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Annotation. This study examined: the formation of a comfortable lighting
architectural environment, the components of the illuminated spaaechitectural
objects, the main characteristics of lighting, uneven lighting, brilliance, discomfort, a
proposal to supplement the new edition of the state building codes of Ukbdie
1l . 228:8018)"Natural and artificial lighting." Light comfort isatculated lighting,

most adapted to human vision.
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HOdz! dzgf 2" jets Mo j th J deMiso s Odzed W dztste BOISd o
dmSkmMmise § dzdzts G 5 sfe j M j dad v . J 1 Isdn HtSG
mMizh § Mise j dzdety lasf Wiz d3jOdg'tc Ols 1 dzj tec dd dzkzy dets tc OL
MistcsdIsj dz dgr | destedz3r 5 ftesjClsdtcso Odzede M
Moo jlsMise s h da dzOydtsdzOdz dzf = MlsOdzH Otclsts
dMisjMmlse j dzdzsets Mo jh jdzdvw, ddemtsdzy ydd, Mmed

[Mdzso dz" i3 dMMmdzj Hise Odzedw s o 8B dZOMIsd
tcOMmMyj stse dJdemtsdzw ydd o OtendlsjSlskztej d Mmls
[ Odzyd G O, 1. ¢. [ eSL HiS9 O, ) r zdz0j 9 O,
] OL Otej 9 O, r.J1l. l1keOyjoe, .R. wSter dz, .

dteJHd LOtekzBjydz" » Oolststetse MdzjHEZJjIs orf H
stskahsdd, . 1dddi30dz0, ¢. [decj?2, 1. 1il
mtsdzd i30.

1 Ozydzr § dimMmdzj Hso Oz BB tesdzd CtdiIW sStclsdz
Oterndlsj Clskztej B dzd k€O jydgMmMmg tcdajO sl 0O~ .
l jtcemMsdesdz, . [ Odeejte, -Ysdzm@P2H]jGEc]jtesdy, [

dtcj H BMdeso dzr » &OEZyYyder = OLWOBISE, ¢
dimmdzj Hse Odedw, MdzjHEzjls " Hjdzdls! dOEZzydz j
[. 1. [BBdz] &zl Ssd 5, s L J ¥V O [ O Cd (uadztso OC
(lidetedv), cr'w JOoLdted (redfdils).

s ftdd3j ez, yYd dzlstcOdz? dzOw 54§ G HO@EMHIstcDd
2O sdzdzj dzdetsy tShkh jddwdsd. J[dz syjteyde Ojls
ydL dad , ZzOf sdzdgw v o 5L H I@r dEO Is J fricol | @i d Us & Izf
Oterndlsj Clskzter . votsteyj Mlsoets Otendlsj ClststcO®
mde d3d dzlz Is dz" = 94 Wdzd 2 ydoeoddzdL 0ydd . 1 ZH|
CtcOlIsC sotcj d3j dgdesd3 1+ f Ols Oy J, tcdz dzggj Myjh O d
BOIsj ted Odzso , Oz dzdzts M ifiztc f izds d3.

J ROz ydzesds IstclzH | ¢ fmdzw h Ow OtemndlIlsj Cls
MO2HJjGGJtolz, tcOMMdBBOIstcdo OjIs Iststey jMlsoats 1
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qdzmlste d3j dz2ls® 'O, o Ikt ydmdj sl
fesmstcOdhlse ®. RiMMdj Hiso OEdYj #sj 2Bls odf j to @1
qdzsdydd d tyjdsyd 7 MeEyHjdd2, MsOdiss
fesjSlsdicso Oded™, foLotdwshdd jdkz ftoj HMisC
ykzefmlses, SNtOdvhdoimw o §O0dk“lsd: cc odik o
ykofmlsobks weo sdgE®LS o O M i &) e Bl M OB lsoj O
OwrdlsjSCltst [1, f. 138].

