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Vkas3s Ilpe3uaenra

YKA3
INPE3HUJEHTA YKPAIHHU
IIpo 3aX0au 1010 JAJBIIOTO PO3BUTKY
KOCMIYHOI ranysi Ykpainu

YpaxoByroun BU3HAYAABHY POIb KOCMIUHOI HiSUTBHOCTI B CHOPUSHHI BUCOKOTEXHOJOTIUHOMY pPO3BUTKY
HALIOHAJBHOI EKOHOMIKM Ta 3a0esmneueHHi 11 KOHKYPEHTOCIPOMOXHOCTI, BUKOHAHHI 3aBaaHb y cdepax
Oesneku Ta O0OPOHM AEPXKABU, CTBOPEHHI MOTYXXHOIO BMPOOHUUOrO MOTEHIHANLY, PO3B S3aHHI MpU LBOMY
coriaapHuX MpobaeM, y TOMY UMCIL IIOAO CTBOPEHHS HOBUX POBOUMX MICIb, MOJIMIIEHHS AKOCTI JKUTTS
TpOMaAsgdH, NOCTAHOB J 4 10:

1. BBaxaTu po3BUTOK KOCMiUHUX TEXHOJOrH Ta 1X edeKTUBHE BUKOPHUCTAHHS B iHTEpECax HAIiOHAJIbHOT
EKOHOMIKM, HayKu, O0OpOHU i Oe3neky OOHMM i3 MPIOPUTETHMX 3aBAAHb OPraHiB BUKOHABYOI BJIAIW.

2. KaGinery Minicrpis Ykpainu:

1) mepenauaTu mig uac po3pobaeHHS MPOEKTIB 3aKkoHiB mpo Jdepxasuuil Owomxer Ykpainu Ha 2006 Ta

2)
3

4)

HACTYMHI POKM ACHTHYBAHHY, HEOoOXimHi mig peasizamii BiZHOBIOHOT 3araJpHOACPXABHOI (HAIio-
HAJIBHOI) KOCMIuHOT mporpaMu YKpaiHu, MOX/IUBICTh 3a/JyUCHHS KPEIUTIB MiXHApogHuX (iHaH-
COBUMX Oprasizaniii mjis peasizamii mepcneKTUBHUX MPOCKTIB KOCMIUHOT Tasysi, a TakoxX (piHaHCOBY
MATPUMKY 4YE€PE3 MEXAHI3M 3ACIIEBJCHHS LiJIbOBUX KPEAUTIB;

pospobutu a0 1 ammua 2005 poky KOMILIEKC 3aXOMiB OO0 MATPUMKK MiAIPUEMCTB KOCMIUHOL
raaysi Ta 3a6e3neunTH TX BIPOBAIKEHHS;

pospobuTn Ta momatH Ha 3aTeepmkeHHd a0 1 rpyaHa 2005 poky npoekt Konuenuii xocmiuHOT
aisbHOCTI YKpainu Ha nepiog mao 2011 poky;

MArOTYBAaTH 3 ypaxyBaHHgM 3atBepaxenol Kouueniii, npo gaxy fimerbcs y myHKTI 3 wiel craTTi,
Npomosuuii mogo ckaaxy Ta obcaris pobit Ha 2006 pik, o0 BUKOHYIOTbCA BiIHOBiZHO 10
3araapnogepxasuoi (Hamionanpuol) kocmiunoi mporpamu Ykpaiau Ha 2003—2007 poxu;

5) pospobutu mo 1 xsitha 2006 poky mpoekt 3araabHoaepxasrol (HauioHanpHol) KocMiuHOI nmporpamMu

)

7

Ykpaiuu Ha 2007—2011 poku ta mopatu vioro ao 15 uepsug 2006 poxy Ha poarasa Bepxosuoi Pagu
Ykpaiam;

MATOTYBATA TA BHECTM B YyCcTaHOBJAcHOMY mopsaaky mo 30 uepsHga 2005 poky mpoekT ykKasy
[Mpesupenta Ykpaiam mogo cTBopeHHS HamioHaabHOI CYyMyTHUKOBOI CHCTEMU 3B’ 93KY;

Bu3zHaunTU MIiHICTEPCTBO TPAHCOOPTY Ta 3B 43Ky YKpaiHW AepXaBHUM 3aMOBHMKOM HaujonaspHOT
CYIyTHUKOBOT CHCTEMU 3B’ A3KY.

3. KoHTposib 3a BUKOHAHHSAM 1IhOr0 YKazy nokjactu Ha epxasuoro cekperaps Ykpainu O. 3iHucHka.

IIpesupenT Ykpaiou B. IOIIEHKO

M. Kuis
10 uepsas 2005 poky
Ne 933/2005
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BMICTY 030HY

obsacri AHTAPKTUYHOIO

BCTVYIIL

TIpoanatisoBaHO AOBrOTHMII POSIOALT 3arajibHOrO BMicTy 030HY (3BO) y Kpaiiosiil 06JacTi aHTAPKTUUHOTO
cTpaTocHePHOrO MOJIIPHOTO BMXOPY 3a NAHMMM BHMIPIOBAHb CYIIyTHUKOBOTO crektpomerpa TOMS (Bepcis
8) v 1979—2004 pp. PosrngamaeTscd I’ ITUMICSUHME 9acOBUM iHTEpBaa (CeprIEeHb—TIPYACHB), M0 OXOILIIOE
KiHEIlb AaHTAPKTUYHOI 3MMU, BECHY Ta MOYATOK JiTa. 3 BUKOPUCTAHHAM IIOACHHUX naHux TOMS mng mumpor
65°S Ta 70° S orpumaHOo ycepeaHeHi 3a 5 MicauiB 3oHaJbHI posnogiim 3BO. JloMmiHyrouow € xBuid i3
30HAJBHUM XBWJIBOBUM umciaoM 1, gxka i ¢opMye 30HANIBbHY acHMMETpil0 3 ICHYBaHHSM PO3TALIOBAHUX Y
MPOTUJIEXKHUX JOBIOTHUX CEKTOPAX MAKCUMyMy Ta MiHIMyMy KBasicTarioHapHOi xBWJIi. BripomoBx OCTaHHIX
26 pokiB BiOyBaJsocs 36LIBIIEHHS ACUMETPIi, 9ka B ocrauui poku gocarna 70—90 ogunune Jlobcona, abo
6amsbko 30 % BiTHOCHO CEPENHBONO 30HAJNBHOTO 3HAaueHHS. CHOCTEPIraroThCS MiXpiuHi Bapiauii goBroTH
Makcumymy 3BO HaBkosio crifikoro mojoxkeHns 6iusbko 162°E i 172°E wa mmporax 65°S i 70° S
pigmosigno. Jlosrora miniMymy, kpiM Mixpiunux Bapiamiii, y 1979—2004 pp. 3a3Ha€ CHUCTEMaTUUHOTO
3MIIEHHY Ha CXifg y A0BrorHoMy cektopi mix 45° W i 10° E. CnekrpajpHuil aHaji3 ImoOKasye, IO Lg
TEHJCHIIiS 3yMOBJICHA B3a€MOJI€I0 KBA3iCTAL[iOHAPHUX CKJIAJIOBUX i3 30HAJBHUMM XBWJILOBUMHU uuciaamMu 1
Ta 2, 9Ki B OCTAHHI ACCATWIITTS MAOTh MPOTHJIECKHUI ROBroTHUI Apeiid dhasum MakcuMaibHOI aMILTITYAU.

