zﬁ%‘ﬁ

AH,EI,PEI/I LLIJTAXO0B

FEHETMHA\

HA NMAJIbLAX

«J1I0K, 1 TBOK
OTEL»

BPEMEHA

WN3OATENBLCTBO ACT
MOCKBA



VIIK 575
BEK 28.7

11168
XydoxecmseHHoe ogopmaeHue fHbl [Tonosyesoll

WnsaxoB, AHgpeit JleBOHOBUY

leHeTuka Ha nanbuax/ Angpeii Wnsaxos. — Mocksa:
N3patenbctBo ACT, 2022. — 288 c.: un. — (Hayka ans
BYHLEPKMHAA).

ISBN 978-5-17-145162-2

TeHeTHKY IIPUHATO CYUTATh TPYAHOM /A MOHUMAaHUA, HO Ha ca-
MOM /Jiejie Bce JIOTMYHOE TIOHATH JIETKO, €CJIH JABUTAThCsA B IPABUIIb-
HOM HallpaBjeHUH — OT IIPOCTOTO K CIOKHOMY. JTa KHUra Kak pas
Tak M HamrcaHa. OHa IMO3HAKOMUT Bac C OCHOBAMU MeHETUKHU M MHO-
TOYHCJIEHHBIMU CIIOCOOaMU ee TIPaKTHUYECKOro IPUMEHEHUs, a TaK-
JKe IaCT HayYHbIe OTBETHI Ha MMEIOIIHEeCs ¥ BaC BOIIPOCHL.

Yem JIHK ommyaercs or PHK? CkonbKo pasHOBHAHOCTeH Ger-
KOB CHHTe3UpyeTcs B opraHusMe desnoBeka? Kak mepezaiorcs MmyTa-
nuu? KakoBa BEpOATHOCTH HaC/IeZICTBEHHOH IIPe/IPacIIoNOKEHHOCTH
K TEM WK UHBIM 3aboseBaHusaM? Korga pokaercst MajIburK, a Kor-
Jia — IeBOYKa? B 4eM cyTh ecTecTBeHHOro oTOopa? Kak mpou3onuii
BUpychl? OTBeTHI Ha 3TU U Jpyrve BOIPOCH BBl HaliZieTe B 3TOH yB-
JIeKaTeJTbHOU KHUTE.

VIK 575
bbK 28.7

ISBN 978-5-17-145162-2 © A lWnsxos, 2022
© Yspatenscto ACT, 2022



OoOrnaeineHnue

[TPELMCIIOBUE. cccvueeeereeeenieeetuieeeenieeeaneeeeaneeennansssnnns 5
naea 1.

[lBe KUCNOTbI, 6€3 KOTOPbIX HE ObINO Obl KU3HU ...... 8
[naBa 2. [eHbl N UX CBOMCTBA ..vervrunerrerrnnnnreeennnnennnne 18
naBa 3. «AJEPHAA» TEHETUKA ..vevueerernereeneneennennenns 29
MaBa 4. HioaHcbl NpUcnocobaeHns K ycnoBusm

OKPYIKAIOLLEN CPEIBl evererernuerernnereennnsennsaseenonas 47
naea 5. XpoMocomHas Teopus HacleaCcTBEHHOCTY

N KPOCCUHTOBED tuuverreniraniensresennsensencsnssesssncsnsses 57
[NaBa 6. MYTALMM ..eeeeereeeirirnereriereeeeeeeeneeeeeneeeens 70
nasa 7. [opM30HTaNbHbIA NEPEHOC FEHOB ........ccuue..... 99
[naBa 8. MeTofbl reHETUYECKOTO aHANMMN3A vuueuerernenn. 106

Maa 9. CNocobbl pa3MHOXEHMSA KUBbIX
OPraHW3MOB U TEHETUKA MOMA teveuerenrenernnrennenens 120

[naBa 10. 3akoHbl MeHpens.
JloMMHAHTHbIE 1 peLeccMBHbIE MPU3HAKM.

CuenneHHOE HACTEMOBAHME ..vureeneeneeenennernnennes 141
[nasa 11. 3nureHeTnKa U MAaTEPUHCKUIN I deKT....... 166
[naBa 12. [eHETUKA U IBOSTIOLUS veverernrnernernennrnennes 179

naBa 13. [eHHas MHXEHEPUs U KNOHUPOBaAHWE ....... 196



[naBa 14. MeAULNHCKAA TEHETUK vevevrenrenennennenennns 212

maea 15. BpeaHbl 1 NpoAyKTbl NUTaHKS,
NoNyYEHHbIE U3 reHeTUYECKN MOAUDULMPOBAHHbIX
OPFAHU3MOB? ..eiiieeeeiiirrnnneieeeeeeeeeeeeennnnnnnaeens 221

[naBa 16. [eHeTUYecKas fakTunockonus
N MANTEOTEHETUKA  veuenrnrenenrncncenencncecencncnnensnnnns 227

