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PACYHET TOJIWWLUHBbI HAMOPAXWUBAHUA NIbOA
B IbAOXPAHUITULLAX CACTEM ECTECTBEHHOIO XOJIOOA
AnA OXNAXAEHUA MOJNNOKA U XPAHEHUA
NnogoOBOLWHON NPOOYKUMMU

Anna KHPCAHOBA, Aszycmun BO/IKOHOBHY, Buxmopun C/IHIIEHKH,

Onopun BOJ/IKOHOBHY, Hna BOJIKOHOBUY

Abstract. This article presents the results of a study on finding factors that affect the thickness of ice freezing

in ice storage facilities in natural cold plants designed for cooling milk and storing fruits and vegetables. The

article presents the results of using the least squares method with preliminary orthogonalization of factors and

the parabolic smoothing method with unequal values of the argument to establish the law to which the thickness

of ice freezing in ice storage facilities obeys. The article proves that the thickness of ice freezing depends mainly

on the number of days with a negative average daily temperature, and also proves the adequacy of the obtained
mathematical model.
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Pedepar. B HacTosmieit ctaThe M3IOKEHBI PE3yABTAThl HCCIECIOBAHMS 10 OICHKE (PaKTOPOB, BIHSIOIINX Ha
TONIIMHY HAMOPa)KUBAHUS JIb/Ia B JIBJOXPAHIIMIIAX B YCTAHOBKAX €CTECTBEHHOTO XOJIOJA, MPEAHA3HAYEHHBIX
JUIL OXJaX/IEHHs MOJIOKa M XpaHeHHs (pPyKToB M oOBomieH. B ganHOIl pa®ore mpuBEAEHBI pPE3yNbTaThI
MIPUMEHEHHS METO/]a HAMMEHBIINX KBAJPaTOB C IPEABAPUTEIHHON OPTOrOHAIN3AINEH (aKTOPOB, a TAKKE METO/1a
1apaboIMYecKoro CIIAXKWBAHMS NPH HEPABHOOTCTOSIIIMX 3HAUEHMSAX apryMEHTa AJIsl yCTAHOBJICHMS 3aKOHA,
KOTOPOMY MOAYMHSETCS TOJNIMHA HAMOPAXUBAHNS JIbJIA B JIbAOXPAaHWINIIAX. B cTaTbe aBTOpPHI JOKa3bIBAIOT, YTO
TOJIIMHA HAMOPAKUBAHUSI JIbJ]A 3aBHCUT B OCHOBHOM OT KOJIMYECTBA CYTOK C OTPHIATEIBHON CPEIHECYTOUHOMH
TEMIIEpaTypoi, a TakXKe IIPUBOJAT JOKA3aTEIbCTBO a/IEKBATHOCTH TOyYEHHON MaTeMaTHYeCKOH MOJIEITH.

KuroueBsble cioBa: Jlpnoxpannnuma; Hamopaxusanue nbaa; TommmHa; MeTon HaMMEHBIIMX KBaJpaToB;
Oproronanu3zaryst; MeTon mapaboarnueckoro CriaaKUBaHHs.

BBEJEHUE

YcoBepIIeHCTBOBaHUE dHEPTOCOEPEraroIuX CUCTEM, TIPUMEHSEMBIX TSI OXJIXKACHUS M XpaHEHUS
CEJTLCKOXO3MCTBEHHON MTPOAYKITUH ((PPYKTOB, OBOIICH, MOJIOKA) OCTAETCSl B HACTOSIIEE BPEMS OTHOM
13 aKTyaJIbHBIX TPOOJIEM cenbeKoro xo3sicTBa. Cpean 2(h(peKTUBHBIX CHCTEM OXJIaX ICHHS CEIbX03ITPO-
IYKIIMA 0C000€ MECTO 3aHUMAIOT CUCTEMBI €CTECTBEHHOTO X0JI0/a. Takne CUCTeMBI MO3BOJISAIOT SKOHO-
MUTB SHEPTETHUECKHE U JPyTHEe MaTepuaibHble pecypchl. Kpome Toro, eCTeCTBEeHHBIN XOO SBISETCS
OJTHIM M3 BaKHEHIIINX BO30OOHOBISIEMBIX SKOJIOTMYECKN YHCTHIX UCTOUHUKOB dHEpruH. CHCTEMBI ecTe-
CTBEHHOTO XOJIOJ]a TIO3BOJISIOT OXJIAXK/IaTh CEIHCKOXO3SIMCTBEHHYIO MPOIYKITUIO HEMOCPEACTBEHHO Ha
Mecte e€ pon3BoacTBa. OCHOBHOHN MEel NCIOIb30BAHMS TAKMX CHCTEM SIBIISIETCS aKKyMYJIHPOBAaHUE
MIPUPOTHOTO XOJI0Z[a BOABI U JIbJIA TIPY MTOMOIIN aKKyMYJISATOPOB Xojoaa. Cpean MpenMyIIecTB CHCTEM
€CTECTBEHHOTO XOJIO/Ia MO)KHO OTMETUTh OTHOCHUTENBHYIO MPOCTOTY M3TOTOBICHUS U OOCITYKHBaHUS,
BBICOKYIO HaJI€)KHOCTh, SKOHOMUYHOCTB C TOYKH 3PEHHS MOTPEOICHNS 3IEKTPOIHEPTHUHN, UCKITIOUEHUE
HCTIONIB30BaHMS PpeoHa, HHU3Kas Ce0CCTOMMOCTD X0JIO/A.

