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Pestome. C pazeumuem mexunonocuti, noseieHuem HO8bIX Memooo8 OemoHUpo8aHus,
UCNONB308AHUEM PA3TUYHBIX XUMUYECKUX 000ABOK NPOU3B00CMB0 GEMOHHBIX pabom cmaio
HOCUmMb Kpy2n0200uunsiii xapakmep. Cmpoumenvuas ompaciv He CmMoum HA mecme,
nocmosuHo paszeusasics. Ilo ceii denb 6edymcsi noucku cnocobog, obecneuusaroujue
Haubonlee payuoHarbHOe  Oemonuposanue. OMO  NO36ONUM  VEEIUUUMb  MEMNbl
cmpoumenvemea 6e3 nomepu Kawecmsed. /lannas cmamvsi 6yOem uHmepecHa npaKmuKam
CMpOUmMenbHO20 NPoU3B00CMad.

Llenmpanvuoti 3adaueii 6 obaacmu CcmMpoOUMeNbCMEA CMAL0 NPOSHO3UPOBAHUE
MeMNEPAMYPHBIX PeHCUMO8 3A0eMOHUPOBAHHBIX KOHCMPYKyull.  Muozumu yuenvimu u
uccaedosamensimu Ovliu nPedslodNCeHbl PA3TULHbLE MEMOOUKU paciema, 0eMOHCMpupyoujue
3A6UCUMOCTIIL NPOYHOCMU OM 8peMeHu u memnepamypul. Ho kadcovitl memoo umen
onpeoeneHHble HeOOCMAmKY, Ymo 61eK10 3a coO0U 0OnoIHUmMeNbHble U He0OOCHOBAHHbIE
pacxoovl.

Lenvo  Oannotl uccredosamenvckou pabomvl AGISAEMCL NOJAYYUEHUE PACYUEHIHBIX
Gopmyn, onucvl8arOWUx MmemMnepamypHbulil pexicum 8 3a0emoHUpPOBAHHBIX KOHCIMPYKYUSX, C
NOMOWbIO HETUHEUHbIX NoOMOoOeNel, NONYYEHHbIX Memooamu 2pynnogoeo aHdaIu3d
oughgpepenyuanvrvix  ypasrenuu. OCHOBHbIMU — KPUMEPUAMU,  KOMOPBLIM  OOJICHBL
COOMBEmMcme08ams ypAaeHeHUsl, AGIAIMCS NPOCmMoma u y0oOcmeo 0asf NPaAKmMu4ecko2o
UCNONB308AHUSL 8 YCIOBUAX CMPOUMENbHOU niowadku. B cmamve paccmompenvt 0ge
HeluHelnble NoOMOOeNlU, NOKA3bleawue pacnpedeieHue menia npu OemoHupo8aHuu
KOJIOHHbI C UCNONb308AHUEM GHEULHUX UCTNOYHUKOE MEeNd, NPUBEOeHbl IKCNePUMEHMATIbHbLE
OanHbie OemMOHUPOBaHUs (hpazmeHma 6eMmOHHOU KOJIOHHbL NPU PA3IUYHBIX PEHCUMAX NOO0AYU
Mmenia U CpaeHeHue NOJAYYeHHbIX NPAKMUYEeCKUX pe3yibmamos ¢ meopemudecKumu
OAHHBIMU.

Ha ocnosanuu nonyuennvix 0anHuix 66110 8bIsGNIEHO Cledyouee.

1. Henunetinvie  noomoodenu  xopowo  Koppemupylom ¢  NpaKmuyecKumu
pe3yibmamamu;

2. Haubonee mounoe onucanus nomyuunocv 0ns Cayydas Maioi U cpeoHell
MowHOCIU,

3. Jokazana a¢hghexmusnocmv  ucnonwvzosanus noomooenel, HAUOEHHbIX
Memooamu 2pynnogo2o aHanu3a oudgepeHyuanbHbix ypasHeHull.

