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«HYKJIEMHOBBIE KUCJIOTBI, UX CTPYKTYPA U CBOMCTBA»

Bonpocsl k 3aHATHIO

—

HypI/IHOBBIC U MUPUMHUANHOBBIC OCHOBAHUS. JlakTUM-1aKTaMHas TayTOMCTpHU:I.

2. Hykmneo3uapl: CcTpoeHHME, CTPOEHHE W  HOMEHKiIaTypa. Pubonykieo3uabl u
JI€30KCUPUOOHYKIICO3UIBI.

3. Hykmeotumpl: cTpoeHUE U HOMEHKJIATYpa.

4. HyxJIenHOBBIE KHCIIOTBI: CTPOCHHE U OHOPOJIb.

5. CrpoeHue HyKJICO3UIOMOHO-, 1, TpudocdaToB. AneHozuntpudocdar.

6. JlesoxcupubonykiennoBas kuciota (JIHK). IlepBuunas u BTOpU4YHAs CTPYKTypa
HYKJICHHOBBIX KHCIIOT.

7. PubonyknennoBas kuciaora (PHK), e€ crpoenue.

8. Pomnp JIHK u PHK B OnoxumMudeckux mporeccax.
§ 1 Hyk/iemHOBbI€ OCHOBAHUS, HYKJI€03WIbl, HYKJI€OTH/AbI

HYKJIGI/IHOBBIC KHCJIOTBI — CJIOKHBIC BBICOKOMOJICKYJISAPHBIC COCAWMHCHHUA, HI'PAIOIIUC
BaXHEHIIIYIO POJIb B )KU3HEACSITEILHOCTU OpraHu3MoB. HyKIeMHOBBIE KHCIOTH ObUIM OTKPBITHI
6osee 130 ner nHazax (B 1869-1870rr.) Hemeukum ydeHbiMm ®D.MumiepoM, ogHako HamboJiee
WHTEPECHbIE JaHHbIC, KacalollHecs WX CTPOCHUS, CBOMCTB M OHOJOTHYECKOW POJIH, OBLIU
IMMOJIY4YCHBI JIMIIb B 20 BCKE, KOraa B 6I/IOXI/IMI/II/I 1 OMOJIOTHH CTalId IOUPOKO HNPUMCHATHCA
HOBelIne (u3nueckue U XUMHUYECKHE METOAbl HuccienoBaHuil. bmaromapst stomy ObLIO
YCTAHOBJICHO, YTO CAaMBIC BaKHBIC IMPOLCCCHI KHU3HCACATCIbHOCTH — CHHTC3 6GJIKOB, SABJICHUS
pocTa W pa3MHOXKEHHUs, MepeJadya HAacIeACTBEHHBIX CBOWCTB — MPOUCXOIAT MPHU YYacTUU
HYKJICHMHOBBIX KHCJIOT.

[TonuMepHble 1ENMM HYKIEUMHOBBIX KHUCJIOT TOCTPOEHBI W3 MOHOMEPHBIX €IUHUI] -
HYKJICOTHUAOB, B CBA3M C YCM HYKJICHHOBBIC KHUCJIIOTBI HA3bIBAIOTCA IMOJIMHYKIICOTHIAMM.
HyxkienHoBble KUCIOTHI — OMOMONIUMEPHI, MOJEKYJSpPHAs Macca KOTOPhIX BO MHOTHX CIIy4asx
MPEBLINIACT MOJICKYJIAPHYIO MacCy 0€JIKOB M 4aCTO UCYUCIISIETCA COTHIMU U MUJUIMOHAMHU.

Hyxneotuapl mpenctaBisioT coOOH TPEeXKOMIIOHEHTHOE OOpa3oBaHHeE, BKIIOYAOIIEe
TeTePOIMKIIMYECKOE OCHOBAHHE, YTIIEBOAHBIA OCTATOK W (OCHATHYIO TPYIIITY, YEM OTIIHYAIOTCS
OT OOBIYHO HEJEIUMBIX MOHOMEPHBIX 3BEHBEB IPYruX NoauMepoB. OOIIMIl BUI CTPYKTYpPHI
MOJUHYKIJICOTUTHOW LIETH CIEAYIOIIUI:

Tetepommxmmaeckoe | | Fetepommkudeckoe| |TeTepolMKnuyeckoe
OCHOBaHHE OCHOBaHHE OCHOBaHME

BbICOKOMOEKYIISIpHBINA  XapakTep, JaOWJIBHOCTh W OOJbIIAs CIOKHOCTH CTPOCHUS
CO3/IaeT OTPOMHBIE TPYIAHOCTH TPU HM3YYCHUU HYKJICHHOBBIX KHCIOT. B mociemaHue rojsi,
OJTHAKO, B 3TOM HAMpABJICHUU JOCTUTHYTHI CYIIECTBECHHBIC YCIIEXH: BBIICHEH OOIIWN THIT
CTPOCHHUSI HYKJICMHOBBIX KHCIIOT, paciiu(poBaHO CTPOCHHE HEKOTOPBIX HauOoJiee MPOCTO
MIOCTPOCHHBIX HYKJICHHOBBIX KHCIIOT (Tak Ha3biBaeMbIX TpaHcrmopTHbiXx PHK), ocymiectBiaeHb
NPUHIUITHATPHON BaKHOCTH CUHTE3BI.