Tymu i ¢asu abo OGytu nopisHAHO crilikumm [2].
Cnexrpanbuuit ckaan [1X TakoX BpaxoBYETbCS Mpu

IIBa OCHOBHMX MpPOYBM BeaMKOMACIITAOHUX aTMocdep-
Hux 30ypeHb — OiXyui Ta CTOAUi MIaHETAPHI XBUII —
MAPOKO AOCAIAXKYIOTBCA BIPONOBXK OCTAHHIX JAECA-
mwnite [2, 3, 7, 9, 12]. Bixyui naanerapsi xsui
(ITX), momwupioounck B atMmocdepi, peecTpyrThed Y
MEBHOMY MYHKTI CIIOCTEPEXEHD 9K MEPIOAMYHI Bapiawii
atrmocepaux mapamerpiB. Ctosui XBUII 3YMOBJIOKOTh
MOPIBHIHO CTIMKUU MPOCTOPOBUI PO3MOALT XapaAKTEPU-
cTMK atmocepu 3 XBUIEMOMIOHOK CTPYKTYPOK Y
TOPU30HTATBPHOMY Ta BEPTUKAJBHOMY HampaMmax. B
peanbHiit arMocepi BOHM CIIOCTEPIrarOThCd 9K KBa3i-
CTAmiOHAPHI, TOOTO BiAXWJIEHHS Bif CTIMKOTO mpocTo-
pPOBOrO PO3MNOMLAY BiaOYyBAKOTbCA y MNEBHUX MEXAX.
Bizomo, mampwkiam, mo 3aJeXHO Big CC30HY KBa3si-
CTAUiOHAPHI XBWJi TEMOEpaTypu Ta TEONOTEHUiany y
crpatochepi MOXYTh MAaTH 3HAYUHI KOJMBAHHS AMILTi-

© A B. TPULIAIL, O. M. €BTVIINEBCLKMiA, I TI. MUIIHEBCBHKHUIL,
. 1. TPULAM, O. B. ATAITOB, 2005

HOCTIIKCHHI BUKIMKAHUX HuMEH 30ypensb. Ksasicra-
HiOHAPDHUM [UIAHETAPHUM XBHJISIM HAJ AHTapKTHUKOIO
BJIACTUBC AOMIHYBAHHA HW3bKUX 30HANBHWX XBUJIBO-
Bux umcea | i 2 3 mnepeBaxanuam xsuiai | Ta
MakcMMaJbHA aMIuliTyaa y BecHsHi micaui [10, 16].
PoGora mpucBgueHa aHAMiI3y AOBTOTHOTO PO3MOMLIY
zarajapHoro Bmicty ozony (3BO) B armocdepi Han
AnTapkTruauM perioHoM. BuKopmcTaHO CYmyTHWKOBI
pumipioBandas TOMS (sepcia 8) za 1979—2004 pp.
Hng mupor 65° S i 70° S Bu3HAUCHO XapaKTEPUCTUKU
KBazicramioHapHoro posrotHoro posmopity 3BO masa
CE30HY CEpPIEHb—TPYyIAcHb, 3poOJacHO OIHKH BHECKY
UIAHETAPHUX XBWIb i3 30HAJIBHUMU XBUJIBOBUMH UWC-
gamu 1—35. Ile xpaitoBa 30Ha crpatocdhepHOro moasp-
Horo suxopy (60—70° S, [8]), ae xBuaboOBi 30ypeHHs
NPOABALIOTECE OCOBAMBO KOHTpAacTHo (puc. 1) i
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Puc. 1. Jledopmartiis 030HOBOI [ipy M A€ IAHETAPHUX XBHJIb.
®parmenTtu r06anbHOrO posnoailty 3BO g mMpOTHOTO iHTEPBAJLY
30—90° S 3a maHMMM CyIMyTHMKOBOTO crekTpomerpa EP/TOMS 9
Bepecua 1999 p. ta 2 xostag 2004 p.

KBA3iCTAMIOHAPHA CKJIAMOBA XBUJIb TYT MA€ HAWOIIBITY
ammaityny. Came TyT, y 30HI HAUBMIIOI XBHUJIBOBOT
AKTUBHOCTI y 3MMOBO-BECHIHMI MEPIOA, PO3TAIIOBAHA
yKpaiHChbKa aHTapKTUUHA craHiiga Axkagemik Bepran-
cekmit (65.15° S, 64.15° W).

B poGoti posriagHyTo MiXpiuHi Bapiauii i 40BroTpu-
BAJi TPEHAM XAPAKTEPUCTHUK KBA3iCTALIOHAPHOTO A0-
protaoro posnoauty 3BO. Bonu m03BOJS0OTH OLiHUTH
pisenb 3oHaAABHOI acumerpii 3BO, Baxausoro i maso-
JOCTIIKEHOro MOKAa3HUKa CTaHy CepeaHboi atMochepu
Yy MEPioJ aHTAPKTUUHOI BECHH.

METOIUKA AHAJII3Y

Ina BuBueHHS Bapiauin gosrotHoro posnoaity 3BO
34CTOCOBAHO METOIMKY, BHKJIaneHy B podori [5]. Io-
aeuui gawi posmoginy 3BO nax mosepxueio 3emii
3a BUMIiPIOBAHHAMH CYNYTHHKOBOTO CIEKTPOMETpA
TOMS dopmyroThca 3 KpokoM mo mupori 1° i mo
aosroti 1.25° [TOMS ozone data, http://
toms.gsfc.nasa.gov/ftpdata.html, 2005]. Pospobae-
HO MporpaMHe 3a0e3neueHHs A8 Bidyasisamii moaeH-
uux noaie 3BO y zamanux iHtepeanax reorpadiunux
koopmuHAT (puc. 1), a TAKOX 3MiH HOro0 AOBIOTHOTO
po3monily Ha 3aJaHiil IMUPOTI YMPOAOBX OAHOTNO Mi-
cang, OpuaatHe agd poboTm 3 (popMaTaMu AAHUX
NASA CDF, HDF ta netCDF.

Ha pumc. 2, a—6 nokasani Bapiamii ZOBrOTHOTO
poznoniay 3BO pag mmporHoro kosa 65° S ympogosx
cepnus—rpyaasg 1996 i 2003 pp. Yacosmii intepsan
g aHanaizy BuOpPaHO 3 ypaxyBaHHAM TPUBAJIOCTI
iCHyBAHHS O30HOBOI Jipy — L€ NEPEBAXKHO BEPECEHb—
gucronaa. Ceprenb i rpyAeHb AOAAHO AJS MOBHIIIOTO
PO3MISAY TPOLECY HAPOCTAHHS Ta 3HUXEHHS XBUJIbO-
BOI AKTMBHOCTI y LEH CE30H.

3BO, Of1
400 B r

300

92

90°wW 0 90°E
HoBrota

200 I I I
90°W 0 90°E

Puc. 2. Bapiauii moaennoro posrorHoro posnonity 3BO Ha mmpori
65° S mporarom cepriHg—rpyaHaa 1996 p. (@) ta 2003 p. (6) Ta
BigNOBinHI ycepemHeHi 3a m'dTh MicauiB posmomiu (8, ), €Ki
MOKa3yloTh JOMIHYBAHHS KBa3iCTAI[iOHAPHOI XBWJII i3 30HAJIBHUM
XBHUJIBOBUM UHUCJIOM 1

Xoua XBWJIBOBA AKTWUBHICTH y TMIBACHHIW CTpaTo-
chepi Bucoka i B sumoBmit nepiox [4, 6], posmmmpurn
aHaJIi3 Ha BCi 3WMOBiI MiCdli HEMOXJIWBO uepe3 Bim-
CYTHICTb 030HOBUX fAaHux. BumiptoBanug 3BO crekt-
pomerpom TOMS mHa mmporax 65°S i 70° S pamime
CEpIHY HE BUKOHYIOTBCY UEPE3 BEAMKY 3CHITHY BifA-
cranb COHIY B YMOBAaX MOJSIPHOI HOUI.

ITpossBM KBaszicTamioHAPHOTO OOBTOTHOTO PO3MOTLIY
HAa puc. 2, a—6 BUAHO B CTiMKOCTI HHU3bKHX 3HAUCHD
3BO B cexTopi HABKOIO HYJbOBOT JOBTOTH T4 BUCOKMX
— Yy TpOTUJICKHOMY HROBIOTHOMY cektopi ~ 180° E.
Ycepennennii 3a 5 MIicAIliB TOBTOTHUN PO3MOMII CBim-
YuTh TPO AOMiIHYBAHHY 30HAJbHOI xBmJi 1
(puc. 2, 6—2).

