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MN3YYEHME TEIIVIOBOI'O PEXKUMA I'PYHTA IIPU UCIIOJIB30BAHUU EI'O
HHU3KOMOTEHIIUAJIBHOM TEILIOTHI C MOMOIIBIO YCTAHOBKH “TEIJIOBOM
HACOC - BEPTUKAJIBHBIA T'PYHTOBOM TEILJIOOEMEHHHUK”

Ilpusooumcsi memoo onpeoenenus OCHOGHLIX NAPAMEMPOE U HHEPSeMUYecKUx nokazameneu
yemanosku  “TH - BI'TO” npu HecmayuonapHom pedxcume meniocvema om epyuma. Ilpueedensi
Pe3yIbmamel  paciemos no UMEHEHUI0 MeMnepamypbl SPYHmMaA 6 medeHue OMONUMENbHO20 Ce30Hd.
Ilpeonacaemca mak opeanu3oeams npoyecc Mmeniocvema 3d OMONUMENbHbIU CE30H, Ymoobbl Clou 2pyHma
6okpye BITO me umenu ompuyamenvhvix memnepamyp. IMO20 MONCHO OOCMUYL CHUNCEHUEM U
Ppe2yIuposKoll memnepamyp XAa0oOHOCUmess U ucnapenuem xaaoazeHma. J[ia HOpMANbHOU IKCHIyamayuu
YCMAaHo8KU 6 nocreoyroujue 200bl, 8 CIMaduu npoeKmuposanus, cieoyem npeoycmMompems 603MONCHOCHb
npogedenus ‘“‘noodszapadku” epynma eoxpye BI'TO 6 meuenue ocmasuwiuxca mecayes 200a ¢ npuMeHeHuem
Opyeux mexnonoeudeckux cxem u HBUD. Ilpeocmasnena npunyunuanvuas cxema ycmanosku “TH - BITO”
co cnocobHocmvio “nodzapsaoku’ epyuma eokpye BI'TO ¢ nomowsbto HUSKOMEMNEPAMYPHO20 COTHEUHO20
KOJLIeKmopa.

Knroueswle cnosa: omonnenue 30anuil, menjiosoil HACOC, 6EPMUKATILHBLI 2PYHMOBBLI MENI000MEHHUK,

MENT0BOU PENCUM SPYHMA, MEMOO ONpedeneHus napamempos 0isk NPOEKMUpoOSanUs U IKCHLyamayuu

Hecmotpst Ha BICOKYIO SHEproaddexkutuBHOCTh TemioBbix HacocoB (TH), oHM He HaILIM IUPOKOTO
npuMeHeHuss B Apmenun. Haubomee d9acTo TpPHUMEHSIOTCS TaK Ha3bIBa€Mble MECTHBIE ‘‘OBITOBBIE
KOHJIUIIMOHEPHI” TUMA “BO3AYX — BO3AYX , 00CCIICUMBAIOIINE OXJIAKICHUE U HATPEB BHYTPEHHETO BO3/yXa B
OTIENbHBIX NoMeleHusx. llpumenenue npyrux BuaoB TH Becbma orpanuyeHno, xotrs TH tumna “Bo3zayx —
BO3AYX "~ HMEIOT HauOOJbIIYIO 3HEPronoTpeOHoCcTh. OHAKO, T€ UMEIOT MPOCTYIO0 KOHCTPYKIHIO, a MEPEX0]
OT p&KHMa OTOIUIEHHS K PEeXUMY OXJIAXKJIEHHS OCYILECTBIISIETCS MEPEBOJOM YETBHIPEXXOA0BOTO BEHTHIS C
OJHOTO TMOJOXKEHUS B JpPYyroe, MEHssI TeM caMmbIM (YHKUMM KOHJEHcaTopa W ucnapurens. C npyroi
CTOPOHBI, T€ MOTYT OBITh MPHUMEHEHBl IOBCIOy H3-32 HEOTPAHWYEHHOCTH HH3KOIOTEHIIMAIHHOTO
nctoynnka termiotel (HIIUT) - mapyxHoro m ymamsemoro (u3 momenieHus) Boszayxa [1, 2]. Dtomy
CHOCOOCTBYIOT M HHU3Kasg CTOMMOCTh 3Tux TH, pacmmpeHHas ceTb 3kcmoptupoBaHusi B PA, merkocts
MOHTa)Ka M 00CITy>KUBaHHSI.

Buenpenue npyrux sumoB TH cBsizano ¢ orpanmdenHocthio HIIUT u, COOTBETCTBEHHO, MacIITaOoOM
9KCHOpTa 000pYJOBaHMS, OTCYTCTBUEM COOTBETCTBYIOLIMX HOPM, OIBITA POSKTUPOBAHUS U SKCILUTyaTalHH.
B xauectee HTUII B TH MOXHO NpPUMEHHUTh 3HEPrUI0 COJHLA, IPYHTA, CTOYHBIX BOJ, €CTECTBEHHBIX
BOJIOEMOB, a TAK)KE BTOPUYHBIC SHEPrOPECyPCh MPOMBIIICHHBIX Ipennpustuii. B psae uccnenosanuii [3,4]
M3yYeHbI MEPCIIEKTUBBI HCIIOB30BAHUS SHEPTUHU COJIHIIA MPH MTOMOIIN HU3KOTEMIEPAaTypPHBIX COJHEYHBIX
KOJIJIEKTOPOB M 0acCeiiHOB, W3JI0KEHBI TEOPETUUECKUE OCHOBBI U MPEJICTABICHBI TEXHOJOTHYECKHE CXEMBI,
TEXHUKO-9KOHOMUYECKHE TTOKa3aTelH, JAIOLIMe OCHOBHI IS 1ie1ecoo0pa3Horo ucnoib3oBanus atux HTUIL

Bormpocy ucnons3oBaHHs HU3KONOTEHIMAIBHOW JHEPTUM TPyHTa IOCBslieHa pabdora [5], omnako
OKOHYATEIIbHO HE PAacCMOTPEHBI TEOPETHMUYECKHME OCHOBBI HM3MEHEHHS TEMJIOBOIO peXHMa TpyHTa B

HECTAIMOHAPHOM IIPOIIecCCe TEIMJIOCheMa ATOM PHEPTUM MPU MOMOIIM ycTaHOBOK “TH - BepTUKanbHBIN
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rpyHTOBOM TertooOMeHHUK (BI'TO)” mis oTorieHUS 30aHUH B T€UEHHUE OTOMMUTEILHOTO ce30Ha. V3ydeHuIo
3TOTO BOMpOCa MOCBAIICHA AaHHas CTaThsl. Pa3zpaboTaH crenuanbHBI METOJN ONMpeneNeHUs] mapameTpoB
TPyHTa, a TaK)Ke TEXHHYECKHE CIIOCOOBI M CXEMBbl OpraHM3aluu Temiockema ¢ momombio BI'TO Ttakum
00pa3oM, 4TOOBI COXpaHUTh TEMIIEPaTypy TPyHTa MO TIIyOMHE 3aJ0KEHHUS IMOJIOKUTEIbHON B TEUCHHE
OTONUTENBHOTO ce30Ha. Heo0XomumMocTh coXpaHeHHs TaKUX TeMIIEpaTyp NPOAUKTOBAHA TEM, YTO B TEUCHUE
OTONHUTEIHFHOTO CE30HA B OTIENBHBIX CJIOAX TPYHTa, OCOOEHHO B MOBEPXHOCTHHIX (M0 20 ...30 m), MoryT
CO3aBaThCsl OTPUIATENILHBIE TEMITEpaTypsl [6], 9TO MpUBEET K 0OJIEICHEHNIO ITUX CIIOEB, YTO M YXYIIUT
MIpOLIECC TEIIOChEMA.