HykienHOBbIE KHCIOTBI MOXHO pACIICIUTh O MOHOHYKJICOTHIOB; TOCIIEAHHE
THJIPOJTM3YIOTCSI HA TUPUMHINHOBBIC WM ITyPUHOBBIC OCHOBaHUs, pu003y (U JAe30Kcupr003y) 1
dbochopHYIO KUCITOTY:

Hyxneunosas kucnoma — Mounonykneomuosr — Ocnoganue + Pubosa (uiu dezokcupubosa) ~+
H3;POy



HykJ1ienHoBbIe OCHOBAHMSI. SIBsroTCs MIPOU3BOIHBIMA a30TCOIEPKALLNX
TETEPOLUKINYECKUX COCAMHEHUN — MUPUMUJIMHA WIK TypuHa. [IupuMuUIMHOBBIE OCHOBaHUA,
BBIJICJIEHHBIE B COCTaBe MNOJMHYKIEeOoTUIHbIX uene JHK, mnpencraBieHbl TUMHHOM U
nuto3uHoM; B cocrabe PHK — ypammiom u nurosunom. JlaHHBIE coeMHEHUS OOHAPYKUBAIOT
CHOCOOHOCTD K JIAKTUM-JIAKTAMHOW M aMUH-UMHUHHOM TayTOMEpPUU:
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A,[[eHI/IH U I'YaHUH ABJIAIOTCA IPEACTABUTCIIAMU ITYPHUHOBBIX HYKJICUHOBBIX OCHOBAHUM:
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Cnenyer OTMETUTh, YTO NHPUMHUIMHOBBIE U IYpUHOBBIE OCHOBaHHUS B COCTaBe
HOJMHYKJICOTHIOB TPE/ICTAaBICHbI JaKTaMHON (OKCO-) U UMHHHON (opMamH, 4yTO OOYCIIOBJIIEHO
BO3MOXKHOCTBIO OOpa30BaHMs BOJIOPOJHBIX CBSI3€M MEXIy OCTaTKaMM OCHOBAaHHMN B IIEMsX
HYKJIEMHOBBIX KHUCJIOT: TUMUH — aJ€HUH W LuTo3uH — ryanuH B JIHK; ypauun — ageHun u
nuto3uH — ryanuH B PHK. B xozxe m3oMepHBIX mpeBpalieHuid COXpaHsAeTCs apOMaTHYHOCTb
YKa3aHHBIX CTPYKTYp, TaK KaK OKCO- MU MMHUHHas TPYNIUPOBKH BXOJAT B CONPSKEHHYIO
CHUCTEMY IIMKJIa, YTO OYEHb BAXKHO ISl 00ECIeUeHUs] YCTOMYMBOCTH a30TUCTHIX OCHOBAaHUM.

VYTIeBOJHBIMM KOMIIOHEHTAMH MOHOHYKJICOTHIOB OOBIYHO sBJsIIOTCS D-pubo3a (B
dopme P-D-pubodypanossl) u B-D-2-ne3okcupubo3a, B pelkHX clydasx TJI0Ko3a. Takum
o0pa3oM, MEHTO3bl B COCTAaB HYKJIECOTHJIOB BXOJAT B BHJE (ypaHO3HOH ¢opmbl ¢ f-
KOH(Urypaunuei anomepHoro aroma yriaepoja — C;.
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Hykiseo3uapl. OT HYKJICOTHAa MOXXHO OTIIENHTH (OCHOPHYIO KHCIOTY U TOIYYUTh
HYKJICO3UJ], COCTOSIIUNA W3 MyPUHOBOIO WIIM MUPUMHIWHOBOTO OCHOBaHHS W MEHTO3bL [lo
CBOEMY XUMHUYECKOMY CTPOCHHIO HYKJICO3UIBI SBISIOTCA TIUKO3MIaMu [-D-puOo3bl wim
Ne30KCUpUO03bl. N-TTIMKO3UAHAS CBSI3b 00pa3yercss MeXAy aHOMEepHbIM atoMoM C; B yrieBoje
U aTOMOM a30Ta HYKJICMHOBOTO OCHOBAHWS: y NMHPUMHIUHOBBIX OCHOBaHMH 3TO0 Nj Uy
mypuHOBBIX — No. [Tpu 3TOM Beceraa oOpasyeTcs B-TIIMKO3HUIHAS CBS3b.

B 3aBHCHMOCTH OT MPHUPOJIBI YIICBOJHOTO OCTAaTKA (IIEHTO3bI) PA3IHUYAIOT PUOOHYKIEO3UObL U
0€30KCUPUOOHYKIIE03UODL.
B cocraB nezokcupnbonykienHoBbix kuciot (JJHK) Bxoasar crieayromme HyKIeO3UuIbl:
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B cocrtaB pubonykiennoBbix kucioT (PHK) Bxonar nykieo3uasl, sapistoriuecss N-rIuko3uaaMu
D-pu603s1. X cTpyKTypHBIE (I)OpMynH MIPEJICTABJIIEHBI HUXKE:
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Ha3Banus HyKJICO3HMIOB HMPOM3BOIATCS OT TPUBHAIBHOIO HA3BaHUS COOTBETCTBYIOIICTO
reTePOLUKIMYECKOTO0 a30TUCTOTO0 OCHOBAHHS ¢ CyGGUKCAMHU -UOuH Y TUPUMHIAHOBBIX U -03UH
y TYPHHOBBIX HYKJICO3HUI0B. JIJis HYKJICO3UI0B, COJACPXKAIIUX JIE30KCHPUO03y BHauaje
NO0ABJISIFOT CIIOBO «JIE30KCH-». VICKJIFOUCHHME HMX 3TOr0 MpaBUiIa CHENAHO Ui HYKJICO3UIOB
TUMUHA (Tabmuma 1).

Tabmuua 1
HomeHnkiiatypa HyKJIE03H10B
KomnoHeHTsl HyKII€031Aa Hyxneo3un WNHpekc Hykieo3nia
AnenuH + pubo3a AJIeHO3UH A
AnenuH + nesokcupnbdosa Jle3okcuaieHo3nH dA
['yanun + pubo3a ['yano3un r
['yanun + nesokcupu6o3a Jle3okcuryanosun dI’
[{uTo3uH + pubo3a Hutnana C
Huro3un + nezokcuprdosa Jle30KCHIMTHANH dC
VYparmun + pubo3a Ypuaux U
VYpanun + nezokcupudo3a Jlezokcuypuana dU
Tumun + pubo3a PuGorumuuu T
Tumun + nezoxkcruprbosa Tumuanx dT

Hykneo3us! yaie 0603Havar0 COKpaIleHHO 0JHOOYKBEHHBIM HHAEKCOM, HO CYIIECTBYET
TaK)Ke CUCTeMa TPEXOYKBEHHOT'O HHEKCA.