[naBa 17. lcuxoreHeTuKa — reHeTuKa

MOBEAEHUA YENOBEKA .euverrerneenrnrneenenneneeneennns 239
[naBa 18. [eHETUKA BUPYCOB ..veveeerernnnrernnnrennnnnens 248
masa 19. [eHeTnyeckas reorpacus,

UM KapTUPOBAHNE FTEHOB .eeuevererrnnnererrnnnennanes 266
MaBa 20. IKONOrNYECKAA TEHETUKA ceverrrunerrerennnennne 272

MpunoxeHnue. [ns xenawwmx BHUKHYTb
B LLE€TA/IN IKCMPECCUM .evnrinerrnrenrnnrenrencransennnnns 278

110 (=17 o) - [N 287



«Bo 8cem donxeH 6bimb NOPACOK»
HapogHasa myapocTb

IIPENAMUCIIOBHUE

Bce xuBble opraHWM3Mbl 06/1aa0T iBYMSA YyAeCHbI-
MW CBOWCTBAMM — HACNECTBEHHOCTbIO U U3MEH-
4MBOCTbI0. YyaecHbIMU (B NEPEHOCHOM, pa3yMeeT-
Cs, CMbICNIE) 3TN CBOMCTBA HA3bIBAKOTCA NOTOMY,
4TO GNarofaps UM Ha Hallein niaHeTe cyllecTByeT
TaKoe HeBEPOATHOE MHOro0bpasmne Xu3Hu.

HacneacTBeHHOCTbIO Ha3biBalOT CNOCOGHOCTb XMBBIX
OpraHM3MoB nepenaBatb CBOM NPU3HAKKU cheayiolle-
MYy NOKONEHMUIO. ,U,ETM MOXO0XW Ha po,qmeneﬁ...

[leTn noxoxu Ha poguTenei, HO He NOMHOCTLIO,
MOTOMY UYTO HAaCNeACTBEHHOCTb TECHO CBA3aHA

C U3MEHYUBOCTbIO — CMOCOOHOCTBIO XUBbIX
OpraHuM3mMoB npuobpeTaTb MHAMBUAYaNbHbIE
NpU3HAKK, OTMYALOLLME UX OT APYrUX 0CobGeN.
HacnepnctBeHHOCTb M M3MEHYMBOCTL — MPOTMBO-
NONOXHbIE CBOWCTBA, KOTOPbIE NPUpOAA 3anpama
B OJHY YNpsKKy. HacnencTtBeHHOCTb NoanepxuBa-
€T YCTAHOB/IEHHbIV NOPAAOK, 3 U3MEHYMBOCTb €0
HapyLWaeT, U HUKYAA UM Apyr OT Apyra He JeTbCs.

Y710 661110 Obl, €CNIN ObI HE CyLECTBOBANO Hacnep-
CTBEHHOCTU?

A Huyero 66l He 6bIn0! B cMbicne — Huyero
O *uBoro. Xu3Hb BO3MOXHA TONLKO NpK YCIOBUM




HeNnpepbIBHOTO camonogaepxmBaHna NOCpPeacTsom
Pa3MHOXeEHUS, a 6€e3 BO3MOXHOCTH nepenasarb CBOU Npu-
3HAKKU cnegyowemy noKONEHNIO Pa3MHOXATbCA HENb3A.

Y10 6bIN0 Obl, €C/IN Obl HE CYLLECTBOBANO U3MEHYNBOCTH?

Ha cywe Huyero uBoro He Gbio Obl. A B Boge 061Tany Obl
MOTOMKM NEPBOro OAHOKJIETOYHOTO OpraH13Ma, C KOTOPOro
Hayanacb XM3Hb Ha Halelt nnaHete. Bce oHM GblK Obl
NOMHOCTbIO CXOXM APYT C APYIOM, KaXK0€e NOKONeH!e
ABNANOCH Obl aGCOMOTHO TOYHOI KONUeEi NpefblAyLLero.
YKU3Hb, KaK M3BECTHO, 3aPOAMNACh B BOAE U NEPBOHAYANbHO
pa3BuBanack TaM. [py OTCYTCTBUM U3MEHYMBOCTU BIXOA
KWU3HW U3 BOJbI Ha CyLLy Obin 66l HEBO3MOXEH. [opsaoK
HYKEH, C 3TUM HUKTO He CMOPUT, HO YTO-TO rAe-TO MHOTAA
[LOMKHO M3MEHATBCS. ..

