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C TIIOMOIIbI0O M3MEPUTEJbHOTO KOMILJIeKca, paspaéoTaHHoro IJIA CIIEKTPOMETPUUYECKUX I/ICCJIeL[OBaHI/II‘/JI aTMO-
C(i)eprIX AHTPOIIOTeHHBIX BbIépOCOB, HCCaeAYIOTCA ONTUYECKHE XapaKTEPUCTUKU aHTPOIOTEHHbIX 30J1€eii. HOJIy-
YEHHbIE CIIEKTPaJbHbI€ 3aBUCUMOCTI BCI)CIJCKTI/IBHBIX cevueHunit IIOrJIoNeHNnsd, paccesaHusd, octabieHns U3JyuYeHuns mnc-
TI0JIb30BaHbI /1A BOCCTAHOBJIEHUA MUKPOCTPYKTYPbI aHTPOIOTEHHbBIX 307eii. BpIgBI€HO BIWMSAHIE OTHOCUTETHHOM
BJIAXHOCTU Cpe/ibl PACIIPDOCTPAHEHUA U3JIYUEHUS Ha OINTUYECKHE XapaKTEpPUCTUKHU €€ ﬂHCHepCHOﬁ (1)3351. AHam3n-
pylorcsa aTMOC(l:)epHI)IC BbIépOCbI IIPOAYKTOB CropaHusda JApe€BeCHHDbI, HpOMbILHJIeHHOﬁ OHEPTreTuKN, aSpOHOCHTeJIeﬁ,
IIPOAYKTBI TeEMIIEPATYPHOTO PA3JIOKEHUA aC60LI€MeHTHI)IX ILTAT TIpU X NPOKaJIMBaHUN.

Katouesvie crosa: GyHKINS CIeKTPaTIbHOrO TPOIMYyCKaHUs, TazoBas (asa, aucrnepcHas ¢asa, MUKPOCTPYKTY-
pa 30Js1, aHTPOINOTEHHbIE BBIGPOCHI, KOHIEHTpaIlMs WHrpeaneHToB; spectral transmission function, gas phase,
particulate phase, sol microstructure, anthropogenic emissions, concentration of ingredients.

Bseaenne

[Tpuponatble U aHTpPONOTeHHbIE BBIGPOCHI B aTMO-
chepy B Tpollecce IKCILTyaTallnN SHEPTeTHYECKUX yC-
TAHOBOK Ha TPEANPUATUIX HHEPTeTHIeCKON OTpac,
TPAHCTIOPTa, MPOJAYKTBI PACTUTEJNBHOCTH BJUSIOT Ha
paJinalnoHHbIA  Terioo6MeH B aTMocdepe, MOrOLy
U KJIUMaT 3eMJIM, BPeMeHHbIe TPEH/bl KOTOPBIX IIPO-
ABJSAIOTCS B Hacrtosiee BpeMmsi [1—6]. Mudbopmarsa
10 WHTPEJINEHTHOMY COCTaBY TIPOJYKTOB CrOPaHUS
SHEPTETHYECKUX TOIUINB HeoOXOAUMa [IJII PacueToB
PaauAIIOHHOTO TeTIooOMeHa B KaMepaxX CTrOpaHusd
IHEPTETHYECKUX U IHEPTOTEXHOJIOTUYECKUX YCTAHOBOK.

lenb mauHOi paGoThI — MCCIETOBAHUE MHIPEIN-
€HTHOTO COCTaBa Ta30BON W AUCIEPCHOIl dha3 MpoayK-
TOB CTOpPAHUS PACTUTETBHOCTH W 3HEPTeTHYECKUX TOTI-
quB. B 3amavyn wccaeoBaHUil BXOIWIIN:

1) pa3paGoTKa M3MepPHUTENTbHOTO0 KOMILIEKCA C MHO-
roXo/10Boii paGoueil KaMepoil BHYTPEHHETO U BHEITHETO
o6orpeBa, (OYHKIIMOHUPYIONIETO B ITHPOKOM CIIEKTPAJIh-
HoM auarasone 0,25—50 MKM;

2) u3MepeHne WHIPeJNEeHTHOTO COCTaBa Ta30Boii
$aspl TPOIYKTOB CTOPAHUST;

3) M3MEepeHNns ONTHYECKUX XapPaKTEPUCTHK aHTPO-
TIOTEHHBIX 30JIell, ANCIepCcHOIl (a3bl MPOAYKTOB CTO-
pPaHUA ¥ UX MHUKPOCTPYKTYPBI.
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mail.ru); fxa CanaBaroBHa CaduysummHa (yanasafiullina@
yandex.ru); U6parum Pycnanosuu J[logos (utisey@gmail.
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MN3mepuTebHbI KOMILICKC /IS
HccJie/[0OBaHuii HHIPEeIHEeHTHOTO COCTaBa
aHTPOIOTeHHbIX BHIOPOCOB B aTMOCchepy

Hamm 6bu1 paspaGoTaH CIIEKTpPATbHBII H3MepH-
TEJbHBIN KOMILJIEKC [IJIST MCCJIeJOBAHUI WHTPEINEeHTHO-
TO COCTaBa AHTPOIIOTEHHBIX BBIOPOCOB B aTMocdepy.

