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ASTROPHYSICS

IIpo npupony B3aemoairouoi cuctemu £ Jlipu:
JIOKaMi3alis rapsaymx o0/iacTed Ha aKpeUiiHOMY AMCKY SIK BiloOpaKeHHs
3aMarHi4YeHOoCTi ra30BUX CTPYKTYP

M. 0. CkyabcbKuii™*

Hawnionansauii yHiBepcureT «JIbBiBCbKa HoMiTeXHiKa», M. JIbBiB, Ykpaina
*Corresponding author. E-mail: mysky@polynet.lviv.ua
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Awnoramisi. e mocnimkeHHs 3iHIiII0BaHE ITyOTiKALliIMA pe3yIbTaTiB Y3TOKEHIX MOJICNIIOBAaHb KPUBUX OJIMCKY BiJIOMOI MacHBHOI
TicHOi mozaBiKHOI cuctemu £ Jlipu. BaskimBHMHU 3 HUX € KOHCTAHTAIlisl 3HAYHOTO BKJIaJy BUIPOMIHIOBAHHS aKpemiifHOro JHCKY B
KpHBY OJHMCKY BCi€l cucteMu. 30Kpema, Oyiy BHSIBIICHI JBi Tapsdi o0iacTi i3 Temmeparypamy, 1o € Ha 10% T1a 20% Bummmu 3a yce-
penHeHi Ha oboxi aucka (disk rim). Boru nokanizoBani y ¢azax 0.80P i 0.40P i3 mokpuBanHsaM Bigmosigao y 30% ta 10% 30BHIm-
HBOT'0 Kparo Jiicka. BBaxkaeTncs, o 1i po3irpiti obacti Morin OyTu cpopMoBaHi IUISIXOM 3iTKHEHb Ta30BHX MOTOKIB 3 JJUCKOM TIPH
MIepeHOCI MacH TIOMiX KoMIoHeHTaMHu. J{ilicHo, OLTbII rapstaa obiacTs Ha UcKy B ¢azax Ourst 0.40P nmpupomHO MOSCHIOETHCS BIAXH-
JICHHSIM KOpiOJiCOBUMH CHJIAaMH OCHOBHOTO T'a30BOT'O MOTOKY, IO HAIpaBJIeHWH BiJ JOHOpa Yepe3 TOUKy Jlarpamka B IOPOXKHUHY
Pormra akperopa, 3 mogaibmyM HOro 3ITKHEHHSIM 3 IMCKOM akperopa. OfHaK, y meil crocid HEMOXKINBO MOSICHUTH IMPOKY Tapsdy
o0JyacTh AUCKY, IIeHTpoBaHy Ha ¢a3y 0.80P. Hamr anamni3 maHux aGcomroTHOI crieKTpodoTOMETpii, KpUBUX 3MIHH MarHiTHOTO ITOJIA,
MIPOMEHEBUX IIBHKOCTEH Ta IHTEHCHBHOCTEH CIEKTpAIbHUX JiHiH 3 (hazaMu opOITaIBHOTO Mepiofy MoKa3ye, 110 rapsda o0IacTs Ha
aKpeliifHOMY TUCKY aKpeTopa, JIoKajiizoBaHa B okoii ¢as3u 0.80P, mae inmry npupony. Tyt cimij BpaxyBaTH MarHiTHe Ioje JJOHOpa,
HaIpsIM OCi AUMONA SKOro nodau3y uiel pasu NpakTUYHO HaNpaBJICHUH Ha criocTepiraya i 3BepHeHUH 10 akperopa. Llg rapsua o6-
JIaCTh Ha aKpelifHOMY JIMCKY YTBOPIOETBCS B pe3ybTaTi 3ITKHEHHS 3 JUCKOM 3aMarHiYeHHX I'a30BHX IOTOKIB, KaHAII30BaHUX Mar-
HITHUM IIOJIEM JIOHOpa, IO € TIEBHHM YMHOM 30Pi€HTOBAaHHMM Y IpocTopi. EHepreTHuHmil eeKT Bii 3iTKHEHHS Ha JANUCKY CYTTEBO
IiICHIICHNH 00epTaHHAM 30BHILIHIX KpaiB JIHCKY, 3YCTPIYHHM [0 NaJal04uX Ha HbOrO ra3oBUX HOTOKIB. CTpYKTypa MarHiTHOro
TIOJIS JIOHOpA CIIpusie 1 po3irpiBy Oinbiu rapsuoi obnacti aucky B ¢asax noomusy 0.40P. Cnenudikoro koH}iryparmii MaraiTHOro
TIOJIST TOHOpA TIOSICHIOETHCS Te, 110 Ha IMPOMEHI 30py CIocTepiraya Inpu o0epTaHHI JOHOpa 1 akpeTopa HaBKOJIO CHUIBHOTO LEHTPY
Mac JOMIHYIOTb IIi TapsTdimi 001acTi Ha TUCKY aKkpeTopa.

OCHOBHHUIT BUCHOBOK TIOJISITA€ B TOMY, 1110 MAaCONEPEHOC, ()OPMYBAHHs HABKOJIO30PSHHX Ta30BUX CTPYKTYP, IX JMHAMIiKa Ta eHepre-
THKa PEryJIIOI0ThCSI MATHITHUM IOJIeM TOHOpa. BiporifHo y B3aeMopnil MarHiTHHX TIOJIB, 3reHEPOBAHMX HA JIOHOpI 1 akpeTopi 3 Horo
JICKOM, 3HAXOJIUTHCS I PIlICHHsI TPOOJIEMH peaIbHOTO iCHYBaHHS Ta (hi3MIHOI IPUPOIM [HKET-MIOAIOHHUX CTPYKTYp y cuctemi S Jlipu.

Knrouoei cnosa: f Jlipu, macnimue none, akpeyitinuii OUCK, MaconepeHoc

IlepeamoBa

MuHa€ MiBCTOMITTS Bijl MOYATKY HAIIMX CIIEKTPAIbHUX
JIOCHIDKEHb B1ZIOMOI B3a€MOZIIIOYOI MaCHBHOI IMOABIMHOI
cucremu f5 Jlipu, pe3ynbTaTi sIKMX TPHUBEIH JO TIEBHOTO
MOCTYIY B TNIyMadeHHI (i3UYHOT MPUPOIH L€l 3HAMEHU-
Tol cucreMu. Ilepiu 3a Bce, L€ CTOCYETbCS OTOTOKHEHHS
JIHIA OTOPHYTOrO JUCKOM aKperopa 1 BHU3HAYECHHS Mac
000X KOMIIOHEHTIB 0€3MOCepeHbO 31 CHEKTPY CHCTEMHU,
BUSIBJICHHS 1 JIOCIIIKEHHSI MarHiTHOTO IOJIsl IOHOPa, BU-
BYCHHsS JUHAMIKA Ta CTPYKTYpH aKpeIiiHOro MIUCKY.
Haii6inpin cucTeMaTHYHO CIOCTEPEKEHHsI MPOBOIMINCH
B 1965-1995 pp., 30kpema, Ha 2.6-M Teneckoni Kpumch-
kol (KPAO) ta 6-m teneckoni Crieniaibaoi Actpodizud-
Hux obcepBartopiii (CAO). Pesympratm mocmimkeHs [
Jlipu omyGuikoBaHi y AecsAiTKaX B OCHOBHOMY POCIHCBKO-
MOBHHX CTaTeil K y paAsHChKHX LEHTPaIbHUX >KypHa-
JaxX, Tak i B IMyOdikaIisx pisHHX obcepBaTopiil Ta Tema-
TUYHHUX KOH(EpeHIiil. 3 yacoM BUSBHIOCH, 10 Oarato 3
HUX HE NWTOBAHI B aHTJIOMOBHHUX ITyONIKaIlisiX, 30KpeMa,
Y CTaTTAX-OMIIAAaX HayKOBUX JTOCSATHEHb METOAMYHO Pi3-
HuX cnoctepexxens S Jlipu. BigOmBaroun ymomoOaHHA i
HAIpsSIMU JTOCITIDKEHb X aBTOPiB, B HUX A0 IUX Mip HE
BHUCBITJICHI TeMH, IO CTOCYIOTHCS MAarHiTHOro monis f
Jlipu (mampuknan, [1,2,3]). Ile mpuBOIKTE 10 HEMOBHOI
iHTepHpeTanii pe3yabTaTiB HOCTIKEHb. Y BOMY KIFOUi
ITOKAa30BUM € BUSBJICHHS raps4yux oOiacteil Ha 00omi ak-
peuifHOro IUCKY TpH MOJENtoBaHHI V-KpHBOi ONHCKY
cucremu f Jlipu B HenaBHill myOuikamii [4], mo 3mycuno
Hac JIONYYUTHCS O TPYHTOBHIIIOrO TPAKTYBaHHS LBOTO

Ta 1HIHKX (HaKTiB 3 MOTJISLY AOCIIKEHb MArHITHOTO TOJIS
JIOHOPA Ta CTPYKTYPHU aKPELiHOTo ITUCKY.

CratTst noOy/10BaHa HACTYIIHUM YMHOM. Y BCTYIHIH 11
CeKIIii B CKOPOUEHOMY BapiaHTi IPUBOAATHCS XapaKTepH-
cruku cucremu S Jlipu Ta OCHOBHI iniel npu X iHTepmpe-
Talii B TPUBAJIOMY MPOILEC] Mi3HAHHS I1i€] CHCTEMH 3 aK-
[EHTaMHU Ha (POTOMETPUYHI Ta CIEKTPAIbHI JOCIIPKEHHS,
110 € TyT 0a30BUMU. B KOHTEKCTI BHKIAIy SIK LIIOCTpaIis
4acToO BUKOPUCTOBYEThCS cxeMmaTwuHa mozenb [ Jlipw,
CTBOpEHA 32 HAIIMMHU CIIEKTPATbHIMH CIIOCTEPEKEHHAMH,
B SIKif BUIJICHO JIB1 OCi, @ came, BiCh B3JIOBXK LIEHTPIB 3ip-
KOMITOHETIB Ta BiCh MATHITHOTO TIOJII JOHOpA, IIO € BU-
3HAYAILHUMH y MpOLiecax MacolepeHocy. Y IBOX HACTY-
IHUX CEKILiAX KOPOTKO CHCTEMAaTH3YIOThCS Ta y3araib-
HIOIOTBCS PE3YNbTAaTH HAIIMX OaraTOpidHUX TOCHIKEHBb
MAarHiTHOTO TOJIS Ta TUHAMIYHOI CTPYKTYPH aKpeliitHOro
IucKy. B momamemomy BOHHM € HEOOXITHUMH SIK OO
iHTepHIpeTanii KOHKPETHOr0 POo3irpiBy 000ay akpeuiiHo-
TO JIWICKY 3TiJTHO aHOHCOBAHOI TEMH, TaK 1 CTOCOBHO BH-
KIaay MHUPLIIOro PO3yMiHHS MPHPOIM SBHILA Macolepe-
HOCY, KaHaIIi30BaHOTO 32 IOIIOMOT OF0 MAaTHITHOTO TTOJIS.

Jlesiki acmeKkTH BHBYEHHSI B3a€EMOJiI0O40i MOABiHHOT
cuctemu S Jlipu

Iounnaroun Bix croctepekerb 1780-x pokie [5], sxi
3aI09aTKyBalil BiIOMY «KpHBY Onmcky tumy f Jlipm»,
PS HAYKOBHX IyOJiKamii Mpo M0 CUCTEMY € UM HE Hak-
JIOBIIMM cepex 30psHuX 00°ekTiB. Lle mosicHroeThes SK 11
SICKPaBICTIO, TaK 1 HEOPJMHAPHUMH 3aJladyaMH, SKi BHHU-

©|M. Yu. Skuisky 2015
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Kalli B TIpOIIeCi MOCTikeHb 11 ¢ismuHol npupoau. Ede-
Mepuau cucreMu £ Jlipu MicTATh KBaJpaTHYHUAHN WieH, ii
opOitanpHui mepion 3poctae Ha 18.9 c/pik i, 3a moHan
nBicti pokiB 3picumm Ha 0.05 mHS, nocArae Bxke maibke 13
nHiB. lle cympoBOIKYeThCS aKTMBHHUM MacOEepeHOCOM

4 0.75P

MOMDK KOMITOHEHTaMH 3 YTBOPEHHSIM HaBKOJIO30PSHHUX
CTPYKTYp, 30KpeMa, PO3BHHYTOI CHCTEMH Ta30BUX IOTO-
KiB Ta aKpeuiiHoro MWCKY, YSBJCHHS IPO IO MOXHA
CTBOPHUTH Ha OCHOBI 11 cxeMaTH4HOi Mozeni (puc. 1.)

0.86P

0.955P

260 Sill
o0

0.015P

0.11P

Puc. 1. Cxemarnuna MOJIENb B3a€MOJiI0Y0I MOABIHHOI cuctemu [ Jliph 3a JaHUMM HalMX criocTepexkenb Ha 1990-i pp. (morusia
3BEpXy Ha IUIOIIMHY 0p0iTH) 3 sickpaBuM nonopom Tumy B8III i macoro M;=2.9 Mo Ta 3 akpetopom macoro M,=13Mo, oropayrum
T'YCTHUM JTUCKOM i3 mceBnoarMocdeporo tumy ASIII (30BHIIIHIN caTeniT-AMCK 03HAYSHO JBOMA psitaMu CTpijiok). [lepBunHe abo ro-
JIOBHE 3aTEMHEHHs (JIOHOpa aKpeTopoM) y BUAUMOMY CBiTii Bignosinae ¢asi 0.0P (qus. puc.2). Ins Bignomenns mMac 0=0.22 noka-
3aHi noBepxHi Polna B mKani peanbHOro po3JiIeHHS MDK LEHTpaMH KoMIloHeHTiB A=58Ro. Brpata martepii noHOpoM (BigMiueHO
CTpiJIKaMy Ta30BUi MOTIK, Biaxuienuit cuiamu Kopiosica 10 TUIBHOI CTOPOHH aKpeTopa) BigOyBaeThCs B3OBK JIiHIT LIEHTPIB 000X
KOMIIOHEHTIB y Hanpsimi opbitansaux (a3 0.5-0.0P i B3goBx oci MaruitHoro noss qonopa y Hampsmi ¢a3z 0.35-0.85P, cipoekxroBa-
HOI Ha IIomuHy op6itu. [lokasaui op6itanbHi ¢asu B Mexxax Tt 0.1P 10 i mic/s HEHTPY TOJOBHOIO 3aTEMHEHHS, B IKHX IPHU IIPOEK-
uii Ha JOHOp careniT-maucKy y crektpi £ JIipu NpoOsBISIOTHCS JiHiT-CATENITH 3 TIPOMEHEBUMH IIBHAKOCTSAMH MPOTUIEKHUX 3HAKIB.
J111s1 30BHIIIHBOTO CHOCTEpiraya, 10 3HAXOMUTHCS B IUIOLIMHI OpPOITH, pyX KOMIIOHEHTIB HABKOJIO IX CIUIBHOTO LIEHTPY Mac 3Miiic-

HIOETBCS TIPOTH T'OJJMHHUKOBOI CTPIIIKH.

3aBsKH i€l yIMiTbHEHOTO MAacHBHOTO IHCKY [6], 1o
MacKye BiJ cliocTepiraya BTOPHHHHUH 3a CBITHICTIO, alie
MAaCHBHIIINI KOMITOHEHT-aKpeTop, KpuBi Omucky £ Jlipn
y BUAMMOMY Jialia3oHi CIEKTpy (pHcC.2) TiIIaBainch
YHCJICHHUM 1 BCE YCHIIIHIIMM MOAETIOBAaHHAIM. Biamosi-
JTHO 10 HEIAaBHHOI'O MOJETIOBAHHS KPHUBOI ONUCKY y V-
eMysi [4], cucrema £ Jlipn 3Haxomutsest y Bimi 2.3x10°
pokiB Ha (QiHamBHIA (a3l MacomepeHocy 3 TEMIIOM Y
1.58x10° Mg/piK, IO TPOXOINTH y KBa3iKOHCEPBATHB-
HiM pexumi. [onoBHOIO Tpobiemoro [7] € y3romkeHHs
pe3ynbTaTiB MOJENIOBAaHb KPHBUX OJHCKY Y CMYyrax BH-
JIMOTO CHEKTPY 13 TAKUMH X Y JaJIEKOMY yAbTpadioneTi
[8,9] Ta B marnexiit indpagepsoniit minsHI cnektpy [10],
JIe CIIOCTEPITaeThCs KPOCCOBEP Y TIAMOMHAX MiHIMYMIB.

Take anomampHe OOepHEHHS TTHOMH 000X MiHIMYMIiB,
KOIIM TIEpBUHHUI a00 TOMOBHUI MiHIMYM, CTBOPEHHH 3a-
TEMHEHHSIM JOHOpAa aKPeTOPOM Y BUAMMIH MIJISTHIT CIICKT-
Py, CTa€ BTOPHHHMM 32 JAJEKUMH MEXKaMH i€l JTSTHKH
CHEKTPY, YCKJIAaJHIOE MOJENIOBAHHS KPHBUX OJMCKY, BU-

Mararo4y BpaxyBaHHS HETPAJWIIIHIX [DKEPEeNT eHeprii 1 ix
koH(irypamiit y cucremi f Jlipm. IlepemosciM, me crocy-
€TbCS BENTUKUX HAUTUINKIB BHIPOMIHIOBaHb CHEKTPY 3a
0ampMEpiBCHKOI0 Ta JIAMaHIBCHKOIO TpaHuIrsMu. [lo3aat-
Moc(epHi criocTepekeHHs TToKa3anu [8, 9], mo kpuBa Onu-
CKY 3a JIaiiMaHIBCbKOIO TPAHUIICIO JIe()OPMOBAHA HACTLIb-
KM, [0 BTpaya€ O3HAKH IOIBIHHOI CHCTEMH 1 CTae Maibke
TUTOCKOIO 3 OTHOTOpOOBUM MaKCHMyMOM BUIIPOMiHIOBaHHS
y Ipyriii KBagpaTypi, Jemo Haraayrodd 1mo (opmi Kpusi
OJIMCKY MarHITHHX 3ip-poTartopis (puc. 2, Bropi i B IEHTPI).
M’sxe peHTreHiBcbke BumpomiHtoBaHHs (Hikde 10 KeB)
cucremu S Jlipu, mo HesMiHHE 3 (a3or0 opOiTaILHOTO ITe-
piomy i HE 3aTEMHIOETBCS KOMITOHEHTAMH, BipOTiTHO BH-
CBiUyeThCs MoHa R TronwmHO0 opoiTH [11]. Lle moB’a3yeTs-
Csl 3 TOMCOHIBCBKHM PO3CISIHHSM pPEHTTCHIBCHKHUX MpOMe-
HIB y 30psSHOMY BIiTpi Ta Ta30BHX CTPYKTYpax YAapHOTO
XapakTepy, 10, BUHUKAIOUM IOOJHM3Y IUCKY MacHBHOTO
aKpeTopa, OropTaloTh BCIO MOABIHHY cucTeMy. Jleski acre-
KTH PO3YMIHHS IIHOTO SIBUINA JAIOTHCS B pe3ynbTaTax a0-
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comoTHOI criektpodoromerpii f Jlipu, npoBeneHoi BIpo-
noBK opOiTaneHOi (pasu B Mexax A43300-7400 [12]. Mo-
JICTTIOBAaHHSI KOHTUHYYMY Ha 0a3l OTpUMaHMX CKaHIB Hai-
Kpamie y3romkeHi it 3ip tamy BSIII (sik monopa), ASIII
(sIx mucKy-TiceBmoaTMOC(epH, MIO OropTae akperop) Ta
10HI30BaHOI BOTHEBOT 000I0HKH 3 TemnepaTyporo 20000K.
Bkiag BUNIPOMIHIOBaHHS OCTaHHBOI B KOHTUHYYM € OLTb-
MM 3a TaKi BKJIaIu 000X 3ip 32 0aabMEpiBCHKOI TpaHM-
IIEI0 1 3HAYHO 3pOCTae B iHPpauepBOHY OOJIACTH CIECKTPY.
[Nokazano, 110 1e JHKEPEno BUIPOMIHIOBAHHS Ha e(heKTHB-
Hill goBxuHI XBUWI V-cMyru KpuBoi 0mucky S Jlipu y kBa-
Jpatypax, BTOPUHHOMY Ta TOJOBHOMY 3aT€MHEHHSX CKJIa-
Jla€ B KOHTHHYYMi cHcTeMH Bimnosigao 22, 13 ta 8%. Lle
03HAauajo, M0 3aTEMHEHHs Tapsdoro iOHI30BAHOTO razy
3IIACHIOETHCS 1 JIOHOPOM, 1 I1Ie OUTBII CYTTEBO aKPETOPOM,
asie BUHMKIIA Mpo0JieMa po3yMiHHS PUPOau (OpMyBaHHS
KOHTHHYYMY B 000X KBaJparypax.
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Puc. 2. Kpusi 6nucky f Jlipu: BBepxy i B LIEHTpi — y JalieKiMm
ynbTpadioneTi 3a NaiiMaHIBCHKOIO TPAaHMIECIO BiAMOBIAHO Ha
A955 (B3aTO 3i crarTi [8], cTpinkamu Hamu Bim3HauyeHO (azu
0.35P Ta 0.85P cmocrepexeHb MOMIOCIB MAarHITHOrO MOJSI Ha
noHopi) Ta Ha A1085 (B3sTO 3i cTarTi [9]); BHU3Y — ycepeaHeHa
kpuBa GuCcKy y V-cMy3i (BUAMMUiL Jianma3oH crekTpy, A5500;
B3STO 31 crarTi [1]).

I3 amamizy ycepeqHEHWX KpPUBUX OIUCKY CHCTEMHU
£ Jlipn oTpuMaHO 1€ OAWH BAXJIMBHHA (PAKT CTOCOBHO
po3yMiHHS ii IpUpOAN: BUSIBIICHI BTOPHHHI HEOpOiTaIbHI
nepioan, HalOIIBII TOCTOBIPHUHN 3 SKUX Ma€ TPUBAIICTh
koo 283d [1,13]. A 1, sik moka3zano B [14], mae mpsime
BIJIHOILICHHSI 10 HAasBHOCTI Y3TOJPKEHOI CHCTEMH BTOPHH-
HUX TIEpiOJIiB Ta PE30HAHCIB, 3MIHHUX Yy Yaci CHHXPOHHO 3
poctoM opOiTanbHOro niepioay £ Jlipu.

Crextp £ Jlipy BiiaBHa IHTPUTYE CBOEIO HEOPAMHAPHI-
CTIO: HAJIYYETHCS TIPUHAIMHI IICTh CUCTEM CIIEKTPATbHHIX
JiHIA. Y BHAUMOMY JTiaria30HI OCHOBHHM € T€, 1[0 Ha 3BH-
yaifHuil B8-cnekTp sAckpaBoro KOMIIOHEHTa-JOHOpa Ha-
KJIaJal0ThCsl CIIBHI eMiciiiHo-aOcopOriiHi JIiHiT BOIHIO Ta
TeJIiI0 3MiHHOI CTPYKTYpH iX MPOQLIiB y370BK OpOiTalib-
HOro nepioxy. Born Oynu BigHeceHi 1o T. 3B. B5-cnekrpy
3aranbHOI ra3oBoi 00oyoHKH £ Jlipy, 1110 pO3IMIMPIOETHCS
[15, 16]. Llentpu abGCcopOUiHINX KOMIOHEHT Y TPOdisIX
IIUX JIiHIA 3MIIIEHI B CTOPOHY KOPOTKHX XBHJIb. 3rOIOM iX
OyJ10 po3aijaeHo Ha ABi rpymw Jinii [17]. Bigbmn unciaensi
MIMPOKI JIiHiT (Ha3BaHi A-abcopOli€r0) 3 BETUKOK aMILTi-
TY/IOI0 3MiH Y MPOMEHEBUX HIBUIKOCTSX YIPOJOBX OpOi-
TanbHOi a3y (B Mexax NPHOIM3HO BiJl HYJIS O MiHYC
110 km/c i Menmmx 3a mapabomiuni [18]) yroproroThcs y
BISUTONOAIOHMX Ta30BMX CTPYKTYpax, LIO HArpaBlieHi Bix
JIOHOpA 10 aKpeTopa W OXOILIIKTH HOro 3i CTOpiH 000X
kBampatyp (muB. puc.l). By3pki i mimboki minii B5-
CIIEKTpyY, HadcwmbHim 3 sxux Heli13889,10830, mio Bu-
HHKAIOTh BiJl METACTaOUTLHUX PIBHIB 1 Mallo 3MiHHI 3 OpOi-
tanpHOIO (hasoro [19], Ha3ani B-abcopOuicto. 3a cBoero
IPHUPOIOI0 BOHU XapaKTEPU3YIOTh PO3PiIKEHE CeperoBU-
e 1 € IBUIKICHUM 30pSHUM BITPOM i3 TMPOMEHEBUMU
MIBUOKOCTSIME  OuThimiMu 32 mapabomiuni (=120 km/c
BIJIHOCHO IIEHTPY Mac), BimOOpakatouu BTPATy PCUOBHHU
no3a Mexi noBiiiHoi cucremu. [licist BIAKPUTTS MarHiT-
Horo tosst [20] 6ymo mokasano [21], 1o pyx ra3oBux mac,
BioOpakeHuit quHaMikoro A- 1 B-aOcopOuiii, KoHTpoItO-
€THCSI MarHiTOC(EPO0 MAarHITHOTO OIS JOHOPA.

O3Hak a0COpOUIHHMX JIiHIM BTOPUHHOTO 32 CBITHICTIO
KOMIIOHEHTa-aKpeTopa BHSBICHO He Oyno, L0 y3roKy-
BaJIOCH 13 BIZIOMOIO Mopeiuo cucrtemu f Jlipu npu nany-
touiii 10 KiHg 1950-X pokiB Teopii eBOMIOIT MOABIMHUX
3ip, KOJM SICKPaBIIIMil KOMIIOHEHT BBa)KaBCs OLIBII Ma-
cusamM [16]. OxnHak, npu Benukii Gpyrkii mac y 8.5 Mg
L€ IPUBOAWIO J0 HEMOSICHEHHO BEJIMKOI CyMapHOI Macu
3ip moaBiitHOI cucTemu, 6upIIOL 32 70 M.

V 3B’43Ky 3 KapAMHAIBHOIO 3MiHOIO YSABJIICHD IIPO €BO-
JIOIII0 TOABIMHMX 3ip Y MeXaHi3Mi «3MiHH ponei» [22],
Ha mepenHii kpait actpodizuku 1960-x pokiB Buituu
cnoctepexkeHHs Ticaux moaeiaux cuctem (THC) i3 He-
CTalliOHAPHUMH SBHIIAMH Ta BHBYCHHS 1X (I3UYHUX Xa-
PaKTEepUCTHK Y MOPIBHAHHI 3 MOJENsAMH iX eBomorii. o
Hux BimHOcmmack MacuBHa T/IC £ Jlipu. Ctano sicHo, mo
BTOPMHHUH 3a CBITHICTIO KOMIIOHEHT-aKpeTop Mae OyTu
OLTBII MacMBHUM (HE BUKIIOYAIOCH KOTO iCHYBaHHS SIK
yopHOi nipn). HeoOXimHUME cTany MOMIYKH CIIEKTPalb-
HUX JIiHIA 3 O3HaKaMH PyXy BTOPHMHHOTO KOMITOHEHTa i
BU3HAYCHHS Mac 000X KOMIIOHEHTIB Oe3mocepenHbo 3i
CHEKTPy cucTeMHd. Bpemrri, Ha 0a3i OTpHMaHHS JECATKIB
CIEKTpOrpaM 3 BHCOKHM PO3PI3HEHHSIM Oyiu BHUSBJICHI
HernMOOKi Ta mmpoki Jiinii [23], mo BixcmigkoByBamn
opOiTanbHUIT pyx akpeTropa npu BigHomenHi mac (=0.25.
Onnak, HaxpilHe BimHomieHHss Mac (=0.223 ta macu B
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2.9 Mg 1 13 Mg BimOBiTHO JIS SICKPABOTO KOMITOHEHTA-
JIOHOPa Ta BTOPUHHOTO 3a CBITHICTIO KOMIIOHCHTA-
aKpeTopa BCTaHOBJIEHO 3a crioctepexxeHHs Mu 1990-1992
pokiB Ha 2.6-M Tteneckom KpAO 3a momomororo I133-
JIETEKTOpa HHU3BKOTO IIyMy B JIIHISX AyOJeTy KpEeMHilo
SillA46347,6371 [24,25]. MetonuuHo He3alex)Hi acTpo-
MeTpuuHi crocrepexxents f Jlipu [26] mamu momiOHmit
pesynbrar: (~0.222 Ta MacH KOMIOHEHTiB y 2.83 %
018 M@ ta 12.76 + 0.27 M. 11i 5k crocTepe:KeHHs MiaT-
BEpAWIIH BUOBXKEHY eJincoinansHy GopMy sK JOHOPA,
TaK 1 B me OUTBIIHA Mipi akperopa, 1o OylIo TMOsACHEHO
3aMOBHEHHSIM TOPOKHUHHU Pollia JTOHOPOM Ta BHIOBXKE-
HOIO JIMCKOMOAIOHOI0 CTPYKTYPOIO JOBKOJIa aKperopa.
BaxnnBo Tex, IO IUTONIMHA AaCTPOMETPHYHOI OpOiTH
HaxuJIeHa JI0 IPOMEHs 30py BChOTO Ha J[Ba TPajycH, TOO-
TO CIIOCTEPEXKEHHS BEYThCS Y TUIOLIMHI OpOiTH.

JlocnipKeHHs XiIMIYHOTO CKJIa/ly Ta €BOJIOIIHHOrO cTa-
Hy cuctemu [ Jlipu BimoOpaxaroTh OCOOJUBOCTI BTPAaTH
MAacH SICKPaBHM JTOHOPOM, SIKHIA JTOMIHY€E B i KOMITO3HUITiH-
HoMy criektpi [27,28]. Buaumuii criekTp JiHi# HOrTMHAHHS
aTMocepu IOHOpPa HAJISKUTh B OCHOBHOMY 30pi THILYy
BSIII, ane BiamnoBizae OiIbLI ITUPOKOMY AiaNla30HY CTYyIIe-
HIB 30y/DKEHHS Ta 10HI3allil CIIEKTPaJIbHUX JIiHIH 1 CYyTTEBO
3MIHHUH B3JIOBX OpOiTanbHOI (ha3u. 30kpema, 3MiHa MiK-
POTYpOYJIEHTHOI IIBHUAKOCTI BiJ 5.5 KM/C y KBazpartypax
o 18 kM/c Ha CTOpPOHI JOHOpA, 3BEPHEHIN 10 aKpeTopa,
CBIUUTh NPO 3MiHYy T'YCTUHH aTMOC(epd B3IOBXK HOro
MIOBEPXHi, MPO EJINCOINAIBHICTh JJOHOpPA 1 3HAYHE 3arlOB-
HEHHS HMM NopoxHMHHM Poma. Bussuiioch, 1o Hi mpu
SKUX MoAuQiKaiisx (Ii3UYHUX TNapamMerpiB He MOXKHA
OTpPUMATH «HOPMAJILHOTO» BMICTY XIMIYHUX €JIEMEHTIB
IU1sL aTMOC(epy JOHOpa 3 aKTHBHOIO BTPATOI0 PEYOBHHHL
Jesike HAONWKEHHS! 70 HOPMAJIBHOTO XIMIYHOIO BMICTY
MOXKHA OTPHMATH INpU T{ HE3BMYHIN crparudikarii: JiHii
BHUIIOrO moTeHIjany 30ymxkenns, 3okpema Hel, NII, CII,
Sl, Silll, ¢popmytoTbecs IpU BUILIHA TeMIepaTypi Ta HIK-
yomy enekrponHomy TuckoBi, a minii Fel, Crl, Til - npu
HIDKYIH TemmepaTypl y miibHimi atMocdepi. Onnak, B
yCiX BapiaHTaX MOJIENI CIOCTEPIracThesl HAWIUIIOK He mpu
nedimuti H, a Takox Hammmok N nopieasao 3 C Ta O.
AHOMaNBHICTh XIMIYHOTO CKJIay atMocepu JOHOpa CBi-
MUUTh TPO Te€, IO il pedyoBHMHA MepepoObieHa MpPOLECOM
Buropants H B peakuisx CNO-1mKkiIy B Hajpax JIOHOpa,
IO Y3TOMKYEThCS 3 IHIIMMHU JIOCHIDKEHHSAMH, 30KpeMa,
[29]. 3 BiEKpHUTTSAM MarHiTHOTO TIOJS HAa TIOBEPXHI JOHOPA
[20] 6ymo mokasawo [28], 1o B #oro atMocdepi croctepi-
Ta€ThCSA CYTTEBUH HAJIMIIOK XiIMIYHIX €IEMEHTIB, HAIPH-
kiax, Si, Mn, Sc, ski mpuTamMasHi aTMocdepaM MarHiTHHX
3ip. 3rogom Oynu BUSIBIICHI KOPEJAIii 3MiH MarHiTHOTO
IOJIsl TOHOPA 13 3MiHAMH €KBIBaJIEHTHHX IIMPHH JIHIA aT-
Mochepu moHOpa BIpomoBxk opbitamphoi dasu [30] Ta
BIUIMBY MarHiTHOTO ITOJIS HA MPOLECH aKTHBHOI'O MacoIle-
peHocy B moBitHIM cucTemi [21].

OTtxe, cucrema [ Jlipu mOCTaTHRO MOJNOHA 1 3HAXO-
JUTHCS HA EBONIOMIWHIN cTamii 3aBEepIICHHS aKTHBHOTO
MacoIepeHOCy BiJl SCKPaBOro JOHOpa O 3HAYHO MAaCHB-
HIIIOTO 1 3aMacKOBAaHOI'O ITUCKOM akperopa. YacTuHy
OaraToi BomHeM aTMoc(epHr TOHOpa BXKE BTPAueHO, BilK-
puti 36arauena He, N, Ta iHmMMHU XiMIiYHUMHU eJIeMeHTa-
Mu fioro atMocdepa. Di3udHI YMOBH Ha MTOBEpXHi 31e(0-
PMOBAHOI'O JTOHOpA 3aBISYYFOTh BHCOKOMY TEMITy BTparti
tioro macu. L1 crazmis iHTEHCHBHOTO MacooOMiHY, TPO-
XOZSYM 3 BiOOpaKEHHSIM CTPYKTYPH MAarHiTHOTO ITOJIS

JIOHOpA, TIPHBENa J0 YTBOPEHHS PO3BUHYTHX HaBKOJI030-
PSHHX Ta30BUX CTPYKTYp, Cepen KX JOBKOJAa HEIOCBi-
TUMOT'O MacHBHOTO aKpeTopa BHIUISETHCS CKIAJHOI Oy-
JIOBH aKpewiitHuii auck (qus. puc. 1).

MarniThe nose Ta ifioro 3MiHHicTh y cuctemi S Jlipu

[TocnizoBHEe BUBYEHHS MarHiTHOro mois cuctemu £ JIi-
pu Oylno HaMH TMPOBEJCHO 3a JOMOMOIOK BUMIpPIOBaHb
3€eMaHIBCHKHUX PO3IIEIUIEHb Y JIIHISIX CHHBOI 00J1acTi CIIeK-
Tpy Ha ocHOBi 400 cIieKTporpaM BHCOKOTO PO3Pi3HEHHS,
orpumanux B 1980-1988 pp. ma 6-m Teneckomi CAO
[20,31,32]. Po3B’s30Kk KBa3iCHHYCOiMaNbHOI KPUBOI 3MiH-
HOCTi €()eKTHBHOTO MarHIiTHOTO ITOJIs aTMOC(EepH TIOHOPA 3
opOiTaTbHOIO (ha30k0 JaB CepeHE 3HAYCHHS ¢(PEKTUBHOL
HAIMPY>KEHOCTI MArHITHOTO MOJSI HEraTHBHOI MOJSPHOCTI
He=-(1198+32) I'c i3 ammnitynoto A=(475+51) I'c Ta ekcr-
pemymamu noiist B opOitanpHux (asax 0.355P ta 0.855P -
(puc. 3, BBepxy). KpnBa 3MiHHOCTI MOB3JJ0OBKHBOI CKJIa10-
BOI MarHITHOTO MOJISt MOIJIA CBITYUTH PO JUIMONBHY CTPY-
KTypy MAarHiTHOTO TOJis JOHOpa sSK poraropa. Tomy, 3a
MeToIoM, omucaHuM B [33], Oymu mpoBeeHi po3paxyHKH,
SIKI TA7IA Y3TOKEHHSI TEOPETHYHOI Ta CIIOCTEPEKYBAHHX
KPUBHX 3MiH MarHiTHOTO TOJIst 3 OpOiTansHO dazoro [31].
MopenoBadHs 10Ka3ajio, 110 BiCh JIUIONS MAarHiTHOIO
MoJIsl, IO HAampaBjieHa B3OBXK opOiTampHux ¢az 0.35-
0.85P, Haxuiena o mionmHu opoitH Ha KyT 01t 30 rpa-
JIyCiB, @ IIEHTP MarHiTHOTO JMIOJsS 3MIIEHUH BiJ| rpaBiTa-
I[IHOrO IIEHTpa JOHOpa B HAMPSIMI 0 MaCHBHOI'O aKpETO-
pa Ha 0.08 BiACTaHI MOMIX IIEHTPOM JIOHOpPA Ta LEHTPOM
Mac mojgidHOI cucremu. OTXKe, CTPYKTypa MAarHiTHOIO
noJist 31 3MIMIEHUM JUIoieM Moriia Oyt copMoBaHa Ha
JIOHOp1 4epe3 BILUTUB MAaCUBHOTO akperopa. B 1iii cTpykTy-
pi OLIBII BXKIMBILIOK € 00JaCTh MOJI0Ca MAarHiTHOTO T10-
JIs1 HA TIOBEPXHI JIOHOPA, sIKa CIIOCTepexyBaHa y (dazax mo-
6mizy 0.85P. Lleii momtoc € CyTTeEBO HAOIMKEHHM JI0 aKpe-
TOpa 1 BIiCh AMIONS MarHiTHOTO MOJIsl JOHOPA, IO JISKUTD Y
Harpsmi a3z 0.35-0.85P, nobnmsy dazu 0.85P BinxuneHa B
CTOpOHY akpeTopa (puc. 1).

Ie nepenbauano BUpaxkeHl eQeKTH MEepeHoCcy 3amar-
HIYEHOI PEYOBHMHH B3JOBX CHJIOBHMX JiHIH MarHiTHOrO
MoJIsl BiJI TOHOpa JI0 aKkperopa caMe y (aszax Ipyroi KBa-
JIpaTtypH, 3ueHTpoBanux 10 ¢aszu 0.85P, mo HeBmoB3i
Oymo mpogemoHcTpoBaHo B [34]. B Toii ke 4yac Bemwch
CIIOCTEPE)KEHHS 3 METOI0 HE3aJISKHOTO ITiATBEpKEHHS
MAarHiTHOTO TIOJIs. 30KpeMa, 32 JaHUMHU aOCONFOTHOI CIie-
kTpodorometpii 1974 ta 1984 pp. B crektpi S Jlipu Oyna
BUsBJIEHA 1 jgociimkeHa nenpecis Ha A5200. OOuusa
MaKCHUMYMH 11 €KBiBaJCHTHHX IIMPUH CIIOCTEPITarOThCS
B THX ke opOiTalbHUX (a3ax, 10 i 30HU MOJIOCIB Mar-
HiTHOTO moJsi Ha oHopi [31]. Taka CHHXPOHHICTH 3MiH
nenpecii B KoHTHHYyMi Ha A5200 31 3MiHOK MarHiTHOro
HoJsg JOHOpA CIYrye HE3aIeKHUM IIATBEPIKESHHIM
fioro marHiTHoro moussg [35]. TakuMm 9WHOM, 3a TaHUMH
cnoctepekeHb Ha 6-M teneckom CAO Ha kivenp 1980-x
POKIB 3HAHHS PO MarHITHE 1oie cucremu [ Jlipu BUTIIS-
JIaJI JIOCHTH BIOPSIIKOBAaHUMH.

[porpama momanemoro BUBYCHHS ()EHOMEHY MArHETH-
3my B cucremi f Jlipu Bukonana B 1991-1992 pp. Ha moc-
KOHAJIIIIOMY THITI anapatypu 2.6-M teneckory KpAO [36].
st BUMIpIOBaHHS PO3IIEIUICHHS MOJSPH30BAHUX KOMIIO-
HEHT CIIeKTPAIIbHUX JIiHiil BUKOPHCTOBYBABCS CTOKCMETP Y
pexuMi  aHanizatopa KpyroBoi mnomspumsamii Ta I133-
JETEKTOp HU3BKOro IIyMy. BHMiproBaHHS IMOB3I0BXHBOI
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CKJIaJIOBOi €(DEKTHBHOI HATIPYXKEHOCTI MarHiTHOTO TMOJIsl HA
OCHOBI edekTy 3eeMaHa IPOBOIUIOCH Y JIiHISIX MOTIMHAH-
ua nyonery SillAA6347,6371, ockinbku, Ha Kajb, JIUIIE
el nyoner KpemHito crektpy £ Jlipu 4iTko nmposBisSBCS B
Mmexax A15800-6400 sk y pobouiii obmacti cTokcMeTpa.
3miHHe 3 (pa3or0 OpOiTaIbHOrO Mepiogy MarHiTHE Ioie
3a(hikcoBaHe B 000X JIHISIX AyOJIETY, BiJICIIIKOBYIOUH CIIe-
ktporpadiuny kpuBy He=Ff(P), otpumany B 1980-x pokax.
3okpema, B minii SillA6371 excTpeManbHO pi3ki 3MiHM Ma-
THITHOTO 1oy B Mexax Big +150 mo -200 I'c ¢ikcyrorbes
mooyn3y (a3 MarHiTHUX TOMIOCIB qoHOpa. [Tore, sk 1 odi-
KyBaJOCh, BUSIBUJIOCH 3HAYHO MEHIIIM 32 BEIWYHMHOIO BijI
YCEPEIHEHOr0 MarHITHOT'O ITOJISI, BASBIICHOTO Y CHHIH 00-
nacTi criektpy Ha 6-M Teneckoni CAO. BiporinHo, nyoner
kpemuito SillA16347,6371, sxuii oOGpamsienuii emiciero (Bin
TEX CIOCTEPIraeThbesi B CTiKarounx atMocgepax Be-3ip,
Bonbda-Paiie Ta P Jlebenst), popMyeThes y BEpXHIX HIapax
atMocepu moHOpa 1 BimoOpakae mMaAiHHS MAarHITHOTO
TI0JIS 3 BUCOTOIO.
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Puc. 3. Bropi — kpriBa 3MiHM MarHiTHOTO MOJIsi JOHOpa 3 opOiTa-
JbHOI (a3010; y UeHTpi — criekrpodoromerpis f Jlipu: Kope-
JsAList aOCONIOTHOTO MOTOKY BHUIPOMiHIOBaHHs B Jinii H, 3
MAarHiTHUM MojieM noHopa; BHH3Y — 20%-i 3picT 1[bOro moro-

Ky B inii H, y dasi 0.40P sik pe3syasTar yIapHOro 3iTKHEHHS 3
JMCKOM Ta30BOr0 MOTOKY, BimxuieHoro cuimamu Kopiomica

(muB. puc. 1).

VY da3zax kBaapaTyp, Koiu scKkpaBicth f Jlipu makcu-
MaJbHa, a JiHii 000X KOMIIOHEHTIB Y CHEKTPi MaKCHMa-
JBHO BijAamneHi, Oynu TakoX 3AiificHeHi mpoOHI BUMIipIO-
BaHHS MAr"iTHOro mons B minisx SillAA6347,6371, Bin-
MOBIJAVTEHUX 32 OpOITaIbHUK pyX akpeTropa. Y TphoX i3
I'SITH OpOiTaNbHMUX (a3 CIOCTEPEKEHb MarHiTHE MoJje

10

3adikcoBaHe ITOCTOBIpHO, 3 MOXMOKOI mMoHan 3¢. Ha-
NPUKIIAJ, 3HAYCHHS e()eKTHBHOI HAMPYXEHOCTI MarHiT-
HOrO TOJIsL aKpeTopa, BuMipsiHe B ninii Sill16347 y dasi
0.857P (To0TO y (ha3i MPOXOHKCHHS Yepe3 MepHujiaH
MOJTIOCa MAarHiTHOTO TIONIsI JIOHOpa) CTaHOBWIO He=—
(509£141) I'c. MoxHa TPUIYCTUTH ICHYBaHHS B3a€EMO-
nii (MarHiTO34YerUIeHHs) IOMDK MAarHiTHHUMHU IIOJISIMU
JIOHOpa Ta aKpeTopa B MeEXaX CHiIbHOI MarHitochepu
nojBiitHOI cucremu £ Jlipu.

B 1im acrmekTi 1ikaBUM € (SHOMEH ITUKITIYHHUX 3MIiH
€KBIBaJICHTHUX IIUPHWH JiHIM nornuHaHHs goHopa. Cre-
piry B ioro atMocepi OyB BHSBICHHH Ha/UIMIIOK XiMid-
HHUX CJIEMEHTIB, NMPHUTAMAHHHX aTMOC(epaM MAarHITHHUX
3ip [28]. 3rogom Oy BUSBIIEHI KOPEJNAIil 3MiH MarHit-
HOTO TOJIsl JIOHOpa 31 3MiHaMH EKBIBaJICHTHHUX HIMPUH
JiHIA aTMOCc(epH TOHOPa BIIPOJIOBXK OpOiTabHOI (ha3u Ta
BIUTMBY MAarHiTHOTO TOJISi HAa TPOIIECH aKTHBHOIO Maco-
neperocy [21, 30]. 3okpema, Ha ocuoBi I[133-cmocte-
pexenb Oynu 3adikcoBaHi BIIMIHHOCTI B KPHBHX
W,;=f(P) abcop6uiitnux miniii xyonery Silli16347,6371
i3 OJIN3BKUMU PIBHSAMH 30Y/IKEHHS, SIKI MOKa3yBaJlH Ta-
KOXK JIIO BIAMIHHUM XiJ 3MiHHU 3 opOiTaabHO0 (a30ro i
martiTHoro mojst. Jlocmimkenns takux kpusux W,=f(P)
JUTSL COTHI JIHIN y cuHil obmacti criektpy [30] Buainmio
MOBEJIHKY TPhOX rpym JiHii. Jlo mepmioi rpynu Hane-
xath ninHil, kpusi W;=f(P) sixkux migmatothcs opbOitais-
Hiil Mmoxymauii. Jpyry rpyny npeacTaBisioTh JiHii, 110
YiTKillE KOPENIOTh 31 3MIHHICTIO MAarHiTHOTO TOJIS
JIoHOpa 3 opOiTanbHOIO (hazoro. [IpomixkHa rpyna mniHiit
JIEMOHCTpYE 1oda3Hi 3MiHU BOJHOYAC y IpaBiTallliiHOMY
Ta MarHiTHoMy noisix. Omke, Ha (QI3UYHHX yMOBax Ha
MOBEPXHI JIOHOpa BiOOpaXKaeThCsl CHUIbHA KOHQIrypa-
sl SIK JIiHIT HEHTPiB 000X KOMIIOHEHTIB y HampsiMi opoi-
tanbHUX (a3 0.5-0.0P, Tak i oci MarHiTHOro MOJISI AOHOpA
y Hampsimi a3 0.35-0.85P. Lleii denomen BimoOpaxkae
TeX crerudiky 3MiHH YMOB 30YIKEHHSI Ta MarHiTHOTO
noJisi 3 BUCOTOIO0 B arMocdepi B3ZoBxk 31ehopMOBaHOI
MOBEPXHI JIOHOpa, IO MPOCHTIJKOBYETHCS HPU JIOCTIi-
JUKEHHI JIIHIH BHCOKHX 4YIIEHIB OanbMepiBChbKkoi cepii
BOJIHIO, TIPAKTHYHO HE CMOTBOpeHHX emiciero [30]. De-
HOMEH IUKJIIYHUX 3MIiH CKBIBAJICHTHHX INUPHUH JIiHIHA
NOTJIMHAHHA JOHOpa HaOyB pHC, IJIs SKOTO HEMa aHajo-
TiB, CTaBISYH MiJl CyMHIB aJIeKBaTHICTh MOJIENI TPOCTO-
T'0 IUIIOJIS PUPOJII MArHITHOTO ITOJIS IOHOPA.

Mosnitopurrosi crnocrepexenus f Jlipy Ha Tiil ke
anaparypi KpAO npoBoaunuck Takox B 1993-95 pp. ta
2000-04 pp. y cuHiii odnacti cnekrpy, a B 2006 p. 3HOBY
B oOnacti nyonery SillAA6347,6371. Ha xanb, Hi pasy
HE BJAJIOCh MMOKPHUTH CIIOCTEPEKEHHSIMHU BECh OpOiTalb-
HUii Tepiog. MarnitHe moie B 1993-95 pp. mpu cepen-
HbOMY 3HaueHHi B 360 ['c mMO3UTHBHOI MONAPHOCTI 3Mi-
uroBanoch B Mexax 530 I'c, a cmocrepexenns 2000 p.
3adikcyBaM cepenHe 3HAUCHHS MarHiTHOTO ITONIS HeTa-
THBHOI TONSAPHOCTI GiusbkuM 10 Hyns [37, 38]. Onnak,
y 3Ha4YHI# KIIBKOCTI HIYHUX CIIOCTEPEKEHb MAarHiTHE
nosie 3a¢ikcoBaHe JOCTOBIPHO, 3 MOXHOKOIO MOHAM 30 B
mexkax Big +700 no -800 I'c. Jlo peui, cocTepexeHHs
BIIPOJIOBXK OJHOTO OpOiTanbHOro HUKIy BIiTKy 1999 p.
y Karancekiit obcepraropii [39] mokazanu ycepemnene
MarfiTHe moje mo3uTuBHOI momspHocti B 1300 I'c, ox-
Hak crocTepexeHHs Toro x poky B CAO [40] ue migr-
BepAmwM 1poro. OTKe, MarHiTHe INoJe BUMAarae mojia-
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JIBIIOTO BUBYEHHS 38 YMOBU CHCTEMAaTHYHHX CIIOCTEpe-
xeHb cucremu £ Jlipu B310Bx opOiTanbHOi dasm.

Tum He MeHmre, Oarato (akTiB CBiIUaTh MpO Te, IO
TIpoLiec BTpaTH Macu JTOHOPOM (0cOOJIMBO B JpYTii KBaJ-
partypi) MpOXOIUTH B3IOBXK OCI JMIOJNS HOro MarHiTHOTO
TIOJIsA, 30PIEHTOBAHOIO Yy TPOCTOPI ITOABIMHOI CHCTEMH B
Hanpsmi opOitainpHux a3 0.35-0.85P. Taka mpocroposa
CTPYKTYpa MarHiTHOTO IOJIS JIOHOpa, IO BHSIBJICHA HA OC-
HOBI crioctepeskenb S Jlipu 1980-1988 pp. Ha 6-M Temec-
komi CAO Tta miareepmkena 1991-1992 pp. Ha 2.6-M Teme-
ckomi KpAO (muB. puc. 1,3), Hapasi € 6a30BOr0 [is aHATI3Y
TIPOLIECIB MAacONepeHOCy B ONANbIIOMY BHKJIadi. Kaptuny
MIDKCE30HHOI 3MIHHOCTI e(peKTHBHOI HAIIPYXEHOCTi MarHi-
THOTO TIOJIsI BIPOTiZJHO MOYKHA TOSICHUTH B TINOTE3i BiJO-
OpaXkeHHs TPEUECIHOro pyxy OCi JAWIOJS MarHiTHOTO
IOJIS TOHOPA B PE3Y/IbTATI MAarHITO3YCIUICHHSI 3 MArHITHUM
TIOJIEM aKpeTopa Ta MpeleciiHOro pyxy 3amMarHi4eHOro
AKPEIIHOrO TUCKY.

BuBuennsi ¢penomeny Jiniii-carenitiB y cnexrpi S Jli-
PH Ta IUCKOBAa CTPYKTYpPa J0BK0JIa aKpeTopa

VSIBICHHS NPO JHUCKOMOMIOHY CTPYKTYpPY HaBKPYTH
aKkpeTopa, BKJIIOYAIOUM NpoOieMy Horo opoOiTaibHOro
pPyXy, chopMOBaHa B OCHOBHOMY Ha 0a3i KOMIUIEKCY Biia-
CHHX CIEKTpaJIbHUX HociimpkeHb cuctemu S Jlipu. Cros-
Ja 3aj7a4a JIETAIBHOTO BHMBYEHHS (eHOMeHy iHii-
CaTeNITIB AK CUCTEMHU JIiHIH, 110 CIIOCTEPIral0ThCs MOOITH-
3y miHiit atMochepu sicKkpaBoro moHopa y ¢aszax * 0.1P
JI0 1 TICIISt IEHTPY 3aTEMHEHHS JOHOpPa, KO 3aMacKoBa-
HHUH TUCKOM aKpeTop 3HaXOOUTHCS Iepes CIocTepiraueM.
I opuriHaipHa cucrtema JiHIH MOTJIMHAHHS 3 MPOMEHe-
BHMH INBUIKOCTSIMH OpDI€HTOBHO B Mekax =T 250 km/c
MIHSI€ 3HAaK [UX LIBHIKOCTEH Ha MPOTUJICKHHUN MPH NPO-
XOIDKEHHI FOJIOBHOT'O 3aTEMHEHHL.

IcropuyHo, TiyMaueHHs ()eHOMEHY JIiHIH-CaTEeNITIB, 5K
JIHIH, 10 GOPMYIOThCS B PE3YNBTATI MOTIMHAHHS CBIT/IA B
ra3oBHX IOTOKaX MPH X MPOEKIil Ha SCKpaBHH KOMIIO-
HEHT, OyJI0 OJIHIEIO 13 BU3HAYAIILHUX PUC BIJIOMOI Mozeni
cucremu S Jlipu [15, 16]. V wmiit monerni ¢iomerori caterni-
TH, TOOTO JIiHIT MTOTJIMHAHHS 3 HETATUBHUMH [IPOMEHEBUMH
LIBUKOCTSIMHU, 110 HaWiHTEHCHBHIIN y ¢a3zax JJOBKOJa
0.05P, BimoOpakaroThCst B CIEKTPI SIK PyX OCHOBHOT'O I'a30-
BOTO TIOTOKY, IIO MPSIMYE BiJ JIOHOpA 1 CIIOCTEPIraeThCs
no3aay akperopa. OOIrHYBIIM akpeTop, Lel MOTIK pyxa-
€TBCS TIEPENl AKPETOPOM BXKE B CTOPOHY JIOHOPA, MPOSBIIS-
I0YHCh Y CIIEKTPi HaBUpa3Hillle B OpOITATLHUX (azax Ko-
70 0.95P "epBOHMMU caTeNiTaMU, SK JHISIMH TOTIHHAHHS
3 IO3UTHBHUMH NIPOMEHEBUMH LIBUIKOCTSIMH.