Hayka, u3y4arouias 3aKoHOMepPHOCTH HaCNeACTBEHHOCTH

W U3MEHYMBOCTY, HA3bIBAETCA reHETUKON. B BOIbHOM
nepeBofie C rPeyecKoro ee Ha3BaHue 03HavyaeT «HayKa

0 NPOUCXOXAEHUN». [eHETUKA — OTHOCMTENbHO MONoAAs
HayKa, C HenpocToii cyabboit. [ofom ee poxaeHUs cunTaeT-
ca 1865 rof, B KOTOPOM aBCTPUNACKKUI MOHax [perop MeH-
fienb 06HapoaoBan pesynbTaTsl UCCEA0BAHUIA 0 Nepefaye
NPU3HAKOB N0 HACNEACTBY NPU CKPELLMBAHUK ropoxa.
PeBontoLMoHHble, 6€3 KaKoro-nMbo npeyBennyeHus, OnbiTbl
MeHpens He yAOCTOMANCL BHUMAHUA HAYYHOW 0OLeCTBEH-
HOCTM, @ HOBOPOXAEHHAA HayKa Ha NPOTAXEHUN YeTbIpex
LECATUNETUII CNOBHO Obl U He cyllecTBoBana. ¥ Hee faxe
UMEHU CBOETO He 6blJI0, He TOBOPS O YeM-TO ApyroMm. Jnwe
B 1906 ropy 6putaHckuit 6uonor Yunbsam batcon obpaso-
BaNl OT rPeYECKOro CI0Ba «reHe3ncy («poxaeHue») Tep-
MWH «reHeTuKay. [lonyynB MMs, HOBAs HayKa Havana
ObIcTpO pa3suBatbcs. OTKPLITUA WAK OFHO 33 APYTUM,
NOABAANMCL HOBblE HAaNPABNEHNS, BbIPACTaBLLIME B OTAENb-
Hble 0Tpacnu. Ha cerogHsALWHNIt AeHb reHeTUKa ABNAeTCA
He MPOCTO HAYKOM, @ COBOKYMHOCTbIO HAYUYHbIX LUCLIMMINH,
4WUCNO KOTOPBIX NepeBanuno 3a Tpu fecATKa.



MPEOUCNOBUE

PaHblUe NpecTynHMKM TBOPUIYU CBOM YepHble Aena B nep-
yaTKax, YToObl He OCTaBNATb OTNEYATKOB Na/bLEB Ha
MecTe NpecTynieHus, a Ceinyac camble OCTOPOXKHbIE U3
HUX [eCTBYIOT B HAMMYX0 3aKPbITbIX KOMOUHE30HAX,
4TOObI HE OCTaBUTb KPUMUHANMUCTAM HU BOIOCKA, HU
KOXHOM YelyiKu, HU KaneabKu CIOHbI UK KPOBU, U3
KoTopbiX MOXHO BbigenuTb AHK™ n «npobutby ee no
reHeTuyeckon 6ase. KpumuHanuctuyeckas reHetuka
NoMOraeT pacKpbIBaTb NPeCTynieHus.

[eHHas MHXKEHepUs LWNPOKO UCMONb3YETCA B XUBOTHO-
BOACTBE, PaCTEHMEBOACTBE U MeauLmHe. Bce, HaBepHoe,
CbIWANMN O FeHETUYECKN MOAN(ULMPOBAHHBIX OPraHm3-
Max U BEKTOPHbIX BaKLMHAxX? A 3HaeTe in Bbl, 4TO B Oyay-
LeM Bpaym byoyT Ne4nTb NaLUEHTOB, KNEPENUCHIBAA» UX
HacneCcTBEHHbIE MPOrpaMMbi?

A CKONIbKO HaM OTKDbITUI YyAHbIX TOTOBUT apXEOreHeTUKa,
KOTOpas U3y4aeT reHeTUYECKYI0 UCTOPUIO KNU3HU HaA
HaweW nnaHete? BblgeneHHas U3 apxeosornyecknx
ocTaHkoB [IHK «pacckasblBaeT» 0 TOM, Kak UMEHHO
NPOMCXOAMNO pacceneHne YeNoBeKa no niaaHeTe; o ToM,
yem 601eNN HALLW LPEBHUE NPELKN; O TOM, YEM OHU
MUTaNCh, U O MHOTOM [IpYrOM. ..

ITa KHWra npegHa3HavyeHa Kak Ansl WKONbHUKOB, KOTOPbIM
X04eTcs 6onblue 3HATh W NIyyLUe MOHUMATh, TaK U AN
B3POC/IbIX, KOTOPbIM UHTEPECHA reHeTUKa. V3N10XKeHHbI
Matepuan BbIXOAMT 3@ PAMKU LWKObHOTO Kypca reHeTUKMY,
BKJIOYEHHOTO B NPOrpamMMmy no 610n0r1m, 0aHaKo He
CTOUT 6OATHCA, YTO Bbl YETO-TO HE MOWMETE, MOCKONIbKY
nHdopmaLma NoaaeTca B nerkoycsosemom suge. Kuura
HanucaHa no NPUHLMNY KNPOCTO O CIOXKHOMY, KaK 1 no-
NOXeHo B cepuun «Hayka Ha nanbLaxy.

[Mo3HaBaTenbHOro Bam yteHus!

