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H3yvanuch nponecch! GOPMUPOBaHUS TapPTPaTHBIX
COJIell KaJIus ¥ KaJbL¥is B BUHAX B 3aBUCHMOCTH OT
Pa3sIUYHbIX COOTHOLIEHUM KOMIIOHeHTOB U pH. B
paboTe MCIIOIBL30BaHO 212 06pa3LoB beJIblx CTOJIO-
BBIX CyXUX BUH, BbIpabOTaHHLIX Ha IIpeJIpUITHAX
KpniMa. B obpasuax ompepessiiu 3HaueHus pH,
MacCOBYI0 KOHLIEHTpAIL[UI0 BUHHON KUCJOTBI U ee
(bopM, KaTHOHOB KaJIUs U KaJbLHs, TeMIepaTypy
HaCbleHUs BUH buTtaprparoM Kaius (THac KHTar)
u TaptpaToM Kaubuus (THac CaT). [To skcrepruMeH-
TaJIbHLIM JIAaHHBIM PaCCUUTBIBAJIN COOTHOIIEHHUS:
BUHHOW KUCJIOTHI K pH, buTapTpaTHO! GOpPMDL K
kaTuoHy Kanus (HT/K*), TapTpaTHOM GOPMBI K Ka-
THOHY Kanbuus (T2/Ca?), a Takke IBYX [OCJIEJHUX
cootHommeHu# K pH. ITonydeHHble JaHHLIe 0bpaba-
TBHIBAJINCh B IIporpaMMHoii cpenie Excel MS Office.
YCTaHOBJIEH pa3JIMYHbBIN XapakTep IIPOLeccoB, IIPo-
TEeKAIOIVX B BUHAX I10J] BIUsIHUeM pH: IIOBLINIeHe
3HaueHus THac KHTar conpoBoskaaeTcs CHUKeHreM
pH, mosrimenve THac CaT - Bo3pacTanueMm pH. Yze-
JIMYeHNe BKJIaJia COAepKaHus BUHHOM KUCIOThI Ha
eVHULY pH IPUBOAUT K IOBLIMIEHMIO CKJIOHHOCTH
06pas31oB K 06pa30BaHUIO TapTPaTHLIX CoJIel. Mexxny
TeMIlepaTypol HacbIeHYs] BUH GUTApTPATOM KaJIus
Y TapTPaTOM KaJIbIIXsl YCTaHOBJIeHa JIMHeMHas 3a-
BucuMocTb (R? = 0,963 1 0,968). O61uM IpU3HAKOM
(bopMUpPOBaHUS KaJUeBbIX ¥ KalblUeBbIX TapTpar-
HDBIX COJIeY B BUHE SIBJISETCS 3aBUCUMOCTD TeMIIe-
paTypbl HacblmeHus oT cooTHomeHu# (HT-/K*)/pH
u (T*/(Ca*)/pH. IlosyueHHDbIe pe3ysbTaTbl OyAyT
WCII0JIb30BAHbI [JIS1 COBEpIIeHCTBOBAHUS METONUKA
JUArHOCTYKY KPUCTAJINYECKUX TIOMYTHEHUM BUH.

KiloueBble cioBa: KpUCTaJIJIMYeCKasd ,HECTa6I/I-
JIN3allyd BUH; TapTpaTHDbIE COJIM; TeMIIEpaTypa
HaCbIIIeHNS,; qJOprI BUHHOM KUCJOTDHIL.

PHYMHOM KPHCTAAAMYECKHUX IIOMYT-
HEHMH BMHOMAaTEPHAAOB U BUH SABAS-
eTcsl 0b6pasoBaHHE MaAOPACTBOPUMOH
COAM OHTapTpara KaAHsS H HEPacTBOPHMOH
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Study of the relationships between
the builders of crystal formation in
table wines

Victoria Grigorievna Gerzhikova, Nadezhda Stanislavovna Anikina,
Antonina Valerievna Vesyutova, Marianna Vadimovna Ermikhina,
Olga Victorovna Riabinina

Federal State Budget Scientific Institution All-Russian National Research
Institute of Viticulture and Winemaking Magarach of the RAS, 31 Kirova str.,
298600 Yalta, Republic of Crimea, Russian Federation

