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OBILIAA XAPAKTEPUCTUKA PABOTbBI

AKTYyaJbHOCTH TeMbl. B HacTosiiee BpeMsi BO3pACTAET UHTEPEC K BO3YIIHBIM
KOHJIEHCATOpaM NapOoTypOMHHBIX YCTAHOBOK B CBSI3U C 00OCTpEHUEM TJI00aIbHOM
MHUPOBOW MpOOJIEMbl HEXBaTKA IMPECHOM BOABI BO MHOTHX pailoHax Mwupa.
Hcnonp30oBaHne BO3AYIIHBIX KOHAEHCATOPOB IO3BOJIAT COKPATUTh TEILUIOBOE
3arpsA3HEHHUE BOJOEMOB, MPUBOJSAIIEE K CHWKEHUIO B HUX KauyecTBa BOJBI U CMEHE
BHUJIOBOTO  COCTaBa. AKTyaJIbHbIM CTAaHOBUTCA HCIIOJIb30BAHUE B  COCTABE
napoTypOMHHBIX YCTaHOBOK BO3AYIIHBIX KoHAeHcaTopoB (BK) ¢ konaencaiueit napa
BHYTpU OpeOpEHHBIX TpyO B 3aCylUIMBBIX pallOHax TIUIAHEThl, a TaKXe B
Merarnojimcax, TJae oxXJaxkaaronas Bojia Ju00 OTCYTCTBYET, JIUOO €€ HCIOIb30BaHHE
HEIEJIeCO00Pa3HO MO FKOJIOTHYECKUM U SKOHOMUYECKUM MPUYHHAM.

DKoJjoruueckre TpeOoBaHMs B MOCIEIHUE TOJIbl Y>KECTOUMINCH HACTOIBKO, UTO
TATBHEUIINIA POCT MOITHOCTEH TEIJIOIEKTPOCTAHITMN MOXKHO OCYIIECTBIISITEH JIMOO
3a CY€T UCIOJIb30BAaHUSI BO3AYIIHBIX KOHAEHCATOPOB, JIMOO OPUEHTUPYSACH Ha
000pOTHBIE CUCTEMBI BOJIOCHAOXKEHUSI C TPAAUPHIMHU U OpbI3raJIbHBIMU OacceiiHamu.
OnHako TpU HMCHOJIB30BAaHUM MOKPBIX TPAJUPEH OXJIAKICHHE OCYIIECTBIISIETCA B
OCHOBHOM 3a CUET MCIIAPEHHS BOJIbI, YTO MPUBOJUT K YHOCY BJAard U HAKOIUICHHIO
coJield B 000pOTHOM KOHTYpe oxJiaxaeHus. TakuM 00pa3om, BOJIHBIN pEeKUM C OJTHOM
CTOPOHBI OKa3bIBACTCSI BPEIHBIM JJisi 000PYJOBaHUS B CBS3U C HU3KUM KaueCTBOM
BOJbBI, a C JPYrOM SBIAETCS MCTOYHUKOM 3arpsA3HEHHs] OKPYXKAIOIIEH Cpenbl
BOJSTHBIMH ITapaMHU.

BK no cpaBHeHHIO ¢ cucTeMamMu 0O00POTHOTO OXJIAXACHUS (MCTIapUTEIbHBIMH )
UMEIOT OOBEKTUBHBIC TPEUMYIIIECTBA!

— TOJIHOE OTCYTCTBHE MPUBSI3KH K HCTOYHUKAM BOJIOCHA0KCHHS,;

— OTCYTCTBHE BBIOpOCa BOJASHBIX TApOB B aTMOc(epy B mporiecce paboThl.

B cBs3u ¢ pocrom macmtaboB ucnonb3oBanus BK pactér u akTyanbHOCTH
GyHIAMEHTAIIbHBIX U TNPUKIATHBIX  UCCIENIOBAHMM, OPHEHTHPOBAHHBIX HAa
UCIIOJIb30BAaHUE B MX NPOEKTUPOBAHUHM. IJTO OMNPEAEISET aKTYyaJIbHOCTh JaHHOMN
paboThI, a TaKKe €€ MECTO B YHEPTETUKE.

NccnegoBanue mponeccoB KOHASHCAIMU B HACTOSIIEH padoTe BHIOJIHEHO Ha
6aze BK ans mapoTypOMHHBIX yCTaHOBOK, HO CYIIHOCTBH IMPOLIECCOB aKTyaJbHA IS

Pa3IMYHBIX TETIOOOMEHHBIX aNapaToB ¢ KOHACHCAllMEeH mapa BHYTpHU TPYO.
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Heabo padoTbl SBISJIOCH PACUETHO-IKCIEPUMEHTAIBHOE HCCIIEIOBAHUE
paboThl TEIJIOOOMEHHUKOB C KOHJCHCAIIMEH HACHIIIICHHOTO W TEPETPETOro Imapa
BHYTpHU TPYO MPH pa3NUUHBIX CXEMaX JIBWXKEHUS TETIIOHOCUTEIIEH.

IlocTaByieHbI M penIeHbI CAeAYIIINe 3a1a4H:

— pacyéTHOE  COOTHOIIEHWE  BEJIMYMHBI  MOTEPh  JABJIEHUA  1apa,
KOHJICHCHUPYIOIIETOCS B OXJXKIAeMON TpyOe MpH pa3IUYHBIX CXeMaX JBYKCHHS
TEIJIOHOCUTEIICH;

— pacu€THasg OIIEHKa BIIMSIHUS TEMIIEpaTypbl IEperpeBa Imapa Ha BXOJI€ B
TEIUI0O0OMEHHYI0 TpyOy Ha TeMmIlepaTypy IeperpeBa Iapa Ha BBIXOJAE W3 TPYOHI ¢
y4€TOM TEPEMEHHOCTH Kod(puimeHTta TEIIOoOTAaYd Tapa, CBS3aHHOW CO
CHUKEHUEM CKOPOCTHU €ro JBUKEHHUS 110 MEpE KOHJIEHCALIUU B TpYyOe;

— DKCHEPUMEHTAIIbHOE OMNpPEECICHUE BEJIUYUHBl TUIPABINYECKHX IOTEPh
MEPErpeToro M HACHIIEHHOTO Iapa, KOHJEHCUPYIOMIErOCs BHYTPHU OXJIAXKIAEMOM
TpyObl TIpM TPSAMOTOYHOM W TPOTHBOTOYHOM CXE€MaX [IBIDKCHHsI Tlapa |
OXJIAXKJIAIOIICH BOJIBI;

— DKCHEPUMEHTAIILHOE OMNpEEICHUE BEJIMUMHBI MIeperpeBa napa Ha BbIXOAE U3
TEMI000MEHHOM TPyOBbl IPH pa3IMYHBIX 3HAUCHUSX NIEperpeBa napa Ha BXoje B Heé;

— aHaJIu3 MOJYYEHHBIX JAHHBIX U CPABHEHUE PE3YJIbTATOB 3KCIIEPUMEHTATbHBIX
HCCJIEIOBAHNUM C pe3yJbTaTaMu PACUETa;

— pa3paboTka peKOMEHIAlUii MO PacdyETy MOTEPh MABJICHUS TPU KOHICHCAINH
rapa BHYTPH BEPTUKAIbHBIX U HAKJIOHHBIX TPYO.

Hayunasi HOBU3HA pabOThI COCTOUT B TOM, YTO B HEW BIIEPBBIE:

— TEOPETUYECKH aHalli3 MOKa3all, YTO MapaMmeTpbl Mpollecca KOHACHCAIUU
HACBIIIEHHOTO U MEPErPeToro mapa B Tpydax M KaHallax 3aBHUCSIT OT CXEMbI JIBXKCHUS
OXJIQXK/IAIOIIET0 TEIIOHOCUTENA. B 4acTHOCTH, MOKa3aHO, YTO MpU MPSMOTOKE U
MPOTUBOTOKE HM3MEHEHHE pacxojla KOHJEHCHUPYIOIIErocs Mapa MO JJIMHE TPYyObl
MMEET CYIIECTBEHHO pa3JIMyHbIi XapakTep, M, KakK CJIEACTBUE, pa3INYHOE
TUIPABINYECKOE COMPOTURIICHUE TPYOHI IO Mapy;

— MPOBEJCHBl AKCIEPUMEHTAIIbHBIE HCCIEIOBAHHUS M MOJYYEHbI COOTHOLIEHUS
NOTeph JABJICHHS Tapa, KOHACHCHPYIONIErocss B TpyOe, MpuU MPIMOTOYHOU H
MPOTUBOTOYHOM  CXEMax  JBIKCHHUS  TEIUIOHOCUTENEH.  DKCHEePUMEHTaIbHO
MOATBEPXKIACHO, UYTO TMOTEPHU JIaBJICHUS KOHJICHCHPYIOIIETOCS BHYTpU TPyObl mapa
MIpU IPOTUBOTOKE BCET1a OOJIbIIE, YeM MPU MPSIMOTOKE;

— MpEJIOKEHAa METOAMKA OLIEHKH COOTHOUIEHUS TMOTEpPb JaBJICHUS IpU
MPOTUBOTOKE, MPAMOTOKE U TMEPEKPECTHOM TOKe. (OCHOBHBIM OIPEIEIIIONIUM

kF
apaMeTpPOM ATOT0 COOTHOIIEHUS ABIAETCS BenmuuynuHa NTU = ———;
C

oxXJ1 oxXJ1
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— TPOBEAECHBI DKCIEPUMEHTAIbHBIE UCCIEI0BAHUS TEUEHUS MEPErperoro napa
BHYTPHU HAKJIOHHBIX TpyO. 3aMKCHPOBAH MEperpeB napa Ha BHIXOJE U3 TPYOHI;

— pa3paboTaHa METOJMKA pacyéTa TEMIIEpaTypbl IEPErPETOro mnapa Ha BBIXOE
U3 TpyOBbl, YUUTHIBAIOLIASl XapaKTep IBMKCHHS TEIJIOHOCHUTENEH M IMO3BOJISIONIAS
OLICHUTb BEJIMUYUHY IIEPETPEBA.

