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MOJNEKYNSIPHAS BUOJIOTUSA

[loepexpeHne u nounHka OHK,

U

«Ha Bcakyto npopexy HamnpeTcs

annarta»

H.IT.OIaposa, E.6.AGpamoBa

anucanHada B JTHK renerunye-

CKasg mporpamma J1060ro

JKUBOTO CYIIECTBA — OT IPO-
CTEUIIEI0 OJHOKJIETOYHOIO [0
BBICOKOOPI'AHU30BAHHOI'O MHOI'O-
KJIETOYHOI'O — COXPAHAETCS B 4e-
pejie TOTOMKOB 6J1arofiapsi TOYHO-
My BOCIPOU3BEAEHUIO HYKJIEO-
TUIHOU MOCJENOBATENBHOCTH
B Ka)XXJJOM HOKojeHuUU. Ho ecnm
B I'NIABHOI HACJIECTBEHHOMN MOJIe-
KyJl€ BO3HUKAIOT IMOBPEKICHUS,
4 3TO CJIY4aeTCs AdXKe CIIOHTAHHO,
U3MEHEHUA B €€ CTPYKTYPE MOIYT
NIPUBECTHU HE TOJBKO K PA3HBIM
[14TOJOTHUAM TKAHEN UM OPTAHOB,
HO U K IIEPE/Jaue MyTallUU IIOTOM-
CTBY. U, KaK 3TO HU YIUBUTEJIBHO,
JIHK — eaquHCTBEHHAS KJIETOYHAS
MaKpPOMOJIEKY/IA, CIIOCOOHAA HC-
NPABNATh MOBPEXJEHUA B COOCT-
BEHHOWN CTPYKType. B HeEn paxe
34KOZIUPOBAHA nHopmanus
O MEXdHHU3MaX TEX IIPOLECCOB,
KOTOPBIE 3aHUMAIOTCS TAKUM pe-
MOHTOM (B CTPOr'O HAYYHOU Cpeje
X H43BbIBAIOT PENAPAIIMOHHBIMN).
HMmenHo «mmoynHKa» JJHK obecrie-
YMBAET 34M14C IPOYHOCTU Opra-
HU3MA.

Boccranosienue CTPYKTYpHI
JHK ocob6eHHO BaxHO npu op-
MHUPOBAHUU  PEHNPOJYKTUBHBIX
(IIOJIOBBIX) KJIETOK U B 3MOpPHUO-
HAJIbHOM Pa3BUTHUU: BO BPEMS AK-
TUBHOTO CHUHTE3d HOBBIX I[€IEi
PUCK TOABJIEHUS U MOBTOPEHUS
OmMMUOOK MHOTOKPATHO YBEJIUYU-

© MIaposa H.II., A6pamosa E.B., 2004

BaeTcA. HacieacTBeHHAA MOJIEKY-
JIa JJOJIKHA 3AJIEYUBATHCA OYEHDb
6BICTPO, U JAEIAIUECT IMOPUO-
HAJIbHBIE KJIETKU «3HAIOT», KAK 3TO
OCYIIECTBUTD. YCTPAHAIOTCA Pa3-
nele nospexaennsa JHK u B Teue-
HUE BCEH XU3HU Oopranusma. Hau-
HEM PACCKA3 C HU3BECTHBIX K Ha-
CTOALEMY BPEMEHMU THUIIOB IIO-
BPEXKAEHUN, YTOOBI 3aTEM pac-
CMOTPETb MEXAHU3Mbl IIOYUHKH,
IIOTOMY 4YTO OT XdPAaKT€pPa HEHUC-

Hamaava Ilempoena Illapoea, 00Kmop
6U0N02UMCCKUX HAYK, 6COYULULL HAYUHbLLL CO-
mpyonux Hucmumyma O6u0L02UL DA3EUMUSA
um.H.K.Konvyoea PAH.

Eaena Bopucoéna Ab6pamosa, xarouoam
6uonN02UUCCKUX HAYK, CMAPULULL HAYYUHbLL
COMPYOHUK MO20 KHCe UHCIMUINYMA.

Obnacms Hay4HbLX UHMEPecOs8 — peniuKd-
yua u penapavus JJHK, mexanusmor Gyniyuo-
nupoearnus JHK-noaumepas 6 owmozemnese,
poab npomeacomul 8 npoyeccax, obecneuusa-
rouux penapavuro JHK.

MPaBHOCTU 3aBUCHUT, KAKUM CIIO-
co60M OHa 6y/€eT IMKBUIUPOBAHA.

Yto moxer
ucnoptutbca B AHK

[TOJIOMKHM BO3MOXHBI B JIIO6OM
u3 obpasyromux JHK KOMIOHEH-
TOB — M B 230THCTBIX OCHOBAHU-
IX, U B €axapodocdPaTHOM OCTO-
BE, NMPUYEM KAK MPU KOMUPOBA-

NPUPOITA « Nell » 2004




MONEKYNSAPHAS BUOJIOrUsa

HopmanbHas monekyna [HK (bparmeHT) u cxembl o6pasosatus
Haubonee 4acTbIX NOBPEXAEHNA — AE3AMUHUPOBAHMSA, ANYPHUHU3IALMUM

M unknobyTaHoBbiX AUMepoB. [1pU fe3aMUHUPOBAHNM LUTO3MH 5 |
npespawaeTcs B ypauuna, d daeHMH — B FTMNOKCAHTHH. Ecnn <|3
paspbiBaeTcs CBA3b MEXAY OCTATKOM AE30KCMPUBO3bl U MYPUHOBBIM 0—P=0 0
OCHOBOHMEM (3A€Cb QfEHMH U FYAHMH), B 3TOM MeCTe OCTAETCS TONbKO ('3 H
caxapodocdaTHbIif OCTOB, T.6. BO3HMKAET ANYPUHOBbIA CAMT. [ /L
MNoa pencremem ynstpaduonera 8 JHK moxet obpasosatses 0 N-T0
UMKNOBYTAHOBBIM AUMEP M3 ABYX COCEAHMX NUPUMMAMHOB (TUMMHOB), ypauun
HOXOAAWMXCS B OAHOM LEMM.
P
O—F’:O 0
? N NH
74
HC M |
! _<N N//J\H
o]
TMNOKCaTH
?
(1]
@ 0—pP=0
8 | 0
: i
S 74
3 H,C H—<
e 2
Q )\NH
&
ryaHwH
3 OH
|
9
“0—P=0 NH,
Py
H,C " N/LO
0]
LMUTO3MH
?
0O—P=0 NH,
! N
, o - SN
3" on ! H | B
Hzc HN N/ H
]
k j afeHuH
9
0—r=0 0
5 N
+ 4 NH
| H
H o) H ‘< |
T [ " i,
‘ C—N l C——N o H
caxap—NZL Ne—o caxap—NZ "I' Nc—o ryaHuH
| \C_c/ | ) —
YO o) N 3 o
ocdar H ” | CH3 —_— docdar || I CH3
C——N | C——N
‘ ™~ e N
caxap caxap N =0
| N
3 H CH,
uMKnoByTaHOBOE KONbLO
4 INPUPOJA « Nell « 2004




MOJNEKYNSIPHAS BUOJIOTUSA

NOBPEXAEHHOE UMK
MOAMULMPOBaHHOE
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CNOHTaHHbIe U3MEHEHHA,
HOHM3MPYoWaa pagualyma

Y@-06nyqeHme
CMNOHTaHHbIE M3MEHEHWA,

WOHU3UPYIOLLAs paanaLna,
aKTMBHbIE hopMbl Kicnopoaa ouinbku pennukaymm,

pEKOM6MHa Uma Mexcay annenamia

/
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thparmeHT HopmansHon JHK
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HMOHKM3MPYLasa paguauua, XUMUYecKmne areHTbl

aKkTHBHbIE (hopMbI KMCIIOpOAa \
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3 %
pazpbie B OAHON Lenu

paspebiB B obenx uenax CLIMBKA Lenen

MospexaeHus, kotopbie moryT Bo3uukats B IHK cnoHTanHo unu nopg
[EeNCTBMEM PA3HBIX ArEHTOB.

O606wweHHas cxeMa BOCCTAHOBAEHUS HopManbHoW cTpykTypsl JHK.

HedekTHbIM MOXeT 6bITb OAUHOYHOE OCHOBAHME, M TOFAA BbIPE3AETCS TONLKO

HyKneotup, B cny4yae 6onee o6bemHoOro noBpexaeHusa U3 uenu yaansatoTcs
U cocegHne C HAM HyKneoT1asnl, a 06pC|SOBCIBLIJyIOC$| 6pe|.u5 3acTpausatoT

nonMMepdasbl — UK COMOCTOATENIbHO, UJIU B MPUCYTCTBUU 6eJ1KG-I'IOMOLIJ,HMKO

(PCNA).

HUN (pEelIUKALUU), TAK U IpU
CYAUTBIBAHUU  (TPAHCKPUIIIINN)
MHQMOPMALAH JIJIA OCIEAYIOMIETO
CUHTE34 KIETOYHBIX OEIKOB.
YacTo Cydaiorcs anypuHMU3a-
LU TOI'O WIM UHOI'O HYKIEOTHJA
U JE€3AMUHUPOBAHUC OCHOBAHMIL.
B mepBoMm ciydae pBYTCA ITHUKO-
3UJHBIE CBA3HU MEXKJY IYPUHOM
(aJECHUHOM MJIM T'YaHUHOM) U JI€3-
OKCUPUOO30U, B PE3YIBTATE YEIO
3TU OCHOBAHUSA BBIIECIUIAIOTCA U3
uenu JHK (mecTo, B KOTOPOM
MIPOU3ONIIO TAKOE COOBITHE, Ha-

3pIBaoT All-caitrom). Bropoii ciy-
4all — NE€3AMUHUPOBAHUE — IIPU-
BOJUT K O6PA30BAHUIO HECBOWCT-
BEHHBIX g CTPYyKTyphl JHK co-
€IMHEHUN: BMECTO LUTO3UHA,
AQEHNUHA WIU I'YAHUHA IIOABJIAIOT-
Cs ypauusa, TUIOKCAHTUH WIN
KCAHTHH, COOTBETCTBEHHO. 064
IIpoIeCCad CIIOHTAHHBIE. 32 CYT-
KU B KJIETKE YEJIOBEKA AIlYyPUHU3A-
nus nosropsercsa 5—10 TrIC. pas,
4 44CTOTa JE3aMUHUPOBAHUA CO-
crasngeT npumMmepHo 100 cobbITut
HA IOJIHBIM ['€HOM.
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JericTeue yabpTpacdHoIeTo-
BOT'0 O0JIYY€HHS [IPUBOJIUT K Ha-
CBIIIEHUIO IBOMHBIX CBA3EU MUPU-
MUJMHOBBIX OCHOBAaHHUII U 00pa-
30BAHUIO JUMEPOB U3 JBYX COCEJ-
HUX IUPUMHUJMUHOB B OJIHOU 1€
JHK. HoHusupyomasa pagua-
IIHA MOJET BBI3BATD HECKOJIbKO
MOBPEXKACHUI: PA3PBIB IYPUHOBO-
I'o KOJIbLd, PParMEHTALHNIO OCHO-
BAHUSA, OKHUCJIEHUE ANyPUHOBOTO
CanTa, 4 TAKXKE OJAHO- U JBYXLEIIO-
YEUHBIE PA3PBIBBI (3TO PAKTUYEC-
KM P43JI0M XPOMOCOM — IJIaBHAd

