HYKJIEMHOBBIE KUCJIOTHBI

HyxknennoBasi Kuejiora (0OT JaT. «NUCIeus» — sapo) — BBICOKOMOJICKYJISIP-
HOE OPraHWYeCKOe coequHeHHue, onononumep (MOJUMHYKICOTH), 00pa30BaHHBIN
OCTaTKaMH HYKJIEOTHIOB.

Hyxnennoseie kucnors!l JIHK n PHK npucyTcTByIOT B KIeTkax BCEX KMBBIX
OpPraHM3MOB M BBIMOJHSIOT BaKHEHIIME (QYHKIMH O XpaHEHHIO, Iepenade H
pean3anuy HacleICTBEHHOW HH(OpMAIIUH.

BnepBble oHM Obuin OOHapykeHbl B 1868 romy mBeHIApCKUM BpadyoM

Muwmepom. Ilo XMUMHUYECKOMY CTPOEHHUIO  HYK/IEUHOBbIE  KUCIOMbL  — '

buonocuueckue noaumepsl, cocmoAdAwue u3z ocmanikoe d)OCQbOpHOIZ Kuciaomdl,
MOHOCQXQPUOCI U 00HO20 U3 nypuHoeblx Uil nupumuduHoebzx cemepoyuKiIuvdecKux
OCHOBAHUL. BXOI[HHII/IC B COCTaB HYKJICHMHOBLIX KHCJIOT TI'CTCPOLUMKIINYCCKHC
COCAUHCHUA IIYPHUHOBOIO W IITHMPHUMHUIWHOBOI'O piAdad HA3BIBAOT HYKJI€UHOBbIMU

OCHOBAHUAMU NIIA ITPOCTO OCHOBAHHAMMU.
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Cxema 9. Cmpoenue nyxneomuoa: 1—uyxneo3uo, 2 — nykieomuo
(mononyxkneomud);, AO — azomucmoe ocHosarnue, I1 — nenmo3sa (pubosza unu
oezokcupubosa); ® — ocmamox gocgopnou kucromsl (hocgham)

@parMeHT MaKpOMOJEKYJbl HYKJICHMHOBOM  KHCIOTHI ~MOHOCAaXapwu/I-
OCHOBAaHME Ha3bIBACTCS HYKJICO3UIOM, a (PparMEeHT MOHOCaXapHI-OCHOBaHHUE-
dochat — HykneotuoM (cxema 9).

[Ipu mosHOM THAPONHM3E HYKIEHHOBBIX KHCJIOT OOpa3yrOTCS a30TUCTHIC
OCHOBaHMsI, MOHOCaxapuja mneHTo3a (pubo3a wiau nae3okcupubo3a) u (dochopHas

KHCJIOTA.



H. C4° A30TUCTbIE
| OCHOBaHUS
MypuHoBbIE
AneHuH (A) } OCHOBaHUA

LHK H,O HiPO, + H——OH _ TyaHuH (G)

H——OH LiuToauH (C)} MUpUMUANHOBbLIE
CH,OH TumuH (T) OCHOBaHUs

D-ne3okcupubo3a

H_ _O A30TUCTbIE
~c” OCHOBaHUA
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aHuH
PHK 2 HPO, + H——OH 4 y OCHOBaHUS

H——OH LinToauH (C)} MpumMuanHoBble
OCHOBaHMA
CH,OH Ypauun (U)

D-pu6o3a
A30THCTBIC OCHOBAHUSA
A30TUCTbIE OCHOBaHUS B XUMHUU HYKJIEMHOBBIX KHUCJIOT:
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19.1. Hyky1eo3u1bl — COCTABHAS YACTh HYKJIE€0TH/10B
Yeneeoowv

YrneBoaHbIe KOMIIOHEHTHI: TTIeHTO3bI: D-prbo3a i 2-nae30kcu-D-pubdo3sa:

5' 5
HOH,C _O._ OH

OH OH OH H
pubo3a Ne30Kcupudo3a



Docghopuas kucnoma

Ocratku docdopnoit kucinotel (H3PO4) BXoasT B cocTaB HYKJICOTHIOB U
srepudunupyroT D-pubosy u 2-ae3okcu-D-prbo3y B nonoxenusx 3' u 5'.