Knrwouesvie cnosa: 3umnee bemonuposarue, noomooenu, memoo epynno8o2o aHaiu3d;
NPOYHOCD.
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Annotation.With the development of technology, the emergence of new methods of
concreting, the use of various chemical additives, the production of concrete works began to
be year-round. The construction industry does not stand still, constantly evolving. To this day,
asearch is underway for methods that provide the most rational concreting. This will increase
the pace of construction without loss of quality. This article will be of interest to construction
practitioners.

The central task in the field of construction was the prediction of temperature conditions
of concrete structures. Many scientists and researchers have proposed various calculation
methods that demonstrate the dependence of strength on time and temperature. But each
method had certain disadvantages, which entailed additional and unreasonable expenses.

The aim of this research work is to obtain calculation formulas that describe the
temperature regime in concreted structures using nonlinear submodels obtained by group
analysis of differential equations. The main criteria that the equations must meet are
simplicity and convenience for practical use in a building site. The article considers two
nonlinear submodels showing the distribution of heat during concrete pouring using external
heat sources, provides experimental data on concreting a fragment of a concrete column
under different modes of heat supply, and compares the practical results with theoretical data.

Based on the data obtained, the following was revealed:

1. Nonlinear submodels correlate well with practical results;

2. The most accurate description was obtained for the case of low and medium power;

3. The efficiency of using submodels found by the methods of group analysis of

differential equations is proved.

Keywords: winter concreting; submodels; group analysis method; strength.

Beeoenue

CrpouTensCTBO — 3TO BeAyllas OTpacib HapoAHOro xo3siictBa Poccun. B nocneanee
BpeMsi OCOOCHHO pAacIpOCTPAHEHO MOHOJIUTHOE CTPOUTEIBCTBO, KOTOPOE 3aHHMAET
OCHOBHOE MECTO B JAaHHOW OTpaciu. YYHUTHIBAs KIMMAaTHUYECKYI0 OCOOCHHOCThH Halen
CTpaHbl, HEOOXOAUMO OBLIO MPEUTH K KPYTJIOTOAUYHOMY XapakTepy BeaeHus padot. Takoi
nepexo]; TpeOoBasl TapaHTUPOBAHHOTO KadecTBa 3a0ETOHMPOBAHHBIX KOHCTPYKIMN HE
TOJIBKO B JICTHUX YCJIOBHUSX, HO W 3UMHHX. UTOOBI oOecrieunTs Hanbojee parroHaIbHOE
O0eTOHMpPOBaHME, HEOOXOIMMO HAYYUTHCS TMPOTHO3HPOBATH W3MEHEHHE TEMIIEPATyphl U

HapacTaHHe MPOYHOCTU TBEP/ICIOIIETO OETOHA.



[IpoTexanue TemIoBOro mpoiecca B J000il Touke Tena B JOO0H MOMEHT BPEMEHH
MO>KHO OIMCAaTh JIMHEWHBIM U depeHunanbHbiM ypaBHeHHEM Dypbe, KOTOPOE SBISETCA
OCHOBHBIM ypaBHEHHMEM TEILIONPOBOJAHOCTH. JlOCTaTOYHO NPOCTO MOYKHO HOJYYUTH
AHAIUTUYECKOE PEIICHUE IS Tel uaeanbHOW (opMbl. B mpakTuke craBUTCS TpexMepHas
3ajaya, yCJIO)KHEHHAsT HECTAllMOHAPHBIMM  TEIJIOPU3NYECKUMHU  XapaKTEPUCTHUKAMU
MaTepuana M dK30TepMUEN LIEMEHTa, YTo JenaeT ee Oonee Tpylaoemkoil. PemeHue Takoit
3aJ1a4y HE OTBEYAET 3aJaHHBIM KPUTEPHUSIM, & UMEHHO - IPOCTOTA UCIIOJI30BAHUS B YCIOBHSIX
CTPOUTEIBHOM TUTOMIAKH.