IDIPUPOITJA » Nel1l « 2004




MONEKYNSAPHAS BUOJIOrUsa

NIPUYMHA JIETATBHOIO AEUCTBUA
HOHU3UpPYIOmEeNn paauanumn). He-
KOTOpbHIE XHMHYECKHE ATEHTHI
croco6Hbl cmuBath 1enu JHK.
AxTuUBHBIE (OPMBI KHCIOPOAA
(OH, O;7, H,0O,, nepexkucu nunu-
JOB U Jip.), NOCTOAHHO T'€HEPU-
pyeMble B MpPOIECCaX META60IU3-
Ma, HNOBPEXJAIOT U OCHOBAHUA,
1 JE€30KCUpubOo3y, 4TO CIOCOH6CT-
ByeT OOpPA30BAHHUIO HOBBIX KOBd-
JICHTHBIX CBsI3er. OCOOEHHO TOJ-
BEPKEHBI OKMCIUTENbHOMY JIEHCT-
BUIO COCEJCTBYIOI[ME T'YaHUHBI
(GG). DTO OYKBAJIBHO <«TrOpsAuue
TOYKH» TAKOTO MPOLECCd, A €TI0
KOHEYHBII PE3YILTAT — MOJU(DHU-
LUPOBAHHOE IIPOU3BOJHOE T'YAHO-
3uHA. CaxapodocdarHbe CBA3U
pa3pymaiTca B TEX CIy4asx, KOr-
jga o6e nutu JHK numuincey my-
PUHOB B NPOTUBONEKAMUX JPYT
APYry MECTaX WJIU BOJIU3U INPO-
n3onuia (pparMeHTanus Le30KCH-
pu603bl. Torga psyrcs cpaszy ob6e
nenu JHK. McTOYHUKOM CTPYK-
TYPHBIX J€(EKTOB MOXET OBITH
U €CTECTBEHHBIN NPOLIECC — Pel-
JHKALHA, €CJTU B KOMIUIEMEHTAP-
HBIX IENAX MOABIAIOTCA HECHA-
PEHHBIE HYKJIEOTHU/IBL.

KieTka cnoco6Ha yCTPpaHUTH
NEPEYNCICHHBIE TOBPEKICHUS,
HECMOTPS HA UX PA3INYUA, U BOC-
CTAaHOBUTDL CTPYKTYpy JHK. Brioi-
HE MOHATHO, YTO JIJI 3TOTrO TPeOHY-
I0OTCA CIENUAIbHBIE MEXAHU3MBL
M XOTs B YaCTHOCTAX OHU OTJINYA-
I0TCSL OIUH OT APYI'OTO U GBIBAIOT
BECbMA CJIOKHBIMH, BCE XKE MOIUU-
HAIOTCA OOMUM npuHnunam. CHa-
4Yaj1a ONO3HAETCA BUJl BO3HHUKIIEN
HEUCIPABHOCTU. OTHUM 3aHUMA-
I0TCSL OJJUH 6EJIOK MIN HECKOJIBKO
(Torga oHU OOBEAUHAIOTCA B MEC-
TE€ U3bSAHA B KOMIUIEKC). 3ATEM I1O-
BPEXACHHBIN y4aCTOK BBIPE3AETCA
B XOoA€e (PEpMEHTATHUBHBIX PEaK-
nun, nocne vyero JHK-nonumepa-
334 CHHTE3UPYET MPABUIBHBIN Ky-
cok IOHK. 3asepmaercsa penapa-
nusg  CHIMBAHHUEM  OTAEIBHBIX
¢pparmenrtos uenu JHK-nurazon.
TaxkoBa o6mas cxema, HO KaXKIbIH
THUII PEMOHTA OCYIECTBIAIOT CO6-
CTBEHHBIE O€NKM U (DEPMEHTHI,
ONpeAensomue €ro HUHAUBULY-
anrpHOCTE. He nmpasga nu, sra cxe-
Ma HAIIOMHUHAET OOBIYHOE J1aTa-
HUE JBIP HA OfleXAe?

MonekynsapHbie
HOXHMUbI U 3ANNATKM

Bonbpmas 4acTe CTPYKTYPHBIX
Hapywenuu B JHK ycrpanserca
BBIPE3AHUEM (3TOT THUI pEmapa-
LUH CIIENUAIUCTBI HA3BIBAIOT 3KC-
MU3UOHHOM; MO-aHIJ. €Xxcision
repair), KOTOpoe OCYLIECTBIAIOT
(bepMeHTH HYKJIEa3Bl. DpakoBaH-
HOE OCHOBAHUE YAAIAETCA B OU-
HOUKY MJIM BMECTE C OKDPYKEHHU-
€M — yuyacTkamu nenu B 2—10
HYKJCOTHAOB. Tak BBIPE3aIOTCA
MOJU(ULIUPOBAHHLIE U MOBPEXK-
JIEHHBIE OCHOBAHMUS, AIIYPUHOBBIE
CalTBl U MECTA C OJHOLEIOYeY-
HBIMU paspbiBaMu. ([lannag pas-
HOBUJHOCTb HA3BAHA 3KCIIU3UOH-
HON penapanuerd OCHOBAHUA,
base excision repair, BER.) B ciy-
yae 60see KPYIHBIX HEUCIIPABHO-
CT€N — BO3HUKHOBEHUS MHUPUMU-
JUHOBBIX JUMEPOB WIM JPYIUX
00beMHBIX 06pazoBanui B JHK,
HAPVIIAIOMUX CTPYKTYPY CHOHUpPa-
JId, — KJIETOYHBIE HOXHUIIBI OTCT-
pUTaloT UCIIOPUYEHHYIO YACTD B CO-
CTaBe KyCKa JIMHOU B 30 HyKIEO-
TUMOB. (DTO yXKe 3KCIIU3NOHHAA
penapanusa HyKI€OTHAA, nucleo-
tide excision repair, NER.)

KakoB 6yjeT pa3Mep BbIpe3ac-
MOTO KyCKa, 4 3HAUMUT, U 3aIIATHI,
33aBUCHUT OT CAMOTO MOBPEXIEHUA
U COOTHONIEHUA HMEIONUXCSA B
kierke JHK-nonumepas. dtu pep-
MEHTBI 3ACTPAUBAIOT Opeu, oo6pa-
30BABIIMECA IIOCJAE BBIPE3AHUA
AHOMAJBHOTO Y44CTKA4, UCIONb3Ys
B KAYECTBE MATPHUIBI (PPATMEHT
npoTusononoxuon nenu JHK.
JHK-nnonmmumepassl (y 3yKapuoT Ux
U3BECTHO Oosee 15) pasninuaorcs
IO ps/ly IPU3HAKOB, B TOM UYMCIIE
IO KOJHUYECTBY HYKIEOTUOB, KO-
TOPBIE OHU YCIEBAIOT BCTPOUTH
B PACTYIIYIO LIE€Tb 34 OAUH AKT CBA-
3piBaHuA ¢ aymnexcom JHK. IToan-
MEpPA3bl B U A IPUCOEAUHAIOT BCE-
IO OfWH HYKJIEOTH/J, T.€. HAKIa/[bl-
BAIOT MAJIEHbKYIO 3amIaTKy (short
patch nyts BER, kak roopsr cre-
nuanuctel). [Ise apyrue JJHK-mo-
JINMEPA3bl — & U € — CIIOCOOHBI CO-
3144Tb OOJIBIIYIO BCTABKY, HO JJIf
3TOTO UM HYXKEH CIEIUAIbHBII TO-
MomHuK — 6enok PCNA (prolifer-
ating cell nuclear antigen). Oco-
OEHHO 3aBUCHUM OT HEIO IEPBBIN

(gepmeHT — 06€3 NOMOUIHUKA OH
«oTBasmBaercsa» ot [JHK, Bcrpous
JIUIIb OJUH HYKICOTH], a4 €CIHu
PCNA yjepxuBaer Ha HeH MoJMMe-
pasy §, TO CUHTE3 UJET /10 TEX MOP,
MOKa (PparMeHT HE JOCTUTHET
HY)KHOU JUIMHBL ECu B KII€TKE HeE
XxBaTaeT Tor unu unou IHK-nonun-
MEpA3bl, penapanus MOXET Hepe-
KJIIOYUTLCA C OJJHOTO IIyTU HA JIPY-
I'OH, T.€. C MAJIOM 3aILIATHI Ha 6OJIb-
myto (long patch nyrs BER). Kne-
TO4YHBlE JUHUN (HubpPob6IACTOB
MBIITUHBIX 9MOPHUOHOB BOCCTAHAB-
JINBAIOT HOPMAJIBHYIO CTPYKTYDPY
Ha MECTE alYPUHU3ALUU IPEUMY-
MIECTBEHHO IOCPEJCTBOM MAIOU
3amnatku (B 80% cobbITUI), A €CIU
B KI€TKax nospexzaen ren [JHK-
noauMepassl P, MOYMHKA MPOXO-
JUT UCKIIOUUTENBHO HATOKEHUEM
OoubIon 3a11aThl. KeTatu, criocobd
JIATAHUA JBIP KJIETKOU 3aBUCHUT
U OT TOrO, CKOJBKO B HEWN COAEP-
sKUATCS 6enka PCNA.

