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OT3bIBbI HAa MOHOTpadutio [1.11. lapsesa
«JIMHrBUCTUKO-BOJIHOBOW FEHOM.
Teopusa 1 npakTnKa»

3Hato [.11.TapseBa co CTyIeHYECKMUX BPEMEH, KOTAA Mbl BMECTE YYMNUCh Ha Ouoda-
ke MI'Y — oH Ha Kadenpe MonekynspHoit buonoruu, s - Ha kadeape ambpuonoruu.
Ve Torga y Hac 6biav NONbITKM NMOHATb MONEKYNSPHbIE MEXaHW3Mbl NPeBpaLLeHus
3UroThbl BO B3POCAbIit opraHun3M. Kak u paHblue, s paboTato ¢ nporpaMMupyowmmm
6enkamu, HanpasasoWUMK auddepeHLMPOBKY IMOPUOHANBHBIX KNETOK U Bbi3blBa-
owmMmn nnbo anontos, MO0 NpUHYAUTENbHYIO ANDPEPEHLUPOBKY 3N10KaYeCTBEH-
HbIX KNneToK. x 6uonornyeckas posb OrpoMHa, 0 YEM CBUAETENbCTBYIOT PaboThl
MHOTFOYMCNEHHbIX HAY4YHbIX FPYMN BO BCEM MUPE, @ TAKKE HAWMW 3KCNEPUMEHTaNb-
Hble AaHHble. MHOroe B 061aCTM NOHUMAHMA MeXaHWU3MOB LUTOAUGhEpPEHLMPOBKH
CTaNo MOHATHLIM, HO Aaneko He Bce. [lossneHune nyb6nukauuii M.MN.lapseBa u ero
COABTOPOB, a TakXe ero MoHorpaduit «BonHoBoi reHom» (1994 r.) u «BonHoBo#
reHeTuyeckuit kog» (1997r.), a Tenepb BbIXOAALLAS €0 TPETbA MOHOTpadus, N03Bo-
NAOT pacCMaTpUBATb MEXaHU3Mbl IMOPUOTEHE3A U KNETOYHON AuddhepeHLMpoBKH
C HOBbIX NO3ULMIA. ITU pabOTbl HALENEHbI HA OJJHY BaXKHEW LY NPobaemMy — NOHAT,
Kak paboTaeT reHeTUYeCKMit annapat. He oTBepras KinaccMyeckux npenctaBieHuit,
M.M.lapseB HacTOW4YMBO Ha COBPEMEHHOM YPOBHE Pa3BMBAET UAEN OTEYECTBEHHOIO
yyeHoro A.[.[ypBu1ya 0 BONHOBOM Npupofe AencTena Xxpomocom. [peacraBnermns o
BOJTHOBOM (PYHKLMOHWPOBAHWA reHOMa ABAAETCA apeHoW ropaYmnx GUCKYCCUR, YT
KOCBEHHO CBUAETENbCTBYET 00 OrpOMHOM NOTEHLMANBHON 3HAYNMOCTYH AAHHbIX pa-
6oT. .M.TapseB 1 ero Konnern BHECAU CYLWECTBEHHbIA TEOPETUYECKUI U 3KCNepK-
MeHTaNbHbI BKNAJ B 3Ty CNOXHel WY 061acTb eCcTeCTBO3HAHMS.

MHe MHTepecHbl BOHOBbIE MPUHLMMLI PabOTbl XpOMOCOM, HO Haubonee 6aun3-
ku ugeu MN.MN.Tapsesa, kacalowmecs hyHKLMIT MOpdoreHoB, U 0CO6EHHO, NPOrpam-
MUPYIOLWMX OENKOB KaK WX BaHellWen cocTaBisiolleii. B naHHoN MoHorpadum
M.M.TapseB daKTUYeCKN 3aN0XNN OCHOBbI NIMHTBUCTUYECKOW reHeTukun. OTnpas-
HOW TOYKOW ANA 3TOro NOCAYXWUA AeTaNbHbI KpUTUYECKUit aHanm3 6a3oBoro no-
NOXEHUA TeHETUKU — MOLENU TPUNAETHOTO reHEeTMYECKOro KOAa, NPenioXeHHO!
®.Kpnkom Gonee copoka fieT TOMy Ha3aj. ITa MOAeNb NO3BOMMAA CAENATb PbIBOK
B NNaHe NOHUMaHUKN DYHKUMUIA reHeTUYECKOro annapara BCeX XMUBbIX CyLLeCTB Ha-
censiolux 3emnio. Ho, Byayun KaHOHU3MPOBAHHOI BMoNoramMu, 3Ta Mofenb cTana
CAepXuBaTb pa3BuTUe bonee ryO6OKUX NpeacTaBieHnii 0 GYHKLUOHUPOBAHUM re-
HOMa, 4TO 1 femoHcTpupytoT [1.M1.[apsaes u ero coasTopsl. Jlornyeckum cnegcremem
TEOPeTMYECKOro aHaim3a reHeTMYecKoro Kofa ABMA0Ch NPUHLUMUNMANbHOE NON0XKe-
Hue o ToM, yto AHK, PHK n Genku sBnsioTCs TeKCTaMu, npuyem He B MeTadopu-
YeCKOM CMbIC/e, KaK 3TO Obl10 NO CYWeCTBY NOCTYAIMPOBAHO paHee, a TEKCTaMu B



peasibHOM CMbIC/ie 3TOr0 NoHATMA. K 3TOM mpee NoABOAAT MHOTOYUCIEHHbIE UC-
cnefoBaHus, B TOM yucne u pabortsl I1.M.lapsieBa 1 COaBTOPOB, N0 CPAaBHUTENbHOMY
MaTeMaTUKO-MHIBUCTUYECKOMY aHanu3y TekcToB reHoB [1HK n peuun niogei, Hesa-
BMCUMO OT A3blKa, MCNONb3YeMOro s Co34aHuA TeKCTOB. [NaBHasa aprymeHTauus
NEXUT B yrny6ieHHOM TEOPETUYECKOM M MPaAKTUYECKOM aHanu3e Mofenu reHeTu-
4eCKOro Kopa, NpMBOAALLEM K BbIBOAY, YTO FEHOM HA YPOBHE CMHTE3a U UCMOJb30-
BaHusA [JHK-PHK-6en1K0BbIX TEKCTOB AB/IAETCA KBAHTOBbIM OMOKOMNbiOTEPOM. Takas
WAes KapAauHanbHbIM 06pa3oM MeHSEeT HalWW NpeacTaBneHns o hyHKUMAX 6enKos,
0Cc006€eHHO, 6eNIKOB KOpbl FTOJIOBHOFO MO3ra KaK O KOppensTax CO3HaHWUA U Mblluie-
HUsA. [la v 6MOXMMU3M C yyacTMeM 6enKoB (@ OH MaBHbIN), MOXKET U JOMXKEH Tenepb
NOHMMATbCA KaK pa3yMHOE KBa3n-peyeBoe ynpaBieHue buocuctemoit. AcHoili cTa-
HOBWUTCS M PONb NpPOrpaMmMmupyioLLmnx 6enKoB B ambpuoreHese Kak pakTopos pasy-
MHOI OpraHM3auuu passuBatowerocs ambpuoHa. Jliobas dyHnameHTanbHas uaes
B JaHHOM 006NACTW BbI3bIBAET OO/bIION MHTEPEC M HYXKAETCA B faNbHeNle IKC-
NnepMMeHTaNbHOM N TeOpeTUYeCcKoi pa3paboTke.

0. A. Xonépckas

Jokmop 6uonozuyeckux Hayk



B kHure [1.11. lapseBa «BonHoBON reHom. Teopus v MpaKTUMKa» 3aTPOHYTbI (YH-
AAMeHTaNnbHble BOMPOCH reHETUYECKOro Kofa, KOTOpble CBA3aHbl CO CTPYKTYPOI,
(YHKLMOHMPOBAHMEM U, €CNIN TaK MOXHO BbIPa3nTbCA, KMPOUCXOXKAEHUEM» XPO-
mocomHoum [HK.

[MoHATHO GeckoHeYHOe JANEKO B MOJIHOM PELIeHUU BOMPOCOB PACKPLITUA re-
HeTMYeCcKoro Koaa, Ho ugeun npod. fapaesa [1.11. u ero Koaner gatOT BO3MOXHOCTb
YBU[ETb COBEPLIEHHO HOBOE B paboTe XpOMOCOMHOrO annapara XMUBbIX KNETOK, B
4aCTHOCTM, HAYYHO-NPAKTUYECKOE HamnpaBieHNEe, KOTOPOE MOXKHO Oblso Obl HA3BaTh
«reHeTUKo-BONHOBAA HaBUrauus u ynpaeneHue B buocucremax». OHO nogaHo aB-
TOPOM B PaMKax TEOPETUYECKUX MoJeNell, NOATBEPKAAEMbIX COOCTBEHHbIMMU U He-
3aBUCUMMbIMW 3KCNEPUMEHTANbHbIMU UCcCneaoBaHmaMU. KBaHTOBasA cocTaBnaioLLan
reHeTU4YecKon paboThl KNETOK NPeACTaBAseTCs Ype3Bbl4alHO BaXHON. fCHO, Y4To
FMrAHTCKUM NO MacwTabam U CNOXHOCTU MeTaboNM3MOM KIeTOK, TKaHel u opra-
HM3Ma B LESIOM HEOOXOAMMO ynpaBsTb. ABTOP BblABUraeT HOBYIO U CYLLECTBEH-
HYI0 U110 FeHETUYECKOro KBAHTOBOIO OMOKOMMNbIOTUHTA.

Takon nopgxon MHTepeceH U Ana ONTOPAAUO3NEKTPOHUKM, PALUOTEXHUKM, KOM-
NbIOTUHIA, CUCTEM HABUrauuu U ynpasneHua. bonee Toro, BONHOBbLIE MEXAaHU3MbI
paboTbl KNETOK MMeIoT NPsSMOE OTHOLIEHWE K HAHOINEKTPOHMKe. YnBble opraHus-
Mbl Haris4HO NOKA3biBAlOT HAM NpPUMEpbl HaHOOWMOTEXHOoNOrui, 3hdeKTUBHO nC-
nonb3ysa Ais CO6CTBEHHOW BONHOBOW OMOKOMMbLIOTEPHON PeryasaLnm Taknue akTuB-
HO paboTatolwme HAHOCTPYKTYPbl KaK, PepMeHTbl, pubOCOMbI, MUTOXOHAPUU, MEM-
OpaHbl, LUTOCKENET U XPOMOCOMbI.

HaHoTexHMYeckne mexaHuU3Mbl PaboTbl KNETOK U UX TEHETUYECKOro annapara
HYXAITCA B TEOPETUKO-OMONOTMYECKOM OCMbICIEHUM U (DU3UKO-MATEMATUHECKOM
aHanun3e, KOTOPbI MO3BOAAET CO34aTb, B TOM YUC/Ie, HEU3BECTHbIE paHee NPUHLM-
NMaNbHO HOBbIE NIA3€PHO-PAZMOBOIHOBbLIE TEXHONOTMMU TEHETUYECKOro ynpasJe-
HMA MeTaboNM3MOM MHOTFOKNETOYHbIX OpraHU3MOB. Pe3ynbTaTbl MCMOAb30BaHMA
TaKWUX TeXHONoruMmn rpynnon f[apsesa sneyamaiot. ABTOpamMu KOPPeKTHO U pa3sep-
HYTO NPOLEMOHCTPUPOBAHA AaNnbHAA (MHOTOKMNOMETPOBas) BONHOBAsA nepefaya
peanbHON ynpaBnsoWen reHeTmyeckon nHGopmaumm ot [loHopa (KUBOI TKaHM)
K PeuunueHnty (opranusmy). Takas nepefaya [O HefaBHEro BPEMEHW CUMTaNacCh
NPUHLMNNANBHO HEBO3MOXHOW; Tenepb 370 YHAAMEHTANbHbLIA (aKT.

MosBnAeTCA BO3MOXHOCTb CO34aHMA COBEPLWEHHOW YHUKANbHON MONEKYNAPHO-
ONTUKO-PALMO3NEKTPOHHON annapatypbl, KOTOPas CMOXET OCYLWEeCTBAATb CNOX-
Hellmne HaBUTaALMOHHO-pErynsTopHble YHKUMM ONA NO3UTUBHOIO YNpaBieHus
reHeTUKo-pu3nonornyeckumm ¢yHKLMAMM opraHu3moB. PaccmartpuBaerca npo-
bnema no co3faHuio reHeTuyeckoro nasepa. ®akT nasepHoit Hakayku LHK u
XpOMOCOM in vitro npod. [apseBbiM 1 €ro Konneramm yxe nNpogeMOHCTPUPOBAH U



ony6nukoBaH B 1996 r. u noaTBepxaeH paboTamMu SMNOHCKMX McciepoBaTtenen B
2002 r. Takoi nasep OyaeT BbINOJHATL MHOTUE, paHee HEeMoHATHble YHKUUK re-
HETMYEeCKOro annaparta Ans pelweHus npobnem 6Uonorum, MeguUnHbI U CENbCKOro
X03fiicTBa. [lpyras cTopoHa Takoi paboTbl — 3TO BO3MOXHOCTb NPUMEHEHUSA KOre-
PEHTHbIX COCTOAHUM U U3NYYEHUI KUBBIX KITETOK U UX MHOPMALMOHHbIX CTPYKTYP
[NS NPOEKTMPOBaHMS GUOKOMNbIOTEPOB, PaboTatoWMX HA NPUHLMNAX roforpadum,
CONMTOHUKM U KBAHTOBOW HesloKanbHOCTU. ®akTuyeckn npoobpas Takoro 6UOKOM-
nbloTepa Co3paH rpynnoi fapsaeBa, YTO M NO3BOAMIIO MONYUYUTb YHUKANbHbIE pe-
3yNbTaTbl MO KBAHTOBOW TPAHCNALMUM FrEHOB U AaNIbHEMY BOTHOBOMY reHEeTUYECKOMY
6uoynpasneHunio. Micnonb3oBaHne XPOMOCOMHbIX N1a3ePOB U OMOKOMMbIOTEPOB He
OrpaHWYMBAETCS CKa3aHHbIM M PacnpOCTPaHSAETCA WKpe 3a npeaens buocucrem —
Ha KOCMUYECKYIO CBA3b, ypaBieHne CBEPXCN0XHbIMU TEXHUYECKUM NpoLeccamu,
aBMALMOHHYIO HAaBUTALMIO U T.[4.

B paboTe BblaenseTcs psa HepelweHHbIX 3afay, B TOM 4YuUC/ie, UCCNefoBaHKe
BOJIHOBbIX pennuk [JHK 1 nasepHo-pagnMoBONHOBLIX NPOLECCOB, MMEKLWMNMUN MECTO
Npu CHATUM U Nepefaye KBAaHTOBOW GuonHdopmauum ot [loHopa K Peuunuenty.

Cyutato, 4to BbIXOL B CBET MoHorpaduu [1.M. TapseBa 6ygeT cnocobcTBO-
BaTb AajibHENWeEMyY NpoLeccy No3HaHUA OfHON U3 BOXKECTBEHHbIX 3arafok — 3a-
raflok reHeTMYyecKoro Koaa W NpuBEAET K NpUMEHEeHWI0 HOBbIX UAeN Ha 6naro
yenoBeyecTsa.

B.A. MaTBeeB

Jokmop mexHuyeckux Hayk,

llpogpeccop MI'TY um. H.3. baymaHa,

JekaH pakynsmema «MHopmamuka u cucmemsl ynpasneHusay,
3acnyxeHHbil desmens HayKu P,

Jlaypeam npemudi llpasumenscmsa PO u 20poda Mocksei



YTo XapaKTepHO ANA CErofHslWHei reHeTUKU U MonekynspHon 6uonorun? Heco-
MHEHHO, 3T0 GoNbluMe yCrexn B MeToAaxX U BeNIMKONIENHOM TEXHUYECKOM OCHalLe-
HUM paboT. [IpMMEpoOM TOMY C/IYIKUT MHOFONIETHAS M BECbMa AOPOroCTOsALLANA Npo-
rpamma "leHom yenoseka'. OHa No3BoAMNa onpefennTb NOCAEA0BATENIbHOCTL 3-X
Munanappos byks B xpomocomHoi [JHK yenoseka. 310, HECOMHEHHO, 3aMeyaTeb-
Hoe cobbiTue. OfHAKO OT 3TOM TUTAHMYECKOW PaboTbl 0XMAANOCH CYLLECTBEHHO
bonblue, Yem noayyunocs. Moyemy Tak?

M.M.fapsieB B NnepBoi1 YacTu cBOE MOHOrpaduu fenaeT JONroXaaHHbIN, Iy6o-
KWid, @ TNaBHOE, NPaBAUBLIN TEOPETUYECKMIN aHANN3 NPUYNH PAKTMYECKO Heyaa-
4n 3TOM nporpammbl. MPUUYMHBI 3TOFO, KaK HWU CTPAHHO, B 06LeENpPUHATON BrUono-
ramu, KAaHOHW3MPOBAHHON MOLENUN TeHETUYECKOro Koaa. ABTOP YMCTO NOrMYECKU
W, OCHOBbIBAsCb HA OrPOMHOMN 3KCMEPUMEHTANbHON paboTe MUPOBOrO Hay4yHOro
coob6LLecTBa, NOLBOLMT YATATENA K MBICAU, YTO B JENCTBUTENLHOCTH Mbl NOHUMAEM
TOIbKO Manyto 4acTb YHKLMIA reHeTuYeckoro annapara. Mopenb reHeTM4yecKoro
Kopa, pa3pabotaHHas Hobenuatom ®.Kpnukom, HenonHa. Moaens He yYUTHIBAET UM
)K€ MOCTYNIMPOBAHHbIE MONOXEHUA, cynuTaeT [apses. ITn nonoxeHus (T.H. Bobn ru-
noTesa) He0OX04MMbI ANS NOHUMAHMWA NPAaBUI CMAPUBAHMA HYKNEOTUAOB NPU NPO-
YTEHWUM aHTUKOLOHAMM KOLLOHOB B Npouecce buocuHTesa 6enkos. M3 npasun Bobn
runoTessbl cnepyer ewe ofHa (ynyleHHas) PyHAAMeHTanbHaA XapaKTepUCTUKa re-
HEeTUYECKOro KoAa - ero OMOHMMUA, yTBepxaaeT fapses. 3TO BTOpPOW BEKTOP Bbl-
POXOEHHOCTW TpunaeTHoro kofa, CMHOHMMKUA (NepBbIii BEKTOP BbIPOXAEHHOCTH),
T.€. KOA0BAs OfHO3HAYHOCTb HAbOPa Pa3NMYaloLLMXCA KOJOHOB, OblNa 0OHapyKeHa
cpa3y. OHa NOHATHA M XOpOLWO M3y4yeHa B YHKLMAX M30aKLENTOPHbIX TPAHCMOPT-
Hbix PHK. OMOHMMUKA - 3TO KOJOBas HEOZHO3HAYHOCTb NEPBbIX ABYX O4MHAKOBbIX
HYKNEOTUAOB B KOJOHAX. TpeTbn HyKneoTuabl "Bo6AMpyOT" (MOTYT ObITh NOOLIMYU
M3 4-X ) M NO3TOMY He y4yacCTBYyeT B KOAMPOBAHUM aMUHOKMCNOT. IHbIMK cnoBamu,
pnbocoma yutaet uHcbopmaumnoHryto PHK no npasuny "aa u3 tpex". 310 OGbI10
B 1978 r. oTMeYeHO WBeACKUM uccnefoBartenem Y.JlarepKkBMCTOM, HO OCTaBJEHO
6e3 BHMMaHUS Hay4YHOW oblecTBeHHOCTb0. CoBeplIeHHO 0YEBUAHO, YTO NpU UC-
No/sIb30BaHMKU PUBOCOMOIA TaKOTO NpaBKia, BO3HUKAET CUTYaLUs HEOAHO3HAYHOCTY
NPOYTEHNA OMOHMMUYHBIX KOLOHOB. [10 3TOW NpUyYMHe cyLecTByeT ONACHOCTb Bbl-
6opa HenpaBMIbHON aMUHOKUCIOTbI UM CTON KOLOHA. 3TO MOXET NPUBECTU K CUH-
Te3y HenpaBubHbIX 6eNnKoB 1 rnbenn opraHuama. OAHAKO cMHTE3 GENKOB - OYeHb
TOYHbIN npouecc. Moyemy pnbocombl He OWNOATCA? IKCNEPUMEHTLI CBUAETESb-
CTBYIOT, 4TO OEN0K CUHTE3MPYIOWMIA annapaT KNeTKU UCNONb3YeT IMHIBUCTUYECKU
MeXaHW3M KOHTEKCTHbIX OpPUEHTAL M NpU TOYHOM NPOYTEHUN PUOOCOMON OMOHM-
MUYHbIX KOAOHOB. TorAa BO3HWKAET BOMPOC, U ero cTaBuT [apseB: TepMUH "yTeHne"
pubocomoii (B komnnekce ¢ TpaHcnopTHoit PHK) undopmaunonHoit PHK - 310 me-



Tadopa (Kak NPUHATO B FEHETUKE) UK 3TO OCMbICNEHHBIN NPOLECC, peasbHoe yTe-
HWe 1 noHuMaHue? MNpuaaTb OMOHUMY TOUYHbIA CMbIC MOXHO, TOJIbKO NOHAB CMbICH
nosHoro TekcTa (KoHTekcTa). Tak 4YTo e, pubOCOMHbIA annapart KNeTKU YUTAET
noHumaet PHK He B meTadopuyeckom cmbicne? OQHO3HAYHbLIA OTBET Ha 3TOT BO-
NpoC - KaMeHb NpeTKHOBeHUA. [IpUHATL MAEI0 KBA3K CO3HAHMUSA, KBA3WN pasyMHOCTH
reHoma ans 6uonoros He NpocTo. [apseB [eTaNbHO aHANN3MUPYET YKa3aHHbIN Teo-
peTUYECKMiA, @ No Gonblwomy cyeTy hMNOCODCKUIA TYNUK, U ONpefensieT reHeTu-
YeCKylo 1 BMONOTUYECKYD POSib OMOHUMUYECKOW BbIPOXAEHHOCTU TPUMIETHOO
koga. OMoHMMMA Kopa, no fapsaeBy, eCTb GakTop BbiBefeHNUA paboTbl pM6OCOMHOIO
annaparta, U KNeTku B Les0M, Ha YPOBEHb KBA3W Pa3yMHOCTU U, CIef0BATENLHO, B
WHble, MHOFOMEpHbIe CMbIC0BbIE apeanbl. 10 cyTH, CUTyaLKIO C KOJOBbIMU BAUSHU-
SIMWU KOHTEeKCTOB UH(opmaumoHHoii PHK, MonekynspHas 6uonorus 3agHMM YuCioMm
NpuU3HaeT Kak "BTOPOI reHeTUYeCKNUi KOA", He 0ObACHASA NPyM 3TOM, YTO 3TO 3a KOA.
ABTOp K€ 00bACHAET U AEMOHCTPUPYET CYLWECTBEHHOCTb OMOHMMUM HA NpuUMepe
rmobanbHoin onacHOCTW 6e30rALHOrO NPUMEHEHWUA TPAHCTEHHBIX MAHUNYASALMIA
C XpOMOCOMaMu [A/ia NMPOU3BOACTBA FEHETUYECKU MOAUMULUPOBAHHBLIX MPOAYK-
TOB MUTaHKUA. YTO paenatoT TpaHcreHHble "nHxeHepbl'? OHW BBOAAT YyXKepoaHble
6enKoBble reHbl B XpPOMOCOMbI OpraHu3MoB. lpyu 3TOM aBTOMaTUYECKM MeHSTCS
reHeTMyecKne KOHTEKCTbl. ITO NPUBOAUT K HENPABUIbHOMY OCMbICIEHUIO OMOHU-
MUYHbBIX KOAOHOB U HENPABMALHOM TPAHCNO3MLMK (T.H. NPbIXKaM) pubOCOM NO WH-
cdopmauuoHHon PHK. CnepnctBue 3toro - BTOpoit (NMHrBMCTUYECKUI, no lapsaesy)
reHeTUYEeCKMIt KOA UCKaXaeTcs. B pesynbtate CUHTE3UPYIOTCA HENPaBUbHbIe 6e-
KW C aHOManbHbIMU DYHKUMAMMK. ECTb rpO3HbINA M moGaNbHbIA CUFHAM TPEBOTY - Ta-
Kue TpaHCreHHble MAaHUNYAALUKN yXKe NPUBENU K BBIMUPAHUIO MELOHOCHBIX NYen B
CLA. NMuenbl cobupanu U NUTANUCb HEKTAPOM C TPAHCTeHHbIX MONEN - B 3TOM 0[1Ha,
W BO3MOXHO, IMaBHas NpuyMHa ux rubenu. Ha oyepean Yyenoseyeckas nonynsyma?
- 3agaeT Bonpoc [apses. HenoHrMaHne MmexaHM3MOB BTOPOro reHeTUYECKOro Kozaa,
HeMmoHMMaHue peanbHoW, He meTadopuyeckoil, nuHranctuyHocT QHK npusogut K
HenpaBMNbHO TPAKTOBKE He TOJIbKO OMOCKMHTE3a Be/IKOB, HO M NPOLLECCOB 3MOPYUO-
reHesa, a 3T0 He MeHee onacHo, Yyem NpoknAaTue "TpaHcreHun". MpepctaBnsercs,
4TO 3Ta YacTb MOHOorpaduu [.1.[apseBa nmeeT CyLeCTBEHHOE 3HAYEHNE He TONbKO
B TEOPETUKO-OMONOrMYECKOM NIaHe, HO U KaK CTpaTernyecKunin opueHTup ois byay-
e reHeTUKK 1 bruonoruu.

TeopeTnyeckue nccnefoBaHusa lapsesa He OrpaHUUYNANCH KPUTUYECKUM aHANU-
30M MOLEenu TPUNAETHOro KoAa, a pacnpoCTpaHUANCh HA KBAHTOBbIE MeXaHU3Mbl
paboTbl XpOMOCOM. ITa YacTb TeOpeTUYecKoi paboTbl npoBoauTCa [apseBbiM B TEC-
HOM COTPYLHMYECTBE C KpynHbiMu hn3nkamu n matematukamum ®UAHa, MIYy, UMY
PAH u 3apy6exHbiMu yyeHbiMu KaHapbl, AHmuu, fepmaHum u ABctpuu. 310 Aano
OCHOBAHWe 18 TPAKTOBKM PaboTbl XpOMOCOM KaK KBAaHTOBOIo 6uoKomnbloTepa. le-
HOMHbI KBAHTOBbIA KOMMbIOTUHT, KaK npeanonaratT [apseB u ero coaBTopbl, UC-

10



NoNb3yeT NPUHLMMbI KOFEPEHTHOTO U3YYEHUS XPOMOCOM, buoronorpacum u KBaH-
TOBOW HENOKaNbHOCTM reHeTUuYecKon nHhopmauum.

JKcnepuMmeHTanbHaa YacTb MOHOrpaduu NOATBEPXKAAET TeOpeTUYecKune nono-
XXEHMWA aBTOPa U ero KoNjier, MaBHOoe U3 KOTOPbIX - reHeTuyeckas MHpopmaLusa mo-
KET CylecTBOBaTh M paboTaTb B hopme hu3nYeCcKnux nonei ot GOTOHHOTO YPOBHSA
A0 PagMoBOAHOBOro. ABTOPOM U €ro eAUHOMbIWIEHHUKAMKU NPOBEAEHbI 3KCNepU-
MeHTanbHble UCCNeA0BaHNA B 3TOM HanpasneHnuun B Poccun n Kanage. Vimu Bnep-
Bble B MUpe NMpOBeAeHa AUCTAHTHAA MHOTOKUIOMETPOBAA TPAHCNALMA BOJHOBOM
reHeTUYeCcKon MHopmMaLmun oia pereHepauum NOSKENYA0YHOM Xenesbl y KUBOT-
HbIX U 0OHapyxeH peHOMEH BONHOBOTO MMMYHUTETA.

MoHorpadus 1.M.[apsieBa HamAAHO NOKa3bIBAET HEOOXOAMMOCTb NEPEXOAA re-
HETUKN N MONEKYNAPHOI BMONOrMM Ha CylLecTBEHHO Gonee BbICOKWIA ypOBEHb pas-
BUTMA 1 CNOCOOCTBYET 3TOMY.

B.H.BonyeHko
,ﬂOKITIOp mexHuU4ecKux Hayk,

npogpeccop MI'TY um. H.3 baymaHa,
Akademux PAEH
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[eHeTUYECKUU KOO CNOXHee
ero TpMnAeTHOn Moaenu

Ceitvac, BOT mapafoKc, Mbl BUJMM, YTO MONIOXKEHNE B FEHETUKE, KaK OCHOBe OGUO-
NOTUYECKOro 3HaHWA, OCTaBaAeT OLllyLieHNe UCKYCHO HAapMCOBAHHOIO, KPacMBOro
M OMACHOrO MMpaxa. ITO Nocie NpoBajsa 3HAMEHUTON nporpammsl «feHoM yeno-
BeKa», KOraa oObIBaTeNto, OH e HaNoronnaTeNblnK, CTaln BHYWATb — HaKOHEeLl-
[ie «NpoYTeHa BCA» reHeTnyeckas MHMopmaLmsa YyenoBeyecknx Xxpomocom. locnbli-
WANNCb BOCKANLAHUA O NPOPBIBHbIX yCnexax TPAHCreHHON UHXeHepun, KNoHUpo-
BaHWUM XMUBOTHbIX U BOT-BOT YenoBeka. Ho kakoBa peanbHOCTh? MTor nporpammel
«[eHoM 4enoBeKa» BblBeN HAC Ha «3UAOLWME BbICOTbI» OPULNANBHON FeHEeTUKH.
Tenepb Mbl 3HaeM NOCAef0BATENIbLHOCTb 3 MUAAKapAoB Hykneotuaos B JHK Hawwmx
xpomocomax. V1 uto? Tak n 0CcTanocb HEMOHATHLIM FMABHOE, CTpaTernyeckoe, MUpo-
BO33peHYecKoe — Kakum 06pa3om Mbl, Nt0Aun, 1 BoobLie Bce KuBoe, 3aKoanpoBa-
HO B COOCTBEHHbIX XpOMOCOMax. BOT xapakTepHoe BbiCKa3blBaHME HA 3TOT CYeT,
cnenaHHoe IMmaHtodnem TeseHOHOM B ypHane LABEL B cTatbe «Hayku o XuBbix
OpraHu3max: KoHel, «BCECUNbHOW» reHeTuKe?»: «HecmMoTpa Ha 3HauuTeNbHblE 3a-
TpayeHHble CPeAcTBa, TepaneBTUYECKMe UTOTU PA3BUTUA FreHETUKW OCTaBNAIOT Xe-
natb nyywero. 1o TaKkon cTeneHu, YTO UCCAEA0BATENN HAYMHAIOT NepecmMaTpmBaTh
CaMy KOHLenuuio AUCLUNNUHBI, MaBEHCTBYIOLLEH B OMONOrMYecKoi HayKe BOT yiKe
Ha NPOTAXEHUU NATUAECATU NeT». bbln NOCTYANPOBAH «KMOMEHT UCTUHBI» — BCe
3aN10)eHo B reHax. M 3to 6bina napagurma Ha pecatunetus. lNocne oTKpbITUS ABON-
Hon cnupanu [JHK Bo3HMKNa TeopeTuyeckas cxema: ctpyktypa JHK nmeer yyacr-
KW, TeHbl, KOTOpble, Koaupys 6enku, a Takxe PHK, onpeaenstoT BHEWHOCTb XXMBOTO
OpraHuM3ma u ynpasasiT ero nosepeHnem. CNOBHO BCEMOrYLWMIA AeMUYpPr T€HOM
NpeacTaBNANCA TBOPLOM OPraHU3Ma, KOTOPbIA 00bACHAET B 3TOM OpraHu3Me BCe.
Takoe npeacraBneHune 0 KBCECUNIbHOW» reHeTUKe YCUANAOCH C MOABNEHUEM MEX Y-
HapOAHOro NpPoeKTa paclnppOBKN reHOMa YeN0BeKa, B KOTOPOM NPUHANM yYacTue
CWA, Benukobputanus, ®paHuus, lepmanus, AnoHus u Kutair. Cuutanocs a priori,
4TO BCE 3aNWUCaHO B TPUMIETHOM Koje 6enkoBbix reHoB. Wl mo3ToMy AOCTATOYHO
OyneT N0KannM30BaTb KHENPABUbHBIA» TeH, YTOObl 3aTeM HelTpann30BaThb €ro He-
KenatenbHyto ¢yHKumuio. Cpeactsa MaccoBon MHMOpPMALMM eXe[HEBHO paccCKa-
3bIBa/IM O NPOABMXEHUM UCCNEe0BaHNA, COOOLWAs, YTO OHU NPUBEAYT K CO3LAHUIO
HOBbIX JleKapcTB. Ho 1 yepe3 pecATb NeT nocye CEKBEHWPOBAHUA reHoMa BMpyca
CMN[a npuBuBKa NpoOTUB HEro Tak WU He co3paHa. [eHeTuyeckas Tepanusa, Nnopo-
[IMB HeOblBable HaAEeXAbl, NPUBENA NMOKA K Ype3BblYaNHO ManbiM pe3ynbTatam. U3
COTEH KJIMHMYECKMX ONbITOB, NPOBEAEHHbIX BO MHOIUX CTPaHax MUpa, MULb OLUH
npuBeNn K peanbHOMy ucLeneHuto: dhpaHLy3CKUM Bpayam nog pykosoactsom Ma-
punbl KaBauaHa-KaneBo n Anena ®uwepa (Inserm U 429, knuHuka um. Hekkepa
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BosHosou 2eHom. Teopusa u npakmuka.

B [apuxe) yoanocb BbINeYUTb JECATb AeTel, CTPaLaBLWMX TAXKENbIM HELOCTATKOM
NUMMYHHOI cucTembl. OfHAKO M 3TOT ycnex oKasancs HefoNrum: B okTabpe 2002
ronay o4Horo u3 aeteit obHapyXxeH NoOOYHbIN 3P DEKT B BUIE NIeAKEMUM, YTO NO-
BeNO 3a COO0M OCTAaHOBKY KNIMHMYECKUX ucnbiTaHuii. OgHoBpemeHHo CLUA Takxke
OCTAHOBMJIM YAaCTb NPOrpaMM NO Pa3BUTUIO TEHHOW Tepanuu. B HaWu AHU reHeTUKM
BO3/1araloT HAAEXAbl HAa TO, YTO pacWwmMdpoBKa reHOMA YeNl0BEKA NO3BOIUT onpepe-
NIUTb ThICAYM FEHOB, XapaKTepPU3YIOLWMX KaXa0e YyenoBeyeckoe cylecTso. [pumep-
HO AecATb—ABEHafLaTh ThICAY yXKe Oblin onpeaeneHbl, HO KOHKPeTHble yHKLMM
yCTaHOBJIeHbl NoKa TobKo y 5000.

Mpueeaem oanH npumep: B 2001 rogy ¢ orpoMHON nommnoii Gbina 06bsBNEHA
pacwudposka reHoma mywku gposocunsl (Drosophila melanogaster), n B 10 e
BpeMs B EBpone HacYuMTbIBaNoCh TONbKO ABA CMeLManucta, CnoCcobHbIX CPaBHUTD
n ngeHtuduumnposats 3000 pa3Hbix BULOB Apo30dunbl. HecooTseTcTBue 0YeBUA-
HO. YTOObI BBIATU M3 3NUCTEMONOrMYECKOTO TYNMKA, B KOTOPbIN 3aluna reHeTuKa,
ABa (paHLy3CKMX YYeHblX, Cneuyuanucta no monekynsapHoin o6uonorun Xau-XKak
Kynek u MNbep Canuro, npegnaraloT NpuUMEHUTb K UX gucumnamHe teopuio apsu-
Ha, NOpPBAB TakKMM 00pPa3oOM C COBPEMEHHbIM feTepMUHKU3MOM. B kHure «Hu bora,
HU reHa», onyb6NMKOBAHHON HefaBHO, OHU OOBACHAIOT, YTO COOOLECTBO KNETOK
OpraHuM3ma onpepensieTca He reHeTUYecKoW NMPorpamMmmon, a KOHKYpeHLmen, KoTo-
pas NPOUCXOAMUT MEXAY PA3NMYHbIMK COCTABAAIOWMMMK XKUBOTO OPraHn3ma B Lenax
MOSlyYEeHMA BHEWHUX PecypcoB, 6e3 KOTOPbIX OH HE MOXET MUTb. MoneKynbl BO3-
HUKAIOT NPOU3BOJIbHBIM 0OPA30M M MPUHLKUN KECTECTBEHHOrO» 0TOOpa MmoolypseT
XM3HEHHO CnocobHble coyeTaHns. Kak 1 60/bWMHCTBO BbICWMX OpraHM3MoB (pac-
TEHUSA, KUBOTHbIE U AP.), BbIXKMBAIOT U Pa3BMBAIOTCA T€ MONIEKY/bI U KNETKU, KOTO-
pble yylle Apyrux CnocoOHbl HaWTU NUTaHMe. 3Ta TEOPUSA, BO3MOXKHO, 00BACHSET
TOT (DaKT, YTO FEHETUKM He MOTYT 0 CUX Nop pa3paboTaTh BaKUuHy npoTus BUY. Ee
HEBO3MOXHO CO3/aTb, NOCKOJbKY OHa JO/KHA AeNaTb HEBO3MOXHOE — ObICTPO pe-
arnpoBaTb Ha MUAAKAPLbI U3MEHEHUW B MUHYTY Y MUATMAPA0B UHAMBUAYYMOB. ITO
CTOJb YK€ 6eCcCMbICNEHHO, KaK U U3y4YeHWe, aTOM 33 aTOMOM, CTPOEHMS aBTOMOOUSA
B LIeNIAX YCUNIEHUSA AOPOXKHON 6€30MacHOCTU. TaK YTO XKe B UTOTe CeN FpaHaMO3HOI
nporpammbl? «[1poynTanu» reHom y WecTu JAen — no 0GHOMY MYKCKOMY U XeH-
CKOMY KaXK[oMW 13 Tpex pa3Hbix pac natc reHom Kpara BeHTepa, Begylero «npo-
rpamMMmucTa» nporpammel «[leHoM yenoBeka». Hawnuco mexay HUMKU Koe-Kakue oT-
NYUA, KOHCEHCYCHYIO NOCNeA0BATENIbHOCTb COCTAaBUTL He yaaeTca. OcHOBHaA mac-
Ca reHOB MPAKTUYECKN ULEHTUYHA OT KUWEYHOW Nanoyku Ao yYenoseka. Cnosom,
«ropa poauna mbliwby». PazoyapoBaHue. B cpepe yyeHbIX-reHeTUKOB Hayanca pas-
Opof ¥ wataHue. ba3oBbIi 31eMeHT reHeTUKN — reH, yaMBUTeNbHOE Aeno, nocre-
NEeHHO BbIXOAWT 33 PaMKu ee NoOHUMaHUA. Pa3gaoTca faxe ronoca HayYHbIX naHu-
KepoB, MPU3bIBAIOLMX OTKA3aTbCA OT U3YUYEHUA reHOMA U 3aMEHUTb €ro u3yyeHnem
BCEX M3BECTHbIX OeNKOB, CO3AaTb HanpaB/ieHMe Noj Ha3BaHUEM NMPOTeOMMUKA. ITO
BMECTO reHOMUKK. PaccyaatoT npy 3TOM NPUMEPHO TaK: KOJib CKOPO Mbl HE MOXEM
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l1.M.lapses

NOHATb, KaK Ha caMoM aene paboTaeT reHeTuyeckuin annapar u monekyna AHK, na-
BaiTe OTOWAEM B CTOPOHY W 3aiMeMCS eTalbHbIM U3yyeHnem Bcex 6enkos. Torga
VK TOYHO MOiMeM, KakuM 06pa3oM CTPOUTCS OpraHMU3M, U N0 KaKMM 3aKoHaM. Tonb-
KO 3TO — He Gonee YeM NOBTOP TOW Xe OWNUOKM, YTO U C TEHOMOM, MOCKONbKY Genku
ABNAIOTCA NOANAMUHOKUCAOTHBIMU penankamu HK. B nepcnekTnBe cHoBa BUAMUT-
CA KPU3KC, HO yXKe He reHOMHbIN, @ NpoTeOMHbIi. V1 cHoBa C orpomMHON 3artpaTon
AEHEr U Hay4YHOMN 3Heprun BnycTyto. OTMbIBKA AeHer «no HayyHoMmy»? V3BeCTHbIA
6uonor bptoc JIuntoH ewe 6onee kateropuyeH B CBoeil cTatbe «[Tporpamma [eHoMm
YenoBeka — KOCMUYeCKan WYTKA, 3aCTaBMBLLIAA YYEeHbIX KAaTaTbCA NO MOJY OT CMexa»
http://www.money-health-relationships.com/human-genome-project.html. OH
npeaBMAaMT NepeBopoT B OMONOrMK Kak CNeAcTBMUE 0TKA3a OT KOHLENLMM FeHOB Kak
ynpaBastowmx 6MoCUCTEMON CTPYKTYpP. ITOT NEPEBOPOT OH NMOHMMAET KaK aHanor
TaKOBOro B (hM3uKe, WarHysLWei oT HbIOTOHOBCKMUX NpeACTaBieHU B KBAHTOBbLIE.
HactynaeT 3pa KBaHTOBO# (BONHOBOM) reHETUKMU.
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UCTOKU OLLINOOK

MoyeMmy e reHeTUKa, a BMECTE C Hell M 61M00rus, He MOTYT BbIATH U3 3TOTO 3aKON-
AOBAHHOIO Kpyra HeMOHMMAHMUSA peasibHblX MEXaHU3MOB XPOMOCOMHOTO KOAMPOBa-
HuAa? Kak cevyac nOHMMAIOT reH? YTo-TO M3MEHMNOCH B 3TOM MNjiaHe CO BPeMeHU
OTKpbITUSA ABOMHOW cnupanu AHK? [ns 3Toro obpatumcs K «oduumanbHoi» mMo-
NeKyNspHO BUOoNOrMM U reHeTuKe, B3fB yHAAMEHTANIbHbIA M OTHOCUTENLHO HO-
Bblii Y4€OHUK, OAHUM U3 CO3aaTeNeil KOTOPOro sABNSETCA COABTOP 3TOW CaMoi Mo-
penu peoiHo cnupanu OHK, HobeneBckuit naypeat Ixenmc YotcoH: b.Anbbeprc,
[.bpeit, x.Jibtonc, M.Pacpd, [x.YoTcoH. MonekynspHas 6uonorus knetku. T.3. M.
N3g. «Mup» (1994 r.). 3ameTum, YTO K MOMEHTY HacToawero aHanm3a (2008 r.)
NPUHLMUNNANbHbIX CABUIOB B MOHUMAHUKU reHETUYECKOTO KOAa 0PULManbHON reHe-
TUKOW He NPOM30LLN0 U, COOTBETCTBEHHO, B yYebHMKax Toxe. H1 ogHO 13 6a30BbIX
MOMIOXEHWUN B 3TON 06/1aCTW 3HAHUA oduLManbHOW Guonoruein He NEPeCMOTPEHO,
X0TS 06HapYKEHO MHOTOE, rpo3slyee pa3pylWwmnTb 3Ty 6a3y. YTo e TaKoro rpo3HoOro
ANs 0bMUMANbHON reHeTUKM 0OHAPYKEHO VXKe AaBHO U B HEAABHUX UCCNeL0BaHN-
Ax? AHanu3npyem e€ Knaccnyeckme noaoXKeHUA Hanpamyio, N0 CTpaHULAM Ha3BaH-
HOTO Knaccuyeckoro yuyebHuka ans BY3os:

Ctp. 99-101: WM3naraetca Teopua no3uMLMOHHON WHMOpMauun BonbnepTta
[Wolpert, 1971], Teopus, koTopas BOT yxe 6onee 30 neT NeXuUT B 0OCHOBe 06bsACHe-
HUMN, KaKMM 00Pa30M OCyLLECTBAAETCA MONEKYNAPHOE (FeHeTUYEeCKOe) pYKOBOACTBO
CTPOMTENIbCTBOM 4-MepHOM (NPOCTPAHCTBEHHO-BPEMEHHOI) CTPYKTYpPbl MHOFOKNe-
TOYHOro opraHusma. Yutaem: «Bo MHO2UX pa3BUBAIOULUXCS CUCmeMax Hebosibuiue
Y4acmKu mKaHu cnocobHbl npuobpemams Kakue-1ubo ocobsble csolicmsa, npespa-
warouue ux 8 UCMOYHUK CU2HA/IG, KOMOPbIU pacnpocmpaHAaemcs 4epe3 npusexa-
Wue y4acmyku mMKaHU, U Moxem KOHMpOo/auposams ux nosedeHue. B wacmHocmu,
CU2HAIOM MO2ym CAyx)umb Oup@yHOuUpyoujue MoNeKy/bl, CeKpemupyemble CU2Ha-
Ju3upyrwum yyacmkom. BozHukaem KOHUeHmMpayuoHHsIl epadueHm. Yem danbuie
MKQAHb-UCMOYHUK, memM MeHble cueHan. [unomemuyeckoe Bewecmso, ... KOHYeH-
mpayus Komopo2o Npo4Yumsbi8aemcs KaemKkamu U no3sosem nociedHum onpede-
JIUMb paccmosAHuUe OMHOCUMebHO HeKUX OpUeHmMuUpo8 UU «MAsKOB», Ha3blBaemcs
mopghozeHomM. CueHanuzupyruull y4acmok cnocobeH ¢ NOMoUibio MOpho2eHa KoH-
mpoJiuposams (opmMupoBaHUe NPOCMpPAHCMBEHHOU opeaHu3ayuu 60bwux nosed
npunexawjux meared. [padueHmsi MopgoceHa npedcmassisom cobol npocmoe u
IppekmusHoe cpedcmBso obecnedeHus K1emoK No3uyuoHHoOU uHgopmayuei.

«Wl xoma u3BecmHoO MHOXecmBso npuMepos CUSHANUIUPYIOWUX Y4ACMKOS, ... Ha
npakmuke 8 Hacmosuee BpemMa Mol umeem 0esio BCe20 NUlb C HECKOJIbKUMU C1y-
yaamu HenocpedcmseHHoU xumuyeckol udeHmugukayuu mopgoeeHa. Kak npa-
BUJIO, U3BECMHO NUWLb, YMO U3MEHEeHUA MecmonoioxeHus npeonosazaemozo cue-
HAU3UPYIOUE20 Y4aCmKa nocie nepecacku Uau UHbIM CNOCo6OM, npoucxooum u3-
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l1.M.lapses

MeHeHUe CmpyKmypbl Npuaexawux y4acmkos mxaHu. HabnwdeHus makozo pooa
He Nno380/IAOM BbIACHUMb, HACKOJILKO U3MeHeHUS CmpyKmypbl 0moOesbHbIX Kie-
MOK onpedenAlmcs npAMbIM 0msemomM Ha delicmsue MOppo2eHa u Kakos BKAAGO
om s83aumodelicmsus peazupyrujux Kiemok. BeposmHo, 8 6onbuwiuHcmse ciy4a-
eB8 UCX00HbIl epadueHm mopghoeeHa Bbi3bisaem umnysbc, obecneyusarwull ¢op-
MUpoBaHUe NpocmMpaHCMBeHHOU 0p2aHU3ayuUU WUPOKO20 cnekmpa Oelicmsus, a
JIOKGJIbHbIe MeXK/lemoyHble s83aumodelicmsus yyacmsyrm 8 npopabomke dema-
ned... mopgoeeH moxem OelicmsoBams 8 NoJjie KIemok, Kaxxo0aa u3 Komopsix pe-
azupyem He3asucuMmo... 8 omcymcmsuu mopgozeHa Moxem cpabameiBame «3¢-
heKm «3anOMUHAHUA»».

NTaK, B COOTBETCTBMM CO CKA3aHHbIM, pa3BUTHE IMOPUOHA ONpefenstoT Hekune
rmnoTeTmyeckme mop@oreHbl, UAEHTUPUKALUA KOTOPbLIX Ype3BblYANHO pefKoe Co-
ObiTMe M NpUpOAA KOTOPbIX He 00s3aTeNbHO POACTBEHHA WM TOXAECTBEHHA re-
HeTuyecknum cTpyktypam, To ectb [HK unu PHK. W coBepweHHO TaMHCTBEHHOE
yTBEPXAEHNE, YTO MOpP(OreH MOXeT AENCTBOBATb B «MNOje KNeTok». YTo 370 3a
«noney, He yTouHAeTCcA. PUrypupyroT HUKAK He TpaKTyeMble TEpMUHBI (MOHATUAT),
Hanpumep, «3anncb» NO3ULUOHHON UH(OPMALUM HA YPOBHE KKNETOUYHON NaMATUY
C 00pa30BaHNEM HEKOEro «MNO3ULMOHHOIO 3HayeHus». YTo ecTb namATb KNETKH,
onATb-TakW, He 006bsACHAeTcA. Ho To, YTO OHa [o/MKHA ObiTb «XOpowWeny nogyep-
KMBAETCA NOCKONbKY «MOPdOreHbl AeCTBYIOT HAa PacCTOAHUAX He 6onee 1MMy, TO
ecTb npumepHOo 100 unn MeHee KNETOYHbIX AMAMETPOB. IMEHHO 3TO BbI3bIBAET He-
006X0AMMOCTb aBTOPAM BBOAMUTb HUKAK HE TPAKTYEMOE MOHATUE KKNETOYHOW naMms-
TWU». ABTOPbI NMULWYT: «...pa3Nnymne MEXAY ros0BOW U XBOCTOM B 3IMOPUOHE [OMIKHO
3aKNaAblBaTLCA ele TOrAa, Koraa AnnMHa COOTBETCTBYIOWMX YHACTKOB He NpeBbiwaeT
1 MM .... K ToMy BpeMeHM, KOraa AIMHa XXMBOTHOMO AOCTUTHET CAaHTUMETPA UK Me-
Tpa, COObITUSA, B pe3ynbTaTe KOTOPbIX BO3ZHUKAM 3TU pasnnyus, OyayT yxe «apeBHel
UCTOPUENY; U ANSA TOro, YTOObI JAHHbIE PA3NMUYUA COXPAHANUCH, KNETKU AOJXKHbI
0651aaatb XOpoLlwein NamaTbio». 3aNOMHIUM 3TU KNKOYEBbIE C/I0BA U C/IOBOCOYETAHMUSA-
NOHATUSA, BBEAEHHble B 3TOM (parMeHTe, HO HUKAK He 0ObACHEeHHble: KNeToYHas
namsTb, KN1ETOYHOE NoJe, 3anncb MHGOPMaLMK. A TaKKe BaXHbI A Gyaywmnx pas-
MblLWIEHMUI haKT, 4To MopdhoreHeTuYeckas MHGopmaLms aencTeyet B IMOPUOHE Ha
paccTosHuM He Gonee 1 mMm.

Crp. 102. «KoHeyHoe cocmosAHue KiemKu BO3HUKAem Kak pe3ysbmam onpede-
JIeHHOU nocnedos8ameibHOCMU peweHul.

Ewe ognH TepMUH, NOXOAA BBELEHHbI aBTOPAMU — KKNETOUYHbIE pewweHua». Hu
C/I0BA O TOM, KTO M KakuM 06pa3om «peLaeT».

Crp. 105. «Becbma 8eposmHo, 4mo npupooOHbIM MOPGHO2eHOM ABNAEMCA ... pe-
muHoesas Kucaoma. ...Y0anocs udeHmuguyuposams peyenmop pemuHoesol Kuc-
Jomsl. VM okazasncs 6esiok, 20M0J102UYHbIL peyenmopam cmepouodHbIX U mupeouo-
HbIX 20pPMOHOB; OH CBA3bIBAEMCA C onpedeneHHbIMU nocaedosamensHocmamu [JHK
U peaynupyem mpaHCKpunyuto onpeodesieHHblx 2eH0B».
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BosHosou 2eHom. Teopusa u npakmuka.

370 UANOCTPaLMA CKa3aHHOTO paHee — MOpdoreHbl He 06513aTeNbHO BbICTYNAOT
B hOpMe HYKNEeMHOBLIX KUC/IOT, TO €CTb 3T, COOCTBEHHO, He reHbl. B 0CHOBHOM 3T0
0enKu, MHOra Takue NPoCTble COeAMHEHMS, KaK peTMHOeBas K1CnoTa.

[lanee aBTOpbI LeNaloT OTKPOBEHHOE NPU3HAHKE, YTTOPHO UTHOPUpPYeMoe «otu-
LManbHOM» reHeTuKon: «MonekynapHble MexaHW3Mbl, fiexalme B OCHOBE 3TOrO
BaXKHOr0 cnocoba KOHTPO/Is poCTa NOKa He U3BECTHbI».

Ctp. 109. [lanee eue 6onee yauBUTENbHO: «BCA Kaaccuyeckas 2eHemuKa 0CHo-
BAHA HA NPeonosIoXeHUU 0 MoM, 4mo cmpoeHue 06020 0p2aHU3Ma KOHMPOAUpY-
emcs e2o0 2eHamu. Ponb JJHK 8 obecnedyeHuu HacnedcmseHHOCMU U3BECMHA yxKe
6on1ee 100 nem, 0OHAKO MexaHU3Mbl 2eHemu4YecKo20 KOHMpPOJiA, KOMopble omseya-
fom 3a 06pazoBaHuUe HOPMAabHOU CMPYKMYpPbl Meaa B3POC/bIX KUBOMHbIX, 00 CUX
nop ocmaromcs Hepa3z2adaHHbIMuU. B nocnedHue 20061 3mom npobes 8 HaWUX 3Ha-
HUAX Ha4an 3anonHAmeca. Onbimsl Ha Opo3ogusie npusenu K OMKpbIMUIO Kaacca
KOHMPOAUPYOWUX pa3sumue 2eH08, cneyuguyeckas GyHKYUS Komopblx cocmoum
8 (hOpMUPOBAHUU NPOCMPAHCMBEHHOU OpeaHu3ayuu mesaa. 3mo 20Meo3UcHsle ce-
JIeKMOpHbIe 2eHbl. [Ipo0yKmbl 3mux 2eHo8 Cy)am MOJNEKYAPHbIMU adpecamu, 8
nepsom npubiuxeHuu obecneyusaUUMU KaemKu NO3UYUOHHbIMU 3HAYeHUSMU.
[omeo3ucHble Mymayuu... Hapywawnm HopMmaabHoe obecneyeHue uHgopmayuel
8cex KemoK 0aHHO20 y4acmKka: Kaemxu 0e3uHgopMupyomces 8 OmHoweHuu caoe-
20 MECmMONOJIOXEeHUA U U3 HUX (hopMUPYIOMCA CMPYKMYypbl, KOMopble 8 HOpMe pac-
nosa2armcs 8 UHbIX y4acCmKax meaay.

be3 Kakux-n16o 06bACHEHUI BBEAEHO €lle OAHO NOHATUE — KMONEKYNAPHbIe
aflpeca» romMeo3nCHbIX CENEKTOPHbIX FeHOB. 3BYYUT KPAaCUBO, HO HeMmoHATHO. Ka-
KM 006pa3oM NpoAyKTbl CENEKTOPLIX FTEHOB, TO €CTb OeNKKM, UTPaloT Pob afpPecos
ANA NepeMellalolnxcs IMOPMOHaNbHBIX KNETOK, KOTOpble MU 3TOM ele U No He-
MOHATHbIM KOMaHAAM MPEBPALLAIOTCA B APYrMe — MbllWEYHbIE, KOCTHbIE, HEPBHbIE
n 1.48.7 bonee TOro, HaNnoMnMHaem, YtTo gencTeme MOpPQOreHOB pacnpoCcTpaHAeTCA
B 3MOpMOHe He 6onee yeMm Ha 1-2 mm. Kak moryt paboTatb MoneKkynspHble agpeca
MOpdoreHoB B 3MOPUOHE, €C/IM UX [EeNCTBME CTOJIb OFPaHUYEHO B NPOCTPAHCTBE?
OTBeTa HeT. VIMeIOTCA TONLKO AEKNApaTUBHbIE U MPOTUBOPEUNBbLIE YTBEPKAEHUS,
4TO BHOBb NMOATBEPXKAAET OTCYTCTBME NMOHWMAHUA [MaBHOrO B paboTe reHoMa, Ka-
KUM 00pa3oM KOAMPYETCA CTPYKTYpPa OpraHu3ma.

Ctp. 117. «HeckosibKo 2eHOB U3 KXol epynnbl 2eHOB ceameHmayuu 6bi10 K1o-
HUPOBAHO U coomsemcmsylowjue 30H0bI UCN0b308AHbI 014 TOKAAU3AYUU MPAHC-
Kpunmos 8 HOpPMAbHbIX IMOPUOHAX N0 Memody 2ubpudu3zayuu in situy. Tak 6biu
noJsly4eHbl mpaHckpunmsi 2eHa bicoid u dpyaux 2eHos, y4acmsywux 8 op2aHu3a-
yuu cmpykmypsl pa3susaruuxca ImbpuoHos. [anee yumaem — «IpaHcKpunmel
2eHa bicoid asnalomca UCMOYHUKOM NO3ULGUOHHO20 CU2HAAA: MPAHCKPUNMbI JI0KA-
JIU3YIOMCA HAG 00HOM U3 KOHU08 Alya 0po30ogusl, xoma 3¢gexkmsl Mymayuu 2eHa
pacnpocmpaHamcs Ha 60/bLWy0 4acms 3MOPUOHAY.
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BoT ewe opgHO Kpuyauiee npoTMBOpeYMe Mexnay 3KCnepumeHTamu u «odu-
umanoHoi» Tteopuen. lMoacHaem. PHK-TpaHcKpunTel reHoB mMopdoreHesa u, co-
OTBETCTBEHHO, MX MPOAYKTbI-OENKM CUHTE3UPYIOTCA NIOKANbHO B ONpeAeNneHHbIX
OrpaHWUYEeHHbIX Y4acTKax 3MOPUOHA, a Ux, 6enKoB, MopdoreHeTUYECKOE [EeNCTBUE
PacnpoCTpaHAEeTCA 3a npefenbl MecT GUocMHTe3a 3TuX 6enKoB, Ha 60MbLLIYI0 YacTb
3MOPMOHOB. ITO 03HAYAET, YTO Mbl BULMM IBHOE HECOOTBETCTBME TEOPUM NO3MULMU-
OHHOW MH(OpMaLKK 06 «rpagueHT-orpaHUYeHHOM» fencteum mopdoreHos. Mpo-
TUBOpEYa camu cebe, aBTOPLI, TEM HE MeHee, AAOT BEIUKONENHbIA UANIOCTPATUB-
HbIA 3KCNEPUMEHTAbHbIA MaTepuan 0 NoKanu3aumm MopporeHoB B OLHOM MecTe
3MOPUOHOB M NPOSBAEHUN UX AEACTBMA HA PACCTOSHMAX, 3aNpefenbHO YaaNeHHbIX
OT MeCTa HayaNbHOro noasneHnsa n auddysun mopdoreHos. ViHbiMu cnoBamu, Ha-
NINLLO, CTPaHHbIM 06pa3oM MrHOPMpPYeEMOe, AaNbHOLENCTBUE CENEKTOPHbIX OeNKoB
mopdoreHesa. B 3Tom 0OHapyx1BaeTcs ofjHa U3 peann3auunin hyHaaMeHTanbHOro
reHeTMYeckoro (3MOPMOHANLHOIO) ABNEHUA — HENOKANbHOCTU AeiiCcTBMA GenKos
mopdoreHesa. Ckaxem npouue. benok (unu 6enku), ynpasastowme npocTpaHCTBEH-
HOM (W BpeMeHHOM) opraHu3aumei IMOPUOHA, N3HAYANLHO W IOKANIbHO HAXOLATCS
B OJHOM MeCTe MPOCTPaHCTBA 3apOAbILLa, a AeWCTBMUE UX NPOABIAETCA COBEPLIEHHO
B [ pyroM, OTAANIEHHOM y4yacTKe 3MOPMOHa, Kyaa OHU He MoryT AnddyHANPOBATL C
[LOCTAaTOYHOMN CKOPOCTbIO, YTOOLI HANPAMYIO OKa3aTb perynaTopHoe fencraune. NHebi-
MU cnoBamu, x QYHKLMA peann3yeTca HenoKanbHo. [poaBnseTca NpoCTpaHCTBEH-
Hoe aanbHopencTeMe 6enKoBbIX hakTOpoB aMbpuoreHesa. ITo GyHAAMEHTANbH bl
¢akT. Ho OH NpoCTO-HanpoCTO He 3aMevyaeTCs OCHOBHOM YaCTbio «OPULMANBHONY
3MOpMONOrMn/reHeTUKM U B O4EPeaHO pa3 3aBOAUT B OrMYeckuin Tynuk. Move-
My Tak? OTBET NpocT — 0b6bACHEHMe 3TOro eHoMeHa, paBHO KaK M MHOTUX Apy-
FMX «aHOMasbHbIX» 0COOEHHOCTEN reHOMa MHOTOKIETOYHbIX, HEM3BEXKHO NPUBO-
[UT TeHETUKY, 1 OMONOTUI0 B LLENOM, K CYLLEeCTBEHHO MHbIM TONKOBAHMAM PaboThl
XPOMOCOM.

MpPOAOMKMUM KPUTUYECKMIA aHaNMU3. AHANOrUYHbIA 3DEKT HENOKAaNbHOCTY Bbin
3aduKcnpoBaH Takxke u ans reHa Kruppel. ABTopbl nuwyT: «MOXXHO NpeanoNoXuUTb
no aHanoruu c bicoid, uyto 6enok Kruppel B ponu auddyHampyouero mopdoreHa
PacnpocTpaHAeTCsA U3 yyacTka TpaHckpunuum Kruppel, xoTs Habntogaemoe pacnpo-
CTpaHeHuWe 6efka He CTONb OOWMPHO, Kak TpebyeTcs B COOTBETCTBUM C 3TOW rMno-
Te3oi». Nmeetca B Buay runotesa (teopusa) rpagueHTos mopdoreHos Bonbnepra.
Mpoctas anddy3ns 6enkoB mopdoreHesa — CAUWKOM MefIeHHbIA NPOLLEcE, YTo-
Obl 06BACHUTL HENOHATHOE: OENoK 3[ech, a JENCTBME €ro B LpyroM, OTAANEHHOM
MeCTe, KyAa OH He NPOHUK. ITO BaXKHOEe Npu3HaHue. M cHOBa BbICTYNAET YNOPHO
He 3aMeyaeMblit PAKTOP AMCTAHTHOCTM, ObICTPON, He AUdhY3UOHHON, fanbHOLEN-
CTBYIOLEN IMOPUOHANBLHOW MHOPMALLIMK, NPUPOAA KOTOPOI HEMOHATHA aBTOPAM.
Hukak He 6epeTcs B pacyeT, 4To BbIXOA 6€IKOB, KaK KPYMHbIX MONEKYAAPHbIX CTPYK-
Typ, 3@ Npefensl KNeTKKU ABNAETCA OTHIOAb He NPOCTbIM akToM Anddy3um (Kak B
C/y4ae ra3oB MM pacTBOPOB), @ CNOXHbIM, 3HEPro3aTpPaTHbIM U AJIUTENIbHBIM NPO-
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LLeccoM 3K30UMTO3a. Belwepawnit u3 knetkn 6enok, 4Tobbl JOCTUYL MECTA CBOErO
NoKanbHoro (BewWweCcTBEHHOrO) [ENCTBUS, JOMKEH BHOBb OblTb 3axBayeH [pyroi
KNETKOW, ABNsAtolLeica nperpagov ons nytelwectsus 6enka K MecTy CBOero feu-
cTBUA. ITOT 3axBaT 6enka (3HAOUMTO3) — TAKIKE CNOXHbIA U ANUTENbHbINA NpoLecc.
Takum obpa3om, npoxoxpaeHne mopcoreHoB (No KpaiHen mepe, 6enKoBoi npu-
pOAbl) Yepes KNeToYHble COM K MeCTy JeNCTBUA — 3TO CIOXKHbIWA, AAUTENbHbIA U
MHOFOAKTHbIN NPOLLECC, UCKNIOYAIOLWNIA TO, 4TO Mbl BUAUM HA CAMOM Jefie — peab-
Hble ObICTPble, faNbHUE AUCTAHTHbIE NEPEHOCHI NPOrpaMMUPYIOWMX aKTUBHOCTEI
benkoB-mopcoreHoB. Moyemy 6bl aBTOpaM HU 3aAaTbCs NPOCTbIM BOMPOCOM — a
HEe CMbIC/IOBbIE /N, HE TEKCTOBbIE I KOHCTPYKLMUM 6enKoB-MOpdOreHoB sBAAIOTCS
LeNnbio OUCTAHTHO (BONHOBOI) Nepefayn Ha GoNbliMe MEXKNETOUHbIE, MEXTKA-
HeBble PacCTOAHMA? 3TO TeM Gosiee NOTMYHO, eCN YYECTb, YTO HUKAKUX COOCTBEH-
HbIX, HENOCPEACTBEHHO OPraHu3yLWmx MophoreHes, akTOB y FOMEO3UCHbIX O€NKOB
He 06HapyxeHo. OHU BXOASAT B LMTOMNNA3MY KNETOK U BbIMONHAIOT HEMOHATHYIO NO
MexXaHW3MaM 3MOPUOHaANbHO-PEryNATOPHYIO DYHKLMIO. 3aTEM OHM CBA3bIBAKOTCA C
onpeaeneHHbIMM yyactkamm xpomocomHoi IHK, 4To6bl MHAYLMPOBATL CUHTES Cle-
Ayrouero 6enka-mopdoreHa. lMocnegHuii, cenas oyepenHoii, ¢ BULY 6ecuenbHbIiA,
BOAX NO LWUTONMAa3Me, BHOBb aKTUBMPYET C/iefVIOlWMIN CEeNeKTOPHbIN reH, NpoayLu-
pyloLmnii cnepyowmin 6enok-mopdoret, u T.4. BugHa kapTuHa KackaaHo nepapxu-
yecKoW ((ppaKTanbHOM) perynauum akTMBHOCTM reHoB MopdoreHesa. KapTuHa Kpa-
CMBasi, HO HEMOHATHAS B IMABHOM — KaK K& BCE-TaKU OCyLECTBAAETCSA, COOCTBEHHO,
cama mopdoreHes-nporpammupytowas QyHKLUNUS rOMeo3nCHbIX OENKOB U NoYeMy
OHU AeNCTBYIOT AMCTAHTHO? MNoaHas 6ecnoMoLHOCTL 3IMOPUONIOTOB MO 3TOMY KO-
4YeBOMY BOMPOCY NPEKPAcHO NPOAEMOHCTPMPOBaHa, Hanpumep, B 0630pe U3BecT-
Horo uccneposatens Jl.KopouknHa — http://www.neurogene.ru/2003a4.htm.
Bce coobpaxeHus 3pecb, N0 CyTH, CBOAATCA K MPOCTON KOHCTaTaLuM aKTUBHOCTY
Te€X UNN UHBIX TeHOB MOporeHes3a, CUHTE3UPYIOWMX Te UK UHble BeNKoBbIe NpPo-
AYKTbl. [eHepanbHble MOTMBALMM NpoLiecca MopdoreHesa, X NpMpoAa 0CTalTCA 3a
npeaenamMmnm NOHUMaHMA. ITO BbIMMAAUT MPUMEPHO TakK, Kak ecnu Obl Mbl MbITANUCD
NOHATb XXWBOMUCHOE MOJIOTHO, aHANU3UPYA, CKONbKO KPacOK MCNONb30BaHO Afif
CO3JaHMA KAPTUHbI U KaKOB UX XMMUYECKU cocTas. MTor Takoro aHanu3a bypet
Xankum — [hkokoHpa npepcraHet neped Hamu Kak 200 rpaMMoB pa3HblX MACAAHK-
CTbIX BEWECTB, onpeAeneHHbIM 06pa3oM pa3masaHHbix No TekcTuio. He anneropus
K Ha nporpammy «[eHOM YenoBeKay?

CmoTpum pganbue.

Crp. 118-119. «...uepapxus NO3UYUOHHbIX CU2HAI0B OOXKHA COOMBEMCMBO-
8aMb Uepapxuu peyisimopHbIx 83aumooelicmsuli Mexdy 2eHamu, ynpasasouumu
¢opmuposaHuem npocmpaHcmeeHHoU op2aHu3ayuu. Imo nosoxeHue MoXHoO npo-
8epumb Npu U3y4deHuu BAUAHUA Mymayuu 00H020 2eHa Ha 3Kkcnpeccuto opy2o20. Oka-
3aJ10Cb, Y4MO 2€HbI, ydacmsyrwue 8 npoyecce popmMupoB8aHUs NPOCMpPAHCMBEHHOU
opeaHusayuu 800Jb nepedHe3adHel ocu IMOPUOHA, HopMUPYIOM UepapXuyecKyio
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nupamudy 8 nAMu OCHOBHbIX APYCax, npu4yem npooyKmsbl 2eHOB Kax0020 Apyca pe-
2YIUPYIOM IKCNPeccuro 2eHOB HUXenexaujux apycos. Ha sepuwiuHe smol nupamuosbl
HAX005MCA 2eHbl NOAAPHOCMU AlYa (MAaK Ha3blBaemble «Macmep 2eHbl» UU «2eHbl-
eocnodax I.11.), 3a HUMU gap-2eHbl, 3amem 2eHbl pair-rule, 3amem eeHbl NOAAPHOCMU
ce2MeHmoB U, HaKOHel, 20Me03UCHble Ce/leKmMOpHbie 2eHbl. MOXHO noay4ums my-
MaHMmMHble 3MOPUOHSI, TULLIEHHbIE HOPMAbHbIX Npodykmos 2eHa Kruppel, u onpede-
JIUMb MemoooM 2ubpudu3ayuu in situ 3KCnpeccuto HOpMabHO20 2eHa ftz, ucnosb-
3yA KIOHUPOBAHHBIU 30HO0, KOMNJIeMeHmapHsIl nocnedHemy. XapakmepHsie Noa0ChI
paduoasmoepagos Kruppel He 06pa3ytomcs uMeHHO 8 mex y4acmkax 61acmomepsl,
Komopble 3ampoHymsl mymauyuel Kruppel. CnedosamenbHo, npodykm 2eHa Kruppel
npAMO UJIU KOCBEHHO pe2ysiupyem 3Kcnpeccur 2eHa ftz. Bmecme ¢ mem, y mymaH-
mos ftz pacnpedeneHue HopmanbHo2o npodykma Kruppel He HapyuwieHo: npodyKkm
ftz He peaynupyem 3kcnpeccuto 2eHa Kruppel. VIHo20a 2eHbl B3auMHO UHeUbUpytom
Opyz Opyaa ¢ 06pa3osaHuemM YemKux epaHul, 3KCnpeccuu ux npooyKmosy.

B 3TomM uutupyemom parmeHTe BMLHA €lle OAHA B BbICWEN CTENEHU Xapak-
TepHas AeTaNnb, CBOWCTBEHHAA BCeEM paboTam No perynsauuu reHoB mopdoreHesa.
B HMX roBOpMTCA O YeM yrofHO, KpOMe MaBHOrO. A raBHOe 3aKJ/il04aeTcs B CTpa-
TErMYeCcKMX MOTUBAX U MEXaHM3Max IMOpUOreHeTUYeCKUX DYHKLMIA NPOAYKTOB re-
HOB MopdoreHes3a, TO €CTb COOTBETCTBYOWMX 6eNnKkoB. B yem nporpammupytowme
3MOpMOH fercTBMA 3TMX reHoB? KakoBa KOHKpeTHas yHKUuMA 3Tux 6enkos? Het
oTBeTa. BMecTo 3TOro NpMBOAAT CNOXHYI U, HAAO 3aMETUTb, TOUHYIO MEPAPXMIO
TOr0, KaK reHbl NOCNeL0BaTENbHO BKOYAIOT-BbIKNIOYAOT APYr Apyra NOCPEACTBOM
COOCTBEHHbIX OENKOBLIX NMPOAYKTOB. HEBONbHO CKNafblBAETCA BMNeYaTNIeHUe, YTo
«BKNIOYATENbHO-BbIK/tOYATEIbHbIE» Onepaunmn 6enkoB MmopdoreHesa — UX efnH-
CTBEHHble perysaTopHO-MeTabonmyeckmne HazHayeHns B LMTONNa3Me IMOPMOHANb-
HbIX KNeTOK. EfuHCTBEHHbIE N1? IBHO He €AMHCTBEHHbIE, NOCKOJIbKY Pe3ynbTUpyio-
lWasn MX aKTUBHOCTU — 3IMOPUOreHe3, KOTOPbIA, ECTECTBEHHO, HE MOXET CBOAMUTLCS
K BKNIOYEHUAM-BbIK/IIOYEHMAM TEHOB W UX CETEBbIM CBA3AM. ITO TUNUYHAA CUTYa-
Uus T.H. YepHoro sAwmMka — Ha Bxope leH (6enok), a Ha Beixope PyHkuus, Mpu-
3HAK. Mbl XOTUM 3arAHYTb BHYTPb YEPHOTO ALLMKA U MO3TOMY 3ajae€M BONPOC: TaK
B YEM Y€ OCHOBHAs paboTa reHoB U UX NPOLYKTOB, 6ENKOB, NO OPraHM3auun 3M-
OpuoreHesa? MoxHO 1 HYXHO chopMynMpoBaTh BONPOC AdXe NpefebHO WHPOKO:
KaKOBO MPOUCXOXAEHME U 3BONIOUMA Koaupylowmx GyHKkumii xpomocom? OTBeTa
HET 1 He OYAET, NOKa He NePeCcMOTPUM CYLLECTBYIOLME U LOTMATU3MPOBAHHbIE MO-
3ULMMN TeHeTMYECKOro KoanpoBaHus. MonoxeHne gaxe yCinoXHUMNOCb. Hox-reHsl,
CYMTABLIMECH KIIOYEBLIMM B MpOLECCAX OHTOreHe3a, CaMu peryaupyembl MUKPO
PHK-TpaHckpunTamun. OHu KogupyioTcs yyactkamu QHK, pacnonoxeHHbIMU Mexay
Hox-reHamu u cyntaBwmmmnca b6eccmblicneHHbiMu. HekoTopble 13 Takux mukpo PHK
YCUAMBAIOT MAM 0CNabnAtoT 3kcnpeccuio cammx Hox-reHoB, HEKOTOpble KOCBEH-
HO BIMAIOT Ha PaboTy ApYrux TPaHCKPUMNLUMOHHBIX hakTopoB. Kpome Toro, MUKpo
PHK moryT perynupoBaTb Kak cocefjHue, Tak U oTAaneHHole Hox-reHsl [Lemons,
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McGinnis, 2006]. WTak, 4TO MAK KTO rMaBHbIA peryasTop, NporpaMmMucT ambpuore-
He3a? Huxe perynatopHbix MUKpo PHK TonbKo HU3KOMONEKynspHbie MeTabonuThbl U
noHsbl. Causa finalis HesicHa. Bo3Bpalaemcs K aHTenexumn Apuctotens-puwa?

MpuynHbl, 3acTaBnsolWne U3MEHATb U JOMNONHATL NOHWMAHWE TeHETUYECKUX
(YHKLMIA, 04EBULHBI U HAMEYEHbI \XKEe HEABYCMbICNIEHHBIMU CEHTEHLMAMM YBaAXKae-
MbIX aBTOPOB aHanu3npyemoro yyebHuka. OgHako oCHOBHas YacTb 6M0ONOroB Heo-
XOTHO PACCTAETCA C UNNIO3UAMU, AAXKE €CIN OHU 03BYYEHbI, KaK 30€Cb, MPU3HAHHbIM
aBTOpPUTETOM, HOGenmaToM, — YoTcOHOM M coaBTopamu. Kpome Toro, B HayKe, Kak u
Ha N0OOM pbIHKE, MOWHO AeiCTBYET CMCTEMA TOProBbix Op3HA0B. TaKOBbIM, K CO-
YKaNneHut, CTan U TPUNETHbI reHeTUYecKuii Koa. MHOrofeTHUI aHanmn3 o6 LWKPHOA
MUPOBOW NUTEPATYPbl MO FEHETUKE U MONEKYNAPHON OMONOrMM NMOKA3bIBAET, YTO
apean yyeHblx, Ny6MYHO NbITAOWMXCA NEPEOCMbICANTD, Ka3anoch Obl, yCTOABLINE-
CA KAHOHbI TEHETUKM, BECbMa orpaHnyeH. Kpome Hawwwmx nccnefoBaHmii, 3To paboTsl
U3sH-KanbmxeHns [Jiang Kanzhen, 1981, 1991, 1994-1996, 1998, 1999, 2000] u Ha-
yYHOM WKonbl akag. B.M.Ka3HayeeBa [Ka3zHayees B.M1. u gp, 1973; KazHauees B.I1.,
Muxannosa J1.11., 1985]. B Kakoii-To Mepe 3TOMY HanpaBNeHMIO COOTBETCTBYIOT pa-
60Tbl Moconosa [Moconos A.H., 1980], Puyapaa Munnepa [Miller, 2003] u Monna
[http://www.biophotonik.de/], a Takxe uccnepoBavus bypnakosa [bypnakosa,
1999; bypnakos u ap., 2000]. O Puyapae AnaHe Munnepe Hago cka3atb 0€060. OH
n Be66 nepsble B 1973 roay BbiCKa3anu MAel O TOM, YTO FeHETUYECKMIA annapart
MOXeT YHKLMOHMPOBATb HA NpuHumMnax ronorpacdum [Miller, Webb, 1973], 3a uTo
Ha [lONT1e rofbl Obl1 NpeaaH «reHeTnyeckon aHademer.

KakoBbl e nepBOUCTOKM 3a0yXKAEHWI B TeHETUKE, 3TOM, Bpoae Obl, Gnarono-
NYYHOI U ycnewHon obnactn buonornyeckoro 3HaHua? MNpepcraBnseTcs, 4To Hava-
N0 KPW3M1Ca, KaK HU NapafoKCanbHO, NON0XKEHO TPMYM@POM OTKPLITUS ABONHON CNK-
panu [HK v ee dyHKkumnin YotcoHom n Kpukom B 1953 rogy ¢ nocnefnyowmmm ycu-
AMUSMU NO pa3paboTKe NPUHLUMNOB KOAUPOBAHUS OeNKOB. ITO OblN AEeACTBUTENLHO
MOLLHbI NPOPbIB B MOHUMAHUK YHKLMIA XpoMOCOM. Ho yBUAENM TONLKO NONOBUHY
npaBAbl, a TO ¥ MeHble. INdopua 3TUX OTKPLITUI C NOCNEAYIOWMM UX «3abpeHan-
BaHWEM» Ha A0Nrne AecATUNETUSA NepeKpbiaa NyTb K NOHUMAHMWIO AONONHUTENbHBbIX,
rMaBHbIX reHeTnyecknx dyHkumin JHK. OHu nexar B MHbIX 3HAKOBbIX apeanax reHo-
Ma — BOJIHOBbIX, KBAHTOBO HENOKaNbHbIX, TEKCTOBbIX [[apseB, TepTbiwHbIi, ToBMALL,
2007; lapses, Kokas, MyxuHa v gp., 2007; lapsies, Kokas, JleoHoBa-lapsesa, 2007].
OfHAKO 3Ta YacTb reHETUYECKOMN UAEONOTMU U IKCNEPUMEHTOB — NpeaMeT 0co60ro
aHanm3a, CM. HUXe.
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Ynb JlarepKkBUCT nepBbii YKa3an
Ha HENOJIHOTY TPUNJIETHOU MOAENH
reHeTUYeCKOro Koaa

TaK B YeM e KOHKpPeTHO Taunocb HeAONOHNUMAHNE NPUHLMUNOB FreHeTUYEeCKOro Ko-
anpoBaHna? OHO B M3NULWIHEN XECTKOCTU MOLeNU TPUMNETHOro KOAa Kak YMcTo
M3NKO-XMMUYECKOW cMCTEMbl PabOTbl pPUOOCOMHOM MALLMHBI U B HEONPABAAHHOM
NPUNUCbIBAaHUM TPUMIETHOWM MOAENM KOAa BCEX FTeHETUYECKUX aTpUOYTOB. ITO NOXK-
HOe npepfCcTaBieHne, 0CHOBAHHOE UCKNIDYUTENIbHO HA MPUHLKUNE KOMMIEMEHTAPHO-
CTV B3auMopencTeuna ocHoBaHuin nudopmaunoHHoi PHK (MPHK) n TpaHcnopTHom
PHK (TPHK), korga apeHuH «y3HaeT» ypauun, a ryaHuH «y3HaeT» LMTO3MH B Mpo-
Lecce KOAOH-aHTUKOAOHOBOTO «CYUTbIBAHUA» pubocomoii uHdopmaummn ¢ PHK.
benkoBbIi KOL NOHMMAETCA KaK HEKMN YHUBEPCANbHbIN U €4UHCTBEHHbIN BEKTOP
BCEW reHeTUKM n Bceit ambpuonorun. KaHoHnyeckas Tabnumua reHeTMyeckoro Koga
cTana cBoero pofa eTuiuem, CBALWEHHON KOPOBOWN UK, €CNN YTOAHO, KEeHOW Lie-
3aps, KOTopas BHe Mmofo3peHuii. TonbKo oaHaxabl Obina onybnnMkoBaHa paboTa,
OCTOPOXHO GpoCUBLIAS NETKYIO TEHb COMHEHUA HA MOAENb TPUMNETHOTO KOAQ, HO
He npuBneKwWwan K cebe HUKAKOTrO BHUMAHMA. YoTCOH-KpUKOBCKUIN HOGeneBCKuit
Tpuymd v BCce nocneaytolme ycnexu B UCcnefoBaHnm 6e1oKCUHTE3UPYIOLLErO an-
naparta, Ka3anocCb, BEM K CUSAOLWMM BbICOTAM MOJSIHOFO MOHUMaHKUs paboThl YenoBe-
4eCKOro 1 NpoYnx reHoMOB.

YnomsHyTas paboTta c nepBbIMM COMHeHUsMK Obina onybnnkoBaHa B 1978 roay.
B Hel 3aByannMpoBaHHO AeMOHCTPUPOBANACh NPOTUBOPEYMBOCTb U HEMOIHOTA TPU-
NNETHON MOAENU reHEeTUYECKOro KOAa, HO UCCie0BaHMe 3TO ObIN0 ABHO HepooLe-
HEHO Hay4yHON 0bLWecTBEHHOCTbID. BepHee, NpocTo NpourHopupoBaHo. 310 Gbina
cTatba Ynbcha JlarepkBucTa v Ha3blBanach OHa ««[Ba 13 Tpex». AnbTepHaTUBHbIN
MeTOA KOAOoHOBOrO YTeHus» [Lagerkvist, 1978]. PaccmoTpum ee BHUMATENbHO.

JlarepkBucT nuwert: «leHeTUYeCKUA KOL ABNAETCA YHUBEPCaNbHbIM, BbICOKO
BbIPOXAEHHbIM, TPEXOYKBEHHbLIM KOAOM, B KOTOPOM NepBble [BE NO3ULMUN KOLOHA
YUTAKOTCA AHTUKOLOHOM CTPOro B COOTBETCTBUM C MPAaBUNAMM KNACCMYECKOro cna-
pVUBaHUA OCHOBaHWiA. TpeTba NO3ULMA B KOQOHE, O4HAKO, CO3JaeT NPUHLUUNUANb-
Hble npobaembl ois 060CHOBAHMA CaMOW Mapagurmbl WwWudpoBaHus 6enkos’. Tak
CYLLECTBYET pacxoxaeHune Mexay 60/blWnM YNCIOM KOLLOHOB B BbIPOXAEHHOM KOJe

1 beITyeT nyTatouee ynpoLleHue, Korga nuiwyT 1 rosopat — 1-i, 2-1 1 3-i HyKNeoTUAbl B KOLOHAX U aHTUKOAO0HAX.
W, c yueToM aHTMNApannenbHOCTW TpUNneTos, 1-i, 2-i 1 3-N HYKNeOTUAbI B KOJOHAX CNApUBaloTCA € 3-M, 2-M 1 1-M
HYKNeoTUaaMu B aHTUKOAOHAxX. C no3mumu pusnKo-xmumMum B3aMMoAeiCTBUA HYKNEOTUA0B N0 BOAOPOAHbIM CBA3AM
3-/1 «BOOANPYIOLWMIA» HYKNEOTU aHTUKOLOHA — 3TO 3'- HYK/e0oTU, a KOMNAEMEHTAPHbLIN eMy 1-i HYKNeoTUA KOfloHa
— 370 5'- HyKNeoTup KofoHa.
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W OrpaHWUYEHHbIM YUCIOM AHTUKOAOHOB, CMOCOOHbBIX K YTEHUMIO 3TUX KOJOHOB. ITOT
npoBan nonsiTanca 3anonHuts B 1966 rogy ®.Kpuk ceoeit nsowperHoin (ingenious)
runoTe3oin [Crick, 1966]. B 3Toit knaccuyeckoit pabote Kpuk npeanonoxun, Tou-
Hee, KOHCTAaTUPOBAJ, YTO HYKNEOTUA B 5'- MO3ULMM aHTUKOAOHA 3aHUMAET «BOOAU-
pytowyio» (0T aHm. wobble — kayaHne) NO3MLKIO U MOXKET PaKTUYECKM B3auMOLen-
cTBOBaThb € 3'-no3uumeit KogoHa 6e3 cobniogeHns NpaBu KnaccMyeckoro, TepMo-
AMHAMWUYECKM BbIFOLHOrO, CNapuBaHua ocHoBaHMi?. [lanee JlarepkBUCT NpUBOAUT
NpUMepbl TAKUX KHEMPABUIbHbIX» CNAPUBAHMUIA OCHOBAHWUW, MOATBEPKAEHHbIX IKC-
NepuMEeHTaNbHO Ha GeCKNeTOYHbIX PUOOCOMANbHBIX CUCTEMAX, A TAKKE NpUMeEpHI
TaKWUX CnapuBaHWUi, KOTopble 3anpelleHbl aaxe Bobn runotesoin. OcHoBbIBAsACH Ha
3TUX paboTax, OH 33aJaeT eCTeCTBEHHbIA W CaKpaMeHTasbHbIi BOMPOC: NPUNOXKH-
MO N1 3TO aHOManbHoe nosefeHune (Npu cnapuBaHuu 3'-5" HYKNEOTUAOB B KOJOH-
aHTUKOAOHOBbIX Napax) K CUHTe3y 6esikoB in vivo? O4eBMAHbIN OTBET, YTO NpaBuIa
Bo6s1 runoTtesbl AoMKHbI paboTaTh BO BCEX CUTYALMSAX, B KOTOPbIX y4acTBYOT Bob
no3unLmMu, a 3T0 aBTOMATUYECKM BefleT K oWwmnbKam B CMHTe3e benka. Hanpumep, anis
amuHokucnot Phe/Leu kogoroBas rpynna (UUU, UUC,UUA n UUG) Ha aHTMKOAOHE
c ‘G’ B Bo6n nosuumu He moxeT y3HaTb kogoHbl UUA n UUG, 4to BeaeT K owmnbke u
BBe[lEHUIO B CUHTE3MpyeMblit 6enok Phe BmecTo Leu.

[ns 6onbwen MANOCTPATUBHOCTY Mbl MPUBOLUM TAOAULY FeHETUYECKOTO KOAa,
npeacTaBNeHHyto JlarepKkBUCTOM 1 neperpynnupoBaHHYi0 UM MO KOLOHOBbLIM Ce-
MeliCTBaM C OPUEHTMPOBKOM Ha NepBble Ba pabounx HyKieoTnaa:

Ta6n. 1
UUU Phe UCU Ser UAU Tyr UGU Cys
UucC » UCC » UAC » UGC »
UUA Leu UCA » UAA Och UGA Umb
UuG » UCG » UAG Amb UGG Trp
CUU Leu CCU Pro CAU His CGU Arg
CuC » CCC » CAC » CGC »
CUA » CCA » CAA Gln CGA »
CUG » CCG » CAG » CGG »
AUU Ile ACU Thr AAU Asn AGU Ser
AUC » ACC » AAC » AGC »
AUA » ACA » AAA Lys AGA Arg
AUG Met ACG » AAG » AGG »
GUU Val GCU Ala GAU Asp GGU Gly
GUC » GCC » GAC » GGC »
GUA » GCA » GAA Glu GGA »
GUG » GCG » GAG » GGG »

2 CnapuaHwe no npasuny: AgeHuH-Ypauun, lyaHuH-LuTo3unH.
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JlarepKBUCT pa3mecTun KOAbl aMUHOKUCNOT TpUNIeTaMu HyKNeoTUaoB (Kopo-
Hamun) B hopMe COCTaBHbIX FPynn U3 4-X KOAOHOB, KOTOpPble MMEIOT 06WMe nep-
Bble ABa HyK/neoTnaa, a Tpetuin (3’) B3auMOAeiRCTBYET N0 BOAOPOAHbIM CBA3AM C
nepebiM (5) HYKNEOTUAOM aHTUKOLOHA W NPU 3TOM OH, 5’ HyKNeoTua aHTUKOLOHA,
«B0oONMpyeTy, T.e. de facto cnyyaeH. Ecim 6biTb TOUHEE, TO 3’ KOAOHOBbIW HYKNEO-
TUA He Y4aCTBYET B KOAMPOBKE aMUHOKMUCIOT, XOTA U AeTEPMUHUPOBAH XPOMOCOM-
Hoit AHK. Ecnu abcTtparnpoBathcs OT peanbHOCTH, 3° MOXKET ObiTh NIOOLIM U3 Ye-
TbIpeX BO3MOXHbIX HYKNEOTUA0B, HO TONLKO ANA [JAHHOTO Koaupyemoro 6enka. Ho
NOCKONbKY AaHHas nocneposatensHocTb JHK MoxeT kogmpoBaTh U apyrue 6enku
(CABUT PaMKu CYUTLIBAHUA), TO KOLOHOBbIA HYKNE€OTUAHbIA BoNtoHTapu3m ona AHK
ncknoyeH. Korga Bce yeTblpe KOAOHA pacnpefeneHsl N0 CXOAHLIM aMUHOKMCNOTAM,
TOrAa 3TU YeTBepKM 00pa3syloT KOJOHOBbIE cemeiicTBa. Ho B TakoM pacnpegeneHum
N0 CXOAHbLIM AMUHOKMCNOTaM UMEETCS HI0AHC: OfHM W Te e aMUHOKMCNOTLI nona-
[alT B pa3Hble cemenctBa. Hanpumep, Leu (neiunH) nonagaer B ABa CEMENCTBA
(ecnn cemeiiCcTBa onpefenaTb He MO aMUHOKMCIOTaM, a N0 NEPBbIM ABYM HYKNEO-
Tuaam B kogoHe) — B cemenctea UU n CU. AmnHokucnota Ser (cepvH) nonapaert B
cemeiictea UC u AG. AmMuHokucnota Arg (apruHuH) nonagaet B cemeinctsa CG n AG.
OAHAKO ecTb ¥ JOCTOMHCTBO TAKOM KnacCuduKkauum cemeincTs KOQOHOB: OTYET/IN-
BO BMAHA NPOTUBOPEYUBOCTb MOLENN TPUMIETHOTO KOAUPOBAHUA aMUHOKMCNOT B
NnepBMYHON CTPYKType Oenka. 3TO KOAMpPOBAHME B AENCTBUTENbHOCTU Ay6neTHOe,
HO HUKaK He TpunneTHoe. JIarepKBUCT NULET: «... B YCIOBUAX OEIKOBOro cCMHTe3a
in vitro KogoH MOXeT ObiTb «npoynTaH» TPHK nyTem y3HaBaHMs TONbKO NEPBbLIX
ABYX €ro HyKNeoTuaoB, a HYKNeoTus B TpeTbel NO3ULMN KOAOHA UTHOPUPYETCAY.
OH KOHCTaTMpOBas, B 00LWEM-TO, O4EBUAHBIA ANS BCEX NPUHLMN KOJOHOBOrO Npo-
YTEHMA KaK «ABa M3 Tpex», HO [0 JlareKBMCTa HUKTO He aKLUEHTUPOBaA BHUMAHUA
Ha 3TOM HemanoBaxHoM dakTe. M HanpacHo. Ecin geno o6CTOMT MMEHHO TakK, TO
0enoK-CUHTE3UPYIOLAA CUCTEMA UMEET UCTOYHUK NOTEHLMANbHbIX OWKUOOK Npu co-
BMECTHOM MCnoNb30BaHUM pubocomoii u TPHK npaBuna «aBa U3 Tpex» aNns YteHus
kogoHoB MPHK anTukogoHamu TPHK. U3 Tabn.1. BUAHO, 4TO OAHA U Ta e aMUHO-
KMCNOTa MOXET KOAUPOBATLCA YeTBEPKaMM KOLOHOBbIX ceMencTB. Hanpumep, yert-
Bepka CU-cemeiicTBa kogunpyet nenumnH. Yersepka GU-cemeicTBa KOgMpyeT BanuH,
UC — cepuH, CC — nponun, AC — tpuntodaH, GC — ananuu, CG —aprunuu, GG — rmu-
LMH. 3TO Nexalmin Ha MOBEPXHOCTH, U CPa3y 3aMeYeHHbIN, (PaKT BbIPOXKLEHHOCTH,
T.e. MHHOPMALMOHHOI M3ObITOYHOCTM Koaa. Ecin B3ATb B3ailMbl MOHATUA U Tep-
MWUHbI TMHTBUCTUKM A5 GENKOBOrO KOJAA, YTO [aBHO, MOBCEMECTHO U C IETKOCTbIO
NPUHATO, TO BbIPOXAEHHOCTb KOA MOXHO MOHMWMATb KaK CMHOHMMMUIO. ITO TaKXKe
e[IMHOINACHO NPUHATO. VIHaye roBOps, OAWH U TOT e 00BEKT, Hanpumep, aMUHO-
KUCNOTa, UMEEeT HECKONbKO WNHPOB — KOAOHOB. CMHOHMMUMA He TauT B cebe Hu-
KaKMX OnacHOCTel A1s TOYHOCTU BuocnHTe3a 6enkos. HaobopoT, Takas M30bIToY-
HOCTb XOPOLUA, MOCKOJ/IbKY NOBbIWAET HAAEXHOCTb PabOoThl TPAHCNALMOHHON prbO-
COMHOM «MaLUMNHbI».
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OpHako Ha Tabn.1 BuaHoO u fpyroe, GyHAAMEHTANbHOE, FeHONUHTBUCTUYECKOE
IBJIEHME, KaK Obl He 3aMeYaeMoe Uin UrHopupyemoe. ITo ABieHne 0OHapyKMBaET-
CAl B TOM, YTO B HEKOTOPbIX KOLOHOBbIX CEMENCTBAX YeTBEPKM KOLOHOB, TOUYHEe, UX
3HavaluMe OfMHAKOBBIE JBOMKW HYKNEOTUAOB WNPYIOT He OfHY, @ ABE Pa3NnyHble
aMUHOKMCNOTbI, @ TaKXe CTon-KofoHbl. Tak, aybnetHoe UU-cemeicTBO KogupyeT
ceHunananuH n nenuutd, AU — nsonenumt u metnonuH, UA — Tuposun, Och nu Amb
cton-kofoHsl, CA — ructuamnH u rmuumi, AA — acnaparut u nu3uH, GA — acnaparu-
HoBYylO M rnyTamuHoByto, UG — uucteunH, Tpuntodan n Umb cton-kopnoH, AG — ce-
PUH W apruHuH. lpoaoMKaa NUHIBUCTUYECKWE aHANOrUKM, HA30BEM 3TO ABJIEHUE
OMOHWMUEN nepBbiX ABYX KOAMPYIOWMUX HYKNEOTULOB B HEKOTOPLIX KOJOHOBLIX
CeMencTBax.

B otanyme ot CMUHOHUMUKU, OMOHUMUA NOTEHLUANIBHO ONACHA, YTO U OTMeTUN Jla-
repKBMUCT, XOTA U HE BBEJ1 TEPMUH-TTOHATE KOMOHUMUU» B TPUMEHEHUU K OENKOBO-
My Koay. Takas cuTyauus, Bpoae Obl, AeiCTBUTENbHO [OMKHA BECTU K HEOAHO3HAY-
HOCTW KOAMPOBAHUA aMUHOKUCNOT U CTOM-CUTHANOB: OAMH W TOT e KOLOHOBbIN
Ay6neT, B npefenax HEKOTOPbIX BbIAENEHHbIX JlarepKBMCTOM CEMeCTB, KogMpyeT
1Be Pa3HblX aMUHOKUCNOTbI MW ABASETCA PAa3HOCTOMOBLIM». ITU 0COObIE KOAOHO-
Bblé CeMeiNCcTBa MOXHO noka3saTb B Tab.2.

Ta6n.2.
UAU Tyr UUU Phe CAU His UGU Cys
UAC » UuucC » CAC » UGC »
UAA Och UUA Leu CAA Gln UGA Umb
UAG Amb UuG » CAG » UGG Trp
AAU Asn AGU Ser GAU Asp AUU Ile
AAC » AGC » GAC » AUC »
AAA Lys AGA Arg GAA Glu AUA »
AAG » AGG » GAG » AUG Met

Mo)XHO neperpynnupoBaTh 3T KOAOHOBbIE CEMENCTBA elye 6osiee HAMALHO B
Tab6n.3. Takas 3aBeplatoLas neperpynnupoBKa Ay6aeTHbIX KOLOHOBbIX CEMENCTB U1
HEOAHO3HAYHO WHPYEMBIX UMW aMUHOKMCIOT (a TaKkxe dyHKLUA CTON-KOAOHOB)
NO3BOJIAET OTYET/IMBO YBUAETb OMOHMUMMIO TPUMJIETHOTO KOAA B LiesioM. M3 BocbMY
KOLLOHOBbIX CEMENCTB, CUCTEMATU3UPOBAHHbIX MO 3HAYaLWMM fybneTam, NATb OMO-
HUMWUYHbI. 3TO BblpaXkaeT TOT HENPENOXKHbIA U He 3aMeyaeMblil (UTHOPUPYeMbIid)
(haKT HaMYMs BTOPOro, OMOHUMUYHOTO, MHOTO3HAYHOIO U3MEpPeHUs TPUNIETHOO
kopa. Koa 3HaKOBO CUHOHUMO-OMOHMMUYEH. W 3TO hyHAAMEHTaNbHOE ABNEHME.

MpMHLUMNMANbHO BaXKHO NOHATb: €C/IN CUHOHUMMSA Kofa — 3T0 6naro (M36bITOK
nHdopmayumn), To OMOHUMUA — NOTEHLMANbHOE 3710 (HeonpeaeNeHHOCTb, HEOAHO-
3HaYHOCTb UHOpMaLMK). Ho 3TO MHUMOE 3110, NOCKONIbKY OGEN0K CUHTE3UPYIO LI
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Ta6n.3. CUHOHMMO-OMOHMMUYECKUE BEKTOpPa 0eNKoBOro reHeTMYecKoro KopAa.

A

UAU Tyr UAA Och
UAC » UAG Amb

UUU Phe UUA Leu
UuC » UuUG »

CAU His CAA Gln
CAC » CAG »

UGU Cys UGA Umb
UGC » UGG Trp

AAU Asn AAA Lys
AAC » AAG »

AGU Ser AGA Arg
AGC » AGG »

GAUAsp GAA Glu

AUU Ile AUA Met

GAC » GAG » AUC » AUG »

>

CUHOHUMMA (M36BITOYHOCTD, I'IOMeXO3aLL|I/ILL|eHHOCTb)

OmoHMMUA (BbIXOA B peanibHO TekcToBble pecypcbl AHK-PHK)

annapar erko 06XoAnT 3Ty TPYAHOCTb, 0 YEM pedb NoiaeT Huxe. Ecnu xe aBToMa-
TUYECKM CnepoBaTh Tabnuue (MOAenn) reHeTMYecKoro Koaa, Toraa 310 CTAHOBUTCS
HE MHMUMbIM, HO peanbHbiM. M Torga o4eBMAHO, YTO OMOHUMUYECKMII BEKTOP Kofa
BeJlET K OWMOKaM B CUHTE3e OENKOB, MOCKONbKY PUOOCOMHbI GENOKCUHTE3NPY-
WM annapar, KaXablii pa3 BCTPeYascb C TEM MAM UHBIM OMOHUMUYHBIM Jybne-
TOM U1 PYKOBOACTBYSICb MPABMIOM YTEHUS «[iBA U3 TPEX», AOJIKEH BbIOPATh OfHY U
TONbKO OAHY aMUHOKUCIOTY M3 ABYX Pa3fiUYHbIX, HO KOAMPYEMbIX HEOAHO3HAYHO
TOX/[ECTBEHHbIMU [ly6NeTaMnU-OMOHUMaMK. A TaKKe NPUHATL pelweHune (B cnyyae
UA-cemelicTBa) — 0CTaHOBUTb CUHTE3 NeNTUAHOW Lenu (BbIOpaTb CTON KOAOH) Uu
BKJIOYMTb B ee COCTaB TUPO3UH. Ecnn BbIGOp HenpaBuibHbIN (a KaK NPaBULHO Bbl-
Opatb, TabnMLa KOAa HaM He coobLWaeT), 3TO NPUBELET K OWMOKaM B CUHTe3e 6en-
koB. [loTeHLMANbHO ONAacHas OMOHUMUS, BefyLas K HENPaBUIbHOMY «POYTEHMIOY
KOLOHA aHTUKOAOHOM, ClleflyeT U3 CIy4alHoCTH (He 3HAKOBOCTU) ObITMA 5'-HyKNeo-
TUA aHTUKOAOHA, CBA3blBalolerocs ¢ 3'- KOQOHOM B OMOHMMUYHBIX KOAOHaX. Ta-
Kyt CNy4alHOCTb MHOTME oCnapuBatoT, anennupys k Kpukosckum Bobn-npasunam
KOLOH-aHTMKOAOHOBOrO CnapuBaHus. [TocTaBUM TOYKM HAf i.

®.KpuK nblTanca CHATb CTPAHHOCTM HEKAHOHMYECKOro noBefeHus napsl 3'-5' ¢
nomolibio T.H. Boon-runotesbi» [Crick, 1966]. OHa BBOAUT NOHATUE HEOLHO3HAY-
HOFO COOTBETCTBMS KOJOHOB aMUHOKUCIOTAM B FeH-KOAMPYEMbIX Genkax W ropo-
PUT 0 BO3MOXHOCTU HE KAHOHMYECKOTO M CAyYaliHOro cnapuMBaHua 5 Hykneotuaa
aHTukopoHa TpaHcnopTtHoi PHK (TPHK) ¢ 3" HykneoTugom kopoHa uHdopmaym-
oHHoW PHK (MPHK) npwu ee TpaHcnsuum B 6enok. Mpowe roBops, npu 6uocuHTe-
3e 6enKOB MHOrKA peann3yeTcs BO3MOXHOCTb HECTPOroro COOTBETCTBUA KOAOH-
aHTUKOJOHOBbIX HYKNEOTUAOB B 3TOM MONOXEHMU. ITO 3HAYMT, 4TO obpasyTCs
HEKaHOHWMYeCKMe Napbl 0OCHOBAHMIA®, HE OTAIMYAIOLMECS CYILECTBEHHO MO reoMeTpu-

3 KaHoHWyeckoe TepMOMHAMUYECKN BbITOLHOE CapuBaHue oCHOBaHMit — AgeHuH/TumuH, l'yaHuH/Lutosun (ons
[OHK), AneHun/Ypauun, Tyauun/Uuto3un (ans PHK)
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yeckum napametpam (lyaHuH-Ypugux u ap). Kpome Toro, n3 Bobn-runotessl, ga u
npocTo 13 o6wei KpnkoBckoit cxembl (MogeNn) Kofa, aBTOMATUYECKM CNefyeT, YTo
B KOAOHAX (Tpunnetax) reHoB TONbKO NepBble ABa HyKneoTuaa (Ay6nert) Kogupyot
NoCNeA0BaTeNbHOCTM aMUHOKUCIOT B GENKOBbLIX Lensx. 3'- KOJOHOBbIE HYKNEOTU-
bl HEe YYaCTBYIOT B KOLAMPOBKE aMUHOKUCIOTHbIX NOCNe0BaTeNlbHOCTel B Genkax.
3Tn 3'- HYKNEeoTUAbI, XOTA U LeTePMUHUPOBAHbBI XXecTko Monekynon [AHK, Ho gony-
CKaloT NPOM3BOJIbHbIE, CIyYalHble, He KAHOHUYECKME CnapuBaHusa C 5'- HyKneoTu-
AaMU aHTUKOLOHOB TpaHcnopTHbix PHK, nepeHocawmx ammHokucnotsl. A nocemy
3TV 5'- HYKNeoTUAbl AHTUKOAOHOB MOTYT ObITb NIOOBIMU U3 4-X BO3MOXHBIX. Cnepo-
BaTeNIbHO, CBA3KM 3'- HYKNEOTUbl B KOAOHAX M CMApUBatOLWMECs C HUMK 5'- HyKneo-
TUAbI B AHTUKOJOHAX, HE UMEIOT reHO-3HAKOBOrO XapaKTepa M UrpakT pofib «CTe-
PUYECKUX KOCTbINEN, 3aNONHAOLNX KMYCTble MeCTa» B KOJOH-aHTUKOAOHOBbIX Ma-
pax. Kopoye roBops, 5’- HYyKNeoTUAS B aHTUKOLOHAX C/Iy4alHbl, kBOONMPYIOT» — OT
aHrmuickoro ‘wobble” (kauaHue, konebaHue, BunsHue). Bot cytb Bobn-runotessi.
Ecnu npuHATL MAEK «CTEPUYECKUX KOCTbINER», TOrAa ACHO, YTo 3'- HYKNeoTUA B
OMOHUMUYHBIX KogoHax MPHK He yyacTByeT B KOOMPOBKE aMUHOKUCIOT LA AaH-
Horo 6enka. Ha nepsblil B3riA4 BO3HUKAET HEKUI TEHETUKO-CEMAHTUYECKUI Npo-
W3BOJI U MOAENb TPUNNETHOIO KOAA, BPOLE Obl, TEPSET NOFUKY U O4EBULHbINA CMbICH.
MoaTBepxpaas 310, NpuBeAeM CnoBa (haKTUYECKOro aBTOpa TEOPUM TPUMNETHOTO
kofa ®peHcuca Kpuka, HauepTaHHble UM B CBOel aBToOMOrpatmyeckon KHUre He-
3apgonro go cmeptu [Crick, 1989, cTp. 98]: «BaxHO OTMETUTb, YTO CTPYKTYPA FEHETH-
4eCKOro KoJa He MMeeT OYEBMAHOTO CMbICNA, XOTS ONpeAeNeHHble 3aKOHOMEPHOCTH
BCE e HAabNI0AAnTCsA — B HEKOTOPbLIX CNIy4asiX 3TO OLHU 1 Te e nepsble ABa OCHO-
BaHMA B KOAOHAX, KOAUPYIOLLME OfHY AMUHOKMCAOTY, TOFLA KaK TPETbE MOXKET ObITb
Nto6bIM». YTOYHUM. 3'- HYKNEOTU[, B KOJOHE TEOPETUYECKU MOXKET ObITb 0OBIM 13
4-X BO3MOXHbIX, MOCKOJIbKY CNapuBaeTca € 5'- HyKNeoTUAOM aHTUKOLOHA CyYai-
HO M 3Ta Napa, KakK y)e roBOpua0Ck, He y4acTBYET B KOAUPOBKE aMUHOKUCIOT ANA
AaHHoro 6enka. Ho, ele pa3, B peanbHOCTM 3'- KOJOHOBbIE HYKNEOTUAbI AeTEPMU-
HUpOBaHbl B UCX0AHON [AHK 1 reHeTMueCKMX KAHOHOB He HapywalT. «HapywaT»
K€ KaHOHbl UMEHHO 5'- aHTUKOLOHOBbIE, KOMMIEMEHTApHbIE 3'- KOLOHOBbIM. Yau-
BuTenbHo, ®.Kpuk Buaen CMHOHMMUYECKYID BbIPOXAEHHOCTb KOLA, HO He BUAEeN
OMOHMMMUYECKYI0. XOTA ero pasa «...Ko[ He MMeeT 04YEBUAHOIO CMbICNA» rOBOPUT
HaM, YTO reHuanbHbln Mo3r @.Kpuka co3HaBan orpaHMYeHUs NPepsioNKEHHON UM
MOAENU U HEOJHO3HAYHOCTH, CBA3AHHbIE C 5'- «BOGAMPYIOWMM» AHTUKOAOHOBbIM
HyKkneoTugoMm, korga MPHK nokogoHHO untaetcs pubocomoit B komnnekce ¢ TPHK
no npasuny «asa u3 Tpéx». M atot komnnekc ‘pubocoma-uPHK-TPHK Henzbex-
HO AOJIXKEH pelaTtb TUMUYHO IMHTFBUCTUYECKYIO CMbICTIOBYIO NPO6IEMY OMOHUMUN.
WHaye ownbKm B cHTE3e 6ENKOB HEU3OEXKHDI.