Hyxneo3uasl, sBassch N-IIMKO3UJaMHU, YCTOHYMBBEI K THAPOIM3Y B CIa0OLIEIOUHON

cpele, HO pacIleIUIsoTcss B KUCIoi cpene. IlypuHOBBIE HYKIIEO3Ubl THAPOJIU3YIOTCS JIETKO,
NUPUMHIMHOBBIE — TPYyIHEE.
Hykjeoruabl. C XUMHUYECKON TOYKU 3PEHUST HYKJICOTUBI SBISIOTCS (ocaTaMu HYKICO3UIOB,
TaKk Kak MpH 0O0pa3oBaHMM HYKJIEOTH]A BO3HUKAET CIOKHOI(UpPHas CBA3b MEXIY (pochopHOit
KHCJIOTON M TMAPOKCWIBHOM rpynnoi B nosokeHnu Cs wim C; IEHTO3HOTO ocTaTka. B cBA3m ¢
HAJIMYUEM B MoJIeKyJe ocTaTka (ochOopHON KHUCIOTHI HYKJIECOTHABl MPOSBIAIOT CBOWCTBA
JIBYXOCHOBHOU kucnoThl ¢ pK;= 0,9 - 1,5 u pK> = 6 - 6,5; B GU3M0JIOTHYECKUX YCIOBUAX
npu pH=7 HaxonsATCs B MOJTHOCTHIO HOHU3UPOBAHHOM cOCTOSSHUU. OOpaTuTe BHUMaHUE Ha
CJIIOKHO-3(pUpHBIE U TJIMKO3UJHBIE CBA3U B CTPYKTYpax HYKJIEOTHUIOB, COCIUHSIONINX HMX
COCTaBHbIE YAaCTH.
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HykneoTuapl MOryT cojliepkaTh HECKOJBKO OCTaTKOB (OcPOpHON KHUCIOTHI 3a CYET
QHTUAPUAHBIX CBsI3el. [IpuMepbl HEKOTOPBIX TAKUX HYKJIEOTHAOB MPEACTABIEHBI HUXKE!
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B 3aBHCHUMOCTH OT CTpOCHHS yIJIeBOJA Pa3iMyYalOT puOOHYKIeoTHIbI (MoHOMephl PHK)
u ne3okcupubonykieotuasl  (MoHomepHele 3BeHbs JIHK). B cocra PHK Bxomsr:
nutuguaMoHodocdar (LIMD), ypuauamonodochar (YMD), anenozuamonodpochar (AMD) u
ryaHo3suHMoHO(ocdar (I'MD). Hyxneotuausiit COCTaB JHK IIpe/ICTaBJIEH
nesokcurutTuanaMonopocarom  (nlIM®D),  mesoxcutummauamoHodocharom  (ATMD),
ne3okcuageHosuaMonodgocparom  (IAMP) wu  nesokcuryaHosmaMoHopocharom (aI MD).
CxeMbl yKa3aHHBIX HYKJICOTH/IOB IIPUBEICHBI HIKE:
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HYKJ'ICOTI/I[[BI 0OBIYHO Ha3bIBAKOT NI KakK COOTBCTCTBYIOIIHEC KHCJIOTBI

(MOHO3aMeIIIeHHBIC TPOU3BOAHBIE (OCPOPHON KHUCIOTHI), WM KaK coiu (MoHOdochaThl) C
yKa3zaHHeM B 000UX cIydasx MojoxkeHue GocpaTHoro ocrarka(rabdnuma 2):

Tabmuua 2
Ha3zBanus HykJ1I€OTHIOB:
KakK KHCIJIOT KaK coJiel
5'-AneHuioBasi KUCiI0Ta Aneno3uH-5'-¢gocdar
5'-I'yaHunoBasi KMCJIOTa I'yanosun-5'-gocdar
S'-IlutnannoBas K1CiIoTa [utuaua-5'-pocdar
5'-Ypuauiosas Kuciora Ypunuun-5'-bocdar
5'-TumMuanioBass KUCIOTA Tumuaun-5'-pochar

§ 2 Hykseoruansiii cocras u crpykrypa JHK u PHK

Hyxneotuansiii coctaB, T.e. Ha0Op U COOTHOIICHHE HYKICOTUIHBIX KOMIIOHEHTOB,
CIYXXUT OYEHb BAKHOM XapaKTEPUCTHUKON HYKJIEUHOBBIX KHUCIOT. OJIMH M3 OCHOBHBIX MyTeH
YCTaHOBJICHUSI COCTAaBa HYKJIEMHOBBIX KHCIIOT OCHOBAH Ha MHCCIEJOBAaHUU MPOAYKTOB HX
TUAPOIUTHYECKOTO paciuerieHus. [[0CKoMbKy MEXHYKICOTHAHBIE CBSI3M B MOJMHYKICOTHAAX
SBIISIOTCS CIOKHOI(DUPHBIMU, TO TMOTMHYKICOTHUIHBIC IIEMU CIIOCOOHBI THIPOIM30BAThCS KaK B
KHUCJIOM, TaK U IIEJTOYHOU cperie.

Xumnueckut tuaponn3 JHK mnoutm He wucnonb3yercss H3-3a OCIOKHEHHS €ro
nmoOoYHBIMH TIpoIieccaMu. boisiee mnpenmoututenen (epmentatuBHbii rHaponn3 JHK mon
neiictBueM Hykieas3. OOBIYHO IS 3TOH 1EM MCTOIb3YIOT 3MEUHBIH 57, B KOTOPOM COJEPKATCS
dbepMeHThI,  pacHICIUIAIONINE  CIOXHOI(PHUPHYIO  CBA3b  C  (QocPopHON  KHUCIOTOU
(pochommacrepassl u  pochomonoscTepaspl). Hykneazbpl MHpOSBASIOT CHEMUGUIHOCTH IO
OTHOIIIEHUIO K TUMY HYKJIEMHOBBIX KUCJIOT; UX JICTISAT HAa PUOOHYKII€a3bl U 1I€30KCUPUOOHYKIIE3HI.
Brinenenune u uneHTUGUKALNIO KOMIOHEHTOB HYKJIEMHOBBIX KHUCIOT MPOHU3BOAST C MOMOIIBIO
($U3UKO-XMMHUECKUX MeTOJI0B. O4YeHb BaXXKHYIO pOJIb B Pa3J€JIEHUN CIIOKHBIX CMECEH WUIparoT
xpomaTtorpaduueckue MeTonsl. [lupuMHUIUHOBBIE W MYPHUHOBBIE OCHOBaHHMS, O0OIaJaroIINe
BCIIEZICTBME apOMAaTUUYECKOTO XapakTepa 3aMETHBIM IMOTJIOIIEHHEM Okojio 260 HM, OOBIYHO
uaeHTuGuuupyoT ¢ nomomblo Y®-crnekrpockonuu. [lockombKy HYKJIEOTHABI HUMEIOT
KHUCJIOTHBIM XapakTep U CIOCOOHBI HAXOAWTHCS B HMOHU3HUPOBAHHOM COCTOSHUU, TO IS HX
UACHTU(DHUKAIIIH UCTIONB3YIOT TaKXkKe dNeKTpodopes.

