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HaCiHHEBOrO MaTepiany 0COO/MBO BAXMBO Ha
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C. MonsH4mMkoB, [VPEKTOP i3 PO3BUTKY,
0. KanitaHcbKa, KOHCYNbTAHT i3 XUBNEHHS
POCIVH,

B. lMo6epe)xxHUK, arpOHOM—KOHCY/bTaHT,
A. Kosb6enb, arpoHOM—KOHCY/bTaHT,

TOB «HBK "KBAOPAT"»

pyna CTUriocTi Ta TpUBanicTb BereTaviinHo-

ro nepiofly — Ue ABa OCHOBHI YMHHUKY, LLIO

BM3HA4at0Tb BAMOTM LLOJO MOXMBHMX PeY0-
BMH Yy KapTomnsi. PaHHi copTh 3 KOPOTKAM BereTa-
LiiHAM NEpIOAOM Mat0Tb, SIK MPaBuUso, BUCOKY
noTpeby B efIeMEHTaxX XWUBNEHHS Mif Yac iHTEH-
CMBHOrO BErETATMBHOIO POCTY Ta Ha eTani 6ynb6o-
yTBOpeHHs. [Mi3Hi XX MatoTb TpuBanimin nepioa
MOCUTIEHOTO MOTIMHAHHS NOXMBHUX PEYOBMH.

Kpatummn rpyHTamu Anst BUPOLLYBaHHS Kap-
TOMNi BBAXa0Tb 400pe CTPYKTYpOBaHi, APEHOBaH
niLyaHi Ta cepeai cyrnuHuCTi rpyHTy 3 pH Big 5,5
£0 7,0. OpHak Ha NpaKTWLi KapTONHO BUPOLLYIOTb i
Ha rpyHTax 3 pH Big 4,5 [0 8,5, ane 3a Takux ymoB
JLOCTYMHICTb MEBHIX MOXWBHIAX PEYOBMH PI3KO 3HK-
XKYHOTbCS. 3a 6iflbLL HU3bKIX 3HaueHb pH noripLuy-
€TbCS 3aCBOEHHS KanbLiito, MarHito Ta chocdopy. 3a
pH BuLLE 7,5 LOCTYMHICTb MOXMBHUX PEHOBIH, 30K-
pema chocchopy, 60py, MapraHLto Ta LIMHKY, 3MeH-
LUYETHCS, X04a B FPYHTI MOXYTb BYTW HASIBHI BUCOKi
3ararbHi KinbkocTi X enemMeHTis.

OnTumanbHa cuctema yaoOpeHHst MOBUHHA
3a6e3nedyBaTv POCNMHY NOXUBHUMU PEYOBUHA-
MM B AOCTYMHiit hopMi, B NOTPIGHY hasy po3suT-
Ky, y NpaBubHMiA CNOCIO | B HEOOXiAHMX HOpPMAX.

Cepeq MakpoenemeHTiB kanin Ta a3oT € ene-
MEHTaMW, Siki B HaGinbLLIA KiNbKOCTi BIKOPUCTOBY-
10Tb ANS (hOPMYBaHHS BpOXat0 Kaptonni (puc. 1).
MoTpeb6a y chocepopi, Kanbuji i MarHii 4ewo Huxa.
Kanii i a30T HeobXifHi MPOTAroM yCbOro BereTa-

LinHoro nepiopy. Kaniii sigirpae
BaXX/MBY PONib Y KOHTPOJI BOA-

HOro cTartycy, (PyHKLiOHyBaHHi E

MPOAWXIB Ta iOHHIW KOHUEHTpaLji ;r 200

POCIMHHMX TkaHuH. Kaptonns z 150

BMMarae BemmKoi KinbkocTi K, §

ke OCHOBHA MOro hyHKLiA — g 100 -
yyacTb y nepemilLeHHi Lykpis 3 | 5 50

nmeTs fo 6ynbb Ta ixHE NepeTBo- L.l

PEHHS! B KAPTOMMSHUA KPOXMaTb. Asot (N) ®oceop (P) Kanift (K)

A30T TakoX He MeHL
BX/MBWIA [A1S POCTY HaA3EM-

H YpoxaiiHicTb, 50 T/ra

= YpoxaitHicTb, 75 T/ra

Hoi macu i Gynb6 KapTomnmi.
Bnuabko 60% N norimHaeTses
npoTAroM 75 JHiB micns nocagku. ToMy
0C06/MMBO  BAXNNBO  320€3NeYnT  POCINHM
He0oOXiiHM PIBHEM 30Ty [0 3MUKAHHS POCIINH Y
psaky. Mpote HaamipHa KinbkicTs N Ha novatky
6ynbO0YTBOPEHHS MOXKE MOPYLLMTY BiATIK NOXMB-
HUX pe4oBWH [0 Bynb6 Ta 3MEHLINTM iXHIO BPO-
XaiHictb. Hapnuwok N HanpukiHui BereTauii
3a3BM4ail 3HMXKYE AKICTb LKIpkK Bynb6 Ta norip-
LUye NEXKICTb KapTonsi.