Ba3zyrouncr Ha BHMipax MPOMEHEBHX IIBUAKOCTEH IIi-
Hilf-caTemniTiB, HAMH 3aIPOMTOHOBAHO iHIIE MOsICHEHHs [41]
(deHoMeHy IiHil-caTeniTiB. 32 HUM Liel (EeHOMEH MpOsiB-
nseTbes y cnektpi S Jlipu B pe3yasTati porartiiHoro ede-
KTy 3OBHIIIHROTO KPal Ta30BOTO AWUCKY-KUTBI, SKAM
oxoruteHuit akperop. JliHii-caremiti (QopMyIOThCS TIpH
TIOTJIMHAHHI BHIIPOMIHIOBaHHS SICKPABOT'O JIOHOpA B CIIEKT-
pl cucteMu He B Ta30BHX IOTOKAaX, & B HAH3OBHINITHIMINX
Kpasx akperiiHoro aucky. Llei muck y ¢aszax mepen romo-
BHMM 3aTEMHEHHSM IPOEKTYETHCS HA MPOMEHI 30py THM
OOKOM NTHCKY, Kpail SIKOTO 00epTaeThCs BiJl CIIOCTEpiraya
Ha JTOHOP, IO i TIPOSBISETHCS Y CIIEKTPI CHCTEMH TTO3UTH-
BHUMH IIBHAKOCTSIMU YEPBOHMX CATENITiB. 3pa3y K Micis
LEHTPY 3aTeMHEHHS Ha JOHOP MPOSKTYEThCS APYTHA Kpaii
JIMCKY, SIKMH 00epTaeThcsl B HANpsIMi BiJ| IOHOpa Ha CIO-
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cTepiraya, MposBISTIOYNCH y CIIEKTPi cucteMu (ioeToBU-
MU JTiHISMH-CATEITAMH 3 Bil'’€MHAMH TPOMEHEBAMH
mBuKocTsMA. OTxe, miHii-caTenitu cnekrpa £ Jlipu dop-
MYIOTBCSI TIPH TIOYEProBii MPOeKIii 30BHIIIHBOTO Kparo
Jucky akperopa (disk-rim) Ha sickpaBuii joHop (puc. 1).

L mpocra rinore3a miATBEPAMIACH TIPH MOAAIBIIOMY
BUBYCHHI ()EHOMEHY JIiHIH-CaTEeNiTIB 5K 3a CIIEKTPOOTO-
rpaMaMy BHCOKOTO PO3Pi3HEHHS, TaK i 3a JOIOMOIOI0
[133-gerekTopa HU3BKOTO IIyMY, BCTAHOBJIEHOTO B (hOKY-
ci kyge 2.6-m Teneckony KpAO [21, 25, 42]. Tocmimxky-
BAJIOCH SBHIIC BUHUKHECHHSI, PO3BUTKY | 3HUKHEHHS JIiHiM-
caremitie Hel, H, Mgll, Sill y ¢a3ax ronosuoro 3arem-
HEeHHS Ha 0asi BUMIpy X NpOMEHEBMX MIBHIKOCTEH Ta
exBiBasleHTHNX mwMpuH. Kpim BnacHux npaHux (puc. 4,
Bropi), B aHalli3i BUKOPHUCTOBYBAJIUCH JIaHi BUMIpIB MPO-
MEHEBHUX MIBHAKOCTEH niHid-catemitiB i3 [16, 43]. s
npukiany, Ha puc. 4 3a [133-cnocrepexennsmu 1991-
92 pp. [42] npoinrocTpoBaHO Xiji MOSBH 1 3HUKHEHHS JIi-
Hiit-carenitip xyonery SillA16347,6371 y daszax +0.1P
JI0 1 MICJIsl LIGHTPY 3aTEMHEHHS JIOHOpa aKpETOPOM.

OCHOBHI pe3yJIbTaTH HAIIUX JTOCIIHKCHD TaKi.

[MepemitenHs niHif-caTeNiTIB y cnekTpi crpatudiko-
BaHe. KpuBi MpOMEHEBHX MHIBHAKOCTEH JiHIH-caTeiTiB
pi3HOro crymeHsi 30yl KEeHHs] BKa3ylOTh Ha IPOCTOPOBY
cTpatudikanito ix ¢opmyBaHHa y nucky. HaiiGinpiry
aMIUIITyLy 3MiH MaloTh JiHii-caTemiTu remiro (Oind
+240 km/c B dazax mo Ta -295 km/c y dazax micis
LEHTPY 3aTEeMHEHHS), JIiHIi KPEeMHil0 MOKa3yIoTh Cepell-
HIO aMIUTITYAy 3MiH, BimmoBimHo +215 Tta -280 km/c,
JiHi{ MarHifo MOKa3ywoTh e MEHII 3MiHH, BiJIIOBIJTHO
+210 Ta -250 km/c. BpaxyBaHHsI IIBUIKOCTI LIEHTPY Mac
noJBiitHOT cucremu y=-18 kM/c Bele 0 BHUCHOBKY, IO
BiJ’€MHI IBUJKOCTI B JUCKY MICIS UEHTPY 3aTEMHEHHS
JIeo OIbII 32 MO3UTHBHI IIBUJIKOCTI IEpel] 3aTeMHEH-
HsaM. OTxe, criocTepiraeTbest pazoBa acUMETpIisl JUHAMI-
YHHMX XapaKTepUCTHK JiHil-cateniTiB. [Ipu npomy, Mak-
CHMYMH IIPOMEHEBHUX IIBUAKOCTEH Ha V,-KpUBHUX 3HAXO-
matbes B Mexax daz 0.035-0.045P nepen nenrpom 3a-
temueHHs (T06TO y dasi ~0.96P — texx mus. puc.l) i B
mexax ¢a3z 0.015-0.025P — micnsg wporo. Halibmimkue mo
(a3i 10 HEeHTpy 3aTeMHEHHs PO3TALIOBAHUI MaKCHUMyM
V,-KpHUBOi JNiHIWH-CATENITIB Telito, oTKe, cHOpPMOBaHUX
npu BUIii Temneparypi. JliHii-caTeniTy me3arTh i 3HO-
By BHHHKAIOTh T&X aCUMETPHYHO BiTHOCHO LIEHTPY 3a-
TEeMHEHHS: Iepell 3aTeMHEeHHAM BOHH ILE3al0Th NpUOIH-
3HO y ¢a3i 0.980P, a micis HPOro BUHUKAIOTH MPHUOIH3-
HO y (a3i 0.005P, Oymyun TyT BiACYTHIMH y CHEKTpi B
Mexax iaTepBany monan 0.02P, BigoOpaxaroun rpaHUIl
BHYTPIITHBOI YIIiITFHEHOI YACTHHU JHCKY.

3aneXHOCTI eKBIBAIEHTHUX IIHPHUH Bif opOiTambHOL
(hasu Ha W,-KpuBHX JNiHii-caTemTiB (pucC. 4, BHU3Y) II0-
Ka3yIOTh TaKi MeXi 1X 3apO/DKCHHS 1 3HUKHEHHS B CIICK-
Tpi cuctemu: 0.89-0.98P mepen meHTpOM 3aTEeMHEHHS Ta
0.01-0.11P micist HMEHTPY 3aTEMHEHHS OPU AOCSITHEHHI
Makcumymy W, BigmoBimHO y ¢dazax 0.95P rta 0.05P.
Ipn upomy makcumymu Ha \W,-KpHBUX TONamalOTh Ha
BHUCXiIHY (IO 3aTEeMHEHHS) Ta HU3XiIHY (Iicis 3aTeM-
HEHHS) BITKM NMPOMEHEBUX MIBUAKOCTEH JiHiii-caTemiTiB
Ha 1X V,-KpuBHX.

BpaxoBytoun BUABICHI 3aKOHOMIPHOCTI SIBHIIA JIiHIH-
careniTiB, Ha puc. | cxemarmyHo Oyna BimoOpaxkeHa i
MOJIENb CaTeNiT-TUCKA.
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Puc. 4. Xin nosiBu, po3BUTKY i 3HUKHEHHS JIiHIl-CAaTeNITIB JIy-
6rery SillA16347,6371 3a TI33-cmocrepexernamu  1991-
92 pp. [42] y dazax £ 0.1P g0 i micias HEHTPY 3aTeMHEHHS
JIOHOpa akpeTopoM (auB. puc.1). Bropi () — npoMeHeBi 1mIBU-
nxocti, BHU3Y (D) — eKBiBaJICHTHI [IMPHUHHL.

CareniT-IUCK Ma€e BUJOBXEHY OBalbHY (hOpPMY, BUTS-
THYTY B HampsMi pyxy akperopa. Ctpatudikamis ymoB
30yIKEHHs Pi3HMX JIiHIH-caTeniTiB Ta X V-KpuBi BKa-
3yIOTh Ha T€, [0 TEMIIEpaTypa CaTeNiT-AUCKy Ta HOro
HIBUJKICTh 00EpTaHHs 3pOCTaE B HAIPsSIMiI HOTO IEHTPY.
3 TunbHOro OOKY akperopa NMpOMeHeBa IIBUJAKICTH Ha
HOro Kparo € Jemo BUILOK MpU OLIbIIINA ONTHYHIH TOB-
11l TPOEKTOBAHOTO Ha JoHOp rasy (Bkmax B W, 36inbiire-
HUW 32 paxyHOK OCHOBHOI'O ra3oBOro IOTOKY, 11O Hie
BiJl IOHOpa Yepe3 BHYTpillHIO TouKy Jlarpanxka i, 00xo-
JSIYM aKpeTop 13 TUIY, «IIJTHCKAE» IIIJIbHIIY BHYTPI-
IIHIO CKJIAJOBY JMCKY 0 LEHTPY akperopa). Omke, i-
Hii-careniTn (QOpPMYIOTbCS Y HAW30BHIMIHINIMX MHIapax
nucky akperopa (disk-rim), sxi ctpatudikoBaHi 3a TeMm-
[epaTyporo Ta NPOMEHEBUMH IIBUIKOCTIMH.

Taxum unHoM, [133-cnocrepeskenns 1991-92 pp. siBHO
CBI/IYaTh MpPUHANMHI TPO JBOCKIAJIOBY CTPYKTYPY aKpe-
ifiHOro AMCKy. BHYyTpi caTemiT-AucKy 3HAXOMUTHCS YIIli-
JIbHEHa 1 Hempo30pa CKJIaJoBa AUCKY aKpeTopa i3 3aMacKo-
BaHOIO B MOr0O LIEHTpPI 30pEI0 HE IIKOM BCTAHOBJICHOI
npupoau (banmk akperopa). OfHaK came B [IbOMY OaiKi
bopmyrotbest tinil nornusanss SillA16347,6371 akperopa,
0 BiJACTIAKOBYIOTH HOTO OpOITATBHHUI PyX 3 aMIUTITYIO0
6ins +42 km/c [25,42]. BrytpimmHs yiiijpHEHa CKIIaIo0Ba
JIMCKY HECHMMETpUYHA MO0 IIEHTPY 3aTEeMHEHHS 1 TeX
BHJOBXKEHA B OpOITaJbHIH IUIONIMHI B HATIPSIMI PyXY aKpe-
TOpa, IO 1 TPOSBISETHCS MEKAMH 3HUKHEHHS JiHiH-
carenitiB y dazax 0.98-0.005P. B Toit ke yac HaBKOIIO
akperopa o0epTaeThCs K JOCTATHHO aBTOHOMHA 30BHIIITHS
CKJIa[I0Ba aKPemiiHOTO JWCKY, a caMe, CaTeNiT-IUCK. HOro
IIBUJIKICTH 3pOCTA€ 0 IEHTPY, BOHA IO TPHOX Pa3iB Oib-
I1a 32 IMBUAKICTH OCHOBOTO O0EpPTaHHS aKpeTopa i BOIHO-
Yac y IICTh pa3iB TepeBakae MIBHIKICTH OpOITAIBHOTO
PYXY aKpeTopa HaBKOJIO LIEHTPY Mac.

B pesymprari KOMIUIEKCHOTO OCHI/DKEHHS 3MIH BCIX
CNIEKTPAILHUX XapaKTEPUCTUK Jinik mybnery SillA16347,
6371, mpoBexeHOr0 OKpeMo sl KOKHOro cesoHy I133-
cnocrepexens S Jlipn 3a 1991-92 pp., 3adikcoBaHi meBHi
3MiHM TIapaMeTpiB i MDKCE30HHHMH IOBOPOT BHOBKEHOI
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oci caremit-nucky [42]. B ce3oni 1992 p. ninii-carenitu
CriocTepiraTiuch Ha BUXO/ 13 3aTEMHEHHS 3HAYHO paHille -
Bxke y (azi 0.005-0.01P mpotu 0.02P y 1991 p.; mBumme
no ¢azi 3agikcoBaHe i 3pOCTaHHS EKBIBAICHTHOI MIMPUHA
niHil-catemiTiB - y ¢a3i 0.93P zamicte dazu 0.95-96P y
1991 p. B miii xe ¢azi 0.93P cezony 1992 p. BupiBHSUIICS
eKBIBJIGHTHI WIMPWHW JIiHIM MOrNMMHAHHA 000X 3ip-
KOMITOHEHTIB, TOJi SIK Take BUpiBHIOBaHHA B 1991 p. mpu-
nano Ha ¢azy 0.96P. JlokanpHuit mOokuit Minimym W,-
KPUBHX CMICIiHOI CKJIaJioBoi 000X JIHIA Jy0Osery
SillA46347,6371, mo npumnas Ha dasu 0.97P i 0.93P Bigmno-
BIJTHO JUTS Ce30HIB crocTepekeHb 1991 p. ta 1992 p., mo-
Ha OYJIO TIOSICHUTH JIHIIIE 3MIHOK YMOB JIOKAJIBHOTO 3a-
TEMHEHHsI IMCKOM oOnacti (opmyBaHHs wiei emicii (30K-
pema, B HampsiMi Ha 00JIaCTh MarHiTHOTO TMOJMIOCA Ha JIOHO-
pi, 3BepHEHY 10 akpeTopa). Y KOMIUIEKCHOMY PO3TJISIi
BCIX CHEKTPAIBHUX BIIMIHHOCTEW MPOCIiIKOBYETHCS SIBHA
BIZIMIHHICTh YMOB TIPOEKIIil Ha MOBEPXHIO SICKPABOTO JIO-
HOpa CaTeNiT-AMCKY 13-32 3MIHEHOI 1X BiJTHOCHOI KOH]Iry-
parii. [Ipubmu3HO 3a pik BiOYBCSI MOBOPOT OCI BHIIOBXKE-
HOTO JIMCKY B CTOPOHY JoHOpa Ha KyT Outs 50 rpamycis,
Tak mo y ce3oni 1992 p. nmoBra Bick IUCKYy BXe crocrepi-
rajach HaXIICHOK JI0 NeHTpy jgoHopa [42]. Crin Big3Ha-
YUTH, IO KpUBI OJIMCKY B OKOJI NEPBUHHOTO MiHIMyMY
MIITBEP/PKYIOTh TaKy ifIel0, BUPAa3HO MMOKa3yl4d MOAIOHI
3MiHHM BIPOJIOBX POKIB Ta JECSTKIB POKIB CIIOCTEPEkKEHb
K y ix ¢opmi 1 mbuHi, Ta i B (a3oBUX 3CyBax enox
LEHTpPY 3aTeMHeHHs [44].

BiZIMIHHOCTI y CHOCTEpEKEHHSIX BIIPOJIOBX CE30HIB
1991 Ta 1992 pokiB nepenbavaroTh OOCpPTAHHS CATENIT-
JIICKY JIOBKOJIA aKpeTopa 3 TPHBAIICTIO 200 MOHaJ LICTh
POKiB, a00 MeHIIe oJJHOrO poky. Llei dakT MoxHa TpakTy-
BaTH 1 SIK MOBUIbHE 00EPTaHHS JIHIT arncu] BUIOBXEHOTO
JUACKY 3 TIperLieciiHuM repiofioM. Bunukia norpeda Bu3Ha-
YUTH MapaMeTpH 0OepTaHHS aBTOHOMHOIO CaTeNliT-AUCKY
SIK IJIOT0, TIepI 32 Bce, Horo pajiyc i nepioa. Bukopucro-
Bytoun W;-KkpuBi Ta V(-KpUBI pi3HHUX TPy JiHIi-CaTeNiTIB,
KOJIOPIHIEKCH Ta MOHOXpOMATHYHI KpuBi Giucky [35, 42,
45, 46], otpumyemo ycepeaHeHi epeKTHBHI KpaitoBi pamiy-
CH 30BHILIHROTO Ta BHYTPILIHBOIO KpaiB CATENiT-IUCKY:
Rrim=0.452A ta Rj»=0.295A, ne A — BigcTans MK LeHTpa-
MU 3ip-KOMIOHEHTIB. Pajiycu 1mMx KpaiB IUCKY BiAIOBI-
JAIOTh TPAaHMILIM CIIOCTEPEIKYBAHUX NPOMEHEBHX ILIBUJI-
KOCTEH, 1110 3pocTaroTh mpubnm3Ho Bix 210 kv/c Ha Haii-
Oinprr  30BHIIIHBOMY Kpato aucky (disk rim) mpwm
Rrim=0.452A no 270 kM/c BcepeuHi CaTeNT-AUCKY IpU
Rin=0.295A. Omxe, caremit-muck mupuHOO AR~0.15A
IIHACHO 0auyMThCS SK ABTOHOMHE YTBOPEHHS 30BHIIIHBOL
YaCTUHH aKpeliitHoro aucky. BoHO 00epTaeThCst HABKPYTH
OUTBII TIUTPHOT 1 MACHBHOI TIEHTPATFHOI YACTHHH aKpelliii-
HOTO JTUCKY, sIKa KaMmy(QIIIOe aKpeTop BiJl CIocTepiraua,
BiZJOOpaXkaroumch SIK ImceBmoaTMocdepa B Horo opoitaib-
HOMY pyci.

Ominka TIperneciiHoro mepioxy caTemiT-IuCKy 0a3y-
€TBhCS HA i7el Tpo Te, MO0 MaKCHUMAalbHUN PO3Mip akpe-
MIHUX TUCKIB € QYHKII€I0 BiTHOMIEHHS Mac 31p-KOMIIO-
HEHTIB y MoABiiHiN cucremi [47]. [nst BimHOIIEHD Mac
noHopa i akperopa (<0.3 (ski xapakTepHi i JJIst KaTaki-
3MIYHHX 3MIiHHHX, 30Kpema, mozaBiiaux Tumy SU Uma)
icHye mpocte crmiBBigHOmeHHs [48] mix (, BimcraHHrO
MOMIXK IIEHTpaMH KOMIIOHEHTIB A, 30BHIIIHIM KpHUTHY-
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HUM pajiycoM AHMCKY Ryim, opOiTalibHUM mepiofoM mo-
ABiitHOI P Ta npeneciiiHuM nepiogoM AuckKy Ppr:

@

s mapamerpiB cucremu f Jlipu npu BimHOIIEHHI Mac
0=0.222 i Rin=0.452A mnepiox mpenecii caTemiT-IUCKY
srigao ¢opmysn (1) cranoButs 282.5d. BaxiuBo, 1o s
BEJIMYMHA TIPELECIHOro Iepioy CIiBIagae 3 BTOPUHHUM
nepiogoM B 282.425d, Bu3HaueHnMm i3 V-KpuBOi OnHCKy
cuctemu S Jlipu [1]. Ckopucrasiucs popmysoro (1) mis
BHYTPIIIHBOrO pajiycy catemt-aucky Rin=0.295A, orpu-
MaeMo MepioJ mperecii Ha BHYTPIIIHIM Kpato JUCKY MpakK-
THHO piBHUM 565d. Tlpu crocTepekyBaHHX MPOMEHEBUX
HIBUJIKOCTSX JTiHIH-catemTiB y 208 Ta 266 kM/C Ha 30BHi-
IIHBOMY Ta BHYTPILIHBOMY Kpasix CaTeJiT-JHCKy BiAINOBi-
JIHI TM TIepio/in 0OepTaHHs PEUOBHHH HA IUX KPasX B OJIU-
HUIIX ~ OpOITAIBHOrO  MEPioAy  CHIBBIAHOCATBCA  SIK
0.5P:0.25P = 2:1 (okTaBa), TOOTO BHYTpILIHS YacTHHA
JTUCKY 00epTa€ThCS B/IBIYI TOBLIBHIIIIE.

BusiBieHunit pe3oHaHc, sIK BiJoOpakeHHs! IPOCTOPOBOT
(dbopMH caremiT-qUcKy, MOCTaBUB MHUTaHHS ILIOJ0 JHC-
KPETHOCTI CTPYKTYPH IIOTO AMCKY. Tak, mpu mMozemnto-
BaHHI JeSKUX KpuBUX Onucky cucremu f Jlipu, kpim
JIOCTOBIpHO BiJJOMOTO BTOPWUHHOTO mepioxy 6ins 283d
[1,13], 6ynu BusiBieHi mepioaun TpusamicTio B 423d 1 B
340d [49]. Ha uwacrotHomy crektpi mepion y 340d Oys
3HAYHO MOTYXKHIIIMM 3a 100pe Bimomuit mepiox y 283d.
lle Bkazye Ha Te, IO BHYTPI CATENIT-TUCKY MOXJIHBI
CTPYKTYpHI HOro CKJaJIoBi 3 mepiojamMu MpeueciiiHoro
oOepTaHHsI y BIJIHOLIEHHSX NpOCTUX uucen 6 :5:4: 3,
SIKILIO B3SITH IO YBaru mnepioxa y 565d sik nepiox mpeuecii
Ha BHYTPIIIHBOMY Kpato caTemiT-aucky. OTike, ciij 10-
MYCTHUTH, IO CATENIT-AUCK 3JaTHUH 3 4aCOM AMCKPETHO
MePeCTPyKTYPU30BYBATUCS, 3a L0 MOXE BIIMOBIAATH
3MiHa TEMITy MIEPEHOCY MaCH ITOMIXK KOMIIOHEHTaMU.

Ha 0a3i ysiBieHHS1 PO MPUIUIMBHI XBWJII B MOJBIHHUX
cucremax [50] mpum BpaxyBaHHI HasBHOI IIPOCTOPOBOI
CTPYKTYPH MarHiTHOTO IOJIS IOHOpPA TaKOXK MOKa3aHo, II0
BTOpUHHUE Tepion T=282.425d [1] moxe Oyt piBHUM
TNepioly NPUILTMBHOL XBHJII HA TIOBEPXHI JIOHOPA 1 BUSBIIIO
HaOIp nepiofIiB i pe30HAHCIB, 3MIHHHUX 3 POCTOM OpOiTab-
Horo niepioay [14]. Tomi mepiox OUTTS OpOITATBEHOTO TIEpi-
OJly Ta OCHOBOT'O TIEPiojy IOHOpa Mae Benuuuny 564.85d i
€ (ynmameHtansHuM, a nepion 1=282.425d e #oro nep-
100 TAPMOHIKOIO 1, SIK TIepiof] MPUTUIMBHOI XBWIII, YiTKIIIIE
TIPOSIBISIETHCSL Y CIIOCTEPEKEHHAX. TPYAHO HE 3ayBaXKHUTH,
10 00M/IBa IIi TIEePiOAN PE3OHAHCHO CHiBIAJAIOTH 32 BENH-
YUHOIO 3 TMpeleciiHIMHU TepiogaMi Ha BHYTDIIIHIM Ta
30BHIITHIM KpasiX CaTeiT-AHUCKY.

CriBriagiHHS BETUYMH IHX MEPiOiB, K 1 HASBHOCTI TIe-
BHOI CHCTEMH IIEpiOfIiB, CBIUUTH MPO PE3OHAHCHI IMPOIIe-
CH, Y3TOIDKEHI 31 3MiHOIO opOitainpHOrO Tiepiony S Jlipu
[14,51]. 3miHHa B 4aci cucTeMa TepioaMIHOCTEN Ta pe3o-
HAHCIB € SBUIIEM, TEOPETHIHNAM MIATPYHTSAM SIKOTO € KOH-
LeNIis MapaMeTPUIHOr0 pe30HaHCy. 3MIHHHM Yy Yaci ma-
paMeTpoM € Maca JOHOpa, II0 Beie 10 3pOCTaHHs opbiTa-
JBHOTO TIEPiOMy i TIOCTYIIOBHUX 3MiH Y BCI CaMOY3TOMKe-
Hi#i cuctemi mepioni. B3aemoni€ero mux mepiofiB, 30KpeMa,
iX OMTTSM, MOXKHA TIOSICHATH 3MiHH Y Maci a3y, 1o BTpa-
Ya€ETHCSI IOHOPOM, BKJIFOYAIOYH IPOLECH, IO BEIyTh IO
repe0yIoBY aKpEIiHHOTO ANCKY.

3 1
Por =2P(Rq/A)2(q + 1)2q7?
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IIpo nokanizaniro rapssuux odsnacreil Ha akpeniiHOMY
JUCKY i ¢eHOMEeH 3aMarHiYeHoCTi ra30BUX CTPYKTYp y
cuctemi S Jlipu

Buxmagena indopmaris npo cucremy S Jlipu, mpo
CTPYKTYpY 1i MarHiTHOTO TOJSA 1 aKPEIiifHOro IHUCKY
JIO3BOJISIE BUCBITIIOBATH CIIOCTEPEKYBaJIbHI aCIIEKTH
BIUTUBY MArHITHOrO MOJs Ha ()OPMyBaHHS Ta3oBUX KO-
JIO30PSHMX CTPYKTYp, iX JMHAMIKY Ta €HepreTuky. Ii
CIIiZi BpaXxOBYBaTH NpH iHTepmperamii 0aratbox IOCIHi-
JUKEHb L€l CHCTEMH, 30KpeMa, i CTOCOBHO pe3yJIbTaTiB
HeJlaBHIX MoJieTtoBanb V-KpuBoi Oincky cuctemu 5 Jlipn
[4].

VY 1iif cTaTTi BKa3yeThCsl Ha BaroMUil BKJIaJl BUIIPOMi-
HIOBaHHS aKpeLiHoro AUCKY, 10 22% y KBajpaTypax, y
KPHUBY OJIUCKY BCi€i cucTeMu (1110 MiATBEPIMIO Pe3yabTa-
1 criektpodoromerpii f Jlipu [12]). Ane akueHTyeTbCs
yBara Ha TOMY, II[0 MOJICITIOBAaHHIO Kpallle BiJIIOBITA0Th
JIB1 rapsai obJacTi i3 Temreparypamy, ki Ha 10% ta 20%
€ BHIIMMU 3a ycepeaHeHi Ha odoni nucky (disk rim). Bo-
HU JiokajizoBaHi y ¢azax 0.80P i 0.40P i3 nmokpuBaHHIM
BimnoBigHO y 30% Ta 10% 30BHINIHBOTO Kparo IHUCKY.
BBakaeTbcs, Mo 11l po3irpiTi 00JsacTi MOTJIM BUHUKHYTH
IUIAXOM 3ITKHEHb Fa30BHX IMOTOKIB 3 JUCKOM IIPH IEpe-
HOCI MacH TOMDK KOMIIOHEHTaMH, aje 0e3 MOsSCHEHHS
MexaHi3My (POPMYBaHHsI TAKHX MOTOKIB.

PosrnsiHemMo 1o cutyauito aeranbHime. ['apsiya o0-
JacTh Ha akpeuiiiHomy nucky B ¢azax 6iist 0.40P nepruoi
KBaJ[paTypu TPUPOJHO TOSICHIOETHCSI YIApPHUM pO3irpi-
BOM Ta30BHMM IIOTOKOM MOBEpPXHI JUCKY Y BiZIOMiil Tigpo-
JMHaMIuHIi kapTuHi. ['a30BuWii MOTIK, 110 HampaBICHUH
BiJI IOHOpa Yepe3 BHYTPILIHIO TOUKY Jlarpanxka B mopox-
HUHY Pola akperopa, MPUCKOPIOETBCS B Hil 1 BIAXHIS-
€TBCSI KOPIOJIICOBUMHU CHJIAMH Bij JIiHIT LIEHTPIB 3ip, arta-
KYIOYH JTUCK 3 THJILHOI CTOPOHH aKpeTopa BiJIHOCHO ioro
op6itansHoro pyxy (muB. puc. 1, 5). Hacnipassi, iokai-
3alil0 rapsuoi IUISMU Ha akpeuiiHoMy JAUCKY B (azax
6inst 0.40P, sixk obyacTi 3iTKHEHHS MOTY)KHOI'O Ta30BOr0
CTPYMEHS 3 JIMCKOM, IO MPUBEJIO IO HOro HarpiBy, 0ymno
YITKO BUSIBIIEHO CHEKTPO(OTOMETPHYHUM MeTOoioM [46]
gk obsacti 20%-T0 3pocTaHHA a0COTIOTHOIO MOTOKY BH-
npomiHioBanus B H,-emicii — nuB. puc. 3, BHu3y. Ll
obnacte 6inst a3 0.40P cnocrepiranacs i sik genpecis Ha
KpHBIil moJisipu3anii y 6araTbox MOCIHIPKEHHSX, 110, 30K-
peMa, B [52] iHTeprpeTyeThes sIK 30ypeHHsI CTPYKTYpH
akpeniiHoro aucky. OmHak, y moaiOHIN T1ApOAMHAMIYHIH
KapTHHI Ta30Bi MMOTOKH HE MOXYTh BHIIEPEIKATH aKpe-
TOp, aTaKyIOUd IHCK crepeny (poHTaJbHOTO pyXy akpe-
TOpa, TOOTO B Hili HEMOXUIUBO MOSCHUTH ITUPOKY Tapsiay
0051acTh aKpeliifHOro AMCKY, CIIOCTEPEXKYBaHY y (a3zax
Jpyroi kBaapatypu noBkona dasu 0.80P sik 3rimHO Moje-
aoBaHb V-KpuBOI OnMcKy y craTti [4], Tak cnekrpodo-
tomerpii H,, -emicii [46].

Bbe3 cymHiBy, yTBOpeHHS rapsidoi o0nacTi Ha akperiii-
HOMY JIHCKY, CIIOCTepeXyBaHOI y ¢azax mokona 0.80P,
Mae iHmry npupoxy. MoxkHa BBaxartH, mo ii popMyBaHHS
BiIOYBA€THCS B PE3YyNbTATI 3iTKHEHHA 3 IHICKOM T'a30BHUX
MOTOKIB, KAHATI30BAHUX MarHITHUM TIOJIEM JIOHOpa B Ha-
IpsAMi Oci Jurmonst MarHiTHoro mons moropa 0.35-0.85P.
Y mepupiansanx dazax 0.80-0.90P cnoctepexeHHs 1M0-
JIFOCa MAarHITHOTO TIOJISL HA JIOHOPI IIi IOTOKH HaIpaBieHi
Ha croctepiraya 3 HOIajdbIINM HOBOPOTOM IO ()pOHTAIb-
HOi cToponu akperopa (puc. 1, 5). Baxmuso, 1o enepre-
THYHUI eEeKT BiJ] 3ITKHEHHS a3y, HAIPaBJICHOrO B3J0BXK
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CHJIOBHIX JIiHI MarHITHOTO TOJS IO aKPEIfHOTO JTUCKY,
y dazax cnocrepexenb goBkoma 0.80P mimcrimroeTses
3yCTpiYHAM OOEpTaHHSAM 30BHILIHIX KpaiB IHUCKY (K Bi-
JOMO, B HHUX (DOPMYIOTBCSI YEpBOHI JliHii-caTeliTn
(puc. 1, 4)), a y dazax 0.55-0.70P i rpaBitaifiero Macus-
HOT'O aKpeTopa MpH PYCi ra30BUX IOTOKIB Y Mexax Horo
nopoxHuHU Pomra — nuB. puc. 1,5. [TiaTBepmkeHHs Tako-
IO PO3YMIHHS NPHUPOAH SIBUIA MAaCONEPEHOCY Yy CHCTEMI
f Jlipy MOXHa OTpUMAaTH, HANPHKIAJA, 3 aHali3y JaHHX
abcomoTHOI criekTpodoToMeTpii, KpUBUX 3MiHH IIpOMeE-
HEBHX WIBHAKOCTEH Ta IHTEHCHUBHOCTEH CIIEKTPaJbHUX
JiHIHA i3 ¢a3zamMu OpOiTaIBHOTO IEpioay B MOPIBHSIHHI 3
TAKUMH K 3MiHAMH MarHiTHOTO MOJIs. 3BEPHEMO yBary Ha
OCHOBHI (paKTH, Ba)XJIMBI B IIbOMY CEHCI.

&
z

Z
D

.
25
Puc. 5. CtpykTypa ra30BHX MOTOKIiB MOMiX KOMITOHEHTAMH
cucremu f§ Jlipu (KpUBi CTPiNKK) MPU HAABHOCTI MArHiTHOrO
nonst gonopa (Bice 0.35-0.85P, “H”), mo npuBoauTh O Ta-
psUOi MIBAYTH Ha CaTeNiT-JHUCKY, 3BEPHEHOI 10 JoHOpa (K-
pHa JiHis); peajbHi PO3MipH CaTENiT-AUCKY O3HAYEHO IBOMA
pslamMu CTPIJIOK, a KPYXKKOM - LIEHTpP Mac IOJBIHHOI cucre-
mu. Crpinkamu BigmideHi ¢aszu 0.05P ta 0.95P ontumanbHol
MPOEKIIT caTeniT-aucky Ha noHop. [lonem 30py crocrepiraya
oOMexeHi rapsiai obnacTi Ha IUCKy (Ha LEHTPH KOMIIOHEH-
TiB) y ¢a3zax 0.40P ta 0.80P (uro BusiBneHi B crarti [4)] Ta
iHIII HANpsSMH CHOCTEPEKEHb, 30KpeMa, 3arajlibHe OauyeHHs
cuctemu y ¢asi 0.70P (nuB. Texcr Ta puc. 1).

IMounemo 3i ciekrpodoromerpii B Jlipu [12], MmoHOX-
pOMAaTHYHI OCBITJIIEHOCTI SKOI B aOCOMIOTHHX OIMHHUIIIX
Oynu BUHECEHI 3a MeXi 3eMHOi atMoceprn. MonenroBaH-
HS KOHTHHYyMY cucteMu [ Jlipu y Bcix (azax B Mexax
AA3300-7400 nokasano, 10 B PO3NOiI €Heprii BUIpO-
MiHIOBaHHS 70 22% B 000X KBaJpaTypax HAJICKHUTH 10Hi-
3oBaHoMy BomHiO mpu Temneparypi 20000 K. Taxwuii
BKJIaJ] ¥ KOHTHHYYM CHCTEMH, 0coOIMBO B OOJacTi 3a
0aTBEMEPIBCHKOI0 TPAHUIICIO, TIOSICHIOBABCS yOAPHUM Me-
XaHI3MOM TIPH 3ITKHEHHI 3 aKperiifHM JUCKOM OCHOBHO-
rO MOTOKY BiJ IOHOpA, BiIXHMJICHOTO KOPIOJNiCOBUMH CH-
JIaMH BiJI JIiHIT EHTPIB 3ip, M0 HiJIKOM MPUPOAHO ¥ (hazax
0.2-0.4P nepuioi kBaaparypu. Al 10 BUBUCHHS MarHiT-
Horo moss gouopa [31] He Oyio HIsSKMX MEPeIyMOB JUTS
3aIisTHHS yAAPHOTO MEXaHI3My 10 MOSICHEHHS MPHUPOAN
peKOMOIHAIHHOTO BHUIIPOMIHIOBAHHS BOJHIO B 0ONAcTi
¢a3 0.6-0.9P mpyroi kBaaparypu (auB. puc. 1, 5).

14

MOXXJIHMBICTh MOTHMBOBAHOI 1HTEpIIpETaIlii UX Pe3yib-
TaTIB MOSIBIIACH Y TIPOIIECi TMOJAITBIIIO] A0COIFOTHOI CIICKT-
podoromertpii S Jlipm 3 akmeHTOM Ha 00JACTh CIIEKTPY
JIOBKOJIa CHIIBHOI eMiciiHoi miHii H,, mpoBemeHoi B KpAO
y 1978-85 pp., Ta He3aNeKHUX IOCIIIKCHbh MarHiTHOIO
nonst B atmMocdepi 1oHopa, npoeneHux y CAO B 1980-
88 pp. [46]. OcHOBHHUiT pe3yNbTAT CIIBCTaBJICHHS JaHUX
X METOJMYHO Pi3HUX CMOCTEPEKEHb TAKUI: Y cucteMi f
Jlipn HasiBHa diTKa Kopemsuis 3anexHocti E(H,)=f(P),
TOOTO 3MIHHOCTI 3 OpOITATBHOI (ha30t0 aOCOIMOTHOIO IMO-
TOKYy BUIIPOMIHIOBaHHA B H,-emicii, i3 3alexHicCTIO
He=f(P), T06TO 3i 3MiHHICTIO 3 (a30r0 ePeKTUBHOI HATIPY-
JKEHOCTI MarHiTHOro Mojis JoHopa. I3 puc. 3 BHIHO, IO
eKCTPEMYMH 000X 3aJIeKHOCTEH CIIBIAJAIOTH Y3/I0BXK Op-
OitanbHOi Qazu. [Llupoknii MakcCUMyM BUIIPOMiHIOBAaHHS B
H,-emicii momix aszamu 0.6-0.1P 31ieHTpoBanmii 1o dasu
0.85P mpyroi kBampaTypH, TOOTO 10 (a3u CIOCTEPEIKCHHS
TMOJTFOCA MATHITHOTO TI0JIsl HA TIOBEPXHi JOHOpa, KUK Po3-
TaIlIOBaHUl ONMKYE O aKpeTopa i 3BEpHEHHH 0 HHOTO
BICCIO HOro AMIONBHOro MaruiTHoro mojst (puc.l1,5). ¥V
ux (azax Ipyroi KBaapaTypu eHeprosiqnaya B JiHii H, B
1.3 pa3a € OUIBLIOK MOPIBHSHO i3 MiHIMyMOM ii eHepro-
Bijmayi, mo npunazgae Ha ¢azy 0.35P marniTHoro nomoca
JIoHOpa B mepiuii kBagparypi. Omke, dopmyBanus H,-
emicii y cucremi f Jlipu sSIBHO 30pi€HTOBaHE B3IOBXK OCI
MarHiTHOTO T0JIs IoHopa y HanpsiMi ¢a3 0.35-0.85P 3 mak-
CUMYMOM €eHeproBijjaui y nApyriii keaapaTypi. Came y
(hazax moekona 0.80P crmocrepiraeTbes rapsiya 001acTh Ha
aKpeLifHOMY AUCKY 3T1JHO MOAEIIOBaHb V-KpHUBOI OJIHCKY
y crarti [4]. dyxe BiporimHo, mo s 006JacTs Ha JHUCKY
BUHHKA€E TIPH 3iTKHEHHSX Ta3y, HAIPaBJICHOTO B3IOBX CH-
JIOBUIX JIIHIM MarHiTHOTO MOJS JI0 aKpelidHOro JHUCKY, PO-
3irpiB SKOrO IMiJCWICHUI 3yCTPIYHUM OOEpTaHHSM 30BHi-
IIHIX KpaiB JUCKY.

3BepHeMO 1iIe yBary Ha Te, 110 B Mexax ¢az 0.35-0.50P
Ha 3anexnocti E(H,)=f(P) B o6nacti H,-emicii uitko Bui-
JSIETHCA JIOKAJIbHUH MaKCHMYM HOTOKY BHITPOMIHIOBaHHS,
akuil craHOBUTH 20 % HaJ yCepeAHEHOI KPHBOIO MLi€l
sanexHocTi (muB. puc. 3, BHH3Y). Tyr 6Ge3mocepentbo 3i
CIIOCTEPEXEHb JIOKAI3YIOTHCS 1 MEXi rapsdoi obsiacTi Ha
o0oxi nucky. MexaHi3m HOro yrBOpEeHHS - pO3irpiB MmoBep-
XHI JIMCKY YIapHUM 3ITKHEHHSM 3 Ta30BUM TOTOKOM ITiJ{
JIEI0 KOPIONICOBUX CHJ Y KIACHYHIN TiAPOAWHAMIYHIN
kaptuni. J{o pedi, B 11boMy K (azoBomy iHTepBaii 3adik-
CcOBaHa «rapsua misMa» 3a gonomoror BVRI nomspusa-
MiHMX KpuBHX Onucky [52], sk JOKambHE 3MCHINCHHS
noysipu3anii i3-3a TypOyIeHTHHX 3aBUXPEHb Tapsdoi Iuias-
MU (TIONSIpU3alisi B OCHOBHOMY ITOPOIPKEHA EIEKTPOHHUM
po3cisHEsIM cBiTia). OTXe, TOKATbHUI MaKCUMYM ITOTOKY
BunpomiHoBaHHs B H,-emicii [46] miarBepmkye HasBHICTH
rapsaoi 0bJacTi Ha 00071 aKpeUiitHOTo UCKY, BHUSBIICHY B
(hazax mobmm3y 0.40P mpu monemtoBanHi V-KpUBOI OIHCKY
cucremu f Jlipu [4]. Omnak, y 1mx (asax TeX MOKIHBI
JIOIATKOBI e(EeKTH, IMOB’s3aHi SK 3 BIUIMBOM MAarHiTHOTO
TIOJTFOCa JIOHOpa, IieHTpoBaHoro Ao ¢asu 0.35P, tak i3 mo-
JIETIICHOIO BTPATOK PEUOBMHM Kpi3b TOUKy Jlarpamka L,
Oinst moBepxHi goHOpa y daszi 0.50P.

VY 1pOMy acmeKTi CITii BpaXyBaTh pe3yNbTaTH IIBUAKOL
3MiHHOCTI H -emicil sik y ¢azax 0.35-0.50P, Tak i B310BXK
opOiTtanbHOi (a3u. OpUriHATPHUMH 3aJIMIIAI0THCS CIIOCTE-
pexxennst 1981 p. Ha AMCEKTOPHOMY CIIEKTpodoTOMeTpi 6-
M Teneckorry CAO B ob6macti H,-emicii [53], konmu Gyno
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orpuMaHo Outs 700 CreKTporpaMM 3 YacoM EKCITO3HITi
OKpeMoro ckaHy mnepeBaxHo B 10.5 cekyrmm. iamazon
CIEKTpY, IeHTpoBaHoro Ha H,, cranoBuB 150A Ta 450A.
JocnipKyBanack 3MiHHICTD CHEKTPY B ITOCHIZTOBHUX €KC-
TIO3UIIISIX KOHKPETHOI JIATH CIIOCTEPEKEHHS 1 piBeHb 3MiH-
HOCTI MBHUIKICHUX MPOIECiB 3 opOiTampbHOIO (pa3zoro. Oc-
HOBHI PE3yJbTaTH TAKOrO JOCII/DKEHHS Ta30BUX CTPYKTYP
S Jlipu 3BoAsATECS 10 HacTymHUX. 3adikcoBaHi urykTyamii
TIOTOKY 3 €JIeMEHTaMH epYNTHBHOCTI y npodimsax H,-emicii
HA YaCOBHX BIJTHHKAX CEKYHIU-XBUIHHH. AKTHBHICTh
3MIHHOCTI SIK y KpHWJIaX, Tak i B HeHTpi H,-emicii cyrTeBO
3aJIeKUTh B (a3u opOiTabHOrO IMKITY. BoHa mpakTH4HO
BizicyTHs B okoii ¢a3 (0.0P £ 0.1P) romoBHOro 3aTeMHeH-
Hs1, KOJIM aKpEeTOPOM 3aKpHUTa 00JacTh BiATOKY PEUOBUHH 3
JIOHOpa Ta 1i BUCBIYyBaHHS B YIApHUX 3ITKHEHHSX 3 JIHC-
KOM, HIO IIJIKOM Y3TO/DKYETBCS 3 JOCHIKEHHSIMH KOHTH-
Hyymy £ Jlipu 3a i aOCOMOTHOIO CHEKTPO(OTOMETPIED
[12]. Ipu Buxomi JAoHOpa i3 3aTeMHeHHs (uykryanii H,-
emicii y ¢azax mepmioi KBaJpaTypH MOCTYIOBO HapocTa-
I0Th 1 csAraroTh MakcumyMmy B ¢azax 0.34-0.49P, o mosic-
HIOEThCSI B pPaMKax JIoKaui3alii 00JacTi yJapHOro 3iTKHEH-
HS 3 aKpeIifHAM JHUCKOM OCHOBHOTO MOTOKY Bij JIOHOpA,
3MIIIEHOTO KOPIOJiCOBUMHU CHJIAMU JIO THJIBHOTO OOKY
akperopa. OnHak HaiiOinblIa 3MiHHICTE H,-eMicii TyT 3a-
¢ikcosana B ¢azi 0.49P, koiu AOHOP MPAKTHYHO 3aKPUBAE
00J1acTh 3ITKHEHHS Ta30BOTO MOTOKY 3 JMCKOM, ajle CIO-
CTEpITaeThCS MOBEPXHsI JOHOpA B 00JaCTi MAarHITHOTO I0-
moca foHopa y ¢asi 0.35P. 3okpema, TyT Ha MOCIIIOBHUX
10-cexyHTHMX EKCIO3HMINSIX 3a(iKcoBaHi JBOKpATHI 3BY-
JKEHHsI 1 po3uMpeHHs podiio H,-emicii, 3MiHM B iHTEH-
CHBHOCTI Ta eKBiBaJICHTHIN mMpuHi H,-emicii, BHHUKHEeHHS
eMiCii-CYITyTHHKIB TOBKOJIA IEHTPY emicil B Mexax jo +
1700 km/c, panToBy NOsIBY a0COpPOLIiH 31 MBHIKOCTMHU JI0
-1000 km/c Bix wmentpy uiHil. OTKe, JOIATKOBA EMICis,
mBHIKICHI quIyKTyanii HOTOKY eMicii 1 MPOMEHEBUX ILBH/I-
KOCTel CymyTHIX neraneid y Quykryauisx npodimo H,-
emicii MOXXyTh cBimuuTH y (azax 0.34-0.49P npo Baxiu-
BICTh 30HH Ha TIOBEPXHI JOHOPa MOOIN3y HOro MarHiTHOTO
TOJTIOCA 1 B CEHCI KaHami3ali pe4oBUHH B3I0BXK CHUIOBUX
JIHIN MK TTOJIFOCAMHU MarHiTHOTO TIOJISl JOHOPA.

Hpyra obnacTe miiBHIIEeHOI akTHBHOCTI H,-eMicii cro-
crepiraetses y ¢azax 0.60-0.85P npyroi kBaaparypu, ToO-
TO B (ha3ax CHOCTEPEIKEHHS TOTO MOJIFOCA MArHITHOTO MOJISI
JIOHOpA, KWl pO3TallIOBaHHI OJIMKYE IO aKpeTopa i 3Bep-
HEHHI 10 HBOTO, TOOTO y (pa3ax CIOCTEpE EeHHS yOapHUX
3ITKHEHp Taps4oi IUIa3MH, KaHaJi30BaHOI MarHITHHM IIO-
JIeM, 3 aKpeIiifHuM JUCKOM. BiMiTHMO HE3BHYHY IOZIIO,
II0 TPHBAJIA HA IIECTH CKaHAX BIIPOJOBXK OJIHI€] XBUIIMHH Y
¢asi 0.81P, ToOTO mpakTuuHO y (asi (HpOHTAILHOrO CIO-
CTepEeKEHHS MOIF0Ca MAarHITHOTO TN Ha JAoHopi. Ha mux
MOCITOBHUX CKaHax cruektpy S Jlipm 3adikcoBaHo pyx
abcopOrii, mo BUHUKIA 3 (Pi0TIeTOBOI CTOPOHH Ha BiJCTaHi
-2200 km/c BiHOCHO 1IeHTPY H,-emicii 1 3HuKIIa, mepeMic-
TUBIIMCh Ha il YEpPBOHY CTOPOHY Ha BIJCTaHb KOJIO
+1000 xm/c. Lst abcopOuist rubdunoo Oins 15% Bucotu
KOHTHHYYMY 1 mmpuHO0 10 1000 kv/c mepemimanace y
crnektpi 31 mBuaKicTIO moHan 50 km/c. B neBHUit MOMEHT
pyXy a0copOrmisi 4acTKOBO «OMYCTHIIa» TiJl KOHTHHYYM
3HAaYHO oOclabieHy meHTpansHy H,-eMiciro. Take sBurmie
MOIJIO MaTH €PYNTHBHY CKJIJIOBY 1 WiTKO CBiTYUTH PO HE
JIaMiHapHI TpoIecH B MOABiHHIN cuctemi. BoHo po3BuBa-
JI0Cs IOAIOHO 10 PYXY PEYOBHHH B aplli MOTYKHOTO «Tpa-
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H3i€HTay», KOJIM ra3 CIovaTKy pyXaeThCs Ha CrocTepiraya, a
TIOTIM Bifl HBOTO, TA/IAI0YH Ha3ajl, CKaXXiMO, B3ZIOBXK CHJIO-
BUX JIIHIA MardiTHOro mous. [HIMi BaKIMBUH pe3ysbTar:
i neHTpaigbHo0 H-eMicieto 3 miBmmpuHOIO 10 250 kM/c
BUsIBIICHa iHTEHCHBHA (10 25% Han piBHEM KOHTHHYYyMY)
eMicisi 3 He3BMYHO mupokumu kpuniamu [53]. YV dasi 0.73P
i kpuna npoctsranich Ha t 3000 km/c, TOfi SIK 3a CIieK-
TooTorpadiuHIMI CIOCTEPEKEHHIMH [54] BOHH CATAIOTH
6ins + 500km/c. Tlo anaorii i3 3opsimu THpY P Jlebenst, B
CIIEKTpaX SKHX TEXK CIIOCTEPIraroThCs AyXKe HIMPOKi KpHia
B H,-emicii [55], HaifbinbIn BipOTiZHHM MEXaHI3MOM iX
TIOXO/I’KEHHS] MOYKHA BB)KATH TOMCOHIBCHKE PO3CISHHS Ha
BIJIBHUX €JIeKTpoHax, To0TO y dasax 0.60-0.85P cmocrepi-
raroThCsl TIOTY)KHI TIPOLIECH yIapHoro MexaHismy. Lle yro-
JUKYETBCSL K 13 aOCOJIOTHOIO CHEKTPOPOTOMETPI€I0
f Jlipu, ska CBiqUUTH PO 10HI30BaHHUK BOAEHB IPU TEMIIE-
patypi 20000K [12], Tak i 3 HaABHICTIO CHIILHMX JiHiH Crie-
KTPy BHCOKOTO 30y/PKeHHs Ta ioHi3auii, ckaximo, CIY Ta
NY y manekomy ymabrpadiosneti [56]. V ¢azax 0.55-0.80P
PEECTPYETBCSL 1 MakCUMyM BHUIIPOMIHIOBAaHHS Ha KpUBIH
OmrcKy 3a JaliMaHIBCHKOIO TPAaHUIIEIO, sSIKa BTPATHIIa O3HA-
KM Mo/BikHOI crcTemu [8,9].