Meakue HeEmoOJaaKu. Eciu
B JHK u3MeHEHO OJHO OCHOBa-
HHE, €r0 pPaCIO3HAIOT, 2 MOTOM
BBIPE3aI0T N-IJIMKO3UIA3bl, U B
pE3yIbTaTE B LENMU OCTAETCH JE3-
okcupuboszodocpar (Kak 1pu
anypuHusanuu). Janee caxapo-
gocdarnblil OCTOB HAAPE3ACTCA
All-angonykineason (xuaacca II)
C 5’-CTOPOHBI OT 3TOTO IMPOMEXKY-
TOYHOI'O MPOJAYKTA, MOXOKETO HA
All-caiit. CoBCEM VyAAIUTH €I0
KJIETKA MOJKET JIByMs CIIOCO6GaMmu
(short patch naum long patch BER):
BBIPE34B TOJBKO CAM OCTATOK /I€3-
oKcupu6030docdara Ui BMECTE
C OKPYKAIOIUMU ABYMA—/IECATHIO
HyKJIeoTHaMu. I[To pazmepy o6pa-
30BABIICHCA JBIPKU CUHTE3UPYET-
Csa U 3amaard. bpems B OZUH HYK-
geotu] 3acrpausaerca JHK-mo-
aumepason B. MHoe jaeno, ecinu
nosgssuBmuricas B JHK All-caut
€IIE U MOJBEPICA OKUCIEHUIO WX
BOCCTAaHOBJEHUIO. TAaKyl0 CTPYVK-
TYPHYIO aHOMAJIUIO BMECTE C OK-
PYKAIOMUMU HYKJIEOTHUJAMU BBI-
pesaer Jpyrou GepMeHT — HYKJIE-
a3a FEN1, — a o6pas3oBaBmyrocs
6pemp 3acrpausaror JHK-nonu-
MEPa3bl & UK €, KOTOPBIE paboTa-
I0T TOJIBKO C TIOMOIIHUKOM — 6€JI-
koM PCNA. HHoraga KOpOTKHE
npob6ensl (IMHON 10 5—6 HYK-
1eoTu0B) 3anoandaiT JHK-mo-
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anmepassl B uan A. [TOMOIHUK UM
HE HYXEH, TAK KaK OHU CaAMU MO-
I'YT BPEMEHHO <«3asKOPUTHCSI» Ha
CBOOOJHOM 5’-KOHIIE II€IH, NPU-
JeXaleM K Opemu, U 3a€PKaThb-
g Ha Kakoe-tTo Bpems Ha [JHK,
YTOOBl OCYIECTBUThL PECUHTES
BBIPE3AHHOTO YYaCTKA.

MBI HECKOJIBKO JIET 3aHUMAEM-
€A HUCCIEOBAHUEM pENApALUU Y
KOCTUCTBIX PBIO B IEPUOJ UX IMO-
PUOHANBHOIO Pa3BUTHUA. B 3TOT
NEPUOJ; OHTOT€HE3d AKTUBHO CUH-
Tesupyiorca nosble nenu JHK,
1 IIOTOMY PUCK MOSABJIECHUS U TO-
BTOPEHUS OMMUOOK MHOT'OKPATHO
YBEIUYUBAETCA. YTOOB HE NPO-
HU30IIJIO MOJAOOHOIO, HACIEACT-
BEHHAA MOJIEKY/Id JOJIKHA OYEHD
OBICTPO 3a1euynBaThCA. CHayana
MBI IPEANOJIOKUIN, UTO JleIAlne-
€ 3MOPUOHAJILHBIE KIETKH J0JIK-
HBl UMETb HECKOJBKO PAaBHOIIEH-
HBIX CIIOCOOOB YCTPAHEHUSA OJJHO-
o U TOro Xe mnospexienud. Ta-
KHM CIIOCOGOM OJHOBPEMEHHO
BOCCTAHABIMBAJIACH OB CTPYKTYPa
JHK Ha BCEX IOBPEXKAEHHBIX y4d-
CTKAX, U MIPOILECC YCIENMHO 3aBEP-
maacs Obl JaKe B TOM CJIydae, €c-
AU JIpYTHE NIYTH peNapanuu Io-
JIABJICHBI 11O KAKOH-TN60 NpUYU-
He. Ho BMeCTO TOro, 4YToObI 3KCIIE-
PUMEHTANBHO MOJTBEPAUTL CBOE
NPEANONOKEHNE, MBI OOHAPYKU-
JI1 HEU3BECTHBIN pAHEE BUJ| PEMa-
pauuu JJHK. Pa6oras ¢ am6puoHa-
MU U AUIEKIETKAMHU BbIOHA (KOC-
TUCTOU PBIOBL), MBI HEOXUIAAHHO
CTOJIKHYJIUCh C CAMOCTOATENBHOU
34CTPOUKON [JOBOJIBHO KPYIIHBIX
6pemeit (4o 10—13 HYKIEOTH/IOB)
JHK-nonumepaso & — r1em ca-
MBIM (DEPMEHTOM, KOTOPBIH, KaK
TOJIBKO UTO YIOMHUHAJIOCh, HE MO-
JKET 0O6XOAUThCS 6€3 IMOMOIIHUKA
PCNA. Ho B 3M6pPHUOHAIBHOM II€E-
pHUOJi€ BbIOHA IIOJUMEPA32 § B IO-
MOIHUKE HE HyXAaaacb. OKasa-
JI0Ch, YTO 3TOT (PEPMEHT CIOCO-
O€H CBA3BIBATBCA OJHOBPEMEHHO
¢ 060UMHU KOHI[AMH PAa30PBAHHOU
JHK [1] 1 n1po4YHO yAEPKUBATHCH
TaM, IOKa HE «3aJTATAET IBIPKY»>
IIOJIHOCTBIO. DTOT MEXAHU3M pe-
napauuu JHK B aMO6pHUOHATBHBIX
AKTHUBHO JIE/ANUXCH KIETKAX pa-
Hee He ObUT U3BECTEH. MeXay TeM
OH OYE€Hb BAXKEH, OCOOEHHO €CIN
y4€CTh, 4TO OOJBIION 3AIIATOU

YCTPAHAETCA OCHOBHOE YHUCJIO
BozHukmux B JJHK nedexros. Ot-
KPBITBIIT HAMU CIOCOO penapanuu
VHUKAJIEH TEM, YTO JEUCTBYET
B 3KCTPEMAJIBHBIX YCIOBUIX: COB-
ceM 0e3 OelKa-MOMOIMHUKA HIN
IIPpU €0 HE3HAYUTEIbHOM KOJIU-
YECTBE, 4 TAKXKE B TOM CJIy4dae, KOr-
Jla B KJIETKE HE XBATA€T APYIUX
JHK-nnonumepas, KOTopble 06X0-
nsatcst 6e3 PCNA.

He apipka, a 3aTAXKKa. YIbT-
paguoONETOBLIE JIYYU BBI3BIBAIOT

dhparment [HK, nospexpaeHHon Y®-ny4ami

KOBAJIEHTHOE CIIUBAHHUE COCE[-
HUX NHPUMHUJUHOB (Hampumep,
TUMUHOB) B MoJsekyne JHK.
B pacnosHaBaHUU U BBIPE3AHUU
00pa30BABMIUXCSA LUKIOOYTAHO-
BBIX JUMEPOB Y4aCTBYIOT CEMb
OGEJIKOB — IIPOJYKTOB I'€HOB C€-
menctsa XP (XPA—XPG). Y ueino-
BEKA MYyTaIl[UU XOTA 6Bl B OJHOM
U3 HUX MOTYT NPHUBECTH K BO3-
HUKHOBEHUIO HACJIEACTBEHHOTO
3200J1€BAHUA — NUT'MEHTHON KCe-
pozaepMbl (xeroderma pigmento-

uMknobyTaHoBLIM guMmep

FULTRL UL WU UL LT

pacro3HaBaHmWe 1 Bblpe3aHue yqacTka
€ AUMepom

obpasosaHmne komnekca u3 benkos — nomowyHuka (PCNA),
pennukatsHoro ¢aktopa (RFC) — n IHK-nonmepasei

PCNA

RFC

OHK-nonumepasa &

HanpasneHwWe CUHTe3a

3acTpamsaHue bpewn

WL LT LWL L LA WP LI FLL

cinBaHme

PR LA LLWTLITLL

Crapuu socctanosnenus OHK, 8 kotopoi obpasosancs umknobyTaHoBbIH
anmep. Y4acTok ¢ 3TOW CTPYKTYpPOK, mewaiowen konuposanuio AHK,
pPACMO3HAIOT M BbIPE3AIOT dHAOHYKNeasb cemeictea XP (kcepopepmel),

a sactpaueaet obpasosaswytocs 6pews B 29 HykneoTMAOB NonuMMepasa o
(unu €) npu Hanuumn daktopa pennukaumum (RFC) n Genka-nomowHuka

(PCNA).
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sum, XP), KOTOpas NPOABIAETCA
B TIE€pPBBIE T'O/BI XKU3HU PEOCHKA.
Ha He 3amUIIEHHBIX OT COJHEY-
HBIX JIY4€H y4aCTKAX KOXU MOSB-
JNAIOTCA NUIMEHTHBIE NATHA U
B KOHIIE€ KOHIIOB MOXKET PAa3BUTh-
€A paK KOXKHU.

3a4eM HYXKXHO TaK MHOTO 6ei-
KOB, U KdK OHH J€UCTBYIOT? Kax-
JBI U3 HUX UTPAET CTPOTO OIpe-
JeseHnyio poisb. benok XPA y3Ha-
€T IMPUMHUJIUHOBLEIN gumep B JJHK
1 CBA3BIBAETCA C JIPYTUMU YJI€HA-
mu cemenctsa. XPB u XPD Bxoasar
B COCTaB CJOXKHOTO OEJIKOBOTO
KOMILIEKCA — (paKTOpa TPAHC-
kpunuuu ITH (TFIIH), koTOpBIX
pacnneraer JJHK B y4yacrke, nmoj-
Jie)KameM Boipe3anuio. Eme ogun
6enok — XPC — yepKUBaeT 3TOT
KOMIIJIEKC HA ITOBPEXK/JEHHOM y4a-
crke OHK, a gBa nocinepHux (ux
HAa3bIBAIOT HYKJIE€A3AMU BBIPE3a-
Husa) — XPF u XPG — pa6oraior
KaK HOXHHUIBL. IlepBasg Hykieasa
paspesaer 24-10 pocdoauapup-
HYIO CBA3b C 5'-CTOPOHBI OT JUMe-
pa, a BTOpast — 5-10 CBA3b C 3'-CTO-
pOHBL. B pesynbrare Ux COBMECT-
HOTO JEUCTBUA OOpasyerca pas-
PBIB JUIMHOM NPUMEPHO B 30 HYK-
JIEOTU/IOB [2].