dbndlsjShbtcdr 2 'l detwOjls bk Akt
fdtwindeoOded” d 1 d@3sYdd MbsoOdsewismy JHJd
fsmMCtd Sk WdLdujmSdj Mot @& jROLH B O
Licjdedj d Betdvddj Bseckzls orLeoOl! hizhjd
dMmfdzj Hso Odedd ¢ Mdzvh OW OkidlsjChkzteOe K|
5OCIkdd dz' j hikhjddy ks ftdSshmdse jddy ¢
o s s ZOdzd ¥ H Odzf WzOC s € Pl PEZO®)?  &3dzj
onmBBYHjddY o ddtc ttOL dstsBteOL dzf = dzOMIstets dzd

bR dlsj St ALdsttcd® Wsttddtlkjlshw dL
ZOLT 90jls MOd Otel dIsij Golests talyj. fHotsHdstss dPchFIs(ds j

d HJlsOdzd . Cosxts df@Is8 jstefqu@Q@dpC Otcrn dlsj S szter 5B
tcsy HOJ Ismw dL f sHtctsB dzgtsis§ 2, CO¢ Bdtsag to(
Otcn dIs jJiilddatc Odzj Istsdz! €58 Wisted3O L HOddvw. [ dzO
Ofmf j Clstso : e j IsO, WEdS ydd, Mistclz ¢ Istzfipls |

COyjflse OtendlsjSlkzter ©YHOjls dlsdBsmijtk.
1 dlsjtc Azlstste oa" HjdWjls dzj MStsdzr $t5 OMT j S st
BOIs j ted Odz! dzts j ftedMkzlsfise dj 5B jCIstso )
BOIJtedOdzso ; L oz YOfzlfldjitdbicsHOLCOdszls 8§ @ Odz' dz'
MtsL HOB h 2 Cedf sL dyds LokzC 59 ; Isj BB j e Ols |
fdatsdsedyj MSOY): CtekyOshdj BI jCIsr ;

1LCjte! jtesd® d ddzlsjte! jtesdg, cwwOHOYydd ddzls
cltetsMistgOdafydste @) H j dzdzs ] fls j dzO B, MtsflsOo dzv j
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me J 0O, 9SLHERO, L Of Om O, osmMfted d dgiyd o s
tejLs BJtezjls Owrdlj Slsste [ 2, M. 32, M. 9].

[ G totsd3dzlz & Yyofls! E AEzRlstcd MtshmisOo dzv j
eOMytej HYddddw].o \fBEEEELOWNIss MO’ § ¢ [s
9 jhOike tsdz tOMCter 90jls OldismMW jtck tj MissteOd
¢ Moajlk, YR jhjdd COLOEsMm! §sdizlsj dgdr d,
fedmfsmsedddm! , ®&eoOydshls! Mdj dddgoendz’ j OL
&k yd , ftotsded S O h dj MG otsL ! o MsCdj, tc
or Mo j ydoeoOdzd tslsHjdz dzr § WttOaed3j dals™ ftsd3d h J d
f sz y0® ¢y ddets? tBdZdyYytsea ¢ d HMisOLtsydasc ts
ssdzz dzd o ftsdzlzls' d3jdzj ¢ € vz Mis® fisfg @EB dyjj dety, fr
& shdafmw L sCtde [2, fm. 41].

t OL 3" hdzww 5 tetsdzd Mo jlsO, Azdiglstste  dh |
ftej HdB3j sOR IsOC btetseOjls jets, vyl tdz ¢cykof
lftesyd d3, Otern dIsj € Is stcdzd dp@ JL 1820 fislév ) Is syisdzdz' d2j
BBdzi fsykzeomlsomso Ol , L QlsBtc@dgdsy j 2ylsdsslgts sL G s
CteOdzd yodzdq omMwitsets §odddZ3oddy. rR w tyj dz
61] . l1dlsitc Az@glsste dZ2OMSOdJo Ojls dzO Istsd,
ocftesmMsds Mo jls® M MOBset dOYOEO, fMisOttOw
ModlsO Ay dls fsoddwlis! d&O ykemlse O yJ dzsoe j &

] kotteyjfMmlseaj 1dkjtcO AbdilststtO jfMlsjMmissj
Yomls! v Codfdj MO | dj dig Ezgsdzd j tisE i OE O def Is
OtendlsjClstste Rtsyjls MBLHOoOL! dzj ysts o] € to
Ols B MY ji teds,0do Ojls tsdz, © Gfdhmr o Ow &sdkj
L HOdzd W, Otcrndlsj CIsstc ftosdL dasfydIs: ¢l fmj J
Nd dzOd. j e |

