











OT PEAAHUMH

[locneRne BOCKOIBKO JecATHIETHH OTMeUeHE GYPHRM paseuTHeM OHOIO-
raw. Tlofo6HsA MepeBopoT B Eayke — He HOBOCTh. BceM IaMATHA DeBOJIO-
EA B (uU3HKe, 03HAMEHOBaBMasa coGolt mepeyle MONOBHAY XX B. Teneps 10
ke caMoe mpomexoauT ¢ Gmomormeit. MEOrEe TpajmIHOHAHE Ope/CTaBIeHHEA
E3MeHWIHCH KJIH BOBCe OTBOPLHYT:l, BHABHEYTH HOBHE H/CH, De3KO pacuin-
PHBIIEE TOPH3OHTH HE TOJbKO OmOJOrMm, HO M HAYKH poo6me. EcrecTBeREO,
9T0 B TAKHX YCJAOBHAX UPe3BHYafiHO BO3pAacTaeT poxb HONYIAPHOH iuTepa-
TYPH M CHPOC HA Hee CHAbHO MoBHMaercs. OTKPHTHe NPARNMNAATLHO HOBHIX,
LOTONe COBGPHICHHO HEm3BeCTHRIX ABJICHMH BH3BAJIO OTPOMHKE HHTEPEC K
6EONOTAK CO CTOPOHH JIOAeH CAMBX PASNEIHHIX HpodeccHidl, mpuYeM dDTOT
EETEPEC COCPeROTOYMICA TIAaBERIM O0pasoM HA TAKHX ee ACHEKTaX, KOTOphHe
mpeskae Gburd Beememo KOCTOAHHeM cmenmanucros. OEAKO YAOBIETBODHTD
3TOT WHTepec COBCEM HO JIOKO, TAK Kax NPoGaeMul, paccMATPHBaeMbie COBpe-
MEeHBON 6mosorHef, SOCTATOYHO CIOKEH M MIA HX NOHAMaHHUA Tpebyercs, B
YaCcTHOCTH, JOBOJIBHO OCHOBaTelbHOe sEHadme xmMuu M $umsuku. [lepen asro-
pOM NONYAAPHOH KEATH © COBPeMeHHON OHMOJOTHE CTOHUT; CIe[0BaTEeNdbHO,
BeCHMa HEmpocTasA 3ajaqa.

Huaara I'. Borema manmcaBa cO CHEOHANBEOH OEIBK — MOMOYL JIaKe He-
UCKYIIeHHOMY TATATONI0, HO EMEIOIEMY CHemHaNbHON XEMmYeckoll @ GmoJo-
FUY6CKOH MOArOTOBKE, PasoGpaThcs B OCHOBEHX HpoGieMax COBPeMEHHON
o omines o s S e e

ClpaBHTLOS © 300f of i M STale ee PasBUTHA.

He3aypajHui men arz‘:‘uq(;c::;p:::a:-rmgmmﬁ aRael aBTopy IIOMOI‘S:'ET e"'l':-O
BHIBAGTCA OYeHb JeHCTBOHHEM, COCTO o e nbmevoR, KoToDuE oxa”
HOEe, HOBEPXHOCTHO® onncam;e ABJ o ¥ TOM, STOON CRARAIR AATh Cxemam

eHHfA, 38TeM IOKA3aTh YMTATONIO CBA3AREDIe






NPEAUCNOBUE
K HEMELHOMY
U3 JAHUIO

Cayuaio 6bu10 YrogHo, 9TOOK A 3aKOHIMJ YBJIeKarTesbHoe areHme «COBpe-
MeHHOH OMOJOTHEY» B TOT CAMuil AeHb, B KOTOPHI POBHO COPOK JeT Hasaj
O0JyYeHmeM AOKTOPCKOM CTemeHM SaBOPIIMAMCh MOM BAHATHA XHMHMel u $u-
aukoil B IevruAreackoM yeusepcutere. U Tyr cam co60w BO3HMK BOIPOC, Ka-
Kol e B 10 BpeMs MOTNa OWTh KHITa ¢ TAKUM HA3BAHMEM U YoM OHA OTIHYA-
Jack OB OT TOJIBKC IT0 NpounTagEeid. OTBET Ha BTOT BONPOC IOMOT OH HOEATS,
910 33 OEPEeBOPOT DPOM30DIe] B HAYKE 34 HOCICAHEE ReCATUICTHA W HACKOIb~
K0 ray6oke yOaioch ¢ TeX mOp NPOHEKHYTH B 3aKOHOMEDHOCTE IPONECCOR
HUSHE[SATEABEOCTH. '

Byayam yOGemfeH, 970 MHOrme OCEOBHHE SABJICHHS KHSHH MOMKHO pac-
KPHTb, HOCAENOBATeNbHO NpHMeHAA (U3AKO-XMMHIecKudi HONXON, A elle B
caMOM - HavaJleé CBOMX YHHUBEPCHTETCKHX B3aHATHH NHTAJNCA KaK-TO CBA3aTh
MeEAY co60l xuMmo0, ¢uauky u Onomormw. B Te BpeMeHA 310 OGLIIC HElXerko;
B MO IepBOit TeTpajy ¢ 3aMUCAMH JeKumi 3a aeTHHA cemectp 1921 1. (7 6ma
TOTHA CTyAeETOM MapSyprckoro yHABePCHTeTa) MOMHO IPOYATATH He IOTe-
pABWée eme u Temeph CBOeH aKTYaNbHOCTH IONQKeHHWe, Piacsilee, WTC eCTe-
CTBeHHbIe BAYKH IO IOCTAHOBKE MPo0JeM M DO MEeTOJAM pasgeAsdloTcA Ba ABe
IPPYNNEL «TOYHBIE» HAYKA — XUMHA U (H3HKA — U «JECKPHITHBEBIE), AR
«ONHCATeNIbHEIY, HAYKH — OMOJOTHA M EHaykn o 3emiae. OgEaxo yxe B TO
BpeMs, KOTAa A NPOXOAAN KYypPC HAYK B YHEBEPCHTETe, NpPoOIeMaTHIBOCTH
mogoGROrO mpeAcTaBIeHAs CTAHOBUNACH Bee sicHee. fl cam craj HemocpepacT-
BeHHLIM CBHAETENEM TOTO, KK H3 300J0THA B GOTANMKH BOZHHKIA IKCIEPH-
MeHTanbHag Ouojoras. o~

B umepsrie rogur Moero npeGuiBapnsa 8 Mapbypre msyuenue 6monoram CBo-
AHIOCH HCKIAIIHTEABHO K O3HAKOMIGHHIO ¢ MHOrooGpasueM MEHpPa COBpeMeH-
HBIX OPTaEH3MOB.



8 [peaucnoBue K HEMOLKOMY HIAAHMIO

B 1924 r. a mepeexax B TeTTHHreH 00y4aThes XMMHM IOJ PYKOBOZCTBOM
Amonsda Bumpayca. Ha npowamme s moiyumn ciefyiomee BamyTCTBHE OT
oasoro m23 momx MapOyprckmx yumrenefi: «Xopomo, uro 3zmech, B Map-
6ypre, BH MBYYMIMR JKMBOTEBIX, KOTODbBIE CYIECTBYHT B HeHCTBHTENbLHOCTH;
oTHsMEe, B I'eTTurreRe, Bu (ygeTe M3yYaTh OPTAHH3MH, KOTOPHX HAa CAMOM
Jene HeT!» B 2TOM IIYTIAMBOM BHCKABHBAHEKH COI[MKANCA TAYOOKHH CMBICK.
Bo Bropom y4ebmoM cemecTpé — y Aunsdpena Hioma, B I'errunrese, — mend
YyIUIH OTHICKHMEATh B «IJIaHAX CTPOEHWA» DABNMIHLIX OPraEH3MOB TO, 4TO
ORIO TENMYEBIM [0 HEMX BCeX, M HMCCHEZOBATH TAKHe NpPOLECCH i ABACHHA,
KOTOpbIe NpHCYH JAG0 oONpedeJeERBM IpynnaM OpPraHW3MOB, JHGO
BooOIHe BCeM JKHBHM CYNIECTBAM M CAYKAT UX OTAHYMTENbHHMM I PHSHA-
KaMH. JT0 OBIIO yiKe 3apOAHIMEeM TOro, YTO MH CeroflHA MOEMMAaeM IOoj MoJe-
KyaspHoit 6uojgoryeii. B To BpemsA Kak knaccmyeckas Gmomorma mcchienopana
Kask il OTneJanui'r 00beKT KaK TAKOBOH W NHTAJAach COS[AaTh ONPpPeAcleHHYyo
cHcTeMy AJs BCEro MHOr0oGpasus >KHBHX QOpM, coBpeMeHHas OMOJOTHA N3
MEO’KeCTBAa OPTaHU3MOB BHIOMpPAeT AMIUbL Te 0GBEKTH, KOTOPbIe HPeNCTABIAIT-
ca 0cOGeERO YROOHNMA 1A HOCTAHOBKH KOHEKPETHBIX BORPOCOB, ¢ TeéM 9TOOH
u3y"aTh HA EUX OCHOBHHE (eHOMEHH KU3HM M aBAAM3HPOBATb H OOBACHATH
ofmue ¥ XapAKTepHEe OAA BCETO MKMBOTO ABIEHHA ¥ MPOIECCHI.

Ho kax Ou ABHO HE HaMmeuajxock yie K 1927 r. HoBOe HanpaBJxenne B
KEHATe, KoTopaa Onaa Op HOCBAMEHA COCTOAHHWIO SHAHHAH B TO BPeM:A, HONMKHO'
6HUIO COTEePRATHCH BEChbMA HEMHOTOe W3 TOrO, 4TO HEHE MOMKeT CcOOoGmuThH
yntarenaMm ceoedl «CoBpemennoi Omomoruw» [age Hoaxmm Boren. 3a aro
BpeMs B OHOJOTHMH He TOABKO HAIlIU IMHPOKOe NIpAMeEeHMe .QusMyYeCKHe M
XHMHMYECKAS METOAs, HO H TMPOYHO YKOpPeHmacs (HBMKO-XMMUTeCKHH MOAXOA
30061]19. CeroflEa Ha oOYepeAu CHSAYIIBAR BOLPOC: KaK JAaleKo MB MOMXKeM
UPOABMEYTHCA B M3YUYeHHH OCHOBHHIX (EHOMEHOB >KU3EN, CHCTEMATHYECKH
OPUMEHAS 3TOT MOIXOA?

H36parEoe HampaBIeAHE 0KA3aJd0Ch IPesBRIYANHO HIONOTBODHHIM H JAJNO
BO3MQIKHOCTh IPOHUKHYTb B COKPOBeHHBe TAHHMW KHBOH Marepmm. B Guono-
THHE OpPOH30IHJIa PeBOJIONHA, DPEe3yAbLTATH KOTOpOﬁ II03BOJN AT YTBEPKIATD,
970 ¢O BTOPOH IOJOBMHB HAINEro CTOJETHA HadHHAETCH 3pa Guonorunm {(rosoil
Oouonornu). MEorosuciresasie GHONMOrNIECKHEe MEXAHMBME TeNEPb YKe MOMKHO
CBECTH K MOJNGKYJISADHHIM NPOLecCaM, BHa4Ye TOBODPA, UMX MOKHO OOBACHHTDL



NPeaHCNOBHa K HEMEUKOMY M3AaHUIO K

MCXOA H3 CTPOSHMA M CBOHCTB XHMMHYECKAX MOJIEKYJI, a Takmke ocobermocTell
K TMNOB XMMHMIECKAX DeAKLHil, NIPOTeKAKMEX B »ABol Kiaerke. Takmm ofpa-
30M, OJHA BOTBh COBPeMeHE0H GHOMOTHK OPEBPATHIIACE B (MONEKYIAAPHYIO OHO-
JOTHIO». 3TO HASBaEHe He HPOCTO JaHh MOJe; OHO 3aKAI0TaeT B cefe HeNyw
oporpaMMy. B sajgauyy MmoldexynxapHO# OGHOJOTHM BXOANT O0BsCHeHHe — Ha
MOJEOKYAAPHOM H ATOMHOM YDPOBHE — TAKHX OCHOBHHX (PEHOMEHOB >KMSEH,
KaK HacJeACTBEeREOCTH, POCT, Pa3BuUTHe, ARPPepeRINPOBKA, Pa3EpPaKAMOCTD,
ABEKOHHE, MOAMATH.

Idrofi mporpamMMo¥ MONeKRYASApPEAS OHONOTHA OOABOZET $yHAAMEET WOXR
KIACCHIOCKHS OHOJOIHUECKME TUCHUILIAELL, 4 3aKII0TIAOWAACA B Hell KOBNEN-
OdA ABIAGTCA OCHOBOU ee BaykHOro ¢gmiocofckoro 3HAUEHEA: OHA HaNpaBle-
Ha OpoTEB 060l PASHOBANHOCTH BATAJNMIMA, ONEPHPYIOIET0 HAYIBBIMM apry-
meuramu. Jloka elge TPyAHO CKasaTh, B KAKOR Mepe MoJeryaApHas 6mono-
CAA CMOXKET TOCTHIEYTH DOCTABICHEOH HeaM: 3aJ39HW, KOTOpHE eH mpeJcToMT
pemuTh, CACKHB E TPYAHOO603PEME. Mu mepesxusaeM cefiuac mepaon OypaBEX
YCIOXOB, KOTODHIE BOCXMINAIOT HAC B IEPBYI OUepelb TeM, 9T0 MHOMOYHCIIEH-
grue $akrh, HOOGHTHE Ype3BHIaiiHO 06mMUPEON 06MacThI0 3HAHUA, HAKTH, KO-
TODH® O CAX IOP Kasaameh (eCCBA3HEIME, Telepb, Ha OCHOBE HOBHIX Lpef-
‘cTapaeHuil CKAAKKIBAIOTCA BO Bece Gonee u Gonee AcHYw kaprury. Doapmue
yenexm OHNE HOCTUrHYTH GIArogapA TOMY, 9T0 A HAspan OB «HCKYCCTBOM
Pa3yMHOTO OSKCMEePHMEHTANBLHOTO CAMOOIPARMYeHAA)! coBpemeHRasg Ouoxo-
THA HMeeT OeJO JHIb ¢ HEMHOTOYHCJEBHHIMA O0BeKTamMm, HO 3aTO OHM CHCTEe-
MATHYIECKH HBYIAIOTCH BoeMu JOCTYNHLIME Hayre Merogamu. [1oaToMy coBpemer-
Hag Ononmorug BKAiodaeT B ceGa Hapany ¢ Ouogmemxod OHOXUMEIO, pPeHTIeHO-
CTPYKTYPHHHE aHaTu3, TeHeTUKY H B METOOMISCKOM CMEICIe 0HA — BeeoOuui
JOJKHEK, & coGCTBeHHOe guno npuolperaerT NHmB Gaaromaps HecBoHCTBeH-
HOMY TPaguumOHHOH OModr3mke Hin GROXAMEU «HETePHPETATHBHOMY» Xapak-
Tepy MOCTAHOBKH BONPOCOB, LEMb KOTOPHIX — MOMKTKA YCTAHOBHTH CBASh
MEKIY CTPYKTYPOH M CTPYKTYPHLMH IPEBPAMSHHUAMHA MOJEKYld H mX Ouo-
morudeckoli QyHKIMel.

Heura Borema B yBaekaTenbHO# B mocTymmEol fopme ZBAKOMET ¢ DTHM
HOBHM MHPOM H NOKa3biBaeT Ha y0enuTeXbHHX IpUMePaX, Kak IPK DOMOIH
MONENHDPOBAHNEA YJaeTcd 0XapaKTepPHBUBATE M PAa3BACHKTH TAKUE OMOIOTH-
YeCKHEe NPOLeCCH, KOTOPHE PAELING YMEJNH TOJBKO ONMCHBaTh. OHaKO BHHMA-~
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TeILHOMY HYHTATENI0 OHA IOKayKeT TAaKKe Hpefesibl BOSMOMKEOCTeH HOBOTO
MeTofa. XOTA coBpeMeHHasA OHOJOrdA OTKPHBAET HAM COBEDINEHHO HOBHE ac-
NexTH 6HOJOrAYeCKHX ABAeAnil, HO3BONAA Taylie NPOEEKEYTH B CYNHOCTD
MHOTHEX XHM3HEHHLHIX IIPOLeccOB, ONBAKO Jaske Ea OCHOBe COBpeMeHHHX, 6o-
Jee YrayOneHHBIX NIpeACTABIEHHH HEBOSMOKHO IOKA OTBETHTH Ha BONpOC, '
910 TaKoe KU3Hb. Ilo MHeHUIO ABTOpa, €CTeCTBOSHAEMe HE B KOeH Mepo He
cTaBHT cebe 3amaueli WIE MEABI0 NOKA3ATH, ITO WKMSHL CBOJUTCA HCKIIOYATONb-
HO K QU3MYCeCKEM H XUMAYECKMM SaKOHAM. 3a7ada ecTeCTBOSHAHHA — MCCJe-
TOBaTh, B KAKOH CTeHeHM >KA3HR OCHOB&HA HAa (H3AYECKHEX H XHMHIECKAX
3aKOHAX H MOKHO JH €€ NOJHOCTRK OOBACHHTL MCXOQA H3 OTHX 3aKO-
HOBY. '

OTEPHTHA, KOTOPHMU MKl 00g3aHK cOBpeMeHEON OHOJOTHH, MOTYT HpH-
ofpecT: NI TeJOBeYeCTBA OIPOMHOE NpaKTHIecKOe 3HaueHme. BeccmopHnie
ROCTHKEEMA COBPeMeEHOH 6mosormm B spicliell cTemeEE CHOCOGCTBYIOT VK-
peryieEmi0 UyBCTBA ray6odafimero BOCXHMILEHHA 9yJecaMm HAIDero MHpA.
[TosroMy MOMXKHO BANEATHCH, 9TO 9el0BOK HAKOHEN OCO3HAET TY OTBETCTBEH-
HOCTb, KOTOPYIC OH HeceT B OTHOmEHME BCeX KHBHX CO3JaHMil Ha JeMie —B
OTHOUIGHUM PacTeHH, :KEBOTHBIX B camoro cels.

Illpogp. A. Bymenandm,
naypear HoGenesckoli npemui






12 Bsepexve

OMepHPYIOT TAKUMH coBpeMeEHpIMU HomaTHaAME, kak JIHK, ardopmannonnas
PHK, uMMyHOTOJepaBTHOCTD M TOMY NOAOOHRE, OYRTO 9TH NOHATHA J0C-
TYOEB K&MKAOMY (XOTA MOKHO 6Bl HOrajfathcs, 9TO0 CKOpee BCero aeno oGCTOnT
kak pas HaoGopor). [log4yac BOSHHMKAET MAJONPHATHO® BOZO3PEHHS, 9TO WHEHE
aBTOPHL cTaTeli ¢ CeHCAUMOHHRIMH 3arOJOBKAMH XOTAT He CTOXBKO EHPOPMH-
poBaTh MYGAKKY, CKOABKO MMIOOHUPOBATH eil.

J9ta wEura OmAA HANHCABA ¢ HEAB0 MOOBITATHCA XOTH HEeMHOTO 3alOJ-
HHETh TPOGeN MLy TPaAHUMOHHEIME OHOJOTHYECKHMH NPeNCTABISHHAME M
cospemennoli Omonorueii. He nperemgysa ma cammxoM MEOTOE, OHA PaccKa-
MeT B JACT HalNIAAHOS MpefcTaBieHme XOTA O 0 HEKOTOPHX yclexax, JOC-
TUFEYTHIX O@omoramu sa nociaenrue 30 ger. Burs MOMKeT, 0HA NOMOMKET HAUIUM
9HTATENAM COCTABATH CAMOCTOATENBHOS IPEACTABIEEHMe O TOM, UT0 CErojHA
OPOHCXOJUT B OHOmOTHA.

BosbpMeM, K TpEMepy, TeHETHKY, HJAA YYeHHe O HACJHeACTBeHHOCTH.
«3aranka BacaeactseARocTH pemena: JHK, mecymasa B cefe remeruveckmit
KON, HBJIAETCA BeleCTBOM HAC/eJCTBEHHOCTH?, — BCe aTO, DesyciaoBHO, MaJjo-
NOHATHO IHMPOKOMY IMTATeNlo, Aane ecam OH 3Haer, 9uro JJHH — aro oGme-
OPHHAATOR COKPAINEHHe JIA Ne30KCHPAGOHYKIeHEOBOH KucIOTH. Boasmmmcr-
BO JI0Jlell CKJIOHHH MPEACTaBAATH ceGe HACHEACTBeHHOCTh HATNANHO, BCOM
W3BECTHO, YTO JEeTH MOXOKH Ha poamrenell mia mo kpaigedl Mepe xoTh HeMHOTO
ux wanoMuuaTr. M ecnu jgaxe MEOrMe OCBeIOMIEHH O TOM, UTQ BO BCOM 3TOM
KAKYIO-TO BRKHYIC POJIb HI'PAT HYKJIEHHOBHE KHCJIOTH, 3TO HM MaJj0 O 4eM
COBODUT.

Jae BcooMuHEB 0 3akonax Meumenas, B COOTBETCTBHH ¢ KOTODHMH, K&K
HU3BECTHO, APOUCXOAUT HACIEJOBaHHE, He BCAKAM CMOMET YCTAHOBHTH CBA3D
mexkny BHK m saxomamu pacimenaemmsa. Majdo Toro, y HekOMIETORTHOTO
THTATENA MOMOT COBNATHCH COBODHIHHO JOKHOE BHeJaTIeHHe, UTO BEOBOe
Y4YeHHe O EACJHEJACTBEHHOCTH Boolme He MMeeT BEWYero obwero ¢ teM, 910 eMy
H3BECTHO IO HMeHeM HAac/efCTBeHHOCTH H 4TO «MOJEKYJADHAA FeHeTHKa» —
BTO COBEPLIEHHO HOBAA HAYKA, KOTOpPas ¢ MOMOILLI HOBHIX METOJOB, HOBHX
MOHATAK M ROBOTO 06pa3a MEICIel NMPHEBENA K POBOJIONHOBHO HOBHIM (A BHO-
6aBOK HEMOHATHHIM) Pe3YJbTATAM.

Ilpaspa, 9to pasEHIA MEKAY XOPOMO H3BECTHRIMA BHIAMMHMHE B MHKDPO-
CKON XPOMOCOMAMH U MOJCKyNOl HYKJIeHHOBOH KHMCAOTHL OYeHb BeJHKA,’
Ho KpaiiEe#l Mepe B pasmepax. [IpaBaa, uro cerogasa Gmonoru paboralor, Hc-
MONb3YA HOBble METOIW M IpexcTaBieund. [IpaBaa @ 1o, 4T0 DOA%AC HOAYUYeH-
Hbhleé UMY Pe3YJbTATE NPOM3BOOAT HAYIHYIO peBojommio. OFRako BpAA Iu
HY/KHO MOBTOMY BHGPOCHTB 3a 6OpT X0TA OBl OFEO B3 KIACCHYECKHMX NpencTaB-
aeruii. Bosee Toro, ceitaac yaanocs pacusu posamv mexranussm MBEOTMX Ipo-
IeCCOB, K KOTOPHM NPEKIe NPAMSHAICH IACTO oNAcaTeAbHE noxxoA. B atom
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OTHOIICHHM HEIPEePHIBHOCTh M MPeeMCTS8eHHOCTh HAYKR BIOAHe TApaHTHPO-
sambi. He uaMeBHIAch W UeNb WCCAEfOBAHMA, a NyTelIecTsHe K 3TOH Lenu
coBepIaeTcA HO NOBOJLHO LPAMOH fOpoTe, XOTA MO IYTH B HPAXONHIOCH
CMEHATh Kydepa M yomafeii. OctaeTca TONBKO PasodparTbesi BO BCOM ITOM,
970, KOHEYHO, Tpefyer HeMajnix 3aTpar BpeMeHm. Opnaxo MbI HageeMmcs,
970 MOCKOAbKY HAUIM YHTATENH HCNOJHEEH A0OGpPOH BOJM, B KOHIE KOHIOB
HM YAACTCA OIar 3a INaroM IPeojiofleTs TO PACCTOAHHE, KOTOPOE OTAeNAeT
HX OT DOHMMAHMA «MOJEKyJ] HAacjeJCTBeHHOCTH» M Bcero, 4TO € HHUMH
¢BA3AHO.

He nopnesxuT COMHeBHIO, 9T0 3aKOHs. Memfens me Moryr oGBACHETH BCe
ABJEOHHA HaCIeJCTBEHHOCTH. MBHJIEJIEBCK&H reHeTHKa OCHOBAHA HA analH3e
CKPeImMBAHUM -— CKPELIMBAKT ABa OPraHM3Ma, PasiMIAIn@Eecsd OO ABYM WA
folee TPEBEAKAM, HO NPHEALNEKAUME K ONHOMY W TOMY ke BAAY (Hampm-
Mep, AbBUHHI 3eB, TAIIANA KPAacHbe HBETKH, CKPENIUBAIOT ¢ JILBUHMM 3€BOM,
JaomuM Oelinie UBeTKHu). 3aTeM HCCHEAYIOT, KAK BHIMIAKKT HOTOMCTBO HEPBO-
TO Ao9epHErO MOKOJeHUA H KAaK OKPAalIeHb HBETKH ¥ OOTOMCTBA OT CKPeIABaHHA
ocofell FoYepHEro MOKOJERHMA APYT ¢ APYIoM HIK C PORUTeAsAMH (C pacTeHMSA-
MH MOKHO - IPOfleJiBATh HOOAOOEBIE Beliy, HE MY4YafAch YTPhI3CHUAMH CO-
BECTH). . _

OILEB.KO OpE J3TOM YNAeTCA BHACHUTL KW HN3YINTH TOJLKO MEXaHH3MBbI,
OPpH TOMOINH KOTOPHLIX NepenaloTcH, OmeﬂHHﬂIOTGH 1 BHOBHL PACXOATCA HAC-
nencreeRube gavaTry. (HoBeURO, OTHPLITHE, YTO HA CAMOM Aelle HACNELYIOTCH
He TOTOBH® NPH3HAKM, & UX 33a9aTKM, CaMO NO cefe 0UYeHB 1EHHO.)

[ipm sToM uwacTo He saMedalm, HOPOH Jaxke HAMePeHHO, UYTG CaMOe BaMK-
HOe B HACXeJCTBeHHOCTH — He MeXaHWKa mpeJad, a CBOMCTBA M MEeXaHH3M
JedcTBrA HOROGHKMX 3aYaTkoB. MHOrMe — B TOM 49HCJI® M CHeHHANHCTH —
AOBOJILCTBOBRJIMCH TeM, 9T0 0003HA9ANE HaCAe[CTBeHHLIH 3aUaTOK KaK «TeH»
HJIH «aJIeab». A KOrjja BOSHHK BOIPOC.O TOM, KaK JAEHCTBYET FeH, K NMPHEMEDY,
KOIjla DOHAAOOMIOCE BHIACHATD, KAKUM 00pasoM ren oGycioBiamBaer KpacHYIo
OKpAaCKyY JeNmeCTKOB, TO TIéHeTHMKH SaABWAH, YTO 3TUM AOJKEBA 3aHHMAaThCA
CMeHHAA AUCHUBINEA — $usuonorus pacreEri, Vs-sa mopoGmol yxkJIoH4In-
BOCTH ocltafeBall ufATepec K Ba)KHeHmed npolieMe HACIeJCTBEHEOCTH H KOH-
TAKT ¢ TeHeTHKON MpepHBANCSA B CaMOM Hagase.

BnocirencTsuM, KOTAA HOBOE HANPABIGHHE — MYMOAYUONHAR 2eHeMUKE —
NPUEeCAO MepBhie IO, JHIOb HEMHQOTrHe B3 BHX CYMeAM HANTH AOJLKHOE
npumenerue. Mymayusmy BHa3HNBAOT CKAIKO0GpasHEe UsMeHeHMA B Haciel-
CTBEHHOH KOHCTHTYIHUN. B HeKOTOPHIX CAyIafaX OBM NOABIAITCA (CHOHETAEHO).
B Goxpmmx macmralax MX MOMHO MOJYIaTh MCKYCCTBOHHO, IyTem Bo3gelcT-
BUA peHTI‘eHOBCKI‘IMﬂ HIn ynmpadmoneroaumn JAY9aMH H PpPAa3sIHIHBIMH XH-
Mu4eckaMH BewecTBamu. PasyMeercs, Bce 310 GHIIO HU3BeCTHO M paHee, HO

Paad
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IepCIeKTUBa BHIACHATE MCXOAA M3 BTOTO NPHPOAY M CTPYKTYDPY TeHa Kasda-
Jgach BuuyTowmbofl. Oggako B pesyibTaTe [UIATONBHOIO COBMECTHOrO TPYAa
CHEeMHATUCTOB IO MYTAIMOEHOU reHeTuke @ OMOXMMHKOB YAajloCh BeChMa
TeTKO TOKABATh, UTO IeH KakaM-TO ofpa3om BamseT Ha obpasoBanue depMen-
TOB, . _ .

Yro Takoe red B kKakuM o0pazoM o8 doPMUPYeT «rOTOBHH OPA3HAKY — BOT
Te ABAQ BONIpOCA, KOTOPHE HOJNMHA Pa3pelIATh COBpeMeEEadA MOJOKyiApHas
reHeTHKA M Ha KOTOPhle OHA B MPHHUHIE YKe CerofHA MOMKeT JaTh MPaBHIb-
Heiit oreer. [IyTh MonexynaprHOil remeTmkd ORI RaJeRO He BCerja OpAMOJIH-
HeeH H K TOMY JKe OR eme He 3axoRIeE. OnHaKo HeAb WyTEmeCTBHA CTajla
ceiiyac COBepDIIEHHO SICHOH.

IlyrewecTeeEAUKAME 0L QH3UKA, XUMPKH, MATEMATHKM W reHeTHKH.
Oun ge cymean G MpogBHMHYTHCA Tak Maikeko (uam Tak OsicTpo), ecaum 6w
He 3apyYUJMCh COJZeHCTBHeM HHKEHEepPOB, B MEpPBYIC O0YepeAb CHeHMANH-
CTOB IO TeOPHMH cBABu. Jlna HempeayOerkmeHHLIX mcclegoBaTeneldl — a mone-
KYJAAPHLIEe TeHeTHKA WMEHHO TAKOBH — B STOM He OBUIO HUYero HEOMKHASH-
HOTO.

Jloboit spicmmil opragusM, 6yap TO pacTeBme, MHUBOTHO® MM 9eJIOBEK,
NPOMCXOAUT OT OAHOK-eIHHCTBEHHON KIOTKH — OIAGAOTBOPEHHOH AHIEKIOT-
KH (OfHOKJeTOYHBIe OPraHMSME PasMHOMKAKTCA feleHHeM, 06pa3ya A0YepEHO
KIeTKH, — II0 CYIHECTBY 3T0 TO ke caMmoe). QNBaKo 0TKYAa, BEAPEMep, aile-
KJIOTKA «3HAGT?, BO 9T0 el «J0MHO pasBurhkea»? JeMm obbAcEMTE, 9TO H3
AHHEKJIOTRH MaKa BCErJa Pa3BHBACTCHA TOJLKO HOBO® pacTeHUe MaKa, & He
Juna und ex? (JueBHRHO, 5TO «3HAHHE» COMEPYKHTCHA B HEll B BHAE COOTBOTCT-
pytomell «nHPOpPMAIIHE» M, CAEAOBATENbHO, YIeHHe O BACHASICTREHHOCTH MOK-
HO paccMATp#BaTh ¢ OO3UUEM Teopum aadopMauyd. B Takoem caysae Bo-
LHPOC MOMKHO C(l)OpM}'JIHpOBaTB TaK! I'ieé H KaK XpaHHTGH TeHeTHYECKad EH(IJO]J'
MaIHA M KakuM o6pa3oM OHa WUCHONL3YETCH, PEaNH3yeTcA?

Hadopmanma npepgcrasiger cofoii He 4T0 mHOE, KaK SJEMOHTH YNOPS-
AOYEeHHOCTH HMJIHM CHTHANBI, KOTOPH® BHISJAKNTCA HaAL YPpoOBHEM «mymaw
HeYNOPALCYCHHON OKPYKaomel cpein, DON00B0 TOMY KaK BHAENAIOTCA, CKa-
’KeM, CHHHO CHTrEaNsEbe dapsl ¥ POsKOK noamLelickoil Mamuus. dta HEGOpMA-
IIHA HEe BHTaeT CBOﬁOI.EHO BO BEHYTPHKJIGTOYHOM npocTpascTBe, 0Ha, 683}"
CJIOBHO, Ha 9eM-HEOYAR «3anmucaEa». Ilogo6rasa 3anmce Momer OwTh clenaHa,
KaK B rasere, IpH NOMOIH COCTABJIEHHMX ®3 OYKB CJOB H fAajiee — (pas.
10 MOXKHO CReAaTH M NPH IOMONIH TOYeK U THD®, Kak B azbyxe Mopse. I 510
JKe MOMHO ClelaTh MPK ImoMOmM NepPOoKAPTH ~— CHCTEMH OTBEpCTHi, pacmo-
Jaralomuxcsa OO ONpelelieHHOH cXeme («Kom»), COOTBOTCTBYOmMeH To#H maH
nHoli MHPopMalimu. BramcaurerpbHas MAIMMHA MOKeT pacudpoBarTh KOJ,

3aKRIIeHA N B HepdoKapTe, M BLIKaTh Or0 B YATAGMBIX 3HAKAX,T. . B OYK-
Bax.

>
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3nece MHe xotemock OB cllenaTb caenyiomee saMedanue. Ha nmepsurfi
B3LJISAA MOMKET OKa3arhesd, 9ro 0aarogapd BBeleRHI0 YACTO TOXHHAYECKHX [O-
HATHA B TreHeTHKY IPOHMKJIO HEUTC dyKKoe, meOmoaorudmoe, u uro K Ro0pY
270 me HpuBesier. B cymHocTa ke Bce obcTonT Kak pa3 HaoGopoT: TeopEA yn-
paBieHHsA, KAGepHETHKA M TeopHs HHPOPMAIMM JUMbL TeNeph BAIUAE W HC-
OO0ABb3YIOT TO, Y70 KHBHO OPTAHH3MH IIPHMEBAIOT € GonpimAM YCIeXOM YKe B
TeUdeHHe MUJJIHCHOEB JIeT.

B caMoM Jene, Bce sKHBHE KNeTKH HeCYT B cee Bcio EeobxonaMyo nadop-
MaIA©, 3audPOBAHAYIC ¢ HOMOIBIO CBOET0 poia mepPokapt. JTo HE CHeAYeT
mognMaTh GYKBAJLEO, OMHAKO [IPUHIEI KOTUPOBaHUA B 00OUX ciaydasx BeCh-
Ma CXOfeH, H I'eH MOXKHO cMello yuogo6nts nmepdorapre.

Hog »u3yu oTnuuaercs NpUTOM HDOpasHTeNbHOH OpPOCTOTOR: BCero JNHMB
DOCPEACTBOM YeThpeX pasiMMYHBIX «3HAKOB», NPEACTABAAMHX co0ol Mo-
JERYJH 9eTHPeX BeCbMa CXOAHBIX OPraHHMecKHX GOE,IIHHBHHﬁ, «3amdacaHay BCA .
aEgopMallus O TOM, KakuM o0pasoM, CkaykeM, M3 AHUEKICTKA MaKa JAOJIAHO
chopMmpoBaThCa Uea0€ PaCTEHHEe MaKa — ¢ ZBYMA 3eJeHRMM JamejxHCcTHKA-
M#, YeTHPbMA KPACHHIMH JeneCTKaMK, MHEOTOYMCICHHEIMH UYePHHIMH TH-
YRAKAMA M IAO0LOM-KOPOGOUKON, 3alOJHEHHOK MHOKECTBOM IoJy0OoBaTH X
CeMAH.

Hrax, B KIeTHKe CONEKHTCA NOJHOE ¢PYKOBOJACTBO K AOICTBMIO», 3alm-
CaHHOE BCEerc 9erhpbMa «OykBamm». HuleTKa «CUHTHIBaeT €rc m mOCAE 3TOro
V/He «3HaeT», 9T0 M KOTfa OHa AOGJIKHA JejaTh.

HBY;IHBHTBJIBHO, 9TO [0 CPABHEHHIO ¢ TAKUM INéeHHAJBbHO HPOCTHM HOAOM
crnocof pacHPpPOBKH U PEANHIALHWH COAEPIKAIHXCA B STOM PYHKOBORCTBE
RHCTPYKUMI HoRaskeTcA Oonee CAOKHWM. OTHAKO OH He HACTONBKO CJOJKEH,
9TOOBE HeJb3d OLLIO MONMHMTATHCHA JaTh 3JeCk KOCTYINHO® — H IO BOSMOMKHOCTH
HarJALHOS — OMHCAHHe GMOJIOTATeCKOro KOAMPOBAHMA H IepeHOCa HEPOpMa-
nud. [Ipu sToM Msl BO306HOBUM YTpagseHHEHIl OHIIO KORTAKT ¢ ACCAENOBAHAAMHE
8 ofaacTH macneacrseHsocTH. ONHAKO NOJO0HO TOMY, KaK POLECChl, CBA3AH-
Hbie ¢ Mepeaadell HACNEACTBEHHOCTH, He MOIYT NPOTeKaTh HU30ANPOBAHHO
0T NpPpOYHUX KHU3HCHHBIX HBJIEHHfI, TaK # FéeHeTHKA He MOMKOT pacCMaTPUBATBCA
TO.TPKO caMa 1o cebe. My GyaeM BHEYIKICHH 2aTPOHYTE 3/lech Takme mpobme-
Mbl, Kak npoGsema ofMeHa BemecTs, KM MeTalonM3Ma, W ero peryasinud,
BOTOMY 9T0 HMEBHO B MOporuecce MeTafboaHaMa OpragiasM DOonaydaer Heoo-
ToluMble eMy pemectsa. KpoMe roro, mpumercsa Tak:ke paccMoTpeTh M Gouee
JaJeKde Ha OepBuii B3TAAp obmacTh, mampaMep HEMMyHoOHojormio m mpob-
JeMBl TAMATH, TAK KaK M MMMYHONOIEYECKME BPOLIECCH M IaMATh YIOpaBif-
IOTCA WM HO MeHbUIeH Mepe KOHTPONMPYIOTCA YPH NoMOmE «NepdokapT
AHIHN).

M BoT TyT-TO GWTATeNb, BEPOSATHO, CIPOCHT, OTKYJA, cofcTBeHHO
rogops, B3AdMCh aTH nmepdoxapre. o CHX HOp MH paccMaTPABANd HX KaK
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FRABA 1

HYKAEKHOBLIE KHCNOTHI
YNPABNAKT
CHHTE3OM bBENHOB

1. MOXHO AU W QOMKHO NM
AATL ONPENENEHME YKMIHK!

IIpurATO CYMTATE, UTO, MEPe] TeM KaK Beephed o6CyKAaTh TOT WIM MHOM
BOLpPOC, HY)XHO LPEKIE BCETO TOYHO OYOPTETE OOBEKT O0CYMAeHBS B JaTh
eMy derkoe ompefenenne. [loguac 370 AeHCTBATONHHO BasKHO M HeoGXOWMO.
Onsaxo mepeaxo sTo TpeGoBaEHMe HOCHT SHCTO QOPMAALHHEIA XapakTep M IIO-
TOMY IompocTy o0peMeRHTOABEO. A Yamie BCero OHO, B CYMBOCTH, 0eCIONe3HO.
Uro kacaercs obbexTa maykm GmoJorum, T. ¢. ’KHBHH, TO 31eCh yYNOMAHY-
T06 TpefoBamMe WONPOCTY HEBMOOAHEMO. Mosker 6HTh, NpaBRAbHEE BCETO
CKasaTh, 4TO KA3HA BooOme HOBOSMOMKHO AaTh HCYEPHHBANNEe ONpe-
AelIeHHEe.

JT0 MOKeT MOKA3aTHCA YAHBHTONLHHM. Befh B KOHNe KORIOB Kaskgoro
H3 Hac, XOTA OW Ha KAKOE-TO BPeMs, 3aHEMAET TeMAa YKMSHH, HanmOonee HHTDPH-
ryiomas Tema fi4 a1060ro Jeq0BeYeckoro cymecTsa. MAOTHS Moia—u npexae
BCEro XyAOKHHKH, PHA0coPnl, YUeEHe — OCTABHIH mocide cebd moata Heo6o-
apuMoe GoraTcTBO MEICHOH, MAeli N BCEBOSMOMKHMX CHEXYIAUNH Ha TeMy O

musHR. OZHAKO HAKOMY eme He YAaioc CeRATEALAQ, QObACHHTD, 4TO Ke
TaK0e®, B CYMHOCTH TOBO 3HE

2—690
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3. PEPMEHTHE
OSECI‘IE'IHBAlO‘I‘
OBMEH BEI.I.lEC'I’B

Tenepb BHOBbL O6DAaTHMMCA K CAMBM OpPradHMYecKUM COeIMHEHHAM — COe-
JEHEHHAM yriepoia. Mrax, oHE pearMpyioT Ipyr ¢ ApyroM O4eHb MeJJIEHHO.
Rowneuro, skm3Ebp He MOXKeT NOANEP/KMBATHCSA 38 CUET CTOND MEJIeHHHX Ipe-
Bpamernii. JloaToMy. xuBag wIeTKa — M GyeM PAacCMATPHUBATH ee KaK MO-
ZeJb BCeX MHOTOKJETOYHHX OPraHABMOB — BHpaborana ocofme mpuemocot-
JIeHEA [Isf YCKOPeBUA NOoA00Emx peaxnuit. OHR HABHBAIOTCH PepMmenmamis
BAIH SH3UMOEMU,

Pansure mesxqy gepMenTaMu & SHE3KMaMHe jJenaan pasimine. K depmerram
(ot maTmAckero fermentum — 3axeacka) oTHOCHAH «GechOopMeHHRIEY BEHIECT-
Ba, KOTOPEE BHIZENAIOTCH KISTKOM HApPYKy, HAAPUMEP B KHIGEUHHK, Ije H
OPOABAAIOT CBOIC AKTHBHOCTh., B IPOTHBOMONOIKHOCTH 3TOMY dH3mMamu (OT
FPEeYeCKOTO 9K — BEYTDPH, SUMOK — 3aKBACKA) HABHBAIHN «OPTraHH30BAHHBIEY
cybcramuuu, BelcTBOBABIING TONBLKO BHYTPH RiAeTkH. OZHAKO HOCHE TOrO,
kak B 1897 r. Byxsep oTKpHJN, 910 depMeHT COMPTOBOrO GPOMEHHEA, KO0
BpeMA CUMTABIIMICA THIWIREM SH3HEMOM, MOKeT OBITh H3BJIEYEH M3 [POKIKe-
Bo#f KNeTKM Oe3 yTpaThl aKTEBEOCTH, KOTOPYIO OH CNOCOGOH OPOABAATL H B
opodupke, in vitro, 310 feaenne moTepsI0 BCAKRE cMbich, G Tex mop ofa Has-
BAHHA HCOOJB3YIOTCA HA PABHEIX npaaax’

Opur na ¢epMeRToB pacmemiser MOJZEKYNY TPOCTERKOBOTO caxapa (ca-
xaposbl) Ha { MOJEKYTy BUEOTDAIROTO caxapa (rIIOKOSH) K 1 MOTeKyay d)pyx-
ToBOro caxapa (Qpywrosu). Onnaxo B TO BpeMa Kak cyfcmpam — Tak Ha-
3HBAIOT BeIMEeCTBO, HA KOTOpOe HedcTByeT depMeRT (B AameM ciiyyae 9TO
TPOCTHHKOBLIE caxap), — CYIECTBOHHO H3MEHAETCA B PE3yJbTaTe 9TOH peak-
ond, pepMenT BHXOAHT M3 Hee HETPOHYTHIM M BCJAENCTBHE DTOTO MOMKET TYT
A€ HaYaTh pacHelVieHHe CAeRYOmell MOJEeKYNH TPOCTHHKOBOIO caxapa.
CaeposatenbHo, OgHa MONEKYNa (epMENTA MOMET Pas3JOKATh TOpasfgo 6OJab-
mee HONMYecTBO cybcTpara IO CPAaBHEHHI €O ¢BoeHl coGeTBemHOM Maccoii.
Ha pme. 2 Mu npomumrannce Baraagao m3o6pasurs paboTy ABYX (epMeE-
T0B: «pepmerT 1» o6pabaThiBaeT ZpeBecHWE CTBOX, OTpPe3ag OT Bero KpyT-
JAAmE, a «pepMent 2» paspesaer faZee KaXKAHA W3 HAX Ha JiBe IOJOBHHKH.
[IpoussoguTeNnLHOCTD PEPMEHTOB OTPOMEA: O HEKOTOPHX (ePMEHTaX KIETKE
HE3BECTHO, 4TO KMK[ag MX MOJNeryaa (MONeKyNn $epMeHTOB OYeHb BENHKH)

B TeJeHHe ONHOE MHBYTH CHOCOOHZ DPABIOKHTL N0 5 MKILIEOHOB Monexyn
cyGerpara, u 10 mpu 0°!

! B orewecrsennoli qATepaType Jame HCIONB3YETCA TOPMEH ¢feprments. — I pusm. ped.
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Bee 20 aMHEOKMCIOT, KOTOPHE MOKHEO IOJYIATE B Pe3yJIbTaTe DPasioKe-
grA GeJIKOB, HOCTPOECHN IO OAHON M TOMH JKe cXeMe:

1) Ha oAHOM KORIEe HX MOJEKYJ NOMemaeTcH KapOOKCHABHAA Tpynma.
—COOH, uMemasg KECIOTHHE CBOHCTRA;

2) B HEHOCPEeACTBEHHOM COCEACTBE C Hell, IPHE BTOPOM aTOMEe YIJIepoja
(r. e. 8 a-moyoKenmE), pacmonoxeHa aMuporpyuma —NH,, mMeoman ocHOB-
HK© CBOHCTBA;

3) manee, 3Hech MMeeTCH 0cTaTOX R; B mpocTeiimeM cayuae 3TO aTOM BO-
Eopofia, a y 6osee CHOKHEX aMEHEOKACAOT R Moer ObTh CHOMEON UBKIIIC-
CKOH CTPYKTYpoil, cocToameil u3 Muordx (no 20) aToMoB yraepoja.

Hrak, cymmapEas GopMynTa aMHHOKHCAOT MMeEET CeLYIONEN BH/:

COOH

[
HCNH,
i
R

(Cymecrsylor aMMHOKACHOTH, ¥ KoropuXx NH,-rpymnma cromr me y BToporo,
& ¥ OAHOTO W3 HOCHeAYIONMHX aTOMOB yriaepoga, T. 6. B f-, {-, 3-IOn0xKeHAH
E T. [., Ho B 0elKaX TaK#e aMEHOKHCIOTH, KAK IDABHIO0, He BCTPEYAOTCH.)

K wmcay BaskEeHHIAX AMHAHOKHCAOT OTHOCATCH ANAHHEH, rIYTAMHMHOBAS
A acmaparmHEOBaAd KMCJHOTH, UPONHEH, JNeHINR, HKCTEHH.

JIBe aMAHOKHCHOTEL MOTYT 00BEAMAMTRCA APYT ¢ APYTOM, TOTAa BOSHAKAST
numentua. Ilpn sToM BreaseTcA MoleKyia BORH M 00pasyerTcs cBASh MEXTY
AMHEOrPYOIOH TepBolt M KapOokCHABAOH Tpynmofi BTOPOH aMHHOKHCIOTH
(pmc. 6). .

B pesyanTate mOCneNoBaTeNbHOr¢ DPHCOSAHHCHHsA aMAHOKECJAOT (IpE
3TOM H3 JMOeNTHIA 0o0pasyerca cHAYAJa TpADENTMH, 3aTeM TeTpa-, HeHTra-,
reKcalenTHX M T. f.} B KJAeTKe B KOHIIE KOHI[OB o0pasyercs NONUNENTHY —
Bosee WA MeHee NNMHHAA Lellb N2 USPeNYIOMHXCH AMHHOKHCJIOTHHIX OCTAT-
koB {puc. 6). CnenoBarenpHo, GeNKE — 5TO0 B CYIIHOCTH NOJHAMUEOKHCIOTHE.
[IpaBaa, Npm CBASKHBAHKM B Hellb KUCJIOTHHI M AMEHHEN Xapaktep $yHRH@O-
HAJBHKX TPYIN AMHHOKHCJIOT, KaK NPaBHJIO, TepAercs, OAHAKO HEKOTOpHE
«OCTATKM» CcOfep:RaT eme cBOOOLHEIe KapOoKcmabHpe FPYINOE HIM AMHHO~
TPYIIEL. .

Hoanmentupane menn moryT copepxats ot 100 xo 30 000 seemses, T. e.
AMHHOKMCJIOTHEIX OCTATKOB, & HX MOJEKYNAPHHI Bec HaXOQATCH B Ipefelax
or 17 000 po 5000 000. A HOCKONBKY 3T0 BeNWYHEHW OYeEh Oonpmime, AAA
ToA0GHHNX MOMEKYa OBIO0 BBENeHO MORATHE MAKPOMOsekyist (OT FPedecKoro
Maxpoc — Goapmoi). Eeny On fummEa Nenw Griia @AMECTBOHHARIM, PEmIAKIIEAM
OTIMIATENBHRIM CBOHCTBOM, TO cymecTBoBaJe On Bcero okono 23 900 pas-
JTHIHBIX OENKOB — 3TO, HECOMHEHHO, CAMITKOM MAJIO. '
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CBASAHAKMM APYr ¢ ApyroM (B ompemenemnsie moMenTH J[JHK Mosxer cymect-
BOBATb M B BHIE OJHOLEHIOYeYHO#i Mojexynm). O6e Lenm HKoMNAeMeHTAPHE!
EPYT ApYTY, OTYACTH HAOOMHHAA HOJOBUHKM B3aCTETHYTOH MOJHUH.

CpaBHEHM® ¢ 3aCT&NKOA-MOAEAEHt HE caydaitHo: HOKOBHO TOMY, KaK pac-
CTeFEBaeTcss MOJHUA, MOTYT pasoiituch m o0e wenu JIHK. Mocne sroro kasm-
Jasi @8 ABYX Ueneil cOoco0HA IPH JOCTATOYHOM BHOOpe HYKAEOTHIOB H B HpH-
CYTCTBHH CHeLHANBHOT0 PEPMEHTa BOCCO3HATL CBOI0 HENOCTAIIY) TOJIOBHHY.
IIpa sroM omAT:-TaKM AeHCTBYeT HPUHLME KOMIJEMEHTAPHOCTH, H IO 3aBep-
MeHER CHATe3a KOMIeMEHTAPHHX Henelt o0pasywrca ysKe [OBeé ABOHHEIE
UeIHA, MOMHOCTHI HOBTOPAOMEE APYT ApYra.

ITompoGyem coBceM BaTASNBO OHNHCATh 3TOT HpONece: ONMHADHAA HeDb
XHEK (oGosmaunm ee X) gocTpamBaer koMONeMeETapEYI0 cefe Lenb Y, ¢ KOTO-
POH CBASHLIBAETCA B ABOMHYKW Temb XY, — MONHAA 3aCTETHYTA. Mommx pac-
cTermBaerca — X u Y pagbeMHAITCA. X JOCTPAUBAST KOMIIEMEHTADHYIO Ce-
Ge menp Y — cHOBa BosHuKaeT MoNexyia XY. Y ZocTpaHBaeT KOMUJIOMEHTAp-
Hylo Deaob X —onATh-TAKH obpasyerca moneryna XY. B mrore smecro oauoit
MOJEXYIK HMEIOTCH [Be COBEPNIEHHO OJMHAKOBEE HBYXLENOZeJHHE MOJe-
xymu XY,

Ha pue. 17 sToT nponecc noxasar B Bufie cxeMbl. HIXHAA 9a0Th MOAHAR
8Jech eme HE PACCTETHYTA, a B BepXHeH 4aCTH ¥ CHPaBa O CNIeBa KaK pas Haer
AOCTpa@mBaHHe KOMINIeMeBTapHHX nemedr. fAcmo BuaHO, 9T0 006 HOBEHIE HBYX-
Nenoue HEe MOMEKYIH IONHOCTBIO TOMAECTBEHHH Jpyr Apyry. Ilpomsomuio
TO9HO® ynsoenme, mau pedynaurayusn, JHH. Ho JHHK Bear comepmuT reme-
riueckylo mEGopMaunuio. CaegoBatenpHO, HPOMCXONNT pefyIUIAKAUMA 3TOH
mEpopManEr — o6pasyioTca He TPOCTO JBe ONMHAKOBbE ABYXLENOTETHbBIE
MOJICKYJIRI, HO JABE MONEKYIH, cOfieprxamiue HReETHYRYI nEQopMmanmo. Ecian
TeHeph KAeTKa OyAeT AenHThCA, TO 006 mOouepHHe KJIeTKA NOAYYAT N0 OJHOMY
IBYXOEIIOTeTHOMY KOMINIEKCY; TeM caMuM ofe oHE npmoGperaloT comep-
UICHHO PABHONCHHYIO pEPOPMANHIO, W NPUTOM HEPODPMALMUIO, HICHTHYHYIO
TOH, KOTOpOH 00iafiana MaTePHHECKAA KJIETKA..

HesaMerHO MH CHOBa BTOPTAHCH B 06IACTh TeHETHKH B Jaske Cpasy sa-
TPOHYJH €¢ OCEOBY -— PeHel. ONHAKO MH ellle pa3 BHHYKEEBH BEePHYTHCA
Hazam, u6o Hauia HOJb TOKA COCTOHT B TOM, YTOOH paccMOTpeTh, KaKuM 06pa-
30M KOHKPETHO mepefaerca uadopMamma, npeaHasBEageHEas AIA cuHTe3a Oei-
Ka, KAk OHA NPEeBPaINAeTCA W3 <«IepBUIHON» HHPOPMALHE BO «(BTOPUIHYION,
sariIwIeHAyI0 B Moaexyle PHEK.

OkaspiBaerca, 9T0 COAPHBATHCA MEKLY CO00H MOFYT He TOJIBKO HYKIeO-
tuan JHK nan mykneoruan PHE, HO u HykIeOTHOE, IpUHAMIEKAmue ¢
omroit croporn JHK, a ¢ apyroit — PHK. Takoe «ckpemmBaHEne», Ban «rub-
PHAHABAIHAY, W COCTABJIACT INMABEBIM MeXaEW3M Nepefadud HHPOPMAUMH, Ka-
GalO]I[eﬁCﬂ NOCHeA0OBATEIbHOCTH aMHAHOKHCIOT. -
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HeTnpe ocHOBaHMA (MJAH COOTBETCTBeHHO MOHOHYKNEOTHHZ), BXOAA-
wue B cocraB [IHK, a amerro A, I, T, T, moryr cmapuBatkca ¢ 4etniphMa
ocHEOBaHuAMU, U8 Kotopux crpourca PHH, A, I, T, ¥, caeayromum o6pasom:

‘ JHEK PHK
A . R
. ... .7
T S |
T .. ... .. A

CnenoBatenbHo, ¢ Kamasim Tpnmiaerom NHK coeguBsmercs woMmmiemesn-
trapandl tpanaer PHK. Tpuomerst PHK mb masmpaeM xomomamu. M 3ma-
eM ye, 970 B IOCIAeOBATENLHOCTH KOZOHOB BaKANYeHa WHGOPMALMA O MOC-
JelOBaTEJAbEOCTH AMHHOKHCJIOT B Gelkax, npmiem HEPOPMAIMA 3Ta CKOMHA-
posaga. Ilepsrusas sxe uHGopMaNuUa 3ayMCaHa B MOCAEHOBATENbHOCTH KOZO-
regoB B Moaeryne JHK. Ora asagerca xaxk 6b mosuTHBOM. 3ateM k 9TOH
MONeKyse IPUCTPAHBAIOTCA KOMINIEMEHTADHBI® HYKICOTHAM, M3 KOTOPHIX
crpourca PHK, npuaem oBu cBassiBaiores memay coGoil B mems. OuermpsHo,
06pa3oBaBmAsACA IPH 3TOM KOMIUIEMEHTADHAS Uenb m3 kojjoos PHK mpen-
crapiaser coGoil HeraTme, KOTOPHU ecTh Be YF0 HHOE, K&K MCKOMAas MATpMMa
ans cmuETe3a Geaxa. Ha aror meratws, kax MBI yXe 3HaeM, OOATH-TAKE <«Ha-
KITagHBAIOTCA» KOMIJIEMEHTAPHbIE TPHILIETH — 9T0 yrKe AETHROZOHM, KOTO-
PHe. cBasell ZPYr ¢ ApyroM He o6pasyioT. AHTHKONCHBI — TOM® (OTTHCKHR
¢ werarmsa (KOHOHA), CIOXOBATENLEC, OHM TO3HTHBHL.

tipasenenBas Ha pmc. 18 mpocTag cxeMa mOMOTaeT YACHATE BCe STH
B3aUMOOTHOWEBMA. B Bepxmell 9acTk CXeMbl HOMENIEE OTPe3OK OJWHAPHOI
meon JHHK — gea komorena (moclemoBaTelbhHOCTh OCHOBaHME O0G03HAYEHA
cooTBeTcTBYIOmMMHU OykBamm). I1o mosutue. CnpaBa — orpesox nenuw PHH
C KOMOJEeMEHTAPHHIMH KOJAOreHaM KOomoHamu (HeraTus). BHE3y ciaeBa —
ROMIVIeMeHTapHB® KofoHaM aBTEKOgoHH PHHK (cEoBa mosurus). (O poam
srax AByx pasHormiBEocTell PHHK — HeraTusa m mosutmea — Mm eme Gyuem
rosopurh Aaabmre.}) Copmageane nociegosarenvrocred B JHK u B PHH-no-
3HTHBE COBEPUIEHHO 0YEBHAHO — TOABKO BMecto tummuEa (T) 38 PHEK, ec-
TeCTBeHEO, CTOHT ypamma V.

Xapakrep BaanMooTEomemalh Mmemny JIHK (caesa) m PHK-meratupom
(cmpaBa)} MOKHO OXaPaKTEPM30BATH KAK «KONEPOBaHME»: M3 MOBUTHBA MOIY-
vaerc Heratus. OfHaxo 3fech NPOUCXOAUT HEYTO GoNbmee, 4eM NIPOCTO Me-
XaHHETeCKOe HOoMNydeHHne OTTHCKa, — NPOACXOAUT «IepPexXBaTH HH@OPM&HBH oT
neproucrognnka, or JHHK. Oranme nepsuunas uedopManua B BuAe HeraTusa
6ymer xpamuthest 3 PHK, mpuvem moaeryna stoi PHK mammoro wopoue,
enm meme AHK, ' -
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{. rotopasa npucoefiunaerca x ee LIIIA-KoENY (A3 coBNaBHA 9TOH CBA3H He-
20X0EM TPATOK XUMEYecKoi#t sHepruu, #o 06 srom mocae). 3arem TPHHK 1,
«HarpyKeHHaA» AMHUHOKACIOTON, HANpPaBIAAeTCA K puOOCOMe, OTHICKMBACT ‘Ha
passepHyTOil TaM Moaekyne MPHH xomom 1, coorBercreynommii ee anTHKO-
Fo8y 1 (DpEHUANI HKOMIeMeHTapHOCTH!), M 3hech 3amep:kuBaercs. TYT e
R pPacmoJOMeHHOMY PAZOM KOAOHY 2 TPHCOeAMHAETCH MAPYTas MOJEGRYZIA
1PHK 2, pecymas aaruxogor 2. [TogoGro nepeoil, oBa Ba ceoem LIITA-ron-
He YAepEABaeT AMIHOKHCIOTY 2, COOTBETCTBYIIYIO- aHTHKOAOHY 2. OGe amu-
BOKMCIOTH! PAacIONAraioTcA Temeph PAROM, H ME&XIY HMMH BOSHHKAeT NeNTHA-
Hag cBA3b (cM. cTp. 33). Uro wnacaercs TPHH 1, To oEHa BwmoZHANA CBOX
¢yaxumo. ORa oTHeaseTcs o puGOCOMEl M MOKET HPAHATH HOBHIE «TPys» —
BCE TY e AMMHOKHCJOTY, KOTOPYIO MM paHee ofosHauunm 1. Tem ppemeneM -
woneryaa TPHK 3 ¢ aaTHkOg0EOM 3 M aMHBOKHCIOTOH 3 AOCTMraeT Tperhero
ropoua MPHK, nocae wero ofpasyercs nenTaaEas CBsASL MEXKAY aMHHOKMC-
JoToll 2 m AMWHOKHCAOTOH 3. -

Tak, HAYHHAA ¢ OJHOPO KORLA, MOCTeNOBATENbHO YIIHESAETOA MOTHIEN-
TBEEHAA HeNb, NOKA He OymeT 3aHAT MOCHENEHl KONOHE W He YNPHCOSNHHUTCA
HoclefHAA aMEEOKECAOTA: TakuM 06pa3oMm, KOHeYHEIH, 3apeplmalomuil STam
GeliKOBOTO CHHTe38 — MPAHCAAYUR, WIR nepesod, ¢ sASHKa HYKAEOTHIOB HA -
#3BHIK aMHBOKRCIOT — Takmxe Boiacuen. Ha pme. 21 cxemarmueckuw uzofparen
cmHTe3 (enra, HAYHMHAA ¢ TIEPBOTO €O BTaNa — KONMPOBAHUA.