Teopernyeckass U MpakTHYecKas 3HAYMMOCTh PadOThI ONPENEIIETCA TEM,
4YTO pE3yJbTaThl, IOJIyYEHHbIE NpU €€ BBIIOJHEHUM, BHOCAT Ba)XHbIM BKJIaa B
MOHMMAaHKE MPOLIECCOB, MPOTEKAIOIINX MPU JBMKEHUU IBYX(Da3HBIX MOTOKOB BHYTPH
TpyO mpu HANUYUK Pa3z0BOroO MEPexoa.

OnHu MOTYT OBITh UCTIOIB30BAHBI B CIEIYIOIINX MPAKTUYECKUX CUTYaIIHIX:

— OIpENENICHUE BEJIUYMHBI IOTEPh JABICHUS C YYETOM CXEMbI JBUKECHMS
TEIUIOHOCUTENIEHN NpU POEKTUPOBAHUM TETNIOOOMEHHBIX alllapaToB C KOHJECHCAUEH
napa BHyTpH TpyO;

— pacy€T BETMYMHBI MIeperpena rnapa Ha BBIXOJIE M3 TEIJIOOOMEHHOTO ammapaTa
B 3aBHCHMOCTH OT MapaMeTpOB TEIIO0OMEHA U BEJIMYMHBI TIEPErpeBa Ha BXO/IE.

JI0CTOBEPHOCTH MOJIYYEHHBIX Pe3y/IbTATOB padoThl o0ecrieueHa KOPPEKTHOM
IIOCTAHOBKOM  3aJlayd ¥  IUIAHUPOBAHMSI  SKCIEPUMEHTA,  MCIOJb30BAaHUEM
M3MEPUTENIbHBIX MPUOOPOB, UMEIOIIUX TPeOyeMblil YPOBEHb TOYHOCTH B JIMANa30HE
u3MepsieMbix BeluyuH. OOpaboTKa pe3yibTaTOB BBHINOJHEHA C HCIHOJb30BaHUEM
CTaHAAPTHBIX METOJAUK, OCHOBAaHHBIX Ha 3aKOHOMEPHOCTSIX TEMIOMAacCOOOMEHa.

Ha 3amuTy BbIHOCHATCSH:

— pe3yibTaTbl TEOPETUYECKOTO U HKCHEPUMEHTAIBHOIO  HCCIICIOBAHMUS
KOHJCHCALIUM HACBIIIEHHOTO U MEPEerpeToro mnapa BHYTPU TPyO IpH pa3IuUHbBIX
cXemax JBHUKEHUS TEIJIOHOCUTENEN;

— METOJMKa pacyéra TeMIeparypbl IMEPErpeToro Iapa Ha BBIXOJE U3
TErI000MEHHOM TpyObI ¢ YU4ETOM NMEePEMEHHOCTH KO3 (UIlMeHTa TEIUIO0TJauM 1apa,
CBSI3aHHOM CO CHMKEHUEM CKOPOCTHU €ro JBUYKEHUS 110 MEPE KOHJICHCALIUU B TPYyOE;

— METOJIMKA OIEHKH COOTHOIIECHHSI TOTEpPh JABJIEHUS KOHACHCHPYIOLIEroCs
napa B KOHAEHcaTope MpH MPSIMOTOKE, IPOTUBOTOKE U IEPEKPECTHOM TOKE.

JInyHbIil BKJIAA aBTOpPAa. ABTOp JIMYHO y4YacTBOBaJ B IIOCTAHOBKE 3a/1ad U
IUTAHUPOBAaHUM SKCIIEPUMEHTa, ObUI 3aJelCTBOBAH HAa BCEX JTamax CoO3JaHMs
DKCIIEPUMEHTAJIBHOTO  CTEH/A, CaMOCTOSTEIbHO  IMPOBOJAWI  SKCIEPHUMEHTHI,
OCYILECTBIISUT U3MEPEHHS U 00pabOTKy pe3ylbTaTOB U3MEPEHUHN, MIPUHUMAIT ydacTHe
B pa3pabOTKe METOJUKU pacyéra TemrepaTypbl MEeperperoro mnapa Ha BBIXOJE W3
TEMJI000MEHHON TPyObl C YYETOM MEPEMEHHOCTH KO3 (ULIMEHTa TEIJIO0TAAuH Mapa

U MCTOAWKHN OLICHKHW COOTHOIICHUA IIOTCPb MAABJICHUA IIPpW PA3JIMYHBIX CXEMaX
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IBWKEHUS TerioHocuTened. JIMUHO MpoBOAMI aHaiu3 U 000OIleHUE Pe3yNbTaToB
YUCJIIEHHOTO pacy€Ta U SKCIEPUMEHTAIbHBIX UCCIIEOBAaHUMH.

Amnpodanusi padotbl. OCHOBHBIE PE3yJIbTaThl JUCCEPTALMOHHON PabOTHI 10-
KIaAblBaIuCh W oOcyxaanuck Ha: Ilectoii Poccuiickoit  HalMOHAIBHOM
koHpepennun 1o Ttemwiooomeny (PHKT-6) (Mocka, MOBOU, 2014), XIll
Bcepoccuiickoii [1Ikose-koHpEpeHIIUU ¢ MEXTyHAPOIHBIM Y4acTUEM «AKTyaabHbIE
BOIPOCHI TeIIOGU3uKN U (puznueckoit rugporazoauHaMukun» (HoBocubupck, UTD
CO PAH 2014), Bcepoccuiickoli HaydHO-TeXHUYeCKOW KoH(pepeHuuu «Haykoémkue
TEXHOJIOTMM B MPUOOPO- W MAIIMHOCTPOCHHUH M Pa3BUTHE HWHHOBAIIMOHHOM
nestenbHocT B By3e» (Kamyra, K& MI'TY, 2015), | Bcepoccuiickoii HaydHO
koHbpepennun «Temmodpusnka u ¢usndeckas ruapoauHamuka» (Snra, 2016),
HO6uneiinoit  kondepennmu  HanwmonampHoro Komwmrera PAH mo  temo-
1 MaccooOMeny «DyHIaMeHTaIbHbIE U MIPUKIIATHBIE TPOOIEMBI TEIJIOMACCOOOMEHaY
u XXI Illkone-cemuHape MOJIOABIX YYEHBIX M CHELUAIKMCTOB IOJA PYKOBOJCTBOM
akagemuka PAH A.U. JleonTtheBa «IIpobiieMbl ra30JMHaMUKHA U TEIJIOMAacCOOOMEHa
B JHepretmueckux  ycraHoBkax»  (Camkt-IlerepOypr,  CIIOITY,  2017),
Bcepoccuiickoli  koH(epeHIIMH ¢ JJIEMEHTaMH IMKOJBI JUISI MOJIOJBIX YYEHBIX
«XXXIV  Cubupckuii Tternodu3nueckuidi ceMUHap, TMOCBAIIECHHBIA 85-1eTuio
axkanemuka A.K. Pe6poBa» (HoBocubupck, 2018).

IMyoaukannu. [lo pesynbratam NpOBEJEHHBIX HMCCIEIOBAHUN OIYyOJIMKOBAHO
S crared B BEAYLIMX PELUEH3HPYEMBIX HAyUHBIX XypHajax, pekoMeHAoBaHHbIX BAK
P® no nanpasnenuto 05.04.12.

Crpykrypa u 00bém auccepranum. /uccepranusi COCTOUT U3 BBEIACHUS, MATH
TJIaB, 3aKII0YCHUS U Oubmuorpaduyueckoro cnucka u3 79 nanmeHoBanuii. E€ oOmmit

00bEM coctaBisier 109 crpanuil, BKItodast 26 pUCYHKOB U 4 TaOJIHIIBI.

OCHOBHOE COIEP XAHUE PABOTbI

Bo BBeeHuM 000CHOBaHa aKTyaJIbHOCTh TEMbI, CPOPMYIIUPOBAHBI LIEIb U 3a-
a4y paboThl, OTMEUEHbI HAy4YHasi HOBU3HA, MPAKTUYECKasi 3HAYMMOCTh MOJIYYEHHBIX
pEe3yJIbTaTOB U aHHOTUPOBAHBI OCHOBHBIE MOJIOKEHUS, BRIHOCUMbIE Ha 3aIUTY.

