
Y,llK 634.8. 631 (470.67)

BJIM5IHMe TeMrrepaTyphI 3aMOpa)I(MBaHM5I, MaCChI

5Iro,n;M MaCCOBOMKOHu;eHTpaU;MM caxapOB

Ha CKOpOCTh 3aMOpa)I(MBaHM5I BMHorpa,n;a
KaHa. c.-x. HayK M.,U. MYKAJIJIOB

j(azecmaHCKaJl zocyaapcm6eHHaJl ceAbCKOX03J1UCm6eHHaJl aKaaeMUJI

Results of investigations on the influence of the freezing temperature, mass
of the berries and mass concentration of sugars on freezing rate of grapes
have been analyzed. It has been established that the intensity of decrease of
berries temperature depends on the variety and size of berries. The
dependence between freezing time on the mass of berries and concentration
of sugars in fresh juice of berries has been found. By the method of multiple
correlation it has been revealed, that freezing time to a more extent depends
upon the mass of berries, than on the mass concentration of sugars.

KaqeCTBO 3aMOp0)l(eHHOrO npO,ll,yKTa B 3HaqHTeJlbHOH

CTeneHH 3aBHCHT OT CKOpOCTH 3aMOpa)l(HBaHH1I. OHa, B

CBOIOOqepe,ll,b, 3aBHCHT OT p1l,ll,a cPH3HqeCKHX cPaKTopOB,

Cpe,ll,HKOTOpbIX 60JlblllOe 3HaqeHHe HMelOT TeMneparypa,

BJla)l(HOCTb,cPopMa npO,ll,YKTa, xapaKTep ero nOBepXHOCTH,
TenJlOnpOBO,ll,HOCTbH ,ll,p. [4].

O,ll,HHMH3OCHOBHbIXnpHHQHnoB XOJlO,ll,HJlbHOHTeXHOJlO-

rHH 1IBJl1leTC1I6bIcTpoe npOXO)l(,ll,eHHe TeMnepaTypHoro

npe,ll,eJla - OT KPHCTaJIJlH3aQHH,ll,O-5 ...-10 DC, TaK KaK B

3TOT nepHO,ll, Ha6mo,ll,alOTC1I HaH60Jlee HHTeHCHBHbIe cPH-

3HKO-XHMHQeCKHeH3MeHeHH1I. ITPH HHTeHCHBHOM3aMopa-

)l(HBaHHH (B KpHoreHHblx )l(H,ll,KOCT1IX)MHHHMaJlbHO pa3Py-

lllalOTC1I KJleTKH BCJle,ll,CTBHe06pa30BaHH1I 60Jlee MeJlKHX

KpHCTaJIJlOBJlb,ll,a,He ycneBalOT npOH30HTH cPepMeHTaTHB-

Hble H3MeHeHH1I, npHBOMIQHe K yXy,ll,llleHHIO nHIQeBbIX,

BKycoapOMaTHQeCKHX nOKa3aTeJleH H CO,ll,ep)l(aHH1I6HOJlO-

rHQeCKH QeHHbIX KOMnOHeHTOB. Ha CKOpOCTbCHH)I(eHH1I

TeMneparyphI B npO,ll,yKTenpH 3aMOpa)l(HBaHHH 3HaqHTeJlb-

Hoe BJlH1IHHeOKa3bIBalOTaHaTOMO-MopcPOJlOrHqeCKOecrpo-

eHHe TKaHeH, XHMHqeCKHH COCTaB,pa3Mep nJlO,ll,OBH 1Iro,ll,

H ,ll,pyrHe TeXHOXHMHQeCKHe oco6eHHOCTH,

B CB1I3HC 3THM npe,ll,CTaBmeT HHTepec H3yqeHHe HHTeH-

CHBHOCTHCHH)I(eHH1ITeMneparypbI HO,ll, BHHorpa,ll,a Pa3Jl~-

HbIX COpTOBnpH 3aMOpa)l(HBaHHHPa3JlH~bIMH cnoco6aMH.

TeMneparypy 1Iro,ll,bIBHHorpa,ll,a onpe,ll,eJl1lJlHCnOMOIQblO

H3MepHTeJl1l TeMnepaTypbI I1T -1 B CBe)l(eM BH,ll,eH nOCJle

norpY)l(eHH1I B )l(H,ll,KHHa30T: cPHKCHpOBaJIHBpeM5I CHH)I(e-

HH1I TeMneparypbI B QeHTpe 1IrO,ll,bI,ll,O0 °C (KpHocKonH-

QeCKa1l TeMneparypa BO,ll,bI) H -18 °C(KoHeQHa1l TeMne-

paTypa 3aMOpa)l(HBaHH1I).

