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JCTY B EN ISO 7730:2011
HAIIOHAJIBHUH BCTYII

Leti crangapt € Totoxuum nepekinagom EN ISO 7730:2005 Ergonomics of the ther-
mal environment -Analytical determination and interpretation of thermal comfort using
calculation of the PMV and PPD indices and local thermal comfort criteria (ISO
7730:2005) (EproHoMika TeIjIOBOTO CEpeOBHINA. AHAITUYHEC BU3HAUCHHS Ta IHTEPIIpE-
Tallis TEIIOBOTO KOM(OPTY Ha OCHOBI po3paxyHKiB noka3zHukiB PMV i1 PPD i kpurepii
nokanpHOTO TermtoBoro komdopry (1ISO 7730:2005)). ITinroroneno ISO/TC 159 "Ergo-
nomics" (Eprornomika) Ta CEN/TC 122 "Ergonomics" (Epronomika), cekpeTapiaToM sKO-
ro kepye DIN (Himenpkuii iHCTUTYT 3 cTaHAApTU3ALIIT).

J1o HaIlIOHATBFHOTO CTAaHAAPTY JOTYUYEHO AHTJIIOMOBHHM TEKCT.

Ha teputopii Ykpainu sik HallioHaJIbHUM cTaHaapT Aie jgiBa koionka texkery JACTY b
EN I1SO 7730:2011 (EN 1SO 7730:2005, KOT), BukiaieHa YKpaiHCHKOIO MOBOIO.

3rigno 3 JIBH A.1.1-1-2009 "Cucrema cranmapTuzaliii Ta HOpMyBaHHs B OYIIBHHUIIT-
Bi. OCHOBHI MOJOXEHHA" 1€l CTaHAAPT BIHOCUTHCS O KOMILJIEKCY HOPMAaTUBHHX JIOKY-
MEHTIB y Taiy3i OyniBHunea B.2.2 "bynunku 1 ciopyau".

CraHmapT MICTUTh BUMOTH, K1 BIJIIIOBIJaI0Th YUHHOMY 3aKOHO/IABCTBY YKpaiHHU.

TexHiyaui KOMITET, BIANOBIAAIRHUM 3a 1ei ctaHaapT, - TK 302 "EneproedexkTun-
HICTh Oy/IiBEJIb 1 ciopya’".

Jlo cTanaapTy BHECEHO TaKi peJaKiliiiHi 3MIHHU:

- cJoBa '"uel MIKHApOJHUI cTaHAApT" 3aMiHEHO Ha "leil ctanaapT";

- CTPYKTYpHI eJIeMeHTH cTaHnapty - "Ooxnanunka", "Ilepenmona”, "Hamionansuuii
Bcryn'", "BusnaueHHs nouste" ta "bibmiorpadiyni nani" - opopMiIeHO 3T1IHO 3 BUMOTaMHu
HaIllOHAJIBHOI CTaHAapTH3aIlil YKpaiHu;

- 1o gonatka D nomydyeno "Hauionansny npumitky" Ta 1o "bidmiorpadii" nomxyyeHo
"HarionanpHe nosicHeHHs", BU1JIEHI B TEKCTI PAMKOIO;

- 3 "[TepeamoBu 10 EN 1SO 7730:2005" y neit "HarionansHuil BcTyn" B3sITE T€, IO
0e31ocepeIHbO CTOCY€ETHCS LILOTO CTaHJAPTY.
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HAIIIOHAJIBHUM CTAHJIAPT YKPAIHHN

EPTTOHOMIKA TEIIJIOBOI'O CEPEJJOBUIIIA
AHaJIiITHYHE BU3HAYEHHS TA IHTEpNpeTalis TermioBoro komgopry Ha OCHOBI po3pa-
XyHKiB nokasHukiB PMV i PPD i kpuTepiiB J1I0KaJbHOT0 TEIJIOBOI0 KOM(pOPTY
SPIOHOMMUKA TEIJIOBOI CPEJIbI
AHanUTHYECKOE OMpEe/IeICHUE U MHTEPIIPETallis TEIIOBOr0 KoM(popTa Ha OCHOBAHUHU
pacuera nokaszateneit PMV u PPD u kputepueB JT0KalbHOTO TEIIOBOro0 kKoMpopTa
ERGONOMICS OF THETHERMAL ENVIRONMENT
Analytical determination and interpretation of thermal comfort using calculation oft he
PMV and PPD indices and local thermal comfort criteria

BCTYII

Lle#i cTangapT OXOIUIIOE OLIHKY JOMY-
CTHMOT'0 TEIJIOBOTO cepeloBUINa 1 OyB po-
3po0JIeHU TMapaielbHO 3 TMEePEeriTHYTUM
ASHRAEY cTaHjapToM 55. BiH € ogHUM 13
cepii moxymeHTiB 1SO 1 ycTaHOBITIOE METO-
I JJ1s1 BAMIPIOBAHHSI Ta OLIHKU TMOKAa3HU-
KiB JIOMYCTUMHX 1 €KCTPEMaJIbHUX TEMIIE-
paTypHUX CEPEIOBHIIN, SIKI BIUIMBAIOTh Ha
moxaeit (ISO 7243, ISO 7933 1 ISO/TR
11079, mo BU3HAYaIOTh EKCTPEMAJIbHI BHY-
TPIIIHI YMOBH, € THIIUMH B CEPIi).

TeruioBe BiMUYTTS JIOJUHU B OCHOB-
HOMY TIOB's3aHE 3 TEIUIOBHM OalaHcoMm Ti
Tina B 1mijgomy. lleit GanaHc 3aleXHUTh Bij
(G13MYHOT aKTUBHOCTI Ta OJATY, a TaKOXK
rmapamMeTpiB  HABKOJMIIHBOTO  CEPEIOBH-
ma: TeMIepaTypu TMOBITPS, CEPEeaHBOI TEM-
nepaTypy BUIPOMIHIOBaHHS, IIBUIKOCTI
pyxy 1 BosnorocTi noBiTps. [Ipu oniHoBaHH1
a00 BUMIpPIOBaHHI X (PAKTOPIB MOKIUBO
nepea0ayuTH TEIUIOBE BIAYYTTS AJIA Opra-
HI3MY B LUJIOMY IIJISIXOM OOUYMCIIEHHS cepe-
nuboi1 oninku (PMV). [lus. po3min 4.

BcraHoBiieHHST BiZICOTKA HE3aJOBOJICHHX
(PPD) Bu3Hauae iHzeKC, 110 MICTUTD iH(OpMa-
IIF0 TIPO TEIUIOBHMM JTUCKOM(OPT a0 TEIIOBE
HEBJIOBOJICHHS BIJICOTKA JIFOJICH, SIKI IMOBIPHO
BITUYyBaIOTh ce0e 3aHaTO TEIUIO ab0 TyXke XO-
JIOAHO B JaHoMy cepenoBuili. PPD MoxyTs
Oytu orpumani 3 PMV. /Tus. po3aun 5.

Y AMeprKkaHChKa Acoliallist iHKeHepiB 3 OIaneH-
HsI, OXOJIOJKEHHS 1 KOHTUIIFOBAHHSI TIOBITPS

Yunnwuii Big 2013-01-01
INTRODUCTION

This International Standard covering
the evaluation of moderate thermal envi-
ronments was developed in parallel with the
revised ASHRAE® standard 55 and is one of
a series of ISO documents specifying me-
thods for the measurement and evaluation of
the moderate and extreme thermal environ-
ments to which human beings are exposed
(ISO 7243, 1SO 7933 and ISO/TR 11079, all
three dealing with extreme environmental
conditions, are others in the series).

A human being's thermal sensation is
mainly related to the thermal balance of his
or her body as a whole. This balance is in-
fluenced by physical activity and clothing,
as well as the environmental parameters: air
temperature, mean radiant temperature, air
velocity and air humidity. When these fac-
tors have been estimated or measured, the
thermal sensation for the body as a whole
can be predicted by calculating the pre-
dicted mean vote (PMV). See Clause 4.

The predicted percentage dissatisfied
(PPD) index provides information on ther-
mal discomfort or thermal dissatisfaction by
predicting the percentage of people likely to
feel too warm or too cool in a given envi-
ronment. The PPD can be obtained from the
PMV. See Clause 5.

Y American Society of Heating, Refrigerating and
Air-conditioning Engineers



JACTY b EN ISO 7730:2011

TennoBuli 1UCKOMGPOPT MOXKE TaKOXK
OyTH BUKJIMKaHUN HEOKAHUM MiCLIEBUM
OXOJIOJDKEHHSIM a00 HarpiBaHHsSM Tija.
Haiibinpm momupeHuMu MiclieBUMU  (pak-
TOpaMHu AUCKOM(DOPTY € Temmeparypa BH-
MPOMIHIOBaHHS acuMeTpii (XojogHoi abo
TEIUIOi MOBEPXH1), MPOTAT (KU BU3HAYA-
€TBCSL SIK MICIICBE OXOJIOJDKCHHS Tila, BU-
KJIIMKaHE PYyXOM TIOBITpS), BEPTHKAILHUMN
nepemnaj TemrepaTypu TOBITPS 1 XOJOIHI
a0o termm mimIord. Po3min 6 BU3HaA4ae, K
nependaynuTy  BIJICOTOK  HE3aJ0BO-JICHUX
yepe3 JIOKANIbHI apaMeTpu TUCKOMQOpPTY.

HeBnoBoneHHs: Moxe OyTH BUKJIMKaHE
TUCKOM(DOPTOM, MOB'A3aHUM 3 HArpIBaHHIM
a00 OXOJIOJKEHHSIM OpPraHi3My B IILJIOMY.
O6mexeHHsT KOMPOPTY Yy LIBOMY BUIAAKY
MOXYTb OyTH BHpaxkeH1 iHaekcamu PMV 1
PPD. Aune TtemioBe HEBIOBOJEHHS MOXE
TakoXX OyTH BUKJIMKAHE MICIIEBUMH TEILIO-
BUMU TapamerpamMu AuckoMdpopTty. Y po3-
Il / BCTaHOBJIEHI KpHUTEpli NPUHHATHOCTI
TEMITIEpaTypHUX CEPEAOBHIN 3 TOYKU 30Dy
KoMdopTy.

VY pozninax 6 1 7 po3risiHyTI B OCHOB-
HOMY CTaIflioHapHi YMOBH. 3acOOM OIIIHKH
HECTaIllOHAPHUX YMOB, TaKUX SIK TeMIIepa-
TYpHI Tiepenaan, MUKIIYHICTh TeMIIepaTypu
11/ab0 KEepOBAHOTO BHMIPIOBAHHS TEMIIEpa-
Typu mpencTtaBieHl y posauni 8. Teruosi
cepenoBHUIla B OyIiBISAX 1 HA pOOOYHX Mic-
LAX MOXYTh 3MIHIOBATHCS 3 MEepediroM ya-
Cy, 1 HE 3aBXJ1 MOXJIMBO 30epiraTu yMOBHU
B PEKOMCHIIOBAaHUX Mekax. MeTol JOBTo-
CTPOKOBOi OIIIHKK TEIJIOBOTO KOMQOPTY
HaBejeHUM y po3aim 9.

Po3xin 10 mae pekomenpaariii mpo cmo-
cobu 00Ky amanTarii JrOJeH NI OIIHKH
1 IpoeKTyBaHHs Oy1iBeJb 1 CUCTEM.

Thermal discomfort can also be caused
by unwanted local cooling or heating of the
body. The most common local discomfort
factors are radiant temperature asymmetry
(cold or warm surfaces), draught (defined
as a local cooling of the body caused by air
movement), vertical air temperature differ-
ence, and cold or warm floors. Clause 6
specifies how to predict the percentage dis-
satisfied owing to local discomfort parame-
ters.

Dissatisfaction can be caused by hot or
cold discomfort for the body as a whole.
Comfort limits can in this case be expressed
by the PMV and PPD indices. But thermal
dissatisfaction can also be caused by local
thermal discomfort parameters. Clause 7
deals with acceptable thermal environments
for comfort.

Clauses 6 and 7 are based mainly on
steady-state conditions. Means of evaluat-
ing non-steady-state conditions such as
transients (temperature steps), cycling tem-
peratures or temperature ramps are pre-
sented in Clause 8. The thermal environ-
ments in buildings or at workplaces will
change over time and it might not always be
possible to keep conditions within recom-
mended limits. A method for long-term
evaluation of thermal comfort is given in
Clause 9.

Clause 10 gives recommendations on
how to take into account the adaptation of
people when evaluating and designing
buildings and systems.



1 COEPA 3ACTOCYBAHHA

[leyt craHmapT BCTAHOBIIIOE METOIU
JUTSI IPOTHO3YBAHHS 3arajibHOTO TEIJIOBOTO
BIIUYTTS 1 CTyHEeHs TUCKOM]OPTY (TerioBa
HE3aJ0BOJICHICTD) JIIOACH, IO ITiIJaI0ThCS
A1l MOMIpHUX TepMallbHUX cepenoBuil. Lle
JI03BOJISIE TIPOBECTH aHAITUYHE BU3HAUYCH-
HS Ta IHTEPIPETALiI0 TEMIOBOr0 KOMMOpTy
3 BUKOPUCTaHHAM po3paxyHkiB PMV (mpo-
THO30BaHa CEpeHs OIiHKa SIKOCTI MOBITPS-
Horo cepenosuia) 1 PPD (nmporHo3zoBanuii
BIJICOTOK HE3a/JI0BOJICHUX TEMIIEPATYyPOIO
CEpEelIOBHUINA), @ TAKOXK KPUTEPIiB MICIIEBO-
ro TeIIoBoro KoMopTty i jornomarae oIfi-
HUTU TNPUAHATHICTH YMOB HABKOJHUIITHHOTO
cepeloBHUIla /i 3a0€3MEeUYEHHs TEIJIOBOTO
koMdopty mroauHu. Llei miaxig 3acTocoBy-
€THCA 70 3I0POBUX YOJIOBIKIB 1 JKIHOK, SKI
3a3HaJM BIUIMBY HE TIJIBKA CEPEIOBHINA
MIPUMIILIEHb, JIe¢ TEIUIOBUUA KoMdopT € Oa-
aHUM, aJie ¥ TUX, J€ BIIOYBaIOThCS MOMi-
PHI BIIXWJICHHS BiJ TEIUIOBOIO KOMQOPTY;
TaKOX 3aCTOCOBYETHCS B MIPOCKTYBaHHI HO-
BUX a00 OIIHIOBaHHI ICHYHOYHMX TEIIOBUX
CepeloBHUIll. X04a Iel CTaHAapT Cremiaib-
HO PO3pOOJICHUH ISl pOOOYMX CEPEeIOBHIII,
BIH MOXe OyTH 3aCTOCOBAaHMM JO IHIIHUX
BUIB cepenosuil. [lpu posrisal monaei 3
0COOJIMBUMH BUMOTaMH, HampUKIad, 3 ¢i-
3UYHUMHU BaJIaMH, [IeH CTaHIapT MOXe OyTH
Bukopuctanuii 3 ISO/TS 14415:2005, 4.2.
ETHiuHi, HamioHaJIbHI 4K reorpadiyHi Bij-
MIHHOCTI TaKOX MOBHUHHI OyTH B34Ti 110
yBaru npu po3risijal NpuMilieHb, He o0nai-
HAHUX KOHJIUIIIFOBAHHSM.

2 HOPMATHUBHI IOCUJTAHHSA

HacTymnHi HOpMaTuBHI JOKYMEHTH He-
0OX1/1H1 JJi IOCUJIaHHS B LIbOMY JOKYMEH-
Ti. Y HaToBaHUX ITOCHWJIAHHSX HaBEIEHI BCI
penaxiiii, 1o BUKOPUCTOBYIOTbCA. Y Hena-
TOBaHMX TMOCUJIAHHSIX HaBeJEHA OCTaHHS
penakiiisi ~ HOPMaTHUBHOIO  JOKyMEHTa
(BKIIIOUArOUM Oy/1b-SK1 BUMIPABIICHHS).

JICTY B EN 1SO 7730:2011
1 Scope

This International Standard presents
methods for predicting the general thermal
sensation and degree of discomfort (thermal
dissatisfaction) of people exposed to mod-
erate thermal environments. It enables the
analytical determination and interpretation
of thermal comfort using calculation of
PMV (predicted mean vote)and PPD (pre-
dicted percentage of dissatisfied) and local
thermal comfort criteria, giving the envi-
ronmental conditions considered acceptable
for general thermal comfort as well as those
representing local discomfort. It is applica-
ble to healthy men and women exposed to
indoor environments where thermal comfort
is desirable but where moderate deviations
from thermal comfort occur, in the design
of new environments or the assessment of
existing ones. Although developed specifi-
cally for the work environment, it is appli-
cable to other kinds of environment as well.
It is intended to be used with reference to
ISO/TS 14415:2005, 4.2, when considering
persons with special requirements, such as
those with physical disabilities. Ethnic, na-
tional or geographical differences need also
to be taken into account when considering
non-conditioned spaces.

2 Normative references

The following referenced documents
are indispensable for the application of this
document. For dated references, only the
edition cited applies. For undated refer-
ences, the latest edition of the referenced
document (including any amendments) ap-
plies.
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ISO 13731, Epronomika TepMaibHOTO
cepenoBuila - CJIOBHHUK 1 yMOBHI O3HAKU

ISO/TS 13732-2, EproHomMika Terio-
BOT'O HABKOJIMIIIHBOTO CEpeloBuUIla - MeTo-
TV OITIHKY PeaKIlii JIIOJUHA TIPU KOHTAKTI 3
noBepxHsaMH - YactuHa 2. JIFoAChKUN KOH-
TaKT 3 MOBEPXHIMH 3a TIOMIPHOI TemImepa-
TypH

ISO/TS 14415:2005, Epronomika Te-
PMaJBHOTO CEpeOBUINA - 3aCTOCYyBaHHS
MDKHApPOJHUX CTaHAApTIB JUIsl JIIOJeH 3
0COOJIMBUMH TTOTpeOaMu

3 TEPMIHU TA BUBHAUYEHHSA
IHHOHATDH

Y 1bOMy JOKYMEHTI BHUKOPHCTOBY-
I0OTbCS TEPMIHM Ta BU3HAYEHHS 3T1HO 3
ISO 13731, a TakoX BCTAaHOBJIEH] HIKYE.

3.1 TeMnepaTypHuUii MUK

3MiHa TeMIlepaTypu 3 3aJaHOI0 aMILTi-
TYZOI0 1 YaCTOTOIO

3.2 TeMnepaTypHuii apeiig

[lacuBHa MOHOTOHHA, PIBHOMIpHA, HE-
[UKJIIYHA 3MiHA TeMIepaTypu B 3aMKHYTO-
MY MPOCTOPI1

3.3 kepoBaHa 3MiHA TeMIlepaTypu

AKTHBHA KepoBaHa, MOHOTOHHA, PiB-
HOMIpHA, HEIIUKJIIYHA 3MiHA TEMIIEPATyPH B
3aMKHYTOMY TIPOCTOPI

3.4 exBiBaJIeHTHA TeMmepaTtypa t,

PiBHOMIpHA Temmeparypa ysSBHOTO 3a-
MKHYTOTO TPOCTOPY, B SKOMY JIOJUHA
BTpayae Taky XK KUJIbKICTh TEIJIa BUIPOMI-
HIOBAHHSIM 1 KOHBEKIII€IO, K Y PEATIbHOMY
CepeloBUILI (3 HEPIBHOMIPHOIO TEMIEpATy-
poro)

3.5 cTpudkm TemMneparypu

[IIBuaKOMIMHHA 3MIHA TEMIIepaTyp-
HUX YMOB (TEIJIOBOTO PEXUMY) BHACIIJOK
panToBOi 3MIHU TEMIEpaTypH, BOJIOTOCTI,
BUJY MIsUTBHOCTI JIFOJIUHU 1/a00 i1 ogsry

3.6 mpoTtsr

Hebaxxane I5okajgbHe OXOJOIKEHHS
TiJ1a, BUKJIMKaHE PyXOM IMOBITPS

ISO 13731, Ergonomics of the thermal
environment - VVocabulary and symbols

ISO/TS 13732-2, Ergonomics of the
thermal environment - Methods for the as-
sessment of human responses to contact
with surfaces - Part 2: Human contact with
surfaces at moderate temperature

ISO/TS 14415:2005, Ergonomics of
the thermal environment - Application of
International Standards to people with spe-
cial requirements

3 Terms and definitions

For the purposes of this document, the
terms and definitions in ISO 13731 and the
following apply.

3.1  temperature cycle

variable temperature with a given am-
plitude and frequency

3.2 drift temperature

passive monotonic, steady, non-cyclic
change in the operative temperature of an
enclosed space

3.3 ramp temperature

actively controlled monotonic, steady,
non-cyclic change in the operative tempera-
ture of an enclosed space

3.4 operative temperature t,

uniform temperature of an imaginary
black enclosure in which an occupant
would exchange the same amount of heat
by radiation and convection as in the actual
non-uniform environment

3.5 transient temperature

sudden change in the thermal condi-
tions due to step change in temperature,
humidity, activity or clothing

3.6 draught

unwanted local cooling of the body
caused by air movement



4 IPOTHO30BAHA CEPEJIHS
OLIITHKA KOM®OPTY (PMV)

4.1 BuzHayeHHs

[Tporuo3oBana cepents orinka (PMV)
- 1Ie 1HJEKC, 3a JOMOMOTOI0 SIKOTO MPOTHO-
3YIOTh CEpeIHE 3HAYCHHS YYTIMBOCTI 10
TEMIEepaTypH BEIHKOI IPYyIH JIOAeH Ha ITi-
AcTaBl OajaHCy TeMIepaTypH Tijia JIIOIUHU
3a 7-0ajbHOIO0 TEIJIOBOIO HIKAJIOK BIIUYT-
TiB (Tabnums 1). TerutoBuii 6agaHc BCTaHO-
BIIFOETHCSI, KOJU TEIUIO, IO BHAUISE TiJIO
JIOJVHY, JOPiBHIOE BTpaTaMm TeIla B Ha-
BKOJIMILIHE CEpEOBUILE. Y MOMIPHOMY Ha-
BKOJIUIITHBOMY CEpEIOBHUII CUCTEMa Tep-
MOPETYJISIIIT JIFOMMHA MOKE€ aBTOMATHYHO
3MIHIOBaTH TEMIIEPATypy WIKIPU JIOJUHU 1
TOTOBUAUICHHS JIJIS TIIATPUMAaHHS TEIJIOBO-
ro OanaHcy Tija.

JICTY B EN ISO 7730:2011
4 Predicted mean vote (PMV)

4.1 Determination

The PMV is an index that predicts the
mean value of the votes of a large group of
persons on the 7-point thermal sensation
scale (see Table 1), based on the heat bal-
ance of the human body. Thermal balance is
obtained when the internal heat production
in the body is equal to the loss of heat to the
environment. In a moderate environment,
the human thermoregulatory system will
automatically attempt to modify skin tem-
perature and sweat secretion to maintain
heat balance.

Taoauus 1 - CemubanpHa mkana YyTIMBOCTI 10 TEMIIEpaTypu

Tablel - Seven-point thermal sensation scale
CrekoTHO
*3 Hot
Tenno
+2 Warm
+1 Tpoxn TEILIO
Slightly warm
0 Heiitpansao
Neutral
1 Tpoxu nNpoxosa0aHO
Slightly cool
9 IIpoxononHo
Cool
3 XO0JIOAHO
Cold
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Po3paxyHox 3Ha4eHs nokasHuka PMVY BUKOHYIOTD Calculate the PMV using Equations (1) to (4):
3 BUKOPUCTaAHHAM pigHAHb (1) - (4):

PMV =[0,303 - exp(~0,036 - M) +0,028) .