Hcnonp3oBanue fib1a B Ka4ECTBE BHICOKOTEINIOEMKOTO XJIaJJOHOCHTENS CO CTAOMIBHON TEMITepaTypoi
Y I3MEHSIOMINMCS arperaTHbIM COCTOSHHEM HanOoJiee SKOHOMUYHO B CITy4dae HEpaBHOMEPHOCTH MoTpedite-
HUSI XOJIOZia TIPH OKOJIOHYJIEBBIX TemIleparypax. Hampumep, fesiHbIe X0moq0-akKKyMyIIsITOpsl MOTYT 00e-
CTIEYMBATH CYTOYHYIO M CE30HHYIO PAaBHOMEPHOCTH Harpy3KH XoIoamibHbIX MarmH (bookos, B.A. 1977).

B pemenne npo6iembt 3¢ GEeKTHBHOTO NCTIOB30BaHUS CHCTEM €CTECTBEHHOTO XO0JI07[a HAaHOOJBIIINI BKJIa]
BHecnH yuenbie B.A. booxos (1977), U.H. bocun (1997), J1.®. Bonxonosud (2002), b.I1. Koprryros (2014),
A. M. Mycun, ©.I. Mappsixun, A.W. YueBarkua (1991), B.M. Pyckux (2010), FO.A. Loii (1988) u npyrue.

JlanHbIe ydeHble KOMIUIEKCHO PAacCMOTPENH HayYHO-TEXHUYECKHE OCHOBBI XOJIOAMUIBHOMN JIBIOTEX-
HUKH, C(POPMHUPOBAIN OCHOBHBIE TPEOOBaHMS K CHCTEMaM OXJIaKISHHs MOJIOKa, pazpaboranu ¢pusu-
YeCcKre, TEXHOJIOTHYECKNEe U YKOHOMHYECKHE CTOPOHBI MPOOIEMBI, CHOPMYIHPOBATN TEOPETUICCKUE
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MIOJIOXKEHHUSL U YCTAaHOBUJIM MaTEMaTUYECKUE 3aBUCUMOCTH, OIIPEEISIONIUE METO/IbI PACUE€TOB U PALUO-
HaJIbHOTO IIPUMEHEHUS XOJIOAWIBHOM JIBIOTEXHUKH B CEJILCKOM XO3SIICTBE.

B pamkax HacTosIEro HMCCIEAOBAaHUS HaMU INPEANPUHATA IONBITKA PUMEHEHUsS W aJanTaluu
pa3paboTaHHBIX METOIOB U METOAMK Ha TeppuTopun [IpuaHecTpoBbs.

MATEPHAJIBI 1 METO/bI

3a/1auu UCCIIE0BAHUS PEIIAIOTCS C TIOMOIIBIO METOIMK HCCIISIOBAHUS SHEPTOCOSPETAIOIINX CUCTEM
XpaHeHUs. (PPYKTOB M OBOIIEH C MPUMEHEHHUEM ECTECTBEHHOTO U MCKycCTBeHHOro xouiona (boOkos,
B.A. 1977; Bonkonoswuu, JI. et al. 2002; Mycun, A.M. et al. 1991; Loit, }0.A. 1988), pe3ynbraros
HCCIIe/IOBaHUsI 0COOCHHOCTEH KinmMaTuaeckux ycnosuii [Ipuaaectposss (Kupcanosa, A, BoikoHoBHY,
JI1. 2019). Tak »e NPUMEHSFOTCS METOAMKH 00paOOTKM UCXOAHBIX JAHHBIX HA OCHOBE CYIIECTBYIOIINX
METOJAMK M METOJIOB TEOPUU BEPOSITHOCTCH, MareMaTHM4eCKOW CTAaTUCTHKM W MaTreMaTH4eCcKOro
mozaenuposanus (onros, 0. 2011).

PE3VYJIBTATBI U OBCYXKIEHUSA

Teppurtopuansuo I[lpuanectpoBee Haxomutcss B 1eHTpe PecnyOnuku MongoBa M Kak JI0Ka3aHO
Hamu panee (Kupcanosa, A, Bonkonosuy, JI. 2019), IlpugHecTpoBbe MOXKHO pa3deiuTh HA JIBE
arpoKJIMMaTH4eCKUE 30HbI, YTO HEOOXOAMMO YUYMTHIBATH IPH BBIIOJHEHHH PACUETOB, B KOTOPBIX
HCTIONB3YIOTCS] METEOPOJIOTHUECKHE JaHHbIE (HalpUMeEp, CPEAHECYTOUHAs TEMIIEPaTypa, CKOPOCTh BETPA).

B uwacTHOCTH HamH HcciaeoBaHa BO3MOXHOCTb 3arOTOBKHM Jibjla HA TeppuTopuu llpuaHecTpoBbs
B JIbAOXPAaHWIUILAX ITyTeM HAMOPaXKUBAaHUS Npu nofave Boxsl cinosimu 1o 0,5 cm. CortacHo boOkoBy
B.A. (1977), 3a cyTKH MO’KHO HAMOPO3HTH CJION JIbJja TOJIIIHHOM (B cM):

(1

t
3

e t — remmeparypa, ‘C, v — CKOpoCTb BeTpa, M/C.