YCTaHOBJleHO,QTOHHTeHCHBHOCTbCHH)I(eHH1ITeMnepary-

pbI BHyTpH 1IfO,ll,bInpH 3aMOpa)l(HBaHHH )l(H,ll,KHMa30TOM B

3HaQHTeJlbHOHMepe 3aBHCHTOTcopTa BHHOrpa,ll,a. HaQaJIb-

Ha1l TeMnepaTypa 1Iro,ll, 6bIJla B Cpe,ll,HeM22°C. Cpe,ll,H HC-

CJle,ll,YCMbIX06pa3QOB HaH60Jlblllee BpeM1I CHH)I(eHH1ITeM-

neparyphI C KOMHaTHOH,ll,O0 °C H -18°C 6bIJlO Y copra

KOCMOHaBT- ,ll,O0 °C - 90 c, ,ll,O-18°C - 155 c. Y copra

5IJlOBeHCKHHYCTOHQHBbIHBpeM1I CHH)I(eHH1ITeMnepaTypbI

,ll,O0 °C COCTaBHJlO85 C, ,ll,O-18°C - 140 c. obIcrpee Bcero

TeMneparypbI 3aMOpa)l(HBaHH1I ,ll,OCTHraJIHCOpTa ITaM5ITH

HerpYJl1l (30 C,ll,O0 °C H 75 C,ll,O-18°C), ,UeKa6pbcKHH (30

H 80 c), MYCKaT raM6yprcKHH (40 H 95 c), MypoMeQ (35 H

80 C cOOTBeTcTBeHHo). Heo6xo,ll,HMO OTMeTHTb, Qro HaH-

60Jlblllee BpeM5I H3MeHeHH1I TeMneparypbI YCTaHOBJleHOy

COpTOB, HMelOIQHX 60Jlee KpynHble 1IrO,ll,bI(Ta6Jl,1).

ITo ,ll,aHHbIM 3. AJlMalllH H ,ll,p. [1], npO,ll,yKTbI, HMelOIQHe

HaqaJIbHYIO TeMnepaTypy 21°C, 3aMOpa)l(HBalOTC1I ,ll,O

-18°C 3a 1... 5 MHH B 3aBHCHMOCTHOT HX pa3MepoB. TeJla

QHJlHH,ll,pHQeCKOHcPOPMbIB 2 pa3a 6bIcTpee 3aMOpa)l(HBa-

IOTC1I,qeM np1lMoyrOJlbHOH cPOpMbI, a ccPepHqeCKOH cPop-

MbI - B 3 pa3a 6blcTpee. B HalllHX HCCJle,ll,OBaHH1IXBpeM1I

Ha 3aMOpa)l(HBaHHe HO,ll, BHHOrpa,ll,a B 3aBHCHMOCTH OT

copTa BapbHpOBaJIa OT 75 C,ll,O 155 c.

Ta6Au/{a I
BpeMJI CHU:JICeHUJImeMnepamypbl JlZoa 6uHozpaaa npu

3aMOpa:JICU6aHUU 6 :JICUaKOM a30me (t = -196 ·C)

BpeMJI, C OrHoWeHJ1e

N9 CpellHIDI BpeMeHH

n/n
COPT Macca OXflIDKD,CHH5I KG

HroHbI, r OXJ1aJK1leH HJI 33.MOproKJ.t BaIDtH BpeMCHH
Hroll1l00 'C Hroll1l0 -18 'C 3aMOpaxHBaHHH

I ArnaH 4,1 60 110 0,55
2 lleKa6pbcKI1H 2,6 30 80 0,38
3 KOCMOHaBT 7,0 90 155 0,58
4 Kyry30BCKI1H 4,1 60 110 0,55
5 1103a

ropllHKI1 3,8 35 80 0,44
6 MOJUloBa 3,9 50 90 0,56
7 MypoMeu 3,8 35 80 0,44
8 MycKaT

raM6yprcKI1 H 3,0 40 95 0,42
9 naMJlTH

HerpyJUl 2,2 30 75 0,40
10 CMYTJUlHKa

MOJUlaBCKall 4,4 70 120 0,58
II 10611J1eH

)I(ypaBJIJl 3,9 50 90 0,56
12 }IJ10BeHCKI1H

YCTOWll1BblH 6,2 85 140 0,61



Ilpl1 1pa;J.I1UI10HHOH TeXHOnOrYIl1 3aMOpa)l(I1Bamrn rrpl1 TeM-

rrepaType -18 °c BpeM~ 3aMOp03KI1 COCTaBn~eT 2,5 tI 11

BbIllIe [3]. B rrpouecce 3aMOpa)l(I1BaHI1~ 06bItIHO BbI.ue~IOT

1p11 .ul1arra30Ha TeMrreparyp B ueHTpe rrpo.uyKTa: 20 ... 0 °c,

0 ... - 5°C 11-5 ... -18 °C.