Hyxkjeo3iapl cOCTOST U3 TeTEPOLMKINYECKUX OCHOBAHMM, CBSI3aHHBIX C
MoHocaxapuaoM N-rIMKo3uIHOHN CBsA3bI0. B 00pa3oBaHMM 3TOM CBS3H YYacCTBYIOT
aHOMEpPHBIII aToM yrjaepoja MoOHocaxapuga W atoMbl aszora N-1  (y

NUPUMUANHOBOTO OcHOBaHUA) U N-9 (y mypHHOBOrO OCHOBAaHMUS).

OH OH

OH OH
pubo3a ANleHO3HH

Hyxneo3uawl, coaepxaiine a30THCTbIE OCHOBAaHWS IIYPUHOBOTO psla,
noyuniu cyQdukc -o3un, a HyKJIC03U/ Ibl, UMEIONIHME B CBOEM COCTaBE OCHOBAHUS

MUPUMHIUHOBOTO psiia — cyhdukce -uoun. (tTadm. 21).

Tabauma 21
ITosiHbIE M COKPaLllCHHBbIE HA3BAHUS HYKJICO3HI0B
T"Br;::s:o- Ocuosanme | Pubonykneosus ifefﬁ?e- ﬂf{ilokljlce‘:g:ﬁo' (L;I)el:ir:?e-
é_ 2 AneHnH AneHosun A Jlesokcuanenosun | dA
E‘ S ['yauun ['yanosun G Jlesokcuryanosun | dG
L L2 [{uTo3un [uTuoun @ JlesokenumnTuOuH dC
E g § Tumun PuGornmuoun T Tumuoun dT
Ypauun Ypuoun U
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19.2. HykjeoTuabl — CTPYKTYPHbIE KOMIIOHEHTbI HYKJIEMHOBBIX KHCJIOT

HyxkiaeoTHabsl — 5TO TPOW3BOJHBIE HYKJICO3MIOB, KOTOPbIE 00pa3yroTCs B
pesynbTaTe 3TepuduKanuu NeHTo3Horo ¢pparmMenta GpochopHot KUCIOTO.

B 2-ne3okcupn603e UMEITCS TOJBKO JBa TOJOXKEHUS, 0 KOTOPBIM MOXKET
00pa3oBBIBAThCS CIOXKHOI(pUPHAsA CBsI3b — a UMEeHHO 3'- u 5'-mosoxkenus. B
ciyyae puOOHYKICOTHAOB (ocdaTHas IpyIna MOXKET HAXOIUThCS B MOJOXKCHUSIX
2',3'ub.

MoOHOHYKJIEOTHABI

Hyxkneozuomonopocpamoi comepxaT TOJIBKO 00ur ocmamox GhochopHO

Kkuciotel. Hanpumep:

clI0KHO3(pUpHas NH,

N T
N
0 )
[ NP

* N-I‘JIHK03H,£I.H3$I CBSI3b

aJ€HHH

W

OCTaToK

¢$pocdopHoii
KHMCJIOTBI

D-pu6o3a

¥

HYKJICO3U T

Y

HYKJICOTHI
AneHo3uH-5"-pocdar (AMD) unu 5'-aneHunIoBas KUcaoTa
JIns HyKIIEOTMIOB HCIOJB3YIOT JBAa BUJAA Ha3BaHWM. OJHO BKIKOYAET
HAaMMEHOBaHHE HYKJICO3HUa C yKa3aHHEM MOJO0XKeHHs B HeM (ochaTHOro ocTaTka
(manmpumep, aneHos3uH-3'-pocdar, ypumua-5'-pocdar), Apyroe CTpoUTCs C
nobasiaeHueM cypdukca -06as KUCIOTAa K HA3BAHUIO OCTATKa MUPUMHUIUHOBOIO
(Hanmpumep, 5'-ypuaniioBas KUCJIOTa) WIH IIypUHOBOTrO (Hampumep, 3'-aaeHunoBas

KHCJI0Ta) OCHOBaHMi (Tadi. 22).