(M -W)-3,05-10 .[5733-6,99-(M - W) - p, ] - 0,42 [(M - W) - 58,15]
~1,7-107° .M (5867 - p,) ~0,0014-M (34 — t,)

~3,96-1078 .1, ‘[(rd +273)% -1, +373)4] —fi +he o ~ta)

: (1)

ty =35,7-0,028 (M - W) 1, -{3,96—10—3 £y -[(tc, +273)% u(r7+273)4]+fd chg {ty ~1‘8,)}, (2)

, 2,38 |ty — 45| ana(for) 2,38ty —t,°% > 12,1 Ji,,, "
c =

12,1 \{Var ana (for) 2,38 |ty _ta‘o,zs <121 g,
;_]1.0041,200/  ans (for) Iy <0,078 M2 .K/BT (m? -K/ W), @
o =

ae
M - Wwemnakicts 0BMiHy pevosinH, BT/m?;

W ~ ethekruera mexaHiyna eHepris, Br/m?;
Iy = onip Tennonepegauyi ogary, m2-K/BT;

fo = kOSDILIEHT NMOWi NOBEPXHI 0AArY,
f, ~ TemnepaTypa noBiTpsa, °C,

1,05+0,654/y pna(for) iy <0,078 M2 .K/BT (m? -K/W),

where

M is the metabolic rate, in watts per square
metre (W/m?2);

W is the effective mechanical power, in watts
per square metre (W/m?2);

I is the clothing insulation, in square metres kel-
vin per watt {m?2- K/W);

f4 is the clothing surface area factor;

t, isthe airtemperature, in degrees Celsius (°C);

t? — cepegHs pagiadiiHa TeMilepaTypa BUnpo- f, is the mean radiant temperature, in degrees

MinioBaHHA, °C;
V4 — BIAHOCHE WBUAKICTE PYXY MOBITPS, M/C;

P, — NapuianbHWi TUCK BOAAHOT Napy, Ma;

hC
[BT/(m?-K));
t, — Temnepartypa nosepxHi oasry, °C.

Ipumirka.

1 meTabomyna oguHuL = 1 MeT =
58,2 B1/m*;

1 omunwnis oxsry = 1 ko = 0,155
M°-°C/BT.

[Tokazauk PMV moxe OyTu pospaxo-
BaHUM I PI3HUX KOMOIHAIIN MIBUAKOCTI
OoOMIHY pPEYOBHH, OIOpPY TeIlonepeaayi
OJISITY, TEMIIepaTypu TMOBITPS, CEPEAHLOTO
TEIUIOBOTO BHUIIPOMIHIOBAHHS, IIBUIKOCTI
pPYXy HOBITPsI Ta BOJOTOCTI MOBITPs (JUB.

o

~ koediliEHT KOHBEKTMBHOrO TennooOmiHy,

Celsius (°C);
V4 is the relative air velocity, in metres per sec-
ond (m/s);
P, is the water vapour partial pressure, in pascals
(Pa),
h, is the convective heat transfer coefficient, in
watts per square metre kelvin [W/(m?2-K)J;

ty 1s the clothing surface temperature, in degrees
Celsius (°C).

NOTE:
1 metabolic unit = 1 met = 58,2 W/m?;

1 clothing unit =1 clo = 0,155
m?-°C/W.

PMV may be calculated for different
combinations of metabolic rate, clothing in-
sulation, air temperature, mean radiant tem-
perature, air velocity and air humidity (see
ISO 7726). The equations for t and h, may
be solved by iteration.



ISO 7726). 3nauyenns t MOKyTh OyTH 3HAM-
JIeH1 32 JJOTIOMOT'OF0 TIOCIITOBHUX 1Tepalliif.

[Tokazunk PMV xapaktepusye cradi-
JBHI YMOBH, ajieé MOKe OyTH 3aCTOCOBAaHUM
y SIKOCTI JOIyCTUMOI1 ampoKCUMallli Npu
HE3HAYHUX KOJIMBAHHAX ONHIEI a00 HEKIb-
KOX 3MIHHHMX 332 YMOBH, IO 3aCTOCOBYIOTb-
Cs CepeAHBO3BAXKEHI 3a YacOM 3HAYCHHS
3MIHHHX 3a TIoTiepeiHii nepio B 1 ro.

[Toka3HUK TOBUHEH BUKOPHCTOBYBA-
THCS TUIbKHU 1Jia 3HaYeHb PMV B iHTepBati
MDK -2 Ta +2 1 KOJIM IIICTh OCHOBHUX Iapa-
METpPIB 3HAXOJATHCS B HABEICHHUX HIKYE
iHTepBasiax: M Bin 46 Br/M? 1o 232 Br/m?
(Bix 0,8 meT o 4 meT);

I, Bia 0 M2-K/BT 8o 0,310 M2-K/BT (gia 0 k1o go

2 kng);

t,8ia 10 °C go 30 °C,

f‘; Bia 10 °C po 40 °C;

vV Bin 0 M/c Ao 1 mic;

P, 8in 0 Na ao 2 700 MNa.

Ipumirka. Y Mexax gaHoro jgiamnaso-
HY CEpellHs IIBHUAKICTh PYXy MOBITPS Var
MIpY BUKOHAHHI JIETKOi, B OCHOBHOMY CH/ISI-
401, pOOOTH MOKE BITUYBATUCS JIFOJUHOIO
SIK TIPOTSIT.

Po3paxyHOK MIBHIKOCTI METa00J1i3My
PEYOBHH BHKOHYIOTh 3 YpaxXyBaHHSIM THITY
pob6otu 3 BukopuctanusMm ISO 8996 abGo
nonatka B. fkio mBuakictb 0OMIHY pedo-
BUH 3MiHHA (TIpU PI3HUX PIBHSAX META0OJII-
3My), TOTPIOHO PO3paxyBaTH CEepPeAHHO3BA-
KEHE 3a YacoM 3HAYCHHS 3a TMOoIepeaHii
nepion B 1 rox. Tepmiunuii omip omAary i
CTUTBIIS 3 ypaxXyBaHHSAM TMOPU POKY po3pa-
XOBYIOTh 3 BukopucTtanHaMm 1SO 9920 a6o
nonarka C.

[Tokaznuk PMV po3paxoBytoTh OJJHUM
3 HACTYMHUX CHOCO0IB:

a) 3a gomomoroto piBHsHHSA (1), BUKO-
PUCTOBYIOUHM KOMI'IOTEpHY nporpamy. s
1i€i Mety B noaatky D HaBemeHna mporpama
moBoto BASIC. [Ins Bepudikamii iHIIKAX
KOMI'IOTEpHUX Mporpam y aonarky D Ha-
BEJICH1 MPUKIIASIN 3 pe3ybTaTaMu po3paxy-
HKIB
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The PMV index is derived for steady-
state conditions but can be applied with
good approximation during minor fluctua-
tions of one or more of the variables, pro-
vided that time-weighted averages of the
variables during the previous 1 h period are
applied.

The index should be used only for val-
ues of PMV between -2 and +2, and when
the six main parameters are within the fol-
lowing intervals:

M 46 W/m2 to 232 W/m? (0,8 met to 4
met);

1 O m? - K/W to 0,310 m?- K/W (0 clo to 2 clo);

¢, 10 °C to 30 °C;
t. 10 °C to 40 °C;
Ve O mfs to 1 mis,
p,0Pato 2700 Pa.

NOTE In respect of vy, during light,
mainly sedentary, activity, a mean velocity
within this range can be felt as adraught.

Estimate the metabolic rate using 1SO
8996 or Annex B, taking into account the
type of work. For varying metabolic rates, a
time-weighted average should be estimated
during the previous 1 h period. Estimate the
thermal resistance of clothing and chair us-
ing 1SO 9920 or Annex C, taking into ac-
count the time of year.

Determine the PMV in one of the fol-
lowing ways.

a) From Equation (1) using a digital
computer. A BASIC program is given in
Annex D for this purpose. For verification
of other computer programs, Annex D pro-
vides example output.
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b) GesmocepeaHbO 3a JaHUMHU A0JAaTKA
E, ne naBeneni Tadimi 3Hadenb PMV s
PI3HUX KOMOIHAIIN TISUTBHOCTI, OAATY U Bi-
JTHOCHOT IIBUJKOCTI PyXY MOBITPS;

C) 3a JOMTOMOT OO0 TIPSIMUX BUMIiPIOBaHb
3 BUKOPHCTAHHSIM IHTETPOBAHUX JATYMKIB
€KBIBaJICHTHOI 1 IIWCHOI TeMIepaTyp.

3nauenHs PMV, HaBenene y nogatky
E, 3acToCOByIOTH NI BITHOCHOI BOJIOTOCTI
50 %. BruiuB BOJIOTOCTI HA TEIJIOBY UYyTIIH-
BICTh HEBEJMKHUU TpU MOMIPHUX TeMIiepa-
Typax, OJU3bKHX 10 KOM(POPTHHX, 1 B IhO-
My BHITaJIKy HE BPaxXOBYEThCS MPH BU3HA-
yeHHi 3HaueHHs PMV (momarok F).

4.2 3acTocyBaHHs

PMV Moxe OyTH BUKOPUCTaHUM IS
MEepPEBIPKU, YU 3aJ0BOJILHSIE BU3HAYCHE TE-
pMajbHE CepeloBUIIE KPUTEPIsIM KoMpop-
Ty (po3aut 7/ 1 mojgaTtok A), a Takox s
BCTAHOBJICHHS BHUMOT JIO TEPMAaJIbHOTO Ce-
pEeIOBHIIIA.

Bceranosusmm PMV = 0, otpumyioTsb
PIBHSHHS JIJI1 TPOTHO3YBAHHS CIIOTYYEHB
aKTUBHOCTI, OASTY W MapaMeTpiB cepeio-
BUIIA, KOTP1 3BUYANHO 3a0€3MeUyrOTh Hel-
TpaJIbHYy TEMIIEPATypHY UYTIIUBICTb.

5 BUBHAYEHHS
MPOTHO30BAHOI'O BIJICOTKA
HE3AJOBOJIEHUX
TEMIIEPATYPHUM
CEPEJIOBHIIEM (PPD)

PMV nporHo3ye cepeaHe 3HAYCHHS
OIIIHOK TEPMAJILHOTO CEPEIOBHUIIA BEIUKOIO
TPYIIOO JIFOJICH, 110 MiJAA0ThCS BILTUBY 11bO-
ro CepeloBUINA. [HIMBITyaJIbHI OITIHKM 3Ha-
XOIAThCA OUTS LIbOTO CEPEIHLOTO 3HAUYCHHS,
TOMY KOPHCHOIO € MOXKJIMBICTh TIPOTHO3Y Ki-
JBKOCTI JIIOACH, SIKI Yy I[bOMY CEpeIOBHIII
AMOBIpHO OynyTh MoOdyBaTH ceOe HEKOM-
(bhopTHO: ayXKe TEryIo a00 MPOXOIIOIHO.

PPD € moka3HUKOM, SIKHIi BCTAHOBIIIOE
IIPOTHO30BAaHUM BIJCOTOK HE3aJ0BOJICHUX
TeMIEepaTypor0 CepeloBHIIA JIFOEH, sIKi Bi-
T4yBalOTh ceOe 3aHaATO XOJOJHO a0 crie-
KOTHO. JIJ1s 1ijIe¥ 1IbOTO CTaHIapTy Mif

b) Directly from Annex E, where
tables of PMV values are given for different
combinations of activity, clothing, operative
temperature and relative velocity.

¢) By direct measurement, using an in-
tegrating sensor (equivalent and operative
temperatures).

The PMV values given in Annex E
apply for a relative humidity of 50 %. The
influence of humidity on thermal sensation
is small at moderate temperatures close to
comfort and may usually be disregarded
when determining the PMV value (see An-
nex F).

4.2 Applications

The PMV can be used to check wheth-
er a given thermal environment complies
with comfort criteria (see Clause 7 and An-
nex A), and to establish requirements for
different levels of acceptability.

By setting PMV = 0, an equation is es-
tablished which predicts combinations of
activity, clothing and environmental para-
meters which on average will provide a
thermally neutral sensation.

5 Predicted percentage dissatisfied
(PPD)

The PMV predicts the mean value of
the thermal votes of a large group of people
exposed to the same environment. But indi-
vidual votes are scattered around this mean
value and it is useful to be able to predict
the number of people likely to feel uncom-
fortably warm or cool.

The PPD is an index that establishes a
quantitative prediction of the percentage of
thermally dissatisfied people who feel too
cool or too warm. For the purposes of this
International Standard, thermally dissatis-



HE3a7J0BOJICHUMH TEeMIIEpaTypHUM Cepeio-
BUILIEM JIIOJIBMH PO3YyMIIOTh THX, SIKI OY-
IyTh OI[IHIOBATH CEPEIOBHIIE K CHEeKOMmHe,
menje, NpPoxoioOHe ab0 Xon00He 3a 7-
OaNbHOIO MIKAJOI TEIUIOBOI YYTTEBOCTI,
HaBeJICHOIO B Ta0wmii 1.

SIkmo 3HaduenHs PMV o6uwncieno,
3HaueHHs1 PPD po3paxoByroTh 3a J0MOMO-
roto piBastHHSA (5), pucyHOK 1:
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fied people are those who will vote hot,
warm, cool or cold on the 7-point thermal
sensation scale given in Table 1.

With the PMV value determined, cal-
culate the PPD using Equation (5), see Fig-
ure 1:

PPD =100 - 95-exp(-0,03353 .- PMV* -0,2179 . PMV 2.

EIL

[+

()

¥ 8 & 3 &
I

flozHaku:
PMV — nporHosoBaHa cepeaHs OUiHKa;
PPD - nporHo3oeannil BiGCOTOK HE3840BONSHIX

0 05 1 15 2 PMV

Key:
PMV — predicted mean vote
PPD — predicted percentage dissatisfied, %

Pucyrok 1 — PPD sk ¢pyHkuia PMV
Figure 1 — PPD as function of PMV

PPD mnporHosye KUIbKICTh JIIOJIEH, He-
3aJI0BOJICHHX TEMIEPAaTypor0 HABKOJIMIII-
HBOT'O CEPEJOBHINA B CEpPeAWHI BEIMKOI
rpynu monaei. Pemra monedt rpynu Oyne
MmovyBaTu cebe TepPMIYHO HEUTPaTbHUMHU -
nerke Teruio abo yerka mpoxosoxa. Ilpo-
THO30BaHUN PO3MOAUT 1HAUBIAYaTbHUX TE-
IUIOBUX OIIIHOK HaBEJCHO B TaOIHUIN 2.

The PPD predicts the number of ther-
mally dissatisfied persons among a large
group of people. The rest of the group will
feel thermally neutral, slightly warm or
slightly cool. The predicted distribution of
votes is given in Table 2.



JCTY b EN ISO 7730:2011

Tadauus 2 - Po3noaisn iHIUBIyaIbHUX TETUIOBUX OLIHOK MPH PI3HUX 3HAUYCHHSX CEpe/I-

HIX OI[IHOK
Table 2 - Distribution of individual thermal sensation votes for different values of
mean vote
BincoTok OLiHOK, 110 MalOTh BKa3aHE 3HAYCHHS -~ %0
PMV PPD Persons predicted to vote * %
0 -1,0a60 (or) +1 |-2,-1, 0 +1 a6o (or) +2
+2 75 5 25 70
+1 25 30 75 95
+0,5 10 55 90 98
0 5 60 95 100
-0,5 10 55 90 98
-1 25 30 75 95
-2 75 5 25 70

® Ha ocHOBI ekcriepuMeHTiB 3a yuactio 1 300 mrozeii.
® Based on experiments involving 1 300 subjects.

6 JOKAJbHUN
TEMIEPATYPHUH ITUCKOM®OPT

6.1 3araJibHi M0J10:KeHHS

ITokazanku PMV 1 PPD BimoOpaxa-
I0Th AUCKOMMOPT BiJ Temia ado XOJoay
JUIsL BCbOTO OpraHi3My B IUIOMYy. AJjie HEB-
JIOBOJICHHS TEMITEPATypPOI0 HABKOJIUIITHBOTO
CEpelIOBUIIA MOKE TaKOXX OyTH BUKJIMKAHE
HeOakaHUM OXOJIOJPKEHHSIM a00 HarpiBaH-
HAM OJHI€T KOHKPETHOI yacTuHuU Tina. Lle
MOHATTS BiIOME SIK JIOKAJBLHUN TeMIIepaTy-
pHuil nuckoMm@opt. HalyacTimorw npudu-
HOIO MICIIEBOTO AMCKOM(OPTY € MpOTAT
(6.2). Micuesuit nuckoMdopT Moxe OyTH
TaKOX BHWKJIMKAHUA aHOMAJbHO BHCOKOIO
PI3HMIICIO TEMIIepaTyp MO BEPTHKAIl MIXK
rOJIOBOIO 1 KiHIliBKaMu Hir (6.3) uepe3 3a-
HAJITO TETUTy a00 3aHAJTO XOJIOIHY MiAJIOTY
(6.4) abo 3aHAaATO BHCOKOI aCHMETPI€I0
TerutoBoro BumnpomiHioBauus (6.5). Jloaa-
TOK A MICTUTh TIPHUKJIAJAA BUMOT JIO JIOKa-
JBHOTO 1 3arallbHOTO TEMIIEPATypHOTO KO-
MQopTy M pi3HUX KaTEropiii HABKOJIMIII-
HBOT'O CEPEJIOBUINA ¥ TUITIB MPOCTOPIB.

Jlo JOKambHOTO TeMIepaTypHOTrO JHC-
KOM(OpPTY, B OCHOBHOMY, YYTJMBI JIIOJIH,
K1 MalOTh CUIAYMN crocid pobotu. BoHu
OyayThb MaTu OJIU3BKY N0 HEUTpaIbHOI Te-

10

6 Local thermal discomfort

6.1 General

The PMV and PPD express warm and
cold discomfort for the body as a whole.
But thermal dissatisfaction can also be
caused by unwanted cooling or heating of
one particular part of the body. This is
known as local discomfort. The most com-
mon cause of local discomfort is draught
(6.2). But local discomfort can also be
caused by an abnormally high vertical tem-
perature difference between the head and
ankles (6.3), by too warm or too cool a
floor (6.4), or by too high a radiant tem-
perature asymmetry (6.5). Annex A pro-
vides examples of local and overall thermal
comfort requirements for different catego-
ries of environment and types of space.

It is mainly people at light sedentary
activity who are sensitive to local discom-
fort. These will have a thermal sensation for
the whole body close to neutral. At higher
levels of activity, people are less thermally
sensitive and consequently the risk of local
discomfort is lower.



MIIepaTypHy YyTJHUBICTH JJIsI BCHOTO TiJa.
Jlromu 3 OUIbII BUCOKMM piBHEM (hi3MUHOL
AKTUBHOCTI MEHIIT TEPMIYHO YYTJIMBI 1 pU3UK
JIOKAJTBHOTO TUCKOM(OPTY JJIs1 HUX HUKUHA.

6.2 lIpoTsr

JuckoM@opT depe3 mpoTsAr Moxke Oy-
TH BHU3HAYEHUH B1JICOTKOM JIIOJIEH, HE3a10-
BOJICHUX HasBHICTIO mpoTsry. llIBuakicTs
npotiary DR po3paxoByroTh 3a 10OMOTror0
piBHsHHSA (6) (MOAEITH IPOTATY):
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6.2 Draught

The discomfort due to draught may be
expressed as the percentage of people pre-
dicted to be bothered by draught. Calculate
the draught rate (DR) using Equation (6)
(model of draught):

DR = (34 - )(V,, —0,05)%%2(0,37.7, , - Tu +3,14). (6)

Anav,,; < 0,05 Mic  npuimatn v, ; = 0,05 mic.
Ona DR > 100 % mfc npuimaTn DR = 100 %,
ae
t,; — NokanbHa Temnepatypa nositpa Big 20 °C
o 26 °C;
Vg1 — IOKanbHa CepeaHs WBWAKICTL Pyxy fo-
BiTps, < 0,5 M/c;
Tu -~ nOKanbHA iHTEHCUBHICTL TYPOYNEHTHOCTI
8in 10 % Ao 60 % (AKWO 3Ha4eHHA HeBiAoMO,
mosxe ByTu BUKopucTaHe 3HaueHHa — 40 %).
Mogenb CTOCyeTbCs JIOACH 3 HEBENH-
K010 (DI3UYHOIO0 AKTUBHICTIO, SIKI BUKOHYIOTh
poOOTYy B OCHOBHOMY CHJISYH, 3 TeMIIEpary-
PHOIO YYTTEBICTIO JJII BCHOTO TiJIa, OJIM3b-
KOIO JI0 HEUTPAJIbHOI, @ TAKOX JUI MPOTHO-
30BaHOIO MPOTATY B MicIi mmi. Ha piBHI pyk
1 HIT MOJIEJTb MO>K€ 3aBUIIUTH MTPOTHO30BAHY
HIBUJIKICTh MPOTATY. YyTIUBICTH A0 MPOTATY
MEHIIIA MPH TisUTbHOCTI BHIIIA HIX cuasya (>
1,2 MeT) 1 my1st JTFoIei, 10 BiJIatOTh TiepeBa-
ry OUIbII TPOXOJOTHOMY cepenoBuily. Jlo-
naTkoBa 1H(oOpMaIlis Ipo BIUIMB HIBUAKOCTI
pyXy MOBITpsI HaBeneHa y aoaatky G.
6.3 PisHuus B TemnepaTypi noBiTpst
N0 BepPTUKAJI
3HauHa PI3HUIL TEMIEpaTyp MOBITPS
10 BepTHUKaJIl MIXK TOJIOBOIO 1 IIIMKOJIOTKAMH
MOKe BHUKJIHMKATH nuckomdopt. Ha pucys-
Ky 2 TIOKa3aHO BIJICOTOK HE3aJ0BOJICHUX
PD sax ¢yHKIIO pi3HUI TeMIEpaTyp MOBi-
Tps B 00JIacTi roJIoBM M HIr. PucyHok 3a-
CTOCOBYEThCSI, KOJIM TeMIlepaTypa BHIIA
3Bepxy. I MroAeii MEHII Biq9yTHA HIDKYA
TeMrneparypa 3Bepxy. 3HaueHHss PD o6uuc-
JIIOIOTH 32 JOTIOMOTI'O0 PIBHSIHHS:

Forv,, < 0,05 m/s: use v, ; = 0,05 mis.
ForDR> 100 %: wuse DR=100%.

where

tas is the local air temperature, in degrees Cel-
sius, 20°Cto 26 °C;

Va1 is the local mean air velocity, in meters per
second, < 0,5 m/s;

Tu is the local turbulence intensity, in percent,
10 % to 60 % (if unknown, 40 % may be used).

The model applies to people at light,
mainly sedentary activity with a thermal
sensation for the whole body close to neu-
tral and for prediction of draught at the
neck. At the level of arms and feet, the
model could overestimate the predicted
draught rate. The sensation of draught is
lower at activities higher than sedentary (>
1,2 met) and for people feeling warmer than
neutral. Additional information on the ef-
fect of air velocity can be found in Annex
G.

6.3 Vertical air temperature differ-
ence

A high vertical air temperature differ-
ence between head and ankles can cause
discomfort. Figure 2 shows the percentage
dissatisfied (PD) as a function of the vertic-
al air temperature difference between head
and ankles. The figure applies when the
temperature increases upwards. People are
less sensitive under decreasing tempera-
tures. Determine the PD using Equation (7):

11
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D - 100
1+exp(5,76 - 0,856 Aty ) |

(7)

PisHaHHA (7) OTpUMaHe 3a pesynbTaTtamu Bun-
pobyBaKb LLAAXOM NOriCTUMHOrG perpecitHom
aHaniay. Woro cnig BrkopucTOBYBATH TifbkK ¥

Equation (7), derived from the original data using
logistic regressien analysis, should only be used

BUMAAKY, Korm Af, , <8 °C.

El
80
80 —

40 -

20 —

atat,, <8°C.

