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3pobieHo KOpOTKuUil oOruisy pesyibrariB  gociijpkenb 1uiaHerapuux rymannocreir  (IIT).
[IpoananizoBaHO MiarHOCTUYHI METOAW BU3HAYEHHS BMICTY BaKKWX €JEMEHTIB 33 JOMOMOTOI0
JO3BOJIEHHX Ta 3abopoHeHux JiHifi. Po3rmsHyro Mmeroan (HOTOIOHI3AIIMHONO MOIETIOBAHHST
ceirinaga (PMC) IIT y pizaux reomerpisx. OmUCaHO PE3YJIbTATH OCTAHHIX JOC/IIKEHb METOI0M
omrruMizoBaHOro MozemioBanud cBitinaa IIT, ocHoBaHOro Ha BiATBOPEHHI CIIOCTEPEXKYBAHOTO
CIeKTPY TyMaHHOCTI (HOTOIOHI3AIIHOI0 MOIELITIO.

BCTVYII

Ha neGecHiit cdepi Guibiricts mianerapuux rymannocreil (IIT) MaoTh BUDIs IIaHeTapHUX JUCKiB. Ilepimoio
Oyna Binkpura Tymannicts anrens B cy3ip’i JIucuuku, kosu [lapas Mecc’e, koTpuii 3aiiMaBCs MOITYKOM KOMET,
CKJIaJaB KaTaJjor TyManHocTeii. B 1764 pori Bin 3anic i1 B KaraJsor mix Homepom M 27. Y 1784 p. Bimbam [eprmesns
[pU CKJIAJAHH] CBOIO KATAJIOry BUALIUB IX B OKpemuii kiac Tymanuocreii (class IV nebulae) [21] i 3aupononysas
JJIS. HUX TepMiH «IJIaHETApHA TYMAaHHICTH» depe3 IXHI0O BUAUMY CXOXKICTH 3 JUCKOM Y paHy.

Haiibinbin BaxKauBuMuy 11 Bu3HadeHHs iswaanx xapakrepuctuk [IT € cmekTpanabHi crocTeperkeHHs X
o6’ekriB. Ilepmmii cnekrpanbuuii ananiz IIT 6ye 3xificrennii Tarrincom Ta Mimmepom [22]. Bonn orpumann
cnekrpu rymannocreit NGC 6543, M 27, M 57 ta psay iamnmx. BusgBuiaocs, mo ix CIeKTp CyTTEBO BiIpi3HAETHCS
Bif crekTpiB 3ipoK: BCi OTpwMaHi Ha TOM YaC CIHEKTPHU 3ipOK Oy/Iu CIEKTPAMU MOTIMHAHHS, TOJl K CIEKTPHU
IIT BusaBumuca emicifinnmu, MO BKAa3yBaJIO HA Te, MO 1X HPUPOIA CYTTEBO BIAPI3HIAETHCA BiJ MPUPOIN 3iPOK.
larrinc ta Mijgjgep mopiBHAHHAM 3 €TAJOHHUMHK CIEKTpaMu igeHTudIKyBaau JiHIl a30Ty i BOIHIO, MPOTE
Halisgckpasima 3 Jiniit 3 gosxkuuoo xBuiai 500.7 HM He crmocTepirajgacsd B CHEKTPaX BIIOMHX TOAL XiMiMHHX
eJIeMeHTiB. Bysi0 BUCYHYTO TpUWMIYIEHHd, IO g JIiHisg, BiAMOBiIaE HEBITOMOMY €JIEeMEHTY. ﬁOMy 3a3/1aJIeri b
Jau Ha3By HEOy/Tii — IO aHaJoril 3 i7e€ro, Mo MpHWBEIa [0 BiAKPUTTS Telifo MpH CIEKTPAJTHLHOMY aHai3i
Comnna B 1868 pomi. [Ipumyiienss npo BiZKpuTTsi HOBOTO eeMeHTy HeOystist He miarsepauiocs. Ha mouarky
XX cromirtsa l'enpi Peccenn Bucynys rimoresy mpo te, mio minisg #a 500.7 HM BiAOBiIaE HE HOBOMY €JIEMEHTY, a
CTapoMy eJleMeHTy y HeBimoMux ymoBax. ¥ 20-x porax XX cTomiTTs Oy/I0 MOKA3aHO, IO B IyKe PO3PIIKEHUX
ra3ax aroMH i 10HM MOXKYThb IEPEXOANTH B 30yI:KeHi MeracTabiIbHI CTaHW, sKi MPW BHUIMiH TYCTHHI depe3
3ITKHEHHsSI YaCTHUHOK HE MOXKYTb JOCTATHBHO MOBro icHyBaru. ¥ 1927 p. Boyen inentndikysasn miniio HeOymis
500.7 HM gK TaKy, 0 BUHUKAE TP IEPeXo/i 3 MeracTabijbHOIrO CTaHy B OCHOBHHII ABidi 10HI30BaHOTO aroma
kucro (OIIT) [11]. CrekrpaspHi JiHil TaKOro THITY, IO CIOCTEPIralOThCA TLIBKW NMPHU HAJ3BUYANHO HU3bKIH
KOHIIEHTPAIIl YaCTHHOK CEpeIOBHINA, HA3WBAIOTH 3a00POHEHMMH JIHIAMHA. TakKWM YHHOM, CIEKTPOCKOITIYHI
CIOCTEPEeKeHHS TAJId MOXKJIMBICTD OIIHATH BEPXHIO MEXKY I'yCTHHU raly Tymannocreii. Pazom 3 tum, cuekrpu
IIT, orpuMmani Ha MITUHHUX CIEKTPOMETPAX, MOKA3aJu PO3IIEIJIEHHS JIiHill BHACTIIOK JOMIEPiBCHKUX 3CYBiB
BUIIPOMIHIOBAHHsT 0OOJIACTEH TYMaHHOCTI, IO PYyXalOTbCsa 3 PI3HUMH MIBHAKOCTAMHU. lle TO3BONIO OIiHUTH
mBuakocti posmupents [IT (2040 km/c).

B npomy orsisiai meTasbHO PO3TIIAIA0THCS AiarHOCTUYHI METOIN CIIEKTPAIbLHUX JOCTiIKEeHDb uX 00’€KTiB 3a
JIOTIOMOT010 3a00POHEHUX T4, TO3BOJICHUX JIiHIH. AHaII3yeThCst TpobieMa po36iKHOCTI PE3YIbTaTIB BUKOPUCTAHHS
IUX [BOX KJIACIB eMicifinux croekTpajbaux JiHifl. Takoxk meranbHO ommcaHo MeTon (pOoTOioHI3aIiTHOTO
mozemosants citinag (®MC) IIT. OcobauBy yBary npuaijeHo poJii reoMeTpii, pO3IJIAHYBIIM IX y CBITI 9acy
PO3pPaxyHKY, 3 OZHOro OOKY, Ta aJeKBATHOCTI MOJEJi CHOCTEPeKyBaHUM JTAHUM — 3 1HIIOr0. Po3risanyTo MeTo
orrrumizoBanoro ®MC (O®MC) IIT, akuii 6asyerbesa Ha y3romkenni pesyabraris ®MC i3 cnocrepe:kyBaHuMY,
B OCHOBHOMY, /IAaHUMHU.

Onucano HANHOBINI METONM BU3HAYEHHS PO3IO/ILIY €Hepril B CIeKTpi BUMPOMIHIOBAHHS 10HI3yIOUMX smep
IIT 3a A < 912 A. PosranyTi ax emmipuanmii (Meros NLE), Tak i Teopernani (Mogeni 3opauux armocdep ta
O®MC) meromu.

JleTtaabHO PO3TISAHYTI TAKOXK HAMCYdYaCHIII METOMU BU3HAYEHHS BMicTy Ximiduamx emeMentis B IIT, a rakox
0TO BUKOPUCTAHHSA y 33/a9i BU3HAYEHHS BMICTY MEPBUHHOIO T'eJIiIO.
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JOIATHOCTUKA CIIEKTPIB IIJIAHETAPHUX TYMAHHOCTEN

Haiibinbin inTencuBanMu emicifiunvu jiniamu B crmekrpax IIT e 3abopomneni miHil i0HIB BaXKKHX €JI€MEHTIB Ta
pexkomGinaniitai jiuil Boaaio Ta resio. Yepes e 3aboponeni jinii (3J1) BBaKaIOTHCSI OCHOBHUMU JIJIS 1A HOCTUKA
dizumunnx ymon Bcepeanni ob6omorok I1T.

3acesieHHsT METACTAOLILHUX PIBHIB B yMOBaX HEOYISPHUX CEPEIOBUIIN 3/iHCHIOETHCSA €IEKTPOHHUM YIaPOM.
V pasi xapakrepuux s ryMansocreii snadens T, ~ 10* K edekrusHOro 30y/1:KeHHs e1eKTPOHHEM yIapOM
3a3HAIOTH JIUIE Ti PiBHI, eHepria 30ymkeHHs skux He mnepepuinye npubau3no 10 eB. Tomy mist po3paxyHkis
iHTeHCHBHOCTEH JTiHi#, 30y/I;KyBaHNX 3iTKHEHHSIMH ATOMIB Ta iOHIB 3 €JeKTPOHAMM, MOXKHA 3HEXTYBATH BCiMa
BUCOKHMU EHEPreTUYHUMHU PIBHSAMU i DPO3TJISHYTH PiBHSAHHS CTATUCTUYHOI DIBHOBATHU JIWINE [IJIsT HEBETUKOL
KiTbKOCTI HAWHMKYKMX PiBHIB.