V 8-i1 Bepcii aaropurmy o0pobGku sumipiosanb TOMS
JaHi 3a CCpPINCHb—TPYACHb HAYBHI, MOYMHAIOUW 3
1979 p., 3a BUKIOUESHHIM TPhOoX pokis — 1993, 1994
i 1995 pp. g BU3HAUCHHA XApPAKTEPUCTUK CTa-
HioHApHOI CKJAAOBOI MJIAHETAPHUX XBWIb MPOBEACHO
aHai3 S-MICIUHWX CEPEAHIX AOBTOTHUX PO3TMONiJIiB
3BO, srragxeHux i3 3acTocyBaHHAM S0-TpagyCHOTO
BiKHA; BUKOHAHO CHOEKTPAJbHUN aHAJi3 WMOACHHUX
pO3TIOiNIB 3 BUAIICHHIM 30HAJIBHUX XBUJIBOBUX UM-
cen 1—35 i ogepxano m’ATUMICSIUHI CepeqHi AOBTOTHI
npodiai cramioHapHOro PO3MOALNY AJAS KOXHOI rap-
MOHIKH.
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XAPAKTEPUCTUKHU KBA3ICTAIIIOHAPHOI'O
AJOBI'OTHOI'O PO3IIOALITY
3ATAJIbHOT'O BMICTY O30HY

HOua mumpor 65°S i 70° S Bu3HAUEHO EKCTPEMAbHI
suaucaHg 3BO 3a mepiog 1979—2004 pp. (puc. 3, @)
Ta OOUMCIEHO AMILIITYAY 30HAABHOI XBUIL 9K MOJOBU-
HY Ppi3HANOI MiX MakKCHMyMOM Ta MIiHIiMyMOM
(puc. 3, 6). Bapiauii gOBroTHOr0 MOJIOXCHHS MAaKCHU-
MyMmy i MiHiMyMy KBasicramionaproi xsuiai 3BO noka-
3aHi Ha puc. 3, a.

200

Amnnityaa, Of,

200°

100°

HoBrota

0°

Minimym 3BO

1980 1985 1990 1995 T, poku

-100°

Puc. 3. Makcumanbauit i miniMansnuii pisens 3BO y S-micsunomy
CEpPEeHBOMY JIOBrOTHOMY PO3HOALI Ha mmporax 65° S (myHKTUpHA
ainig) ta 70° S (cyuisbHa Jginig) (@), ammityga kBasicralioHapHOT
goHasbHOT xBuii 3BO () T1a Bapiamii AOBroTHOrO MOJIOXEHHY
Makcumymy i mMinimymy 3BO B 1979—2004 pp. (@)

3 puc. 3, a BUAHO, MO SIK HA MAaKCMMAaJbHOMY, TaK
i Ha minimagpHOMYy piBHAX 3BO crocrepiracthea Gara-
TOPIUHMI HETATUBHUI TPEH, IO BigOMBAC TEHAEHLIIKO
r100agbHOTO 3HMXKEHHS BMICTY O30HY B aTtmocdepi.
JligitiHa ampokcMMALig CBiOUATH MPO BWINI TEMIIH
LbOrO TMPOLECY HA PiBHI MiHIMAJbHUX 3HAUYEHb (JUB.
Tabmmno). PisHuMng Mix mweuakicTio sHmwxkeHHs 3BO B
obsacTi Hu3bKuX 1 Bucokux piBHiB 3BO Ha puc. 3, a
MOSICHIOEThCA YMOBaMU (POpMyBaHHS KBaszicTamioHap-
HOTO PO3TOALTY crpatocthepHOro 030HY.

Ha oxpemoMy mmpoTHOMY KiJbIli B KpaWoOBill 30HI
MOJIIPHOTO BUXOPY HW3bKi PiBHI BUHUKAKOTh NIPU HAA-
XOIDKEHHI 30iIHEHOIO 030HOM CTPATOC(HEPHOIO MOBITPS
i3 momgpHuMx ofjacredl y BUCTYyNAX ILJIAHETAPHUX
xsuab (puc. 1). Bucoki pisHi cnipuumHeni 30araueHum
030HOM CE€PEAHBOIIMPOTHUM TMOBITPIM, $KE 3Millly-
eTbcd B OiK MOJII0CA Y BUTMHAX XBWJIb. SKINO, HAIPHUK-
aaza, sigHocHo mmporu 60° S xBuaboBe 30ypeHHS 10-
carac +15° (amxue 300paxeHHd HA puc. 1), TO B
gorotHomy posnogiiii 3BO Ha wiii mmpoTi ogHOUacHO
€ noiTpgaui macu 3 muporu 45° S i 75° S.

V mepiox icHyBaHHS BUXOpY HOTO BHYTpilmHS 00-
JacTh, 9Ka (PAKTHUYHO BIOMOBIZAC O30HOBIM mipi, i30-
JIbOBAHA Bil CEPEAHBOIIMPOTHOTO CTPATOCHEPHOTO MO~
BiTpd, o€ 4epe3 BIACYTHICTh OOMIHY HAKOMMUYCThCH
BUCOKWM BMICT 030HY. TOMy HA Kparw BUXOPY YTBOPIO-
OThCS BHCOKI TPAMICHTH Maanx CKAAZOBUX aTMmocdepn
[14], B ToMy 4MCIi 030HY, a4 XBUJIbOBE 30ypEHHS KPAKO
BUXOPY CTBOpIoE 3HauHi koHTpactu 3BO y3mosx (ik-
COBAHOIO INMPOTHOrO Koaa. Yk Oyao mokasaHo B
pobori [5], ama mmporm cranmii Akagemik Beprance-
Kuii 65° S pisHung GaraTopiuHUX TPEHOIB AA8 KBa3i-
craujonapaux ekcrpemymis 3BO yaromxyerbcs 3 pis-
HULECK CEPEAHIX TPEHAIB y IIMPOTHUX 30HAX, PO3Ta-
HIOBAHMX 3 MOJMPHOrO i €KBATOpiajbHOrO OOKY Bix
cranmii. OTxe, OCHOBHOK MPUUYMHOK KBasicramioHap-
HOTO 30HAABHOrO poznoniay 3BO y manomy perioHi €
BUKJIWKAHC TIAHCTAPHUMHW XBUJISIMHU MCPUAiIOHATBHE
3MILIEHHS TOAApHOro (B Gik ekBaTopa) i cepeaHbOIIU-
potroro (y Gik mosroca) crpaTocepHOro moBiTps, g9Ke
B MEpiof iCHYBAHHA UMPKYMMOOJSPHOTO BHUXOPY MAaeE
pucokuii rpagicat 3BO Ha mexi Buxopy.

Awmnaityna 30HaIbHOT XBUJII B OCTAHHE ACCATHIITTS
gocaria B cepenubomy 45 ta 35 O]l ma muporax 65° S
ta 70° S BignosigHo (puc. 3, 6). lle mopisHIOC pizHMIN
MiX MAaKCMMaJbHUM i MiHIMAJbHUM 3HAUCHHIMHU Ha
piui 90 Ta 70 O/1 Bigmosigmo. Hanpukiaan, Ha mmpori
65° S cnocrepiracteca 3oHanbHa acumerpias 3BO 3
ekcrpemymamu 230 ta 320 O/l (puc. 3, ). [1pu upomy
Ha KOXHIN mupori acumerpis 3BO craHoBUTh 6AM3BKO
30 9% BIZHOCHO CcepeoHIX 30HAJBHUX 3HAUCHb, 4 B
okpemi pokm mabGamxacthea go 40 9% (aus. 1996 p.
Ha puc. 2, ¢). Haragaemo, mo 1e ycepeaHeHi xapak-
TEPUCTUKH /IS I ITUMICIUHOTO UACOBOTO iHTEpBAJY.
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3 omepXaHWX OAHWX BUIIMBAE TAKOX IiCHYBAHHS
IHIIOTO MPOSBY 30HAJABHOI aCUMETPil — Yy AOBFOTHOMY
MOJIOXKEHHI KBazicraionapuux ekcrpemymis 3BO. k-
IO AOCBTOTA MakCuMymy Aocuth crabiabHa (162° E i
172°E wa mumpori 65°S i 70°S sigmosimHo), TO
MiHiMyMm ympomox 1979—2004 pp. cucremaTnuHO
aMmitgyeTbes Ha cxig Big 45° W mo 0° ta Big 40° W no
10° E sigmosiguo (mus. puc. 3, ¢ i Tabmumo). Jlinilina
anmpoKCMMaIig MoKazyc OMM3bKy IOBUAKICTH Apeiidy
Ha cxig Ha ABOX mmpotax (puc. 3, 8), B CEPEAHBOMY
19.6=4.7 rpaaycis sa mecaTWmTTS (AuB. TAGAMIIO).
Ha piBHi cepeaHporo KBAaAPATHUYHOTO BiIXWICHHS 20
CUCTCMATWYHWN 3CYB HOBTOTH MiHIMyMYy iKCYEThCS
JOCATb HAAIWHO, TOAL 9K 3CYBOM MAaKCUMYyMy MOXHAa
auextysatu (1.0+2.9 rpaaycis 3a aecaruairrs). Onep-
XKAHI XapakTEpUCTUKM KBA3iCTALIOHAPHUX EKCTPEMY-
MiB 3BO 3BeaecHo B Tabaumi.