* 0 TomM, 4TO 37O TaKoe, byaeT pacckasaHo B NePBOIl rase.



IBE KMCJIOTBI,
BE3 KOTOPBIX
HE BbIJIO BbI
KU3IHHU

O

TJIABA 1

B nanekom 1869 roay waenuapckuin buonor
WMoraHH Muwep BbIgennn U3 KNETOUHbIX A4ep
4Ye/I0BEYECKMX NIEMKOLMTOB™ BeLLeCTBO, KOTOpPoe
Ha3Ban «HYKIENHOM» OT 1aTUHCKOIO C10Ba «HY-
Kkneyc» («aapo»). Muwwep ycTaHOBUI, YTO HYKNEUH
COCTOMT U3 yIepofa, KUCNOpoAaa, BOLOPOLa, a30Ta
n hocdopa, a TakKe To, YTo HyKNenH obnapaer
KWUCbIMU CBOWCTBAMM, HO HUYeEro 6oMbLIero
BO3MOXHOCTU TOrO BPEMEHW CAENaTh He N03BONA-
nn. «PacwundpoBatb» CTPYKTYPY HYKNEUHA yaa-
nocb nwb B cepepuHe XX Beka. Mo pesynbraram
«paclmndpoBKM» HYKNEUH NeperMeHOoBaNu B fie-
30KcMpuboHyKnenHosyto kucnoty (OHK).

MycTb BaC He CMyLIAET CTONb AJIMHHOE Ha3BaHME.
C TpeTbei NOMbITKM €ro MOXHO NPOU3HECTU YIKe
0€3 3anu1HKK, fla 1 BOOOLLE Yalle BCEro Nosb3yioT-
ca ab6pesunarypoit [IHK, Tak npouwe. Cnegom 3a
AE€30KCUPUOOHYKIEMHOBOW KUCIOTOM Obina

* JlelkounT — OfHA U3 Pa3HOBULHOCTEN KIETOK
KPOBU.



[BE KNCNOTBI, BE3 KOTOPBIX HE BbIJIO 5bl XW3HK

n3yyeHa puboHyknenHosas kucnota (PHK), cogepxalyas-
CA KaK B KNETOYHOM AAPE, TaK U 33 ero npefenamu.

Monekynbl JHK 1 PHK coctosT 13 nosTopstowmxcs 610KoB,
KOTOpble Ha3bIBAKTCA HyKNeoTMAaMMU. Hykneotuzpl, B CBOIO
o4epefb, COCTOAT U3 a30TUCTOTO OCHOBAHUS U OJHOTO U3 IBYX
caxapoB: pnbo3bl Mn ae3oKkcpn6o3bl’. OT caxapa 0bpasy-
€TCA Ha3BaHWe HyKnenHoBon kucnotsl. B coctas IHK n PHK
BXOZAT YETbIPE a30TUCTbIX OCHOBAHMA. AgeHuH (A), ryaHuH
(G) 1 umnto3uH (C) — obLme ans 060NX HYKNEUHOBBIX
kucnot, TumuH (T) BcTpeyaetca Tonbko B IHK, a ypauun

(U) — tonbko B PHK™. YcnoBHO a30TUCTbIE OCHOBAHUS MOXHO
CpaBHUTb C GYKBaMK, NPY NOMOLLM KOTOPbIX 3aNMCbIBAETCS
HacnefCcTBeHHAs MH(OPMALIMA OpraH13Ma.

Ecnu ¢ xummnyeckoii Toukm 3peHus JHK v PHK gosonbHO
CX0XM MexXay Co00i Kak NpeACTaBUTENM OLHOM 1 TOV e
rpyNnbl HYKNEWHOBBIX KUCIIOT, TO C FEHETUYECKOI TOUKM
3peHunsA pasHuLa Mexay HuMu orpomHa. Monekynbl IHK
ABNAOTCA XPaHUTENAMMW HACNEACTBEHHOW MHAOPMALMK

1 OpraHM3aTopamu ee nepeaayn no HasHayeHuo. A Moneky-
nbl PHK urpatot BcnomorarensHyto ponb. OfHaKo 13 31oro
NpaBuMna CyLLECTBYET UCKNIOYEHWE. Y MHOTUX BUPYCOB, He
nmetowwmx [HK, HacnepcTBeHHas MHGOpMaumMsa «3anmcaHay
Ha monekynax PHK. A ewe y BupycoB, Hapaay C AByXLenoyey-
Hoi IHK v ogHouenoyeyHoi PHK, Bctpevatotes u agyxueno-
yeyHas PHK, n ogHouenoueyHas AHK, umerite 310 B BULY.