3abeaneyeHHs hoctopom Ha No4aTKOBKX
eTanax pocTy POCNMH KapTornni Baxnuee ANs
CTUMYTIOBAHHS KOPEHe-, BynbOOYTBOPEHHS, a
hady nospiBaHHs — ANS akTuBauii CuHTe3y,
TPAHCMOPTYBAHHS Ta HAKOMUYEHHS KPOXMarTio.

Kanbuiii € Knto4oBUM KOMMOHEHTOM KMiTUHHOI
CTiHKM, 3a6e3neyye MILHICTb Ta CTaGINbHICTb KiTUH
TKaHWH KapToni. 3a onTumanbHoro pisHst Ca bynbou
6inbLL CTilKi 40 6akTepianbHux abo rpubHuX iHdek-
Uil Ta MarOTb KpaLLly NEXKICTb nif Yac 36epiraHHs.
KanbLjiii Takox pornoMarae pocivHi agantyBaTvcs
[O CTPECY LUMSXOM CTUMYMIOBAHHS CUrHamnbHUX
peakLii y BiANOBIAb Ha HeCpUATIMBI chakTopu. Bit
TakoX Bifirpae  KN4oBy
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Zinc (Zn) Manganese Copper(Cu)
(Mn)
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H YpoxaifHicTb,50 T/ra  m YpoaitHicTb, 75 T/ra

pOMb Y PerymtoBaHHi aKTyB-
HOrO TPAHCMopTy Kanio Ans
HOPMAnbHOrO  (PYHKLIIOHY-
BaHHS NPOANXIB.

Crpareris  36anaHco-
BAHOTO O KMBMEHHS Mae
060B’A3K0BO BKIHOHATY MiK-
poenemeHTn. Hansaxnmsi-
WAMK  MIKpOENeMEeHTamu
ans kaptonni € 6op, Miab,
MapraHeub i LMHK (puc. 2).

Boron (B)

Puc. 2. BuHoc MikpoesnieMeHTiB ypoXaem KapToni Ha 3pOoLeHHI
(Carl J. Rosen and Peter M. Bierman, University of Minnesota Twin Cities, 2017)

Puc. 1. BUHOC MaKpoeneMeHTIB ypoXaeM KapTonsi Ha 3POLIeHH
(Carl J. Rosen and Peter M. Bierman, University of Minnesota Twin Cities, 2017)

LiuHk y cknapi depmeHTiB Gepe ydacTb y
MeTaboniami kpoxmanio Ta asoTy, 0co6nnBo
BK/MBWIA NS CUHTE3y ayKCMHY — FOSIOBHOMO
FOPMOHY, LLO KOHTPOIOE PICT KNITUH Ta KOPEHIB.
Bop Takox BniMBae Ha picT KOPeHiB Ta NaroHis,
CTUMYMIIOE 3anuneHHs, 3abeaneyye TpaHCcnoka-
Lito KanbLito 3 kopeHis y 6ynbou. Hapsiay 3K i Ca
60p € BaX/IMBUM eneMEeHTOM, Lo 3abe3nedye
MILHICTb KJITUHHUX CTIHOK, CyTTEBO BMNWBAE HA
AKicTb 6ynb6 Ta mepiod ix 36epiraHks. Mapra-
Hellb BNAMBAE HA BMICT (DEPMEHTIB, SIKi aKTuBY-
t0Tb MeTaboni3amM a3oTy, TPAHCMOPTYBAHHS eHep-
rii Ta cMHTE3 XupHuUX kucnoT. Migb BXoauTh A0
cknagy pepMeHTiB, WO akTWBI3yHOTb BYrneBos-
HWiA i 6inkoBWA 06MIH, BNIMBAE Ha (hOTOCHHTES
Ta cuHTe3 6inka. O6pobka POCMH LMHKOM, Map-
raHuem Ta Migaro nifBuLLYe CTIAKICTb [0 3BUYaM-
HOi Ta NOPOLLMCTOI napLui, 36ibLuye Nocyxo- Ta
XKapOCTINKICTb POCTNH.

CvcTema >XuBREHHS kapTonai [obpuBamu
TM «Quantum» rpyHTYeTbCA Ha 3abe3neyeHHi
KyNbTypW ONTUMANbHUM CIBBIAHOLLEHHSAM MaK-
po- Ta MIKPOENEMEHTIB Y HalbinbLL Yy TAKBI Nepi-
oM i po3BUTKY. Y KapTONAi KPUTUYHUMM LLOAO
noTPE6N B NOXMUBHUX PEYOBUHAX € ha3n Mpopo-
CTaHHs, 6ynbO0yTBOPEHHS, LIBITIHHS Ta iHTEHCKB-
HOro pocty 6ynsb (puc. 3).