The processes of formation of potassium and calcium tartrate salts in wines
were studied in accordance with the equivalence ratio and pH. During the work
we used 212 samples of white table dry wines produced in the enterprises of
Crimea. The values of pH, mass concentration of tartaric acid and its forms,
potassium and calcium cations, temperature of wine saturation with potassium
bitartrate (Tsat KHTar) and calcium tartrate (Tsat CaT) were determined in
samples. Experimental entries were used to calculate the ratios: tartaric acid
to pH, bitartrate form to potassium cation (HT-/K*), tartrate form to calcium
cation (T?/Ca%), as well as the last two ratios to pH. The entries obtained
were processed in Excel MS Office software. Different nature of processes in
wines under the influence of pH was established: an increase in the value of
Tsat KHTar is accompanied by a decrease in pH, an increase in Tsat CaT - by
an increase in pH. An increase in the contribution of tartaric acid content per
pH unit leads to an increase in the tendency of samples to form tartrate salts.
A linear dependence was established between the saturation temperature of
wines with potassium bitartrate and calcium tartrate (R?= 0.963 and 0.968).
A common feature of the formation of potassium and calcium tartrate salts
in wine is the dependence of the saturation temperature on the ratios (HT-/
K*)/pH and (T*/(Ca%)/pH. The results obtained will be used to improve the
methods of diagnosing the crystalline haze of wines.

Key words: crystal destabilization of wines; tartrate salts; temperature
of saturation; forms of tartaric acid.

COAH TapTpara Kaabuus [1-6]. B mocaepHHE TOABI TEXHOAOTHA CTa-
OMAM3allMH BHH 000raTHAach HOBBIMU IIpHEMaMH, OCHOBaHHBIMU
Ha HCIIOAB30BAHHH allllapaTypHO-TEXHOAOTHYECKHX CXeM M 000-
PYAOBAHHA AASL 00PaOOTKH XOAOAOM C MHHHMAAbHBIMH 9HEPIeTH-
4eCKMMH 3aTpaTaMy [7-9], nmpenaparoB 3alUTHOTO ACHCTBHS, Ipe-
AOTBPAIIAIOIINX KOAAOHAHbIE M KPHCTAAAMYECKHE IOMYTHEHHUS
[10-12]. TeopeTnyeckoi OCHOBOH HAIIUX HCCACAOBAHHH SABASAHMCH
IPEACTABACHHSA O CBA3H Ipoliecca 00pa3oBaHUA KPUCTAAANYECKUX
0CaAKOB C AMCCOLiMaliMed BUHHOM KHCAOTHI pyu pH BHHa Ha TpH
GOpMBI: MOAECKYASIPHYIO (HEAMCCOLMMPOBAHHYIO), GUTApTPATHYO
U TapTpaTHyl0. ABe IOCACAHHE 00pasyIoT OUTAPTpaT KaAHs U Tap-
TpaT KaAbLIUSA — COEAUHEHHS], OTBETCTBEHHbIE 33 KPHCTAAAMYECKHE
HoMyTHeHHs1 BHH [13]. MaTemaTHyeckd ONMCaHa B3aHMOCBS3b
MEXAY MOKAa3aHHAMH TECTOB KPHCTAAAMYECKOH A€CTaOHAM3ALMH
BHH M MaCCOBOH KOHI|CHTpaLlell OUTapTparT- ¥ TApTPaT-HOHOB, Be-
anduHOH pH, copepkaHneM BUHHOH KHCAOTBI M KATHOHOB HAaTpPHA
u MarHus [ 13, 14]. B coBpeMeHHOI AHTepaType HEAOCTATOYHO IIPO-
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Figure 1. Relationship between pH and test results for the tendency of wines to crystalline haze: Tsat KHTar (a); Tsat CaT (b)
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Puc. 2. BiusHue MaccoBOW KOHIIEHTPAlUM BUHHOM KUCJIOTLI Ha CKIOHHOCTD K KPUCTJII006pa30BaHUI0 6UTapTpaTa Kaaus

(2) 1 TapTpaTa Kabius (6) mpy OfHOM 3HaUeHUU pH

Figure 2. Influence of the mass concentration of tartaric acid on the tendency to crystal formation of potassium bitartrate (a)

and calcium tartrate (b) at the same pH value

ABACH 0aAaHC B3aMMO3aBHCHMbIX KOMIIOHEHTOB BHHA,
00yCAOBAHBAIOIIMX KPHUCTAAAMYECKYI) CTaOHABHOCTD
HAH HECTaOMABHOCTb IIPOAYKIIUH.