15 Bdzj dzd ¥ slsdoj dz0 misdzdz®, o @ T ls &k IE
sflzlsr 9 O h d2 &ZzOfm tffrils oL OdBsHj2MIseadw M
gisdo jdz msdzdz Iso jtoHts ko j teijjda dodzimldsts ¢g,dzdzatsly ts d @)
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Colststets oL @Isy des fsMmisdy! , Glsyg dzastdss ¢ of W
dL i3 te-icd@figimr dIsj EbBtc®dzsmMsW M OV d&ZOECO & WwWo
Mdzr Mdzsdz dBs?2 f totsW j MifaOipEEde Ldz 920 jdsf rAdeen, d Is j € |
sdziy J1.¢. fHwshdzixdoeOjls MmMewrL: Otrndlsj €
M dHJjvwdBd ¥ sdif f ez, MC s s -WjdddsdjsditOdizts ¢ O, ¢
cOMMdBZOIstcdo Ojls osMmMftedwWisdy C0OC o dzzlstej dadzj
Ctesdzy Mkl jCIsO otmMftedwisdwy d hEkhjddw.
WddzsmsW O d bttOdhWstedddtckzjls da o i jClIs
fcs@tziglso O, 9 Cobtter n foMmjlsdlsj dz@ tBteON
ofMmMlstcj yow toW H shizh jdad 2, 9" L 9o Odzdz n tcOL C
cudd Mdz W Jj detsdz] desdzse d U e s  1© gBdEdzgzd Is z o Uz d
stsd3, ulktse" Euydls' e Ols! Ho dpsbdedjd WisdteolzS) @k
Bz smdzs2 dz" 2 s§ ' Is, o C(ktesdy § tetsfmlstc ©dzi
ye Jls, CGJBARJ Isted W, L Of On, LokzG o8] IstclOls s
fjtejCtcjhdoOjlsimfweée [ 6, M. 236].

t OMMEeOLr 90w 8 Motdms fJtesj ClsOn, gilsdoj
smMtsetsy L dzOyjdzdd JMmlsimlse jdzdzsets Mo jIsO o
Syd dz@ ddesj e mizjls i d@®ONME PNk e gzt @p - 1) &5
COpdlsmw, w dzj LOfttsjSCIsdiesco Odz dzgd SHdetsG s
s &30 106 J Mmisj ifls@ffipldase@ i jas@edzstsmisd s d3
o Moty d3gj dzdzts?2 Otendlsj Clskztey , Otcrn dlsj Clstste
G sSteW Yylsts Mejls fLotsdzwjls cuvedH]Is! a3
Cl OtcOdzd&zOS Mj e wlsdojdz mhzdz Zftsd3ddzOjls 5
mMe j 0O, M stctsmlis! C(Slsstese s dzd f SHHOj IsMmw
MomMisQoa dzv s h ddsd dzOh & ftseomjHdzj oadzlze L j dgdzlz®

btcrdlsy Slsktclz wilsde j dz0 mtsdzdzO dtsy dzets dzOL
mMeh jmMlseazs h d2 twOLtWKr 9 d&BjyHE dzOEZC 2 Mdzdd J< L
Yylkze mlse O H dzw dzj ¢ ts detcOs Is tcjh O h jj L d
Otcndlsj Csktcdztce s tsBi jJ §150O.



28

ljtejydo0Oded) fotsmMistcOdzMlseo ©, Mo jls d d&OIs
MisOdzsowilsmw fJtej HYf MW" &ZCEOBBd €  sdzd BB3Oded ¥ ( ¢
ZzOud dzO 4 Isfmw fip¥ ydiHls) dte s d§CRO. { J Odzd L OYydo¥  d H

fittjydoOddd OwndlsjSlktr: Ykt ' ykseflse
Hodyjlsfmw Isjds, COC osLOdEsH,j2Mksokjls
fjwemfjClsdea0O, LokSd, LOfOZ. I1jf jidstsls

91 lsjCO! dL GiflddpinR) rprojjdse Ordlsj Slstste [ ¢
o ftwsyjMmi fsjCldiess OddY bkHjtyds O]l

CdgflstczClsdodzes fMdMmisj sz, &EOLjwdOd , B Od
BOMME odjfMisj. uwkfjaPds mshdssw®nmne j 50O
OtendljSlkztej, LHjM!  dkyds ssdkjldls: j¢

btcrdlsj Clsste orHjdzwjls Mmejls o COyjfMmlsej o
Oterndlsj Clskztcdzse s f tesMistcOdzmiseo O, dOYHE M
L Of O Cigifyfs?2 RO W stedi3ts?2. 1 Cdzedeéj c¢Anchoring
BJL MoajlO tmMlsOjlsmw o LOBojdedd. 18 Odspr |
j ot Is iz 30 dzdzts ls ! ftotsL tOydzsmls d z f) dzts ¢
fdtedfdjsosismy, ybtss' {tjHipH e Odiads.
Hy &zOjIs fttsMmistcOdzeMiseots dzj s toj H | dzj deder o3, tsB
sfris©e [10, fm. 11].

