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IIpogedennl sxcnepumenmanbhbie UCCAO08AHUA IPhexmueHocmU PabOmMvl MENIOHACOCHOT CUCHIeMbl
C UCNONB30BAHUEM 8 KAYECHBe NePEUHHO20 UCTNOYHUKA MeNId HUIKONOMEHYUATbHON SHEPSUU 6ePXHUX COE8
3eMAU U IHEPSUU CONIHeYUHO20 usnyyeHus. Paspabomana memoodura npogedenusa uccieoosanuti. Onpeoenenvi
yenoeus pabomul MenIOHACOCHON CUCHEMbl, KOMOPbie 00eCneyusaom MUHUMATbHbIE 3AMPAmbl Ha MPAOU-
YUOHHBIE UCMOYHUKY SHepeul. Buinoinen ananu3 noiyuyeHHvIX pe3yasmamos i cOeldnbl 8bl800bl O Yeneco-
06pasHoOCML KOMIIEKCHO20 UCNONBb30BAHUS PAZHBIX GUO08 B0300HOBNAEMBIX UCIIOYHUKOS IHEPSUL C YEbIO
NOBbIULEHUS SPPEKMUSHOCU MENTOHACOCHBIX CUCEM, YMEHbULEHUS MEXHOLEHHOT HAZPY3KU U 0becnede-
HUS PAYUOHATBHOO UCNONIb30BAHUS NPUPOOHBIX PECyPCOB.

Knruegoie coea: mexnocenHas HAZPY3KA, SKOI02UYECKAs 6e30NACHOCHb, PAYUOHATLHOE UCNOIb306-
Hle NPUPOOHDBIX Pecypcos, albMepHAMUBHAS IHePLeMUKA, 60300HO6IAeMble UCOYHUKI IHEPUL, 2eomep-

MAIbHAA cucmemd, 2eJUOKONNEKMOPD.

Beenenue. Pactymee TeXHOTCHHAs Harpyska
HA OKPYXKAIOIIYI0 IPHPOJHYIO Cpeay U 000CTPECHHUE
B CBA3M C 3TUM HPOONEMBI SKOJOTHUCCKOH Oe3-
OMacHOCTH TPEOYET KApPAWHATIBHOTO HM3MCHCHHS
MOJHUTHKU B 3TOH cepe u obecrnieucHne cOanaHcH-
POBAHHOI'O pPAa3BUTHUA DJSKOHOMUKH, JHCPICTUKH U
9KOJOTHMH. PerneHue yka3aHHOH mpPOOICMBI BO3-
MOKHO 32 CHET ONTHMH3ALNHN CTPYKTYPBI 3HEPre-
THYECCKOTO OaaHca rocyJapcTBa U €ro PErHOHOB, B
KOTOPOM MOJKHO OOJIBIIVIO JOJIO JOJKHBI COCTAB-
JIATh SHCProOHOCUTCIIU, TTOJTYUCHHBIC U3 DKOJIOTUYIC-
CKH 0C30MACHBIX HCTOYHUKOB SHEPTHH |3 ].

OnxauM H3 HaIpaBJICHUN HAy4HO-
TCXHHYICCKOTO MPOTrPECca, SBILICTCS HCIIOIb30BAHUC
B0306HOBHHCMLIX HUCTOYHUKOB SHCPIUU. OCHOBHLIM
MPSUMYIIECTBOM HCIIONIb30BAHUS BO30OHOBISICMBIX
SHEPropecypCoB SBISICTCS HUX HEHCUCPIACMOCTh U
SKOJOTHYCCKAsT YMCTOTA, YTO CHOCOOCTBYET Vy4-
[ICHHUIO DKOJOTHYCCKOTO COCTOSIHHS OKPYKAIOIICH
Cpcabl U HC NMPUBOAUT K USMCHCHHUIO DHCPICTUYC-
ckoro Oamanca Ha tiaHete. [Ipu mcnonb3oBaHHH
B0306HOBHHCMLIX HUCTOYHUKOB DJHCPTUH OTHAAACT
HCOOXOAUMOCTh B A00bIUC, iepepaboTke, oborarme-
HHH U TPAHCHOPTHPOBKE TOINIMBA, CHUMACTCA MPO-
OneMa yTUIHM3AMN WK 3aXOPOHCHHS BPCIHBIX OT-
X040B TPAAULUOHHBIX SHCPrCTUUCCKUX IIPOU3-
BOACTB [7].

Kpome TOr0 3HaUMTENBHYIO NEPCTIEKTUBY MIME-
€T HCIOJb30BAHHUC HU3KOMOTCHLUHAIBHOW SHCPTHH
OKPY’KAIOIICH CPeabl MPEBPALICHHON B BBICOKOIIO-
TCHUHATIBYIO C TIOMOLIBIO TCIUIOBBIX HACOCOB.