®.Kpuk "He Bupen oyesmpgHoro cMbicna” B ceoei mogenu. Moyemy? Ho panblue
OH npofo/mkaeT - "HekoTopble 3aKOHOMEPHOCTH BCe e HabnopaatoTcs". Moyemy
TONbKO HekoTopble? [OHATHO, YTO 3aKOHOMEPHOCTU, NPUBEAEHHBIE UM - B CUHO-
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HUMWUW ONA CEMENCTB KOAOHOB, CFPYNMNMUPOBAHHbIX NO O4MHAKOBbIM NMEPBbIM [BYM
OCHOBaHMAM (TpeTbe N06OE), T.e. A MOJOBUHbI BCEX KOAOHOBLIX CEMENCTB, a
nmenHo pna CT, GT, TC, CC, AC, GC, CG, GG cnHOHUMMYecKux cemencts. Kaxpoe u3
HUX KOAMPYET N0 OLHOW U3 [BAALATM Pa3HbIX aMUHOKMCNOT UK ABNAETCA CTOMO-
BbIM. [1pn 3TOM 3" HyKneoTupy B Nape ¢ 5 HyKNeoTUAOM aHTUKOAOHA He Y4acTBYIOT B
KOLMPOBAHMK, YTO M 0becneynBaet CMHOHMMUIO. OgHAKO, U 3TO BaxHO, . KpuK Hu-
Yero onpeaeNeHHoOro He roBOPUT HU 3[1eCb, HU B BoON runoTese o apyroit NonoBuUHe
kopoHoBbiXx cemencTtB. I10 TT, AT, TA, CA, AA, GA, TG, AG cemeincTBa, rae B KaXaoM 13
HUX KOAMPYIOTCA NO [1Be pa3Hble aMUHOKUCAOTbI UK cTon dyHKuua. Mpu 3Tom ponb
3'-5" KO[LOH-aHTUKOLLOHOBOW Napbl HUKAK He KoMMeHTUpoBanach ®.Kpukom. [yma-
eTCsl, YTO HEONpeaeseHHOCTb KOJMPOBAHNUA UMEHHO B 3TOM CTPAHHOM CeMeiicTBe
cmywana ®.Kpuka v nobyguna ero ckasarb 06 OTCYTCTBMU OYEBMAHOMO CMbIC/IA B
ero mopenun. OH HUrge He TOBOPUT O TOM, YTO Xe NPOMCXOAMUT 3a Npeaenamm 3Tux
CMHOHUMUYECKMX "HEKOTOPbIX cnyyaes”. A 3a 3TUMM NpefienaMu HaXOQUTCS CTPaH-
Hoe "HeuéTkoe cemencTtBo" KopoHoB - TT, AT, TA, CA, AA, GA, TG, AG. He Haitu B
pabotax ®.Kpuka HMYero Ha 3TOT CYET. Takum obpasom, ®.Kpuk HesBHO nocTaBun
BONPOC O KOAMPOBaHMM B "HeyETKoM cemencte". W He oTBeTUN Ha Hero. HeT Huye-
o Mo 3TON NPUHLUMNUANLHOW NO3ULUN U B COBPEMEHHbIX UccneaoBaHuax. OTBeT B
rMnoTese 0 KOHTEKCTHbIX OPUEHTALMAX FEHETUYECKOrO annapata (KBaHTOBOro 61o-
KomnbtoTepa) npu ero paboTe ¢ HEYETKUM (OMOHUMUYECKUM) CEMEICTBOM.
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«J1Ba U3 TPEX» KaK NPU3HAK
KBa3MCO3HaHUA reHoOMa

MocTaBMM TaKoW BONPOC: «BOOGANPOBAHME» — CUHOHMM CYYaNHOCTM, HO CNyYan-
HO N1 «BoGAMpPOBaHMe»? [peacTaBNseTCs, YTO 3TO NCEBAOCNYYanHOCTb. 060CHYEM
(yHAAMEHTANbHYIO BAXHOCTb ABNEHUS «KaK Obl» CnyyanHocTu 5'- Hykneotuaa B
aHTUKOJOHAX B OMOHUMUYHBIX CUTYaLMAX NpU cUHTe3e 6enkoB pubocomoit. CBszka
3’-5" HyKNeOTUAOB B KOLOH-aHTUKOLOHE B OMOHUMUYHOW CUTYaLMN HAMEPEHHO He
IBNSIETCA 3/IEMEHTOM FeHO-3HAKOBOW CTPYKTYPbl PUOOCOMHON TEXHUKU «YTEHUS»
WPHK. MpuynHa 3T0ro B TOM, YTO, KPOME NpPOYEro, OENKOBbLINM KoL ABNAETCA MEH-
TaNbHON CTPYKTYpoOii, paboTatoweii ¢ Tekctamm MPHK, Tekctamm He B meTadopu-
4ecKoM cMbicne (N03TOMY KaBbluKM yOUpaeMm), a C peanbHbIMU TEKCTAMU-MbICTAMUY,
TeKcTamu-KkomaHaamu. 06cyxaaemas «kak Obl» ciyyailHoCTb Heobxopuma. OHa
AaeT rMbKoCTb Kopy, Mo3BoNsAs GuocucTeMam B XOfie €CTECTBEHHOTO 0TOOpaA OCy-
WeCTBAATb NPUCNOCOOUTENbHO-Pa3BebiBaTENbHbIN OENKOBbLIA NOUCK, CUHTE3UPO-
BaTb NPOOHbIe 6eNKKW, NOLCTPauBaACh K NePEMEHUYMBLIM YCIIOBUAM BHELWHEN Cpefbl.
BoT noyemy 37a Kak 6bl cnyyaiiHOCTb HeobxoauMa. benkoBbli KoL CUHOHUMUYHO
wenp, 6orat, n36bITo4eH. Ho 04HOBPEMEHHO OH BpacTaeT Yepe3 OMOHUMMIO B ipY-
rme — CMbIC/IIOBbIE apeanbl reHeTUYeCKoro KOLMPOBAaHMUA Ha TEKCTOBOM YpOBHE
nPHK, a Bo3moxHo, n npe-uPHK.

NTaK, Mbl UMeeM [1Ba BEKTOPA KOAA 6&1KOB — CMHOHUMUYECKUIA U OMOHUMUYe-
ckuit. MepBbiit 06ecneynBaeT M3OLITOYHOCTL MH(OPMALMKM MO BbIGOPY aMUHOKMUC-
noT. BTopoii BbIBOLMT M3 HEONpPeaeNeHHbIX CUTYaLuii Npu ux Bbibope, 6aznpysach Ha
cyHAaMEHTaNbHOM aTpubyTe reHeTUYeckon MHopmaLnumn — eé TEKCTOBOCTU, JIUHT-
BUCTUYHOCTU. Ecninm Gbl OpraHM3Mbl aBTOMATUYECKM PYyKOBOACTBOBANIUCH MOAENbIO
KoL B KaHOHMYecKux KpMKOBCKMUX pamKax u cneposanu 6bl et 6e3 Kakux-nnbo
NonpaBoK, TO XM3Hb Ha 3emMne Obina Obl HEBO3MOXHA. OAHAKO B 3TOM OTHOLIEHUM
BCE OTHOCUTE/IbHO CNOKOMHO. CHTE3 6efika — [OCTaTOYHO TOYHbIW MPOLLECC UMEH-
HO MOTOMY, YTO OH MCNOJb3yeT NPUEMbI, CBONCTBEHHbIE TMHIBUCTUKE U NOTUKE, T.€
0CO3HaHMI0. PUOOCOMHBIN annapar ¥ reHOM B LIeNIOM eCTb KBa3M pa3yMHas CUCTEMA,
yutatowas Tekct MPHK notpunnetHo (noKanbHO, MO 4YacTAM) M BMeCTe C TeM Kak
Lenoe: KOHTUHYaNbHO, HeNOoKanbHO. IMEHHO HeNoKaNnbHOCTb YTeHKA, 0CO3HaBaHue
CMbIC/1a MPOYTEHHOTO CHUMAET NpobiieMy OMOHUMUM KOAOHOB. Kakum 06pa3om 370
NPOUCXOAUT?

Ewe pa3 o6patumcs K nony3abbiTol M HefooLeHeHHON cTaTbe JlarepKBKUCTa, HO
He /s TOro, YToObl CHOBA M CHOBA KPUTUKOBATb TPUMNETHYIO MOAeNb 6eNKoBOro
kofa. OHa cbirpana cBoto, OTHIOAb He C1abyio, posib B Pa3BUTUM FEHETUKM U OUONO-
ruun B uenom. Lienb B 4pyrom — noHATb 6€NKOBbIN KOA KaK AYaNuCTUYHYIO 3HAKOBYIO
CUCTEMY, ONepUpYIOLLYI0 Ha OCHOBE cnenoi (U3NKO-XUMKUK, C OJHOW CTOPOHbLI U
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O[LHOBPEMEHHO, C MCNONb30BAHMEM KBA3W CMbICNIOBbIX NOCTPOeHMI TekcToB [AHK 1
PHK 1 kKBa3n MeHTanbHbIX PyHKLMIA reHOMa, C Apyron. [py 3ToM TpUNAETHLIN Kog, —
NNWb OAHA U3 MHOXECTBA NMOACUCTEM KOAUPOBAHUSA U CO3AaHUSA LUHAMUYHOTO 06-
pa3a byayluero opraHu3ma, NpuMyem Hu3Was nopcuctema. HenoHumaxme 3Toro Top-
MO3WUT pa3BuUTME OMONOTMYECKON MbICIW, NPUBOJMUT K AOCTATOYHO GECCMbICNEHHBIM
M AOPOrMM Nporpammam ucciefoBaHuid. JlarepkBUCT nepBbIM 03BYYMI NPOTUBOpE-
YMBOCTb TPUNNETHON MOAeNN 6ENKOBOTO KOAQ, HO He MOHAN NPUYMHbL. OH NblTancs
BbIBECTW MOJENb KOAA U3 IOTMYECKOTO TYyNuKa, Ho 6e3pe3ynbTaTHo. OH HUYero He
MOT NPOTUBONOCTaBUTb OYEBUAHOMY M CTPAHHOMY, YTO NPABUIIO «[BA U3 TPEX» Bbl-
NONHAETCA AN pUOOCOMHOI TPAHCAALMOHHOW MALLMHbBI TAKKE M B YCIOBMAX in Vivo,
LMTUPYEM, KC YACTOTOMW, KOTOPYIO HeNb3A He NMPUHATL BO BHUMaHue». [lanee Jla-
repkBMCT nuwet: «Ecnu 370 TaK, KneTka c onpefeneHHON BEPOATHOCTbIO MOTIA Obl
YMTaTb HEMPABMILHO, M 3TO ByAET 03HAYATb HaNUYMe Yrpo3bl HENPABUILHON TPAHC-
NALMK, ECNU METOJ «/ABa M3 Tpex» Obli Obl MCMOMb30BAH HE NOAXOAALWMM 06pa3oM.
B nto6bIx KOAOHOBbIX CEMENCTBAX 3TO BEAET K oWKNbKam B 6enkoBom cuHTesey. 0a-
HAKO YTO eCTb KUCMONb30BaHME HE NOAXOAAWMM 00pa3oMy» NpaBuia «ABa U3 Tpex»
Ans JlarepkBucra Tak M 0CTanocb pUTOpUYECKUM BONPOCOM. Bbixog 13 o4eBMAHOIO
NPOTMBOPEYNA OH BUAUT B Crefyiollem: «... Te mecTa B koge (B nPHK (), rae
MeTO/ YTEHMA «[BA U3 TPEX» MOXKET NPUBECTU K OWIMOKAM TPAHCNALMM, 3aHATHI UC-
KNIOYMTENbHO KOAOHAMK C HU3KOW BEPOATHOCTbIO BCTpeYaeMocTu. Takasa opraHu-
3aumMa KoAa u KoHkypeHuus mexay TPHK ¢ aHTMKogoHamu, cnocoOHbIMM MPoYm-
TaTb BCE TPM MONOXKeHUA (HYKNeoTMLOB) B KOAOHAX, 3PPEKTUBHO HeilTpanusyer
MeTo[ «[Ba U3 Tpex» OT ero UCNoab30BaHUA C YrpO30i HETOYHOW TPaHCAALUMU».
3T0 NPOCTO He COOTBETCTBYET UCTUHHOMY NONOXEHUIO Belleid, NOCKONbKY 50% Ko-
AOHOB OMOHMMUYHbI. [ToNOBMHA BCEX KOJOHOB HE MOXET OLEHMBATLCA KaK pefKo
BCTpeyaemble. Ho faxe pegKo BCTpeyaeMble OMOHUMUYHbBIE KOLOHbI, NPU UX Henpa-
BUIbHOM NPOYTEHUU, JAAYT OWKNOKM B CUHTE3€e OENKOB, YTO HEMPUEMIEMO ANA Op-
raHusma. CnoBom, BUAMMble HEBOOPYKEHHbIM FNa30M JIOrMyecKkue npoTuBopeyus
MOAENU NonpocTy UrHOPMPYHOTCSA. ITOMY TaKXKe CNocoOCTBYET TO, YTO PUOOCOMBI
de facto npakTuyeckn He owwnbaloTCsA ¢ BBIGOPOM aMUHOKMCIOT. Bce 3To npueeno
K cobnasHy cymTaTh TPUNNETHYIO MOAENb KOPPeKTHOI. OAHAKO 3ustowme abipbl B
«KaHOHMYECKOM» MOfeNun Kofa CTaHOBATCA BCe WUpe U 3aMeTHee.

YT06bl BLIATU M3 OMOHUMMUYECKOTO TYNMKA, HE0OX0AMMa NPOCTas, HO KNloyeBas
naes: BHOBb 0OPaTUTLCA K IMHIBUCTUKE U NOYEPMHYTL OTTYAA NMOHATUE KOHTEKCTA,
KOTOpoe CHUMaeT 3Ty npobnemy. OMOHMUM yTpauMBaeT HEOLHO3HAYHOCTb TONLKO B
KOHTEKCTe, T.€. POJib YaCTK CTAHOBUTCA ACHOM, KOTAA ee pacCMaTpMBAIOT B COCTaBe
uenoro. B aTom cmbicne noHaTue KoHTeKcTa (LenoctHoro Tekcta) UPHK — oTHiogp
He meTadopnyHo. Kak-To McnoaBonb, 3afHUM YUCIOM MONEKYNAPHbIE GUONOrK U
reHeTUKM NPU3HALOT 3TO, UCMONb3YA UAEI KBTOPOTO reHeTnyeckoro koga» [OBUnH-
Hukos JI.I., http://bio.fizteh.ru/student/files/biology/bioarticles/f_4ai2]. Lun-
Tupyem J1.M.0BYNHHMKOBA, OJHOTO M3 BUAHBIX MONEKYNAPHbIX BMonoros: «NHu-
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BosHosou 2eHom. Teopusa u npakmuka.

LUMUPYIOLWKUIA KOLOH Y3HAeTCA TONbKO B onpefeneHHOM KoHTekcTe. Ecnn mbl 3a-
AanMM BONPOC, MOXHO /1M, UMes nepef co60M NoCnefo0BaTENbHOCTb HYKNEOTU0B
Kakon-nu6o MPHK, Tabnuuy reHeTnyeckoro Koga M 3Has, yto TpaHcaaums uPHK
WAEeT B HanpasneHun ot 5'- Kk 3'-KoHuy, a 6enkoBas Lenoyka pacteT oT N-KoHua
k C-KOHLy, HanucaTb NOCNeAoBaTeNbHOCTb aMUHOKUCNOT BenKa, 3aKOANPOBAHHOTO
B 3Toi MPHK, TO Gymem BbIHYXaeHbl OTBETUTb Ha NMOCTABNIE€HHbIA BOMPOC OTPMULA-
TeNbHO. ... Henb3s onpepenntsb, ¢ Kakoro mecta MPHK mbl 4onXHbI Ha4yaTb nepeBo-
AUTb NOCIeL0BATENbHOCTb HYKNE0TUA0B B NOCNeL0BaTeNIbHOCTb aMUHOKUCIOT. YKe
OYeHb [JaBHO CTaNo ACHO, YTO Hayano TpaHcnaumm MPHK He coBnagaet ¢ Hayanom
camoit UPHK. CBMaeTenbcTBOM 3TOMY C/yKaT noauuucTpoHHble MPHK Gaktepuii,
B KOTOPbIX MHULMALMA GENKOBOTO CUHTE3a MPOUCXOLUT HA KaXLOM LMUCTPOHE, A
Takxe npucytcteme B UPHK npo- u aykapuoTt 5'-KOHLEBbIX HETPAHCIMPYEMbIX MO-
cnepoBaTenbHoCTen. BMecTe ¢ Tem ycTaHOBIEHO, YTO OMOCUHTE3 Genka Kak y npo-,
TaK U Yy 3YKapuoT, BCerga HauynMHaeTcs C OOHON U TOW e aMUHOKUCNOTbl — Me-
TUOHMHA. MOXHO ObINO Obl NPEANONOKUTb, YTO TPAHCNAUMA UHDOPMALUM, 3aKO-
AupoBaHHoit B UPHK, HaunHaeTtcs ¢ nepBoro ot 5-KoHLA METMOHMHOBOTO KOLOHA,
kKoTopbiM siBnsieTca Tpunnet AUG. Ins MHOTMX MOHOLMCTPOHHbBIX 3YyKapUOTUYECKMUX
PHK 3710 peicTBUTENbHO TaK, XOTA ObIBAIOT U UCKAoYeHMA. OfHAaKO 3TO COBCEM
He TaK Ana nonmuncTpoHHbix UPHK G6akTepuit, rae nHULMALMA 4aCcTO NPOUCXOAUT
Ha Tpunnetax AUG, oTcToAwmMx oyeHb ganeko ot Havyana MPHK. 3tum tpunnetam
MOXXEeT MpeflecTBoBaTb 60sbloe KonudectBo apyrux AUG, Ha KOTOpbIX UHULM-
aumu He npoucxoaut. bonee Toro, okasanoch, YTo MepBbIi METUOHWUH B OefKe B
HEKOTOPbIX Cly4anx BKKOYAETCA He Ha MeTMOHMHOBOM KopoHe AUG, a Ha KopoHe
GUG, KoTopbl#i COOTBETCTBYET B TabNMLIE FrEHETUYECKOIO KOAA aMUHOKMUCIOTE Ban-
Hy. VIHOrga MHMUMauma ¢ METMOHMHA MOXET NPOMCXOAUTb U HA LPYTrUX KOAOHAX:
AUA n AUU (kopoHax u3onenumHa), UUG u, BoamoxHo, CUG (kopgoHax nenuumHa).
Crano oyeBupHbIM, 4TO ANA Y3HABAHWUA KOAOHA B KayeCTBe MHULMUPYIOLLEro Ba-
)KE€H He TONbKO CaM U, MOXeT OblTb, HE CTONIbKO CaM KOAOH, HO KaKOM-TO KOHTEKCT,
AENAWNA €ro MHULUMPYIOWMM. Y 3YKapuoOT MHULMALMA MPOUCXOAWT... yvalle
Bcero ¢ nepsoro AUG, ogHako TonbKo B TOM cnydae, ecaun 3totT AUG Haxogutca B
ONTUMaNbHOM KOHTEKCTE: 3a fIBa HYK/Ie0TMAA A0 Hero 06s3aTenbHO AO/IKEH Ha-
xoauTbcs nypuH (A unm G), a HeNOCPeACTBEHHO 3a HUM fofxeH cnegoBath G. Eciu
nepsblit AUG B aykapuoTtnyeckon nPHK HaxoguTtcs He B ONTUMANbHOM KOHTEKCTE,
OH NPONYCKAeTCA U MHULMALMA HauymHaeTca co cnepytowero AUG. [1na Tako nHu-
LMaLMM OYEHb BAXHO TaKXKe Hanmume Kan-cTpyKTypbl Ha 5'-koHue MPHK u, Kak Hu
cTpaHHo, nonu(A) nocnefoBaTeNbHOCT Ha NPOTUBOMNONOXHOM KOHLE MONEKYAbI.
Kan-ctpyktypa n nonu(A) nocnefoBatenbHOCTb Y3HAKTCA cneunduyeckumu ben-
KaMu, KOTOpble TaKXKe HeobXoAMMbl 4ns HuuMaumuu. Mpu Takom cnocobe nHULMA-
LMK TPAHCAALMM Y 3yKapuoT nocnegosatenbHocTb MPHK kak 6bl npocmaTpuBaeTcs
(ckaHupyetca) ¢ Havana MPHK (oT ee kan-cTpykTypbl) ans noucka kogoHa AUG B
ONTUMANbHOM KOHTEKCTe. Takas MHMLMALKMA NONYyYMNa HA3BAHNE KK3N-3aBUCMMAA»
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MHULMALMA NO CKaHMpyoweMy MexaHu3my. CpaBHUTENbHO HEAABHO ObIN0 NoKa3a-
HO, YTO AaMUHOKMCNOTA CeneHouncTenH (04eHb pefikas, HO PYHKLMOHANBHO OYEHb
BaXKHAsl AMMHOKMCNOTA) HEMOCPeLCTBEHHO BKIOYAETCs B 6eNnok. Bo3Hukaet 3ako-
HOMEpHbI BONPOC, KaK Xe 3aKOAMPOBaHa 3Ta aMMHOKKCNOTa. Begb 3HaueHne Bcex
64 BO3MOXHbIX KOLLOHOB YyXe YeTKO onpefeneHo, U BCe OHU UCNOb3YIOTCA B KOLM-
POBAHMM ABAALATY CTAHAAPTHLIX AMUHOKUCAOT U CUTHaNoB TepmuHaumun. Mccnepo-
BaHMA NOKa3anu, 4yto ceneHouuncrenH kogmpyercs UGA (TepMUHUPYIOLLUM KOZOHOM
B TabsiMLLe FEHETUYECKOrO KOJA), ECNIN 33 HUM HAaXOANTCS 0cobas CTUMYNMpYIOLAs
nocnefoBaTebHOCTb. ITa NOCNEA0BATENbHOCTL MOXeT 0TCTOATh 0T UGA Ha oyeHb
60NbLWOM PAaCcCTOSHUM — UHOTAA OHA MOXKeT ObITb Ha paccTosHUMK 200 HYKNeOTM0B
M HaxoauTbCs B 3'-HeTpaHcmpyemoi oonactum nPHK».

Kak BuguMm 13 3toi JANHHON, HO Ype3BblYaNHO BAXHOM LMTATHI, KNaccuyeckas
MoNeKynsapHas 61MoNorus, a BCies 3a Heil reHETUKA, BbIHYXAEHbI 3aHATb UJEI0 KOH-
TEKCTa Y IMHIBUCTUKM (HO TONbKO B MeTaopuyeckom cmbicne). U BTopoe, He me-
Hee BaXKHOE, NONIOKEHME TaKKe BBOAUTCA — 3TO (DaKTOp AaNbHEro BAUAHUA onpe-
nenenHbix UPHK-610k0B (k3n, nonn(A), cTumynupyioLmne nocnesoBaTeNbHOCTH) Ha
faneko ynaneHHoe B UPHK mecTo BKtoYeHne pubocoMoit nepBoii onpeaeneHHom
aMUHOKUC/IOTbI B CUHTE3UpYIOLLYIOCA BenkoByio uenb. NMoHagobunack M [ONOAHM-
TeNlbHAA Maes «NpocMoTpa-ckaHupoBaHuay scen MPHK, T.e. koHTekcTa nPHK. Bce
3T 06BACHAOWME haKTopbl B 06WEM BUAE NPeAcKa3aHbl HaMK paHee. B Tom yucne
N MeXaHU3M CKaHWPOBAHMA MOAUHYKNEOTUAOB 33 CYET CONUTOHHbBIX BO3OYKAEHMIA
PHK n HK (Tapses, 1997). 3ameTum TaKe 1 Apyron BaXKHblii MOMEHT — NepeKoAu-
POBKW KOLOHOB B 3aBUCUMOCTU OT KOHTEKCTOB, YTO TaKXKe HMKAK He YKNajblBaeTcs
B MPOKPYCTOBO JI0Xe KAaHOHMYECKON TPUNAETHOW MOAeNu.

Mpouutnpyem n ganelwe J1.M.0B4nHHMKOBA. «HekoTopble MPHK cogepxart cur-
Hanbl Ha U3MeHeHMe pamKu cuuTbiBaHUA. Hekotopble nPHK copepiart B TpaHcu-
pyemoi 06nactTu TepMUHMPYIOLLME KOLOHBI, HO 3T KOAOHbI yCNewHo obxonaTcs 3a
CYeT M3MEHEHUS PaMKWU CYMTbIBAHWUA nepen HUMU UAU HENOCPEACTBEHHO HA HUX.
Pamka moxet caBuratbca Ha -1, +1 u + 2. CywecTByOT cneunanbHble CUTHANbI B
UPHK, nameHswowme pamky cuntbiBaHus. Tak, CABUT PaMKKU TpaHCAAUMM HA -1 Ha
PHK peTpoBupyca npoucxogut Ha cneunduyecKkon renTaHyKNeoTMAHOM nocne-
A0BaTeNbHOCTU nepep wnuneyHoi cTpykTypon B PHK. [ins caoBura pamku Ha +1
Ha WPHK 6aktepuanbHoro daktopa TepMuHauuHaLmMm RF-2 BaXHbl HyKNeoTUAHas
nocnefoBaTeNbHOCTb Ha MecTe casura (kogoH UGA), nocnepmyowmin KOLoH, a Tak-
Ke npeawecTByoWas UM NOCNeAoBaTeNbHOCTb, KOMNNEMEHTapHasA K 3'-KOHLEeBOI
nocnegosartenbHocTn pubocomHoit PHK (aHanor nocneposatensHocTu LlaitHa-
[JanbrapHo)».

flcHO, uTO TakmMe caBUrN pamoK cunTbiBaHnsa UPHK yncTon gusnko-xumumeir He
00bACHUTb, PABHO KaK M KOHTEKCTHbIE afibHUE BAUSAHUSA U KNEPEOCMbICIEHUNAY» KO-
AOHOB. JTO Y)X€ MHble 3HAKOBbIE U3MEPEHMUA FTEHOMA, NEPEXO Ha ero Normyeckue
onepauuu Kak KBaHTOBOro KomnbtoTepa [Gariaev, Birshtein et al., 2001].
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BosHosou 2eHom. Teopusa u npakmuka.

«CyutbiBaHme MPHK B npepenax OgHOro LUMCTPOHA He BCerga ABNAETCA He-
npepbiBHbIM. [lepBOHAYaNbHO CYUTANOCH, YTO NOCNEA0BATENILHOCTb HYK/IEOTUAOB
B MPHK Bcerga uutaetca HenpepbiBHO OT MHULMUPYIOWEr0 A0 TEPMUHUPYIOLLErO
kKogoHa. 0gHako okasanoch, 4to npu TpaHcnaumum MPHK rena 60 dara T4 nocne-
[L0BATE/IbHOCTb 3HAYUTENbHOW ANMHBI MOXET nponyckatbcsa. Mpu 3Tom pubocoma
coBepLaeT Kak 6bl npbixok no MPHK ¢ ogHoro muuymHosoro kogoHa GGA, Haxopas-
werocs nepea TepMuHupyowmm kogoHom UAG, Ha opyroi muumHoBbIn KogoH GGA,
KOTOPbIi OTCTOMT OT NepBoro Ha 50 HykneoTMgoB. MexaHW3M 3TOro ABAEHUA NOKa
HEe OYeHb ACEHY.

BoT elue 0AMH M3 MHOTOYMCIEHHbIX NTPUMEPOB reHOMHOM PaboThl, HE YKAaablBa-
OWMIACA B KAHOHBI U AOrMbl. [JeNCTBUTENbHO, TaKMe «KaK Obl MPbIXXKWY pUOOCOMBI
AOJXHbI ObITb pe3ynbTaToM peanbHOro NPoYTeHUs U NoHUMaHMA cMmbicna MPHK. 1
30€eCb yXe HeT mecTa anneropuu unu metadope. Bce 3T OTKNOHEHUA OT KAHOHOB
TPUNNETHOW MOAENMN U HA3bIBAKOT CENYAC KBTOPbIM FrEHETUYECKUM KOJOMY». YTO 3TO
3a Koa? Kakne mexaHM3Mbl iexkat B ero ocHoBe? Hago nonaratb, YTO KaOYEBOMN U3
HUX — NuUHrBucTuYeckne noteHuun monekyn AHK n PHK, kotopble sBnsatTCca, no
CYTU, peanbHbIMU MEHTaNbHLIMU KOHCTPYKLUUAMU. TONbKO B 3TOM, He MeTacopuye-
CKOM BapMaHTE, Mbl MOXEM MOHATb UCTUHHbIA CMbICN NEPEYUCNEHHbIX MPUMEPOB
OTCTYNNEHUS OT AKOObI «0OLMX» NPABUA TPAHCNALMUM TEHETUYECKOW MH(OPMaLUM
c TekctoB UPHK. NoaBesem npomexyTouHbIN UTOT DYHAAMEHTANbHBIX ABAEHUA, KO-
TOpble odMLUManbHan HayKa BbIHYX/AeHa KOHCTATMPOBATh, NpuyeM 6e3 06bACHEHU
(Mx y Hee HeT):

a) LUCTAHTHOCTb KOHTEKCTHOTO BAUAHUA yaaneHHbix MPHK nocneposa-
TENbHOCTEN HA TOYHOE OCMbIC/IEHWNE KOAOHA, YATAeMOro pubocomoii, 1 Ha ero
NepeKkoAnpoBKHY,

0) HenoKanbHOe CKaHUpoBaHMe 6onblnX NpoTaxeHHocTet UPHK,

B) CMbICNIOBblE CABUIM PaMoK cunTbiBaHua MPHK,

r) AanbHue «npbixkuy» pubocom no nPHK,

[1) NepeKkofMpOBKM KOJOHOB.

MonbiTaeMcs NOHATD, YTO NPOUCXOANT B KOHTEKCTHBIX CUTYALMAX, BKIOYAA OMO-
HUMWUYECKME C KOAUpYIOWUMK aybneTamu (npaBuno JlarepkBUCTa «ABa U3 TPEX»).
MpUHABLIM TE3UC O KBA3MPA3yMHOCTW reHOMa, Mbl 00513aHbl TPAKTOBATb reHeTUYe-
CKMe OMOHUMUM TOYHO TaKIKe, Kak 3TO ieNaeTcs B IMHIBUCTUKE. A UMEHHO: MHOP-
MaLMOHHAN Harpy3ka OMOHMMA OTKPbIBAETCS TONLKO MPWU NPOYTEHUM U MOHUMAHUM
TEKCTa KaK uenoro (MamM 4OCTaTOYHO GOMbLIOW YACTH €r0), T.e. KOHTEKCTA, He3aBu-
CMMO OT TOTO, YEJIOBEYECKMU I ITO TEKCT UJIN FEHETUYECKUIA. Mbl HE MOXKEM MOHSATS, K
NPUMEpY, CMbIC/I OMOHUMA «JIYK» M1 OMOHMMA «KOCa» BHE Lienoi dpasbl Unu npea-
NoXeHus. AHaNOrMyHo pubOCOMHAsA TPAHCNALUMOHHAA KBa3W pa3yMHas cucCTeMa
AONXHA NPOYMUTaTh M MOHATL Becb TeKcT UPHK unu 6onbluyto ero yacTb, YToObl Ha
3TOM OCHOBAHUW NPUHATb TOYHOE peLleHmne 0 BbIGope 0AHOTO U3 IBYX OMOHUMUYeE-
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CKux (OAMHaKOBbIX) fy6NeTOB KOLOHOB, KOAMUPYIOWMX pa3Hble aMUHOKUCIOTbI 1/
UAKn cTon-curHanbl. nu npuHATL peleHne o «NpbixKe» pubOCOMbl Ha onpeaeneH-
Hoe pacctosiHue Baonb Lenun MPHK. To e oTHOCMTCA K CUTyaumnam nepekoanpoBoK
KOLOHOB, HO 3[1€Cb, BEPOATHO, MOHATUE KOHTEKCTA MMeeT bonee WUPOKKUIA apean,
yXOAALWMA 33 paMKuU NUHTBUCTUKK. Hanpumep, B ciyyae aMMHOKUCNOTHOTO roJio-
[aHUA UM NPU TENJOBOM WOKe. B aToM cnyyae BuocmcteMoit Kak «KOHTEKCTHbIE»
YYUTBIBAIOTCA KPUTUYECKUE CUTYaLMKU 3KONOro-6MOXMMMUYECKOTO XapaKTepa, Tpe-
Oytole CUIOMUHYTHBIX UM ANUTENBHO 3BONIOLMOHHBIX afanTaluii c nocneayowen
3aKauYKoM HOBbIX aMUHOKMCIOT U CUHTE3a HOBbIX MPOOHBIX 6enkoB. Boobuue, oTHO-
lWWeHWe K CUHTe3Y 6eNKOB [OMKHO CYyLEeCTBEHHO U3MEHUTLCSA. ITOT NPOLECC HeNb3s
6onee BOCMPUHMUMATbL KaK YMCTO DU3NKO-XMMUYECKMe aKTbl B3aumopeiicteuit HK,
PHK, depmeHTOB, 6€1KOB pUOOCOM, aMUHOKUCNOT U ApYrux MeTabonuTtoB. 3aech
Mbl UMeeM OfMH U3 GeCYMCNeHHbIX MPUMEPOB Pa3HOMACIUTAOHOM Pa3yMHOCTH, KaK
BCEro OpraHM3ma, Tak v TKaHel, KNeToK 1 reHOMa B LieJIoM.

NcTopuyeckn Cnoxunocb, 4TO JIMHIBUCTUYECKAA TEPMUHOMOTUA NO OTHOLIE-
HUIO K 6eNKOBOMY KOAY MCNONb3YeTCsH AABHO U NOBCEMECTHO. A UMEHHO C MOMEH-
Ta, Korga B Havane 60-x ronos npownoro seka ®.Kpuk u M.HupeHbepr monekyny
IHK cTtanu Ha3biBaTb TEKCTOM. 3TO ObIIO reHManbHoe npeasocxuiieHmne, Ho ®.Kpuk
M BONbWMHCTBO, UCMONb3YIOWMUX TAKOW NMPUEM W MOHbIHE, MOHUMAOT TEKCTOBOCTb
OHK, PHK u 6enkoB kak metacdopy, 6eps B3alMbl y TMHIBUCTUKN €e MEHTaIbHOe
Hayano. MycTb «knaccuyeckne reHeTUKU» JONyCTAT HA MUHYTY, YTO 3TU TEPMUHbI NO
OTHOLEHNIO K XpOMOCOMHOMY annapaTty — He meTadopsbl. Torga N0rMyHo NpUHAThL
CUJIbHOE NOJIOXKEHME, YTO BENIOKCUHTE3NPYIOWAsA CUCTEMA U FEHOM B LieloM 0bna-
[AKOT MaNOW YaCTbio CO3HAHUA U MbIWAEHUS UK UX aHanorom Gopme 6UOKOMMbIO-
TuHra [fapses u ap., 1997; Gariaev, Birshtein et al., 2001]. MNpupoaa o6veauHseT
Pa3yMHbIM HayasoM peasnbHble PU3NKO-XMMUYECKME U KBAHTOBbIE aKTbl B apXxuc-
NOXHON MeTaboNnYecKoi ceTn 6eNKoBOro CUHTE3a.

X0TA MAes reHOMHOTO KOMMbIOTMHIA 1N VIVO 3TO TaKXKe BCEro Nullb MOLENb, HO
MOAEeNb, CYyWeCTBEHHO 6osiee pa3BuTasi MO CPaBHEHMIO C MOHUMaHMEM GENKOBOrO
OnocMHTE3a KaK YMCTON DU3UKOXUMUM U BUOXUMUKU. [eHOM MO-CBOEMY Pa3yMEH.
Takoe BocnpuATMe BOCXOAMUT K ApUCTOTeNI0, K ero NoCTynaTy IHTenexuu, a ganee K
Opuwy. K 3ToMy noBOpOTY, @ TOYHEE, BO3BPATy Ha HOBOM YPOBHE K (hopMyne «causa
finalesy», knaccuyeckas reHeTuka He rotosa Ao cux nop. OHa TOpMO3UT MbIC/b BUO-
NIOTOB, YTO KOHTPNPOAYKTUBHO. 3TO 3aCTOM, U Mbl BUAUM CNEeACTBUA — TPAJULUOH-
Hasl reHETMKA 1 BCAe[ 3a Hell MefuLiMHa HE MOTYT U He CMOTYT pelmnTb HYU Npobnemy
paka, Hu npobnemy Tybepkynesa, CMNa, npoaneHus xu3Hu niogeit u 1.4. Ho Bbi-
X0[, eCTb. 3TO Nepexof K NPUHATUI0 UHbIX, BUOCEMUOTUYECKNX, MOAENEN FTEeHOM], O
yeM 34ecChb U UAET peyb. TyT yxe MHOoroe caenaHo. buocemmoTnyeckunin acnekT reHe-
TUKKM BnecTawe npeactasneH pabotamu Ceposa n YebaHOBa, a TaKKe HECKONbKUMY
3apybexHbiMu uccneposatensmu [http://www.zanoza.lv/blog/gordon/430]. OHu
BUAAT B reHOME He TOJIbKO TEKCTOBOCTb, HO U 3CTeTUYeCKue Hanpasnswme: «Bo
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MHoOrux yyactkax [JHK BbisiBneHbl pepeHbl — «Tembl C Bapuauuammu», putmmye-
CKMe U CMbICNIOBble NOBTOPbLI, HANOMUHAOLWME OMOHUMBI, NO3TUYECKUE PUDMbI K1
My3blKaJibHblE TEMbIY.

OtpenbHo o [HK-GenkoBbix My3blkanbHbix TeMax. Ha 3anage npou3Boactso
n Toprosns OHK- v 6enkoBoit «My3blKOW» NocTaBieHO Ha NOTOK. HykneoTuabl u
amuHokucnotbl B IHK 1 6en1KoBbIX NOCNef0BaTENLHOCTAX MO ONpPeAeNeHHbIM anro-
puTMaM nepeo6o3HayvatoTcs HoTamu. MonyyatoTcs OTHIOAb HE XaoTUYeCKKe 3BYKMU,
HO (haKkTUyeckmn My3biKa. Ee faxe nbiTaloTcsa UCNoNb30BaTh Kak ieyebHbIN hakTop.
Jllobas nonckoBas cuctema B VIHTepHeTe BbIACT MAcCy CChIIOK Ha CNOBOCOYETAHME
«DNA music» unu «Protein music». WHbIMM cnoBamu, UTHOPUPYS TEHETUYECKMUIA
onuno3, fenblbl 6€30mMAAHO 1 6€30TBETCTBEHHO IKCM/IYaTUPYIOT 3a4aTOYHOE Mo-
HUMaHWe BOJIHOBbIX, B TOM YMC/1e My3blKalbHbIX, 3HAKOBbIX PYHKLUIA reHeTUYEeCKMX
CTPYKTYp. [lymaercs, 4to 370 JOCTAaTOYHO ONACHO, MOCKONbKY NPOC/AyLWMBaHKUE Ta-
KOW My3blKM HEKOHTpOAMpyeMo U 6e3 3HaHWS MOCNefCTBMIA BBOAWUT B Hall MeTa-
bonuuyeckunin «A1HK-6en1K0BbIN KOTENY» BONIHOBbIE MH(OPMALMOHHBIE BEKTOPA Mano
W3y4YeHHOro LeilCTBuS.

[puBenem eule ofuMH NpUMep, LEMOHCTPUPYIOLWNIA OnpeaeneHHy0 pasyMHOCTb
reHoMa, npuyem B 06,1aCTH, KOTOPAsA CYMTAETCA NONUTOHOM YNCTON CYYANHOCTU —
B €CTeCTBEHHOM MYTaLWOHHOM Npouecce, rae, Kak noaaratT, LapuT Xaoc, CTOXacTu-
Ka. XOTs, HaA0 NOAYEPKHYTb, YTO MOHATME Xa0Ca, KaK abCONOTHON HeynopAA0YEeH-
HOCTK, ywno B npownoe. lNpexae, ao otkpbitua OHK, 3T0T XaoTnyeckuin mytauu-
OHHbI NpoLecc, Kak 6YATO Obl Nexalunili B OCHOBE 3BOIIOLMM, HAa3blBANCS Heomnpe-
[eNleHHON U3MEHYMUBOCTbIO MPU3HAKOB Y OPraHM3MOB U COCTaBnsAn, no [apsuHy,
«CbIpON mMaTepuany» ana asoaoumMn. HeanwHe HaNOMHUTL, YTO CaMm [JapBUH K KOHUY
XWU3HW NMOHAM, YTO TONIbKO CNyYyailHas M3MEHYMBOCTb, KaK OCHOBA 3BONOLMUKN, —
dukums. Ecnv B 6€1KOBOM KOAe NPUCYTCTBYIOT U UCNOMb3YIOTCA CYyrybo MeHTaNb-
Hble KOHCTPYKLUWUYU TaKKe, KaK «TeKCT, YTeHue, y3HaBaHue, peweHme» u T.4., T0 3T0
OCHOBaHWe ANA NPUHATUA MUPOBO33PEHYECKOTO MOJIOXKEHUA: TEHOM U OENKOBbIiA
KoL CO3JaH MbICIblO, @ CaM reHoM pa3ymeH. CToxacTuyeckue npolecchl B paboTe
xpomocomHon IHK cBepeHbl K onTumymy. [lymaercs, YTo MMeeT Mecto KOMNpoMuce
MeX[y CTOXacTUKOMN u getepmmnHu3mom. CToxacTuka myTauuin B reHoMe JaBHO W3-
BECTHa M xopowo u3yyeHa. CnyyaiHole mytaunu OHK npenmyuiectBeHHO BpeaHbI
W OHW B KAKOW-TO Mepe MCNpPaBAsAOTCA COOTBETCTBYIOWMMM GpepmMeHTamun. Ho BOT
yOMBNEHME: MyTALUM, €CK KNETKA UX KOHTPOJMPYET B CMbIC/IOBOM acnekTe, 060-
PayMBaOTCA NONb30M U BHOCAT BKNAA B Pa3yMHYI0, HE JAPBUHOBCKYHO, 3BOOLMIO.
Takue, cneuuanbHo OTOMpPaeMble U UCMONb3yeMble CaMoi BUoCMCTEMON, MyTaLUK
TPYLHO Ha3BaTb CIy4YalHbIMK. ITU MyTaLMUM — HE pe3yNbTaT eCTECTBEHHOTO 0T6Opa B
X04e ANUTENbHO 3BOJIOLMM, OHW UCMONb3YIOTCA ObICTPO, B NpeAenax 0fHOro Xus-
HeHHoro uukna. KombuHatopuka ux cneynanbHo 3afaeTcs OpraHM3MoM. 3T0 BUAHO
No pe3ynbTaTaM UMMYHOreHeTUYeCKUx UCCNefoBaHUi, BUAHO HA PasyMHO U npe-
BEHTUBHO 0TOMpaeMbix B-numcountaMmm aMMHOKUCNOTHBIX NOCAE[0BaTENbHOCTAX
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aHTUTEN, KOTOPble Ha3blBAKOTCA NOCIeA0BaTENbHOCTAMM Unu rpadukamm By-Kabota
[CTun n gp., 2002]. 3Ta KOMOGUHATOPMKA NOCNefoBaTeNbHOCTEN aMUHOKUCIOT —
pe3ynbTaT runepsapuabdenbHoctun V-D-J reHoB aHTUreHCBA3bIBAKLWMX 0bnacTei
aHTUTeNn MMMyHOMO6YAMHOB. JITa runepBapuabenbHOCTb MyTauuii cneyuanbHo
(pa3ymHO) npepBapuTENbHO 3aae€TCA FTEHOMOM /18 «PacnO3HABAHMA» aHTUTEHOB
Ha KNeToOYHOM ypoBHe. KneTka v ee reHOM CHayana KakMM-TO HEM3BECTHbIM MOKa
Cnoco6oM* CKaHUPYeT aHTUTEH, NOTOM NMPUHMMAET «pelleHne» 0 Habope MyTaLuit
V-D-J reHoB ans Hanpae/iieHHOro 0TOOpa KOAMPYEMbIX aMUHOKUCIIOT, COCTaBNSAO-
wux nocnepoBatenbHoctn By-KaboTta [Kabat et al., 1977]. Nosepexune V-D-J reHos
NPOTMBOPEYUT HEOLAPBUHUCTCKON AOrMe O TOM, YTO BCA U3MEHYMBOCTb MEHOB 3a-
POAbILWEBO NMHUM NPEACYLLECTBYET 10 TOFO, KaK HAYMHAET AeicTBoBaTh 0T6OP. Ho
yyTem — B pabote V-D-J reHOB HeT TOYHOTO M MFHOBEHHOTO «PeLleHUs» 0 Bbibope
aMUHOKMUCOT (HeT NONHOTO AeTEPMUHU3MA), HO U HET aBCONIOTHOI CTOXACTUKM, NO-
CKONbKY MyTauuu KOHTPONMPYIOTCA (3aAatoTcs) caMmm opraHu3mom. WHeimu cno-
BaMMU, CYLLECTBYET NpsiMas 1 o6paTHas CBA3b MEXAY MPOOHBIMM HAbopPaMK MyTaLMii
W CTPYKTYPOMN aHTUrEeHCBA3bIBAKOWMX 061aCTEN aHTUTEN UMMYHOTN0OYNMHOB. Cny-
YaWHOCTb U 3aKOHOMEPHOCTb 34eCb B PpAaBHOBECUM.

benkosblit Kog co3pgaH Pasymom. bygem Bcnep 3a CnnHo3on n HanumoBsbiM cym-
TaTb BceneHHyo u npuymHoit camoi cebsa (causa sui), U NMHTBUCTUYECKONA, T.e.
pasymHon [CnuHo3a, 1677; Hanumos, 1989]. Torga MMMyHOKOMNETEHTHbIE KIIETKM,
BKyne C UX reHOMOM, LieneHanpaBAeHHO, Pa3yMHO UCNONb3yeT CAYy4alHOCTb, CO3-
[laBas HeOOXOAMMbIE /15 HUX FTeHETUYECKME TEKCTbI C ONpeaeieHHON CEMAHTUKOM.
EcTecTBEHHO, 4TO 3Ta reHOMHas pa3yMHOCTb eiCTBYET B paMKax onpefeseHHbIX U
Y3KMX 33ja4 MMMYHHOTO OTBETa M MacwWwTabbl ee He CONOCTaBMMbl C Pa3yMHOCTbIO
rOI0BHOrO MO3ra. 3ecb NPOSBNAETCSA 0OLWMIA MPUHLMN PPAKTaNbHOCTH GUOCUCTEM,
BK/I0YAS TEHOMHO-KNETOYHO-TKaHEeBble U OpraHHble YPOBHU pa3yMHOCTU. HbIMK
CNOBaMW, Mbl BUAUM HENMHENHOe NOBTOPEHME O4HOrO0 U TOT0 e (PeHoMeHa, hyHK-
LM, CTPYKTYPbl B Pa3HbIX MACLITabHbIX pa3MEPHOCTAX.

Bo3HuKaeT npocTas u npaBuAbHAasA MbICAb B AyXe NaHTEN3Ma, YTO FreHeTUYeCKuN
annapart, Kak u Bce opraHu3mbl, — pe3synbtat TBopeHus Cospatens (Mpupogbl). A
nocemy BCe B OpPraHn3max pasymHo. Ha 3Tom MoxHO 6b110 6bl ycnokonTbcs. Ho 310
KpaiHOCTb — Mony4YeH obLwuit oTBeT Ha Bcé n ogHOBpeMeHHO He nmonyyeHo Huyero
KOHKPETHOro. 3T0 BCENEHCKUIA YepHbIn AlWwmnK. Ha Bxoge ero — nobble BONPOCHI,
Ha BbIXO[le — TOJIbKO OAMH 3TOT 06wWwMin oTBeT. Hac 310 He ycTpamBaert. MoaTomy
He yCTaHeM MyTeleCcTBOBATb BHYTPU 3TOrO ALMKA, NbITASCh NONYUYNTb KOHKPETHbIE
[l0Ka3aTeNbCTBa Pa3yMHOCTU TEHETUMYECKOro O6esoK-CUHTe3MpyloWero annapa-
Ta. B 3TOM cMbiCie MHTEpeCHbl PyHAAMEHTANbHBIE U MHOTONETHUE UCCNeL0BaAHNUSA
B.U.lepbaka.

4 BeposiTHO, 3T0 NPOLECC BOJHOBOTO aBTOCKAHUPOBAHUS BHYTPUKIETOUHBIX METAG0NUTOB U AHTUrEHOB B pamKax
noHATUI BonHoBoM reHetuku (fapses, 1994; a Takxe CM. HUXE).
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B ofHOM M3 cBOMX paboT, aHaNMU3Upys KONMYECTBEHHbIE COOTHOLWEHUS Hy-
KNOHHOTO COCTaBa Aflep aTOMOB KOAMPYEMbIX aMUHOKMCNOT M KOLOHOB TpUNNeT-
HOrO reHeTUYeCcKOoro Kofa, OH npegnonaraet HaauMuyme CMcTeMbl apudMeTUYECKUX
onepauui B mpouecce 6MOCHHTE3a GENKOB, YTO TaKXKe ABNAETCA NPOABNEHUEM
HEKOTOPbIX CTOPOH KBa3uMbiWwneHus reHoma [Shcherbak, 2003]. B.W.llep6ak
0OHapyXuUn B OEIKOBOM KOAe CUCTEMY F€HETUYECKOro UCYMCIEHMS U UCTONb30-
BaHWe et dyHKLUMI HONS. ITO Ype3BbIYANHO BaXKHOE 0OCTOATENbCTBO, MOCKOJbKY
HOMb — Cyry6o MblICAUTENbHOE, 3anpeaesibHO abCTPaKTHOE NOPOXAEHMWe, fatoLiee
Ha4yano KOOPAMHATHOMY CO3HAHMIO C €r0 KONIMYECTBEHHBIMWU MEPAMM OLLEHKM BHELL-
Hero MMpa. 3T! OLEHKN UHTEPNPETUPYIOTCA BHYTPEHHUM OPraHU3MEHHbIM reHeTU-
YeCKUM CO3HaHueM-ucuucneHvem. Takum obpasom, undpsl (Hapsgy ¢ byksamu)
CTAHOBATCA HEOTbEMNEMOI 4acTblo reHeTuyeckoro (6enkosoro) kopa. Mo3tomy
apudMeTMyecKkoe ynpaBiaeHWe B JMHTBUCTUYECKOW WM/MUNN TEKCTOBOIN TEHETUKE,
nonaraeT — B.W.lllep6ak, — peanbHocTb. OAHMM M3 MOATBEPKAEHMIA 3TOrO, MO
ero MbIC/in, ABNAETCA IKCNepuMMeHTaNbHoe uccnefoBaHue JngenbmMaHa, MCNoab30-
BaBLEro ObICTPO peaccouumpylolme No «anunKumM» KoHuam dparmentol AHK Kak
OCHOBHOWM (DaKTOp TEXHONOrMM UcKyccTBeHHOro «AHK-komnbioTUHIa» in vitro npu
peleHnn T.H. 3aaaym kommusoskepa [Adleman, 1994]. OgHako 3TO He AyyWKIA
npumep. Paktnyecknin IngnemaHoBckuin JHK-KOMNbIOTUHT OCYLWECTBAAIOT NOAMN,
Aenas UTOroBblil BbIOOP M3 MUANMAPAOB BAPUAHTOB «PELIEHMNT», NpeLbaBIseMblX
peaccoummnpytowmmmn dparmentammu OHK [fapses u gp., 1997; Gariaev, Birshtein
et al, 2001]. Pa3suBas ceou uaeun, B.W.lepbak nuwet: «HekoTopble KNETOYHbIE
OpraHensbl AOMKHbI paboTaTb KAk GUOKOMNLIOTEPSI, ...M Mbl LOMKHbI OOHAPYKMUTD
CUCTEMBI YnCen, C KOTOpbIMM OHM paboTaloT». W panee: «Kaxercs, 4to reHeTnye-
CKWI1 KOA cBA3aH Gonee 6AM3KO C aBCTPAKTHLIMU NOHATUAMM ApUDMETUKM, YEM C
NOHATUAMU DU3UKN UAU XUMUNY.

[lymaetcs, 4to 371 ABa nonoxexus Lllepbaka He coBCEM TOYHbI. XPOMOCOMH bl il
KOHTUHYYM caM no cebe yxe 6uokomnbioTep [[apses u ap., 1997; Gariaev, Birshtein
etal, 2001]. HaBepHoe, OH He CAaMOA0CTAaTOYEH U BK/IIOYEH KaK YaCTb B KNETOUHbIV U
TKaHeBbl KOMMbIOTUHT C MCMOJIb30BAHMEM LONOJHUTENbHbIX KIIETOYHbIX OpraHen.
B.W.lWepbak cuntaet bUHapHYI0 NOrmMKy LM poBOro KOMNbIOTUHIA FeHOMa onpeje-
nsowmm haktopom ero paboTbl. M NnWb KaK BTOPUYHbIA, MOAYUHEHHbIW NYTb, NO-
HUMaeTca um nepesof undposoro JHK-PHK-oBoro «ocmbicneHuns» B aHanorosyto
dopmy. Ecnu 3To BepHO, TO Nnwwb oTyacTu. Crparernyeckas AMHUA QYHKLKUA reHo-
Ma — onepupoBaHue ronorpadmyeckumMm 1 TEKCTOBbIMU 06pa3amMu. XpOMOCOMHOMY
KOHTUHYYMY Kak OMOKOMMNbIOTEPY HET CTPOroil HE06X04MMOCTM NONb30BATLCSA TOJb-
KO 3KBMBaneHTamu 6orarcts (Luucdpamu), oH paboTaeT HeENOCPEACTBEHHO C borat-
ctBamu (06pazamm), Korga HafAo CTPOUTL LLENOCTHbIA OpraHnU3M, a He TOIbKO CUH-
Te3npoBaTb 6enkn. Ho GuHapHas uudpoBas NorMkKa He ynpasfHAETCA LENUKOM.
OHa Heobxo[MMa, HanNpuMMep, B MOMEHTbl BKIIOYEHUSA U BbIK/IOYEHUS BENKOBLIX U
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PHK-0BbIX reHOB, YTO TaK}X€ HEMANOBAXHO, 0COOEHHO AN NOCTPOEHUA OeNKOBbIX
tpa3, TeKcToB®.

Bmecte c Tem uccneposanus B.W.lLlep6aka dhyHAAMEHTANIbHbI, OHU UMEIOT MUPO-
BO33peHYecKoe 3HauyeHune, BNepBble AaBas XeCTKoe OAHO3HAYHOe MaTeMaThyecKoe
[10KA3aTeNIbCTBO TOrO, YTO OENKOBbLIN KOJ — KBa3Mpa3yMHas CUCTEMA M OJHOBpe-
MeHHO pe3ynbTaT CeMaHTUYHOCTK BceneHHoii. MoHATb NpoucxoxaeHune 6en1KoBOro
KOJA MOXHO TOJIbKO KaK CO3HATeNbHbI aKT, HO He ClieCTBME C/IenoN LapBUHOB-
CKoii 3Bonitoumu. Bot yto nuwet 06 3tom B.U.lLep6ak, pasbacHAs CBOK NoO3uLUIO
no cratbe [Shcherbak V.I., 2003], a Takxe B®: «B 370 cTaTbe CKOHLEHTPUPOBAHDI
[aHHbIE, @ He r1noTe3bl, JaHHblE, KOTOPbIE CTABAT NPUHLUMNUANbHBIA (NOJYEPKHU-
Bal0 3TO C/I0OBO) 3aNPeT yMO3PUTEbHbIM MOLENAM (PU3NKO-XMMUYECKON 3BONIOLUM
reHeTUYeCcKoro Koaa, a, CefoBaTesIbHO, M XWU3HW. ITOT 3anpeT CTaBUT abCTpaKT-
Has CUMBOJIMKA apuMeTUKHM, AAPA MaTEMATUKKM, 0OHapyKeHHas B kopae. befa Bcex
NpeaWwecTBYOWMX NONbITOK 00bABUTL MOLENN PU3NKO-XUMUYECKOI IBOIOLUM He-
COCTOATENbHbIMU 3aK/0YEHA B TOM, YTO 3TU NOMbITKM CBOAATCSA K MAaHWUNYAMPOBa-
HUIO HUYTOXHOCTbIO BEPOATHOCTU CAYYANHOro NosABAEHUA UHPOPMALMOHHON CU-
cTeMbl kKnetku. 06paTi BHUMaHMe Ha NapafoKC: 3TU NOMbITKU OCTABASAIOT Ia3enKy
ANA OU3NKO-XMMUYECKOW 3BONOLMM, YHECTHO MPU3HABAsA, YTO HUUYTOXKHAA BEPOAT-
HOCTb BCe Xe cyuwecTByeT! [10 MHEHMIO MHOTUX JIOfEN 3TOro [OCTAaTOYHO, YTOObI
MUANMApPAbl NeT KaK-HMOyab YyNpaBMAUCh C peann3aunen 3Toi BEPOATHOCTU. 3TO
3HAYUT, YTO MOpaxeHne PU3NKO-XMMUYECKOW UAEE MOXHO HAHEeCTH, eCnu UCKO-
Mblif 3anpeT OyaeT MMeTb NPUHLMUNKUANbHBIA XapaKTep. 3anpeT UMEHHO TaKoro pojaa
yCTaHaBNMBAET aOCTPAKTHASA CUMBOJIMKA apMBMETUKM BHYTPU r€HETUYECKOTO KoAa.
Mpouie roBops, HUKAKOe B3aMMOLENCTBME MOJIEKYN B X04e (DU3NKO-XMMUYECKOIA
3BONIOLMK — CKONb Obl JONTOM OHA HU ObiNa! — He cNoCcoOHO NOPOAUTL HU NPU Ka-
KUX HATypaNnbHbIX YCNOBUAX aOCTPAKTHbIE MOHATUSA YMCNA U €r0 3HAKOBYIO 3aMUCh
B MO3MLMOHHOI CUCTEME CYMCIEHUS, UCTIONb3YIOLLEl ele bonee 3anpeaenbHoe no
cBOei abCTpaKTHOCTU NoHATME Hyns. Wrpa Tenepb [ONXKHA NPOAOIKMUTLCA NO APY-
rMMm npasunam. HoBoe yCcTpoWCTBO KOJa NEPEBOAMT MOMCK €ro NPOUCXOXAEHUA B
0651aCTb, KOTOPAs JOCTYMHA, KaK HAM KAXXeTCs, TOIbKO pa3yMmy. ... ITO HoBellee
AAXe HEe «TEPMOSIAEPHOEY, A OPYKUE KAHHUTUAALUKU». B cTaTbe M310XeHbl haKThl,
a He yMO3pUTeNbHbIe MOLENN. .. ».

5 KoHuenuus «6enkoBbix Gpas» NocTynuMpyercs Hamu 1 GyaeT passuTa.

6 [llepcoHanbHoe NMCbMO
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0 ponu HekoagupyioLen
(«mycopHomn») OHK

WcTopryecKkmn cnoxunnoch TakK, YT0 OCHOBHasA YaCTb FeHOMA, He CBA3aHHAsA HanpsaMyio
C TPMNAETHbIM KOLLOM, Obl1a Ha3BaHa «MyCOPOMY, YTO abCcoNtoTHO HeBepHo. Ceitvac,
cnycTa Tpu pecAtunetus, 3To nopTeepxpaerca [Shabalina, Spiridonov, 2004])..
[leTanbHbll CMUCOK FeHOB, KOAMpYOWMX 6enok, 6bi1 caenaH nocne 3aBeplieHus
NPOEKTOB N0 CEKBEHWPOBAHMIO FTEHOMA MbILWK W YenoBeka. B uenom 6enkoBblii co-
CTaB MbllK Nofo6eH TaKOBOMY YenoBeka, U npubnusntensHo 99 % 6enok Kogu-
PYIOLMX FEHOB MblLIW UMEIOT FOMONIOT B YeNIoBEYECKOM reHoMe. 06Liee KOMYECTBO
KOLMPYHOWMX OENOK reHOB B OTHOCALLEMCS K MJIEKONUTAOWMM FreHOME, KaK OLEeHU-
BalOT, cocTaBnset npubausutensHo 30 000. Takas oueHKa yaMBUTENbHO GAU3KA K
4ucny Koaupylolmx 6enok reHoB B reHome Hematofbl. DYHKLUUM HEKOZMpyloLWen
[HK ocTaloTca nnoxo n3yyeHHbIMU U CPAaBHEHWE MEXPA3HOBUAHOCTEN — NOXKany,
€[IMHCTBEHHbI CNOCOO AEMOHCTPUPOBATD, YTO COXPAHEHHAs NOCNEA0BATENbHOCTb
[OHK, koTopas pa3Bunacb MefieHHO B pe3ynbraTe OTpULATeNbHOro 0T60pa, ABNA-
eTcs QYHKLUMOHANbHO BaxHOW. Booblle, Hekoanpytowme 06a1acTn MeHee CoOXpaH-
Hbl, YeM KOAMPYIoLMe 6enoK 4acTh reHoB. CpaBHUTENbHbIA AaHANN3 HEKOLUPYIOLWUX
obnacteii B reHOMax BbICLWIMX 3YKAPUOT NOKa3an MO3aUYHYI0 CTPYKTYpPY YepenoBa-
HUA BbICOKO COXPAHEHHbIX U pa3nunyatlmxcsa yacten. CoxpaHeHHble 3neMeHTbI, TaK
Ha3blBaeMble (PUAOreHeTMYeCcKne cnepbl, COCTaBAAT CyLLECTBEHHY MPOMNOPLMIO
Hekoaupytowmx OHK. CpaBHUTENbHbIA aHaNM3 YenoBeKa U reHOMOB MbllW NOKa-
3aJ, YTO NpMbAN3NTENbHO 5% FreHOMHOW NOCNEA0BATENBHOCTU COCTOUT U3 BbICOKO
COXpaHHbIX cermeHToB B 50-100 nap oCHOBaHWit; 3Ta NPONOPLMA HAMHOTIO BbllUe,
4yeM MOXHO 0OBACHWUTb TONLKO HAMYMEM TONIbKO KOAMUpYloLWMMK 6enok nocnepo-
BaTenbHOCTAMU. CpefiHee YMCNO MEeXreHHbIX 06nacTert y Mbllwm M YenoBeka (15-
19%) He OTAMYAETCA OT YMCA HYKNEOTMLOB B MHTPOHAX M MEXreHHbIX 06nacTax
HemaToA (18%). HekoTopble U3 KOPOTKUX MEXreHHbIX 06NnacTeit MAeKONUTaKOLLMX
NpeacTaBnAT 06s3aTeNbHble Y4aCTKM AN M3BECTHbIX PAKTOPOB TPAHCKPUNLUM U
perynupyiouux 6enKos, B TO BpeMs Kak pyrue He UMetT HUKAKO U3BEeCTHOMN 6uo-
norunyeckon gyHkummn. ®pakums koaupyouein 6enok JHK B reHome ymeHblaeTcs
C VBEJINYEHMEM CJIOKHOCTM OpraHu3ma. B 6aktepusax npuonusutensHo 90% reHoma
KoaupyeT 6enku. ITo ynucno noHmxaetca [0 68% B ApoxKax, f0 23-24% B He-
matopax u po 1,5-2% B mnekonutaowmx. Cpean pasnnyHbiXx MEXaHU3MOB yBENU-
YyeHus pa3Hoobpasns GeNKOB CyLLEeCTBYIOT TaKWe, KaK UCMNONb30BaHWE MHOMOKpaT-
HbIX Y4aCTKOB Hayana TPaHCKpUNUMK, anbTepHaTuBHoe coefuHeHune npe-uPHK u
WX pefaKTUpOBaHuWe, NoNnageHnpUpPoBaHME, @ TaKXKe NOCTTPAHCIALUOHHAA MOAK-
tdukauus 6enkos. OgHAKO ¥ 3TM cnocobbl yBeNMYeHMs pa3Hoobpasus 6enkos He
00BACHUAM, NTOYEMY MAEKONUTAOLME U HU3WME BUOCUCTEMBbI (HACEKOMbIE, YEPBH)
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TaK CMbHO Pa3NNYaOTCA MO 06BEMY «HEKOAMPYIOWENY» YACTH, UMEA OfHU U Te Xe
Habopbl reHOB W GENKOB M CXO[Hble MeXaHW3Mbl UX pa3Hoobpa3uTb. HeT oTBeTa
Ha BOMPOC: €C/IM He FeHbl U He UX BesKK, TO YTO e onpeaenseT CNoXHOCTb bonee
BbICOKOOPraHW30BaHHbIX OpraHn3moB? HO Mbl MOXXeM onpefeneHHO CKa3aTb, YTO
CNOXHOCTb OPraHM3MOB B MEHbLUEH CTENEHN KOPPENMPYET C YNCAOM KOAUPYIOLLMX
6e/oK reHoB, YeM C ANMHOI U pasHoobpa3nem IHK nocnepoBatenbHocTel, HEKOLM-
pylolux 6enkos. Boobuie ClOXHOCTL OPraHN3MOB KOPPeNUpyeT C yBEINYEHUAMU
crefyioLMx NapamMeTpoB: BONEPBbIX, C TPAHCKPUOUPYEMOIA, HO HE TPaHCINPYEMOI
4aCTblo FTEHOMA; BO-BTOPbIX, AJIMHON N YNCIIOM MHTPOHOB B KOAMPYIOLWMX OENoK re-
HaXx; B-TPETbUX, C YUCIOM U CNOKHOCTbIO INEMEHTOB CiS-KOHTPOA U YBEAUYEHHOIO
MCNONb30BAHUA CNOXKHbBIX U MHOXECTBEHHbIX MPOMOTOPOB A1 OAMHOYHBIX F€HOB;
B-YeTBEPTbIX, C YAC/IOM F€HOB U ANA KOAWPOBAHWUA Oenka, U Ans HEKOLUPYHOWUX
PHK reHoB; B-nATbIX, CO CNOXKHOCTbIO U AJIMHOM HEKOAUPYIOWMX YHACTKOB 3'-KOH-
uoB MPHK; 1 B-wwecTblX, C COOTHOWEHMEM M aOCONIOTHBIM YMCIOM (hAKTOPOB TPAHC-
KpMNuumM, NpUXOAALLUXCA HA reHoM. [lpyrumu cnoBamu, CTPYKTypHaa u pusnonoru-
YeCKas CI0XHOCTb OPraH1M3Ma CUJIbHO 3aBUCUT OT CJIOXHOCTU peryinpoBaHus reH-
HOrO BbIPAXX€HMA M OT pa3mMepa M pa3Hoobpa3ua TpaHckpunToma. MpuynHa 3toro
B TOM, YTO ofHouenovyeyHble PHK nmeloT HeKoTopble YHUKaNbHbIe CBOMCTBA, KOTO-
pble obecneynBaioT ee perynaTopHble QYHKLMUMU. ITO UX CNOCOOHOCTb Y3HaBaTh No-
cnegosatenbHocTn AHK yepe3 komniemeHTapHble B3anMOLeNCTBUA; UX KOHDOP-
MalLMOHHas rMOKOCTb, CNOCOOHOCTL TPAHCAMPOBATLCA B Genku. NTaK, cnoxkHoCTb
opraHu3moB cBa3aHa ¢ nynom PHK, geicrBylouemy no-pa3HomMy B 3BOIOLMOHHO
pasnnyalowmxcsa TakcoHax? Ho 4To 3HaumuT «no-pasHomy»? QuepenHas BUGUMOCTD
00bACHEHUSA TOrO, KaK [eCTBYET reHOM, NopoXaas u3 cebs opraHusm. W 3To Bep-
cus, npeanaraemas B uutUpyemon pabote. Ho, Kak nogyepKuBaloT aBTOpbI, Napa-
AOKC HapacCTaHua A0AU HEKOAMPYIOLWeEed YaCcTh reHoOMa C YBeIMYEHUEM CIIOXHOCTY
buocuctem go cux nop 6pocaet BbI30B reHETUKE U OUONOTMM B LiESIOM, HECMOTPA Ha
TO, 4TO NpoLwwno okono 40 net nocne oTKpbITMA Hekogupytowmx AHK. Kak Bugum, n B
nccnefoBaHUAX NOCAefHNUX NeT HabNloAaeTcs pacTepssHHOCTb Nepes NLOM CTpaH-
Horo hakta — yem Bblwe GuocucTeMa B 3BONIIOLMOHHOM MjiaHe, TeM Gonblie B ee
reHome «Mycopa», Bnaotb 1o 98% y yenoseka.
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BepoATHble 3HaKoBble QYHKLUY
«HeKoaupyoLlen» Unu «KMyCopHOn»
NHK

N3 06wmx coobpaxkeHnin sCHO, YTO NOYTU BECb TEHOM BbICIUIMX OPraHU3MOB HE MO-
KET ABNATb COO0M BecnonesHbliil «3roucTUYECKMi» rpy3. IBOIOLUA 3TOTO He Tep-
nut. «MycopHasa» yactb [JHK Take BbINONHAET KOJOBbIE reHeTnyeckne hyHKLUM
[Akudbes, 2004], Ho Kakue? Mbl npeanonaraemM M B KAKOMW-TO Mepe 3KCNepUMeH-
TaNbHO JOKA3bIBAEM, YTO 3TU (PYHKLMUM Peanu3yoTCs Ha APYroM YPOBHE 3HAKOBOIA
OpraHu3auuy reHoma. 3T0 MeHTanbHO-BOJIHOBOW YPOBEHb, UCNOb3YIOLWNIA NPUH-
LNl KBAHTOBOM PU3NKMK. ITa 4ACTb reHoMa PYHKLMOHUPYET Ha OCHOBE Na3epHbIX
U3Ny4YeHuw, ronorpadum, AMHFBUCTUKM U, BEPOATHO, KBAHTOBOM HEIOKANbHOCTK. To-
TanbHblit JHK-XpOMOCOMHBIN KOHTUHYYM pacCMaTpMBAETCA HAMK KaK Hepa3pbiBHOE
Lienoe BCEro opraHu3ma. 7o Lenoe hyHKLMOHUPYET Kak OMOKOMNbIOTEPHAS KBA3W
pa3yMHas cuctema [Gariaev, Birshtein et al, 2001]. leHoM-KoMNbloTEP 0ObEAUHSAET
B cebe ape unoctacu ¢usnkn. OH ucnonb3yet MHTepdasHble COBOKYMHbIE XPOMO-
COMbI KaK BeLeCTBEHHbIE XUAKOKPUCTANNYeCcKe 06pa3oBaHmMs B popme AnHAMK-
YeCKMUX MYALTUMNEKCHbIX NONAPU3ALMOHHbIX ronorpamMmm. Pu3nko-matemaTuyeckuin
copmann3m buoronorpadupoBaHus aaH Hamu B paboTax [TepTbilWwHbIi, [apseB u ap.,
2004; TepTblwHblii, fapses, 2007]. NMonspusaunoHHas ronorpacdus obecneynBaer
CO3JaHMe TPAAMEHTOB 3HAOFEHHbIX CBETOBbIX MOJei, Kanubpyowmx, pasmeyato-
LMX LMHAMUYHOE MPOCTPAHCTBO-BPEMA Pa3BMBAIOLLErOCA M B3pOCIOro OpraHu3ma.
Takue BOMHOBLIE AKTbl BKIOYAKOT TaKXKe reHepauuto TEKCTOBO-ronorpadmyeckunx
ynNpaBaoLLMx BEKTOPOB MopdoreHe3a. Bropas nnocracb KBaHTOBOro reHoMa —uc-
Nosb30BaHMe COOCTBEHHbIX TaK Ha3bIBAEMbIX CMYTAHHbIX (KBAHTOBO HENOKA/bHbIX)
(hOTOHHO-NONAPU3ALMUOHHbBIX (CMIUHOBbIX) COCTOAHUN. ITO HEOOXOAUMO 1A MIHO-
BEHHOro aHanM3a-cMHTe3a TeKyllero 6MOXMMUKO-(DU3NONOrMYECKOrO COCTOSHMUS
MUNUAPAOB KNETOK U TKaHei OpraHnu3ma 1 g npuHATMA COOTBETCTBYIOWMX «pe-
WeHWNA» No ynpasneHunio buocucTemon.
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[eHOM KaK JIMHIrBUCTUYECKOe,
peyeBoe 00pasoBaHue

Bbilwe Mbl y3Ke 06CyKAaNM UAel «BTOPOro FreHeTUYECKOTo KOLLay, UMes B BUAY KOH-
TEKCTHble OpMeHTaLMKu pubOoCOMHOro annapara U Apyrue CMbICIOBble MOTUBbI €ro
noBefeHus. 3afafiMMcs BONPOCOM, NOYEMY reHoM pedenofobeH (He B meTadopu-
YECKOM CMbICe) U HeNb3s N «M36bITOYHOCTb U MYCOPHOCTb» OCHOBHOW 4acTu Ye-
JIOBEYECKOTO WJIM UHOTFO FreHOMa 00BACHUTL TEKCTOBO-roflorpadmyeckumm atpuoy-
TaMu reHeTnyeckoro annapata: Crpaternyeckoe nosoXxeHue, nexaliee B OCHOBE
noen pevyenogobHocTu reHoma, naHo B.B.Hanumosbim [Hanumos, 1989], cuutas-
Wwum BceneHHyo pa3ymHOW, NUHIBUCTUYECKOW U, BCaen 3a CnnHO301, oTOXaecT-
Bnaswum [pupony n bora-Teopua. Mbl npugepxuBaemcsa Tex Xe No3nMuuMn u He
nepcoHndunumpyem bora Kak HeKyio NMYHOCTb. KaK 1 ThicAYeneTna Ha3ag, Mbl cnpa-
WWMBAEM — OTKYAA Mbl MU3HAYANbHO: NIOAM, KUBOTHbLIE, pacTeHus, Bce usoe? Cospe-
MeHHas HayKa, B TOM YMC/Ie TeHETUKA U MONeKynapHas buonorus, kKak otobpaxe-
Hue 3akoHoB [pupoabl-TBOpLA, HAKONUNA OFPOMHBIN MaTepuasn, aHanu3 KOToporo
MOXeT nNpuban3nuTb Hac K noHumaHuto [HK kak peuye-obpa3Hoii BelecTBEHHO-
BOJIHOBOW AYaNUCTUYHOW KOHCTPYKLMUMK.

Ewe v ewe pa3 BcnomHum bubneiickoe: «BHayane 6bino Cnoso, u CnoBo 6b110 y
bora, n CnoBo 6b110 bor.... B Hem Gbina }u3Hb, 1 }U3Hb OblNa CBET YENOBEKOB. ..
CnoBo ctano nnotuto n obutano ¢ Hamuy» [OT MoaHHa, m.1]. N panee — «Ha Bceit
3emne 6biN OfMH A3bIK M 0 HO Hapeyune» [Mepsas kHura Mouceesa, m.1]. OTmMeTUM
3[eCb K/l0YeBble MOMEHTbI, KOTOPbIM COOTBETCTBYET JIOrMKa Halero uccnepoBa-
Hua. Cnoso Teopua (Ero Peub), a Takxke Hekuit usomopcmam Teopua v yenoseka —
3TO Havana, KOHCTpympytoLme Bce Hexunsoe 1 Jueoe, B ToM yucne n Henoseka, no
MaTPUYHOMY MPUHLKNY: UeanbHOe — MaTepuanbHoe. ITO Xe COOTBETCTBYET Ab-
contotHon Npee lerens. CywecTByioT i certyac (a He ToNbKo «BHavane») B Hawem
Tese, PaBHO KaK W B TeNnax XWUBOTHbIX, PaCTEHUN U Apyrux buodopmax, pecdepeHTs
HeKkow BceneHckoin, equHom ansa Bcero XuBoro, Peuyn? NHbIMKM cnoBamMu, Kak CEMaH-
TUYecKas (MMHreucTMYeckas) BceneHHas otobpaxaetcsa B Guocucremax? Takue pe-
YeBble 0TOOpaxeHus cywectsyioT B [IHK, paBHO Kak 1 MaTpuyHble nepeoTobpaxe-
Hus ee B u3omopdHble A3biku PHK 1 benkos. Cioga e, BEpOATHO, OTHOCUTCS U BON-
HoBoe pennuuuposanue JHK camoit ce6s, kotopoe Mbl 06Hapyxunu [Gariaev et al,
1991; lapses, 1994; lapses, TepTbiwHbIA, ToBMaw, 2007]. Takoe penanumMpoBaHue
— nepBoe NpsAMOe 3KCNepUMeHTaNbHOE CBUAETENbCTBO CYLLECTBOBAHMSA BOTHOBBIX
3kBuBaneHToB [JHK. Boicweit (popmoit BewwecTBEHHO-BONHOBbBIX MATPUUHbIX (YHK-
umii AHK sBnsioTca eé peyenopobHble v ronorpaduyeckue ynpasnstoume 6uo-
cuctemamun nocrtpoenuns. OHu 3apatoT noteHumManbHole GOPMbl Tena U CO3HAHUA-
MblwneHna. CoBOKYNHOCTb 3TUX DaKTOPOB MOXHO PacCMaTpMBaTh KaK NepMaHeHT-
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BosHosou 2eHom. Teopusa u npakmuka.

HO [eNCTByIOLME HaNpaBAAIOLWME NPU NOCTPOEHMM Tena u fyxa nogein. B otnuune
OT CMepTHOro Tena Bcex XuBbix cywects, [AHK, kak 3apogbiwesas nia3ma, bec-
cmepTHa. Ee HenpepbiBHasA NPOTAXEHHOCTb BO BPEMEHU U NMPOCTPAHCTBE obecne-
YMBAETCA HACNeACTBEHHOI nepeaayen xpomocom ot poputenei getam. [IHK Bcero
Xusoro Ha 3emne 6eccmepTHa. W paxe rnbenb Bcex OPraHM3MOB B CUNY KaKMX-
TO BO3MOXHbIX KaTacTpod He 03HayaeT KOHeL, reHeTuyeckon (NpupogHoii, Koc-
Muyeckomn) uHdopmaumu. OHa 06nafaeT HECKObKUMU YPOBHAMU HENOKAIbHOCTH,
BK/IlOYAsA npefnonaraemMyto Hamu KBaHTOBYIO HeNOKanbHOCTb [Gariaev, Tertishniy,
1999; MpaHruwswunu, lapses u ap., 2000(6); Gariaev, Birshtein et al, 2001; Gariaev,
2003; lapses, [apse., Kokas, JleoHoBa-lapsieBa u gp., 2007]. KBaHToBas HenoKanb-
HOCTb FEHOMa 03Ha4aeT, YTO XPOMOCOMHbIN KBAHTOBbIN G1OKOMMNbIOTEP (OH Xe re-
HOM) eCTb eA1HAA OpraHM3MeHHasa (M YaCTUYHO MEXOPraHM3MeHHasn) CUCTEMA, Ha-
XOAAWAACA B TaK Ha3biBaeMOM «cnyTaHHOMY (entanglement) coctosaHun. MoxHo
CKa3aTb, YTO FEHOM pacnosiaraeT BCEN TeKyllei reHeTUKO-MeTabonnyeckon MH-
chopmaumen Bcex KNeToK, TKaHeN U opraHoB GuocucTemsl. Mpuyem Takoe 3HaHue
BO3HMKAeT MTHOBEHHO U B N10O0 TeKyLWMii MOMEHT BpeMeHuU. Hocutenem Takoro
3HAHMWA ABNAIOTCA IHAOTEHHbIE POTOHBI M PagMOBONHbI’. B TaKOM NOHWMaHuK, re-
HOMHaA MHdOPMaLMA BbIXOAMT 3a NpefeNibl XpoMocoM, 3a npeaenbl 3emnu. KBaHTo-
Bas reHoMHas UHdopMaums Bcelt buocdepsl 3eMnu, BEPOATHO, TAKKE HETIOKaNIbHA
M NO3TOMY CYLLEeCTBYET BO BCEIEHCKOM MacluTabe BeYHO, ONNOA0TBOPSSA BCE HOBbIE
MUPbI, GU3NKO-XMMUYECKME YCNOBUS KOTOPbIX afeKBaTHbI 3apoxaeHunto u3Hu B
TOW Unu nHoi popme. 06paTUM BHUMAHME, YTO haKTOP Nepeaaymn Takon nHbopma-
uum ectb Cnoso (Peusb), CBeT v pagnoBonHbl. M Mbl BUAUM, 4TO 063 3TM PyHAAMEH-
TaNbHble CO3MUJAloLME HAYaNa MMETCA B XpOMOCOMax. [eHeTnyeckme CTpYKTypbl
in vitro u in vivo reHepupytoT cBepxcnabble 3HaKOBbIE aKyCTUYECKME U IEKTPO-
MarHuTHble (B TOM Yucne cBeToBble) nond, Kak pedepeHTsl CBeta n Cnosa. leHom
C MO3ULMKN KBAHTOBOW (PU3NKM €CTb CYyNneprno3nLna KOrepeHTHbIX CNyTaHHbIX (He-
NPOSIBNEHHBIX) COCTOAHWUIN, MOpdoreHe3 — cucteMa «onpeameynBaHmnin®y (nposs-
NIeHUIT) NNaHOB reHoMa B NpoLiecce LeKorepeHLUnm-oHToreHesa. MoXHO B3MAHYTb
Aaxe Wwupe. Bce guHamuyHble YacT GUOCUCTEMbI B ONPEAENEHHON MEpe CryTaHbl,
HeNOKanbHbl, HEBELECTBEHHbI, KAK HEBELECTBEHHO, naeanbHo HamepeHue. Hame-
peHue nboi GocucTeMbl pa3BMBaTLCA M aAANTUPOBATLCS K NEPEMEHYMBbLIM YCII0-
BUAM. HO OHUM NpOABNAIOTCS B BELECTBEHHbBIX OMOXUMUYECKUX U DU3MONOTUYECKUX
aKTax Kak pe3ynbTaT MTHOBEHHOIO OCMbICNEHUA cOOCTBEHHOTO on line cocTosHMS.
B 3TOM cMbicne 3MroTa ColepKUT NOTEHLMANbHbI 06pa3 B3pOC/IOro opraHM3Ma Kak
HEeKoe upeanbHOe CNyTaHHOE HeNOKaNbHOe COCTOSIHUE, MaTepuanuayloleecs npu
AekorepeHuun. Takoil B3rsA NO3BONSET 0OBACHUTL MHOFOE HEMOHATHOE, Hanpu-
Mep, BbXXMBaHMe TepMmodunoB nNpu Temnepartypax Boiwe 100 rpagycos no Lenb-

7 Tapses[1.M., BonHoBOM reHom — 3 (roToBUTCA K ny6aukaLum).

8 TepmuH npegnoxeH C.W.JopoHuHbim (KBaHToBas marus, CM6: U «Becby», 2007. 336¢.).
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cuio, Korga fomxkHbl paspywarbcs AHK, 6enku, membpaHsl. TepModunbl BbIXKUBAIOT,
BEPOSATHO, 3@ CYET ObICTPbIX Nepexo0B 1 BO3BPATOB M3 JIOKaNbHbIX B HENOKa/bHble
COCTOSHMUSA.

PaccmoTpum petanbHee npobnemy reHeTUYeCKOro KOAMPOBAHUA C MO3MLUIA
peyeBbiX M 00pa3HbIX NOCTPOEHUIt. 3aech HAaXOAWUTCA y3en NpoTMBOPEYUi B CO-
BPEMEHHO GMONOrMYecKon HayKe, NPOABSEMbIX TAKKe M Ha COLMaNbHOM YpPOB-
He B (hopMe rOHEeHWIN Ha uccnepoBaTenen, NbiTaloWMXCA BbINTU U3 TECHBIX PaMOK
MOAENU TPUNIeTHOro 6eNKOBOro KOAMPOBAHWA. 34eCb NMOKA MMABEHCTBYIOT UAEN
MaTepuannCcToB-reHeTUKOB, NoNaratoLmx, YTo reHeTUYeCcKuit Kog 6asupyertcs ToNb-
KO Ha BelLecTBe ¥ CBOAMTCSA TOIbKO K Mporpamme 6uocuHTesa 6enkos. M sgHo nnu
CKPbITO MPOTMBOCTOAT Lpyrue yyeHble, ONMpPAloWMecs Ha HOBblE HayUYHble UAEN U
faHHble. OHK YTBEPXKAAIOT, YTO FrEHETUYECKUI KoL — 6osee WHUPOKOe NOHATHeE.

Kak meTtacpopa mbicnb 0 IHK Kak TekcTe (peun) 6bina BbiCKa3aHa cCaMuMu TBOp-
uamu mopenu TpunnetHoro kopga ®.Kpukom u M.Hupenbeprom. 310 ObINO reHu-
anbHoe npeaBuAeHNWe, HO OMOLWNEHHOE AYXOM aNeropuyHoOCTM M No3ToMy obe-
CLEeHeHHoe. 3TO 1 NPUBENO K HepaspewWwmnMbiM NPOTUBOPEYUAM KNACCUYECKON re-
HeTukn. ®.Kpuk B cBomx BocnommuHanuax [Crick, 1989] npu3Hancs, 4To noHUman
HEOAHO3HAYHOCTb U HETOYHOCTb CBOE MOAEeNu reHeTMKo-6e1KoBOro KoAaupoBa-
HUS, ee NPOTUBOPEeYMBOCTb. [loyemy 3Ta Mofenb He nonHa? Pag NpuYnH Mbl yxe
paccmoTpenu. Pa3BuBas 3T0T KPUTUYECKUIA aHANM3, MOXKHO CKa3aTb, YTO KOAOBbIE
BO3MOXHOCTM KneTtkun, xpomocom, JHK He ncyepnbiBaloTCA 3HAKOBbIMU TPOMKAMU
Hykneotnaos. Kak peyenofo6Hble CTPYKTYPbl HYKIEMHOBbIE KMCNOTbI CMOCOOHBI K
06pa3oBaHuto in vivo MeTasn3blkoB nyTem dpakTanusaymu. Moatomy KogupoBaHue
0enKoBOro nyna MOXeT NPOXOAUTb Yepe3 KpynHble 6N10KK, WKdpyoLe He ToMb-
KO NOPALOK BKIOYEHUS OTAENbHbIX aMUHOKWUCIOT B PacTyllylo GenKkoBylo Lenb.
LUndpyeTcs, BEpoATHO, NOCNEA0BATENBHOCTb CO3/1aHNA OENKOBbIX JOMEHOB, CYyOb-
eLVHUL, U faXe CTPYKTYPHO-(YHKLMOHANbHBIX aHCaMbnei GpepmeHTOB, HaNnpuMep,
AbixaTenbHol uenu. PpakTanbHOCTL B JAHHOM C/lyyae MOXET MOHMMATbCA W TakK:
KOHKpeTHble KofoBble dparmeHTbl cBA3ku [JHK-PHK-6enok ectb pa3Hos3bikue, HO
OAHOCMbIC/IOBbIE TEKCTbI NepeMeHHoro macwraba. To, 4to 6bIN0 B 04HOM MaclwTa-
0e «hpa3oit» unu «NpeanoXxeHmem» B apyrom, 6onee KpynHom, GyaeT «CnoBOMY.
Ecnu ele mMeHsTb MacliTab, «cioBO» npeBpallaeTcs B «OykBy». Mpu 06061eHHOM
NOAXO/e MOXHO PaccMaTpMBaTb TakKuWe pa3HOMACLWTaOHbIe CMbICIOBbLIE GOKM re-
HETUYECKMUX CTPYKTYP, KaK MH(DOPMALMOHHO CBEPXEMKME 3HaKKN (nepornudsl), AB-
nslmecs cybcTpatom CBOero poaa «MHMOpPMaLMOHHOTO MeTabonn3ma» KneTok
Ha MeHTa/IbHO-BeleCTBEHHO-BOJIHOBOM YpPOoBHe. Takoi nyTb 06pa3oBaHUs MeTas-
3bIKOB CBOWCTBEH MaTeMaTuKe. Y Hac HeT OCHOBAHMI AYMaTb, YTO FEHOM He MOJib-
3yeTcA 3TUM MaTeMaTUYeCKUM MPUEMOM B MOJIHOW Mepe, CTPOA BCe HOBbIE YCNOX-
HAOWMECH CEMUOTUKO-CEMAHTUYECKME apeabl C X NOCTOSHHbIMU Nepeobo3Haye-
HUAMU Ha Pa3HbIX YPOBHAX OpraHu3aummu 6MoCUCTEMbI B MPOLECCE ee Pa3BUTUS.
Mo KpailHen mepe, KaK ye 00CYXAanoch, TPUMETHbIA KOA VKe 0OHapyKuBaeT
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MeHTaNbHble BEKTOPa, UCNOMb3ya MaTemaTuyecKue npuembl, BKIOYAA NpefenbHo
abcTpakTHoe yncno Honb [Shcherbak, 2003]. Mpu 3TOM YyHKLKUM OCHOBHOM MacChl
CUHTE3UpYIOWMXCA B OpraHu3mMe 6eNnKkoB, YrMeBoA0B M AUMNUA0B COCTOUT B AWHa-
MUYHOI peann3aunm MeTabonnyeckux cetei, HesBHo 3akoaupoBaHHbix B [JHK, ko-
TOpas MMeeT KBa3nBepbanbHYy0 COCTaBsAOWY0. TaKON X0 paccyXaeHuii XopoLo
COOTBETCTBYET npeacraBneHnsam B.B.HanumoBa, paccmatprBaBsLluero BCe XMUBOE Kak
yacTb CemaHTMyeckoi BcenenHoit [Hanumos, 1989]. Yenosek, no B.B.Hanumosy,
eCTb MHOroobpa3ue TEKCTOB, FPaMMATUKy U CEMAHTUKY KOTOPbIX Mbl XOTUM OXBa-
TUTb €4UHbIM, BEPOATHOCTHO 33a4aBaeMbIM B3rAA0M. JINYHOCTb, NPpY TAKOM B3rNA4E,
ABSIETCA CAMOYMTAEMbIM TEKCTOM, CNOCOOHBIM CaMOU3MEHATb cebs.

YMeHblWMM MacWwTab reHeTUYECKOr0 PacCMOTPEHUS YeNoBEKA C y4yeToM dpak-
TanbHOCTU TeKcToBbIX CTpyKTyp ero AHK. Torma MoXHO cuuTath, 4TO 0OpaTHOE
oTOOpa)keHne YesioBeKa B €ro COOCTBEHHbIN FeHOM, Kak U oTobpaxeHus nboro
OpraHuM3Ma B €ro XpomMoCOMbl, HOCUT M30MOP(HbLI TEeKCTOBO-00pa3HbIii xapak-
Tep. [peanaraemblil MOTUB PACCYXAEHWI NPU3BAH NOKAa3aTb, KAK MOXHO BbINTK 3a
orpaHuyenunsa Kpnkosckon mopenu reHetnyeckoro koga. OHa octaHoBunach B pase
cnaboro noHMMaHus npaBun opdorpadmmn «3anucuy» 6eNKoBbIX «CNOB» U3 aMUHO-
KUCIOTHBIX «OYKB». 3TO ABHbIA TOPMO3 B Pa3BUTUM HALWIMX NPeACTaBNEHUII O CyL-
HOCTU reHeTMYeCKOro KOANpPOBaHUSA.

JloxxHaa meTaopMYHOCTb CTAHAAPTHOW MOLENN reHeTUYECKOro Koaa no OTHO-
IWeHNI0 K HESIBHO MPUCYTCTBYIOWETO B HEN NIMHIBUCTMYECKOTO Hayana HeM3bexHO
BefeT B TYNUK, YTO U NPOMUCXOLUT cenyac. [pegnoyteHne BpeMeHHO OTAAHO aHa-
NN3Y BElECTBEHHbIX MEXaHM3MOB TOYHOCTU OENKOBOro CMHTE3a, HO Oe3 raBHo-
ro NpMHUMNA 3TON TOYHOCTW, MPUHLMMNA MEHTaNbHOrO (CMbICAOBOr0) OfLHO3HAuY-
HOro BbiOOpa M3 KOAMPYIOWMX Ay6IeTOB-OMOHMMOB KaK KOMMNOHEHTOB peajibHbIX
(He metadopuueckux) TekctoB MPHK. Takas ofHO3HauYHOCTb 0becneymsaerca no
Pe30HAHCHO-BOJIHOBbIM M KOHTEKCTHbIM (CMbICIOBbIM, aCCOLMATMUBHbLIM, FONOrpa-
(bnyecknm) u TaK Ha3biBaeMbIM (DOHOBbIM MexaHu3MaM. [lo cux nop oHu GbinK 3a
npeaenamMm 3KCNEePUMEHTOB M PACCYXKAEHUIA, HO B HacTosllee BpeMs Heobxoau-
MOCTb MX MOHWMAHMA oyeBMAHA. OMOHMMUYHOCTL (HEOLHO3HAYHOCTL) KOAa MoO-
XeT ObITb NPeoA0NIEHA TOYHO TaK e, KaK 3TO MPOMCXOLUT B €CTECTBEHHbIX A3bIKAX,
nyTemM pa3yMHOro NMOMeLLeHMA OMOHMMA KaK YacTu B LieNnoe, B 3aKOHYEHHyI0 dpa-
3y, B KOHTEKCT. IMeHHO ero cmbicn fewndpyet OMOHUM U NPUCBANBAET €MY eUH-
CTBEHHOE 3HayeHue, C03[aBasf OAHO3HAYHOCTb. [o3aTomy uHdopmaunoHHas PHK
(WPHK) B kauyecTBe cBoero poaa «dpasbl» Uan «NpepioxXeHnUs» JoMKHA paboTaTb
B 6e1KOBOM CMHTe3e KaK PYHKLMOHANbHOE Koaupyiollee Lienoe, 3ajatolee nocie-
A,0BATEIbHOCTb aMUHOKMCAOT Ha YPOBHE accoLMaToB aMnMHoauunmpoBaHHbix TPHK,
KOTOpble KOMMJEMEHTAPHO B3anMMOLENCTBYIOT co Bcen monekynoi MPHK. Mpu 3Tom
ponb A,P-yyacTkoB puMOOCOMbI 3aKNOYaeTCs B aKUeNnuuuM TakMX accoumaTtoB —
npeaWwecTBEHHNKOB Be/iKa ¢ nocneayowein 3H3MMaTUYECKOM CLUMBKOWM aMUHOKMC-
not B 6enok. B 3ToM cnyyae Gyaet NPoMCXOAUTb KOHTEKCTHO-OPUEHTUPOBAHHbif
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OAHO3HAYHbIN BbHIGOP M3 OMOHUMUYHLIX AYONET-KOAOHOB €AUHCTBEHHO BEPHOTO,
4TO M 06ecneynBaeT BbICOYANMLIYIO TOYHOCTb OENKOBOIO CUHTE3a, U, COOTBETCTBEH-
HO, camy Xu3Hb Ha 3emne. OCMbICIEHHbI BbIOOP, TO €CTb UHTENNEKTYANbHOE Ha-
4asio — 3TO MPEpPOraTMBa TOIbKO KBA3MW MbICNALLEr0 FeHOMA, XOTS AN NPOCTOTbI BOC-
NPUATUA Mbl BbIHYXAEHbI NpuberaTb K UHbIM TEPMUHAM U 0OBACHATL haKTop ne-
MEHTOB CO3HAHUA-MbILIIEHUS TeHoMa, NOHUMas ero Kak buokomnbioTep [Gariaev,
Birshtein et al, 2001]. 3ameTum, 4TO TaKoe fenernpoBaHne reHoMy CO3HaTesIbHO-
MbICIUTENbHbIX DYHKLMIA TaKKe [0 KOHLA He OTKPbIBAET NPUPOAY reHeTUYecKom
nHdopmaumu. Yto ectb Co3HaHMe 1 MbllwneHne — BeyHas npobnema nogen, KoTo-
pas MOMHOCTbIO HEe OyAeT pelleHa HUKOrAa.

BcnoMHMM BHOBb 00LLENpPUHATLIE NOHAYANY OCHOBHbIE MOJIOXKEHUS TEHEeTUYe-
ckoro (6enKoBOro) Koaa: OH ABNAETCA TPUMJETHbIM, HE NMEePEKPbLIBAOWMMCSA, Bbl-
POX[AEHHbIM, HE UMEET «3anATbIX», TO €CTb KOJOHbI HUYEM He OTAeNeHbl Apyr oT
npyra. Kop yHuBepcaneH. B Hem HeT pa3yMHOro Hayana v BCe NPOUCXOAUT aBTO-
MaTU4YeCKM B pamMKax U3MKO-XUMUKM U OUOXUMUK. YTO ceryac ocTanocb OT ITUX
nonoxenuin? MakTuyeckn Hu4ero. B camom pene, Kop ABNAETCA [OBYX-, TPEX-, Ye-
Tblpex-, ... N-OyKBEHHbIM Kak hpaKTasbHOE U reTepoMynbTUNIeTHOe 06pa3oBaHme.
OH nepekpbiBatOWMIiCS, T.e. KOAUPYETCH HECKONbKO GenkoB B npefenax reHa. OH
MMeeT 3anATble, MOCKOJIbKY reTepOKOAO0HbI MOTYT ObITb OTAENEHbI APYT OT Apyra no-
CNefloBaTe/IbHOCTAMMU C UHBIMU (PYHKLUMAMK, B TOM Yucie C QYHKLUMAMM MYyHKTya-
unu. Kop He yHuBepcaneH. CyuectByeT 18 6eNKOBbIX KOAOB /1 MUTOXOHAPUIA U
pa3Hbix BUA0B opraHusmos [Kopgbl, 2000]:

The Standard Code

The Vertebrate Mitochondrial Code

The Yeast Mitochondrial Code

The Mold, Protozoan, and Coelenterate Mitochondrial Code and the Mycoplasma/
Spiroplasma Code

The Invertebrate Mitochondrial Code

The Ciliate, Dasycladacean and Hexamita Nuclear Code

The Echinoderm and Flatworm Mitochondrial Code

The Euplotid Nuclear Code

The Bacterial and Plant Plastid Code

The Alternative Yeast Nuclear Code

The Ascidian Mitochondrial Code

The Alternative Flatworm Mitochondrial Code

Blepharisma Nuclear Code

Chlorophycean Mitochondrial Code

Trematode Mitochondrial Code

Scenedesmus 0bliquus Mitochondrial Code

Thraustochytrium Mitochondrial Code
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YouBuTENbHO, BCE 3TW KOLbl CYMTAKOTCA pe3ynbTaToM cnenon (u3nko-
XMMUYECKOI 3BOJIOLMM, XOT BEPOATHOCTb CIYYANHOrO CO3AaHMA N0OOro U3 HUX
HyneBas. Kak NOHMMaTb reHeTUYeCKUii KOA C y4eTOM NpUBEAEHHbIX NPOTUBOPEY Ui
W NpeasiaraeMoro Hamu xXofa paccyKaeHun?

BoTKkauecTBeHHas, ynpouieHHas, nepB1YHas Bepcua TBOpYECKOro BeLecTBEHHO-
BOJIHOBOTO KOHTPO/MA 3a CMbICNIOBbIM MOPALKOM BbICTPAWBAHUA aAMWUHOKUCIOT
B accouuatax amuHoauunupoBaHHbix TPHK Kak npepflecTBeHHUKax 6GeKOBO-
NVHIBUCTUYECKMX NocTpoeHuit. C 3Toi no3uumum nerye noHATb paboTy reHeTnye-
CKoro 6enKoBOro Koja Kak OfHOW M3 MHOXEeCTBA MepapXMyecKux nporpamm no
BEL|eCTBEHHO-BOJIHOBOM OpraHu3aumm 6Guocuctem. B 3ToM cMbicie 6GeNKOBbIA
KOA — HU3lee 3BEHO NPOrpamm MOCTPOEHUA OPraHW3MOB, NOCKOJIbKY A3blK FeHO-
Ma TBOPYECKN MHOFOMEpEH, MIPANUCTUYEH U OTHIOAb He UCYepnbiBaeTCA 3ajaden
CUHTE3a NMPOTENHOB.

HecnocobHoCTb paHHEN KOHLENnuuW reHeTUYeckoro Koga ObiTb HEmpoTUBO-
PeYMBOIA, Ka3anoch, JoMKHA Gbina NobyaMTb K NOMCKY HOBbIX upen. Bmecto 3Toro
npeanoyTeHue ObIIO OTAAHO AHANM3Y MEXaHW3MOB TOYHOCTU OENKOBOro CUMHTE3a,
HO 6€e3 I1IaBHOro MOTKBA 3TON TOYHOCTU(*) MexaHM3MOB BbIOOPA 0HO3HAYHOCTEN
U3 KOAMpyoWwmx ny6netos-oMoHMMOB. BoT obpasel, 3Tux, B AaHHOM acnekTe Gec-
NONE3HbIX, ONUCAHUNA WU PACCYXKAEHWUIN, HO HEOOXOAMMbIX HAM ANA MANIOCTPALMUU
NceBLONOrMKM B OLEHKE [MaBHOTO B reHokofe [Anbbeptc v gp., 1994]:

«... mo4YHoCmb 6esIK0B020 CUHMe3a 3asucum om HadexHocmu 08yx adanmop-
HbIX MeXAHU3MOB: OM CBA3bIBAHUA KAXOOU aMUHOKUC/IOMbI C coomsemcmsytoujel
monekynod mPHK u om cnapusarus kodoHos 8 uPHK ¢ anmukodonamu mPHK. []sa
mexaHu3ma, Oelicmsylowue Ha 3mMux 3manax, CosepuwieHHo pasiu4Hbl. Y mMHoaux
amuHoayun-mPHK-curmema3s umeemcs 08a omoesibHbIX AKMUBHbIX UeHmpa: 00UH
omBemcmBeHHbIl 3a peakyuto npucoeduHeHus amuHokucioms! kK mPHK, u opyeod,
pacno3Haowuli «HenpasuibHyo» amuHoKuUcaomy u yoanawwul ee nymem 2uopo-
nu3a. To4HOCMb CnapuBaHus KOOOHA C AHMUKOOOHOM obecneyusaemcs 6osiee MoH-
KUM MexaHu3mMom «KuHemuyeckol Koppekyuux. lTocne moeo kak monekynsi mPHK
npucoeduHsM COOMBeMCMBYIUWYI0 AMUHOKUCIOMY, OHU 06pa3ym KOMNJekc C
0cobbiM benkoM, m.H. pakmopom 3noHeayuu (®3, EF), komopsll NnpoyHO CBA3bI-
8aemca ¢ amMUHOAUUIbHbIM KOHUOM monekyabl mPHK u ¢ monekynod GTP. imeHHO
amom Komnnekc, a He cso600Has mPHK cnapusaemcs ¢ Haonexaujum KOOOHOM
8 monekyne uPHK. CBs3aHHbIl makum obpasom @I obecneyusaem BO3MOKHOCMb
npasunbHO20 CNApUBAHUA GHMUKOOOHA C KOOOHOM, HO Npu 3mMoM npensmcmayem
BKJI0YEHUI0 OaHHOU aMUHOKUCIOMbI 8 pacmyujuti nenmud. HayanbHoe y3HasaHue
KOOOHa cayxum 0ns ®3 cueHanom K 2udposu3sy c83aHH020 ¢ Hum GTP do GDP+P, no-
cne ye2o @3 omdensemcs om pubocombi 6e3 mPHK u cuHme3 6esnka npodosmxaemcs.
bnazodaps @3 Bo3HUKaem KOpOmMKUL pa3psi8 BO BpeMeHU MexOy cnapusaHuem Ko-
00Ha ¢ aHMUKOOOHOM U 3/10H2ayuel nenmuda, ¥mo no3sondem mPHK omoenumsca
om pubocomsi. «HenpasunsHas» monekyna mPHK obpazyem 8 nape K00oH aHmMuKo-
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00H MeHblle BOOOPOOHbIX CBs3ell, 4eM npasuibHas; N03MoMy OHa ciabee yoepiu-
gaemcs Ha pubocome U, c1edosamesibHo, 3a OAHHbIL NPOMEeXYMOK BpeMeHU umeem
60/1blLe WAHCOB 0MOeNUMbCAY.

KomMeHTUpys 3Ty BbIZEPIKKY, MOXHO CKa3aTb, YTO aKLLEHT B HEN CAeNaH Ha B3a-
MMHOM «y3HaBaHuu» TPHK n amnHokucnot yepes nocpencrso ammHoauun-TPHK-
cuHTeTas. CHoBa Mcnonb3oBaHa MeTadopa «y3HaBaHue» 6e3 fewndpoBKM, YTO
eCTb «y3HaBaHue». Kpome TOro, TOYHOCTb «y3HABAHMA» KOAOHOM aHTUKOAOHA WUN-
N030pHA B CUAY «BOGIMPOBAHMAY TPETLETO HYKIEOTHUAA, YTO YIKe 06CYKAANO0Ch.