Moznaxu:

PD — BigCOTOK HE3AA0RONEHWX;

Aty — Pi3HMLA TEMNepaTyp NOBITPA NO BEPTUKANT MiX
rONeBoK i HOramMu, °C

| ] 1
-

10 Afav

Key:

PD — percentage dissatisfied, %

At,, - vertical air temperature difference between
head and feet, °C

Pucynok 2 — MicueBnili gUCKoM@pOpT, BUKSIIMKAHWA BEPTUKANBHOK PI3HWLUEK TemnepaTyp NoeiTpa
Figure 2 — Local discomfort caused by vertical air temperature difference

6.4 Tenjia Ta X0J10AHA MiaJIora

Axmo migora ayke Teria abo 3aHa-
TO XOJOJHA, JIIOAW BITYYBAIOTh JIUCKOM-
dbopT depe3 TerioBi BiAUyTTsA ix Hir. s
JOJEH, OJSATHEHUX Yy JIerke (JIOMAalIHE)
B3YyTTs, KOMPOPT NepeyciM - 1ie Temrepa-
Typa OiAJIOTH, a HE MaTepiasl MOKPUTTA Mij-
noru. Ha pucynky 3 mokazaHuil BiJICOTOK
HE3a/I0BOJICHUX K (YHKLIIO TeMIepaTypu
MIJIJTOTH, 110 3aCHOBaHA Ha JOCIIIKEHHSIX
31 CTOSTYMMH 1/a00 CUASIYNMH JTIOIbMU.

12

6.4 Warm and cool floors

If the floor is too warm or too cool, the
occupants could feel uncomfortable owing
to thermal sensation of the infect. For
people wearing light indoor shoes, it is the
temperature of the floor rather than the ma-
terial of the floor covering which is impor-
tant for comfort. Figure 3 shows the percen-
tage dissatisfied as a function of the floor
temperature, based on studies with standing
and/or sedentary people.
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MNo3naku:
PD - 8incoToK He3aA0BONEHNX;
fy = TemnepaTtypa nignory, °C

Key:
PD -~ percentage dissatisfied, %
t; — floor temperature, °C

PucyHok 3 — flokanbHuil TeMRepaTypHii AUCKOMPOPT, BUKNUKAHUIA Tennoto abo xoNnoAHOoo NIANoToK
Figure 3 — Local thermal discomfort caused by warm or cold floors

Jlns mroaei, o CUaATh ado JIeKaTh Ha
11031, MOXYTh OyTH BUKOPUCTaH1 aHAJIO-
riydi 3HadeHHs. 3HaueHHda PD po3paxoBy-
I0Th 3a JOMOMOTOI0 piBHSHHSA (8), oTprMa-
HOTO 32 CKCIIEPUMEHTAIBHUIN JTaHUMHU 3 BU-
KOPUCTaHHSIM HEJIHIMHOTO PerpeciiHoro
aHaizy:

For people sitting or lying on the floor,
similar values may be used. Determine the
PD using Equation (8), derived from the
original data using non-linear regression
analysis:

PD =100-94-exp(-1,387 +0,118- —0,0025-1;2)‘ (8)

Pe3ynbTaTi He MOMMUPIOIOTHCS HA EICKTPH-
YH1 TEIUJI1 MiJIJIOTH MPU IOBrOMY 1epedy-
BaHHI JIOJIWHHU Ha M1JUI031.

Ipumirka. 3a 7OIOMOTr0I0 €IEKTPHUY-
HOTO OITaJICHHsS 3a0€3IeUyeThCs T1BEICH-
HSl TETJIa HE3aJIEXKHO BiJl TEMIIEpaTypu IMO-
BepxHi. BonsHa cucrtema omajeHHs HE 3a-
0e3MeyuTh TeMIepaTypy BHINE HIXK TeMIIe-
paTypa TEIJIOHOCIS - BOJIH.

J11st TOBEpXOHB MIJIOT, 1O SKUX JIFOIN
XomsaTe Oocumm Horamu, guB. ISO/TS
13732-2.

6.5 Acumerpisa pagianiiHOTO BH-
NMPOMiHIOBAHHSA

AcumeTpisa pagialiiHOrO BUIPOMIHIO-
BaHHs o TakoXk MoYke BHKIMKAaTH JHCKO-
MpopT. Jlronu HaWOILIBIT YyTIUBI A0 TEM-
nepaTypHoi acUMeTpli, 1110 0OyMOBJIEHA Te-
U100 200 XOJIOHOIO CTENSIMU, CTIHAMU

For longer occupancy the results are
not valid for electrically heated floors.

NOTE: By electrical heating, a certain
heat input is provided independent of the
surface temperature. A water-based heating
system will not produce temperatures high-
er than the water temperature.

For spaces that people occupy with
bare feet, see ISO/TS 13732-2.

6.5 Radiant asymmetry

Radiant asymmetry @&} can also
cause discomfort. People are most sensitive
to radiant asymmetry caused by warm ceil-
ings or cool walls (windows). Figure 4
shows the percentage dissatisfied as a func-

13
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(BikHamu). PucyHok 4 moka3sye BIJICOTOK
HE3a/I0BOJICHHX SIK (YHKIIII0 acUMeTpli pa-
JalifHOrO BUIPOMIHIOBaHHS, 00YMOBIICHY
TEIUIOI0 CTEJNICl0, TMPOXOJIOAHOK CTIHOIO,
MPOXOJIOHOIO CTEJNEI0 W TEIIOK CTIHOIO.
PucyHok 4 BIZHOCUTBCS 710 OLIHKH aCUMET-
pii pagiamiiiHOro BUIPOMIHIOBaHHS 3 OOKY
B Oik (BNiBO/BmpaBo ab0O BIPaBO/BIIIBO);
1HIIT TMO3|IIIT TUJIa TIO0 BiTHONIICHHIO JIO ITO-
BEepXHI (HaMpUKIaJ, MONEPeay/mo3amy) He
BUKJIMKAIOTh 30UIBIICHHS JUCKOMQOPTY.
3nauenns PD po3paxoByloTh 3 BHUKOpHC-
taHHAM piBHSIHB (9)-(12):

a) Tenna ctenn

100

tion of the radiant temperature asymmetry
caused by a warm ceiling, a cool wall, a
cool ceiling or by a warm wall. For hori-
zontal radiant asymmetry, Figure 4 applies
from side-to-side (left/right or right/left)
asymmetry, the curves providing a conserv-
ative estimate of the discomfort: no other
positions of the body in relation to the sur-
faces (e.g. front/back) cause higher asym-
metry discomfort. Determine the PD using
Equations (9) to (12), as applicable.

a) Warm ceiling

D =
1+exp(2,84-0,174-At,,)

b) XonogHa cTiHa

100

=53, Aty <23°C; (N

b) Cool wall

D = :
1+exp(6,61-0,345- Aty

C) xorioAHa cTena

1G0

Aty <15 °C; (10)

¢} Cool ceiling

) = X
1+exp(9,93-0,50- At,,)

d) Tenna cTiva

100

Aty <15 °C; (11)

d) Warm wall

(12)

D=
1+exp(3,72-0,052- Aty )

PiBusiaus (9) - (12) orpumani Ha mijc-
TaBl OpUTIHAJIBHUX JAHUX 3 BUKOPHUCTAH-
HSIM JIOTICTUYHOTO PETrpeciiHOro aHamizy, 1
HE MOBHHHI BUKOPHUCTOBYBATHUCA 3a MEXa-
MU 3a3HAYEHUX BUIIIE J1aMla30HiB.

Jlns a) (teruta crens) 1 d) (teria cTi-
Ha) PIBHSHHS CKOPUTOBAHI JIsl BU3HAUEHHS
IUCKOM(DOPTY, BUKIMKAHOTO 1HIIUMU TPHU-
YUHAMHM, a HE acCUMETpI€l0 paaialliiHoro
BUIIPOMIHIOBaHHSI (PUCYHOK 4)

14

-3,5; Aty <35°C.

Equations (9) to (12) were derived
from the original data using logistic regres-
sion analysis, and should not be used
beyond the ranges shown above.

Those for a) (warm ceiling) and for d)
(warm wall) have been adjusted to account
for discomfort not caused by radiant asym-
metry. See Figure 4.
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] | L 1

MNozkakn:

PD - BigCOTOK HE33A0BONEHUX;

Arp, — aCMMETPIA TENAOBOTO BUNPOMIHKIBAHHS, °C;
1 - 1enna cTens;

2 - npoxonoaHa CTiHa;

3 — npoxononHa cTens,

4 — Tenna cTiHa.

-

20 25 3 35 Al

Key:

PD - percentage dissatisfied, %

Aty — radiant temperature asymmetry, °C
1 Warm ceiling

2 Cool wall

3 Cool ceiling

4 Warm wall

Pucynok 4 — JlokansHui Tennosuit MCKoMMPOPT, BUKNUKAHUA acUMETRISK paaiauiiHoro
BUMPOMIHIOBAHHSA
Figure 4 — Local thermal discomfort caused by radiant temperature asymmetry

7 KOM®OPTHI TEILJIOBI
YMOBHU CEPEJIOBMIIA

Temneparypuuii (TeruoBuii kKompopT)
- 1Ie CTaH 33J0BOJICHHS TEIJIOBUMHU yMOBa-
MU HaBKOJIMIIHBOTO cepenoBuina. Hesno-
BOJICHHSI MOXX€ OyTH BHKJIMKaHE IUCKOM-
dbopToM Bij meperpiBaHHs a00 OXOJIOKEH-
HS OpraHi3My B LIJIOMY, IO OIIHIOIOTH 3a
noromororo PMV 1 PPD, abo nebaxanum
OXOJIO/DKEHHSIM  (IIeperpiBaHHsIM)  OJAHIET
MEeBHOT YaCTUHHU Tija.

Yepes iHaMBIAyanbHI BIAMIHHOCTI He-
MO>KJIMBO BCTAHOBUTHU TEIUIOBUW CTaH Ha-
BKOJIMIIHBOI'O CEPEOBUIIA, SIKHA 3a70BO-
JHHUB OM yciX. 3aBxau OyJie BiICOTOK He-
3a/I0BOJIEHMX JIIOJEH. AJle MOYKHa BCTaHO-
BUTHU CEPEIOBUIIA, MPUNHATHI JJIs1 IEBHOTO
BIJICOTKA JIFOJICH.

Yacto ogHa JroaMHA € OUIBII YyTIIH-
BOIO JI0 PI3HMX BHUIB MICIIEBOIO JUCKOM-
dopty. Hanpuxnazn, moauHa, 4yTiauBa 10
OPOTATY, TAKOK MOXKe OyTH YYTJIMBOIO 10
MICLIEBOIO OXOJIO/KEHHS, BHUKJIMKAHOTO

7 Accessable thermal environment
for comfort

Thermal comfort is that condition of
mind which expresses satisfaction with the
thermal environment. Dissatisfaction can be
caused by warm or cool discomfort of the
body as a whole, as expressed by the PMV
and PPD, or by an unwanted cooling (or
heating) of one particular part of the body.

Due to individual differences, it is im-
possible to specify a thermal environment
that will satisfy everybody. There will al-
ways be a percentage dissatisfied occu-
pants. But it is possible to specify environ-
ments predicted to be acceptable by a cer-
tain percentage of the occupants.

Often it will be the same persons who
are sensitive to different types of local dis-
comfort. For instance, a person sensitive to
draught may also be sensitive to local cool-
ing caused by radiant asymmetry or by
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aCHMETpI€I0 paaialliiHOrO BUIIPOMIHIOBAH-
Hs1 a00 XO0J0HOMO MiyIoroto. Taka uyTianBa
70 XOJIOAY JIIOJMHA MOKE BIJUyBaTHU JUC-
KOMQOpPT ISl Opra”i3My B IiJIoMy. Takum
yuHOM, noka3zuuku PPD, DR a6o PD, po3-
paxoBaHi JUIsl Pi3HUX THIIIB MICIIEBOTO JIHC-
koM(popTy, HE MOKHa 00'eqHyBaTH (CKIa-
JaTH/T0AaBaTH).

VY 3B'I3Ky 3 HasgBHICTIO 0COOJIMBOCTEH
y MicIeBuX abo HalllOHAJBHUX TMPIOPHUTE-
Tax, TEXHIYHUM PO3BUTKOM 1 KIIMaTHYHU-
MU YMOBaMHU B JICSIKUX BHIIQJIKaX MOXYTh
OyTH BCTAHOBJICHI B SKOCTI NPUHHATHHUX
OUIbII BHUCOKI BUMOTH (MEHILIUN BiJICOTOK
HE3aJI0BOJICHUX) 200 OUIbIII HU3bKI BUMOTH
(OlIbIIMHM BIJICOTOK HE3aJ0BOJICHUX). Y Ta-
KHX BUIAJKaX JJIsl OLIHKU ¥ MTPOEKTYBaHHS
TEIUIOBOTO cepeaoBuia nokazHuku PMV 1
PPD, moaeni mpotsry, 3B'I3KM MK Mapa-
METpaMH MICIIEBOTO TEIIOBOTO JUCKOM(DO-
pTy (auB. po3ain 6) il BiACOTOK HE3a0BO-
JIEHUX, 110 OYIKYETHCS, CIiJl BUKOPUCTOBY-
BaTU MJI1 PO3PaXxyHKy pI3HUX Jlana3oHiB
napameTpiB CEpeIOBHUIIIA.

[lpuknaaum pi3HUX KaTeropii BHUMOT
HaBeJ/ICHI B IOAATKy A.

8 SMIHHI TEILJIOBI
CEPEJIOBUIIIA

8.1 3araibHi NoJ10KeHHA

OCHOBOIO JIJIs1 METO/IIB, OMHUCAHUX Y TIO-
MEpeTHIX PO3/LIax, € CTIHKI CTaI[lOHAPHI yMO-
BU. YacTo TepMasibHe CepeioBULIE € 3MIHHUM,
110 NMoTpedye BU3HAYEHHS MOXKJIMBOCTI 3aCTO-
CYBaHHSI METO/IB. € TpH BUIIM 3MIHHUX YMOB,
AKI XapaKTEePU3YIOThCSl TEMIIEPaTypHUMH 11U~
KJamu, JperihamMu ab0 KEpOBaHUMH 3MIHAMH
1 KOJIMBAHHAMM TEMIIEPATYPH.

8.2 TemmnepaTypHi IUKIH

TemnepaTypHi LIUKIM MOXYTb BHHH-
KaTW B pe3y/ibTaTi YIpaBIiHHA TeMIlepaTy-
pOI0 B IIpocTOpi. SKIIO Iepernaj KoJIMBaHb
menmie 1 K, To BOHU HE BIIMBAIOTh Ha KO-
M(}OPT 1 MOXHaA 3aCTOCOBYBATH PEKOMEH-
nmamii Ui CTIMKUX —CTallloHAapHUX YMOB.
3HayH1 KOJIMBAHHS MOKYTb 3MEHILIUTHU KO-

a cold floor. Such a cold-sensitive person
may also more easily experience cool dis-
comfort for the body as a whole. Therefore,
the PPD, DR or PD caused by other types
of local discomfort should not be added.

Due to local or national priorities,
technical developments and climatic re-
gions, a higher thermal quality (fewer dissa-
tisfied) or lower quality (more dissatisfied)
in some cases may be accepted. In such
cases, the PMV and PPD, the model of
draught, the relation between local thermal
discomfort parameters (see Clause 6), and
the expected percentage of dissatisfied
people may be used to determine different
ranges of environmental parameters for the
evaluation and design of the thermal envi-
ronment.

Examples of different categories of re-
guirements are given in Annex A.

8 Non-steady-state thermal
envitonments

8.1 General

The basis for the methods given in the
preceding clauses is steady-state conditions.
The thermal environments, however, often
in a non-steady-state and the question arises
as to whether the methods then apply. Three
types of non-steady-state conditions can oc-
cur: temperature cycles, temperature drifts
or ramps, and transients.

8.2 Temperature cycles
Temperature cycles can occur due to the
control of the temperature in a space. If the
peak-to-peak variation is less than 1 K,
there will be no influence on the comfort
and the recommendations for steady-state
may be used. Higher peak variations can
decrease comfort.



M(OPTHICTh CEPETOBUIIIA.

8.3 peiipu abo kepoBaHi 3MiHH
TeMIepaTrypu

SIKII0 MBUAKICT 3MiH TEMIIEPATyPH MPH
npeiidi abo kepoBaHUX 3MiHAX HIbK4Ye HIXK 2,0
K/ron, To 3acTOCOBYIOTH METONH, SIKI € Bapia-
ITIEF0 METOTIB IS CTIMKHX CEPEIOBUIIL.

8.4 CTtpubku TeMnepaTypu

BiamoBimHo 10 mepenajiB TeMriepary-
pU MOXYTh OyTH 3p0OJieH! HACTYMHI 3ara-
JIbH1 BUCHOBKH.

Ctpubku exBiBaJCHTHOI TeMIlepaTypu
JIIOJTMHA BiJTYyBa€ MUTTEBO.

[Ticnst pi3koro miJBUIIEHHS €KBiBaje-
HTHOI TeMIIEpaTypy HOBa CTiiiKa TersoBa
YyTJIUBICTh BUHUKAE HErailHO, TOOTO MOKa-
3auku PMV, PPD moxyTh Oyt BUKOpHUC-
TaHi JiJIsi IPOTHO3YBaHHS KOM(DOPTY.

[Ticng pi3kOro 3HMKEHHS €KBIBaJIEHTHOL
TEMIIEpaTypu YYyTTEBICTh CIIOYATKY TIaaa€e
HWXK4e piBHA, nependadeHoro PMV, a micis
1BOTO 30UIBIIYETHCS 1 JOCSTa€e CTIMKOTO aje-
KBATHOTO PIBHA MpH 30€pEkKEHHI TEMIIEPATY-
pHUX yYMOB MpuOim3HO uepe3 30 xB, TOOTO
npotsirom niepiux 30 xB napamerpu PMV -
PPD nporHo3yrooTh 3aHaJITO BUCOKI 3HAYEH-
Hs. Yac i JOCSATHEHHS HOBOTO CTIMKOTO
CTaHy 3aJIS)KUTH BiJ] TOYATKOBUX YMOB.

9 TOBI'OCTPOKOBI OIIIHKHN
3AT'AJIBHUX YMOB TEIIJIOBOT'O
KOM®OPTY

Pi3Hi kateropii 3araabHOro KoMQopTy
MOKYTh OyTH BCTaHOBJICHI y BUIJISI Jiana-
30HIB 17151 3HaueHb PMV - PPD (momatok A).

Sxmo ui KpuTepii BUKOHAHI, B TOMY
YHUCI B €KCTPEMAJIbHUX CUTYAILIsX, MOTYXK-
HICTh OyAb-sIKOI YCTAHOBKM  OIaJICHHS
ta/abo oxomomkenus HVAC (omaneHHs,
BEHTUJIAIIT, KOHAMUIIIIOBaHHS) MTOBUHHA OY-
TH TIOPIBHSIHO BUCOKOI0. ExoHOMIuHI /200
€KOJIOTIYHI OOMEXEHHS HaJaloTh MOXKIIU-
BICTh OTPUMATH MPUUHITHI OOMEXEHHS 1H-
TEpBaJIy 4acy, MPOTATOM SIKOTO 3HAUYCHHS
PMV Oyne 3anumiatucs 3a MeXamH 3a3Ha-
YEeHUX J1ara30HiB.

JACTY b EN ISO 7730:2011

8.3 Temperature drifts or ramps
If the rate of temperature change for

drifts or ramps is lower than 2,0 K/h, the

methods for steady-state variation apply.

8.4 Transients
In general, the following statements
regarding transients can be made.

A step-change of operative tempera-
ture is felt instantaneously.

After an up-step in operative tempera-
ture, the new steady-state thermal sensation
Is experienced immediately, i.e. the PMV-
PPD can be used to predict comfort.

Following a down-step in operative
temperature, the thermal sensation drops at
first to a level beneath the one predicted by
PMV, then increases and reaches under
steady-state conditions the steady-state lev-
el after approximately 30 min, i.e. the
PMV-PPD predicts values that are too high
for the first 30 min. The time to reach a new
steady-state condition depends on the initial
conditions.

9 Long-term evaluation of the
general thermal comfort conditions

Different categories of general comfort
may be specified as ranges for the PMV-
PPD (see Annex A).

If these criteria are to be met, includ-
Ing extreme situations, the heating- and/or
cooling capacity of any HVAC (heating,
ventilation, air-conditioning) installation
should be relatively high. Economic and/or
environmental considerations can lead to
acceptable limited time intervals during
which the PMV will be allowed to stay out-
side the specified ranges.
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KomdopTHi yMOBH TECTYIOTh POTATOM
TPUBAIOTO MEPioy Yacy Ui Pi3HUX THUITIB
oynisenp Tta/abo HVAC 3a nmonomororw Mo-
JIeIIIOBaHHS. Y TaKOMYy BUIMAJIKy HEOOXITHO
BCTAHOBUTH 3HAYEHHS XapaKTEPHCTUK yMOB
JOBrOCTPOKOBOTO KOM(MOPTY sl TIOPIBHSH-
HSI IPOEKTIB 1 IPOTyKTUBHOCTI CUCTEM.

VY nonatky H HamaeTbest mepenik Me-
TOJIB, SIKI MOXYTb OyTH 3aCTOCOBaH1 JJs
el MeTH.

10 AJATITAIIA

VY BIANOBIAHOCTI 3 IIUM CTaHAAPTOM
Py BU3HAYEHHI JIOMYCTUMOIO [lala3oHy
EKBIBAJICHTHOI TeMIIepaTypd HEOOXIIHO
BUKOPUCTOBYBAaTH 3HAYEHHS OIOPY TEIUIO-
nepesadi ojAry, sSiKke BiANOBIIA€ MICIIEBUM
TUIIaM OJSATY 1 KIJIIMATy.

VY Tennux abo XOJOAHUX CEpPEOBU-
[ax 4acTo Ma€ MICIE€ aJanTaiis 10 TEMIIE-
patypHux yMoB. Kpim ogsry, iHmi Gopmu
ajanTalii, HampuKiIaa, 1Mo3a Tijia 1 3HUKEH-
HS aKTUBHOCTI, SIKI Ba)XKO IIIJTAIOTHCS Ki-
JBKICHIM OLIHI, MOXYTb NPU3BECTU MO
NPUIHATTS BUIIMX TEMIEpaTyp y MpUMI-
mieHHsX. Jlroau, 1mo npamoBai 1 KUIH y
TEIJIOMY KJIIMaTi, MOXYTh OUIBII JIETKO
MpuiiMaTh 1 MATPUMYBATH OUIBII BUCOKY
MPOJYKTUBHICTh TIpalll B Tapsiuux Cepeno-
BUIIAX HIXK JIFOJH, IO KUBYTh Y XOJIOJAHO-
my kiimari (auB. 1SO 79331 ISO 7243).

binbm mMpokuid AianazoH NpPUUHST-
HOCTI CEpelloBHUIlA MOXe OYyTH 3acTOCOBa-
HUW 711 KOHTPOJHOBAHUX JIFOABMU TPUMI-
HIEHb 3 KOHAMIIIIOBAHHIM y PErioHax 3 Te-
IJTUM KJIIMaToM a0o0 Mij Yyac TeIiuX mepio-
IiB POKY, KOJIM TeMIEepaTypHi YMOBU IpHU-
MIIIIEHb PETYIIOIOTHCS B MEPITy Yepry ue-
pe3 BIAKPUTTS 1 3aKpUTTA BiKOH. Excrnepu-
MEHTHU B eKCIUTyaTaI[liHUX YMOBax MokKa3a-
T, MO JIIOJA B TaKUX OyJMHKAX MOXYTh
BUTPUMYBATH OUIBIII BUCOKI TeMIIEpaTypu
HDXK Ti, o nependadeni PMV. YV takux Bu-
najikax TeIJIOBI YMOBH MOXYTb OyTH PO3-
paxoBaHi Ha Outbil 3HaueHHs: PMV Hix Ti,
110 HaBeJIeH1 y po3aim 6 1 mtogaTky A.

By computer simulation or measure-
ments, comfort conditions are often tested
during longer periods for different types of
building and/or HVAC design. The need
here is to specify a characteristic value for
the long term comfort conditions for com-
parison of designs and performances.