sddzO ftosMscOdmMisa® s Clsse dwisdo j dzO
o OtcdOydwvdsd Mo jlsO d Isj dzd. btcrdlsj Clststc
Otcndlsi Clsiitsy g BB sdgw Is?  dzdnh ', HoadeOwWMm! Yt
LO dzzyoddd MmMdzdzj ydesets Mo jIsO d Isjg dgv dzd [
fosmMistcOtziglso GtsHIso jteyH]dzd] oBdzdzze M jets s
sBl j CIlsO f sofmJ Hdz] o dats 2 Y dL dad . [Is € d3jH
oHBr o dzweE h dd3 HjIsOdzv d&3, Oterndlsj SIsztc® tsB dzC
dzOh j 2 yduLdede [12, M. 43].

]l Oy dgzs tetsdz?, SCtlststkze dJqeottOjls JjMmlsjMmise j
Otcrndlsj Clskztcdzse s f tosMistcOdzMmise O, d Jet Mmdc



29

slsd3d yOJ 8 df (JOded MECddzHn. | tSHdzsds dL ddzlsj t
osmMftedwisdy J My HBa fsdz@is ¢t d3figD flzlp @zls dzOW  ff SISt
¢ s sdzj yodzts, fn Mo oy d3j dzdz’ d3d Isj A descztse d v d
Hi2Mlseadlsj dz! des sy J &3 HJ dzOIs+ Is ts, s yd &
fJjted by dzdo 021y Isjrdesdzsedes. [ ofj ©0Oo dz
fslstsdiizz ybkts k dOMm j Mmis! Isj dzts. [ dzj f tetst
fticddddlsdodz 2 tffrlk, itz Ottndlsj ClskztcO
fitwoss’ Isdesd3 o sy ted vylsizlsdizshpsidls O ,dz0sitg G y J di
ldazdwdedj Mo jlO dO yYkzemlseaO® d + @sydd
cuofislsts dzOfmstetsjdzdy, Bz MismMsej dz Stesc Ols+
MsHtesE Ol M ofmjd3 Mkh jMisesdze [ 14, fm. 308
UOHOts ¢(dgHts dMf sdz' we@ls! Ml lish j dgdsds B Iz d3 o
MfsCs2MmMlsadw. [ tshder j] Bjlbtdeder §j Mmisjde", kMl
Otendlsj Clskztcklz BOIj ted Odz! dzts 2, slsCter stsfls!
oM eddd BBY sOj B2, O Mejlb d feshistOdshl
MtsL HOE Is W Rdzdfjiz Mistsis T .
gojls wodzwjlsimmw £ UvOHOB ¢dzgHts tsHdzdd3 dL
clts omMmjnmn dBedr tOBSISOR Mojls wWodw jlsmw o
MeLHOE LOCtrIsr j fodi3inhjddw o thdztses dtsdz M
[Mdzso dets?2 f tod yd detss?  Hvdawdzwfg L O discfsy, dglilsmis © k2 §
Mtsotcj o3 dedetsds tsB N j Mise JqdzscHO IstejBlzB IsMmw
mddzj dedw shkh jddw odzzlstej dzdzj 65 MY sC 52 Mise
HisfMiskz{ Gt L sdzlsOdz! dzr a3 dzkEyOd3y Mo j 5O, s ls
f L gilsdMsGtcOY HOE h 3 CdemlstezC ydqwv dz tcOMECtcON |
ftcj otcON OV dwOMMdodz j Misjdzr o OBMBOS yds
btcrdlsj Clstster Zlso jtoy HOE Is, Ylsts Bsde h s
dzj slsi j d3dzj sy EmMdzsedj Httsj Clsdtetso Odad v, ]
My s mthipsgjLde Ols ¢ dzj f solststcd dzgsy COyj Mot f totsh
ftosj CIsdtetso Oded W THsRY] dzfdjr jWiplsdpinjlslefijwdzdzts ¢ 5 s fi) ¢
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dqd3sj dedets Mo jIs MSLHOjIs dzgjf sealststcd dzzs € Oy Mk
LWWjClsr slstcOy j dagd v : ¢ [ Isfgpdjjlerr - tsBijlsjjSdidse, b
fsmjlsdlsjdzj?2 t)yHOsIls tsMtsB' | ldash j dddw
feswimdzw jIs sOHLE2B wdjHLd®BO [17].