HccnenoBanue [6] mokasano, 4To BETHMYMHA HU3KOMIOTCHIIMAIBHON TEIUIOTHl M TEMIIEPATYPHBINA PEIKIM
TTyOMHHBIX CJIOEB TPYHTA BO-TIEPBBIX, OOYCIIOBIIEHBI TEIUIOTOHM, HAylIeld U3 Oosee TIyOMHHBIX CIOEB (Tak
Ha3bplBaeMasl PaguoreHHas TEIUIOTa), KOTOpas MMEET HE3HAYUTENIbHOE 3HAaYCHHWE W HAMHOI'O MEHbIIE, YeM
ucnonb3dyer TH, BO-BTOPBIX - TEIUIOTOM, UAYIIEH OT COCENHUX CIOEB, HETIOCPEICTBEHHO MPUIIECTAsIIUX K
TeM CJ0sIM, B KOTOpbIX ycTaHoBlieH BI'TO. OnHako, n3-3a HU3KOM MHTEHCUBHOCTU 3THX MPOLECCOB, IPYHT
Bokpyr BI'TO, xoThb W MenjeHHO, HO OCTbIBacT. BepxXxHue ClIOM TpyHTa MNOJABEPrarOTCsl BO3ACUCTBUIO
XOJIOJHOTO HApY’KHOTO BO3JIyXa (3UMOH), TOXKE OCTHIBAIOT U 3aMep3aroT. Kak ykaswsiBaeTcs B [6], 3TOT
IIpoueccC NpoUuCXoauT B TCHECHUC IIATH JICT, a IIOTOM CTa6I/IHI/I3I/IpyeTC5I U TPYHT NCPEXOOUT K HAYaJIbHOMY
COCTOSIHMIO. JTO 03HA4YaeT, YTO CO BPEMEHEM, BO3HHKAET HEOOXOAMMOCTh BOCIIONHEHHS YKa3aHHBIX CIIOEB
IPYHTa TEIUIOTOH OT €CTECTBEHHBIX MCTOYHUKOB TEIUIOTHI MJIM K€ CIEAYeT MPUMEHUTh COOTBETCTBYIOIUE
TEXHUYECKUE CPEACTBA M CXEMBbl WIIM XK€ CO BPEMEHEM, IOCJE CE30Ha SKCIUIyaTallM YCTaHOBKH, CJIEOYyEeT
KCIIONb30BaTh Apyrue, gononHurenasusie BI'TO.

W3 u3noxeHHoro cieayeT, 4To Mpolece TEIIOCheMa U3 IPYHTa SBISIETCS HECTAllMOHAPHBIM U CIIEyeT
W3YYUTh MpPOIECC TEIIoCheMa 3a OTOMHUTEIbHBIN CE30H JUIs MpPaBWIBHOM OpraHu3allié Mpolecca, 4To
MO>KHO CJI€aTh, €CJIM UMEEM COOTBETCTBYIOIINK METO/] HECTALIMOHAPHOTO Mpoliecca TeIIocoopa OT rpyHTa.
IMomo6HBIii  MeTom w3NokeH B [6], oAHAKO OH WMeEET CIIOKHBIH MaTeMaTHYEeCKHMi —armapar-
muddepeHInanbHbIe YpaBHEHHS BTOPOTO MOPSIKA U BEACHUE PAacueTOB 3HAUUTENBHO 3aTpyaHeHo. [loatomy
Hamu pa3paboTaHa Oojiee JOCTYHHAs METOAMKA, OCHOBHBIE (POPMYJIBI U MOJIyYEHHBIE PE3YJIbTaThl KOTOPOM
MIPEICTaBJICHBI B JaHHON cTaThe. MeTo 1aeT BO3MOXHOCTb U3yUHTh TEMIIEPATYPHbIE PEKUMBI B Pa3JIMYHBIX
MIyOWHAX U JUaMeTphl PacIpOCTPaHEHHs TEIUIOBBIX BOJH B TPYHTE, U3BICKATh TEXHUUECKHE BO3MOKHOCTHU
BOCCTAHOBJIGHHS TEIUIOBOTO PaBHOBECHS TPYHTA IEpe] HUCIOIb30BAHUEM B CIEAYIOIIEM OTOMHTEIHHOM
CE30HE.

OObpatumcst K U3y4EeHHUIO Mpolecca Terocoopa oT rpyHTa ¢ nomoulpio ycraHoBku “TH — BI'TO” npu

HECTALlMOHAPHOM IIpOHeCCC B TCUCHUC TCKYLIETO BPECMCHU 7 U OTOINUTCIIBHOIO CC30HAa B ,I[aHHOﬁ

n
KJINMAaTHYECKON MECTHOCTH C MpOAOZKUTCIIBHOCTBIO Z Qr .
=1

CyMMapHasi TEeIoTa, aKKyMyJIHpOBaHHas B CIOSX TpyHTa M OOYCJIOBJIEHHas ee¢ W300apHOM MU

M30XOPHOH TeruoemkocTamu (€, C,”), TIOTHOCTBIO (0,, ), /MAMETPOM PAacIpOCTPAHEHHs TEKYIHX

i
mexk.

MIMHApHYecKux TerioBsix Bosd (d) ), ty6usoit BI'TO (h, ), TemneparypHbIM mepenaiom B TPYHTE 10

¥ T0CJIe TEeIIocheMa OT rpyHTa npu momomm BI'TO (At =t/ —t’"";) B Teuenne oTONUTENLHOTO
CE30Ha, OTPEICIIUTCS BhIPAKECHUEM
Qom.c T 2
mek. __ ep. /v i HaY. L KOM..
z ep.T _pep.cp 4dmeK. hi (tep.‘r:O tzp.r:i) ’ K,ZZD!C (1)
=1
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YacTb 3TOH TETUIOTHI BOCITOHACTCS 32 CUST PAIMOTCHHOM TEIUTOTHI, onpeaesieMoit (hopMyIIon

Qom.c 2

i T
ZQpadm (_ mex. qpaa.T.)T ! K,H.?fc, (2)
2
rae qpaﬂ .~ YAeNnbHas paJuoreHHas TEIIOTa, KOTopas, cornacHo [5], moxer cocrasuts 0,08 ... 0,12 Bm/m
TerutoBoii 6amaHc mpu TEIIOCOOPE TEIUIOTH OT TpyHTa pu oMoty BI'TO umeer Bua

Qom.c. Qom.c Qom.c.