3a/1e/IBIBAIOT TAKYIO OOJBIIYIO
6pemb JJHK-nmonmumepassl § UM e,
HO UM HYXeH NoMOIHUK PCNA.
Bonee toro, and paboTsl IEPBOTO
epMeHTa HEOOXOAUM €IE€ OJUH
6€10K — PENIUKATUBHBIN QAKTOP
C (RFC). B npucyrcrsuun AT® on
CBS3BIBAETCS C KOHIIOM 1enu JJHK,
KOTOPBIH MOAXOAUT K 6pemu ¢ 5'-
CTOPOHBI, 34T€EM IPUCOEAUHAETCA
PCNA u o6pasyercs HeCTaOWIIb-
HBIM TPOMHOM KoMIuiekc. Ilocie
rugponnsa ATP koHpopmanusa
PEIIMKATUBHOIO (PAKTOpPA MEHS-
€TCA TaK, 4YTOOBl YJEPXKUBATH
PCNA 06yATO pACKPBITBIMHU IaJb-
mamMu. CaM JKe 3TOT MOMOIIHUK 34
CYET BPEMEHHOI'O Pa3MbIKaHUS
CBOEH KOJIbIEBOM (QPOPMBI Ha-
caxkupaerca Ha jaymiaexc JHK.
K obpaszoBaBmeMycss CTaOMIBHO-
My KOMIIJIEKCY INPUCOEJUHAETCA
JHK-nnonumepasa §, KoTopas u 3a-
CTpaupaeT  6OJBIYI0O  OpENb.
CxonHBIM  06pazoM paboraer
KoMIuieke ¢ ydyacrtuem JHK-monn-
Mepassl €. Kak BUJHO, B yCTpaHe-
HUM OOBEMHBIX MOBPEXJEHUN

YY4aCTHUKOB MHOTO, 1d U CaM IIPO-
1[ECC IOBOJIBHO CJIOXKEH.

Ecnu B KJIETKaX T€HBl AKTUBHO
TPAHCKPUOUPYIOTCA (T.€. CUHTE-
supyerca marpuynas PHK), Boc-
CTAHOBJIEHHE IO TUITY BBIPE3AHUA
HYKJIEOTH/d NPOTEKAET HAMHOTO
O6bpICcTpEe 6s1arofapsi BKIIOYEHUIO
B IPOLECC €Ie JABYX OCIKOB —
CSA u CSB. V 4enoBeKa MyTalMU
B I'€HAX 3TUX OEJIKOB BBI3BIBAIOT
HACJIEJCTBEHHOE 324001€BAHUE —
cuaapom Kokaiitna (Cockayne’s
syndrom, CS), npu KOTOPOM 3a-
MEJIIETCS POCT, MOBBIIAETCH (PO-
TOYYBCTBUTEIBLHOCTb, BO3HUKAIOT
KATapaKTa, Kapuec 3y060B U Jep-
MaTO3bl. Eciim BO BpeMsA TpaHC-
KPUIILIMKU OCYIIECTBIAIOm AL €€
PHK-nosnmepasa Il narajikusaer-
ca Ha nospexjgenue B JHK,
TO CBA3BIBAETCA € Oenxkamu CSA
u CSB. Torpa 6pICTpas JAOCTABKA
(bepMEHTOB penapanun K MECTy
ITOJIOMKH I'ADAHTUPOBAHA, OHHU 34-
JIATAIOT TPOpPEXy, IOCJIE YEro
TPAHCKPUIIIUA MOXKET 3aBEp-
MIUTHCA.

Tkankue OomMHOKH. OUNOKU
pEIIMKAUM W PEKOMOMHALIUA
(06MEH y4aCTKAMH) MEXKAY alie-
JIIMHM MOTYT NPHUBECTU K IMOSBJIE-
HUIO HECIAPEHHBIX HYKIECOTHU/IOB
B nenu JHK. g ycrpaHeHus Ta-
KAX HETOJAJOK CYIIECTBYET OCO-
OBII TUI pENAPALUN — UCIPABIIE-
HUE OMMUOOK CHApUBAHUA (Mis-
match repair, MMR). Cambliit nipo-
CTOUW NyTh UX KOPPEKUIUU — He-
MEJUIEHHO YAAJIUTh HEMPABUIBHO
BCTPOEHHBIN HYKJIEOTHUJ C IIOMO-
mpio Bce Tex xe JHK-nmonume-
pa3 & wiu € (IpaBaa, ¢ JONOJHU-
TEJNbHOU — 3K3OHYKICA3ZHOM —
AKTUBHOCTBIO). bosee ClIOXHBIN
BAPUAHT OCYI[ECTBIIAIOT, COBMECT-
HO JIENCTBYA, (PEPMEHTBI, KOTOPBIE
CIIOCOOHBI BBIPE3ATh MOBPEXKIEH-
HBIA y4aCTOK ((PEPMEHTHI IKCLU-
3MOHHOM pemnapanuu), U rpymnmna
JOIONHUTENBbHBIX 6€1K0B. OHH
Y3HAIOT OJAWHOYHBIN HECIAPEH-
HBIIl HYKJICOTHJ WIN NETIHU JJIU-
HON JO YETBIPEX HYKJIEOTHUJOB.
(MyTauuu TreHOB 3TUX OENKOB
y 4ENI0BEKa BBI3BIBAIOT IpEApac-
[IOJIOKEHHOCTb K PAKOBBIM 3200-
neBaHuAM.) Kak TOJNBKO jedexT
OOHAPYXKEH, HYKIEA3Bl YAANAIOT
ero smecre ¢ 50—500 HyKI€eOTH-

JAMHU C KOX/J0U cTOpoHH [3]. Or-
POMHYIO Op€Ib 3aCTPAUBAIOT TE
JKE€ IOJIMMEPA3Bl, 3dBUCUMBIE OT
PCNA u notoMy cnOCOOHBIE CHH-
TE3UPOBATD JIMHHBIE (PPATMEHTBHI
JHK.

Peryaanua. PCNA (o HeM yxe
M2 peyb KaK O MOMOIIHHUKE B pe-
napanuu) u 6enoxk 53 (p53) —
[JIABHBIE PETYIATOPHl B KJIETKE,
OTBETCTBEHHBIE 34 €€ CyAb0y. [Tep-
BoI Oenok, PCNA, yuyacTByer
B PEILIMKAI[UH, BTOPON — P53 —
B TPAHCKPUIILIMU. A 4YTO JENAI0T
3TU OGEJIKU, €CIU BO BpeMs KOIHU-
poBanus JHK BO3HUKIO NMOBPEX-
JIEHUE, YCTPAHUTL KOTOPOE JJOIK-
Ha THK-nonumepasa §? benok 53
CTUMYJIHUPYET CHUHTE3 Oenka 21,
4 TOT TOPMO3UT KONHPOBAHHUE
JHK 1 IpoxoxaeHue KIeTOYHOTO
UKIA. 32 BpEMSI OCTAHOBKU DEII-
JIUKAIUU KJIETKA ycleBaeT uzba-
BUTBCA OT fiepekTa. Kak Takoe Mo-
JKET OBITD, BE/Ib PEIJIUKALUA U Pe-
mapanus — 3TO BCEIr/la CUHTE3
JHK, B KOTOpOM 3aJ€UCTBOBAH
OJIMWH U TOT Xe 6emok PCNA? Pemn-
JINKAUAg OCTAHABIMUBAETCA U3-32
TOTO, 4YTO Pp21 CBA3BIBAETCA
¢ PCNA, 3Hauur, Ha penapanuio
ero He OyzaeT xBataTh. Ho HeT:
B 00JIACTU MOBPEXKIEHUSA CO3/JACT-
¢ n30bITOK PCNA, 11 OHO yCIIEIHO
JINKBUJIUPYETCH.

HekoTophIe€ YYEHBIE TTONATAIOT,
YTO IIPU MOBBIMNIEHHOM COJAEpXKa-
HUU P21 pecuHTE3 BEJIET HE MOJIHU-
Mepasza §, a moauMepasa B, Koro-
pasg He 4YyBCTBUTEIbHA K JICHCT-
BUIO p21. MBI K€, NCXO/A U3 HA-
MIUX PE3YIBTATOB, MIPEANIONATAEM,
YTO CMEHBI (DEPMEHTOB HE IIPOUC-
xoauT, a npocro JHK-nonmumepa-
32 0 MEPEKIIOYAETCSA C 3aBUCUMO-
ro or PCNA zanonnenus 6peuiei
Ha HE3aBUCHUMBIN OT 3TOTrO O€IKa
cunres JHK [1].

Korpga crpykrypa JHK Boccra-
HOBJICHA, PAJ] OEIKOB-PETyIATO-
poB 1 (PEpPMEHTOB, y4aCTBOBAB-
MIUX B PENapanuu, NOJBEPraoTcs
TUJPOJIN3Y, KOTOPBIA OCYIECTB-
nset 26S mporeacoma [4]. K Takum
O6€JIKaM OTHOCHUTCS, HAIPUMED,
6enok XPC. Kpome Ttoro, cama
NpOTEACOMa WIM BXOJSAMIUIL B €€
COCTAB PETYJIATOPHBIA KOMIUIEKC
19S moryr urparb pojab MOJIEKY-
JIAPHBIX NIAIIEPOHOB, CIOCOOCTBYSA
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KOHLIOB

CLUMBaHUWE KaX[0M Uenu

J CLUMBAHWE (PParMeHToB

MocnepoeatensHoctb pekoHcTpykumn OHK, B koTopoit pasopeanbl 06e uenu, cnoco6omM roMonorMyHoM
pekoMbuHaumK (cnesa) u coegnMHeHMEM HErOMONOrMYHbIX KOHLOB. [epebii cnocob Bocctanosnenns JHK xapakrepen
ans ppoxxei (Saccharomyces cerevisiae), BTopoit — Ans MneKkonuTawWMX, B TOM yucne ans yenoseka. O6bsicHeHUs

B TeKCTe.

NPUOOPETEHUIO PENAPATUBHBIMU
6€IKaMU HYXKHOU KOH(OPMALUU.
B 3TOM ciydae mpoTeacoMa CTH-
mynupyeT koppexknuio JHK.

CkBO3HblE pa3pbiBbI

CKBO3HBIE PA3PHIBBI B MOJIEKY-
sne IHK — 31O pe3ynbraT MOHU3U-
pyoomero o0Jay4eHUus, OKUCIECHUSA
UIA MEXAHUYECKOTO MOBPEXKIE-
Hus. TaKue Ke IMOJTOMKH BO3MOX-
HBL B T€X CJIy4adx, KOT4d BO BpeMA
permmukanun Ha nytu JHK-nmonn-
MeEpa3 BCTPEYAETCA PA3PHIB B OJI-

HOI nenu. Ho JAByXII€NOYEUHBIE
PAa3pBIBBI MOTI'YT OBITH U IPOMEXKY-
TOYHBIMH NPOJYKTAMHU HOPMAJb-
HBIX OUOJIOTUYECKUX IPOLECCOB
(Hanpumep, pPEKOMOMHAIIUU B
Pa3BUBAIONIUXCA  JTUM(MOUTHBIX
KieTKkax). Ecim Kierka He MOXeT
3aITONATh CKBO3HBIE PA3PBIBHI,
3TO NPUBEAET K JECTAOUIN3AIUN
Tr€HOMA, MYTAIlUAM 1 BO3HUKHOBE-
HUIO PAKOBBIX OINYXOJEM, 2 UHO-
IJla K 3aIyCKy amomnTo3a (3ampo-
I'PAMMUPOBAHHON TUOENN KJIET-
KH). V 9yKAPUOT CYHIECTBYET J/IBA
OCHOBHBIX CIIOCO0OA YCTPAHUTD
JBYXIIEIIOYEUHBIE PA3PBIBBL: TOMO-

JoruyHasg pexkombuHanusa (pe-

KOMOMHALIMOHHAA  pemnapanus)
U COEJUHEHUE HETOMOJOTUYHBIX
KOHIIOB.