OTxe, y ¢azax Apyroi KBauparypu, nepii 3a Bce y ¢a-
3ax 0.55-0.90P (puc. 1, 6), pe3ynbTaTin aGCOMOTHOI CIIEKT-
podoromertpii S Jlipu sik B 11 KOHTHHYYMI, Tak 1 B H,-emicii,
BKITIOYAIOYN PEECTPALIi0 IIBUJIKICHUX yAapHUX MPOIIECIB,
MaroTh iHIIe ¢izudHe marpyHTs. [IpuponHo BBaXkary, 1o
TYT PEECTPYETHCS 3ITKHEHHS 3 aKpelliiHUM JIMCKOM 3amar-
HIYEHMX Ta30BHX MOTOKIB, KaHAIiI30BAHUX MATHITHUM ITO-
JIeM JIOHOpA 1 BIAXMICHHX HUM B3JIOBXK CHJIOBHX JIiHIN JI0
akperopa. lle 3iTKHEHHs BiIOYBa€ThCs MO BCIi MiBaY3i
obepToBoro akperiitHoro mucky (puc.1,5), are Mae miacu-
JICHUI eHepreTUYHUi edeKT BiJl 3yCTPIYHOrO pyXy pedo-
BUHHM JIUCKY 1 MaIal0YMX HA HBOTO Ta30BUX IOTOKIB, LIO i
CIIOCTEpIraeThCd SK LIMPOKA rapsya IUIIMa Ha IHCKY,
nenrposana 10 daszu 0.80P [4]. B Toif sxe yac y dazax cro-
crepeskerb 0.55-0.7P iHTeHCHBHI 3ITKHEHHS BHYTPI I1a3MU
Ta ra30BHX MOTOKIB 3 JMCKOM i3 HEBIIOPSIKOBAHUMH 30Y-
PCHHSIMH Ta30BUX CTPYKTYp BiJOyBAarOThCA Ha OUIBIIIi
JIOBXKMHI [IUISIXY TPOMEHs 30pY 1 aKpeliiHui JUCK MacKy-
€TBCS Tapg4OI0 IUIA3MOIO, IO OIJIBII SIBHO HPOSIBISETHCS
Ha KpPHMBHX OJIMCKY B JalekoMy yibrpadioneri (puc. 2).
3BiJICH CITi/Iye IlIe OJIMH BUCHOBOK: IepeBakHe (popMyBaH-
Hs1 H,-eMicii B mpocTopi OMiK JOHOPOM 1 TUCKOM Y (pazax
JIPYroi KBaJpaTypHu CBIAYUTH PO 3HaYHE {i BUHUKHEHHS
6e3mocepeHbO B OIM3BKOMY OKOIi JOHOpA, TOOTO B IIBH-
JIKO3MIHHUX yIOAapHHUX Tpollecax MO0y IOiroca HOro
MAaTHITHOTO 10N, 31eHTpoBaHoro a0 ¢asu 0.85P. Baxmu-
BHM Y IIiM acTIeKTi € (aKT ocinabIeHHs eMicCi JTiHii xyOie-
Ty SillA16347,6371 B opGitanbuux ¢asax 0.9-0.98P [42],
KO CaTeNiT-TUCK MPOEKTYETHCS Ha TOBEPXHIO JOHOpA i
3aTEMHIOE Ha Hii 00JaCTh MOJIFOCA MArHITHOTO TIOJIS JOHO-
pa, o 3BepHeHa 10 akperopa (mimii SillA16347,6371 3
nogibHo0 (hopMoro TpodiiB, 0OpaMIIEHUX EMiCi€ro, CIO-
CTepiraroTbcsi y BHTIKaounx atMmocdepax 3ip Bombda-
Paiie, P Jlebens ta Be-3ip). Tak K y NiHISX TMOTITHMHAHHS
IBOTO IyOJIeTy KPEMHIiI0 BUMipsiHe MarHiTHe morne [36], a
1l JiHii GopMyIOThCS y BEepXHIX mIapax atMocdepu JOHO-
pa, TO 1€ € CBITYEHHSIM TOTO, 1110, 3aTEMHIOIOYHCH Y (ha3zax
0.9-0.98P nuckoMm y HampsiMi Ha ITOJIOC MArHiTHOTO MOJIS
JIOHOpa, eMicCisl IUX JiHIM AK 1ijge (GopMyeThest mOOIH3y
MIOBEPXHi JOHOpa.
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Jlo 1uxX Tip B OCHOBHOMY PO3IVISIAIHCH MUTAHHS €HEp-
TeTHYHOI CKJIaJIoBOI y (OPMyBaHHI eMiCIiHMX JHIN K
nitoro, mepeayciMm H,-emicii. KopoTko posrimsHeMo 1 1u-
HaMi4Hi 3MiHH 3 OpOiTaNbHOIO (ha3010 Y KOHTypax eMiciid-
HO-a0COPOINITHUX JTiHIA BUCOKOTO CIIEKTPAILHOTO PO3pi3-
nenns. Li minii cnekrpy £ Jlipu HecyTs iH(OpMAaIio po
OyZIOBY Ta MMHAMIKY HABKOJO30PSHUX [a30BUX CTPYKTYD.
Y BuauMii o0yacTi CHEeKTpy HAWMOTYKHIIIMMH € JIiHii
BoaHIO H,, Hp i H, Ta minii remiro HelA13889,4471,5875,
6678,7065, 3MiHHICTh SKUX Y3I0BXK OpOiTANBHOI (azu Oa-
raro B yoMy noaiona. HaiimokazoBimmM € mpodinb JiHii
H,. TlepeBuiiyroun iHKONMM KOHTHHYYM Y KilbKa pa3iB Ta
CYTTEBO 3MIHIOIOUHCH 13 (a3oro, CKIaIHUA Npodiab i€l
JiHIi 3aRkau 30epirae 1Ba eMiciifHi miku Ta abcopOriro
noMmixk HUMH. [IpenmeTom aHaiizy € BUMIPIOBAHHS JOMII-
JIepIBCHKUX 3MillIEeHb TAKUX CKIIAJ0BUX Npoditto JiHik. Sk
MIPaBHUJIO, PO3MVISAAETHCS a00 MOJIENb iX HezalleKHOro ¢o-
pMyBaHHs, ab0 Mozens eauHOI emicii 3 abcopOuieto, o
MPOpi3a€e eMICito SIK CaMOIOTJIMHAHHS B Ta30BUX CTPYKTY-
pax. B 1ipoMy ceHci Masio 3HaueHHsI CTBOPEHHSI 1 BUBUSHHS
(na migcrai crioctepexxenb S Jlipu 1985-90 pp. Ha 2.6-M
TeJNecKorti 3a gornomororo [133-1eTekTopa HU3BKOro IIymy)
kaTanory H,-npo¢isiB BUCOKOI CHIEKTpalIbHOT pO3pi3HEHO-
cri [18]. Ile Bmepie MO3BOMWIO JOCTIAWTH YETBEPTHIA
JMHAMIYHUNA (QakTop, a came, 3MilieHHs y cnektpi f Jlipu
HeHTpy H,-eMiciii mo GicekTopy iX raycciBcbkoro npodi-
J10. AHaji3 MPOMEHEBUX IIBUAKOCTEH OCHOBHHMX CKIIAI0-
BUX Tpodinro miHil H, nokasas, mo y ¢opmyBaHHI 1uHa-
MIKH Ta30BUX CTPYKTYp TeX HAOMiHye (PaKTOp MarHiTHOro
TIOJIS ZIOHODA.

[Tounemo 3 po3rJIsAay MOBEIIHKK a0COpOLIHOT CKi1aI0-
Boi uinii H, (abcopOuisi B IHIIMX CHIILHUX eMICiHHO-
a0CcopOLIHUX JIHISX BOAHIO Ta Teliio Besie ceOe moiOHIM
YHHOM), SIKa CBIJTUUTH MPO aKTUBHUI MACOIEPEHOC MOMDK
komitoHeHTamu. Crenpdika 1bOro TUIMY JIiHIM MOrTMHAH-
HsI, Ha3BaHOI HaMu A-abcop6iieto [17], BimoOpaxae ¢op-
MmyBanHs BisuomomioHoi (fan-shaped) cucremu razoBmx
motokiB [18, 21], HanpaBieHOi BiJ IOHOpa 0 akperopa i
CHOCTEpEeKYBAHOI B IIMpOKOMY aiana3oni ¢a3 0.8-0.2P sk
TIOTJIMHAHHS B CIIEKTPAJIbHUX JIHISX MPH MPOEKIli Ha 10-
HOp TOro ra3y, IO PYXaeTbes BiJ JOHOpa IO aKperopa
(puc. 1, 5). Byayuu 3MiHHOIO B IIMPOKHAX MEKax MPOMEHe-
BUX IIBUIKOCTEH, A-abcopOris nokasye B ¢azax 0.4-0.6P
TEIJIOBY CTApTOBY IIBUJIKICTh Ta3y 3 MOBEPXHI JOHOPA, a B
¢azax 0.8-0.2P mocsirae MakcCMMalbHHX MIBUAKOCTEH axK
70 -110 km/c (asie MeHIIHX 32 MapaboiyHi) B IKOCTI HUA3b-
KO MIBHIKICHOTO aHi30TPOITHOTO BITPY, MPHCKOPEHOTO B
HampsiMi akpetopa. [Ipu 11boMy BiZCyTHE TIOBHE LIEHTPaTb-
HE 3aTeMHEHHS IIHOTO BITPY aKpETOPOM, IO CBIAYUTH TPO
pyx ra3y Haj miomuHo op6itu. B dazax 0.0-0.2P Buxony
JOHOpPA 13 3aTEMHEHHS MaKCHMyM HETaTHBHOI IIBUIKOCTI
nocsiraetbest y ¢asi 6urst 0.07P. e y3romkyeThes 3 Kilacu-
YHOIO TiJPOJMHAMIYHOIO KapTHHOIO OCHOBHOTO T'a30BOTO
MTOTOKY, CPOPMOBAHOIO 3 THIHFHOTO OOKY akperopa Kopio-
JICOBUMH CHJIAMH 1 BIAXHMJICHOTO BiJ{ JiHII TpaBiTaIliiHIX
LeHTpiB KoMMoHeHTiB. OMHAK, y Takiid TiApOAMHAMIYHIN
KapTHHI HEMOXITNBE ()OPMYBAaHHS Ta30BHX TOTOKIB y Ha-
mpsiMi (PPOHTAITEHOI CTOPOHH aKperopa, ToOTOo y dazax
0.8-0.0P, 1o mepeayroTh BXOMY IOHOpPA B HOr0 3aTEMHEH-
HSI aKPETOPOM.

[ToBeninka A-abcop6buiit y dazax 0.8-0.0P crama 3po-
3yMUJIOIO 3 BIIKPUTTAM MAarHiTHOTO TIOJs, KOJH OYiIH
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3ayBaKeHI MepIli Kopewsnii y 3MiHHOCTI €HepreTHYHHUX
Ta AWHAMIYHUX XapaKTEPUCTHK HABKOJIO30PSHHUX CTPYK-
TYp 3 IPOCTOPOBOIO CTPYKTYPOK MArHITHOTO TOJIS J0-
Hopa [34]. Lle miaTBepawiIO AeTaibHillle BUBYCHHS A-
abcop6buii B minii H, [18] Ta B iHmMX NiHIAX BOIHIO i
remiro [21,57] Ha ocHoBi [133-cnoctepexens f Jlipu
1985-1992 pp. Ha puc. 6 mokazaHi 3aJeKHOCTI TEIKHX
napameTpiB IUX JIiHIA Bix opOitanpHoi ¢da3u. Haranae-
Mo, B Mexkax (a3 0.8-0.0P, mo mepeayroTh BXOAY TOHO-
pa B 3aTEMHEHHS aKpeTOpOM, Ha MOBEPXHi JIOHOpa CIO-
CTEpIra€Tbcs 30Ha MarHiTHOTO TOJIOCA JTIOHOPA, 3IIEHT-
poBana no ¢aszu 0.85P (puc. 1, 5). Pisuuns daz 0.85-
0.0P BigmoBijae BiAXWIYy OCI JUITONS MarHiTHOTO TIOJIA
JIOHOpa, CIIPOEKTOBAaHOI Ha IUIOMIMHY OpOITH, BiIHOCHO
ninii 0.5-0.0P neHTpiB 3ip-KOMIOHEHTIB. SIk BHIHO 3
puc. 5, y dasax xono 0.85P Ha V-kpuBux A-abGcopOuiii
(bopMyeThCs TOKaNbHHIA MaKCUMyM HETaTHBHHX IIBHI-
KOCTEH, BiJ0OpakalouM MOYaTOK NMPUCKOPEHHS Ta30BUX
MOTOKIB, 1o Hapoctae no ¢a3u 0.0P. B dazax 0.8-0.0P
PyX Ta30BHX MAac MPOXOAUTH MiJi KOHTPOJIEM MarHiToc-
(hepu mOHOpA: BUTIKAIOYM B3JIOBXK CHJIOBHUX JIiHIA MarHi-
THOTO TIOJIA i3 30HM IOJIOCA Ha JOHOPI, I'a3 y 30BHILIHIX
YacTUHAX HOro Mar”itrocdepu mnomnajae B 30HY rpaBiTa-
[IfHOTO BIUTMBY MACHBHOTO aKpeTopa, /1¢ MaKCHMAJbHO
MPUCKOPIOEThCS. BaxkiinBo Texk, mo A-abcopOris, sika y
(dazax 0.8-0.2P mocsrae MakcHMMajabHOI IIBHAKOCTI Ha
crocrepiraua (10 -110 km/c, ane memro MeHIoi 3a mapa-
OomiuHy), Ma€ 3HaYHY 1HTEHCHBHICTh, XO4Y IOBHHHA O
Oylia CyTTEBO 3aTEMHIOBATHCS aKPETOPOM 1 HOTO Iijb-
HUM JIMCKOM, OCKUIbKHM HaXWJ IUIOIIUHKU OpOITH A0 mpo-
MEHS 30py CHOCTepiraya CTAHOBHTH JIMILIE JIBA TPamgyCcH
[26]. Tak sk A-abcopOrtisi GOpMYETHCSI B CHEKTPi MpH
MPOEKIii PyXOMOro ra3y Ha sSICKpaBHid JIOHOp, TO 3HaYHa
YacTHHA Ta3y, CIPOEKTOBAHOI'O Ha JOHOp y LIEHTpi ro-
JOBHOTO 3aTEMHEHHS, PYXA€TbCS [0 aKperopa BHIIE
TUIOIMHK OpOiTH Oe3 3aTIHEHHS aKpETOpOM 1 iforo nuc-
KoM. Lle yMOXIIUBIIOETHCSI CYTTEBUM BIIXHIIOM OCI JU-
MOJISl MArHiTHOTO TMOJsi JOHOpa BiA IUIOMIMHU OpOITH
(opienroBro 30 rpaaycis [31]) Ta mpocTopoBor KoHGI-
Typaii€ro akperopa i IOCTATHHO CIUTIOMICHOrO IHCKY,
10 MalOTh BiJIHOCHO MEHII BiJ JOHOpa pO3MipH y Ha-
npsiMi, TEPIEHAUKYISIPHOMY 0 TUIOLIMHU OPOITH.

Omxe, y npocropi f Jlipu hopMyeThcs OpHUriHATBHA
BistonoaiOHa cucTemMa ra3oBUX IOTOKIB B SKOCTI HEi30-
TPOITHOTO 30PSTHOTO BITPY BiA MOHOpA, IO 3 000X OOKIB
BimHOCHO JiHI{ meHTpiB 3ip 0.5-0.0P oxorutroe akperop.
s cuctema cyTTeBO BIApI3HAETHCA BiJl PyXy Ta30BHX
motokiB B T/IC, 00yMOBJIEHHX Ti€10 KOPiOTICOBHUX CHII Y
CTaHAAPTHIN TiIAPOIWHAMIYHIA KapTHHI, B AKill 1i MOTO-
Ki (OPMYIOTHCS TiJIBKU 3 THIBHOTO OOKY aKpeTropa Bij-
HOCHO HampsAMy ioro opOiTagpbHOr0 pyXy i crocrepira-
fotbcs y ¢azax 0.0-0.2P mepmoi kBagpatypu. @opmy-
BaHHS 1 JUHAMiKa Ta30BHX IMOTOKIB y ¢aszax 0.8-0.0P
JPYTOl KBaZpaTypy 3yMOBIIEHI MPOCTOPOBOIO OPi€HTAIIi-
€F0 MarHiTHOTO MOJISl JOHOPA, IO TYT € BU3HAYAIBHOIO.

B cenci hopmyBaHHS 3aMarHiu€HHX MPOCTOPOBUX Ta-
30BUX CTPYKTYp UM HE HAMITOKA30BIIIOK € TIOBEIiHKA
JIOTUTEPIBCHKUX 3MilIeHb IEHTPY CHIIBHUX E€MiCIHHUX JIi-
Hill 5K 1T0T0 3 OopbiTanpHOW (aszoro. Criepiry 1ei mpuH-
[MIIOBO HOBHH Pe3yNIbTAT BUABICHUH NPU BUMipIOBaHHIX
nenTpy H,-emiciit mo Oicekropy ix rayciBcpkoro npogi-
mo Ha [133-cnexktporpamax cucremu f Jlipu, oTpuManux
Ha 2.6-M Teneckori KpAO Bnponosx ce3oHiB 1985-91pp.
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[18]. Exctpemymu V-KpUBOi JOMIEPiBCHKOTO 3MIlCHHS 3
opOitanpHOO (azoro ast ueHTpy H,-emicii, TooTo 3amne-
xHocti V,=f(P), cniBnanu 3 ekcrpeMymMaMu KpHBOi edek-
TUBHOI Hanpy>KEHOCTI MarHiTHOTO IOl JAOHOpa, TOOTO
3anexHocti He=f(P) (puc. 3, 6).
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Puc. 6. IIpomenesi mBuakocti npodimo minii H, y 3mini 3
opb6itaneHOIO dazoro (1 — [133-croctepexenns 1990-91 pp.,
2 —1985-89 pp.): rpadiku Bropi Ta BHU3Y CTOCYIOTBCS BiIIIIO-
BiJJTHO 4YepBOHMX Ta (iONETOBHX MIiKiB eMicii; Apyruil rpadik
3BepXy — LEHTpY emicii (cyuijabHa KpHBa BiamoBizae opOiTa-
JIBHOMY PYXY aKkperopa); Apyruii rpadik 3uu3y — A-abcopOuii.
Crpinkamu Ta puckamu BinzHaueHo ¢aszu 0.35P ta 0.85P cmo-
CTEepEXEHb MONIIOCIB MArHITHOI'O MOJIs JIOHOPA.

Otxe, moruiepiBehbKi 3MilneHHs nenTpy H,-emicii cun-
XPOHHO BIJICTEXKYIOTh CTPYKTYPY MarHiTHOTO MOJS TOHO-
pa. Llg BakmuBa AMHAMIYHA XapaKTEPHCTHKA eMicCiiiHO-
abcopOLifHNX KOHTYpiB BOTHIO 1 TeJiI0 MiATBEpIKEHA
[21, 42] BuMmipamMu TIEHTPY CHIIbHHMX EMiCIHHHX ITiHii
HelAA6678,7065 Ta miniii SillA16347,6371 (noka30Bom0 €
emicis minii Hel7065, ska Tex moOpe ampoKCUMYEThCS
rayciaroro [57]). Jo peui, Taka *x moBemiHKa neHTpYy H,-
emicii 3 opOiTanbHOI ()a30l0 MPOLTIOCTPOBAHA B CTATTI
[1], me BrirOUeHi 1 HamIi gaHi, OgHAK O€3 3TaJKW MPO Mar-
HiTHE ToJIe TOHOpa. THM He MeHIe, B Hil CTAaTTi BiaMi-
YeHo, 0 MiHiMyM V-KpuBOi A neHTpy H,-emicii mpu-
magae Ha (azy 0.853P, mio cmiBmamae Ha 3aJEXKHOCTI
He=f(P) 3 ¢azoro 0.855P, 1ieHTpOBaHOO 110 MOKOCA Mar-
HiTHOTO ToJIsI ToHOpa. Kopernsrist moMixk 000Ma KpUBUMH
He3alepeyvHa.

3aramoMm, AWHAMIYHI 3MiHH 3 OpOITATBHOIO (a30I0 SK
neHTpy Hg-emicii, Tak i HeHTpy IHIIMX eMiciiHMX JiHiH,
CBim9aTh Mpo Te, Mo (HOPMYBAHHS T'a30BHX CTPYKTYp SIK
LILTOTO 3/IHCHIOETHCS TIPU AOTIOMO31 TIEBHUM YHHOM 30pi€-

17

HTOBAHOTO MarHITHOTO IOJIsI IOHOpa. BinoOpakarouu mpo-
I[eC IEPEHOCY PEYOBHHM, IICHTP eMIcCiii uX JIiHIi y 3HAY-
Hilf Mipi opmyeThCsS TIOOIM3Y MTOBEPXHI JIOHOpA, OXOILIEe-
HOi MarHiToceporo. SKIIo Iie MPUIYIIEHHS JTOCTOBIPHE,
TO MHaMIiKa [IEHTPY eMiCiHMX JIiHi} ITOBUHHA Bi00paXka-
TH OpOiTaJBHUNA pyX JOHOpa. PO3rismarodn Taky MOXKITH-
BICTB, IlIe pa3 3BEpHEMOCsI JI0 puc. 6, npyruii rpadik 3Bep-
Xy Ha SIKOMY JIeMOHCTpYye 3anexHicts V,=f(P) mis mpome-
HeBol MIBUIKOCTI LeHTpYy H,-eMicii 3 opOitainbHO0 (azoro
3a manumu [133-criocrepexens 1991-1992 pokis. [nenrny-
Ha 3aJIeKHICTh OTPUMaHa JJIsi NEHTPIB IHIIMX eMiciHHNX
JiHiM, HANPHMKIAJ, CWILHUX eMiciiinux miniii HelA16678,
7065 Ta miniit SillAA6347,6371 3 BigHOCHO ClAOIIOK eMi-
cieto [18, 21, 42]. Tlobyayemo rpadiku 3aIeKHOCTEH
AV, =f(P), sik 3anexHocTel Bim opOiTanbHOI (a3u pi3HUIE
AV =A(Ve — Vik) MK MPOMEHEBOIO MIBUAKICTIO LEHTPIB
eMICIH IUX JIHIKA 1 OpOITATBHO MIBUIKICTIO KOMIIOHCHTA
(3anexwuicts AV,=f(P) mnst akperopa B (pa3zax MarHiTHHX
TMIOJIIOCIB B MEXKaX MOXHUOOK ONTM3bKa JI0 HYJISI 1 HE BUSBIISE
YiTKOI 3MIHHOCTI 3 (a3oro, 10 MO0 O CBIUUTH TIPO Te,
1110 3HAYHA YaCTHHA eMicil GopMyeThest OiIst akpeTopa).
Jnst foHOpa OTpUMAaEMO Taki pe3yJIbTaTH: BCl LIEHTPHU eMi-
Ciii BITHOCHO JIOHOpa MarOTh MAaKCUMYMH, 3IICHTPOBAHI J10
(a3 momociB #ioro MarsitHoro mons; y ¢asi 0.35P,
LEHTPOBaHI{ JI0 MOJF0ca MarHiTHOTO MOJIs IOHOpa Y mep-
IiH KBaJIpaTypi, LEHTpP eMICiil Tocsrae MaKCUMaJIbHOT TIO-
suTHBHOI mBHAKOCTI AV, =220-230 km/c (ra3 HampaBieHuit
BiJl crioctepiraya), a B opOiTanpHuX (azax moonusy ¢aszu
0.85P, ueHTpoBaHOI Ha MOMIOC MArHITHOTO TOJIS IOHOpA Y
JpYrii KBaApaTypi, UEHTP eMiciii Mae MaKCUMaJIbHY IIBHU-
JKicte AVy=-200 xm/c (ra3 HampaBlIeHHU 10 criocTepira-
4a); LEHTp Li€i CHHYCOINAIBLHOI 3aJIeKHOCTI Ma€ MPOMEHe-
BY HIBHAKICTH KOJIO +25 KM/C BIJIHOCHO HMIBUKOCTI LIEHTPY
Mac, 10 piBHA TEIUIOBIH IBHKOCTI BiPUBY ra3y BiJ J0-
Hopa. Ile MoXke cBiTMMTH NPO Te, 110, BUTIKAIOYH 3 000X
MarHiTHHUX TOJIIOCIB JJOHOpA 31 HMIBUJKICTIO, 3HAYHO Ollb-
IIOK0 32 MapaboliuHy, ra3, Io-Ieplle, PyXaeThesl B3IOBK
0Cl MarHiTHoOro noss JoHopa B HanpsiMi ¢az 0.35-0.85P, 1,
No-Jpyre, B 3HauHIi Mipi GopMye Tpodinap IHX emicii
no0imu3y ToBepxHi JoHopa. OcCOONMBO Iie MpUTAMaHHEe
emiciam Jiniii SillAA6347,6371, BKasyloud Ha HAABHICTH
MarHitocepu XpoMochepHOro Tuiy, SK JAESIKOrO JTUCKO-
MO/IOHOrO yTBOPEHHs, C(hOPMOBAHOTO B3JIOBXK OCI MarHiT-
Horo mois. CtapTyloud 3 TOBEPXHI JOHOpA 1 KaHAI3yio-
YHCh B3J0BJK OClI HOr0 JUIOIBHOIO MarHiTHOIO IO, ITO-
TIK Ta3y BIAXWISETHCS O akpemiitHoro aucky. EdexTus-
HiIIIe 11e BiAOYBA€THCA B 30HI OpOiTANbHUX (a3, IIeHTPOBa-
HUX 710 ¢a3u 0.85P marmiTHOrO mMomoca AOHOpa, HaOIH-
JKEHOTO JI0 aKpeTopa.

3BepHEMOCS Tenep IO aHali3y AWHAMIKH eMiCIHHX Ti-
KiB, SIK BM3HAYHUX CTPYKTYPHUX JeTalell y CKJIaJHHX
npodinsax emiciiHO-aOcopOuiitanx miHii criextpy S Jlipn.
Kpim ToOro, HE0oOXigHO TIpOaHANI3YBATH IOIILIEPiBCHKI
3MIIIeHHs 000X MiKiB eMicii y KOHTypax JiHill KiJibKa pas3
10HI30BaHMX €JIEMEHTIB, CKa)KIMO, BYTJICITIO, 30Ty Ta Kpe-
MHiI0 B manexomy ymbrpadioneri. [lonmepenniit po3rimig
TaKUX JIiHI BOIHIO Ta Tefiifo mepeadadas ix GopMyBaHHS B
MoJIeNi eMuHOL eMicii 3 abcopOiero, Mo Mmpopi3ae eMicito
SK CaMOITOTJIMHAHHS B Ta30BHX CTPYKTypax. [Ipu mpomy
KK eMicili (OpMYIOThCS 3MIIICHUMH Bi IIEHTPIB JIHIN y
YEepBOHY Ta CHHIO CTOPOHH CIIEKTPY 3 OUIBII iHTCHCHBHUM
YEpBOHUM ITIKOM. 3 Apyroro OOKy, CIii pO3TJIsIaTH i MO-
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JIeTTh HEe3aJIeKHOro ()OPMYBaHHS IMX ITiKiB, BPaXOBYIOUH,
HAMpPUKIaA, OJHE 3 TPAJUUIHHUX MNOSICHEHb YTBOPCHHS
YEepBOHMX Ta CHHIX MIKIB y poTaniifHoMy oOepTaHHI ra3zo-
BUX JIHUCKIiB. Ajie y Bumazky S Jlipu obepTaHHs 30BHIIIHIX
KpaiB JIMCKYy aKpeTopa MPOSBIAETbCSA Y CIIEKTPI CHCTEMH
3MiIIEHHSIMU a0COpOIIHHIX JIiHIH-CAaTeNiTiB, SKI 3HAYHO
BIJIPI3HAIOTBCSA Bij JOIMIUICPIBCHKUX 3MIIEHb E€MICIHHUX
mikiB. J[MHaMika CTPYKTYyp, B SKHX BOHU (HDOPMYIOTHCH,
pizHa. Ba)xTMBO BUSACHUTH, UM JUHAMIKA 000X e€MIiCIHHUX
TIKIiB, 1110 3MiHHA 3 OpPOITATHFHOIO (ha30r0, BioOpakae mpo-
CTOPOBY CTPYKTYPY MArHITHOTO TONS 1 PyX PEYOBHHH
B3JIOBXK OCI MarHiTHOTO ITOJIs JOHOpA B HAMPsMi OpOiTaib-
Hux ¢a3 0.35-0.85P.

3MIHHICTE €MICIHHUX MIKIB, SK CKJIaJOBHX HaWCHIIbHI-
IIMX y BUIMMIH AiISHII ciekTpy niHil Bognio H,, Hpi H,
Ta ninii reniro Hel143889,4471,5875,6678,7065, momiGua,
TIepIl 32 BCe, B TOMY, 1[0 YEPBOHMH TiK, JOMIHYe HaJl (io-
JICTOBUM ITIKOM TIPAaKTHYHO B3I0BXK BCiX (ha3 opOiTAIEHOrO
nepioxy [18, 21, 57]. Kpim Toro, y 1ux JiHIsIX Ha 3aJI€KHO-
CTSX MPOMEHEBUX IIBHIKOCTEH YEPBOHOrO MiKY Bix opOi-
TalbHOI (pa3u BUALISIOTHCS JIBA MaKCUMyMH y ¢aszax (3a-
¢bikcosani # y Bigomux poborax [1, 43]), o He cniBmaga-
I0Th HI 3 KBaJpaTypamH, HI 3 JHIEO UEHTPIB 3ip-
xomnoHeHTiB 0.0P-0.5P. Jlns npukinany, Ha puc.6 mokazasi
MakcumyMmu 3anexuocti V=f(P) s udepBoHOro mika B
niHii H,, 1mo siBHO cmiBmaaaroTth 3 ¢azamu 0.35P 1 0.85P
NOJIFOCIB  MarHiTHOTO IIOJIS, BilOOpa)caloun 3alieKHICTh
He=f(P), T06T0 3MiHHICTb 3 OpOiTATBHOIO (a30t0 eHeKTHB-
HOT HaIpy>kK€HOCTI MarHiTHOro moJsi JoHopa. [loBHa Kope-
Jsiist 000X 3aJIOKHOCTEH B 1X 3MIHHOCTI 3 OpOITAIBHOO
(ha3o10 MiAKPECIIIOE BAXINBICTh (PAKTOPY CTPYKTYpH Mar-
HITHOTO MoNs 1pu (GOPMYBaHHI LUX MIKIB, TOOTO MPU Ma-
conepeHoci. [IpoMeHeBi HIBUAKOCTI YTBOPIOIOTH €JIIIIC BiJl-
HOCHO IIEHTPY Mac y HampsiMi Oci MarHiTHOTO TOJIsi JOHO-
pa. OxHak, MEHIIMH 3a BHCOTOI0 MAaKCHMYyM 3aJIeKHOCTI
V=f(P) y da3i 0.85P craHe TyT HOMiHYIOUNM, SKIIO TO0Y-
ayBatu 3anexHicte AV=f(P), me AV, e pi3Humeo mix
MPOMEHEBUMH IIBHAKOCTSMHU JOBIOXBHIILOBOTO YEPBOHO-
ro mika Ta HeHTpy H,-emicii. SIk BuaHo 3 puc. 6, AV, € piz-
HUILIEI0 MiX JBOMa BepXHIMU KpuBuMH 1 st pa3 0.35P i
0.85P momiociB MarHiTHOro MOJIS BOHA CTaHOBHTH Ol 120
ta 140 xM/c, TOOTO Olnbla MapaOoNiyHOI MIBHIKOCTI B
000X HampsiMax OCi MarHiTHOro mouis JoHopa. OTxe, To-
BEMIHKA JTOBIOXBHJILOBOI'O 1HTEHCHUBHIIIOro mika H,-emicii
CBITYHTH TIPO Te, IO caMe y (a3ax HAmpsMy OCi MarHiTHO-
TO TI0JIsT TOHOpA 1, 30KpeMa, v (asax 0.85P £ 0.10P peect-
PY€ETBCS TPHMIUBHILIEHHS Ta3y aX 10 HOro BiApUBY 103
MEXi TMOABIHHOI cucTeMH. 3ayBaXKHMO, IO MPH TTOMIOHiH
JuHAMIl emiciiii miku inii rexiro HelA7065, sxi y Beix
(azax pazom 3 aOCOpPOIIEI0 3HAXOAATHCSA HAJl KOHTUHYY-
MOM, IIOKa3yIOTh ONHAKOBY BHCOTY MiKiB Ha KPHUBIA Big-
Homenb inTeHcuBHocTed mikiB |/l =f(P) y ¢azi 0.35P Ta
HalMeHITy iX BenmuuuHy came y dasax 0.85P * 0.10P. 3a-
nexuicts /I, =f(P) nna ninii HelA7065, BigoGpaxarouu
HampsiM oci Mar"itHoro moist goropa 0.35-0.85P, tex cBi-
JUUTH PO BUTSTHYTE TUCKOMOAiIOHE YTBOPEHHS, CPOpMO-
BaHE HaBKOJIO JIOHOPA.

Orxke, muHamika (K i eHepreTHKa) yCiX CKIIaJI0BHX
HAUCWIIBHIINX y BAOUMIA TUISHIN CHEKTPY JiHIA BOA-
uio H,, Hp i H, ta niniit remito HelA13889,4471,5875,
6678,7065 BimoOpaskae MPOCTOPOBY CTPYKTYPY MarHiT-
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HOTO TOJIsl IOHOPA i PyX PEYOBHHHU TEPEBAXHO B3IIOBXK
OCl Mar”iTHOro TOJS JOHOpa B HampsiMi OpOiTanbHUX
a3z 0.35-0.85P 3 ¢opmyBaHHAM IIBHUAKICHUX TepeMi-
IICHb Ta3y MOMiXK 30pSIMHU-KOMIIOHEHTAMH Ta TOHA JH-
cKkoM akperopa. LluM He MiATBEpHKYETHCS, 30KpeMa,
nporaroBaHe YsBICHHS mpo ¢opmyBaHHS H,-emicii B
OIMOJNIIpHUX JKETaX, 10 PO3BUBAETHCS NPH IrHOPYBaHHI
JIOCIiKeHb MarHiTHOTO nosist cuctemu S Jlipu [1, 2].

VY 3B’S3Ky 3 MOMNEPeiHiM, BAXKIHBUMHU € 3aJ€KHOCTI
V,=f(P) mpoMeHeBHX IBHAKOCTEH Bim opbiTambHOI dasu
JUISl IOMIUIEPIBCHKUX 3MIILEHb Y MPOQIISIX JiHIH 10HI30Ba-
HHUX €JIEMEHTIB y JanekoMy yabrpadioneti [56]. Posris-
JIAf04YH MPOMEHEBI HIBUAKOCTI aOcopOIIild, KOPOTKOXBHIIHO-
BHUX 1 JOBTOXBIWIBOBHX EMICIHHHX IIKIB, HANpPUKIAM, Y
pe3oHaHCHUX NiHiAX Mariro MglIAA2795,2802, B minisx
kpemuiro SilYA1402, SilllA1301, asory NYAA1238,1242
un yreiro CHIAL1175, Gaunmo y Beix ckiamnoBux mpodi-
creit i3 He=f(P), T06T0 i3 3MiHHiCTIO 3 OpbiTanbHOO (ha3zoro
e()eKTUBHOI HATPY)KEHOCTI MarHiTHOro mouis JoHopa. B
X KOPEJALISX BioOpaXkatoThesi e(peKTH 3ITKHEHb ra3o-
BHX TOTOKIB 3 JrickoM. Hampukian, opuriHaabHUN YepBo-
HMH MK eMicii, crioctepesxenuii y ¢asi 0.57P 31 3mieHHsIM
V,=200 km/c B minii SilYA1402 Ta V,=350 km/c B mniHii
CIIAL1175, Texx Moxke OyTH BiOOPKEHHSAM y CIEKTPI
MOTOKY Ta3y, CIPSIMOBAHOTO MarHiTHUM I10JIEM JIOHOpA BiJT
criocTepiraya B HampsiMi JMCKY akperopa.

3BEpHEMO 11le yBary Ha KOPEJSIIio 3aJIeKHOCTI MarHiT-
HOTO TOJs ToHOpa i3 opbitambHoto ¢azoro H.=f(P) 3 ta-
KAMH 3QJIKHOCTAMHU TpoMmeHeBux tmBuakocted Vi =f(P) y
noBeinii cknanoBux npodimo minii CINA1175. s ninis
copMoBaHa 3a JaliMaHIBCbHOIO IPaHUIICIO, JIe KpuBa Ou-
CKy B3arayi BTpayae O3HAKH MOABIHHOI cucteMu (pHc. 2),
CSraroyl MakCUMyMy BHUIpoMiHioBaHHs y ¢a3zax 0.6-0.8P
npyroi kBaapatypu [8, 9]. Ha puc. 7 3BeneHo B ofuH pH-
cyHok mani sanexHoctedt Vi =f(P) mis 1BoX CckimamoBux
eMiciitHo-a6copOuiiinoi sinii CIIIA1175 i3 crarti [56].

Banexnocti V,=f(P) mis 060x eMiciiiHUX TiKiB BexyTh
cebe CHHXPOHHO i3 kpuBOtO 3MiHHOCTI He=f(P). BimmiTimo
JIesIKi KOHKPETHI JIMHAMIYHI aCHIeKTH 1X MOBEIIHKU 3 opOi-
TanpHOI0 (hasoro. Excrpemymu kpuBnx V=f(P) nmpaktuuro
cmiBnagaoth 3 ¢azamu 0.35P ta 0.85P, BimoOpaxaroun
HampsiM OCl JMMOJIs MarHiTHOro moist jnoHopa. [lomiOna
noBexinka kpuBoi AV =f(P), ne AV, — pizuust Mixx po-
MEHEBUMH MIBUIIKOCTSMH JOBIOXBHIIBOBOTO Ta KOPOTKOX-
BWJILOBOT'O MIKIB, 1110 3pocTae Bia 750 km/c y dazax B okoui
0.35P 10 920 km/c y ¢azi 0.85P. Jyxe 4iTKOIO € KOpesiis
sanexxrocteit AV=f(P) i He=f(P) mis xopoTKOXBHIEOBOTO
eMICIfHOro TiKa, MPOMEHeBa IIBHIKICTh sKOro y (asax
nomixk 0.35P ta 0.85P 3pocna Bix -400 mo -700 km/c, ToOTO
PI3HUIIA, IO CIOCTEPITacThCS Y B €MHHX MIBHIKOCTSIX
KOPOTKOXBHJILOBOTO MiKa, 3pocia Ha AV,=300 km/c. TTomi-
OHy KOpEJAMif0 3 KPHBOK 3MIHHOCTI MAarHiTHOTO OIS
He=f(P) BimciiakoBye cBOIMU eKCTpEMyMaMH Ha 3aJICXKHO-
cri V=f(P) nmoBroxBwiboBWii eMicCiiHHI TIHK JTiHii
CHIAL1175, ane 3 menmow pisaunero AV,=120 km/c Mix
MIPOMEHEBIMH MBUIKOCTSAMHE B (ha3ax 000X MomociB. Xa-
paKTepH3yIOUH BTPATy PEYOBHHH y IIBUAKICHOMY BITpI y
BCIX HampsMax BiJ| TOABIIHOI CHCTEMH, TaKa MOBEHIHKA €
cBimgyenHsM Toro, mwo y jainii CIIIAL175 ionizoBana mia3ma
Bugusie Hanpsim 0.35-0.85P oci aumonst MarHiTHOTO OIS
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JIOHOPA, JIOCATAIOYM HAWOUTBIIUX IIBUAKOCTEH BHTOKY
032 MEXi MoJBitHOI cucTeMu came y dasi 0.85P, TobTo B
HATIPSIMi CITIOCTEPEKEHHST Ha TIOMOC MATHITHOTO TONS J[0-
HOpa, KU HAOIKEHUH JT0 aKpeTopa.
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Puc. 7. 3miHa 3 op6iTanbHOI0 (a30l0 IPOMEHEBUX IIBUAKOCTEH
yepBoHUX (Bropi) Ta ¢QioneroBux (BHHM3Y) HiKiB emicii miHil
CIIA1175 3rigmo manux crarri [56]. Kopensuito ix 3minHOCTI
3 KPUBOIO 3MiHHOCTiI MarHiTHOTO MOJs BiAMideHO (a3zamu 1o-
JIIOCIB TUITOJIFHOT'O MarHiTHoro momus gonopa “H” (Bick 0.35P-
0.85P; nuB. Tex puc.3).

AHajoriuHy JUHaMIKy 3 OpOITalIbHOIO ()a30l0 JEeMOH-
crpye abcopOuis minii CIIIA1175. V daszax crocrepeskeHHs
nonoca JoHopa Haekono 0.35P y nepuiit kBaapaTypi BoHa
BUSIBIISIE HAMMEHIITY IIBUIIKICTh BUTOKY razy V,=-150 km/c,
aJie BCe JK 3HAYHO OUTBINO0 3a mapaboriyny. Taka i 1IBHU-
JIKICTh PO3LIMPEHHS PUTAMaHHa 0araTboM abCcopOIiiHIM
JIHISM 10HI30BaHHUX €JIEMEHTIB YIbTpadioNeToBoro jiarna-
30Hy, BKirovarodn MglIA42795,2802 ta SilYA1402, ane
3aJMIIA€THCSA B HUX MPAKTUIHO HE3MiHHOIO 3 OpOITAIFHOIO

¢azoro. B Toit ke gac, abcopOmiiina minis CII A 1175 ne-
MOHCTpY€ TIOIBifHE 3POCTaHHS IIBHUAKOCTI BHTOKY PEYO-
BuHM 1032 Mexi cucrtemu 1o -300 km/c y ¢aszax 0.7-1.0P,
3ueHTpoBaHux 10 (Gazu 0.85P MarHiTHOro momnroca J0HOPA
y Apyriii kBampaTypi. byayan BTpudi OUTBIIOIO 32 MIBHI-
Kicte A-abGcop6buii B minii H,, abcopOuiitna miHis CIII A
1175 memMoHCTpYye MPUIIBUAIIEHUH PyX BUCOKOi1OHI30BAHOL
IUTa3MHU Y MAarHITHOMY TIOJI.

[opsix 3 AMHAMIYHUMY 3MiHAMU CIIJI PO3TIIAHYTH 1 Ba-
piamii iHTeHCHBHOCTI 200 €HEeprorepeHocy 3 opOiTaIEHOO
Gazoro min ocHoBHMX cKianoBux Jinii CINIAL175 3rigno
JaHuX Ti€l K crarri [56]. s kpuBoi 3MiHH 3 (asoro iHTe-
HCHBHOCTI JTIOBFOXBHJILOBOTO eMiciiinoro miky I1=f(P) mpo-
CITIIKOBYETBCSA iTKa Kopesstis i3 3anexuicTio V=f(P) mst
1BOTO MiKy. TakuM 9uHOM, Il 001 KpHBI HPSIMO KOpEITIOo-
0Th i3 ekcTpemymamu 3anesknaocti He=f(P). Omnak inTen-
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CHBHICTh KOPOTKOXBIJIBOBOTO €MICIHHOTO MIiKy, JI0CSATal0-
Y1 MakCHMyMY B TepIIiii KBaapaTypi moonamsy ¢a3 Mari-
THOTO TIOJIOCA Ha JIOHOPI 1 BiZIHOCHO OCIaOIOIOUYNCH Y
Jpyrid KBajgparypi, SBHO 3MCHIICHA B HampsMi JIiHii
HEeHTpiB 3ip-kommoHeHTiB. [loBemiHka i 3 OpOiTaIBHOIO
(ha3oro cBiTIMTH PO Te, MO (POPMYBaHHS LBOTO MKy BiJl-
OyBa€eThCsl B TPOCTOPI HOMDK KOMIIOHEHTAMH 3 TaKOIO
KOHIICHTPAILIIEIO Ii€T CKIAT0BOI EMITYyHOUOro rasy, mo, He
3aTEMHIOIOYKCh, BHMMa B TIepIiil kBaapatypi. OnTuma-
JBHUM BUIJIAZAE€ KAPTHHA, KOIHM EMITYIOUUil ra3 TyT 3Ha-
XOJMTHCS HaJl IUIOIIMHOK OpOITH (BIPOTiTHO, II¢ MOSCHIO-
€TBCSl HAXWIIOM OCI JWIONS MarHiTHOTO MOJS JIOHOpa IO
TUTOIIMHK OpOITH, 10 ouiHoeThes Ot 30 rpamycis [31]).

IoBeninka 3 opOiTaNBHOW (a3oro inTeHcuBHOCTI |=f(P)
abcopOuiiinoi cknanosoi minii CIIIA1175, Ha nepumii mor-
nsn, He3Bu4HA. JliMCHO, TP SIBHO BHPaXKEHIH KOpEsIi
o6ox zanexnocrer V=f(P) i3 H.=f(P) kpuBa inTeHCHBHO-
cti I=f(P) miei abcopOiii 1eMOHCTPYE OpUTiHAIBHY 3MiHY
B3JIOBXK opOitanbHOi (hasu. Iligkasky mis i po3ymiHHS
JIAt0Th caMi aBTOpH CTarTi [56], omucyroun B mepiiii KBai-
patypi abcopOILiro IIi€i JIiHii SK BY3bKY 1 JOOpe BHMiproBa-
HY, a B MeXax (a3 Apyroi KBaJpaTypH sIK IUPOKY 1 HETJIU-
6oky. I manmi mocmiBno: «posmuperns CIIIA1175 B apyriit
KBaJpaTypi MoOXe 3aBIsI4yBaTH TypOyJeHLii, IpOayKoBa-
Hiil 3ITKHEHHSIM Ta30BHX CTPYMEHIB, HANpaBJIEHHUX BiJl J0-
HOpa JI0 aKpeTopa, 3 JIMCKOM, SIKHIl PYXaeThCs B 3yCTPid-
HOMY HanpsiMi». Llst norayika, MoB OM TIepeadavarouy BiJIK-
PUTTSI MarHiTHOro Tojst goHopa [20, 31], rinkom ykiasa-
€THCSl B HAILly IHTEPIPETAI[I0 MOBEIIHKKA aOCcopOIii JiHii
CIHIA1175, sk niHii, mo BigoOpakae pyx iOHI30BAHOrO ra-
3y, KaHaJIi30BaHOTO MarHiTHAM II0JIEM JIOHOpA JI0 aKpeLiii-
HOro aucKy. MokHa JONIOBHUTHU CKa3aHE U TPaKTyBaHHSAM
JIMHAMIYHUX TIPOLIECIB, BioOpaXkeHHX B aOCOpOILi i€l
ainii CITIA1175, sk ra3oBHX MOTOKIB, sKi IPUCKOPEHI IO -
300 km/c B HampsiMax IIMPOKOTrO IHTEpBaNY OpOITABHUX
(a3 0.65-0.05P, To6T0 nenrpoBanux 10 ¢asu 0.85P came
TOTO IMOJI0CA MAaTHITHOTO TOJIS JIOHOPA, SIKUH HAOJIVKeHUH
IO MacHBHOrO akperopa. IlinTBepmKyeTbcs KapTuHA, B
SIKil 10HI30BaHA TUIa3Ma, [0 HAIpaBJIeHA B3/IOBXK CHUIIOBUX
JiHIA MarHiTHOro mouyisi noHopa B (asax noBkona 0.85P,
BIIXWJISIETBCS B CTOPOHY aKpETOpa, YIILIHHIOIOUUCH CaMe Y
(azax ronoBHOro 3ateMHeHHs. A6copOuis minii CIIIA1175
y nux opOitajbHUX (ha3ax SIBHO BifoOpaxkae eeKTH KaHa-
mizamii Ta MepeHocy 10HI30BaHOTO ra3y B3JIOBK CHIIOBUX
JHIA MarHITHOTO TIOJIS BiJl JOHOpa A0 akperopa. [loemin-
Ka 11i€i abcopOrii Haraxye moBemiHKY A-aOcopOrii B JIHISIX
HEUTPaTBHOrO BOAHIO Ta TENi0, OMHAK IIBUIKOCTI 10HI30-
BaHOI IUIa3Mu, BinoOpaxkenoi niniero CIIIA1175, 3Hauno
BHIII 32 MapaboIivHy, GOpMyIOUH MIBUIKICHUH TUIA3MOBHUI
BITEp A0 aKpemifHOTro AWUCKY Ta IMMOHAA TUCKOM. 3POCTaHHS
inrencusHocTi abcop6wii ninii CIIA1175 y pasax nobausy
TOJIOBHOTO 3aTEMHEHHS aKpeTopoM JIoHopa [56] mMoxe mmo-
SICHIOBATHCSI TUTBKU 301IBIICHHSIM IOTJIMHAHHS 10HI30Ba-
HHUX Ta30BUX MOTOKIB TPH iX TPOEKIIi Ha TOHOP.

IMpuxinneBi y3arajJbHeHHs

PosrsHyTI MpUKIAagM € maneKko HEMOBHi, aie IUTKOM
JIOCTaTHI, 00 MaTH ysBY Tpo sBumie y cuctemi [ Jlipw,
SKe MOXKHa OXapaKTepH3yBaTH SK (PEeHOMEH eHepromaco-
TIEPEHOCY B30BXK CHJIOBHX JIiHIA MArHiTHOTO MOJS JOHO-
pa. Cremmdika Horo koH¢iryparii xapakrepHa THM, IO
BICh JTUIIONS MarHITHOTO ITOJISl HAIpaBJeHA B3JOBX OpOi-
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TanpHUX (a3 0.35-0.85P, HaxwieHa 10 TUTONTMHU OpOiTH Ha
KyT 6iss1 30 rpamyciB, a IIEHTP MarHiTHOT'O JIUIIONS 3Millle-
HUH BiJ] TpaBiTallifHOTO LEHTPY JOHOpa B HANPSMI JI0 Ma-
cuBHOrO akperopa Ha 0.08 BijcTaHi MOMiXK IIEHTPOM JIOHO-
pa Ta LeHTpoM Mac noasiiiHoi cuctemu [31]. BimoGpaxa-
104n MarHiTocdepy, copMoBaHy B370BXK OCI MarHITHOTO
TI0JIs1, BRYKJIMBIILIOIO B €HEProMacorepeHoci € 00aacTp 1o-
JIFOCA MATHITHOTO TOJISI HA TIOBEPXHI JIOHOPA, 5Ka 3IEHTPO-
BaHa 110 ¢azu 0.85P npyroi kBagpatypu i cyrTeBO HaOIu-
JKeHa 1o akperopa (puc. 1, 5). ¥V 1iif mpocTopoBiit cTpyk-
Typi MarHiTHOTO TIOJIS IOHOpA CTA€ 3pO3yMIJIOI0 TIOBEIiHKA
KpuBuX Omucky S Jlipu nepen i, oco0nuBo, 3a JaiMaHiBCh-
Koo TpaHuuero (puc. 2). BucokoioHi3oBaHa rapsida mias-
Ma, [0 KaHaJli30BaHa B3JI0BX CHJIOBHUX JIIHIM MarHiTHOI'O
TIOJISA, € SIK JKEPEJIOM HarpiBy oOJiacTel akpeliitHoOro Juc-
Ky, 3BEpHEHHX JI0 TOHOpa [4], Tak i caMoHarpiBy ia3mu B
pe3yJbTATI 3ITKHEHb Ta3y, MPUCKOPEHOrO0 MArHITHUM IO-
JIeM JIOHOpa 1 TpaBiTaliiHuM TonieM akperopa. Came npu
3ITKHEHHSAX PO3ITHAHOrO Tasy, IO HANpPaBJICHUH y (azax
0.45-0.65P mpakTH4HO MEPHEHIUKYISIPHO 1O 00epTOBOrO
Jucky (puc. 1, 5), BUHHKAIOTh MOTYXHI TYpOYJICHTHI 3aBH-
XpeHHst Ta 30ypeHHs posirpitoro razy. Ilpu mpomy, mo-
TiepIIle, YTBOPIOETHCS JIOCTATHRO Tapsdol MIa3MH, sSKa CyT-
TEBILIE 3aTEMHIOETHCSL OUTBIIIMM 33 po3MipaMu JJOHOPOM Y
¢azax nobmuzy 0.5P, Hix akperopoM y ¢azax modsuzy
0.0P, 1m0 mposBISETBCS KPOCCOBEPOM y TIHOMHAX 000X
MIHIMYMIB Tiepes JaiiMaHIiBCbKOIO Tpanuuero. [lo-gpyre,
(bopMyeThCS XMapa HECTalliOHAPHOI Tapsuoi Mia3MHu, sKa
NPOSIBIISIETHCS 3HAYHKMM IIiIBHILCHHSAM IHTCHCHBHOCTI BH-
MIPOMIHIOBaHHSI SIK Ha KBa3icTalliOHApHIH KPHBIii OJIKCKY 3a
JaiMaHiBChKOIO rpanuieto y ¢azax 0.55-0.8P mpyroi ka-
apatypu (muB. puc.2), Tak i y IIMPOKOMY MaKCUMyMi abco-
JIIOTHOTO MOTOKY BUIIPOMiHIOBaHHS B JiiHii H, momix da-
3amu 0.6-0.1P (nuB. puc. 3) , 3uenrpoBanux a0 ¢azu 0.85P
MArHiTHOTO TIOJIFOCa Ha MOBEepXHi moHOpa [46]. Taki ynapHi
3ITKHEHHSI 3MIHIOIOTHCSI Ha Yacax Pi3HOI TPUBAIOCTI, BiO-
Opa)arourch CYTTEBO SIK Y KPUBHX OJIMCKY 32 JaiMaHiBCh-
KOIO TPAHHUIICIO TIPH CTIIOCTEPEKEHHAX Y IBOX MOCHTITOBHHX
opGitamphux mmkiIax [8, 9], Tak i Ha iHTepBaTaX CEKYHIH-
XBWIMHHM 32 JAaHUMH LIBHAKICHOI criekTpodoromerpii f
Jlipu [53]. Tlo-Tpere, 3iTKHEHHSIM BHCOKOIOHI30BaHOI TLIa-
3MH 3 IUCKOM, PO3ITHAHOI MAarHITHUM TI0JIeM JIOHOpA 1 rpa-
BITALIIIHUM TOJIEM aKpeTopa, MOXKHA TMOSICHUTH aKTUBHO
MpOoIIaroBaHy TirmoTte3y Mpo icHyBaHHs B cuctemi S Jlipu
JDKETIB, TOOTO TEpIeHIUKYSIPHUX 10 OpOITH Ta30BHX
CTpyMEHIB, YTBOPEHUX Y MICIIX YIApPHUX 3ITKHEHB Ta3y 3
auckoM [1, 2]. He BukiTrouatoun yTBOPEHHS DKETIB, MOK-
Ha BBKATH, 1[0 OCHOBHUM BKJIaJ y (OpMYBaHHS KBa3icTa-
LIOHAPHOI Taps90i PO3CIF00Y0i OOOJIOHKH IMOHAM THUCKOM
Ta HaBKOJNO cucteMu [ Jlipn (IO MPOSIBISETHCS, 30KpeMa,
y M’SIKOMY pPEHTTeHIBChbKOMY miama3oni [11]) BHOCHTH 30-
PSAHMIA BiTep 31 MBHAKOCTSIMU 3HAYHO OLTBIIMMU 3a Tapa-
OoItivHi, 0cOOIHMBO B fiana3oHi CIIEKTPY 3a JaiMaHiBChKOIO
rpaHuIeio. [HTeHCHBHUI BiT€p OropTae BCIO CHCTEMY, Bi-
JIOOpakaroun HANpsIMU TA30BHX CTPYMEHIB, IO IIBKOJIOM
OXOILTIOIOTH aKPETOp, SK BIAXIJICHUX KOPiONICOBUMH CH-
JIaMH, TaK 1 KaHaJIi30BaHMX B3J0B)K OCI MarHITHOI'O ITOJIS
JIOHOpa (IO TEX BiIXWIEHA BiJ IUIOIIMHN OpPOITH HA 3HAY-
HUH KyT), @ TaKOXX MMOBIPHO BiZOOpaKatOuM 3arajbHY
MarHiTocepy B cucteMi f Jlipu, yTBOpeHy MarHiTO34er-
JICHHSIM TIOJIiB JIOHOpA 1 aKpeTopa.

binbime Toro, SBHIE €HEProMacolepeHocy, MPOIyKO-
BaHe IIPU JOIIOMO31 MarHiTHOTO IOJIs, A€ Y3TOMKEHY Kap-
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THHY TMHAMIKH T4 €HEPreTHKU 3iTKHEHHS ra30BUX MOTOKIB
3 aKpeniiHMM JTUCKOM Y BCIX XBHWJIBOBHX Jlialla30Hax Yy3-
OBk opOiTanpHOi (asu. Po3craBUMO meski akIeHTH B
po3yMiHHI 1i€l y3arambHeHOI kapTuHHU. [lounHemo 3i crio-
crepekerb y (aszax romoBHoro 3atemuents (1.0x 0.1)P
(6epyun myst imoctpartii puc. 1, 5 i o6xomstum iforo npotu
TOIMHHUKOBOI CTpUIKK). Y mux (a3ax oOepTaHHsS KpaiB
AKpeliHHOro JMCKY, II0 PEECTPYETHCS 3a JOIMOMOTrO0 Jii-
Hil-caTeNiTiB 31 MBUIKOCTAMH B cepeqHboMy £250 km/c,
CIIOCTEPITaeThCS HAMPABICHUM B CTOPOHY CIIOCTepiraua, a
mic/isl [IEHTPY 3aTeMHEHHS - BiJl HbOro. ['a30Bi MOTOKH, 1110
cdopMoBaHi y Apyriii KBagpaTypi MarHiTHAM IOJIEM JIOHO-
pa Ta TpaBiTAlliiHAM IT0JIEM MAacHBHOTO aKpeTopa i po3ir-
piBarOTh MOBEPXHIO IHCKY Ta aKPETOpa, B LIEHTPI T'OJOBHO-
r0 3aTeMHEHHS THM K€ aKpeTOPOM 3Ha4HO 3aTiHeHi. Boj-
Houac y BCixX ¢azax mporo 3aTremuenss (1.0 £ 0.1)P motoku
raszy MpOSBISIOTHCS 31 MIBUIKOCTSIMH, HAMpPABICHHMH Ha
crocTepiraya, 4epe3 3pOCTaHHS MOTJMHAHHS (TUmy A-
abcopO1ii) B emiciiiHO-aOCOpOLIHIX JiHISAX Mpu X mpoe-
KIil Ha JJOHOP 1 HaJl TUIOIIMHOK OpOITH. XapakTepu3yun
BTpaTy PEYOBHMHH Yy IMIBHAKICHOMY BITpl Y BCIX HampsiMax
10HI30BaHa 1ia3Ma BuaLtse Hanpsim 0.35-0.85P oci qumostst
MAarHITHOTO TOJIS TOHOPA, MOCATAIOYHM HAHOIIBIINX MIBH/I-
KOCTeH BHUTOKy Io3a Mexi cucreMu a0 -7/00 km/c came y
(hazax goekoia 0.85P, ToOTO B HAMpsIMi CIIOCTEPEIKEHHS HA
MOJIFOC MATHITHOTO TOJISA JOHOpA, SIKUM HAOIIDKCHUH 10
akperopa. CTapTyrouH 3 MOBEpXHi JOHOpa B IHX (hasax,
KaHai30BaHWM Mar"iTHMM ITOJIEM Ta3 BiAXWISETHCS 10
aKpeTopa Ta CIIBYIapsEThCsl 31 30BHIMIHIMH KpasMHU IO
BCIii MiBAy31 00€pPTOBOr0 aKpewLiitHOro AUCKY, aje Ji€Bilie
y Mexax crocrepexxersb y ¢aszax 0.7-0.9P npyroi kBampa-
TYpU Yepe3 EHEepreTHuHuil edeKkT BiJl 3yCTPIYHOTO PyXy
PECUYOBHHH ITUCKY 1 MaJIAl0YMX HAa HHOTO ra30BUX MOTOKIB.
Takuii 00IrpiB MCKY TMPOSIBISIETHCS SIK INUPOKA rapsda
TUIsIMa, 11O 1 3a(hiKCOBaHO Y MOZICIIOBAHHAX V-KpUBOI OMu-
cky f Jlipw, tientposatoi 1o ¢a3 B okomi 0.80P [4], ta 3Ha-
YHUM 3POCTOM a0COMIOTHOTO HOTOKY BHUIIPOMIHIOBAHHS B
ninii H, [46]. Ta30Bi mOTOKK e(eKTHBHIIIIE PO3TAHSIOTHCS
MarHiTHAM TOJIEM JIOHOPA, a MOTIM TpaBITall€l0 aKpeTopa
BHYTpi mopoxHuHU Poina akperopa B mexax Qa3 0.45-
0.60P, Baapsitounck B 00€pTOBY MOBEPXHIO JIUCKY MPAKTHU-
YHO MEPIEHUKYIISIPHO 10 HOoro 30BHILIHIX KpaiB. Makcu-
MaJIbHUIl €HePreTHYHUI e(peKT TYT MPOSBISETHCS 32 Jai-
MaHIBCHKOIO TPaHUIICIO, Jie TypOyIeHTHO 30ypeHa BUCOKO-
ioHi30BaHa Twiasma (0 MPAKTHYHO 3aKPHUTA IOHOPOM Y
tazax 0.45-0.55P) ¢opmye Ha KpuBiii ONHCKYy JOKaIbHE
MI/IBUIICHHS 1HTEHCUBHOCTI BHUIPOMIHIOBaHHS y (hazax
0.55-0.8P. V ¢azax 0.3-0.45P pyx rasy Bijg JOHOpa BKe
YaCTKOBO CIIBIAJIA€ 3 HANPSIMOM PYyXy 30BHIIIHIX KpaiB
akperniitHoro aucky. TyT Ha MOTIK ra3y i€ KOMOiHAILs
KOPIOJIICOBHX CHJI, TPaBiTallii aKpeTopa Ta MarHiTHOTO IO-
71 TOHOPA, IO VIIUIBHIOE TIOTIK Ta3y, IiJTHCKAIOUN aKpe-
mitHUA auck 1o akperopa. Lle BimoOpaskaeTscs y mpome-
HEBHUX INBUAKOCTSX JiHIA-CATENITIB, 1m0, (OPMYIOUNCH y
30BHIIIHIX Kpasix OHUCKY, TOCATAIOTh MAKCHMAaIbHOI MIBU-
kocTi -270 km/c. BogHo4yac cymapHa Jisi X CHJI [PUBO-
uthb B (pazax 0.35-0.50P mo Bummoro po3irpiBy moBepxHi
JMCKY Ta TypOYJICHTHHX 3aBUXPEHb Tapsyol IUIa3MH, IO
YITKO (PIKCYFOTBCS SIK JIOKAJIbHE 3POCTAHHS aOCONFOTHOTO
TIOTOKY BHTIPOMiHIOBaHHS B JjiHii H, [46], mokansHe 3MenH-
meH s moysipm3arii [52], Ta K MposSBICHHS rapsoi ooma-
CTi Ha akKpeliiHOMY IHMCKy NPH MOJIENIOBAaHHI V-KpPHBOI
6mucky £ Jlipu [4]. B Mexax mmpokoro inrepsany a3 0.4-
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0.8P mposBIISIIOTHCST €HepreTHyHI e(heKTH, SKi MOKHA TpaK-
TYBaTH K JDKETH, IO BUHUKAIOTh y PE3YJbTaTi yJapHHX
3ITKHEHb IUIa3MH 3 JIUCKOM, CTUMYJIbOBAaHMX MarHITHHM
ToJIeM Ta TpaBiTamiero akperopa. He BuUKIIOUeHO, IO
JoKeTH (OPMYIOTHCS 1 TIpH 3iTKHEHHI Tapsdoi IUla3MH B
paiioHi ITOJIFOCIB MarHiTHOTO MOJIS SIK Ha JIOHOpI, Tak i Ha
aKpeTopi.