CnocoOHOCTE TEIUIOBOTO HAcoca Opath SHEP-
THIO H3 Opr)KaIOH.[Cﬁ Cpcabl BBITOJAHO OTIUYACT
€ro OT APYIUX TCIUIOTCHEPATOPOB, KOTOPBIC BCE
CBOU TCILIOBBIC MOTCPU BMCCTC C MPOAYKTAMHU Cro-
paHust cOpackiBarOT B arMochepy.

B 3KOJIOTHYCCKOM aCICKTE TIOJIOXKHUTCIBHAS
cropona temionacocHeix cucrem (THC) sakmroua-
CTCS. BO-TICPBBIX, B OTCYTCTBHH MPOIECCCA TOPCHUS
Y TIOMYTHOTO 3arpsi3HCHUS aTMOC(EPBI, BO-BTOPBIX,
B VTHIH3AIIMH TCIUIOBBIX OTXOJOB MPOU3BOJICTB,
YTO SBSICTCS BAXKHBIM HANPABJACHHUCM  3AIKUTHI
ouocdepn oT TemioBoro 3arps3Henms. THY co-
JCUCTBYVIOT OAHOBPCMCHHOMY PECHICHHIO TPEX BAXK-
HCHIIUX MPOOIEM: SHEProCcOCPSIKCHHS, OXPAHBI
OKPYKAIOWICH CPEAbl, PKOHOMUN W YIVYIICHHIO
yCIOBUE  PabOThl  TEIIOHEPTETUYCCKUX —POU3-
BOACTB [8].

LlenecooOpasuocts ucnonp3oBanus THY moa-
TBEPKACHA MHUPOBBIM ombitoM. QaHAKo B YKpauHe
TCXHOJIOTH HWCIOIB3YIOMKC TCIUIO BEPXHUX CIIOCB
3emuin pUMEHSIOTCSL KpaHe peako. U eme Oomee
PEOKO BCTPCUAIOTCS TCIUIOHACOCHBIC CHCTCMBI, HC-
MOJIB3YIOMUC B KAYCCTBC IMCPBHYHOTO HMCTOYHHKA
rema sHepruo CoHIA ¢ MPUMCHCHUCM COJTHCY-
HBIX KOJUICKTOPOB. JJaHHBIC CHCTEMBI HEAOCTATOYHO
aIanTHPOBAHBI K VCIOBHAM JKCILIYaTAllMH B KITH-
MAaTHICCKUX YCIOBUAX Y KPAWHbBI U MAJTO U3YUCHEI.

Mertononorusi. Cozganable B YKpPamHCKOM
TOCYIAPCTBCHHOM T'COJIOTOPA3BCAOYHOM HHCTHUTYTC
SKCTICPUMCHTATBHBIC CUCTEMBI TTO3BOJISTFOT MOJICTH-
POBATh PA3TUYHBIC TCIUIOTCXHUUCCKHUC YCIOBHS
paboThl YCTPOHCTB W HCCICAOBATh BO BPSMCHH
MPOLICCCHI, KOTOPHIC CONPOBOXKIAIOT TIONYICHHS
BO300HOBIISICMOH SHEPTHH.

Ha sxeneprMenTanbHOM reoTepManbHON yeTa-
HOBKC OPOBOAWIVCE M3MCPCHUS TCMIICPATYP TPVH-
Ta Ha rIyouHax 10 50 M ¢ 3aJaHHOM YacTOTON JHUC-
kperm3anuy. KOHCTPpYKIMS YCTAaHOBKH ITO3BOJISICT
BU3YAIM3UPOBATH MMOKA3AHUS MPUOOPOB B PCATBHOM
BPEMCHH, a TaK K€ CO3MaTh apPXHUB IOJIYICHHBIX
JAHHBIX A5 JANTbHCHIICH UX MHTCPIIPETALMU U 00-
PabOTKH PA3TUIHBIMH [IPOrPAMMAaMH.
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Puc. 1. Ha3zeMHag 4acTh re0TepMAIbHON 3KCIEPHUMEHTATBHOM cucTeMbl YKpI TPU

A ¢ T[OMOIIBD  KOHTPO/IEPA  MOJACTH
MAXYCON FLEXY wu pa3paboTraHHOrO B
VkpI TPU coenmanpHOro mporpaMMHOro obecre-
yeHHs1 Ha 0Oase OTKpbIToro koHpuryparopa FDB
¢upmer  RAUT AUTOMATIK, o6GecneunBactes
cO0p JaHHBIX C UBMEPUTEIBHBIX YCTpOUCTB. Paspa-
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0OTaHHAsd mNporpamMMa TO3BOJBICT OCYIICCTBIIATH
JATBHCHINYI0 00paboTKy MONYYCHHBIX JaHHBIX,
apPXMBUPOBATh JAHHBIC W BBIBOAWUTH HA MOHHUTOP
KOMIBIOTEPA MH(OPMALMIO O COCTOSHUH CHCTCMBI
B pEaJlbHOM BPEMEHU MIPOrpaMMON BHU3yaTIU3AL[UU

(puc. 2).
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Puc. 2. TIporpaMMHO anmapaTHBIA MOIYJIb BU3YaTH3ALMU H APXUBALMH JAHHBIX