Ha novatkoBux etamax pocTy kapTonns
Jy>Ke YyTnvBa A0 AedilmTy OCHOBHWX ESIEMEHTIB
XuBnenHs. Gochop ManopyxoMuia y rpyHTi, Tomy
BHECEHHS 110ro B 30Hy nocagku 6ynsb e edek-
TUBHILLMM, Hi>XX OCHOBHE a60 psSiKOBE YA06PEHHS.
Po3milenHs  goctynHux  copm P nobnnsy

€heKTUBHOr0 3abe3neyeHHst POCiMH LMHKOM Ha
eTani NPOPOCTaHHsl, akTUBaLii KOpeHeyTBOPEHHS!
Ta cTpecocrikocTi HBK «KBagpar» pekomeHaye
MPOBOANTM NEPEAMNOCiBHY 06pobKy 6yns6 aobpu-
BOM-CTUMYNSTOPOM 3 BUCOKMM YMICTOM @yKCHIB
«KBanTyM-CPK3 (CTPeKo3a)» Ta nobpvsom 3
€KCTPaKTy MOPCbKWX BogopocTelt «KBaHTyM-
CiAMiH».

Mepen cTapieto 6ynbO0YTBOPEHHS ONTUMArb-
HWIA piBeHb 3abe3neveHHs hochopoM cripusie
3aknaaui 6inbLuoi KinbkocTi 6ynb6, a nig Yac dop-
MyBaHHs 6ynb6 — Habopy HUMM Macy Ta Hakonu-
UEHHIO LyKpiB. Y U0 hasy a30T CTUMYMKOE picT
Hafi3eMHOI YacTuHM Ta bynb6, MakcuMi3ye B1po6-
HULTBO KPOXMaUH0, Karii MOKPaLLye MOrfMHaHHS
BOAV i BUPOBHMLTBO CyX0i peyoBuHm. [ins 3a6e3-
NeYeHHs POCAMH BOCTYNHUMM chopMamm hocepo-
Py Ta iHWAMKW MakpoenemeHTami [OLNbHO Npo-

Puc. 3. Cxema 3actocyBaHHs Jobpus TM «Quantum» Ha KapTonni

BOANTW epTurauito gobpvamn «KeaHTym-
OIA®AH» 3 HM3bKUM COMbOBMM IHAEKCOM Ta
6NM3bknM 10 HEMTPanbHOro 3HadeHHsm pH abo
CYXMMM BOLOPO34MHHAMK JOOGPVBAaMK 3 Mikpoene-
meHTamu TM «PROVENTUS».

[ins 3a6e3neyeHHs POCIMH MIKpOENeMeHTa-
MM, NOYMHAKOUM 3 pasn CXOAiB, B SIKOCTI N03aKO-
PEHEBOro J06pKBA, BUKOPUCTOBYHOTb KOMMEKC
«KBaHTym-TONA» Ta «KBaHTyM-XEJIAT LIUH-
KY (Zn)». Y nepiop UBIiTiHHS 060B’I3KOBUM €
MiIKMBIIEHHS MOHOENEMEHTHUMI JO6PUBAMMK.

Y pasi 3arpo3u BUHUKHEHHS TEMNOBHUX, BOA-
HUX @60 iHLWMX CTPECIB PEKOMEHAOBAHE M03aKO-
PEHEBE MiMKMBAEHHS  6i0NOriYHO-aKTUBHUMM
npenapatams 3 BMCOKAM YMICTOM TyMiHOBUX
peyoBuH («KBaHTymM-F'YMAT»), amiHokucnot

(«KBanTyM-AmiHo Makc») Ta komnnekcamu Ha
OCHOBI BMCOKO [OCTYMHUX CMOMYK KPEMHitO
(«<KBaHTyM-AkBaCun»).

3acTocyBaHHs hocopHo-KkaninHoro fo6pu-
Ba 3 (yHriunaHum ecpektom «KeaHTym-®ITO-
®OC» npurHiuye picT NaToreHHUX OpraHiamis,
NiACUNIOE IMYHITET POCAIH Ta (hOPMYE 3aXMCHMIA
MeXaHi3M POCMMH Y BIANOBIAb HA Aitd HECTIpUST-
NMBIX YMOB HABKOJMLLHBLOTO CepeaoBuLLa.

MMounHaroum 3 hasn KiHUS LBITIHHS ANs CTu-
MYTHOBAHHS BIATOKY MOXMBHUX PEYOBWH 3 Hap-
3eMHOI Macu 1o Oynb6, MOKpaLLeHHs AKOCTI Ta
nEeXKOCTi 6ynb6 BApTO 3aCTOCOBYBATW KOHLEHT-
poBaHe kafiiHe 406PMBO 3 OPraHiYHUMK KUCNOoTa-
Mn Ta MikpoenemeHtamn «KeaHTym-K36» Ta
6opHe pobpueo «KeanTym-60P AKTUB (B)». M

KBaHTyMm. XenaTHi go6puBa.
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36upavmo #o6pi ypoxai

3 XeJIaTHNUMMH

po6puBamn «<KBaHTym»

-MIPALIKO€ IABOPATOPIA INCTOBOT AIATHOCTUKMN.