Monekynbl JHK ropa3go kpynHee monekyn PHK, koTopble
TOXe He ManeHbkue. Ecnu monekynsl PHK moxHO Ha3BaTb
KpynHbiMK, TO Monekynbl AHK — ruraHtckumun. Yucno

* A30TUCTble OCHOBAHWA NPeacTaBAAoT cob0i reTepoLnKkan-
yeckue NPoW3BOSHbIE NMUPUMUIUHA U NypUHa. B pamkax Hawwero
pa3roBOpa 0 reHeTUKe HET CMbICAa ryBOoKOo NOrpykaTbCs B Xu-
MUIO, [LOCTATOYHO 3HATb HAa3BaHMA NATU a30TUCTbIX OCHOBAHMWIA,
BXxoaawmx B coctas mosiekyn JHK n PHK.

** Peyb upet o JHK u PHK yenoBeka. Y HEKOTOPbIX OPraHU3MOB
B coctas [JHK mMoxeT BXoAnTb ypauun.
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Hykneotnaos B IHK MoxeT JoxoauTb 1O HECKONBKNX
coteH munnmoHoB. Monekynbl IHK coctoaT He u3 ogHoR,
a U3 ABYX HYKNEOTULHBIX LLeNOYEK, KOTOpble ANA nyle
KOMNAKTHOCTM elle W 3aKpy4eHbl BOKpYT CBOEN OCH

B cnupanb. Llenoyku ycTpoeHbl Tak, 4To ocTatku docdop-
HOW KUCNOTbI M 1e30KCMPKUO03bl BLINOHAOT POJib KAapKaca,
MOXO0XEro Ha nNepuia BUHTOBOW NECTHHULbI, @ HYKNEeoTU bl
«CTYNEHbKM» PacnonaraloTca BHYTPU U JLOCTYMHbI AN
cunTbiBaHuA. A BoT Monekynbl PHK coctoar us ogHoi
AVMHHOW HYKNEOTUAHOM LenoYKy, KOTOpas Takxe 3aKpy-
YMBAETCS B CNMPaNb, AN U3 MHOXECTBA OAMHAPHbIX
cnupanen, obpasyoLmx nogobue knyoKa.

PHK IHK

CxeMaTu4yecKoe u3obpaxxeHue pparMeHTOB
monexyn MHK u PHK

HacnepcreeHHyto MH(OpPMaLUIO, 3aKOLMPOBAHHYI0

B Monekynax [JHK, Hy)>xHO nepepaBatb NOTOMKaM, BEpHO?
CnepoBarenbHo, HYXHO KonuposaTtb Monekynbl AHK. 3T
MOJNIeKy/bl HACTOIbKO CO3HATENIbHBI, YTO KONMUPYIOT cebst
camu. Mpo co3HaTENbHOCTb ObINA LWYTKA, NOTOMY YTO
MOJNeKy/bl pa3yMoM He 06/1aat0T, @ NPO CaMOKONMUpPOBa-
Hue — yucras npaspaa. Monekynsl IHK o6nagatot



TJIABA 1 [IBE KUCNOTbI, BE3 KOTOPBIX HE BbIJI0 5bl XW3HK

CNOCOBHOCTBIO K CAMOBOCNPON3BESEHNIO, KOTOPAs Nno-
Hay4YHOMY Ha3blBAETCA penauKaLuen.

Mpouecc pennnkaumm npoucxoauT Tak. [lBoitHas Hykneo-
TUHAA Lienoyka pasbeMHAETCA, U N0 KaX[oMy 13 dpar-
MEHTOB HAYMHAIOT KMNON3TUY, TO €CTb NepeMeLLaTbCs,
OenKoBble KOMMIEKCHI, COAepKaLLMe hepMeHT Noj
Ha3BaHuem [JHK-nonumepasa. AHK-nonumepasa cumtbiBa-
€T MH(OPMALMIO C MAaTEPUHCKOM LIeN0YKM 1 Ha ee OCHOBe
CO3J3€eT HOBYIO LienoyKy. Takum 06pa3om B Xxoae npouecca
n3 oaHoit monekynbl [IHK o6pa3sytotcs ABe foyepHue,
Ka[as U3 KOTOPbIX COAEPXUT N0N0BUHY (OfHY LEMNOUKY)
matepuHckon [HK. PasbeauHeHmne fBovHOM cnvpanu ans
KOMMPOBaHUS 06ecneynBaeT 0cooblil hepMEeHT, KOTOPbIN
Ha3bIBAETCA XeNNKa30M. XennKasy MOXHO CPaBHUTb

C HOXHMLLAMK, pa3pe3aloLmMK CBA3M MEXAY LenoyKaMmu.