OMOHMMUYHOCTb (HEOAHO3HAYHOCTb) KOLLA CHUMAETCA KOHTEKCTHBIMU OpUEHTa-
umamu, nostomy MPHK B KauecTBe cBOero poaa «pasbi» Unn «npefnoxXeHusa» LoNX-
Ha paboTaTb B 6€/IKOBOM CUHTE3€e KaK (DYHKLMOHANbHOE KOJMPYIOLLEE U CMbICIIOBOE
Lenoe, KBasn pasymMHoO 3ajalollee nocsiefoBaTe/IbHOCTb AMUHOKUCIOT Ha YPOBHe
accounaroB amuHoauunuposaHHbix TPHK. A oHM KomMniemeHTapHO B3auMMoOAen-
CTBYIOT cO Bceit monekynon MPHK, kak c koHTekcTtoM. lpu atom ponb A,P-yyacTkos
pMOOCOMbI 3aKN0YaeTCs B aKuenuuu Takux accoumatos(*) npeawecTBEHHWUKOB
6enKa c nocneayowen 3H3MMATUYECKON CLUMBKOM aMUHOKMUCIOT B OENKOBYIO LieMb.
B 3ToM cnyyae 6yneT npoMcxoiuTb KOHTEKCTHO-OPUEHTUPOBAHHBIA OHO3HAYHbIN
1 6e301NO60YHbIN BEIOOP AaHTUKOAOHA W, COOTBETCTBEHHO, aMUHOKMCNOTHI. MOXKHO
npeacKkasaTb B CBA3M C 3TUM, YTO B3aMMOAENCTBME aMUHOALMNMPOBAHHbIX-TPHK
c UPHK HocuT KonnekTuBHbIA (ha30BbIli XapakTep no Tuny peaccouunaummn («ot-
Kuray) ofHoTsXHbIX [HK npu noHMxeHUn Temnepatypsl Nocie «naaBAeHUA» Ha-
TUBHOTO NoAUHYKNeoTuaa. CylwecTBYOT 1M 3KCNEPUMEHTaNbHbIE JaHHbIE, KOTOPbIE
MOXHO 6bI10 Obl TPAKTOBAThL B TakoM fyxe? [poaonKas Hawm paccyaeHus 0 ponu
KOHTEKCTHbIX opueHTauuin B npegenax MPHK npu cuHTese 6enKoB, MOXHO npuse-
CTU TaKue aKThl.

N3BecTHo [Tep-ABaHecsiH, MHre-Beutomos, 1988], 4yTo npaBuibHOCTb Y3HaBa-
HUa monekynamu TPHK TepMUHUMPYIOWMUX KOAOHOB 3aBUCUT OT UX KOHTEKCTHOrO
OKPYXKEeHUA, B YAaCTHOCTH, OT HANMUMA 33 CTOMOBLIM KOJOHOM YpUAMHA U, KpOMe
TOrO0, B pabote [Goldman et al., 1995] ybeautenbHo nokasaHo ciegytoliee. Bctaeka
CTPOKM M3 feBATM peako ncnonb3yembix CUA-neinumnHoBbIX KOgoHOB nocie 13-ro B
coctaBe 313 kogoHoB TecTupyemoit UPHK cunbHO MHTMOMPYIOT UX TpaHCAALMIO 6e3
ABHOro BAuAHMUA Ha TpaHcnauuio apyrux MPHK, cogepxawmx CUA-kogoHbl. Hanpo-
TUB, CTPOKA M3 AeBATM YacTo ucnonbdyemblx CUG-neiMHOBLIX KOLOHOB B TEX Xe
NO3ULMAX HE UMeNa BblpaXKeHHOro 3ddekTa Ha TpaHcnauuio. [pu 3TOM HU peako,
HM 4acTO UCNONb3yeMble KOAOHbI He BAUSAAN Ha 3TOT NpoLecc, Korna Gbiin BBeAeHbl
nocne kogoHa 223 unu 307. [lonosHUTENbHbIE 3KCNEPUMEHTbI NPOLEMOHCTPUPOBA-
NN, YTO CUNbHBIA NO3ULMOHHBIA 3 (PEKT pefKO UCMONb3yeMbIX KOGOHOB HE MOXET
ObITb 06bACHEH pa3nnyuamu B ctabunbHoct MPHK unu B cteneHun ctporocTy Bbl-
6opa cootBetcTByOWMUX TPHK. M03MUMOHHbI 3chDEKT CTAHOBUTCA NOHATHBIM, €CNU
[OMYCTUTb, YTO TPAHCAMPYeMble NOCNEA0BATENbHOCTM MeHee CTabunbHbl BOU-
31 Hayana CYUTLIBAHUA: 3aMe[IeHHOCTb TPAHCAALUU peann3yeTcs NocpeLCcTBOM

48



BosHosou 2eHom. Teopusa u npakmuka.

Mafioro UCnoJsib30BaHMs KOJOHOB, KOTOPblE PaHblue CNeayioT B COOOLWEHMU, U 3TO
NPUBOAMT K pacnagy NPOAYKTOB TPAHCAALMM, PaHblle YeM OCYLECTBUTCSA MOHAA
TpaHchauuma.

Kak BuAKUM, ans TPAKTOBKU COOCTBEHHbIX 3KCNEPUMEHTOB NPUBJIEKAIOTCSA TPO-
MO3[KMe JOonyueHna o pacnage NpoLYKTOB TPAHCNALWUM, BONYLEHUIR, HUKAK He
CnefyoluX 13 nx paboTbl, U KOTOpble TPeOYIOT cnelmanbHbiX U TOHKUX UCCefoBa-
HUiA. B 3TOM cMblc/ie nes KOHTEKCTHbLIX OPUEHTALIMI B yNpaBieHUN CUHTE30M Oen-
KOB NPOCTa, Iorn4YHa 1 yHKUMOHaNbHa. Llutupyemas paboTa XopoLlo BbICBEYMBAET
CTpaTernyeckyo NIMHUI0 BAUAHWUA CTPOrO ONpefeNieHHbIX U AaNeKO PACNON0XKEHHbIX
OT MecTa 06pa3oBaHKUA NENTUAHOW CBA3M KOAOHOBbIX BcTaBok B MPHK Ha Bknio-
YEeHWEe UK He BKNOYEHNE KOHKPETHOW aMUHOKWUCIOTbI B COCTAB CUHTE3MPYEMOTO
0enka. 3T0 MUMEHHO AWUCTAHTHOe B/IMSIHUE, HO B LUTUPYyeMoil paboTe OHO NPOCTO
KOHCTaTUpyeTCs, 0CTaBaACh ANa uccnepgoBareneil HeMOHATHLIM U, BUAUMO, NO3TOMY
[axe He obcyxpaaetcsa. Takux paboT ctaHOBUTCA Bce Gonblue. B Toit, 4TO Mbl 00-
CYXKAAeM, CCbINAKTCA, K NPUMEpY, Ha NONAIXUHbLI AHANOTUYHbIX Pe3yNbTaToB, rae
TPAKTOBKA B 3TOM CMbIC/1e TaKXe 3aTpyaHeHa. [IpuynHoii 3ToMy ABNAETCA HENONHO-
Ta 00LEeNPUHATON MOLENN FreHETMYECKOro Koaa. 3To BEPHO ¥ NOTOMY, YTO UMelT-
CA [aHHble 0 CYLEeCTBOBAHMU TaK Ha3blBaeMoro npotsaxeHHoro (swollen) aHTuko-
noHa [Tep-ABaHecsH, NHre-Beutomos, 1988]: Bo B3aumopeicteun TPHK c nPHK B
A-caiite puboCcoMbl y4aCTBYIOT He TPK, @ OoNbliee KONMYECTBO Nap OCHOBaHMMI. ITO
03HaYaeT, YTO MPUHATHIN NOBCEMECTHO MOCTYNAT TPUMNETHOCTM KOLA HapyLlaeTcs
M 30ecb. B umtupyemoit pabote npuBOAATCA AaHHble No B3aumopeincTeuto TPHK-
TPHK Ha pubocome, 1 3T0 COOTBETCTBYET Halleil uaee 06 accoumare aMMHOALMNK-
poBaHHbIx TPHK Kak npeawecTtBeHHUKe 6enka. 3aech e ropoputcs, 4to addekTt
penctema KoHtekcta MPHK Ha ogHO3HayHOe BKNOYEHME aMUHOKUCNOT B NenTup
ABNAETCA OTPAXKEHMEM HEKMUX (DYHAAMEHTANbHBIX M NOKA NNOXO M3YYEHHbIX 3aKO-
HOMEpPHOCTEN AeKOAMPOBAHUA reHeTUYeCKON MHbopMaLmmn B npouecce 6enKoBo-
ro cuHTe3a. [lpn 3ToM MOryT NPOUCXOAUTL MHOTOYMCIEHHbBIE HOPMaNbHbIE U PEAKO
OlNOOYHbIE CABUTU U NEPEKPLITUA PaMOK TpaHcnauuu. OWMOKKM BO3HUKAIOT B pe-
3y/IbTaTe CYMThIBAHUA AyONETOB AN KBAJPUMIETOB OCHOBAHMI Kak KOAOHOB. Mexa-
HU3Mbl CABUIOB PAMKM CYMTbIBAHUA NPAKTUYECKM HE U3yYeHbl. Bo MHOrMx paboTax
NOKa3aHo, YTO OlWNOOYHAN TPaHCAALUMM BeNKoB pMBOCOMOIl Bbi3bIBAETCS Pa3HOO-
Opa3HbIMKU HEONAroNpPUATHbIMU (haKTOPaMU — AaHTUOMOTUKAMU, U3MEHEHUEM TEM-
nepaTypbl, CO3AaHNEM ONpeAeNeHHbIX KOHLEHTPALMIN KaTMOHOB, aMUHOKMCIOTHbIM
rofIoAaHNEM U JPYruMKU YCNOBUAMU BHELWHeN cpefbl. MoBblWeHHAas HEOAHO3HAY-
HOCTb TPAHCAALMUM KOAOHOB, TOKaNM30BaHHbIX B 0COOOM KOHTEKCTE, MMeeT 61oso-
rMYeCcKoe 3HaYeHMe U NPUBOAUT K HECNYYaNHOMY PacnpeaeseHnI0 «OWMNOOYHbIX»
aAMUHOKWUCAOT NO AJIMHE CUHTE3MPYEMOro NOAUMNENTUAA, NPUBOAALLErO K MOAUP K-
Kaumsam dyHKUMUIA OENKOB C BbIXOAOM Ha MEXaHM3Mbl KNEeTOYHbIX AnddepeHympo-
BOK, U N03TOMy KOHTeKcTbl MPHK sBnsitoTcs cybcTpaToM ectecTBEHHOro oTbopa.
OnTUManbHbI YPOBEHb «OLNOOK» TpAHCAALMK (eCNn 3TO LENCTBUTENBHO OWUOKN)
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perynumpyetcs Heu3BeCTHbIMU MeXaHU3MaMu, U OH OHTOTeHETUYECKU 1 3BOJIOLUOH-
HO onpasfaH. 3T CUJbHbIE NONOXEHUSA, 0bcyxpaemble Tep-ABaHecsiHOM U UHre-
BeuyToMOBbIM, XOPOLIO COOTBETCTBYIOT HAWIMM NpeacTaBieHnsM o paboTe reHoma,
0 BOJIHOBbIX 3HAKOBbIX B3aUMOJENCTBUAX B BOLHO-XULKOKPUCTANINYECKON cpeae
KNeTKU 1 ee APa, B KOTOPYIO BOB/eYeH OEN0K-CUHTE3UPYIOLWMIA annapar.

[eHeTnyeckas ponb MPHK pyanuctuyHa. 3ta monekyna, Kak u monekyna AHK,
3HaMeHyeT cob60i1 y3/70BO€e COObITUE — B3aMMOAOMNOJHAIOLEE PacCioeHne Belle-
CTBEHHOW W BOJNIHOBOW reHoMH(popmauun. HeogHO3HAYHOCTb BELECTBEHHOIO KO-
AMPOBAHUA CHUMAETCA NpeLe3MOHHOCTbI0O BOJHOBOrO, KOTOpPOe peanu3yetcs no
MexXaHW3MaM KONNEKTUBHbIX MEHTabHbIX, aCCOLMATUBHO-TONOrpauuecKnx u KoH-
TEKCTHbIX 3D(EKTOB B KNETOYHO-TKAHEBOM KOHTMHYyMe. MerakoHTEeKCTOM 3[ecCh
BbicTynaet CemaHTnyeckas Bcenentas no B.B.Hanumosy [Hanumos, 1989]. Ckauok
K 60N1ee pa3BUTOMY BOIHOBOMY perynupoBaHuto TpaHcnaummn ‘PHK—benok’ conpo-
BOXAAETCA YAaCTUYHbIM MW NOJHBIM OTKA30M OT MpaBuia KAHOHWYECKOro cnapu-
BaHMA afileHnHa C ypauunom (TUMUHOM) M TyaHWHa C LUTO3MHOM, CBONCTBEHHOIO
aTanam pepynankaumn OHK u tpanckpunuun PHK. Takoi oTKa3 aHepreTnyecku
HEeBbIrO4EH B MUKpoMacwTabe, 04HAKO MHHOPMALMOHHO HEOOXOLUM, HEU3bexeH
W 3HepreTUyYecKu npeanoyTuTeNeH Ha ypoBHe LenocTtHoro opraHu3ama. C aton no-
3ULMN MAKPOKOHTEKCTbl Mpe-uHMOPMALMOHHbBIX U KOHTEKCTbl MH(POPMALMUOHHBIX
PHK mMo)HO paccmarpuBaTb Kak CMbICNOBOW (DOHOBbIA (KOHTEKCTHbIN) UCTOYHUK
MHGOPMALMK, KOTOPbIK 06ecneynBaeT pesKoe ycuneHne CUrHana u Bolbop MMeHHO
AAHHOM U3 ABYX OMOHUMUYHbBIX aMUHOoaLMAnpoBaHHbIX TPHK.

Npes o CemaHTuyeckoit BceneHHOM HaxopuT CBOeobpa3HOe pas3BUTHE Y
C.bepkoBuua, koTopblit cumTaet, yto [JHK B reHoMe sBnseTcs nuwb 6apKoaoM, Noa-
KNloYaeMbiM K HEKOMY BceneHCKoMy KomnbloTepy [Berkovich, 2001]. OrpaHuyum
3TU NOJIOXEHMs MaclTabamu paboTbl reHoMa-6MokomnbloTepa. Kak Beger cebs
KBa3n MbicnawWwas pubocomHas cuctema nNpu BCTpeye C OMOHUMUYHBIMU CUTYALMA-
MU Ha UPHK? MOXHO NoACHUTL 3TO Ha npocTom npumepe. Ckaxem, B npeanoxeHunm
Haflo BbIOPaTb OAHO M3 ABYX CNOB. ITU COBA — aHANOMM OMOHUMUYHBIX HYKNEO-
TUAHBIX Ay6neToB B HeonpeaeneHHo koaupylolwux Tpunnetax UPHK. nPHK BbicTy-
naeT Kak aHanor gpassbl uan npepnoxenus). Itn cnosa KoX? n KoX? ¢ Bobnmpyto-
e Tpetbeit 6ykBoi X. X!, X2 moryT npon3BoNbHO NpUHUMATL 3HaYeHus Oyks JI
u 4. CoctaBum npepgnoxeHune: «He Hago Aymartb, YTO TpUNAETHbI KOX aBnaeTca
HEKOW MbICIUTENbHON KOHCTPYKLMEH-BaMNMPOM, KOTOPOTO HAA0 YHUUTOXMUTb, BOU-
Bas eMy B CEpALEe OCUHOBLIA KOX BONHOBOW reHeTUKU». ICHO, 4TO BbIGOP U3 ABYX
oyks JI u J v HageneHne oMOHUMUYHOTO Ay6eTa KO TOYHON CEMAHTUKOMN CNOB KOO
WU KOJ1 3aBUCUT OT LeNoro NpeanoxeHus, OT KOHTEKCTA, KOTOPbIW BbICTyNaeT Kak
CMbICNOBOW (DOH, NO3BONAIOWMIA BbIAEAUTb CUTHAN U3 LWYMA HEONpeaeneHHOCTH,
T.€. BbleNnNTb Heobxoaumoe cnoBo. EcM He yyuTbiBaTb KOHTEKCT — BO3MOXHbI
CMbIC/IOBble HapylleHus. Ho B feNCTBUTENbHOCTY, AaXKe ecin 3T OYKBbI OyayT no-
CTaBJIeHbl HEBEPHO, BOMPEKM KOHTEKCTY, TO KOHTEKCT ((OH) AaeT Takon M36bITOK
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WHOPMALMK, YTO YUTAIOLLEMY ACHO, KaK Ha CaMOM fefie TPaKTOBaTb OMOHUMUYHOE
KO B LeNnoM npefnoxeHuu.

AHanornmyHas cutyaums c OMOHUMUYHbIMK aybneTamu B KOAOHaxX. 1-i BoOGAU-
pyowuin (Npon3BoNbHBINA, N100O0I) HYKNEOTU] B aHTUKOLOHAX, BKYNE C 3-M HyK/leo-
TUAOM KOLOHQ, B 3TOM Cly4yae ABAETCSA, KaK Mbl V3Ke roBOPUAN paHee, CBOEro poaa
«CTEPUYECKMM KOCTbINEMY», MOLAEPHKMBAIOLMNM PUINKO-XMMUYECKYIO LLeNOCTHOCTb
KOLLOH-aHTUKOLOHOBOW CBA3KKU. HO MMEHHO 3To obecneymBaeT BO3MOXHOCTb 3a-
KaYKu HOBbIX aMUHOKMUCIOT B OENKOBbIE TEKCTLI, MPUYEM [laneKo He Bcerga. Moye-
My He Bcerga? [puBegeHHas aHanorua ¢ npegnoxeHuwem uantoctpupyet ato. nPHK
MHPOPMALMOHHO U30LITOYHA, U Mbl He 3HaeM CKONbKO MyTaLMUi, MEHSAIOWMNX KOH-
TEeKCT, HeoOxoaMnmo, yToObl Npu cuHTese 6enka HOPMAJIBHAA KoHTekcTHas opu-
eHTaLMA N0 OMOHUMUYHBIM fy6netam ctana AHOMANTbHOW. 310 yxe KonuyecTseH-
HbI/i aCNeKT, KOTOPbIA NOKa HENoHATeH. M ByneT HENOHATEH ele A0/T0, NOCKONbKY
CMbIC/TOBAA PABOTA reHHeTMyeckoro annaparta — terra incognita. MocuuTaiite,
CKONbKO Hapfo OyAeT NpoOM3BECTW 3aMeH WAW BbiNageHWin OyKB B MpUBEAEHHOM
NpeanoXeHUN-KOHTEKCTe, YTOObI NepecTaTb NOHUMATb CEMAHTUKY OMOHUMUYHOIO
ay6neta ko. HaBepHOe, MOXHO NOCYUTATh, Ad U TO TPyAHO. A Kak 6biTb ¢ MPHK? 310
HoBas 06/iacTb. Tak 4TO A0 TabAMLbI BTOPOro reHHETUYECKOTO KoAa Aaneko. [ns
Hayana Hajgo OCMbICAUTL NPO6NEMY B LiESOM.

BepoaTHo, aHanornyHaa (KOHTEKCTHas) ponb y npe-uHpopmaumoHHbix PHK u
WHTPOHOB, @ TaKXe YacTuyHo y «mycopHoi» [IHK. Bce 3o noka mano noHumaemoe
reHEeTUYECKOe MEHTA/IbHOEe X03ACTBO MOXET TPAKTOBATbCA KaK MOOMNbHbLIA KOH-
TEKCTHbI QPOH AN OCMbICTIEHMA N NEPEOCMbICTIEHNS BENKOBbIX TEHOB. ITO pa3iny-
Hble YPOBHU FeHO-KOHTEKCTOB, KOTOPbIe AOMKHbI ObITb KAKUM-TO 06pa3om «npo-
YUTAHBI» U KOCMbICNIEHbI» XWUBOI KNETKOW COBMeCTHO ¢ pubocomamu. «CybbekTom
YTEHMA» MOXKET BbICTYNATb MHOTOIMKOE CEMENCTBO CONUTOHOB (0COObIX He3aTyxa-
OWMX YeAUHEHHbIX BOMH), BO36Yaaemblx Ha [JHK n PHK — onTuuyeckux, akyctu-
YeCKMX, KOH(DOPMaLMOHHbIX, BpalaTebHO-KoNebaTenbHbIX U UHbIX. B 3TOM CMbIC-
Ne UHTepecHa HeNMHeNHas AMHAMUKA COMUTOHHBIX BPalaTeNbHO-KonebaTeNbHbIX
ABUXEHUIN HYKNeoTUL0B BOKPYr caxapo-docdarHoro octoBa PHK 1 ogHOTAXHbIX
yyactkoB [AHK. Takue conuTOHHbIe BOJMIHbI CMOCOOHbI ABMraThCA BLONb MOJMUHY-
KneoTugoB. py 3TOM CONUTOHBI MEHAIOT CBOE NoBefeHne (AUHAMUKY, U3NyYeHNKe)
B 3aBMCMMOCTM OT NOCNEA0BATENIbHOCTU HYKIEOTUAOB, YTO ABAAETCA DU3NYECKUM
pecdepeHTOM «4TeHUA» [[apsaes, 1994; lapses M1.11., 1997].

B 3T0#1 YacTn paboTbl faHa pa3BepHyTas KPUTUKA KAHOHUYECKOW MOAENU reHe-
TUYECKOro Kofa. AKLEHT cienaH Ha ero MHrBUCTUYECKoW cocTasnatoweir. [pyras
MNOCTaCb reHeTMYECKOro KOAMPOBAHMA 0CTaNACh BHE MNONA 3peHusa. 310 QYHKLMO-
HUPOBAHME reHOMA KaK KBAaHTOBOrO GMOKOMMbIOTEPA, «paboyMM TEIOM» KOTOPOro
ABNAOTCA NPUHLMNBI NA3EPHbIX U3JTyYEHUA, roNorpadun, CONMTOHUKN U KBAHTOBOW
HeNoKanbHOCTK. ITO 0COBbIN pa3roBop, KOTOPbIN Nyylle BecTU Ha 6ase noayyeH-
HbIX HAMWU 3KCMEPUMEHTaNbHbIX Pe3ynbTaToB MO AWCTAHTHOM BOJIHOBOW TPaHCNA-
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LMW reHeTMKo-MmeTabonnyeckoin HOpPMaLMKM U CTPATErMYECKOM YNPaBEHNM C ee
NOMOLLbIO reHeTUKO-pu3nonornyeckmux pyHKunMn opraHusma [fapses, Kokaa u gp.,
2007; lapses, TepTbiwHbiin, ToBmaww, 2007; TepToiwHblid, [apaes, 2007; lTapsaes, Ko-
kas, MyxuHa, TepTbiwHbIi 1 ap., 2007].
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K Bonpocy o ueHTpanbHOU gorme
MoJieKynApHou 6uonoruu. MpuoHbl

MpnoHbI — Knacc BUAoCneLndUYHbIX NapasuTUYECKUX 6ENKOB HECKONbKUX NNHWIA
(lLuTaMMOB), BbI3bIBAKWMX HENPOJUCTPODUMN Y KUBOTHbIX U ntopen. CTannm Mpy-
3WHep, NOMYYMBLIMIA 33 UCCNeAoBaHUA B 3TOW 06nacTu HobeneBckylo npemuto
1997ropaa, Ha3Ban 3Tn 6enku B Havane 80-x npuoHamu (protein infectious virion)
[Prusiner, 1996]. lMpuoHbl Bbi3biBalOT 3ab0neBaHMA TUNA «cKpanu» (y oBew) u
TaK Ha3blBaeMOro KOpoBbero OelleHcTBA Uau rybyatoro aHuedanuta. Y niogen
— 370 GonesHu «Kypy», «cuHapom Kpeitudenbna-fkoba», «cuHapom lepTcmaHa-
tpayccnepa-LWeHkepay, «cuHapom Anbnepcay, «datanbHas ceMeinHas UHCOM-
HUs». B 3T 06n1acTn focTUrHyTHl 6onblume ycnexu. W Bce-Taku, KntoyeBble TOHKKE
MexaHM3Mbl PA3BUTUA NATONOTMYECKUX COCTOAHMIM TAKOTO POAa OCTAKOTCA HEU3BECT-
HbiMu [Weiss et al, 1997]. Mblwmn C HOKAyTOM reHa prn-p yCTONYMBLI K UHDEKLUM
PrPsc, uTo pemoHCTpupyeT HeobxoamMmMocTb Hanuuus PrPc ons passuTtus rybyarton
3HUedanonatuu. buinu nsonuposaHsl PHK-antamepsl (PA), koTopble MOMIM TOYHO
pacno3HaBaTb PEKOMOWHAHTHbIA NMPUOHOBLIA OENOK XOMSKA, MPUCOEAUHEHHBIN K
ryTaToH S-tpaHcdepase. lMpu 3tom PA GbInn YyBCTBUTENbHBI K ONpPeAeNeHHbIM
AMWHOKUCNOTHBLIM NOCNEA0BATENIbHOCTAM. XapaKkTepHbiM ans PA agnsertca Hannyue
ryaHuH-oboraueHHoro nsrn6a PHK ¢ obpa3oBaHuMeM NOKanbHbIX 4 CMMpPabHbIX
yyactkoB PHK c nosTopstowmmmncsa ryaHMHOBbIMM KBapTeTaMu, KOTOpPble Ha3BaHbl
[-kBagpunnekcamun unu -tetpagamu. CyllecTBEHHO, YTO OHW XapaKTepHbl U A
XPOMOCOMHbIX Tefiomep. Takas 4-cnupanbHOCTb NPOABAAETCA KaK HeKaHOHMYecKoe
cnapvBaHMe OCHOBAHMUIA, 0TIMYHOE 0T YoTcoH-KpnKoBCKOro 1 cyuectsytollee 6na-
rogaps ctabunusauum TaKoro KoMmniekca ammHokucnoTamu 6enkos [Weiss et al,
1997]. B uyutupyemon pabote Beiica u gp. 66111 NocTaBieHbl BONPOCH], MMeLOLWMe
HEKOTOPOE OTHOLEHMWE K NpeAnaraemMoi uaee paboTbl FeHOMa Ha WHbIX MPUHLMNAX
(cM. HUXe). ITn Bonpocsl TakoBbl: (i) Kak PA pacno3HaloT npuoHoBble 6enky, (ii)
kak PA cBs3blBalOTCA C NpuoHOBbIMK Genkamu (iii) gocTaTtoyHa NM TOYHOCTb pac-
no3HaBaHus PA-Mu NpMOHOBbIX 6€NKOB B rOMOreHaTax Mo3ra MHULMPOBAHHbIX U
HEUPULUPOBAHHbIX UBOTHBIX?

MpuoHoBble 6enkn (PrPsc) umeioT WTammoBy cneundrUUHOCTb U B 3TOM OHMU
noAo6Hbl 6akTepuam 1 Bupycam. PeHoTn u yHKLMU NOCAELHUX ONPeAensoTCs
NX reHomamu. Ho NpuoHbI, €Ccin X BbIAENUTb U3 MOPAXKEHHbIX TKAHEN B YNCTOM
BUAE, HE UMEIOT B CBOEM COCTABE HYKNEMHOBbIX KUcNoT. onagas B xenypok (M
APYrve TKaHK), NPUOHbLI MUTPUPYIOT KAKUM-TO HEOOBACHUMbIM 06pPa30M B rOJIOBHOM
MO3l, Pa3MHOXATCA TaM, Bbi3biBasg ero Mopho-(yHKLMOHANbHYIO Aerpagauuio.
HenoHATHO, Kak npeofonesaetca aucraHumsa Xenyanok=Mo3r, nepekpbiTas rema-
TO3HLUedanmyecknm 6apbepom. ITo 0cTaeTcs 3arafKom, XoTs eCTb NPeAnoNoXKeHus,
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4TO NUM@a CNYXKMUT MPOMEXYTOUYHbIM 3TanoM TpaHcnopTa PrPsc B ronoBHOM Mo3r.
MpeanonaraeTcs, 4To 3TOT OENOK MOXKET Yepe3 HepBHbIE OKOHYAHUS PeTPOrpagHo
NPOHMKATb NO aKCOHAM B CMUHHOMW U rON0BHOM MO3r. llocnegHUn MexaHuU3M, X0TA
He 0OBbACHEH M He AOKa3aH, MUMeeT onpefeneHHoe 060CHOBAHNWE B HOBOI TEOPUU
HEepBHOro MMNynbca. B opraHnsme noaen, UBOTHLIX U AAXKE APOXIKEN CUHTE3U-
PYIOTCA HOpManbHble He UHMEKLMOHHbIe NpuoHonoaobHble 6enku (PrPc), aHano-
FMYHble MO CBOEW aMUHOKWUCNOTHOI nocnefoBaTenbHOCTU 6enkam npuoHos. Nme-
0TCA M COOTBETCTBYIOLLME reHbl, OTBETCTBEHHbIE 3a cMHTe3 PrPc. Kpome otcyTcTBUA
dyHKUMK natoreHHocTH, PrPc otanyatotca ot PrPsc no BTopuyHoii ctpyktype. lpu
UX B3auMoaencTeum B mo3ry muau in vitro PrPc nepexogut B PrPsc c ymeHblweHnem
[O/IN Cnupanei u yBennyeHmem obiacT NenTuUAa, 3aHATON CKNAfyaToin CTPYKTY-
poii. Bce nocnepytowme nopumm cuHTesupyemsix B Mo3ry PrPc Takke npuobperta-
0T — CTPYKTYPY U, COOTBETCTBEHHO, PyHKLUMI0 PrPsc. Ponb «HopmanbHoro» PrPc B
bnocuctemax 0CTaeTcs NOKa HEU3BECTHOM, XOTA €CTb NPEANONOXKEHMSA, YTO OHa 3a-
KntoyaeTcs B obecneyeHnn HOpManbHOro hyHKLMOHUPOBAHUA KNeToK lypKuHbe.

Yto Kacaetcs gpoxokeBbix npuoHoB (Psi+ n Sup35) y Saccharamyces cerevisiae,
TO OHW MOCTAaBUAN B TYMUK FreHETUKOB, NOCKOJbKY OKa3anochb, YTO OHU nepepaioT
reHeTU4Yeckue Hacnegyemble npusHaku 6e3 yyactua OHK unu PHK [University of
Chicago Medical Center press release, 1997].

Camoe HENOHATHOE, W, C Hallei TOYKU 3PeHUsA, KyeBoe B MOHUMAHUKN CyL-
HOCTW NPMOHOB — (haKT BMPYCcONoa00HOM WTAaMMOBOI creyMdYHOCT B naTore-
He3e, BbI3bIBAEMOM pa3HbiMu TUnamm PrPsc (ux nssectHo 6onee 20), npu BUAUMOM
otcytctBumn y HUx HK unn PHK, To ecTb reHeTnyeckoro annapara. [eHbl pa3nuny-
HblX PrPc He3HauynTenbHO OTIMYAKTCA MO HYKAEOTUAHLIM NOCAEA0BATENIbHOCTAM.
MyTaummn 3TMX reHoB MOryT BbI3blBaTb KOHBepcuto PrPc PrPsc ¢ nocnepyowmm Ha-
konnenuem PrPsc n 3aboneBaHneM. VI3BeCTHbI ciy4an CNOHTaHHOrO 06pa3oBaHus
NPUOHOBbLIX WITAMMOB Y MOXWUAbIX NIOLENA U CTapbiX XUBOTHbIX. W 3T0 Takxe Heno-
HATHO. PasMHOXeHVe NPMOHOB ANUTENbHO. [1a Mbllwen, B 3aBUCUMOCTH OT WTAMM3,
NPOLOMKMTENbHOCTb UHKYOALMOHHOTO nepuoaa oT 50 fo 500 aHei. Y nogen 3To
rogbl. Pa3BuTe NnpMoHOB CONPOBOXAAETCA MAKPOCKOMUYECKUM, HECOBMECTUMbIM
C XKWU3HbIO, HAKOMNEHNEM B MO3TY MONUMEPHbIX HUTel PrPsc, KoTopble CnocobHbI K
oKpawunsaHuio KOHro KpacHbIM 1 JBOMHOMY AyyenpenomneHuto. locneaHee o3Ha-
YaeT, YTO NPUOHOBbIE BAWKM BbI3bIBAIOT PACX0OXAEHWE Nyyeil NpaBo- U ieBONO-
NAPU30BAHHOIO CBeTa. ITOT, Ka3anoch Obl He3HAYMTENbHbIN (DAKT, U BpoAe Obl He
MMEIoWMN OTHOWEHUSA K NPUOHOBLIM CUHAPOMAM, NPEACTAaBNAETCA He CYYaNHbIM
NO OTHOLWEHMIO K NAaTOreHHbIM CBOMCTBAM MPUOHOB.
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Tenomepsbl U TEeNOMEpa3a

B nocnepgHee Bpemsa pe3Ko YCUAMIICA MHTEPEC K TeJIoMepaM v TeoMepase B acnek-
Te npobnembl cTapeHus (cMm., Hanpumep, bruoxumus, 1.62, Boinyck 11, HosGpbL 1997
roga; TOM LeNWKOM nocBsleH npobneme Tenomep u Tenomepase). Mocnepyouwee
LMTUPOBaHME NO TENOMEPAM B3ATO M3 3TOr0 UCTOYHMKA.

B 1961r. Jl.Xendnuk u [1.Mypxen nokasanu orpaHUYeHHOCTb pennKaTUuBHOM
CNocobHOCTU HopManbHbIX hMOpobnacToB Yyenoseka. Korna HopManbHble 3MOPMO-
HaNbHblE KNEeTKM YenoBeKa pacTyT B Hanbonee 61aronpuATHbIX YCNOBUAX, CTapeEHUE
N CMEpTb X HEN30EeXHO HacTynaet nocne ~50 yABOEHWUI nonyasumu. ITo NPosB-
NeHne BHYTPEHHUX CBOWCTB camux KneTok. HabntogeHue 6bIN0 BOCNpPOM3BELEHO
APYrMMU MHOTOYUCNIEHHBIMU UCCNefoBaHMAMKU. B TO e Bpema paKoBble KNeTKu,
naccupyemble B aHaNOrMYHbIX «MeaNbHbIX» YCNOBUAX OeccMepTHbl. B yemM npuyn-
Ha CMepPTHOCTM OAHMUX KNeToK 1 6eccmepTus apyrux? B 1996 rogy A.M.0OnoBHUKOB
NpesnoNOXui, 4TO NPUYUHA CTAPEHUA U CMEPTU HA KNETOYHOM YPOBHE 3aK0YaeT-
ca B Hegopennukauum JHK-nonumepason (Tenomepason) KOHLOB XpoMocom (Te-
noMep) Npu KNeTouHbIx fgenennsax [OnoBHUKoB, 1996]. 310 CBA3aHO C UCNO/b30BA-
HueM 3aTpaBoyHbIXx PHK-npaiimepos npu cuntese JHK oT 5'-KoHUa K 3'-KOHLY U 1X
nocnegyowmum yaaneHunem. lMpu 3tom 5-KoHel, penaunku ocTaeTcs Hegopenanum-
poBaHHbIM. C KOXKAbIM aKTOM penanKaLMn XpoOMOCOM UX KOHLbl yKOPAYMBalOTCA Ha
pa3mep, 3aHMMaeMblil TeJloMepa3oit. ITOT pa3Mep MHOrHA — CBOeoOpa3Has «MepT-
Baf 30Ha», B KOTOPOM He NPOUCXOAUT yaBoeHue ofHoTAXHbIX JHK npu geneHunsax
KneTok. M 370 npoucxogut Ao Tex nop, NOKa He HAYMHAKTCA YTPaThl KU3HEHHO
BAXKHbIX KOAMUpPYOLWMUX nocnegosatenbHoctei AHK, rpaHuyawmx c renomepamu. Ta-
Kue yTpaTbl HEKOTOpbIE NCCe0BATENN CYMTAIOT CUHOHUMOM CTapeHus. Yucno yko-
POYEHUI TeIOMEP CNYKUT PENIMKOMETPOM, ONpeAeNsAoLLnM KOANYeCTBO AeeHNN,
KOTOpble JOMIXKHA COBEpLUNTL HOpManbHaa KieTtka. locne gocTuxeHna MUHUMANb-
HOrO KPUTWYECKOro 4uMcia NOBTOPAIOLMXCA TeNOMEpHbIX NnocnefoBaTeNbHOCTeN
TTAGGG, KneTku TepsAT cNOoCOOHOCTb K AeneHuto. Tak cYMTanoch A0 HefaBHEro
BPEMEHU.

Okasanocb, 0QHAKO, YTO CUTyauus 3HauyuTenbHo cnoxHee. CyllecTByloT Me-
XaHWU3Mbl MPOTUBOCTOSHUSA 3PdEKTY «MepTBbIX 30H». OAMH M3 HUX OOHApPYKMUAM
peitnep u bnakbepH Ha Tetrahymena. IMeHHO 3TU UCCnefoBaTENN OTKPLINM Tep-
MUHaNbHYO TpaHcdepasy — pUOOHYKNEONPOTEMHOBbIA (PepMeHT, KOTOPbI nony-
4un Ha3BaHue «Tenomepasar. Okazanoch, 4To TenoMepbl NOCIEe KAXKAOro feneHuns
KNEeTOK CMHTe3MpYIOTCSA TesioMepa3oi 3aHoBo. PepMeHT gocTpanBaet 3" — KoHel
TeNoMep 1, TaKUM CNOCOOOM, YAMHAET TeNOMEpbI, KOMNEHCUPYs 3P DEKT «MepPTBOM
30Hbl», UHOTAA C IMXBOIA. TenomMepasa okas3anacb He0ObIYHON 0OPATHO TPaHCKpPUN-
Ta3o0i, To ectb PHK 3aBucumoit JHK nonumepasoit co ceoeit COGCTBEHHOI MaTpu-
uen PHK gns cnHTe3a KOPOTKMX MOBTOPAIOWMXCA NOCNEeL0BATENbHOCTEN KOHLEBbIX
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IHK xpomocom. Hanbonee xopowo n3ydeHa matpuyHas obnacts PHK Tetrahymena
thermophila. 3Ta 0bnacTb cOpepUT 9 HYKNEOTUAHBIX OCTAaTKOB B NO3ULUK OT 43
fo 51 (5-CAACCCCAA-3'). M3 HUX TONbKO 7 HYKNEOTUAHBIX OCTaTKOB (43—49) AB-
NATCA COOCTBEHHO MAaTPUYHBIMUM, OHW COCTABNAIOT AKTUBHYIO YaCTb TEJIOMEPA3bI U
onpeaenstoT KatanuTuyeckne GyHKLMM GepmerTa. Tenomepasa bbina 3atem 0bHa-
pyXeHa B 3KCTpaKTax MMMOPTANN30BaHHbIX KNETOK YenoBeka. B otnmume ot Hop-
MaNbHbIX CMEPTHBIX KNETOYHbIX LUITAMMOB JIMHUW AHOMaNbHbIX 6ECCMEPTHbIX KNEeTOK
He CTapeloT 1 NpoAyLMpyIoT Tenomepasy. [103ToMy Tenomepbl UMMOPTANN30BAHHbIX
KNeTOK He YKOPauMBaTCA NPU NOCNeA0BaTeNbHbIX naccaxax in vitro. 0cobeHHO
3 eKTMBHO TaKas 3awwmuta ot ykopoyeHuin IHK npeacraBneHa y pakoBbIX KNETOK.
B HopMe TakXe 0OHApYKMBAKOTCA aHANOTMYHbIE MPOLECChl, HaNpUMep, B TKaHAX
NJoAa U CEMEeHHUKAX.

EcTb ewe ofHa 0CO6EHHOCTb B MEXaHU3MAx COXPaHeHMUA TeloMep, KOTopas, Kak
W B C/lyyae CMHTE3a NPMOHOB B FOIOBHOM MO3ry B BapuaHTe 60se3HU Kypy, Heno-
HATHA U ABNAETCA NPEAMETOM aHann3a HacToAlWen cTaTbu. Kak yxe ACHO, MMOp-
Tann3aLuuns KNeToK YeNoBeKa B KyibType 00blYHO CBfA3aHa C 3KCNpeccuen Tenome-
pa3Hoit akTuBHOCTU. O4HAKO, B HEKOTOPLIX Cy4Yasax TesioMepasHas aKTUBHOCTb He
BbIAABNAETCA, XOTA CPAaBHEHME NATTEPHOB TEPMUHAIBHOTO PECTPUKLMOHHOTO par-
meHTa (TRF) go u nocne ummopTanu3auum NOKa3bIBAET, YTO YAUHEHUE TelloMep
AeicTBUTENbHO Npon3owno. KpaiHaa reTeporeHHOCTb AJIMH TeNoMep U pasnnyus
AVHAMUKN NOLAEPKAHMA TENOMEP B TEJIOMEPA30HEraTUBHbIX IMHUAX B CPABHEHUN
C TeIOMEePA30N03UTUBHBLIMU IMHUAMK NOKA3bIBAIOT, YTO 3TN KNETKM UCNONb30BaNM
OAMH unun bonee anstepHaTuBHbIX (ALT) MexaHu3MoB yanuHeHus tenomep (ALT —
Alternative Mechanism for Lengthening of Telomeres). CywecTBeHHo, 4TO BCe UC-
CnefoBaHHbIE K HACTOALLEMY BpEMEHU TUHUMN KNeTOoK € ALT nMetoT CXOAHbIN naTTepH
TRF. 3T0 roBOpUT, BO3MOXHO, 32 001K MexaHu3M ALT. Bce TenomepasoHeraTueHble
MMMOPTANN30BaHHbIE NIMHUKU KNETOK, UCCNeA0BaHHbIE JO HACTOALLEro BPEMeHH,
umenu npu3Haku ALT-akTUBHOCTK, YTO cOrnacyeTcs C rMnoTe30i, YTo nogaepxaHue
TefomMep npu nomouwm Tenomepasbl Unu ALT Heob6XoAMMO LS MMMOpPTanu3aLum.
Mpupona mexaHu3ma (unu mexaHnsmos) ALT B HacTosLWee BpeMs HEM3BECTHA, XOTS
ecTb NPefnoIoXeHNE, HE OCHOBAHHOE Ha 3KCMEPUMEHTE, Y4TO 3[eCb MOXeT pabo-
TaTb MEXaHW3M PeKOMOWMHALMOHHOIO YATNHEHUS TENOMEP.

Takum 06pa3oM, NPUXOANUTCA KOHCTATMPOBATh, YTO B paMkax ALT-nyTu umeeT me-
CTO He0ObIYHbIN heHoMeH cuHTe3a [JHK «B oTcyTcTBME» KOAMPYIOLWEN BEleCTBEH-
HOM KomnnemeHTapHon matpuubl JHK nan PHK. 3To gononHAeT cnucok CXOAHbIX
«aHOManuiny, HayaTblX C HEMOHATHbLIX CNOCOO0B MPOHUKHOBEHUS MPUOHOB B MO3T U
OTYET/IMBOrO BMPYCONOLOOHOro NoBefeHNUs NMPUOHOBLIX OENKOB Npu BUAUMOM OT-
cytcteum y Hux JHK unu PHK, To ecTb B nocnegHem ciydae 6e3 reHOCTPYKTYp CO-
XpaHAaeTca MHhopMaLMsa O reHeTUYeCKMX WTAaMMOBbLIX NpU3Hakax npuoHoBs. Ciopa
e monajaer «aHOManuA» C APOXIKEBbIMU MPUOHAMMU, HEKOTOPbIE FTeHeTUYecKue
NPU3HAKN KOTOPbLIX NepeaatnTcs onatb-Taku 6e3 matpuy, JHK nnn PHK.
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Qb-pennukasa

W, HakoHel, TpeTuii heHOMEH, BXOAALMIA B pacCMaTpUBaeMoe CeMeNCTBO «be3ma-
TPUYHBIX AHOMANIMIA» NPU CUHTE3E NOAUHYKNEOTUAOB. ITO PYHKLUMOHMpPoBaHKe Qb-
pennukassl, PHK-3aBucumon PHK-nonnmepasbl konudara Qb. B cucreme in vitro
Qb-pennunkasa MoxeT paboTaTb Kak MalWuHa camopennukaumm monekyn PHK. 3to
NoKa3aHo J0CTaTOYHO AaBHO [Spiegelman et al, 1965; Mills et al, 1967]. 3ameua-
TeNbHbIM 0Ka3aN0Cb CBOMCTBO 3TOr0 (pepMeHTa CUHTE3MPOBATh ONpefeneHHble no-
cnepoBatenbHocTh KopoTkux PHK 6e3 matpuupsl PHK [Sumper, Luce, 1975]. AHano-
FMYHbIN «6e3MaTpuyHbIny cuHTe3 PHK nokasaH u gns PHK-nonumepasbl 6aktepuno-
cara T7 [Biebricher, Luce, 1996]. Takoi1 e pe3ynbtat nonyyeH ans cuHte3a PHK de
novo nocpegctsom [JHK-3aBucumon PHK-nonumepassl daros T7, T3 n SP6. B 3Tux
3KCNepMMeHTax CHOBA HApYLIAETCA LeHTpanbHaA [OrMa MONeKynspHon buonoruu
W TEHETUKM, NOCTYMPYIOLLAN Ka3anochk Obl He3bibnemoe: JHK=PHK=>BEJIOK. 310
KaHOHMYecKoe yTBepxAaeHue, yTo matpuuamu gns cunteda OHK van PHK moryt
CNYXUTb TONbKO BewecTBeHHble Monekynbl PHK unn JHK. Ho B ogHOM nyHKTe 3Ta
Aorma yxe moguduumnposaHa. oTok cTpaternyeckon nHhOPMaLKK, KaK yXKe XO-
POLLIO U3BECTHO MOC/e OTKPbLITUS 06PATHOM TPAHCKPMNTA3bl, BbIFAANT MO APYromy:
OHK<PHK=BEJIOK. Ecnn yuynTbiBaTh «aHOManUmM» Npu pa3MHOXEHUU NPUOHOB,
TO BNOSIHe BO3MOXHA U ewe ofHa nonpaska: JHK<PHK<BEJIOK, uto byaet 06-
CYXKAATbCA HUXKe.

MockonbKy «b6e3maTpuyHblity cuHTe3 PHK npuBoanT K HEOOXOAMMOCTU Aanb-
HEMWMUX U3MEHEHWUI B NOHMMAHWUM paboTbl reHeTUYeckoro annapara (nNo KpanHeil
Mepe ANs HU3WMX BMOCMCTEM) B Hay4YHOW NuTepaType Havyanacb M NPoAoIKaeT-
cs 00WKNPHAA OUCKYCCUS O KOPPEKTHOCTM «be3MaTpuyHbIX» 3KkcnepumeHToB. Mpe-
AeNbHO BbICOKaA yncToTa onbiToB ¢ Qb-pennunkasoii B oTHoWweHUK apTetakToB, CBSA-
3aHHbIX C HANMYMEM B PEAKTUBAX U 1IAOOPATOPHOI NOCYyfEe MOCTOPOHHUX CNEA0BbIX
npumeceit PHK, 6bina gocturHyTa yxe B pabote [Sumper, Luce, 1975]. bbino noka-
3aHO, YTO MPU MOHUKEHUN KOHLEHTPALMKN HyKneo3na-Tpudocdaros Huxe 0,15mM
npekpawaetca cuute3 PHK (B oTcyTCTBME MaTpuLbl), XOTS MATPUYHO-3aBUCUMbIiA
cuHTe3 PHK wen HopmanbHo. KuHeTuka cuHTe3a B «6€3MaTpUUHbIX» YCIOBUAX UMe-
€T OYeHb LAUHHbIA Nar-nepuoj, B 0TAMYME OT KOPOTKOro NpU HaNU4yMM MaTpuULbl.
OpHako, COMHeHUs ocTaBanuchk. W TonbKo nocne cepun bnectawmx nccnefoBaHui
buebpuyepa, itreHa v Jivtoc 1981-1987 ronos «6e3mMaTpuyHbiny cuHTe3 PHK 6bin
OKOHYaTeNbHO AOKa3aH.

N TeM He MeHee, B HEKOTOPbIX UCCNEOBAHMUSX, e He CMOMIN A0OUTLCA Tpebye-
MO YNCTOTbl IKCNEPUMEHTOB, MbITAIOTCA BbIAATb METOAUYECKME HEJOCTATKM NOCTa-
HOBKM UCCnefoBaHMi 3a ux goctonHcTea. K npumepy, rpynna A.B.YeTtBepuHa, Haii-
As B npoaykTax «6e3matpuyHoro» cuHtesa PHK dparmeHTbl, romonornyHole 23S
PHK E.coli n B.subtilis, a Takxe romonoru dparmentam PHK u3 cdara Qb, yreepx-
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[IA€T, YTO BCE IKCMEPUMEHTbI B 3TO 06NM1aCTU 0OBACHAIOTCA UCKNIOYUTENBHO NpU-
CYTCTBMEM B PEAKLMOHHBIX CMeCAX KOHTaMUHUpPYOLWKX 3k3oreHHbix PHK 13 Bo3ay-
xa nabopatopuit, Kak 3TO UMeNo MecTo B UX NOCTaHOBKe. B KayecTBe pelwatowero
aprymeHTa AeMOHCTpUpyloTCA Yalwkm MNetpu ¢ arapo3on, cogepxauen Qb pennu-
Ka3Hylo cucTemy. HYalwku BolgepKmMBatoT B OTKpbITOM Buge ot 0—10 muH. go 1 yaca.
MponyKTbl peakuuu okpawmeatoT 6pomucteiM aTuamem Ha PHK. Mocne 3toro duk-
cupyloT Hapactalowee konunyectso PHK, cBupeTtenbcTByiolwee o nocese 3arpss-
HAOWKUxX noctopoHHux PHK 13 nabopatopHoro Bo3ayxa v UX aBTOKATaNIMTUYECKOM
pa3mHoxeHumn [Chetverin et al, 1991; Munishkin et al, 1991]. To, 4To U3 rpA3HoOro
BO3/lyXa B Jab0paToOpHY0 NOCYAY MOXET NonacTb BCE, YTO YrofHo, Bktoyas PHK, He
yOMBUTENbHO. HO 3TO HUKAK He OTHOCUTCA K UCCNeA0BaHUAM, KOTOpble MPOBOAATCA
Ha BbICOKOM METOAMYECKOM ypOBHe. YauBuTenbHo fpyroe. buebpuyep n coastopsl,
nonyumslmne B TeyeHne 10 net 6e3yKopU3HEHHbIE KIKOYEBbIE pe3y/bTaThl N0 «be3-
MaTpuyHomy» cuHTe3y PHK B ounieHHbIX cuctemax in vitro, He CHMTAIOT 3TOT (heHo-
MeH HapylleHMeM LieHTPaNbHOM AOrMbl MONEKYASAPHON BMONOTUM U reHeTUKN. OHU
nosaraT, YTo B npouecce 3H3umMaTuyeckon Qb-nonumepusaunm puboHykneosna-
Tpudoccatos (6e3 MmaTpuubl!?) in vitro BO3HUKAOT HeKMe Habopbl NPOOHbIX HU3KO-
MOJIEKYNAPHbIX T.H. 6S PHK, HEKOTOpbIE U3 KOTOPbIX, ABAAACH CaMU A cebs MaTpu-
LaMK, aBTOKATAIUTUYECKM CAaMOPENULMPYIOTCA U MPU 3TOM MYTUPYIOT. MyTaunoH-
Hble BapUaHTbl NOABEPraloTCA ecTeCTBEHHOMY 0TOOpY B Ayxe Teopuun [apBuHa u
nocne HeCKONbKMX PayHA0B Pa3MHOXEHMSA MUKPO3BOAOLMS cuHTesnpyembix PHK
npekpawaetcs Ha PHK-nobeautensx. BeposatHo, ans buepbpuyepa n MHOruUX gpy-
FMX OTKA3aTbCs OT LLeHTPanbHOM JOrMbl 03HAYAET NOJHYI CMEHY WU CyLeCTBEH-
HOe [LOMONIHeHWe NpefCTaBNeHnit 0 cTpaTernm pabotsl xpomocoM. OcHOBaHUI ans
3TOr0 OHW NOKa He HaxoAAT. Ho M 06BACHUTL UMM XKe MONYYEHHbIE Pe3y/bTaTbl OHU
TOXe He B cocTosaHuu. U npexpe Bcero, cam dakt cuHtesa PHK 6e3 matpuusl PHK.
OHM NPU3HAIOT, 4TO HE NOHMMAIOT 6MONOTUYECKYI0 POb CTAOUNBHO CUHTE3UPYEMOM
B TaKux cuctemax pakuyuun 6S PHK.

Mpn 6uocuHTe3e in vivo, B npouecce pasmHoxeHus dara Qb B E.coli, 6S PHK
TaKXe obpa3yeTcs, OHa, KaK U in vitro, reTeporeHHa no nocnaefoBaTeNbHOCTAM Hy-
KneoTMAoB ¥ BapuabenbHa no ux yucny: ot 100 go 200. Mpu kaxaom «6e3matpuy-
HOM» U HOpMaibHOM CHUHTE3e 06pa3yloTcs pa3Hble Habopbl PHK. W Tonbko HekoTo-
pble U3 HUX penauuupyioTcs no (-) uenam. CnegoBatenbHO, C CaMOro Havyana ecTb
0T60p MaTPUL, HA Pa3MHOXEHNE — OHU He C/lyYyalHbl N0 «TeKCTaM» (CeMaHTUKe).
buonorunyeckas ponb 6S PHK He n3BectHa noToMy, 4TO OHU HE KOAMUPYIOT OENKK U
He BOBN€YEHbl B MH(EKLMOHHBIN NPOLLEeCcC. 3TO OrpaHUYeHne B NOHUMAHUN QYHK-
UMA HYKNEWHOBBLIX KMCNOT NPOAMKTOBAHO CYLLECTBYIOLEN XECTKOW napagurmon,
YTO reHeTUYecKue CTPYKTYpbl paboTalT UCKIIOYMTENLHO Ha BELLECTBEHHOM YpPOB-
He, YTO OCMApPMBAETCA COBPEMEHHbIMU AaHHbIMU. CylecTBEHHAA AeTaNb — OYeHb
AONruin nar-nepuog npu cuHtese 6S PHK, poxopsawmin go 16 yacos B cnyyae [HK-
3aBucumont PHK- nonumepassl y daros T7, T3 un SP6. IToMy Takke 0ObACHEHMIA
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BonHosol 2eHom. Teopusa u npakmuka.

HeT. W ewe oguH HeTpuBManbHbii dakT. Qb-pennunkasa coctout n3 5 pasnnyHbIX
benkoBbIX CybbeanHul, HaszBaHHbIX I-IV unn cybveaunHuupl a, B, v, 8. Matas Ha-
3BaHa xo3saiickum daktopom (host factor HF). Cy6veanHuua I ngeHtuduymposa-
Ha Kak pubocomanbHblil 6enok S1, a cyovegnuuubl III n IV saBnsoTca dhakTopamu
TpaHcnsaumum v anoHraummn EF-Tu n EF-Ts. Cy6bepmHuupl I, IIT n IV paboTatot npu
pubocomanbHOM CUHTe3e GenKoB, HO B [JaHHOM Ciyyae ucnonb3ytotcs darom Qb
ans cuHtesa PHK. CywecTtByetr MHeHue, yTo 6S PHK, pasmMHoXasnch B GakTepuax
KaK «MONEeKYNSPHbIA napa3uT», asnsetca «aromctuyeckon PHK» [Jan van Duin
The bacteriophages. Chapter 4. Single-Stranded RNA Bacteriophages. p.133-135.
(Ed. Callendar R.). Plenum Press, New York — London. (1988)]. WHbiMK cnoBamum,
6S PHK moxHO cymTath aHanorom «aronctuyeckon [JHK» sykapmoT, ponb KoTopon
TaKXXe He coBceM NOHATHA. Bepcua dyHkumn «arouctndeckon JHK» npepnoxe-
Ha M OHA TPAKTYeTCA Kak OfMH M3 cnocoboB BeleCTBEHHO-BOJHOBOW KOAMPOBKM
NPOCTPaHCTBEHHO-BPEMEHHOMN CTPYKTYpbl OPraHU3MOB C GUONOrMYECKUM UCMONb-
30BaHMEM MPUHLMMNOB ronorpauu, CONUTOHWUKM, NIMHTBUCTUKM, PE3OHAHCHO-
BOJIHOBbIX B3aMMOJENCTBUIA M na3epHbix npoueccoB [bepesuH, 1997; lapses,
1994]. He MCKNOYEHO, Y4TO 3TU e MeXaHU3Mbl B YNPOLWEHHOM BapuaHTe Npuio-
XuMbl 1 K yHKkumam 6S PHK-6akTepuit. Kpome Toro, Bo3moxHo, 6S PHK pabotaer
Kak CBOeobpa3Has «aHTEHHAA CUCTEMAY, BOCMIPUHMUMAIOLLAN BHeWHWe huU3nyeckue
NonA Kak perynaTopHblil FeHeTUKO-BONHOBO (haKTop

Takum 06pa3om, Bcem TpeM 06CyKAAEMbIM SBJIEHUAM — NPUOHAM, TEIOMEpPaM U
Qb-pennukase — npucyua obuas cTpaternyeckas Yyepta. ITo Ux HeoObIYHAA CMO-
cobHocTb pennuumnposatb 6enku, IHK n PHK, Bpose 6bl, 6e3matpnyHbiM (6e3mate-
pUanbHbIM), U MOKA HEOOBACHUMBIM, MyTeM. 1N NPUOHOB — 3TO HEMOHATHLIN NYTb
NPOHUKHOBEHUS U3 XKeNyAKa B MO3r U HEOObACHMMAs WTaMMocneunduyHocTs 6e3
reHoma, a1 Teomep — HenoHATHbIA ALT MexaHW3M CUHTEe3a KOHLEBbIX XpOMOCOM-
Hbix IHK, a ans Qb-pennukasbl — HenoHATHbI «6e3maTpuyHbliny cuHTe3 PHK.

B kauectBe 0aHOro U3 06bACHEHUI Mbl BbIABUIAEM TUMOTE3Y, YTO NPUOHOMNO-
A06Hble napasuTuyeckne 6enkun 06naaatoT BUPTYanbHbIM FTEHOMOM, B3ATbIM «B3ail-
Mbl» Y KNEeTKM-X035MHA HA MOMEHT Pa3MHOXeHMUA 3TUX 6eNKoB. ITO pa3MHOXEHMe
NPOXOAMUT He TONIbKO U He CTO/NbKO 3a cyeT nepexofa PrPc=PrPsc. BuptyanbHbin
reHoOM MOXeT paboTatb AByMs nyTamu (cM. Puc.1u 2).

KeTo-rpynnbl 6enKoBbix aMMHOKKUCAOT PrPsc moryT pearuposats ¢ OH-rpynnamu
OCTaTKOB PM6O03bl aKLENTOPHbIX KOHLOB COOTBETCTBYHOWMX TpaHCMOPTHbIX PHK
(TPHK). 370 katanutuuyeckuit npouecc. B xoge cooTBeTCTBYIOWMX (epMEHTATUB-
HbIX peakuuii Bo3HMKalowmin nonn-TPHK-KOHTUHYYM nmonapHO NpPOCTPaHCTBEHHO
cOnMKAeT aHTUKOAOHbI, 06pa3ys KOBaNeHTHO AUCKpeTHOe «nofobue nHdopmauym-
oHHoW PHK» (nnPHK). 370 3tan noytn o6patHbIit cMHTe3y 6enka Ha pubocome.
BO3MOXHO, OH npoxoauTt Ha A-, P-caittax pnbocombl. 3aTeMm naetT obpaTHOTPaH-
ckpunTasHbll cuHte3s [HK Ha nuPHK. [ns 3Toro Heobxoauma cooTBeTCTBYiOLLASA
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obpaTHas TpaHCKpMNTas3a, cnocobHas paboTaTb C KOBANEHTHO-AUCKPETHOW MaTpU-
uen nuPHK.

Bo3moxeH u gpyroit nytb (Puc.2), Korga pectpukTasamu «Cpe3aetcs» aHTu-
KOQOHOBBIN NoAUTpUNNETHbIN KOHTMHYYM TPHK € nocnepyowmnm sH3nMMaTuyeckum
«ClUMBaHMEMY» (MUTUPOBAHMEM) TPUMNNETOB. ITO Takxe faeT PHK-matpuuy ans cuu-
Te3a [JHK. Takum obpasom cospaetcs knoH monekyn IHK, kotopble MoryT pennu-
LMpOBaThCA (PAa3MHOXATLCA) UM TPAHCKPUOUPOBATLCA B HOPMasibHble MHBOPMA-
unoHHble PHK (WPHK), oTBeTcTBeHHble 3a cuHTe3 PrPsc.

B cBA3uM ¢ 370 rMnoTe30i BO3HMKAET BONPOC 0 B3anMoy3HaBaHusax TPHK n 6en-
KOBbIX aMUHOKMCNOT, aHANOrMYHbIA BONPOCY, NoCTaBneHHOMyY Beicom u ap. [Weiss
et al, 1997] o cnoco6Hoctn PHK antamepos (PA) pacno3HaBaTb NpuOHOBLIE GeNKY
(cm. Bbiwe). OTBETA HA HErO MOKA HET, HO B KOHTEKCTE Hallei BepCMU NMPUOHOBO-
ro reHoma BaxkHee apyroe — PA npuHUMNMANBHO CNOCOOHbLI Y3HABATb ONpeaeneH-
Hble AMUHOKWUCNOTHbIE NOCNEA0BATENbHOCTM M 3TO KOCBEHHO NOATBEPKAAET UAEHD
o cnoco6Hoct TPHK y3HaBaTh 6enKOBble aMUHOKUCNOTHI. A 3TO HEOOXOAUMO ANs
BbiCTpanBaHua nuHernHoro TPHK-KOHTMHYYMa M Bcex nocnegylowmx akToB co3pa-
HWUS BPEMEHHOr0o BMPTYaIbHOrO reHOMA NPUOHOB.

B npeacTaBneHHbIX BapuaHTax reHOM, TOYHEEe YacCTb OENOKCUHTE3UpYIOLLEro
annapara KNneTku-x03suHa, «3aumoobpasHoy» nepepaetcs 6enkam PrPsc Ha Bpems
cuute3a JHK-PHK-martpuy. Mo npuynmHe Takoro BpeMeHHOro COCyWEeCTBOBAHUA
PrPsc-PHK-[IHK-komnnekcoB, HyKNenHOBbIE KUCIOTbl He 0OHApYXMUBAOTCA B CO-
ctaBe PrPsc B npouecce npenapatMBHOro BblgeNeHUN UX B K4UCTOMY» BUAE. 3aUMO-
06pa3HOCTb TAKOI0 poAa apxanyHa, 0AHAKO, MPU NATONOrMYECKUX COCTOAHUAX OUO-
CUCTEMbI NO3BONSIET 0OONTU IHEPreTUYECKM U OPraHWU3aLMOHHO TAXKENbIA NyTb NO-
CTOSIHHOTO 0OpalleHNs K XpOMOCOMAM ANl CMHTE3a Napa3uTuyeckux benkos. Bup-
TyanbHbI reHoM PrPsc u aHanornyHbix 6enKoB-napa3uToB NpuUAAeT UM CBOMCTBA
BUPYCONOA0OHOCTY, WTAMMOCNELMPUYHOCTH, KOTOPbIE 3aBUCAT OT 0COOEHHOCTEV
nonMmepasHbIX CUCTEM KNeTKU-X03anHa. HaBepHoe, TaKoW MNu Takne MexaHu3Mmbl
Pa3MHOXXeHUs 6eNKoB OblM 3BOMIOLMOHHBIMU NPEAWECTBEHHUKAMU BUPYCHbIX UH-
dheKumn n npegBeCTHUKAMM BOCNPOM3BEAEHNA NEPBUYHbIX OPraHK3MOB. JTOT na-
NeobNOXUMUYECKUIA NPOLLECC KNOHUPOBAHUA OENKOB, BUAUMO, COXPAHEH U MOXET
paboTatb Npu MHOrMX natonoruax (MMMyHomzedULNUT, peBMaTU3M U ap.). Bugumo,
BO3MOXEH U 6onee CNOXHbIA BapUaHT CYUTbIBAHWE MHDOPMALMKM C accoLmaToB
0enKkoB, KOTOPbIN NpefcTBaNeH Ha Puc.3.

EcnvHawarunoTe3anoaTBepanTCs, He06xoanMbI 6yayT fanbHeWMe NONPaBKY K
[lOrMe MONIEKYNSPHON G1onornm o6 ogHOHaNpPaBAEHHOCTM CTPATErMYeCKoro NoToKa
nHdopmaumm B 6uocuctemax: JHK=PHK=-BEJIOK. MNepByto nonpaBKy BHEC/IO OT-
KpblTe 06paTHOM TpaHcKpunTasbl. M cxema ctana uHoit: JHK<PHK=DBEJIOK. Be-
POATHO, CneayioLwum 3Tanom byaet cneayiowas mogudukaun: JHK<PHK<BEJIOK.
Ham npepctaBnsieTcs, 4To B Ciyyae napasuTUyeckux 6enKoB-NpuMoHOB pubocoma,
no cytu, paboTaet kak 6enok-3asucumas nPHK-nonnmepasa. Ha Puc.4. paHa 0606-

60



BosHosou 2eHom. Teopusa u npakmuka.

LWeHHas cxema, MoaudUUMpYIOLLAA LLeHTPaNbHYIO JOrMY MONEKYNAPHONM Gruonoruu
N FT@HETUKM C Y4ETOM BblCKa3aHHbIX COOOpaXKEHUI.

OTHOoCUTENbHO NpOHWMKHOBeHUA PrPsc B MO3r M3 Xenyaka, MUHyA remaro-
3HUedannyeckunit 6apbep, MOXHO nojaratb, Y4TO OGUOCUCTEMAMMU WMCMONb3YIOTCA
BeleCTBEHHO-BOHOBbIE MeXaHWU3Mbl NAMATU FEHOMA U LUCTAHTHOW CONIUTOHHOMN U
MHOWM BOSIHOBOM TPAHCNALWUW FreHOMH(MOPMALUK, KOTOpble NpesaoXeHbl HaMu pa-
Hee. KOCBEHHO B MO/b3y BelWecTBeHHO-BOAHOBOM namaTn OAHK moryt ceupetens-
CTBOBaTb JaHHble 0 «6e3-[lHK-0BOM» CUHTE3e NPUOHOBbLIX BENKOB Y APOXIKEN.
Bo3moXeH Takxe HeilpOHHO-BOHOBOW NyTb Nepeaayn MHHOPMaLUN O NEPBUYHONA
cTpykType MPHK-NpMOHOB BbICIINX GMOCUCTEM Yepe3 BHYTPEHHIOK KolebaTenbHyo
CTPYKTYPY COJIMTOHHbIX MAKETOB HEPBHbIX MMNY/NbCOB, UAYLWMX MO BOJOKHAM OT
Xenyaka B Mo3r. 3ToT cnocob ceepTku uHdopmauum o PHK B cnekTp pesoHaHcos
®epmu-llacta-Ynama, npomoaynupoBaHHbix PHK-TekcToM, n nepeHoc ero cnekTpa B
CTPYKTYPY CNaiiKa noTeHumnana AeicTems B HEPBHOM NPOBOAHMKE npeanoxeH [be-
pe3uH, 1997].

K BelecTBeHHO-BONHOBbBIM MexaHU3Mam cuHTe3a [JHK moxHo oTHecTu 1 peHo-
MeH ALT-yonuHeHus Tenomep, u cuuTe3 de novo 6S PHK B Qb-pennukasHoii «6es-
MaTpUYHOWN» cucTeMme.

Y10 13 cebs NpeAcTaBAAIOT BELLECTBEHHO-BONHOBbIE MH(MOPMALMOHHbIE Me-
XaHu3Mbl NamaTn (cokpaweHHo «BUM») B reHeTnyeckux u Apyrux ynpaBastowmx
CTPYKTypax opraHnu3moB? M3yyeHune nx ToNbKO HauynMHaeTcs. BepoaTHO, HEKOTOPbI-
MU TUNAMK 3aNOMUHAHWUA U (OPMUPOBAHMUA BELLECTBEHHO-BOJHOBbIX XPOMOCOM-
HbIX 00pa3oB-mMofeneil, 06pa3oB-nporpamMm ABNAKTCA ronorpaduyeckas u/uau
NUHTBUCTUKO-POHOBAA NamATb reHoma [[apses, 1994; lapses, 1997]. Hago nona-
ratb, Yto BUM-nyt pennukaummn nHdopmayMoHHbIX 6MONONMMEPOB pa3HO0Opa3-
Hbl, UMEIOT UCTOKMW, HAYMHAA C YPOBHSA INEMEHTAPHbIX YaCTUL, U B NepBOM NpUOAK-
KEHUM UX MOXKHO Knaccudpuumposatb cnepyowmm obpasom:

1. BM 3nekTpoHa nnun «ablpKay. IT0 NepBbli, KNAacCUYeCKnit npuMep 13 KBaH-
TOBOI 3/IEKTPOAMHAMUKM, KOTAQ yaanfemblii 06bEKT (31eKTPOH) OCTaBNAET HA Me-
CTe CBOEro npebbiBaHMA onpefeneHHyo 061acTb, IKBUBANIEHTHYIO €MY, HO C Npo-
TUBOMOJIOXHbIM MONOXKMUTENbHbIM 3apsAAoM. 3Ty o6nactb Monb Qupak Ha3Ban «ablp-
koit» [Dirac, 1930]. OHa BepeT ceb6s NOAOOHO NPOTOHY, XOTA U HE TOXKAECTBEHHA
emy. «[bIpKu» peanusyioT NOA0XMUTENbHYI0O NPOBOAUMOCTb, KOTOPAa CyleCTBEeHHA
B CBOWCTBAx NONYyNPOBOLHUKOB NpY TaK Ha3blBaeMblX p-n nepexofax.

2. AccoumatuHo-ronorpacduyeckme BUM-otobpaxeHus. 3aecb 06pa3 06bekKTa,
KOTOpbIN 3KCNOHUPOBANCA B ABYX MHTEP(EPUPYIOLLUX KOrePEeHTHbIX MOAAX, MOXeT
BOCCTAHABMBATLCA B hOpMe BOIHOBbIX (DPOHTOB NpU OTCYTCTBMU CAMOro 06bEKTA.
3T0 ABNEHMNE N3YYEHO LEeTaIbHO M WMPOKO UCMONb3YeTCs B TEXHUKE U UCKYCCTBE.

3. ®aHToMHbIN nucToBoit adekt (BUM nucrta). OtkpeiT B.lLAgamerko B 1975
rogy MeToAoM ra3o-paspsagHoi BU3yanu3aumm u BOCNPOM3BeeH BO MHOTUX 1abo-
paTopusAx MUpa, B TOM yucne u B pabote [[apses, 1994]. IddekT 3aknovyaeTcs B
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TOM, YTO NpPKU NOMELLeHUN XUBOro INCTA pacTeHUA B BbICOKOBOJIBTHOE BbICOKOYA-
CTOTHOE noje, KOTOpoe MMeeT CTPOro onpepesieHHble napameTpsl, peAaKo, HO [o-
CTaTOYHO BOCMPOM3BOANMO, yaaeTcs 3aMKCupoBaTh cBeTaleecs (MCKPOBOE) U30-
OpakeHue LEenoro UCTa, Jaxe ecau y Hero oTpesaHa HekoTopas vacTb (He 6onee
10-15%). MexaHu3M TaKoro ABNEeHUS MMeeT KBa3u-ronorpaduyeckyo npupoay,
NPUCYLLYI0 FeHETUYECKOMY annapaty BbiclKx 6uocuctem [lapses, 1994; lapses,
1997]. ®aHToMHble unu BUM-60nu, Bo3HMKAOWME UHOTAA Y NtOLEN, YTPATUBLIMX
B pe3y/ibTate TPaBMbl PYKU UAK HOTU, CBA3aHbI C rofiorpacdmyecKor NamMmaTbio KOpbl
rONI0BHOrO MO3ra.

4. BUM-cTpyKTypa curHana, pacnpepeneHHas B goHe (o PoHosom [puHuymune
cM. [[apses, 1997]). Hanpumep, MHOpMaLUsA 0 TOUHOM CMbICNe (3HAYEHUU, CUTHA-
Ne) OMOHUMOB TUNA «NYK», KPeia», KKOCa» 3aKNaAbiBAETC KOHTEKCTOM coobuye-
HUA, B KOTOPOM OHU (GUrypupytoT. Becb TeKCT (KOHTEKCT) BbICTyNaeT Kak (oH, B
KOTOPOM, KaK B LLeJiOM, HaX04WUTCA TOYHAA MHbOpMaLMA 0 YaCTH, TO eCTb O TOYHOM
CeMaHTUKe oMOHMMA. OMOHMMMYECKAsA HEOLHO3HAYHOCTb B BbICLIEN CTENEHMU Xa-
paKTepHa AnA TaK Ha3blBAEMOr0 reHeTMYecKoro koaa — hakTuyeckn koga 6enkos.
I70 yKe noapo6bHO 06CyAanm Bhiwe. MoXxHO [06aBUTb, YTO TaKMe BbICOKO BEPOSAT-
Hble OWMOOoYHbIe (CyYaiiHble BCIEACTBUE OMOHUMUM 3HAKOBLIX ly0/1€TOB KOJOHOB
WPHK) cHATME OMOHMMMYECKON HEONpeAeNeHHOCTM NPOUCXOANT TAKXKe M 3a cyeT
(hOHOBO-KOHTEKCTHOM, aCCOLMATMBHOM OpPUEHTALMM PUOOCOMBI, YYUTbIBAIOLLEI BCHO
nocneposarenbHocTb MPHK nnu, nHaye rosops, ee kKoHTeKCT (poH). PoHoBbIN MpuH-
UMM — Ype3BblYaHO BaXHOE TEOPETUYECKOE NOOXKEHME AN NPAKTUYeCKoh 6uo-
NOrUU, MeQULUHBl U CeNbCKOro X03AMCTBA, B YACTHOCTU, /19 BOJTHOBOW reHeTUKW.
Hanpumep, B MefuLMHE NPUMEHeHWe 3TOT0 NPUHLMNA NpUBEAeT K NPUHLUNNANBHO
HOBbIM Nle4yeOHbIM METOL0NOrMAM paboThl C OHKOreHamu u reHomom BUY: noss-
NAETCA peasibHasa BO3MOXHOCTb MOHUMAHUA, NOYEMY 3TN 3HAKOBbIE reHeTUYecKue
CTPYKTYPbl HAYMHAIOT BHE3AMHO (DYHKLMOHMPOBATH TONbKO B CTPOrO ONpeAeNeHHOM
KOHTEKCTHOM HYKNEOTUOHOM OKPYXEeHWUW, BO3HMKAIOLWeM BCAeLCTBUU TPAHCNO3K-
UM OHKOreHoB v reHoma BUY u/unu npu nameHeHn «MeTabonmyeckoro KOHTEK-
cta». OHM OMOHUMUYHBI, TO €CTb HE KYUTAEMBI» U HE Ky3HABAEMbI» [J19 OPraHU3Ma,
KaK natoreHHble Hayana, BHe onpefeneHHoro GOHOBOr0 HYKNEOTULHOIO OKpyXe-
HUs. B 3TOM CMbIc/ie BCA rpaHAMO3HAsA U HEMOHATHAA focene npobieMa reHoMHbIX
TPAHCNO3ULMIN CTAHOBUTCA MPO3PAYHON KaK (DaKTOp MHOrOMEpPHOro MpOABAEHUSA
KOHKPETHbIX CEMAHTUK AN BPEMEHHO OMOHUMMWYHbLIX /UK BPEMEHHO HYNEBbIX
(Tna nceBfOreHOB) 3HAKOBLIX HYKNEOTUAHbIX MocnefoBatenbHocTeir. Ecnm ®o-
HoBbIN [lpuHUMN 3KcTpanonuposatb Ha ALT-mexaHn3m BoCCTaHOBNEHUA Tenomep,
TO MOXHO CYMTATb YTPaTy KOHLA TeJOMepbl NpefesbHbIM CyYyaeM OMOHUMUK, U3-
BECTHbIM B IMHTBUCTUKE M Teopumn uHdopmauuu (Teopema LeHHoHa). B cooTBet-
CTBUM C 3TOI TEOPEMOIA, KOTLA YacTb CNOB, OYKB (CUrHANOB) B TEKCTE YTPayeHa
WCKaXKeHa, OHWU MOTyT OblITb BOCCTAHOBJ/IEHbI, C YYETOM BCErO TEKCTA (KOHTEKCTA),
B TOM yucne 1 no hOHOBO-aCCOLMATUBHOMY MPUHLMUMY, KOTOPbIA BKAOYAET LUEH-
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HOBCKMUW 3heKT Kak yacTHbln cayyan [[paHruwsunm u gp., 1993]. B kakom-To
CMbIC/Ie 3TO aHaNOrMYyHO BOCCTAHOBNEHMUIO NOSIHOMO M300paXeHUs 00beKTa U3 Ya-
CTW TOIOrPaMMbl, NOCKOJIbKY 006pa3 06beKTa, TouHee MH(OPMaLMs O HeM, He fo-
Kafin30BaHa B KAKOW-TO OHOW YaCTu rosiorpammbl, HO pacnpejesneHa no Bcemy ee
npoctpaHcTay. B ALT-mexaHn3me BOCCTaHAaBAMBAEMbIW CUTHAN — 3TO MHbOpMaLuUA
00 yTpauyeHHOI NoCnefoBaTENbLHOCTU HYKNEOTUAOB TenomMepbl, @ HOH (KOHTEKCT)
asnaetcs Tekctom [JHK xpomocombl, rpaHMYawmm € ero yTpayeHHoMn YyacTtolo. [laxe
ecnu fonyctuTb, 4to B ALT paboTaeT npuHLMN peKOMOUHALMOHHOTO YAJIMHEHUS Te-
nomep, TO U OH He MOXeT 060MTUCh 6e3 «3HaHMAY» 0 ToM, Kakon dparmeHT OHK
Hafo BCTaBMTb HA MECTO OTCYTCTBYIOLEro. A 3TO «3HaHWe» TaK UK MHaYe, CBA3aHO
¢ POHOBO-acCcoOLMATUBHOI NAMATLI0 FeHOMA, YTO 61M3KO K ronorpaduyeckoin nams-
T XPOMOCOMHOTO KOHTUHYYMa, KOTOPbIY Mbl NOCTY/INPOBANN paHee.

5. BUM OHK. 3tot dheHomeH ob6HapyxeH B 1985 rogy, B KpaTKOM BapuaHTe
onybnunkosaH B 1991 [Gariaev et al, 1991] u 6onee geTanbHO UccnefoBaH B 1994
[lapseB, 1994]. AHanornyHble faHHble NOJAYYEHbI HE3ABMUCUMO TpPynnon amepu-
KaHCKuUX uccnepgosatenen nog pykosonctsom P.Mekopbl B 1990 rogy [Allison et
al, 1990]. BHewHee npossnenne BUM OHK 3akniovaioTcs B TOM, YTO NpU UCNONb-
30BaHUKN MeTOa Jla3epHON KOPPeNALUOHHOW CNEeKTPOCKONUU, Npu U3y4yeHumn cee-
TopacesHus npenapatamu [HK in vitro o6HapyxuBaeTcs HeoOblUYHbI 3hdeKT. B
cBeTopaccesHue BHOCUT BKNAL HeKUit hakTop, He npefyCMOTPeHHbIN Teopuen cee-
TopacceaHus. lpupopa peHomeHa He AcHa. [pynna P.llekopbl xapakTepu3syet BUM
OHK kak «...mimicing the effect of dust» (MED-effect), To ectb achdekT, umutu-
PYIOLWMIA Mblb, XOTA UCCNEAOBATENAMU NPEANPUHATLI CNeLManbHble Mepbl, 4TOObI
B npenapatax [HK He 6b110 noctopoHHUx YacTuu. fpynna P.Mekopbl 06Hapyxuna
3TOT (PEHOMEH METOAOM KOPPEeNnALUOHHON Na3epHON CNEeKTPOCKONUM, HO He Ha TO-
TaNbHbIX BbiCOKOMONMMepHbIX dpakumax OHK, kak B Hawwux 3kcnepumeHTax, a Ha
pecTpukTHbix parmeHtax [JHK onpepeneHHon gnuHbl. U B 3TOM (peCcTpUKTHOM)
cnyydae OHK Toxe Bena ceba «aHoManbHbiM» 00pa3oMm: 30HAMpYyioLMe (HOTOHbI
AndparnpoBanyu He TONbKO HA NONUHYKNEOTUAHbIX Lienax, HO U Ha KMOCTOPOHHUX
YacTuLaxy», KOTOPLIX B Npenapare 3aBeoMo He 6bi10. ITOT, HUKAK He MPOKOMMEH-
TUpOBaHHbIN rpynnoi P.Mekopel, 3hdeKT 3aTpyaHMN el 06bACHEHNE HEOOLIYHOTO
xapakTepa ceetopaccesaHus JHK c no3uumii, kazanocb 6bl, Xopowwo pa3paboTaHHOM
Teopuun LUnumma n Poy3a ana BAMAHUA JUHAMUKM NONUMEPOB B BOAHbLIX PACTBOpAXx
Ha 30HAMPYIOWMNIA CBETOBOW, B TOM YMUC/Ie U Na3epHbIN, NyYOK.

bauskue, HO He TOXAeCTBEHHble, AaHHble noay4yunu Marcymoto u gp.
[Matsumoto, 1992], korga npsmbiM HabntoaeHeM 3acbukcupoBann 3 deKT «aHo-
MaNnbHOro» OPOYHMPOBAHUA (NyopecLeHTHO-MeyYeHblX HaTUBHbIX Monekyn LHK.
JTa «aHOManNuUA» NPOABAAETCA B TOM, YTO PacCUMTaHHbIe HA OCHOBe Teopuu Liumma-
Poy3a Ko3dhduumneHTbl TpaHCaaUunoHHOW auddy3un gna otpeskos AHK anuHoi
56um 3HAYUTENbHO OTNMYAIOTCS OT BU3yanbHO HAGMOAAEMON U KONMYECTBEHHO
oueHuBaemo auddysnonHon guHamuku OHK. BmecTe ¢ Tem, Teopua gaet xopo-
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lWee COBMAAEHME C IKCNEPUMEHTAMU LN APYTUX, HANpUMep, abMOreHHbIX Noanme-
pOB TUNa NaBCaHa, NOAN3TUNEHA U T.[.

MOXHO fyMaTb, 4TO B IKCMEPUMEHTAx no nasepHomy 3oHauposaHuio AHK cee-
TopaccesHue npoucxonuT no npuHuunam BUM, To ecTb He TONbKO Ha BeleCTBEH-
HbIX peanbHO cyuwecTsylowmnx monekynax AHK, Ho 1 Ha ee BUPTyaNbHbIX BONHOBbIX
3KBMBANEHTax (CNeAoBbIX CTPYKTYypax), OCTaBIsAEMbIX OPOYHUPYIOWMUMU MONEKY-
namu 3TOro cynepuHdopmaumoHHoro 6uononumepa. 3aecb ymecTHa HeKoTopas
aHanorus ¢ roorpaMmMmon, Koraa onpeaeneHHbIM 06pa3om 30HLMPYEMbIA Na3epoM
MaTepuanbHbll 0ObEKT «3annCbiBaeTCA» B PAaCCESHHOM UM CBETOBOM MNOJie U CO3-
[laeT CBOIO BOJHOBYIO (BMPTYabHYI0) KONUIO, CYLLECTBYIOLLYIO Y)Ke HE3aBUCUMMO OT
ob6beKkTa-npoToTUNa. He ncknioyeHo, 4to achdektsl BUM 06baCHAOTCA Teopueit hu-
3nyeckoro Bakyyma [Wunos, 1993], roe dyHAamMeHTanbHO 060CHOBbLIBAETCA MAes
reHepaLuy TOPCUOHHbIX (aKCMOHHO-KNACTEPHbIX) 3KBUBANEHTOB (PM3NYECKUX Ten.
HanomHum, yto BMIM-3cdhdekTbl Ha ypoBHE reHOMa JAaBHO M3BECTHbl B CKOTOBOA-
cTBe (M He ToNbKO) Kak PakTop TeneroHuw, Korga HacNeayTCA NPU3HAKW NEPBOTO
camua-poauTens npu poxaeHun noToMCTBA TOW e CaMKOW OT BTOPOrO, TPeTbero 1
T.0. OTLOB.

Yto kacaeTcsa «aHoManuit» auHamukn JHK, obHapyxeHHbIx B paboTe [Matsumoto
etal, 1992], To B Ux BapuaHTe ONbITOB MOXET NPOUCXOAUTb aKLENLUA BHEWHUX (o-
HOBbIX (DM3MYECKMUX NONEN, BAUAIOWMX HA KBA3UCNOHTaHHYI0 auHamuky [HK. 3tot
BO3MOXHbII BKIaJ HE NPUHMMANCA B pacyeT aBTOpaMu, MO3TOMY 0OHAPYKEHH bl
aHOManbHbIN 3PGhEKT TaKKe OKasanca BHe NOHMMaHMA. MexaHM3M TaKoro poja
BNUAHUSA HOHOBBIX PU3NYECKUX NOJel Ha HeMHEeHYI0 AUHAMUKY OeNKOB npeano-
XeH paHee [[apses u ap., 1996(a); lapses v ap., 1996(6)]. OH ocHOBaH Ha B3auMo-
AENCTBMU BHEWHUX DU3MYECKUX NONEN C aTOMaMKU METaN0B, BXOAAWMX B COCTAB
aKTUBHbIX LLEHTPOB MHOTUX 6eNKOB. AHANIOTUYHbIE NYTU BAUAHUSA BHeWHMX (HOHO-
BbIX) W BHYTPEHHUX (IHAOTEHHbIX A1 Buocuctem) husmyeckux nonemn Ha AUHamu-
Ky HK, HaBepHOe, MMeloT MeCcTo, NOCKONbKY caxapo-docdatHblii octoB HK co-
AEPXUT Pa3NnyHble aCCOLMMPOBAHHbIE METAIbl, PO/ib KOTOPbIX HE YCTAHOB/IEHA U
MOJXXET 3aK/II04aTbCH MMEHHO B 3K30T€HHbIX BOJIHOBbIX 3HAKOBbIX OMOOPUEHTALMUAX
reHoma.
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[eHOM MHOTOKJ1IeTOYHbIX
KBAHTOBO HeJIoOKaNeH?

A diHwTeH u ero coTtpyaHuku b.lMopgonbckuit n H.Po3en [Einstein, Podolsky,
Rosen, 1935] Bbickazanu upet, CyTb KOTOPOW Ha NpUMepe 3eMeHTapHbIX YacTuL
cBonuTCA K cnepyiouiemy. KBaHTOBbIN 0ObEKT, B KAYECTBE KOTOPbIX MOTYT ObITb, Ha-
npumep, fiBa CBA3aHHbIX (GOTOHA, B NpoLecce pas3feneHns COXpaHalT HeKoe NoAo-
6ue nHpopmaunoHHON cBA3M (I heKT «CnyTbIBAHUA», «CBA3bIBAHUAY (entangle)).
pn 3TOM KBAaHTOBOE COCTOAHME OAHOTO, HANPUMep NONAPU3ALUA UK CMIUH, MOXKET
MFHOBEHHO BpPeMsA nepefaBaTbCA Ha ApYyron GOTOH, KOTOPbIA NPU 3TOM CTAHOBUTCH
aHanoroM Nepeoro, YTo KOANANCUpyeT, ucyesaeT U Ha06opoT. PaccTosHne Mexay
(OTOHaMU MOXKET ObITb NOOLIM. ITO ObIIO Ha3BaHO 3thheKToM, NapafaoKcoM MK
KaHanom JnHwTelHa-Mogonbckoro-Posena (3MP). Kak cuHoHuM 3Toro heHomeHa
NpUHAT Takxe TepMuH «KBaHToBas HenokanbHocTby (Quantum NonLocality), nop-
YepKWBAIOLWMNIA MTHOBEHHYIO pacnpefeneHHOCTb, HeNOKalbHOCTb B MPOCTPAHCTBE
COCTOAAHWUMN, CBA3AHHbIX NO KBAHTOBbIM COCTOAHUAM 37eMeHTapHbIX YacTuu. Kasa-
nocb 6bl, HAPYLWAETCA NPUHLMN NPUYUHHOCTU — CEACTBUE U NPUYMHA He pa3fe-
NeHbl BPEMEHEM, eC/I1 MOHMMATb BPeMsA KakK cnocob opraHu3auuu nocneoBatesib-
HOCTM COObITUIA. M03TOMY INHWTENH U COABTOPbI, HE pacnonaras Toraa 3HAHMAMU O
CNOXHOM CTPYKType BpeMeHu (K npumepy, 0 ero ppakTanbHOCTH), OLLEHMBANMU CBOKO
YMCTO TEOPETUYECKYIO, HO, TEM HE MeHee, JXeCTKO (hOpPMann30BaHHYI0, MOAENb Kak
HENPUAOXUMYIO K NPaKTUKE, IKCNePUMEHTY. ITO COCTOAHME NPOTUBOPEYUA TEOPUH
N BUOMMON Pu3nyeckoi peanbHocTn anunocb okono 30 net. 3atem [.benn [Bell,
1964; Bell, 1976] Takxe pa3sun uaeto 3P Ha coBpeMeHHOM ypoBHe. AKTUBHOE
yyactue B 3TOM npuHanu Takxe Y.beHHeT n coaBTopsl [Bennet et al, 1993]. Mmas-
Has TPYAHOCTb COCTOANA B TOM, YTO HEOOXOAUMO 6bINO B UX TEOPETUYECKMX NO-
CTPOEHMUAX He HapylaTb GyHAAMEeHTaNbHbIN MPUHLMUN KBAHTOBOW MeXaHWKH, Bbl-
BeAeHHbIN [ait3eHOeprom ans AyanucTMYHOro BELECTBEHHO-BOTHOBOIO COCTOSIHUA
KBAHTOBbIX 0OBEKTOB. ITO MPUHLMN HEONPELENEHHOCTN O HEBO3MOXHOCTU OfHO-
BPEMEHHOr0 NPaBUAbHOTO U3MEpPeHUs CBOWMCTB, Hanpumep GOTOHA KaK BOJTHbI U KaK
3/IeMeHTapHOM YacTuubl. ITa Nnpobnema Oblna CHATA MOCAE IKCNEPUMEHTANIbHOO
[l0Ka3aTeNbCTBa BO3MOXKHOCTU CyLLECTBOBAHUA «CMYTAHHOTO» COCTOAHUA 3NEMEH-
TapHbIX Y4aCTUL,.

B0o3MOXHO, TaKas «CNYTaHHOCTb» — 3TO 3/IEMEHTApPHOE OCHOBAHME nepegayn
reHeTMyeckon (U MeHTanbHOM) MHOPMALMKM MeXay OpraHM3Mamun, KOTOpPble MOX-
HO pPacCMaTpuBaTb KaK KOHTUHYYM 3/1IEMEHTApPHbIX YaCTUL, U B KOTOPbIX CBOWCTBA
MUKPOYPOBHSA HAxoJAT CBOe0OpPa3HOe OTPaXeHWe Ha MaKpOypoBHe. B Takom cny-
TaHHOM COCTOAHUM 06e YacTULbl OCTAOTCA YACTbIO OLHOM U TOW e KBAaHTOBOW CH-
CTeMbl TaK, YTO BCe, YTO Bbl fenaeTe Ha OAHOI M3 HUX NMPeLCKA3yeMO BIMAET Ha
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Apyryto. beHHeT 1 ero Koaneru CYMTatoT, YTO CNYTaHHbIE YACTULbI NPKU UX pa3pene-
HWM B NPOCTPAHCTBE MOTYT C/IYXKWUTb B KAYECTBE B3aMMHbIX KMEPEHOCYNKOBY» CBOUX
COCTOSIHUI 1, CnefoBaTenbHO MHOpPMAaL MK, APYr Ha ApYra, MOCKONbKY COCTOSHUE
4acTULbl — 3TO yKe MHdopmaums. lpasaa, B 3TOM cayyae MHGOPMALMIO HAAO MNO-
HMMaTb NpefesbHO pacWMPUTENbHO — Kak Ntoboe n3meHeHune. [Ins akcnepumeH-
TanbHoM peanu3aumm IMNP-kaHana, He06X0AMMO BbINO cocyllecTBOBaHMe Tpex do-
TOHOB — CMYTAHHOTO M [1BYX Pa3/ieTaloLMUXCs, YTO U ObINO OCYLECTBAEHO paboTamu
ABYX rpynn ucneposarenein — BeHCKOW, Bo3rnasnaemon AHToHoM LlonnunHrepom, u
puMCKoii, nof pykosoactsom ®paHuecko [le MapTuHu. OnbiTol rpynnbl LoinuHrepa
[Bouwmeester et al, 1997] goka3zanu BbinonHUMoCTb npuHumunos NP Ha npakTuke
ANS nepefayn yepes CBETOBOAbI COCTOAHUI MONAPU3ALUM MEXAY ABYMA (POTOHAMMY
NOCpeACTBOM TpeTbero Ha paccTosHuax fo 10 kunometpos. llocne 3T0ro OTKpLITUA
B BEAYLMX CTPAHaX 06CYXAAKTCA MOLLHbIE MPOrpaMMbl MO MPUMEHEHUIO 3TOTO (-
(heKTa gna CO34aHMA KBAHTOBbLIX ONTUYECKMX KOMMbIOTEPOB, rAe HOCUTENAMU WH-
cdopmauum 6yayT doToHbl. CKOPOCTb MX PaboThl M 06bEMbI MHPOPMALMKM ByayT Ha
LEeCATKWU NOPAAKOB NPEBOCXOMUTb TAKOBbIE Y CYLLECTBYIOLUX KOMNbIOTEPOB.

Wpes wcnonb3oBaHus ssneHus KBaHToBOW HenokanbHocT GuocuctemMamu
BeCbMa NpuBAEKaTesbHa 1 B MUPOBO33PEHYECKOM, U B NPaKTUYeCKOM nnaHax. OHa
XOPOLO COOTBETCTBYET HAWMWM JAHHbIM O BOJHOBOM 3HAKOBOM Ha3HAY€HUU reHo-
WHPOPMALMOHHO-METAbONNYECKUX U MEHTaNbHbIX apeanoB Ouocuctem. B 3tom
CMbiC/ie NEpBYIO, HO JOBONLHO CNabyto, NOMbITKY pa3obpaTbCs B NPUNOKUMOCTY
KoHuenuuwm 3MNP k Guocuctemam caenanu Heckonbko paHee [Josephson, Pallikari-
Viras, 1991]. B 370/ paboTe TeOpeTMYECKUI aHANIM3 CBOAMTCS NPEeUMyLLeCTBEHHO
K KOHCTaTaluu, 4TO BOCMpUATHE LENCTBUTENbHOCTU OpraHu3Mammn 6asupyeTcs Ha
WHOM W, B OMpefiesIeHHOM cMblcie, 60/1ee 3 hEKTUBHOM NPUHLMME, YEM TOT, YTO UC-
nonb3yetcs 6osee hopmManbHbIMU NpoLEAYPaMMU B HayKe. ITOT NPUHLMM, MO MbICU
aBTOPOB, B HEKOTOPbIX YCNOBUAX peann3yerca B «HeU3NYHbIX» UHTEPKOMMYHUKA-
LLMOHHbBIX 3HAKOBbIX B3aMMOAENCTBUAX He CTaTUCTUYECKOrO XapaKTepa Mexay npo-
CTPAHCTBEHHO pa3feneHHbIMKU Buocmuctemamu, To ectb B Tesenatuu. Eue pas no-
CTaBMM BONPOC, HO Bonee y3Ko, U He 3aTparunBas NpexaeBpeMeHHo npobnemy Tene-
natuu, — cpabaTtbiBaeT M ABJIeHNE KBAHTOBOI HENOKANIbHOCTMU B paboTe reHeTunye-
CKOro annapara Bblclwmnx 6uocuctem? Ecnu aa, To kKakum 06pasom? AcHoO, 4To faxe
npeanonoXeHus 3aeck OyayT HOCUTbL cyrybo npeaBapuUTeNbHbIA XapaKTep, OfHaKo,
Heob6XxoAMMOCTb B paboynx runoTesax cenyac yxe Haspena. B BoNHOBbIX Bepcusx
paboTbl reHoma [fapses, 1994, 1997] 3MNP-3achdekT aBnseTca )enateNbHbiM (HO He
006s3aTeNIbHbIM) 3BEHOM, KOTOPbINA IOTMYHO MOXET 3aMKHYTb LieMb PAaCCyXAEHUN O
BUM-tyHKumMsX reHoma. [peanonaraemble BOAHOBbIE NyTH paboTbl XPOMOCOM 06b-
ACHSAIOT, KaK MPOUCXOAUT CTPOUTENIbCTBO NPOCTPAHCTBEHHO-BPEMEHHOMN CTPYKTYPbI
BbICWMX 6MOCUCTEM NO BOSIHOBLIM U CEMAHTMYECKUM BeKTOpam paboTbl annapara
HacneAcTBeHHOCTU. Takue BeKTopa paboTatoT Yepes MexaHU3Mbl rofiorpaduyeckoii
NamMATM XPOMOCOMHOrO0 KOHTTMHYYMa W Yepe3 KBa3u-peyeBble MyTU NOCTPOEHUA
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BosHosou 2eHom. Teopusa u npakmuka.

OHK-PHK-benkos. CuuTbiBaHWE-CKaHWPOBAHWE reHOMa-6MOKOMMNbIOTEPA 3A€ech
NPOUCXOAUT, HANPUMEP, 33 CYET IHAOTEHHHbIX TA3ePHbIX U3NYYEHUA U CONUTOHHbIX
BO30YXEHNI1 reHOCTPYKTYP. HenokanbHOCTb reHOMa, KaK KOAMPYIOLWETO U OTYYX-
AaloLero reHoMHMOpPMaLMI0 XPOMOCOMHOTO KOHTUHYYM3, YXKe 3a0XeHa B ero ro-
norpauyeckux QyHKuUMAx. Takon copt MHGOpmMaLKUn pacnpeneneH B reHoMe, Kak
B rojorpamme u/uMnu KBasuronorpamme, 1 Kak Bo ppakrane OLHOBPEMEHHO. ITO
MOXEeT MMeTb MeCTOo, eC/I pacCMaTpuBaTb FEHOM C YUCTO BeLeCTBEHHbIX MO3ULNIA.
Ha Takom ypoBHe reHouHdopMaLmu elle He paboTaeT KBaHTOBAs BOJIHOBAsA Heno-
KanbHOCTb. [eHOroNOrpamMMa, eCim «CYUTHIBATLY €e BOJHOBbIM 06pa3oM, NPpUBOAUT
K TOMY, YTO BELLECTBO XPOMOCOM OTYYXAET 3HAKO-00pa3Hble BOSIHOBLIE (DPOHTHI B
KauyecTBe HanpasaswLWMx MopdoreHesa. 3T0 He06X0[MMO, B YaCTHOCTH, ANIA NOL-
[Eep}KaHMA CTabuNbHON NPOCTPAHCTBEHHO-BPEMEHHOW CTpYKTypbl 6uocuctemsl. C
3TOW LeNblo reHOMOM NO3TanHO M NOCAOMHO MOPOXAAeTCs CBOero poja «upaeanb-
Has» (BONHOBAA) MOAeNb — MNAH NOTEHLMANbHbIX BELWECTBEHHbIX CTPYKTYp Op-
raHu3ma. 31o nuws ogHa u3 BUM-HanpaBasowmx B CTPOUTENLCTBE MHOTOMEPHO
CTPYKTYpbl 6MOCUCTEMBI. B TAKOM NOHMMAHKUW MOAENb BELLECTBEHHO-BONIHOBO Op-
raHu3aumu GuocucTem ele He NosHa U TpebyeT pasBUTUS.

CywecTBeHHbIM fonoNHeHMeM Mor 6bl BbicTynath MP-mexaHu3M, no KpaiHen
Mepe Ha ypoBHe (POTOHHO-NA3epPHbIX U PafANOBONHOBLIX MPOLECCOB B XPOMOCOMAX
n 6enkax opraHn3moB. Takoi cnocob ynpaBieHUs XU3HEHHbIMU NPOLLECCaMu Npu-
AAeT NPUHLUMNKANBHO HOBblE NOTEHLMMN KNeTKaM U TKAHAM — BO3MOXHOCTb MpakK-
TUYECKU MTHOBEHHO nepefaBaTb OrPOMHbIE Ny/bl UHPOPMALUM MEXLY BCEMU KNeT-
KaMu 1 TKaHAMM BMOCUCTEMBI, HANPUMEP, Yepe3 NONAPU3ALUOHHBIA KaHan hOTOHOB
n paguoBonH. Ecnm Takon cnocob peaneH, TOrAa CTAHOBUTCSA MOHATHBIM, NOYEMyY
CTpaTernyecKne 3HaKoBble OMOMONEKY/Ibl — HYKIEeUHOBbIE KUCNOTHI U GeNKN nme-
10T L-M30MepHbI COCTaB KOMMOHEHTOB, CNUPaNbHYI0 3aKPYTKY U, COOTBETCTBEHHO,
AAPKO BbIPAXEHHYI0 CNOCOOHOCTL K AUCNEPCUM ONTUYECKOTO BPALLEHUS, KPYroBOMY
AUXPOU3MY U ABOWHOMY NiydenpenomneHuto. llo gpyromy noHMMaeTtca u GakT u3o-
MepHOI KBAHTOBAHHOCTU GMOOPraHMYeCcKUX MosieKyn. ACUMMETPUYHOCTb aTOMOB
GMoopraHMyYecknx MoIeKyN U cnefyolas oTcoLa M30Mepus — 3TO BO3MOXKHOCTb
ObICTPOrO AaBTOCHATUA BUOCUCTEMOI NONAPU3ALMOHHON, ronorpaduyeckoi u nHom
BELL,eCTBEHHO-BOJIHOBOW MH(OPMAL MM O COCTOSAHUM COOCTBEHHOrO MeTabonn3Ma
0 CBOEW TeKylen CUIOMUHYTHOW NPOCTPAHCTBEHHO-BPEMEHHOMN CTPYKTYpE.

oA 3TUM YrNOM 3peHUA HEOXKMAAHHYIO BaXKHOCTb A1 06bACHEHUA MEXaHU3MOB
NPUOHOBBIX MaToreHe30B NpuobpeTaeT HaKT cNOCOOHOCTU K LBOHOMY yyenpe-
nomneHuio arperatoB PrPsc (cm. Bbilwe), TO €CTb K aHOMaNbHOW AN GUOCUCTEMDI
MOAYNALUMM BEKTOPOB NONAPU3aLMUN COOCTBEHHbIX MHHOPMALMOHHBIX POTOHHbIX
NOTOKOB Yepe3 HapacTatLyio 6enkosyto maccy PrPsc B ronosHom mo3ry.

XapaKTepHO, 4TO ycnex 3KCNepPUMEHTANIbHON KBAHTOBOM TenenopTaLum 6bin fo-
CTUTHYT, B YaCTHOCTW, NOTOMY, YTO ANA reHepaunu OTOHOB, pa3BeLeHUsa UX B Npo-
CTPAHCTBE M WX «MPOrpamMMUPOBAHMUA» MCMNONb30BANM BONHOBOAbl (CBETOBOfbI),
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nasepbl ¢ YP-Hakaukoii n nonapusatopsl. PopmanbHo, nepeyncieHHble KOMNOHEH-
Tbl MMeIOT GMOaHaNoOrM B BUAE MUKPOTPYOOUYEK KNETOYHOrO AfApa M LMUTOMAA3Mbl,
KorepeHTHbIx n3nyyeHuin JHK n xpomocom. locnegHne ogHOBPEMEHHO ABAAOTCA
WHPOPMALMOHHBIMU GrUoNONApU3aTOPaMM COOCTBEHHBIX NA3EPHbIX WU3NYYEHUN, A
10, 4To [JHK 1 XpOMOCOMBI ABNAIOTCA Na3epOAKTUBHOWK CPeoM NOKA3anu Halwu npa-
Mble 3KkcnepumeHThl [Aranbuos, [apses u gp., 1996], hakTMyecku noaTBEPKAEHHbIE
ANOHCKUMU UCCNeaoBaTensaMu, Ho HecKonbKo no nHomy [Kawabe et al, 2002].

Honyctum, yto 3MP-hakTop cpabaTbiBaeT in vivo Kak (HaKTop KOHTPONSA TeKy-
LLero COCTOAHMA B3POC/IOro OpraH1M3ma OT MUKPO- A0 MAKpOypoBHA. Ho Kak OH
peanusyeTcs B aMbpuoreHese? Bo3MOXKHO, OH CAYKUT NOCPEAHUKOM NS BHYTPU- U
MEXKNeTo4yHOro nepeHoca BonHoBbix konuin [HK-PHK B pa3Hbix da3zax ux mHoro-
CNOXHOro yHKUMOHMpOBaHUA. He ncknioyeHo, 4to BUM-3ddekTsl Ha npenaparax
AHK, nonyyeHHble Hamu B 1985 1 1991 rogax u He3aBucumo rpynnoi P.lekopsl
B CLLA B 1990 rogy ABNAIOTCA pe3ynbTaTOM J0OKaNbHON KBAHTOBOW TenenopTayuu,
CMOHTAHHO NpoucxofAlwen npu nasepHom 3oHauposaHuu renein [HK B npouec-
ce CNeKTpoCKoNUU MeToLoM AUHAMUYECKOro Na3epHoro ceetopacceaHus. Bugumo,
B 3TOM BapMaHTe B3auMOJENCTBUA KOrepeHTHbIX GOTOHOB C GUOCTPYKTYpaMK no-
CNefHMe MOMM BbICTYNATh KaK XWUAKO-KPUCTANNIMYECKas CMCTEMA ONTUYECKMU aK-
TUBHbIX CBETOBOA0B, Pa3BOAALLNX NONAPM30BAHHbIE (DOTOHLI B NPOCTPAHCTBE C NO-
cnepylowmm o6MeHOM HdopMaumein mexay HUMK. B 3Toil e cucteme peanusyet-
CA M apyroi 3eKT C HOBLIM TUNOM NAMATU FTEHETUYECKUX CTPYKTYP HA OCHOBE AB-
nenuns ®epmu-llacta-Ynama. 310 CONPOBOXKAAETCHA BOSHUKHOBEHWUEM U30MOPHbIX
BPEMEHHbIX aBTOKOPPENALMOHHbIX PYyHKLMIN cBeTopaccesHnsa u BUM-addektamu
npu uccnegosaHuu npenapartoB [HK, 50S cybveauuuy, pubocom E.coli n konnare-
Ha [[apseB, 1994].