CriekTpoMeTpHuiecKasl aHaJuTHYecKas JabopaTo-
pusl mpencTaBisieT co6o0il MOAOTPEBHBIN CIEKTPOOTO-
MeTpHYecKHil KOMILTEKC, WCIOJb3YIOIUil B KauecTBe
pa6oueil KaMepbl MHOTOXO/IOBYIO Pabodyio KaMepy
(MXK) ¢ BayTpeHHUM U BHemHuM o6orpeBoM. CucreMa
oborpeBa MO3BOJISIET M3MEHSTh TeMIeparypy paboueit
cpennl B auamazone 300—900 K, a BakyyMHUpoBaHHbIe
MOHOXPOMATOP U OCBETUTETb 00eCTIeYNBAIOT Pelpe3eHTa-
THBHOCTD BBITIOJTHEHUST AHAJTIN30B KAayeCTBEHHOTO W KO-
JIMYeCTBEHHOTO COCTaBa TPOJYKTOB CTOPaHUs OTOOpaH-
HBIX Tpo6. Heo6xoamMocTh pa3pabOTKN MOIOTPEBHOIM
paboueil KaMepbl BO3HUKJIA BCJEACTBHE IMOTPEGHOCTH
U3MepeHusT MHOTOKOMIIOHEHTHOTO COCTaBa IMPOJYKTOB
CTOpaHusl, BKJIIOYAIOIINX JIETy4ne W HeJleTy4ynue B 0ObIU-
HBIX aTMOC(EpPHBIX YCJIOBHUIX KOMIIOHEHTBI C TeMIlepa-
TypaMu KoHJeHcannu B amamaszoHe oT 30 go 150 °C,
a Taxyke 30JIbHYI0 (hpakiiio AuctiepcHoit ¢aspl. B o6brd-
HBIX aTMOC(EepHBIX VCIOBUSAX MHOTHE KOMIIOHEHTbI
OKa3bIBAIOTCS 3aXBAaYeHHBIMU 30JIbHBIMH  YaCTUI[AMU
WM PACTBOPSIIOTCS B KAIISIX BOJbI, MO3TOMY Pe3YJIb-
TaTbl U3MEPEeHNil ¢ TpUMeHeHNeM U3BEeCTHBIX TeXHOJIO-
THIl CTAaHOBATCS HepeNpe3eHTAaTHBHBIMI W He OTpaska-
0T PeaJibHOTO WHTPEJANEHTHOTO COCTaBa MPOAYKTOB
CTOpaHus.
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[Tpnvenenne pabodeii KaMepbl ¢ MHOTOXO/OBOIT
OIITIYEeCKO! cXeMoli 1M03BOJIgeT U3MEHATD JJINHY ONTH-
yeckoro myTH (4yBCTBUTEJNBHOCTb U3MEPEHHH) B IPO-
1ecce BbITIOJIHEHMST u3Mepenuii. Ilpu Heo6xommMocTn
NaTIa30H [aBJeHWNl B pabodueil kamepe MOKeT OBITDH
pacuimpeH 3a cyeT pas36aBieHNs TPOOBI NHEPTHHIM
OTITIYECKN HEaKTHBHBIM Ta3oM. BbIcokoe CIeKTpasb-
HOe paspellleHUe II03BOJIAeT HAeHTU(UINPOBATL KOM-
MIOHEHTBI TIPOJYKTOB CTOPaHUsl 10 TOHKOI CTPYKType
CIEKTPOB MoTJIoleHus. [Ipyu ucrosb30BaHIN BHEITHETO
o6orpeBa BHyTpeHH:a Tosoctb MXK HarpeBaeTcs 10
temnepatypsl 120—150 °C, a BHyTpeHHUI aJieKTpHUde-
CKHit 060TpeB MO3BOJIAET TTOBBICUTH TEMIEPaTypy ra3oB
no 800 K. BuyTpeHHsAS TI€4b CMOHTHPOBAHA MEXKIY
3epKajJaMi ONTHYECKOil ckaMbl YaiiTa B IIMJINH/pHYe-
CKOM TeIJION30JISIIIMOHHOM KOXKyXe KIOBETbI, M3TOTOB-
JIEHHOM W3 acOoIleMeHTa, MPOKAJEHHOTO IPU TeMIlepa-
type T = 1000 K. Ha Topmax mneunm pacroyoKeHbI
oTpakafonmiie auacdparMpl. Temmeparypa BIOJb ONTH-
YeCcKOro MyTH Jyda pajualliil KOHTPOJUPYETCS IIATHIO
TepMonapamMu ¢ mnorpeiHoctbio +3 °C. Ilocne ycra-
HOBJIEHHSI DAaBHOBecHs Ilepelaji TeMIepaTrypbl Ha TOp-
11axX Ieyd II0 OTHOIIEHUIO K ee 1IeHTPAJIbHON 4acTu IIpU
T = 300 °C cocraBager ~20 °C. KoHCTpyKIusg 3JeK-
TpUYeCKOll TeYN W MHOTOXO/IOBOI KIOBETBI TaKOBa, UTO
npu gapienusax P < (0,1 MIla u Temmneparype ra3oBoii
cvmecu T <800 K Ttemmeparypa OKOH KIOBETBI OJIHM3Ka
K KOMHATHOIi, a TeMIepaTypbl KOpPIIyca He IIPeBOCXO-
mar 80 °C. Kopmyc KioBeTbI TIpeCTaBseT coboit
c6opHYI0 KOHCTPYKITMo. Bce Merasimdeckne Y376l
BBITIOTHEHDBI 13 Hep:KaBelollell CTaal U COeINHSA0TCI
C TIOMOIIBIO TePMETHYHBIX YIIJIOTHEHUH, M3TOTOBJIEHHBIX
13 BBICOKOTEMIIEPATYPHBIX PE3NHOBBIX IJIACTHH.