Pa3BuTHe naHHOTO BOIIpOCA JUISI TEPPUTOPHI C YACTHIMHU OTTENESIMHU OCBelleHo B paborax JI.O.
Bonkonosuua, K. Ceipru (2002), B KOTOPBIX OBIJIO yTOYHEHO, YTO B TAKUX PETHOHAX, PACUET TOJIIIHHBI
CII0S1 HAMOPOXKEHHOTO JIbJIa CIIEAYET MIPOU3BOJUTSH 110 (hopMyIIe:

2)

h=—

. 1+K
2

h:—2-1+z,
3 2

rae Q — 3amac Xonoja, onpeaensieMplii mo gopmyie:

T.x
0=>1, 3)
i=1

e T — KOJIMYECTBO CYTOK € OTPMIATENLHON CPEHECYTOUHON TEMIIEPATypPOH.

[Tpon3BeneHpI pacyeTs! TS CE30HHOTO XpaHeHHs (PYKTOB U OBOIIEH, KOT/Ia CPETHECY TOYHAS TEMIIepaTypa
BO3/yxa He npesbimaet +14 °C (mpenenbHas Temreparypa XpaHeHus: ppyKToB U OBOIIei) B TeueHue 2014-
2019 rr. st yetsipex roponoB [IpuaHecTpoBes. Pesynbrarsl pacyeToB npuBeeHb! B Tadmmie 1.

CoracHo opmyie (2), IMEIOTCS TOTBKO JBa TApaMeTPa, OT KOTOPBIX 3aBUCUT TONIIIHMHA HAMOPayKUBAHUS
JIbJIa—3TO CPEHECY TOUHBIE 3HAYSHUS TEMIIePaTyPhl M CKOpOCTH BeTpa. OJJHAKO B pe3ybTrare CpaBHUTETHHOTO
aHaJM3a JAHHBIX, TPUBEICHHBIX B Ta0MUIle 1, MOX)KHO 3aMETUTB, YTO, HATIPUMED:

1) mo 1. /Iyboccapsl B uccnenyemsiii nepuon 2014-2015 rr. 3amac xonmoxa cocrasun Q = —138,5 °C,
TOJIIIMHA HAMOPaKUBaHUs Jibaa 7 = 96,18 cm, a B mepuog 2015-2016 rr. 3anac xonoxa 6oipine - O =
—145,0°C, a h =92,99 cm, T. €. MEHBIIIE;

2) mo . Tupacnons B uccienyempiit mepuon 2014-2015 rr. 3anac xonoaa cocrasun Q=-156,0°C, 1. e.
MeHblIe, yeM 1o T. PeiOHuna B nepuoxa 2014-2015 rr. O =—182,8 °C, omHaKo TONIIMHA HAMOPAKHUBAHUS
npaa B T. Tupacrons 7 = 128,19 cwm, uto Oomnbine, yeM B T. PeiOHUIA - £ = 120,49 cMm;

3) no r. Tupacnone B uccaexyembrii nepuon 2016-2017 rr. 3amac xonoma cocraBun Q = —258,2
°C meHnbIne, yeM 1o T. PeioHnna B mepuon 2016-2017 rr, tne O = —304,2 °C. OaHako TONIIMHA
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HamMopakuBaHus JibJa B Tupacrone i = 219,39 cm, uto Gombiire, yeM B PeiGHuIe /2 = 202,60 cm. To

ecth B PriOHUIIE TpH 3amace xomona Ha 18 % GombiieM, uem B Tupacmose, moyiyueHa Ha 8% MeHbIas
TOJIIIIMHA HAMOPAaXUBAaHU JIbJA,

Ta6auna 1. Tonyuna namopasicuanusi 160a 8 bOOXPAHUTUULAX

[Tepuon
ITapametp T'opon
2014-2015 | 2015-2016 | 2016-2017 | 2017-2018 |2018-2019
Kamenka 2,41 2,63 2,26 2,07 2,29
v wes T e PriOHuIa 1,88 1,92 1,88 2,00 2,04
e’ x Jy6occaps 2,00 1,91 2,11 1,83 1,74
Tupacrmonb 2,93 2,86 2,84 2,73 2,59
Kamenka -3,86 -5,09 -4,35 -4,30 -3,43
. Pri0HuUIIa -3,81 -5,21 -4,35 -4,22 -3,64
t ,°CB T nueit
<P X Jyboccapsr -3,38 -5,00 -4,08 -4.41 -3,22
Tupacmnons -3,90 -5,49 -4,03 -4,24 -3,22
Kamenxka -192,8 -172,9 -321,6 -257.8 -236,3
. PriOHuIa -182,8 -177,0 -304,2 -248.9 -222,0
sanac xorona 0, °C TlyGoccapsi -138,5 -145,0 36,5 -189,7 -164,1
Tupacrmonb -156,0 -170,2 -258.2 -195.0 -173,8
Kamenka 50 34 74 60 69
. PriOHMITA 48 34 70 59 61
KomriecTo Anelt I, Tly6occapst 41 29 58 43 51
Tupacnonsb 40 31 64 46 54
Kamenxka 144,19 130,64 233,10 178,96 167,94
B o PriOHuIa 120,49 115,23 202,60 164,26 148,29
’ Jyboccapsr 96,18 92,99 169,70 135,26 101,25
Tupacrmonb 128,19 133,17 219,39 166,13 132,73