YgpraTteao, BepOATHO, ACHO, UT0. 3T& KAPTHHA, XOTA B IPUHLKIE U YNOB-
JeTBOPUTENBHAA, BCE K@ B HEKOTOPHX OTHSNBHEIX CBOWX 4YePTax HECKOIBKO
rymarEa. Tax; HanpuMep, e faEEsie o0 cTpykrype TPHHK, kotopmiMu Ml pac-

_HmOJIaraeM, HeoCTaTOUBH ANA 06BACHeHNA e6 QYHKIUUM; ¢ NOMONIbIO IKCIEpPH-
MEHTOB YJAJI0Ch IOKASaTh, KAk QYHKUHOHMpYeT TPHHK, ogBake ocraerca Bo-
Ipoc, Rouemy OHA PYHKIMOEHPYET Tak, a He MHade. Ecm H JpyrHe TeMHBIO
vecTa. B dacTHOCTH, HEACHO, 4TO e HMeHHO NPOHCXOAMT Ha NOBEPXHOCTH
puGocom? Kakoma cynvba MPHK = TPHH nOCiAe TOTO, KAk OHM BHIOZEAT
cBoM 06ABaHHOCTH? .

Opuo, BOpOYeM, COBEPIIEHHO HCHO, H, HECOMHEHHO, GHTATEAb Y)Ke OTMe-
. THI Tpo cebf BTy 0cOGEHHOCTL OMHCAHHOTO _mporecea (6noonmesa fenxa),
KOTOPYVIO MHE X09eTCA NOMUEPKHYTh: ¢ KaKO# K¢ YEABHATeABHOH TOYHOCTBIO
HOMNKRAB IMPOMCXOANTD KOMMPOBaHUE UM IePeBof, UToOb B JKUBOH KAETKe BCe
OO TaK YOOPAKOYEHHO, KaK Mbl K 9TOMY RpuBpikin! ONHa-efUECTBEHHAS -
omn6Ka APH KOMHPOBAHKHH WIM MOPEBOLS 4PeBATa OYEHB CePLE3HBIMHE IMOCHKEeN-
CTBHAMM: B DOJMNENTHN BKJIOUHTCA «HemPaBWIbHASY aMEHOKMCIOTA, 00pasy- -
eTCH «HeOPaBWILHEINY GelOK, «HeNpaBHIALHLI anmodepMenr (a caemoBaTelbHO,
7 (pepMEHT) H COOTBOTCTBYIOMAfA PeakiuA oOMeHa B KjJeTKe MOleT NO HeBep-
HOMY DYTH.. A 910 GyMeT, ecnu XMMHKAM YO4CTCA LOJYIHTH MCKYCCTBeHHYIO
MPHK, «mopcyayTts» ee wierke, u, TakuMm o6pasoM, 3acTABUTH KJIETKY CO3JHa-
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SReHHBIe» Kamaasd cBoedl amuHokucenorol. O0penmpBeRne 06emXx aMRHORACITOT
MPORCXOMUT B TOT e MoMeHT. Moaexkyaa TPHHK 1 Temeps cBo6opHa or aMugo-
KMCAOTEH M OTAeNdgercs, ¢ TeM 9To0bl 3aNONYYATH HOBYI0 AMUHOKKCIOTY.
Tenepb, MOCKONBKY KoA0H 1 Tawme ocsoGommucs, moaexyna MPHK nepeme-
| mAETCA YYTh AAibile — HKAK pas TAknM 00pasoM, 9T0 KOJOH 2 CTAHOBHUTCA. Ha

~mecro kKogoHa 1. ¥gacTox 2 ceMuac ke 3aBEMMaeT KOAOH 3, ¢ KOTODMM cIapu-
BaeTcA KOMIIeMEHTADHHE aHTHKOAOH 3, B mumemrdy 1- 2yJ1JIHHHETCH OO TPH-
nentuaa {-2-3. Moxexyna tPHK 2 oceoGompaerca, u Momexyna MPHHK ne-
peMemiaeTcs eme Ha AAHEY OIHOrO KOgoHa (pme. 23).

Bce ato mamoMuHaeT paGory mBeinoit mammuub. Mouaexyna MPHE mar
8a IIArOM IPONBHTAETCA BAOCAb MOBEPXHOCTH pUGOCOMEI, B B TAKT €l CTPORTCA
nonunentugnas uwens. Korga «aute» MPHHK Bca mpomyremecrBoBaza yepes
prbocoMy M AOINIA A0 KOHOA, A0 DOCHETHEro KOZOHA, NePBUYHAA CTPYKTYpa
OONAOENTHAA OKasmBaerca «ciuptoi». Ha 3ToM cxoacTBo ¢o mBelHON Mamu-
HOli Komuyaercs, Tak kax ENTh MPHH BoBce He mOox0)ka Ha HATKY, CKpPemIA0-
My COIMTHE KyCckH TKakm (ammHokucaors). Hanporums, 0Ha oueRb HegoIro-
BeYHA H AOBOJNBHO OnicTpo paspywaercd. Ilonunentupaas nenb, mo Beeil Be-
POATHOCTH, OCTaerca Ba pudocoMe («iBeHHOH MamllEe») IO CBOETO MOJAHOIO
3aBepIIeHHA, TOCHe Yero OTAENALTCA H 3aTeM YiKe CBePTHBAETCH, IpHoOpeTad
XaPAKTOPHYI BTODHIHYIO H TPETHIHYIC CTPYKTYDY,a B pAle cayuaes 00bemu-
HACTCA ¢ APYTHMH MONUNCNTHAHBIMK HONsAMH, TaK 9TO CO3MAETCA YETBOPTHI-
Hafg CTPYKTYpa. Jlums TedHeph MOMKHO CUHTATh, 9TO c]:epmenmui& Genox
TroTOB.

To, aro 3meck ommcaHO HOCJ‘[B,}IOB&TBJIBHO, PTAN 34 ATANOM, B KJIETKE JIPO-
TeKaeT BeChbMA CIHMEHHO, HENpPepHBHO # OTHIORL HEe B Me[JeHHOM TeMIle.
NpuGansuteasHsie pacdeTsl, IPOIedaHRLE PA3AHYHLMA cnocofaMu, Jalu Topa-
auTenbHule uudpe: B ONEY MHUEYTY obpasyerca or 5 mo 6 ThICAY MENTHIHBIX
ceaseli. Taxum o6pasom, piaa nmocrpoeEuns depmenrHoro Oemka, cocrosmero,
ckaxkem, 3 146 ammmokuciaor, Tpefyercs BCero JMIIB HeTBEPTh CEeKYH/BI!
Ha MoXekyJspHOM YpOBHE, CHEA0OBATENBHO, MHOTOE COBEpLIAEeTCA ToPasio
OvlcTpee, UeM 9T0 MOkHO ObIO npegyragath. HecoMEeHHO, ofEa W3 NpHYHH
9TOT0 COCTOHT B TOM, YTO PACCTOAHHA Mexny aTOMaMHA KW MOJeKyAaMHu HBCp&B'
HEMO MeHBHI® TeX PACCTOAHHM, KOTODEIe PA3NeNsioT NpeaMeTH HaHIero, Mak-
pockonudeckoro mmpa. [IpH Takmx MaJAHX PacCTOAHHAX OKA3HIBAIOTCA BOB3-
MOMKHBIME YPe3BHYANEO BHICOKWE TEeMIIb.

Monncomst

Mur yxe rosopmam o ToMm, uro marpusmas PHEK “pacmanaerca ouens
6pretpo. Jaa TOoro wrofm 0XapaKkTepU3OBATh IATENBHOCTE CYMECTBOBAHMA
MaKPOMONIeRYJ, YYeHble BBOIH HOHATHE Repuod noaypacnada, 3aMMCTBOBaH-
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Hoe w3 ¢uaurd. Ilepuwon moaypacuaja, paBHEIl, CRa)keM, ABYM IHAM, O3Ha-
YaeT, YTO 8a [Ba OHA NMONOBHHA HAIMYHON MaccH (MOXEKYN, aTOMOB MIH aTOM-
BbIX Afep) Wcuealda, paspywmaach miam pacmaiack. He caenyer, ogmako, fy-
MaTh, 9T0 B TeYeHU® BRBOe GoJbmero BpemeHHm, T. €, Ba 4 JOAA, pacmafercs
Bech HCXOAHEH 3anac. B crepyiomue fea [HA BCUe3HET OOATH NOJOBUHA MMEIO-
meroca (7. 6. yie NOJeJAeHEOT0 DONOJAM) 3alaca, CIefoBaTeNBHO, 9eTBEPTh
McXofEOH MaccH, u T. ji. (Hampnmep, maoron ypama 235 mMeer meprOz NOAY-
pacmaja, paBEW# 710 MEAIHOHaM JIet, a m30TON 238 COOTBETCTBEHEO 4,5 Mmi-
AmapRa Jier; JIA panmoakTHBHOre yriaepoaa C'4 om cocramiser 5760 ner.)

[lepuox moaypacnmaga ana GenxoB pareR npuMmepeEo asyM neam. Ilo
cpapuernic ¢ HuMi MPHK pelicrButensHo BechbMa HeJOJTOBEYHA — IEPHOJ
ee noaypacmafa exsa gocraraer 30 MEEYT, mo Kpalime#h mepe y Oakrepmii y
BhICHIMX pacTeHudi W >xusorEnx MPHHK mumBer goaswe. Opmako, yumThBas,
910 A TOCTPOEHMs OAHOM OeIKOBOK MOJeKyAn Tpefyercsa Bcero-HABCEro
YeTBePTh CeKYHOM, MOKHO IPeANONOKMTh, 94T0 oxBa molderyna MPHK cmo-
¢c06HA - MEOTOKPATHO BHIIOJHATH CBOK KOAAPYRWYI $YBAKIHEI A NPHHATH
yuacTHe B CHHTE€3¢ MHOTHMX OAMHAKOBAEIX OeakoBmnix MONekyJd. Tak OHO u ecTh
Ha camom pnene: moneryina MPHK, wnoropas ymxe ycmema mpoliTh kakoii-To
Y98CTOK BEOJb PHEGOCOMEI H, CA€A0BATENBHO, CODEPeNH OKa3alach ONATh CBO-
fomBOH, MOMeT cecTh Ha He3aHATHe AKTHBEME YIacTKM Apyrodl pubocoMm,
FAe M HAYHET CTPOUTHCA BTODAA, HOEHTHIHad WOMHNeNTAAHAA Ienb. Berope
Ta e modexyna mPHK mepeGpaceBaercst Ba TpeTsli0 pubocoMy, M BeCh Mpo-
necc mosropaercA. ‘Imemo pnGocoM, KOTOPHE MOTYT GHTH OZHOBPEMEHHO
CBASAHK ¢ OfHOM-enuHCTBeREOH Monexrynoil PHK-mocpenmmka, sasumemr, ec-
TeCTBEHEO, KaK OT AJMHEL CAMON MOUEGHKYJh, TAK M OT paccTOAHUA (OHO BCer-
ha NMPEMEPHO OJMEAKOBO), pasfeigiomero pubocomsl. B cpepsem Ba 150 ko-
AOHOB IPUXOJMTCA NMpumepHo 5—7 pubocoM (puc. 26). Iaa sToit MUMOAETHO
CcymecTBYIOmel coBoxymHocT H3 onHoi Mojexkyan MPHK u nmaru pubocom

OB MPENIOMEeH TePMHHE noaucome (OT rpedeckoro roiu — Mporo). Hx yna-
eTcA HAOMOAATH B BREKTPORHBIE Murpockonm {cM. crp. 193). Bosmoxmo, 9TO
HeKOTOphe M3 KOMOYKOB, BHAMMBIX Ha snexkrpoHuollt Murpodororpaduu
dpaxuun pubocom, ]]leBeJIEHHOH Ha crp. 63, mpengcraBiAWT cofofl UMEHHO
TIOJUCOMEL.

CymecTBoBaHNeM DONWCOM, BepOATHO, OOBACHASTCA OAHO PaHEe Ka3aB-
meeca HeNIOHATHBIM OﬁCTU}ITBJIBCTBO a UMEeHHO TO, YTO B O‘IHHIGHHOH tbpaﬁ—
nuu pubocoM «aKTHBHL NpU OenxoBoM cuatesze Toasko 20%, T. e. He Sonee
/. Beex pmbocoM. Heno B Tom, uro Bo BaBecu pubocom u moaexyn MPHE Be-
POATHOCTH TOrQ, YTG OCBOOGAMBIIMICA YYacTOR MONEKYIH-NOCPEAHMKA poc-
THTHeT BTOPOH puboCOMBl, OUEHD MaJla, MOCKOABKY PACCTOAHUE, PAsHeNAroinee
oTnearane pubocomsl, cauirxoM Beduxo, HanmpoTtu#s, :MuBOA KIeTKE B BHCO-
kO# cremeEu cRoficTBeHHA . NPOCTPAHCTBEHHAA YHOPANOYeHHOCTh., «JlamHm
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9. BHAKOMCTBO
C NASOPATOPMEN

Kak npox3soasarcs nogobHbie onwiTmi

Bce Rawn 3HaHHA 0 MexaHu3Me GelIKOBOTO CHHTE3a OCHOBAHE Ha 3KCIe-
puMedTax, NpOBOAUMBIX in vitro, B mpoGupke. Cediwac yjgaercs monydats
Genxu nnnm GeakOBONOROGHEIE BemecTBa B Oeck.aemowkoli cucmeme. QMEAKO
3TO He O03HAYAET, YT0 0eJKH YMEIT CO3A8BATh «MCKYCCTBEHHO» (3TO, BIpOTEM,
CHpaBeJIuBO JIMIOb A0 MOPH 00 BpeMeHn). Bear B cBoux axcmepuMeHTax mo
cmHTe3y 0enkoB OROXMMHKH, KAK HPAaBMI0O, BCIOJbIYIOT BeMECTBA W JaCTH-
OB, KOTODhIe OBN BEKOEM 0GpasoM He CTPOAT CAMH, a MPOCTO-HANIPOCTO M3BIe-
KAKT B TOTOBOM BHJE u3 »KuBOH kiaeTkn. TeM He MeHee TYT OTKPLIBAETCH BO3-
MO HOCTD KOTHA-H Plﬁynb MOJIHOCTBK) 3aMEHHTDL IIpUPOJHRIE BemeCcTBAa CHHTETH-
geckumu. Hagano sromy yme monomeno: smecro kierousoit MPHK B Gecrie-
TOYHYIO CHCTEMY YMEIOT BBOAATL HCKyccTBeHEYI0 Moaexyay MPHE, koropas
cuoco0Ea CHYXHUTh MATpHOE# ANa cHETe3a GelKOB.

qHTaTE.TIb BRAIOHT, KAaK NOOCTENeHHO NIOOTBEPKIAOTCA BRIDaxaeMan Hepe-
KO B HaYJHO-MOMyNAPHBIX OTaTbAX HAZE)KAA HA TO, YTO BCKODe MOMKHO OymeT
moly9aTk ecjid Hé MCKYCCTBeHHbIe K/IeTKH, TO HCKYCCTReHHRE Genox. U ecanm
Y HEKOTOPEIX TAKad BO3MOMHOCTb BHI3BIBAET TPEBOrY, TO 3TC HO H3IBECTHOM
CTEMeHH €CTeCTBeHHC(,. BBITB MOMXeT, HaM YRacrcd CHATD 3TY TpeBoOry, 1'_!0](&333,'
KaK HPOBOJATCA MOAOGHBI® BKCOEPHMEHTEHI H KAk OGOCHOBHBAKTCH BHIBOIM
n3 Hux. Torga craHer ACHO, YT BOSMOMHO OCYIMECTBMTH HA CAMOM JeNe, &
49TQ, [0 BCell BEePOATHOCTH, HET.

Pasymeercs, Onsa cmETesa 6enka HeoOGxopuMel Tpa pasHosuaEoctH PHR
(PHK-nocpexank, pubocomean PHHK, aywme Bcero B emae 70S-gactun, u
rparcnopraas PHHK) w gocrarowsoe koamuecTBo aMHEOKHCIOT KayKmo# w3
20 pacmpocTpaHEeHHBIX Pa3EOBHIHOCTEH.

Mu yxe 8HaeM, KAk TOAYY4#TH PuGOCOMEI H3 KIeTOYHOrO -TOMOTEHATA B
BEAe 9ECTOH QPAKIHE: ANA BTOFO MCNOAB3YIOTCA yabTpauerTpudyrn. Honew-
HO, pafoTaTh ¢ HUMH AaNeKO He Tak IPOCTO, KaK 3TO ONMCAHO Ha cTpaEume 60.
ITpm ogemr Goabwom umcse 060poToB HeHTPmPYra CWILHO HATpEBaeTcA, a
IpY HOBLIEHHOH TeMmepaType puGOCOMBI AeHATYPUDPYIOTCA W YTPAUYHBAIOT
akTEBHOCTE. [loatomy mnofo6Bble BHICOKOCKOpOCTHHe HeRTpEPyrm meobxo-
AAMO OXJaKOaTh TAK, YTOOH TeMmepaTypa B BEX fe mpesnimaga +5°. Ecrect-
BedHO, FOMOTeHHM3AUMIO TAKKe NPOROAAT npE —+5°.

Iocne ocaspenna paGocoM B RALOCATOTHOMN KUAKOCTA TOMHMO MEOKECT-
Ba npyrux BemecTB ocTalorea takke MPHH n TPHH. Hockonsxy Momexyin
MPHR xpynuee monexyx TPHK. (MPHK, xak npaeumao, comepmnr 150 tpumn-
neToB, uTO pakasercsa 450 MOHOHYK/IeoTmIaM, TOraa kak B Mojxerynax TPHEK

>
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omHoft momumenTugHoil uemu. CiemoBarelbHO, MBl BHIHYMKIEHH 3acTaBJATH

Hally GecKAeTOYHYI0 CHCTeMy paboTaTh A0 TeX NOP, MOKA OHa He HW3FOTOBMT

- IOAAAIIIeecA ONpefeNeBn0 KonudecTBo Genxa. Bruio 6n B BHICHIEH cTeneHy

HeNmpaxTUYHEIM BCe HeoGxommmoe kommaectBo AT® pobaBnaTe B BUME YHCTOrO

AT® — ar10 3a6mn0 Opl Bech Ham ammapar 0eAkOBOro cmHTesa. Bmecro 3Toro

0651YHEO J00ABIAAWT TAK Ha3piBaeMylo pezenepupyiouwyo AT® cucmemy. llon-

pofHO MBI €e OIMCcHBATh Ae Gymem, ckajkeM @b, 9TO TIABHBIA €€ KOMIIO-

HOHT — focoeroanuposurozpadnas — Kucaoma, Kotopas ofpazyeTca B Hpo- .
Iecce pacuaja yIJeBOJOB; NpHM YIacTHHU STOH KHCIOTH M ONpefeleEHEX dep-

meaToB W3 AJI® m dochopHOil KucaoTH BHOBL oOpasyerca ATO.

Honw macrus. Hapia GecrierouBas cHeTeMa AOJDKHA, ODOHATHO, COgep-
maTh ¥ MarHuil, u6o uaBecTHO, YTO cyOBemMHHMOM pPHOOCOM YAEPKHBAIOTCA
BMecT® TOJABKO B ero npmcyrcrBau (cM. crp. 61). OpHaxo om Tpebyercs eie
# no Apyroit npuaune. B raaoM akre nepeHoca sHepruu oT AT® yzacrsyior
HOHE Marumsa, 970 $axr, IPOBEPEHHBIH ONMBITOM; OOBACHUTE €r0 MH NOKA eme
He MO)KeM (BIIpOUYeM, CTOJB Ke MAJIo MSBECTHO # O TOM, KaKuM 00pa3oM HOHM
MArfEMA BAMAKT Ha COeMIeHHe prlOCOMEBIX CyObeanBHL).

I'T®. Iro coxkpamennoe HasBaHHe 2yanosunmpugochama, KOTOPHH TaK-
swe mpencTaBaser co6oll aykaeorun. I'T® secema 6musox k AT®. T'yamnn (I')
foraue KHCIOPONOM, YeM afeHuH, i rpynna NH, ctouT y Hero B Apyrom MecTe.

I'T® urpaer 0ueHEs BAKHYIO poNb. Des ero y4acTua He MOIKET MPOUCXO-
orTh cmAXpoHHOe mepememenue MPHH Baoas pmbocombi. 310 cBoEro poga
MOTOP PHOOCOMEOR «IBeWHOM MamuHLY. K coMKaXeHHIo, HaM NMOKa COBEpIHEH-
g0 He acHO, kak ['T® ocymecreasmer ary 3agagy. Cxopee BCero 3[ech TOXKE
ETpaKT poab Gorareie sEepruedt gocdarBrie cBAsH, Kotopsie I'T® cogepur
TowHO TaK e, Kak m AT®. Ograko geranm 3TOT0 ABNEHHUA HEe M3BecTHH. flcHO
roapko opgao — Gez I'T® weposMo;xEo mnepememenne MPHHK OTHOCHTeIBHO
pufocoM m, ClefloBaTeNbHO, OPONCMKEHHe CHHTe3a Genka.

HTaH MBI Tenepb 3HAKOMBI ¢0 BCEeMH KOMIOHEHTaMU 6SCKJIETO‘1HOH CHCTe-
mei. Ecim cMemarth MX B HYKHBIX COOTHONIGHHSX W WHERYGHPOBATbL BTY CMeCh
npu.37°, T0 moayuawoTcs — B nUpodmpke, T. €. BHe KJIETKH,— CAMble HACTOA-
mue Geakm! [IpaBaa, ux menm He CAMIOKOM AAHHHEI, M K TOMY € BO3HUKAeT
AOBOJBHO IECTPAN CMECh PasHHIX Ieneil, OZHAKO 9TO HE YAMBUTENBHO, Bedb
MPHHK, 0T koTopol BaBHCHT chHelE(HIAOCTh NOJHIENTHAA, SAMMCTBOBAHA
HAMU ¥ JKIBOH KIETHH TO:Ke B BuAe cMecH. Bo BCAKOM ciiyuae, 3T0, HOCOMHEH-
HO, MCTMEHBE NeNTHOb, KOTOPhle MOMHO HCCIEAOBATDH AAJbIIC,

He Ge3 coxaneHEnda NPUXOXUTCH OTMETHTH, 4TO BHIXOAB 0K, CAHTERN-
poBamHEOrO in vitro, mora OYeHs CKPOMHHM — He Bhe 1% TOro KonyugecTea,
KOTOPOE 33 TaKOe )Xe BPeMA HPOMSBOLHT HEIIOBPEKIACHHAA KICTKA. ITO MOMKET
3aBHCETh OT PA3NMIARIX HPpUINH. B BHCOKOYIOPAAGYEHHOH CHCTEME, KAKYIO
npeacrapisger co6olf xiIeTka, Bech NPOMecC, HECOMHEHHO, MPOTEKAET LOPAaaMo
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- bpicTpee m HeCPAaBHCHEO G6omee rmagko, 4eM B HepasGepuxe GeckieTouHo
CHOTEMEL, COAe[amted NeBATh PasIAIHBIX GeCHOPAROTHO mepeMemlaBHbX
KOMIOEeETOB. BO3MOMKHO TaksKe, 9T0 B cHCTeMe in Vitro OTCYTCTBYOT Kakoii-
TO HeH3BeCTHHIl B HacToAmee BpeMA (GaKTOP, KOTOPHIA MOT 6B YBeIWIHTSH
BHIXOf], & MOJKeT OHTE (A DOKa 3Ty ANBTEPHATHRY HEAb3s MCKIWIMTB ¢ IOJ-
HOH YBepeHHOCThIO), CYImeCTBYeT He eNMHCTBeHHHH myTh 6e.r11conor0 CHHTe3a,
a4 HECKONBKO pPABAHIHBIX NyTed. _

BrnoaHe moBEATHCEe pasovapoBaHHe MO HOBOAY HUSKOTO BbIXOJa He AOIK-
H0 HHKOIO 00eCKYpa>kUBaTh: BCIOMHETE, HACKOJBKO GeCKIETOMHAA CHCTEMa
NPAMATYHBHEE HENOH KIeTKH, cofepmauieli JeCATKHM THICAY pPa3NHYHHX Be-
mecTs, depMeHTOB, JacTHI[. B TO e BpeMa MMeHHo Gmaroaapa cBoell OTHOCH-
TeJAbEOH IPOCTOTEe GeCKAEeTOYHAA CHCTEMa IIPEflOCTABJSeT HaM CaMyl Ips-
MYI0 BOBMOKHOCTh OYTEM SKCIHOPHMEHTA FNy0ike MPOHMKHYTH B CYTh H3ydae-
Mb(X ITPOIECCOB.

B BHCIIeH CTeNeRn BONHYOIIee OTKPHTHEE GblI0 CHENAHO HOCTe TOTO,
KaK CTAJIYM BAKOH3MEHATh GeCKIETOYHYI CHCTEMY, COCTABIAA e U3 KOMIOHEH-
TOB, B3ATHX H3 PASIHYHHX HeTOUEMKOB. [Ipm sroM Geckieroumyro cucreMy
HOAYYANH B3 KaxoH-1mGo onpemeaeHHON IPYNIE KIETOK, HallpuMep E3 KAKHX-

" au6o GaxTepmil, M cocTaBIsIM TakuM o0pasoM, 9TC B Hel HMemoch Bce, 32
acximovennem MPHK. Kak tonbko B cmcremy ssogmam MPHEK, sxcrparmpo-
BAHHYK) M3 APYroro OpragmsMa, HATDUMED W3 APOMUKel, HeMegjleHHO HadYu-
HaJcA cHHETe3 Genka. BeckmerodHaa cucTeMa He «UyBCTBOBada», 9To pabotaer
¢ «uymoitr MPHK, 7. e. oxasamace HecmocoGHON oTaAM9aTeE CBOK colcrBeR-
ayw MPHEK ot aymoil, ¢ rorosRocreio cautnizag nadopManuio ¢ 5Tol Tymoi
MPHK 8 ucnonrsys ee miua Omocumresa Genra.

Orciona, BHOAHMO, MOMKHO 3aKIIOUHTH, 9T0 HH MEXAHH3M GeIKOBOTO CHE-
Teda, EH NPOLECC KOAMPOBAHMA HO MBJIAKTCS BUAOCHEUMOUYHEME — OHH
yrusgepcaavks. Ecam OH 2T0 DONTBOPAHIOCH, TO SKCOSPHMEHTAJBHEWE MC-
-CHAeLOBAHAA, HECOMHEHHO, ymnpocrmiuch 6bi. OgHako Topasmo BajkHee RpPY-
roe: aTo 6zmagaio 6w, 970 HabmomaeMsie Mpy U3ydeHAM OECKIETOUHOM cheTe-
Mbl ABJIEHHA He CAYYafiHE (B TIPOTMBHOM Clydae clelaHHbe Ha 3TOM MaTepua-
Jte BHIBOJB uMeJy OBl OTPaHHYEHHOE 3HATeRHEe WK OBLIE O8l MONPOCTY Ccaydaii-
HEI), HO 3aKOHOMEPHSI ¥ 9T0 OCHADYMEH 0CHOSHOU npoyece 'KM3HU HAa MOAeKY-
AAPHOL ocHose, YHMBEPCANBHOCTh — ABJGHHe HACTONbLKO BayKHOE, 9TO MBI
AoKBE OymeM B magsHeHOIeM MOCBATHTH el cnenuaibHuH pasgen. Ho npem-
Je MB eme HeHAKOJro 3ajep:uMca B JdaGopaTopum, ¢ TeM 4tobb  y2BaTb,
KaK ¢ NOMOIEBI0 OSCKIETOYHOH CHCTEMB YHAJKOCHh PacmE(pOBATH TeHeTHYE-
CKMil Kom. ~
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Tabavya 2

Cxema SRCHEPUMEHTa, B KOTOpoM OHIO ZOKasago, 4Te TpEHWIeT YYVY
CHAYNKHT KOZOHOM JVIA AMUHOKHCAOTH (leRunaianaya

B KauetTBe MOCPEAHHKA HCMOJb3YETOA

MeyeHasi AMHHOKHCIIOTE om-A noa- L1 I amsxﬂmxeaaﬂ
1. Anagug . . . . . . . . . . 0 0 0 28
2. Apr¥HMH . . . . . . . . .. 2 0 3 93
3. Acmaparmg . . . . . . . . . 0 - - —
4. AcnaparmsHosad KHMCIOTA . . . 0 0 3 77
5. Uaeremn . . . . . . . . . . 0 0 2 12
6. TyTaMEHOBAA KMCHIOTA 0 ¢ 0 76
Y. TayrammH . . . . . . . . . . 0 - — —
8. ThmHEUMH . . . . . . . . ... 0 0 U 126
9. TmerEgme . . . . . . . . . . 8 0 0 154
10. Haomesiun . . . . . . . . .. 1 3 12 90
11, JleAopE . . . . . . . . . . A 0 93 5
12. JImaum- . . . . . . ... .. 1179 0 8 58
13. Mevwonns . . . . . . . 3 1 6 27
14. QeumnagaHud . . . . . . . . 0 0 2700 57
15. Mpoams . . . . . . . . . .. 0 157 3 48
16, Ceprr . . . . . . . . . . . 1 0 16 218
17. Tpeonmn . . . . . . . . . . 2 1 1 42
18: Tpunropanm . . . . . . . . . 0 0 9 135
19. Tmposus . . . . . . . 0 0 2 23
20. Baammg . . . . . . . . ... 0 0 18 28

Hufi GelOK NPH HCNOJSB30BAHWH MCKYCCTBEHHBIX MOCPEHMKOB — MOJH-A
(moauageHnH), noan-I (no.nm(m‘oazm) 2 NONU-Y ;. JJES CpaBHEHMSA NPHBOAATCS
naunbte nua opupoasoit MPHK us gposoxeit.

JIerko 3aMeTHTh, UTO B HIPUCYTCTBHM HOJH- A B KauecTBe DOCPEJHNKA CHH-
Te3supyerca nonunen'run,conepmamuﬁ TOMBLKO JU3MH, TOrga Kak Hoar-H Brimo-
9aeT NMPONUH, a Nona-Y — Pernnaramnd. IlpH mCIOAB30BaHMM NOMH-Y B He-
GOABIIOM KONHEYECTBE BRIKYAETCA emle M JelluE — B cTpoke 11 mop moam-Y
crout uudpa 93. IT0 0YeHL HEMHOro' B CpaBHeRWH ¢ BeJMYmHON AiA Gemmn-
anaHuHa (2700), ogHako BCe *e ABHO TIPEBHIIaeT Ipeed BO3MOMKHOM omuOKY
6% '
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tepun cooreeteTsyRT Kogomam MPHHK kpomuka. Hoa smupycos, mampumep
Brpyca TabaunHoit Mo3ankn (0H BhIabBaeT y pacTeBMd Talaka TaK HA3LIBAEMYIO
MO3aif9HY0 (0Je3Hb), TAKKEe ORA3ZLHBAETCA MOJHOCTHI0 CXOAHEIM ¢ KONOM
Escherichia coli. _
TlocKOABKY NPOTHBOMON(KHBIE Pe3YNbTaThl [0 CHX NOP HE HW3BECTHH,
MbI MOYKEM CKa3aTh: BEPOSATHOCTE TOTO, YTO KOXK YHHBepcajieH, OYeBb BHICOKA.
Bee sicustie cyujecinea 2080psm (60 6CAKOM caYuae, 0 BeaK060M cunmMEese) HA 0OHOM
u mom xe sanire! Taxum ob6pasom, MbI neﬁc*rnmenbuo Banaayu Ha cilen Ppye-
AAMeHTaJbHOTO (PEHOMEHA J>KH3HH, ROTOpHH nomKer OmTe o0muM WIS Beex
KHUBBHIX CYIIECTB.



COBPEMEHHASA
FEHETHKA

FNABA 2

HACNEACTBEHHOCTS
NEPERAETCA
HYKNEHHOBLIMH KHCROTAMM

Mouemy fesk Bcerfa OTAMYAIOTCA OT pofKTenes

TeHCTBATEABHO MK HACASICTBEHHOCTh — CaMbiil BAJKHMA IPU3HAK KH3-
HH, KaK O TOM 9aCTO NMILYT B Bacrosmee BpeMsa? Heyxenam oma Gonee BassHa,
qeM, cKaxeM, o6Men semecTs? Ha 3Ty TeMy MOMMHO CHODHTH CKOJBKO YIOJ-
HO, HO ¢aMa MOCTAHOBKA BOHpPOCA COBepIIeHHO He HayuHa. Hak o6MeE BemecTs
HeBO3MOKeH 0e3 HACNENCTBEHHOCTH, TAK H HACHENCTBEHHOCTh He MOJKET Hpo-
ABETHCH Oe3 oOMeHa BemectB. 00a aTH HeoTHeMIeMHE ABJCHHA KU3EH (KAK,
ROpPOYeM, W JAPYIHE — DOCT, PASBUTHE, PASAPAKAMOCT: H T. /) B3amMoobyc-
AOBJAEHB, U HOTOMY 0ecmogesno FOBOPHTH 00 MX OTHOCHTENHHOH «BarKHOCTHY,
3mech MOKEO OPOBECTH AHAJOTHIO ¢ nummeli: HE ONUH HYellOBeK He MOMKeT
CymecTBOBaTh 6e3 BHTAMMHOB, BO HA OXHHX BHTAMHHAX eMY TOMe He IIPOKMTH.
Pa3Be MOMKHO yTBED:KNATh, YTO BHTAMUHLI MeHee BAKHH, 9eM >KHPH, OelKH
¥ YIIeBOZb, MOTOMY TOJNBKO, 9T0 OHH HY)KHH B MHHEMAJbESIX KOJNAYECTBAX?
M&l ROMKEB 0TKASATHCH OT DONOGHHEIX CIODOB O CTENEHH BaKHOCTH, HO BHKO-.
uM 06pasoM He OT H3yYeHHA caMmoii PeHeTHKH — HayKHM O HACHeJCTBEeHHOCTH.

C camoro Ragaja Mu JOJDKHEL y9ecTh, 9TC PacCMATPHBATH HACHEACTBEH-









CospemenHan renetnka 91

YKeHHEe MKTYTHKAMHM OJHOKJIOTOYHLHE OPTaHM3MHBL WACTHYHO PAaCTHTENBLHOIO:
9aCTHYHO KHEBOTHOTO NPOMCXOMKAeHHA), aMeObl, HeKOTOPHE CuHe-3eJeHbie BO™
HOPOCHH, a TaKKe NAATOMOBHIE M AeCMHAIUEBBe BOJOPOCHAHM I T. 1.

Y oTHX OpTraEE3MOB BHpaloTalcs OUeHb HPOCTOll cmocol pasMEOKeHNA:
BX KIeTKa JelIWTCA Ha [IBE NOJOBMBKE W Ka)K[Oasi NOJOBHHEKA 3aTE€M BbIPACTaeT
B HOBYK KJIeTKY (puc. 28). ¥ MHOTHX ORHOKJIETOYHHIX APO}:KeH 3TO IPOHCXO-
AUT HECKOABKO HO-MHOMY. ¥ HHX 06pasyloTcs MAaTeHbKME BHIPOCTH — IOUYKM,
KOTOPEIe MO HOCTH)KEHHH ONpefleleHHON BeJHYWHb OTAENAIOTCA OT MATepPHH-
CKOf KJIeTKH M B JalbHeNINM pPa3BHBAIOTCA R JKABYT KAK CaMOCTOATENbHbIE
oprauusmal (pmc. 28). OpEaxo B KOBEYHOM HTOTe aTD IPHBOIKT X TOMY e
pesyabTaTy: us opHolt KIeTkm 06pasyiorca npe. IlOCKOMBKY AoYepHME KIeT-
KH . CXOKH Mexny coGolt W ¢ MaTepHHCKON KJeTKo#, Bce OHH NO/DKHE
obnagaTh odurarosoli reHeTmIeckoll HHQOpManMeill, OJHHAKOBHM TeHOMOM.
Ho B TakoM cJy%ae FeHOM MATePUHECKOH KIETKH NOJyKeH OHJI IpefBapHTeNb-
HO YABOHTBCHA, ¢ TeM Yro0bl OAHA KONHA OCTANACh B MATEPHECKOH KieTke,
a JPyrad mnepeuiia B J0YEPHIOI (IpA MOYKOBAHMN) HJIM JKe 4TOOH KaDaf U3
ABYX JOYEPHHX KJeToX NoJydIuda IO ONMHAKOBOMY FeHOMY (IPH JeIeHHH).

Ilpeacrasute cebe 310 HerpynEo. B npeaninymeil raase Mbl y#te BHIEIH,
aro Monekyan JJHK «gsofinsie», T. €. cOCTOAT M3 ABYX Nemed, npuuem ofe
el KOMIOJAEMEHTaPHMW ApYr Apyry. B pesyabrate pacmensieEns ABoliHOl
MOJIEKRYAH Ha [Be ORMBOYEHE Lely (BCHOMHHTE aHAJOTHIO C 3ACTEMKOM-MOJ-
HUel) B MOCAEXYoIero AOCTPaMBaHMA (M0 NMPHMELUIY KOMIUIEMEHTAPHOCTH)
HeIOCTAIIMEX <IOJOBIHEOKY BOSHEKAIOT ABe ppofiHne uenu. OcTaeTca TOMABKO,
9T00B NMpH KIeTOYHOM AeleHHH KadKIad U3 ABYX BHOBb OODasymIMXCA Kie-
TOK MOJYYHAa OfHY W3 3THX ABOHHMX ILemedl — 9To, HO-BHAMMOMY; 0co00dk
CIOMKHOCTH YiKe He IpeACcTaBiAer. ' :

flerkan w tnenas IIHK; nonykoncepsaryesan nepepava

Hackonbro Bce 3Hech camkeRAHO (YHKUMOHHPYET, MOMHO MNOKA3ATh
akcnepuMerTanbHo. M3BecTRO, UTO M3 KMINEUHHX NajJodek (C HHMH Mhbt YiKe
BHAKOMH) MOMKHO skcrparuposats HopmadbRylo JIHK. Eemn raxkyw JHK
eHTpu$GyrapoBaTh, TO B KOHI® KOHHOB OHa cofepeTcA B HEHTPHDYKHOR mpo-
fHpKe B BHEE CJIOA, H PacCTOAHNE 3TOTO CIoA OT AHa Upobupru Hymer cosep-
ImeHHO ofpefeieHANM. A Teheps mompobyem Buaexnts JHK us kumeannx
namoger, KOTOpPLEe pPA3MHOMKANHCH HA NHTATENbHONW cpeme, colepskaBluell B
KAaYecTBe MCTOYHHKA YIVIepojAa He IPOCTYID, a 0coOeHHYI aMMOHHHRYQ.CONb—
B Hell BMECTO HODMAJBHOTO asoTa ¢ arcMHuM Becom 14 (N'4) mpueyrersyer
TaKednH usoTon asota — N3, Tamensil as0T, HPACYTCTBYS B Cpefe B N0OCTa-
TOYHOM KOJNHW9eCTBE , OyAer B TeYeHHe MEOTEX NOKOMCHR{l BKIAKOYATHCA B PeXy-
unnmnpyemyio JTHK, tak 910 B woHue kounos Bea JHK Gymer comepmarts
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a B BUJe HECKOJbKHEX CJOXHLIX CTPYKTYD, HA3BAHHKX ZDOMOCOMAMU 33 TO,
YTO OHE EHTOHCHBHO OKPAINUBAIOTCA OCHOBHBIME KpacuTeaamp {(OT rpede-
CKOTO IPOMAI — KPACKa, coM@ — Teno). (OCHOBHHE KPacHTeNH CBA3ILIBRIOTCH
EYKJIeMHOBHIME KHCIOTaME. B T0abKO 9TO oOpasoBaBmeiics, BooOme B Hege-
JAMPHACA KISTKe ?TH XPOMOCOME BHABHTEL HEeBO3MO:KHO. HnuerouHoe sapo
OKPAMMBASTCA ANEPHHIMA KPACHTEINAMH HOBOJBHO DAGHOMEPHO, H B KpaiHeM
cllyuae yOAaeTcsa PABTIAARETh TOJBKC 3epPHUCTYIO CTPYKTYDPY HAH HEYTO BPOJE
CeTH, KPOMe TOr0, BCerfja BUAHa sfepHad 060J0YKa, WIA AmepHag MeMOpaHa.
(Ilosgaee, B ri. 3, ME paccKasieM O TOM, YTO fAepHas MeMmOpaHa, CTPOro ro- -
BOPA, IPHBAJNGKAT BOBCO He ANDY, aoﬁpaaonaaa OKpyxampilues agpo cyberan-
OHER — yumonaaamoi.)

Horga xierka OpaCTYIaeT K HeNenni0, KapTHHA pe3ko MeHgerca. CHazana
BCerga ACIHTCA AOPO (HCKIIOYeHAS ME MO)MeM He NPHEHMAaTs BO BEHMAaHHE).
[Ipm 370M HUKOrga He HPOUCXONHAT HPOCTOIO HEJHeHNA SASPHOTO COREPHIMOro
 DOmOAAM, XOTA Obl ¢ MOMOLEBI0 mepeTsDRKE. TakuM myTeM Heab3d OnI0 Gnl
06ecneYrATE TORHOE paclpeniefiedne reHeTHICCKOH HEGOPMAUE MeKAY O0eHMH
HOYePHHAMH KIETKaMH. BMectTo 9TOr0 aAfepHOe cOfep:KHMOe YIJIOTEACTCA B
KOHIEHCAPOBAHHEE CTPYKTYDH — XPOMOCOMBI, — 9YHCJIO KOTOPHIX MOCTOAH-
HO Aaa kammoro Buma. OHHM-TO, BMecTe B3ATHE, M COECPIKAT BCE BeINeCTBO
racaencreerroctn — JJHK. Ecam npurianersca BHAMATENbHEe, MOMKHO pa-
300paTk, TT0 XPOMOCOMA HA CAMOM Jele PACH{eNIeHH B [JIMHY, T. 8. COCTOAT
W3 ABYX OPOAONBHLIX NOJOBAHOK, WIH rpoMamud.

Tem BpeMeRoM AAPO, WK TOYHEE BCA 001aCTh, 3ARATAA silepHBIM MATEPHA-
aoM, oprodperaer EeCKOABKRO BHTAHYTYI0 dopmy. [ososmsku rammol xpo-
MOCOMEL HANPABAAKTCA K MOPOTHBOMNOJIOMKHRM MOONIOCAM ATEPHOH o0macTH.
Tam oEE coOHpaoTCa BMeCTe — KOHOYHO, B TOM JKe 9HCJIe M B TOM e COCTa-
Be, 9TO W LENhieé XPOMOCOMH B CAMOM Hazalle HeJeHHsSA, — OKPYXKAIOTCs BOBOM
MeMGpaHOH, PaspHIXAAITCA, TEPRIOT CBOM YeTKHE KOBTYPHI, TAK UTO BCe €O-
JepxEHEMoe AAPa BHOBL HATMHAET PABHOMEPHO OKPANABATLCH, H BOT yiKe B
KJIeTKe Ba AApa, U NPHATOM COBEPIEHHO udewmuunwz. Benem sa aTHM MemAy
#HuMA 00pasyeTcs Neperopoaxa, KOTOpadg PpasmeiaseT OCTAJBHOS KIeTOYHOE
CONepIKAMOe, HPEeKAe BCEro LHTOIIA3MY, Ha fBe JactH. U BoT, HaxoHen,
oepef HaMH [JBé ONHOA[EPHHE KIETKH, COJOP)RAUIAS COBEPMEHHO ONHHAKO-
BYI0 IeHeTHIeCKYI0 MHEGODMAUMIO, KOTOpas, KpoMme TOIG, MNEHTHIHA IoHOTH-
Jeckol HEDOPMAGHE MATePHHCKOH KiIeTKA.

J70T mpomecc, EMeomuil pemariee SHaUGHHe NIA KISTKH, HABHBACTCA
Mumosos (OT TPEYECKOTO MUMOc — HHUTH). MH HOMKHKN H3YIATH 6F0 HECKOJABKO
nogpobHee, 6o spech AeiicTByeT CXONHMH, eClE He TOYBO TAKOH ke, KAK Y
Gaxrtepmii, MoXaHE3M «HacleJOBaHHA Ba OcHOBO MATo3a». Ero amamor y Gax-
TepAl MH OXAaPaKTePU30BANH KAK (HACHEJOBAHEe HA OCHOBE PACXOMKICHHA
neoitEoR compann JTHK».
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TakoBa KpaifiHe yOpolleEHaa RapTHHA METO3a. Has Toro 4rofm aydiue
MOHATH STOT HPOMEce, HPHAETCA PasiedUTh e€ro Ha PAA PTANOB; KOHEYHO,
3TO pa3feaeHHe 10 HOKOTOPOH CTEHEHHM NPONBBOJbHO, HGO B NeHCTBUTEIBHOCTH
MHTOZ ODOTEKaeT HempepwBHO (puc. 34 m 35).

B MMTOZEe Pa3ANUBIOY HBCKONbKO PTANOB

IIpogaza. Copepumoe AApa pasfenseTcs HA MHTEHCHBHO OKPalIMBal0-
WHeCA W HO OKPAIHMBAIOMHNECA KOMHOHeHTH. OxpammBaeMas 9acTh KasKeTCH
cocToamei ms GecnopAnouYA0 pasGpocaHHMX epHHMeK wiau Huteli. Bekope,
OIHAKO, CTAHOBHTCA BHAHO, KAK B PesSyNbTaTe BCe OONBIIEro VINMOTHEHEMs 3ep-
ERIIKH KOHUSHTPAPYIOTCSA B BHTAHYTHO, MHOTOKPATHO OGBHBRAammue Apyr
Apyra HATH WM JIEHTH. Yie Ha »Toli pamHedl CTafium 3T eule HO BIOJHEe
roTOBbIe XPOMOCOMH PpACIIEINIeHH BROJb HA XPOMATHAE; TaKHM o6pasowm,
yOBoeHHS eamHEn uEQOpManuy — coBepmuBlumiica ¢gaxr!

Mlanee Bo BpeMa Hpoda3e HOPOHCXOXHT clefymwIee: siepEas MemOpaHa
AcYe3aeT, OHa KAk O «pacHIaBigercA» B TO#l caMofl muTomnasMe, KOTopas
ee ofpasopaina. 3aTeM pPACTBOPAIOTCS ANPHEOIKH, B HA KPOTHBOHOJOMHBIX
TMOJTIOCAX KIETKYW CTAHOBATCA DAs/MEIAMEL TAK HASHBACMBI® ROARAPHNE KOANAU-
% (KaK OPaBWIO, B PACTATEABHRX KIOTKAX) WIM K2eMOYHbe Yenmpsl, NIN
yenwmpocoms (ame BCero B KIOTKAX KHBOTHHX). [losgHee oT HMX OTXOZAT
ofpasoBamuA HanoxoOme TOHKEX HETeH, KOTODHO NPHKPOILUISIOTCA K XPoMa-
THEAM H OTTATHBAIOT BX JPYT OT ApYyra. :

Memagasa. XpomocoMe, OwBmme BHTAHYTHIMA BO BpeMA Ipodask,
IpeTepueBaldT BHHETOBOE 3aKpyudBaHme (4acTO HempaBWIHLHO HABHBaeMoe
COEpAJLHELIM), GNArofiaps KOTOPOMY OHM YKOPATHBAIOTCA H YTONIMAIOTCH.
Buragyras xpomocoMa mMeeT B momepeumnke cehure 10 000 A, aro cocras-
ager 1 murpon, nau 1/1000 munammerpa. B pesyarrate ckpydnBaEHA XPOMO-
COMM H, CJAeJOBRATeJbHO, XPOMATHAB MAaKCHMAJbHO YKOPAYMBAWTCH N0 OAOT-
HHIX, HHOT[A MOYTH HIAPOBHABWX MaJ0UeK. OTH MaJOTIKM TacTO KamMyTcd HC-
KPUBJEHHLIMH, RaK OH «HagIOMIeHHLIMU», IPHYEM MECTO «BaJaoMa» BOBCE &
He o6sgsaTenbE0 Haxommred B cepeguHe. K sTOMY BpeMeEM BCe XPOMOCOMH
PACHIOXATAIOTSS MOYTH TOYHO Ha ONHOM MNOCKOCTH, KOTOPas HAXOOHTCH IOCpe-
INEe MERAY O6OMME MOJIOCaAMH M MePOCHAWKYJAAPDHA IO OTHOINEHHIO K OCH,
HPOXOMIAIMEH depes HHEX. JTY INIOCKOCTh UMEHYIOT 3K6AMOPUGAbHOL, TOTOMY
9TO OH& HPOXOJUT, TAK CKABATH, Yepe3 3KBATOP HECKOJBKO NHPOAOATOBATOTO
«amepROro mapa» ¢ ero aeyms nomwocamm. Pmrypa, o6pasopanmas xpoMoco-
MaME B o6macTd OKBATODPA, HASBHIBACTCH IK6AIMOPUAALHOL  RAACIMUNKOL.

W3 monspHLIX KOANAYKOB (WIH COCTBETCTBEEHO NEHTPOCOM) Temeph .HAY-
YaMH HCXOASAT AUTH, OONBIEFHCTBO H3 HAX HPHpPACTAET K XxpoMarumaM. Bee

T*
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9TH HHTH B COBOKYNEOCTH 06pasyiT QUrypy, HaIOMHHAKILYI0 BEepereHo (Tak
HasHBABMO® MUMOIMUYECKOE S€PEMEN(), NO3TOMY HX HASHBAKOT TAKMKe
Humany eepemena. OHHA NPAKPENARIOTCA K XPOMarHiaM HPeHMYMECTBEHBO
B HeCKOJBKO CY)KeHHBIX, EMEOIOMHAX BHA DeperdAHer YI9acTKaxX B MecTax
asraba, ) :

+ Anagasa. Tenepr ROMIAKTHNS H BCIENCTBHE 3TOF0 JIETKO TPAHCHOPTA-
GBHBEBIB XpoMaTRIbl HAaYHHAIOT «OBHTATBCA» K IMOJXIOCAM KJASTKU — OJHA Hu3
KOKIOH Tapsl XPOMAaTHH K BepXHeMy, a gpyras — K Hmxaemy. Cyas mo
BCEMY, OHHA OBIGKYTCSA He CAMH, & «IPUTACHBAIOTCAY K NOJIOCAM BHTAMH
BepeTeHa, KOTOPHE BCe BPeMA YKOPAUMBAKTCA. BO3SMOKHO, B 9TO Ke BpeMA
JeHCTBYIOT M APYTrEe HHTE, KOTOPH® BHEAPANTCA MeRAy obemmE xpoMarTu-
AAMHE XPOMOCOMM H PABABUTAIOT UX.

Teaodaza. K aroMy BpemMeHHM Lelb MMTO3Ra AOCTHTEYTA — XPOMOCOMM
nogourn® K moawcam. Teneppr macrymaer kak OH «mpodasa Hao6opoT»: BmH-
TOOOpa3HO B3aKPYYeHHHe® XPOMATHNH DOCTONEHHO BHITACMBATCA H  pas-
PHXJIAKTCA, IOKA HX KOHTYPH OOMHOCTBIO HO CMaiKyTCA, BHOBDL 00pasyiorcs
ANPLUNKHA, W LUWTOILIA3Ma CTPOHT HOBBE sfepHHe MeMOpamn. Ofpasywres
ABa ACUEPHHX AApa (MX XPOMATHIK MK, O09EBHIHO, JOJIKHKE OTHHHE ONATH
Ha3HBATb XPOMOCOMAaMM; B uHmep@ase — TaK HA3HBACTCA OPOMEKYTOK Bpe-
MEHH MEXAYy ABYMS HONCHHAME — BTH HOBHE XDOMOCOMH AOJKHB OYAyT
HOCPEACTBOM HPOACABHOIO PACIIEIAeHAA BHOBB DA3LEHNATHCA HA JiBe XpOMa-
THAK KAyKIas).

Mesxay nosepEEME AZpaMH HEKOTOpOe BpeMs eme COXpaHAeTcd 0CTATOK
BepereHa, Ha3kBaeMblli TakKe gpasmonsacmon. B NAOCKOCTH 9KBATOpA MOSB-
AAOTCA OY3HIPbKH, KOTOpHE 00beARHAIOTCA MeKAY coboil, 06pas3ya Tak Ha3HI-
BAEMYI0 KACMOURYI RAGCMUHKY. DTa LIACTAHKA CHauana 6ojee HIH MeHee
JKHAKAs, 3aTeM ORICTPO OTBePAEBAST H pa3pacTaeTcs, JOCTHTadA «CTAPHIXY
KJIETOYHHX CTeHOK. Temeph pasjeseH0 Bce KIETOTHO® CONEp:REMOe, B W3
oaHOK cTapoidl KIeTKH 00pasoBajndch [ABe HOBE®, HOJEBOCTHIO HICHTHUYHEIS
RPYT ApYTY.

Tak mocpemcteoM MHTO3a NMPOHCXOAHT NpsAMas HepeAada TEeHETHICCKOU
HEPOpPMALIHE W COXPAHAETCH HEIPEepHBHOCTH KUBOTO. MMemHo B 3TOM E cO-
CTOAT Te HeAM (MaH Mo Kpaiine Mepe HEKOTOpPHE W3 HAX)5KOTODH® AOJIKHE
0BT NOCTHrHYTH HpH HeJeHWH sfapa ¥ KiIeTKH. MW Teilepb XOBOJBHO TOIHO
3HAeM, [JIA dero cyiujecTByer Muros. CoBepmeHHO ACHO, UTO OOUCABHHIH
Ioponece He NPOCTO 09eHb X0pomo mpacHocobier, Ho, OMTH MOMXKeT, eANECTBEH-
HO NPHrONeH VIS KOCTH)KeHHA HABBAHHEIX Hexeii. Ho KakoOBH NpRIHHH, Ka-
KOBH JBIUKYNIH® CMIH 3THX NpPOHeccoB? ITOro, YBH, MH HOKA COBCEM HE

w
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aHaeM. Beap ommcaEme aumb 09eHb peAKO conep:UT B cebe oGbacHedHe.
CrkarxeM, omucaline Mopckoro 60a y o-Ba CanaMus! um B roeii Mepe me o6bac-
HAET HAM, KaX HaTaJach BOHHA H KaK KOO JOULIO Ho 3Toro Gogl

3anyex murosa

Mgl He gosixuE 3a0LBATH, 9TO XOTA MHTO3 H MOMXHO HAaOMIOHATh B CBETO-
BOH MUKPOCKON (KaK OPaBWIo, AAUTENRHOCTh MUTO3A cocTaBageT 1,52 gaca),
OfHAKQ IyCKOBBIG, YIPABAAWMHEE ¥ PErYIHDPYOMEe IPOLEcch, HECOMEGHHO,
PABHIrPHBAIOTCA Ha MONEKY/NApHOM yposHe. Ilo-BrauMoMy, OpH 8TOM DpOMC-
X0QAT HpREGIM3UTENbHO Te sKe cOORTHA, 9r0 M mpu chETese Geaxor. Tem me
MeHEee €CJIH YHUTATEJNb CHPOCHT Hac, KTO MIH 9TO AAeT CUTHAJA K SamycKy HIpO-
$a3n, KTO WJIH YTO BACTABAAET XPOMOCOME BHHTOOOPA3HO 3aKPYTUTHCS M Ha-
OpaBHTECA K SKBATOPHANBHON ILMOCKOCTH, KakuM o0GpasoM COKpAmAaloTes
TAEYMHAC HATHE A PACTATMBAKTCA HUTH, Pa3[BHETAIMHE XPOMOCOMEI, KAK pacT-
BODAIOTCA M CO3AAKTCA BHOBb ffepHas MeMOpaHa ¥ AADPHILIKY, TO HI Ha ONME
B3 3TAX BOHPOCOB MEL H® CMOKeM. JAaTh OTBOTa, a BeQb MHTO3 OBLI OTKPHT
MHOr0 JecATHNeTHH Ha3al. Homeuro, B MONMHTKaX AaTh 00BACHeHHE HOAOCTAT-
Ka He OHIO. .

Iionrme rogw cuudradm, 4T0 $PAKTOPOM, BEI3HIBAIOIMUM MHATO3, CHYKHT
TaK Ha3nBaeMoe sdepro-nadamenioe omuowerue. Ilom »TUM DoApasyme-
BaJIOCh caegywomee. «Moxogasy, TOJIbKO UTO, 3aKOHIMBmaA Tenopasy KaeTKa
HaumHaeT pacTH. ONHAKO ANpPO pacTeT MeANoHHee, YeM OKpPYKalOmMad IHTO-
miasMa. IlosTomMy cootHoumleHMA o0beMa, MACCH M MOBEDXHOCTH ANA AApa
E NETOMITA3MBL BCO BPEMs H3MEHSIOTCA B CTOPOHY, HeOJarompHMATEY IJIA
aapa. [TosaraoT, 9T0 0 FOCTIKEHHE KaKOTO~TO HOPOra HEKOTOPHIEe mpoHec-
cH 06MeHa BEmECTE MG:KAY AAPOM M OCTAXbHOH KJETKON H3MeHAITCA B TaKo#
CHNBHOI CTeNEHH, 9TO KIeTOYHO€ HApPO OKA3KBAETCA BHHYKACHHBHIM IPHCTY-
OUTh ¥ ACICHHI. JTO 3BYYHT BOOJNHe yOeaureanHo u B ofmeM, HO-BHTHAMOMY,
AaXKe BEPHO, OHAKO LHOKA OTCYTCTRYIOT pelIaomie 3KCHePHMEeRTATbHEE ROKA-
3aTeNhCTBA Ha 5TOT cueT. Kpome Toro, MoKa Msl TOYHO He 3HaeM, OOMEH KaKmx
BEMeCTB BaTOPMAKHBAETCH, KAKHE KOHKDOTHO BelmlecTBa K KakmM obpazom
3aO0yCKaIoT MHTO3, N0 TEX oop MEBL He B COCTOAHUH ZXATh XOTh CKOJIBHO-HEﬁyI[B
yOeanTenbHOTO 0OBACHEHHS. '

Eme Goses TpyABKM MOMKeT OKa3aThCA NPYToil BOIpoOc, KOTOPHI MH
BHIOe Ra)Ke W He NHTaAuch paccMaTpuBath. He momne:kmr coMEeEdio, 1T
PeAYINIAKALKA TeHEeTHIecKol uUAPOPMATMM y CEHaGKeHHBIX AAPOM >KABHX
CYIMECTB HPOECXOMUT TAK 30, KAK 9TO ONHCAHO Pamee ans OarrepuanbHOH

| Peqp mpeT 0 SHAMEGHHTOM MOPCKOM CPa)KeARHM, B KOTOpPOM (IOT FPEKOE HATOROBY
pasBEn Mopekme causl mapa Heepwea (480 r. mo w. 8.) — [Tpum. ped.
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rue. Korma ®3 onnogoTBOpeHHON ({HITOAAHOH) AMUEKACTKH pasBHBACTCA
MHOTOKJeTOYHHH (Iumnonnusifi) oprasmsM, TO Befkb 3TO LPONCXOAUT HC-
KAIOTHTNHPHO OYTEM MHUTOTHYIECKOTO [ejeHMd; CIefoBaTelbHO, MATO3 BO-
ofme ABAAETCA ONHOM H3 OCHOB POCTA — B JAHHOM CJIyd9ae pOCT IOHHMMA-
eTcA KaK pasMHOMKEHHe KIOTOK, T. . KaK YBeNHYeHEHe HX 4quCiIa, a He
pa3mMepoB.