CreneHb HarpeBa cpebl PETyIHPYeTcs BeJMYNHOMN
HAIpPsDKEHNs, MOJBEJeHHOTO K 3JIEKTPOIeYH OT aBTO-
tpancdopmaropa tTuna AOMH-40-220. Otkauka Mozy-
Jielt M3MepHUTeTHbHOTO KOMILTEKCA W 3alyCK HCcJerye-
MOI cpefbl OCYIIECTBISIOTCS BaKyyMHO-J03UPYTOIIeit
CHCTeMOii, KoTopas COeJMHSeTCS C KIOBETOH C TTOMO-
ITHIO TOIOTPEBHBIX TPYOOIPOBOJOB U3 Hep KaBelolleil
crasi. BimsHme OTHOCHTENBHON BJIAKHOCTH [ Ha ONTH-
YecKhe XapaKTePHCTUKH aHTPOIOTeHHbIX 3o0Jieil B MXK
UCCJIelyeTcsl ¢ TIOMOIIBIO TaporeHepaTopa JAUCTHJLIH-
POBaHHOI BOJBI €CTECTBEHHOTO W30TOITHOTO COCTaBa.

[lepen BBeaennem mpo6ner B MXK mpo6ozabopHi-
xu moporpeBaforcsa g0 T = 150 °C. Ilpo6a BBoanTCA
B IIpeJBapHTeIbHO HATpPeTylo U BaKyyMHPOBAHHYIO
paGouyio Kamepy; [ omlpelessieTcss O TeMIeparype
U TIapIUaJIbHOMY JaBJIeHUI0 mapoB Boabl B MXK.

Onrnyeckass cXeMa YCTaHOBKH TIIpe/ICTaBleHa Ha
puc. 1. Ocserutesns I u monoxpomarop III ¢ nmpuem-
HOIt kKamepoil IV MoJepHU3NPOBAHHOTO CIIEKTPOMETpa
MNKC-31 pasnecenbl OTHOCUTEJbHO APYT Apyra. Waimy-
YyeHue, MOJYJUpPOBaHHOe ¢ yacTtoToit 12,5 I't, mpoxo-
IuT dYepe3 HarpeBaemyio kioery Il u dokycupyercs
3epkaramu 10 m /1 B TuIockocTH BXOAHOI e 23
MOHOXpOMAaTopa, KoTopag HaxoanTca B dokyce cde-
puyeckoro sepkasia 15 (I). 3epramamu 13 u 15 (1)
u3JIydeHIle HAIpaBJgeTcsd Ha JUMPAKIIOHHYIO pelleT-
Ky 14. Ilocne audpakiunu Iy4oK HapasJIeJbHBIX JIy-
veii cobupaerca cepudeckum sepkasom 715 (I1) u Ha-
TIpaBJIsIeTcsT TMOBOPOTHBIM 3epKajoM {6 B TNPHEMHYIO
xamepy IV m pamee 3epkasoM /8 — Ha TpHEMHYIO
IJIOMAAKY TpHeMHUKa 20 B MoTyJje TPHEMHUKOB M3-
aydenns V. Jl1g cpesaHHUS CIIEKTPOB HAJIATAIOMIUXCH
MOPSIIKOB AU(PAKINOHHON PEIIeTKU TOCje BBIXOIHOM

_\1\;

L

Puc. 1. Ontudeckast cxeMa CIIEKTPOMETPUUECKOH yeraHoBKH: [ — ocBeruTesb: /| — cMeHHBIH mcTouHuK m3aydenus (ramma DDC-30

s Y- v BUIMMOrO JIMANa30HOB CIIEKTpa WK robap), 2—5 — 3epkaja onTuueckoil mpucraBku, 8—71 — 3epKaja ONTHUECKOIT

npucraBku s cornacoBanns MXK ¢ ocerurenem; 12, 19 — 3ammtHble OKHa MofyJeil kKamepbl crekrpomerpa MKC-31; 11 —

MXK: 6, 7 — nepezanee u 3aauue cepruueckue 3epkaja ONTHYECKON ckaMbu Yaiita, 21 — tepMomnapbl, 22 — OKyJIIp 11 HabJIIo-

JIeHUs urcsia mpoxojoB uanyuenus; [11 — monoxpomarop: 13, 15 (1), 15 (I1), 16 — sepkana, 14 — nudpakilioHHAs pelleTka,

23 — BxomHag menb; [V — npueMHas Kamepa: /7 — cMeHHble oTpe3aoliie GuibTpsl, 18 — 3epkano; V — MOIyJb MPUEMHIKOB
nusnyuenns: 20 — npueMHas IJIOMIAIKA
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IIeJ MOHOXPOMATOPA YCTAHOBJEH OJIOK CMEHHBIX OT-
pesaomux cBetoduibTpos 7. IlpuMensiercss rpadude-
ckasg dopMa PerucTpanui CIeKTPoB ocaabIeHns M3y -
yenng. CnekTpajbHas 06J7acTb paGoThI CIIEKTpOMeTpa
MKC-31 6buta pacimupeHa 3a cUeT JOTOJTHUTETHHOMN
KOMILIEKTAIINH JAU(PAKINOHHBIMU DEIIeTKAMI, CMeH-
HBIMH TIpUEMHUKAMU U3JIyYeHUs, OTPe3aloNuMu 1 TI0-
JIOCOBBIMI  CBETO(MIbTPaMH, 00eCIedynBAIONIIMI  €T0
(QYHKITMOHNPOBaHNE B CIEKTpaJbHOM anamnasone 0,25—
50 MKM ¢ TIpefieJioM CHEeKTPAJIbHOTO pa3pelieHnss Av =
=0,2 cm !, JHHA ONTHYECKOTO nytn B MXK Moxer
COCTaBJIATH 2; 4; 6; ...; 30 M.