4) o . Tupacnonb B uccnenyembiii nepuon 2016-2017 3anac xonona Q =-258,2 °C npakTuuecKu Takoi
xe, Kak 1o T. Kamenka B mepuon 2017-2018, toe O = -257,8 °C. TIpu OKpyIJIEHHH [0 HENIBIX 3arac Xomoua
ofuHakoB. OJHAKO TONIIMHA HAMOPaXHUBaHUs JibAa B Tupacnone h = 219,39 cm, uto Oosbliie, YeM B
Kawmenke, rie £ = 178,96 cm. To ecth B Tupacrione npu onxuHakoBoM ¢ KameHKo# 3armace xomo/a, mojayueHo
3HAUUTETHHO oTnyaronieecs (Ha 22,6%) pacdeTHOE 3HAYCHUE TONIIIMHBI HAMOPAKUBAHUS JIH/1A;

5) mo . Tupacnons B uccnexyemsiii nepuox 2017-2018 rr. 3amac xonoxa coctaBmwin QO = —195,0
°C menbime, yeM 1o T. Peionumna B mepuox 2017-2018 rr, tme O = —248,9 °C. OxHako TONIMHA
HaMopakuBaHus Jbja B Tupacnone /s = 166,13 cMm, 4TO MOYTH COBMAAaET CO 3HAUYEHUEM, MTOTYYECHHOM
Juist Peionauiel 2 = 164,26 cm. To ects B PeiOHuIIEe nipu 3amace xonona Ha 27,6 % OosibiiieM, 4eM B
Tupacnone, momyyeHa oAMHAKOBAsI TONIIMHA HAMOPAKUBAHMUS JIbJA.

Bce oty HaOmrofeHWs TpPUBEIIM K MPAKTHYSCKH OYCBHHOMY BBIBOAY: HEOOXOJMMO HCKATh
Jpyrue (hakTopbl, HEYYTEHHBIC HMCCIICIAOBATEIIAMHU JI0 HACTOSIIECTO BPEMEHHM, BIIMSIOIIAE HA TOJIIUHY
HAMOPXUBAHUS Jibja. J{J1s OThICKaHUs OTBETA HAa ATOT BOMPOC, ObLJIO MPUHATO PEIICHUE HCIIOJIb30BATh
MEMOO HAUMEHbUUX K8AOPAMOs ¢ npedeapumervHol opmoconanusayuel gpaxmopos (onros, 10. 2011)..

[IpenBapurenbHO OBUI COCTaBIEH IIJIaH METOJa HAaWMEHBIIMX KBAJPaTOB C IPEIBAPUTEIBHON
oproroHanu3anueii ¢pakropoB (MHKO) u mocrpoeHa Tabnuiia, B KOTOPOW NPHUHSTHI CIICAYIOIIHEC
0003Ha4Y€eHNs: Z, — KOJIMIECTBO CYyTOK C OTPULIATENILHOM CPEHECYTOYHOM TeMIepaTypoii; Z, — cpenHee
apu(h)METHYECKOE 3HAYEHUE CKOPOCTH BETPa B YKa3aHHbIC CyTKH; Z, — CPEIHEe apu(PMETHIECKOE
3HaYEHUE TEMIIEPATYPhl B yKa3aHHbIE CyTKM; Z, — 3aIac X0JIOJa.

Uccnenyemsie nepuos! (Tadm. 1) 6bun nponymeposansl ¢ 1 1o 5 st r. Kamenka, ¢ 6 mo 10 s
r. Peionuma, ¢ 11 mo 15 mis r. dy6occapsl u ¢ 16 mo 20 mus r. Tupacnosns. JlaHHBIC 110 TOJIIHUHE
HAMOPaXHBaHU JIbJ1a ObLTH OKPYIICHBI JI0 JCCATHIX JI0Jel caHTUMeTpa (M3 COOOpaXKEeHH 37paBoro
cmbicia). Takum oOpa3om, cocTarieHa Tadnuna 2.
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Taoauua 2. IInan MHKO

j Z, A A Z,
1 50 2,412 -3,856 -192,8
2 34 2,629 -5,085 -172,9
3 74 2,255 -4.346 321,6
4 60 2,068 4297 2578
5 69 2,287 3,425 236,3
6 48 1,875 23,308 -182,8
7 34 1,921 -5,206 -177,0
8 70 1,876 -4.346 3042
9 59 2,003 4219 248,9
10 61 2,039 -3,639 2220
11 41 2,000 3,378 -138,5
12 29 1,910 -5,000 -145.0
13 58 2,114 4,078 236,5
14 43 1,826 4412 -189,7
15 51 1,739 3,218 -164,1
16 40 2,930 -3,900 -156,0
17 31 2,855 -5,490 -170,2
18 64 2,844 4,034 2582
19 46 2,730 -4.239 -195,0
20 54 2,593 3,219 1738
7 50,8 2,2453 4,15975 | -207,165

