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Annomayus. B cratbe paccMaTpuBaeTCs BOIPOC OPTraHU3AMHM WMITYIIECHO—KOJIEOMoecs
HUPKYIAIUHA TETUNIOHOCUTENSI HA OTAEIbHBIX Y4aCTKaX CHUCTEMbl TEIJIOCHAOKEHUSA. AKTyadbHOCTb
TEMaTUKH OOYCJIOBJIEHA IIE€IECO00Pa3HOCThIO MCIOJIb30BaHUS MOTEHIMANa UMITYJIbCa KOJIMYECTBa
JBIDKEHUS TEIUIOHOCUTENSI TOJBKO HA €€ KOHKPETHBIX 3JeMeHTax. [IpakTuueckass 3HAUUMOCTH
penieHrss 0003HAUEHHOTO BOMPOCA OIpeNeicHa HEOOXOMUMOCTHIO IOBBIIMICHUS HAJACKHOCTH H
SHEpreTHuecKoi 3((HEeKTUBHOCTH CUCTEM TEIJIOCHAOKEHUS B YCIOBUAX Mepexoa Ha UMIYIbCHYIO
HUPKYIALNIO TEJIOHOCUTEIIS.

Abstract. The article deals with the organization of pulse—oscillating circulation of coolant in
some parts of the heating system. The relevance of the subject is due to the expediency of using the
momentum potential of the amount of motion of the coolant only on its specific elements. The
practical significance of the solution of the problem is determined by the need to improve the
reliability and energy efficiency of heat supply systems in the conditions of transition to the impulse
circulation of the coolant.

Kniouesvie cnosa: naTeHCUUKAIMS TEIUIOOOMEHA, UMITYJIbCHAS LIUPKYIISILINS TETNIOHOCUTETI,
THIPaBIMYECKUN yAap, THAPABINYECKUN aKKyMYJIATOp, OOpaTHBII KianaH.

Keywords: intensification of heat transfer, pulsed circulation of the coolant, hydraulic shock,
hydraulic accumulator, non-return valve.

Bseoenue

HccnenoBanue BIUSHUS KOJEOMIOUIMXCS MOTOKOB HAa WHTEHCUBHOCTH TEIIOOOMEHHBIX
nporieccoB [1, 2] u 3¢pdexkTuBHOCTE pabOTHl  OTAENBHBIX TEIUIOIHEPreTUYECKUX YCTPOUCTB
SBJIIETCS OJIHUM W3 aKTyaJIbHBIX HaIlpaBlIEHUN pa3BUTUS cOBpeMeHHOM Hayku [3, 4]. Ha ¢one
Hay4HBIX M3bICKaHHI B 3TOM 00s1acTH OOHOBJIEHHYIO TEHJCHIIMIO K Pa3BUTHIO MOIyYHJIa U cHUCTEMA
TeruIocHaOKeHus [S5], rae moTeHIMal KojiebaTeIbHON IUPKYIALUN TeIUIOHOCUTEINS pacKpbIBaeTCs
eme B Oompmeil crenenu [6]. IlomyTHO ¢ MHTeHCHdUKanMel TeruiooOMeHa B HEM Jenaercs
BO3MOXHBIM II€pepacipeieIeHUe pacronaraéMoro Harnopa u3 OJHOTO TMIPABIMYECKOrO KOHTYpA B
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npyroit [7], a Takxke obecneueHue 3PdeKkTa CaMOOUHINCHHUS] TETUIOOOMEHHOTO OOOpYIOBAaHHS OT
Hakunu [ 8].

Opnako, B YCIOBHUSX IEpexojla K UMITYJIbCHON HUPKYISIUUA TEIUIOHOCUTENSI B CHUCTEME
TeIUIOCHAOKeHUsT [9] dYacTo BO3HMKAET BOMPOC O HEOOXOMUMOCTH CO3JIaHUS HMITYIbCHO-
KOJICOJTFOIIICHCS ITUPKYJISIITUN TETUIOHOCUTENS TOJIBKO Ha OTHIEIBHBIX €€ ydacTkax. Hampumep,
1eaecoo0pa3Ho  MHTEHCU(HUIMPOBATh  TEIUNIOOOMEHHBIE TPOIECCHl B TEIUIOBOM  ITYHKTE
HE3aBUCHMOW CHCTEMbI TEIUIONOTPEOICHMS, B TO BpeMs Kak B CaMOW TEIUIOBOW CETH, HAIPOTHUB,
CJIelyeT CTPEMHUTBhCS K YMEHBIICHUIO TEIUIOBBIX IOTEPh, KOTOPHIE MOXKET YBEIWYUTh Ta KE
HMMITYJIbCHO-KOJICONIOMIAsICS [UPKYIANKS TeruioHocuTens. Kpome Toro, koneOaHusi TaBiICHUS M
pacxoza TEIJIOHOCHTENISI HETaTUBHO CKa3bIBAIOTCS Ha HAJEKHOCTH MHOTHX JJIEMEHTOB CaMOM
CHUCTEMBI TEIIOCHAOKEHMSI.

