3ACTOCYBAHHA MYTAI'EHIB HA TEHOTHUITAX AYMEHIO
APOTO

Cabaoun BA., [llybenxo JI.A.
Binoyepriecoruii nayionanohutl acpapruil ynisepcumem, ni. Cobopua 8/1, m. bina
Lepxea, 09100, Vrpaina
E-mail: sabadinv@ukr.net

IHayKoBaHMIT MyTareHe3 € MOTYTHIM METO/IOM, 3a JIONOMOTOI0
SIKOTO MOXKHA BUPIIIYBAaTH YHCIEHHI TEOPETWYHI 1 TMPaKTUYHI 3aBJaHHS
TCHETHKH 1 cenekiii. MyralliiiHa MiHJIUBICTh JIGKUTh B OCHOBI BHXI1JIHOTO
MaTepiaiy Al ceneKilii. 3a JIOMOMOror eKCIepUMEHTAIbHOTO MyTareHe3y
MOXKHa PO3KPUTH BCl MOXKJIMBOCTI BHAY B HampsIMKy noiiMopdizmy i Ha
0a3i ojiepKaHUX MyTalliii CTBOpIOBaTH OaraTi KOJeKLii TeHeTHYHOro
pi3HOMaHITTS OKpeMuX pociuH. [1].

Poskpurts cneuudivHoi aii MyrareHHuX (pakTopiB i poJi reHOTHITY
Ja€ MOXJIMBICTh HAOJM3HMTHCS A0 BHPIIMIEHHS NPOOJEMH YIIPaBIiHHSA
MyTallilHUM mporecoM. Myrarenn mnopsty 3 MyTauilHUMU 3MiHaMHU
3YMOBJIIOIOTh TJIMOOKI (DYHKIIOHANbHI 3MiHU (i310JIOTTYHHX, 010XIMIYHMX
Ta IHIIUMX TOpoueciB y pocauH M; Peakiiss pociuH Ha Jil0 MyTareHiB
CKJIaJaeThesi 3 e(peKTy MOIMIKOMKEHb KIITHHHUX CTPYKTYP 1 penapariitHux
NPOLIECIB  HAa MOJIEKYJISIPHOMY piBHI, eniMiHAIii IOLIKOMKEHb Ha
KJIITHHHOMY Ta KIITHHHO-TIOMYNIALIAHOMY piBHAX. ToMy B T€HETHKO-
CeNeKIiiHI po0OTI BAXJIMBUM €TANOM € BHBYEHHA  (izionoriuHoro
BIUIMBY Ha PIiCT 1 PO3BUTOK POCIMH M; Ta BU3HAUCHHS CTYIEHS TOKCUYHOCTI
MYTareHiB, BCTAHOBJICHHS iX ONTUMAaJNbHUX 1 KPUTHYHHX JI03, PEaKIl
KOHKpPETHHX TEHOTHIIIB Ha MYTareHHy [il0 3 METOI pallioHAIbHOro
BUKOPDHCTaHHS ~ MiHIMaJIbHMX  BHOOPDOK  BHXIJHOrO  Marepiany 3
MaKCHMAJIbHOI €(EKTHBHICTIO OJIEpPXKAHUX Pe3ysIbTatiB [2].

B mocrmigax, mpoBeeHNX Ha 6araThoX KyJIbTYPHUX pociuHax [3,4],
CTaNO0 OYEBHIHHMM, II0 MAaKCUMAaJIbHHH BHXiJl KOPHCHHUX MYTAIlil
3a0e31edyroTh He KpUTUYHI, @ HaBIIaKH, TIOMipHI 1031 MyTareHiB. OCKiIbKU
CeNleKIiOHepa IIKaBIATh HE BHCOKA YaCTOTAa MYTAIlii B3araii, a BUCOKHH
BHX1JI KOPUCHHUX MYTAIlii, BAXKIMBIM MOMEHTOM JIOCTIPKEHb € BU3HAUCHHS
ONTUMANBHUX 103 1 KOHIGHTpAIliii MyTareHiB, sKi 3a0e3MeUyIOTh
OTPHIMAaHHS MAaKCHMaJbhHOI KUTBKOCTI KOPHCHMX MyTamiil. HaiGinpm
JOIUTBHO BU3HAYATH ONTHMANBHI Ta KPUTHUYHI JO3W MyTareHiB B M; 3a
TIOKa3HUKOM JKHTTE3TaTHOCTI POCIIUH.