—~

HeusBecTHyto CBSI3b MEXKIY BBIXOJAHOW BEIMYMHOU Y- TOJNIILIMHOW HAMOPAKMBAHUA JbJla U
(hakTopamu, BIMSIFOIIMMU Ha HEe

Y= f(X,X,, X5, X)i=1+n (4)

OyZieM MCKaTh B BHJIE TIOJIMHOMA, BKITFOUAIOIIETO APPEeKTh (PaKTOPOB M X B3aNUMOJICHCTBHIA,

n n n m
Y =by(+2 b, X, + 2 b X, X, +.4 2 b, X +..= D B Zy,
i=1 i, j=1 i=1 k=0
1#]
I7Ie 1 — KOJIMYECTBO pacCMaTpUBAEMBIX (haKTOPOB;
m — KOJIMYECTBO, paccMaTpruBaeMbIX 3(h(heKTOB B3aUMOACHCTBIH (HaKTOPOB.

C y4eToMm IpeaBapuTEeILHON OPTOTOHAIM3ANH HCXOIHBIH MTOTHHOM (5) MOXKET OBITh IpEeCTaBICH

B CIICYIOIIEM BUJIE

Y =AW (2)+ Ay (Z)+..F Ay (2)= D A, (Z) (6)
k=0

)

e m+1 —49uciio uneHoB ypaBHeHus perpeccuu. CTeneHb nojauHoma /. (Z) cosnanaer ¢ Homepom
cronbua k paccMarpuBaeMbix >(P(EKTOB Z B MaTpulle HCXOAHBIX JaHHBIX. [103TOMy MMEHHO Ha

TTOJTMHOMBI l// k (Z ) HAKJIaaAbIBACTCA YCIIOBUEC OPTOTrOHAJIM3allUN:

N
j=1

ul 2
>l @F #0
j=1

Pemennem cucremsl (7) siBIsieTCS HTEpaTUBHAS IPOLEAYPA:

(7
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yi (£)=1
k-1
Vi (2)=Zy - Y G D)k =15 msk > i ®
i=0
y 2
>l @f #o0
J=1
e KO3 PUIIMEHT BIUSHUS
N
22 v (2)
J=1 T i— () = - .
é:jz ¥ k,i=0+m;k >1; 9)
2
>ly; )]
J=1
Pegynbrar pacdera OpTOrOHAJIBHBIX MOJIMHOMOB (Z) MpeicTaBiIeH B Tabmume 3.
Ta6auna 3. Opmozonanvhsie noauHomul Y(Z)
I | %D ¥(2) ¥.(2) ¥.(2) Y(2) Y Y (Y - ?)2
1 1 -0,8 0,1664 -1,5348 46,4240 144,2 157,068 23,4256
2 1 -16,8 0,3237 -0,3342 -12,7566 130,6 317,628 340,0336
3 1 23,2 0,0989 -0,6270 23,2702 233,1 -83,772 7066,084
4 1 9,2 -0,1403 -0,2969 -14,0886 179,0 56,718 897,6016
5 1 18,2 0,1123 0,4194 22,2772 167,9 -33,597 355,6996
6 1 -2,8 -0,3780 0,4248 4,2293 120,5 177,138 814,5316
7 1 -16,8 -0,3843 -0,6334 -12,8820 115,2 317,628 1145,146
8 1 19,2 -0,2950 -0,6286 -20,5731 202,6 -43,632 2868,674
9 1 8,2 -0,2090 -0,2118 -10,6507 164,3 66,753 232,8676
10 1 10,2 -0,1656 0,5498 -24,4728 148,3 46,683 0,5476
11 1 -9,8 -0,2792 1,0504 11,8164 96,2 247,383 2792,066
12 1 21,8 ~0,4139 -0,3130 -4.6750 93,0 367,803 | 3140,482
13 1 7,2 -0,1017 -0,0194 -5,4319 169,7 76,788 426,8356
14 1 -7,8 -0,4457 -0,0743 -8,4093 135,3 227,313 188,7876
15 1 0,2 -0,5029 0,9102 21,6193 101,3 147,033 2279,108
16 1 -10,8 0,6471 0,7860 0,3671 128,2 257,418 434,3056
17 1 -19,8 0,5385 20,6119 13,0199 133,2 347,733 | 250,9056
18 1 13,2 0,6506 0,0678 -6,3519 2194 16,578 4950,53
19 1 -4,8 0,4695 0,2560 -7,6534 166,1 197,208 291,0436
20 1 3,2 0,3083 1,0404 22,0266 132,7 116,928 266,9956
> () 34672 2,7820 8,6290 | 6356460 | 149,040

B Tabnuue 4 npuBeneHsl paccUUTaHHbIC 3HAYCHUS KO3()(HUIIMEHTOB BINSHUS &kj.