HAoyepHan
MarepuHckan (ucxoaHas) — (cecTpuHCKas)
monexyna AHK Monexkyna gHK
AHK-nonumepasa
HoyepHan
— (cecTpuHCKan)
monexyna AHK

Pennuxauusa

Pennnkauma — ocHoBa HacneacTBeHHOCTU. [loyepHue
OHK nonmxkHbl ABnATbCA KONMAMKU MaTepuHckon JHK.
06patuTe BHUMAHME HA CNIOBO «AOMKHbI», MOTOMY YTO OHO
nmeeT BaXKHOe 3HayeHwue. [la, npupoaa «3anporpaMmmmpo-
Bana» monekynol [IHK Ha To4HOE camoKkonupoBaHue,
OAHAKO BO BpeMA penimKaLuu BMECTO HYXHOro

* (DepMEHTaMI/I MW 3H3MMAMUN HA3bIBAKOTCA MONEKYNbI 6enkos
unu PHK, ycKopsAwwmne Xumu4yeckne peakynn B XXnBblixX cucte-
Max.

11



12

HYKNEOTUAQ B LEENOYKY MOXKET ObITb BCTPOEH Jpyroi,
coaepxKalluii 1HOe a30TUCTOE OCHOBAHMe. Takue OLWnbKH
Heu3bexHbl. B pe3ynbrarte HacnefCTBEHHbIN KoL, MOXeT
M3MEeHUTbCA. BOT BaM 0au1H M3 NpUMepoB M3MEHYNUBOCTMU.

MmeeTe nu Bbl NpeacTaBieHne 0 CKOPOCTU Pa3MHOXKEHUS
GakTepuit? Ecnn ¢ nuTaHWemM Bce B NOpPAJKe, TO eCTb
GaKTEpUM HAXOAATCA B NUTATENLHON CPefie, COAepKallen
BCE HEOOX0AMMOE, TO NPUMEPHO pa3 B 20 MUHYT ofiHa
GaKTepus OyaeT AennTbCA Ha ABE AOYEPHME KNETKM.

B naeanbHbIX YCNOBUAX, MCKNIOYAIOWMX TMbenb GaKkTepuii,
OT OflHOII KNneTkn-npamarepu 3a 10 yacos MoxeT 06pa3o-
BaTbCAA MUANIMOH NoToMKOB! A BOT ame6a, npebbiBaiowas
B GNAronpuATHbIX YCNOBUAX, [ENNUTCSA HABOE Pa3 B CYTKMK,
a 70 u pexe. Kak, no-aiemy, 4em MOXXHO 00BACHUTb
CTONb 6ONbILIYI0 PA3HULY B CKOPOCTU Pa3MHOXKEHUs

y ABYX OQHOKNETOYHbIX OPraH13MoB?

[laBaiiTe BCNOMHUM, 4TO aMebbl OTHOCATCA K SyKapuoTaMm,
TO €CTb OpPraH13MaM, KJeTKM KOTOPbIX UMEIT AP0,

a b6akTepun — K 6e3bsafepHbIM NPoKapuoTaM. Y aykapuot
pennuKauua npotekaeT co ckopocTbio 0T 500 fo 5000 Hyk-
NeoTUAHbIX Nap B MUHYTY, @ y NPOKApUOT CKOPOCTb pensiu-
KaLuu ropasgo Bbllle U B CpefiHeM COCTaBNAET OKOJO

100 000 nap B MuHyTy. Moyemy? [la noTomy, 4To y 3yKapu-
ot monekynbl [IHK cogepikartcs B sppax, a y npoKapuot
HAxXOJATCA B LMTOMAA3Me — MONYKULKON BHYTPEHHEN
cpepe kneTku. MNpouie roBops, B KneTKkax-3ykapuotax JHK
XPAHUTCA B «yNaKOBAHHOM» BUAE, @ Y NPOKAPUOT B «pac-
NaKoBaHHOMY, MOIHOCTbLIO FOTOBOM K KOMUPOBAHWIO.
pokapuoTam, B OTAUYME OT 3yKAPUOT, HE NPUXOAUTCA
TPaTWUTb BPeMA Ha «PacnaKkoBKY» U «yNaKOBKY» MONEKYN
[HK, a Takxke Ha TPaHCNOPTUPOBKY KCTPOUTENILHOTO
matepuana» BHyTpb 4pa U3 LUTONNA3MbI, TOTOMY

* HeKoTopble KNETKWM MHOTOKJIETOYHBIX 3YKapuoT MOTYT He
umeTb agep. Npumep — 3puTpoOLUTHI (KpacHble KPOBSHbIE TENb-
La) yenoseka.



[BE KNCNOTBI, BE3 KOTOPBIX HE BbIJIO 5bl XW3HK 13

W penauKauus y HUX npotekaet ropasfo 6eictpee. Kpome
TOr0, amebbl MMeloT Gosiee CIOXKHOe CTPOEHME, YeM BaKTe-
puK, @ HA BOCMIPOM3BOACTBO 6OJIbLIErO KONMYECTBA Kile-
TOYHBIX CTPYKTYP TOXe TpebyeTcs 6onblue BpemeHun. Ho
[MaBHOe pas3nnyme — CKOpPOCTb PEnauKaLuu.

Bot Bam Bonpoc Ha coobpasutensHocTs (0TBET OyaeT AaH
B KOHLIE 3TOii MaBbl).