Ecnu 3MP-dakTop paboTaeT B GUOCKUCTEMAX, IOTUYHO CMPOCUTH, MOYEMY Op-
raHU3Mbl He OrpaHUUYNBAIOTCA CTONb IMPEKTUBHON POPMON MFHOBEHHOIO onepu-
poBaHus GuonHdopmauuein? [Ins 4yero B TaKOM Ciyyae GUOCUCTEME HYKHbI elLe U
MeANEHHO ABUKYLLMECSH HEPBHble MMMYAbCbi? MOXHO BbiCKa3aTb TONLKO Mpeano-
NIOXEHWE, YTO HEpPBHAA cucTeMa NoHagobunach BbICWMM OpraHM3Mam, 4Tobbl 3a-
TOPMO3UTb CIULWKOM BbICTpble MH(MOPMALMOHHbIE MPOLLECCH, K KOTOPbIM 3BO/IOLMUSA
6nocdepsl ele He nogowna. Ckopee Bcero, GyHKUUM HEPBHON CUCTEMbI U KBAH-
TOBOM HENOKANbHOCTM reHOMAa KOMMIEMEHTAPHbI U COCYLLECTBYIOT, MHOMAA [aBas
BCMJIECKM B BM[E MapaHOPMasbHbIX CMOCOOHOCTEN NtOfe-BblYUCNUTENEN, UNKN B
Tenenaruu.
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BonHosol 2eHom. Teopusa u npakmuka.

OHK
MNpamas n obpaTHaA TpaHCKPUNLMA
< TTTTTTTTTTTITIITIT TTTTTTTTTITTITITTITTIT] | mnPHK
CuHTe3
6enka | TPHK
e 4

N

AMUHOKNCNOTHAaA NocsiegoBaTeibHOCTb 6enka

Puc.1. MNepBblit NyTb KNOHUPOBAHMA NAPA3UTUYECKMX OENKOB in Vivo.
OHK

MpAman n obpaTHas TPaHCKPUMLUS I

CuHTe3 FTTrrrrrrrr e rrrrrrrrrrrrrrrrri MPHK
L nUrupoBaHne
benka LPJ\FJ\}JJ\FJ\}IJ\F_UJJJ_LU_U&PJ nonutpunnetos TPHK

~ ocTtatku TPHK

MAANCUHT aHTUK H "
Cnnainc a OAROHOBO \aMVIHOKVICJ'IOTHaFl
YacTu KOMMeK
ac o eKca nocsenoBaTesibHOCTb
nonu TPHK-6enok

benka

Puc.2. Bropoit nyTb KNOHMPOBAHUA Napa3nTUYeCcKnx 6enKkoB in vivo.
mépugHaa OHK 1+2

npamas n
obpaTHas
TpaHCcKpUNUmsa

[mépnaHaa MPHK 1+2

e

CuHte3 PHK-nonumepasa

6enka

[/ /7 777777
v—] | | | 1 | [ | I | | | | | |

benok 1
benok 2

Puc.3. MyTb KNOHMpOBaHMA accoumaToB (rMOpMAOB) NnapasuTuyeckux 6enkos in vivo. ben-
Kn 1+ 2 — HeKoBaNeHTHas accoumaLmns cyobeMHUL, HANPUMep, B TAKUX CIIOXKHbIX Oenkax,
kKak PHK-nonumepasa.
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BonHoBble KofoBble GYyHKLMM XPOMOCOM
Mo pa3MeTKe NPOCTPAHCTBA-BPEMEHM
buocuctem
(cm. Tapses., 1994, BonHoBOW reHoOM;
fapsaeB, 1997, BonHOBOW reHeTUYECKMI KOA)
n (nnn) KBaHTtoBas TenenopTtauna leHoB?

TopcMHHO-BaKyyMHble
MeXaH13Mbl MamMATH
Ha MPHK?

A[ BonHoBas d)OHOBO-KOHTeKCTHaFl

OopueHTaLma NOCTPOeHUA
XpPOMOCOMBDI nocnegoBaTenbHOCTEN
AMUHOKNCNOT NpU CUHTe3e
‘[ 6enkoB
OHK
CuHTe3s 6enka
ps Mpsmas n obpaTHas TpaHCKpUNLMa
T nPHK
[Mnotetnyeckas nonnaHTMkogoH-TPHK-3aBrcmasn
PHK - nonumepasa, paboTtatowas ¢ AUCKPETHbIMA
TPHK W/VnN AUTMPOBaHHBIMK NoNnaHTKogoHamu TPHK
—>[ | | | | | | | ]
benok

Puc. 4. 0606weHHas cxema moaudumumpoBaHHon LieHTpanbHON [lormbl MoneKynspHo-
BOJIHOBOW Guonoruu.
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BosiHOBble OMOKOMNbIOTEPHbIE
pyHKuuu JHK

B 1985roay ofiHUM 13 aBTOPOB ObINKN 3aIMKCMPOBAHbI HEOObIYHbIE KONlebaTebHblIE
pexxumbl IHK, pubocom n KonnareHa «in vitro» ¢ UCNONb30BaHUEM METOAA AWHa-
MUYECKOTO0 Ia3epHOro ceetTopaccesHus. HegaBHO 3T0 ObI10 NOATBEPKAEHO HAMU U,
B [LONOJHEHMe, 06HapyxeH heHoMeH TpaHCchOpPMaL MK Na3epHOro cBeTa B pajmno-
BoNHbI [[apsieB u gp., 1997; MpaHruweunu, lapses n gp., 2000].Takas TpaHcdopma-
LA CBA3aHA, BEPOATHO, C 3D(PEKTOM KBAHTOBOW HENNOKAIbHOCTU U perncTpupyeTca
pa3paboTaHHbIM HaMK MeToAoM. ECTb HEKOTOPbIE OCHOBAHMS NONAraTh, YTO FreHETH-
YeCKMit annapart BbiCWMX GuocucTem 061aaaeT CNOCOOHOCTbIO ObITb KBAHTOBO He-
NOKaNbHbIM. 3TO AAET BO3MOXHOCTb K/IeTKAM, TKAHAM WU OpraHu3My HaxoguTbCA B
CBEPXKOrepeHTHOM cOCTosHUM. lepeyncneHHble pe3ynbTaThl ele pas, Ho Ha bonee
BbICOKOM YPOBHE, NOATBEPXAAIOT Hally TEOPUIO BONHOBLIX reHoB [[apses, 1994;
lapses, 1997]. KntoueBbiM NONOXEHMEM ee ABNAETCA TO, YTO XPOMOCOMHbIN anna-
paT 6uocuctem hyHKLMOHUPYET OJHOBPEMEHHO KaK UCTOYHUK M NMPUEMHUK TeHo-
3HAKOBbIX N1a3ePHbIX, CONUTOHHBLIX U ronorpaduyeckux nonei. Kpome Ttoro, xpo-
MOCOMHbIA KOHTUHYYM MHOTOKNETOYHbIX OPraHU3MOB ABASAETCA HEKUM Nopobuem
CTAaTUKO-AUHAMUYHOW MYALTUNNEKCHON NPOCTPAHCTBEHHO-BPEMEHHOW roforpadu-
YECKOM peleTKu, B KOTOPOM CBEPHYTO NPOCTPAHCTBO-BPeMA opraHu3ma. Ho n atum
He MCYepnbIBATCA KOAMPYIOLME BO3MOXHOCTU FeHeTUYeCcKux cTpykTyp. lMocne-
poBatesnibHocTn Hykneotugos AHK, obpasytowme ronorpaduyeckme n/unm kpasu-
ronorpauyeckne peweTkn, GopMMpyIOT elle U TEKCTOBbIE peye-nofo0Hble CTPYK-
TYpbl, YTO CYLLECTBEHHO MEHAET HallK NPeACTaBNeHNA O FeHeTMYECKOM Koae. JBo-
nouus buocuctem co3fana reHeTMYeCcKne «TEKCTbI» U reHoM-OMOKOMNbIOTEP Kak
KBa3M-Pa3yMHbI «CYOBEKT», HA CBOEM YPOBHE «YMTAIOLWMA U NOHUMAIOLMUIAY 3TU
TeKCTbl. Ype3BblyaiiHO BaXHO AN 060CHOBAHWUA 3TOW 3N€eMEHTAPHOW «pa3yMHO-
CTU» TEHOMA, YTO eCTeCTBEHHbIe (He CYLWEeCTBEHHO HA KAaKOM A3bIKE) YesioBeyeckue
TEKCTbl U FeHeTUYECKNE KTEKCTbI» UMEIOT CXOLHble MAaTeMaTUKO-TMHIBUCTUYECKHE
W IHTPOMUINHO-CTAaTUCTUUYECKME XAPAKTEPUCTUKMU. ITO OTHOCUTCA, B YACTHOCTH, K
TaKOMY MOHATUIO, KaK PpaKTaNbHOCTb pacnpefeneHma nAOTHOCTU YaCTOT BCTpe-
4aeMoCTU OYKB B €CTECTBEHHbIX U FTEHETUYECKUX TEKCTAX (A1 FeHETUYECKUX KTeK-
cTOB» OYKBbl — 370 HyKneotuabl) [Maslov, Gariaev, 1994]. Huxe 6yayT npusefeHbl
NONYYEHHble HAMU pe3ynbTaTbl O CXOLCTBE TaKMX (PPAKTANOB ANA FeHETUYECKUX U
€CTEeCTBEHHbIX TEKCTOB.

Ewe oaHO nopTBepxAeHWe NMHIBUCTUYECKON TPAKTOBKM KOAOBbLIX (PYHKLMIA
reHoMa NoOJYYeHO aMepuKaHCKMMM uccnepoBaTensmu [Mantegna et al, 1994].
PaboTas C «KOAMPYIOLWMMU» U «HE KOAMpYWMMKy nocnegoBatenbHocTammu QHK
3yKapuoT (B pamMKax CTapblX NpeACTaBNAeHWIA O reHax), aBTOpbl NPULWAN K BbIBO-
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Ay, NpoTUBOpeYallemMy forMe 0 TOM, YTO 3HaKOBble DYHKL MU COCPEAOTOYEHbI TOMb-
ko B 6enok-wudpyowmx yyactkax JHK. OHu npumeHnnn meTop CTaTUCTUYECKOTO
aHaNn3a ecTeCTBEHHbIX U My3blKaNbHbIX TEKCTOB, M3BECTHbIN KaK 3aKoH Lunda-
MaHoenbbpota, M NPUHLUMN WU3OLITOYHOCTM TeKcToBOM WMHDopMauun LeHHOHa,
PacCcYMTbIBAEMbIN KAaK IHTPONUA TEKCTOB. B pe3ynbrate OKa3anocb, YTO HE KOAM-
pylolme panoHbl JHK 6onee cxoxu ¢ eCTeCTBEHHbIMU A3bIKaMu, YeM KOLMpYHoLLMe,
M 4YTO, BO3MOXHO, He KOAMPYIOLME NOCNeA0BATEIbHOCTU FEHETUYECKUX MONIEKYN
SIBNAOTCA OCHOBOM [ns opHoro (unu 6Gonee) Guonornyeckux s3bikos. ABTOPbI
pa3paboTanu TakKe CTAaTUCTUYECKMIA aNropuTM NOMCKA KOAMPYIOLWMX NOCiefoBa-
TenbHocTen [HK, KoTopbil BbISBUA, YTO GENOK-KOAMpYIOLWMe y4acTKu obnagatoT
CYLECTBEHHO MEHbLIMMU JANbHOLENCTBYIOWMMN KOPPENALUAMU NO CPABHEHUIO C
30HaMK, pasgenatowmmm 3Tn yyactku. Pacnpegenenme JHK-nocnepoBatensHocTen
0Ka3anoCb HACTObKO CIOXHbIM, YTO MCNONb30BAHHbIE METOAbI NepecTaBanu yano-
BNETBOPUTENLHO PaboTaTh yXKe Ha [/IMHax, npesbiWwatowux 103 napbl 0CHOBAHUI.
Pacnpepenenune Uunda-MaHgensbpoTta ans 4acToT BCTPEYAEMOCTM KCIOBY» C YUC-
JIOM HYKNEeoTUAoB 0T 3 Ao 8 NoKa3ano 6osbliee COOTBETCTBUE €CTECTBEHHOMY A3bI-
Ky He KOoAMpyloWmnx nocnefoBateNbHOCTEN MO CpaBHEHUIO € Kogupylowmnmu. Ewe
pa3 NojgyepKHEM, YTO KOAMPOBAHME aBTOPbl MOHMMAIOT KaK 3anucb UHGOpMaLUm
00 aMUHOKMCNOTHOW NOCNef0BaTeNbHOCTH, U TONbKO. VI B 3TOM napapjokc, 3acTa-
BUBLIMIN UX 3aABUTb, YTO He Koaupytowme pernoHsl [JHK — 370 He npocto «junk»
(«Mycop»), a CTPYKTYpbl, NpefHA3HAYEHHbIE AN KAKUX-TO LeNer C HeACHBIM NOoKa
Ha3HayeHueM. [lanbHOAENCTBYIOLME KOPPENALMM B 3TUX CTPYKTYpPax aBTOpaM TaK-
K€ HEMOHATHbI, XOTA M 0OHapyXeHa HapacTalowWwas CNOXHOCTb HE KOAUPYIOLLMUX
nocnefoBaTe/IbHOCTEN B 3BONIIOLMM BUOCUCTEM. ITU AAHHbIE NOJHOCTbIO COOTBET-
CTBYET HALIMM ULEAM O TOM, YTO HeKoaupytowme nocnegosarensHoctu AHK (a ato
95%-99% reHoma) ABNAKOTCA CTpaTerMyeckum MHMOPMALMUOHHBIM COLEpPKAHUEM
xpomocom. OHO MMeeT, Kak HaMm NpepCTaBiAeTCs, MaTepuanbHO-BOJHOBYIO MpU-
pofly, OHO MHOFOMEPHO M BbICTYNAET, B CYWHOCTH, KaK accoumatuBHO-obpa3Has
W NUHIBUCTUKO-BOJIHOBAS NMpOrpaMma 3MOpMoreHesa, CMbICJIOBOrO NPOLOMIKEHMS
M NOTMYECKOTo KOoHLa Ntoboit 6uocucteMbl. WHTYMTUBHO NOHAB 3TO, aBTOPbI C HO-
CTa/IbIrMYeCKOi rpyCTbio NPOLLAIOTCA CO CTAPOM M XOPOLIO MOCAYXUBLIEHA MOAENbIO
reHeTUYeCKoro Koaa, He npegnaras, npaBaa, HUYEro B3aMeH.
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[eHeTMYECKUU KO KaK BOJIHOBaA
3HaKOBasA CTPYKTYpa

Hawwu npencraBneHns o reHeTMYeCKOM KOAe LOMKHbI CYWECTBEHHO U3MEHUTbCA,
MHa4ye Mbl HUKOrga He cmoxem co3pgatb [JHK-komnbioTep. C 310N Lenblo Mbl no-
CTY/IMPOBAIN MEXaHW3M KOHTEKCTHO-BOJIHOBbIX OpMeHTauuit pubocom ans pele-
HMA NpobneMbl TOYHOro BbIOOPa aMMHOKMCNOTLI [[apseB u gp., 1999]. ITa npo-
6nema BO3HMKNA Cpa3y Npu CO3AAHWMM MOLENN FeHeTUYeCKoro Koaa Kak gaktop
HeonpeaeneHHOCTH B BblOOpe TPeTbero HyKIeoTuaa B KOAMPYIOLLEM aMUHOKUCIOTY
Tpunnete (wobble-runotesa ®.Kpuka). [Ina 1oro 4ytobbl NOHATH, KAKUM 0Opa3oM
0eNoK-CUHTE3UPYIOWMIA annapaT KNeTKU pelaeT 3Ty TUNUYHO IMHTBUCTUYECKYIO
npobnemy CHATUA OMOHUMUYECKON HeonpeLeneHHOCTU, HEOOXOAMMO BBECTM NOHSA-
TS (POHOBOrO NPUHLMNA, aCCOLMATUBHO-TrONOrpaduyeckor NamMaTn reHoma u ero
KBaHTOBOI HenokanbHocTu [Mpanruweunu, lapses u gp., 2000; Gariaev, Tertishniy,
1999; lapseB u ap., 1999; MpaHruwswunu, lapses u ap., 2000]. 3To 03HayaeT, 4To
reHOM MOXeT pacCMaTpMBaTLCA OfHOBPEMEHHO Ha YPOBHE BELWECTBA U KaK UAeasb-
Has (MeHTaNbHasA) CTPYKTYPA, TO €CTb KaK KBAHTOBbI 0OBLEKT.

YHuBepcanbHbIM MHMOPMALMOHHLIM NOCPEAHUKOM B CBEPTKE-pa3BepTKe 3Ha-
KOBbIX PerynsaTopHbIX CTPYKTYpP reHoMa-bMoKoMnbioTepa BbICTYNAOT 3HAOreHHbIE
bu13nyeckne nons oYeHb ManoN MOWHOCTH. ITU NONA NPOAYLMUPYET XPOMOCOMHBbIiA
annapat M OHW ABAAIOTCSA ObICTPbIM BONHOBbLIM FEHETUYECKUM WHPOPMALMOHHbLIM
KaHanoM, COEAMHAIOLWMUM XPOMOCOMbI OTAENbHbIX KNETOK OpPraHM3Ma B LLeIOCTHbIN
KOHTUHYYM, paboTatolmin kKak 6uokomnbioTep. KpaTko 0CHOBHbIE NONOXEHUS TeOo-
pUK BOJHOBbIX FEHOB (C y4€TOM KBAHTOBOW HENOKANIbHOCTM FEHOMA) MOXHO cop-
MyJIMPOBAThH C/ieayolMM 06pa3omM:

1. ConutoHHble u nasepHble nona OHK u xpomocom sABnATCA ONTUKO-
aKyCTO3NEKTPUYECKMM HENUHENHO-BONHOBLIM MPOLECCOM, OCYLECTBAAIOWMM 3a-
nacaHue, CYUTbIBaAHWE U NEPEHOC FrEHETUYECKON U LpYroil perynaTopHON NoneBon
WH(OPMaLMM B NPOCTPAHCTBE-BPEMEHN OPraHU3Ma,

2. LHK, xpomocombl 1 6enkun 6uocuctem paboTaioT B peXUME «AHTEHHbI», NPH-
HUMAOLWEN BHEIWHME aKYCTUYECKNE U 3NIeKTPOMArHMTHbIE NoJis, NPY 3TOM CBOWCTBA
TaKWUX aHTEHH MEHSIOTCA, OCYLECTBNAA yNpaBAAIOLWEe BAUAHUE HA OPraHU3M.

HMMAKOKPUCTaNNMYeCKnin. XpOMOCOMHbIA KOHTUHYYM ABNAETCA HeIMHENHO-
ONTUYECKOI Cpefoli M cnocobeH B onpefeneHHbIX YCNOBUAX PYHKLMOHMPOBATL Kak
nasep C nepecTpavBaeMbIMU AJMHAMMW BOJIH, @ TaKXKe KaK Nla3ep Ha CONUTOHax (Ha
TaK Ha3blBaeMblx PpennxoBckux mopax [Aranbuos, lapses u ap., 1996]

3. XpomocomHas [JHK, ABnAACb MCTOYHMKOM M NPUEMHUKOM Na3epHOro n3nyye-
HMSA, 3HAKOBO NONSPU3YET ero 1 OAHOBPEMEHHO NEPEBOAMUT €ro B paAnoLManasoH.
Mpu 3ToM 06pasyoLMecs NO MexaHU3My KBAHTOBOI HeNIOKanbHOCTU (TenenopTa-
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L1M) pafMoBOSIHbI M30MOPGHHO (3HAKOBO) MONSPU3YIOTCA B COOTBETCTBUM C NONSA-
pusauuamm GoToHoB. Takue paguoBO/IHbI MOTYT CNYXUTb HOCUTENAMU TEHETUKO-
MeTabonnyecKoit MHbOpMaLUM KaK B npeaenax 6MocMcTembl, TaK U BHe Heé.
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XpomocomHas 6MOKOHBepcUuA
()OTOHOB B LUMPOKONOJIOCHOE
3N1IeKTPOMArHUTHoe noJne.
JlokannsoBaHHbIe (POTOHbI

3TV nonoxeHus HeobX0AMMO YUUTHIBATL B 0OCYKAAEMOI 3[4eCh MMNOTETUYECKOI
MOAenu buokomnbloTepa, paboTaloLWero Ha reHeTUYeCKUX MoeKynax. PaccmoTtpum,
Kak opmupyloTca «in vitro» KOHBEPTMPOBAHHbIE U3 OTOHOB PaaMOU3NyYeHUs
reHoCTpyKTyp (npenapatbl Xuakux kpuctannos JHK). B Hawwnx akcnepumeHTax
[MpaHruwswnnu, fapses n gp., 2000] Mbl NnonyyYanu, BEPOATHO, TaK Ha3biBaeMbIe J10-
Kanu3oBaHHble unu cnyTaHHble (entangle) korepeHTHble POTOHBI C NOCNEAYIOWUM
NePMUCCUMBHO-TENIENOPTALMOHHBIM NpeBpaLleHNEM UX B PaAMOBOIHBI. ITOT Mpo-
LLecc NpoMcxXoann C ucnonb3oBaHnem ogHovyactHoro He-Ne nasepa ¢ MOWHOCTLIO
n3nyyeHus 2 MBT, AnnHON BOAHBI 632,8HM CO CTabUIbHLIM Pe30HATOPOM, YNpaB-
nAemMblM NOCPEACTBOM 3/1EKTPOHHOIO TepMocTaTupyowero snemenTa [Mpuoputer
Ha NATEHT Mo MeXAyHapoaHOM 3asBKe Ha n3obpeteHune N299/01/J1 o1 06.01.1999].
Mpu B3aMMOLeNCTBMM NA3epHOTO NyyKa C Xugkumu kpuctannamu OJHK (unu c nio-
ObIMU ApYruMKU 0ObEKTaMu), 1a3ep reHepMpoBan PaANOCUrHabI, pasnuyatoLmecs
no xapaktepy (cnektpy ®ypbe) B 3aBUCMMOCTU OT TUNA UCCAefyeMbix 06pa3LoB ¢
cnoco6os ux npurotoneHns. OgHUM U3 HEOOXOLMMbIX YCNOBUI LN reHepauum
NHK-3HaKoBbIX GMOAKTUBHLIX PAflMOBONIH ABAAETCA «TPpex3epKaibHas cxema». B
COOTBETCTBMU C Hell 30HAMpyeMblit 06bekT (OHK) oTpaxkaeT nasepHbiit Ny4ok B 06-
paTHO B pe30HATop Na3epa. XapaKTepHo, YTo cneunduyeckme MogynaLmm paguo-
CUrHasa npu 3TOM MOJIHOCTbIO COOTBETCTBYIOT U3MEHEHUIO BO BPEMEHW [BYMEPHbIX
CMeKN-KapTuH paccesHHoro npenaparamu [AHK ceeta.

B 3Tux 3KCnepuMMeHTax Mbl NOyYNAN NEPBUYHYIO MHPOPMALMIO O BO3SMOXKHOCTU
AONTOBPEMEHHOW 3anncy 61MoNorMYeckn akTUBHON UHAMUYHOW NONSPU3ALUOHHO-
Na3epHO-pafMOBONHOBOMN reHeTuYecKom nHdopmaummu c npenaparos [JHK Ha nasep-
HbIX 3€pKanax Kak Camoro nasepa, Tak ¥ Ha BHELWHUX Na3epHbIX 3epKanax, He ABNA-
loWMXCA YacTaAMM nasepa (CM. HUKe). Mbl npegnonaraem, YTo 3TOT PEHOMEH CBA3aH
C ABNeHMeM ioKanu3aunm (Cxatms) GOTOHHLIX NONEN B CUCTEME KOPPEIMPOBAHHbIX
pacceuBartesieil NazepHbix 3epkan. B ycnoBusx nnoxoro co6CTBEHHOIO NOMOWEHMSA
U3Ny4eHUs MaTepuanom Takux paccempateneil BHellHee CBETOBOE Mojie CNoCcoBHO
YOEPXKMBATLCS B CUCTEME B TEYEHME [JIMTENIbHOTO BpeMeHU 6e3 auccunaLum B py-
rue dopmbl 3Hepruu. MNpuynHa nokanmsauum cessaHa c uHTepdepeHunen MHoro-
KpaTHO pacCeAHHbIX BOH. BHeWHN 31eKTPOMArHuTHbIN curHan (B Hawem cayyae
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3TO Na3epHbIN Nyy, NPOMOAYANPOBAHHLIA NO nonapusauun npenapatom AHK, no-
Kanu3yetca («3anuCbiBAeTCA») B CUCTEME MeTaNl-COAepXKalLnX HEOAHOPOAHOCTEV
Na3epHbIX 3epKan. ITOT CUrHaN B AaNbHENWEM MOXET ObiTb «CYMTaH» Oe3 cyue-
CTBEHHOI NoTepu uHGopmauuu yxe B hopme n3omopcHo (No OTHOLWEHHUIO K PoTO-
HaM) NONAPU30BaHHbIX PAANOBOJH. B nosib3y 3Tx CO0OpaXKeHU CBUAETENBCTBYIOT
TEOpeTMYeCcKMe UCCNef0BaHNsA NO CKATbIM COCTOSIHUAM JIOKaNN30BaHHbIX (POTOHOB
[Maksimenko, 1999 (a); Maksimenko, 1999 (b); Maksimenko, 1999 (c)]. Ecnu Takas
«3anuUCb» Ha 3epKanax peasnbHa, TOrga CoaepXalime aToMbl METANNOB XUAKOKPU-
ctannuyeckue cnou IHK xpomocomHoro annapara (aHanoru 3epKas) Takxe MOXHO
paccmaTpuBaTh Kak paKTanbHyl0 Ccpefy HAKOMNEeHWUs NIOKANN30BaHHbIX (DOTOHOB,
CO3[AI0LLYI0 KOTePEHTHbI KOHTUHYYM C KBAHTOBO-HENIOKANbHO pacnpefeneHHoN
NoNApM3aLNOHHO-PAANOBONHOBO reHo-HGopMaLueir. 3To B ONpeaeNeHHoN mepe
COOTBETCTBYET paHee BbICKa3aHHON HaMM Uee KBAHTOBOI HENOKANIbHOCTU FeHOMa,
TOYHee ofjHOW 13 ee dopm [lapses u ap., 1999; Gariaev, Tertishniy, 1999; lapses
n op., 1999]. Bo3moxHO, cylwecTBYeT v pyro MexaHU3M nepexoaa KBaHTOB CBETA
KaK CONMTOHOB B PaanoBOSHbI. B paboTte TyxuHckn n coaBTopoBs [Tuszinski et al,
1984] noka3aHa CBfi3b, B3aWMOJOMNONHAEMOCTb fIBYX, Ka3anocCb Obl, HE3aBUCUMbIX
TEOPWii, B KOTOPbIX paccMaTpuBatoTcs fBe duanyeckue mopenu, obbsacHa0LWMeE
HeobblYHOEe MmoBefeHne 6MONOrMYECKUX cucTeM. ITU MOAeNnu npeanoxeHbl lep-
6eptom ®penuxom n AnekcaHgpom [aBblgoBbiM. Tak Ha3biBaeMble [laBblA0BCKME
CONMTOHbI, ONUCbIBalOLLME BO3OYKAEHWE, AeNOKANMU3aLMUI0 U ABUXKEHUE INEKTPO-
HOB BAOMb NENTUAHbIX Lienei 6enKoBbIX MoNekyn B popme yeMHEHHbIX BONH (CO-
NWTOHOB) JononHaeT u3secTHyto monens ®penuxa [Frolich, 1968; Frolich, 1972;
Frolich, 1975; Frolich, 1977], pa3sutyto B Hawein pabote [bnaropartckux, lapses
n ap., 1996], 0 BO3MOXHOCTW BbICOKO MOAAPM30BAHHOTO (KOrePeHTHOrOo, Na3epo-
NoA0OHOro) COCTOAAHMA Konebntowmuxcs gunonen MHGOPMaALUOHHbIX BUOMaKpPOMO-
neKyn, opunonen, BO3HMKawWmnx npu bose-koHaeHcaunn GOHOHOB 31EKTPOMArHUT-
HbiX BONH 6enkoB(10%2-10" Iy), AHK (10° Iy), membpan (0,5-10™ y). B ykazaHHOI
paboTe TyMHCKM M cOaBTOPOB [laBbILOBCKUIA FaMUIbTOHUAH TPaHCHOPMUPOBaH
B HOpPMasibHble KOOpAWHaTbl, PpennxoBCKUI raMUNbTOHMAH KAHOHUYECKM TpaHC-
cdopmMupoBaH B 3KBMBANEHTHYIO (OPMY B pamkax annpokcumauuu Xaptpu-®oka.
ABTOpbI NonaraioT, 4To Mofesnb [aMUAbLTOHMAHa cnocobHa cBsA3aTb 06e Teopuu, Ko-
TOpble MaTeMaTU4YeCcKW 3KBMUBANEHTHbI. Kpome Toro, 06e mMoaenu LONOAHAT Apyr
apyra ¢usnyeckn. bose-koHAeHcaLNUA BUOPALMOHHBIX MO GUOMNOAMMEPOB COOT-
BETCTBYET PAacNpOCTPAHEHUIO CONUTOHA BOAHLI nonsapusauun. M HaobopoT: conu-
TOHHbIA TPAHCNOPT FPAHUYHOM IHEPTrMM BAONb NENTULHON LEenyu CONpoBOXLAETCA
bo3e-koHaeHcaLuen peweToYHbiX BUOpaumuii 6uoctpyktyp. OTcloga cnepyet, yTto
COJIMTOH NOPOXAAET INEKTPOMArHUTHOE NOJe, @ 3TO, BO3MOXKHO, OAMH U3 MEXaHU3-
MOB 3(h(eKTa, KOTOPbLIA Mbl HAONOLAEM B 3KCNEPUMEHTAX, KOTAA OCLUANNPYIOLLMIA
ONTUYECKU CONUTOH-Opu3ep, oTobpaatowmii conutoHHble Bo30yxaeHus [OHK,
reHepupyeT ONTUKO-PE30HAHCHO YCUNEHHbIE PafnoBONHbI. Elle ogHa Mbicab, npu-
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BonHosol 2eHom. Teopusa u npakmuka.

BNIEKAIOLLAA BHUMAHME: KOHBEPCUA IHLOTEHHbIX KOrepeHTHbIX (DOTOHOB, reHepupy-
eMblX XpPOMOCOMaMMU, B PafiMOBOJIHbI B BUOCMCTEME MOXKET MPOUCXOLUTb MO KTPeX-
3epKaNbHON» MU «KMHOr03epKanbHOW» CXeMe Ha MHOTMOYMUCNIEHHbIX OTPaXatowmx
NOBEPXHOCTAX MeMOPAH, aHANOrMYHO HALWMM MOAENbHbIM ONnbiTam. B aTom cnyyae
KneToyHoe A4po (XpOMOCOMbI) BbICTYNAIOT KaK NIa3epHbi UCTOYHUK CBETA, @ MEM-
OpaHa KNeToYyHOro agpa U LMTonnasMaTuyeckne memopaHbl Kak noaynpo3payHble
3epkana. [loMeHHble CTeHKU XUAKOKPUCTANIUYECKUX CTPYKTYP KNETKU TaKXe MO-
YT CAYXUTb «3epKanamu» U OLHOBPEMEHHO ABAATLCA NPU 3TOM 30HAMPYEMbIMU
obbekTaMu. B TakoM cnyyae peanbHa BO3MOXHOCTb «in Vitro — in vivoy MaHuny-
INPOBATb CBETOBLIMU N1a3€PHbIMU MOTOKAMM, KOTOPble TPAHCMNOPTUPYIOTCA CIIOX-
HellWein ceTbio CBETOBO/OB XUBOW KNETKM U KOTOPblE, BEPOATHO, NpeobpasyioTcs
Ha KNeTOYHbIX CTPYKTYpax B PagvOBOJIHbI, Hecylne NHHOpPMaLMIO O CTPYKTYPHO-
MeTabonmyeckux nepectpoiikax. JlIokanmsauma u «3anmcb» Takoro pofa hOoTOHHO-
pPafMOBONHOBON UH(OPMALMM MOXET UCNONb30BATbCA KaK OCHOBA A/iA CO34aHUA
NCKYCCTBEHHO OMOKOMMNbIOTEPHOI NamMATU. B CBA3M € 3TUM, B NOpsAAKE HAY4YHOW NO-
NEeMUKN, MOXHO NPeaioXNUTb CO3AaTb AYENKM NAMATU Ha XUAKUX Kpuctannax JHK.
CunTbiBaHME MHGDOPMALMK C TAKMX AYEEK OCYLLECTBAETCA Na3epHbIM MYyYKOM B pe-
XMMax, pa3paboTaHHbIX Hamu. Kak ynoMmuHanoch Bblle, NepBUYHbIE IKCNEPUMEH-
TajlbHble pe3yNbTaTbl B 3TOM Hanpas/ieHU HaMU NOJIyYeHbI.
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HenoKasbHOCTb reHeTUYeCKOMU
uHopmaumnu «in vitro-in vivo

[eHeTMYecKas BonHOBaA MHdopmauma ¢ npenaparos [AHK, 3anucaHHas B nonapu-
3auusax cnyTaHHbix (entangled) GoToHOB, 6yAYYM KBAHTOBO-HENOKAIbHOM, NEPEXO-
ouT (pa3BopayMBaETCA) B LWMPOKOMNONOCHBIN PAANOBONHOBOM CNEKTP, MU30MOPHBbIN
nonspusaumam ¢hoToHoB. ImeHHO Moaynauuu nonapusaumm GOTOHOB-PaLUOBOJH
ONTUYECKM aKTUBHbIMM Monekynamu [HK aBnAoTCcAs nepeHoCYMKamum KBAHTOBO-
HesloKanbHOWM MopdoreHeTMYecKoi u, Wupe, MeTabonnyeckoin BoNHOBOW MHGOP-
Maumu. Mockonbky ®Pypbe-06pa3 pagMoCneKkTpoB CyLUIECTBEHHO 3aBUCUT OT TUMA
30HAMPYEMOTO BELLECTBA, Mbl MPEAMNONIOXUAN, YTO ITO ABNEHME MOXKET 1eYb B OCHO-
BY HOBOr0 BMAa CMEKTPOCKOMUM — MNONAPU3aALUMOHHO-Na3epHO-PaLMOBOIHOBOM
(NJIP-cnekTpockonus) [lMpaHruwsunu, fapses un gp., 2000]. PyHaameHTanbHbIM
thakTOM OKaszanocb HabnoaeHue, 4T0 POTOHHO-PALMOBONHOBbIE XaPAKTEPUCTUKM
pa3nuyHbix 06bekToB (MJIP-Pypbe-cnekTpbl KpUcTannos, Boabl, Metannos, AHK u
Ap.) 3aNOMUHAIOTCA Na3epHbIMK 3epKanaMu u «KUBYT» onpegeneHHoe spemsa. Cy-
LEeCTBEHHO, YTO 3TU «3epKanbHble cnekTpbly» (MJIP-namaTh) AMHaMUYHBI BO BpeMe-
HW, KaK M 3KBMBANEHTHbIE UM CMEKTPbl CaMOro HEeNOCPenCTBEHHO 30HAMPYEMOro
06bekTa. ITa BeCbMa CNOXHAA M BO MHOTOM HEMOHATHAsf HeNMHENHAs AMHAMUKA
C «NAMATbIO» MMeeT NOBTOPAIOWMECH BO BPEMEHU CNeKTpanbHble Gurypsl. Bos-
MOXHO, 1 3[leCb peanu3yetcs apneHune Bo3spara Pepmu-flacra-ynama conuToHHOTO
TWUNa, KOTOPOE Mbl yXKe Habnaanu B ciyyae HennHenHo guHamukn OHK npu cee-
TopacceaHumn Ha ee rensx [[apses, 1994]. XapakTepHble NOBTOPbI CMEKTPASIbHbIX
00pa30B MHAYLMPOBAHHbIX PafMOBONHOBLIX U3NyyeHuit npenapata JHK npusepe-
Hbl Ha Puc.4. 3T0 NnepBbI NpuMep TOro, YTO OTHOCUTENbHO CTaTUYHAA, MHOTOC/ION-
Has cpefa 3anucu (nasepHble 3epKana) XpaHuT B cebe AMHAMUYHYIO CNEKTPaNbHYIO
nHdopmaumto 06 ob6bekTax 3anucu. 06HapyxKeHHble HEHOMEHbBI MOTYT [aTb pearb-
Hble OCHOBAaHMA ANs pa3pabOTKWM NPUHUMNMANLHO HOBOTO TWMa BMAEO3anucK, a
TaK)Xe C034aHMA HOBOro KMHemarorpada.

Mpn panbHENWMX UccnefoBaHUAX 0OHApYXKMUNACk BbICOKas buonornyeckas (re-
HETMYeCKas) aKTUBHOCTb PAfMOBOJIH, FTeHEPUPYEMbIX B TAKUX YCIOBUAX Npenapara-
mu OHK. C nomouwbto Takux AHK-n3nyyeHunin Ham yaanoch Bbi3BaTb CBEPXOLICTPOE
pa3BuTUe KNybHen kapTodens BHe NoyBbl (YAAMHEHWE POCTKOB 10 1 CM B CYTKM) U
pe3kue n3MeHeHUs ero mopdoreHesa c 06pazoBaHMeM HebONbLWUX KNYOHEN He Ha
KOpHEBMLAX, @ Ha CTebnAX. ITU Ke M3/lyYeHUs 0Ka3anucb CNOCOOHbIMU Bbi3BaTb
CTaTUCTUYECKM JOCTOBEPHOE KOXMBJIEHMEY CTapblX U MepTBbIX ceMAH Arabidopsis
thaliana, B3aTbIX 13 30Hbl YepHoObINA B 1987 rogy. KoHTponbHble 061yyeHus no-
NAPU30BAHHLIMU PAAMOBOAHAMY, He coagepXawmnmu uHdopmaummn o JHK 6uonoru-
Yecku He akTuBHbI [Gariaev, Tertishniy, 1999]. B 3Toii cepun 3kcnepuMeHTOB Mbl
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NOAYYMNIN elle OAHO J0KA3aTeNbCTBO BO3MOXHOCTU CyLLECTBOBAHUA FreHEeTUYeCKOM
nHcdopmaummn B hopme NoNSpMU3aLMOHHO-Na3ePHO-PaANOBOIIHOBOTO (D13MYECKOrOo
nons. O TaKkoit BO3MOXKHOCTU BOT y)Ke 0KoNo 70 neT roBOpsAT U CNOpAT 61oioru.

Mbl npegnonaraem, 4To rMaBHbIN MHDOPMALMOHHBIM KaHAN B 3TUX IKCNEPUMEH-
Tax ¢ IHK — 61o3HaKoBble cBA3aHHbIe («CMyTaHHbIE») MOAYAALUM NONAPU3ALUNA
(hOTOHOB 1 PaAMOBONIH NpPU Nepexofax «(HOTOHbI<>PaANOBONHbI» C COXPAaHEHUEM
WH(OPMALMOHHOW CBA3M MEXAY HUMU B paMKax OAHOTO M3 BAPMAHTOB KBAHTO-
BON HeNoKaNbHOCTK (CM. Huxe). 1o 3TON NpuyMHe COBEPLIEHHO B MHOM paKypce
BUAMUTCA XOPOLWO M3BECTHbIA (DaKT, 4TO MHDOPMALMOHHbIE OBMOMAKPOMOEKYbl —
OHK, PHK 1 benkn — 06napaloT ApKO BblpaXKeHHOW CNOCOOHOCTbIO K AMcnepcuu
ONTUYECKOTO BpaLLEeHUs U KPYroBOMY AMXPOU3MY. ITO 0OHAPYKMBAETCS B Xapak-
TEPUCTUYECKOM (3aBMCUMOM OT ANMHbLI BONIHbI U OT CBOWCTB 06pa3La) BpaweHum
3/1eKTPOMArHUTHbIX BEKTOPOB (DOTOHOB U Pa3HOM MornoleHnn hoToHOB 0bpasLa-
MW B 3aBUCMMOCTM OT TUNa obpasua 1 oT TOro, BMPaBO W/IN BIEBO 3aKPYyYMBAIOTCS
3NEKTPUYECKUIA U MAarHUTHbLIA BeKTOpa nons OTOHOB. HU3KOMONEKyNnApHble KOM-
MOHEHTbl GUOCKUCTEM, TaKME KAK Caxapa, HYKNeoTUAbl, aMUHOKMCAOTbI, NOPGUPUHBI
W apyrue BellecTsa 061afatoT TOM e CnoCoOHOCTbIO. [0 CMX NMOp B 3TOM He BuAe-
nn 6uonormyeckoro cMbicna. Tenepsb e heHOMeH ONTUYECKON aKTUBHOCTU MOXET
ObITb NOHAT KaK 6a3a 15 NONYYEHNUS OPraHU3MOM Hencyeprnaemon nHGopmaLumm o
cobcTBeHHOM MeTabonunsme. NHdhopmMaums cUMTbIBAETCA IHAOTEHHBIMU TA3E€PHbLIMY
N3NYYEHUAMU XPOMOCOM, NEPEXOAALLUMU B PETYNATOPHOE (KCMbICNIOBOEY) pafno-
n3nyyeHue reHoma-6mokomnbtoTepa. CHUMAETCA ¥ NPOTUBOPEYME MEXKAY AJIMHAMM
PafMOBOJH TaKUX NMPEBPALLEHHbIX U3JTyYEHU U pa3mepamMu OpPraHn3MoB, KNETOK U
CyOKNETOYHBIX CTPYKTYP. B 37O CMTyaLum CMbICIOBbIE pe30HaHChl B NPOCTPAHCTBE-
BpeMeHU GMOCUCTEM NPOUCXOAAT He HA YpPOBHE [JIMH BOJSIH, @ HA YpPOBHe YacToT
W YIMOB NOBOPOTOB NOMAPMU3ALMOHHbBIX MOA. BMecTe ¢ Tem 310 M 6a3a Ais UCKyC-
CTBEHHOTO Na3epHO-PaANOBOHOBOTO «In Vitro — in vivo» CKAHMPOBAHUA OPraHun3-
Ma UM ero KOMNOHEHTOB, KaK HOBOTo BMAa cnekTpockonuu [[paHruwsunu, lapses,
2000].

MpencraBnseTcs, 4To 06CYKAAEMbIN CyYait KBAHTOBOM HENIOKANIbHOCTU XPOMO-
COM, KaK NposB/IeHNE HeIOKaNbHOCTU reHeTUYeCcKon MHOopMaLMK, ABNAETCA YacT-
HbIM Cly4aeM. HenoKanbHOCTb reHeTUYECKOW MH(OPMaLUK B BbICWIEN CTENEHU Xa-
PaKTepHa A8 MHOTOKNETOYHbIX OPraHM3MOB U pacnpegeneHa no ypoBHAM.

1-1 ypoBeHb — OpraHu3MeHHblil. HenokanbHOCTb 34eCb BblpaXKaeTca B CMO-
COOHOCTM K pereHepauumn, Hanpumep y Yyepseit nnaHapuit. Nocne paspesaHus Ta-
Kux yepBen ntobas YyacTb UX Tena [aeT Npu pereHepaumm Lenblit opraHusm. NHbimu
C/I0BaMW, B 3TOM C/ly4ae OTCYyTCTBYET NPUBA3Ka 06LWEro nyna reHeTU4ecKoit MHdop-
MaLMM K KaKOW-TO 4acTu buocuctemol. To )Ke OTHOCUTCS K BereTaTUBHOMY pa3MHO-
XEHUI0 pacTeHun.
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[1.M.lapses

2-1 ypOBEHb — KNETOYHbIN. V13 KaXJ0W KNeTKK, @ He TONbKO U3 3UroThbl, MOXHO
BbIPACTUTb LENblA OpraHu3M. [ns XUBOTHbIX GMOCUCTEM 3TO 3aTPyAHEHO, HO BO3-
MOXHO. Ka)kaas KneTka — noTeHUManbHbll KOHTUHYYM OpraHu3ma.

3-11 ypOBEeHb — KNEeTOYHO-ALEPHbIA. JHYKIeaunsa agep U3 COMaTuyecKux u no-
NOBbIX KNETOK C NOCNeAyiolnM BBEAeHNEM B HUX APYrux Afep He npenaTcTeyeT
Pa3BUTUIO HOPMANbHOrO opraHu3ma. KnoHMpoBaHMe TAaKOro pojaa yxe ocyuiect-
BAAIOT Ha BbICWIKNX BMOCMCTeMaX, HanpuMep, Ha oBuax. Kaxaoe KneToyHoe agpo —
TaKXe MoTeHUMaNbHbIA KOHTUHYYM GuocucTembl. JIoKanu3aLmum reHeTu4ecKnx no-
TEHLUMIN HA KAKUX-TO OTAENbHbIX KNeTKax HeT.

4-1 ypOBEHb — MONEKYNAPHbIA: pubocoMa «4nTaet MHdopmaumnoHHyo PHK
He TOJIbKO MO OTAeSIbHbIM KOAOHAM, HO U BCIO €e LeJIMKOM C Y4eTOM KOHTEKCTa, TO
eCTb HEeNOKabHO, KOHTUHYa/bHO.

5-1 ypOBEHb — XPOMOCOMHO-roNnorpaduyeckuit. leHom obnagaert ronorpacu-
yeckoi namatbio [[apses, 1996], a 3To TMNMYHO pacnpepeneHHas (HeNOKanbHas)
accoumnatusHaa namAatb. Ha 3ToM 1 nocnefyolwmnx YypoBHAX HENOKANbHOCTb MpU-
obpeTaeT HOBOE KayecTBO, [LyaJIMCTUYECKUI BeLLeCTBEHHO-BOIHOBOI XapaKTep,
NOCKOJIbKY rO/I0rpaMMbl KaK BELECTBO «MPOYMTLIBAIOTCA» 3NEKTPOMArHUTHLIMU 1/
UAN aKYCTUYECKUMU NONAMU, BBIHOCALLMMU FEHO-BOJIHOBYIO MH(OPMALMIO 3a npe-
[eNbl BelecTsa XpoMOCoM. Ha cueHy BbIxoguT dhu3ndeckoe none uamn nons, Kak Ka-
NMBpPOBOYHbIE, pa3mMeyatolyme byayLiee NPoCTPAHCTBO-BpeMs opraHusma. Cioga xe
OTHOCUTCA, BUAUMO, rofiorpadpuyeckas namaTb KOPbl rONOBHOMO MO3ra, 3aAatoLas
MeHTasIbHble, CMbIC/IOBbIE U 0Opa3Hble NPOCTPAHCTBA, KanubpyioLime (BEKTOpU3yio-
WKe) noTeHUManbHble LENCTBMUA BbICWMX GOCUCTEM. A 3TO y)Ke BbICWINIA, CoLMore-
HETUYeCKUiA apean paboTsbl reHoMa.

6-# ypOBEHb — KBAHTOBAA HENIOKaNbHOCTb XPOMOCOMHOIO KOHTMHyyMa. [lo
6-ro ypOBHA HENOKAIbHOCTb reHETUYECKON MHPOPMALLIMM peann3yeTca B NPOCTPaH-
CTBE U BpeMeHW opraHu3ma. [lpy 3TOM BpeMA M NPOCTPAHCTBO KOHCTAHTHbI U He
MMEIT rpaiMeHToOB (MCKPUBEHWIA). 6-1 YPOBEHb MMEET 0COObIN XapaKTep U HOBOE
kKayectBo. OHO NposABAAETCA B paMKax OAHOM M3 POPM KBAHTOBOW HENOKANbHOCTH,
a UMEHHO NepPMUCCUBHOW, NOCTYNIMPYEMOIl B Hawwel paboTe [lMpaHruwswunu, lapses
n ap., 2000]. B 3TomM cnyyae HenoKanbHOCTb peann3yeTca Kak Mo MpPOCTPAHCTBY
OMocucTEMBI, TaK U N0 ee COOCTBEHHbLIM, KCXXMMAEMbIM» IO HY/Is, NPOCTPAHCTBE-
BpemMeHu. MrHOBEHHO pacnpocTpaHAeMble TAKUMU CNOCOOaMu reHO-BOJTHOBbIE NPO-
rpammbl, U30MOpdHbIE BeWECTBEHHbIM, PAOOTAOT B OpraHU3Me «34ech U TaM OAHO-
BPEMEHHO», MO3TOMY YTPAYMBAET CMbIC/ CEMAHTUYECKAsA KOHCTPYKLUMA «CHavana u
notom». M 3to ctpaternyecknit haktop, HE0ObIYANHO BAXHOE ANl MHOTOK/IETOYHbIX
buocuctem 3BONIOLMOHHOE [OCTUKEHME. MUnanapabl KNeToK opraHu3Ma AoJIKHbl
«3HaTb» OpYr O Apyre ecau He BCE, TO OYEHb MHOroe (CTpaTerMyeckoe), Npuyem
MrHOBEHHO. be3 ABneHMs «BONHOBON MHPOPMALMOHHON MTHOBEHHOCTU» TUTAHT-
CKWIA MHOTOK/NETOYHbIA KOHTUHYYM BbICWIMX OMOCUCTEM HE CMOCOOEH LEeN0CTHO
KOOpAMHWUPOBATL MeTabonn3m, cBou dusmonorudeckue u apyrue byHkummn. Mex-
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KneTouyHas anddy3nsa CUrHanbHbIX BELWECTB U HEPBHbIE NPOLECChl CUWKOM UHep-
THbI Anf 3T0ro. [laxe ecnu fonycTuTb, YTO B MEXKNETOUYHOM nepefaye y4yacTByioT
3HAKOBblE 3/IeKTPOMArHUTHbIE NONA CO CBETOBLIMU CKOPOCTAMU, YTO JOCTATOYHO
BEPOATHO, TO W 3TOT0 HEAOCTaTo4yHO. HeobXoaMM MexaHW3M WMEHHO KBAHTOBO-
PafMOBOSIHOBON HENOKANbHOCTU, M OH NPUMEHUM K FeHeTUYeCKOMY annapary, Ko-
TOPbIA MOXET BbICTYNaTh KaK MTHOBEHHO pacnpefeNneHHblil pa3BepHyYThbI KBAHTO-
Bblii (BONIHOBOI) 06BEKT, N30MOPMHbIA CBEPHYTOI BELECTBEHHOW MH(OpMaLum
XPOMOCOMHOIO KOHTUHYYMA. Mlcnonb3ya Takylo HeNOoKaNbHOCTb, FreHeTUYeCKuin an-
napar BbICWIMX OMOCUCTEM CO3[AeT VAUBUTENbHOE fBNIEHWE, KOFLA B OnpeaeneH-
HbIX 3HAKOBbIX CUTyaLMAX B «CXJIOMHYTOM» NPOCTPaHCTBE-BPEMEHU GUOCUCTEMDI
«3[eCb 1 TaM», «CHa4yana u noToM» paboTaloT Kak Hepa3pbIBHOCTb, 0becneynBaio-
Ian OpraHu3mMam CynepKoOrepeHTHOCTb, MH(MOPMALMOHHYID CBEPXU3OLITOYHOCTS,
CBEPXUHGMOPMUPOBAHHOCTb, CBA3HOCTb U, KaK UTOT, LENOCTHOCTb (BbIXKMBAEMOCTD).
MposBieHneM 3Toro, Hanpumep, CAYXKNUT CNOCOOHOCTb K pereHepauuu opraHos
TKaHeln y HU3WKUX opraHu3moB (ruapsbl, Yepsu, amnoum, AuepuLbl, pakoobpas-
Hble), CNOCOOHOCTb, KOTOPAs B 3HAYUTENILHOMN CTENEHM yTPayeHa YenoBekoM. Ho ee
MOXHO aKTUBMPOBATb, Y4UTbIBAA Pa3BMBAEMble HAMWU NPUHLMUNbLI BONHOBOMN CaMo-
opraHu3auuu 6uocuctem. Mnnioctpauuein 3Toro CYKUT NepBOe B MUpe yCrelHoe
NPUXMBNEHNE UMMIAHTUPOBAHHBIX CIENOMY YesioBeKY LOHOPCKUX anfonaaHToB C
4aCTUYHbIM BOCCTAHOBNIEHMEM 3pEHUS, ocyliecTBAeHHOe I3.P.MynaawesbiM [Mynaa-
wes, 2000]. B ocHOBY npeonoruu Takow XMpypruyeckon onepawmm n pereHepaTus-
HbIX NPOLLECCOB ObINIM NONOXKEHbI HALWK UCCNe[0BaHMUSA, B TOM YACNE COBMECTHbIE C
3.P.Mynpawesbim [[Mpanruweunu, lapses n gp., 2000]. BmecTe ¢ Tem TeopeTuko-
3KCNepUMEHTaNbHble UCCNefoBaHNA B 3TON 06/1acTV 3HAHWUSA BCe elle HOCAT Ha-
YanbHbIA XapaKTep W HYXAAKTCA B JanbHenlweM PU3nMKo-MaTeMaTU4e€CKOM OCMbIC-
NEHUN U Pa3BUTUN.

B npumeHeHUM K OGMOKOMNbIOTEPAM aAHANOIM TaKWUX HENOKANbHbIX Npouec-
cos u [lJIP-namaATb, BO3MOXHO, CTAHYT OCHOBOW B pPa3BUTUU BbIYUCIAUTENb-
HOW TEeXHWKW BOOOWe. ITo OyaeT NojHAs CMeHa 3NeMeHTHON 6a3sbl U, B HEKOTO-
pOM CMbiC/ie, MOBTOPeHWe MNPOMAEHHOr0 Ha MyTU Pa3BUTUA BbIYUCIUTENbHON
TEXHUKWN Ha COBEPLIEHHO MHOM, KAayeCTBEHHO 0Oofiee BbLICOKOM, YPOBHE B psAay:
aHanoroBbln=>UndppoBon=>«0bpasHbin». MocneaHnin u byaeT ABNATLCA CMbIC/IO-
BbIM HENIOKaNibHbIM BOJIHOBbLIM KOMNbtoTepoM Ha [AHK.
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Yto Takoe «IHK-komnbloTEep»
N.AnpnemaHa?

OfHaKo NorMka pasBMTUA UCCNefoBaHWI B 3TOW 06NACTU NOHaYany WAET B MHOM
HanpasneHun. Monekynsl JHK ctanu ncnonb3oBath Kak YNCTO BeLEeCTBEHHbIE «Ma-
panneNbHO BblYUCAAIOWMEY CTPYKTYPLI. ITO Hayanoch B 1994 roay, koraa JleoHapa
ApnemaH, npodeccop BblYMCAUTENbHBIX HAayK 13 YHuBepcuTeTa HxHon Kanudop-
HWUW, NPeSNOXMUA anropuTm ucnonb3oBaHusa AHK gna peweHna ogHON 13 Bepcuit
«3apaun Kommuosixkepa» [Adleman L., 1994,]. 3ta 3apmaya ABAseTCs OfHUM U3
BbIPaXXEHWUN TaK Ha3blBaeMoi npobaembl [aMUNLTOHMAHOBCKOTO MyTn B TaXenbIX
MaTematuyeckmx 3agavyax (Hamiltonian Path Problem unu HPP), u oHa cBs3aHa c
nepe6opoM OrPOMHOrO YMC/Aa BAPMAHTOB BO3MOXHbLIX PELWEHUNA AN NONYyYEeHUS
ontumanbHoro. AgnemaH c nomouwbto «[HK-komnbloTMHra» pewun 3agady ons
7 ropoAoB 1 13 fopor Mexay HUMM, Koraa HeoOXOAMMO NPONOXKUTL KpaTYanLmnii
MapLpyT OLHOKPATHOrO NOCELEHMSA KAaXA0ro 3TuX ropofos. Notpebosanach Bcero
Hepena Ans NoNyvyeHWs OTBETA, B TO BPEMA KaK TPALWLMOHHLIM KOMNbOTEPAM No-
Hagobunock 66l HeckoNbKo NeT. Mpu 3TOM 6bINO MCNONb30BAHO DYHAAMEHTaNbHOE
fiBNeHne, cBoncTBeHHoe monekynam [JHK — cnocobHOCTb ee 0AMHOYHBIX Lieneit K
KOMMNAeMeHTapHbIM B3aMOY3HaBaHUAM. ITO ABNEHUE 3aKNI0YAETCA B TOM, YTO Nt0-
Oble hparmeHTbl Kaxaon U3 asyx uenoyek JHK HaxopsT B pactBope (Unn B cocTaBe
XPOMOCOM XWUBOW KNETKM) TOIbKO COOCTBEHHbIE, B HEKOTOPOM CMbIC/e 3epKaibHbIe,
NONOBUHKW 1 06pa3yloT HOPMaNbHY ABOWHYIO Cnupanb. 3TOT PeHOMEH ABNAETCS
OAHMM U3 NPOABIEHUII 00LEero CBONCTBA BbICOKOOPraHW30BaHHbIX OUOCTPYKTYP U
NOSIMMEPHbIX MOIEKYNSPHO-HALMONEKYNAPHbIX 00pa30BaHUil kK camocbopke. Tak in
vitro — in vivo camocobupatotcs pubocombl, MeMOPaHbI, XpOMOCOMbI, BUPYCHI K
caru. B Tom yncne v ogHonutesble [JHK. YcnewHocTs 1 6bICTPOTA CMOHTAHHbIX NO-
nckos nonosuHkamn OHK gpyr apyra, Kak akta camoopraHu3auumu (camocbopku)
M obecneymnm BbICOKYIO CKOPOCTb nepebopa BapMaHTOB B Npefenax «3afayun KoM-
MuUBOsKEPay. [pUUMHbBI ObICTPLIX U TOUHbIX B3aUMOy3HaBaHuUi nonosuHok OHK go
HeAlaBHEro BpeMeHu OblnM Hen3BEeCTHbI. A 3TO HEOObIYANHO BAXHO ANA PeanbHOro
co3panus IHK-komnbloTepa, n 06 3TOM peyb nonpeT HUxe. Heckonbko nogpobHee
0 mofenun ApnemaHa, NOCKOIbKY €ro v Hala NorMKu NPUHLMNKANLHO pa3anyaloTca.
Kak Mbl (1 He TONbKO) nonaraem, NyTb, KOTOPbI BbiOpan AaNeMaH U ero MHOro4Yuc-
neHHble nocneposarenu, ucnonb3ya OHK Kak «BblYMCAUTENBHYIO» CTPYKTYPY, He-
NnpaBUAbLHO UMK oueHnBaeTcs Kak Hekui IHK-komnbtoTuHr. Oasup [uddopa, oguH
U3 KpPYNHbIX aBTOPUTETOB B KOMMbIOTUHTE, MEPBbIM NOAAEPKABLWMIA AgNeMaHa, CKa-
3aN, 4TO «3TO HE MONEKYNAPHbLIA KOMNbIOTEP», U YTO 3TA TEXHUKA «...MOXET TOJIbKO
pewwarb HeKOTopble BUAbI KOMOWHATOPHbLIX NPO6/eM, 3TO HE YHUBEPCANbHbIA UK
nporpammupyemblit Komnblotep Tuna IBM PC» [50]. YT06bl NOHATH, NOYEMY NpaBbl
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Mbl 1 T dopa, kKopoTko paccmoTpum MeTop ApnemaHa. OH 0603HAYMA KaXKAblii ro-
POA Kak oTpe3ok ofHoTskHOM [LHK anuHoi B 20 ocHoBaHuMi1 (6a3) co cnyyaitHbiMu
nocnefoBaTeibHOCTAMU. [loporM Mexay KaXabiMu AByMs ropogamu Obinu npep-
CTaBJIeHbl KaK OTPe3KM KomnnemeHTapHbix oaHOTsXHbIX [HK B 20 6a3, koTopble
nepeKkpbIBaloT NONOBUHbI NyTel Mexay ropoaamu. lMpu atom cobntopaercs KaHo-
HMYecKoe MpaBUNO CnapuMBaHUA OCHOBaHWW B ABYTAXHbIX LHK: AgeHuH-TumuH,
lyaHuH-UuTto3umH. MNyTb Mexay 7 ropoaaMmn HauMHaeTca ¢ hparMeHTa ABYTAXKHOM
IHK, koTopas coeanHseT Kakue-nnbo aBa ropoaa. BaxHo, yto dpparmentos JHK,
0003HayaloWmMX KAKON-TO OAMH ropoj, MOXeT ObITb OoNblie YeM oauH. 3aTem bonee
100 munnunappoB panuoakTueHo meyveHbix «AHK-ropogos» n «JHK-nytei» 6binu
nepemellaHbl B npobupke 1 pa3mHoxeHbl hepmeHTtatusHoit HK-amnandukaymen.
Ha 3ToM, Kak cuutaet AgnemaH, «IHK-komnbloTUH» 3akaHumBaeTca. [lanee, 4ToObI
NoAy4nTb OTBET — ONTUMaNbHbIA NyTh (onpepeneHHble ppakuun OHK), peakum-
OHHYI0 CMeCb C «OTBETOM» 3/1eKTPOOPETUYECKM pa3fensnu ¢ TeM, 4Tobbl nony-
YUTb BCE NYTKH, UAYLLME OT «CTApTa» [0 «KOHUA». 3aTeM BbILENANN Te NyTH, KOTO-
pble TONIbKO pa3 NpPOXOAuAN Yepe3 7 rOpoAOB; BbIAENANU NyTU MeXAy 7 pasHbl-
mu ropogamun. N ecnm obHapyxueanu dpakuun «JHK-nyTeit» nocne atoro 3Tana,
TO OHW CYMTanUCb Hambonee onTUManbHbIMK («nobepuTensamuy»). B aTom u Gbino
«pelleHue» 3aJavnm KOMMUBOAXKepa. B npouecce HaxoXaeHUsA TaKoro «peleHuna»
OblIM 3a,€ACTBOBAHbI MUNAMAPALI NapaaNebHbIX 6bICTPO NPOMCXOAALMX KOMMNIIEe-
MEHTAPHbIX CMOHTAHHBIX (HE MPOrpaMMMpyeMblX YeNI0BEKOM) aKTOB «y3HABAHUIA»
ofHOTAXHbIX AHK M Munnnapabl CNOHTaHHLIX 3H3UMATUYECKUX PenNnKaLnin 3TUX
monekysn. Mpu 3TOM ¢ Manoi 3aTpaToit BpEMEHU 1 3Heprim obpasyeTcs HeUYTO Bpoae
«reHeTnyecKoro cyna». Takasa CKOPOCTb M TOYHOCTb MONEKYAAPHbIX NPOLLECCOB He-
MbICIMMA NS IKBUBANEHTHbIX Onepaunii B 4MGpOoBbIX INEKTPOHHbIX KOMMbIOTEPAX,
UCMONb3YIOLUX AETEPMUHUCTMYECKME BEKTOpa 06paboTkM uMHbopmauuun. B cny-
yae «[AHK-KkomMnbloTUHIa», KaK CYMTAOT, UCMONB3YIOTCA HE AeTepPMUHUCTUYECKUe
aKTbl 06PabOTKM BONbLWMX NapaNeNbHbIX MACCMBOB LUPP-OYKB (4-X HYKNEOTUAOB
OHK). Utak, AnropuTm peweHus [aMnnbTOHMAHOBCKOTO NyTH No AfjieMaHy TaKoB:

1. CnyyaiiHble nyTU NpeacTaBnaoTCca rpadom.

2. CoxpaHslTCA TONbKO Te MyTW, KOTOpble HauuHalTcA (B cCay4yae ropogos
A,B,C,D,E,F,G) co cTapTa B ropofie A 1 3akaHuuBatoTCs B ropoge G.

3. Ecnu ropog MmeeT n ropofoB, COXPAHATCA TONbKO NyTU B N rOpoAoB (n=7).

4. CoxpaHATCA TONBKO Te MyTH, KOTOPble MPOXOAAT BCE rOPOAA OAHAXKAbI.

5. Jltobble oCTaBWMECS NYTU ABAAIOTCSA PeLeHUAMMN.

MonekynspHo-61onornyeckume Tansl NOAYYEHUS pelleHns CBOAATCA K Cleayto-

WMM onepauusam:

a) CUHTE3 OfHOTAXHbIX [HK;

0) pa3peneHune ux no AnuHe ¢ BbluneHennem 20-6a3osbix JHK;

B) CMellMBaHMe UX B NpobupKax;

r) BoigeneHune Huten JHK c n3BecTHbIMM NocnefoBaTeNbHOCTAMY;
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[1) BblAeneHune peaccoumaLnein KomnaemeHTapHbix ABYTAXHbIX JHK;

e) PCR-amnnundukauusa (pasmuoxenue) OHK;

XK) pa3pe3saHue AHK pecTtpukrazamu;

3) nurnpoBanue JHK, KoMnnemMeHTapHbIX MO «UMKUM» KOHLAM;

W) onpepeneHue nNpPUCYTCTBUSA MNM OTCYTCTBUA MeyeHblx [HK B TectoBbix
npobupkax.

KakoBa 3pdheKTBHOCTL paboThl TaKOW CUCTEMbl «BblYUCNEHUII»? B TO Bpems
KaK cyliecTBylolwmne uudposble KomnbtloTepsl npou3sonat 10° onepaunit Ha [xo-
ynb, «AHK-komnbtloTep» moxeT genatb 2-10% onepauuii Ha [xoynb, To ecTb B 10%
6onee achekTusHo. MnoTHoCTb MHGOpMaummn B AHK — 1 6uT/nm3, a B cyliecTByto-
wux komnbtotepax 102 nm? copepxar 1 6mt [Bass, 1995].

N Bce-Taku, aBnsetca nu Takas pabota [JHK B pamkax Takoi meToponoruu pabo-
TOM KomnbtoTepa? Het. B 3TOM BapnaHTe, B KOHTPOAUPYEMBIX YCIOBUAX, CMOHTAHHO,
B MapanfesibHblX pexunmax HapabaTbiBaeTcs orpoMHoe konudectso «JHK-nyteiy.
B ToM yncne u npaBunbHbIX (ONTUManbHbIX). [lanee HayMHaeTCs COOCTBEHHO KOM-
NbIOTUHT, HO OH ocyuwecTBasetcs nogbmu. OcmblicieHHOe BblgeneHue pakumit
OHK — 310 1 ecTb npouecc nonyyeHus pelleHns 3agaynm KoMmusoskepa. B ponu
KOMMblOTEPA 34€Chb BbICTYNAET YE/I0BEK, €r0 MEHTAaNbHOE y4yacTue ecTb yCNoBMeE No-
nyyeHune oteeTa. Ho 370 He yyacTue B nporpammupoBanun AHK, yto conmxano 6bl
TaKyto paboTy c u3BecTHbIM UMpoBbiM KoMnbloTUHTOM. [IHK yxe cama no cebe
«3anporpamMmMpoBaHa» Ha KOMNNEMEHTAPHOCTb B XOA4E 3BONIIOLMM KUBbIX CUCTEM.
OpnHoHuTeBble JHK n3HayanbHO cnocobHbI K B3aMoy3HaBaHUAM. [IpMHLMNMANBHO,
4TO KOMMaeMeHTapHOCTb AfeHUH-TUMUH, [yaHUH-LUMTO3MH TONbKO Ha nocnegHux
3Tanax obecneympaeTcs 6AM3KO JENCTBYIOWMMU BOLOPOLHbIMU CBA3AMU MEXAY
a30TUCTbIMM OCHOBAHMAMMU. [IpeBapuUTeNbHbIE NPULENbHBIE KHABOAKU» KAaK MEXAY
opHoHuTeBbiMM [IHK, Tak u mexpay TPHK-MPHK aHTureHom-aHTMTENOM M T.O. OCY-
LWeCTBNAIOTCA HA YPOBHE JaNbHUX BOJHOBbLIX B3aMMOLENCTBUIN (Ky3HABAHUII»). ITY
cnocobHocTtb [JHK MOXXHO Ha3BaTb 3/IeMEHTApHO NOTEHLUMEN K pacno3HaHWUto 06-
pa30B, a CNefoBaTebHO, KOMNbLIOTUHTY. HO 3TO ABNEeHME LPYroro poaa, a UMEHHO,
OHK-BonHOBOW KOMNbIOTUHT. MpuHuMnuansHoe otanyune JHK-BonHOBOro KomMnbto-
TUHFA OT 3/1EKTPOHHO-LMU(POBOro B TOM, YTO OH ONepuUpyeT obpa3amu U KBasu-
peyeBbiMU nocTpoeHusamu [Maslov, Gariaev, 1994]. Takoit GuokomnbloTep paboTaet
He ¢ uudpamu, Kak IKBUBaNeHTaMu 6oraTcTea (Takoro, Hanpumep, Kak BatTa), a C
camum 6oratcTBoM. Kak ynoMmuHanock, «3aa4ym KOMMUBOSKEPA» YCMEWHO U CNOH-
TaHHO, 6€3 MEHTANLHOTO Y4acTUA YENOBEKA, PeLaoTCA B TaKMUX aKTax CaMoCOopKu
in vitro — in vivo, kak 6uoreHe3 pubocom, BUpPYCOB, MeMOpaH, noancyobeguHNY-
HbIX 6€NKOB, a TaKXe B MPOL,eccax CaMoopraHu13aLm XpoMOCOMHOrO annapara no-
cne MMTO3a U Meino3a. Kpome TOro, 3Tm MexaHM3Mbl UCMONb3YIOTCA KUBOIN KNETKOM
NPy HaxoXAeHUW nyTein cONMKeHUn B peakuusax aHTureH-aHtuteno, TPHK-mPHK,
6enok-peuentop 1 T.4. B 3Tux akTax gocturaetcs ObICTPbI Nnepebop U HaxoxAeHue

84



BosHosou 2eHom. Teopusa u npakmuka.

ONTMMANIbHbIX BOJIHOBbIX BEKTOPOB CAaMOOpPraH13aLmMm 6MoCcnCTeM, BbICIIMM NPOSIB-
NIeHMeM KOTOPOii CNyXKUT GuomopdoreHes.

Mapannennsm un amnan@uKkaumna pectpukTHoix dparmeHtoB [JHK ¢ pasmHoxe-
HMEeM MHOXeCTBA «pPeleHn» B MOAENN KKOMMNbIOTUHIa» AfJieMaHa MOXHO TaKxe
paccMaTpuBaTh Kak obpa3el, MCKYCCTBEHHON HeNOKaNbHOCTM CO3/1aBaeMbiX B Npo-
CTPaHCTBE peaKuMOoHHbIX Npobupok «[HK-cMbicnoBbIX» apeanos, NOCKOMbKY OT-
CYTCTBYET NPOCTPAHCTBEHHAA M BPEMEHHAS NPUBA3KA TOYHOTO «PELIeHUA» 3afaum
KoMMUBOSXepa. JIOKanbHOCTb 3[eCb BO3HMKAET TOJILKO NOCAEe NPUHATUA UCTUH-
HOrO pelleHns B NOKaNbHOM rofioBe YenoBeka, nocsie otbopa UM onpepeneHHbIX
dpakumit « IHK-nobegutenemny.

MpaBunbHoe u 3 dpekTnBHoe ncnonb3osanme AHK kak ocHoBHoOro nHdopma-
LLMOHHOTO 371eMeHTa NOTEHLMANbHOr0 OMOKOMMbIOTEPA HEMbBICAUMO 6€3 NoHMMa-
HUA HOBbIX (DYHKLUMI reHeTMYecKUx Mosiekyn B Guocuctemax. Kasanocb Obl, OT-
HocuTenbHO ponun [HK Bce ACHO — AABHO OTKPLIT rEHETUYECKUI KOA, UMEeTCs C
NONIOXKMHbI HOOENEeBCKMX NaypeatoB. Bpoae Obl, HANULO U ycnexu B FeHHOW UH-
xeHepuun. OAHAKO B MocnefHNUe rofbl BbIACHUNOCH, YTO BCE [ANEKO He Tak 6e306-
nayHo. MakTnyeckm ceityac reHeTUKa U IMOPUONOTUS BbIWAM HA HOBbI YPOBEHD,
Koraa nony4yeHHbix 3HaHuin o [QJHK Kak HocuTena n3BeCcTHOro TpUNAETHOro Kopa
0enKoB OKa3blBaeTCA HeAoCTaTo4YHO. KaK 1 fecaTuneTms Hasag Mbl He 3HAEM [MaB-
HOr0O — KakuM 06pa3om 3anucaHa MHGopMaLma 0 CTPOEHUM HALLEro TeNa B XpOMo-
coMax, Kak oHa cuymTbiBaeTcs. 06LenprUHATas MOAENb FeHeTUYECKOro Koaa — Nullb
cnaboe npubAMKEHNE K MOHUMAHWUIO MPOrpaMM CO3[aHNUs OpraHu3Ma. Ye To, 4To
Takas mogenb npegnonaraet 6onbwyio yacte JHK B Xxpomocomax «MycOpHOM», He
BbINMONHAOWMMU HUKAKON PONU, CTaBUT NOA COMHEHMWE ee NpPaBUAbHOCTb. IMeHHO
3Ta «HEe KOAMPYIOLWAsA» 4acTb XPOMOCOMHOIO MaTepuana TpebyeT MHOTO MbILWEHUS,
0cobeHHO B nonbiTKax co3fath [JHK-koMnbloTep, He TOBOPS YXKe 0 HalleM XenaHuu
NOHATb (PEHOMEH BO3HUKHOBEHMA KU3HMU.
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A3bIKOBBIU NAOPANU3M
reHeTUYECKOro annapara

U MO enupoBaHue 3HaKOBbIX
BOJIHOBbIX NPOLLECCOB B XpPOMOCOMAX.
Boixoa Ha IHK-6MoKoMNbIOTUHT

HanoMHUM, 4TO XpOMOCOMHbIVA annapaT KakK CMCTEMA, 3aNMCbiBAOLLAA, COXPAHALD-
lWas, U3MEHAIOWAA U TPAHCANPYIOLLAA reHeTUYeCKy MH(POPMaLMIO, MOXeT paccma-
TPMBATLCA OAHOBPEMEHHO Ha YpOBHe BelecTBa M HAa ypOBHE AOCTAaTOYHO XOPOLLO
n3ydeHHbIXx Pusnyeckux Monei, KOTOPbIMU KaK HOCUTENSMU FEHETUYECKOW 1 0bLLe-
perynsatopHoi uHdopmauum onepupyet KoHTUHYYM monekyn JHK, PHK u 6enkos.
3pech peanu3yloTcs, Kak noKasanu HaWwm nccnefoBaHus, Hen3BecTHble paHee BUAbI
namATH (CONUTOHHASA, ronorpaduyeckas, NONAPMU3aLNOHHAA) U NPU ITOM MOJEKY-
nbl QHK moryT paboTtaTh Kak Guonasepsl U Kak cpeaa 3anucu na3epHoro curHana
[Aranbuos, lapses v ap., 1996; lapses, 1994]. Kpome Toro, Mbl 06HapyXuu, 4to
OHK cnocobHa u3ny4yaTb MHAYLMPOBAHHOE /1a3€pOM LIMPOKOMONOCHOE 3/1eKTPO-
MarHMTHOE pPaAnOoBOIHOBOE Nose (CM. Bbilwe). PaccmaTpuBaeMblil € TaKUX NO3ULMIA
reHeTUYecKuit Kog GyaeT CyLecTBEHHO MHbLIM MO CPAaBHEHUIO C KKAaHOHWUYECKOWY,
HO HETOYHON Mofenbto. MpeXHAs MoAeNb reHETUYECKOro KOAa MOXeT 00bACHUTD
TONIbKO MEeXaHM3Mbl GUOCUHTE3a OENKOB XMBbIX OpraHM3MoB. [03TOMY OHa ABNseT-
CA CUCTEMOI TPAKTOBOK NNLWb HaYaNbHbIX 3BEHbEB B CIOXHON MEPApXMUYeCKoii Le-
NOYKe BeLleCTBEHHbIX U BOJHOBbIX rOfIorpaduyecKnx, CeMMOTUKO-CEMAHTUYECKUX,
B 06leM cnyyae 0bpasHbIX, KOAUPYIOLWNX U AEKOAUPYIOWNX DYHKLUA XPOMOCOM.
Monekynbl JHK — Kak reHo-3HaKoBblii KOHTUHYYM 060 6uocucTemMbl Cnocob-
Hbl K pOpMUPOBaHMIO NPOOOPaA30B BUOCTPYKTYP U OpraHM3Ma B LEIOM KaK peecTp
AVHAMWUYHBIX, CMEHAIOWMX APYr APYra «BOJIHOBbIX KOMUIY» WUAU «MATPUL», M30-
MOP(MHbIX APXUTEKTOHWKE OPraHU3MOB. ITOT KOHTUHYYM ABNAETCA PA3METOYHbIM,
KannObpOBOYHLIM MONEM [/ MOCTPOEHUs Buocuctembl. B 3ToM nnaHe mMexaHWU3M
ObICTPOro ¥ TOYHOrO B3aMMOY3HaBaHUA 0AHOTAXHbIX [JHK, KoTopbiM BOCMO/b30-
BaNICA JANEeMaH A1a pelleHna «3aaaqynm KOMMUBOAXKEepa» — JNLb OAUH U3 CNOCO-
60B camoopraHusauuu buocuctem. BsanmoysHaBaHue, B YaCTHOCTU, MPOUCXOAUT
notomy, 4yto B Monekynax [JHK 3apoxpatotcs ocobble CBEPXYCTONUYMBbIE aKYCTUKO-
3N€KTPOMArHUTHbBIE BOJIHbI, CONUTOHbI, HEKOTOPbIE Pa3HOBUAHOCTU KOTOPbIX MOXHO
TpaKTOBaTb B paMKax OTKpbIToro B 1949 ropy. seneHus Bo3spata ®epmu-Macra-
Ynama (®MNY). Takue conutonbl AHK obnapatot namaTbio, CBOWCTBEHHON ABNEHUIO
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®MNY-so3spata. OHa BbIpaXaeTcs B TOM, YTO HENIMHEHbIE CUCTEMbI CMOCOOHbI NOM-
HUTb HaYasibHble MOAbl BO3OYXAEHWUI M NEPUOLNYECKM K HUM «BO3BPaALLaTbCA». Ha-
NOMHUM, 4TO Xuakue Kpuctannel JHK B cocTaBe XpOMOCOM — 3T0 TUNUYHAS HENU-
HeiHaa cuctema. [pyron tun namatm JHK-KOHTMHYYMa B opraHM3me — KBa3uro-
norpadumyeckas, oHa e U ppakTanbHas, NOCKONbKY Ntobas ronorpamMmma ectb hpak-
Tan. Takas NamAaTb — OAHO W3 NPOSBJEHUIA HENOKaNbHOCTU reHoMa (CM. Bbille)
W OHa cBsA3aHa C (yHAAMEHTa/bHbIM CBONCTBOM OMOCUCTEM — BOCCTAHABAMBATD
Lenoe 13 CBOe 4acTu. ITO CBOMCTBO XOPOLIO M3BECTHO (YEPEHKOBAHME PaCcTeHUN,
pereHepalusa XBoCTa y fllepuLl, pereHepauua Lenoro opraHM3ma u3 ALeKneTku).
Haunbonee passutas dopma Takoit namaTu — ronorpacmyeckas (accoumnatuBHas)
NamaATb KOPbl FONIOBHOrO MO3ra, TO eCTb HEMPOHOB. Bce 3Tn pe3ynbTaThl NpUBOAAT-
cA 3[eCb TONbKO NOTOMY, 4TO GecnepcnekTBHO paccyxpaaTte o [JHK-komnbtoTepe,
Aaxe pewuns ¢ nomoubio monekyn [AHK «3agayy KOMMUBOSIKEPa», €CNN HE YUUTbI-
BaTb HOBYIO IOTMKY B MOHUMAHUM BOJTHOBbIX 3HAKOBbIX, KOAUPYIOWMX OUODYHKL M
OHK.

YepuHeHHble BoaHbl (conutoHbl) AHK, npoberatowume no ee anvHe, MOryT Bbl-
CTyNaTb B KAYECTBE «CYOBLEKTOB YTEHUS» 3HAKOBbLIX CTPYKTYP reHoma. Takyto ponb
BbINOJHAIOT BOJIHbI KPYTU/bHbIX KONe6aHWN HYKNEOTUAOB B OAHOTAXHbLIX y4acT-
kax OHK, a Takxe B PHK [bnaropatckux, lapses u ap., 1996]. 3HakoBas koneba-
TeNIbHAA AMHAMMUKA TaKMX KPYYEHUN HYKIEOTUOOB ABNAETCA, BEPOATHO, OAHON U3
MHOTUX HEeNUHENHO-AUHAMUYECKUX CEMUOTMYECKUX 00pa3oBaHuMii reHoma. Yto
Kacaetcs TepMmuHa «TeKcTbl [JHK», KOoTOpbIi Obl1 B3AT B3aiMbl Y IMHIBUCTOB ANSA
MeTachopuyeckoro ynotpebneHuns, To OKasbiBaeTca 3Ta TekcToBas cTpykTypa AHK
AENCTBUTENbHO CPOAHM YeNoBeYyeCcKon peun. Hawm mateMaTuKo-NMHIBUCTUYECKKE
nccnenosaHus [Maslov, Gariaev, 1994; Tpy6Hukos, lapsies, 1995; lapses, JleoHOBa,
1996,] noka3anu, 4To TaKOW KAtOYeBOW napameTp, Kak dpakTanbHOCTb, €AUH ANA
AHK 1 yenoBeyeckoin peun. IT0 BUAHO Npu cpaBHeHun Puc. 1a, Ha KOTOpPOM JaHa
MaTpMLA NNOTHOCTU XaOTUYECKM UTPOBOrO NpefCcTaBleHUs HEKOTOPOW NPOeKLUM
TEKCTa Ha aHIININCKOM s3blke, U Puc. 16, Ha KOTOpPOM NpUBeJEHa aHANOTUYHAS Ma-
TpULA HYKNEOTUAHON NOCNEA0BATENbHOCTU, KOQUPYIOLLEA NepBUYHYIO CTPYKTYPY
benka KasenHa. Takue HabNOAEHNSA KOPPENUPYIOT C PaHHUMMK paboTamu B 3TOM 06-
nactu (cm., Hanpumep, paboTbl H.XOMCKOro no yHUBepCanbHbIM rpaMMaTUKam WUau
MmoHorpaduio M.M.MakoBckoro «JInHreuctnyeckas reHetuka» (1992)). Wcnonb3ys
3TU TeopeTUyeckue pa3paboTku M cobcTBeHHble faHHble no dusnkoxumun OHK,
HaM yaanocb 3KCNepUMEHTaNbHO [0Ka3aTb BO3MOXHOCTb CBEPTKM reHeTU4YecKoMn
nHcdopmauun B GopMe CONUTOHHbLIX BONHOBbLIX MAKETOB, ONUCbIBAEMbIX (HU3UKO-
Matematuyeckum cdopmanu3mom asneHus Bo3spata ®Pepmu-lacta-Ynama (ONY).
Takne BONHOBbIE MaKETbl C UCKYCCTBEHHO BBEAEHHOIW B HUX OMOMHGOpMaLuMer,
reHepupyemble pa3paboTaHHbIMKM Hamu GMY-paano3NeKTPOHHbIMU YCTPOCTBAMMK,
CNOCOOHbI BXOAUTb B PE30HAHCHLIN MHDOPMALMOHHBIA KOHTAKT C FeHETUYECKUM
annapaTtoM XMWBOTHbIX, PAaCTEHUN U, BEPOATHO, YeIOBEKA C MOCNEAYIOWMM Pe3KUM
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W HanpaBnsiemMbiM U3MeHeHMEM uX obmeHa BewecTB. OKa3anoch, YTO M CaMo Be-
wecTBo HacnepcteeHHoctn — [HK — sBnsetcs reHepatopom OIY-conUTOHHBIX
aKyCTUKO-3NEKTPOMArHUTHbIX noneit. UmeHHo noatomy ®MY-reHepatopbl cnocob-
Hbl BBOAUTb BOJIHOBYIO MH(OPMALMIO B XPOMOCOMbI MO 371€KTPOMArHUTHLIM pe-
30HaHCHbIM MexaHu3MaM. JddekTuBHocTb PIY-reHepaTopoB Ha NOPAAKM BO3-
pacTaeT, ecu Ha NpaKTUKe WCNoNb30BaTh (DEHOMEH MaTeMaTU4yecKoi 06WHOCTH
cdpakTanbHoit cTpykTypbl AHK-«TekcToB» 1 yenoseyeckoi peumn [Maslov, Gariaev,
1994]. paMMaTMKa reHeTUYECKUX TEKCTOB ABNAETCS, BEPOATHO, YAaCTHbIM C/YYaEM
YHMBEPCANbHbIX FPAMMATUK BCEX A3bIKOB Ntofen. [ToaTomy 1 peanusyioTca husmnko-
CMbICNIOBbIE PE30HAHCHI CONUTOHHBIX CTPYKTYp IOHK 1 MCKycCTBEHHbIX 3HAKOBbIX
OY-conUTOHHBIX NONEN KaK aHANOroB ecTecTBeHHbIX PY-XxpoMOCOMHbIX nonen.
Beops onpepeneHHble KofoBble BepbanbHble KOMaHAbl yepe3 reHepatop @MY B
reHeTMYyeCcKun annapar pagMaLuoHHO MOBPEXAEHHbBIX CEMAH MWEHMULbI U AYMEHS,
HaM VAaNoCb AOCTOBEPHO YMEHbLMWTb YMCIO XPOMOCOMHbIX abeppauuid, To ecTb
thakTMyeckn 6NOKMPOBATb MOpaXatollee AeNCTBUE PEHTTEHOBCKOro 06syyeHus.
bonee TOro, BLIACHMNOCH, YTO BO3MOXHA NPEBEHTUBHASA 3alLMTA reHOMa pacTeHuUI
OT YXECTKOr0 PeHTreHOBCKOr0 M3/y4eHUA C MOMOLLbIO aAeKBATHbIX BOJHOBbIX KO-
MaHA. KOHTpoNibHbIe 3KCNEPUMEHTbI, C XaOTUYECKUMU BEPOANbHBIMU NOCTPOEHUS-
MK (KOMaHZamu), BBefeHHbIMU Yepe3 PIY-ycTpoiicTBa B reHoM Grocuctem, noka-
3a/11, YTO TaKMe KOMaHbl HUKAK He BAUAIOT Ha XpPOMOCOMbI. 3TN 3 PeKTbl NpeackKa-
3aHbl M NPOBEpPEeHbl HA OCHOBAHWUMW TEOPUU BOSTHOBBIX FTEHOB M C UCMOJIb30BAHUEM
MaTEMATUYECKUX KOMMbIOTEPHbLIX MOAENEN, UMUTUPYIOLUX «YTEHUE» COAUTOHAMU
Ha JHK reHOTEeKCTOB M peTpaHCAALMIO 3TUX TEKCTOB B Apyrue KneTku u TKaHu. Ha
Puc. 2 n 3 npeactaBneHbl pe3ynbTaTbl YUCNEHHOTO MOAENMPOBAHUA AUHAMUKMN KOH-
dopmaymnoHHbix Bo3mywenun HK [bnarogartckux, lapses u gp., 1996], nokasbl-
BaloLMe 3aBUCMMOCTb NMOBEAEHUA YeAUHEHHOI (CONMTOHONOJOOHOI) BOMHbI OT
nocnepoBatenbHocTM Hykneotnaos [HK, Ha KoTopoi 3Ta BonHa Gbina 3anylieHa.
Ipyrve Hawu GusnmKo-mateMaTnyeckne MOLENN M 3KCNepumMeHTbl 060CHOBLIBAIOT
T.H. aHTeHHbI 3 dEKT Npu BO3OYKAEHUN 3NEKTPOMATHUTHBIMU NONSMU BblENeH-
HbIX KONIEKTUBHbIX Mog Makpomonekyn [IHK. 3To npamo cBsizaHO c Teopuen Bon-
HOBbIX F€HOB, IKCMEPUMEHTAMMU N0 ABYX(POTOHHOMN HaKAYKe reHOCTPYKTYP in vitro ¢
nocneayowmm nasepHoiMm nsnydyenmem AHK, a Takxe cornacyercs ¢ pesynbratamu
no 3anoMUHaHWIO Xuagkumn Kpuctannamum AHK nHdpakpacHoro MmnynbCHOro na-
3epHoro curHana [lapses, 1994].

BepHeMmcs K runoTeTMyecKkoMy GMOKOMNbIOTEPY, UCMOMb3YIOLWEMY BELLECTBEHHO-
BONHOBble 3HakoBble dyHkuun AHK. ficHo, yTo npu ero paspabotke Heobxoau-
MO MCNOAb30BaTb HE TOJIbKO U He CTONbKO pe3ynbTaThl 3KCnepumeHTa AgnemaHa
n ero nocneposarteneit. Ytobbl peann3oBatb CBOM BO3MOXHOCTH in vitro, QHK n/
WA XPOMOCOMbI LOIKHbI HAXOAUTbCA B €CTECTBEHHON ANA HUX CpeAe — B BOLHOM
pacTBOpe, MUMUTUPYIOLWEM Kapuonnasmy, U B XUAKOKPUCTANIUYECKOM COCTOSHUM.
NCcTHHbIE BONHOBbLIE YNPABAAIOLLME, B TOM YUCE U KOMNbIOTEPHbIE, BO3MOXHOCTU
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FEHOCTPYKTYP MOTYT ObiTb BbIfiBJIEHbl B YCNOBUAX, MAKCUMANbHO NPUOAMMKEHHbIX K
TeM, KOTOpble UMEIOTCS B XMBOW kneTke. B npenene komnbtotep Ha AHK — 370 1
eCTb XuBas KneTka. MICKycCTBEHHBIN aHANOT KNETKM NoKa HeBO3MOXeH. Ceiiyac mbl
MOXXEM fieNnatb TONbKO KaKMe-To MOAeNnu NnpubinKeHus K BOJTHOBbLIM 3HAKOBbIM CO-
ctosHuam IHK B kneTke, Kak 370 ObIIO CAeNaHO Hamu B oTHolweHuKn 3anucn [JHK-
BOJIHOBOW WMHGOPMAUMM Ha Na3epHbIX 3epKanax M pereHepaumu paguaLuoHHO
nospexpaeHHblx cemaH [HK-pagmosonHamm (cm. Beiwe). [lanee Heob6xonMMo Ha-
4aTb NPAKTUYECKOE UCNOb30BaHNE BOJHOBLIX TUNOB NAMATU FTEHOCTPYKTYP U ANSA
3TOr0 NbITAaTbCA KOHCTPYMPOBAThL AYEKM NamsaTH, paboTawowme Ha aBneHun QY-
PE30HAHCOB M/MAU HA CNOCOOHOCTM 3anNMUCbiBaTb FOOrPaMMbl, a TaKKe Ha sBhe-
HAWM 3anucu NoNApU3aLMOHHO-Na3epHo-paanoBonHosoin [HK-uHdopmauymmn Ha
NIOKANM30BaHHbIX (CKATbIX, CNyTaHHbIX) GOTOHAX. Takas namATb GyaeT Ha MHOrMe
nopsaKu no 06bemy, 6bICTPOLENCTBUIO, KUHTENNEKTYANbHOCTM» NPEBOCXOAUTL Na-
MATb CYLECTBYIOLWMUX MArHUTHBIX, ONTUYECKUX LUCKOB U ronorpaduyeckux 3ano-
MUHAKWMX YCTAHOBOK. BTopas npuHuunuanbHas BO3MOXHOCTb CBfi3aHa C nepe-
YUCNEHHbIMWU TUMAMKU NAMATU, HO MHOFOKPATHO YCMNIMBAETCA CNOCOBHOCTbIO XpPo-
MOCOM ObITb 1a3epoakTUBHOMN cpeaoi. [penapaTbl XpOMOCOM BbICTYMAOT B TaKOM
BapMaHTE O[JHOBPEMEHHO W KaK AYENKM MAMATM, U KaK Nasepbl, CYMTbIBAlOLWME
cobCTBEHHYIO (@ TaKXe HaBefeHHyio) ronorpaduyeckyto, ®MY-namatb u namatb
Ha NOKann3oBaHHbIX hoTOHax. M HaKoHel, nocnefHAA U3 LOCTUXMMbIX B HAcTOA-
lee BpeMa Lefe — MCnofb30oBaHMe KBa3n-peyeBbix xapaktepuctuk JHK. MoxHo
co3paBatb Takue [IHK-nazepsl, KoTopble OyayT BbICBEYMBATL M «O3BYYUBATbY Kak
€CTeCTBEHHbIE T€HOTEKCTbI, TaK U UCKYCCTBEHHbIE (CMHTE3UPOBAHHbIE YEIOBEKOM)
3HAKOBble MOCNeA0BaTENbHOCTU NMONMHYKNEOTUA0B, UMUTUPYIOLME €CTECTBEHHbIE
KBa3n-peyeBble reHonporpammbl. OAHAKO 3TO BeCbMa OMACHbINA NyTb U HEOOXOAM-
Ma CMCTeMa 3anpeToB Ha UCKYCCTBEHHbIE BOJIHOBbIE FeHbl. Takoi cnocob paboTkl ¢
noteHumanbHbiMu JHK-KOMNblOTEPaMKU 03HAYAET BXOXKEHWNE B HOBbIE CEMUOTUYE-
CKue apeasnbl reHOMa YesoBeKa, Boobuie Bcen buocdepsl, apeansl, kotopble Mpu-
pojAa MCcnosib30Bana Ans co3faHus YenoBeka. 3Ta MbiC/ib BNojHe 060CHOBaHa, ecu
y4yecTb TeopeTuyeckune paboTbl MO KONNEKTUBHON CUMMETPUN FEHETUYECKOTO KOJa,
NpoBOAMMble WKooN JitreHa B MHcTutyTe Makca lNnaHka B lepmanun. Uccneposa-
HUS WKONbI INreHa NOKa3bIiBaloT, YTO KNtOYEBAA YaCTb MHPOPMALMK, 3aNUCAHHAS U
3anucbiBaeMas Kak KBa3u-peyb B XpOMOCOMAX BCEX OPraHW3MOB Hallel NAaHETHI,
HOCWT UCKYCCTBEHHbIN XapakTep. Hawwm fJaHHbIe O TOM, YTO XPOMOCOMHBbINA KOHTUHY-
ym 1 OHK nto6oit 6uocuctembl ABNSETCA HEKUM NOLOOMEM aHTEHHbBI, OTKPLITON BO
BHE AN NpuemMa AONOAHUTENbHOW (BO3MOXHO, 3K306M0N0rMYecKoit) MHdopmauum,
NnoATBEPXAAIOT CKa3aHHoe [Gariaev, 1994]. MoxHO iymaTb, YTO FEHOM OPraHM3MOB
3emnu, no KpanHein mepe YaCTUYHO, ABAAETCA NOJAUIOHOM AN CMbICNIOBbLIX 3K30-
OMONOrMYECKUX BAUAHWUIA, U B 3TOM NIaHE CYLWECTBEHHO, YTO Mbl HALWAM NEPBUYHbIE
NoAXOAbl K BXOX[AEHMIO B 3TOT CEMUOTUKO-CEMAHTMYeCKuii apean. OCHOBbIBasACH
Ha CKa3aHHOM, MOXXHO MpPeACKa3aTb, YTO OTKPLIBAKTCA CNeAytolMe NepcnekTUBb
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3HAKOBbIX MAHUNYAALMUA C TEHOCTPYKTYPAMMU KaK OCHOBHbIM CyOCTPAaTOM OMOKOM-
NbIOTEPOB: a) CO3[jaHWNE UCKYCCTBEHHO NAMATU HA F€HETUYECKMX MONeKynax, 0b-
nagawowein nouctuHe aHTacTMyeckum obbemom u GbicTpoaeiicTBuem; 6) co3pa-
Hue 6uokomnbloTepa Ha JHK, ocHOBaHHOrO Ha BOMHOBbLIX NPUHLMNAX U CPABHU-
MOro no cnoco6am 06paboTkn MHopMaLMM U DYHKLMOHANbHBIM BO3MOXHOCTAM C
YeNIOBEYECKMM MO3rOM; B) OCYLLECTBIEHUE AUCTAHTHOIO YNPaBIEHUA KIHOUYEBbIMU
MHGDOPMALIMOHHBIMU NpOLEccamMn B BUOCUCTEMAX Yepe3 UCKYCCTBEHHble OUMOKOM-
nbloTepbl (neyenue paka, CMW[a, reHeTnyecknx ypoacTs, ynpasieHue couuoreHe-
TUYECKUMM NPOLECCaMMN U, B KOHEYHOM UTOTE, YBENYEHWNE BPEMEHMU XKU3HU Yyeno-
BEKA); I) aKTWBHAsA 3al4MTa OT AECTPYKTUBHbIX BOJIHOBBIX BAUSHUI Yyepe3 0OHapy-
KEHHbI MHOOPMALMOHHO-BONIHOBOW KaHan; Ai) YCTaHABEHNE 3K306M0N0TUYECKUX
KOHTaKTOB.

MogBoAA MTOr, CNPOCKM — YTO OCTAETCA OT JIOTMKM NOCTAHOBOYHbLIX IKCMEpU-
meHTOB ¢ [1HK, KoTOpYiO npeanaratoT AgieMaH 1 apyrue uccnefosatenu B obna-
ctn [QHK-komnbloTMHra? 31a NOrMKa ya3BuMMa, NOCKONIbKY OCHOBAHA Ha YNPOLLEeH-
HbIX MPeACTaBNEHMAX O 3HAKOBOI paboTe XpOMOCOM KaK TONbKO BeleCTBEHHOTO
cybcTpata. BosHoBble 3HAKOBbIe DYHKLMM FeHOCTPYKTYP He GepyTcs B pacyeT. 310
HEN30eXHO NPUBOAUT B TYNUK B NOMbITKAX MCMOb30BATh OJJHOMEPHOE MbllUIEHUE
oTHocuTenbHo OHK npu co3paHum 6Guokomnblotepa. B pencTtBUTENbHOCTU TaKoM
KOMNbIOTEP AOMKEH UMUTMPOBATb (DYHKLUWUW reHOMA B OMEPUPOBAHWUMW BOSTHOBONA
WHdopMaLmen — co3agaBaTb 00pasbl, B TOM YMCIe M KBAa3M-peyeBble, pacno3Ha-
BaTb MUX, MAHMNYNNPOBATb UMW KaK KOMaHAHbIMW. [JHK-KOMNbloTEpHbIE BONHOBbBIE
3HAKOBblE CTPYKTYpbl OYAYT 06NaAaTh OrPOMHON GMONOrMYECKON, @ MOXKET ObITb, U
MEeHTaNbHON aKTUBHOCTbIO. ECNu NpuHATL 3TU naeun, To He06XOAMMO MHOe CTpaTe-
rmyeckoe pacnpeneneHne GUHaAHCMPOBAHUS B TeHETUKE, IMOPUONOTUN U TEHHOIA
nHxeHepuu, a Takke B [JHK-komnbtoturre. [JHK-BonHoBble KoMnNbloTepbl OyayT
CNOCOOHBI YNPaBNATL CYNepCNOXHbIMKU NpoLEeccamMu, peanbHo CPaBHUMbIMU C Me-
Tab0/M3MOM U MbllIEHMEM. ITO TeM Gonee BEPOATHO, MOCKOJIbKY FeHOM, KaK HaMm
npeacTaBnseTca, ucnonbdyet 3PeKTsl KBAHTOBON HenokanbHOCTU. CylwecTBeH-
HbIM, MOXHO CKa3aTb, YHAAMEHTA/IbHbIM JONOIHEHWEM 3[1eCb MOT Obl BbICTYNATh
3MP-mexaHn3m. Kak ofnH M3 cnocoboB ynpaBieHUs XU3HEHHbIMU NpoLEeccamy
OH NpuAaeT NPUHLMNKANBHO HOBbIE MOTEHLUMM KNeTKaM U TKaHAM — BO3MOXHOCTb
MFHOBEHHO nepefaBaTbh KakMe-TO Nybl reHeTUKO-MeTabosnyeckoin nHdopmaLum
MEX Ay BCEMU KNIETKAMM U TKAHAMM BMOCUCTEMbI, HAaNpKUMep, Yepe3 Nonsapm3aLMoH-
HblA KaHan POTOHOB M PafMOBOJIH, O YeM yNOMUHANOCh Bhlwe. Ecnu Takoit cnocob
peaneH, TorAa CTaHOBMUTCSA MOHATHbIM, NOYEMY CTpaTernyeckue 3HakoBble 6uomone-
KyNbl — HYKNEMHOBbIE KUCIOTbl U OeNKM MMetoT L-u30MepHbIil COCTaB KOMMOHEH-
TOB, CNUPAIbHYIO 3aKPYTKY U, COOTBETCTBEHHO, APKO BblPaXKeHHYIO CNOCOOHOCTD K
AUCMEePCUM ONTUYECKOTO BpaLLeHUsA, KpyroBoMy LUXPOU3MY U ABONHOMY nyyenpe-
nomneHuio. Tenepb NO-ApYyromy MOXHO NOHMMATb U PAKT M30MEPHOIN KBAHTOBAH-
HOCTU U ApYruX 6MOOpPraHNYecKnx MosieKyn. ACUMMETPUYHOCTb UX aTOMOB U Cefy-
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BosHosou 2eHom. Teopusa u npakmuka.

loWas oTCloAa U30MepUa U ONTUYECKAS aKTUBHOCTb — 3TO BO3MOXHOCTb GbICTPOro
aBTOCKAaHMPOBaHMA BMOCMCTEMON MONAPM3ALMOHHOI, roforpaduyeckoit u UHoM
BELEeCTBEHHO-BOIHOBOM MH(OPMaLMM O COCTOSAHUM COOCTBEHHOTO MeTaboan3Ma U
0 CBOEN TeKyleh CUIOMUHYTHON TOHKOWN NPOCTPAHCTBEHHO-BPEMEHHOMN CTPYKTYpe.

Mbl ybexpaeHbl, 4To uckycctBeHHbln [JHK BonHOBOM KomnbloTep OyneT 3Hame-
HOBaTb CO60I HacTOAWMIN NepeBOPOT B CPEACTBAX YNPABNEHUS He TONIbKO 61onpo-
Leccamu, Ho 1 GyAeT MCMONb30BATLCA B COLMOTEXHONOTUAX BHE 3aBUCMMOCTM OT
TOro, XOTUM Mbl 3TOTO AU HeT. VI B 3TOM Gonblas NoTeHLUMaNbHasa ONacHOCTb He-
NpaBefHOro NCNoab30BaHNUA TaKUX TEXHONOTUA.
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BonHoBbie JHK-pennuku

Mbl 06Hapyxunu cnocobHocTs npenapatos AHK in vitro gaBatb MHOrokpaTHo pe-
nanumpylowmecs oTKINKU-otobpaxeHus, pennuku camont JHK n ee 6anxainwero
OKpyXeHus. Takne penauku ABNAIOTCA OTKIUKOM HAa onpefefneHHble KOMOUHaL MK
BO3[ENCTBUA INEKTPOMATHUTHLIX nonei B ananazoHe YO-UK. Pennuku moryt Bbl-
CTpanBaTbCs CTPOrO N0 rOPU30HTaNN B 06€ CTOPOHbI, ABUTATbCS NO CIOXHbLIM TPAEK-
TOPUAM, a TaKKe COXPaHATbCA KaKoe-TO BpeMs nocie npekpalieHus Bo3aeincTans
nonei Ha npenapat AHK (Puc.1-4).

£y}
(I < ®

BOAHOBOE MyALTH- \
NMARLHpOBAHKHE

Puc.1. 3ddekt BonHosoro pennuuupoBanms OHK u 6anXKHUX OKpyXKaloWMX NpeaMeToB.
CneBa KOHTpOAb, CNpaBa onbiT. BTopoi BapuaHT METOLOB BbIABNEHUS BOJIHOBLIX PEninK
OHK.

Ha KOHTpPONbHbIX CHUMKAX, KOrAa UCTOYHUKM BO3AENCTBYIOWMX Ha Guonpena-
paT hM3MYeCcKnUX Nnonei He BKIKOYEHbl, AAHHOTO ABNEHUA He Habnogaetca. Takxe
Kak HeT acbdekToB Npu aencTBylowen annapatype, Ho 6e3 [JHK. 3a Bpems 3kcno-
3uyum (1 cek.) B nepBOM BapuaHTe 3KcnepumeHToB (CM. MeToabl) BONHOBbIE pe-
nankn QHK nepemelwatoTcs B NPOCTPAHCTBE M MYALTUNAULUPYIOTCA, X TPAEKTOPUA
He npepcKa3syema u JUCKpeTHa. [eHepauusa penauk npoucxoauT TOAbKO Npu ycio-
BUM B3aUMHOIN NPOCTPAHCTBEHHOW cTaunoHapHocTu npenapata AHK, ucroyHukos
BO36yXalowwmx noneit u dpotoannapara. MpukocHoseHue k npenapary AHK (BTo-
PO/ BapuaHT 3KCNEPUMEHTOB) BbI3bIBAET M3MEHEHWE BEKTOpA PaCnpoCTPAHEHUS
penauK B NpOCTPaHCTBE Ha JMaMeTpanbHO NPOTMBOMNOOXHOE (CneBa Hanpago), a
3ateM ucyesHoseHue (Puc.5 (a, 6, B)). CylecTBeHHO, 4TO B paje cayyaes umeet
MeCTO He TO/IbKO BOJIHOBOe MynbTupennuuupoBaHue npenapata [AHK, Ho u okpy-
xatwouwmx npeametos (Puc. 1,5 (a, 6)).

[ins aHanu3a LBETHOro 0TneyaTka Ha 3MynbCUMKU HOTONNEHKN NPUBEAEHbI U30-
OpaXkeHuns, NoNyYeHHbIe NP CKAHUPOBAHUM NNEHKW, KaK pacnpepeneHue spKocTen
B Pa3HbIX KaHanax uBeTHocTu: kpacHoM (R), 3eneHom (G), cunem (B): Ha Puc. 2(6),
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BosHosou 2eHom. Teopusa u npakmuka.

BonuoROe MyNbTH-
penIHUHpoBaHHE

Puc.2 (a). IMcKpeTHOCTb U CNOXHOCTb TpaekTopuu BonHoBbIX pennuk AHK (cnesa — uc-
XOAHOEe U300paxeHue, cnpaBa — KOHTPACTUpOBaHHOE). [lepBbiit BAPUAHT METOLOB BhIsIB/IE-
HWA BONHOBbIX pennnk JHK.

Puc.2 (6). Pacnpepenenue apkocteit M306paxeHus no KaHanam LUBETHOCTU: KpacH®Ii (
3eneHbih (G), cuuwmii (B).

3(6), 4(6). B nzobpaxeHuu, npeactaBneHHom Ha Puc. 2 (a, 6), BULHO, 4TO NOYTH
BCS APKOCTHAA WKana M300paXeHuUs penanK HaXOAMTCA B KPAaCHOM KaHane LBeT-
HOCTU, B 3€JIEHOM M CUHEM OHU cnabo pasnnyumsl. Takoe e npeBanMpoBaHue ap-
KOCTHOrO jMana3oHa KpacHOro KaHana XxopoLo BUAHO Ha conpoBoxaatwux Puc.3
(6) ructorpammax sapkocteir (Puc. 3 (B)) cootBeTcTByOWMX KaHanos. O6pawaert

93



[1.M.lapses

BoanoRoe By aeTH-
PEMNAHLMPpOEAHHE

Puc.3 (a). MpoctpaHcTBeHHas AUHAMUYHOCTb BONHOBLIX penauk JHK. BuaHa ToHKas npo-
[I0/IbHas CTPYKTYpa TPAeKTOpuM TpekKa.

Puc 3 (6). PacnpeneneHue spkocTeii No KaHanam LBETHOCTU: KpacHbl (R), 3enexbiit (G),
cuHuin (B).