Ta6auna 4. Kosghgpuyuernmuol enusHus

J
k 0 1 2 3
1] 508
2| 22426 |-0,00373
3| -4,25975 | 0,02438 | -0,2518
4] -207,165 | -3,3133 | -3,7705 | 22,2063
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Borancnenne onenok ko3 uiuenTos b, ypaBHeHus (5) CBOAUTCS K IIPEBAPUTENLHOMY HAXOMKIEHHIO
K09 QUIMEHTOB A4, IPM OPTOTOHANLHBIX TOMMHOMAaX B (6), HCXOAA M3 YCJIOBMH MUHAMH3ALUH

OCTaTOYHON CyMMBI KBaJpaTOB
2

N m
j=1 k=0

Hudpdepenuupys (10) mo xaxaomy kodpOUUMEHTY A, ¥ NpUpPaBHHMBAsA PE3YNbTaT K HYIIO,
MOJY4YUM cucTeMmy (m+1) TMHEHHBIX ypaBHEHHH, pelIeHHEM KOTOPOi OyAeT BBIpaKeHHE ISl pacyera
K09 PUIMEHTOB MOJIENH A, B OPTOTOHAIBHOM TIPOCTPAHCTBE

N
2.7 v (2)
J=1 .

A= k=0-+m. (11)

9
> ['//j (Z )]Z
=
U3 (11) BugHo, 4T0 KOIDGHUIHEHTHI A, ONPENENSIOTCS HE3aBUCHMO JAPYT OT 1pyra, TaK Kak
paCCManI/IBaIOTCSI Ha OCHOBC ITOJIJMHOMOB paSJ'II/IIIHLIX HOpHI[KOB. CHCHOBaTeHBHO BOHpOC BKJIIIOUCHU A
B ypaBHeHHE (6) Kakgoro kodhuIHeHTa A, MOKET PeIIaThCs OTAETBHO M0 KpuTeprio CThIOCHTA.
JIiist 5TOTO TIPEBapHUTENLHO PACCUMTHIBAETCS CpelHeKBapaTndeckoe otkiaonenue (CKO) ouepennoro

koo punmenta 4,

(12)

rae S?{Y} — cpenusist (MM B3BEIICHHAS) AUCTICPCHUS BBIXOJHOW BEITUYMHBI O HEMIOBTOPSIOIIMMCS
cTpokaM ru1aHa. OHaKo JOMYCKaeTCs sl OLIEHKHU cpeiHeH U CTIEPCHH B3ATh SMITUPUUIECKYIO AUCIIEPCHIO
pacnpesneneHus] BBIXOIHOM BEJIWYHMHBI, JEJICHHYI0 Ha 4 (MHHMMAaJIbHOE YHUCIIO PABHOAEHCTBYIOLIMX
COCTaBIIIIOLINX, KOTOPbIE MOXKET J1aTh HOPMaJIbHOE PACIPE/IEICHUE).

Bennunna S{4,} mojacrasiseTcs B BbIpaxeHus Juis pacueta kputepus CTbrOIeHTa

o 14
CS(4,

JlaHHBII KpUTEpHIi CPABHUBAETCS C TAOIIMYHBIM IIPH YPOBHE 3HAYUMOCTH ¢ M V= N-1 4ucie crerneHei
cBoOozbl. Ecin ycnosue (13) Bbimonnsercs, To Ko9GGuuneHT 4, Npu3HaeTCs 3Ha9UMBbIM U BKIFOYAETCS

B ypaBHeHHeE (6), HHa4YE — HE BKIIIOYACTCS.
Pesynbrarel pacuera koddpuuuentoB moaenu 4, B oproronanbrom npocrpanctse, CKO u kpurepus

CrelozieHTa Kax10r0 Kod(h(UIMeHTa CBEICHbI B TA0IUILy 5.

>t 5446 (4>V) (13)

Tabamnua S. Pe3yremamel pacuemos

k A, S, t BeiBoz 0 3HaUMMOCTH K03 duimenTa
0 149,040 | 21,935 | 8,873 3HAYUMBIN

1 -10,035 | 1,666 | 6,023 3HAYUMBIN

2 34,405 | 58,813 <1 HE3HAYHNMBII

3 -15,150 | 33,395 <1 HE3HAYHUMBII

4 0,632 1,230 <1 HE3HAYUMBII

Hucnepcust S {Y}= 1438,2834, Szp =359,57009.
3HaueHHEe CPEJHEB3BEIICHHON TUCTIEpCUU Szp = §* {Y}/4 naiineno no teopeme JlamyHoBa o Tpex

CﬂyqaﬁHLIX quciaax.
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Taxum 06pa3zoM, OTyICHHAS MOIETH IMECT BT Y =149,04 —

10,035-y,(2). CnenoBarenibHO, MOXKHO

C/IeNaTh BBIBOJ O TOM, YTO BEJIMYMHA TOJIIIMHBI HAMOPAKUBAHUS JIbAA /I 3aBUCHUT TOJIBKO OT KOJIMYECTBA
CYTOK C OTPHIATENILHOW CpEeIHEeCyTOYHON Temreparypoi. [locTpoum TodeuHbIi rpaduk 3aBUCHMOCTH
TOJILIMHBI HAMOPAXXUBAHUS JibJIa OT KOJIMYECTBA CYTOK C OTPULIATENBHOW CPEIHECYTOUHOW TeMIIeparypou.

