


Nonyyenue [1IHK 30HAOB ANA nccneaoBaHUA CTPYKTYpPbI
U PYHKLUU U IKCNPECCUMN FreHOB

danbHeulwee pa3BuTUE «OOPaTHOU reHETUKN»: 3Has
0enokK, BbiAensarT n MoanuduumnpyroT, KOaQUpPYyHLWMUNA ero
reH, U nony4aroT 6es5ioKk ¢ HOBbIMM CBOUCTBaMMU

PasButue n coBepuwieHCcTBOBaHUe reHHom Tepanun.
MEeTOA0JI0rMN NeYeHNs HacneacTBeHHbIX 0one3Hen

NMonyyeHue MO, TpaHCreHHbIX pacTeHUN U XXUBOTHbIX C
norieaHbIMU Ans YerioBeka CBOMCTBaMum
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TPAHCIEHE3. MUKPOOPIrAHHUS

PEKOMBUMHALINSA



PekoMOUHaUuA — npouecc peopraHusauum reHoma, oomeH
ydactkamn [HK




KOMOUWHaALUMNOHHbIX

NepeTacoBka XpomMoOCOM B
Meunose

Cny4auHbIn Xxapakrtep CriusaHusA
ramMeT Npu OonnoAoOTBOPEHUMU

O6meH chparmeHTaMu Mexay
roMoOJSIOrM4HbIMU XPOMOCOMaMMU




coukauus

« OcHOBaHa Ha cnapuBaHuu
loMosorniHas KoMnnemeHTapHbix uenen AiHK

(obLiasn, * TpebyeTca o6uwasn (no Bcen agnuHe

MOneKyrbl) FOMOMNOrMa Mexay
KpoccuHroeep) PEKOMOMHMPYIOLUMU yHacTKaMu

4 * Mpoucxoaur mexay
Cant- nocnepnoBatenbHocTaMu [IHK B

crneuu (puqecxag npeaenax o4eHb KOPOTKUX Y4acTKOB
romonormu, oo6bi4Ho 15-30 n.H.

* 3TO cOOpHaA rpynna npoueccos, rae
He3akoHHad pekoM6uHauuma npoucxoauT 6e3
romonoruu mexay monekynamu [1HK



OnHauuu

o

Peaxuus g obuem snae:
Int, IHF

‘. POP'+BOB" = = BOP' + POB’
Int, IHF, Xis

a cantT-cneundunyeckon

A) nuHenHasn (BUPUOHHaA)
OHK dara

Bb) OHK dara nocne nHdekumun
B E. coli 3ambikaeTcsa B
KONbLO, U HAXOAALWMNNCA B HEN
caur attP Bctynaet B
pekombuHauuio ¢ cantom attB
B XpOMOCOMe GakTepum

B) npoayKT pekombuHauum -
npodar B coctaBe
XpOMOCOMbI OaKkTepumn

') 3anucb npouecca
pekoMmbuHauumm B odLiem Buge




TPAHCIEHE3. MUKPOOPIrAHHUS

PEKOMBUHOIEHE3 ™ N



MeTO,D,bI KneTouyHas UHXeHepusa
cerfiekKumnu KyfibmusupoeaHue

2ubpudusayusi
PEKOHCMpPYKUUsi

N

benkoBasa UHXeHepus

* payuoHasnbHbIl Qu3aliH

HaripaeJieHHas 380J/1ioyus
PEKOMBUWUHOIEHES

NO3BOJIAET KapAUHarnbHO

U3MEeHATb XXUBble OpraHn3mbli FeHeTn4YecKkasi NHXeHepus
Ha reHeTn4eCKomM ypoBHe,

BNJjioTb A0 CO34aHUA HOBbIX MemoOd pekombuHaHmHbix JHK

BnaoB C HOBbIMAN 3aQldHHBIMMU unu
CBOUCTBaMM MOJIeKYJISIpPHOE KJIOHUpOo8aHue




Ue 5BJIEHUA TPAHCQPOP

1928 -
OTKPbITUE ABNEHUa TpaHcdopmMaLum

T

Knetku S wramma, R wramm + ybutble
Si uramm yBuTble HarpeBoM  Harpesom S GakTepuu

7 Q\ ﬁ / @E? /@ ,\ ﬁ

Bu PYNEeHTHbIN

R wramm

S wramm
!Muum BbKUNKU Mhlum noruénu !Mblum BbDKUNU Mbll.l.m noruénu
) Dpedepuk
Streptococcus pneumomae — [MTHEB8MOKOKKU. Mpughcpum

EaKmepuu, ebl3blearowjue rMHe8MOHUO.