Z Qmekr + ZQpaam _ Z(chawrz_), KﬂDfC (3)

[lpunaBas BpemeHM 7 UHCIOBBIE 3HaueHUS (7 =000Q ), MOXXHO OIpPEIENUTh ITHAMETPHI

om.c.

pacnpocTpaHeHHs TeKYIINX MWIHHIPAYECKUX TEIIOBBIX BOJH B TPYHTE (d! ) B 3aBECHMOCTH OT BpeMeHH

mekK.

T. HpI/I OTOM CJICAYCT NPUHATH YCJIIOBUC

i BITO i
dme dmpm + 2§mex v M, (4)
rae 5mez< - TeKyllas TOJIIIMHA TPyHTa, B KOTOpoM u3-3a Temiockema ¢ momouisio BI'TO, m3mensercs

t Hau. tKOII

Temneparypa ot t)’" , no t77 .

B dopmynax (1), (2), 3amenss drinex. BEIMYMHAMH, NpUBEACHHBIMH B (opmyne (3), U HONB3YAICH

¢dopmynoil (4), momyduM crenyroee BBIPAKEHUE, MPHU MTOMOIIM KOTOPOTO MOKHO ONpPEIENUThH 5,'MK , a

saremu d!
J. Qom.c.
(A + B)émek (A + B)d/-/ap m. 5/;12';( Z (Qm o T i (5)
ried=p,,Cy h (o —t),B= ( dmex Uporr)? » @ QU7 onpenensercs  opmymnoii:
= % ,rae t .t - TeMnepaTyphl pyHTa M XJIa/IOHOCHTENS B PA3IMYHBIX CIIOSX TPYHTA.
>
5 2Bl = (a8l f -16(A+B)XQ; ) o
= , M.
e 8(A+B)
IlpuHsiB  3HAuYeHMs BENMUMH: O, = 1200 ka/a’, Cgp =32  &luc/ke.’C, d:;;om =0,5nm,

o =2,245KkBm,  tt_o =14,At;¢" = 0,048 °C, t7" =0wnt,=-5°C (3HaueHMH OSTHX BEeJINYMH

HOJIyYEeHBl M3 TIPEABLIYINUX pacyeToB) Juisi yciosuil r.Epesana, xorma Q= 3624 u/200, noayuum:

om.c

=154,d!

i
5”16’(’ mex.

=358 na ry6une h, =100, a na rry6une h, =100...10x - d! . =2,69...358 m.

meK.
W3 BBIIEHU3I0KEHHOTO CIEAYeT, YTo Ipu yucie ykazaHHeIXx TuroB BI'TO 6Gorxee 1 mr. mexoceBoe

MeNCOC.

paccTosHME OSTHX AaNlapaTtoB JOKHO ObITb He MeHee D, 95, > 2d e 27,16 M.  OnHOBpEMEHHO

MoJIy4acTcCs, 4TO 06H_II/II>i temiochkeM 1o BeicoTe I'TO B Havaie u KOHIE OTOIMUTCIIBHOI'O CE30Ha COKpAIacTCAa

oT ZQ’“‘”‘“ 12971 no ZQ”’ cenr=3624 _ 6 89 kBm v cokpamtaercs Ha 30 %. st ipyrux ropoaos PA
h=100..10 h=100..10

umeeM: T. Banamsop - Q= =4344 u/eo0, D05, >2-366=7,22 m, . Pasnan Q ,  =5088 u/e00,
oo > 2.385=7,7u.

Uwmes snavenus DJJ70°C ) 101sl 1aHHOTO HACENIEHHOTO MYHKTa, CIEAYET NPAaBMILHO ycTaHoBuTh BI'TO,

n30erasi HaJ0KEHMS TEIUIOBBIX BOJIH I10 FHy6I/IHe 1 B TOJIIIC I'PYHTA.
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M3-3a temmocbopa ¢ momompio BI'TO TpyHT OCTBIBacT, CHUXKAIOTCS TEMIIEPATyphl MO TIIyowHE (B
BEPTUKAIBHOM HAaMNpaBICHUH) W TONIIE (B TOPU30HTAJIHLHOM HAINPABICHUH), YTO NMPUBOAUT K CHUXKCHUIO
BEJIMYMHBI TEII0cOOpa 3a OTONMUTENBbHBIN Ce30H. XapakTep HM3MEHEHHs TeMIIEpaTypbl B BEPTHKAJIbLHOM
HaTpaBJICHUH U B Pa3IMYHBIX TTyOMHAaxX TPyHTa B YCIOBUX T. EpeBana nmpezacraBieHsl B Buae rpadrukoB Ha
puc.l1.

U3 rpaduxoB cnemyer (puc. 1), uro naxe mpu rayomne 3amoxkeHuss BI'TO 30m mox koHer ce3oHa
TeMmreparypa TPyHTa CTaHOBHUTCS OTpuIaTenbHOi. Eciu OBl ce30H ObIn Oolice MPOJOIDKUTEIBHBIM, TO
MoJ00HOE MPOU30LLIO OBl M Ha OONBLIMX ITyOWHAX, YTO MPUBENIO OBl K CHIDKEHHIO BEIWYHHBI TEIIOCHEMOB
U K nepebosiM paboThl yCTaHOBKH, TO €CTh 3TO OTPA3UTCS HA TEIUIONPOU3BOIUTEIBLHOCTH U KOdQPHLIMEHTE
npeobpazoBanuss TH. OpnHoBpemenHo, u3 rpadukoB (puc.l) crmeayer, 4To NpH HEOPraHM30BAaHHOM

TeriocheMme oT TpyHTa ycraHoBkord TH — BI'TO (HacTombko BO3MOXKHO) TPYHT OCTBIHET M B KOHIIE (peBpast

Ha riybmsax N =30, 50m OGynyr cHavana MeHbIIME MOJOXKHUTENbHBIEC, a 3aT€M OTPULATEIbHbIC

TemIepaTypsl. B nocnenyromem, u3-3a 3aMep3aHUsl TPyHTA PE3KO CHU3UTCS TEIIOCOOp, TEM U TEIUIoBas
MomHocTh TH: Gonee yem Ha 3 ... 3,5 pa3a. B Takux ycnoBusiXx opraHuzalys HOPMalbHOTO OTOIJICHUS
notpebureneid npu nomomu ycraHoBku “TH - BI'TO” HeBO3MOXXHA M ClleyeT BKJIIOUWTH PE3epPBHBIN
HCTOYHUK TEIUIOThI, HaIlpUMeEp, ra3oBblii Koten. s npyrux ropomos PA, uMerommx Gonee JIMTeNbHbBIE
CE30HBI OTOIUICHHMS, TPYHT OCTHIHET OBICTPHIMHM TEMIIAMH M TPYHTOBAsl Biara nepeiaer B JeH, yXyAulas
Ipoliecc Temlonepeadn oT rpyHTa K xjagoHocurento. [Ipu 3Tom nporuece TemnocsemMa CTaHOBUTCS 3aTPy -
HUTCIBbHBIM, TCXHUYCCKH HCBO3MOXXHBIM.

