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MepcnekTuBbl U OrpaHUYEHNs PenakTUPoOBaHUS KapuoTuna
N XPOMOCOMHOM Tepanuu
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XpPOMOCOMHbIe 60Ne3HN — reHeTMYeckn 00yCoBeHHbIe 3a601eBaHNs, NPOSBNSIOWMECS pa3HOoOpasHbIMK cuMnToMamu. He-
CMOTPS Ha BbICOKYIO YaCTOTY XPOMOCOMHbIX aHOMaJINIA 1 UX KIMHUYECKYI0 3HAYMMOCTb, NOAX0A0B K 9DMEKTUBHOMY JIEYEHMIO NaLm-
EHTOB, a TeM 6onee, K KOPPEKLMU KPYMHBIX XPOMOCOMHbIX AeEKTOB HE CYLLECTBYET. [PeasioxeHO HECKOMBLKO CNOCOB0B 3IMMMHA-
LM MyTQHTHOW XPOMOCOMbI 13 KNETKMN: YHEPES CMIOHTAHHYIO MNOTEPIO KOMbLLEBON XPOMOCOMbI MPU KYNbTUBUPOBAHUM MHAYLMPOBAHHbIX
NAPUNOTEHTHBLIX CTBONOBLIX KneTok (MMCK) n nytem yaaneHus ee LeHTpomMepbl ¢ ncnonb3oBaHnem cuctemsl CRISPR/Cas9. Moka-
3aH0, 4YTO KOJIbLIEBYID XPOMOCOMY MOXHO CO3[aTb MCKYCCTBEHHO Npu ucnonb3osaHuy CRISPR/Cas9-texHonorun. Hamm anpo6brpo-
BaH MepBbIii N0AX0[, MO 3IUMMHALMMN KONbLEBON XPOMOCOMbI 1 MOKa3aHo, 4To npu KynbtuemposaHun UMNCK konbLesas xpomocoma
13 06pasyeT cTabunbHble GparMeHThbl, TOrAa Kak KOJbLEBas XPOMOCOMA 22 HEU3MEHHO HacNefyeTcs B Py KNETOYHbIX MOKONEHWIA.
OueBunpHO, noTeps KonbLEeBO xpomocoMbl B VMCK He sBngeTcs CTPOro yHMBepCcanbHbIM MPOLLECCOM, @ TEXHONOMMMW, KOTOPbIE MOTYT
neyb B OCHOBY XPOMOCOMHOI Tepanuu, TPeOYIOT 3HAYNTENbHOK A0paboTKu.

KnioyeBble cnoBa: kKoppekuys kapuoTtuna, xpomocomHas Tepanus, UMCK, konbuesas xpomocoma, CRISPR/Cas9.
ABTOpbI cO06LLAIT 06 OTCYTCTBUM KOHMNNKTA MHTEPECOB.
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Chromosome diseases are genetically determined diseases, manifested by a variety of symptoms. Despite the high frequency of
chromosome abnormalities and their clinical significance, there are no approaches to effective treatment of patients and to the cor-
rection of large chromosome defects. Several methods for the eliminating of the mutant chromosome from the cell are proposed:
through spontaneous loss of the ring chromosome during the culturing of induced pluripotent stem cells (iPSC) and by removing its
centromere using the CRISPR/Cas9 system. It was shown that the ring chromosome can be created using CRISPR/Cas9 technology.
We tested the first approach for ring chromosome elimination and showed that during the culturing of iPSCs the ring chromosome 13
formed stable fragments, while the ring chromosome 22 was transmitted unchanged. Obviously, the loss of the ring chromosome in
iPSCs is not strictly a universal process, and the technologies that can form the basis of chromosome therapy require considerable
improvement.
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WIICK [1] 1 myTeM ymajaeHUs ee LeHTPOMEePhI C UCIIOJIb30-
BaHueM cuctembl CRISPR/Cas9 [2, 3].