MHorue TEOpeTMKHM UCKaJd CIOcOObl  MPOTHO3MPOBAaHUS  TEMIEPATypbl B
3a0€TOHMPOBAHHBIX KOHCTPYKIMSX, KOTOPbIE OBLIN OBl HE TOJBKO YIOOHBIMU B peaan3alun
B YCIIOBUSIX CTPOMTENIbHOM IUIOIIA/IKK, HO M TapaHTHUPOBAIM HauOOJIee TOUHBIN pe3ysbTart.
Ho xaxnpii cnoco® wuMen omnpeiesieHHble HEAOCTaTKU, YTO BJIEKIO 3a COoOoM
JIOTIOJIHUTEIbHBIE U HEOOOCHOBaHHBIE PACXO/BI.

1. Pazeumue Memoooe NPOZHO3UPOCAHUA memnepamypHvix pesxncumos
3a0emoHUPOBAHHBIX KOHCIMPYKYUTL

Pacuer octeiBanus OeToHa, npemiokeHHbId B 1932 roay npod. b.I'.Ckpamraessim [1],
oka3zaJjicsi HauboJiee MPAaKTUYHBIM U JOCTATOUYHO TOYHO OMHUCHIBAII TETUIOBOM Mpoliecc METo1a
«repMoca». Pacuer OCHOBBIBaJCS Ha YpaBHEHUHM TEIJIOBOro OanaHca, HO HMEN psl
JOMNyIIeHU. M3HayalbHO NMPUHUMAIOCh YCIOBHE MPUMEPHOIO PAaBEHCTBA TeMIEpaTyp IO
BceMy 00beMy. Takoe JomylieHre 3HaYuTENbHO YIIPOCTUIIO PacueT U MO3BOJIMIIO MOTYYHUTh
MPOCTOM U YAOOHBINM METO/ JUIsl MPAKTUYECKUX PACUETOB.

C pa3BUTHEM TEXHOJIOTMH MOSIBJISJIMCH HOBBIE CIOCOOBI 3UMHETO OETOHMPOBAHUS.
«Dopmyna CkpamTaeBay B HOBBIX METOAAX JaBaja CYyINIECTBEHHOE pacxokaeHue |[2]
IIPAKTUYECKUX M TEOPETUYECKUX PE3YJIBTATOB. 3a CUET Pa3jIUYHbIX JONYIIEHUH MHOTUE
YYEHHBIE MBITAINCh MOJEPHU3MPOBATh [AHHBI pacyeT, HO 3TO HE JaBajo HYKHBIX
pe3yabTaros [3,4].

CrenyromuM miaroM B pPa3BUTHM METOJOB MPOTHO3UPOBAHHUS OBUIM IOMBITKU
alanTHpPOBaTh TeopHio peryispHoro pexkmma [.M.KonnparteeBa [5]. daHHas Teopwus
OCHOBBIBAJIaCh Ha 3KCIIOHEHIMAIbHON 3aBUCUMOCTH.

OCHOBHBIMU HEJOCTATKAMM aJIalITAllUU 3TON TEOPUU SIBISIINCH:

1. KpaiiHe cnoxxHbBIE MaTEMaTHYECKUE OINEpalUH, NPU OTKIOHEHUU OT
2JIEMEHTAPHBIX CilydaeB (1ap, MJIACTUHKA, UIMHIP);

2. Cn0XXHOCTh B OINpPEIEICHUN IMPOJOJIKUTEIBHOCTH HEPETYISIPHOTO PEKMMA.
OTiinune HEperyaspHOro pexuma OT PETYISIPHOTO COCTOMT B TOM, 4YTO HadaJlbHOE
pacnpeienieHle TeMIIEpaTypbl BIMIET HAa MPOLECC HATPEBAHUS WM OXJIAKICHUS Teja, a B
PEryJIsipHOM - OTHOCHTENbHAs CKOPOCTh M3MEHEHHS TEMIIEpPaTyphl B JIOOOH TOUYKE Teja

OCTaeTCs MOCTOSSHHON M HE 3aBUCUT OT BPCMCHHU.



C mnosiennem OBM B 60-70-pIX romax TMOSBHIACh BO3MOXHOCTh YUYWUTHIBATH
3aBHCUMOCTb HE TOJIBKO OT BpEMEHH, HO U OT Temneparypsl. [lo3Tomy cTanm ucrnonb30BaThCs
CJIETYIOIINE METOBIL:

1. Kiaccuueckue meroasl (Metoq @ypbe, METO pa3ieieHUs] IEPEMEHHBIX );

2. MeTo/ibl MHTErpajJbHbIX NPEeoOpa3OBaHUM B KOHEYHBIX MM OECKOHEUYHBIX
npezaenax (meroast Jlamnaca, Mennuna, ['punbepra u ap.).