.KancynbHbIX S-lWUTaMM — NaTOreHHbIN
.beckancynbHbIn R-WITaMM — HenaToreHHbIU




MeTon co3aaHMA HOBbIX FreHEeTUYECKUX nporpamMm nytem
KOHCTPYWpPOBaHMA U BHECEHMA HOBOW TreHeTU4YecKowu
nHdopMaLummn B yXKe CyLLeCTBYHLWMNE XXUBble OPraHu3Mbl

Restriction

s &)

“Blue”
gene —_

ﬁ—':?‘_-/_/_h—-.__-_/

\m J

ost
bac?e rim

"\)




Berg, Paul (CLLA)

(p. 1926)

E. Hobenesckas npemMus
no xmmun, 1980

1972 r. — nossBNeHue metoaonoruu

Mon Bepr ckoHcTpympoBsan rOHK ns
c¢parmeHTa IHK eupyca SV40, L=
6akmepuodghaza A v onepoHa E. Coli

Recombinant DNA
molecule

Insertion of rDNA into
bacteria for replication



®OTO
OTCYTCTBYET ’

[epbepT bonep AHHWN YaHr \>

Crennun KoaH
y .

1972 r. AHHU YaHr
epbepTt Bounep
NMonb bepr
CteHnu Ko3aH

yCTaHOBWUIU, YTO Npu NoMoLLn hepMeHTOB
pecmpukma3 MOXHO nope3aTtb ABe noodble
monekynbl JHK u caenatb n3 HUX ogHy
pekombuHaHmHyro HK




TPAHCIEHES. MMKPOOP AHJ ‘ Tie _
OCHOBHBIE TUIIBITSSEN
®EPMEHTOB



«eHeTnyeckas MHXeHepns — NOTOMOK MONEKYNAPHON
reHETUKN, HO CBOUM poXaeHneM obsizaHa ycnexam
reHETUYECKOM 3H3UMONOTMMM N XUMUN HYKNENHOBbBIX
KMCIOT, TaK Kak NHCTPYMEHTaMn MOJSIEKYTISIPHOMO

MaHUNyNMpoBaHUA ABMAITCA PEPMEHTLI»
3.1.Abpamosa




Prateie

The Central Dogma of Molecular Biology




PecTrpukrassl

(1962 r. B. Apoep)

PparmeHTUpyrot monekynol JHK, BHOCSA
pa3pbiBbl NyTeM rugponusa obenx ueneu
OHK

PeBeprasbl

(1970 .. I. Temun)

CuHtesupyrot IHK Ha maTtpuue PHK

JAHK-nmosimmmepa3ssbl

(1958 1. A. Kopuoepr)

CuHtesupyrot IHK Ha maTpuue OHK

JTHK-aura3snbl

(1967 . M. I'esuiiepr)

Nurnpyrot pparmeHTbl A HK 3a cuyet
cdopmmnpoBaHusa cpocchoanaupHbix cBA3en
MeXxay HyKneoTnpgamu

TepMuHaJIbHBIEC

TpaHc(pepasbl
(1962 r. bosiiym)

[JlocTpauBaloT K KOHLaM ABOVMHOU cniupanu
OHK kK ogHOW U3 HUTen NypuHOBLIE, a K
ApPYyrov nMpMMUONHOBDbIE HYKIeoTuAb|

JHIAOHYKJIEAa3bl

O0akTepuodara
(1975 r. I'pen)

OTwennsaT 3’-KOHUbI ABOMHOU CriMpanu
OHK







PekombuHaHTHaAa OHK — nckycctBeHHO cKOHCTpymnpoBaHHas
OHK, Hecywaa dpparMeHTbl reHeETUYeCKOU MHpopMaLmn pasHbIX
OpraHM3moB

TpaHcreHe3 — npoLecc NePEHOC reHa Unu rpynnbl reHoB U3
OLHOro opraHu3mMa B Apyron n cosgaHue ycroBum ang ero/mx
aKcnpeccuu

BeKTopbl — cucteMbl OCTaBKM TpaHcreHa, obecnevnBatoLLme
ero MHTerpaumo, amnnuduKkaLuno u 3KCrpPeCccuto