OCHOBHI XapakTEPUCTHKX KBA3iCTAIiOHAPHOTO JIOBTOTHOTO
posnoginy 3BO (noxubku BKazaHi HA piBHi 20)

IliBgenna mupoTa

XapakTepUCTHKa
65° 70°

Tpeunn 3BO-makc 3a 10 pokis, % -5.7+1.5 -8.0+2.0
Tpeun 3BO-min 3a 10 pokis, % -11.4%1.6 -12.3+2.2
Tpenn ammmityau 3a 10 poxis 6.9+1.8 3.7x1.8
Cximna gosrora 3BO-makc 161.5°+16.6° 172.1°£12.0°
3cys posrotu 3BO-makc 3a 10 pokis 1.0°x£2.9°
3cys posrotu 3BO-min 3a 10 pokis 19.6°+4.7°
3cys dasu xswi 1 3a 10 pokis 8.2°+3.7°
3cys dasu xBwi 2 3a 10 pokis —27.7°£5.4°

CIIEKTPAJIbHI CKJIALOBI CTALIIOHAPHOTI'O
30HAJIBHOI'O PO3IIOALITY
3ATAJIbHOT'O BMICTY O30HY

g BCTAHOBJACHHY TPWUWHW BiAMIHHOCTEH y Bapia-
LigX AOBrOTHOTO MOJIOXECHHS MAKCUMyMY Ta MiHIMyMYy
TIPOAHAJi30BAHO CIECKTPAJBHUIN CKJIaJ] IIOACHHUX J0-
protaux po3noAizie 3BO 3a cepneHb—rpyaeHsb i OTpuU-
MaHO CEpeaHi 3a M’ aTh MicdUiB AOBroTHi mpodiai aas
30HAJPHUX XBIWIbOBUX uncesa 1-5 (puc. 4). Bumno, mo
GaratopiuHa CTi#iKicTh gOBroTHoro posnoginy 3BO
HAWBWPA3HILIE BUABJIETHCI Y TOJOXCHHI hasm Mak-
cumasibHOl ammtityau xeuai 1. Kpim Toro, xapakrep-
HOK € GiIblI BMCOKA CTIMKICTh XBHJIBOBUX YMCEN 2—3
Ha ompoti 70° S mopisugHO 3 muporow 65° S. Criii-
KOK OCOO/MUMBICTIO € i Maiixke mporudasHe MOCTHAHHS
xBWib | i 2 B AOBrOTHOMY CEKTOPi KBa3iCTAL[iOHAPHOTO
minimymy 3BO (B cepegabomy 45°W — 10° E,
puc. 3, ¢) i BigmosigHo 6au3bKe 10 CMHE(AZHOIO — B
cekTopi Makcumymy (Hapkosio 160—170° E). Lli rap-
MOHIKM MalOTh i HAUOLIBINY aMIUTITYdY, TONI 9K XBUJI

b
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Puc. 4. Mixpiuni Bapianii ¢asy Ta ammiityau cranioHapHOTO
30HAJIBHOTO po3noalty 3BO B 1979—2004 pp. ais XBUIBOBUX UHCET

1—5 nma mupoti 65° S i 70° S. KoxxHa kpusa mopae I’ STUMIiCIIHUIL
(CeprieHb—TIPYACHb) CEPEAHIN PO3IOMLT

3—35 3 ammaitynoro, menmow 3a 2 O/l, He BILIMBAIOTH
iCTOTHO HA CepedHiil o' ITHMMICAYHUNA HOBIOTHHM PO3-
nmoxin 3BO. [JoknaaHime XapakTepucTuKu XBUIb 1—35
BHCBITJIEHO B OKpeMiii myOikarii.

Tyt Mu 3BepTaEMo yBary Ha pe3yJbTaTH CHECKTPATb-
HOTO i CTATUCTUYHOIO aHasi3y, 9Ki J03BOJWIN BUSBU-
TH BiAMIHHICTh XapakTepy AOBTOTPMBAJIOI 3Mmiuu (hazu
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Puc. 5. Barartopiuni 3minm i Tpeuamn chasu miniMymy KBagicra-
mioHapuoi 3oHanpHOi xBwii 1 (@) i mMakcumymy xBuiai 2 (6) Ha
mupoti 65° S (myHkTtupHa Jjinig) ta 70° S (cyninbHa siHig)
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Puc. 6. Pesyabrar B3aemopii kBagicrarjioHapuux xsuib 1 i 2 3
Giuzbkumu  hazaMyu MAKCUMAJIBHOI aAMIUITYAU TIPU  JOBFOTHOMY
3mimenHi xBuuti 2 BiAHOCHO xBuuti 1

MAaKCUMAaJIbHOI AMIUTITYAW CTAWIOHAPHWX XBWIBb 1 i 2
(puc. 5). HIBuakicTs AOBroTHOrO Apeitdy, 9K BUMLIU-
BA€ 3 JIHIWHOI anmpoKcuMalii, B CEPEIHbOMY IS ABOX
mupor cranosuna 8.2+3.7 ta —27.7+5.4 rpanycis 3a
aecatuwaitTa BigmosigHo. 3a 1979—2004 pp. ue 3ymo-
BWJIO 3arajbHuid 3cyB ha3 y MPOTUICKHUX HATIPIMAX:
20° Ha cxig (xBuag 1) ta 60° Ha 3axix (xBuas 2).
CaMe Take MOCAHAHHY MOJAOXEHb 1 Hampamis Oara-
TOpiuHOrO aApendy craumioHapaux xBuab 1 i 2, gk
MOKAa3aa0 MoAearBanug (puc. 6), zabesmeuye JOBroT-
puBay CTIAKICTh MakcuMyMmy i cxigHuii gpeiid mi-
HIMyMy B KBa3iCTAL[iOHAPHOMY 30HAJbHOMY PO3MONiIi
3BO, mokasani Ha puc. 3, 6.