KouTponiep mo3BoiseT CHUMATh MOKA3aTE/IH
Gonee yeM u3 36 kaHanoB HH(pOPMAIMH, U TUCTAH-
LUOHHO YIPABIIATh CUCTEMOM, KAK B ABTOHOMHOM,
TaK U PYYHOM pEXKHUME. A HAKOIUICHHBIM apPXHB
JAHHBIX KCIOJIB3YCTCS IS MPOBSIACHUS AHATUTH-
YCCKUX UCC/ACAOBAHUN 32 PA3IHYHBIC TCPHUOIBI pa-
0OTBI CUCTEMBI IO HCOOXOAMMBIM TIOKA3ATCIISIM [IPH
MOMOIIY Pa3HOOOPA3HBIX (PUIBTPOB.

Tak k¢ SKCICPUMECHT TIPOBOIWICS HA OTHOU 13
JBYX JCHCTBYIOUIUX SKCICPUMCHTABHBIX I€IHOCH-

CTEM [T TIOJOTPEBA BOJABI B CHCTEME T'OPSUErO BO-
nocHabxennst YkpI TPU ycranoBieHHOM cTanmo-
HapHO.

KOHCTpYKTHBHO BCS 3KCHEpUMEHTAIbHAS TE-
JMOCUCTEMA TPEATIPUATHA COCTOAT W3 JBYX HE3a-
BUCHMBIX T'CIMOKO/UICKTOPOB (pHC.3), OAHH U3 KO-
TOPBIX YCTAaHOBJICH CTAIlMOHApHO, a JPYTOH CMOH-
THPOBAH HAa MOBOPOTHOM YCTPOMCTBE CIIEKEHHUSA 3a
comHIeM. B cocTas cHCTeMBI BXOIUT Tak JK€ aKKy-
MYJISTOP TCIUIOBOM 3HEPIHM, COCTOSIIMM U3 ABYX
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emkoctedt o 200 auTpoB Kaxkgas. A OCHOBHBIE H
JIOTIOTHATENBHBIE JATINKH TEMIIEPATYPHI, NaBICHUA
Y IPOTOKA TEIUIOHOCHTEJA, YCTAHOBICHHBIE B KOH-
TPOJBHBIX TOUKAX CUCTEMBI TTO3BOJIAIOT € TIOMOIIBIO

pa3paboOTaHHOTO MPOrPAMMHOTO OOCCHEUECHUS U
KOHTPOJIIEpa KPYIIOCYTOUHO (PHKCHPOBATH mapa-
METPHI paboThI CUCTEMBI (pUC. 4).
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Puc. 4. Cxema YCTAHOBKH OCHOBHBIX JATYUKOB B KOHTPOJIBHBIX TOUKAX TCIIHOCHCTCMBI

OcnoBHasi yacth. MccrenoBanus mpoBoau-
JIUCH IO TPCM HaIIPpABJICHUAM!

1. OxcmepuMeHTaIBHOE ONPEACICHUE IHHA-
MHKH H3MCHEHHA TEMIIEPATYPHOIO PEXKUMA TAKHX
NCPBUIHBIX UCTOTHUKOB SHCPTUU IAJId pa6OTbI TCII-
JIOHACOCHOM CHCTEMBI KaK TEMIICPATypa IPyHTa HA
ryoune 10 50 METPOB U TEMIIEPATYPE MOTYIACMOM
BCICACTBHE palbOTBI TEIHOCHUCTEMBI, Oe3 oTOopa
TCILIa B TCUCHHUE KAICHAAPHOTO TOa.

2. Anamutuueckoe ompeaencHue ¢ (koaddu-
LHCHTA TPaHC(OPMALIKH) TCINIOHACOCHOH YCTaHOB-
K# (TSIUTOBOIO HACOCA) M PacueT ¢, Tk CUCTEM, IS
NCPBUITHBIM HUCTOYHUKOM TCILIA ABIACTCH 3emaa u
ConHue, A1l KOHKPETHOTO paiioHa 3KCIUTyaTaldH,

HCXOAS W3 JIKCHEPHMEHTAIBHO TIONYYEHHBIX JaH-
HBIX.

3. DKCHEpPUMEHTAIBHOE OIPEAECIECHUE M aHa-
JUTAYECKOES TIOATBEPKIACHUE ONTHMAIBHOW CTeme-
HU OXJIQKIACHUS TSIUIOHOCHUTE B MCIIAPUTEIIC TETI-
JIOHACOCHOM CHCTEMBI M IapaMETPOB, OT KOTOPBIX
OHa 3aBUCHT JUI1 TaKUX MEPBHYHBIX HCTOYHHUKOB
TEII0BOM SHEepruu Kak 3emutst u CoHIE.