N




| FTEHETUYECKOMN WHXXEHEPWW

———————

| aTan lNony4yeHue reHa

|

Il stan Co3paHune pekombuHaHTHOM OHK

-

lll aTan Co3paaHue TpaHCreHHOro opraHM3ma

IV atan OT60p MoancpmunpoBaHHbLIX CUCTEM




TPAHCIEHE3. MUKPOOPIrAHHUS

| 3TAMN. MONYYEHUE TE %



| aTan lNony4yeHue reHa

Lens:
noJsiydeHune reHa-matTpuubl AnAa MOJIeKyJIApHOro
KNMOHUpPOBaHUSA

MemoOsbi:
1) pecTpUKTa3HbIN

2) XMMUKO-(hepMeHTaTUBHbIN CUHTE3
3) cuHTe3 Ha ocHoBe MPHK




bl — dhepmeHThbI, y3Halowme ocodble ..
1eotugoB B JHK b
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* Y3HaAKOT CaUT PECTPUKLIUU U BHOCAT
pa3pes Henoaaneky, B NPOU3BONbLHOU
TOuKe

. y3a|o1' CanUT PeCTPUKLIUU U BHOCAT
pa3pe3 B PUKCUPOBaAHHOWU TOUKe
BHYTpPU cauTa

* Y3HaloT cauTt PeCTPUKUUN N BHOCAT
Pa3pe3 OTCTYNMUB Ha HECKOJbKO
HYKneotTunaoB OT KOHUa cauTa




BamHlI Bacillus amyloliquefaciens 5 —GlG ATCC-3"

34%-CE TAGTG—3’

Cofl Clostridium formicoaceticum 5'-GCGC-3
3'-CGCG-5'
1
: _— !
Dral Deinococcus radiophilus 5 _TTTAAA-3'
3'-AAATTT-5'
)
EcoRl Escherichia coli 5 —GlAATTC—S'

3 ’—CTTAATG =5?

EcoRll Escherichia coli 5'—J22CAGG—3'
3 '—GGTCC—S’

EcoRI e

mﬁﬁ‘ﬁu”})w

DNA fragments

Sticky end join at sticky ends

Sticky end

o i )oc

Recombinant DNA




€PMEHTaATUBHbLIN CUHTE3 reHa

biolor o-o-oe  o-o-o- o-o-o-o— PaszpaboTaH X. KopaHoWw

D s O =0 -0 0 =0 —0 =5 =01) XWM. CUHTE3
!

KOMMJNeMeHTAapPHbIX,
B3anMonepeKpbiBalOLWUNXCAH
OJNIUroHyKmneoTnaoB

coeaAuHeHue (NnMrnpoBaHue)
OJINFOHYKeoTUaAoB C
nomouwbio chepmeHTa T4
OHK-nuras.i.




cHoBe mMPHK

30H WHTPOH  3K30H

AHK

PHK nepBuyHbIN
TPaHCKpUNT

MaTtpuyHaa PHK

HCKpUnuusa

KnoHanbHasga AHK



Knerku, o ® u-PHK MckyccTeennasn
nupaGatunaromue-q' ®® g, nenenne p— | C ) (- ETTY

1pebyembin Genok®y g g » L ANS CHHTE33
se? u-PHK KOMMNAEMEHTAPHOM
AHK  (k-AHK)

frbpna Mbpuauzauma

o N
L

OpHoueno4euHas
‘ Ynaneuue PHK$ . «-QIHK
Cunres BTOpOH
ye) uenu k-AHK
%3,
"04,,' e. Osyxuenoyeunan
YRS ,'003 k-AHK - rewn
Buexpomo- g, ~ Tic || uska” IHK-nura3c rpebyemoro benka
COMHaN
AHK® | Baxrepun
(nnasmuaa) F_ _*_-f,]! — . Konoxuu 6akrepus
@ O serpan- | (©) @ €
‘ BaHue : = E
Pexombu- @ ——;——‘P %
Lot ©©) sooero\ O @ ¥
e Beigenenue

rpebyemoro 6enka




TPAHCIEHES. MMKPOOPI' AHU3

Il 9TAN. NONYYEHUE \
PEKOMBUHAHTHOW JJ,H



| atan lony4yeHue reHa

| = P

—

Il atan Co3paHune pekombuHaHTHOU OHK

Llenb:
BHeceHue reHa-Mmartpuvubl (TpaHcreHa) B
BEKTOp

jiHK

R
PecTtpukTasa
. =
\ rmbpuansaums
/ Nurazsa  °

: PecTpukrasa
PekombuHaHTHasA

O (m6puanas) OHK

BekTop



BEKTOPA (nam. vector — Hecywuti)

