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AHHoTanus. B paboTe ycTaHOBIEHO, YTO B IUIOJAaX KPacHOTO BHHOTPaJa U B MPOIYKTaxX €ro ImepepadoTKH
OCHOBHBIMH (DEHOJIBHBIMH KHUCIIOTAMH SIBIIAIOTCS HE XJIOPOT€HOBAs (TPOAYKT ALMIIMPOBAHHS XUHHON KHUCIIOTHI
Ko(eitHOI1), KaK yKa3pIBaeTCs B psAe MyOMMKanuii, a kadgraposas (IPOAYKT alMIMPOBAHNSI BHHHOMN KHCIIOTHI
ko(eitHoil) n KoyTapoBast (IPOIYKT allIMPOBAHUS BUHHON KHCIIOTHI 7-KyMapoBo#). [l xpomarorpadupo-
BaHMsI HCCJIEIOBAaHHBIX 00pa31oB ObLIa BeIOpaHa cTanmoHapHas ¢gaza Symmetry C18 u nmonsrkHble (a3bl cu-
cTeMbl «anetoHuTpua — 10 06.% MypaBbMHOM KHCIIOTHI — BOJIa», YAOOHbBIE MPU ONpE/IEICHUN aHTOLHAHOB
BuHOTpaja. [lokazaHo, 4To KadTapoBasi KUCIOTA BO BCEX HCCIIEAOBAHHBIX COCTABAX MOJBIKHOI (ha3bl ITOJTHO-
CTBIO OT/IEJISIETCS] OT KOYTapOBOM M OT TPEX U30MEPHBIX MOHOKO(EOMIXUHHBIX KUCIIOT (3-KodeonnxunHoi, 4-
KO(EOMIXMHHON U S5-KOPEOMIXUHHON), T.€. MACHTHU(UKAIMS 110 BpEeMEHaM yJIep)KUBAHUS ITHX KUCIIOT BO3-
MoxHa. OIHaKO /I XpoMaTorpadupoBaHus cieyeT BIOUpaTh COCTaBbl MOABHKHOM (Da3bl, PU KOTOPHIX HET
CORIIIOMPOBAHMS KAKOH-TM00 U3 3TUX KHUCIIOT ¢ OOBIYHO MPHCYTCTBYIOIIUM B 3KCTPAKTaX, COKaxX U BUHAX JI€JIb-
¢uanANH-3-Tmoko3uaoM. [loHOe pa3aeneHue yKka3aHHBIX KOMIIOHEHTOB BO3MOXKHO KaK IPH OTHOCHTEIBEHO
HHU3KOM COZIEp’KaHUH alleTOHUTpuIIa (MeHee 6 00.%) B MOABMKHOMN (ha3e, Tak ¥ MIPHU OTHOCHUTEIIFHO BBICOKOM
(ue menee 8.5 00.%). DTO MO3BOIMIIO MPEIVIOKUTH BapUAHT TPAAMEHTHOTO JIIOMPOBAHMS AJIS pa3/elICHHs
BCEX MHTEPECYIONINX COCAMHEHNH. [ palieHTHBIH pexXnuM TpeOyeTcs A HIIIOUPOBaHKS N3 KOJIOHKH BCEX aH-
TOIMAHOB U COMYTCTBYIOIINX SKCTPAKTUBHBIX BEIIECTB.

ITpu 3TOM, IpeIIOKEHHBIE YCIOBUS Pa3/IeNeHUs OKa3aJIiCh ONaronpUATHBIME U IETeKTUPOBAHUS IOIHIA-
THHA (OIHOTO U3 M30MEPHBIX IIIOKO3UIIOB PECBEPATPOIIa). DTO MO3BOIMIIO ONPOBEPTHYTH €IIle OJJHO PACIIpPO-
CTpaHEeHHOE 3201y XK/IeHHEe, COTIaCHO KOTOPOMY PECBEpaTpoll (a HEe ero IIIOKO3UMA) SABISETCA OTHUM U3 BaXK-
HEHIINX OMOJIOTHUECKH aKTUBHBIX BEIIECTB B BUHOTPaJe. B MpeAoxKEeHHBIX YCIOBHUIX 3HAUNTEIHHO CUIIbHEE
YAEP)KUBAeMBIil pecBepaTpoi COTIOUPYETCS C OTHUM U3 AIMIIUPOBAHHBIX aHTOLMAHOB, HO aHAJIN3 IJIOIA el
COOTBETCTBYIOIINX ITMKOB CBUJETEILCTBYET O TOM, YTO MIMEHHO IOJIMIATHH BBICTYIIAaeT JOMUHUpYomeH ¢op-
MO IPUCYTCTBHS PECBEPATPOIA B BUHOTPAJIE.