TakuM 4MHOM, Ha TiACTaBi NMPOMOHOBAHMX JOCIHIJ-
KEHb MO)KHa CTBEP/KYBaTH. €HEProMacollepeHoc B 3a-
rajbHIi KapTuHI pyXy ra3oBux mnortokiB f Jlipu Bimo-
Opaskae MPOCTOPOBY CTPYKTYPY MarHiTHOTO ITOJISI TOHO-
pa. Pi3u4HO 3HAYMMOIO € BiCh JAMIIOIBHOTO IOJS JTOHO-
pa, IO BiAXWIEHa BiAHOCHO IpaBiTaliiHOI OCi LIEHTPIB
31p-KOMIIOHEHTIB. Taki 0COOJIMBOCTI CTPYKTYpH MartiT-
HOTO IOJIA JIOHOPa YMOXJIUBIIOIOTH IIPOLEC MEPEeHOCY
3aMarHidyeHol peyoBMHH Y (azax apyroi KeaapaTypu
nopsaz 3 nepeHocoM y ¢aszax mepuioi KBaapaTypu, o0y-

MOBJICHUM B OCHOBHOMY CTaHJApTHOIO TiJpoIWHaMid-
HOIO KapTHHO. Y3TO/KEHA i CHJI, 3aisTHUX Y IHX
nporiecax, CTBOPIOE OPHTiHAIBHY BisUIONOAIOHY KapTH-
HYy MacolepeHocy, 1o 3i cTopiH 000X KBaapaTyp Orop-
Tae akperop. B pe3ynbraTi BUCOKOCHEPreTHYHHX 3iTK-
HEHb 10HI30BaHOI IUIA3MU 3 aKPEIiifHUM JUCKOM, KaHa-
J30BaHUX MATHITHHM IIOJIEM JOHOpa, (POPMYETHCS 3a-
rajbHa po3cioroya 00OJIOHKA, IO YaCTKOBO MAacKye 30-
Pi-KOMITOHEHTH 3a JaiiMaHiBChKOIO TPAHMIICIO Ta TOBHI-
CTIO B M’sikoMy peHtreHi. Lli edextn MoxyTs OyTH min-
CWJICHI B3a€MOJII€I0 MarHITHHUX ITOJIiB JIOHOPA Ta aKpPeTo-
pa. Binble Toro, Mo>xHa BUCYHYTH TiIOTE3y PO T€, L0
Ha JaHOMY eTarli eBotoLii cucremu £ Jlipu B pe3ynbrati
AKTUBHOTO PYXY PO3BHHEHMX HAaBKOJO30PSHHUX T'a30BHX
CTPYKTYp Hze (hopMyBaHHS MarHiTHUX MOJIB 3ip-KOMIO-
HEHTIB Ta aKpeuiiHOro JIUCKY 3 YTBOPEHHSIM 3arajibHoOl
MarHiTocgepu 1i€i B3aeMOIi1040i Mo/IBiHHOI CHCTEMHU.
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On the nature of the interacting  Lyrae system: localization of hot regions on the accretion disk as a representation of
magnetized gas structures

M. Yu. Skulsky

Abstract. This investigation was caused by the publications of the results of the self-consistent simulations of the light curves of the
well-known massive close binary system £ Lyrae. The one major among them is the statement of the significant contribution of the
accretion disk radiation in the light curve of the system. In particular, there were identified two hot regions with temperatures that are
10% and 20% higher than the average on the disk rim. It is assumed that these shock regions might be formed by gas flows in regions
of collisions on the disk in the mass transfer between components.

Indeed, the hotter region of the rim disk at the phase 0.40P is explained naturally by the Coriolis force deflection of the main gas
flow that is directed from a donor through a Lagrange point to the accretor's Roche lobe and with a further collision of this flow with
the disk. However, this explanation can not be suitable to a wide hot region of the disk rim that is observed at the phase 0.80P. Our
analysis of absolute spectrophotometry, of curves change of magnetic field, of radial velocities and intensities of spectral lines along
the orbital phases indicates that the hot region on disk at phases near 0.80P has a special nature. The donor's magnetic field should be
taken into account because at theses phases its dipole axis is actually aimed to the observer and deflected towards disk of the
accretor. This hot region on the disk can be formed by the collision with this disk of magnetized gas which is canalized by the donor
magnetic field in a certain way oriented in space. The energy effect of the collision on the disc is significantly strengthened by the
counter rotation of the outer edges disc towards the falling gas flows. The structure of the donor's magnetic field is effective at
heating and the hotter region on the disk rim at phases near 0.40P. The specific configuration of the magnetic field of the donor
explains why at rotation of the donor and the accretor around their common center of masses on line of sight of the observer these
two hotter regions dominate on the accretion disk.

The main conclusion is that the mass transfer, the formation of circumstellar gas structures, their dynamics and energetics are
regulated by magnetic field of the donor. Probably in the interaction of magnetic fields that were generated on the donor and accretor
with its disk there is a solution to the problem of the real existence and the physical nature of jet-like structures in the # Lyrae system.

Keywords: # Lyr, magnetic field, accretion disk, mass transfer
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Abstract. It is grounded physical meaning of short-range order of amorphous materials based on its differences from the short-range
order of crystals. Thus, the amorphous substance is the solid body with the correlation (probabilistic) topological short range order in the
structural particle locations that excludes formation of long range order. And, respectively, the crystal is the solid body with the total
functional order in the atomic locations that ensures realization of both short and long range orders. We shall especially emphasize that in
order to understand the differences in the structure of the crystals and the amorphous solids one has to point out the physical and chemi-
cal parameters of short range order of the separate atoms and the whole substance. In crystals, all the atoms that occupy the similar posi-
tions in the crystalline lattice have completely identical short range order. In the amorphous substances the following averaged parame-
ters of SRO are considered: the general character of interaction between the nearest neighbors; averaged geometric figures of mutual
location of the nearest neighbors; average angles between the chemical bonds; types of the bonds and their average energies; the charac-
ter of the distribution of the bonds over different types; the equilibrium average coordination spheres radius; the average coordination
numbers; the dimensions of the coherent scattering regions. The statistical distribution of these short range order parameters even for the
equivalent atoms of the atom network defines the differences of all the properties of the amorphous and crystalline solids.
Keywords: amorphous materials, atomic structure, shot range order, long rage order

The analysis of the atomic structure of any real solid-body  basic physical properties of the amorphous substances [5,
system requires clear pointing out the ideal basic atomic  6]. It should be noted that the most of researchers do not
network and its defects. Similarly to the crystals, this in-  impose limitations on SRO [7], but only state the availabil-
cludes the introduction of the notion of the ideal amor- ity of certain SRO in the amorphous solids, not itemizing
phous substances. Considering the ideal systems, we sug- its peculiarities [4, 8]. In general, in the condensed systems
gested the amorphous systems of a certain chemical com-  in the region of SRO the structures with both Fedorov's and
position, in the disordered atomic network of which each  non-Fedorov's symmetry groups are realized [9].

atom realized all its chemical bonds. In this work, we When defining the atomic structure of the amorphous
shall analyse the specific features of the atomic structure  substances it is necessary not only to state that these sys-
of the ideal amorphous substances. tems have SRO. One has to provide this attribute with a

The description of the structure of the atomic network  strict physical sense. The key moment here is the differ-
of the substance includes the transition to the scaling level ~ ence between SRO in the amorphous substances and that
comparable with the dimensions of the separate atoms. in the crystals. Indeed, both the amorphous substances
On this scaling level, the corresponding coordinate frame  and the crystals have SRO. If one assumes that these
is introduced being related to the object space. The coor-  short-range orders are the same, then it is not evident why
dinates of atoms and the other structural elements are set  at the SRO extension Long range order (LRO) arises in
with respect to this frame. the crystals and does not arise in the amorphous substan-

The general idea about the atomic structure of the sub-  ces. The reason for such behaviour is that SRO in the
stance is as follows. Consider a certain volume V, which  crystals and in the amorphous substances is essentially
contains, at fixed temperature T, N atoms of different m  different. As mentioned in the previous section, SRO in
chemical elements bound by the chemical bonds, which  crystals is defined by a strict functional dependence of the
demonstrate the thermal oscillations around the equilibri-  structural particle locations in the space (functional SRO),
um position. The momentary position of each atom in this  while SRO in the amorphous substances — only by the
volume is determined by its coordinates or by the radius-  correlation dependence of structural particles locations
vector 7, (for the k-th atom) drawn to this atom from the  (correlation or probabilistic SRO). The functional SRO at
origin of the coordinate frame. Thus, one may choose as its 'extension' in the space 'automatically’ provides the
the general characteristic of the whole sample the 3N-  formation of the atomic network with LRO having prop-
dimensional vector R, the coordinates of which are the  erties typical for the crystals. The same ‘extension’ of cor-
relevant Spatia| coordinates of all atoms of the System. relation SRO results in the loss of Ordering in the structur-

In the amorphous substances, like the crystals, the local @l particle locations at the certain distances inherent in th_e
spatial configurations with correlated ‘correct' location of ~amorphous substances. Thus, SRO of the substance is
the closest neighbors are realized [1-3]. Short range order  decisive, and the character of this SRO provides the pos-
(SRO) corresponds to the certain regularity in the locations ~ sibility of the existence or lack of the system LRO.
of interatomic distances and the valence angles between the In this context, the amorphous substance is the solid
nearest atoms and describes the consistency in the atomic ~ body with the correlation (probabilistic) topological LRO
locations on the distances of several interatomic distances  in the structural particle locations that excludes formation
[4]. And the atomic network SRO defines primarily the —Of SRO. And, respectively, the crystal is the solid body
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with the total functional order in the atomic locations that
ensures realization of both SRO and LRO (or translation
periodicity) in the atomic locations.

Taking into account the above definitions, we can clas-
sify a great number of 'exotic’ materials as the amorphous
substances. The examples are the soft Alexander's phases
[10] in a form of the molecular glasses, jells, pastes, con-
centrated emulsions, concentrated colloids, foams [11]
and the athermic amorphous systems in a form of the
granulated substances [12, 13].

Thus, SRO in the amorphous substances is due to the lo-
cal correlations of the certain physical quantities P(#) of
their atomic network. Mathematically, to describe the local
correlations of given physical quantity P(#) for the discrete
atomic network, the first spatial correlation function is used

OX) = P(F)P(F +X) (1)

where % is the spatial variable [14]. Correlations of the
physical quantity P(#) in the system exist, if the intro-
duced first correlation function is significantly non-zero
in the certain local spatial interval |X| < L. At [¥| > L the
correlations in the systems become not essential [14]. L is
called the correlation length or the radius. It serves the
spatial scale of the available correlations of the physical
parameters of the substance and, respectively, character-
izes the degree of its ordering. When studying SRO, the
radius-vectors are the basic physical parameters, which
specify the locations of the atoms in the space in the cer-
tain coordinate frame. In other words, when speaking
about SRO the atomic network structure is meant only,
i.e., in average similar topologies of the location of atoms
around the arbitrarily chosen centre in the region with the
SRO correlation radius L.

Note that in the structural sense SRO is always fixed
with respect to a certain atom called the central one (fig. 1).
The quantum-mechanical interaction between this atom and
its nearest neighbors with the formation of different-type
chemical bonds is the primary cause and the drive force of
the SRO appearance. This means that different-intensity
interatomic correlations are established in the substances
due to the action of the internal (structural particles interac-
tion) and external (for example, pressure) forces.

Let us give several definitions to emphasize these SRO
peculiarities. According to Ref. [2], SRO is a number of
the nearest neighbors surrounding the atom chosen as the
central one. The main SRO parameters here are the num-
ber of the neighbors (coordination numbers) and the dis-
tances between them (radii of the coordination spheres).
The similar statements could be found also in Refs. [15,
16]: SRO means the correct location of a certain number
of the nearest neighbors close to the fixed atom, ion or
molecule. Or in Ref. [17]: in the covalent bound materi-
als, SRO is characterized by the number Z; of the nearest
neighbors of the j type bound mainly by the covalent
bonds with the length rj; from the initial atom i. These
parameters describe well-defined coordination polyhedron
(e.g., Sig), which is a basic structural unit and, in several
cases, may produce the whole structure.

We shall especially emphasize that in order to under-
stand the differences in the structure of the crystals and
the amorphous solids one has to point out the physical
and chemical parameters of SRO of the separate atoms
and the whole substance.
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For a single atom (black circle in fig. 1) SRO is described
by: the character of its interaction with neighbors (e.g., the
presence of two types of bonds); the geometric location of
the nearest neighbors around it (in fig. 1, the nearest neigh-
bors are located in the pyramid vertices); the type and the
length of the chemical bonds between this atom and its
neighbors (As—As bond with the I; length and As—Se bonds
with the Iy, I, lengths in fig. 1); the angles between the
chemical bonds (angles @i, @2, @3 in fig. 1); the binding
energy (E(As-As) and E(As-Se) in fig. 1); the number of
different-type neighbors (in fig. 1, the nearest neighbors are
two Se atoms and one As atom) and so on.

central

atom o
L4

As

Fig. 1. SRO parameters of a single atom

———— —dominantly covalent bonds;
_________ — Van-der-Vaals-type bonds

In crystals, all the atoms that occupy the similar posi-
tions in the crystalline lattice have completely identical
SRO. Due to this, after the translation transfer of the cen-
tral atom with its strictly fixed SRO, LRO arises in crys-
tals. In the amorphous substances, the situation is changed
drastically. Each separate atom in the amorphous sub-
stance also has its strictly determinated SRO. Thus, a sep-
arate configuration of the close environment is related to
each 'central' atom and the structure around each atom is
individual and specifies the local atomic configuration
(network) in its vicinity. Configurations of different close-
ly located atoms are totally or partially overlapped.

However, different identical central atoms could have
quite different SRO parameters. Due to this the agreement
in the location of the neighbors decreases quite rapidly
with the distance from the central atom and vanishes at
the certain distances SRO around this central atom. Re-
spectively, the possibility to form SRO also vanishes.
Therefore, when describing the structure of the whole
macrosample one has to carry out the statistical averaging
of the above SRO parameters over the macroensemble of
all the atoms of the sample, each of them being alterna-
tively taken as the central one.

Such averaged parameters around the 'average' central
atom describe the correlation SRO of the whole amor-
phous substance. The following parameters are consid-
ered the main averaged parameters of SRO: the general
character of interaction between the nearest neighbors
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(e.g., relation between the covalent, ionic and other types
of the chemical bonds); averaged geometric figures of
mutual location of the nearest neighbors; average angles
between the chemical bonds ¢, @,, @3, ...; types of the
bonds and their average energies (for example, E (As-Se),
E(As-As)...); the character of the distribution of the bonds
over different types (e.g., 10% of the As—As, 70% — As—
Se and 20% — Se—Se bonds); the equilibrium average co-
ordination distances (coordination spheres radii Ry,
Ry,...); the average coordination numbers (CN — Z;, Z,...);
the dimensions of the coherent scattering regions (i.e. the
average distance L, at which the correlation in the nearest
neighbors locations vanishes).

The above averaging results in the appearance of the sta-
tistical distributions of the physical and chemical parame-
ters of the system. Therefore the basic parameters of SRO
in the amorphous substances (being rigorously defined)
must be presented in a form of such distributions. A num-
ber of the values that characterize the relevant statistical
distributions are added here to the averaged parameters: the
mean-square deviations (dispersion) of interatomic distanc-
es o1, oz... (fig. 2); the dispersion of the angles between the
chemical bonds G4, G4, ... (fig. 3); the CN distribution
dispersion oz, 62, ... (fig. 4); the chemical bond statistics
and its changes with varying synthesis conditions (fig. 5);

the number, the types and the statistics of the basic coordi-
nation geometric figures that describe SRO etc. The most
of researchers assume that this statistical distribution of the
SRO parameters even for the equivalent atoms of the atom
network defines the differences of all the properties of the
amorphous and crystalline solids [18].

Each of the above SRO parameters of the amorphous
substances determines certain peculiarities of their structure
[16]. For example, the atomic coordination and the relative
energy of the chemical bonds determine the topology of the
disordered atomic network. Inclusion of only the first pa-
rameter results in the model of the chemically ordered net-
work. Competition and, to some extent, interaction of these
factors determine the final result for the specific substance.

From the viewpoint of the method of studying the
structure of the atomic network in the complex amor-
phous substances, the especially unpleasant result of aver-
aging is 'overlapping' of quite different individual SRO of
different atoms: e.g., the tetrahedral for the Ge and Si
atoms; the pyramidal for the As, Sb and Bi atoms; the
linear doubly-coordinated for the S, Se, Te atoms and
others. The experimental distinguishing of the above par-
ticular contributions from the general structural pattern is
quite complicated task.
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Fig. 5. Concentration dependence of the probability J(x) of realiza-
tion of the different-type chemical bonds in the model of the total
chemical order in the amorphous substances BY X},

By virtue of such peculiarities of SRO in the amorphous
substances several local elements of the atomic network
can be identical. However, it is impossible to 'eliminate’
such identical and local areas by a certain set of translation
operations. On the other hand, any limited macrovolume of
the amorphous substance, which includes some hundreds of
atoms, can be substituted by the same volume taken from
the other part of the sample, not observing in this case a
visible difference in the general structure and properties of
this amorphous system. At the distances of such order the
amorphous substance must be statistically homogeneous
and one may use the continuous medium approximation to
describe its structure at the above distances.

Depending on the physical parameters taken for con-
sideration at the analysis of the structure of the amor-
phous substance, several types of its SRO are distin-
guished [2, 20]. The distant SRO specifies only the radii
of the coordination spheres and the coordination numbers.
The compositional (chemical, sorted) SRO describes the
correlations in the mutual locations of different chemical
elements. The topological (geometric or physical) SRO
specifies the correlations of any parameter of the spatial
location of the atoms and the chemical bonds between
them. When considering this SRO one may not take into
account the chemical nature of the elements. The orienta-
tion SRO is stipulated by the ordering of orientations of
the structural particles, for example, it specifies correla-
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in the amorphous glasses AsySg (a),
As4Se0 (D), Ass0Sso(C) [19]
c

tions in the orientation of several polymer fibres. Actual-
ly, the decisive is the chemical SRO, because the specific
features of the atomic linkage and the parameters of this
linkage are specified by the chemical nature of the atoms.
The topological SRO is revealed as the result of formation
of the chemical SRO and results from the chemical SRO
in a form of certain geometric configurations and parame-
ters of the atomic network.

The notion of the average or intermediate order is wide-
ly used in the analysis of the structure of the amorphous
substances. This order is most often related to the existence
of certain interatomic correlations or regularities in the mu-
tual locations of the atoms at the distances exceeding the
radii of the first two-three atomic coordination spheres. The
existence of the first sharp diffraction peak (FSDP) in the
neutron, electron and X-ray diffraction distribution is taken
as the direct evidence of the occurrence of inermedium
range order (IRO) in a form of certain regions of the struc-
tural configuration ordering at the scaling level of about 1
nm. This peak is inherent in the overwhelming number of
the amorphous substances, though, the exceptions are pos-
sible (say, the amorphous Si films). The experimental piec-
es of evidence indicate the affinity of many amorphous
substances by the FSDP parameters: intensity, half-width
and position of this peak vertex [5, 21-23].

The existence of SRO and IRO in the amorphous sub-

stances requires elucidation of the quantitative scale of
their manifestation. To do this, it seems expedient to use
the introduced above radii of the atomic correlations of
the atomic network L. SRO is the lowest scaling level of
ordering in the disordered system structure. If the value L
is proportional to the interatomic distances, only SRO
does exist in the substance. It expands in space for 1 to 5
interatomic distances and is localized in the spherical re-
gion with the correlation radius L up to 1 nm.
At the considerable excess of the correlation radius L over
the interatomic distances one may speak about the occur-
rence of IRO in the substance. IRO overlaps partially the
scaling level of SRO. It expands in the space for 3 to 10
interatomic distances and is localized in the region of
about 1 nm size.

The other criteria of the quantitative limits of ordering
of these scaling levels are also suggested. For example,
when studying the charge carrier dynamics in the unor-
dered media, the SRO and IRO scales can be found in
accordance with the relation of the two characteristic
lengths: the Coulomb potential screening radius in the
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condensed system R, and the size of the coherent scatter-
ing regions R,. If R, < R,, it is assumed that only SRO
exists, whereas at R, < R, both SRO and IRO occur.

When analysing SRO and IRO, the analysis of connec-
tivity, dimensionality and other general topological char-
acteristics of the atomic network is also important. There
is an idea [24] that the differences in the structure of the
amorphous and crystalline bodies are manifested only on
the IRO level, while SRO in the most of the amorphous
materials approximately corresponds to the crystalline
SRO. Such conclusion was based on the analysis of the
metal glasses only, and the presence of disclinations was
considered to be its cause. Taking into account the above
remarks on the specific character of SR in the amorphous
substances, it seems probable that such a point of view is
wrong, in particular, for the metal glasses.

The experimental studies of the structure-sensitive prop-
erties of the amorphous substances indicate their structural
heterogeneity. This is related to the next scaling level of the
atomic network structure called mesoscopic level, which is
extended at the distances of several nanometres. In the dif-
fractograms, this structural level is revealed, as a rule, in
the region of the central peak, which covers the small-angle
scattering and the part of the scattering intensity that rapid-
ly descends to FSDP. It is assumed that for the mesoscopic
level the correlation radius is L =1 — 10 nm. The mesocop-
ic level is connected with the formation of a distinct hierar-
chy of the structural heterogeneities in the amorphous sub-
stances [21]: the chemical composition non-uniformities;
the coexistence of different SU; molecular structure of the
group of atoms of the amorphous network; the irregular
structural cavities and fluctuations of the atomic density;
the rings of different-length interatomic distances; the mul-
ti-phase associates of the fine crystalline particles etc. [21,
25, 26]. The structural and chemical heterogeneity of the
nanoscale should be accepted as an inherent characteristic
of the atomic network of the amorphous medium estimat-
ing it as one of the fundamental aspects that reflect and
determine the metastable structural state of almost any
amorphous substance.

Probably, there exists a relation between the mesosco-
pic and intermediate ordering. The structural particles,
which make a basis of IRO manifestation, may simulta-
neously be revealed on the mesoscopic level as well. At
the same time, the mesoscopic effects reflect the manifes-
tation of a considerably wider spectrum of different struc-
tural polyatomic fragments as compared with the IRO
effects. Therefore, when studying the mesoscopic struc-
ture parameters one have to take into account its correla-
tion character and, respectively, to use different statistical
distributions. One of them, for instance, can be the statis-
tical distribution of the atomic rings (fig. 6).

The scaling levels of the nanostructure and microstruc-
ture with characteristic dimensions exceeding ten na-
nometers are the highest ones for the amorphous sub-
stances. Here the transition occurs from the discrete ideal
atomic network to the amorphous substance structure on
the qualitatively new level — the ideal continuous matrix.
One may also note here the revelations of the macroscale
heterogeneities with characteristic dimensions of several
microns (the substructural heterogeneity). The indirect
influence of the above heterogeneity may also be reflected
in the peculiarities of the structure and the properties of
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the amorphous substances. In the crystals, LRO is the
highest structural level, which defines ordering of their
structure at the infinitely large distances.
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Fig. 6. Distributions of rings with different number of atoms
in the As—S glasses [12]

In the process of physical and chemical analysis it is nec-
essary to consider not only the chemical composition,
structure and properties of the substance, but also to take
into account its dispersibility [27]. At the crystal disper-
sion in the surface layers of the material the chemical
bonds are broken and switched over, the angles between
them are changed and new atomic configurations are dis-
torted. Therefore, in the surface layers of the disperse
particles LRO is broken, whereas the crystalline SRO is
strongly distorted and in the boundary cases is completely
destroyed. At some limiting size of the disperse particles
all atoms become 'surface’ atoms and their structure corre-
sponds to the strongly distorted crystalline SRO. Since the
SRO parameters distortion can be different, then SRO
formed at the dispersion is called unlimitedly variational
[27].

In accordance with such analysis, the conclusion is
made [27] that the dispersibility is more determinant
structural essence of the substance as compared with its
SRO. In this case the dispersibility is considered the first
cause of formation of a specific SRO of the amorphous
films — the unlimited variational (twisted, surface-shell)
SRO. In this relation, the dispersibility is also attributed
the role of a forming factor of the amorphous non-glassy
substances. As a result, V.S. Minaev gives the following
definition of the latter: this is the ultramicrodisperse for-
mation, the state of the substance of 'islets' (clots, mono-
lite fragments, aggregates) with the dimensions varying
from several units to tens angstrom, which accreted in
spots with each other but on the large part of the surface
are separated by the ultramicrohollows and are formed on
the basis of unlimitedly variational SRO [27].
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Supporting the idea of the necessity of taking into account
the dispersibility when studying the properties of solids
and its substantial influence on the peculiarities of their
atomic structure, note that, probably, there are no suffi-
cient grounds for its absolutization. Dispersibility is main-
ly the technological factor. It is the structure forming fac-
tor only indirectly, reflecting the conditions of their pro-
duction in the peculiarities of the structure. Similarly, in
the structure of the amorphous films, the technological
conditions of their vacuum deposition are reflected.

It is also not reasonable to limit the amorphous state by
the macrosystems of the 'ultramicrodisperse’ formations,
because the emphasis in such objects should be directed
not to the parameters of the whole 'powder’, but on the
structure of some its disperse particles. Each of these par-
ticles is itself a particular subtype of the solid state. In
turn, similarly to the case of the solid state, they can be
either crystalline or amorphous. The fact that we construct
of such particles the purely mechanical mixture (powder)
makes no drastic changes in the structure of the particles
but only adds certain specific features to their behavior
due to the 'interaction’ between them. In this relation, the
hypothesis that dispersion of both crystal and glass of
given chemical composition to the super-high degree of
dispersibility (particles size is about 1 nm) will result in
the formation of the disperse particles with identical struc-
ture [27] is not so trivial.

Many researchers of the amorphous states operate with

such notions as the ordering degree, the disordering de-
gree, the larger or the smaller order, ordering enhance-
ment or weakening. In our opinion, the above and other
equivalent formulations must concern SRO, IRO, meso-
scopic structure or LRO definitely. This means that the
'intensity’ of each order may vary within a wide interval
from the total (ideal) order to the total (ideal) disorder.
The descriptive abstract notions about the ordering value
are often used to analyse different processes in the amor-
phous materials. At strict approach to studying the amor-
phous substances one has to operate legible quantitative
criteria, which can define the ordering/disordering degree
of the amorphous structure on any mentioned level.
One of such criteria can be the above correlation radius of
the topologic order of the atomic network L. Other pa-
rameters of the structural ordering degree are also used.
The most important of them are the symmetry elements of
the first correlation function ® (%), which completely suc-
ceeds the symmetry properties of the atomic network. In
this case the structure with the higher symmetry is con-
sidered to be more ordered. Other ordering parameters
can be the mean-square deviations (or dispersions) of the
relevant topological parameters of the atomic network
when setting their statistical distributions. If the system
may transit by its whole volume to the totally ordered
state, for example, due to crystallization, then the residual
structural entropy that tends to a certain fixed value at the
absolute temperature zero could be the measure of its dis-
ordering (and, respectively, ordering). One more approach
to determine the ordering degree may be related to com-
paring this substance with the reference system.

The studies of the amorphous structure are complicated
by the metastability of the amorphous state in general. This
means that the character and degree of manifestation of
different-type orders will depend not only on the type of
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atoms included in the substance, but also on the external
parameters (temperature, pressure). Due to the thermody-
namical non-equilibrium, the structure of the particular
amorphous substance will not be unique and will depend
on the different kinds of the external influences after pro-
duction. The number of the variables necessary for the un-
ambiguous description of the structure of the amorphous
state of certain substance is not known a priori [28]. For
the same reason the structure of the amorphous substances
is dynamical and could continuously vary with time [29],
which is manifested in the relaxation of the principal physi-
cal and chemical properties of such substances. The similar
lability also significantly complicates the studies of the
structure of the disordered systems [5, 29, 30].

The structure of the atomic network of the crystals is
formed under severe restrictions related to the necessity to
realize the functional SRO, IRO, mesoscopic formations
and LRO. Elimination of these restrictions in the amor-
phous substances expands considerably their 'creative
capabilities’. This concerns both the freedom of realiza-
tion of different new atomic configurations in the solids
and formation of the homogeneous condensed systems in
very wide limits of their chemical composition (for exam-
ple, wide regions of vitrification in the chalcogenide sys-
tems). The possibility of large deviations from the stoi-
chiometry allows the amorphous materials to be produced
with chemical composition that by its structure and prop-
erties maximally corresponds to the particular problem of
the material science.

In the amorphous substances, contrary to the crystal-
line ones, different atoms can be joined. The examples are
the amorphous films of hydrogenated silicon Si:H, five-,
six- and more component glass compounds. The atoms in
such substances are not simply mixed mechanically, e.g.
like the case of penetration of impurity atoms to the rele-
vant places of the crystalline lattice. In the amorphous
systems, new chemical linkage appears, which fixes new
atomic configurations of disordered atomic network in the
space [31].

The same atoms may manifest themselves differently
in the amorphous and crystalline structure. The above-
mentioned amorphous Si:H films are a bright example.
The hydrogen atoms could be implanted into the silicon
crystals as well. However, in the crystalline lattice they
are the defects, whereas in the amorphous films the hy-
drogen atoms generate new structural configurations,
which differ considerably from pure silicon ones [31].
These configurations are fixed as steric obstacles due to a
large strength of the Si-H bonds and the geometric shape,
which they acquire in the atomic network. Being distrib-
uted in the amorphous structure, they serve the effective
barriers for the crystallization processes. At the same time
the hydrogen atoms passivate the ‘broken' silicon bonds
and, thus, efficiently change the electro-physical proper-
ties of the amorphous Si-H films.

In the amorphous solids, the local ‘oscillations' of the
atomic coordination often exist [31]. Such behaviour of
the atoms makes a basis for the appearance of new spatial
distributions of the chemical bonds, new atomic configu-
rations, which by their nature are non-crystalline and,
thus, violate the tendency to the spatial periodicity of the
atomic network. Therefore, formation of the amorphous
state is especially peculiar for the substances comprising
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atoms that are capable of changing the spatial coordina-
tion, i.e. B, C, S, Se, Te, transition metals and others [31].

Such peculiarity of the amorphous systems requires
more comprehensive studies of not only the physical but
also the chemical regularities of the solid body formation.
And the lack of the chemical knowledge on the solids con-
siderably restricts the development of the general theory of
the structure of the amorphous systems [32]. As a result,
the latter are often considered specific 'defective states'
characterized by the deviation from the stoichiometry. Al-
most all amorphous substances are 'non-stoichiometric'
compounds. In addition, though the stoichiometric rules are
applicable in the amorphous solid chemistry, noncompli-
ance with these rules is a characteristic attribute of these
materials. The main cause of such properties of the amor-
phous substances is that in the most cases they have high-
molecular structure [32]. Inclusion of such structures is also
the necessary condition of studying the structure of their
atomic network.

Consideration of the solid amorphous state as the poly-
mer in many cases does not draw specific objections,
though the covalent crystal could be considered the giant
molecule with the three-dimensional carcass of the covalent
bonds. The only doubt is caused by the use of this approach
to the melts, when it is assumed that the glass forming
compounds, unlike other ones, have the polymer structure
that results in their high viscosity and, as consequence, in
the ability of supercooling up to the transition to the solid
amorphous state. This approach is more likely applicable
for the high-molecular organic substances, thought it is
used in studying the inorganic solids as well. A bright ex-
ample of this is the amorphous selenium. In Ref. [33], the
high-molecular substances in the amorphous state are
called the molecular amorphics. Certain molecules not be-
ing destroyed in the process of formation of the amorphous
matrix are their basic structural elements. The size of the
molecules in such substances can vary in a wide range.

Thus, the amorphous substance is not structureless, but
it has a very complicated atomic network structure. Just
for this reason, there are no clear unambiguous notions
about the general structure of the amorphous state. In our
opinion, the decisive point of the further structural studies
of the amorphous substances is clarification of the peculi-
arities and role of the chemical bonds in the SRO and IRO
formation in the disordered atomic networks. With this
regard, it is necessary to give clear answers to a series of
important questions. Does the certain ordering type of
different scaling level occur in the amorphous substances
due to the special chemical bonds action only, e.g., the
bonds absent in the corresponding crystals of the same
chemical composition? How are the topological peculiari-
ties of the structure of the amorphous network related to
the particular peculiarities of the chemical bonds realized
in them? Do the qualitative distinctions between the
bonds in the local sites with the continuous ideal atomic
network and the bonds in the local sites of the network
breaks exist? What does occur with the chemical bond
network during the amorphous substance heating and at
the phase transformations in them? In many cases one has
to take into account the specific role of different defects in
the realization of the particular properties of different-
nature non-crystalline materials [22, 34-37].
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In this context, we consider non-constructive the idea
[38]. The authors state that the lack of LRO in the atomic
network is not the most essential factor that defines the
differences between the amorphous materials and crystals.
More important role is played here by the own defects of
the atomic network, the concentration of which in the
amorphous materials can be quite large. Here we come to
the important and poorly studied question of determina-
tion of the physical and chemical principles of clear dis-
tinguishing of different defects in the ideal disordered
atomic networks. Note once more that above we analyzed
the problems of the amorphous substance structure in the
ideal network approximation. It was suggested to take the
spatially topologically disordered atomic network as the
above network, in which each atom realizes all it chemi-
cal bonds. It is obvious that any deviation from the ideal
atomic network should be considered the defect provided
that the concentration of such deviations is much less than
the atomic density of this substance. This is due to the fact
that the number of defects must be several orders less than
the number of the atoms in the system. Otherwise, the
'defect’ can be considered one of the possible structural
fragments of the ideal disordered atomic network. More
detailed analysis of the problems of the defects in the dis-
ordered atomic networks will be given in the next section.

Thus, the problems of studying the peculiarities of the
disordered structure of the amorphous state lie in the dif-
ferent planes of the structural hierarchy, which are related
to several scaling levels: SRO, IRO and the mesoscopic
ordering of the atomic network and the nanostructure and
microstructure (or substructure) of the matrix of the
amorphous medium. Each of these levels is revealed spe-
cifically in the experimental results and reflects the inter-
related and simultaneously specific processes of the struc-
ture formation in the amorphous substances.

Let us make some final comments concerning the rela-
tively important methodic question: to what extent the
amorphous and crystalline samples of certain chemical
composition are structurally similar? Besides the men-
tioned above, here, in our opinion, one has to consider
some crucial moments.

1. Only for a very limited circle of the amorphous sub-
stances there exist their crystalline analogs (basically, they
are the elementary substances and compounds of the stoi-
chiometric compositions of the complex systems). The
overwhelming majority of the amorphous substances have
no crystalline analogs and the question of the structural
similarity has no sense for them. For example, what should
we consider the crystalline analog of the GesAs;15Sg, glass?

2. If the substance exists both in the crystalline and in
the amorphous state, one may surely find separate small
structural fragments in the amorphous state, which have the
structure almost identical (with certain accuracy) to the
crystalline one. In this case the degree of distinction of the-
se structures will be determined by the quantitative devia-
tions of the functional and probabilistic SRO in them.

3. In any amorphous substance, which has the crystal-
line analog, separate structural fragments must necessarily
occur with SRO, which both quantitatively and qualita-
tively differ from the typically crystalline fragments (e.g.,
in the region of the existence of the amorphous germani-
um and silicon with 5 and 7 atomic circles in the amor-
phous matrix).
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4. The structural elements untypical for their crystalline
analogs may occur in the amorphous substances (for exam-
ple, the As,S, molecules in the amorphous As,S; films).

5. With increasing size of the structural fragments the
degree of their similarity will decrease abruptly for the
amorphous and crystalline substances. The spatial limits
remain here very important and unclear question related
to such structural similarity.

Also today the task is to extend the scheme of experi-
mental investigations of unordered materials, i.e. full de-
scription of the initial state from which the amorphous
sample is formed — the control of any technological pa-
rameters of this sample produced — the investigation of
the structure and its relaxation at any level — the studies of

the structurally-sensitive physical and chemical properties
and their induced and spontaneous changes — the con-
struction of a rigorous model — the complex analysis of
the data obtained on any aforementioned stage. These also
involve elucidation of the role of different technological
factors in the processes of structure formation in the
amorphous substances; development of new methodolog-
ical approaches at structural investigations of the amor-
phous substances, elucidation of specific features of the
amorphous substance polymorphism and phase transitions
in these substances, determination of the role of the initial
structure of the amorphous materials in their physical and
chemical properties as well as in the process of their
structural relaxation etc.
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AHoTanisi. B po0oTi 10CiipKeHO BIUTHB TEPEXiHOI 00JacTi 3 HEOTHOPITHUM PO3IIOJIIIOM ITOKa3HUKA 3JIOMJICHHS Ha CIEKTPaJIbHi
XapaKTepUCTHKN BY3bKOCMYIOBHX (DLIBTPIB B 3aJIEKHOCTI BiJf poOOYOi JOBKHHH XBHIIL.
Knrouosi cnosa: xapakxmepucmuuna mampuys, CneKmpaibHi XapakmepucmuKkuy, CReKmp nPonyCcKants, He0OHOPIOHOCHI NOKA3HU-

Ka 3AJIOMIEeHHA

OcraHHIM YacoM cHHTe3 0araTolapoBUX ONTHYHUX CHC-
TeM HaOyB 4MMaJOro pO3BUTKY, YCHIXH IMX JOCIiIKEHb
BIUIMBAIOTH SIK HA PO3BHTOK ONTHKH, TaK 1 1HIIMX raiy3ei
HayKH Ta TexHiku. Terep OTpUMYIOTH iHTepdepeHIiiHi
¢binbTpH OyIb-SKOTO TUILY VIl BCbOTO ONTHYHOTO Jiianaso-
HY 38JaHUMH CIEKTPaJbHUMHK XapakTepucTukamu [1, 2].
OnHuM i3 HallakTyaJIbHIIIMX 3aBAaHb B ONTHYHOMY IIPH-

df

nepexiHa 001acTb

nano0yayBaHHI € CTBOPEHHS BY3bKOCMYIOBHX (iJIBTDIB,
OCKIJTBKHU Tally3b 3aCTOCYBAHHSI Iy’Ke IIUPOKA — IIe acTpo-
(hizuka, XiMis, MEITUIIMHA, MaTePialO3HABCTBO, CCHCOPUKA,
npiianodyayBanss [2, 3].

Po3risiHeMO HACTYNHY IApYBaTOHEOAHOPIIHY MOICIb
[4-6] mpodiaro moKa3HUKA 3a7IOMJIEHHS IUTIBOK, sSIKa BKITIO-
yae B ceOe OCHOBHY Ta Tepexiany obnacti (puc. 1).

Puc. 1. Mozeinb 4acTKOBO HEOHOPIAHOT

Y

N¢ Np

IUTiBKHU (PO3MOAIIM OKAa3HUKA 3aJIOMIICHHSI:

1 — cryninuaTuii; 2 — niHiiHWIA; 3 — KBagpaTUUHK; 4 — norapuMidHUI; 5 — eKCIIOHEHIIiaTbHHN )

Ipu pospaxyHKax CHEKTPATbHHX XapaKTepUCTHK Oara-
TOLIAPOBOTO TOKPHUTTSI OyIeMO BpaxOBYBATH TiJIbKU
nepexiHy 00NacTh y BUCOKO3AJIOMIIFOIOUii KOMIIOHEH-
Ti. ITo3naunmo 1i ToBIHMHY Yepe3 O, ITicis npoBeneHo-
ro eKCIIepUMEHTY OYyJI0 BHSBIECHO, L0 I'€OMETPHYHA
TOBIIHHA NepexiaHoi obmacTi (dy) Moxe mocsiratu 1o 30
HM. 3aJaHHs HEOJHOPIAHOCTI IMOKa3HUKA 3aJIOMIICHHS 3
pO3M0/IiIOM N(Z) TT0 TOBIIMHI B TIEPEXiAHOMY Iapi 3.1i#-
CHIOETHCSI HACTYITHUM YrHOM. [lepeximauii map po30ou-
Ba€ThCs Ha M, (B gocnimkeHHi Bubupanocsk 10) piBHHX
IO TOBIIMHI 30H 1 3HAYEHHS j-0i 30HU TTepexiaHoi obmac-
Ti MTOKAa3HMKA 3aJIOMJICHHS B 3aJI€KHOCTI Bif THUILY PO3-
TTOJTLITY BU3HAYAETHCS 32 BiIIOBITHOIO (POPMYIIOIO:
1) cryniHgacTuit:

Tpj = Ty
2) JiHIHHAHA:

n,; = +M.(j_1);

mp—l
3) KBaJpaTHIHHIA
(np_nf) . 2
. = —_— _— 1 .
np] f + (mp—l)z (] ) ’

4) norapudmiyHmii:
(np "f)
ln(m )

5) eKCIIOHEeHITiaTbHUMN:

n n(j);

pJj

(m’,’, (et = 1)
e Npj — TIOKa3HUK 3aJIOMJICHHS | T01 30HH IIpU PO3OUTTI Iie-
peximHoi 067acTi; Ny —TIOKa3HUK 3aJIOMJICHHS OCHOBHOI 4ac-
THHH ILIIBKY; Ny — IOKA3HHUK 3aJI0MJIEHHs IepexinHoi obiac-
Ti.

I'eomerpudHa TOBIIMHA [EHTPAIBHOI YACTHHU ILTIBKH
(df) Y IbOMY BHIA/IKY:

df(dp) = (

A Ngp = - Z;np1 Mpj» Nep —
3aJIOMJICHHS B TIEPEXiAHOMY MIapi BiIMOBiTHO; M — KiJIBKICTH
po36uTTIB TepexigHoro mapy; K =4 — po3rismaeTscs der-
BEPTbXBWIBOBHII 1Iap; Nf — MOKA3HUK 3aJIOMJICHHSI OCHOBHOL
YaCTHHM IUTiBKH; Ay — poOoUa JOBKHHA XBHUII.

[IpomonentoeMo BIUTMB MEPEXiTHOTO APy B BUCOKO3aJIOM-
JIOIOYi KOMITOHEHTI Ha CHEKTpalbHI XapaKTEPUCTUKH 3a

Npj =N + T_

—d, 1), (1)

CEpEaAHE 3HAYCHHSA ITOKa3HHUKa

©lo.
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JIOIIOMOr' 00 MaTpuuHoro meronay Ao6ene [4]. Bubupa-
I0YM 3a MapaMeTpH IMOKa3HUK 3aJIOMJICHHS N, TeoMeT-
pUYHY TOBIIMHY Imapy d i TOBXHHY XBHII A, MOXHA
3aIMcaTH XapaKTepUCTUYHY MAaTpPUIIO OJHOTO IIapy
TAaKUM YHHOM:

i

M(n,d, 2) = cos(n,d, 1) — 5 sin 6(n,d, 1) @
—ipsiné(n,d,A) cosé(n,d, 1)

ne 8(n,d, 1) = M, i =+v—1, 8 — Kyt Mix mpo-

MEHEM 1 HOpMaJIZII0 A0 TUIOHIWHHA HaZ[iHHH. 3HauYeHHS
p =ncos@ misa TE xBuii (S-monspuzanist) i p =

cos @
st TM xBuiti (p-nionsipu3artist).

XapakTepuCTHYHA MaTpHL MepeXiJHoro mapy Oy-
Jic piBHA:

my—-1

Mp(/’{) = H]:II) Ms(npj; d; /’{)1 (3)

Po3risiHeMO BY3bKOCMYroBH (DiIBTP KOHCTPYKIIT

S-[xB(1-x)H]*2(1-x)B[xH(1-x)B]*. Byaemo BBaxary,

II0 BUCOKO3aJOMIIIOIOUMI MIap MICTUTh MepexijHy

obnacte. Toni #oro xapakTepucTHYHa MaTpHLs Oyne

piBHOIO:

Mp(2) = Ms(”B'df(dp)'A) - My, (), 4)

J€ Np — MOKAa3HUK 3aJIOMJICHHA OCHOBHOI YaCTHUHH BH-
COKO3aJIOMJIIOIOYOrO IIapy.

Husbko3anmoMinorounii map Oyae MaTH xapakTepH-
CTHYHY MaTPHLIO PiBHOIO:

My (D) = Mg(ny,dq(d,), 1), (5)

A€ Ny — NOKa3HUK 3aJIOMJICHHSI HU3bKO3aJIOMJIIOIOYO0I'0O

wapy.
Toni xapakrepuctuuna Matpuis (4k+1)-rmaposoi
CTPYKTYPH 3a8€ThCsl (hOPMYJIOHO:

M) = [T, (Mp() - My (D) X
x Ms (5, (2= d " ngp) 1 2) X (6)
X H5(=1(M1~1(/1) : MB(/D)

3BiJICH MU JIETKO MOYKEMO 3HANTH KOe]ilieHT IPOIYCKAHHS:

T=PS |2 =
Po
_ 4 ™
14 14 1
(2 + ﬁm% + imgz + popsms, + PoDs m%1)

ae py = Nycosfy i ps =NsgcosOs mia TE xBumi (s-
No . Ng
cos 6y 1Ps = cosfs
nomsipuzanis); 8, — KyT MiJ SKAM HpOMiHb Ha MIapyBaTy
CTPYKTYPY; O — KyT IiJ] IKUM NIPOMiHb TOMAJa€ i3 mapyBa-
TOI CTPYKTYpPH, KyT 3aJIOMJICHHS; Ny, Ng — MOKa3HUKH 3aJI0M-
JICHHSI 30BHINIHBOTO CEPEOBUINA 1 MiAKIAAUHKA BiIITOBII-
HO, Myq, Myy, My, My, — EIEMEHTH XapaKTEPHUCTHYHOT

Matputii M.

Bruie mepexingHoi 00sacTi Ha CIEKTpajibHI XapaKTepHc-
TUKH BY3bKOCMYTOBUX (iIbTPIB IpH 3MiHI pOOOUOi JOBXKH-
HH PO3MJIIHEMO Ha MpHKJIani 17-mapoBoro By3bKOCMYroBoO-
ro ¢gineTpa S-BHB..2B..BHB, mns sikoro mnokasHuk 3ajaom-
JICHHSI BHCOKO 3aJIOMJIIOIOYOro mapy ng=2,3 Ta HH3BKOrO
ny=1,35 ocamkeHMMH Ha MmiAKIAAWHKA i3 ckia K-8 3

. AO
ng=1,51 Ta ONTMYHMMH TOBUIMHAMHU PIBHUMH nd = > 1o

NoJsIpu3aNisn); po = it TM xBumi (p-

Ka3HHK 3aJIOMJICHHS TepexiaHol 00aacTi np:2,6.

Po3risiHeMO CTymiHYacTHi PO3MOILI IOKAa3HUKA 3aJI0M-
NeHHst (OCKIIBKK HalO1JIbIe Ha BCI CHIEKTPaIbHI XapaKTepH-
CTHKHM BIUTHBA€ CTyMiHYacTH# posmnomin [5]), To Gymemo
PO3MIIaTH caMe LeH PO3MMOIi.

[Tpu HasiBHOCTI mepexigHoi 00JacTi 3 CTYMIHYACTHM PO3-
TMO/IIJIOM TTOKAa3HUKA 3aJIOMJICHHS, KOe(illiEHT MPOMyCKaHHS
npu 6y,=0° npu pobouiii nowxuHi xBui Ao=480 HM 3MeH-
mryerbest Ha AT=0,02883308 (tab:x. 1, B skiif mogaHi 3Ha-
YyeHHsI KoedillieHTa MPONYCKaHHS Ui CTYMIHYacTOro po3-
MOMiTy TIOKa3HWKA 3ayoMiieHHs), mpu A,=630 HM — Ha
AT=0,0217706, npu A,=750 um — na AT=0,0175378, npu
4,=1000 am — Ha AT=0,0115229 i npu 4,=3000 aM — Ha
AT=0,00015864. 3Bijncu BUILIMBAE, HIO 13 30UIBIICHHSIM PO-
0040l JTOBXKHMHH XBUIII, 3HAYCHHS KOe(]il[iEHTa MPOITYyCKAHHS B
TOYIII MiHIMyMY MEHILIE BiZIPI3HAETHCS BiJl 1/1€aIbHOTO BUMA/I-
Ky, 1[0 CIIOCTEPITaeThCsl IS BCIX KyTiB 000X MOJSpU3aIIiil.

