. Ecanm

atoM Cj unn C§ HaXOZHUTCH TIO TY K€ CTOPOHY

OT IJIOCKOCTH, uTo U atom Cs, To Takoe cMe-

IIeHHe HAa3BIBAIOT 3HOo-cMellenueM. B mnpo-

THBHOM cJydae roBopsT ol 3k30-cmenieHud. Cj-ando- u Ci-audo-
KoH(popMauuy scrpevarorcs Haubodaee vacro. Ci-ando-kKoudopmanun
pubospl ¢urypupyor B B-¢popme u C-dpopme IHK; B A-dopme
OHK, B asycnupaasHoft PHK u moau-A pu6osa waxopurtcs B Cj-
ando-goudopmauun. Cmentenne atomos C; u C§ oT mlockoctH, 06-
pasoBaHHOH APYTHMH aToMaMmH, He npeBniaer 0,6 A,

CylnecTByIOT JBe NpeuMyIlecTBeHHble KoHdopMauuu (awTu w
Cun) IJs BpallleHus BOKPYT TJIHKOSHAHON CBS3H, COENHHSAIOMEN aToOM
No nypuna (usau N; nupumuznuna) ¢ atomoMm C; pubossl. AHTU-KOH-
(¢opmanus oreeuaeT HaubGoJiee pacTAHYToR QopMe HYKJIeoTUHNA H
BCTpeuaercs B GOJBIIUHCTBE HCCAEROBAHHEIX HYK/ICOTHAOB H HYKJ€E0-
3UI0OB, a TakXe B noauHykaeorunax. Cun-koHbopmauus obuapy-
JKeHa B KpHCTajlJax [e30KCHTYaHO3HHa M B HEKOTOPHIX MUHOPHBIX
HyKJ1eorunax, scrpevatomuxcs B TPHK. Crepuyeckn paspewennnie
o6JacTH 3HaueHuH yraa y (cM. puc. 8.3) pasusrcs ans  Ci-ando- u
C4-ando-koHdopmauuil caxapa.

Hmerorcss TpH 3HepreTHueckH GJaronpHaTHele KoHQopMaunuu
npu Bpaienun Bokpyr C{—C§- cBA3H, oTBevaromile 3HAYEHUAM YrJa
62 60, 180, 300°, Torma KaK cyiiecTBYeT JHILIb ofHa KoH$popMmauus,
oTBevaroias Bpamenuio Bokpyr Ci—Of%, a umensno 61 =~ 180°. ITo-
c1enusis cooTBeTCTBYeT Haubosee pacTaHyToH KoHbopmanud IoJH-
HyKaeoTHAHOH nenu. ILas yriaa 63 cTepHueckd paspemieHul BCe 3Ha-
yeHUs yriaoB B noefienax ot 210 no 260°. Kondopmauuu oTHOCHTEb-
Ho cBsizelt O4—P —Of Bo Bcex 6e3 MCK/IIOUeHUS MOJIUHYKICOTHAAX U
Gbocthopubix ausduUpax — 20w —eow MAM 20U — TPAHC, TPHYEM
yrasl ¢ 1 pasusl 60, 60 u 300, 300° x1a eow — eour-koupopmauy,

Puc. 8.4. HanpagJicHue
NOBOPOTA,
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a takxe 180, 300° 60, 180° nast cow — Tpanc-koudopmaunu, B monu-
HYKJI€OTHAaX BcTpeuaercs aub 2ou-300°, a He 2ou-60° kondopma-
uus. CyuwecTBeHHO, 4TOo HauGoJiee pacTAHyTasl TPaHc — TPAHC-KOH-
bopManusg B NOMUHYKIEOTHIAX OTCYTCTBYET.