3 puc. 6 BuaHO, OO Tpu MPoTU(HAZHOMY TOETHAHHI
eKCTpeMyMiB XBuab 1 1 2, mo Mac micue nobausy

200°

100°

HoBrota

0°

1980 1985 1990 1995 T, pokun

-100°

Puc. 7. IlonoxenHs MakCcuMMyMy i MiHIMyMy CTanioOHapHOrO pPO3-
nopity 3BO na mumpori 65° S (myukTupHa JjiHig) ta 70° S (cyuizbHa
JIiHig), OTPUMAaHi JOJABAHHIM XBWIb i3 30HAJIBHUMHU XBUJILOBUMU
uyucaamu 1 1 2. Bapianii S-micsunux cepennix 3HaueHs basu,
mokasai Ha puc. 3, g, MPAKTUYHO IMOBHICTIO BiATBOPIOIOTECH TOEM-
HAaHHSIM MEPIIMX JBOX TAPMOHIK

HYJbOBOI OOBrotTM (OwB. puc. 4), y pesyabTaTi 3mi-
meHHS XBWJi 2 HA 3axif (TOHKA NMyHKTUPHA JiHig HA
puc. 6, 6) BigHocHO Hepyxomol xBuiai | (TOHKA CyIiIb-
Ha JiHig) MiHIMyM CyMapHOTO pO3HNOAINTY <«XBH-
ag 1 + xeuag 2» aMmimyerbed Ha cxig (Gltuit KpyxRoK
HA XWPHIM TyHKTUPHIN diHii). [ToJoXeHAT X Makcu-
MyMy CYMH OBOX XBWJIb TPHW THOMY 3aJUIHAECTHCS
mailixe HeamiHHUM (Touka). CHiBBIZHOIICHHS aMii-
Jitya craumioHapuux xBmiab 1 i 2 cranoButh 5:1 mias
muporu 70° S.

dkmo B3gTU peasibHi 3HAaueHHS (azu i ammaiTyaM
xBuab 1 i 2, omepxaHi B pe3ysbTaTi CHEKTPaJbHOTO
aHaMi3y Ta M ATHMIiCIYHOTO ycepemHeHHs (puc. 4), To
MOXHA TEPECBITUNTUCS: 3MIiHW OOBTOTHUX TMOJOXCHB
ekcrpemymis 3BO, mokaszani Ha puc. 3, 8, BiaTBO-
PIOIOTBCA CYMOIO JIWIIE MEPIIUX ABOX 30HATBHUX Tap-
MOHIK (puc. 7).

3okpema, Agd MOMAOXEHHS MAKCUMyMY HA IMUPOTI
65°S ug cyma mae snauennsa 160.1+19.6° E, mo na
1.4° Bippi3HACTHCS Bif BiAMOBIAHOTO 3HAUEHHA B TA0-
Jumi. Y BANAAKY MiHIMyMY, A¢ BaXXJIWBIMIA TOBCHIHKA
6araTopiuyHOro TPEHAy, B CEPEAHBOMY I OBOX LIMPOT
cyma xswib 1 i 2 3abesmeuye Tpenx Ha cxix 19.7+35.0
rpaaycis 3a 10 pokiB, mO0 HpakTHUHO 30iracThcs i3
BIAMOBIAHUM 3HAUEHHAM Yy Tal/awMIIi.

OBI'OBOPEHHS4 I BUCHOBKHA

3 oAecpxaHuUX pe3yabTATIB BUIHO, IO 30HAJIbHA aACH-
merpig 3BO icuye y mepion dopmyBaHHS, iCHYBaHHS
Ta pyWHYBaHHA 030HOBOI mipu. Lle maiixxe miBpiuHmii
nepiof, xoua HAMOLABIOUI PiBEHb BTPAT O30HY AOCH-
TraeThCd AHTAPKTUUHOI BECHU — Y BEPECHI—JAUCTONAI,
KON y TOJIPHOMY PETIOHI pPEECTPYIOThCH HAWHMXKUI
sHaueHHa 3BO. Came 3 1Tporo perioHy HAAXOAATH
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30iHEHI 030HOM MOBITPYIHI MACH B JOBIOTHHIA CEKTOP
crauionapaoro minimymy 3BO.

Bizomo, mo 3araspHUN BMICT 030HY B CTOBIIi 4TMOC-
epn Hax AHTApPKTHKOIO 3a0€3MEUuyeThCs MEPEBAXKHO
mapoM HuXHbBOI crpatocepu Ha Bucotax 10—20 xwm,
Ie 1oro KoHieHTpamia Hasuma [1, 12]. 9k mokaszano
B pobori [13], Haubiapma YACTMHA CHOCTEPEKEHOI
aminaocTi 3BO 3yMOBJICHA TOPUBOHTAJBHUM PYyXOM
noBiTps came Tiel gingHku crosma (quasi-columnar
motion), 9Ka po3TamioBaHa y HUXHIiN crpatocdepi. A
HAUGIMBIINI BHECOK Y TAKWI TOPUZOHTANBHUI PyX ¥
3MMOBO-BECHIHUN CE30H B AHTapKTHUi poOaarh mia-
HETAPHI XBWJi, BUKJIUKAKOUYN MEPUAIOHATBHE 3MilllCH-
HY TOBITPIHWUX Mac. Y AWHAMIYHOMY MPOIECi B3aEMO-
Oii IJIAHETAPHUX XBWJIb 13 KPacM CrpaTocepHOro
BUXOpY BinOyBacThCca WOTO CTiliKe BHUTATYBAHHI Ta
3MIIICHHY B IiIOMYy y GiK HOBTOTHOTO CeKTOpa mobim-
3y Amwrtapkrtuunoro miBoctpoBa. Lle i cdopmye kBaszi-
craujonapauii gosrotauii posnoaii 3BO B gaHomy
pErioHi 3 MEBHUM PIiBHEM 30HAJBHOI ACUMETPIl yHpo-
JOBX Mamxe MiBPiUHOTO iHTEPBATY.

¥V wiit pobori ang asox mmporHux Kim 65°S i 70° S
3a maamvu EP/TOMS scranosaeno xapakrtep Oara-
TOPIiYHMX 3MiH KBA3iCTAIOHAPHOTO OBTOTHOTO PO3-
noxiny 3BO y cepnai—rpyani 1979—2004 pp. Hase-
JEHI pe3yabTaTH MOKA3YyKOTh, LIO:

1) coocrepiracThCcd CTiKAa acuMETpis 30HAJIBHOTO
posznopity 3BO, dka yTpUMyeTbcS YMPOAOBX I ATH
MiCILiB i MPUNAAAE NEPEBAXKHO HA AHTAPKTUUYHY BECHY;

2) pisHUIY MiX MIHIMAJbHUM i MaKCUMAaJIbHUM
pisaamu 3BO Ha mmporax 63° S i 70° S 36iabiumaack
B ocramui pokm mo 70—90 O (30 9% sBimHOCHO
CEpPEAHBO30HATBHOTO 3HAUCHHSY) ;

3) MOBroTHE MOJOXEHHY MAKCUMyMYy JOCHTh CTa-
Gimpre (162° E i 172° E ma mmporax 65°S i 70° S
BiZAMOBIZHO) ;

4) TonoXxeHHd MiHIMyMy 3a3HA€ NOBTOTPUBAJIOTO
apeiidy Ha CXix 31 MBHMAKICTIO B CEPEAHBOMY OJIM3BKO
20° 3a ASCATUIITTS, IO MPU3BEJO A0 ICHYBAHHS 3MiH-
HOI acCMMETPil B AOBrOTHOMY MOJIOXKEHHI €KCTPEMYMIB
3BO (puc. 3, 9.

3 ypaxyBaHHSM BEpPTUKAJBHOTO PO3MOALIY O30HY,
MAKPECAUMO, IH0 BUSIBJICHI TEHACHLIl XapaKTEpu3y-
0Th TOJOBHUM UWMHOM HUXHIO crpatocdepy, 3 IKO
moB’ ga3ani mmHamiumi 3miam 3BO. Momo uwacosux pa-
MOK BCTAHOBJICHHS 30HAJBHOI aCUMETpii — IIe 3UMO-
BO-BECHIHMI CE30H 3 HAWBUILIMM DPiBHEM ACUMETPIi y
BEpECHI—IMCTONANi, KOJIM PECCTPYIOTHCH HAMOLIbINI
BTPATH O30HY y moidapHiil obmacti. daga amamizy am-
HaMiKM CE30HHUX 3MiH aCUMETPii JOILIJIBHO JETab-
HIillE pPO3MISHYTH CEPEAHBOMICAUHI XAPAKTEPUCTUKU
kBaszicramionapuoro posnoginy 3BO.