B nmnepBod rJjlaBe pPacCMOTPEHBl W  NPOAHAIU3UPOBAHBI.  MEXAHU3MBI
KOH/JICHCAIIMU HETIOJBH>KHOTO Tapa; BIMSHUE CKOPOCTH IBUKEHUS Mapa Ha BEJINYUHY

TCIIIIOOTAa4YHN Ipu KOHACHCAIUH, 0COOEHHOCTH KOHACHCalu1 mapa nus3



MapOBO3IYIITHOW CMECH; PEeXUMBI TeUCHHsI ABYX(a3HbIX cpel ¢ (a30BbIM MEPEX0I0M
(KOHJIEHCUPYIOIIHNICS Map) B BEPTHKAIbHBIX M HAKJIOHHBIX TpyOax; 0cOOEHHOCTH
pacuéra noTepb JaBJICHUS NpPU ABMKEHUH KOHIAEHCHPYIOIIErocs rapa BHYTpH TpyO.
[Toka3aHo, 4TO, HECMOTPSI HA OCHOBATEIbHYIO MPOPAOOTKY BONPOCOB KOHACHCALIMU
YUCTOIO Mapa, OTCYTCTBYIOT MCCIIEJOBAHMS BIMSHUS CXEMBbl OXJIAXAECHHUS BOJSHOTO
rapa Ha IpoLecc ero KonaeHcauu. [locrapieHsl 3aa4n HCCAEqOBaHUS:

— pacy€éTHOE  COOTHOLIEHHME  BEJIMYMHBI  IOTEPh  JABJIEHUS  Iapa,
KOHJCHCHUPYIOILIETOCSd B OXJXKIAEMOW TpyOe MpU Pa3IMYHBIX CXEMax JIBUKCHUS
TEIIOHOCUTETIEH;

— pacu€THas OLICHKa BIJIMSHUS TEMIIEpaTypbl IEperpeBa mapa Ha BXOAE B
TEII000MEHHYI0 TpyOy Ha TeMIlepaTypy IeperpeBa mapa Ha BBIXOJE U3 TPYOBI C
y4éTOM MEpEeMEHHOCTH Kod(p(uUIMEHTa TEIUIOOTAAuM I[apa, CBS3aHHOW €O
CHIDKEHHEM CKOPOCTH €To JBMKEHHS 110 Mepe KOHICHCalluu B TpyOe;

— DKCHEPHUMEHTAIbHOE OIPENEICHUE BEIUYMHBI TUAPABIMYECKUX TMOTEPh
MEPErpETOr0 M HACBIIEHHOTO Iapa, KOHJEHCHUPYIOIIErOCs BHYTPU OXJIAKIAEMOM
TpyObl TpU TPSIMOTOYHOM M NPOTHMBOTOYHOM CXE€Max JBIXKEHUS Iapa W
OXJIQXKIaI0IIeH BOIBI;

— DKCHEPHUMEHTAIbHOE OIpE/IE/ICHUE BEJIMYMHBI NIEPETpeBa Mapa Ha BBIXOJE U3
TErI000MEHHOM TPYOBI P pa3TUYHBIX 3HAUYEHUSIX MIeperpena mapa Ha BXo/1€ B HeE;

— aHaJM3 MOJYYEHHBIX JAHHBIX U CPABHEHHE PE3YyJIbTaTOB IKCIIEPUMEHTAIBHBIX
UCCIIEIOBAHUM € pe3yJibTaTaMH pacuéra;

— pa3paboTka peKOMEeHAAlUN MO pacdyEéTy MOTEeph AABICHUS MPH KOHICHCAIH
napa BHyTPU BEPTUKAIbHbBIX U HAKJIOHHBIX TPYO.

Bropas riaBa 1DoCBSIEHA TEOPETUYECKMM HCCIEJOBAaHUSAM  Ipollecca
KOH/IEHCAllUU IIEPErPEeTOro U HACKIILIEHHOTO Mapa B HAKIIOHHOW OXJIaXK1aeMOU Tpyoe.

Cuuraercs, UYTO CcXemMa JBWKEHHS  TEIUIOHOCUTENeW  (IpsMOTOYHas,
IPOTUBOTOYHAsI, MEPEKPECTHBIH TOK) HE BIMSET HA PACUYETHYIO TEMIIEpPaTypHYIO
pa3HOCTb M pa3Mephl TMOBEPXHOCTH TEIJIOOOMEHHOro ammapara. JlaHHoe
YTBEPXKACHHUE CIIPABEAJIUBO, €CIHM TEIUIOTHAPABIMYECKHUE MPOIECChl 00eCneUnBarOT
IOCTOSTHCTBO KO3((ULIMEHTa TEIJIONEpeaayu MO BCEH MOBEPXHOCTH TEIIOOOMEHA.
B pamkax naHHO# pabOThI paccMaTpyUBalIach CIAEAYIONIAas MaTeMaTHUYECKask MOJIEIb.

[lap noctymaer B oOxJlaxaaeMyr0 TpyOy CO CKOPOCTBIO, OIpeaeasieMon

YCIIOBUSAMH TETUI0OOMeHa (pUCYHOK 1).



G - pacxon mapa; 3 — Temmeparypa meperpeBa; t — Temmeparypa mnapa; Q — TemIochEM
(TeTuIoBast MOIIHOCTB); ts — TEMIIEpAaTypa HACBIIMICHHS Ha BXOJIE B TPYOY; HHACKCHI ITPU BEIMYNHAX:
1 — na Bxoze B TpyOy; 2 — Ha BBIXOJIE U3 HeE

Pucynoxk 1 — Cxema KOHICHCAIIMK Tapa B HAKJIOHHOW OXJIaXK1aeMon Tpyoe

JIns nanpHENIuMX pacy€ToB B COOTBETCTBUM C PUC. | MpUMEM JOMYIIEHHE, YTO

M3MEHEHHE pacxoia napa G 1o Mepe KOHIECHCAIUH OMHCHIBACTCS BBIPAKEHHEM:
m
G=£=(1—£) +x (1)
Gy Fy

rae Fy, F — nonHas 1mioma s NOBEpXHOCTH KOHJIEHCAIMM B TpyOe M MpoieHHas €€
yacTh Npu JBWkeHMU napa; F/F, = F, M — mokasareib CTEHNEHH, YYUTHIBAIOIIMIA
XapakTep YMEHBUIEHMsI pacxoja mapa npu ero konaeHcauuu; G — pacxon mapa B
TpyOe MpH KOHICHCAlUU. B 3aBUCMMOCTH OT YCIOBUN OXJIaXACHUS TPYObI pacxo
rmapa mo €€ IJIMHE MOXET M3MEHAThCS mo-pasHomy. K mpumepy, B BO3QyLIHO-
KOHJEeHCAMOHHBIX ycTaHoBKax (BKY) koadduiuenT Temnonepeaaun npakTHYeCKH
HE 3aBUCUT OT TEIUIOOTAAYU CO CTOPOHBI KOHJIEHCUPYIOLIETOCS Mapa U MOXKET ObITh
NPUHST PaBHBIM I10 BCe unHE TPYObl. B aTOM ciydae 3aBucumoctsb pacxona G ot |
Oyner Oau3ka K TuHeHHoH (M=1).

B mnpouecce ananuza KOPpEeKTHOCTH MPUHSATOTO JOMYUICHHUS ObUIM MOTYYEeHbI
YpaBHEHUS pacxoja JUIsl NpsIMOTOKa (2) U MpOoTUBOTOKA (3).

kF, =
Fo1 1—€xp<_WOF> —(1—F)kF0_ )
=1-— (kF()) exp W ; (2)
1—exp W
) 1—exp<—k—ml;bﬁ>
G=1- ; (3)

kF, ’
1—exp |2
P\w
tne W = CoxnGoxns Coxnr Goxn — YACTBHAS TEMJIOEMKOCTh M PACXO]l OXJIAKAAIOIIEH

Cpenpl.



Bun stux 3aBucMMOCTEN NpUBENEH Ha PUCYHKe 2. 31eCh kKe H300pa)KeHbI
KpUBbIE, alIPOKCUMUPYIOIIME 3TH 3aBUCHUMOCTH MO ypaBHeHUo (1) mpu X=0. Ux
pasnuuue o G He npesbimaet 8 %.

G

0

Pucynok 2 — ComocraBnenue 3HaueHmi G, paccuntaHHbXx 1o dopmymnam (1), (2), (3):
1 — IpoTHBOTOK; 2 — MPAMOTOK; INTPUXOBbIe THHUHU — (1); crutornHbie tuauu — (2), (3)

Ha pucynke 3 npuBeneHsl rpaduku A5l ONpeaeIeHNs oKa3aTels CTeeHn M B
ypaBHeHun (1), 3HaueHWEe KOTOPOrO PACCUMTAHO M3 YCIOBHUS PABEHCTBA
NeHCTBUTENBHBIX 3HaueHnii G B ypaBHeHusX (2) u (3) ¥ anmpOKCHMUPOBAHO MPH
F =0,5. MoXHO OTMETMTh, 4YTO i BapuaHta 3aBucumoctu G = f(F) nns
NpPOTUBOTOKa B ypaBHeHHMH (1) m<l, a mia mpsmoroka M>1. Ilpu Oombmux
3HaueHusix W oxmaxjamomieil cpenbl (B YAaCTHOCTH, KOTJA  OXJIaXICHUE
OCYUIIECTBIISICTCS KUIISIIUM areHTOM WJIM MOIIHBIM MOMEPEYHBIM MMOTOKOM BO3/1yXa B
BKY) m=1 wu pacxom mapa JMHEHHO YMEHbBIIAETCA TMPU €ro JBIXKEHUH H
KOHJIEHCAIIUU B TpyOe.

N3 ypauenuit (2) u (3) u pucynka 1 ciemyeT, 4TO MOTEPH NABICHUS TPHU
KOHJICHCAIIMU Mapa Takke OyAyT pa3iau4yHbIMHU JUIsl MPSMOTOKA M MPOTUBOTOKA. B
YaCTHOCTU, MOYKHO YTBEpXJaTh, YTO, MOCKOJIbKY TEMIl CHUKEHHUS pacxoja MpH
NPSIMOTOKE B Hauajie TPyObl BbIIIE, YEM MPU MPOTUBOTOKE, MOTEPU JABICHUS OYyIyT
MEHbIIIE.



m

| |
0 1.0 20 kF,
W

KF,
Pucynok 3 — 3aBHCHMOCTH MOKa3aTels creneHM M B ypasHeHuu (1) or mapamerpa —.
1 — npsMOTOK; 2 — IPOTUBOTOK

Ecau HpeHe6pe% HU3MCHCHHUECM IIJIOTHOCTH I1apa U IPEAIIOJI0KNUTh, YTO IIOTCPHU
AAaBJICHUS OT BA3KOI'O TPCHUA IIPpW KOHACHCALMK IIPOINOPIHHOHAJIBHBI KBaJpaTy

CKOPOCTH M, CJIEJOBATEIbHO, pacxoja, TO M3MEHEHHE NaBIICHUS MO JJIWHE TPYOBI
MOKHO MPEACTaBUTH KaKk
2
§ pw
dp = 27—l 4)
d 2
IJIe p — IUIOTHOCTH Napa; ¢ — K03 HUIMEHT MTOTEPh HA TPEHUE.