Hapsiny ¢ ompeneneHneM HYKJICOTHIHOTO COCTaBa Ba)KHEWINas 3ajada COCTOMT U B
YCTaHOBJICHUM HYKJICOTHJAHOW MOCIIEIOBATEIBHOCTH, T.€. MOPSIIKA YePEAOBAHUS HYKICOTHIHBIX
3BeHbeB. OOWMN MMOAXOA 3aKilo4yaeTcs B HCIOJB30BAHUM OJOYHOrO METOja: CcHadaja
MOJIMHYKJICOTHIHYIO IIeTIh HAIIPaBJICHHO PACHICIUISIOT Ha Oojiee MeNKHUe OJIOKU — OJMTOMEpHI U
OTIPENIETISIOT B HUX HYKICOTHIHYIO MMOCJIEIO0BATEIbHOCTh. Takol aHaln3 MOBTOPSIOT JABAXKIBI,
UCIIOJNIB3YS BO BTOPOM pa3 Takue pacIICTISIONINE areHThl, KOTOPBIE JENST 1elb Ha ()parMeHTHI B
WHBIX MECTax MO CPaBHEHUIO C TEPBBIM pa3oM. [lONMHYKICOTHAHYIO IEeNb PACHISIUIIOT Ha




JIOBOJILHO KOPOTKHE (parMeHThl. boiee IIMHHBIE OJIMTOHYKJICOTHABI TOKa eIIe TPYIHO
HOJAAI0TCS U3YUEHHUIO.
[lepBuYHAs CTPYKTYpa HYKJIEUHOBBIX KHCIOT ONPENENIIeTCs MPUPOAOH U MOCIEA0BATEIbHOCTHIO
HYKJICOTU/HBIX 3BEHBEB, CBSI3aHHBIX CIIOXKHOI(DUPHBIMM CBS3IMU MEXJy IIEHTO3aMH U
dochatasiMu rpynmamu (pucyHok 14.1).
Pucynoxk 14.1.
[lepBuYHas CTPYKTYypa ydyacTKa LENH HYKIEHHOBBIX KUCIOT
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B cocraBe monekynsl JIHK BblieneHo 3HaYMTENbHO OOJbIIee YUCIO HYKIEOTHIHBIX
octatkoB, 4yeMm B mojiekysie PHK. Monexynsipnas macca JIHK nopsinka 10 mnu; JJHK B ycinoBusix
KJeTkn HepactBopuma. Jlmmua monekyn JIHK uenoseka cocraBisier mpumepHo 3 — 5 cwm;
monekyina PHK 3naunrensno kopoue — menee 0,01 cm.

BropuuHas cCTpyKTypa HYKJIEHHOBBIX KHCJIOT. COIIaCHO BTOPUYHOM CTPYKType
nonunykieotuaHas nens JIHK npeacrasnser coboil 1BOMHYIO cupalb, B KOTOPOI MypHHOBBIE
Y NUPHUMUJUHOBBIE OCHOBAHUS HalpaBiI€Hbl BHYTPb. MexX 1y MypUHOBBIM OCHOBAHHUSAMM OIHOMN
e W [HUPUMHJIMHOBBIM OCHOBaHMEM JPYroM LN HMEIOTCS BOAOPOJIHBIE  CBS3H,
CTa0WIM3UpPYIOIIME Takylo CTpyKTypy. OcHOBaHus, oOpa3yrolie mapbl, CBsI3aHHbIC
BOJIOPOJHBIMHA  CBA3SIMU,Ha3bIBatOTCA komniemenmapuoimu. B JIHK kommuemeHTapHBIMU
OyayT: aAeHWH — TUMHUH, OoOpa3ylolMe MeXAy coOoil 1Be BOJOPOAHBIE CBSI3U, U TyaHUH —
LIUTO3MH, CBSI3aHHBIE TpPEMs BOJOPOJHBIMHU CBs3sIMU (pucyHOK 14.2). OTO0 o0O3HauyaeT, 4TO
NYPUHOBBIM OCHOBAaHUSAM aJ€HMHY W TyaHUHY B OJHOH 1enu OyIyT COOTBETCTBOBATh
NUPUMUJIMHOBBIE OCHOBAaHUS THUMHUH M LIUTO3UH B Jpyroi nenu. [lommHykieoTHaHbIE Liemnu,
oOpasyrolye ABOHHYIO CIIUpalb, HE UICHTUYHBI, HO KOMIIEMEHTAapHbI MEX]Ty COOOM.

Pucynok 14.2
BonoponHsie cBsi31 B mape OCHOBAHUM I'yaHHH -IIUTO3UH (a), aIeHUH — TUMUH (0)
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Makpomornekyisl JTHK cBsizansl Mexay co0oif momapHO IMpH MOMOIIM BOAOPOIHBIX
CBsI3el B BHUJIC JIBOWHOW CIHUpaIM TOCTOSHHOTO nuamerpa (pucyHok 14.3). OctaTku HyKIICH-
HOBBIX OCHOBaHHI HallpaBJIEHbl BHYTPb CIIUPAJIH, JUAMETP KOTOPOW PaBEH IPUMEPHO 2 HM.