Karouesbie cioBa: BOXXX, rpaiueHTHBIN pekKUM 3TIOMPOBaHNUS, BUHOTPaJ, KadTapoBas, KOyTapoBas, XJIo-
pOTreHOBas KMCIOTHI, IONUIATHH, PECBEPATPOIL.
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Abstract. The paper established that in the fruits of red grapes and in the products of its processing, the main
phenolic acids are not chlorogenic acids (the acylation product of quinic acid by caffeic one), as indicated in a
number of publications, but caftaric acid (the acylation product of tartaric acid by caffeic one) and coutaric
acid (the acylation product of tartaric acid by p-coumaric one). For chromatographic analysis of the studied
samples, the stationary phase Symmetry C18 and the mobile phases of the “acetonitrile — 10 vol.% of HCOOH-
water” system were chosen, being convenient for determining grape anthocyanins. It was shown that caftaric
acid in all studied mobile phase compositions is completely separated from coutaric acid and from three iso-
meric monocaffeoylquinic acids (3-caffeoylquinic, 4-caffeoylquinic and 5-caffeoylquinic), i.e. there is no con-
fusion between the retention times of these acids. But for chromatography, mobile phase compositions should
be selected in which there is no co-elution of any of these acids with delphinidin-3-glucoside, which is usually
present in extracts, juices and wines. Complete separation of these components is possible both with a relatively
low acetonitrile content (less than 6 vol. %) in the mobile phase, and with a relatively high (at least 8.5 vol. %)
as well. This made it possible to propose a gradient elution option for separating all compounds of interest. A
gradient mode was needed to elute all anthocyanins and associated extractives from the column.

It turned out that the proposed separation conditions were favorable for the detection of polydatin (one of the
isomeric glucosides of resveratrol). This made it possible to establish another common misconception, accord-
ing to which it is claimed that resveratrol (and not its glucoside) is one of the most important biologically active
substances in grapes. Under the proposed conditions, much more strongly retained resveratrol coelutes with
one of the acylated anthocyanins, but analysis of the areas of the corresponding peaks indicates that polydatin
is the dominant form of resveratrol in grapes.
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[3-7]. Onnako B 1pyrux myOiIHKAIUsIX BMeE-

BBenenne o
CTO XJIOPOTEHOBOW OOHAPYXUBAIOT KHUC-

XnoporeHoBas KHUcioTa (TOYHEe, OJHMH
U3 €€ BO3MOXKHBIX H30MEPOB — S-KOoeous-
XMHHas KHCIoTa, | cxema 1) siBisercst Baxk-
HEHIIMM BTOPUYHBIM META0OIUTOM MHOTHUX
pacteHuil [1], oTBeyarmUM 3a AHTHOKCH-
JAaHTHBIE CBOICTBa Ojarojaps HaJM4UIO B
CTPYKTYype paaukana KopeiHOH KHCIOTHI
napbl TUAPOKCHIIBHBIX TPYII, HAXOASIIUXCS
B 0pmo TIOJNIOKEHUM JIpyr K apyry [2]. Oto
COEIMHEHUE SIBIISIETCS OTHUM U3 3(pUpOB KO-
deitHoili 1 xunHHOM KuCHOT (I, cxema 1).

O HaJMYMK XJIOPOT€HOBOW KHCIIOTHI B
IUI0/1aX BUHOIpaga coolImiaercs B paboTax

notel: kapTaposyto (I, cxema 1) (kopeon-
BUHHYI0) [8-12] n koyTaposy:o (11, cxema 1,
MPOJYKT 3aMEHbI pajuKana KopeinHoi Kuc-
JOTHl HAa pajuKal napa-KyMapoBOM KHC-
notel [8]). Ilpu sTom kadTapoBas u KoyTta-
pOBast KUCJIOTHI HAlJIEHBI U B IPYTUX YaCTAX
BuHorpanaa [10, 13, 14], a B tUCThSIX — e11ie u
xJjoporeHoBas kucinota [14]. OTMeTuM, 4To
U XJIOPOT€HOBas1, U KaTapoBasi KUCIOTHI CO-
JepKaT paguKaibl KoGeHHON KUCIOThI, 4TO
o0OecnieunBaeT MPOSBIEHUE aHTHOKCHJIAHT-
HBIX CBOWCTB MaTEpUAJIOB, X COAEPIKAIIIHNX,
HO OWOJIOTMYECKOe JIEHCTBUE ITUX KHUCIOT
HE SKBUBaJIEHTHO [12].
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Cxema 1. Ctpoenue xsoporeHoBoii (I, 5SCQA), kadraposoii (11, CafA) u koyraposoii (111, CouA)
kuciot u nonugaruHa (1V, GR)
Scheme 1. The structure of chlorogenic (I, 5CQA), caftaric (11), and coutaric (I11) acids and polydatin (1V)