Ta6Guauma 82

Kongopmannu noJuHyKIeO0THIZOB H HYKJIEHHOBWX KHCJOT

R o1, , , 5 s

Ronpopuauns zr:l;a epad z?v%za e;aa egia e;?a

1 285 170 60 80 *210 280

2 285 170 60 150 210 280

3 285 170 175 150 210 280

4 285 170 175 80 210 280

5 285 170 175 80 210 210

6 285 170 175 150 210 210

JHK-B - 281 212 58 130 147 282

JHK-C 315 143 48 168 211 212

JIHK-A - 283 167 67 76 221 279

PHK-11 282 165 74 95 216 273

IMoau-A 285 168 69 83 216 293

PHK-10 257 188 88 80 203 285

JuayK xeoTus 313 170 57 () 84 (¥) 244 232
A-27-p-5'-Y 45 (A) | 184(A)

CornacHo pacueraM CyHJapanuHraMa MIeCTb NPEHMYIIECTBEH-
HHX KoHpopMaluH NONMHYKJIEOTHNOB XapaKTepH3YIOTCs yTJaMH,
npusefeHHbiMH B Ta6a. 8.2, Tam e ykasan yroa moBopota BOKPYT
cesisy Ci—Ci, ompejensiomuil CMewl€HHE H3 IJIOCKOCTH aTOMOB
Ci{ u C§ pubossl.

IBoiinas cnupann o6munofi JHK cocrout u3 nByx B3aumuo me-
PEBHTBIX MOJHUHYKJAEOTHIHHX Lienel, a30THCTHE OCHOBaHHUS KOTOPHX
IONApHO COeMHEHW BONOPONHBIMU CBA3AMH. Anmenun (A) onauoii
uenu cBsaH ¢ tumuHoM (T) zmpyro#t, a ryanun (T') c uurTosunom
(L1). CxeMul 3THX nap (YoTCOH-KPUKOBCKUE AAPbL) ToKasaHbl Ha
puc. 8.5. Taxum o6pasom, nBe uenn JHK B3auMHo kKoMmnnemenTtap-
Hb, T.€. HMEETC ONHO3HAUHOE COOTBETCTBUE MEXKIY WX HYKJIEOTH-
RaMu. DTO COOTBETCTBHe pacKphBaeT cMbica npasun Yapradoa
(cm. cTp. 89).

Crneuuduueckas crpykrypa nsycnupansdHofi JIHK xapakrepu-
3yeTcs- IUPOKOH M Y3KOH CNHPaibHLHIMU GOpO3ZKaMH, BbleMKaMH Ha
HOBEPXHOCTH MAaKPOMOJIEKYJIHL.

OueBn/iHO, YTO HMEIOTCH [IB€ BO3SMOXXHOCTH OPTaHH3alUH JIBOH-
HOH cnupanM — W3 NapaiienbHHX M aHTHIAPaAJedbHBIX Uenew
(puc. 8.6). Bropas Mozens caegyer U3 peHTreHOrpa@HUeCKUx JaHHbIX
OnHo3HaUHOE [OKa3aTe/bCTBO AHTUNAPAJJIENBHOCTH NOJYYEeHO GHO-
xUMHYecKUM MeTonom [39]. BosmoxeH pelyniMKalMOHHBIH CHHTE3
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IOHK in vitro (cm. § 8.8). Ilast 3Toro HeOGXOAUMBl CMECh HYKJEO-
suntpudocdharos (HTDP) scex uervipex tunos, depment JIHK-no-
Aumepasa u HatusHaa JIHK B xauecTBe 3aTpaBku AJs MaTPHYHOTO

Puc, 85, ITapa A—T u I'—1J

cunresa JHK, unentuynoit ucxonuo#, B ommitax IlKocca OIHH u3
uetpipex HT® comepxan P32 8 docdare, coeTuHeHHOM C Je30KCHPHU-
6o3ol 8 5-nonoxenuu (puc. 8.7). Cunresuposannyio JHK pacme-
A4 ¢ MOMONIBLIO hepMeHToB A0 3'-1e30KCHPHOOHYK/IEOTHIOR TaK,
4To6H MedeHbIH aToM P okasbiBajcs B noJoXeHudu 3’ Gauxkaiimiero
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Puc. 8.6. [lBofinbie cnmpadu, MOCTPOEHHHE M3 aHTHNApAJJIEIbHHX (a) H mapail-
JedpHHX (6) uenef.