Pucynok 14.3.
Cxema ctpoenust aBoitHou cnimpanu JHK

Ha onun Butok cnupamu mnpuxomutcs 10 map ocHoBanuii. [[nsi obGecriedeHus: Hau-
OoJbIIel YCTOMYMBOCTH 3TON CTPYKTYPBI BOJOPOIHBIX CBSI3€M JTOMKHO OBITh MAaKCUMAaIbHO
MHOro. TOJNBKO TpU BBIMOJIHEHUH JTOrO YCIOBUS OOECHEUMBAETCA HKCHEPUMEHTAIbHO
JIOKa3aHHOE MOCTOSIHCTBO CYMMAapHBIX pPa3MepoB OOKOBBIX TPYIIN M HEM3MEHHOCTh JUaMeTpa
NBOWHOW CHHMpalli Ha BCEM €€ TPOTSHKEHUH. B  9Toif B3auMHON  0OYCIOBICHHOCTH
MOCIIE0BATEILHOCTH 3BEHBEB B 00CUX IIEMIX 3aKII0UASTCS MPUHIUI KOMILIEMEHTAPHOCTH.

KomMmmiemenTapHOCTh Li€TIel M MOCIEA0BATENbHOCTh 3BEHBEB COCTABIISIIOT XUMHUYECKYIO
OCHOBY BakHeWIMX ¢GyHKIuM HykiaenHoBbiX kucinoT: JIHK — xpanenune u mnepemaua
HaclecTBeHHON nHpopmarmu, a PHK — HemocpencrBenHoe yyactue B bnocuHTese Oenka. Mo-
nekynspHas macca JIHK BapbupyeT OT HECKOJIbKUX MUJIJIMOHOB J10 ecsTKa MujuinapioB, y PHK
- OT JIECSITKA ThICAY /10 HECKOJBKUX MUJUIMOHOB.

KommiiementrapHocTs OCHOBaHUI JICKUT B OCHOBE 3aKOHOMEPHOCTEH,
chopmynupoBanubix J. Yapraddom, KOTOpeIM TOMUMHAETCS HyKiIeoTuaHbii coctaB JJHK
Pa3IMYHOTO MPOUCXOXKICHUS.

IIpaBuaa Yapraddda:
KOJIMYeCTBO NNYPUHOBBIX OCHOBAHMI PABHO KOJMYECTBY NMPUMHUINHOBBIX OCHOBAHUIA, T.€.
(A+D)=(I1+T).

KonnyectBo ajneHMHa paBHO KOJIMUYECTBY THUMHHA (A=T); aHaJIOrM4YHO KOJIMYECTBO
ryaHrHa paBHO KojudecTBy nurozuHa (I'=LI).

KonnuecTBo 0CHOBaHMMN, COAEpKAMX aMUHOTPYIITY B MOJIOKEHNN 4 MUPUMMINHOBOTO
U TOJIOXKEHUHU O MypUHOBOTO s/Ipa, PaBHO KOJMYECTBY OCHOBAaHUM, COJEP)KALIMX B ITHX K€
MIOJIO’KEHUAX OKCOTpymiy. DTO o3HavaeT, uto A+1=I"+T.

st PHK nipaBuna Yapradda 160 He BBITOTHSIIOTCS, JTUOO BBITIOIHSIOTCS ¢ HEKOTOPHIM
npubsmkeHneM. 1o o0ycioBieHo TeM, uto B coctae PHK comepixuTcss MHOro MHUHOpPHBIX
OCHOBaHUM.

Cpasnenue maxpomosekynsl JIHK ¢ BUHTOBOI necTHuIlell HaBOAWT Ha MBICIbL 00 ee
xupanbHocTu. JlelicTButensHo, npupoansie JIHK o0nanaroT onTuueckoit akTHBHOCTBIO. B To e
BpeMs CMECH HYKIeoTHJIoB, coctaBsiromux JHK, a Takke pasynopsjpodeHHbIE
MOJIMHYKJIEOTUYECKHE 1€MW ONTHYECKU HEAaKTUBHBI. JTO CBHJETENBCTBYET O TOM, YTO
ONnTHYECKasi akTUBHOCTH NpupoAnbIX JJHK cBA3aHa ¢ XMpanbHOCTBIO UX BTOPUUHOM CTPYKTYPHI.

Kapkac cniupanu o6pa3oBaH 4epenyOnMMUCs YIIIEBOAHBIMUA U (OCHATHBIMH OCTaTKaMHU.
Oxpyxaromasi BoJHas cpeja KOHTAaKTUPYET C TUAPOPHUILHON YacThiO CIUPATIH, a BHYTPEHHSSA
4yacTh CIMpaid (OCHOBaHMS) C BOJIOM HE KOHTAKTHUPYeET.




Monekyna JIHK, B otnuune ot monekynsl PHK, B GonbIIMHCTBE CiyyaeB COCTOMT M3
JBYX KOMIUIEMEHTAPHBIX B3aMMO3aKPyYEHHBIX ILiened. B 3aBHCHMMOCTH OT JJIMHBI BUTKA M
yrila COupai, a TakKe psfa IpPYrHX €€ IeOMETPUYECKHX IapaMeTpoB, pa3inyaroT, Oosee
JECSITH Pa3HOOOpa3HbIX YHOPALOYEHHBIX cnupanbHbIXx cTpykTyp [JAHK. B crabunuzauuu
3TUX CTPYKTYp HapsAay C BOAOPOIHBIMU CBS3SMH, ICUCTBYIOIUMMHU IIONIEPEK CIUpPAIH,
0O0JIBIIYIO POJIb UTPAIOT MEXMOJIEKYJIIPHbIC B3aUMOJICHCTBHSA, HAIPABJICHHBIE BJIOJb CIUPAIN
MEXIYy COCEJHUMH TPOCTPAHCTBEHHO CONM)KEHHBIMH A30TUCTBIMH  OCHOBAHHSIMHU.
ITockonbKy 53THM B3aUMOJEWCTBHUS HAIpPaBJICHBl BJIOJb CTONKHM a30THCTBIX OCHOBAaHWU
mosiekynsl  JIHK, wX Ha3pIBalOT  CTIKUHT-B3auMOJCHCTBUSAMH. Takum  oOpazom,
B3aUMOJICMCTBUS A30THCTBIX OCHOBaHMN MeXJ1y cO00H CKpEeIuIsItoT ABOWHYIO CIHpaib
MoJiekyabl JJHK 1 B1osie, u monepek ee ocu.