For this purpose, a non-exhaustive list
of methods that could be applied is pre-
sented in Annex H.

10 Adaptation

In determining the acceptable range of
operative temperature according to this In-
ternational Standard, a clothing insulation
value that corresponds to the local clothing
habits and climate shall be used.

In warm or cold environments, there
can often be an influence due to adaptation.
Apart from clothing, other forms of adapta-
tion, such as body posture and decreased
activity, which are difficult to quantify, can
result in the acceptance of higher indoor
temperatures. People used to working and
living in warm climates can more easily ac-
cept and maintain a higher work perfor-
mance in hot environments than those liv-
ing in colder cli-mates(see 1SO 7933 and
ISO 7243).

Extended acceptable environments
may be applied for occupant-controlled, na-
turally conditioned, spaces in warm climate
regions or during warm periods, where the
thermal conditions of the space are regu-
lated primarily by the occupants through the
opening and closing of windows. Field ex-
periments have shown that occupants of
such buildings could accept higher tempera-
tures than those predicted by the PMV. In
such cases, the thermal conditions may be
designed for higher PMV values than those
given in Clause 6 and Annex A.



JOJIJATOK A
(TOB1IKOBHIA)

MPUKJIAJIU BUMOT TEILIOBOT'O
KOM®OPTY ISl PI3HUX
KATET'OPIV CEPEJOBHII] TA
BUJIB TPOCTOPY

A.1 KaTeropii TermioBux cepeioBHIL

HeoOxinHe TeruioBe cepefoBUINE s
MIPOCTOPY MOke OyTH BUOpaHE 3 TPhOX Ka-
teropiii: A, B # C BinmoBigHo 10 TabmuUIl
A.1. Bci kpurepii nmoBuHHI OyTH BUKOHaHI
OJTHOYACHO JISl KOYKHO1 KaTeropii.

JICTY B EN ISO 7730:2011
Annex A
(informative)

Examples of thermal comfort
requirements for different categories of
environment and types of space

A.1 Categories of thermal environ-
ment

The desired thermal environment for a
space may be selected from among the
three categories, A, B and C according to
Table A.1. All the criteria should be satis-
fied simultaneously for each category.

Tadauus A.1 - XapakTepucTUKU KaTeToPiil TEIIOBOTO CEPEI0OBUIIA

Table A.1 - Categories of thermal environment
TemneparypHi BIIUYTTS Ti-
Ja B LLJIOMY MicueBuii (ToKanbHU) TUCKOMMOPT
Thermal state of the body as Local discomfort
a whole
PD, %
Kare- >
ropii . oOymoBJieHuit caused by .
Catego- PI3HHULICIO TC- TEeIIoN ache?lem
MIIEpaTyp Io- paalaminHoro
Y PI;)D' PMV DR, % | BiTps o Bep- zgfoxl;);;ii__ TEIJIOBOTO
TUKaJ1 BUIPOMIiHIO-
vertical air W;ror:‘loor BaHHS
temperature radiant
. cool floor
difference asymmetry
A <6 |-02<PMV<+0,2| <10 <3 <10 <5
B <10 |-05<PMV<+05| <20 <5 <10 <5
C <15 |-0,7<PMV <+0,7| <30 <10 <15 <10

KoykHa kareropis npunucye MaKkcuMma-
JHHUW BIZICOTOK HE3aJIOBOJICHHX IS Opra-
Hi3My B nutomy PPD 1 PD nnst xoxkHoro 3
YOTUPHOX BHUJIB MICIIEBOTO JUCKOMOOPTY.
Jlesiki BUMOTHY CKJIQJJHO BUKOHATH Ha TIPaK-
THII1, a THIT MOKYTh OyTH BUKOHAHI IOCUTh
nerko. CkimagHo 3HaWTH OamaHc Mk ¢ak-
TUYHOIO KUIBKICTIO HE3aJ0BOJIEHUX 1 TUMHU
pe3ynbTaTamu, 0 MPAKTUIHO OJEPKYIOTh-
Cs 3 BUKOPHUCTAHHSIM ICHYIOUMX TEXHOJIO-
Tif.

Each category prescribes a maximum
percentage dissatisfied for the body as a
whole (PPD) and a PD for each of the four
types of local discomfort. Some require-
ments are difficult to meet in practice while
others are quite easily met. The different
percentages express a balance struck be-
tween the aim of a few dissatisfiedand what
is practically obtainable using existing
technology.
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3aBIsSKHM TOYHOCTI MPUIIAJIIB JJII BU-
MIpPIOBAaHHSI BX1IHMX TTapaMeTpiB, MOXKe Oy-
TH CKJAQIHO TIEPEBIPUTH BIATOBIIHICTD
PMV knacy kateropii A (-0,2<PMV<+0,2).
3amicTh LILOTO TEpeBipKa MOXKe OyTH 3a-
CHOBaHA Ha BIJAMOBIAHOCTI BXITHUX Iapa-
METpIB Jiana3oHy [ii €KBIBAJIEHTHOI TEM-
nepatypu (A.2, Tabmuis A.5).

Tpu xarteropii, 0 NpeACTaBICHI B
tabnuii A.l, 3aCTOCOBYIOTBCA ISl TPUMI-
ICHb, JIe TIepeOyBalOTh JIIOAM, K1 MiaaaH1
Jii OJIHOTO M TOTO K TEIJIOBOTO CEPEIOBU-
ma. Ciijg mparHyTd TOToO, 100 KOXKHA JIIO-
IWHA MaJjia MOKJIMBICTH 31MCHIOBATH 1HIHU-
BilyaJIbHUH KOHTPOJb TEIUIOBOIO CEpesio-
BUIIA. [HIMBiNyaNbHE YIPaBIiHHS JIOKAJb-
HOIO TEMIIEpPaTypor0 TMOBITPS, CEPEIHBOIO
TEMIIEPATypOI0  PpajlalliiHOrO TEMIOBOTO
BUIPOMIHIOBaHHA a00 MIBUAKICTIO PyXY
MOBITPS ~ MOXE  CHOPHSITH  3HIDKCH-
HIO/0aaHCYBaHHIO JOCUTH BEJIMKUX Bij-
MIHHOCTEH MIX I1HIUBIyaJIbHUMH BUMOTa-
MU 1, OT)KE, MOKE MPU3BECTH JI0 3MCHIIICH-
HS KUIBKOCT1 HE3aJI0BOJICHUX.

Monudikaiis ofsry TaKoX MOXKe
CIPUITH 3HWKCHHIO 1HIWBIAyaIbHUX Bij-
MIHHOCTEHl TpH OILIHIOBaHHI CEepeIOBHIIIA.
BB onTuManbHOI €KBIBaJCHTHOI TeMIIe-
parypu Ha JI0[1aBaHHs 00 BUIAJICHHS P13HUX
MpeaMETIB 0Ty HaBeaeHo B Tabmwmi C.2.

A.2 Jliama3oH eKBiBaJICHTHOI TeM-
nepaTrypu

JUisi BUBHAYEHHS MPOCTOPY ICHYE OI-
THMaJlbHa €KBiBaJICHTHA TeMIIEparypa, sKa
BianoBigac PMV = 0, B 3aj1e:kHOCTI Bl aK-
TUBHOCTI Ta ofAary jtojei. Ha pucynky A.1
MOKa3aHl ONTUMAajbHA CKBIBAJICHTHA TEM-
neparypa ¥ AOMyCTUMHN Jiana3oH TeMIIe-
paTypH sk GYHKIIIT BiJ OASTY Ta aKTUBHOCTI
JUTSI KOSKHOT 3 TPhOX KaTEeTOPii.

OnTuManbHa €KBIBaJICHTHA TeMIlepa-
Typa OJIHaKOBa JJIsl TPHOX KaTeropi, y Tou
Jac SK JIOMyCTHMHH Jiama30H HaBKOJIO OII-
THMAaJILHO1 TEMIIEPATYPH 3MIHIOEThCS.
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Owing to the accuracy of instrumenta-
tion for measuring the input parameters, it
can be difficult to verify thatthe PMV con-
forms to the Class A category (-0,2 < PMV
< +0,2). Instead, the verification may be
based on the equivalent operative tempera-
ture range, as specified in A.2 and in Table
A.b.

The three categories presented in Ta-
ble A.1 apply to spaces where persons are
exposed to the same thermal environment.
It is an advantage if some kind of individual
control of the thermal environment can be
established for each person in a space. Indi-
vidual control of the local air temperature,
mean radiant temperature or air velocity can
contribute to balancing the rather large dif-
ferences between individual requirements
and consequently can lead to fewer dissatis-
fied.

Modification of the clothing can also
contribute to balance individual differences.
The effect on the optimum operative tem-
perature of adding or removing different
garments is described in Table C.2.

A.2 Operative temperature range

For a given space there exists an opti-
mum operative temperature corresponding
to PMV = 0, depending on the activity and
the clothing of the occupants. Figure A.1
shows the optimum operative temperature
and the permissible temperature range as a
function of clothing and activity for each of
the three categories.

The optimum operative temperature is
the same for the three categories, while the
permissible range around the optimum
operative temperature varies.



ExBiBanieHTHa TemIiepatypa y BCIiX Mi-
CISIX B MeXaX 3alHATOI 30HU MPOCTOPY IO-
BHHHA BeCh 4ac OyTH B MeXaX JOMYyCTUMO-
ro miana3ony. Lle o3Hayae, 1o A0MycTUMUN
Jiana3oH MOBUHEH OXOIUIIOBATH SIK MPOC-
TOPOBI, TaK 1 4acoB1 Bapiallii, B TOMY YHCI1
KOJIMBAHHS, BUKJIMKAHI CHUCTEMOIO YIIpaB-
JIHHA.

Pucynok A.l crocyeTbcsl BiIHOCHOI
Bosiorocti 50 %; mpoTe B MOMIPHHUX TEILIO-
BUX CEpEJOBUIIAX BOJIOTICTh MOBITPS Mae
HE3HAYHUU BIUIMB HA TEMIIEPATypHY 4YyT-
nuBicTh. Sk mpapwito, migBuiieHHs Ha 10 %
BIJTHOCHOI BOJIOTOCTI Ta TEMIIepaTypu Ha
0,3 °C crnpuiiMaroTbCsl JIOJAUHOK OJHAKO-
BO, SIK MIJBUILIEHHSA TEMIEPATypH CEpeio-
BUIIIA.

3xauenusa PD B tabmuiu A.1 He € agu-
TUBHUMH. Ha mpakTuii npu BUKOPUCTaHHI
Cy0'€eKTMBHUX aHKET B EKCIUIyaTalliHUX
YMOBaxX YHMCJIO HE33J0BOJIEHUX OCI0 MOXke
oytu Busnadyerno (1SO 10551).

IlepenbavaeTscs, MO0 WBUIKICTh PyXY
NoBITps. B mpocTopi ckiagae menime < 0,1
M/c. BigHOCHA MIBUAKICTH MOBITPS Vg, BH-
KJIMKaHa PyXOM TeIJia, OLIHIOETHCA B HYJIb
Y MBUJKOCTI OOMiIHY peduOBUH M MeEHIIe
1 meriVy =0,3(M-1)-npu M> 1 mer.
JliarpamMu BCTaHOBJICHI NMPU BIAHOCHIA BO-
norocti 50 %, ane BOJIOTICTH, Ma€ HE3HAU-
HUM BIUIMB HA ONTUMAJbHI Ta JOMYCTHUMI
TEeMIIepaTypHI1 Jlala30Hu.

JICTY B EN ISO 7730:2011
The operative temperature at all loca-
tions within the occupied zone of a space
should at all times be within the permissible
range. This means that the permissible
range should cover both spatial and tempor-
al variations, including fluctuations caused
by the control system.

Figure A.1 applies for a relative hu-
midity of 50 %; however, in moderate envi-
ronments the air humidity has only a mod-
est impact on the thermal sensation. Typi-
cally, a 10 % higher relative humidity and a
0,3 °C higher operative temperature are
perceived as being warmer in equal meas-
ure.

The PDs in Table A.1 are not additive.
In practice, a higher or lower number of
dissatisfied persons may befo und when us-
ing subjective questionnaires in field inves-
tigations (see I1SO 10551).

The air velocity in the space is as-
sumed to be < 0,1 m/s. The relative air ve-
locity, v,,, caused by body movement is es-
timated to be zero for a metabolic rate, M,
less than 1 met and v,=0,3 (M- 1) for M >
1 met. The diagrams are determined for a
relative humidity = 50 %, but the humidity
only has a slight influence on the optimum
and permissible temperature ranges.
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Kateropin A: PPD < 6 %
Category A: PPD <6 %
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Kareropia B: PPD <10 %
Category B: PPD <10 %
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Kateropia C: PPD <15 %
Category C:PPD <15 %

Hiarpama onTUManeHOT eksiBaneHTHET TemnepaTypu
y 3anexkHocTi Bif OBAry A pyxnuBoi aKTMBHOCTI AARA
TPLOX KaTeropiit.

Mo3naku:

PPD — nporHo30BaHui BiACOTOK HE3aA0BONEHKX;
X — OCHOBHA I30NALIR OAATY, KNO;

X' — OCHOBHA {30NAUIA 0aArY, M2 °C/BT;

Y — Wanakicte 0OMiHY pe4OBUH, MET;

Y - WwenaKcTs 06MiHY peyoswH, Brim?

The diagrams also show the range around the opti-
mum temperature for the three categories.

Key:

PPD - predicted percentage dissatisfied, %

X ~ basic clothing insulation, in ciothing units, (clo)

X ~ basic clothing insulation, in clothing units,
m?-°C/W

Y ~ metabolic rate, in metabolic units, (met)

Y' — metabolic rate, in metabolic units, YWm?

Pucywok A.1 = OnTumanbHa TeMnepaTypa sk yHKUIS oaary Ta aKTUBHOCT
Figure A.1 — Optimum operative temperature as function of clothing and activity

A.3 JlokaapbHUH TEeNJIOBHUH JHUCKOM-
dopr

Pucynok A.2 Hanae mianmazoH mapame-
TPiB JIOKaJbHOTO TEIJIOTO JUCKOMMOPTY
JUTSL TPbOX KaTeropiil, BigoOpaxeHux y Tad-
mum A.l.

MaxkcuManabHO JOMYyCTHME 3HAYCHHS
MIBUAKOCTI MOBITPs € (PYHKIIEIO JIOKATBHOT
TEMIIEpaTypyu TOBITPSI Ta I1HTEHCUBHOCTI
TypOyJIeHTHOCTI. I[HTEHCUBHICTh TypOyJIeH-
THOCTI MOxe BapitoBatucsa mix 30% Ta
60% y IpUMIILIEHHAX 31 3MIIIAHUM TOCTa-
YaHHSM TOBITPA. Y TPHUMIMICHHSIX 13 3CYB-
HOIO BEHTWIALIEIO YU 0€3 MEeXaHIYHOT1 BEH-
TWISLIT 1HTEHCHUBHICTh  TypOYJIEHTHOCTI
MOK€e OYTH HIXKUOIO.

A.3 Local thermal discomfort

Figure A.2 give ranges for local ther-
mal discomfort parameters for the three cat-
egories presented in Table A. 1.

The max. allowable mean air velocity
is a function of local air temperature and
turbulence intensity. The turbulence intensi-
ty may vary between 30 % and 60 % in
spaces with mixed-flow air distribution. In
spaces with displacement ventilation or
without mechanical ventilation, the turbu-
lence intensity may be lower.
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3 5
04 G4
g3 0.3
0,2 0.2
0,1 0,1

0 0
18 20 22 24 26 i, 18 20 22 24 28
Kareropisn A: DR=10% Kareropis B: DR = 20 %
Category A:DR=10% Category B: DR = 20 %
Mo3nakn:

{,; — NoKaneHa Temnepartypa nosiTpa, °C;
Vg 1 — NOKaNbHa cepepHs LUBNAKICTL PYXY NOBITPA, M/C;
Tu — inTeHcwBHiCTL TypByneHTHOCTI, %

far 18 20 22 24 28 iy

Kateropia C: DR=30%
Category C: DR=30%

Key:

{3 — local air temperature, °C
Vi — local mean air velocity, m/s
Tu — turbulence intensity, %

Pucynok A.2 — MaxcumanbHO 4ONYCTUMA cepefHA WBWAKICTL MOBITPSA B 3aneXHOCTI Big NOKanbHO|
TemMnepaTypu NOBITPA Ta IHTEHCUBHOCTI TYPOYNEHTHOCTI
Figure A.2 - Max. allowable mean air velocity as function of local air temperature and turbulence
intensity

V tabmuisx A.2, A.3 1 A.4 naBeneni
3HAYEHHS, 1[0 MPU3BOJAATH JI0 JIOKATLHOTO
TEIJIOBOTO JAUCKOMGOPTY: PIZHUIIT TEMIIe-
paTyp TOBITpS 1O BepTUKaIl, Tem-
J1a/X0JI0JTHA TIiIora 1 aCUMETpis pajiamiii-
HOTO TETUIOBOT'O BHIPOMIHIOBAHHS.

floor and radiant temperature asymmetry.

Taboauusa A.2 - [lepenag remneparyp NoBITPs MO BEPTUKAII MK T'OJIOBOIO Ta ITUKOJIOT-
KaMu HIr

Tables A.2, A.3 and A.4 give values
for the local thermal discomfort causes: ver-
tical air temperature difference, warm/cold

Table A.2 - Vertical air temperature difference between head and ankles
Kareropii [lepenax Temmeparypu HoBiTps “ 1o BepTukai, °C
Category Vertical air temperature difference® °C
A <2
b <3
C <4

®1,1 Ta 0,1 M Hag MiIOTOIO
®1,1 and 0,1 m above floor
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Tadoauusa A.3 - [[iama3zon Temneparyp NOBEpXHi IijIoTH

Table A.3 - Range of floor temperature
Kareropii JliamaszoH TemmiepaTyp nmoBepxHi migioru, °C
Category Floor surface temperature range °C
A Bix 19 mo 29
19 to 29
5 Bix 19 no 29
19 to 29
C Bing 17 no 31
17to 31

Tabauus A.4 - AcuMeTpis TEIIOBOTO BUMPOMIHIOBaHHS

Table A4 - Radiant temperature asymmetry
Kareropii AcuMeTpis TeII0BOro BUpoMiHioBaHHA, °C
Category Radiant temperature asymmetry °C
Terua crens XomnoaHa cTiHa | XoJIogHa CTess Temnna crtina
Warm ceiling Cool wall Cool ceiling Warm wall
A <5 <10 <14 <23
b <5 <10 <14 <23
C <7 <13 <18 <35

A.4 Kpurepii npoekTyBaHHs 15 pi-
3HUX TUMIB npoctopy. [Ipukaaau

Kpurepii npoekTyBaHHs, 3a3Ha4eHl B
Tabmmii  A.5, BUBEIEHI JUIsi HACTYITHUX
ymoB. Kpurepii /sl €KBIBaJIGHTHOI TeMIie-
paTypy 3aCHOBaHI Ha TUIIOBHUX PIBHSX aK-
TUBHOCTI PyXy, OASr 3 mokazHukoMm -0,5
KJI0 mpotsarom Jita ("temmid ce3oH") 1 3
nmokazHukoM - 1,0 k710 B 3uMOBHIT TIepion
("xononHuii, onantoBanbHuil ce3oH"). Kpu-
Tepil I CePeIHbOI MIBUIKOCTI PyXy MOBI-
TPl MIPUITYCKAIOTh 1HTEHCUBHICTH TypOyJie-
HTHOCTI npuban3Ho B 40 % (3MmilaHa BeH-
Tuisis). HaBeneHi kpurepii mpoeKTyBaHHS
JIHCHI TaKOX 1 JIs 1HITHUX THITIB IPOCTOPIB
3 aHAJIOTIYHUMH MTapaMeTpamHu.

A.4 Design criteria for different
types of space - Examples

The design criteria specified in Table
A.5 are derived under certain assumptions.
For the thermal environment, the criteria for
the operative temperature are based on typi-
cal levels of activity, for clothing of 0,5 clo
during summer (*“cooling season™) and 1,0
clo during winter ("heating season"). The
criteria for the mean air velocity apply for a
turbulence intensity of approximately 40 %
(mixing ventilation). The design criteria are
valid for the occupancy conditions as given,
but could also be applicable to other types
of spaces used in similar ways
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Tadauusa A.S - [Ipuxnaau KpuTepiiB NpOeKTYBaHHS JJIs IPUMIILICHb B PI3HUX TUIMaX Oy-

T1BENb
Table A5 - Example design criteria for spaces in various types of building
: MakcuMasibHa cepenss
ExBiBanenTHa TCMIICpa- . .
o HIBUIKICTDb PyXY IOBIT-
Typa, °C a
. ps, M/c
: Operative temperature : :
Totru Gy - I[pmr,- oC MaX|mur_n rr;ean alr ve-
BEJIb/TIPOCTOPIB chsz, Kareropii locity 7, m/s
. Bt/™m Jlito 3uma Jlito 3uma
Type of build- .. | Category N . N .
ing/space ACtIVIEy (Terumii ce-| (X0NOHUM |(TEIUTHi ce- | (X0 HUI
W/m 30H) CE30H) 30H) CE30H)
Summer Winter Summer Winter
(cooling (heating (cooling (heating
season) season) season) season)
IpumimenHs 3 Bia-
KPHUTHM IPOCTOPOM
Single office ITpu- A 24,5+1,0 | 22,0+£1,0 0,12 0,10
MillleHHA 3 epero-
poaxkamu
Landscape office
Somtepiasaa | 79 B | 245:15 | 22,0420 | 0,19 0,16
Ayauropis
Auditorium
Kadge
Cafeteria/restaurant C 245+2,5 | 22,0+3,0 0,24 0,21°
Knac
Classroom
1 } A 23,5+1,0 | 20,0¢1,0 0,11 0,10°
K?:é‘:fgr‘;:ﬁ"%“ 81 b 235+2,0 | 22,0£2,5 0,18 0,15°
g C 23,525 | 22,0£3,5 0,23 0,19°
Vi A 23,0+1,0 | 19,015 0,16 0,13°
Denatment store 93 b 23,0420 | 19,0430 | 0,20 0,15°
P C 23,0+3,0 | 19,0+4,0 0,23 0,18°

? MakcuMainbHa IBUAKICTE PyXy MOBITPsl MPUHHATA IPH iHTEHCUBHOCTI TypOYJIEHTHOCTI y
40 % 1 TemriepaTypi MOBITPS, sIKa TOPIBHIOE €KBIBAJICHTHIN TeMIiepaTypi 3a 6.2 1 pUCyHKOM
A.2. 3nagyenns BimHocHOi Bosorocti 60 % 1 40 % BUKOPUCTOBYETHCS TS JIiTA Ta 3UMH BiJI-
1oBi1HO. JIJIsI TITHROTO Ta 3MMOBOTO TIEPIOAIB JUIs BU3HAYECHHS MaKCHMAaIbHOT IIIBUIKOCTI
MOBITPS] BUKOPUCTOBYETHCS HAWMHIDKYA TEMIIEpATypa B HaJaHOMY Jiala3oHi.

* The maximum mean air velocity is based on a turbulence intensity of 40 % and air tempera-
ture equal to the operative temperature according to 6.2 and Figure A.2. A relative humidity of
60 % and 40 % is used for summer and winter, respectively. For both summer and winter a
lower temperature in the range is used to determine the maximum mean air velocity.

® Mexa mmxue 20 ° C (pucyHok A.2).
" Below 20 °C limit (see Figure A.2).
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JOJATOK B Annex B
(TOBIAKOBHIN) (informative)
IBUJIKICTb OBMIHY PEUOBHUH Metabolic rates of different activities
(METABO.JII3M) ITPH
PIBHOMAHITHIN AKTUBHOCTI
PYXY
JlonaTkoBa iH(pOpMaIisi TPoO MIBUI- Further information on metabolic rates

KicTh MeTabouizmy nmaetscst B ISO 8996. is given in ISO 8996. That elderly people
JliTHi Jromy yacTo MaroTh Oimbin HH3bKY Often have a lower average activity than
CepeIHIO aKTHBHICTH HIXK MOJIOMI, IO Ta- Yyounger people also needs to be taken into

KO TTOTPIOHO B3STH JI0 yBaru. account.