Taomuus 1. 3HaueHHs KoeillieHTa NPOMyCKaHHsI ISl CTYIIHYACTOr0 PO3MOALTY MOKa3HUKA 3aJIOMJICHHSI

PoGoua noB:xkuHa xBuJji gpiiibTpa 0° 30° 45° 56°48’ 60° 75°

480 0,9870457 0,9776190 0,9565078 0,91432448 | 0,8929391 0,6834261

; 630 0,9804855 0,9688199 0,9439835 0,8981770 0,8741932 0,6622928

é* 750 0,9762527 0,9632034 0,9363142 0,8874990 0,8634601 0,6490945
S

ul':a 1000 0,9702379 0,9553672 0,9255525 0,8735697 0,8479316 0,6297038

30000 0,9603013 0,9425345 0,9083275 0,8511620 0,8237071 0,6007351

480 0,9870457 0,9947447 0,9999702 0,9924089 0,9840422 0,8558164

'é 630 0,9804855 0,9904630 0,9991171 0,9958738 0,9891690 0,8684357

% 750 0,9762527 0,98746496 0,9980849 0,99744213 | 0,9917721 0,8749830

E 1000 0,9702379 0,9829792 0,9961158 0,9989569 0,9947086 0,8827127

30000 0,9603013 0,9751334 0,9918654 0,9999818 0,9979746 0,8924824
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PosrnssHEMO 3CYBH TOYKH MAaKCHMYMY MPOITYCKaHHS TPU
pi3HHX POOOYUX MOBKHHAX XBHWIb IS CTYIIHYACTOrO
MOKa3HUKa 3ajomiieHHs (Tabu. 2.). Ilpu 6,=0° npu pobGo-
qiit moBxkuHI XBWI A9g=480 HM BiIOYBa€THCS 3CYB TOUKH
MaKCHMyMYy IPOIYCKaHHS B OOJACTh OBIMX XBUIIb HA
A2=19,05 um, mpu A;=630 HM Ha AA=20,84 HM, npHU

A=750mM ©Ha AJ=21718wM, mupum A,=1000HM Ha
AA=22,74 am i pu A;=3000 am Ha AJ=24,10 am. Otxe,
i3 301IBIIEHHSIM pOoO0YOi TOBKHUHN XBHWJI, IPH HASIBHOCTI
nepexisHoi 001acTi, 301IBIIYETHCS 3CYB TOYKH MaKCUM Y-
My TPOITyCKaHHS B 00JIacTh JJOBI'UX XBHJIb, II0 XapaKTep-
HE JUTS BCIX KYTiB 000X MOJISIpU3aITiii.

Ta6auus 2. Po6oya JIOBXKWUHA XBUJII TSl CTYIIHYACTOT'O PO3IIOJUTY TIOKa3HUKA 3IOMJICHHS, HM

Po6oua noB:xkuHa XBUJIi GpiibTpa 0° 30° 45° 56°48’ 60° 75°
. 480 499,05 480,33 461,12 4458 441,44 426,75
.g 630 650,84 626,15 600,81 580,59 574,84 555,45
é- 750 771,71 742,18 711,87 687,68 680,79 657,58
f:’ 1000 1022,74 983,07 942,31 909,76 900,49 869,23
@ 30000 3024,1 2902,87 2778,09 2678,26 2649,82 2553,8
= 480 499,05 479,17 457,42 438,7 433,08 412,27
lg 630 650,84 624,49 595,66 570,85 563,4 535,72
é- 750 771,71 740,24 705,81 676,18 667,29 634,21
ﬁ:’ 1000 1022,74 980,68 934,67 895,09 883,21 839,15
& 30000 3024,1 2898,22 2760,50 2642,11 2606,66 2478,02

[Tpu HasiBHOCTI mepexiqHoi 00JIacTi 3 CTYMiHYACTUM PO3-
HOTIIOM TMOKa3HWKA 3aJIOMJICHHS, MiBIIMPHHA TPOIyC-
KaHHA Odgs mpu 6,=0° mpu poOodii JOBXKWHI XBHIII
A0=480 um 3meHmyetbest Ha AA=0,83 um, pu 4,=630 HM
— na AA=0,81 um, npu 4,=750 um — Ha AA=0,76 H™M, TIpH
4,=1000 um — nHa AA=0,65uM™, 1 mpu 4,=3000 uM — Ha
A4=0,20 uM. [lecaTryHa MIMpUHA TPOMYCKAHHS 0Ag 1 MpHU
6,=0° mipu pobouiii noBxuHI XxBUiIi 4o=480 HM 3MeHIIy-
eTbesi Ha A1=2,61 um, ipu 4,=630 uMm — Ha A1=2,55 HM,
npu A,=750 um — Ha A2=2,41 um, npu A;=1000 oM — Ha
AA=2,04 1M, 1 npu 4,=3000 um — Ha AJ=0,66 um. OTpu-
MaeMO, HIO 13 30UIbIICHHSIM POOOYOT JOBXKUHUA XBHIIL, JUIs
HAMIBIIMPUHU Ta JIECATHYHOI IIMPUHUA 3MEHIIYIOTHCS
BIJIXWJICHHS BiJl 1/I€aJIbHOI'O BHIIAJIKY, IIO CIIOCTEPIraeTh-
sl JUTs BCIX KYTiB 000X MONSIpHU3aIliil.

[lpu HasBHOCTI mepexigHol 00JacTi 3 CTYMIHYACTUM
PO3IIOAIIOM IOKAa3HUKA 3aJOMIICHHS, INMUPUHA CIEKTpa-
JIBHOTO 1HTEepBaJia MOAABJICHHS MpormyckanHs Ay, Beepe-
JuHi sikoro npornyckanus menine 0,1 st obnacti MeHIn
KOPOTKOXBHIIBOBOI SIK Amax, TIpH 6,=0° mipu poOodiii 10B-
xuHl xBUIl Ao=480 M 30inbinyeThest Ha AA=14,49 HM,
npu A,=630 um — Ha A1=14,80 um, npu 4p=750 HmM — Ha
A2=14,32 um, ipu 1p=1000 um — Ha AA=12,95 uM, 1 npu
20=3000 aM — Ha AA=7,83 um. IllupuHa cnekTpajIbHOrO
IHTepBaja NOMABIEHHA TNpOmycKaHHi Ay BcepeanHi
sikoro mpormyckants Mexmie 0,1 s o6nacti OUTbIN TOB-
TOXBWJIBOBOI UMM Amay, TIpH 6(=0° mipu poOodiii TOBXKHHI
xBuii Ao=480 um 30inbiyeThes Ha AA=23,80 HM, mpu
A0=630 oM — nHa AA=21,04 um, mpu A;=750 HM — Ha
A2=19,23 um, nipu 4,=1000 um — Ha AA=16,45 uM, 1 npu
A0=3000 M — Ha AA=9,79 HM. 3Bigcu BUIUIMBAEC,IIO i3
301TBbIIEHAAM pPOOOYOi JOBKWHHU XBHJI (TTOYMHAIOUHN 3
A0=630 HM) U151 IaHUX IHTEPBAIB 3MEHIIYIOTHCS BiIXH-
JICHHSI BIJ| 1/ICaIbHOTO BUIMAKY, 110 CIIOCTEPIraeThCs IS
BCIX KyTiB 000X MOJSApU3aIliid.
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Po3rnsiHeMo BUMA0K, KO KUTBKICT MIApiB y QiabTpi
S-BHB..2B..BHB 306inbliyerbest mpu poOodviit JOBXKMHI
xBuli Ap=630 uM. Tak, HasBHICTH MepeximaHol 00JacTi 3i
CTYMIHYaCTUM PO3MOJIJIOM IOKa3HUKA 3aJIOMJICHHS Y
BHCOKO03aJIOMITIOIOUiH KOMITOHEHTI [yisi 17-11apoBoro Bij-
pizatouoro ¢insTpy S-BHB..BHB npuBomuts m0 30i1b-
eHHs1 koedinieHra npomnyckanus Ha AT=0,0217706 Bin-
HOCHO 1/1€aJIbHOTO BUIIAJIKY, 3MILLIEHHsI pOOOUOi IOBXKHHU
XBWI B obnacTh AoBrux xBuiab Ha AA=20,84 uMm, 3Mmen-
IICHHSl MIBIIMPUHU TponyckaHHs dlgs Ha AA=0,81 HwM,
3MEHILCHHS JIECSITUHHOI IIMPUHU TPOIyCKaHHS Jdg; Ha
AA=2,55 HM, 30UIBIICHHS CIIEKTPAILHOTO iHTEpBaNy Ady
Ha AA=14,80 HM, 301IBLICHHS CIIEKTPAILHOTO THTEPBAIY
Ay Ha AA=21,04 M. [ns 25-mapoBoro BigOYBa€eThCS
30nblIeHHs  KoedimieHta mpomyckaHHs Ha  AT=
=0,02174216 BiAHOCHO il€ANLHOrO BHIAJKY, 3MIIIEHHS
po0o4oi JOBKMHU XBHII B OONACTh JOBI'MX XBWIb Ha
A2=20,80 HM, 3MEHILICHHS MIBIIUPUHN MPOITYCKaHHS dlg 5
Ha AA=0,14 HM, 3MEHIIICHHSsI ACCITUHHOI HIMPUHH TIPOITY-
cKaHHs 0lp; Ha A1=0,42 HM, 30iIbIICHHS CIIEKTPAIBHOTO
inTepBany Adg Ha AA=13,14 uwM, 30UIbILICHHS CIEKTPAITb-
Horo iHrepBanmy Ad; Ha AA=18,96 um. Sk Oaummo, mi
BIIXWJICHHS € MEHIIMMH, HIK y BUMAKY 3 17-mapoBuMu
crpykrypamu. [lomanpmie 30iMbIICHHS IIApiB TEX 3MEH-
IIye PI3HUITO MiX i€aTbHUM BUMAJKOM Pi3KHX MEX MiX
TUTIBKAMH TIPH HAsBHOCTI HepexigHol 00JacTi y BHCOKO-
3aJIOMITIOIOi KOMTIOHeHTi. Le crocTepiraeTbest mpu Beix
MOYJIMBHX POOOUYMX JOBXHHAX XBHJIb 1 TOBUTBHUX KyTaX
MMaiHHA CBIT/IA

BucHoBku. BusBneHi 0cOONMHMBOCTI CIIEKTpalbHUX Xa-
PAKTEpHCTHK YaCTKOBO HEONHOPIAHWX ILTIBOK 3 Pi3HUM
THIIOM PO3IOALTY TIOKAa3HHUKA 3aJIOMIICHHS Ha MEXax po3-
IiTy Ta MaTeMaTHYHE MOJCIIOBAHHS iX CTPYKTYPH JO3BO-
JISTIOTH PO3IIMPHUTH MOXKIIHBICT 3aCTOCYBAaHHS ILTIBOK He-
KPHUCTAIIYHUX MaTepiaiiB B MPAKTHIl KOHCTPYIOBAHHS Ta
BUTOTOBJICHHS ONTUYHUX TIOKPHTTIB.
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Effect of inhomogeneities of the refractive index in spectral characteristics of narrowband optical filters by changing the
working length
O. Mitsa, V. Petsko, E. Borkach, S. Petretskiy
Abstract. Inthis work the influence of transition region with an inhomogeneous distribution of the refractive index for the spectral
characteristics of narrow-band filters, depending on the operating wavelength,was studied.

Keywords: characteristic matrix, the spectral characteristics, the transmission spectrum, inhomogeneities of the refractive index
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Abstract. The paper discusses the issues of improving the mechanical properties and wear resistance of structural steel working un-
der wear conditions. A method for the surface treatment of the complex, which consists in carrying out carburizing and subsequent
high temperature thermal cycling (HTTC) was suggested. The proposed method allows to increase processing density carbides,
crushed and make its structure more uniform. After HTTC, followed by hardening from different temperatures in the structure of
martensite formed, globular carbides and residual austenite. The residual austenite is capable of deformation martensite y— o' trans-
formation at wear (DMTW), increasing the relative wear resistance of the investigated steel by 2-2.5 times depending on the condi-
tions of wear.

The practical value of the work lies in the fact that by changing of surface treatment quantitative relationship between martensite
and austenite can be adjusted , to vary the degree of metastable austenite, getting into the surface layers of differentiated chemical
composition and structure gradient without the use of special equipment and without creating special sections at thermal workshops.

Keywords: complex surface treatment, carburizing, metastable austenite, thermal cycling, wear resistance

One of the main tasks undertaken at enterprises, is a re-
source-saving due to constantly rising prices for iron ore
and other materials, and as a result, the metal. Increased
durability of spare parts from various steels for tools and
equipment engineering and metallurgical plants can sig-
nificantly reduce the consumption of materials.

In the operation of the most intensely subjected to tem-
perature and power effects of the surface layers of parts
and tools, so that the structure and properties of the sur-
face layers has an important impact on their performance.
Solving this problem requires the improvement of exist-
ing and creation of new methods of processing metals. Its
solution is currently is associated with intensive spread
along with other types of thermal and chemical-thermal
treatment, thermal cycling treatment (TCT), which allows
to improve the mechanical properties not only in the lead-
ing edge, but also over the entire volume tool [1-4].

With TCT alloy matrix which undergoes a phase trans-
formation (for example, iron-based alloys) there are sig-
nificant interfacial diffusion strain at repeated transfor-
mations, as well as the temperature gradients between the

Tt

oo+ 0 ot

individual elements of the matrix, which leads to an in-
crease in transformation centers and, ultimately, to the
grain refinement [5]. It was established [6-8] that TCT has
a significant impact on the structural state of carbides.
Method of TCT provides unique structure and properties
of metals [6].

Unlike other kinds of heat treatment structural phase
transitions occur when TCT is repeatedly applied at vary-
ing temperature heating-cooling. Necessity of repetitive
processing at given temperatures, is usually due to the
tendency to accumulate changes dramatically improves
products quality and give them properties unattainable by
ordinary heat treatment [7, 8].

Much attention is paid to studying the effect of the al-
ternating repetition of processes of mutual dissolution —
ferro-carbide allocation between mixture and austenite on
the mechanical properties of carbon tool steel, which im-
proves the toughness while maintaining high hardness and
strength. The impact on the wear resistance of steels by
TCT has not been thoroughly studied yet.
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Fig. 1. Charts HTTCT (950-20°C) followed by hardening with a temperature of 850°C and 1000°C carburized steel 20Mn.
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The purpose to this work is creation of new ways to TCT
for optimum microstructure and improving the wear re-
sistance of carburized steel 20Mn.

This study examines the effect of the parameters of
high-temperature thermal cycling treatment (HTTCT) on
the structure and properties of the carburized steel 20Mn.
The steel major alloying element is manganese, relatively
inexpensive and available in Ukraine.

Samples of steel 20Mn sizes 10x10x25 mm exposed to
grouting solid carburizer for 12 hours with cooling in a
box. Thereafter HTTCT conducted with heating to
950 °C+20 °C (cooling to room temperature in air), then
quenching the last cycle the water temperature to 850 °C
and 1000 °C and tempering at a low 180 °C. The number
of cycles was 5, 11 and 17 (quenching from a temperature
of 850°C) and 2, 8 and 14 cycles (quenching from
1000 °C). Driving modes HTTCT are shown in Fig. 1.

After the standard mode of heat treatment applied in
the production of (normalization at 880-900 °C, air cool-
ing), 20Mn steel structure consists of 25 % pearlite and
75 % ferrite (Fig. 2a). After the grouting, and then devel-
op a regime for HTTCT, the steel structure is milled. Af-
ter 2 cycles of HTTCT regime 950«>20 °C at the surface
of the sample is observed austenitic-martensite structure,
there are some fairly large selection cementite (Fig. 2, b).

Micro-hardness H, = 4400 MPa confirms the presence
in the structure of high residual austenite (Ares).

At a depth of 0.8 mm is observed structure of a mixture
of martensite, cementite, and residual austenite (Ars).
Cementite allocation large enough, and martensite needle.
At a depth of about 1.1 mm is also observed structure
predominantly martensite and cementite. Austenite is
practically not observed, cement, fine. Micro-hardness in
this area reaches 6200 MPa (Fig. 3). At a depth of 1.3-1.6
mm structure is gradually transformed into a granular
pearlite, cementite particles increase in size. Micro-
hardness changes are few and within 3800-4500 MPa.

TCT, grinding particles of carbides and their density,
finely martensite structure and makes it more homogene-
ous [9].

After 8 cycles HTTCT nature of the change in thick-
ness of the microstructure has the same character as de-
scribed after 2 cycles HTTCT. In the depths of carburized
layer hardness varies ambiguous. Martensite needle ob-
served in some places the structure at a depth of 0.6-0.7
mm, and the micro hardness is 5700 MPa. At a depth of
1.8-2.3 mm there is a typical structure of the granular
pearlite, the corresponding source. Micro hardness in the-
se regions decreases to 4250 MPa.

With increasing number of cycles to 14 cycles HTTCT
predominantly cementite dissolve in austenite. Grain
boundary carbides are allocated string, but in part they are
dissolved, it turns carbon rich austenite (Fig. 2c). On dove
0.1-0.4 mm micro hardness is 5500-6000 MPa, and then it
decreases to 4500 MPa, and at a depth of 1-1.5 mm is
increased again to 6500 MPa. The structure becomes
more uniform fine grain. At greater depths in the thick-
ness of samples produced structure troosto - martensite.
Martensite needle are only visible in individual grains.
The micro hardness at a depth of 1.6-2 mm is reduced to
4500 MPa. Isolation cementite is very dispersed, the par-
ticles have a globular shape.
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)~ I R S S : C)
Fig. 2. The microstructure of steel 20Mn: a) after the standard
mode of heat treatment (normalization) (x1200); b) after 2 cy-
cles of HTTCT regime 95020 °C; ¢) after 14 cycles of
HTTCT regime 950 < 20 °C.
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Fig. 3. Micro hardness carburized steel 20Mn after HTTCT (950 °C « 20 °C), hardening from 1000 °C and tempering at 180 °C.

b)
Fig. 4. The microstructure of carburized steel 20 Mn,
after HTTCT (950 °C « 20 °C), 850 °C by hardening
and tempering at 180 °C: a) 5 cycles; b) 11 cycles.

It is noteworthy that with the increase in the number of cycles
HTTCT from 2 to 14, the microhardness of the surface of samples
increases from 4300 MPa to 5500 MPa, which can be attributed to
structure refinement and enrichment of austenite.

Analysis of changes in the structure over the thickness of the

samples after different modes HTTCT showed that it is very suita-
ble for structure refinement and obtaining cementite precipitates
dispersed phase. During the TCT changes the structure, size and
morphology of carbides; at the same time decreasing the level of
stress [2, 10, 11].
After thermal cycling regime by 950 °C « 20 °C, followed by
guenching with a temperature of 850 °C and low tempering at
180 °C (number of thermal cycles 5, 11 and 17) in the structure is
observed martensite, residual austenite and cementite. With in-
creasing number of cycles of the structure, as in the previous case,
is milled. After 5 cycles HTTCT at a depth of 0.9-1.7 mm ob-
served martensite structure, globular cement and A (Fig. 4).

The micro hardness to a depth of 0.7 mm is in the range of 4500
MPa, then increased to 6500 MPa, and at a depth of 1.7 mm is
reduced again, because of a decrease in the content A.s content
increases martensite. Then, the depth of the microstructure is grad-
ually transformed into the structure of the core - globular sorbite.

The highest rates of relative wear resistance under the dry slid-
ing friction of metal on metal are observed after 2 cycles HTTCT
(quenching from 1000 °C) (¢ = 2) and after the 11 cycles HTTCT
(quenching from 850 °C) (e~2,6) (Fig. 5, a, b). In these circum-
stances it is advisable to obtain the structure along with martensite
and carbides metastable A Precipitation of cementite, in turn,
destabilize the residual austenite and to further facilitate its defor-
mation martensite transformation in wear (DMTW).

With abrasive wear among fused samples after 2 cycles HTTCT
(hardening from 1000 °C), 5-minute and 11-minute cycles HTTCT
(hardening with a temperature of 850 °C) have high and similar
values of relative wear resistance (ex~ 2.5) (Fig. 5 a, b).

This can be explained by the fact that the abrasive wear is more
intense effect on the abrasive surface of the sample. The structure,
with a high content of metastable A is for this kind of optimal
wear.

Overall, the rise in the relative wear resistance can be attributed
to obtain the optimal structure - martensite and carbides A capa-
ble of DMTW. Just formation under hard carburized and hardened
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surface layer softer than usual layer (with low carbon con-
tent) inhibits propagation of cracks occurring in the sur-
face hardened layer.

The practical value of the work lies in the fact that
changes in the parameters can be adjusted TCT quantita-
tive relationship between austenite and martensite, to vary
the degree of metastable austenite, getting into the surface

layers of different chemical composition and structure.
The developed technology will enable TCT after thermo -
chemical treatment implement them with conventional
equipment (salt baths, chamber and shaft furnaces), ther-
mal management without the use of additional equipment
and the creation of specialized areas.
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Fig. 5. Relative abrasive wear resistance and wear resistance under dry sliding friction metal to metal carburized steel 20Mn after
HTTCT with different number of cycles and the hardening of: a) 1000 °C; b) 850 °C (leave at 180 °C).

Conclusions:

. Conducting thermo- cycling treatment carburized steel
20Mn allows grind microstructure effectively adjust
the balance of phases: martensite quenching cementite
and retained austenite, as well as its degree of metasta-
bility.

. Description of the mechanical and performance proper-
ties of the steel 20Mn can be widely changed by using
chemical-thermal treatment and subsequent thermal
cycling, to regulate the phase composition and the de-
gree of metastable austenite.

. After the optimal regimes HTTCT and subsequent
hardening carburized steel 20Mn can significantly in-
crease its durability.

4. A significant increase in wear resistance is due to the
optimum conditions HTTCT and creating a favorable
microstructure dispersed carbides. An additional con-
tribution to the improvement of wear resistance of car-
burized steel 20Mn making optimal development y —
o' DMTW transformation in the surface layer of the
work, causing extra self-strengthening.

5. Optimal modes of HTTCT can be recommended for the
restoration of a number of worn parts of metallurgical
equipment operating under wear and thermal cycling
simultaneously.
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Abstract. The work is devoted to studying the possibility of directing the immune phytosyrups "Echinacea” and "Immune" in tech-
nology yogurt. Research proved the feasibility of making syrups and method in the production of yogurt. Experimentally the optimal
dose for entering phytosyrup the production of yogurt.It is based on the proved result that the use of syrups "Echinacea™ and "Im-
mune" dairy drinks in technology expands the product range of health-care areas. Application of immune phytosyrup direction
"Echinacea" and "Immune" in technology yogurt does not require the use of additional process equipment.
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Introduction. Among the public effective ways of pro-
tecting the population in the complex environmental sit-
uation it is established food enterprises manufacture of
health care supplies, including milk. Given the current
difficult environmental conditions, there is an urgent need
to improve the structure of nutrition by improving the
quality, biological value and taste characteristics of prod-
ucts. An important area in this respect is the fortification
of food with vitamins, minerals and immune substances,
especially on a natural basis. Milk products are not excep-
tion in this regard [3, 6, 10, 13, 14].

According to literature reports recently received con-
siderable attention dairy products with high nutritional
value and is enriched with vitamins and minerals through
the introduction of functional ingredients. One of the re-
quirements that apply to the latter is their reality.

It is known that the basis of functional food technology
is their have high content of nutritional components, abil-
ity to influence certain parts of the potential consumer.
Dairy products, however, are natural members of the
group. Therapeutic and prophylactic properties of dairy
products due to the favorable effect on the human body
substances and microorganisms (lactic acid, alcohol, car-
bon dioxide, antibiotics, vitamins), formed as a result of
biochemical processes that occur during fermentation of
milk. Assimilation of dairy products has higher digestibil-
ity than milk because they act on the secretory activity of
the stomach and intestines, causing digestive tract cancer
intense isolated enzymes that accelerate the digestion of
food. As you know, recently very popular in modern con-
ditions become therapeutic and prophylactic products that
have medicinal properties. It should be noted that today is
rapidly increasing role of fillers in the production of dairy
products. This issue is the subject of numerous research
scientists [1, 2, 11,12].

So, L. Yamschytska, I. Tryahub, R. Pavlyuk, L. Pavlot-
sky offer shortbread recipes enriched wiyh pollen. R. Ho-
lub, R. Pavlyuk, S. Stoyev developed functional recipe of
ice cream "Vitamin strawberry" and "Vitaminka" were
they use kriopast of cranberry and strawberry. K. Kos-
trova, V. Pogarska, A. Berestova recommend new types
of functional beverages based on whey and pumpkin pu-
ree. M. Osadcha, V. Pocharska, A. Berestova offer new
types of nanostructured with pumpkin puree and citrus
and functional ice cream with their use. S. Radchenko,
R. Pavlyuk developed and offered the recipes of pro-
cessed cheese enriched with kriopastam of celery and
garlic. New processed cheese "Delicate" and "Hercules"
with the addition of nanostructured dietary supplements
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with parsley and dill, characterized by a high content of
dietary supplements and extended shelf offering by O. Ut-
va, V. Paharska, N. Korobets, 1. Yurchenko, and O. Uri-
yeva developed new kinds of functional health of pro-
cessed cheese "Laktofit", "Laktokarotynka" and "Lak-
tooranzhyn™ enriched with natural dietary supplements of
plant material. Mohyla N. and Lysogor T. examined the
positive effects of herbal supplements like antioxidants
storage spreads. Smagin A. and Bala-shenko M. found
that the powder of dried plant material (leaves of nettle,
hawthorn berries) are active stabilizers storage ghee. Stat-
utory organoleptic properties of oil when applying pow-
der with carrots explored by T. Rashevsky, O. Vasheka
[4,5,7,8 9]

As for our research, a promising and interesting direc-
tion is the use of herbal supplements in various forms: in
the form of hoods, and kriopowders, phytosyrup of new
generation of well-defined functions. Use phytosyrup in
technology such popular products as milk drinks, includ-
ing use as a milk-based sweet nonfat yogurt, not only ex-
pand the range of health care dairy products, but to ensure
population immunity.

In view of the above, in our opinion, is the use of ap-
propriate technology in dairy drinks herbal syrups
"Echinacea” and "Immune".

Syrup "Echinacea" (TU 15.8-30590731-019: 2011) —
produced as a result of extraction of medicinal plants -
Echinacea purpurea (Echinacea purpurea), a dietary sup-
plement to diet, creates optimal conditions for improving
immunity and overall strengthening of the body. Syrup is
recommended for prevention of acute and chronic infec-
tious and inflammatory diseases, respiratory viral diseas-
es, reducing negative impact on the body of radioactive
radiation, during prolonged treatment with antibiotics.

Syrup "Immune" (TU 15.8-30590731-019.2011) — a
complex of plants classified as medicines is used in the
formal, traditional medicine Ukraine and other countries.
The structure consists of rose syrup, elder, rowan, echina-
cea. The syrup contains a set of biologically active com-
pounds that contribute dezintoxic, antiseptic and im-
munostimulatory effects. It is used to improve the body's
resistance to adverse environmental factors, prevention of
vitamin deficiencies, as a fortifying agent in acute and
chronic infections, malnutrition, physical activity, flu, to
prevent respiratory and viral diseases.

In this context, the aim of this study was to investigate
the possibility of using herba immunel syrups "Immune"
and "Echinacea" as prescription constituents in sweet
technology skimmed yogurt.
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Materials and methods. Experimental studies were con-
ducted in the laboratory department of technology of milk
and milk products Lviv National University of Veterinary
Medicine and Biotechnologies named after S. Gzhytskyj
and PAS "Galicia".

Production of sweet fat-free yogurt is used with a
sweet additions syrups special purpose "Immune” and
"Echinacea" carried reservoir method, with a sour normal-
ized mixture with constant stirring syrups added "Im-
mune" and "Echinacea".

There were held two series of studies. In the first series
we examined the applicability of the proposed phytosyrup
the production of yogurt, the second developed his indus-
trial recipes.

As a result of experimental studies found the best recipe
yogurt with proposed phytosyrup immune direction (re-
spectively 10% syrup "Immune” and 9% for syrup
"Echinacea™). Developed recipes are listed and submitted
for industrial production (at a rate of 1,000 kg of finished
product excluding production losses).

In parallel, we studied organoleptic, technological, bio-
logical and commaodity properties, safety skimmed yogurt
with sweet syrups "Echinacea” and "Immune".

Results and discussion. As a result of our experiments
we found optimal yogurt recipes with the proposed phyto-
syrup immune orientation. Table 1 shows the recom-
mended recipe for yogurt (fat mass fraction of 1%) of
phytosyrup “Immune "and “ Echinacea.”

Table 1. Recommended recipes for yogurt (m.p. of f. 1%) of the phytosyrups “Immune "and “Echinacea"

Kinds of low-fat yogurt
The components of the recipe low-fat yogurt (1 % m.p.of f.) low-fat yogurt with syrup low-fat yogurt with syrup
without phytosyrup "lmmune" "Echinacea"
Whole milk (3.4 %) 285,13 286,57 285,46
Skimed milk (0.05%) 601,77 500,33 511,40
Low-fat milk powder (100% solubility) 30,0 30,0 30,0
Hamulsion SM 4,0 4,0 4,0
Hamulsion RKN 9,0 9,0 9,0
Pasterilized water 70,0 70,0 70,0
Sourdough of direct introduction 0,1 0,1 0,1
Phytosyrup "Immune" - 100 —
Phytosyrup "Echinacea" - - 90
Total 1000 1000 1000

Analysis of digital material shows that the type phytosyrup
significantly affect its compounding amount of (respective-
ly 10% syrup "Immune" and 9% for syrup "Echinacea"). A
smaller number of prescription phytosyrup "Echinacea"
due to the influence of the latter, more specific the smell
and taste caused by it available components.

We also studied the organoleptic, technological, bio-
logical and commaodity properties, safety skimmed yogurt
with sweet syrups "Echinacea" and "Immune".

Table 2 shows organoleptic sweet yogurt (m.p. of
f. 1%) using a sweet fillings of phytosyrup “Immune” and
“ Echinacea “and the basic manufactured at the plant.

Table 2. Organoleptic yogurt with added phytosyrups "Immune" and "Echinacea"

0
Indicator Regulatory Requirements Protofypes y°‘~?,” rt (m.p of f. 1%) = m
syrup "Immune syrup "Echinacea

Appearance  [Homogeneous, with impaired clot for drinking, with |Homogeneous, without im- |Homogeneous, slightly watery,
and texture the presence of small pieces of fruits and berries purities, slightly watery without impurities
Taste and Milk, without the tastes and smells of the appropriate The scent of wild rose: sweet Clean, fresh smell, taste slightly
smell taste and aroma made excipients or flavorings as taste with a touch of fi’ller sweet, sour milk, with a taste of

sweet echinacea
Colour Milky-white colou_r ca_lu_sed by |r_1troduced filler (in the |Homogeneous, un|f0rn_1 Cream homogeneous, uniform

manufacture of fruit fillings, uniform throughout the |throughout the mass with a

. throughout the mass
mass) light cream colour

The organoleptic characteristics of the data show that the
prototypes had a yoghurt regulations organoleptic charac-
teristics: homogeneous, slightly watery, creamy con-
sistency, without lumps and grains, possession of yogurt
with fresh scent with a slight taste of addition (flavor hips
and echinacea). Prototypes of sweet yogurt are character-
ized by white, cream or slightly creamy, homogeneous
throughout the mass.

It should also be noted that the suggested types of yo-
gurt characterized by a high content of vitamins. Analysis
of amino acid composition showed the changes in the
ratio of individual groups and individual amino acids in
the application of the proposed syrups. This indicates an
increase in biological activity of prototypes.

Conducted tastings have shown high taste and mer-

40

chandising characteristics prototypes.

Thus, the results of complex studies, recommended
herbal syrups special purpose “Immune" and "Echinacea"
as sweet fillings in the technology lowered fat yogurt to
expand domestic production range of health care areas.
Patents were granted.

It should be noted that the use of syrups immune desti-
nation "Immune" and "Echinacea" yogurt in technology
does not require the use of additional process equipment.

Conclusions. Thus, the technology of manufacturing
yogurt using phytosyrup "Immune" and "Echinacea”. As a
result of experiments established the best yogurt recipes
with the proposed phytosyrup immune direction (respec-
tively 10%for syrup “Immune™ and 9% for syrup "Echina-
cea").
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Abstract. The paper presents analysis of mathematical model and methodology of determining the optimal investment allocation
between the objects of information security. The model allows to evaluate the potential losses decrease as a result of decision about
investment allocation between information security objects. To predict the effectiveness of countermeasures and evaluate its work the
model takes into account the vulnerability of objects to a security breach and potential loss due to such breach. Vulnerability function
depends on the size of investment of both sides, can describe various systems, and includes the parameters that enable to identify the
areas of greatest economic expediency of investment in complex information security systems. To coordinate the process of decision-
making developed methodology of dynamic investment management. The main point of methodology is investment allocation con-
ducted after identifying attacker’s ways of threat realization. A dynamic confrontation is demonstrated on the system consisting of
two objects. Analytical modeling of the process of defence and attack on the information security objects demonstrates that the
methodology by taking into account attacker actions and vulnerability function raises investment usage efficiency and enables to

assess the outcome of decisions.

Keywords: IT security, mathematical model, vulnerability, security breach, optimal security investment

Introduction. Nowadays, when cyberwar became real, the
issue of information security attracts more and more atten-
tion. Still decisions about the respective defence measures
are mostly taken based on heuristics and experience and
often subjective. Also because of lack of resources infor-
mation security became a matter of economic incentives for
risk management. Optimal deployment of investment in
information security system allows to improve the level of
information security and can help to reason whether some
security measures are worth its cost [1,2]. In order to
achieve this kind of functionality, methodology of dynamic
investment management based on game-theoretic model is
proposed [6].

The purpose of research was to analyse the impact of
potential decisions made by attackers and defenders and
respective effect on variation of system indices and char-
acteristics. Analysis enables to estimate potential losses
due to security breaches.

Materials and methods. Developed approach is fo-
cused on decision-making about information security sys-
tem improvement by optimal investment allocation. Deci-
sion-making is the process of choosing most preferable
option from the set of acceptable options. The problem is
solving on the basis of knowledge about security system,
all the processes taking place in the system and could
happen in near future, also on the basis of calculated deci-
sion efficiency and quality indices. Therefore adequate
model of the process of decision-making results imple-
mentation is needed. To run the analytic modeling of the
process of defence and attack on the information security
objects game-theoretic model of dynamic investment
management is used. The model not only takes into con-
sideration attacker actions but also makes it possible to
assess the consequences of decisions, to prognose the
value of potential losses and to choose that option that
guarantees expected losses due to security breaches to be
minimal in most adverse conditions.

Selection and justification of mathematical models
play a key role in the study of information confrontation.
Conventional image that creates a model must satisfy two
conflicting requirements: in the greatest extent reflects the
properties of the objects, their relationships and situations
that arise in various forms of opposition, and at the same
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time avoids unnecessary complications, which can lead to
significant computational challenges. While it is im-
portant to adhere to the system approach which in the
problems of information security is manifested in the fact
that the system "attack-defence" is seen in the interaction
of its components according to their parameters and char-
acteristics. Definition of these variables in the dynamic
mode is complicated by a number of reasons. Primarily, it
is the uncertainty of the conditions confronting, i.e. the
impossibility of accurately predicting the intentions, ca-
pabilities and activities of the opponent, which is largely
due to the lack of statistical data. Difficulties arise even in
determining the parameters and characteristics of its own
information system, for example, such an important indi-
cator as vulnerability objects.

In order to estimate the optimal option of investment
allocation between information security objects the func-
tion that measures the potential losses due to realization
of threats is used [3]:

i(x, y)zzik(x’ Y):zgk fo (X ) (@)
k=1 k=1

where k =11: object number; x, i Y, : attacker in-

vestment to breach the system and information security
investment to protect from that breach, respectively,

ZI:Xk =X,
k=1

value; Ing =1; f (X, Yy,): object vulnerability func-
k=1
tion of attacker-defender investment ratio.

Proposed model allows to evaluate the potential losses
decrease as a result of decision about investment allocation
between information security objects. As the result of alter-
nating decision-making consequences modeling in dynamic
mode optimal set of decision by both subjects, that in
Game Theory present Nash equilibrium, is obtained.

Vulnerability function of objects, depending on the
size of investment of both sides and can describe various
systems, is used in modeling. Vulnerability functions in-
clude the parameters that enable to identify the areas of
greatest economic expediency of costs in complex sys-
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tems of information protection that allows to increase the
efficiency of investments [4, 7].

Most crucial part of the modeling is vulnerability function
estimating. It is denoted that with increasing security in-
vestments it is possible to decrease the vulnerability level
and with increasing attacker investments it is possible to
increase the vulnerability level. Therefore variables x,,

Y, in function f,(x,,y,) expressed as %/ relation.

Also by security investing larger and larger amounts it is
possible to make the attack probability arbitrarily small:

X f X, -0 i : X
A—>0 (%) and vice versa A—)oo

f(x,y) >1. Under existing conditions next function

(yjn
y

(%) +

c differ for various security

f(xy)= )

where parameters n,
measures (Fig.1).
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Figure 1. Vulnerability functions: a) dependence on x (y — const); 6) dependence on y, (x — const) with various n and c:
traces 1,2-n=1,34-n=3, 56— n=10,traces1,35-c=24, 246-c=8

Linear-fractional (n=1) functions (2) represents infor-
mation vulnerability of material information carrier. For
such a class of functions insignificant increasing of secu-
rity investments cause gradual small decreasing of the
vulnerability level. Nonlinear-fractional (n>1) functions
represent properties of information in computer systems.
In this case for successful breach attacker needs substan-
tial investments. With increasing of nonlinearity regard-

ing factor n function f(x,y) becomes step curve. This

relation occurs in encryption: for successful breach at-
tacker applies substantial investments, as a result potential
losses due to realization of threats rise unevenly.

As example of determining parameters n and c re-
sults of reliability network system modeling were used
[5]. On fig. 2 trace 1 represents reliability, trace 2 — vul-
nerability (assuming both characteristics are opposite).

003 004

T
0,02

005

T
0,09

Figure 2. System reliability s(y) (trace 1) and system vulnerability f(y) (trace 2), Y —expressed in per centto g
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Curve shape indicates that vulnerability can be approxi-
mated by function (2) with n=1. Parameter ¢ was found

by calculating C; for every reference point and averaging

these values minimizing total deviation. By computing
value ¢ = 1500 vulnerability function can be built:

f(y)= _ 1

1+1500y
Although wvulnerability function in this example was

generated, for every particular element of the information
security system function must be built using reliable em-
pirical data which are limited. To gather data on infor-
mation security incidents and analyse them regular moni-
toring of events and incidents must be provided. Also the
majority of organizations might not disclose the infor-
mation security incidents even if the data exists.

The vulnerability of computers, servers, networks,
network equipment and software are detected, identified
and classified during analysis. Analysis of vulnerabilities
enables to predict the effectiveness of countermeasures
and evaluate their work. It is created a database that con-
tains all the necessary information for the verification of
the system for the presence of gaps in the security system,
anomalies in the network, and potential ways of penetra-
tion into the system through the software flaws.

System analysis of vulnerabilities is effective if the
conditions are met:

— information about new vulnerabilities is constantly up-
dating;

— while identifying of vulnerabilities the number of false
positive results is less than the acceptable value;

— ability to check multiple systems simultaneously;

—results of inspections are presented in consistent, clear
and understandable reports;

—recommendations for countermeasures to eliminate vul-
nerabilities are given.

The analysis of vulnerabilities consists of the following
steps:

— identification and classification of site networks or sys-
tems;

— evaluation of the importance of each object;

— determination of potential threats, sources of their
origin (at this stage the system is exposed to deliberate
attacks to identify vulnerabilities);

— developing of the plan to fight off the most dangerous
threats in the first place;

— implementation of measures to minimize damage
caused by threats.

In order to conduct effective analysis of vulnerabilities
security monitoring is held. Attention focuses on the most
critical objects and it is enhanced of countermeasures to
prevent the occurrence of threats. Investigation of the
information security incidents is also conducted.

As much as credible vulnerability function will be
built, as easier it will be to coordinate countermeasures
against threats to lower the vulnerability. It is also critical
in the aspect of rapid evolvement of threats to information
system. Recently, many attackers to guarantee successful
breach conduct espionage. Usually with growing aware-
ness of system details intruder might redirect his attacks
which might be followed by relocation of investments.
Such actions must be answered by relocation of infor-
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mation security investments, respectively. To coordinate
the process of decision-making under these conditions
developed methodology of dynamic investment manage-
ment. The main point of methodology is investment allo-
cation is conducted after identifying attacker’s ways of
threat realization.

A dynamic confrontation is demonstrated on the sys-
tem consisting of two objects (Fig. 3) characterized by
different vulnerability functions and which vary in infor-
mation value.

Figure 3. Security system scheme

Using game-theoretic regulations ensures that optimal
decision about investment allocation will guarantee min-
imal potential losses under any most unfavourable actions
of the attacker. Combining this with taking into account
vulnerability function methodology reveals how invest-
ments in information security countermeasures influence
the potential losses due to realization of threats. By using
this methodology outcome of the optimal decision in un-
settled conditions can be estimated.

Within the framework of methodology process of mak-
ing moves in turn by attacker and defender is modeling
(Fig. 4). It is assumed each of them knows investment
allocation of his adversary after previous move and rely-
ing on this knowledge redirects his investments. Every
decision is made by using objective function (1) and min-
imax criterion for defender or maximin criterion for at-
tacker. Defender stops the process if next move is disad-
vantageous.
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Figure 4. Dynamic confrontation of defender and attacker:
0,=0,3; 9,=0,7;
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fl(X, y)_%+8, fo(xy) =

(%/) +16

Search for optimal information security investment allo-
cation {yﬁJ } which guarantee minimal potential losses due
to realization of threats with initialized attacker and de-

| |

fender investments » x, =X and Yy, =Y, respec-
k=1 k=1

tively, is conducted in next sequence:

1. Information security investment allocation {y, } is ini-

tialized proportional to information value {g, |} .

. Vulnerability functions (2) with appropriate parameters
n and c are generated.
. Values of objective function (1) for each option of at-

tacker’s investment allocation {Xk} are calculated.

. Using Bellman’s method optimal attacker investment
allocation {xk} for initialized investment allocation
{y, } by maximizing potential losses i(x) is found.

. Considering attacker investment allocation {xk} found
on previous step defender investment allocation {yk}

by minimizing potential losses i(y) is adjusted.
. Described procedure (steps 4-5) is repeating until

maxi(X) reaches its minimal value (Fig. 4). Con-
sistent with criterion defender investment allocation

{y?} is considered optimal.

Results and their discussion. Results of analyzing
Fig. 4 follow. With total sum of investments ratio

>% =2,5 on first steps close to oscillating process, that

describes redirecting of entire each side’s investments
from one object to another, takes place. It is often ex-
plained by limitation of attacker investments. In order to
succeed in system breach for attacker more appropriate
decision is to concentrate entire investments on the one
object than to allocate them to several objects.

Defender keeps track of possible actions of the attacker
and directs information security investments at the at-
tacked object. Notched line i(n) on Fig. 4 shows that each
step of the attacker raise the potential losses (point B) and
each defender’s step lower them (point A). Also on the
second step (N =2) all the defender’s investments con-
centrated on the second more valuable object. On the next
step (N = 3) rational attacker, assuming he improved his
knowledge from outcome of the previous decision, to the
second more protected object allocates less investments
due to the lack of them. As countermeasure on the fourth
step (N = 4) defender increases amount of investments in
the first object security. Such defender’s investment allo-

cation (y? =0,01; y, =0,04) is optimal since together

with attacker’s decision (Xl0 =0,015; xg =0,11) on the
next step satisfies the requirements of the saddle point.
Potential losses due to realization of threats equal
i = 0,166. Any deviation from optimal decision is unprof-
itable since it guarantees the best result for each side un-
der any actions of the adversary.
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For efficient appliance of the proposed model should be
used a reliable system of monitoring mechanism of in-
formation security incidents and alert mechanism of at-
tack. Application of a reliable system of monitoring in-
formation security incidents and attacks notification
mechanism reduces uncertainty and improves the accura-
cy of calculations, since it furthers the proper selection
constraints and decision criteria, correct formation of the
acceptable alternatives set, and proper evaluation of sys-
tem parameters and characteristics, which increases the
efficiency of the decision.

Monitoring of incidents, which include gathering, pro-
cessing, transmission and analysis of data about the sys-
tem, becomes the key element in justifying decisions. The
primary task of monitoring is timely identification of the
incident, its analysis and quick response.

The introduction of new ways of identification of
events as deviations from the norm will help confirm the
presence of incidents and timely and promptly respond to
them and in some cases prevent attacks from intruders.

Incident response process can be organized as follows:
1) defining of information security incident, creating a list

of events that classified as incidents;

2) notification of responsible person about the incident;

3) eliminating of the consequences and causes of the inci-
dent;

4) procedure for investigating the incident (determining of
the causes of incident, the procedure for collecting and
preserving evidences);

5) implementation of rehabilitative and preventive actions
based on the results of the modelling of the process of
defence and attack by using function (1).

Conclusions. Analytical modeling of the process of
defence and attack on the information security objects
demonstrates that this methodology of dynamic invest-
ment management by taking into consideration attacker
actions raises investment usage efficiency and enables to
assess the outcome of decisions, to prognose the value of
potential losses and to choose that option that guarantees
expected losses due to security breaches to be minimal
under most unfavourable actions of the attacker.

Developed methodology provides reasonable results to
support decision about optimal information security in-
vestment allocation between elements of information sys-
tem, which differ in vulnerability, information value, and
quantity of elements. By using vulnerability function meth-
odology reveals how investments in information security
countermeasures influence the potential losses and, at the
same time, makes it possible to allocate investments to
those elements of the system that minimize potential losses
with highest efficiency of attack neutralization.

In order to fulfill effectively all these tasks, reliable
monitoring system of information security events and
incidents as much as mechanism for attacks alerting must
be provided. Monitoring of information security incidents
includes collecting, processing, signaling and analyzing
data about system and becomes key point in decision-
making process. On monitoring results depends how reli-
able input data such as vulnerability function, possible
total amount of attacker’s investments, and preferable
ways of threat realization. At the same time, accuracy of
the input data guarantees countermeasures to be opera-
tive, appropriate and quick.
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Abstract. The article presents the results of researches changing the structure of copper wires internal electric networks under the
action of electric and thermal loads. Described metallographic signs of short circuits in terms of the complex action of current and
high temperature. On the basis of researches the features of the structure of electrical wires at different temperatures.
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Introduction. According to the statistics of fires in
Ukraine in recent years, almost 80% of all fires are oc-
curred in residential sector. Among the main reasons of
their occurrence, almost 20% of fires, depending on the
year, are breach of fire safety rules while constructing and
operating electrical installations [1].

However, in some cases conclusions about the in-
volvement of elements of internal electrical networks to
fires are not justified enough. This is due to different
ways of laying wires and their ability to ignite the com-
bustible elements of structure. Fire occurs when the flame
appears after heating, which will be supported by the
presence of a sufficient amount of oxidizer and combus-
tible environment [2-3].

During the operation of electric networks, overheating
of wires insulation is dangerous, which significantly ac-
celerates the process of aging. [4].

Problem. The possible involvement of a short circuit
(SC) to fire usually occurs when electrical wires with
traces of melting are in burned areas. However, melting
wires along with current of SC can also be caused by ex-
ternal heat influence. The form of melting and its location
along the length of the wire are usually chosen like the
criterion of difference between these types of melting by
visual inspection.

Purpose is to develop and to propose methods to iden-
tify the implication of electrical installations to fires by
identifying patterns of microstructure change of copper
wires of internal electrical grids of residential and public
buildings that were in the fire conditions.

Materials and methods. For achievement of the pur-
pose of work, the researches of wires structures were

made in cases when their temperature was 19, 250, 300,
400, 600, 800, 950°C till the SC occurs. Researches of the
wires structure were also made after the SC occurred in
model fire.

Copper wires with rubber and PVC insulation are used
as part of internal electric networks in cross-sectional area
of 1,5 and 2,5 mm?. Wires were at voltage of 220 V at
different temperatures of environment. Heating was per-
formed by using a muffle furnace and in open flame of
model fire.

Performing experiments were conducted in the furnace
for regimes that are listed in the Table 1.

Table 1. Terms of experiments in a muffle furnace

The residence time | The residence time
T_he temperatuire of the wire inthe | of the wire in the
Ne | inthe furnace
T, oC furnace before SC, | furnace after SC
T min T, Min
1. 19 15 -
2. 250 15 -
3. 250 15 20 and 60
4, 300 15 -
5. 300 15 20
6. 400 15 —
7. 400 15 20 and 60
8. 600 15 —
9. 600 15 20 and 60
10. 800 15 —
11. 800 15 20 and 60
12. 950 15 -
13. 950 15 20

The Class A model fire was created to study the pat-
terns of wires after SC in open flame [5]. Insulated wires

® total number  ® through electric products ) o

g 58 § 8 I 3 &
o 80000 T B TN Teo TU Ta 2 o o
o « 2 18 |8 |g |3 |g |8 |8 |»w |© |8 3
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Fig. 1. Statistics of fires from 2000 to 2014
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energized 220 V laid crosswise, SC arose at the time of
combustion of isolation and contact wires. The tempera-
ture of the flame ranged 580-800°C in the combustion
zone.

After the experiment, the areas wires with melting size

a)

of 50-100 mm were withdrawn, which were produced thin
sections for research on optical microscope.

Results and discussion. An analysis of wires after the
study (Table. 1) showed that SC at 19°C does not cause
metal spraying (fig. 2).

b b)

Fig. 2. Samples in which SC occurred at temperature 19°C: a) without conglutination; b) with conglutination

At the same time, the SC leads to metal spraying of wires at temperatures of 250 and 300°C (fig. 3).

e ve———— P

b)

Fig. 3. Samples in which SC occurred at temperature: a) 250°C, 15 minutes to SC and removal from the furnace;
b) 300°C, 15 minutes to SC and endurance of 20 minutes in the furnace

Studies of wires in which SC was set at 400 °C showed the absence of metal spraying after SC (fig. 4).

—

a)

~

—

b)

Fig. 4. Samples in which SC occurred at temperature 400°C: a) endurance of 20 minutes in the furnace;
b) endurance of 60 minutes in the furnace;.

Fig. 5. Sample in which SC occurred at temperature 950°C
15 minutes to occurrence SC and removal from the furnace

After heating of wires to a temperature of 600, 800 and
950°C, SC is not accompanied by spraying, but it leads to
substantial melting of the surface layers, as the presence of
pits and areas indicates in which geometric parameters sig-
nificantly different from the original form of wires (fig. 5).
This change of parameters of SC zone is connected with
the dynamics of oxidation of the surface layers and with
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change of the mechanical properties of the wires material at
increased temperature. Heating above 400°C leads to sof-
tening of metal (modulus of elasticity (E) and ultimate ten-
sile strength (o,) are reduced) so spraying does not occur.

Thus studies have shown that the nature of SC zones
can judge the temperature at which the destruction oc-
curred. Short circuit at 19°C does not cause metal spray-
ing of wires. Significant metal spraying was found during
heating up to 250 and 300°C. When the temperature rises
above 600°C, the fluidity of the metal is in terms of SC,
as growth of change of the geometrical parameters of
wires indicates.

Analysis of the samples in which the SC took place
under conditions close to real (using the model fire)
showed that burnout of wire is possible not only in the
area of contact of wires but also beyond its bounds. This
is due to the higher resistance in the SC zone due to the
action of flame, as the formation of a layer of dark color
indicates on the surface fracture (fig. 6).
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a)

The study of micro sections confirms the results of macro
analysis. The difference in geometrical characteristics of
wiring increases with increasing temperature of SC.

Analysis of the microstructure of the material of wires
that were studied in the SC zone at 19°C showed the for-
mation of pores with a diameter of 50-200 microns.
Moreover, the pores are formed at the surface of destruc-
tion of wire in the area of maximum overheating.

In wires that are heated to a temperature of 250°C areas
of different colors are, including blue indicating the oxida-
tion that occurs not only on the surface but also in the inner

IEI

a)

Fié;.G. Sarﬁbléé in which SC occurred as the result of damage of the insulation by flame

b)

layers of the material. During the SC pores are formed,
mainly in the oxidation zone or on its border. It should be
noted that cast structure appears after the SC at 250°C and
endurance of 20 minutes in the furnace, characteristic of
which is crystallites that grow in the direction inverse heat
dissipation. And after endurance of 60 minutes in the fur-
nace the crystallite size is bigger than the crystallites
formed during endurance of 20 min (fig. 7). During the
destruction of SC zone it is observed the exit of pores on
the outer surface of the wire that shows up well after en-
durance of 60 minutes at a temperature of 250°C.

Fig. 7. Microstructure of wire in which SC was at temperature 250 °C:
a) endurance of 20 minutes in the furnace;; b) endurance of 60 minutes in the furnace;.

Researches of samples after heating to a temperature of
300°C confirmed the getting result. Number of pore by
size of 10-200 microns dramatically increases during SC.
And they come to the surface destruction. Short circuit at
temperature 300°C is accompanied by destruction of ma-
terial which mainly occurs in crystal boundaries of poly-
crystalline copper (fig. 8). So metal spraying are connect-
ed during SC with the fact that the destruction passes by
crystal boundary.

Researches after heating to a temperature of 400°C show-

, 50
A i : | —
Fig. 8. Microstructure of wire in which SC was at tem-
perature 300 °C
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ed that a cast structure also is formed in the SC zone. Dur-
ing the destruction of wires, crystal damage and cracks are
not observed as well as metal spraying does not occur. Size
of dendrites is higher after endurance of 60 minutes in the
furnace than after endurance of 20 minutes. Lack of spray-
ing at 400°C is connected with the fact that the destruction
does not pass by crystal boundaries during the SC but in the
area of formation of the biggest thermal tension, and the
cracks are between voids that are formed during melting of
material (fig. 9).

Fig. 9. Microstructure of wire in which SC was at 400 °C
and endurance of 60 minutes in the furnace
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In the samples, pores and cracks are formed after SCs
heated to a temperature of 600°C in the areas of the big-
gest thermal tensions. And the cracks are mainly on the
maximum size of pores (fig. 10).

Heating to a temperature of 800°C is accompanied by
significant oxidation of the metal as the presence of a
component containing Cu,O indicates. The formation of
cracks occurs in large pores in the area of thermal ten-

Fig. 10. Microstructure of wire in which SC was at temperature
600°C and endurance of 60 minutes in the furnace

Zones of melted metal are formed after the SC during heat-
ing to a temperature of 950°C that is significantly different
from the base metal zone (fig. 12). The selection of eutectic
Cu-Cu,Q is in the area of cast metal, which is placed along
the length of the surface. The presence of pores is found
only in certain places, and cracks are observed only in the
field of metal flow in the area of SC. The nature of the
damage indicates that the SC zone formed eutectic enriched

Fig. 12. Microstructure of wire in which SC was at temperature
950°C

Analysis of the microstructure of the samples after SC in
model fire showed that significant differences of the mi-
crostructure due to wires that are heated in the furnace
were not found.

Considering that the flame has a temperature, which
varies from 300-1200°C [6] for accurate analysis of the
influence of temperature on the microstructure after SC it
is enough to conduct researches using a muffle furnace.