3TO 03HAUaeT, YTO TEIIOCHEM OT TPYHTa HEOOXOIUMO OPTaHM30BaTh TAKHUM 00pa3oM, YTOOBI HE UMEITN
MECTO OTpHUIaTEJIbHBIC TEMIICPATYPhl TPYHTA Ha TiIyOuHax O6osee 301, DTOro MOKHO OCTUYh CHHKCHHEM U
PErynupoBKOIl TeMIIepaTyp XJIaA0OHOCUTENS U UCIIAPEHHS XJIaJareHTa, N3MEHCHUEM PacXo/a XJIaJOHOCHTEIIs
1 TIPOM3BOAUTENILHOCTH LUPK. HACOCA, YaCTHBIM ITyCKOM - OCTAaHOBKOI1 3nekTpoasurarens komnpeccopa TH,
WCTIONb30BAaHUEM JIDYTHX TEXHOJOIMYECKHX cxeM ¢ BoBiedeHueM napyrux HIIUT, TpaguuuoHHBIX

HCTOYHHUKOB TCIIJIOTBI U U T. 1.

0
o
<
a
= T\ \
o T~ —+—trp..,h=100
__t““ \NQ —=— trp.ih=70
~— - — trp.h=50
~——na trp.h=

QoT.c., YWees
NpoOors+#nT. OTOMN. Ce30Ha,

Puc. 1. Xapaxkmep usmenenusa memnepamypul Zpynma é paznuinsix 2inyounax sanoxcenus I'TO ¢ meuenue
omonumenHnozo cezona 6 ycuosusax 2. Epeeana

C oToii menpl0 PacCMOTPEH HpPUMEP OMBITHOro mpoektupoBanus ycraHoBku “TH — BI'TO”, obGec-

HG‘II/IBaIOH.ICf/i TCIUIOBYIO HArpy3Ky JABYX3TAaKHOI'O JXWJIOTO JOMa B IT. EpeBaHa, BaHaL[30pa nu Pa3z[aHa.

IIpu pacdeTHBIX Hapy>KHOI U BHYTPECHHEU Temueparypax BO3/yXa
pacu. _ pacu. _ pacu. _ om.c. __1QO0
o, = 16,00 5, =15, U po =21 1. =18°C, pacueTnas TemnoBas Harpyska OTOTUICHHS
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pacu.
30.

, B cpenHeM, npuHsATa npumepHo 10 xBm. VI3MeHEeHUS OTHOCHTEIBHOM TEMJIOBOM Harpys3ku

. 1
~ _ Q(INHH _ ten.e _tcp.ce3.
Qom.c. = iy pacu. — W o MecqduaM OTOIMUTECIBHOIO CE30Ha [JId YKa3saHHBIX TOpPOJAOB
30. 61.6  “Hap.s.

MIPEACTABIICHBI Ha puC. 2.
W3 puc. 2 cnexyert, 9T0 XapakTep U3MEHEHHs] OTHOCHTEIHHON OTOMUTEFHOW HATPY3KH 32 OTOIHTENh-
HbII ce30H aya IT. Banaasopa u Pasgana, HeCMOTps Ha pa3HOCTh PAacYETHOW HApYKHOHW TEMIEPATYpbI

BO3lyXa M MPOJOJDKUTEILHOCTH CE30HA, MOYTH COBMANACT — PAa3HOCTh COCTaBisieT 2 ...3%, KpoMe HOsAOps

s r. Banamsopa. J{ns r. EpeBana Q ~ ropas3go MeHblne. JTH BEIHYHHBI B 3HAYUTEIBHOW CTEICHH,

om.c.

TMOBJIMAIOT Ha SHEPTETHICCKHUE ITOKA3aTCIIN YCTaHOBKU.

Nmest xapaktep usmeHenust Q JUIsl YKa3aHHBIX TOPOJIOB U NPUHSB YCIOBHE, 4TO ycTaHoBKa “TH —

om.c.
BI'TO” obecnieunBaeT Harpy3Ky OTOIUICHHS 37aHHS B 0a30BOM peXHMeE, a TTUKOBAasi Harpy3Ka MOKPBIBAETCS
JOPYTUM HCTOYHUKOM TEIUIOTHI, HAIPUMEP, Ta30BBIM KOTJIIOM, MOKHO BbIOpaTh Takoil TH, koTopblil MOXkeT
o0ecreYnTh CpelHEMECSYHYI0 HArpy3Ky 34aHus B T€UEHHMHM OTONMTENIFHOrO ce30Ha. B maHHOM ciydae
BOCIIOJIL30BAIUCH KOMITbIOTEpHOU Tporpammoii gupmel “BITZER”. Tlpu pacuerax NpHHATHI CIEAYIOIIUE

ycIIoBHs perynrpoBanus TemonpousBoautensHoctd TH u BI'TO no MecsiiiaM 0TONUTENBHOTO CE30Ha:

a. MaccoBoro pacxoa xnanonocutrens - G =Gr"Q;,

6. TeMmepaTypsl XIagoHOCHTe s | 1, COOTBETCTBEHHO, HCIIAPCHNS XJIaareHTa t,

B. MOBCEIHEBHBIC ITyCKOM — OCTaHOBKOH 3jekTpoasurareist TH ¢ ucnonp3oBaneM 0akOB aKKyMYJISITOPOB

AJI aKKYMYJISAIUA ropﬂqeﬁ BOJAbI HA HYX/Jbl OTOIIJICHUA HOTpe6HTCJ’I€ﬁ.

Q
. 0.8
=2 |
C:E 0.6 ” //'-Jb_\f =
i 4
g 0.4 ~ 7 —=— BaH.
5 P .
8 0.2 asg
=
5
(o}
(0] 1000 2000 3000 4000 5000 6000

npoAa. otorn. ce3oHa, Qces3.,4/ce3.