AnamTndeckasg JabopaTopus Oblia HCIBITaHA
TIpH M3MEPEeHMAX COCTaBa MPOAYKTOB CTOPAHUS aBTO-
MOGHUJIBHOTO TOTLJINBA, COCHOBOTO Opyca B MOJETHHBIX
OTHEBBIX MWCIBITAHUAX B KaMmepax cropaHus [7—10],
¢parmenta 3ganus cucrteMmbl [IJIACTBAY [9]. B mo-
ce[THEM cJlyyae WM3MepeHUs BBINOJIHAINCD B TedeHUe
BCero IMoxkapa IpH MOTHOM KOHTpOJIE TeMIepaTypHOTro
HOJI B TOYKAX 0T60pa Npob U B OKPECTHOCTSX OIHEBO-
TO JKcIepuMeHTa. MOHUTOPUHT WHTPEIUEHTHOTO CO-
CTaBa TPOAYKTOB CTOPAHMUS OCYIIECTBIAICS MeTOJ0M
TOHKOCTPYKTYPHOI CHEKTPOMETPUHN C MOMEHTa 3aropa-
HOS [0 KOHIIa TMoKapa. Ha ocHOBe MaHHBIX CIIEKTPO-
MeTPHYECKIX U3MepeHuil oOHApy’KeHbl U uAeHTHhU-
IIUPOBaHbl 34 ONTHYECKU AaKTUBHBIX WHIPEIUEHTa,
GOJIBIITYI0 4acTh KOTOPBIX COCTABJISIIOT JIeTydne W Ts-
JKeJTble cTaboseTydre YIIeBOI0OPOIbI.

Ha pme. 2. mokaszaH TIpuMep 3aliCH  CIIEKTPO-
TpaMMBI J, ociabieHns M3Iy4eHHS IPOIYKTAMH CTO-
paHUSA COCHOBOTO Gpyca TpU TOPEHHH B CBOGOIHOI
arMocdepe (kpuBag /) B CHEKTPAJbHOM JHalla3oHe
3,9—5,5 MrM. /L1 mosyueHNs CHeKTpaabHON (byHKINT
ocnabieHus M3JIy4YeHUsT 3amicbiBaeTcss 6a3oBasi JIMHUS
ocserutesst (kpuBasg 2) npu BakyymupoBanHoit MXK
n 6a3oBas JIMHUS [JIs pacyeTa CIeKTpa IIOTJIONIEHIS
U3JIydeHns Tra3oBoii ¢aszoil otoGpanHOil Tpo6br (Kpu-
Bas 3).

CruekrpasibHast (DYHKIHS OCTA0IE€HUS U3JTydeHIsT
301eM  Tys = J3y/ Joy, (YHKIUSA CIEKTPAIBHOTO TIPO-
MyCKaHUs ra3oBoil ¢assl 1, = Ji,/ J3,.

[Mompo6Hublit awanmu3 pe3yJbTaTOB WCCJeIOBAHUI
UHTPEeINEeHTHOTO COCTaBa Ta30BOW (pa3bl TMPOIAYKTOB
cropanus BeimoJHed B [8—10].

OnTtuyeckue xapakTepUCTHKHU
AHTPONOTEHHBIX 30.JieH

Wccrnegyem onTudeckne XapaKTePUCTHKHM [HC-
mepcHoil (as3bl aHTPOMOTEHHBIX aTMOC(EPHBIX BBIGPO-
coB. CrmekTpangbHag 3aBUCHMOCTb KO3 UINEHTOB
ocabsieHnsT U3JIydeHnst JucnepcHoil (asoit mpogyKToB
CTOpaHNUSA MO3BOJIAET pasJesuThb 3Ty a3y Ha Gpakiun
B COOTBETCTBUH C MeXaHU3MaMHU WX TeHepaIliu: 30JIb
MUIHEPATHHOIl COCTABJIAIONIENl YacTHI[ TOIUINBA; (pak-
nns, obpa3oBaHHAas B pe3yJbTaTe JOTAHUS ILJIEHOK
TIpU JIeTa3alliyl TOPSIINX YacTHIl TOTINBA; (DPaKInsd,
reHepHupyeMas B XO/ie MOHHOI HyKJealln! YacTHUIl ca-
K1 13 Ta30BOH (pa3bl MPOAYKTOB CTOPAHUA.

Teopernueckne Mojea ¥ 3IKCHEPUMEHTAIbHbIE
pe3yJIbTaThl TPOIECCOB 06pPa30BaHUS U BBITOPAHUS
CaXW TIPU TOPEHNN YTJIeBOJOPOTHBIX TOILTHB aHAIN3M-
pyiotcs B pabotax [11—13].

BoInosiHeHHbIe HaMU 9KCIIePIMEHTATbHbIE HCCTIe-
JIOBAaHUS TI0OKA3aJI, YTO TEeHEePUPYEMbBbIil B TOMOYHOM
MIPOCTPAHCTBE 30JIb THTPOCKONNYEH, YTO CBUETENbCT-
ByeT O TIPUCYTCTBHE B CAKEBBIX YACTUIAX PACTBOPHU-
MBIX KOMIIOHEHTOB, COCTABJSIOMNX [T Pa3THYHBIX
torme oT 10 g0 20% MaccoBOTO COAep:KaHUS CaKi
B vactniax. MunuManbHoe 3Hauenne (10%) mMaccosoii
KOHIIEHTPAIINH PACTBOPUMBIX KOMIIOHEHTOB OTBeYaeT
CaKeBOMY 30JTI0 HPH CKUTAHUH Ta30BOTO TOILIHBA,
MakcnMaibHoe (20%) — caskeBOMY 30110 TIPH CXKHTa-
HUW JpeBecWHBbI. lI3MepeHHS IIOTHOCTH p Ca’KeBOTO
30J1 TOKA3aJi, YTO OHAa 3aBHCHT OT peKMMa TOpeHWS
u u3MeHdeTca B TIpefesax 3HadeHuit or 1,9 1o
2.4 r/ceM [14].

