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OBCJIIEJOBAHUE CUCUTEM OTOIIVIEHUA, BEHTHJIAIIUN U
KOHANIIUNOHUPOBAHMUSA BO3AYXA B OKCINIYATUPYEMOM
3JAHUU: METOAUKA U TUIIMYHBIE JE®EKTbI

AHHOTALIUSA
B crarbe paccMOTpeHbl OCHOBHBIE METOJIbI OOCIEAOBAHHS CUCTEM OTOILICHUS,
BEHTWISIMA W KOHAWIIMOHMpoBaHusa Bo3nyxa (OBuK) B skcruryaTupyembix
3nanusix. llpencraBineHa MoOCIEAOBATENBHOCTh TMPOBEJACHUS BU3YaJbHOTO U
MHCTPYMEHTAJILHOTO KOHTPOJIS, BKJIOYAsl TEIJIOBU3MOHHYIO CBHEMKY, HW3MEpPEHUE
napaMeTpoB MHUKPOKIMMATA, a’3pOJAMHAMUYECKUE HCIBITAHUS BEHTUJISLIMOHHBIX
ceTel W THAPABIMYECKUE HCHOBITAHUS cUCTeM oToruieHus. Ha ocHoBe ananm3a
MPAKTUYECKOTO OMbITa 00CIEAOBAHUS MATH aIMUHUCTPATUBHBIX 3JJaHUHN MTOCTPOUKH
1990-2005 romoB BbISIBIEHBI HanOoJiee XapaKTepHbIE NEPEKTHI: pa3peryIupoBKa
TUAPABINYECKUX  PEKUMOB,  HH3Kas  A(DPEKTUBHOCTH  TEMJIOU3OJISAIINH,
HECOOTBETCTBHE  BO3JAyXOOOMEHAa HOPMATHUBHBIM  3HAYCHUSIM, OTCYTCTBHUE
ABTOMATHYECKOIo peryaupoBanus. [lokazaHo, 4TO CBOEBPEMEHHOE U Kau€CTBEHHOE
o0clieloBaHUE MO3BOJISIET CHU3UTH JKCIUTyaTallMOHHBIE 3aTpathl Ha 15-20 % 6e3
KamuTadbHOrO  peMoHTa. [IpuBeleHBI PEKOMEHJAIMU 1O  COCTaBIICHUIO
TEXHUYECKOTO OT4éTa ¢ IUIAHUPOBAHUIO MEPOINPHUATHUH 10 TMOBBIIMICHUIO

3Heprod3PheKTUBHOCTH.



Annotation

The article discusses the main methods of surveying heating, ventilation and air
conditioning (HVAC) systems in operating buildings. The sequence of visual and
instrumental inspection is presented, including thermal imaging, measurement of
microclimate parameters, acrodynamic testing of ventilation networks and hydraulic
testing of heating systems. Based on the analysis of practical experience in surveying
five administrative buildings constructed between 1990 and 2005, the most typical
defects are identified: hydraulic imbalance, low efficiency of thermal insulation,
non-compliance of air exchange with standard values, lack of automatic control. It
1s shown that timely and high-quality surveying can reduce operating costs by 15—
20 % without major repairs. Recommendations are given for drawing up a technical
report and planning energy efficiency improvement measures. KiroueBblie cjioBa:
oO0cnenoBanue cucrteM OBuK, TemmoBU3HOHHBIA KOHTPOJb, a’pOJAMHAMHUYECKUE
UCTIBITAHUS, THIIpaBIMYECKas  pa3peryJIupoBKa, 9HEeprod(pPeKTUBHOCTH,
AKCIUTyaTUPyeMOe 3/1aHHE.

Keywords: HVAC systems survey, thermal imaging control, aerodynamic tests,

hydraulic imbalance, energy efficiency, operating building.