MOJIEKYSIbl CNOCOOHbIE K CAMOCTOATENBLHOM
pennukaumn n obecnevmBatoLme NHTerpauuio,
aMnnnmmnkaumo N 3KCNpPeccuto TpaHcreHa

/’ (" 7 { rI\ \\J\ /U \, 4\2\/

-, L g
\ /-/ — >
= Transfer of fre& o7
Plas id t{ansfer ( DNﬁ from , ‘..r/

,\
plasmld or S
to chromosome \ N )

of resi t nce gene \ ( dead bacterium | A
A«( // Y
Gene goes to\ /
7 4




AmMnnudomkauma — ysennyeHne Konndectea Konum
r[JHK (TpaHcreH + BeKkTOp)

UHTerpauunsa — sctpamsanue rHK B HK xo3auHa

JKCMNPEeCcCUa — TpaHCKpUNuUMs TpaHcreHa annapaTtom
KINEeTKN X03gu1Ha




51 K BEKTOPHbLIM MoneKynam,,

Hectn canTtobl pPecTpuKkumMn B y4acTKax, He
BIINAKOLWUNX Ha penJIuKaluuto

/‘ UmeTb cneuudmnyeckme u CUNbHbIE
- NMPOMOTOPbLI TPAHCKPUMNLUU, a TaKXKe
TepMUHaTOpbI

— BbiTb CNOCOOHbLIMY K aBTOHOMHOM
pennukKaumm

CopepxaTtb cneundunyeckme mapkepbl




ECcTecTBeHHble
riasMubl
6axkrepunocparn

UCKYyCCTBEHHbIe
KocMuAabl
¢azmuabi
6akmuabl

MKaLnsa BEKTOPOB
ibIM-CUCTEMaM

BekTopa aykapuot

EcTecTBeHHble
riasMugbl
BUpPYCbI

S

UCKyCCTBEHHbIe
YeJTHOYHbIE BEKTOPbI




BbakMunAabl — YenHoYHblE BEKTOPbLI HA OCHOBE reHoMa
bakynoBupyca, cnocobHble CyLLECTBOBATbL B KreTKax
E.coli

Kocmuabl — nnasmuaHble BEKTOPLI, B KOTOPbIE BCTPOEH
y4dacTok reHoma dpara A, obecnevmBaroLLin BO3MOXHOCTb
YNakKoBKW MOJIEKYIbl B doaroByo YacTuLy

Pa3mMunabl — BEKTOPbI, KOTOPblE coaepXXaT
reHeTu4yeckne anemMeHTbl nnasmuag n bakrepunodaros

-




YenHOYHbIN BEKTOP — NNna3sMuaa,
cnocoBHas K pennukauumn B
KneTKax pa3HblX X0351eB

0‘( . MocnegoBaTenbHOCTh
/0 Ans nepeHoca
E—— YykepogHas
. o OHK
ori ¥ ?\
CeneKkTUBHbIA
m—— _—
Mapkep
| Yyxepoanan OHK A\
} { —
e
4 ¢

Ti-nnasmuaa, NOMOLWHUK

AlA nepeHoca
PacTutenbHas

XpomMocomMa \

Ti-nnasMuaa
\ & YyxxepoaHaa AHK ))
Y/ ﬁ\
‘ < =~
/ -
BakTepuansHas Llem-!. BeKTOp Wndpuumposative
XpomMocoma

PactutenbHafa KneTka

Arpobakrepus
Agrobacterium tumefaciens http?//rddocs.exdat.com




Knaccudpumnkaumsa BEKTOpPOB
no byHKUMAM

BeKTopa, obecneymnBarowime

I{n(’““nvmm“e pensniMkauuio rmuopmaHou MoreKkyrbl

B KJ1eTKe

BeKTopa, obecneymnBarLime

npaBuUiibHY U 3(PPEKTUBHYIO
3“c“necc“nvmm“e akcnpeccuio vyyxepoaHou OHK B

KneTKke-peunnmeHTe

BeKTopa, obecneymBarowjue

HHTEINATUBHDIE »+erraumio uyxeponnoii AHK s

reHomMm peuurnineHTa



| atan lony4yeHue reHa
)