Eme TOrQ HarJadpggeee: paane HO MOXeT MOpCKag 3Be3[a BOCCTAHOBHTH
OTOPBAHBLIH NydY, & AMEPHNA — YTPAYEHHHIH XBOCT? A eCIEm HEKOTOPHX
uepBeil pa3pesarb BHa KYCOYKH, IOCASAHNS CNOCOOHH CHOBA Da3BETHCA B LOJ-
BoUeHBEHX ocobeii. Y pacTenuii sta cmocofHOCTL K pereHepalmn BEpa-
JeHA A0 TAKOH CTOHeHH, UTO ee¢ MHUPOKO HCIOJILSYIOT B IeIAX UX Pa3MHO-
MEHNA. .

HaBepHoe, MHOTHE MON YRTaTeNH YMEKWT BRIpAM@BaTL M3 JAAcTheB Oero-
HEHN Oeanie pacrennsa. U xelicTsHTenbEO, Y MEOTHX PACTEHEH, OKYNBTY pOHHHX?
¢TONb CHAbHO, UYTO IPH DOJOBOM PAaSMHOXKEHHH OHE JAr0O DogTH, ambo coBceM
He JAXT MOTOMCTBA, Pa3MHO}KeHHe BepeHKAMH H OTBOJKAMHA — eIHHCTBeHHHI
c0ocoG WX COXpaHeHHA. XOTh 2T0 H HCKYCCTBEHHO®, HO 3aTO BHOMEHe 3(dex-
THBHO® pasMHOKeHHe. A Kaprodpenn? Hmxro Be momyuaer ero M3 ceMsH,
TONBKO W3 KiayOHel, a Beib KAYOHH — 3TO 9aCTH MATePHHCKOr0 PaCTeHHUSA,
npuoGpeTiiAe caMOCTOATEABHOCTh (ApPyrofi mpumep HOAOOHHX CTPYKTYP —
AyKoBOUH-ferkn). [as opraruaMos, HOTYYeHENX TARKHM COOCOBOM, Xapak-
TBPHO TC, 9T0 BC€ HX KIE€TKH BO3HHKIH nocpeé‘cmeou Mmumosa, T. e. BePeTaTHB—
HLIM, HEOeJOBBIM OYTEM, H3 KAETOK MaTeancxo'ro pacTeana, U 94TC BCe OHH
IpeAcTaBaAlT co00i TOYEHE KOOMH IPYr APYTra ¥ MATEPHHCKOTO pacTeHMA,
IDOCKOJBKY COREePKAT ONMHAKOBYI0 IeHETHUECKYI0 HE(HOPMAIHIO.

OB6EHO TaKOe HACHTAYHOS HOTOMCTBO HA3BIBAKT KAOHOM, H TOAYYeHHE
KJIOHOB.— He NpocTo 3afaBa; KIOHH HMEIOT GOJBUIOS BHAYEHME [JIA HAYKH
u npaxktakn. HanpuMep, ecnr Hajgo npoBeprth BIMAHNS KANMATHISCKHX DaK-
TOPOB, JI6HCTBHe BHECOHHHX yRoOpeumii mwiu 3QGeXKTHBHOCTE TeX WIH WHMX
CPeNCTB 3aMMUTHl pacTeHHil, TO HY)KHO UMeTh O9eHb MHOTO 2eHemUMecKl udeH-
MUNHEE PACTEHHH B KABOTHEIX. A 2TON0 HOUTH HEBOIMOKHO J0GAThEA Ty TeM
IOJAOBOTO PA3MHOMKEHMHs. .

H eme B ogmofi o6nacTe HCHONMB3YeTCsH CHOCOGHOCTH OPTaHMAMOB K Bere-
TATEBHOMY, BIK (ecoonoMy, pasMHOMEHHIO (npaBga, smeck Mb JAmEb ymo-
ManeM 06 arom). Fmeercs B BHAY TaK Ha3HBaeMad Ky4bmypa mraneii.
Transw B Ouosorun HasuBaercs obbefnneHne oHOPOTHNX Kiaetok. Hasosem,
K HpUMEDY, OUMUTEIMANBHYIO, COCNMHMTENBHYI0 WIM JKeNeIUCTYH TKAaHH
KEBOTHHX, & ¥ PacTeRMid — ACCHAMENMPYWINYIO, 3amacHY0 TKAHH M T. A.
(3Th TePMHELI CBHIETEILCTBYIOT O TOM, 9TO CBOE HABBAHHE TKAHH, KaK ‘rlpai-'

BHJIO, MONYYAKT B 3aBHCHMOCTH OT MX QYHKUHNM, & He IO BHAY W CTPOCHFIO
OTHENBHHX - KAOTOK). :






v
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4. ..HO TOJIbKO MYTALUM
OBECME4YMBAICT BOSHMKHOBEHME
YEFrO-T1O HOBOFO

BOIHKHHOBEOHKE MYTAUWN — IT0 MONEGKYARPHMIN Npouyece

Mymuposarnue — 9T0 OPONEcE, B pe3yabTaTe KOTOPOr0 BOSHHUKAIOT UsMme-
Herus, nepedawwjuecs no Hacsedemey. TepMuH Mmymayua TUPOHCXOZAT OT
MATAHCKOTO cJoBa mutare — NpeRpamaTthes (TYT, HABEPHOO, MHOTHe BCIOM-
HBAT CKa3Ky o Kaiaude-amere m BOMIOOHO® CJORBC «MyTaGap», O3HAUaBImee
«6yny npeepamemn»). [lokonenua, BOZEAKAWIEE IOCTE TOFO, KAK IPOM3OIIIA
MyTaluA, OKA3HBANTCH W3MEHCHHBIME, MYMUPOGASWUMY, MOITOMY HX Ha3HI-
'BAIOT MYMAHMAMU, HIH MYMAHMHOMU NOKOACHUSMU. DTO Y)Ke HOBHe Opra-
HA3MEL. JTHM MBI BOBCE He XOTHM CKa3aTh, YTO OHH JYUIUe; IPOCTO OHA B Kayk-
RBOM ciydae ‘HENe, H60 KOHCEDBATHBHOE HATAJNO0 OKA3aJ0CH HPEOJONeAHbIM.

Myrammu BCTpedalTCs He CAUIUKOM YacTo; MOJCIMUTAHO, UTO B 3ABHCH-
MOCTH OT BHAA MYyTallHa MOKeT BCTpedatbeA ¢ dactoroli or 1 ma 10 000 mo 1
ga 10 munnmoroB ocobeit. CregosarensHo, gacTOTa MYTalmi 6yaeT coCTaBIATE
or1:10% go 1 : 107, 7. e. o1 10°% o 1077 (3neck mMewTCA B BUAY TAK Ha3hiBae-
MHIe CROHMAHHBE MYTALlEH; TEPMHUH «CHOHTAHHHI» o3mazaer «Ge3 aBaoli
OprEYAHLD.) B To e Bpema ecnu yduecTh, Iro KogOHHEA OGaxrtepuil, Gepymas
BaTAJM0 OT ONHOH-eIHHCTBeHHOH KJIETKH, Ha COOTBETCTBYOMEH NHTATENBLHON
cpene yme depes 24 gyaca MOKeT HACUMTHIBATH MHOFO MEJUIHOHOB ocobeir,
TO MYTALHA IePECTaeT Ka3aThed TaKHM YK HeBePOATHHIM COGHITHEM.

Yacrory MyTanHil MOKHO 3HAYATENHHO, AHOTAA B CTO KPAT, HOBFHCHTH
¢ HOMOmMpBI0 HEKOTODHIX HCKYCCTBEEHHX Bo3geicteuii. Hanpmmep, oGmxmO-
BeHHOHIIAA A30THCTAA KHCAOTA — HCKIIOTHUTENLHO MOMHHEE Mymazen (My-
TareHAMHE BA3HBAIT XAMHIECKMO BEHIECTBA H JPYTHS ACEHTHl, BHAIHBAKIMIHO
MyTanmd). BLIACHHIOCH, 4TO 3T0 COEMHOEEE pPearHpyeT EHOHOCPENCTBEHHO
¢ - OCHOBAHMAAMM HYKJNEOTAHAOB, cHemuduuecKas HOCHENOBATEABHOCTE KOTO-
pux oGpasyer esmEnus aadopmanmu B JJHHK. [leiictBue asoTHCTOl KECITOTH
CBOOATCA K Oe3aMUKUPOSAHUI, T. 6. OTIENCeHMI0 AMHHOL PYLIIEL.

B peaynbraTe Takoro Ae3aMHEAPOBAHHA ajeEHE (A), Hampmmep, mpe-
Bpamaerca B runorcaETid (['k), KoTOpH B oTHHIAe 0T aNeHMAA He cIocoben
cnapuBaTthea. ¢ TuMuHEOM. OB ofpasyer mapy TONBKO ¢ IMUTO3WHOM. PaccMoT-
" paM rakoi npuMep. Tpunner TAH mox meificTBMeM a3oTHCTON KACAOTH DPEBpa-
ratca 8 TTkIl, kotopei npa wmoCHeAyIOmMEH pPEAYNAUKALAM JOCTPAHBRET
romoaemerrapasti tpunner AIIl. Ilpu panbmedmeM pacxo:aeHAE UeNel
asoitroit cumpanm AIIT', ecrectBemno, cniapmpaercsa ¢ TI'Ll. Taxkam o6pasom,
BMECTO OEepBOHAYANBHOLO TPHIIETR TAIl, xomupywmero MeTHOHWH, BO3HHE-
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kaer tpumier TIL (pme. 36), rogmpywmumi Tpeorun. UHmMu cnoBamm, Te-
meps BMECTO MeTHOHHHA B Gelok 6y,ue'r BHKJIIOGATBCH - TPEOHAH H HOJIy‘—IHTCH
us3MeHeHHN depmenr.

Mosxer cay9urscs, 9T0 (HEOPABANBHASY AMHHOKHCIOTA BKIIOUHTCA BA -
BTOPOCTENEHHOM Y4acTKe MOAMNENTHAHOH Iiend — TOCJA AKTHBHOCTH dep-
‘MEHTa OCTAHeTCA HensMeHHOH. OfHAKO TOTHO TaK K€ HTO MOMKET UPOH3OHTH M
B HRAKOM-TO BAjKHOM ydacTKe; TOTHa PepMeHTaTHBHAA AKTHBHOCTL CHABHTCH,
a TO H COBCEM HCUYEC3HeT, u Op¥ HEKOTOPRIX OﬁcTOﬂTeJleTBaX 3TO MOKeT OKa-
33TheA yOUHCTBeHHKIM R KIeTKHM WJIM OPraHm3Ma, HAIpUMED B TOM Caydae,
ecau JAHHHN (epMeHT 3aHAMAaeT KIKYEBYI0 MO3HEUI0 B o6MeHe BemecTs.

AsorHcTas KHUCJIOTAa Re3aMUHMpPYeT TaKkske IYAHOH W IUHTOSHE, TOTHA
KaK THMHH, He COAepKamuii aMMHOrpYINEH, He usMeHsercsa. B caywae rya-
HNHA #3MeHeHNe He AACT HHKAKOTO 3ddexTta, MOCKOABKY o6pasoBaBmmiica
KCAHTHE TOKe cliapupaercss ¢ uurosuaoM. Hamporms, o6pasywomuiica ns un-
TO3MHA ypauun cnapuBaercsi BMecto I ¢ A. Taxmm ofpa3zoMm, BosgeficTBYyS
a30THETON KMCAOTOM, MOMKHO PpAJHKAJAbHO H3MEHHTh IOCHAENOBATEIbHOCTE
oceopanuit B JHHK, a TeM caMHM m nociefoBaTenbHOCTH aMHHOKHCHOT B
- Benke.

Apanornunsifl s¢dext pocruraerca u npm oGpalboTke 2uUIPORCUAAIMUNOM,
xoropurit fefictByer Ha uarosud JIHK. Ha ocmoBammm sKCcOepHAMERTOB ¢ THA-
PORCHIAMUEOM OBLI C/leNaH CACAYMHA 0YeHb BaKHHIl BHBOA: (BaKTHICCKH.
HSMEHEHN® yiKe OJHOK-eAUACTReHHOH MOJEKYAN — B NaHEHOM CAydae HETOSH-
Ha — MOKer mpuBecTH K MyTanmuu. Ilo Beeil BepoATHOCTH, 5TO cCIpaBeAIHBO
m gnAa Apyrux MyrarenoB. [Ias toro urofm mpaBHIbAO CYAHTH O MYyTAIAH
M ee MOCNEACTBMAX, HeoOXogumo yACHHTH cefe eme ABa O0GCTOATENBCTBA:

1. Ecnm MyTanusa mpodsounlia TORBKO B OGHOH M3 JIBYX KOMIJIEMEHTAD-
mex eneit JIHK, To mpn mocaenyomei pegynamkanum mosoBHHA NOTOMEOB
6yaer HOpMaJbHON, a Hpyras HONOBMEAQ — MYTAHTHOL.

2. lesamunmpoBanRue, HallpuMep OpeBpameHue A B I‘n BH35IBAET elIfe -
He MYTallio, a TONBKO npemymayui. JIMmb B pesyabTaTe mocaeAyomed pe-
AYONUKATHN OHA CMOXKET IPOABUTHCA KaK Hacrosmad myramusa. Ho go aroro
MoxeT 1 He JoHTH. [IpeMyramus Moxer ObITE HOPMAJM30BAHA, «BHUIEYCSHAY
nin eme Kak-EHOyAs yerpasesa. Ecnu xaerkn oﬁnyanb VaABTPagHON € TOBHIM
CBETOM, TO BO3HUKaeT 0c06enHo  MHOrO NMpeMyTaumil (KOHEYHO, MEOIHE KJIETKA
upu 3roM rubuyr). B umcne npouux sPpdertoB mabaiofaerca Takme CaeAylo-
mee: BcioAy B Mectax, thae B Henm JIHK croar pAROM JIBe MOJEKYJIH TAMERHA,
OHNF CBASHBAITCA APYr ¢ APYTOM B TaK HAa3LIBaeMulll dumep, T. 6. OBOHEYIO
MOJNEKYAY, 9TO BeJeT K HeNpaBMABHOMY COADHBAHMIO ocHoBammi. OmHAKRO
ecan nociae oSpaboTKH yabTPadHONETOM OCBEIATE KIETKM BUIEMBIM CBe-
TOM, TO IIpeMYTaIIHH JaCTHYIHO CHOB& HODMAJIH3YIOTCA, H MYTAHTOB B KOHOY-
HOM cueTe 00pasyeTcA COBCOM HEMEOTO (CHHIKAETCA M CMEpPTHOCTH).
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HeEHHX H Ja*ke HeOPHroAHRwX (epMeHTEHXx OenxoB. [logob6nme m3MeHReEnmA
BA3HIBAIOT MOYKOSHIMU MYIMAYUAMU. ,

Hogeqno, HApARY ¢ 3THM BO3MOMKHE B TOpa3sgo GOABIIEe IO CBOWM MAac-
mrabam moppemneuns. Ilpu BosmelicTBMH Ha KaeTKM Gonee BHCOKOOpPraHH30-
BaHHKX, AZpocoAepsKamux ¢opM OONBIIAMH A03aMM PEHTTEHOBCKHX HUIH
vabTpadEOJETOBHX JAyUell MOTYT pA3NaMbIBATbCA UEJHE XPOMOCOMBl WM
KE 0T HHX «OTKAIBIBAIOTCAY HOOONbIIHE KYCKH, KOTOPHE TepAIOTCA BO BpeMs
HacTYDAIOMEro BCJORK 33 TeM Murosa. UHOrga aTH DOJOMKE MOTYT GHITH BOC-
CTAHOBJIeHE, HO CJHYY94eTCH B TAaK, 9TO OTOPBABIIHECHd YIYACTKH NPHKpemIAlOT-
¢A K 9YKOH, He CBOGH XPOMOCOME, M 9aCTO K TOMY e «IHHBOPOT-HABBIBODOT.
ITomoGubie mEMEHEHHA HABLIBAIOT IPOMOCOMHMMU nepecmpolixamu. OHM 3a-
XBATHBAKT ropasfo Goasmuit orpesok mouekyan JJHK wmau coorBercrsenHo
XpOMOCOME, 9eM OpH TOUKOBOH MyTrallue. OnHAKO B KOBETHOM CYeTe H 3JecCh
BC@ CBOAUTCH K H3MOHOHHAM MONEKYNAPHOH CTPYKTYDH. .

Safilep)KEMCA HOHAKOATO, ¢ TeM 9To0H o6 yMaTh, 9TC K€ ME Y3HAJIH
0 MyTauusgx. To, 94TO MYTAllMH OKA3aNUCh MOJEKYJAPHBIMH NpPOIECCAMHA. —
X0pOmo; CNEXOBATENbHO, HX MOKHO «00baAcEMTEY. Ho He usnmmaas au
3T0 pocKkomb? Beob B pesyibTaTe SKCHEPHMEHTaNbHOTO HCCISAOBAHMA MYTa-
OAfi BCEIZA OKa3HBaeTCA, 9TC OHM CBONATCA K HOBPEKACHUAM, HampUMep
K CHEYKeHHIO aKTHBHOCTH JepMEHTOR WAM JajKe DONHOH ee yTpare (m »TO eme
B JydmeM ciyuae, 60 MHOIHE MYTALMY NPHBOAAT K CMEPTEALHOMY HCXOAY —
HX DPHAATO KPACHBO HAIHBATE 1CMAAbHNMU Mymayusmu). Pas opu cmoHTAE-
HHY MyTABAX DPOACXOAHT TO e caMoe, TO HO 3HAYHT JA 3T0, 9T0 Hapyme-
Afle KOECEePBATA3MA HACJHENCTBEHHOCTH BCerAa CBA3AHO ¢ AedeKTOM HIm ymep-
Gom? EciE BCHOMHUTH K TOMY ’Ke, UTO B KJeTKe NMpPeAloJNaraeTcs CymecTBO-
BaHHe HOKHX «PEMOHTHPYIOMUX» (EPMOHTOB, TO MYTAmME BooOme Ipemcra-
BATCA HaM 9eM-TO BPOJEe HECYACTHHIX CIYUA6B, KOTOPHX HYKHO IO BO3MOMK-
HOCTH u3feratsh, a WX MOCAEACTBAS KAaK MOKHO CKOpee JEKBHAUDPOBATL. MMeer
aE Boobme B TAKOM CIAYIa® CMBICH FOBODHTH O KaKOM-T0 Hadaje, KOTOpoe
npu3BagEo npobutk Cpems B KOECepBATA3ME HACASACTBEHHOCTH?

Ho MmosxeT OHTBH, H 3fech, KaK 5T0C JaCTO OBBaeT, BEEMIHOCTE 0OMaHYABA?
JleficTBHTONBHO, HCKYCCTBEHHRI® My TallHd Gonbmeit 4acTbio DPBBOAAT K yTpaTe
Kakoro-ga0yap cBofcTBa Wim HPHE3HAKA. TaK, OpH H3BECTHHX YCJAOBHAX MH
MOKeM HOJYYHETh, CKa/KeM, TaRymw MyTeETHY® dopmy E. coli, xoropas Gons-
me He cmocobHa cOpayKkmpaTh MONOYHHE caxap (TaKTO3Y); TAKHE MYTABRTH
oGosHavaoT lac~ (Jak-MHHyC, HJHE JaK-HeratUBEHe; lac — cokpamenme
JAATHECKOTO Ha3BAaHHA JaKT03H). B TO jKe Bpema mcxofmas gopma — duxuil
mun — B mONHOH Mepe ofmagama 3Tol cmocobHocThio (ee ofosmamalor lac?).
Bpsag nux Myrauma lac- — suiarpum n1xs E. coli. IlogofmmM obpasom moryr
GHTH H3MEHEeHK MHOTHe HpH3HaKH (9T0 CUPABENJINBO M AJMA CIOHTAHEHX MY-
raitmit). Ho Bce-rakm HexapoM, NOJKEO OulTh, BechbMa yBaskaeMble W IPHTOM

8690







































i
i









O—@—0B—O—0B—FE—0C@—©—@—® 13 (5



X - xpomocoma

Xpomocoma Il ,
nesoe nne4o

2R3

w oo N

cubitys veins

shaven hairs Xpomocoma IV
grooveless seutellum

sBuim ssajuiaasson

,‘--i--"‘.‘\

Xpomocoma M,
A€BO® nNeyo

Xpomocowma lll,
npasoe nae4yo















3
e U

B5

: i
nmw A

ot
| JE2 LA 7 A B R I

1
4
)







ran IIOBPIOHTbI ~ OUNNOBUOHTbLIL

<— — — Cnuanune ramer ——-——»

+———— Me#os

P

Cnuanue ramer ———» y

.

























CoBpPOMEHHAA reHETHKS 145
e[[AHCTBEHHbI! OTANYHTENAbHLIE NPUSHAK MKAZHA — HACHeJCTBeEBOCTD, TO BH-
PyCH HYKHO CYHTATDH RKUBHMH. OHAKO KTO e OCMENHTCA 8afiTH TaK Jalero,
9100K NPHHATE IPOM3BOACTBO LOTOMCTBA ¢ NOMOHIBK 3AEMCTBOBAHHOTO 06-
MeHA BeWEeCTB 34 e[MHCTBEHHEIH HKPUTEPHH MHHSHH?

Tperse, He MeHee MopasmTenpHOE CBOMCTBO BMPYCOB COCTOHT B TOM,
9T0 OHE BCEr[la CONepKaT HYKJICHHOBYI KHCIOTY TOJABKO KAKOT0-IH00 ONHOTO
tuna — yubo JHH, amGo PHK. Brn naxe orkpwr Sakrepmodar, cogepa-
muil oduoyenoveunyro JHK. O 6ua «3aakTupoBaEy mon uMmeHem ¢X174
(du xm 174) B paccMaTpHBAZCA KaK CBOErO pPONA ANKOBHEKA, KAK eIHHODOT,
ecaA 61 OH BADYT 0GBABANCA CPEAM MKBATHHX JKHBOTHEIX. i

ITH TPH CBOMCTBA — OTCYTCTBME COGCTBEeRHOro o6MeHa BelecTB, HalMgHe
HACAeJCTBeHHOCTH H NIPACYTCTRHE JHINE OXHOTO THANG HYKIEHHOBOH KHCIOTH —
[O3BONAKIT 6630MHMG0YHO OTARIATD BHPYCH OT KJITOK MU KIeTOYBHIX KOMHNO-
HeHTOB. OFHAKO MM BCe ellle He 3HaeM, 4ro Takoe pupyc. Jad osHaKOMIeHHR
¢ HamboJlee XapaKTePHEIMH YepTaMil BHDYCOB, B 0COOEHHOCTH ¢ HX FeHETHKOH,
MEI DacCMOTPHM BHPYCHI, Nopataioiiue Oaxrepmit, T. e. GakTepmodarm (co-
KpallieHHO dazu).

@arm Tak MadH, 970 KX HONb3A YBAAOTH C IOMOIBIO CRETOBOFD MHUKDOCKONA
(e 1 ry6uueckom Mumanumerpe momemaerca 10'4, r. e. 100 000 000 000 000
darosrix yacrun!). aa Toro wrofsl ux mAeHTHOHUEPOBATH, Tpebyercsa yme
AJEKTPOHHHNA MUKPOCKOD (MY e NPHXONHATCSA H3YyIaTh T BOSHCHCTBMA, KO-
TOpsle OHH OKasMBalT Ha Gaktepuu).

Kak smrasgsrt gars?

CyInecTBYOT COTHH, eCJM He THcAdua pasimuBHXx ¢daros. Iloaromy nma
TOro, 9To0Hl HE PacHBIAATECH A U36eKaTh HOBEPXHOCTHOCTH B HCCACHOBAHUAX,
B CIIIA 6mut0 pemeno orpaEAuMThCA HeGoapimaM wHcaoM $aros, HO 2aTO M3Y-
gaTh HX ¢ MAKCHMaJIbHOH EATeHCHBHOCTHIO. Jia sToro 6sAM BHGPAHH MOYTH
ACKAKIUTENBHO aru, cIocobHEe. pasMHOMATHCA TOJABKO HA KIeTKax Escheri-
chia coli, oTHOcAmuXcsa K mrammy B. (Parm Goxpmeit JacThio BHCOKOCIOLHA-
JMBUPOBAHM, T. @. CIIOCOGHH NOPAXaTh COBEPHICHHO ONpefeNeEHEX GaKTepmil-
xo3aes.) Ha HuX ayaure apyrux usydeHH ceMmb daros, oGoamavaemsix T,
T2, T3 m 1. 5., mo T7. Msr pacemorpum ¢ar T2. To, 4ro He BCeraa A0CTATOY-
HO OTYETAMBO BANHO Ha 2JIEKTPOHHHX Muxpodororpadusax (pmc. 57), BOCHPO-
w3BOMT cxeMa (puc. 58 u 59). Qacruna gara T2 mmeer 20406y ¥ 260cm; XBOCT
OKAHTUBACTCA 6Q3AAbHOL nAacmumkoh, K KOTOPOHl IpHKpenieHo 6 wunos ¢
6 zaocmoenmu rumamu. B romoeke pasmemaercs JJHK, oxpymermam Genko-
sofi oGomo0aROl.

Touso Tak ke, kak T2, Buraanar parn T4 u T6 (T-wemune darn), ¥V ¢a-
ros T1 u T5 xsocT gnEEHee u Toubure, y paros T3 m T7 od, BANPOTHR, OYCHD
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curthBaérca or 100 mo 200. 3areM Oarrephs paspHBaeTCHA, AUSUPYEMCA
(oT Tpedeckoro auelix — pacTeoparsca), u 100—200 moToMkoB ¢ara roroBu
K BCTpede ¢ HOBHME jxeprBaMmu (pmc. 61). _

To, aro 8aeck GATaETCA, TAK CRABATH, IO AHATOHAMHY, HA CAMOM Jlelle —
1enas MoBecTh, OPABAHEBAf HCTOPHA' 0 MOPCKHX pas3foiHEKAaX, B KOHUE KOTO-
poH -~ MeprBasa GaxrepHsa B IRe COTHH (es/KMSHeHHBIX MOTOMKOB ¢ara. «Hero-
PHA 3aMMCTBOBAHHOM KESHH» — TAK HABBAJ CBOX KHATY 0 $arax msBeCTHHH
yuennii Boawsdrapny Bekpeas.

Berpewa ¢ara ¢ Oaxrepmeii mpegocTasiieHa HEa Boaio caydad. Ho Tak kak
far cUeHPEAMTMINPOBAE K COBEPWIEHHO ONpefeneHHOMY NTaMMY XO03AMHA,
TO CHAYaJa OH JoiiHeH OPOBEpPHTH, YYBCTBHTENbHA JIM K HeMY JaEHAs GaxTe-
pra. «['rasaMmy dary cay;kaT, Mo Bcell BeposSTHOCTH, XBocroBee HETH. C mX
noMompio dar orpegenser, Do GaxrepmaibHON 060709Ke, MOAXOMAT JE eMy
aTa Gaxrepna. (B ocHORe 3To0li HPOBOPKA JIeKHT HMMYHOXHMHYECKAH peaK-
OHA — ¢ TAKEME DEAKNHAME MH IO3HAKOMUMCH B T, 4.) _

Beaen sa TeM ocofmii depMmeBT Para (0H mepBOHAYANHHO HOMEHIAETCA B
XBOCTE) HAYEHAST «IpPOOGHMBATH IHPKY» B TBepAoli SaxTepmambEolt 0GomoTHRE —
1A BTOTO OH DACTBOPAET €6 B MOCTe OPHKpeINiedasa aroBoli acTHIEL.

Teneps popora maa JHK ceo6opma. Hapysuas ofomoska XxBocra co-
Kpamaercs, BHTAJKHBasA, DORO6EO MEAHIMHCKOMY IMOPHNY IiA HHBEKIEH,
OHHK #3 roxokm ¢ara. B xaerxy momagaer moasko arosan JHK (puc. 63).
BexxoBaa oGonouxa, XBOCT, IIAON W XBOCTOBHE HETH OCTAIOTCA CHADYIKH.
Ecnm. B 9TOT MOMEET paspymsTh KIETKY, TO B Hell He ymaercsa 0GHapyXHTb
HEKaKAX HEGexnuoHAHX (arcs; dpar — Toumee ero ZHK — mepemen B Tax
HA3HBACMOE 8e2eMaAMUGHOe COCMMORHUE.

Onmaxo era JHK BoBce me GespearenrEa. B mepsym owepenb oHA CHB-
TE3HPYET (BepHee, BacTABAACT KJIETKY CEHTE3EPOBAThH) GeNKH, IPefCTaBIAI0-
mze co6oi PepmenTa. OHE TPeGYIOTCA AA TOTO, YTOGH CTAX BOSMOKEHM CHH-
Tes darosoir JHK; penp nocaengas asaserca uyskoit pas 6axrepwd m Cofmep-
JKAT HEKOTOPHe HeoOhHYHHE KOMIOEEHTH. Jimme Hocae aTtoro molemmeBHasm
KIeTKa HaudBaeT cHHTe3mpoBaTh Qarobuit Gesox @ darosyio JHK, omso
HesaBuCHMO 0T Apyroro. Horga xonmyecTBo 060MX KOMIIOHEHTOB OKASHIBAETCA
ROCTAaTOYHKM, BHYTPH KISTKH-XOSANHA HAYMHEACTCA cOOPKA HOBHIX KOMIJIEKT-
BHX $aroBHx wacTHEN. 3Ty cGOPKY MOMHO, Ge3yClOBEO, OXAapaKTepHEs0BaTh
KaK Mopgozenez, xax ¢opMoolpasoBaBHe (CHENHAANACTE TOBOPAT — Mopgo-
noss) @ ¢BABATH ee ¢ MopdoreHesoM MHOTCKJIETOYHOro opragmsMa. CymHOCTE
éro B 000EX CaywasX IOKa ITO JOBONBHO HeAcHa, BO KA pas y ara HaTHHA-
eT BRPHCOBHBATBCA BOSMOIKHOCTH cBecTH (HopMOOGpa3oBaHME K MOJEKYAZp-
HHM DOpoLeccaM. S

Camoe mnopasutenbHOe B ¢Gopke darop cocromr B cmepyiomem. JHK,
BaKNIOYEEHaS B IoJIOBKe ¢ara, oxpyeHa (earoBoit 000J102Ko#M, OT KOTOpOH






Puc. 62.

Barrepmanbras kietka, o6menIeRHas MHOTOYHCICHREMA darosrmu wacTumamu
(samegarieHa B MOMEHT KOHBIOTAIHH C ApYToii KieTkoit, cBoGojHOM oT (ara).
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T2, opuofpermmx CcHocoOROCTE JH3HUPOBATE Yycroiiumpee OakTepHasibHHe
RieTky mramma Escheriohia coli Bf2. TawxmM obpasom, dar T2 nam magzamo
myraBTy T2h (h — mavanvBas 6ykea aaramiickoro BeIpaskeBus host range,
4970 03HATAET KpY2, WIH CNEKMP, TO3AEE).

Tenepb MH MO3HAKOMEJIECH ¢ ABYMS MYTAHTAMH, 3 MMEHHO ¢ MYTaETaMH
r  h. Kax TyT ymep:kaThcs M He DOOLTATHCA HPOBECTH ONHT HO peKoMOmHA-
nEA, TeMm Gonee UTO GAKTEPHANBHYI0 KIOTKY MOJKHO 3apDARMTH ABYMSA DASHHEIMH
daraMe oaEoBpemeHHo. (pasy ’ke CKameM, UTO ONHT OKA32JXCA YLAaYEBIM
(puc. 65). Cpenm moToMkoB Obuim 06HADY)KeHEH Ee TOALKO ACTHUM «POAH-
TeIbCKAX THHOB», HO H PeKOMOHHAHTH, Hecymime ONBOBPEMEHHO NpPU3HAKK I
u h, Ocramocs AHIDb TOXYIUTH BOSMOKEO Gojbloee YHCIO MYTAHTOB, CHPEC-
THTH HX MEXKAY co6oil, BEIYHCIHUTH 9aCTOTH peKOMOHHANMI! B MOCTPOETH reHe-
THYecKkne KaprH (Tomorpadms obnactm rIl HaMm yxe 3maxkoma). flcmo, uro
JJHK $aros B omHTaX II0 pexoMOHEammm BemeT ceb6s KaKk reHOM, MOYTOMY
BIQJIHEG OUYCTHMC TOBODHTDH O 2eHOME paza. OBa cogepmaT BCo mHPopMa-
M0, B KOTOPOH EHy)kHaercH (ar, — TOJNbXO He MOMKET PeAyIIHOHPOBATHCH
caMa M HCHOJB3YeT [JIA 3TOro GaKTepualbHyI0 KileTky. K HecuacTsio mua cebs
GarrepralbHafd KJAeTKAa He CIOoco0HA y3HaTh uyKoil PeHOM H ILyTaeT €ro co
cBORM coGCTBEHHLIM M Ha)Re pafioraerT Ha Hero B NepBYIO - oUepend, .M3BOAA
cebs MpHE 3TOM A0 CMEpPTH.

Npupyuennnie arn

B TeueHH® HECKOJBKAX JIET ONHCaHEO® BHIle NOoBefeHHe CUHATANOCH ab-
CONIOTHO TEOAMYHEIM RiIA ¢arce. Boocnenersum, omgHaxo, Osla ofHapykeH
npyrofi Tan $aros, KoTopHe BeAyT ceGa ropasgo mmpombmeee. B Hacroamee
BpeMsi OX HABHBAKT ymepennbimu darammu, Toraa kak Kyna Oosee omacHbie
darm mepsoll rpynmH cTan@ EasHBaTh SUPYACHMHLIMU.

YMepeaBHE $ar MOMeT BecTH cebd B KIETKe H Kax Bupynen'ramﬁ HO
MO3KeT TaKkKe 3aKI0UMTH ¢ Gakrepned mMmp. IIpm aToM oH, mpaBga, ocraercs
B KJeTKe, ofHAKO oObpeguBsAeTca ¢ GaxTepuaNbHWMM IeHOMOM (OHDATH, «pac-
KAABIIECH», BCTYHAKOT B KOMAHAY ropabua, Bsaroro uMm Ha aboppaxk). Co
cpoell cTopoun GaKTepHaJbHAA KJeTKa ofpamaerca ¢ TeHoMOM (ara Kak ¢
qacThi0 CBOEro COOCTBEHHOPO, peAYIVIHUMpYEeT €ro H IepefaeT CBOEM IO-
romxaM. TaxkuM oGpasoM, KIeTKA-X03AWMH H €¢ MOTOMCTBO O%eHb 9aCTO HECYT
B cefe dar, omBaxo HNoclefHHWH He NpHYEESACT HM HH MaJjelniero Bpefa.
®ar yxpomieE (Takoll ¢ar Ha3HBAKWT npodazon), a DaKkTepHs OCTAETCA LENOH,
unmaxmuoti, T. €. OHA He JHASAPYETCs {ee HABHBAIT AU302eHMOIL).

OpmHAKO THie-T0 32 BCEM HTHM CKPLITA yrposa. ¥ CraHOBMBIIMicCA GO MAp
Ha CAMOM Jiefie BeChMa HENpPOSeH, H HHPATH, KOTOPHE KAKYTCA CTONb MHDPOIIO-
6BBLIME, 3aMHOLIANT TeM BpeMeHeM HOBOe 3JIOfeiicTBO.
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ITpexne 9eM paccMOTpeTh, HACKOMBKO peadbBa 2Ta YIpo3a, MH JOMKHK
yacauTe cebe eme Apa obcrosresnbersa:

1. Cyasba KIeTKH, T. e. BOOPOC O TOM, IPEBPATHETCA JHM HEQHUNPYIOMMI
dar B BApyNenTHYI0 ¢opMy HAM OyfeT B Buje mpodara BKIIOUYATBCA B HaxTe-
PHATBHHIA FeHOM, 3aBHCHT He OT Gara, a OT KIeTKA-XO3AHHA, TOYHEe, 0T BHOMI-
HEAX ¥ BHYTPEeHHHX YCJOBHIl, B KOTOPHX HAXOAMTCA B NAHHHL MOMOHT KJIGT-
Ka-x03AHH. B nmsoreEmoll kzerke gary He ocraeTcss HHUEro JAPYFOTo, KakK
BeCcTH co0A CMHPHO.

2. JInsoreHHAA KIeTKA, Hecymas B cebe mpodar, samHmeHa OT BCAKOTO
TaTbHEHINEro 3apa)keHUs MOMONOTHYHEIM QaroM — oHA CTAHOBHTCH UMMYMHOL.
910 He MCKMIOYaeT, KOHEYHO, YTO HPH CJHyIae 0HA CHOCOHHA BMECTHTH B CBOM
PeHOM ellle H BTOPOH ar — Apyroro mTaMMa. ¥ OfHOro GaxkTepHanbHOTO
mraMMa (a4 MMeHEHO y THOEPOJZHOTO CTA(PUIOKOKKA) OBLIO HalileHO He MeHee
5 pasiam9AHX Hpodaros.

BepreMca Temeph K BOODOCY O HPONOJKHTENABHOCTE nepeMupus. OmHo,
YBH,; HEHPOAOIKMTeNbR0. B Kako#i-ro MOMEHT Do HeH3BeCTHON HaM IpHuMHe
npodar nmokuaaer HaKkTepmaNbEHi reBOM, CTAROBATCA BHPYJICHTHHMM H JA-
3Epyer KJAeTKY, GHBIIYIO 0 TOTO AM3OTeHHOH. '

Hexoropbie yMepeHHbie ITAMME $aroB MoXHO IPERDPATETh B BUPYJISHT-
HE® ¢ HOMOIIbI0 PA3HOro poia HCKYCCTBEHHHIX BOBNEHCTBMI, BalpEMep Iy-
TeM O0aydeHHA YABTPAPHONOTOBLIM CBETOM MM 06palOTKM HEKOTODHME XH-
MEYeCKEME BemecTaMn. OXHAKO MHOrAA JH3OTeHHAs 0aKTepHa Kak GH meTop-
raer m3 cefa mpodar m Oparogapa STOMY OBLOPOBAAETCH, HBIEAUBAETCH |
BCIEINTh €6 MOKHO M HCKYCCTBOHRHIMH CPEeNCTBAMH.

Bce 5T0 BHIrAAAT HECKONBKO BalyTAHHEIM, IVIABHKIM 00pasoM u3-3a TOTO,
970 CYDECTBYOT TAK MHOrO BO3MOMRHOCTEH A msMememmit, K cokamenuro,
MBIl He MO)X<eM pPacCMaTpHBATE YMePeEHb® DNpodard Kak BeKHH Kyphes, He
aMeromaii ocoforo 3axagenna. JTOMY MEMAKT /[BA BaKEWX OGCTOATEIbCTBA.
[IepBoe HOCUT, TR CcKA3aTh, CTATHCTAYECKHUH XapaKTep: cefTac MOKHO yTBEp-
IATE AOBOJLHO YBEPEHHO, IT0 COCTOAHME TH3OTeHHOCTH (4us02enud) pacHpoct-
PaHEHO BECHMA IMHPOKO M MOMKET DACCMATPMBATLCA CKOpee KaK HOPMa, He-
Menyd KaK HCKJIIOYeHHe. '

IIpesxne veM MPEBOAMTH BTOPOS OCHOBAKENO, MH NOJYKHN- BHACHUTH, TIe H
B KakoM Buge upebmBaer mpodar B NH30reHHOH KieTKe. Y ¢TaBOBJGHO, 9TO
OE HaXONUTCH B HENOCPeACTBeHHOH Oam3ocTh oT GaxTepManbEOr0 TeHOMA; Ka-
JKeTcs BeChbMa BEPOATHHM, YTO OH He BCTPAHBAGTCA B GaKTepRaJbHBIA reHoM,
a npukpenafemca K HeMY B COBEDIICHHO OIPeLoNeHHOM MecTe, A0 W3BecTHOM
cTelleBd Koruiozupyen, NoJ00HC FOMOJOTHIHLIM XPOMOCOMAM B Meiio3e, TpoYHO
cmapaBafck ¢ EUM. Baarogapa sToMy GH Hactedyemca xax 6armepuatbruil 2ex.
BupoueM, cauTaercs, 9T0 COAPABAEMS OPOHCXONUT HE 1O Beoll ANMHS, a TOJb-
ko B cpenmedt gacta {C;-ygacTok) remoma Qara, rorxa xax GOKOBHE y4acTKd
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OPOTHB, APYI'Ee QaTH HE 33 {ePHHBARIOTCHA, TAK 4TO ABOHHOE 3apajkeHHe BHOJ-
HEe BO3MOKHO — MH BORb MCIONB3OBAIH €ro, MeXAYy NPOYHAM, B OOHTAX HO
pexkoMOuEanun. CymecTBYIOT B EPyrue BO3SMOKHOCTH:

1} Bropoil par mpoENKaeT B 3apaKeHHYI0 RAGTKY, OAHAKO HE MOKET BKII0-
YATHCA B ee OOMeH BemectB, Tak KaK mepBHI ar —— ¢IAMMKOM CAJMBEEIN KOH-
KYDeRT; : '

2) mepBHil ¢ar OpOAYOHPYET BEIECTBO, HABHBAOMOE uNMePPEPOHOM,
OHC He TOJBKO IPEedATCTBYeT PasMHEOMKEHHI0 BTOporo gara, HO, KPOME TOFO,
PACIPOCTPABASTCA CPEJH COCOMHHX KAETOK (TAKHMX jKe, a He 4y:xax!), mpm-
AaBafg WM UMMYHHTeT OPOTHB MHEOTOYHCIEHHHX EHHX ¢aros.

Kax peficteyer maTepepon W He HTeHTHIGH JIK OH BHIUCYIOMAHYTOMY
penpeccopy, OKa COBEPIISEHO HesAcHO. M3BecTHO, OiEAaKO, 910 HETOpPepoH
cueun(mUeH TONBKC ANA XO3AHHA, HO HecHeMU(HIEH B OTHOCHHH BHDY-
coB. MexAy TeM y aHTHTeN, ¢ KOTOPDHMH HAM €lI¢ NPEACTOUT MOSHAKOMHUTH-
€A Kak ¢ ONEAM H3 §aKTOPOB HMMYHNTETA, BCe 0GCTOMT KaK pas BaoGopoT: OBH
cnelEpEIHL 00 OTHOIIEHAI0 K COBEPIICHHO OMPENeNeHHOMY BHDPYCY HAH Oax-
TEPHH, HO B TO e BpeMA MOryT OhTh HepeflaHH OT OXHOTO XO3AHHA APYTOMY
(npaemBKE). Tak 9ro mATEpHepon ¥ aHTHTENA BPAMO-TAKN KOMIIEMEHTApPHH
ApyT ApPYTY; BOOXHE BO3MOKHO, 9T0 Korja-BEm6Gymb yaacrca o0beJHHHTL HX
H CO3JATh CAMYI0 COBEDMICHHYK 3AIMMETY OPOTHB HHPOKIHi.

12. @AM NEPEHOCAT
YYIKME TEHDI

Tpancayxuus

Mu ye yHOMHEQIH BCKOIB3b O TOM, YT0 Hpodar MOMKeT YBJIEKATh ¢
coGoii EeGoabmyw JacTh GaKTepHANBEOTO reHoMa. Jto ssneEme Tpebyer, mo--
#any#, Gonee moapobHOre paccmorpenasa. Omo 6no oTKpHTO B 1952 r. Ha
Salmonella typhimurium (Bo3GynmrTens MumuHOre TE)a) W BHAYANE: pac-
CMATPHBANOCH KAK HCKIIOUeHHE.

NaBectro mporo pasamasmx MyrarToB Sgimonella typhimurium. Hac
Oynyr cefitac WHTepecoBaTp [Ba M3 HHX — MYTAHT, HECHOCOGHMI caMOCTO-
ATEJHEO CHHTE3MpPOBATH APruH@H (MyTaRT Arg), ® MyTaHT, obmaparomuii
ycroliugBocThio K crpentoMannny (S7), Baa®r uX 3a ocHOBY, moayumau Gak-
TepHH CO CHCAYOMAME KOMOMHAIHAMYM MYTAHTHHX OpH3EAX0B (cHocol mx
noaydenns OyZer onmcaE B crepyiomeM pasgene): Arg~S® m Arg*S’. Ha sro-
poOM MyTaHTe HHTEHCEBHO pasmEOKaerca ¢ar P22. Irmm Parom sapaskamor
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JTOT BONDOC CAEAYET DasleNuTh HA ABA CAMOCTOATENBHHX BOIPOCA:

1) B xaxo#t dopme nepeHOCATCS reHETHYCCKHE MATEPHAN OT KACTHE-
AOHOpA K KIeTKe-pelluiHeHTY?

2) Hax oB BKNIOYaeTcs B TI'eHOM KJIETKH-DENANNEHTA (AHYETO HEOTO
3fech, KOHEYHO, OHTh He MOKeT, B6O0 MOTOMKH TpaHCPOPMHPOBAHHAIX KJAETOK
OepefalT ero mHOTOMCTBY IO HAcHAeACTBY)?-

HoroBopaM cHavana 0 BO3MOMHKX pasMepax neperocumoii JJTHK. B mpo-
hecce BheNeEHA (NP paspylleHME KIeTOK B FOMOTOHHSATOPE) KCXONHEIM
farTepEANLENA IeEOM pacOajaeTcs HA $PATMEHTH ¢ AOBOJHLHO CTAGHIBHRIM
MOJIEKYNADHHM BOCOM — OKOJA0 O MHIJIHOHOB, 4TO COCTABAAECT HPHMEPHO
!/200—"/500 TACTE BCETO reBOMa {TaK KaK B IPEAHAYMEM ONKTEe S-TEH HPeACTAB-
nan cobol, 09eBHAHO, ARHCTBOHHHH r'eR, B0 KOTOPOMY pasHHUAIMCH KJeT-
Ka-ZOHOP H KIeTK3-pPeLAIMEeHT, TO, CIeHOBATEALEO, 060l ABYXcOTHI mam
HATECOTHIA parMeHT MOl OKA3aTLCA TeM, KOTOPHH CONEpXsan 3TOT reH M
BCJTEICTBHE 2TOro obxanan TPaHCPOPMHEPYWOMEHR AKTABHOCTHIO).

Meaxme ¢parMeBTH ¢ MOJAEKYIApHHM BecoM okoso 500 000 B remoMm pe-
OHOMOHTA, HO-BUNMMOMY, He BKIIOUAIOTCSA; MO Kpaiigell Mepe OHM HeaKTHB-
au. He Braouaerca m ogromenogeqnas JHK (ee MoxHO mOayYaTs HCKYCCTBER-
80). Takam obpasoM, HabmwaaeTca mopasmTeNbHOS, eme OTHIONb He MOHATOE
D0 KOHIA fABJIeHAe; BKIIOYHTHCS B FeHOM MOsKeT TONbKO AByxuenoveqnas JHK,
XOoTA JaA TpadcdopManuu morpebyerca TONBKO OfHA W3 Lemed. B octanpaoM
BKAKYCHHE IIPOTeKaeT I'Iajko H oYeHbL OnicTpo; yixe uwepes 10 cexyma JTHHK
BHOJIPAETCA B KJAGTKM H C BTOr0 MOMEHTA CTAEOBHUTCA HeYA3BHMOH IS HO-
G6asnaemoit mssme JTHK-azm.

Tenephr OTHOCHTENBEHO BTOPOro BOOPOCAa — O BKIKWYEHHM B TeHOM KJeT-
kA-pen@nuenTa. [lo-suauMomy, 3flech DOPBHM TNATOM fABJSAGTCH CRAPUSAHUE,
KoBbWranusa mepesocmMoro gparmenTa HHHK ¢ roMomormumeiM yuacTkoM re-
HOMA peIimIAeETa, YTO AOMKHO NPHOAH3ATENSHO COOTBETCTBOBATH CTajud
3urOEeMH B Melioze. 3a HHEM CIeRyeT o0Mer Yuacmkamy OO THIY KPOCCHHTO-
Beépa: PaspHB ¥ BOCCOSNMEOEHE, TAKIKe 3HAKOMEE HAM IO Meiiosy (TOAbBKO HE
BEajo 3a0HBaTh, 9TO 30€Ch MK HMeeM JeN0 HO ¢ XPOMOCOMaMH 60Jiee BEICOKO- -
Pa3BATHX OPTaEN3MoOB, a ¢ ApoWHNME compaasaMu AHR!). IIpaspa, gerann
3TOT0 HpoHecca OOKa eme MOUTH HeHBBECTHH; CTOND K6 MAJO M OCBENOMJIe-
HH H O TOM, KakKAM 00pa3oM BKIKNYaeMHH QparMeHT OTHCKEBAST IYTh K Io-
MOJIOYHIHOMY YUacTKY remoma. Ho om0 yCTaHOBIeHO TBepio: BKIIOYEHH®
Y9ACTKA TYHOr0 I'eHOMa HPOHCXOAHT M moMmMo cmETesa I HK. Ouemumo,
ofMen B ZAHHOM CJAy1Uae NPOMCXONAT He IO MEXAHUBMY KONWPOBAEHA C Io-
peMeHO#l MaTpmil.

Kax Onl nu Gnl1 moye3ed BO3BPAT ® cIOcOGHOCTH 06pa30BHIBATE KAUCYNY,
T. €. BOSBPAT K BHPYJICHTHOCTH AAs caMHX R-KiieTox, ans GONBEOTO OB MOMXeT
aMeTs poKoBHe nocaefcTsuA. [loatomy ecom k mogo6uroMy demomeny unrartenhb
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ogeHb YAOOHH TaK HASHBAeMHe. Guozumuneckue mymawme. OOHIEO Gaxre-
paEl B rpAGH cH0COOHH CaMH CHHTE3HPOBATH IOUTH BCe OPraHHYeCKHE Bemie-
¢TBa, HeoGxXonuMele mM A GHocmmTesa, Hampumep Bce 20 aMMHOKHCHOT, BCe
BATAMHHKW B T. [. 310 Jukiue munw, KOTOpHE, OFHAKO, MOTYT MyTAPOBATS,
IPeBPAMAACH B ayrcoTpodunie opMH (0T TpeuecKoro aykcelin — PacTd, mpo-
dor — mmTaEme), T. €. POpPMEi, yTparmBmivie COOCOOEOCTH CHETe3HPOBATH
KaKoe-TO ONpefe’eHHOe BOMECTBO, CKAMKOM Ty WIH HEYI0 aMHHOKUCIOTY, BH-
TaMHE H T. 8. [lna Toro 9106k 0HM MOTAE PACTH BHa MAHEMAJbHOM OHATATENB-
HOH cpefle, B Hee HY:KHO 100aBHTbL 9TO BOmECTBO, HHAYe EMKAKOTO POCTA HE
Gyner. Ecan, x upmuepy, fapauli aykcoTpod He MOKeT CHHTO3HPOBATH aMH-
HOKMCJIOTY THCTHAMH, TO ero cokpamemHo obosmavalor His™ (dysmaerca B
ractunuie). B macrosmee BpeMa kax y 6axrepmii, Tak @ y rpubos moaydeHo
MHOKeCTBO ayKCOTPodoB (KcTaTw, nepBue GnoxmyuIecKHe MyTAHTH Obnind 1mO-
nyqesn y rpuba Neurospora crassa, ¢ KOTODRM ME yKe 3HAKOMBI).

Caauana ma Gojpuryro DODYAALHEIO MTaMMa NHKOTO THIA BO3AEHCTBYIOT
yabTpadHoNeTOM WAH a30THCTOH KHCJIOTOH, AIA TOre Iro0sl NMOJYYHTb BOS3-
MOKHO GoNbIee 4ACHO MYTAHTOB. BOSHEKaeT mecTpas CMeCh PasJMIHEHX MY-
TraBETEHNX ¢opM. Temepb mpesmne Bcero EYKHG OTHenHTh MyTaHTHEE OakTe-
pHaIbHHE KICTKE OT OCTABLIHXCs KJIeTOK AEKoro tuma. [{nd 9roro HCHONB-
3YIOT CBOHCTBO IOHHNMTHHA YOHBATE TOABKO HAensmuecs kiaerku. Ecxnm
06paboTaREYI0 MYTareHOM NODYAANAK HOMECTHTS B JKEAKYI0 HHTATENbHYIO
Cpefy, IAIMEHHEYI0 BCeX aMMHOKHCHAOT, TO Ha HEll CMOTYT PasMHOMKATBCA TONb-
KO Auxae GopMH — oEm-TO W OyAYT YOHTH ODEeHHIRIIHEOM, KOTODHE TaKke
ROGABNAIOT B KyJABTYDANBHYH cpefy. MyTaHTH jKe, HYMAAOmMUecs B aMH-
HOKHCIOTAaX, OCTAHYTCA HeBpeAuMEMu, W60 Ha Cpefe, B KOTOPON OTCYTCTBYIOT
AMAHOKHUCIOTH, -OHH He NeNATCA K NEeHHNWINAMH HA HAX HE ReficTBYyeT. Ocra-
eTCA TIHATEeJbHO OTMHTL YOHTHE KISTKH NeHHIALNAE, B ¥ HAC OCTARYTCA
OFHH TOJBKO MYTAHTHB® KJIETKH.

Ux mepeceBalor Ea TBepiyl OUTATeNbEYI0 cpeny, Ha wamiy lerpa ¢
arapoM. Ha ceit pas naratensHas cpela cogepkur Bce 20 aMuBokHcaoT (nos-
HOYEHHAA CPeRa), HOSTOMY 3Lech XOPOUIO PACTYT BCe HYIKEAKINHECH B aMHHO-
KMC/IOTAX MYTAHTH. ¥YiKe HA CAeAYIOIMHUHA JeAb MOMXHO Pa3JHIATh HEBOOPY-
JReEHHM IJ1a30M TOYEUHKIe WM AKCKOBHAHLIC KONOHAM. Temeph (epyT caMmmbii
HacToAmAl mTaMH (KPYIIWH), KOTOPHH TOYHO COOTBETCTBYeT MO KHAMETDY
noBepxHOCTH JamKe IleTpm; ero mreMmenbHas NWOBePXHOCTH 3aTAHYTA CTE-
pmiIbHEIM KyckoM Oapxata. [loBepxHOCTL arapa, DOKRPHTAA KOJOHHAME,
HCIIONB3YeTCH KAaK INTéMOenbHasA NOAYIIKA, NPHIEM Ha BOpcMHEKax Gapxara
3acTpeBaeT 0 HECKOJNBKY KIeTOK M3 Kamaoh CakrepHaxpHOdl KojgoHUH. Beuen
32 3THM CTABAT OTHEIATOX HA HOBOU CTepHJIbHOH arapoBofi DIACTHHKE; DpH-
cTaBmHe K OapXaTHoMy mraMny GakTepdd NOpeHOCATCS TaKHM 00pasoM Ha
HOBHIH arap, HONAJas OPH 3TOM HA MECTO, KOTOPOe TOUHO COOTBETCTBYET MECTY -
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ofbsAicHeHa, TO OH cWiIbHO omubaercA. OgeHs cKopo Mu BeTperuM daxrop F
B coBepImeHHO HOBoM obamube. IIpempe, ogEaKo, Hy:xHO 0fCYAMTH eme OAHO
ABJIEBUe, KOTOPOS OmSATH-TAKH OKJAC OTKPHTO COBEPIICHHO HeOKUTAEHO,

HenonHwN NEPEHOC reHoMma

CkpemuBanue MeKZYy mrammom A (R0Hop) m mrammom B {penunuent)
MH MOMeM H300DAa3HTh TAKHM 00pPasoM:

A-F* X B-F-. (1)

Ono MOKeT mpoTeKaTh BCeraa TONLKO B HANPABISHNM, YKASaEHOM CTpel-
Koif, m BHKOrAa He Hao60poT (MOSTOMY M TOBOPAT 06 aCHMMETDHYHOM, WM 7o-
ARPHOM, TIONOBOM ponecce). IHAKO BHONHE BOSMOMKEH B TAKOM BapHAHT ITAM-~
Ma A, KOTOpHE yTepan cBOil HONOBON PAKTOP, — MH TONBKO ITO rOBOPHUIAH O
CYMECTBOBAEHMY NOXOOBMX mrrammos. CrefoBaTeNbHO, T0 HYKHO 0003HAUMTDH
AtF-.
3areM MH BOCHONB3yeMCS TeM (aKTOM, 9TO MITAMM-FOHOP NYTEM IEPOHO-
ca ¢akropa F MoKeT B Kpardafmail cpoOK HpeBPATHTb ITaMM-pelBIHEHT B
F* Ges mepesmoca marepmasa reHoMa:.

A-F*4+B.F- - B.F.

Taxum obpaszom, B.F- mpeBpamaerca 8 B.F*. Bor temeps cramosmrcs
BOBMOKHEIM peyunpoxnoe (o6pammoe) CKpemuBaBme:

A-F- x B.F*. @)

Kasanoch 6, 870 HHKAK HE KOM'KHO OTPAa3UTHCA EA PO3YABTATAX: €CiIH
B KieTKy B nepemecen remom kietkn A (1), To B meii o6bequunrcsa o6a remoma
A u B, a eciu B kimetKy A Gyger meperecen resom B (2), To omaTh-TakM 06Bemu- -
BATCH BMecTe ABa re@oma A m B — mpasfma, Ba celi pas B kierxe A. Memxay
TéM HA CaMOM Jene Pe3yabTar B ofomX ciydasx 3aMeTHO pasimyeH. B kaer-
Ke-peLEIAeHTe Beeraa 00HADYKUBaeTCA JUIIb 0Y¢Hh HEMHOTO TeHOB JOHOPHO-
TO MTAMMA; OCHOGHAR MACCA 26H08 NPHBANJICKHT I'eHOMY PELEIHEHTA.

Mocne meponrux passornacuii 6blN0 HalJeHO MpaBHWIbEOE 00BACHEHHE:
KJIETKA-LOHOD OTAAET KIeTKe-peNUIEeHTY JHIE 9aCTh CBOEro eEoMa H DOITH
HUKOTAA, 32 pefIaHIINMN HCKAXYCHHAMHU, BOCh TOHOM. A IOCKOIBLKY IFepeHoc
3gech HOMOJNHHH, TO B 3MrOTa HOAYYAeTCA «EENOJHO»: OHa BOJAb COTEPKHT
" TOJBKO ONWH LeAsll TeHOM (2 UMEHHO cBOE COGCTBERERIT, NOCKONLKY OHa Oina
PeLIEIHEHTOM); OT APYTOTO reHOMa B Hee HONajaeT JHIlb KAKOH-TO PPATMERT.
Takas sEroTa MONYYRIA HASBAHEE Mepo3ueomy (OT I'PEIECKOTO MEPOC ~-TACTH).