Ta0mmna 22

Bakneiimmue HYKJC€OTUABI, BXOAAIINE B COCTAB HYKJICUMHOBBIX KHCJIOT

Ha3BaHHs HYKIICOTHIOB CoKpalleHHBIE
Kak MoHo(docdara KaK KHCJIOTBI Ha3BaHUA
Bxoasue B coctas PHK
AneHo3uH-5'-pocgar* 5'-AleHUIIOBas] KMCIIOTA AMP pA
['yano3un-5'-¢ocar 5'-I'yanwnioBas KucloTa GMP pG
[utuaun-5'-pocdar 5'-I{utuauiaoBas KKMcloTa CMP pC
Ypuaun-5'-docdar 5'-Ypununosas kucnora UMP pU
Bxonsamue B cocraB JJHK
JlezokcuaneHno3un-5'- 5'-Jle30KCHaIEHUIIOBas JAMP pdA
dbocdar KHCJIOTa
,[[6'30KCHFyaH03HH- 5'-Jle30KcUryaHHI0Bas dGMP pdG
S'-docdar KHCJIOTa
Jle30KCHLIMTHANH-5 - 5'-J1e30KCULIUTHIHIIOBAs dCMP pdC
dbocdar KHCJI0Ta
Tumuaun-5'-¢pocdar TumuaunoBas kucjiora dTMP pdT
* BMecTo «MOHO(OCHaT» YacTO MHUIIYT NPOCcTo «pochaT»
NH,
NH
A NN
o N~ HO-CH,
HO-P-0-CH,
]
OH 0
OH 0=P-OH
OH

AneHo3uH-5'-pocdar Aneno3un-3'-¢pocdar

(5'-amenunoBas KHCa0TA) (3'-amenmniioBas KUcCjaoTa)

Hyxkieo3uaMmoHouukI0(pocharsi
CymiecTBYIOT HYKJICOTHIbI, B KOTOPBIX (hocopHas KUCIOTa OJHOBPEMEHHO

amepuguyupyem 06e  2UOPOKCUNbHblE 2pYNnbl  TEHTO3HOTO  OCTaTKa ¢

oOpa3oBaHHWEM YCTOMYMBOTO IIECTUYJICHHOrO IMKJIAa. B 93TOi CBA3M B HX

Ha3BaAHHUAX  HUCIIOJIB3YIOT IIPUCTABKY  YuUkKjiI0-, HAIIPpUMCP, HTHUKIOAACHO3UH-

MoHodochar (cCAMP) unu nukiioryanozuamonodocdar (cGMP).
6
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Anenosun-3',5'-uuknodocdar I'yano3un-3',5'-nukinodocdar

buonorudeckass posnp ameHo3wH-3',5'-mukinodocdara  3akirodaeTcs B
BBITIOJTHEHUHW  POJIM  BHYTPUKJIETOUYHOTO  «IOCPEAHUKA» B  Mpolleccax,
WHIYIIHPYEMBIX TOPMOHOM aJIPECHATHHOM.

Hyxaeosun-5'-nudocharst (HAP) u  nHykieo3ua-5'-tpudocdarsi
(HT®). Bo Bcex TKaHsAX opraHu3Ma B CBOOOJHOM COCTOSIHUHM COACP)KATCS MOHO-,
-, a Takke Tpudocharel Hykieo3uaoB. Haumbosiee HW3BECTHBIMHU SBIISIOTCS
aaeHo3un-5'-nudocdar (AJD) anenozun-5'-tpudochar (ATD).

NH
¢ochoaHrnapuaHbie CBA3N N
N >
[ >
rNMKo3naHas

N
[ [ I CBA3b
HO-P~O-P~O0—P—~0—CH, g /

N OH OH

aneuoamn-S-Moncboccbar LAMP)

i a.quoawH-Sx(boccbaT (ADPY

afneHo3nH-5-tpucpocgar (ATP)

Hykneotunpl  urpaior  BaxHyro  Ouosornueckyro  poib.  NAD+
(auKoTHHAACHUHANHYKICOTHA) u FAD  (pnaBuHaACHUHAMHYKICOTHD) —
KO(PEpPMEHTHI OKCHUI0-PEIYyKTa3 — SIBJISIOTCS NMEPEHOCYMKAMHU BOCCTAHOBHUTEIIHHBIX
HDKBUBAJICHTOB B KJETKaxX (IMPOMEXYTOUYHBIMU TMEPEHOCUMKAMH TPOTOHOB U

AJIIEKTPOHOB).
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HG\ 0 CH,
P CHOH NH
8] [ 2 =N
0 i " a
SrCNH, o oM < »
| 0=P—0—P—OCH, N
“P—OCH, ¢ OH OH
HO OH OH
H OH NAD+ FAD

Os1uro- u MOJMHYKJIEOTH/IbI

OJUroHYKJIe0THAbI — COCAMHEHUS, B KOTOPHIX HECKOJIHKO HYKJICO3HJIOB
(1o 20) coenuHeHbl M)y c000i1 pocPoan3PUPHBIMU CBA3ZSIMHU.