Ha ce6s BHMMaHME MMEHHO Ta YaCTb FTMCTOrPaMMbI, Fe PacnoioXeHO penaunLmpo-
BaHHOEe M300pa)keHne: y4acToK APKOCTe B AMana3oHe 3HayeHui ot 128 po 255
— XOpOLWO OTAMYAEMbIN MUK 3HAYEHUW B 3TOM 4aCTU FMCTOrpaMMbl KPacHOro no
CPaBHEHMIO C NOYTU PAaBHOMEPHbIM YObIBAHMEM B TAKOI e 0061acTU rMCTOrpamm
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BosHosou 2eHom. Teopusa u npakmuka.
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Puc 3.2. [uctorpammbl 3HaYeHMIN APKOCTEN NO KaHanaMm LBETHOCTU: KPACHbIW, 3eNeHblN,
CUHUA,

3e/IeHOr0 M CUHero KaHanos. Bo3mMOXHO, Takoe pacnpepeneHune ApKOCTein MoxeT
YKa3blBaTb HA TO, YTO choTOrpacdmMpoBaHHbIN UCKPETHbLIA TPEK €CTb 0NOCPeA0BaH-
Haa npenapatom JHK MHOrokpaTtHO NOBTOpeHHas pensinkKa CBETOBOW MATPULLbI an-
napara «[ioHa-M» kpacHOro u nHdpakpacHoro usetoB (no3uumua 8 Ha Puc. 8), Ha
KoTopoi Haxogutca npenapat QHK B MOMeHT reHepauumn penaunk. 3TOT UCTOUYHUK
CBeTa NpeAcTaBAfseT MaTpuuy M3 37 yepeayoLwmnxca LUOL0B, U3 HUX KPACHbIX — 21,
NHdpakpacHbix — 16. B akcnepumenTe npenapat AHK 6bin nomeweH B npobupky
anneHaopd 1 nepekpbiBan 5 4MOA0B. ITO KOpPpenUpyeT ¢ 5-KpaTHOW NPOLOSIbHO
ncyepyeHHOCTbIo Tpeka pennukn (Puc. 3a).

BaxkHbIM cBoOWcTBOM BONHOBbLIX penink [HK saBnseTca oTHocuTenbHas Jonro-
BPEMEHHOCTb MUX CYLLECTBOBAHMSA NOCE BbIKNOYEHUA BCEX MHULMMPYIOLWMUX HU3K-
yeckux noneit (Puc. 4), HO BpeMA XU3HU PENNK MOXET 3aBUCETb TaKXKe OT YyB-
CTBUTENBbHOCTU (DOTONEHKM, DUKCUPYIOLLENn penanKku. A TakKe OT ee CneKTpab-
HOW M36MpaTenbHOCTH.

Puc. 4 (a). BonHosas ponroxusywas pennvka AHK u3
IKcnepumeHTa Ha Puc. 3 («haHToM») nocne BbIKNOYEHUA
BO30YXKAAK0WMX INEKTPOMArHUTHbIX MONei.
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Puc. 4 (6). PacnpeneneHue apkocTeil No KaHanam LLBETHOCTU: KPACHbIN, 3eNeHbli, CUHUIA.

KaHan: | RGB

f
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eveopes yoome [0 |[255- usomer yooeee (0[5 |
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. | ]

& = Y & > o8
ssopan omas 1[5 sopan e [0

Puc. 4 (B).Iuctorpammel. PacnpepeneHne ApKocTei no kaHanam LBETHOCTYU: KPacHbIN, 3ene-
HbI, CMHUIA. MepBas cneBa B BEpXHeM psagy: ructorpamma RGB — o6was (coBmeleHHas).

MOXHO 3aMeTUTb CyLLeCTBEHHOE OTIMYME B pacnpeaeneHnax ApKoCTei no Ka-
HajaM LBETHOCTM Y n3obpaxeHus BosHoBoi pennukn OHK u «tbaHToma» 3Toin pe-
MINKK, OCTAIOWErOCA NOCAe BbIKNIOYEHUA UCTOYHUKOB cBeTa. AHanu3 n3obpaxe-
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BosHosou 2eHom. Teopusa u npakmuka.

Puc.5 (a). MomeHT MexaHuyeckoro Bo3aeicTeus Ha npenapar [JHK. Bropoit BapuaHT me-
TOAOB BblsiBNEHMsA BoaHOBbIX pennuk [HK. (6). CaBur BoNHOBbIX penink Haneso cpasy no-
C/le MexaHW4YecKoro BO3AeNCTBUA. XapaKTepHO NOsiBUBLIEECs pe3Koe fefleHue Kagpa no
CBETO- W LiBeTONepefaye, He CBA3aHHbIE CO CTabuNbHOI paboToi WTopkK dhoToannapara.

HWM Ha Puc. 4 (6) n conocTaBneHune ero ¢ rucTorpammoii Ha Puc.4 (B) BbifaBnseT TO,
4TO N306paxeHne «PpaHTOMa» penankn B KPaCHOM KaHane CTAaHOBUTCA pa3MbITbiM
KaK no AManasoHy, TaK U N0 aMNIMTyAaM 3Ha4YeHn apkocTeid. pu 3TOM B 3eN1€HOM
M CMHeM KaHanax HabniofaeTcs CyXeHue NOKanM3aLnm 3Ha4eHnin B AnanasoHe ot

Puc. 5 (B). cuesnoBeHune adpdekta obpaszosaHus pennuk JHK yepes 5-8 cek. nocne me-
XaHunyeckoro Bo3gencreuna Ha npenapat AHK. lpu 3Tom BCA annapatypa, MHULMMpyIOLWas
pennKu, 0CTaeTca BKNIOYEHHOMN.

70 po 120, BUAEH YeTKUi NuK, 4To 06bACHAET apkocTb penanku AHK, ee oTTeHKM 1
noslyToHa, 0COOEHHO, B 3eIEHOM KaHane.

Tun o6pasyowmnxcs penink B KaXL0M KOHKPETHOM ClyyYae B paMKax UCMosb3y-
eMbIX METOJ0B CTOXacTU4eCKUi (1-i BapuaHT METOLO0B) UK LETEPMUHUPOBAHH b
(2-7 BapMaHT) B NPOCTPAHCTBE-BPEMEHMU.

OAHMM W3 pe3ynbTaToB NO WHAYLMPOBAHWUIO BOJNIHOBbLIX PEMIMK OKpYXalowWwmx
npeamMeToB ¢ nomolwbio npenapata AHK no nepsomy metoay SBMNOCH MyNbTUNAN-
LMpoBaHue TponHoro n3obpaxerus namnel bC (YO-B) (Puc. 6).
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Puc.6(a). MyneTunamunposaHue Puc.6(b). Mynstunnuumposanue Tpoii-
TpolHoro u3obpaxeHus namnsl bBC. Horo n3obpaxenus namnsl bC. KoHTpa-
OpuruHan. CTUPOBAHHOE M300paxeHue.

B kayecTBe 04HOI0 U3 KOHTPOJei Ha CMOCOOHOCTb FeHepUpPOBaATL BOTHOBbIE pe-
MIMKU UCNONb30BANK XNOPUA HAaTpua (KpuctTanamnyeckuin); xnopug Hatpus (1M so-
[HbIA PaCTBOP); BUHHAA KMCNOTA B KPUCTaNNax; BUHHAA Kucnota pauemar (1M Bo-
[HbIi PAacTBOP); Kpaxman BO3AYWHO CYyXOii; MULMH KPUCTANIUYECKMNIA; KanbLmnde-
pON BO3AYLWHO CyX0N; TOKO(EPON BO3AYLWHO CyX0ii; XN10podunn Bo3AyLWHO CyXon;
BOAa buaucTunnmnpoBaHHas; uHTepdepoH B cmeck ¢ Bacillus subtilis, Bo3aywHo
cyxue. Hu oiMH M3 npenapaTtoB He Jan penukK.

Kagpbl 23 u 24. C 14 no 22 peninku BHOBb UCY€3AI0T, HO C1abo NposBAAOTCSA
Ha 23 U 34 Kapgpax.
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BosHosou 2eHom. Teopusa u npakmuka.

OpHa 13 moaudmKaLmin IKCNepUMeHTa, NpuBefeHHOro Ha Puc.5 (ctapelii obpasey HK 3a-
MeHeH cBexum). Kagpbl dotonneHkun 3 u 4. Ha 4-m Kappe BUAHbI peninku AnogoB «[ioHbI»,
yXoAswme Hanpaso. XapaKTepHo nosiBeHne pennuk nepdopauum 1 «3acBeToky» BOIN3N
nx.

Kagpbl 11 1 12. C 4-ro no 11-i kKagp penauku guopos «[loHbI» OTCYTCTBYIOT, HO HAa 12-M
Kagpe BHOBb NOABNAIOTCA.
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Kagpbl 13 1 14. Ha 13-M BUAHbI penanku anoaoB «[loHbI» C XapaKTepHbIM 3aX040M B 3a-
NPeTHYI0 30HY MEeXKaApoBOro npoctpaHcTea. Ha 14-m Kagpe penauku BHOBb UCYe3aloT.

Kagpbl 23 1 24. C 14 no 22 pennuku BHOBb UCYe3alOT, HO CNabo NposBAAIOTCA Ha 23 U 34
Kafpax.
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MeToabl

i
|
|

Puc. 7. Matpuua c KpacHbiMu M uHpakpacHbiMM puopamu (annapat «[oHa M» uau
«[ltoHa T». http://argonet.ru/nar_lechebn_duna.htm) Copepxut 37 gnonos, 13 HKUX Kpac-
HbIX — 21 (= 650HM), MHPPaKpaCHbIX — 16 ( = 920HM).

Wcnonb3oBaHbl ABe cxembl 3KcnepumeHTtoB. llepBas npueepeHa Ha (Puc.8),
BTOpas AOCTATOYHO NpPOCTa U BMAHA Hanpsamyi Ha ¢oto (Puc. 5(B)). Ana nony-
YeHWs W BM3yanu3alnmn BOJHOBbLIX peninKaTuBHbIX oTobpaxeHuit AHK no nepsoit
CXeMe Npou3BOLAT cregytolme onepauuu. NocpencTsom pene BpemeHu (no3uuus
3 Ha Puc.8) B pa3HbIx coYeTaHMAX BKAKOYAOTCA Heobxoanmble uanyyatenu bC (YO-
B, npeacrasnaowmin namny Hakanueauua cuHero useta «JIOH bC 75», n3 crekna
CN98-1) (no3uumsa 5) n matTpuua ¢ KpacHbIMU M MHpakpacHbiMu anopamm (Puc. 8))
(no3uuums 8 Ha cxeme Puc. 8), a Take namna pTyTHas GakTepuuUMAHas, UK namna
Compact electronic CEST26E27 Black (Y®-C) (no3uuwus 6), unn bC (YO-B) u MXT-
90 (xonofHbIi Katog (no3uumnsa 4)). Mpu BKAKYEHUN UCTOYHMKOB CBETA BO3AYLWHO
cyxoi npenapat AIHK u3 ceneszenku 6bika (PEAXUM, mapka A, HIO «buonap») (oko-
n0 100 Mr B 3aKpbITOW NJACTUKOBON KOHUYECKOW NPobMpKe «3nneHAopd» ANnHOI
4cMm, pMameTpom B BepxHei yactu 0,9cm) munu (3mn BogHoro pacteopa AHK, 1mr/
M) HaXOAWTCS B 30He AeWCTBMA u3nyyatenein (1Mm-50CcM OT UCTOYHMKOB CBETA).
Xop paboTbl cHUMaeTcs Ha poTonnéHky Fuji 24-27 DIN. Mpu 3tom paboTaeT ocuun-
norpad (no3uuma 2) c INEeKTpPoLaAMMU, KOTOPbIE PErUCTPUPYIOT NEKTPOMArHUTHbIE
nons B 30He NPOBELEHUA 3KCNepuMeHTa U PUKCUpPYETCA YCPeAHEHHbI HOpPMasb-
HbIA 31€KTPOMArHUTHbLIA (hOH B NMOMELEHUM, ONPefeNsieMblid MO XapaKTepy CUHY-
coupbl Ha ocuunnorpade. [lanee nocpeacTsom pesne BpemMeHun yepes 10 MUH. OT-
kntoyatoT usnyyatens YO-C. ®PoTtorpaduyeckn obHapyxMBaeTCs BO3HUKHOBEHME
AMHAMUYHBIX cneundruyecknx BOJHOBBIX CTPYKTYP, HEBUAMUMBIX ra3amMu, HO QUK-
CUpYEMbIX Ha (hoTONNeHKe MYNbTURNMLMPOBAHHbIX penank JHK u 6auxHux okpy-
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KaWMX 0ObEKTOB, HENOCPEACTBEHHO CBA3AHHbLIX C (DOTOHHBIM BO3[ENCTBMEM HA
OHK. NHaye roBops, NPpOMCXOANT YMHOMXKEHME KONMYECTBA 0TOOpaXKeHW npenapa-
Ta JHK, pacnpepensembix B NpOCTPaHCTBE MO CNOXKHbIM TpaekTopuam (1-in BapuaHTt
MeTOA0B) ¥ N0 ropu3oHTanu (2-i BapMaHT MeTOAOB), @ TaKXe 0TOOpaXKeHUit 06b-
eKTOB, CBAI3aHHbIX C BO36yxaeHunem [HK.

BTopoit BapuaHT MeTOA0B MOAYYEHUA WM BMU3yanu3auuu BOJHOBLIX PenyiMKa-
TMBHbIX oTobpaxenuit IHK (Puc. 5(B)) coctout B cnepytouwem. Bo3gywHo cyxoit
npenapat [JHK, 100mMr, nomewwaoT B OTKPLITOM BUAE B AEPXKaATeNb U3 aNtoMUHMeE-
Boi donbru. C nHtepeanom 2-3 cek. Bkatoyatot namny bC (YO-B), namny compact
electronic CEST26E27 Black (Y®-C) n annapat «[toHa M». Yepe3 5 MUH. HaunHaT
doTocbemKky. B aTom BapuaHTe peructpupytotcs penauku JHK n 6amxHux 06b-
eKTOB, KOTOpble PacnpoCTPaHAITCA CTPOro Hanpaso. [pu MmexaHUYecKom BO3fel-
cTBuM Ha npenapat [JHK BeKTOp pacnpocTpaHeHUA penivk MeHAeT CBOE Hanpas-
NeHne Ha MaMeTpasbHO NPOTUBOMNOOXHOE, TO eCTb HaneBo. 3aTeM yepes 5-8 cek.
nocne MEXaHMYeCcKOro BO3ENCTBUS, HECMOTPA Ha TO, YTO BCA annapatypa, MHULUK-
pyloLWas peninKku, 0CTaeTca BKIOYEHHON, penanku ncyesaiT (Mamn He UKCUpYIOT-
CA MCNOJb3yeMbIM TUNOM (DOTONNEHKN).

i Namna 6C (B

A=

HecmoTps Ha ycnexu MONEKyNspHOM reHeTUKM U KNeTOYHOM BUonorum, oo cux
NOp TOHKWE MeXaHW3Mbl 3HAKOBbIX QYHKLMIA reHeTUYeCKoro annapara OCTalTCs
HENoHATHbIMKU. 0COOGEHHO APKO 3TO NPOABMNOCH NOCNE NyOGAUKaLMUKM paboThl, B KO-
TOpoit KoMaHae Pruitt ynanock M3AlHO A0KA3aTh, YTO 3aKOHbI MeHens B reHeTUKe

Puc. 8.
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BosHosou 2eHom. Teopusa u npakmuka.

He BCerga BblNoMHATCA, 60nee TOro, NOBeAeHWE OAHOTO U3 TEHOB He MOgYMHSA-
etcs 3apaBomy cmeicny [Lolle et al, 2005] 310 nposBunOCL B TOM, YTO BO B3pOC-
nbix pacteHusx Arabidopsis gpeHoTunnyeckn npossuncs npepkosbin red Hot Head,
KOTOPOro He OblI0 B UCXOAHBIX FOMO3UIOTHO MYTAHTHbLIX MO 3TOMY FeHy CeMeHax.
OTcyTCTBYIOWMIT B XPOMOCOMAX NocesiHHbIX ceMsiH reH Hot head, B 10% cnyvaes 3a-
MEHWN peanbHbIl MyTaHTHbIN reH hothead, korga 3TM cemeHa Aanu B3pocible pac-
TeHus. 06bAcHeHUs 3ToMy heHOMEeHY NoKa He AaHo. BbickazaHo npepnonoxexue,
YTO HOPMANIbHBLIA TeH XpaHMNCA Kak ero peeepTa3Has PHK-konusa. 3to cnaboe u
yA3BMMOE 0ObACHEHWE, HE UMeloLee IKCNEPUMEHTANbHOMO [JOKa3aTenbCcTea. He-
00BACHUMBI C MO3ULMIA KNACCUYECKOI reHeTUKM heHOoMeH Bo3BpaTa NpeAKoBOro
reHa NOAHAN HA NOBEPXHOCTb LeNbll P HEPELWeEeHHbIX KapAUHaNbHbIX BOMPOCOB
FeHETUKM U 3MOPMONOrun. VIX MOXHO KPaTKO NepeymnciuTb:

a) BoGNMpoBaHMe 3-T0 HYKNeOoTMA B KOAOHE [elaeT KaHOHMYeCKylo Tabnuuy
reHEeTUYECKOro KoAa apeHoi NoTeHLMaNbHbIX OWNOOK B CUHTE3E 6EKOB, MOCKOb-
Ky OHa aBTOMaTUYeCKM LAET OMOHUMMUM 3HAYALLMX AYONETOB B KOLOHAX, KOTAA Napbl
OAMHAKOBbIX AY6NETOB KOLMPYIOT pa3Hble aMMHOKUCAOTLI [Lagerkvist, 1978], npu
3TOM TPETbUM HYKIEOTUAOM KOAOHA MOXeT ObiTb 060N M3 YeTbipex, YTO NoCTy-
nuposan F.Kpuk [Crick, 2004]; Tem He meHee, oWNOKM Npu BbIGOPE aMUHOKMCIOT
Yype3BblYaHO MANOBEPOATHBI U 3TO YAMBUTENbHbIN (AKT;

b) cutyaums, korga 98% reHoma 3yKapuoT CYUMTALOT KMYCOPOMY, B IYHLIEM Clly-
yae, NOMOLUHMKOM TPUMIETHOTO KOLA, UMK «KNaA0buLemM» BUPYCHbIX FEHOMOB;

c) 2% kopupytowen AHK yenoseka (0kono 40 TbiC. reHOB) OKa3anacb BeCbMa
O/M3KMMM TaKOBbLIM CBUHEN, 0CNOB, MyX K paxe E.coli;

d) reHbl N0 HEMOHATHBIM MPUYMHAM W 3aKOHAM TpaHCMo3uuupytoTca B 3-D KoH-
TUHYYME XPOMOCOM;

e) reHbl N0 HEMOHATHLIM NPUYMHAM Pa3OUTbl HA UHTPOHBI U IK3OHbI;

f) matpuyHo-He3aBucumelii cuHtes PHK-nocnepgosarensHocTeit Qb-pennnkasoii
baktepuocara E. coli u Takoit xe cuHTe3 PHK-nocneposatensHocteit PHK-
nonumepason baktepuodara T7 E. coli [Biebricher et al, 1981); Biebricher, Luce,
1996], KoTOpble HApYWalT KAHOHUYECKUA NPUHLMN YUCTO BELECTBEHHON pennu-
kauuu JHK-PHK;

g) haHTOMHBIA NUCTOBON 3P deEKT, KOrAa YacTb XKWUBOFO ANCTA PacTeHMA BOC-
NPOW3BOAMUT ero Lenbiii 06pa3 B pexume raso-paspagHoit (KupnuaHosckoi) su-
3yanusauuu [Choudhury et al, 1979; Gariaev, Junin, 1989)];

h) HenoHATHble MO MexaHW3MaM AUCTaHTHble (QYHKLUUWU CENEKTOPHbIX TeHOB
MopcdoreHesa, KOraa ux NpoayKTbl CUHTE3UPYIOTCA B OAHOM MecCTe, a leCTBME Ccpa-
3y NPOABNAETCA B PYroM, JANEKO OTCTOALEM MeCTe pa3BMBalOLLEroCs IMOPUOHa.

Bce 3Tv 1 gpyrue Mano noHMMaemble NPOABNEHUA 3HAKOBbIX DYHKLUIA XPOMO-
COM 3aCTaBNAOT lyMaTb U JOKA3blBaTb, YTO FEHETUYECKAS NAMATb UMEET UHbIE aTPU-
OyTbl, CyLLECTBEHHO AONOHAOWME BENKOBbI KOA. BeposTHO, 3TK aTpMbyThl UMELOT
BOJIHOBYIO Npupofy. IMEHHO 3T NPOTUBOPEYUNA U HEMONHOTA MOAENMU TPUMIETHO-

103



l1.M.lapses

ro 6enKoBOro Kofa /s 00bACHEHMA KOLUPOBAHUSA NMPOCTPAHCTBEHHO-BPEMEHHOIA
CTPYKTYPbl MHOTOKNETOYHbIX GMOCMCTEM 3acTaBuaa Hac 0OpPaTUTb BHMMAHME Ha
paboTy reHeTUYecKoro annaparta Kak CUCTEMbl BbICOKO OpraHM30BaHHbIX 3HAKO-
BbIX M3/Jy4EHUIN INEKTPOMATHUTHbLIX U aKyCTUYECKMX nonei. BepoAaTHo, ogHUM U3
NPOABNEHUI BONHOBLIX 3HaKOBbIX yHKUMA JHK saBnsatoTca obcyxaaemble 3aech
pe3ynbTaThbl HalWero uccaepgoBaHua no BoaHoBbIM penaukam AHK. lMepsble caupe-
TenbcTBa, Yto IHK cnocobHa Kk BONHOBOMY TNy NaMATH ObIIM NONYYEHbI ABTOPOM
B 1985 rofy. 370 6bin heHoMeH Tak Ha3dbiBaemoit [JHK-cdaHToMHOI namaTu (DNA
phantom effect) [Gariaev et al, 1991; Gariaev et al, 2001], nogpo6HO paccMoTpeH-
Hbli1 B paboTax [Gariaev, Junin, 1989; lapses, 1994]. Takas namats [JHK npossns-
eTcs cnepytolmm obpasom. Mpu pabote ¢ pactBopamu unu xectkumu rensamm HK
C MCMONb30BAaHMEM METOAa LMHAMUYEeCKOro nasepHoro ceetopaccesHus (OJ1C), B
KIOBETHOM OTLENeHUMN CNEeKTPOMETPa OCTATCA HEKMe runoTeTuyecKne CTpyKTypbl
(06beKThI), cneynduyeckum 06pasom paccenBaroLe CBET NOCNE YOANEHUS KiOBe-
Tbl ¢ npenapatom [HK. 310 sBneHne 6bin0 Ha3BaHo «DNA phantom effect». KoH-
TponbHble 3amepsl Ao nomewleHnsa AHK B cnektpomeTp, gatot TonbKo hOHOBOE CBe-
TopaccesHue. [poayBaHue KIOBETHOTO OTAeNEeHUs Npubopa ra3oobpasHbIM a30ToM
NPUBOAMUT K UCHE3HOBEHMIO (DAHTOMA, OAHAKO OH BHOBb perucTpupyeTca cnycra 5-7
MUHYT. PakTyeckn 6nn3knii apdekt Habntoganm B CTaHDOPACKOM yHUBEPCUTETE
[Allison, Sorlie, Pecora, 1990]. AsTopbl Takxe ucnonb3osanu OJIC gna n3yyeHus
pecTpukTHbIX parmeHToB [HK. OHM 06HapyXuanM aHoManbHoe cBeTopaccesHue
Takux hparMeHToB, KOTOPOro B COOTBETCTBMM C XOPOLIO pa3paboTaHHOI Teopueit
He AOJIXKHO ObITb. ABTOPbLI Ha3Banu 3T0T heHoMeH «mimicking the effect of dusty,
TO eCTb «3eKT, UMUTUPYIOLWKNIA NbTb». OgHAKO, B UX MCCNeA0BaHUN 3TOT IPdeKT
He ABNANCA Pe3yNbTaTOM MblJeBbIX 3arpA3HEHUIA, HO CNeACTBMEM BAUAHUA AONOA-
HuTenbHoro kK [IHK «o6bekTa», KOTOpbIil Ben cebs Kak nblienofo0bHble «4acTuLbl»,
pacceuBatolme cBeT, XoTa pactBopbl JHK 6b1M naeanbHO YNCTbIMU U CBOOOLHbIMU
OT KaKkux-nnmbo npumeceit. NoseaeHne Takux ‘yacTul' 3afaeT TakMe XapaKTepucTu-
KW CBETOPACCeAHMSA, KOTOPbIE HE COMACYITCA C KNAaCCMYECKUMU MOAENAMM NpoLiec-
ca cBeTopaccesHus ana nuHenHblx nonumepos [Hagerman et al, 1981; Zimm, 1956;
Rouse, 1953; Tertyshnii, Gariaev et al, 2004. Mexpy 3kcnepumeHtamu [Gariaev.
1994; Gariaev et al, 2001; Allison, Sorlie, Pecora, 1990] ecTb 061i1Me MOMEHTSI, CBSI-
3aHHble ¢ TeMm, Y10 Ha npenapatsl IHK Bo3aeiicTBOBaNyM CBETOM B BUAUMOMN 061aCTH
— 632,8HM 1 488HM. To e camoe MMeeT MecTo NpU MHULMUALKUY BOTHOBbLIX PenimnK
OHK B paHHol pabote. B o6pa3oBaHuu BonHoBLIX pennuk LHK-goMmuHupytowyio
tyHKUMIO OepET Ha cebs, BEPOATHO, TOT U3ayYaTeNb, I/IMHA BOJIHbI KOTOPOTO COBMa-
AaeT ¢ annHoi BonHbl nornoueHuns AHK. 31o nctouHnk YO ceeta. Henb3s ucknio-
YUTb, YTO B 0OCYKAaeMblx 3kcnepumeHTax no AHK-paHTOMO0OOpa3oBaHMi0 BO3HM-
Kanu BonHoBble penaunkun [JHK, KoTopble CKaxanu Knaccuyeckoe ceetopacceaHue
ANA NUHERHbIX nonumepoB. BepoAaTHO TakKe, uto BonHOBbIe penaukn OHK moryt
UrpaTb ONpefeNeHHyo posb B NPOLEeCCax BONHOBbLIX FEHETUYECKUX KOMMYHUKAL M
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MeX[y KNeTKaMu B OHTOreHese U BO B3POC/OM COCTOSAHUM OPraHWU3MOB, U MEXAY
OpraHu3mamu.

Insa BonHoBbix pennuk [HK B pamkax gaHHOro mccnepoBaHUs CBOWMCTBEHEH
KBa3ureHeTnyeckuit npouecc in vitro: npenapar [JHK BonHoBbIM nyTem Konupyet
camoro cebs 1 06beKTbI (YCTPOWNCTBA, 060pYLOBaHME), BOBEYEHHbIE B MHULMALUIO
penauuMpoBaHnMe U HaxoaslWmMecs B HEMOCPEACTBEHHOW 6AU30CTM OT npenapara
(Puc. 1-3,5 (a), (b); 6 (a), (b)). 3roT MmomeHT noBegeHus [HK, ecnu ero akcTpano-
NMPOBATb HA CUTYALMIO 1N ViVO Y MHOFOKNETOYHbIX OPraHM3MOB, ABNAETCA OLHUM
W3 KJIOYEBbLIX B HalleW MOAENM BOIHOBOrO reHoMa. B cOOTBETCTBUM C HER, Kaxas
KneTka M BCsi GMOCUCTEMA B LiEIOM OCYLLeCTBNSET HenpepbiBHOE BOIHOBOE aBOCKa-
HUPOBAHMA CBOEro CTPYKTYPHO-TeHETUKO-MeTabonmyeckoro coctosHus. WHbiMu
cnosamu, xpomocomHas [JHK in vivo 3a cyeT co6CTBEHHbIX KOTEPEHTHbIX U3yYeHU
nonsipu3aLmnoHHo-ronorpaduyeckum obpa3omM CYMTHIBAET-CKAHUPYET caMolo ceobs
W BHYTPUKIETOYHOE MeTabonnyYecKkoe NpoCTPaHCTBO B Anana3oHe 250-800HM, TO
eCTb KONMpYeT, CO34aeT BOJHOBbIE PENNKMN CBOETO CTPYKTYPHO-(YHKLMOHANBbHOIO
cTaTyca B Kawpbli MOoMeHT BpemeHu [Tertyshnii, Gariaev et al., 2004]. Bo3mox-
HO, LMaNa30H YacToT ropa3fo WNPE, HO TEXHUYECKM NOKA BO3MOXHA perncrpauns
TONbKO YKa3aHHOro CnekTpa YacTtoT. Takue penauku, BeposTHO, 06pa3ytoT TaK Ha-
3biBaemoe cnytaHHoe (entanglement) coctoaHue u HeNoKanbHO (MrHOBEHHO) WH-
(hopMaLMOHHO 0OBEANHAIOT BUoCUCTEMY.

[ns hopmMmUpoBaHUS penanLMpyoLLMXCs 06pa30B Ha POTONIEHKAX XapaKTepHbI
TaKXe cneaytoume 0cobeHHOCTH:

1. OT Kagpa K Kagpy penivku noaBaaloTcA U ucyesatot. Hanpumep, Ha Puc.5:
3-i Kagp — penauKku ectb, 4- — ucyesnu; 11-i kagp — penauku ects, 12-n — uc-
yesnu. To e Ha 13-m n 14-m Kappax.

2. Bo3HuKaoT penaunku nepdopalMoHHbIX OTBEPCTUI U «CBETOBbLIE 3aCBETKUY
(4-7 kagp).

3. Bo3HuKaloT nepexoabl 06pa3oB penjvK B MeXKaApoBOe MPOCTPAHCTBO W
[axe Ha cocefHue Kaapbl: € 13-ro Ha 14-i u ¢ 23-r0 Ha 24-1.

Mo3HO faTb Cnefytolime npeaBapuTeNbHble 00bAcHeHUs 3TUM hakTam. Habnto-
[laemMoe sBNeHMe nepexoa U300paxeHnUs C OAHOro Kagpa Ha [Lpyroi u 3acBeTka
(oTONNEHKM B paiioHe mepdopauumu MoXKeT ObiTb 0OBACHEHO 33 CYET CENEeKTUB-
HOro BbIOOpA ANWHbLI BOJHBI M3 WWPOKOrO CreKTpa naaHapHbIMU BOJIHOBOLAMM.
OHM 06pa3yioTca Mexay BEPXHEN U HUXKHER rpaHuLamMmu pasaena ToWMHbI CaMoro
oToCN0A, a TaKKe Mexay NOAN0XKKON (oTonneHKn u ee amynbcuen. Mpu Hanu-
YMM MHOTOKPATHbIX OTPaXKEHWil U BBMAY PacCEMBAHMA HA LIEPOXOBATOCTAX HeKa-
YeCTBEHHbIX MJaHAPHbIX BOJHOBOLOB, @ TaKXe NpW OTCYTCTBUM B HUX POKYCMPOB-
KW M HANOXEeHUA «NON3YLMX» OTPANKEHHbBIX M300PAKEHNUIA OT NPOTUBOMNOJOKHBIX
rpaHuL, OTONNEHKM ApYr HA Lpyra, NPOUCXOANUT B3aMMHOE UX HANOXKeHMe C no-
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cnepyolwmum nx pasmbeitnem. 06pasbl nepdopaLyMoHHbIX 0TBEPCTUI DOTONNEHKM He
TEepAIOT YETKOCTU 33 CYET OTHOCMTENIbHOM KpynHoMaclTabHocTh otBepcTuit. Kpyn-
HOMAcWTabHOCTb MOXHO MOHMMATb KaK HECOM3MEPUMOCTb Pa3MepOB OTBEPCTMIA
nepcdopauuu 1 pamepos 3epHa HOTOIMyNAbCUU. KpynHble 1 BbICOKOKOHTPACTHbIE
00beKTbI He TPebyIoT POKYCUPOBKM NPY TPAHCAALMMN N300OPAXKEHUSA HA Masible pac-
CTOSIHUS COM3MepUMble C CaMUM pPa3MepoM M3006paxKeHus. ITUM ke 0ObACHsAEeTCS
3ax0[, OTHOCUTENbHO KpynHOMACWTabHbIX 06pa30B CBEYEHUS LMOA0B B MEXKaapo-
BOE NMPOCTPAHCTBO.

IpdeKT HeperynapHoOW perucTpaunn penaukauuid oT Kaapa K Kagpy MOXKHO
NOHMMATb TaK: NPOUCXOAUT OTHOCUTENbHO anuTenbHas YP-Hakayuka BONOKOH npe-
napata [JHK c ero panbHeiwum nepensnyyeHnem nocne nosyyYeHUs npepesibHom
BEIMYMHbI 3aMACAEMON IHEPTUM, €€ U3JlyYeHNe B TEYEHUE HEKOTOPOTO, HO FOPa3ao
MeHblero BpemeHu. lpu HecoBnafeHWM BpeMeH perucrpauuyu Kagpos M BpeMe-
HM OTCTpena 3anaceHHOW 3HepPruyM Hakayku HabngaeTcs NPONycK perucrpauuu
pennuk Kak camon OHK, Tak n oKpyXalowWwmnx npeaMeToB, a Npu COBNAAEHNUMN ITUX
BPEMEH — MPOMUCXOLUT perncrTpauus pennuk. Mpu sbibope onpeaeneHHoOro onTu-
MaJibHOrO BPEMEHHOTO LWara perncTpaLum, CoBNafatoLLero C BpEMEHHbIM Warom oT-
CTPENIMBAEMOW 3HEPTUM HAKAYKK Na3epHbiMu BonHoBoaamu [AHK, peructpauus oy-
[leT HENpepbIBHO BOCNPOU3BOAMMON OT OLHOIO Kafpa K KaXAoMy nocnefylouemy.
OHK in vivo-in vitro asnseTca ronorpammo-obpasyioueii cpegoi [fapses, 1994;
Gariaev, Junin, 1994]. lpuHAB 3T0, MOXHO NoNarath, YT0 Ha (OTOYYBCTBUTENLHOM
cpene AHK, kak, Hanpumep, Ha KonnareHe (XenaTuHa), MOryT ObiTb UCKYCCTBEHHO
3anucaHbl ronorpamMmmbl B CMHEM 1 ynbTpadMoneToBoM cnektpax. B Takom cnyyae
Npu UCNONb30BAHHOM HAMK 0ONYYEHUU CUHEN W ynbTpadMONETOBO Namnamu npo-
WCXOAWT OfHOBpeMeHHas aBTo3anuck npenapata AHK Ha camoro ce6s u napan-
NenbHas 3anucb GAMXKANIWKMX OKPYXAOWMX NPefMeToB HAa POTOYYBCTBUTENbHbIE
KBa3uLMIMHAPUYECKue CTpyKTypsl npenapata [JHK, koTtopslit HaxoauTcsa B cocTon-
HUM XKECTKOTO refia-xonecTepuka. 3aTeM C KaXaoro U3 XxonecTepuyeckmx 4OMeHOB-
XONECTEPUKOBHUX KpacHbIM M WK-u3nyyeHUAMM CUMTLIBAETCA MHOXECTBO Aud-
PAKLMOHHbBIX Pa3MbITbIX U MO3TOMY UCKAXEHHBIX M3006pPaXKeHUIt APKOro NepBoro u,
nocnabee, Bcex NnocneayoWmx nopsaKoB AMPaKLUOHHBIX M306PAXKEH WA, CMELLEH-
HbIX APYr OTHOCWUTENbHO fpyra. JTa perncrpayus ronorpamm B ynsrpaduonete c
nocnefylowmm BoCcCTaHoBNeHNeM B KpacHOM 1 WK-gnanasoHe npuBoanUT cooTBeET-
CTBEHHO K Pa3MblTHIO M300paXkeHnin (penauk). 3To pa3mMblTUe MPOUCXOLUT KakK W3-
3@ UX MHOXECTBEHHOIo NPOCTPAHCTBEHHO Pa3HECEHHOro M300paeHus, Tak 1 3a
CYeT COAEePIKAHUA HECKOIbKMUX NOPSAAKOB OT Kax Ao HUTu BonokoH [JHK. PasmbiTne
NPOMCXOAMUT TaKkKe M 3a CYeT COOCTBEHHBIX aKyCTUYeCKUX KonebaHuil npenapara
OHK ¢ addekTom Bo3Bpata Pepmu-Macra-Ynama [fapses, 1994]. Takoir Bo3Bpar
MOXeT obecneynBaTb NOBTOPbLI BONHOBbIX penink npenapata AHK.

He ucknioyeHo, 4to nofo6Hble 3chdeKTbl MOryT ObITh NPU GOMbLWNX [03aX YNb-
TpachMoNeToBOro U3y4YeHUs, HAaNpPMMep NPU CONHEYHOM OXKOTe, B KOXHbIX MOKPO-
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BaX, YTO BEAET K reHepaLun natoNornyecknx nporpamm ronorpauyecKoro nox-
HOrO ynpaBieHWs NPWU CYMTbIBAHMKM KpacHbiM M VK- pmManazoHamu CONHEYHOrO
cBeTa. JT0, B CBOIO OYEpeAb, NPU ONPeAeNeHHOM NOCNeAyoLEeM NPEBbIWEHUN NO-
POroBOr0 YPOBHSA APKOCTU PEKOHCTPYMPOBAHHBIX roflorpadmyecknx n3obpaxeHui
MOXeT MPUBECTU K NOABNEHUIO HEKOTOPbIX BMOOB 3/1I0KAYECTBEHHbIX OMyXonen.
Hanpumep, MenaHombl. [loMrmMo pernctpawmm ronorpamm Beuay 60/bLIONK IHepruu
ynbTpad1oneToBoro 06/1y4eHns OfHOBPEMEHHO C PerucTpaLuen ronorpamMmm npo-
NCXOANT 3DdEKT YaCcTUYHOrO BbIOMBAHMA 3NEKTPOHOB U MOBPEXLEHUA CTPYKTYP
OHK. HakonneHue Takux 371eKTPOHOB NPUBOAUT K MOSIBJEHUIO CBOOOAHOIO KOH-
AeHCcaTopHoro 3apaaa Ha nosepxHoctn [JHK-BonokoH. lMpu 3TOM HakananBaembli
3apAag co3gaet 3P deKT NpOCTPAHCTBEHHOrO nepepacnpegeneHns BOJOKOH, Y4TO B
CBOI OYepefb BAUAET HA NPEUMYLLECTBEHHOE pacnpefeneHne peKOHCTPYMpPYEMbIX
o6pasos-pennnk. CmeweHne 1306paxeHNi, BOCCTAHOBNEHHbIX ANGDPAKLUOHHbIX
NOpPsSAKOB B CTOPOHY, MPOTUBOMOJIOXHYIO NEPBOHAYANbHOW AUPPAKLUM, MOXKHO
00BbACHUTb KOHAEHCATOPHbIM 3((HEKTOM CMeHbl 3apAfoBOro 3Haka. lpu conpu-
KOCHOBEHUWU C TaKMM NpPOCTPAHCTBEHHO-pACNpefeNeHHbIM KBAa3UMKOHLEHCATOPOM
3a CYeT YaCTUYHOW YTeYKM U nepepacnpegeneHuns 3apAgaoB M UX B3aUMHOrO pac-
NONOXEHUs, 0OHAPYKEH HOBbIN 3PPEKT NPenMyLLeCTBEHHOTO NOABNEHUS MPaBbIX
WAK NEBbLIX NOPAAKOB AMdPaKLuKM B ynpaBasemblx HaHOCTPyKTypax AHK. 3toT 3d-
ekt Habnopaetcs Ha Puc.5 (a, 6), n ero MOXHO MCNoONb30BaTh KaK ANA CO3Aa-
HUA YyNpaBNseMbIX NPOCTPAHCTBEHHbIX HAHOCTPYKTYp AHK, Hanpumep, B npoueccax
pereHepauuy OpraHoB M TKaHel y NOAei 3a CYeT LeneHanpaBiieHHOro roforpa-
(hMyeckoro ynpaBneHus, YTo B NEPBUYHOM BapuaHTe yxxe noayyeHo [[apses u ap,
2007(a) http://www.wavegenetics.jino-net.ru/zip/Diabet.zip; lapses u gp., 2007
(6) http://www.wavegenetics.jino-net.ru/zip/Wimmuni.zip].
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MonAapusauMoOHHbIN aCNeKT
6uoronorpacum

B maHHOW yacTu npepctaBneHa OfHAa U3 Bepcuit GuomHdbopMaLMoHHOW paboThl
(OTOHOB in Vitro Npu MCNoNb30BaHWUM Hale ONTUKO-PAAMO3NEKTPOHHON annapa-
Typbl 41A JanbHei nepefayn ynpasnaiowWero reHeTM4eckoro CUrHana, a Takxe no-
MbITKa MOHATb AHANOTUYHYI0 PabOTY XPOMOCOMHBbIX (DOTOHOB in Vivo. 3TO OTHOCUTCS
K 6MO3HAKOBOW NONAPMU3aLMM NA3ePHOro CBETA, T.€. K roforpaduposaxmio. Takue
tyHKLUMM HDOTOHOB peanun3yloTca NP CKAHMPOBAHUU (CYUTBIBAHWUM) FEHETUYECKMUX
HaHOCTPYKTYP-40HOPOB JIy4OM CMeLunanbHOro 4ByXMOL0BOro nasepa. buocucremsl
TaKXe CnocobHbl K CKAHMPOBAHUIO-KOPPeKLun (KOMNbIOTUHTY) camux ceba cob-
CTBEHHbIMU KOrepeHTHbIMU U31y4YeHUAMU XPOMOCOMHOI0 KOHTUHYYMA B A1Mana3oHe
250-800HM. Mbl nMWb NOBTOpPSAEM 3HAOrEHHbIE HAHOTEXHONOrMK in vitro. Mpu Ta-
KOM KOMMbIOTUHTE, Oyab TO B KUBOM OpPraHu3Me Wau Npu ero UCKYCCTBEHHOM Mo-
BTOPEHWU YesI0BEKOM, 06pa3yeTcs Nyn WUPOKOCNEKTPANbHOW BOSHOBOM MH(OpPMa-
LKW, KOTOPYIO OpPraHu3Mbl UCMONb3YIOT A1 COOCTBEHHON perynaunu, a Mbl 6epem
3Ty UHOPMALMIO A1 NONOXKUTENBHOIO LieIeHanpaBeHHOro yrpaBaeHns MmetTabo-
nmM3mMoMm buocuctem.

[puBefeHa MmaTemaTMyeckas MOAeNb NONAPU3ALUMOHHO-AUHAMUYECKUX aK-
TOB BbIOPAaHHOrO M3MeHeHWs MeTabonusama GMOCUCTEM MOCPEACTBOM Na3epHOro
ronorpaupoBaHua-KOMNbIOTUHIA in vitro-in vivo. 06cyxaanTcsa oblme MexaHu3-
Mbl TAaKMX AKTOB €CTECTBEHHOrO M WCKYCCTBEHHOTO ynpaBieHus buocuctemamu, a
TaKXe HeKoTopble AeTanun cnocoba 1 yCTpoNCTBA AN NPAKTUYECKO paboThl B 3TOM
HanpasneHun [TepToiwHbli, fapses, 2007 http://www.wavegenetics.jino-net.ru/
zip/New_tec-7-2007.zip].

MoHATME 1 TEPMUH «ronorpadua» NPOMCXOAAT OT ABYX rPeyecKnx CioB — «Le-
Nbl» 1 «0bpasy. [lo HegaBHEro BpeMeHu CyLLecTBo roforpadum CBOJMNOCH K Tex-
HUYEeCKOMY MeTOAY NOJIHOTO MPOCTPAHCTBEHHOTO (3-MEPHOT0) U MPOCTPAHCTBEHHO-
BpeMeHHOro (4-mepHoro) u3obpaxeHus obbekTa. Tenepb NoHATUE ronorpadum
KapguMHanbHO pacwMpuaoch U pacnpoCTPaHAETCA Ha CTPYKTYPbl U PYHKLUM KOpbl
ronosHoro mo3ra [Pribram, et al, 1974] u reHeTyeckoro annapara opraH1M3moB.
Ecnu mbl roBOpUM O reHeTMYeCcKo NamATH, TO 3TO 3HAYMUT, YUTO XPOMOCOMHbBIN KOH-
TUHYYM, KaK KBAHTOBbIN OMOKOMNbIOTEP, ONEPUPYET 4-MePHbLIMU BOJHOBbIMU 06pa-
3aMu CBOei COOCTBEHHOMN MHAMUYECKOW CTPYKTYpbI A/if CTPATernyeckoro ynpas-
NeHns meTabonnsmom 1 co6CTBEHHOM 4-MepHOl cTpyKTypoii [Gariaev et al, 2001].

Mpu dazoBom (Npo3payHOM) CTpoeHUM ronorpadupyemMoro ob6beKTa no BCemy
NPOCTPAHCTBY NOJYYaeTCs NONHOE W AeTaNbHOe ero n3obpaxeHue. Bnepsbie Metopn
ronorpacpuposanus npeanoxeH [l. labopom B 1948 rofly 1 CyLWeCcTBEHHO AOMNONHEH
OTeYeCTBEHHbIMU yyeHbIMU. MeToa 0CHOBAH Ha MHTepdhepeHLUN KOrepeHTHOro n3-
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nyyeHus noboit npupoasl. Hanpumep, Ha hoTONNACTUHKY OJHOBPEMEHHO C «CUT-
HaNbHOI» BOMIHOM, paccesiHHON 0OBEKTOM, HanpaBnsAlT B 06xoa 06beKTa «onop-
HYIO» WJIN 3TaIOHHYIO0 BOJIHY OT TOTO € UCTOYHMKA cBeTa. Bo3HuKaowas npu uH-
TepdepeHLUn 3TUX BOSH KAapTUHA, COEpIKaLLas nonHy nHdopmaumio 06 obbekTe,
buKkcmpyetca Ha HOTOYYBCTBUTENLHON NoBepXHOCTU. OHA Ha3biBaeTCA ronorpam-
MoM. Mpn 06ay4YeHMU roNoOrpaMMbl UK ee y4yacTKa OMOPHOMN BONHON MOXKHO YBU-
[eTb 06beMHOe n3006paxeHue Bcero obbekTa. fonorpadus WMPOKO Ucnonb3yercs
B M3MKE M Pa3NNYHbIX 001aCTAX TEXHUKM (B YACTHOCTU, AN pacno3HaBaHUsA 06-
pa3oB M KOAMPOBAHMA UHDOPMALMK), B aKYCTUKe (A1 0OHAPYXXeHUA BHYTPEHHUX
Ae(heKTOB B OTBETCTBEHHbIX METANIMYECKUX KOHCTPYKLMAX, HANnpUMep, B aTOMHbIX
cTaHumax) u 1.n. flonorpacus umeet 6onblIMe NEPCNEKTUBbI NPU CO3AAHUN 0OBEM-
HOrO KMHO U TeNneBUaeHus.

Mop reHo-ronorpacmyeckum 6UOYNpPaBIEHUEM Mbl MOHMMAEM CTpaTernyeckoe
ynpasieHue mopdoreHe3om, 6uoxumuein u hmu3nonormein pa3BmMBakoLLErocs M B3poc-
JI0r0 OpraHM3ma C UCNONb30BaHMEM XPOMOCOMHbIX YMPABAAIOWMX AKYCTUYECKUX,
CBETOBbIX W/UNW 3NEKTPOMArHUTHbLIX 0Opa3HbIX FeHETUYECKMX BO3AEWCTBMIA. ITO
paboTta reHoma Kak KBaHTOBOro 6uokomnbtoTepa. Mpu ynpasneHnn 6uonornyecku-
MUK cMCTEMaMK in vitro-in vivo nponcxoaut nepeaaya ronorpaduyeckoin nHhopma-
LMK OT LOHOpa K peuunueHTy. B xone npoBeaeHna nazepHo-ronorpadmyeckmnx sKc-
nepuMeHTaNbHbIX paboT Ha pacTeHusx B 1997 roay 66110 HU3MKO-MaTEMATUYECKM
000CHOBAHO siBNEHME ronorpaduyeckoin TpaHcasaumm uHdbopmauum oT AoHopa K
peunnueHty [Gariaev et al., 2000; lapses u ap., 2000; lapses u op., 2000; [apses u
Ap., 2001(a); lapses u gp., 2001(6); Gariaev et al., 2004]. CyTb 3TOrO ABNEHUSA CO-
CTOMT B NPOXOXKAEHUN 0COO0r0 CKAHMPYIOLWErO Na3epHOro U3NyYeHNUs Yepes nony-
npo3payHble 6MONOrMYECKMe TKaHU U KNeTKU — [OHOPbl BOJHOBOMO 3KBMUBAEHTA
reHeTMKo-meTabonunyeckoi nHdopmaumm. [loHopsl 34eChb BbICTYNAOT KaK ronorpa-
(buyeckne MoaynATOpbI 30HAMPYIOWErO CBETa. ITa MOAYNALMA, COOCTBEHHO, U AB-
NAeTCA NoNApU3aLMoHHO-(ha30BbIM roNorpadupoBaHUEM CTPYKTYPbI U MOOUIBLHOTO
MeTabonnyeckoro (B T.4. FTEHETUYECKOrO) CTaTyca fLOHOpa. B pe3ynbrate BO3HWUKaeT
CNOXHbI LUHAMUYECKMNIA peecTp 4-MepHbIX 06pa30B-KOMaH[, KOTOPbIMU OMepupy-
€T CO3AaHHbIA HAaMU KBAHTOBbIN OMOKOMMNbIOTEP AN YNPABJEHUA OpraHU3Mamu-
peuunueHTamu. Takoi MCKYCCTBEHHbI KBAHTOBbLIN OMOKOMMbIOTEP haKTUYECKM B
CYLLECTBEHHO yNpOoLLEHHOM BapMaHTe NOBTOPAET in vitro To, YTO AeNnaeT Hal reHe-
TUYEeCKUi annapaT B kayecTBe ectectBeHHoro [JHK-BonHoBOro 6uokomnbtoTepa in
vivo [Gariaev et al, 2001].

[lns ycToiynBoro 1 63 MCKaXeHMn 3anOMUHAHMA in Vivo B Iy4€BOM NOTOKE CYU-
TbIBAEMOI MHbOPMaLMM Toraa e Obina NpeanoXeHa onTUYecKas TPaKTOBKA Kie-
TOYHbIX AP KaK BUOPOYCTONYMBLIX MONSPU3ALMOHHBIX CEHCOP-Npeobpa3oBaTtesent
AMHAMUYecKoi ronorpammel. B du3nyeckyo ocHoBy Takoro npeobpasoBartens 3a-
NOXEH NPUHLMM M3ObITOYHOrO KOAMPOBAHUS KAXA0MN aMnanTyaHo-tha30Boi pac-
ceuBatoLen TOYKM 06bEKTa B BUAE NONAPU3ALMOHHbIX KBa3uKonel, HbtoToHa.
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B Hawwmx aKcnepumeHTax No pereHepaLuu nogXKenyaouHom xenesbl y Kpbic (B
feTansx o6 3ToM B cieaytoLeit raBe) NpoBoAnNach BUOpoycToiymMBas nepepaya
NoONApPU3aLMOHHO-LMHAMUYECKOI rosorpaduyeckoit MHGopmaumm oT LOHOpa K pe-
umnueHty. [pn gocTaTtoyHo ANUTENbHOM U LieneHanpaBleHHOM OKOJIOPe30HAHCHOM
3KCNOHWPOBAHUMN peLunueHTa NPoOUCXoauI0 ABneHne ronorpadunyeckoro ynpas-
NEHUA COCTOAHMEM peuunmeHTa NoCpeaCcTBOM UCKYCCTBEHHO TPAHCAUPYEMOIA rono-
rpacdmyeckon nHdopmaLmmn, UCXoAALEN OT KNETOK U TKaHeln goHopa. B pesynbrate
CTBOJIOBbIE KNETKM peuunueHTa nosyyalT MHPOPMALMOHHbBIA UMNYALC K Havany
anddepeHLMPOBOK B HANPaBNEHUM NOCTIMOPMOHANBbHOrO MOpdOoreHe3a ¢ NOAHbIM
BOCCTAHOBJIEHMEM NOKENYOOUYHON Xene3bl Y KpbiC. Mbl He 3HaeM, Kakue UMeHHO
TUNbl (MAU TUN) CTBOJIOBLIX KNETOK 3aJeiiCTBOBAHbI 3[€Ch, 3TO NpeAMeT OyayLmnxX
nccnegosaHuin. B npouecce paboTbl BbISCHUAOCH, YTO OCHOBHOI Nyn Guoronorpa-
dhnyeckon nHMOpMaLUN HAXOAUTCSA B MONAPU3ALUOHHO-AUHAMUYECKUX MOAYASALM-
fX yrnoB Jiinepa. 3T0 MOXHO 0OBACHUTL TEM, YTO NOCNE YACTUYHOTO OTPaXKeHMUs
W NPOXOXLEHUA NA3EPHOro Nlyya Yepes Kaxaylo ToYKy GuonpenapaTtoB-AOHOPOB
BO3HWKAIOT CBETOBblE KOHYCA pacCeAHHOro U3ny4yeHus, B KOTOPOM UCXonsAWas ot
nasepa OpTOroHaNbHO-KpYroBas noaspu3aumns npeobpasyercs B NpOCTPaHCTBEHHO-
KOHWYeCcKoe ee pacnpeneneHune. 3aecb UMeeT MECTO KNloYeBoe COObITUE — B3aUMO-
AENCTBUE PaCcCeAHHOro U3Jly4eHUs CBETOBbIX KOHYCOB C MONAPU3aLMUOHHON ONop-
Hoit BofHOW. OHA CMHTE3MpYeTCs CeHCopoM-npeobpa3oBaTteneM, B KayecTBe KOTo-
poro MOryT BbICTYyNaTb accouuaTbl NOAAPU3ALMOHHO AKTUBHBIX KNETOYHbIX Agdep.
[lpn TakOM B3aMMOAENCTBMM BO3HWUKAIOT NPOCTPAHCTBEHHO-pacnpeneneHHble no-
NApuU3aLMOHHble KBa3nKoNbLA HbloToHa. }KuBble KNeTku — 370 Bceraa metabonunye-
CKM M NONApPM3aLMOHHO HeCTaLMoHapHaa cpefa. Tem He MeHee, CBET, PaCCeAHHbLIN
TaKOW Cpefoil, AaeT KBa3MKONbLA HbOTOHA, NPaKTUYECKU HENOABUXKHbIE Apyr OT-
HOCWUTENbHO Apyra M OTHOCUTENbHO Hayana KoopamHaT, BbiIOMpaeMoro B NpoCcTpaH-
CTBE, B KOTOPOM HAXOAUTCA 0ObEKT-AOHOP. ITO NPOUCXOANT U3-3a OTHOCUTENbHOIA
CBA3aHHOCTU TOYEK JOHOPA Mex Ay coboit. [lepemeHHble yrbl Jiinepa 06ycioBeHb
MUKPOCKOMMYECKUMU aMNAUTYLHbIMU KONebaHMAMM TOYEK LOHOPA, COOTBETCTBYHO-
WMMKU JUHAMUYECKOMY COCTOSIHMIO KNETOK XMBOro 6Moiornyeckoro obbekta. 3tu
nepemMeHHble YIbl NPeACcTaBAAOT COO0M Yribl MEXAY NPsSMbIMU, KacaTeNbHbIMU K
NOABMMXHBIM NONAPU3ALMOHHBIM KBA3UKOIbLAM, U OCAMU KOOPAMHAT, B KOTOPbIX
paccMaTpuBalOTCA TOYKU AOHOPA.

Kpome TOro, okazanocb BO3MOXHbIM nepefaBatb MHGOPMALMIO OT AOHOPA B
[anbHIO 30HY, rae pacrnonaranca peuunueHt. MNop fanbHen 30HON, Kak 00bIYHO,
NOHMMAETCA PacCTOAHMEe, 3HAYUTENbHO NpeBbIWatlee AJUHY BOJIHbI IA3epPHOro
30HAMpYIOLLEr0 CUrHana. [ns mMoHMMaHUs M peanusauuu 3Toro npouecca Ovina
pa3paboTaHa KOHUENUWUA KNETOYHbIX AP — NONAPU3ALMOHHBIX KBAa3MOOBLEKTM-
BOB. ®u3nKa 1 npuHUMN paboTbl TaKUX 0OBEKTMBOB COCTOWUT B TOM, YTO OHM KakK
nonAapouabl U OQHOBPEMEHHO KaK UCTOYHUKM KorepeHTHoro ceeta (250-800HM),
HaxoaflWMmeca B cpefe LMTonNa3mMaTuyeckoro KNeTo4HOro KOHTUHYYMa, CKaHUPYIOT
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COOCTBEHHbIE W LUTOMNA3MATUYECKME MOAYNALUM nonspu3aummn. A 3To sBnseTcs
KNtOYeBbIM BKNAAOM B CMHTE3 OMOrosorpamm, U 310 Xe fBASAETCA HauMeHee 00b-
SICHEHHOI (heHOMeHOoNornen.

311 xe dakTopbl pewarT npobsemMy AMHAMUYECKOW YCTOMYMBOCTU NONAPU-
3aLMOHHbIX FONOFPAMM, YTO OKa3anocb 0COOEHHO BAXHO AJis pabOTbl C XKMUBbIMY
opraHu3amamu. lpu NoObIX MUKPOABUMKEHMAX NA3EPHOrO Ny4a OTHOCUTENLHO CKa-
HUPYEMOTO npenapata-AoHopa UK LOHOPA OTHOCUTENIbHO Ny4a, HanpuMep, BCies-
CTBME CEeCMUYECKON MOLABUMKHOCTU (PYHAAMEHTA, HA KOTOPOM YCTAHOBAEH nasep
W/Unu BCNefCcTBME He CTALMOHAPHOCTU AOHOPA BLONb KNETOK AOHOpA BO3HWUKAeT
O/iHA M Ta XXe OTHOCUTEeNbHO CTabunbHas cucTeMa NONAPU3aLUOHHbLIX Konel, Hbto-
TOHA. MIHbIMK cnoBamu, obpasytowmecs npu na3epHom 30HANPOBAHUM AOHOPOB NO-
nApuU3aLMOoHHble buoronorpacuyeckme 0b6pasbl CTabubHbI, HE Pa3MbIThbl U TO3TOMY
pacno3HaTcs 6MOCMCTEMON-PELMNMEHTOM KaK perynatopHsble. Mpu ronorpaduye-
CKOM KOMPOBAHWUM U TPAHCAALMMU MHDOPMALMM yAANOCh pelnTb npobnemy gonon-
HUTEJIbHOFO COXPAHEHUA U30bITOYHOCTU. ITA U3OLITOYHOCTL MOHUMAETCA 3[EeCh B
TOM CMbICJ€, YTO OHA CBfA3aHa C NPAMbIM U 06paTHbIM Dypbe-npeobpa3oBaHuem, Ko-
TOpOe COCTOUT, BO-NEPBbIX, B (POPMUPOBAHMM U PETUCTPALMU OT KAXJ0W TOYKM [0-
Hopa KBa3ukosnel, HbloToHa 1, BO-BTOPbIX, B X 06paTHOM Pypbe-npeobpa3oBaHuy.
Mpsmoe ®Pypbe-npeobpa3oBaHme faeT cMCTeMy KBa3uKoel, HbioTOHA Ans Kaxpoil
TOYKM KNETOK JOHOPA, a 06paTHOe — Nnpeobpa3yeT 3TV KO/bLA B aHANOTUYHbIE TOY-
KW, HaxoAAalWmecs B AanbHeN 30He Ha peuunueHTe. B utore n3buiTouHOCTb 0bECne-
YMBAETCA TEM, YTO MPU MPOXOKAEHUMN Yepe3 KNEeTOUYHble Afpa-KBA3M-00bEKTUBSI,
KaXaas KNeToyHas CTPYKTypa AoHOpa TpaHChOpPMUPYETCS B COBOKYNHOCTb 00bEM-
HbIX MONAPU3ALMOHHBIX KOHYCOB CTOAYEN CBETOBOM BOJIHbI MHTEHCMBHOCTU. B cny-
Yae YaCTUYHOTO CTUPAHUSA UAW BMOPALMOHHOTO Pa3MbiTUsA KBasukonel HblOTOHa,
KOTOpble COOTBETCTBYIOT HEKOTOPOI TOYKE PELMNUEHTA, OCTABLLAACSA YacTb Konel
OKa3blBaeTCs He0OX0AMMOW U AOCTaTOYHON NS NPaBUAbHOTO (GOPMUPOBAHUSA CO-
OTBETCTBYIOLLEN TOYKM [LOHOPA.

B 3TOM COCTOAT OCHOBHbIE OTAMYMS U NPEUMYLLECTBA ONUCLIBAEMOTO B HACTOS-
el pabote cnocoba u ycTpoictBa ronorpamyeckoro ynpaBaeHnUs COCTOAHUEM
KNEeTOK GMONOrnYecKnx cucTeM. 3a CYeT BblleyKa3aHHbIX peleHnit 6bna noayyeHa
NonsApM3aLMOHHO-ANHAMMUYECKan ronorpaduyeckas TpaHcnauma nHdopmaumm bes
ee reoMeTpuyecKoro 1 MaclTabHOro NCKaXEeHUHN.

OTMETMM, YTO A1A NOJAYYEHMUS TONOrPaMMbl BO3MOXHO MCMNONb30BaHWE U He-
KorepeHTHOro u3nyyeHus. OQHAKO B HalleM C/y4yae WCNONb30BaNCSA KOrepeHT-
Hblii CBET AN obecneyeHUs MHOXecTBa 0OpaTHbIX CBf3ei, KOTOpble NpuaaloT, B
KOHEYHOM WUTOre, GUONOrMYECKYI0 AaKTUBHOCTb MepefaBaeMoi ronorpadmyecku-
MOAYNALMOHHON MH(OPMALMM NO CBETOBOMY, 3NEKTPOMArHUTHOMY M aKycTuye-
CKoMy KaHanam. Kpome Toro, B none3Hom curHane, MCXoasllem oT A4OHOPa, nepe-
AaeTcs nofspu3alMOHHas rojorpamma, npomMoayaupoBaHHas BUOPUPYIOLLKMMK
kBasukonbuamu HbioToHa. Mopynsauus CBETOBOro MoToKa OMOTKaHbIO-AOHOPOM
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nepenaeTcs KBaapatuyHeiM oToneTekTopoM. OH BCTPOEH B na3epHyto TpyoKy. 3a
CYeT 3TOro MOAYNALMA TPAaHCHOPMUPYETCSA B NEPEMEHHbINA 3NEKTPOMArHUTHbLIA CUT-
Han. CylwecTBeHHO, YTO Moaynupyiolwas Bubpaums konel HbioToHa (Konew UHTeH-
CUBHOCTM) 0TOOpaXaeT KOAOBYIO NONAPU3aLUOHHO-(hA30BYI0 AUHAMUKY KaXLOro
MUKpO-(pparmeHTa JoHopa, Hanpumep, XK-xpomocom. B cBolo ouyepeab, MUKpO-
LMHAaMU4YecKas BuOpaums 3Tux Konew (M NpsMbIX KacaTesbHbIX K HUM) nepepaet
LVMHaMUKy yrnoB Jiinepa. Bca 3Ta 3HakoBas AnHamuka (ronorpaduyeckas u <Koy
3aMKOBas») Pe30HAHCHO BO3JENCTBYET HA OUOCUCTEMY-PELMUNUEHT, HanpUMep, Ha
K-xpomocom, nepenporpaMmumpys ux n3oMophHO LOHOPY.

Takum 06pa3om, nonspu3aLMOHHO-AMHAMUYECKas MOLYNALMUS CBETOBOMO NOTO-
Ka, NpeAcCTaBieHHaa KBa3nKonbLamn HbloToHa, TpaHChOpMUpYeTCa Npu UX gBUXe-
HWUMW B 3N1EKTPOMArHUTHbIA CUTHAM, KOTOPbIA MOLYNMPYET HeCyLUyo 4acToTy rapmMo-
HUK reHepaTopa MMMNyNbCOB, PEryanpyoWMX MUKPOCMELLEHNA 3epKan Na3epHoro
pe3oHaTopa. MakcumyMm ryOuHbI MOAYAALMM NMONE3HOTO CUTHaNa NpPUXOAUTCS Ha
avanasoH vactot oT 0,5 Ml go 1,5 M, YTo Nerko o6HapyXMUBAET U NPUHUMAET
NPaKTUYeCKM Ntobo CpeaHEBONHOBbIN PafMONpPUEMHUK.

Kpome Toro, cnegyet o6aBuTb TakKe U TO, YTO NPU MHOFOKPATHOM NPOCAYLW K-
BaHMU TaKMX ayaMo CUTHaN0B, HAMWU OOHapyXeHa Ux GUonormyeckas akTUBHOCTb.
370 OTHOCWTCSH KO MHOTMM 3anuCAM Ha NtoO0I HOCUTENb OT XKMBbIX U HEXMBBIX
006beKTOB-A0HOPOB. MogpobHee pe3ynbTaThl HalWMX HabatOAeHNI OyayT U3narartb-
sl B NOCNeAyLmux nybnmkaymsx.
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TeopeTuuyeckoe 060cHOBaHMe
BO3MOXHOCTM XPaHEHUA, 3aNUCK

U CYNTLIBAHUA AUHAMUYECKUX
NONAPU3ALNOHHbBIX F0JIOrpamMm

C UCNOJIb30BaHNEM

Ha UH¢OPMaALUOHHBIX GUononumepax

PaHee Mbl OCyLWeCTBMAM YCNEWHYK AWUCTAHTHYI (LECATKW MeTpoB) Nla3epHO-
pafMOBOJIHOBYIO Nepeaayy MopdoreHeTUYECKUX CUrHanoB ¢ buogoHopa (npenapa-
Tbl NOAXKENYAOYHON XKenesbl U CeNne3eHKun Kpbic) Ha 6ruopeymnumeHTa (Kpbicbl, 60/1b-
Hble fMabeTom 1-ro TMNA), YTO BbI3BANO PEreHepaLmio NoOAXeNYA0YHON Kenesbl B
Tee 6ONbHbIX JXUBOTHbIX U UX MOJHOE BbI3LOPOBIEHUE (KOHTPONbHbIE KPbICHI MO-
rnénu) [lfapses u ap., 2007 (a)]. 3ToT aKT HyXKAaeTcA B TEOPETUKO-OMONOrMYECKOM
N HU3nYEeCKOM 0OBACHEHMSAX, NOCKOJbKY JOKA3aTeNbCTBO BO3MOXHOCTM CYLLECTBO-
BAHMA AKTUBHOMN reHeTMyecKon MHdopmaLun B hopMe 3NEKTPOMArHUTHOro Nond
MMeeT NPUHUMUNMANBHOE, MUPOBO33PEHYECKOE 3HAYEHNe.

N3BecTHO, 4TO OCHOBHblE MH(OPMALMOHHbIe nonumepbl kKnetok — [HK, PHK,
OenKu u MHorne fpyrue MeTabonuTbl OPraHNM3MOB COAEPIKAT B CBOEM COCTABE ACUM-
MeTpMYeCcKue aToMbl a30Ta, B CUJy YEro 3TM METABONUTbI UMEIOT ONTUYECKYIO aKTUB-
HOCTb ¥ NONAPU3YIOT CBET. BMecTe ¢ TeM M3BECTHO, YTO abMOreHHble a30TCoAepKa-
WMe nosmMepbl CMOCOBHbI C BbICOKOW AUGPaKLMOHHOM 3hHEKTUBHOCTLIO 3aMUChI-
BaTb AMHAMMWYECKME NMONApMU3aLMOHHbIE ronorpammel [baknanosa u gp., 2005]. B
CBA3W C 3TUM NpeaCTaBAseTCs UHTEPECHbIM PacCMOTPeTb MHhOPMALMOHHbIE GUO-
nonumepsl — [HK, PHK 1 6enku, Kak BO3MOXHbIX XpaHUTeNei 1 cybCcTpaToB 3anu-
Cv nonspu3aunoHHo-6uoronorpaduyeckoi nHdopmauuu, yuntoisas, yto AHK, PHK
n 6enKu TakXKe ABNAIOTCA a30T-COAepXKalmMMu nonumepamun. BoamoxHo, B cuny Ta-
koro cxopacTtea [JHK, PHK u 6enku cnoco6Hbl 0coObIM 06pa3oM MOrowWaTh KBaHTHI
CBeTa C NepexooM Mexay cTabuabHbIMM TPaHC- U30MEPHbIMU U LUC-M30MEPHBIMU
KOH(OpMaLuMaMK B NOAUNENTUAHBIX U NONUHYKNEOTUAHBIX Liensx. 0cobbli nHTEpec
npeactasnaet monekyna HK Kak xpaHutens nonspusaunoHHo-ronorpadmyeckoi
reHeTuyeckon nHdopmauumn [TepToiwHbINA, [apseB u ap., 2004] 1 kak aHanor abuo-
FeHHbIX a30T-coaepalmx nonumepos [baknaHosa u ap., 2005]. OcHOBHOW BKNag
B CJIOXHYIO CXEMY 3HEepreTMyecKnx ypoBHen Takux NOAMMEPHbIX MOeKyn Ans oT-
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HOCUTENIbHO MepfieHHbIX npoueccoB (=102 ¢) BHOCAT WX OCHOBHble CTabWUbHblE
KoHopmaumnoHHble cocToaHua. Ona AHK 310 A,B u Z-dbopmbl ee KOHopmepoB.

BeposTtHas dhotonzomepusauus AHK, PHK u 6enkoB, nponcxonsias B knetkax
OuopeunnueHTa Npu NofJaYe Ha Hero NospMU3aLMoHHO-ronorpadmyeckoro obpasa,
MOXeT NPUBOAUTbL K U3MEHEHUIO OpPMEHTALMM NOrOoLWALero nepexoaa, a Takxe
ceyeHua nomoleHnsa xpomodopa 1 ero runepnonapusyemocTu. B ceoto oyepegb,
(hOTOMHAYLMPOBAHHOE U3MEHEHWE KOHLEHTPAL A M30MEPOB U UX NPOCTPAHCTBEH-
HOMN OpMEeHTaLMN U3MEHAIOT ONTUYeCKNe CBOMCTBA Cpefbl, @ MMEHHO MoKasaTtesb
npenomaeHna u KoapduuymeHt normoueHuna. Mol npegnonaraem, 4to 3pdekTns-
HOCTb (hOTOM30MEpPU3aLMOHHOIO nepexofa Onpefensercs XapakTepucTUKamu
nocnefoBaTeNIbHOCTEN a30T-CcofepXkalmnx HyKkneotuaoB KoHKpeTHbix [JHK n PHK,
aMUHOKMCIOTHBIX MOC/Ie0BaTeNbHOCTEN KOHKPETHbIX GEIKOB, @ TaKXkKe CeYeHueM
NOrNOLWEHNA N30MEpPOB, KBAHTOBbIM BbIXOAOM peaKkuuu TpaHC-LUC-u3omepu3saLmm
M napameTpamyu BO3JEWCTBYIOLLEr0 CBeTa, KOTOPbIA MOAYAMPOBAH YKa3aHHbIMU
buononumepamn Knetok 6MoOAOHOpa. 3TO HOBOE MONAPU3ALMOHHOE COCTOSHME
CBETOBOW BOJIHbI, UCXOAALLe OT TKAaHM-OMOAOHOPA, M YNPaBASAET MHTEHCUBHO-
CTblO M nonspu3aymeit MHGHOPMALMOHHLIX OMONONMMEPOB B K/ETKAaX OpraHM3Ma-
peuunueHTa.

B ronorpaduyeckom nHcbopmauMoHHO-Na3epHoM npeobpasoBaTene, UCNONb-
30BaHHOM HaMW /1A JUCTAHTHON Nepefayn BONHOBbIX FreHETUYECKUX CUTHanoB u/
WAN TPUTTEPHBIX BONHOBLIX CTPYKTYp [fapses u ap., 2007 (a)], B3aumHas optoro-
HaNbHOCTb NONAPU30BAHHbLIX MOJ, 30HAMPYIOLLEr0 Na3ePHOr0 U3y4eHUsa N03BONAET
YBEINYUTb BEPOATHOCTb MAKCUMAJIbHOFO COBNAAEHNUA C GONbIWON OCbIO MOJEKYIbI
AHK 1 c opueHTaunen gupektopos xuakux kpuctannos [JHK B coctaBe xpomocom.
OnTMyecKnin OTKAUK LUC-U30Mepa CYMTAETCA M30TPONHbLIM. B cocTaB nonumepHom
MaTpuLbl PaBHONPABHO C Aa30T-COAEPXALMMU COCTABHbIMU MOTYT BXOAUTb U He
thoTouyBCTBUTENbHbIE HEelTpanbHble hparmeHTbl, BHOCALME CBON (DOHOBLIV BKNAL
B ONTUYECKME XapaKTepucTukn coegnHenus [MpaHrnwsmnum, 2000]. B pesynsrate
dhoToMHAYUMPOBAHHBIX nepecTpoeHnin [JHK BO3MOXHO CTpYyKTypHOe nepecTpoe-
Hue Bcen nonumepHon uenu [HK. HaBepeHHas CBeTOM aHWM30TPONMA 3-MEPHOro
pacnpegeneHus HyKneotupos B xupgkokpuctanandeckom (XKK) kontuHyyme [HK
B COCTaBE XPOMOCOM OyaeT, BEPOATHO, O0fee [ONTOXKMUBYLWMM U NO3TOMY MOXKET
ABUTHCA BaXXHbIM (PAKTOPOM NpM aHann3e NpoLeccos, OTBEYALWMX 33 YCTONUYMBOE
W LONrOBpeMeHHOe XpaHeHue ronorpaduyeckon MHhopmaLmm, 3anUCaHHoN B TO-
nodopmax XK OHK.

B akcnepumeHTax npu TpaHcaAuuu ronorpauyeckoin MHoOpmMaLun OT Kne-
TOK/TKaHEN-[OHOPOB K KNETKaM/TKAaHAM-peLunmeHTaM BOKPYr KaXAoW KNeTKu-
ronorpammbl 060MX YYaCTHUKOB B OIMKHEN 30HE pacnonaraeTcs CNoW CoCefHUX
KNeTOK-rosorpamm, 06MeHMBaLWMUXCA MeXay COO0M 1 LLEHTPANbHOMN KNETKOM rofo-
rpaduyeckon nudopmaumeit [byparosckuit, 2004]. Toraa Kaxpaa Knetka, NOMMMO
COOCTBEHHOMN NONAPM3ALMOHHO-rONOrpacMyecKoin CTPYKTYPbl U ee AUHAMUYECKMUX
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XapaKTepUCTUK, CONEPKUT elle ronorpaduyeckylo MHbopMaLuio o GAMKalLLmMX
COCEAHMX KNeTKax. B 3ToM COCTOMT ellle 0fiHAa BaxHas NpuUYMHa 0becneyeHns ns-
ObITOYHOCT U MHOTOKpPATHOro Ay6nmMpoBaHusa ronorpacdudyeckonn MHdopmaumuu B
ouocucreme.

®u3nKo-maTemaTMyeckoe onucaHue AMHAMUKM NPEANOSAraemMbix MpoLECccos,
aHanornyHoix hotomsomepusauum u nepeopueHTauum monekyn [HK, naetcs B tep-
MUHAX YHKLUUA NIOTHOCTU YIIOBOrO pacnpeaeneHus. bynem cuutath Hesasucu-
MbIMU BCE TPU MONEKYNAPHbIe rpynnbl, Bxoaslme B coctas [HK: TpaHc-uzomeps,
LUC-U30Mepbl U HeTpanbHbie Monekynbl. VI3 pabotel [baknaHosa u ap., 2005] us-
BECTHA CUCTEMA BANaHCHbIX YPAaBHEHUIA, OMUCHIBAKOIMUX AUHAMUKY (YHKLMIA pac-
npeaeneHns U3oMepoB abMOTeHHbIX MONMMEPOB C BbICOKOW MONAPU3ALMOHHOIA
aKTUBHOCTbIO. ITO B KaKOM-TO Mepe COOTBETCTBYET MPOLECCaM, NPOUCXOAALUM B
monekynax [HK npu Bo3geicTBUM LIMPKYNAPHO-NONSAPU30BAHHOTO CBETA C YYETOM
BAUSHUA HE OTOYYBCTBUTENLHOI YACTU NONUMEPHON MATPULLbI:

an 1 1 !
L~ —Rin,+ R (1+5SP, + < DP{” cos29)(N, = [ m,d<) -

-D/A,(n,(2,82) - n?(Q)),

as@) 10U, 1 _ Gy (1) Q)
ST ( (1) aoo(f)) 6D, (S(t)-S,);

dD(?) _ _thz B 6a,, (¢) :
P ST ( (1) aoo(f)) 6D, D(2); "

1.0 = (N, = 1,1,

Yron Q=(6,¢) — TenecHbli yron GyHKLMUM NIOTHOCTM YINIOBOrO pacnpeaeneHus
AVHaMUKK npolieccoB hoTOM30MEPU3aLLIMM U NepeOpUeHTaL MM MOIEKYN B roorpa-
(buyeckoi cTpykType GOTOMHAYLMPOBAHHbIX MOpPdOreHe30B buocucrem.

Koadduumentsl R, n R XapaKTepu3yloT CKOPOCTb M3MEHEHUA NHTEHCUBHOCTM
n3omepusauuun. B pazBepHyTOM BUAE UX 3HAYEHUS MOXKHO 3aNnUCaTb B CEAYIOLWEM
BUAE:

1 l1-¢
R =—oly e +——c(0,0)]|;
" ho il 1+a2g( 2

(2)

115



[1.M.lapses

roe S(t) — dyHKuMA pacnpefeneHusa uuc-nomepoB B monekyne OHK npwu
BO3JENCTBUN SNIUNTUYECKN NONAPU3OBAHHOIO CBETA; 1, — TeKyllee 3HayeHue
nokasarena npenomneHuns B monekyne JHK npu Bo3geicTBUM 3nAUNTUYECKM NO-
NAPU30BAHHOTO CBETA; 11 (1) — TeKylee 3HauyeHne Ko3hdumMeHTa normoLieHNs B
monekyne [JHK npu Bo3aencTBum anamnnTUyecKkn nonapm3oBaHHoro ceeta; D(t) —
(hyHKUMA pacnpepeneHna TpaHc-u3omepHblx yacten JHK npu Bo3geictBum annun-
TUYECKM NONAPM30BAHHOIO CBeTa; I — BeNMYMHA UHTEHCUBHOCTU BO3AENCTBYIO-
wero ceera; ¢, (0,¢) = a” sin’ 0 cos’ ¢ + cos’ O — dakrop anaunTUYHOCTH
CBeTa. 3leCb @ — CTereHb IIMNTUYHOCTU; € = O,' /(5,| — KO3PpULMEHT ac-
(hepnMyHOCTN TPAHC-U30MEPa; GC,OL,Gll' — CeYeHus normolLeHnsa Luc-n3omepa u
TPaHC- M30Mepa B HanpaBieHNAX BAO/b NePEHANKYNAPHO OCU MONEKYNIbI; Y, U Y,
— KBaHTOBbIE BbIXO[ibl peakuun doTousomepusauuu; P, n P> — npucoegnHeH-
Hble yHKUMK JlexaHapa; a, (1) v a, (1) — Ko3hDULMEHTbI PA3NOKEHUS DYHKLMM
n(t,0,¢p) B pag no chepnyecknum GyHKumuam; D, u D, — KO3 duumneHTbl BpawaTenb-
HOW AMdY3nUM TPaHC-M30MEPOB MOJIEKYN NOSMMEPHOM MaTpulibl; U, — noTeHuu-
an MeXMONeKyNAPHOTO B3aUMOAENCTBUA; T, — BPEMA penaKcauuu nonuMepHoil
MaTpuLbl.

BbiACHWAOCH, YTO HeWTpanbHble MONEKY/bI TAKKEe BAUAIOT HA AUHAMUKY U3Me-
HEHMS NnapameTpa NOpsAKa NOAMMEPHON MATPULbl B pe3ynbTaTe (hOTOOPUEHTAL M.
Bo3peiicTBMe NoNApM30BAHHOIO CBETA HA MOJIMMEP NPUBOAUT K NepeopueHTaLmm
a30T-COAEpIKALLMX YacTen MONEKYS, KOTOpble B CBOK 0Yepefb Bbi3biBAKOT Nepepac-
npefeneHne CBOEro MONEKYIAPHOrO OKPYXeHus, U, ClefoBaTesibHO, U3MEHeHMe
napameTpa NopsfKa HEMAaTUMYeCKOro AOMeHa. HemaTuyeckuin JoOMeH — CTPYKTyp-
Hoe 0O6pa3oBaHMe, BXOAALLEe B COCTAB XKUAKOrO KPUCTanna, BHYyTPU KOTOPOro Bce
MOJIEKY/Ibl MMEIOT CMOHTAHHO HaBedeHHYK OAHOPOAHYI0 OpueHTauuto. Pasmepsbl
TaKUX OOMEHOB HaxoaaTcs B AnanaszoHe 1073-10°cm. [CoBeTcKas 3aHUMKNONeus,
M. 1980. C. 442]. B cBa3u c 3Tum ewe pa3 noayepkHem cyuwectseHHoe: [JHK B co-
CTaBe XpoMocoM umeeT xugkokpucranaunyeckyto (XK) ctpykrypy [Du Praw 1970].
370 obecneynBaeT IHEPreTMYECKM Mano3aTpaTHylo opueHTaumio aupektopos KK
3TOr0 GuononmMmepa noj BO3LEeNCTBUEM CNAObLIX BHEWHUX U IHAOTEHHbIX NONSPU-
30BaHHbIX 31EKTPOMArHUTHbIX U3yYeHWIn. ITO NPUBOAMUT K 0Opa30BaHUIO pPa3Nuy-
HbIX 3HAKOBbIX TOMNONOrMYECKUX CTPYKTYP, YACTHbIM Cly4aeM KOTOPbIX BbICTYNAOT
[LOHOPHbIE FONOrPaMMbl. ITO OTHOCUTCA, BEPOATHO, U K ‘BONHOBON pereHepauuu’
NoAXenyao4How xenesbl y Kpbic in situ [fapses u ap., 2007 (a)]. PereHepauus
AOCTUraeTcs NOCPEACTBOM MHOTOKPATHOIO NPOXOXAEHUA NONAPU30BAHHON BOJHbI
30HAMPYIOLEro Na3epHOro Jiyya, MpoOMOLY/IMPOBAHHOIO rOAOrPAaMMON JOHOPHbIX
KneToK. Pe3ynbTar na3epHOro 30HAMPOBAHUA AOHOPA TPAHCAUPYETCA M 3anoMmu-
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HaeTca K KOHTUHYyMOM peunnueHTa, [aBas eMy HYXHbI peecTp ynpasasiowmx
ronorpamm. inu gpyron BapuaHT, JONOAHAIOWMIA NEPBbIA: MOAYINPOBAHHbIA [0-
HOPOM TPUTTEPHbLIA BOJIHOBOM CUIHAN NONaAaeT Ha rMNOTeTMYECKMin hoTOoCanT pe-
uMnueHTa (Hanpumep, y CTBOMOBLIX KNeTOK). Takoi ¢OoTOCANT 3anycKaeT npepcy-
LWeCTBYIOLMNE reHeTUYECKME NPOrpaMMbl MO CXEME KKJIY=>3aMOK» C BK/IIOYEHUEM
onpeaeneHHbix anddepeHUMpPoBOK U NOCTIMOPUOHANbHBIX MOpPdOoreHe3oB. 370 U
NPUBOAMT K pereHepaunm nomxenyao4yHon xenessbl.

Moaynauusa CBETOBOrO NOTOKA OMOTKAHbIO-AOHOPOM MepefaeTcs KBAApaTuuy-
HbIM hoTofleTekTOpoM. OH BCTPOEH B Na3epHyio TPYOKY. 3a cYeT 3Toro Moaynsaums
TpaHC(HOPMUPYETCA B NEPEMEHHbIN 3NEKTPOMArHUTHBIN curHan. CyuecTBeHHO, YTo
Mopynupytowas Bubpauus konel HbtoToHa (Konew MHTEHCUBHOCTU) oToOpaaert
KOAOBYIO MONAPU3aLUOHHO-(DA30BYIO LUHAMUKY KAXKL0ro MUKPO pparMmeHTa AOHO-
pa, Hanpumep, XK xpomocom. B cBoto oyepeab, MUKpPO AMHAMMUYecKas Bubpaums
3TUX Konel (M MpAMBbIX KacaTenbHbIX K HUM) nepefaeT OUMHAMUKY yrnoB Jinepa.
Bcs 3Ta 3HaKoBaa guHamMuKa (ronorpaduyeckas 1 <Koy 3aMKOBaA») PE30HAHCHO
BO3JE€MCTBYET HA OMocucTemy-peuunueHT, Hanpumep, Ha XK xpomocom, nepenpo-
rpamMmMupysa Ux M30MopcHO JOHOPY.

Takum o6pa3om, NonspuU3aLMoHHO-AMHAMUYECKas MOLYNALMUS CBETOBOIO NOTO-
Ka, NpefCTaBieHHaa KBa3nKonbLamu HeloToHa, TpaHChOpMUpyeTCa Npu Ux gBUXe-
HWW B 3NE€KTPOMArHUTHBIA CUTHAN, KOTOPbLIN MOAYAMPYET HECYLLYH YacToTy rapmo-
HUK reHepaTopa MMNYNbCOB, PETYNMPYIOLMX MUKPOCMELLEHUA 3epKan Na3epHoro
pe3oHaTopa. MakcumMyM ryOuHbI MOAYAALMMU NMONE3HOTO CUTHANA NPUXOAUTCS Ha
AmanasoH yactoT oT 0,5 Ml no 1,5 MIy. 31 curHansl 6UOJOHOPOB Yepe3 paano-
NPUEMHUK TPAaHCHOPMUPYIOTCA B 3BYKOBbIE CNEKTPLI, KOTOPbIE, N0 NpefBapuTenb-
HbIM AaHHbIM, TaKXe 006N1afaloT GMONOrNYECKOW aKTUBHOCTbIO. To e OTHOCUTCS K
abnOoreHHbIM JOHOPAM, HAaNpUMep, HEKOTOPbLIM MUHEpPaNaM.

Bo3HuKatowmini npu ronorpauyeckom CLeHapun peectp BOJIHOBbIX obpa-
30B, C BbICOKMM pa3pelleHuneM, oTobpaxaeT B peasbHOM BPEMEHU TFEeHEeTUKO-
MeTabonmyeckuit ctatyc 6MofOHOPOB. VIMEHHO OH IBAsETCA AUHAMUYHBIM PYKO-
BOACTBOM [J19 CTBOJIOBbIX KNETOK peuunueHTa no NpUHLKUNY «aenan, kKak a» u go-
MONHAETCA K04 3aMKOBbIMY» TPUITEPHbIM BapuMaHToM. PakTuyeckn 06a 3Tn Bek-
TOpa WCKYCCTBEHHO BK/IOYEHHOW pereHepauun ABAAIOTCA YNPOLWEHHON MOAENbIo
3HJ0rEHHbIX MPOLLECCOB NPU €CTECTBEHHbIX MOCTTPABMATUYECKUX aKTax, Hanpumep,
NpyU BOCCTAHOBAEHUW YTPAYEHHOTO XBOCTA ALLEPULLbl AW LENOCTHOCTU NAaHapUid.
MpnMpoaHasa 3HAOreHHas PEKOHCTPYKLUMA NPOTEKAET 3a CYET BHYTPEHHUX PE3ePBOB,
T.€. KBHYTPEHHEr0 Pa3MeTo4HOro» (U TPUITEPHOr0) U3NYYEHUA KNETOK, COCeLCTBY-
OWMX C KNeTkaMm paHbl. [1pu 3HAOreHHO pereHepauumn coOCTBEHHAs fUHAMUYe-
CKas nonsipu3aLMoHHas MHMopMaLmMsa OT 3A0POBbLIX KIETOK HeMpepbIBHO TPAHC/K-
pyeTcs 0T 0AHOro ChepuyecKoro Cos KNeToK-ronorpamMm K gpyromy cnoto. He nuw-
HUM OGyaeT NOBTOPUTb, 4TO XpoMocoMmbl M [IHK in vivo n3nyyaoT KorepeHTHbI CBET
B Amana3oHe oT 250 no 800HM [Biophotonics and Coherent Systems. Proc., 2000,
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2-nd A.Gurwitsch Conf. and Add. Contrib. Eds by L.Beloussov, F.A.Popp, V.Voeikov,
R.van Wijk. Moscow State University Press], T.e. cnocoGHbl 6bITb 1a3eP0-aKTUBHOIA
cpepoit. MocneaHee AOKA3aHO HAWMMMU NPAMbIMU 3KCNEPUMEHTAMU NO CO3[AHUIO
OHK 1 XpoMOCOMHbIX KOFepeHTHbIX U3yyaTeneii in vitro, korga 6bi1 co3[aH KBa-
3ureHetTnyeckui nasep [Aranbuos, [apseB u ap., 1996]. 3T gaHHbIe, B HECKONb-
Ko MoaMdULMPOBAHHOM BUE, ObIIM NOATBEPKAEHbI ANOHCKUMMU UCCNEA0BaTENSA-
mu [Kawabe et al, 2002]. XpoMOCOMHbIV XULKOKPUCTANINYECKMUIN KOHTUHYYM, KaK
OCHOBHOM paboynit 3nemMeHT reHOMa-OMOKOMNbIOTEP], BLICTYNAET KaK efMHCTBO
ABYX yHAAMEHTaNbHbIX aTPUOYTOB — 3TO CPeAa 3anncK U XpaHEeHUS AUHAMUYHbBIX
4-X MEPHbIX FONIOrpaMM 1 OLHOBPEMEHHO 3TO Cpefia U3/yYeHUs KOrepeHTHOro CBe-
Ta. MOXHO CKa3aTb, YTO rEHOM — CaMOM3/1y4alolWas U CAaMOCYMTLIBAEMAS CUCTEMA,
KBaHTOBbI GBuokomnbtoTep. Hawa 3afaya — XoTs Obl YHaCTUYHO BOCNPOU3BECTM 3TY
reHOMHY0 aTpMOYTHKY in vitro, onMpasch NpenMylLecTBEHHO Ha U3BECTHbIE 1la3ep-
Hble 1 ronorpaduyeckne TeEXHONOTUM U, ECTECTBEHHO, HA TEOPUIO 3TUX NPOLLECCOB,
MO BO3MOXHOCTM IKCTPANONMPys UX HA pabOTy XpPOMOCOMHOrO annapara.

Wpes ronorpacmyeckoro ynpaBneHns pocToM W pa3BuUTMEM OMOTKaHeit Obina
NoATBEPXAEHA aMEPUKAHCKUMM YYEHbIMU Ha NpUMepe MOAENUN perynauuu aBuxe-
HUA KOHYyCa HAapacTaHUA HEMpOHa nof AeCTBUEM MEANIEHHO ABUXKYLIErocsa nasep-
Horo nyya [Ehrlicher et al., 2002]. buoronorpaduyeckoe ynpaBneHme npoaeMoH-
CTPMPOBAHO TaKXe Npu BONHOBOM NepeHoce MopdoreHeTUYeCKUX CUMrHanoB Ha
Kannycbl pacteHui [bygarosckui, 2004].

[lns NOHMMaHMA NPUHLMNOB PabOTLl UCMONb3YEMOr0 HaMK roforpadmyeckoro
WH(OPMALMOHHO-1a3epHOr0 Npeobpa3oBatens, PakTMYeCcKn KBAHTOBOrO OGUOKOM-
nbloTepa, cywecTBeHHa pabota [[JeHuciok, 1974(a)], roe pa3paboTaHa 0CHOBA ro-
norpacduyeckoro oTobpaxkeHns MaTepuanbHbIX CTPYKTYP, B TOM YMC/IE AUHAMUYHBIX,
[BVXYLLMXCA B NPOCTPAHCTBe-BpeMeHu (Hanpumep, [ONNaepoBCcKaa ronorpagusa).
370 0COBEHHO BAXHO AN HALWMWX TEOPETUYECKMX MOCTPOEHUN M peanu3auun mux B
KOHKPETHbIX YCTPOWCTBaX, MOCKOAbKY OPraHM3Mbl — 3T0, C TOYKM 3pPEeHMS roforpa-
cuu, HecTaumoHapHble cpefbl. Micnonb3ysa npuHumunel [leHUCoKa, HaM yAanoch 3Kc-
NepMMEHTaNbHO A0Ka3aTb NMPUMEHUMOCTb ee K (DYHKLMOHMPOBAHUIO BuocucTtem.
370 fano uMnNynbC As AanbHeillero pa3BUTUA TEOPUM YNpaBieHus B Guonoru-
YeCcKux 1 hU3nyecknx obbeKTax nocpeacTBOM MCMNOIb30BaHNS NPOCTPAHCTBEHHO-
ronorpaduyeckoit TpaHCAALMM MOAYNALMOHHOW MHMOPMALUKN, OCYLLECTBASEMON
HECKONbKUMM cnocobamu B Guonornyeckux n dpusmyecknx obwvektax. Cytb 3Toro
SIBIEHNUs OCHOBAHA Ha runoTese 0 eANHCTBE BOJIHOBbIX M MaTepPUaNbHbIX NpoLec-
COB, MPOMCXOAALMX BO BCEX 3AMKHYTbLIX M OTKPbITHIX LMKANYECKUX cucTemax [[e-
HUCIOK, 1974(6)]. TpaHcnALMA MOJYNALMOHHON MHGBOPMALLMM OT 0ObEKTa-A0HOPA K
00BbEKTY-PELMNUEHTY NPOUCXOANUT NMOCPEACTBOM MPAMOJIMHEAHO pacnpoCTpaHsio-
WMXCA B3aUMHO-NPOHUKAIOLWMX BOSTH, HECYLLMX MHOFOYPOBHEBYIO MOLY/SALMOHHYIO
WHpopMaLMmio.
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BosHosol 2eHom. Teopusa u npakmuka.

OnHUM 13 TeopeTUYeCcKMx 060CHOBAHUI MeToAa roforpaduyeckoro 6uoynpas-
NEHUA MOXET CNYXUTb U3NKO-MaTeMaTUyecKas MOAeNb, UCNOb30BaHHAA HaMU
AN pa3pabotku cnocoba GOpPMUPOBAHMSA HEKOTEPEHTHLIX MONSPU3ALUOHHO-
AVHaMUYecKux buonorunyeckux ronorpamm. OHWM peanusyioTCs C NOMOLLBID ONTH-
YeCKMUX CBOWCTB KNETOYHbIX Afep (XPOMOCOM) KaK WapoBbIX IMH3 (KBAa3MOOBLEKTH-
BOB) U NONAPMU3ALUOHHO-ONTUYECKMUX COCTABNAOWMX B BULE KULKUX KPUCTANNOB-
xonectepukoB [IHK B cocTaBe KneTouHbIX aaep.

PaccmoTpum cdopmann3oBaHHOE onMcaHWe 3TOro npouecca, KOTopoe npepJio-
KEHO /1A PerucTpaLum LBeTHbIX roforpamm 6e3 ucnonb3oBaHus nasepos [Anek-
caHapos, 1998]. OTMETUM MpU 3TOM, YTO XPOMOCOMbI HENlb3s BYKBaNbHO paccMa-
TpuBaTh Kak nasepsbl. C nazepamm nx pogHUT TONbKO TO, YTO XPOMOCOMbI — UCTOYHMU-
KW KOT@PEHTHbIX ONTUYECKUX U3NTyYeHMIA. ApanTupya npeanoXeHHbin hopMann3m
K GUONOTrMYECKON CUCTEME, OMULIEM MPOTEKAKOLME BHYTPUKNETOUYHbIE NPOLECCHI.
Bcnen 3a 3Tvm npuBegem matematuyeckoe 060CHOBaHME paboToCnoCOOHOCTM He-
KOrepeHTHOro NoaAp13aLMoHHO-ronorpamMyeckoro amnanTyLHo-Gpa3oBoro KBasu-
00bEKTMBA U, TAKUM MyTEM, BbINEM HA 00bACHEHWE CYTU METOAA AdNIbHErO BOJHO-
BOrO yNpaB/iieHUs B opraHu3max. buocucrema B onpefeneHHOM CMbIC/ie ABNAETCS
CNOXHbIM acCOLMATOM ONTUYECKN aKTUBHbBIX CyOCTAHLMI, BpaLWAKOWMX MAOCKOCTb
NoNApM3aLnMm NPOXOAALLMNX Yepe3 HUX ONTUYECKUX U3NYYEHUIN, U 3TO XOPOLIO W3-
BecTHO [Stephen Ross et al, 1997; Mae-Wan Ho., http://www.resurgence.org/
resurgence/issues/ho216.htm]. OaHako npuHUMNbI GUOronorpaduyeckoro ynpas-
NEeHNA C UCNONb30BAHWEM NONAPU3ALMM CBETA paHeEe He pacCMaTpUBANUCh.

[ns ob6ocHOBaHWN MeTOAa MOJyYEHUS HEKOrepeHTHOW MoNApM3aLMOHHO-
AMHAMUYeCcKoN ronorpammsbl (B T.4. 6uoronorpammsl), GOpMUPYEMON C MOMOLLbIO
KBa3n 00beKTUBa, NpuBeaem uU3 hU3NKo-MaTeMaTUyecKoin moaenu [AnekcaHgpos,
1998] okoHuaTenbHyto popMyny pacnpefeneHns MHTEHCUBHOCTM cBeTa I B NNOCKo-
CTVU perucTpaLum ronorpammel.

I= IOTcosz[a—L(’(\/Lz 2 = L) o

[ins cpaBHeHWA NOKaxem pacnpefeneHne MHT@HCMBHOCTM I, B 0ObIYHOI Kore-
PEHTHOW OCeBOW rosorpamme TOYKM [LOHOPA, NOJy4aeMoil B pe3ynbrate uHTepde-
PEHLMUN 0OBEKTHOW CchepnyYecKoil U ONMOPHOW NOCKO BOJH:

I, =41, cosz[k—zo WL +7r* - L)] “

rne: I, — WHTEHCMBHOCTb CBETa, PaCCeAHHOr0 HEKOTOPOW TOYKOW, pacnonio-
)KEHHOI Ha 30HAMpyeMOM OGUonornyeckom obwvekte-goHope; T — nepeaaToyHbli
KO3 MULUMEHT AN MHTEHCUBHOCTY; @, — Yro/i NOBOPOTA NONAPU3ALMM CBETA NPK
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NPOX0XAEHUM HOPMAbHO NAAAOLWErO Ny4Ya Yepe3 KaKoh-1Mbo oNnTUYECKU aKTUB-
Hblii KOMMNOHEHT OopraHuM3Ma. B kayecTBe Takoro KoMnoHeHTa fis paboTbl, HANpU-
Mep, B «ONMKHEN 30He», MOXET BbICTYNaTb NPAaKTUYECKU N0O0i MeTabonuT uau
cyb6KneToyHas cTpykTypa, Bkaoyas [HK [Mae-Wan Ho., http://www.resurgence.
org/resurgence/issues/ho216.htm]. L — paccTosiHue oT TOYKM GUoNornyeckoro
00beKTa-A0HOPA O NJIOCKOCTM PerncTpauuy ronorpammbl-peLunmeHTa, a r — pac-
CTOAIHME OT OCEBOM NMHWU, NPOXOAALLEN Yepe3 LEHTP perncTpatopa rosorpammel
[10 TOYKM, B KOTOPYIO MONAAAET IyY, UCXOAALLMIA OT TOYKM BUONOrMYECKOro 06beKTa-

nokopa; k, = 2n N\ rne A — cpeaHaAs ANVHA BONHbI TPAHCAMPYIOLLEr0 CUrHANA,

NCXOLALLErO OT UCTOYHMKA CBETA, KOTOPbIM B AAHHOM Cly4ae OyAeT KNeToYHoe AP0
WM UX HEKOTOPAs COBOKYMHOCTb. [1nA MoaenupoBaHuMa 3T0ro npouecca in vitro mbl
NCnonb3yem cneLmanbHbln Nasep, OTCAEKMBAIOLMUNA NONAPU3ALMOHHYI0 aKTUBHOCTb
30HAMpYeMbIx BuocTpykTyp [fapseB u gp., 2007(a), 2007)6)]. N3 dopmynbl (3)
BWUAHO, YTO BHYTPU OKPYXKHOCTM papuyca r 6yneT pacnonoxeHo N cBeTnbix (Uau

o
TEMHbIX) KoNel, onpeaensieMblx no dopmyne N = EO (v L’ +r° - L).

Mpu 3TOM MMNYNbCHAA XapakTepucTuka h=(x,y,z) (nav ronorpaduyeckas QyHk-
LA Pa3MbITUA TOYKK) UMeeT BUA:

h(x,,2) = T(x, y,2)c0s>(C2 /x> + y7 + 27) 5
Z . 5

[onorpauyeckyio nepefatoyHyio (YHKLMIO MOXHO OnNpepennTb, UCXOAA U3
Oypbe-npeobpazoBaHus BelpaxeHus (5). MonyyeHHas ronorpamma COAEPIKMUT NOJ-
HYI0 00BEMHYI0 MH(OPMALIMIO O MPOCTPAHCTBEHHBIX XapaKTEPUCTUKAX ronorpacu-
pyemMoro 06beKTa MAM O NPOCTPAHCTBEHHOM pacnpeAeneHun TOYEK NOBEPXHOCTH
[OHOPA OTHOCUTENbHO NAOCKOCTW PerncTpaLmm ronorpamMmsl peLunmeHTa.

Takum 06pa3oM, CpaBHeHME pelleHMs Hallei 3afayu aHaNorMyHo TPaauLm-
OHHOMY. BMmecTe c TeM BMAHO, YTO BbIWEONUCAHHbBIA METOS MPUHUUMUANLHO OT-
NNYAETCA OT WM3BECTHbIX MHTEP(hEPEHUMOHHbIX METOAOB M AaeT HeoCrnopumble
npenmyLLecTBa.

Bo-nepBbix, HapsAAY C N1a3epHO MOHOXPOMATUYHOCTbIO U KOT€PEHTHOCTbIO CBe-
Ta KNETOYHbIX Aflep, KaK B CUTYyaLMN IHOOTEHHbIX OMOBONHOBbLIX NPOLECCOB, TaK U
NPU UCKYCCTBEHHOMN TPAHCNALWUM CUTHANA, MCNONb3YeTCA AUCNEPCUOHHAA Bpalia-
Te/bHas CNOCOOHOCTb ONTUYECKM aKTUBHOM CPefibl OpraH13Ma M NpoCTPpaHCTBEHHas
NoKanbHO-pacnpefeneHHas nonspu3auuoHHas dhunsTpaums yepes KBasmoObLEKTUB
Ans paboTbl B «anbHel 30HE». ITOro BMOJHE AOCTATOYHO, YTOObI B YCNOBUAX M-
HAaMWYHOCTU JOHOPA KaK HeCTaLMoHapHOW cpefibl, peLunueHT Oyaet BOCNPUHUMATD
BOJIHOBOV BMocurHan-obpas goHopa 6e3 nckaxeHuit. PyHaameHTanbHOE CBONCTBO
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BosHosou 2eHom. Teopusa u npakmuka.

KNETOYHbIX CTPYKTYp GUocucTeM — ObITb ONTUYECKU AaKTUBHBIMU, T.€. NONAPU30-
BaTb CBET, BEPOATHO, NO3BOMAET OpPraHM3mMam MoNb30BATbCA [AXKe He KOrepeHT-
HbIM CBETOM A1l BUOPOYCTOMYMBOI PErnCTPaLIUM U PEKOHCTPYKLMM COOCTBEHHbIX
roforpaMm paxe 6e3 nasepHblX UCTOYHUKOB CBeTa. ITO MPOMCXOAUT, Korma Guo-
CUCTEMbI, HaNnpUMep pacTeHMs, UCMONb3YIOT AN 6uomopdoreHesa ecTeCcTBEHHOE
CONHeYHOEe ocBelleHne no Bcemy cnekTpy ot YO- no NK-ananasoHa. Bubpoycrtoit-
4YMBOCTb ONpeaenseTca BeNUYMHOW MONAPU3ALMOHHO-ONTUYECKON BpaLLATENbHOM
CNOCOOHOCTU U, CNelOBATENIbHO, TONWMHOW CNOS ONTUYECKM aKTUBHOM Cpeabl saep
KNeToK Ans paboTbl B «ONAMXKHEeH 30He» M TONWMHOW CNOS ONTUYECKU aKTUBHOM
cpeabl KBa3noObeKTUBA AN pPaboThl B «AaNnbHeil 30He». MI3BeCcTHO, 4To BpaLlaTesb-
Has CMOCOOHOCTb HEKOTOPbIX XUAKUX KpUCTannos gocturaet 40000 rpag/mm, 4to
npv ee MCNONb30BaHMK B ronorpaduyeckom MHhOpMaLMOHHO-Na3epHOM Npeobpa-
30BaTeNie, OCHOBHOM COCTaBAAIOlLEl KBAHTOBOTO OMOKOMMbIOTEPA, BNOAHE A0CTa-
TOYHO AR WMPOKOrO MCNOMb30BaHMA 3TOr0 MeToAa No JAUHUKM NOASPU3ALUOHHO-
ronorpauyeckon TpaHCAALMMU reHeTUKO-MeTabonyeckoin uHdopmaLum 1 rono-
rpacduyeckoro ynpasneHus buocucremamu.

C yyeToM npensioXKeHHOW MaTeMaTU4YecKoi Moaenm Hamm 060CHOBaHa YnoMu-
HaBLAACA Bbllle MOAENb XWAKOKPUCTANINYECKOTO KNEeTOYHOro agpa (MNu KoH-
TUHYYMa Agep) Kak buonoruyeckoro KkBasnobbekTuBa. OHa no3sonuna co3patb
nepeylo Ouoronorpadmyeckylo YCTaHOBKY, (DAaKTMYECKM KBAHTOBO-aHANOrOBbIN
OMOKOMNbIOTEP, KOTOPbIA BbINONHAET cieayiolne peanbHblie QYHKLWUM BONHOBOO
ynpaBneHns 6MoCMCTEMON-PELUNUEHTOM:

1. CyutbiBaHME C BMOCUCTEMbI/OUOCTPYKTYPBI, ABNSAOLENACA [LOHOPOM, BON-
HOBOFO 3KBMBANEHTA TEHETUKO-MeTabonnyeckon uHdopmauuum u/wanm Tpurrep-
HbIX BOJIHOBbIX CUFHANOB, KOTOPble BKAKYAIOT COOTBETCTBYIOLWME MPOrpaMMbl B
bnocucTeme-peLunueHTe.

2. Mepepnaya c nomoLblo cneumanbHo pa3paboTaHHOMO M M3rOTOBNIEHHOIO KBA-
3100bEKTMBA NONAPU3ALMOHHO-TONOrpadUyecKoil AMHAMUYECKON MOAYASALMOH-
HOM MH(OPMALMKN OT JOHOPA K PeLUNUEHTY, HAXOAALEMYCA B «AaNbHEN 30He».