[Ipu 0OpoOwi HACIHHS NIIEHUII MYTareHW BIUITMBAIOTH y TEPITY
Yepry Ha Ti O3HAKH, SIKi MOYMHAIOTH (HOPMYBATHUCS B MOMEHT OOpPOOKH.
Oco0nuBO 1€ MPOSBIAETHCS Ha IMOKA3HHKAX CXOKOCTI Ta BIDKHBAHHS,
pOCTy Ta PO3BHUTKY, €EMEHTaxX CTPYKTYpPHU HPOAYKTHBHOCTI POCIHH Mj.
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3aJeKHO BiA 03U, MYyTareHH MOXYTh BHSBISATH JIeTIPECUBHY abo
CTHMYITIOIOUY JIif0 Ha MPOLIECH POCTY Ta PO3BUTKY pocivH Mj. Y OibmocTi
BUIMAJIKIB MYTAareHH MpPOSBIAIOTH JENPECHBHY Mil0 Ha I THOKAa3HUKH,
0COOJIMBO 3a BUCOKHMX KOHIEHTparii. I[IpoOmema 3HATTS JAenpecuBHHUX
HaCHiAKIB Jii MyTareHiB npu 30epekeHHI MyTaOeIbHOCTI OpraHi3aMy Ha
TOMY X PiBHI € TOCUTh aKTyanbHO [5,6].

Mera mocnipkeHb — BCTAHOBUTH DiBEHb MYyTareHHOi Jerpecii 3a
MOKAa3HUKAMH DPOCTY Ta PO3BUTKY POCIUH SUYMEHIO SIPOr0 Yy MEpHIOMY
MTOKOJTiHHI 3aJICKHO BiJ] KOHIIGHTpAIlil MyTareHy Ta FeHOTHITY.

Marepian i MeToAMKa JOCTIDKeHb. MatepiaiaoMm Juis JOCIHiPKEeHb
OyJIM COPTH STYMEHIO SIPOro cenieKiii MHUPOHIBCHKOr0 1HCTUTYTY MIIESHUIII
Bipax i Tamicman MuponiBcekuit. Jlocnmiau mpoBoguiu Brpomosx 2015-
2017 pp. B ymoBax gocigHoro noist HBL BHAY. Haciuus coprie Bipax i
TamicmMan MupOHIBCbKHI 3aMOYyBajIM y PO34YHHI MyTareHy iJpOKCHIaMiH
(T'A) y xonuenrpauii 1,0; 0,51 0,1 % ta HiTpozomermicedopuHa (HMC) y
konnentpauii 0,1, 0,01 1 0,001 %, a Takox y Boai mpotsirom 18 roxa. 3a
KOHTPOJNb 1 CIIyryBajio cyxe HaciHHS, 3a KOHTPOJIb 2 HACIHHS 3aMOYEHE Y
BOJi. AHami3 pe3ynbTaTiB JIOCHI[PKEHb TPOBOJMIM 33  OMHCOBUM
CTATUCTUYHHMM,  KOpENSIIHHUM 1  JUCIepCiiHMM — MeTomamMu  3a
B.O. JlocriexoBuM 3 BUKOPHCTAHHIM MPUKIAJAHOI KOMIT IOTEPHOI MPOTrpaMu
Excel.

PesynpraTn pmocnmipkeHb Ta iX oOroBopeHHsl. OCKIUIbKH, Jist
XIMIYHAX MYyTareHiB Ha JKUTTE3JATHICTh CHUIIBHILIE TPOSBISETHCS Ha
MOYaTKOBHX €Tamax POCTy i PO3BUTKY POCIMH Mj, MM BHBYAJIH KpHUTepii
YYTJAMBOCTI POCIMH JO Jii MYTareHiB: TOJbOBAa CXOXICTh 1 eHepris
NPOPOCTaHHS HACIHHS SYMEHIO B JTJAOOPAaTOPHUX YMOBAxX Ha TPETIO 100Yy.

Hamri pmani cBimgaTh, IO XiMIYHI MyTareHu TPOHHUKAIOYH B
KJIITHHH 3apoJiKa 3 BOJIOIO IPU 3aMOYyBaHHI HACIHHS OJIOKYIOTh )KHUTTEBO
Ba)ATUBI (DEPMEHTH Ta MPUTHIYYIOTH PICT 3apOJKOBUX KOpiHLIB. Tak, y
copty Bipax npu 06po01ii myrarenom ['A y HaiBumii koHuentpamii 1,0%
eHeprist mpopoctaHHs crtaHoswia 70% mporu 96,0% Ha KoHTpom 2,
TIOJIbOBA CXOXICTh cTaHoBMIA 73,6% mpotu 92,0% Ha koHTpomi 2 — Puc. 1.