To, aro BRagaNe GrIO BCEro MMMb NPEANOIOMKEHHEM, BCKOP® YAAIOCH A0-
KasaTh ¢ HOMOIH10 CTABINET0 3HAMEOEHTHM ORYNMA ¢ RPEPHSAHUEN KOHBIO2AYUL.
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[Tompofyem ero omucath. CHaGANa ¢MOHTHDYIHOTH IITAMM (KaKKM 00pasoM, yixe
ropopuaoch ma crp. 166), Koropuiii HeceT B cBOEM reHOMe IOCAEHOBATENbHO
pacHono:kenane regu A, B, €, D u E. Hpowme roro, o mecer pakrop F u, cae-
foBaTeNbHO, cAYKuT AoEOpoM. LraMM-penummeHT 6YAeT COOTBETCTBEHHO CO-
ASPIKATL AIENH &, b, ¢, d £ e. Ecau koHEbIOranua nger GecupensTcTBeHHo, TO
peKoMOMHAHTH IOABAAIOTCA B CHEAYIOMHX COOTHOMGHMAX (Hepemoc rema A
upomcxofur ¢ gacroroit 100%): 90%(B), 75%(C), 45%(D) u 25%(E); abeco-
JIOTHRIE BOJMYMEH, PA3yMEeTCHd, MHOIO MeHbIHe.

Ho BoT MH npepuisaes KOHBIOTALMIO, Pa3spHBAA KJIETOUYHBHIC KOHTAKTH
{An# 9TOTO KIETKN HHTEHCHBHO BCTPAXMBAIT B FOMOTEHE3ATOpe), HpHYEM Je-
maeM 3TO ¥Yepe3 pasHWe CPOKM Iloc/]e HAYaJa KOEBKTANUH. 3ATEM dPOA3BO-
RUTCA MOCEB HA arap K mogcder pekomOmaanTos. QOKasHBaeTcA, 9T0 B TeYeHHE
NepPBHX 8 MHHYT KOHBIOTAUMA BOOOME EUYEro Re IPOMCXOIMT; PeKOMOHHARTH
He o6mapy:kmBaiorca. Uepes 8 MUAYT HAYAHAIT DOABAATHCA PEKOMOHHAHTH
(pac. 73) (Ha arape OHE CTAHOBATCA BUNMMBIMM CAMOe DaEHee Ha CHEXYOME
JeHb), MMEIOIMEe B 33aBHCHMOCTH OT CPOKOB CJAEAYIOMUH cOCTaB:

qepes 8 MEBHYT Abcde
qepes 9 MEAYT ABcde
qeped 10 MmEyT - ABCde
wepe3 17 MmEYT ABCDe
g9epes 25 MHEYT ABCDE

IJTH Pe3yJbTATH MOKHO OOBACHHTH TOJABKO TeM, UTO NPH KOHBIOTAIHH
res0M, KOTODPHIH MEICIMTCS KAK JHHeliHbil, CBoAM KOHHOM A BXOTUT B KIETKY-
peNUNEEeHT, IOCTEIOHHO IPOABUTaeTCA BAYTPh B Uepes 25 MUHYT IPOHEKAaeT B
Hee 0 MapKepa E. JroT «rpadmK ABMAKeHHA» BIONHE MOKHO ORINO 61 Hemomb-
30BaTh ANA IOCTPOSHUA T'eHOMHOH KapThi. ‘

«Cynepmeus Hfr

B cymgocTn, Ma gomxan 6uan 661 BBecTn oGo3mauenue Hfr yixe paHb-
IHe, TAK KAaK OHHCAHHHE 3/eCh ONHTH MOHO HPOH3BOJUTH TOJLKO O IMTAMMA-
mn Hir. Yro osgazalor st Tpa Oyksu? Bce mapecTHbie mrammu Hfr mpouc-
XOAAT U3 mTamMmMoB F* m 06nagaioT 1oit 0cO0eHHOCTEI0, 9TO €CH MX CMEMmAaTh ¢O
wraMMaMi F-, 10 B moroMcrBe 00HApDYMEBaeTCA IPHOIESATENHHO B THCATY
pa3 Goabime pexoMOHBAHTOB, 9eM NPA «HOPMAAbHOM» cKpemmBauum F+x F-.
Orciona nassanne Hfr ot anrmuiickoro Bripaskenna high. frequency of recom-
bination, 4ro 03HaWaeT «BHCOKag 4acToTa pekoMOumaummms. Kmerkn Hfr —
5TO «CYHepMeHH», HO TONBKO B TOM, 9TO KAaCaeTCH HePeHOCA FeHOMAa. 3aTo OHH
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GOfHKEIX KOHIOR; NPH 3TOM TeHH, KOTOPHE MB YCIOBHO 0003HAUMAN KAK a4 K 2.
CBAZaHW ApYT ¢ APYToM.

Mtammpt Hir pasaugawrea Mexpy cofoit Mecromaxosaennem daxropa F
B KOJbHeBOM reaoMe. ViMeHno B 370l Touke (KOTOpPAA ¥ KaKAKOTO IUTAMMA pPac-
pojaraerca B ocoboM, cmenmdmeHOM Iuist HETO MecTe) TeHOM [OHODPA NpHu

Tabruya 4

Hocnenona'rensnoe'rb nepexona renon’ B RAETKY-
pennnuem' np# KOHBraKkHH y ceMH PAa3IHYHBIX WRITAM-
Mo Escherichia coll Ri2

IIraMm MMocneaoBaTENBHOCTD nepexosa
H a b ¢ d e fog..
i b azyzwov u.
2 e d ¢ b a sz yz ...
3 g f e d ¢ b a z ..
AB 311 m I k j i h g f e
AB 312 s t u v way za...
AB 313 t s r ¢ ponm

KOHBIOTanAu pasphBaercs i daxTop F IpOTANKHBAST TEHOM B KIETKY-pelu-
oneET. Temeph fAcHO, MOYeMy HOPAROK Nepeflad¥ TeHOB Y Pa3HHX ITAMMOB
Hfr kasxerca pasuwm. Ha puc. 74 cxemaradeckn u3obparien RONbLEBON reHOM
¢ reRaM® &, b, o, ..., 2, ¥, z; Ha HeM 0003HaYeHKW MecTa NpPHKpemnenus gakTo-
pa F vy pasumnx mrammoB (or H o AB 313) u panpaBnenme, B KOTOpOM IIpo-
TAAKHBACTCA OPH KOHBIOTALHK pPA3ODBAHHHBIA PEHOM.

Heperoc Mor OH cUHTaThcH HOJHBIM TOABKO TOTHa, Korma Qaxrop
Hjr npogsuayn 6m1 Bech TEHOM B KJCTKY-peHHDMEHT, A4 eille 3300HO M caM
opoHuK On TyAa (Y HEKOTOPHIX IITAMMOB HeYTO MOXoGHOE NPOHCXORUT AOBOJD-
HO 9acTo; @X 00o3mavafor Vhi or amramiickoro Bmpaskemma Very high fre-
quency — 0dYeHb . BHCOKasm uvacTora). ONHAKO vame KOHBIOTAUMA NheKpa-
maercsa, Opeskie 9eM B KJASTKY-peluNHeHT ycneer mepeliTH Beck reHoM. Hax
T paBHXO, NepefaBaeMsie GparMeATH COCTABAAIOT BCETO OKOJO 10——20% o6meii
OIHHB TEHOMA.

IToka eme HeHU3BEeCcTRO, KAaK «OTpHBaercA» 310t dparment. HescHo u 1O, _
K4K OH BCTPauBaeTcsl B TeHOM pellMINueHTHON OakrepHanbHON KaeTkH. BHTH -
MOKeT, UPH STOM NMPOUCXORUT KPOCCUHTOBEP, KaK ¥ Oonee BHICOKOOPTARHA30-
BaHHEX GopM? B Hacrosmee BpeMs Mbi 9TOTO TaK:ke He 3HaeM.

12—690
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K comanenuio, Gaxrepunm u3oGpenn eme Koe-uTo, B THCAIY pa3 Goaee
OmacHoe AJA Jibofel, — 2T0 Tak HasmBaembiii daxrop R. Om npupmaer Gaxte-
pHAM YCTOHIABOCTE OABOBPOMEHHO K GeTHPEM DA3NMYELIM JeKapCTBeRBHIM
apenaparaM — K CTPeNTOMHUMHY, XJOPOMALETHHY, TOTDAIMKIMHY H CTpen-
ronuny. Ho sro eme gameko ge camoe Xyxuice.

Oxasanocs, aro Haxrop R MoKer mepexaBaThed BO BpeMA KOHBIOTALMH,
H TOrf& OH MOJHHEHOCHO PAcHpPOCTPREAETCA MO BCeil HONYJAALMHA, NpHIEM Ha-
MBOro GnicTpee, 9eM MpH HOPMaAbHOM pA3MHOYKEHHM OaKTepPHANLHHIX KJje-
TOK. '

Haree, BHOBL 3apa/KeHHHO® KJIETKH OOHTHO 0COGEHEO AKTHBHK B OTHO-
IMeEHH KOHBIOTANHU.

Haxonen, daxrop R me sBasercA pupocnenudmaamiM. OH MOxeT mpo-
H3BOJABHO TIEPEHOCHTHCA He TOABKO cpeld OaKrepmil TaKk HasHBaeMOM Euuseu~
Holl 2pynny, HO H HepefaBaThcs APYTHM GakTepusaM, He NPEHANICKAIIEM K
9TOH rpyune.

1. Ilpeskge Bcero, ydacTHEKaM® cxy:RaT OGesobmmEme; 6olee TOrO,
9acTHIHO Jaxke HeoOXOAEMB® denoBeky Kumeunme nanouku (Escherichia
coli). :

2. 3arem rpymma Proteus m mapapy c¢ meit rpymma Pseudomonas. Ilpm-
HaJlZeaImue K HAM BHH TaKxe GesBpenHl, KOrJa OHE HAXONATCH B, KMIISY-
HuKe, HO Oexa, ecau odm nomaayT B Modesne myTu! ClencTBueM aToro GuBaer
XPOHMYECKOe BOCIIaJeHH® 0YCK M MOYeBOr0 OY3HIPA.

3. I'pymma caaxsMOEENN, K YBCAY KOTOPHX OTHOCATCA BoaGymurenn tuda
# mapatuda. :

4. 'pynma mmrenn — BosGynurenelt Gaxrepmanbmolr ausentepum. Bo
BpeMA OfHO# H3 sTEJeMHR TaKo#l JH3eBTepAH B ADoEMYU u Onin OTKPHIT dak-
Top R.

5. Fpymna smGpmonos; omacHefimm#i NpeacTaBATens 5rodl TFPyNNE —
Vibrio comma (ana V. cholerae), Bo30yamrens xoaepH.

Honycram, 9ro Boosge Ge3BpefHas KHMedHAS NaJoUKa CAYYaliHO 3ano-
ayqana Pakrop R. OB MOMeT MOJIHHCHOCHO PAacHpPOCTPAHHTHCA CPENH BCOX
KEITe9EHX OaxTepmil, B 3TO NMPOHCXOMHT He TOABKO B eCTeCTBeHHON «cpeae
obmraEns» Oakrepmit — KHIIEIHNKe, — HO U BHE €6 (B OWMEBMX NPOAYKTAX,
Ha Oocyje, mojoreHuax u 1. A.). Ocobenno GaaronphaTaas ofcTaHOBKA AAA
pacopocrpanesns R-dakropa-cosgaercas MMEHHO B KAWHAAKAX. IlpuUBRURHIY
TepMEH «BHyTpHbONbAAYHAA uHOEKINS» NprobpeTaeT HOBHIHA, TPOIEKE CMHCA
B cBeTe HaJbHeAmMAX OYKBanbEO KartacTpodmuecKHX IOCHEICTBHA; HE X0UeT-
¢ W FOBOPHTH O TOM, 9TO NPOHM3OHEET ¢ THPOIHHIM MIM XOJEepPHEIM _Gonbnmm,
eCIE 10CJAe TOTO, Kak 0" OyHer rocIHTaNM3KHPOBaH, B GOXbAUIE BCIEXHET IO-
NOBHAS «ANUAEMH» H BOOYAHTENH CTAHYT UMMY EHHIMHU K IIpUMEHAEMKEIM aHTH-
GHOTHKAM.



182 f(naea 2

C aroii anuneMueli noka eme He ymeoT 6oporbest. QNHAKO Temephb Mbl XOTA
6r1 3gaem, 9rd NpH STOM NPOHCXORAT, W y:Ke ONHO 3T0 — HPENOOCHNKA K TO-
MY, 9T0 JieficTBeHHLI® MepH OYAYT HalAeHH.

R-}paKTOp CBARAH M OEPEHOCHTCH COBMECTHO C Q)ax'ropom RTF — ([Jawro-
poM mepemoca ycroiiumsocTE (Resistance Transfer Factor), xoropsiit Bemer
ceba coBepmeHHO TAK ke, KAaK yMepeHHHiH {ar MIH Kak moaoBoi gakrop F.
Jg Bcex aTax Tpex PAKTOPOB HPHHATO EAUMEHEOBAHNE dnucomt (HABECTHO eme
0o Kpaitaeii Mepe fBa paKTopa, TAKIKE OTHOCAMHX K 9TOH rpynne reHeTHYECKAX
BIEeMeHTOB).

16. OCEANBIE FEHBI
W TEHbI-KOYEBHMKM

ONNCOMBI — HOBMH BUG TEMETHURCHNX BHCMEHTOR

IMACOMY MOKHO OXapAKTepPH30BATL CAeAylomuM ofpazoM. IT0 camocTo-
ATEJBHAA TIEHETHYECKAA CTPYKTYpPa, KOTOpas MOKeT IONCPeMEeHHO CYImecT-
BOBATh B ABYX (opMax: aBTOHOMHO B IIMTOII&3M6® HIH DPHKPENNCHHCH K re-
HOMY.

B mepBoM cayuae SIACOMH HEBeposTHO OBICTPO PASMHOMKAIOTCH — Hesa-
BHECHMO OT TeHOMA H ¢ Topasfo Goabimei ckopoctsio. IIpn aTom smucoMa aBasA-
erca «EEPEeKNIHOHHONY — TAKOBH AMTHIECKHH $ar, a taxxe paxrop F u RTF,
npHYeM 3apajkeHHe SOHCOMAaMH HPOHCXOAMT abCONIOTHO He3aBHCHMO OT Oepe-
HOCA TeHOMA.

Bo BTopom caydae SHECOMB IPHKPEIUICHH, NPEBA3AHH K KICTOYHOMY re-
HOMY. OEH PasMHO}KAIOTCA TOJNBKO CHHXPOHHO ¢ 0aKTePHANbLEWM I'¢EOMOM H
UEPEHOCATCA TOM¥e TOIBKO COBMECTHO ¢ HEM — TAKOBH mpodar, a Takme dau-
topet Hfr o RTF (gua RTF, BKAIOY6HHOTO B TeHOM, MOKa He NPHAYMAIM
OTHEeNBHOI0 HAWMEHOBAHMAA).

IIpx aToM BamEBO, 9T0 00a COCTOAHHA, OYEBHARO, B3aHMHO HCKIIOYAIOT
APYT APYra: eciil SIECOMA HAXOJAMTCA B regoMe BAH BOJMBH Hero, TO OHA HCYe-
3a¢T H3 OHTOIIA3MH, H HHPEKNIAOHHOCTL yTPauEBaeTca. B T0 jxe BpeMa mpo-
dar unm coorsercTBeHE0 PaKkTOpH Hfr B RTF MOKHO «HHIYRUPORATLY YIBT-
padmONeTOM WIH AKPHAEHOBHM KPACHTENEM — TOTHZA OHH MOKHAAIT TEHOM
O HepexoiAT B INHTONAA3MYy, THe HAYUHAOT CTPEMHTENBHO PASMHOKATBCA.

CoBepmeHHC OYeBMAEO, UTO CYHIECTBOBAHHE SIHCOM HMEET BAYKHEEC NOC-
NMEXCTBHA ¢ TOYKY 3peHHEA MeZuluEK. Ho B 117 reHeTHKY 0TCIONa CREAYIOT BaXK-
HHe BHBOAH. Pas cymecTByloT remul, cmocobmmte «Gaympathy, KYypCHpOBath,
TAK CKA3aTh, MEOKAY TeHOMOM H ILATONNA3MOH, HSMEHAS COOTBETCTBEEHC C
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CoBepmeHEO 09YEBUAHO, WTO B JaHHOM cIyuae YypoBeHb abCTpPakLum Tak
YBeITHUMACA, 9TO - HEHOCBAMEHHOMY CTAHOBUTCA TPYLHO YCJIEAUTh 33 XOROM
MBICTHE HCCAETOBATENA; MOCKOABKY HAITH YHTATEAH KyAa 0oxee CKIOHEH K Ha-
CISAEOMY, 96M K aGCTPAKTHOMY, M IHTAeMCHA IOMOYbL ely HAPRAABHMHU pH-
cyuxamu. OZHAKO ®3TO, HOMKAIYH, JaeT HeMHOTO, 400 PHCYHKE 3TH, B CYm-
HOCTH, BCEro NEINL MOZead ¥ HOTOMY camm mo cebe aberpaxTenl. Yurarernio,
gecOMHEeHHO0, G0 OH cHOKOTHee, ecall OH 3TH «JHPIKHDYIOMHE» MOJNEKYIH
A MONEKYJIAPHO-OMONOradeckye NpoIecch OKA3AJNCCH BOSMOMKHEIM YBHUAETH,
a Opd caydae paxke chororpaduposats. M rak Xax oEH casiman H umran o
SJIeKTPOEHOM MHKPOCKONE, ¥ Hero BOZHEKAeT BONPOC, HEAb3S JH ¢ NOMOMbIO
3TOr0 COBPEMEHHOI'O, TBOPEHHA SACKTPOTEXHUKH cJeNaTh BHAMMALIME 00BEKTH
MOIIOKYIAPHHX DPa3MepoB.

3ToT BOIPOC BOONEE HPABOMOYEH; B KOHL® KOENOB MK YiKe BAeNH RBOH-
gy cugpans HHK m3 ronoBkn dara T2. [Ipasga, 1o ruraBTcKan Moaeryna,
HO Bexb FHECAHTCKAA Y Hee TOJBKO JUIKHA; DOTepeYHHK ee eABa IpeBhlinaer
20 A. Tax mogeMy sxe B caMoM feJie He CYTECTBYeT COOTBETCTBY I0MHX M300pa-
sernil Monexyn MPHE, depMentor m gpyrux Genxon? '

Jas Toro uroGpl MOHATH B MMETH BO3MOMKHOCTE 00CYKAATD, 4TO e B AeHCT-
BHTEIBHOCTE BAJHO HA TaRWUX m300paKeHWAX, HYKHO XOTH Onl HEMHOre Mo-
3HAKOMHTBCA ¢ IeKTPOHHWM MHKPOCKOIOM. MH orpammammcs npu aToM ca-.
MEM HeoGxommMuM: peub Belb HWAET O KHHAT® DO Guojormm, a He 06 yueOHuKe
ONTHKH MIH S5JeKTPOTeXHUKH.

Ha crp. 134 MH DpOTHBONOCTABIANA APYT APYTY TEHETHICCKHES H BALKT-
POBEHO-MEKPOCKOHHYECKHE METORb M HHTAJACH CPABHATH MX «Pa3pemaiomyd
cmocobuocthy. BoT ¢ a10fi paspemaiomeit cmocofHOCTE Mu M HauBeM. Moo
FOBOPHTh O pa3pelHamell ¢IHOCOOHOCTH YeA0BEYeCKOTo TIaza — 3TO TOMKe
cBoe0oOpasENil onrudeckni npmbop. '1as venoBera MOKET pasnMIHTH BA TO-
9eYHHX 00HeKTa, YXATOHENX OT Hero Ha 25 CAaHTEMETPOB, TONBKO TOTIA, KOTAa
paccTosiHze MRy aTuMud odnexraMu He Meabme 0,073 Munammerpa. Yroua, mog
KOTOPHM DAacCMATPHBAKTCA ABe TOUKH, HA3BIBAOMHH y2a0M Spewusr, uUMeeT B
3TOM ciiydae IpefieibHOe 3HAYCRAE, PaBEO® 1 yriaoBoii MEEyTe (OKpYIRHOCTH
pasgexserca Ha 360 rpanpycos, 1 rpamyc copepsut 60 yrioBsix MuHyT).

CBeTOBOM MAKDPOCKON JAOBONBHO CHIBEOC ¢YBEAMIMBAETS PACCTOS HHUE MesK-
Iy RBYMA TOYKAMM, & CJEXOBATENbHO, YBeIHYHBAET TAKKe YIoj 3peHHs. IT0
ROCTHraeTcs OpA NOMOIGH CTeRIABHHIX JHHS, BepHee, IDH HOMOIM CHCTEM
TaKkuX n@E3. ONHA A3 STHX CHCTEM — ofbexmus (BasBaHHLIA TaK MOTOMY, 9TO
o obpamen x BabaiofaeMoMy o06BbexTy) — ofpasyer nelcTBHTeNbLHOE M306-
pakenne o0BbeKTa, HA3HBAGMOE TAKIKE GHIE RPOMENCYMOURNM US06pANCEHLUON,
KOTOpOe Jlaliee CHOBA YBeJIMYHABAGTCA MOCPENCTBOM BTODOHi CHCTEMH AHHZ —
TAK HA3HBAEMOro oxyaipa (0OH HAXONETCA GJAMKE K Ta3y, a 1143 MO-TATHHA —
oculus). B Makpockome mmeerca emie xondencop (OT JATHHCKOrO CIOBAR CON-
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BEno, cocraBaser 6—10A, a momeitmue YCTPOiHCTBA, B KOTOPHIX HCNOALIY-
JOTCA 376KTPOMATHHTHHI® JIHH3b, B AYYIIeM ¢Jlydae AMEOT pa3pelalomylo
cmocobrocTs 3 A. Bce 5710 eme BechMa JaieKo OT «TeOPETHIECKOH» BeqHYNHH
0,025A. Tem He MeHee MO CPABHEHHI CO CBETOBAIM MHKDOCKOTIOM (paspemai-
mas cnocobuocts 0,2 Mukpoma, T. e. 2000A) amexrponmmit Mmkpockon na-
er B 700 pa3 Gonbmee ysemudeHsHe, (DaKTHYECKH MH, MO-BHAUMOMY, MOIJIH
fn yBEZeTh HAa 6ro CBeTAMEMCA SKpaHe MONEKYJy caxapa (ee aamma 5A).

Yro e MK B ZEHCTBATEIBHOCTH BUAKM HA CBETANIEMCS BXPAHE 3JIeKTPOH-
HOTO MHKpOcKoma? Bcero nuinp ciiefibl MOD4RaHMA 3NeKTponoB. Csersamgeiics
TOYKE HA 9KDPaHe COOTBETCTBYOT Ta TOYKA NpenapaTa, KOTOPAas NPOIYCTUIA de-
pes ceGa 3N6KTPOH, HE HOTJIOTHB €r0 M HE OTKJIOHHE OT MEPBOHAYAABHOTO My-
i (e paccesar ero). Torga, ecnim paccy#OaTh JOTHYECKH, TEMHELE yYacTOK
Ha SKPaHe AOJKEH COOTBETCTBOBATH YACTH IIpemapaTa, KOTOPas He HpOIyc-
KAaeT SJAeKTPOHN, NOTIOMAA HX HiaM paccemsag. Ho morjomenme M paccenBa-
HM® 3aBHCAT OT ILUIOTHOCTH Dpenapata, Tounee, OT afdenmusroti moawjurnn
(TONmMHE, MOMHOMKeHHOH Ha NIoTHOCTh). Uem oma Gosbiie, TeM MeHblue mpe-
napaT NPOHALAEeM Iis BIeKTPOHOB.

Hrak, pasnuumns B OCBEM[EHHOCTH BKPAHA JAXOT HaM BCEro JNWINb NPEfCTaB-
JeHue 0 PA3IUYMAX B NAOTHOCTHE NpeNapaTta — B Huuero Gonee. Mer He MokeM,
KaK B CBETOBOM MHKDPOCKOIE, YCTAHOBUTH DABHHMIYY B BPEIOMJICHHH WM OTKJIO-
HEHHHA BOJH, & TAaKMe pasHKUY B OXpacke.

Hanee, eciu mpenapar BCIOAY HMeeT PABHOMEPHYIO HJIOTHOCTH, TO M MHI
BHIMM BCIOY OJHHAKOBYY OCBEMEHHOCTH — B 3TOM CAYydYae Heab3a OGmapy-
KUTH HAKAKHUX meTameil. _ .

' N nmakonen, ecnu mpemapaT CIHHIKOM ILIOTed, TO MH BooOme HWYero He
YBHITHM. :

OTcroaa M Bce, NPHTOM BeCbMa 3HAYMWTEAbHBIE, OcaoEeHusA. Jlaxe caMme
MaJeHbKHe KJIOTKM, HaupEMep OaKkTepuanbHHE, MMEIOT B momepedHHKe Gomee
1 Murpona, 1. e. Goaee 10 000 A, a 3To caumkoM MEOro; oHu BooGme He mpo-
IyCTAT HHKAKMX 2MEKTPOHOB M HA CBETAINEMCA S5KpaHe BOBHAKHET vepHoe
nstHO. IloaTOMY ecnn M XOTAM UBYTHTH AETaJI¥ KJIETKH, 7O HaM HYy>kHO 6yner
pa3pesaTh ee Ha OTAENbHBIE, OYEHD TOHKHE «TOMTHKM». TONIMUAA TAKHX CPe3oB
ne doaxcna npesuusams 100 HaHOMETDOR, a ONTUMANBEKE PASMODPH JIEKAT MK~
xy 30 n 50 manomerpamn (300—500 A). TaruM o6pasom, HaM HYIKHO pa3pesaTs
faxTepuio mo Kpaiineil Mepe ua 20 QUCKOB — 5TO BCe PABHO, WTO paspesars
amcT Nucdeil Oymarm no rommnuue Gomee yem ma 1000 cmoes! Bmpouem, Tex-
HEAYeCKH 3TO ceifuac He cocTaBiser npobiems; 3a mocaegane 20 neT cosfaHw
Upe3BLIYAHHO COBEPIEHHBIE = Yabmpanukpomomst (0T JATHHCKOro ultra —
CBepX, FPeYecKOr0 MUKDOC — MAJNCHBKHH H IDEYeCKOTO Jnome — cpes).

st Toro uToGH GaKTEpHIC, KPOKIKEBYIC KIETKY, YJacTOK PacTHTENbHON
WAM KHBOTHOH TKAHH Pa3pe3ark NMPH HOMOIMH MMKDPOTOMA, UX Npemje BCero
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a3y (¢ KIeTOUHHIMH WaCTHUAMH) OT UHMPAYUCMEPHAAbHOU («IyCTOl»)
dasp1, NMpHUEM 3Ta HOCHEHSAA HENpephiBHA U PACIPeHenderca B KJIeTKe COr-
JacHO 3aKOHAM, KOTODHE MM €ABAa HAUHHAEM NOCTHrATh; 9TO paclpeeleHue
33aKOHOMEDHC, KaX ¥ BoOoOme BCs APXHTEKTYpPa KJISTHH.

Bée 310, BupoueM, o4eHb MaJO TOBOPHT HaM O TOM, JJiA uero, coOcrBen-
HO, Hy/KHA OHAOIIA3MATHYECKAA CeTh U KAKHM 00pasoM oHa @yuxunounpyefr
3mech MBI BHIHYMACHH OOXOXMTHCA TIOKA 4T0 OMHHUMH AOTAJAKAMH, TAK Kak,
K COMRAIEHMIO, HOMBITKA PEKOHCTPYHPOBATH NMpoOUEce B IOJIOM Ha OCHOBAHRM
OTHAENbHMX MOMEHTAJBHHX CHNMKOB — IPEANPUATHE B BHICUIEH CTENeHH TPYI-
HOe, a 3a9acTYI0 coBepuieHEo Oecmepcmertusnoe. Kto O cormacuics, umes
nepen cofoil TOABKO HAOOp OTHENBHHX CHHMKOB JBMKYMErocs aBTOMOGHJA,
o0BACHAETh, KAaK OH paboraer? CHUMKM Ky30Ba 3Heck GeCIONe3HBI;, KHYKHO
o 6w clenaTh «NPOAONBbHBE M [ONEePeYHBIEe CPEe3hi» qeped aBToOMOOMAbL H
aateM ux cfororpadmpoBars. Ho MOKHO MM rapaHTHpOBaTh, 9T0 B 0ii0Ke MO-
TOpa, MOCHe TOTO KaK MBI €r0 PACHHIAM, ¢ TeéM 4TO0H CAENATh MOMEHTANbHbIH
CHAMOK, HeTanl He MepeMEeialTcs W WX NePBOHAYAJBHME IOPATOR COXpa-
BATcA? (3gech MBl CHOBAa CTaJKUBaeMcA ¢ mpoGaeMoll apredaxrtos!)

VMeroTca gamHuble, rOBOpAMEUE O TOM, YTO LHCTEpHH DHAOIJIA3MATHYe-
CKOH# CeTH OCYImECTBIAIOT mparcnopmuyio @Pynryuw. Hmenno moromy, 910
OHH COBEPIIEHHO HE COLepKAT CTPYKTYPHPOBAHEHNX 0ODA30BAHNi, T. €. (OITH-
9ecKu MYCTHY, MOMKHO NPEAIIONOKHTh, ITO B HUX CONEPIKATCA IIPeUMYMECTBEH-
HO Malible MOJIEKYJABl, MHTaTeNbALE M CTPONTONbHEE BemecTBa B T. A. — pas-
NUYHbIE MAaTePHANbI, KOTOPHE OTBONATCA OT MECT CBoero o0pasoBaEMsa Mau
NepeHoCATCss K MecTaM WX morpebaeHAA; caMM IYHKTH IPOM3BOACTBA M NO-
TpebreRus Raxodsimes 6 sxcmpagucmeprasbholi Pase. B rtaxkom cayuae wme-
TEPHE JOJOKHBL NPEACTABJIATS ¢000N HeKAe KAaHANB HWITH JOPOTH; MPONOKEeHHHE
¢ Ueapo GecHpenATCTBEHHON TPAHCHOPTHPOBKH BENISCTB,— BO BCAKOM CIY-
ae, TaKk OHHU NEPEMEI[AIOTCs OBICTpee, 9eM ecay OB MM HPHXOJMAOCH C TPY-
JI0M HPOTHCKUBAThCA B Hepasbepuxe pubocom, MHTOXOHApPMI, IHKTROCOM
HT. A. 3fech 7te BemMecTsaM HYKHO TONBKO OPOHTH Jepes MeMOpaHH LUHCTEpPH
UBHYTPH HapyKy HaE Hao6OpOT.

ITogoGuoe NMpeamooKeHEe BHNIAZUT YOemuTeabHbM YyiKe caMmo no cebe,
Jaske XOTA AOKa3aTeAbCTBA B €r0 WOMB3Y MOKa eme OTCYTCTRYIOT. Bnpouem,
cyRnuTh 0 QYHKLUMH OO CTPYKTYPE TaK K€ COMHHTENBHO (MM [1asKe HEeBO3MOK-
HO), Kak U, Hao0OpOT, JOMBICAHBATL CTPYKTYPHI, JEKAIHE B OCHOBE KaKoil-
aubo dymkmEy wiu ofMena BemecTB. Il Bce ke MMEHHO B STOM-TO W COCTOMT
3amada, NOUCTHHE OYEHb HEJEerKas, KJIeTOMHOH M MoNeKynapHol GHomoruu —
BMACHUTD, KaKHM 0GpasoM CTPYKTypa W QYHKUHA CBA3aHM APYr ¢ ApPYTOM,
KaR OHH B3auMOOGYCIOBIHBAIOT APYT APYTH, MANO TOr0 — HOKAasaTh, 9TO OHH,
B CYHIHOCTH, NPEACTABAAIOT cO00H TONBKO ABA Pa3IMYHEIX aCleKTa OJHOTO W
TOTO e eHOMEeHA — KUBHH. -
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dasel, HO U 06ecneIHBAIOT B PEryAHPYOT 00MER BelMecTB MeRAY BTUMN pasaMm.
Kpome Toro, sicEHO, 9TO HAOMAI3MATHIECKAA COTh CMOCOOHA JIETKO M3MeEATDH
cBOI0 POpPMY —- NpaBia He TAK JEeTKO, KAK YHCTasA JHOMIHAA miIeHKa, mbo B
KIeTOYHRX MeMOpamax oua crabumusupopada GeaxoM. Ho sra crabmnmsamea
HH B KOeM cjiydae He 03HaUaeT HeNOJBHKHOCTH, «KOCHOCTH» CHCTeMbI MeMOpaH.
Kaxr pas maoGopor. [loge6E0 ToMy KaK HMCKYCCTBEEHEIe ABOHEHeE JIRIHAHEIE
INIeEKH MOTYT «pactd» (Ipx AoOaBJeENH NeQUTHHA)}, H NPHTOM HE B TOJAMMHEY,
8 BUIMpb, TAK M IHCTeDHH 3HAOHIA3MATHICCKON CETM MOPYT YBEJIHYHBATLCS
HJIK YMEHbITATBCH, CJAHBATHCA ADYT C ApyroM HIHN e paCOajaThbcAa.

Ho 370 ewe maseko He BCe, ¥TO HaM 3BecTHO 0 MeMmOpaHax. OHHA He TONB-
kO 00pasylT CTeHKH LOHCTEDE 3HAOIIA3MATHYOCKOH CETH — MMM OCHAUICHRI
MHOTHO ApPYrde CTPYKTYPHl, OTHOCAWAECH K YHCJAY Ba)KHeMmMMX AJA KIETKH,
HAPAMO) MHUTOXOHAPKA. JTO He3aMeHHMEHIH (CTPOHTENBHBIN 3/IeMeHTy, HOJY-
qUBIIUE HA3BAHHE JACMEHMADHOL MeMODAHbL.

6. KNETOMHOE AP0

OaMN M3 BBKHONILMX KOMNMOHEHTOB KNETKN He noa ckny
INEKTPOHHOMY MUKRPOCKONY

PaceMoTpuM eme ONBY 3NeKTPOHHYIO Mmkpodororpadaio (pme. 91). Ha
Heit m300pareH KycOoTeK cpesa RIETKH HOKENYI0YHON KeNeshl JeTydIel Mhul-
uri (OBATH-TAKH KCKYCCTBEHRO KOETDAcTHpPOBaEELIH). B wenrpe, noutm pocrn-
rafg Kpaes m306paykeEHA, JIEKHT THPAHTCKOe, BHIEMOE JaXKe B CBETOBOMH MHK-
.POCKON KeTOTHOe AAPO. Ero oKpyaloT Bce Te e NUCTePHH IKAOHNIA3MAaTH~
qeCKOH CeTH, TACTHIO PACTIONATAKIIECA NAPadIeibHO, ACThi0 OTKIOHAOMHe-
GA OT TOr0 HANpaBieHHA, «00Texas» Melkue AlleBHIHLIe BKIIOYEHUA, KOTO-
pele Bekope GyIyT HaM NpeACTaBieHH 0¢060, — aT0 Mmumoxondpuu. Cravana
Ka3KeTCA, 9TO 3TA KapTHHA He mpubaBiager HuYero HOBOro K BalIuM 3BAHAAM
06 sEjomIasMaTHIeCKOH cetr. OEHAKO BCMOTpPHTECH BHUMAaTedbEeCe. Bol 3ame-
THTE, 9TO KJAETOUROe AAPO ORPY:KeHO «IBofiHol» 060409K0d, KOTOPasA He ABIA-
eTcA CILIOHIHOI; Hao6opOT, BO MEOTEX MeCTaX B Hell UMEIOTCA ¢ABIPKH» — RO-
pui. Co3paeTca 09eHb OTYIETINHBOE BOEYATICHHE, YTO 3Ta 060J0TKa MIH e OT-
JZeNBbHLE €€ YYACTKM NpefcTABAAIT cobol 9gacTh dHIOMIA3MATHIECKOH CeTH.
Ha HekOTOPHX YIACTRAX MOMHO Hae PA3TNANeTh, 9T0 GHCTEPEB 3HJOMIIAS3-
MaTR9ecKoll ceTH HemOcpeCTBEHHO NPONOIKAITCA B 000JOIRY aAApa.

BoamoxHO IH, 9TO AepHAA OHOJOUKA — DTO HE 4TO MHOE, KaK JacThb
spgomuasMaTudeckol ceru? KakmM OB HeBepOATHBIM HTO HE Ka3aJOCh NOHAYA-
Ay, TeM He MeHEe 3TO BEPHO: TO, 9T0 PN BalJI0JEHAR B CBETOBOM MEKPOCKON

14*
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OpHUEEMAJN 32 HAePEYI0 MeMOpaBEY U PacCMATPHBANAE KAX BHEMIEION
9acTh AApPA, HA CaMOM Jelle OTHOCHTCA BOBCe He K AAPY, & K SHEO-
O1asMATHIEeCKOM COTH, KOTOpPan 061'[81{&81‘ ﬁ,’[[pO, OTTPAaHHYNBAA ©rQ¢ OF LUTO-
MJIa3MBbl. : '

PasyMeerca, 3EpomnasMaTHuecKas ceTh He HMB0MMPYeT AAPO TNOJHOCTHIO
OT ero OKPY'KeHHS (KOTOpOe, KAK H CaM0 AAPO, OTEOCHTCA, CIeHOBATEeNbHO, K
skempayucmepasvioli dase). Ilaa obMeHa BellecTB, BOSMOMKEO AJA MepeHoca
regetaieckoll mEGopmamuu (B Bune MPHK) u 1. 1., cnyxkar ymxe ynomsmyTtee
IOPHI, KOTOPbIe, IIPaBAa, He Bcerga ¢BoGOHO MPOXONHMEl, TAK KaK BpeMeHaMu
MOryT OBITH BAKPHITH CBOSTO POAA «IPOGKAMHM» H3 KAKOr0-TO HEH3BECTHOTO,
fosee INIOTHOrO BEeMECTBA.

TaxkuMm 00pasoM, Mbl CMOTVIN BCO~TAKM BHIACHATL HEKOTOPH® U3 (yHKIME
9HIOMNTAa3MaTHIECKON ceTu B KiIeTHe. JaliMeMCA Tenepb APYFHMH KOMIIOHEHTa-
MH KJIOTKH — IO MeHbHIeH Mepe CTOJB e BaKHLIMH, KAK B dHIOILIABMaTHYeC-
Kag ceTb. B mepBylo ouepenr Hac MHTepecyeT RiéTouHoe axpo. Ha npmsemeH-
HOH 3JeRTPpoHHOH MEKpodoTorpaduu (pmc. 91) 0HO saHMMAET HOUTH HOJOBHMHY
noxs speEns. Kak jxe BHIIANAT KAETOUHOE fANPO NOJ SJEKTPOHEMM MHKPO-
CKOIOM?

Ocmoeroe BemecTso Agpa oGEapy:RABaeT GeCOPANOUHYI0 U HepaBHOMep-
HYI0O 3¢PHHCTOCTb, IPHYEM YIacTKM IycTodl u ciaaboll 3epHEHcTOcTH pasépoca-
HH BHepeMexKy, 6es xakoit-mubo saromomepBocTH. TOJBKO B OAHOM MecTe
BLIIEGJNAETCH JOBOJABHO RPYNHOE IRH30UOA0OHOE ¢6pasoBanue ¢ 0OYeEhb ILIOTHON
BePHUCTOCTHIO H OTHOCHMTENhHO PAaBHOMEPHHIM pacHpefeneHuem 6ojee ¢BeTAHX
BKIIOYEHWE. ITO, 09eBHABO, sdpuuuxe. [IpaBma, OHO Hepe3sKo OTJeldeHO OT
OKDYMalonlel cpe/Iti H Be AMeeT OTUeTNUBLIX Ipanun BEYTpY aapa. CTpyKkTypa
THOA BJAeMeHTapHoll MeMOpaHHW, CTOAR pacHpoOCTpaHeHHAs B IHUTONNIasMe, B
filpe COBEDIIEHHO HE BCTPEYAeTCH. '

[Tockoasry 37ech BUAEW M silepHAast 060J0YKa (KOTOpasa ABIAETCA OPOM3-
BONHKIM SHEONIABMATHYECKOH ceTH!) W AAPHIIIKO, MOMKEO 3aKAKIHTH, YTO
mepen HaMu KapTHHA METepdasHOro, HeReJAIErocs MAApPa: Belb BO BPeMs
feIeHMA AxepHas 060M09Ka N AZPHIIKO PAcTBOPAIOTCA. [103TOMY KOMIAKTHHX
XPOMOCOM 3Hech OKHELATH Heé NPEXOAMTCHA; B METEPPAsHOM AAPE XPOMOCOMEI
«meCuMpaiu3oOBaHL}, TAK 9T0 NpH HAONOKeHEH B CBETOBOH MHUKPOCKOH HX
He ynaeTCA pasauIaTh Kak o6ocobneHHme, AMCKpeTHHE CTpYykTYpH. Ho oHm
NPOAGIKAIT CYMEecTBOBATh B KaKOH-TO, DNYCTh HeBmuEMOH, (GopMe, U Bo
BpeMA HpodasH odepeqBOTo NejdeHHS Ampa o6A3aTeJbHO CTAHYT OUATH BUAU-
MbiMu. Pa3 coxpaBAOTCE MX MHAMBUAYAABHOCTH, TO, CACZOBATENBHO, OOJMMK-
HEl COXDAaBATHCA W T'PaHHLH MexIy Buma. OpHako Hagemge Ha TO, 9T 3TH
TPaHMIBl YIACTCA YBHAETH, HO KpailHel Mepe ¢ NOMOMBIO BJIEKTPOHHOIO: MUK-
POCKOIIa, MO-BHAUMOMY, He OCYINECTBHINCH.
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Yixe u3 aT0ro gOMKHO OHITh ACHO (BEABATHCHA BECH.B AeTalNH OymeT, MOa-
JAYH, A3MHUIEHM, 9TO JMAIb 3AMYTAT YHTATENA), 9TO0 (PHKCHPOBAHHAS KIETKA
HHKOFJ4 Heé COOTBETCTBYET B TOYHOCTH >KMBOH KIETKe, ATO 3JEKTDOHHO-MHKDO-
cKomuYecKkue m300paykeHHA HMKOTLJA He NMOKABHBAIOT HAM, KAK HA CaMOM Jele
BHIIVIANENM JKHBHE KIeTKH. Msl Bcermga AOJIKEB YUHTHIBATH apmegdarmil
(0T JmarHHECKOro ars — McKyccTBO, factum — cpmeraHMOE), T. €. «MCKYCCTBEH-
Bbie 00pa30BaHNsA, BO3EHKalomue B nponecce duxcanuu». Ilpomao posoapHO
MHOTO BpeMeHH, DPekae YeM CIeLHANACTH B 00NacTH BNeKTPOHEOH MHKPOCKO-
aum B -Geceax M cmopax yGegmau ApPYr APYra B TOM, 9TO MOJYYaeMbie HMHE
H200paKeENA BaMeYaTIeBalOT Bce jKe DeajbEble CTPYKTYPH, 8 He KaKHe-TO
apredakTH. 310 BepHO Dpeykae BCero A TeX CIAYYaeB, KOFAA B Pa3INIHEIX
06beKTAX IPH MCOONB3OBAHMM DASHHX PHKCHPYIOMHX CPegcTB Beerjga OmBa-
0T BHSHH OJMHAKOBRI® (MK e BechMa CXOJHHE ) neTaau. B kayecTee mpu-
Mepa Has30BeM dJeMeHTapHHE MeMOPAaHb: TAKie MX XapPAKTePUCTHKH, KaK CJO-
HCTOCTh, TOAMUHEA M JORAJU3ALMA, OTINYAITCA AOCTATOYHEIM NOCTOAHCTBOM.
HY?RHO JIAHIb 9eTKO YACHHUTDH ceﬁe, JTO MBI HUKOI'Ia HE MOMKEeM BHOECTH UCHIlLH-
Hue CTPYKTYPH; B JyUIleM CIydae MBI BHAUM CTPYKTYDH SKCUOAICHINHbIE, KO-
TOPBIE XOTA B COOTBETCTBYIOT TaxKOBHM B KMBOH KieTke (BeIb «9KBHBA-
JAEHTHBIHY — 9TO [OCHOBEO <«OZRO3BAYHBIANY), HO HHKOTA2 He HACHTHIHBHI
HM.

H3 Bcero aT0r0, 0JHAKC, BHOBhL BHITE€KAET, UTO «HUMEAIBHOFO» QHKCHPYIO-
Iero cpeucTBa Her W He MOKeT ObiTh. B BaBUCHMOCTH OT TOTO, YTO HY/KHO YBU-
JeTh — PHAOMIASMATHYECKYID CeTh, PUOOCOMSBI, KIETOYHOE AAPO HIH AEKTHO-
COMB, ~— OPAMOBEAIOT pasueie GHKCHPYIONIue BeMECTBA: NMEPMAHIAHAT Kallus,
FOTHPEXOKHCH OCMES HIK (OPMATHH.

IToMumo aTOTO, ANIA peINeHHs BEeKOTOPHIX CHELHNUAJABELIX 33Ha% HCIHOIb3Y-
10T He XUMHYeCKHe, & PusnyecKue MeTORH GUKCANAN, ONHH 3 HIX — BECYINH-
BaHHE M3 3aMOPOKEHHOro COCTOARMA (suoguausayus). Uccaeayemmiit maTepu-
ajl, pasfeJicHHWY Ha MalleHbKHe TODPIHA, BO3MOMKHO GHICTPee 3aMOPaKUBAIOT,
HanpoMep ONYCKas B DANNEPWH, KOTOPHA He 3acTeiBaer mame upu —20°
nubo obpabaThiBas cyxum JapaoM (—78,5°) mam KupKEM BOBAYXOM (OKONO
—190°). Ilocne saMopaskMBABMA KIeTKH HJAH OMOKM TKameHl NOMeIRalT Ha
BEeCKOJbRO AHell WM Ja’ke HeflleXb B rayGoxumii BaryyM. PeayapratoM Taxol
o6paloTKA fABIfAETCA MOCTENEeHHOE, B BLICLIEH CTelleHM MafsAmee HchapeHHe
BOAB H BCeX HPOUYMX JETYYMX BemeCTB: OCTAETCA TONbKO 0e3BOAHBIN KieTod-
HHH «OCTOB», KOTODHII Témeps, MOKHO NOABEPTaTh AalbHeiimed o6paborke.
MeToa AOBOJIBHO CJOMeR, HO aeT XOPOIWHe Pe3yabTaThl. BechMa yTelIHTedb-
HO, YTO 3TH peayJsbTaThl B OGONBIIMECTBE CIYYaeR TOYHO COBHIAfAIT ¢ TeM,
9TO NMONYYaeTcs MPH HMCNOJMB30BAHUH TAKOFO COBEpIIEHEO HMHOTO METOA, KaK
xaMmveckas Qurcanns. Komeuno, koe-yto Ha cpesax, o6paboTaHHEIX nNyTeM
JIHOCI)BJIHE!&IIHH, BRIFNAAAT BCe Xe HHaye. ’
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7. MUTOXOHAPUM
IHEProcTaHUMN KNOTKK

Hecmorpsa Ba 10 970 Ha puc. 91 mouTu He BEARa AgepHas CTPYKTYpa, Bce
Jke BepHeMcA K HeMy eme pas. [loMumo Apgpa sgech BUAHH elle M ApYTue
BKCTPaLMCTePHAJIBENE T9acTULN pa3Boolpasnmofl fopMu — oT kpyriao# po ai-
LEeBAJHOR, KOTOPHO JAOT XOPOmHH KOHTPACT; MB UX YKe HPeACTABNAAN TH-
TaTeJKW — 3TO .»mmozon@puu.

C/I0BO ¢MHTOXOHAPHH? NPOUCXONHT OT TCPedecKOr0 Mumoc — HATH H
zondpoc — 3epHO, T. e. «HUTEBHNHbIE 3¢PHHITKHY. JT0 HaMMeHOBAHUE NOABH-
JIOCH HA MOBOPOT® CTONETHA (T. €. 3a[0JIr0 A0 HAYAJIA SPA JMEKTPOHHOTO MUK-
POCKONA) — TAK HA3HKBAJM HHUTYaThie OOpPAsOBAaEMA, KoTopHe Habmopana B
CBeTOBON MHKPOCKON MHOTLA B KHBHIX, HO Jame B UKCHPOBAHHHX KIeTKaXx.
Nx cymecToBaHMe MARTENbHOE BpPeMsA OCHAapHBAJOCH, TAK Kak O0Hapy:KMTh
HUX YAaBaJdoCh AAJIeKO0 He BCeI[a; KpoMe TOro, NHH MeHANH cBol $opMy, pacna-
Rajauch, HCYe3aJH, BO3EMKAAH BHOBbL, a IJIaBHOE — COBEPUIEHHO 3aTaJl0YHEIM
ocraBajica QE3HOJOrAYECKAH CMHCI 3THX CTpYKTyp. Hecyr nu oHu xakymo-
an6o PpyaKumIo, B ecx:m Ha, TO0 Kakyio? Mo)KHO au BCepbe3s BepUTH aBTOPAM,
PacCMATPHBAKMAM HX K3K OYHKTH KJIETOYHOrO JAKXAHUA?

BoT smeck 3MeXTPOHALA MEKPOCKON (NPaBAa, KAK MK YBUANM N3 JaJbHel-
mero, He MeHbNIE 3acAYr GhUI0 Y UeATPHPYT ) OKA3AICH dpe3BHYaiiHO nones-
HAM: ¢ ero nDOMOIIbI YARJ0CH C 693yl]p8‘130ﬁ JAOCTOBEPHOCTLIO YCTAHOBHTD,
9T0 MMTOXOBAPUH 00f3aTeNbHO BXOAAT B COCTAB KON KIeTKH (3TO OTHO-
CHTCA TOJBKO K AZPOCOAEPKAIMMM KJIETKaM; y GaxTepuil, y KOTOPHX OTCYTCT-
BYeT MCTHHHOE KIETOYHO® AAPO, 4 HMEeTCA «TOJbKO» [BOHHAA CIKpalb
JHK, npucyTCTBYIOT B JydmeM ¢JIyd4ae CXOHHEE ¢ MATOXOHAPHAMH CTPYKTY-
PH, NOCTPOEHHHIE TOpa3fo Oojee NPUMMUTHBHO).

Kag ymxe Omno ckas3aHo, MUTOXCHAPMH 9acTO OWBAalOT He HMTYATHIMH, @
OKPYrInMM HJH OBAJbHRMN, HX MaKCHMAJbHaA JJIHERA B 3TOM ciay4dae COCTaB-
aser okoJdo 1 MEKpoHa, T. e. '/ ,, MIJIINMeTPa — 2TO KAK Pa3 Ha FPAHHM pas-
penlaomed ¢CHOCOGHOCTH CBETOBOTO MHWKPOCKONA. JINMIIb KOrja HECKOJIbKO MU-
TOXOHJPMI' PacmoNaraloTCA PAAOM, BOSHHKAIOT Jierde pasiniMMble HHTH,
KOTOpHE CHOBA HMepecTalT §bTh BUAUMBME B CBETOBOHl MUKPOCKON, KaK TOXb-
KO pacmagyTca Ha OTHeNbHbHE MHTOXOH[DMH.

Ha puc. 91 Brano 0K0I0 HOMYAIKUHK ONMHOYHEIX MHTOXORJDHH, BEYT-
PH KOTODHX MOKHO pAa3NUYATH OAROPONEYI0 NONepedHyI0 HCISPYEHHOCTD.
Bupouem, gerand mpocTynaiT 3Aech He OYeHb OTIETIHBO, HO BTe [en0, NO-
BHAMMOMY, B TOM, YTO IPH H3TOTOBJEHMH 3TOTO Npemapara rIaBHOH HEAbIO
6LIJI0 BHABHTD DHAOIIA3MATHICCKYIO ceTh. OnMT HOKA3KBaLT, YTO (UKCATODHI,
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H y SoabiiaHCTBA Buiclnx pacreHui. [Jomumo aroro y pacrenumit BcTpedaerca,
XOTA 4 pexe, eme TPeTuil THN MHUTOXOHAPHE, B KOTOPHIX NePErOPORKH pac-
UTHPAITCA MeIIKooHpa3Ho, a He YIUIOmEeHsl, moaobHO KpucTaM.

Oanaxo, Kax Ob yOeAnTeJBEO HM 3BYYaJW BCe 3TH PACCYKACHMA, HX
Helb3A OpPA3HATH JOCTATOYHO BECKMMH, JIA TOro 9700 Ha KX OCHOBAHHH pac-
CMATPHBATL NepeuucAeHHble TANH CTPYKTYP KAaK PA3HOBHAHOCTH OIHOA H
10l ;Ke oprameian. H cyacThbio, MMeEIOTCA M MHBE ZOKA3aTeNbCTBa, NpHYEM
NOAYYHTE HX TIOMOTaeT coBceM Apyroit mpuGop — uenTpudyra. To, aro ora-
38JI0CH HEBO3MOMKHEIM NMPOAesaTh ¢ 3HAOMIA3MATHYECKOH CeThIo, T. €. M3BJelb
ee HemoBpeKJeHHOi W3 MOMOT€HH3HPOBAHHEIX K/IETOK, ¢ METOXOBRIDHAMM yha-
ercs mourtu Ges Tpyaa: npu onpefeleRroM gucae o6opotos (ot 10 000 zo 20 000
0G0pOTOB B MHHYTY) ocamJaeTcA PpakiHA, MOUTH HOJHOCTBIO COCTOAIAA H3
MATOXOHAPHI; 1TOC/Ke OTMBIBKA W MOBTOPHOTO HeHTPpHdYrapoBaHNA NOJNydaeTCA
COBEPIIEHHO 9HCTaA QPAKIMA MHTOXOHAPDHH (4TO, KCTATH, JIETKO IHOKA3aTh C
HOMOINbIO IJIEKTPOHHOTO MUKPOCKOMA).

Janee HaYHHAOT CPABHHBATHL YHCTHO (QPAKOAH MHUTOXOHADHH pa3HbIX
THNOB MO XuMAYeckomy coctaey. Ifpu aTrom Bcerga orkasmBaerca, YTO cojep-
JKaHAe BOABI cOCTaBaAeT Okoao 85%. 3To, KOHEYHO, MOKA enie MaJo O TeM
rOBOPHUT, TAK KAK B LENBIX KJIeTKaX colep:kKaHAe BOXW TAacTO HAXOAATCA Ha
TakoM e ypoBHe. Ho, 9T0 ropasgo pakHee, COBOAJAET BCErna MW COCTAB Cy-
XO0ro BemecTBa, KOTOPOe COCTOHT HANOJOBRAY H3 0GelKa, RAMOJOBHHY H3
nunugor (npudem 90% nmnmmmor wpuxoautcs Ha GocPaTHAR, O KOTOPHX
uia peas Ha ctp. 208). IMo-BuauMoMy, feno 3fech B TOM, 9T0 MHTOXOHJPUH
6aarogapsa cpoeil CHIbHO BbiPaykeHHOH CKAAATATOCTH HCKIIOYATENBBEO Gora-
TH 2JeMeETapHbIMM MeMOpaHaMK, KOTOpPble, KAK MK yiKe 3HAeM, COCTOAT M3
OuMONeKyAAPHOH JAMANHON IWIeHKH U ABYX (¢ 00eux cTopoH) GeAKOBRIX mie-
HOK; 5TO KaK pa3 u Jaer mpHMepHO cooTHouleEWe 1 : 1. Jlpyrue kaerogHsie
OpraHei/LIal COJ@P’KAT rOpasio MeHblie Aammpoe. HykxiaemHOBHe KHCIOTH,
ecqM OEM BooOme cofep:KaTcss B MUTOXOHAPHAX, OGHADYKUBAWTCA B HMX
TOJABKO B HCYE3a[0E MAJEBIX KOJAIECTBAX. ‘

Ho BcAkoe coMHeHMe B MACHTHYHOCTH HBYX DPa3HOBMAHOCTEH MHTOXOHA-
pHil HcYe3aeT, Korga uccaeayotr nx ¢yaxnuu. Ina aroro nyume Beero mpose-
PHTB, He COJEPKAT JH MHTOXOHIpHH epPMEHTH H eC/IH CONeps;KaT, TO KaKue;
3TO MO3BOJAMT BHACHHTb, KAKHe B HHX MPOHCXOAAT Opouecew ofmera. Hocro-
BEPHO YCTAHOBJIEHO, YTO B MHTOXOHAPDHAX IPHCYTCTBYeT MHOMKECTBO (epMeR-
TOB, H 3TO BCerja gSep.uenmu KAEMOYHO20 onranus.
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8. AUXAHME

«Cnmurannen GOrareix IHEPrHes SCLECTR W nonywenne AT®

Ionpo6yeM omucaTh, KaK HPOHCXOJMT KJIETOYHOe IhXaHHWe (Mocrapa-
eMcRr oGoATHCh Dpn 2ToM Ges m3numBux neraneii). Ecau 61 Aruxanue, 1. e. «con-
rague» (oxmcaenue) rmwokosm (CgH,,0,) mo msyorucm yraepema (6 CO,)
soau (6 H,0), npoucxoauno ogmocrymeHdYaTo, TO OPH 3TOM MFHOBEHHO BbI-
cBoBokpanocy Gn TAaKO® OTPOMHOE KOJHYECTBO 3HEPLiH, UTC KJIETKAa HPOCTO
He ycneaana On ero BCEOAb30BaTh B «cropanas 6ul. Iloatomy mpouecc okncaenns
TAIKO3H COCTOHT 60.1188 9€M B3 OBYX [ICKHH NPOMEHYTOTHBX c'ra,unﬁ, KaXK-
712t H3 KOTOPHX OCYLIECTB/IAETCA IPH HeNpeMeEHOM YIaCTHM DO MeHbIIeil Me-
pe opBEOoTO depMeHTa.

Ilepsuit drap mpoHecca THXABNA NOJPA3felAeTcA POBHHM CYeTOM Ha
10 craguii. ITO TAaK Ha3HBaeMEIl 24uKk04u3, KOTOPHI DPOTeKaeT B OTCYTCTBHE
KHCJODPOla, aHaspob6Ho {OT TPedecKoro aap — BO3AYX; aspobuo3 — KU3HD B
BpUcyTCTBHM Bo3Ayxa). I'nHkonus npueoaur K o0pa3oBaHHI0 H3 IJIOKO3H
nuposurozpadHol xucaoms — 3T0 HassaHHE HaM Y:Ke BCTPEIATAOCh (CM. CTP.
78).

Hexroropne OpraEu3aMH, HaOPKMep MHOTHE FPOMKH, BIOJIHE YAOBJIETBO-
paletca 3THM. OHHA TOALKO OTMENJNAIOT OT MUPOBAHOTPAJHOM KHCAOTH Yriae-
Kucauil ras (fexapboxcusuposarue), NPUCOSAHHAIT BOJOPON, KOTOPHE Obla
OTMEenIeH | «3allaced BPNPOK» Ha ONHON H3 NpelnAYmuX crajuil, n obpasyior,
TakaM O0pa3oM, ITHAOBKH CONPT (3TOT NPOLecC HOCHT Ha3BaHHE CRUPMIO6020
6poxcenus). CBepx Toro 0HM HpHOSPETaIOT IPH 3TOM OJHY MOJEKYTY MAaKpO3p-
raveckoro gocdara, ATD.