Leabto paGoTbl 6b1A0 H3yUeHHE IPOLECCOB GOPMHU-
POBAaHHUSA TAPTPATHBIX COAEH KaAHA M KaAblMA B BUHAX,
OCHOBAHHBIX Ha Pa3AMYHBIX COOTHOLIEHHAX KOMIIOHEH-
ToB U pH.

Meroanka npoBeAcHHs HccaeAoBaHHi. B pabore nc-
IO0AB30BaAM 212 00pasiioB GEABIX CTOAOBBIX CYyXHX BHH,
BbIPabOTaHHBIX Ha mpeAnpuaATHix Kpoima. B o6pasmax
OIPEACASAN 3HAYEHMA CACAYIOIMIMX INokKasaTeaed: pH,
MacCOBOH KOHIIEHTPALMH BUHHOH KHCAOTHI U ee $popM,
KATHOHOB KaAMA M KaAblus. CKAOHHOCTb 00pasIoB K
KPHUCTAAAMYECKUM IIOMYTHEHHAM OIPEACASAH IIO TEM-
mepaType HacblluleHHs BHH OuraprpaToM Kaaus (THac
KHTar) u taprparom kaabuust (Taac CaT) [15]. Macco-
BYIO KOHIIEHTPAI[MI0 $OPM BHHHOH KHCAOTBI IOAYYAAH
PAacYeTHBIM IIyTEM IO TAGAMIIAM 3aBHCHMOCTH CTEIEHH
AHCcoLpanyy opranndeckux kucaor or pH [13]. Ilo pe-
3YABTaTaM 9KCIIEPHMEHTAABHBIX AAHHBIX OBIAH PacCUHTa-
HbI CACAYIOLIME COOTHOLIEHH: 3HAYEHHH IOKa3aTeAeH:
BuHHOH KucAoTsl K pH (BK/pH), 6urapTpaTHOil popMsI
K KaruoHy xaaus (HT-/K*), raprparHoit GopmsI K KaTH-

“Marapau” Bunorpasaperso n Bunoscaue 2020-22.3

ony xaabius (T*/Ca®"), a raxxe (HT/K*)/pH u (T*/
(Ca*)/pH. IloayyeHHble AaHHBIE O6pabaTHIBAAMCH B
nporpammHoii cpepe Excel MS Office.

HccaepoBaHHBIE 06pasiLbl BUH ObIAH CTPYIIIHPOBa-
HBI [10 3HAYEHHSM TECTOB Ha KPHCTAAANYECKYIO CTAOHAD-
HOCTD — TeMIIEpaType HACBILICHNS] OUTApTPATOM KAAUS U
TApPTPATOM KAABLIUs, CPEAHHE 3HAYECHHS KOTODPBIX IIPEA-
CTaBACHBI Ha puc. 1. AHaAM3 NTOAYYECHHbBIX AQHHBIX CBH-
AETEABCTBYET O Pa3AHYHOM XapaKTepe IPOLeCCOB, IPO-
TEKAILIUX B BUHAX 1oA BamsHueM pH. O6a mporecca
HMEIOT CTYIEHYaThIfl PasHOHANIPABACHHBIA XapakTep B
AMAIla30He BHHHOHM KHUCAOTHI 1,3-2,4 r/A: moOBbIIICHHE
3HAYEHMI TeMIepaTypbl HACBIEHHS BUH OUTApPTPaTOM
KaAMs COLPOBOXAAETCS CHIDKeHHeM pH, Toraa xak pocr
TEMIIEPATyPbl HACBILCHUS BUH TAPTPATOM KaAbIIHS CBSI-
3aH C YBEAMYECHHEM 3TOTO [I0KA3aTEAS.