ITPI1 rrpl1MeHeHl111 cBepx6bIC1pOrO 3aMOpa)l(HBaH~ C rrpH-

MeHeHHeM )I(11.uKoro a30Ta <POPCHPYIOTC~ Bce Tpl1 :JTarra

)Toro rrpouecca, HO oco6eHHo 6bICTPO ocyuwcTBnReTCR

rrepexo.u H3 )I(H.uKOH <pa3bI B TBep.uyIO rrpH KpI10CKOrrHtIeC-

KOH TeMrreparype B .ul1arra30He 0 ... -5 0c. Ilpl1 Me.uneH-

HOM 3aMOpa)l(I1BaHI111 rrepHo.u 3aMOpa)l(I1BaHI1R OT 0 °C .uo

-18°C 3HatII1TenbHO .uonbllIe, tIeM rrepl1o.u OXna)l(.ueHH~
OT 20 .uo 0 0c.

B Halimx I1ccne.uOBaHH~X rrpH cBepx6bIcTpOM 3aMopa-

)I(HBaHHH 3a CtIeT I1HTeHcH<pHKaUHH Bcex Tpex :narrOB rre-

pHO.u OXna)l(.ueHH~ rrOtITH paBeH rrepl1o.uy 3aMOpa)l(HBaHH~.

OTHOllIeHl1e BpeMeHI1 OXna)l(.ueHHR K co6cTBeHHo 3aMopa-

)I(HBaHI1IO COCTaBHno OT 0,38 Y COPTa .LJ:eKa6pbcKHH.uO 0,61

y copTa 51noBeHcKHH YCTOHtII1BbIH.·

TOtIHbIH rrporHo3 rrpo.uon)l(HTenbHocTH 3aMOpa)l(HBaHHR

rrHmeBbIX rrpo.uyKTOB rrpe.n:CTaBn~eT orrpe.ueneHHbIe TPy.u-

HOCTI1, TaK KaK 3TOT rrpouecc 3aBHCHT OT MHOrl1X ycnoBI1H.

OC06bIH I1HTepec rrpe.ucTaBnReT H3ytIeHHe BnH~HI1~ Mac-

CbI HrO.u BHHorpa.ua 11 MaCCOBOH .uonH paCTBopHMbIX cy-

XHX BemeCTB Ha rrpo.uon)l(I1TenbHOCTb 3aMOpa)l(I1BaHH~.

B HaCTO~mee BpeMR He cymecTByeT Ha.ue)l(HOH TeopHH

o BnH~HI1I1 paCTBopeHHbIX BemeCTB Ha CKOpOCTb rrpouec-

COB3aMOpa)l(HBaHHR. ITO-BH.uHMOMy, 3TO BnI1~Hl1e orrpe.ue-

n~eTCR .uByMR rrpOTI1BOrrOnO)l(HbIMH <paKTOpaMI1:

• C O.uHOH CTOpOHbI, tIeM BbIllIe KOHueHTPaUH~ paCTBO-

peHHbIX BemeCTB, TeM MeHbllIe Bnarl1 peanbHO BbIMep3-

HeT rrpH .uaHHoH TeMrrepaType. Cne.uOBaTenbHO, C pOCTOM

I1X KOHueHTpaUHI1 YMeHbllIaIOTC~ rrpHBe.ueHHaR TerrnOTa

<pa30Boro rrepexo.ua 11BpeMR 3aMOpa)l(HBaHH~;

• C .upyroH CTOpOHbI, tIeM 60nbllIe He BbIMep3no BnarH,

TeM MeHbllIe TerrnorrpOBo.uHOCTb 3aMep3llIero cnOR, a cne-

.uOBaTenbHO, 60nbllIe BpeMR 3aMOpa)l(HBaHHR.