Puc. §7. Cunres penn JHK, meuennofi P4, u ee paclljeniiedne,
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nykaeotuia (cM. puc. 8.7). O6pa3oBbIBaJHChL YeThipe pasHbix 3’-fe-
30KCHHYKJ€O0THIla, KOTOPhle pasiefsn 3JeKTpodopesoMm Ha Gymare.
Onpenensisi X pafiHOaKTHBHOCTb, MOXKHO OBIJIO YCTaHOBUTD, KakK Ya-
cto P32 cBsasbiBaercs ¢ ApPyruMH HYKJeoTHAaMH. OnblThl GbiaM 1Mpo-
nenaHbl co Beemy dethippMa HT® u, Tem caMbiM, 6BLIN HCCHeNOBaHH
Bce 16 BosMokubix KoMGunauui#, IlonydyenHble pe3yabTaThl NpHBe-
Jenul B Taba. 8.3.

Ta6uauma 83

OTHOcHTe/IEHOEe cOopepikaHHe PASHHYHHX coueTaHHH

COCeHHX HYK/JIeOTHJOB B HMpenaparTe, MOJyieHHOM C 3aTpaBkoi —
HatHeHo# JIHK u3 THMyca Teldenka [39] :

BuineeHab#l 3’-0e30KCHPAGOHYKICOTHA
Meuenst
TPAGochar T® AD U re
a b c d
AT® TOA A®PA LHPA TeA
0,053 0,089 0,080 0,064
] p Y
b a d ¢
TTP TOT A®T oeT I'eT
0,087 0,073 0,067 0,056
a o] e
e f g h
I'T® Tor A®T oer ror
0,076 0,072 0,016 0,050
B 8 P
A T e h . g
TP TP APIL HPL] rolif
0,067 0,052 0,054 0,044-
Y & @
Hroro 0,283 0,286 0,217 0,214

EcrecrBenno, uto npasuisa Yaprapda cobmogatores. Onunako-
BHIMU IpedecKHMH OyKBaMH o003HaueHH COUETAHHA, COEPXKAHUE KO-
TOPBEIX JO/KHO ObITb PaBHBIM, €CJU LEeNH aHTHIapaJliebHbl, OTH-
HaKOBLIMU JIATHHCKUMM GYKBaMH — ec/id Lend napaJjnejbHel, B ca-
MOM [lesie, B nepsoM cjaydae (cM. puc. 8.6) ROMKHH ObITb PaBHH,
HanpuMmep, coxepxanusa Kom6unauuit A®Il u F'®T, a o BTrOpOM —
A®Il u TO®T, Tak KaK paspe3aemble ¢ HoMOHIbI0 hepMeHTa CBf3H
¢ P% pacnosioxeHbl B 3THX CAydYasiX Uo-pasHoMy. Mbl BHRUM, 4TO
Henu aHTUIapaJs/ienbHbl.

HBycnupanbHas CTPYKTypa MO3BOJSAET KauecTBEHHO OOBACHHTH
penyninkauuio JIHK u ee konBapuantnmiii xapakrep. ITo mbican
Kpuka u Yorcona, mpu pefymjukauuu ABOMHAA CHUpaib CHAuaJ3
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pasnensieTcsl BCJASACTBAE PaspbiBa BOLOPONHBIX CBsI3edl H pacKpydH-
BaHUA NBOMHOK cnupaau. Kakaas w3 AByx o6pa3soBaBIUMXCH leNel
CAYKUT MaTpuiell A5 cOOPKH HOBOH Hend. MoHOMephl CORIUHSAIOTCA
¢ Marpuuel, o6pasysi YOTCOH-KpHKosckMe mapn -A—T, T—A,
1 n I—T. OnHoBpeMeHHO NMPOHUCXOLUT NMOJTHKOHAeHcaluUus HY-
KJGOTHIIOB, M B pesyJabTaTe 00Opa3yloTcs [Be ABOMHBIE CHHpaJH,
TOX/IeCTBeHHble NepEoHadaJbHOR. Ecau cayuafiHo BKJIOUMJICA He-
MOAXOAAMMUA HYK/JICOTHI, TO NPH Na/jbHeHIIeM yIBOEGHHH OH OKa3hl-
BaeTCs yXe 3aKOHHO 3aHHMAIOMIUM CBOE MeCTO H ‘pellyllIMIupyercs.
Takas noaykoucepsarusnas molesb (HOBasi CHOHpPAJb COXEPKHT
OIHY CTapylo W OXHY HOBYIO lienib) NeHCTBUTE/NbHO NMOATBEpPXKAaercs
onbitoM {cM. § 8.8).