Ta6auus B.1 - [1IBuakicts 0OMIHY peuOBUH
Table B.1 - Metabolic rates

PyxiinBa akTUBHICTb, 11032

[IIBuaxicTe 0OMI-
HY PEYOBUH
Metabolic rate

Activity Bt e
W/m* | met
Hani_BJ_Iemaqi 16 0.8
Reclining
Cupstai poscitabieHo
Seated, relaxed 58 10
Cupsiua pobora (odic, BAoma, y mkoJi, 1aboparopii) 70 19
Sedentary activity (office, dwelling, school, laboratory) ’
Jlerka akTUBHICTb PyXy, poOoTa CTOsIYM (MPOJaBellh, JIabopaTopis,
JIeTKa IPOMUCIIOBICTB) 93 1,6
Standing, light activity (shopping, laboratory, light industry)
Cepennsi akTUBHICTB pyXYy, po0oTa cTOsYM (MPOAaBeElh, MEXaHIYHA
pobora, ...) 116 20
Standing, medium activity (shop assistant, domestic work, machine ’
work, ...)
KpokyBanns mo ropusonrtaibHiii noBepxui: Walking on level ground:
2 km/ron (km/h) 110 1,9
3 km/rox (km/h) 140 2,4
4 xm/ron (km/h) 165 2,8
5 km/rox (km/h) 200 3,4
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NOIJATOK C
(1OB1AKOBHIA)
PO3PAXYHOK TEILJIOI3OJISIIII
ogAry

C.1 OcHOBHi N0JIOKEHHS

Tepmiunuii omip omsary |, moxe OyTu
po3paxoBaHuil Oe€3mocepeHh0 3 JaHUX,
npeactaBieHnx y Tadmui C.1 ais TumoBux
KOMOIHAaII ofsry (3Ha4eHHs Al CTaTH4-
HOI TeIUI0i30JIA1ii), a00 MOOIYHO, IUISIXOM
MiJICYMOBYBAaHHS 3HAYEHb TEPMIUYHOTO OIO-
Py KOXHOTO eleMeHTa ofsry lgy, sSK moka-
3aHo B Ta0iui C.2.

V tabmuiu C.2 HamaH1 BIAHIOBIAHI 3MIHH
JI0 ONITUMAJIBHOT OTNEPAaTUBHOI TEMIEpaTypH,
HEOOXIH1 Ui MATPUMKH TEIJIOBOI YYTTeE-
BOCTI Ha HEUTpalbHOMY pIBHI, KOJIM OJST
JOJTA€ThCSl a00 BUIAISETbCS TIPHU JIETKIH, B
OCHOBHOMY, CHJITUil JistIbHOCTI (1,2 MeT).

Jlns oci0, 1Mo CUnaTh, KpICIO MOXKE
BHOCHUTH JIOJJaTKOBY 130Js11ito Big O ko g0
0,4 o (tabmuis C.3).

JlonatkoBa iH(oOpMallisi HaBeleHA B
1SO 9920.

Annex C
(informative)
Estimation of thermal insulation of
clothing ensembles

C.1 General

The clothing insulation (l.) can be es-
timated directly from the data presented in
Table C.1 for typical combinations of gar-
ments (the values are for static thermal in-
sulation), or indirectly, by summation of the
partial insulation values for each item of
clothing, I, as presented in Table C.2.

Table C.2 gives the corresponding
change in the optimum operative tempera-
ture necessary to maintain thermal sensa-
tion at neutral when a garment is added or
removed at light mainly sedentary activity
(1,2 met).

For sedentary persons, the chair can
contribute an additional insulation of O clo
to 0,4 clo (see Table C.3).

Further information is given in 1SO
9920.

Ta6auus C.1 - TepmiuaMii OMip TUMOBUX KOMOIHAIIIHN OJsTY

Table C.1 - Thermal insulation for typical combinations of garments
| | I |
Po6ounii oasir £y [ToBCSKIEHHUI OJAT s
. ko |MK/Bt . . k1o [MK/Bt
Work clothing clo | m2kw Daili wear clothing clo | m2K/w
1 2 3 4 5 6
[IITanu, KOMOIHE30H, TIKAp- Tpycu, pyrOonku, mopTH,
METKU, YEPEBUKHU CBITJII IIKAPIETKH, CaH 1Al
Underpants, boiler suit, 0,701 0,110 Panties, T-shirt, shorts, light 0,301 0,050
socks, shoes socks, sandals
Tpycu, copouka 3 KOpOTKUM
Tpycu, copouka, KOCTIOM, pyKaBoMm, CBITJI OPIOKH, CBI-
IIKapIeTKu, YCPCBUKU TJI1 IKapIIEeTKU, YCPCBUKHU
Underpants, shirt, boiler suit, 0,801 0,125 Underpants, shirt with short 0,501 0,080
socks, shoes sleeves, light trousers, light
socks, shoes
Tpycu, copouka, IITaHH, Tpycu, HIOKHS CIITHUIL,
oIy3u, mKapne_TKI/I, YEPEBUKU 0,90 | 0.140 H_aHHOXI/I_, CYKHS, B3}_/TT>I Pan- 070 | 0.105
Underpants, shirt, trousers, ties, petticoat, stockings,
smock, socks, shoes dress, shoes
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and legs, thermo-jacket and
trousers, Parka with heavy
quitting, overalls with heave
quilting, socks, shoes, cap,
gloves

Underwear with short sleeves
and legs, shirt, trousers, vest,
jacket, coat, socks, shoes

1 2 3 4 5 6
HwoxHst O11M3Ha 3 KOPOTKUMU
pyKaBaMH, COPOUYKHU, OPIOKH, HwoxHst O11M3Ha, COPOUKH,
KYPTKH, IIKApIETKU, B3YTTS 10010155 OpIOKH, IIKApHETKH, YEPEBUKHU 07010110
Underwear with short sleeves | ™ ’ Underwear, shirt, trousers, ’ ’
and legs, shirt, trousers, jack- socks, shoes
et, socks, shoes
HwxHst noBra 0iv3Ha, mKap-
Tpycu, copouku, OproKH, Kyp-
HCTKH, HCPCBUKH TKU, HIKAPIICTKNU, YEPECBUKNU
Underwear with long legs and | 1,20 | 0,185 » HKapr » 1CPCB 1,00 | 0,155
: Panties, shirt, trousers, jacket,
sleeves, thermo-jacket, socks,
socks, shoes
shoes
Hwuxust kopoTka O1M3Ha, co-
pOuKa, IITaHU, KYPTKH BaXKi
CThOOAHI 3 30BHIIITHBOIO 000-
JIOHKOIO 1 KOMO1HE30HH, IIKa-
Tpycu, nan4yoxu, Omy3ka, J0B-
PIICTKH, B3YTT:A, HIAIIKHU, PYKa- ra CHi):[HI/II_UI Hil[)KaK T Cl)J'Il
BHYKH 1,400,220 [ ©F - > 1 1,100,170
. Panties, stockings, blouse,
Underwear with short sleeves o
. . long skirt, jacket, shoes
and legs, shirt, trousers, jack-
et, heavy quilted outer jacket
and overalls, socks, shoes,
cap, gloves
HwxHs 611M3Ha 3 KOPOTKUMU HuxHs 611M3Ha 3 TOBIUMU
pyKaBaMH, COpOYKa, IIITaHH, pykKaBaMu, COpOYKa, IITaHH,
KYPTKH BaXK1 CThOOaH1 3 30B- V-noaiOHMiA BUPi3, CBETPH,
HIIIHBOK 000JIOHKOIO 1 KOMOI- KYPTKH, LIKAPIETKH, YEPEBU-
He30H, mKkapnerku, yuepeBuku | 2,00 | 0,310 |ku 1,30 | 0,200
Underwear with short sleeves Underwear with long sleeves
and legs, shirt, trousers, jack- andlegs, shirt, trousers, V-
et, heavy quilted outer jacket neck sweater, jacket, socks,
and overalls, socks, shoes shoes
Hyxust O11mM3Ha 3 JOBIUMH
pyKaBaMH, TEPMOMIKAK Ta
OpIOKH, TEPMOKOMOIHE30HH, HuxHst 6111M3Ha 3 KOPOTKUMHU
IIKapIETKH, B3yTTs, IIAMKU, pyKaBaMH, COpOUKa, OpPIOKH,
PYKaBUUYKH KUIJICTH, KYPTKH, ITIAJIBTO,
Underwear with long sleeves | 2,55 | 0,395 |mkaprieTku, YepeBUKH 1,50 | 0,230
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Tadauusa C.2 - TepMiuHMii OMip OAATY, a TAKOXK 3MIHHM ONTUMAaJIbHOT €KBIBAJICHTHOI TEM-

neparypu
Table C.2 - Thermal insulation for garments and changes of optimum operative tem-
perature
Lo 3MIHH ONITUMAJIBLHOI €K-
BIBaJICHTHOI TeMITepa-
Onsar 2 TypH, °C
Garment Iéfg xZIg/]\B/\T/ Change of optimum
operative temperature,
°C
1 2 3 4
Hwxkna Oiiu3Ha
Underwear 0,03 | 0,005 0,2
Tpycu
Panties
Tpycu 3 JIOBI'IMH KOJIOLIAMH 0.10 | 0,016 06
Underpants with long legs
Maitxa 0,04 | 0,006 0,3
Singlet
®dyTrOoska
T shirt 0,09 | 0,014 0,6
Co_pOIiK_a 3 IOBI'MM PyKaBOM 0.12 | 0,019 08
Shirt with long sleeves
pr(EI/IKI/I 1 OrocTrajmpTep 0,03 | 0,005 0.2
Panties and bra
Copouku/bay3ku
Shirts/Blouses 015 | 0,023 0.9
Opsr 3 KOpOTKMMU PyKaBaMH
Short sleeve
H_erKHH O_,Z[HF 3 TOBI'MMH pyKaBaMu 0.20 | 0,031 13
Light-weight, long sleeves
HopmanpHuii 3 1OBruMHu pyKaBamMu
Normal, long sleeves 0,251 0,039 16
qDJ’IﬂHGJ’IGB% COPOYKH 3 JOBI'MMH pyKaBaMU 030 | 0,047 1.9
Flannel shirt, long sleeves
Jlerki O:y3u, AOBT1 pyKaBa
Light-weight blouse, long sleeves 0,151 0,023 0.9
IITanu
Trousers 0,06 | 0,000 0,4
[loptn
Shorts
Jlerki 6proku
Light-weight 0,20 | 0,031 1,3
HopwmaibHai 6proku 0.25 | 0,039 16
Normal
daneneni OPrOKU 0,28 | 0,043 1,7
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Flannel | | |
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ITponorxenus tabmaui C.2

CykHi, cignumi
Dresses/SKirts

Jlerki crimHUIN, JIITO
Light skirts (summer)

0,15

0,023

0,9

Temm cmigHuIl, 3uMa
Heavy skirt (winter)

0,25

0,039

1,6

Jlerki cykH1, KOpOTKUM pyKaB
Lightdress, shortsleeves

0,20

0,031

1,3

3UMOBI CyKHI, TIOBI'HI pyKaB
Winter dress, long sleeves

0,40

0,062

2,5

KomOiHe30Hu
Boiler suit

0,55

0,085

3,4

Csetrpu

Sweaters

Kunet, KOpoTKi pyKaBa
Sleevelessvest

0,12

0,019

0,8

Tonxku#t ceerp
Thin sweater

0,20

0,031

1,3

Csetp
Sweater

0,28

0,043

1,7

ToBcTuu cBeTp
Thick sweater

0,35

0,054

2,2

Kyptku

Jackets

Jlerka miTHS KypTKa
Light, summer jacket

0,25

0,039

1,6

Kyprka
Jacket

0,35

0,054

2,2

biry3on
Smock

0,30

0,047

1,9

Bucokoi3ousiniiiHi, BOJOKOHHO-IIKIPSHI
High-insulative, fibre-pelt

Kombine3on

Boiler suit

0,90

0,140

5,6

bproku
Trousers

0,35

0,054

2,2

Kyprka
Jacket

0,40

0,062

2,5

Kuner
Vest

0,20

0,031

1,3
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Kinenp Tabaum C.2

1 2 3 4

Bepxwiii oxsir
Outdoor clothing
ITaneTO

Coat

0,60 | 0,093 | 3,7

ITyxoBuk

Down jacket 0,55 0,085 3,4

Kyptka Ansicka

Parka 0,70 | 0,109 | 4,3

HIKipOTOTOKHSIHMI KOMOIHE30H

Fibre-peltoveralls 0,55 0,085 3.4

Inmmii opsr
Sundries
[TkapneTku
Socks

0,02 | 0,003 | 01

ToBCTI MIKAPHETKH MO MIUKOJIOTKY

Thick, ankle socks 0,05 0,008 03

TOBCTI BUCOKI IIKAPIIETKH

Thick, long socks 0,10 | 0,016 0.6

HeityioHOB1 MaH4OXM

Nylon stockings 0,03 | 0,005 | 0,2

B3yTTs 3 TOHKOIO MiAOLIBOIO

Shoes (thin soled) 0,02 | 0003 | 01

B3yTTs 3 TOBCTOIO MMi10IITBOIO

Shoes (thick soled) 0,04 | 0,006 | 03

Yo6oTu 0,10 | 0,016 | 0,6
Boots

PykaBuuku 0,06 | 0,008 | 0,3
Gloves

Ta6auus C.3 - 3Ha4eHHS] TEPMIYHOTO OMOPY CTUIBIIIB

Table C.3 - Thermal insulation values for chairs
: Iclu

yp clo m2K/W
CityacTuii/MeTaneBuil CTUIENb
Net/metal chair 0,00 0,00
JlepeB'sHuii cTinenb
Wooden stool 0,01 0,002
CranpaptHuil oicHUN CTUICD
Standard office chair 01 0,016
Kp1cno_ KepIBHIKA 0.15 0,023
Executive chair
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3Ha4yeHHs, IO HaBEJEHI B TaOIUIIl
C.3, moTpiOHO g0AaTH 0 3HAYEHb TEPMid-
HOTO OTOPY 1HJIWBIAYAJIbHOI 130JIAIIT OJISITY
3 Tabsuii C.2 abo 10 3Ha4€Hb TEPMIYHOTO
OTIOPY KOMIUIEKTIB ofsry 3 Tabmuti C.1.

C.2 Bu3HayeHHSl XapaKTepPHCTHK
AUHAMIYHOI 3011l oaATy

AKTHUBHICTh 1 BEHTWIALIS 3MIHIOIOTH
XapaKTEPUCTHKHU TETIIOBOI 13071111 0Ty ¥
CYMDKHOTO MHIapy moBiTps. Pyx moBiTps i
PyXH TUIa 3MEHIIYIOTh OIIp TerJionepesaa-
4i, 10 MOTpeOy€e BIAMOBITHOTO KOPUTYBaH-
Hsa. KopuryBanbHuii KoedillieHT sl BH-
3HAYCHHS OIOPY TeIUIoNepeaadi oasary Mo-
e OyTH pO3paxOBaHUM 3 BHKOPHUCTAHHAM
piBusiHb (B.1)-(B.3).

Jlns moauHU, OJSMTHEHOI B HOPMAallb-
Huii ado nmerkmii omsar (0,6 < |y < 1,4 ko
a60 1,2 < |+ < 2,0 x10):

JICTY B EN ISO 7730:2011

The values given in Table C.3 may be

added to individual garment insulation val-

ues taken from Table C.2 or to the ensem-
ble values from Table C.1.

C.2 Determination of dynamic insu-
lation characteristics of clothing

The activity as well as ventilation
modify the insulation characteristics of the
clothing and the adjacent air layer. Both
wind and body movement reduce the insu-
lation, which therefore needs to be cor-
rected. The correction factor for the static
total clothing insulation and the external air
layer insulation can be estimated using Eg-
uations (B.1) to (B.3).

For a clothed person in normal or light
clothing (0,6 <ly<1l4cloorl2<Iy<20
clo):

Ir ; =l -Com,iy =lIy -exp[—0,281-(var -0,15)+0,44-(v,, -0,15)% —0,492.v,, +0,176-v§,], (B.1)

ae

Iy, = onip Tennonepeaadi oasary abo oanHULE

opsry, m?-K/BT abo kno;

I+ — Tepmiuumi onip ogsry abo oguHMUL OAArY,

M2 -K/BT abo Kno;

Corr, I+ - nonpasoyHui koedillieHT 4na onopy

Tennonepedavi oasary;

Vgr — WBWAKICTE MOBITPA NO BiAHOLIEHHIO RO MNIO-

AWHU, M/cC;
V,, = WBUAKICTE NEPeMitueHHs NIoANHN, M/C,
Ans oronexol niogunn (/= 0 clo):

where

Ir, is the resultant total clothing insulation, in
square meters Kelvin per watt or clothing units
(m?-K/W or clo);

I+ is the total clothing insulation, in square meters
Kelvin per watt or clothing units (m? - K/W or clo);
Com, I is the correction factor for the total cloth-
ing insulation;

Vg is the air velocity relative to the person, in me-
ters per second;

v,, is the walking speed, in meters per second

For a nude person (/,, = 0 clo}:

loy =1a-Corrly =1, -em[-o,ssa-(va, ~0,15) +0,069 (v, -0,15)% - 0,462 v, +0,201-v§], (B.2)

e
!

a
a60 oguHMLE oasiry, M2 - K/BT abo Kkno;

I, — TepMiMHUA ONip TPaHWYHOTO Wapy NoBiTps

abo oguHnLe opary, M2 -K/BT abo kno;

Corr, I, — nonpasovHnia KoedidieHT ana /.

PesynbTyiouy AuHaMivHy i3onauilo ogary su3Ha-

4aloTb 38 PIBHAHHAM

= ONip TEMNOBIAAAYI NOBITPA B AAHUX YMOBAX

where

Iy is the resultant insulation provided by the
boundary air layer under the current conditions, in
square meters Kelvin per watt or clothing units
(m2 - KW or clo);

I, is the insulation provided by the boundary air
layer, in square meters Kelvin per watt or clothing
units {m?- K/W or clo);

Com, I, is the correction factor for /, .

The resultant dynamic clothing insulation is deter-
mined by
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!3,."

’cl,r = -"T,r N

ae

fo) — KoedilieHT nnowi 0aATY (BIAHOWEHHS NNOL
NOBEPXHi 0AATHEHOro TiNa A0 RAOLI OrofeHoro
Tina), ae v, nosnHHAa GyTh B Mexax Ao 3,5 M/c Ta
v, A0 1,2 M/C.

AkLo WBMAKICTE NEPEMILLEHHST TIIAWHN HE BU3-
Ha4eHa abo noanHa HepyXoMma, 3Ha4YeHHS AnA v,
00uYNCATE 38 QOPMYNOK

cf

where

fs is the clothing area factor; the ratio of the sur-
face area of the clothed body to the surface area
of the nude body, and where sv,, hould be limited
to 3,5 m/s and v, to 1,2 m/s.

When the walking speed is undefined or the per-
son is stationary, the value for v,, can be calcu-
lated as

v,, = 0,0052 (M- 58) 3 (with) v, < 0.7 mic (m/s) .

Ons gyxe HU3IBKWX 3HAYeHb i3oNAUIT oaary, Han-
pvknag, ans 0 kno < fy < 0,6 ko, Gyna suBe-
AeHa iHTepnonsAUia M piBHAHHAMK (B.1} i (B.2):

"T_,r _ ((0'6 ~let} 17 1 nude + 1ot ""T,r,dressed)

For very low clothing insulations, e.g. for @ clo
<ly £ 0,6 clo, an interpolation between Equa-
tions (B.1) and (B.2) has been derived:

Ir

de

It rdresseq — OAATHEHI, ZopiBHioe /1, BU3HAue-
HOMY ¥ BIANOBIAHOCTI 3 PiBHSAHHAM (B.1), Kno;

I7 rnude — PO3OATHEHI, AOPIBHIOE [,, BU3HAYE-
HOMY Y BIANOBIQHOCTI 3 piBHAHHAM (B.2), kno.

0.6

(B.3)

where
It ¢ dressed 1S €qual to Iy, as determined by
Equation B.1, in clothing units (clo);

It rnude 18 €qual to [, determined by Equation
B.2, in clothing units (clo).
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Annex D
(normative)

HaunionanbHa npuMiTka.
B Vkpaini nogatox D € noBinkoBuM

KOMIT'IOTEPHA ITPOI'PAMA
JJIA OBUUCJIEHHSA PMV TA PPD

Hapenena komn'torepHa mnporpama Ha
BASIC uamae MOXJIUBICTH OOYHUCIIOBATH
PMV 1 PPD nns 3amanoro Habopy yBene-
HUX 3MIHHUX. [HIII MOBU TporpamyBaHHS
TaKOX MOXYTb OyTH BHUKOPHCTaHI, ajie pe-
3yJapTaT Mae OyTu BepudikoBaHUN 3a J0-
MIOMOTOI0 I1i€1 TIporpamMu abo 3a MpHUKIIaIa-
MU, HaBeJleHnMH B Ta0ami D. 1.

JluHaMmi4H1 BIUTMBU Ha 130JISII{1I0 OJISTY
MMOBMHHI OyTH CKOPUTOBaH1 A0 BU3HAYEHHS
oropy Terutonepenadi oasry | ;.

3miHHi
Variables
Ogsir, Kno
Clothing, clo

LLiBnakicTe 0OMiHY peyoBWH, MeT
Metaboiic rate, met

3osHiwArn poBora, meT
External work, met
Temneparypa noeitps, °C
Air temperature, °C

CepenHs TeMneparypa BUNpOMiHIOBaHHSA, °C

Mean radiant temperature, °C
BigHocHa WwenakicTs pyxy NOBITPA, M/c
Relative air velocity, m/s

BiaHocHa sonoricTe, %
Relativehumidity, %

MapuiansHi TUCK BoAAHCT napw, Ma
Partial water vapour pressure, Pa

10  KowmmetepHa nporpama (Ha BASIC) gna
obuncneHya

20 TporHoaosaHol cepedHbol ouiHky (PMV) Ta
NPOrHO30BAHOrO NpoUeHTa Hesaosonennx (PPD)

30 y eignosigHocti 3 MiXHapogHWUM CTaHZapTOM

1SO 7730
40 CLS: PRINT "DATA ENTRY"
50 INPUT "Clothing (clo)"
60 INPUT "Metabolic rate (met)"

Computer program for calculating
PMV and PPD

The following BASIC program com-
putes the PMV and the PPD for a given set
of input variables. Other programming lan-
guages may also be used, but the output
should be verified with the given BASIC
code or with the example values given in
Table D.1.

Dynamic effects on clothing insulation
shall be corrected for before inserting the
resultant thermal insulation for the clothing
(i) in this equation.

MoszHaky B nporpami
Symbols in program

CLO
MET
WME
TA
TR
VEL
RH
PA
Computer program (BASIC) for calculation

of

Predicted Mean Vote (PMV) and Predicted
Percentage of Dissatisfied (PPD)

in accordance with International Standard
(SO 7730

data entry
CLO
MET
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70

80

30

100
110
120
130
140
150
160
170
180

190

200

210

220

230

240

250

- 260

270

280

290

INPUT "External work, normally around 0 {met)" WME
INPUT “Air temperature ("C)" TA
INPUT "Mean radiant {emperature (°C)" TR
INPUT "Relative air velocity (m/s)" VEL
INPUT "ENTER EITHER RH OR WATER VAPCUR PRESSURE BUT NOT BOTH"
INPUT "Relative humidity (%)" RH
INPUT "Water vapour pressure (Pa)" PA
DEF FNPS (T) = EXP (16.6536-4030.183/T+235)):
TUCK Hacu4yeHoi napu, kla saturated vapour pressure, kPa
IF PA =0 THEN PA =RH * 10 * FNPS (TA):

TUCK BOAAHOT napu, MNa water vapour pressure, Pa

ICL=.155* CLO:
TepMivHUIA onip oasry 8 M2 -K/BT thermal insulation of the clothing in m?. K/wW

M= MET * 58.15: '
WBUAKICTE 0BMIHY peqoBuH B BT/m? metabolic rate in W/m?