Beenenue

CucteMbl OTOIUICHHS, BEHTWISALMM W KOHAMIMOHUpoBaHUs Bo3nyxa (OBuK)
SIBJISIFOTCSI OCHOBHBIMU TIOTPEOUTEIISIMHU SHEPTOPECYPCOB B 31anusX. [1o qanubiM [ 1,
c. 45], na ux nomro mpuxogautcs 10 60 % oOiero sHePronoTpPeOICHUS KUIBIX U
oOIIeCTBeHHBIX 3AaHui. B skcruryaTupyembix 00beKTaX, 0COOCHHO BBEIEHHBIX B
ctpoit 1o 2005 roxa, apdexkruBHOCT padoTel OBUK co BpeMeHeM CHIKaeTCs u3-
3a  (pu3nueckoro M3HOCA, 3apacTaHusi TPyOOMNPOBOJOB, PA3PETYIUPOBKU U
OTCYTCTBHSI COBPEMEHHOUN aBTOMATUKH. JIJIs BBISBICHHS MPUYUH HEADHEKTUBHOM
paboThl 1 00OCHOBAHUS MEPOIIPUSITUIN IO MOAEPHUBAIIUU HEOOXOANUMO MPOBEICHUE

KOMIIJICKCHOTI'O 06CJ'I€I(OBaHI/IH.



[ens HacTosIEel pabOTHl — CHCTEMATU3UPOBATh METOJIBI M IPUEMBI 00CIICTOBAHUS
cucteM OBuK B skcruryaTupyembiX 3[1aHHSIX, @ TakK€ MPEACTaBUTh TUIIMYHbIC

ne(eKThI, BBISBIIEMBbIC TIPH TAKOM 00CIJICIOBAHHH.

Introduction

Heating, ventilation, and air conditioning (HVAC) systems are the primary energy
consumers in buildings. According to [1, p. 45], they account for up to 60% of the
total energy consumption of residential and public buildings. In existing buildings,
especially those commissioned before 2005, HVAC efficiency declines over time
due to physical wear and tear, fouling of pipelines, misalignment, and the lack of
modern automation. A comprehensive survey is necessary to identify the causes of

inefficient operation and justify modernization measures.

The purpose of this paper is to systematize the methods and techniques for inspecting
HVAC systems in existing buildings and to present typical defects identified during

such surveys.

MeToanka o06cJie10BaHuS

O6cnenoBanne cucrem OBuK mnpoBogutcs mostamno. Ha mnepBom srtame
BBITIOJIHSIETCS AHAJIN3 ITPOCKTHOM M SKCIUTYaTalMOHHOW TOKYMEHTALUU: TTaCIIOPTOB
CHUCTEM, XYPHAJOB Yy4€Ta IIapaMeTPOB TEIUIOHOCUTENS, AKTOB MPEABIAYIINX
0CcMOTpOB. BTOpoii aTan — BU3yanbHbI OCMOTP JOCTYITHBIX y3JI0B, TPYOOIIPOBOJIOB,
BO3JYyXOBOJIOB,  3allOPHO-PETYJHMPYIOLIEH  apMaTypbl, TEIUIOBOTO  IYHKTA,

BEHTWISILMOHHBIX KaMep. TpeTuit atan — HHCTPYMEHTAIbHbBIE U3MEPEHUS.
HNHucTpyMEHTAIBHOE 00CIIE0BAHNE BKIIIOYAET:
I. TennoBU3MOHHBIM KOHTPOJIb HAPYKHBIX OrPAXKACHUA M  OTONUTEIBHBIX

npuOopoB. [103BOJSET BBISIBUTH yYAaCTKU MOBBIIMIEHHBIX TEIUIONOTEPb, AEPEKTHI

TEIJIOU30JIALIMH, HEPABHOMEPHOCTD MPOTPEBA PAIUATOPOB.



2. UV3mepenume mapaMeTpoB MHUKpPOKIMMAara (TeMmrmeparypa, BIIaKHOCTD,
NOJABUKHOCTb Bo3AyXa) B noMemnieHusx coraacHo I'OCT 30494-2011.

3. AbdpoauHaMUYECKHUE UCIBITAHUS BEHTWIIIIMOHHBIX CHCTEM C IOMOIIBIO
AHEMOMETPOB W MHUKpOMaHOMETPOB. Ompenenstorcs (HaKTHIECKUE CKOPOCTH
BO3/yXa, PACXObI HA TIPUTOKE U BHITSKKE, IPOBEPSETCS COOTBETCTBUE MPOEKTHBIM
3HAYCHHUSIM.

4. T'mapaBnudecKue WCIBITAHUS CUCTEMBI OTOIUICHHS — W3MEpPEHHE IepemnajoB
JABJICHUS, TEMIEpATyp Ha MOJAIOLEM U oO0paTHOM TpyOOnmpoBOJax, Hajajka
0aaHCUPOBOYHBIX KJIAIAHOB.