PacuetHble QopMyiibl, MOJyYE€HHBIE ATUMH METOJAMH, ObUIM TPOMO3JIKHUMH, 4YTO
CHIDKAIIO UX 3(P(PEKTUBHOCTD B YCIOBUIX CTPOUTENBHOIO TPOU3BOICTBA.

Taxxke ydeHble MHCIOIB30BATM U TOJyaHAIUTHYECKHEe MeToAapl. Ha mnpaktuke
MIPEICTABIEHUE PE3YyIbTATOB PACUETOB B BUJIE€ HOMOIPAMM OKa3aJI0Ch YJIOOHBIM, HO JaHHBIN
CHoco0 3aMETHO CHU3MJI TOYHOCTh PAaCUYETOB.

B XXI Beke Hauanoch OypHOE pa3BUTHE CPEACTB BBIYMCIEHUH M METOJOB
MaTeMaTH4YEeCKOro MojenupoBanus. [1oSBUINCh HOBbIE BO3MOXHOCTH, YTO Jajl0 TOTYOK B
Pa3BUTUU METO/I0B TPOTHO3UPOBAHUS TEMIIEPATYPHBIX PEKUMOB OETOHA.

BnepBbie CBA3b BENWYMHBI TpajME€HTa TEMIIEPATyphl, IUIOMIAJM IOBEPXHOCTH
TEIUIONEpPEeaun U BpEMEHU ycTaHOBMII puMepHo B 1803 roay ¢gpaniy3ckuii yuensiii XKan-

batuct XKozed Dypnoe:

dT
dQ = —A-—-dS-dt (1)
dx

BTt .
rae A — KodhPUIUMEHT TerI0IPOBOIHOCTH =
"

dr K
—, — TPaJIMeHT TeMmepaType —;

dS-1onaap MonepeyHoro ceueHus 0opasia;

dt-poOMEeXyTOK BPEMEHHU.

Ha ocHoBe nmueliHoro auddepenmnuansHoro ypaBHeHus dypwe [6,7] ¢ momornsto
Pa3HOCTHBIX CXEM YHUCIIEHHOW aIlmpoKCHMAalMi MHOTOMEpPHBIX Ju(depeHInatbHbIX
ypaBHEHUI OBLIM MOJyYyeHBl PELICHUsS AMHAMUKHA TEMIIEPATYPHBIX IMOJIeH B TBEPJCIOLIEM
OEeTOHE OCTBHIBAIOIIMX M MPOrPEeBAEMBIX KOHCTPYKIMHA. I[lomydeHHble pemieHus aaiu
BBICOKYIO PE3yJbTaTUBHOCTb, HO OBUIM HEYIOOHbI B MPHUMEHEHWH HA NPAKTHUKE, T.K.
MOJTyYaJINCh TPOMO3IKUMHU.

Ceifuac MHOTHE CTPOUTENbHbIE KOMIAHUU JJIS1 €XKEIHEBHBIX PACueTOB MPUMEHSIOT
IPOCTHIE B HWCHOJB30BAaHUM METOIMKH IPOTHO3MPOBAHUSA TEMIIEPATYPHBIX DPEKUMOB,
OCHOBAaHHBIC Ha peIIeHUM JHHEeWHOro auddepeHnumansHoro ypaBHeHuss Dypbe C psigaom
JOMYIIEHUH U TpyObIiMu puOImkeHusMu. Eme ogHuM (pakTopoM HETOUHOCTH PE3yIbTaTOB
SBIISICTCSI TO, YTO HEIMHEWHBIH MPOLECC OMUCHIBACTCS JIMHEHHBIM IU(PepeHInaTbHBIM
ypaBHEHHEM, YTO 3aBEJOMO JIeJIaeT pacueTHbIe (HOpMYIIbl Mat03()PeKTUBHBIMHU.