B xopne npoBeaeHus Uccae 0BaTENbCKOM pado-
THI Ha reotepmanbHoM nonuroHe YkplTPU Owina
HAaKOIUICHA WHPOPMAUHUsI O IWHAMHUKE W3MCHCHHS
TaKAX TEIUIOTEXHUYECKUX MapaMeTpPoOB TeoTep-
MaJIBHOTO TEIIOOOMEHHHKA U COTHCYHOTO KOMICK-
TOpa, Kak MOKAa3aHUs 3HAYCHUS TEMIIEpPaTyp B KOH-
TPONBHBEIX TOYKAX HA MPOTSLKCHHHM roja PaboThl,
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KOJIMYECTBO MPOTOKA TCIUIOHOCHUTENS, MOTCPh AAB-
JICHUS U BPEeMCHH paboThl KOMIIpEccopa U LIUPKY-
JSILAOHHBEIX HACOCOB. A TakK K¢, Ha OCHOBC H3Me-
PCHHBIX JAaHHBIX OBUTH PACCUMTAHBl MOKA3aTENN
KOJIMYECTBA TEIUIA MOIYYAEMOTrO OT BO30OHOBIAIC-
MOT'0 HCTOYHHKAZ SHEPrUd (MOIIHOCTH MOAYJICH
VCTPOHCTBA, KaK T€OTEPMANBHOIO TCILIOOOMCHHHU-
Ka, TaK U FCIMOCUCTEMBI).

C Uenpio YCTAHOBICHHS 3aKOHOMEPHOCTEH ce-
30HHOTO M3MCHEHHS TEMIICPATYP B BEPXHHUX CIOIX
3eMJIM B ONpEeacCHUs TTyOHHBI TOAOBEIX H3MCHE-
HHI TeMIIepaTyp B TPYHTC NPH NPOBCICHUH HCCIIC-
JOBAaHUM MPUMEHSICS 3KCHEPUMEHTAIBHBIA METOJ
B IpOLECCE, KOTOPOrO NPOBOAMIMCH H3MEPCHHS
TEMIICPATyp HETPOHYTOI'O TPYHTA HA MPOTHKCHHUU
JBCHAIIATH MECALICB.

Hartuuku TeMmmeparypbl, VCTAHOBJICHHEIC B
CKB2)KHHE, JaJTH BO3MOXHOCTb BO BPEMS MPOBEIC-
HHSI DKCIICPUMCHTA, U3MEPATh TEMIICPaTypy IPYHTA
Ha craHmaptHeix rayounax (8 m): 0,02; 0,3; 0,7;
1,2; 2,0; 5,0; 15,0; 35,0; 50.0.

B xoac mposeacHus uccieqoBaHus ObITH TO-
JYYCHBI JAHHBIC, IO3BOMSIOLINE MTPOAHATU3HPOBATh
MPOMEIKYTOUHBIC PE3VIbTATH 3aBHCHMOCTH H3ME-
HCHHS TEMIICPATYP OT FIYOHWHBI TPYHTA HA PA3HBIX
BPEMEHHBIX y4acTKax OT CYTOK A0 roxa. Y BeiBecTH
3aBUCHUMOCTh CPEIHEMECSIHBIX Temrepatyp T mo
rayouHe h 17151 KOHKPETHOrO TPYHTOBOIO MAacCHBA
r. Kucsa [4].

W3 sKCHEepUMEHTATBHO MOMYYCHHBIX JAaHHBIX
BUAHA TCHACHLUMS CHIDKCHHS Pa3HOCTH OKCTpe-
MAJIBHBIX 3HAYCHUH TEMIEPATyp C YBEIHYCHHEM
[TyOHHBL.

DddexTuBHOCTE PabOTHl TEILIOHACOCHBIX CH-
CTeM B JHTEPaType OOBIMHO NPUHATO OLCHUBATH
BeIMYMHOH KoddduumeHta tpancopmanun TH.
Ho nns cnoxubx cucteM, 3¢ deKTHBHOCTE paboThI
KOTOPBIX 3aBUCHUT HE TOMBKO OT 3(QEKTHBHOCTU
€aMoro TEIIOBOrO HACOCA, HO U APYTHX 3JICMCHTOB
cucTeMbl, 00jee LEIeCOOOpPA3HO, UCMO/Ib30BATh
JPYTHE OTHOCHTEIBHBIC XapPaKTCPUCTUKH, KOTOPHIE
onpeaensroT 3(PEKTHBHOCT (YHKIHOHHPOBAHUS
Bcell cucrempl. [losTtoMy, ganpHEHmMN aHamH3
MPOBEICH HA OCHOBE ONPEACICHUS BEIHMIUHBI CYyM-
MapHBEIX VACIBHBIX 3aTpaT BHEINHCH SHEPIHH Ha
CHUCTCMY OTOIUICHHS, KOTOpas B CIOydac 3aTpar
SHEPTHH TOJIBKO HA TEIUIOBOM HAcCOC SBISACTCS Be-
JIMIHHOU, oOpartHOU Ko3(hHUIHMEHTY TpaHCchopMa-
MM TCIIOBOTO Hacoca [1].