] By ssHBdEZEed yj MS 3 i dzO dzj mMih j Mk
ftcjHh jMlso jdzdzad S s dzgj trn o Ol 9Ot ls d dzgj B
dzjptR sHd d3ts  toj h Ols 9 wOREOR tsftcjH] dzj ded W
sfo j M4 dedw. [sfklsmMlseakzjIs MdMmisj disddetsy o dH J d
9 GCtdalsj S Mmisy sOCdr 90ydzer » fodzsy jdzed?2 €GO
COyd mMsoats Mmtcj HT YdL daj HJ W Is J dztcdittsfy s dc, dztste EDtEHAT
¢ dzO dzd L zdlsj tcOlsztedz n dMmissydzed € s f L o tsd
fimdatst BsydsdzOdzy dztsets d { Misilsdyi Méitsets oL
Ctedlsjtedd tyj des¢ HEMIsOlstsydzes hdesSts dL 2y,
H dzw ML HOdd Wa (zthdswtelQdzr § tod ftosj CIstetso O
sBl JCIstse o tOLddydsy » ftoedqotsHdz = td 6dBdzOR

AJ dzdsmmdzy Hs9 OdzdWw wWodzw jIsfpw B tej HJ dzj dzd J
Mo jlssoats?2 Mmtoj H' ots odzzlstej dzdzd - d o daj M dac
sBi j QlOse@fffndzi H s O dls! thdsodzr J] R OOCIsj
O shdse] O0dOddL O IjttttjldyimMédrs dmmdzj H
tslsj yd Mlse J dadsts 2 d L OtclzB § ) dats 2 fcOCIsd ¢ d;
Vstedz3dtetso Odzdwv Cdi3¥ Stelsdzs?2 Oten d Is jdidls ftdcds® 20 Is
f 5COL Ols sdgdizj § dzj dzdetsls dzj tt Qo dets d3j toc dzts iy ls ¢
sfme j M4 dedw; sftejHjdzd Is Csdi3ff sdzj dals ' f totsh
sBl jCIstse ; ftoj HdztY dIs B3 sSBH OMYJ SO ¢ s
ftoesMisteddpfiplg vy dfj ded J L)sdzr SBBRW SISO

[ dbtsH" dMmdzi Hs9 OdzedWw tsMdzsa ™ 9 O IsMw  dzO
Vsted3dtelzj Ismfw oL Oddiiseo dzdw dzd j d3 4 Misj Mise j dzdzts
OtendIsj € Iskztcdzts? Mtcj HJ . stsdzyd f yqw dmmdzy H
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(fsdzsy dlsj dz! desdz d wlstcd yOlsj dzb gels @) otedWy R §
sCtoky O h s McjHk d yYj zse j € 0O.

ltojHAEZBY j 2O tSBhOW &BjlssHdEO dhmmdzj Hise O
s tej Hj dzj dgr B sSSHT syjdSd WOCkttetse o dzd
mMtcj HT |, ftoj HdztsY J dzO By ssHdGC O dmmdz] HisO
W iste 3tstsB to QiLiAChyfd=2 Mo j IsO.

[ OljtedOdz MmMsPg@Egdbdyj MS d?2 sBL St gL o
dMmMmdzj Hise Odzed v, dmfsdz L 2 &gr = ) Isj stcd
CHdMSC sBW stelsdats?2 d CtsdiW stolsdes?2 Mo jlssats?2 Mt

s Stdbjtedwd tflsddiod dshlsd oyl " dd!
isddzdlsOtedz | , 1 MlsjiIsdyd MSdJ . | ZOo dzr dz Bsto
sBfdeseo Odzdz | { StsdzseduiMé&dd Ctedlsjtedd. [
WEdzC ydtsdzOdz! desets S dBWtstels® d lsHj dzd dzr §
sCtoky O h OW Mtej HO R IK.tad.ls)j.te d 2rR dilst jlzcdas Qo tsodzO «
tcOMMdzOIstcdo Oj smhw COC flddBOd desj W Ekdz€ yd
HsfMisde Oj Ismw fMtslse jIsmise dj Mtcj HMIse d
MdMmis] d3dzsy BBKOL B8O Odzd J , Wikzd€ yd tsdzOdz! dzr 2
Codi3f sdaffdgsf@ szsedud MEd?2 d (M ~BOGEOfEEdd
PHtsotsdzr Msoadjd3 tsIs HiWwWIsj dz desisd d or M€ &2