3. AgpecHoe BBefileHMe ee B OMOCUCTEMY-PELUNNEHT.

4. CtpaTernyeckoe ynpaesieHme MeTabonn3amom 61ocUCTeMbl-peLunmeHTa.
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JKCnepuMeHTaNbHble
NOATBEPXKAEHUA NPeAsoKeHHON
TeOpMUU Ha OCHOBAHUU HALUUX
Heony6/1MKOBAHHbIX TOPOHTCKUX
IkcnepumeHToB 2002 r
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Group 1: Alloxan Injection; Information Photons plus Radiowaves Treated; Blood Glucose
concentration over Time

/s NN

Alloxan /

njection //
Introduce
I of the wave

1 / information

/ N\

Day 1 (08 Jul) Day 4 (11 Jul) Day 9 (16 Jul) Day 11 (18 Jul) Day 12 (19 Jul)

Experimental Day

—e—Rat#1 —=—Rat#2 Rat#3 Rat#4 —x—Rat#5 —®—Rat#6 —+Rat#7 ——Rat#8 Rat#9
Rat#10 Rat#11 Rat#12 Rat#13 Rat#14 Rat#15
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Group 2: Alloxan Injection; Information-R adiowave Treated (far remote); Blood Glucose

concentration over Time

Alloxan /A Introduce
. ofthe wave
injection ) :
information
7
¢/
*
Day 1 (08 Jul) Day 4 (11 Jul) Day 9 (16 Jul) Day 11 (18 Jul) Day 12 (19 Jul)
Experimental Day
—eo—Rat#16 —#—Rat#17 Rat#18 Rat#19 —k—Rat#20 —#— Rat#21 ——Rat#22 ——Rat#23 Rat#34
Rat#25 Rat#26 Rat#27 Rat#28 Rat#29 Rat#30

Group 3: Alloxan Injection; Information-R adiowave Treated (far remote); Blood Glucose

concentration over Time

35
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Day 1 (11 Jul) Day 6 (16 Jul) Day 8 (18 Jul) Day 9 (19 Jul)
Experimental Day
—o—Rat#31 —=—Rat#32 Rat#33 Rat#34 ——Rat#35 —#—Rat#36 ——Rat#37 ——Rat#38 Rat#39

Rat #40 Rat#41

Rat #42 Rat#43 Rat#44 Rat#45
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Group 4: Alloxan Injected; Information-R adiowave Treated (far remote); Blood Glucose
concentration over Time
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P
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Day 1 (11 Jul) Day 6 (16 Jul) Day 8 (18 Jul) Day 9 (19 Jul)

Experimental Day

—6—Rat#46 —=—Rat#47 Rat#48 Rat#49 —x—Rat#50 —#—Rat#51 —+—Rat#52 ——Rat#53 Rat#54
Rat#55 Rat #56 Rat#57 Rat #58 Rat#59 Rat#60

Ha 3tux rpadmkax npeactaBieHsbl YeTbipe CEpUM 3KCNEPUMEHTOB: YeTbipe rpynmbl
KpbiC 60nbHbIX fuabetom (nogxenynoyHas xenesa (MXK) pecTpykTyprpoBaHa MHb-
eKLnen annokcaHa) 0b6nyyeHbl MOLYIMPOBAHHbLIM WWPOKOMNONOCHBIM 3/1eKTpOMar-
HUTHbIM n3nyyennem (MLLU3N), copepxawmnm nHbopMaLmo, CYUTAHHYIO CO CBEKUX
npenapatoB 1)K n cene3eHKn HOBOPOXAEHHbIX KpPbIC TOM e nuHuun. Mo ocn Y —
YypOBeHb Caxapa B KpOBW, N0 ocu X — AHU C Hayvana 3kcnepumeHTa. Ctpenka B 1-if
[leHb — UHbeKUUsA annokcaHa (200mr/kr), 2-5 cTpenka — o6nydenune MLUIN. Ceepxy
BHU3 (onbIT): 1-a rpynna — 06ayyYeHmne Ha paccTosHUM 1cm nyydom nasepa u MLUIN.
2-5 rpynna — o6nyyeHune MLWIN Ha paccTosHMM okono 3M. 3-5 rpynna — obnyyeHune
MLIIN Ha paccTosHMM 0KONO 15KM. 4-5 rpynna — o6nyyeHue MWW Ha paccTosiHUM
0Kono 15km. BugHo, 4T0 Ha 9-1 —12- OHM ypoBEeHb Caxapa B KPOBU XMBOTHbIX
NPaKTUYeCKM NpUXOANT B HOpMy. Bce 4 rpynnbl Bbixxuau. B koHTpone (60 Kpbic),
roe oTcyTcTBoBano obnyyenne mW3IN, 95% KUBOTHBIX NOrMONM HA 4-e — 7-€ CYTKMU.
Pe3ynbTatbl NOABEPrHYTHI CTATUCTUYECKOMY aHanu3y no Kputepuio CTblogeHTa —
pa3HMLA B MOKa3aTenax YpoBHA caxapa B KpoBu BHyTpu rpynn. OHa gocTtoBepHa:
p<000,1.
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lononHuTenbHble TeOpeTUYECKHUE
MOAEeNU BOJIHOBOU reHeTUKHU

U AeMOHCTPaLuA BOJIHOBOrO
MMMVHUTETA B JKCNepUMeHTe

MHorue nccnepoBatenn B CBOUX pa60Tax VKa3blBakoT
Ha OMNACHOCTb 3arpA3HeHuna rentuaom oxpymarom,eﬁ

e H CpeAbl, YTO HEraTMBHO CKA3bIBAETCS HA 3[J0POBbE YENO-
H=—N BEKa M OTpULATENbHO BNMAET Ha 3konoruto [http://
cmf H'H www.seu.ru/conference/ecoprvo/geptil.htm]. B Ha-
CTOSAILLEM UCCNEA0BAHUN LEMOHCTPUPYETCA NPUHLMMN-
anbHas BO3MOXHOCTb pa3paboTKW TEXHONOMMUU, NO3BO-

Fenman

nsawowen BeipaboTtats y 6MOCUCTEM YCTORYMBOCTD K TOK-
CUYECKOMY AENCTBUIO TENTMIa C MOMOLLbI 3/IEKTPO-
MarHuTHboIX nonen. TeopeTnyeckue OCHOBbI ANA NPOBEAEHMA TAKOro poAa
nccnefoBaHMn npeacTaBieHbl Ha caiTte http://www.wavegenetics.jino-net.ru/.
Mpexne Yem HayaTb paboTy B 3TOM HanpaBNeHWUM, HAMU ObiN BbINOJHEH pAfL nep-
BUYHbIX MOAENbHbIX IKCMEPUMEHTOB C MUCNOAb30BAHWEM aNIOKCaHa. ANNIOKCaH fiB-
NAETCA LUTOTOKCUYECKMUM BELLECTBOM C MPEUMYLLECTBEHHBIM NOPAXKeHneM B-KieTok
NOAXKENYAOYHOW XeNne3bl U Bbl3blBAOLWMIA CaxapHblit fuabeT 1-ro Tuna.

B npepbigyueit a3kcnepumeHTansHom pabote [fapses u gp., 2007 (a)] 6bi10 oT-
MEeYeHO, YTO MOLY/IMPOBAHHOE NOLKENYLOYHOW XKeNe30M U CeNe3eHKOoM WUPOKOMo-
NIOCHOE 3N1eKTpOMarHuTHoe usnyyerune (ML), reHeprpoBaHHoe rennit-HeOHOBbIM
Na3epoM, BNUAET Ha TeYEeHMe IKCNEPUMEHTANIbHOFO CaxapHOTo AnabeTa y KpbIC, Bbl-
3BaHHOTrO BHYTPMOPIOWMHHbLIM BBEEHWEM anioKcaHa B fo3e 200 Mr/Kr macchl Tena
XWUBOTHOTO. Bo3gencTene paHHbIM BMOOM WM3YY4EHUA NPUBOAUNO K YBENMYEHUIO
NPOAOIKUTENLHOCTU XU3HU KMUBOTHBIX B OMbITHbIX FPYNMNax Mo CPABHEHWIO C KOH-
TponeM, HoOpManu3aLuuu ypoBHA MIOKO3bl B KPOBMU,

CNoco6CTBOBaNO pereHepaLnm TKaHW NogKeNynoY- a
HOW Xenesbl.

Lenb HacToswen paboTbl — ouUeHUTb 3deKT
YCTOMYMBOCTU XKMUBOTHbIX K aNNIOKCAHY NPU NpeBeH-
TUBHOM BO3JeicTBUM HAa HUX MLLUIW. [1ns 3Toro Obin HH
MCNONb30BaH CNeLManbHbIv Nasep, UMeLWMn B3au- ﬂ
MOCBfi3aHHble KOMMJeMeHTapHble OPTOroHasbHble
nonapu3auumn nyyka ceeta. feHepauuio W3V npo- Annokcar

HH
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BOAUAM No cxeme uHTepdepometpa Pabpu-lepo, B KOTOpoN pabounit nasepHbii
Nly4 MHOTOKPATHO NPOXOAMT Yepe3 TOHKME CBexenpenapupoBaHHble cpe3bl (npe-
naparbl) NOKENYLOYHOM XKene3bl U cene3eHKn 350pOBOro HOBOPOXKAEHHOTO Kpbl-
CEHKA. Mbl npegnonaraem, 4yto npenaparsl cneynduyeckn MoayANpYOT Na3epHbIN
Nyy onpefenéHHbiM 06pa3oMm, BCIEACTBME YEro IaHHas CUCTeMa NPOsBNSET ceay-
towme cnocobHoctu: 1) yeunuearts WIAN, npyuee 3 paspsagHoro npomexytka He-
Ne naszepa; 2) LWW3W napameTpuyeckn cBA3aHO C Npenapar-mMoAyAMPOBAHHbLIM Na-
3epHbIM JIy4YOM W BCNELCTBME 3TOT0 NpUOOpPeTaeT BbICOKYI OMONOrNYECKYI0 aKTUB-
HOCTb; 3) 6uonornyecknin 3cheKT MoOXKeT HabNo[ATLCA HA OTHOCUTENbHO BONbLWKNX
paccToaHuax oT uctoyHuka LLU3N; 4) ocywecTenseTcs anekTpoMarHUTHasA nepeja-
Ya ynpaBnstolei reHeTUKO-MeTabonnyeckon nHdopmauum ¢ 6uoobbekTa-goHopa
Ha 6M000ObLEKT-peLynnueHT. NlepeHOCYNKOM MHPOPMALIMM B 3TOM C/lyyae BbICTyMnaeT
MOAY/MPOBAHHOE OMOOOLEKTOM-AOHOPOM LMPOKOMONOCHOE 3NEKTPOMArHUTHOE
none (MW3W). B kauecTBe GUOCTPYKTYP, 30HAUPYEMBIX NIA3EPHbLIM JIy4OM B LAHHOW
cucTeme, MOryT GbiTb MCMOb30BAHbI XUBbIE U/WUNN KBA3U-XKWUBbIE OPraHU3Mbl, Ha-
npumep, 6akTepuu, BUPYChI, a TaK e NepexmBaloLLe OpraHbl U TKAHW, METaboNUTHI
M abuoreHHble BellecTBa.
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MeToauKa nccnepoBaHuUA.
du3nyeckKasa yactb

[ns nonyyeHns MOAyAMPOBAHHOTO GUOCTPYKTYPaMM WMPOKOMNONOCHOMO 3/1EKTPO-
MarHuTHOro u3nyyerus (MLUIN) npumeHsnn paHee pa3paboTaHHyO Hamu GuoTex-
HOMIOTMI0 PaboThbl C MCMNONb30BAHMEM TeNnii-HeoHOBOTO Nnasepa [lapses, TepTbil-
HbliA, 1999]. lennin-HeOHOBbIV Na3ep MOWHOCTbLIO 2 MBT 1 annMHOM BOAHBI 632.8 HM
MMeeT Be COBMELLEHHbIEe, OPTOrOHaNbHbIE IMHEHHO-NONAPU30BAHHbIE MOAbI U3N1Y-
YeHWsl, OAHOYACTOTHbIE B KaXA0oW W3 HUX. Jla3epHbli Ny4 30HAMPYET OUOCTPYKTY-
pbl, T.e. CBEXeBblAe/ieHHble npenapaTbl NOMKENYLOUYHON KeNnesbl UAKN Cele3eHKM
HOBOpOXAeHHON Kpbickl nuHum Wistar. [onynpo3payHbie npenaparsl HAHOCKIIK
Ha NpegMeTHOe CTeKO, HaKPbIBaNu NOKPOBHbLIM CTEKOM M NOMELANN HA ONTUYe-
CKOW oCu nasepHbli nyy-npenapar. OCTMPOBKY CTeKoA € npenapatamMmu NpoBOAUAM
Takum 0b6pa3om, 4ToObl 0b6ecneynTb YacTUYHOE 0OpaTHOE OTPaXKEHME Nyya, MOAay-
JIMPOBAHHOrO npenaparamu, B pe3oHatop nasepa. Takoi MHOTONPOXOAHbIN pPexum
No3BONAET Npenaparty BbICTyNaTb B POJM ONTMYECKOro Koppenatopa [Ma3syp, [pa-
yeB, 1985] 1 BAUATbL HA pacnpeaeneHne BTOPUUYHbIX MO, U3yyYeHus nasepa. Ontu-
YyeCKue CUrHanbl perucTtpupoBanu v NOAABANN HA 3NEKTPOHHYIO CXeMy, KoTopas
ynpaBiseT peXuMom reHepauuu nasepa, Npu 3ToM NPOUCXOAMUT YACTOTHASA CTabu-
NN3alns KOrepeHTHOro U3nyyeHus. B Takom pexume paboTbl nasep reHepupyer,
noMmMmo KpacHoro ceeTta, L3N, mogynupoBaHHoe npenapatamu, T.e. COOCTBEHHO
MmLLUIN. PaccTosaHme OT 30HAMPYEMOrO NpenapaTta L0 aKTUBHOIO 3/1EMEHTA Jla3epa
11cm.
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MeToauKa nuccnepoBaHus.
buonornyeckKkas yactb

B s3kcnepumeHTax MCNonb30Banu NONOBO3pesbiX CaMLoB Kpbic anHum Wistar B Bo3-
pacte 5-6 mecsaues, cpefHen maccon 180-220 r. IKCNepuUMeHTaNbHbIA CaxapHbIi
LmabeT BbI3blBaAM NyTeM BHYTPUOPIOWMHHOIO BBEEHUS pacTBopa annokcaHa (200
Mr/Kr Macchl TeNa XXMUBOTHbIX) NOCNe 24-4aCOBOTO rofiofiaHunsa Ha GoHe HOPManbHbIX
nokasartesieil YPOBHSA MIOKO3bl B KPOBU. KMBOTHbIE ObIIM pa3feneHsbl Ha 4 rpynnbil:
1-a rpynna KoHTponb (n=20) — 6e3 Bo3aeiicTeusa LWIN; 2-a (n=20) u 3-1 (n=20)
rpynnbl — XWBOTHbIE MOABEPraancCh npeaBaputensHomy Bosgencreuto mMWIN; 4-1
rpynna (n=10) — nnaue6o, B koTopoi L3N He moaynnpoBanock 6MOCTPYKTYpamy,
a NasepHbIii y4 Npoxoaun Yepes nycTble NpeaMeTHOe U NMOKPOBHOe cTekna 6e3
cpe3os XK n ceneseHku.

2-10 Tpynny XXUBOTHbIX B MOMEHT BO3[E€NCTBUA pacnonaranu Ha pacctosaHum 20
M OT uctoyHuka mMLL3IN B nogBanbHoM nomewieHun nabopatopmu. ANnoKCaHOBbI
CaxapHblii AMabeT B 3TON rpynne Bbi3biBaAM Yepe3 Mecsl, Nocae NoCieAHEero Bo3-
pencreua mLLUIN. 3-10 1 4-10 rpynnbl XXMBOTHBIX pacnonaraan Ha paccToaHum 70 cm
OT uctoyHuka mLLU3N. AnnokcaHoBbIl caxapHblit AMabeT B 3TUX rpynnax Bbi3biBanu
yepe3 CYTKM nocne nociefHero BO3AencTBus.

Bo3peiicteue MW3N Ha 2-10 u 3-10 rpynnbl nposoauan no 30 MUHYT exefHeB-
HO, B TeyeHue 4-x gHen no cxeme: 10 muHyT Bo3gencTeue MmN, nonyyeHHbIM B
pe3ysibTate NPOXOXAeHWs 1a3epHOro lyya Yepes npenapar C TKaHbio NOAXeNnynou-
HoM xene3bl; 10 muHyT BO3gencTeune MLLUIN, nonyyeHHbIM B pe3ynbrate Npoxoxae-
HWS Nla3epHOro Nyya yepes npenapar € TKaHblo cene3éHkun; 10 MUHYT BO3fencTBUE
MLI3W, nonyyeHHbIM B pe3ysibTaTe NPOXOXAEHUA 1a3epHOro ayya Yepes npenapar ¢
TKaHbIO MOAXKENYA0UYHON Xee3bl.

Ha 4-10 rpynny (nnaue6o) okasbiBanu Bo3gencreune L3N, kotopoe He mopynu-
pOBaNoCh OMOCTPYKTYpaMm (1a3epHbIi y4 NMPOXOAUN Yepes NyCTble NpegMeTHOE U
NOKPOBHOE CTekNa 6e3 Cpe30B NOAXKENYLOYHOMN XKene3dbl U cene3éHkn) no 30 MUHYT
eXe[lHeBHO, B TeYyeHue 4-X fHeNn.

1-5 rpynna (KOHTposb) He nofBepranach Bozgencrauto WIN n mLLIN.

Bo BpeMms 3kcnepuMMeHTa oLleHUBanM obLiee COCTOSAHME UBOTHbIX, HMKCMPOBa-
NN ieHb TM6GEeNU KUBOTHBIX C MOMEHTA BBEJEHUSA aNloKCaHa BO BCex HabnoLaeMblx
rpynnax. }XuBOTHbIX 2-it 1 3-i rpynn Habnoganu B TeyeHune 1,5 mecsues c MOMeHTa
BBEAEHMA annoKcaHa. Y 8 Kpbic U3 2-i U 3-1 rpynn ¢ MaKCUManbHbIM NOABEMOM
YPOBHA I0KO3bl B KPOBW MOC/Ie BBEAEHNA aNNOKCaHa OLeHUBANN pPenponyKTuB-
Hyt0 DYHKLUMIO (3 KpbIChl U3 2-0W rpynnbl U 5 KpbiC U3 3-1 rpynnsl).

Perncrpaumio ypoBHS [IOKO3bl B KPOBM NMPOBOAMAM TtOKOMETpoM Ascensia
Entrust ¢upmbl Bayer. [lnana3oH n3mepsemMoro ypoBHs MioKo3bl oT 2,0 MMoab/n

128



Ao 30,6 Mmmonb/n. 3HaYeHWUs YPOBHA MOKO3bl B KPOBM Bblwe 30,6 MMonib/n 060-
3Havanu HI.

N3baTue TKaHei cepaLa, Nerkux, nevyeHu, novek, ceneseHkn 1 NoLxenynoyHom
Xenesbl 19 MAaKPOCKONUYECKOro OMUCAHUA WU TMCTONOrMYECKOro UcciefoBaHus
NPOBOAMAN: B KOHTPONBLHON rpynne Ha 3-e U 4-e CyTKM C MOMEeHTa BBeAeHUsA an-
NIOKCaHa, YTO COOTBETCTBOBAJIO [HIO MAKCUMaNnbHOWM rMbenu XMBOTHLIX; BO 2-1 U
3-1 rpynnax Ha 8-e CYyTKWU C MOMEHTA BBEieHMA aNIOKCAHA, a TaKXe Ha 42-e CYTKU
IKCNEPUMEHTA Y KMUBOTHBIX MOCNE OLEHKN penpoayKTUBHOW yHKLMK camLoB. [Ans
FMCTONOrNYECKUX UCCNef0BaHNIN TKaHU puKkcuposanu B 10% HerdTpanbHOM popMma-
NMHe, 06€3BOXKMBANM B CMUPTAaX BOCXOAALENA KOHLEHTPALMM U 3a1MBanM B napa-
¢uH. MapaduHoBble cpe3bl TONWMHON 5-7 MKM nonyyanu Ha mukpoTome Leica SM
2000R, okpawwvBanu reMatoKCUMIMHOM U 303MHOM W aHANU3MPOBaNU C MOMOLLbIO
MUKpockona Leica DMLS. BugeonsobpaxeHus nonayyanu Ha BUAEOCUCTEME C MO-
mouibto CCD-kamepbl.

Cratuctuyeckas o6paboTka pe3ynbTaToB MCCNEAOBaHMA MPOBOAMAACL C MO-
MOLbIO CTATUCTMYECKMX NpOrpamMMHbIX nmaketoB «Stastica 6.0», «MS-Exel» for
Windows. CteneHb goctoBepHocTu (p) onpegensanace no kputeputo CTblogeHTa, ¢
MCNONb30BAHWEM JOBEPUTENbHOIO KO3thduLMeHTa 1 Yncna cteneHei csobogsl (1)
no Tabnauue. BoluncneHmne Bcex MaTeMaTUYECKMX NapaMeTPoB NPOBOAUIOCH MO 06-
lWwen3BecTHbiM popmynam Ha [K.

WccnepoBaHusa B JaHHOM CepUM IKCMEPUMEHTOB NOKa3anW, YTO MpUMEHeHue
YKa3aHHOM [J03bl aNOKCaHa B KOHTPONIbHOM M nnauebo rpynnax cnocobCcTBoBano
Pa3BUTMIO CaXxapHOro AuabeTa, 0CN0XHEHHOTO TOKCMYECKUM NOBPEXAEHUEM pALA
XWU3HEHHO BAXHbIX OPraHoB U cMCTEM. ITO NPUBOAKUIO K OYeHb HU3KOW BbIXMBae-
MOCTU XWBOTHBIX B rpynnax. HanpoTus, Bo 2-i 1 3-i rpynnax Habnopanach ycToii-
YMBOCTb XMBOTHbIX K AE€NCTBUIO a/IOKCAHA B PA3HOW CTEMEHMW BbIPAXXEHHOCTH.

B 1-i1 rpynne (KOHTPOAb) BbIXKMBAEMOCTb XMUBOTHLIX NOC/NE BBEAEHUS aNNOKCa-
Ha Ha 2-e CyTKW cocTaBuna 55%, a K 4-m cyTkam cHusmunach go 30% (Puc.1). Ypo-
BEHb [IOKO3bl B KPOBU Y XKMBOTHBIX 1-/ rpynnbl Ha 2-e, 3-e U 4-e CYyTKM J0CTOBEp-
Ho oTnuyaetcsa (p<0.05) oT ucxogHoro 3HaveHus (Tabn.1). TMOHYWMUX KUBOTHBIX
1- rpynnbl (KOHTPONbHOW) B TEPMUHAIBHOM COCTOSHUM NOfBepranu 3sTaHasum (5
KpbIC), OpraHbl MCNONb30BaNU Ans NaTOMOP(ONOrMyecKoro uCcnefoBaHmns. B KoH-
TPONbLHON rpynne OTCYTCTBOBANO CaMONPOU3BOSIbHOE CHUXEHUE YPOBHA MIOKO3b
B KPOBMU 3a nepuop, HabnoaeHus (1abn.1) OgHako B 3ToW rpynne Gbi1a OAHA KpbICa,
YCTOMYMBASA K AeCTBMIO aNN0KCAHA, y KOTOPOW YPOBEHb MHOKO3bl B KPOBU OCTaBas-
ca B npeaenax Gu3nonornyeckon Hopmsi.

B 4-i1 rpynne (nnawe6o) nocne npeBeHTUBHOrO Bo3feicTeus L3N, He mopy-
JIMPOBAHHOIO TKAHAMU NOLXKENYNOYHOW Xene3bl U CeNne3éHKu, U nociefyomm
BBEleHWEM anioKcaHa B go3e 200 Mr/Kr ypoBeHb [MIOKO3bl B KPOBM HA 2-€ CYTKM
[LOCTOBEPHO OT/IMYAETCA OT UCXOAHOTO 3Ha4YeHus (p<0.05). BbixxmBaemMoCTb XUBOT-
Hbix cocTaBuna 80% Ha 2-e CyTKK, a K 4-M cyTKam cHu3unach fo 10%. 310 3Hauu-
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[1.M.lapses

Ta6nuua 1. YpoBeHb MMIOKO3bl B KPOBU Y KUBOTHBIX NOC/E BBEAEHUA aNoKCaHa
B A03e 200Mr/Kr macchl

YpoBeHb MIOKO3bl B KPOBU B MUCCNEAYEMbIX TPynnax, MMOb/N
- -
Pynne! ViexonHbii 2-e CYTKM 3-e CyTKM 4-e CYTKU
[eHb
(1K';HFT'°5£ TS‘ 507+138 | 2593+816** | 24,65+978** | 2263+10,7**
pone), n=20 n=18 n=8 n=6
n=20
2_(”0;2?/:)% 6,78+0,83 | 24.7+9,17*** | 18,99+8,0%** | 21,93+9 91***
’ n=20 n=20 n=18 n=18
n=20
3 '(”o;if’:;”a 5,23+0,69 8,00+6,32% | 6,44+439* | 488+2,90*
! n=20 n=20 n=20 n=20
n=20
?nf]arpey 6”2; 4,9+0,85 | 26,97+6,85%*** A A
nigo ! n=10 n=8 n=1 n=1

* — ypOBEeHb MOKO3bl B KPOBU Y XXUBOTHbIX 3-i rpynnbl Ha 2-e, 3-e U 4-e CYTKN Mofenu-
POBAHUA annoKcaHoBOro uaberta goctoBepHo omnyaetcs ( p<0.05) OT ypOBHSA MOKO3bl
B KPOBM XMBOTHbIX 1-1 1 2-1 rpynn Ha 2-e, 3-e U 4-e CYTKK, @ TaK e AOCTOBEPHO OTNnYa-
etcsa (p<0.05) OT ypOBHSA MHOKO3bl B KPOBM Y XUBOTHbIX 4-if TPyNMbl HA 2-€ CYTKK;

** — ypOBEeHb MI0KO3bl B KPOBU Y KMBOTHbIX 1-i rpynnbl Ha 2-€, 3-e U 4-e CyTKW JOCTO-
BepHo ominyaetca (p<0.05) oT MCXOZHOT0 3HAYEHUSA;

***_ ypOBEHb MMIOKO3bl B KPOBU Y MUBOTHBIX 2-1 FPYNMbl HA 2-€, 3-e U 4-e CYTKU AO0CTO-
BepHo ominyaetcs ( p<0.05) OT MCXOAHOTO 3HaYEHUS;

F X ypOBEHb MOKO3bl B KPOBU Y XUBOTHbBIX 4-i FPYNMbl HA 2-e CYTKN JOCTOBEPHO OT-
nnyaetca ( p<0.05) OT MCXOAHOTO 3HAYEHUS;

N — B 4-it rpynne Ha 3-e 1 4-e CYTKMU HAbNIOAEHUSA ObINIO O[JHO BbIXKWBLUEE XMBOTHOE;
NcxoaHbln oeHb — ieHb BBEAEHUA aNfIOKCaHa.

TeNbHO OTNIMYANOCh OT NOKa3aTesien BbXKMBAEMOCTU BO 2-1 U 3-i rpynnax, a Takxe
OblN1a HUKE MOKa3aTens BbIXXWBAEMOCTU B KOHTPOAbHOW rpynne (30%) (Puc.1).
[peBeHTMBHOE BO3aencTBue MLLUIIN 3HaunTeNbHO BAUAET HA TEeYEHME IKCNepu-
MEHTAIbHOTO CaxapHoro AuabeTta y XMBOTHbIX BO 2-# u 3-it rpynnax (Puc.1,2,3,
Ta6n.1) M conpoBOXAAeTCA 3aWMUTHBIM, LUTONPOTEKTOPHbLIM 3hdekToM (Puc.4). 310
Habnoaanu B 06enx ykasaHHbIX rpynnax, HECMOTPA Ha TO, YTO MOAENNPOBAHME IKC-
nepuMeHTanbHoro anabeta Bo 2-i rpynne ocyWecTBAAAM CNYCTA Mecsl, nocne no-
cnepgHero Bo3geictana MLWL3N, a xKMBOTHbIE BO BpEMA BO3AENCTBMA HAXOAUAMUCH HA
pacctosHum 20 m oT uctoyHuka MLLU3N B nogBanbHoOM nomelieHnn nabopatopuu.
BbixXrBaeMoCTb XMBOTHbIX 2-1 rpynnbl (n=20) coctaBuna 90% Ha 3-e u 4-e cyT-
KW C MOMeHTa BBefeHua annokcaHa (Puc.1), 4To 3Ha4YMTENbHO OTIMYAETCA OT MO-
Ka3aTeell BbXXMBAEMOCTU B KOHTPONbHOM rpynne (30%) u 4-i (nnaue6o) rpynne
(10%). Npu 3TOM 0TMeyvaeTcs gocToBepHoe (p<0.05) yBennyeHne ypoBHA MOKO3bI
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Puc. 1. BoixxnBaemocTb XUBOTHLIX (%) B MCCNeAyeMbIX rpynnax npu MOAENMPOBAHUM af-
nokcaHoBoro guabera. Bcem nBOTHbIM BBeLEH annokcaH B fo3e 200 mr/Kr macchl. 1-7
rpynna (KoHTponb) — Bo3penctaus W3N v mLL3N He npoBoaunock. 2-a rpynna — npo-
Boaunock Bo3geiicteue MLUIN, MBOTHbIE ObINM PACMONOXEHbl HA paccTosiHUKM 20 M OT
WCTOYHMKA M3nyyeHus. MoaennpoBaHue anaokCaHoOBOro Avaberta OCyLecTBAANM Yepes
mecsl, nocne nocnegHero Bo3gencrteua mWIN. 3-a rpynna — nposogunoch Bo3geicTamne
ML, MBOTHbIE ObIIM PACNONOXEHbl Ha PacCTOAHMM 70 CM OT UCTOYHMKA WU3/IyYeHMUA.
MopenvupoBaHue annoKCcaHOBOrO AuabeTa OCyWECTBAANN Yepe3 CYTKU MOC/ie NociefHero
Bo3peicteusa MWIN. 4-a rpynna (nnauebo) — nposoaunock Bospeicteue L3N, koTopoe
HE MOAYIMPOBANOCL OMOCTPYKTYPOIA (1a3ePHbIN y4 MPOXOAUN Yepe3 NycTble NpeAMeTHOoe
M MOKpPOBHOe cTekna 6e3 cpe3oB MK u ceneséHku). nBoTHbIE pacnonarannch Ha pac-
CTOSIHUM 70 CM OT UCTOYHUKA U3NyyeHus. MogenmpoBaHue anjoKcaHOBOTO AnabeTta B 3ToM
rpynne OCyWecTBAAAN Yepe3 CYTKM Nocae nocnegHero BO3AeNCTBuUSA.

B KPOBW XXMUBOTHbIX 2-i rpynnbl Ha 2-€, 3-e U 4-e CYTKW N0 CPABHEHWUIO C UCXOLHbIM
3HayeHueM (Tabn. 1). Ha 4-e cyTKM C MOMeHTa BBeJEeHUA anioKcaHa y 13 XuBoT-
HbIX 2-# rpynnbl (65%) ypoBeHb MOKO3bl B KpoBK Obin 6onee 14,5 mmonb/n,ay 5
KMBOTHBIX (25%) 3TON rpynnbl NOKa3aTeNn YpoOBHA [IOKO3bl B KPOBU OCTABANUCh B
npegenax ¢humsnonornyeckon Hopmsl (Puc.2). YpoBeHb roK0o3bl B KPOBU KUBOTHbIX
2-1 rpynnbl Ha 4-e cyTKKU focToBepHO (p<0.05) 0TNMYAETCA OT UCXOLHOTO 3HAYEHUA
(Tabn.1). Ha 7-e cyTKM C MOMEHTa BBeJ€HUA aNNOKCaHA BbIXKMBAEMOCTb XXUBOTHbIX
BO 2-14 rpynne cHu3unack fo 75% (13 20 KMBOTHbIX Ha (DOHEe BbIpaXKEHHOW runep-
MUKEMUU YMEPNO 5 KMBOTHbIX) 1 OCTaBaNach Ha TOM e YPOBHe 10 KOHLA Habnio-
AeHusa B TeyeHune 1,5 mecaues (Puc.1). Ha 8-e cyTku c momMeHTa BBeEHUA anok-
CaHa NpoBeJiv 3BTAHA3MI0 6 MUBOTHbLIX 2-0M FPYNMbl, Y KOTOPbIX U3bANN TKAHWU 411
natomopdonornyeckoro uccneposanus. OctaBlmxcs AeBATb KPbiC Habaofanu B
TeyeHue 1,5 mecsues. BaxHO 0TMeTUTb, YTO B Nepunop ¢ 8-e no 15-e CyTKU C MOMEH-
Ta BBeJEeHMA aNNIOKCAHA Y XXUBOTHbIX C BbIPAXXEHHOMN runeprinkeMmen oTMeyanoch
CHUXeHMe ypoBHA MioKo3bl B Kposu (Puc.2). OgHako K 18-M cyTKam ¢ MOMeHTa
BBEJEHUA aNNIOKCAHA Y YeTBEPbIX UBOTHbIX 2-01 FPpynMbl BHOBb YCTAHOBMIACh Bbl-
paXkeHHas cTolikas runeprmukemus (6onee 30,6 MMONb/N) KOTOpPAs COXPAHANACH
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BeCb Nepuof HabnopeHus. Mpu 3ToM obLiee COCTOAHME 3TUX KUBOTHBIX PpaCLeHU-
Ba/M KaK yooBNEeTBOPUTENbHOE. AHANOrMYHYIO KapTUHY Mbl Habnoganu B Hawux
npeablaylux akcnepumenTtax [fapses, Kokas u ap., 2007]. Y apyrux octaBlmxcs 5
JXUBOTHbIX 2-/ rpynnbl ypOBEHb MMIOKO3bl B KPOBU BECh NEPUOA HAONOAEHNSA OCTa-
BaJicA B npefenax hM3nonornyeckoi HopMmbl.

PenpoayKTuBHYO (YHKLUMIO OLEHMBANN Yy 3-X KPbIC 2-/ TPYnnbl C BblPaXeH-
HOW runeprnkemueit (ypoBeHb MOKO3bl B KpoBW Gonee 30,6 mmonb/n). Kpbichl
[aNnu NONHOLEHHOe MHOroYncaeHHoe noTomcTBo. Yepes 1,5 mecaua nocne Beefe-
HMA aNNOKCaHa Yy 3TUX XXMBOTHbIX ObIIN U3bATHI TKAHM AN NaTOMOPdO0rMyeckoro
nccnefoBaHuA.

YpOBeHb rMOKO3bI B KDOBM Y KMBOTHbIX 2-0/ rpynnbl Nocne NpeaBapuTeNnsHOro Bo3aeicTans ML 1 MoaenmposaHms aniokcaHoBoro
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Mepuvop HabnoaeHns

=——Kpbica 1 = KpbiCa 2 === KpbiC 3 KpbiCa 4 === KpbiCA5 ==@==KpbiCA 6 ==t==KpbICA7 === KpbiCa 8 Kpbica 9 === Kkpbica 10

Kpbica 11 == Kpbica 12 Kpbica 13 Kpbica 14 Kpbica 15 == kpbica 16 === Kpbica 17 Kpbica 18 Kpbica 19 == Kpbica 20

Puc. 2. BnusiHne npeBeHTMBHOIO Bo3aencTBus MLUIN Ha TedeHne annokcaHoBoro auabeta
y KpbIC 2-# rpynnbl. XMBOTHbIM BBEAEH anioKcaH B go3e 200 mMr/Kkr cnycta mecsy nocne
npeBeHTMBHOro Bo3gencreuna mW3N. Bo3geicteme npoBogunu B TedeHmne 4-x gHein no 30
MUHYT. PaccTofHme oT MCTOYHMKA n3nyyeHns 20 M. JXMBOTHbIE HAXOAUAKUCH B NOLBAILHOM
nomeuweHmmn. Pexxum Bospencrteua mLLUIN: 10 MuHYT C MCNONb30BaHMEM TKAHM MOAXKeNy-
A04YHOM Xene3bl, 10 MUHYT C UCNONB30BAHNEM TKAHU cefie3€HKU U 10 MUHYT C UCNONb-
30BaHMeM TKaHU NOAXKeNYA0UHOW Kenesbl. MCXOaHbIN AeHb COOTBETCTBYET AHI0 BBEAEHUSA
anjoKcaHa.

Bonee BblpaxeHHbIN 3heKT 0T NpeBeHTUBHOTO Bo3fencTeua ML Habnoaa-
nn B 3- rpynne, KoTopas Oblia pacnonoxeHa Ha paccTosHMmM 70 CM OT UCTOYHMKA
W3NyYeHUs, a MOLENMPOBAHME ANIOKCAHOBOrO CaxapHOro auaberta ocyllecTBAs-
N yepes cyTkK nocne nocnepHero Bospenctaus mLWL3N (Puc.1,3, Tabn.1). B 3toit
rpynne He GbI10 OTMEYEHO HM OAHOTO C/yyas NeTanbHOro MCXoAa, Habnoaanach
100% BbIXXMBAEMOCTb XXUBOTHbIX BeCb nepuop HabntogeHuns. Y 90% KMBOTHbIX ypo-
BEHb IIIOKO3bl B KPOBM OCTaBanCcA B npeaenax hu3nonornyeckoi HOpMbl B TeHeHUe
1,5 mecsueB HabnogeHus, 4to goctoBepHo (p<0.05) oTAMYaeTCA OT KOHTPONbHOW,
4-i v 2-n rpynn. OgHaKo y ABYX KPbIC U3 3-1 rpynnbl Ha 6-e CYTKW 3KCnepuMeHTa
OblN OTMEYEH NOABLEM YPOBHSA MtOKO3bl B KpOBM 6osiee 20 MMOJIb/N C NOCAeYOWMUM
CHUXEHMEM 0 HOPMaNbHbIX 3Ha4YeHMI. Ha 8-e CyTKM 3KCNepuMeHTa NpoBeNn 3BTa-
HA3MI0 6-TW XUBOTHbIX 3-i rPyNMbl, Yy KOTOPbIX U3bAAK TKAHW ANA natomopdonoru-
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4yecKoro uccnepoBaHua. PenpoayKTuBHYO GYHKLMIO OLEHWUBANN Y NATU KUBOTHbBIX
3-# rpynnbl. Bce KpbICbl fanu noaHOLEHHOe MHOroYMCNeHHoe NOTOMCTBO. Yepes
1,5 MecsAua nocie BBEAEHUSA aNNIOKCAHA Y WECTU KPbIC 3-eii rpynnbl ObIM U3bATHI
TKaHU ANA nNaToMop@onormyeckoro UccneaoBaHus. YpoBeHb MIOKO3bl B KPOBU Y
3TUX XMBOTHbIX Obl B Npeaenax hu3nonornyeckon Hopmol. B TeyeHne Bcero ne-
puopa HabnogeHus obliee COCTOsHME BCEX XMUBOTHbIX 3-i rpynnbl pacueHuBany
Kak yOoOBNeTBOPUTENbHOE.

YpOBEHbLMIO KO3bl BKPOBUYKPbI C3-NMPynnbl CNpeABapuTeNnbHbl MBo3aenctBuem ML OV n MmoaennpoBaHmem annokcaHoBoro
nnabeTtauepescyTKUNOCNEeNOCNeJHET0BO3AENCTBUSA
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Puc. 3. BnusHue npeBeHTUBHOro Bo3aeicTeus MLIIN Ha TeyeHue annokcaHoBoro aunabe-
Ta y KpbiC 3-1 rpynnbl. }XMBOTHbIM BBeLEH annokcaH B fo3e 200 Mr/Kr cnycta CyTKu no-
cne npeBeHTUBHOro Bosgencteusa MW3IN. Bo3peinctemne npoBogmnm B TeyeHme 4-x fHen no
30 MUHYT exefHeBHO. PaccToaHMe OT UCTOYHUMKA M3nydeHua 70 cm. Pexkum Bo3aencTeuma
MLLU3W: 10 MUHYT € MCNONb30BaHMEM TKAHM NOAXKENYAOYHON xene3dbl, 10 MUHYT C UCNob-
30BaHMeM TKaHU cene3€HKU 1 10 MUHYT C UCNONb30BaAHMEM TKAHU NOMKENYAOUHOW XKene-
3bl. AicxopHbIN feHb COOTBETCTBYET AHIO BBEAEHUSA a/NIOKCaHa.

pu rUCTONOrMYECKOM WCCNEA0BAHUM MPenapaTtoB MOAXENYLOYHOW Kenesbl
B 1-i, 2-i u 3-i1 rpynnax BbisiBAeH psf ocobeHHocTel (Puc.4). Tuctonornyeckas
KapTMHA NpenapatoB MNOAXENYAOYHOMN XKenesbl XMBOTHbIX KOHTPOJSILHOM Fpynnbl
XapaKTepPMU30BaNacCb BbIPAXEHHbIMU [LereHepaTUBHbIMU U3MEHEHUSMU OCTPOBKOB
JlanrepraHca (Puc.4b). Yucno n pa3mep oCTpOBKOB yMeHbLIEHbI, hOpMa UX Henpa-
BunbHaA. KonnuectBo [3-KNeTok B OCTPOBKAx pe3ko CHUKEHO, B OONbLIMHCTBE U3
HUX OTMeyanacb BaKyoNM3aLWs LMUTOMMA3Mbl, YMEHblIEHWEe Pa3MepoB Afep, KOH-
[IEHCALMA XPOMATHHA, B HEKOTOPbIX KNeTKax — KapuOnUKHO3. BbisiBNeHO Hannuymne
AnmdoLnUTapHOro MHUALTPaTa BOKPYT M BHYTPM YaCTU OCTPOBKOB.

Bo 2-# rpynne Ha 8-e CyTKM C MOMEHTa BBeLleHUA aNjoKcaHa rucTonornyeckas
KapTUHa NOMAXKENY[OYHOMN Xene3bl XapaKTepu3oBanach AeCTPYKTUBHLIMU U3MeHe-
HUAMU PA3HOI CTENEHU BbIPAXEHHOCTU: OCTPOBKM ObINM YMEHbLLIEHbI B pa3mepax,
HenpaBuIbHOM (POPMbl, OTMEYEHO CHUXEHWME KONMYECTBA [3-KNeTok, obwas pons
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WHCYNAPHOrO annapaTta B OCTPOBKAxX pe3Ko CHWXeHa. JIMwb Hebonblwas yacTb
OCTPOBKOBOTO annaparta “umena JOBONbLHO COXpaHHYto cTpyKTypy (Puc. 4c).

[McTonornyeckas KapTMHa npenapaToB MOAXKENYAOYHO xenesbl B 3-1 rpynne
Ha 8-e CYTKM C MOMEeHTa BBefeHWsA alJIOKCaHa 3HAYMTENbHO OTANYANACh OT KOH-
TPONIbHOW U 2-1 rpynn. Hapaay ¢ natofiornyecKoin KapTMHOW U3MEHeHUA OCTPOBKO-
BOI TKAHM NOKENYA0YHOI Xenesbl, B Npenapatax Habnoganm 6onblioe Konnye-
CTBO OCTPOBKOB KaK MeJIKMX, TaK U CPeAHero u KpynHoro pa3MepoB C NPOCBETNEH-
HOM LMTONNA3MOWA, NPaBUAbHON OKPYNOi (POPMOWA, KPYNHLIMU, OKPYIbIMU AAPAMMY,
cofepxawumu agpeiwko (Puc.4e).

Yepes 1,5 mecaua nocne BBEAEHUA aNOKCaHa TMCTONOrMYeCKas KapTuHa npe-
napaToB MOAXENYLOYHON ene3bl 2-1 rpynnbl XapakTepu3oBanach BbIpaXeHHbIMM
[lereHepaTUBHbLIMU U3MEHEHUAMMU OCTPOBKOBOrO annaparta (Puc.4d).

B omnnuume 0T 2-i M KOHTPONIBHO rpynn rMCTONOrMYeCcKaa KapTUHa npenapaTos
B 3-i rpynne cnycta 1,5 mecAua ¢ MOMeHTa BBeLEeHMA aNN0OKCaHa XapaKTepu3osa-
Nacb NpU3Hakamu runepTpodnm n runepniasnum NoaXKenynoyHon xenesbl. Habnto-
fanu 60/blOE KONMYECTBO OCTPOBKOB Pa3HOro pa3mepa, NpaBMNbHOWM OKpYron
dopmbl (Puc.4f). O6pawano Ha cebs BHUMAHKWE 0YeHb GONbLIOE KOUYECTBO MeN-
KWX OCTPOBKOB U OTAE/bHbIX CKOMJIEHUIA 3-KNETOK, @ B H0NbLWMUX KPYMNHBIX OCTPOB-

c) Y8 1x400 d) Y8 1x400
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iy 1
ke 1

f) ¥B 1x400 f*) ¥B81x100

Puc.4. Crpyktypa TKaHu Noaenyao4yHOI Xenesbl, OCTPOBKM JlaHrepraHca: a — WMHTaKT-
HbIX KpbiC; b — 1-i1 rpynnbl (KOHTPOAb), Nocne BBeAeHMA annokcaHa B gose 200 mr/kr;
C — 2-1 rpynnbl Ha 8-e CYTKM C MOMEHTA BBeAEHUA aniokcaHa B go3e 200 mr/kr. 3a me-
AL, O MOLENMPOBAHUA aIOKCAHOBOTO AMabeTa XMUBOTHbIE 3TOM Fpynmbl MOABEPraauCh
npepsapuTennHomy Bo3geictaunio MW n Haxogmnnch Ha paccToaHMmM 20 M OT UCTOYHUKA
W3Ny4eHUs B NOABANILHOM MOMeLeHUM nabopatopuu; d — 2-i rpynnel yepes 1,5 mecsua no-
Cne BBeJEeHUA annokcaHa B go3e 200 mr/kr. 3a mecal, O MOLENNPOBAHUS aNIOKCAHOBOTO
AvabeTa XMBOTHbIE 3TON rpynnbl NOABEPranuch npeaaputensHomy Bo3aencteunio mLU3IN
W HaxoAUAUCh Ha paccToaHUM 20 M OT UCTOYHUKA M3NyYEeHUs B NOLBANLHOM NOMeLLeHNN
nabopartopuu; e — 3-it rpynnbl Ha 8- CyTKM C MOMeHTa BBeJeHWs annokcaHa B fo3se 200
Mr/Kr. 33 CyTKM O MOAENMNPOBAHUSA aNIOKCAHOBOTO AAMA0ETA XKNUBOTHbIE 3TOW rpynmbl NOA-
Beprnuch npefBaputenbHomy Bo3gaeictauto MLLUIN Ha paccTosHum 70 €M OT MCTOYHMKA U3-
nyyenus; f- 3-it rpynnbl yepes 1,5 MmecsAua C MOMeHTa BBefIEeHMA annokcaHa B go3e 200 mr/
Kr. YXuBOTHbIE 3TON rpynnbl NOABEPIKUCL NpefBaputenbHomy sosgencramnio MLLU3N Ha pac-
cToAHUKM 70 CM OT UCTOYHMKA U3nyydeHunsa. YeennyeHue 1x400, Yeenuuernue 1x100, okpacka
reMaToKCMANHOM U 303UHOM.

Kax Habnofanu peskoe yBenuyeHue Yncna B-KneTok, KoTopble 6biM pacnonoxKeHbl
oyYeHb 6n13Ko Apyr K Apyry. CTpyKTypa OCTPOBKOB M OTAE/bHBIX [3-KNeTOK Obina He
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W3MEHEHHON, AApa B KneTKax 6onblune, OKPYIble, B KOTOPbIX XOPOLWO Onpefens-
N0OCb AAPbLILWKO.

MonyyeH nMonoXuTenbHbIn 3 @eKT OT NnpeBeHTUBHOrO Bo3aencTeus MLWIN Ha
XWUBOTHbIX 2-1 U 3-1 rpynn. Pa3nnyuna B JMHaMUKe YPOBHA MIOKO3bl B KPOBU U Bbl-
XMBAEMOCTb XMBOTHbIX B 3TUX rPynnax yKa3biBalOT Ha B3aMMOCBA3b MEXAY CPOKOM
Bo3fencteua MLU3IN v mogennpoBaHmem annoKcaHOBOTO caxapHoro anabeta. buo-
NOTUYECKMIA 3alnTHBIA 3ddeKT ganbHoaencTeums npu Bosaencteun MLLIIN, obHa-
PY)XEHHbIV B npeablaylieit pabote [fapses, Kokas u ap., 2007], noaTeepxaaercs B
AaHHOM uccnepoBaHun. OH NposABAAETCA B AMHAMUKE YPOBHA MIOKO3bl B KPOBU Y
XMUBOTHbIX 2-i Fpynnbl, @ TaKXXe B PaKTe BbI)KMBAEMOCTU KUBOTHbIX B 3TON rpynne
No CpaBHEHUIO C KOHTposiem 1 nnauebo. HecmoTtps Ha focToBepHoe (p<0.05) yBe-
JINYeHMe YPOBHA MIOKO3bl B KPOBU Y XMUBOTHBIX 2-i Fpynnbl N0 CPABHEHUIO C UC-
XOAHbIM 3HaYeHMEM, N OTCYTCTBME AOCTOBEPHbLIX PA3NMYMN MEXAY MOKa3aTenamu
VPOBHSA MIOKO3bl B KPOBU Y XXUBOTHbIX 1-1 U 2-1 rpynn Ha 2-e, 3-e 1 4-e CYTKU C MO-
MeHTa BBe[eHUs aNoKCaHa BbIXKMBAEMOCTb XUBOTHbIX B 3TOW rpynne Obina BbICO-
Kas. BolpaxeHHas runeprnvkemusn y 20% XMBOTHbIX JAHHOW rpynnbl He NpuBena ux
K rmbenu, a XX1BOTHbI€ HAXOAWIUCDH B YAOBIETBOPUTENILHOM COCTOSIHUM BECb Nepu-
on HabnoaeHus. Bo3peiicteue MLUIN Ha KMBOTHBLIX 3-ei1 rpynnbl cNoco6CcTBOBANO
Pa3BUTUIO Y HUX YCTOMYMBOCTU K A@NCTBUIO aIOKCAHA, @ YPOBEHb MMIOKO3bl B KPO-
BM OblN B Npefenax pu3nonornyeckon HopMbl BeCb Nnepuop HabtoaeHNs U [ocTo-
BepHo (p<0.05) otmyancs ot nokasatenei 1-i, 2-n u 4-i rpynn. BeixmBaemocTb
B rpynne coctasuna 100%. AHanu3npys rucTonorMyeckyto KapTuHy npenapartos
NOMXeNnyao4HOW enesbl B pasHblX rpynmnax, MOXHO CYWUTaTb, YTO NPeBEHTUBHOE
Bo3geicTane mWIW B 3-i1 rpynne oKa3ano He TONbKO LUTONPOTEKTOPHbIN 3 deKT
Ha KNeTKU MOMXKeNnyAoYHON Kene3bl, HO U CMOCOBCTBOBANO rMNepPTPOGUYECKUM U
rMnepniacTMyecKkuMm npoueccam B Hei, KOTopble BUAUMO HOCUIU KOMNEHCATOPHbIN
xapaktep. Hactosuwme skcnepumeHTanbHble pe3ynbraTbl HAXOAATCSA B XOpoLleM Co-
OTBETCTBMM C pe3ynbTaTamu nonyyeHHbiMu paHee [fapses, Kokas u gp., 2007].

Takum obpa3om, BbisiBNeHbl TpU eHomeHa Bo3aeincTeus MLUIN Ha Kkpbic ¢ an-
NIOKCAHOBbIM AnabeTOM:

MepBbll — 3T0 (DAKTOP BbIXKMBAEMOCTU NPU BbIPAXKEHHOW TUNEPIINKEMUN B Te-
YyeHWe AAUTeNbHOTo Neproaa HabnoaeHNs ¢ cCoxpaHeHeM penpoayKTUBHON (YHK-
LMMN Y KUBOTHbIX;

Btopoii — B npeablaywem UccnefoBaHuM 0OHApYXXeHO, a B HACTOALWEM Noj-
TBepXaeHo, 4yto ML3N cnocobcTBYET pereHepaLuu NOMKENYAOYHON XKenesbl y
O0NbHBIX XKUBOTHbIX in situ; TpeTuit — npeaapuTensHoe Bo3aeicTeune MLLUIN Ha
KMBOTHBIX CNOCOOCTBYET Pa3BUTMIO YCTOWYMBOCTU K AEACTBMIO aNioOKCaHa.

3adukcnpoBaHHble 3chdekTbl CBA3aHbl C GhyHAAMEHTANbHON Npobnemoii «3a-
MUCU» U Nepefayn 3MeKTPOMArHUTHON COCTABAAIOLWEN reHeTu4yecKon MHdopma-
UMM B XO[e NMOCTIMOPUOHANBHOMO Pa3BUTUS C y4acTUEM BOJIHOBbLIX MPOLECCOB B
reHome u opraHusme B uenom. mUIW, napameTpuyeckn cea3aHHoe C npenapar-

136



BosHosou 2eHom. Teopusa u npakmuka.

MOLYNMPOBAHHbIMU (POTOHAMU, ABNAETCA, BEPOATHO, HOCUTENEM W NepefaTynKoMm
MHGOopMaLMKM OT GronpenapaToB K GUOCMCTEME, aiPECHO BOCIPUHUMAIOLLEN TaKyI0
MHMOpPMaLMIO KaK cTpaTernyeckmn ynpasnsatwouyto. BeposTtHo, MW3IN - 370 BONHO-
BOM TpUTTEp, KOTOPBIN 3aNyCKaeT «Xayluey» pereHepaTuBHbie MOpdOreHeTuyeckue
npoueccsl, MHhopMaLMa 0 KOTOPbIX COAEPXKUTCSA B reHOMe Kaxaoi Knetkn. KBaH-
TOBble MexaHu3Mbl Bo3aeicTBus MLV Ha amOpMOHaNbHbIN M MOCTIMOPUOHANbHBbIN
NpoLecchl OCTAOTCA HEU3BECTHBIMU, XOTA HEKOTOpble UAEeW B 3TOM HanpasieHUu
BblCKa3aHbl HaMu paHee [[apseB, 1994; lapse., 1997; MpaHruwsunu, [apses v ap.,
2000(6); Gariaev et al, 2001; Gariaev, 2003] # pa3BMBalOTCA B HACcTOALLEE BPEMS.
YTo KacaeTcs 3alWMUTHOrO U LMUTONPOTEKTOpHOrO AeicTBus MLIIN, To 3Ta obnacTb
nccnefoBaHU UMeeT OrpOMHbIe NepCneKTUBhI.

Bo3M03HO, onpefeneHHy posib B 0OHAPYKEHHbIX 3aLLUTHO-PEreHepaLMOHHbIX
NposiBNEHUsX UrpaeT hakTop Tak Ha3biBaeMoro «cnaboro Bosaencramsay [Yykosa,
2002]. B aTom nnaHe MOXHO mpegnonaratb, YTO 0OHApYXKeHHble Hamu 3 deKTbl
HOCAT 3HA0IPrMYECKMit XapaKTep, Koraa aaxe cnabo nornowaemas npenaparamu
3Heprus KorepeHTHOro noJispM30BaHHONO J1a3epHOro U3JlyYeHus naet Ha yBennye-
Hue cBOOOAHOI 3Heprum lenbmMronbLa, akKyMyIMPOBAHHOW B XUMUYECKUX CBA3AX
MeTaboNMTOB NpenapaToB NOAXKENYA0YHON Kenesbl U ceneseHku. Hanpumep, ato-
Mbl MH(OpMaLMoHHbIX Makpomonekyn (OHK, PHK, 6enku), nornowas ceet, BMmecTe
C 3Hepruei KBaHTOB CBeTa NPMOOPETAIOT U UX MOMEHT KOJIMYECTBA ABUXKEHWUS, YTO
CO3J3aeT UHBEPCHYIO 3aCeNeHHOCTb AAePHbIX 3eeMaHOBCKUX ypoBHeN. [poncxogut
TaK Ha3blBaeMas XMMu4yeckas nonspusaumns agep. Takum obpasom, 6MoxnMmUyeckme
peakuuu B npenapartax, 3anyleHHble NoJAPM30BaHHbLIM Na3epHbIM U3JyYeHUeM,
MOTYT reHepMpoBaTh 3/1eKTPOMArHUTHbIE PaAMoYacToTHble KonebaHus. B aToil cu-
Tyaluuu npenapatbl NOAXEeNYA0YHOW Kene3bl U CeNne3eHKu BbICTYyNalT B POaK CBO-
e00pa3Hoii MONEKYNAPHONM PafMOCTaHLMK, TAE KAXKAblIi BUI MONEKYN UMEET CBOM
XapaKTepHble 4acToTbl, KOTOPblE, BBUAY HAIMYUA B IKCNEpPUMEHTe WUPOKONONoC-
HOrO pafiMon3Ny4YeHns ra3oBoOro paspsafa /ia3epa, MOryT ycunuBatbcs Gnarogaps
CTOXaCTUYECKOMY pe30HaHCy.

Ha oCHOBaHMM MOMyYEHHBbIX IKCNEPUMEHTaNbHbIX OAaHHbIX NpeanaraeTca no-
NbITaTbCsA pa3paboTaTb TEXHONOI IO, NO3BOAIOLLYIO BbIPAOOTaTh YCTOMYNBOCTD KU-
BOTHbIX K TOKCMYECKOMY OeiCTBUIO renTuna B akcnepumeHte. Mbl nonaraem, yto
YCTONYUBOCTb K FE€NTUY U MHOTUM LpYruM TOKCMYECKUM BellecTBaM MOXHO Bblpa-
6oTaTh, BO3/AENCTBYS HA CTpaTernyeckme metabonmnyeckne BeKTopa, BaXHenWwmne 3
KOTOpbIX — (OYHKLMUM reHeTUYeCKOro annapara Ha KBaHTOBOM YPOBHe.
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lononHuTenbHbIE TEOPETUYECKUE
Moaenu

MonyyeHHble JaHHbIE MO 3HAYMMOCTU LWMPE, YEM AEMOHCTPALIUSA BO3MOXKHOCTU BOJI-
HOBOrO 3aWMTHOrO aHTMAOT-3hdeKTa M TpebyioT TeOPEeTUYECKOr0 OCMbICNEHNUS,
NOCKOJIbKY 3aTparuBatoT cTparermyeckue (KBaHTOBbIE) MexaHW3Mbl paboThl reHe-
TUYECKOrO anmnapata MHOTOK/IETOYHbIX 6uocuctem. Mbl npeanaraem Tpu dopmanu-
30BaHHbIE TUMOTE3bl BOJIHOBbLIX COOBITUIA MPU CYMTbIBAHWUM C OBUOCTPYKTYPbI-A0HOPA
reHeTUKO-MaTabonnyecKoil BOSHOBOI MHbOPMAaLMK, AUCTAHTHON afpecHoil nepe-
[laye ee, BBEiEHWUM B BUoCMCTEMY-aKLIENTOP M YNpaBAEHUIO ee METAb0IN3MOM.

1. IHO02eHHble NoAPU3AYUOHHO-20102pagpuyecKue cobbimus 8 buocucmemax.

BonHoBble MH(OPMaLMOHHbIE CLEEHapMK, pa3BopaynBatoLiMecs Kak B camoil 6uo-
CUCTEME, TaK U B NPOLLECCE CYMTHIBAHWUA MX NA3EPHLIM JIy4OM, Ha MEpPBOM 3Tane
NPOMCXOAAT Ha (DOTOHHOM YpPOBHe. 3TOT YPOBEHb PAcCMOTPUM NoApobHO. B Ha-
wux pabotax [MpaHruwsunu, lapses u ap., 2000(a); NMpanruwsunu, lapses u ap.,
2000(6)] 6bInM paHbl ABYX- M TpEXMEPHbIe Mofenn buoronorpacmyeckoro ynpas-
NeHNs NOCTPOEHMEM NMPOCTPAHCTBEHHOW CTPYKTYPbl MHOTOKIETOUYHbIX OPraHU3MOB
B npouecce ambpuoreHesa. B nepsom npubanxeHnmn, npu ycaoBUM OTHOCUTENBHO
CTALMOHAPHbIX COCTOAHMII B Buocuctemax (tbuHanbHele ctaguu mopchoreHesos),
3T MOJENU JOCTaTOYHO peanucTuyHbl. OQHAKO B XUBLIX OpPraHU3Max CTaTUKa U
AVHAMWKA NapafoKCaNbHO COBMeLeHbl. B3pocnbiii opraHn3m npocTpaHCTBEHHO
OTHOCMTENIbHO CTaTUYEH B MaKpOMacCLTabe 1 CyleCTBEHHO MeHSETCs B 3TOM NjiaHe
TONbKO Ha CTaausx myboKoro ctapeHus. Bmecte c Tem, 3Ta cTaTMKa obecneymBaeTcs
BHYTPEHHei NPOCTPAHCTBEHHO-BPEMEHHON AMHAMUKON MeTabonnyecKkux npouec-
COB Ha MMKPOYPOBHE opraHu3auuu 6uocuctem. 3To 06ycN0BNEHO TEM, YTO NpoLEeCC
MeTabonu3ma sBAAETCS MOOUABbHOW COBOKYMHOCTbIO BUOXUMUKO-OMODU3NYECKUX
NPOCTPAHCTBEHHO-BPEMEHHbIX MNPeobpa3oBaHMili MUKPOCTPYKTYPbl OpraHu3Mma.
C y4yeTOM HeECTaLMOHAPHOCTU CTPYKTYpbl BuocucTeM npeanaraetcs 6onee passu-
Tas MOLEeNb 3HAOTEHHbIX MH(MOPMALMOHHBIX NONAAPMU3ALMOHHO-roNorpadnyecKmnx
yNpaBaaoWmx NpoLeccoB B MHOFOK/IETOUYHbIX OPraHM3Max, peann3yembix Npexae
BCEro Ha ypoBHe reHoma. Mopenb oTobpaxaeT buoronorpaduyeckmnini acnekT me-
TabonM3Ma B Le/IOM U NO3TOMY BK/OYaeT B cebs 6uomopdoreHes B KayecTse ero
4aCTHOro cny4yas. Mogenb Mcnonb3yeT CylecTBYOWNA HU3MKO-MaTEMATUYECKUN
dbopmanu3m gna Nonapu3aLuoHHON ronorpadumn, HO 3KCTPANnoaMpyeT ero Ha Be-
POATHbIE 3HLOTEHHbIE AHANOTUYHbIE MPOLECCH B FTEHETUYECKOM annapare MHOro-
KNETOYHbIX OPraHN3MOoB.
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B ocHOBY Mogenu 3anoxeHbl TaKXe HalWW 3KCNepUMeHTanbHble UCCNefoBa-
HUS C WUCNONb30BaHMEM CreuuanbHOro pAsyxnonspusauymoHHoro He-Ne nasepa
(A = 632,8HM), UMelOLWErO ABe OPTOrOHA/bHbIE, CBA3AHHbIE Mexay C060i onTu-
yecKue Mofbl, 0 YeM roBOPMUNOCH Bbilwe. lpu B3aMMoZenCcTBMM Na3epHOro myyka
TaKoro KBaHTOBOrO reHepaTopa C BElWeCTBOM B pexume JUHAMUYEeCKOoro ronorpa-
(MpoBaHMA Ha BCTPEYHbIX My4KaX, NPOMCXOAAT aKTbl OAHOBPEMEHHOW 3anucu-
CYMTbIBAHWA HEWU3BECTHON paHee MHGMOPMALUKM O AUHAMUYECKUX BpaLLATENbHO-
KonebaTenbHbIX NMpoueccax Ha ONTUYECKOM M aTOMHO-MONEKYASAPHOM YPOBHSX.
OcobeHHO MHTEpeCHbl NONYYeHHbIe TAKUM NYTEM CBEEHUA O FT€HETUYECKUX CTPYK-
Typax M/uan o XuBbIX KneTkax. Bce MHPOpMALMOHHbIE CTPYKTYpPbl OPraHM3MOB,
Bknoyaa [HK, PHK u 6enku, o6nagatot onTUYecKon aKTUBHOCTbIO, TO €CTb CMno-
COOHOCTbIO BpaLWaTh NJIOCKOCTb NONAPU3ALMUM CBETA U AUXPOMYHOCTbIO — Pa3HO-
CTblO MOMOWEHMNIA NPaBoO- U NEBONONAPU30BAHHOTO cBeTa. Mogynauuu nonspu-
3auumn, KOppenupymumne co CTpYKTYpHO-(YHKLMOHANbHBIM COCTOAHWEM TOTO MK
WHOTO MeTabonnTa, BbICTYNAIOT KaK YHUKANbHOE MO CBOEN eMKOCTWU BMECTUNMnLLe
nHdopmaumm o metabonusme u ero fuHamuke. Ml BMecTe ¢ TeM — 3TO KaHan Mex-
KNETOUYHbIX (DOTOHHbIX OMO3HAKOBLIX KOHTAKTOB. TakMe 0COOGEHHOCTM NMPOLECCOB
B MONSPM3aLMOHHO-roNorpadmMyeckomM BapuaHTe, No-BUAUMOMY, Npucywmn pabo-
Te reHoMa Kak 6uokomnbtoTepa. 3To NO3BOASAET MOAENUPOBATL UX C UCMONb30BA-
HMeM ynomsaHyToro nasepa. OH cnocobeH K NonsApu3aLMOHHO-roN0rpaduIecKoil
3anncu, CYNTLIBAHWUIO, AUCTAHTHOW Nepeaaye v BBEAEHMIO BOJHOBOM KOMaHAHOM
reHeTUKOo-MeTabonnyeckoin nHcbopmaLum ot oaHoM buocuctTemsl K apyroin. Kpome
TOro, TaKOW Nla3ep OCYLECTBAAET KOHBEPCUIO 30HAMPYIOWMX 6uocuctemy doto-
HOB B LUIMPOKONOOCHbIA 3NI€KTPOMArHUTHBIN CNEKTP C YyacToTamu oT 2m fo 0 no
MexaHM3MaM NoKanu3auuun-genokanusaunum hoToHos. lpn 3T0M, BUAMMO, COXpa-
HAETCSH KBAHTOBO-HeNOKaNnbHasA (TenenopTauMoHHas) nonspmM3aLMoHHas CBA3b No
BCeMY Habopy 4acToT, BK/IOYasA pafnoBONHOBbIE. Micnonb3oBaHWe Takoro nasepa
KaK cuuTbiBalole-nepegaollyio GOTOHHO-PaAMOBONHOBYIO CUCTEMY, UMUTUPYIO-
YO aHANOTUYHbIE BOJSIHOBblE GMOKOMMNbIOTEPHbIE 3HAKOBbIE HENOKa/bHble Mpo-
LLeCChbl MEXKNETOYHbIX KOMMYHUKALUIA, [aN0 BO3MOXHOCTb OCYLLECTBUTb JaNbHIO
BOJIHOBYIO Nepefayy yrnpaBnstoWen reHeTuko-metabonnyeckon nHhopmayum ot
buocucTeM-fOHOPOB K GuocucTemaM-aklentopam. B ceete 3toro ¢akta npea-
CTaBNAETCHA CYWECTBEHHbIM MOMbITATbCA AaTb Bepcuto Gosnee pasButoro dopma-
nn3Ma 6MO3HAKOBbIX POTOHHHO-NONAPU3ALMOHHO-TONOrpacMyecKnx NpoLEeCCcoB B
XPOMOCOMHOM annapare BbiCWmMx Guocuctem, Tem 6osee, 4TO PaguOBOIHOBOMN K-
BMBAJIEHT 3TUX MpPOLLECCOB 06NMafaeT APKO BblpaXKeHHbIMU MOPdOreHeTUYeCKUMH
NOTEHLUAMM,

3anuwem BeKTOPHbIN AU pPaKLMOHHbIA MHTerpan Kupxroda B napakcmManbHOM
NPMONMKEHMM, ONUCHIBAIOLWMUIA BOSIHOBOE, Hanpumep OTOHHOe nose, chopmMupo-
BaHHOE HecTalMOHApHbIM hparMeHTOM BMOCTPYKTYpbl. Takoe POTOHHOE noae Mo-
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KET U3/1yYaTbCA KULKOKPUCTANANYECKMM KOHTUHYYMOM xpomocom (JKKX) in vivo.
Bua Takoro usnyyeHus MOXKET BbIPaXaTbCs CNefyoWMM COOTHOLEHNEM:

i Q) 1
E  (x,y,2,0,t) = —f f—Eob (X0 Y020 Lo)eXpuw[(t — 1) ——rldt dS,
P (ol c

(1)

re ¢ — CKOpPOCTb CBETA; @ — 4acToTa; X, ¥, Z,, £, U X, y, Z, £ — COOTBETCTBEH-
HO NPOCTPAHCTBEHHO-BPEMEHHbIE KOOPAMHaAThl TOUKM pparmeHTa KX 1 Toukmn Ha-
6nloneHns; r — paccTosHue Mexay 3Tummu Toukamu; S, T,) — npoCTpaHCTBEHHO-
BpeMeHHOM uHTepBan, 3aHumaembin KX; dS=dx , dy, .

B ypasHenun (1) E_(x,,y,,z, t,) — pacnpefenenue amnantyapl nons 3a HKX.
Ecnv paccmatpueath npouecchl ronorpacdmpoBaHus 06pasLoB 6MOTKaHe-A0HOPOB
MCNoib3yeMblM Na3epoM, TO 3TO NoSie MMeeT MeCTO A1 KaXA0N Nonapu3aLMoHHON
MOAbl, KOTOpPblE MeX[y COOO0/ OPTOrOHaNbHbI U HE3ABUCUMBbI [LO TeX NOp, NOKa He
NpoM30MLeT NOBOPOT MIOCKOCTEN UX NEPBOHAYANbHbIX NONOXKEHUN BEKTOPOB NO-
NAPU30BAHHbIX OAHOYACTOTHBIX U HECKONbKO CMELLEHHbIX N0 YacToTe ApPYr OTHO-
CUTENIbHO ApYra BOJIH CO CPefHen 4acToTON @, PacnpOCTPAHAIOWMXCS BAONb OCH
Z, ¢ BeKTopoMm [oHca. Ewe pa3 HanoMHUM, 4TO Aig XpPOMOCOM XapaKTepHa BbICO-
Kas ONTUYeCKas aKTMBHOCTb, BbIPAXalolWAACa B AUCNEPCUM ONTUYECKOro Bpalle-
HUA U KPYrOBOM LUXPOU3ME, YTO ABNAETCA HEOOXOAMMbIM YCIIOBUEM MPUMEHEHMS
dhopmanuama.

‘ 1 E
E,=E, exp- P2l T 0<e="2<1
c \LE on (2)

Mone E, npoxoauT uepe3 HecTauuoHapHbii dparmedt KX c marpuuen
JI>xoHca

My (Xgs YosZ0:80) M5 (X5 Y0205 1))

M  (x,,Y0,20-,) =
ob \ P02 Y0s<0s L
My (X0, Y0>20>80) My (X5 Y0200 10)

[Ons ynpoweHns bGyaem cuutath, 4TO HecTaumoHapHocTb KX He aBnsetcs
(hyHKLMEN 4YaCTOTbl NPOCBEYMBAIOLLENO CBETA.

O6e nonspu3alLMOHHbIE MOLbl KOrepeHTHOro CBeTa Ja3epa [enoNispu3yioTcs
reHo-3HakoBoW akyctukon KX v yactuyHo aanuntudecku nonapusyiorca. lpu
3TOM OHU MOTyT MHTEpdepnpoBaTh C 06pa3oBaHMEM CNEKN-CTPYKTYPbI, @ CyMMap-
Haf UX UHTEHCMBHOCTb «MepeTeKaeT» M3 MOAbl B MOLY MO NyTH, NOCTYINPOBAHHOMY
paHee [[paHruwsunu, fapses n gp., 2000(a)]. 310, B CBOK 04Yepenb, NPUBOAUT K
MOAYNALMM PASMOBOJIH, 00pa3YIOWMXCH U3 XPOMOCOMHbIX (DOTOHOB MO MEXaHU3MY
nx penokanusauum [Mpanruwsunu, fapses u ap., 2000(6)].
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BosHosol 2eHom. Teopusa u npakmuka.

MoanduunpoBaHHbIii BEKTOP [)KOHCA KaXAOW M3 NpOWenWnX OPTOrOHaAbHO
NoNsiPU30BaHHbIX BONH HEMOCPEACTBEHHO 33 OOLEKTOM MOXKET ObiTb NpefcTaB-
NeH B BUAE YACTUYHO KOFepPeHTHbIX OPTOrOHaNbHbIX KOMMNOHEHT 3ANUNTUYECKON
nonspusayuu

1
Eob(xo’yo’zo’to) = [EAxMob (xo’yo’zwto) ie ®

i€ .
DE, M, (X4,¥0,2951,) | lexpiwt,,

E E
rmee= =2 T = Bx T 0 <€ =<1; ® - 3HaK HEKOrepeHTHOro CyMMU-
Ax By

POBaHWUA aMMUTY[, KOTOPLIA BBEJiEH ANA 4aCTUYHO MONAPU30BAHHOIO cBeTa; E,
— KOMMN/IeKCHas aMnanTyaa KOMMNOHeHTbl 0fiHoro 6asuca; E, — KoMNieKCHas am-
NANTYAA KOMNOHEHTbI LpYroro, OpTOroHanbHOro eMy U HEKOTrepeHTHOrO.

B 6uonorunyeckoit cucteme B coctaBe KX (npu Hanuuum TonbKO OAHOW Mo-
NAPU3aLMOHHON KOMMOHEHTBI) UCMONb3yeM B Ka4yeCTBe rMnoTeTUYeCKO ONOpHOIA
BOJIHY, NpOLeALY0, HANpUMep, Yepe3 6eCKOHEYHO Y3Kuii BpeMeHHON 3aTBOp, UMe-
WK O-06pa3HyIo XapaKTepUCTUKY BPEMEHHOTO NponyckaHus. Takoil 3aTBop non-
HOCTbIO Aenonfpu3yeT U3HayanbHO NONAPM30BAHHYIO BOMHY. [TonyyeHHas no3aau
3aTBOpa BO/MHAa 06/1aiaeT CNOLWHbLIM CMEKTPOM BO BCEM iMAnNa3oHe C paBHOMEPHO
pacnpefeneHHON CNeKTpanbHOW NAOTHOCTbIO, @ MOAUGDMLMPOBAHHbIN BEKTOP ONOp-
HO BOJTHbI MMEET BUJ, OPTOrOHaNbHOTo 6a3unca 3NNMNTUYECKON nonspusauum:

1
EOH = [EOx eXp lcp @
LE

L

: T \(LE : 1
DE, expil¢o——| . [lexpiw|t-—2z|,
2 N1 C (4)

E
meeg= 0 E ’EOx’E()y — aMnANUTYAbI; @, ¢ — COOTBETCTBEHHO Hayanb-
Ox

Hble a3bl IByX B3aUMHO HEKOT€PEHTHbIX KOMMOHEHT.

[lns Hawero cnyyas, rae MCnonb3yeTcs cpasy ABe NOspU3aLMOHHbIE KOMMO-
HeHTbI, He TpeOyeTcs BblleyKa3aHHOTO AONYILEHNS O HAMYUU BECKOHEYHO Y3KOro
BPEMEHHOr0 3aTBOPa, U TOrfA CyMMApHOe NoJie B MIOCKOCTU NONAPU3aLMOHHOM ro-
NIOTPaMMbl UMEET BUJ:

Ey(x.y,2,t)=E, +E, (5)
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[1.M.lapses

1 i Q)
Ey(x,y,2,t) ={E, expigexpio|t - —z|+— || —
S (rzt) = (E, expit p( ) =

. | 1
E.M, (xo,yo,zo,to)expz(ol(t —1,)— —r}a’Sodto} . S
C I
T 1 ] w
E _expil¢ ——lexpio|t——z|+— || — E .. -
0 p((b 2) P ( c) 27505{:!;1’ by

£
ds, dt,

: 1
‘M, (xo,yo,zo,to)expzm[(t —1,)— ;r

PeanbHas 4acTb mocnefHero ypaBHeHus (5) NpencTaBAseT HaMpPsXEHHOCTb
3/1eKTPUYECKOro BEKTOPA CyMMapHOii BOJHbI.

Re(Ey) = pcosot + gsinwt (6)

MapameTpbl CyMMapHOTO 3NUNCA p U g ONPEAENAIOTCA YEPe3 KOMMNOHEHTbI 31-
nunca nonspu3aLum Kaxgoro u3 6asucos A u B, kak B pabote [14]

p=Re(E;), ®Re(Ey), =p, ® p,
g=Im(E;), ®Im(E,), =g, D g, (7)

JHporeHHan Guonoruyeckas perucrpauus noas cymmapHoi BonHbl (5) B co-
ctaBe KX, kak 6a3oBom anemeHTe [JHK-BonHOBOro GMOKOMNblOTEPA, Npeanonara-
€T Hann4yme B OpraHM3mMax NoNApU3aLMOHHO-4YYBCTBUTENbHOM Cpefbl, KOTOpas Tak
K€, KaK U HecTauMoHapHbl hparmeHT Guonornyeckoro oobvekTa, Hanpumep XKKX,
CMEKTPaibHO He CeNIEKTUBEH BO BCEM AMANa30He AeiCTBYIOLWMNX YACTOT.

3a cyeT NoONAPM3aALMOHHbBIX XapaKTEPUCTUK MHAYLMPYIOLEro CBeTa B CBETO-
YyBCTBUTENIbHON peructpupylowein cpepge KX HaBogaTca QortoaHusoTponua u
doTornpotponusa. [Ana onucaHua BEKTOPHOro (OTOOTKAMKA MNONAPM3ALMOHHO-
YYBCTBUTENIbHOW Cpefbl BBEAEHbI (DYHKLMUM U30TPOMHOW §, aHMU3O0TPOMHOM V- K
FMPOTPOMHON V - PeaKLUMi, KOTOpbIe MOCTOAHHbI /i BCEX YACTOT AEMCTBYOWErO
n3nyyeHusa. Mcnonb3ys matpuubl [)KOHCA M NpaBuia Ux NOCTPOEHUA ANs cayyas
YAaCTUYHO MONAPM30BAHHOTO WMHAYLMUPYIOLWEr0 U3NYYEeHUA, ANA Pe3ynbTUPYIOLLEN
matpuubl [HKoHCa nonyyaem

. M, M,

M = exp(-2ixdn,). ,

M, M,

roe
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BosHosou 2eHom. Teopusa u npakmuka.

1122 A

=1- lxd[s(l +1,), +s(I, +1,), £v, cos20
2n,

'(11 - I2)A =V, COSZGB ‘(Il B 12)3]

M, = —%[VL sin20, (I, -1,), +v, sin20,

0

(L -L), Fivg(I. - L), Five(I. - L),]
B (8) X = A , A — AJIMHA MCXOAQHOM NpocBeYnBatoLLeil SHAOreHHOW BOJHbI

(Hanpumep, POTOHHOE U3NYyYEHNE XPOMOCOM in Vivo); d — TONLWMHA PErncTpupyio-
wen XKX; n, — komnnekcHbiit KoapduumneHT npenomneqns KX B ucxogHom, He-
00/1lyYEHHOM COCTOAHUU; (I,+1,), v (I +I),— nepsbiit napametp CTokca,

(I-1), n(,-I),— stopoi napametp Crokca, (I -I ), v (I -1 ), — 4eTBepThIil
napametp CTokca ana A u B KomMnoHeHT; 0, 1 @, — yrbl opueHTaumm 60/bioi ocu
3NIMNCa NONApPMU3aLMM COOTBETCTBEHHO ANA A- U B- KOMNOHEHT, OTCYUTLIBAEMbIE
NPOTWUB YaCOBOM CTPENKM OTHOCUTENIBHO OCH X.

Boipa3us B (8) napametpsl CToKCa Yepes napameTpel p,, p,, g, »&, 18 MaTpuLpl
ronorpamm, NpefCTaBiieHHON B BUAE CyMMbl TpEX MaTpuL, BO BCEM LMana3oHe Aei-
CTBYIOLWMX YACTOT, NONYYUM

M=M0+M_1+M+1, (9)
rie M, — MaTpuua, onuceiBaloLas HeandparnpoBaHHbIiA nyyok,
ixds 1 0
M, ~exp(=2ixdn)|1 - %= (1462 E2,
n, 0 1 ; (10)
M , — maTpuua, onuchiBatoLLas MHUMOe U306paxeHHe,

M M
M_1 ~ X—dexp(_zixdno) ( —1)11 ( _1)12
47cen, (M_),, (M), ()

C Manl/I‘-IHbIMVI 31IEMEHTAMU

(M_)),,,, = fff —E [(sxv, ) (my, +iem,) —ie(sFv, )(m, +iem,y,)]E, exp—i¢p + Ey

SoTp<2

X[(s F v, )(my, + iem,,) - ie(s £ v, )(m,, + iem,, )| E,. exp—i( - %)}

expigzexp— in(t, + lr)du)dtodSo,
c c
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l1.M.lapses

(M Do = [[ HE [0, £ v6)moy +iemyy) — ie(v, T vg)my, +iem,,)]
r

SoToQ

XE . exp—igp+ Ey [(v, Fv,)(my, +iem, ) —ie(v, £v;)(m,, + iem,)]

xE, exp—i(¢ - %)}expigzexp— lo(f, + lr)doodtodSO;
c c

M,, — maTpnua, oNuchiBaLIan AeidCTBUTeNbHOE 306paxeHme

M M
xd exp(—2ixdn0)( Dn (ML),

4chno (M+1)21 (M+1)22 (12)
C MAaTPUYHBLIMKU 3NIEMEHTAMU

(,l) * * . * . —_ * . * . *
(M, ), = fff7{EAx[(s: v )(my, —iem,,) +ie(s F v, )(m, —iem,,)]E, expigp + E,

ST, 2

M, ~-

+1

X[(s Fv, )(my, —iem,,) +ie(s = v, )(m,, —iem,,)]
xE, expi(¢p - %)}exp— igzexp io(t, + lr)a’oodth’SO,
c c

(M+1)12,21 = fff%{E:ﬂx [(VL x VG)(m; - iam;) +

So0To€2

ie(v, £v,)(my, —iem,)|E, expigp+ Ey [(v, = v, )(m), —iem;) +ie(v, F v,)(my, — iemy,)]
xE, expi($ - %)}exp— i zexpio (1, + - r)dadt,dS,.
c ¢

3pech vml.jsml.j(xo,yo,zo,to) — 3aBUCALLME OT KOOPAMHAT W BPEMEHW 31eMEHTHI
ABYMEpHOW MaTpuLbl HecTtaumoHapHoro dparmeHta KX, Vicxoga u3 ycnosua ot-
6opa onTUManbHbIX FOMEOCTAaTUYECKUX COCTOAHMIA B GMONOrMYecknx 06beKTax, co-
OTHOLWEHMNS MeXAY DYHKUMAMM peakLmum cpefbl MOryT ObiTh CeayoWwmmMu:

S=VL VL=-VG,

(13)

n Bbipaxenua (11) u (12) 3HauynTensHo ynpowaioTcs. Ycnosus (13) BbinonHa-
l0TCA C OONbLIOI TOYHOCTBIO A1 0O4eHb GONBLLIOrO Knacca NoasprU3aLMoOHHO YyB-
CTBUTENbHBIX CpeS.

Mpu BbiNnONHEHUM ycnosnit (13) matpuusl M, u M, UMeIOT creayiownil BUa:

+1

M, = mexp(—Zixan) IS DM, Pexp-iolt, + l(r - 2)]dwdt,dsS,,
27mc r c

n SoT,Q (14)
XdVL . (6) * . 1
M, = exp(=2ixdn,) f f f —P M, expio[t, + —(r - z)|dwdt,dS,,
2mcen, sre c (15)
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BosHosol 2eHom. Teopusa u npakmuka.

B (14) u (15) sbinenera matpuua KX M , a yepes P o603HadeHa cieaytouias
MaTpuua

a+e’b —ic(a-b)
ie(a-=b) €’a+b
roe

a=F, E, exp-ip

. TT
b=E,E, exp—i(¢- 5);
P*M ,* — 3pMUTOBO CONpsXKEHHbIE MATPULibI.

Mpu ycnoBMUM 3HAOTEHHOTO OCBELLEHUSA MONYYEHHON rosiorpamMMbl PEKOHCTPYM-
pyloLLei 3HAOreHHON NN IK30reHHOM NO OTHOLIEHUIO K GUOCUCTEME HEMONAPM30-
BAHHOM BOJIHOM C KOMMNEKCHbIMU aMMaNTyaaMm

!

: . E
E expig',E, expip'(e'="""/p ) nuactoroit o'

1 ic' 1
Erec =[E(,)xeXpl.(P’ . C_DE(,)X eXPi(q),—E) ]eXpi(x)'(t'——z)
1€ 211 c (16)

npolweawas yepes 6GUONOrMYecKyio rosiorpammy BosiHa hOpPMUpPYeTCs B BUE

. ! !
E(x'y',7,t") = wa—,MEm exp— iw—r’dS, (17)
2me g r c
roe S — pa3mep ¢parmeHTa ronorpammbl XKX; - pacctosiHue mexay TOYKOi
Ha NOBEPXHOCTU rONOrPaMMbl U TOYKOW HabNOAEHUS.
3ateMm, nocnepoBatensHo nopcTaBnaa B (17) BbipaxeHus ana matpuy (10), (14)
n (15), onpefnenum cchopMUpOBaHHbIE TONOTPAMMON HyNeBOe, MHUMOE U AeNCTBU-
TenbHoe u306paxeHus. Ml Tonbko Tenepb onpeaenuMm, Kakyio 3HAOTEHHYIO U/WUaun
3K30TEHHYI0 BOJIHY A5 OpraHu3ma Heobxo4MMo UCMNONb30BaTh B KAYeCTBE PEKOH-
CTpyMpyHolLeid, YToObl NMONYYUTb B MHMMOM BUAE BOCCTAHOBMIEHWE HYXKHOMO HaMm
tparMeHTa BOoNHOBOro obpasa dopmupyoueincs buocuctembl. [ns 3T0ro Heob-
XOAMUMO ONpeaeNnunTb COOCTBEHHbIE BEKTOPbI M COOTBETCTBYHOLME UM COOCTBEHHbIE
3HayeHus matpuibl P. OKa3bliBaeTCS, YTO C TOYHOCTbIO A0 NOCTOSAHHOIO MHOMXMUTE-
1 i€
17 COB6CTBEHHbIE BEKTOPbI MaTpuLbl P cytb \[E/ 1 1 C COOTBETCTBYIOWMMU COO-
CTBEHHbIMW 3HAYEHUAMY
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[1.M.lapses

(l+e’)a (1+e)b

OTctopa cnepyeT, YTo BOCCTaHOBNIEHWE NPOU3BOAUTCS BONHOM, MAEHTUYHOW UC-
Nosb30BAHHOM NPW 3aNM1CK ONOPHOM BONHOM. A TaK Kak, BepOSTHO, B G1ocucTemMax
Ha ypoBHe XKX 3anucb n BocCTaHOBNEHWE NMPOUCXOAAT MU OLHOBPEMEHHO, AU
C cobNnoaeHNeM NOCNEAHEro YCI0BUSA, TO PEKOHCTPYMPOBAHHOE MHMMOE U300pa-
)XE€HWMEe COOTBETCTBYET UCTUHHOMY, U OHO HE MOJBEPKEHO HUKAKUM UCKAKEHUSM.
MocneaHee NPUHUMNNANBHO BaXHO ANSl COXPAHEHUSA BOHOBbIX 00PAa30B-BEKTOPOB
MopdoreHe3a, KOMNEHCUPYIOWMUX (U3N0NOTrO-OUOXUMUYECKYIO U MEXAHUYECKYIO
HecTaluMoHapHoCTb Guocuctembl B Lenom u ee KX, B yactHocTi. Tem He meHee,
HeCTabMbHOCTL CTpaTernyecknx hOTOHHbIX 06Pa30B CTPYKTYpbl OpraHu3ma oynet
NMETb MECTO, HO Ha BONbLINX BPEMEHHbIX OTPE3Kax Npu CTapeHUN OpraHu3Ma 1 ero
NaToNIOrMYeCKUX COCTOSHUAX, HANPUMEp, B CIy4ae KaHUeporeHesa.

[ns npowepwein 6e3 audpakLnUmM BONHbI HYNEBOE N300paXKeHe UMeeT BUL:

E, =~exp(=2idn,y)[1- idsy (A+e>)E, 1[E,, expigp
ie

iy
@E, expi(d ——) ]explm(t —lZ)
(18),

a MHMMOE W AeNCTBUTENbHOE M300paXeHNs COOTBETCTBEHHO NPeACTaBAATCS
B BUJe

d
E_l(x',y’,z’,t’)z%exp( —2idn,x)E..(1+¢%)
(2rtc)? n,
1 13
ffff or (X5 Y0>Z0510)) . C_DEByMob(xO’yO’ZO’tO) I
s % T, 0 i€ 1
1
xexpin[(t'-t,) - — "+ r)]dwdt,dS,dsS, (19)
c
Eﬂ(x,’yr’z"tf)z_( ) exp( 2idn)E;, [ [ [ f [P Mob(xo,yo,zo,t)( ) P,

. i€
xM,, (xo,yo,zo,to)( : )]exp io[(t'+1,) - l(r’ - r+27)]dwdt,dS,ds,
c

rne
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P, =expigP’,
* . JT; *
P, =expi(¢p - E)P :

WuTerpanel, Bxopawme B (19) u (20), peweHbl B NMHEAHOM NpuOAnKeHUN Ans
PaccTosaHui r u ¥ n ana 6eckoHeyHo 6onblnx obnacteit UHTerpuposaHna S, S,
T, £. Viuterpansl no S u £2 UMeloT XxapakTep COOTBETCTBEHHO NPOCTPAHCTBEHHOIA
N BpeMeHHO O-pyHKuMKU. OKOHYaTeNbHble BbIPAXXEHWUS MPUBOAAT K CNefyloWwmnm
BbIPAXEHMAM AN CPOPMUPOBAHHOW NMPOCTPAHCTBEHHO-BPEMEHHON NONAPU3aLLM-
OHHOII roniorpammbl. [inA ChOpPMUPOBAHHOTO MHUMOTO M306paxeHna npu z' = z,
3 (19) umeem

2miydv,

E (X,y,z,t)=- exp(=2ixdn)E; (1+e*)E M, (x',y,z,t)

n,

| i€
x| |®EM, (X, 2,1) | ].
i€

(21)

AHanu3 nocnefHero COOTHOLEHMSA NOKA3bIBAET, YTO C TOYHOCTbIO O MHOXMUTE-
N5 B HEM OTOOPAXKEHO MOJHOE BOCCTAHOBMEHWE KaK NPOCTPAHCTBEHHO-BPEMEHHOM
CTPYKTYPbI, TaK U NONAPU3ALUOHHbBIX XapaKTEPUCTUK NONA ero HecTauMoHapHoOM
006bEKTHOM BOJHbI, Npowepwen, Hanpumep, yepes KX, 3tu doToHHbIE M/ unu pa-
AVOBOJIHOBbIE JUHAMUYHbIE CTPYKTYPbI, BEPOATHO, UCMO/Ib3YIOTCA MHOTOKNETOYHbI-
MU OpraHuM3Mamu ans coOCTBEHHON OpraHM3auuu B COOCTBEHHbIX MPOCTPAHCTBE-
BPEMEHU, MOCKONbKY 3TWU CTPYKTYpbl-00pa3bl MOAHOCTbIO COXPAHAKT UCTUHHbIN
KannbpOBOYHbIA MacwTab 6e3 UCKaXKeHWIN, HAKNAAbIBAEMbIX HECTALMOHAPHOCTbIO
buocucTeMm, 1 BOCMPOM3BOAAT UX B alEKBATHbIX A1 PAa3BUBAIOLLErOCS U B3POCIOrO
opraHu3ma u3smepeHusax. [10 peKOHCTPYMPOBAHHLIM BONHOBbLIM FpafMeHTaM CyYu-
TaHHbIX MONAPM3ALMOHHBIX TONOrPaMM OCYLLECTBNAETCA 4-MepHas OpraHu3aums
MeTabonnyecKnx NOTOKOB, KNETOYHOI apXUTEKTOHUKM U MOPdOreHeTUYeCKUX ABH-
XEHWI B XOfie IMOPUOreHesa, a TaKXKe YaCTUYHan pereHepayms 6MoCMCTeM Npu UX
noBpexpaeHusx. NHbIMM cnoBamu, NPpoMCXOAUT KanMbpoBKa AMHAMUYHOIO MOTEH-
LManbHOro NPOCTPAHCTBA-BPeEMEHN OBUOCUCTEMDI.

W3 (20) ans peiicTBUTENbHOTO M306paxeHna npu 2 = 27 — Z, MMeeMm

2miyd , sow 2 ,
%exp(_zldeO)ng[PAMob (x 7y < ,7Z_ t)
0

E+1(x’,y,’zl’t,) il

1 * * 1! /2Z ’ iE
X . EDPBMgb(x’y,Z’__t) ]
lE C 1 (22)

147



[1.M.lapses

W3 (22) cnepyeT, 4To Ha paccTosHUN Z = 27— Z, CMMMETPUYHO MHUMOMY
nzobpaxenuto (19) oTHocuTenbHO ronorpammel, GopmMupyeTcs U3obpaxeHue ¢
NCeBAOCKOMUYECKON NPOCTPAHCTBEHHOW CTPYKTYPO 0ObEKTHOrO (hparmeHTa nons
KX, Mpu 3Tom nponcxonut obpalieHne ero BpeMeHHOro Npoduis ¢ BpeMeHHOW
3a[1ePXKOIi, BbI3BAHHOI NPOXOXKAEHNEM CBETOM paccTosHua 27 = 7' + Z,, paBHo-
0 PacCTOSHUIO OT TOYKM HAONIOAEHMSA 10 AENCTBUTENBHOTO M3006paXKeHus, C Npeob-
pa3oBaHMEM COCTOSHMSA NONAPU3ALMK, ONpeaensembiM BUAomM Matpul P, * n P *.

MonspusaunoHHo-ronorpaduyeckoe 6uoynpasneHne Mbl MOHUMAEM KaK 3H-
AOreHHOe MAN UCKYCCTBEHHOE M3MEHEeHWe COCTOAHUA WU CTPYKTYpbl KNeTOK peLu-
NMeHTa B pe3y/ibraTe ynpasBasoWmnx ronorpadmyeckmx BO3AeNCTBUA CO CTOPOHDI
AOoHOpa. B Hawem cnyyae ronorpaduyeckuin CUrHan, MOAYAUPOBAHHBI 340POBbIMYU
KneTKaMu AOHOPA, TPAHCAUPYETCA U 3aNUCbIBAETCA HA OONbHBIX KIETKAaX peuunu-
eHTa B BuAe rosorpammsl. [lanee npouecc ynpasiaeHUsa NpoOUCXOAUT CheayioLwmnm
06pa3oM. BHayane ¢ n3MeHeHHbIX KNeTOK peLunueHTa nog AeiCTBMeM BOCCTaHaB-
NINBAIOLWEN BOJHbI CYUTBIBAETCA ronorpaduyeckoe n3obpaxeHue 340pOBbIX Kie-
TOK AoHopa. OHO peKOHCTPyMpyeTcs B TeparepL,OBOM Anana3oHe BOSH B BUAE 00b-
eMHOr0 M300paXeHNs, OXBATbIBAIOLWETO KAXAYI0 KNETKY peuunueHTa BMecTe C ee
HaNONHEHUEM.

B npuHuune cyuwectsyeT ABa BUAA UCTOYHMKOB BOCCTAHABAMBAIOLLEHA BOSHbI.
[lepBbll U3 HUX — SIHAOMEHHbIW. B 3TOM cnyyae npoueccs NPOTEKAloT 3a CYET BHY-
TPEHHUX PE3EpPBOB, T.€. KBHYTPEHHET0» U3NyYeHNUA COCEAHUX KNeToK. BTopon Bua
— J3K30reHHas pPeKOHCTPYKLUMSA, KOrAa UCTOYHUKAMKU ABNAKOTCA BHEWHME U3ayyare-
nn. 06a BUAA MCTOYHMKOB «paboTaloT» B KNeTKax peunnueHTa u AeiCTByOT OfHO-
BPEMEHHO W NOCTOAHHO, BOCCTAHABAMBAA W LOMOMHAA OAHO W TO Xe u3obpaxe-
HWe 300pOBbIX KNeTOK foHopa. o rpagneHTam MHTEHCUBHOCTU BOCCTAHOB/IEHHOTO
N3006paxeHUs JOHOPHO KNETKM, KaK NO YepTexy, NPOUCXOAMUT POCT U pereHepaLus
O0NbHBIX KNETOK peunnueHTa. Knetkm peumnueHta urpatot npu 3ToM ponb GoTo-
NIACTUHKK, HA KOTOPOWA 3anucaHa ronorpamma 340poBbIX KNeTok foHopa. lpouec-
Cbl pOCTa W pereHepauuu, npoTeKaloLlme aHaNoOrMyHo npoueccam GhoToTponn3mMa,
3aHMMaIOT onpefAeneHHoe BpeMs. B pesynbtate «60NbHbIE» KNETKM PeLunmeHTa Ya-
CTUYHO MepexonAT B pa3psf 3L0POBbIX, @ YaCTUYHO pa3pywatTca. [poayKTbl pac-
naja paspylueHHblX KNeTOK BbIBOAATCA U3 OpraHM3ma peuunmeHTa.

Takum ob6pa3oM, B npolLecce 3aMelleHUs KNeToK peuunueHTa 3[40pOBbI-
MW KNeTKaMu, aHanornyHoiMu obpasy [OHOpa, NPOUCXOAUT MNOAAPU3ALUOHHO-
ronorpacgpuyeckoe ynpasieHue, COCTOALEE B «NpopacTaHnm» Gruomacchl 60bHbIX
KNeTOK peuunueHTa B NPeaNoXeHHY0 UM JUHAMUYECKyIo roforpaduueckyto dop-
My KNeToK 340poBoro aoHopa. CnepoBarenbHo, B npouecce ynpasaeHus gopma u
AMHAMUYeCKoe COCTOAHWe KNeTOK peuunueHTa NnocTeneHHO MeHAITCA Noj feu-
CTBMEM YNPABAAIOLWEro CUrHaNa — KYCTaHOBKW», NOAYYEHHOW OT JOHOPA.

Pasymeetcs, Takas «yCTaHOBKAa» HAMHOIO C/IOXHee TOW «YCTaHOBKWU», KOTOpas
BCTPeYaeTCcAa B MPOCThbIX cucTemax ynpasneHua. OHa 3amaeT NpOCTPAHCTBEHHbIE
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pacnpefeneHus TeparepLoBOro CUMrHana, no rpaguMeHTam KOTOpOro Npoucxogut
poCT U hOPMUPOBAHME XKMBbLIX KNETOK B peuunueHTe. Takum 06pa3om, NpoLeccl
pocTa U GopmMoobpa3oBaHMUs PeLUNUEHTHbIX KNETOK NMpoTeKalT no Guoxmmuye-
CKMM 3aKOHaM, YNpaBASIOWNM WX KU3HEAEeATeNbHOCTbIO, @ CUTHAN «YCTAHOBKMU»
TO/IbKO 3a[jaeT NPOrpamMy pocTa CTPYKTYpPbl MONOAbIX 340POBbIX KNETOK U MOLYNA-
LMI0 NPOTEKAKOWMX B HUX MPOLLECCOB.

[lns 6onee NOAHOTO OMWUCAHWUA MexaHU3Ma BHYTPeHHEeN paboThbl ronorpadu-
YeCKOro LMPKYNAPHO-NONAAPM30BAHHOTO WH(OPMALMOHHO-1A3epHOr0 npeobpa-
30BaHMA B XXMBOM OpraHu3me Heo6xo[MMO NOHMMAHME OCHOB NONAPM3ALUOHHO-
AVHaMUyecKoi Teopuu ronorpacdmmn n obMeHa MHGOpMaLMen Mexay KUBOIA 340-
POBOI KNETKOW AOHOpA M BCEMU APYrMMU KNeTKamu, BXOAAWMMKU B COCTAB Opra-
HOB W TKaHeit 60bHOrO opraHu3ma. Mpu TakoM onMcaHWMKU Mbl UCNOb3yeM paboTy
[[deHuctok, 1974], paspaboTaBluero 0CHOBbl PErUCTPaLUM U PEKOHCTPYKL MK FON0-
rpacdMyeckoro NoCTpoeHMs U300paxeHnin MaTepuanbHbiX CTPYKTyp. Ham ypanoch
3KCNEPUMEHTANIbHO J0Ka3aTh, YTO MOMUMO PEFUCTPALLIMM U PEKOHCTPYKL MK 1300pa-
KEHUIA BO3MOXHO W BHYTPUKIETOYHOE BUOMU3MEHEHUE BMONOTUYECKUX CTPYKTYP
peLunmneHTa No cxeme BOCCTAaHOBNEHHOTO M300paXeHns AOHOPa, 3aNMCAHHOTO Ha
ronorpadmyecknx CTpYKTypax peLmnueHTa.

TpaHcnAuMA MOAYAALMOHHOW MHBOPMALMM OT JOHOPA K PeLunueHTy npouc-
XO[UT NOCPEeACTBOM NMPAMONMHENHO PACNpPOCTPAHAIOLWMNXCA NPOAObHbBIX B3aUMHO
NPOHMKAKWMX BOJH, HECYLMX MHOTOYPOBHEBYI MOAYAALMOHHYIO MHDOPMALMIO.
[ns 6avKHen 30HbI Nepeaayn MHhopMaLMM MOXKHO NPUMEHATL MOHATUE KIEeTOoY-
HbIX fiiep — ONTUYECKMX NONAPOUIOB, @ ANA AaNbHEN — NOHATUE KBAa3NOOBLEKTUBA
(cM. NpepblayLLyO CTaTbio AAaHHOTO COOpHUMKA). PacCMOTpMM onuMcaHue Takoro npo-
Lecca, npef/ioxXeHHoe /s PerucTpalmm LBETHbIX rosiorpaMmm 6e3 UCnoNb30BaHMS
nasepoB [AnekcaHapos, 1998]. AganTupys ero K 6MONOrMYecKoin cucTeme, onu-
WweMm HeobXoaMMble YCNOBUA ANA peann3auun HEKOTePeHTHOro Noaspu3aLuoHHO-
ronorpacdumyeckoro metoaa ynpasneHus. CnegyeTt 3aMeTuTb, YTO B 3TUX CUMCTEMAX
NPU MUKPOCKOMMYECKOM UX U3YYeHUU, LABHO OOHAPYXKMAN KaK MUKPOCKONMYECKne
noNspuU3aTopbl, TO €CTb ALPA KNETOK, TaK M ONTUYECKM aKTUBHbIE OENKOBbIE Belle-
CTBa, KOTOPbIe BPaLLAlOT NAOCKOCTb NOAAPMU3ALMM NPOXOAALLNX Yepe3 HUX U3nyye-
HUIA. 3T Npouecchl LaBHO U3BeCTHbI uccneposatenam [Bischof, 1995], ogHako po
cux nop Habnaaemoe sBieHMe He ObINo HU 0OBACHEHO, HY UCMOMIb30BAHO.

MycTb nog ymom @, 0T NPONU3BONLHOI TOUKN 6MONOTrNYECKOro 0ObeKTa-foHopa
CBET MONafaeT Ha NepBbI BHYTPUKNETOYHbIN NONAPM3ATOP U Aanee NPOXOAUT Ye-
pe3 ONTUYECKU aKTUBHYIO CPeay, Hanpumep, Yepes 6uonoruyeckunii 6enok. Mpongs
yepe3 BTOPOM K/IETOYHbIA NONAPOMS, CBET NafaeT Ha perucTpupyollyo uonoru-
YeCKylo cpegy peuunueHTa.

[locne NpoxoxaeHWa nepBoro nNofapouaa aMnanTyay BOJIHbI MOXHO 3anucaTb
seupe E, = A (sin,i +cosP, /) me A, = A'cosp, @ — hasasonusl; 4,

— BelleCTBeHHada amnanTyaa CBETOBOM BOJIHbI NOCNE NMPOXOXAEHNA NONAPU3aTOPa

149



[1.M.lapses

PI; B, — yron, onpefensiownit NON0XeHNe Nepaoro NoAApNU3aTopa B BbIGPaHHO
cucTeme KooppauHar. [lanee cBeT NPOXOAUT ONTUYECKM aKTUBHYIO cpeay (6enok) u
NNOCKOCTb €ro NoNspu3aL M NOBOPAYMBAETCA HA YTON &, KOTOPbIA 3aBUCUT OT yrna
npenomnexuns 6, npn GuKCUposaHHON TonwMHe d ONTUYECKN aKTUBHOTO Genka:

bd

a=——,
cosf, (3)

roe b — noctoaHHasa BpalleHua BeKTopa nonapusauuu. 3 aton opmynbl BUA-
HO, YTO NOBOPOT BEKTOPOB NONAPM3ALMM HE 3aBUCUT OT IIMHbI 30HAMPYIOLLEN BON-
Hbl (B hOpMyny He BXOAWUT ANMHA BOJIHbI A), @ 3aBUCUT TONLKO OT BPALLATENbHOI
CTeneHn aKTUBHOCTU cpefbl b, ee TonwuHel d v yra npenomaeHus 3toi cpeapl 6,.

C yyeToMm BBefeHHbIX 0603HaYeHWUIn aMNAUTYAA CBETOBOW BOJIHbI MMEET BUA:
E, = A)[sm(a +pB,)i+(+p,)j], me 4, = AT, T, — nepeparounbii
KoadhduumeHT.

Mocne NpoXoXAeHMA Yyepe3 BTOPOW OMONOrMYECKMIA NONApU3aTOP CKanspHas
aMnauTyaa BOJHbI B MJIOCKOCTU NONAPU3ALUM UMEET BUL:

E = A,[sim(o + B,)sin B, + cos(a + B,)cosPB,] = 4, cos(a + B, - B,),

roe A3 = A21:2, T, — NepefiaTouHbIi Ko3duumnent, B, — yron, onpeaens-
WM NONOXKeHWe BTOPOro NoNsponaa B BbIOpaHHON cucTeMe KOOPAMHaT.
Torna MHTEHCUBHOCTbL CBeTa OyAeT paBHa

I=1Tcos’(a+PB,-B,), (4)

rie T — nepeaaToyHblil KOIMDULNEHT ANA MHTEHCUMBHOCTH, I, — WHTEHCKB-
HOCTb CBETA, PACCEAHHOTrO HEKOTOPOI TOYKOM, PacnofoXeHHOW Ha 30HAMPYEMOM
buonornyeckom O6beKTe — noHope. MNopacTtaBus BbipaxeHue (3) B (4), nonyynm

I=1Tcos’ ( +B,-B,)-
cos0 (5)

AHanusnpys nonyyeHHoe ypaBHeHue (5), MOXKHO 3aMETUTb, YTO 3aKOH pacnpe-
[eNeHNs UHTEHCUBHOCTU MONAPM3ALMOHHBIX NONOC B 3TOM (hopMyne aHanornyeH
W3BECTHOMY 3aKOHY pacnpefeneHnus UHTEHCUBHOCTU UHTePhEPEHLMOHHBIX NMON0C
B 30HHOII peleTke [abopa, T.e. NpefcTaBnseT co60it 0CEBYIO rONOrpamMMy TOYKM
obbekTa. Kpome TOro, BeNNYnMHa MHTEHCUBHOCTM 3aBUCUT OT BEeNNYMHBI yrna @, a
npu 0, = const, v I = const camo pacnpefeneHe NHTEHCUBHOCTMU CBETa [OMKHO
UMETb BUJ YepeyIoLLMUXCA TEMHbIX U CBETIbIX NONAPU3ALMOHHBIX KOel, C nepe-
MeHHbIM NepuoaoM.