5. AHanu3 peXUMOB pabOThl TEIIOBOrO MyHKTa — MpPOBEpKa padOThl HACOCOB,

PEryJISITOpOB, MIPUOOPOB YUETA TEIJIOBON YHEPTUH.

Bce HU3MEPCHUA BBINIOJIHAIOTCA IMPHU YCTAHOBHUBIICMCA TCIIJIOBOM PCIKHUME 3OaHHA

(0OBIYHO B CEpEeIMHE OTOMMUTEILHOTO TIEPHO/IA).

Inspection Methodology

HVAC system inspections are conducted in stages. The first stage involves
analyzing design and operating documentation, including system data sheets,
coolant parameter logs, and previous inspection reports. The second stage involves
a visual inspection of accessible components, pipelines, air ducts, shutoff and control
valves, the heating unit, and ventilation chambers. The third stage involves

instrumental measurements.

The instrumental inspection includes:

1. Thermal imaging of external enclosures and heating units. This allows for the
1dentification of areas of increased heat loss, thermal insulation defects, and uneven
heating of radiators.

2. Measurement of indoor microclimate parameters (temperature, humidity, and air

mobility) in accordance with GOST 30494-2011.



3. Aerodynamic testing of ventilation systems using anemometers and
micromanometers. Actual air velocities, supply and exhaust flow rates are
determined, and compliance with design values is verified.

4. Hydraulic testing of the heating system — measuring pressure drops and
temperatures in the supply and return pipes, adjusting balancing valves.

5. Analysis of heating station operating modes — checking the operation of pumps,

regulators, and heat meters.

All measurements are performed during the building's steady-state thermal

conditions (usually in the middle of the heating season).

Pe3yabTaThl 00c/Ie10BaHUSI TUIIOBbIX 00bEKTOB

B mepuon 2023-2024 T10M0B aBTOpaMHM MPOBEICHO OOCJIEAOBaHUE IIATH
aIMUHUCTPATUBHBIX 3/1aHUKM B TI. MockBe, mocTpoeHHbIX B 1990-2005 ropax.
AHanmu3 pe3yJbTaToOB IIO3BOJIMJI BBIJICIUTH HauOoJiee YacTO BCTpPEUarOIIUEcs

nedextol cuctem OBuK.

JleeKThI CUCTeMBI OTOTUICHUS:

OTcyTcTBHE aBTOMAaTUYECKMX OaJaHCHPOBOYHBIX KJIAMAHOB HA CTOSKAaX, 4TO
NPUBOAUT K THUAPABIMYECKOM pazperyiaupoBke. Ilepemnan temmeparyp Mexmy
TEPBBIM» U «IIOCTETHUMY cTOsAKOM aocturain 12 °C.

- 3apacTaHre W OTJIOKEHHUE COJIE B TPyOOIPOBOJaX — CHW)KEHHE IMPOXOIHOTO
ceuenus Ha 15-30 % mo JaHHBIM TUPABINYECKUX PACUETOB.
- HencnpaBHasi Wi OTCYTCTBYIOIIAs TEIJIOM30JISIIUS TPYO B MOJBANIaX U yepaaKax
— JIOTMIOJTHUTEINbHBIE TToTepH Temia 10 8—10 %.

VYcrapeBiire YyryHHbIE paguaToOpbl C YaCTUYHBIM 3aWJIMBAHUEM HIKHUX

KOJUIEKTOPOB — CHMKEHUE Terooraadn Ha 20-25 %.

I[C(l)CKTBI CUCTCM BCHTHUJIIINH U KOHAWMIWMOHHUPOBAHUS !



- 3acopeHue BO3MYIIHBIX (UIBTPOB M BEHTWISIITUOHHBIX PEMIETOK, YTO YMEHbIIIAET
MPUTOK CBEXeEro Bozayxa Ha 30-50 %.
Pasrepmernsamusi BO3IyXOBOAOB — TMOACOC HE(MUILTPOBAHHOTO BO3AYyXa U
cHrKeHUE YP(HEKTUBHOCTH BBITSIKKH.
- HemcnpaBHOCTHh OOpAaTHBIX KJIAMTAHOB, MPUBOASAIIIAS K OMPOKUILIBAHUIO TSTH.
OTCcyTCTBHE CHCTEM peKyIlepalud Teljla — HarpeB MPUTOYHOTO BO3AyXa
OCYIIECTBISICTCS 0€3 yTWIM3allid TeIjla BBITSDKHOTO, YTO  YBEIUYUBACT

TEIJIONOTPeOICHHE B XOJIOHBIN MEPUOSI.