IIpu cepenniit Ta HU3BKIi# KoHIEeHTpatii ['A eHepris mpopocTaHHA
HaciHHA y copTy Bipax Oyma Omm3pkoro no KoHTpomro. llompoBa x
CXOXicTh Oyna 3HAYHO HIDKYOIO 3a KOHTpONb 79,6-76,3% BimmoBigHo. Y
copty Tamicman MupoHIBCEKHAN CIIOCTepiraiacs 3aKOHOMIPHICTh 3HIKEHHS
MOJHOBOI Ta J1a0OpPaTOpHOI CXOXKOCTI 3 TINBWIICHHSAM KOHIIGHTpAIlil
MyTareHa.

O6pobistoun copt Bipaxk HMC y konnentparii 0,1%, BigMideHo
HU3BKY eHeprito mpopocranasi — 10,0% mpotn 94,0% na Kortpomi 2.
[NonroBa cxoxicts cranoBmwia 24,0% mpotu 90,3% Biamosignao. [TomnioHY



3aKOHOMIPHICTH BinMiueHo i1 Ha copTi Tamicman MupoHIBCHKHI — eHepris
mpopocTaHHs 3a BHCOKoi koHreHTparii HMC 18,0%, momsoBa CX0XicTh
51,0% mporu 91,0% na Konrpomi 2. OTxe, Ha TEHOTHNAX AKTUBHICTh
PI3HUX MyTareHiB HposBIsUIacs He onHakoBo, myrareH HMC BukinkaB
Habarato BuIIME piBeHb Jenpecii HiK [A, mpum BHKOpHCTaHHI
KOHIICHTpAIIiH, 1[0 BiJIOBIIA0Th 32 OJMH PiBEeHb MyTaOCIIEHOCTI.
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Puc. 1. ITopiBHsIHHS eHeprii IPOPOCTaHHS Ta MOJbOBOI CXOXKOCTI
HACiHHSI TYMEHIO Sporo coptiB Bipax i TanicMan MupoHiBCbKHH Ticis

00poOKku MyTareHamu TigpokcunaminoM (I"A) 1 HITPO30METHIICEHOBHHOO
(HMC)

B pik 00poOKu HACIHHS MyTareHH BILIMBAIOTh HE TIIBKH Ha SIKICHI
MOKa3HUKH (CXOXKICTh, BIKUBAHICTh POCIHMH), a W Ha JAesAKl KUIbKICHI
O3HaKM (BHCOTa cTeOsla, JOBXKHMHA KOJOCA, YHCIO 3€peH 3 TOJOBHOTO
konoca). Il{o B meBHilt Mipi TaKOX MOXKE CIIYTyBaTH KPUTEPIEM UyTIIMBOCTI
COPTY 10 TIEBHOI'0 XiMiYHOTO MYTareHa.

Bucora crebma sumeHto siporo copty Bipaxk o00poGieHoro
MyrareHoM ['A gemro Oysia BHIOIO 3a CepelHbOI KOHIIEHTpPALli MyTareHy
0,5% 87,8 cm mporu 83,3 cM Ha KOHTpOINI 2, 3Ba)KAI0OUM HA CTATUCTUYHI
JMaHi mg pisHUNg Oyna He icrotHOW — Tabn.2. Ilpu obpoOmi mMyrareHOM
HMC cnocrepiranu aHajmoriyHy 3aKOHOMIpHICTE. Y copTy TamicMmaH
MupoHiBCEKHI BICOTa POCIUHY, 332 00poOku myrareHoM ['A Oymna Ha piBHI
koHTpOI0. [Tpr 06podii myrarenom HMC Bucorta pociuH Oymna OiBIION0
32 KOHTPOJIb, TIPOTE iCTOTHO HE BiApi3HsIAC.

JomxnHa Komoca copTy Bipax mpu o0podmi myrarenom ['A
icrotHo He BigpizHsmaca. IIpu o6pobui myrarenom HMC 3a Bucokoi
koHueHtpauii 0,1 % cnocrepirany icToTHE 30iTBIIEHHS AOBXHHH KOJIOCA



1o 12,7 cm mpotu 10,0 cm Ha KonTpomi 2. KinpkicTs 3epeH Ta Maca 3epHa
Ha [BOMY BapiaHTI He BiJpi3HSUIACS BiJi KOHTPOIIO, TOOTO Yy pOCIHH
CIOCTEpIirajii JOBTUH PUXIIMIA KOJIOC.

[Ipu o0pobmi wmyrarenamu ['A 1 HMC copry Tanicman
MupoHIBCEKHI 32 BHCOKOi KOHIIEHTpalii MYyTareHiB CIIOCTEpirain
301IBIIICHHS JOBXHHHU KOJIOCA, KUTBKOCTI 3epeH 1 Macu 3epHa 3 Kojoca, Ha
IHIIMX BapiaHTax pi3HULS Oyia He iCTOTHOIO.