IToayyeHHBIe HAaMH AaHHble O cHIKeHHH pH coraa-
cytorcs ¢ pesyabraramu Ponce et al., 2018 [16] mpu 06-
paboTKe BUH KATHOHOOOMEHHBIMH CMOAAMH.

O6pasip! BUH, NMEIOIHE OAMHAKOBOE 3HadeHHne pH
(3,24), MOTYT XapaKTEepPU30BaThCsI Pa3HBIM COAEPIKAHUEM
BUHHOH KHCAOTBI M CKAOHHOCTBIO K KPHCTaAAHYECKOH
Aectabuamsanuu (puc. 2). Cucremarusauus 3KCIepH-
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Figure 3. Relationship between the TA (tartaric acid) / pH ratio and the saturation temperature of wines with potassium

bitartrate (a) and calcium tartrate (b)
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Figure 4. Influence of the calculated ratios on the value of the saturation temperature of wines with potassium bitartrate (a -

(HT-/K*)/pH) and calcium tartrate (6 - (T>/Ca*")/pH)

MEHTaABHBIX AQHHBIX ITO3BOAMAQ YCTAHOBHTH, YTO IIPH
COAEP)KaHMH BHHHOH KHCAOTHI B AMamadoHe 1,17-1,48
I/A CyIeCTBYeT AMHEHHas B3aHMMOCBs3b ee POPM C TeM-
IepaTypoH HaCBILEHUS BUH OUTAPTPATOM KaAHs U Tap-
TPaTOM KaAbLiusl. B aTOM AMana3oHe OTMEYEHO He3HAYH-
TEAbHOE HaChILIEHHE 00PasIjOB COASIMH BHHHOH KHCAO-
b1, THacKHTar Bapbupyer ot 8,5 a0 10°C, TracCaT He
npesbimaer 10°C. YBeAnueHHE B CHCTEME COACPIKAHHS
BHHHOH KHCAOTBI CBBIIIIE 2 I/A IPHBOAUT K PE3KOMY BO3-
PaCTaHHIO AOAH €€ AMCCOLIMHPOBAHHBIX (OPM, YTO ITOBBI-
IIaeT 3HAYCHHS TECTOB IIPH OAUHAKOBOM ypoBHe pH.

AHarornyHas 3aBUCHMOCTb BAusHMS pH Ha wuHTe-
IPaABHBIH [TOKAa3aTeAb BUHA OYPepHYI0 eMKOCTb OTMeYe-
Ha HaMmH paHee [17].

CaoxHbIll xapakTep BAMsHHA pH Ha Temmeparypy
HACBIIIEHUS BHUH COASIMM BHMHHOH KHCAOTBI IIOCTAaBHA
nepes HaMH 3apady IIOMCKA HOBBIX ITOKasaTeAeH, OCHO-
BAHHBIX Ha pacyeTe COOTHOLIEHHI KOMIIOHEHTOB-y4acT-
HHKOB IIpOIjecca KPHCTaAA000pa3oBaHus. B pesyasrare
MaTeMaTH4eCKOH 00pabOTKH IKCIIePHMEHTAABHBIX AAH-
HbIX 6bIAM 00OCHOBaHBI HekorTopsie u3 Hux: HT /K*;
T*/Ca**; BK/pH; (HT/K*)/pH; (T*/Ca*)/pH.
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HccaepoBanne BausiHus cooTHomenus BK/pH Ha
TEMIEPATypy HACBICHHsS BHH OHTapTPaTOM KaAMsI H
TAPTPaTOM KAABLUA IOKA3aA0, YTO YBEAMYEHHE BKAAAQ
MaCCOBOM KOHIIEHTpPAaIlMH BUHHOH KMCAOTHI Ha EAMHHILY
pH mpHBOAHMT K MOBBIIEHHI0 CKAOHHOCTH O0OpasiioB K
06pa3soBaHMIO COACH BUHHOM KHCAOTHI (pHC. 3).