W=WME * 68.15:
BHYTpilLHA poBoTa & Br/M? external work in W/m?

MW = M —W:

BHYTpilLHE BPODHULTEO Tenna y Tini NIoguHu internal heat production in the human body

IFICLu.O78 THENFCL=1+1.29*ICL
ELSE FCL =1.05 + 0.645 * ICL:

MHOMHIK NIOLWi 0JAry clothing area factor
HCF = 12.1 * SQR (VEL):
xoedidieHT TennoobmiHy npu NPUMYCOBIn heat transf, coeff. by fo ced convection
KOHBeKUJT
TAA =TA + 273:
TemnepaTtypa noeiTps 8 K air temperature in Kelvin
TRA=TR +273;
cepeaHa Temnepartypa BUNPOMiHIOBaHHA B K mean radiant temperature in Kelvin
OBYMCNEHHA TEMNEPATYPW NOBEPXHI CALCULATE SURFACE TEMPERATURE
onﬁry 3A AOMOMOIoK0 ITEPALIT OF CLOTHING BY ITERATION
i  TCLA=TAA+(355-TA)/(3.5*ICL + 1):
nep\L_ua NPONosuLis NPQ TeMNepaTypy NoBepXHi first guess for surface femperature of
onsry. o/ clothing
' ) P1=ICL *FCL.:
MNepioa oBuyncnerHs calculation term
P2 =P1*3.96;
Nepion obuncneHHs calcuiation term
P3=P1*100;
Mepiog oBYnCNEHHRA calculation term
P4 = P1*TAA:
Mepiog oBuncneHHn calculation term



300
310
320
330

340

350
360

370
380
390
400
410
420

430
440

450

460

470

480

500
510

520

530

540

550

560
570

JACTY b EN ISO 7730:2011

P5=308.7-.028* MW+ P2 * (TRA/M0D)* 4
XN =TLCA /100
XF=XN
N=0:N;
KiNbKICTb NOBTOPEHD number of iterations
EPS = .00015:
KpUTERIA 3yNUHKK NPY NOBTOPEHHI stop criteria in iteration
XF = {(XF + XN)/2
HCN =2.38 * ABS (100 * XF — TAA) * .25:

koedilieHT TennooGminy npu HopPManLHIN heat transf. coeff. by natural convection
KOHBEKLIT

{F HCF > HCN THEN HC = HCF ELSE HC = HCN
 XN=(P5+P4*HC-P2*XF*4)/ (100 + P3 * HC)
N=N+1
IF N> 150 THEN GOTO 550
IF ABS (XN — XF} > EPS GOTO 350
TCL=100* XN - 273:
TeMAepaTypa NoBepxHi 0aary surface temperature of the clothing
KOMMNOHEHTK BTPATWU TEMNA HEAT LOSS COMPONENTS
HL1 = 3.05 * .001 (5733-6.99 * MW — PA):
BTpaTa Tenna Yepes wkipy heat loss diff. through skin

IF MW > 58.15 THEN HLZ = 42 * (MW — 5§8.15)
ELSE HL2 = Q%

BTpaTa Tenna 3a paxyHok NoTiHHA (HopmanbHoro)  heat loss by sweating (comfort)

HL3 = 1.7 * 00001 * m * (5867 — PA):
APWUXOBAHA BTPATA TEMNJIA NPM AUXaHHI latent respiration heat loss
HL4 = .0014 * m * (34 — TA):
BTpaTa TENNa NP CyXoMy SUxaHHi dry respiration heat loss
HL5 = 3.96 * FCL * (XN * 4 — (TRA/100 * 4):
BTpara Tenna npi BUNPOMIHIOBAHHI heat loss by radiation
OBYUCIEHHA PMV TA PPD CALCULATE PMV AND PPD
TS =.303 * EXP (- .038 * m) + .028:

koechilieHT nepeHocy TeMnepaTypHoi HyTAMBoCTI  therma Isensation trans coeff
PMV=T8* (MW —-HL1 - HL2 -~ HL3 — HL4 — HL5 ~ HL6):
NPOrHO30BAHA CEpEegHA OUiHKa predicted mean vote
PPD = 100 - 95 * EXP (- .03353 * PMV * 4 — 2179 * PMV * 2}

NPOrHO30BAHMA NPOLEHT HEBAOBOMSHKX predicted percentage

GOTO 570

PMV = 999999!
PPD =100
PRINT:PRINT "QUTPUT":

pesynsTart utput
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580 PRINT "Predicted Mean Vote (PMV):"
580 - PRINT "Predicted Percent of Dissatisfied (PPD}):"
‘PRINT USING "### . #". PPD

600 PRINT: INPUT "NEXT RUN {Y/N)", RS

810 IF (RS ="Y"OR RS ="y"} THEN RUN

620 END
MNpwknag Example
BBEJEHHA OAHWMX DATA ENTRY
oasr, kno (clo)y? 1.0 Clothing, clo
WenakicTe cOMiHY pe4OBUH met) ? 1.2 Metabolic rate, met
3oeHiwHA poboTa 3BUMAAHO External work, normally around 0,
Gnuabko 0, meT {met) 20 met
Temneparypa nositps, C (C)?719.0 Air temperature
CepepHa TemnepaTtypa Mean radiant temperature
BUnNpoOMiHIOBaHHA, C (C)?18.0

BigHocHa wBnakicTe pyxy nosiTps, m/c
mis) 7 0.1

BWEEPITb RH ABO TUCK BOAAHOI NAPU,

Relative air velocity, m/s

(clo)y 7 1.0
{met) 7 1.2

(met} 70
(C) 2 19.0
(Cy?18.0

{m/s) 7 0.1

ENTER EITHER RH OR WATER VAPOUR

AJIE HE PA3OM PRESSURE BUT NOT BOTH
BigHocHa BonoricTe (%) 740 Relative humidity (%) 7 40
Tuex BogAHOT Napu (Pay? Water vapour pressure (Pa) ?
PE3VILTAT OUTPUT
IMporHosoBaHa cepegHa OUiHKa (PMV): -0.7 Predicted Mean Vote, PMV: (PMV). -0.7
MporHo3osaHwii NpoLeHT Predicted Percent of Dissatisfied,
HeBROBONEHUX: {(PPD): 15.3 PPD: {PPD): 15.3
Ta6auus D.1 - [Ipuknaau pe3yabTaTiB
Table D.1 - Example output
TeMnepa.— Cepenns Tem- mBI/II[— [IBHKicTs [30msm1s
Ho- | Typa H(?Bl- nepatypa Bu- | KICTb py- o6Miry pe- OJIATY,
Mep | Tps, C | opomiHIOBaHHS, | Xy MOBIT- RH, %] qoBnm, Met KJIO PMV/| PPD
Run | Air Tem- °C ps, M/C .| Clothing
no. | perature, Mean radiant |Air veloc- Metabolic Insula-
o R ) rate, met | ..
C temperature, °C | ity, m/s tion, clo
1 22,0 22,0 0,10 60 1,2 0,5 -0,75|17
2 27,0 27,0 0,10 60 1,2 0,5 0,77 |17
3 27,0 27,0 0,30 60 1,2 0,5 0,44 |9
4 23,5 25,5 0,10 60 1,2 0,5 -0,011(5
5 23,5 25,5 0,30 60 1,2 0,5 -0,55 |11
6 19,0 19,0 0,10 40 1,2 1,0 -0,60 (13
7 23,5 23,5 0,10 40 1,2 1,0 0,50 (10
8 23,5 23,5 0,30 40 1,2 1,0 0,12 |5
9 23,0 21,0 0,10 40 1,2 1,0 0,05 |5
10 (23,0 21,0 0,30 40 1,2 1,0 -0,16 |6
11 |22,0 22,0 0,10 60 1,6 0,5 0,05 |5
12 |27,0 27,0 0,10 60 1,6 0,5 1,17 |34
13 |27,0 27,0 0,30 60 1,6 0,5 0,95 (24

w
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JNOJATOK E
(000B's13KOBUIA)

TABJIALS /151 BUSHAYEHHS
MMPOrHO30BAHOI CEPE/JHbOI
OLIHKHU (PMV)

To4yHICTH TA0IUIB IIHOTO JOJAATKA BUIIA
Hik 0,1 PMV, mo 3a6e3nedye pi3HHAITO MiXK
TEMIIEpPaTypOI0 TOBITPSA 1 CEpPEeHIM 3HAYCH-
HSM TEIUIOBOTO BUIPOMIHIOBAHHS MEHIIIC
Hik 5 °C. Tabnwmii MoxXyTh OyTH 3aCTOCOBa-
Hi 17151 BIAHOCHOT BOJIorocTi TOBITPs - 50 %.

BigHocHa MIBUAKICT PyXy MOBITPS
3QJICKHUTH B1J IIBUJKOCTI MIEPEMIIICHHS Ti-
JIa JTIOOUHU, M/C

Ipumirka.
1 meraboiyHa OmUHUI =
BT/MZ;
1 omuamms oxsry = 1 ko = 0,155 M2 K/BT.

IIpu KopucTyBaHHI TaOJMILISIMH CIIiJT BU-
KOPUCTOBYBATH PE3YJIBTYIOUY 130JISILIII0 OJIATY.

mer = 58,2

JICTY B EN ISO 7730:2011
Annex E
(normative)

Tables for determination of predicted
mean vote (PMV)

The accuracy of the tables in this an-
nex is better than 0,1 PMV, provided the
difference between air and mean radiant
temperature is less than 5 °C. The tables
apply for a relative air humidity of 50 %.

The relative air velocity is relative to
the human body in metres per second.

NOTE:

1 metabolic unit = 1 met = 58,2W/m?;

1 clothing unit = 1 clo = 0,155
m?-K/W.

he resultant clothing insulation should
be used with these tables.

Ta6auns E.1 - PiBens aktuBHOCTI: 46,4 B1/M° (0,8 MeT)

Table E.1 - Activity level: 46,4 W/m? (0,8 met)
Onsr ExBiBaneHTHA TeM- BigHocHa MBUIKICTE PyXy TOBITPS, M/C
Clothzing neparypa, °C Relative air velocity, m/s
o “rf]z'_lf(//]?,f/ Operattl:‘r’g’tfé“pera' <0,10 (0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 0 27 -2,55 |-2,55

28 -1,74 |-1,76|-2,23|-2,62
29 -0,93 |-1,02|-1,42|-1,75
30 -0,14 |-0,28|-0,60(-0,88
31 0,63 | 0,46 |0,21|0,01
32 1,39 11,21{1,04|0,89
33 2,12 {1,97|1,87|1,78
34 2,732,711 2,68

0,25| 0,039 26 -1,92 [-1,94|-2,29|-2,57
27 -1,30 |-1,36|-1,67|-1,92|-2,31|-2,62
28 -0,69 |-0,78(-1,05|-1,26|-1,60(-1,87|-2,10|-2,89
29 -0,08 |-0,20(-0,42|-0,60|-0,89|-1,12|-1,31|-1,97
30 0,53 {0,39|0,21|0,06 |-0,17|-0,36|-0,51|-1,05
31 1,12 10,99 (0,84|0,73]|0,55|0,41|0,29 |-0,13
32 1,71 {158(149(1,41|1,28|1,18|1,09|0,80
33 2,29 12,19|2,13|2,08|2,01|1,95|1,90]|1,73
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JCTY B EN ISO 7730:2011
Kinenp tabaum E. 1

Onsr ExBiBanenTHa BigHocHa MIBUAKICT pyXy MOBITPSI, M/C
Clothzing Temrepatypa, °C Relative air velocity, m/s
o “rgz'_i/,]\g,s Ogsrr:ttl'j‘r’e“eg‘ <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0,5 | 0,078 25 -1,541-1,59(-1,84|-2,04|-2,34|-2,57
26 -1,041-1,12|-1,34|-1,51|-1,78|-1,98 | -2,15
27 -0,551-0,64|-0,83(-0,98|-1,22|-1,40|-1,54 |-2,03
28 -0,05]-0,15|-0,32|-0,45|-0,65|-0,81-0,93|-1,35
29 0,450,341 0,20 | 0,09 |-0,09|-0,22 |-0,32 | -0,67
30 0,94 10,830,721 0,63]0,49|0,38 | 0,29 | 0,01
31 14411331124 |117|1,06|0,98]|0,91|0,69
32 1921183176 |171]164|158|154|1,38
0,75 0,116 24 1,26 |-1,31|-1,51|-1,65|-1,87|-2,03|-2,17
25 -0,84(-0,91-1,08|-1,21|-1,41|-1,56|-1,67|-2,05
26 -0,421-0,51-0,66 |-0,77|-0,95|-1,08 |-1,18 | -1,52
27 -0,01]-0,10-0,23|-0,33|-0,49|-0,60|-0,69 | -0,98
28 0,410,32 0,20 0,11 |-0,02|-0,12 |-0,19 | -0,45
29 0,8310,73]0,63]0,5 |0,45| 0,37 | 0,30 | 0,09
30 1,25(1,15107|101]0,93|0,86| 0,81 | 0,63
31 166|157 |151|147(1,40|1,35|1,31|1,18
1,00 | 0,155 23 -1,06]-1,12|-1,28|-1,39|-1,56|-1,68 |-1,78 | -2,08
24 -0,711-0,77|-0,91(-1,02|-1,17|-1,28 |-1,37 | -1,65
25 -0,35]-0,42|-0,54 |-0,64 |-0,78|-0,88 |-0,96 | -1,21
26 0,01 |-0,06|-0,17|-0,26|-0,38 |-0,47 | -0,55 | -0,76
27 0,37 10,29 | 0,20 | 0,12 | 0,01 |-0,06 |-0,13|-0,32
28 0,74 10,66 | 0,57 ]0,51]0,41|0,35|0,30 | 0,13
29 1,10 1,02 0,95|0,90 | 0,82 | 0,76 | 0,72 | 0,58
30 1461139133129 (1,22|1,18|1,14| 1,03
1,50 | 0,233 18 -1,671-1,70(-184(-1,93|-2,07|-2,17 |-2,25|-2,49
20 -1,111-1,16|-1,27|-1,36|-1,48|-1,57 |-1,63 | -1,84
22 -0,551-0,60-0,70(-0,77|-0,88|-0,95|-1,01 |-1,18
24 0,02 |-0,04|-0,12|-0,18|-0,27 |-0,33|-0,38 | -0,52
26 0,60 053|046 |0,42]0,35|0,30 | 0,26 | 0,15
28 1,17 11,11 ]11,06 1,02 0,97 ]094|0,91 | 0,82
30 1,76 | 1,70 | 1,67 | 164 | 161|158 | 157 | 1,51
32 2,341 2,30 | 2,28 | 2,27 | 2,26 | 2,24 | 2,23 | 2,20
2,00 0,310 14 -1,84(-1,87(-1,98|-2,06|-2,18 |-2,26 |-2,32|-2,49
16 -1,39(-1,43|-1,52|-159|-1,69(-1,77|-1,82|-1,98
18 -0,931-0,97|-1,06(-1,12|-1,21|-1,27|-1,32|-1,46
20 -0,46|-0,52|-0,59|-0,64 |-0,72| 0,77 |-0,82 | -0,94
22 0,01 -0,05/-0,11|-0,15|-0,22| 0,27 |-0,30|-0,41
24 0,48 10,43|0,38|0,34]0,28 0,24 | 0,22 | 0,13
26 097/091/087]0,84]0,80|0,76 | 0,74 | 0,67
28 1451140137 |135(1,32|1,29|1,27|1,23




JCTY b EN ISO 7730:2011
Ta6auns E.2 - Pisens akrusHocti: 58 Br/™ (1 Mer)
Table E.2 - Activity level: 58 W/m? (1 met)

Onsr ExBiBasieHTHa BigHocHa MBUAKICT pyXy HOBITPSI, M/C
Clothzing Temrneparypa, °C Relative air velocity, m/s
o xz'_ifm Ogeerraattl:‘r’gte? <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 0 26 -1,62|-1,62(-1,96 | -2,34
27 -1,00|-1,00|-1,36 | -1,69
28 -0,39|-0,42 |-0,76 | -1,05
29 0,21 | 0,13 {-0,15-0,39
30 0,80 | 0,68 | 0,45 | 0,26
31 1,39 11,25| 1,08 | 0,94
32 196|183 | 1,71 1,61
33 250 | 241|234 | 2,29
0,25 | 0,039 24 -152-152|-1,80|-2,06|-2,47
25 -1,05(-1,05|-1,33|-1,57|-1,94|-2,24|-2,48
26 -0,58-0,61-0,87|-1,08|-1,41|-1,67|-1,89|-2,66
27 -0,12|-0,17-0,40|-0,58 |-0,87 | -1,10 | -1,29 | -1,97
28 0,34 | 0,27 | 0,07 |-0,09|-0,34|-0,53-0,70|-1,28
29 0,80(0,71 (054|041 | 0,20 | 0,04 |-0,10|-0,58
30 125|1,15)1,02|091]|0,74| 0,61 | 0,50 | 0,11
31 1711161151143 |130|1,20]| 1,12 | 0,83
0,5 | 0,078 23 -1,10|-1,10(-1,33|-1,51 |-1,78 |-1,99 | -2,16
24 -0,72-0,74-0,95|-1,11|-1,36 | -1,55|-1,70 | -2,22
25 -0,34|-0,38-0,56|-0,71(-0,94 | -1,11|-1,25|-1,71
26 0,04 {-0,01(-0,18(-0,31(-0,51-0,66 |-0,79 |-1,19
27 0,42 | 0,35 | 0,20 | 0,09 |-0,08]|-0,22 |-0,33|-0,68
28 0,801 0,72059|0,49 (0,34 | 0,23 | 0,14 |-0,17
29 1,1711,08|0,98| 0,90 | 0,77 | 0,68 | 0,60 | 0,34
30 15411451137 130|1,20|1,13| 1,06 | 0,86
0,75 0,116 21 -1,11}-1,11(-1,30|-1,44|-1,66 |-1,82|-1,95|-2,36
22 -0,79(-0,81(-0,98|-1,11|-1,31|-1,46 |-1,58|-1,95
23 -0,47|-0,50|-0,66 | -0,78 | -0,96 | -1,09 | -1,20 | -1,55
24 -0,15|-0,19-0,33|-0,44 |-0,61|-0,73 |-0,83 | -1,14
25 0,171 0,12 (-0,01|-0,11(-0,26|-0,37 |-0,46 | -0,74
26 04910430311 0,23 |0,09]| 0,00 |-0,08]|-0,33
27 0,81(0,74|064 056|045 0,36 | 0,29 | 0,08
28 1,12 1105|109 | 0,90 | 0,80 | 0,73 | 0,67 | 0,48
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JCTY B EN ISO 7730:2011
Kinenp Ta0aum E.2

Onsar ExBiBasieHTHa BigHocHa MIBUAKICTH pyXy MOBITPSI, M/C
Clothzing Temmeparypa, °C Relative air velocity, m/s
o xz'_lg,]\g,\j Ogsrr;ttl:‘r’gte? <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
1,00 | 0,155 20 -0,85|-0,87-1,02|-1,13|-1,29|-1,41|-1,51|-1,81
21 -0,57|-0,60-0,74|-0,84|-0,99|-1,11|-1,19|-1,47
22 -0,30|-0,33|-0,46 | -0,55|-0,69|-0,80|-0,88 | -1,13
23 -0,02|-0,07|-0,18| 0,27 |-0,39|-0,49|-0,56 | -0,79
24 0,26 | 0,20 | 0,10 | 0,02 |-0,09-0,18 |-0,25|-0,46
25 0,53|048(038]|0,310,21|0,13 | 0,07 |-0,12
26 0,811|0,75|0,66| 0,60 (051|044 0,39 0,22
27 1,08 102|09|0,89|0,81|0,75|0,71 | 0,56
1,50 | 0,233 14 -1,36(-1,36-1,49|-158|-1,72|-1,82|-1,89|-2,12
16 -0,94-0,95|-1,07|-1,15|-1,27|-1,36|-1,43 | -1,63
18 -0,52|-0,54 |-0,64|-0,72|-0,82|-0,90 (-0,96 | -1,14
20 0,09 |-0,13-0,22|-0,28 | -0,37|-0,44 | -0,49 | -0,65
22 0,350,30 | 0,23 | 0,18 | 0,10 | 0,04 | 0,00 |-0,14
24 0,7910,74(0,68 |063|057|052]|0,49 | 0,37
26 1,2311,181,13|1,09|1,04|1,011|0,98 | 0,89
28 1,67 (162|158 |15 |152 (149|147 | 1,40
2,00 | 0,310 10 -1,38(-1,39(-1,49|-1,56 |-1,67|-1,74|-1,80|-1,96
12 -1,03|-1,05(-1,14|-1,21-1,30|-1,37 |-1,42 | -1,57
14 -0,68|-0,70-0,79|-0,85|-0,93|-0,99|-1,04 |-1,17
16 -0,32|-0,35|-0,43|-0,48|-0,56 | -0,61 | -0,65 | -0,77
18 0,03 |-0,00(-0,07|-0,11-0,18|-0,23 | -0,26 | -0,37
20 0,40 | 0,36 | 0,30 | 0,26 | 0,20 | 0,16 | 0,13 | 0,04
22 0,76 | 0,72 | 0,67 | 0,64 | 0,59 | 0,55 | 0,53 | 0,45
24 1,13 11,09|1,05|1,02| 0,98 | 0,95 | 0,93 | 0,87
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JCTY B EN ISO 7730:2011
Tao6auusa E.3 - Pisens aktuBHOCTI: 69,6 B1/Mm? (1,2 meT)
Table E.3 - Activity level: 69,6 W/m? (1,2 met)

Onsr ExBiBasieHTHa BigHocHa MBUAKICT pyXy HOBITPSI, M/C
Clothzing Temrneparypa, °C Relative air velocity, m/s
o xz'_lg,]\g,\j Ogeerraattl:‘r’gte? <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 0 25 -1,33(-1,33|-1,59|-1,92
26 -0,83|-0,83|-1,11|-1,40
27 -0,33|-0,33-0,63|-0,88
28 0,15 0,12 {-0,14|-0,36
29 0,63 056|035 (0,17
30 1,10 { 1,01 | 0,84 | 0,69
31 157 (1,47 |134 | 1,24
32 2,03 1193|185 1,78
0,25 | 0,039 23 -1,18-1,18|-1,39|-1,61|-1,97|-2,25
24 -0,79-0,79|-1,02|-1,22|-1,54|-1,80|-2,01
25 -0,42-0,42|-0,64|-0,83|-1,11|-1,34|-1,54|-2,21
26 -0,04|-0,07 |-0,27|-0,43 |-0,68 |-0,89 | -1,06 | -1,65
27 0,33 0,29 (0,11 |-0,03|-0,25|-0,43|-0,58 |-1,09
28 0,71 064|049 0,37 0,18 | 0,03 [-0,10|-0,54
29 1,070,999 0,87|0,77| 0,61 | 0,49 | 0,39 | 0,03
30 1431135125117 1,05 |0,9 | 0,87 | 0,58
0,5 | 0,078 18 -2,01|-2,01(-2,17|-2,38 |-2,70
20 -1,411-1,41|-1,58|-1,76 | -2,04 | -2,25 | -2,42
22 -0,79-0,79-0,97|-1,13|-1,36 |-1,54 | -1,69 | -2,17
24 -0,17-0,20|-0,36 |-0,48|-0,68 |-0,83|-0,95|-1,35
26 0,44 10,39 | 0,26 | 0,16 |{-0,01|-0,11|-0,21|-0,52
28 1,05(098|0,88|081|0,70|0,61|0,54|-0,31
30 1641571151146 |139|133|129]1,14
32 2,25 (220|217 |215| 211 |2,09 | 207 | 1,99
0,75 | 0,116 16 -1,77|-1,77-1,91|-2,07 | -2,31 | -2,49
18 -1,27|-1,27-1,42|-1,56 |-1,77|-1,93 | -2,05 | -2,45
20 -0,77|-0,77-0,92|-1,04 |-1,23|-1,36 |-1,47|-1,82
22 -0,25|-0,27-0,40|-0,51|-0,66 |-0,78 |-0,87 | -1,17
24 0,271 0,23 0,12 | 0,03 |-0,10|-0,19|-0,27|-0,51
26 0,7/810,73(064|057 (047|040 0,34 | 0,14
28 1,291123)1,17]1,12|1,04] 0,99 | 0,94 | 0,80
30 1,80(1,7411,70 167|162 | 158|155 | 1,46
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JCTY B EN ISO 7730:2011
Kinenp tabmum E.3