Crpykrypa IHK na6aonaercs ¢ moMompio 3JeKTPOHHOIO MH-
kpockona. Ha puc. 8.8 u 8.9 npuselieHnl 3/JeKTPOHHBIE MHKPODOTO-
rpadun matusHoM [AHK. M3 dara T2 Gum shieNeHn HaTHBHBIE
MOJIEKYJIbl IJIMHON 1o 49 Mk, a us E. coli — no 400 mx, uto coorser-
crayer MoJekyaspHomy secy nopsigka 10° Bes HHK darosoit ua-
CTHIBI IBJSETCA OJHOH MOJIEKYJIOH,

Hccneposanne paccessHUs PEHTIeHOBCKUX JYyueH NOJ MaJfbiMH
yriaMH JaeT pe3ysbTaThl, XOPOIIO corjacylomuecs C ABYCIHpab-
Ho#t crpykrypoii [IHK [40]. Pactsopul satusHoii JIHK oueHn BfA3Ku.
Onuako 3To He O3Hauaer, 4YTo BCA MakpomoJekyiaa JLHK ssasercs
KeCTKHM crepXHeM. JlaHHBlE, MOJyueHHBle MeTOJAMH pacCesHUs
cBeTa, CeNMMEHTAlMH, BUCKO3HMETPHH, IHHAMHUYECKOrO BOHHOro
JIydenpe/IOMJICHHs], IOKa3blBalOT, YTO NBOHHAas CONHpa/b HAaTHBHOH
JHK csepuyTa B poixJnil KayGok [41]. Xapakrepuctuueckas Bsis-
koctb [n] JHK nponopuuoHanbHa NpHMEpHO NepBOH CTeleHH MoJe-
KyJaspHOro geca M, uTo OTBEUaeT pPLIXJAOMY KIyGKYy. 3aBHCHMOCTDb
[n] or M umeer sun (s 0,15 M NaCl) [42]

n=6,9-10"'M"", ecom 2-10°<M < 130-10°,

8,1
[n]=1,05-10""M"", ecan M<2-10% ®1)

Uccnenosalue ABOHHOTO JYYENPeJOMJEHHS B MOTOKE TO3BOJSET
ONpeleHTh TepMOAMHaMUuecKylo rubkocts HatuBHo# AHK (cm.
ctp. 131). T'uGkocTh XapakTepHU3yeTCs HEPCUCTEHTHOU QAuHOU TpH-
MepHO NpsiMoJuHeiHoro yuactka. B 0,15 M pacrBope nepcucrenr-
nas nauHa JTHK pasua 500 A, s 0,0014 M pacrsope — 800 A, rt.e.
rHGKOCTh YMEHBIIAETCH ¢ YMeHbIlleHHeM HOHHOH cuibi {43]. Hauue
500 A orseuaer npuMepHo 150 MoHOMepHHIX 3BeHbeB. [lo-BuaHMOMY,
makpomoJiekyay HatuHo# JITHK Hean3s cuumrtath 3ursarooGpasHon,
COCTOSIIIEN U3 CTPOrO NMPAMOJMUHeHHBX yyacTkos. CKOpee OHa umeer
«uepeeo6pasHyoy GOpMy ¢ HenpephlBHO MeHSIOMEHACT KpUBH3HOM.
[TepcucrenaTHas pauna ecTb yCJOBHAs BeJUYMHA, BhIpa)kamomas IJu-
HY NPSAMOJMHEHHOr0 ydacTka IpH 3aMeHe 4ePBeoGpasHoN Lenu 3ur-
3aroo0pasHol, - '
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Puc. 8.8. dnekTponnas murpodororpadHs 3aMKHyToH IBOfi-
nofi cnupasu JIHK u3 ¢ara A. Yeeauuenne 44 000,

Puc. 8.9, dxexrpornas mukpodororpapus OHK n3 dara
T2 ¥YBemnuenye 80 000,
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Jlotu noxasan, yro naorHocTs IHK (mpuGnusurennHo pasnas
1,7 2/cm®) nauueltno pacrer ¢ yBenuuenuem coiepxanus I' 411
(M.B. A+ T =247, I 4+ 11 = 273). Bumecre ¢ TeM 3TH maphel 3auH-
MaloT MpPUMEPHO paBHble OOBEMBI B ABOHHOH cnupanu. Ha xaxnanii
npouenT yseauuenusi cogepxanusa I' 4 L] npuxoaurca BospacTaHue
naotaocty #a 0,00103 2/cm®. DTu pesynbTaThl MOJMYYEHH METOLOM
celUMeHTaly B rpaiHente MJIOTHOCTH (cM. cTp. 153).