Ecim mmeerca roMOIOTrunYHbIN
aymieke JHK, mocneposarenb-
HOCTb KOTOPOI'O KOMIIJIEMEHTAP-
Ha XOTA 6Bl OTHOMY PAa30PBAHHO-
MY KOHIIY, BO3MOXKHA PEKOMONHA-
MOHHAA penapanud. Y ApOoXKen
Saccharomyces cerevisiae 3TO 0C-
HOBHOHM BAPHUAHT, U 3ABHUCHUT OH
ot 6enka RADS52, a B cayuae myra-
UuiA reHa Rad52 COCIUHAIOTCA
HETOMOJIOTUYHBIE KOHIBI, T.€.
BKJIIOYAETCA BTOPON BAPUAHT pe-
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napanuu. Y MA€KONUTAOMNX, Ha-
NPOTUB, BTOPO CIOCOO INIABHBIM
obpaszom u paboraer, a y Jp0O30-
(pusbl 062 IyTH PABHO3HAYHH [5].
HesaBucuMO OT BapWaHTA pema-
pauuu (pparMeHThl Ppa3HON M-
HBl IIPOCTO BBIPE3AIOTCA, MOCIE-
Ayloliee MX BOCCTAHOBJIEHHE HE
npeagycmorpeno. EcrecTBeHHO,
IpU 3TOM HAPYMIAETCA MEPBUU-
Haa crpykrypa JHK u rtepsaerca
3aKOJIMPOBAHHAA B YAAJE€HHBIX
y4yacTkax uHpopmanuda. Ho no-
CKOJIbKY IBYXIIEIIOUEUHBIE PA3PHI-
BBl CPABHUTEJIBHO PEJIKHU, KIETKE,
IO BCEH BUJUMOCTH, BBIIOJHEE
MOUTU HA TAKUE KEPTBBI, UEM OC-
TasuTh JHK pasopsannon.
ToMOJOrHYHBIH OOMeH. be-
10K RAD52, OT KOTOPOTO 3aBUCUT
PEKOMOMHALMOHHAS penapanus
Yy JADPOXKEH, CBA3BIBAETCHA, KaK
TOJIBKO YTO YIOMHUHAJIOCh, C BBI-
CTYNAIOMUMHA KOHIIAMH Pa30-
pBannbix nenen JHK, uem 3amu-
MaeT UX OT JEHCTBUS SK30HYKIIE-
a3. 3arem RADS2 crumynupyer
npucoeaunenue 6enka RADS1
K TEM MECTAM, I'7I€¢ HAXOIHUICA CaAM.
[Tocne 3TOro OJUH KOHEN nian 06a
BHEJAPAIOTCA B TOMOJIOTMYHBIN
aymiekce JHK u npoucxoaur pe-
KoMbuHanug. BeicTynmasmue U3
«popexu» yactu JHK Beipesaror-
¢, 1 06pa3oBaBmaigcsa O6pempb 34a-
CTPAUBAETCA CPA3y C IPOTUBOIIO-
JIOXKHBIX CTOPOH, T.€. CHHTE3
(parMeHTOB UJIET HABCTPEYY JPYT
Apyry. B knerkax gpoxxei S.cere-
visiage €ro OCYIECTBIAIOT IOJU-
MEpPA3HL 8 U €, KOTOPBIE HYKAAIOT-
cs1 B PCNA 1 penIMKaTUBHOM (paK-
Tope (RFC), 4T0OBbI y1€pKaThCS HA
o6opsannoM konue JHK u Bectu
cuHTes. IIpaBaa, B 3aCTpauBaHUU
6pemu yvacTeyeT eme u JHK-
MIOJTMMEPA3a O, EAUHCTBEHHAA M3
MHOTOYHMCJIEHHBIX  ITOIUMEPA3,
Cnoco6Has MHUIUUPOBATL CHUH-
Te3 JHK B peninkaTuBHON BUII-
K€ — TaMm, IJle HAauYMHAIOT pac-
MJIETATbCSA HUTU. YUUTBIBAS yddC-
THE 3TOTO (PEPMEHTA B pemapa-
MM CKBO3HBIX pa3preiBoB JIHK,
A Xonmc n . Xa16ep npe1oKu-
JI1 MOJIE/Ib, TI0 KOTOPOM BHEAPE-
HHE OJHOTO U3 pPa30PBAHHBIX
KOHIIOB B TOMOJIOTUYHBIN JYIITIEKC
JHK cospaeT HEOOBIYHYIO PEMNIU-
KATUBHYIO BUIJIKY, I/le U CUHTE3HU-

pytoTcs nenu [6]. Permukarus 3a-
BEpIIAETCS, KOI7lda BTOPOM KOHEIl
JOCTUTAeT pa3pbiBa. OKA3aABIIUI-
Cs JIMIIHUM <«IIOBUCIIHI> KOHIlE-
BOH Y4aCTOK BTOPOM LIENU YAAIA-
€TCA HYKJIEA3011.

C roMOJIOTUYHON PEKOMOUHA-
IIUEHN CBA3aH €Ile OJUH CIoC06
JlaTaHusg MeECT paszioma. Paso-
pBannbie KoHIpl JHK 1o Kycouky
OTPE3AI0TC CHEIU(PUUECKON K-
30HYKJIE€A3011 B OO0UX HAIpaBie-
HUAX OT PA3PHIBA O TEX IOP, IO-
Ka HE OTKPOIOTCS KOMIIJIEMEHTAP-
HBIE MOCJIEJOBATENBHOCTH. 3aTEM
CJIEAYET OTKUI (CIAPUBAHUE)
KOMIUIEMEHTAPHBIX Y4YaCTKOB U
NOAPE3AHUE «BUCAIUX> HETOMO-
JIOTMYHBIX XBocTOB JIHK. DToT
OyTh pENapanuy TaKXKEe 3aBUCUT
oT 6enka RADS2.

CoeIUHEHHNE HETOMOJOTHY -
HBIX KOHIIOB. [IOYMHKA 3TUM
cnocobom [JHK, pa3opBaHHOU
B 00euX Ieniax, 06eCIeYnuBaAEeTCS
I[eJILIM Hab60pOM OenKOB. DTO Oe-
10Kk Ku u KoMIIEKC, 06pa3oBaH-
Hpiit JHK-nurasou IV 1 npoayk-
TOM rena XRCC4 [7]. Bce onu KOH-
CEPBATUBHBI Y 3YKAPHUOT, BKIIOYAA
JPOXCKM U MJIEKonuTaomux. He-
CMOTPS Ha TO, 4TO B XO/I¢ penapa-
MU TTOPBAHHBIE KOHI[BI COE/IUHS-
I0TCS HANIPAMYIO, 6€3 UCMOAb30BA-
HUS MATPULBI I CUHTE3d, MPO-
LECC JOJKEH OBITh MAKCUMATIbHO
AKKYPATHBIM M TOYHBIM. [l BBI-
IIOJIHEHUS 3TOIO TPEOOBAHUA CIIY-
KUAT 6en0Kk Ku, KOTOpBIH mpej-
CTABJIAET COOOMN TETEPOAUMED U3
cyopenunun Ku70 u Ku80 (mone-
KyaspHaaga macca 70 n 80 x/la co-
OTBETCTBEHHO). HenaBHO O6bl1a
HCCAE/IOBAHA KPUCTAIINYECKAs
CTPYKTYpa YEIOBEYECKOIO TeTe-
pojauMeEpPa, a TAKXKE CTPYKTYpPa €TI0
KoMIuiekca ¢ ¢gparmenrtom JHK
B 55 HyK1eoTHAOB. OKa3a10Ch,
yTto rerepogumep Ku KoabIjom
OOBHUBAETCS BOKPYI JYILIEKCA
JHK, HO npu 3TOM HE KOHTAKTHU-
pyer ¢ ocnosanuamu JHK, a 06-
pa3yeT HECKOIbKO CBA3EN C Caxa-
podochaTHEIM OCTOBOM U MOJATO-
HAETCA MPOCTPAHCTBEHHO K BHUT-
Kam cnupanu JHK Tak, 4To66 OHU
PaCIONIOXWINCL B KOJbIE OesKa
CTPOTO ONPEJEIEHHBIM O6PA30OM.
Takas KOH(pUIYpALUA KOMILIEKCA
Ku n JHK, oyeBugHO, HEOOXOAM-

Ma A NOAJEPKAHUA TOU CTPYK-
TYPHI BBICTYHAIONHUX O6OPBAHHBIX
KOHIIOB, KOTOpas NPUTI'OJHA [l
CAEAYIOIUX 3TAIOB PENAPALIUH.

A ux neckonpko. CHavana HA
ob6opsanubple KOHUB JHK «Hazge-
BAETCS» 11O TETEPOJAUMEDY, 3ATEM
OHH CBA3BIBAIOTCH APYI C APYIOM,
06pasya MOCTUK. MMEHHO K HEMY
NPUCOEUHAIOTCSA U BBIIIOJTHAIOT
CBOU (PYHKIMU OCTAJIbHBIE YYACT-
Huku: JHK-nonmnmepasa 3anonns-
er Opemu, 06pa30BABIINECS B pE-
3yJIbTATE COEJUHEHUS HETOMOJO-
ruyHbpix KoHUoB JHK; Hykneasa
IIO/IPE3AET BBICTYNAIONMUE KOHILH,
€C/IM OHM OKA3aJUCh U3JIUIIHE
JJIMHHBIMU; aurasza IV cmuBaer
BOCCTAHOBJIIEHHBIE  (DPATMEHTEI
B €/JUHOE LIe10€. Y HEKOTOPHIX Y-
KapuoT o6HapyxeHa JHK-nmomnu-
Mepasa W, KOTopas, BUJAUMO, U 34-
nonuger 6pemu B JJTHK.