N3menenunem ¢ Ha MaHHOM cTaauu pacu€ToB npeHeOperaeM. Jlanee mpoussenem
3aMEHY

. w G _
YT
J1s1 TPYOBI JUTMHOM [ € TIIOIIaAbIO TOBEPXHOCTH Fy HalIEM
_ dl dF _
dl_E_F_o_dF, 5)
U ypaBHeHue (2.15) 3anumem B BUae
2
dp = 5%"’)“2’1 w2dF, (6)
lo pwy?
rae & T, = Ap, — motepu AaBICHUS OT BS3KOIO TPEHUS IPU OTCYTCTBUU

KOHJICHCAIUU B TPyOe IITUHOM L.
C yuérom ypaBHeHus (2.6)
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_dp - 5 15
dp=—=[(1—-F)™+ x]“dF
Apo
¥ Iocie MHTerpupoBaHus B peaenax F (0,1) momydnm
2x
dp = + + x? (7)
P=om+1 " m+1

Bropas du3nyeckas MoJelb, KOTOPYIO MOXKHO IMPUMEHHTb B JAHHOH CHUTYaIuH
— TIOTeps. UMITYJIbCA MPOJOILHOTO (OCEBOr0) JBIKEHHS M3-3a IIOIEPEYHOro IOTOKA

rapa py KOHJICHCALUU.
CormacHo ananorun JleontseBa-lllekpunan3ze, W3MEHEHHE JABIEHUS IPH
KOHJICHCAIlMU JBWKYLIEr0Cs Iapa MOKHO IPEICTABUTh YPABHEHUEM
pw?\ dF o
2 'S’ )

2
rac KOG)(b(I)I/IHI/ICHT TPCHUA Cf = %, g, ' — IJIOTHOCTH TCILUIOBOI'O MOTOKA M TEIJIOTa
w

dazoBoro nepexopa; dF = nd - dl — nmuddepennman moBepXHOCTH TPEHUS B TpyOe

d? o
ceuenneM S = ——. [IpeneOperas M3MCHEHHEM AMAMETPA, CBA3AHHBIM C TONIIUHOM

TUIEHKH KOHJIEHCaTa, TTOCIIe TIOJICTAHOBOK M TIPe0Opa3oBaHuil MOTYINM:
2q\ 2wyly _ -
dp = <_) wdl, )
r
notepu JaaBicHus Ha juHe | = 1 onpenenensl uaTerpupoBanreM (9) ¢ yuérom (1):

q\ Wolo 1
_2(2 10
Ap =4 (r) d (m +1 + x) (10)

Ilpu kFy/W =1 u x =0 pacu€THble NMOTEpU JIABICHHUS IMPHU MPOTHBOTOKE
OoJbIe, yem npu npsaMoToke B 1,41 paza mpu pacuére 1o KBagpaTuyHOW MOJEIHU U B
1,2 pa3a npu pacuére 1o MOAEIHN NOTEPU UMIYJIbCA.

3aBUCUMOCTh OTHOLUEHUS IMOTEPh AABICHUS KOHJAEHCUPYIOLIErocs Iapa IpH

kF, .
IIPSIMOTOKE U IPOTUBOTOKE OT ITapaMeTpa WO JUISl IBYX BBIIICOITMCAHHBIX PACUYETHBIX

MojieNiel Tpe/icTaBlieHa Ha PUCYHKeE 4.

:’.":.Pnpﬁr |
f_\.]anu.\l
1.4
1,3
1.2
1.1
1 ,0 } } } } } -
0 0,5 o W
Pucynok 4 — CooTHoOIIEHHE TOTEPH AABICHUS KOHACHCHUPYIOIIETOCA Mapa MpHu NpsIMOTOKE U
npotuBoToke: | — pacuér o (7), Il — pacuér no (10)
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N3menenue temneparypsl neperpesa paccuntano C.C. Kyrarenanze. UM 6b110

MOJIy4eHO COOTHOIIEHUE I pacuéTa u3meHeHus ¥ = t — tg B BUJE 3aBUCUMOCTH
9, aF
5= (~g)

rae a — KodGUIMEHT TEIJIO0T/Aauu OT IEPEerpeToro mapa K i€HKe KOHeHcaTa.

Pacuér BBIOJNIHEH MpW yCIOBUM & = CONSt, 4TO HA MPAKTUKE PEaM30BaTh
HEBO3MOXKHO H3-32 W3MEHEHHUs CKOPOCTH IBW)XCHHS Tapa NpPHU €ro KOHJEHCAIIWH,
CYIIECTBEHHO BIUSIONICH Ha U3MEHEHUE TeMIIepaTyphl Tieperpesa mapa.
Jyist mpoBeieHUs JaTbHEUIIINX BEIYUCICHUN CCIAaHbl CIEAYIONNE JOMYIICHUS.
Kosddumuent temmootnaum CBs3aH €O CKOPOCThIO (M pacxoaoMm) Tmapa
COOTHONICHHEM
n
a=a, <£> = a,G",
Gy
rae @y — kodhUIMEHT TerIooTna4u OT IMEpPEerpeToro mapa K IUIeHKe Oe3

W3MEHEHUS €r0 arperaTHOro COCTOSIHHS Ha BXOJIE B TPyOy; N — IMMOKa3aTellb CTCIICHH B
dbopmynax Nu~Re™ Nu~Pe™. B IIPOKOM JuanazoHe PEXKUMOB
CTaOWJIM3UPOBAHHOTO TEUCHUS MMOKA3aTeNb N u3MeHsercs B npenenax 0.6-0.8.
Bausitauem QGopMbl W TONIIMHBI TUICHKM KOHJICHCATa Ha MapaMeTpsl
TEII000OMEHa MOXHO TpeHeOpeub. Toraa u3MeHeHHe TeMIIepaTyphl Meperpesa napa
B TpyOe OMUCHIBACTCS YpaBHEHUEM
a9dF  ayG"9dF  a,G"

—dd = = =JdF
cG cG cG,G (11)
agky - . _
= ——9G" 1dF.
cGq
Hanee, noacrasnss (1) B (11), nonyyaem
_ I _ 2oFor iy _ Fym 4 x-1aF
9 Gy '

3HaK «MUHYC» BBEJIEH, YTOOBI 0003HAYUTH CHIKEHHE TEMIIepaTyphl apa rnpu
JIBUYKEHUU €ro B TpyOe.
[Ipu wuHTErpUpOBaHMM YpaBHEHHMs B Tpeleinax oOT BXoaa B TpyOy

(9 =9, F = 0) no Beixona u3 vee (9 = 9,, F = 1) nonyunm
F
In— = 1—F)™+ x]""1dF. 12
ngt =2 [[-Fym 4y 12
0

Nurerpan (12) nerko pemraercst ajist motHONW KoHAeHcanuu mpu x = 0. B aTom
ciryvae

Uy { aoFo }
9, TPU G mmn—1) + 1)
Hanpumep, mns m = 1 (nuHeliHas 3aBUCUMOCTh pacxojia mapa OT JJIHMHBI

TpyOBbI)

(13)

12



(14)

agFy 1
5= (26, w)
JUtst yacTUYHOM KOHJEeHcauuu npu X > 0 U JIMHEHHOW 3aBUCHMOCTH pacxojaa
(m = 1) nony4nM UICHTUYHOE YPaBHECHUE
I, ayF, 1
9, P cG; n(1+ x)]'
Pesynbrathl pacuéroB o ypaBaeHusM (13) — (15) cymecTBeHHO OTIIMYAIOTCS OT
JaHHBIX, OJy4eHHbIX KyTarenanse.
J111s 0000111eHUS SKCIEPUMEHTATbHBIX TAaHHBIX, IPEACTABICHHBIX B riase 4,

HCIIOJIB30BaJIaCh 3aBUCHUMOCTD

(15)

U, ( aF )
191 a f COXJIGOXJIM ,
rnieM =m(n—1)+ 1.

B Tperbeii riaBe npeCTaBICHO OMHUCAHUE HKCIEPUMEHTAIbHBIX YCTAHOBOK U
METOJIMKH MTPOBEICHUS IKCIIEPUMEHTA.

B xome nmpoBemeHus — AOKCHEPUMEHTANbHBIX — HCCIIENOBAaHUM  mpolecca
KOHJIeHCauu BHYTpH MakeroB BK Obul0 BBISIBIEHO HECOOTBETCTBHE MEXITY
pacu€THOM BEJIMYMHOM MOTEPh JaBJIEHUS Ha TEIIIOOOMEHHBIX TPyOax U e€ pealbHbIM
u3MepeHHbIM 3HadeHneMm. Cxema ogHoxonoBoro Makera BK u ero temiooOMeHnHoro
MOAYJISl IPEICTAaBIIEHAa HA PUCYHKE O.