E1e 1Ba Ovonoruyecky akTUBHBIX Bellle-
CTBa YIIOMMHAIOTCS KaK BaKHEHUIINE KOMIIO-
HEHTHI IJI0JI0B BUHOIPajia — PECBEpaTpoII U
OJIUH U3 €r0 BO3MO’KHBIX TJIFOKO3U/10B M10JIH-
natuH (IV, cxema 1). Undopmarus 06 3toit
nape coeIMHeHHH TaKke NpoTUBopeyrBa. B
paborte [15] yka3biBaeTcsi Ha O0JIBILYIO POJIb
pecBeparpoia U3 IUI0A0B BUHOTPaJa B Ipe-
OYTPEXJIEHUU psia 3a00jeBaHUM, B TOM
qucie, B HPOSBICHUU TaK Ha3bIBAEMOI'O
«(ppaHIly3CKOro mapajgokKca» — HU3KOH 4a-
CTOTBI 3a00JIeBaHUI CeplIeUHO-COCYAUCTON
CHUCTEMBI IIPU TPAaJULHUOHHON >KMUPHON IU-
ere. HakannuBaromuiicsi TOJIBKO B KOXype
IUIOZIOB  MpAHC-PECBEPATPOIT  OMPEIEIIAIN
metogoM BOXX B padote [16] co ciekTpo-
(GOoTOMETpUYECKUM JI€TEKTUPOBAHHEM, a B
pabote [17] — ¢ INeKTPOXUMHUYECKUM JIETEK-
TupoBaHueM. Ho KoHIeHTpanus mpanc-pe-
CBEparTpoJia B IUIOAAX BUHOIPA/la HEBEIMKA
— nopsiaka 0.3 mr B 1 Kr miosoB, HO3TOMY
TPYAHO paccMaTpuBaTh BHHOIpaja Kak HC-
TOYHUK JJI BBIJIEJIEHUS ATOTO BaXKHOIO CO-
equaenus. OnHako B paborte [17] mpuBo-
JATCSl TAaHHBIE O TOM, YTO B KOpEIIKaxX BUHO-
rpajga coiepkaHHe 3TOr0 COEIMHEHHUS MO-
’KeT ObITh Ha 2 IOpsKa BbIIIE. ITO HATIOMU-
HAeT PEHHYTPUIO SIMOHCKYIO, KOPHH KOTO-
pOiil SBIIAIOTCS MPEKPACHBIM HCTOUYHUKOM
pecBeparpoia [18]. Oanako B pabote [19]
IIpU aHaju3e BCeX MPOU3BOJHBIX pecBepa-
TpoJIa B COKE€ BUHOTPaZoB 36 cOpPTOB OBLIO
YCTaHOBJIEHO, YTO OCHOBHOE COEJIMHEHUE B
UCCIIEIOBAaHHBIX 00pa3lax — mpaxc-Tou-
JIaTtuH (WM mpauc-TIALEn), COIEp KaHue
KOTOPOTO HAXOMTCA Ha ypoBHe 3 MrHa 1 e,

Takum oOpa3oM, T (EHOITBHON KHC-
70THI U (hopma pecBeparposa B IUIOJaX BHU-
Horpaza TpeOyroT yrouHeHus. Ilpuuem,
OIpeIeTICHNEe OSTHX COCJMHEHHWH JKena-
TEJILHO MPOBOJUTH MAPAUIEIBHO C OIpee-
JICHUEM aHTOLMAHOB B YCJIOBHSAX BBICOKOH
KHCJIIOTHOCTH /ISl TIEPEBO/Ia AHTOIIMAHOB B
yIOOHYIO U JETEKTHPOBaHHUS (IIaBHIIUE-
By10 ¢opmy, T.e. npu pH okomno 1 [20]. DTo
CTaJIo 3aJaueil HaCTOAIIETO HCCIIEAOBaHNUS.