[Tpu narpesanun, uaMenesuu pH u T. 1. NPOUCXORUT neHaTypa-
uus JHK — nepexon nBoiinast cnupadb — nBa kayoka (cum. § 8.4).

T T 1 T 171

T

-7k -
-2 -
L |
I T T B R A A R

aw g M W 260 G

A4

Puc. 8.10. CrmekTphn kPyromoro RHXpOH3Ma pacTBopa HarpueBolt cosm IOHK us
TUMyca TeJleHKa (CBeTIHe KPYXKH) H mnJjenkn Toit xe JIHK (3auepHennue
KDYXKKH).

Tlo ocn OPAMHAT OT/JOXEHH BEAHUWHLL GL—GD B A/MOAL * CM.

Cnupamusanus JHK ortuernuso nposiBasercs B ee cnexTpajJbHEX
cBolcTBaX — B 3(pdexre rumoxpomuama B 0O6JNaCTH COGCTBEHHOTO
MOrJIOUleHHsT a30TUCTHIX ocHOBanui mpu 2600 A (cM. crp. 288—290).
HuTencuBHOCTL moJock mordomenud 2600 A y geycnupananHoil Hy-
KJIEMHOBOH KHCJIOTHl 3HAYHUTENLHO MeHbIle, 4eM y JeHaTypHPOBaH-
Ho#t dopmut. Crenenu crnupaannocty JHK u PHK onpegensiorcs
0 THHOXpOMHOMYy 3b(ekTy 6e3 Tpyza.

B pabote [34] 6nwio mpoBemeHo neranbHoe uccaenosanue KJII
OpPHEHTHPOBAaHHBIX U HeopHeHTHpoBaHubix miaeHok JHK npu pasmuu-
HBEIX 3HAUYEHHAX BJAXKHOCTH U KouueHTpauuu conell. Cnexrpnt K
HaTpuesol u JuTHeBol cosefi JHK npu orHocurenbHOH BJaXKHOCTH
(0.B.) ==92% rtaxue Xe, Kax IJia pacTBOPOB, u OTBedaloT B-popme
IOHK. IIpu o.8. ot 75 go 66% mnaenxu ¢ 3% Nat naor u3MeHeH-
aotit cnektp K], coBmaparomuit co cnektpom pacrBopa A-dopmer
Jluruesas cosmn JHK npu nusko#l 0. B. naer CnekTp, TUOUYHBIE /1%
C-tpoprx. Ha puc. 8.10 _nmoxasaHbl CNEKTPEl KPYroBOTO JHXPOU3MA
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pactsopa HaTpueso#l conu JIHK u3 TuMyca teleHKa M MieHKHU TOH
ke JHK npu o.8. 92%. Takum o6paszom, K]l nneHok mnossossger
cynuTb o Bropuunoil crpykrype JJHK. B paGore [34] nocTpoena Teo-
pus K[ nasi OpHeHTHPOBAHHLIX MJiEHOK, 00JafaloluX H JHHEeHHbIM
auxpouamom (J111). Anamus K u JI[ nossojser onpeneauTb opUeH-
Tauuio onTuueckux nepexonos B mojekyie JHK. ITonyuensl nannbie
0 BO3MOKHOM HaJHuuH nm*-nepexofia ¢ A < 2400 A (seposTHO, npH
A = 2250 A). C nomompio KJI HabaonaioTes KOHpopMaldOHHble U3-
MeHEHHs HYKJEHHOBHIX KHCJIOT B pacTsope. [IBY-
cnupasbubie yuactku PHK u ruGpuausie asoii-
nele cnupanu . JJHK — PHK ¢urypupyior B A-
dopme, JHK B ronoskax GakrepHodara—s 60-
gee Komnaktuoit C-¢popme, JIHK B pacrsope —
B B-dopme. ITox neficTeueM ofHOBaJIGHTHBIX Ka-
THOHOB, HeHTpaJjusyloniux ¢ocdaTHble TPYINbL,
npoucxonut nepexoi B-dopmsl B C-gopmy JHK.
B BOXHO-METaHOMBHBIX pacTBOpPax 3TOT mepe-
xon o6aerdaercd. DTaHOJ Bbi3bIBAeT Koomepa-
rtupabfl nepexon B— A [44]).