MepBoe. JykapnoTbl npou3ownun ot npokapuort. Camble
nepeble KNeTku Obiin 6e3bsaepHbIMU, Aapa NOSBUANCH HA
onpegeneHHom 3tane 3oniouun. C 0gHON CTOPOHbI, Mbl
3HaeM, 4TO eCTEeCTBEHHbIN 0TOOP, ABAAIOWMUNACA OCHOBHbIM
(haKTOpPOM IBOMIOLMM, MOXKHO CKa3aTb — ee ABUXKYLLel
CUNoIA, ocTaBnseT (3aKpennseT) nonesHole, bnaronpusT-
Hble AnA CYLLEeCTBOBAHWA U PA3MHOXEHUSA NMPU3HAKK

W UCKNIOYAET BpefHble, HebnaronpuaTHbIe. 3T0 NPOUCXO-
AMT camo co60W, a He Mo YbeMy-To BeneHuto. 0cobb,
obnagatoLas 6naronpuUATHLIM NPU3HAKOM, CMOXKET
NPOXMWTb AOMbILIE U OCTABUTL GOJIbLIE MOTOMCTBA, YEM
YCNOBHO-CPeAHsAA 0Co0b, HE MMEOLLAs TaKoro Npu3HakKa.
N ee noToMKK, nony4nBLIME GNArONPUATHBINA NPU3HAK,
TOXE CMOTYT NPOXMWTb JOJbLUIE U OCTABUTL 6OAbLIE NOTOM-
ctBa. TakMm 06pa3om, CO BpeMeHeM Npu3HaK pacnpocTpa-
HWUTCA NO BCeW nonynAaumum’, a 0cobb ¢ HebNAroNpPUATHLIM
NPU3HAKOM NPOXWUBET MEHbLLE CPefHero 1 0CTaBUT Maso
NOTOMCTBA, a TO 1 BOBCE He [JOXMBET [0 NONOBO3PENoro
BO3pacTa. ViHaye roBops, BpefHbIi NpU3HaK He bynet
nepeaaH NOTOMCTBY UM e OyAeT nepeAaH MaaoMmy
KONMYyecTBy NOTOMKOB. B 0TiM4mne 0T nonesHoro, BpeaHblil
NPU3HAK He CMOXKET pacnpoCTPaHMTLCA NO BCeW nonyns-
LW, OH CO BpEMEHeM COMAET Ha HeT.

* HOHyﬂﬂLLMEVI Ha3blBa€TCA COBOKYNHOCTb OPraHU3mMoB OA4HOI0
BMpAa, pninTenbHoe Bpems 06VITaIOLLI,VIX Ha OfHOA TEPpUTOPUU

M 4aCTUYHO UNN NONHOCTbIO N30IMPOBAHHBIX OT ocobei Apyrunx
dHalIorMYHbIX rpynn Toro e supa.



14

Bropoe. Bbicokas CKOPOCTb pa3MHOMEHMSA C 3BOSIOLIMOHHOM
TOYKM 3peHUs 6e3yCNOBHO ABNAETCA 6AaronpUATHbIM
npu3HaKoM. Yem GbiCTpee pacTyT HaLW pAabl, TEM CKopee
Mbl BBITECHMM BCEX KOHKYPEHTOB 1 3aBOloeM MUp! B koHeu-
HOM WUTOTe BCE XXMBbIE OPTaHW3Mbl K 3TOMY U CTPEMATCS.

TpeTbe. IBontoLus He OWnOAETCA, NOTOMY YTO OHA 3TOTO
He ymeeT. OwnbGaeTcs TOT, KTO NPUHUMAET pelleHue,

a 3BOJIOLMOHHbIN NMPOLECC NpoTeKaeT CTUXMIHO, Oe3
KaKoro-11m60 KOHTpons.

Bonpoc: Tak noyemy e nosieneHue KNETOYHOrO sapa 6b110
3aKpen/eHo ecTecTBEHHbLIM OTOOPOM KaK Noe3Hbli npu-
3HaK? MOXHO CNpOCUTb MHaYe: NoYEMY JOBOJIBHO KaHUTE b~
Has «ynakoBKay Monekyn [JHK B knetouHoe sfpo Obina
3aKpen/eHa ecTecTBeHHbIM OTOOPOM KaK NoNe3Hbli NpuU3HaK?

Mopgem panbuue.

Monekynbl JHK cnyxar marpuuamu ans monekyn PHK. 06paso-
BaHue monekynbl PHK Ha IHK-matpuue Ha3biBaeTcs TpaHc-
Kpunumeit. TpaHCKpUMNLIMA HANOMUHAET PENNKaLMI0 — Mo
monekyne [1HK «non3em» epmeHt PHK-nonumepasa v no
CUMTbIBaEMOMY KoLy CuHTe3upyeT monekyy PHK.