Puc. 2. H3menenue omHocumenbHoil OmonumeabHol Hazpy3Ku 3a OMORUMeNbHbLIL Ce30H 014 pAada 20podoe PA

Ilpu pacuete ompenensiercss Benuuudbl Q. 11 1-r0 Mecsaua mpu 3ananHoii Q) eclu

om.u.

TEMIICpAaTypa KOHACHCALIUU JJId IIPUHATOTIO TUIIA XJIadar¢HTa (B AaHHOM CJiy4ac R 22) 0CTaeTCs MOCTOSHHOM

(B maunom ciyyae t =63°C).Q},,,;, ¥ ONpENENsETCs U3MEHEHNEM TEMIIEPATYphl XnagoHocutens t.

COOTBETCTBEHHO, MCIIAPEHHs XJIanarenta t), a 3arem ocymectsisieM Bbioop TH /11 KOHKPETHBIX YCIOBHIA,
HOJIb3YACh YKa3aHHON IpOrpaMMoi, M Hacoca Ul LUPKYJIAILUU XJIaJ0HacUTeN . 3aTeM OIpPEeAIeHbl pacXobl

QJICKTPOSHEPIUH Ha UX BJICKTPONPHUBOBI. H3MmeHeHne BeIMYMHBI TEIIOChEMa Qm.c6. OT I'pyHTa yCTaHOBKOﬁ

“TH — BI'TO”, neobxoaumoe 11 obecniedyeHns TEIUIOTOH MOTPeOUTENSI M COOTBETCTBYIOIIME TEMIIEPATYPhI

HCMapeHusA to R 22, B YCJIOBUSIX IT. EpeBaHa, BaHaz[3opa, Pasz[aHa 3a OTOIUTEIBHUN CE30H MpEACTABJICHBI

Ha pwuc. 3.
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Puc. 3. H3menenue seudunsvl mennocoopa Qm.cﬁ. om zpynma ycmanoekoui “TH — BI'TO”, neo6xooumoe

ona obecnevenus mennomoii mennonompeoumens u memnepamypur ucnapenus {, R 22 ¢ ycnosusx 2e. Epesana,

Banaoszopa, Pazdana 3a omonumenvnulii ce30n

XO[I HU3MCHCHUA KPUBBIX Ha pUC. 3 YKa3bIBaCT, YTO IJIA obecrieueHus TCHJIOHOTp€6J]CHI/IH IIpy TOMOIIn
yctaHoBkd “TH — BI'TO” nnst Bcex ropofoB U3-32 OTHOCUTEIHO BBICOKOM TeMIEpaTyphl B Pa3INUHbIX CIOSIX

IPyHTa B HauaJle ce30Ha TeMneparypa ucnapenus t, R 22 Bbicoka. B mocnenyromue mecsiusl t, cHmxaercs,

MMOCKOJIbKY pPAacTeT TEIUIOBas Harpy3ka MOTPEOUTENss W CHUKAIOTCS TEMIIEpaTypbl B Pa3IMYHBIX CIIOSX

TpyHTa. OJIHaKO JJIsL r.EpeBaHa ImoJg KOHEI CE€30Ha, KoOorma HWMEET MECTO PE3KOC CHHKCHHUE

TeIIonoTpeOeHus, cienyeT nopbicuth t,. M3menene t, orpasutcs Ha 2HeprodpdEKTHBHOCTH yCTaHOBKU

“TH — BI'TO” u neiicTBuTenbHbIH K03 dunpenT npeodpazosanust TH - ,u;’Hy . Ilocnennee npeacrasisieT u3

co00i COOTHOIICHUE BLIpa6OTaHHOﬁ TCIIJIOTHI, HCO6XO,Z[I/IM06 JIsL TCIJIOBBIX HYX/ HOTpe6I/IT6J'IH, noiy-

YeHHBIH 3a c4eT Teriocbopa OT IpyHTa, M, TPeOyeMOH NpH 3TOM CYMMBI BJIEKTPUYECKHX MOIIHOCTEH

N 9 .
snekrpoasurarenei komnpeccopa TH n mMpPKyIAIMOHHBIX HACOCOB. [z, OIPENEIUTCS BHIPAKCHUEM.

0. = Qm.nom (7)
luTH—BFTO Z( xk.TH + K.XT. + H.mH.) '
211.08 21.08 . 211.08
H.XIL. H.MH. o
rac 21.08 onoe OJICKTPUYCCKHUE MOINHOCTHU DJJICKTPOABUTATCIIEM HACOCOB IUPKYIALUMH XJIaJd0- H

TCILJIOHOCUTEIIS, KBm.
n

N”*. 3aBHCHT OT CO3/aBaeMOro Haropa Z(Apn”fp’_’ 7+ Ap,,iT), Ila ans wmpkynsumu
i—1

XJIAJOHOCUTCIIA, a Halop MU3MCHACTCA B 3aBUCUMOCTH OT TICOMCTPHUYCCKUX pPa3MCpPOB BFTO,

TEIUIOQHU3UYECKUX CBOMCTB XJIAZOHOCUTENS, a TaKkKe OT O0ObEMHON NMPOM3BOIUTEIBHOCTH, ONpenensIeMon
N G 3
popmymoit: V=" b m’le. TuapaBnuyeckue MOTEpPU TPU TPAHCIIOPTHPOBKE XJIAJTOHOCUTEIS B
X,

TEYCHUC CC30Ha OCTAOTCA IOYTH HEHU3MCHHBIMHM, OTO O3HA4YACT, 4YTO DOJJICTPHYCCKasd MOINHOCTb

H.XIL.
21.08

SJICKTPOIIPUBOJIa HACOCa TOXKE OCTACTCA HeusmenHoi. N PACCUUTHIBACTCA B KaXXAOM CJIydac JJIsd i -ero

H.mH.
21.08

ydacTKa. Tak kak HC 3aBUCUT OT U3MCHCHHS BBIIIC U3JIOKCHHBIX MPOLECCOB U BCINUYNH, TO YHUCIIOBOC
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o 0. 0
3HAUYCHUC 3TOU BCJIWYUHBI B pacyeTax ﬂycm HC Y4YUTBIBACTCA. Ly, 3aBUCUT OT pialda (baKTOpOBZ THIIA

XJIaloHa U KOMIIpECCOpa, TEPMOJUHAMHUYECCKOIO COBEPIICHCTBA IUKJIA W IIPOLECCa CXKaTUA XJlagarcHra B

KOMIIPECCOPE, TCIIJIOMPOU3BOAUTCIIBHOCTH TH, TEMIICPATYPHBIX PEIKUMOB - TEMIICPATYPbl KOHACHCAIIUN tK nu

ucnapenus {,, KOTopsle, B CBOIO OYepEJlb, 3aBUCAT OT TeMIepaTyphl Temonorpebnenus - t,  un HBUD -

nom.

tHBI/IB :
v 0.
Jins BBIABIEHHMS XOJa M3MEHEHMs NeHCTBUTENBHOro Kod(QUIMEHTA NPeoOpa3soBaHUA [l prro 34
OTONHUTENHHBIA CE30H TOCTPOEHBI COOTBETCTBYIOIIHE TpaduKH I pa3IudHBIX TopoioB PA (puc.4). U3

2. . . N

rpaMKOB CIENYET, UTO [l prro, UL yCIOBUM I'. EpeBana camblii BBICOKHH, TIOCKOJIBKY BBIILIE TEMIIEPATypa

ucnapenus {, (puc. 3), MeHbIIE OTHOCUTEIbHAS OTONUTEIbHAS HATPY3Ka U MIPOJOIKHTENLHOCTD OTONUTENb-
0.