Onsar ExBiBasieHTHa BigHocHa MIBUAKICTE PyXy HMOBITPS, M/C
Clothing Temnepatypa, °C Relative air velocity, m/s

k10 |m>-K/Br| Operative tem- (<0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00

clo |m?K/W| perature, °C

1,00 | 0,155 16 -1,18(-1,18|-1,31|-1,43|-1,59|-1,72|-1,82|-2,12
18 -0,75(-0,75(-0,88|-0,98 | -1,13|-1,24|-1,33|-1,59
20 -0,32-0,33|-0,45|-0,54 | -0,67 | -0,76 | -0,83 | -1,07
22 0,13 | 0,10 | 0,00 |-0,07|-0,18 |-0,26 | -0,32 | -0,52
24 0,58 1054|046 |040|0,31]0,24 | 0,19 | 0,02
26 1031098 |091|0,86|0,79| 0,74 | 0,70 | 0,58
28 147 | 1,42 | 137|134 |11,28|124|121]|1,12
30 191186 (183|181 |1,78|1,75|1,73 | 1,67

1,50 | 0,233 12 -1,09(-1,09(-1,19|-1,27|-1,39 |-1,48 | -1,55 | -1,75
14 -0,75/-0,75(-0,85|-0,93|-1,03 |-1,11|-1,17|-1,35
16 -0,41-0,42|-0,51|-0,58 | -0,67 | -0,74|-0,79 | -0,96
18 -0,06 [-0,09|-0,17 |-0,22 | -0,31 | -0,37 | -0,42 | -0,56
20 0,28 { 0,25 0,18 | 0,13 | 0,05 | 0,00 |-0,04 |-0,16
22 0,63 0,60 |054|0500,44 0,39 0,36 | 0,25
24 099109091087 |0,82|0,78 | 0,76 | 0,67
26 1,351,311 (1,27 |124|1,20|1,18 | 1,15 | 1,08

2,00 | 0,310 10 -0,77(-0,78-0,86 |-0,92 |-1,01 |-1,06 | -1,11 | -1,24
12 -0,49(-0,51|-0,58 |-0,63 |-0,71|-0,76 | -0,80 | -0,92
14 -0,21-0,23(-0,29|-0,34 |-0,41 |-0,46 | -0,49 | -0,60
16 0,08 | 0,06 |-0,00|-0,04|-0,10|-0,15|-0,18 | -0,27
18 0,37 10,34 0,29 | 0,26 | 0,20 | 0,17 | 0,14 | 0,05
20 0,67 1063|059 |056 052|048 | 0,46 | 0,39
22 097093089087 |083|0,80|0,78 | 0,72
24 1,27 11231120118 |1,15|1,13| 1,11 | 1,06
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Tao6auusa E.4 - Pisens aktuBaoCTI: 81,2 B1/Mm? (1,4 meT)

JACTY b EN ISO 7730:2011

Table E4 - Activity level: 81,2 W/m? (1,4 met)
Omsar ) BigHocHa mBUIKICTH ITOBITPS, M/C
Clothing EKBIBaﬂeHTHf Relative air vellogt):(ii’y, m/s P
M2 /B | TEMIepatypa, C
poll I Opeerr:tt&‘r’stfg"' <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 mzkw| P !
0 0 24 -1,14| -1,4 |-1,35|-1,65
25 -0,721-0,72-0,95|-1,21
26 -0,30|-0,30 | -0,54 | -0,78
27 0,11 | 0,11 |-0,14 | -0,34
28 0,52 | 0,48 | 0,27 | 0,10
29 0,92 | 0,85 | 0,69 | 0,54
30 1,31 (1,23 | 1,10 | 0,99
31 1,71 | 162 | 1,52 | 1,45
0,25 | 0,039 22 -0,951-0,95(-1,12|-1,33|-1,64 |-1,90|-2,11
23 -0,63-0,63(-0,81|-0,99|-1,28|-151|-1,71|-2,38
24 -0,311-0,31(-0,50|-0,66|-0,92|-1,13|-1,31(-1,91
25 0,01 | 0,00 {-0,28|-0,33|-0,56|-0,75|-0,90 | -1,45
26 0,33 0,30 | 0,14 | 0,01 {-0,20|-0,36|-0,50 | -0,98
27 064 |059(045|0,34 (0,16 | 0,02 |-0,10|-0,51
28 091089 |0,77 068 | 053|041 0,31 |-0,04
29 1,26 (1,19 (1109102089080 0,72 | 0,43
0,5 | 0,078 18 -1,36 |-1,36|-1,49|-1,66|-1,93|-2,12 | -2,29
20 -0,851-0,85(-1,00|-1,14 |-1,37|-154|-1,68 | -2,15
22 -0,33-0,33(-0,48|-0,61|-0,80|-0,95|-1,06 | -1,46
24 0,19 | 0,27 | 0,04 | -0,07 | -0,22 | -0,34 | -0,44 | -0,76
26 0,717 | 0,66 | 0,56 | 0,48 | 0,35 | 0,26 | 0,18 | -0,07
28 1221116 (109|103 (094|087 | 0,81 | 0,63
30 1,72 1166 | 162 | 158 152|148 | 1,44 | 1,33
32 2231219 (217 | 2,16 | 2,13 | 2,11 | 2,10 | 2,05
0,75| 0,116 16 -1,171-1,17(-1,29|-1,42|-1,62|-1,77|-1,88 | -2,16
18 -0,751-0,75(-0,87(-0,99|-1,16 (-1,29(-1,39|-1,72
20 -0,33-0,33(-0,45|-0,55|-0,70|-0,82|-0,91|-1,19
22 0,11 | 0,09 |-0,02 |-0,10|-0,23|-0,32 | -0,40 | -0,64
24 05505104203 |0,25]|0,17 | 0,11 | -0,09
26 098094 |087|081|0,73| 0,67 | 0,62 | 0,47
28 141136 (131|127 (121|117 | 1,13 | 1,02
30 184 (179176 1,73 |1,70|167 | 1,65 | 1,58
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JCTY B EN ISO 7730:2011
Kinenp tabaum E.4

Onsar ExBiBasieHTHa BigHocHa MIBUAKICTH pyXy MOBITPSI, M/C
Clothzing Temmeparypa, °C Relative air velocity, m/s
o xz'_lg,]\g,\j Ogsrr;ttl:‘r’gte? <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
1,00 | 0,155 14 -1,05(-1,05|-1,16 |-1,26 | -1,42|-1,53 |-1,62 | -1,91
16 -0,69|-0,69-0,80|-0,89|-1,03|-1,13|-1,21|-1,46
18 -0,32|-0,32-0,43|-0,52|-0,64|-0,73|-0,80|-1,02
20 0,04 | 0,03 |-0,07-0,14|-0,25|-0,32 |-0,38 | -0,58
22 042039031025 |0,16 | 0,10 | 0,05 |-0,12
24 0,80 | 0,76 | 0,70 | 0,65 | 0,57 | 0,52 | 0,48 | 0,35
26 1,18 11,13 |1,08 | 1,04 0,99 |0,95|0,91 | 0,81
28 1551511471444 |140|1,37|1,35| 1,27
1,50 | 0,233 10 -0,91/-0,91|-1,00(-1,08|-1,18|-1,26|-1,32|-1,51
12 -0,63|-0,63|-0,71|-0,78|-0,88|-0,95|-1,01|-1,17
14 -0,34|-0,34-0,43|-0,49 |-0,58 | -0,64 | -0,69 | -0,84
16 -0,05|-0,06 |-0,14|-0,19|-0,27 | -0,33 | -0,37 | -0,50
18 0,24 | 0,22 | 0,15 0,11 | 0,04 |-0,01{-0,05|-0,17
20 053050045 (0,40 0,34 0,30 | 0,27 | 0,17
22 0,830800,75|0,72 | 0,67 | 0,63 | 0,60 | 0,52
24 1,13 11,10 | 1,06 | 1,03 | 0,99 | 0,96 | 0,94 | 0,87
2,00 | 0,310 10 -0,37|-0,38-0,44|-0,49|-0,56 | -0,61 | -0,65 | -0,76
12 -0,13|-0,14 |-0,20|-0,25-0,31|-0,35|-0,39 | -0,49
14 -0,11-0,09|-0,04 | 0,00 |-0,05|-0,09|-0,12|-0,21
16 0,36 | 0,34 { 0,29 |0,25|0,20 | 0,17 | 0,14 | 0,06
18 0,60 |058|054|051|046| 0,43 |0,41 | 0,34
20 085|083(0,79| 0,77 | 0,73 ] 0,70 | 0,68 | 0,62
22 1,11 11,08 |1,05|1,03|0,99 0,97 0,9 | 0,91
24 13 (1341131129 |127 125|123 1,19
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JCTY B EN ISO 7730:2011
Tao6auusa E.5 - Pisens aktusnoCTI: 92,8 B1/Mm? (1,6 meT)
Table E55 - Activity level: 92,8 W/m? (1,6 met)

Onsr ExBiBasieHTHa BigHocHa MBUAKICT pyXy HOBITPSI, M/C
Clothzing Temrneparypa, °C Relative air velocity, m/s
oo xz'_lg,]\g,\j Ogeerraattl:‘r’gte? <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 0 23 -1,12-1,12|-1,29 | -1,57
24 -0,74|-0,74-0,93|-1,18
25 -0,36 |-0,36 | -0,57 | -0,79
26 0,01 0,01 -0,20(-0,40
27 0,38 | 0,37 | 0,17 | 0,00
28 0,75 0,70 | 0,53 | 0,39
29 1,11 { 1,04 | 0,90 | 0,79
30 146 |1,38| 1,27 | 1,19
0,25 | 0,039 16 -2,29-2,29|-2,36 | -2,62
18 -1,721-1,72-1,83|-2,06 | -2,42
20 -1,15|-1,15(-1,29|-1,49 |-1,80 | -2,05 | -2,26
22 -0,58-0,58 -0,73|-0,90-1,17|-1,38|-1,55|-2,17
24 -0,01/-0,01/|-0,17|-0,31|-0,53|-0,70|-0,84|-1,35
26 0,56 |053(0,39|0,29 0,12 |-0,02|-0,13|-0,51
28 1,12 11,06 | 0,96 | 0,89 | 0,77 | 0,67 | 0,59 | 0,33
30 166 160|154 (149|142 |136| 1,31 1,14
0,5 | 0,078 14 -1,85|-1,85(-1,94|-2,12 | -2,40
16 -1,40|-1,40(-1,50|-1,67|-1,92|-2,11 |-2,26
18 -0,95(-0,95|-1,07|-1,21|-1,43|-1,59|-1,73|-2,18
20 -0,49-0,49 |-0,62 |-0,75|-0,94 |-1,08 | -1,20 | -1,59
22 -0,03|-0,03|-0,16 | -0,27 | -0,43 | -0,55 | -0,65 | -0,98
24 043|041 |0,30] 0,21 | 0,08 |-0,02-0,10]|-0,37
26 0,89 085|0,76 | 0,70 | 0,60 | 0,52 | 0,46 | 0,25
28 1341129)123|1,18|1,11|1,06|1,01] 0,86
0,75 | 0,116 14 -1,16|-1,16 | -1,26 |-1,38 | -1,57|-1,71|-1,82 | -2,17
16 -0,79(-0,79-0,89|-1,00 (-1,17|-1,29(-1,39|-1,70
18 -0,41,-0,41-0,52|-0,62 |-0,76 | -0,87 | -0,96 | -1,23
20 -0,04-0,04 |-0,15|-0,23|-0,36 | -0,45|-0,52 | -0,76
22 03]033(0,24|0,17 | 0,07]-0,01|-0,07]|-0,27
24 0,7410,71063|058 (0491|043 0,38 | 0,21
26 1,1211,08|1,03|0,98]| 0,920,871 0,83] 0,70
28 1511461142 (139|134 (131|128 | 1,19
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Kinenp tabmum E.5

Onsar ExBiBasieHTHa BigHocHa MIBUAKICTH pyXy MOBITPSI, M/C
Clothzing Temmeparypa, °C Relative air velocity, m/s
o xz'_ifm Ogsrr;ttl:‘r’gteg‘ <0,10{ 0,20 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
1,00 | 0,155 12 -1,011-1,01|-1,10|-1,19|-1,34|-1,45|-1,53 | -1,79
14 -0,68|-0,68|-0,78|-0,87|-1,00|-1,09|-1,17 | -1,40
16 -0,36|-0,36 | -0,46 | -0,53 | -0,65 | -0,74 | -0,80 | -1,01
18 -0,041-0,04 |-0,13|-0,20|-0,30 | -0,38 | -0,44 | -0,62
20 0,28 | 0,27 |1 0,19 | 0,13 | 0,04 |-0,02|-0,07 | -0,21
22 0,62 |059]|053|048|041|0,35|0,31|0,17
24 0,96 (092|087 |083|0,77|0,73 | 0,69 | 0,58
26 129|1125|121|118| 1,14 | 1,10 | 1,07 | 0,99
1,50 | 0,233 10 -0,57-0,57|-0,65|-0,71|-0,80 | -0,86 | -0,92 | -1,07
12 -0,321-0,321-0,39|-0,45|-0,53 | -0,59 | -0,64 | -0,78
14 -0,06 | -0,07|-0,14|-0,19|-0,26 | -0,31 | -0,36 | -0,48
16 0,19 | 0,18 | 0,12 | 0,07 | 0,01 |-0,04|-0,07 |-0,19
18 0,45|0,43]0,38|0,34|0,28|0,24|0,21|0,11
20 0,71 /0,68 | 0,64 | 0,60 | 0,55 | 0,52 | 0,49 | 0,41
22 097(09]091|088|0,84|081|0,79|0,72
2,00 0,310 10 -0,08|-0,08|-0,14|-0,18 |-0,24 | -0,29 | -0,32 | -0,41
12 0,14 | 0,12 | 0,07 | 0,03 |-0,02 | -0,06 | -0,09 | -0,17
14 0,35|0,33|0,29 | 0,25 | 0,20 | 0,17 | 0,14 | 0,07
16 0,57 1054|050 047|043 |0,40 | 0,38 | 0,31
18 0,78 10,76 | 0,73 | 0,70 | 0,66 | 0,63 | 0,61 | 0,56
20 1,00 0,98 |0,95|0,93|0,89|0,87|085|0,80
22 1231120(118|116|1,13|1,11| 1,10 | 1,06
Ta6auns E.6 - Pisens axrtusHocti: 104,4 Br/M” (1,8 Met)
Table E.6 - Activity level: 104,4 W/m? (1,8 met)
Opmar ExBiBaneHnTHa BigHocHa MIBUIKICTE pyXy NOBITPS, M/C
Clothzing Temmeparypa, °C Relative air velocity, m/s
O OS;:::{'J‘S‘%“ <0,10| 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 0 22 -1,05(-1,05|-1,19|-1,46
23 -0,70|-0,70|-0,86 | -1,11
24 -0,36 | -0,36 | -0,53 | -0,75
25 -0,01|-0,01|-0,20 | -0,40
26 0,32 | 0,32 ] 0,13 |-0,04
27 0,66 | 0,63 | 0,46 | 0,32
28 0,99 | 0,94 ]| 0,80 | 0,68
29 1311125|1,13 | 1,04
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ITponorxenus Tadnuii E.6

JACTY b EN ISO 7730:2011

Onsar ExBiBasieHTHa Te- BigHocHa mBUAKICT pyXy MOBITPSI, M/C
Clothzing mnepatypa, °C Relative air velocity, m/s
Ko Operattl:‘r’;tfg]pera' <0,10| 0,20 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0,25| 0,039 16 -1,791-1,79|-1,86 | -2,09 | -2,46
18 -1,28-1,28-1,38|-1,58|-1,90 | -2,16 | -2,37
20 -0,76 |-0,76 -0,89|-1,06|-1,34|-1,56|-1,75|-2,39
22 -0,24|-0,24|-0,38|-0,53|-0,76|-0,95|-1,10|-1,65
24 0,28 | 0,28 | 0,13 | 0,01 |-0,18|-0,33|-0,46|-0,90
26 0,79]0,76 | 0,64 | 0,55 | 0,40 | 0,29 | 0,19 | -0,15
28 12911241116 1,10 0,99 (0,91 | 0,84 | 0,60
30 1,79 1173|1168 | 165|159 (154|150 1,36
0,5 | 0,078 14 -142|-142|-150|-1,66|-1,91|-2,10|-2,25
16 -1,01|-1,01(-1,10|-1,25|-1,47 |-1,64 |-1,77 | -2,23
18 -0,59-0,59-0,70(-0,83|-1,02|-1,17|-1,29|-1,69
20 -0,18-0,18-0,30|-0,41|-0,58|-0,71|-0,81|-1,15
22 0,24 10,23 |0,12 | 0,02 |-0,12|-0,22 |-0,31|-0,60
24 0,66 | 063|054 0,46 |0,35| 0,26 | 0,19 |-0,04
26 1,07 11,03]|0,9 | 0,90 | 0,82 | 0,75 | 0,69 | 0,51
28 148 (1441139 |135|1,29|1,24| 1,20 | 1,07
0,75| 0,116 12 -1,15|-1,15(-1,23|-1,35|-1,53|-1,67|-1,78 | -2,13
14 -0,81,-0,81(-0,89|-1,00|-1,17|-1,29|-1,39|-1,70
16 -0,46 |-0,46 | -0,56 | -0,66 | -0,80|-0,91|-1,00|-1,28
18 -0,12|-0,12 |-0,22|-0,31|-0,43|-0,53|-0,61|-0,85
20 0,22 |0,21|0,12 | 0,04 {-0,07|-0,15-0,21|-0,42
22 0,571055(047|041|0,32]| 0,25 | 0,20 | 0,02
24 0921089(083|0,78|0,71|0,65 | 0,60 | 0,46
26 1,28 11,2411,19|1,15|1,09| 1,05 1,02 | 0,91
1,00 | 0,155 10 -0,97-0,97|-1,04|-1,14|-1,28|-1,39|-1,47|-1,73
12 -0,68 |-0,68 |-0,76 |-0,84 |-0,97 |-1,07|-1,14 | -1,38
14 -0,38|-0,38 |-0,46 | -0,54 | -0,66 | -0,74 | -0,81 | -1,02
16 -0,09|-0,09-0,17|-0,24|-0,35|-0,42|-0,48 | -0,67
18 0,211 0,20 | 0,12 | 0,06 |-0,03|-0,10(-0,15|-0,31
20 050|048 (042 0,36 | 0,29 | 0,23 | 0,18 | 0,04
22 0,81(0,78(0,73|0,68 |0,62|0,57|053]|0,41
24 1,1111,081,04|1,00|0,95|0,91|0,88 | 0,78
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Kinenp tabaum E.6

Onsar ExBiBasieHTHa BigHocHa MIBUAKICTH pyXy MOBITPSI, M/C
Clothzing Temmeparypa, °C Relative air velocity, m/s
e xz'_lg,]\g,\j Ogsrr;ttl:‘r’gte? <0,10{ 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
1,50 | 0,233 10 -0,29(-0,29|-0,36 | -0,42 | -0,50 | -0,56 | -0,60 | -0,74
14 0,17 0,17 | 0,11 | 0,06 |-0,01 |-0,05|-0,09 | -0,20
18 0,64 0,62 |057|054|049 045|042 | 0,34
22 1,12 1109|106 | 1,03 | 1,00 | 0,97 | 0,95 | 0,89
26 161|158 |156|155|152]151|150] 1,46
2,00 | 0,310 10 0,15 0,15 0,09 | 0,06 | 0,00 |-0,03-0,06 |-0,15
14 054053049046 0,41 0,38 | 0,36 | 0,29
18 0941092089086 |083|0,81|0,79|0,74
22 13511321130 |1,28|1,26|1,24|123] 1,19
26 1,76 | 1,74 | 1,73 | 1,72 | 1,70 | 1,70 | 1,69 | 1,66
Ta6auus E.7 - PiBens axrusrocti: 116 Br/m? (2,0 MeT)
Table E.7 - Activity level: 116 W/m? (2,0 met)
Opnsr ExBiBaneHTHa BigHocHa MIBUAKICTE PyXy HMOBITPS, M/C
Clothzing Temiepatypa, °C Relative air velocity, m/s
o l‘rgz'_lf(//]?/\j Og::aattl:‘:gteg‘ <0,10| 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 0 18 -0,20|-2,02 | -2,35
20 -1,35(-1,43|-1,72
22 -0,69 |-0,82 | -1,06
24 -0,04 (-0,21 (-0,41
26 0,59 1041 | 0,26
28 1,16 | 1,03 | 0,93
30 1,731 1,66 | 1,60
32 2,33 1232|231
0,25 | 0,039 16 -1,411-1,48(-1,69|-2,02|-2,29|-2,51
18 -0,93(-1,03(-1,21(-1,50(-1,74|-1,93 | -2,61
20 -0,45|-0,57(-0,73|-0,98 |-1,18|-1,35|-1,93
22 0,04 |-0,09-0,23|-0,44|-0,61|-0,75|-1,24
24 0,52 10,38 | 0,28 | 0,10 |-0,03|-0,14 | -0,54
26 0,97 10,86 | 0,78 | 0,65 | 0,55 | 0,46 | 0,18
28 1,42 11351129 |1,20|1,13| 1,07 | 0,90
30 188184181 |1,76|1,72| 1,68 | 1,57
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Kinenp tabmaum E.7

Onsar ExBiBasieHTHa BigHocHa MBUAKICT pyXy HOBITPSI, M/C
Clothzing Temnepatypa, °C Relative air velocity, m/s
o “rgz'_lli/,]\g,@ Ogeerraattl:\r’gteg <0,10| 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0,5 | 0,078 14 -1,08|-1,16 (-1,31|-1,53|-1,71|-1,85-2,32
16 -0,69|-0,79(-0,92|-1,12|-1,27|-1,40|-1,82
18 -0,31|-0,41(-0,53|-0,70(-0,84|-0,95-1,31
20 0,07 |-0,04|-0,14|-0,29|-0,40|-0,50|-0,81
22 0,46 | 0,35 | 0,27 | 0,15 | 0,05 |-0,03|-0,29
24 0,83|0,75(0,68| 0,58 050/ 0,44 | 0,25
26 1,21 (115|1,10 | 1,02 | 0,96 | 0,91 | 0,75
28 159 (155|151 (146|142 | 1,38 | 1,27
0,75 | 0,116 10 -1,16(-1,23(-1,35|-1,54 |-1,67|-1,78 | -2,14
12 -0,84(-0,92(-1,03(-1,20(-1,32|-1,42 |-1,74
14 -0,52|-0,60(-0,70|-0,85(-0,97|-1,06 |-1,34
16 -0,20{-0,29(-0,38|-0,51|-0,61|-0,69 | -0,95
18 0,12 | 0,03 |-0,05|-0,17 |-0,26|-0,32 | -0,55
20 0,43 (0,34 (0,28 | 0,18 | 0,10 | 0,04 |-0,15
22 0,75(0,68 |0,62 054|048 | 0,43 | 0,27
24 1,07 (101| 0,97 |09 | 0,85 | 0,81 | 0,68
1,00 | 0,155 10 -0,68|-0,75(-0,84|-0,97 |-1,07|-1,15(-1,38
12 -0,41|-0,48 |-0,56 | -0,68 | -0,77|-0,84 | -1,05
14 -0,13-0,21-0,28 |-0,39 |-0,47|-0,53|-0,72
16 0,14 | 0,06 | 0,00 |-0,10|-0,16 |-0,22 | -0,39
18 0,41|0,34 (0,28 | 0,20 | 0,14 | 0,09 |-0,04
20 0,68 |0,61|057]|050|0,44 | 0,40 | 0,28
22 0% |091/(087|081|0,76 | 0,73 | 0,62
1,50 | 0,233 10 -0,04-0,11|-0,16 |-0,24 | -0,29 | -0,33 | -0,46
14 0,39 (0,33 (0,29 (0,23 (0,18 | 0,15 | 0,04
18 0,821(0,78|0,75| 0,70 | 0,66 | 0,64 | 0,56
22 1,27 (124|122 (1,18 | 1,16 | 1,14 | 1,08
2,00 | 0,310 10 0,34 0,30 |0,26 | 0,21 | 0,18 | 0,15 | 0,07
14 0,70 | 0,66 | 0,64 | 0,60 | 0,57 | 0,55 | 0,49
18 1,07 (104|102 (099|097 |09 | 0,90
22 145114211421 139]1,38]|1,37| 1,33
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Ta6auns E.8 - Pisens axrtusrocti: 174 Br/M? (3,0 Mmer)