Lenv u 3a0auu uccneoosanus. 1lenb uccnenoBaHus — MOKa3aTh BO3MOXKHOCTb OpraHU3alNU
HMMITYJIbCHO-KOJICOIOIICHCS] [TUPKYIISIMN TETUIOHOCUTENS Ha YJacTKE CHUCTEMBI TEIUIOCHAOKEHHSI,
rJIe HeoOXOMUMO OOECHeYUTh HHTCHCHU(UKAIMIO TEIIo0OMeHa H(MJIM) HCIOJIb30BaTh JHEPTHUIO
UMITYJTbCa KOJTMYECTBA JBMKCHHS TCTIOHOCUTEIS JIJIsl TpaHC(HOPMAIIMK pacIiojiaraeéMoro Haropa u3
OJTHOTO THAPABINYECKOTO KOHTYpa B Apyroil. Jljist AOCTHKEHUsI TOCTABICHHOM eI ObLTN pEeIIeHbBI
CIIeyIOIIne 3aa4u:

— BbIpa0OTKa TEXHUUYECKOTO PEIICHUsI TSl CO3/IaHUS UMITYJIbCHO-KOJIEOMIOMIEHCS IUPKYIALUN
paboueii cpeapl Ha JIOKAJIBHOM Y9acTKE 3aMKHYTOTO THAPABIMYECKOTO KOHTYPA;

— MOHTaXX 9KCTIIEPUMEHTAIbHON YCTaHOBKH,

— IIPOBEJICHNE AKCIIEPUMEHTAIILHBIX HUCCIICIOBAHMM;

— BBIpaOOTKAa PEKOMEHJAIUI MO UCHOJIb30BAHHUIO MOTYYEHHOTO TEXHHUYECKOTO pEIIeHUs Ha
MIPaKTHUKE.

Memoo uccnedosanus

PaGora BoimonHeHa Ha 6a3e yueOHO-Hay4HOI 1aboparopun «VIMITyIbCHBIE CUCTEMBI TEIUIO- U
BonocHabxkenusi» O®I'BOY BO «MI'Y um. H. I1. OrapeBa» u npencranisier cOOCTBEHHOE HAyYHOE
HCCTIEIOBaHNE, CoJepKaimiee OOO0OIIeHNe W Pa3bsICHEHHE TEOPETHUYECKUX JIaHHBIX 110 TEMeE
3¢ ()EKTUBHOTO HCIIOJIL30BAHUSI TEXHOJOTUH W CPEICTB OPraHU3allMd HUMITYJIbCHOW HHUPKYISIHUH
TEIJIOHOCUTENISA B CUCTEME TCIIJIOCHAOKCHHSL.

P€3yﬂbmal’l’Zbl uccneoo8anus

st co3maHusi MUMIYITBCHO-KOJIEOMIONIeHCs [UPKYISIUN padodyeld cpenpl Ha JIOKATBHOM
YYacTKe 3aMKHYTOTO THIPABIMYECKOTO KOHTypa Tpeajiaraercs HCIOIb30BaTh  TEXHUYECKOE
pelieHue, npuBeaeHHoe Ha Pucynke 1.

Cxema, mpencraBieHHas Ha Pucynke 1, pabGotaer cneayrommm oOpa3zoMm. Hacoc 1
OCYHICCTBIACT HUPKYIALNMUIO KUAKOCTH II0 3aMKHYTOMY THJAPABINYCCKOMY KOHTYPY, B KOTOpPOM
YCTaHOBJICH MYJIbCATOP MOTOKAa 3 Ha OCHOBE caMOMOIep)KuBaromierocs: ymapuoro ys3ma [10]. B
MOMEHT OCTaHOBKHU ABWXKYIIETOCS MOTOKA MyIbCAaTOPOM 3 MUPKYASIUS KUAKOCTH B 3aMKHYTOM
THIPaBIMYECKOM KOHTYype mpekpamiaercs. [lpu 3Tom Ha ydacTke TpyOOIpoBojaa 10 Myibcaropa
MOTOKA 3 BO3HUKAET MOJIOKUTEIBbHAS BOJHA TUAPABIMYECKOTO yaapa, a Ha ydacTke TpyOompoBoma
IMOCJI€ HETO — OTpULATCIIbHAsA BOJIHA. B mMmomeHnt OTKPBITHA HNPOXOJHOI'O CCYCHHA IIyJIbCaropa
MOTOKA 3 IUPKYISAIHUS )KUIKOCTH MO 3aMKHYTOMY KOHTYPY BO30OHOBIISIETCSI U OCYIIECTBISIETCS 10
MOCJIEAYIONIEr0 HUKJIA €€ MpeKpameHusi. TakuM o0pa3oM, B YCIOBHUSIX CaMOIIOAEPKUBAIOIIEHCS
paboTHI MyNIbcaTopa MOTOKa 3 B 3aMKHYTOW THIPABIHYECKOW CHCTEME OCYIIECTBIISETCS UMITYIIbCHO-
KOJICOTFOIIIASsICS ITUPKYIISAIUS KUTKOCTH.
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Pucynok 1. Cxema sKCHepMMEHTaNbHOM yCTaHOBKM: | — Hacoc; 2 — mepBblid mpeoOpa3oBaTenb
JaBieHus; 3 — TMynbcaTop NOTOKa; 4 — BTOpOH NpeoOpazoBaTenb JAaBiCHUS; 5 — THUAPaBIAYECKUE
aKKyMYJIITOPBI; 6 — TpPeTHi Mpeodpa3oBaTelb NABJICHUS, 7 — TepBbIi 00paTHBIN KiamnaH; 8§ — 4eTBepTHIi
peoOpa3oBaTelib AaBieHUs; 9 — BTopoi oOpaTHbIN kianaH; 10 — maTeiii npeodpa3oBarens nasicHus; 11 —
TpeTHii 00paTHbIN KianaH; 12 — nmpeoOpa3oBarTenb pacxoja