J B ssHdC j dimMmdz Hiso Odzd W Wsted3dteso O
OQtern dlsj € Iskztcdzts 2 Mt HT sBtsL dZOyd dz OC yJ dals
OMmMf jSsrjicd@tcdislstcj BdIlsj dz2 MSsets COYJ Mlsoa O (¢
sB ktoseodzj Mbtslse jlsMlsadw Oterndls]j Slsztcdzs?2 M
fsCOLOIsj dzj d3 & indsiys(tOsxizsti sk d Bddsedud ME
fsHOoadzwe h jgts Bisdz: M d dziplse O i tf QEGItEY jshySdel —
L OH Oy, COMmMOs h R Mmw W istcdzd tots o Odad W fMtc HT
Ctedlsjtcd?2 fYtslstejBdlsjdzt MEtsets COyYjMmMlsoa® oMl
LCdsdBdyud MSdd3 SCtedisj tod 4 d3, IsO¢ ¢Oo¢ H sl
CRBWstelsO 9" L " 90jls ko jdzdydidd) L OlstcOls.
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RLoOjMifdsR2s0f dzr 2 BjlssH osmftedwisdy e
OidlsjSlbtedzts?2 MjhHj. {OMMssYdd] §sLocd"
oy LOMs2Sk, CokttOw mdasyddof' dJhlsst
L OH OdzdzO" L O EXUA s Odzls O: 20 1 dz®dgs 5 de O
sflsdBOd dsj fojlsosy tjhjdedy, e WL Odz
CsddstwOmsdieso Ol ) ©Ctkyjddid ddod LOmlss
ZOB dzs HOIj dzv o sflsd®EOd d 2 bkeésd Ltj ddw

sBi jCl, Cwolsttr 2 oM wfdfdsoy sy dzfyjj2 dzoOf

MsOdtso dlsfw olttes? CodnsOdss?) . 1 o d
OttodlsjClsbtcdatsdBlz ei jClkk o SlsdEOd d 2 &
By jls ddd StdscOmsdiess Ols! , ddd ¢LOmss i

{ Mdzts o dz j C @Y sdzj tizd" , o L ©F i j deztinfig o d ¥
sftejHjdvels COyd mMisd s sihe gz ¢ ts @0 di tafg@iw -, Ote
nzHtsY J Mise j dzdzOW , Mo j stsistp Riflag dgj @zl OW o i iy 51
odzdwels dzO odzzlstej dadzj § Mo jn Jjdedetsy ftesmlst
Mo d SO dzf 20O, ) tsfcelyj dg dz@ =~ dzlzyg 2, ftocsatsHWwh dn
W s te a3, CsdW dektcOyd?2 (ftmisswdeder =« d dL d&3j dz
Mo jls ff tOL dats? wigC sflss b, Yyo J sdzsmis* & |
W sted3d o590 O dzdzs j Mo jlstso 5 ftotsflstc Odziis o ts
e BOIsdo dzscts tsMmo j M jdedw (W EkdS ydsdzOdz! dztse 5]
L Issds MsLHOE s dzj ftsolststedd3r 2 BteOL ftosiste
OldssmW j sz o dzgzlsted L HOdzdW. ltesyj MM W stcdzd
fosMstcOdzMiso © Jtoj HMIsOo dzv j )€ B T s &6 3L
1 dzj i3] delstse Otendls] Clsztcdes?2 W stcd3r .

Az dz¢ yd tsdzOadz! dzr ? Cod3f sdzj dzls MmMsHjtey dIls o
d Misji Mmise j dzdzts G t5 Mo j s0O. [ftejH] dzj dzr Ctolzt
BsteW sW 2dzC ydsdzOdz dz" j . wojls wodzw jIsipw dzj SIS
tsB j Mo jOY Is YyJ izse j € O ddeV stedzOydJ 2 tsB s ¢
Ltcd sy dz' dz" J sBtcOL " . Ldz! StcOW dtsdzj Istse 5 )
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odzdw jls dz20 cEtedBtdzOdz! dzr 2 @ Wtsdz yYJdzseo j SO
stsfeo jdedets ] odzdwdedj MojlkO o0 Cwup@edizs d
Bdtsdztsedyj MSdj f OtcOd3j Ister ) sftcjHjdzvjls
Fdzzyh ©0jl j4i SOy mlseojdeder § RrOtOCIsjtedmlisd S d
dton dlsj Grlddmtdsiyty Mise j dzdz 2 S d3f sdzj dzls Mo J s
sBtOL ddalsj 6! j 60O, odzdw jIs dgO@ MmesMmlsswdzadj C
otejy Mklsse Mo jlktsaty ftesmMistceOdzMmise 5 L H Odac
Mtsdzdzj ydzr 2 Mo jls, tMisOjilsmw dzj dL 3 dedz" elz. ¢t
Mojls ftojsHdo0jl WdLdyjmMSky Getdsylk
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GROWING AND X -RAY DIFFRACTION ANAL YSIS OF SINGLE-
CRYSTALS OF DOUBLE PHOSPHATE NaMn(POs)s