Po3wmimennss HaWHWKYUX EHEPreTWYHWX PIBHIB I €JIeKTPOHHMX KOHpirypamiii ns? i np? mo3maduero
Ha puc. 1 (Hagronke posulenvieHHst He 300pakene). TaM TakKoXK II03HAYEHO 10HU, /Ui SKUX XapaKTepHi Lii
KoHIryparii.
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Puc. 1. Posmimennsa HafHMKYUX €eHEPreTHMHUX PIBHIB JJIA €IEKTPOHHUX KOHMIrypariii ns?

3 puc. 1 BuaHO, IO BCI MOXKJINBI BapiaHTH PO3MIIEHHS HU3bKAX €HEPTEeTUIHUX PIBHIB MOXKHA PO3ILINTHU HA,
YOTUPU TPYIIN:

1. Il’arupisresa cTpykTypa (m'aTh HEKHIX piBHIB) y Komdirypamiax np?, np®, np?. Pisenb °Sy B

koudirypamii np? po3mimenuit B emepreruyniii mxami y 1.5-2.0 pasu sumie pisaa 'Sy, TOMy B3a€MOBILIHB
Mixk piBuem °So i piBmamu 'Sy, Dy macrinbkm mammit, mo muM Moxkna 3mexrtysaru npu 1, ~ 101 K.
Y pa3i mepexomiB y M’ATUpIBHEBiii CTPYKTypi BWHWMKAIOTH JHINe 3a0OpOHEHi JIiHil, OCKiIbKEH BCi
30yuzkeni piBui meracrabinbui. Cepen nux Jiniil npuitnaro suginsaru webynapui (N), aBpopasubui (A) i
rpancaspopaJbhi (TA).

2. JIpopiBHeBa TOHKa CTPYKTypa OCHOBHOIO piBHa B Komdirypamisx np', np®. Y pasi mepexony B miif
CTPYKTYPi BUITPOMIHIOETHCS 3aD0POHEHA, JTiHis, SKA JIEXKUATh B JAJEKOMY iH(MPAIEPBOHOMY CIEKTPAIBHOMY
niamas3oHi.
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3. JlocuTh BUCOKWII eHepreTW Hmii TepMm, aKmii Mae ToHKY cTpykTypy (*Po, ‘P y komdirypamiax ns?,

np') abo me mae ii (°S B komdirypanii np?). Y pasi mepexozis 3 mpOro TEpMy BHH3 BHIPOMIHIOIOTLCS
inTeproMOiHaIiitHi JTiHil, 0 JexKaTh B yabTpadioseTOBOMY Iiama30Hi CIEKTPA.

4. Kondiryparia ns', 36ymkenuii TepM y sKiil nepebyBae JOCUTh BUCOKO i PO3IICIJICHHI HA JBa MijpiBHI.
Ilepexin 3 mpboro Tepmy, Ha BiAMIHY Bij MepmuX TPHOX BUIAIKIB, JO3BOJEHUN 1 CYMPOBOIKYETHCS
BHUIIPOMIHIOBAHHSIM PE30HAHCHOIO ay0sera B yabTpadioseToBOMy diala3oHi.

s ob4uucteHHsT IHTEHCUBHOCTEH CHEKTPAJIbHUX JIiHIN HEOOXiTHO 3HATH HACETEHOCTI PiBHIB, 3 SKUX BOHU
BUHUKAIOTH. BigHOCHI HaceIeHOCTI PiBHIB MOXKHA PO3paxyBaTH, SIKIIO BUKOPUCTATH IJIsi KOKHOIO 3 HUX YMOBY
CTATHCTHYHOI piBHOBarW [1] [ ClIOHTaHHWX, 3ITKHIOBAJIBHIUX 1 peKOMOIHAIIHNX TepeXo/iB Ha PiBeHb 1 3 piBHS.

TakuM 9MHOM [IPOLEC AIArHOCTUKK 3BOJUTHCH 10 BAKOPUCTAHHS T. 3. AirHocTHYHUX criBiaHomenb (JIC) mix
inTeHCUBHOCTAMY Tapu JiHil (BiamosigHoro iona). ITigxoau po3paxyHKy IpHU IbOMY MOXKYTb OyTH PI3HUMM: Bif
BUKOPUCTAHHS TLIbKK 9y TiuBux 110 T, i ne okpemux JIC 1o Bukopucranss Beix moxausux J1C. Mu ob6mekumocs
TyT KOpoTKuM ormcoM mporpamu DIAGN [1], sika gae 3Mory po3paxoByBaTh 3aJesKHOCTL T BiJI Ne JJ1s 9OTUPHOX
30H PI3HOTO CrymeHs 30y KeHHsl, Y sIKUX BUIIPOMIHIOIOTH Ti 4u iHmii ioHu. 3a HAABHOCTI HOCTATHBOI KiTbKOCTI
BiTHOCHUX IHTEHCHUBHOCTEH Y BiIMOBLTHUX JIIHISAX MpOrpaMa MoKe PO3PaxXOBYBATH T, Ta Ne IS IIUX 30H OKPEMO.
B gxocri mpukiamy Ha puc. 2 mokasano 3anexuocri T, —n., orpumani nporpamoio DIAGN mns Bigmosimaux
JC wmix inTeHcuBHOCTAME emiciiiaux i i3 cnekTpy IIT 3 Benukoi Maremmanosoi Xmapu. Bugso, 1o pismi
KPUBI IIEPETHHAIOTHCA y BY3bKiit 00aCTi, fAKa i JO3BOJIAE€ KOPUCTYBAdYeBl BUSHAYUTH 3HAYEHHS T, Ta M.

3a sunauennsmu Ty i n, nporpama DIAGN pospaxoBye ioHHi BMicTH BCiX 10HIB, IHT€HCUBHOCTI JIiHI# SIKUX y
daiini 3i crocTepe;KyBaHUM CIIEKTPOM BiAMIHHI Bif HyJIs.
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Puc. 2. Bamexnocri T, — n., orpumani mporpamoio DIAGN s sigmosimawnx JIC Mik IHTeHCUBHOCTAMA eMICIHHAX JTiHIA
i3 ciexkTpy IIT 3 Benmukoi MarestanoBoi Xmapu
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st po3paxyHKy MOBHOrO BiqHOCHOrO XiMiuHOrO BMicTy A /H HeoOXimHO mpocyMyBaTH BiIHOCHI ioHHI BMicTH
A*i/HT no Bcix ioro cragisx iomizamii +i, a TaKoKX BpaxyBaTH BMiCT HEHTPATLHOIO BOJHIO y TYMAHHOCTI.
g oTpuMaHHS BMICTY 1OHIB y HECHOCTEpeKYBaHUX CTaIisdX 10HI3allil BUKOPUCTOBYIOTH T.3. iOHI3aIlfHO-
kopekuiitni maoxkuuku (IKM), Bupa3u mjist gskux 3apa3 OTpUMYIOTh, MOJIOBHO, 3 PE3yJIbTariB PO3PAXyHKY CITKU
doroionizamiiinnx Momeneii cpirinas. Bupasu qyst IKM npuseneni y taba. pobir [2, 3, 25] mias ruraHeTapHHX
rymannocreii Ta 308 H II Bingnosigno, ski BukopucroByorhes y cydacHiit Bepcil nporpamu DIAGN. Binnocuuit
ximiunmit BMict A/H enemenra A y TakoMy TpeCTaBiIeHH] 3HAXOIATH 3a JOMOMOTOI0 (hOPMYJIH:

Mmax

A/H =10 BATEDS@ ge fa) = Y €, -a,
n=0

ne Cy, — xoedilienTn mosiHOMa, HaBeeHl y TabIHUISAX BUIIE 3raJaHuX pooiT [2, 3, 25]; nmax — CTEMiHb MosiHOMA:
- +k+1
a7t IIT npax = 3, a ga odbnacreit HII nya = 8; & = XxT

I3 30imbIIeHHSIM TOYHOCTI ACTPOHOMIYHOI TEXHIKM CTAJIO MOXKJIUBUM 3[iMCHIOBATH [HArHOCTUKY (i3UIHUX
yMmoB B obosorkax IIT 3a momomororo crabkux peKoMOiHAIIHUX JTiHiiT i0HIB Ba)KKHX ejieMeHTiB. Pe3yabraru
MTOPiBHSIHHS I0HHOTO Ta XIMIYHOTO BMICTY, OTPUMAHOIO 34 JOTOMOTOI0 3a00POHEHNX Ta PEKOMOIHAIMIWHUX JIiHiH!
(PJI) (aums., nanpukiazu, [28, 29, 40]), 6yau wokyouumu. Y sunaaky IIT NGC 2022 ionnuit Bumicr, orpuManuii
3a, momomororo PJI BusiBuBcst npuban3uo B 15 pa3 GigbimuM Big orpuMmanoro mo 3J1. g 3ou HII sume 3ramami
Bigmianocri € mennmmu (PJI nators Bmictu npubiamussao B 2 pasu 6inbmmi mixk 3JI) [40], onsak 1 jyis HEX Take
TIOPiBHAHHS BUTJIATAE HE3PO3YMLITIM.