AHa3po6HRU 24UuK0AUS NPOUCXOHT He B MATOXOHIDUAX, EO 3aTO WMEHHO
TaM OPOTEKAKT NOCHSAYIOLAe CTAluM JeIXaBUA — yuks K pebeo (HasnpaeMHi
TaKKe NMAKIOM TPAKApPOOHOBHX KHCJOT B UUKJIOM JEMOHHEOR KHCJIOTH)
K KoHewnoe Owrakue. ITH DEaKNHH H3YIeHW Jo MelbYafllipx moapob-
gocrei. Hac 3ameobr Oygmer uJHTepecoBaTh TOJABRO OCHOBHOH NPHHIIUN.
OH cOCTOAT B TOM, 9TO NHPOBHHOTPAJIHAA KHCIOTA PACMISHIIAETCA BCE Aaliblle
i maiabme, 3o yraekmeaoro rasa (CO,) m sogopona (H,), a B 3akmwaerue Bogo-
POl OKMCAAETCH KHUCAOPOAOM Bo3ayXa (clefoBarelbHO, 3TOT 3TAN Mpouecca
AORIXABHEA ABIAETCH @apobuum) ¢ obpasosauuem sogn. Tak kaxk CO, m H,0
npegcraeasaioT coboli GefHbnie 2Hepruell KOHeYHEIE NPOAYKTH, CAEXOBATENbHO,
9Beprus, 3aKI09aBiHAACA DaHee B MMPOBHHOIPANHON KHCAOTE, NOIDKHA Onia
nepefiTe B Kaxkyio-T0 nEYI gopmy. Yacte ee (HeGoabman), 09eBHARO,. Nepexo-
AAT B Tenao; GOnbman e 9acTh 2HEPruK oORapyxaBaeTca B foratom sHepru-
efl XHMHYSCKOM COeIWHEeHHH — 9T0 Ham CTaphil 3HakoMuiE AT®; roropwii
H3BecTeH KAK YHUBEPCAJBHWE JOHOD 3HEPrUH [JA KIETKH.
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B HeroTophX caydaax GnBaeT MONe3HO HUCCICHOBATH He IeJIHe, a paapy-
meHAKEe MATOXOHAPAHN HJH JaKe oTAeAbHbe WX ¢parmenth. Camo coboii pasy-
MeeTcsa, 4T0 peaKnuE JochOpHAUPOBAHHA B B3TOM Clydae OTCYTCTBYWT, HO
(epMeHTH, KOTOPHE CTYOEHYaTo pacHemIANT NHPOBHHOTPAAHYIO KHCROTY,
Oo-Ipe)KHeMY NPOAOIKAaKT CBolo paGory. Owend meaxue oONOMKE MHTOXOHR-
pHE cHOCOGHH HPOBOAHTH TOJBLKO OJHY WJIH jJBe NPOMEKYTOUHHE peaKIny;
AanpoTuB, (ojee KpynHHe PPATMEHTH MOTYT OCYIIECTBIRTH REeCKOJBKO, MOA-
9ac MaXKe MHOrO HOCAEAOBATENbHHX DPOMeXKYTOYHHX peakumii. Ha ocroBanun
3T0r0 HPHINIH K 3aKJIKYCHUI0, N0 BCeil BEPOATHOCTH TPABWIBHOMY, 4TO Ha
KpHACTAX B TPYyOoukKax (YHKOHOHAJILHO B3aMMOCBA3aHHHeE ¢epMeHTH pacHo-
JaralTca Apyr nogje Rpyra, a mepepaGarnBaeMuii cyGcTpar mpoaBHAraerca
BAOAE HEX, OT PepMeHTa K gepMeHTY, KaKk Ha KoHBeltepHoii senre. Ilono6ro
TOMY KaK CpyKmypHbie 2¢rsl, OTBETCTBEHHHE 3a NPOAYHOAPOBaHAE B3aNMOCBA-
3aHHHX (epMEeHTOB, MOCHENOBATENBHO 0O BEIHHAIOTCA B onepor (cM. 06 3TOM B
cheaywome rnaee), Tak @ caMd ¢epMeHTH pacHOJAaralOTCd B MUTOXOHIPHAX
ApyT mojne [pYra NOCHeHOBATENBHO — OOCTOATENBLCTBO, KOTOPOMY MH 70
CHX WOp MOIVIH TOJBKO YAMBIATHECA, He yMeA ere oOGBACHATE.

Teneps, Korga Mu Giarogaps 3MeKTPOHHOMY MHKPOCKONY M HeHTpudyre
Y3HaJIN O MATOXOHAPHAX ropasfgo Gonbmie, Hac y:Ke He yAMBJIAeT, 4TO 3TH Op-
TaHeJJIH OPECYTCTBYIOT BO BCeX KIETKaX; OHA HM HONPOCTY >KA3HEHHO Heol-
xopuMH, Tak ke Kak U AT®, xoropuit Tpefyerca mosciony, nogdac B 0d9eHb
GoNbMIAX KONMYECTBAX M NMPHTOM HeMeJeHRO. B MHOroK/NeTOTHOM OpraHH3Me
Heabad ofolTuCE OZHON ueHTpaaABHOH sHepreTHYecKoh craHmmell, KoTopas
moctapnAxa 6ur AT® bceM kaeTkaM. B atom cayuae AT® murorma He pocTu-
Tax 6n KOHEeYHOro NMYHKTa BOBpEMA.

Toneko XAeTKH, KOTOPhle NOROGHO APOXKEBHM KIETKAM IOKPHEBAKT CBOIO
notpeSHocTh B AT® 3a caeT cumpToBoro 6poskeHns, MOTYT CymecTBOBaTsH Ges
maToxonAprii. Ho nake y HUX eCTh MUTOXOHAPHH, XOTA OHM HEMHOTOYMCIIEH-.
HH H Pa3BHUTH He NOJROCTHIO. ONHAKO CTOMT MM TOJABKO HepedTd OT GposkeHns
K AMNXaHHIO — a 3TO NPOMCXOAHMT 9acTO B TeX CJAYy4aaX, KOrja B UX pacmops-
JKEHHR HMeeTCHA KUCIOPOA,— Y BAX OUeHb OHCTPO NOABAAIOTCA MHOrOMHCIEH-
HHe, WHTeHCHBHO (PYHKOHORNPYIOMUEe MUTOXORAPHH.

CrnegyeT 0KHMEATH, 9T0 0CO0EHHO MHOTOYMCHCHHH MHTOXOHAPHH B TAKHX
KNeTKaX, KOTOPHE PacXOAyIOT O9eHb MHOT'G DHEPIMH, HANPAMED B MHIUICTHAIX
KJIeTKAaX YeloBeKa W KHBOTHHX. B 0CHOBe COKpameHNs M paccaabienns MHil-
Bhl, Ge3ycJIOBHO, JIe/KAT CHKaTHE W PAaCTAMeHHe GeJIKOBHIX MOJEKYJ, KOTOpHe
GyKBaAbHO COTHAMH CBASAHH NAPANJISABEO APYT ¢ APYIOM B «Iadkm», obpa-
3yA Muoubpusasl. . '

0O coocobHoCcTH NOAMODENTAAHHY Nelled NepeXOoNATH B3 BHTAHYTON HOPMAI
B YKOpOYeHHYI0 (a-cmmpans) u eme Goaee ykopoderHylo (3-companp) B obpar-
HO MH gHaeM yxe H3 ra. 1. Jna rakoro cokpamenms rpeSyeTcss dHEpTHA.

15—690
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NaMu KelaTHHa, pHOOHYKIeasH (¢ HeH HaM ellle NPeACTOMT BCTPETHTBLCA IPH
PacCMOTpeHHH MOJNeKYn nmamaTh, ¢Tp. 311) B ramMa-rnofynuHoB (KoTopwe
UIpanT BajkKHyI0 poXb B MMMyHOGuomoruu, crp. 323). Hanmportus, apyrue
MAKPOMOJEKYJbl, B YACTHOCTH YIVICBOAH M HYKJIeHHOBHE KHCIOTH, He MOTYT
6HTh YCBOSHH TyTeM OAHONHATO3A.

OTKpHITHE MAHOLATO3a MO3BOMMIO OTBETUTh Ha /iBa BOpOCca, KOTOPHE eMe
30 ner wasaj 3acTaBAANA (U3UOJOTOB HEJOYMEHHO WOMKHMATbL INICYaMM:
1) KaK B KJAeTKy NPOHMKAIOT MOJNEKYJH, AJA KOTOPHX OuMonexkynapHaa nm-
DHIHAA [UIeHKa, T. e. 3jieMeHTapHasA MeMOpaHa, HempoHMOaeMa; 2) modeMy
NpPE HCHONB30BAHHH MHOTEX BEIECTB KJIETKOH 3aTpauHBaeTCA dHOPTHA? ¥ike
NaBHO H3BECTHO, 9TO, HAIPHMEp, COJM B GOJBIMMHCTBE CY9aeP MOTYT HONACTh
B KJIOTKY, TOJIbKO €CJIA KJIeTO9HOe JHXaHue Be moBpeskaeHo. Ecam ke omo Gao--
Kppyerca (pasobmaercsa), To DOIIOmMEHHA conedl He MpoucXoAuT. B Hacros-
mee BpeMA CYMecTBYIT MHOTOUHCACRHbIe (BOpoYeM, HeoKa3aHHHeE) TIHNOTe-
3H, 00BACHAIONIAE TAKOe aKMugHoe MOTAOMeHnne BemecTs. [Iunonmtos, Koro-
pHii, 04eBBAHC, He MOKeT UATH Ge3 saTpaThl 3HEPruH, Mo MeHbIIeH Mepe A1A
HEKOTOPHX CYIaeB MOKET PACCMATPHBATHCA KaK BIOJHe NOZXOAAMIAA MOIeNb.

BosHAKaeT TaK)Ke BOOPOC, PefiKOE JId ABJCHEe NMMHOLMTOS UJH Xe OH J0-
cTaTo9HO ddPeKTHBEH, YTOOW CHAGKATH KIETKY OIMYTHMHMH KOJEYeCTBaMB
mepeYncieHHNX BHime BemecTB. Ha 3ToT Bompoc, KOHe9HO, HeNb3A AATh 00-
muit oreer. Bee e 6nuto mokasano, 94To rojxopgaBmme aMeSH (5TH OOHOKJIETOU-
HHE )XUBOTHHe He HMEIOT TBepjlol KJIeTouHoM o06odo0uKkH) B TedeHHe 2 9acOB
BoccTanaBARBawT B 1 %-RoM pacTBope raoGyamna ot 30 mo 40% cBoero ofme-
Ma; 3T0 BeChbMa BLICOKAaA 3(P{HEeKTHBHOCTD.

3afep)KUMCH ele HeMHOTO HA PacTBOPeHHHX BelecTBaX. B cayvae pmbo-
BykAeasH {(Monexynaparii sec 13 000) man ramma-rrobynraa (MoneKyNA pHLH
Bec 160 000, maorna gaske 1 000 000) y:xe TpyAHO roBOPHTL 06 NCTRHHOM PacT-
Bope, mopio6HoM pacrsopam moBaperHoM conm NaCl (MonexyaapHuii Bec 58)
wian ataaoBoroe compra CHCH,OH (Monexynapruii sec 46). Tem ne memeeo
3TH BHICOKOMOJCKYJIAPELe COoeluHeHHA TOKe ycBamBawrca. Maso Toro, eme
GoMlee KpyNHKe MONEKYAW HMJIH Jae TBepAHE 9acTHIN, KOTOPHe Boobme He
cnoco0HEL paCcTBOPATHCH, a4 06pa3yloT Tak HA3WBAEMHE 636eCk, RIH CYCRENIUL,
«3aINIaTHBAKTCAY, «MOKHEDPAIOTCAY MAOrMMEU KieTkaMn, Takoe ycBoeEHe TBep-
AEX 9aCcTHO HA3HBAalOT @Pasoyumosox (OT rpedeckoro PHazeiin — MOKRHPATH)
(pac. 105). fiBneRme ¢aronmToza H3BeCTHO YKe 0YeHb JABHO, TaK Kak ero
Aerko HaGaAATE B CBeTOBOE MAKpockon. B mpurnunme npm $arommrose mpo-
ACXOAMT TO jKe CaMoe, 9T0 M IPH NUHONHTO3e: HHBATWHANHA, OTAeNEeHHE OT
naasMazeMMH @ OyTemecTBme B TayGb kaerku. Ho pasmepn nmysmpbkoB npu
$aromATo3e, €CTeCTBEHHO, ORBAIOT BHAYNTEAbHO Oonbine, 9eM HNY3HPBKOB
TFoasmmu. OcolenHo ymoGHO nmpM E3yYeRAnA (aroHuTo3a MCHORB30BATL Ma-
nenskme (2200 A B nmonepeuHmKe) Fe MOAJAOMHecA NepeBapHBAHHEIO MAPHKHE
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BCe, UTO MOKET HMOTh IEHHOCTh JiA KJIeTKH, a HelepeBapHBaeMEIM MaTepHal
0CTaeTCA BHYTPM IyaHpbKa — Telepb ONATH HaIHHaeTcA oO0paTHHN mpoHecc:
IyTeM 3KCTPY3HH 3TOT OCTATOK BHOpacHBaeTCA HapyMy.

Cneayer eme yHOMAHYTH COENUANbHHE caytall, Korfa Oy3upbKH, Coaep-
MalEAe BOAY N PACTBOPEHHbC B Hell BeMIeCTBA, He 3aeP/KUBAKTCA B HHTONNA3-
Mo, a HaNpaBAAITCA K YeKMPAAbHOL 6aKY o, 3aNIONHEHHOH KAETOTHEM COKOM,
u anuBafores B Heo {puc. 106). Ho nockoasky 10 cux mop o Bakyoas BooGme
He ObiI0 pedd, MH pacCMOTPHM STOT CHEXMAJBHHE cAydJad B CleAYIOImeM
pasnelne.

11. BAKYOSIM NORAEPHHBAIOT
TOHYC HAETHM
H COBMPAIOT OTXOAbI

Ecny 4acTANH, NY3HPHKH H OPraEeJJH, 0 KOTOPHX MBI TFOBODHIH PaHb-
me, COCTABAAWT, TAK CKAa3aTh, 00A3aTeAbHHE HHBEHTAPb Kaxcdoli KIeTKH,
TO K BaKYOIAM 3T0 yKe He OTHOCHTCA. Bakyosu — 210 mpHHAMIEKROCTh MOT-
TH HCKJIIOTHTENBHO B3POC/IHX, NOAHOCTHIO H OKoHIaTeNbHO AnddepeHxuposaH-
HHX pacTUTeJBHRIX KieToK. [lpaBja, ajech OHE HACTONBKO GpocalTcs B Taa-
8a M HMeOT TaKoe 0olbIoe sHadeHHe, YT¢ O0OHTH HX MH IpOCTO He HMeeM
opasa,

Ecam Bu korpa-amfyas HAGLIONAIA B MEKPOCKON CPes }KABOM TKAaHH pac-
TeRHA, HAIIPBMEP Cpe3 KOXKHANH JYK4, BH He MOIVIA He OGpaTHTH BHHMARHA Ha
rpoMafEYI BaKyoJdb, KOTOpad 3aEuMaeT HEHOFAA o 30 % Bcero o6bema KAOTKM,
TOrAa KAaK OHTONJIA3Ma BMECT® ¢ KJIETOYHRIM SAAPOM W HPOIHMH KIeTOTRLMU
CTPYKTYPaMH COBCeM NPH/KATA K KIETOYHOM CTeHKe, pPacHojaradch TOHKEM
CI0eM BOKPYT BAKYONH. ITa YEeHMPAIbHAR 6aKYosb He NMeeT BHYTPH HHKAKOM
CTPYKTYPH, OHA «ONTAUSCKH HYCTa»; IPH pa3pese H3 Heo BHTEKaeT MOYTH THC-
Tasg BoOja.

[IprroroBaeBme mpemaparoB IJf d/IeKTPOHHOM MAKPOCKONMH B3 TKaHeil,
COCTOAMMAX A3 MOAOOHNX BAKYOJHZAPOBAHHKX KIETOK, AeJ0 EOBOJIBHO CJIOM-
goe. [lpa dErcanmm Ha rpaEume Me)kAy TyCTOM MHTOIIA3MON H KUIKEM CO-
AePHUMKM BAKYOJH NPOHCXOLAT PA3PHBH; HO3TOMY (OTOrpadHE BAKYOIeH
yAAI0TCA 09eHb peako. OHAKO He3aBMCHMO OT KadecTBa B300parkeHHR KIETOT-
HhH COK MIH DPOCTPAHCTBO, B KOTOPOM OH HAXONHJICA A0 PUKCANHE, KAK Hpa-
BHJIO, TPOACTABIACTCA B JJEKTPOHHOM MMKPOCKOIe MOYTH HyCThIM.

Ha puc. 107 npeacrasiena onga A3 HOBeHMEX AEKTPOHHWX MEKpodoTo-
rpaduii — 30ech MH MOMeM Ha(MIOJATH HCKIIOYeHEe W3 3TOro mpasdna. B
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WIH mypzop (OT AaTHHCKOrO turgescere — HabGyxaTs), Giarogaps TOHOMIACTY.
Kaetku mornomaior Bogy (Beaeactbue ocxoca, 0 KOTOPOM MH ceddac He OyxeM
roBopHTh NoApo6HO) u Gaarofapsa aToMy yBelHuMBAaOTCA B 06beMe. OKpyiwalo-
muit TOHOMMACT CJIOH HATORAA3Mbl NDPIKAMACTCA K KiaetouHoll oGomouke. Kae-
TOYHaA 060.210‘11-(8. PACTATHBAETCA, & TaK KaK OHa JJAacCTHYHA, 3TO pacTAKEeHHe
MOET HpPoA0AKAThCH HeKoTopoe BpeMa. (JHAKO dYeM CHJAbHee OHa pac-
TATCHBACTCH, TeM osee BO3PAcTAlOT CHMJbI, CTpeMAlldecs BEepHYTh ee B nep-
BOHAYAJbHOE MOJOKeRHe: KAeToYHaA o0060/J09Ka OKA3HBaeTCA B COCTOAHUH
Hanpaxernus. Hanpapaeanoe BAYTPb JaBieHNe KIETOTHOM CTEHKM B KAKOH-TO
MOMEHT ypaBHOBeINBaeT HANmpaBJIeHHOe HADYKY AaBieHHe Ha ofomouxy. B
pe3yapTaTe KJIETKa B LEJOM TYro HATAHYTA; NOMJOMEHA® BOAH INpexpa-
aercA.

«OGparnoe» cocTogEMe HAGMIOHAN KOKALIA: €CAH pacTeHHEe NCHMTHIBAET
HEeXBATKY BOJAbI, TO BaKYoJn 60abmie Be HOXYIAKT €€ B JOCTATOUYHOM KOJHECT-
Be, TYProp nagaer, HamopspkeHHe KJAeTOMHHX CTedOK ocjdabeBaeT M JHCT HIW
Aaxe Henoe pacTedue moasAnaer. Ecliu He [ocTaBuTh BOBpeMaA BOAY, OHO OKOB-
4aTeNbHO 3aBAHeT U sacoxHeT. M3 aToro aBcTBYyer, 9T0 A MEOTHX PACTHTE]B-
HbIX KJIETOK BAKYOJHM M COOTBETCTBeRHO TOHOINIACTHI KNW3HEHHO EeOGXOIMMEL.

[To cBoelt yaLTPacTPyKType TOHOMMACT OYeHb GJIHM30K K NMUHOLATO3HBIM
ny3upekaM. B ofoux cayuaax umeercsa saemeHTapHasA MeMOpaHa, OrpaHUYHBA-
OImMAa HEROTOPLI 06BeM, 3aN0NBeHHNI BOAOA ¢ pacTBOPeHALMH B Hell BelecT-
BAMH — CONAMH HJIM OPraHAYeCKMMM COCAHHEHHAMHU. JTO POACTBO €l CHIb-
Hee NOTIePKHBAETCHA HAJHTHEM NPOlecca, KOTOPHIH ONMHCAH B KOBI® Dpeabiay-
mero pasgeja (IMHOLIMTO3HbIE NY3bIPbKA, HCXOAAIEE A3 MIA3MATEMMEI, Depe-
CeKaloT UUTONNA3MY H H3JHBAKT CBOE COAEPKHMOE B IEHTPAJIBHYIO BAKYOJb;
cm. puc. 106).

Ilo Bceit BepoATHOCTH, MOMUMO CO3NAHAA H MOAJCPKAHHA TYPropa BaKy-
0JIb BHIIOJIHAET M Apyrae 3agaud. Tak, panpuMep, KpacHasa miau ronybaa Ok-
pacKa MHOTIMX IBETKOB, & TAKiKe OKpacka KpacHoro Gyka of6yCMoBJeHBH 0CO-
OpMPE DUTMEHATaMH, PACTBOPEHHmM# B GONbIIMX KOMHMYECTBAX B BAKYOJIAX;
5TO TAK HA3HBAaEMble GHMOYUAn® (0T rPeYecKOTO aHMOc — NBETOK, KUAHOC —
roayGoli) — CIOKENe COeMHeHHA, KOTOphle B 3aBHCHMOCTH OT CORepIKa-
HHA Cojeli B Boje, B KOTOPOH OHH PACTBOPEHS!, MOTYT H3MEHATh CBOK OKPACKY;
HeJATasd M KPACHAA OKPACKa OCEeHHHX JMCTheB 00ycnopiema APYrodl rpymmoH
DHIMeETOB, HMEMUX COBePMEeRE) HHOe XMMAIECKOe CTPOeHHe W HaXOMAIMHX-
cA BOBCe He B BaxyoJdsX; moxpo6Hee o Hux Gymer ckasaHO fanee {¢M. CTD.
251).

B BakyoJaX d9acTo PAcTBOPeHH pasimYHbie BemlecTsa, ofpasyomuecs B
RMETKAX KaK CBOEr0 poja oTXoaW obmeHa Bemects, KoTopue Goapuwe yke HO
MOTYT BT HCMOAB3OBAHM (HaNpUMep, AyCRIbHEEe BemecTsa K T. IL.). MostoMy
MHOrMe PAcCMATPKBAIOT BAKYOJIW KaK CKIame fas orGpocos, HeoOxonEMEIE
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pacTeHuAM, IOCKOAbKY OHM JHUIEHN B OTJHYKE OT JKUBOTHHX M HeJOBEKa coe-
HAAIbHOH BHACANTENbHON cHCTeMEl. Brpoyem, 8TO BCEro AHIEL HPeancaoxe-
HHe, HCTHHHOCTH KOTOPOTO B HACTOAIEe BPEMA €Ba JIH MOMKHO JOKAa3arb, —
BO BCAKOM CiAydae, He TPM HOMOIMH 3JEKTPOHHOTO MHKPOCKOIA.

- 12, XNOPOMANACTHI
NMocvaswuku FOPICUEre ANA JHEPreTMHECKUX CTAHUMA KNOTHM

B pacTuTeapBLIX KIETKAX (M TOJBKO B HHUX) cofepkaTcs ocobnle opragen-
IBl, TAK Ha3biBaeMule xtopontacmsl. BupoyeMm, 3TH OpraHe/Jab! BCTPEYAJOTCH HO
RO BCeX PAaCTHTEJBHHX KJAETHKAX, a TOJBKO B 3€JIeHhX KJIeTKaX. O,unaxo HX
3HaYeHHue BBRIXOOHUT AAJNEKO 32 NIpeaelibl 1apcrBa pacrennﬁ, pacnmpoCTpaHAsaACh B
KOHEYHOM CYeTe Ha Bee sKHBbie cymecTBa, HauMeHOBaHHE 3THX OPraHeda KPo-
HCXOZNT OT rPeYecKoro cioBa zaopoc — 8eieHuii. [lurmenr, mocroaEBo Npu-
CYTCTRYIOMUI B XJOPONAAcTax, HasnBaeTca Z4opodustom (OT T'PEYECKOToO
guaron — avct). [Ipn HenpeMeAHOM YYACTHH 3TOTO IUIMEHTA, ACCHMMIHDY-
omero (mOrJoUIalIero) 3HePpruic COJAHEYHOFO CBeT3, XJOPONJACTH ¢ MX
oneruduaeckoli TOHKOH CTPYKTYpOlN CUHTE3HPYIOT H3 OBYOKHCH YIMepoja R
BOABI 3.;‘”0?303;!/ — OpraH9YeCKoe CcOe[MHEeHMe, KOTODBIM [IHTATCA HE TOJIbKO
pacTeBus, HO B KOHEYHOM UTOTe Bce (HOYTH ) uBble CYINECTBA, MKHBYIIMe Ha
3emure.

3ror mpouecc, 663 Kotoporo, moxaday#, Bpan an 6mna Om  BO3MOMKHA
JKH3Hb Ha Jemie, B HacTOAlee BpeMA HOCHT HasBaHue fomocunmesa; Gonee
cTapuidt TEPMHUE, GCCUMUAAYUA, B HACTOAICE BPeMs NPUMEHAIOT HEOXOTHO, TaK
Kag OH HOCHT CAMmKOM oOmuii xapakrep. AccuMunanma (0T IaTHHCKOIO
similis — moxomxnii, NofoGHHI) 03HAYAET HE YTO MHOE, KaK «ynmomoGneHue»,
7. . NpeBpAmEHHEe TIYKINX A OPraHMSMA COe[IMHEHHH B BemecTBa, CBOHCT-
BeHHHle 3TOMY opragmamy. Ho mogo6HoMy mpespamenuio MOTYT HOOBEPTaTheA
caMble pasHbie BemecTsa. Tak, HampuMep, MHOTHE OPTaHM3MBl CHOCOOHB K
accummaanna asoma. [1pa foTocHHETE3E MO HMEET MECTO accuMuIayus Geyorucy
yeaepoda. OJHAKO R 3T0 elle HEJOCTATOYHO ueTKoe ompeneacnue. Jlaa «ye-
soeansy CO, (KOTOPHH caM B BHEPreTHYECKOM OTHOLIEHHH «HUYEr0 HO CTOHTH)
TpeGyerca sHeprua. I[Ipouece, MpoHcXomAmuil B XJOPONIACTAX, KAK pas H
npescTaBafeT cooil accumuasyuro CO, npu nomowu ceemoeoll nepeuu —
510 feficTBUTENbHO BechbMa obcroarenpHas Gopmyaupobra. Opnako, gomocun-
mea 3BY4MT Gosee KpaTko, A Ob Aae ckasan, Soaee merko. (¥ pAZa HHBMHX
opraHusMoB Takme cymectByer accuMuasuua CO,, no 6es 3aTpaTh CBeTOBOH
3HepPTMA — IIPH 3TOM HCHOJNb3YeTCH SHePrHA, NoJyJaeMan 3a CueT OHpeAesieR-
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KasaJHCh HePABHOMEPHO OKPAUIEHERIMH B 3eleHHH LUBeT, 3ePHEUCTHIMH (pucC.
108); B nouTu GecuperHEOM OCHOBHOM BemecTBe (¢/mpoMe) BHAEH IOTDYKeHHBIO
B Hero 3¢jleAnIe sepHHMKH (eparst). OnHako Gb0 COBEpIIEHHO HEACHO, KAaK
HATEPUPETAPOBATh BTY KAPTHHY; HEKOTOPHIe HCCIENOBATENHM NOMAFAadN Rake,
970 2TO HE €CTECTBEHHbI® CTPYKTYPH, 8 MCKYCCTBeHHBle 00padoBaHuA, BOSHUK-
ImHe B peayJabTaTe pacHaja, WM eme 9To-EXOYAL B aToM pope. [Ipowmao 6onbime
50 ner — W 3TH 3epPHLIOIKH OTKPHLIM 3aHOBO; BCKODe ocae 3Toro Guim omy6-
JAKOBAHW HepBHe 3JeKTPOoHHHe Mukpodororpaduu.

IlpaBaa, w300 pakeHne, HONYTeHBOE ¢ IOMOMIbIO BAEKTPOHEOTO MHKPOCKO -
ma (BMJ cRepXY), He CAHMKOM cofiepskareanbBo (puc. 109). Pesko smpeaawrca
G6onee TOMHHIO, OKPYTALie CTPYRTYPH, ARAMETP KOTOPHIX COBOANALT € TeM, 4TO
NONyq9eHo AfAs Ipal OpE BabiiofeHAR 8 cBeTOBOW MMKpocKon. BuTe moser,
3T0 H ecTh rpaBu? OfHAKO ¥y HUX YAMBHTEJIbHO HeUeTKHe IpaHRNs. Mul 3ame-
gaeM OTCYTCTBHE PA3NHIHRIX JaMel, dJeMeHTapHux MemOpaH, pubocom @
T. I.— BCeX TeX CTPYKTYpP, KOTOpPhle MH TaK SCHO DA3JHYAIH HA NPOKEUX
paeKTPOHEMX MukpodoTorpadusx. Eme MeRee 0TYeTIMBO CTPYKTYPUPOBAHM
y9acTKH MeKAY rpaEamu. Bce aro geficrBaTesbHO 09eHb MOXOKe Ha TOBpEN-
nerne. Momer ObTh, @ B CAMOM JeNie NMPAaBbl CKENTHKM, YTBep:KAatomue, 4TO
rpaHbl — 3TO NPOAYKTH pacmapa?

Onmrako cOBeplIEHHO HHAA KapTHEa HabGmaiopaerca B TOM Ciydae, KOrapa
cpes HANPABIEH RepReROUKYAAPHO MIOCKOCTH XJIOPOINTACTOB, T. €. KOTAa MH
CMOTPHUM Ha HAIUM TMH30MOA06HEe Tenbua «¢ pebpa» (puc. 110). 3peck yxe mo-
ABAAIOTCA U JAMEJJH M 3JeMeHTapHbie MeMOpaHW, APpUYeM KX 3[eCh FOPasmo
6oaplue, YeM BO BCeX Hpekle OMMCABHHIX OPraHeinax, gaxe Gonbire, geM B
spponaasMaTyueckoit cern (cm. puc. 84). TmareabHoe H3ydeHHe MOKA3LIBAET
CcaeAymee:

1. Xnoponnact oxpyskeH ciromiof 06009K0H, KOTOpPaA NMOCTPOEHA KaK
mBofiHas MemOpaHa, CAeCBaTeNbHO, COCTONT M3 ABYX aNeMeHTapHbIX MeMOpaH,
Kag y MHATOXOHAPHM.

2. B 370i1 000N09Ke 3aKII09EEC OCHOBEOE BEMECTBO, HA3bIBAEMOE CIPOMOL;
KpOMe TOHKOH 3epHMCTOCTH, B Hell He yHaeTcs PasTAsfeTh HUKAKBX JeTaked.

3. B crpome pacmonaraloTcs KPYHOEBe TPaRyJel, KOTOPHE COBepPIUICHEO
GECCTPYKTYPHE U KK YTCH «GelniMu». ITO KPALMALLHEE 3¢PHA; BX TPHCYTCTREE
MOKRO CYHTATh BepPEBM IPH3HAKOM TOTO, YTO XJOpomjact nepen $pukcanneil
Oua POTOCHHTETHYICCKE AKTHBHLIM, TAK KaK HPOAYKT POTOCHHTE3a, TIIOKO34,
TOTYaC e MepeBOUTCA B HEPAaCTBOPHUMMWE Kpaxmaln.

4. CrpoMa 3amolHeHa MHOMKECTBOM IUIACTHHYATHIX CTPYKTYD, 2aMest.
Oun 1u00 TARYTCA 9epe3 Bech XJIOPONAACT, Nub0 2aKaHIUBAITCA cAeno. Jla-
MEJAbl BCETAA PACHONAAralOTCA NApPaMH M HA KOHOAX CIHMBAKTCA RPYT ¢ APY-
roM: OBM OKPYKAOT Kaxaylo umcTepay. lluctepnn B xJopomnnactax CHAbHO
YIUIOMEHs, HO B OCTAJBHOM HOCTPOEHB COBEPISEHHO TAK e, KaK [UCTepHbI
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aa. [Iparna, aTo COOTHOLIEHHE USMEHACTCH R/AA MHOTHX PACTeHUH HAINEro KJam-
mara oceHbwo. [Iperkge Yem AuCTHA ONAZYT, OHM JKEATEIOT. ITO MPOMCXOAUT OT-
TOTO, YTO XJOPOPH/II paspymaeTcA M PaHee 3aMACKHPOBAHHHIE KAPOTHHOMIHI
craHOBATCA BHAUMEMH. Ilogemy paspymraerca uMeHHO xaopodunn, cramer
ACHO, €CAH MM CKa)KeM, YTO B KaKIOH MOJEKYyIe XJAopoduana comepxruIcs
ATOM MarHMA ¥ HECKOJbKO aTOMOB a30Ta: H TO M Apyroe — AeuUATHHI TOBAD.
PasyMeercsa, TOJBKO WA pacteHnii. B opranname XHBOTHOIO B YeNOBeKa a30T
npHcyTCTBYeT B H30bITKE, TAK YTO OH €KeHEBHO BHISNACTCA B GONBIMX KOJU-
qecTBaX B Popme MoueBHEH. KapoTHHOMAW ke, HAIPOTHB, NPEACTABIAIT CO-
Goft yraeBo/nl; OHM COCTOAT MOYTK Uennkom A3 atomMos C n H, kotopue pacre-
#ue nojayyaer B Ji000e BpeMs B AOCTATOYHOM KOJHYECTB®.

Bor Tak, MEMOX0J0M, cOGPAaNn MBI HEKOTOPHE AAHHbE OTHOCHTENbHO XH-
MHYECKOFO COCTaBa XJIOPOILIACTOB; MX cCJAelyeT eme HecKOJIbKO NOHNOJHHTD.
B xmoponmacrax copgepsurca raxike PHH (wemuoro) m JIHK (eme mennine);
B EUX Aaxe oO6uapymenn pubocome. [loaroMy He yaMBUTeNBHO, 4TO B XJ0PO-
MI3cTaX, Kak 8T0 OHJIO HelaBHO BMOJIHE NOCTOBEPHO ZOKABAHO, MPOMCXORHT
BecbMa MHTEHCHBHEIH cuHTE3 Geinxa.

A Temepb eme oAHo, mocienmee pobGabnenue. Hamm npemcrarnenus o
TOM, 9TO DPOHCXOAMT B NUIACTHAAX, IOKA €me OCTAKTCA HeNOJHKMH. .]'lque
H3YIeHAa UX TOHKAA CTPYKTYPA, H 3THM Mbl BCeleso o06A3aHEI SJEKTPOHHOMY
mukpockony. Kpome Toro, Tenepb ACHO, 9T0 TOHKAA CTPYKTYPa XJ0OPONAACTOB,
HECOMHEHHO, TeCHO cBA3ama ¢ $orocuATesoM. OaHaKO KakuM o6paszoM CTPYkK-
Typa 4 $yHKUMA BBAMMOCBA3AHH, Kak ORM paGorawot apyr Ha apyra? [aa
TOTO YTOOB HOHATH 9TO, HYHHBl HOBHIE, ele 601189 TOHKHe K COBEPINEHHKIe Me-
ronu. Takum o6pasom, medTa McclenoBaTeNedf CO3aTh H3 XJOPOGHINOB, Ka-
POTHHOMAOB, AMOMIOB M GEIKOB MCKYCCTBEHHDBIC THIAKOMIE AJSA HCKYCCTBEH-
HOTO amnapara gorocuATe3a CHavYaja B MPobupKe, a 3aTeM W B IPOM3BONCTBEH-
HWX MacmTafax RO mOPH 10 BpeMeHH OCTaeTCs BeoCymiecTBHUMoN. Bnpouem,
HUKAKHX OCHOBAHMIT A YHBIHAA HET; CKOpee ITO MOXKeT NOCAYXHUThL CTH-
MYJIOM ANA JanbBedmred, eme Gonee uaTeHCHBHON paGoTh. 6o marpamoi, xo-
TOpasA CTOMT 00X ycuami u 3atpar, 6yzeT BOSMOMHOCTL M30aBuTh UeloBe-
4YecTBO OT Bcex 3aG0T 0 HpOBMTAHUM.

13. AANEE CREAYIOT:

dnementsl CTPOGHNA, KOTOPLIE Ele NPAACTOMT WECNEAORATH -
-
A Temeps, MOXeT ORITh, YMECTEO C/leJaTe KPAaTKUil 0630p TOro, 4TO MH y3-
HANH [0 CHX DOP, & TO MH 33 lePEBbAME He YBUAMM Jeca. Ham yike usaBecTHbl
BajKHeHUIKHE 2IeMeHThl KJIEeTKH: KIeTOYHOe AApO, MATOXOBAPHN, XTOPOMIACTH,
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npexmonaraemMoit GyHEKRUNeN: Au30cOMb, BPAZMOCOMN, KEARMACOMB W T. .
B ar0ii 061acTH 3MeKTPOHHO-MHKPOCKOTIHYECKHE MCCReJOBAHHA HAX0OAATCA B
caMOM pasrape, u mepexof K ¢uanogorud $PaKTUYECKH TOIBKO-TOABKO HaMe-
yaerca. IlosTomy OpuI0 GH TIpesJeBPEMEHHHM BHRICKA3HLIBATH 3[eChb YTO-ITKGO
oGaanpaloNlee, U MBI He CTAHEM BMEINHBATLCA B KHBACHHYIO [OHCKYCCHIO,
KOTOPYIO BeyT celiyac mo 3ToMy DOBOAY chemuanucTh. Yepes gBa, Tpu ropa
MB CMOJKeM paso0paTbes BO BCeX 3THX BOIIPOCaX ropasgo Jyumie.

Onuako 0 JH3ocOMaXx caeayeTr XOTA Ovl KPATKO paccka3aTh, MO0 MOXOMe
Ha TO, YTO MM OYeHb CKOPO MpEACTOHT 3aHATH BHOJHE ONpelelieHHOe MecTo B
obmei xapTuHe KieTKH. Bce paHee onmucaHHEe KIeTOYHble KOMIOHEHTH B 0C-
HOBHOM 38aHATH, TAK CKa3aTh, COZ)]/I,[IaTeJ]bHOﬁ NeATeIbHOCTHIO, ﬁ}'nb TO CHHTE3
yraepofos (porocuHres), Geara, COCTAaBEHX HacTed KIeTOuHO#M oGoaounu,
KIeHKoll ¢CMU3B [JA JOBJIM HACeKOMHX H T. A. McKiIwYeHnue cocTaBiIAlOT M-
TOXOHJAPHA — B HMX MAeT pasioeHue rIOKo3W. Ho Beab AbiXaHMe CAyKuT,
coBcTBeRHO TOBOPsA, BOBCE He 1A TOro, 4T00H pasnaraTe yrieoas; Eao6opor,
YTJIeBOAL PA3NAraloTea Basa tToro, 4rofs noayuuts AT®, xoTopsti «cuHTe3M-
pyercs» us AJLD u docpara. Takum o6pasoM, opManbHO YHKLUMIO MATOXOHA-
pHH MOKHO ONpefeduTh Rar cukmes ATD.

CoBepiIeER0 CUEBHAHO, UTO HUIHEJEATENbHOCTh HE MOMET CBOAHTHCA K
OJHOMY HempekpalalomeMycs cHBETe3y. OHA ABIAETCA pe3yabTaTOM OYeHD
TOHKO OTPeryJMpPOBAaHEOrO (i MOCTOAHAC OGHOBJIAEMOTO) PABHOBECHA MEMXIY
CHETE30M M pacnafoM. CymecTByer MEOSKeCTBO €PMEHTOR, KATAJMAHPYIOWHX
pasHoOGpasHble PEAKIMHM pPa3I0XHEeHHA; K TaKdM $epMeHTaM OTHOCATCA, B
qacTHOCTH, Pocghamassi. QM OTEUAAWT POCPOPHYI0 KHCIOTY OT pocdarco-
nepmamux (Pocopusuposarrbir) coefnHEHNE, 3aMaxMBaAChL AaKe Ha YHH-
sepcanbEniit AT®. Hmeerca cneunanbuuii pepment adenosurnmpudgdocamasa,
cokpamerBo AT®-asa, koropas pacmeninger AT® ga AIID u cBoGonsbii poc-
dar. OueBnpHo, 410 AEATENBHOCTH TAKNX sumuneckur (pacrBopaommux) dep-
MeHTOB [NOJIKHA HAXOJUTBCA HOX CTPOTrHM KOHTPOJEM, B MPOTHBHOM clydae
oHH Memanu Obi mpoleccam ciuHTeza. Ilo-BuauMOMY, 06HIMHO OHB 060COGIeHN
B COENHANbHRX NY3HPBKAX. ITO H €CTh AU30coMb. JIMIbL NPH ONpeIeneHHBX
obcTogTenbCcTBaX (KOTOPHe CBA3AHE € PasMaxoM IPOLeECcCOB CHHTE3a) M3 JH30-
cOM BHCBOGOKNAIOTCA 3aKIOUeHHbIe B HUX autuueckue pepmentei. Ha artom
HpuMepe Mb ONATh-TAKH yOeKIaeMcR B TOM, 9T0 mexwdy cmpyrmypoi u Gyrx-
yuel cywecmeyem mecHetiuas Koppessyua,

Bonpexu paHee NPUHATHRIM IOPeACTABIEHHAM CTPYKTYPEbie 3JeMEHTH MO-
IyT BIMATH APYT Ha Apyra. Ecau [0 cnx mop peds wiaa TONBKO O PeryjJAluu
GyEKOMOBEMPOBaHMA caMHX ¢epMeRTHHX Hemedl (06 3ToM moiizer pevb B Cae-
Ayiolueil TaaBe), TO celiuac BHIACHASTCH, YTO K CTPYKTYPHbIE dleMeHTH cnocob-
HB K B3aHMEON peryaauuM — 3Ty 06nacTh ucciefoBaamit B HacToAINee BpeMa
KaK pa3 HAYMHAKT pa3pabarnBaTh.






3HaKOMCTRO € KneThow 205

-

(2panysapras cmpysmypa) WIK U3 TOHYaiumx HuTeld (Pubpuisspras cmpyx-
mypa). OU3MONOTH ONpPENIeHAM, UTO B HeM COAePXKATCs OelKH, B TOM umCie
MHOI'O PACTBOPMMEIX, T. €. Be CBA3AHHMX C 3IeMeHTapHaIMH MeMOpanamu (kak,
HanpHuMep, B MUTOXOHAPHAX), fepmentor. Ocobenno MuOro Guio HalineHo dep-
MEHTOB, IepepabaTHBAMUX IAOKO3Y B NHPOBHHOTPANHYI0 KHCIOTY, T. €.
depMeHTOB IIMKOAU3A.

K coamennio, ¢ DOMOMbIO 3JeKTPOHHOIO MAKPOCKOHA B OCHOBHOM Be-
mecTBe TOYHO TAK e, KAK U B KJICTOTHOM ajpe, MOYTH He YAAAOCH BHABUTEH
CTPYKTYDP, O KOTOPHX MOKHO Ghuro 6m ¢ yBepeHHOCTBIO CKa3aTb, 9TO OHH HE
ABaATeA apredpaKkTaMy, BOSHHKUINMH B pesyabraTe duxcanuu. Iloxa uyto k
ayumuM n3obpamennsM clefyeT OTHeCTH MHKpogororpadum OCHOBHOIO Be-
iecTsa ameGbl, MonydenBre npodeccopom Boasdpapr-Barrepmanom (puc. 113).
9t MukpodoTorpadun DOATBEPKAAOT TO, ITO TPeANoJarasock pauee {pasy-
MeeTcs, HAa YPOBHE, COOTBETCTBYIOIEM paspellaiomed CHie 3JeKTPOHHOTO
MAKPOCKONA), 8 AMEAHO 9T0 OCHOBHOE BEIECTBO MOKET HMETb KAk TpaHyiaap-
my0, Tak 7 uépuuiaapayw cTpykrypy. Ofa cocrosHus HePeXONAT OJHO B
Apyroe, mpudeM BO3MOXKHO, 910 QuOPHIAIN HpeAcTaBAAlOT coGoll Ha caMoM
Iese meMOYKM, COCTOAMUE U3 MHOTHX TpaByn. B Bacrosmee BpeMa O HMX HM-
gero GoJsiblie He M3BECTHO.

14. KNETKA B LEAOM

Ot ananu3a K cHHTE3Y

XoTa MH yie 8HaeM MEOTOe 0 BEYTPHKJIETOUHbIX YaCTHMLAX, OMHAKO HaM
HeH3BEeCTHO, CKOJILKO MX HYKHO B3ATH, YTO0LI MCIONL30OBATH B Ka4ecTBE CTPO-
HTONbENX §JIOKOB; eMECTBeHHOE MCKIIOUeHUE — AKPO, KOTOPOE, KAK H3BECT-
HO, BCerja MPHUCYTCTBYET B KJIeTKE B eJHHCTBERHOM 4ucie, Eeam Ow Ham Ho-~
Tpe6oBanOCh, CHasMeM, Y8HATH, CKOMBKO B KJeTKe NTHKTHOCOM, TO MPHLLIOCH
OBl clenaTh CePHIO CPe30B Uepes ONHY H TY ke KIeTKY, HPOCMOTpeTb MX BCe M
«obcaurathy. MOMKHO, MO-BHAMMOMY, AOCTHIRYTH TOFO e TOpasgo OpOLe:
HYKHO DPOCTO HOJYIATh XOPOINME CPe3 9epe3 BCI KAETKY W UONpoHOBATH
OTHICKATH HAa HEM TO, UTO HAM YiKe XOpOI0 3HAKOMO.

[lpasna, 310 merue ckasaTh, YeM chenarts. HopmanbHas B3pocaas waer-
Ka — a Mbl BCera UMeJM B BMAY HMEHHO TAKYK KIeTKY,— KAK IipaBHIO,
CAMDIKOM BEJINKA, 9TOOH yMECTHTLCA B NOJe 3PEEHA 3JeKTPOEHOT0 MHKPOCKO-
ma. Ho, gonmycTaM, MH HanuIn COBCEM MANEHBKYIO KIETKY; TOTAA HaM Bce-Ta-
ki YAyt MelmaTh NPOBONIOSKH CETKH, KOTOPbIe, pasyMeeTcs, GyayT NepecexaTs
a300paxkeHHe UMERHO TaM, Tle OHO DpeactaBager ocoluiii maATepec, IToatomy
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He YJZUBMTEJBHO, YTO B CHeIUaJbHOU JguTeparype dororpadnm, HA KOTOPHIX
BIJHA B3pOClaA KJIETKa IEIHKOM, BeChbMa HEMHOrO09HCJEeHHN.

«~ ChnemoBaTelqbHO, MW He COBRCEM CROGOAHBI B BHOOPE KIETKH A M3YTeHHA.
Jlydme ncero soapMmeM 1A 970l LENH MOJOAYH PACTHTEJNBHYK KAETRY, KOTO-
pad eme He NMOJHOCThIO dupdepenyuposaracy, HeB3NPanA Jake Ha TO, 9TO Ka-
KHe-TO BJIEMEHTH B Hell MOTYT OTCYTCTBOBaTh WM GYyAyT HemonHOCTBIO cdop-
MupoBaHu. Pacemorpum ¢gororpadune Taxoil KiAeTKH, BIATOH M3 KOPHA KYKY-
pysst (puc. 114).

Ipemxpe Bcero, KOHe4HO, MBI 3aMedaeM KPYNHOe OBajJbHOe ofpa3oBaHRe
B CepeflHHe KJIETKH, KOTOPOe Nerko MAeHTHPuUMpoBaTh Kak auapo. OHO OKpY-
eHO 060/I0UKOM; 8 HEKOTOPHIX MeCTaX ABCTEBEHHO BHAHO, KAK OHA NMEPEXONHAT
B CHCTEMY JaMena 3HAOIIasMaTuYeckol cet. fAnepran ofonouka B HEKOTOPHX
y2acTKAX OAHOCHOIHAA, & B IPYTHX BHIFAAAUT ABOIHON M Aaxe TPOHHOH; Koe-
rae BEYTPeHHAA 000JIOYKA NpepniBaeTCs Nopamu (110 BepxHeMmy kpak). fnpo
OKPY’KEHO OCHOBHBIM BEMIECTBOM IIA3MbI, KOTOPOE B CBOIO OUEpelb OrpaBHIe-
HO CHapy:ku wierogHoil obomoukoii. [Tocaexmas Gyner paccMoTpeHEa HECKONb-
ko nosaHee. Ilpexkie Bcero Eac BATEPECYIOT BCEBO3MOMKHbIE MY3LIPBKH U TOMY
nojobHue deMeHTH, PasfpocarHbe MOBCIONY B OCHOBHOM BemecTRe, Camo e
OHO, KaK H OKHM1aJ0Ch, He O0HAPYKUBAET HUKAKOH BHIPAIKeHHOHA CTPYKTYPHL.

Jlerae Bcero OTHICKATH AMKTHOCOMBI: H30THYTHe HMCTepHHM [ONBIKHE H
OTACAAOMMECA OT HUX Ny3HpbxY LoxbIxku He cHyTaems EY ¢ 9eM. Ha atom
NOMepevYHOM cpese MOKEO HACYHUTATH POBHO NIKWHY AHKTHAOCOM, AOBOJIBHO
PaBHOMEPHO pachpenejJeHHEIX B OCHOBHOM BemecTBe.

JEIONAABMATHICCKYIO CeTh TOMe JIeTKO OMO3HATh, XOTA ee MUCTePHH pac-
DOJaralTca 3Aech COBCEM He TAK PYCTO M PeryJAApPHO, KAk 370 OHIO BUAHO Ha
pHc. 84, OHa npocTupaercs BOKPYT #APa, MHOTOKPATHO pa3BeTBAAACH. Pexon-
CTPYMPOBATh NPOCTPAHCTBEHHOE DACIOJOMKeHHe B3HIOMIA3MaTHIeCKOl ceTH
00 3TOMY CHMMKY GBriIO OB HeJerko, HO 37iech 3TO M He HYKHO.

Opano saMegaHMe OTHOCHTEABHO 3HIOMNAa3MaTHYecKoi cetn. Ee Tawu gac-
TO JeAT NONapHO, TaK 9TO MOMeT CO3NAaTbCH BHmedaT/ieHue, 6ynTo OHM mpefn-
CTaBJIAIT co00¥ dneMentTapunie MemOpansl. Ho 310 o6ManuuBoe BueuatrieBne.
3TH TAXH He 3aMbIKaKlOTCA BOKPYT HHTPANUCTePHAJABHLY HPOCTPAECTB, & cieno
KOHYaKwTCA B OCHOBHOM BeMEeCTRE NHTOIMIA3MBbI. B HEeKOTOPHIX MeCTax XOopouo
BUIHO, UTQ 9TH TAXM B JelicrBUTENbHOCTH 00pas3oBatbl ABOMHEIMA MeMOpPaRAMA
(caMir OHM OKPY!KAIOT LUCTEDHB SHOOIUIABMATHICCKOW CETH, KOTOPHIE 3HEChH
ocofenHo yaku). BripoueM, B 3TOM MBI MOKeM yOeHThCA, paccMAaTPHBAA MJIA3-
MaJeMMY, OTPPAHUYHBAIIMYIO OCHOBHOE BEINECTBO W HElmoCpeicTBeRHO MPHMBI-
KAmyl K Kaerounod oGomouke. Ilnasmamemma o6pasoBaHa 3JdeMeHTapPEOMU
Memﬁpaﬁoﬁ, H OOTOMY €€ TOJNHWHA COCTABJIAET IOJOBHHY TOJIGMHB NJIOTHO
NPHMBIKAIOMAX APYT K APYrY RBORELIX MeMOpaH 3HAOIIA3MATHYECKOH ceTH.

Hecroabko Tpynnee onpegenuth ocraibhee yactuun. Hekotoprie us mux,









3nakomcrso ¢ knetkonn 259

HeYHo, B KOPHE KYKYpPY3s NPOIIACTHAB Pa30BbIOTCA He B XJOPOMIACTH, a B
HAKAIIMBAOMHE KPAXMall WIACTHIN — 4eiikonAacm.

Tlnoxo emAHEL pAGOCOMBI, HO, BOSMOMKRO, JEJNO 38eChb B TOM, 4YTO KJIETKa
6ota PMKCHPOBAHA C LeAbI) BHIABHTDH dJleMeHTapHHe MeMODaHH, a 370, KaK
IPaBRJIO, JOCTUTAETCA 3& CYeT YXY/AImeHHA BHANMOCTH pmbocom.

I{eBTpaNbHYI0 BAKYOJUb He YOAETCA PA3JIMUNATL — 3TO CAHHIKOM MOJIOAaA
KJIeTKa.

Hrar, B ofueM Mbpl He OOMaHYJAHCh B CBOHX OMAAHMAX. MH cymeam B
Henoll KieTHe PAacHOSHATH IOYTH BCe KJIETOUHHE OPraHe/Jib, KOTOpHe paHee
OM#CHIBAMM N0 OTAENLHOCTH; Jajiee, Mhl CMOIIH B NepBoM DpAGIMIKeHH” onpe-
AeIUTh KOJNMIeCTBeHHEe cooTHoweEnA. [IpaBaa, Mu BelRY»JeHH Owiam KOB-
CTATHPOBATh, YTO B MOJIOJOM KJIeTKe MHOTHE OPraHeA Ikl PASBHTH HENOJEOCTRIO.
Bosrnraer Boupoc: KaK BCe 3TO BHIVIAMAT BO B3POCNOH KJeTKe?

IMonATHO, 9TO Ha 2TOT BONPOC HAKOTAA Hexbasa Gyner nate ofmero oTBera,
KOTOpHE rogmica OM Ana Bcex caydaes. Monofble KJIeTKA, Kak NPaBRBIO,
09eHb MOXOMH APYr Ha Apyra. OxAako B manbHelileM OHM HAYT Kaxkmas cob-
OTBeHBLIM MyTeM, pasBEBaAch (InddepeRNUpPyAch) B pasiK4HLX HAaNpaBIeEKR-
fX, TAK 9T0 B KOHIE KOHIIOB OHH DO HEOGXOIMMOCTH AOJKHBI OHTH HOCTPOCEH
COBePIIEHHO N0O-PasHOMY — Bellb OHH BHNOJHAKT HeOAWHAKOBbE QYHKIHH!
HepBRy0 KIeTKY BPAA JH MOMHO CPAaBHMBATH ¢ KIETKOH cOeJMAMTeNbHOH
TKaHH Wil ¢ kaeTkoli ¢oTocuHTe3npylomefi napeHXHMB — Kak IO CTPOEBHIO,
TaK H N0 BHNOAHAeMOH pabore,

Opmcanme BceX THIOOB KJETOK, 4 MX HACUHTHBAIOTCA COTHH, 3aHANO OH
MHOTO TOMOB, HO Mbl Belb He coGHpaeMcs, Na B He B COCTOAHMM UmcaTh ydel-
HHK 110 TOHKOH CTPYKTYpe; MM OPOCTO XOTHM 06cy1HTh HEKOTOpHE NPHHIHAIK
COBpeMeHHOR Ouoaorud.

TlocKonbky Mbl ynoMutanm (cM. ¢Tp. 239) 0 TOM, KaK ROMKHEA BHIAALETH
nudpPepeHnUpOBAHEAA PACTHTENbHAA KJeTKa, HOroBopuM Gonee moapo6HO
uMmeHEHo o Heii. Heratu, paccmorpum eme pas pme. 107. 910 Ham moMomer.
[Ipeskne Bcero my»xHO OTMETHTL 3HAYMTEAbHOE YBEAHIEHHe DA3MEPOB BAKYOIH,
KOTOpPOe MPOUCXOMAMT rMIaBHKM 06pa3oM 3a cHeT nornomenus sonul. Kaeroamoe
AP0 He YBENHIHBAETCA COBCEM UMM YBEJHMUHBAGTCA OYEHb He3HAYNTENbHO,
0o0beM OCHOBHOIr0 BeMeCTBA LMTOLAA3ME YBOIM4YHBAETCA, HO HeHamBOoro. IIpo-
OAACTHAR, IPEBPamasch B XJIOPOMIACTh, YBEJIHUNBAOTCA B 9HCJIe; TO e ca-
MOe TPOHCXOAMT A ¢ MATOXOHAPUAMM (N pejIecTBeHHAKOB KOTOPHX aHAJOINY-
HO HA3KBAIOT NBPOMUMOTORIPUAMY).

Yucao AUKTHOCOM YMEHBIIAeTCH K TOMY BPEMEHH, KOT3 KJIeTOYHasA CTeR-
Ka OKOHYateabHO copMupoBagack (pasBe 9T0 KieTKa MpeAHA3HAaUeHa NPOM3-
BONHTb CJAN3b JJA NOBAM HaceKomnix). PHGocOM To)Ke CTAHOBHTCA MERBLUIE,
KaK TOJABKO MafaeT MHTeHCHBHOCTb (ejqkoBoro cumTe3a. B nesrpe,”ram, rue B
MOJIOAON KIETKe HAXOAMIOCH ALPO, pachmosaraeTcd LeHTPaJbHaA BAKYONb.
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BaTh: Belb ¥ HUX OTCyTcTBYeT AnPPepeHliEPoBKa B TOM BHJIE, B KAKOM MK €6
TOABKO 4TO OMHCANMN.

Ho sro va camom fiene HeBepHo. HoHeuHo, B ocHoBe JuddepeHnuposkn
JIEKHUT NMPOLUECC PerynAillAM, OAHAKO He BCAKAs PEryAALMA HeIpeMeHHO NpH-
BOANT K (coXxpamsaiomedicsa) nuddepenuannun. 1 noromy BoBce He GeccMpICaeH-
HO HCHaTh Y GaKTepmil peryasTopHele MeXanH3MH. MaJo Toro, HMeHHO ¢ HMX
A cnejyeT HAYMHATH — 3TO 3aMeYaTeNbHO YAOOHWH 00BHeKT AAA IKCHepHMeH-
THPOBRHMA, HM MBI YiKe 00A3aHH Ba)KHeHUIAMHN OTKPHTHAME B 001acTd reme-
THKH.

Tlpaspa, eme cobBceM HelaBHO MOMArajd, 4T0 6aKTepHanbEAA KleTKa —
3TO OPOCTO-HAMPOCTO «MEUIOK, 3aMOJHEHHHI depMeHTaAMU», YTO OHA peanusy-
eT cpa3y Bcio MEPOPMALIHIO B B HOH IIPHCYTCTBYIOT BCe (PepMEHTH, T'eHB KOTO-
pwX nMeioTcs B Hanmamu. QnmEako ceiryac 06 3tom usbectHo Goapme. Korpa B
6aKTepHANbHLIX KJAETKAX ONpeAeNflOT KOAMYECTBO OTZeabHLHIX $EpMEHTOB N
CPABHMBAIOT HOJY9EHHbI PE3YAbTATH ¢ O0mMAM KonuvecTBoM Genka, TO B He-
KOTOPHIX CNYYaAX OKA3KBAGTCA CIEAYIONee: Ha JAOJI Kakoro-nubo opmOro
depmenrnoro Geaxa mpuxoaurca oT 5 go 8% obmero cogepmanus Gesnka B
Kiaetke. CuaeosaTesqbHO, B TAKHX KJIETKAX MOMKeT Colep:KaThcA He Goabiie
RIOMUHE pa3apIHEX depMeHTOB, TOrda Kak MM, GeaycaoBHo, TpebyiloTcsa coT-
RN, ecJH He ThcAYH PepmentoB. Honeuno, Bo3mMoxHO, 4TO HA caMoM Jede dep-
MeHTOB B Takoli wierke Cosbmre, oxoso 50, BHO Ka)KIHIt B3 HRX UPUCYTCTBY-
eT B 09eHb MaJoM KoaudectBe. F Bce jxe MoxeT n GHTH, 9TO Bee Mpodne Hpo-
1eccs! HAYT HOPMAJBHO, €CJH KAETKA TOJABKO HAa POH3BOACTBO OHOTO-EJIWHCT-
BeHHOro ¢epMeATa HAaYMHAET 3aTPAYMBATH CTONDKO BeMECTBa H BHEPTUH?

Bakrepnn ¢ MX OTPOMHOH CKOPOCTHIO PABMHOKEHHA UCHHTHBAIOT 0co0eHHO
CHJIbHO® JaBIeHHe KOHKYpeHLHE, wmid Jastenue ombopa. Hakmas RiaeTKa, B
KOTOpO#l MMeTcA MeXaHH3MH, paloTajommme Oonee 3KOHOMMYHO, CYMeeT B
Sonbuieii cTemeHH NPHCHOCOGUTBCA K HOBHIM 0OCTOATENBCTBAM, KOTOPHE MOFYT
BO3AUKEYTH B pesyjibTaTe H3MEHEHUS YCIOBUM CpeAH: Dbojee 3KOHOMHO
paforaomuEe MEXaHMIME HMMEIOT CeACKMUSHOe NDEUMYWECME0; MONKHO [arKe
CKa33aTh, 9TO B IpoNecce 9BONIONUE uneT otéop Ha HamGoaee JKOHOMHIHOS IO-
BefleHHe.