OO01me HeJOCTATKU:

- OTCYTCTBHUE MOT0103aBUCUMOTO PETYJIMPOBAHUS — TEIJIOBOM MYHKT paboTaeT mo

MOCTOSTHHOMY TpauKy, YTO BBI3bIBACT MEPETOIBI B IEPEXOIHBIC CE30HbI.
HesddexktuBnas apromaTuka (ycTapeBIIME KOHTPOJUIEPHI, HEpabOTaroIue

JATUYUKH).

- OrcyTcTBUE NMPUOOPHOTO y4E€TA MO OTJACIBLHBIM 30HAM 37aHHUs, YTO 3aTPyAHSIET

aHaJIn3 3Hepr0n0Tpe6neHI/m.

Ha puc. 1 (B rpaduyeckoM BapuaHTE CTaThbU JOJDKEH OBITh MPEICTaBIICH
TEPMOrPaMMbl Y4acTKa CTEHbI C MOCTUKOM XOJIOAA U PaCIHpeeIICHUE TEMIIEPATY]P
10 CTOSKaM OTOIUICHHS) WUTIOCTPUPYIOTCS THUIHYHBIE JNE(PEKThI, BBHISBICHHBIC

TCIIJIOBU3MOHHBIM KOHTPOJICM.

Results of a Survey of Typical Facilities
Between 2023 and 2024, the authors surveyed five administrative buildings in
Moscow, built between 1990 and 2005. The analysis of the results allowed us to

identify the most common defects in HVAC systems.

Heating system defects:



- Lack of automatic balancing valves on risers, leading to hydraulic imbalances. The
temperature difference between the "first" and "last" risers reached 12°C.

- Fogging and salt deposits in pipelines — reducing the flow area by 15-30%
according to hydraulic calculations.

- Defective or missing pipe insulation in basements and attics — additional heat loss
of up to 8-10%.

- Outdated cast-iron radiators with partial silting of the lower manifolds — reducing
heat output by 20-25%.

Defects in ventilation and air conditioning systems:

Clogged air filters and ventilation grilles, reducing fresh air intake by 30-50%.

Depressurized air ducts — unfiltered air is sucked in and exhaust efficiency is

reduced.

Faulty check valves, leading to draft reversal.

Lack of heat recovery systems — supply air is heated without recovering the heat

from exhaust air, increasing heat consumption during cold periods.

Common deficiencies:

Lack of weather-dependent control — the heating station operates on a fixed

schedule, leading to overheating during transitional seasons.

Ineffective automation (outdated controllers, inoperative sensors).



Lack of metering for individual building zones, complicating energy consumption

analysis.

Fig. 1 (the graphic version of the article should present thermograms of a section of
the wall with a cold bridge and the distribution of temperatures along the heating

risers) illustrates typical defects identified by thermal imaging control.

AHAJIM3 U peKOMEHIAI U
[To pesynbpTaram o00CHEAOBaHUS COCTABIISICTCS TEXHUYECKUH OTUYET, KOTOPBIH

BKJIFOYAcCT:

* IIepeYeHb BBISIBIIEHHBIX Je(eKTOB ¢ (pororpadusmMu U TepMOrpaMMaMu;

* OLIEHKY BIIMSHUS KaxA0ro nedexrta Ha 3HeprodpHEeKTUBHOCTh U MUKPOKIUMAT;
PEKOMEHIallUK 10 YCTPAHEHUIO JAE(PEKTOB C INPUOPUTETHOCTHIO (CPOUHBIE,

IUTAHOBBIE, IEPCIIEKTUBHBIC);

* IPCABAPUTCIIBHYIO OICHKY 3aTpaT U O)KHﬂaeMOﬁ OKOHOMMHHU.

[IpakTrka TOKa3bIBa€T, YTO AK€ IMPOCTEUIINE MEpONpUATHs — OallaHCHPOBKA
CUCTEMbl  OTOIUICHHUSI, OYUCTKA (QWIBTPOB BEHTWIAIIMH, BOCCTAHOBJICHUE
TEIJION3O0JIAIIMK — TIO3BOJISIIOT CHHU3UTH Teruionorpednenue Ha 10-15 % mpwu
MUHUMAJIBHBIX BIOXEHUSX. [IpM 3TOM CpOK OKymaeMOCTH Takux paboT He

IMPCBLIIIACT OJHOI'O OTOIINTCIbHOIO CE30HaA.