Korpga cwutel uenm

HekoTopble XUMHUYECKUE ATEH-
TBbI, HATIPUMED, JTEKAPCTBA MPOTUB
paka (UMCIUIATUH, MUTOMHUIMH,
[ICOPAJIEH), BBI3BIBAIOT OOPA30Ba-
HHE MEXI[EOYEYHBIX CIINBOK
JHK [8]. Takue HENMONAKU SYKAPH-
OTBl CIIOCOOHBI YCTPAHATD, HO Me€-
XAHU3MBI PENAPALUU HELOCTATOY-
HO ACHBL. MI3BECTHO, YTO Y IOYKYIO-
HIUXCA APOACKEN S.cerevisiae OHA
3aBUCUT OT (DEPMEHTHBIX CHUCTEM,
06€CNEeYNBAOIMUX,  HAIPUMED,
yJaJeHUE THUMHUHOBBIX JUMEDPOB
(0 yeM yxKe OBLIO CK43dHO), U OT
pekoMOUHA UK. DTA K€ (PEPMEHT-
Has CUCTEMA U3 CceMU OCEIKOB
(XPA—XPG) paboTaer, KaK Mbl YKe
OTMEYaI{, U IPU HUCIPABICHUU
yenoseueckor [THK co cmuTbeiMu
enoykamu. TOMbKO MPOUCXOAUT
BCE €Ie CJIO0XHee. BcnomMHUM:
oauH u3 6enkos, XPE, paspeszaer
uens JHK ¢ 5’-cTOpOHBI OT IIO-
BpEXKJeHUSA HA paccTosHUU 20(%£5)
HYKJIEOTUJIOB, Ipyroi, XPG, — ¢ 3’-
CTOpOHBI uepe3 6(*3) HyKICOTH-
0B o1 fuMepa. Ognaxo B JIHK yge-
JIOBEKA 3TH 3HIOHYKJIEA3Bl BBIPE-
3410T 22—28 HYKJIECOTHUJOB B O[f-
"oyt nenu JHK u numb ¢ ogHON
CTOPOHBI OT CHIMBKH, HE 3aTPATU-
Bas caM gedekT. [louemy xe yeno-
BEUECKAS HYKJI€A3d HE pa3pe3aer
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LIeIb OOBIYHBIM 00Pa30M, C 06EUX
CTOPOH OT NOBpekAcHUA? [ToTOMY,
[10JIATAI0T UCCIEAOBATEIHN, YTO IIE-
pen pa3pe3aHueM JBOWHAA CIHU-
panb JOJKHA OBIThH PACHIETEHA
(A1 3TOTrO CHAYKUAT (PEPMEHT Te-
nukasa). Ho pacmiectu Aymiekc
OHA MOXET HE IO COCEACTBY CO
CIIMBKOHM, a4 HAa OTJAJEHUU OT
Hee — Ha paccroaHuu 20(+5) HyK-
JEOTUJOB C 5’-CTOPOHEBL Pacme-
TEHHBIN y4aCTOK IPUOOPETAET BUJ]
ny3pIps. Torpa-To O/lHA 3HJOHYK-
neasa, XPG, pser nenp Ha I0JIO-
JKEHHOM €1 MecTe (T.€. OJIMKE K 1e-
(ekry), a apyrag, XPF, — npubiu-
3UTENBHO 27-10 dochoanadup-
HYIO CBSI3b C 5’-CTOPOHBI OT CHIUB-
ku [9]. Ho 310 BCETO UMb [IEPBBIIT
aran penapauuu JHK ¢ mexieno-
YEYHBIMU CHIMBKAMU.

Yro xe panpme? [To ogHON U3
Pa3pabOTAHHBIX TMIIOTETUYECKUX
MOJENEN, NaNbIIe CIEAYET PEKOM-
OGUMHALUA TOMOJIOTUYHOIO JYIIIEK-
ca JIHK. MmenHo 6ombirasg 6pemnb
B 22—28 HYKICOTU[OB HUHUIUU-
pyer ator npouecc. Ho Ha craguu
MEPEHOCA LENU OH OJIOKUPYETCH,
IIOCJIE YETro CHenu@uueckas 3H-
JOHYKIIEA3d PA3PE3AET Ty XK€ HUTD
C IPYr'O¥ CTOPOHBI CIIUBKU. BHOBb
006pa30BABIMIMNICA HMHTEPMEAUAT
Y3HAI0T KOMIIOHEHTBHI <«MOJIEKY-
JIAPHBIX HOXHHUIP (CUCTEMBI JKC-
IIU3UOHHON penapanun), U OcCy-
MIECTBAAETCA BTOPOW payHJ| pas-
pe3aHus, Tenepb yKe ABOWHOTO,
BO BTOPOH HUTH. B pe3ynsrare Bhl-
CBOOOKIAIOTCS CIHIUTHIE OJTUTOME-
pbl, 1 PEKOMOUHALIUSA 3aBEPINAECT-
cs. Takum 06pa3oMm, OJiHA LE€INb
OKA43BIBAETCA PENAPUPOBAHHON
pekoMOuHanuen. bpemp BO BTO-
por uenu 3acrpausaerca JHK-
MOJUMEPA3OU C UCHOIb30BAHUEM
IIEPBOU B KAYECTBE MATPUILHL.

MHTEPECHO OTMETUTD, YTO HE-
JABHO Y BBICIIHUX 3YKApUOT OOHA-
pyK€eH O€JIOK, COAEPKAIMUI JOME-
Hbl renukassl 1 JHK-rmosnmuMepassl.
MyTauuu €ro reHa 3HAYUTEIBHO
MOBBIMAIOT  YYBCTBUTEJIBHOCTD
OpraHM3Ma K ar€HTaM, BBI3BIBAIO-
UM CIIMBKM MEXIY ILIEMNOYKAMU
JHK. A TOCKOJbKY U I'eJIMKa3Had,
1 MOJUMEPA3HASA AKTUBHOCTH He-
OOXOAMMBl Ha ONPENEIEHHBIX
3TANaX BOCCTAHOBJIEHUA CHIMTON
JHK 32 cuer pekombuHanuu, 6b11

hparmeHT cwmToid AHK

pacnneraHue cnupan
€ 0bpa3soBaHueM «ry3bips»

—_— N
|
S 7
paspesaHume Henu c OﬂHOﬁ
CTOPOHBI OT CLUMBKM
—_— N
= = 1
Ha4ano pexomtinHaumm

1 ee TOPMOXEHWE CLUMBKOW

rOMONOrMHHbIK nynnekc

paspe3saHue Lenu ¢ Apyroun
CTOPOHBI OT CLUMBKM

—

pa3spesaHue BTopou Lenu
€ ABYX CTOPOH OT CLUMBKU

—

yaaneHue CluMTbIX y4acTKoB
1 BOCCTaHOBREHWE Nepsoun
uernu 3a c4eT pekombuHaLmm

3acTpavBaHue bpelum,
CLUMBKA hparmMeHToB

Mnotetnyeckas cxema yctpaHeHus mexuenoyeuHbix cwmsok JHK.

O6bscHeHUs B TeKCTe.
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CIIeNaH BBIBOJ 06 y4aCTHUU ITOTO
6e1Ka B TAKOM PENaparuoOHHOM
npouecce. Bnociaeacrsuu yHU-
KaJbHBIN 6e10K Ha3Basu JHK-1mo-
JINIMEPA30U 6.

Ecnu noepexpenue
He YAQneHo

Hrak, nospexgenus JHK y ay-
KApUOT OBIBAIOT PA3HOOOPA3HBI-
Mu. U XOTd CymecTBYIOT 3(pdek-
TUBHBIE MEXAHU3MBl YCTPAHEHUSA
TAKUX Ae(PEKTOB, MHOIAA KIETKA
HE CHOCOOHA YIAAIUTb UX BCE 0
€JUHOTO MO TEM WM UHBIM IPHU-
4yuHaM. B 3TOM ciy4dae Ha TOBPEX-
JEHHBIX y4aCTKAX MATPUIIBl PEIl-
qukanug THK ocranasiuBaercs.
JlO HelaBHETO BPEMEHU OBIIO He-
MOHATHO, KAKUM € 06pa3oM OCy-
mecTBaAeTCa Konuposanue JJHK
Ha TOBPEXKJEHHBIX yYACTKAX,
HE YCTPAHAEMBIX W3BECTHBIMHU
CIOCO6AMHU. DTO BBIACHUIOCH COB-
CEM HELABHO.

B nocnepnue HECKOJNBKO JET
OTKpbITd HOBasA rpymnna JHK-mo-
aumepasd — ¢, n, k, 1, u, REV1, —
KOTOpasd KaK Pa3 W IpeJHa3HAue-
Ha U1 U30aBJICHUSA OT IIOLOOHBIX
nospexaenni [10]. TTonmumepassl
§, N ¥ W OCYmECTBIAIOT PECUHTES
[JHK, eciu B HEN OKA3AJIMCh HEYC-
TPAHEHHBIMHU ILUKJIOOYTAHOBLIE
JUMEPBI MEXKIY COCEJTHUMU THUMH-
HAMW; ABA NIOCIAEAHUE (PEPMEHTA,
a Takxke mojumepassl ¥k 1 REV1 —
IIPpU COXPAHEHUU OKHUCJIEHHOI'O
IYAHMHA W ANyPHUHOBBIX CANUTOB,
a nonumepasa REV1 ycnemno 3a-
crpauBaer eme u mMecta ¢ O(6)-

Jiuteparypa

METWITYAHUHOM. MHTEPECHO, YTO
{-monumepasa «paboTaer B mape»
¢ nonuMepasoit n uan REV1, npo-
JJIeBAs HA4 HECKOJBbKO HYKIECOTHU-
JOB NPOHUJAEHHBIA MMHU IOBPEX-
JEeHHBINA yuyacToK JHK.
[TepedyncaeHHble TOJIUMEDPA3BI
BO BpeMs pemukanuu JHK uHO-
I'/1a BCTPAUBAIOT IPABUJIBHBIE HYK-
JIEOTUJBI IIPOTUB IOBPEXACHHBIX
Y44CTKOB MATPULbI, IPU 3TOM
crpykrypa JHK ne nHapymaercs.
B HEKOTOPBIX K€ CIy4asaX BKIIO-
YaI0TCSA ONMOOYHBIE HYKJICOTH/IBI,
U TOrJd BO3HMKAIOT MYTALUU.
B Hacrosmee BpeMsa HOBOI I'PYyIl-
ne JHK-nmonumepas vyaensgercs
0c060€ BHUMAHUE, TAK KAK KJIET-
KaM HEOOXOJUM H3UMATUYECCKUU
AInapar, CnoCOOHBIA CUHTE3UPO-
Barp JHK B curTyanuax, korpa pe-
napanus BbIpe3aHueM Hed(pdek-
TUBHA WJIM HEBO3MOXH4, 4 PUCK
HAKOIUIEHUA MYTALUI ONPABIAH.