CuilbHOE CTOKHHI-B3aUMOJCHCTBHE BCErJa YCHIMBACT BOJOPOJIHBIE CBA3U MEXKAY
OCHOBAHMSAMH, CIIOCOOCTBYSl YIUIOTHEHMIO CIUpaid. BcelencTBHEe 3TOro MOJIEKYJBI BOABI U3
OKPY’KaIOIIEro pacTBOpPa CBS3bIBAIOTCSA B OCHOBHOM ¢ neHTo30docharubim ocroBoMm JIHK, mo-
JSpHBIE TPYNIBI KOTOPOTO HAXOASATCS HA MOBEPXHOCTH criupanu. [Ipu ocnabieHNH CTIKUHT -
B3aMMOJCHCTBUSI ~ MOJIEKYJIBI  BOJABI, IPOHHKAas  BHYTPb  CHHpald, KOHKYPEHTHO
B3aUMOJIEUCTBYIOT C MOJIIPHBIMU TIpyNIaMH OCHOBAaHUM, MHUIMHUPYIOT AECTaOWIM3ALUI0 U
CHOCOOCTBYIOT JalbHEWIIEeMy pacnaay JBOHMHOM cnupanu. Bce 3T0 cBHIETENbCTBYET O
JUHAMUYHOCTU BTOpUYHOU cTpyKTypsl JIHK mox Bo3nelcTBHEM KOMIIOHEHTOB OKPYXKAOLIETO
pactBopa. JlBoiiHas crnupans xapaktepHa g OonbmmHcTBa Monekyn JIHK. Onpnako JTHK
MOXXET UMETh U Jpyrue (opmbl. B HexkoTOphIX Bupycax coaepkutcsa oaHouenodeunas JJHK,
BCTPEYAIOTCS TAKXKE KOJIBLIEBbIE (POPMBI.
bucnupaneusie cTpykTypsl B Mosiekyinax PHK Bo3HukaroT B mpenesnax oaHOM W TOW K€ LENH B
T€X 30HAX, T€ PACIOJIOKEHbI KOMIUIEMEHTApHBIE a30TUCTBIE OCHOBAaHMS AJCHHMH - ypauul U
ryaHUH - LUTO3UH (pucyHok 14.4). B pesynbrare BTOpUYHas cTpykrypa Mojekyiasl PHK
COJCPXKUT OUCHHpAIbHBIE YYAaCTKU M METJIM, YUCIO M pPa3Mepbl KOTOPBIX ONPEAEISIOTCS
IIEPBUYHOM CTPYKTYPOH MOJIEKYJIBI U COCTAaBOM OKPY’KAIOLIETO pacTBOpA.

Pucynok 14.4

Bropuunas ctpykrypa mosekyinsl PHK

Tpertnunasg CTpykTypa HYKJIEMHOBBIX KHCJIOT. J[BoiiHas crnupans wmosekyn JIHK
CYIIECTBYET B BUJIE JIMHEHHOMN, KOJIBLIEBOM, CYIEPKOIbLIEBOM U KOMIAKTHBIX KIYOKOBBIX (OPM.
Mexny 3TuMu (popMaMM COBEpPIIAIOTCS B3aMMHbIE MEPEXOJbl MPHU JEUCTBUU OCOOON TpYIIIbI
(epMEHTOB — TOMOM30MEPa3, U3MEHSIOIIUX TPOCTPAHCTBEHHYIO CTPYKTYPY (pUCyHOK 14.5).

Pucynok 14.5
Tpetnunas crpykrypa monekyns! JJHK

a -MMHeHast, 0 - KoJblieBasi, B - CyIEepKOJIbLIEBas, I' - KOMIAKTHBIN KITyOOK



Tpernunast crpykrypa mHorux mosiekyn PHK moka eme TpeGyeT OKOHYATEIBHOTO
BBISICHCHMSI, HO y)KE€ YCTAHOBJICHO, YTO OHA 3aBHCHT HE€ TOJBKO OT NEPBUYHON M BTOPHUYHOHU
CTPYKTYPBI, HO M OT COCTaBa OKPY’KAIOILIEro pacTBopa.

§ 3 buojsornueckne PyHKIMN HYKJIEHMHOBBIX KHCJIOT

buonornueckue ¢ynkuuun JHK u PHK [IOJTHOCTBIO  OIPEHEIAIOTCS  TOIBKO
COBOKYITHOCTBIO IIEPBUYHON, BTOPUYHON U TPETUYHOM CTPYKTYD.
HyknenHoBble KHCIOTH - HWHPOPMALMOHHBIE OWOMOIMMEPHI, OCYIIECTBISIONINE

XpaHeHHEe U Inepefadyy NeHeTHYeCcKOW MH(pOpMalMM BO BCEX JKMBBIX OpPraHM3Max, a TaKxke
yudactBytonie B Ouocunrese 6enkos. JJHK siBnsieTcss HocuTenem reHeTndeckoil mHpopmanuu,
KOTOpas 3alucaHa 4yepe3 ONpPEeIEeICHHYIO MOCIEN0BaTEIbHOCTh PACIIONOKEHHUS B LIENU YETBHIPEX
reTepOlUKINYECKUX OcHOBaHMM. IlepBbIil 3Tam peanu3anuy TEHETUYECKOW WHPOpMAIUU
3aKJI0YaeTCs B TOM, YTO Ha KOHKPETHBIX Yy4YacTKax OAHON u3 HuTed Mmousekyinsl JIHK
npoucxoaut cuate3 mosiekyia PHK. buocunrtes PHK, nassiBaemblit mpanckpunyueii, 0ObI9HO
IIPOMCXOJUT B pe3yibTaTe KomIiuleMeHTapHoro konuposanus JHK-matpuusl ¢ momomsro
PHK-nonaumepasbl. CunresupoBanHas PHK conepxuT TouHyro KOMUI0O KOHKPETHOTO y4yacTka
JHK.

B pesynbpraTte TpaHckpunuuu odpasyrTcs yersipe pasnuuHbix Buna PHK: pubocomanvuas
pPHK, mampuunas mPHK (undopmaumonnas), mpaucnopmuas TPHK u manvie soepuuvie
PHK, ponp koTopbix pa3sHoOOpa3Ha, HO 10 KOHIIa elle He BbIsicHeHAa. Kaxmas w3 cuH-
te3upoBaHHblX PHK wurpaer crporo ompeneneHHyr pojb Ha BTOPOM JTalle pealnu3aluu
TeHETUYECKON HHPOPMAIIUU - MPAHCAAYUU.