Mexay TemmepaTypaMH HAChILleHUsA BUHOMaTepHa-
AOB OHTapTPATOM KaAHS U TAPTPATOM KAABLIHA M COOTHO-
wennsmu (HT/K*)/pH n (T*>/Ca**)/pH ycraHoBAeHA
AVMIHEHHasl 3aBUCUMOCTb (pHc. 4).

CucreMaTH3anus AQHHBIX II0 KOMIIOHEHTaM (TabA.)
MO3BOAMAA PAa3AEAHUTb BUHA Ha TPH IPYIIIBI IO TEMIIe-
parype Hacbljenust 6utaprparom Kaaus (I, IT, ITI) u Ha
ABE TPYHIIbI — IO TeMIIEPAType HACBIIIEHUSA TapTPaToOM
kaabus (IV, V). IoBblleHre TeMIIEPATypbl HACBIILCHUS
BHH OMTapTPaTOM KaAHMsA CBHAETEABCTBYET O BO3pacTa-
HUH HECTAOHABHOCTH CHCTEMBI, OCOOEHHO BbIPa)KCHHOI
B III rpynme. IlepBbie ABe Ipynmbl XapaKTepH3YIOTCA
6oAece HM3KHMH 3HAYEHHAMH AQHHOTO IIOKAa3aTeAs, 4TO
KOPPEAUPYET C BO3PACTAKIIMMH 3HAYEHUAMH MaCcCOBOX
KOHIIEHTPALM1 BUHHOH KHCAOTBI U CHHDXKEHHEM BEAHYH-
HbI pH.
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Tabsuna. [[nana3oHbl OTHOLIEHN KOMIIOHEHTOB BUH ¢ TeMIepaTypou Hacolimerust KHTar, °C, u TeMmepaTypoi

Haceimenusa CaTar, °C

Table. Ranges of ratios of wine components with saturation temperature of KHTar, °C, and saturation temperature of CaTar, °C

xe Temmnepary HEF Hachl- MaccoBas KOH- OrHomenue MaccoBas koH- OrHomenue
wenus KHTar, °C  nenrpauuns sus-  Beanmuuna pH BUHHOM kucaoTsl  nentpanus nonos  (HT/K')/ pH uau
TPYIIEL st Tuac CaT HOM KUCAOTBL, I/A xpH K uau Ca?*,mr/a  (T%/ Ca“)/ pH
o CkAOHHOCT K KAAMCBBIM IOMYTHEHUAM
I 10,2-115 1,43-1,80 3,19-333 0,44-0,56 0,456 0,624 0,428 0,624
1 12 O 13 9 1,85-3,11 2.96-351 0 56 l 06 0,350 0,895 0,443 0,912
1 15,6—23,5 2.81-5.23 2.88-3,25 O 87—1 78 0,365 0,765 0,932 1,652
e CKAOHHOCTI’ K KaAbLLUCBLIM HOMYTHCHMM e
v 13.5-16.3 1,63-5.23 2,88-3.33 1,06-1,78 0,070-0,230 0,120-0.449
o e 30 154 Lowal DS
v 195-2 1,93-5.1 3.13- 3,5 0,56 1,25 ,027—0,216 ,377—0,728
25,3 2,92 3,35 0,88 0,131 0,676

3navenns ornowmenus (HT/K')/pH yBeanunsaiot-
Cs M XOPOILIO COTAACYIOTCA C BEAHYHHOH TeMIEPaTyphl
HacpieHus. IIpu aToM MaccoBas KOHIJEHTpalMsA HOHA
KaAMA CHHM)KAETCA M IOBbILIAETCA COAEpP)KaHHE BUHHOM
KHCAOTbL. MO>XHO IIPEAIIOAOXKHUTD, YTO AAHHBIH QaKT CBA-
3aH C IPOHM3BEACHHEM PACTBOPHMOCTH OHMTapTpaTa Ka-
AU, KOTOPOE ABASETCSA BEAUYHHOH IIOCTOSHHOH AASL AQH-
HOTO COeAMHeHHA. B cBeTe yyera HEM3MEHHOCTH 3Haye-
HMH IPOH3BEACHHA PACTBOPUMOCTH HOBbILIEHHE YPOBHS
BHHHOH KHMCAOTBI B 00pa3Ljax AOAXKHO OBITb KOMIICHCH-
POBAHO CHIKEHHEM COAEP>)KaHMA HMOHA KaAUs. JHAYeHHA
nokasareas orHouenus (T>/Ca*")/pH yBeandusarorcs
npu nepexope ot IV x V rpynme, MaccoBas KOHIEHTpa-
M BHHHOH KHCAOTbI M3MEHSETCA HE3HAYUTEABHO, a
ypoBerb pH mnossimaercs, BeAnduHa otHowenus (T*/
Ca’")/pH raxxe yBeanmduBaercsi. MaccoBast KOHI|EHTpa-
1111 KATHOHA KAADIIMA U3MEHAETCS HE3HAYUTEABHO.