JBycnupajbHbie y4acTKH HYKJEHHOBBIX KHC-
JIOT MOLEIHPYIOTCS CHUHTETHYECKHMH TIOJHHYKIE-
orunamu. B 0,1 M pacrsope NaCl [lonu-A 06-
pasyer msofinyw cunupans ¢ Ilonu-Y, mnpuuem 2) 5)
HanOoAbIIMT THIOXPOMHU3M, T. €. HauboJbIuas
cTemeHb chHpanusauuy, Habaonaercss npu co- Puc. 8.11. Boamox-~
craBe cMecH nosunykneornzos 1:1 [45]. B mpu- ¥RC o
CYTCTBUHM JBYXBAJEHTHbIX KaTHOHOB B 1,2-10-2 M AN L T
pacrBope MgCl; MakcHUManBHBIH THIOXPOMH3M IMoxu-AY.
oTrBeuaeT cooTHoienuro [oau-y: Moau-A = 2: 1,

T. €. o0pasyercs TpoiHas cnupanb. Moner Mgtt, no-suaumomy, Kom-
NeHCHPYIOT 3apAfibl GocaTHBIX PPYMN, YTO yMeHbIIAeT 3JeKTPocTa-
THYECKOE OTTaJIKUBaHUe Iemell.

Hsyuenue cmecedt [lonu-Y u cononumepos IMonu-AY pasnauanoro
COCTaBa IMO3BOJIUIO DPACKPBLITH NPHPORY AedeKTHBIX YYaCTKOB B
nBoiHON cnupanu [42). AneHuH KOMIVIEMEHTapeH ypauuly u mo-
3TOMY CBA3HIBAETCHA C HUM; aHAJIOTHYHAA CBSI3b ¥ ¢ Y He BO3HUKAET.
Ipu s3auMonesicrsuu IMonn-Y ¢ IMoau-AY umeotcs iBe BO3MOKHbIE
CTPYKTypHl, noKasauuble Ha pHuc. 8.11. JIuGo B Tex mecrax, rae npo-
T™MB Y pacno/ioxkeH Y, HeT BOJOPOAHBIX CBsi3ell, HO CIHpaJb oCTa-
ercsl cnupadbio (puc. 8.11, a), 1u6o HecmapeHHble TPYINH BHITEC-
HFIOTCA H3 CIIHpPaiH ¥ 06pasyloT nerau (puc. 8.11,6). DTu xBe CTPYK-
Typhl pasaHuaroTrcs coorHoileHueM llonu-y u [Monu-AY onunakosoit
CTeNeHU MOJHMePU3aluM B CHCTeMe ¢ MAKCHMAJbHBIM THIOXPOMHS-
MOM, T. €. B ABOHHOH cnupaJu. [1as ¢pparmenTos cnupanei, usobpa-
)KeHHbIX Ha pHc. 8.11,a, coornowenue [Tomu-AY :Ilonu-¥Y cocras-
aser 10:10==1:1, "a puc. 8.11,6—6:10=3:5. dkcnepumenr
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OJJHO3HAYHO CBHETEJbCTBYET B IM0Jb3Y BTOPOH BO3SMOMKHOCTH
[45] (cm. Takxke [6]). PaccMorpenue cTpyKryphl THOa 6 ¢ 1O-
MOUILIO MOJIEKY/ISIPHOH MOZE/IHM MOKa3biBaeT, YTO NEeTJIH He MelIaloT
OPTaHM3auuy ABOMHON CIUPAJH; NIPOUCXONHUT JAHUIIL HeGOoMbLIOR COMU-
XKenue ¢pocharHblx rpynn—
paccTosiHHe MeXKAY HHMH
yMmenbiiaercs ¢ 7 no 6 A.
MoxHO gyMaTh, 4TO M B
watupHolt JHK cayuaiinoe
Q\ BKJIIOYeHHe HEeNOoAXonse-
ro HykJaeoTHaa (T.e. MyTa-
I[HsA) BhHI3BIBaer oGpas3oBa-
HHE MeTJ/H.