HOT'O C€30Ha, U3- 33 4Ero CJIOM IPyHTa 0CO00 HE OCTHIBAIOT. Ly, prro OCOOEHHO BBICOKO B Hayaje U KOHLE

. AXl ~ 1l
cesona, korma mmeem: Q7 =0,378, ,u;(' =324, Q" =0,414, M”'_ =2,83. Jlns rr.Banagsopa u
P33Z[3Ha, HUMCHOIIIUX 6OHBHII/IC OTHOCUTCJIBHBIC OTOIIMTCIBHBLIC HArpysku W HOPOAOJDKUTCIbHOCTHU

9.
OTONHUTENBHOTO CE30HA, [l prro, KONEONATCA B mpenenax or 2,5 10 2,7, MOCKONBKY HU3KH TEMIIEpaTyphl

ucnapenus t , a Taxke u3-3a 0oJbIIEH MPOJOKUTENBLHOCTH CE30HA CIOM TPYHTa CHJIBHO OCTHIBalOT. Bee

3TO MPHUBOAMT K CHWXKEHHIO dHeproddekruBHocTr ycranoBku “TH - BI'TO”. OnmHoBpeMeHHO U3
MOJYYEHHBIX PE3yJIbTaTOB CIEAYET, YTO B TEX PETHOHAX, IN€ HMEIOT MECTO HHU3KHE pacyeTHbIE H
CpeAHEMECSYHbIE 3MMHHE TEeMIIEPaTypbl, OOJbLIME MPOJODKUTEIBHOCTH CE30HA, Ui IIOBBILICHUS
snepro3dderusaoctr padotsl ycranoBku “TH — BI'TO” HeoOxoanmMo opraHm3oBaTh MpoLEcC TEIIOCheMa
TaK, 4TOOBI CIIOM TPYHTa HE OCTBIBAJIM [0 OTPHLATENBHBIX TEMIIEPATyp, YTO HAMHOTO CHU3UT HMHTEH-
CUBHOCTb IIpoliecca TeILIoNepeaayy 0T IPYHTA K XJIaJlOHOCUTEIIO.

CHmxeHue TemIonpou3BoAuTeTbHOCTH TH NpPUBOAUT K CHIDKEHUIO 3JIEKTPUYECKOW MOITHOCTH
JIEKTPOIPHUBO/IA KOMIIPECCOPA, OCTABIISISE HEU3MEHHBIM i\, , HO YMEHBIIACTCS L7, W3-32 HEU3MEHHOCTH

AJNIEKTPUUECKONH MOIIHOCTHU AJIeKTporpuBojaa Hacoca (cMm. Gopm. (7)). IlogoOHbIe pacueThl MPOBEACHBI IS
YKa3aHHBIX BBIIIE TOPOJIOB U PE3yJIbTAThI PEACTABIICHBI B TAOJHIIE.

W3 Tabmuipl criemyer, 4YTO € YBEIWYEHHEM IMPOJOJDKHUTENBHOCTH OTONMTENHHOTO CE30Ha |
HapabotaHHbIX yacoB ycraHoBkH “TH — BI'TO” mpu onnHaKoBBIX TemIieparypax B TiTyOMHaX TpyHTa U
TEIUIOCheMax B Hayalle Ce30Ha BeJMYMHA TeIylocheMa B KOHIE ce3oHa cHmxkaercs ¢ 30 mo 32,5 %. Oto
SBIISIETCSl CIIEICTBHEM CHIDKEHHUSI TEMIIepaTyphl IpyHTa IO IIyOMHE (B BEPTHUKAILHOM HANpaBlieHHH) U
Tonmie (B TOPH3OHTAIBHOM HampasieHuH). Co CHI)KEHHEM BEJIMYMHBI TeIuiocOOpa CHIDKAETCA TaKkKe
TETUIONPOM3BOAUTENHHOCTh YCTAaHOBKH. JIJI moaaepaHusl MOCIEeTHON, KaK OBIJI0 YKa3aHO BBIIIE, CIEIyeT
yBemuuTh unciao Takux BI'TO wmm Bxmounth B cxemy apyrue HBUD. Marematndeckoe BBIpakeHUE,

XapaKTCpU3yromiee Ty B3aMMOCBA3b, UMECT (bOpMy JIMHEHHOIO YpaBHCHUA:

Qe =0,00020Q2  +7,5657 .

m
CHmxenune koddduimenta npeoOpa3zoBanus ycraHoBkd ot 2,8 a0 3,1 % (rabmuua) sBiseTcs
CIIEICTBMEM HEM3MEHHOCTH MOIIHOCTH 3JICKTPOIPHBOAA Hacoca I LUPKYJSAIUM XJIaJ0HOCUTENS IMPH

CHUKCHUU TCIUIONPONU3BOANUTCIBHOCTU TH.
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Puc. 4. H3menenue oeticmeumenvHozo Ko3Qppuyuenma npeoopazoeanus cmanoexu "TH - BI'TO'" 3a
Y peoop THY V'

OMOnUmMENbHLLI CE30H 0713 PA3TUYHBIX 20p0006 PA

Tabauua
Bnuanue ymensuienusn mennocvema om cpynma na ynepzemuydeckue nokasamenu ycmanoeku “TH - BI'TO” ¢
meuenue omMonUMeNbHO20 CE30HA U pAda 20pooos PA

HpO,HOH)K. Z Zr;t]..ce,w.rzl / ZQ:;:caw.r:3624 CHUK. ﬂ]z:;i[v ﬂY%%H)K

Bennu. OTOIIHT. h=100..10 h=100..10 TEIIO- i —a | KO3(.

ces., / Q,Z:nl,, , Q=® cOopa, Hrny | Hny npeo0.

om.c -np- m.np. !
ropona 4/200 xBm xBm % %
EpeBan 3624 6,82/10,68 30,0 2,51 2,8
Banamzop 4344 9,71/15,2 6,68/10,46 31,2 2,58 2,50 2,9
Paznman 5088 6,55/10,26 32,5 2,49 3,1
Hpumeu. memnepamypa xnadonocumens t:::_'m =0 u ucnapenus xnadazenma t, = —5°C , mowpocms snexkmponpusooa