HekoTtopbie crnocoObl HCMONB3YIOTCS W N0 ceil JeHb. Ha mpakTuke HETOYHOCTh

pacdyeToB KOMIIEHCHUpYETCS JMOO CpOKaMu TepMOOOpabOTKH, JHOO JOMOJHUTEIHHBIM



yTerieHueM onanyOku. Takasi KomIeHcalus BeJeT K HEONpaBJaHHBIM pacxojaMm |
MOBBIIICHUIO TPYIOEMKOCTH.

2. Henuneiinvie noomoodenu pacnpeoenenus memnepamypvl ¢ KOJA0HHE npu
HAUYUU 6HEUHEe20 HECMAUUOHAPHO20 UCMOYHUKA mena

JI1s1 TaHHOTO MCCIEOBAaHUS MBI HCIOJB3yeM MOJIEb, OMUCHIBAIONIYI0 HEJIMHEHHBIM
MpoILleCC  PacHpOCTpaHEHHs] Teljia B  HEOJAHOPOJHOM CTEpXKHE TNpU  HAIUYUU

HECTAI[MOHAPHOTO HCTOYHHKA TETlIa, KOTopas 3amaaetcs yp. (2):

aT @ oT
o _ 9 (appll
ot ox (x T ax) +y(@©T, (2)

Ine T = T(t, x)- TeMreparypa CTEpKHs B TOUYKe X€(—00, 00) B MOMEHT BPEMEHH {;

@- TapaMeTp, XapakTEePU3YIOUIWi HEOJHOPOAHOCTH CTEPIKHS, IPOM3BOJIbHAS
BELIECTBEHHAS [TOCTOSHHASL

- napaMeTp, XapaKTepU3YIOIIMH HEJIMHEHHOCTh IPOLECCa, IPOU3BOJIbHAS
BEIECTBEHHAS IOCTOSHHAS;

y(t) >0 — wHecranMoHApHBI KO3(DQHUIUEHT TOCTYIUICHUs Temia (B 3TOM
ko3 dUIMEnTE TaKKe YYUTHIBAETCS  TEIUIONPOBOAHOCTH  MaTepvana  CTEPIKHS,
CYLIECTBEHHAs JUIS HECTAIIMOHAPHBIX TEIUIOBLIX MPOIIECCOB)

3amaeM BBINOJHEHHE yCiaoBus yp. (3), COMTIACHO KOTOPOMY TIPOLECC SIBIISAETCS

HGHHHGfIHBIM, CTCPIKCHb — HCOAHOPOJAHBIM U UMCCTCA HGCTaIII/IOHapHI)II;'I HCTOYHHUK TCIlJIA:

afy'(t) #0 (3)
Beenem ¢ynkimio £(t), cBasannyro ¢ (ynkuuei y(t), g ymoOcTBa 3ammcd U

MCIIOJIb30BAHMSI MOCIEAYIOMUX POpMYIL:

y(t) = %(ln(s’(t)))’,s’(t) > 0,(In(e'(t)))” # 0 (4)
Boipazum u3 yp. (4) €(t):
£(t) = ky f exp (B f y(t)dt) dt + k,, (5)

I'ne kq u k, — IpOM3BOIBHBIC BEIIECTBEHHBIE MTOCTOSTHHBIE.

Hcnons3ys Henunelinoe nuddepenuuansaoe yp. (1), B padore [8] 6pumm momyuenst 13
CYIIECTBEHHO PAa3JIMYHbIX WHBAPUAHTHBIX MOJMOJCICH METOJaMU TPYIIOBOTO aHaiIn3a
muddepennmanbabix ypaBHeHuit [9] nmpu yenopusix (2) u (3). OHu comepkaT MpOU3BOJILHBIC
napamerpsl @, 8 u Gynkiuio £(t). IIpu cOOMOAEHNN 3aaHHbIX YCIOBUAX OTH TIOJIMOJIENH
MOTYT OIHCHIBaTh paclpeieficHHe TeIula B KOJIOHHE IMPH 3WMHEM OCTOHHPOBAHHH MPH
HAJIMYMH BHEITHETO HECTAIIMOHAPHOTO UCTOYHUKA TeTIa.