Ha Bxome wHacoca 1 ycraHoBiIeH mpeoOpas3oBarellb pacxoma 12, mepen  KOTOPBIM
MOCIIeIOBAaTeNIbHO 4epe3 oOparHple kimamaHsl 7, 9, 11 ycTaHOBIEHBI TpU  THUAPABINYECKHX
akkymynaropa 5. UeTBepThlli IMAPaBIMUYECKUN aKKyMYJISATOP 5 yCTaHOBJIEH Ha BbIXOJE Hacoca 1.
ITpu 3TOM nepBbIil Ipeobpa3zoBaTesnp NaBICHUs 2 YCTAHOBIIECH MIEPE] MyIbCaTOPOM IOTOKa 3, BTOPOH
npeoOpa3oBaresnb AaBlIeHHUS 4 YCTaHOBIIEH Ha €ro BeIxone. Tperuid mpeoOpaszoBaresb NaBieHUs 6
YCTaHOBJICH TIepe]l MepBbIM OOpaTHBIM KJIallaHOM 7, YeTBEPTHIA IpeoOpa3oBareib IaBICHUS &
YCTAHOBJIEH Mepe BTOPhIM OOpaTHbIM KiamaHoM 9, a msaTeii npeoOpaszoBarens jaaBieHus 10
YCTaHOBJIEH Nepe]] TPETbUM OOpaTHBIM KilanaHoM 11.

Buemnnii  Bup  (QparMeHTa  OKCIIEPHUMEHTAIBHOM  YCTAaHOBKM C  THUAPABINYECCKUMH
aKKyMYJISITOpaMd M TpeoOpa3oBaTesiMU JaBJICHHS, IOCIEIOBAaTEIbHO YCTAHOBICHHBIMH YeEpe3
oOpaTHble KJAMaHbl, Ha BXOJE AJIEKTPOMArHUTHOTO NpeoOpa3zoBarelis pacxoia, MpelCTaBleH Ha
Pucynke 2.

Pucynok 2 ®parMeHT 3KCIIepUMEHTAIILHON YCTaHOBKH
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JlanHast SKCriepuMeHTa bHasl YCTAaHOBKA COOpaHa M3 MOIUIPONuiIeHOBRIX Tpyd PP-R 25MmMm ¢
WCIIONIb30BaHUEM TpyOomnpoBOomHbIX ¢GuTHHTOB (G1/2 Ha OCHOBE CaMOIOAIECP KUBAIOIIETOCS
nynbcaropa noroka (Pucynok 2) onmo3utHoit koHCTpyKIwH [11]. ['mapaBinueckne akKyMymsITOPbI
00beMOM 12 TUTPOB Ka)IbIH, MOIKIIIOYCHBI K THAPABIUYCCKON CHCTEME 4Yepe3 IIapoBbIe KPaHbBI
G3/4.

Jns  uccnenoBaHMs IyNbCalMid  JIaBJIGHUHM  MCIOJB30BAaHbl  IPOrPAMMHO-aNapaTHbIN
komruieke L-Card m mpeobOpazosarenu nasnenust ¢pupmel OBEH ¢ TokoBbIM BbIxomom. OreHka
pacxofa XHIKOCTH OCYIIECTBIISIIACh BU3YAIbHO MPHU MOMOIIH IIpeodpa3zoBaress pacxoma «Macrep
®noy» ¢ uuppoBol HHAUKAIMEH.