VY Bunaaky 3J1 ionHuit BMICT 1pH ne < Nepits

N(XF)/N(HY) ~ IAgorp) /I(Hg) T5 *Sexp(Bexe/ (KTe)). M

I[pu ne>>nepi TpaBy dYacTUHY JAHOrO BUpaly ciain momMuHOXKATH HA N.. 3 Bupasdy 1 0a4uMo CHIBHY
(excnonenuianbhy) 3asexuicrb Bmicry Big Te. ¥ Bunaaxy PJI:

N(XT)/NHY) ~ Ivee) /I(Hg) T, (2)

ne « < 1. Takum 9uHOM, BMICT iOHA, IO BU3HAYAETHCS 33 PEKOMOIHAIIMHUMHA JIIHIAME, 3arajiOM HE 3aJIEKUTH
Bim N, i cmabo zanexwursh Big T.. OmHak HaBiTh Taka ClabKa 3aJI€KHICTH Bif TeMmmeparypu I03BOJIIIA
BecranoBuru T (auB., nanpukiagn, [40, 42]) 3a aiarHocruyHumu criBBigHONIEHHsAME MiXK iHTeHCUBHOCTSIMU PJI
sar 1(A089)/1(A\4649) [O11]. Busismiocs, mo ionni Bmictu, Busnadveni 3a PJI, mas Garareox IIT Ha mopsinok
i Gimbie Menrni Bij BmicTiB, Bu3nadenux 3a gonomoroio 3JI. Orke, MoxkHA 3pobuTH BUCHOBOK, 1m0 3JI i PJI
BUHUKAIOTH y (hizuyno pizawmx micrax 1T ta 3om HII.

[MopiBusians Bmicry ximiubux esementis 30u HII 3 namoi Tanakruku 3i Bmicrom Conugs (Bignosigni BmMicTu
MaoTh OyTH OJM3bKUME 3a 3HaYeHHsAMH) nokasaso [42], mo 3JI ninii gators HabGararo Gmmxkdgumit BMicrT 1o
cousiaroro. Takum ymHOM, OYJIO 3PODJIEHO BUCHOBOK, IO obsiacTi BunukHenus PJI B obosonkax IIT Ta 3o0max
HII matoTs 3aiiMary HEBEINKY YACTKY Bif 3arajabHOI MACH TyMaHHOCTI.

Apropu poboru [41] nobGymyBasu T.3. qyanbHy mMomenas 3ouu HII, y axiit mepriunii KoMnoneHT € “3puvaiinnm’
rapstaum ra3om 30un HIIL, a napyruit cknagae Beporo 2% Bim Macu TyMaHHOCTI, TeMIeparypa piBHA IpubIU3HO
TTOJIOBUHI Bij] TEMIIepaTypu y MepIrnoMy KOMIIOHEHT, 8 BiTHOCHWIT BMICT BaXKKUX ejeMeHTiB y 8—15 pa3iB Oibmumit
BiJ BiIOBIIHOTO BMiCTY y mepIioMy KOMIOHEHTi. JIpyruil KOMIOHEHT MicTUTh Maso BoHIO. Takum auaoM 3.J1
BUHUKAIOTH, TOJIOBHO, Y TIepIIoMy KoMmmoHenTi, a PJI — y apyromy. B pe3ysibrari Baasocs BiarBoputu GiIbImicTh
CIOCTEPEKYBAHOTO crekTpy sk 3a 3JI, rak i 3a PJI.

Oxanak mpoOiema Bce Iie 3aJUIIAEThCsA: eeKTH PO30iKHOCTI y BU3HAYMEHHI BMICTY €JeMeHTIB BHHHUKAIOTh
TimbKu i 2-ro crosmrg Tabsauii MengeneeBa. Jomy momibHOro egekTy He CIOCTepiraeTbCs s 1HITHX
€JIEMEHTIB — ITOKHW HEeBiJ0MO.

@OTOIOHIBAIJ;IfIHE MOJEJIFOBAHHS{ CBITIHHA OBOJIOHOK IIT

®oroiionizauiiina mogean cirinng (PMC) IIT onucye BunpowminoBanus i1 ODOJIOHKM IijJ JI€I0 KOPCTKUX
yabrpadionerosux KBanTiB aapa (A < 912A). Jlna ommcy 6imbImocTi razoBEX TYyMaHHOCTEH 3aCTOCOBYIOTH
PiBHSHHSA, SKi MOXKHA po30uTh Ha Tpu rpymnu. /o mepmol rpynu Hamexarhb piBHgnHa Eitnepa, gki onmmcyooThb
pyx ragy. o apyroi Tpynum HaJEKWUTH DPIBHIHHA IEPEHOCY BUIIPOMIHIOBAHHS, AKi OMHUCYIOTH eMiciio i
abcopdbmito ¢orouis. JIo TpeThol Ipynu HaJIEKATh TaK 3BaHI PIBHIHHS MMEPEXOY, SKi OMUCYIOTh MEPEXOaU MiK
PI3HUMM ATOMHUMH /FIOHHUMH / MOJIEKYJIAPHUME CTaHaMu. IIpu [bOMY y BHNAIKY BUKJIOYHO Ta30BOi 0BOJIOHKH
BPAXOBYIOTbCsI TaKi €JIeMEeHTapHI mporecu B HeOymdpHifi mma3mi gk (oro- i ymapHa ioHizariil, ioHizaril,
CIpUYMHEH] TpOIecaMi Iepe3apsaakd, PaJiaTUBHI Ta Ti€JEKTPOHHI peKOMOIHAIl, a TaKOXK peKOMOIHAIIIT,
cupuynHeHi mnporecamu nepesapsiaku. I[Ipu morpebi BpaxoByOTh TakoK KoMnToH-edekT. OCHOBHHIT BHECOK
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y HarpiB ra3zy TyMaHHOCTI poOjdTh mporecu (OToioHI3aIil, & OXOJOMKEHHS BiIOYBAETHCA 33 PAXyHOK
BUIIPOMIHIOBAHHS B eMicCiiHWX JiHigx onrwaHoro, 6sim3pkux Y- ta Y®P-mianasonis, ymapHux 30ymKeHb i
ionizariit. BpaxoByeTbCsi TAKOXK BHECOK BiJ BiIbHO-BLIBHUX MEPEXOiB Ta KOHTUHYAJbHUX (DOTOHIB Bil MPOIECiB
pekomMOiHAIIiI.

Pospaxynok crarugHOoi (HOTOHOHI3AIINHOT MOIENl MOJSra€ B CyMICHOMY PO3B’si3aHHI DIBHSHB MEPEHOCY
upsimoro (Big sapa rymanuocti) 1 qudysnoro (B 060JI0HII TyMaHHOCTL) HOHI3YI0YOr0 BUIPOMIHIOBAHHS, DIBHSAHb
HOHI3AIIHOT i cTaTUCTUYHOT PIBHOBATH Ta PIBHAHHS €HEPreTHIHOrO OAJAHCY B KOXKHIN To4i TyManHOCTi. st
po3paxyHKy #oHizariiinol i repmiunol crpykrypu IIT y Bumaaky chepuaHo-cuMeTpuaIHOl MOIe T HeoOXiTHO 11
KOXKHOTO paJiyca, a y Bumaaky 3D-momemi — qyis koxkuoil Touku [IT po3s’s3aru cucreMmy 3raJaHuX BUIIE PDIBHIHD
JJIsI BCiX crafii foHizamnii BCix XiMIYHUX €/TeMeHTIB, BKIIOYeHuX y Mozaeb. Lla cucrema piBHSHD JTOIMTOBHIOETHCS
CUCTEMOIO PIBHAHB CTATUCTUYHOI PIBHOBATY, HEOOXITHUX 171 pO3PAXyHKY (PYHKIIT OXOJI0IKeHHs Ta3y. | 3aMuKae
I[I0 CUCTEMY PiBHSHb OYEBU/IHA YMOBA PIBHOCTI €JIEKTPOHHOI KOHIIEHTPAIIil ra3y B KOXKHIM TOYIIl TyMaHHOCTI CyMi
BCiX IOHHUX KOHIIEHTPAIIiil BijI pi3HUX €JIeMEHTAPHUX MPOIECiB i0HI3aIil. 3p03yMijIo, IO PO3B’A3aTH CUCTEMY BCIX
BHUIIE 3TaJAHUX PIBHAHb MOYKHA JIUIIE YACETbHUM METOIOM.

[Mopsimok po3paxyHKy ioHI3aImiitHOT i TepMivHOI piBHOBArW CTATUYHOI CHEPUIHO-CUMETPUIHOI TYMaHHOCTI
MOxKHa 3HaifiTu, Hanpukaaa, B [4, 18]. Mu koporko omnuiiemo mnpoueiaypy pospaxynky rtakol ®MC,
3anpornoHoBany y [4, 18]. OGos0HKY TyMaHHOCTI PO3ALIAIOTH HA JIOCHTH TOHKI (P€OMETPHUYHO if ONTHYHO)
cdepuduni mapu, B KO2KHOMY 3 SIKAX I'YCTHHY ra3y BBaXKaloTh cTasioio. Ilpu neranpHoMy po3paxyHKy audy3HOTO
BUNPOMIHIOBaHHS [4] BHECOK OCTAHHBOTO y Mepimiii itepamnil He BPaxXOBYIOTH (y ONTHYHO TOHKOMY BHIAJIKY ),
abo xk (B ONTUYHO TOBCTOMY BHUIIAJIKY) PO3PaxoByloTh 3a gonomorow uabiuxenb OTS (on the spot), abo x
outward only.