Bussaeno, mo Garatopiuee AOBrOTHE 3MilEHHS 00-
JacTi MiHIMyMy € HACTiAKOM OPOTUAEKHO HAMPAaBJIE-

Hux apeudis ¢asu xeuab 1 i 2 — ABOX OCHOBHUX
CKJANOBHUX Yy CIIEKTPI XBUIBOBUX 30ypPeHb JOBrOTHOIO
posmoxiny 3BO. Lle mnokasywTh pe3yabTaTv CHOEKT-
pAaJTbHOTO AHAMI3y i BIATBOPEHHS 3MIiHHOI IOBTFOTHOI
ACUMETPIT MOMOXKEHb EKCTPEMYMIB TIPU B3AEMOAIl TEp-
MWX [OBOX 30HANBHUX TapMOHIK. BrmBoM TpeThoi
30HABHOI TAPMOHIKM HA T ATMMICIUHi CEpeaHi MmoJo-
JKEHHS EKCTPpEeMyMiB MOXHA 3HexTyBatu (puc. 4),
X0uUa HA CEPEAHBOMICAUHMX AAHUX TaAKWid DEKT MOX-
JuBnu#. Bigomo, mo y BHCOKMX IOWPOTAX IiBHIYHOL
MiBKYJIi ¥ XOBTHI KBa3iCTalioHApHi XBWIi 2 i 3 MawTh
OsM3bKi aMILTiTyau (AaHi g BACOT TEOMOTEHIIATY HA
pisai 300 M6 [10]).

3onanpHa acumerpia y 3BO 3 gominyBaHHSIM cTa-
mioHapuOI XxBWjai 1, OueBMOHO, YACTKOBO OB’ 43aHA 3
tonorpacdi€ro perioHy, 9Kka BU3HAUAEThCS (hOPMOIO aH-
TAPKTUUYHOTO MATCPUKA, TA TEMIICPATyPHUM TpamicH-
TOM HA MEXi OKCAH—KOHTUHEHT. AJie OCHOBHUW BHE-
COK B ICHEPAIi KBasicTamioHapHoi xBmwii 1 Ha BHCO-
KMX HIMPOTAX MiBAEHHOI MIBKYJi, 9K OyJ0 MOKA3aHO B
[11], marore He Wi OCOOMMBOCTI, a4 MOMMPEHHS XBHJIb-
OBOI AKTHBHOCTI 3 HMXKUMX HIMPOT. IcHyBaHHd Oara-
TOpiUHMX Bapiamiin ¢as Ta BiIAMIHHOCTEW y Hampsami
6araTopiuHOro HOBrOTHOrO Apeidy cranioHapHUX
XBuab 1 i 2, BUABAEHUX y Ll pobOTi, TAKOXK CBiTUMTDH
MpO BILIUB TPOLECIB, SIKi HE MOXYTh MOB’ A3yBATUCS 3
ikcoBanumu ocobausoctamu tomnorpadii. Tomy mpo-
JOBXEHHI JAHOTO AOCTIIKEHHS MepeadavacTbes mnepe-
AyCiM y HampsgMi pO3MUPEHHS WWPOTHOIO Aiana3oHy i
3iCTABJICHHS XapaKTEPUCTHUK CTAL[IOHAPHUX XBWIb ¥
nori 3BO ta mosigx reonoTeHIiasy Ha Pi3HUX PiBHIX
y tponocdepi—crparoccepi.

3 ixmoro 6oky, 3oHanbHa acuMerpia 3BO y mepioa
aHTapkTUuHOI BecHM cama € (baKTOpOM BILIUBY HA
atmocepri mapamerpu. OCKiabKy OCHOBHHUI BHECOK B
acumetpiro 3BO gae 030H, 30CepemXeHWA Yy HUKHIN
crpatocepi, a 030H € UMHHHUKOM TEMIEPaTypPHOTO
pexuMmy, TO CJif OUIKyBATH BigNOBIAHWX 3MiH acu-
METpil B 30HAJIBHOMY PO3MOALTI TEMIOEPATYPH y LBOMY
mapi armochepu. o TaKOro BHUCHOBKY CXUJISIOTh
Bimomi mami mpo kopemamiro 3BO i crparocdepnoi
TEMMOEPATYPU, BCTAHOBJICHI 3 aHAI3y XapaKTEPUCTUK
cTaimioHapHUX Ta OXyuMX IJIAHETAPHUX XBUAb [3, 4,
15, 16].

Kpim Toro, Ha mwupori 65° S BOpPOAOBX OCTaHHIX
pPOKiB cHOCTEpiralThcda HU3bKi 3HaucHHa 3BO
(230 O0) B cekTopi moOAM3Yy HYJIBOBOI NOBIOTH, i
Bucoki (320 OI) B cexrtopi mosror nobauszy 160—
170°E (puc. 3, a, ¢). Icuysannga acumerpii Ha piBHI
npubauzuo 30 9, OUEBMAHO, 3YMOBJIKEC BiAMOBIXHMI
30HAJTBHUN PO3MOMI PpiBHIB moBepxHEBOT Y D-ompo-
MiHEHOCTI YTPOXOBX BECHIHWX Micamis. Llg mmpora
TMEPCTUHAE TICPCBAXHO MOPCHKY TOBEPXHIO. ToMy
MOXJIMBI PETiOHAJbHI BiAMIHHOCTI y MPOLECAaX PO3BUT-
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Ky (DITOMJIAHKTOHY MPUAHTAPKTUUHUX MOPIB, BUKJIM-
KaHi JOBrOTHOK aCHUMETPIE0 yabTpadioeToBOro BuIli-
POMiHIOBAHHS, 9KE€ AOCITAE MOBEPXHi.

PoGora 4yacTKOBO MmiATpUMMAHA TIpaHTaMu YKpaiH-
CbKOIO aHTapKTHuHOro neHrpy A/2-2004, H/8-2004,
QoHay QyHAaMEHTANBHUX AOCAIAXEHb YKpaiHu
®7/362-2001 i STCU Gr-50J.
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LONGITUDINAL DISTRIBUTION OF TOTAL OZONE
CONTENT IN EDGE REGION OF ANTARCTIC
STRATOSPHERIC VORTEX

A. V. Grytsai, A. M. Evtushevsky, G. P. MilinevsKky,
Z. 1. Grytsai, A. V. Agapitov

Longitudinal distribution of total ozone content (TOC) in the edge
region of the Antarctic stratospheric vortex is analyzed using the
TOMS satellite data (version 8) of 1979 to 2004. The five-month
time interval of August-December covering the late Antarctic winter,
spring, and early summer is considered. The five-month mean TOC
zonal distributions at latitudes of 65° S and 70° S are obtained from
the daily TOMS data. Zonal wave number 1 is dominated. It forms
a zonal asymmetry with the quasi-stationary wave minimum and
maximum placed in the opposite longitudinal sectors. Our results
show that during the last 26 years the TOC asymmetry increased and
in the last years it reaches 70—90 Dobson Units, or about 30 %
relative to the zonal mean. Interannual variations of the longitude of
the TOC maximum are observed near the stable position of 162° E
and 172° E at latitudes of 65° S and 70° S, respectively. Besides the
interannual variations, the longitude of the TOC minimum during
1979—2004 shows a systematic displacement to the east in the
longitudinal sector of 45° W to 10° E. A spectral analysis shows that
this tendency is caused by an interaction between the quasi-station-
ary components of the zonal wave number 1 and 2. In the last
decades they have the opposite longitudinal drift of the phase of the
maximum amplitude.
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HagesieHo pesyabTaTv €KCIEPUMEHTANBHUX JOCIIKEHD METOJOM UACTKOBUX BiIOMUTTIB Bapialliii KOHIIEHT-
pauii enextponiB y cepenubormmpotHiti D-obnacri iomocdepu mix yac OAMHAALMLTHA MAarHiTHuUX Oyp.
Pogrngryto Biaryk D-ofnacti Ha mowarky Tta B Kinni Oypi. Bugsieno ksaginepioguuse s6iLTbLIEHHS
enexTpoHHOI KoHenrparii B D-obnacti ionocdepu nporarom aecarkis xsuiun Giibin Hixk Ha 50—100 % 3

nepiogamu T =

30—60 xB. OuineHo 3miHM mBUAKOCTI ioHizanii. 3a eKCIEPUMEHTAJBLHUMU JaHUMU

0GUMCIIEHO EHEPreTUUH] XapaKTEPUCTUKU TOTOKIB 3aPI/KEHUX YACTOK.