Cammuii npoctoit o caMuil ReificTBeAHN# DPUWHIKAI 3KOHOMAM COCTONT, NO-
BRAMMOMY, B TOM, YTOOH BCEra CHHTE3HPORATH TONBKO Te PepMEHTHI, KOTOPh®
TpebyoTca B faHHBX 00CTOATENBCTBAX, OCTAJNIbHLIE jKe, HAIIPOTHB, HEe HpPOM3-
BOZUTH COBCOM HNH, BO BCAKOM ciaydae, “p0H3BOJIH'I'b B CAMOM HE3HAYHTEJbHOM
Konmtectse. Biarogaps atoMy oprammsm He TPAaTHTCA Ha HEHYKEHe CHHTE3H,
coaaBasn cefe cBOero poja NOTeHNHANBENI pe3eps, KOTOPHH B cAydae HYH I
03 MOMET CHOBa MCNOJB30BATH.

Komeuno, nogo6HEe MeXaHM3MH JHIIL TOTAa WMEIOT 3HAYCHA® [l 3BO-
JAOOMAH, KOTAA OHU HACHEAYIOTCA, T. 8. KOTJa COOTBETCTBYlomaa madopManas
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Hucno Knetou

1

Puc. 131. Pasmuoxeume GaxrepaalbHWX
KJIETOK B CYCIEH3HH B HPHCYTCTBHH JAKTO3H
HAUMHAETCA TONLKO TMOCHe JATEHTHOrO NepHo-
18, BO BpeMa Koropolo mHIydnapyercs oGpa-

NakTosa
HOHY4NACEH

Bpemn

i
NateHTHLM
nepuog

Puc. 132, Ecag B cpese HpHACYICTBYIOT H
T/IOK03a M JIAKT03a, TO Pa3MHONKeHHe KIeToK
HavHHaeTcsa cpasy e, Gea JATEHTHOTO Ile-
puoss: GepMEHTHE IIH PANTOKEHHA THIOKOBE
AMETCA BeArNa (KOHCTATYTHBHHEE depmen-
t!). [locae HeToleHMA B Cpeje 38Nacob
[IIOKO3H JOJMKeH OMTbh BHIIOYEH JAKTOSHHH
ONePOH H HAYAT cHHTe3Z (epMeHToB, Heobxo-
AMMHEY A DA3N0KeHUS JN8KTO3W; TM03TOMY
ONMATL-TAKM MMEeTCA JNATOHTHHE NepHon, Ko-
TOpOMY COOTBETCTRYeT IepBoe IJIATO Ha
KpHBO.
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Hepenik. Bepoard€o, B 3TOM cayyae co3fadAe CHeNHANbHWX pPEryJATOpPHBIX
cucreM notTpe6oBano 6u Gonsille IHEPrUM M MATEPHAJIOB, YeM YIaJ0Ch Ohi CIKO-
HOMHTH ¢ HX OOMOIIBLIO.

Honeuno, coBceM mo-uHOMY MOJKHO OGCTOATh HEAO ¢ KOHCTHTYTHBHRIMHA
depMeRTamMu, pasnarawmEMH INIOK03Y. JTa depmeHTHaa cncreMa paGotaer
OYeHb MHTeHCHMBHO, M KOHUERTpauus (PepMeHTOB MOMKHA 30ech IOCTOAHHO
NoAeP/KUBATHCH Ha OYeHb BHICOKOM ypoBHe. TeM He MeHee oHa He OhBaer
cauutkos BhICOKOH. B03aMOXKHOCTH perymauuu afech caenyiomue. Bo-neppux,
AHAYKTOP R Kopempeccop MOTYT GHTEH pOACTBEHEHN APYT APYTry, T. €. JH0GO HM-
AEYKTOp BO3HHKeT H3 Kopenpeccopa (wiam HaoGopoT), nubo HEAYKTOD M Kopen-
peccop obpaayioTca ogHOBpeMeHHO, Ha OfHOIN NpeamecTsyIomeli cTaguu. Bo-
BTODHX, MEXKAY RHEAYKTOPOM B KOPeNpeccOpOM MOMKeT YCTAHABJIMBATBCA IOC-
TOAHHOE KOJIHIeCTBeHROE COOTHOUIeHHE (HeuTo mooGHOoe H3BECTHO B OpraHnyec-
KOH XHMHH), KOTODOe KaK pa3 TakoBo, 9TOGH «0TAa4a» HHPOPMALUH ONePOROM
BCE BpEeMA REP:KaNach HA MOcTOAHHOM (BRHICOKOM) ypoBHe. QnHaKo Bce aro,
co6eTBEeHHO ropopsa, JOMHCIbBI, JHOIEHHWE JHKCNIepHMEHTAaJNbHOTO OORTBEDKOe-
HHs. Bo3MOXHO, B [@HCTBUTEJIBEOCTH BCe BHIAAAMT coBepmenno wHave. Ho
OfHO Ka)KeTCA COBEPIIEHHO ACHHM: Halle pasfefieBue GepMEHTOB Ha pezy.si-
pyemvie N Hepezysupyembie (KOHCMUMYMUEKSeE) He BIOJARe NpaBuibHO. Jlyqme
6n10 Gn rOBOPHTE 0 depMeHTAX, KOHNEHTPALMA KOTOPHX CTabHIBHO HOAmep-
JKUBAETCA HA KAKOM-TO HDOCTOAHHOM, BechbMa HU3KOM (Hampumep, depMeHTH
6mocuHTe3a KOPEPMERTOB) HAM BLHICOKOM YpoBHe (HampuMep, (epMeHTH paa-
JIOXKeHMA TJIIOKO03H), W 0 ¢PepMeHTaxX, KOHUSHTPANNA KOTOPHX MOMeT CHIbHO
BapbAPOBATH, T. €. GHTH OUeHDb BHICOKOH HJN HYJeBOH B 3aBHCHMOCTH 0T TpeGo-
BaHWHA (CHHTe3 @MAHOKHCHOT — DEryJiAuMA MOCPeRCTBOM PEHPECCHMH; paciaj
JaKTO38! — peryJaAuna nocpepctsoM uHAykNWH). Ilockoabky Ham BamHo,
qrofn 9ATATENB XODOINO YCBOMJ Rpukryur peryndluau, nonpodyeM KpaTko
pesIOMHEPOBAThL BCe TO, 9TO Msl paccrasamu. Wrak, peryasuus ocylulecTBiaser-
€A TOCPEACTBOM pelpeccOpoB, MMEINHX ABOHHYI (asstocmepus) cnenudmny-
HOCTh: BO-IEPDBWX, B OTHOMEHUH TFeHOB-ONEPATOPOB, HAXOAAWIMXCA B re-
HOMeE, B, BO-BTOPHX, B OTHOINEHHH ONPEe/leIOHHKX MaJINX MOJeKYa (Kopenpec-
COpPOB WJIH HHIYKTOPOB), Haxoaamuxcs B uuronaaame. K. Bpam B cBoel xan-
re «Hnaccudgeckas B MoNeKyJAApHAA TeHETHKA» TAK XOpPOIIO OMHCAJN BCE BTH
MEeXaHH3MKl, 9T0 Nyuie BCero NpPHBECTH 3Iech ero cOGCTReHHhe CJIOBA:

«CnenudHyecKHe Malbie MOJEKYAH MOTYT AKTHBHPOBATL MJIHM HHAKTHRH-
pOBaTh ONpeAeJeHEnil perpeccop. C APYro# CTOPOHH, pempeccop pearmpyer
co crenpHIeCKUME OIePATOPAMH I TaKHM o6Gpa3oM BKJIOYAEeT MM BLIKJAI0YE-
eT rpyunsl reHoB. Penpeccop cay)kur, Tak CKa3aTh, MOCPEAHUKOM MeMAY IA33-
Moii n renoMoM. ITomo6no romy kax MPHK nepeRocur unpopmaumio u3 remo-
Ma B NJa3My, penpeccop NepeHOCUT HHPOPMALHIO N3  TMAA3ME B
reHoM. ..»






Pearynaropusie mexaHuame xnetkn 289
*

CTABJEHNA O UPHPOJE PEIPecCcOPOR ABJNAITCA MOKA BECbMA PACHINBIATHME B
THUOTeTHYHRMHA.

Hanporus, caMo CymIecCTBOBaHUE PENPECCOPOR He BHIBHIBAET HAKAKHX COM-
nenuii. Y Bce cTOAD HEOCHOPHMbIE JOKA3ATENBCTBA HA JTOT CYET NOJYYEHH B
reHeTMYecKHX 3KcmepmMeETaXx. Kak 6m HempasgomofoGHo 3TO HE 3BYwaJo,
HO BCe JETANH OMHCAHHHIX 3[eCh MeXAHH3MOB Peryinsansl oGHADY)KeHH B ONhI-
Tax mo pexoMOEHauwd GakTepudi (TYT HMCOONb3OBANHACH H KOHBIOTauHA, H
TPAHCAYKUMA, U CeKCAYKIUA, # CO3TAHMEe FeTePOreHOT NyTeM BHeCeHHA B (ak-
TepuaNbHEHe KIeTKA olpefle/IleHHHX YYACTKOB TeHoMa B [0NOJHeHAe K Yrke Ha-
XoAAmEeMycs TaM OaKkTepuaibHOMY resoMmy (cM. crp. 163) m 1. o. Bew pabo-
Ty, KOTopas UoTpeGoBaNach AIA Pa3paGoTKM NAAHOR PKCIEPHMEHTOB, & TakK-
e JAIA MHTePIpeTaniu MONYyJeHHHX PesynbTaToB, HEBO3MOKHO JIayKe OLEHHTh
B Monuoli Mepe, HACTOABKO OHA TpaHJIMO3HA.

OpMako IR pasbACHEHUA XMMUYECKOH NPHEDOAH pelpeccopoB reHerddec-
KAe MeTONH He TONATCA. A IOCKOJNBKY ViKke 0AHOY (AKTHBHOM) MOJIEKYJH pell-
peccopa, NO-BHAMMOMY, JOCTATOIHO LA TOro, 9To6h BHKIKYHTH ONEPOH,
TO He FORATCA H XHMHMYECKHE MeTO[H; KaK W3BeCTHO, MJIA XHMHY6CKOTO aHAJM-
3a TpeGyerca Goapmoe KOJAMYECTBO ONHOPOAHHIX MOJEKY..

Penpeccopsl y9acTBYIOT He TOAbKO B OuocuaTese depmentor. Ha crp. 155
MBI pacCMaTPHBAJIH YyMepeHHERe $arn, KOTOpHe He CIOCOGHE CROGOHO pa3MHO-
ATHCA B JH3OreHHON KNeTKe, a PeAYUIHANHEDYIOTCS TOAbBKO COBMECTHO ¢ §ak-
TepRaJAbHHM TeHOMOM. X cBOGOZHOMY pa3MHOKEHMI MeMmAaeT KaKoH-To pe-
npeccop. Pempeccop oTBeTCTBeH W 3a NOJABICEH® .AKTHBHOCTH (ares, BTOPHI-
HO 3apa’KAlIEX JTHSOreHEYI0 KJIeTKY: Belb TaKasd KJIeTKAa HMMMYHHA NPOTHB
najpHEHIIero 3apa:eHus (TeM xe dparoM). Yaanoch MoKasaTh, UTO B STOM CIY-
yae pempeccop OPOAYLRHPYeTCA NeEOM H NPHTOM TreHOM, [PHHANLIEGKAIIAM
dary. Ho To, 9aro rognrca aaa ¢ara, ROMKHO MOAXOAUTH JJiA BCeX IMUCOM,
skmouag RTF. Takam o6pasoM, H3yYeHHe pelpeccop 0B MOKET HEOKHAAHHO
npHo6pecTn B BHCHeH CTeNORH Ba)kHOE NPAKTHYECKOe 3HaUeHUe.

B saxaiouenne Heo0XOMMMO emle CHeJaTh 3aMedaHHe OTHOCATEJIBLRO HMMY-
HHUTETa Au30TeHHX KaeToK. O mourn HEKorja me OmBaer abcomoTEnM. Tak,
KJeTKa, 3apakenras npodarom P2, xKomeuHo, HMMYHHA OPOTAB 3apakeHRA
3—4 apyrumm wacrunamn dara P2; ecam, ofnaxo, 3apasurs ee 20—30 vacTana-
mu dara P2, To MMMYHATET OKA3HBAeTCA HAPYUICHHRMM. JT0 XOPOMmO COraa-
CyeTcs ¢ MpeANOodOKeHHEM, COTIAcH0 KOTOPOMY B KIIeTKe, BEPOATHO, HMEITCA
B HAJMYHH JHMb OI€Hb HOMHOIOTHCACHHEI® MOJEKYJh Pelnpeccopos ompeje-
JICHHH X THOOB.

19—690
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NpE NOMOILM paAMoakTuBHON MeTKr. Panbme Mu Mernan JIHK (6akrepnann-
HY®©) THMHHOM, B KOTOpHit Bxoxua Tputuii. Teneps sam myxxno nomeruts PHK,
f MH HCIIOJNB3YyeM RJA 3TOF¢ MeYeHH ypauAd (TaK KaK OH BKIIOYAETCsH TOJbKO
g PHK — 8 JIHK BMecTo Hero npucyrersyer TuMuH). OKas3HBaeTCR, 9TO mpu
BTOM METATCH TOJBKO OyPHPH, TOrAS KaK OCTalbHhle JACTH XPOMOCOMHEI IIOUTH
AJIHE COBCeM He cofiepkaT MeTkl. Hakonen, B nygdax Mo:xkRO 00HAPYKHTD elire
# 6enku, BepHee, pubonykaconpomeudn — coeIuHeHHs pHOOHYKIEMHOBHIX
KdcnoT ¢ GeakaMu (OEM-TO, 0UeBHIHO, H JeNal0T BAAMMLIME oyddH, Tak Kak
oquaognsie wemn JHK win PHHK coumkoM Tomkm).
IIpegnonaraercs, 910 B 0GnYEHX, He B3gyTHX gackax JJHK cuapno cum-
pann3oBaRa 4, BEPOATHO, NPUKPHTA K TOMY jKe OCHOBHRIMHM GeqkaMm THMA
racroRoB. IlosToMy 3axmoueHnHaa B He#t uAdopMauus HeocrynHa. Jlmue B
oyfdax NpoHCXONAT paspHXJeHHe, pa3BepThBaHAe muorHol ymakosku JAHK,
f6aarogapA 9eMy OTKDHBAeTCH NOCTYN K 3aKPHToi paHee HEQopMalEM — re-
HE «CTaHOBATCA AKTHBHHMN». CieHosaTelbHO, rpapuk NOABNeHHA B3AyTHI
(PaKTAYECKA CHAYKHT PACHHCAHHMEM CYHTHBAHHA HEGODMAUHH.
Koopammauma pacupocrpaneHds B3AyTHH ¢ OPOCTPAHCTBEHHBIM pPacIO-
AOKeHEEM JMCKOB APYT HOJJIe APYra MOXkeT HaBecTH Ha MHCAb, 9T0 ME HMeeM
37eCh [eS0 ¢ HCTHHHNM OMNEepOHOM, YTO NONePedYHHe AUCKHM {WiIu nydPm)
COOTBOTCTBYIOT CTPYKTYDHHM reHaM, a DepBHi nydd MomHO CPABHMBATh C
reaoM-oneparopoM. OgHako ciaepyeT cobmaiofaTh CyryGyl0 OCTODOMKHOCTD B
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Puc. 140. BpemeHHAA NOCAeOBATENLROCTL (CNEB& BALpABO, B 9acaXx) nydpoobpasosanra
Ha yyacTke Xpomocomu. OGosmagenus nyddor (caepa) cOOTPETCTBYIOT 0003HAYCHHAM,
npuBegeHHHM Ha pue, 135.
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B cBeToBOf. MuKpockon. CooTHomeHK e MEHAY AMuHOMN reHoMa daros, Hakrepuit
B BHCIINX OPTaHM3MOB (KJETKH KOTODHIX AMEOT AKpa) COCTaBAAeT RpAGAN3N-
rensHo 1 (dar) : 100 (Gaxrepmsa) : 10 000 — 100 000 (BpicIMe OpraHU3MHI}.
Caompaas JJHH na xpoMocoMu rpe6eBuaToro TPMTOHA B BHTAHYTOM COCTOAHAH
cocTapaaa Ouf B pamHY 1 MeTp, TOrIa KaK AAuHA caMoli XpOMOCOME paBRa JHILb
HeCKOJbKEM MHKPOHaM!

3. N3 onmTOB N0 peIymJIHKAHR CJAedyeT, 9TC XPOMOCOMA COCTOHT H3
ABYX cy(belWHHL, KOTOphie PasbeIUHAIOTCA, a8 3aTeM BOCCTAHABIHBAKT CBOM
HefocTaomae nonoBEEKE. Ha KieTkax KOHYAKa KOpHA KoHckmx Gobos (Vi-
cia faba) GHIIR NOCTaBJEHL OMKITH ¢ ACOQOAb30BAHHEM PAJAMOAKTHBHOH METKH,
AHAJOrHIHHE TAKHAM Ke ONKTaM ¢ 0aKTepHsAMH; pesyJabTaT B 060MX CAYYaAX
6ua oguAakos. X poMocomal, kKak h cnapaaun JHHK y Gakrepnii, ocymecTBasor
Uepenaqy HAcAeOCTBEeHHWX 339aTKOB  4DOJYKOHCEPBATRBHHM»  CHOCOGOM
puc. 141).
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Puc. I141. B xpoMocomax TaK:Ke MPORCXOJAT NOAYKOHCEPBATHBRAA penynauKanuA (cxeMa).

4. Orclofa caejtyer BHIBOR, 9TO OpH YABOGHAH XPOMOCOM BCA HOOpPEpPHIB-
sag geodtHaa compans JHK nomxRa kak-1o pasoliTach (MeXaHH3M 3aCTeHKH-
MONHKA). 3T0 MPOHCXOAAT TOJBKO YTeM PACKPYYHMBAEHA, HO KAK KO BeJMKa
I0MKHA GBITH CKOPOCTh PaCKPYYABAHRA LeNOH XPOMOCOMH (IJHMHA CMHDAJR
JHHK papma 1 Merpy), ecam y:ke y GaxrepmansHOIO FeHOMAa OES HOCTHraoT
ppaMepro 10 000 oGoporoe B MuHYyTY!

5. OT rAraHTCKHX XPOMOCOM OTXOAAT TOBKHe metam. YUrto 310 — packpy-
9eHHHe ABONANE COHPAN¥ BIH BHTAHYThe ONHMHOYHHE Ilemd?

Crenyer OTKpPOBeHHO MPH3HATH, 9TO B HACTOALEe BpeMA HET TaKOH Moje-
JH XPOMOCOMBEI, KOTOpAA MorJja Onl YJIO'BJIETBOIJHTBJ":HO PasbACHATH BCEe N3-
BecTHHeE PaKTH. BooGme rosops, cymecTByer MEOro pas3HbIX MoAeseil, HO HH
ofgHAa H3 HEX He Gesynpeuna.

CoritacE0 0ZHAM MOZRENAM, MONYCKAETCA HANUYAE HemPepHBHON ABORHON
curpanz IHH. 3ro nonymerne anoane coraacyercn ¢ pe3ybTaTaMH OIbITOB MO
CKpeMHABAHAI N PeAYIIHKALUAHA, OHAKO He DOSBOJAET O0bACHUTL, KAKNM
o6pa3oM MeXaHM3M DACKPYYHBAHHA ®MOKeT HeHCTBOBATH Tak GelCTpO.

Hdpyrae Monenu ocHOBAHbH Ha NPERTONOKEHRH, UTO ABOHHAA CHMPATDb
JHHK cocrour na Gonee nnm MeHee caMocToATeNbANX cyGbennarl. Ho Tak Kak















304 flnaea 4

oHeprum, AnddepeHUUPOBKY Y MHOTOKJICTOYHBX, NOCHEROBATENBHOCTh H CMHCI
ob6pasopanua nypdos. Mu yxke 3paeM BakHedmme 0COGeBHOCTH pPeryNATOP-
HB(X MEXaHHU3MOB KJIETKH, H MO’KHO He COMHEBAThCA B TOM, 9TO BCKOpPE CTAHYT
H3BeCTHB JajIbHEHMAe OPARIALNE I 0CoGeHHOCTH 3TOrO ABJNEHHA.

QOraaro, 6LITh MOKeT, eme BaxkHee OOMUE BHBOJ: NPOLECCH CYATHBAHAA
A peanmdanan uEdopMalMAm He 3aJaHEl pPas W HABCerja, HO OTIMYAKNTCA
IHOKOCTBIO M LpeXAe BCEr0 BeChbMa CHJABbHO 3aBHCAT OT BHemsHX dakTopos.
Kanerouroe Agpo BoBCe He MpefcTanifseT coboil HekHi NEATP, KOTOPHHA KOMaH-
AyeT BCeM R KaKAHM; CKOPEe ero ¢lefoBao Ok cpaBHATH ¢ APXHBOM, H3 KOTO-
POro OKpPY’KAOmMaA cpefa HPE IOMOIGM HBAYKTOPOB HJIH KODEEDECCOPOB H
qepes NOCPeACTBO LATOORA3MH IepIaeT N0 Mepe BEaJoGHOCTE HRPOPMATAI0 (AIE
oTKNOHAeT ee). Hierka Be ympaBisieTca AAPOM CAMOBIACTHO.



MOAEKY bl
NAMATH

FMABA 5

1. OF [PEMECKMX DUAOCCODOB
K COBPEMEHHbIM BMOXMMMUK4M

MONCHM BOCKOROH AOIIBUKM # IHTPBMG

CopepsxanaeM Tpex «pEIROJIOTHIOCKAXH INIAB HTOH KHATH ABHICA PACCKAa
0 TOM, KaK 3aNHCAaHA B MOJEKYJaX HYKJIeHHOBHX KHCIOT IeHOTAYeCKAaA HH-
dopMan|s, Kak aTa EBYOPMALEA NepefaeTca NOTOMCTBY ¥ KaKHM 00pa3oM oHA
peann3yerca B KJIOTKe AJAA CHHTe3a cnenEdud4ecKHX $epMEHTOB W RNA CO3fa-
HAA B KOHETHOM HTOTEe FOTOBRIX NPH3HAKOB OpraH@aMoB. Bee aTo, B CymEocTd,
d COCTABJALT IPEAMET MOASKYAAPHOi OHONOrHH (HaM, B §0JNee Y3KOM CMEICH®,
mModexyasprol remetuxd). Cospgaerca BoegaraeHne, OGyATO MOJNEKYAApPHAA
OMOAOTHA eCTh He 9TO HHOe, KAK GHOJOTEA HYKAGHEOBHX Kucaor. HomeqHo,
3TO HE COBCEM BOPHO, HO OAHOTO BCO Ke OTPHIATH HOJNb3A: HMEHEO KOHOONLNS
MOJIEKYJIBl HYKJIEHHOBOH KHCHOTH KAK «KOHTpOJHpYOMed HHCTAHUHAY HIA
mo MeHbIeli Mepe Kak «apxmBa» (cp. ctp. 304) pesoaouHOAHE3HpOBaNa GWo-
JMOTHIO, HOBePOATHO pacliBpHia ofmme OMoNorAaYecKne NpeJCTABICENA H OKa-
3aJach B COCTOAHME OOBACHHTDH MPOLECCH, JeKaMAe B OCEOBe Ba)KBeAmmx
20—-690
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6LIIO BHACHATH, YTO 9TO JAJNO eMy — «yMeeT» JH oHo 6e3 npensapATEABHOTO
o6yaeHHA NPABEALEO BHIOJHATDH TY Ke 3a4a%y WJIH OO Kpaiikel Mepe ofyugaer-
cA aM eii GHCTpee, 4eM HeoGyvueHHOE KHBOTHOO, KOTOPOMY He BBONWJIA PHHK.

3. NNAHAPHHA
MOHO APECCHPOBATL

Ycnexs u pa3zouaposaHns

Ilna nono6HOro pofa sKCemepuMeHToB ObliM BHOGpAHH IIOCKHE 9epBH —
oaafapuk. OHM HACE/IAIOT PYYbM H PeKH, IPYAH K 03€pa H HepPeRKO 3aHOCATCA
B akBapHyMH. [lnaHapuu eIBa KOCTHralOT 2 CAHTHMETPOB B JJIHHY, HX. TEJO
JREIHTCA Ha TOJIOBHOM H XBOCTOROM OTJedbl. ITO IpeaBHYAHHO IPOCTO YCTPOEH-
Hble KHBOTHbIe; HX BepBHaA CHCTEMa OY¢Hb NPHMETHBHA, KAK H HX «MO30r».
Ho npeskpe Bcero B HX opraE@aMe BhpaaTniBaeTcs KpaifHe Majo KMCIOT A
$epMelTOR, 8 3T0 AMEHHO T€ BemeCTBA, KOTOPHE Y BHICHIEX ;KMBOTHHIX pa3py-
uralT 4yxayio aaa opraamama PHK, npexxne ueM oHa ycmeBaeT BRIOTHThCA
B KIeTKH. B 3ToM oTHOImMEEBHN miaHADHH KaKYTCA O0CO0EHHO HOZXOMAIAMA
ana oneitoB ¢ mepesocoMm PHEH.

OJJ,H&KO Banﬁonbmylo H3BECTHOCTh IJIAHAPDHH DOOAYIRMJIH H3-3a CBOCH
NpAMO-TAKE HeBePOATHOH CMOCOGHOCTHM K pereHepaldu: eCIH mepepesaTh Miaa-
HAPHIO NONepeK, TO rOJOBHOH KOHEI[ OTPAlHBAeT HOBHIA XBOCT, 2 XBOCTOBOM
KOHel, BoccTaRABAMBaeT HoByio roaoey. [Ipapna, B ofoux ciyuasax Ajdd 3TOro
TpefyeTcA mpuMepHo MecAl, HO 38TO B peayiabTaTe HOJAYYAKTCA [BO HOBLIO
COBepUIEHHO HOPDMAJIBHEIE IINTaHapHH. Tak kak peresepannasa NpOACXOAHUT 233
cYeT MHTOTHYECKOTO NeJeHHA KJIeTOK, To 00a KMBOTHBIX reseruaveckd abco-
JIOTHO MASHTHYHH. ITa CMoCOGHOCTh K pereHepaumu OHaa HCNoNb30BaHA B
nDepBHX JKCMepuMEeATaxX Mo «mepenade maMmaTwy. Opgay maasapmie ofydann
BHUIOJHATH ONpefeIeHBHH HOMep, 3aTeM Pa3pe3alid ee M Moche perenepallnd
WCUOHTHBAIN, MOMHEAT JH CBOH YPOKH 00a ;KHBOTHRIX, OJHO M3 HHX HJIH e
BuKTo? QIEAKO KaK CTOJMb NPAMATHBHLIE CYIIECTBA MOTYT BooGme 9eMy-HENGy1s
Bayanreca? BHacHHMOCH, 9TO HAYUATH WX KOe-9eMYy BCe-TAKH yHAeTCA, XOTH
u He 0e3 Tpyaa.

nanapun we M0GAT, ecIn Ha HHX BHE3aANHEO NaJaeT APKAH Y9 CBETA;
TOrja OHH CBOPTHIBAITCA H CYKAMAITCA. OJ.IEI&KO, OOCKOJBRY CBeT BEM, 09€BHI-
HO, He BpEAHT, OHN «IIPHUBBKAKT? K TAKOMY CBETOBOMY pasnpameﬂni{) H II0CTe-
HeHHO CTAHOBATCA HEROCIPWHMUNBRIMH K HeMy. B KOENe KOHHOB MOKHO mpm-
YY4UTh WX He pearupoBaTb Ha CReT.
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COTEeH ApecCHpOBABHBIX NIAHAPHIL (4 TakKe — HIA KOHTPOJAA — H3 HEAPECCH-
posaRHsIX) 3Kcrparnposanu PHK B TaxoM koamuectBe, uTo ee MOMEO Ghilo
{nogyMarh TOXBKO!) BBOAKTE INHDHIOM OTAENbHBIM >KABOTHRIM. Pesympratnl
OKa3aJHCh COBEPIIEHHO TAKHMM jKe, KAK B OnWCaBHHX BHme onmtax. Ilop-
onnTHHE WiIaHapuH, obpabGoraunste PHH B3 dpeccuposanwwr nnapapmii, ofy-
qaJAch 3aMeTHO ObicTpee ¢BOMX copopuded, moaywasmrx PHK, eupenennyio
H3 HeOpeccuposannbly KHEBOTHHX.

TakuM 06pasoM, MOKHO cYHETaTh jAoKasaHHEnM, yro PHK nrpaer raa-
BEHCTBYIOIIYI0 DPOJb B mpoueccax o0yYeHHA H saKpeDneHHS BHYYeHHOIG B
oaMaTH. Ho kak? Caymxar nu PHK «BockoBolt momeqkoiis, surpamoii mia n
TeM H APYTHM oRHOBpemeEHO? [lepenaBasock JH B ONHCAHHRIX 3KCIEPHMEHTAX
OeHCTBHTENLHO ¢BHIY9eHHOE», T. €. cheunduueckas sHrpaMa, Wil ke WINpRU,
nanoaHeREHi PHH, npocTo nopeicaa ¢nocoGHoCTh HHBOTHHX peardpoBaTh
Ha pa3gpa)kATeaH, obmylo cnocofHocTh AX K ofyyeAn? OnHTH ¢ myaHapH-
AMM He MOTYT AaTh ONHO3HAUHOIO OTBETA HA 3TM BONPOCH, TAK KAK PeaKuus,
ACIONb30BABHIAACA B KAUeCTBE TECTA,— COKpPAINEHHe B OTBET HA CBETOBOH
CHTHAN — He 0coGeHHO cneundrIRa: ee MOXKHO PAacCMATPHBATHE H Kak o0mymo

peakmuo mcoyra. Mosker OWTB, MPOCTO MMBOTHHE CTAJH CBEPXYYBCTBUTENb-
HHMA?

4. KPHICHi — BONEE CNOCOBHLIE
YYEHMKH

Creunuyeckyo INTPamMy YAACTCR BLINEHTE

¥ naockux yepBel Heabsa BHpaloTarh cnenHpnIecKHe peaKlMn, KOTOpPLe
Hé ClIyTaellb HY ¢ KAKAMHE JPYIEMHA; JJIA 8TOr0 OHA BCE-TAKH CHAMINKOM IIpHMH-
TABHO OPraHH30BaHK. B momckax Goaee «pasyMHEX» HOFGONWTHHX 0GHEKTOB
BCOOMHMJIE 0 CMBIIVIEHHX KpHcaX. MoxkeT OMTh, ¥y BBX TOXKe YAACTCA «Depe-
Aag9a DaMATH», HO YJKe B TAKOM dKCOepHMEHTE, KOTOPHI MOKHO HRTepPHpeTH-
poBaTh OfHO3HAYHO KAaK Hepemavdy cleunHIecKoro cieia NMaMATH, coennadm-
gecKofi aHrpaMu?

Ua pasRooGpasEHX OOHTOB, KOTOpHe GHUIH IpoBeAeEN B pasHHX Jafo-
pPaTOPHAX, MH BHOepeM B onmmem oJHH.

BoceMp KpHC OZHOro BO3pacra, Beca H NPORACXOXIEHREA MNOMeMiaJHn B OT-
neXbHEe HeGoNbMMe KACTKA; RC TOrO OHM JBA AHA rogofaiu. B kamkmoi kaer-
Ke BaXOJEJIach KOPMYLUIK&, B KOTOPYIO KIaNM KOPM B BHAE ABYX NWIKWIL (Be-
coM Bcero 4,5 muuamrpamma kaxkpas). [locae roro Kak KpHca npuBHKaeT K
HoBoll 00CTaHOBKe, OHa HAYMHAET O0CIENOBATH KJIETKY H, KOHEUHO, MHCKY.
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He MosxeT i 370 03HAYUATEH, YTO IyPOMUNKH NONABJIAET TOALKO Hepeaa-
9y HeJlaBHO MpPHOOPETeHHOro onHTa (TaK Ha3LIBAEMas KDAMKOSPEMENHAR
namamv), ero 3aKpennedne B Joszospemernoti namamu. Buth Mosker, smrpa-
Mu 3anucsiBajoTcA BoBce He Ha camoii PHH, a ma onpepenemmmx 6enkax?
HeBeposATHOTO B 3TOM HHYero HeT, Beib M3BECTHO >ke HaM (m3 ra. 1), 9To npu
wocpenctee PHK konmpywores cneundmieckme depMentene Genknm,— Tak
moueMy On efi He KOJHPOBATH TAKXKe M cHelHpmiIeckue Genku nmamaTH?

Yurarenb, HECOMHEHHO, CIIPOCHT, HACKOJBKO peanbHa BOBMOMKEOCTL BBO-
AUTh B OPraHH3M OlpedejeHHEe 3HAHUA HENOCpefcTBenHo, 6e3 Bcakoro o6y-
9eEus, OPH MOMOMM HHBOKUUH HAM NHIN0NL.

BuyunaTh MHOCTPaHHHE A3KKHM MIH MAaTEeMaTHKY ¢ NMOMOMEBI0 MUAAL —
unes, HeCOMHEEHEHO, BecbMa 3aManIuBaf. BT MOKET, U B caMoM Jle1e MH BCKO-
pe cMOKeM OpOYRTATh B rasere B oTAeae o6bABAeHuil 9r0-aubyAbL BpoAe HA-
aecaenyiomero: «TabaeTkn fasa nomydenns npas Bogutedeit 11 knacea, no cum-
JKeHHHIM [eHaM» HnH: «Bh ¢TaAHETE ONEITHHIM OYTEIIECTBEBRHMKOM ¢ NOMOMBIO
HAINEro MmIIpHila TaMATH, KPYTOCBeTHO® myrewecTBue B ¢ NONOJEETESBHBIMH
BKCKYPCHAMHE B CHeHYIONM{EE CTPAHSL...» HIH, CKaXeM, YBHAETb TaKoH 3arono-
BOK: «['1aBHB# cBAReTEND 00BHHEHEHA B mpoilecce 00 ybulicree X Golr wogro-
TOBJEH XHMHYeCKEMU Openapatamu nmamartnl». Brnpouewm, coagaBathe Tpeckyune
ceHCanun Jerde nerxoro. Hexkpmrudeckmii aHTY3Ma3M 3fech Tak e HeyMe-
CTeH, KaK H pajlEKaJbEOe HEeNpPHATHS, Topa3fo pasyMHee OTHOLeHHE, OCHO-
BAHHO®, CMOTpPA IO TeMOepaMeHTY, HA OCTOPOMKHOM ONTHMH3ME Kl A00poske-
JATeAbHOM CKenTHIU3Me.

Bes comHennsa, Korna-muQynb «MONEKYJHR OAMATHY YAACTCH BHIENHATh,
HaAayT 4 cnocob ux mepepaum. CopammmBaercs TOAbKO, 4To atuM Bymer go-
crurayTo. Komedno, KaxeTca BecbMa 3aMaHYMBHM MOKYNATh OHLIT B alTeKe
B LPOCTO TNIOTATh €ro; TaK Jdidn cMOryT mpmobperats ombiT GmcTpo B Oes
BCAKOro (Mool esxegAeBEOro) pucka. OmpHaro Gyner au wyKoff ODHT TaK e
CTOMKO COXPaHATHCR, Kak coberBennnit? (B cnenaylomedt raape, noceaniernoii
AMMYHOGHOJIOFHH, Ml Y3BaeM of 9TOM HeCKONBbKO Gonbine.) Bo BesikoMm caydae,
HOKAa 9TO B OOHTAX OO ¢mepegade DaMATH», LIA Toro 4rolsl adgpdeKT coxpanmi-
¢A D0JabINe, 9eM B TeJeHHAe OAHOTr0 AN, TPUXOXUTCA MOCTOARHO NOBTOPATH MED-
eKNuH. “ aanee, He¢ KpoeTcs AN 60.71])]118.}1 OIIACHOCTDL B TOM, 9TO 96J10BEeK «pas-
yuutcsy 1puobperaTh ONHT caM, 4TO OH Oy/IeT NONHOCTHI0 DONAraThCA HA ONbIT,
npuoGperaemuii ¢ moMompbic mumionb? Hak Ow comeprratesen Hn Gml 3TOT
ONHT, ero obaamaTendb Bcerna Oyaer B NMPOHTpHIG N0 CPABHEHAIO ¢ TeM, KTO
yunTcA caM H Gnarojaps atomy Beerga Oyaer oGramath Goablnedi nprcnoco6-
ageMocTric. HecOMEEHHO, BOBCO HO CIYYRMHO, 94TO KaK pa3 MAAMBHAYA&NBHAA
NaMAThL He HacjeacTBerHa. Ecam 6m  OHIO BRrogHO HacneqoBaTh mpuobpe-
TeREHH OMKIT, TO OPraHM3MK B XO/I6 CBORH BONIOUME YiKe AaBHO mepeind 6ul
Ha 3TOT UYTH.
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AnapAN OcoUeil; OHE HENMpPepHBHO M HeYKJAOHHO H3MeHANT €@ — O4YeBH/HO,
OHH BCE-TAKE KAaK-TO 3amUEmMeHH NpoTEB Ooxesmelt m mospexgemmfi (Bo Be
IPOTHB CMEPTH; €6 OHH MOryT moGegmTsb, Pa3Be YTO NPOR3BONA HOTOMCTBO —
TONBKO B HEM OHBE CIPOJOGJMKAIOT KHTBA).

OKxa3anoch, 97O OPraBM3MEl B CAMOM /e c03axn cebe 3amuTEHe B 060-
POBHTENbHHE NPECIOCOOTCHHA, CTOAbL e MBOroolpasHsie, Kak OHH CaMH.

Komeyno, Mb He CMOKeM 3[ech HepeuHCHHTh M ONHCATH BCEe HOAOGHHE
samUTHHe MCXAHH3MH; HaM OOHeBONe HpHmeTcs ceba orpammumth. Peur B
3TOM TJ1aBe HOHAeT TONbKO O GHONOTHIECKHX HpACHOCOONeHHAX UDOTHB HH-
dexumii, ZpadeM rAaBEKM 06pasoM O TAKHX, KOTOPHMA PAcoNiaraeT OpragAsM
q9eI0BeKA, KaK, BAPOYEM, W OPraEASM IOYTH KAaKAOr0 NO3BOHOYHOrO. IJTO
Ipeskfie BCEro KOKa, HONpPOHUNaeMafd ANA GaxTepuil @ BHPYCOB; BONOCAHOM
ODOKPOB; pPa3JBYHHe BRJCICHHEA — KOJKHOe CaJo, cJe3HAA KAAKOCTh, KOTO-
pas GyKBaJbHO BHMBBAET HEOPONHLE TeN8, CIIHA H OCOOEBHO »KeTyXOUHHH
COK, KOTOpHH paspymaer, pacuelIsAeT Maccy Jy)XepodHHX BemecTs, B pe-
3YJALTATE Wero OHU TePAKT CBOX AKTHBHOCTH.

9TH 3amATHHS U PACHOCOCIERHA, OYSBHIHO, OTHOCATCA K YHUSEDCAALHbIM,
CO3J3aHHHM OpPOTHB JNIOOHX BOSMOKHBHIX TYMEPONHKX BemecTs H 00BEKTOB.
OHE OTHIIP Be CULLHAJE3HDOBAHBI, CKa)eM, Mo4dKe NpOTHE TyOepKyies-
HHX NaJ09eK HAH MoAbKo IPOTHB BApyca JeTcKoro mapaamua. Iloromy-to oHd
KaK OH BCTPOGHH B OPraHH3M, H3HAYANBHO NPHCYTCTBYIOT B HEM; OEH Hacle-
AyIoTcA U GOPMUPYIOTCA B XOjle MHAMBHAYAJLHOrO DA3BHTEA KEBOr0 CymecT-
Ba, & He TOMbKO TOFRA, KOrJa BOBHHKAeT HENOCDEACTBOHHEAA Yrpoaa AIf Oopra-
HA3MA. : '

OpHako Bce oM, cOGCTBeHHO FOBOpPA, K BMMYHOOMOJIOTHA OTHODIGHAA HE
umeoT. To, 4ro B GHONOTHE HOHEMaeTCH NOA MMMYHATeTOM, NpoABAsercH, B
CYIHOCTH, TOJBKO TOIfa, KOTA& 6apbepH, KOTOpHE MH TOJXBKO WTO Iepeddc-
ARIH, OPeORONEBAOTCA REPEKIAONAbIME areHTaMa — GaKTepAAMHE HAU BAPY-
camu. Yenoser, K coaneHmO, BOBCe HO ABJIAETCA HMMYHHEHM (HeYA3BHMHEIM)
ot poxaerrs OpoTue Tada wim Jadrepun, Kopm wim cTonbHAKA, HO OH MOMKET
cmams aMMyHBERM. ClegoBatebHO, AMMYHHETET, KaK HpaBHIO,— Bemb Oaa-
roupuobpereEHasn. B saBucaMocTd oT Toro, Kak mpuobperen AMMYHHTET, pas-
JMYAT AKTHBHYI0 H NaCCHBHYKW HMMYHHSAaLDHIO.

[Haccuenas UMMyBH3aIHA OPraHA3MAa MOCTHTAETCA Jame BCero ACKycCT-
BeEHo. Ecad BOSHEKaer OHACHOCTh NONANAHAA B OPraHsM BEPeKIHM, TO B
KPOBSIHOE pYCJIO NOCTPANABHIETO BBOAAT COOTBETCTBYIOMYIO ¢CHBOPOTKY?,
KoTOpasa o0e3aBpesxmBaeT HEPEKOHOEHO® HAaYaJ0 — TaKEM 06pasoM ycTpaHA-
eTCA OMACHOCTH.

Armuénas MMMYHH3ALHA HOCTHIAeTCA HOCHE TOro, KaK OprammsM noo-
pon mAdexnuio cobcTBeARHNMA cuaaMa. [Ipanaa, noguac 6mBaeT PUCKOBAHHO
PACCIHUTHBATL TOJABKO HA OprasndM — mEHe nmEfeKnnA (HanpmMep, TySepry-
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aiiMeMca BHadase XuMmMYecKOH mpofmemoldl — oHa m caMa mo cefe mpo-
e 4 K TOMY K€ TYT Mbl MOKEM OMAPaTHhCA HA 3HAHMA, NOAYYEHHLE B DEPBHX

IBYX raasax aroit kamry. Urak, gro upescraBaswoT coGoit 3amuTENe BemecT-
BAa Oprapu3Ma?

2, AHTHIEH
U AHTUTERO

Gparas-aparu

[Tpeskae Bcero HaM HYKHO XOPOIIO YCBOMTH ABA OCHOBHAIX HOHATHA, Oes
KOTODHX B HACTORIMNEE BPEeMH HEBOIMOKHO obcymmate Kaxkme On To Rn 6nL10
npobaeMB HMMYHBOXUMHE 1 BMMY HoGnog0oruid. ORHO M3 HUX OPHHATO AAA 0603-
Ha4YeHHA 9Yero-TO KHOPOJHOTO, HY;KAOTO, NPUXORAmMEro MaBHe (sK302eKKO020),
O6ynb 1o GaxkTepusA, BHPYC WJIM TOKCHH, H NPHTOM OMACHOrO NJisl OPraHA3Ma;
BCe ITH HHOPOJHEE Tela HASWBAKTCA aQHMUICHAMU.

CroBo «anTuren» o0pazoBayoch IYTeM COKPAMEHHs C/0BA «AHTHCOMATO-
reH», 4ro GyKBaJbHO 0O3HAYaeT «IOPOKAAIMMI AHTHTeNa» (OT rpeYecKax CjloB
aHMU—MPOTHB, COMA — TENO, 2exHarn — NOopoKAaTh). BoT MH 1 BCcTpeTHANCH
€O BTOPBHIM KJIOUEBHM IIOHATHEM, «IPOTHBOCTOAMMUMY mepBoMy. Awmumesa —
3TO BEmecTBa, KOTOPHE 3apakeHHblit opranuaM, Gyab TO 9eJ0BEK HIIHM }HMBOT-
HO€, BHpadaTBaeT A1 3AMMUTH OT AHTHICHA. JTH BemecTBa CBABHIBANIT aHTH-
FeH M TeM CaMBIM JeJNal0T ero HeaKTUBHHM.

YyskepoAHoe BemecTBo, He Bu3nBaoomee 00pa3oBaHud aBRTHTeN, HE ABJIA-
eTcd aHTATeHOM, KaK Obl onmacHo oHO HE OwJO; ¢ Zpyroil cTOpOHM, aHTHTEN
HAKOI/Ia He BO3HMKAIT caMi 1o cefe, a TOABKO NMpH HAAWIMHM ZRTHTeHA, DOA
ero BausaneM. TakuM oGpa3oM, He BCAKOE 4Y»epOAHOe RemeCTBO — AHTHTOH,
HO KamIBi aHTHTEH — 3TO BCerJa 4y KepojiHOe BemecTBO (MHOPOJHOE TeNO).
AHTuTena ReHCTBYIOT TOJNBKO HA TOT AHTHTEH, NOJ BARAHHEM KOTODOTO OHH
BO3HUKJIH. MHBIMII (_ZJIOBaMIl. AHTHIEeH BLIJKIBAOT B opram{aue 06pa3oaauue
BechbMa CMeUMPUYHLX aHTHTEN, U o0NaflauMe TAaKMMH AHTATEIaMu jlejaet 3a-
pamenfmﬁ opraﬂnsn UMMYHHHM l'lpO'l‘IlB JAHHOTO AHTUIeHA — HMMYHHRM
Ha BCIO 3KU3Hb WIH TOJNBKO Ha KOPOTKME CPOK.

EcrecTBedno, 410 BHada/Ne TEAOTE3a AHTUTOH — AHTHTEJN0 BOCIPHHUMA-
Jach uMcTO GopManbHO — OHA HUTero He ofmbAcRAMa. ONHAKO 3Ta KOHUEGHIHA
Gblna 9pe3BnYafiHO MPOCTa U NOTAYAEA W OKA3aiach 09eHb naogotsopaoi. [1pas-
A&, Ha nepsuXx ]IOan OHAa nopomnana MHOeCTBO BOIIpOGOBZ 9170 HMeHHO neﬁ-
cTgyer Kak akturen? YUro mpencrapanior coboii antmrena? Hax u rae orm 06-
paayitotea? Urto npoucxonnt MeskAy anTHreHoM n aHtutenoM? Hax opraguam

21 60
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Tunos rao6yauHOB, 0603HAGaeMBX MepebiMu OYKBaMM rpedeckoro asdapura;
ankda-, 6era- u ramma-raobynuns. Hac SyxyT oco6eano uurepecoBath 2amma-
2a0bysunnt {(-TA0GYNHAN), a TaKKe ONWH U3 moAKAaccoB Gera-rnobynaneos,
TAK Ha3biBaeMHe f,-2400ysunn.

314 - H By TA0GYNMHA BHAYa/le HAKAK He CBA3aHH ¢ AHTHI'CHAMH H aHTH-
TenaMH, 10 KpaliHell Mepe KO TeX NOD, ODOKAa KaKoH-BuGynh aHTHTeH He Npo-
HHMKAeT B OPraHMaM, T. €. NOKa AeACTBYIOT «HecmennpudecKue» 3amutane 6apb-
epn (HauMHA#A C KOMKH M KOHYASA sKeNyZOuYHHM coxoM). Ecnm omr npeononensi,
TO WY KepOAHbIe BemecTsa HONaAa0T B KPOBb. ITO CAYKAT KAK OH CArHANOM K
TOMY, 9TO6H ONpefeedANe KIGTKM OPrann3Ma NpHCTYDRIAH K 00pa3oBamMI
cnenMPpUILCKUX AHTUTEN, KOTODHE 3aTeM IepenpaBifil0TCA B KPOBEHOCHYID
cacremy. TakuM 06pasoM, B Hpollecc BOBIEKAKOTCH TaK)Ke KieTku. ITo BO3-
BpamaeTr HAC KO BTOPQMY BOHpOCY, CHOPMYJIHDOBAHHOMY B CAMOM HadvaJe
raasu. Ho ceiizac sac nATepecyeT KOHeUHBI NPOAYKT — AHTHTENO, W BOLPOC
0 TOM, 9YTO Ke NPeACTABAAIT Co00l 3TH KNETKHE OPrann3Ma n KakK oHH Bmpaba-
THIBAIOT AHTHTOJNS, MH NOKA OTHAONIHM.

BHio BHACHERO, YTO aHTATeNAa HH YEBHIECKM, HH XUMNYECKN He OTIAHYA-
0TCA OT FamMa-rioGyanaoB, M Bce ;ke B 0IHOM OTHOIIEHRN OHH PE3KO OTIUYHB
OT TeX raMMa-rIo0yJHHOB, KOTOpHe DPHECYTCTBYIOT B CHBOPOTKe A0 HMHPeK-
HUH: TOABKO OHH CIOCOCHH CBfI3RIBATBCA C AHTHTEHAMM, OHH CePOAOZUNECCKU
(serum — CHBOpPOTKA) OTAMYANOTCA OT WMCXORHHX raobynunos. CHBOPOTKY,
cOfep:RAmMy0 AHTHTeNa, HA3HBAKT GHMUCHEOPOMKOLL.

Hrak, mocne sapaxeHMs B CHBOPOTKE IOMKMO HCXOARHNX rao6yaaHoB npu-
CYTCTBYIOT Taie aHTHIreéHbl U aHTHTeNa, KOTOpHe pearupym'r ApPYyr ¢ ﬂperM
{cepoaczuneckan peaxyus).

9ra peaKmHaA BHIMAANT Mo-pa3HoMy (raGn. 5) B 3aBHCHMOCTR OT 'TMIIA
AHTHFeHA, NPOHAKMEro B KpoBb. [Jeao o6cTOMT OTHOCHTENBHO NPOCTO, €CAM
AHTHTEHOM CHYMMT Kakoe-RHOYIb PacTBopuMoe BemecTBO, EANPHMED Uy:xoil
rao0yNuH BIA TOKCHE, KOTOPHIl BHAENeH H2 6aKTepun, ckakem cTONCHAYEHNI
TOKCHMH — TOKCHH B030yauteas croabmsaka Clostridium tetani. Ecan cmemath

Tabauya 5
Peaxnun MeKLy AHTHI'EHOM M AHTHTE/IOM
1. Ceobopunii apTArex + AHTHTeN0 (aHTHCHBOPOTKA) — [Ipennmurauns
2. AHTHreH, CBA3aHHHH + AHTATENO (ARTACHBOPOTKA) — ATFIKTHRANAA
¢ KAGTKOH )
3. AHTHIeH, CBA3ARHWER + AHTHATeJIO (aHTECHIBOpOTHA) — leMarraoTuRauns
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5. AHTHTERA

Cneunduneckoe 06pazosanne ramma-rnoGynunos

Teneph, OONYIMB HEKOTOpME HOBbe NpPEACTABJACHHA, MH, HaKOHeI,
Bo3BpamaeMca K aHTATeNaM. Mbl yke 3HaeM, 9T0 CNENHPUIHOCTD MOJIEKYA aH-
THIreHa ONpefeNfilT JeTePMUHARTHLE I'PYNIbl, KOTOPbie COCIHHAIOTCA C «COOT-
BeTCTBY IOIMMMHU» MM YIaCTKAMH MOJIEKYN aHTHTEN; Ipu 3ToM o0pasyercs Npend-
nutat. JleTepMuBaBTABE TPYNNE MOTYT OTHOCHTBCA K JI0OMY KJaccy XHMH-
YeCKHX BEmECTE. 3aT0 aumumesd — ITO gcezda Geaktt H MPUTOM 00A3EMEALRO
eanma-zaobysunst. Kak e moayuaercs, 4o 3TH riaoGyauHel MOTYT TaK TOYHO
H coeupHYHO APUAOPABAMABATBCA K THCAYAM, Jla)Ke K COTHAM THICAY PasJiug-
HbIX JeTePMHMHAHTHEIX TpYMnm?

Jlo cAx mop Ha 3TOT BONPOC HET ROCTATOUHO TOYHOrO oTBeTa. ONHAKO celi-
93¢ M3BECTHO MEOMKECTBO BechbMa cymiecTBeHHEHX noapofuocteii. I[lompobyem
oro6paTh HeKOTOpKIe M3 BHUX, B HaJekAe HONYIUTH XO0TA OH B KaKOH-TO Mepe
BepHyio Kapruny. HccnenyeM cHadana BelIWYHHY MOJEKYN aHTHTEJ.

Moaerynnl agTuTen GpBaiT JAWb ABYX TUNOB. OgHH HMEIT MOJEKYJIAD-
s gec popuo 1 000 000, Tak ke KaKk u HecmeluduIeCKEe raMMa-Ta00YIHED
CHIBODOTKH 3/0pOBOro, HeHM$UUMpoBaHHOro opranuaMa (19S-wacTHum). SThH
KPYIHbE aBETHTENA OOABAAIOTCH BCHOpe Tocje 3apasKeHHs, ONHAKO OHU He
BCerga O9eHb aKTHERH. Jlpyrue anATHTeNa HAMHOI'O MeHbIne, HX MOJEKYIAp-
uui Bec cocrasager Bcero 160 000 (7S-gacTuum). AHTHTENA 3TOrO TMIA BO3-
HHKAKT MO3JHEe H OTIAHYBIOTCH BHICOKOH AKTHBHOCTHIO (I09eMY 5TO TaK, JO
CMX 0P TOYHO R€ H3RECTHO).

Koreano, 160 000 — 310 goBomeHO Ooabiroit MONEKYJNAPHHIH BeC; MHO-
rae depMenTEHe GeNKM, HANpHMep, HMEIOT TOPa3f0 MeHbOIMe MOJOKYJIH.
Ecnu Mb Teneps BCIIOMHHM, YTO MOJEKyJa aHTHTena OmBajieHTHa, T. €. CBA-
BLIBAETCA TOJBKO MO ABYM LIGHTPaM, u 40 00a 3TH LleETpa CBA3HBAHHA IOA-
XOAAT TONMBKO K OMpeReNeHHOR NEeTePMHHAHTHON Trpynme, T. 6. MNOTHOCTHIO
HIEHTHYHE JpYT APYTY, TO HAC He YAHBHT, 9TO «AKTEBHH» (CHOCOOHH K CBA-
3piBanmio) Toabko 1 mam 2% Beelt MoBepXHOCTH MONEKYAHW anTHTeNa. OCTarb-
uote 98% naa cBA3HIBAHWA ¢ HAeTEPMAHAHTHOH Fpynmoli Be HMEWT 3HA-
YeHHA.

[Ipu nomMomm $epMenroB, pacmemirAwmMuX OelOK, YRAIOCh DA3NOKMTH
MOJeKYNy aHTATeNna ¢ MoaexyaapuwiM Becom 160 000. ITpm arom Gpuro moay-
9eHO "4eThipe PparMenTa: JBe «AeTKHe» DOJHNENTHARBE HeNH ¢ MOJIEKY A PHHM
BecoM okogao 20 000 kaxpas u ABe «TAKENhe» ¢ MONEKYAAPHHM BeCOM IO
60 000; am ogHa u3 deTHpex uened cama 1o cefe He AaKTHBHA B KadeCcTBe aHTH-
teda. Oapako BamM $epMeRTH He PA3PYIIATH aHTHTENO NPOU3BOJBHO; OHH,
TaK CKa3aTh, IIAHOMeDHO paCIIENU/H €ro Ha JeThipe ecTeCTBOHHHIE cybbenn-
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MUHAHTHAA TPYIOA «OTTACKHBaET? POPMY MOBEPXHOCTH B MeCTE CBOET0 UK pen-
JeHUA K aHTHTeNY H eCJN Aa, TO KaK H Ile BCe 3T0 NPOHCXOTUT? ITOT BOOPOC
Baeder 3a coboli caeaylomuii: ecadm pedb MAET O MOBEPXBOCTHHI CTPYKTYpax
H CKIaAXax, TO, CJeJ0BATEIbHO, HAC JOJKHA HHTEPECOBATh TPETAYHAA H 9eT-
BepTHYHAA CTPYKTypa. ONHAKO, KK MH 3HAeM U3 IEpPBOii [NaBH, W Ta A JAPY-
ras ONpeleNsilOTCA UCKAIOYUMEALHO HEPBHIHOA CTPYKTYPOil, T. . 2eHemudecku
OemepMuRLPOSarKOl nocaedosamesbrocmbio amuroructom. Ho Torna Boamork-
HO AH BooOme, 4To0H BeTepMMHAHTHAA TPYNNa AHTHreHA 3aXHAM YHCAOM
TaK DOpelesiajia TPeTUIHYIO W YeTBEPTEYHYIO CTPYKTYPY, 9TO OHA CTANa «Ooj-
xogAamei» qna npakpenaenEA? [Ipmiem 310 n3MeEenne H01KHO OHTb CTOHKAM:
BCIOMHHM TOMABKO, YTO KaKAslA YelnoBeK, mepeHecIuuit 3aloaeBaHHe, CKaskeM
andrepuHeii, CTAHOBUTCA HA BCIO JKUSHb MMMYHHBM K Heil, T. . Ha BCIO KH3HD
[ojty9aeT B CBO€ pacnopsKeHre COOTBETCTBYIOmMME aHTUTeNa!

Io-smaumomy, aTo0 Takas npobiema, KOTOpYIo He pelINmb OJHMMH XHMRA-
9eCKHMHA MeToaMH, TeM Gojiee 9TO «MOATOHKA» AHTHTEN NPOHCXOQMT IIPH yaac-
TRH KJAeTOK. OTHhIHE MBI TOMKHB NepewarsyTs IpaHANb HMMYHOXHMHH "
yrayGurbca B obnacTe HMMY=HOGHONOTHN.

6. ANNAPAY
MMMYHHTETA

DaroumTel NOSHABIOT BHTHFEHS

HumyRo6mONOTHIECKA® peaKlli, BECOMHOEHO, HAMHOTO CJOKHee, WeM
MMMYHOXMMit9ecK#e (M TOYHO TaK Ke HeNOHATHH BO MEOTWX Jdetanax). B op-
raEA3Me DO3BOHOYHBIX KABOTHHX M YeOBeKa HMESTCA MMMYHHRI anmmapart,
KOTOPHIA COCTOMT M3 K/ETOK, KPYIHHX KAETOYHHX KOMIIIGKCOB H IaKe 1ebX
OpraHoB. JTOT aUNapaT pacnpefeneH DO BCeMy OPraHM3MY TNO3BOHOYHOTO M-
BOTHOTO, Tak CKa3aTh, ¢BIIETEH» B HETO, nofo6H0 KPOBEHOCHOH M HePBHOM
CHCTeMaMm.

IT03TOMY-TO M BOBHHK CHELHAJbHHN TEPMUH — «pemuxyao—anaomeauaab—
Han cucmenmar. K meit orrocarca (pumc. 166): Tumye, unu 306nan xenesa, cene-
36HKa, KOCTHHI MO3T, TJIOTOYHAA, A3HYHAA N HeOHWe MMEBIAJIUHE, YepBeol-
PasHENE OTPOCTOK cnenoi KEmKn (aOOeHfuKc) ¥ aAMQPATNUECKHe Y3JH.

910 H ecTh apeHa M 2, Ha KOTOPOH Pa3HTPHIBAITCA UMMYHOJSOTHIECKHE
npoueccn (apenoit Ne 1 caysut cwmBoporka). I[Ipochenamm ke, 4TO MPOHCXO-
ZUT, KOrja OAKTepHH WAH MX TOKCHHB NMOMAJafoT B KPOBb. -

Hapsay ¢ spurpountamm (B 1 KyOuuecKOM caBTHMeTpe KPOBH HX CONEp-
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GR LITAMIIOM, KOTOPHA «OTTHCKBBAEeT» LIEHTPH CBA3LBAHAA aHTHTEN, Aeaasn
nAX B TOYHOCTH COOTBEeTCTBYmEMM cefe, KoMmiemeHTapHbiMH. (ToyHee roso-
pA, AOMKHEB WITAMIOBAThCA, KOHEYHO, Ba WCHTHUHHX UEHTPA CBASHIBAHMUA,
TaK KaK Ka’Kjoe aHTATEN0, KaK H3BeCTHO, OMBaJeHTHO.)