AHaAM3 TIOAYYEHHBIX AAQHHBIX ITO3BOAHMA IIPOBECTH
CpaBHeHHe IyTed (pOPMHUPOBAHMA KAAMEBBIX M KaAbIH-
€BbIX TApTPaTHBIX coAell B BHHe. OOIIUM IPH3HAKOM
ABASAETCS 3aBUCHMOCTDb TeMIIEPATyphl HAChIIIEHHUA BHHA
6HTApPTPATOM KAAHS HAH TAPTPATOM KAABLIMA OT COOTHO-
wenns (HT/K*)/pH u (T*/Ca*")/pH.

Pasamyms mMexay nporeccaMud GOpMHPOBAHHUSA Tap-
TPaTHbIX COACH KaAMA M KaAbIHA B BUHE COCTOST B CAe-
AyIOIEM:

— 3HaueHHA pH NpOABAAIOT TEHAEHIIHIO K CHI)KEHHIO
B CAy4ae OHTapTpaTa KaAHs U K OBBILIECHHIO IPH 00paso-
BaHMH TapTpara KaAbIiH;

— MaccoBas KOHIIEHTPAlLUs KaTHOHA KaAMsA CHHKa-
€TCs IPH NOBbIIIEHHH 3HAYEHHH TeMIIEPaTyphl HaChIIlie-
HM, @ KATHOHA KAADIIMA — OBBIIIAETCH;

— MaccoBas KOHLIEHTPAIMd BUHHOM KHCAOTHI IIOBbI-
IIAETCA NPHU AMAaTHOCTHKE KaAHEBbIX TIOMYTHEHHH BHHO-
MaTepHAAOB II0 MEPE BO3PACTAHHA TEMIEPATYPhl HAChI-
1eHHs, HA POPMUPOBAHHE KAABIIEBbIX COAEH OHA BAHA-
€T HE3HAYUTEABHO.

TaxuM 06pasoM, mporiecchl GOPMHPOBAHHUS TAPTPAT-
HbIX COAEH KaAMA U KaAbIIMA B BUHAX IPOUCXOAAT Pas3HbI-
MH IIyTSAMH, OIHPAIOTCS Ha B3aMMOAEHCTBHE KOMIIOHEH-
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TOB ¥ 00PA3yIOT UX PasAMYHbIC COOTHOIICHHS, BaXKHEH-
IIMMH U3 KOTOPBIX SBASIIOTCS OTHOILIIEHHE OHTapTPaTHOM
¢$opMBI BUHHOH KHCAOTBI K COACP>)KaHHIO HOHA KAaAHA H
pH u TapTpaTtHO# popMBI K MacCOBOH KOHILIEHTPALMH
Kaaplua ¥ pH. OTAHYHTEABHBIMH YEepPTaMU 3THX IyTeH
sBAseTcA AMHaMMKa pH, MaccoBbIx KOHLIEHTpaluil BUH-
HOHM KHCAOTBI, KATHOHOB KaAHS H KaABIIHSA. YCTAaHOBACH-
Hble 3aKOHOMEPHOCTH OYAYT HCIIOAB30OBaHBI IIPH paspa-
60TKe KOMIIAEKCHOM CUCTEMbI AUATHOCTUKH CKAOHHOCTH
BHUH K IIOMyTHEHUAM QU3HKO-XUMHYECKOTO XapaKTepa.
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