B paGote {46] uccaeno-
JIoBaJjlach JABYyCOHpaJbHad
Monu-pesoxkculll (M1 -—
HHO3UH). PeHTreHorpaMMh
Na-conu npu 75% o.B. u
cnektpnl KJ  ykasniBaior
Ha HeoOhIUHYIO KoH(popMa-
M0 COHpPAJIH — BO3MOKHO
JIEBYIO, B OTJHYHE OT BceX
5) M3BECTHBIX JBOHNBIX CIH-
Puc. 8.12. Mozens cTpyrtypst PHK. pajied, ¢ BOCEMbIO MOHO-
a) npr RHcokofl HonHOA cune pacTsopa, 6) mpn nu3- ~MEDAMH HA KaKIIblH 060-
KOt Hounol cuJae, 6) RenaTypHpoBaruas PHK. poT. He HCKJIIOUEeHO, OJiHa-
KO, 4TO 3aech ¢urypupyer
BCe XKe mpaBasi COHPaJb, HO B HHON KoHdopMauuH. Henasno Owilo

MoKa3aHo, YTO BHIBOA O JeBOH cnMpaju omuGouen [193].
Bupycnas PHK u pu6ocomanbnas PHK #e kpucTanmusylorces.
B pactsope Bce stu BHan PHK o6HapyxXupaloT 3HaYHTEIbHO
MeHblyio BA3KocTh, 4eM JIHK, u 66AbmINe CKOPOCTH CeIHMEHTAaIl}H,
Crnoco6uocts PHK x neHaTypanum (Bbipakalolleiics, B JacTHO-
CTH, B YBeJHMYEHMH HMHTEHCHBHOCTH NOJIOC mOrJomenus A 2600 A),
Gonbliias KOMOAKTHOCTb KAYGkoB ([M] npuMepHO mpomnopuuoHajbHa
M'Yy, Bup cnekrpoB KJI cBHAeTenbCcTBYIOT O YAaCTHYHO CIHPAJIbHOM
crpykrype uarusnofi PHK. Hewarypanmonnas crabuasHocts PHK
Bospacraer ¢ coxepxanuem I 4 II. JloTu M COTpPYRHHKH npepJo-
xkumn pasa PHK crpykTypy «Mopckoll 3mesphi» € «JaydaMu», IO-
CTPOEHHBIMH M3 JABYCHHpa/JbHbIX yyacTKop ¢ nedekramu (cm. [6,
47]). TlomoGuast CTPYKTypa mno3BojsieT OGBSCHUTL Hal/ionaeMbiil
BBICOKHIl mpOLEHT CnHpasdbHLIX yyacTkos — R0 77 % B pPHK u naxe
no 889 s PHK u3s BTM. Cniupun onucbipaeT CTPYKTYPY BHICOKOMO-
aekyasipuot PHK ¢ momomibio momenu, nokasanHo#l Ha puc. 8.12
[48]. Crpykrypa omHouenoyeyHas, npd BHICOKOH HOHHOH cusie oHa
uMeeT BHJ KOMNAKTHOTO KJyOKa, NPH HH3KOH — KOMIAKTHOrO
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cTepxKHeoO6pa3Horo o6pa3oBaHusl, MPH HeHATYpPallHU — CTATHCTHUE-
cKoro kJyOka. Takas MoZe/b CONVIACYETCSl C pe3y/ibTaTaMH HCcCJIe-’
noBannsi PHK B pacTsope.

CrpyKTypa Hu3KoMoseKyaspHeix Tpancnopthex PHK (T1PHK),
TaKXe YaCTHYHO JBYCMHpa/bHBIX, onucaHa HHXKe (cM. § 9.4).