JTa THOOTE3a CTAJNKHBAETCA ¢ ABYMA OCHOBHBHIMA TPYAHOCTAMM:

1. MbI TOABKO 9TO YCTAHOBWAHM, YTO NPH BBeAeHMH CTONOHAYHOTO TOKCHHA
MIa3MaTNUECKHe KJETKHM, NPOM3BOAAMME AHTHTENA, He CONEPIKAT aAHTHTEHa.
IpaBga, 3TMM BHOJIHE NpPOBepeBHHM AAHAKIM NPOTHBOCTOHT MHOKECTBO ApY-
FUxX, cOrIaCHO KOTOPAIM SHTATEHH MOMHO Oﬁﬂapy}lﬂl'ﬂ: (XOTH H HE BCerjaa B
Oa3MaTHICCKHX KJIeTKax) Jlase COYCTH MeCALH M FOJH mociie IepBoTo 3apa-
KEHHA; U XOTA 4aCTC uX KOHIEBTpalluA OnBaer o9eHAb Mana, TeM He MeHee
oHa Bce e gocturaer upumepao 1000 Moaekysn aHTHreHa Ha UMMYHOAO2UNEC-
WU KOMRENEHMHYIO KAemKY. )

B npyrux caydanx, ocofeHHO KOTAa pedb WAeT O MOANUCAXAPHAAX KaNCyan
IHEBMOKOKKOB, KOJHYECTBO AHTHIeHA NPAKTHYECKK He YMeHbIaeTcsi depes
MeCHIL ¥ FOJH, TAK KaK COOTBETCTBYIOMHE paspyluaiomue GepMeHTH, 09eBH -
Ho, BooOme orcyTeTBy!oT. HOHeYHO, KaK NaTOreHHHe areHTH NHEBMOKOKKH
IIpH STOM Heawmuswvi, WHade oHH morybmnm 6p oprasuam. [lo-Buaumomy, oun
KakBEM-TO 00pa3oM OGIOKAPOBAHH; WPEANORATalT, YT0 AHTHTEHH C6R3aHb
¢ mosexysamit PHE maxpogazos. B aroit popme, Gesppennoi Ana oprauusma,
OHM COXPAHAIOT BCe KOMIIOHEHTH, BayKHbIE. A OCYHIECTBICHHR MATPHIHON
$YHKIEHM, ¥ MOTYT HepefaBaThCA Uepe3 MHOTHe NMOKOJEHHA KJIeToK (BMAOTh
A0 mAa3MabiacToB M IIASMATHYECKEX KJETOK), CAYKA UCTOYHHKOM HEQOp-
MalHu.

TeMm He Meree paske ec/iH OB TOJLKO B 0JHOM-eIHHCTBEHHOM cliydae B NJ1a3-
MATHYECKHX KINeTKaXxX HEﬁCTBHTBﬂBHO OTCYTCTBOBAJ aHTHIeH, TO 3TO YiKe upes-
BHIYaHHO BECKOE BO3pakeHUe NPOTHE MATPHUYHO{ TeopuH, pasee 9TO NMPHINIOCH
6p MpeANoNOKUTE Hepelady AHTHTEHOM cBoell MEQOpMAMB Ha CBABAHHYIO
¢ amM PHK.

2. 310 TOTYAC e MOABOLMT HAC KO BTOPOH TPYAHOCTH: KarK[0€ AHTHTENO
npencrasaaeT coboil raoGyaun, 1. e. Genok, ¥ HX CHHTe3 DONUHHACTCHA 00mUM
3aKoHAM OeJKOBOr0 CHHTE3a, KOTOPDHM MH YIeJHNH TaK MHOTO BHMMAHHA B
nepeoii rnape. [MoGYIREN aHTHTE) He OTIUYAIOTCA BM MO PRIAYECKUM, HH NO
XUM@WYECKUM CBOMCTBAM OT NPOYHX TAOGYNMHOB, He HajeNeHRHX QYHKUHAMU
antuten. M3BecTHo, 9T0 NyTh 0ENKOBOr0 CHHTE3a OT HCTOUHHKA FeHETHYECKOM
uadopmauun (IHK) npoxoant depes PHK u pubocomu, a Koneunasa Koupury-
panma (BTOpMYHAA U TPETHUHAA CTPYKTYpa) HONMIENTHAHOH LeNH BCeleno
onpefensieTcs TeHeTHYeCKH [AeTeDPMHHMPOBAHHOI NOCAEN0BATeNBHOCTHIO AMH-
HOKHCJIOT, THe e, Ha KAKOM JTalle B TAKOM ciydae ocTaercd NAA AHTHIeHa
WI¥ HCXOAAmeR OT Hero HHPOPMALMMR BOSMOMHOCTE IS BMeIlaTelbCTBa?
Ouerngnao, 2T0 He nepBHYHanA (DOCAEA0BATENBHOCTE AMHHOKHMCIOT) M He BTO-
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Yro e KacaeTcs HENOCPeACTBEHHLIX TPYMHOCTEH, TO OHM 3€Ch, KOBeTHO,
TOMHKE HMelOTCH’ 0]130 BO3paKeHne (37 (o) CeNaHD YXKe 09eHb J3BHO: BCe-TaKH
MaJOBEPOATHO, YTOGK OPraEM3M [ep#aj HAroToBe GYKBAAbHO COTHHM THICAY
pasIuIHAIX KJIETOK HPOTHB BCeX BOBMOJKHBEIX AHTHIEHOB (Mbl Beflb Yie 3Ha-
eM, 4YTO MOYTH KaxKa0e XUMHIEGKOoe, BEIIECTBO MOMeT CHAYXHTD aHaneuou).
3TO KaxKeTCA TeM MeHee NMPaBAOMNOJOOHLIM, UTO CHEHHPHIHEME AHTHTEJA HOAB-
JAAIOTCA B OTBET HAa BBeJeHMe TAKNX (HEeCTECTBEHEBIX» AHTMIEHOB, KAK YMO-
MARYTHE Bbime asofenkd. ITO CHHTETHIOCKME COCAMHEHUS, He BCTpevaio-
muecsa B NPHPOJE; HX BOEpBHE CO3XAaNE XHMEKH. To e caMoe OTHOCHTCA,
CKaKeM, K AUHATPOJEeHAMNBbHHIM ¥ a30(eHNIapceHATEHM AeTePMEHABTHHIM
rpyonaM, K YeTBePTHIHMM AMMOHHEOBHIM OCHOBAHHAM M T. ,!I BOG OHM BhI-
3piBal0T 06pasosarne aututes. Tak paaymHo am, B camMoM jJelie, NpeAncarars,
9TO OPraHu3Mbl IPOPOTECKM NpPeABUNENH, KAKMe HOBLI® COeNBHECHHUA Ipenoj-
Hecyr uM xumukE B XIX u XX Be., 7 9T0o y HEX OKa3aJMuCh HATOTOBE COOT-
BETCTBYIOINHG AHTHKIETKE (BOHMKIIAE K TOMY e NYTeM CAYJalHbIX MY-
raumiil)?

Ecan knosalbHO-CENeKUAOHHAR THNOTO3a BepHA, TO MH MOJKEM TOJBKO
HaJeATHCH, 9T0 CNMOCOGHOCTL NIIABMATHISCKMX KIETOK HpeiBHMeTh Oyayliee
pacmpocTpaHAeTCA W Ha Te cyGCTAHLAM, KOTOPHE MOLYT MONAcTh Ha S3eMilio ¢
Apyrux HeGecHBIX TeJ B pe3y/bTaTe KOCMMYECKHMX IyTellecTBHMi («BHe3eMHLI®
AHTHreHE»), — B NPOTHRBHOM CAYydae, 0IeBUAHO, HeH36erKHn 3unneuuu, OPOTHB
KOTOPBIX MBIl OKAXKeMCH, YBb, OeCCHIBHM.

Creayoluid KOHTPAPTYMEHT OCHOBLIBAeTCA Ha HOBMX BKCOEPHMEHTAb-
HpIX JaHHBX. EcAm cnocoGHbe k MPOMBBOICTBY aHTHTEN KASTKH KaXKAblli pas
BO3HHUKAJIA OYTeM MYTAUHH, TO BEPOATHOCTH ONHOBPEMEHHOT0 06pa3soBaEnsA HE
ongHoro, a Goapmero Yucia TMNOB AHTHTEN O4eHb Masa. CilefloBaTebBEO, KIOH
Na3MAaTHICCKHX KJeTOK BCerXa NoJskeH Gbia O CHHTEZHPOBATH TONLKO OQUH
Tun authres. Ha camom pene GmBalor caygaum, KOTa OfIRA KJETKA MOMKET MPO-
M3BOJHTEL [GBA PA3JAMYHEIX THNIa aHTHTeJA. Mako TOro, KOTa CTABHIACA OHMT ¢
4eTBHIPbMA PA3NUYHLIMH ARTHreHAMH, KJCTKH ONHOrO KJI0HA (PaKTHIECKHM mO-
pOIOANH d9eThipe pasamuEnix TMRA adTHTea! HoHeuHO, 3TH QakTHl B 3HATH-
TeJabHOH Mepe 06eCUeHMBAIOT KJIOBANBHO-CENMEKIHOHAYIO TRIIOTO3Y, 9TO BRIHYHK-
JAeH NPH3HATH Ja)Ke ee CO3HATe]b.

OGe rumoTe3n Kayrca HECOBMECTHMBIMH . Hetficreureasruo, anto undop-
Mauus 060 BCeX BOSMOMKHBIX aHTUTENAX yike MMEETCH B OPTaHmaMe N0 NpPOHAK-
HOBEHHS B Hero agTHIe€HOB, ClenoBarellbHO, BOBHHKAET d)mlorene'ruqecxn, "
ocTaeTcA TOJAbKO 0ToOpaTe ee (KIOHANbHO-CENeKUAOHHAA ramoTesa), Ao ma-
dopmanna MCXOOMT OT AaHTHIeHA; HOCHACAHHE HHCTPYKTHPYeT MIa3MaTHYECKHE
KJIEeTKM OTHOCHTEJBhHO TOrQ, 4YTO OHHU AOJHKHbLI AeJaTh (HHCprKTHBHﬂﬂ, HIEB

MATPUYHAA, THIOTE3a). Ho MOeT GBITh, 3TO CAMIIKOM YTPHpPOBAaHHEKE HOpPMy-
JAUPOBKHT : .
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3. CBOE MM HE CBOE!
EMONOTMUEGCKAN MHAMBMAYAARHOCTE W SYTOMMMYHHUE Sonesnu

Mun BagHeM paccMaTpHBATH 3Ty HOBYK npobieMy ¢ Toro, 9ro sagagdaM
BOOPOC, KOTODHi#l HamPaMIHBAJICA Y)Ke ZaBHO: KakaM o6pasoM pasiddaer
OPraHHSM «TYK0€» B «cOOCTBEHHOE», «CBOE» H «HE CBOE»?

To, aro OB yMeer 2T0 jenaTh, M3BECTHO y3Ke NABHO ¥ BCOTAa paccMaTpHl-
BAJIOCH KaK Heuto GeccmopHoe u EeoGxoammoe. UGo ecam B kavecTBe aHTHreHS
HJIH IO KpaitHell Mepe JeTepMUHAHTHOW IPYIML MOMKET BHCTYNATH HPAKTHIEC-
KK 00oe XHMNYECKO® CoefEHeHHR, TO KaK OMTh ¢ COGCTBCHHRIMH BeIIeCTBAMEA
opragusMa? Ecim 6u mMMyHONOTHYecKHI ammapaT Be MOT OTIHYATh CBOe OT
9yKOTro, OH fo/Ked Owa Ol 06pasoBmWBaThH aHTATENA «IPOTHE ceba camMoros
M TeM CAaMRM YHHYTOKaTh celdA.

Pasymeercst, H paHbIIEé NRITAJHCH OTHCKATH TAKHEe AYTOAHTETENa (OT
IPevecKoro aymoc — CaM) WIR BH3BaTh MX o0pasoBaH@e, HO 3TO HHKOrJa He
yaaBanoce. Mesxxny mnpouum, [layas pamx, onue Ha crapefimmE HEMMYHOXR-
MHHE, SKCOEPHMEHTHPOBAd Ea K03aX, HMMYHHSHPYA HX OPOTHB 3PUTPOIHTOB
Apyrdax ko3. [lpm arom BHpaGaTHBaJACh AHTHTeNa K 3PHTPOLETAM,
ADAMEHABMIMMCA [ANA MMMYHHSAOWE H JeHCTBOBABIIMM KAK AHTHTIEHS!,
ONHAKO 3TH AHTHTeNa HEKOTJA He PeardpoBajE ¢ COGCTBeHHLIMA SPHTPOLH-
TaMd. B oarEx excmepmMmeBTax OmI0, MEMKAY NpPOYAM, BHACHEHO, 9TO
¥ K02, TAK e KaK H y Jlofell, AMEIOTCA PASIHYBHE FPYONL XpoBm (Ha 2TOM
MH He OyjleM 8Jech OCTaHABAMBATBLCA), OMHAKO AYTOAHTHTEN HaiTm He Yaa-
aock. Bmecro aToro 9pamx chopMynupoBan cBoe 3HAMEHHTOE, HEONHOKPATHO
guTEpoBasmeeca noEaTHe Horror autotoxicus — crpax mepea caMooTpaBie-
aueM. OnBako 0HO HEYero He 0OBACHAT, 3T0 He GoJee 9eM IOCTYJAAT, B Ay9-
mHeM CclIyuae JOrMa.

B macroswee BpeMa u3BecTHO, 9T0 ayTOAMMYHAHE PeaRIHH BCe JKe CyilecT-
BYIOT, H OHH, KaK H CJI6A0BAJIO O3KHJATH, MOTYT OPHBECTH X AYTORMMYHERM 3a-
Gonepammam. Toanee, moxanyi, 6yger ckasars, 4T0 CYUECTBYOT paf safonepa-
HAii, KOTOPhle HeIHE DACCMATPHBAIOT KaKk ayTOHMMYHHLe Gosesgm. Hasomem
HEKOTOpnie M3 HHX.

Mruoxcecmsenntii ckaepoz — AOBONBHO PACHPOCTPAHEEHOe H 0YeHb ODAC-
Boe 3aloNeBaHme, BOBEHKAIONEe BCJIEACTBHE (HAH HPH YYSCTHH) AYTOHMMYH-
HhIX peaklni, HalPaBJeHHLX OIPOTHB TKaHEH NEHTPalbHOH HePBHOW CHCTEMBI.

Pazruunve aaboresanus cepdya, ceasandbie ¢ oGpasoBaHHeM AHTHTEN K
cofcTBeHHON CcepmedHOH MEIIILE. .

Tawcesan muacmenus, wan Mmuuwewnas ampogus, obycropnennas o6paso-
BaHHEM AHTATEN NDPOTHE OJIKOB CReJeTHON MYCKYJATYpPH.

Cumnamuyeckas ofmasomus,
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NpeANpHHATHX ¢ UeNbld BHACHUTb, KaKHEe jKe BelliecTBA OPraHH3Ma MOTYT
Boofme BH3LBaTL 00pasosaHme ABTHTEN, T, ©. TAK HASLIBAEMYIO QYMOCEHCU-
buausayuio (0T natMECKOre sensibilis — qyBCTBHTeAbHBIH, BOCHPHMMUMBHIL).
Oxazanocs, 910 9eM Gojee pagHKaJIbHO JAEHOE BEeWeCTBO OTHeNieHO OT MMMY-
HOJIOTAYECKOTO ammapaTa opraEn3Ma, TeM cKopee OHO cHOCOGHO HadYaTh AeiicT-
BOBATh B KadecTBe aHturesa. Ho EMMYHOJIOPK‘IGCI(HI‘& annapar — 3TO He TOJNb-
KO CHIBOPOTKa MIM Kpyr kposooOpamenusn. K Hemy oTHOCATCA TakKe BCe mepe-
9ucleHHLle eme paHblie {(cM. ¢Tp. 339) opraHH U TKaHK — 0T 300HOH Mesesnl
a0 auMPpoGaacTOB B NEHKONATOB. 3TOT MMMYHOJOTHYECKH KOMNETeBTHbIH an-
napaTrT B [JOJiKeH Pa3jIkvYaTh ¢CBOe» H «He CBOe».

Teneps Mn HOBHMaeM, MO9eMY HONKTKH JpauXa Halitn ayToaHTUTENA, T..
aHTHTead, AeHCTBYIOI(HE TPOTHB COOCTBEHHHIX KJAETOK KPOBH, HOJMHB Obiu
OKa3aThbCA 693peByJ]bT8THHMHZ BeAb IPUTPOOHATH ¢ CaMOI'0 Ha4Yajla HaxXoOATCA
B KPOBOTOKe — OHM IPHCYTCTBYIOT TaM YyKe BO BpeMs BHYTPHYTPoOOHOH xm3-
HA @ BM B KOeM CJIyd9ae He BOCHPDHHHMANTCS KaK 9yMKHO.

Bce 910 cormacyerca m ¢ gpyramm ncciiegoBaBuamn! Tak, apu nospexae-
HHUA TeX RJAM WHHIX KOMIIOHEHTOB MMMYHOJOTHYECKOroO anmnaparta, He¢ NMCIOUIUX
OTHOMEHHA K CHCTEMEe KpOBoOOpameHns, HANPHMEpP eClM YIAIHTL ¥ KPORHKA
Cpa3y mocie poXKIeHHA 300HYIO sKeJledy M anmeHRHKC, acTo obpasyloTca ayro-
aHTUTENA MPOTHB COGCTBEHHLIX PPUTPOIUUTOR, XOTA B HOPME Yy HOBOPOMK/EH-
HHIX JKABOTHBIX BOOGmE He o6pasyercs HErakuX amTHMTend. Ilpu Muacrewun,
HJIM MBume1a0# aTpoduy, TPHIHHON KOTOPOH cayxuT o0pazoBaEWe ayTOARTH-
Tel, HEOJHOKPATHO HAXONEJIK ONyXOJn B 300HOM sKeje3de; Ipd 3TOM NONYTHO
HapYLIaeTcA U MMMYHOJOTHIECKOE 4CaMOy3HAaBaHHe».

XoTsa Bce 3TO eMe He 00BACHAST EaM, HA KAKOM OCHOBAHHN NIPMHUMAETCH
pemenne «CBOd» —«Re CBOWY, TeM He MeHee CTAHOBHTCA HOHATHO, NOYEMY HMMY-
HOJIOTHUeCKMH anmmapat HEOTAA «omubaerca» ® JaXke [OJIKeH OIIU-
GaTtnes.

Ham eme mpepcront paccMOTperh ApyrHE CAYY8H H O3HAKOMHTBLCA C HO-
BHIMH ODOHATHAMHA. A IIOKa 9TO OCTABHM ayTOMMMYHHbIE 3a00JieBAHMA; CKAKEM
JENIb, 9T0 H3 OCHOBE M3BeCTHHIX B HacTosiniee BpeMA (GaKTOB HOCTEMEHHEO Ha-
ME€9al0TCA MYTH, KOTOPhle MO3BONAT HAHTH cH0coOn GOpBOR ¢ 3TUMH ONACHHIMH
3aboneBamuAMHE, — 3a00JIEBAHMAMHA, KOTOPbIe CINTAXOTCA HeH3NEIHMuIMHA. [e-
AAIOTCA MOTMKMTKA JAGO EOPMAAN30BaTh AMMYHOAOIHIeCKHH anmapat, 6o Gio-
KHPOBATH NPOM3BOACTBO HeKeNaTelbEbIX AYTOAHTHTEX H NPEeAOTBPATHTL TEM
CAMEIM HOCJEJCTBHA OMMOOTHHX pPemeHnli YTOr0 aNAapaTa. 35eCh BeChMa eH-
HYI0 YCAYTY KIHBHIMCTAM Y)Ke OKa3a]l KOPTH30H, KOTODHI ¢ yCIeXOM HCHOIDb-
ayercs, HECMOTPA Ha HEKOTOPHE BeChMA ONAcHHe NOoGOYHbEe 3PPeKTH KOpTH30-
HOTEePAIIHH. .
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eMOB TOTafibHON pempeccd: TreHOB, KOHTpoJApyomux ofpasoBaEMe aHTH-
TeJl B INIA3MATESECKEX KIGTKAX, KAK 9T0 HOCTYAHpyeT rumoTeaa oT0opa
KIIOHOBT). _

OaHEaKO Dpexpe BCero aMOPHOH MOJKIIOYeH K MATEPHHCKOMY KPYTy Kpo-
pooGpamesus (4epes NymOBHHY H OJAHEETY). ITUM IYTEM «OTHOBCKHE» Genxn
aMOpHoHa, K KOTOPHM IJIOL ToJepaHTeH, MOTAM 6H DOMAcTh B HETONEPAHTHHH
B3pPOCJ LA OPraHU3M MATEePH U BHI3BATh TaM ofpasopannme anTmTeN. UaHaKo 310~
My OpenATcTByeT 0cobnii Oaphep, mpomyckaomuid THTaTeAbHRE BEMECTBA,
Ho He aEtErean. ([Ipasga, B BeKOTOpHIX caydaax 31oT Gapbep MoMeT OHThb
papymeB. Tax, peayc-dakrop xporu, Rh-dakrop, Morker Hesamoiro 0 pos-
AGHRA HONACTb H3 OPraEH3Ma IVIOAA B KPOBOTOK Martepu. B o6paTHOM e Ham-
papieHHH Gapbep STOT HPOXOAWM, EANpHMED IIA «CHPHIMTHUECKOTO aHTHTe-
Ha». I10T Gapbep BooOuie cBOGOEH OT MMMYHOIOTEYECKA KOMOETEHTHHX Kie-
Tok. Ero mMo)Bo paccMaTpmpaTh KaK CBOEro poaa «AeMUIHTAPE30BaHHYIO
30HY», NPENATCTBYWI{YI0 NPOHAKHOBEHHIO NOYTH J100WX AHTHIeHOB M TeM
caMpiM JI000OMY HexenarenlbHOMY OGpasoBaHMIO AHTHTE.)

Ifepexon 0T AMMYHOJOTHYECKOH TOJNEPARTEOCTH N0 K HMMYHOJOTHYeC-
KOl peaKTHBHEOCTH pefeHKa MPOHMCXOAMT, 09eBHAHO, He BHE3aNBO, a MOCTENeH-
EO, OJHAKO OH OpHOIHBHUTENBHO COBIAMIAeT ¢ MOMEETOM poeHuA. Boamoxao
Iaske, 9TO 3TA mepeMeHA KAK-TO CBA3aHA ¢ HEAYKIHEN caMoro mpomecca POKOSB.

Kak Tonpko maom BauMHAET YTPAadMBATH EMMYHOJOIAYECRYI0 TOJEDaHT-
HOCTH, CHAMaeTcs Gaokafa ¢ BHPaGoTKRE aHTUTEN B NPHBOIMTCA B AeficTBRe COO-
CTBEHEKIH MHANBMAYAIbHHN HMMyHONOTWIecKHI anmapar. C nosasieEHeM mep-
BHIX 3HTHTE] MAaTePHHCKHEN OPragHaM HaTMHAET BOCOPHHEMATh IJI0[ KaK HEITO
9yka0e H BHTANKEBAeT ero mpodb. (K aToMy BpeMeHH M BMMYHOJIOTESECKMI
6apeep cTanoBuTCA GOJIe6 IPOHEMAEMEIM, 9T0 KAK Pa3 B HPOABIAETCA B y're'me
Rh-parropa.)

K sromy caenyer Ro6aBETh eme Koe-910. Ilocie Bcero CKa3aHHOTO MOMHO
Ob10 6H cenaTh BHBOM, 9TO MMMYHOJOIMYIeCKUH annapar, T. €., B 9aCTHOCTH,
nuMpaTHIECKAan CHCTeMA OpPraBH3Ma, NOJKeH Q)Opunponancn WMEHEHO OpH
POXKICHAN HAH cpasdy e mocie Hero. Ogako, DO-BHIUMOMY, 9TC He COBCeM
TAK: Beb HMMYHOJNOTHYECKAA TOJEPAHTHOCTh TaKMKe, BepPOATHO, BaXOAHTCA
nox koATpoNeM gAMPaTadeckoii cacreMul. KoHeuHO, Bce cofcmeéernibie BemMecT-
Ba OPraH{3MA, BCE ¢AYTOAHTHTEHK», KOTOPhIe ZOCTATOYHO PAHO NPHILIHA B CO-
NPHKOCHOBEHHE ¢ AMMYHOJOTHISCKH KOMIETEHTHHMH TKAHAMM, B B JajibHel-
meM 6YyAyT NPHAMMATHCH KAK «CBOU» M OTOMY OpraEraM Gyaer k HEM ToJlepaH-
tTen. OHAKO H3BECTHO, 4TO JAJEKO He BCe uyyxdvie 0ai 0p2aHU3Ma BeIIECTBA,
BBeACHEbIE BEYTPHMATOYHO, HPHBOAAT K BOBHHKHOBEHHI) AMMYHONOTHYSCKOH
TOJIepaHTHOCTH; HAIOpDOTHB, JUCJIO TaAaKEX BelmecTB OTHOCHTEJAbLHO orpannqenno.
Hakue 13 Bux Gyayr nepeROCHTBLCH, 4 KAKHe HET — 3TO, NO-BHAHMOMY, pellaeT
BEMMYHOJOTHYECKHA anmapaT y)ke Ha O4YeHb PaHHHMX CTaAnAX.
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[Ipesne Bcero HOBOPOKMEHHOE KHBOTHOE NONKHO OBITE BCKOPMIIEHO, 3
NHHIEBbie BEUIECTBA MOI'YT COOePHaTh AHTHUIeHh . Hpone TOI'0, HOAONKWTHOE
JKHBOTHOE COIPHKACAETCA €O CBOMMH COGCTBEBHLIMH IKCKPEMEBTaMH, T. €.
ONATH-TAKHK ¢ CAMHIMN pa3auvHAMHU adTureHamu. [lanee, B mo06oM momelleRdH
Bcerja MMe0TCA YaCTHOE MbJIR, KOTOPhe HEBO3MOXHD YCTPaHHTH OOwuBoM
crepranzauneii. Hakomen. mogonsTROe YKHUBOTHOE MOKeT 3aTAaTHBATL YaCTH-
Itk cOGCTBEHHBIX TKaHel, BOJOCH U T. [I., TEM CAMLIM OOTIOMAA AHTHIeHkl (ayTo-
HMMYHOJIOTHYECKAA peaxnual).

OTciofia CTAHOBUTCA ACHO, 9TO aGCOMIOTHO «Ge3aHTHTeHHBIX» JKMBOTHHIX,
BepoATHO, He SmBaer BooOme. Hy:xHo pajoBaThca ywe TOMY, 9T0 yhaeTcs mo-
JYYaTh KUBOTHBYX, CBOGOOHHX XOTA Obl OT TeX MMKPOOPraHM3MOB, KOTOPH
MOKHO BbIABHTEL. OMHAKO W Ha 3THX }KHBOTHEIX YAAJNOCh MOKA3ATh, YTO IePBHO
AHTUTENA, KOTODHE, Ka3aJ0Ch Obl, MOABHAKCH «CIIOHTAHKOY, He YHACHedOBaHbI,
a TpuobpeTeHy HA OYeHh PAHHHX CTAJASAX PABBHTHA B Pe3yibTaTe 3alMTHHX
AMMYHHRIX peakuui,

Ilepea IMmOM pasopuTeabLEHX 3aTpaT Ha oGopynopaEue 3TOT GoJiee MR
MeHee NMpeABMACHHbIA Pe3YJAbTAT BHINAAEN OW XOBGIBHO MA3EPHLIM, €Cad Obl
3a HAM He OTKPhIBaJaach Hexan obmacrs ucciaef0oBadui, Noka eme, IpaBIa, HO4-
TH HepaspaboTaHHasA, HO, (eaycNoBHO, OYeHb Ba)KHad ¥ nAogoTBopHaa. Jisa
TOr0 9To0B HECKOABKO HalAgjgHee OGPHUCOBATH 3TO, Mbl ONAIIEM 3A€CH ABA ONbI-
Ta ¢ «0e3MMKPOOHBIMEIY >KUBOTHREIMA.

Boabymurennr xonepm Vibrio cholerae omaceR TOABLKO JIOIAM, HO HE H-
BOTHHIM. ONHAKO €clH MOPCKHX CBHHOK BHIPAIIMBATL B CTEPHJILHHX YCJIOBH-
AX, TO NOCJe 3apa)kKeHMs XOJepHEM BuOprOHOM OBH ToTYac 3aGoneBaloT, mpu-
YeM kapTHHa 3a60/JeBaHAA THIOMIHA AnA xonepu. Yepes 6—9 gHeil »uBOTHBIE
noru6awTt. To xe camoe NPORCXOAAT, eCJu OAHOBpeMeRHO ¢ BuOpHoHaMu BBec-
TH eme kakoM-HHOYAL wTaMM GakTepuii. B 0GLI9HMX yCHOBUAX B KUIIEYHAHKE
MOPCKHX CBHHOK HMeercsa Goraras GakrepmanbHas $iaopa — DPOTHB Hee BO3-
6yaHTenb XOodepm HMYEro He MOKeT MOJeNaTh.

A Temepb omnT ¢ Bo3OyIMTeseM ameOHol nmsenTepmu Entamoeba histo-
lytica. Ha ceit pas pean uger He 0 GakTepnH, a 00 ONHOKNETOUROM OPraHm3Me,
He UMEeoIeM MIOTHON KAeTOUHOH CTeHKH; IO3TOMY OH MOKeT H3MeHATh CBOK
PopMy U mepeNBHraeTCA NMPU NOMONIM BRI POCTOB HPOTONNA3ME (TAK HAa3blBae-
MEIX [CEBAONOMMil).

AMe0OHAA NH3EHTEPHA TMOpPakaeT Juel, 00e3baH U NOMAITARX KHUBOTHHIX,
a Taxie MOpCcKHX cBuHOK. I1pu BBefeHuU BO3GyamTeNs Ge3MUKPOGHBIM KKBOT-
HpIM 3a00JeBaHWE pPa3BMBAETCA TOJMBKO B TOM CiIydae, €CAN OJHOBPEMeHHO
BBOJAT KaKyl-EnOyaes Apyryio coBepuieHHo Geappenmyio Gaktepuio. Kaxk Bm-
OHTe, CATyaldfa COBCEeM uHadA, 9eM B leﬂBeIleHHOM BHIIE npuuepe:‘

flcHO, 4TO MOpPOTrOCTOANME 3KCIEPUMEETH € Bhipam(uBaBEmeM GeaMHKpos-
AHIX KMBOTHBIX TPOBOJATCA BOBCe He naa 3abasuw. [lo Bcell BepoaTHOCTH, B
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UMEHHO K HHUM MMMYHO/JOTHYECKMIl anmapaT OTHOCUTCA KakK K «JyKMM», BHpa~
6aThmBasA COOTBETCTBYIOMMNE AHTHTEJIA.

Onpako AnA Toro, 9700 He TOABKO 00e3BpejMTb, HO H JeACTBATEALEO
AMKBARAPOBATh NOfOOGHL® KiaeTKM, ONHMX AHTHTeN, HO-BHAMMOMY, HeZOCTA-
tougo. B peno BeTynaeTr eme oAMH HAKTOP, TAK HA3HBACMHIH KOMRAEMEHM.
Temepb M Mo:KeM AOOOJHUTL Hall COHCOK B3aAMOACHCTBHE MeXAy aHTHTE-

JaMH M AaHTHIeHaMA eme OoAHON peaxnmumed (Tabu. 6)— peaxyueil ceasweanus
KOMNAeMERIA.

Ta6auya 6
Peaxnue MeNy AHTHIeHAMA H AHTHTEJAMHA

1. CpoGopunifi anTHTER + ABTHTENIO (8BTHCLIBOPOTKa) — [IpenmnHTanas

2. ABTHTeH, CBASAHHH & + ARTA TN (@HTHCHIBOPOTKA) ~— ATTJIOTHRAIMA
¢ KJETHKON

3. ARTHreR, CBA3AEHMWE + ARTHTeNO (AETHCHBOPOTKa) — ['eMarriaoTHRANMA
€ 3PUTPONUTOM

4. AHTHAreR, cBA3aHHb -+ AuTHATENO N aTonns (pacTeopeHse
¢ KJETKOR + KOMIJIeMeHT KJITKH)

Joaroe BpeMa KOMIJIEMeHET PACCMATPUBAJICH KAK B BHCHICH CTeNEeHH COM-- -
HATeNbHO® 00pasoBaHHe; MHOTHE CHeNHANUCTH B obJacTH MMMYHOGHONOTHR
BooGue OTKA3KBAAACH CIATATH €r0 KAKAM-TO OCOOHM BEemECTBOM M B KpalineM
caydae COTJIaliajiBch NPA3EATh, 9TO pedb UmeT 06 0coboM cocmosHul HEKOTO-
pHX BemecTs. JIHWE HEAGBHO CTAJNO AOCTOBOPHO H3BECTHO, UTO KOMIJEMEHT
NeBCTBATENbHO NpeacTaBaseT coboil ompeneneEHOe BOmMECTBO, X0TA IPHCYTCT-
RyerT OGHYEO B 0GeHb MAJWX KojaHdecTBax. I[03TOMY IpH HOMOIIM MPEKHHX
MOTONOB MCCIAef0BABMA €ro OpOCTO HO YAABAJOCH BHABHTL. B Hacroamee Bpe-
M5 HBBECTHO HeCKOJIbKO ppakiumii KomnaeMenaTa. Mano Toro, ¢ NOMOIMbIO 3JIEKT-
POHHOr0 MHKPOCKONA JEeACTBHe KOMIUIeMeHTa yAanoch ysupetbh. B oGonourax
9PHTPOMUTOB Nocae 06padoTKH KOMIEMOHTOM MOKEC YBHAETh MaJeHbKHAE Jbl-
POYKH; 5TO BHTIAAAT TAK, CAOBHO KIeTKH OYKBaJbEO «IPOCTpeleHH» KOMI-
nemesToM. Uepes BHX COfepKHMOe IIOCTENOHHO BHTeKaeT, IOKa Kierka He
PacTBOPHETCA HOJHOTTHIO.

[Momanyii, Gonpime Heab3A COMEEBATHCA B TOM, 4TO HMMYHOJOrHYeCKHe
mpolleccH ACHCTBETENbHO YUACTBYIOT B OTTODPXKEHKE CTAPOIOMMX, CTABIIAX He-
DpurogEEMA Kiaerok. OfEako 3TO, €CTECTBHHO, HMYEro He TOBODHT HAM O
OPUIHHAX CAMOrLC CTAPeHHA.

Hegapuao Onna BHABHHYTA COBepIIeHHO HOBAA H 096Eb CMeJasf IMIOTe3a
HA DTOT CYeT, OCHOBAEHAA Ba 3KCHEPEMeHTAX Mo zapabuosy. HposemocHHe
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Haf,— 3TO BeCbMa MHOTOCTOPOHHANA, MHOToJuKas npobaema. Hapg meii pabora-
10T ThicA9H JabopaTopnil M KAHHEK BCEro MHUpa; yKe NPOHAeHO MHOTO OyTel H
BCe BpeMs M3RCKEBalOTCA HOBHe. DecqncieHHble paspo3HeHHhe JaHHKIE TaK
WM HHa49e CyMMHpYloTca. OpBako [aTh BcecTopoHEHME 0630p aroil mpobaemel
HPAKTHIeCKH EeMO3MOHHO.

Camoe crpamHoe M HEIOCTHKAMO® B IipofaeMe paka — 3TO TO, 4TO HOp-
MAJbHbI® KIETKH B OTBET HA THICAYIH PasHOOOGPA3HHX BO3JeHCTBAN XMMKIECKO-
KOO, Pusmueckoro BnE PE3MONOrAIECKOTO XapaKTepa W JacTo jgaxe Gea ove-
BURHBIX DPHIMH M3MEHAITCA BCerfa odunaxosiim o0pasoM: OHM «BHpPOMAA-
oTcA» B pakoBue kiaerku. Ux o6MeH BemecTs, pocT M Pa3sMHOMKEHME PacToOD-
MaIKHMBAIOTCA, BHIXOOAT H3-MojJ Komrpoas. [IpeBparmeiimcs B omyXojeBnie,
3TH KJOTKH «3aTAYIAITY HOPMaJIbHLE H B KOHIE KOHIOB IPHBOAAT K CMEDPTH 0p-
raguaMa. Mu eme He 3HaeM TOUHO, B UeM 3aKJAI09AETCA 3TO «PACTOPMA KHBAHHE).
Ham nmmp scHOo, 9To OHO 06YCNOBNEHO PAa3EHIMH IPHIAHAMHA: M3MEHEHHEM
reHeTHueckoll mAGOpMANHN, T. €. Mmymayueli (HampuMmep, BCJAENCTBHE paguo-
aKTHBHOTO of6NydeHMd), a TAKIKe HADYIIEHAEM HOPMAJIBHOH pe2yaayius 06MeHa
éewpecme B IUTOMIa3Me U MHOTEM ApyruM. Bcee ato 3peck Mu ofcyxaaTh He MO-
jHeM. 3agafuMCcH JPYTHM BOTIPOCOM: HE3aBHCHMO OT TOFO, KAK BO3EMKIM PaKO-
BHeE KJICTKH, BH3HBAKT JH OHH CO CTOPOHH OPIaHA3MA PeaKLHI0, NOJXOGHYIO
TOfi, KOTODYI0 BLIBEHIBAIOT 9yKepollHHe areHTH? Pa3fenseT NH OPraHE3M HX
Ha «cBOM» M «Be cBom»? CUYATAET JE OH WX OBACHHIMH?

Korma Bpad cTaBUT AUATHO3 PaKa, ero mallueHT, Kak HPaBHiO, y:Ke Oyk-
BAJTBHO HABOJHCGH MMANHOHAMM PAKOBRIX KJETOK; OTCIOfA JIeTKO 3aKIOYHTH,
9TO ero OPraHu3M EMMYHOAOTHYECKH TOJEPAHTEH K PAKOBHM KJETRaM (KO BCeM
MY MIb K ONpefeleHHBNM?) M CIUTAeT UX «cBouMM». Mcxons ma aToro, Mom-
HO DPelACKATh H MeTOf JIeYeHUA — pa3pyllenue MaKoil UMMYHROLOZUNECKOU
mosepanmuocmy, HaOprMep NYTeM NepecagKi MMMYHOJOTHYECKH KOMII@TEHT-
HHX KJeToK OT HMMMYEHHOTO OpTaHH3MA.

OpHako MOYKHO Ha BCe 3TO B3NIABYTH Ho-nHoMYy. Ilpu cencnce #poBE TOY-
HO TaK e HABOAHAKT MANJNHOEH Gartepmii (amTurenoB). OQHaKo B 3TOM cly-
qae HAKTO HE COMHEBAETCA B TOM, YTO MMMYHOJOTWYeCKHil anmapaT OPHCYTCT-
ayer 4 npogoirkaer paborars. Henbss au NpeanonoKuTh, 9T0 KB NPH paKe MBI
OpUHHMaeM 33 60Ne3Hb TOJBKO Te CIydaHl, B KOTOPDHX MMMYHOJOTHUeCKRE am-
napart, cymecTByromuil u QyRKOUOHNpYWmMUil, yxe nmobemaen?

Beposateo, B pesyJbTaTe MyTaDHH, HapyuieHAsa ofMeHa BemecTs WA
emme o KakaM-aubo (IPEIMHAM B OpPraHA3Me BO3HUKAKT H PA3MHOMKAIOTCA
«BHIPOTUBIIHEC» PAKOBRIe KieTKH. Mul 3HaeM, 9T0 0HA EMeT pasHooOpasHuIe
NMOB6PXHOCTHBIE CTPYKTYDH, OTIHYAKOI{HECA OT MIDOBEPXHOCTHHX CTPYKTYP
HOPMANbHHX KaeTOK. Baarogapsa sromMy OHE HeMelJieHHO, y:Ke B MOMEHT HX
BO3HHKHOBEHHMA DACHO3HAITCA HUMMYHONOTHYECKHM ANMAPATOM M YHHUTOMKA-
orcs, Tonsko B TeX cnydasx, KOTRA MoYeMy-Ai60 MOABNAETCA CIARIIKOM MEOTO
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Yo ke KacaeTca MCTOPUH Pa3BUTHA POAA, HAH Pusozenesa (OT rpedecko-
ro guson — IaeMsa, POX), KOTOPOH MH 3Jech 3aHMMaeMcA, HO KOTOpas B Te
BpeMeHa, KOI/a rOCHOACTROBAIN BHINCYNOMAHYTHE HEBepHEE HPeRCTARICHNN,
BOBCE Be ABAAJACH NPEIMETOM JKCKYCCHH, TO 1A ee 0603HavYeHMA B HACTOAMEE
BpeMA HCHOAB3YETCH, KaK OPABWIO, TEPMHH 98040yus (OT JATHECKOTO evolu-
tio — paseepTeBannRe). B fanbEeimeM MH yiKe He cMoxeM obojfitucsh Ges sTo-
ro cnelEajbEoro TepMuda. Mm Gyzem paccMaTpEBaTh 9BOJIOLMIO KaK Heobpa-
Ml mpotlece. Ho BepmeMca k Bawmel Teme.

Kbk nponcxoguna sBOJIONMA, U3BECTHO JATEKO HO BO BCeX NofpobrocTax.
OngBako ee MPHALMON HaM ACHB — 3TO MYTAIMA W 0TGOp, T. €. H3MEHEHHUA
(racnefcTBeHHHE) U fecmomanuulii orbop, coxpamdiommil «<Hanboaee MpUCNO-
cobaeHHHE» U3 HOBHX $opM. ITOT Npoliecc JomkeH Gbl IPABOJMTE K BOSHUK-
HoBeHmio Bce Gonee nuddepenuupoBaHHEX, Bee Gonee CN0KHNX OPraHH3MOB.

CnegoBaTenbio, M OHIH BOBCe HE TAK YK JeTKOMBICIEHHH, KOIJa KOH-
CTATHPOBAJH, 9T0 SBONIONMA cymecTByer. ONHEAKO HOKA YTO 3TO Be CAHWKOM
MOMOTaeT HEaM {1poJBAraTeca Jaabme. Mu 3BaeM, mpaBja, 9TO B HACTOAMEE Bpe-
MA KABHb HE MOKeT BO3HMKaTh «de novo», HO MBI He 3HAEM, NOYeMy 3TO TaK,
a He mEade. Kak ke BhACHHTH, YT0 DpPOHMCXOAMJAO IOATOPA MBIAHApAa aerT
masan? JleiicTBoBanm Nu yrke TOTAA H3BeCTHHEe HaM QH3NMYECKNe W XMMHYECKHE
3akoEH? Hak sHraaneno sce Ha 3eMue B 70 BpeMa? W ecam He cerommd, TO
MOTJIa JIH 10 KpaliHe#i Mepe B Teé BpeMeHa BOBHEKHYTh KH3Hb?

Ipo6aema nelicTBATENEEC KpaiiEe TPyAHa, HO BCe JKe HE HACTONDBKO, FTO-
6H BCSTKAA MOTIHTKA €6 pelledrn 3apanee Ouna o6pedena Ha Heygauy. MK Toxs-
KO JOJDKEH OOpDATHTbCA 3a NOMOmMbIO K CaMbiM pasEnM HaykaM. Ecnm npm
E3YYeHAM (HNOreHe3a HAM IOMOTAeT MAJEOHTONOTHA, TO HA 3TOT Pas HAM NO-
MOJKeT Fe0JOrHA M Ipesae BCero, Kak 8To HA KaxeTca HOHAYANY CTPAEEHM,—
acrpodmzmna, T. o. GpuaMka HeOecHEIX Ten.

3. KAPTHHSI
NIEPBOBLITHON 3EMIIM

Pazpenenue NPMPOAL HA HEQPTAHNYECKYIO W OPTaHMUECKYIC yCTapeno

Y mwopeit cymecTByer cBoeobpasHas TAra [Jel1HTb Bee sABleHMA Ha NPOTH-
BOCTOAIMMEE APYT APYrY KaTeropMpm — TaK NOABHANCH TAKMe NOJApHEE IO
CBOEMY 3HAUEHHIC NOHATHA, Kak RXobpo m 370, cBeT W ThMa, TeIO M OYX...
TMomgo6aKie mapu DoHATHEA, MapH Kareropdii, BepHee CUMBONM3HPYeEMOe WMH
pasiesnenne Mdpa, IPAPOAL, OYeHb KHBYYH, BO3MOXKEHO, Omaronapa mpocrore
noR0GHOr0 MOAXOMa, XOTA KayRAKI pado WAM HO3NHO 3aMedaer, 9TO TaKoe pa3-
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KHX BemECTB, B TOM YUCJe BeChMAa CJIO0KHbIE, BallpAMeD BUTAMMHH M agTHOMO-
THKHE.

[IpaBna, B TO BpeMa aMub HeMHOrHe HOTAJBIBAAMCH, UTO BENHKOE OT-
kpuTtRe Bérepa npobmao Gpems B cTeHe, pasaenABlIeli BeOPraHUYecKHii W op-
raEuYecKHE MUpb, 00 eCAM op2aHuUvecKUe BemeCTBA MOTYT OOpPa3OBHIBATHCA
DOMHMO OPTaHH3MOB, TO PA3YMHO NPEANOJOKHTB, YTO OHM MOTYT HJAM MOTAH
obpasoBaThca Takke m Oea BMemaTeabcTBa XHMHKOB. OTCI0fla OTKphiBaercs
OyTh AJA PellleKHs BOOPOCca 0 BOZHHKEOBEHUH JKH3HH Ha 3eMie.

3a mpepenaMu MUpa CHEIMHAJINCTOB HAa TY HOBOCTEH eABa o0paTHIH BHA-
mamme. JlorMa o Mupe, nojeseHHOM HajBoe, coxpaBunachk. U oHa oxasanack
TMAaBHHM OPERATCTBHEM B OONHTKAX O0bACHHTE NPOUCXOKAEHHe >KM3HH Ha
OCHOBE eCTeCTBeHHOHAYYHOrO NOAX0Ja, T. €. HCXO0/[fi N3 NPpHHUHUINA OPHIHHHO-
CTH; Beb BCE NPONOJIKALN CIHTATE, YTO BEIMECTBA, H3 KOTOPHX MOCTPOEHE 0]~
TraHU3MH, T. 8. OPraHMYECKHE COCAMHEHHSN , CO3XAOTCH TOJIBKO CAMUMH KUBRIMH
CymecTBaMHM ¥ HO® MOFMAK BOSHHKHYTH abmotmuecku. Iloatromy moanocThio #c-
KA1094J10Ch, 9YT0 B HEOPraHAYECKOM MHPe KOTAa-TE00 «eCTECTBEHHBIM ITYTeM»
MOTJIa BOBHEKHYTH kM3Hb. OTCl0fa W aAbTepHaTMBa: AH0O XKN3HL BoOOmE He
uMeeT HAKAKOTO «HAa9ajas B ABJAAETCA BeYHOH — TOIJa ee MOKHO OOBACHHTDL
TOABKO aKTOM TBOpeHEs, aAud0C OHAa RONIKHA DOCTOAHHO BO3HHKATL 34B0BO
OyTeM CAMONPOM3BOJLHOTO 3aPOKUACHHUA.

PasymMeeTcs, 3T0T o0mEi BHPOJ ONATH-TAKH HOJKpPENAAETCA OBCEIHEB-
goli ovenMAHOCTBIO. ['Ne Ha 3eMne MOMKEO HAUTH ceitdac yraepol ——HEOTBEM-
AeMYI0 COCTABHYI) 9acTh BCeX OpPraHNUeCKHX coeflHHenuii? OR BcTpedaercs
NOYTH UCKIINTEAbHO B Buge AsyokncH yraepofa CO, mianm xapboHaTa Kaab-
umsa CaCOjy, 1. €. B 3HEpreTHIecKH obecuenennon oxuciennoti popme. Hapany ¢
STHM BCTpEYaeTcs, KOHEUHO, M Wulmbil, T. €. HeOKHUCHAeHHHWHA, H, CIeJ0BATENb-
HO, OPHrOAHNI AJA CKUTaBUA yriaepox B BEAe Oyporo # KaMeHHOro yris
UK rpadETa, HO 3TH MAaTEPHANEl, KAK H3BECTHO, OpPranudeckoro, 1. e. 6mono-
THUIECKOro, OpoMCXOXKIeHisl H BO3HMKJH OHM B pe3yJbTaTe AeATCIbBHOCTH K-
BHX CYmecTs, Oyap TO MANOPOTHHKH M XBOmMY KaMeHHOYTOJABHOTO MNEePHONA
Enu goKemOpmiickne OJHOKNeTOYHHe opraEm3mu. UTo e Kacaerca HeGTH—
3TONM CMeCH YIJIeBOXOPOAOB ¢ MOJNIEKYIAMH pPa3nuuHoll IJIHHH,— TO €10 MM,
BepoATHO, 00ABaHK TPyROAOONI GaKTepHil.

Kasanocek OH, Bee 310 cornacyercs ¢ ufeeii pasgeseHus Mupa Ha OPraHu-
gecknii 1 HeopraHuveckmii. OlHAKO Ha caMOM Jene 3T0 Be Tak. B ata Ha Dep-
BHI BarjiAj 09eHb NMOCHENOBaTeNbEHE PACCYXACHMA BKpasack rpyfaa norm-
geckas omubka. Tor GakT, 9T0 MH cerofEA HAXOANM YTJepo] TOMbLKO B OKHC-
NedHOl opMe, OTHIONHF He AOKA3KIBAET, 9T0 TaK OHAo Bcerga.

A MoskeT 6mTh, 1,5 MENTIEAPAA NeT Hasaj BCe BHIAAALN0 COBCOM HHaYe?
[ToopoGyeM 06bexTHBHO paccMOTpeTh 3TOT BOIPOC.

[ToMEMo 3emam cymecTBYWT ApYrHe NiaHeTH; cyumectsyer Conmne, OT
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HBHIM aTOMAM UJH MOJIEKYJaM COOTBETCTBYIOT ONpefeNeERbe JHHHK HAH mOJO~
c¢H mordomeBusa. Takum o0pasoM, nogpofHoe COeKTpajibBRoe HCClIeAOBaRHe
CBeTa, UCIYCKAEMOTO [AHHKIM TEIOM, BO3BOJAET COCTABUTH HMOJHMLIH mepedeHb
BCeX BHOOB ATOMOB H MOJEKYJI, H3 KOTOPHIX OHO COCTOMT.

HO OOCKOIBRY 3Be3[Ih, KaK 3TO ABCTBYET H3 JPVI'HX HCCJIG,IJ,OB&HHﬂ, UMe-
10T KHIKOE AAPO M rasoobpasHyio 0GONOUKY, MCIYCKAeMHi WMH CIHeKTp Co-
NepHHUT Kax JMHHU MCIYCKAaHHA, TAaK M JAHMA NOIJNOMmMEHHA ~ HMEHHO TO,
9T0 HAM HYKHO, €CJIE MK XOTHM HOJYIHTE BO3MOKHO GoJee noanyio yH@opMa-
HMI0 OTHOCHTENBHO COCTOAHHA YyTiepojia Bo BcenenHoifi.

Jlyqwne apyrax 3seap ucciegposaBo Conmne. B HeM copnepmarca, Kak 3T10-
ro, BIpPoYEM, H OKAJAAH, BCe BANL ATOMOB, KOTOPble IPHCYTCTBYIOT HA 3eMie .
(M eme HECKOJBLKO CBePX TOT0), B TOM UHCJe YIIEPOR, BOXOPON, 30T H KHCIO-
poa. Oxasanoch, 9T0 yriepoJd HAXOAMTCH 3/ech He B aTOMapHOH ¢opme, a
BCerjla CBA3aH ¢ APYruMm 3aeMeHtamm — ¢ camuM cobolt (C,), ¢ Bogopomom
(CH, merusoBas rpynna) uc asotoM (CN, npam)— u HUKOLAa He BCTpedaercs
B cOefEHEEHH ¢ KUCIOPOJOM. ITO TeM Hollee IOPa3HTedbHO, UTO YIAJNOCH YCTa-
HoBATh Hajuuue Ha ConHie APYrHX OKHCIEHHHWX 3JeMeBTOB, HaupxMep Gopa
(e sune BO), amomurna (B Buge AlO) u 1. a., a raxxe pogopona (s sane HO).
Tem He MeHee He MOIJMEKMT COMHEHHIO, UTO OKUCaeHKbi yeaepod Ha Conane
oTcyTeTBYeT!

OKa3anoch, YTC 3TO CNPAaBeIAMBO M AuA 3Be3n apyrux tunos. Coarne —
crapas 3Be3fa, OHO OTHOCHTCH K TAK Ha3biBaeMOMY Kiaaccy G (skearas 3pe3ja)
M Temmeparypa ero atmocpepm — Bcero Tombko 5000 — 7000°. Y pmpyrux,
Goslee MOJIOABIX 3Be3]], HanpaMep y O4YeHb ropaauXx O-asesn, TemImeparypa Mo-
mer goxoautb go 25 000° (mparaa, B HuX BOOGmE OTCYTCTBYIOT CO€HHEHHA YI-
nepojia, KOTOPHHl BCTPedaeTcA 3ech B ATOMAPHOM COCTOARHM). XOTA M BechMa
3aMaHYHBO 6b110 GH HOTOBOPHTH O BOSHUKHOBEHMH M cTaHoBJeHUN Beexennoi,
OIHAKO HaM NMPHAETCA CKOHUSHTPMPOBaThH CRoe BHHMaHue Ba ConBeyHo# cuc-
TeMe, K KOTOpPOW OpPWHALIEKHT Hamma 3emis.

Kak un Bakno camo no cebe oGcTonTenscrso, 9t0 CoaRle coBCeM He CO-
IePIKHT OKNCACHHOTO YIIeposa, 3T0 MOKa MaJIo IT0 ToBOpHAT HaM of ycroBusx,
KOTOpHE cymecTBosaay Ha 3emiue 1,5 muanuappa aer Hasan. Jas roro 4ro-
661 yacHEHTH cefe 9T0; NOBEAKOMHEMCA ¢ APYTUMH IlaBeTaMu Bameidt Conmevnoil
CHCTeMHI.

CoekTpocxonmIecKoe MCCAe0BaHHe IJIAHET CBA3AHO CO 3HAYMTENBHAIMH
TpyAHOCTAMA. Bo-nmepsuix, OHA CBeTAT He cOOCTBEHHLIM, 8 OTPaKEHHHIM COJ-
HeYHEIM CBETOM {H NPH 3TOM M3MeHAIT ero). Bo-BTOpHX, B BepXHHX CIOfX
seMaol atMocdepr mpHCYTCTBYET HeGOAbmOEe KOAMIecTBO 030Ha ()3, KOTOPH
ofnanaer CBOHCTBOM MOTJIOMATH CBeT ¢ JJIMHON BoAEM oT 2900 A B meunme,
T. e, Kax Obl cpe3aeT MMeHHO CaMyI0 WHTEPECHYIO YacTh chneKTpal

HecmoTpa Ha Bce 2Td TPYJAHOCTH, MK BCe K€ HMeeM AOBOJBHO XOpoimee
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OpPOHCXOMAeHue — oH ofpadyeTca B pe3yibTaTe PagHOAKTHBHOTO pacHaia).
Boabman 9acTe cBOGOKHOrO BOJOPOAA TAKsKE PACCOREACH B MHPOBOM IPOCTPAR-
ctBe. OHaKo B TAMKENHX COeguHeHMAX, Taxkux, kak H,0, NH,; u CH,, ocra-
BAJIOCh eme JOCTATOYRO BOAOPOAA, Uro0n mpuaaTh émopuunold atMochepe em-
A BOCCTAHOBUTENbHHE xapakTep. CBoGOfHHIHA KHCMOPOR TaKKe KOCTATOUHO
TA¥EN H mOTOMY Yyaep:ancAa Ha 3emie. OnHako B aTMocdepe ero eme HOJTO
Be BhIJI0: ero TYT Ke sKaJHO «CXBATHIBAJM» MeTaJ/IH B APYrAe cNnocoGHLe OKue-
aarbea BemecTBa. Ilonsocthio orcyrcrBoBat m CO,. Korpa ke od B koHHe
KOHIOB BOSHHK, OH HeMe[JJeHHO HAYaJl pEATHPOBATbL ¢ NPHUCYTCTBOBABLIMME B
OTPOMHEIX KOJHYeCTBAX CHIMKaTaMH ® 06pa3oBrBad KapGOHATH, a TaKKe
aByokHch KpemHEA SiC,.

Ilo cpaemernic ¢ Toll mepBEIHOH aTMOcdepoii, KOTOpas ele COXPAHHIACH
ga ConHlle @ KPYUHHX IIaBeTax, 3eMHana arMocdpepa x 2 000 000 000 roxy mo
Hawel 8pu craxa ABHO GegHee cBOGOAHEM BogoposoM (m reauem). Koaugect-
BO 430Ta TOMe NONKHO OHAO yMeHBMETHCA, a BOJA HAXOQHJAACH YaCTHIHO B
baje mapa, 4 9aCTUYHO B KEAKol ¢opme, 0Gpasysa <oepruuEMi OxeaH». He-
CMOTpR Ha 3710, aTMOcPepa Bce eme Gnia BOCCTAaHOBHTENBLHOH, MG0 B Heil B
EaGHITKE CcOflepKancA BONOPOA, XOTA W B cea3aHmoit gopme (CH, u 7. ;.).
Ecrectsenno, ato B ycaoBmax Takod BocCTaHOBHTENbRON aTMOCQephl Yraepon
TaKe OPECYTCTBOBAJ B BOCCTAHOBJIeHHOH gopme; yraepoa kapbonatos BXo-
OMT B COCTaB 3eMHOH KOPH — aumocgepst (OT TpeYECKMX CJIOB AUMOC — Ka-
MeHb H cgfepa — wap).

OT nepanunoil armocrepul k wnepenyHomy SyneoHys

Ho Teneps, HaBepHOE, YHTATENb BCS e XOUeT CNPOCHTh, MOYEMY Mbl NpPH-
naeM cToAb Gonbllloe 3HaYeHHE AOKABATENLCTBY TOrO, 4TO aTMochepa 3eMin
OurIa BOCCTAHOBHTONBHOH M, CIEZOBATENRHO, COLepPKala yriepoj — riaBHENY
KOMOOHEHT BCeX OPraEFYeCKMX CO®JMHEHHN — Tak)Xe B BOCCTAHOBJEHHOH
dopme. Benr B KOHOE KOHIOB KHBHE CYRIECTBA MOTIIM, NOMKAJAYH, BOZHHMK-
HYTh U B BOJe, a BoBce He B Bo3ayxe. Urak, Kakoe 3HaveHme uMeeT mpucyTeT-
e B aTMocepe yriepoja HapsAay ¢ MeTaHOM, aMMHAKOM M LIMAHOM?