s mepioro BHYTPIIHBOrO IIapy HPUAMAIOTH TAKy [E€OMETPUYHY TOBIIUHY, 00 ONTHYHA TOBIIUHA B
HBOMY B YaCTOTaX JANMAHIBCHKOTO KOHTHHYYMY HA MIIAXY B AApa 0 IHOTO IMapy JOPIiBHIOBAJA HYJIIO.
[Ticig nporo 06YMUCAIOIOThL IHTErPAIN ¥ BUPA3aX /s PO3PAXYHKY KiTbKOCTI pOTOIOHIBAIII 32 OMUHUITIO 9ACY Ta
dbyukuil marpisy. Jdami o69ucI00TL Tepiine HaOJUKEHHS TeMueparypu (HAIpUKIa,L T@(O) = 10*K) i B mpomy
HAOIMKEHHI PO3B’A3yI0Th CHCTEMY PiBHAHD iOHI3AIHO-peKOMOIHAIIIHOI piBHOBAru, 3 IKOI BU3HAYAIOTH 10HHL
koumnenrparii B chepuanomy mapi IIT. Ilicaa 3HaAXOMKeHHS IOHHUX KOHIEHTPAIiil PO3PAXOBYIOTH CHUCTEMY
PIBHSHDb CTATHCTHYHOI PIBHOBAIM /TSl BCIX HEOOX1THUX 10HIB, OOUHUCTIOIOTH (PYHKIN] HACPIBAHHS I OXOJTOMKEHHST
ra3y i mepeBipsOTh BUKOHAHHS yMOBH €HEPTEeTHIHOrO OasIaHCy. AKINO 115 yMOBA HE BUKOHYETHCS, TO OOYUCITIOITH
HOBe iTepariiiine 3HAYEHHA TeMIepaTypu 1., i ONMCAHI BUINE PO3PAXyHKH MOBTOPIOIOTH. Ilomyk mocitimoBHIX
Habimkednb T, TPOJOBXKYIOTH JOTH, JOKH TEMIIEPATypa Ta MOHHI KOHIEHTpAIil He OyayTh BU3HAYEHI 3
HEODOX1JHOI TOYHICTIO.

Taxy »k Tpolenypy pO3pPaxyHKY TeMIepaTypw Ta iOHHUX KOHIIEHTPAIlilli BUKOHYIOTH IIOTIM [IJI BCiX
HacTymHEX mapis. Ilics TOro BU3HAYAOTH ONTUYHY TOBIUHY BCIiX HACTYIIHUX IIAPiB i OOYNCTIOTD IHTErpaabHL
ONTUYHI TOBITUHU TYMAHHOCTI.

VY BUMAJKY 10HI30UITHO 00MEIHCEHOT TYMAHHOCTI PO3PAXYHKH IPOIOBXKYOTHC /10 TOCATHEHHS Te(o) ~ 4000 K,
sKa CBIIYUTH TIPO MIOCATHEHHs ioHi3ariitHoro ¢pouTy. VY BHUNAAKY 2ycmunho o0bMedcenoi TyMaHHOCTI
PO3PAXyHKH 3YMUHSIIOTHCS MIPH JTOCATHEHH] 30BHIMHBbOI Mexki [1T.

YV mabmmxenni OTS mocTtarHbO po3paxyBaTH OIHY iTE€PAIiI0 MPOXOIXKEHHS HOHI3yI0YOro BUTTPOMIHIOBAHHS,
OCKITbKH y TaKOMy HaO/JMKeHHI BOHO AaBTOMATHYHO BPAXOBYETHCA MIIAXOM BHKJIIOUYEHHS KoedimieHTin
pexkoMOiHaIil Ha MepInuii eHepreTuYHuil piBeHbh ATOMIB Ta, HOHIB, 00 KBAHTH, SKi BHHUKAIOTH IMPU [BOMY, €
tonizyrounvu. Oaak y Habmmkenni outward only Ta mix 9ac JeTaabHOrO PO3PAXyHKY Audy3HOrO 10HI3yI090ro
BUIIPOMIHIOBaHHS OZHIET iTepallii HEJIOCTATHBO. Y IMX BUNAAKAX MIiC/Ad 3aBEpUICHHs mepiiol irepamii (To6To
obuuc/ieHHs IOHHUX KOHUEeHTpaliil 1 remneparypu st Beix mapis 6e3 BpaxyBants 1udy3HOrO BUIPOMIHIOBAHHS )
PO3PAXOBYIOTh CEpE/iHI IHTEHCUBHOCTI A y3HOr0 10HI3yIYOro BUMPOMIHIOBAHHS B KOXKHOMY IIIapi BiAmOBiIHO
210 obpanoro crnocoby (merasbHuM cunocobom, uu y Habiuxkenni outward only abo outward only+ OTS).
15-20 3unavens KyTa ¢ B inTepBasi Audy3HOrO0 BHIPOMIHIOBAHHS B KOKHOMY IIapi 00YHCjIEHE, PO3PAXOBYIOTH
Apyry ireparmiio 3 ypaxyBaHHAM Iudy3HOrO BHUIPOMiHIOBaHHHA. [IpM I[bOMY NOBTODPIOIOTH OIMCAHUI BHIIE
TIPOIeC PO3PAXYHKY I1OHHWX KOHIEHTpaliil i temmepatrypu 1. B KoxkuHOoMy mapi. Iliciga po3paxyHKy Bcix
IapiB 3HOBY OOYHCIOIOTH IHTErpa/ibHI ONTHYHI TOBIMUHU 1 PO3PAXOBYIOTH CEPeIHi iHTEHCHBHOCTI Au(y3HOTO
BUMPOMIHIOBAHHS, $Ki TICJS I[HOTO TMOPIBHIOIOTH 3 BIAMOBIAHUME 3HAYEHHAMHU, OTPUMAHWUMHU B IOMEPETHiHN
irepamii. ko 6arkaHa TOYHICTH 30i?KHOCTI HE JOCATHYTA, TO BUKOHYIOTH TPETIO, YeTBEPTY i T. /. iTeparii.

[Ticsis mocsirHeHHst OaKAHOT TOYHOCTI MOXKHA BBAaXKATH, IO 10HI3AIHA i TepMidHa, CTPYKTYpa TYMaHHOCTI,
IO BIJNIOBiJIa€ 33/IAHOMY IOHI3AIIfIHOMY CIEKTPY s/pa, 3aJaHOMYy PaiajbHOMY PO3IMOALTY TyCTHHU a3y B
TYMaHHOCTI i 33/JaHOMY XiMiYHOMY CKJIa/ly Ta3y, po3paxonaHa. Ilicsis mporo obuncaoTs eMiciitnuit giniitqactuit
CHEKTp TyMaHHOCTI i aOcomrorHuil norik BunpowminioBanHd B Jinii Hg, #ki nopismiolors 3 pesysbraraMu
CTIOCTEPEeIKEeHb.

Peanpui TymanHocTi moka3yioTh CHIIBHO HEOIHOPIIHY 3a IyCTHHOIO CTPYKTYDPY. ¥ BHUIAAKY TIraHTCHKUX
3o HII moxkemo ckazarw, 10 OiIbHIICTH MPAMOrO HOHI3YIOUOTO BUIPOMIHIOBAHHS HE MOXKE MPONTH HAITO
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JAJIEKO Bi 3ip. ¥ BUNAJKY HEOJHOPITHOI CTPYKTYPU HEMUHYYE BUHUKAIOTH TAaK 3BaHI 3aTiHEHI MLISTHKU, KYIH
npsiMe HOHiI3yl04e BUIIPOMIHIOBAHHS IIPOHUKHYTU HE MOXKe 4epe3 IiK IyCTHHU ra3y Ha IJIsxy MiXK 30pero i
Takol JiagaKo. OmHak #HoHI3aIil0 B ra3i BUKIMKAE TaKOXK i audy3He HOHI3yIOUe BUITPOMIHIOBAHHS, SKE
BHUHUKAE IO BCi#i HoHi3oBaHiii 30HI 1 Mae MOBIIbHEHI HampsaMOK mnomupennda. lle mpuBoauTh 10 TOrO, IO
#oHi3yo4i (hOTOHU BCE-TAKHU MOTPAILIAIOTH B 3ATiHEHI IIJISTHKHU, 1 OIMIHUTHA IX POJIb y KOXKHOMY KOHKDETHOMY
BUIIAJKY HE MOXKJHUBO 3a JOHOMOrow posrisnytux suiie ogaoBuMmipaux ®MC. Tomy misi KOMILIEKCHOTO
boroitoHizaiiHOr0 MOIEMIOBAHHA CKAAAHUX 33 MOPdOJOri€lo 00’¢KTiB 3acTOCOBYIOTH TpuBuMmiphe (3D)
doroitonizaniiine MomenoBanHs. 3po3ymisio, mo geranbie 3D-MopesnoBaHHSA 3 BPaXyBaHHSM JUHAMIKH a3y
HaBiTh HA CHOTOJHINTHIM [IEeHb BUIVIANAE TPOMI3IKUM 1 TaKWM, sKe MOTpeOy€ 3HAHHS BEIUKOI KiJBKOCTI
CIocTepesKyBaHuX mapamerpiB. ToMy TyT MM ONHUINEMO JIHMINE OCHOBHI IAXOIW MPHU MODOYIOBI CTATHIHUX
3D ®MC.

Y Bcix migxomax mo ¢oroionizarmiiinoro 3D-momemoBanus gocaimKyBany ['T po30uBaiOTh Ha BETHUKY
KiIbKIiCTh KyGiuHUX KOMIPOK, (a He mapis) 3a 06’eMOM KOXKHOI 3 aKuX (i3udHi XapaKTEePUCTUKU 38, 3HAUCHHIMU
MOJKHA BBazKarTH craauMu. Vloumumii ymicr, 7. Ta M. €JeKTPOHHI TeMIeparypa Ta KOHLEHTPALis i, 3peLIToio,
3aCeJeHOCTI eHepreTUIHUX PIBHIB y KOXKHIM 3 KOMIDOK PO3PAXOBYETHCA MIJIIXOM, AHAJOTIYHAM IO BUTAIKY
cheprIHO-CUMETPUYHOrO mapy 4u 3pisy (y BUNAJKY 110cKO-1apasenbaol 1D-momeni). Cykynnicrs iux KOMipOK
YTBOPIOE X IPOCTOPOBY CIiTKY. TaKMM 9MHOM BiMIHHOCTI y HiZXOZaX MOJIETIOBAHHS 3BOIATRCA /10 BiIMiHHOCTEH
y criocobax po3paxyHKY IIePEeHOCY BUIIPOMIHIOBAHHS.