i

Il atan Co3paHune pekombuHaHTHOU OHK

MemoObI eeedeHuUs1 2eHa 8 8eKMOp:
pPeCcCTpPUKTa3HO-NNrasHbIN
KOHHEKTOPHbIN

Bcerasnennasa JJTHK

06e JIHK nope3aHbl ogHOMK
PECTPUKTA30i U UMEIOT KOMILIE-
MEHTapHbl€ KOHLBI



O-NiurasHbin meton

NMpumeHnm p,nﬂVreHa n BeKTopa c |
KOMMNEeMEHTapPHbIMU «JIUMKUMU» KOHLLAMU
4
G-G-A-T-C-C G _G-ATCOTT]
C-C-TA-G-G C-C-T-A-G G
t
EcoRI
.
y——— G:LA__A_[_T C EEmm———— 3
3’ ICTTAQG- ) 5

“Nunkun” KoHey

' G AATTC I 3
c

'L ICTTAA GE ] 5°

5
3




BnepBble 6bin npumeHeH C. KoaHom B 1973 ropay.

Pecmpukma3bi, éHocsim 8 uenu [JHK cummempu4Hbie, pacrnosioXXeHHbIe
Hauckocb Opy2 om dpyaa pa3pbi8bl Ha Ppa8HbIX PAacCMOSIHUSIX Oom yeHmpa
calima y3HaeaHusi u obpa3syrom "cmyrneHbKy"

pectpuiraza, | —— [ A\— |

Hind IT ~

Hind ITI

Nnurasa

'q,ln'




MOLECULE A MOLECULE B

i — 1 W, N P oAb

g — 0, U NN — 3° B N 1 PR

Digest each with same restriction
endonuclease, BamHI

—5 Sticky ends ————pw 6-A-T-C-C ——
: ‘" 4 :
Mix
o5 ap. EE ER N Sealwith DNA ligase (7 )

ik R

s =3~ Q=T -C - e
e ke s Recombinant DN A
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KOHHEeKTOpPHbLIN meToL,

MpumeHnm Ana reHa un BeKTopa C
HEeKOMMJIEMeHTaPHbIMU «TYNbIMU» KOHL, QMU

BrnepBblie 6bin BbinonHeH B 1972 roay MN.beprom.
IJK30HYKI1Iea3a ompe3aem «myrnbie» KOHUbI
TepmuHanbHasi mpaHcgepasa npuwiugaem JIUHKEPHbIE MOJIEKY bl

Kk 3’-koHUam ¢ppacmeHmoes [JHK eekmopa docmpausarom
odHouernoyYye4yHble osniuzo (dA)-ceameHmsbI, a K 3’-KkOHUamM ¢hpazcmMeHma
mpaHcaeHa osiu2o (dT)-ceameHmbI

JIUHKepbl COeOUHSIFOMCS 3a c4em KommnsiemeHmapHocmu (dA)- u (dT)-
nocriedosamesisHocmeu

ATE TTTTT ULA ATT TTTTTULA-

chparmeHT 1 chparmeHr 2 scimtas: JHK




y N

5 e e RS ERREENITE T RE 3

3 HO SRR 5’
l JTTP e ldATP

5 o TT7(T) ,T7T—OH SRR SRR 3

3 TR ST HO A A(A), A A SRR 5’

lCoeAuueuue ABYX (hparmeHTos

c‘)H
5 s T T (T), T T 3'

PR som i sy /;‘\A(A)n A A TSRS e 5

PexomburHanTHan
JHK

OH



TPAHCIEHE3. MMKPOOPIAHH f |

Il 3TAM. CO3OAHUE
TPAHCIEHHOIO OPFAHM:



| atan lony4yeHue reHa

Il atan Co3paHune pekombuHaHTHOU OHK

4

lll aTan Co3gaHue TpaHCreHHOro opraHM3ma

- |

Llenb:
BBeAE€HMe reHa-MmaTpuibl B OpraHM3mMm-peumnmmenHT

Metogwi BBegenuns pHK B Knetky:
KOHBHOINauuma

TPpaHCAYKLUUA

TpaHcheKkums

TpaHcopMaLuums




HCRYCCTBEHHbIE

l
Tpancpopmaums.