B Hnacrosgiem o0030pe paccMaTpUBaIOTCSl KOJbLIEBbIE
XPOMOCOMBI U UX HECTAOMJIBHOCTb B XOJ€ KJIETOYHBIX JIe-
JIEHUI, BO3MOXHOCTH MCKYCCTBEHHOTO 3aMBIKaHMSI XPO-
MOCOMBI B KOJIbLIO, TTOAXOAbI K KOPPEKIIMU KPYITHBIX XPO-

Bsenenne

WHIuBMOB ¢ aHOMAaJbHBIM YHUCIOM WJIM CTPYKTYpOIt
XPOMOCOM MMEIOT Pa3inyHble KJIMHUYECKUE OTKJIOHEHUSI.
HecMoTpst Ha BBICOKYIO YACTOTY XPOMOCOMHBIX aHOMAJTUIA 1
HX KJIIMHUYECKYIO0 3HAYMMOCTb, MOAX0A0B K 3(h(HEKTUBHOMY
JIEUEHHUIO TIAlIMEHTOB, a TeM 0oJjiee, K KOPPEKIUU KPYIMHBIX

XPOMOCOMHBIX Je(EeKTOB He cyllecTByeT. [IpemiokeHbl U
AKTUBHO JTUCKYTUPYIOTCSI HECKOJBKO CIOCOOOB 2JMMUHA-
LIMM MYTAaHTHOM XPOMOCOMBI 13 KJIETKH: Y€pe3 CIIOHTAaHHYIO
MOTEPIO  KOJIBLIEBOK XPOMOCOMbBI TIPU  KYJIbTUBUPOBAHUU

MOCOMHBIX J1e(eKTOB Uepe3 CIOHTAHHYIO MOTEPI0 KOJb-
eBoii xpomocomMbl B UTTCK 1 mocpeacTBoM aiMMuHaIMU
MYTaHTHOW XPOMOCOMBI TPU HMCIOJb30BAHUM CHUCTEMbI
CRISPR/Cas9.
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OPUTNHAJIbHbIE NCCNEAOBAHUA

(DOPMHPOBaHHe KOJIBIIEBBIX XPOMOCOM
W MX eCTeCTBEHHAsi HeCTAOWIbHOCTD

KombiieBble XpOMOCOMBI y YeJIOBeKa OMMCAHbI Ul BCEX
XpomocoM Habopa [6]. Kak rpaBuiio, OH1 BO3HUKAIOT de novo
TOCPEICTBOM CJIMSIHMSI KOHIIOB IBYX TBYHMTEBBIX Pa3pbIBOB,
TeJoMep,/CyoTeIoMep WM TIPU COYeTaHUM MHBEPTUPOBAHHOM
IYIUIMKALIMM U IeJIeMM KaK B MUTO3€, TaK U B Meiiose [7].
CTabUJILHOCTb KOJbLIEBBIX XPOMOCOM BapbupyeT. OHU cuuTa-
J0TCSI CTAaOMJIbHBIMU, €CJIM BTOPUYHBIE abeppaliiy MPUCYTCT-
BYIOT B MeHee ueM 5% nensiumxcs KieTokK. Toibko y 26% ma-
LIMEHTOB KOJIBLIEBBIE XPOMOCOMBI (ITPOM3BOIHBIE XPOMOCOM
1—12) nposiBIsLIM CTAOMIILHOCTh B KJIETOYHOM LIMKJIE; 3Ta JI0-
71 yBenmumBanachk 10 50% B CiIydasix, KOraa MalueHThl ObUIA
HOCHTEJISIMA KOJTBIIEBBIX XPOMOCOM MEHBIIUX pa3MepoB [§].
BenenctBue siBieHUs AMHAMUYECKOTO TKaHeCTeUn(pUIHOTO
MO3aMIIM3Ma, HOCUTENU KOJbLIEBBIX XPOMOCOM, KaK MPaBuUIIo,
SIBIISTIOTCST MO3aMKAMU T10 PA3TMYHBIM BTOPUYHBIM XPOMOCOM-
HBIM abeppauusaM: AWIEHTPUIECKUM KOJIbIIaM, IBYM WA
TpeM MOHOLEHTPUUYECKUM WM TULEHTPUYECKUM KOJIbIIAM
B OMHOI M TOHM Xe KJIeTKe, pa30pBaHHbIM KoJbliaM UM ¢par-
MeHTaM xpomocoM [8—11]. I1peamonaraeTcs, 4To yeM OoJIble
KOJIBLIEBAst XpOMOCOMa, TeM OOJIbIIIe CECTPUHCKUX XPOMATHUI-
HBIX OOMEHOB OHa TIPETEPIIeBAET, U B pe3yJIbTaTe YBeIMUMBa-
€TCs1 BEPOSITHOCTh pa3pbiBa XpOMOCOM, B TO BpeMsl Kak He0O-
JIBILIE XPOMOCOMBI valle Tepstorcsl. OMHAKO B psifie IPYTUX
paboT CBS3M MEXIy pa3MepoM KOJBIIEBOM XPOMOCOMBI U €€
CTaOMITLHOCTBIO 3aperucTprupoBaHoO He Obuio [12, 13].