VY cydacuux migxomaax 10 dgoroitouizamiinoro 3D-monemoBamts I'T MoyKHA BUALINTH TPU OCHOBHI HAMIPSAMKH:

1. nceBno-3D-monesoBannst, y 9KOMy BUKOPHCTOBYIOThCH pe3ysbraru Oararbox 1D-momesteit st remeparril

3D-manu I'T;

OMC 3 feraabHUM MOJETIOBAHHSM mepeHocy BunpominioBanns y 3D-reomerpii I'T;

3. Bukopucrauus cumynsdiiii Moure Kapso s po3p’a3ky mnpobjeMu MEPEeHOCY BUIPOMIHIOBAHHS Y
3D-reomerpii.

[\

['pomizakicTh AeTATBLHOTO PO3PAXYHKY TEpEHOCY BUMpOMiHIOBaHHS y 3D-reomerpii mpuBesa 0 CTBOPEHHS
TaK 3BaHuXx rcesno-3D-nporpam.

Cyrb ncerno-3D ®MC IIT (aus., Hanpukiazn, [34]) monsrae y noxini IIT Ha Benuky KinbKicTh KOMIpOK,
KOXKHA 3 sKMX BU3HAYAETHCs (OXOILIIETHCs) CBOIM TliecHMM KyToM (200 KyTOBUM CEKTOPOM) BIJHOCHO sipa
TYMAHHOCTL. Y KOXKHOMY CEKTOpI MOXKHA 33/aBaTU OKPEMWil pa/IiajJbHUN pPO3MOMIA TYCTHHH Ta XIMiTHUMA
BMmicT. TakuM 9MHOM MOMIMPEHHS HOHI3yIOYOr0 BHIIPOMIHIOBAHHS Y KOKHOMY CEKTOPi PO3IVISIAETbhCA OKPEMO
y Habamkenni 1D-reomerpii 3 BUKOPUCTAHHAM TAaKWX OMUCAHUX BUIE HADJIUKEHb 10 PO3PAXYHKY Audy3HOTO
Honizytodoro BumpominioBants sk outward only abo x OTS. Ha 1mpoMy erami BHKOPHCTOBYIOTHCS 3BUYANHI
1D-uporpavu s pospaxyuky ®MC cekropis (dakropu moKpuTTd MeHm Bix omuHuUIi). BunpomiHioBasbHi
3aarHOCTI B eMiciftaux JiHisgx. mopaxoBani takumu 1D ®MC, “npus’sizyorbes” 10 MPOCTOPOBUX KOMIPOK i
BUKOPHUCTOBYIOTHCS B MOJAJIBIIOMY JJIs CUMYJISINI CIIOCTEPEXKYBAHOIO CIIEKTPA, BIJMOBIIHO [0 HAMPAMKY Ha,
crocrepirada i po3mipy miiaumaun. TakoX Ha OCHOBI mmx mAaHmx MoxkHA mobymyeBatu kapry IIT y manmomy
CIEKTPAJBLHOMY (LIBTPI, IIJIAXOM MPOEKINl BiAMOBiAHUX iHTEHCHBHOCTEH HA IJIOMWHY, TMEPIEHIVKYISPHY 10
HAIIPSMKY Ha CIIOCTepirada.

Jo miociB 1bOr0 MeTOAy CJIi BifHECTH IMIBHAKICTH po3paxyHKy Takoi kommosutnol 3D ®MC IIT y
MOPIBHSAHHI 3 IMporpamMaMmu, IO MoOyaoBaHI Ha OcHOBI meranbHux Ta Monte Kapmo migxomis. Takox y Taky
3D-nporpamy mjist po3paxyaky ®MC moxkHa MBUAKO mepeTrBoputu Oymab-sgkuit 1D-ko.

o uemosikiB Takoro migxomy ciin Bigpecru Te, mo Taka ®MC gerasbHO He BpaxoBy€ Audy3HOIO
BUIMPOMIHIOBAHHS, & TAKOXK MOYXKe po3paxoByBaru Tiibku @MC 3 ¢quHNM MEHTPAJTHHUM HOHIZYIOUNM IZKEPEIOM.
Ha choroanimmiii JeHp nuM HanpsMKOM akTUBHO 3aiiMaerncsa Mopiceer [34], akuit va 6a3i 1D-uporpam NEBU
ta Cloudy po3pobus nceno-3D-niporpamu NEBU 3D ta Cloudy 3D BinmosimHo.

VY aeranproMy minxomai pos3paxysky 3D @MC meobxinHo migibpary po3mip KOMIPOK, iKWt O 3a0BOJIbHSIB
3amany TouHicTh. Ilimbip po3mipy KOMIpOK 3IiiCHIOETHCSI B OCHOBHOMY IT€DATUBHUM YHHOM. ¥ MICIIHAX
KOMITAKTHUX 3TYCTKIB ra3dy, abo K y 30HI pekoMmOiHaIil po3mipw KOMIpOK 3MEHIIYIOTHCs, & 1X KiTbKICTh y
BumijeroMy o00’emi 3pocrae. Tobro 3amada meranbHOro pospaxynky oxuiei 3D ®MC IIT e naa3zBuuaitzo
TPOMI3/IKOIO HABITH [JIs Cy9IACHHX KOMII'IOTEPHUX POOOYMX CTAHINH 1, 3a3BUdYail, jisi OTPUMAHHS 33/I0BLIHHOL
TOYHOCT] pe3y/IbTaTiB BOHA BUMAra€ CymepKOMIT I0TEpA.

Takuii 11i/1Xi BHKOPHCTOBYBAJIH, 30KpeMa, I prorBaib 1 Ta Bierac [19] upu moaudikauil nporpamu Aangaba
ms po3paxyuky ®MC wma Bumagok 3D-reomerpii.

VY nigxoni cumynsuiii Monre Kapiso (aus., nanpukmiaz, upani [12, 16, 30, 35]) amropurm Mounre Kapio
(Bunagkosoro Bubopy) y ®MC BUKOPHCTOBYETHCS I PO3B’A3KY 3aJadi nepeHocy sunpowminoosamusa B IIT
Big 1D mo 3D-reomerpiii 3 MeTo0 BU3HAYEHHS iOHI3AMIMHOI CTPYKTYPH TYMAaHHOCTI B iTeparwBHHUil CHOCI6.
[Tosne BuIpoMiHIOBaHHS NPH ILOMY OIMCYETHCS TaK 3BAHUMH nakemamu (POTOHIB 3 OIHAKOBOIO eHEPTieio, a He
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inrencuBHicTIO. BXinHi makerw KiTbKOCTI (POTOHIB KOPEryHOThCH MEHTPAJIBHOIO 30peio. [loBHE WmCI0 Takumx
nakeTis (pOTOHIB /I PO3PAXYHKY IO BUIPOMiHIOBaHHA piBHe ~ 10°, mo Habararo Menme Bix Kimbkocti
doronis, Bunpominenux 3opeio (1040 dor./c). IloBHa CBITHICTL 30pi TAKMM YMHOM PO3/IIIAETHLCA MiXkK MaKeTaMu
doronis. AKIIO Takuit MaKeT MOTTUHAETHCA 1 MEPEBUIIPOMIHIOETHCA HA iHIMIN 9acTOTi, TO 3MIHIOETHCS TLMBKA
KinbKicTh doToHiB y HbOMY. L5 BJIacTuBicTh JaHOrO MeTOy 3abe3retye cTpore BUKOHAHHS 3aKOHY 30epesKeHH st
eHepril y KOXKHIil TOYIl TyMaHHOCTI.

Eneprisi KOXHOr0 Takoro makery (pOTOHIB BU3HAYAETHCS 3 PO3MOIIAY €Heprii y CrheKTpi BUMPOMIHIOBAHHS
(Lyc-cuexkrpi) ionizyioodoro mxkepena (3opi, kiacrepa 3ip). ¥ 3saraabHomy 3D-unazky, Kouau pKepesio
BUIIPOMIHIOE 130 TPOITHO, HANPSIMOK TTOIMUPEHHST KOYKHOTO €HEPTeTUIHOr0 MAKETY BUOMPAETHCs BUMAIKOBO. [111sx
KOXKHOTO 3 IAKeTiB (DOTOHIB B TYMAHHOCTI BiJACTIIKOBYETHCS pPa30M i3 IOMIAMH, IO 3 HUM BiIOyBalOTHCS
(mor/IMHAHHSA-TIEPEBUTIPOMIHIOBAHH ). ¥ BHUIAJKY, KOJM HOBA YaCTOTA MAKETY CTA€ MEHIIOI0 Bif wacroru
MOTEeHIiay ioHi3alil BOJAHIO, BiJIC/IIKOBYBAHHS IPUIMHIETHCS, OCKIJIbKU MAKET Y TAKOMY BUIIAJKY OKHUJIAE
TYMaHHICTb, POOJISTIN TUM CAMUM BHECOK y 1 CIIOCTEPEKYBAHUI CITEKTD.