Bonee cnoxxHble MeponpuaTHs (aBTOMATH3aIUsl TEIJIOBOTO ITyHKTA, YCTAaHOBKA
pEKynepaTopoB, 3aMe€Ha  paJuaTopoB) TPeOYIOT  JETAIBHOTO  TEXHUKO-
SKOHOMHUYECKOTO OOOCHOBaHMS, OJIHAKO HX A(OPEKTUBHOCTH TaKXE BBICOKA!

CHIDKEHME dHepro3arpar Moxer gocturars 30—40 % ¢ okymaemocTsio 3—5 Jier.

Analysis and Recommendations

Based on the inspection results, a technical report is prepared, which includes:



- a list of identified defects with photographs and thermograms;

- an assessment of the impact of each defect on energy efficiency and the indoor
climate;

- recommendations for eliminating defects, prioritized (urgent, scheduled, and long-
term);

- a preliminary cost estimate and expected savings.

Experience shows that even simple measures—balancing the heating system,
cleaning ventilation filters, and restoring thermal insulation—can reduce heat
consumption by 10-15% with minimal investment. Moreover, the payback period

for such work does not exceed one heating season.

More complex measures (automation of the heating station, installation of
recuperators, replacement of radiators) require a detailed feasibility study, but their
effectiveness is also high: energy consumption reduction can reach 30-40% with a

payback period of 3—5 years.

3akiouenue

Kowmmnekcnoe o6cnenoBanne cuctem OBuK B sKkcmtyaTupyeMbIX —31aHUSX
SBJISIETCS. HEOOXOJUMBIM JTaloM JUIsl TOBBIMICHUS HSHEProdh HEKTUBHOCTH U
obOecrieuenuss KOMGOPTHHIX ycioBuid. [IpenyoskeHHass METOIMKA, BKIFOYArOIIAs
aHAIN3 JOKYMEHTAIIMH, BU3YAIbHBIA OCMOTP M HHCTPYMEHTAJIbHBIC H3MEPEHUS
(TeTIOBU3MOHHBIN KOHTPOJIb, a3POIMHAMUYECKHE U THAPABINICCKAC UCTIHITAHNUS),

IMO3BOJIAACT JOCTOBCPHO BBISIBUTH I[G@)CKTBI Hu AaThb 000CHOBaHHEBIC PEKOMCHAALIMH.

o pe3ynbTaTam 00ciie10BaHUS STH 31aHUNA YCTaHOBJIEHO, YTO HAMOO0JIEEe YaCThIMU
npo0iemMamMu SBISIIOTCA THIPABIMYECKask pa3peryyiMpoBKa OTOIUIEHUS, 3aCOPEHUE

BCHTUIIILMOHHBIX CGTGIZ, OTCYTCTBUC ABTOMATHYCCKOI'O PCEryjiupoBaHus H



HCOOCTAaTO4YHAasA TCIIJIOM3OJIALIMA. YCTpaHeHI/Ie JaxKE€ 49aCTH OTHX I[e(l)eKTOB I[aéT

3HAYUTEIBHBIN dHEprocoeperaromuii 3P geKT.

JlanpHeliie uccaeaoBaHus MOTYT ObITh HalpaBJI€HbI HAa pa3pabOTKy aIrOpUTMOB
ABTOMATU3UPOBAHHOW OOpa0OTKH AaHHBIX OOCIENOBAaHHMS U MPOTHO3UPOBAHUS

OCTaTOYHOTO pecypca 000pyIOBaHHS.

Conclusion

A comprehensive inspection of HVAC systems in existing buildings is a necessary
step for improving energy efficiency and ensuring comfortable conditions. The
proposed methodology, which includes documentation analysis, visual inspection,
and instrumental measurements (thermal imaging, aerodynamic and hydraulic
testing), allows for the reliable identification of defects and the provision of sound

recommendations.

Based on the inspection of five buildings, it was found that the most common
problems are hydraulic heating imbalances, clogged ventilation networks, lack of
automatic control, and insufficient thermal insulation. Eliminating even some of

these defects yields significant energy savings.

Further research could focus on developing algorithms for automated processing of

inspection data and predicting the remaining life of equipment.
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