B ycnoBusx opranuzaiy MMITYJIbCHO-KOJIEOMIOMICHCS MUPKYISIUU KUIKOCTH C PacXoioM

3
0,262 M /4 mpu BBIKIIOYEHHBIX THIPABIMYECKHX AKKYMYISATOPaX XapakTep paclupoCTpaHeHHs
MylbCallMi B 3aMKHYTOM I'MIPAaBIMYECKOM KOHTYpE UMEET BUJI, IPEJCTaBICHHbIN Ha Pucynke 3.
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Pucynok 3. Ilynbcanmii naBieHns: 1 — HEIOCPEICTBEHHO 32 IyJILCATOPOM ITOTOKA; 2 — IOCiIe IEPBOTO
IUJIPaBIMYECKOI0 aKKyMYyJIATOpa; 3 — [ocje BTOPOro rUIpaBIuuecKoro akKyMyisTopa; 4 — 1ocie TpeTbero
THIPABIMYECKOTO aKKyMYJITOpa; 5 — Mepe]l MyIbCaToOpOM IMOTOKA

"3 JaHHOT'O pUCYHKa BUJHO, YTO IMyJIbCAIUU JAaBJICHUA MPUCYTCTBYIOT BO BCECX TOYKAX ChEMa
OKCHEPUMEHTAIbHBIX JaHHbIX. 1[0 3aMKHYTOMY TMApPaBIMYECKOMY KOHTYPY 3TH BO3MYLICHMS
MIEPEJAIOTCS CO CKOPOCTHIO pacpOCTpaHEHUsI ylapHOH BOHBI [12, ¢. 24-26].

Pesynprar wuccnenoBaHMs paclpOCTPAHEHUs MYIbCALMK JIaBICHUN TMPU BKIFOYEHHBIX
THIPaBINYECKUX aKKyMYJIATOpax, MpeacTapieH Ha Pucynke 4.
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Pucynok 4. HccienoBaHue CIUIaXMBaHHs IyJbCalWi AaBJICHUS HPU IOMOILIM THIPABIMYECKHX
AKKyMYJIATOpPOB: 1 — HEMOCPEACTBEHHO 3a IIyJIbCATOPOM IIOTOKA; 2 — MOCJE IEPBOrO THIPABIMYECKOTrO
AaKKyMyJATOpa; 3 — 1ocje BTOpOro ruipaBIndecKoro akKyMyJssTopa; 4 — mocie TpeTbero rupaBiandeckoro
aKKyMYyJIATOpa; 5 — Mepes MyabcaTopoM MOTOKa

N3 npannoro PucyHka BHIHO, YTO TEPUOAUYECKUE MYIbCAIMUA JABJICHHUS KUJIKOCTH
MPUCYTCTBYIOT MEPe]l IMyJILCATOPOM MOTOKA (TpaduK 5 — IMOJOKUTEIbHAS BOJHA THAPABINYECKOTO
yaapa) 1 HEMOCPEACTBEHHO 3a HUM (Tpaduk 1| — oTpuiaTensHas BOJHA THAPABIMYECKOTO ylapa).
[Tocne nepBOro ruipaBIM4YECcKOro aKKyMyisiTopa, KOTOpbIid BCTpEeYaeTcsl yIapHOW BOJHE Ha MYTH €€
JIBVDKCHWS, ITYJBCAITUH JIABIICHUS CIIIXXUBAIOTCs (Tpaduku 2, 3, 4) MpakTUYECKH JO CTAOMILHOTO
3HAYECHUS.

Bv1600wb1

Pesynprartel SKCIIEpHMEHTa, NpHUBEACHHBIC Ha PucyHke 4, TOKa3bIBalOT, 4YTO  TIpHU
BBIKJTIOUCHHBIX THIPABINICCKUX aKKyMYJISATOpaX MyIbCAIIUH IABJICHUS B YCIOBHUSX OCYIICCTBICHUS
UMITYJIbCHO-KOJICOMIOMIeHCS ITUPKYISAIUN SKUIKOCTH PACHPOCTPAHSIIOTCS OT MyNnbcaropa IMOTOKa
(MCTOYHUMKA THAPABIMYECKOTO yapa) Mo BCEMY 3aMKHYTOMY THApPABIHYECKOMY KOHTYpY. [Ipu sTom
MOJIOKUTENIbHAS BOJIHA THIPABIMYCCKOTO yIapa paclpoOCTpaHSeTcs OT BXOoAa JKUIAKOCTH B
MyTbCATOp K BBIXOMY KHJIKOCTH M3 HAcOCa, a OTpPHUIaTe]IbHas BOJIHA — OT BBIXOJA KHUJIKOCTH U3
mylbcaropa K BXOIY Hacoca.