Peanuzauus reHeTnueckoil HHGOpMAUU C MOMOIIBIO HYKJIEMHOBBIX KHCJIOT MPOUCXOJUT 10
CXeMe:

- A
TPAHCKPUIIIUS pPHK TPAHCISAIUS
JJHK MPHK benok
> < TPHK > >
masibie PHK
— J

Pu6ocomansnas PHK BxoauT coBmecTHO ¢ O6enkamMu B cocTaB pubocoM. MaTpuuHas
PHK, o0wemunssice ¢ pubocomamu, oOpa3yeT MNOJIHUPHUOOCOMY, B KOTOPOH C IOMOIIBIO
depmentoB u TpaHcnoptHeix PHK, mnocraBngrommx omnpeaeneHHble aMUHOKHCIOTHI,
MIPOUCXOJUT TPAHCISLUS - CUHTE3 O€JIKOB B COOTBETCTBUU C MH(pOpMAIME, 3allMCaHHON Ha
MPHK. NUHdopmarus o nmocneqoBaTeaIbHOCTH aMUHOKUCIIOT B MOJIeKyJle OeKa CUMTBIBAETCS C
IIOCJIEN0BATENILHOCTH TeTepouukindecknx ocHoBanuii B MPHK. Konkpernas rpynna u3 tpex
FeTEPOLUKINYECKUX OCHOBAHMM B  MOJIEKyJ€ HYKJIEUHOBOM  KHUCIOTBI, KOTOpas
COOTBETCTBYET OTAEJIbHOM aMUHOKHUCIOTE, Ha3bIBA€TCSI K0OOHOM. COBOKYIMHOCTh KOJIOHOB
COCTaBIISICT 2eHemuyeckuti koo. ' eHeTHYecKuil Ko/ eIuH JJIs BCEro KMBOTO: y JI000ro BHIA
OPraHU3MOB Ka)KJasl U3 0-aMHUHOKHCIIOT KOJIUPYETCS OJTHUM U TE€M K€ KOJJOHOM WJIH OJJHUMH U
TeMHu ke KojoHamMu. (Heckoabko KOJOHOB MOTYT KOJMPOBATh OJHY U Ty K€ aMUHOKHUCIOTY,
HO OJIMH U TOT K€ KOJIOH He CIIOCOOEH KOJIUPOBATh pa3Hble aMUHOKHUCIIOTHIL. )

KomMIiemMeHTapHOCTh 1IENe COCTaBIsAET XUMUYECKYIO OCHOBY €II€ OJHOM Ba)KHEHIIEH
¢byukiun JJHK — xpanenust u nepenauu HaciaeICTBEHHBIX IPU3HAKOB.

IIpu nenenun knerok aBoitHas cnupans JJHK packpyunBaercs u paspensercs Ha 2 nemnu.
Ha kaxxmoit oTmenbHOM I11enu, Kak Ha Marpuile, mpoucxoaut OuocuHTe3 HoBoW nermu JJHK c
y4eTOM MpHUHIMIA KOMILJIEMEHTapHOCTH. BHOBb 00pa3oBaBmIasicsi LeNb HE HJIEHTHYHA, HO



KOMILIEMEHTapHa UCXOHON MaTpuie. B pesynbrare 0Opa3yrorcs 2 HOBBIE JBOMHBIE CIMpalU
JHK, xaxxmast 13 KOTOPBIX BKJIIOYAET OJHY CTapyIO U OJHY BHOBb CUHTE3UPOBAHHYIO IIEMU. DTOT
npouecc Ha3biBaercs perukanueid mosekyinsl JHK (pucynok 14.6).
Pucynok 14.6
Cxewma niporiecca perukanuu mojiexynst JJHK.

N

Ona JeXHUT B OCHOBE oOecredeHusi qouepHux kietok mosekynamu JIHK, momnocThio
unentuuHbiMu ¢ [IHK poauTenbckux KieTok.

CoxpaHHOCTh HYKJIEOTUJIHOM IOCIEAOBATENbHOCTH M TOYHOCTb €€ TPAHCKPHUILIUU
ABIIAIOTCS  3aJloroM  Oe3omuOo4HON mepedaud TeHeTudeckoi uHpopmanuu. OpHako
HyKJIeoTHAHass mocienoarenbHocTh JIHK mon Bo3nmeiicTBueM pa3nu4HBIX (DaKTOPOB MOXKET
MOABEPraThCs U3MEHEHUAM, KOTOPbIE HAa3bIBAKOTCS MYTALIUSIMU.

Haubonee pactipocTpaHeHHBIH BU MyTally — 3aMeIeHNe KaKOW-Ti00 TTapbl OCHOBaHHMA
Ha Apyryro. OIHOW W3 NOPUYMH TaKOro 3aMELICHUS MOXET SIBUTbCA CIABUT TayTOMEPHOrO
paBHoBecus. Hanpumep, TUMUH B JIakTaMHON (opMe He MOXeT 00pa3oBbIBaThb BOJOPOIHbBIE
CBSI3U C ITypPHUIIOBBIM OCHOBaHHEM I'yaHHHOM. EciM sxe TUMUH Oy/eT UMeTh JIAKTUMHYIO (hopMmy,
TO y HEro MOSBISAETCS Takas BO3MOXHOCTb. DTO MPUBOIUT K 3aMeHe OOblyHOW mapbl T-A Ha
napy T-I'. Ananoruunas kapTuHa HaOMIOJaeTCs, KOT/Ia CABUT B CTOPOHY JAKTUMHOU (hopMbl
MPOUCXOAUT y TyaHuHa. Toraa ryaHuH oOpa3yeT BOAOPOJHBIE CBSI3U C HEOOBIYHBIM JUISI HETO
OCHOBaHMEM TUMHHOM. 3aM€Ha «HOPMAJIBHBIX» Iap OCHOBAaHUM NEPENACTCS PU TPAHCKPUIILUU
renerudeckoro koga ¢ JJHK na MPHK u mpuBoauT B mTOore Kk M3MEHEHHIO aMUHOKHCIOTHOM
[OCJIEI0BATEIbHOCTH B CHHTE3UpyeMoM Oeinke. [Ipy HAaKOIUIEHMM MyTallMd YMCIO OUIMOOK B
OuocuHTE3e OesiKa BO3pacTaeT.