Ha ocHOBe 3KCHEPUMCHTATIBHO MOMYUCHHBIX
JAHHBIX OBLTH NPOU3BEACHH pacueThl ko3 (uIu-
cHTa TpaHchOPMALIUH TEILIOBOTO HACOCA IPH YCIO-
BUM OTOOpA Temia OT rpyHta ¢ rayounsr 0,3; 1,2;
5,0; 50,0 m. ams Tpex 3umHux MecsaueB. Koaddu-
LUCHT TpaHcopManu - ¢ 171 YKA3aHHBIX [TyOUH
pasen: 4,1; 4,4; 449; 4,5 (mexabps), 3,9; 4,1; 4,3;

4,5 (suBaps), 3,7; 3,95; 3,99; 4.5 (despain) coot-
BCTCTBEHHO.

B cBasu ¢ tem, uto Temmeparypa cpeabl Ha
BXOJAC B UCIAPUTENb B CHCTEMax, PabOTArOIUX 32
CUCT TEIUIa BEPXHHUX CIIOCB 3EMITH, HE MPCBBIIACT
10-13°C, BO3HHKAacT BONPOC O HEOOXOIUMOCTH
MPUMEHCHUH B TEIUIOHACOCHBIX CHCTEMaxX HCTOY-
HUKOB BO300HOB/ISCMON SHCPTUH, KOTOPBHIC Obl
CMOITTH 00ECTICYUTh MOBHICHHE Ko3(]¢uieHTa
Tparchopmarmu 3a cuet 00/1e¢ BHICOKOTO 3HAUCHUS
TEMIICPATYPHl HAa BBIXOJC MX KOHICHCATOPA.

B xozxe mposeaeHus nccnenosanue ObLIO cae-
JaHO TMPEATOI0KEHHUE, YTO TAKUM HCTOYHHKOB BO3-
O0OHOBISICMOH 3HEpPruu MoXeT ctaTh sHeprusa Con-
HEYHOTO U3TYUCHHS, MPeoOpa3oBaHHAs B TCIUIOBYIO
SHEPTHIO TETHOKOICKTOPOM. DTO CIOCOOCTBOBANIO
Obl IOBBILICHHIO 3G NEKTHBHOCTH PabOTH CHCTEMBI,
VMCHBIICHUIO MOTPEOICHUS SHEPTHH OT TPATHULIH-
OHHOTI'O UCTOYHHKA 3HEPTHH A PaboOTHl KOMITpEeC-
cOopa TEIUIOBOT'O HACOCA, 4 TAK JKE MO3BOJMIIO aKKY-
MYJHMPOBAaTh TCIUIOBYIO SHEPTHIO B TPYHTOBOM Mac-
CHBC B JICTHHE Mecsialpl. Uto B koMIIeKce Crnocoo-
CTBOBAO Obl VMCHBIICHUIO TEXHOTCHHOW HATPY3KH
mpyu padoTe TEIIOHACOCHOM CHCTEMBI B IIETIOM.
Jns HOATBEP)KACHUSA JAHHOTO MPEANOIOKCHUS B
XOJC TPOBCACHHUS HCCICIOBATCIBCKON paboThl
Hamu OBUTO MPOBEACHO UCCICIOBAHUC HA ACHCTBY-
IOLICH TENHOCHCTEME B MPOLECCE, KOTOPOro Oblna
co0paHa ¥ MpoaHaTH3NPOBaHa HH(popMAaIHs O TeM-
MEPATYPHBEIX PEKUMAaX M KONHYECTBE TCILIA, MOTY-
YaeMOro BCICACTBHE PabOTHl TEIMOCHCTEMBI, 0c3
oTOOpa TeIia B TCYCHHUE TOAA.

[Ipu npoeeacHNN HUCCICAOBAHNH, KaK U B IIEP-
BOM CIly4ae, MPUMCHSICS SKCIICPUMCHTAIBHEIN Me-
TOJ UCCICAOBAHUM. [6].

JKCIEPUMCHTATBHO  MONYYCHHBIC — JaHHbBIC
CBUACTCIBCTBYIOT, YTO HOMHHAJBHBIC 3HAUCHHS
TEMIICPATYP Ha BBIXOJAC U3 COMHEUHOTO KOIICKTOpa
M3MCHSIOTCA B IMTHUPOKOM quamaszoHe ot -10 mo 335,
ITO ¢ OXHOU CTOPOHBI CBUACTEIBCTBYET O TCOPETH-
YECKOH BO3MOXKHOCTH [TOCTAaTOYHO CYIICCTBECHHO
MOJHATh TEMIICPATYPY Ha BXOAEC B HCIIAPUTEIb TEII-
JIOHACOCHOM CHCTEMBI C LECIBIO MOBBIIICHUS KO3(-
¢upeHTa TpanchopMaluny, ¢ APYrod CTOPOHHI MO-
BBHIIIACT TPEOOBAHMS K CHCTEME aKKYMYIHPOBAHHUSI
TEIUTOBOH 3HEprud A obecneucHus OccnepeOoi-
HOU paboThl B TEUCHHE BCEX CYTOK.