IlpenBapureasHulil OTBET MOKHO JaTh Cpa3y: «mepsobnTHaA» aTMocdepa
3emnu noutw OYKBaJbLHO «OTpPa)Kajdachs B CoCTaBe NepBUYIHOro okeaHa. OH
Beflb yiKe CYmECTBOBAX Ha 3eMile U COepKak, MeKAY NpOY9uM, BOAY (a He yr-
JeBOAOPOAH, KaK Ha xoaoxsoM IOmutepe). Ito, KoEewRO, OLla He «YHCTaA»
BOJA: TAK Kak OKeaH 00pa3oBajicsa Ha HOBEPXHOCTH 3eMHOW KOPh, B HeM OHIM
pacTBOPeHH caMble Pa3Hune Heopragndeckue coan. OqHaxk0 pasinYHELe BemlecT-
Ba MONANANH B OKeaH He TOJAbKO «CHHA3Y», HO M CBepxXy, us atMocepn. JLox-
LM U TPO3H B Teé BpeMeéHa OHWBAaJH, NO-BHAHMOMY, eme daie H culbHee, TeM
ceiivac. A ¢ go)xaeBoll BONOH B NePBAYHLIA OKeaH MOODajajiy H COCTABHLIE dac-
™ arMocdepn: ammuak B Buae NH,OH (ruapooxucn amMmormna) u nuad B BH-






. [Mpoucxowaenme xuarnn 385

CTaJI0 BpeMsA, KOTOa OHA OKasajnach BACHIEHHOH KUCJIOPOAOM, H BOT OpHIen,
HakoHell, Sepex .COCTABHHMX dacrell armocdepri: NH, okmcaancs go monaexy-
aspEOTO a30Ta B A0 NO;; npucyTcTBOBaBIIRil B HeGOMAIIOM KOJMYECTBE CepPo-
pogopon H,S okucaamxca po SO, (. e. mo cepuoit kmcnorm); CH, oxacaanca
a0 CO,; m ammb OOCAE 3TOTO MOT NOABHTBHCA, HAKOHEN, c0G00HNI KECIOPOLL.

910 mpomM3cmII0 HEe ¢Pasdy; CYRTAIOT, UYTO A NpPeBpalleBus BOCCTABO-
BUTEIbHOH aTMOCPephH B COBPeMEHEYI0 OKHCIACHHYW HOTpefoBaIOCh IpH-
6nnauteavHo ot 1 o 1,2 Maanuappa jger. ClegoBaTenbHO, 3TOT IPONECe JOA-
met 6bi1 3asepmAThea okodo 800 000 000 rona mo mamei apu. Hmerno e smom
nepuod Gosdcna GwAa 03HUKNYMb HUSHL Ha FeMse, eCAHM TOABKO 3TO BoOGME
KOorga-HEGyap OPOMBOINIO.

Ipn okmcienaE Bosce He Kaskmaa Moaxexyiaa CH, cpasy mpespamasnach
B CO,; nmponecc mporexa (A cefivac mMpoTeraeT TaK Ke) B HECKOJbKO CTaARM —
npr 3ToM O0pa3OBWBAJACA METHJIOBHEH cuEpT, POpMAXbIErHA, MypaBbHHAR
kacaora, HCOOH, u MHorMe Apyrue mpoMeKyTodHHe coefmHeRms. 3 aTmoc-
depst oM BMecTe ¢ OGMIBHNMA JOMIAMH DOMAJANH B OKeaH, Ie OHR CHAYalAa
OnIE BalIMMERBR OT JakbHeNmero OKMCAeHHA. 3ech 3TH BElECTBSG BCTPEUA-
IACH ¢ AMMHEAKOM H OHAHHECTSIM BOAOPOAOM (KOTOpPHE, Pa3yMeeTcs, T0Ke MOTIH
6riTh HocTeneBHO oxacaerdsn). M tak xak B¢e OHEM 06/1a{a10T BHCOKON peaKmHOH-
gofl cmocoBGHOCTEI0, HMEN MECTO OMKHEBJACHHHI «00MeH BemecTB»; HPONYKTAME
ero OhN, ME&KAY NPOTHM, GMUMOKLCAOMB U OP2aHUUECKUE OCHOSAKUS MUNG
adenunal

TaknM 06pasoM, m3 ODEPBHYHOrO OKeaHa, B KOTOPOM BHAZajle HMENHCH
TOJIbKO PacTBOpeHHKE MEHepaJbHHE BelllecTBa, HocTeneHAo o6pasonaicH «nep-
SUNHBLE Gyabory, cofepaBmmii mean# Haop BechbMa CIOMKHHX OPraHAYECKHX
coemEHeBN ¥ npencTaBasaBmui cofoil Xopomyio NUTATENbHYIO CPefly AAA Nep-
BhIX JKHBHX cymects., (CEHANbEAA KHMCIOTA TeM BpeMeHeM NPOPeardpoBaia ¢
pasHHMH IPYTAMH BellecTBaMm A Onia ofesppeskema.) JroT «mATaTeNbHHH
6yNLOE» M3 HACTORMIAX OPra@MYeCKHX BemecTs BO3HHK 0ea Kakoro-1mbo
V9ACTHS MHBHIX CYLIECTB — OH ORI YUCIMO HEOPZAKUMECKO20 NPOUCTONCAEHuUR!

Bpemennan wrana; 38 40 cexynfy A0 NOAYNOUK COCTOAROCH ABNEHHE YOROBEKA

Iocae Toro xax Mu HeHOCPeACTBEHHO OT acTPOQHIHKA MEPeNuIH K «nep-
BHUHOMY OYJIbLOHY», y TATATEdA, BOSMOKHO, BOZBHKJIH HOBHe COMHEHNA.
Bo-mepBaix, Hame ONACAHHE KaXKeTCA €My, BepOATHO, OUeHb YK COEKYIATHB-
gsM. Beas HWKTO mpH BCeM 3TOM He HPHCYTCTBOBAJA — KAK JKeé TeOXHMWKHA
MOTYT TAK TOYHO 3HATB, TTO NPOHECXOIHIO B TO BpeMa Ha camoM gene? Bo-Bro-
PhEIX, OH BCOOMBEAET OepByI0 rJaaBy. TaM MH IHCANA O TOM, YTO OPraHHIECKHE
coeflRHEHHA B NMPOTHBONOJOMKHOCTE HEOPraHWIECKEM MOHAM pearmpyioT ApPYT
¢ ApyroM KpaiiHe MeJJIeHHO, BCJIGACTBAE Wel0 OPraHH3MHW W CO3[AJIA CHelB-
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1 moBHe akcnepHMeRTH He 3acTaBwim ceba spaath. Mccaemosartenm, pa-
6oTalomue BO BCEX YACTAX CBeTa, co00manu O HOATBEPKIEHHA Pe3yAbTATOB
Muanepa, mpadem UM YASIOCH KOOMTBCA yCHexa W ¢ BUAOU3MEHeHHON MeToam-
koii. Tax, BMECTO HCKPOBOTO Pa3pAfa IPUMOHAJHUCH APYIHe HCTOUYHHKHA JHep-
ruM: HarpepaHne, BUAEMEIE W YAbTPadHOMETOBbIE JYydd, PeHTTEeHOBCKUE JAYYH,
HOHU3NpYIOIee HBIAydYeHHe, YAbTPa3ByK. Bmecro Merama B KauecTBe HCTOY-
HHKA yriaepoga Gpaam ¢QopManbpaersj, OKHCEL M Ja)ke JBYOKHCh Yriaepoja,
a BMeCTO aMMHMaKa — asoT. Jajiee mcciaegopann, opoacxogur Jgu o6pasosanne
OPraEMYIeCKOro BEmeCTBA TAKKe B 60dnol cpede.

Peayabrat Bcerga 6mua oguraxosuM. IIpBs Bcex ycmoBuax ofasateavHo
o0pa3oBpIBaJACh AMUHOKRCAOTH, §e3a30THCTHE OPraHEYECKAC KHACIOTH H 8-
me caxap. OcoGeHHO pesyABTATHEBHHM B CMHC/IE KOJHYECTBA B pasHooGpasma
NONY9eHHKWX HPOAYKTOB OKA3aJNCA OJMH BIKCHEPHMEHT, B KOTOPOM KHAAKHR
MAAHACTHHA BOAOPOZ (CHRAMIBHAA KHCJAO0TA) H BOAHHHE PACTBOP aMMHAKA HAFDe-
Bajgu B Teuenue 18 gacos mpu 90°. B cmecn Gmro oGmapysceno He meHee 75
aMMHOKHACAOT H AaMAHOKUCHOTOMOAOGHHX BellecTB ¥ K TOMY e eme 50 npy-
rux coemutieHnii. CBepX TOro 34ech AMENHCH eIMe «IOJTUMEPLI», T. . foiee Kpyn-
HEle MOJIEKYJIH, COCTOAMAe K3 MHOTHX CIeRYOmEX APYT 3a JPYroM HH3KOMO-
AAPHKX «KApOHYNKOBy. ONHAKO BO BCeX ITHX IKCHEPHMEHTAX AOJNKHO GHi0
co0nwaaThca OAHO HempeMeHHOE YCJOBHE: DeaKyUoHHaR cMect doaxcna Guaa
UMEMb 80CCMAROGUMEAbHEL TapaKmep.

Komewno, yc¢/IOBHA B MOCIE[AHEeM W3 ONHCAHHKX ONMTOB, BEPOATHO, He
TAK Y)X TOYHO COOTBETCTBOBAJM TeM, KOTOPble CYMECTBOBAJNHA B HEPBHIHOM
Okeafie, H OIHAKO TO, 4T0 mpomcxogaT 3a 18 gacos wpm 90°, 3a HECKOABKO MHI-
JHOHOB JE€T BHOJHE MOIJIQ coBepmaTheA ® mpu 20 mam 30°...

Yero 1o mopxnt A0 BpeMeHH HeAOCTABAJO, TAK 3TC NYPUHOB 1 TN PHMAAAHOB ~—
OpraHm9eCKUX OCHOBaHMN, KOTOPHE, KaK Mil DOMHHM, CIYKAT CTPOHTENb-
HHMHU OA0KAMA HYKJIEKHOBHX kucaot. OpHako yxke B 1961 ropy Onia maiinen
agennHn; B 1963 rogy o0Bapy:KuAH TyaHRH A 4X€HO3MH, a TAKKe, KAK BH TPYA-
HO 9TOMY HOBepPRTh, afieHo3mEMoHOdocharT, agemoamHAmdochar ¥ afeHOIHH-
rpudocar (AMD, ARD n AT®D), a Ham yxe H3BeCTHO, 9TO NOCAeERIN B3 HAX —
YVHHBePCRABHHE ZOHOD dHePruH AAA KAeTKA. U Bce OBH BOBHMKJIM B Yycao-
BHAX, NOXOGHLIX TeM, KOTOPHE, N0 Bcell BepOATHOCTH, FOCHOACTBOBANK BO Bpe-
MeHa «nepBAYHOre OyjaboHa» (afieHWH, HAIPAMEpP, 00PAs0BAIICA WS METAHA, AM-
MBAKa @ BOAN NpH CHJIbHON GomGapaupoBKe 3JMeKTPOHAMN).

Taxkum 06pasoM, coMnenuit Sonbme He OCTANOCH: B «OepBAYHOM OYyJbOoRE»
nepBOHAYaJbHO He OHA0 HUKAKOH KH3HH, HO MMEHCH OPraHAYeCKHE Bel(ecT-
Ba; B HeM OPHCYTCTBOBAJIN DOYTH BCe COGAWHEHHA, KOTOPHEe B HACTOMNIE® Bpe-
Mbl MH OOGHApY)KHBaeM B KHBWX cymecTBax. IloaTopa MMaaHapaa JieT
Hasaj] MHp He GHJ DOJesdeH HA OpraHmYeckail ¥ Heopranmyeckmii. OpraEmyec-
KMe coegHHEeHNA BOSHAKAAA afEOTHYECKH, B pesyabTaTe «QOHIHHX» XAMHAIEC-
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OBLTE COBepLIEHHO YBepeHH B HPABIMJIBHOCTH OHOTO M3 HAX, MLl TeM He MeHee
"o 6pian 6H BIpaBe HAZWBATH 3TH KACNBKM (AN KaK OHH TaM BHIVAZENH)
}KUBRIMH. B nmogasnsonieM GoJbIIMHECTBE 3T0 HaBepHAKA OLIA HeycTolunBEIe,
HenpoYHENE 00pa30BaHHA, KOTOPHE , JOJIKHH OHJIA BEKOpe PacTBOPATHCA CHO-
pa. [Ipaega, nepen nanfonee cTabEABHKMA B3 HAX (MH MOXKeM YCJIOBHO, XOTA
9T0 M HEBepHO, EA3BaTh KX «BHIKUBAIOIIAMHA») OTKPHBAJACH BOSMOMKHOCTh K
ycoBeplieHCTBOBAEMIO. Tak Kax AX 06040UKK GRUIM JMIb 9aCTRYHO BPOHHIA-
€MHl, BHYTPA MOTJIA HAKALJHBATHCA BEIECTBA, KOTOPHE UHAYE PACCesyInCh Gnl
B «HepBH‘IHOM 6y.i'lb0]le$. HOBHI]IBHKE we KOHIeHTpAIlM BellecTB NPABOAHT
(xoTs u He 06A3aTeNbHO} K HHATeHCHEPUKAUNE 00MeRa HAH K o6 paaosannio Gonee
KpynHabix {6onee QIHEHENX) Moxexya. OfNHAKO Hpe}Ae BCETO 3TO MOTAO NpPE-
BecTH K GoJee TeCHOMY CONPSKeHHI0, GONbLIeH KOOPINHALMN PasAHYHLIX NPO-
meccoB, K co3gaHENl0 Oojiee «rapMOHHGHOH» CRCTeMH. 3T0 YIKe MOXOMKe
Ha pagsHTHE OT HHIIIEro K BRICIIEMY, HA 36041040, A, AeHCTBATENbHO, 6ROXH-
MHKH HA3HBAIOT 3TOT MPOUECC TuMuNeckol deoswyuel, MM He cTaHeM BMemn-
BATHCHA B STOT CHOP, HAM JOCTATOYHO 3HATH, YTO HAIUH KaNe/JbKH B IPHHIHAIE
MOrYT COBEpIIeHCTBOBaTbCA, NpHoGperarh ONpeAeNeHHHEE NPEeMMYMECTBA M
«COXPAaHATbCA» OpH oTfope.

H Bce ke, kak Gu xopomo HH GHJI KOOPAMHHPOBAH MX Oo6MeH, OHM ellie
He Onum sustiui. O6Men BemlecTB — HeficTBHTEABHO O%€Hb BAKHAS CTOPOHA
sKHaEn, (e3 Hero KHM3HL HONPOCTY HeBoaMokHA. Ho 'xu3Eb — 310 B TO XKe
BPeMA H Hedro (osibmee, ueM mpocro ofmMen semects. Jlaxe camble OpAMATHB-
Hele POPMH JKMBOTO [OJKHH KaK MHHHMYM eIe pacmiu i DPAsSMHONAMbCR.

Horma 8 ramesbpke HAKAIVIMBAIOTCA NPOAYKTH o6MeHa, 0Ha, 0eaycloBHO,
cranosurca Gonvme, Ho aro eme me pocr. O pocte MOKEO rOBOPHTH AMIOL TOT-
14, KOTAa KOOPAMHHPOBAHEASR CACTEMa peaKnuil ofMeHA OPraHA30BAHA TAKUM
o6paaoM, 910 ona ofecneymBaeT NPAPOCT BCEX SANCHBIL KOMIONEHIMOE CUCIEMBL,
B YACTHOCTH NPUMATEBHHX {epMeHTOB. BnpoueM, NOCKOJBKY «XMMHYECKHE
orGop», HeCOMHEHHO, COXPAHAJN HaHGONEe XOPOII0 KOOPAWHMPOBAHHKE CHCTE-
MH, He¢ CIMIMKOM TPYAHO NPeIcTaBATH cefe 3BOAIODEI0 B HANPABICHUH DOCMG.
A xak OGCTOAT ReXO ¢ pasmHoxmceniem?

YeM pagbille pacTeT KameNrbKa, TéM (GoJabIIe BO3PacTaeT BePOATHOCTH TO-
ro, 4To OHa Pa3pymMTCcA, pacnafercA Ha Ape HAR Gosiee sacreidl mon melicTBHeM
JHCTO MNexdNuveckur paxTopos. ITH uacTH GYyAYT UMeTh Te He CBOMCTBA, 9TO
R ACXO[HAA KaN/A, H NOToMY GYAYT B CBOIO OU€pPeAb YBEeIHIABATLCA B pasMe-
pax, B HAX TamKe Gyner uarm o6men Bemects. Bee aTo, KoReTHO, NpoucxoaNT
Ba CYET OKPY’Kalomedl CPen, 3a cueT ¢mepsudBoro 6yavonar. [locrenenno on
ofeqHsAeTcA OPraHRYeCKAMR BeNIeCTBAMM, YCIOBAA CTAHOBATCHA ©KeCTYes.
¥ xkameser, pactymmx Oucrpee, 6yoyT, koHeuHO, Sonpmue NpemMyImecTBa B
KOHKYDeHIMH 38 NATaTeabHHe BemlecrBa. Ho B caMHX BHIOARNX YCHOBEAX
OKAKYTCA Te KAlIH, KOTOPHE «HAYYHIHCH CAME CHHTeIHDPOBATH T€ HJAH WHMeE
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Hegeecnoco6ra. B xpaiimeM caydae Tako# rem cmocofen MyTtipopath. Ho om
He cmocofied K pefyMUIMKAaOWE B He MOKeT NYCTHTh B XOJ TeTePOKATAJMA.
Bes nonxonameii okpykamomeil cpel Bce 3T0 HOBO3MOKHO, Ho, MOKeT GHITD,
3T0 ObJI0 BO3MOMKHO B «AEPBHYHOM GynbOEE»?

S

Pagynnukaumua s npobupxe

Paccmorpum cHauana pedynaukayuio. Ham m3pectno, 9To oma mpomcxonmr
B JKMBHIX AeAALIMXCA KieTkax. OfHAKO 0KAa3a/joCh, YTO MOIKHO BRI3BATh PEAY-
BANKALMIO FeHA M BHE KNeTKA, B npodupke. CaMa no cefe Takas BO3MOMKHOCTD
NOITOS BPEMA Ka3ajach COBepIIeHHEO HeNMpasmonofofHo#. OfHako B centTabpe
1965 ropna mosBMNOCH OYeHb MHTepecHoe coofmenHe CumreMaHa W geTHpeX
ero coTpyaHuron. Mx cratba masmBanach: «CRETE3 caMoBocOpodsBofameiics
HHPeKNHOANOH HYKJEHHOBOM KMCIOTH NPH NOMOILK OUHIIEHHOTO (epMeHTay.
JITHM, cOGCTBEBHC roBOpPA, BCe CKasaHo. Ho CKasaHo CAMIIKOM ¢3Kato, AnA
TOr0 4TeGH GpIo MOBATHO Hecmenwaancry. [loaToMy ML ommmeM cyTh 3xche-
pumenta Comrenmana 6Goxee mompoGuo.

Hyraeuroean xucaoma, o kotopoii anech naer peas,— sro PHK, n OpPATOM
darosas PHK. Cnureamar paGoran ¢ PHK ¢ara Qf, koTopsiil 3apaskaer mramm
Her Escherichia coli Q13 (Teneps Bce 3TH 0603HAYEHHA Yie KOE-9TO TOBOPAT
JHTATeNI0; B KpaHHEM CJydYae OH MOKET CHOBA 3ariAHYTh B [. 2, ¢ TeM 9ToOR
BCIIOMHUTL BCE, 9TO MH TOBOPMJH o Gaxrepmodarax m o mrammax Hfr). Iry
PHK ypanock npu moMomu secsMa CIOMKHRIX METOAOB BRUIEAHTh W OUHCTHTD.
Takmm ofpasoM, B pyxax mceaenoBaTesiell OKa3acA noanuii zenox dara (a He
OTAeJbHBE TeHH!),

Ecau ary ounmennyio PHK seectm 8 kynwtypy kaerox Escherichia co-
i Q13 Hir na mosepxHocTR arapa, To Ha HeM o6pasyioTCA yke H3BECTHHE HAM
¢CTeépuIIbHEIE NMATHAY; 3TO 03Hadaer, 4ro Parosas PHK sapaxcaem Ganrepmn
(npeaBapuTeNbHO TMPMOLIOCH YAAIMTH MNPOYHHE OGONOUKM GaKTepHANBHEIX
KJIeTOK — B NPOTHBHOM ciydae «rojdas» PHH mHe cMorma 6m nmpommkmEyTSs
BHYTPb: Bedb HeJbie GaroBale Y8CTHIH COAEDKAT COCUMANBHMI PepMeHT, Ko-
TOPHI pacTBopAeT o0GONOYKY).

Ouugennwndli epment, o koropoM nucany CunreIMae H ero COTPYAHAKE, —
810 T1aK HasmBaeMas PHK-sasucuman PHK-nosumepasa. Cnoso emonmme-
pasap 03HaYaeT, 9TO 3TOT (ePMEHT U3 OTHAEABHHX HYKICOTHIOB, T. €. H3 aje-
HO3MH,- T'YAHO3HH-, mUTAA@H- B ypaaradocdaToB, CTPOUT NIHHEHE NENH
PHK, nosumepusyem ux. Asnpasxenme «PHK-3aBHCHMAaA» HIA «3aBACHMASA OT
PHH» osHagaer, 910 aTa nonmMepasa geiicTeyer Toabko B nprcyrerenu PHK,
HCOONb3YA €e B KadecTBe MaTpHin; OHA KAaK 6m genaer ornedatkE ¢ PHE.
PHK-nonumepasa coeuuduusa; osa cmocobGHa yamath «mpapmiabayios PHE;
B npucytcreun 9yxolf PHK oma meakrusna. Taxkum ofpasoM, B axcnepuMed-
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r1acE0 TeopeTHYeckoMy pacuery — '/, menmn). OgHAKO 9UC/IO HOBHX CT€PHIb-
HHIX TATEH Ha Aarape BO BCeX NCORTAHMAX OCTABAJOCH HEM3MEHRO BLICOKHM.
Cnenopatensno, HoooGpasopanEaa PHK ofaapana TouHO Takoii ske mudex-
UHOAHEOCTBIO, 410 H Hcxognas PHH-marprua. Utak, B upobupke, B Gecraemoy-
HOU CHCTEME, MOJKHO PA3MEOKATh.paroBne reHoMal, MOJYYATH HX TOUHEE KO-
nHY.
PaGora CoureaMaHa B ero COTPYAHHKOB MOJYIHJIA CAM0OE BHCOKOE OpA3HA-
HHe YYeHHX BO BCeM MHpe. YcmemHui ¢epMeHTATHBHHH CHHTe3 GHOJOrHYeC-
k4 akrmpHoi PHH yxe caM mo cefe mpencTapifeT OrpoMHOE HOCTHKEHHO.
Onmako He MeEee BAa;KHO H TO, ITO OTHHHE MOSABHIACH BOSMOKHOCTD A6TAJbHO
M3YYHTH HPOIECC POAYIIAKALRN HA BCeX €ro 3TaBax.

Tax, cvano Gmrs, «MCRYCCTREHMO® PAIMHONMGHWER]

B cBAsn ¢ TeM WRPOKEM pe30HAHCOM, KOTOpoe Hoaydnna pabora Cnurexa-
MaHa B Opecce, a TAXXKe B CBASH C TéM, 4T0 3Toil pafoTe GHUT MPHIAH XapaKTep
«CeHCcalM», MbI XOTHM CHOEIMAAbHO MOTOBOPHTH © TOM, 9TO JKe B CAMOM JeNe
clefyeT HA3HBaTh HCKYCCTBEHHHM LONYydYeHHAEM »KUBHH?

CoGcTReRRO TOBOPA, B onbite CIHreaMaHa Bee «ecTecTBennoe»; Ha PHH,
HH NOJAHMepa3a, HE HYKJICOTHAW He ORAM CHHTe3UPOBaBH B naGoparopma,
BCe OHH OBLIN MOJNYUYCHH U3 JKUBHX XJjeTOK miam A3 OaxrepHodara Qf. Jlmms
YCIAOBHA ONMTA OLUIH «HMCKYCCTBEHHRIMHY, T, €, BEMUTHDYWOIIEMH NpPHPOAHKIE
ycaosusa. Onucansas GeckneTogHasA CHCTeMa orTamvaerca GOJbmoil YyBCTBH-
TONBHOCTDHIO: HOCTATOYHO Majieliliero M3MeHeHMA KOHNEHTPAIMH KOMIOHEH-
TOB WIR ROABJEAUA 3arpAsHEHNH (CKa)KeM, NpuMecH pRGORYK/Iea3h)— H OBa
nepecraer paborath. [IPAXOAMTCA TONBKO YAMBJIATBECA, YTO TAKYIO CHCTEMY
yAalock coOpaTh» BHE KJIETKH, 9T0 TOYHOE KONNPOBAHAE reHOMa BooOme MoXker
nporcxogATs B npobnpke. Ho Tor dakr, aro ara cronp nabmibHas CHCTEMa,
3a KOTOpo#l HEOOXOMAMO TAK 3a60TIMBO CCMHTEL BHE KJIETKH, MOXKeT GyHKUNO-
HHUPOBATh H B KJeTKe, OpPHIEM HECPaBHEeHHO Haje:kHee, TPAEATHAT C YYIOM.
Benp «B kieTke» — 3T0 03HagaeT (NOMEMO BCEro NMpodYero) B NPHCYTCTBAM
THICAY (IPOMEIKYTOUHAIX NMPOAYKTOB O0MeHA B THCAW (PepMeHTOB (B TOM dHCIe
puboBykneassl), B opmcyrcTeER pEGocoM B PHK, BceBosMO)KHHX WHOHOB 7
T. A. [lourm Kakoui U3 3THX KOMIOHEHTOB B OTAEJABHOCTE MOT OH pa3pyINHTH
HAmYy «cHCTeMy B peropre». HampoTHR, B kneTrke OHH, MO-BAMMOMY, He Bpe-
AAT CHHATE3Y, TOTHO TaK ’Ke KaK, CKa)keM, yABOeHHe MeHOMAa He Rapyluaer
}IDYI‘IIX KJETOYHHX opoueccos.

Hecomperno, Bce feno 3nech B opzaxusayuu. Ho B naEEOM ciywae «op-
raAusagua» — 2TO HeYTo ropasgo Goabmee, 9eM HEKOTOPAA YHOPALGIEHHOCTD
B NPOCTPAaHCTBe (KOMHAPTMERTAJM3ANHSA, O KOTOPO# rOBOPEAOCH HA CTp. 202)
H BO RpeMeHH. ITo GoJbime, WeM WPOCTOE M MO CYTH THCTO «MOXaHHYECKOE»
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BHHOJHEHA® CIJIAHHPDOBAHHCTIO HAa KOpOTKHﬁ CpOK pacnucaBHd JABHKEHHA .
Bcs 5Ta COrAACOBAEHOCTE — BBIPAMHKEBHO 2GPMONUMNOCMU BCOX KOMIOHEHTOB
H BceX NPOIeccoB, B OHA NPHHsUIa TAKBe MaciTa(h, KoTopele HAMHOIO Ipe-
BOCXO/IAT BCe, 9TO MOMeT cO3[aTh Hame BooGpaskeHme. JTa opraHH3aUdA
3aMKHYTasf @ BMeCTe ¢ TeM OHA DOCTOAHHO HAXONHUTCA B KOHTAKTE H B3aMMOAeH-
¢TBRM ¢ OKPY:Rawmel cpefoit; oHa coocofHa K A3MeHeHWAM HW mpucrnocobxe-
gmo. M HakoHen, oHa mpeacTaRaseT cofol pesyabraT or6opa M PBOMOIHH,
meficTBOBABIIMX HA OPOTAMEHAH MHJIHApAa JeT. Majaopepoarmo, 9To B Onm-
»aiimeM GyaymieM JIOJA CMOTYT CO3JIATh TAKYIO 3JIEKTPOBHYI0 BHIHCIATENbHYIO
MAmuEY, KoTopasr Gyaer cmoco6HA Bce 9T0 NOBTOPHATE. A ecuH 6m ee B CO30aH,
To y Hac eme CABIDKOM Majo (BepoATHO, MeHee ongofi coTOB npomeHTa) Toi
AEGOPMAlMH, KOTOPaA AJAA dToro Tpebyerca. Jlmme mocae TOro Kak Mu cobe-
peM BCIO HB(OPMALHIO A BAOKHM €€ B MAINHAY, 0BAa CMOKeT HaM COOGIHTL, KaK
PyEKUHOHAPYET, KAK OKHBET» KJISTKA C TAKAM «ONHTOM» H 9TO BYKHO C/®JIATh
OAA TOro, 4rofm ee CKOHCTPYHPOBATH.

Bee a10 Kaskerca cosepmennrc HecOHroanmM. [lompobyem npmaymarh
aro-BEOYAD Gosee peanpHoe. Mb MoeM, kK npamepy, BMecro daropoit PHK
ACHOJIH30BATh B ONUCAHHON CHCTEM® MCKYCCTBeHHWN reHOM — FeHOM, CO3JaH-
g coriacHO HampM maaBaM. B mpoGmpke atoT ommr He ynaerca. CacreMa
«aacrpoena» toabko Ha PHK ¢dara QB. Ecam Mm BMecto aToit PHK BossMem
PHK dara MS-2, To Bama nmoamMmepasa oTKasusaercd paGoTaTh, XOTA H BTOT
dar raxxke coocoGer sapaath Escherichia coli Q13 Hir. Jnean kierka mei-
cteyeT ropasno Oonee «rmGros. Ecnm MH npemioaM ell MCKYCCTBEHHYIO
PHHK, t0o oHa nuGo BoOGme oTHa)KeTCA NPAHEMAThL ee, NHGO NMpUMET ee, HO
pacnosHaeT B HeH WY:KYIO, <HeNOAXOAAMYIO» B HeMelJeHHO PAspymIAT ee NpR
momomud pufoaykaeasu. Oxpako gy:kasa PHHK moxer 6urb nprEATa Kierkol
Kak ceos. B aToM cayuae ayman PHK mapymaer BayTpmkieTounyio «rapMo-
HHIO» W KJIeTKa NoruGaer, KAk 8T0 HPOACXOANT, HANPUMED, MPH €e NOPAKeHEH
agaupywomam Garom. JIHme B oNAOM-eIMHCTBEHHOM CIyYae MOXHO OHA0 6H
OMUATH KAKOT0-T0 MOJIOKUTENbHOr0 3dPeKTa, 8 AMEBHO KOTAA 9y 0# reHoM
JHIb He3HAYNTEJIbHO OTJAHYAETCA OT HOPMAABHOTC M IOTOMY BCE e MOKeT
¢NONOHUTE» KIETKe. 34eCh OTKPLIBAETCA BO3MOKHOCTD AJ1A BHABJICHAA H dKCIeE-
PEMEHTAJBHOIO H3yYeHHA CAYYaeR «Y:KHBUYMBOCTH FeHOMAa», a TAKIKe B3aEMO-
OTHOWEHAH MeKIy IeHOMOM H JPYrBME 4YacTAMA KJIGTKH.

HaGKOJIBRO He3HAYHTENIbHA BEPOATHOCTD CO3AATh <HCKYCCTBEHHYIO JH3HDbY,
¢CHHTETHYECKHE KJAETKH», YATATENb MOKET Tellepb OlleHATH B CaM, a Mhl 3aKOH-
9AM HA 3TOM HAMHE DACCYHACHHA O OKH3HR B PeTOpPTe», B BODHEMCA, HAKOHEl,
CHORA K BOOPOCY O TOM, 4TO K€ BOSHRKJIO paHbIle: OOMEH BeINEcTe
EI| YeH?

Ecanm B npo6upke MOTYT YABAMBATHCA [OaKe LeJhe FeHOMB, TO TeM Gojee
BOSMOKHO Y/BOCHHE OTHEJbHHX FeHOB. A Kak O06CTOANO AENO ¢ «MePBHYHBIM



400 (naea 7

6ynpouomM»? Tloka HHIEro ompemeseHHOTO HA BTOT ¢YeT CKAa3aTh HeJdbA. Bec-
KJA6TOYHAA CUCTEMAa B ONUCAHHOM Bbhillle BKCHCDHMEHTE OKAsaJach BeChMa
YYBCTBUTEIbHOH K HENOAXONAINMM KOoMOOHeHTaM. COBEpPHNIEHHO OYBHAHO, 9YTO
B JKABBIX KJIETKaX HAJI&KHOCTb H TOUHOCTH YABOGHHA FeHOB KY[3 BHIE, YeM
8 upobupke. K romy sxe mamm npofupkm 6oabme HANOMHHAKIOT KACTKH, €M
«OePBNYHEIA §yJIbOH», BEIb. 3TO B KOHEYHOM CHYETEe TOXe SAMKHYTHE (dKCHEpPH-
MeHTalbHEE) DPOCTPAECTBA, OTHIONE He CTOJNb OOWMApHHE, KAK HePBHYHHN
OKeaH, B KOTOPOM TOTHAaC j>Keé ODOTePsIECE OH He TOJNbKO HPOAYKTH, HO M
YYACTHHKH peakpgmd (r. e. moammepasa, PHH-marpuma, HyrA€0THIN
HT. L)

Tak o6erodt geso ¢ pasmHOxeHAeM. Tak ke TouRO 0H0 OGCTOMT ¢ reTepo-
KATaIA30M — TPETBUM KPHTepHeM ¢«NePBUIHOrO reHa» (cM. crp. 395): kakasa
OJAb3a B TOM, 9TO MAKPOMOJEKYJa ¢Hoco0Ha OCYOECTBIATh Jake CAMEE CO-
BepLICHHER X reTePOKATAIM3, €ClIH NPOAYKTH, KOTOPHE AOKHL JOCTABIATHCA
13 OKPYKAI0IMeHd Cpean mo ee IPHKa3y, TOTIAC e PACCeHBAIOTCA B «0ePBUIHOM
6ynsopes? Jla M KaKk OHM MOPYT YAep:AaThCA B HeNOCpeAcTBeHHON Gar3ocTH OT
BCEMOTYmEro reHa, €CJd 3TOT TeH He MOKeT co3narh cefe cobcTeennol cpegu
OTrOPOAATE €¢ OT OCTAABLHOre OKpYymeBuaA! I'eH, KOTOpHI He3aBUCHMO Ia-
BaeT B «NepBHIHOM GyinbsoHe», dakTudecky paboraer Geape3yabTaTHO N JHIUEH
BCAKOrO 3HaYeHnA. [loaroMy SamMHTHHKM THOOTe3H «OPAOPHTETa TeHA» CTOAT
mepeq TeMH ke TPYAHOCTAMH, ¢ KOTOPHIMA MH YiKe BCTPETHIHCHh HECKOJBKHMMHA
CTpaHHIAMR paHbIle, & MMeHHO ¢ HeobOxoammocThio 060ocobNEHRA OTAENBHHX
«mopiuii» «nepBAYHEOro GyIboHa» — TO JH NPH NOMOIM JANHABHX MeMOpaH,
T0 a4 myTeM O0pasOBaBMA KO&IEePBATOB.

CymecTByeT eme OfHA I'ENOTe3a: B «Oe¢pBHYHOM OynnoHe» B pesyabrare
noJEMepH3alun Bo3EMKawT Makpomodekyianw JHHK. Maorne m3 Emx umeloT
¢«6OCCMEICTCHHEYIO? HNOCIHEROBATENBHOCTh HYKJICOTHAOB, HO HEKOTOPHE MOTYT
COMTH 33 HPHMHTHBHLIe TeHH (Belb [EePBOHAYAJBHO OHWM BOBCE He AOJKHH
gecta MEOro madopmanmn). A{u3Hb MOrNA, NO-BHAEMOMY, BOSHHKHYTb JUMb
TOrma, KOrJa OWHE M3 3TAX TeE0B O mMOromen Kaxkol-Hrbyar «moaxoasmeii»
KapeJabKOH, ¢ KOTOPOH OH B3aHMOMEHCTROBAN, — MONYYAJAch KaK On cacTema,
COCTOAMANA W3 NPAMUTHBHOTO ANPa B NPHMMTABHOU mmrTomnasMu. Tak moraa
6n 06pa30BaThCsA KOOPARHAPOBAHHAA IapPMOEHYOCKAS CHCTeMa, clocobHas k
ofMedy Bem(ecTB, POCTY H PasMHOMeHHIO.

Kakaa W3 aTHX Tpex IHIOTe3 BepHa U He JIOMKHK JIH OHM Bce, celiuac pe-
muarb Tpynao. TakuM o6pasomM, octaerca Gea oTBera B BOOPOC O TOM, 9TO «CTap~
me» — pasMBOXKeEHe AW o0MeH BemecT.
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6. MOPRAOK M3 BECNOPAAKA
BeTpeda «COOTRATCTBYIOWNNY MBXPOMONEKYN COBEPUIENHO HEREPONTHA

Bce mpenanonosKeHHs KacaTeNpH0 NePBOTO IeHa 0YeHL HeompefedeHHH
A HeHANEeHH — MH elie CARIMIKOM MaJo 3HaeM, 9To0n MOMHO ObIO meaaTh
KaKue-T10 000CHOBAaHEHe BHBOJB HA 3TOT cder. H TOMY >Ke MBI mOKA YMOJYAIH
0 TAaBEHX TpyRHOCTAX. Toabko 3T0 OHAOC cKasaHO: B «HepBHuYHOM Gynboder
B peaynbTaTe NOJEMEPU3ANWH BosHHKawT Maxkpomoderyan IJHK. Mnorne
A3 HAX AMeIOT GeccMEICAeHHAYIO NMOCASIOBATENBROCTE HYKIGOTHIOB, HO HEKO-
TOPHE MOTYT CONTH 3a NPHMHTHBHEE I'eHbl. Bce 8TO 3BYYHT BeChbMa eCTeCTBEH-
HO, HO B [eHCTBHTENBHOCTH 3/leCh IPeyMeHbeRo 3HaYeHHe OJHOTO 09eEL BasK-
HOT0 00CTOATENHCTBA, A MEXAY TeM OHO BIOJHEe MO0 O BooOme cBeCTH K
afcypny caMmyio HEEK O BOSHUKHOBOHHN KWSHA Ha Jemae, Bcemomumte, dem
BaKOHYWICH HAam «IKCKYpC B KoMOumaTopuaky» (cTp. 34). Mm ysmamm, uto
aiaa Genxka, cocroamero m2 15 ammHokmeaor, poamoskmm 1073  pasnamunpx
BapuaBTOB. CpesiaeM Temepn enle ogmH pacder. Bospact 3emum cocTaBiaer
3 munnnapna xer. Kampyio cexyany moria BO3HAKATE OJHA MOJeKYyIa Oenka
(koTopas NoasgHee CHOBA pacHajanack). Toraa B HTore Ha 3eMne 3a Bce BpeMs
€0 CYMeCTBOBAHES MOTJIO BOZBHKHYTh BooSme Toabko 10% passmasnix MoJe-
kyn Geaka (10° — oro opma 107-a zacte or 10'%° ). BepoarHocTb TOTO,
aro cpens atAx 10°° BapmaETOB Cay4alHO MMEIHCH C«IPABUIBHHEY, YPe3BhI-
qalHO MaXa.

Bonee Toro, 318 MHOTHE MANIAAPAK GeIKOBHX MOJEKYJ NOKPHIH OH BCO
3emrio ca0eM TOMUMEOH B 1 MeTp, @ B KaXKI0M KYOHIECKOM CAHTHMETpe 9TOTO
croa Haxommaock Ou 10'°, 1. e, 10 MAATHAPIOB MAMIHAPAOB MAKPOMONEKYJ.
BepoarHOCTE TOrO, 9TO B 3THX YCAOBHAX BCTPOTATCA He HPOCTO HpAaBUJIbHBIE,*
HO elfe B «COOTBOTCTBYIOMHEES) MONEKYIL, IPAKTAICCKR PABHS HYJIO: KAK MOTYT
BCTPOTATHLCA B TAKHE MOINEKYIH, ©CAH ONHA W3 HAX HAXOJHTCA, CKa)KeM, B
Ascrpannu, a npyrag » Hcnangau? Ilpm Takax Macmrabax nesosmoxcro nped-
cmasumy cefie HUKAKOZ0 MMCAUMOZO MeXaHUaMa ombopa.

Bee ata TpyAHOCTH OTHOCATCA HE TOMBLKO K OeaxaM, HO ¥ K HYKJIEHHOBHM
kncaotaM. Takmm ofpasoM, uuratenrs HeH3Ge)KHO NPHXOAMT K 3aKIAIOIEHHIO,
9T0 CAY9aiHON NoNuMepH3anueli 8 ecTeCTBeHENM O0TGOPOM HEBOSMOMKEO 00bAC-
HHTh BOZHHKHOBCHH® Hake CaMOro NPHMATEBEOrO reHa.

Becs MOHIrANPYIOT WAPMKAMN

OnBaxo Bce 970 He DOBOX WIA pPasoucpoBaHdsa. Eciau BMKak HeBOSMOMKHO
3KCHePAMEHTAPOBATH ¢ MCTOPHICCKHAM NpPONeccoM oTéopa, To 3aiMeMCs ucclie-
AoBaHWeM noJmMepHsanum. Pas He roamTcsa cayvafiBas DOAAMEPH3aLMA, TO,

26—690
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AByx amukos {(amur A Wi Amuk B), 3aKpuBaA B TO 2Ke BpeMs Apyroi: mpu
YPAaBHOBELICHHAX YalIKAX OTKPHTA [Bepila AAKAa A, a NPH OTKAOHEHHH OT
pasHOBecHa — jBepua Amuka B. B ammkax jekar mapmkH, HOMeYeHHKE CO-
orBeTcTBeHHO GykBOl 4 mMam Gykeod B. Bee ocHOBaHO Ha TOM, 9TO mapuKkH A
TaMenee, 9eM wapuky 5. Tenepp ocTaeTca TOALKO CMOHTHPOBATh MEXKAY JaIl-
KaMHM BeCOB MOCTHK, Ha KOTOPOM YMeIIaeTCA POBHO § MIAPMKOB, — ¥ HAIUA MO-
eJib TOTOBA.

Becw paGotant ciepyomum o6pazom. Ha puc. 179 naoGparenn gamkn B
PAaBHOBECHH; Ha KaxK/IOH 43 HAX JeKHAT 00 mapHky A.CreloBaTensHo, B COOT-
BETCTBHE ¢ KOHCTPYKUEEH fuiik A oTkpuir. OTTyaa BRKaThBaeTcA elle OAHE
wapuk 4, XoTopH# NafaeT HA NPABYIO YAMKY W BRTOCHAST JeKal(uil TaM ma-
pEK Ha MocTHK. [Ipa aTOM WIAPHK, JAeKAIEHA Ha MOCTHK® ¢ JIEBOTO Kpasa (0IATh-
TaKH LIAPUK A), CKATHBAGTCA HA NEBYIO JAUIKY BECOB, OTKYHA OH B CBOIC OUe-
pelp CTAJKNBaeT yKe HaXONAMMECA TaM WAPRK A Ha JOTOK K OCTAJBHBM CHa-
THBIDHMCA LUADPHKAM.

Urax, yamk® BecOB NPOJOIKAOT HAXOTUTHLCA B PaBHOBECHH, TAK KAK HA
HEX Bce BpeMa nomagaioT mapuku A. Ho y:ke na cmepyiolem atame caryanma
MEHAETCH: CAMbIM JeBLM Ha MOCTHKe OKasHBaerca wapuk B. Korga Ha npaByo
YJallKy BeCOB majaer wapek A, Ha JeBYW TYT 'Ke cKkaTnBaercsa mapuk B. Pap-
HOBECHe HAPYUIAGTCA, ABEPHA AIMAKA A 3AKPHBAGTCA M HAa BeChl HOajaer
wiapak B.

[1pu HenpepuipHOH pafoTe (M HPH JOCTATOYHBIX 3alACAX IMAPKKOB B ANH-
kax 4 u B) noaydaercd gauHELI pag yepeaywwaxca mapukos A u B, mocne-
HOBATEALHOCTh KOTOPHX KAaMETCA HA MEePBRL B3rifAa He peryiasapHod, a co-
sepmenHo Gecnopanousoit (puc. 180); cospaercAa BnedaT/enHe, 4TO OH He
HPeACTABIAeT HUKAKOTO HHTEDeca.

PaccmoTpum, OfHAKO, 3TY BOCACA0BATENBHOCTD G0Jlee BERMaTENbHO, OKa-
3pBaeTCA, OHA He BAOJHE GecmopaAfnodHa: 2epes kakane 127 mapukoB OHa cO-
BepIICHHO TOYHO MOBTOPAETCA, M MATEMATHKH YTBEepPMJaioT, 9T0 TAK OHO H
AOMKHO GHTH: ecld B ONACAHHOM MOJe/NH Ha BecaXx HAXOAMTCA Ka>KNul pas
7 mapukos — 2 HA JAMIKAX @ 5 HA MOCTHKE, TO 4MaKCHMAJIbHEIH DepHOI» coc-
taiser 2 — 1 = 127. Wrak, ato, HecoMEeHHO, He Jecmopagouduil nponecc,
nopoGHul ciyualiHoli monumepusanau. 3pecy Habmopaerca ABHaA YOOpALo-
gegHOCTb. OOHAKO ONpeeNAeTCA 3Ta YHOPAJOYCHHOCTh He caMoll MOgenbio #
He HAYaJBEOH HmOCHeN0BaTelbHOCTHIO, & BO3EMKAeT IOPOCTO KAR PeayabTat
Jormdecknx omepauuii. B npmHuENe 3Ta Hama HpocTedlas BRYHCAUTENbHAR
MAMEEA, KaK B BCe BOOOMe BRYHCANTEIbHNS® MAIIAEE, ¢I10CO0Ha AUINDb MPOMS-
BOJA#Th CHEeZYIOHIHe Omepailmi:

1) cauTmBaHEe (YCTAHOBJIEHHME TOrC, KAaKOH IMAPHK HPHCOEAMHAETCH
3aHOBO);

2) cpaBHenne (BEOBb IPHCOEAMHAIIIEIOCA IIAPHKA C y)Ke WMEIOWHMCA);

26*
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1 29
B BABAABABBAAA ABSBA®BBGBSBAGBBABATBEBA
3¢ 58
BB AABAABAAADBUBUBAAAABAGBG SBBIBIGBAASBA
59 87
BABBBAABBABAAABA AAGBBT BBAAABATBAA

8 1146
AABBAAAAABAAAAAABBB BBBB ABABAGSB
b 127 128 145
AABB AABBBABBUBABAABABBAAABTEAGBB
174
BBASBSBABABSBABTGBAABAABA AAAGBGBGBAAAA
203
BABBBBBAABABABSBIBAABGBABAAATGBAAGB
) 232

204
BBBAAABABAAAAGBBAAAAABA'AAAAAGEBGB
233 254 255 1

BBBBBA®SBABABAAGBDBAABBTGBABGBGBA BA
Puc. 180. Hamymeeea GeCHOPANOIHRIM YEDPEIOBAHHE IHAPMROB,

3) npuGaBnerne (HOBOTO MIAPHKA, X NPATOM IO UPABUIAM, KOTOPH® OWpe-
AGAAKTCH TOMLKO 000MMM IpeRMecTPYIOMHMY IMAPMKaMU);

4) Bupaua (mapmKa, KOTOPHH OMpeleNseTcsa NO TeM Ko NpPaBUlaM);

5) mosTOpeHHe BCex omepanmil cHagaja.

PB3YJIBT3TOH ITHX BAITUCJINATEJBHRNX onepalmﬁ ABJIAGTCA NOPANOK, KOTO-
pui#i 3aBHCHT TONbKO OT ocobemHODCTelt Hammx mapukos A u B, a Ttakke oT
BO3MOJKHOCTH CPaBHMBATEL HX MeXAY co00H M cool6pasHO ¢ 3TUM IPUHHMATH

pemenu4.

YMe0v 1w MONeKyNel BbLIYNCAATLY

3TOT 3aroA0BOK NpeAcTaBiaser cofol He COBCeM YHAYHHWH HepeBoj BOM-
poca, sagangoro X. Ilatra B €ro mccllefOBaHEK O BOSHMKHOBEHHHM MaKPOMOJe-
KYAAPEHX uocaenosarenvrocredl: «Can molecules compute?».

Tor ke caMuiil BOOpocC, BepOATHO, MOT OBl 33JaTh B 9UTaTENb, HOTOMY 4TO,
pasymeercs, B BHcImefi CTEIIeHH MaJOBEPOATHO, 4T00nt B «lepBaYEOM OyaboHE)
¢ ero caygaliHRM (cmamucmureckum) pacupefieieHneM MOJEKYA HPHCYTCTBO-
Baja BHIGACAMTENLHAs MAIIMHA, KOTOpas cosnasBaiaa 6m moaexyan JHK nan
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menta X, u X, g KAKEM-T0 00pa3oM onpefeAAIoT, KAKAA 3/leCh NOKAA BKIIO-
qathcA cyopeguanna, A wim B; onu xak 6u pemalor: 4 roautca, B He rogut-
ca (mam maoBopot). Chopmynupyem cuepyomee HpaBuiao:

ecaa X, = X, ¢, T.©. €CJHA OTH fABE cyOpequHUEH BASETHYEN, TO TPH-
coegnaserca A; ]

ecmu X, 5= X,—6; T. €, ecan 8TH cyObeNMHHIN PasIHIEN, T0O NPUCOENH-
aaerca B

HaM ypofHO BoCHOAB30BATHCA MMEHHO 9THM NPABMIOM, DOTOMY 4TO OHO
TOUHO cOBHamaeT ¢ paoueit mporpamMmoil Hame#k monenn — BecoB (pmc. 179).
COOTBETCTBEHHO STOMY W peayabTaT OyjJeT TOYEO TaKHM Ke: NOCIEA0BATENDb-
HOCTH CyOBeAnHEUN B Haweldl MaKpoMoiekyne Gyner coOTBETCTBOBATD MOCIHERO-
BATEJAHHOCTH WapaKoR A u B (TouBocTE pagd ciaefyer n0GaBETH, IT0 MOMUMO
nnmefigoro nepuofa ma 127 cyGheUHEN 37eCh MOABIAETCA eme TPeXMepHHH

mepuop w3 7 - 127 = 889 cyOwenunni,— TYT

m .. OTKPHBAIOTCA fAajdbHelmiye HHTEpPecHmEe BO3-
N ! MOMKHOCTH JJAA pasMalmieHmi).

B A B [A\B Hrar, MONexyinH HeHCTBHTENbHO CROCOG-

\ HEl IPOA3BOAATh «BHUHCHeHUAY. Ecam cyGnenn-

AN HMIOH B 3aBHCUMOCTH OT YHEJA M PACHONOMKe-

5B B IANE B HHAsA aTOMOB B HHX HMMEIOT COBEPUIeHHO Ompefe-

AeEHKe TPOCTPARCTBEeHHNE CTPYKTYPH U coBep-

B B B IIeHHC OmpefgedeEHne UeHTPH CBASHBAHUA

(XEMUKH Korpa-aubygp CKajkyT HaM STO CO-

B B \ / BepIIeHAO TOYHO), TO OHM MOFYT Ee TOJBKO

o0beHHATHCA B MAKPOMOJIEKYIIH, HO ¥ CYATATh

B B B B B H, CIeOBATEALEO, «<HaBOAMTE HOPAROK». Pasy-

MeeTCs, YHOPANOIeHHOCTh TAKOH MaKPOMOJIeKY-

B B B & JB OTPaMaeT TONBKO TOT HOPRAOK, KOTODHH

B B B B y}!{e CYLECTBYET B XHBMUYECKHX CBA3NRX CYG’B‘

eMHMI,

B \. B Ho nofigem ganpme. Ynraresb, BeCOMHEH-

HO, 3aHETEPECOBAJCA BHITUCAATENbHHMH CIO-

gL 8. =B cOOHOCTAMA MAKPOMOJIEKYJN: He MOT OH He ole-

N\ 176 EATH H TO 3HaYeHHe, KOTOPOe OHM HMEIOT [JIA

B peuieRra Hamed npoGaeMsl «mopAAok ma Gecno-

panka». OnHaKO, HO-BUAEMOMY, OH O Ol He

S npoYn y3BaTh, HOT JHM Kaxkux-HEHOYIbL f0Ka3a-
Puc, 182, llocaenoBaTeNbHoCTE  TEALCTB TOMY, 9TO B COBPEMEHHHX OPHPOJHAIX
3“9“9‘;;‘7"; ° ﬂnHuHe%HHrh;e?ggzﬁ- MAKPOMOJIGKYJaX CYHIECTBYIOT aHAJOTHYERE
oJoM B T H . -
HEKAX - yuscTKE, cocronmue ¢YUOPANOTEHHEE) TOCHENOBATENLHOCTH.

H3 OJHAAKOBHX DIIEMEHTOB. Bor ut0o ymasoch nokasath. Ceiiuac cosep-
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AKTHBHON JRU3HENEATEIbHOCTH B300MOHTOB ¢HepBHUHMI OYJLOH» HOCTENeHHO
sce GoJee wcromasca, a4 IPAMATABHaA aTmMocdepa npnobperana Bce Gonee BH-
paskeHHWE OKHCINTENBEHA xapaxTep (mossienue kucnopopa!). Temeprp yxe
npuxoganocs Gepeur Marepuan. M s06moBTH «usobpeam» amxasme, KOTOpOE
aapajno- ropasgo Goabme AT®.

Kogreano, feso sgech He B «mefieyCTpeMAeHEOCTHY caMEx 306morToB. IIpoc-
TO maBaeHue 0TGOpa H SBOMIONUA ROMKHS OhaM CHTH HAIpABJIEHH EMEHHO B
aTy CTOpOHY.

A ‘ato me diomocunmes? MH HOCTOSHEO XapaKTePM3OBAJM ero Kak 4pes-
BHYaiHO BaXKHLIA mponecc — OCHOBY Beell cOBpeMenRolt KusHm; Temeph Ha-
CTaJ0 BpemMA NOTOBOPHTh 0 HeM Goaee moppo6ro. HecomBenmo, ¢orocmrTes
BO3HHK DO3AHEe — KOT/Aa IpPK Iepexolie OT BOCCTAHOBHTENIbHOH atMocdepsl K
okuceaurensaoli moasmiaca CO, (arm somopacTeopuMHe xapGomare}, OxgEano
dorocHHTE3 BOSHAK HE CPa3y B CBOel OKOHIATENbHOH gopme, a HOPMAPOBAICH
NOCTeneRHO, MO TACTAM.

Jaa soccrarosaenns CO, no yraesopa (—CH,0) tpebyerca, Bo-nepBsix,
BOOPOH M, BO-BTOPHX, dHeprusa B dopme AT®. Horga Bosmuxna mepsad cTa-
aua PoTOCHHTE3a, B «HepBUYHOM GyJABOHe» ele He OMYMANOCh HEAOCTATKA B
BOJOPOACONEPKATMNX COONUHSHHUAX; CIEOBATENBHO, BOJOPOA ORI jierko mo-
crynen. Hanporus, ATQ; xotopuit o6pa3oBHBaACA HPH anaspoGHOM pacmafe
Y[JIEBOOB, OPMCYTCTBOBAJ B HEJOCTATOYHOM KOJHYECTBE. BHXOZAIO, 9TO
KJ6TKA OpY pacmemieHun yraesofos goayuaer AT®, koropuii mcmomsayerca
ana eoccranosneHnd CO,, T. e. 0OATH-TAKM JUIA BOCTPOGHAA YIMEBONOB, KO-
Topuie oHa panm noaydeEna AT® crpemurcsa paspymmrs! Hosromy Tpebosa-
aoce npouaeogaTs AT® xkaxum-ro Apyrmm myrem. s 9Toro crajsa HCHONb-
30BAaTHCA TAK HASHBAEMAfl NeEPAR ceemosas peaxyus. XIOPOPHIAN yme Cy-
IIECTBOBAN H MOT NOIIOBIATH CBETOBYI) 3HEPruio, KOTOPAsg O49eHb CIOKHELIM
nyreM @enoapsoBajack ana obpasoeasua AT® ms AND.

B Tedenve MIITHOHOR H MEAAAAPIOPR JeT «HePBEIHNE §ynb0H» CTAHOBHJI-
ca Bce 6osee pasBeeHHEIM B, HAKOHEI, B HEM OCTAJIHCh B OCHOBHOM JHIDb BOJA
# HeOPraHmIeCKHe CONH; «[eMeBLI» BOLO PO MocTenen o Acues. ONHAKO, KOIb
CKOPO oH HeoGxoRuM A5 BoccTaHoBienus CO,, OH ROMKEH ObiJl TAK HIK HHATE
OTHUMATHCA ¥ €AMHCTBEHHOTO BOAOPORCOAE P KAIEro COCAHNECHRA, KOTOPO® HMO-~
JOCh B M30OMIMH,— Y BOAM,— a Ha 3TO, KAK MH 3HAEM, PACXOLYeTCR MHOIO
3HEpPruH.

Hrak, B xoae smopoli céemoeoti peakyuu BOJA CTANA PACHISIIATHCH EA
H u OH. B peaynsrate B pacnops:xeHHH KJIETOK ORasHBaJCA HeoOxommMbil
UM BOAOPON. A IOCKGABKY NepBasA CBETOBAA PeakIHs MO-IPeHEMY NOCTaB-
asana ATO, soccranosnenne CO, 6ua0 oGecnezeno. Ilpu aTroM Karkane 9eThi-
pe u3 ocraomuxca paduraros OH obvenmuanucsy B ase monexyan H,0, (ne-
peKuch BOROPOAA); KaxkJasA M3 KOTOPHX PAcmajajach Ha 2 MOJOKYJIbi BOIH H
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monexyaapanii kucaopon O,. Taxam o6pasom B armocdepe moaBuiaca «horo-
CEHTETHICCKHEY KHUCAOPOX.

O6e cbeTOBHE peaKIMH B BhiCINel# cTeReHHM OCTPOYMHO CBABAEH APYT C
APYFPOM, OGBAKO MH BHIHY)JEER OTKA3aTheA OT BX ondcanua. M Ge2 Toro Hame
CAMUIKOM YHpoiieHHOE (10 BeoGXOMHMOCTH) OmMCAHME CBETOBWX peaxumii §o-
TOCHHTe3a HMEHHO B CHJIY YIpOleHHOCTH He 06x0nHTCA §e3 ommbok. IlojmE0e
onmucaHue QOTOCHHTE3a BO BCeX ero AeraiaXx (HACKOABKO OHM H3BeCTHHI)} HO-
Tpe6oBano 6w yepecuyp mMHOTO Mecta. ['le-To Bce ke NOMKHO NPOBECTH TIpaHL
MeKIY DONYARPHOR KEMroi m yueGHmkoM. Hac megs mmrepecywr 206m0RTH,
H agech Mbl BIOJHE MOMKeM NpeHeOpeds JeTaNfMH, JRML OB CTAJA0 ACHO 00-
mee HanpapleHEE 3BOJIOILHE.

Hrax, M paccKasaiu O KiIeTKaX, HajeJeHBHX cHoco0EoCThIO K 6poskennIo,
3aTeM K HHIXaHUIO, 3aTeM K CBETOBOH peakumu 1 M, HAKOHel[, K CBETOBOM peak-
1% 47 2. Coone'rc'rnye'r JH 3Ta 09epefHOCTh MCTHHHOMY XOAY 3BOJIOHHM WAU
e CBeTOBaA peaxkudsa 1 mogBuiach paHbme JANXABAR — 3T0 HOKA BOMpOC
cnopEmi. J[aa Hac BaXKEO TO, 9TO BBOJNIORHAA ¢ MOABJIeHHEM KIeTOK He HpeKpa-
raaace. OHa OpojoJKanack, HO Temepb 3To yxke Gnina ssosroyus opzanusmos,
a He TUMUHECKAR 3604I0UUR MOLEKYA U MAKDOMOACKYA, W Bela OHA OT 300HOEH-
TOB K KJIeTKaM COBPEMEHHEIX JKHBHIX CYILECTB.

Ha 2ToM, coGCTBeHEO FOBOPH, MOMHO 3aKOHYHTh IJ1aBy, MGO 3BOJIONHA
OT MCXOQBHX, NPHMMTHBHEX OJHOKJETOYHEIX OPTaHA3MOB 10 pacTeHMH, M-
BOTHHIX H 9eOBeKa B CBOHX OCHOBHHX HPHHIARAX HAM H3BeCTHaA; 3TH NPHELH-
ne — Myranua @ otfop. OOGcyxpeHuUe 8TOro 3Tama HCTOPUM PA3BHTHA KE3-
Bi cocTaBRIo Obi HOBYIO IJaBy, BepHee COBepIIeHRAO HOBYIO KHMTY.
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