Hacoca ona yupkyaayuu xaaoonocumensn — 0,401 kBm

Pa3zpaboTaHHbIif MaTeMaTHUECKUI armapaT ONpeAeIeHUS XOJa W3MEHEHHUs TeMIlepaTypbl TPYHTa I10
riyOnHe (B BEPTHUKAJIBHOM) M TOJILE (B FOPHU3OHTAIBHOM) 32 OTONMTENIBHUI CE30H MOKAa3bIBAET, UTO IS
HOpMainibHOTO (QyHKUMOHUpoBaHus  yctaHoBku “TH — BI'TO” Ha nocienyroumii ron HEoO0X0IUMO
MPESYCMOTPETh BO3MOXHOCTb NPUMEHEHHH TEXHHUUYECKHX CPEICTB BOCCTAHOBJIICHHUS TEIUIOBOrO OanaHca
TPYHTa, TOCKOJBKY TEIUIOTa, HWAyIlas M3 HIKHBIX M COCEJHUX CII0OEB, HEIOCTaTOYHA JUISI TOJHOTO
BOCCTaHOBJICHHS TETUIOBOTO Oaranca rpyHTa BOokpyr BI'TO. Jlinsg mocnemyromieit HopMaabHOH DKCITTyaTaluy
YCTaHOBKH B CTaJUH MPOEKTUPOBAHUS CIENyeT MPEeIyCMOTPETh BO3ZMOXKHOCTH NPOBEACHUS ‘‘TOA3APSIKHA
TPYHTa 3a OCTaBIIMECS MECALBI T0/Ia ¢ MPUMEHEeneM TeXHooTndecknx cxem u apyrux HBUD. Takas cxema
npezcTaBieHa Ha puc. 5. Ona npencrasisier u3 ceds TH (1), BITO (1), 6aku akkymynsitopsr (1) xnmamo- u
(1Y) Terutonocurens, Hacocsl mupkyssuun (Y u Yl), ooparusie (YII) n nogatormme (Y1) termonpoBost
JUTS TIOJTAYH TETUTOHOCUTENS B 31aHM paiioHa. HuskoTemmneparypusiid comHeunuit kKosutektop (1X) cBszan co
cxemoit BenTusiMu (X u Xl). Ilpy HanuuuM CONHEYHOTO CHSHUS 3aKpbIBaeTCs BEHTHIH (X), OTKPHIBAE€TCS
(XI) u xmamonocutenp Hacocom (Y) momaercs cHavano B koswiektop (IX) ¥ 4YacTH4HO HarpeBasich,
noctynaer B BI'TO (ll) nna oxonwarensHoro HarpeBa B rpyHTe. IIpM OTCYTCTBHM COJIHEYHOTO CHUSHHA,

xnagoHocutens npsmo nocrynaer B BI'TO (I), Munys Hu3KOTEeMnepaTypHblid conHewHbIid kosutekTop (1X).
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ITpu stom 3akpeiBaercsa BeHTHb (IX) m oTkpeiBaercs (X). 3a mepexoaHbIe CE30HBI TOA XJIaJOHOCHTEID
HarpeBaetTcs B kojuiektope (IX) HacTombKO, YTO HU3KOTEMIIEpATypHAs TEIUIOTa OT COJHECUHBIX SHEPTHH

xBaTaeT Ha HyX1bel TH, a Taxxe mis “nomzapsaku’ rpyata Bokpyr BI'TO.

1<)

1=

ML

Puc. 5. Ilpunyunuanvnan cxema ycmanoeku “TH — BI'TO” co cnocoonocmuio “nodzapaoxu” zpynma
6okpyz BI'TO ¢ nomouibio Hu3komemnepamypHozo coineunezo KoJneKmopa

OCHOBHBIE BBIBOJbI

1. PazpaboTaHHBIIi METOJ HECTAIIMOHAPHOTO IpOIECCca TEIIOCheMa OT IPyHTA 32 OTOMMUTEIbHUMN Ce30H
yctanoBkoit “TH - BI'TO” nmaeT BO3MOXKHOCTH OTPEICICHHS XOJa M3MEHEHHUS TEMIIEpaTyp CIIOEB
IpyHTa 10 TIyOuHe (B BEPTUKAJIHLHOM HANpaBJIeHUH) U TOJIIE (B TOPU30HTAIHLHOM HalpaBiIeHHUH), a
TaK)KE SHEPreTHYECKUX IMOKa3aTeled YCTAaHOBKM NP 3aJaHHBIX reomeTpuueckux pasmepax BI'TO,
TeI0(U3NIECKUX CBOMCTB I'PyHTA, XJIaJOHOCUTENS, XJIaAareHTa, 3HEPreTHIecKOro COBEPIICHCTBA
KOMIIpeccopa M LIUKJIOB, IpuMeHsemMbix B TH.

2. Jlns noBbllieHUs SHepreThueckux mokazateneii BI'TO crnemyer yBeIMUYUTh IOBEPXHOCTh

TEII000MEHa yBEIMYEHUEM TeOMETpUYeckux mapamerpos BITO - d d U TIyOuHBI

Hap.mp.? " éH..mp.
3amoxenus N .

3. HaubGonbmeit sHeproaddexruHocTn ycraHoBku “TH - BI'TO” B TeueHHE OTOMMTEIBHOIO CE30HA
MOKHO JOCTHYbL OpraHM3alliell mpolecca TemiocheMa TakuM 00pa3oM, YTOOBI CJIOM TPYHTa BOKPYT
BI'TO He mMmenu oTpuLaTeNbHBIE TeMIlepaTypbl Ha riyouHe Oosee 30m. DTOMY MOXKHO JTOCTHYB
CHIDKEHHEM M PETYJIMPOBKON TeMITepaTyp XJIaJOHOCUTENS U UCTIAPEHHS XJIaJjareHTa.