Pesymprarel, TOJIYYCHHBIE SKCICPUMECHTANb-
HBIM TIYTEM, MOATBEPIKIAIOT, YTO Ml TCIUIOHACOC-
HOU CHCTEMBI OTOIUICHHUS € UCMOIb30BAHHUEM COJI-
HCYHOU WHCOMALMHU B KAYECTBE MEPBUYHOTO HCTOY-
HHKa DHEPTHH, TEMIECPATypa TEIUIOHOCHTETS Ha
BBIXOJC W3 UCIAPUTENS TCIIOBOTO HACOCA 3aBHCUT
OT U3MCHCHHUS CYMMAPHBIX a3POAMHAMHUYCCKUX HIIH
THAPABIMYCCKUX MOTEPh AABICHUA. JTO MPOHCXO-
JUT BCICACTBUE HM3MCHCHHUS PACXOTHBIX XapakTe-
PHUCTHK TCIUIOHOCHTEIS B KOHTYPE HCHAPHTENS.
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IKCHCPUMCHTAIBHO TAK K¢ OBLIO MOATBEPIKICHO,
YTO W3MCHCHHS PACXOIHBIX XAPAKTCPUCTHK TEILIO-
HOCHTE/IS. KOTOPBIC B CBOK OYEPEIb 3aBHCAT OT
FCOMETPHICCKUX XAPAKTCPUCTHK COJHEYHOTO KOJI-
aektopa (CK) u MHTCHCHUBHOCTH TCIUIOMPUTOKA B
CK., u3MeHSIOTCS KaK OT JCBHALIMKA BHECITHUX YCI0-
BUN HA MPOTSHKCHUHM OTOMUTEIBHOIO MEPHOAA, TaK
U OT TapaMeTPOB PabOThl CAMOTO TEIUIOBOTO HACO-
ca.

Jnst IpOBEPKU MOIYUCHHBIX SKCIICPUMCHTATb-
HBIX PE3YIbTATOB OBLI BBIOPAH MaTeMaTH4YCCKHN
armapar [ 1], Tac npuBoAATCS PCIICHHUE 3a1a9N THC-
JICHHOTO aHAju3a PabOThl TCILIOHACOCHOH CHCTEMBI
HU3KOTEMIICPATYPHOTO OTOILICHUS C HKCIO/Ib30Ba-
HHUEM COJIHEUHOW paJuaiyy.

B paboTte ompeaeiacHa 3aBUCHMOCTD YICTBHBIX
3arTpar BHCIIHCH PHEPIHH HA OTOILICHHE OT TCMIIC-
paTypsl COISHOIO PacTBOpPA HA BBIXOJAC M3 HUCMAPH-
TSl TSILIOBOTO HACOCA MPU PACUCTHOH TEMITEPATY-
PC TPCIOIIETO TCIUIOHOCUTEIISI B HU3KOTEMIICPaTy P-
HOH cucteme otomwneHus - 40 °C.

N3 maremarmucckux pacuetoB [l] acmaeres
BBIBOJI, UTO ONTHMAJBHBIC CTCIICHU OXJIAKICHHUS B
0OJIBIICH MEPE 3aBHUCAT OT TEMICPATYPHI COJISTHOTO
pacTBOpa Ha BXOAS B HCHAPUTETbh AJIS IUIOCKHX
KOJUICKTOPOB. B ciiyuae BaKyyMHBIX KOJJICKTOPOB
MPAKTHUYSCKUA Ta KE ONTHMAJIbHAS CTCICHb OXJa-
JKACHHUST TCIUTOHOCHUTENISE JOCTUTAcTCs mpu 0ojee
BBICOKOH TEMIICPATypPEe COJITHOIO PAcTBOPA HAa BXO-
J¢ B HCHAPUTETh TEIIoBOro Hacoca. Ilpu stom
VIIYYIIAKOTCS  YCIOBUS  PabOThl  TCILIOHACOCHOM
VCTAHOBKHM, W YyBEIUuuBacTcs ce¢ koddduueHt
Tparchopmanmu. BrusHue u3aMeHEHHs TEMIEpary-
psl Ha BXoxe B mcnapurens TH cmipHee mpossis-
€TCS B XOJI0JHBIC MECSIIBI OTOMMUTEIBHOTO MEPHOA.
Pacuersl mokazagu, YTO M3MECHCHHC PACUCTHOM
TEMIICPATYPHI TPEIOLIETO TSINTOHOCUTEISL B CUCTEME
HU3KOTEMIICPATYPHOTO OTOILICHHUS B AMAMA30HE OT
30 mo 50 °C cnaGo BIMSET Ha STH 3aBHCHMOCTH.
Kpome atoro B amamazoHe Temmeparyp COISHOTO
pacTBOpa HA BXOJAC B UCHAPHUTE/Ih TCILIOBOTO HACO-
ca 10-15°C opu ucnonp30BaHUN KAK MIOCKHX, TaK
M BAaKYYMHBIX KO/JICKTOPOB HAOMIOJAIOTCS MOYTH
OJMHAKOBBIC MUHHUMAJIBHBIC CYMMAPHBIC VACIbHBIC
3arTparhl BHCIIHEH SHCPrUU HA TCILIOHACOCHYIO CH-
cremy otomieHust. QOgHAKO, COUCTAHUE BAKYYMHBIX
KOJUICKTOPOB C TCIUIOBBIM HACOCOM CIOCOOCTBYET
YMCHBIICHUID 3aTPaT BHCIIHCH 3HCPTUM 34 CYCT
MOBBILIICHHUS TEMITEPATYPHI TCILIOHOCUTEISI HA BXO-
ae B ucnaputesb. [Ipu 3TOM MOXKHO MOJIYYHUTh, UTO
yCIOBHBIN KO3 (UIMCHT TpeoOpa3oBanus Jist CH-
CTCMBI ¢ BAaKYYMHBIMH KOJICKTOPAMH COCTaBJISICT
ot 3,8 10 7.0, 4TO CBHACTCIBCTBYCT O JOCTATOTHOMH
3¢ (EKTHBHOCTH HCIONB30BAHHS COTHCYHOH 3HEP-
FHM B TCIUIOHACOCHBIX CHCTEMAaX HH3KOTCMIICPa-
TYPHOTO OTOILICHUA [3].