IKCNEePUMEHTAIBHAA YaCTh

B kauecTBe 0OBEKTOB HCCIICIOBAHUS UC-
MOJTb30BaHBl J[BA COpPTa KPACHOTO BHHO-
rpaza, npoucxoasuue u3 [lepy u FOAP, na
coka Mapku «/{oOpslii» U mATH 00pas3LoB
KPAacHBIX BUH pa3IMYHBIX MPOU3BOJUTEICH.
B paboTte Taxxe MCIOIh30BAIHN XJIOPOTCHO-
BO# kucnoTsl onyruzapar (chlorogenic acid
hemihydrate, Aldrich, CIIIA) u pecBepa-
tpou (Kurait). B kauecTBe MeTunka noiuja-
THHA TPUMEHSUIA KOMIIOHEHT OJKCTPaKTa
KPaCHBIX POPOCTKOB PEHYTPUU STOHCKON
C XapaKTEepPUCTHYHBIM IS pecBepaTpoiia
JIEKTPOHHBIM CIIEKTPOM IOTJIOIIEHHUS.

Paznenenue aHTOIMAHOB OCYIIECTBIISIIA
Ha obopynoBanuu Agilent 1200 Infinity c
TMOHO-MaTPUYHBIM JIeTeKTOpoM. B pabote
UCIOJIB30BATIM XpoMaTorpaduyeckyro Ko-
aoHky 150x4.6 MM Symmetry C18
(3.5 mxm™m). Jlns co3manusi MOIBMKHBIX (a3
MIPH U30KPATHUECKOM M TPAJUEHTHOM DITFO-
UpoBaHUM NpUMeHsUH (azy A (6 06.% are-
toHuTpuiIa v 10 00.% MypaBbHUHON KHUCIIOTHI
B Bozie)  (azy b (30 00.% aueronurpuna u
10 00.% MypaBbUHOI KUCIIOTHI B BOJIE); 00€
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Puc. 1. Kapra paznenenns psina GeHOTBHBIX KHCIOT U aHTOIIMAHOB HA CTAI[MOHAPHOM (hase
Symmetry C18, 3.5 mxm otHOcuTenpbHO SCQA B monBmxkHBIX (hazax cucteMsr «7.4 + 8.8 00. %
CH3CN - 10 06. % HCOOH B Boge» npu 40°C.

Igk(i) — morapudmsr GpakTOpOB yACPKUBAHHS COCAUHECHHI;
Bemecra: 1 — Cy3Glu; 2 — Dp3Glu; 3 — CouA; 4 —4CQA; 5 - 5CQA,; 6 — CafA; 7 — 3CQA.

Fig. 1. The separation map of a number of phenolic acids and anthocyanins in the Symmetry
C18 stationary phase, 3.5 um in the mobile phases of the system “7.4 + 8.8 vol. % CH3CN — 10
vol. % HCOOH in water” at 40°C.

Substances: (1) cyanidin-3-glucoside; (2) delphinidin-3-glucoid; (3) coutaric acid; (4) 4-caffeoylquinic
acid; (5) 5-caffeaylquinic acid; (6) caftaric acid; (7) 3-caffeoylquinic acid.

¢da3pl cMemUBAIA B 33JIJaHHOM COOTHOIIIE-
HUU ISl UCCIIEIOBaHMs XpomaTorpaduue-
CKOrO MOBEIEHUS COEIUHEHUH. BbIcokoe
coJiep>kaHue MypaBbUHOM KUCIOTHI obecre-
yuBaeT pH okoso 1.6, 4TO COOTBETCTBYET
MOJIHOMY MOJIaBJIEHUIO JUCCOIMAllMU aHa-
JU3UPYEMBIX KHCIOT. ['paavieHTHBIA pe-
xuM: 0 muH — 12% b; 5 mun — 12% b; 25
MuH — 100% b; 26 mun 12% b. MeptBoe
BpeMs1 ONIPEEISUIH 110 YAEPKUBAHUIO IIaBe-
JIEBOM KHUCJIOTHI. XPOMAaTOrpaMMbl peru-
CTpUpoOBalii U 00pabaThIBalld B MPOTrpamMme
ChemStation, a pac4ersl BBITOJHIIH B MS
Excel.