BpIX0o1 X0/10IHOTO
BO3IyXa

JIeHcaTa
X0J101HbIH
=

a) BO3IYX 0)

tcoc [IBC

Pucynok 5 — Cxema ogHoxomoBoro maketa BK (a) u ero remmooomernHoro moayis (6) ¢
ycTaHoBJIeHHBIM U-00pa3HbIM Tru(MaHOMETPOM

s Tpéx pexumoB padotsl BK, xapaktepusyrommxcsi pa3Iu4HbIMU pacxo1aMu
mapa Ha BXOJIe B TEIUIOOOMEHHBIE TPYOKH, OBLIM BBIIIOJHEHBI HM3MEPEHUS MpH
nomout  U-o0pa3HOro  MaHOMETpa,  YCTAHOBJIEHHOIO  COIVIACHO  CXEME,
MPEJICTaBIICHHOM Ha PUCYHKE O.
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s stux pexxumoB padotsl BK Takxke Obul mpousBeaéH pacuéT Mo M3BECTHOU
METO/IMKE.

CornocTaBieHre U3MEPEHHBIX U PACUETHBIX 3HAYEHUU MOTEPb NABIEHUS IS
HECKOJIBKHUX PACXO0JIOB Iapa MoKa3ajo UX HECOOTBETCTBHE, YTO HMCTOPUYECKH J1aJio
MMITYJIbC K IPOBEJICHUIO 3TOTO UCCIEAOBAHMS.

bbL10 cenaHo mpeanoyioKEeHUe O TOM, YTO UMEIOT MECTO Pa3InyHbIE YCIOBHS
OXJIQXK/ICHUSI B HIDKHEW M BEpXHEl 00JacTsAX TEMI00OMEHHBIX TPyO, BO3HUKAIOIIHE
BCJICJICTBUE HEPAaBHOMEPHOCTH TMOJS TEMIEpATyp OXJIKIAIOUEro BO3AyXa IO
BbICOTE TpyOHOro myuka. J[ns oTpa®oTku 3TOM BepcuM OBLJIO MPHUHSATO pELICHHE
MIOCTaBUTh OCTPBIA 3KCIEPUMEHT, B KOTOPOM BMECTO HEPEKPECTHOrO TOKA
paccMaTpuBaics Obl IPSIMOTOK U MMPOTHUBOTOK.

CxeMa »HKCIIEpUMEHTAJIbHOM YCTAaHOBKM TMpejcTaBieHa Ha pucynke 6. K
KOHJIEHCATOpy TUIa «TpyOa B TpyOe» Mmoma€rcs BOASHOW map OT 3IEKTPUYECKOro
naporeHepatopa. [lap KoHACHCHpYETCS B TEIUIOOOMEHHOW TpyOe ¢ BHYTPCHHHUM
auaMeTpoM 21 MM, TOJNIIMMHOM CTEHKM 2 MM M OOIIed IJuHOM 2,5 M H3 cTalu
12X18HI10T, ycranosienHo# oy yriiom 60° Kk TOpU30HTY.

Pasmepsl u HakimoH TpyOBl, TakXKe pacxo] mapa Ha HeE BBHIOMPATUCH B
COOTBETCTBHUH C MapaMeTpaMy MaKeTOB BO3YIIHOTO KOHIeHcaTopa. TemnmoooMeHHast
TpyOa 1 Ha jmHe 2,3 M OXJIaXKAaeTcsl ¢ BHEIIHENH CTOPOHBI BOOM, MPOTEKAIOUIEH B
KOJIBIEBOM 3a30pe. HapyxkHas ctanbHas TpyOa 2 uMeeT BHYTpEHHUHN nuaMeTrp 28 MM
Y TOJIIMHY CT€HKH 2 MM. Pacxoz oxnaxmaromieil Boasl Haxoawics B npegenax 0,04-
0,16 kr/c. Ha BbIxome wu3 TEIOOOMEHHONW TpPyObl YCTAaHOBJEH MPO3PAUHBIA
KOHJIEHCATOCOOPHHK U3 OPICTEKIIa (HUKHUK KOJUIEKTOp 3) M CTeKJIsiHHas TpyOa 4, 1o
KOTOpO KOHAEHcaT ciuBaercs B 0ak cOopa koHuaeHcara 5. TemmepaTypa mapa Ha
BXOJI¢ B TeriooOMeHHy10 TpyOy Ha 10-40°C mpeBbImiana TeMrepaTypy HaCHIIICHUS.
[Ipu 3akpeITUM JAHMHUM chUBa B 0ak cOopa KOHAEHcaTa 5 CTEKIsiHHAas TpyOka 4 u
KOHJIEHCATOCOOPHHUK 3 TMOCJEI0BaTEIbHO 3aloJIHAIUCh KoHAeHcaToM. [Ipu »ToM
U3MEpSJICS PAcXoJi KOHJIEHCAaTa METOJOM PETUCTpAll BPEMEHHU 3aroJHEHUS UM
3apaHee MPOTAPUPOBAaHHBIX O0O0BEMOB. Paspexkenue B TemI00OMEHHOUW TpyoOe
CO37aBajoCch 3a CYET KOHACHCAIMM TMapa M MOJAEPKUBAIOCH C IOMOIIBIO
BOJOCTPYWHOr0 3kKekTtopa 9, orcaceiBatouiero mnapoo3ayiinyio cmech ([IBC) u3
KoHJIeHcaTocOopHUKa 3 u 6aka cOopa KOHIIeHcaTa 5.

[Tpu mepexpoitun muann otcoca [IBC u xoHmeHcaTa 3 KOHAEHCATOCOOPHUKA,
pacxoj; mapa Ha BXojJie B TpyOy CTAaHOBWJICS pPaBHBIM pacXojly KOHJIEHCaTa Ha €€
BbIXOoJie. Pacxon mapa, MOCTyHaromero Ha KOHACHCAIMIO, KOHTPOJUPOBAJICS C
MIOMOILIBIO PACcX0JOMEpHOro comia 14, kotopoe ObUIO 3apaHee MPOTAPUPOBAHO IO
pacxoay konjaeHcaTa Ha pexumax 0e3 otrcoca [IBC. Ilpu otkpsiTtom otcoce IIBC
pa3HOCTh B pacxojax Iapa M KOHJIEHCaTa, pacCUMTaHHas MO0 HAarpeBy BOAbI (T.€. IO
TEIUTy), OTBOJMMOM B BOJOCTPYMHBIM 3KEKTOpP, MO3BOJSAET ONPEAEIUTh PACXOIHOE
MacCcoBO€E MapoCoIepKaHUE CPEJIbl HA BBIXOJIE U3 TPYOBI X5 .
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C wenwro pasznensHoro usmepenus temmnepatyp [IBC n koHIeHcaTa Ha BBIXOJE
U3 TEIJI000MEHHOU TpyObl, BHYTpU HEE OBIJIO YCTAHOBJICHO MPEIMSITCTBHE BHICOTOM
10,5 MM (pucyHOK 7).

Jist  ompeneneHuss  BIUSHUSA ~ CXEMbl JABUKEHUS  TEIUIOHOCHTENIeW Ha
TUIPABINYECKOE COMPOTUBIICHUE U TEIJIOOTAAUy EPErPETOro U HACKIILIEHHOTO Mapa,
CTeH] ObLI 00OpYyIOBaH Y3JIOM, TO3BOJISIFOIIUM OCYIIeCTBIATH ObicTpoe (0,5-1 c)
MIEPEKIIIOUYECHUE HAIIPaBJICHUS JBHKEHUS OXJIAKIAIOLIEH BOJBI C MPOTUBOTOKA Ha
MPSIMOTOK M OOPATHO C COXpaHEHUEM HEM3MEHHBIMU PAcXO0B Mapa U BOAbI.

Temneparypsl mnapa, KOHAEHCaTa W OXJKJAIOMIEH BOABI HU3MEPSIIHNCH
OTKaIMOpPOBAaHHBIMU COBMECTHO CO BTOPHYHBIM MPUOOPOM XPOMEIb-KONEIEBBIMU
tepMmonapamu. KanuOpoBka oCyIIecTBIsJIach C HCIMOJIB30BAHHEM J1a00OpaTOPHOTO
pTyTHOTO TepMomeTpa ¢ 1ieHou aenenus 0,1°C.

Jist u3MepeHusl TeMIlepaTypbl KOHJIEHCAaTa MCIOJb30BaJlaCh TEPMOIIapa,
MOTPYKEHHAs B KOHAEHCAT, MEPETEKAOINN yepe3 npenarcreue Boicotor 10,5 Mm Ha
HIKHEH oOpa3yromieil TpyObl. TemmepaTypa mapa Ha BBIXOJE U3 TEMIO0OMEHHOM
TpyObl M3MEpSIach MPHU MOMOIIM TePMOMapbl, YyBCTBUTEIbHBINH y4aCTOK KOTOPOIl
ObUT pa3Meli€éH BAOJb OCH TpyObl M HampasiieH HaBcTpeuy notoky [IBC. Taxxke
temnepatypa [IBC ¢ukcupoBanacs TepMoriapoii, pasMenieHHoi B TpyOe, uayuien ot
HUKHETO KOJUIEKTOPA K 3KEKTOPY.

1 — meperpeTslii Tap B CMECH € BO3JTyXOM; 2 — KOHJICHCAT
Pucynok 7 — Cxema y3na uzmepenus remnepatypsl [IBC u koHeHCcaTa Ha BBIXO/E U3
TETJI000MEHHOHN TPYOBI

TeruoBoii Gatanc, ompenensieMblid 110 HATPEBY OXJIAXKIAIOIICH BOJIBI, COBIAIAT
C OmpeneNseMblM MO TEIUIOTE, BBIACISIEMON TPU OXJAKIACHUM U  IOJTHOU
KOH/JICHCAIUU Tapa ¢ TOYHOCThIO +5%.