Galimova V.M., Lavrik R.V.
National University of Life and Environmental Sciences of Ukraine,
17 Heroyiv Oborony st., 03041, Kyiv, Ukraine

E-mail: ruslan_lav@ukr.net

Abstract. Optimum conditions for the growing of single crystals of
NaMn(PQ)s; compound hee been selected. Completeay diffraction analysis has
been performed to study synthesized double polyphosphate Najy@@ucture of
the double phosphate belongs to the orthorhombic crystal system, space group
t 21212;, lattice parameters: a=14.446(2), b=14.463(2), c=14.522(3) V =i3,03 4
Z=16 rcac=2.757 g/cm. Structural features of single crystal of synthesized

phosphate have been determined. The compound has been studied using XRD/RSA
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DTA, ESDR, EPR andRlI spectroscopy techniques along with complete chemical
analysis.
Key words:double phosphates, IR spectroscopy, XX&A XRF, growing of

single crystals, flux crystallization of phosphate.
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3. 10 tdm.

fdztshddz Rz. ubtkzSlkzttO® NaMn( PO3) 3

[ NaO6] IO dgj MS "' dgyd deded
ZOdzys ¥ ¢ d d5OF @2 diOHa j dzd S d2  jtc' ©H
[t 4] zOff tc ©o dzj dz' 9LHBSaYy [ 100]
sltsyjd ¢ dyjoeodd®kd OsBOR] CMdej dzO Isj st
5O -Nas ©BCISOjHEBOR [ MNnO6 ]
dzj o f StV HC 59 Odzdn  Olstsds' ® Na(3),
5B Iz Bse dzv ° Hygwe W' Ldyds o ZzOMisdo sfls"
LsCtey 3O, ' tsdedzkz ftetse ' Hdz fls’ .

v0OC) §6° HAOddY MistekzSIsktdzdn
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W stdlkz s fiw
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o fkmsskon,

B lzlsd
fsHO

y stefls € d 2
MstekSlskte" ,

hts f tod s dzgizis
o dCted s Odzts
s s fd PsMY¥ Ok NaMn( PO

H dzw

LSBtO) 4 d&20 ftesj S y' W

fs.d ¥ sy O g
f solstst
dz09 € ts

i o d MRAIO®R] i lsrO ofy ls Q|
Na( 4)

v OB dzd yw
stststeH d dzZOIs 10D IstERB'j & o( o Odzj dzls dz' AP dasdev
MstczSIszted spla Mn ( PO

¢ Istsd3 x/a y/b z/c Ueq
Mn(1) 8842(4) 3613(3) 1228(4) 7(7)
Mn(2) 3748(4) 6249(4) 1224(4) 10(8)
Mn(3) 3747(4) 3720(4) 3760(4) 10(8)
Mn(4) 1319(4) 1131(3) 1286(3) 4(6)
Na(1) 10050(1) 10(1) -170(1) 11(3)
Na(2) 5030(1) -60(1) -10(2) 21(4)
Na(3) 7540(1) 2520(1) 2480() 23(3)
Na(4) 2470(1) 2590(1) 2540(1) 21(3)
P(1) 5273(7) 5217(8) 2645(7) 15(2)
P(2) 7258(6) 5010(6) 2217(5) 9(1)
P(3) 7456(5) 5227(6) 0207(6) 3(1)
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¢ Ods.C OMO dy'lshtejzdedzz @ Is td
©ZO &Oh bk HE&KS Lk,
f & &ff 4’ dezeRfim |5 dAty