ITo .uaHHbIM M.ll. KpeMeHeBcKOH [2], B rrpouecce 6bIC1pO-

ro 3aMOpa)l(HBaH~, KOr.ua CKOpOCTb rrpo.uBH)I(eH~ <ppoHTa

3aMOpa)l(HBaHHR HaMHoro 60nbllIe CKOpOCTH .uH<p<pY3HH, Ha-

nHtIl1e pacTBopeHHbIx BemeCTB C KOHueHTPaUl1eH .uo 700 r/n

He 6y.ueT OKa3bIBaTb cymecTBeHHoro Bnl1~HHR Ha BpeMR 3a-

MOpa)l(HBaHHR, TaK KaK .uBa YKa3aHHbIX <paKTopa rrpH6nl13H-

TenbHO ypaBHoBellIHBaIOT .upyr .upyra . .LJ:n~ yCTaHOBneHHR

.uonH BnHRHI1R KOHueHTPaUHH caxapOB B COKe Rro.u H MaCCbI

Rro.u Ha rrpo.uon)l(HTenbHOCTb 3aMOpa)l(HBaHH~ 6bIn rrOCTaB-

neH 3KcrrepHMeHT. KaK CBH.ueTeJIbCTBYIOT pe3YJIbTaTbI HC-

CJIe.uOBaHHH (Ta6JI.2), rrpo.uon)l(HTeJIbHOCTb rrepHo.ua 3aMO-

pa)l(HBaH~ B 60nbllIeH CTerreHH orrpe.ue~eTCR MaCCOH ~ro.u,

tIeM MaCCOBOH KOHueHTpaUHeH caxapOB.

C ueJIbIO orrpe.ueJIeHHR 3aBHCHMOCTH rrpo.uOJI)I(HTenbHO-

CTH 3aMOpa)l(HBaHHR (pe3ynbTaTHBHoro rrpH3HaKa) OT Mac-

CbI Rro.u H KOHUeHTpaUI1H caxapOB B COKe HrO.u (<paKTOpH-

aJIbHbIe rrpH3HaKH) HaMH 6bIn rrpOBe.ueH KOppeJIRUHOHHO-

perpeCCI10HHbIH aHanH3 rronytIeHHbIX .uaHHbIX.

B HallIeM cnyqae rrepeMeHHaR Y (<pyHKUHR) 3aBHCHT OT

.uByx He3aBHCHMbIX rrepeMeHHbIX - X (MaCCOBaR KOHueHT-

paUI1R caxapOB B COKe HrO.u) H Z (MaCCbI Rro.u).

ITpe)l(.ue tIeM orrpe.ueJIHTb K03<P<PHUHeHT MHO)l(eCTBeH-

HOH KOppeJIRUHH, 0TPa)l(aIOmHH CHJIy CBR3H Me)l(.uy 3THMH

Ta6J1uL{a 2
BJlUJlHUe MaCC060U KOHL{eHmpaL{UU caxap06 U MaCCbI Jlzoa Ha npOaOJl:JICUmeJlbHOCmb 3aMOpa:JICU6aHUJI (t = -18 'C)

MaCCOBaH TIpO,llOJDKl1- MaCCOBaH TIPO,llOJDKl1-

NQ Macca TeJIbHOCTb NQ Macca TeJIbHOCTbKOHl..\eHTpal..\lliI KOHl..\eHTpal..\lliI
Hro,ll HrO,ll, r caxapOB, r/100 CM] 3aMopIDKH- Hro,ll ~ro,ll, r caxapoB, r/100 CM] 3aMopIDKH-

(Z)
(X) BaHlliI, MHH (Z) (X)

BaHI1H, MI1H
(Y) (Y)

I 1,26 16,4 58 II 3,98 12,4 88

2 1,48 16,2 62 12 4,03 13,8 92

3 1,89 12,7 51 13 4,07 12,5 98

4 2,18 13,8 64 14 4,25 13,8 99

5 2,46 15,2 72 15 4,45 13,9 102

6 2,64 15,2 77 16 4,50 14,2 88

7 2,93 12,9 72 17 4,60 14,8 100

8 3,25 15,5 80 18 4,75 14,9 103

9 3,75 13,8 86 19 4,80 13,3 91

10 3,91 12,1 78 20 4,90 13,6 98



TpeMJI rrOKa3aTeJIJIMH, MhI YCTaHOBIfJIIf rrapHhIe K03<P<PIfQIf-

eHThI. TaK, rrapHhIH K03cP<pIfQlfeHT KOppeJIJIQlf1f r xy' OTpa)Ka-

IOIIJ:IfH BJIIfJIHlfe cO,Uep)KaHHJI CaXapOB B COKe JIro,U X Ha

rrp0,UOJI)KIfTeJIhHOCTh 3aMOpa)KIfBaHIfJI Y, paBeH r xy = -0,21.
3TO cBIf,UeTeJIhCTByeT 0 CJIa60H CBJI31f Me)K'uY ,UaHHhIMH

rrOKa3aTeJIJIMIf If HarrpaBJIeHHe CBJI31f o6paTHoe.