IonuHyKI€0THABI TPEICTABISAIOT COO0OM JIMHEWHBIE TETEPOIOJIUMEDPHI,
TaKK€ COCTOSIIME U3 TOCJIEAOBATEIBHOCTH MOHOHYKJICO3UIHBIX E€UHHUII,
coeiMHEHHBIX (hocaTHbIM MOocTUKOM (pHc. 40).

He3okcupudonykiaenHoBble Kucjaorsl (JAHK) — mnonuHykineoTumsl,
COCTOSIIIIKE W3  KOBAJGHTHO  CBSI3aHHBIX  MEXAY  COOOHM  OCTaTKoB
JI€30KCUPUOOHYKIICO3HIOB.

PubGonykiaennoBbie kucaorbl (PHK) — nmonmHykineoTuasl, COCTOAIIMNE U3
OCTaTKOB PUOOHYKJICO3U/IOB.

B 00oux ciydyasix MOHOHYKJIEO3HbI CBS3aHBI MEXIY COOOW TPH MOMOIIH
dbochomudPUPHBIX ~ MOCTHKOB, COCJMHSIOMMUX  3'-TIOJIOKEHUE  OJHOTO

MOHOHYKJIEOTH/1A € 5'-II0J0KEHNEM €ro cocea.
19.3. CTpyKTypa HYKJIE€HHOBBIX KHCJIOT

llepsuunas cmpykmypa HyKIE€UHOBBIX KUCJIOT — 3TO HYKJICOTUIHBIA COCTaB
Y ONPENEIEHHAS MOCJIEN0BATEIIbHOCTh HYKJICOTUIHBIX 3BEHBEB B IOJIMMEPHOU

OeIIu.
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Puc. 40. Uzobpascenue nonunykieomuornoii nocieoosamenvriocmu 6 JJTHK

Jnsa  3amuen  nepsuuHo  crpyktypel JIHK wm  PHK  wmcnonesyror
0JTHOOYKBEHHBIE 0003HaueHUs1 Hykjeo3uaoB. [IpuBenennsie ¢parmentsl [JHK u
PHK 3anuceiBator coorBerctBeHHO: d(A-C-G-T) m (A-C-G-U). Yacto OykBy d
omyckarot, eciiv peus uaer o JJHK.

IepBuunas crpykrypa uenu JHK nu PHK

Hyxkneotuausiii coctap JJHK pa3nmndHOro mpouCX0XAEHUsS HAXOIUTCS B
COOTBETCTBHHM C mpaBujamu J. Hapradda:

1) Bce JJHK He3aBHCHMMO OT MX MPOUCXOXKIEHHUS COJAEPKAT OJUHAKOBOE
YUCJIO MYyPUHOBBIX W NUPUMHUJMHOBBIX OCHOBaHUU. CreqoBaTenbHO, B JIHOOOM
JAHK Ha xaxaplii mypUHOBBIA HYKJICOTH IPUXOAUTCS OJIMH TUPUMUIUHOBBIM.

2) JIro6as JIHK Bcerna cofepXUT B paBHBIX KOJUYECTBAaX MOMAPHO aJCHUH

Y THMHH, TYaHUH U [IUTO3WH, 9TO 00bIYHO 0003HavaroT kak A =T u G =C.
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3) KonnuecTBO OCHOBaHMI, COJEpKalllMX AMUHOTPYIIIbI B IOJOXKEHUU 4
NUPUMUANHOBOTO sijipa U 6 MypUHOBOTO (IIMTO3WH U aJICHUH), PABHO KOJIUYECTBY
OCHOBAHUM, COJIEPIKAILIUX OKCO-TPYMIY B TE€X K€ MOJOXKEHUSAX (T'yaHUH U TUMUH),
Toecth A+C=G+T.

Hapsny c¢ astum ObulO ycTaHOBIIEHO, 4TO uig Kaxaoro tuma JIHK
CyMMapHO€ COJIepKaHW€ TyaHWHA U IMTO3UHA HE PABHO CYMMapHOMY
COJIep)KaHMIO aJeHMHA U TUMUHA, TO ecTh, 4To (G + C)/(A + T), xak mpaswuio,
OTJINYAETCSI OT SUHUIIBI (MOXKET OBITh KaK OOJIbIIIE, TAK U MEHBIIIE ee).