Bagagum QyHkmmio (t):

s =t*+t+1 (6)

IMoxcraBum £(t) B yp. (4):

y(@®) = (7)

B(t +0,5)



Taxkast 3aBUCIMOCTb COOTBETCTBYET YKOHOMHYHOMY PEKHMY HarpeBa ¢ 3aBUCSIIAM
00paTHO MPOMOPIUOHATHHO OT BpPEMEHHU HECTAITMOHAPHOMY KOA(D(PHUIIMEHTY TOCTYIUICHUS
Teria.

[Ipoananu3upoBaB MoiydeHHbIE B padoTe [8] moamoenu, 1 JanbHEHIIero

MCCJIEIOBAHUS MBI B3SJIU CIIEAYIOIIME 2 TIOJMO/IEIN paCIIpeAeSICHUs TEMIIEPATYPHI B

KOJIOHHE:
1. [Toamopenb, It KOTOPOH TOYHOE 3HAYCHUE TEMIIEPATYPHI OTPECIISICTCS 10
dbopmye:
1-a 1
Ty = ¢, xP*(e' ()P, (7)
npuauf + 1;
2. [Toamonenb, I KOTOPOH TOYHOE 3HAYCHUE TEMIIEPATYPHI OTIPECIISICTCS 10
dbopmye:
1 1
Tyo = (cgx + C9)m(€’(t))ﬁ; (8)
npu (1 —a)(B+1) #0.
3. Bemonuposanus ¢pazmenma 0OemoHHOU KOJIOHHBL HPU  PA3TUYHBIX

pexicumax nooauu menaia

WccnenoBanue  temmepaTypHbIX  Mojedl B~ OETOHUPYEMOW  KOHCTPYKLUHU
OCYIIECTBIISJIOCh IKCIIEPUMEHTAIBHO MYTEM H3MEPEHHs] TEeMIIepaTyp B MOJEIbHOM Telle
KOJIOHHBI. ["'abapuTHBIE pa3Mephl KOJIOHHBI: kBagpaTHoe ceueHue - 200200 mm, BbICcOTa -
1000 mm. OnastyOxa 1151 66 TOHHPOBaHMSI KOJIOHHBI BBITIOJIHEHA U3 (DaHephl JAMUHUPOBAHHON
OCD 18 mm (I'OCT 3916.1-96). B kauecTtBe HarpeBaremsi HCIIOJIB30BAICA IIUPOKO
MPUMEHSIONIUNCS B MPOU3BOACTBEHHBIX YCJIOBUAX TPEIOLIMNA TPOBOA. ['perommii mpoBoa
I[THCB, munametrpoM 1,6 MM C TENMJIOCTOMKOW 3IEKTPOU3OISIIMEH U3 MOJTUBHHWIXJIOPUIA
tonmuuaon 0,8 mm (TOCT TV 16.K71-013-88) anunoii netau 50 M.

[IpoBoa ¢uxcupoBancs Ha BHYTpPEHHEH MOBEPXHOCTU onanyOku c¢ marom 20 MM 1o
BceMy TiepumeTpy (puc.2). I'perommuii MpoOBOJ BKIOYAICS B JJIEKTPUUECKYIO CETh,
HanpsbkeHueM 220 B. M3MeHeHune 37eKTpuyecKoid MOIIHOCTH OCYIIECTBIISIIOCH PU TOMOIIH
nabopatopHoro aBrorpancopmaropa AOCH-20-220-75Y XJI4.