l1apHhIH K03cP<PIfQlfeHT KoppemQlf1f rzy, BhIJIBJIJIIOIIJ:IfH 3a-

BIfCIfMOCTh Me)K'uY MaccoH JIro,U Z If rrp0,UOJI)KIfTeJIhHOCTh

3aMOpa)KIfBaHIfJI Y, paBeH rzy = 0,93. B ,UaHHOM CJIyqae Tec-

HOTa CBJI31f CIfJIhHaJI, HarrpaBJIeHlfe rrpJIMoe.

l1apHhIH K03<P<PIfQlfeHT KOppeJIJIQlf1f rxz, rroKa3hIBaIOIIJ:IfH

B3alfMOCBJI3h Me)K'uY caxaplfCTOCThIO X If MaCCOH JIro,U Y,
paBeH rxz = -0,42, qTO cBIf,UeTeJIhCTByeT 0 cpe,UHeH TeCHO-

Te CBJI31f rrplf o6paTHoM HarrpaBJIeHIfH.

K03cPcPlfQHeHT MHO)KeCTBeHHoH KOppeJIJIQlf1f R = 0,95, T.e.

CBJI3h CIfJIhHaJI.

)J;JIJIYCTaHOBJIeHIfJI ,UocTOBepHocTH rrOJIyqeHHhIX pe3yJIh-

TaTOB BhIqlfCJIIfJIIf KplfTeplfH <DJ:lllIepa (F <jl): F<jl = 82,82, a

FTO 95 = 3,59, r,Ue FTO 95 - KplfTlfqeCKOe 3HaqeHHe KpHTepIDI.

Ta~ KaK F cP> F T' TO CBJI3h Me)K'uY 3THMH rrOKa3aTemIMH

,UOCTOBepHaJI.

MaTeMaTlfqeCKOe ypaBHemle ,Um rrpJIMOmrneHHOH 3aBH-

CIfMOCTIf Me)K'uY TpeMJI rrepeMeHHhIMH HMeeT 06IIJ:HH Bll"U

Y = a + b IX + b2Z,
me a, b l' b2 - K03<P<PIfQlfeHThI.

B HallIHX IfCCJIe,UOBaHIfJIX ypaBHeHHe perpecclflf BhlrJIJI-

,UIfT CJIe,UYIOIIJ:IfM 06pa30M:

Y = 2,7X + 13,86Z - 3,5.
K03<P<PIfQlfeHT bl = 2,7 rrOKa3hIBaeT, qTO Ha TaKyIO BeJIIf-

qlfHY YBeJIlfqlfBaeTCJI Y (rrp0,UOJI)KIfTeJIhHOCTh 3aMOpa)Klf-

BaHIfJl) rrplf Ka)K,UOM YBeJIlfqeH1f1f Ha e,UIfHIfQY X (MacCOBaJI

KOHQeHTpaQIfJI caxapoB) rrplf rrOCTOJIHHOM Z (Macca JIro,U).

K03cP<PIfQlfeHT b2 = 13,86 yKa3hIBaeT, qTO Ha TaKYIO BeJIIf-

qlfHY YBeJIlfqlfBaeTCJI Y rrplf YBeJIHqeHlf1f Ha O,UHY e,UIfHIfU:Y

Z rrplf rrOCTOJIHHOM 3HaqeHIflf X.
TaKIfM o6pa30M, yCTaHOBJIeHO, qTO Me)K'uY MaCCOBOH

KOHQeHTpaQHeH caxapoB B COKe JIro,U, MaCCOH JIro,U If CKO-

POCThIO 3aMOpa)KIfBaHIfJI CYIIJ:eCTByeT CIfJIhHaJI H ,UOCTO-

BepHaJI CBJI3h Ha caMhIX BhICOKIfX ypOBHJIX BepOJITHOCTIf,

MaTeMaTlfqeCKIfM O)KIf,UaHlfeM KOTOpOH JIBJIJIeTCJI ypaBHe-

Hlfe BIf,Ua

Y = 2,7X + 13,87Z - 3,5.
I1PIf 3TOM rrp0,UOJI)KIfTeJIhHOCTh rreplfo,Ua 3aMOpa)KHBa-

HIfJI B 60JIhWeH CTerreHIf 3aBlfClfT OT MaCChI JIro,U, qeM OT

MaCCOBOH KOHQeHTpaQlf1f caxapOB, T.e. qeM 60JIhilie Mac-

ca JIrO,UhI, TeM ,UOJIhWe If,UeT rrpoQecc 3aMOpa)KIfBaHIfJI.
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