3ajaua OMpPEACTICHUS ONTUMAITBHOU CTETICHU
Cpeapl B HCHAPHUTE]C TCIUIOBOTO HACOCA BBIXOTUT
U3 YCJAOBHS, YTO 3aTPAThl SHCPTHH HA MPHUBOJ KOM-
Mpeccopa TEIUIOBOTO HACOCA U HA HATHETATE b TEII-
JOHOCHTENISL [PU HU3MCHCHHH €r0 TEMIICPATypPhl HA
BBIXOJC M3 UCTIAPUTEIIS U3MCHSIOTCS B MPOTHBOIIO-
JO’KHBIX HANpaBJICHHAX. JTO OOYCIOBJICHO TEM,
YTO MPHU 33JaHHOU TEIJIOBOI MOILIHOCTH TEIJIOBOTO
HAcoCa U TEMICPAType TCILUIOHOCUTETS B CHUCTEME
OTOILICHHS, KOTOPBIC OMPEACTSAIOTCS CaMUM OOBCK-
TOM TETIOCHAOKEHUS, KOMHYECCTBO TECIUIOTHI, OTO-
OpaHHOE OT HIKHET0 UCTOUHHKA B vicraputene TH,
3aBUCUT OT PA3HOCTH TEMIICPATyp HA BXOJC U BbI-
XOJ€¢ U3 UCTIAPUTEIII U Ppacxoda TCIoHocuTes [1].

JaHHbIC TOMYYCHHBIC AHAJUTHYCCKH TS CH-
CTEM, KOTOPBIC HCHOJIB3YIOT B KAYCCTBE MEPBUUHO-
IO MCTOYHHMKA PHEPTUHU TEIUIO BEPXHHUX CIIOCB 3eM-
7M1, TOATBEP)KAAIOT PE3YJIBTATHl MOJYICHHBIC JKC-
MICPUMEHTAIBHO.

IIpunuMas BO BHUMAHUE MOJYUCHHBIC PE3YIib-
TaThl SKCHCPUMCHTAIBHBIX HCCICAOBAHUH, MOKHO
cAenarh BBIBOJ O HEOOXOIMMOCTH KOMILICKCHOTO
WCTIOIb30BAHUS PA3THUYHBIX UCTOYHUKOB BO30OHOB-
JIEMOM SHEPIHHU B TCIUIOHACOCHBIX crcteMax. Oco-
00 > (PeKTUBHBIMH MOTYT OBITH CHCTEMBI, MO3BO-
JAIOIHE KaK [CHEPUPOBATh TCIUIOBYIO DHEPTHIO B
3UMHUHN TEPHOJ BPEMCHH, TAK U AKKYMYJIHPOBATH
€¢ B JICTHHI HCPHOI.