Monekynbl PHK, B cBOI0 0uepefp, cnyxar matpuuamu gns
CMHTE3a MOJEKYN pa3nunyHbIx 6enKkoB. 3TOT npouecc
Ha3blBaeTCs TPAHCAALMWEN.

Bcs HacneacTBeHHas MHbOPMALMA peanusyeTcs B BULE
CMHTE3a TeX UK UHbIX 6ENKOB, ABNSIOWNXCA OCHOBOW
KU3HW Ha Haweit nnaHeTe. Bce cBOIICTBA XMBbIX OpraHu3-
MOB, HaYWHas C L{BETa BOJIOC U 3aKaHYMBas COCTOSHUEM
WMMYHHOWN CUCTEMBI, ONpPeaensioTcs 6enkamu.

Y BOYMUMBBIX YMTaTENENH MOXKET BO3HUKHYTL BONPOC: 3a4eM
cHayana cuHtesmpoarb PHK-matpuupl Ha IHK-matpuuax,

a 3areM Ha PHK-matpuuax cuHTe3nposath 6enkoBble
MOJNEKyJIbI? 3a4eM HyXHbl NOCPeAHUKM, Ha CO3[aHNe
KOTOPbIX MPUXOAMUTCA TPATUTb BpeMs U cpeacta? OnATb ke,
NULIHWE KOMMPOBAHUA YBEJIMYMBALOT NPOLEHT OLINOOK. . .
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Tak yno6Hee. Monekyna JHK npepcraenset coboi BecbMa
rpomo3akyto matpuuy. Manenbkue marpuubl PHK ropasgo
yRobOHee ans cuHTe3a GeNKOBbIX MONEKYN, U 3TO yR0OCTBO
onpaBAblBaET 3aTpaTbl Ha Ux Npoun3BoAcTBO. Kpome Toro,
[OHK-matpuua B knetke Bcero ogHa, @ PHK-matpuy moxHo
«HaLITaMMNOBaTby MHOTO W BECTU CUHTE3 BENKOBBIX MONIEKYN
Ha BCex OAHOBPEMEHHO. B xuBOI npupofe HeT Hnyero
M30bITOYHOTO U HEPALIMOHANBHOTO, @ €C/IN YTO-TO U KaXeTCs
HaM TaKOBbIM, TO TO/IbKO INLLUb MO NPUYMHE HEMOHUMAHWUSA
cy. TaK, Hanpumep, Mbl NOKa elle He 3HaeM Ha3HayeHue
yyactko monekyn [1HK, He XxpaHALmMX HUKAKON MH(OpMa-
UMK, ITU Y4aCTKM He 0YEHb-TO 611ar03BYYHO Ha3biBaOT
«mycopHoit [1HK», HO feno He B Ha3BaHMK, a B TOM, YTO

K «Mycopy» oTHocuTcs 6onee 90% monekynsl IHK. Ecnn
Obl 3T Y4aCTKM Ha CaMOM fene Obln Bbl KMYCOPOMY, TO
€CTb YEM-TO HEHY)KHbIM, TO OHU AaBHbIM-AABHO UCYe3NK Obl
B X0 3BOMIOLMOHHOrO npouecca. 0gHaKo e OHM coxpa-
HUNUCb, CNefoBaTenbHO, 6€3 HUX 060MTUCH HeNb3s.

PHK cnyxxar He Tonbko matpuuamu. OHM BXOAAT B COCTaB
psfa GepMeHTOB 1 cammn no cebe Toxe CnocoOHbI NPOSBAATL
(hepMeHTaTUBHYIO aKTUBHOCTb, KOTOPAA BbIPAXAeTCs B CMO-
cobHOCTU «pa3pbiBaTb» Apyrie monekynsl PHK unu, Hanpo-
TUB, «CKNnensarby» ux parmeHTsl. PHK, BbicTynatowme B ponu
CaMOCTOSATENbHBIX ()EPMEHTOB, Ha3bIBAKOTCS PUOO3UMAMK.

CywectyeT Takxe TpaHcnopTHas PHK, koTopas nepeHo-
CUT aMUHOKMCIOTbI K MECTY CHTe3a 6ekoB. A ManioTKa
PHK-npaiimep, cocTonlas Bcero u3 fecatka HyKneotTuios,
BbINOJIHAET O4YeHb BAaXHYIO (DYHKLMIO — 3anycKaeT
npouecc penaukauum JHK.

KcTatv roBops, BUA OLHOM ANIMHHOM CNUPANnW UMEIOT MONEKY-
nbl PHK, cnyxaume matpuueit ans cuHtesa 6enkos. Bee
npouyune, kHemaTpuyHbley» pasHoBuaHoctn PHK coctosT u3
«KNyOKOBY», 00pPa30BaHHbIX MHOXECTBOM KOPOTKMX Criupaneil.

Y muorux supycos PHK urpaet ponb [1HK, To ecTb siBnserca
XpaHWUTenem HacnefCcTBEHHO MHopMaLmm. A 3HaeTe in