Metoabl BBegeHust rlHK B KneTKy peuMnMeHT

TPaHCAOYKLUUNA .
(BeKTop ¢ anemeHTaMmun reHoma 6aKTepV|oo|oara) B

http://sd1.uchebalegko.r
u



3BeaeHus rHK B kneTky-peuunmeHT

K <
fleMeHTamMu reHoMa Bupyca)

Wi

4



BeaeHus rdHK B KNeTKy-peLunmeHT

eBMEHTaMM reHoMa nnasmua)




BeaeHusa rAHK B KNeTKY-peLunmeHT

| ' a/1eKTponopauus
ﬁ
 Knetka
OHK - nywka ) o | =
eTKa
6VIO6aJ'IJ'IMCTMKa dk3orenHan [HK nepeHocurtca B Knerky
|/ NOA AEWACTBUEM NEKTPUYECKOro paspaaa
B aape [HK ssrcooBoxaaerca
TNunocoma
; e iz
e B4 \\;\-;:gg\t\’s't‘liaéf;c} J'IVI[IOCI)eKU.VISI
A e A

......... "._..-" / oo £ L

K

itp://rudocs.exdat.com




TPAHCIEHE3. MUKPOOPIrAHHUS

IV 3TAM. OTEOP



| atan lony4yeHue reHa

Il aTan CosnaHMe pekomounHaHTHoM [AHK

4

lll aTan Co3aaHue TpaHCreHHOro opraHM3ma

IV atan OT60p moancpmumnpoBaHHbIX CUCTEM

Llenb:
OLleHKa pe3ynbkTaTta MONEKYNAPHOro KNOHUMpoBaHUSA

L A A

Metoabi:
MapKepHbIU, UMMYHOJIOrM4YecKas AeTeKUuns, CKPUHMUHT,
KapTuposaHue, CeKkBeHnpoBaHue




OK, HeCYLLUX BERTOP
K, HGCYLLMX [GH-MMILeHb



O BeKTopam

68HbI

penopmepHbie MapKepbl

a) NpumeHeHne penopTepHbIX (MapKepHbIX) reHOB NepBOro,
BTOPOro U TPeTbero noKosieHUM:

- NPT-reH (HeomuumnHdoccoTpaHccpepasa n gpyrux
aHTUOUOTUKOYCTOUYUYUBLIX FrEHOB)

- GUS-reH (rnrokypoHuaasa)
- GFP-reH (greenfluorescenceprotein)
0) Cenekuus KNeTokK Ha cpegax ¢ aHTUOMOTUKaAMM

B) O6HapyXeHue NPoAYyKTOB 3KCNPECCUMN PEeNnOPTEePHbLIX
reHoB U/ X aKTUBHOCTH




BEPXHEM 1PpaBOM Yr/1y MHOIo MeJIKux
Ha3BaHWH — 3TO MEPEYNC/IEHbI CalTbl

pecTpuKUnmn

Rep — 3T0 y4acCTOK OTBEeYaloLmm
3a penakauyuio (pa3sMHOXeHue)
nJaa3sMuabl B KJ1IeTKe

Amp — penopTepHbIN reH
YCTOMUYMBOCTM K aHTUGNOTUKY —
AaMNULUMNNINHY




BeKTopam

aHmMubuomuky




OTOOp No BekTOpam
GFP




MO TPaHCreHy

Hanu3a no CaysepeHy

LLlenoyHas cpeaa

HuTpouenntono3Hbin UnNLTP NPOYHO CBA3bIBaeT OAUHaPHYHO uen}: OHK vnu PHK

OHK-30HA

3

3¢

1k

OTKUT (NPU KOMNJNIEMEHTapHOCTU

aHanu3upyemon OHK nw

1. CUHTEe3NpPYOT MeYeHble
Hykrneotuabl (AHK 30HAbLI)

2. PparmeHT uenesou AHK
nepeBOAsT Ha
HUTPOLENSIHONO3HbIN (PUNLTP.

3. CBasaBwuecs monekynbl AIHK
0o0pabaTbIBalOT LWESIOYHbLIM
pacTBOpOM, B pe3ynbraTte ogHa
HUTb HK «oTpbIiBaeTca» ot
Apyromn.

4. Ha ¢onbTp HAHOCAT pacTBOp C
AOHK-3o0HAOM, KOMNJIEMEeHTapHble
y4acTKu

coBnagaroT, NpoucxoauTt
rmopuansauus.

5. CkaHupyroT (pmunbTp
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