B Tom cnyuyae, Korga THUIPAaBIUYECKUE AaKKyMYISTOPBI COOOIIEHBI C 3aMKHYTHIM
THIPABIMYECKAM  KOHTYpPOM, TIYJAbCAllMM  JIABJICHUS  Jajiee  TIEPBOTO  THJPABIMYECKOTO
aKKyMYJISITOpa, KOTOPBII BCTpeYaeTcst BOJHE THAPABIMYECKOTO yapa Ha IyTH €€ PacrpoCTpaHeHHs
OT Tynbcaropa, MHpakTudecku He nepenatorcs (Pucynok 4). Ilocnemyrommii ruapaBIdydecKuin
aAKKyMYJISITOp Ha TyTH PAacpOCTPaHEHUs] BOJIHBI THAPABIMUYECKOTO yAapa CIIIaKUBAET OCTATOYHBIE
KoJIeOaHUs JIaBlieHUs W CTaOWIM3HPYEeT MHCTEUEHHE KHUIAKOCTH B TpyoOompoBoae. JlanHoe
OOCTOSITETTLCTBO ~ SIBIISIETCSI  MTPAKTHYECKUM  TOATBEPIKIECHHEM BO3MOXXHOCTH — OpTaHMU3aIUU
UMITYIbCHO-KOJICOMIONIeHCS IUPKYISIIMA  SKAJKOCTH HA BBIICJICHHOM Yy4YacTKe 3aMKHYTOH
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rupaBiInyeckoil cucreMsl. [Ipu 3ToM Hacoc paboTaeT mpu CTaOWIBHBIX MapaMmeTpax AaBICHUS U
pacxofa KUAKOCTH.

YuureiBas TOT (aKT, YTO HMIYIbCHO-KOJCOMIOMASACS MHUPKYISAIUS TEIUIOHOCUTENS TIpU
OTIPEICTICHHBIX YacTOTaX M aMIUIHTYAaX KOJIeOaHWH COCOOCTBYET MHTECHCH(PHUKAIIUHN TEIUI00OMEeHa
[13], mnosBnsieTcsi BO3MOXHOCTb JJISi ONTHMHU3ALUU PAOOTHl OTIEIbHBIX 3BEHBEB CHUCTEMBI
TeriocHaOkeHusi. Hampumep, wuHTeHcHmpuKanumu TeruiooOMeHa MoOXeT ObITh oOecreueHa B
TEIJIOTEHEPUPYIOIIUX YCTAaHOBKaX HWCTOYHUKA TEIIOThl [14], Ha TemnoBbIXx myHKTax [15] mpm
HE3aBHCHMOM IOJIKJIFOYCHIH a00OHEHTOB W (WJIM) HETIOCPEICTBEHHO B CUCTEME TETUIONOTPEOICHUS
[16] mpu ee 3aBUCUMOM MPUCOETUHEHUU K TEIUIOBBIM ceTsM. [IpakThueckas oleHKa BO3MOXHOCTU
TaKOM JIOKJIbHOW MHTEHCU(UKAIIMK TEIJIO0OMEHa IpeicTaBlieHa B padorax [17, 18].

Uro xacaeTcsi BO3MOXKHOCTH TpaHC(POpPMALMM PACIoiaraeéMoro Hamopa €3 OJHOTO
TUAPABIMYECKOTO KOHTYpa B JPYroi, TO YCTaHOBKA IMAPABIMYECKUX aKKYMYJSTOPOB Ha 3aJaHHOM
paccTOsIHUM OT IMyJIbCaToOpa MOTOKA MO3BOJUT IMOJIy4aTh MEPHUOAMYECKHE HMITYIbChI KOJIMYeCTBa
IBUKEHUST TEIUIOHOcHUTeNs ¢ TpeOyemoil osHeprueii. OHHM MOryT OBITh HCIHOJIB30BaHbI
HETIOCPEACTBEHHO Ui  HArHETaHWs CaMOTO  TEIJIOHOCHUTENIsS B  3aBUCUMYI0  CHCTEMY
TEIUIONOTPEOSICHUS TI0J] OOJIBIIIUM PACIIOIaraeMbIM JaBJICHUEM, YEM B TEIUIOBOM cetu [19] wim nis
CO3/laHusl MYNbCUPYIOLIEH HUPKYISIUU HArpeBaeMOro TEIJIOHOCUTENS B HE3aBUCHMOI cucTeMe
teronorpednenus [20].

Hacmoswas cmamos  noocomoenena 6 pamkax evinoanenus [panma Ilpesudenma
Poccuiickoii @edepayuu 0nsa 20cyoapcmeeHHOU NOOOEPHCKU MOJOObIX POCCULCKUX YUEHbIX —

kanouoamos HaykMK-1408.2018.8.

This article was prepared as part of the Grant of the President of the Russian Federation for
state support of young Russian scientists — candidates of Sciences MK-1408.2018.8.

Cnucok aumepamypul:
1. llypmua M. C. HccnemoBanue OCOOEHHOCTEW THAPOJUHAMUKH U TEIUIOOOMEHA MpHU
JJAMUHAPHOM MYJIbCUPYIOIIEM TEUYEHHHM B MPSIMOYTOJbHBIX KaHAJax: JUC. ... KaHJA. TEXH. HayK.

Mocksa, 2016. 155 c.

2. Ali S., Habchi C., Menanteau S., Lemenand T., Harion J. L. Heat transfer and mixing
enhancement by free elastic flaps oscillation // International Journal of Heat and Mass Transfer.
2015. T. 85. C. 250-264. DOI: 10.1016/j.ijheatmasstransfer.2015.01.122.