®MC Monre Kapso craprye 3 imimiamizamil sokagapbHuX (DI3MYHAX yMOB, OTPUMAHHUX, B OCHOBHOMY, 33
pesyabraravu 3Budaitaux 1D ®MC, abo x mpoctum 3aaBaHHsIM cTajaoro 3a 00’emom [1T 3HaueHHS €71eKTPOHHOT
TeMmeparypu. fK TIAbKH MOYATKOBI JIOKAJIbHI YMOBH 3a/aHi, PO3PAXOBYIOTHCA BUIIPOMIHIOBAIbHI 31aTHOCTI
y JiHIAX Ta KOHTHHYyMi, a 3 IX JONOMOrOI0 BU3HA4aOThCa Jokajbui PDFs (Bim aurs. ptopability density
function). PDFs y cBoio 4epry Bu3HAYAIOTh [IEPEPO3IOALT 32 4acTOTaMK nakeris (hOTOHIB I/ 4ac NOrJIMHAHHSI-
mepeBunpominioBanHs. [licas mporo ‘“‘3amyckairhes’ XaoTwdHi “MaHApPIiBKY MakeTiB (POTOHIB y TyMAHHOCTI,
IO CYIPOBOJKYIOTHCSI 3MIHOIO 4aCTOT IMAKETIB y MiCIgX HOTJIMHAHb-IIEPEBUIIPOMIHIOBAHb, 3TIHO Bi/IIOBITHUX
smokanbanx PDFs. Ak rTinbku “mammpu” BCix makeTiB BiAC/IiaKOBaHi, PO3PAXOBYIOTHCS CEPEIHI iHTEHCHBHOCTI
30psAHOr0O Ta AUQY3HOrO BUIPOMiHIOBaHHsA. Ilicas mporo BimOyBaerThes Moamdikallisa iOHI3aIiiHOI CTPYKTYpH
TYMaHHOCTI (JIOKAJIbHUX HOHHOTO BMICTY, Te, Ne) 3 METOIO BIATBOPEHHS II0JIs BANPOMIHIOBAHHS y KOXKHIH TOUII
rymanHocTi. Ile 3mifICHIOETHCSA IIISIXOM CYMICHOIO PO3B’S3Ky JjIsi KOXKHOI KOMIPDKM PIBHSIHHS €HEPIr'eTHIHOrO
GaJlalCy Ta CUCTEMHU DIBHSHD HOHI3aliiiHO-peKOMOIHAIINHOI piBHOBaru (nuB. nonepenuiit migposmain). Ilicas
IBOT0 BHUIME 3TaJaHi KPOKH MMOBTOPIOIOTHCS, TIOKK HE Oyae JocarHyTa 30iKHICThb. TaKuM 9MHOM B Pe3ysIbTari
oTpuMyeMo #oHizanifay cTpyKTypy HeomHopizaol IIT B 3D-reomerpii.

Hns nopiBasinasg pesysabraris mozgemoBaniags PMC wmeromom Monre Kapsio mHeobxigHO po3spaxysBaru
MOJETbHUHN eMiciitHnii TiHIYaTuil CIeKkTp.

IaTerpanbHy CBITHICTH TYMAHHOCTI ¥ JIiHIT MOXKHA OTPUMATH 33 JOIOMOTrOIO ABOX MeToaiB. Ilepinit — mossirae
y miICYMOBYBaHHI KiJIbKOCTi AKETIB 3 9aCTOTOIO JIiHII 32 TPOCTOPOBUMHU KOMipKaMMU:

imaz Jmaz Kmaz

AFE
Lline - Tt Z Z Z Nline(xi;ijzk)~ (3)

i=1 j=1 k=1

Jpyruit MeTos MoJsIra€ y BUKOPUCTOBYBaHHI T, N, OTPUMAHAX B OCTAHHIN iTepartii Momemi st BU3HAYCHHS
BUIMPOMIHIOBAJIFHOI 3JATHOCTI Y KOXKHIH TTPOCTOPOBiit KOMipIi. 3arajbHy CBITHICTH y I[OMY BHUMAJIKy MOXKHA,
OTPUMATH Yepe3 CyMy BHUIPOMIHIOBAHHX 3MATHOCTeH ycix Komipok. IlopiBHAHHSA pe3yabTyOvunX iHTErpaabHUX
CIEeKTPiB, OTPUMAHWX [IBOMA BHINE 3TAQJAHAMU METOJAMH, MMOKA3Yy€, UM OCTATHS KIJbKICTh MMakeTiB Oyira
BHUKOPHCTAHA y CHMYJANiAX. Tak IO IIi MeTOAW MOXKHA HAa3BATH CKOPIe B3aE€MOIOMOBHIOBAJIBHUMU, HiXK
B3a€MO3AMIiHHUMU.

BukopucroByioun o0uaBa BUIlle 3ralaHi METOIW, JIETKO BU3HAYUTH iHTEHCHBHOCTI JIiHIN B310BXK BUOPAHUX
HaIpsMKiB. TAKUM 9MHOM MOXKHA CHUMYJIIOBATH CIIEKT], IO OTPUMYEThCS IIi/T 9aC JOBIOIIIINHHOI CIIEKTPOCKOTTII.

Takoxk, MOXKHA CUMYJIIOBaTH cripoekToBany mamy [IT y BuOpasiit jinil Ha TJIONIUHY, TEPIEHAUKYIAPHY 10
IIPOMEHs 30pY, 1 MOPiBHATH i1 3 peaJbHUM 300paKeHHSAM, OTPUMAHUM Yy BiamoBigHiM (BiabTpi.

Ha rexnini Monre Kapio nobymosana, 3okpema, nporpama mias ®MC IIT MOCASSIN [16].

Craruari ®MC MoKHA 3aCTOCOBYBATH [IJIsi MOJIEJTIOBAHHS CEPEIOBHUII, Y SIKUX XapAKTEPHUIA 9ac TUHAMIYHUX
3MiH HabaraTo GLIBINHI Bl YaciB BCTAHOBIEHHS 10HI3aIHHO-PEKOMOIHATIAHOL, t1e., TA TEMIIOBOI, t1, piBHOBAr [4].
s IIT, B cepeauvomy, tr.. = 100 pokis, a t7 = 10 poxkis. Hac xurrsa I[IT wabararo Giibmiuii.

Opnmak, mpu gerajbHOMY MOjeaioBaHHI okpemux dactud 11T, ne mumamiuni edextu cyTTeBi, OcTanHi
HEOOXi/THO BpaxoByBaTH.

Cramionapui ®MC BifIpi3HAIOTHCSA BiJ CTATUIHUX MOJEJEH TUM, IO y HUX I'PDAJIEHTH B 0A30BUX DIBHIHHSIX
Binminmi Bim mHynd. Ile o3Hawae, M0 y KOXKHINM TOYIN MPOCTOPY ra3 MOXKE MATH AKECh 3HAYEHHS ITBHIKOCTL
(BeKTOp MWIBMAKOCTI), i Il 3HAYEHHSA y KOXKHIN TOYIl MPOCTOPY MOXKYTb OyTH DI3HUMH, OJHAK, 3 YaCOM Iie
[oJie MIBUJIKOCTEH He 3MIiHIoeThCst. Takuil pyx ra3dy Ie Ha3uBalOTh 8cmaHosserum, abo cmitixum. Anropurm
pospaxyHKy ajasekrusHoi ®MC mozkHa 3HaliTn y npansx [ennes ra in. [20], ski iMmiiemMeHTyBasM iX peastisari
y uporpamy Cloudy [18], sika nomupena cepex 6libiiocti acrpodisukis i 3araibaogocTynna B Mepexki [arepuer
(http://www.nublado.org).
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VY Bunaaky wasiBaocTi y 11T HecramionapHux mporeciB HeOOXiTHO BUKOPUCTOBYBATH IPOMI3IKI METOIN I
nobynosu Hecrauionapuux ®MC. Pospobka HecramjoHapHux (GOTOHOHIZALiMHMX MOzeell CBITIHHA Ha JaHuil
Jac 1me He 3aBepinena. e mos’sa3aHe 3 0HOTO OOKY 3 THUM, III0 TaKi MOJIEJI BUMAralOTh MPOBEIEHHS I'POMI3IKAX
CHMYJISAIIN HABITH HA Cy4aCHHUX CYMEPKOMII'IOTEpax, OCKLIbKKM BOHH 0O€3IM0CepeqHbO OB A3aHi 3 TPOMI3AKUMA
CUMYJIAIIRHAMY TiIPOAMHAMIYHAMA 33Ja9aMu i € (HAKTUIHO X HAJOYIOBOIO, TOMY IO BKJIIYAIThH 10 HUX
PO3PaxyHOK MEPEHOCY BUITPOMIHIOBAHHS i BILIUB [bOT'0 MEPEHOCY HA TiApoguHaMiKy 00’ekra. 3 iHIIOro 60Ky /i
MepPEeBipKY Taki MO/ MOTPeOYIOTh BUCOKOTOYHUX K MOP(OJIOTIIHIX, TaK i CIEKTPOCKOMIYHIX CIIOCTEPEKEHD
I'T, BuKOHAHUX MPOTATOM [HOCTATHHO JOBIOIrO 9Yacy, 00 MPOCIIIKYBATH €BOJIIONII0 OKPEMUX IMPOIECIB B HUX.
Besuki 8-10-m Teseckon, Mo JO3BOJISAIOTH OTPUMATH HEOOXIIHY TOYHICTD, a Takoxk Tejaeckorn iM. [a66a (HST)
MPAIIOIOTh TiIBKU IPOTATOM OCTaHHIX 20 pPOKiB.