1 1 |

| |
5,504 5,344 5,184 5,023 4,864 4,704

4,544 4,384

|
4,224 4,064 3,904 %, MM

Puc. 2. CrekrporpaMma ocjaGieHUs U3JTydeHHsl IPOAYKTaMU CTOPaHUS COCHOBOTO Gpyca TP TOPEHUH B CBOGOAHOI aTtMocdepe
(kpuBast 1) B cHmeKTpaJbHOM jananasoHe 3,9—5,5 MkM; GaszoBas JuHUS ocjabienust usiydenns (kpusas 2); GaszoBas JHMHUS
norJomenns u3ayuenns (kpusas 3)
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B cooTBeTcTBUM € yKa3aHHBIM COCTABOM YaCTHUI]
30J11 OBLIN BBIYUCTIEHBI ONTHYECKHE XapPaKTEePUCTUKI
MOJIEJIbHBIX MHUKPOCTPYKTYP YACTHI[ CaKU, UMEMIINX
chepudeckyio dhopmy, g MOANMDUITMPOBAHHBIX TaMMa-
pactipezieJieHuil ¢ MOJAJbHBIMU PAIUyCaMU YACTHUI[ OT
1,6 - 107 10 2,25 MKM.

MuUKpOCTPYKTYypa aHTPONOT€HHBIX
30J€eil

Jlna  ompenenenns MWUKPOCTPYKTYPBHI Ca’KeBOTO
30/ U3 JAHHBIX CIIEKTPAJIbHBIX OITHYECKUX U3Mepe-
HUH HUCIOJb30BaTach 3JIeKTPOHHAS 6a3a JaHHBIX ONTH-
YECKUX XapPaKTePUCTHK CAKEBOTO 30, MOJydeHHas
¢ TpUMeHeHNeM CIEeKTPaJbHBbIX 3HAaUYeHHH IoKa3aTess
TpeJIOMJIEHNST U TIoTJIoTeHus caxnm [15].

MukpocTpyKkTypa aTMocgepHbIX BBIOPOCOB aH-
TPOTIOTEHHOTO CaKeBOTO 30JI 3aBUCHT OT MHOTHX (Dak-
TOPOB: 3JIEMEHTHOTO COCTaBa TOTINBA, BpPEMEHH IIpe-
O6BIBaHNS TPOAYKTOB CrOpaHWd B IUIaMeHHOW 30He,
9JIEKTPIUECKUX CBOIICTB TPOAYKTOB CTOPAHUA, KOTO-
pble OIpeNeNSiOT CKOPOCTh KOATYJISINH U arjioMepa-
NN TIEPBUYHOTO Ca’KE€BOTO 30Ji1. MeXaHU3Mbl 06pa3o-
BaHHUsI CayKeBOTO 30Jis MCCJIeOBAINCh Ha ILJIAMEHHBIX
N3MEpPUTETHHBIX KOMILIEKCaX, PaboTaloMNX B pesKIMax
CHEKTPOMETPUN U CIEKTPOPAJIUOMETPHH, OMNCAHHBIX
B [7]. TomoreHHas KoaryJsnus 4acTHUI[ 30751 OTUCHIBA-
€TCS TPOCTBIM COOTHOIIIEHIEM

(1

13
r/r = {1+;kn0 1n(1+at)} ’

o

re ¥y — HaYaJbHBIH pagumyc dactuil; B — koapduim-
eHT GPOYHOBCKOW KOATYJAINN; 7y — YHCJO YaCTHUI]
B euHuIe 00beMa; o ' — BpeMs, B TeueHle KOTOPOTO
pajinyc 4acTuIl yBeJHINBaeTcss B 2 pasa.

/L7151 reTeporeHHOil MHOTOKOMIIOHEHTHOM! Koary.Jisi-
UM YacTUIl pacrpe/esenne uucia dactun f[r(t)] omn-

peaesidaeTrca COOTHOEeHueM

fIr®1 1, el
7](0(7) = Z 1+2k7n011n{ai }

1/3

1 12, |1+ ajt
z 1+ =k (19; In{——#=41 | 2
i izk ’ 2 lk(no nOk) ! Qg )

re fo(r):Zni, n; — YHCJIO YACTHUI[ PAJUYCOM 7;
i

B equnuile o6beMa, i — HoMep (pakimu; k; — Koad-
¢ureHT 6GPOYHOBCKON KOATYJIAIMH [T 1-TO KOMIIO-
HeHTa; Rj — KoaduimeHT 6POYHOBCKOTO B3anMO/Ieii-
CTBHSI YaCTHUIl Pa3HbIX (pakimit i, k.

[Ipu BbinosaHeHun pacuetoB [[r()] BozMoXKHO

IIpuMeHeHne HTepaHHOHHOﬁ IIpoueaypbl C IIIaroM IIO
BpeMeHnun At. SKCHEPI/IMGHTBI IIOKa3bIBalOT, YTO Ha KoOa-
Ty/pInuio 9aCTull 30/ CUJIbHOE BJMAHUNE OKa3bIBalOT
JJIEKTPpUYECKUE CBOIiCTBA YaCTHIl.