B nenTpe xonoHHbI 3apuKcHpoBaHbl XpoMenb-koreieBbie Tepmonapsl ([OCT 6616-74)
c maroM 150 mm. Moxens Obuta momemieHa B XoJoAmibHyo kamepy AK-2DP, Gmnok
yIpaBJIEHUsI KOTOPOH NpeaycMaTpuBaeT PeryJMpoBKY TeMIepaTrypsl B npeaenax ot 0 1o -
25°C.
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Puc. 3. Dxcnepumenmanvuas mooens kononuwl (1 - onanyora uz ghanepoi
namunuposannou @CD 18 mm; 2 — eperowuti nposoo [THCB 1,6; 3 —ymennenue mopyos
konouuwl nenonaacmom IHICEC 70 mm; 4 — mooenvHoe meno; 5 — mepmopacmeop u3
MepmMonap «Xpomenb-Kaneiby)



Jlig ynoOcTBa IpOBEAEHUS SKCIIEPUMEHTA IIPU PA3IUYHBIX peXUMaxX TEPMOOOPabOTKU
Y UCKJIFOUYEHHUS BIUSHUS 3K30TEPMUN LIEMEHTA, B KAUECTBE OETOHHOM CMECH HCII0Ib30BaI0Ch
MOJIETILHOE TEJI0, COCTaB KOTOpOro mpenacrasiieH B Tabn. 1. Taxxke B coctaB noOaBisercs
NaCl2 u OeHTOHMTOBas IJIMHA JUIsl BBIPABHUBAHUS AJIEKTPO(U3MUECKHX CBOWCTB H
o0ecrneyeHre BOJ0YAEPKUBAIOIIEN CIOCOOHOCTH CMECH COOTBETCTBEHHO. MOIENIbHOE TETIO,
MPUTOTOBJIEHHOE B JJAOOPATOPUU MO CBOMM (PU3MYECKUM MapaMeTpaM - mMacca, KECTKOCTb,
TEIVIO(PHU3NYECKUE XApAKTEPUCTHKHU, YJEIbHOE CONPOTHUBJIEHHE - MPAKTUYECKH HE
OTJIMYAJIOCh OT pealibHbIX OETOHHBIX cMmeced. HauanpHas TeMmiiepaTypa CMECH COCTaBlIslia
22°C,

Tabnuya 1 - Cocmag mooenvHo2o0 mena, NPUHAMO20 015l UCCIe008AHUS

Pacxon Marepuaios Ha 1 M3, kT

Marepuasl CrangapTHbIi MogennpHOE
oeron B 22,5 TEJI0
[le6enp muadazoseiii OP 5-20. TOCT 10268-70 1250 1250
ITecok kBapueBbIi peuHol KpruBogaHOBCKOro kapsepa 530 530
M= 1.8. TOCT 10268-70
IToptnanauement M 400. T'OCT 10178-68 450 -
Monotslii mecok (Sy= 2900 cm?/r) - 450
Boma texanueckas TOCT 2874-54 180 180
O6beMHas Macca 6eToHa, KI/M° 2410 2410

BbL1M BBITIOJIHEHBI CIIEYIOIINE SKCIIEPUMEHTHI, KOTOPBIE PAa3INYatOTCsl MOIIHOCTHIO
HarpeBa KOJIOHHBI:

1 — manast momHOCTh: HanpspkeHue 11,0 B, cuna toka 3,00 A,

2 — cpeaHsisi MOLTHOCTh: HanpsbkeHue 27.3 B, cuna Toka 6.21 A,

3 — Oomplas MOITHOCTH: HamnpsbkeHnue 37.8 B, cuna Toka 9.19 A.

Harpes npoucxonun B Teuenue 25 yacoB. Bece TepMonapsl Mpu HarpeBe NMOKa3bIBAIN
MPAKTUYECKU OJJUHAKOBYIO TEMIEpaTypy, KOTOPYIO MbI OyzieM 0003HavaTh Jajee uepes, rie
JUTSL MaJIOM MOIIIHOCTH HAarpeBa, JUIsl CpeTHel MOIIHOCTH HArpeBa, JJIsi OOJBIIION MOIHOCTH
Harpesa.

4, Cpasnenue meopemuyecKkux u IKCnREPUMEHMANbHBIX OAHHBIX

[IpoBeneM [y HArISAHOCTH CpPAaBHEHUE TEOPETUUYECKUX U IKCIEPUMEHTAIbHBIX
naHHBIX Tpadudecku. Ha rpadukax npencTaBiaeHbl MPUPALEHUS TEMIIEPATYP, & UMEHHO:

T =Thexp — 22,2°C 9)

Kaxnomy rpaduky mpucBOoeH HOMEp N B 3aBUCHUMOCTH OT MOIIHOCTH HarpeBa
KOJIOHHBI.