4K BKe 3rayBaJioCh BHUIIE, JIs MOBHOTO onucy ¢izuunux ymoB B IIT mHeoOXimHo 3amucaru Tpu piBHAHHS
rizpoaunamiky (36epeKeHHst Macu, IMIyJIbCy 1 eHeprii) Ta cucreMmu PiBHAHD JiJls OIUCY HOHI3aUil Ta peKOMOIHALT,
JIOTIOBHEH] PiBHAHHAM cTaHy. TaKmM 9UMHOM, CHCTEMa, PIBHAHD JjId HECTAI[IOHAPHOTO MOJETIOBAHHS TTPOTIECIB Y
IIT cknamaerbesa 3 HeMiHIMHAX iTerpo-maudepeHifiiux piBHAHDL i MOXKe OyTH pO3B’sA3aHa y OLIBIIOCTI BUIAIKIB
JIVITITEe YUCETHHO.

s Biabin AeTasbHOr0 O3HANOMIIEHHS 3 PI3HUMU BHIAMU YAAPHAX XBUJIb y Fa30BUX TYMAHHOCTSX PAJIAMO
ozHaifomnTrch 3 mparelo Croseprenga i domitk [15], siki po3pobusim nporpamy Mapping, Njist PO3PAXyHKY
umecrarionapaux ®MC. T'pomizzxki amropurmu wecramionapaux ®MC 3acTOCOBYIOTH TLIBKY y BUIAIKAX, KOJIU
cnekTp orpuMmano 3 wactuuu IIT, me ymapui xBumi BimirpaioTh 3Ha4YHy poJib. B 3arajgbHOMY BUMAJKY 1T
JIarHOCTUKH JOBTOIIIIMHHUX CHeKTPiB okpemux dactuH [IT MOKHA BHKOPHCTOBYBATH 3BHYAMHI CTATHIHI
MOJIEJTI.

Kpim toro, 3D ®MC Bumaraorh 3HaHHS TOJATKOBUX BXiJHUX MapaMerpiB, X MOKHA 3aCTOCOBYBATH JJIsd
6mm3pkux [IT, merasi mpocTOPOBOrO PO3MOIiAY IyCTHHM ra3y Ta, XiMI9HOTO BMICTY B SKHUX BiJOMi.

Pesynbrarn pospaxynky citok ®MC BukopucroByiorh s 3uaxomkenns IKM, ski BpaxoByoTb
HecrocTeperkyBaHi crail ioHizamii mpyu BH3HAa4YeHHI MOBHOTO XiMiYHOrO CKiajay (OuB., HAOpUKIaL, [3, 5, 26,
27, 38, 39]). IIpu upomy cirka Moseseil pO3PaxXOBYEThCH 33 3HAYEHHIAMM BXLJIHUX [IAPAMETDPIB, XapaKTepHUMU
JIJIE TAHOTO THUIYy HEOYAIpHUX 00’€KTIiB.

Cepes inmux cydacaux momudikaniiit ®MC cain BigsHauuTy iMiuiemedTamil y IX ajaropurMu METOIUK
BpaxXyBaHHs IHJIY Ta BKJIOYEHHs MOJeKyaspHoi ximii [17]. HaseaicTs mwmy npussoautTs 10 Momudbikarii
ocuoBHux piBHgHb ®MC, ockinbku QoTOEIeKTPUYHA eMicid 3 MUJIHHOK € JOJATKOBUM JIZKEPEJIOM HarpiBy
ra3y i oxosjomkenus muIy. OXOJIOMKEHHIO Ty CIPUS€ TAKOXK BUMPOMIHIOBAHHS 3 MUJIMHOK. 3 IHIIOTO OOKY
nunHKY norauHaioTh Y @ doronu, a rakoxk (HOTOHN PE30HAHCHUX eMiCifiHuX JIiHil, [0 TPUBOAUTH A0 HATPIBY
nuay. 3iTKHEHHSI aToMiB Ta iOHIB 3 MHJIMHKAMU MPUBOAWTH B OCHOBHOMY JI0 HArPiBY MHIIYy 1 OXOJIOIZKEHHS
ra3y. Bxmrogenns dizuku PDR no3sosnste momemoBaru dizuuni ymosu 3a ionizarifinum dbpoHTOM, /1€ OCHOBHE
T0JIe BUMIPOMIHIOBAHHS (POPMYETHCsT (DOTOHAMMY, III0 TPUXOAATH 3 I0HI30BAHOI YaCTHHU TYMAaHHOCTI. Po3paxyHok
dizukn PDR Bumarae BrimodYeHHsi XiMIYHAX PeAKIiii B IOl BUNPOMIHIOBaHHsS. TakuM YHHOM BHUIHO, IO
BrytouenHs nuiay ta PDR-disuku pobutsh, 3 omuoro 6oky, mporec podpaxyuky ®MC rpomisakimiuMm, X04a
CIIEKTPHU TAKUX MOJeeil € HabaraTto peaiCTUIHIIITIMHA.

IMOIIVK OIITUMAJIbHINX ®OTOIOHIBAIIMHUX MOJIEJIEN CBITIHHSI OBOJIOHOK IIT

Ha crorommimuiit nenp € aBa migxoau 10 Bu3HAYeHHsS BupasiB mis KM wHeOynspHOro ra3y 3a JOMOMOTOI0
®MC. ObunBa, 3BUYAINHO, BUKOPUCTOBYIOTh XiMiuHHi BMicT, 3amanuii B Momensax. OmHak, meprimit miaxim
BUKOPUCTOBYE ioHHUIT BMicT, orpuManuiil ycepeauenusm 3a 06’emom ®MC cirku [26, 27, 38|. Apyruii 6asyerbes
Ha aHawi3l MozmenbHUX crekTpie citkn ®MC (ski HabGararo Garariii 3a crocrepexkysani) [3, 5]. Taxi crekTpn
AHATI3YIOTHCS METOIOM JIarHOCTHUKK CBITIHHS HeOyJIsapHOI IIa3Mu, a OTPUMAHWI B Pe3y/IbTATi 10HHUN BMICT
BUKOPUCTOBYEThCA 171 BuBenenus IKM. Takwit miaxin m03BoJisie TPOTECTYBATH KOYKEH 3 OTPUMAHUX BUPA3iB
nag IKM wa Bigrsopenns ximiunoro ckuiany, 3aganoro B IIT. ¥V pobori [5] takum uubHom OyB BusHaYeHU
ximiunwmit Bmict 308 HII (BKKT), a y [25] — Tanakruanunx I1T.

OcranniM gacoMm Bce OLIBIIOT MOMYIAPHOCTI HADYBAE METOJ MOMIYKY ONTUMi30BaHUX (OTOIOHIZAIIHHUX
mogzeneit citinag (O®MC) raszoBux tymanHocreil. CrnekTp TymaHHOCTI, i1 po3mipu npu Bigomiit Bigcrami
noBuHHI OyTH Bimomi i3 cmocrepexkenb. Onnak, Bxinui mapamerpu ®MC — wesigomi. Cyrs anropurmy O®MC
mosisrae y 3uaxomkerti Takol ®MC, cekTp K01 MaKCUMAaIbHO O BiITBOPIOBAB CIIOCTEPEIKYBAHUIA.

Y nporpami I'. ®epranga Cloudy [18] iMILJIEMEHTOBAHO BEJIUKY KiAbKICTh PI3HOMAHITHUX ONTHMI3aTODIB,
cepes SKUX i BugiiuTu phymir, Hanucanwii [lerepom Ban I'yyddowm [36]. Ileprmi kpoku y po3pobui meromy
O®MC pgia IIT mozkna 3ycrpitu y fioro quceprauiiiniii pobori [36] a pe3ysibraru po3poOKU METOAUMKH OLIHKH
rogrocti O®MC — y Hammx poborax [8-10, 23, 24 33].

Cain BigznauuTu taki nepesaru cydacuux asnropurmi nomyky O®MC sk 1) nomyk ximMiduHOro ckiauy
o6osonoK IIT 6e3 Bukopucranus IKM ta 2) MOXKIABICTH CAaMOY3TOIZKEeHOTO (i3 COCTEPEsKEHHSIMH) BU3HAUYEHHST
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iomizytouoro cmnekTpy sanpa IIT mpm BuUKOpMCTaHHI ONTUMI3ATOPOM MJiarHOCTHYHUX CITIBBIIHONIEHH MiXK
IHTEHCHBHOCTAMM JIiHIfT TOTO YW IHIIOrO eTeMeHTa B CycimmHix cramisx iomizarii. Ilepmra mepeBara mo3BOJIsIE
MPOBOJUTH TECTYBAHHS MEHII TPOMi3JIKOro, aje 6iabit Herouroro meroay IKM (nuB., Hampukiaz, [8, 23, 24]).
Jpyra mepeBara m03BOJIsIE TeCTyBaTu Mozesi 3opaaux armocdep anep IIT Ta iHmmx ra3oBux TyMaHHOCTEHH.

Coain Takox 3a3uauuTh, 1o po3paxyHok O@®MC Bumarae HagBHOCTI HOTYKHUX KOMI'1orepiB (momryk ODMC
onui€el TymanHocTi Bumarae po3paxyuky rucsd 3pudaitnux ®MC IIT). Pospaxynok koxuoi takol ®MC nasith
Ha, CydJacHiii 00YMCIIOBAJIbHIN TEXHIiNi 3[iCHIOETHCA MPOTITOM MEKIJIBKOX XBUJIWH. TOMY TOCTAHOBKA, 3aati
monryky O®MC Gyna 6 B3arasi HEMOKIUBOIO 6€3 METOIB JIarHOCTUKY CBITiHHS HEOYJIAPHOrO ra3y y MoeIHAHH]
3 IKM Tta MeromiB Bm3HAUEHHA iOHI3yI0UOT0 Lyc-cnexTpy, fKi BH3HAYAIOTH MOYATKOBI 3HAYEHHS JJId BLIBHUX
rnmapameTrpis.