CnoHTaHHas 3JMMUHAIMA KouablieBbIX xpomocom B UTICK

B 2014 romy mosiBUIOCH TIEpBOE COOOIIEHME O TOM, YTO
B OCHOBY KOPPEKIIMU XPOMOCOMHBIX Ie(DEKTOB MOXET Jieub (he-
HOMEH TIOTepU KOJIBLEBOW XPOMOCOMBI B TPOLIECCE PErnpor-
pammupoBanus puodpoodaactoB B UTICK [1]. HeoObruHbli adh-
¢exT ObUT OOHAapyXKeH aBTOpaMM IIpY IIOMBITKE ITOJNYYUTh
HITCK-monens cunapoma Musnepa-dukepa (OMIM 247200)
MpU penporpaMMUpoBaHUM (PUOPOOIACTOB MALIMEHTOB C KOJb-
11eBOi1 XxpoMocoMoii 17 1 Mpu3HaKaMu JaHHOIO 3a00JIeBaHUSI.
B ¢pubpobiacTax Koxu MayeHTa oTMeuascs Mo3auusm: 95%
KJeToK umesn Kapuortun 46,XY,r(17), octaBimecs 5% KiieTok
ObTM MOHOCOMHBIMU WJM C BTOPUYHBIMU TPOU3BOAHBIMU
konbia. IIpoaHamu3upoBaB 1ecTh paHHux naccaxkeit MTTCK,
Bershteyn ¢ coaBT. 0GHapYKWJIH, YTO YEThIPE U3 IIECTH KIIOHOB
ObUTM HOPMaJIbHOW MOpPGOJIOTMU, TEMOHCTPUPOBAIM aKTUB-
HyI0 nposiudepariio U MMeIv YUCIEHHO U CTPYKTYPHO HOpMa-
JIHBIM KapuOTUII, B TO BpeMsI KaK OCTaJibHble KJIOHBI ¢ 1(17)
MPEKPaTWIM POCT. BbITIO MOKa3aHO, YTO CTAOMIIbHBIC KIIOHBI
nmesn 46 xpomocom 6e3 r(17) B 85—100% xieTok, B cpaBHe-
HUM ¢ MeHee 15% B HecTaOWIBHBIX KJIOHAX. DTH Pe3yJIbTaThl
CBUJIETENILCTBYIOT O TOM, YTO HAJTMUME KOJIbLEBOM XPOMOCOMBI
ObLIO HECOBMECTMMO C TIPOLIECCOM PErpOrpaMMMPOBAHUS
/WM TIO/IIEpKaHWEM CTaTyca CTBOJIOBBIX KiieTok. SNP-aHa-
JIU3 T0Ka3aJ, YTo KOJIbLEBasi XpoMOcoMa Oblia MoTepsiHa U 3a-
MEHEHA JIOTOJIHUTENBHON KOIMMEN €€ HOPMAJIBHOIO TOMOJIOra.
Ha ocHoBaHMM 3TMX JaHHBIX ABTOPBI TPEIIONOXKMIN, YTO
UIICK moxet cinyxuTh 3(PGhEeKTUBHON CUCTEMOI M30aBICHIS

OT KOJIBLIEBOM XpOMOCOMBI. [LJisi MPOBEPKU YHUBEPCATLHOCTU
JIAHHOW MJIeU JIs1 pa3HbIX XpOMOCOM Habopa Bershteyn ¢ coasr.
penporpammupoBai B UTICK ¢pubpobiacTsl AByX Ipyrux ma-
LIMEHTOB C KoJblieBoit xpomocomoii 13. Hamuuue r(13) B uc-
XOIHBIX (prbpobacTax 6bU10 moaTBepskaeHo B 80—100% Kiie-
ToK. K meBsromy maccaxy iuects u3 aeBatd KioHoB MITCK
C KOJTbLIEBOI XpOMOCOMOI1 13 0OHapyKMBaJI TIPEUMYIIIECTBEH-
HO HOPMaJIbHBIN KapHOTHII.