Ecnu ydecTs, 4To 0, 3aBMCUT OT BENNYMHBI KOS DULMEHTA NPeIOMIEHUA ONTH-
YeCKW aKTUBHOM cpefibl, B KaYeCcTBe KOTOPOi B Hallem Ciydae BbICTynaeT Genok
KNETKM, TO MOXXHO 3an1caTb 3HaueHune coso.:
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1 > . 5
cosO, = —q/n" —sin" 0, .
’ n‘/ 1 (6)

C yyeToMm BbipaxeHus (4) nepenuwem ypaBHeHue (5) B Buae

bdn
(\/n2 _Sin261 + [31 BZ)

Mpenebperas pedpakumeir, T0 ectb npu 6, = 6, nonyyum BhipaxeHue AN
cos0.

I =1, cos’

L

AL +7, ’ (7)

roe L — paccTosiHue OT TOYKM 61Uonornyeckoro obvekta (aoHopa) 4o naocKo-
CTW perucTpauum ronorpammel (peuunueHTa), a r — pacctTosHue oT 0CeBOIN IMHUMK,
NpoXoAALLei Yepes LIEHTP PerncTpaTopa rosiorpamMmbl Lo TOYKM, B KOTOPYIO nonafa-
eT NIyY, UCXOAALMIA OT TOYKM BUoNornyYeckoro 06beKTa-AoHopa.

MpeanonoXuM, 4To NONAPU3ALUOHHBIE NEMEHTHI YCTAHOBMIEHbI NApanenbHo,
To ectb B, =, . Torga, noacrasus (6) B (4), nonyuum

I=[0Tcosz(%\/L2 +77) -
. 8

3 nocnegHero BbipaxeHUs BUAHO, YTO 3aKOH pacnpefeneHnsa UHTEHCUBHOCTU
CBeTa B MJOCKOCTU perucTpauuu peuunueHTa ectb QyHKLMA, 3aBMCALLAA OT NOO-
XEHUs ronorpadmpyeMoit TOUKM, HAXOAALLEHCA BHYTPU UM HA NOBEPXHOCTU GUO-
NOrnyecKoro ob6beKTa-peLmnumeHTa.

[pn HopManbHOM NageHnn Nyya ceeTa Ha nep.bii nonspous (@,=0), Koraa Ha-
ON10AETCA MAKCUMANbHAA BENYMHA UHTEHCMBHOCTH, Yroal NOBOPOTA BTOPOTO Mo-
napovaa ff, NOMKeH ynoBNETBOPATb COOTHOWEHMIO Ol — TTH ) = B, — B, 3pecy
@, = bd — yron noBopoTa nNonsAp13aLnn CBeTa Npu NPOXOXAEHUN HOPMASIbHO Na-
[AK0WEro yya Yepe3 ONTUYECKN aKTUBHbI 6NOK KNeTKU. m, — Y1C0 NOBOPOTOB
NNOCKOCTM nonspu3aummn Ha 180° npu NpoxoXaeHUM HOPMaNbHO NAfALWEro yya
Yepe3 ONTUYECKM aKTUBHbIN BENOK KNeTku-peumunuenTa. Mpu 3Tom pacnpepeneHue
MHTEHCUBHOCTM CBETA UCXOAALIErO OT AOHOPA B NIOCKOCTY PErucTpaLm ronorpam-
Mbl, e HaxopuTcs peunnuent, npumet sug I = I 1 cos” (a0 — L, ) oTkyaa, uc-
nonb3ya gopmynsl (4) u (7), nonyyum

I= IOTCOSZ[% (WL +7r° - L)].

cosH, =

(9)

151



[1.M.lapses

BHYTpM OKpYXXHOCTM paauyca r pacnonoxeHo N cBetbix (Uau TEMHBIX) Kone,

bd
onpepensembix no cdopmyne N = —L(VL2 +7° — L). Otciopa papuyc N-ro
TT

) ) LJJ‘[N (nN+2)
KoNibUua MOXHO onpenennTtb No opmvne = — \— .
L pen pmy bd " bd

[ins cpaBHeHWs npuBefeM pacnpefeseHne UHTEHCUBHOCTM B OObIYHOW Kore-
PEHTHOW OCEBOM rofiorpaMmme TOYKM, NOAYYAEMON B pe3ynbraTe MHTepdepeHLmm
00bEKTHOI cchepnyecKoii U OMOPHOI NAOCKOW BOJSH

I, =41, cosz[&(\/L2 +r’ —L)],
2 (10)
ek, = 2"7%\ CpaBHuBas BbipaxeHus (10) u (9), MOXKHO OTMETUTD, YTO Apry-

MEHTbl KOCMHYCOB OTJIMYAIOTCA MACWTAOHbIM MHOXUTENEM, MPOMOPLUOHANbHBIM
% XapaKTepM3yoLWMM BKIAA ONTUYECKM aKTUBHOI Cpefibl B 00WMIA NyTb CBeTa.

B nekapToBOI cucTeme KOOPAWHAT pacnpepeneHne MHTEHCUBHOCTU ANA TON0-
rpaMMbl TOUKM (8) MOXKHO 3anucaTb B BUAE

!/ ! ! bd ! !/ !/
I(x'.y',2) = 1y, T €08’ [ (' =2)" 4= 2) + (' = 2)' )

meT =T(x'-x,y' - v,z - 2).

(11)

lonorpammoit MecTa flOHOpa ABASETCA cynepno3uuus pacnpegeneHuin (11), a
pacnpefeneHne MHTEHCUBHOCTM B FOIOrpamMMe peLunueHTa uMeeT BUA

b & =2 +(y =)+ (2 - 2) Yy,
zZ

!
Z —_—

]E(xlayraz,) =f Io(xayaZ)TCOSZ[
v (12)

OTctoia MOXHO 3anucaTb MMNYNbCHYIO XapaKTePUCTUKY (MK ronorpaduyeckyto
(YHKLMIO Pa3MbITUs TOYKM) CeayoLLmumM obpas3om:

h(x,y,z) = T(x,y,z)cosz(ﬁ\/x2 + y2 +27°)
Z .

(13)

lonorpadmyeckyto nepeaatoyHylo QYHKLUMIO MOXHO ONpeaennTb, UCXOAA W3
Oypbe-npeobpaszoBaHus BbipaxeHus (13). HanomHum, 4to B 3Ty hopMyny He BXO-
AWT IJINHA BOJTHbI 30HAMPYIOLLEr0 CUTHANA, TaK YTO 3TA BOJIHA MOXET ObITb BbiOpaHa
B WWMPOKOM CMEKTpe BOJIH CBETOBOr0, 31€KTPOMArHUTHOTO U aKyCTUYECKOro fua-
na3oHoB. [lonyyeHHas ronorpamMma CoOAepPXMUT MONHYI0 MHDOPMALMIO O NPOCTPaH-
CTBEHHbIX KOOPAMHATHbLIX XapaKTePUCTUKAX ronorpadupyemoro obbekTa-goHopa
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MAN O NPOCTPAHCTBEHHOM pacnpefeneHnn Bcex Toyek 4OHOpPA OTHOCUTENLHO NNo-
CKOCTeW perucrpalmm ronorpamm peumnueHTa.

Takum 06pa3oMm, NojyyYeHHOe pelleHue 3adadyu, Booblie roBops, aHanoruy-
HO TpaguUMOHHOMY. B TO e BpeMA NpeanoXeHHbIn MeToh NPUHUUNUANBHO OT-
NINYAETCA OT U3BECTHBIX MHTEP(MEPEHLMOHHBIX METOLOB U MMEEeT onpepeNeHHble
npeumyLiecTBa.

Bo-nepBbiX, BMECTO HEKOTOPOW ANIMHbI BOJIHbI 4 C €6 MOHOXPOMATUYHOCTbIO W
KOrepeHTHOCTbIO MCMOIb3YeTCs ANCNEPCUOHHAS BpallaTeNbHasn CNocoOHOCTb ONTH-
YeCKW aKTUBHOM cpeabl b M NpoCTpaHCTBEHHAA IOKaNbHO-pacnpefeneHHas nonapu-
3auMoHHas GunbTpaLus. ITOro BNoaHe 4OCTATOYHO, YTOOLI MPU HANNYMK COOCTBEH-
HbIX ABUXEHWUI KNETKU-LOHOPA B YCNOBUAX HEKOFEPEHTHOTO WNPOKOCNEKTPanbHO-
ro 06y4YeHns peumnueHTa Obina 3anncaHa NoNspPMU3aLNoOHHO-IMHAMUYECKAS TON0-
rpamma foHopa.

Bo-BTOpbIX, 3TOT MeTo[ NO3BONSET PACKPbITb MPUUYMHBI BUOPOYCTOMNYMBOCTH
Npy PerncrTpaunmm n peKoHCTPYKLUMUM ronorpamm 6e3 nas3epHbIX UCTOYHUKOB CBETa
BHYTpM GMoCKUCTEM B TeparepLoBOM AMana3oHe BoAH. Ero addekTnBHOCTL Onpe-
AENAeTCs BENMYMHOW NMONAPM3aLMOHHO-ONTUYECKO BpallaTeNbHOM CMOCoOHOCTH
b v TONWMHOW CNOA ONTUYECKU aKTUBHOW cpefbl d. VI3BeCTHO, 4TO BpaliaTenbHas
CNOCOOHOCTb HEKOTOPBIX XUAKUX KpUCTannoB gocturaet 40000 rpag/mm, 4To npw
MCNoNb30BaHMM B ronorpaduyeckom nHhopMaLMOHHO-Na3epHOM npeobpa3oBare-
ne JOCTAaTOYHO AR NONAPM3aLMOHHO-ToN0rpaduyecKon TpaHcaaLMmu nHdopmaymum
W, CNefoBaTebHO, ronorpaduyYecKkoro ynpaBneHna CTPYKTypaMu 1 npoLeccamu B
bnocucremax.

JKkcnepumeHTaNnbHble paboTbl N0 BONHOBOMY B3aMMOJENCTBUIO KUBbIX CUCTEM
aKTMBHO Hayanucb ¢ 1980-x rr. CHayana 3710 OblIM paboThbl MO B3aUMOAENCTBUIO
knetok [KupkuH, 1981; MonyaHos, 1985], a 3aTemM 1 No B3aUMOAENCTBUIO KUBbIX
opraHusmoB [bypnakos v ap., 1999]. 31 paboTbl 6K ycnewWwHo npoaokeHsl A.B.
bymaroeckum n coastopamu [byparosckui, 1990; byparosckui, EBceeBa, 1995; by-
AAroBCKWin 1 ap., 1997; bynarosckuit u gp., 2001]. B utore 66110 NOKa3aHo, 4To B
Npupoae UMeeT MecTo KOMMYHMKALMOHHbIN 0OMeH MH(OopMaLMet HEXMMUYECKOTO
(BOSIHOBOTO KOFePEHTHOTO) NPOUCXOXAEHMA. TaKoro pofa 0OMeHHblE NMPOLECCHI,
MAayLLMe C y4acTUemM OMOPerynsaTopHbIX CUTHANOB M NponcxXoasLyme 6e3 nocpeacTBa
MOJIEKYIAPHBIX U UOHHbIX HOCUTENEN MHbOPMaLIMK, ObINM Ha3BaHbl MPoOLECcamMm
AUCTAHLMOHHOTO MexKneToyHoro B3aumopencteusa (OMB) [byparoeckuit, 2004].
OfHAKO Ka3anoCb HEBEPOATHbLIM, YTO CNabble 3/IeKTPOMArHUTHbIE KIETOYHbIE CUT-
Hanbl MOTYT OKa3blBaTb yNpaBastoLee BAMAHNE HA POHE CUNbHBIX IEKTPOMArHUT-
HbIX MOMEXOBbIX CUFHANOB NPUPOAHOIO U TEXHOTEHHOIO NPOUCXOXAEeHUA. TeM He
MeHee, 0Ka3anocChb, YTO NMPU KOrepeHTHOM npueme CBETOBble U Apyrue 3neKTpomar-
HUTHble HEKOrepPEeHTHbIE WYMbl NPU YCPeAHEHUN OOHYNAOTCA, TOrAa, Kak cnabble
KOrepeHTHble N AeTEPMUHUPOBAHHbIE CUTHANIbl MOTYT HAKaNAUBaTbCA [TepTbIWHbINA
n aop., 1997, 1998, 2000].
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B nocneaHue roapl 3T paboTbl MONAYYMNM AanbHeliwee passutue B MHCTM-
TyTe npobnem ynpaeneHus. B uyacTHocTW, ObINO NpPEANOXKEHO MCNO/b30BaTh
noNsipu3aLMoHHO-AMHAMUYECKYID Tronorpaduio, no3sonsiollyio chopMUpoBaTh
ManonofBuXKHble NONApM3aLMoHHble Konbla. C Lenblo nepefayn HencKaKeHHoro
M300paXEeHUs KaXA0W TOYKM AOHOPA B YAANEHHYIO 30HY peunnueHTa Obin paspa-
60TaH CEeHCOPHbI KBa3K 0OBEKTUB, @ HA €ro 0CHOBE ObiNa co3aaHa ronorpacduye-
CKas YCTAaHOBKA, NpefaHa3HayeHHas Ans 3KCNEepPUMEHTaNbHOW MPOBEPKU BO3MOX-
HOCTei ronorpac1yeckoro ynpasneHus.

2. KsaHmosas menenopmayus 2eHemuko-memabosuyeckol uHghopmayuu 8 nepmuc-
cusHom sapuarHme [lIpaHeuwsunu, lapses, Makcumerko http://www.wavegenetics.
Jjino-net.ru/zip/Teleport.zip]

[lpuBeAeHHble Bbille GMONOrMYECKUE IKCMEPUMEHTHI MO [aSbHEMY «MNEPEHOCY»
MOpdOoreHeTMYeCKoMn, TOUHee, reHeTUKo-MeTabonnyeckon nHdopmaumm ot floHopa
K AKLL,enTopy MOXHO TONKOBATb C MO3ULUN HENOKA/IbHbIX KOHTAKTOB N0 MeXaHU3My
KBaHTOBOW TesienopTaLuu B NnepMUCCUBHOM BapuaHTe. JlazepHas yCTaHOBKA, ak-
TUYECKM KBAHTOBbI BMOKOMMbIOTEP, O KOTOPOW FOBOPUIOCH Bbllle, KPOME YHUKANb-
HOW CNOCOBHOCTU K BOJIHOBOMY «MEPEHOCY» MOPGhOreHeTMYecKoi nHbopmaumm,
OCyLLEeCTBNAET U KOHBEPCUIO KPACHbIX KOTe€pPeHTHbIX (POTOHOB B PagvOBOJIHbI WN-
poKkoro cnektpa. IMeHHO OHM — npeTeHAEeHTbl HA NepPBUYHBIE aKTbl CYUTbIBAHMUA-
«nepeHocay. lpu cKaHMpPOBaHWM Na3epHbIM ly4yoM GUONpenapaTos, UK NtoObIX
BELWECTB N0 CYTW OCyLLeCTBASETCA 6MONOrMYECKM aKTUBHAA CNEKTPOCKONMUA 0C060-
ro poaa. Mel npeanoxunu npefBaputenbHoe 06bACHEHMe 3TOro ABneHus [fapses,
TepTbiwHbIA, foToBCKMIA, 1997], KOTOpOE ABASETCA NEPBUYHBIM 0OOCHOBAHWUEM HO-
BOrO BMAA CNEKTPOCKONUU C YCIOBHbIM Ha3BaHWEM — NOJIAPU3aLMOHHAA Na3epHo-
paanosonHoBas (MJIP-cnektpockonus) [MpaHruwewunu, lapses u ap., 2000(6)].
Takas cnekTpockonua npefHasHayeHa AN MCCNefOBAaHUA HEW3BECTHbIX paHee,
BpalaTeibHO-KONebaTeIbHbIX KBAHTOBO-MOJIEKYISAPHbIX XapaKTEPUCTUK BMoCK-
cTeM, 6MOTKAHEN, TBePAbIX, JKUAKMX, ra3000pa3HbIX BELECTB, a TaKXkKe NNa3MeHHbIX
coctoaHuir. Vicnonb3yembll 1 onucbiBaemblit 3aecb BapuaHT [JIP-cnekTpockonum
OepeT y3KUi ONTUYECKMIA AMANa30H — KPACHbIW CBET, HO B fla/ibHeLIeM NaaHnpy-
toTcs moguduKkauum ¢ guanasoHom ot YO go UK.

HacTtosiwas Bepcus yctaHoBku — 370 He-Ne nasep (l=632,8f§) C reHepauu-
e ABYX OPTOTOHANbHO CBA3AHHbIX MO MHTEHCUBHOCTU, ONTUYECKUX MOJ, KOTOpble
MOOUNbHbI, 3aBUCAT OT 30HAMPYEMOro 0O6bLEKTA, U CBA3AHbI TaKUM 06pa3oM, YTO
CYMMa UX MHTEHCUBHOCTEN OCTAETCsA HEU3MEHHOMW, HEe3aBUCUMO OT CKaHWPYeMOoro
npenaparta. Mpu B3aumopencTBMMU XOTa Obl OLHON MOAbI C BELLECTBOM, OTPAKEH-
HOe MK pacCcesHHOe MU3Jly4eHue OT KOTOpPOro BO3BPALLAETCA B ONTUYECKUN pe3o-
HaToOp, NPOUCXOAUT NnepepacnpegeneHne NHTEHCMBHOCTU 3TUX ONTUYECKUX MOA MO
3aKOHY M3MeHeHWA Nonspu3auuu, COOTBETCTBYIOLEN HOBOMY COCTOAHUIO nocne
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B3aMMOLENCTBMUA lyYa C AMHAMUYHBIMU MUKPONONAPM3aTOPaMU, HAXOAWMMUCS B
CeYeHMM OCBELLAEMOI NNOWAAKM UCCNefyeMOro BelecTsa. [JMHaMMYHOCTb MUKPO-
nonsipu3aTopoB ONpeaenseTcs BHYTPeHHen AWHAMUKON uccneayemoro obbekTa
(meTabonusm, akyctuka xpomocom u LHK in vitro-in vivo, konebaHus Kpuctanamnye-
CKuX peweTok 1 1.4.). OgHa U3 MoA nasepa, B pexxume BO3BpaTa MOLYIMPOBAHHbIX
(hOTOHOB B pe3oHaTop, CNocobHa B NpoLecce B3aMMogeNCTBUSA C BELECTBOM ObiTb
NPUYMHON U3yYEeHUA Halleih YCTAHOBKOW MOAYAMPOBAHHbLIX PAAMOBOJH LWMPOKO-
r0 CMeKTpa, KOpPpennpoBaHHbIX C MOOYIALUAMU B ONTUYECKUX MOAAX WU3NyYeHUs
nasepa. 3Tv MoAynALMK 3aBUCAT OT BpalaTeNbHbIX KonebaHUii MUKPOCTPYKTYp-
HbIX KOMNOHEHTOB (HanpuMep, JOMEHOB XULKUX KPUCTANIOB XPOMOCOM In vVIivo-in
vitro) nccnefyembix BewWeCTB U UX ONTUYECKON aKTUBHOCTU. YacCTOTHbI MHTepBan
PaAMOBONH, 06pa3yoWmMXca NP KOHBepCUK M3 hOTOHOB, B COOTBETCTBMU C TeOpe-
TUYECKOI MOAeNbio (CM. HUXKE), NeXUT B ananasoHe ot 2 o 0. Makcumym Takoro
paguounsnyyeHuns pacnonaraerca B paoHe 1 Mruy. PagnoBonHOBOW curHan nocne
AeTekTUpoBaHus nopaetca Ha ALLM komnbloTepa co cneumanbHoOW NporpamMmmon 0o-
paboTku. Ha Bbixofe pernctpupyetcs ®Pypbe-cnekTp pagnonsnyyeHus, xapaktepu-
3yIOWMIN NONAPM3aLMOHHO-ANHAMUYECKME CBOMCTBA M3Y4YaeMblX BeLeCTB, C KOTO-
pbIMU B3aMMOJENCTBYET OMH U3 NA3epHbIX yYen, a TaKKe CNEKTPaNbHY NaMATb
n3yyaemblix BellecTs. BTopoi nyy npu 3Tom BO3BpaLLaeTCs B pe30HATOp Nasepa 414
CO3JaHMA Pe30HAHCHOrO B3aMMOAENCTBUA C aTOMHbIMU OCLMINATOPAMU ra3oBoOM
cmecu. MpuynHom KoHBepcumn OTOHOB B PaAMOBOJHbI, KaK Mbl MOaraeM, ABNAETCA
Heynpyroe paccesaHue u N0Kanu3aLmsa CBeTa 0OCHOBHOM 1a3epHOI MOAbI Ha cucTeme
HEeOLHOPOAHOCTEN 3epKan pe3oHaTopa Nnasepa. MexaHu3m nokanu3auum (nokanu-
3aUMA B HeyNpyrom KaHane paccesaHus) onucaH Huxe. B yactHocTW, Mbl monara-
€M, YTO B Pe30HATOpe CyLeCTBYET TaKKe U YNPYyro pacCesHHbI NOKANN30BaAHHbI
cBeT. [eHepupyemoe Nna3epoMm paavOBOSIHOBOE M3JyYeHWE CMOCOOHO «CYUTBIBATH
nHcdopmaumio», Hanpumep, ¢ npenaparos AHK nau opraHos v TkaHen. MexaHu3m
«CYMTbIBAHWUA» HANOMWUHAET MeXaHM3M 00bIY4HOTO MHAYLMPOBAHHOMO U3/yYeHUs.
B0O3MOXHOCTb «OTKPbIBAaTb M 3aKPbIBAaTb» Na3€PHbI Pe30HATOP NO3BOASET TOKANU-
30BaTb MM «3aMUCaTb» B HEM COOCTBEHHbIE KCMEKTPbI» Pa3UYHbIX TECTUPYEMBIX
06beKTOB. PagnMoBONHOBOE M3NyYEHWE CYMTLIBAET U PETPAHCAUPYET Takue Crnek-
Tpbl. [pn 3TOM GbIN 06HAPYKEH 3D DEKT CNEKTPANbHON NAMATU: B TEYEHUE ONpeje-
NIEHHOT0 MAaKpPOCKOMMYECKOro BPEMEeHU BOCMPOU3BOAATCA PAajMOBONHOBbIE CMEK-
Tpbl 06BEKTOB, OTPAXKAIOLWMX Jy4 0OPATHO B PE30HATOP M 3aTeM yAaNEHHbIX U3 30HbI
aKcno3uumuu. Tak 6binm 3apernctpupoBaHsl cnekTpbl JHK 1 BbisiBNneHa ux BbiCOKas
buonormyeckas akTUBHOCTb, BEPOSATHO, CBA3aHHAS C BOJIHOBLIM TUTOM «NEpPeHoCca»
reHeTUKo-mMeTabonuueckoit nHdopmauum [lapses, JleoHosa, 2003]. Mpencrasns-
€TCA, YTO KBAHTOBAA HENOKaNbHOCTb Fr€HETUYECKON (XPOMOCOMHOM) MH(OopMaLmuu
KaK NposBieHMe ee TOTaJibHOW pacnpefeneHHoCTM (KOHTUHYanbHOCTU) B Npo-
CTPaHCTBE MHOFOKNETOYHbIX BMOCMCTEM ABASETCA YAaCTHbIM ciydYaeM. B peicTsu-
TENbHOCTM B GUOCKUCTEMAX MO KPaliHEN Mepe WeCTb YPOBHEN HENOKaNbHOCTY.

155



[1.M.lapses

1-/ ypoBEHb — OpraHU3MeHHbI. HenokanbHOCTb 3[1€Cb BbIPaXKaeTcs B cNocob-
HOCTU K pereHepauuu, Hanpumep y Yyepsein nnaHapuit. llocne paspes3aHusa Takux
yepBeil Ntobas YacTb UX Tena JAeT NPU pereHepaumm Lenbin opraHusm. NHbimu cio-
BaMU, B 3TOM C/ly4yae OTCYTCTBYET NpMUBsA3Ka 0OLWEro nyna reHeTU4yeckoin MHhopma-
LMK K KaKOI-TO YacTu Buocuctemsl. To )Ke OTHOCUTCA K BEreTaTUBHOMY pPa3MHOXe-
HUIO pacTeHun.

2-1 ypoBeHb — KeTOYHbIN. /3 KaXnon KneTky, a He TOIbKO U3 3UToThl, MOXHO
BbIPACTUTbL LEeNblil OpraHnu3M. [nsa XUBOTHbIX GMOCUCTEM 3TO 3aTPYAHEHO, HO BO3-
MOXHO. Kaxaas Knetka — noTeHUManbHbll KOHTUHYYM OpraHu3ma.

3-11 ypOBEHb — KNETOYHO-ALEPHbINA. IHYKNeaLna AAep U3 COMAaTUYECKMX 1 NONO-
BbIX KNETOK C NOCNefyolnM BBELEHNEM B HUX APYrUX A4ep He NpenaTCcTByeT pas-
BUTUIO HOPMaNbHOTO OpraHn3ma. KnoHupoBaHue Takoro poga yxe oCyLecTBaAa0T
Ha BbICWIKX BMOCKUCTEMAX, HanpuMep, Ha oBLUax. Kaxaoe KneTouHoe AAPO — TaKkKe
NOTEHLMANbHbIA KOHTUHYYM BuocucteMmbl. JIOKanM3aUmMm reHeTMYeCKUX NoTeHL M
Ha KaKUX-TO OTLENbHbIX KNeTKax HeT. [10/10Bble KNeTKU BbIMONHAT Ty e poJib, HO
C raniouaHbIM HabOpOM XPOMOCOM, 06bEAUHAACL B 3Ur0OTe B AABOMHOI HAabop, Kak
W B COMATUYECKMUX.

4-11 ypOBEHb — MOJIEKYNAPHBIA: pubocoma «unTaet nHdopmaumnoHHyio PHK He
TOJIbKO MO OTAENbHbIM KOLOHAM, HO U BCIO €€ LLe/IMKOM C Y4eTOM KOHTEKCTa, TO eCTb
HENOKaNbHO, KOHTUHYANBHO.

5-/1 ypoBEHb — XpOMOCOMHO-rosiorpaduyeckuii. leHom obnagaet ronorpacuye-
ckou namaTblo [Gariaev et al., 1991; lapses, 1994], a 370 TMNUYHO pacnpefeneHHas
(HenokanbHasA) accoumatTBHaa NnamATb. Ha 3TOM M nocnepyoWmnx YpoBHAX HENO-
KanbHOCTb NpUoBpeTaeT HOBOE KaYeCcTBO, lyaIMCTUYECKU A BELLeCTBEHHO-BOJTHOBOA
XapaKTep, NOCKO/bKY rONOrpaMMbl KaK BELLECTBO «NPOYMTLIBAIOTCAY 3/1eKTpoMar-
HUTHBIMU W/UAKN AKYCTUYECKUMU NONAMU, BBIHOCALWMMMU TE€HO-BONHOBYK WHGOP-
MaLMio 3a npegenbl BelwecTBa XpoOMocoM. Ha cueHy BbIXOaUT pusnyeckoe none
WKW NONA, KaK KaNMOpoBOYHbIE CTPYKTYPbI, pa3meyaioline Oyayliee npoCcTpaHCTBO-
Bpema opraHu3ma. Cioga e OTHOCUTCA, BUAMMO, roforpadmyeckas namaTb KOpbl
rOJIOBHOMO MO3ra, 3aatolas MeHTabHble, CMbIC/IOBbIe Y 06pa3Hble NPOCTPAHCTBA,
KanuobpyloLne noTeHUanbHble AeiiCTBUS BbICWINX OUOCUCTEM B COLMYME KaK cyne-
popraHusme. 3710 yxe BbICIINA YyPOBEHb COLMO-TeHETUYECKMX NPOLEeCCOB.

6-/ ypoBeHb — KBAHTOBAA HENOKaNbHOCTb reHoMa. [lo 6-ro ypoBHA HenoKanb-
HOCTb reHeTMYyeCcKon NHhopMaLMmn peann3yeTca B MPOCTPAHCTBE OPraH13ma, a Tak-
e coLnyMa. 6-1 ypoBeHb MMeeT 0CobbIit XxapakTep U HOBoe KadecTBo. OHO NposB-
NAeTCA B paMKax 0aHOM M3 (hOpPM KBAHTOBOM HEJIOKANbHOCTMW, 3 UMEHHO NEPMUCCHB-
HOW, NOCTYMpYeMOIi B AaHHON paboTe. B 3TOM cnyyae HeNOKaNbHOCTb MFHOBEHHO
peann3yeTcs Kak no NPoCTPaHCTBY 6MOCUCTEMBI, TAK U N0 ee COOCTBEHHOMY, KCKM-
MaeMOMy» 10 HyNs, BpeMeHW. MrHOBEHHO pacnpoCTpaHsAemMble TaKUMK cnocobamu
reHO-BOJIHOBbIE MPOrpaMMbl, M130MOPGHbIE BELLECTBEHHbIM, paboTaloT B OpraHu3me
«30eCb U TaM OAHOBPEMEHHO», NO3TOMY YTPAYMBAET CMbIC/ CEMAHTMYECKAA KOH-
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CTPYKLMA «CHaYvana u notomy». M 3to cTpaternyeckuii paktop, HeobblYanHO BaXHoe
AN MHOTOK/ETOYHbIX OMOCUCTEM 3BOMIOLMOHHOE AOCTMXKEHME. MUnnnapabl KNeTok
OpraHu3Ma LOMKHbI «3HaTb» APYr O Apyre ec/im He BCE, TO 0YEHb MHOTOE, MPUYEM
MrHOoBeHHO. be3 ABneHNUA «BONHOBOW UHPOPMALUOHHON MFTHOBEHHOCTU» TUraHT-
CKMA MHOTOK/NETOYHbI KOHTMHYYM BbICWKX GMOCMCTEM He CnocobeH LenoCTHO
KOOpPAMHWUPOBaTb MeTabonn3m, cBou Gusnonoruyeckue u apyrue dbyHkumn. Mex-
KnetouHas anddy3na CUrHaNbHbIX BEWECTB U HEPBHbIE NPOLECCH CAUWKOM Mej-
NEHHbI, UHEPTHbI ANA 3Toro. [laxe eciv LONyCTUTb, YTO B MEXKKNETOYHOMN nepepaye
YYaCTBYIOT 3HAKOBbIE 3/IEKTPOMATrHUTHbIE NONSA CO CBETOBLIMU CKOPOCTAMMU, YTO J0-
CTaTOYHO 06OCHOBAHO, TO M 3TOT0 HEAOCTAaTOYHO. Heob6XoaMM MexaHM3M UMEHHO
KBAHTOBOM HENIOKANbHOCTU, U OH NPUMEHUM K TEHETUYECKOMY annapary, KOTOpbIM
MOXXET BbICTYNAaTb KaK MTHOBEHHO pacnpefeneHHblii KBAHTOBbIN (BONHOBOW) 06b-
€KT, U30MOP(HbLIA BelecTBEHHbIM XPOMOCOMaM. Mcnonb3ys HeNoKanbHOCTb, re-
HETUYECKUI amnapaT BbiCWKUX GUOCUCTEM CO3[AET yaMBUTENbHOE sBNEHME, KOraa
B ONpPeAeNeHHble MOMEHTbl B «CXIOMHYTOMY» NPOCTPAHCTBE-BPEMEHN BUOCUCTEMDI
«3[€eCb 1 TaM», «CHa4yana u NoToM» paboTalT KakK Hepa3pbIBHOCTb, 0becneynBaio-
LA OpraHW3mMam CynepKorepeHTHOCTb, MH(MOPMALMOHHYID CBEPXU3OBLITOYHOCTS,
CBEPXMH(OPMUPOBAHHOCTb, CBA3HOCTb U, KaK UTOT, LLENOCTHOCTb (BbIXKMBAEMOCTD).
MposBieHMeM 3TOro, HanpuMep, CAYXNUT CNOCOOHOCTb K pereHepauuy opraHoB
TKaHel y HU3WKUX opraHu3moB (ruapebl, Yepsu, amdubum, Awepuubl, pakoobpas-
Hble), CNOCOOHOCTb, KOTOPAs B 3HAYMTENbHOMN CTENEHU yTpayeHa yenosekoM. Ho ee
MOXHO aKTUBMPOBATb, YYNUTbIBAA PAa3BMBAEMbIE HAMU MPUHLMMNbLI BONHOBOMN CaMo-
opraHu3auuu 6uocuctem. Nnnoctpauuen 3Toro CYXUT NEPBOE B MUpPe YCMeLHoe
NPUXUBIEHWE UMNNAHTUPOBAHHbLIX CNENOMY YeN0BeKY [LOHOPCKUX TKAHEW C BOC-
cTaHoBneHuem 3peHuns [Mynpawes, 2000]. B ocHOBY Maeonoruu Takom Xumpypru-
YeCKOoM onepaunmn U pereHepaTUBHbLIX MPOLECCOB OblANM MONOXKEHbI HALWM MOAENU
mopcoreHesa 1 ronorpauyeckon namaTu reHoma. KnoyeBbiM MOMEHTOM [aHHOM
onepauuu ABMNOCH UCNOAb30BaHMWE JOHOPCKOM CETHATKM Ma3a Kak roforpammbl 1
MEXK/IETOYHOTO BellecTBa (anaonnaHT) Kak CUCTEMbl AOMONHUTENbHON KOOPAMHA-
LM nocTambpuoHanbHoro MopdoreHesa rmasa, 4to 6b110 hakTUYeCcKn npeacKasa-
HO paHee [[apseBs, 1994].

BmecTe c TeM, TEOpPETUKO-3KCNEPUMEHTANIbHbIE UCCNEA0BAHNA 3[eCh BCe ele
HOCAT HaYaNbHbI XapaKTep M HYXAAKTCA B PU3MKO-MATEMATUYECKOM OCMbICNe-
HUM U pa3BuTMU. [103TOMY Mbl MpUBOAMM (DOPMANMU30BAHHYID MOLENb (POTOHHO-
PaAMOBOJIHOBbIX NPOLECCOB, NOPOXAAEMbIX NPV B3aUMOAENCTBUM NA3€PHOTO Nyy-
Ka Halero ycTpoiCTBa C BELLECTBOM, NPOLECCOB, KOTOPblE B NPEANON0XNUTENbHOM
NNaHe MOXHO paccMaTpuBaTh Kak ocHoBy [JIP-cneKTpockonuu 1 Kak ogHy U3 Bep-
CUI KBAHTOBbIX MHOPMALMOHHBIX COOBITUI B XpPOMOCOMAX.

B ocHOBe HawmWx NOCTPOEHMIA NexaT uaen TeoOpun NoKanu3auum ceeTa B AnUC-
NEPCHbIX MPOCTPAHCTBEHHO CKOPPENMPOBAHHbLIX CUCTEMAX. SBNEeHME NIOKaNn3aLnm
CBETa MONYYMNIO WMPOKYIO M3BECTHOCTL ¢ 1985 roga nocne pabotsl [Albada, 1985].
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Ceituac 310 ofiHa 13 Haubonee LUHAMUYHO pa3BUBaKOLLMXCs obnacTeit hU3nKK, Tec-
HO nepenseTanlascs C TaKUMKU Npobnemamu, Kak, Hanpumep, KBaHTOBas Teneno-
pTalinA, HOBbLIE METOAbI 3aMNNUCU U CHUTBIBAHWUA UHPOPMALMK U T.[.
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* o /,j/_"

* . &

® * o | moaynpospaunas
e ¢ ILTACTH HEA

Puc.5. Cxema akcnepumeHTa no HabngeHuo cnaboii NoKkanusaumm ceeta.

B pabote [Albada, 1985] uccnemoBanu oTpaxeHue cBeTa OT NMPO3PAYHON Kio-
BETbl, 3aMOIHEHHOW MeNibYyaillMMKU YAacTULAMK NaTeKCa, B3BEIWEHHbIMU B BOAE, B
YCNOBUAX, KOrKAa AANHA BONHbI Nagatowero gpotoHa A < (S — cpefHee paccTosiHue
Mexay yactuyamu). Ha doHe PpeHeneBCKOro OTpaXKeHMs CTPOro B HanpaBieHUH
Ha3ap Habnoaancs oYeHb Y3KM MUK MHTEHCUBHOCTM paccesHHoro ceeTa (Puc. 5).
CurHan npesbiwan ¢hoHoBoe 3HayeHuWe B 2 pasa. Ans obbacHeHus 3ddekTa ao-
CTAaTOYHO pacCMOTPETb paccesHWe HA Nape YacTul, OKa3aBWMXCA HA NyTu doTo-

o——90
o——0
a) b)

Puc. 6 a) [lea cnocob6a npoxoxaeHns GOTOHOM NETAN Ha ero TPaeKTOpUM B YCIOBUAX Ca-
6011 nokanusauyuu; 6) pasBopot HOTOHA MEXAY ABYMSA YaCTULAMMU.

Ha. InemMeHT TpaeKTopuu (HOTOHA, OTPA3MBLIErOCH B HAaNpPaBJE€HUU CTPOro Ha3ap,
eCTb PacrnofioXeHHas Mexay napoi yactuuy, 6eckoHeyHo y3kas netis. lpeanono-
KUM, YTO 3Ty NeTNto hOTOH MOXKET NPOITH [BYMSA CNocobamm — Mo XoAy BpalLeHus
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4acoBOIl CTPenKM U HaobopoT. ITM ABa cnocoba m3obpaxeHbl Ha Puc. 6a). OHu
HepasNUynMbl.

B Takux cnydasix KBaHTOBAs MeXaHUKa NpeanuchiBaeT BbIYUCAATL BEPOSTHOCTb
P pa3sopoTa hoToHa cnefytowmum obpasom. Kaxgomy M3 npoLeccos conocrasns-

eTcs aMnAnuTyaa BEPOATHOCTM @ M BEPOATHOCTb passopoTta P = |a+ a|2 = 4’a|2
(Mbl yunu, 4To 06€ aMnNAUTYLbl NOA 3HAKOM MOLYNA UMEIT OAMHAKOBbIE a3kl — B
3TOM 0COOEHHOCTb ABMXEHUA No netne [14]). Ecnu 6b1 y Hac Gbina rnoTeTMYecKas
BO3MOXHOCTb Pa3/inymTb 3TU CNOCOObI, BEPOATHOCTb Pa3BOPOTA CYMTanach Obl Co-

2 2 2

BEPLIEHHO MHAye 1 Obina Obl B ABa pa3a MeHblie: P = |a| + |a| = 2|a| . Tako-
Ba opMmanbHas nNpuynMHa nuka B HanpaeneHun Hasafd. OfHaKo NosBAeHUE NUKA B
HanpaBfeHMW Ha3aj BOBCE HE CONPOBOXAAETCA COOTBETCTBYIOWUM YMEHbLIEHNEM
paccesiHMs CBETA B KAKOM-NMO0 MHOM HanpaBneHun. Kak e ObiTb B TAKOM Clyyae
C 3aKOHOM COXPaHEHUS IHEPTUU 1 OTKYAA B3ANUCH 1006aBOYHbIE (DOTOHbLI M NOYEMY
OHU He HabnoaaloTCA NPU OTPaXKEeHUU CBETA OT CM/IOWHOrO NofynpocTpaHcTea? U
TpeTunii Bonpoc. C yero Mbl B3saM, YTO CYLLECTBYIOT ABa Cnocoba ABUKeHUA hoTo-
Ha MeXay napoii yactuu? Ecim TpaekTopua hoTOHa MEXAy YacTMuaMm ogHoMep-
Has NpsMas AMHUS, TO O KaKMUX BYX Pa3nnyHbIX cnocobax ee 06xoaa MOXKET ObiTb
peyb? Pa3BopoT hoTOHA MeX[y ABYMA paccenBaTeNssMU — OAHO3HAYHbIM 0Opa3oM
onpeneneHHas npoueaypa, M3obpaxeHHas Ha Puc. 66.

NTaK, Ham oYyeHb Obl XOTeNOCb, YTOObl ObINO ABa cnocoba npoxoxaeHus do-
TOHOM GECKOHEYHO Y3KON NeTIn Mexay AByMs YacTuuamu. ITOro MOXKHO JOCTUYb,
ecnu NpeanoNoXnTb, YTO TOMONOrMYECKas Pa3MepHOCTb TpaekTopuu oToHa B
ycnoBusx cnaboi nokanusaumu d<lI. TonbKo B 3TOM C/ly4ae Mbl MOXEM PAa3MeCTUTb
BHYTPU OfHOI OfLHOMEPHOW NMHUKU Puc. 66 ABe pasHbIX «IMHUWUY — TOMONOrnYe-
CKMUI 0OBEKT, NOXOXKMUI HA NETNI0, T.e. XapaKTepu3ylKuiics AByMs cnocobamm ero
obxopa.

s e,
4 — A\ A
S o e ) 2
A, N *%@e—gj)

Puc. 7. Oxepenbe AHTyaHa.

CywecTByeT n3alHAA MaTeMATUYECKana KOHCTPYKLMA, KOTopas, C OAHOMN CTOpPO-
Hbl O4YE€Hb MOX0Xa Ha TO, YTO B (hM3MKEe HA3bIBAETCA NMHUEN MU TPAEKTOPUEN, a C
APYro CTOpPOHbI, ee TONosorMyecKas pa3mepHocTb d JeNCTBUTENIbHO MEHbLIE ean-
HuUbl. bonee Toro, d=0. Peub npget o T.H. LuenoyeyHoM MHoXecTBe AHTyaHa [bon-
TAHCKUN, EdpemoBuy, 1982]. ITOT 06BEKT KaK HENb3A yylle NpucnocobaeH u ans

159



[1.M.lapses

ONMCaHUsA NpoLecca HeNpepbLIBHOW reHepauuyu pasHoMacwWwTabHbIX NeTeNb Ha Tpa-
eKTopumn hoToHa.

HynbmepHoe MHOXeCTBO AHTyaHa (oxepenbe AHTyaHa) YCTPOEHO Chefyolum
obpa3om. Ha nepBoM 3Tane paccMaTpuMBaeTCs 3aTPaBOYHAS «TOJCTAA» 3aMKHyTas
netns A] . Ha BTopom — AI 3aMeHAeTCsa LenoYKon MeHee «TOJICTbIX» 3BEHbEB AZ,
HaxOAAlLeACA BHYTPM A . 3aTeM Kaxo0e 3BeHO A, 3aMeHAETCA LlenoyKoi eue 60-
nee menkux 3seHoeB A, C A, 1 1.4. llpofomkas 70T npouecc, nonyynm nocneno-
BateNbHOCTb A, DA, DA, ... (cM. Puc. 7). lNepeceyeHune 3TuX MHOXECTB NpefCTaB-
naet coboit HyNbMepHOe aHTYaHOBCKOE MHOXeCTBO A’. OnMcaHHas KOHCTPYKLMSA
— NpOCTeNLWniA BAPUAHT aHTYaHOBCKOro MHOXeCTBa.

HecmoTpa Ha TO, 4TO aHTYaHOBCKAA LEenoYKa HyNbMepHa, OHa He yTpayusaet
HEKOTOPbIX CBOCTB 0ObIYHOW OAHOMEPHOI NIMHKUM. TaK, ecnu ¢ 06bIYHOTO HyIbMep-
HOTO MHOXeCTBA A, HanpuMep, C KOHEYHOTO MHOXECTBA TOYEK JIETKO MOXHO CHATD
«NpPOAETOE» Yepes Hero KoJblo, HUrAe He nepecekas A,, T0 NpoJenartb To Xe ca-
MOE€ C HY/JIbMEpPHbIM MHOXeCTBOM A” He yfaeTcs.

MpeanonoXxum, 4To TpaekTopusa GOTOHA B YCNOBUAX CUIIBHON M cnaboi noka-
NMU3auMN ABNAETCA aHTYaHOBCKUM MHOXECTBOM C TONONOrMYECKOWM pa3MepHOCTbIO
d=0. OTciopa cnepyioT UHTEPECHbIE BbIBOALI. ECiv POTOH ABUKETCS NO aHTYaHOB-
CKOW TPAeKTOpuu, TO MOKMHYTb 3TO MHOXECTBO €My J0BOJIbHO TPYAHO. OH UCnbIThI-
BaeT NpobaeMbl C BbIXOAOM B peanbHblit Mup ¢ d=1,2,3 , nogo6Hble 3aTpyAHEHUAM
YeNnoBeKa, HaXOAsALWErocs B KOMHaTe 6e3 OKOH 1 aBepeii. BosmoxHa u dhmsnyeckas
WHTepNpeTauMsa MexaHuW3Ma yAaepXaHus CBeTa B cucTeme, 00OyC/IOBNEHHAs HEO-
OblYHOM TONONOTMEN aHTYaHOBCKUX TPAaeKTOpPUA. 3aMeHa peasbHOro TPEXMEPHOTO

Puc.8. AHTyaHOBCKME KONbLLA HA TPAaeKTOpUM (POTOHA.

Puc.9. lepenneteHne aHTyaHOBCKUX KoJell.

160



BosHosou 2eHom. Teopusa u npakmuka.

(OTOHA HyNbMEpPHbLIM 0OBEKTOM NPUBOAUT K CUHTYNAPHOMY XapaKTepy pacnpeje-
NeHUs 3Hepruu BAONb TPAEKTOPUM AaHTYAHOBCKOro OTOHA. Y TaKoi TpaeKTopum
NoSBAAETCA CBOEOOPA3HAA «MEXaHWYecKas XecTKoCTby. [lepenneTeHHble «XKecT-
Kne» 3BEHbsA aHTYaHOBCKOrO MHOXeCTBa COMPOTUBAAIOTCA N060IN NONbITKe paclie-
NNeHns. ITO TaKKe ABNAETCA NPUYUHON yaepxKaHus hoToHa BONM3K napbl, TOUHEE,
B6/IM3M camoro cebs.

Bo3MOeH N1 BbIX0 aHTYaHOBCKOTO (POTOHA B peasibHbll MUP? Y3KUIA MUK B HA-
npaBfeHWUM Ha3aj Npu paccesiHUM CBETa AUCNEPCHON CUCTEMOI B YCIOBUAX CNaboil
NOKaNM3auumM 1 ecTb He YTO MHOe, KaK UCMYCKaHMe aHTYaHOBCKUX (DOTOHOB, UHU-
LMUpyemMoe CBETOM.

AHanu3 pspa Teopun BO3MyLEeHU ans hOTOHHOrO Nponaratopa B CUCTEME Ya-
CTUL, NOKa3blBAET, YTO MMEKTCA TPAEKTOPUM, N30MOPGHbIE MHOXECTBY AHTyaHa.
ITM TpaeKTOpUM, NOXOXME HA METNIO, COCTABNEHHYID U3 [BYX 4acTel, KaK KoJjb-
L0 HApYYHWKOB, NpefcTaBneHsl Ha Puc.8. [lBa nonykonbua (OHW He 0653aTeNbHO
OAMHAKOBbIE) CMbIKAIOTCS Yy BepxHei yacTuubl. Cymma Takux netenb 0603HayeHa
HaMW TOHUMPOBAHHbIM KONbLOM. B npouecce cBoero gBMXEHUA 3TU KOMbLA Tpaek-
TOpUM MOryT nepennetatbcs — cM. Puc.9. B cBoto oyepepb, Kaxaas nponarartop-
Has IMHUA, U3 KOTOPbIX COCTOAT NepenneTeHHble Konbua (cM. Puc.9), Takxe ectb
Habop nepenneTeHHbIX Kosel, MeHblwero MacwTaba (Puc.10) Tak nosTopsetcs Ao
0eCKOHeYHoCTH.

Puc.10. CrpykTypa nponaratopHon AMHUM aHTYaHOBCKOTO KOMbLaA.

HeobxoaunmbiM yCNoBUEM ANA NTOKANU3ALUN ABASAETCA OYEHb CUIbHAA NepeHop-
MUPOBKA WU YMEHbLIEHWE AJINHbI BONIHbI Monafatolero B cuctemy dotoHa. Kak
W3BECTHO, B CUCTEMAX C 6ONbWMMU 3HAYEHUAMU JU3NIEKTPUYECKON MPOHULAEMOCTY
[/INHA BONHbI (POTOHA A, CTAHOBUTCA ropas3fo MeHblue AJMHbI BOMHbI NafaloLiero
coToHa A. YacToTa hoTOHA @ NpM 3TOM He U3MEHAETCA — MU3MeHsAeTca 3D deKTUB-
HasA CKOpOCTb ()OTOHA v B COOTBETCTBMM C COOTHOWEHNEM @ = 2v/A, . Hac nHTe-
pecyeT cuTyalus, npu KoTopoit A, —0, nHaye HOTOH He KYMECTUTCA» Ha UCYe3alo-
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e ManblX 3BEHbAX aHTYaHOBCKOro MHOXecTBa. J(eKTMBHAA CKOPOCTL (POTOHA
NPy 3TOM CTAHOBMUTCA HYNEBOMN.

OfHUM M3 00BLEKTOB, rae CMNbHAsA NMEPEHOPMUPOBKA AAWHbLI BOJHbI U3NYYeHUS
B AENCTBUTENbHOCTU BO3MOXHA, ABNAETCA paKTaNbHbIA Knactep, COCTOAWMMN U3
cnabo nornowanwmx 4acTuu-moHoMepoB. ®pakTanbHbIMM Ha3biBAOT reTeporeH-
Hble cMCTeMbl, 06i1afatolMe MaclwTabHoM MHBapMaHTHOCTbIO. Jlo60I Manblil hpar-
MEeHT CUCTEMbl NPW YyBEJWYEHUW MacluTaba BOCMPOWU3BOAUT MPOCTPAHCTBEHHYIO
CTPYKTYpPY BCeit cuctembl. PpaktanbHbeiM knactepom (PK) HasbiBaloT 06bI4HO arnio-
MepaT MUKPOHHbIX pa3MepoB, COCTOALLMIA U3 HAHOMETPOBLIX TBEPAbIX YaCTULL, YAEP-
)KMBAEMbIX BMeCTe BaH-Aep-BaanbCoBCKUMU cunamun. QpaktanbHble Knactepbl 06-
pa3ytoTcs 1M60o B pe3ynbTaTe CMNbHO HePAaBHOBECHOW KOHAEHCALMM NapoB TBEPAO-
ro BELecTBa U nocneayioLleit arperaymm HAHOMETPOBbIX YAaCTUL-MOHOMEPOB, 160
Ha HaYyanbHOM CTaAMM NpoLecca KpMCTannm3aLunm 13 pacTBOpPOB UK pacnaaBoB.

MacwTtabHas MHBApUAHTHOCTb Knactepa 0OYC/NOBNMBAET CPAaBHUTENbHO Mej-
NeHHOe CnafaHue NapHbIX KOPpenauMin B pacnonoXxeHumn ero yactuy,. MapHas Kop-
pensuMoHHas yHKLUMA YCTPOeHA chefylowmum 06pasom:

g(r)~r“exp(-r/L,)

rie D — dpaktanbHas pasMmepHOCTb Knactepa, L — XapakTepHbiii pasmep
KoppenauMoHHoro 6noka. PpakTanbHas pa3MepHOCTb OnpefensieT YNCNo YacTuu-
MOHOMepOB kKnactepa N, HaxoAAWMXCA BHYTPU Boobpaxkaemon cdepbl paguyca r:
N~r’ . 3HayeHne D<3 v HeobA3aTeNbHO Lenoe — B 3TOM cneundrka ppakTanbHO-
ro knactepa. B 06bl4HbIX MIOTHBIX YNAKOBKAX YacTUL, NApHbIE KOPPenaLum CnagatT
CYyLLECTBEHHO ObICTpee, McYe3as No IKCMOHEHLMANbHOMY 3aKOHY Ha XapaKTepHbIX
PacCTOAHMAX NOpAfLKA HECKONbKUX PagMycoB yactuy. MacwrabHas uHBapuaHT-
HocTb ®K BM3yanbHO OTpaXKaeTcs B €ro [OBOJILHO PbIXA0N CTPYKType. MnoTHOCTb
yacTul B 0ObeMe r® paKTaNbHOIO KnacTepa He NOCTOSIHHA, @ MPOMNOPLUOHaNbHA

v,

Puc.11. YpepxaHue poTOHa MEXAY UCTOYHUKOM WU AETEKTOPOM NPW YNpyrom paccesHun Ha
(pakTanbHOM Knacrepe.

MpUYMHON NEPEHOPMUPOBKM SBNAIOTCA AaNbHOAENCTBYIOWME KOPPeNnsauumn B
pacrnonoxeHnun yactuy ®K, Bu3yanbHO BbipaxalowMecs B CBA3HOCTU KiacTepa U
HaNMYuKM B HeM BOBIIOIO YMcaa NycToT. ITO 0OBACHAETCA Cneaylowmm obpasom.
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Puc.12. ®usnyeckune npuymnHbl yaepxaHus GoToHa.

MycTb napawwWwuii Ha Knactep GOTOH C AAMHOW BOMHbI A NOPAAKA XapaKTEPHOro
pa3mepa knacrtepa L ynaBnmBaeTcs KaKon-HUOYAb AOCTAaTOYHO KPYMHOM MONOCTbHIO
OK (pe3oHaHCHOM NonoCTbIO). ITO yNaBAMBaHME NPUBOAUT K POCTY 3 EKTUBHOIA
AN3NEKTPUYECKOW NpoHMLLaeMocTH knactepa € (€ pactet B6im3un Nt060ro anekTpo-
MarHWTHoro pes3oHaHca [bopeH, XapmeH, 1986]). Bo3pacTtaHue € uHuunmpyert, B

CBOIO OYepefb, yMeHblIeHNe AANHbI BONHbI OTOHA, T.K. A,y = A /\/; ®oToH C
NepeHOpPMUPOBAHHO ANNHOI BONHBI A, HAXOQUT APYrYI0 NONOCTb, MEHbIIErO Pa3-
mepa. HoBoe ynaBnunBaHue BHOBb CTUMYAUPYET BO3pacTaHMe € U HOBOE YMeHbLLe-
Hue A, 1 T.A. B pesynbrarte BCe NONOCTU KnacTepa MOTYT OKa3aTbCA 3aN0/IHEHHbIMY
NepeHOpPMUPOBAHHbBIMI (DOTOHAMM, B TOM YUCNIE U TEMU, YbA [/IUHA BONHbI A, —>0).

®u3nka nokanusauuu ceeta B pakTanbHbIX CUCTEMAX U CXEMA pacyeTa Tako-
Bbl. MeX Ay NCTOYHMKOM U AETEKTOPOM U3/1y4YE€HUSA NOCTOSHHO NPUCYTCTBYET (DOTOH,
«LMPKYNUpyiowWwmnit» no 3amkHytoi netne (Puc.11). Ero yaepxxusaet Tam nepennete-
HUE XEeCTKMX aHTYaHOBCKMX Koel, Ha ero TpaekTopun (Puc.12). Konbua obpasyioT-
CA B pe3y/bTaTe MHOTOKPATHOro nepepaccesHus GoToHa Ha YacTMLAX-MOHOMepax
tpakTanbHOro knactepa. B panbHeiwem BblYUCNAETCA aMNIUTYAA B3aUMOLENCTBUSA
napbl BUpPTyaNnbHbIX HOTOHOB, KOTOPbIE HAX0AATCA BHYTPM 06/1acTH, 0603HAYEHHOM
kak FC (dbpakTanbHbiil knactep), Ha Puc.12. OauH 13 HUX COOTBETCTBYET BEPXHEMY
«beperyy, BTOPOi — HUXKHeMy. TUNUYHbIE Npouecchl, GopMupylolme 3Ty aMnau-
Tyay MOXHO yBuAEeTb Ha Puc.12, ecnm oTOpoCcuTb BONHUCTbIE IMHUK peanbHbiX do-
TOHOB. AMNAUTYAA B3aMMOLENCTBUA ULLETCA B BULE pelleHnsas COOTBETCTBYIOLLEro
ypaBHeHus bete-Connutepa. MoXHO NoKasaTb, YTO MHIUMAsA YacTb 3TON aMNANTYAbI
ONUCbIBAET YAepKaHMe Uu nokanusauuto GoToHa B cucteme.

CooTBeTCTBYIOWMI pacyeT NMPUBOAUT K CNEAyiolleMy BblpaXeHuio ans aud-
thepeHUManbHOr0 CeYyeHus ynpyroro paccesHus ceeta knactepom [Maksimenko,
1999]:
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2
1 2 ) 3 2DN 3
do _1+2ee) Y R L d gy, 46 sinp,
dn (3- D)N [32‘ (1)

60 | B dp
, @ — yron paccesHus, 0(x) — penvta-hyHKuMA [upaka,

f

C

¢ — CKOPOCTb CBETa B BaKyyMe, € — €MHNYHbIe BEKTOPbI NONAPU3aLMM NagatoLye-
ro (i) 1 paccesiHHoro (f) KBaHTOB,  — YacTOTa NaAaloLLEro cBeTa U n,— efuHNY-
Hbll BEKTOP B HanpaBaeHUW pacceaHHoro gotoHa, N>>I — 4ncno 4actuy B Kop-
PENSLUMOHHOM B/I0KE, € — ANINEKTPUYECKAS NPOHMLLAEMOCTb MaTepuana Yactu, u
R — papuyc 4acTuipi-moHomepa. lMapametp ¢, ot cnabo 3asucut ot D. MHumas
4acTb CEYEHUs OMMUCHIBAET «MOMOLWEHNEY, 00YCNOBNEHHOE NoKanu3auven. MMpu
D<3/2 370 ceyeHne 04YeHb BENIUKO.

Mpn @=0 puddepeHymanbHOe CeYeHMe pPacCesHUA CTAHOBUTCA YUCTO MHMU-
MbIM. 3TO 03HAy4aeT, YTo Npu @0 HUKAKOTO NOTOKA PAaCCeAHHOr0 KNacTepoMm CBeTa
BooOLe He cyuwecTByeT. Jlloboil paccesBluninics «BOOK» POTOH ynaBnMBaeTca Kna-
CTEepPOM U HayMHaeT KonebaTbCs BAOJIb COOTBETCTBYIOLLETO ﬁf.

He MeHbWMM CIOPNPM30OM BbIpPaXKEHUA
(1) ans do / dn , sBnseTcst cUHrynApHOCTS
pacceaHus snepeq. imesa B BuAay cBA3b

J, = 1 4o
dn,

MEX/y NOTOKOM PacCesHHOro B Hanpas-
neHum nf usnyyenns J, , 1 INIOTHOCTBIO 1o~
TOKa naparouiero Msnyquvm I, BupHO, 4TO
CUHTYASPHOCTb B CEYEHUM 03HAYAET, YTO B
CMCTEME BO3MOXEH KOHEYHbIIl «TOK» (OTO-
HOB [la)Xe NMpuW HYNeBOil MIOTHOCTU MNOTO-
Ka nagawulero usnydeHus. CUHIYAAPHOCTb

do /dﬁf B HanpasfieHU Brepes OnnChiBa-
Puc.13. Gusudeckue npudnkbl BUHYK- o1 gy yvicnerHoe U3nyyeHmne ceeta U3 Kia-
[IEHHOTO W3MyYeHUs CBeTa, NOKann3o- N
BaHHOrO B KNacTepe. cTepa. JTO TUMUYHO «Na3epHbIn» IPPEKT.

KorepeHTHOCTb BbIHYKAEHHOMO U3/yYeHUs
06eCreynBaeTca «HYNbMEPHOCTbIO» JIOKaNM30BaHHbIX AHTYaHOBCKMUX (OTOHOB,
CMOCOBHOCTbIO K KOHLEHTPALMM OFPOMHOMO W3 4YnUCia B Manom obbeme. Gusmnye-
CKas NPUYMHA KOTepeHTHOro cbpoca 3Tux (OTOHOB MpocTa U HamsaHa. Jlio6on
(hOTOH, pacceaBlWMINCA «BOOKY, YNaBIMBAETCA KNACTEPOM I HAYMHAET OCLMAINDO-
BaTb B HEM B[0/Ib HANpaB/ieHMs paccesHns 6e3 npasa BbIXOAA U3 KnacTepa. Ha ero
TPAeKTOpUK 06pPa3yloTCA aHTYaHOBCKME KOJbLA, NepensieTeHHble C COOTBETCTBYIO-
WMMW KOJIbLLEAMU IOKANM30BaHHbIX (DOTOHOB. VIMEHHO 3TO NepensieTeHune yaepu-
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BaeT Takon (OTOH B Knactepe. bonbluie Bcero Takux Konew y poToHa, paccenBato-
LWEerocs Ha HyNeBol yron — MHUMas YacTb dO /dﬁf MmMeeT Makcumym npu 0 =0
(cm. BbipaxeHue (1)). M B To XKe BpeMa TONbKO y TaKOro OTOHA eCTb BO3MOXHOCTb
BbIpBATbCA W3 KNacTepa, onucbiBaemasn AeiCTBUTENbHON YacTblo cevyeHuns. IToT ¢o-
TOH, 3aL,enuBLWNCb CBOMMU KOMbLAMK 3@ COOTBETCTBYIOLME KOMbLA NOKANN30BaH-
HbIX (POTOHOB, BbITATMBAET UX HapyxXy (Pnc.13). Tak Ha A3blKe aHTYaHOBCKMX Konell
MOXHO Nerko NOHATb U3MNKY BbIHYKAEHHOTO U3NyYeHUA CBeTa.

Mbl 0xx1aaem, 4to nofo6bHoro poaa 3 dekTbl, a UMEHHO — NOKANM3aLUA CBETA,
WMeloT MEeCTO B CUCTEME KOPPENNPOBAHHbIX 3€pKa YCTPOMNCTBA, ONUCAHHOIO 3LeCh.
3mech NoOKanM3aumus BO3MOXHa MEXAY Nt060i napoi 13 60bWOro Yncna BCEBO3-
MOXHbIX KOMOMHALMI 3epKa.

CneKkTp cobCTBEHHBIX BO3OYKAEHMII NI0OON CUCTEMbI B HEMANOW CTENEHM Onpe-
AeNseTcs ee rpaHULEN MNN NOBEPXHOCTbIO. TUNMYHBIA NPUMEP TaKUX BO3OYKAEHW
3TO NNa3MOH-NONAPUTOHBI HA MOBEPXHOCTU MeTanna UM NOBEPXHOCTHbIE NAa3MO-
Hbl B Ma/iblX MeTananyeckmnx yactmuax. CywecrsyeT M BO3MOXHOCTb «CYUTATb» Xa-
paKTepHble ANA TaKoro pofa BO30YXAEeHWIA CNeKTpbl U 3annucaTh UX HAa HEKOTOPOM
HOCUTeNe UK HaKonuTene MHbopmaLuu € Lenblo, Hanpumep, AAUTENbHOTO XpaHe-
HUA 1 nocneaytowero npoyteHna? Mbl pacckaxem o npobnemax v nepcnekTuBax
3TUX UCCNEef0BaHUNM.

Kak n3BecTHO, npu oTpakeHun ¢OTOHA OT MIOCKON NMOBEPXHOCTU COCTOAHME
ero NoAApM3aLnm He MeHAeTCs — 3TO 3anpeLieHo U30TPOMHOCTLIO 3a4aun no oT-
HOLIEHUIO K BPALLEHWUAM B NIOCKOCTM NoBepXHOCTU. Kasanoch Obl 1 Npu 0TpaXeHuUu
CBeTa OT MJIOCKON NNACTUHbI C BYMA CTEHKaMW cuTyaumua He usmeHutca. OgHako,
3TO He TaK, eCnu Mbl YYUTbIBAEM BO3MOXHOCTb JIOKaAN3aLMUmM CBETa MeXIy rpaHu-
Lamu naactuHbl. MogobHoro poaa addekTsl HabNOAATCA NPU paccesHUN CBETA B
HanpaefeHUU CTPOro Ha3ap B O4HOPOLHOM aHcaMbae Menbyaiiwmx yactuy [Makcu-
MeHKO U1 fp., 1992]. CBA3aHO 3TO C BO3MOXHOCTbIO «BbITACKUBAHUA» PACCEAHHbIM
Ha3ag ¢hoToHOM (hOTOHA, NOKaNM30BaHHOrO B cucteme. B aTom cnyyae nonapusauus

KpHCTAlN

-
o

mazep

"cmextp"
HHT¢HCHBHOCTE
/\J\ Puc.14. Cxema TUNUYHOrO 3KCMEpPUMEH-
Ta no 3anucu lJIP-cnekTpa uccnegyembix
wicrorg | BELWECTB, HAnpuMep, KpUCTaninyecKnx
MUHEpanos.
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OTPaXKEHHOrO CBeTa MOXeT U3MeHUTbCA. [1pnUKnHa, N0 KOTOPOW OH «BbITACKMBAET»
NOKaNnn30BaHHbIN OTOH, KaK Mbl 3HaeM, CBA3aHa He C (GOTOH-(POTOHHbLIM B3aUMO-
[IeACTBME, KOTOPbIM B JaHHbIX YCOBUSAX MOXHO npeHebpeyb, a C nepenneTeHnem
aHTYaHOBCKMX KOJleL, pacCcemBaloLerocs u N10Kananu30BaHHOro (POTOHOB.

IT0T 3phekT, coBMELLEHHbIN C BpawaTeNbHO-KONebaTeNbHbIMU M NONApU3a-
LMOHHBIMU XapaKTEPUCTUKAMU MU3y4YaeMblX OOBEKTOB, MOXHO WMCMO/Mb30BaTh [/
3¢ heKTUBHOIO U3BNEYEHNS U3 0OBEKTA NNOKANN30BAHHbLIX B HEM €ro COOCTBEHHbIX
BO30YXAeHWIH (ero «cnektpa»). PaccMoTpum cxemy, npefcTaBieHHyto Ha Puc.14.

B Heit purypupyet nasep, ONUCaHHbIN Bblle, U KPUCTANA, Yeil CNEKTP Mbl XO-
TUM «BbITAHYTb» HAPYXKY. B KOHCTPYKLMIO CTAHAAPTHOIO Na3epa BHECEHO elle 0fHO
u3meHeHue. M3 Hero yganeHa nonynpo3payHas NaacTUHKA, PacnosioXeHHas Mnop
yrnom bptoctepa k ocu nasepa (HazHayeHue 3TON NNACTUHKM OTCEKATb NApPa3uUTHbIN
CBET He OCHOBHOWM nonspusaLum). ITo fenaeTcs Ans Toro, YTobbl He MewWwaTb CBe-

OHK cnepa.1, no3aam xon. nas. 3ekasno

i

2

0 u
0 1400 2800 4200 5600 7000

[oauee nas. 3ekano nocne OHK-cnepa

4

2

0 My
0 1400 2800 4200 5600 7000

Puc.15. MNJIP-cnekTpsl BbicOKONoAUMepHoro npenapata [JHK 13 306H0M xene3bl TeneHka
(BepXHMI1 CNEKTP) 1 ero CNeKTpanbHOro «CieAa» Ha Na3epHbIX 3epKanax (HUXHUIA CnekTp)
nocne yaaneHusa npenapara U3 30Hbl 30HAMPYIOLLEro NasepHoro nyyka. Hatpuesyio conb
OHK pactBopsnv B [UCTUNAMPOBAHHOW BOAE B KOHLEHTpauuu 1Mr/mn, HAHOCKMAIM Kanw
Ha NpefLMeTHOe CTEK/IO U 3aKPbiBaNyu NMOKPOBHbLIM CTEK/IOM, NOAYYasa «CTONMKy». Ero akcno-
HMPOBaNW B a3ePHOM Jlyye B pex1Me BO3BpATa Jiyya, NPOLEAWEro Yepes «CIHABUYY, 00-
paTHO B pe30HaToOp B COOTBETCTCTBUM CO CXxeMOMN Ha Puc.14. KOHTPOAbHBIN CNEKTP YUCTbIX
NpeaMeTHOr0 U NOKPOBHOTO CTEKON B UCMO/b3yeMOM AMana3oHe YacToT He Jan Xapakrep-
HbIX NMKOB, TUNUYHbIX ana [JHK B cocTtaBe «CcTONKM».
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Ty, OTPAXXEHHOMY OT KpMCTaiia ¥ U3MEHUBLUEMY CBOI NOAAPM3aLMUI0 B pe3yabraTe
«BbITACKMBAHMA» U3 KPUCTANIa JIOKANN30BaHHbIX (POTOHOB, CHOBA BOWTK B pe30-
HATOP M 3aTeM MHOTOKPaTHO MOBTOPMTbL CBOW MaplwpyT. Mbl oxuaaem, 4to s dek-
TUBHOCTb «BbITACKMBAHWA» NOKANN30BaHHbIX (POTOHOB, 3aN1CaBLWMX UHDOPMALUIO
06 06beKTe, B TaKOW CMCTeMe OKaXKeTca [OCTaTOYHO BbICOKOW [/1A ero 3Kcnepu-
MeHTaNnbHOro HabnogeHus. [lanee 3T aenokanusoBaHHble POTOHbI MOTYT CHOBA
NI0KANM30BaThCA, HO yXKe B CUCTeMe 3epKan nasepa. [locne 3toro mMbl youpaem Kpu-
CTaNN, HO «CNEKTP» ero Bo30YXAEHWU, NOKaNN30BaHHbIN B Na3epe, Kak Mbl 0XUAa-
em, OymeT ele Kakoe-To BpeMs cebs npossnatb. Cuctema 6yaeT BOCNPOM3BOAUTD
CMeKTpasbHylo NaMsaTb 06 06beKTe, KOTOPLIN yiKe BbiBEEeH U3 061aCTU IKCMOHMPO-
BaHMA. Ponb KpMCTanna MoXeT BbIMOAHATL Nl0Oasn CMCTeMa, B KOTOPOi BO3MOXHA
nokanusaumsa nonsa. Hanpumep, 3To MoryT 6biTb GMONOrMYECKUE 0OBEKTDI, B YACT-
HOCTH, reHeTMYeCKne CTPYKTYpbl, KOTOpble UMeIOT hpaKTanbHYIO XUAKOKPUCTANIN-
YeCKyto ynakoBKy. BeposaTHO, UMeHHO Takoro posa 3 heKTbl CNEKTPaNbHON NaMATH
Habnganuch B Hawwmx akcnepumentax (Puc.15).

MoguepKkHeM, YTO peyb UET 0 BO3MOXHOCTU CUUTBIBAHUA NA3EPHBIM U3/TyYeHU-
eM C (PMKCMPOBAHHOI YacTOTON ), UMEHHO BCEro CreKTpa 06beKTa — B WHUPOKOM
4acTOTHOM fMana3oHe. [leno B TOM, YTO nasepHoMy (GOTOHY C YacToTon @, «bes-
Pa3/INYHOY», KAKOI NOKANM30BaHHbI POTOH «BbITACKMBATLY M3 00BEKTA: C TON Xe
CaMOM 4acToToi @, unun ¢ Nto6oN ApyYron, ecnn oHa MMeeTcs.

CoBepleHHO HEOXMOAHHOE NMPUNOXKEHUE MAENU NOKaNM3auuu CBeTa HaxonAT
B Npobneme KBAHTOBOI TefenopTauMm — MrHOBEHHOW «nepefaye» NocnaHus Ha
NPou3BOJbHO BONblMe pacCTOAHMA. ITA MOLWHAsA 061aCTb UCCNEA0BAHUI, HAYMHAS
c pabot [Bennet et al., 1993; Bouwmeester et al., 1997], npusnekaet Bce 6onbliee
BHUMaHue 61onoros. KOPOoTKO HAMOMHUM OCHOBHbIE NOJIOXEHUS KKNACCUYECKOW»
TEOPUMW KBAHTOBOM TeNenopTaLuu.

Kak n3BecTHo, no6as BosHoBas hyHKLMA napbl GoToHOB (POoTOH 2 1 hOTOH 3),
KaXKablit U3 KOTOpPbIX 00M1aaeT ABYMA COCTOAHMAMM NoNApuU3aLmum (ropm3oHTanb-
HOW nonapu3aunen | <>) 1 BEPTUKANbHON Nonspu3sayueil r$>) MOXHO Pa3NoXuTb
No YyeTblpeM 6a3nCHbIM COCTOSAHMAM (N0 TaK Ha3blBaeMbIM COCTOAHMAM benna), Ko-
TOpble 06pa3yloT NOIHYI0 OPTOHOPMUPOBAHHYIO cucTeMy QYHKLKIA [22]

‘I’+>=(\$>2\$>3+!e>2!e>3)/*5

@) =(T),12 |e |e3)

v)= () 2! [2),)2
‘P>=(‘ 2|e |e \$ 3)/‘5 (2)
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CocTosiHue |¢) (B manbHeidwem oHO HAc GyAeT MHTepecoBaTb Gonblue, YeM
oCTaNbHble) 00/1aaeT MHTEPECHbIM CBOMCTBOM: MpWU OOHAPYXEHUU OJHOTO M3
(hOTOHOB C onpeaeneHHON nonspu3auueit Nonsapusauus APYroro OKa3blBAETCH
NPOTMBOMNONOXKHOW.

BO3MOXHOCTb 3KCNEPUMEHTANbHO OTAUYUTL OLHO M3 BennoBcKux COCTOAHUN
OT ApYyrux obecneymBaeTcs MX PasNMyYHbIMU CUMMeTpUAMU. U3 YeTbipex cocTos-
HUI (2) nepBble TPW ABNAIOTCA OO30HHBIMU COCTOAHUAMU (MX BONHOBAA YHKLMA
He MeHsieT 3HaK Npu nepecTaHoBKe Yactuy 2 u 3). MocnegHee coctosiHue | ¢y —
tepmmnoHHoe (Npu nepectaHoBKe 2 U 3 3HAK BONHOBOW (PYHKLUM N3MeHSAeTCA). ITa
0COGEHHOCTb COCTOSIHUS | ) MO3BONSET BLIAENNTb €0 B PALE XOPOLUO OMUCAHHBIX
B NIMTEPAType 3KCMEPUMEHTOB, UCMOb3YIOWMX UHTEP(EPEHLMIO ABYX CneLuab-
HbIM 06Pa30M NPUrOTOBNAEHHbIX CBETOBLIX Ny4KoB [Bouwmeester et al., 1997].

ViMes B BUZY BO3MOXKHOCTb paboTath fjafiee C COCTOSIHUEM | ), B fanbHeiiwem
MCNONb3YeTCA CTaBLIAA YXKe KNACCUYECKO Ceayiollasn 3KCNepuMeHTabHas cxema
[Bennet et al., 1993; Bouwmeester et al., 1997; Kagomues b.b., 1999]. EcTb aBa
yyacTHuUKa urpbl — Anuca un bo6, u UCTOYHUK napbl POTOHOB, OMMCHIBAEMbIX CO-
cTosiHuem |y°). 3agaya Anucsl — nepeaarb umelowumiics y Hee ¢potoH 1 boby, Ha-
X0AALEMYCs KaK yrogHo aaneko oT Hee. OgHako, Anuca He nosb3yeTcs 06bIYHbIM
Knaccuyeckum cnocobom, a noctynaet cieayowmm obpasom. Anuca n bob ogHo-
BPEMEHHO MOJlyyaloT napy (pOTOHOB 2 U 3, ONUCHIBAEMYIO COCTOAHUEM |7), .. AnK-
ca nonyyaet ¢oToH 2, a bob — doToH 3. Annca «cmewnsaet» GoToH 1 1 2. Mpu
3TOM B OAIHOM CJly4ae 13 YeTbipex OHa UMEeeT BO3MOXHOCTb HabtoAaTh COCTOAHME

W), = (1T) =), = [=0IT) )2,

Kak TonbKo OHa 3TO 0OHApYXWUT, HeMeaNeHHO GOTOH 3 NMepexoauT B Hayanb-
Hoe cocTosiHue doToHa 1. lMpuuymnHa 3toro cnenyrowas. HabnogeHne Anucoit co-
CTOAHUA |1p'>12 03HayaeT, YTo NpK KaKOM-TO cocTosiHUM (oToHa 1 oToH 2 bypeT
B MPOTMBOMOJIOXHOM NO NOAAPU3ALUKN COCTOAHUKU. HO NOCKONbKY QOTOHBI 2 1 3
HaX0AATCS TAKXKe B COCTOSHUN | ), DOTOH 3 GyfieT B COCTOAHMM, OPTOTOHANLHOM
COCTOAHUIO 2, T.e. B COCTOAHMM hoToHa 1. Takum obpa3om, NnpoucxoauT TenenopTa-
ums goTtoHa 1 ot Anucel kK 606y, He3aBMCUMO OT paccTosHMA Mexay HUMu. Teneno-
pTauusa OCyLWecTBAAETCA MITHOBEHHO.

MpaBaa, npu Takoi Tenenoprauun NonAApM3aLUOHHOE COCTOSHME TeNenopTu-
pyemoro ¢otoHa 1 Anuce Hen3BecTHO, T.K. GOTOH 1 cmewmnBaeTca ¢ GOTOHOM 2,
06pa3sys cocTosHue |1p'>]2.

OnucaHHas npoueaypa TesenopTauum 6e3ynpeyHa ¢ TOUKM 3peHuns dopmanus-
Ma KBAHTOBOW MeXaHWKW. TeM He MeHee, U3NYECKUIA CMbICA BA3UCHBIX COCTOS-
HUMI benna ocTaeTca HesACHbIM, TaK e, KaK ¥ HET NOJHOW ACHOCTW B pa3peLleHunn
napagokca JiHwTerHa-Nogonbckoro-PoseHa (3MP-napagokc) [Einstein, Podolsky,
Rosen, 1935], ans onucaHns KOTOPOro 3TW COCTOAHUS, COOCTBEHHO, U Oblnn BBefe-
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Hbl. KaK MOHATb, YTO NPW U3MEPEHUN NONAPU3ALUN <> OJHOTO U3 (DOTOHOB, HaXo-
LALMXCS, HAaNpUMep, B COCTOSIHUM | "), NONSPU3aLUS APYrOTO MTHOBEHHO OKa3bl-
BaeTcA $ , HECMOTPS Ha TO, YTO UX pPa3fAensieT o4yeHb 6oNbLOe paccTosHMe U Nobas
WHOPMALMA OTHOCUTENBHO COCTOAHUA BTOPOrO CMOXET NOCTYNUTb K HAaM CNyCTA
BMOJSIHE ONpeAeieHHbI NPOMEXYTOK BPEMEHH.

Mapbl GOTOHOB, onUCbIBaeMble COCTOSAHMAMU (2) UAN UX NUHEAHBIMU KOMOU-
HaLUAMK, Ha3blBalOT 006bIYHO IMP-hoToOHaMu unu nepenyTaHHbiMKU hoToHamu. [o
Tex Mop, NOKa Mbl He NoMeM U3NYECKYI NMPUYUHY MTHOBEHHLIX KOpPpenauun B
CBOMCTBAX 3TUX (POTOHOB, Mbl HE MOMMeM (DU3UKY TenenopTaLnmn, HECMOTPA Ha BCHO
6e3ynpeyHoCTb IOTMYECKUX NOCTPOEHMUN.

Kak 3To He yauBuTENnbHO, HO K npobnemam 3P-

A B napagokca W Tenenoptauuy MOXHO MOAONTU U C

N APYron CTOPOHbl — C NO3WULMIA CyLWecTBOBaHUA NO-
q o D KanusoBaHHoro ceeta. 0guMH u3 BapuaHToB 3I[IP-
napagokca cnepywowmnin. Paccmatpusaertca, K npu-
Mepy, s-paccesHune (GoToHa cepuyeckoin yacTuuen,
T.e. paccesHHas BosHa chepuyeckn n3otponHa (cm.
Puc.16. Cxema sxkcnepumen- Puc.16). MNycTb paccesHHbIi POTOH NOAXOAUT K fe-
Ta 10 CHATBIBAHWIO, 3aNUCK  rayTopy B TOuke A (Annca). ITOT aKT perncTpauum no-
1 XpaHEHUI0 MHOpMaLUK. o
3BONIAET HAM CLeNaTb BbIBOA, YTO B TOT K€ CaMblil MO-
MEHT BPEMEHW 3TOT PacCeAHHbIN (POTOH AOCTUrAET AETEKTOPA, PACNONOXEHHOrO, K
npumepy, B Touke B (b06), oTcTos el oT A Ha CKONb-yrofHO 60NbLOE paccTosHMeE.
370 npu TOM, yTO Ntobas nHbopmaums n3 B B A moxeT ObITb NepefaHa no ucreye-
HWW TONbKO BMOJHE ONpefeNeHHOro NpoMexyTka BpemeHun. Ecnm He paccmatpu-
BaTb BO3MOXHOCTb CBEPXCBETOBON CKOPOCTW PAacNpOCTPaHEHUA CUTHANOB, NOHATD
CUTYaLMIO MOXKHO creaytowmm obpasom. YTo ecnu pernctpupyemblii akT npuxoaa
cBeTa B A CBAi3aH BOBCE He C paccesiHHbIM (hOTOHOM, @ CO COUTBIM U3 «TpyOKM» AB
NOKANN30BaAHHBIM «ANUHHbIM» (DOTOHOM? Mbl «10BUM» €ro neBblii «KoHewy». Torga
B TOM, YTO B TOT )X€ CaMbll MOMEHT BPEMEHU MPOUCXOAUT KPErUCTPaALUA» B TOUKE
B ero «npaBoro» KoHua, HET HMYEero CcTtpaHHoro. HMKakoro cBepxcBeTOBOro pac-
NPOCTPaHEHUA CUrHANAa He MPOUCXOAUT, KAK HE MPOUCXOAUT U pacnpoCcTpaHeHus
curHana Boobue. «INUHHbIAY» NOKaNM30BaHHbI GOTOH BbITACKMBAETCA U3 «NOJIO-
CTU» 33 CYEeT 3aLenNeHns XKeCTKUX aHTYaHOBCKUX KoJel, TOKaNM30BaHHOIO U pac-
ceusawouierocs GOTOHOB. ITO 3aLenneHne aHanorM4Ho pacCCMOTPEHHOMY BbliLle 3a-
LenneHuio B pakTanbHOM Knacrepe.

[pepnonoxum Tenepb, YTO HUKAKOr0 (hOTOHA, PacCeMBAIOWErOCA Ha YacTuue
HeT. A eCTb «MoNoCTb» Mexay Anucoit u bobom, 3anoNHEHHAs NOKaNN30BaHHbLIM B
Heit hoTOHOM. Anvca NoCbiNaeT B 3Ty NONOCTb CBOW (hOTOH. ITOT POTOH 3aLenns-
€T N0 U3BECTHOMY HAaM MexaHW3My JIOKaNM30BaHHbIN GOTOH M NpeaoCTaBAAET ero
boby. Takum obpasom, B pesynbrate fencteuit Anucel, bob HemepeHHO nonyyaet
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HEeKOTopyio MH(OpMALMIO, NPaBLa HEU3BECTHO KaKylo, MOCKONbKY MHOTME CBOMCTBA
NOKaNnM30BaHHOTO hOTOHA HUKOMY HEU3BECTHBbI.

Kak Mbl BUAUM, B JAHHOM C/ly4yae g MTHOBEHHOW «nepefayny» CUrHana Bme-
cto napbl 3MP-koppennpoBaHbix (DOTOHOB AOCTATOYHO MMETb OeN0 C OfHUM-
€[VHCTBEHHbIM JIOKANIM30BaHHbIM POTOHOM (BNPOYEM, NMPU KENaHUU €ro MOXKHO
paccMaTpuBaTh Kak napy B3aMMOLENCTBYIOWMX Mex Ly COO0M BUPTYabHbIX GOTO-
HOB — (hOTOH BepxHero 6epera u GOTOH HUXHero 6epera pucyHkos 1 u 2). Kpome
Toro, B [Bouwmeester et al., 1997] 3MP-napa Tenenoptuposana boby HensBecTHbI
doToH Anucel. B Hawem cnyyae potoH Anncel, BO3AENCTBOBAB Ha N€BbIN KOHeL, HU-
KOMY HEM3BECTHOr0 IOKaNIM30BaHHOro hOTOHA, NPeA0CTaBNAET €ro nNpaBblii KOHeL,
Boby. B 3TOM BCs pa3HuMLa U CXOACTBO [1BYX MEXaHWU3MOB TeNenopTaLuu.

[poTuBOpEYUT NK TenenopTaums OCHOBAM CreLnanbHON TeOPUM OTHOCUTESNb-
HOCTK, YTBEPXKAAIOLLEN, YTO CKOPOCTb nepefayn MHhOPMaLUKM He MOXKET NpeBOC-
X0[MTb CKOpOCTb cBeTa? O4yeBMAHO, HeT. B ciyyae Tenenoprauum 6eHHETOBCKOTO
Tuna [Bennet et al., 1993; Bouwmeester et al., 1997] MrHoBeHHO nepepaeTcs Hu-
KOMY HEeU3BECTHbI CUrHaN. B pamkax Hawei mogenu BoobLe HUYero He nepefaeT-
cs. bob nonyyaeT 1o, YTO yIKE HAXOAUTCS PAAOM C HUM, HO 0 NOPbI 1O BPEMEHU EMY
HepocTynHo. MHdopmauma yxe npeacywectsyer. Annca MrHOBEHHO «pa3pellaeTy
boby B3ATb ee. [03TOMy TaKyl MOAMGMKALMIO KBAHTOBOM TenenopTauuu (Heno-
KanbHOCTM) Mbl Ha3BalM NEPMUCCUBHOM (OT aHMMUIICKOrO «permission» — paspe-
weHune). Hago OTMETUTH TAKKE, YTO TaKas HENOKANbHOCTb PAaCNPOCTPaHAETCA, BU-
AVMO, U fanblue, NOCKOJbKY B HaweM ciyyae hOTOHbI, MOAYIUPOBAHHbIE OOBEKTOM,
MFHOBEHHO (HeN0KaNbHO) NPeBPALLAIOTCA B PAAMOBOJHbI, XPaHALLME KDOTOHHYIO
NoNApPU3aLMOHHY0 MHPOPMaLMIO». BO3MOXKHO TaKKe, YTO B HaLIMX 3KCNEpPMMEHTaXx
30HAMUpYloLLME 0OBEKT U MHTepdepUpYIOLLME BCTPEYHbIe GOTOHbI 3aMMCbIBAOT Au-
HaMWUYHYO NONAPU3ALMOHHYI0 rofiorpammy obbvekTa, Hanpumep [HK, n npespalua-
toT ee B OMOAKTUBHYIO PaAMOBONHOBYIO, N30MOP(HYIO (DOTOHHOIA, roNorpammy.

PaccMoTpuM OfHY W3 BO3MOXHbIX MPUYUH reHepauumn papuosonH [1JIP-
cnektpomeTpoM. Peyb noipeT 0 HOBOM MexaHM3Me Heynpyroro paccesHus CBeTa
B 3/IEKTPOHHBIX CMCTEMAX — B AAHHOM C/ly4ae B CUCTEMe MeTa/sIMYyeCcKux Cnoes
3epKaNibHbIX MOKPbLITUIA pe30oHaTopa la3epa, ABAAIOWEroca OCHOBHbIM 3/IEMEHTOM
CMeKTpoMeTpa. ITOT MexXaHM3M OTIMYAETCA OT TPAAULMOHHOTO KOMOMHALMOHHOTO
paccesHus hOTOHOB. B oTanyme oT fUCKpeTHOro Habopa CTOKCOBCKMX U aHTUCTOK-
COBCKMX MUKOB CMEKTP pacCMaTPpMBAEMOro Heynpyro pacceaHHOro CBeta ABNAETCA
HernpepbIBHbIM 1 3aHUMAET BeChb AnanasoH 4acTtoT ot Ow, 10 2w, rae w, — 4acTo-
Ta nagatowero gotoHa. Pnu3nKa paccMaTpMBaEMOro Heynpyroro paccesHns OYeHb
npocTta. Mbl yCTAHOBMM OCHOBHblE €r0 3aKOHOMEPHOCTU Ha NPUMepe Heynpyroro
paccesHns C BO30OyXAeHMEeM 0ObEMHbIX U MOBEPXHOCTHbIX MJa3MOHOB B Maso
MeTananyeckon yactuue. NoBepxXHOCTHbIMM NNA3MOHAMM Ha3blBAOT COOCTBEHHbIE
3NEKTPOMArHUTHbIE MOAblI MeNbYallwmx MeTanamyeckmx vactuy. OHuM cBA3aHbI C
COOCTBEHHbIMU KONEBAHMAMMU B3aMMOAENCTBYIOWMX Yepe3 KYJIOHOBCKMUIA NOTEHLM-
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an 3NeKTPOHOB NPOBOAUMOCTH YaCTULbl. ITU MOAbI NPOABAAIOT CebsA KaK OTYETNU-
Bble pe30HaHChl B CNEKTPax ynpyroro paccesaHusa 1 NOrnoLWeHna ceeta ManbiMn Me-
TaIMYeCKMMM YacTULaMmn, HacToTbl NOBEPXHOCTHbIX MAa3MOHOB B 3aBUCUMOCTH OT
KOHLLeHTpaLMm1 31eKTPOHOB NPOBOAMMOCTH BHYTPU YACTUL, NPUHAANEXKAT rpaHuLe
BuAUMoro-Y® ceeta v onpegensiorcsa cneayiouiein hopmynoin:

[
20+1°

e l=123..., a @, — Knacchyeckas nnasMeHHas 4acToTa HeorpaHUYeHHOro
3N1eKTPOHHOTO rasa;
2
47tn e
W, =4[—,
m

w, =0,

rae n, — NNOTHOCTb 3N1€KTPOHOB NPOBOAMMOCTU B METaje, e U m — 3apaj
M Macca 3neKTpoHa. Bo3oyxaeHune ¢ I = 1 Ha3bIBAOT AUMNOJIbHBIM MOBEPXHOCTHBIM
NNa3MOHOM, a BO3DYX[eHNe C 4acToTOM @, — 0ObeMHbIM Nia3mMoHOM. Mogo6Ho-
ro poaa KonebaHus CYWECTBYIOT U B TOHKUX METANIMYECKUX MEeHKaX, KOTOPbIMU
00bIYHO MOAENMPYIOT 3€pKajibHble MOKPLITUSA, TUMA TEX, YTO UCMOMb3YIOTCA B pac-
CMaTpMBAEMOM a3epe. 34ech UX HA3bIBAIOT NIA3MOH-MOASPUTOHHBIMU MOAAMU, UX
CBOICTBA WHbIE, HO HA JAHHOM 3Tane Mbl MHTEpeCyeMcs nLb GU3NKON ABNEHNUS.

Knaccuyeckuit MexaHU3M Heynpyroro paccesHus
CBeTa YacTuuen 3aknyvaetca B cnegywowem. loanerta-

W Wez =0 . .
! £= ™1 WKt K YacTuue GOTOH C 3Hepruein hw, Bo3OyxaaeT B

W Hel (IyKTyaLMIo 3MEKTPOHHON NNOTHOCTH, cOpachiBas
* Ha 3TO YaCTb CBOEN 3Hepruun fim. IHeprus BuiNeTaloLle-
@ ro otoHa ho =ho-ho. 3TOT NpoLecc CUMBONUYECKH

n3obpaxeH Ha Puc. 17. 3awWTpMXOBAHHbLIA YroNoK —
Puc. 17. Knaccuueckas @YKTYaUMA SNEKTPOHHOI NAOTHOCTM dp, KOTOpas ecTb
CXeMa Heynpyroro pacces- Cynepno3uuus 60abLWOro YMCNa INEKTPOHHO-LbIPOYHBIX
HUA (OTOHOB. nap, Bo30yxpaaembix potoHoM. CeyeHne npouecca oco-
OEHHO BEeNIMKO, e POTOHY yAAeTcs «packayaTb» AUMOJbHbLIA NOBEPXHOCTHBIA U
00bEMHBbI NNA3MOHBbI. [I15 YacTULbl, Yel pa3Mep MHOTO MeHbLUE AMHbI BOSIHbI NOA-
netaiouiero ¢oToHa, fuddepeHumanbHoe CeyeHne Heynpyroro paccesHua cnepyto-
wee [Lushnikov et al., 1982]:
2 2p3
—=—TA\, - ((x). + W
dn, 3m 3 w,
f c |\, —U)f i

x[ﬂ)of 6(001' —W,; _mo)dwf +(D1f 6(001' — 9y _wl)dwf] (1)

2
f

- 20,0 cos@) X

f
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rge nf— e,U,VlHVIqull)'I BEKTOP B HanpaBJieHUN PAaCCEAHHOIO KBaAHTa, 0 — yron
paccesHuns, R — paauyc oTAeNbHOI YacTULbI Napbl, r, 1 A, — Knaccuyeckui papu-
YC 3/1EKTPOHA N KOMNTOHOBCKAA AJINHA BOJIHbI 3JIEKTPOHA COOTBETCTBEHHO.

Ecnu sHepruu, c6poeHHOi GOTOHOM, XBaTUT Ha BO36YXAEHUE NNa3MOHOB @~
>0, 70 3
do _ ol (R) ((x)i —U)O) >

49 _ Tl o[wi2+(mi_wo)z—zmi(mi—mo)cos8]+

dnf 63'5 C (D,‘ (DO
_ 2
+M&. [(01'2 +(w, —(1)1)2 -2w,(w, —wl)cos(a]
O, o, (2)

Kak mbl BMOMM 13 aHanu3a BbipaxeHua (1), BO3MOXEH TONAbKO LUCKPETHbIN
cbpoc aHeprum hoToHa, COOTBETCTBYIOWMIA BO3OYKAEHUIO 0OBEMHOMO M AUNONbLHO-
r0 NOBEPXHOCTHOMO Maa3MOHa. ITO OTPaXKeHO NPUCYTCTBUEM fAenbTa-hyHKUMI [u-
paka B COOTBETCTBYIOLEM BbipaxkeHuu. CeyeHne npoliecca MeHblUe CeYeHuUs ynpy-
roro paccesiHus cseta Yactuuei B r A A/R® pas.

; Wmi-m @, 0;- @
i3] ] oW
| Fi
P T ™ P " 1 ATATLW, PVt
g wi- l'.'Eli 53'1- m

Puc.18. lNpepanaraemblit MexaHU3M Heynpyroro paccesHns GOTOHOB.

Mpeanaraembil HaMW MeXaHW3M MPUHLUMNUANBHO WHOIA. Mpeanonoxum, yto
MeX[y MCTOYHMKOM W3NYYeHUs W [ETEKTOPOM HEMPEPLIBHO «UMPKYIMPYET» MO
3aMKHyTOM neTne hOoTOH, MHOTOKPATHO 0OMeHMBAsACh caM € CO60M hnyKTyaumaMu
3/1eKTPOHHOW NNOTHOCTU, BO3OYKAAEMbIMU B HEKOTOPON CUCTEME paccenBateneil,
HaXOAALeRCA Mexay MCTOYHUKOM U [ETEKTOPOM. 3alTPMXOBAHHbIE METAU Onu-
CbIBAlOT pacnpocTpaHeHne GAYKTyaLMUM 31eKTPOHHOM NNOTHOCTM B CUCTEME pac-
cenBatefieii — 3T0 TaK Ha3blBaeMble NMPUBOJMMbIE NONAPU3ALMOHHbIE ONepaTopsl
NNOTHOCTb-MNOTHOCTb UM NPOCTO KOPPENATOPbI 3EKTPOHHOI NAOTHOCTU. BonHu-
CTble IMHUM — BONHOBbIE YHKLMUM peanbHbiX GOTOHOB, FOPU30HTaNbHbIE TIMHUN
— (oTOHHble nponaraTopbl. Hanpumep, BepXHAA BEpPLWMHA NPOU3BOILHON HEYeT-
HOM NeTIM ONUCHIBAET POXXAeHMe BYKTyaLUM 31eKTPOHHON NNOTHOCTU DOTOHOM C
3Hepriei @, 3a CYET YMEeHbLIEHUA €T0 3HEPTUM Ha (), @ HUKHAS — ee CXoNbIBaHNe
33 CYyeT noayyeHus (GOTOHOM IHEPrUn @ obpaTHo. TakUX MeTenb Ha TPaeKTopuM
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(hoTOHA MOXeT ObITb CKONIbKO YroAHo. Haw ¢oToH 6eckoHeyHoe Yncno pa3 obme-
HMBAETCA 3Heprueit cam ¢ coboi B NpoLecce Heynpyroro paccesHus. B pesynbra-
Te BO3HWKAET cBoeobpa3Hoe 0b6MeHHOe B3aumoaencTeame hoToHa C camum coboil,
aHanornyHoe 06bIYHOMY 0OMEHHOMY B3aUMO/ENCTBUIO KBAHTOBOM XUMUK. IMeHHO
3TO B3aMMOJENCTBUE YIEPKMBAET (DOTOH B «MONOCTU» MEXAY UCTOYHUKOM U AeTEK-
TOPOM, 060CHOBbIBAA Halle NpefnosoXeHne o0 BO3MOXHOCTU CTO/Ib CTPAHHOM, Ha
nepBbIi B3MAM, KUMPKYNALMU» POTOHA MEXAY UCTOYHUKOM U IETEKTOPOM.
InddepeHumanbHoe ceyeHne pacCMaTpMBaEMoro npoLecca UMeeT Bup

3 B >
do _ lm(e'l.ef)z(g) Mw—”[wf + (o, —(1))2 - 2w,(w, —w)cos@] +
dn, 4 o6n c W, 0,

1

_l_((”i_(”)

1

2
&[mf + (0, -0)" = 2,(w, —m)cos@]}
. (3)

[€ e, 1 e, -eANHNYHbIe BEKTOPA NONAPU3aLUMM 1 @ — cOpolleHHas YacToTa.

Mexpy BblpaxkeHuammn (2) u (3), HeECMOTPA Ha UX BHeLWHee CXOACTBO, MMeeT-
CA NpUHUMNMAaNbHAsA pa3Huua. B pamkax knaccuyeckoro mexaHW3Ma BO3MOXKEH
TONbKO JUCKPETHbIA cOpOC 3Heprum nagatowero hOTOHA, COOTBETCTBYIOLMIA BO3-
by aeHn0 06beMHOrO (C 4acToTOM @,) U [UNONBLHOTO MOBEPXHOCTHOTO NNa3MOHOB
(vactota @,) B Yactuuax (n6ok apyroi cOpoc aHepruun 3anpeuieH hurypupyo-
wumu B (1) 0-pyHKUMAMK). YTO KacaeTca NpeanaraeMoro MexaHu3ma, To KpacHblil
COBMI 4aCTOThl Najatwliero GoToHa MoXeT ObiTb N06LIM B MHTepBane. Ecin w=o,
, Pe3ynbTaToMm npouecca ABnAeTcs Habnofaemas IKCNepuMEeHTaNbHO reHepauus
pafMOBOJIH.

Hapspgy ¢ «kKkpacHbIM» CMelLeHeM BO3MOXKEH U «ronyboi» CABUT YacToThl hOTO-
Ha... Takum 0Opa3oM, CNeKTp Heynpyro paccesHHOro CBeTa C y4eToM IoKanu3aLuum
[O/KEH 3aHNUMaTb BeCb AMana3oH 4actoT oT 0 o 2w, . MogobHoro poaa 3 eKTsl
[eNCTBUTENbHO HAONIOAAIOTCA B IKCNEPUMEHTAX NO TMIraHTCKOMY KOMOMHALMOHHO-
MY paccesHuWio CBeTa MOJieKynamu, agcopomMpoBaHHbIMU Ha NOBEPXHOCTU MeNbYail-
WKMX METANIMYECKMUX YACTUL, — ero Ha3blBAKT «TUFAHTCKUIN Genblii POoH», U OH A0
CUX NOP OCTaeTcA 3arafKon.

Mpoueccel Puc. 17 o=, npn Ka4ecTBEHHO 0OBLACHAIOT NOBbILEHHbI OH pa-
LMOU3NyYeHUs paccmaTpuaemoro nasepa. KonuuectBeHHbI pacyeT 6e3ycioBHO
TpebyeT yyeTta cneumpukn CUcTemsl.

[lononHuTenbHblE TeOpPETUYECKME MOAXOAbI 3AeCh, BO3MOXHO, NeXaT B 3 dek-
Tax TaK HasbiBaemoro cnaboro Bo3gencteus [Yykosa, 2002]. Bugumo, pereHepa-
LMOHHbIE M LMTONPOTEKTOPHbIE 3 (EKTbl B HALIWNX IKCNEPUMEHTAX HOCAT IHA03P-
rMyeckuit xapaktep, Korga gaxe cnabo nornowaemas Guonpenapatamu 3Heprus
KOrepeHTHOro KpacHOro noispu30BaHHOIO Na3epHOro U3Ny4YeHUa UAeET Ha YBenu-
YeHMe cBOOOAHOMN 3Hepruu lenbMronbLa, aKKyMyaMpOBaHHOW B XMMUYECKUX CBS-
37X MeTabonMTOB GMONpenapaTos, YTO MPUBOAMT K CYLLECTBEHHbIM 6103t ekTam.
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Atombl HopMaumoHHbIx Makpomonekyn (OHK, PHK, 6enkos), B3aumogencrays ¢
Nla3epHbIM Iy4OM, BMECTE C IHEPriei KBAHTOB CBEeTa NPUOOPETAIOT U UX MOMEHT KO-
NNYecTBa ABUKEHMA, YTO CO3/AeT MHBEPCHYIO 3aCENEHHOCTb AEPHbIX 3eeMAHOB-
CKMUX YPOBHEW, T.€. NPOUCXOAMUT TaK HAa3blBAEMas XMMUYECKaA Nonspu3aunsa agep.
KBaHTOBbIN BbIXOA MOAAPU3ALMUM, T. €. YUCIO U3OLITOUYHBIX ALEPHbIX CMUHOB Ha
BEPXHEM 3€eMAHOBCKOM YPOBHE, MPUXOLALLEECH HA KAXAbIA NOMNOLWEHHbIA KBAHT
ceTa, MoxeT coctaBnatb 30%. iHBepCHO 3aceneHHas NPOTOHHO-CMMHOBAA CUCTe-
Ma MOXET UCMYCKaTb KBAHTbI C 3Hepruen nopsaka 6,5-102° [, Kotopble COOTBET-
CTBYIOT YacToTam okono 100 Ml [byyaueHko, 1979].