Tak kak ucxoJiHas MOJIeNb ObLIa HEIMHENWHOM, TO €€ MOAMOJIEIH 3aBeIOMO HE MOTYT

anmnpoKCUMHMpOBATh OJTH MpHUpalieHus Temneparyp. Jljis TMOJNy4eHHs] MTOTOBBIX

pacyeTHBIX (opmyn BBeZeM B yp. (7) u yp. (8) monpaBoyHbIe aJINTUBHBIE CllaraeMble 1

KOA(PUITUEHTHI:



T, = ATm,exact(t; 0:5) —Uu

rJie M — HOMep MOAMOCIIN U3 paboThI [8];

(10)

A W U - TONMpaBOYHBIC AJTUTHBHBIC ClaraeMble M KOd()(OUIMEHTH, MPUHUMAIOIINE
KOHKpPETHbIE 3HAUEHMsI I KaxXJI0ol pacueTHOM ¢opMyinbl. Pe3ynbTar cpaBHEHHS
IPEJICTABIIEH HIKE Ha rpaduKax.

Tabnuya 2 - Pacuemnvie ghopmynsl 05 NpO2pe8a Npu pa3HblX MOUHOCHISIX

Puc Koaddurnment | Koaddumuent Pacuernas ¢popmymna (7) Pacuérnas
No o B KpuBas
Crny4ait manoi momtHocTH, 33BA
4, 1,44 3,0 Ty = 5T} exace (t;0,5) — 7 T=T,
5. 1,45 4,0 T1o = 8T1gexact(t;0,5) —10 | T =Ty,
6. 2,0 2,0 T1o = 2T10,exact(t;0,5) — 3 T =T
Cnyyait cpenaeit momniHoctu, 169,5 BA
7. 1,45 4,0 Ty = 26T} pxace(t;0,5) — 30 T=T,
8. 2,0 4,0 Tio = 25T g exact (£ 0,5) — T =T

29
0. 1,44 3,0 T1o = 15T1g exace (£ 0,5) — T =T
19
Crny4ait 6ombI10# MOITHOCTH, 347,4 BA
10. 2,0 4,0 Ty = 42T} orace(t;0,5) — 51 T=T,
11. 1,44 3,0 Ty = 27T exact(t;0,5) — 31 T=T,
12. 1,45 4,0 Tio = 45T exact (t; 0,5) T =T
— 50
o=144 =3 o=145p=4
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a=145p=4

oa=2.p=2
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T. °C 40 T, °C 40
20 201
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tu tu
—T10—1—2—3| |—T—1—2—3|
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5. 3aknrouenue
Ha ocHOBaHMY TTOJTYYEHHBIX TAHHBIX OBLJIO BBISIBIICHO CIIEAYIOIICE:

1. [IpuHaATHIE 1715 KCClIeIOBaHUS ABE MOIMOEIHN TOYHOT'O PEIICHHS] HETUHEUHOTO
¢ depeHIINaIbHOTO YPABHEHMSI, ONTMCHIBAIOLIET0 HETMHEWHBIN POLIECC PACTIPOCTPAHEHUS
TeIJla B HEOJAHOPOJAHOM CTEp)KHE NpPU HAIMYUM HECTALIMOHAPHOIO WCTOYHUKA TEIUIa, U
MOJIYYECHHBIE HAa UX OCHOBE pacyeTHbIe (POPMYIBI XOPOIIO KOPPEIUPYIOT C MPAKTUYECKUMHU

pe3yJibTaTaMu;
2. Haubonee touyHOEe omucaHusi MOJYYWIOCH Il Ciy4das Majiol M CpenHeu
MOIIIHOCTH;
3. Jlokazana 95(QQEeKTUBHOCTh HCIOJIb30BAHUS  MOJIMOJENEH, HalIeHHBIX

METOJIaMU T'PYIIIOBOT0 aHanu3a quddepeHuanbHbIX YpaBHEHUH.
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