[Ipu po3paxyukax OPMC ciin BimmaBaTu mepeBary T.3. TAHOPAMHUM CIIEKTPAM TYMaHHOCTEH, OTPUMAHUM
3 pi3nux wacrun ix nopepxti. Taki cuekrpu 103B0JsI0TH MakcuMasbHo cupocrutu reomerpito @MC (cdhepuyno-
CUMETPUYHA 3 MajiuM (haKTOPOM MOKPUTTS s/Ipa, NUHAPUIHA, abo K IJIOCKO-apasienbia). Ilpu mpoMy cirif
maM’ ITATH, 110 AesTKi TaKi CIIEKTPH MOXKYTb MICTUTH 00JIACTi, ¥ IKAX aKTUBHY POJIb BiIirpaioTh yaapHi XBUI, [0
BUMAra€ 3aCTOCYBaHHS aJlOPUTMIB PO3PAaXyHKy HecTaTWIHUX (CTalioHapHuX, abo x Hecraiionapunx) OMC.

IIOIIIYK CIIEKTPIB IOHI3YIOYOI'O BUITPOMIHIOBAHHA AOEP IIT

g pospaxyuky ®MC, abo x nomyky O®MC IIT meobxiguo 3azaru (y Bunagky OPMC — inminmjasnizysarn)
CHEKTP 10HI3YI0YOro BUIIPOMIHIOBAHHS si/Ipa. ¥ BUIMAJKY YOPHOTLIHHOIO IPEICTABJIEHHS JOBIUAN 9aC [ I[HOTO
BUKOPHCTOBYBaBcst Mero, 3aHcTpa [43] mis BusHauenHsi edexrnsHOi TeMneparypu siapa IIT. OxHak cydachi
mozesi 3opsanux armocdep suep IIT [14, 37] noka3yoTh CHIIbHI BLAXMIEHHS Bl IIAHKIBCHKOrO PO3IIOJLILY.

3BuUaHO, AKIIO BifloMa ePEKTUBHA TEMIIEPATYPA IAPA, MOYKHA BUKOPUCTATH Bi/ITOBITHUI CIIEKTD 3 MOee
zopsaux armocdep saep IIT. Oxnak, 3 MeTO0 TecTyBaHHsI OCTAHHIX HEOOXiTHO MATH METOAMKY MHOHIykKy Lyc-
CreKkTpy, Hezajexuy Big M3A.

Tomy mu pospobuin merouky [6, 7], ska Biapisuserbcs Bij MUIAHKIBCHKOI 1 OCHOBaHA HA MPUIYIEHHIX
mpo ionizariiiHo-pekoMOiHaliiiHy Ta TermaoBy piBHOBary B obosonkax IIT. dAkimo BpaxoByBaTu TiIbKU BOJEHB
Ta TeJiif, TO mepIne NPUIyIeHHs A€ TPU PiBHAHHSA OaJaHCY KBAHTIB, a APyTe — PiBHAHHS TEILTOBOrO OAJIAHCY.
O61acTh JOBKUH XBHIb 3a A 912 A po36uBaeThea Ha TPH iHTEpBAIM Y BiAMOBiIHOCTI 3 moTenmiaTaMu iomizarmii
HY, He® ta Het. ¥V koxnomy 3 nux inrepsasis Lyc-cuekTp 3aJaeTbcd y CTENEHEBOMY HpecTaBienHi. TakuM
YUHOM 337]a49a, 3BOIUTHCA JO TMOMNTYKY IMEeCTH HEBIIOMUX, IO MPEICTABAAIOTh Lyc-cmeKTp sfapa: 3-0X MOTOKIB
BUIPOMIHIOBAHHS HA MOYATKY KOXKHOIO iHTEpBasy, Ta 3-0X cHeKTpajbHux ingekciB. OCKiIbKE KiIbKiCTh
HEBIZIOMHUX y CTaHJAPTHOMY MeToqi [6] mepeBuInye KiJIbKiCTh PIBHSIHB, TO PO3B’SI3KHM IIYKAJINCh y MPUITYIIEHH]
OJIHAKOBOCT] HAXWJIIB CIIEKTPY y BCixX inTeppasiax, abo K y IpHIIyIeHH] BiacyTHOCTI cKaukis na 504 i 228 A, IIi
MPUIYIIEHHS T03BOJISIOTH CKOPOTUTH KiJbKIiCTh HeBimoMux. Y po6Gori [7] mpomoHyeThest TPOTHIEsKHUH Miaxi —
30iIbIIeHHsT KiMTHbKOCTI PiBHSAHB [0 KITHBKOCTI HEBIIOMHX 3a PAXyHOK 3aJIEKHOCTEH MiK HAXHIOM CIEKTPY Yy
inTepsasi A912-504 A i ckauxamu ma 504 i 228 A, orpumanux Ha ocnosi anpokcumariit qanux M3A anep ITT.
Buie 3raganuii Meros y BCIX TphOX HpejcraBieHHsx peanizoanuii wamu y nporpami NLEHII (ans obsacreit
HII) ta NLEPN (musa IIT).

Oxanak mporpamu NLEHIT ta NLEPN mpaiiororh TiIbKE 3 ONTHYHO-TOBCTUMEH TYMAHHOCTAMU. Y BUMAJKY
ontuuHO-TOHKUX [IT amaa momyky Lyc-crekTpy sifpa My BUKOPHCTOBYEMO OINMCAHY BHWINE TEXHIKY MOIIYKY
OOMC. Ilpu 1pOMY BUKOPHUCTOBYIOTHCS CIIBBiITHOIIEHHS] MiXK IHTEHCHUBHOCTSMU eMiCiiHUX HeOynsapHUX JiHik
y cycimmix cramigx ioHi3aril resiio Ta iHIIMX eJIeMeHTIB, siki HaA3BUYANHO uyTauBi 10 ¢dopmu Lyc-crmekTpy
anpa. KiapkicTs iHTEpBaJiB JOBKWH XBUJIb TAKOXK MOXKe OyTH 30i7bIIeHa [jisi BpaxXyBaHHSA HASBHOCTI BAXKKUX
enemenTis (y BiAmoBigHOCTI 3 iX MOTEHIIaIAMY 10HIZALIT).

BIJICTAHI JIO IIT

Busnauenns Bincranmi no IIT € ommiero 3 maiiTpyamimux mpobsem disuku mux 00’exTiB. Pizuyni mapamerpw,
sKi BHUKOPHUCTOBYIOTHCS [Jisi BH3HAYEHHsI BiacTaHeil 10 TyMaHHOCTeil, He € IOCTIHHUMH i BCHOTO
crmoctepeskyBanoro kKommiaekcy IIT. Meron TpuroHoMeTpryHMX TapaakCiB HE MOYKHA BUKOPHUCTATHU JIJIS
BU3HAYEHHS BifcTaHel depe3 mocuth Beauki Bigctani o ITT. Meros crarucTudHrX mapasiakCciB MOXKe TaBATH
cepeniHi BificTaHi M0 AeAKOI rpynu TyMaHHOCTEH, ajie He 3a0e3nedye BU3HAYEeHHs BiICTaHel 10 iHIWBi yabHAX
IIT. Onniero 3 Kpamux 1KaJl BiaCTaHed B KiHII MUHYJIOrO CroJiTTd BBaxKajucs mkaaun Kana i Kasnepa [13].

3 Bcix icHyoumx cmocobiB Bu3Hadenns Bimcrameir no IIT wafikparum 3apa3 CiIig BBaXKATH METO,
sanporonoBanuii Manbkosum [32]. B ocHoBi 1bOro Merosy Je:KuTb CaMOy3rOjzKeHe BU3HAYEHHs BiacraHei
R nmo IIT i edexTnBHMX TemTepaTyp HeHTPAIbHUX 3ip T 1 iHMmMX dizwmurnx XapakTepncTuk. Jad mporo
BHKOPHCTOBYIOTHCs CIIOCTEPEXKYBaHI 3HAYEHHS MOTOKIB B Jiinil Hg (BunpasieHi 3a MiK30psHe IOINHHAHHS),

. i, . Hel Hell [OI]
B1JHOCHI 1HT€HCHUBHOCT1 JIIHIL ———

Hs ' Hg ' [O1I]

, CYMH IHT€HCHBHOCTI BCiX 3a00pOHEHHuX JIiHi#l, KyTOBI po3Mipu
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MIBAIKOCT pO3IUpeHHs 000JI0HOK i 3opani B, V semwmunan aaep imgwsinyameanx IIT. /g susnadenna Tog, 1
OITUYHUX TOBINUH Try. Oyiau Bukopucrasi Bimomi piBusxHa 3ancTpa i(ab0) piBHSHHS eHePreTHIHOrO GAIAHCY.
[licaa nmporo Bu3HAUaBCS TeopeTudnmil eBosioniiamit Bik sgaep 11T, akuit mpupiBHIOBaBCA 10 JUHAMITHOTO BiKY.
Bukopucrosyioun eposroniitni Tpeku anep Ha giarpami L, —Teg,, BA3SHAYAIN CBITHOCTL, paiycu IeHTpaIbHUX 3ip
i po3mipu o6omonok I1T. Maroun ix KyToBi po3mipu, Busnadasu Biacraui 1o [IT. Meron BibHUE Big JOMyIEHb
PO Trye. llxama Bincraneit qo IIT onybaikosama B pobori [31].
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