BBEJEHHWE

Ecte Tpu OCHOBHBIX BUAQ COJHEUHOTO W3JYUCHUS,
KOTOpPBIE BAUSIOT HA MPOLECCH B atMmocdepe 3emau u
MPUBOAAT K BAPUALUSIM KOCMUUECKOW MOTOABI: PEHTIE-
HOBCKOE M3JyueHue, npoTonsl ¢ sHeprucii 1—100 MsB
n Hu3KooHeprmuHag miasma [10, 11]. Coameunsie
BCIIBIIKHA, COMNPOBOXAAMOIIMECH yBEJUUCHUEM WHTCH-
CUBHOCTHM ONTUYECKOTO, PEHTTCHOBCKOTO M KOPIMYCKY-
JIAPHOTO M3JyYeHUH, U BHIOPOCH KOPOHAJBHOM MACCHI
opMUPYIOT cOCTOIHME KOCMUUECKON morogbl. OObIUHO
oHu 00yCHaBaUBAIOT reokocMuueckue Oypu. T'eokoc-
Muyeckas Oypd Mpeacrapager coboM COBOKYITHOCTb
MarHuTHOU, uoHocepHol, atMocthepHO U IIEKTPHU-
yeckoi Oypp [16]. M3BecTHO, UTO MPUXOA COJTHEUHOTO
yaapHoro (ppoHTa, KOTOPBIA COMPOBOXIAAIT, KAK Mpa-
BWJIO, BHE3AMHBIC TCOMATHUTHBIC HAUAJIA $SC, BBI3bIBA-
€T B MEPBBIA MOMEHT YCUJICHUE BHICHIMAHUS MATHUTO-
chepHbIX 3apPSKEHHBIX UYACTHL, KOTOPbIE TMOCAE S$SC
OBICTPO MEPEMEMIMBAIOTCS € BTOPTalOLIEHCS M3 MEX-
IJIAHETHOTO TPOCTPAHCTBA MArHUTOCHEPHOU TLIA3MOIA.
DTO CONHEYHOE MMJIA3MEHHOE OO/JIAKO 3aTeM SBJALETCH
NPUUUHON BTOPOHM (Pas3bl reOMAarHUTHOM Gypu, BO Bpe-
M$ KOTOPOU BO3MOXHO PACIpPOCTPAHCHUE AHOMAJbHBIX
gaBjeHui B uoHocdepe (uonocdephoit Oypu) mo cpen-
HUX mUpOT. B Hacrodimee BpeMs y>Ke HE BbI3bIBAET

© A. M. TOKOB, JI. ®. YEPHOTOP, 2005

COMHEHHM, UTO BO BPEMS MATHUTHHIX OYypb U B Teue-
Hue npuMepHo 5—14 cyT mocae HUX BBICHITAIOIACCS
W3 PaAMALMOHHBIX TMOSCOB JHCPIUUHBIC IJACKTPOHBI C
oneprucii ¢ = 40 k9B 9BALIOTCS MCTOUHUKOM JOTIOJ-
HUTEIBHOM MOHM3ALMM CPERHEmUPOTHOM D-obaactu
uonocepst o mupor 45—60° [9—11, 21, 28]. B aror
Mepuo CYHISCTBEHHYI) POJb B KAueCTBE MCTOUHHMKA
WOHU3ALUWHU B CPEAHUX IIUPOTAX WUTPAIOT TAKXKE BBHICO-
KOYHEPrUUHBIE TIPOTOHBI. PO/ KOPIMYCKYJISIPHOU UOHM-
3aUMK CPemHEmMMpPOTHON D-o0mactn moHOChEPH MOA-
TBEpXAcHA JSKcmepuMenrtaabuo [1, 3—5, 7—13, 16,
18—24, 26—28]. DAeKTPOHB W MPOTOHBI MOTYT WT-
paTh 3aMETHYIO POJib B MOHM3AIMM HUXHEH moHOChe-
pet Ha BeicOTax 50—100 KM HOUBID W B TCPHUOIBI
BO3MYIICHUN PA3JMUYHOU TIPUPOABI E€CTECTBEHHOTO
(CONHEUHBIE BCIBILKN, MATHUTHBIE OYpH, IPO3BI, COJI-
HECUHBIN TCPMUHATOP, CUJIbHBIC 3EMJICTPICCHHUS U T. 1.)
¥ UCKYCCTBCHHOTO Xapaktepa (MOIIHbIE B3PbIBbI, CTAP-
Tl paker, padoTa MOLIHBIX HATPEBHBIX CTEHAOB B
paguMovyacTOTHOM AMANA30HE, WU3JYUCHHUE BBICOKO-
BOJIBTHBIX JIMHUW DJIEKTPONEPEaayu M T. 1A.).
Wccnenosanue BAMSIHMS TIEOKOCMHMUECKUX Oypb Ha
OKOJIO3EMHYIO IIA3MY SBJALETCA AKTYAJbHOU mpolJe-
MOM BBUIY GOJIBIIOrO HAYUHOrO U MPHUKJIATHOIO 3HAUE-
nua. Kaxpas reokocmuueckas Oyps 9BASETCH YHU-
KaJIbHOW M COMPOBOXAASTCS KOMILICKCOM SIBJACHUW B
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OKOJI03eMHOM Iiasme. Kpome o0IuUX 3aKOHOMEPHO-
creit, Oype mpUCYINUM WHAMBUAYAJbHBIE OCOOEHHOCTH.
OTKAMK cpemHemupoTHoi D-obmactu moHOChEpH Ha
reOKOCMMUECKUE OYypH HOCUT CJAOXHBIA M HEOTHO3HAU-
HBIU Xapaxktep. M3BecTHBIC pe3yJabTATH SKCICPUMCH-
TOB MOKA HE MO3BOJILIOT BHIABUTh MHOIME OCOOEHHOCTH
OTKJIMKA W TOCTPOUTh WX (PUBUKO-MATEMATUUSCKHUE
mozean. ITooToMy ecTh HEOOXOAMMOCTh MPOACIKEHUS
9KCIEPUMEHTANBHBIX WCCACAOBAHUN W HAKOILUICHUS
CBEACHUI [UTd M3YUCHUS YIOMIHYTON TPOGIEMEL,

Henpro HacTosmiein paboTHl ABISETCA M3JIOXEHUE
pe3yJbTaATOB IKCHICPUMCHTAJBHBIX WCCACIOBAHUN M-
TOAOM YACTUUHBIX OTPAXCHUM Bapuanui KOHIIEHTpa-
UM 91eKTPoHOB N(z) B cpeanemmpoTroit D-obaactu
noHocePhl BO BPEMS OIUHHAIIATYA MATHUTHBIX Oypb.
Paccmorpen orkauk D-o6acte HA HAYAIO W OKOHYA-
uue Gypu.,

TEXHUKA, METOOUKA M3MEPEHUI
1 OBPABOTKHM JAHHBIX

DKCOepuMEHTATBHEIE WMCCAECAOBAHUS BBIIMOJHEHB B
2003 r. meromoMm uwactmunbx orpaxeHuin (HO) [17]
OpyU DOMOIIM KOMILIEKCA anmapatypsl [29] BOausu r.
Xapekosa B Pammodmsmueckoit obcepsatopmm Xaps-
KOBCKOTO HAUMOHAJbHOTO YHHUBEPCUTETA WMECHU
B. H. Kapasuna. Ee xoopauHATH CACAYIOMNC: BO3BBI-
mieHue Haja yposHeM mops A = 156 M, reorpaduueckue
mupora u goarora — 49°38’ N, 36°20° E, reomaraur-
Hble mupora u goarora — 45.37° u 118.7° coorBercr-
BCHHO, MATHUTHOE HakJoHcHHMEe — 606°36.8', maramr-
HOe ckyaoHeHne — 6°19.6' (W), L = 2.0. [Ing amaausa
13 GaHKA SKCIEPUMEHTANbHBIX AAHHBIX YHHUBEPCUTETA
Oblin oTobpanbl perucrpanuu YO-CUrHAIOB, MOAYUEH-
HbIE B MEPHOA MArHuUTHHIX Oypb. CeeneHuns o6 okcme-
puMeHTax mnpuseneHsl B Taba. 1. Muadopmanus o
TCOMATHUTHBIX MaHHBIX B3g9Ta Ha canite mo URL:
www:/ /solar.sec.noaa.gov.