O0cy:xaeHne pe3y1bTaToOB

Pe3ynbraThl HccaenoBaHus XpoMaTorpa-
(UYecKoro TOBEACHUS TpPeX HM30MEPHBIX
XJIOPOTeHOBEHIX, KapTaposoii (CafA) kucnor
U JIBYX aHTOIIMAHOB C HAMMEHBIIINM BpEMe-
HEM yJep)KUBaHUS — JIeNIb(OUHHHH-3-TITI0-
ko3uaa (Dp3Glu) u rimanu quH-3-TI0K0311a
(Cy3Glu) - mpencrasnenst Ha puc. 1. Ot™me-
THUM, YTO ]Il KOPPEKTHOCTU B paboTe pac-
CMaTpPHUBAIU HE TOJIBKO 5-KO(EOUIXUHHYIO
kuciory, SCQA, HO ¥ J1Ba JPYTHX €€ U30-
mepa, 4CQA u 3CQA, dacto oOHapyKuBae-
MBIX B pSiZIc PACTUTEIFHBIX MaTE€pHajoB B

pa3IUYHBIX COOTHOMEHMIX. K 3TuM coemn-
HEHHMSM ObUla J100aBJICHa W KOyTapoBas
(CoutA) xuciora, XOTsI €€ aHTHOKCH/IaHAT-
HbIE CBOWCTBA CYyIIECTBEHHO MEHEe BhIpa-
JKEHBI, YeM y XJIOPOTEHOBBIX U Ka(TapoBOi
KHCJIOT.

Kak cremyer w3 mpejcTaBIIEHHBIX JIaH-
HBIX, KadTapoBas KUCIOTa YAEpPKHUBACTCS
cuibHee, yeM 3CQA, Ho crnabee uem SCQA,
U HUKAKUX TpoOJieM B pa3/ieJieHHH BCEX
BRXHBIX B JIAHHOM CJIy4ae KHCIIOT HET, IO-
CKOJIBKY W TIOPSAJIOK SJIOMPOBaHUsS, U TOJ-
HOTa pa3JIeJICHUs] B pACCMOTPEHHOM JIHaIia-
30HE KOHIEHTpalui aneronutpuna (ot 7.4
10 8.8 00. %) ocTaroTCsi HEM3MEHHBIMHU:

tr(3CQA) < tr(CafA) < tr(5CQA) <
tr(4CQA) < tr(CoutA).

Huddepenumanus BceX COEIUHEHUN
3TOTO psiJia MOXKET OBITh BBITIOJTHEHA IO Xa-
pakTepHOi (opMe PIEKTPOHHBIX CHEKTPOB
MTOTJIOMIEHUS, OJIM3KUX JIJIS BeeX KO(eomT-
XUHHBIX KHCTOT [21], Ha 2 HM 6aTOXPOMHO
CMEIIAIMUXCS B Ciiydae KadTapoBO# KHC-
70Thl. J7is KOyTapoBOW KHCIIOTHI XapakTe-
pPEH CIIEKTP C THUICOXPOMHBIM CMEIICHUEM
MakcuMyMma a0copOmuu. A  aHTOIMaHbBI
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Puc. 2. DnekTpoHHBIEC CIIEKTPHI TOTJIOMICHHUS COSTUHEHUIA:
1-5CQA; 2 - CafA; 3—CouA; 4 -GR; 5-Dp3Glu
Fig. 2. Electronic absorption spectra of the compounds:
1-5CQA; 2 — CafA; 3— CouA,; 4 — polydatin; 5 — Dp3Glu
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Puc. 3. Paznenenne KOMIIOHEHTOB BUHOTPaIa U IPOTYKTOB €ro NepepaboTKH B YCIOBUAX Tpa-
JIMEHTHOT'O PEKMMA; 3aKCh NPU AJIMHE BOJNHBI 325 HM. XpomatorpamMmbl: A — BuHa «Karop
[Maprennt», b — coka kpacHoro BuHOTpaga Mapku «J1o0psiii» n B — skcTpakra BUHOTpaaa U3
[Mepy. Kommonentsr: 1 — CafA, 2 — CouA,; 3 - GR.
Fig. 3. Separation of grape components under the conditions of the gradient mode recorded at a
wavelength of 325 nm. Chromatograms: A — o Kagor Partenit wines, B — Dobry red grape juice,
and C — grape extract from Peru. Components: 1 — caftaric acid, 2 — coutaric acid; 3 — polydatin.