Table E.8 - Activity level: 174 W/m? (3,0 met)
Onsar ExBiBaneHTHa BigHocHa MIBUAKICTE PyXy HMOBITPS, M/C
Clothing Temneparypa, °C Relative air velocity, m/s

k1o |M°-K/Brt| Operative tem- (<0,10| 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00

clo |m?-K/W/| perature, °C

0 0 14 -1,92|-2,49
16 -1,36 | -1,87
18 -0,80 | -1,24
20 -0,24 | -0,61
22 0,34 | 0,04
24 0,93 | 0,70
26 1,52 | 1,36
28 2,12 | 2,02

0,25 | 0,039 12 -1,19|-1,53|-1,80|-2,02
14 -0,77(-1,07(-1,31|-1,51|-2,21
16 -0,35(-0,61(-0,82|-1,00 | -1,61
18 0,08 |-0,15|-0,33|-0,48 | -1,01
20 0,51]0,32 0,17 | 0,04 |-0,41
22 0,96 | 0,80 | 0,68 | 0,57 | 0,24
24 1411129119111 0,87
26 1,87 1,78 1,71 |1,65]| 1,45

0,5 | 0,078 10 -078 |-1,00|-1,18 |-1,32|-1,79
12 -0,43(-0,64(-0,79|-0,92 | -1,34
14 -0,09 |-0,27|-0,41 |-0,52 | -0,90
16 0,26 | 0,10 |-0,02|-0,12 |-0,45
18 0,61 0,47 |0,37 | 0,28 | 0,00
20 0,96 | 0,85 | 0,76 | 0,68 | 0,45
22 1,33 11,2411,16| 1,10 | 0,91
24 1,70 1 1,63 | 1,57 | 1,53 | 1,38

0,75 | 0,116 10 -0,19(-0,34|-0,45|-0,54 | -0,83
12 0,10 [-0,03|-0,14 |-0,22 | -0,48
14 0,39 | 0,27 | 0,18 | 0,11 |-0,12
16 0,69 | 058|050 | 0,44 | 0,24
18 0,98 0,89 |0,82|0,77 | 0,59
20 1,28 11,20 | 1,14 | 1,10 | 0,95

1,00 | 0,155 10 0,22 10,12 | 0,04 |-0,02 | -0,22
14 0,73]10,64 | 0,58 | 0,53 | 0,38
18 1,24 11,18 | 1,13 | 1,09 | 0,97
22 1,77 | 1,73 11,69 | 1,67 | 1,59

1,50 | 0,233 10 0,76 | 0,70 | 0,66 | 0,62 | 0,52
14 1,17 | 1,12 11,09 | 1,06 | 0,98
18 1,58 | 154 1152|150 ]| 1,44

2,00 | 0,310 10 1,14 {1 1,10 | 1,07 | 1,05 | 0,99
14 148 | 1,451,433 | 1,41 | 1,36
18 1841181180 |1,79| 1,75
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Ta6auns E.9 - Pisens akrtusHocTi: 232 Br/M? (4,0 Mer)

Table E.9 - Activity level: 232 W/m? (4,0 met)
Onsr ExgBiBanenTHa BigHOoCHaA MIBUAKICTH PyXy HOBITPSI, M/C
Clothizng Temnepatypa, °C Relative air velocity, m/s

oo xz'_lli/,]\g,f, Og:rr:tt&‘r’gteg‘ <0,10| 0,10 | 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
0 0 12 -2,22 | -2,66
14 -1,55(-1,93

16 -0,86(-1,20(-2,51

18 -0,181-0,46 | -1,57

20 0,52 | 0,29 {-0,63

22 1,22 11,04 | 0,33

24 1941181 1,29

26 2,66 | 2,58 | 2,26

0,25 | 0,039 10 -1,06|-1,29|-2,09

12 -0,571-0,78|-1,50

14 -0,08 |-0,27 |-0,90

16 0,41 | 0,25 |-0,29

18 0910,78 | 0,31

20 1,42 | 1,31 0,93

22 1,93 | 1,84 | 1,55

24 2,45 | 2,39 | 2,17

0,5 0,078 10 -0,06 {-0,19 |-0,62

12 0,33 0,21 {-0,18

14 0,72 | 0,61 | 0,27

16 1,11 11,02 | 0,73

18 151143 1,18

20 1911185 1,64

22 2,32 | 2,27 | 2,11

0,75 | 0,116 10 0,60 | 0,52 | 0,25

12 0,92 10,84 | 0,61

14 1,24 | 1,18 | 0,97

16 1571151 1,33

18 190|185 1,70

20 2,23 | 2,19 | 2,07

1,00 | 0,155 10 1,04 | 0,99 | 0,81

14 1,60 155|141

18 2,16 | 2,13 | 2,03

1,50 | 0,233 10 1,61 |158 | 1,48

14 2,05 (2,02]1,95

2,00 | 0,310 10 1951194 | 1,88

14 2,32 | 2,31 | 2,26
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NTOIJATOK F
(TOB1IKOBHIA)
BOJIOT'ICTH

Bosoricte Moke OyTH BHpakeHa SIK
BiJITHOCHa a00 a0COIIOTHA BOJOTICTH (IUB.
ISO 7726). AGcomoTHa BOJIOTICTh BHpaKa-
€TbCSI, SIK TUCK BOJASHOI Mapu B TOBITPI,
KU BIUIMBA€ Ha BTPATy TEIUIa BiJ JIIOAU-
Hu. lle, B cBOIO Uepry, BIUIMBA€E Ha 3aralb-
HUN TeroBuil KoMQopT Tina (TEIIOBUI
Oamanc). [Ipu momipHux Temmeparypax (<
26 °C) 1 MOMIpHUX PIBHAX PYXJIUBOI aKTUB-
HocTi (< 2 MeT) 1iei BIUTUB € HE3HAYHUM Ha
TEMIIEpaTypHy YYTIUBICTh. 3OUIbLICHHS
BIIHOCHOI BoJjiorocti Ha 10 % BiTYyBa€eTh-
csl, IK 30UTbIIEHHS! €KBIBAJICHTHOI TeMIIepa-
typu Ha 0,3 °C. [y OUIbII BUCOKUX TEM-
nepaTyp 1 pyxJIMBOi aKTUBHOCTI BIUIMB CTa€
OunbIIMM. Y TEpexXiTHUX pPeXUMax BOJO-
TiCTh TAaKOX MOYKE MaTH 3HAYHUI BILIUB.

ko oOMexeHHS BOJIOTOCTI 3aCHO-
BaHI HAa MIATPUMIUI MPUHAHATHUX TEIIOBUX
YMOB, BUXOJSIYM 3 MIPKyBaHHS KOM(OPTY,
BKJIFOYAIOYM TEMIIEPATypHY UYTJIUBICTH,
BOJIOTICTh HIKIPH, CYXICTh HIKIPH 1 MOIpa3-
HEHHS O4Yel, MOKe OyTU MPUUHITHI ITUPO-
KW JI1arma3oH BOJIOIOCTI.

JICTY B EN ISO 7730:2011
Annex F
(informative)
Humidity

Humidity can be expressed as relative
or absolute humidity (see 1SO 7726). It is
the absolute humidity expressed as water
vapour pressure in the air, which influences
the evaporative heat loss from a person.
This influences the general thermal comfort
of the body (heat balance). At moderate
temperatures (< 26 °C) and moderate activi-
ty levels (< 2 met) this influence is, howev-
er, rather limited. In moderate environ-
ments, the air humidity has only a modest
impact on the thermal sensation. Typically
a 10 % higher relative humidity is felt to be
as warm as a 0,3 °C rise in the operative
temperature. For higher temperatures and
activities, the in fluencies greater. Under
transient conditions, the humidity can also
have a significant influence.

If humidity limits are based on the
maintenance of acceptable thermal condi-
tions based solely on comfort considera-
tions - including thermal sensation, skin
wetness, skin dryness, and eye irritation - a
wide range of humidity is acceptable.
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JACTY b EN ISO 7730:2011
JNOJATOK G
(TOB1IKOBHIA)
HIBUJKICTDH ITOBITPS

HIBuKICTh PYXy MOBITPS B MPOCTOPI
BIUTMBAE Ha KOHBEKTUBHHH TEIIOOOMIH
MK JI0auHOI0 1 goBkinmaM. Lle, B cBoo
yepry, BIUIMBAa€ Ha 3arajlbHUM TEIJIOBUM
koMdopT TiIa (BTpaTH TeIwia), BABHAYCHUIN
nokazaukamu PMV-PPD (po3miim 4 i 5),
JIOKAJIbHUW TeMIIepaTypHU IHUCKOM(OPT,
BUKJIMKaHUN rpotsaroMm (po3ain 6). He ic-
Hy€ MIHIMQJIBHOTO 3HAYEHHS MIBUIKOCTI
pyXy MOBITps, HEOOX1THOTO JyIsi 3abe3re-
YeHHSl TeIioBOro komdopty. OmHak 30i1-
JBIICHHS IIBUIKOCTI PYXy TOBITPS MOXKeE

3a0e3reuyBaTd  KOMIICHCAIII0  BIIYYTTS
3aMBOr0 TEIJ1a, BUKINKAHOI'O II1JIBHUIICHOIO
TEeMITepaTypoIo.

IBUAKICTE PYXy MOBITpA MOXe 301-
JBIIYBAaTHUCS MPU BIAYMHEHHI BiKHA a00 BU-
KOPUCTaHHI BEHTWUJISITOPIB AJI aJalTyBaH-
HS y TEIUIMX yMOBaXx. Y JITHIX YMOBaxX Te-
MIiepaTypa Moke OyTu 30UIbLIEHA BHUIIE
JOIYCTUMOTO i1 KOM(OPTY PIBHS 32 yMO-
BU MIIBUIICHHS IIBUAKOCTI PYyXy IMOBITpA.
JlormycTuMe 3Ha4eHHsI, Ha sIKe TemIepaTypa
MOke OyTH 301bllIeHa, 300pa)keHe Ha pu-
cynky G.1.

KomOiHarii mBuAKOCTI pyxy HOBITPS 1
TeMIIepaTypu TOBITPS, BU3HAUYEHI JIHISIMU
Ha [IbOMY PUCYHKY, MPUBOASTH O OJHAKO-
BOI pe3yJIbTYHOYO1 TEIJIOBIaul 3 TIOBEPXHI1
mKipy. TOYKOO BUIIIKY JUISl IMX KPUBHX €
26 °C 1 0,20 M/c WIBUAKOCTI PyXy MOBITPA.
[lepeBaru, siki MOXyTb OyTH OTpUMaHi 3a
PaxyHOK 30UIbIIEHHS IIBUJKOCTI pyXy IO-
BITpS, 3aJieXkaTh BiJl 0Ty, (PI3UYHOT aKTH-
BHOCTI 1 PI3HHUII MK TEMIIEpaTypoOrO MOBE-
PXHI OJATY/IIKIPH 1 TEMIIEPaTypoOrO TMOBIT-
ps. Ha pucynky G.1 mokaszana MIBHIKICTH
pyXy TOBITPS, KA MOTPiOHA 111 KOMDOPTY
BIITKY y TuUnoBomy JitHboMy ojsi3i (0,5
KJI0) 1 cups4ii gisuieHOCTI (1,2 MeT).

o4

Annex G
(informative)
Air velocity

The air velocity in a space influences
the convec-tive heat exchange between a
person and the environment. This influ-
ences the general thermal comfort of the
body (heat loss) expressed by the PMV-
PPD index (see Clauses 4 and 5) and the
local thermal discomfort due to draught
(Clause 6). There is no minimum air veloci-
ty that is necessary for thermal comfort.
However, increased air velocity can be used
to offset the warmth sensation caused by
increased temperature.

Often, the air velocity is increased by
opening of windows or use of fans to adapt
to warmer environments. Under summer
conditions, the temperature can be in-
creased above the level allowed for comfort
if a means is provided to also elevate the air
velocity. The amount by which the tem-
perature may be increased is shown in Fig-
ure G.1.

The combinations of air velocity and
temperature defined by the lines in this fig-
ure result in the same total heat transfer
from the skin. The reference point for these
curves is 26 °C and 0,20 m/s of air velocity.
The benefits that can be gained by increas-
ing air velocity depend on clothing, activity,
and the difference between the surface tem-
perature of the clothing/skin and the air
temperature. Figure G.1 shows the air ve-
locity that is required for typical summer
clothing (0,5 clo) and sedentary activities
(1,2 met) that correspond to summer com-
fort.



Pucynox G.1 BiHOCHUTBCS 10 TiJBH-
nieHHs temieparypu Buiie 26 °C sk g t,
tak 1 g t,. Ilpu cepemniit Temmepatypi
BUIIPOMIHIOBaHHsI 1 TeMmIeparypi IMOBITPS
BIJIHOCHO BHICOKIH ITiIBUIIICHHS IIBUIKOCTI
pyXy TOBITPSI € MEHII €()EeKTUBHUM s
3017IbIICHHS BTpAT TeIlla JIIoAuHu. | HaBma-
KU, T1JBUIICHHS IBUIKOCTI pyXy MOBITPS €
OuTbII €EeKTUBHUM CIIOCOOOM ISl 301J1b-
IIICHHST BTpAT TEIUIa, KOJU CEpemHs pajia-
I[ifiHa TeMIepaTypa € BUCOKOI0, a TeMIepa-
Typa MOBITPS BIJIHOCHO HU3BKOIO.

JICTY B EN ISO 7730:2011
Figure G.1 applies to an increase of
temperature above 26 °C with both t, and t;
increasing equally. When the mean radiant
temperature is low and the air temperature
Is high, elevated air velocity is less effective
at increasing heat loss. Conversely, elevated
air velocity is more effective at increasing
heat loss when the mean radiant tempera-
ture is high and the air temperature is low.
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Ons nerkux Bvais aKTUBHOCTI, 8 OCHOBHOMY CMAAMCI
ifneHOCTI, Af noBUHHO Dy < 3 °C i v < 0,82 mfc,

MNMo3naxu:

Al = MigBULLEHHS TemnepaTypy svile 26 °C;

¥ — cepegHa LWBMAKICTE pyXy NOBITPR, M/C;

8 — ofiMeXeHHA AN Nerkux, B MIEPLLY Hepry cUAAYIX
cnocobie XUTTH, QIANbHOCT;

b_ (E -1;), °C (f, — TemnepaTypa nositps, °C; E -
cepegHs TeMNEPATYPa BUNPOMIHICBaHHR, ‘C)

For light primarily sedentary aciivity, Af should be
<3°Candv <0,82 m/s.

Key:

At = temperature rise above 26 °C

v - mean air velocity, m/s

& _ limits for light, primarily sedentary, activity

b (t, —t,), °C (1,, air temperature, °C; {,, mean radiant
temperature, °C)

PucyHok G.1 — LLiBuakicTe nosiTpA, HeobxiaHa ANA KOMIaHCaUT NIABNLLEHHA TeMNepaTypH
Figure G.1 — Air velocity required to offset increased temperature

3 ypaxyBaHHSM MOSICHEHHSI CJIiJl BUKO-
pucTOBYBaTH KpuBY Ha pucyHky G.1, mo
BIJIMOBIZA€ BIJHOCHIM PI3HUILII MIXK TEMIIE-
paTyporo MOBITPS 1 CEPEHBOI0 TeMIIepaTy-
POIO0 BUITPOMIHIOBAHHSI.

Benuki iHAMBIAyanbHI  BIAMIHHOCTI
MIDXK JIFOJIbBMHA MOXYTh OyTH HIBEJIHOBaHI B
3B'SI3KY 3 YIPABIIHHAM IIBUJKICTIO TOBIT-
ps. TakuM 9UHOM, TiABHUINCHHS IIBUIKOCTI
pPYyXy MOBITPS CHiA 3A1MCHIOBATH Mij O6€3mo-
CepeIHIM KOHTPOJIEM JIIO/ICH 1 PEerytoBaTH
3 KpOoKOoM He Oinbie Hix 0,15 m/c.

Thus, the curve in Figure G.1 that cor-
responds to the relative difference between
air temperature and mean radiant tempera-
ture must be used.

Large individual differences exist be-
tween people with regard to the preferred
air velocity. Therefore, the elevated air ve-
locity must be under the direct control of
the affected occupants and adjustable in
steps no greater than 0,15 m/s.
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JOIJATOK H
(1OB1AKOBHIA)
JOBI'OCTPOKOBI OIIIHKH
3ATAJIBHUX YMOB TEIIJIOBOI'O
KOM®OPTY
OmiHioBaHHA yMOB  KOM(OPTHOCTI
MIPOTSTOM JIOBIOTO Yacy (Ce30H, PiK) 3/iic-
HIOETBHCS MMiJICyMYBaHHSAM TapaMeTpiB, BU-
MIPSHUX B PEXKUMI €KCIUTyaTallli peanbHuX
OyzaiBenb a00 MUHAMIYHHMX KOMI'IOTEPHUX
MOJIENIIOBaHb. Y I[bOMY JOJATKy MPE/ICTaB-
JIeH1 T'SATh METOJIB, KOXKEH 3 SIKUX MOXKe
OyTH BUKOPUCTAHUM IS IIET METH.
a) Merox A
Po3paxyBaTu KUIBKICTH a00 BiJICOTOK
TOMH, MPOTATOM SIKUX JIFOIU NepedyBalOTh
y OyniBm 31 3HaueHHsaM PMV, a6o niiicHOi
TEeMIepaTypH M03a 3a3HAUCHUM J[1aTIa30HOM.
b) Meton B
Yac, npoTsaroM skoro (hakTU4HA Jiic-
HA TeMIlepaTypa MEpeBHILYE 3a3HAUYCHUN
Jiana3oH, 3BaXYEThCS 3 (PaKTOPOM, SIKUH €
(yHKLIEO Bl TOTO, HA CKUIBKK TPaaycCiB
JianaszoH OyB MEePEBUILICHUN.
1) Baroguii koedimient wf gopiBuioe 1 s

Annex H
(informative)
Long-term evaluation of the general
thermal comfort conditions

In order to evaluate the comfort condi-
tions over time (season, year), a summation
of parameters must be made based on data
measured in real buildings or dynamic
computer simulations. This annex lists five
methods, each of which can be used for that
purpose.

a) Method A

Calculate the number or percentage of
hours during the hours the building is occu-
pied, the PMV or the operative temperature
Is outside a specified range.

b) Method B

The time during which the actual
operative temperature exceeds the specified
range during the occupied hours is weighted
with a factor which is a function of how
many degrees the range has been exceeded.

1) The weighting factor, wf, equals 1 for

to = to imit

Ae 15 imit € HWKHBOIO Y1 BEPXHBbOIO TEMnepartyp-
HOK MeXeR KOMOPTY 3a3HA4YEHOro AianasoHy
(Hanpvknag, 23,5 °C < ¢,< 25,5 °C signosipac
-0,2 < PMV < 0,2, 9K BKasaHo B Aoaatky A AnA
odpicy karteropii A, BRITKY).

2) Baroeui koediuieHT wi po3paxoByeTbea, AK

where f, ;i is the lower or upper tempera-
ture limit of the comfort range specified
(e.g. 23,5 °C < t,< 255 °C corresponding to
-0,2 < PMV < 0,2, as specified in Annex A for sin-
gle offices, category A, summer).

2) The weighting factor, wf, is calculated as

|t —tosimit]

wf =1+

| 1‘o,o,cvff.'nalf - I‘c:,.‘hfm'."t ‘

ans

for

|to}> |to,imit|

3} Ans xapakrepucTvky pesyneTatis nepiody,
AKUI HE NEPEBULLYE POKY, BArOBUA KoamillieHT wf
i pesynbTaT Yacy [ nepemMHOXYIOTBCA | BUupaXa-
KITLCA ¥ TOAUHAX,

iy Tennui nepion:

3) For a characteristic period during a year, the
product of the weighting factor, wf, and the time,
is summed and the result expressed in hours.

i) Warm period:

zwf-t anafor) t, >, fimp

i) Xenogrud nepioa;

i) Cold period;

wf-toans (for) to <t imi
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¢) Metrog C

Yac, 3a ami chaktmuHo PMV nepeeudllye mexi
komdopTy, MOMHOXYITL HA BaroBui koediuienT,
axuh € dyHkuieo PPD. MNovunaoTe 3 po3noginy
PMV Ha LLOPIYHIA OCHOBI i CMIBBIAHOWEHHA MiX
PMV i PPD (po3ain 5), Aani BUKOHYI0TE HACTYNHI
PO3paxyHKu:

1) Barosui koediuiewT wf aopisHioe 1 ana

JACTY b EN ISO 7730:2011

¢} Method C

The time during which the actual PMV exceeds
the comfort boundaries is weighted with a factor
which is a function of the PPD. Starting from a
PMV distribution on a yearly basis and the relation
between PMV and PPD (see Clause 5}, the fol-
lowing is calculated:

1) The weighting factor, wf, equals 1 for

PMV =PMVp

ae

PMV,,; BU3HAYAETLCH AianasoHom KoMpopTy,
AKWA PO3paxoBYETRCA BIANOBIAHO A0 UBOTO CTaM-
RAPTY.

2) Baroeuit koedidieHT wf po3paxoByeTkes, AK

where
PMV,.., is determined by the comfort range cal-
culated according to this International Standard.

2) The weighting factor, wf, is calculated as

_ PPDagotust Py
PPD v fimit
ana for
[PMV' > | PMVﬁmftl f
ae where

PPDgctuat pmv € PPD, Wwo Bignosiaae hakTuiHm
PMY;

PPDppmvimi € PPD, wo signosigae PMVjy,; -

3) Ana xapakTepucTvk nepiogy NpoTATOM pOKy
nepeMHOXeHHA Baroaoro koedilienta wfivacy f
NiaCYMOBYETLCSH, PE3YNLTAT BUPAKAETHCA ¥ 0-
auHax.

i} Tennuit nepion:

PPDactuarpmv 18 the PPD corresponding to the
actual PMV,

PPDppviimit 18 PPD corresponding to PMV,,,, .

3) For a characteristic period during a year, the
product of the weighting factor, wf, and the time, ¢,
is summed and the result expressed in hours.

i) Warm period:

2wf-t ana{for) PMV > PMV,

ii}y XonogHuit nepiog:

i) Cold period:

ZMt ansa (for) PMV < PMVﬁm,’(

d)} Metop D
Obuuncnioots cepegriit PPD 3 yacoM, npoTarom
AKOro nloAuHA Nepebyeac y NEBHOMY NPOCTOPI.

e) Metog E

Migcymoyetocs PPD 3 wacom, npovaroM skore
nogmKa nepedyeae y neBHOMY NPocTopi.

d) Method D
The average PPD over time during the occupied
hours is calcutated.

¢) Method E

The PPD over time during the occupied hours is
summed.
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