HenaBHo GbLJIO OTKDBITO BO3HHKHOBEHHE TPETHUYHOH CTPYKTYpH
nByunutyatoli JJHK B pacTBope B MPUCYTCTBHH HOMHSTHISHTIHKOJS
(TI2T) [49]. YcnoBus ee o6GpasoBaHuS: KOMHaTHas TeMmepaTypa,
0,256—0,5 M pacrBop NaCl, moaexyasipueiii Bec IIDI' 20 000, ero
KoHUeHTpanus Gonbuie 80 me/ma, monexyasapuuiit Bec JJHK 1,4-105,
ee KoHUeHTpauus okoso 10 mxe/ma. JHK npuobGperaer popMmy Topa.
Dtoii HopMe COOTBETCTBYET YMeHbIIEHHE HHTEHCHBHOCTH TMOJOCH
2600 A u nosieieHue HHTeHcHBHoro MuHuMyMa KJII B o6aacru
2600—2700 A. Topsl HaG/a0nalOTCA B 3/1eKTPOHHOM MHKDPOCKOTE, HX
AMaMeTphl BapbupyOT B npexpenax or 800 mo 1400 A. Takum oGpa-
30M, ycTaHoBIeH crnenuduueckuit koHdopmanuonnuli nepexox JHK,
ABAAOILIMACA 00paTUMBIM. B03MOXHO, 4TO OH HMeeT GHOJIOTHYECKH-
(YHKIHOHAJMBHOE 3HAUEHHE.

§ 8.3. BHYTPHMOJIEKY/IAPHLIE B3BAHMOQENCTBHA B ABOHHOA CIIHPANH

Crpykrypa nsoiHo#t cnuparun JHK samaercsa, cormacuo mepso-
HayaJbHBIM MpPEATONOXKEHNSIM, BOLOPOAHBLIMH CBA3SIMH, (DUKCHPYIO-
IIUMH YOTCOH-KDHKOBcKHe mapbl (cM. puc. 8.5). Omnpepensiioman
posb Tpex BogoposHbix cesizel B I'—Il u gByx B A—T npencras-
JsieTcs €CTECTBEHHON M COTVIAacyeTcsl ¢ JaHHBIMH DEHTTeHOCTPYKTYp-
Horo aHanusa. OQHAKO MOJTHHHOE BHISICHEHHE NPHPOAB B3aUMOXEH-
CTBUHA B JBOHHOH cnupa/du TpebyeT crnenHaJbHBEIX TEOPETHUYECKHX H
3KCrepPHMEHTAJNbHBIX HecienoBaHull. KonudecTBeHHbIE HaHHBlE 06
9THX B3aHMOIEHCTBUSX IOJNYYAIOTCH MyTeM KBAHTOBOMEXaHHYECKHX
pacueToB U NpAMBIX (H3HUECKHX HCC/ENOBAHUEA NPOCTHIX MOZAETEH.

CB0oGOIHBIE A30THCTHIE OCHOBAHHS 06Pa3yiOT BOLOPOIHO-CBs3aH-
Hble NYypHH-UPHMUIHHOBEIE KOMIVIEKCHl B TBEPAOM COCTOSTHHH. JTO
6blJ0 BHEpBbIE yCTaHOBJAeHO XyrcruHoM [50], monyduBmHM Takoi
KOMILIEKC TMpH COBMECTHOH KpHCTa/Jau3auun 9-MeTuaaleHHHA C
I-metuntumuioM (MA—MT). Atomul asota N; B Tumune u Ny B
aXeHyHe 3a0/IOKHPOBaHbl METWIbHBIMHU TPYNNaMH € TEM, YTOGH uU3-
6exaTb o6pa3oBaHuA JOTOJNHHUTEJNBbHBIX BOLOPOAHBIX cBs3zed. Pe-
3yAbTaTHl  PEHTreHOrpaduueckoro  HCCIeJOBaHHA  KpHCTAJIA
MA — MT nokaszany, 4To CTPYKTypa KOMIJIEKca OTIHYHA OT YOT-
coH-kpuKkoBckol (puc. 8.13, cp. puc. 8.5). Atrom N; (MT) o6pasyer
BOLODOAHYIO CBfA3b ¢ HUMHAA30jabHBIM a3oToM Nz AHanoruunas
XYrCTHHOBCKAs CTPYKTypa GblIa YyCTAHOBJAEHAa IJs KOMILIeKca
9-stunanenuna c l-metmaypanuiom (3A—MY) [61]. BosmoxHo,
YTO XyrCTHHOBCKasi CTPYKTypa 6Gosee craGuiabHa, YeéM YOTCOH-KDH-
KOBCcKasl yxe B pacTBope. Hpyrasd Bo3MOXHOCTb COCTOHT B TOM, YTO