Mlso stey dedz” dzso d n
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P(4) 7229(5) 7234(5) -196(5) 3(9)
P(5) 5260(5) 7401(6) -273(5) 6(1)
P(6) 4971(6) 7690(1) -2257(8) 25(2)
P(7) 5270(1) 9850(1) -2370(1) 52(5)
P(8) 7224(7) 9899(8) -2724(9) 20(2)
P(9) 7380(5) 9777(6) “4766(7) 7(1)
P(10) 7709(5) 7739(6) ~4919(4) 2(1)
P(11) 9675(4) 7550(6) -4761(5) 6(1)
P(12) 10130(8) 7742(6) -2727(6) 13(2)
O(1) 4750(2) 4680(1) 3350(1) 10(3)
0(2) 6310(2) 4790(2) 2620(2) 18(4)
0(3) 5530(2) 6260(2) 3040(2) 16(4)
O(4) 4730(2) 5270(2) 1770(2) 22(5)
0(5) 7020(1) 5360(1) 1170(1) 13(3)
0(6) 7750(1) 4100(1) 2180(1) 3(2)
0(7) 7720(1) 5830(1) 2730(1) 6(3)
0(8) 7720(1) 6240(1) ~110(1) 3(2)
0(9) 8340(2) 4720(2) 290(2) 13(4)
0(10) 6700(2) 4920(2) ~450(2) 18(4)
0(11) 7680(1) 7700(1) -960( 1) 10(3)
0(12) 7230(2) 7670(2) 810(1) 10(3)
0(13) 6250(1) 6980(1) -490(1) 2(2)
0(14) 4750(2) 7480(1) -1210(2) 18(4)
0(15) 4890(1) 6590(1) 290(1) 8(3)
O(16) 5340(1) 8340(1) 130(1) 3(2)
0(17) 5720(4) 8740(4) -2290(4) 8(2)
0(18) 4140(3) 7760(3) -2790(2) 44(7)
0(19) 5700(2) 7140(2) -2540(2) 20(4)
0(20) 4770(2) 9760(2) -3240(1) 7(3)
0(21) 4810(2) 10260(2) -1640(2) 26(5)
0(22) 6200(4) 10130(3) -2470(2) 54(9)
0(23) 7640(2) 10830(2) -2930(2) 13(3)
0(24) 7570(3) 9290(3) -2150(3) 16(1)
0(25) 7010(1) 9500(1) -3750(1) 14(3)
0(26) 6550(1) 10220(1) -5190(1) 3(2)
0(27) 8310(1) 10130(1) -4660(1) 7(3)
0(28) 7370(1) 8740(1) -5230(1) 11(3)
0(29) 8660(1) 7880(1) ~4450(1) 7(2)
0(30) 7760(1) 7200(1) -5780(1) 4(2)
0(31) 7090(1) 7430(1) -4130(1) 7(3)
0(32) 9610(1) 6620(1) -5230(2) 9(3)
0(33) 10200(2) 8380(2) -5070(2) 23(5)
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0(34) 10060(1) 7220(1) -3730(1) 8(3)
0(35) 9250(1) 7760(1) -2300(1) 5(3)
0(36) 10880(1) 7260(1) -2240(1) 7(2)
tdm. 3. 1 totsj Raylh(PO):iiOts b st tef dizlz
v OB dzd yw
[ soydded LodwLS o9 (j)3pee MwkzSizt®
I Hils Odz i ] " Hfpls Odz i
Mn(1)-O(6) 2,202 Na(2)}O(16) 2,352
Mn(1)-O(9) 2,222 Na(2)}0(21) 2,424
Mn(1)-O(19) 2,183 Na(2)}0(27) 2,442
Mn(1)-O(21) 2,233 Na(2)}0(33) 2,453
Mn(1)-O(31) 2,082 Na(3)0(6) 2,343
Mn(1)-O(33) 2,203 Na(3)}O(11) 2,293
Mn(2)-O(4) 2,153 Na(3)}0(19) 2,593
Mn(2)-O(11) 2,192 Na(3)}0(24) 2,675
Mn(2)-O(15) 2,182 Na(3)}0(31) 2,383
Mn(2)-O(24) 2,304 Na(3-0(35) 2,623
Mn(2)-O(26) 2,152 Na(4)0(7) 2,573
Mn(2)-O(35) 2,232 Na(4)0(12) 2,413
Mn(3)-O(1) 2,082 Na(4)0(18) 2,424
Mn(3)-O(12) 2,162 Na(4)0(23) 2,363
Mn(3)-O(16) 2,142 Na(4)0(30) 2,622
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