BriBoabl: B mpouecce mpoBeacHUS HCCIICIO-
BaHUs OBLIH MOJIYYCHBI JAHHBIC, KOTOPHIC TIO3BO,IH-
AU ONPEACIUTh ONTHUMAIBHBIC TCIUTO(PUIHICCKHUS
MapaMeTpbl YCTPOUCTB padoTaromux 3a c4eT mpe-
oOpa3oBaHHs HSKONOTHYCCKH OC30MacHOM, BO300-
HOBISICMOM 3HCPTHH BEPXHHUX CIOCB 3€MIIH U HEP-
rur CopHua. Beimo mpakTHYeCKH MOATBEPIKIACHO,
YTO MPH HCIOIB30BAHHM TCIUIOTHI TPYHTA OITH-
MaJIbHasl CTETICHb OXJIAXKJICHHS TCIIOHOCHTENS 3a-
BUCHUT OT a3POJAUHAMHYCCKUX WIH THAPABIMICCKUX
MOTEPh AABJICHUS B KOHTYPE TPYHTOBOTO KOJUICK-
TOpa U €1a00 3aBHUCUT OT TEMIICPATYpPhl CPEAbI HA
BXOJIC B UCIAPUTE/Ih U OT TCMIICPATYPhI TPEIOIIETO
TCIUTOHOCUTENSI B CHCTEME HHU3KOTEMIICPATYPHOTO
OTOIUICHHUS U TCMIICPATYPhI OKpYyKaIeH cpeanl. B
CIIyYac MCIOIb30BAHHUS SHEPIHH COIHLA YCTAHOB-
JICHO, YTO I KOKIAOrO MECAla CYLIECTBYET ONTHU-
MaJIbHOE 3HAYCHHE TEMIIEPATyP COMSTHOTO pacTBopa
HA BBIXOJC M3 MCMAPUTE/IS U COOTBETCTBYIOIIUC UM
MUHHUMAJIbHBIC YACIBHBIC 3aTPaThl BHEIIHCH SHEP-
THH Ha TCIUIOHACOCHYIO cucteMy otomneHus. Kpo-
ME 3TOr0 VCTAHOBICHO, YTO MPU OOCCICUCHUU OII-
TUMAJIPHOH CTENCHH OXJIAXKICHUS CPEIbl B UCTIAPH-
TEJIC TEIUIOBOT'O HACOCA MUHHUMATIBHBIC CYMMAapHbIC
3aTparhl SHCPrUU HA CUCTCMY OTOIUICHHUS HPU HC-
MOJIb30BAHUH B KAUYSCTBEC MECPBHUYHOTO HCTOYHHKA
TEIUIA TETHOCHUCTEMY CYIICCTBEHHO BO3PACTAIOT C
YMCHBIICHUECM TEMIICPATYPBI OKPY3KAIOIICH CPEIbI.
Tax ke yCTaHOBIEHO, UTO YCIOBHBIHN KO3 UIIMCHT
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npeoOpa3oBaHus, A1 CHCTEMBI C BaKYYMHBIMH
KOJUICKTOPaMH, MOXKET COCTaBIATh OT 3,8 mo 7.0.
IJTO YKa3BBACT Ha JOCTATOYHYIO 3((eKTHBHOCTH
HCTIONIb30BAHMS COTHEUHOW SHEPTHHU B TCILIOHACOC-
HBIX CHCTEMax HH3KOTCMIICPATYPHOTO OTOIICHHSL,
TaKk KaKk YCIOBHBIH k03((QUIHCHT npecoOpazoBaHus
JUIA CUCTEM, TJA€ UCTOYHUKOM MEPBUYHON TEIUIOBOU
SHEPTHU SBILICTCS TEIIO BEPXHUX CIOCB 3EMIIH, HE
npesbimact nokasatensds — 4,5. OaHako BMecTe ¢
TEM, YUYHUTBIBAas HECTAOWNBHYIO PabOTy TEIHOKOJ-
JICKTOPHBEIX CHCTEM B 3UMHEC BPEMS, MOXKHO CHE-
JaTh BBIBOJ O HEOOXOAMMOCTH KOMILIEKCHOTO HC-
MOJb30BaHU OOOWX HCTOYHHKOB BO30OHOBIACMOI
SHEPTHH B TEIUIOHACOCHBIX cuctemax. Ocobo 3d-
(PEKTHBHBIMH MOTYT OBITh CHCTEMBI, ITO3BOJISIOLIUC
KaK TCHEpUPOBATh TEIUIOBYIO SHEPTHIO B 3MMHHH
MEPUOJ BPEMCHH, TaK U aKKYMYJIHPOBATh €€ B JIET-
HUi nepuog. KommiekcHoe HCMONb30BaHUE Teo-
TCPMaTbHEIX TCIUIOHACOCHBIX CHCTEM W TCIHOCH-
CTEM MO3BOJISICT YMEHBIIUTh TEXHOTCHHYIO HAarpy3-
KV Ha OKPYKAIOIIYIO CPEAY 32 CUCT MUHUMHU3ALIH
MOTPEONICHUS HEPTUH OT TPATULMOHHOTO HCTOY-
HHKa SHEPTUH U PEreHEpalid NOTeph SHEPIHU B
TCIUIOBOM AaKKYMYJISTOPE, KOTOPBIM SIBISCTCS IIO-
BEPXHOCTHBIN CJI0H 3eMJIH (TPYHT) B JICTHEES BPEMSI.
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Goshovskyi S.V., Zurian O.V.

DECREASE OF MAN-CAUSED LOAD USING HEAT PUMP SYSTEMS

Were undertaken the experimental studies of operational efficiency of the heat pump system, using in the
quality prime source of heat low energy of the upper layers of the earth and energy of solar emission. Was
developed the methodology of experimentation. Was defined terms of the heat pump system, which provide
the minimum cost of traditional energy sources. Was analyzed of the results and was drawn conclusion about
practicability of the integrated use of various types of renewable energy sources in order improvement of the
effectiveness of heat pump systems, reduce the man-caused load and husbanding of natural resources.

Key words: anthropogenic impact, environmental safety, rational use of natural resources, alternative ener-
gy, renewable energy, geothermal system, Solar collector.
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