Kpome Toro, B cpemHeM mo Xoay Mapa ceuyeHUU TpyObl (HaxonsmeMmMcs Ha
PaBHBIX PACCTOSIHUSIX OT HIJKHETO WM BEPXHEr0 KOJUJIEKTOPOB) OblIa pa3MmenieHa
noJBrkHast Tepmornapa [ 10, mo3Bossitomas GUKCUpoBaTh IoJIe TEMIepaTyp mnapa u
KOH/JIEHCATa B TIOTICPEYHOM CEUYCHUH TPYOHI.
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Ha ycranoBuBIIEMCS peXMME TEUECHHSI Mapa U KOHJEHCATa YyBCTBUTEIIbHBIM
crail TaHHOW TepMOMaphl OCIEIOBATEHHO TIEPEMENIAIICS OT BEPXHEW 00pa3yromiei
napoBoil TpyObl MO0 HWXKHEH ¢ marom 2 mMMm. B kaxnoMm monoxeHuH Tepmorapa
Haxogunack 30-60 cexkyna. Omnpoc AaTYMKOB Mpou3Boawics ¢ yactoror 1 I,
JAHHBIE 3aMKUCHIBAIUCh B BUJE TAOMUIBI B KOMIIBIOTEP. 3aTeM IIOKa3aHUsl BCEX
JATYUKOB YCPETHSIINUCH 32 JAHHBINA TPOMEKYTOK BPEMEHH.

Pacxon meperperoro mapa ompeiensuics Mo TeMmrepaType W JaBICHUIO NEepen
COIUIOM CO CBEPXKPUTHUYECKUM MEPENAIOM TABICHUN.

Pacxoapl kOHIEHCaTa M OXJIaXAAIOIIEd BOABI ONPEAEISUINCH C UCTI0JIb30BAHUEM
MEPHBIX EMKOCTEM M CEKyHJOMEepa Ha YCTaHOBUBIIEMCS PEXHUME pabOThl CTEHIA U
MIPY 3aKPHITHH KJlanaHa Ha TpyOe, BEIYIIEH K 33KEKTOPY.

AOCONIOTHBIC 3HAYEHUS MJABJICHWM B BEPXHEM U HIDKHEM KOJUIEKTOpax
AKCIIEPUMEHTAJILHOTO CTEHa ONPEeIeIIsIMCh Mpu oMoy gataukos ANP-10.

N3mepenne mepenanoB JaBICHUS Mapa MEXAY BEPXHUM W HUKHHUM
KOJUIEKTOPAMH OCYIIECTBISIIOCH Takke U-00pa3HbIM TH(PMaHOMETPOM.

st obecrneuenuss TouyHOCTH TmokazaHuii U-o00pasHbIX Au(MaHOMETPOB, Ha
JUHUSAX, COCIUHSAIOMMX JU(HMAHOMETPHl C KOJUICKTOpAaMH W 30HJOM, OBLIH
YCTAHOBJICHbI TPOMHUKHU, OOECIICUMBAIOIINE BO3MOXHOCTh MPOJYBKH ITHX JIUHUHU.
Cxema yCcTaHOBKH TU(PMAHOMETPOB € NMPOAYBKAMH IIPEACTaBIeHA Ha PUCYHKE O.

C nenpio omnpeaesieHns MOTeph MOJHOTO JIaBJIEHUS HAa BXOJE B TETUIOOOMEHHYIO
TpyOy OKCHEPUMEHTAILHOTO CTEHAA OBUIM TIPOBEIEHBI €r0 HCIBITAHUS C
MIPUMEHEHUEM 30H]1a 0TOOpa CTATUYECKOIO JIABJICHUSI Ha BXOJHOM y4YacTKe.

N3mepenust mpou3BOUINCh HA YCTaHOBUBIIEMCS pekume. PacctosiHue Mexy
OTBEpPCTHEM 30HJa W BXOJ0M B TpyOy coctasisio 0; 10; 20; 30; 40; 60; 75 mm.
N3MmepeHus nepenanoB cAeiaaHbl MPU BKIOYEHHOM KEKTOpE. 3alKCh MOKa3aHUI
MIPOU3BOJIMIIACH TPUAKIbl B KaXKIOM IOJIOKEHUM 30HAA C MHTEPBAIIOM 2 MHHYTHI,
MOCJIE YETO MOKa3aHUs YCPEHSIINCH.

CpenHekBaipaTUUeCKUe TMOTPEITHOCTH OMPEACIICHUS! OCHOBHBIX BEJIMYMH
YAOBJIETBOPUTEIBHBIE:

o pacxogaMm AG, < 1% ; AG, < 1%; AG, < 1%);

no temmeparypam <<1%:;

10 JaBJICHUSM — B nipenenax 1,5%;

1o nepemnany nasieHuid Ha U-o0pa3HoM qudmanomerpe — 10 1%;

Hebamanc reria 5%.

B 4erBeproil rJIaBe IIPEACTABICHBI PE3YyJbTATHl SKCIIEPUMEHTAIbHBIX
uccienoBanuii. Ha pucynke 8 npencrasien rpaduk Temneparyp napa U KOHAEHcaTa
B IIONIEPEYHOM CEYEHUU MapOBOil TPYObl B CPEAHEM MONEPEUHOM CEUECHUU TPYOBI 110
X0Jly JBIWKEHHS mapa. M3 JaHHOro puCyHKa XOpOIIO BUIHO, UYTO PEXKUM TECUCHUS
nByxGa3HON CMecH pacCliOeHHbIM ¢ 4€TkuM pazneneHueMm ¢a3. Ilpu sTom map
coxpansieT neperpes Ha 20+30 °C.

17



Pe3ynbTaThl HWCOBITAHUN 1O OMNPEACIICHUIO BEJIMYMHBI MEperpeBa mnapa Ha
BBIXO/I€ U3 TEIJI000OMEHHOM TpyObl HA pUCYyHKE 9.

HcnbiTanust mpoBeZieHbI Ha yCTaHOBKE MPU pacxojax mapa or 1 mo 6 r/c,
naBieHusix 3.6-19 klla u ckopoctu ero Ha Bxojae B Tpyoy a0 180 m/c. Temneparypa
neperpeBa mapa Ha Bxoae ¥; u3MeHsiack oT 20 g0 74°C 1o OTHOIICHHUIO K
TeMmrepaType HachIIICHUs, pacxoj] oxjaxaaromied Boasl — oT 64 nmo 300 r/c.
PeructpupoBanuch HeEOOXOAMMBIE TEIJIOBBIE IMMApaMETPhl, BKJIKOYAs TeMIEpaTypy
IIEPETPEBa HA BBIXOJE B LEHTpe TpyOwl ¥, = t, — t; M IOCIE NEPEMEINMBAHUA B

00IbIIOM 00BEME HA JIMHUM 0TCOCA K DKEKTOPY U, = toy — tg, Ta€ t,, — TemMmepaTypa
Ha BBIXOJIE B IIEHTPE TPYOHI; t.,, — TEMIIEpaTypa B CMEIIAaHHOM MOTOKE.

B, MM

20

15

10 -

Pucynox 8 — I'paduk TemriepaTyp B MonepeyHOM CEYCHUU TPYOHI :

pacxon mapa — 0,00175 xr/c; temmeparypa mapa Ha Bxoxe - 75°C; cpeaHee NaBJICHUE B
koHneHcarope — 6,8 klla; pacxon oxnaxnaromeit Boasl — 0,11 kr/c; Temmeparypa oxjakaaromiei
BOJBI Ha BXoje - 21°C; Temrieparypa oxJjaxaaronieit Boasl Ha Beixone - 29°C; 1 — mapoBas Tpyo0a,;
2 — BHeIHsAA TpyOa pyOaIku OXJTaKIeHUs, 3 — OXJIaXaaromnas Bojaa, 4 — nap, S — KoHaeHcaT

By, B, °C
50

0 25 50 75 ¥

Pucynok 9 — 3aBHCHMOCTB Neperpesa mapa Ha Beixoje u3 Tpyost 9, (1), 9, (2) oT neperpesa
Ha ee BXOJe

°C

12
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U3 pucyHka 9 clefyer, 4To 3aBUCUMOCTH U5, 9, OT ¥9; HE OMMCBHIBAIOTCS OHOM
o0oOmaroniei TMHNEH, SKCIIepUMEHTaIbHbIE TOUKH HMEIOT 3HAYUTENIbHBIN pazopoc.

IIpoBeneHbl JKCIEPUMEHTAIBHBIE MCCIENOBAaHUS IIpolecca KOHJAECHCALUU
HaCBILIEHHOT'O U IIEPErpeToro rnapa B HAKJIOHHOW OXJIaXK1aeMOU TpyoOe.

DKCIepUMEHTAIBHO HOJITBEPKICHO, 4TO oTepH JaBJICHUS
KOHJCHCHUPYIOILIETOCA TMapa IpH MPOTUBOTOKE BCErjga OOJbIIE TAKOBBIX MPH
npsimotoke. Ilpu 3ToM pa3HOCTH MOTEPH NaBIEHUS IPU NMPSMOTOKE U NMPOTUBOTOKE,
IIOJIy4Y€HHAsl B pe3ysbTaTax HKCIEPUMEHTOB, BapbUpoBanach B mpenenax or 150 o
1100 ITa.

OKCIepUMEHTAIbHO TOKa3aHO, 4YTO TpU KOHACHCALUM TMEPEerpeTbiil map
coxpanser neperpeB Ha 3+13°C Ha BbIXOJEe U3 TPYOBl MPH HAYaIbHOM IEPErpeBe
20+40°C, ecam mapocojnepkaHue Ha BbIxoje U3 TpyObl x>0. MwuHuManbHOE
pacxoJHOEe NapocoAep>kaHWe Ha BBIXOAE U3 TPYObl, MOJYYEHHOE B pe3yJbTaTe
3KCIIEpUMEHTOB, cocTaBmiio x=0,012.