3. Xaitoymnmuna A. W. IloBbimieHne 3(pQGEKTUBHOCTH  TEIJIOOOMEHHBIX — anmnapaToB
HaJIOKEHHEM Ha MMOTOK B MEKTPYOHOM MPOCTPAHCTBE HU3KOYACTOTHBIX MyJbCALUNA: aBTOpEd. TuCC.
... KaHa. TexH. Hayk. Kazans, 2017. 16 c.

4.Su Y. et al. A study of the enhanced heat transfer of flow-induced vibration of a new type
of heat transfer tube bundle — The planar bending elastic tube bundle // Nuclear Engineering and
Design. 2016. T. 309. C. 294-302. DOI: 10.1016/j.nucengdes.2016.09.012.

5. MakeeB A. H. UmmynbcHasi cuctemMa TEIUIOCHAOKEHHSI OOIECTBEHHOTO 3/IaHUS: JUC. ...
KaHJ. TexH. HayK. CapaHnck, 2010. 153 c.

6. Ilar. Ha wm3o0perenue 2423650 Poccuiickas Penepauus, MIIK F24D 3/00. Crnoco0
terutocHaOxkenus / A. H. Maxkees, A. I1. JleBnes; 3asButenu u mareHToo0nagarenn A. H. Makees,
A. T1. JleBueB. Ne2010112729/03; 3asBn. 01.04.2010; omy6m. 10.07.2011, brom. Nel9.

7. Ilar. Ha mone3nyto mojnenb 88104 Poccuiickas ®@enepauus, MIIK F24D 3/02. Cuctema
ororuienus (Bapuantel) / A. H. MaxkeeB, A. II. JleBueB, A. A. JlazapeB; 3asBUTETH U

259


http://www.bulletennauki.com/

brwonnemenv nayku u npakmuxu — Bulletin of Science and Practice

Hayuuslil HcypHan (scientific journal) T. 4. Ne5. 2018 2.
http://www.bulletennauki.com

narentooOnamatenn A. H. Makees, A. Il. JleBueB, A. A. Jlazape. No2009126711/22; 3asBi.
13.07.2009; omy6a. 27.10.2009, Bros. Ne30.

8. [Morpednsk A.Il., Koxopes B. JI., Kokopes A. JI., Mouceunko U. O., I'ynersieB A. B.,
Edumosa H. H. O BHenpeHuu cucTeM MMITYJICHOW OYMCTKH MOBEpXHOCTEeW HarpeBa // HoBoctu
terutocHa0kenus. 2014. Ne1(161). C. 22-24.

9. JleBues A. I1., MakeeB A. H. UMmynbCHBIE CHCTEMBI TEIUIO- B BoJocHaOkeHus. CapaHCK:
W3n-Bo Mopnos. yn-ta, 2015. 172 c.

10. I1ar. Ha mone3nyro moaens 128263 Poccuiickas ®enepanust, MIIK F15B 21/12. Y napusrii
yzen / A. II. JlepueB, A. H. MaxkeeB, C. H. MakeeB, C. ®. Kypame; 3asBuTEIb U
nareHroobnagaTenb ¢eaep. roc. OIOKET. 00pa30oBaT. yUPESKIACHHE BBICII. Mpod. oOpa3oBaHUs
«MoppoBckuii rocynapctBeHHslii yauepcutreT uM. H. I1. OrapeBa». Ne2012153602/06; 3asBi.
11.12.2012; ony6i1. 20.05.2013, bron. Nel4.

11. IlaT. Ha u3o0perenune 2558740 Poccuiickas Denepanms, MIIK F15B 21/12. Y napHsrii
y3en / A. II. Jleues, A. H. Makees, C. H. Makees, C. 1. Xpamos, C. ®@. Kynames, A. M. 3103uH,
. A. Hapsaros; 3agBurens u nareHtoobOsanarens HOY «Capanckuit Jlom Hayku U TEXHUKU
PCHHUHOO». Ne2014107201/06; 3asn. 25.02.2014; omy6s. 10.08.2015, Brox. Ne22.

12. OBcensin B. M. 'unpaBnuyeckuii TapaH U TapaHHble yCTaHOBKU. M.: MammHOCTpoeHue,
1968. 124 c.

13. lNanuuetickuit b. M., PeoxoB 10. A., fxym E. B. TeruoBsie u THIpOAMHAMHUYECKHE
IpoLecchl B KoeOmomuxcs norokax. M.: Mamunoctpoenue, 1977. 256 c.

14. ITatrent Ha wu3obperenue 2647254 Poccuiickas ®Penepanus, MIIK F24D 3/00.
Tennorenepupyromas ycranoBka / A. Il. JleBues, A. H. Makees, A. M. 3to3un, U. P. [lamkun;
3asBuTeNb U nareHtoobnagarens YOV JIIO «Capanckuii Jlom Hayku u texHuku PCHUHOO».
Ne2017104343, 3assit. 09.02.2017; omry6:. 14.03.2018, broir. Ne§.