HpI/I TOpeHnHn ra3oBOro TOILINBa Haé]IIOL[aETCH 60-
Jee TOHKO[[I/ICHepCHbIﬁ 30JIb C MOJAJbHBIM pPaJlnyCOM

7m = 0,003 MxM mpu cxxuranun Metana. C yBeqmueHN-
em orHomenus C/H MosieKyJ1 yrieBogopoa MoIaib-
HBITl painyc 7, 9acTUI] CA’KW BO3PACTaeT.

Omnpe/iesieHne MUKPOCTPYKTYPbl Ca’KeBOIO  30JIs
TpesicTaBJsgeT co6oii 06paTHYIO 3aJady W IS CBOETO
perrenns TpeGyeT anmpuopHOil WHQGOpPMAIUU TO OITH-
yecknM (palalliOHHBIM) XapaKTEPUCTHKAM CasKeBOTO
30JI1 Pa3IMYHBIX MUKPOCTPYKTYPHBIX 06pa3oBaHUil,
MePEKPHIBAIOIINX BCIO 06JACTD Bapualliil CIIEKTPasb-
HBIX 3aBUCHMOCTell Koadduimenta ocaabaeHuss U3JIy-
vyerust. OTOpHbBIE JIMHBI BOJH (KaHAJbl HU3MEPeHuUs )
BBIGUpAIOTCS B OKHAX IPO3PAYHOCTH Ta30Boil (asbl
[IPOJYKTOB CTOPaHMS € MMHUMAJbHBIMU 3HAUeHUSIMHU
BKJIQJIa TIOTJIOMIEHNS W3JyUYeHUsSI B PeTUCTPUPYeMble
CTEKTPBI OCJIA6JEeHUST M3IYyIeHNs U BKJIOYAIOT JIJTITHBI
BosH Y@-, Buaumoro u MK-amana3zoHoB crekTpa.
OnrnmMusanus penieHns: 3aJa4l BOCCTAHOBJIEHUS MUK-
POCTPYKTYPbI 30JI1 U3 CIIEKTPOB OCTAOTIEHUST U3JIyde-
HUS TIPOBOJUTCS U3 yCJIOBUS

ZM — min, (3)

i Sani
rie Ac,; — OTKJOHEHHEe B CIEKTPAJbHOU 3aBUCHMOCTH
koadduimenta ocnaabaeHnss BOCCTAHOBJIEHHOTO CIEK-
TPa G; OT M3MEPEHHOTO, I — HOMep KaHaJla N3MepeHHil.

B ra6amie mpeacTaBieHbl MO MIKPOCTPYKTY-
PBI Ca’KeBOTO 30JI51, KOTOPbIe MCIOJIb3YIOTCS 1T BOC-
CTAHOBJIEHUS PEATHbHBIX MUKPOCTPYKTYD IUCTIEPCHOI
da3pl TPOAYKTOB cropanud. /[JiT onTHMAaTBHOTO BBIGO-
pa HyJIeBOTO HPUOIMKEHUS [OMOJHUTETBHO CO3/IaeTCs
6a3a TaHHBIX HYJEBBIX MPUOIIKEHUIT, BBIOOP KOTOPHIX
omnpejensercs cootHomerneM (3).

ITapamerps! Mozeeii a, b, y, 7 MUKPOCTPYKTYPBI
caKeBOro 30Jis1 MOAUQUIHPOBAHHBIX FaMMa-pacipe/iereHuii
f(r) = Ar‘exp(—yr’)

Ne| a | b | Y | Tmy, MKM [ Ne | a | b | Y | Tm, MKM
1 50 0,5 1,6-10°|6 |15 6 12,510
2102 6 05 44-10°|7 (01 0,5 2 0,3

3] 1 9 0,5 49-102%|8 | 1 1 2 0,3
411 7,5 05 9-10% |9 3 6 0,5 1
502 12 7,5 89-10?%|10| 3 4 0,5 2,25

[Tportesypa ompeeieHiss MUKPOCTPYKTYPbI caske-
BOrO 30J CJeyionas. 3aJaeTcss MHKPOCTPYKTYypa
6a3bl JIaHHBIX HYJIEBBIX NPUOTIDKEHHI U raMMa-
pactpeziefeHuii u3 TAOJMIBI U 3HAYEHUH T) =
= 1(h = 0,55 MkM) = 1 TakuM 06pa3oM, 4TOGBI yYeCThb
MaKCHUMaJIbHBIH /Mala30H BO3MOKHBIX paciipejle/eHnit
MHUKPOCTPYKTYPBI YacCTHUI[ caxki. BbpiGupaercs HyseBoe
mpubJKenne, onpejessiores addeKkTHBHbIE cedeHHs
ocrabenusd WU3JIy9eHud [ BBIOPAHHBIX KaHAJIOB

‘Acaki ‘
(e BoJIH). BbBIYNCAAIOTCS  BeJINYUHBI 27
i Sani
B 3aBHCHMOCTH OT ONTHYECKOIl TOJIINHBI T; BBIOpAaHHOI
MEKpOCTPYKTYypbl N{(7) TabauIbI, 3aT€M OIIpe/e/IseTcs

‘Acaki‘ o
3HAYEHHE Ty, IS KOTOPOTO —4 = min. /[lamee

G
i ari

BBIYHCAAETC MUKPOCTPYKTypa N(7) 10 COOTHOUIEHHIO
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N(r) = No(r)(1 - ‘Cmm)'l’N1(7’)Tmin. (4)