B nsATOl riase npeacTaBieH aHAIN3 MOTYYEHHBIX Pe3yIbTaTOB TEOPETUUECKUX
Y SKCIIEPUMEHTAIbHBIX UCCIIEI0BAaHUM.

Ha pucynke 10 npuBeneHsl pe3ynbTaThl 00paOOTKH UCIBITAHUN IO U3MEPEHUIO
OTEPh JaBJICHUS KOHACHCUPYIOLIErocs B OXJaXJIaeMoW Tpybe mapa npu

MNPAMOTOYHON U MPOTUBOTOYHOU CXEMAX JIBUKECHUS TEIJIOHOCUTEIIEH B KOOPAUHATAX
ApnpOT

kF, o
S =f (70) C HCIOJIb30BAHUEM KBAIPAaTHYHOM MOJIEIH. 3IeCh K€ IPUBEIECHBI
Pupsm

ApnpOT _ _
pacuerHble 3HadyeHnss —— Ui X = 0.2 1 x = 0.3, 4T0 XapakTepHO IS OIbITa IO

Pupsm
06enM (HU3NIECKUM MOJCIISIM.

PesynbTaThl UWCHBITAaHWN  TOATBEPXKIAIOT, YTO TMOTEPH JABICHUS IPHU
KOHJICHCAIIMW B TPyOe MpU MPSIMOTOYHON CXEME OXJIAKIEHHUS BCETIa MEHBIIE, YeM
IpY TMPOTHBOTOYHOM, TMPH OJWHAKOBBIX IMapaMeTpax CHCTEM OXJIAXIACHHUS, YTO
TpeOyeT Oojee riay0OKOro aHaiaw3a. B 4acTHOCTH, MOYKHO YTOYHHTH COOTHOIICHUE
MEXy TOTEPSIMU JABJICHHSI OT BS3KOTO TPEHUS W TIOTEPSMH, CBSI3aHHBIMHU C
MOTIEPEYHBIM TIOTOKOM Tapa MpU KOHICHCAIIUH.

Apnpo“r Ik
AP npsaM |
1,4 + ) }
‘fm
1,3 + )
2y
1,2 t == =TT D
L1t == — | I
= —— " kF,
1:0- =T | I i | | + I | —
0 0.5 10 W
Pucynok 10 — CooTHoIlI€eHHE MOTEPh AABICHUS KOHICHCUPYIOIIErOCs Mapa Npu MPSIMOTOKE U
npotuBotoke: | — pacuér no (7), Il — pacuér mo (10), Il — sxciepument
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W3 rpadukoB, mpencraBieHHBIX Ha pucyHke 10 BHIHO, YTO MOAENH MOTEPH
UMIIYJIbCa TPOJOJBHOTO JBW)KEHUS W3-32 IIONMEPEYHOro IMOTOKA TIapa IpH
KOHJICHCAIIMKA JIy4dlIe COTJIaCyeTcsl C  pe3yjbTaTaMd  OKCIEPUMEHTOB, 4YeM
KBaJpaTu4Has mMozaesb. OJHAKO CIIOPHBIM OCTaE€Tcs BOIPOC HEOOXOOUMOCTH y4&Ta
BOCCTAHOBJICHHMS [IABJICHUS I[apa B pe3yJibTaTeé €ro TOPMOXXEHUS B Ipolecce
KOH/JIEHCAIIUU B TpyOe.

Pe3ynbrathl 3KCHIEpUMEHTaIbHBIX HCCIeAOBaHUN OblTH 00paboTaHbl 6e3 yuéra
BOCCTAQHOBJICHHSI JIaBJICHHUS TPU TOPMOXEHMU Iapa B TEIUIOOOMEHHOU Tpyoe.
['paduku COOTHOIICHUS TOTEPh JIABJICHUS NP MPSIMOTOKE U MPOTUBOTOKE JUISI ABYX
pacu€THBIX MOJEJEH, a Takke IO pe3yibTaTaM OOpabOTKH SKCIEPHUMEHTAIbHBIX
JaHHBIX KaK ¢ y9€TOM, TaK U 0e3 y4éTa BOCCTAHOBIICHUS JaBJICHUS IIPH TOPMOKEHUH
napa, npeacTaBieHbl Ha pucyHke 11.

145 & -3

APnpot/APnpam
|
1
e

0 01 02 03 04 05 06 07 08 09 KF/W
Pucynok 11 — CooTHomIeHHE TOTEPh JaBIICHUS KOHICHCUPYIOIIETOCS Mapa MpH MPSIMOTOKE U
npoTtuBoTOKe: 1 — pacuér mo (7), 2 — pacuét mo (10), 3 — sKCepUMeHTaIbHBIE JaHHBIE C YIETOM
BOCCTAHOBJICHUA IOABJICHUA IIapa, 4 — SKCIICPUMCHTAJILHBIC NAHHBIC 663 yqéTa BOCCTAaHOBJICHUSA
AAaBJICHUSA ITapa

N3 npuBeaenHbix Ha pucyHke 11 rpadgukoB BUAHO, YTO pe3ynbTaThl 00pabOTKU
AKCIIEPUMEHTAJBHBIX JaHHBIX 0e3 ydéTra BOCCTAHOBJICHUS JaBJICHUS IIPH
TOPMOXXEHUU Tapa 04eHb XOopoio (~5+7 %) KOppecnoHIUPYIOTCA C pe3ysibTaTaMu
pacuéra o monenu JleonteeBa-lllexkpunanse.

Pacu€r Temmieparypbl mapa Ha BBIX0JIC U3 TPYOBI BHITIOJIHEH 110 ypaBHEHUIM (13)
— (15) ¢ yueToM CleyIOIINX TOJI0KEHUH.
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KosdduimenT temnooTnayn oT mapa K IJIEHKE KOHAEHCATa OINpEAeNseTcs Mo
dbopmye [leTyxona:
iRe - Pr
8

Nu = :
1+ 12.7\/% (Pr2/3 - 1)

(16)

rae ¢ = (1,82 -1gRe — 1.64)72.

Uucna Peitnonbiaca Re, Ipanaris Pr, a takxke TEIIONPOBOJAHOCTh U BSI3KOCTH
mapa pacCuMTaHbl MO IMapaMeTpaM Iapa Ha BXojie B TpyOy, T.e. MO TeMIiepaTrype
neperpesa. [lokaszaTenpb cTerneHn M onpeseseH o PUCYHKY 3.

Pe3ynbTaTh BBIYHCIICHUH IIPUBEACHBI B CONOCTAaBJICHUU c
AKCIIEPUMEHTAIBHBIMU JTAaHHBIMH. PacXoJieHue MexXQy HUMHU HE IPEBBIIIAET, KaK
npaBuio, 2.2°C.

Jl1s1 060011IeHNS SKCITEPUMEHTAIBHBIX JAaHHBIX UCIOJIH30BaAJIaCh 3aBUCUMOCTD

=t ()
191 B Coanong ,
rneM =m(n—1) + 1, cm. cp. 12.

Pe3synbrarel 0000mIEHHS [UIsl MOTOKa IIOCJIE IMEpPEMELIMBAaHUs NPUBEIEHBI Ha
pucynke 12. 3mech BHJIHA YJOBIETBOPUTEIbHAS CXOJUMOCTb B HCCIEIOBAHHOM

. aF
Jana3oHe 3HaAUEHU N = 1.6 — 2.3.

COXJ'I GOX}I

—_—
LN
]
N =
N
I~
= t
-
d
I3
N

|

OXJI — OXJI

Pucynok 12 — 3aBUCHMOCTH OTHOCUTEIBLHOTO OXJIAXKIEHUS IIapa OT IapaMmeTpa —
OXJ1~0X]
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3AK/IIOYEHUE

OcHOBHBIE pe3yabTaThl pA0OTHI CBOAATCS K CJIEAYIOIEMY:

1. HccnenoBan mpolecc KOHJEHCAUWHA MEPErpeToro M HACBIIIEHHOrO Mapa
BHYTPH HAKJOHHOM oOXJIaXTaeMOW TpyObl MpH NPSIMOTOYHOM M TPOTHUBOTOUYHOMU
CXEMax JABMKEHHS TEIJIOHOCHUTENIEW MPUMEHUTEIBHO K BO3AYIIHBIM KOHIAEHCATOpaM
NapoTypOUHHBIX YCTaHOBOK.

2. Teopernyeckuii aHalW3 M IKCIECPUMEHTAIBHBIC HCCICIOBAHUS BBISIBUIIH
3aBUCUMOCTh MapaMEeTPOB MPOILECCa KOHAECHCAIMU HACBIIIEHHOTO W IIEPErpeToro
mapa B TpyOax M KaHajllax OT CXEMbI JBUKEHUS OXJIXKIAIOIIEro TEIJIOHOCUTEJIS:
MPOTUBOTOK, MPSIMOTOK, MEPEKPECTHBIA TOK. B 4acTHOCTH, MOKa3aHO, YTO XapakTep
W3MEHEHHUsl pacxoja Tapa MO JJIMHE TPyObl TMPU MPOTHUBOTOKE M TIPSIMOTOKE

CYLIECTBEHHO paziuyaercs. B QpyHKImMoHanbHON 3aBucumoctd G = f [GO (1- If)m}

MpU MIPOTUBOTOKE M<1, a mpu npssmoToke M>1.