[
Lh
[

*

[
2
Lh

[

S

S
»

175 *

150 *

125 *

100 * *

ToamEHA HAMOPAKHBAHHSA JbAA, h, cM

|
Lh

20 30 40 50 60 70

KouanruecTBo MOpPO3HBIX AHeil, Ty, °C

80

Pucynoxk 1. I paghux 3asucumocmu moawyunsl HAMOPANCUBAHUSL TbOA OM KOTULECBA CYIMOK

C OMpUYamenvHol CpeoOHeCymouHOU MeMnepamypou

Borancium kpusyto h = f(T ) memooom napabonuuecko2o canaxicusanus npu HepasHoOMCmoAuux

sHauenusix apeymenma [4]. YpaBHeHHe Oy/ieM UCKaTh B BHJIC
S0 =k, 4k, q,0) + .+ k4,09,
e A <n—1, rae n — 00beM BBIOOPKH.
IIpousBeneHHbIE pacueThl:
1) BeIuuCIeHne mapabolibl HyJIeBOIO TOPSIIKA:

k,= izl —149,055
2
n
>
n
ZYzz Ni=l 2981,1
z, = i=1 o _47310817- @ =28760.3095:
Zﬂ
n—(A+1) _ 38.9063: T, _ 50.8:
n
S¥x
i=1
S
in
k, = =7992,24/3467.20 = +2.3051:

f(x) = 149,055 +2,3051 x.
2) BBIYMCIICHUE N1apa0O0IIbl IEPBOrO HOPSIKA!

(14)
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k2 . sz
=X - 1 I =28760,3095 -2,30512-3467,20=10337,3908;
6,=23,9645; 6, < 6, IPOJIOJKAEM BBIYHMCIICHHUSL.

Iy 1
=N LD 346720 - 173.36;
Yx, 2768
=
B - 2% 34607.0 —~0,07974;

2
4 3 2
C2= Z'xi —Bz'zxi —A2 .in :
C,=1156969,024 — 0,07974-276,48 — 173,36:3467-20 = 555873,1855;
2 2 3

2 ke 2 Xy — kD

2 c,
_548907,048 —149,055-3467,0

555873,1855

q,(x)=x* =B, x—-A4,=x*—-0,07974-x — 173,36;
k,- q,(x) = 0,0566-x* — 0,0045-x —9,8122;
f(x) = 0,0566-x* +2,3006-x +139,2428. (+ 45,0)

2
=% - k2 ' C2 =10337,3908 — 0,0566?-555873,1855 = 8556,6177;
0,=22,4350; Ah=12-22,435 = +45,0.
Jlist ymo6cTBa MpeIcTaBUM BCE PAcUEThI B BUIIE TAOTHITHI.

A

~23051-276.8

k, =0,05660

b

Tabauna 6. Pesyromamor pacuemos kpueou h = f(T )

j Apr};,MeHT DOyHKIWHS 1 T ¥ h, x, h, x? Jx) e

1 29 93,0 -21,8 | -2027,40 | 44197,320 116,0 | 4,5552
2 31 133,2 -19,8 | -2637,36 | 52219,728 | 1159 | 2,5886
3 34 115,3 -16,8 | -1937,04 | 32542272 116,6 | 0,0137
4 34 130,6 -16,8 | -2194,08 | 36860,544 | 116,6 | 1,6810
5 40 128,2 -10,8 | -1384,56 | 14953,248 121,0 | 0,4284
6 41 96,2 -9,8 | -942,76 9239,048 | 122,1 | 5,5071
7 43 135,6 -7,8 | -1057,68 8249904 | 124,77 | 0,9458
8 46 166,1 -4,8 | -797,28 3826,944 | 129,5 | 10,3430
9 48 120,5 28| 3374 944,720 | 133,2 | 12191
10 50 1442 -0,8 | -115,36 92,288 | 137,4 | 0,3329
11 51 101,3 0,2 20,26 4,052 | 139,7 | 10,5568
12 54 132,7 3,2 424,64 1358,848 147,2 1,4248
13 58 169,7 7,2 | 1221,84 8797,248 | 158,7 | 0,7621
14 59 1643 8,2 | 1347,26 | 11047,532 | 161,9 | 0,0353
15 60 179.,0 92 | 16468 | 15150,560 | 1652 | 1,1534
16 61 148,3 10,2 | 1512,66 | 15429,132 168,6 | 2,4430
17 64 2194 13,2 | 2896,08 | 38228,256 | 179,5 | 88825
18 69 1679 18,2 | 3055,78 | 55615,196 | 1999 | 5,1094
19 70 202,6 192 | 3889,92 | 74686,464 | 2043 | 0,0138
20 74 233,1 23,2 | 5407,92 | 125463,744 | 223,1 | 0,4502
cymma 1016 2981,2 0 | 799224 | 548907,048 | 4146,6 | 58,4461

HpOI/I3Be,I[€M 06paTHBII>i nepexon K nepBoHavYajIbHbIM 0003HAYCHUSAM:
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h=0,0566-(T — 50,8)* + 2,3006+(T —50,8) + 139,2428, mocie ynpoueHus monynm:

h=0,0566-T>-3,4500-T_+ 168,4364. (15)

ITpoBepka MojieIH Ha aJIeKBATHOCTD TOKa3aja, 4To Kpurepuii [lupcona

sz: 58,4461 > x°  (5%; v =17) =27,59. Onnaxo youpas rpy6sie mpomaxu (cTpoku 6, 8, 11 1 17 —
3HAYCHUsI IEPHOJIOB C AaHOMAJILHOI TEeMIIePaTypoii, IaHbl B TAOIHIIE KyPCHBOM) MOJTy4aeM:

sz: 23,1567 < y°, .. Taxum 00pa3om, 10Ka3aHO, 4TO MOJTyHEHHAs MaTeMaTHIeCKast MOJIEITb a/ICKBATHA.