BropuuHass CcTpyKTypa HYKJEMHOBBIX KkucJaoT. Ilon emopuunoi
CMpYKmypou HyKIIEMHOBBIX KUCJIOT MOHUMAIOT IPOCTPAHCTBEHHO YIOPSA0YEHHbIE
dbopmbl monmuHyKIeoTUAHBIX 1eneid. B 1953 1. JIxk. Yorcon u ®@. Kpuk onucanu
BropuuHyto ctpykrypy AHK B Bume nBoitHol crimpanu (puc. 41).

Bropuunas crpykrypa JIHK

3.4 um

Boasimoi
#enod

NTAN
u!}" — Caxapo-docarnblii

1.8 uMm

Puc.41. Bmopuunas cmpykmypa /[HK
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Takasgs mnpocTpaHCTBEHHAass CTPYKTypa  YAEPKUBAECTCA  MHOYKECTBOM
8000pOOHBIX C6A3€ell, 00pa3yeMbIX a30THUCTBIMM OCHOBAaHUSMH, HANPABICHHBIMU
BHYTpPb CHUPATIU. DTU OCHOBAHUS COCTABIISIIOT KOMIIEMEHTAPHbIE Maphbl (OT JiaT.

«complementumy — gonosHEHUE).

HC 27 7

o gil

B JHK: tumun (T) xomniemenmapen anenuny (A), unwurosun (C)

O
23_
o
--:
z—:
/

Z

o

z

KoMmIuIeMeHTapeH ryanuHy (G). KomruieMeHTapHOCTh MOJUHYKJICOTHIHBIX IEeTeH
CIIyKUT XUMUYECKON ocHOBOW riaBHOU ¢yHKumu JIHK — xpanenus u nepenayu
HACJICICTBEHHBIX IPU3HAKOB.

Cnoco6nocts JIHK HE TOIBKO XpaHUTh, HO U HUCIIOJB30BaTh T€HETHUYECKYIO
nH(pOpMAIINIO ONIPEACISIETCS CASAYIONMMHU €€ CBOMCTBAMM:

1) monexynbr JJHK criocoGHBbI k perukanuu (yaBOCHHIO);

2) monekyibl JIHK MOryT coBepiieHHO TOUYHBIM U OMPEICIICHHBIM 00pa3oM
HAIPABJIATh CHHTE3 OCJIKOB, CICTIM(UIHBIX JJISI OPraHU3MOB TAHHOTO BHJIA.

Bropuunas crpykrypa PHK. OcnoBHas pons PHK — HenocpeacTBennoe
ydacTtue B OMOCUHTE3€e OeKa.

B omauuue or JIHK, monekynsl PHK cocTosT U3 0HOM MOJUHYKIECOTHTHOM
HEeMU U HE HMEKT CTPOro OMNpENeICHHON MPOCTPAHCTBEHHOU (POPMBL.
KommnementapusiMu napamu B PHK sBisiroTCS UHMTO3MH-TYaHUH W yparui-
aJICHVH.

N3Becthsl Tpu BUaa kinerounbix PHK:

11



1) Hudpopmanmonnsie (marpuunbie) PHK (u-PHK=w-PHK) mnepenaror
3akonupoBannyto B JIHK undopmamuio o ctpykrype Oeinka oT siapa KIETKH K
pubocoMam, I7ie ¥ OCYIIECTBISETCS CUHTE3 O€JIKa;

2) Tpancnoptabie PHK (m-PHK) coOuparoT aMHHOKHCIOTHI B ITUTOILIa3Me
KJIETKH U MEpPEeHOCAT ux B pudbocomy; monekynbsl PHK storo tuna «ysnawot» mo
COOTBETCTBYIOIIMM  yyacTkam  1enu  uHpopmanmonHoi  PHK,  kakwue
AMUHOKHCJIOTHI JIOJDKHBI y9aCTBOBATh B CHHTE3€ OCJIKa;

3) Pu6ocomunie PHK (p-PHK) oGecnieunBaior cuHTe3 Oeka onpeeieHHOro
CTPOEHUS, CYMTHIBASI HHPOPMaLIUIO ¢ HHPopManoHHOH (MaTpuuHoii) PHK.