Pa3BuBas M [eTann3npys CKazaHHOE, MOXHO AyMaTb, YTO NPU CKAHMPOBAHUM
6uonpenapaToB la3epHbIM CBETOM BO3HMKAIOT KOMOMHALMOHHbIE YAcTOThl, 3aXBa-
ThiBatowWwme cuHmin n YO gnanasoH. Kpome Toro, Kak Mbl paHee npegnaranum B co-
OTBETCTBYIOLLEH MOLENU IOKANU30BAHHOTO CBETA, MPOUCXOAMUT npeobpa3oBaHue
4acToT B AManasoHe oT 2 omera Ao Hyns [Mpanruwsunu, fapses u ap., 2000(6)].
N kpome TOro, Npu CKaHMPOBaHMKM GUONPENApPaTOB UMEET MECTO WHUPOKOMONOCHOE
paguounsnyyeHune ra3oBoro pas3psjaa nasepa. YuutoiBas 310, nofaraem, Yto B HaLLKUX
3KcnepuMeHTax 6uonpenapartbl-A4OHOPbI CKAHUPYIOTCA («CYMTLIBAIOTCA» 1a3epOM)
MHOrOYaCTOTHbIM nyTeM. MeTabonusupytowme 6GUOXMMUYECKME cOCTaBasOWME
OuonpenapaTtoB, KOTOpble B3aMMOAENCTBYIOT C [UHAMUYECKU NONAPU30BAHHbBIM
KpaCHbIM CBETOM 30HAMPYOLWeEro nasepa (M WMPOKUM CNEKTPOM AOMNOAHUTENbHBIX
W3NyYEHUIA), MOTYT TeHEPUPOBATb 3/EKTPOMArHUTHbIE PAAMOYACTOTHbIE Koneba-
HUA. B 3TOW cuTyaumum npenapatbl NOAXKENYLOYHOMN Kene3bl U Cene3eHKN BbICTy-
natoT B PO CBOEOOPa3HbIX OPraHHO-MONEKYNAPHBIX PAAMOCTAHLMUNA, Foe KaX[blii
BUA MX MONIEKYN MMEET CBOM XapaKTEpHble YacTOTbl, KOTOPbIe MOTYT YCUIMBATLCS
6naropaps cToxacTuyeckum pesoHaHcam. C apyroit CTOpoHbI, ONpeaeneHHble TUMb
MOJIEKYN MOPAXEHHOW aNoKCAaHOM MOAXKENYAOUYHOW Kenedbl O0NbHbIX KUBOTHbIX
W/WUNKN CTBONOBBIE KIETKM UX KPOBU MOTYT Pe30HAHCHO NOMOoLWaTh Takoe pagnons-
Ny4yeHune, KOTOpoe HeceT MHOPMALMOHHYIO COCTABAAIOLLYIO A5 3anycKa 6UOXMMK-
YeCKMX peaKLuin, KOTopble NPUBOAAT K pereHepauuu TKaHen nogxenyaoUuHon xe-
ne3bl 1 3aLWMUTHLIM AHTUANNIOKCAHOBLIM NpoOLeccam. 3TO He UCKIKYAET CyLLeCTBEH-
HOW ponu paHee 06CYXKAABIMNXCH MEXAHU3MOB, CBA3AHHbIX C TENIENOPTALUOHHbIMM
W ronorpaduyeckumMmn xapakTepucTukamu reHoma buonpenapatos-goHopos. 06pa-
TUMCA K U3BECTHbIM NONOXEHUAM XUMUK 1 du3nKu http://www.chem.msu.su/rus/
publ/Buchachenko/buch5.html, 3apalowmm KBaHTOBbIA CLEHAPWUII paccmaTpuBae-
MbIX F€HETUKO-OMOXMMUYECKUX COObITUI. B aHCambne Monekyn-npoaykToB C UH-
BEPCHOW HACeNeHHOCTbIO B 3e€MaHOBCKOM pe3epByape 3anacaetcs 3HEprus; oHa
MOXET pacTpaTUTbCA B TEMO (Yepe3 CMUH-PELEeTOYHYI0 MarHUTHYIO penakcaumio),
HO MOXET NPeBPaTUTLCA B CTUMYNMPOBAHHOE M3NlyYeHME HA 3eeMaHOBCKOW apep-
HOVi YacToTe. B 3ToM cnyyae peakuus LeNCTBUTENbHO CTAHOBUTCSA PAAMOYACTOTHbLIM
3MUTTEPOM, KBAHTOBbLIM FEHEPATOPOM C XMMUYECKON HaKaykon (MofobHO Xxumuye-
CKMM nasepam). JTO HOBOe fIBleHWe — pafMOU3yYeHne XMMUYECKON peakuuu
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— CHayana 6bi10 NpefCcKa3aHo TeOpPeTUYECKH, a 3aTeM 0OHAPYKEHO 3KCNepUMEH-
TanbHO. OHO BO3HMKAET, KOTAa IHEpPrus 3eeMaHOBCKOrO pe3epByapa NpPeBOCXOAUT
NOpor reHepauum; Toraa ABUXKeHNE AAEPHbIX CMIUMHOB CMOHTAHHO CTAHOBUTCA Kore-
PEHTHbIM, U TaKas KOrepeHTHas CcUcTeMa iep CTAHOBUTCA KBAHTOBbLIM reHeparTo-
POM, U3Nly4aOWMM B MUKPOBOSHOBOM 06nacTu. Ho 3T0 nwWwb 0fHa CTOPOHA XUMK-
yeckoi pagmodusnkn. Xumnyeckas peakums MOXeT ObiTb He TONIbKO reHepaTopoM,
HO U NPUEMHUKOM MWUKPOBOJH. lTpMemM Ha XMMUYECKOM ypOBHE ClefyeT U3 npuH-
LMMNOB CMMHOBO XUMWUU: PE30HAHCHOE MUKPOBOJIHOBOE W3NlyYeHMe CTUMyAUpyeT
TPUNNET-CUHINETHYIO KOHBEPCUIO PagMKanbHbix nap (MAM nap Apyrux CAUHOBLIX
HOCUTENeit) M U3MEHSIET BbIXOJ, XMMUYECKUX NPOAYKTOB. TaKMM 06pa3oM MarHUTHO-
cnuHoBble 3D deKTbl feNatoT OBUOXMMUYECKYIO PEAKLMIO XMMUYECKUM NPUEMHUKOM
MUKPOBOHOBOIO M3ny4yeHus. bonee Toro, Tako NpUeM MOXHO OCYLLECTBAATL Ce-
nekTMBHo. Ecan MMKpOBONHOBAA HaKayka 3aTparuBaeT BCe pafuKaibHble napbl
(6MoxMMnYeckux cybCcTpaToB), To 0OWMIA pe3ynbTaT CBOAUTCA K U3MEHEHUIO Bbl-
X0[a NPOAYKTOB peaKLMMN Ha pe30HAHCHbIX YacToTaxX. ITOT 3h(eKT Ha3BaH MarHUT-
HbIM PE30HAHCOM, LeTEKTMPYEMbIM MO BbIXOAY NPoAyKTOB peakuun — PUOMP (ot
aHrnuickoro reaction yield detected magnetic resonance, RYDMR). Ecnn Hakauka
CeNEeKTUBHA W 3aTParnBaeT TOIbKO PafMKaibHble Napbl C MarHUTHbIMK A4PaMK, BO3-
HUKAET ABNEeHNEe — PaAUOMHAYLMPOBAHHBIA MArHUTHBLIA U30TONHbIA 3dekT (PU-
MW3). W, HakoHeL, ecnu MUKPOBOHOBAA HAaKayKa CENeKTUBHA elle 1 NO OpMeHTa-
LMW A8epHbIX CNUHOB (T.e. 3aTparMeBaeTt aHCaMbM paguKabHbIX Nap ¢ U36paHHOM
OpUeHTaLuen AfepHbIX CMUMHOB), TO MOABNAETCA CTUMYAMPOBAHHAA NoAApu3aLmua
apep (CMA). Ito cBA3aHO C T.H. cNUHOBbLIM KaTanu3om. OH NpumeyaTeneH Tem, 4To
CMMHOBAA KOHBEPCUS peareHToB MHAYLMPYETCA NapaMarHMTHOM YacTuLen — cnu-
HOBbIM KaTann3aTopoM. KoHBepCHs NponCXOANT B pe3y/bTaTe 0OMEHHOr0 B3aMMO-
AeicTBMA Katanu3atopa (depmeHTa) ¢ peareHTamu. CNMHOBbLINA KaTanu3 yckopaet
pekoMOMHaLMIio pafMKanoB, yakC-M3o0Mepu3aLno CoeiMHeHN C ABONHON CBA3bIO
(Ha ceMb-BOCEMb NOPSAKOB), PEKOMOMHALMIO CMIUH-NONAPU30BAHHBIX aTOMOB U T.
A. Bo3MOXHO, 4TO CNMHOBBIN KaTanu3 fenUcTBYeT U B OMOXMMUYECKUX MpoLeccax
YKa3aHHOro npouecca pereHepawmmn NogKenyAoYHOM Xenesbl U B LUTONPOTEKTOP-
HOM 3¢ dekTe. B 0CHOBE CMMHOBON XUMUM N XUMUYECKON PAANODUIUKN NEXMUT Ma-
HUMYNMPOBAHME 3NEKTPOHHBIMU U AAEPHBIMM cnuHamu. Korga Takme MaHunynaumm
NPOM3BOAUT CaMa XMMUYECKAA peakLus, NOABAAIOTCA MarHUTHO-CNUHOBbLIE 3 dek-
Tbl, U B UX YUCNe — TreHepauusa MUKPOBOJH, KOFAa peakuua CTAaHOBUTCA MOJEKy-
nApHOM paguocTaHuueir. Korga MaHMnynaumMm co CNMHaMmM OCYLLEeCTBAAOTCA NOA
BO3[€/ACTBMEM MUKPOBOJIH, POXAAIOTCA M Apyrne MarHutHole 3deKTbl BTOPOro
nokoneHnus. OHW CNYKAT MHOMKATOPOM NpuemMa MUKPOBONH. VI cnuHoBas xumus, u
XMMUYeCKas pagnodm3nKa TeCHO CBA3AHbI, HO Y HUX €CTb U CaMOCTOATENIbHbIE 3a-
pauu. MNepsas pa3pabatbiBaeT HOBblE MPUHLMNbI YNIPABAEHUA XUMUYECKUMU peAK-
unAMK (B TOM YMCIe U C MOMOLLBI MUKPOBOJH), BTOPAs MMeeT KPYNHbI NpUKNaa-
HON BUOMEAULMHCKUI acnekT.
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B cBA3M Cc Bepcuein MonekynapHO-TKaHeBbIX «PAfMOCTaHLUN» BOZHUKAET NPUH-
LMNManbHbIA BONPOC O MPUYMHE BbICOKOW NpoHuKatowein cnocobHoctu MLLIIN. Kak
Mbl MTOMHUM, Of{Ha W3 FPYNN KPbIC B HAWKUX IKCNEPUMEHTAX Oblia nomelleHa B U30-
NIMpoBaHHOe 6EeTOHOM NoABaNbHOE NOMeLLeHNe, U TeM He MeHee, 3 deKT BO3aeil-
cteua ML Ha MBOTHbIX OblN [OCTOBEPHO 3aduKkcupoBaH. Ecnm Gruonornyecku
(MopdoreHeTuyeckn) peiicTeyowas yactb MW 3aHMMaeT MUKPOBONHOBBIN AKa-
Na3oH 3eeMaHOBCKOro pe3epByapa, To 3TOT yyacTok cnektpa ML3N byneT otdhunb-
TPOBaH OETOHHLIMWU MEPEKPLITUAMU MOABANLHOIO MOMELEHUS, TAe HaXOLUNUCh
KpbICbl B MOMEHT BOJIHOBOTO BO3JeNCTBMA Ha HUX. HO KpbICbl BO3AENCTBIUE BOCNPU-
HuMaloT. Kakum obpazom? Bo3moxHOe 00bACHEHME COCTOUT B CeayiolleM. IneK-
TPOHbI 3€eMAHOBCKMUX YPOBHEN IHEPruil BCex MeTaboNNTOB, BKIOYAs FreHeTuye-
CKMe CTPYKTYpbl, HAXOAACH B NOTEHLMANbHON KIHEPreTUYeCKOM AMe», UCNbITbIBAIOT
CBEPXTOHKMI NIMOOBCKUIA CABUT 3TUX YpOoBHel nopsaka 1000 Mlwu. OH o6ycnosneH
CyL,eCcTBOBAaHMEM NPOAO/bHbLIX POTOHOB fAEP aTOMOB, CO3AAIOWMNX €ro NpoLoSb-
Hoe (3M1eKTpOCTaTUYeCKOe) nose, KOTOPOe AUNONAbHO BO3MYLAET BAKYyM U C 3TUM
BO3MYLIEHNEM B3aUMOAENCTBYIOT iBUTalOLLMECH OpOUTaNbHBIE 3NEKTPOHbI aToMa. B
CBOIO 0Yepefib, 3TU INEKTPOHbI UMEOT COOCTBEHHOE 3/IeKTPOCTaTUYECKOE NOoNE, Co-
CTosllee U3 aHANOTUYHBIX MPOLONbHBIX POTOHOB. TakuM 06pa3om, aToMHas cucTe-
Ma 3/1eKTPOHOB (NepemMeHHas BO BpEMEHU) MHAYLMPYET BOKPYT cebs cocTaBHOe ne-
pemMeHHOe NPOAO0ALHOE 3NEKTPUYECKOe Nose, KOTOpoe B PopMe NPOAOAbHONM 3MeK-
Tpuyeckoit BonHbl (M3B) gBMraeTcs MrHOBEHHO BO BCEM OKpYXKalolleM NpOCTpaH-
cTBe A0 OGeckoHeyHocTU. BekTop YMoBa-lloMTMHIa 3TOM BOSIHBI PaBeH HyNIo, T.€.
IHeprua-uMnynbC AAHHOM aTOMHOM CUCTEeMOI He u3nyyaetca. OgHAKO CyllecTByIOT
BUXPU NPOAOALHOTO 3NEKTPUYECKOro nons Makceenna, oNnUCbIBAaeMOro BelecTBeH-
HOW YacTblo GukBaTepHMOHOB [bepesnH u gp., 2003], KOTOpble MOTYT NEPEHOCUTD
MHDOPMALMIO, UMEIOWYID YUCNEHHbIW 3HEPreTUYecKUin 3KkBMBaneHT bpuanioiHa-
lLleHHOHa. MonyyeHHas Takum nytem 3B, o6nagas aHOMaNbHO BbICOKOW MPOHM-
Katolen cnocobHOCTbIO, MPOXOAUT NOYTU Ge3 3aTyxaHMs 4Yepe3 pas/inyHble npe-
naTcTBUA (MeTanaMyecKue 3KpaHbl, HeppoMarHeTUKM W [JUINEKTPUKM, OGETOH).
AlApa KNeTku 1 ux 0OCHOBHOW KoMnoHeHT — IHK — Bo36yxpaatoT conutoHbl [Cmenos,
2001] cBA3aHHbIX BOJIH 3/IEKTPOHOB W rMNep3BYKOBbIX KONEOAHWIA KULKOKpUCTan-
JINYECKMX XPOMOCOMHbBIX CTPYKTYP, T.€. 3/IeKTPOH-BMOPOHHbIe KonebaHus [bepcy-
Kep, 1976] unu anekTpoH-afepHble BOSHOBLIE KonebaHus aBoiHoi cnupanu AHK.
YKa3aHHble 31eKTPOH-BMOPOHHBIE BOJIHbI Nepen3nyyaloT (paccemBatoT) nafatolyio
3B 06paTHO B 3p1p U MOTYT NPUHMMATLCA ApYrUMKU BUocucTeMamMn NOJOOHbIMM
TOI, Ha KOTOpYIO BO3JEMCTBYET NepBMYHasn BosiHa BO36yxaeHus M3B.

B cuny BbiCOKOI A06pOTHOCTM ~10% BCeX 3NEKTPOH-BMOPOHHbLIX KonebaTtesib-
HbIX CUCTEM OHM 00/13aAal0T BbICOKOW YYBCTBUTENbHOCTLIO, MCUYUCAAEMOI JONAMMU
NNAHKOBCKOrO KBAaHTA 3HEPrun B pacyéte Ha OfMH 371EMEHT KOrepeHTHOW Kone-
0aTenbHOM LIeNOYKK, KoTopas, Hanpumep, MoxeT ObiTb cnupanbio JHK unu mem-
OpaHoit KNneTkn. B oTKpbITbIX cocTOAHMUAX cnupann OHK, nHUUunMpyembix TenoBbIM
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ABUXXEHMEM B XKUBOWI KNeTKe, INEKTPOH-BUOPOHHbIE KONebaHMA CyLWeCTBYIOT B BUAE
CONMTOHHBIX (reIMKOUAANbHBIX, BAHTOBbIX, BUXPEBbIX) ABUKEHWUIA aTOMOB LLEMOYKMU.
370 TaK Ha3biBaemble coONUTOHbI CanepHo-MacnoBa, M OHU CNOCOOHbBI K CYUTBIBAHUIO
nHopmaumuu c «tekctos» IHK-PHK nocnegosarenbHocTeid. Mi3nyyeHune Takux «MH-
(hOpMaALMOHHbBIX» CONUTOHOB FEHEPUPYIOTCS 3NIEKTPOH-BMOPOHHBIMU KONlebaHMAMK
OHK n PHK. Mpu 3T0M cunTaHHasa C reHeTUYECKUX MONeKyn MHQOpMaLunsa MOXeT
nepefaBaTbCa ApYruM Knetkam (v 3a npepensi 6uocuctem) actadeTHo no mexa-
HU3MY paccesHus ¢ n3meHeHnem Yactot 3B, n3nyyeHHbIx B 061aCTb PagnoyacToT
W aKycTuyeckux 4actot. lpuyém nHdbopMaLMOHHOe paguoun3nyyeHne 3NeKTPOH-
BUOPOHHbIX KonebaHuit B dpopme MIB Ha onpefenéHHbIX YacToTax, B NPUHLMNE,
MOXET ynpaBnsTb OMoxumuyeckumu npoueccamu. M HaobopoT, Guoxummyeckue
peakuuu B npenaparax, 30HAMPYEMbIX NONAPU30BAHHbLIM JIa3€PHbIM U3JIyYeHUEeM,
MOryT reHep1poBaTh INEKTPOMArHUTHbIE PAAMOYACTOTHbIE KONebaHus.

B cBA3KM C BEpOATHOW BONIHOBOW reHETUKO-3HAKOBOW HArpy3KoiM BUXPEBbIX CO-
NUTOHHBIX COCTOAHUIA, UHMLMMpPYeMbIX HA Monekynax AHK n PHK in vivo, paccmo-
TPUM 3TV npouecchl 6onee geTanbHo.
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MaTtemMaTuyeckoe mopenupoBaHue
conutoHoB Ha 1HK®

Mapuo CanepHo nepBbIM Hayan KOMNbIOTEPHOE 3KCNEpPUMEHTUpPOBaHUE C CO-
nutoHamu Ha [JHK He TonbKo Kak ¢ hopManbHbIMU MaTeMATUYECKMMM CTPYKTYpPaMK,
OH NMOMbITANCA CBA3ATb UX MOBEAEHME B OLHOMEPHOM NPOCTPAHCTBE MOJIMHYKIEO-
TULOB C UX OUOTEHETUYECKUMU, @ TOYHEE, C INUTeHeTUYEeCKUMU dyHKUMaMM. Mpu
3TOM OH pa3Bua nepeyio mogenb conutoHoB Ha AHK, npepnoxeHHyto WHrneHpe-
POM W coaBTOpaMu. ITa MOAeNb W B nocieaytollem ee 6onee fetanbHble GOPMbI,
BKI0YasA Hawy (CM. HUXe), NPefCTaBNeHa B MOHATUAX MEXAHUYECKUX CUCTEM KaK
uenoyka ocuunnatopos (ocHoBaHui [HK), cBA3aHHbIX ynpyrumm HelMHeRHbIMU
caxapo-docdatHbimu cazamu. Benepg 3a CanepHo 0CHOBHOE BHUMaHMWe Mbl yaenu-
7N peanbHOo CYLEeCTBYOLWMM U3BECTHbIM NnocnegoBatenbHocTam [AHK n BanaHuio nx
Ha XapakTep NOBeAEeHUA CONMTOHOB. Ha mepBOM 3Tane mMbl MOBTOPUAN €ro 3Kcne-
PUMEHTbI, HO Ha CYLWECTBEHHO 6onee annHHbIX oTpeskax AHK. [eicTButensHo, co-
NINTOHHbIE BO3OYXAEHNS TUNA KMHKOB YyBCTBUTENbHBI K MECTY CBOEI MHULMALMM, U
npoaBuMXeHune ux Baonb ogHon n3 uenoyek [HK, korga oHu packpbiThl BCreacTeume
TenNoBbIX AYKTyaLUnii, CONPOBOXAAETCA Cneuncdnyeckon Moaynaunein Tpaekto-
PN KMHKOB BO BPEMEHU U B OQHOMEPHOM NPOCTPAHCTBE NONUHYKNeoTU0B. Takue
CONUTOHbI ABNAKOTCA CTPYKTYPAMU, U3NYYAIOLMMUN 3EKTPOMArHUTHOE U aKyCcTUYe-
CKOe noJe, UX BHYTPEHHAA KonebaTenbHas CTPYKTypa CnocobHa oTobpa3utb U pe-
TPAHCNMPOBATH TEKCThI U MHble 3HAKOBble CTPYKTypbl IHK BO BHYTpU- 1 BHekneTou-
HOe NPOCTPAHCTBO, MO KpalHel Mepe Ha YPOBHE KPYMHbIX 6I0KOB Noc/ief0BaTesib-
HocTel. B KayecTBe npumepa MOXHO NPUBECTM MOBEAEHME KMHKA HAa parmMeHTe
oguHoyHon uenn OHK gpnunon 1020 HyKNeoTMROB M3 BUPYCA CAPKOMbI NTULL.

(5" — Hayano) = GGC CTA TGT GGA GAG GAT GAA CTA CGT GCA CCG AGA CCT GCG
GGC GGC CAA CAT CCT GGT GGG GGA GAA CCT GGT GTG CAA GGT GGC TGA CTT TGG GCT
GGC ACG CCT CAT CGA GGA CAA CGA GTA CAC AGC ACG GCA AGG TGC AAG TTC CCC ATC
AAG TGG AGA GCC CCC GAG GCA GCC CTC TAT GGC CGG TTC ACC ATC AAG TCG GAT GTC
TGG TCC TTC GGC ATC CTG CTG ACT GAG CTG ACC ACC AAG GGC CGG GTG CCA TAC CCA
GGG ATG GGC AAC GGG GAG GTG CTG GAC CGG GTG GAG AGG GGC TAC CGC ATG CCC TGC
CCG CCC GAG TGC CCC GAG TCG CTG CAT GAC CTT ATG TGC CAG TGC TGG CGG AGG GAC
CCT GGA GGA GCG GCC CACTTT TCG AGC TAC CTG CAG GCC CAG CTG CTC CCT GCT TGT
GTG TTG GAG GTC GCT GAG TAG TGC GCG AGT AAA ATT TAA GCT ACA ACA AGG CAA GGC
TTG ACC GAC AAT TGC ATG AAG AAT CTG CTT AGG GTT AGG CGT TTT GCG CTG CTT CGC
GAT GTA CGGGCC AGA TAT ACG CGT ATC TGA GGG GAC TAG GGT GTG TTT AGG CGA AAA

9 [Bnaroparckux, lapses u ap., 1996; lapses, 1997].
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GCG GGG CTT CGG TTG TAC GCG GTT AGG AGT CCC CTC AGG ATA TAG TAG TTT CGC TTT
TGC ATA GGG AGG GGG AAA TGT AGT CTT ATG CAA TAC TCT TGT AGT CTT GCA ACA TGG
TAA CGA TGA GTT AGC AAC ATA CCT TAC AAG GAG AGA AAA AGC ACC GTG CAT GCC GAT
TGG TGG AAG TAA GGT GTA CGA TCG TGC CTT ATT AGG AAG GCA ACA GAC CGG GTC TGA
CAT GGA TTG GAC GAA CCA CTG AAT TCC GCA TCG CAG AGA TAT TGT ATT TAA GTG CCT
AGC TCG ATA CAA TAA ACG CCA TTT GAC CAT TCA CCA CAT TGG TGT GCA CCT GGG TTG
ATG GCT GGA CCG TCG ATT CCC TAA CGA TTG CGA ACA CCT GAA TGA AGC AGA AGG CTT
CATT 1020 < (3'-koHeL)

C-panton OHK (1=1020 HykneoTupa) Ha 3'-KoHLe Bupyca capkombl nTul. Cogepxut He-
CKOJIbKO «CEMaHTUYEeCKU» ONpefeNeHHbIX Y4aCTKOB, TaKMX, KaK MONUNENTUL-KOLUPYHIOL Ui
yyacTtok (mexay 558 u 675 Hykneotugamm); PolA (936) — 3'-koHew, BupycHoi PHK, caint
nonuageHunupoBanusn; 916 Hykneotns — 5'-koHeu, BupycHoi PHK («capping site»); Red-
yyactok (917 - 936) — KOpPOTKMIA KOHLEBOW NOBTOP BUPYCHOIO reHoMa; Pro — BepoATHbIi
KOMNOHEHT npomoTopa TpaHckpunuun (Mexay 870 v 900); nanuHapoM-«wnuabka» (870-
912)%.

Ha Puc.1 v 2 KUHKK uMeloT (OpMy «FOpHbIX rpAaa», @ He CTyneHeK, NOCKOMbKY
B3ATa NPOMU3BOAHAA OT PYHKLUM ypaBHeHUA CMHYC — [opaoHa. 3aech ropu3oHTanb-
Has ocb — nocneposarenbHocTb [IHK, BepTukanbHas — amnautyga conutoHa. Ocb
Ha 3puTena — Bpema. BugHo, Kak npu U3MeHeHUU MecTa MHMLMALUKN CONUTOHA Ha
onpefeneHHbIX NOCNeA0BaATENIbHOCTAX MOJNIMHYKIEOTUAA 3aMETHO MEHAETCA [MHA-
MWUKA 3TON yeAMHEeHHOI BONHbI B hopMe ee BpallaTeNbHO-KonebaTeNbHbIX ABUKE-
Hui Baonb uenoyku OAHK.

Wccnepyemblii paitoH Monekynbl 60orat yHKLMOHaNbHO (CeMaHTUYeckn) 6uo-
NOFNYECKN 3HAYUMbIMU YHACTKAMU, U Mbl BNPABE OXMAATb, YTO OHMU, ITU YYACTKH,
OyayT M3MEHATb, MOYNMPOBATh, TO €CTb BBOAUTL B 0AUHOYHYI0 Lenoyky AHK unu
B PHK «TekcToByto» nHdopmauuto. TakoBas OyAeT peann3oBatbCs B CNeKTpe Kose-
GaHU CONUTOHHOI BOJIHbI BAOMb LEMOYKM NMONUHYKNe0oTMAA. Takon cnekTp byaeT
oToOpa)kaTb NOCNef0BaTENbHOCTU HYKNEOTUAOB W, TEM CaMbIM, OYLET UCNONHATL
pOJib NEPEHOCYMKA FEHETUYECKUX CooOLWeHnA. Takas Moaynaumus KonebatenbHOM
CTPYKTYPbl CONMTOHOB OTYETANBO HAbNIOAAETCA HA NpUBeAeHHbIX rpadmkax. Mox-
HO nofaraTtb, YTO CMEeKTPaNbHbI COCTAB YacTOT KONebaHUN CONUTOHOB ABNAETCA
OAHWUM 13 MexaHM3MOB Npeobpa3oBaHus TekcToBbiX cTpYKTYp AHK 1 PHK B BONHO-
BYIO (OPMY M CPefCTBOM Nepefayn reHeTUYeCKMX U UHbIX COOOLLEHMIT B OfHOMED-
HOM MPOCTPAHCTBE BLOMb LIeNOYeK NMONMHYKNEO0TUA0B U (MAK) B TPEXMEPHOM U3Me-
PEHUN reHOMa KaK OTAeNbHO KNETKM, TaK U TKAHEBOTO KOHTUHYYMa 6MOCUCTEMBI.

Tak paboTaeT KOMNblOTEpHas MOLeNb AUHAMWUKM CONIUTOHOB, B OMNpeAeneH-
HoW mepe pa3sutas CanepHo nocne ee BbigBuxeHus NHrneHgepom. CanepHo gan
cbopMann3Mm, onucbiBalOWMIA BpaLlLaTeNnbHble KonebaHUs HYKNeOoTUAO0B MONEKYNb
OHK, ansa toro 4to6bl 06BACHUTL IKCNEPUMEHTANbHbIE AaHHble MO BOAOPOLHO-

10 XecuH P.b. HenoctosHcTBO reHoma. M,1984. C.248.
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400-u
Puc.1 Bnusanue HykneotugHon nocnegosarenbHoct IHK Ha guHamuky KoHdopMaLmnoH-
HOro BO3MYLLEHUA BOJHbI CONUTOHA. [locneaoBaTeNbHOCTb HYKNE0TUA0B — BUPYC CAPKOMbI

nTuy, (nepeble 600 nap ocHoBaHWM). LleHTp Bo3myweHns — 400-i HYKNeOTUA. y — aMmniu-

Tya COANUTOHA, X — LJIMHA NOAKUHYKNeoTMAA (MX YMCNO), Z — BpeEMS.

450-u
Puc.2 To xe, yto Ha Puc.1, Ho ueHTp Bo3MylweHuna uenoydkn NHK Ha 450-om HykneoTtuge.
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Tputeomy oomeHy B [IHK. CornacHo atoit mogenu, no UurneHpepy, B uenn OHK
MOryT BO3HMKaTb (Mo BO3AEACTBMEM TENAOBOTO WYyMa) U PacnpoOCTPaHATLCA OT-
KpbiTble cOCTOAHUA («nnaBneHune» ABoiHoi cnupanu HK Ha KOpOTKuUX yyacTkax,
oboraleHHbIx AT-napamu ) B BUAE IOKANN30BaHHbIX AUCNOKALMIA.

Mapuo CanepHo, npogomkas paboty MHrneHaepa B ynpouEHHOM BapuaHTe,
BbISABUA BAUAHME NOCNELOBATENbHOCTU HYKNEOTUAOB HA HEJIMHENHYIO CONUTOHHYIO
AVHAMUKY BpallaTebHbIX KofebaHUN HYKNeoTUAOB Ha OJHOTAXHbIX yyacTkax [HK,
obpasyowmx Takne oTKpbiThle («open statew») obnactu. Mo3gHee Akywesuny, Pe-
ASiHWH, XOMMa 1 p. pacCMOTpenu pa3nuyHole 0606ueHns mogenn NHrneHaepa, ¢
oLeHKol ocobeHHocTel cTpoeHus [HK, yuntbiBas 06pbiB BOJOPOAHOI CBA3M NpK
OTKPbITUM OCHOBAHWI, napHocTb uenu LHK u apyrue cteneHn cBoboabl, OTINYHbIE
OT BpaLatenbHbix. OHAKO B YKa3aHHbIX paboTax HEAOCTATOYHO CKA3aHO O NPUYK-
Hax BO3HMKHOBeHMA aucnokauuin B HK. Mbl npegnaraem BO3MOXHbIN MexaHWU3M
3Toro npouecca B [1HK, anbtepHatuBHbIN runote3e NHrneHaepa o BO3AeNCTBUK Te-
NJ0BOrO WyYMa KaK NPUYMHbLI PACKPbLITUA Nap OCHOBaHUI. Mbl cuutaem, 4To gucno-
kaumn Ha JHK moryT Bo3HuKaTb npu nameHeHun nepuopa cnupanu AHK (ocHos-
Has YacTb uaeun npuHagnexut M.K0.Macnosy). B Hawe mopenun Hykneotuasl OHK
PacCMaTpUBAOTCA KaK OCLMANATOPbI, NOABELIEHHbIe HA HEBECOMOM HEPACTAXUMOM
CTepxHe; caxapo-docdarHas CBA3b MEXAY COCEAHUMU HYKNeoTULAMUN B Lenn Mo-
AENUPYETCA NUHEHHbIMU NPYXUHAMKU; CNUPanu3aLusa BLOMb Lenu He YYMTbIBAET-
CA; BOLOPOAHbIE CBA3N MeXAY KOMNAeMeHTapHbIMU OCHOBAHUAMU MOAENUpyeTCA
«TPaBUTALMOHHbIMY» noTeHuunanom. lamunstoHnaH no M. CanepHo BbImAguUT cne-
Ayolwmm obpasom:

&1 2 02 , )
H=ZE Ii(cpi+6i)+Ki(¢i+l_¢i) +Ki(6i+1—6i) +7\iﬁ[1—cos(¢i—6i)],

(1)
rne: 0,¢. ymbl BpalleHnit HyKneoTaos B pasHbix uensax, K, K, KoHcTaHTbl
ynpyrocti Bfonb uenei, N — 4ucno nap B uenu, I, — MOMEHT UHEpPLMM OCHO-

BaHWUM, B KOHCTAHTa yNpyroctu BOJOPOAHbIX CBA3ei MEXAY KOMMIEMEHTapHbIMU
OCHOBAHUAMM.

Koadduumnentel 4, B ypasHenun (1) onpenensaotca B COOTBETCTBMM C npa-
Bunom: A, =2 B cnydae AT u TA nap, 4, =3 B cnydae I'lf n Ul nap; f=2-107 napa-
MeTp, onpefeneHHbln PeaaHnHbiM U AKyweBny' 1 NONYYEHHbIN HA OCHOBE MOAe-
N cuHyc-TopaoHa 1 3KCNepuMeHTaNnbHbIX faHHbIX. [lanee ans ynpoueHns moaenu
cuntaetcs, yt0 K, =K. =K, I =1.

YpaBHeHUs ABUKEHUA AnA pasHocTu @, = ¢, — 0., nonyyeHHble u3 (1), umetot
no M. CanepHo Bup:

¢, =0, —2¢,+@,,, - Apsin(p,). (2)

e Npou3BeaeHa 3ameHa t —> 4/ £,

11 Fedyanin L.A., Yakushevich L.V. // Stud. Biophys.1984.V.103. P.171.
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B cnyuae 4.=A=I , B cucteme (2) MOXXHO nepeiTy K 6e3pasmepHomy auddepeH-
LManbHOMY ypaBHeHMI0 cuHyc-lfopaoHa:

©: =P, —SINQ (3)

«HenpepbIBHbIA aHanor» cuctemsl (2). 3To ypaBHEHUE UMEET CONUTOHHbIE pe-
WeHWA, B YACTHOCTW, OQHOCONUTOHHOE peLleHne, NN KUHK, COOTBETCTBYET AUCIO-
Kauuu B Lenu.

OcHoBHbIM npeanonoxeHnem mopeneit Nurnenpgepa—CanepHo saBnaerca 1o, Yto
B3aMMOAENCTBME MEXAY KOMNIeMeHTapHbIMU OCHOBAHUAMU OMUCHIBAETCA NOTEH-
unanom V() =1-cos(ep) (4), B KOTOPOM He yuuTbiBaeTcs 06PbLIB BOLOPOAHON
CBA3N.

B Hawei paboTe paccmaTpMBaeTca ciefyloWwmi notTeHyman:

_ I-cosgp, cosp >cosC

Ve(p) = .

I-cosC, cosp =cosC

Kpome Toro, yuntbiBaeTcs BA3KOCTb BOAHOI cpefbl (B BOAE BA3KOCTb P ~ 1).
PaccmatpuBatoTcs Takxe (aktopsl, npusoaswme K cnupanusaumun OHK, npu
3TOM OHMW CYMTAIOTCA BHEWHUMU CMNAML, 3ajaBAaEMbIMU MOTEHLUANOM

T iy < {1705 Lo (=D), - cosg > cosC
c \@;» I-cos(C+L-(i-1)) COS(pscosC’

L2
D

roe D — nepuof cnupanu. B
YpasHeHna (2) ¢ notexumnanom V.5 (@,,i) ¢ y4eToM BA3KOCTU NPUHUMAIOT
BUA:
x7 L
Q=0 =29, + P, - %(cp,-,i)-
e (5)
N3BecTHo, 4To nepuop cnupanu OHK meHsAeTcs B 3aBMCUMOCTU OT BNIAXKHOCTH.
B yactHocTu, ans kpuctanauyeckoi IHK D =10, a 8 BogHOM cpefie D, — B npepe-
nax ot 10.3 go 10.6. ViMeHHO 3TUM dhakTOpoM 0OYCNOBAEHO IBJIeHME Cynepcnupa-
nn3auum. Mpn n3meHenmmn wara cnupanu B uenn OHK (¢ dumkcupoBaHHbIMU nau
3aMKHYTbIMW KOHLLAMW) BO3HWKAET HANpsXeHue, CBA3aHHOE C HEAOCTAaTKOM (M3-
ObITKOM) KONMYeCTBa BUTKOB CMMPanu A0 PeNakCUpOBAHHOTO coctosHus. Ecnu

D,, - D,,. =05 T0 npu nepexoAe n3 Cyxoro B yBNaXHeHHOe COCTOAHWE [N
uenu aanHoi B 300 nap 0CHOBaHUN BO3HMKHET 130bITOK B 250 - (D;rly -D )=12

BUTKaA.

Ha ocHoBe pe3ynbTaToB YNCNEHHOTO MOMENMPOBAHUS, NPeACTaBAeHHbIX HIXKE,
npefnonaraeTcs, YTo M3MEHeHKe Wara CNpan MOXKET NPUBECTU He TONbKO K Cy-
nepcnupanu3aumumn, Ho MU K JI0KaAbHOMY PACXOXAEHUID 06eUX KOMMIeMeHTapHbIX
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uenoyek AHK. Kpome Toro, npu cynepcnupanusaunm HanpsKeHue B Lenm CHUMa-
eTCS He NOJNIHOCTbIO, NO3TOMY NIOKANbHOE PAaCXOXAEeHWe, BEPOATHO, MOXEeT Npouc-
X04MUTb U OJHOBPEMEHHO C Cynepcnupanu3aunen.

Cuctema (5) uncneHHo uHTerpupoBanacb B uHTepsane T€[0,2000] ¢ warom
AT=0,1. HayanbHble ycnosusa cnegytouyme:

¢:(0)=¢(0), ¢,(0)=¢;(0), D=D,

Mepuop cnupanu B cucteme (5) D=D, anunHa poly(A)-uenu — 300 nap ocHoBa-
HUi. To eCTb NapameTpbl NepUoaa CNUPaNN B Ha4abHbIX ycnoBuax u B cucteme (5)
pa3nuyHbl. Takum obpasom, MogenmposaH nepeHoc JHK n3 kpuctanauyeckoro co-
CTOSIHMSA B YBNAXHEHHOE, 6/IM3KOe COCTOAHMIO in Vivo.

[paHWYHble ycnoBus cnepytolwme (HA30BEM UX «KBA3ULUKINYECKUMUY):

Qo =Py =T, @y, =@,=T, T=q,=0,.

0co6eHHOCTbI0 AAaHHON MOJENN SBASETCA TO, YTO NPU Nepexofe U3 COCTOAHMUS
¢ nepuogom B 10 nap B coctosiHne c nepuogom B 10, 5 nap noytu BCA Lenb OKasbl-
BAeTCA AeHATypPMpPOBAHHOMN («pacnnaBneHHO»). MpuBefeHHbIe HUXKe pe3ynbTaThl
OMMCbHIBAIOT MNPOLLECC peHaTypaLMmn TaKol Lenun C BOSHUKHOBEHMEM AUCNOKALUN.

B 3Tux 3kcnepumeHTax BapbupoBanu napametpbl: 1) guccunaums p=0.1...1,
2) oTHOlWeHMe napameTpos ynpyroctu /K=0,1...0.5, 3) yron o6pbiBa BOAOPOLHbIX
ceazeit C=¢ =10°..20°.

Ha Puc. 3 n 4 npefcraBneHbl pe3ynbTaTbl YACNEHHOTO UHTErPUPOBAHUSA CUCTE-
mbl (5). Moka3aHa He cama dyHKLMA @(x,E) , a pasHuua P(x,7) =@~ (x), nockons-
Ky 06N1acTb n3meHeHus hyHKUMKU @(x,t) (npnbansutensHo ot 0 fo 160) Benunka no
CPaBHEHWIO C XapaKTepPHbIMU U3MEHEHUAMU B cucTeMe (NpubansutensHo ot 0 fo
9). lopu3oHTaNbHas YacTb rpadMKOB COOTBETCTBYET HE pa3oLWeAWeMyCa y4acTKy
[OHK (nBoitHas uenouka) c nepuopom cnupanu D ,. HaknoHHas 4acTb rpaduKoB Ha
puc. 3(a), 4(a) cooTBETCTBYET AUCIOKALMN.

Ncxopa n3 3To Moaenu, MOXHO nonaratb, YT

1) CnocobHOCTb K 06pa3oBaHMI0 AUCNOKALMM B 3TOW MOLENMN CUABHO 3aBUCUT
otq_ . Mpng =20°aAncnokauns BO3HMKIA BO BCEX PACCMOTPEHHbIX CIy4asnX.

2) CnocobHOCTb K 06pa30oBaHMI0 AMCNOKALMM TAKKE CUAbHO 3aBUCUT OT napa-
metpa /K. Bo Bcex cnyyasx, korga napametp /K senuk (/K=0.5),

Ha Puc. 1.3, 2.a ), oucnokauusa Bo3HWKAA. B nonb3y 3Toro cBmMaeTensCTBYET Tak-
e cpaBHeHue Puc. 3(a) u 4(r).

Kak nokasbiBalOT JONONHUTENbHBIE PACYEeThl, BAUAHME Y Ha 3 deKT nposBas-
eTCs B MeHbluei cTeneHun. ucnokaums obpasyercs unm He obpasyetcs BHe 3aBU-
cumocTu oT 3HaveHus ¥ (y=1 uan y=0.1). MNpu 60NbWIUX 3HAYEHUAX Y AUCNOKALUS
obpa3syeTcs MeANeHHee, YeM NPU MEHbLLMX.

3) Ha Puc. 3(a), 4(B,r) BULHO, 4TO ANCNOKALMA UMEET KUHKOOOPa3HYy (opmy.
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lnpuHa gucnokaumm 3aeBucut oT napametpoB /K (4em 6Gonbwe B/K, Tem
MeHblle WMPMHA AMCAOKauun) n ¢ (4em Gonblie ¢, TeM MeHblie WAPUHA
LMcnoKaumuu).

Pa3BuBas Janblie MOAeNn CONUTOHHbIX BO30OyxaeHun B [HK (coBmecTHo ¢
M.H0.MacnoBbiM 1 Ap.) Mbl UCNOB30BANM YCAOBUSA, NPU KOTOPbIX Lenoykn JHK mo-
LeNNpyTCcA HABOPOM POBUOPOHHbIX OCLMNNATOPOB, NOJBELIEHHBIX HA HEBECOMOM
HEpPACTAXMMOM CTEPXKHE; ANA NPOCTOTHI CIMPANM3aLma Lenmn He y4nTbiBaeTCs, a po-
BUOPOHHbIe CTeneHun cBoOObl OAHO U3 LEenoYeK CUMTAOTCA «3aMOPOXKEHHBIMUY.

B 3TOM cnyyae raMmMnbTOHMAH ONA AKTUBHOM» LLENOYKM 3aNUCbiBAETCA B Clle-

Aylouem Buae:
H=H,+H +H,

N N N

H, = lElcpf, H = lEK(l—cosAcpf), H, = Ekiﬁ[l—coscpi],

23 24 i=1 (1)

rae: N — 4ucno nap ocHoBaHuil B uenu; H, — raMuibTOHMAH, ONUCbIBAIOLLNIA

COOCTBEHHbIE OCLUMANALMM MOHOMEPOB (¢, — Ybl BPAILEHUA HYKNeOTU0B B Lie-

noyKe, I — MOMEHT UHEPLUM OCHOBaHWI); H , — raMunbTOHNaH, XapaKTepu3yowunii

HEeNMHENHO-NePMOAMYECKYI0 CBA3b Mexay ocumnnatopamu (K — KOHCTaHTa ynpy-
roCcTu LEenoyku, A(P,-=CP,-+1‘°P,-)' H2 — FAMUNBTOHUAH,

0.9461

0.0299
300 )

: -0.0572
TIME ' arre 300 a)

a) y=1, p/K=0.5, ¢, =10° 6) y=1, p/K=0.1, ¢, =10°
a)x0=200 6)x0=250

Puc.3

1
Mpu manbix Ag, raMUNLTOHNAH H, = EEKACPiZ , YTO COBMAfAET C COOTBETCTBYIO-

e yacTblo 06Lero raMMabTOHWAHA, UCMONb30BAHHOMO paHee (CM. Bbiwe). B 3ToMm
C/yyae ypaBHeHUA IBUKEHUS ANA ¢,, NONYyYeHHble 13 (1), umetoT BuA:

¢, =, =29, +¢,,, — APsin(g,). (2)
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-0.1122

20001 SME 00

B)
B) =1, p/K=0.5, ¢_ =20° r) y=1, B/K=0.1, ¢  =20°
B) x0=300 r) x0=350

Puc. 4 onucbiBalOWMin HENMHENHYIO CBA3b MEXAY KAKTUBHOWMY» U «3aMOPOXEHHOI» ($pi=0
) uenoykamu AHK (f — kOHCTaHTa ynpyrocTu BOLOPOAHLIX CBA3EH MEXAY KOMNIEMEH-
TapHbIMM OCHOBAHUAMM, KO3 duLUMeHTb Ai B ypaBHeHUM (1) onpenensoTcs B COOTBET-
cTBUM ¢ npaBunom: Ai =2 B cnyyae AT u TA nap, 4i =3 B cnyyvae 'L, n Ul nap; f =2-10-3

— napaMmeTp, NoJyYeHHbIN paHee (CM. Bblle) U Onpeaensiemblit HA OCHOBE MOAENN CUHYC-
lopooHa).

K
B cnyyae 4.=4 B cucteme (2) MOXHO nepeinTn K 6espazmepHomy auddepeHLun-

aNnbHOMY ypaBHEHUIO CUHYCc-ToppoHa:

®, =@, —sing, (3)

«HEenpepbIBHbIA aHaNor» cuctemsl (2). ITo ypaBHEHNE UMEET CONMTOHHbIE pe-
weHnd, B 4aCTHOCTHU, OAHOCOJIMTOHHOE pelleHne, UNU KNHK, xapaKTepM3yrom,m7| an-
HaMUKy paCnpoCTpaHeHUA ANCNOKaLU KN B LiEeNN.

B cooTtBeTcTBMM € (1) CMCTEMA HENMHEMHBIX YPABHEHWUN ABUKEHUA 3aMUCbiBa-
eTcs cnepytolwmm obpasom:

roe npoussefeHa 3amMmeHa t'— w/L t.

('pi = Sin((pi—l _(Pi) + Sin((Pm _CP,') - 7“;‘ %Sin(@i)° (4)

Kak Bnanm, cuctemsl (2) n (4) cywectseHHo pasznnyatotca. OTMeTUM, 0aHaKo,
4YTO NPOBEAEHHOE YNCNEHHOe MOAEeNNPOBaHME ANHAMUKK cucTeM (2) u (4) nokasa-
N0 Cnepytollee: eCu B Ka4ecTBe HayasnbHbIX YCNOBUIA A YNCTEHHOTO UHTErpupo-
BaHUs (2) BbIOpaTb OHOCONMTOHHOE PELIEHNE ero «HenpepbIBHOro aHanoray (3)
— KMHK (CM. Bbllwe), TO 06HAPYXMBAETCA NPUHLMUNNANBHOE CXOLCTBO B XapaKTepe
peLleHuii.

0pHaKo, Npu 3aaHUK HaYaNbHbIX YCIOBUI B CleAyloLLEM BUAe:
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-

0 A(x-x,)<0
@(x,0) =¢°(x) =1 A(x - x,) 0<A(x-x,)<2m,
| 2m A(x - x,)>2m
( 0 A(x-x,)<0
cp(x,0)=cp0(x)=< 1 0=<A(x-x,) =2m,
| 0 A(x -x,)>2mn (5)

roe @°(x) — «cTyneHyartas» MYHKUMS C BbICOTOW CTyNeHu 27T 1 YINOM HAKNOHA
ycTyna A, BbIABUAOCH pasinyne OUHAMUKM JaHHbIX cuctem (cpas. puc.l u 2, 3).
Bonee To4HO, cucTembl (2) 1 (4) YNCNEHHO UHTErpUpPOBaNUCL MeTofoM PyHre-KyTTa
YeTBEPTOro NOPSAAKA C HAYaNbHbIMU YCIOBUAMY, 3aAaHHbIMK B BuAe (7), B UHTEpBa-
ne T€[0,750] ¢ warom AT=0.1. [paHWYHbIE YCNOBUA — KKBA3U-LUKANYECKMEN:

Qo =Py =T, @y, =@, =T, T=0¢y =0,

A=2 (nonn-A-nocnenosartenbHocTb). lapametp cuctemsl B/K=0.1. Bapbuposa-
nn napametp A (yron HaknoHa yctyna dyHKumMmn @°(x)).

YucneHHoe nHTerpupoBaHue cuctemsl (2) nokasano, 4to obpasyTcs e ye-
AVHEHHbIX BOJTHBI, JBUXYLWNXCA CNPaBa HAEBO MO Lenu C NOCTOAHHON CKOPOCTbIO.
lepBas BoNHA umeeT POpMy KBa3MKMHKA, @ BTOpas BONHA umeeT popMy KBasu-
Opu3epa, NpuMyemM CKOPOCTb MEPBON BOJIHbI MPEBOCXOAWUT TAKOBYIO NS BTOPOA.
06e BONHbI 33 CYET KKBA3ULMKIIMYECKNUX» FPAHUYHbIX YCNOBUIA, OXOAsA O NIEBOIO
KOHUQA, NOABNAIOTCSA HA NPaBOM KOHLe 6e3 usmeHeHus csoeit hopmbl. KBasnKkuHK,
NPOXOAA MO LEenn MAATHUKOB, M3MEHAET KOOPAMHATY KAaXA0ro MasTHWKA Ha yron
(MasTHUK fenaeT nosHblii 060poT). Mo3TOMy, NPOX0AA NO 3aMKHYTOW Lenu MasT-
HUKOB K pa3, OH M3MeHAET KOOPAMHATY KaXAoro MasaTHUKA Ha yron Kx2mw. 3tum
00bsACHsAeTCA «ycTynoobpasHas» dhopma rpadukos. Ha puc. 2 npeacraBneHsl pe-
3yNbTaThl UHTErPUPOBAHUA CUCTEMBI (4) Npu Tex e ycnoBuax. U3 pucyHka BugHo,
4TO 00pa3yIOTCA Te Xe ABEe YeAWHEHHbIX BOMHbI — KBA3UKUHK U KBa3ubpusep. Ho
NPUHLMNUANBHOE OTAUYME OT PACCMOTPEHHOIO C/ly4asn COCTOUT B TOM, YTO KBa3u-
KMHK B CAMOM Hauasne OBUXETCA C OTpULATEeNbHbIM YCKOPEHUEM, TaK Y4TO B pe3yib-
TaTe ero CKOpPOCTb OKA3blBAETCA MEHblIe CKOPOCTU KBa3nbpu3epa. 3aMeTuM, 4To
nccnefoBaHMsA NPOBOAMAKUCH HA OQHOPOAHOW nonu-A-NOCNefoBaTeNbHOCTU; TaK
YTO M3MEHEHME CKOPOCTU KBA3UKMHKA HENb3A 00bACHUTL BAUAHWEM HEOAHOPOA-
HOCTU LLenoYKK. ITOT 3pdeKT 00bACHAETCA HENMHENHBIM B3aUMOLLEACTBUEM MEXIY
ee MOHOMepaMmMm.

Puc. 3 unnioctpupyet pe3ynbtaThl MHTETPUPOBAHUA CUCTEMBI (4) Npu Tex xe
YCNOBUAX 3@ UCKAOYEHMeM TOro, YTo A=2. B faHHOM cnyyae peanu3yeTcs TONbKO
KBa3MKMHK W ero oTpuLaTeibHOe YCKOPeHWe B Hayane BUXEeHNA TaKOBO, YTO B pe-

186



BosHosol 2eHom. Teopusa u npakmuka.

3y/ibTaTe OH [BUXXETCA B HanpaBAeHUW, NPOTUBOMONOXHOM NepBoHavyanbHomy. Mpu
WHTErPUPOBAHUM CUCTEMBI (2) B @HANOTUYHBIX YCIOBUSAX TaKkKe 00pa3yeTcs TONbKO
KBa3MKMHK. Ero cKOpoCTb He MeHAeTCA No CpaBHEHUIO co cnyyaem Puc. 1.
CyuiecTBeHHO, 4TO NpM COOTBETCTBYIOWMX ycnoBusax B cucteme Tuna AHK nau
PHK moryT BO3HWKHYTb NepeB36yKaeHHble POBUOPOHHbIE COCTOAHUA. Ha KBaHTO-
BOM 513blKe 3TO OblN0 Obl AflEKBATHO Nepe3aceNeHunio BbICOKO NIEXALLMX KBAHTOBbIX
YPOBHel Mo CPaBHEHWUID C OCHOBHbIM (peann3aunn UHBEPCHOI 3aceneHHocTn). B
3TOM C/ly4yae BO3HMKAeT 3aMaHy4yMBaA MbIC/b, CBA3aHHAA C NPUHLMNNANBLHON BO3-
MOXHOCTbIO co3fiaHusa 6uoconutoHHoro nasepa (bC/) Ha monekynax OHKS.
OpHaKo, B TEOpUN AUHAMUKM BMONONNMEPOB XOPOLLIO U3BECTHO, YTO KOHOPMaA-
LLMOHHbIE ABUXEHUA Peanun3yioTCA N0 MexaHU3My orpaHuyeHHon anddysnm BBuay
CUNBLHOTO BUAHUA JUCCUNATUBHBIX CUNI CO CTOPOHbI MUKPOOKPYXeHus. 1o 3aTon
npuynHe pewerune npodbnemsl cospanuns bCJ Ha AHK npeactaBnsetcs Becbma npo-
6s1IeMaTUYHBIM, N0 KpalHen Mepe, AN NOATBEPKAEHUS UAEN HeOOX0AUMO BbINOJ-

HeHue ycnoBuin: T =—<7T,., e Ax 1 v — WHUPUHA U CKOPOCTb COIUTOHA COOT-
1%

BETCTBEHHO, T, — BpeMsa auccunauuu. Monoxuns Ax=5A nv=10°cm/s (cKopocTb
3BYKa), MMeeM oueHKy T, >5x10%s. OTMeTMM, 4TO XapaKTepHoe BpeMs AMcCUna-
LMW 33 CYET BOLHBIX TMAPOAUHAMUYECKUX CUN rdm=1012+101°s a BpeMma 3atyxaHus,
obycnosnneaemoe npoueccamum BHyTpU camoit monekynsl T, =10"'+10% (cm.,
Hanp., WanTaH K.B. buodusnka. M.,1994. 1.39. C.949.; YepHasckuit n gp. 1986. N
287. C. 21.).

CywecTByeT TaKxe U Apyras CN0XHOCTb B OTHOLWEHUM CAaMOCOMAcoBaHmMa 6uo-
COJIMTOHOB U BOJIHbI 3N1€KTPOMArHUTHOrO nepeunsnyyeHuns. HanoMHuUM, 4TO MaTeMa-
TUYeCKoe MOAeNNpPOBaHNE B JAHHOM C/ly4ae NPOBOAMIOCH HA MOHOTOHHOW noiu-A
AHK 1 noatomy octaBanocb HeACHbIM BAUAET M reTeporeHHas ectecTBeHHas no-
cnepoBatenbHocTb [QHK Ha AMHAMWMKY CONUTOHHOrO BO3OVXKAEHWUS B MOJEKyne.
Y1066l NpoBEPUTL 3TO, Kak M paHee, 6bin B3aT C-paitod JHK Ha 3'-koHLue Bupyca
CapKOMbl MTUL, B KAYeCTBE NOJIMIOHA AN1A 3amycKa CONIMTOHOB Ha Pa3HbIX y4acTKax
nonumepa. Ha 3T0T pa3 BbIYMCAANM NPOU3BOAHYIO OT YHKLUM C TeM, YTOObI Ha-
rMAfHee NoKasaTb ABUXKEHUA CONIUTOHOB.

Kak v Ha Puc.1-3, Ha Puc.5-7 xopowo BUAHbI CylecTBeHHble MOandUKaLum B
NOBEAEHWUMN CONUTOHOB Npu M3MeHeHUnUn napameTpa A. 0cobeHHO 3TO 3aMeTHO Ha
puc.7, rae CONUTOHHAA BOJIHA nieT, Kak U Ha Puc.5-6, BHayane Haneso, a 3aTeM pes-
KO CBOpayMBaeT HanpaBo. B 3ToM BUAMTCA onpeaeneHHblit GMONOrnYecKuit CMbIch.
ConnTOH KaK noTeHUManbHbi «cyobekT YteHus» QHK ponkeH «npocmatpuBathby
NPOTAXEHHbIE KOHTEKCTHbIE 30Hbl, @ He 3aCTpeBaTb, CMHYCOMAANbHO Kayaach, Ha
OfHUX 1 Tex xe «cnoBax» — nokycx AHK vaun PHK.

12 Otmetum Takxe uaeto H0.H. Xusnioka, cBA3aHHyl0 C CO3aHNeEM N1a3epoB Ha (a30BbIX Nepexofax 61oMaKpoMmo-
Nekyn (nepcoHanbHoe coobleHue).
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a) | 6)

Puc.5

a) Pe3ynbTaThbl YNCNEHHOrO MOLENMPOBAHMA AUHAMUKM PACNPOCTPAHEHUA BO3MYLLEH WA B
OHK Ha ocHoBe cuctemsbl (2) npu 3HayeHun napametpa A=1.

6) To xe, BUS CBEPXY.

6)

Puc.6

a) Pe3ynbrarbl YACNEHHOMO MOAENMPOBAHMA ANHAMUKN PACNPOCTPAHEHUSA BO3MYLUEHWIA B
IHK Ha ocHoBe cuctemsl (4) npu 3HayeHnn napameTpa A=1.

6) To e, BN CBEPXY.

Puc.7

a) Pe3ynbTaThbl YNCNEHHOrO MOLENMPOBAHUA AUHAMUKM PACNPOCTPAHEHUA BO3MYLLEH WA B
OHK Ha ocHoBe cucTemsbl (4) npu 3HayeHUn napametpa A=2.

6) To xe, BUS CBEpXY.
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Ecnu e yuuTbiBaTb HENMHENHOCTb KOBANEHTHbIX CBA3ei B caxapogo-
dochartHom octoBe [HK, To B noBeaeHWu CONUTOHOB OOHapyXMBaOTCA LOMNOA-
HUTeNbHble YyepTsl (puc. 8-10): caBMUr 061aCTU UHWULMUALWUM CONUTOHHOW BOJIHbI B
OHK-dparmeHTe 3 Bupyca capkombl ntuu ¢ 200-ro o 500-ro Hykneotuaa, 7o 06-
HapYXXWBATCA JOMNONHUTENbHbIE KPYTUIbHbIE BOSHbI KONEOaHUIA, pacxofsluecs
B 06€ CTOpPOHbI OT OCHOBHOWM BOJIHbI BO3MYlEeHUs. OHK, OTTankuBasch oT QUKCU-
poBaHHbIx KoHLoB [HK (in vivo dmkcaTtopamu mMoryT ObiTb HYKNEOCOMbI), BO3Bpa-
LWAOTCA K LLeHTPaNbHOMY BO3MYLLEHUIO U JONOAHUTENbHO MOLYNMPYIOT ero. Takue
AONOAHUTENIbHbIE BOJIHbI MOTYT UrpaTh poSib KMHMOPMATOPOB» O HYKNEOTULHOM CO-
CTaBe M NOCNeA0BaTENIbHOCTM OCHOBAHWI B 30HAMpyemMom yyactke IHK unu PHK,
W 3Ta MHPOPMALMA MOXKET «3aNOMUHATLCA» HA YPOBHE fiBNeHUA Bo3BpaTa Pepmu-
MacTa-Ynama 1 “cnosib30BaTbCsi XPOMOCOMHbIM OMOKOMMNBIOTEPOM ANA NPUHATUSA
COOTBETCTBYIOLUX KPeLIEHU».

500-b1l

Puc.10
To e, 4TO Ha pUc. 9, HO LeHTp BO3MyLLeHUsA — 500-bI HYKNeoTUS,

CyuwecTBeHHas yepTa CONMUTOHHbIX «CKaHUpoBaHmity [HK, ocobeHHo xopolo
npocmatpusatowasca Ha Puc. 8-10, — 3T0 Hanuuue, KpoOMe OCHOBHOW, AONONAHK-
TeNbHbIX TPAEKTOPUI ABUKEHUA CONUTOHOB C GoraToit moaynauuei. Takue gonon-
HUTE/IbHbIE MOAYNPOBAHHbIE TPAEKTOPUM CONUTOHOB, UMEIOLLME KUHKOBYIO M Opu-
3ePHYI0 CTPYKTYPY, MOTYT HECTU AONONAHUTENIbHbIE TOHKWE HIOAHCbI pacnpefeneHus
BOJIHOBOW reHeTnyeckon nudopmaumumn sgons uenen JHK n PHK.
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AHTeHHasa mopensb

Mbl oTMeyanu paHee [lfapses, Macnos v gp., 1996 (a); lapses, Macnos u gp., 1996
(6)], 4TO B poNu, ecnu He NEPBUYHLIMU, HO OAHWUMM U3 TNIABHbLIX MOJEKY, BOCNPU-
HUMAIOWMX BHELWHME 3/IeKTPOMArHUTHbIE MONS KaK PeryasTopHble, AsBNsAOTCA 6en-
ku. M ocobeHHo meTann cogepxaume. PyHKUMOHMPOBaHME psAa GUONOrMYECKUX
MaKpoMmonekyn (B 4YacTHOCTH, (hepMEHTOB) BO MHOFOM ONpeAenseTcs npoyeccamy,
NPOMCXOAAWMMUN B AaKTUBHbIX LIEHTPAX, OKPYKEHHbIX OMOMNONMMEPHBIMU LIENOYKa-
MU, UMELWMMK 3HAKOBYIO Tononoruto. icxoas M3 Takoro npefcTaBNeHns o CTPyK-
Type MHGOPMALMOHHBIX GMOMAKPOMONEKYS, eCTECTBEHHO MPefnoNoXKUTb, YTO UX
B3aumopaencTamne ¢ GU3NYECKUMM MONSAMU BHELWHMX MO OTHOLWEHWUIO K BuocucTeme
W BHYTPEHHUX (OPraHU3MEHHbIX) U3NIyYEeHW I TPUBOAUT K BO3OYKAEHUIO AUNONAbHO-
aKTUBHbIX KosiebaHW MOHOMepoB, (GOPMUPYIOWMX YKA3aHHYIO LENOoYKy, a Te, B
CBOIO 04Yepeab, MHAYLMPYIOT KonebaHUs B aKTUBHOM LieHTpe. NHbIMKU crioBamu, Ta-
Kas cuctema byaet paboTaTb Kak cBOeoOpa3Has aHTEHHA. ITW BO3OYKAEHHbIE KO-
nebaHua cnocobHbl NPUBECTU K Nepexofy 6MOMaKpoMonekynbl B Apyroe KoHhop-
MaLMOHHOEe (TONoNornYecKkoe, 3HaKOBOE) COCTOSHUE.

Mopgo6Has KoHUenuus B MPUHLMNWANBHOM NiaHe afeKBaTHA Lenomy psay
(yHKLUMOHaNbHO BbICOKO3HAYMMbIX OMOMAKPOMONEKYN, Hanpumep, xnopodunna,
remornobuHa, MMornobuHa v T. .. ITM MaKPOMOJeKybl 00bEANHSAIOTCA LBYMA CTPYK-
TYPHBIMM KayecTBamu: 1) B UX reOMETPUYECKOM LieHTPe PacnosioxeH UoH (B cnyyae
Xnopomnna — MOH MarHus, B CJly4ae reMorobMHa — MOH ene3a); 2) 0KOJ0 UOoHa
CMMMETPUYHO PACMONOXKEHbI 4 NUPPONbHLIX KONbLA (NCEBAONNOCKAA CTPYKTYpa).

Opyrumn Tnamm 6MONOAMMEPOB, COOTBETCTBYIOLLMUX aHTEHHOW MOLENN, MOTYT
ObITb CPAaBHUTENBHO NPOCTbIE LIMKIbI TUNA BAIMHOMULMHA (NEPEHOCYMK MOHOB Ka-
NNA) N CNOXHble HAAMONEKYNAPHbIE CTPYKTYpbl xpomocoM, [AHK koTopbix copep-
XWT BbICOKOOPraHM30BaHHble accoLMaThl TaKUX METANNOB, KaK MarHui, KanbLuii,
HUKeNb, KOOANLT, Meflb, XeNe30, UMHK 1 ap. pn 3TOM posib UX HEACHA U CBOAUTCS
nccnepoBaTensiMu, B OCHOBHOM, K HenTpanu3sauuu OH-rpynn octatkoB dhocchopHom
KMcnoTbl nonnHykneotupa. lMpepcrasnsercs, yto PyHkummn metannos B AHK n PHK
CylLecTBeHHO 6osiee WHUPOKWE U peanun3yoTca No UHUM 3HAKOBOTO U (1K) 3Hep-
reTMYyecKoro B3aMMOAENCTBMA C 3HAOTEHHbIMU W 3K30T€HHbIMU MO OTHOLWEHUIO K
bnocucteme pusmyecknumu nonsmu. To e OTHOCUTCA U K BeIKaM, He cogepXKalmm
NOphUPUHOBLINA LLEHTP, HO cneundnyeckum obpa3om cBA3bIBAOWMM MeTanbl. Ha-
npuMep, TAKOBbIMU MOXHO CYUTATb CanT-cneunduryeckme 6enKku c goOMeHammn Tuna
«LUMHKOBBIX NMaNbLEBY», YYaCTBYIOWMMM B PEryasaLMUM FeHOB, MOAYAC OYEHb AANEKO
OTCTOALWMX OT 3TUX ynpasnstolmx 6enkos. Atombl meTannos [JHK n 6enkos moryt
pe30HAHCHO B3aMMOLENCTBOBATb NO 3NIEKTPOMArHUTHBIM KaHanaM B paMKax NOHS-
TUI aHTeHHOW mogenu. Ewe pa3 0603HauMM NOHATUE AHTEHHON MOAENMN.
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BHewHAA 3Heprusa (B 4aCTHOCTM, CBA3aHHAS C PE€30HAHCHbIM B3aUMOAENCTBUEM
KpaitHe BbICOKOYACTOTHBIX 3IEKTPOMArHUTHBIX U3AyYeHUid ¢ Genkammn) noctynaer
Ha nepudeputo, T. . Ha aHcambnb cybbenuHUL, (He 0653aTeNbHO UOEHTUYHBIX NO
CTPYKType). B pe3ynbrate akTUBHOI «beceabl», npefonpeneneHHoin buoxmmmuye-
CKUMW CBA3SMU, Mexay nepudepuinHbiMK akuentopamu (NOAYYMBLIMMKU 33aKOLM-
POBAHHYIO 3HEPrUi0) U LIEHTPOM-accoLMaToM (B [LAHHOM C/lyyae MOHOM MeTanna
remcogepxalinx 6enkos), NocneaHuUit Nony4aeT 3Heprud (MHPoOpMaLmi), 4To ¢
BbI3blBaeT Ononoruyeckoe gencrame. CteneHb peakyMoHHOW cnocobHOCTM Bruoma-
KPOMOMIEKYN CYLWECTBEHHO 3aBUCUT OT YPOBHA BO3OYXKAEHUSA LEHTPANbHbIX CyObe-
AVMHUL. PaccmoTpum B geTanax noTeHLUManbHble MeEXaHW3Mbl BOJTHOBbLIX B3aUMOAEN-
CTBUN DU3NYECKNX NMONEN U AKTUBHBIX LLEHTPOB MH(OPMALMOHHbIX GOMaKpoMone-
KyN B paMKax npefiaraeMoil HaMW aHTEHHOW MOLEenu.

B kayectBe npocTeiwen mogenn s UANKCTPALMM aHTEHHOro 3ddekTa pac-
CMOTPMM [IBYMEPHYI0 3aMKHYTYIO (LMKNMYECKYI0) Lenoyky MOHOMepoB. B LeHTpe
LMKNA PACcNONOXeH aKTUBHbII LLeHTP, CBA3aHHbI C MOHOMEPAMU LLeNOYKN SUNOSb-
AMNONbHBIM B3aUMOJENCTBUEM.

0603Ha4YnM KOOPANHATHbIE CMELEHNS MOHOMEPOB Yepe3 X ,...,X, , a CMellleHne
aKTMBHOIO LiEHTpa Yepes y. ,[l,nﬂ NOTEHLUMANBbHON YHKLWUMN nMeeM:

U(X,,... Xy,Y) = Eu)x +—x + o)y’ o+ ?yy3+

+ E [ —xk_1)2+(xk—xk+1)2]+
+ E X = Xge 3"' X = Xiew 3 +
Sl x) (s w)] N

MepBble ABa YneHa B (1) COOTBETCTBYIOT KONleGaHUAM MOHOMEPOB (BTOPOM YNeH
YYMTbIBAET AaHFAPMOHU3M); NOCNEAHME ABA YIEHA OTBEYAIOT 3a CBA3U MEXAY MOHO-
mepamu, OcTanbHble YneHbl OTBEYAKT 33 CBA3M MEXAY MOHOMEPAMU U aKTUBHbLIM
LEHTPOM.

YpaBHEHUSA [BUXEHMS 3anuLIEM B BUAE:

. . oU

X, +2Mx, =—+ f(2), V+2ANy=—o1,
0x, dy (2)

rae f(t) = f,COSW? BHelWHAs MOHOXPOMATUYeCKas cuna, AeliCTBYIOLAN TONb-

KO Ha MOHOMepbl, A — KO3t hULMEHT 3aTyXaHUs, BBeAEeHHbII (heHOMEHONOrnYecKu
(NpocTOTbl pagu MPUHAT OAMHAKOBLIM W AN MOHOMEPOB, W [nA AKTUBHOIO
LeHTpa).

C yueTom (1), cuctema ypaBHeHui (2) npuobpeTaet Bup:
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)
y
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.e . 2 2 2
X+ Ak, =—0x, —E x; —w’, (xk_1 =2x, + X,,,)+

vl (y-x)+E, (y—x,) + (),

N N
j}-l-ky=_(Dy2y_§yyz_(Djyz(y_xlc)-|_§xy2(y_xk)z’ 3)
k=1 k=1 3

X+ A+ (0] +0))x, —0) y =
2
= —(:ojx(xk_1 -2x, + xk+1)+u)fyxk +§xy(y —xk) + f(1),
N N
2
Yy + @) +o N)y-wl Y x, =5y -E Y (y-x,)".

k=1 k=1 (4)
Beenem o6yt KoopaMHaTy Ans aHcambis MOHOMEpOB

x=§xk
k=1 (5)

Torga cuctema ypaBHeHWii (4) B NMHENHOM NpubAMXKeHUU NpuobpeTaeT BUA:
. . 2 2 2 2
¥, + A, +0,x, —0,y = —Qo(xk_1 -2x, + xk+1) +E x. + f(1),

J+Ay+wry-w;x =0, (6)
roe:

0} —ol +o,

w, =w; + No;

W, =),

Q) =wg, N — 41CN0 MOHOMEPOB.

C yuetom (5) umeem X + Ax + w;x = N,y = Nf (1), (7.1)

Y+ +wy-0ox=0. (7.2)

1
N3 (7.2) cne,u,yeTx=—2(y+7\y+w§y)=0. (8)
®

0

MopctaHoBka (8) B (7.1) paer
+ 207 + (0] + @l + A)yP + Mo +03)y" + (0w + Nwg)y = Nog £(1). (9)
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To e, 4TO Ha puC. 8, HO LeHTp BO3MyLLeHUa — 400-bIn HYKNeoTUa,.

CooTBeTCTBYIOLIEE XapaKTEPUCTUYECKOE YpaBHEHME UMeeT BUf (nocne noacTa-
HOBKU y=e'* B 0AHOpOJHOE ypaBHEHME):

(k2 + Mk + wf)(kz + Nk + wi) = Nw, (10)
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0603Haume 7, = k” + Ak, umeem

2+ ((1)12 +u)§)z +w/w; - No, =0,

TaK 41O

1 2
Z, = —E(mf +w§) + \/(wf +oo§) +w,m; - No, . (11)

B panbHeiwem npegnonaraeTcs BbINOAHEHNE HEPABEHCTB:
2 .2
W,
2 172 2 2
w, < N A<y + ;. (12)

MepBoe ycnoBMe COOTBETCTBYET C/lyyalo Cnaboi CBA3M Mexay MOHOMEpamu u
aKTUBHbIM LIEHTPOM, BTOPOE — MaJIOMy 3aTyXaHMI0 MOHOMEPHbIX OCLUANATOPOB.
[Ins COOCTBEHHbIX 3HAYEHUIN UMEEM

A / A Ao >
k1,2 =_5— Q12 _Z’ k3,4 =_Eil Q12 _I’ (13)

rae seefeHbl KONNEKTUBHbIE YAaCTOThI:

1 » |1 2 %\%
Q = 5((»f+m§) + Z(wf—mg) +Noo§] -
] %% (14)
Q=11 (07 +03)' - i(wf—m§)2+ng] >

Hac nHTepecytoT BbIHYX/AeHHbIe KonebaHus (BHewWwHAA cuna f, cosm?):
y=Acoswt+ Bsinwt. (15)

MopcraHoBka (15) B (9) M npupaBHUBaHME COOTBETCTBYIOLMUX KOIPDULMEHTOB
Npu cosmt U sinmt faOT CUCTEMY anrebpanyecknx ypaBHEHWIA:

A((x)4 +0,0° +oc0) —B(ZMO3 +oclw) =F,

A(27wo3 +(xloo) —B(oo4 +0,0° +oc0) =0

bl

rpe:

a, =0'w; + No;,
2 2

a’l = }\‘((Dl + (Dz)a
2

F, = Nw, f,.
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F,
y= —cos(oot +Q),
B pe3ynbrtate nosyyaem VP +q°
= -0)0’-w)+No’+ No;,

2
g=MQ2w -0 -m3),
tang = i.
roe p
[Mocne HeCNOXHBbIX, HO TPOMO3[KMX NPe0bpa3oBaHN ANA BbIHYKAEHHbIX KOJe-

GaHWi aKTUBHOTO LieHTpa nonyuaenm:
N, f,cos(wt + @)

\/((U Q )((1) -Q )+(1)2)\2|: +((D _912)2 +((D2 _Qi)z] )

(16)

N3 (16) BUAHO, 4TO HanboNbLAA aMNAUTYLA BbIHYXAEHHBIX KONebaHUN aKTUB-
HOTO LIeHTpa JOCTUraeTcs B YCNOBUAX KONNEKTUBHOTO pe3oHaHca: nnbo m=£2, ,

nmbéo 0=2,.
B nio60M M3 3TUX Cy4Yaes AiA aMNAUTYbl BbIHYKAEHHbIX KONebaHUit nmeem:
Nw.f
0JO
y =

M0 + (@ - Q) (a7)

N3 (17) cnepyeTt, 4To Hanbonbwuit 3chHeKT pe30HAHCHON packayku aKTUBHOTO
LLeHTpa A0CTUraeTcs Npu 6osblueM yucne nepudepuintHbix CyobeAnHNUL, KaHTEHHbIY,
npu 6onee BbICOKOM 3HaYeHUM Ko3thdULUMEHTA CBA3M aKTUBHOIO LEEHTPA C MOHO-
Mepamu, Npu HauMeHblleM Ko3hPULMeHTe 3aTyXxaHUa U Npu HaumeHbllem aucba-
NAHCE KONNEKTUBHbBIX MOJ.

HetpyaHo onpepenuTb u «xopeorpaduio» (AMHAMUKY BbIHYXAEHHbIX Koneba-
HUIA) OTOENbHbIX MOHOMEPHbIX eanHuL. B cootBetcTBum ¢ (6) ypaBHeHue ans k -ro
MOHOMEepa 3anuilem B BUaE:

X420 +oox, = Q) (x, = 2x, + X, ) +wgy + f(2). (18)

Beoas KOJU'IeKTVIBH bleé KOOpPANHAThI

sinmkm
z = , m=1...N
" \IN+1 E N+l Ok

M NPUMEHAS METOM NUHENHON anrebpbl, NOAYYAEM /18 BbIHYXKAEHHbIX Koneba-
HUI MOHOMGpOB'

in mk:
/N+ \/(ms si:n;n-:c?\z [fycos(z+3,,)+ y,cos(t+5,,)],  (19)

rae:
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mat
2N +1’

. T .t N
5 sin_m-sin
¢ = ) p) 2N+1,
" VN+1 . Tom

sin—
2 N+1

y, — onpepenserca u3 (16).

Takum 06pa3oM, B paMKax aHTEHHOI Mofenu Hanbonblnin 3P heKT BO3AeNCTBUS
BHelHero MoHoxpoMmatuyeckoro nons f (1) = f, COSW? peannsyercs B ycnosusx
KONNEKTUBHOO Pe30HaHCa:

Q =w, Q, =

MoBTOpAA paccyaeHus pasfena 2, MOXHO CAenatb TakKe cieaylume
BbIBOJbl:

1) Mpu peanu3auun amNAUTYAHO! MOAYNALUM BHEILHErO CUTHANA UMEIOT MecTo
[LONONIHUTENbHbIE BO3MOXHOCTU PE30HAHCHOrO BO3AENCTBUA Ha GUOMAKpPOMOneKy-
bl HA YacToTax:

,

Q,=10+Q,

w —€2.

2) YYeT HeNUHeNHOCTU MpW KBAJPATUUYHOW CBA3M Al MOHOXPOMATUYECKOro
CUrHasna npUBHOCUT JOMOJHUTESIbHbIA PE30HAHC Ha BTOPOW rapMoHuke €2, ,=2.
3) YueT HenMHeRHOCTU NpKU aMNANTYAHOWN MOAYNALWM ONpefenseT ele pag pe-
30HAHCHbIX BO3MOXHOCTEI:
w,

2 2 2 s 2
v, =W, + ;sin

2m,
20 = Q,
2(w £ Q).

Takum 06pa3om, npu AENCTBUM PE30OHAHCHOTO 3JIEKTPOMArHUTHOTO MONA Ha
OMOMAKpPOMONEKYNbl C aKTUBHbLIM LIEHTPOM, COflEPXKALLMM aTOMbl METaoB, Cylle-
CTBEHHYIO POJib UFPaIOT KONNIEKTUBHbIE BONHOBbIE 3thekThl. B 3TOM cnyyae cBoii-
CTBa CaMOro M3y4YeHMs NpeaonpenensioT WUPOKMe BO3MOXHOCTY PeryisTopHOro
BAUAHMA HAa AMHAMUKY OMOMAKPOMOJIEKYN B LLEeIOM W, CNeA0BaTENbHO, Ha Guonpo-
LLecchbl, B KOTOPbIX OHM NPUHMMAIOT Y4acThe, TEM CaMbIM NPSMO UK KOCBEHHO pea-
nu3ys ynpasastowme u (MUnn) ge3opraHusyolme CUrHanbl.

91,2 =<
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Yto penarb?

AHanu3unpys HacToslee COCTOSHUE TEHEeTUKM, 5 0OpalLlatoCh NMPenMyLeCTBEHHO K
NOTUKEe 1 34paBOMY CMbICNY, ONEPUpYs NpU 3TOM 0OLWEN3BECTHLIMU HAYYHbIMU AaH-
HbIMU, LEHTPOM KOTOPbLIX ABNAETCA TpUNNEeTHasA moaenb 6enkosoro koaa ®.Kpuka.
B 3To Mofenu ctpaternyeckoe nNpoTMBOpeYMeE B BUAE UYMCTO JIOTUYECKOW AbIpbl
pa3mepoMm ¢ MoH6naH. Ho oH, MoH6NaH, Kak Obl He BUAEH. 3aTO BCEMU NMPUHATO, YTO
B KOAe eCTb KOJOHOBbIE CMHOHMUMbI U Ha HUX PacnpocTpaHsaeTca npasuno Jlarepk-
BUCTa («ABa U3 TPEXY).

Al nocTynupylo 0YeHb MPOCTYID M NOTUYECKU KOPPEKTHYID MbIC/b, YTO KpoMe
CMHOHWMMOB B TPUNJETHOM GEIKOBOM KOAe e€CTb U OMOHUMbI. [paBuno Jlarepksu-
CTa, OCHOBAHHOE Ha 3KcnepumeHTax u Bobn runotese ®.Kpuka: KogoHbI YnuTatoTCA
aHTUKOAOHAMM MO NEPBbIM ABYM HYKIeoTMAaM, TPETUI OCLMANUPYET, BOBAMpYeT,
CNYYaEH, T.€. ABNAETCA KCTEPUYECKUM KOCTbINEMY». [INf CUHOHMMOB NPaBMAO NpU-
MEHWUMO, M 3TO ObINO COBEPLWIEHHO 04eBUAHO M Oe3 JlarepkBucTta. A ans He CUHO-
HUMOB (OMOHMMOB, MO MOEMY NPeaNoXeHnto) npaBuno Jlarepkeucta NnpUMeHUMo?
PacnpocTpaHaeTcs Ha HUX, HA OMOHWMbI, yKa3aHHOE MPaBMIO0 YTEHUA KOAOHOB aH-
TkogoHamu? Y ®.Kpuka Ha 3TOT cyeT HeT Huyero. Y JlarepkBucTa, aBTopa npasuna,
— TOXe HMYero, paBHO KakK W B HAy4YHOW nuTepaType no TpunietHomy kogy. ®.Kpuk
nepej CMepTblo NPU3HANCA, YTO DAKTUYECKN HE NMOHUMAET COOCTBEHHYIO MOAENb
— OHa «He MMEET 0YEBUAHOTO CMbICNAY... KB HEKOTOPbIX cayyanx». Kakux? Yoex-
AEH, 4To ®.KpuK ynepcs B aMUHOKMUCIOTHO-CTOMOBYH HEOJHO3HAYHOCTb KOJOHOB-
oMoHuMOB. ®.Kpuk HaBepHAKa 3TO BUAEN M MOHMMAN, YTO TaKOe NpoTMBOpeYne
0OHaXaeT CyYWeECTBEHHYI, MPUHLUNUANBHYIO
HeNnosHoTy ero mogenn. Ho 4To 310 03Havano
nnyHo ana ®.Kpuka? 310 03Ha4yano u o3Hava-
€T, YTO, NOAb3YACh NPEANOKEHHON UM KAHOH-
Tabnuuei Koaa, OpraHW3Mbl, BKJOYAs Yeso-
BeKa, 6beccnaBHoO NorMbHyT Ha 3Tane Bblbopa
aMUHOKMUCIOT M CTOMOB NpU BCTpeye pubocom
C KOJoHamMu-omoHumamu. Yto cgenan ®.Kpuk,
noHuMmas 370? Huyero. A 3ayem 4yto-TO fenatb?
W Tak Bce xopolwo 6b110. benku ycnewiHo, 1 Kak
Obl 6€3 OrNAAKM Ha OMOHUMbI MaTpuyHoi PHK,
CUHTe3upytoTCa in vitro-in vivo, Hobenesckas
npemua nonyyeHa. Yero ewé? Ho ocranace
npobieMa NMYHOro XapaKTepa — Hay4yHas co-
BeCTb. ToNbKo nepeg cmepTbio @.Kpuk 03Byumn
HepacwudpoBaHHYO MbiCNb 06 “OTCyTCTBUM
oyeBupHoro cmbicna B kope” [Kpuk @. bes-
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BoT TuTyn 1 cTpaHuua u3 3Toit KHuru, roe ®.Kpuk genaer ato npusHaHue.

YMHbIA NOUCK. JInUHbIA B3rAL Ha HaydyHoe oTKpbiTe ISBN 5-93972-282-2 UKW
2004 r.].

CnoBoMm, npobiiema (aKTUYECKM UTHOPUPOBANACh, HUKTO He XOTeN ObiTb CBS-
Tee Manbl (Kpuka). Jlarepkeuct B PNAS-e nonbitancs, 66110, 4T0-T0 BpasyMuTeNb-
HOe CKa3aTb, M CKa3an — [an NpaBuio «ABa U3 TpExw, U Tak BupgHoe Bcem [ULF
Lagerkvist, Proc. Nati. Acad. Sci. USA Vol. 75, No. 4, pp. 1759-1762, April 1978,
Biochemistry, “"Two out of three": An alternative method for codon reading”.
(codon-anticodon recognition/translational fidelity/wobbling/organization of
the genetic code)]. Mpu 3ToM OH Kak Obl «CHAN» O4eBMAHOE (OMOHUMUYECKOE)
NPOTUBOPEYME W 3aTyleBan npobnemy, CKas3aBlM 3aBEJOMO HEMpUEMSIEMOE, UYTO
OMOHMMbI-[ie BCTpeyatoTcsa peako (31o npu 50% ux B Koge!), no3Tomy-fe He cTpaLl-

. PakoByto onyxonb HenoHMMaHKUsA NoMaszanu NOAOM...

[laBaiiTe 0co3HaeM — WrHOpuMpoBaHMe NpobaemMbl OMOHUMOB [LOPOrO CTOWT.
[MepBbIii FPO3HbLINA CMTHAN — He Bcerga 6e3onacHas TpaHCreHHas nuwa (nNoka ans
NOAOMBITHLIX XXWBOTHbIX) U MAacCOBas rMbeNb MEAOHOCHbIX NYeN Ha TPAHCTeHHbIX
nonsx B CLUA.
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MoHABLWYM 3TO, Mbl LOMKHbLI OTAATL cebe oTyeT, yTo leHeTnka u MonekynsapHas
buonorus, 6e3 yyeta peanbHOW NMHIBUCTUYECKON (MEHTAIbHOM) COCTaBAAKOLWEi,
BEKTOPOM KOTOPOW BbICTYNAOT KOAOHbI-OMOHUMbI, B A€ACTBUTENbHOCTH, OKa3blBa-
eTCS KOJIOCCOM Ha MUHAHBIX HOorax. Ho 6binn 1 ecTb yMbl, cnocobHble K dyHAa-
MeHTaNbHOMY M NOJIHOMY aHanu3y 6enKkoBoro Koaa, 6e3 3aTyleBoK. ITO NOKOWH bl
t0.5.Pymep, KOTOpbIf BNAIOTHYIO NofoLWeN K Npobieme OMOHUMUM U B MoOCefHeil
pabote [B.G.Konopelchenko and Yu.B.Rumer. The wobble hypothesis and the
sequence of nucleotides \\ reprint 75-26 \ UHcTutyT AnepHoi du3nku, Hosocu-
oupck, 1975] npeanoxun MHTEpNpeTaumio OCLUANALMOHHONK runoTtessl Kpuka 06
y3HaBaHMM ‘KOAOH — aHTUKOLOH , UHTEPNPETALMNIO, B KOTOPOM, NO CyLLEeCTBY, BBOAU-
Nacb KOHLEeNUMA BEPOATHOCTHOIO XapakTepa y3HaBaHWA KOLOHOB. bansok K 3Toi
obnactu matematmyeckomn reHeTukm Takxe B.U.Lepbak, npogeMoHCTpMpoBaBLUKiA,
4YTO reHOM NOJb3YeTCs A3bIKOM MaTeMaTUKU. MIHbIMKU cnoBamu, reHoM 061aiaeT KBa-
31 co3HaHueM. Takaa yHAAMEHTaNbHASA MbIC/Ib CUJIBHO HE HPABUTCA NPABOBEPHbLIM
MaTepuanuncTaMm, u YacTb U3 HUX MYCKAeTCs BO BCE TAXKKME, YTOObI NtoObIMU MeTOAa-
MU, [ANeKO BbIXOAALMMM 338 PAMKWU HAYYHOMN ITUKKU U HAYKW, 4TO-TO NPOTUBONOCTA-
BUTb et http://molbiol.ru/forums/index.php ?showtopic=267718&pid=904444&st=
74508#tentry904444.

Ho Bce 3to noka npepasepue. [naBHoe Bnepean. Mbl paccMoTpenu CUHTe3
0enKoB W YBUAENM, YTO MOHMMAEM €r0 He TOYHO, YMYCKAaeM MEHTANIbHYIO, [MaBHYI0
pabouylo cocTaBasiolyo reHoMma. Ho u cama 3Ta cocTaBisowas umeer umeer
BOJIHOBOi, KBAHTOBbIN yHAAMEHT. BoT 3T0 1 ecTb maBHoe. B 3Toit o6nactn no-
cne 80-neTHero 3acTtos, Nocjie HanpaBasoWMx uccnegoBanuii fypsuya, Jliobu-
wesa u beknemuiwesa, Mbl BULUM SBHbIA U MOLWHBIA NpopbiB. ITO paboTsl L|3sH
KaHb [bxeHa, Moconosa, bygarosckoro, KasHauveesa-Muxainnosoit-Tpormosa,
bypnakoBa-bypnakosoit-lonnyenkosa-BoeitkoBa-benoycosa, 6nectawas TonbKo
yTo BbIWepwan pabota Daniel Fels B PLoS ONE http://www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0005086. W HakoHel, Hawu paboThl,
OCHOBAHHbIE He Ha rosIoN IMNUPUKE, HO Ha DU3MKO-MATEMATMYECKOM U TEOPETUKO-
reHeTMYeCKOM aHann3ax, KoTopble IerM B OCHOBY NPOEKTA N0 CO34aHMI0 MUAOTHOM
MOZeNU KBAHTOBOro GMOKOMNbIOTEPA — MOLENU PYHKLUIA reHeTUYECKOro annapa-
Ta Ha BOIHOBOM ypoBHe. C ero nomMolblo Ham yAanoch Ha 6onee BbICOKOM YPOBHE U
B PACLIMPEHHO-YCNOXHEHHOM BapuaHTe NOATBEPAMUTb, NOAYYEHHbIE A0 HAC (aKTbI
AMCTAHTHOW Nepeaaym BOSHOBOW paboTalolei reHeTUYecKon nHdhopmaumm.

W BCE-TaKM OCTAETCA HEKOTOpas HeyL0BNETBOPEHHOCTb B OTHOLIEHUU MOSEeNu
TPUNAETHOTO reHeTUYecKkoro 6eKoBoro kofa. Hawm KoppeKkTuBbl €€ B OTHOWEHUM
(YHKUMNA KOLOHOB-OMOHMMOB HOCAT YMCTO NOTMYECKUIA XapakTep. A MOXHO Nu
A0Ka3aTb Hally NpaBOTYy 3KCNepMMeHTanbHO? MOXHO N1 JoKasaTb B OMNbITe, YTO
KOAOHbI-OMOHUMbI ABAAKOTCA IMHIBUCTUYECKUM BEKTOPOM, MO CBOEMY OCMbIC/IEHHO
HanpaBnsoWMM 6UocuHTe3 6enkoB? 3TO NMPUHLMUNUANABHO BaXXHO, HO He MPOCTO.
Monarato, 4TO MOXHO.
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PaccmoTtpum cratbto «Coding-Sequence Determinants of Gene Expression
in Escherichia coli» aBTopos Grzegorz Kudla, Andrew W. Murray, David Tollervey,
Joshua B. Plotkin www.sciencemag.org SCIENCE VOL 324 10 APRIL 2009. Cratbs
Ha BbICOKOM YPOBHE, HO COAEPXMUT O4EHb BAXKHYIO AN HAC NPUHLMMUANBHYIO OWNG-
Ky. ABTOpbl UCNoib30Banu 6UbANOTEKY MOAUPULMPOBAHHBIX (MYTaHTHbLIX) FrEHOB
TaK HasblBaeMoro 3eneHoro dnyopecumpyiouero 6enka (GFP), seoas ux B E.coli u
aHanu3upys no dayopecueHuUnmn cuHTesnpyemble baktepueii GFP. Kntoyesble cae-
[IEHUSA, OHW e — [NaBHasA LEMOHCTPALMA UX OWMNOOK, AaHbl B TabunLe
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(Puc.1B) Mpumep BbipaBHWUBAHMA, UANIOCTPUPYIOWMIA pasHoobpasne nocnefoBaTeNbHO-
cTeil cpean 15 cuHTeTMYeckux reHoB GFP. Bbicokue cTonbupl — nepsbie [Ba HyK1eoTUaa
(ny6neTbl) B KOLOHAX, HE 3aTparnBaemble MyTauuamu. 31o pybnetol cemeitcte GG, GA, GC,
AC, TA. Ctonbupl noHuxe — TpeTbu (BOOAUPYIOLLME) HYKNEOTUABI B KOLOHAX, KOTOPbIE paH-
[LOMU3UPOBAHHO (Cly4yanHbIM 06pa3oM) MojBepraauch MyTauusmM.

ABTOpblI NPMBOAAT BbIPOBHEHHbIE MOC/IEA0BATENbHOCTU 15 CUMHTE3MPOBAHHbIX
reHoB GFP, own604HO cymnTasn, 4To UCNONb3YIOT A/ MyTaLMii NO TPETbEMY HYKNEO-
TULY TONbKO KOAOHbI-CUHOHMMbI. [TpocToe 0bpalyeHne K KaHOH-Tabnuue reHeTnye-
CKOro KojJa A0CTaTOYHO, YTOObI yOeaUTLCS B 3TOM.

ABTOpbI NULWYT, 4TO OHK PabOTaNM TONLKO MO CUHOHUMUYECKUM (CUH-KOLOHAM),
BBOAA MyTaLUMKU NO TPETbMM HyKneoTupaaM KoaoHoB B GFP reHax, u, ectecTBeHHo,
OXWAANW, YTO BCe CMHTe3MpoBaHHble E.coli 6enku, ¢ UCNoNb30BaHWEM 3TUX Te-
HOB, OyayT uaeHTUyHbl. LUutupyio astopos: «We synthesized a library of green
fluorescent protein (GFP) genes that varied randomly in their codon usage, but
encoded the same amino acid sequence. By placing these constructs in identical
regulatory contexts and measuring their expression, we isolated the effects of
synonymous variation on gene expressiony.
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Tabnuua reHeTu4eckKoro Kopa. KpacHble — oMOHUMbI, CHWE — CUHOHUMBI.

T(U) C A G
T(U) TTT Phe TCT Ser TAT Tyr TGT Cys
TTC Phe TCC Ser TAC Tyr TGC Cys
TTA Leu TCA Ser TAA Stop TGA Stop
TTG Leu TCG Ser TAG Stop TGG Trp
C CTT Leu CCT Pro CAT His CGT Arg
CTC Leu CCC Pro CAC His CGC Arg
CTA Leu CCA Pro CAA Gln CGA Arg
CTG Leu CCG Pro CAG Gln CGG Arg
A ATT Ile ACT Thr AAT Asn AGT Ser
ATC Ile ACC Thr AAC Asn AGC Ser
ATA Ile ACA Thr AAA Lys AGA Arg
ATG Met ACG Thr AAG Lys AGG Arg
G GTT Val GCT Ala GAT Asp GGT Gly
GTC val GCC Ala GAC Asp GGC Gly
GTA Val GCA Ala GAA Glu GGA Gly
GTG Val GCG Ala GAG Glu GGG Gly

MuwyT, 4T0 OHM paboTanu TOAbKO MO CUHOHUMUYECKUM (CMH) KOJOHAM, BBO-
As MyTalUMKM MO TPETbEMY HYKNEeOTUAY W, eCTECTBEHHO, OXWAANM, YTO BCE CUHTE-
3upoBaHHble E.coli 6enku, ¢ MCNonb30BaHMEM 3TUX FeHOB, OyayT MAEHTUYHbI. Lu-
Tupyto: «We synthesized a library of green fluorescent protein (GFP) genes that
varied randomly in their codon usage, but encoded the same amino acid sequence.
By placing these constructs in identical regulatory contexts and measuring
their expression, [u]we isolated the effects of synonymous variation on gene
expressiony.

[lelicTBUTENbHO, €CIM MCNONb30BaTh 3aMeHbl MO TPETbeMY HYKNeOoTUAY B CUH
KOLLOHAX, TO TaK M ByaeT, YTo U NOATBEPKAAETCA CCbIIKOWM aBTOPOB HA NMPOTOKOJbI
(8), u Toraa AENCTBUTENLHO MOXHO Obl0 Obl CKa3aTb, YTO OHW NOAyYMNM "same
amino acid sequence" B cuHTe3UpoBaHHbIX 6enkax GFP. Ho aBTopbl ncnonb3osanu
ANA CBOUX MAHUNYNALMIA HEe TONbKO CUH-KOLOHbI, HO U OMOHUMUYHBIE KOAOHbLI (CM.
Puc.1B). U TyT yKe BbiABNAETCA BTOPOE aBTOPCKOE yNylleHWe, HeMPOCTUTENbHOE.
KoHTpons no cMKkBeHCaM CUHTE3MPOBAHHbIX 6EIKOB He Obl0. BMecTo 3Toro aBTopsl
CMOTpPEenu TONbKO XapakTep yopecueHLuMn CUHTE3UPOBAHHbIX 6enkoB. OHa Cub-
HO BapbMpoBana. Moyemy? ABTOPLI CYMUTAIOT, YTO Bapuauum dhayopecueHuUnm mno-
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nyyeHHbiX GFP 06bACHAOTCA M3MEHEHUEM MX NEPBUYHON U BTOPUYHOW CTPYKTYP.
370 TaKxe He NpoBepeHO. ABTOPbI YLLK B CTOPOHY, MOKa3aB To, YTO U paHee ObIo
U3BECTHO — CUAbHYIO KOPPENALMUIO MeXay TUNOM BTOPUYHOW CTPYKTypbl MPHK 1
cntoopecyeHymeir. 3To fano UM NPOCTOE MEXAHUCTUYECKOE 0OBACHEHME, YTO 3Ha-
yutenbHble n3rnbdsl (ponguur) nPHK, koanpytowmx GFP 6enku, 3aTpyaHAOT UHULK-
aluio TpaHCAALMK, @ MOITOMY 3aTPYyAHAIOT U cuHTe3 GFP 6enkoB. 3To TpUBMANbLHO, U
He 3TO rMaBHoe. [1aBHOe Xe B TOM, YTO aBTOPbl BBOAUAMN MyTaLMUW B TPETbE NONOXKe-
HMe , B TOM YMC/IE U B KOAOHbI-OMOHUMbI, OLIMOOYHO CYUTAsA UX CUHOHMMaMK. Mapa-
[LOKCaNbHO, TaKas oWnOKa HABOANT HA UAE0 NPOBEPKM POSIM KOJOHOB-OMOHUMOB B
CuHTe3e 6enkoB. Eciin cnegoBath rnoTese o Takon posin Kak hakTopa CMbICIIOBbIX
(peanbHo MPHK-TeKCTOBbIX) OpMEHTaLMIA reHOMa KNeTOoK, TO 3T MaHUNyNALUKU No
MyTareHe3y MeHSN TeKCTbl (KOHTEKCTbI), N0 KpanHei mepe, yactu nyna uPHK no-
ny4yeHHoi 6ubnmoTtekn reHoB GFP 1, COOTBETCTBEHHO, CMbIC/IbI MPOYTEHUS UX OMO-
HUMUYECKUX KOLOHOB MEHANUCH NO CPABHEHUIO C UCXOAHbIMU reHamu. Ecnn geno
00CTOMT TaK, NOFMYHO 0XMAATb 3aMEHbl AMUHOKMUCIOT, NO KPalHel Mepe, B 4aCTu
CUHTEe3UpoBaHHbIX GFP no cpaBHEHMIO C KOHTPOJIEM, KOTOPOFO, HAaMOMHIO, He BbINo.
3aMeHbl aMHOKUCAOT B CUHTE3UPOBAHHbIX, AKOObI calneHT MyTaHTHbIX GFP, Mornu
NOMTW NO ABYM NYTAM.

1-1 (kaHOHMYecKun). Kak, Hanpumep B OMOHMMUYeCKoM cemencTae TT 3ameHa
B omoHuMe (TTG—TTT) Beget k 3ameHe (Leu—Phe), nnu B ntob6bix fpyrux oMoHu-
Muyeckux kogoHoBbix cemenctBax — Al, TA, CA, AA, GA, TG, AG, eciu npoussecTtu
3aMeHbl N0 TPeTbUM HYKNeoTUAAM.

2-1 (KOHTEKCTHbIN, TMNOTETUYECKUI), KOTAA 3aMEHbl N0 TPETbUM HYKNEoTUaM B
4aCTW KOLOHOB- OMOHMMOB U3MEHSET KOHTEKCTHbIN Nen3ax OCTaBWMUXCA HETPOHY-
TbIMW KOBOHOB-OMOHWUMOB W, COOTBETCTBEHHO, UX HeonpeaeneHHble CMbICAbI yTpa-
4MBAIOTCA, NPUOOPETAn TOUHYIO CEMAHTUKY. B aToM cnyyae TPHK TpakTyIOT KOLLOHbI-
OMOHMWMbI B COOTBETCTBUMU C KOHTeKCTOM Bcen MPHK. 3T0 1 no3BonseT 0fHO3HAUYHO
BbIOPATb Ty MM UHYIO AMUHOKWUCNOTY UAK CcTON. VIMEHHO 3TOT nyTb 1 OyneT foKa-
3aTe/IbCTBOM KOAOH-OMOHUMO-CMbICIOBOMO (MEHTANIbHOMO) BEKTOPA PaboThl 6enok
CUHTE3MpYIoLei CUCTeMbl KNETKU U ee TeHOMa B LieJIoM.

AHanu3 Tabnuubl 1B aBTOpOB, rOBOPUT O TOM YTO OHU, BOMPEKN UX YTBEPXKIE-
HUIO, paboTanu He TONbKO C CUH-KOJOHAMM, HO U C OMOHUMUYeckumu. NocnepoBa-
TenbHocTM [JHK B 15 noayYeHHbIX MyTaHTHbIX FreHax, HaunHasa ¢ 94 Hykneotuaa no
123, copepxar 6 CUH-KOLO0HOB U 4 oMOHMMUYecKkux. MocnegHune ns cemencts GA u
TA. GA otBeyaeT 3a Bblbop Asp u Glu, TA 3a Bbibop Tyr u Stop (B 3aBuCMMOCTH OT
KOHTEKCTa, M13MEHEHHOTO MYTaHTHbIMU KOAOHAMU-OMOHMMaMK). MyTaHTbl nonyye-
Hbl aBTOPaMM B CliefyOWNX CUHOHUMUYHBIX cemeiicTBax — GG, GC, AC. U 3to Tonb-
Ko o1a 15 CUHTETUYECKUX FeHOB, KOTOPbIX BCEro Obiio 154.

OpnHako Hapo ObITb JOCTAaTOYHO OCTOPOXHbIMK, Monaras, 4To paboTa TONbKO C
OMOHMM-MYTaHTHbIMKU NO TPETbEMY HYKIEOTUAY reHamu ob6s3aTenbHO NpuBeaeT K
ycnexy. Mbl He 3HaeM, Kakas Jo/KHA ObiTb AIMHA FEHETUYECKOrO TEKCTA U KaKoe
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COOTHOLWEHWE OMOHUMOB U CUHOHWUMOB AOJIXKHbI ObITb, YTOObI BO3HUK/IN UHbIE KO-
[l0Bbl€ 3HAYEHMA Y 4aCTU KOAOHOB-OMOHUMOB. TpebyeTcs 60MblAsA IKCNEPUMEH-
TasbHas paboTa C MHOTMMMW Pa3HbiMWU reHamu. JINHIFBUCTUYECKAS TEHETUKA, Kak
4acTb BOJIHOBOW FeHETUKM, HAXOAUTCA B HaYane CBOEro pa3BUTHS.

Pe3tomupyem npednazaempili Memo0o102uyecKuli no0xo0 K nposepke posiu KOOOHOB-
OMOHUMOB.

NcxopHoe KaHOHMYeCcKoe yTBepXKAeHUe — aMUHOKUCIOTHI U CTOMbI KOAMPYIOTCA
TONbKO NepBbIMU BYMA OCHOBAHUAMM (ABa 13 TPEX) KOLOHOB, TPETbE He yyacTByeT
B KOAMPOBAHUU U MOXKET ObITb IOOLIM 13 YETbIPeX, YTO YKe BUAHO yXKe U3 CTaH-
AapTHOI Tabnuubl Koaa. JIloObIM, T.e. BO BCEX CEMENCTBAX KOAOHOB B TPETbei no-
3uumun — moHoToHHoe n opunHakosoe T,CA,G. W 3To KOHTpacTMpyeT C YHWUKaNbHOM
KOMOMHATOPUKOW OCHOBAHMIA B NEePBbIX ABYX NO3ULMUSAX BCEX KOLOHOB).

llocmaHoska 3a0a4u

Beibop pr60COMON CUHOHUMUYECKMX KOJOHOB (aMUHOKUCNOT M CTOMOB) MPOCT
n36biToueH (n3oakuentopHele TPHK). B ciyyae oMmoHUMUYeCKMX (HEOLHO3HAYHBIX)
KOIOHOB nepej puboCoMON, a ToYHee, nepef 6€10K CUHTE3MPYIOLWMM annapaToM u
KNeTKOW B LiesoM, BCTAeT 3afja4ya Bblbopa M3 ABYX Pa3HbIX aMUHOKWUCIOT OAHOIA, a
TaKXe 3afaya Bbibopa aMMHOKMCIOTH unun ctona. Kak pewatotcs 3t dyHAAMEH-
TanbHble 3afa4u in vivo?

[unome3sa

Bbi6Op B OMOHUMUYECKUX CUTYALUsAX (MPU BCTPeYEe pUOOCOM C HEe CUHOHUMUYECKH-
MU KOAOHaMM Co cnabbiMu, no Pymepy, ABYXOYKBEHHbIMU KOPHAMU — 3HAYalWMUMU
Ay6neTamm 0CHOBAHMM) OCYLWECTBAAETCA HA OCHOBE TOTO, YTO:

a) reHeTUYeCKUn annapat W KneTKa B LieOM NpPeAcTaBAsioT GMOKoMMbIOTEp,
CMOCOOHbIN K 31€MEHTAPHbIM aKTaM CO3HAHUSA-MbILLNEHNUS,

0) cnocobHbIN K YTeHUO-NOHUMaHUIO cMbicna MPHK kak peanbHoit (He meTado-
PUYECKOW) TIMHIBUCTUYECKOW CTPYKTYPbI, @ UMEHHO, TeKCTA (KOHTEKCTa).

B) CNOCOOGHBIN K NPUHATUIO PELLeHNs 0 BbIGOpPe aMUHOKMUCNOTHI (CTONA) Ha OCHO-
BE NPOCTENLWero NOHMMaHUsa cMbicna U HasHavyeHus UPHK (6enka) B opraHusayum
OMoxmMmMmn3mMa u apyrux, 6onee BbICOKMX DYHKLMIA, BKIIOYAsA KBA3W CO3HAHMe.

BapuaHm JKCnepumeHmMasibHoO2o0 doKazamesibCmaa 2unome3bl

leH GFP coctout 13 240 KogoHOB. ABTOpPbI aHANM3MPYeMOW CTaTbl PAHZOMU3UPO-
BaHHO BBENU CaiNeHC-MyTaLMMN B TPETbIO MO3ULUID OCHOBAHWUA B CUHOHUMUYHbIX
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KofoHax 154 reHoB 6e3 U3MeHEeHUs NepBOii U BTOPOI NO3ULMKU OCHOBaHMIA. CyLue-
CTBEHHO, YTO CMHTE3UpPOBAHHbIE KOHCTPYKLMU MOMeLwanu B MOEHTUYHbIe peryns-
TOPHbIE KOHTEKCTbl M ONpeaenanm 3KCNpeccuio Taknux MogMdULMPOBAHHbIX FEHOB
B knetkax E.coli. Takue reHbl, KaK U CNeA0OBAN0 0XUAATb, HE BbI3blBAAN U3MEHE-
HUI B CTPYKTYpe M (nyopecueHuun 3KkcnpeccupoBaHHbix B E.coli GFP, Ho Bausaun
Ha Bbixo4 GFP; Ha Bbixop GENKOB TaKXe BAWSANW Bbl3BaHHble 3aMeHaMW OCHOBaA-
HWI Bapuauuun BTOpUYHOMN CTpyKTypbl MPHK. [ToMHUM, 4TO KOJOBOE 3HAaYeHue cu-
HOHMMMWYHbBIX KOJOHOB B KAaXAOM MX CEMEWCTBE He 3aBMCUT OT Tuna TpeTbero (3)
OCHOBaHMA. To e NpaBWIO JOMKHO BbINOAHATLCA U 419 CEMENCTB OMOHUMUYECKUX
KOLOHOB, XOTA 3TO HUIAE He feknapupyetca. B aTtom cnyyae aBToMaTuyecku BO3-
HMKaeT npobaemMa HeOAHO3HAYHOTO BbIGOpPA PUOOCOMOM aMUHOKMCAOT U CTOMOB.
B Takon cuTyauuu npencraBnferca NOrMYHbIM BBECTM MyTaLMuW No TpeTbeMmy no-
NOXeHU 0CHOBAHWN HEKOTOPOM 4acTU OMOHUMUYECKUX KOLOHOB. [paBuio «aBa
N3 TPeX» YTeHMS aHTUKOAOHAMU OMOHMMUYECKUX KOLOHOB AOMKHO COONt0AATHCS
(cM. Tabnuuy Koaa), HO 3TO BXOLMUT B MPOTMBOPEYME C HEOLHO3HAYHOCTBIO KOLOBbIX
Ha3HAYeHUI NX KOAMpYIoLWMX Ly6neToB (NepBbix ABYX OCHOBAHWUI KOAOHOB). Mo-
3TOMY Apyras 4acTb OMOHUMUYECKUX KOZOHOB AO/KHA MOMEHATb KOLOBbIA CMbICA
B 3aBUCMMOCTW OT U3MEHEHHOro KoHTeKcTa u cMmbicna MPHK (3a cuet myTtauuit no
TpeTbeMy OCHOBaHMI0). [0 3TOM NpUYMHE MOXKHO OXMLATb U3MEHEHUI B NEpPBUY-
HOW CTpyKType akcnpeccupyembix E.coli GFP, koTopble yxe He OyayT MAEHTUYHBI
ucxogHomy GFP He TONbKO NO CTPYKType, HO M No ¢yHKUMK. B ToM yucne u no xa-
pakTepy (nyopecueHunu.

CnepyeT 0roBOpMTLCA, YTO HEM3BECTHA KOAMYECTBEHHAA CTOPOHA TAKOro poja
3KCNEPUMEHTOB, T.e. KAKOBO AOJIKHO ObITb COOTHOWEHNE CUHOHUMUYHBIX U OMO-
HUMKUYeCKnx KogoHos B npegenax MPHK. bonee yBepeHHO MOXHO CKa3aTb TOMLKO,
4TO YMCNO KOAOHOB-OMOHMUMOB JO/IKHO ObITh Gosblle ogHoro. Ecnn npucytcreyer
OAMH OMOHMM UK MANOe YKUCNIO, TO UX OAHO3HAYHOE MPOYTEHME, BOZMOXHO, OyaeT
onpegenaTbCca BTOPUYHOW cTpykTypon PHK.
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