Jlpyroil NpUYMHONH BO3HUKHOBEHHUS MYTAllMU CIY)KUT BO3ACHCTBHE XUMHYECKHX
(dakTopoB, a TaKXKe pa3IMYHbIX BHUJOB H3NydeHud. Hampumep, ecnum Ha aJeHO3MH
MOJIEHICTBOBATh A30TUCTOM KHCIIOTOW, TO B Pe3YyJlbTaTe€ U3BECTHOW PEAKLMU J1€3aMUHUPOBAHMS
aMUHOTpYyIIa B a/ICHUHOBOM OCHOBAaHUU NPEBPATUTCS B FMAPOKCWIBbHYIO rpynny. PedynbraTom
3TON peakiuu OyAeT NMpeBpalleHue aJleHO3MHA B JIPYTroil HYKJICO3UJ — MHO3MH, COJIEp KalIHi
TUIIOKCAHTHUH. DTO MOXET NpuBecTH K 3aMeHe B JIHK kommieMeHnTapHoil mapsl OCHOBaHMIA, T.K.
QJICHWIOBBIA HYKJICOTHJ KOMIUIEMEHTapeH THUMHUHY, a O0Opa30BaBIIMICS HMHO3UH MOXET
00pa30BbIBATH KOMILJIEMEHTAPHYIO Mapy TOJIBKO C IIUTO3UHOM.

Mytanun 1ojJ BO3JEHCTBUEM paA3IUYHBIX XMMHUYECKHUX COEIMHEHUH, Ha3bIBa€MBIX
MyTareHHbIMU BEUIECTBAaMH UMEIOT OO0JIbIIIOE 3HAUEHUE JIJIsl YIIPaBICHUHS HACTIEACTBEHHOCTHIO C
LEIbI0 €€ YIyYIIeHMs. Pe3ynbTaTel 3THUX MCCIEJOBAaHWN HAlUIM NPHMEHEHHE B CEJIEKIUU
CEJIbCKOXO3SMCTBEHHBIX KYJIbTYP, CO3JaHUM IITAMMOB MMKPOOPIaHM3MOB, IPOU3BOISAIINX
AHTUOUOTHKY, BATAMUHBI, KOPMOBBIE IPOKKH.



Bornbmioe 3HadeHWe HYKICOTHAOB HE OTPAHUYMBACTCS TEM, UYTO OHHU SIBIISIFOTCS
CTPOMTENIbHBIM MaTEPHUAIOM JIJIsi HYKJIGMHOBBIX KUCJIOT. VIM OTBeieHa elle 0/1Ha BaXkKHasl POJib
B OpraHu3Me — OHH CIyXarT KopepMEeHTaMH H YYacTBYIOT B OOMEHE BEIIECTB.
Kodepmentamu, nHanpumep, sBisrorcess HAJl- u @Al — npousBoaHbie aneHo3uHdocdara, a
KOSH3UM A — pou3BOHOE ajieHo3uHaudochara

Bo Bcex TkaHsXx opranu3Ma B CBOOOJHOM COCTOSIHUM COJEpXKATCd HE TOJIBKO
MoHOoocharel, HO U 1u- Tpudocdarel HYKIC03UTO0B. (OCOOEHHO MIMPOKO U3BECTHBI
aJICHUHCOEpKaIe HYKJICOTHAbl — aneHo3uH-5'-hochar (AMD), ameno3un -5'-mudocdar
(Al®D), anenoszun -5'-tpudocdar (ATD).

Bce 3T HykieoTuabl crmocoOHBI OOpaTUMO IMpeBpamiaThCs APYyTr B JApyra IyTem
HapalMBaHUsl WA OTHICIICHUS (PocaTHBIX TPyII:
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B »stux coeauHenusax ¢ochatHble Tpynmnsl B (QU3MOJOTMUYECKUX YCIOBUAX IOYTH
[IOJTHOCTBIO MOHU3UPOBAHBI, II09TOMY UX YacTO 3aIIUCHIBAIOT B BUJIC aHUOHOB AT u AJID™.
['maBHass 0COOEHHOCTb ATHUX HYKJIEOTHIOB COCTOMT B TOM, YTO MX NoaudocdaTHble TPyMIbI

|
COJIEpKAT OIHY WJIM JIBE aHTHAPHIHBIE TpyNnbl — P O~P— T[lpu ruaponuse Takoil rpymbl
pa3pbiBaeTcs CBSI3b, Ha3bIBaeMas MAaKpOIPIHYECKOW, W Bbaensercs okojo 33 kJ[K/Modb.
NmenHo ¢ 3TuM cBsi3aHa poib AT® B KiIeTKe Kak MOCTaBIIMKA XUMUYECKOW DHEPIUM VISl BCEX
OMOXMMHYECKHUX U (PU3NOJIOTUYECKUX MTPOLIECCOB.

B Hacrosimee BpeMs XUMHMKHM OCYIIECTBIISIIOT MHOToOOpaszHble  TpaHC(OpMAaLUU
HYKJIEOTUJIOB, JUISI 4YEero B MOJIEKYJIbl MOHOCAaXapUJ0B BBOJATCS JIONOJHUTENbHbBIE
(GyHKIMOHAIbHBIE TPYIIBI, KaK 3TO UMEET MECTO, K IPUMEPY, C MOJIEKYJION azudomumuouna
(npenapat npotuB CIIN/la), unu BMecTo (hypaHO3HOTO IMKJIA UCHOJB3YETCS! HELUKINYECKUI
pajuKall, HallOMMHAIOIIMKM TI0 CTPOCHHIO MOHOCAXapUAHBIA OCTaTOK. TakuM BEIIECTBOM
ABJSETCS MOILHBIM AaHTUBUPYCHBIM mpenapaTr - ayukiosup. AUMKIOBUP IMIHPOKO U

YCICHIHO UCITOJB3YCTCA IJIA JICUCHUS Ireplricca.
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