1. u-PHK = m-PHK nHdpopmaumnoHHas,

MaTpudHasn
00 10 TbicAY HYKNEeoTUa0B NuHelHasn

2. 1- PHK TpaHcnopTHas

okono 100 HykneoTnaoB Kak n 6enkm,
uMeroT
3-MepHY10

3. p-PHK pubocomHan koHpopMaumio

2-3 TbICAYU HYKNEOoTNA0B

TperuuHasi CTPyKTypa HYKJIEMHOBBIX KHCJIOT. J[BoliHas crupanib
mosekysn JJHK cymectByer B BUl€ JIMHEHHOW, KOJIBLIEBOM, CYNEPKOJBLEBOU U
KOMIIAKTHBIX KIyOKOBBIX (opMm. Mexnay »>Tumu (opmMamMu  COBEPIIAOTCS
B3aMMHBIE TIEPEXOIbl MIPH JIEHCTBUU 0COO0H TpyMIbl (EPMEHTOB — TOMOM30Mepa3s,

U3MEHSIOIINUX MPOCTPAHCTBEHHYIO CTPYKTYPY (pHcC. 42).

a

Puc. 42. Tpemuunas cmpyxmypa monexynot /[HK. a — nunetinas,
0 — Kobyesas, 8 — CYNEepKoIvbYesas, 2 — KOMNAKMHbIU K1YOOK

Xumuuyeckne cBoMcTBa HykJIemHOBbIX Kucjaor. [HK u PHK wumeror
MHOT'0 OOIIUX XUMUYECKUX U (U3UYECKUX CBOMCTB. Tak, HyKJIEHHOBBIE KUCIOTHI

XOopo1o paCTBOPHUMBI B BOJC U IINIOXO PACTBOPAIOTCA B BOJAHBIX PAaCTBOPAaX KHUCJIOT.

12



CymectBennsbie pazimuns JJHK nu PHK cBsizanbl, B OCHOBHOM, ¢ KX OTHOLLIEHUEM K
euopoau3sy (cxema 8).

Tuoponuz 6 xucnoii cpede. Msrkuii kucnotHblil ruaponau3 JIHK okasbiBaeT
n30upaTeNbHOE JCHCTBUE: OH MPUBOJUT K paciieryieHuo N-TJIMKO3UIHBIX CBsI3en
MEXIy IypUHOBBIMU OCHOBAaHUSMH U JI€30KCHpHO030ii. B pe3ynbrare oOpasyercs
JHK, numennas nypuHOBbIX OcHOBaHuM. I'mumpomm3 PHK, nposomumslii B
AHAJIOTUYHBIX YCIOBUSAX, NMPHUBOJUT K OOpa30BaHUIO IMyPHUHOBBIX OCHOBAHHUH M
NUPUMHUINHOBBIX HyKiIeo3ua-2'(3")-bocdaro. KucnoTHbld THAPOIN3 B JKECTKUX
YCIIOBHSIX, IPUBOAMUT K pa3pbiBy BceX N-rnmuko3uasbix cBszeil kak JJHK, Tak u
PHK u 06pa3oBaHuio cMECH TyPHUHOBBIX U MUPUMHUIMHOBBIX OCHOBAHUH.

Tuoponuz 6 wenounoii cpede. B menounoit cpene PHK  n;erko
TUAPOJU3YIOTCA 10 HYKIJIEOTHUIOB, KOTOPHIE B CBOIO O4YEpElb, PACIICIUISIOTCS C
oOpa3oBaHHEM HYKJIEO3UJIOB U ocTaTkoB (ochoproit kucnotel. JJHK, B orauune
ot PHK, yCcTOWYHBEI K 1IETTOYHOMY THIPOJIU3Y.

Depmenmamusnvii cuopoaus. I'mapomns JIHK u PHK Taxke nportekaet u
Opy  ydacTuu crnenupuieckux (epMeHTOB — HykJea3. OTu  (GepMEHTHI
n30MpaTeNbHO AEHCTBYIOT Ha 3'- U 5'-CI0KHOI(UPHBIC CBS3H.

HyxkJienHOBBIE KHCJIOTBI
lLLIenormoﬁ U KHCJIOTHBIH THIPOIIH3

OJIMroHyKJIeoTHABI (10 20 HYK/1€0THIA0B)
MOHOHYKJI€OTH/IbI
(CTPYKTYpHAasi €IHHHLA HYKJIEHHOBBIX KHCJIOT)

[1{emouHOi U KUCIOTHBIN THIPOIH3

Hykieo3nabi H;PO,

KHCIIOTHBI THAPOIN3

A30THCTBIE OCHOBAHHS Caxapa (neHTo3bl)
JHK: A, LI, T JAe3oxkcupudosa
PHK: A, I 11, ¥V Pub6o3a

Cxema 8. ['uoponus u KOMNOHEHMbL HYKIeUHOBLIX KUCTIOM
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