OO0HapyeHue HEOXUIAaHHOTO MeXxaHU3Ma ISl SJIMMUHA-
MU abeppaHTHBIX XPOMOCOM BO BpEMSI perporpaMMUpOBa-
HMSI BIEPBbIE OTKPHUIO BOZMOXXHOCTH IS Pa3BUTHSI TAKOTO
HaIpaBJIeHMsI, KaK XpOMOCOMHasl Teparnus. B cBs3u ¢ aTum
BO3HUMKAET Psiji BOIIPOCOB, TPEOYIOIINX JaJbHEUIIEro u3yde-
HMSI: BO-TIEPBBIX, HACKOJIBKO YHUBEPCATIEH U BOCTIPOM3BOINM
TAHHBIA MeXaHW3M ISl IPYTMX XPOMOCOM Habopa, Kpome
xpomocoMm 13 u 17; BO-BTOPBIX, HACKOJIBKO TPOCTO WU
CJIOXXHO MCKYCCTBEHHO 3aMKHYTh XPOMOCOMY C MyTallueit
B KOJIbIIO, €CJTM PAaCIpPOCTPAHUTD TIPEIUIOKEHHBINM METON Ha
XPOMOCOMBI C JeNIeUUIMU, TYTIMKALUSIMU WIK ¢ MOHOTEH-
HbIMU MyTauusiMu. Kpome Toro, 1aHHbIN MOAXOJ UMEET He-
KOTOpBIE OTpaHWYEHMsI, 3aKJIIOYaloIecs, TMpexXae BCero,
B TOMO3MTOTU3ALIMM PELECCUBHBIX MYyTallMii M HapylIeHWUU
UMITPUHTUHIA, €CIM MYTalusl WIM UMIIPUHTUPOBAHHAsI 00-
JIACTh JIOKAJTM30BaHbI Ha TOMOJIOTE.

Hamu Oblma MHUIIMMpoBaHa paboTa MO M3YYEHMIO CTa-
OMJIBHOCTH KOJIBLIEBBIX XPOMOCOM TMPH  KYJIBTUBUPOBAHUU
UIICK, momyyeHHbIX M3 (puOpoOIACTOB KOXM IIAIlMEHTOB
¢ KOJIbLIeBBIMM XpoMocoMamu 13 u 22. beuto nosnydeHo 2 au-
Huu UIICK ¢ r(13): iTAF6-4 u iTAF6-13 (iTAF — induced
Tomsk Adult Fibroblast). [TokazaHo, 4T0 B penporpaMmupo-
BaHHBIX KJIETKaX Ha Maccaxe 5 MPerMyILECTBEHHO COXPaHsIeT-
Cs1 MX UCXOIHBIN KapHOTHUIT: KoJblieBasi xpoMocoma 13 obHa-
pyxena B 90% xinerok nmuHuu iTAF6-4 (cymmapno 200 xite-
ToK) 1 B 87% xinetok nmuHuu iTAF6-13 (cymmapho 154 kier-
ku). [Tpu 3TOM B OCTaJIbHBIX KJIETKAX IJIaBHBIM 00pa3oM peru-
cTpupyeTcss MOHocomusl o xpoMocome 13. Tlorepst kombla
b B 10% KIIeTOK MOXET CBUIETETTHCTBOBATH O HEBBICOKUX
TeMIIax CIIOHTAHHOMN 3JMMUHALMK KOJIBLIEBOI XpOMOCOMBI 13
no pesyabrataM FISH-anammza. B 1o xxe Bpemsi, 110 yTOUHSIIO-
IIMM JIAaHHBIM CTaHJApPTHOTO IIMTOTEHETMYECKOTO aHan3a
(89 xirerok), B 73—95% WIICK mpucyTcTBYeT He KOJbleBast
xpomocoma, a MapkepHas (46,XY,-13,+mar), comep:xkainast
LIEHTPOMEPHBII YJ4acTOK XpOMOCOMBI 13, ¢ moTepeii GobIIei
4aCcTH XPOMOCOMHOTO MaTepraia. MOHOCOMUSI IO XpOMOCOME
13 Oblna 3apeructpupoBaHa JUIb B 4—9% KieTok (Heormyo-
JIMKOBaHHBbIC MaHHbIC). DTW MaHHBIC YKa3bIBalOT Ha TTOBBI-
IIeHHYI0 HecTabwibHOCTh 1(13) mpu pernporpaMMUpOBAHUN
wim Ha paHHux mnaccaxkax B MIICK, koropas npuBoaut
B OOJbIIIC CTeneH! K (hparMeHTallMy, HO He 3IMMUHALIN
KOJIBLIEBOI XPOMOCOMBI, B OTJIMYKE OT pe3ybratoB Bershteyn
¢ coapT. [1]. [To-BunumoMy, naxe 17151 OMHOM U TOK K& XPOMO-
COMBI MEXaHM3M He SIBJISIETCS] CTPOTO YHUBEpcalbHbIM. Bo3-
MOXKHO, YCJIOBUSI PerporpaMMupoBaHust (pruodpooIacToB u Ky-
neruBupoBanus MIICK y maHHO# TIpynrmbl MCcienoBaTeseii
HEKOTOPBIM 00pa3oM OJIarornpusTCTBOBAIM CIIOHTAHHOI 2J11-
muHaimu 1(13) u amruidukanum HOPMaJIbHOTO TOMOJIOTA.
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Winu xxe pazmep caMoro KoJjiblia MOXKET TpepacrioiaraTh JIM0o
K ero morepe, JM00 K parMeHTaluu.