Tabnuus 1. OcHOBHI OioMeTpHYHI TOKa3HUKHU SUMEHIO sIporo M;

Bucora JloBxuHa KinbkicTs 3epeH B Maca 3epHa 3
. POCIHHH, CM. KoJoca, CM. KOJIOCI, IIT. Konoca, I
Bapianr
V, Cepen
Cepente " | Cepenne | V,% Cepenne | V,% p V,%

% HE

Bipax

KonTpoms 1 80,0+3,9 | 49 | 9,7£1,5 15,9 22,9£2,0 8,7 1,440,2 | 12,0

Kontpons 2 | 83.3+42 | 52 | 10,0416 | 155 | 243422 | 85 | 1,5:02 | 133

T'A-1,0% 84,7439 | 46 | 109413 | 121 | 247423 | 99 | 1,7403 | 16,8
I'A-0,5% 87,8437 | 42 | 109+1,3 | 12,0 | 253420 | 7,8 | 1,740,2 | 138
I'A-0,1% 83,6442 | 50 | 104+1,0 | 96 | 254421 | 82 | 1,7+0,2 | 134

HMC-0,1% 80,5+4,3 | 54 | 12,714 | 109 | 25,1+2,6 | 10,3 | 1,5+0,3 | 231

HMC-001% | 872449 | 57 | 10,5415 | 14,1 | 24,6420 | 80 | 1,6202 | 123

HMC-
0,001% 82,0+3,7 | 46 | 9,9+11 115 | 23,8+1,8 74 1,5£0,2 | 14,7

Tanicman MupoHiBCbKHI

Kontpoms 1 78,2+4,6 | 59 | 9,0£0,9 106 | 22,9+1,8 7,9 1,4+0,2 4,2

Kontpoms 2 79,139 | 49 | 8,4+1,0 11,3 | 22,9420 9,0 1,3£0,2 6,2

I'A-1,0% 80,6453 | 6,6 | 9,9+0,9 | 88 | 23,5429 | 125 | 1,502 | 5.2
I'A-0,5% 794437 | 46 | 92410 | 11,2 | 22,8425 | 11,1 | 1,3%02 | 57
I'A-0,1% 793441 | 52 | 83408 | 10,1 | 21319 | 87 | 12402 | 46

HMC-0,1% 85,844,0 | 47 | 9,5+14 143 | 24,2427 113 | 1,4+0,2 | 16,9

HMC-0,01% | g48+42 | 50 | 8,4+13 | 150 | 22,742,6 | 114 | 12402 | 17,0

HMC-
0,001% 85,4+2,7 | 3,2 | 85%l,1 13,1 | 22,5+2,6 | 11,6 | 1,2+0,2 | 18,5

BrcHOBKH Ta TEPCHEKTHBH MONANBIINX IOCTIHKeHb. HaiOimbm
iHpOPMATHBHUMH IIOJO0 MYTareHHoi nempecii y M; MOKONiHHI POCIWH
SIIMEHIO SIPOro OYITH TIOKA3HUKU €HEPTii MPOPOCTAHHS Ta CXOXKOCTI HACIHHS
i OioMeTpHYHI MMOKa3HUKW: BUCOTA POCIHH, IOBXKHHA KOJOCA, KUTBKICTh
3epeH B KOJoci 1 Maca 3epHa 3 Koymoca. Ha Bci Il MOKa3HWKM BIUTMBAaja
KOHIICHTpAILiSl MyTareHy.




Myraren HMC Bukinkae Habarato BHIIMK piBeHb Jaenpecii HiK
I'A, npu BUKOpHCTaHHI KOHIEHTpAIiH, IO BiAMOBIAIOTH 3a OAWH PiBEHb
MyTaOenpHOCTI. ICTOTHHIT BINIMB MyTareHiB Ha CXOXICTh HACIHHS SYMEHIO
SIPOTO 3aJISKHO BiJl TEHOTHUITY HE BiIMi4€HO.

Ha cryminp nposiBy MyrareHHOi jAenpecii iCTOTHHH BIUIMB Mae
MyTareHHa KOHIICHTpAIlis, TeHOTHIT Mae MeHImi BruuB. Ha ¢opmyBanHs
MOKA3HUKIB ~ CTPYKTYpHM  BpPOXKAHHOCTI  BIUIMBAE  T'€HOTHUII  IOTIM
KOHLICHTpALlisl MyTareHy Ta MpHpojia MyTarcHy.

Hocnimxenns Oyne TPOAOBXKEHO Uil BUSIBJIICHHS Y JAPYromy i
TPETbOMY IOKOJIIHHAX SIK JIOMIHAHTHUX TaK 1 pEHECUBHHX KOPHCHHUX
MyTamii.
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