Conclusions. Based on the researches it is found:

In terms of SC of copper wires, formation of cast struc-
ture is observed over the entire range of investigated tem-
peratures.
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sions on the boundaries of separation of melted and not
melted metal. It should be noted that metal spraying does
not occur during the SC, but it is flowing. The zone of
cracks formation is oxidized as its color indicates which is
significantly different from the color of the base metal
(fig. 11). Additional endurance of 20 min in the furnace
after SC leads to significant oxidation of zones of melted
and not melted metal.

Fig. 11. Microstructure of wire in which SC was at 800°C and
endurance of 20 minutes in the furnace

areas and areas chemical composition of which is different
from the eutectic. Pores are formed in zones that signifi-
cantly differ from the eutectic composition and shrinkage
cracks are formed in eutectic zones. Increasing of endur-
ance time at 950°C to 20 minutes is accompanied by in-
creased thickness on the surface of oxidized material
(fig. 13).

Fig. 13. Microstructure of wire in which SC was at temperature
950°C and endurance of 20 minutes in the furnace

Fracture of the metal at the SC depends on the tempera-
ture of the wire. Spraying is observed at the temperature
of 250 and 300°C, which is connected with the formation
of crystal damage and cracks under the tension arising
from the evaporation of material in local micro volumes.

Spraying of metal does not occur during SC at temper-
atures of 19°C and above 400°C. The absence of metal
spraying at temperatures above 400°C is connected with
its mitigating and its corresponding change elastic modu-
lus (E) and ultimate tensile strength (o,). With increasing
temperature of SC the difference of geometric parameters
of wires becomes bigger.
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Abstract. One of the most important problems currently connected with providing of persons automated control access to the re-
sources of information systems by voice is permanent access control of air traffic controllers (ATC) to information resources of avia-
tion ergonomics systems that is executed during operations. It is related because the safety of aircraft dependents of the reasonable-
ness and correctness of ATC actions. The possible inadvertencies during their work can be connected with a constant feeling of neu-
ro-emotional stress that is caused by increased responsibility for the decisions taking, lack of time and a large amount of controlled
processes. This leads to increasing urgency of permanent monitoring of the emotional condition (EC) controllers. Special criterions
of EC monitoring systems usage during controlling their access to information resources of ergonomics systems is small distances
from the sound source to EC monitoring systems, small amount of controlled entities and necessity of control ensuring in the real
time. Mentioned features of usage are determine requirements for the presentation of systems performance. Other important require-
ment is necessity of monitoring by ATC continuous speech. The aim of the current research was to develop a concept of construction
of EC monitoring system for ATC, which is provide the execution of presented to system requirements and having high qualitative
indexes. In accordance with developed concept the EC monitoring of ATC by means of continuous speech is reduced to keyword
monitoring which are extracted from smooth continuous ATC speech and based on a comparative analysis of the control and refer-
ence informative parameters characterizing the isolated (primarily vowels) phonemes. The article briefly describes a method for in-
creasing the performance of the search subsystem and key words extracting in continuous ATC speech.
Keywords: Air traffic controller, emotional condition, speech recognition, pitches frequency, formants, phoneme

Introduction distance between the sound source and the microphone.
One of the most important problems currently connected In the current paper are presented the basic principles
with providing of persons automated control access to the  and algorithm for the realization of the automatic remote
resources of information systems by voice is permanent EC monitoring, and disclosed the work of basic subsys-
access control of air traffic controllers (ATC) to infor- tems EC monitoring system which is developed by means
mation resources of aviation ergonomics systems that is  of ATC work specifics:

executed during operations. 1. An ATC during the audio exchange with the aircraft
Currently, on the ATC work a visual inspection is crew members uses the professional phraseology set.

made by the Senior ATC. It is clearly insufficient. 2. An ATC and the aircraft crew members leads the alter-
For the reducing of the influence of human factors on nately information exchange.

the aviation safety the authors propose performing of 3. The ATC speech has to be measured with clear and

permanent remote automatic EC monitoring of an ATC concise words pronouncing.

during its operation [4,5,7]. The specific feature that is peculiar to ATC is stress

The EC monitoring is performed in the real time and  tolerance as a result of special psychological training.
allows preventing access to information resources for  Moreover, ATC has to be completely healthy.

ATC which are in inappropriate EC. Problems to be solved by developed EC monitoring
As a biometric criteria of ATC for the monitoring real-  system:
ization proposed to utilize its voice. 1. The administrator assisting (means the Senior ATC),
The aim of the current research was to develop a con- which is provide the visual management for ATC ac-
cept of construction of EC monitoring system for ATC, tivities, to prevent access to information resources of
which is provide the execution of presented to system persons, whose occupy an ATC workplace unauthor-
requirements and having high qualitative indexes. The ized and whose are in inappropriate EC, by the signal
present disclosure contains the concept development re- when detects a possible violation (which is especially
sults. important during standalone ATC work).

Special criterions of EC monitoring systems usage dur- 2. The EC changes tracking during ATC operation.
ing controlling their access to information resources of 3. Obtaining of the documentary violation evidence dur-

ergonomics systems are small distances from the sound ing the accidents causes investigation, emergency and
source to EC monitoring systems, small amount of con- flight accidents.

trolled entities and necessity of control ensuring in the

real time. The basic principles and algorithm of the remote

Mentioned features of usage are determine require-  monitoring of the EC of ATC
ments for the presentation of systems performance. Other 1. Control is performed by means of smooth continuous

important requirement is necessity of monitoring by ATC speech that is based on analysis of speech signal pa-
continuous speech. Another important factor is necessity rameters, fixing during the audio exchange between the
of monitoring of continuous ATC speech. Marked that the ATC and aircraft crew members.

provision of this requirement is facilitated by such specif- 2. The EC monitoring on the continuous speech is reduced
ic requirements for the ATC as the necessity to use a spe- to its implementation by means of speech fragments ex-
cial phraseology ensuring moderation of speech and fixed tracted from ATC continuous speech. Under the speech
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fragments means words and phrases that is often used by

ATC during the operation, including a part of profes-

sional phraseology. (for the ATC professional phraseol-

ogy is established by normative documents).

. The EC monitoring is based on methods of pattern
recognition theory [2] using the developed system of
speech signal parameters.

The developed algorithm for EC monitoring that is
based on abovementioned principles includes the follow-
ing steps:

— scanning and discretization of the speech signal;

— pre-processing, which consists in noise reduction;

—the continuous speech segmentation on speech frag-
ments (words or phrases);

—"key" speech fragments (words, phrases) searching in
continuous speech and their allocation;

— EC determination of ATC on the dedicated speech
fragments (during the monitoring process implement
the speech signals parameterization and classification).

Phoneme segmentation is offered, as well as noise re-

duction, performed using wavelets [1,3,6]. Segmentation

problem by means of wavelets solving thought inter-
phoneme transitions detecting in which the signal under-
goes significant changes at multiple scales studies and
consequently characterized by an increase in the wavelet
coefficients for many levels of detailing, while the sta-
tionary portions phonemes wavelet coefficients are
grouped near certain scale. Searching of interphoneme
borders is reduced to finding moments of wavelet coeffi-
cients increasing at a significant amount zoom levels. The
significant is the selection of wavelet basis, which should
allows describing fixed speech signal with the relatively
small amount of non-zero coefficients. Appropriate for
the problem solving as wavelet basis used Haar wavelets,

Daubechies 5 or 6.

Below is briefly reviewed work of the main subsys-
tems of the EC monitoring developed system (speech
fragments allocation from the smooth continuous speech
subsystem and EC monitoring subsystem by means of
allocated speech fragments), constructed based on men-
tioned principles and algorithm.

Construction of EC monitoring subsystem of ATC

by the speech fragments extracted from the smooth
continuous speech

The EC monitoring is based on the phonemes analysis of
speech fragments that is extracted from the smooth con-
tinuous ATC speech.

The main subsystem steps are: keyword segmentation
into phonemes, recognizing phonemes, parameterization
vowel phonemes, classification of speech signals and a
decision about EC of controller.

During the work performing the observations have
been conducting, the essence of which was to analyze the
different parameters, that characterize the speech frag-
ments of different duration. Speech fragments were spo-
ken by professional artists simulated their presence in
various emotional conditions. For the research was devel-
oped appropriate technique. The experiment involved 10
people (5 men and 5 women).

For the experiments results the basic informative param-
eters were chosen parameters that are characterized the
vowel phoneme included in the keyword (pitch frequency
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parameters based on it (irregularity et al.), Formant fre-
quencies) and the duration of utterance of the key word.

Research has confirmed the information available in
the literature that the frequencies of the pitch are rather
clear upward trend in the change of man EMC line "de-
pression, stiffness - the norm - the excitement.”

An analysis of literary sources and conducted research
have shown, that the pitch frequency has a clear upward
trend in the change of the human condition through the
"depression, stiffness - the norm - excitement», but
wherein the pitch frequency for the same phonemes in
different speech fragments may differ significantly.

It was the ground to provide EC monitoring of ATC by
permanent pitch frequency calculation for the specific
speech fragments (extracted from smooth continuous
speech) and checking the fact of pitch value belonging to
the appropriate ATC condition of “norm” (calm condi-
tion). Not belonging of pitch value is evidence that the
ATC is in inappropriate EC.

For the increasing of validity EC monitoring system
work permanently analyzes the changes the values of
formant frequencies (and their relationship) phonemes,
constituents of speech fragments, isolated from the
smooth continuous ATC speech. The most informative
formant frequency are F2, F3, F4, and the relationship of
these values of formant frequencies, obtaining at the mo-
ment of monitoring, to their values, calculating when
finding speaker in the normal condition.

Subsystem of searching and allocation of “key”speech
fragments from the smooth and continuous ATC
Speech

For the “keyword” from the smooth continuous speech
can be apply the speaker independent Artificial Neural
Networks (ANN), that is trained to recognize the key-
words. ANN usage allows significantly improve the accu-
racy of the EC monitoring system in comparison with
existent systems, work of which based on determination
of the distances between the control and reference (listed
in the database) vector of parameters.

However, it is obvious that a simple words enumera-
tion using ANN is counterproductive; it does not allow
the monitoring system to operate in the real time.

The authors have developed a method of fragments
searching in continuous speech, the usage of which can
significantly speed up the search process.

The increasing of system work achieving by quick
words discarding, deliberately not included in the data-
base (dictionary) keywords before processing by subsys-
tem of EC monitoring. In this case, the ANN usage is
only necessary to hypotheses checking derived from the
application of the developed method.

The speech fragments searching in the ATC smooth
continuous speech by which EC monitoring providing is
based on applying of the developed models of speech
fragments and their comparison with models that con-
tained in the models database.

The database content is filled according to the results
of preliminary research on the recognition of phonemes
(allophone) and phonemic analysis.

The basis of the subsystem selection speech fragments
(words and phrases) from the smooth and continuous
speech is its segmentation into phonemes and pause with
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the further searching speech fragments which contain
specified amount of vowel and consonant phonemes.

Let’s demonstrate the principle of a subsystem work on
the spectrogram word «[lepexrounTteck» example (this
word is a part of phraseology command «IlepekmtounTech
Ha BbICOTY», Which is often used by air traffic controllers),
depicted in the figure 1.

A

Fig. 1. the spectrogram of keyword «IlepekirounTech

The figure 1 shows how the specified phraseological key-
word can be represented as a sequence of phonemes and
pauses.

Significant milestone when applying the developed
method for increasing the speed of the system is the mod-
eling of words extracted from the ATC continuous
speech. These represent models are the sequence positions
intended for the recognized phonemes; wherein under
proper recognition understands the phonemes recognition
(primarily vowels) and phoneme assignment to a particu-
lar class (e.g., class, voiceless consonants).

The words models database is created during registration
dispatchers (ATC). When applying the developed method
are discarded words, models that do not correspond to the
words models, forms the basis of the words models. It is

important is the lack of recognition of the need for all

phonemes keyword - enough to recognize (or refer to a

specific class) several phonemes - their sequence will be a

hypothesis to confirm or cast by ANN.

In such a way the implementation of the developed
method for increasing the speed of the system is perform
the following sequence of actions:

1. Making the model control keyword, built by the first
words of the recognized phonemes.

2. Search in the database of the models of words that
match the word, entered for analysis. In case of model-
based words in the corresponding model hypothesized
that analyzed the word is in the dictionary.

3. Hypothesis checking using ANN.

4. In case of "positive" outcome of the hypothesis check-
ing proceed to the EC monitoring of ATC.

Note that the developed method does not require addi-
tional time, because phoneme segmentation and recogni-
tion of phonemes are elements of the sequence of actions
committed during the EC monitoring of ATC.

During the EC determining of ATC it is important thing
of absence of necessity for recognition of phonemes of the
speech fragment of password - for the EC determination
enough to recognize only the first few vowel phonemes.

The efficiency of the allocation of the required voice
fragments of a continuous speech depends on the quality
of its segmentation into phonemes.

Conclusion

1. Presented the basic principles the subsystems construc-
tion of the developed EC monitoring system for ATC
to information resources in the real time, the operation
of which is based on the analysis of the parameters
characterizing the speech fragments extracted from
continuous speech.

2. Developed a system of informative parameters for
monitoring the EC of ATC.

3. Developed a way to improve the performance of the
subsystem selection of "key" speech fragments of ATC
continuous speech.

4. The applying of the EC monitoring system can signifi-
cantly improve safety dramatically decreased in num-
bers the amount of accidents and emergencies due to
the reduction of the human factor.
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AHoTanisi: 3HEMKOHKEHHSI PIAKAX B1JIXOJIIB, 110 MICTATH HATPIO TIIIOXJIOPHT, 3alIPOIIOHOBAHO 3/[IMICHIOBATH Y KaBITAllITHAX ITOJISIX .
Jas ix 30ymKeHHS BUKOPHCTOBYIOTh YJIBTPa3ByKOBI BUIIPOMiHIOBadi abo ripoarHaMivHi KaBiTaTopy. KiHeTHYHI 3a1eXHOCTI 3MiHN
KOHIIEHTpaNil HaTPifo TiMOXJIOPUTY MiJ Yac HOro po3kiany y KaBiTaliifHUX MOJMSX ONMHCAHO PiBHAHHAMH moniHoMmy. Ha mincrasi ix
aHaJIi3y pO3paxOBaHO TPHBAIICTH IIPOLECY JIO MOBHOTO PO3KJIALy HATPIfO TIOXJIOPUTY. YCTaHOBJIEHO, IO 3AIHCHEHHS pO3KIamy
HATPIIO TIMOXJIOPHUTY B aiadaTHIHNX YMOBAX XapaKTEPHU3yETHCS BUILOIO, TIOPIBHSHO 3 130T€PMIYHIMH yMOBaMH, MBHAKICTIO MPOLe-
Cy Ta 3HaYHO HIKYMMH MIUTOMHUMH BUTpaTaMH eHeprii. B amiabaTiyHnX yMOBaX BHACIIJIOK 3pOCTaHHS TEMIEPATYpH Y CepeIOBHIII
CTBOPIOIOTHCS YMOBH ISl BUHUKHEHHSI pO3BMHEHOI KaBiTallii. 3aBJIKH [IbOMY €HEpTisl, III0 BHOCHTECS Y CEpPeIOBHIIE YAbTPa3ByKO-
BHM BHIIPOMiHIOBaueM, a00 TiApOIMHAMIYHAM KaBITaTOPOM ITOBHIIIIE BUTPAdaeThesl Ha PO3KIIAJ HATPIIO TiMOXJIOpHUTY. BeraHoBieHO,
0 ¢(heKTUBHICTh 3HEITKO/PKCHHS TITOXJIOPUTHUX PiJIKUX BIXOJIB 32 IOMOMOT'OFO TiIpOTMHAMIYHOTO KaBiTaropa € BUIIOK MPHOIIHU-
3HO B 1,7 pas, HiX y pa3i 3aCTOCYBaHHS YIbTPa3ByKOBOIO BHITPOMiHIOBa4a. Lle 3yMoBIeHe THM, IO BeCh TIOXJIOPUTHHI PO3UMH
MIPOXOIUTH Yepe3 KaBiTallifHUX MPHUCTPiil TiAPOIMHAMIYHOTO KaBiTaTOpa CTPYMEHEBOTO THITY, & B pa3i YJAbTPa3BYKOBOTO BHITPOMi-
HIOBada 0OpOOJICHHIO Mi/UIATalo JIMIIE YacTHHA PeakmiiHoOro cepesioBHINa, sKe mepedyBae il MarHirocTpukropoM. Ha ocHOBI pos-
paxoBaHUX 3HAUEHb TTOPSIIKY PeaKIlii po3KiIaay HaTPilo TIOXJIOPUTY, 3MIHH BETMYNHH OKHCHO-BITHOBHOTO ITOTEHIIAITy peaKIiifHOro
CepeIOBHIIIA, SIKE 3 YaCOM 3POCTaE, Ta aHAJi3y MEXaHi3My IPOLECIB y KaBiTAIlIHHAUX MOJSIX 32 YJacTIO MOJIEKYI BOJM SIK CepeIOBUINA
Ta TINOXJIOPUT-IOHIB JIMIIUIM BUCHOBKY, IO PO3KJIaJ] HATPiIO TiMOXJIOPUTY B KaBiTaliMHUX IMOJSAX BilOYBAa€TbCA 3a paJMKaIbHUM
MexaHizMoM. OOIpyHTOBaHO, 110 3aCTOCYBaHHS THIPOJMHAMIYHOTO KaBiTaTopa ISl 3HEIIKOKESHHS IPOMICIOBUX PiJIKMX BiJIXOMIIB,
10 MICTSTh HATPIIO TIIIOXJIOPUT, € BEJIbMH NEPCIIEKTHBHIM.
Knrouogi cnosa: pioxi 6ioxoou, nampiio 2inoxaopum, 3HewKOOICEHH s, Kagimayis, po3Kiao

BHCOKOKOHIIEHTPOBaHI PiJIKi BIAXOIW, IO MICTSATh 1O  Cy cKiajae 24-32 ronuHu, IO 3yMOBIIIOE 3HAYHI eHepre-
40 r/mm® NaOCI, yTBOPIOIOTECS y TEXHONOTIsIX KaycTHY- — THUHi BUTPATH Ta HOr0 BHCOKY CObiBapTicTh. OKpiM TOTO,
HOI COIM 1 XJIOpY, aepoCuily, OUHMIIEHHI BEHTWINIHHUX  KaTalli3aTop 0e3MOBOPOTHO BTPAYa€ThCsl Y BUIIISIL Mallo-
rasiB Biz xyopy poszunnHamu nyriB [4]. Ix oGcaru cararoTh  PO3YMHHHX TiPOKCHIIB.
JICKIJIbKOX coTeHb M’ Ha J100y. Cxoxi 3a CKJIaJIoM Ta 3a 3a3HaveHl i iHII HEAONIKMA ICHYIOUMX METOJIB O4H-
oOcsiraMH piIKi BIIXOJM, 110 MICTATh KaJBLIIO TIMOXJIO-  LIEHHS PIIKUX BIAXOJIB BiJ| TIIIOXJIOPHUTIB 3yMOBIIIOIOThH
PHUT, YTBOPIOIOTHCS y BUPOOHMITBI MarHif0 Ta XJOpY. HEOOXIJHICTh BUKOHAHHS JOCIHI/PKEHb, CIIPIMOBAaHHX Ha
3a3HavyeHl BiIXOQH MiJUIAraloTh O0OB’SI3KOBOMY MPAaKTH-  PO3pPOOJICHHS e(PEeKTUBHOI, EKOJOriYHO Ta EKOHOMIYHO
YHO TIOBHOMY 3HEUIKODKEHHIO, OCKIIBKM HATpIIO TIMOX-  OOIPYHTOBaHOI eHepro-, pecypcoz0epirardoi TeXHONOriT
JIOpUT BOJIOJi€ CHJIBHUMH OKMCHHMHM BJIACTHMBOCTSIMU Ha-  3HEHIKOJDKEHHS IIIOXJIOPUTHHUX CTIYHHUX BOI.
BiTh y JIY)KHOMY CEpEIOBHILI (pelOKC-TIOTEHIial IOpiB- Amnaniz mkepen iHdopmaii [11] i pezynbratun mocsi-
Hioe onu3pko 0,9 B) [3,10], a Tomy BoHU MOXKYTh HaHec-  JpkeHb po3kiany NaOCl 3a yMoB 30y/KeHHS sIBUIIA KaBi-
TH HENONPABHOI IIKOJAY MPUPOJHNUM €KOCHCTEMaM, Iepe-  Talil Ta 3a 130TepMIYHHX YMOB, BUKOHAHUX HaMH, JAIOTh
JIyCIM BOITHHM, Y pa3i iX CKUIaHHS y TOBKIJLIS. MIJICTaBU CTBEPXKYBATH, IO 3HAYHUN NMPAKTUYHUNA iHTE-
JInsi 3HEMIKOKEHHsT BUCOKOKOHIIGHTPOBAHKX TIMOXJIO-  PEC JUisl 3HEMIKOKEHHsI TIMOXJIOPUTHHUX PIIKUX BIAXOJIB
PUTHHX PIIKUX BIIXOJMIB OYMIIEHHS CTIYHUX BOJ BiJ TIO-  MPEICTAaBIISIOTh METOIH, SIKI IPYHTYIOThCS Ha 3/iHCHEHHI
XJIOPUTIB 3aIPOIIOHOBAHO HU3KY METOMIB, SIKi IPYHTYIOTh-  IPOLECIB Y KaBiTAIlIHHUX MOJISIX.
s Ha pi3HUX (i3UKO-XiMIYHUX 3acaiaX. IX MOKHa po3i- JocnimkeHHs po3Kiialy HATPito TIMOXJIOPUTY i Ai€0
JIUTH Ha TEPMiuHi HEKaTANITHUHI Ta Katamitnui [7, 2, 6], Y3-BUIPOMiHIOBaHb 32 i30TEPMIYHHX YMOB ITiATBEPIHIIO
pearentHi [9, 11], ¢oroximiuni [1]. 3apa3 HaiimommpeHi-  BHIIY, HOPIBHIHO i3 MPOMHUCIOBUM TEPMIUYHHM KaTaTiTH-
MM € TepMiYHE KaTaTiTHIHE 3HEMIKODKEHHA. SIK KaTami- 9YHHM METOIOM, €(EeKTUBHICTH IMporecy. A€ BIPOIOBK
3aTOPH BUKOPHCTOBYIOTh CIIONYKH METaTiB 31 3MIHHUM  Tepebiry mpoliecy 4acTHHa €Heprii, siKa MiIBOTUTHCA Y
CTylleHeM OKHCHEHHs. KaTamiTHyHa aKTUBHICTH IIUX METa-  CHCTEMYy 3 aKyCTHYHHUMH KOJTUBAaHHAMHU Y 3-[iala3oHy,
JIiB 3MEHIIYETHCS y TakoMy mopsiaky: Ir > Co > Ni > Cu>  BTpadaeThcs — BIABOIUTHCA 3 PEAKTOpPA TEIUIOHOCIEM, IO
Fe > Mn [7, 2]. OckiJbKH TIMOXJIOPHUTHI CTiYHI BOAM Ma-  HEOOXiIHO ISt 3a0e3MeUeHHS i30TePMiTHOTO PEKUMY.
10Th IyxHy peakmiro (pH > 12), o NaOCl posknagactses Tomy metoro pobotu 6yI10 BUBUEHHS PO3KIIATy HATPIIO
3a KHCHEBMM MEXaHi3MOM, TOOTO 3 BUIJIEHHSIM MOJEKys-  TIMOXJIOPUTY 3a yMOB, 110 HAONMKAIOTECA 10 aniabaThy-
PHOI'O KHMCHIO, @ yTBOPEHHS ILKIIJIMBHMX ITOOIUHUX MPOAYK-  HUX — 0e3 BiJIBE/IEHHs TEMIOBOI EHEprii, 0 BUIIIAETECA
TiB, HATNPHUKIAJ, XJIOpY abo XJIOpATiB, IO XapaKTepHO B BHACIIJIOK IEPEOiTy KaBiTaliHHUX SBULI.
obmacTi HIKYMX 3HaueHs pH, He BimOyBaeTses [5]. JocmimkeHHs: BAKOHYBAIM i3 BUKOPUCTAHHAM YCEpE-
TepmiuHuil KaTaTi THYHAN PO3KIIAJ € MOPIBHAHO MPOC-  HEHUX PEaTbHMX PiJIKHX BiXOIiB BUPOOHHIITBA KayCTH-
THM y TEXHONOTYHOMY Ta amapaTypHOMy acmektax. Ox-  4HOI comn Ta xyopy i3 Bvicrom NaOCI 37 r/am® (0,503
HaK IIel Tmporec depe3 MOPiBHAHO HEBUCOKY IIBUIKICTH Monb/v%). JIist 36y KEHHS SBHIA KaBiTALli BUKOPHCTO-
PO3KIay HATPilO TiIOXJIOPUTY € A0BOJNI TpuBaauM. Tak, BYBalu yinbTpasBykoBuil (¥Y3) BHIPOMiHIOBaY MarHito-
3a TemnepaTypu 6nu3bko 55°C Ta npucyrHocti Hikony ta  crpukuiiinoro tumy “Ultrasonic Disintegrator UD-20”
Kynpymy cynabdaris sk KaTanizaTopiB TpUBAIICTh mpore-  (4acTota Y3-punpomiHioBaHHsA 22 kI, MOTyXHiCTh —
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8,0...12,5 Br) Ta rimpomunamiunuii kasitatop (I'IK)
CTPYMEHEBOT'O THIy 3 IOTYXHicTio mpuBoxy l,1 kBrT.
Xo4a 1i IpUCTPOi BiAPI3HAIOTHCS MOTYKHICTIO Ta CIOCO-
O6oM 30y/DKEHHS KaBiTallii, ane rmepedir mporeciB, mIo
BiIOYBAIOTHCS Y BiJIIIOBiTHUX KaBIiTAI[iHHUX TOJSIX € TO-
ToxxHUMH. O0’€M peakIiifHOro cepeloBHIIa, KU BUKO-
PHUCTOBYBAJH y TOCHIDKEHHSX: Y pa3i ¥Y3-BUIIPOMiHIOBa-
aa — 1 oM, y pasi [JIK — 10 mnv.

3ane)KHOCTI KOHIIEHTpalii HaTpilo TiNOXJIOPUTY Ta
3MiHa TEMIIEpaTypH CepeloBHINA Y pa3i 30ymKEHHS SIBH-
mia kasitanii Y 3-BUIIPOMiHIOBaYEM 3a IIOYATKOBOI TEMIIe-
patypu cepenopuia 20°C HaBeneHo Ha puc. 1.

0,6

C

35°

&

C(NaOCl), moab/am 3
Temmnepartypa

Yac, xB.

Puc. 1. 3anexnicts konuenrparnii NaOCI (1, 2, 3) Ta temnepa-
Typu cepenoBuia (4, 5, 6) Bix moTyxHOCTi Y3-BHIIPOMiHIOBaYa
3a ajiabaTMYHUX YMOB: IOTYXKHICTh Y 3-BHIIpOMiHIOBa4a, BT:
8,0-1,4,102-2,5;125-3,6

VY mouatkoBuit mepion 3mina konnentpaiii NaOCl y
Yaci Ta BiJIOBITHO MIBUKICTh NPOLIECY 3a aaiadaTHaHUX
YMOB, SIK 1 BapTO OyJIO OYiKyBaTH, MPAKTUYHO JOPiIBHIOE
Takii camiii 3MiHi B i3otepmiunnx ymoBax (20°C) 3a on-
HAKOBUX TOTYXHOCTeH Y3-BunpomiHioBaHHs. Tak, sk 3a
130TepMIYHUX, TaK i aaiabaTHYHUX YMOB 3a MOTY)KHOCTI
8,0; 10,2 i 12,5 Br mouaTkoBa MIBHIKICTh PO3KIAAY

NaOCI BiamoBigHO IOpiBHIOBAIA 1,26~10'4; 1,51~1041 Ta
2,13-10'4 MOJ'II;/I[M3~C, a 3HaYeHHsS KOHCTAHTH IIBHIKOCTI
MPOIIECY CTAHOBWJIM BiJIOBiTHO 2,483~104; 4,266~1O¢1 i
6,839-10" ¢ ™.

Hapani, micnst 10...15 XB. crocrepiraeTbesi iHTEHCHB-
Hillle, HIX 3a 130TEPMIYHUX YMOB, 3MEHIIIEHHS KOHIICHT-
parfii HaTpiro TINOXJIOPUTY, IO IOSCHIOETHCS MOCTYIO-
BUM TIPAKTUYHO NPSMONIHIHHAM 301IBIICHHSIM TeMIIepa-
Typu cepefoBuINa. SIK HACIHiJOK, MIBHIKICTH TPOIECY B
niama3oHi 3MiHM Yacy Bim 10 mo 30 XB. mpaKkTUYHO HE
3MIHIOETBCS, X0Ya, BIIMOBIMHO JO 3aKOHY JIIOYHMX Mac,
BOHa Mayia 0 3MEHIIYBaTHCh Yepe3 3MEHIIECHHs KOHICHT-
pauii HaTpilO TINOXJIOPUTY y PEaKIiHHOMY CepeJOBHILI.
OTxe, 30UIBIIEHHS TEMIIEPATYPH CEPEJOBHUINA BHACIIIOK
nepe0iry KaBiTallii, KOMIEHCYE 3MEHIIIEHHS! KOHIIEHTpaIlii
pearenty. [Ipu npomy, cepenHi 3HauU€HHsI KOHCTAHT HIBH-
JIKOCTI TIPOIIECY, PO3PaxoBaHi I TMEBHUX IPOMIXKKIB
gacy, 10 npuoa3Ho 60-01 XB. 3poctainu (Tadmmis 1).

OTtpumaHi pe3ysbTaTd CBiYaTh Mpo 30UIbLICHHS edek-
TUBHOCTI BHECEHHsI €HEprii BHACIIJOK 30YIDKEHHS SBHIIA
KaBiTallii, HXK y pa3i ii miJBeACHHs Y BUIIISAI TEIUIOBOI.

BaxnuBuM mapaMeTpoM MpoIecy 3HEIIKOKEHHs! PiJi-
KHX TIMOXJOPUTHUX BIAXOMIB SK 3 TE€XHOJOIIYHOI, TaK i
€KOHOMIYHOI TOYOK 30py € Horo TpuBaiicth. BoHa Bu-
3Ha4ya€e 00’€MU TEXHOJIOTTYHOTrO OOJIaJHAHHS, EHePreTHY-
HI BUTpATH Ha 3IHCHEHHS Mpoliecy Tomlo. Sk 3a3Hadanu
BUIIIE, HEOOXIHE TOBHE 3HEIIKOMKEHHS TiMOXJIOPUTHHX
pinkux BimxoniB. OCKiJBKHM TPUBAIICTH MPOLECY € 3HAY-
HOI0, TO il BU3HAYaJId NIEPEBAKHO PO3paxyHKoBoO. Jluuie B
OKpPEMHUX BHIIQJIKaX MMOBHOTY MEPETBOPEHHS HATPIIO TiMo-
XJIOPDUTY BHU3HAUAJIM aHAJI30M PEaKIiHOro cepenoBuIna
Ha BMicT NaOCI fiogoMeTpudHIM METOIOM.

Jns po3paxyHKOBOI'O BU3HAYEHHS TPUBAJIOCTI PO3KIIa-
Iy eKcIiepruMeHTalbHi 3ajexHocti Konentpamii NaOCl
BiJl Yyacy ONMUCYBAJIU PIBHSIHHIMHU TOJIHOMY SIK (YHKIIIIO
C(NaOCl) = f(tr). BigmoBigsi KoedillieHT MOMIHOMHHX
PIiBHSHB Ta BEJTMYMHH JOCTOBipHOCTI ampokcumarii (R?)
HaBeIeHO B Tabmuui 2. 3HayeHHS Rz, 0 HE 3HAYHO
BIJIPI3HSFOTHCST BiJl OJMHMUII, CBiI4aTh MPO BUCOKY JO-
CTOBIPHICTh Pe3yJIbTATIB.

Ta6auus 1. 3HayeHHs koHcTaHTH WBKAKOCTI poskiaxy NaOCI y kaBitaiiiiHux mossx
y pi3Hi Hepiou Hporiecy 3a afiadaTHIHUX YMOB

Ne 3/m | [oryxHicTs ¥Y3-BUIpOMiHIOBaYA, InTepBai 4acy, [iana3oH 3MiHU TeMIieparypH, CepenHe 3HaYCHHS,
Br XB. rpaji. k-10%, ¢*

1 8,0 10...20 22,1..241 4,62

2 20...30 24,1...27,6 7,61

3 10,2 10...20 24,0...27,2 11,10

4 20...30 27,2...30,6 10,23

5 12,5 10...20 25,7...30,4 12,29

6 20...30 30,4...34,3 15,33

Ta6amus 2. KoedilieHTH TONiHOMHUX PiBHSHDb Ta BiANOBiIHI BEIHYMHU H0CTOBIpHOCT anpokcuMali (R%)
JUTSL eKCIEPUMEHTAIbHUX JAaHUX, OTPUMAaHHX 32 afiabaTHIHHX YMOB
No ToryxHicTh Koedimients moniHomy y = ax® + bx® + cx + d
- V3-Bunpominosaya, (y=C(NaOCl); x=1) R?
3/m
Br a b c d

1 8,0 2.10°® -4.10° 9,810 0,504 0,998
2 10,2 2107 110" -1,6-10° 0,501 0,997
3 12,5 -3.10° 510" -2,5:10” 0,501 0,993
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OtpuMaHi piBHAHHS PO3B’sI3yBaJM II0N0 Yacy (T), TOOTO
3a 3HayeHHs1 C(NaOCl) = 0.

3 ypaxyBaHHSM TpPUBAJIOCTI TPOIECy W MOTYKHOCTI
BUIIPOMIHIOBAHHSI PO3PAaXOBYBAJIM MUTOMI BHTPATH E€HEP-
rii Ha pO3KJIAJ HaTPi0 TINOXJIOPUTY 3a pPIBHAHHSIM,
KZ[)I(/I[Mgi

~ N-7-3600
Vv

E

ne N — notyxHicts Y 3-BunpominioBaya, Br;

T— TPHUBAIIICTH NPOIECY PO3KIALY, TOII.;

V — 00’€M TIMOXJIOPUTHHUX PIiJAKHX BiTXOMIB, sKi IMiIa-
B KaBiTamiiHOMy 0Gpobennio (V = 1 av°).

PesynpraTi mOCHiKeHb PO3KIAAY HATPilO TiMOXJIOPUTY
mig iero Y3-BUIIPOMIHIOBAHHS 32 i30TEPMIYHUX Ta ajia-
0aTHYHMX YMOB HaBEIICHO y TaOmwIl 3.

Sk BuHO 3 TabI. 3, B ycix BHMagkax, ToOTO i B i30Tep-
MIYHHX YMOBax 3a Pi3HHX TeMIIepartyp, i B aliadaTHIHNX
30UTBIICHHS TOTYXXHOCTI Y 3-BUIPOMiHIOBa4Ya OHO3HAYHO
NPUBOIATH /10 3MEHIIEHHS TpUBAIOCTI mporecy. OnHak
3aJIe)KHICTh TIMTOMOI BUTPATH €HEprii Ha PO3KIaJ HATPIiO
TIMOXJIOPUTY BiJl TOTY)XHOCTI Y3-BHIIPOMIHIOBaHHS Ma€
pizamit xapakrtep. Tak, B i3orepmiunux 3a 20 i 30°C Ta
aniabatnunmx (o = 20°C) ymoBax 301IbIIEHHS TOTYKHOCTI
Y 3-BUNPOMIHIOBaHHS TIPU3BOJUTH J0 30UIBIIEHHS IHTO-
MOi BHTpaTH €Heprii, a B i30TepMiuHuX ymoBax 3a 40°C —
JI0 3MEHIIICHHSI.

Ta6auus 3. TpuBaicTh Mpolecy Ta 3Ha4eHHs muToMoi eHeprii Ha po3kian NaOCI B i3oTepmiyHuX Ta afgiabaTHIHIX YMOBaX
3a pi3HOI MOTYKHOCTI Y 3-BUIPOMiHIOBaYa

No TpuBayicTs poriecy po3Kiany, 3HaveHHs MUTOMOI eHeprii,
5 /1_'[ YMoBH pociiny TOJI. KI[)K/Z[M3
8,0 Bt 10,2 B 12,5 Br 8,0 Br 10,2 Br 12,5 Br
1 |I3orepmiuni, 20°C 18,3 14,8 12,8 527 544 576
2 |BBorepmiuni, 30°C 15,0 12,4 10,6 432 455 477
3 |IBorepmiuni, 40°C 13,5 9,8 7,9 389 360 355
4 | AnpiabaTtuui, ty = 20°C 9,1 7,9 6,9 226 290 310

30iMblLIEHHS €HEeProBUTPAT 3a HIDKYMX TeMIleparyp B
i3otepmiunnx ymoBax poskiaany NaOCl moxHa mosicHUTH
NOPIBHSHO HU3bKHUM MapIiialibHIM THCKOM BOJISTHOI Mapw,
BHACJIIJIOK YOr0 BUHMKHEHHS 3apOJIKiB KaBiTallidiHUX OYy-
NB0AIIOK  YTPYAHIOEThCS. [liBUINEHHS TeMIepaTypu
NPUBOJUTEL IO 3POCTaHHA MAapLiaJbHOTO TUCKY BOISHOI
napw, i, K HacCJiJIOK, sIBUILE KaBiTamii 30y/HKyeTbCs JieT-
ure. [Ipo 1ie CBiYHTh Jesike 3MEHILICHHS TTMTOMOI €Hepro-
BUTpaTH y pa3i 30iNblICHHsT TeMIieparypu mporecy 3 20
1o 30°C. V pa3i 3ailicuenns npouecy 3a 40°C miaBuIieH-
HSl TIOTY)XHOCTI Y3-BUIIPOMIHIOBAHHSI CHPUYUHSE 3MEH-
LICHHS TUTOMHX SHEproBUTpaT. Lle 3yMoBiIeHe iCTOTHUM
30UIBLICHHSM TApLIAIBHOrO THCKY BOJASHOI Mapu Ta
CTBOPEHHSIM €HEPreTUYHO BHTIIHIIINX YMOB 30YyIKESHHS
kagiraii. [Tpu pomy siBuIe KaBiTalii HaOyBae Xapakre-
py fABuUIIA, Po3BHHYTOro B mpocropi. lle o3Hawae, mio
3MHKaHHS TIEPBUHHOI KaBiTaliiHOI OYNIBOAIIKKA CIIPUYH-
Hsl€ BUHUKHEHHS, PO3BHUTOK 1 3MUKAaHHA BTOPHHHOI KaBi-
TaliiHoi OynpOamKy i Tak Aajii. 3BUYAiiHO, MO MPOIeC
PO3BUTKY KaBiTallii 3a y4acTiO MEpBHUHHOI KaBiTalliliHOT
OynpOamky y 4aci 3aTtyxae, aie HOPIBHIHO i3 mepedirom
TPOLIECY 32 HIKYMX TEMIIEPATyp L SIBUILE Ma€ PO3BUHY-
THi Xapakrep. Lle i 3yMOBJIIO€ 3MEHILIEHHS] BUTPAT €HEp-
Tii Ha PO3KJIa[l HATPIIO TIMOXIIOPHUTY.

3a amiabaTHIHMX YMOB IIHUTOMI BUTPATH €HEpPrii Ha po3-
kiax NaOCI 3i 36imbIIeHHAM TOTYXKHOCTI Y 3-BHUIIPOMiHIO-
Badya Bix 8,0 no 12,5 Bt 3poctatots Ha 37%. PIMOBipHO, e
3YMOBITICHO 30imbiieHHsM mBHAKOCTI po3kiaxy NaOCl Ha
MMOYATKOBUX CTAMisIX MPOIECY H, BIOIOBITHO, iCTOTHUM
3MEHIICHHSM KOHIIEHTpAIIi] TioXJIopuT-ioHiB. ToMy 3Ha4-
Ha KUTBKICTh €Heprii Y3-BUIPOMIHIOBAaHHS BHUTPAYAETHCS
ue Ha poskian NaOCl, a Ha HeMPOAYKTHBHY BUTpATy eHe-
prii Ha HarpiBaHHA cepenoBuIma. To0TO, 31 3MEHIICHHIM
kouterTpanii NaOCl cenektuBHicTs il Y 3-BUIpOoMiHIO-
BaHHS 3MeEHITyeThCs. [IpoTe, HaBITh He3Ba)xaro4dw Ha 30i-
JbIICHHS IUTOMUX SHEPTOBUTPAT, BOHU € MEHILIMMH, HIX Y
pasi peaizarii npouecy B i30TepMiyHUX ymMoBax. OueBu-
HO, IO aKyMYJSIisl €Heprii, M0 BHIIIAETHCS BHACITIJOK
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KaBiTallii, B peakuiifHOMy CEpeIOBHIIl CHPHUSE PO3BUTKY
KaBITALIIHUX SIBUILLL.

[Mopsimok peakiyii po3Kiiay HaTPito TiOXJIOPUTY B KaBi-
TaLiHMX TOJIAX 3MIHIOETECS B Mexax Big 0,89 go 1,03,
TOOTO € ONMM3BKKMM /10 OfMHUII. Taka BelTUYMHA TOPSIIKY
peakuii MpuTaMaHHA Ul Peakiid, 110 BiJOyBalOThCs 3a
paavKaIbHUM MexaHi3MoM. Takuit BUCHOBOK i ITBEpPIKY-
€TBHCS aHAJII30M TPOLIECIB Y KaBITAL[IHHOMY I10J1i 33 Y4acTIO
TiIOXJIOPUT-10HIB Ta BOJH SIK MOJIEKYJ CEPEIOBHILIA.

[Mepiu 3a Bce, y KaBiTaliiiHOMY I0JIi BiIOYBa€THCS PO-
3KJIaJl — COHOJI3 — MOJIEKYJI BOJAM 3 YTBOPEHHSM LILJIOT
HHM3KH MPOMIDKHHX MPOAYKTIB [8]; uei mporec 300paxa-
10T CXEMaTHUYHO TaK:

H,0 —))) H’, HO®, HO,', ¢4 1)

BHacniiok BUIUIEHHS TEIUIOBOI eHeprii B 30HI 3MU-
KaHHs KaBiTaliiHOl Oylb0alIKu PO3KIANa€ThCsl TIMOXII0-
PHT-10H, a, OCKUILKU CEPEIOBUILE € TYKHUM, TO LEH po3-
KJ1aJ BiOYBAa€ThCSl 32 KHCHEBUM MEXaHi3MOM, TOOTO 3

BUJIUICHHSIM aToMapHOro OKCUTeHY
ClO > ClI+0" 2

YTBOpeHHI MiJ 9ac COHOINI3Y BOAW TPONYKTH BiTHOB-
HOT'O XapakTepy B3a€MOIIIOTh 3 TIHOXJIOPUT-I0HOM:

CIO+ H'—> CI'+ HO",
ClIO + HO®* — CI' + HO,".

©)
4)

e cnpusie 3HEMIKOMKEHHIO TIMOXJIOPUT-1OHIB V Pif-
KUX BIIXOIax.

JlokanbHe MiJBHIICHHS BEIMYMHH OKHUCHO-BiJTHOBHOTO
cepenoBmIIa 0 3Ha4eHb moHax 0,72 B, Tomi sk 111 Benu-
YHHA TIOYaTKOBUX BimxomiB He mepeBumrysana 0,6 B, cBi-
JUUTh TIPO TOSIBY i TUMYAacOBE HAKOIHMYEHHS y cepelo-
BUII CIOJYK i3 CHJIBHUMH OKHCHHMH BIIACTUBOCTSIMHU,
nanpukinan, HO,'.

MarHiTOCTpUKIIHHI Y 3-BUIIPOMIHIOBaYi, SIK TPaBHJIO,
XapaKTepH3yIOThCSl TIOPIBHSHO HEBHCOKMMH 3HAYECHHIMH
KoegirierTa KoprcHOI aii. ToMy HacTyITHUM eTaroM pobo-
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T OyJ0 IOCITIJDKEHHS PO3KIIay HATpilo TiIMOXJIOPHUTY B
CTPYMEHEBOMY TiJIpOJMHAMIYHOMY KaBiTaTopi. Y IUX ama-
parax yce 0e3 BUHATKY peakiiiiHe CepeoBHILE ITPOXOINTh
Yepe3 30Hy KaBiTallii, TOOTO miyisrae 0OpOOICHHIO B KaBi-
TaIifHAX TIOJISAX, TOMI SK B Y 3-BUIPOMIHIOBaYax 30Ha 00-
pOOJIEHHS PO3YMHY PO3TAIIOBaHA ITi/I MATHITOCTPHKTOPOM
1 oOMeskeHa B ipoctopi. OkpiM Toro, B Y3-BUIIPOMiHIOBaYi
1 TIIpOJMHAMIYHOMY KaBiTaTopi e(eKT KaBiTalii 30ymKy-
€THCS TIPUHLIUIIOBO PI3HUMH CIOCO0aMH, a TOMY HEoOXiJl-
HO OyJI0 MiATBEPAUTH CXOXICTh 3aKOHOMIPHOCTEH Tpolie-
CIB pO3KJIaJy HATPIilO TIMOXJIOPUTY B 000X THIIAX araparib.
Hanam ne nmacte 3Mory macmraOyBaTH MpoOLEC 3HEHIKO-
JOKEHHSI TIITOXJIOPUTHHUX CTIYHUX BOJ ITiJT Yac pO3pOOIeHHS
BIJIMOBIZIHOI TEXHOJIOTII 1 IPOEKTYyBaHHS MPOMMCIOBOI
YCTaHOBKH 331aHOT POAYKTUBHOCTI.

JocnimkeHHs BUKOHYBAJIM Ha YCTaHOBII 3 TiJpOAMHA-
MIYHUM KaBiTaTOpOM CTpyMeHeBoro Ttumy. O6’eM rimno-
XJIOPUTHHUX CTIYHHUX BOJI, SIKWil BUKOPHCTOBYBAIH Y KOX-
HOMY 3 JOCII/DKEHb, JA0piBHIOBaB 10 . JlocIti KeHHs
TIPOBOJIMIIM 33 THCKY Ha BXOJIl Y CTpyMEHEBUI KaBiTaTop
0,57 MI1la.

3MiHy KOHIICHTpAIlii HATPIIO TIMOXJOPUTY y TiIPOIH-
HaMIYHOMY KaBiTaTOpi 3a i30TepMIYHMX Ta aiadaTHIHUX
YMOB HaBeJIeHO Ha puc. 2. Ha mifcraBi oTpuMaHuX JaHUX
PO3paxoBaHO JiesiKi KIHETUYHI MapaMeTpH mpoiecy. Tak,
HIBUJIKICTh PO3KIIAY HATPIiO TIMOXJIOPHUTY B TiIPOJUHA-
MIYHOMY KaBiTaTopi 3a i30TepMiYHHX YMOB 3a TeMmIepa-
Typu 20°C mopiBHIOBasia 3,70-10* MOHL/C'}IMS, mo 1,73
pasu Oinblue, HIX 32 THX CAMHX YMOB B Y 3-BUIIPOMiHIO-
Bayi. [Ipu 1pOMy KOHCTaHTa MIBUAKOCTI CSTA€ 3HAYCHb
1,017-10° ¢* (y pasi V3-BunpominioBaua BoHa JOpiBHIO-
Baja 6,839-10’4), a mopsAAoK peakuii nopiBHioBaB 0,97,
TOOTO TakOX HAOIMXKaBCA 10 1.

3a agiabatuuHux yMOB mBHAKICTH Tpouecy B ['JIK
3pocrae 10 5,37-10"* momw/am-c, mporu 2,38-10% B V3-
BUIIPOMIHIOBAYI.

Brnponosx nepmnx 10 xB. mporecy 3a aniabaTu4HUX
YMOB CEPEIHE 3HAUCHHS! KOHCTAHTH HIBHIKOCTI TOPIBHIO-
Bano 1,883-10° ¢, a 3 yvacom 3pocio go 0,55 (B inTepBai
3MiHU Temneparypu Bin 29 no 34 °C), 110, OYEBHUIHO,
TIOSICHIOETBCS 3POCTaHHAM TEMIIEpaTypH CepelOBHIIA.

3ifiCHEHHSI TIPOLIECY 3HEIIKOPKEHHS TilOXJIOPUTHHX
CTIYHHMX BOJ Y TIIPOJMHAMIYHOMY KaBiTaTOpi JaB 3MOT'y

ckopotutH TpuBaiicts poskiaxy NaOCI no 7,7 i 4,2 ron.
Bi/IIOBiHO 3a i30Tepmiunoro (20 °C) Ta amiaGatudroro
TEIUIOBUX PEKUMIB. BilnoBigHO nmyuTOMa BUTpata eHeprii
nopiBHrOBaa 3041 166 KK/ m. [MopiBHSIHO 13 HAHHIK-
YMMH 3HAYCHHSIMH ITUTOMOI BUTPATH €HEprii, sKi po3pa-
XOBaHO 32 JaHWUMH JOCITI/UKEHb 3 BHKOPUCTAaHHIM Y 3-
BUIIPOMIHIOBAYa, IIi 3HAYCHHS IS TiAPOJUHAMIYHOTO
KaBiTaTropa € nMpuOIM3HO B 1,7 pa3y MEHIINMHU.
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Puc. 2. 3anexuicts koHuenTpauii NaOCI (1, 2) ta Temneparypu
cepezoBHIIA 3a aaiadaTHyHUX yMOB (3) BiX yacy B TiJpojuHa-
MIYHOMY KaBiTaToOpi, yMOBH:

1 — i3orepmiuni, 20 °C; 2 — axiaGarnuni (=20 °C)

OTpuMmaHi pe3yNbTaTH MEPEKOHIMBO CBIAYATh PO SHEpre-
TUYHY e()EKTUBHICTh 3HEIIKO/KECHHS T1OXJIOPUTHHUX CTiy-
HHUX BOJI i3 3aCTOCYBaHHSM TiIPOJIMHAMIYHOTO KaBiTaTopa
CTPYMEHEBOTO THIIy Ta 3/IMCHEHHS Ipolecy B axiadariy-
HOMY pexumi. OKpIM TOro, € MiJICTABH OYIKYBaTH, 1110 3a-
CTOCYBaHHSI HaCOCIB, SIKUMH MOJAI0Th PiIMHHO(A3HE cepe-
JIOBUIIE Y KaBITATOP 1 SIKi XapaKTEPU3YIOThCS OLIbLINMHU
HPOIYKTHBHICTIO Ta HAIIOPOM, JACTh 3MOTY IOCSTHYTH IIie
BUILOI e()eKTUBHOCTI MPOIIECY 3HENIKOHKEHHS TiOXJIOpHU-
THHX CTiYHHX Bog. Lle 3yMoBieHe THM, 1110 32 30UIbIICHHS
HAMopy IIBUJKICTh CTPYMEHIB, a BiATaK i 1X KiHETHYHA
EHeprist 3pOCTATUMYTh, a, OTXKE, 30Y/UKyBAaTUMYThCS IHTECH-
CHBHIILI KaBITAI[IHHI MMOJISI — SIK HACIIIOK, IIBHKICTh PO3K-
JIaJly HATPIIO TIMOXJIOPUTY 301IBIITYBATHMEThCSL.
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Neutralization hypochloritic liquid waste in cavitation fields under adiabatic conditions
N.M. Hnatyshyn
Abstract: The treatment of liquid waste containing sodium hypochlorite proposed to be implemented in the cavitation fields. For
excitation applied ultrasonic emitters or hydrodynamic cavitators. Kinetic dependences of change of concentration of sodium hypo-
chlorite during its decomposition in cavitation fields are described by polynomial equations. On the basis of their analysis calculated
the duration of the process until complete decomposition of sodium hypochlorite. It is established that the implementation schedule
of sodium hypochlorite in debating conditions characterized by higher compared to isothermal conditions, the speed of the process
and significantly lower unit costs of energy. Under adiabatic conditions, the temperature rise formed the conditions for the emergence
of developed cavitation. Thanks to this, the energy deposited in a medium by an ultrasonic emitter, or hydrodynamic cavitator better
spent on the decomposition of sodium hypochlorite. It is established that the efficiency of neutralization of hypochloritic liquid waste
using hydrodynamic cavitator above about 1.7 times lower than in case of using an ultrasonic transducer. This is because all hypo-
chloritic solution passes through the cavitation device of the hydrodynamic cavitator jet type. In the case of an ultrasonic transducer
treatment is subject to only a portion of the reaction medium, which is under magnetostrictior. Based on the calculated values of the
order of the decomposition reaction of sodium hypochlorite, change the value of the red-ox potential of the reaction environment,
which grows over time, and analysis of the mechanism of cavitation processes in the fields with the participation of water molecules
as environment and hypochlorite ion came to the conclusion that the schedule of sodium hypochlorite in cavitation fields takes place
by a radical mechanism. It is proved that application of hydrodynamic cavitator for disposal of industrial liquid waste containing
sodium hypochlorite, is a very promising.

Keywords: liquid waste, sodium hypochlorite, decontamination, cavitation, schedule
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AHoTtamisi. Po3riissHyra MeTomonorisi crepeosioro-mopdornoriunoro ananizy PEM—300pakeHb AUCIEpCHUX IPYHTIB. [IporoHyeThes
BHUKOPUCTOBYBAaTH METOJ BEHBIETIB 11 paxioMeTpudHoi kopekuii PEM-300pakeHs 1 MaTeMaTHIHUN arapar JUCKpeTHHX ocell Bo-
POHOTO JUIA iAeHTH]IKALI] ITOPOBOTO IMPOCTOPY MIKPOCTPYKTYPHOI OpraHizalii IPyHTIB SK AUCIIEPCHUX CHCTEM. 3pOOIIEHO aKIeHT Ha
BUKOPHCTaHHSI OPHUT1HAIBHOTO MPOrpaMHOro maxery «Stimany. ExcriepuMeHTanbHi JOCHiKEeHHs IPUBECHI B CTATTi BUKOHAHI 3
BukopucranusaM cydacanx PEM (HITACHI S-800, fImonist). Orpumani pe3yabTaTH MiATBEPIKYIOTh IIEPCIIEKTHBHICTE CTEPEOIIoro-
Mopdororigaoro ananizy PEM-300pakeHs Ha MiKpOHHOMY Ta CyOMiKPOHHOMY PiBHSIX.