W3 pubdpobnacToB KoM MALMEHTKU ¢ 1(22) TakKe IMOIy-
yeHo ase tuHuu UITCK: iTAF5-29 u iTAF5-32. B obeunx -
HMSIX, Kak 1o pesyabratam FISH-ananusa, Tak v mo naHHbIM
MeTachazHOTO aHaM3a, KJIETKU C KOJbLEBO XpOMOCOMOii 22
YCTOMUYMBO COXPAHSIIOTCSI M COCTaBJISIIOT aOCOIIOTHOE OOJIb-
mmHCTBO. [1o nanHubiv FISH-ananu3a, k maccaxy 11 mis au-
HuM iTAF5-29 u x maccaxy 9 mwist inaum iTAF5-32 nons mo-
HOCOMHBIX KJICTOK He TipeBbiiaet 12% 1 6% cOOTBETCTBEHHO,
a OCTaJIbHbIe KJIETKM HecyT KoublieByto 22 [5]. Merada3Hblit
aHanM3 K naccaxy 23 mig muaun iTAF5-29 u k maccaxy 17
qutst iuann iTAFS-32 BeisiBu kapuotu 46,XX,r(22) B 82% u
86% KJ1€TOK, a KJIETKM ¢ MOHOCOMUei coctaBuan 15% u 7%,
COOTBETCTBEHHO. TakuM o0pa3oM, r(22) cTabMILHO COXpaHsI-
€TCS TIPU TIPOHOJIKUTENIEHOM Ky abTuBupoBaHun MITCK.

I/chyccmem{oe 3aMbIKaHHE€ XPOMOCOMBI B KOJIbIIO

B pamkax omumcanHoro Bershteyn ¢ coaBT. MexaHu3ma
SIMMUHAIMU KoJbleBoil xpomocombl B MIICK [1] Takcke
BO3HMK BOMPOC 00 MCKYCCTBEHHOM 3aMbIKAaHWUU MYTaHTHOM
XPOMOCOMBI B KOJIBLIO C LIEJTbIO TOCIENYIOLIEH KOPPEKIIUU Ka-
puoturna. Tak, B anpene 2018 roga nosiBUIach myoIMKaLMs O
TOoM, uTO ¢ ucnons3oBanueM CRISPR-onmocpenoBanHoro noma-
XOJIa aBTOpaM YJAJOCh MOJYYUTb KOJIBLIEBYIO XpoMocoMy 18
B kierkax HEK293T (2 u3 113 meradas) [4]. Hamu Takke
pa3pabaTbiBaeTCsl  TEXHOJOTHSI  3aMbIKAHUSI  XPOMOCOMBI
B KOJIBIIO TIyTeM BCTpavMBaHWsI TPAHCTEHHBIX KOHCTPYKIIMIA
B TePMUHAJIbHBIE 00JIACTU JUTMHHOTO M KOPOTKOTO I1JIeY XpO-
MocoMbl 3 mpu wucnojb3oBaHuu cucteMbl CRISPR/Cas9,
MEXITy KOTOPbIMU B AajibHel1eM OyaeT MpoBeaeHa peKOMOu -
Hauust. CTOUT OTMETHUTD, YTO CO3IaHUE TIOMOOHBIX KOHCTPYK-
1M1 ¥ UX UHTErpalusi B XpOMOCOMY TIPE/ICTABIISIIOT OIpejie-
JIEHHBIE CIIOXKHOCTH, TPEOYIOT OOJBIINX 3aTpaT YCUIUN U Bpe-
MeHU. B CBsI3U ¢ 9TUM, a TakKe yUUThIBasi HE COBCEM IPEeICKa-
3yeMyI0 2JIMMUHALNIO KoblieBoii xpomocoMbl B UTTCK, naH-
HBI TTOJIXOJT B LIEJISIX XPOMOCOMHOI Teparuu MpeCcTaBIsieTCst
Majio BocTpeOoBaHHbIM. OJIHAKO CO3MaHME CTAOMJIbHBIX JIU-
HMIi C KOJIbLIEBBIMU XPOMOCOMAaMHU JIA€T IMPEKPACHYIO BO3MOX-
HOCTb JJIbHEMIIEero N3ydeHns Ha MOJETbHBIX KJIETOYHBIX CH-
creMax 3(hhEeKTOB STUX TeHETUYECKUX aHOMAJTUI.