& k%

[TepBOHAYANBHO  MEXAHU3M,
NpeJHA3HAYCHHBIA 19 yCTpaHe-
Hug nospexaenuin B JHK, sugu-
MO, BO3HHUK BMECTE C KIETKOM.
ITo mMepe 3BOMIOIUNA OPTAHU3MOB
OH YCJIOXKHAJICH, TOABIAINCH HO-
BbI€ BAPUAHTHL. HACKOJIBKO BaXKeH
TAKOW MEXAaHMU3M, MOXKHO CYAHUTDH
IO TOMY, YTO B YCTPAHEHUH I10JIO-
Mok JIHK 3ageicTBOBAaHO He-
CKOJIBKO JIECATKOB TI'€HOB, W Ha
NPOU3BOACTBO (DEPMEHTOB perna-
pamuyu KJIETKa TPATUT OOJbIIYIO
4acTh CBOMX pecypcos. Hapmex-
HOCTb COXPAaHCHUA HYKICOTH]-
HBIX nocaegoBarenbHocTeir JTHK
y BBICIIUX 3YKAPHUOT OYE€HDb BEIIH-

Ka: HAIPUMED, B FTEHOME MJIEKOIIHU-
TAIOMET0, HACUUTHIBAIONIEM OKO-
JIO 3 MJIDJ I1Ap OCHOBAHUM, B KJIET-
KaX 34pOABIMIEBOrO MYTU 3d T'OJ
MOJBEPTAIOTCA 3aMEHAM JIAIIb
10—20 ocHOBaHUIH, a BEAb ITO-
BPEKAAIOTCA TBICAYU HYKIEOTH-
J0B. OCOO0M HAJLEKHOCTU TPEOY-
€T 3MOPUOHAIBHBIN NIEPUOJ]: KOT-
J1a KJIETKU AKTHUBHO JEJATCA, HE-
06XOJUMO KaK MOXHO OBICTpEE
MOYMHUTHL MHOTOYUCJIEHHBIE IIO-
JIOMKH U COXPAHUTb I'€HETHUYEC-
KyI0 MH(OPMAIIUIO HEIOBPEK/CH-
HOHU. CuCTEeMBI, O1arojfaps KOTO-
PBIM BOCCTAHABINUBAETCA NPUPOJ-
Hada cTpyKrypa JHK, HE TOJIBKO 3a-
MUIIAI0OT TEHOM OT BCEBO3MOXK-
HBIX IMOBPEX/JEHUNI, HO U 06CIy-
JKUBAIOT I'€HETUYECKUE MPOIECCHI
B KjleTke. M ecnu 1o Kakoi-nmu6o
NPpUYMHE HAPYLIIEH CaM MPOIECC
penapanum, 3T0 MOXET O6EPHYTh-
CA CEPBE3HBIMU HENMPUATHOCTAMU
I KJIETOK W BCETO OPTraHU3MA.
Tak BO3HHUKAIOT TOBBIIICHHAA
NpEPacHON0KEHHOCTb K TEM WU
UHBIM 32007€BAHUAM, BIJIOTH /0
OHKOJIOTUYECKUX, U TAKEIBbIE Ha-
CIENCTBEHHBIE OONE3HU. 3HAHUE
MEXAHU3MOB, IPUBOAAIIUX K PA3-
JINYHBIM 3260J1€BAHUAM, KpaliHe
HEOOXOJUMO NPAKTUYECKOU Me-
IUIMHE, YTOOBI OOJETYUTh ITOUCK
nyTeHn ux JedeHns. 1 yx KOHEUHO,
3HAHUE YCTPAHAET OYEPEIHOU
npo6es1 B IOCTUKEHUU MUPA, OyJb
OH JIAK€ MOJICKYIAPHBIM. B

Pa6oTa moaaep:xana Poccuii-
ckuMm dougom dyHmameHTaND-
HBIX HccaegoBaHuH. IIpOEeKTHI
00-04-49183, 03-04-49127.
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CTATUCTUKA

[late BenukUX pacnpeneneHmm
BEPOSTHOCTEM

B.A Tpyobnuxkos, O.B. Tpy6bHuxkosa

AXKETCH, JOXK/b COOUpa-
<( eTCsI, KAXKETCH, MOXKIb

cobupaercsa», — NpuU-
ropapusan IIATa4vyoK, CTAPAACH
OTOT'HATH Y€ OT YJIbsl, Kyd XO-
Ten po6parbca Bunnu-Ilyx, 4ro-
OBl MOJTAKOMUTBCS MeJoM. Tak
[TATa490K XOTEJ NEPENATD MUEIAM
MH(MOPMALIUIO O TOM, 9YTO BEPOST-
HOCTbB JOX/S BenuKa. C MOHATHEM
BEPOATHOCTH, XOTs1 Obl HA OBITO-
BOM YPOBHE, CTAJIKUBAINUCh BCE
YUTATENU HAIIETO XYpHaaa, Ha-
NPUMED UI'PaAd B «OpJId» U «pEII-
Ky». OJHAKO TeOpHUsd BEPOATHOC-
T€E — BECbMA TOYHAA HAYKA,
HMEIONasi HECKOJBKO 3aMmMeyda-
TEJNIBHBIX JOCTUKEHUI, C KOTOPBHI-
MM MBI U XOTHUM IO3HAKOMUTD
YUTATEICH.

A3byka Teopuu

OCHOBHBIE TIOJTOXEHUSA TEO-
pUM BEPOATHOCTEU AOCTATOYHO
NPOCTHL. ECIM MOTYT CIYy4UTBCA
JIBA HEKUX COOBITUS «1» U «2» C BE-
posarrocTaMu w(l) nu w(2), npu-
YeM 3TU COOBITHS HE3ABHUCHUMBI
(«B oropojge 6ysunHa, a B Kuese
JSAbKA»), TO BBIIIOTHAIOTCS CJIENY-
I0IKE COOTHOLICHUA:

— BEPOATHOCTb TOTO, 4YTO
IIPOU30UAYT 0062 HE3ABUCHUMBIX
COOBITHS, paBHA MPOU3BEACHUIO
w,. = w(w(2);

© Tpy6Hukos b.A., Tpy6uukosa O.B.,
2004

Bopuc Anopeesuu Tpyonuxoa, doxmop @pu-
3UKO-MAMeMAMULECKUX HaAYK, npogdeccop,
2N1A6HbLIL HAYUHbLL cOmPYOHUK Hncmumyma
a0epro2o cunmesa PHIL] «Kypuamo8ckuil uw-
cmumym». O6nRaAcmos HAYUHbLX UHMEPecos —
meopus NaAa3mol, 2UOPOOUHAMUKA, NPOUC-
xXoxcoernue Kocmuueckux ayuet. Heoonoxpam-
HO NYOAUKOBANCA 8 IYpHANe <IIPUPOOa».

Oxcana Bopucoéna TPpyoHuKosea, mMadao-
WULL HAYYUHBLLL COMPYOHUK NAOODAMOPUL IKC-
nepumenmanvroil amopuonoeun um/J.I1.du-
aamoea Hucmumyma OuUOLO2UU DA3EUMUS
PAH um.HKKonvyosa. Hzyuaem epemenoie
3ABUCUMOCU NPOUECCOB 0eNeHUL KACMOK.

— BEPOATHOCTD TOTO, YTO NMPOU3ONIET IUOO MePBOE, TNO6O BTOPOE
coboiThe, papHa cymme w(l +2) =w(l) + w(2);

— BEPOATHOCTD TOTO, YTO IPOUZOHUJET KAKOE-TNOO OJHO COOBITUE U3
IIOJTHOTO HAa60pa N BCEX BO3MOKHBIX HE3ABUCUMBIX COOBITUH, paBHAs
cymMme Bcex BeposaTHocTed Wy =w(1) + w(2) + w(3) + .. + w(N), cocrasis-
et equauny (uan 100%, ecnn BEPOATHOCTA UCYUCIAIOTCA B IPOIEHTAX).

B xauecTBe npuMeEpa UCHOJAB3YEM 3TU NPOCTbIE (POPMYIIBI /I dHA-
JIM3d ABMIKECHUA MOJIEKYJ ra3a. Ilycrs w(E,) ecTb BEPOATHOCTD TOI'O, 4TO
MOJIEKyJIa 06J1ajaeT IIOJHON 3Heprueit £y, u w(E,) eCTb BEPOATHOCTD TO-
ro, 4TO JApyras MOJIEKyJId o6nafaeT snepruen E,. Torpa npousseneHue
w(EHwW(E,) ==w(E, + E,) OyIeT BEPOATHOCTHIO TOT'O, UTO UMECIOT MECTO
cpasy 06a coobITHS.
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Puc.1. MNpumep HOpMHMpPOBAHHOrO HO eanHULY
pacnpepenenus Faycca ¢ napametrpamn B = 4 u <x>=0.5.

Pemenuem 31010 Q)YHKLII/IOHQ.JILHOFO YPaBHCHUS,
KoTOpoe uMmeer Buj F(x + y) = F(X)F(y), aBigerca
3KCIIOHECHTA

w(E) = exp(a — bE), )

Ijie @ U b — MOCTOSIHHBIE, U MOAYYEHHYIO (HOPMYITY
HA3BIBAIOT pacnpedenenuem Makceenra—bonrvyma-
Ha. Ecnium npeHebpedb MNOTEHIUANIBHOU JHEPIrUEH,
OOYCIIOBIEHHON CUJION TSAXKECTH, TO MOJHASA SHEPTUA
MOJIEKY/IBI CBOJUTCA K €€ KMHETUYECKOU 3HEPIuu
Ew = mv*/2; n Torga popmyna w = aexp( — pv?), rae
B=bm/2, ONUCBIBAECT PACHPEJEICHUEC MOJIEKYJI IO
CKOPOCTAM.

Jns IPOCTOTEL PACCMOTPUM CIy4aid, KOIr/ja MOJe-
KYJIBI T'432 JJBUXKYTCS BIOJb OCH X CO CPEJHEN CKOPO-
cTbIO TeueHus <v>. Torpa 4yuciao Mosekyn dN, y Ko-
TOPBIX CKOPOCTD ¢ 3aKJIIOYE€HA B UHTEPBAJIE OT U O
v+ dv, OyseT paBHO

dN = aexp| - B(v — <v>)?dv, (2)

IJl€ d — MHOXHUTEIb HOPMUPOBKHU.
3a06BIB IPO MOJIEKYJIBI, 3AMUIIEM CXO/AHYIO OOIIYIO

gopmyiy Buga
dN = Aexp[ — B(x — <x>)*|dx, 3)

rae A, B — NOCTOsSIHHBIE.

ATy (pyHKIUIO (pUC.1) HA3BIBAIOT pacnpeoeneris-
em gepoammnocmeti Iaycca, 1 OHA UMEET MHOTO pa3-
JINYHBIX IPUMEHEHUMN.