4. ]Jlns HOpMaIbHOM OSKCIUTyaTallid YCTAaHOBKHM B TIOCIEAYIOUIHME TOJBI, B CTaJUH MPOEKTHPOBAHUS
CIIeTyeT MPelyCMOTPETh BO3MOXKHOCTh MPOBeACHUA “monzapsaaku’” rpyHTa Bokpyr BI'TO B Teuenne

OCTAaBHINXCS MCCALIOB roga ¢ HPpUMEHCHEM APYTHUX TCXHOJOTHUYCCKUX CXEM U HBUD.
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U.LNMEwnpnuyui

QCNRULSh QECUUSPL REFPUP NPUNRULUURLNRUL, BLR LLU 8UOLC NNSELSPULP
QEMUNRE3NPULL OGSURNOIYNRU E «26MUUSPL 11U - NPNNUQPG @LORULSUSHL
QELUUONIULUYP2» SENUYUSULLNRT

Spywé F gpnibnp hpdbwlul qupwdbnpbph b «Lbpdughll wndy - nignudhg gpnilinuyhi
okpdunhpnfumbinhsy nbnuwluywmbph Fabpglbnplulub gniguihpilbph npnodws Ukpnn, Epp wnknh
E makimd ns uwnwughnbup eghpunipjul hknwgdwil gnpépbpwg gpnibwnpg: Fhpyws kb
hbkwnmwgnuinipul wpyniapbbpl  wre  uyl, ph plvwku  Ea thmhnhn/nid gpoibnh
okplumumpdwbibpp okpnigdwl spowinid: Unwownplynid b okpniglwi ppowbnid obpunipjui
hbkpuguwl gnpéplpugn Juquulbpuyly uwyhwku, np gqpnilnnp pkpunkpp, npnip hwpnid kb
nignudhq gpnilinuyhl okpdunhnfumbufhshl, snibabbwl puguuwlul pbkpduumhdwbbbp: Hpw
Jupkih Fwhly  ifuqkghbin] b hupgqujnpling uwniwlph skpdunnnplwbbkpp b vwnhugnulh
gninpopwgnidp: Sknuuywipp hknwqu nuphbbphl phulwink swhugnpdtint hudwp hwupl
buw pknlu hwpnugddwl thnynid hwpnunnbuly gpnilunp «<iJbpuy pgpur/npdwly hinupun/npnipinii'’
nuwpyw wyy ppowhikph  phpwugpnid wy wbklbnnghwlwl  ujubdwbbph b gudp
okplwunpdwbughlr Fakpghuyh wppnipbbpny: UVkphuyugyws b «obpduyghl ynuy - ninnudhg
gnnilnnuyhlt okpdunhpnprubialhs» wnknuluyuiph uljgpniipuyhls ufubl qudpn
okplwumpdwbuyhle wplughli  §njklwunpny,  npp o hbhwpunpnipinia F wagghu
«t/bpuyhgpunnplbyn»  gpniiinh pkpunkpp, npnbp  hwpmd ki nignudhq  gpoilwnughb
okpdunhnpnmbiahshi:

Unwigpuyhlt pwnkp. pkiph  oknnignid, eokplughli  wnduy, nmipnudhqg gpniinnuyhb
okpdunhnpnmbialhs, gnnilunh obpluyhl nkdpd, upnugddwl b pwhwgnpSuwl hudwp gpnilunh
wuwpudlnpkph npnpdwl Ukpnn
A.L.Petrosyan
THE STUDY OF THE GROUND THERMAL CONDITION WITH THE USE OF ITS

LOW-POTENTIAL TEMPERATURE IN THE “HEAT PUMP-GROUND VERTICAL HEAT
EXCHANGER” PLANT

The article presents a method for determining the ground basic parameters and energetic indicators of
the installation of "heat pump - ground vertical heat exchanger" when there is a process of non-stationary
heat removal from the ground. There are presented the study results regarding how the ground temperatures
change during the heating season. The heat removal process during the heating season is proposed to
organize so that the ground layers around the vertical ground heat exchanger won’t have negative
temperatures. This can be achieved by decreasing and adjusting the temperatures of the coolant and the
refrigerant. For normal exploitation of the plant in the coming years, it is necessary still in the design phase
to provide a possibility of ground "recharging” around the vertical ground heat exchanger during other
seasons of the year with the use of other technological schemes and low-potential energy sources. It is
presented the basic scheme of the "heat pump — vertical ground heat exchanger" installation with the low-
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temperature solar collector, which allows to "recharge" the ground layers around the vertical ground heat
exchanger.

Keywords: heating of the buildings, heat pump, vertical ground heat exchanger, ground thermal condition,
method of determination of ground parameters for design and exploitation

Jlureparypa

1. Herpocsin A.JI. IlpuMeHeHHe BO3AYIIHBIX TEIUIOBBIX HACOCOB JJIsl OTOIUICHHs 3maHuii // DHepro-
coepexxenue. - M., 2015. - N 4. - C.1-6.

2. Merpocsan AJL. YTunuzanusi TEIUIOTHl YJAIEMOTO BO3JyXa MOMEHICHUS TPU MOMOIIU MECTHBIX
TETJIOHACOCHBIX ycTaHoBOK // ABOK. - M., 2012. - N 6. - C.82-89.

3. Herpocsan A.JI. Vcnonp3oBaHHe COIHEYHOH SHEPTUU Ul TEIJIOCHAOKEHHs] TOPOACKOTO paiioHa C
IPUMEHCHHEM TEIUIOBOIO HAcoca M ColHeyHero OacceiiHa // DHeproGe3omacHOCTb M SHEp-
rocoepexxenue. - M., 2011. — N 2. - C. 27-32.

4. Merpocan A.JL., Bapcersin A.B. IlepcnieKTHBBI COBMECTHOTO MPUMEHEHHs TEIUIOBBIX HACOCOB U
HHU3KOTEMIIEPATYPHBIX COMHEYHBIX KoJiekTopoB // HoBoctu Teruocuadxenus. - M., 2010. — N 1. - C.
27-30.

5. Merpocsan A.JL IlepcrieKTHBBI MPUMEHEHHS TETIOBBIX HACOCOB, UCTIONB3YIOIINX TETJIOBYIO SHEPTHIO
rpyHTa 3eMJIH, B ycioBusix Pecriyonuku Apmenus // TeroBeie Hacocs!. - Kues, 2012. - N 1. - C.22-27

6. Bacuaber TI.II. TemnoxiagocHaOkeHHWE 3MaHUN HM  COOPYXKCHHMH C  HCIIOJIb30BaHUEM
HU3KOIMOTEHITHAIBHON TEIJIOBOM HHEPrHH ITOBEPXHOCTHBIX CIIOEB 3emiid: MoHorpadus. - M.:

Wznatensckuii nom “I'parnma”, 2006. - 176 c.

Dhupnyul Upwnwpku Lhnbh, w.q.p., pag (22, p.Gphwl) - £C2UZ, 22UO wdphnl, (+374)98932940, artashespetros-
yan@mail.ru:

Ilempocan Apmawec Jlesonosuu, xk.m.n., ooy. (PA, 2.Epesan) - HYACA, xadenpa TI'B, (+374)98932940, artashespetros-
yan@mail.ru.

Petrosyan Artashes Levon, doctor of philosophy (PhD) in engineering, associate professor (RA Yerevan) - NUACA, Chair of Heat
and Gas Supply and Ventilation, (+374) 98932940, artashespetrosyan@mail.ru.

Ukplupugyky E 02.12.2016p.
Lagni ik Fuigugpnipqui*08.12.2016p.

107