UMEIOT MaKCUMyM He ToJibKO B Y d-00ma-
CTH, HO U B BUJMMOM JHara3oHe 3JEKTpo-
MarHuTHOTO CHeKTpa, puc. 2. K Hum no6as-
JIeH W XapaKTEepHBIM CIEKTp MOJUIaTHHA.
OtmeTHM, 4TO B 3IFOEHTaX C MEHBLIEH 3I1t0-
VPYIOIIEN CUIIOW MUK KOYTapOBOM KUCIIOTHI
pa3BauBaETCs, BEPOSITHO M3-3a Pa3JeIICHUs
yuc- 1 mpauc-GhopM.

B paccMoTpeHHOM psay yAepKuBaHUE
Dp3Glu, wu3mensiercss HaMHOTo ObICTpee
PacCMOTPEHHBIX KHCIIOT, YTO MO3BOJISAET UC-
M0JIb30BAaTh COCTaBbl MOJBUKHBIX (a3 ¢ co-
JepKaHEeM alleTOHUTpUIIa He MeHee 8.5 00.%.
D10 mo3BONMIIO TOA00paTh T'paJUeHTHBIN
PEXHUM, B KOTOPOM XOPOLIO pa3ielsjucCh

LIEJIEBbIE KOMIIOHEHTBHI IPU KOHTPOJE CO-
cTaBa ()€HOJBHBIX KHCIIOT B 3KCTPAKTax BU-
HOTpaja, B BUHOTPATHOM COKE U B BUHHBIX
Martepuanax, puc. 3.

BrInonHeHHBIH aHAIN3 MOKa3aj, 4To BO
BCEX UCCIIEJIOBAaHHBIX B paboTe copTax Kpac-
HOT'0 BUHOTPAJia U B MPOAYKTax €ro rnepepa-
OO0TKM JIETEKTHUPYIOTCS TOJIBKO KadTapoas
U KOYTapoBasi KUCJIOTHI IPU MTOJTHOM OTCYT-
CTBUH XJIOPOTE€HOBBIX KHCIOT. [Ipruem, kak
MoKa3bIBaeT peTpo aHaius 3-D panee 3amu-
CaHHBIX XpPOMATOTrpamMM OOJBIIOTO YHCIA
9KCTPAKTOB BBIpAIlEHHBIX B benropone Bu-
HOTPanoB [22], HamW4YUEe ATUX KHUCIOT Xa-
pakTepHO Kak s coptoB Buna Vitis vinif-
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era, Tak U 11 COPTOB THOPUIHBIX BUHOTPa-
noB. OTMETHM, YTO HU B OJHOU U3 UCCIIE0-
BaHHBIX MPOO HE OBUIO OOHAPYKEHO H30-
MEPHBIX  XJIOPOT€HOBBIX  KHCIIOT, XOTS
5CQA B KauecTBe IVIaBHOIO KOMIIOHCHTA
MOSIBUJIACH B CMECH BUHOTPAIHOTO U sI0104-
HOTO coka (Mapku «J{oOpsIiii»). ITO HE yau-
BUTEJIHHO, IOCKOJIBKY 3Ta KUCIIOTA SBISETCS
[JIaBHOM MUMEHHO B 510JI0KaX.

BbiOpaHHbIil  BapuaHT TIpPajMEHTHOIO
JIIOUPOBAHUS OKa3ajcs yA0OHBIM U IS Jie-
TEKTUPOBAHUS MONHMAAaTUHA (puc. 3), MUK
KOTOPOTO MOJHOCTBIO OTIEINAETCS OT COCEI-
HUX MUKOB U KOTOPBIA MOXET OBITh JIETCK-
TUPOBAaH MO XapaKTEPUCTHUUYECKOMY DJIEK-
TPOHHOMY CIIEKTPY MOTJIOMICHHS. DTOT UK
10 BPEMEHHU YICPKUBAHUS COBIAII C ITUKOM
MOJIMJATHHA, JKCTPAripPOBAaHHOTO M3 IIPO-
POCTKOB PEHYTpUHU SIMOHCKOM [23]. B aTnX
YCIIOBUSX JJTIOMPOBAHUS BpEMs YICpKUBa-
Husi Oosiee JTUMOQPMIBHOTO pecBepaTposa
0Ka3aJI0Ch CYIIECTBEHHO O0JIBIITUM
(tr=15.10 mMuH), yeM moauIaTHHA (TJIIMKO3H-
JMPOBAHHOTO PECBEPATPOIIA), HO MUK ITOTO
COEIMHEHUS COBMAJal C MUKOM OJHOTO U3
AIMIIMPOBAHHBIX ~ AHTOIIMAHOB, TOATOMY
CTPOTO€ COTIOCTABJICHHUE COJICPKAHMUS TTOITH-
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