Eciny, HanmpuMmep, Mbl MHOI'O Pa3 HU3MEPUM KaK
MOKHO TOYHEE HEKYIO BEJIMYUHY X, TO HAUAEM, 4TO
B CpeJHEM OHA paBHA <x>. HO Kax/blil pa3 HA6MIONA-
€TCA HEKOTOPOE OTKJIOHEHHE X — <X> OT CPENHETO
3HAYEHUA, U TOT/la dN — 3TO YHUCIO MOMBITOK,
IIPU KOTOPBIX U3MEPEHHOE 3HAYEHHUE JIEKUT B HUH-
TEPBAJIE OT X 4O X + dx.

A Ternepp 3alMEMCA PEUIEHUEM KBAPTUPHOI'O BO-
[IpOC4d, KOTOPBIH, 110 CJIOBAM Byarakosa, Taxk UCIOP-
THUJI MOCKBUYEU.

B ceno Bvexanu rycapei...

[IpeAnoaoXuM, 4YTO IIOJIK I'YCAP, Y4aCTBYS B MaHE-
BpAaX, BbEXAJ B 60OJIBIIOE CENO, U N Tycap HA/O IOCe-
JIUTHh HA TOCTON B K KBApTUP. CIPAMNUBAETCA: KAKUM

YUCJIOM CIIOCO60B C 3TO MOXKET CAENATh HAYATbHUK-
KBapTUPMENCTED (TEneph UX HA3BIBAIOT «PUITEPA-
MU»>, T.€. PEAIN3ZATOPAMHU KBAPTUPHBIX BO3MOXKHOC-
TEN).

[ HATTAJHOCTU MOKHO H300paxarh jaiofieit N
TOYKAMHU B KPyre-J0Me, PA3AENEHHOM IIEPETOPOJIKA-
Mu Ha K cextopos. [Ipu pacuere BEpOATHOCTEN BO3-
MOJKHBI TPH Pa3HBIX BAPHUAHTA.

OJHOTIO 4eI0BEeKd MOXKHO IIOCEIUTDh B OAHY U3 K
KBAPTHUP, OUEBUIHO, K crtocobamu, a N yenoBek — K~
cnoco6amu. Ho cpeay 3TUX CIOCOOOB €CTh TOX/ECT-
BEHHBIE, OTIUYAIONUECA JTUIIb NEPECTAHOBKAMH JIIO-
J€M; UX MBI CUMTAEM PABHOIPABHBIMU. YMCIO TAKUX
NEPECTAHOBOK PABHO (PakTopuany N!, U €CIU UX UC-
KJII0YUTD, TO BCero nonyudaercs C, = KY/N! crnoco6os
pa3MeleHuUs.

Tenepp yCIOXHUM 3aJa4y, CYUTAS, UTO ITO HE
MIPOCTO MOXOJ T'yCap, 4 MITAOHBIE yYeHUA, HA KOTO-
pbl€ ChEXATUCHh N TEHEPAIOB U UX HAJO PA3MECTUTD
no K kBaptupam. Ho reHepasnsl He MOTYT KUTb BMEC-
T€, U KAXKAOMY I'€HEPAJIy HYXKHA OT/E/IbHASA KBAPTUDA.
1 TaKOM BO3MOKHOCTHU YMUCJIO KBAPTUP K JTOJKHO
IIPEBBIMATD YUCIO Jofer N, Tak 4TO K — N KBApTUP
OCTAHYTCA NYCTHIMUA. HETpyJHO COOOPA3UTDH, UYTO
B 3TOM CJIY4d€ YMCJIO BO3MOXKHBIX CIIOCOOOB pacce-
JeHusA 6yeT paBHO GUHOMUAIBLHOMY KO3(MD(OULIUEHTY
C,=K!/(K — N)!N!, 10CKOIbKY K! — 3TO 4MUCJIO 1Iepe-
CTAHOBOK KBapTUp, N! — 4KUCI0 NEPECTAHOBOK I'E€HE-
panos, 2 (K — N)! — 4uCI0 NMEPECTAHOBOK MYCTHIX
KBApTHUD.

Hakonern, pacCMOTPUM BAPHUAHT, KOI/ld KBAPTHUP
MaJIO, U I'yCaPbl COIVIACUIMCH HA TO, 4YTO B OJJHY KBAP-
THUPY KBAPTUPMEUCTEP MOXKET MOCENUTbh CKOJIBKO
YrOAHO JIOJeH. Bo3dBpamasach K HaIIAAHOMY 06pasy
Kpyra, B KOTOPOM €CTb K CEKTOPOB ¢ K meperopojka-
MH MEXAYy HUMH 1 N TO4YEK (JIOAEN), BCETO UMEEM
N + K «CyO'beKTOB U OOBEKTOB». [I0JIHOE YUCIO BO3-
MOJKHBIX NMEPECTAHOBOK U TEX U JIPYTUX, OYEBUIHO,
pasHoO ¢axropuany (K + N).. Ho, BO-niepBhIX, cpeju
HHUX €CTb K! B3aUMHBIX IIEPECTAHOBOK TOJBKO IIEpeE-
IOPOJOK, U, BO-BTOPBIX, N! B3AMMHBIX IIEPECTAHOBOK
TOJIBKO JIIOJIEN HE MEHAIOT OOIYIO CXEMY paccerne-
Hudg. M ecnu MCKIIOYUTL TAKUE IEPECTAHOBKH,
TO YMCJIO BO3MOKHBIX CIIOCOO0B PACCENEHUA B 3TOM
TpeTbeM caydae OyAeT paBHO apobu C;=(K+
+N)!/KIN!.

[TOne3HO OTMETUTD: €CIM YUCTIO KBAPTUP 3HAUU-
TEABHO IPEBBIMAET YUCIO a0jein (K>>N), nocnen-
HHME /IBd BAPUAHTA CBOAATCA K MEPBOMY. DTO JIETKO
VBUJETh, €CJIM BO BTOPOM CJlydde NPUOIUKEHHO I10-
N0XUTh K! = (K — N)!K", a B TpetbeM — (K + N)! = KIK,
YTO M NPUBEJET K MEPBOMY CJIYy4al0 PACCEIEHUA
rycap.

[TogcHUM Takxe, 4TO OoTanvyue yucen C,; ot C,
3/1€Ch IIOJYYEHO B PEZYIBTATE IIPOCTOMN UT'PHL B TIEPE-
CTAaHOBKHU N TOYEK U K Ieperopojok B kpyre. Ha ca-
MOM JieJI€ U CAMa UI'Pa, U TPU BAPUAHTA IIOHAJOOU-
JIUCh HAM, 4TOOBI YIECTb (PYHIAMEHTAIBHOE CBONUCT-
BO TOX/JECTBEHHOCTH 3IEMEHTAPHBIX YACTUI] MATE-
pun — PEPMUOHOB U HO30HOB. DTO YUCTO KBAHTOBOE
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CBOYICTBO TPYAHO IIEPEJATh HA «A3BIKE I'yCap», I10-
CKOJIBKY HUKAKOU KBAPTUPMEUCTED HE OYAET YUUTDI-
BATb YUCJIO BO3MOKHBIX [IEPECTAHOBOK IIYCTHIX KBAP-
TUP, 4 /I HAIKUX JAAJbHENIINX 1[ETEN UX BAXKHO IIPU-
HATb BO BHUMAaHUE.

®opmyna Ctupnunra
M KBA3U3HTPONMS

bynem cuurath ynuciaa N u K GONbIMIUMU U IS
(pakTOpPUAJIOB UCHOJb30BATh U3BECTHYIO NPUOIU-
JKEHHYIO popmyny CtupianHra. OHa IOJy4dercs, ec-
JIM CHAYaJIA 3aIIMCATD JToTapudM (akTopuana B BULE
cymmsel InM! = 1Inl + In2 +.. + InM, a 3aT€EM 3aMEHUTD
CyMMy Ha HMHTETPAI, 4TO NPUOIMKEHHO AaeT M! =
= (M/e)", rue e = 2.718281828.. — OCHOBAHHUE HATY-
PAJIbHBIX JTOTAPpUPMOB.

Torpa HangeHHblE BhIE TPpU uuciaa C; (1 = 1,2,3)
MOJKHO 3aIHCaTh B BUJIE NPHUOIMKEHHBIX €IMHO006-
pasHbIX POpPMYI

Ci= [ fi= (g fo= (L= ) fy= ()

371eCb MBI BBEJIM APIyMEHT 72 = N /K, KOTOPBIN BO BCEX
TpeX CAy4aaX O3HAYAET CPeJHee YUCIO JNI0JEH (Jac-
THIL), NIPUXOJAIMXCA HA OJHY KBAPTUPY (COCTO-
AHUE).

[TocKo/bKY uncia C; BEIUKU, yIOOHEE ONEPUPO-
BATb C UX HATYPAJbHBIMU Jorapupmamu §; = InC; =
= —Klnf. B cratucruyeckon pusmnke sorapudm 4mc-
J1a CIIOCOOOB pacnpesieiecHUsa YaCTUIL 110 COCTOAHHU-
AM («KBApTUPAM») IPUHATO HA3BIBATH JHTPOINUEN
(ot rped. entropia — HEpPeBOPOT, NEPECTAHOBKA,
npeBpamieHue — BBejgeHO P.Kmaysuycom B 1865 T.).
MpI 3[€Ch YCAOBUMCA BMECTO TEPMHUHA «3HTPOIHUS>
NIPUMEHATh 6oJsiee OOIMUHU TEPMUH «KBA3ZUIHTPO-
nus», T.e. Jorapudm OOJbBIIOro 4YUCIa CHOCOOOB
pacnpeieieHuss MHOXKECTBA KAKUX-THOO OOBEKTOB
(nnmu CyOBEKTOB) MO KAKHUM-JIMOO OIPEJENEHHBIM
npusHakaM. Hanpumep, CI0B O 4aCTOTE UX BCTpE-
YaeMOCTH B TEKCTE U TIP.

O4eBUAHO, 4TO A CBOOOABI BBIOOPA KBAPTHUP-
MENCTEP-PUIITEP XOTE] OBl UMETH B CBOEM PACIOPSI-
JKEHUH KAK MOXXHO OOJIbIIEE YUCIO CIOCOOOB pa3Me-
IMICHUA JIOLEH 1O KBAPTUPAM, MAKCUMAJIBHYIO «KBa-
3U3HTPONUIO>. Pacnpejenenue, And KOTOPOTO YUCIO
CIIOCOGOB peATU3ANUN MAKCUMATIbHO, AEHCTBUTEDb-
HO CAMO€ MHTEPECHOE — OHO 6yjeT Haubosee Bepo-
ATHBIM. HO