BJIHMI/IHa].lHﬂ XPOMOCOMBI
¢ ucnoab3osanuem cucteMbl CRISPR/Cas9

B 2017 romy Obut omyOIMKOBaH €lle OOUH MeXaHW3M
DIMMUWHAIIMY LEJTOM XPOMOCOMBI, KOTOPbI TOTEHIIMATBHO
TakXe MOXeT ObITh ucrosib3oBaH s ynaineHust uz MITCK
MYTAHTHOM XpPOMOCOMBI C TE€M, YTO Jajiee IPOU30MUIET
CIIOHTaHHAsl aMIUTM(UKALMSI OCTABIIEroCsl HOPMAaJTbHOTO
romouiora. B padorax Adikusuma m Zuo ¢ coaBT. OBUIO TTOKa-
3aHO, 4TO ¢ ucnoib3zoBaHueM cucteMbl CRISPR/Cas9 mox-
HO YIQJIUTh LEJAYI0 XpPOMOCOMY Kak in Vitro, TaKk W in vivo,
BHecs pa3pbiBbl B yuyacTky JIHK mo o6e cTopoHBI OT LEHT-
pomepsl [2, 3]. OxxuoaeMoe B TaKOM CIydae yaajieHHue LeHT-

pOMepbI IPUBEJIET K MOTePe XPOMOCOMbI 1, BO3MOXKHO, BOC-
CTaHOBJICHUIO HOPMAaJbHOIO KapuOTUIMA. XPOMOCOMHbIE
MepPecTPOMKHU YCIETHO TeHEPUPYIOTCS C MCITOJIb30BaHUEM
CRISPR/Cas9-texHonoruu B Hacrosiiee BpeMsi. Tak, nene-
LMK, AYTUTAKALIMM U MHBEPCHM Y4aCcTKa XPOMOCOMBI 6 MbI-
1M, cojaepxaiiero reH Cntn6, ObulM mojydeHsl y 11 us
41 mpiu (25%) nyreM MUKPOUHBEKIIMY KOMITOHEHTOB CH-
crembl CRISPR/Cas9 B uuroriazmy 3urot [14]. C ucnosb-
30BaHMEM TEHHO-WHXKEHEPHBIX METOAOB YIAJIOCh OObeau-
HUTBH 16 XpOMOCOM APOXKKeid S. cerevisiae v TIOJTYIUTh JIU-
HMM C OHOM M ABYMSI XPOMOCOMAaMMU, KOTOPbIE MaJIO BIMSI-
JIV Ha XXU3HECIOCOOHOCTh KJIETOK in vitro [15].

Taxum obpazom, HECMOTpPsI Ha TO, UTO XPOMOCOMHasI Te-
panus ABIsIETCSl KpaiiHe BOCTpeOOBaHHBIM HarmpaBIeHHEM
MEIULIMHBI, TEXHOJIOTUM, KOTOPHIE MOTYT JIeUb B €€ OCHOBY,
TOJIbKO HAUMHAIOT pa3BUBATbCS W amanTupoBarbesl. Oue-
BUJHO, YTO OJWH M TOT e IMOIXOJ He BCeraa MOXeT ObITh
HCITONIb30BaH ISl KOPPEKIIMU Pa3HBIX KapUOTHUIIOB.
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