15. MakeeB A. H. TemioBble TyHKTBI CUCTEM TEIIOCHAOKEHUS C UMITYIbCHON [UPKYIALHUEH
TerioHocutens: // BecTHuk JlarecTaHCKOro TOCYyIapCTBEHHOIO TEXHHUYECKOTO YHHBEpPCHUTETA.
Texuuueckue Hayku. 2017. Nel (44). C. 26-47. DOI: 10.21822/2073-6185-2017-44-1-37-47.

16. Makees A. H. TemmomoTpeOistonme yCTpOWCTBA JUISI CHCTEM TEIUIOCHAOKEHUS C
UMIYJIbCHOM MUPKYIAIKEH TerutoHocuTens // Mexanuzarus crpoutensera. 2017. Ne9. C. 11-16.

17. JleBueB A. Il., Kynames C. ®@., MakeeB A. H., JIpicsikoB A. U. BnusHue uMmynscHOTO
peKHMa TEUeHHUs TEIJIOHOCHTENs Ha KOIPQPUIMEHT Telonepeaayd B  IUIACTHHYATOM
TEIJIO0OMEHHUKE CUCTEMBI Topsiuero BojocHaOxeHus // CoBpeMeHHble NpoOJieMbl HAayKH H
obpazoBanus. 2014. Ne2; Pexxum moctyna: http: // www.science-education.ru / 116-12664 (mara
obpamenus: 17.03.2018).

18. JleBueB A. I1., Makee A. H., llupoB M. C. OneHka BAHSHHS UMITYJIbCHOTO JIBUKCHHUS
TEIUIOHOCUTEINII Ha TEIUIOBYKD MOIIHOCTh JKHAKOCTHOro oxjaautens // ITlpombliinuieHHas
sHepreruka. 2017. Ne9. C. 25-30.

19. I1at. Ha none3nyto Mozaenb 102760 Poccuiickas @enepauns, MIIK F24D 3/00. TeruoBoit
nyHkT / C. ®@. Kynames, A. II. JleBueB, A. H. MakeeB; 3asButens U maTeHTO0OJaAaTeNb TOC.
oOpa3zoBar. ydpexjaeHue Bwicml. Tmpod. obOpazoBaHusi «MOPIOBCKHI TOCYIapCTBEHHBIN
yauBepcuteT uM. H. I1. OrapeBa». Ne2010143635/03; 3asBn. 25.10.2010; ony6s1. 10.03.2011, Brox.
Ne?.

20. [1aT. Ha n3obperenue 2543465 Poccuiickas ®enepauns, MIIK F24D 3/00. TeruoBoit
nyHkT / A. I1. JleBues, A. H. Maxkees, C. H. Makees, C. 1. Xpamos, f. A. HapBaToB; 3asBUTENH U
narenroobOnanarens A. II. JlesueB, A. H. Makees, C. H. Maxkeen. Ne2013137717/12; 3asasin.
12.08.2013; omy6m. 27.02.2015, Bromn. Ne6.

260


http://www.bulletennauki.com/

brwonnemenv nayku u npakmuxu — Bulletin of Science and Practice

Hayuuslil HcypHan (scientific journal) T. 4. Ne5. 2018 2.
http://www.bulletennauki.com

References:

1. Pourdin, M. S. (2016). Investigation of the features of hydrodynamics and heat transfer
during laminar pulsating flow in rectangular channels: dis. ... cand. tech. sciences. Moscow, 155.

2. Ali, S., Habchi, C., Menanteau, S., Lemenand, T., & Harion, J. L. (2015). Heat transfer and
mixing enhancement by free elastic flaps oscillation. International Journal of Heat and Mass
Transfer, 85, 250-264.

3. Khaibullina, A. I. (2017). Increasing the efficiency of heat exchangers by superimposing
low-frequency pulsations on the flow in the intertube space: dis. ... cand. tech. sciences. Kazan, 16.

4.Su, Y., Li, M., Liu, M., & Ma, G. (2016). A study of the enhanced heat transfer of flow-
induced vibration of a new type of heat transfer tube bundle - The planar bending elastic tube
bundle. Nuclear Engineering and Design, 309, 294-302.

5. Makeev, A. N. (2010). Impulse system of heat supply of a public building: dis. ... cand.
tech. sciences. Saransk, 153.

6. Pat. for the invention 2423650 Russian Federation, IPC F24D 3/00. Method of heat supply.
A. N. Makeev, A. P. Levtsev; applicants and patent owners A. N. Makeev, A. P. Levtsev. No.
2010112729/03; claimed. 01/04/2010; publ. 07/10/2011, Bul. 19.

7. Pat. for utility model 88104 Russian Federation, IPC F24D 3/02. Heating system (variants).
A. N. Makeev, A. P. Levtsev, A. A. Lazarev; applicants and patent owners A. N. Makeev, A. P.
Levtsev, A. A. Lazarev. No. 2009126711/22; claimed. 13.07.2009; publ. 27.10.2009, Bul. 30.