[Monyuentomy suadenuio N(7) npucBanBaercss HyJeBoe
NpuOIMKeHne U TPOIefypa TMOBTOPSAETC I CJie-
ayiomell  BBIGOPKE MUKPOCTPYKTYPbI U3  TaGJIUIlBI.
[Iporeaypa omnpenesnernst N(r) saBepiiaercs: mociie moJ-
HOro nepe6opa MUKPOCTPYKTYP raMMa-pacrpeeeHuit
u3 Tabauibl. [TorpentHocTh BbIYUCIEHU ONTHYECKOH
IJIOTHOCTH At;/T; TIO BOCCTAHOBJIEHHBIM MHKPOCTPYK-
TypaM cocTaBJisieT 3+4%.

Ha pnc. 3 mpuBegeHbl (YHKINT pacmpeeseHis
YHCJIa YaCTHIL 10 pasMepaM f(7) s MeTaH-BO3/YIITHOTO,
[POTIAH-BO3/YIITHOTO, alleTHJIEeH-BO3/IyIIHOr0 TlIaMeHn
B BBIGPOCAX TPO/IyKTOB CrOpaHusi GEH3UHOBOTO JIBUTaTe-
JisL M B IPOJYKTaX CrOpaHusi cocHoBoro 6pyca. Hopmu-

poBka f(r) BBINOJHEHA TIO0 COOTHOIIEHUTO If(r)dr =1.

TopeHnne ra3oBOro TOIJINBA B ONTHMaJbHOM pesKIMe —
nuddysnonnoe, ¢ koadduImeHToM H30bITKA BO3IyXa
a = 1,03 oT MHOTOPSTHOTO TOPEJIOYHOTO ycTpolicTBa [7].
Bopicota nnamennoit 3oubr — 0,3 M, CKOpPOCTb TeyeHUT
IPOJYKTOB CropaHust B Kamepe — 15 M/c.

, [
10° [ pasis A
e ) —— B

fOY froee=a e
102 N *3
10 I.\\._
10-6 |
IU-H|||||||||||||||1|;|1||i|||||-‘l

So8SaSZeNe-NT® L

88833333°°

= o O

¥, MKM
a

10'r An _

3 |-

a g

L
DO e e e e

0,001
0,00
0,006

=

0,01
0,02
(
(
(

Puc. 3. dynkuua pacupegenenns f(r) yncia yacTHIl 10 pas-

MepaM sl MeTaH-BozaymHoro (A); nponaH-6yTaH-Bo3IyLIHO-

ro (B); auerunen-posaymuoro (C) miamenu (a): 1 — B BbI-

6pocax TIPOAYKTOB CropaHus GEH3WHOBOTO JABHTarens; 2 —
B MIPOAYKTaX CropaHus cocHOBoro Gpyca (6)

632 Mockanenko H.W., Xamuayiina

ITo monyyerHBIM QYHKINUAM pacrpeaeseHns Jic-
Jla YACTHI[ MO pPa3MepaM BBIOJHEHBI pacueTbl Koa(d-
(UIMEHTOB TOIJIONIEHUS], pPacCesTHIsI W WHIMKATPUC
paccesHus B JHalia30He OTHOCHTEJHHON BJIasKHON cpe-
aet [ e {0; 1} B ciekrpasbHoM auarnaszone 0,2—50 MKM,
7 OHW BKJIIOYEHBI B 3JEKTPOHHYIO 6a3y JaHHBIX [14].
[Tosyvyennbple TaHHble MOTYT OBITh WCIOJH30BAHBI I
OIIEHKHN M3MEeHYNBOCTH ONTUYeCKOl 1moro/pl [16] B mpo-
MBIIIJIEHHO Pa3BUTBIX pernoHax.

Kpome casxkeBoro 30151, ObLIN 9KCIEPUMEHTATBHO
uccyeloBaHbl K03(pDUIueHTsl ocaabaeHns N3TydeHns
ac6ecToBOTO 30JIs1, KOTOPBIII 06pa3yeTcsd B pe3yJbTaTe
pas3okeHnss acOGOIEeMEHTHBIX CTpOMaTepuaoB TIpH
temriepatypax I > 500 °C. Pe3ynbTaTbl Ipe/CcTaBIeHbBI
Ha pHc. 4, U3 KOTOPOTO CJEAyeT, 4YTo acOGecTOBBIi
30Jb, 00pa3yoUIMiicss B pe3yJbTaTe IIPOKAJIMBAHUIS
acOOIEeMEHTHBIX TINT, — TOHKOJUCIIEPCHBIH W CHJIBHO
TUTPOCKONINYHBIN, a €ro ONTHYecKas IJIOTHOCTH BO3-
pactaer ¢ yBeJIWYeHWEM OTHOCHUTEJILHOW BJIAKHOCTH.
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Puc. 4. HopMupoBaHHbBIii crieKTpajibHbIil KoauripeHT ocnabd-

JIEHUS G), ac6ecTOBOTO 30JI51 [I7ISI PA3NYHBIX 3HAUEHUH OTHO-

CHUTeJbHOI BJaKHOCTU [ BO3[yXa; Ha Bpe3Ke — KPUBAs POCTa
OINTUYECKON IIJIOTHOCTU I Ay = 0,55 MKM

[losnyyeHHDBIE ONTHYECKHWE XapaKTePHCTHKH acle-
CTOBOTO 30Jis1 ObLIM TIPUMEHEHBI TIPU MO/IEIUPOBAHUT
BO3MOJKHBIX KJINMATHIECKUX MOCJECTBUII MOCTSIIEPHDBIX
KOH(JIUKTOB [17]. MuKpocTpyKTypa ac6ecToBOTO 3015
OTChIBaeTCs KoMOMHalmeit raMmma-pacipe/esennit Ne 2
7 3 YHcJa YacTHIl Mo pazMepaM U3 TabJIUIIb.