3. PaspaboraHa MeToauMKa OIICHKHM COOTHOIICHHUS TMOTEPh HaBICHUS TPHU
MPSMOTOKE, TPOTUBOTOKE H TEpPeKpPECTHOM TOoKe. (OCHOBHBIMHU IapaMeTpamy,
OTIPENEISAIONUMA 3TO COOTHOIIICHUE, SIBISIOTCS TMapOCOJACPKaHWE Ha BBIXOJAC U3

. kF .
TpyOBl X, u BenmmuuHa Natural Thermal Unit NTU =——— ¢ pocTtoM KOTOpOii
()XJZGOX/Z
AI?l'lpoT AI?l'lpoT
OTHOIIICHWE —— YBEJIMYMBACTCS, B TO BPEeMs KaK C POCTOM X, 3HAYCHHE ——
pHpﬂM pHpﬂM
kF ApnpOT
yMeHbInaeTcs; npuy —— — 0 otHoIIeHne —— — 1.

CoxnGoxn Pupsm

4. TlokazaHo, 4TO TpU KOHACHCAIIMM B TpPyOE MEperperhiii map ocTaércs
MEPETPETHIM MO BCel AMHE TPYObI, €CIIM MapoCcoAepKaHne Ha BhIX01e U3 TpyOb! X>0.

5. VYTouHeHa MeToAMKAa pacuéra TeMIepaTyphl MEPErpeToro napa Ha BbIXOE
U3 TEIJIO0OOMEHHON TPyObl C y4ETOM MEPEeMEHHOCTH Kod(pdUIIMEHTa TEII00TIauu
napa, CBSI3aHHOM CO CHMKEHHEM CKOPOCTH €ro JABM)KEHHUS 10 Mepe KOHACHCAlluU B
TpyOe. MeTo/inKa yUUThIBACT CXEMY ABUKECHHS TEIJIOHOCUTETICH.

6. OkcrnepuMeHTanbHBIE JaHHBIE IO TMEperpeBy Imapa OO0OOIIeHBl B

KOOpAHUHATAX Z—j =f (%)

7. TlpuBemeHHBIEC TEOPETHUECKHE U DKCIIEPUMEHTAIBHbIE JaHHBIE HEOOXO0MMO
YVUYUTHIBATG TP Pacdére M IMPOEKTUPOBAHUH TEIUIOOOMEHHBIX —allllaparoB ¢
KOHJCHCAllMEel I1apa BHYTpH Tpy0, B TOM 4HMCIIE€ BO3IYLIHBIX KOHIEHCATOPOB

MapoTypOUHHBIX YCTAaHOBOK.
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OcHOBHBIE MaTepUaiIbl IUCCEPTAIMU OITYOJIMKOBAHBI B CIEAYIOUINX paboTax.
Benyumme peneHsupyeMble Hay4Hble :KypHabl 3 nepeynss BAK

1. ®epopoB, B.A. Pe3ynbrarbl 3KCIEPUMEHTAIBHBIX HCCIEAOBAHUM TEIUIOIMAPABIMYECKUX
MIPOIIECCOB TP KOHJIGHCAIIMHM TIEPETPETOro Iapa BHYTPU HakiIoOHHOM Tpyosl / B.A. ®emopos,
0.0. Munbman, B.A. Iudpun, I1.A. AnanseB, C.H. [lynaeB, A.B. KonnparteeB, A.B. Ilraxun //
Tennoguzuka Beicokux Temmparyp. — 2014. — T. 52. — Ne 2. — C. 329-332.

2. Denopos, B.A. Pe3ynbraTsl KCIIEpUMEHTATLHBIX UCCIICIOBAHUIN XapaKTEPUCTHK BO3TYIITHBIX
KOHJICHCATOPOB TMapoTypOMHHBIX ycTaHOBOK / B.A. ®emopo, O.0. Mwunbsman, H.B. KonecHukos,
ILA. Ananwes, C.H. Jlynae, A.M. Muxanbskos, A.B. Mocun,A.B. Konnparses // Ternosnepreruka. —
2013. - Ne 2. - C.3541.

3. Muabman, O.0. [lepemenHbIe peXUMBI pabOTHI BO3MYIITHO-KOH/ICHCAITMOHHON YCTaHOBKHU /
0.0. Munsman, A.B. Konapatses, A.B. Iltaxun, C.H. [lynaes, A.B. Kuptoxun // Tennosnepreruka. —
2016. — Ne5. - C. 7-13.

4. Muabman, O.0. OcoOeHHOCTH KOHICHCAITUH Mapa BHYTpH TpyO 1 kaHaos / O.0. MumnbmaH,
B.A. ®enopos, A.B. Kornpatses, A.B. [1taxun // Temmosnepreruka. — 2015.— Ne 4. — C.71-81.

5. ®enopoB, B.A. Pa3paboTka, W3rOTOBJIECHHE M WCIBITAHUEC TUIOBOW HATYPHOH CEKIUH
BBICOKOA(h(heKTUBHOTO BO3AYIIHOrO KoHAeHcaropa / B.A. ®@enopos, O.0. Munbsman, A.B. Kuproxum,
CH. Jlynaes, b.A. Illudpun, A.B. Konmparee, A.B. Ilraxun, IL.LA. AnanneB, A.JO. Kamnw,
E.A. Jlomkapesa // 3Bectust Poccuiickoit akagemun Hayk. DHepreruka. — 2015. — Ne 6. — C.102-112.

Crateu B TpyAax, MaTepHajax MeKAYHAPOAHBIX M BCEPOCCHIICKMX KOH(epeHUMI,
B HAYYHBIX U3IAHUAX

1. KouaparseB, A.B. KonaeHcamus mnapa B HAKJIOHHOW TpyOe Npu HEpPaBHOMEPHOM
oxnaxnaeHun crenku [Texer] / B.A. ®émopoB, A.B. KougpareeB, A.B. Ilraxus,
B.C. KpsuioB // Tpynst Illectoii Poccuiickoit HarmoHaJIbHOW KOH(EPEHIIMH TIO0 TEIIO0OMEHY,
Mockaa, 27-31 OKTSIOps 2014. - M.: N3 narennckuil IOM MOU, 2014.
- C.775-7717.

2. Konapartses, A.B. Konzaencamnus napa BHyTpu TpyO NpH HEPaBHOMEPHOM OXJIAXKICHUU
crenku [Tekcr] / O.0. Munbman, B.A. ®énopos, A.B. Konaparees, A.B. Iltaxun // Tpymsl
[ectoit Poccuiickoii HalMoOHAIBHOW KOH(EpeHUUH Mo Terooomeny, Mocksa, 27-31 okTsaOps
2014. — M.: Uszgarensckuii oM MOU, 2014. — C. 742-747.

3. KouaparbeB, A.B. Konnencanus mapa B HaKJIOHHOW oxyaxxmaemoit Tpybe [Tekcr] /
B.A. ®&nopo, A.B. KoumparseB, A.B. Iltaxun, B.C. KpsuioB // AxTyanbHbIE BOIPOCHI
TEINIOGU3UKM M (U3NYECKON Truapora3onuHaMuku: Te3ucel NOKI. Bcepoc. IIKONBI-KOHG. ¢
MEXIyHapoaHbIM ydacTueM, HoBocuOupck, 20-23 Hos6ps 2014. — Hoocubupck: HNHcTHTYT
termodusuku CO PAH, 2014. — C. 163.

4. KouapatbeB, A.B. BiusHue cxembl ABUXKEHUS TEIUIOHOCUTENIEH Ha THAPABINYECKOE
COIIPOTHBIIEHUE U TEIUIOOTIauy Napa, KOHACHCUpYylomerocs B HakioHHOW TpyOe [Tekct] / O.O.
Muneman, A.B. KongpareeB, A.B. Ilraxun, B.C. KpeuioB // Temmodusumka u Quznueckas
runpoauHamuka: Tpyasl Beepoc. HaydHOM KOH(Q. ¢ 3IeMEHTaMU IIKOJIBI MOJIOJBIX YUEHBIX, SiiTa,
19-25 cents6ps 2016. — HoBocubupck: Muctutyt teropusuku CO PAH, 2016. — C. 56.

5. KouagparbeB A.B. TemnoruapaBindecKkue TMpPOIECCH TPH KOHACHCAIIMU TIapa B
oXJaxmaaeMol TpyOe ¢ Ppa3sIMYHBIMM CXEMaMH JBWDKCHHS TeruioHocutenet [Tekcr] /
0.0. Munsman, A.B. KonnpareeB // Te3ucsl 10KIag0B KOGueitHoit  KoH(pepeHuH
Hammonansnoro kxomurera PAH mo temio- u Mmaccooomeny "®yHIaMeHTaIbHBIE U TPUKIIAIHBIE
npobaemsl Terromaccooomena” u XXI [IkosbI-ceMruHapa MOJOJIBIX YUYEHBIX U CHEIHUATUCTOB O
pykoBoactBoM akan. PAH A.U. JleontbeBa "lIpoOiemMbl ra30iMHAMUKH U TEIIOMAacCOOOMEHA B
JHEepreTUeckux ycranoBkax" (22-26 mas 2017 1., Casxkr-Ilerepoypr): B 2 1. T.1. M.:
Usznarensckuii njom MBOU, 2017. — C. 249-250.

6. KounaparseB A.B. Konaencanus napa B HaKJIOHHON OXJIaXK1aeMoi TpyOe ¢ pa3mTu4HbIMU
cxemamu nBuxkeHus TeroHocutenerd [Tekct] / O.0. Munbeman, A.B. Kougparee // XXXIV
Cubupckuii Teriou3nUecKuii ceMuHap, TOCBAIICHHBIM &85-metuto akagemuka A.K. PeGposa:
Tesucel nokn. Bcepoc. KOoH(}. ¢ 3IeMEHTaMH INKOJBI IS MOJOJBIX YYEHBIX, HOBOCHMOMPCK,
27-30 aBrycra 2018. — HoBocubupck: uncruryt Temnoduszuxku CO PAH, 2018. — C. 255.
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