8. Pogrebnyak, A. P., Kokorev, V. L., Kokorev, A. L., Moiseenko, 1. O., Gultyaev, A. V., &
Efimova, N. N. (2014). On the introduction of impulse cleaning systems for heating surfaces. Heat
supply news, 1 (161). 22-24.

9. Levtsev, A. P, & Makeev A. N. (2015). Pulse systems of heat and water supply. Saransk:
Mordov Publishing House. Univ., 172.

10. Pat. for utility model 128263 Russian Federation, IPC F15B 21/12. Percussion knot.A. P.
Levtsev, A. N. Makeev, S. N. Makeev, S. F. Kudashev; the applicant and the patent owner of the
feder. state. budget. educated. institution of higher education. prof. Education "Mordovian State
University. N. P. Ogarev." Ne2012153602/06; claimed. 11/12/2012; publ. 05/20/2013, Byul. 14.

11. Pat. on invention 2558740 Russian Federation, IPC F15B 21/12. Percussion knot. A. P.
Levtsev, A. N. Makeev, S. N. Makeev, S. I. Khramov, S. F. Kudashev, A. M. Zyuzin, Ya. A.
Narvatov; the applicant and the patent holder of the NOU "Saransk House of Science and
Technology of the RSNIIP". No. 2014107201/06; claimed. 25.02.2014; publ. August 10, 2015, Bul.
22.

12. Hovsepyan, V. M. (1968). Hydraulic ram and ramming installations. Moscow:
Mashinostroenie, 124.

13. Galitsky, B. M., Ryzhov, Yu. A., & Yakush, E. V. (1977). Thermal and hydrodynamic
processes in oscillating flows. Moscow: Mechanical Engineering, 256.

14. Patent for invention 2647254 Russian Federation, IPC F24D 3/00. Heat generating
installation. A. P. Levtsev, A. N. Makeev, A. M. Zyuzin, I. R. Dashkin; the applicant and the patent
holder of the Private Educational Institution "Saransk House of Science and Technology of the
RSNIIP". No. 2017104343, filed. 09/02/2017; publ. 03/14/2018, Byul. 8.

15. Makeev, A. N. (2017). Thermal points of heat supply systems with pulsed circulation of
heat carrier. Bulletin of Dagestan State Technical University. Technical science, 1 (44). 26-47.
DOI:10.21822 /2073-6185-2017-44-1-37-47.

16. Makeev, A. N. (2017). Heat-consuming devices for heat supply systems with impulse
coolant circulation. Mechanization of construction, 9. 11-16.

261


http://www.bulletennauki.com/

17. Levtsev, A. P., Kudashev, S. F., Makeev, A. N., & Lysyakov, A. L. (2014). Influence of
pulsed flow of coolant flow on heat transfer coefficient in plate heat exchanger of hot water supply
system. Modern problems of science and education, 2; Access mode: http: // www.science-
education.ru / 116-12664 (date of circulation: 17.03.2018).

18. Levtsev, A. P., Makeev, A. N., & Shirov, M. S. (2017). Estimation of Impulse Motion of a
Heat Transfer Medium on the Thermal Capacity of a Liquid Cooler. Industrial Power Engineering,
9. 25-30.

19. Pat. for utility model 102760 Russian Federation, IPC F24D 3/00. Thermal station / SF
Kudashev, AP Levtsev, AN Makeev; the applicant and the patent owner of the state. educated.
institution of higher education. prof. Education "Mordovian State University. N. P. Ogarev. " No.
2010143635/03; claimed. 25.10.2010; publ. 10.03.2011, Bul. 7.

20. Pat. for invention 2543465 Russian Federation, IPC F24D 3/00. Thermal station / A. P.
Levtsev, A. N. Makeev, S. N. Makeev, S. I. Khramov, J. A. Narvatov; the applicant and the patent
holder AP Levtsev, AN Makeev, SN Makeev. No. 2013137717/12; claimed. 08/12/2013; publ.
February 27, 2015, Bull. 6.

Paboma nocmynuna Ilpunama k nyboauxayuu
6 peoakyuio 11.04.2018 2. 17.04.2018 .

Ccolnka 0ns yumuposauusi.

Makees A. H. K Bompocy J1okajibHOW OpraHu3aliyi UMITYJIbCHO-KOJICOIOMIENHCS LIUPKYISALIH
TEIUIOHOCUTENS B CUCTeMe TeruiocHabxeHus // bronnerens Hayku u npaktuku. 2018. T. 4. Ne5. C.
254-262. Pexxum noctyma: http://www.bulletennauki.com/makeev (mara o6pamenus 15.05.2018).

Cite as (APA):

Makeev, A. (2018). To the question of the local organization of the pulse-vibration circulation
of the heat-supplyer in the heat supply system. Bulletin of Science and Practice, 4(5), 254-262.

262


http://www.bulletennauki.com/