Knarouosi cnosa: pacmposa enexmporna mMikpockonis, eetigiemu, oci Boponozo, cmepeonoeis, mopghomempis

Beryn. BakimBoro J1iarHOCTHYHOIO O3HAKOIO IPYHTY, SIKa
B 3HAYHIN Mipi BU3HA4Yae HOro BIACTHBOCTI (BOIHHMA pe-
JKUM, SIBHIIA TEIIO- 1 MAaCOIIEPEHOCY, POMIOYICT Ta iH.) €
MIKpOCTPYKTYypa, 30kpema mopucticts [1; 2; 3]. IcHye Ta-
KOXX TICHHI 3B’30K MiXK TIOPHUCTICTIO IPYHTY Ta HOro Mmpo-
THEPO3IHHOI CTilKicTIO. [IpoTe muTaHHA MPO MIKpOMOp-
¢ororiro MOpoBOro MPOCTOpy IPYHTY HA MIKPOpIBHI 3aJIK-
maeThes crnabo BuBueHuM [3; 4]. TlepeBakHa OLIBIICTH
POOIT 3 ILOrO HATPSIMKY CTOCYETHCS SIKICHOI XapaKTepHc-
TUKH OYJOBH TOp, OCKUIBKHM KUIbKICHI JOCII/DKEHHS Ha
MIKpOpiBHI 0OMEXKEHi TOJIOBHUM YHHOM TEXHIYHUM PiBHEM
aHaJizy 300paKeHb, MI0 OTPUMYIOTHCS 3 JIOTIOMOT'OI0 MiK-
pockoriB [5; 6]. [Ipu mpoMy OcoONHBE Miclle 3aiiMarOTh
pactpogi enekrponHi Mikpockornu (PEM), ski 103BoNsIIOTH
MIPOBOJIUTH OCHI/DKEHHS IPYHTIB, B PI3HUX peXHMax i B
LIMPOKOMY Jiara3oni 30utbiieHs ( Big 20 g0 10000 kpart)
[4; 6].

AHaJIi3 OCTaHHIX HAYKOBHUX JAOCTi/zKeHb. B obrnacti
MOP(OMETPUYHOr0 aHai3y IPYHTOBOI CTPYKTYPH OJHUMH
i3 mepmmx Gymu poGotn A. Wonrepiyca [2; 3], sxuii B
1970-x pokax 3ampornoHyBaB CIOCIO JIarHOCTHKK OYyI0BH
IIOPOBOTO MPOCTOPY IPYHTY (TOJIOBHUM YHHOM MaKpOIIOp),
BUKOPHCTOBYIOUH ITOKA3HUK CyMapHOI IUIOII MOp B IILTi-
¢ax. ocnimkenHs B obnacti MikpoMmopdomerpii mop ao-
3ponwn O.b. CxBoprioBiii B 1990-X pokax 3anpornoHyBaTu
Kinacudikalliio THIB OYyIOBH MOPOBOrO MPOCTOPY, BHKO-
PHUCTOBYIOUH TTOKa3HUKH (DOPMU Ta OpIEHTAIT MAKPOIIOp B
noridax [2]. YV momansmmx qociimKeHHIX 0yiI0 OTpUMaHO
HOBI JaHi Tpo OyIOBY IOPOBOTO TPOCTOPY OEPHOBO-
M 30TMCTHX IPYHTIB 3 BUKOpUCTaHHAM iX 3D 300pakeHHs
[3; 7]. Hus micopux 1pynTiB CremoBoro IIpuaHimpoB’s
OyJI0 CTBOPEHO Bi3yasli30BaHy KOMII IOTEpHY MOZENb, SKa
imMiTye ix rpyHTOBY MikpoOyaoBy [8]. Ha namwmii uac B mite-
patypi IpakTHIHO HEMa€ JaHUX, IO BiZOOpa)xaroTh MOp-
(hoMeTpito TIOPOBOTO IMPOCTOPY IPYHTIB Ha BCIX PIBHAX
CTPYKTYPHOI OpraHi3alii IpyHTOBOTO MaTepiary — Bif yIb-
TpaMikpomnop 10 Makporop. OmHax TOmiIOHI JOCITiIKEHHS
Ba)XIIUBI THM, IIO 3aBISKHA IM MOXJIMBO OTPUMATH Xapak-
TEPUCTUKY CTPYKTYPH IPYHTY.

Marepianu i metonu. J{ocmiKeHHS TOPUCTUX MaTe-
piadiB Ha MIKpDOHHOMY Ta CYOMIKpOHHOMY PiBHSX 3Jilic-
HIOETHCSl MEPEBAKHO METOAAMM PACTPOBOI E€JIEKTPOHHOI
mikpockorii (PEM) [5; 6; 7]. Xoua Ha ceoroaui 6ym PEM
CYTTEBO 3HM3MBCS, MPOTE B KOHTEKCTI MIKPOCKOMIYHHX
JOCTI/DKEHb ITIOPOBOTO NPOCTOPY B IPYHTO3HABCTBI HE
BTpaTUB CBOET akTyanbHOCTI. [Ipy mpoMy mix Yac Takux
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JIOCITI/DKeHb TIOTpiOHO pPO3B’SA3yBaTH 3amady pO3Ii3Ha-
BaHHsA 00pa3iB, sIKa 3a CBOEIO CYTHICTIO € JOCTaTHBO
ckiaaHoro [4].

B ocranHI poKkHM y TakMxX JOCIIKEHHSX 13 mpoOiemMu
UQPPOBOi 00pOOKK 300pakeHb, HAa BIIMIHY BiJl paHIIIe
3acTocoByBaHUX Dyp’e-MeTO/NiB, BAKOPUCTOBYIOTH BEHB-
ner-nepetBopenns [9; 10]. OrpumaHi 3a JOMOMOro Ta-
KUX TEepEeTBOPEHb PE3yNbTaTH MaloTh OulblIy iH(pOpMa-
TUBHICTH Ta ONEPATUBHICTH, 3aBJISKU YOMY MOXHa 0e31o-
CepeIHbO 00POOIIATH Taki JaHi, Kl 3a TPAIUIIHHOIO ITij-
XOJy aHaJIi3yBaTH BaXKKO.

Y MIKPOCKOMIYHHUX JOCIHIPKEHHSIX TUCIIEPCHUX TIPYH-
TIB OCHOBOIO € 3ajaua PO3Ii3HABaHHS MOpP Ta MiKpodac-
TUHOK. Po3B’si3aTu 1110 3a1auy TpajuLiiHUMUA METOJaMU
JOCUTB CKIagHo. HaMu NpomoHyeThCs 3aCTOCYBaTH J(BO-
BUMIpHI monironn Boponoro [11; 12;13]. V Takiit mocra-
HOBLI 3a/1a4a PO3B’A3y€ThCS BIIEPIIIE.

VY 3B’s13Ky 3 iHTeHCU(]IKAIi€I0 HAHOTEXHOIOTTYHHUX JI0C-
JiJPKEeHb, TIOSBOI0 HOBMX MaTeMAaTHYHMX METOAIB pO3paxy-
HKY Ha ChOTOJIHI CIIOCTEPIra€ThCs 3HAYHUIA IPOrpec y 00-
poOI1Ii 300pakeHb , 30KpeMa Ha MIKpOpIBHSIX. 3a psijty npu-
YMH Yy BITYM3HSHIN JiTEpaTypi TEOPETHYHI Ta MPAKTHUYHI
aCIIeKTH JJaHOI MPOOIEeMaTHKH HEIOCTaTHBO HAYKOBO 00-
IpyHTOBaHI. BiqmoBigHo € motpeda po3poOKH CIPOIIEHOTO
CTepeoIIoro-cTepeoMeTpudHoro ananizy PEM-300pakeHs,
aJlaliTOBaHUX 70 JOCIHIDKEHHS JMCIIEPCHUX MatepiaiiB i

rpyuris [14].

Bukiax ocHOBHOro MaTepiary

I. VY3aranpHeHa CTPYKTypHa MoOJeJIb CTEPeoJioro-
cTepeoMeTpuuHoro anajuisy PEM-300pa:kenn

IIpu po3B’s3aHHI 3314 CTATUCTUYHOTO OITHUCY OCOOIMBOC-
Tell TeKCTypH TOBEpXHI MIKpooO €kTiB 3a ixHiMu PEM-
300paKeHHSMI BOKIMBAME NUTaHHAME € OTpuMaHHS 2-D
i 3-D xapaktepuctuk [5]. Ha puc. 1 mokazaHa y3aransHeHa
CTPYKTYpHa MOJENb CTEPEOIOro-CTepEOMETPUYHOIO aHa-
nizy PEM-300pakenp. BiamoBigHo 1o 11i€i cxemu po3riis-
HEMO OUTBIII IETaTBHO CTEPEOJIOTIUHII aHai3.

Uucno enementiB PEM-300pakeHp 3a/1a€Tbesl Iporpa-
MHO 1 B 3aJIEKHOCTI BiJ HEOOXIJHOI TOYHOCTI CKJIagac
512x512 a6o 1024x1024 mikceniB. B cepemmHi KOXXHOTO
MKCENsl BU3HAYAETHCS 1 KOMYETHCS HOr0 3HAYCHHS, IO
BimmoBigae mudpoBild iHTEHCHBHOCTI curHany. Haifgac-
TilIe MPaKTUYHA peatizalis KiJbKiCHO-CTEPEOIOTiYHOr0
aHaJi3y MiKpo30o0OpaxkeHb (CBITJIOBA, MPOCBIUYyIOYa, pacT-
PpOBa MiKPOCKOITisl) 3IICHIOETBCS 32 TAKOIO CXEMOIO.
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Puc. 1. Cxema crepeonoro-creomerpudnoro anamizy PEM-—
300pakeHb

CrniouaTKy BBOIUTHCS OLU(POBaHE 300pasKeHHS IOCIIDKY-
BaHOro 00’€KTa, MIOTIM MPOBOASATH HOr0 MOMEPEAHI0 00po-
OKy — KOpHUT'YBaHHSI SICKPaBOCTI, KOHTPACTHOCTI, 3/1iHCHIO-
10Th 1MGpoBy (inbTpamito. HactynmHuM KpokoM € TpaHc-
¢dopmarist 1mppoBoro 300pakeHHss y OiHapHy ¢opmy Ta
MIPOBE/ICHHSI CErMEHTalll. 3 METOI IHTEPAKTUBHOI KOpPEK-
il 3[IMCHIOIOTh KOMIT'IOTEPHY Bi3yali3allio 300pa)KeHHs
[7; 10]. Ha 3aBepuransHOMY eTari BHKOHYIOThH IUTaHIMET-
puunuit (2D) cTaTHCTHYHO-WMOBIpHICHHI aHA3 PO3MOIi-
JIy 9acTOK (TI0p).

I1. MaTemaTuuHuii popmanizm crepeosorii mopooro
MPOCTOPY AMCIIEPCHUX IPYHTIB
Jis mpakTH4YHOI peasi3amii BUKOPHCTOBYIOTH IPOIECH
¢inprpanii PEM-300paxenb, TOOTO yCYHEHHS CIIOTBO-
peHb 300paXKeHHs, SIKi BHHUKAIOTh BHACHIJIOK IAUCTOPCII,
3apspPKaHHS €JIeKTPOHHUM ITYYKOM, Ipei(y 300pakeHHs.
3acTocoByBaHI Ha CHOTOAHI MeTOAW (UIbTpalli He Ma-
IOTh JIOCTaTHBOI TOYHOCTI Ta OMEPAaTHBHOCTI (MOPIBHSHO,
HANPUKIIAJ, i3 IIUPOKO HHWHI BHKOPHCTOBYBAaHHUM CHHYC-
HUM peKypcuBHIM (inbTpom baTepBopTa), TOX B OCTaHHI
poxku [1; 9; 10] HaOyB MIMPOKOI NOMYJISIPHOCTI MeTO (iTb-
Tpamii 300paXeHb, M0 TPYHTYETHCS HAa TaK 3BAaHUX BEHB-
ner-niepetBopeHusx. Koporko cyrs 1poro meromy [13]
HPOLTIOCTPYEMO Ha NPHKIai anpokcuMarii Gpyskii f(x)
Y BUTIIAL

f@) = fa) + T - x) ()

Y ¢dopmymi (1) Bumimstorscs nBa gomaHku. [leprmit —
f(xy) — € rpyoum HaGmmwkennsm Qykii f(x), a apyruit

(cyma) € YTOYHIOBAIFHOIO BEIMYMHOIO. Y TOYHCHHS MOXKE
pobuTHCS 10 HECKIHUEHHOCTI, ajie 3a3BH4ail 0OMEXYyETHCS
JIeSIKOI0 TO4HiCTIO Ipu . = k, i came Ha ¢opmyi (1) Oazy-
€TbCS BeiBieT-niepeTBopeHHs. CIIOBO «BEWBIIET» IMPOXO-
JIUTH BiJ aHIiicekoro «wavelety — XxBuiILoBMiA, 1 came
TaKU{ XapakTep MaroTh YTOYHIOBAJbHI CKJIA/JOBI HA IIEB-
HOMY iHTepBaJi 1X 3MiHH. AHAIOTaMH K TAKHX YTOYHIOBA-
npEuX GyHKuin y popmyi (1) e mapamerpu f® (x,).

VY 3aranbHONPHUHHATUX ITO3HAYEHHAX Oe3repepBHE
BEIBIIET-TIEPETBOPEHHS 3aIHCY€ETHCS TaK:

W) (a,b) = lal™* [ ¥ (S2)de ()

Je a — macmrad; b — mapamerpu 3cyBy; ¥* — ckiamoBa
KOMITOHEHTA [IEPETBOPEHHSI Wq,f (a,b).

VY Hamomy BUNaJKy HaHOUTBII LiKaBO € IHdpoBa ¢i-
nbtpatis PEM-300paxens. Ha mpakTtuni Taka ¢inbrpartiis
BEIBJIET-TIEPETBOPEHHSIMU JIO3BOJISIE 3aCTOCOBYBATH IIIHU-
POKMIi CIIEKTp Pi3HOMaHITHUX BEHBIETOYTBOPIOIOUUX (Y-
HKI[i}, HalWBIIOMIIIIMMU 3 SKUX € BekpaeTr Xaapa, Jloberi,
Mopine, Maiiepa, «MEKCUKaHCHKUN Kamnemtox». Mu Kopuc-
TYBaJIUCS BEUBJICTOYTBOPIOIOYMMH (PyHKITisIMU Xaapa:

lopu0<t<1/2
Yit)=1—1lnpul/2<t<1 ?3)
0 y peluTi BUnagKis

Bifbl MOBHO Ta JAETANBHO Ii MHUTAHHS BHUCBITIEHO Y

crienianizoBaHii JiTepartypi.

III. Po3nizHaBaHHs MOp (4ACTHMHOK) i3 3aCTOCYBAHHAM
aiarpam Boponoro

Buninennst ckenetHoro (TBEpIOro) KOMIIOHEHTa CTPYKTY-
pu Mikpoo0’extiB y PEM € ofiHi€l0 3 HAHOUTBII CKIAIHUX 1
aKTyaJIbHUX 3a]a4 CTepeojoro-MopQoIoriyHOro aHalizy
[4]. OcHoBHa mpobiema OB’ s3aHa 3 HEOMHO3HAYHICTIO, & B
OLIBIIOCTI BUMAAKIB — 1 HEMOXJIMBICTIO BHOOPY TaKoro
ONTHMAJIbHOTO PIBHS AMCKpUMIHAI[i (SK Lie MPHUHHATO Y
IIMPOKO BUKOPHCTOBYBAHOMY IIOPOTOBOMY METOAI), 3a
SIKOTO TBEpJi CTPYKTYpPHI €JIeMEHTH BHJUISIOThCS HA Ha-
MIBTOHOBOMY 300payKeHHI 3a MIHIMAJIbHUX CIIOTBOPEHb
ixHiX po3mipiB i popm. HalickimaaHimn npu mboMy TpyIu 3
OJM3BKO PO3MIIIEHUX OJHMH JI0 OJHOTO CTPYKTYPHHX elle-
MEHTIB, BUAUICHHS SIKMX HECTiKe BIJHOCHO JI0 TIapaMeTpiB
OiHapu3alyii. SIKk HaCIiIOK, 32 aBTOMaTHYHOT'O CTEPEOJIOro-
MOpP(HOJIOTiYHOr0 aHali3y Taki TPyHH MOXYTh CIPUIMATHU-
Csl SIK OIMH CTPYKTYpPHHH €JIEMEHT, a IIe NMPH3BOAUTH 10
CIIOTBOPEHHS pe3ylbTaTiB aHATI3y — 3aBUIICHHA YHCIA
KPYIHHX MiKp0o0oO’€KTIB 1 3aHIDKEHHS IPiOHIMIHX.

Tomy ocobmmBoOi akTyanbHOCTI HaOyBa€ 3a7ada KOpek-
THOT'O PO3MOILTY KOHIJIOMEPATIB CTPYKTYPHHUX €JIEMEHTIB
Ha ckinaznosi [5; 12; 14]. HasBHi 5k Ha chOromHi miaxomu,
MOB’s3aHi 13 3aCTOCYBaHHSAM CYIEpIO3uiii 0a30BHX Me-
TOIIB MaTeMaTH4HOI Mopdororii (auiaramis, epo3is To-
110), HE BHPIIIYIOTH IIi€1 MpoOIeMu.

Hamu 3amponoHOBaHO 3aCTOCYBAaTH ABOBHUMIpPHI TIOIIi-
roan Boponoro. IlpomoHyeTscsi anroputm, skuii 0azy-
€ThCS Ha BUKOPUCTAHHI IUCKPETHUX oceil BopoHoro mis
IPaHUYHUX TOYOK CTPYKTYPHHX €JIEMEHTIB.

®dopManpHO y3araJbHEHHH 3amuc giarpam Bopororo
takuit [11]:

GP, = {x|d(x,i) <d(x,i);j€S,j+1} (4)

Tyr S=S5;, S, ..., S, — MHOXHHa N eIEeMEHTIB Ha
wromyHi; d(x,i) — HaliMeHIIa eBKIifOBa BiACTaHb Bis
Oynp-AKo0i JOoKami3anii X B IJIOMHMHI 10 OyAb-sIKOI TOYKH.
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[Ipn mpoMy neHTpajbHA AWCKpeTHa Bick BopoHoro Bu-
3HAYAETHCS SK JiarpamMa BopoHoro mepuioro nopsiiky aiist
TPaHUYHUX TOYOK Ha MEpEeTHHi 3 TBIPHOIO 00JacTio S:

def
DVMA (E (5)) = Vor, (B(S)) ns (5

BinmosinHo giarpama Bopororo npyroro mopsiaiky Ha-

CTyIIHA:
def

DVMA (B(S)) = Vor,(2)% = p, € Qi % jH(p,p;) (6)
ne H (pi, p j) — TeOMETPUYHE MicCIle TOUOK 13 2, sKi OIrK-
9i 710 Pj, HiX JI0 .

[Tpu TakoMy miXofi JUCKpeTHa Bich BopoHoro € moc-
KuM rpadikoM, KOXKHE pedpo SKOTO YTBOPIOETHCS MapOr0
rpaHMIHUX TOYOK. 1100 3MECHIMTH BIUTUB JPiOHHX JIeTa-
JIel MexX1 MiKpoo0’eKTa Ha OpMY LEHTPaJIbHUX JHCKPET-
HUX oceil BOopoHOro, 3acTOCOBYEThCS CrieljalibHa IMpole-
Jlypa peryisipusallii oTpuMaHoro rpada 3 BUKOPHUCTaHHIM
BaroBUX (YHKIii OIHKH 3aIHIIKOBOI pisHuIL. IX 3acTocy-
BaHHS JIETAJILHO BUCBITIICHO Y poOOTaX.

Epmnix P. ta Baiiu6epr b. [2] 3anpononysanu 3aiiicHi0-
BaTH CTEPEOIOro-Mop¢OIOTiUHUI aHali3 MiKpo300pa-
xenb (PEM, IIEM Ta iHmi) XapaktepucTukon ¢opm i
PO3MIpIB MIKPOCTPYKTYPHUX €JIEMEHTIB Yepe3 IUIOILY
NOBEpXHi X KOHTYpIiB, NEPUMETPIB Ta EKBIBAJIICHTHHUX
niamerpi [15]. Ilpu 1mpOMY MOMINBEHO KOPHCTYBATHCS
MeToJiIoM Macok SQj; po3mipoM 2X2, MOXIMBI BapiaHTH
SKHX TOKa3aHo Ha pHc. 3.

%
1L a7 7 ) |
'L— |

-

SQf SQ2

Puc. 2. Cxema nokputTs MikpooO’exTa mackamu SQ

SQO

B ElE e
1= - -
Trdhk -
BN -

Puc. 3. Turmu Macok (eTaloHHUX 00pasis SQ)

Cxema moniny PEM-300paskeHHs, BUIUICHHS ()parMeHTiB
PEM-300pakeHHs 1 MOKPHUTTS iX Mackamu SQ; moka3aHa
Ha pucyHKax 2 Ta 3. Jlns Takoro migxoXxy OTpHUMaHi y
SIBHOMY BUIIA1 HAcTyIHI Gopmynu [16]:
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ne 1 — mikcen, o HaJeXHUTh TOCIIPKYBAHOMY (pparMeHTi
o0’ekta (mopw, yactku); 0 — MiKCes, IO HE HAJICKUTh
JIOCITIJIKYBAaHOMY 00’ €KTY.
ITmorra A(Area) mepumerp P i umciao Tomosoridyao
CMOJY4EHUX KOMIIOHEHT E MOCTiKyBaHUX KOMITOHCHTIB
00’€KTa BU3HAYAIOTHCS TAKUM YHHOM:

A = 1/8n(SQL)+1/4n(SQ2)+7/8n(SQ3)+n(SQ4)+4n(SQ5) (8)
)
(10)

[N

P = n(SQ2)+L/\2[(SQD) + m(SQ3)]
E =1/ 4n(SQ1)-1/4n(SQ3)+1/2n(SQ5)

ne n(i) — 9ucio eJeMeHTIB i Ha 300paXKeHHi.

3a Takoro migXoay MOXKHA OOYHCIHTU CEPEHIO TLIO-
11y, CepeiHiil epruMeTp OTHOro elieMEHTa 300paXKeHHs,
cepelHiii KoedilieHT (pOpPMHU, HAIMIBOCI AIPOKCUMYIHOHYOro
ellinca, UIbHICTh 3aIllOBHEHHS 300pa)ceHHsl (IpU JOCIi-
JUKEHHI 1Op 1€ BIANOBIJa€ MOPUCTOCTI) Ta 1HII Xapakre-
PHCTHKH MIKPOCTPYKTYPH.

VY BUMNaAKY 130TPOIHOI PO3TOPTKH 3 BEIUKUM YHCIOM
MIKCENBHOr0 PO30UTTS MOPQOJIOriYHUI aHA3 CYTTEBO
CIPOIIYETHCS: TUIOINIA AOCIIPKYBAHOTO 00’ €KTa BH3HAYA-
€TBCS SIK YKCJIO €JIEMEHTIB, IO HAJIEXKaTh 70 (parMeHra
00’exTa, Ha 300paxenni A = n(1); nepumerp P MokHa
O0YHCIINTH 32 CIPOLICHOI (hOopMYITOr0:

P =2[n(01) +n(0/1)] (11)
sKa BIIMOBIJA€ TOABOEHOMY YHCIY TNEPETUHIB IiHIA 3
TPaHUISIMH JOCIiIKYBaHOI (pa3h OYUCTKH 00’ €KTa.
Yucino okpeMHX KOMITIOHEHT JIOCIIJDKYBaHOTO (hparMeH-
Ty E Tipu BEeTMKOMY YHMCIIi aHAIII30BaHUX TOYOK Ha 300pa-
JKEeHHI MOYKHa 009rciioBaTH 0e3 BpaxXyBaHHS IPYITH TOUYOK

(SQ5), To6TO:

E =1/4n(SQ1)-1/4n(SQ3) (12)

[IporpamHa peanizailis CTepeoIoro-MopQoIorivHOro
ananizy PEM-300paxens 3miticaena IIT «Stimany [5].

Pe3ysibTaTH Ta iX 00roBOpeHH

3 MEeTOI0 IpaKTHYIHOI arpodarlii MEeTOIOIOTii CTepPeoIoro-
Mopdomerpraaoro aHanizy PEM-300pakenp Oymu mociti-
JOKEHI THTOBI 3pa3Kd YOPHO3EMHUX 1 JIEPHOBO-IIII30IHC-
TuX 1pyHTiB, PEM-300paskeHHs SKUX TIOKa3aHO Ha puc. 4.
PEM-nocmimkeHHs 3QiHCHIOBAIHCS Ha Cy9acHOMY PacTpo-
BOMy enekTpoHHoMY Mikpockomi «HITACHI S—-800»
MAY, M. Mocksa).
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st cyTTeBOro 301NIBIICHHS TeHEPaIbHOI BUOIPKH B J0OC-
JIDKEHHSIX TIOPOBOTO IPOCTOPY HEOOXITHO 37iCHIOBATH
PEM-—3HiMaHHA nipu Jekibkox 30imbiieHHsX. B PEM e
MOXIIUBICTh IITABHO 3MIiHIOBATH 30UIBIIEHHS B Jiana3oHi
20% — 10000%. 3a cremianpHO PO3POBICHOIO TIPOrPAMOIO
[5; 7], sixa € cxnanoBoro yactuHoto [T «Stimany, 3miiic-
HIOETBCS 00’€JJHAaHHS B OJHY TeHepalbHy BHOIPKY ycix
MOMIpSHUX TOp (YacTMHOK) i mMoOymoBa IHTErpalbHOL
ricrorpamu ix posmoziny [17]. Bkazana meronuka nera-
JILHO BHKJIaJICHA B pobotax [5; 7]. B mogamsmomy odMme-
xuMocsi PEM—mopdoMeTpuuHrM aHai3oM YOpHO3EM-
HUX 3pa3KiB.

Bceroro Oyno mpoaHainizoBaHO 6 MPoO, MIiKPOCTPYK-
TypHY OynoBy mop i TBepznoi (a3u IpyHTY OpHHX IIapiB

BUBYAIM B IUTi(ax BEpTUKAJIBHOI OpieHTalil, BiiOpaHux
3 ropmonTiB 0 — 5, 5 — 15, 15 — 25 cm. Bei 3pazku mpo-
aHAJI30BaHI 3a MOBHOIO IIPOrpaMor0 Mop(oMepHIHOI
OIIIHKH, TOOTO 3 OOYHCICHHSM 1 IMOOYJOBOIO TiCTOTpaM-
HOTO PO3IIOAITY 32 €KBIBAJIEHTHHMH JliaMETpaMH, cyMap-
HOIO TUTONIEI0, MepuMeTpamMH, (akTopoM (HOpMH Ta «po-
3010» OpI€HTAIIIT.

Ha pucynky 5, sik npukiiaj, npuBeeHi ricTorpaMu po-
3MOJUTY 32 EKBIBaJEHTHUMH JiaMeTpaMy, IUIOMICIO Ta
«PO30I0» Opi€HTAIlI].

Jis ToKpaleHHsT Ha0YHOCTI Ta CHPOIIEHHS aHai3y,
OKpIM TiCTOTpaMHHX UTIOCTpaliii, rmependadeHa MOXKIH-
BicTh MOOYyOBHU jiarpam Bapsapa, mpukiany skux HaBe-
JICHO Ha PUCYHKY 6 [3; 17].

Puc. 4. MikpocTpyKTypa 3pa3KkiB YOPHO3EMY OITiI30JICHOT0 JIETKOCYTJIMHKOBOT O
a) 250% ; 6) 10007 ; ) 3000% , PEM «HITACHI S—800»

JlaMo KOpOTKHii aHasi3 OTPUMAHUX pe3yibTaTiB. Mikpo-
CTPYKTypa IIOCHI/PKYBaHHX 3pa3KiB c1abo aHi30TpOITHA,
MepeBakHa Opi€HTAllisT Ma€ BEPTHKAIBHUH HApssMok [18;
19]. Le, 3a nocmimkenusmu O.B. CksoproBoi [1;2], B
LIJIOMY BIiJTIOBIIA€ I'PYHTaM, IO MiJJAFOTHCS IHTEHCHB-
HOMY peXHMY 3MHBY. MIKpOCTpYKTYypHY OYZOBY MOXKHA
BBaXXKaTH CKeJeTHOro Tuiry (3pazok Ne 1) abo ckenerHo-
MaTPUYHOTO KoMipuactoro TumiB (3pazok Ne 2) [3]. Pe-
3YJIBTAaTH KiIbKICHOTO aHali3y MOPOBOTO MPOCTOPY CBif-
4aTh Mpo Te, Mo 3pa3ok Ne 1 memro OibIr MOPUCTHH, HIXK
3pazok Ne 2 (mopucricts BianoBigHo Ne 1 = 31,16% i Ne 2
=37,089%). O6'emHa mopuctictsh npubnuzxo 40%. Ooua-
Ba 3pa3Ku MOraHo (piIbTPYIOTh BOAY, OCKUIBKK Y HUX (i-
npTpaniiiuil koedimient He nepesuirye 0,0775 m/l. Tlo-
pOBHii mpocTip B 000X 3pa3Kkax CKIAJCHUH JeKiIbKOMa
KareropisiMu mop. I'padixu posmominy mop 3a eKBiBaJeH-
THUMH JiaMeTpaMHU i IIiomamMu € mogioaumu. J{ims 3paska
Neo 1 HaiOinbIT 6araTOYUCETFHIMHE € TOPH 3 TiaMeTPOM
0,28-1,2 mxm, mami 1,2-17 MM i mebaraTtouncensHi 17-
49 MkM. Y BIJICOTKOBOMY CITiBBIJIHOIICHHI BOHH CKJIaja-
1oTh Jume 1%. IIpore came kpymHi, ane MEHII 3a KijdbKi-
CTIO TIOPH BH3HAYAIOTH (iTBTPAIiiiHi BIACTUBOCTI Ta pea-
kmii Ha 30BHIMHI aii. s 3pa3zka Ne 2 xapakrepHi 3 kare-
ropii mop: 1 — 6araTourcenpHi, ane apidHi 0,26-1,55 MKwM;
2 — 1,55-12 mxMm; 3 — 12-63 mxm. Tperst kareropist ckia-
nae 44%, a nepma — 10%. B minomy 3pazok Ne 2 Ginbim
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JUICIIEPCHUI 1 MICTHTB OiJIbIlIe TIMHUCTHX YaCTUHOK. Do-
pma mop: B 3pa3ky Ne 1 mepeBaxkaloTh MOpU aHI30METPH-
ynoi popmu (dakrop popmu Kr = 0,395-0,549), B Toit ke
yac K B 3pa3ky Ne 2 e aHi3oMeTpH4HI MiKpoarperaTHi
MOpU Ta aHi3oMeTpu4Hi Mix3epHoBi mopu Kj=0,52-
0,559.

3Beneni PEM — mopdoMerpuyHi pe3ynbraTd aHalizy
HaBeIeHO B Tabmusax 1 ta 2.

3a miarpamamu Bapsapa (puc. 6) MoxxHa 3poOHTH OJI-
HO3HAYHHUI BHCHOBOK, IIO OLIBIII MMOPH MArOTh 1 GBI
okpyrny ¢Gopmy. Ile miaTBepmKyeThCsl 1 301MbIICHHSIM
nokaszHuka i3omerpudnocti 3 0,087 mo 0,983 mpu 36i1b-
IIeHH] eKBiBaJICHTHOTO fiamerpa mop (puc. 60). [lopoBuit
MPOCTIp XapaKTepPU3yETbCA 3HAYHOK MIiHJIHMBICTIO, TIPO
IO CBiIYaTh NaHI PO3IMOALTY €KBIBAJIEHTHHX diaMETpiB
I0p 1 TIOKa3HUKH 130METPHUIHOCTI.

B mpodim pocmimkyBaHUX 3pa3KiB HiTKO MPOCIiAKO-
BYIOTBCSI O3HAKH TEKCTYPHOI MU(epeHIiarii.

CkeneTHa MiKpOCTPYKTypa TpyHTY Topu3oHTy 0 — 5 cM
XapaKTepPHU3yEThCS 3HAUYCHHSIMH 3arajJibHOi ITOPUCTOCTI
omu3eko 41%. MakcuManbHAM BHECOK CKJIAZAIOTh MiXK-
3€pHICTI ME30MOPH, TOTIM MIKMIKPO — arperaTHo — 3ep-
HHUCTI TPYOi 1 cepemni Mikpomopu. HalimeHIT B TopoBoMy
TIPOCTOPI TPHUCYTHI TOHKI MIKpOMOpPH, IO PO3TAIIOBY-
JOThCS MK 3epHaMu JpiOHomITyBaTol (pakmii i ruHnC-
THMH YJIbBTpaMiKpoarperatamu.



Science and Education a New Dimension. Natural and Technical Sciences, I11(6), Issue: 54, 2015 www.seanewdim.com

Distribution according to eqvivalent diameters

Spesimen=m spes

Min = 0.1092 (um), Max = 74.9714 (um),
Mid = 0.2836 (um), Disp = 0.7062, Nse = 295322

Distribution according to total areas

Spesimen=m spes

TSi =1.000
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B)
Puc. 5. I'icrorpamu po3nozniny mop:
a) 32 EKBIBaJICHTHUMH JliaMeTpamu; 0) 3a 3arajbHOIO IUIOLICIO; B) «P03a» OpieHTamil
1,6 1,2 0,7
1.4 1,0 - 0,6 T
1.2 08 05 =
10 VN TV 0om = Non =003
0,8 175% = 0,32 0,6 075% = 0.783 ’ 375% =9,33
0.6 25%=0,15 2 25% = (.38 0’3 25%=10,17
0’4 sMedian=02| 0,4 oMedian = 0.532 02 s =Median = 0.24
0,2 I = 0,1
0,0 . 0,0 _ 0,0 —
Hiametp iop, Mm I3omeTpuuHicTs O TopizanicTh Iop
a) 6) B)
Puc. 6. Pe3ynbratu craTCTUYHOT 0OPOOKH IaHUX:
a) 3a eKBIBAICHTHUMH JliaMETPaMHU MaKkpo — i Me301o0p; 0) 3a i30MeTPUUHICTIO MaKpo — i Me3orop; B)3a (akropom hopmu.
Taomuus 1. 3BeaeHi pe3yabTaTu CTPYKTYPHOTO aHaTi3y
36inbuieHns (M) Ta po3mip enemenTa po3ourrst (L)
M 250 500 1000 2000 4000 8000 16000 32000
L, MkmM 1,38 0,69 0,34 0,17 0,09 0,04 0,02 0,01
KinbkicTs op 194525
Iopwucricts, % 31,18
3arasnpHa miora mnop (KB.MKM) 24797,4
3aranpHuii IepuMeTp mop (MKM) 197900
Cepenniit giamerp (MKM) 0,166832
Cepennst mwiora (KB.MKM) 0,127477
Cepenniit nepumerp (MKM) 1,01735
IMuroma moBepxHst (1/mMKMm) 1,5972
Odinprpariiinunii koedirient (M) 0,0775216
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Taoauus 2. MoppomeTprydHi MOKa3HUKH 3pa3KiB IPYHTY (JOpHO3eM)

Kinpkits 11 XapakTepHi JiaMeTpu, MKM arajgpHa monia | IlopucricTs,

No 3pazka | Ne mpobu N op> Dmidp P HDmax P Do 3 S... MKM20 H oP (;0 ¢ K, % K¢
m; 9327 0,911 46,31 0,28 28707 28,18 5,6 0,395
3p.Nel m, 17430 0,737 38,07 0,26 28388 26,86 11 0,418
ms 30388 0,364 49,23 0,13 29987 38,43 4 0,549
CepelHe 3HAUCHHS 15715 0,663 44,54 0,22 29027 31,16 6,86 0,454
Myg 18017 1,182 57,8 0,54 103765 35,8 314 0,559
3p.Ne2 Myg 27890 0,354 39,74 0,13 25294 38,19 3,8 0,556
Mg 43174 0,291 63,14 0,14 31428 39,68 8,7 0,52
CepellHE 3HAYCHHS 29694 0,609 5356 0,27 53496 37,089 14,6 0,545

BucHoOBKH i nepcneKTHBH NOJANBIINX JOCTiIZKEHb

1. Po3poGiieHa MeTOOJIOTIS 1 METOJMKA KUIBKICHOTO CTe-
peonoro-mopdornoriunoro ananizy PEM-300paxeHb
JICTICPCHUX TIPYHTIB. BUKOHaHI eKCIepHMEHTANbHI
JOCITI/DKEHHsSI YOpHO3eMHHX 3pa3kiB. Po3pobnena me-
TOJMKa € OPHIIHAJIBHOI 1 MOXKe OyTH 3acTocoBaHa,
OKpIM TPYHTIB, /10 OUIBII IIMPOKOrO KJIacy AWCIIEPC-
HUX MaTepiais.

2. 3a KiJTbKICHUMH CTE€PEOJIOrYHUMHE MapaMeTpaMu (eKBi-
BAJICHTHUX JiaMeTpiB, IUIOII, EPHUMETPIB TOIIO) MOX-
Ha OLiHIOBAaTH (iNbTpaliiiHi BIacTUBOCTI IpyHTIB. Ta-
Ka KOHIIEIIIisl € HOBaTOPCHKOIO 1 OTpedye Oinbll Ipy-
HTOBHHUX JIOCITI/PKEHb, 30KpEMa B TEOPETUYHOMY IUIaHI
ONTHMI3allil 3aCTOCYBaHHs BEWBJIET-IIEPETBOPEHb 1 Ma-
TEeMaTHYHOTr0 anapary JUCKpeTHHX oceil BopoHoro, six
BUCOKO KOPEKTHHX 1 MEPCIIEKTHBHUX METO/IIB.
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Stereological-stereometrological principles of REM-microscopy of dispersed soil
V.N. Melnyk, O.V. Piskunova
Abstract. The article reviewed the methodology of stereological-morphological analysis of REM images of dispersed soils. It is
suggested to apply wavelet method for radiometric correction of REM images and mathematical tools of discrete axles by Voronoi to
identify the pore space of soil microstructural organization as dispersed systems. We’ve placed an emphasis on using the original
software package «Stimany». Experimental studies given in the article were carried out with the appliance of modern REM (HITACHI
S-800, Japan). The obtained results confirm the prospects of stereological-morphological analysis of REM images on micron and
submicron levels.

Keywords: raster electron microscopy, wavelets, axles of Voronoi, stereology, morphometry
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AnoTamisi. JIocipkeHO OCHOBHI TEXHOJIOTIYHI YMOBH TPOBEICHHS YAbTPaUIBTPaLlifHOrO OYHMIIEHHS iHBEPTOBAHOTO OYPSIKOBOTO
€KCTPaKTy Ha YCTaHOBIII HEMPOTOYHOIO THITY Ta MeMOpanax YIIM-10 ta YIIM-50. BcraHoBiI€HO, 110 IS OYHMIIICHHS iHBEPTOBAHOTO
OYpSIKOBOTO €KCTPAKTy BijJ HecaxapiB pamioHaJLHO BUKOpUCTOBYBaTH MeMOpaHy YIIM-10, ToMy 1o y mopiBHSHHI 3 MeMOpaHOIO
YIIM-50 BoHa Ma€ BHUIIY CEJICKTHBHICTh 32 CyXUMH pedoBHHAMHU Ha 29-34 % Tta 3a OijkoMm Ha 5,5-6,4 %, npu He3HAYHIN pi3HUII
3HIDKEHHS IIPOIYKTUBHOCTI MeMOpaHH I1ijl 9ac MpOLeCy OUMIIeHHS.

Knrouosi cnosa. ynompaghinompayis, ineepmoganuii OypsaKo8uli ekCmpaxm, caxaposa

Beryn. AkTHBHE BIpOBa/DKEHHSI MEMOpPaHHHX TPOIIECIB B
Xap4yoBY MPOMUCIIOBICTH IOB'S3aHO 3 MOXIIMBICTIO PO3[Ii-
JISITW PO3YMHU HA MOJIEKYJSIPHOMY piBHI, 30epirarou npu
bOMY HATUBHHUU CTaH I[IHHUX KOMIOHEHTiB. HaiOiabi
nolMpeHi 6apoMeMOpaHHI MPOLECH: MIKpO-, YAbTpadiib-
Tpallisi, 3BOPOTHIH OCMOC, PYIIIHHO CHJIOK SKUX € PI3HU-
15 TUCKY. Y I[YKPOBili IPOMMCIIOBOCTI 11l TEXHOJIOTIi IpaK-
THUYHO HE 3aCTOCOBYIOTHCS, IO MOB'SI3aHO 3 BEJIMKUMU 00-
csiraMy BUPOOHMITBA Ta HEAOCTATHHOIO KUTBKICTIO HAYKO-
BUX JOCIIKeHb Y Ii# obmacti. OnHaK, BiIoMi poOOTH, B
SIKUX OITUCAHO, SIK YIbTPa(iIbTpaliclo OUHIIAIN Bl HEIY-
KpiB AnQy3iiiHi cOKM, oTpuMaHi, sk 3 TpocTuHu [1, 2], Tak i
ykposoro Oypsika [3-5]. Lle 703BOJIUI0 3HU3UTH KOIBOPO-
BICTb 1 KaJlaMyTHiCTh po3uuHiB 10 60 i 78% BianosinHo [1,
3, 4], npu upOoMy criocrepiraiacs HU3bKa CENCKTUBHICTh

MeMOpaH 1o caxaposi — Bix 6,74 1o 17,68% [2], 1o pobu-
JI0 BTpAaTH IiTbOBOTO KOMIIOHEHTa 3 KOHIICHTPATOM HE
OinpiMi. J{iis OTpUMaHHS BUCOKOTO CTYIMEHS OYHIICHHS
TaKOro COKY, HEOOXiIHO HOro oOpoOJIATH HE TLIBKH YIbT-
padimbTparniero, ajge i JOOYHIIYBATH aICOpPOCHTaMHU abo
10HOOOMiHHUMH cMoramu [1].

HeBuBYEHMM 3aJIMINANIOCS 3aCTOCYBAHHS YIbTpadisib-
Tpalii B TEXHOJNOTISIX OTPUMAaHHS IIYKPOBHX CHPOIIB,
NPH3HAYCHUX TS 3aCTOCYBAHHS B XapyoBiil MpOMHCITO-
BocTi. Tomy Meror aaHOi pobOTH OyJI0 eKCriepuMEHTa-
JbHE JOCIIKEHHS Tpolecy yabTpadinbTpamii s ouu-
IICHHS 3a3HAYEHNX PO3YMHIB BiJ| HEIYKPIB.

Marepianm i metonu. [lapamerpu BuxigHOro Oypsiko-
BOT'0 €KCTPAKTY MpecTaBieHi B Ta0m. 1.

Taomuus 1. [TapameTpu OypsKOBOro eKCTpakTy nepen yaprpadiiprpamicio

Cyxi peyoBuHH, Yucrora, KonuenTpauisi caxaposm, pH Koaboposicts, | KoHuenTpauis 6ijkis,
% % % O/1.01T. TYCT. %
14,5 88,5 13,3 4,7 2922 0,454

OuulileHHs YKPOBHUX CHUPOIIIB 3[iiiCHIOBaIN Ha OapoMe-
MOpaHHi# 1ab0paTOpHiil yCTaHOBII HEMPOTOYHOr'O TUIY 3
edexTHBHOO rUTomero MemOpan 1,38-10° i 3,42:10° M
Ha MeMOpanax mapok YIIM-10 ta YIIM-50 BupoOHunTBa
ITAT HTI] «Bragimop» (Pociiiceka ®exnepariis). Ycrano-
BKa Ma€ TEIUIOBY COPOYKY, B SIKY IIOJAETHCA 3 TEpMOCTaTa
JMCTHIIbOBaHA BOJIA 13 3a/[aHOI0 TEMIIEPATYPOIO. [X MpuH-
LI Ji1 eTajbHO onucaHuii y podorti [6]. Temneparypa
PO3UYMHIB TP MPOBEACHHI MEpIIoi cepii eKCIepUMEHTIB
(3aeXHICTP MUTOMOI TMPOAYKTUBHOCTI i CENEKTUBHOCTI
MeMOpaH Bix THCKy) Oyna B mexxax 20+£3°C.

Pospaxynxosei  ¢popmyau. Iluromy TNpOTYKTHBHICTH
J (mm*/(m?-rom)) i cenexrnBricTs R (%) MeMGpaH po3pa-
XOBYBAJIM 3a HACTYIHUMHE (opmynamu [7]:

3 3600 -V (1)
S-t

e V — 06'eM oumIIEeHOro po3unHy (IIepMeary), M, oep-
JKYBaHHI 32 9ac T, C; S - ePeKTUBHA IUTOIa MEMOPaHH, M".
R=[1- %2 ].200 @
C,
ae Cp, C; - BMICT KOMIIOHEHTY B IIepMeaTi Ta KOHLIEHTPaTi
BIJIOBIIHO, F/I[MS.
Pe3ynabraTn i obrosopennsi. IlomimepHi memOpanu B
TIepIlli FOANHNA POOOTH i AI€I0 TUCKY YIIUTBHIOIOTHCS, 1110
TIPU3BOANTD JO 3HIDKEHHS IX MHUTOMOI MPOJYKTUBHOCTI.
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1106 we siBUILIe HE BIIOMBATIOCS HA KIHI[EBUX PE3YJIbTATAX,
HOBI MeMOpaHu OyNH BiNPECOBaHI MPOTSATOM 2 IO LIS
XOM (IIBTpYyBaHHS Kpi3b HUX AMCTUILOBAHOI BOOH IIPU
tucky 0,8 MITa. [lani B ycranoBky 3anuBaiu 100 mit coky i
BCTAHOBITIOBAJIM B KaMepl HeoOXiquuil Tuck. s crabui-
3aii MoTOKy repMmeata, mepii S5 M 3TUBaJH , ajl BigOu-
panu 6 mpob mo 5 MuI, 3aMipsIIOYM Yac BiIOOPY KOXKHOT
npobu. PozpaxoByBay mUTOMY MPOAYKTUBHICTH MEMOpaH
3a (opmymnoro 1, Ha rpadikax 300paxyBaiu cepeaHe 3Ha-
yenHs. Jlami cik 31MBaiiy, YCTAHOBKY NPOMUBAIH IHCTH-
JBOBAHOIO BOMOKO 1 2% pPO3YMHOM JIMMOHHOI KHCIIOTH ,
micist goro 3anmuBany HOBI 100 MIT COKy i IPOIOBKYBaIH
JIOCITIIPKEHHS 3T1IHO 3 IUIAHOM.

Ha mepmromy etami mociimKeHb BUKOPHUCTOBYBAIHU IBi
yabrpadinbrpaniitai memopanu (YIIM-10 ta YIIM-50) 3
PI3HOIO BiACIKAIOUOIO 3[ATHICTIO 32 MOJIEKYJSPHOIO Ma-
coto (10 1 50 x/la BimmoBigHO). Ha puc. 1 mpencraBnena
3aJIeKHICTh X TMTOMOI IPOAYKTHBHOCTI Bi THUCKY.

Bunno, mo mi1 memOpann YIIM-50 makcumanbHWMI
moTik mepmeata criocrepiraBes pu 0,3 MIla, a s YIIM-
10 BiH 3anwmaBcs HE3MIHHHM Yy BCHOMY JIOCITIDKEHOMY
Qiama3zoHi THUCKIB. Y TeEpIIOMY BUIAIKy MeMOpaHOK 3a-
TpuMyBaucs PpaKiii KpymHiIIe po3Mipom, siki popMyBa-
71 OUTeII "yXKy" JHAMIYHY MeMOpaHy, 10 Ha IepPIIOMY
eTari NpU3BOMIIO A0 MiJBHIIEHHS J MPOrnopuiiiHo pymii-
Hilt cuti. OxHak, 6inbm BHcoki 3HaYeHHs Tucky (0,5 MIla
1 BHIIIE) CKOpIIlle BCHOTO CHPHSIIN YIIUTEHEHHIO THAMI Y-
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Puc. 1. 3anexHicTh MUTOMOI IPOXYKTUBHOCTI MEMOpaH
YIIM-10 ta YIIM-50 Bifg THCKY.
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Puc.2. 3anexHictb cenexTuBHOCTI MeMOpaH YIIM-10 (mpo3opi
cumBonn) i YIIM-50 (cywinbHi CHMBONHN) 32 CyXHM PEUOBHHAM
(ReB) (211 4) i caxaposi (Ri) (1 i 3) Bizg THCKY.
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Puc. 3. 3anexHicTh 3MiHH KOJIBOPOBOCTI COKY LIYKPOBHX Oypsi-
KiB Mmicis ynpTpadinapTpalii Ta celeKTHBHICTh 10 O1IKOBUM
s'enquandsMm (RB) mem6pan YIIM-10 (npo3opi cumBonn) i
VTIM-50 (cy1ijibHi CHMBOITH) BiJl THCKY.
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Puc. 4. 3anexHicTh TUTOMOI IPOAYKTHBHOCTI MeMOpanu YIIM-
10 mpu yneTpadinsTpalii JUCTHIFOBAHOI BOIH i COKY IIYKPOBO-
ro Oypsika. Tuck 0,1 MITa.
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HOI MeMOpaHH 1 MOJKIIMBO B sIKilick Mipi — nosiMepHoi. J{st
KOXXHOTO THCKY BCTAaHOBIIIOBaJIacsl JMHAMIYHA PiBHOBAra,
KOJIM KUTBKICTh PO3YMHEHUX PEYOBHH, IO IMiIBOAATHCS 110
MeMOpaH! KOHBEKTUBHHM TOTOKOM, JTOPIBHIOBANIA KiJTbKO-
CTi pe4oBUH JUPYHIYIOUMX BiJ 1 MOBEpXHi. YIIUIBHEHHS
JMUHAMIYHOI MeMOpaHW B IIMX BHIIAKaxX BimOyBamacs B
TepIl XBWIMHH EKCTIEPUMEHTY Y 3BSI3KY 13 30UTbIICHHIM
PYLIiHOI CHIM 1 BiANOBIAHO MOTOKY B OiK pO3ALIAIOUOi
MeperopoKi. MokKHa MPUIYCTHTH, 1110 TaKi SBHIIA Xapak-
TepHi 1 s MemOpanu YIIM-10. OnHak, B IbOMY BHITAKY
01151 MeMOpaHU HakomUuyBasucs (Ppakiii MEHIINX po3Mi-
piB, siKi opmyBany OUTBII IIUIBHUE JUHAMIYHUK map. B
000X, ONHMCaHWX BHIIE, MPHUIYIIEHHIX HE MOXXHA TaKoX
BIIKMHYTH MOXKJIMBE YacCTKOBE 3aKyIIOPIOBAaHHS TOp, IO
JIOCTaTHBO XapaKTEPHO IS MPOILIECY YIbTpadiibTpartii.

I3 puc. 2 ta 3 BuHO, MO A1 000X MEMOpPAH CEeNleKTH-
BHICTb 110 CYXUM PEYOBHHAM, caxapo3i i OijakaM 3011bIry-
Bajacs mpu 0,5 Mlla, 110 Takox MiATBEPHKYE YIIIIBHEH-
Hs IUHAMIYHOTO Iapy.

VIIM-50 3atpumye He3HAYHY YacTUHY CYXHX peyo-
BUH, 1110 MOJKE HETATUBHO MMO3HAYATUCS HA SIKOCTI KiHIIe-
BOT'O MPOJYKTY, HE3BAKAIOUM Ha Te, 110 BTPATH Caxapo3n
3 KOHIIEHTpaToM OymyTh MiniManbHi (R, = 9,02-11,28 %).
3HMKEHHSI KOJIbOPOBOCTI HepMeaTy MOPIBHIHO 3 BHXiJ-
HUM PO3YMHOM, Ha MEPIIMK MOIVISIA, MAa€ AHOMAJIbHUHI
xapakrep, Tomy 1o MemOpana YIIM-10 3arpumye Oinb-
11y KiJbKICTb, K OIJIKOBHX CIOJNYK, TaK i CyXHUX PE4OBUH
B 1istomMy. ITosicCHUTH Taki pe3ynbTaTH MOXKHA TaKUM 3pa-
3koM. Llel nokasHuk aus nepmeary, OTPUMAHMX MPU I0-
Jti coky memOpanoro YIIM-50, BH3Ha4anu MpPakTUYHO
BiJjpa3y Miclisi eKCIIEPUMEHTY, B TO# Yac, siK JJIsl iepMeata
micnst YIIM-10 - Tineku uepe3 no0Oy. Uepes takuii npo-
MIXKOK 4Yacy CIIOCTepirajocs MOMYTHIHHS IepMeaT Micis
YIIM-50, 1110 CBiTYUTH PO OKUCIICHHI PI3HOTO POy He-
caxapoB. CiiJl 3a3HaYUTH, 1[0 OOHIBI MEMOpaHU HE 3/1aT-
Hi 3a0€3MeYNTH NOBHY OYMCTKY PO3YHMHY BiJ OanacTHUX
CHONyK. 3 IBOX MeMOpaH Kpalle CHpaBisS€ThCS 3 IIUM
3apranHsaM YIIM-10, He3Baxaroun Ha OUIBINY KiJIbKICTh
caxapo3u, ska Oynme 3amumatics B KOHLeHTpati. Lo
npo0JieMy MOXKHA BHPIIIUTH IIUIIXOM 3aCTOCYBaHHs Jia-
¢inbrpaii [8] a00 BUKOPUCTOBYBATH OTPUMAaHHN KOHIIE-
HTpAaT Ul BUPOOHHUIITBA eTaHoiy [9].

OpHUM 13 crIOCOOIB 3HMKEHHST €HEPrOBUTPAT Ha eTarl
3TyIIEHHS OypsIKOBOTO €KCTPAKTY, OYHIICHOrO yiabTpadi-
JBTPALIEIO, € 3aCTOCYBaHHS 3BOPOTHOrO ocMocy [10], mro
JIO3BOJISIE HE TUTHKH IIBUIIATH KOHIIEHTPAII0 CYXHX
pedoBuH, a i 3HM3UTH Olnbir HixX HA 30 % BUTpaTH eHep-
rii [11], cmoxkuBaHOi mpH 3rymieHHi. TakuM YHHOM, He-
00XiJTHO BPaxOBYBATH HE TUIBKH SKiCTh MPOAYKTY, OIEP-
JKaHOTO Ticis ynbTpadineTpaii, a #f crrocodu ioro moaa-
TBII0T 0OPOOKHL.

Ha puc. 4 npencraBieHa 3a1exHiCTs TUTOMOI MIPOAYK-
TUBHOCTI BiJ TeMIlepaTypu IS AUCTHIHOBAHOI BOAH 1
COKY ITyKpoBOro Oypsika. OOuBi JiHiT MAalOTh OJHAKOBHUI
xapakrtep. Bemmumna Ji mpaktraHo B 10 pasiB meHie,
HIXK Jyyersonas IO TIOB'SI3aHO 3 HASIBHICTIO 3HAYHOI KUTBKOC-
Ti po3unHeHnX pedoBuH B coti (14,5 % cyxux pedoBuH).
Sk BxKe 3a3HAYANOCS, MATOMA MPOAYKTHBHICTH 3 IIiJIBH-
MICHHSAM TeMIlepaTypu 30iTbIIYyEThCS B PE3YIbTATI 3HU-
JKEHHS B'SI3KOCTi PO3UUHY.