Be3 yuera rpy0bIx mpoMaxoB Kopuaop omubok Ak = +30 cm.

I'paduuecku critaxxuBaHue MPEJACTABICHO HA PUCYHKE 2.
250

14; 233.1
225 /

O 64:2194

200

175

0 46:1661 Yoo el * 69:167.9

TomEHA HAMOPAKHBAHHSA JIbAA, h, cM

150 # 61: 1483
1442
31:133.2 i
.., 43 ® 54:1327
125 @ * 40;
oD ® 48:1205
34:115.2

100 0 . le3 ‘?'I: 'Il“l'lﬁ

*20:93 41,962
75 L L L L L 1

20 30 40 50 60 70 80

KouanruecTBo MOpO3HBIX AHeid, Ty, °C

PI/ICYHOI( 2. Basucumocmo MOJUWUHbL HAMOPAANCUBAHUA AbOA OM KOIUYecmed MOPO3HbIX Onell

I'pyObie mpomaxm M300paXeHbl He3aKpaeHHBIMI TOYKAMH, HATIIATHO BHIHO, YTO OHH YIAJIEHBI OT
CIVIQXKUBAIOIIEH KPUBOM.

Wrak, B HacTOSIIEM MCCIEAOBAHUH JOKAa3aHO, YTO TOJNIIMHA HAMOPAXUBAHHS JIbJa TIOAYNHAETCS
3akoHy (15) ¢ xopumopom ommbok Az = +30 cm.

CrenyrommM dTaroM MCCIIe0BaHUs OyleT pacdeT KOHCTPYKTHBHBIX ITApaMETPOB JIbIOXPAaHUIIAIIA,
OMHpasiCh Ha TIOJTyYCHHBIE PE3YTHTaTHI.

BbIBO/bI

B pamkax HacToslIeH CTaTbu MPUBEAEHBI PE3YNIBTAThl HCCIEA0OBAHUS BO3SMOKHOCTH 3arOTOBKH JIbAA
Ha Tepputopun [IpuaHECTPOBBS B IHAOXPAHUININAX ITyTEM HaMOPAKUBAHUS TIPU TOJa4Y€ BOMABI CIOIMHU
o 0,5 cm. PacueTs! mpon3BenieHs! Ui ce30HOB XpaHeHus1 PpykToB u oBomieil B Teuenne 2014-2019 rr.
Jutst yeTblpex ropofos IlpuaHecTpoBes. [Ipon3BeneH CpaBHUTENBHBIN AaHAIU3 PE3yJbTaTOB PacueToB,
MIPOM3BE/ICHHBIX HA OCHOBE MeTOMNKHN boOkoBa B.A. M NCXOMHBIX TaHHBIX, 3aMEUYEHO TIPOTUBOPEUHE, UYTO
MIPHUBENIO K BBIBOAY O HEOOXOIMMMOCTH PACCMOTPEHHUS JPYTHX (DAaKTOPOB, HEYUTEHHBIX MCCIIEAOBATEIIIMHU
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JI0 HACTOAIIETO BPEMEHM, HO BIMAIONIMX Ha TOJIIMHY HAaMOpPaXHBaHUs JIbAa. BBIT HMCIIOIB30BaH
MemoO HAUMEHbWUX KEaopamog ¢ NpeosapumenvHoll opmozonanuzayuell @axmopos. llomyuena
MOJIeSIb, HA OCHOBE KOTOPOIi, CA€IaH BBIBOJ O TOM, YTO BEJMYMHA TOJIIIMHBI HAMOPA)KMBAHMSA JbJa B
JIbJOXPAHUIIMINAX 3aBUCUT OT KOJIMYECTBA CYTOK C OTPULATENBHON CPEJHECYTOUHON TeMIepaTypoi. beut
MOCTPOCH rpadyK 3aBUCUMOCTH TOIIIMHBI HAMOPAKUBAHUS JIbJ]a OT KOJIMYECTBA CYTOK C OTPHUIIATEIEHON
CPEIHECYTOUHOM TEMIIEPATy PO U BhIUCIIeHa Kpusas h = f(T ) memoodom napabonuyeckozo cenaxicusanus
npu HepagHoOMCmoAwuUx sHavenusax apeymenma. IIpousBeneH oOpaTHbINA Mepexo/ K MepBOHAYATIBHBIM
o6o3HaueHusAM. Jloka3aHo, UTO MOy4YeHHas MaTeMaTH4ecKast MoJielb aiekBaTHa. Jloka3aHo, 4TO TOJIIINHA
HaMOpa)KUBaHHUS JIbJ1a IOJUUHSIETCs 3aKoHy (15) ¢ kopuaopom ommbok Ak = +30 cm.

CrenyrommM 3TaroM ucciieoBaHusl OyJleT pacyeT KOHCTPYKTUBHBIX ITapaMeTPOB JIbAOXPAHUIIUIIA,
ONHpasiCh Ha NOJTYUYEHHbIE PE3yIbTaThI.
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