3akouenue

Paspa6oTaH M3MepHUTEJbHBIHl KOMILIEKC C II0JOT-
peBHoil MXK 1714 uccienoBanuil crieKTpaabHbIX OITHU-
YeCKUX XapaKTepUCTUK aHTPOIOTEHHBIX aTMOC(hepHBIX
BBI6POCOB, (YHKUNOHUPYIOMUI B CHEKTPAJbHON 06-
mactu 0,25—50 MKM ¥ MMeOINil MOJTHOE MeTPOJIoTHYe-
ckoe obeclleueHNe Kak aHAJUTHYecKas JTabopaTopus
JUTS OIIpe/iesIeHIsT NHIPEJANEHTHOTO COCTaBa MPOLyKTOB
cropanns. KoMmiekc MCHBITaH TIPH M3MepeHHSIX MHO-
TOKOMIIOHEHTHOTO COCTaBa HPOAYKTOB CTOPAHUSA aBTO-

M.C., Cadpuysmua 5.C., Joaos U.P.



MOOMTHHOTO TOILTBA, MOJEJbHBIX OTHEBBIX WCIIBITA-
HUIX B KaMepax CTOPaHUs, B HATYPHBIX OTHEBBIX HUC-
npiTanugx ¢parmenta s3ganusg cucrembl [IJTACTBAY.
BoimosiHeHbl  M3MepeHHsI CHEKTPOB  OcCJabJIeHIs
U3JIydeHHs] IPOAYKTAMM CrOpaHHUsl U  ollpejiesieHbl
CHEKTPBI OcJabIeHns W3IyUeHNsa WX JuclepcHoil da-
3bl. [loJrydueHHBIE CBeIeHUS MO CIIEKTPATBHBIM 3aBUCH-
MOCTsIM KO3 (MUIMEHTOB OCTa0IeHNsT M3JAYIEHUsT UC-
MI0JIb30BAHBI  [IJII  BOCCTAHOBJIEHUSI MUKDPOCTPYKTYPbI
Ca)KeBOTO 30J51 B IPOJAYKTAaX CropaHusi MeTaH-
BO3/YIIHOTO, MPOMaH-OyTaH-BO3YNTHOTO, alleTHJIeH-
BO3/IyITHOTO TIIaMeHW, B BBIOPOCAX TIPOAYKTOB Cropa-
Husg 6eH3WHOBOTO JBUTATENSI W B MPOAYKTAX CTOPAHUS
cocHOBOTO Opyca. BbisgBlIeHO Haindume pacTBOPUMOIL
¢pakiy B caxkeBOM 30Jie MPOJYKTOB CTOPAaHU, CO-
crapistonieil ~10% IIpu cropaHu Ta30BOrO TOILIMBA
u ~20% TpH CXKUTAHUU JPEBECHHBI B CBOOOIHON aTMO-
cepe. MUKpPOCTPYKTypa ca’keBOTO 307 aTMocdep-
HBIX BBIOPOCOB TPOIYKTOB CTOPAHUS CUJIBHO 3aBUCHUT
OT BpeMeHH MNpeObIBaHUsI YACTUI[ TEPBUYHOTO 30JIsI
B IJIAMEHHOH 30He, a MaccoBasg KOHIIEHTpAIUsS CasKU
B arMochepHBIX BBIGPOCAX BO3PACTAET C POCTOM 3Jie-
MeHTHOTO coctaBa C/H opranudeckoro TOTLJINBA.
BblnosiHeHbl  9KcIlepUMeHTaIbHble HCCJIeI0BAHUS
K03 GUIMEHTOB 0ocTabIeHNsT U3Ty49eHUsT ac6ecTOBOTO
307151, KOTOPBIN o6pasyeTcd B pe3ysabTaTe PasioKeHHUS
ac6ecTOleMEeHTHBIX CTPOiMaTepUaJioB TPU TeMIepary-
pax T > 500 °C. BroisgBieno, 4To ac6ecToBBIN 30Jb
SBJIIETCST TOHKOMCIIEPCHBIM, a €T0 ONTHYecKas ILJIOT-
HOCTb BO3pacTaeT ¢ YBeJUYeHHEM OTHOCHUTEJbHOI
BiakHocTU. OTpe/ieieHa 3aBUCUMOCTb KPHUBOI pocTa
ONITNYECKO IVIOTHOCTH OT OTHOCUTEJIbHOI BJIAKHOCTH.
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N.I. Moskalenko, M.S. Khamidullina, Ya.S. Safiullina, I.R. Dodov. Study of spectral optical charac-

teristics and microstructure of anthropogenic sols.

A new complex for spectrometric measurements of atmospheric anthropogenic emissions is presented,
which has been designed and is used for the study of optical characteristics of anthropogenic sols. The derived
spectral dependences of effective absorption, scattering, radiation attenuation cross sections are used to retrieve
the microstructure of anthropogenic sols and to detect the influence of the relative humidity of the radiation
propagation medium on the optical characteristics of its dispersed phase. Atmospheric emissions of combustion
products of wood, power enterprises, air carriers, and products of thermal decomposition of asbestos-cement

plates during their calcination are analyzed.
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