Di3uKO-XIMIUHI TOKa3HUKK OypSKOBOTO €KCTPaKTy Ii-
cisl ynbTpadinbTpaii mpu pisHUX TeMIepaTypax MNpea-
cTaBJjeHi B Ta0m. 2.
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Tabmauus 2. Oi3uKo-XiMivHI TOKa3HUKH OYPSIKOBOTO €KCTPAKTY MicCIIs yARTpadIbTpalii Py Pi3HUX TeMIlepaTrypax

Temneparypa, °C |Cyxi peuoBuny, % | Kornentpamis caxaposu, %o KompopoBicTb, OfI. ONT. TYCT. Konnenrpanis 6iskiB, %
30 9 7,5 40,25 0,167
45 9 7,5 40,3 0,166
60 9 7,5 63,85 0,155
85 9 7,5 87,06 0,15

BcraHoBieHO, 110 CEIEKTHBHICTH M0 CYXMM pPEYOBHHaM i  BHCHOBKH
caxapo3i He 3MIHIOEThCSI TIPH HarpiBaHHI COKy 1 fopiBHIOe 1. BcTaHoBieHo, mo mpu odmcTHi YIbTpadiibTpariero

37,93 143,61 % BiANOBITHO, BiICOTOK 3HWKEHHS KOJIHOPO- MaKCHMaJlbHe 3HaYeHHS ITMTOMOI IPOAYKTHBHOCTI IS
BOCTI 3MeHIIyeThes Bif 98,62 10 97,02 %, CeneKTUBHICT MemOpan YIIM-50 nocsraetbes npu 0,3 MIla i cka-
o Oikax 30LIbIIyeThes Bix 63,22 1m0 66,96 % npu miaBu- nmae 12,2 }1M3/(M2T0}1), a st memOpan YIIM-10 muro-
meHHi Temnepatyp Big 30 go 85°C. Lle MokHa MOSICHUTH Ma MPOIYKTUBHICTH C MiJBUIIECHHSAM THUCKY HE 3MiHIO-
JICHATypaIi€lo OLTKOBUX Ta iHIIMX OPraHIYHHUX CIOJYK ITiJT €ThCA 1 3HAXOUTHCS Ha piBHi 6,7 mv’/(M-Tox).

JI€I0 TEMIEPaTypH, MO MPU3BOAMUTH N0 3MiHHU iX ¢i3uko- 2. JIns OUMIEHHS IHBEPTOBAHOTO MEKTHHOBOTO EKCTPAK-
XIMIYHUX BJacTUBOCTe 1 posmipiB. Temmeparypa, ska Ty BiJ] HEcaxapiB palioOHaJIbLHO BUKOPUCTOBYBATH MEM-
nepesuirye 60°C Takox cropusie pyHHYBaHHIO MOJIEKYI 6pany YIIM-10, Tomy 110 y nopiBHAHHI 3 MEMOpPaHOIO
caxaposy, 0 MOXK€ MPU3BECTH O 11 JIOJJATKOBHX BTpAT. VYIIM-50 BoHa Ma€ BHINY CEJICKTHBHICTH 3a CYXHMU
ToMy pamioHa bHO €KCTPAKT IyKPOBOT'O OypsiKa po3IiuIsTh pedyoBrHamu Ha 29-34 % Tta 3a Ginkom Ha 5,5-6,4 %.

yabTpadiIbTpaLicro mpu Temmnepatypi 60°C.
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Investigation of main technological conditions of the ultrafiltration purification of inverted beet extract
0. Syzonenko, Yu. Zmievskii, I. Krapyvnytska, V. Myronchuk
Abstract. The main technological conditions of the ultrafiltration purification of inverted beet extract were investigated. Studies were
conducted on the installation of periodic process with membranes of the types UPM-10 and UPM -50. Usage of membrane UPM-10
is better than membrane UPM-50 because the first one has a higher selectivity for solid substances by 29-34% and for the protein by
5,5-6,4% with negligible difference in reduced productivity of the membrane during the process of purification.
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AHoTamisi. Y CTaTTi MoKa3aHO MOXJIMBICTH MiJBHIIEHHS TOYHOCTI PEKOHCTPYKIIT Mpodiro MOBEpXHI NUIIXOM HOpMai3awii iHTep-
(deporpamu Oinoro cBitia. Jsi mpoBeIeHHS HOpMai3allii HeoOXiTHO BU3HAYNTH OTMHAIOUY CHUTHATY IHTEHCHBHOCTI. Po3pobieHo
JIBa CITOCOOM OITIHFOBAHHS OrMHArOY0i. METpOJIOTiYHI BIACTUBOCTI 3aIIPOMIOHOBAHUX CIOCOOIB JOCIIKYBAJIACS MUITXOM MOJIEITIO-
BaHHS iHTEp(eporpaMu JUIs MOXWIOl Ta ChepuIHOI TOBEPXOHB.

Knrouosi cnosa: inmepgepomempis 6inoco ceimna, mamemamuina Mooeisb iHmepgpepospamu, Hecyya ma 02uHalo4a CUSHALY iH-
mencugHoCmi, Hopmanizayis inmepgepoepamu, peKOHCMPYKYisi NPOPinio nO8epXHi, 36e0eHA NOXUOKA PEKOHCPYKYIT.

Beryn. .IHT?p(l)GPOMeTpI/I‘{Hi 6§3KOHTaKTHi BHMipIOBaHHS [(T)=1,+E(T)-C(T) (1,a)
TpUBUMIpHOI (hopMu abo Mpodiaro 00’ €KTa € BAIKIUBUM Y s

0arathox cepax, 30KpeMa y MEIUIINHI, EKCIPEC KOHTPOII E(T)=1, -exp— 4-A°-T (orunatoua) (1,6)
dbopMu eTanei, mpU PEKOHCTPYKINIT TOMOJIOTIT CKIIaHUX M ,13

noBepxoHsb [1]. 3 ypaxyBaHHSM JOCATHEHHS KOMII IOTEp-

HUX TEXHOJIOTiH BiJIKPHBAETHCSI MOXKITMBICTD aBTOMATH3ALIii C(T) = cos 4-7 T (secyua) (1,c)

NpolIeCy BUMIPIOBAaHHS Ta OMpAIOBaHHS 1HTEpdeporpam.
Lle crmpolye BUKOPHCTAHHS Ii€i TEXHOIOTi, PO3IIUPIOE
chepu i 3acToCyBaHHs 3aBASKU IMiABHUIICHHIO e(hEeKTHBHO-
CTi Ta MOXKITUBOCTI OTPAIFOBAHHS B peaibHOMY Yaci [2, 3]. T
VY 3ajmauax JOCIHiIKEHHsI MOBEpXHI iHTepepoMerpis
Oijoro CBiTJIa Mae HHU3KY IepeBar, 30kpema 3abe3mneuye
MOXKJIBICTh PEKOHCTPYKIIT CXOIMHYACTHX ITOBEPXOHb Ta
NIOBEPXOHb 31 3HAYHOI KpuBH3HOMW [4, 5]. [Ipore, mopis-
HSHO 13 KJIACHYHOIO MOHOXPOMATHYHOIO iHTepdepome- .. . o iy
. . . . BaHOI NOBEPXHi y KOXKHiH 11 Tou1i:
TPi€I0 PEKOHCTPYKIA € CKIaJHIIIOW, 4Yepe3 HasBHICTh T
amILTITYqHOT Moyt [5]. h= v
Ha 1eit yac icHye Gararo METOJIB ONpAIIOBAHHS 1HTEP-
(eporpamu OLTOro CBITJIA, 30KpeMa BH3HAUCHHS MAaKCH-
MaJIbHOI 1HTEHCHBHOCTI iHTepdeporpamu, npsmoi (azoBoi
JeMOoyIsilii, pa3oBOro 3CYBY, BiACTexeHHs cMmyT [6, 7, 8,
9]. Ane e(ekTHBHICTh IIMX METOMAIB 3HMKYETHCS IIiJI 4Yac
PEKOHCTPYKIIii CKJIaJHUX TOBEPXOHb (HENiHIMHHUH, 3MiH-
HUii B yaci npodiis) [3]. ToMy akTyansHUM € po3poOIieH-
HSl HOBHX IIXOJIB, SIKi 320€3eUyIOTh MOKPAIIEHHS MEeT-
POJIOTIYHHX BJIACTUBOCTEW METOJIIB PEKOHCTPYKIIT moBep-
XHI Ta € e()eKTUBHUMU B peajizalii.
3mMicT iHTephepomMeTpii Gi1oro cBiTIa Ta MaTeMaTH-
YyHa Mojeab iHTepdeporpamu. OnruyHa iHTEpHEpOMeT-
pist € GE3KOHTAKTHIM METOIOM BH3HAYEHHS MPODLIIO TOo-
BEPXHI, B OCHOBI SIKOTO JIGKHUTH siBUILE iHTepdepeHtii [4].
VY kIacuuHOMY BapiaHTi A0 CKIaay iHTepdepomMeTpa BXo-
JUTH DKEPENo CBITIA, CBITIOAUIHHUK, OMOPHE A3epKajo,
JIOCITi/DKyBaHa TIOBepXHs Ta ekpaH [4]. CiTiioBa XBUIIs Bij
JUKEpena CBITIa PO3IOUTIOETHCS CBITIONUTBHUKOM Ha JBi
XBUWJII, 10 IPSIMYIOTH JIO OLOPHOTO A3epKaJia Ta JOCIiIKY-
BAHOI TOBEPXHI BiAnoBinaHo. IHTEpdepoMeTprUHa KapTHHA loorm = I~(I') ~ COS(A' 7 -T) (2)
CTIOCTEpiracThcs HA €KpaHi B pe3yNbTaTi HaKIIaJaHHS E(T) A
XBWIb, IO BiAOWINCS Bif BIAMOBIAHUX TOBEPXOHB. [lincn-ne lyom— HOpMOBaHMii curHain iHTeHcuBHOCTI; /(T) — cUrHan
JICHHSI Ta TOCTaOJIeHHS pe3yabTylo4oi XBWII crioctepira-  intepdeporpamu (6e3 cTanol cKiaIoBoi);
€ThCA Yepe3 ONTHYHY PI3HHILO X0y CBITIOBUX poMeniB. E(T) — omiHKa (yHKIIi1 OrHHAIOYOI.

Ao
ne lp 1 Iy — BiANOBIAHO cTaja cKiaxoBa Ta aMILTITY/A
OrMHAIOY0i CHTHATY IHTEHCHBHOCTI 1HTep(eporpamu;
— ONTHYHA PI3HULS XOAdY; Ag 1 AXL — IIEeHTpaJbHa JOBKHHA
XBHJII Ta IIMPHHA CIIEKTPY JKepena CBITIa.
3aBaHHs PEKOHCTPYKIIT MOJSIrac y BU3HAYEHHI 13 CH-
THaJy 1HTEHCHBHOCTI iHTep(eporpaMu ONTUYHOI Pi3HHMII
xomy T, 110 mponopiiiiHa BucoTi h (mpodinto) mocimimky-

Jie V — Koeili€HT 3aJIOMJICHHSI CepeIOBHILA.

Sk BuaHO i3 piBHAHHA (1), iHOpPMaTUBHUI napameTp
— ONTHYHA PI3HULA X0ony I BXOIUTH OJHOYACHO JI0 BUpa-
3iB oruHarouoi Ta Hecy4oi. OHak, y pa3i ¢azoBoi gqemo-
NSl Hecyuoi MOYKHa JOCSTTH BHIIOI YYTIUBOCTI, HiXK
3a aMILTITYJHOI AeMoayJsiii oruHatodoi. Kpim toro, gac-
ToTa uM (a3a, Ik iHPOPMATUBHUIA TTAPAMETP, € CTIHKIIIIM
JI0 BIUIMBY 3aBaj] Ta urymiB. Tomy mapamerp 7' TOLITBHO
BU3HAuaTH 13 pasu Hecyuoi inTepdeporpamu.

Hopmadnizaunis y koHTekceTi pexoHcTpykuii nmpodi-
J10 noBepxHi. HasiBHiCTh y iHTEepdeporpami Oiioro cBiT-
na orunatouoi E(T), mo ommcyerbes dynkiiero I'ayca
YCKJIAJTHIOE 3aBJIaHHS PEKOHCTPYKIT NpodiIio MOBEPXHI.
Jist 3a0e3neueHHs] iHBapiaHTHOCTI pe3yAbTaTIiB PEKOHCT-
pyKdii 10 BIUIMBY OTMHAIOYOI MOXKHA 3aCTOCYBaTH HOP-
Mamizamiro iHTepdeporpamu. CyTh OO MiAXOAY ITOJS-
rae y BU3Ha4eHHI (opMH OTHHAIOY0i i HOPMYBaHHI iHTE-
pdeporpamu 3a hopMyIor:

VY 3aranpHOMY BHIAKy MaTeMaTHYHA MOAENb IHTEp- [Ticnst yHopmyBaHHS iHTepdeporpamMu ONTHYHY Pi3HU-
dbeporpamu 6imoro ceitina mae Burisin [10]: 110 X0y 7' MOYKHA BH3HAYUTH 32 (POPMYIIOH0:
A
T =-"—arccos(l ,o;m) ®)
4.7

70 ©)|B. - Stadnyk, A. V. Khoma 2015


holis.diana@gmail.com
Typewritten text
B. I. Stadnyk, A. V. Khoma 2015


Science and Education a New Dimension. Natural and Technical Sciences, I11(6), Issue: 54, 2015 www.seanewdim.com

OTmxe peKOHCTPYKILis MPO(dIIo MOBEpXHi 3 BUKOPHCTAH-

HSIM HopMautizamii iHTepdeporpamu Oijoro cpiTia re-

pendavae BUKOHAHHS TAKUX KPOKIB:

— 3aBaHTAXCHHS JaHUX iHTepQeporpaMu i mapameTpiB
iHTepdepomerpa;

— BIWJIYYCHHS CTAJIOl CKJIAOBOI lo;

— Bu3HaueHHs oruHatouoi £(T) inTepdeporpamu;

— HOPMYBaHHsI CUTHAJTy 1HTEHCUBHOCTI 3a (opMmyoro (2);

— obUHUCIIeHHS ¢dazu YHOPMOBAHOT'O CUTHAITY
inTepdeporpaMmu Ha OCHOBI (PYHKIIi apKKOCHHYyC 3a
hopmysoro (3);

— Bi3yaJtizallisi peKOHCTPYHOBaHOI TOBEPXHI.

[lepii 4oTHPH KPOKH CTOCYIOThCS Oe3mocepeHbo HO-
pmadizamii. KiirouoBuM y oMy € BH3HA4€HHS OLIIHKA
OTHHAIOYO1, STKE MOXKHA 3JIACHUTH PI3HUMH CIIOCOOAMH.
Y poboTi po3rIsSHYTO JiBa COCOOW BH3HAYEHHSI OTMHATO-
4ol CHUTHaJly — Ha OCHOBI IepeTBopeHHs [inbbepra Ta
IHTEPIOJIALIT.

Peaizaris Ta JoCTiKEHHS TOYHOCTI PEKOHCTPYKIIIT TPo-
(IO TIOBEpXHi 13 BUKOPUCTAHHIM 3a3HaYE€HHX CIOCO0IB
BU3HAUCHHS OI[IHKM OTMHAIOYOl MPOBOAMIIUCS Yy MpOrpa-
mHOMy mnakeri MATLAB. Meroauka mociiDkeHHS Tie-
penbavana ¢opmyBaHHS maHux iHTepdeporpamu Oiioro
CBiTJIa Ha OCHOBI MaTreMaTHyHOI Mozeni (1) Ta momanpury
PEKOHCTPYKIIIO 3a ONUCAHUM ajuroputMom. J{iist rimomio-
TO JTOCHIIKCHHS e()eKTUBHOCTI 000X CIOCcO0iB BU3HAYCH-
us E£(T) 6yno chopMOBaHO OTHOBUMipHY MOJENb iHTEp-
(eporpamu (omuH PAOK) [UIs JiHIHHOI (TTOXWIOT) Ta He-
TiHifHOI (cepuuHoi) moBepxoHsb (puc. 1).

Ha puc. 2 HaBeneHO BWIIIAJ CHTHANIB 1HTEHCUBHOCTI
iHTepdeporpaMu BiAMOBIAHO Uit TOXWIOL Ta CEpHUIHOT
noBepxoHb. s dopmyBaHHS iHTEepdeporpamMu oOpaHO
JUKEPEJIO CBITJA 13 IEHTPAIBHOIO JTOBXKHHOIO XBUIIL - Ag =
620 HM Ta BIAXWJICHHSM JIOBXXHH XBWJIb (IIMPUHA CIIEKT-
py) - 44 =62 am.

_ 2 g - -0_?
- -2
i 200 400 600 800 1000 200 400 600 800 1000
n,samples n,samples
;nc. 1. TIpodine nocnimxyBaHO! TOBEPXHi: a — IMoxmia, 6 — C(bepl/llﬂ-g
1 & o 1 S— —
et T TN AT N T e
g oL T et 2 bt L T
g YV AN v e £ ST L CLTY
= -05 _vvﬁuw_wv _ [ £ -05 U_UUU_ _UUU_U _
200 400 600 800 1000 200 400 600 800 1000
n,samples n,samples

a

6

Puc. 2. CurnHain inrepgeporpamu (—) ta fioro oruHaroua (---) i Hoxuioi (a) Ta chpepudHoi (6) moBEepXOHb

MertposoriuyHe OI[iHIOBaHHS CIOCOOIB BU3HAYECHHS OTH-
HAIOYOi 3/IHCHIOBAIIOCS NUIIXOM OOYHCIICHHS CepeTHbOK-
BaJIpATUYHOI 3BE/ICHOT MOXUOKU:

N
\/Z(Eiﬂ')—EiU))z
i=1 4
N - max|E(T)] )

ne E; ta Ej — 3HAYEHHST OTMHAIOYOI Ta il OHKH y TOHIli ;
N — KinbKicTh BUOIPOK.

Jis OmiHIOBaHHS TOYHOCTI PEKOHCTPYKIIi 0OYHCITIO-
BaJIMCS 3BEICHA TA CEpPeAHbOKBApATUYHA 3BEJCHA TTOXH-
OKM 32 BUpa3aMH:

-100%

Oeny =

|Trec _Torigirl
= . % 5
7(T) ex(Torer) — M (Torig) 100% ()
N ] b
\/Z[TFGC(I)_TOrigin(l)]
= 100%  (6)

o= r -
N - lmaX(Torigin) - mm(TorigirDJ

ne Trec ({) — BECOTA PEKOHCTPYHOBAHOI TIOBEPXHI Y TOUII
i; Torigin (/) — BucoTa opurinansHOI nmoBepxHi y Touui 7; N
— KIJIBKICTH BHOIpOK.
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Bu3HaueHHs OTMHAIOYOI 32 I0NOMOI 010 NePeTBOPEHHS
linboepra. OruHaroua curHany intepdeporpamu Moxe
OyTH BU3HAuUEHA 3 JIONIOMOrOI0 IepeTBopeHHs ['inpdepra
[11]. TeperBopennst I'inmbOepra mnst nesKOro JIificCHOrO
cUrHary 3abesneuye (popMyBaHHA HOTO «KBaJIPaTypHOTO
ekBiBanenTay [12]. [amumu cmoBamu meperBopeHHs [i-
nebOepTa 3ailicHioe (a3oBuit 3cyB Ha 90° KOXKHOI TapMo-
HIiKH, HAIBHOI Y CHEKTP1 AIMICHOTO CUTHAITY.
Jns curnaiy inTepdeporpaMu

I(T) = Em.cos[“'T”.T]: E(T)-cos(B-T)
neperBopeHHs ['imp0epTa GopMye BiAMOBiMHMIA KBajapa-
typunii curnan | | (T)=E(T)-sin(8-T). Tomi ouinky

ornnarouoi £(T) curnany I(T) MoxkHa o6uncauTH 3a hop-
MYJIOKO:

EM =12 +1,°(T) =
=J[E)-cos(8-T)F +[E(T)-sin(5-T) =
= JE(M)?-(cos(B-T)? +sin(B-T)?).

Ha puc. 3 300pa’keHO OIIHKM OTHHAIOYHX O/IEpXKaHi 3a
JIOTIOMOT 010 TiepeTBOpeHHs [ inpbepra.

™
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Puc. 3. Orninka orunarovoi 3a ['iapdepTom uts moxmioi (a) Ta chepraHoi (0) TOBEPXOHb

Sk BuAHO 3 pHcC. 3, a y BUNAAKY ITOXWIOI MOBEPXHI OrM-  iHTepdeporpaMu. Byio BCTaHOBIEHO, IO MPHUYMHOIO BH-

Haroya CHrHajJy, OTPUMaHa 3a JIOIOMOI'OI0 NEPETBOPEHHSI ~ HUKHEHHS MMOXWOKW € HaKJIaJaHHs CHEKTpPiB OTMHAIOYO] Ta

l'nebepTa mpakTHYHO 30iraeThes i3 ineanbHOr0. [ToxuOka  Hecydoi, eekT SKOro MmiICHIIEThCS Y IEHTPI iHTepdepo-

OLIIHKM OT'MHAIOYOi 3yMOBIIOETHCS TEPETIKaHHSAM CHEKT-  IpaMHd Yepe3 3MEHILIEeHHsS YacTOTH Hecydoi. 3HaueHHs ce-

py, a ii cepeqHbOKBaIpaTUUHE 3BEACHE 3HAUEHHS CTAHO-  PEIHBOKBAAPATHYHOI ITOXHOKH ckianae 8,49%.

Buth 0,21%. Bymo Takok JOCHIIKEHO CTIMKICTh PEKOHCTPYKIIT
Jnst chepuunoi nmoBepxHi (puc. 3, 0) 1el croci BU3Ha-  MpodiIio MOBEPXOHb 10 HETOYHOCTI HOpMYyBaHHA. 3aiie-

YEeHHsI OTMHAI0YO0i NPALIOE HE TOCKOHATIO: HaBITh Bi3yallb-  JKHICTh 3BEACHOI TOXMOKHM PEKOHCTPYKIII BiJ HoMepa

HO TIOMITHE CYTTEBE BiIXWJICHHS OruHaro4oi «['iipbepTa»  BHOIpKH CHTHAIy HaBEICHO Ha puc. 4.

Ta i7eaJIbHOI, MO 3POCTaE y Mipy HAOMMKCHHS IO IIEHTpa

1 4
= =
6 0.5 e 2
= ES

0 L L L L 0 Mwmm\w

0 200 400 600 800 1000 0 200 400 600 800 1000
n, samples n, samples
a 6

Puc. 4. 3BeneHa noxubKa peKOHCTPYKIT: a — oXHia, 0 — chepryHa MOBEPXHS

MakcumaibHa 3BeJieHa TTOXHOKa PEeKOHCTPYKIT MPO(III0  CTaloK CKIIAJ0BOI0, MOXHA 3BECTH JIO TOLIYKY MAaKCH-
MOXMJIO1 IOBEepXHi cTaHOBUTH 0,4%, a chepuunoi — 2,2%, mymiB momyns uiei ¢yHkuii. BusHauutu koopamHaTH
a 3HAYCHHS CEPEAHBOKBAIAPATHYHMX 3BEICHUX IOXMOOK  MaKCHMaIbHHX TOYOK iHTepdeporpaMu MOXKHA [pOaHai-
cxnagarots 0,03% ta 0,23% BigmoinHo. PesynbTaTn 1o-  3yBaBIIM 3HAK HOXiAHOI curHainy. Konm dyHkuis 3pocrae,
CIIIJDKEHb ITIOKa3aJIi CTiHKicTh (ha3oBOi JAEMOAYINAIII Ta  3HAK MOXITHOI Mae JOAATHE 3HAYEHHS, a KOJH CHaliae —
BU3HAYEHHS ONTHYHOI Pi3HUII X0y IO HETOYHOCTI OIiH-  Bix’emHe. Touky, e MOXiJHA 3MIHIOE CBill 3HAK i3 JOAAT-
KU OrMHAr04ol (MMOX1OKa PEKOHCTPYKINT HA TIOPSIIOK HMXK-  HOTO Ha BiJI'€MHHH, 1 € MAKCUMAIIbHUMH TOYKaMU 1HTEp-

Ya 3a BiNOBIIHI MOXHUOKH OIIIHKK OrMHAK0YO]). (deporpamu. [y BU3HAYEHHS MOXIJHOI CHUTHATY MOXKHA
BuzHaueHHs] OTHHAKYOI ILIAXOM iHTepnosuii. Cyr-  Bukopucrtati BOyaoBany Gpynkitiro MATLAB diff(*).
HICTh IIOTO CIIOCOOY TOJISITa€ y BH3HAYEHHI KOOPMHAT [HTepronsiiist peanizoBaHa 3a JOINOMOIOI0 BOYIOBaHOT

eKCTpeMaJIbHUX 3HAYEHh CHUTHAIY iHTEHCHBHOCTI, 1m0 36i-  ¢yukmii MATLAB interpl(*). s ¢yukmis mae 3mory 3a-
raloThCs 13 TOYKAMH OrMHA0YOi (pHC. 2), Ta 3aCTOCYBaHHI  JaBaTH BHJ IHTEpHoOJsLil (HampuKiaja JiHiiiHa, KyOidHa,
IHTEpHONALi Uil 3HaXOMKeHHs Bupa3y (yHKIT ominku  spline). Byno BuOpaHo spline-iHTepnosiito 3-To MOpsAKY.
OTMHAI0YOI. PesynbraTé BUKOPHCTAHHS LOTO METOAY JUISl OLIHKH OTH-

3HaXOKEHHSI EeKCTPEMAbHIX TOYOK 3HAKO3MIHHOI  HAIOYOl CHTHAJIIB IHTEHCHBHOCTI HABEIEHO HA PHC. S.
(GYHKIT, SKOI € CHIHal IHTCHCHBHOCTI 3 BHIYYCHOIO

A T e O AT
o (T AT P~ R T A AN Ty
I i CACkG N A A A

L iy Y

a 6
Puc. 5. Pe3ynbraTi OLIHKM OrMHAIOYOI IIUISIXOM 1HTEPIONALII: a — moxuia, 0 — cepruvHa MOBEPXHs

Intensity

Intensity
o
gé\
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BizyanpHO OIliHKa OTMHAIOYOI ITOBHICTIO 30iraeThes i3 3YMOBJICHO OOYHCIICHHSIM IIOXiIHOI YHCEITbHUMHU Me-
OTMHAIOUOI0 1HTepdeporpamMu sIK Uil MOXWIOI, TaK i TOZAMHU.
JUIsl ceprIHOl TIOBEPXOHB, IPUIOMY 3HAYEHHS Cepel- Ha puc. 6 mogano rpadiku 3BegeHHX MOXHOOK pe-
HBOKBAJIPATUYHOI 3BEJICHOT TOXHOKH cTaHOBUTH (0.09% KOHCTPYKIIii Mpo(iaio JOCTiHKYBaHHX IMOBEPXOHb 3a
ta 0.086% BigmoBimHO. Jl>KepenoMm IMOXHOOK IHOTro HOpMaizanii iHTepdeporpamMu crocodoM iHTEpIOIbO-
croco0y € HETOYHICTh BH3HAUCHHS €KCTPEMYMIB, IO BaHOI OTMHAIOYO].
0.1 1
— 0.05 ~= 0.5 ‘
= =
0 L L L L OU\MA\JAJUAA‘. .Al‘hrl\\ L
0 200 400 600 800 1000 0 200 400 600 800 1000
n, samples n, samples
a 6

Puc. 6. 3BeneHa moxmbKa peKOHCTPYKIIIT: a — TOXHiIa, 0 — chepHyHa MOBEPXHS

[ToxuOkM PEeKOHCTPYKINI MPodiar0 MOBEPXOHb € MeHIIH-  OCKUIbKU mepeTBopeHHs ['i1p0epTa 0a3yeThcs Ha ArOpH-
MU MOPIBHSAHO 13 MOMEPEIHIM CIOCOOOM, OCOOJMBO Y BU-  TMax IIBUAKOrO mepeTBopeHHs Dyp’e, aHaii3 HOro MeTpo-
naaky chepuynoi nmoBepxHi. MakcumainbHa 3BeJieHa MO-  JIOTIYHHUX BIACTHBOCTEH JOIIBHO MPOBOAWTH Y YaCTOTHIN
XHOKa PEeKOHCTPYKIiT OXMIT01 moBepxHi cTraHOBUTH 0.1%,  obnacti. Y BUMaaKy MOXHIIO] MOBEPXHI CIIEKTPH HECYUOi Ta
a cepuunoi — 0.52%. 3HaueHHS cepeqHPOKBAPATUUHMUX  OrMHAIOYOI PO3HECEHI HAa OCl YacTOT, a HAsABHI TOXHUOKU
3BEJICHUX MOXMOOK peKoHCTpyKIil ckianarork 0.01% Ta  OLiHIOBaHHS OrMHAIOYOi 3yMOBJICHI MEPETIKAHHSIM CIIEKTpa
0.04% BiamoBiaHo. Yyepe3 HeKpaTHICTh YacTOT JMCKPETH3alli CUTHaIy Ta He-
BucHoBKH. Y po0OTi MpoaHaIi30BaHO MOXJIMBICTh 3a-  cy4oi. OlliHKa OrnHawo4oi HeiHIHHOI CepuvHOI MOBEPXHI
CTOCYBaHHS METOJAY HOpMaiizamii Juis PEKOHCTPYKIII  CYNPOBOKYIOTHCS 3HAYHMMH MOXUOKaMH, SIKi CIIPUYUHEHI
npo¢iTio MOBEPXHi 13 1HTEpPEepOMETPUYHOI KapTHHH Oi-  HaKIaJaHHSIM CHEKTpPiB OTHHAIOYOI Ta HECYUOi.
noro citia. Lleit Meron mepenbavae yCyHEHHs BIUTHBY CriociO OIiHIOBaHHSI OTMHAIOYOI, 10 0a3yeThesl Ha 1HTe-
OTMHAIOY0i Ha TOYHICTh BH3HAYEHHS IH(POPMATHBHOIO  PIOJSIIl TOYOK EKCTpEeMyMIB iHTepdeporpamu peasizye
rnapamerpy — ONTHYHOI Pi3HMLI XOay i3 (a3u Hecydol  ONpalfOBaHHS CUTHAIIB Y NPOCTOPOBii obmacti. [loxuOku
intepdeporpamu. JIJisi OLIHKK OMMHAIOYOl CUTHANY IHTEH-  BHU3HA4YEHHsS OTMHAI04O0l MEHIII, HiX Y MONepeJHbOMY CII0-
CHBHOCTI 3aIlpOIIOHOBAHO J[Ba CIIOCOOM: 3a JIONOMOrol  co0i, ocobiuBo st chepuyHoi moBepxHi. J[kepenom mo-

nepeTBopeHHs ['ib0epTa Ta iHTepIIosLIii. XHOOK € 00UMCIICHHS TTOX1/1HOT YHCETbHUMHU METOAAMH.
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Methods of white light interferogram normalization for surface profile reconstruction
B.l. Stadnyk, A.V. Khoma
Abstract. The article shows the possibility of increasing the accuracy of the surface profile reconstruction by normalizing the white
light interferogram. For interferogram normalization, it is necessary to define the envelope of intensity signal. Two methods for enve-
lope evaluation were developed. Metrological properties of the proposed methods were investigated by interferogram simulation for
tilted and spherical surfaces.

Keywords: white light interferometry, mathematical model of interferogram, normalization, surface profile reconstruction
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AHHOTalll/lf[. PaCCMOTpeHa CUCTEMAa BUJI0B MUPOBBIX IIOPOroB 3HAHUW U MHOXECTBO anI/I6yTOB HUCKYCCTBCHHBIX 00beKTOB. YcTa-
HOBJICHBI UEPAPXUYCCKUE CBA3HU MCXKAY IMOpOoraMu 3HAHUW W CBSI3U TaKOTO e BUAa MCKAY anI/I6yTaMI/I. Brisineno CTPYKTYPHOE
COOTBETCTBUE U aE[I[PITPIBHBIﬁ Xapakrep 3aBUCUMOCTEH MEXIYy I/IHdJOpMaL[I/IOHHBIMI/I, OKOHOMHYCCKUMU U BPEMEHHLIMH XapaKTEpU-
CTUKaMU ﬂeﬁCTBHﬁ, H606XOZ[I/IMI>IX JUIA peain3allui )XKU3HECHHOI'O IUKJIa HHHOBaL[PIﬁ pa3IMIHBIX ypOBHeﬁ HOBU3HBI, U BUIAMH MU-

POBEBIX ITOPOIroB 3HAHUH.

Knroueevie cnosa: cucmema, mupogvie nopoeu 3HAHUL, MHONCECMEO AMPUOYMOB, UCKYCCIMBEHHbIE 00bEKMbl, JHCUSHEHHBIN YUK,

UHHOBAYUU

Beenenune. OGecrieuenne nunepHbIX (MPEAETbHBIX) 3HA-
YEHUH XapaKTepUCTHK W3JEIUN U TEeXHOJIOTHH SBIISETCS
OJTHOM M3 OCHOBHBIX 3aJau pa3paboTHUNKOB MCKYCCTBEH-
HbIX 00beKTOB. [Ipu Haubosee o0IIel MOCTaHOBKE 3a1auu
9TO MpeAronaraeT MnojiydeHne MHPOPMALMH O MUPOBBIX
noporax 3HaHUU. MUpOBBIE NOPOrM 3HAHUU SIBIISIFOTCS
rpaHujaMu MEXAYy AOCTHXXCHUIMU U l'[p06eJ'laMI/I B 06-
X U ClICHUAJIbHBIX 3HAHUAX. Onu Jar0T OPUCHTUD IJId
JabHEHIINX TIOMCKOBBIX, (yHIAMEHTAJIbHBIX W TIpH-
KIaJHbIX HCCJIEeOBaHUN, a Takxke 0a3y Uil LeNIeBBIX
MIPUKIIAJHBIX pa3padorok. MHaukaTopamu TOCTHKEHUIA B
COLMAJIbHO-TYMAHUTAPHBIX 3HAHMAX SBIAIOTCS HOBBIE
UZIeH, PacLIMPSIOUINE CYIIECTBYIOIUE MHPOBO33pPEHYE-
CKHUE B3IVIAJbI U MOJXObI, B ECTECTBEHHO-HAYYHbIX 3Ha-
HUSIX — OTKPBITHS, @ B CIIELUAIBHBIX 3HAHUAX — ITPOYKTHI
NPUKIaJHBIX HUCCIEAOBaHUN M pa3paboTOk — m3o0pere-
HUsL, TTOJyYMBIINE MEXIYHApOAHOE pU3HaHue. MHauka-
TOpaMu NpOOENIOB B 3HAHUSIX €CTh IPOOJIEMBI B OOIIECTBE
U cpejie oOuTaHusl.

IMocranoBka mpo6iembl. HMupopmanus o MHUPOBBIX
1oporax 3HaHUM NO3BOJIAET OPraHMU30BATH HAIPABJICHHBIN
MIPOLIECC CHHTE3a HOBBIX UCKYCCTBEHHBIX OOBEKTOB B CIIY-
Yae, €CIIU TIOPOTY 3HaHUM CTPYKTYPUPOBAHbI U YCTAHOBIIE-
HBI 3aBUCUMOCTH MEXIY MX BHIAMHU M MH(OPMAIMOHHBI-
MU, S5KOHOMUUYECKUMH U BPEMEHHBIMU XapaKTepUCTHKAMU
JNEUCTBUI, HEOOXOOMMBIX IUIS pealn3allii >KU3HEHHOTO
LIMKJIa MHHOBALMI Pa3JIMYHbIX YPOBHEN HOBU3HEL. B CBOIO
odepenp, 3TO TpedyeT CHCTeMaTH3ay U KIacCH()UKAIINN
TIOPOTOB 3HAHUM, & TAKXKE U3YUCHHUSI MX MIPOSIBICHUS B pa3-
JMYHBIX aTPHOYTaxX Ha 3TaIlaXx COLUAIbHO-TYMaHHTAPHOTO,
€CTECTBEHHO-HAYYHOIO W HAy4YHO-TEXHHMYECKOTO CHHTE3a
TIPH PA3IUYHBIX MYTAX oOecreueHnss HeOOXOMMBIX (DyHK-
LMOHAIBHBIX CBOHCTB OOBEKTOB.

AHanu3 nocjeHUX myOaukanuii. MupoBbie moporu
3HaHUH Kak Quiuocodckas KaTeropus YIIOMHHAIOTCS B
psime paboT coumanbHO-TyMaHuTapHoro mpodwmms [1].
BwMmecre ¢ Tem, B CymecTBYIOIINX ITyOIHKAIMsIX OHHU HE
MIPUBSI3aHBI K aTpUOyTaM HCKYCCTBEHHBIX 00pa30BaHUA,
COCTaBISIFOIMX OOBEKT MHHOBAIIMOHHOTO pa3BUTHs. CH-
CTEMaTHKa M KJIacCH(UKAINS UX BUIOB HE BBHITIOITHEHA.

B ecrecTBeHHBIX AWCHUIUIMHAX MHOTHE TOPOTH 3Ha-
HUHA onpeneneHsl (CKOpocTh cBeTa, 1-51, 2-51 U 3-51 KOCMHU-
YEeCKHEe CKOPOCTH, KBAHTOBBIE KOHCTAHTBI, IIPEEIbI
MPOYHOCTU OTHENBHBIX MarepuajioB u apyrue) [2, 3, 4].
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OnHako B myONMKanusx He MPHUBEAEHBI CYLIECTBYIOIIUE
CBSI3W 3THX BHUJIOB IOPOTOB C MOporamu Jpyrux (He ¢u-
3MUYECKHX ) BUJIOB.

Peann3oBaHHblE W TEOPETHUUYECKU IPEICKAa3bIBaeMbIe
TEXHUYCCKUE MOPOIn 3HAHUM OTCJIEKMBAIOTCSI IO BBLICTa-
BOYHBIM 00pa3I[aM Hay4YHO-TEXHHYECKOW MPOAYKIUH U
pe3yabTaTaM MaTeHTHOro, a TakKe HaydHOro noucka. OHu
nyOnuKyloTcss B 0030pax, OTpacieBbIX pedepaTHBHBIX
cOOpHHUKax, MOHOTpadHsIX, AHATU3UPYIOTCS B IUCCEPTAIIU-
ax [5, 6, 7]. Bmecre ¢ TeM, JjI1 TEXHHYECKUX MHPOBBIX
[IOPOroB 3HAHWM HE CYLLECTBYET BBIJIEICHHONW CTPYKTYpPbI
aTpuOYTOB M HE YCTAHOBJICHBl CTPYKTYPHBIE CBSI3M 3THX
HIOPOTOB € OOIIMMU aTPHOYTaMHU TEXHUKU U TEXHOIOTHH.

Heab cTaTbM — paccMOTPETh CUCTEMY BHIOB MHPO-
BBIX [IOPOTOB 3HAHUH, YCTAHOBUTH MEPAPXUUECKUE CBS3U
MEKAY TOpOraMu 3HaHUHN U CBSI3U TAKOT'O JKE€ BUIA MEKAY
aTpuOyTaMy UCKYCCTBEHHBIX OOBEKTOB.

CucremMa MHPOBBIX IIOPOrOB 3HAHMIl U ee CBSI3H C
aTpudyTaMH HCKYCCTBEHHBIX 00bEKTOB.

MupoBsie TOpPOryu 3HaHUK MOXKHO T depeHIpoBaTh
B COOTBETCTBHMHM CO CTENEHbIO OOIIHOCTHU 3HaHUM, K KOTO-
pBIM OHHM OTHOcATCS. Mcxons u3 3TOro, CONnoIYMHEHHOE
MPUHLUIIOM BKJIIOYEHUS] MHO)KECTBO BHJIOB TIOPOr'OB 3Ha-
HHH, UCIIONB3YEMBIX IIPU CHHTE3€ UCKYCCTBEHHBIX 00BEK-
TOB, MOHO IPEACTaBUTh CIEIYIOMINM, YIOPSA0UYEHHBIM
M0 Mepapxuu o0pa3oM: MHUPOBO33PEHUECKUE, UICATbHBIC
(¢pumocodckre), BRITEKAOININE U3 €CTECTBEHHO-HAYIHBIX
3HaHUH (0OIIeTeOPETHYECKHE), TEOPETHIECKN TOCTIKH-
MBIE B MCKYCCTBEHHBIX OOBEKTaX M OCYIIECTBICHHBIE B
TaKuX 00BEKTax.

MupoBO33peHUYECKUIT BHUJ TOPOrOB 3HAHWUW SIBJSIETCS
HauOonee OOIIMM. 3a HUM HIET BUI HACAIBHBIX 3HAHHM,
BBITEKAIOIINX U3 PA3IHMYIHBIX (QMI0CO(CKUX CHCTEM. DTOT
Bu auddepeHmpyeTcs Mo THMIAaM 3HAHWUH COTJIACHO CY-
IIECTBYIOIINM CHCTeMaM (MICATUCTHIECKIM, MaTepHaII-
cTrdecknM). Jlaee BO MHOXKECTBO BXOJIST IIOPOTH 3HAHUH,
KOTOPBIE BBITEKAIOT U3 OOIIMX €CTECTBEHHO-HAYYHBIX 3HA-
HUH (Qm3uky, xumun, ouonornn). OHHU, B paMKaxX THUIIOB,
MOTYT pa3/esThCs Ha KJIACCHl TIOPOTOB, OTHOCSIIHECS K
pa3TUYHBIM HAyYHBIM AWCHUIUIMHAM. CIEaylonmMu Tpa-
JATsIME (TPYIIIaMH, TIOATPYIITAMH) TTIOPOTOB SIBISIFOTCS T€
rpajanyy, KOTOPHIE COOTBETCTBYIOT XapaKTepHCTHKaM
aTprOYTOB MCKYCCTBEHHBIX OOBEKTOB (TEXHWYECKHX, OHO-
TEXHUYECKHUX U T.II.), TIPECKA3BIBAEMBIX TEOPETHUECKH (C
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YYETOM OTpPaHWYCHUH, BBITEKAONINX M3 (PYHIAMCHTATh-
HBIX €CTCCTBCHHBIX HAYK) U TMPAKTHICCKU PEaTH30BAHHBIM.
DTU MOPOTH MOTYT KJIACCH(UIIMPOBATHCS O aTprOyTaM B
pamkax oTpacieil TEXHUKU.

Cdepa npumeHeHHS
1
IIpenHa3HaueHHOCTD
1
OyHKIUU
1

Kunacreps! Gpu3nueckux (XMMHYECKUX, OHONOrHYeckrX) addex-
TOB
!
CTpyKTypa TeXHOJIOT Uit

1

YpoBeHb TeXHM3ANH QYHKINI
1

CTpyKTypa 2JIEMEHTOB CHCTEMBI
1

Heperynmipyembie mapaMeTpbl CHCTEMBI

1

AJ'IFOpI/ITM TIOBCICHUSA

Puc. 1. Cxema nepapxudeckoil Kimaccuukanyy aTpuOyToB
TEXHHUKH

[Ipn pemenny 3a7ad HaNPaBICHHOTO CHHTE3a TEXHUKH C
JUIEPHBIMU XapaKTepUCTHKaMH [8] palMOHanbHO UC-
M0JTb30BaTh aTpHOYTHI, NMpPUBEICHHBIE HA PUCYHKE | B
BHJIE MepapXxuu [6].

MupoBble TOPOTH 3HAHUA VIS 3TOTO CITydas 00pa3yroT
MHOXecTBO M, 1 €{1,2}, ] €{c, m, b, , T, ¥, 3, H, a}, T
MHZEKCHI 1, 2 yKa3bIBalOT HAa OTHOIIEHHE IOpOra K Teope-
THUYECKH BO3MOXKHBIM W TIPAKTUYECKH PEaNn30BaHHBIM, a
MHJIEKCH C, T, ¢, K, T, Y, 3, H, @ 0003Ha4YaOT €ro MpuHai-
JIKHOCTh K cdepe NPUMEHEHHs, MpeAHa3HauYeHHOCTH,
¢$yHKIMAM, KinacTepaM (HU3MYECKUX (XMMHYECKHX, Ouo-
JIOrNIecKrx) 3(h(PEeKTOB, CTPYKTYPE TEXHOIOTHH, YPOBHIO
TEeXHH3aUUH (DYHKIUH, CTPYKType 3JIEMEHTOB CHCTEMBI,
HEperylIupyeMbIM TIapaMeTpaM CHCTEMBl M aITOPUTMY
TIOBENIEHHsI COOTBETCTBEHHO.

CpaBHuBas 3HaueHus noporoB My u My , MoxHO
ONPE/ICIIUTH PE3EPBHI Pa3BUTHS 00BEKTA 110 aTPHOYyTaM.

Bo3moxHOCTH pa3BUTHS 3aBUCAT OT IMyTei obecreye-
HUA TpeOyeMbIX (PYHKIMOHAIBHBIX CBOWCTB OOBEKTOB,
BapHaHT KOTOPBIX MpeJcTaBlieH B Tabnuie 1.

Ta6auua 1. [Tytn obecriedenust TpeOyeMbIX QYHKIMOHAIBHBIX CBOHCTB OOBEKTOB

Ne IIyte Mopenu Hazpanue
1 Hcnonp3oBaHue cucTeMsl >RY, Vrpasnene
0e3 nepeHasaKu

Hcnone3oBaHue cucTeMsl

2 ¢ MeperaTATKof [(HOY,)Q(DDV )] @Yy IMepenanaaka
Vcrionb30BaHUEe MOJICPHH- [(ADY )RIIDY )R(I;DY 16)® (MDY ,)R(COY )R(B3DY.,)®

8 3UPOBAHHON CHCTEMBI (HOY ) Q(DPDY ) I®Y s Mogeprsatst

4 | Ycnoms3oBanue HOBO (MOV,)QMBY,)S(COY )B(3DY,)O(HBY ) (DPDY 4) &(0ODY,) Hepectpoiixa
TPaJANIIHOHHON CHCTEMBI POV, )OMBY,)RUIBY )I®Y s pectp

5 Vcronbs30BaHKe HOBOM [(ADY )R(IIDY )QUDY,)S(CBY ) (3DY,)D(HDY ) R(DPDY 4 )®(0OD@Y,) | NHHOBaumOHHAs
WHHOBAI[MOHHOM CHCTEMBI R(PBY,)OMBY,)RUIBY )I®Y s HepecTpoika

B Ttabnune 1 unpekc «O» O3HAa4YaeT NMPHHAIICKHOCTh K
crapoii (ObiBILEit) cucreme, a unaekcsl M, I1, U, C, C, H,
@, O, P, M, JI — npuHaANISKHOCTh K 3TanaM >KH3HEHHOT O
LIMKJIA, Ha KOTOPBIX PEAM3YIOTCS] (DYHKIIMU: UHTEIUICKTY-
QJIBHOM JIeITeNbHOCTH (MapKETHHT, HAYYHBIE HCCIIeI0Ba-
HUsI), MPOCKTUPOBAHUE, HM3TOTOBJICHHE, CEePTU(PHKAIUH,
cObITa, HATAKUBAHUS C 00ydeHHeM, (yHKIIMOHHPOBAHHSI,
obecrieueHnsi, PEMOHTA, MOJICPHHM3ALMK W YTUIU3AIUU

coorBerctBenHo. 3Haku Obi, Vi, 1 € {I, I1, U, C, C, H,
@, O, P, M, JI} ykasbiBatoT Ha (YHKIHMU OOECHeYeHUs
(MHBEHTapeM, SHepruei u T.J.) U YIpaBICHUS.

[IpuBenennble B Tabnuue 1 JaHHBIE HO3BOJSAIOT yCTa-
HOBHUTH CBSI3U MMPOBBIX IIOPOTOB 3HAHUM, IOKa3aTenei
YpOBHEW HOBH3HBI WHHOBALMA C HEOOXOIMMBIMHU JICH-
CTBMSAMHM Ha OJTamax WHHOBAIMOHHO-WHBECTHUIIMOHHOIO
IUKITA (PUCYHOK 2).

- = é
Cucrema noporos 3HaHWN 53 §§ .gg . §
3 z
HEILHIEAR
£8 |28 | B8 | 2 g
&'\‘ =
:ﬁ/
Tpebyemne ”:: — F—
ynpaenesrecxme T8 « kP
Aeicraun ann T8 . [KP e
onpeaencHua e < &
wuacs pabor 7118 « JKPT + [KPA = —
I8 « JKPT + JKPK « HilPo S
T8 . JKPT « JKPK - HiPo « HOPT s |

Puc. 2. CBsi3u MUPOBBIX ITOPOTrOB 3HAHMI1, YpPOBHEH HOBM3HBI MHHOBALMI U HEOOXOIUMBIX JICHCTBHIT Ha 3Tanax jKM3HEHHOTO LIMKIIa
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Ha pucynke oyksamu TTIB, IKPT, IKPK, HIPo u HJIPIT
0003HAYCHBI ACHUCTBUS, MPEAHA3HAYCHHBIC JUIS: TEXHHYC-
CKOW TIOATOTOBKH TPOWU3BOJICTBA, TPOBEACHUS OIBITHO-
TEXHOJIOTHIECKUX, OIBITHO-KOHCTPYKTOPCKUAX, HAYYHO-
HCCIEN0BATENbCKUX  (DYHIAMEHTAJBHBIX W HAY4YHO-
HCCIIETOBATEIIHCKIX ITOUCKOBBIX PA0OT COOTBETCTBEHHO.

CBsI3u MEXTy BUIAMU ITyTel o0ecrieueHus TpeOyeMBbIX
CBOWCTB WHHOBAIlMM M 3aTpaTaMH BPEMEHH YCTaHABIIH-
BAIOTCS TOCTAHOBKOW B COOTBETCTBHE KaXKIOMY 3TaIry
(pazoBoMy NHWKITY) KM3HCHHOIO IIMKJIA CBOHMX 3aTpar
BPEMCHHU, KOTOpPHIC HE TEPEKPBIBAIOTCS CO CMEKHBIMH
3aTpaTaMu.

JJist KaKaoro U3 myTel yCTaHABJIMBAIOTCS CBOM 3aBH-
CUMOCTH JJI1 PAacyYEeTOB MPOJODKUTESIFHOCTH BPEMCHU
tBHUII Yepe3 COCTaBIISIONINE, KOTOPBIE HE MEePEKPHIBAIOTCS
MEXIy cOOOH, a IMEHHO:

— s 1-ro mytH: tBum = tdy;
— 7151 2-T0 MyTH: tBUI = tHY + tdy;
— Uit 3-TO MyTH: tBUM = tAy + tny + tny + tuy + tcy + 3y

+ tay + tdy;

— ans 4-ro u 5-To myrtei: teun = tay + toy + tuy + tcy +
t3y + tHy + tdy + toy + tpy + tmy + tiy,

IJIe UHACKCHI 03HAYAIOT MPUHAIICKHOCT MapaMeTPOB
K ¢azoBomy mukiny MmHoxecrsa {J1, I1, U, C, 3, H, @, O,
P, M, JI} ¢$a30BbIX IUKIIOB )KU3HEHHOT'O LIHKJIA.

AHaJ'IOFI/I‘-IHO yCTaHaBHHBaIOTCﬂ CBA3H C J3KOHOMUYC-
CKHMHU, I/IH(bOpMaLII/IOHHI)IMI/I n llpyl"I/IMI/I IIOKa3aTeiIsiMu

00bekToB [9]. To ecTh, MEXAYy HUMHU €CTh CTPYKTYpHOE
COOTBETCTBHE.

BersBNIeHHBIE CBSI3M SIBISIIOTCS afauTHBHBEIMU. OHH
MO3BOJISIFOT  ()OPMAIM30BaTh TPOLEAYPY OIpEIETCHUS
BPEMEHHBIX, SKOHOMUYECKHX, MH()OPMALMOHHBIX U ApY-
THX PECYpPCOB Ha peajii3allfio KaXKaI0ro U3 myTel odecre-
YyeHUsI TpeOyeMBbIX CBOHCTB OOBEKTOB B COOTBETCTBUH C
YPOBHSIMM HOBH3HBI MHHOBauuil [10], uro co3maer BO3-
MOXHOCTh PELICHUS 3a/1a4d KOMIIEKCHOH ONTHMHU3AINU
00BEKTOB C UCITOJIH30BAHHEM MHPOBBIX ITOPOTOB 3HAHMUH.

BeiBoabl. CucteMa BUIOB MUPOBBIX MOPOTOB 3HAHUN
OXBaThIBa€T MHPOBO33pEHYECKHE, (HIocopCKue, ecre-
CTBEHHO-HAay4HbIE ¥ HAYYHO-TEXHHYECKHE TIOPOrH M MO-
xeT IuddepeHIpPOoBaThCS COTJIAaCHO MHOXKECTBY aTpH-
OYTOB HCKYCCTBEHHBIX OOBEKTOB.

CylIecTBYIOT HepapXHYeCKUe CBSI3U MEXKIY ITOPOraMu
3HaHUH ¥ CBSI3M TAKOTO e BUJIa MKy OOIIMMU aTpuoy-
TaMH.

Hmeer MecTo CTPYKTYPHOE COOTBETCTBHE U aJIUTHB-
HBII XapakTep 3aBHCHMOCTEH MeX1y HH(POPMAaIOHHBI-
MU, SKOHOMHYECKUMH U BPEMEHHBIMH XapaKTEpPUCTUKAMU
JIEUCTBHH, HEOOXOIUMBIX JUIs pealu3alliy YXHU3HEHHOI'O
IIMKJIa UHHOBAIlM{ Pa3JIMYHBIX YPOBHEH HOBH3HBI, U BH-
JaMU MUPOBBIX IMOPOIroB 3HAHUH.

B nanmbHeiimem 1iesecoo0pa3Ho HCCIEAOBaTh aJiro-
PUTM IIPUMEHEHUS MUPOBBIX IIOPOrOB 3HAHWUN NPUMEHU-
TEJIbHO K MHHOBAIMSM Pa3IHYHBIX OTpacieh u chep.
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System of global thresholds of knowledge and its relations with attributes of artificial objects
E. Shandyba, R. Kogut, A. Pechenik, N. Ternyuk
Abstract. The article considers the system of types of global thresholds of knowledge and the set of attributes of artificial objects.
The hierarchical relations between the thresholds of knowledge and the relations of the same type between the attributes are found
out. The article shows the structural correlation and additive character of the dependences between informational, economic and time
characteristics of actions required for implementation of life cycle of innovations of the various levels of novelty and types of global
thresholds of knowledge.

Keywords: system, global thresholds of knowledge, set of attributes, artificial objects, life cycle, innovations
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