Tabauna 1. Ceegenuns 00 IKCIEPUMEHTAX

Hara, 2003 r. | Ap | Kp | Bpems msmepennii, UT
31 mapra 31 33346644 11.43—22.33
27 masg 26 44334345 07.31—24.00
28 masg 36 65554444 00.00—07.41
29 masg 89 54436788 22.36—24.00
30 mag 49 84434545 00.00—24.00
31 maga 17 55313322 00.00—12.20
17 cenrabps 61 55577445 01.52—21.00
15 okrabpsa 42 34764444 04.14—20.40
29 okTa6ps 189 43987798 10.51—21.50
30 okTa6ps 162 87655899 07.38—24.00
31 okra6pa—O01 nogabps 93 87766544 00.00—13.00

(01 Hosabps)

OCHOBHBIE MAPAMETPHI KOMILJIEKCA YACTUUHBIX OTPa-
JKEHUI TIPU TPOBEAEHUU UCCAEAOBAHMM ObUIN CIEAYIO-
muMuE; 30HIUpyomue yactorel f = 2.21 u 2.31 MTI'n,
JJTUTEABHOCTh MMIYJBCOB T = 25 MKC € 4acToTou
noroperus F = 1 T'm, uMmnyascHas MOOHOCTH
P = 150 kBr, koadduiment ycuseHus aHTESHHBI
G = 40. Bo BpeMs 9KCIEPMMEHTA PETUCTPUPOBAIUCH
BBICOTHO-BPEMCHHBIE 3aBUCUMOCTH AMILUTATYH CMECHU
YO-curnana n paguowryma Ay (z, f) (rae ¢ — Bpems,
MHAEKCHL «O» M «X» COOTBETCTBYIOT OOBIKHOBEHHOU W
HEOOBIKHOBEHHOU modpusanusam) ¢ 14 wau 22 BHICOT-
HbIX ypoBHeu, HaumHas ¢ 45 uam 60 km uepes 3 kM.
Hna seinencans amoautyn YO-curnanos A, (z, ) 3a-
HHUCBIBATMCh TAKXE AMILIATYABI pammomyma A, (1)
(2—6 BBIOOpPOK B mojoce uactor 50 k') B MOMEHTHI
BPEMEHU, TPEAIICCTRYIONINE W3JYUCHUID 30HAMPYIO-
mero umnysabca. OUEHKU CPEAHUX BEIMUWH WHTECHCUB-
nocreit YO-curnama (AL} m myMoB (A, ) oCymecTs-
agauck o 60 peanuzanmugaMm HA MHTEPBAJAE BPEMCHU
60 c. Cratucruueckas MOrPEUIHOCTb ITHX OIECHOK HE
npesbimaia 10 % . Beumcaganch BHICOTHO-BPEMEHHBIC
3aBUCUMOCTH (Aio)(z, {) ¥ BPEMCHHBIC 3aBUCAMOCTH
(A% )@ . Mo nonyuennsim (A2 )(z) Ha duKcupoBaH-
HBIX BBICOTAX C IMAroM 3 KM HAXOOWJIOCh UX OTHOIIE-
Hue R(z), ucnoab3zyemoe aajaee Aas NodyUYeHHUs BhICOT-
HBIX Tpodmiicii SJICKTPOHHON KOHOCHTpanuu N(z) mo
Mmeroguke auddepeHuaabHOro normomenung [17] ¢
MPUMECHEHUEM METONA PEryJsdpu3aliui UCXOTHOTO WH-
terpanasHoro ypasuenus [2]. Ipodwuab uyacror crosk-
HOBECHUM OSJEKTPOHOB € HEUTPAJbHBIMH MOJEKYJIAMU
3agasayca MomeabHbiM [25]. ITorpemiHocTs BBIUMCIIC-
Huil npodunci N(z) HA WHTECPBANTAX YCPCAHCHUI B
10 mun He mpesmimana 30 % . I[IpomoXuTEaIbHOCTH
m3MepeRniA Ay (z, 1) m Ay, (f) COCTaBaaaa COMHUIBI-
aecatku uacoB. CpaBHEHHME MPOBOAUJIOCH C JAHHBIMU,
MOJYUYCHHBIMA HA TOM K€ anmaparype B MarHUTOCHO-
KOWHBIE JHU (B KOHTPOJIBHBIE JHW).

Iag oOueHKM TEPUOTOB MEAJCHHBIX Bapualuu
(A2 Mz, D, {AL,0)@ m N(z, 1) MCTIONB3OBAICS aNTO-
putM GeicTporo mpeoOpasosanus Dypee.

OCHOBHBIEC [AHHBIC, XAPAKTCPHUIYIOIIUE COCTOSHUE
KOCMHMUYECKON TOTOAB B MEPUOJ PACCMATPUBAEMBIX
MArHUTHBIX Oypb, IPUBEAEHBI HA pUC. 1: yCpeaHEHHbIE
32 5 mmH morokm nporonoB 10, 50 m 100 M»sB
(potor/ M- ¢ - cp), m3amMeperusie Ha cnyTHIKe GOES-8
(W75) m oaexTpoHOB ¢ JHeprmen Ooabme 2 MoaB,
uamepennbie Ha cnytanke GOES-12; xpuwsaa H|, no-
JyueHa ycpemHeHWeM 3a 5 MuH H-CocTaBagiomei
TEOMATHUTHOTO TIOJNS MO WM3MEPEHUSM HA CIIyTHUKE
GOES-12. 3pech xe npuUBEACHB 3HAUCHUS TIAHETAP-
HOTO WHAEKCA TEOMArHUTHOM akTWBHOCTU Kp u Bpe-
MCHHBIC M3MCHCHUS WHACKcA D,

10,X
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PE3YJbLTATbBI DKCIIEPUMEHTOB

B mepuon 27—31 maga 2003 r. 6b1a 3apermcTpupoBaHa
marautHaga Oypa (cm. taba. 1 u puc. 1, @). B oror
Mepuoa BPEMEHM 3HAUeHUs uHACKCAa Kp yBEIUUUIUCH
a0 5—8. Ux yBenmueHHe COMPOBOXIAIOCH OOIBIIMMMU
BapUALMIMKM TCOMATHUTHOTO TOJS YW YMCHBIICHUEM
3HAaueHnN mHAeKca D, B mHTEpBasne 3HaueHUH ot —40
70 —140 aTa (maubGospmve U3MEHEHUS WMEIU MECTO
29—30 mag). Haumnag ¢ 28 maa Gonee uem nHa 2-3
MOPSIAKA YBEJIMUWINCh TOTOKU MMPOTOHOB, KOTOPBIE
pPErrCTPUPOBAINCH HA COYTHUKE M B TEUECHUE HECKOJIb-
KUX AHEH mocae MarauTHoi Oypu. TTOTOKM BHICHIIAKO-
MUXCI W3 MArHUTOCEPhl IASKTPOHOB HOCUIU KBA3W-
MEPUOTUUESCKHUI XapaKTep ¢ MEePUoJOM OKOJIO CYTOK.
30—31 mag 3HAUECHWS MOTOKOB JJEKTPOHOB YMCHBIIN-
auch Ha 1-2 mopsgaka.

B skcnepumente 27—28 mag HaOaoneHus IpoBeae-
Hbl B Hauajae MarauTHoi Oypu. OTMETHM OCHOBHBIE
ocoGenHOCTH B ToBeaeHmm (A} )z, 1), (A, )@,
R(z, t) m N(z, t). Ilpumep nusmenennii N(z, t) Ha ABYX
BBICOTHBIX YPOBHSIX MPUBEACH HA puc. 2, a. YBeauue-
HHE uHAcKCA Kp MOouUTH CHHXPOHHO COMPOBOXAAIOCH
3aMETHBIM POCTOM WMHTEHCUBHOCTU PAAMOIIYMOB, YBE-
JUUYCHUEM B CAMHUIBI-ACCATKM pPa3 WHTECHCUBHOCTEN
UO-curHasoB, pPErMcTPUPOBABIIMXCAS C BBICOTHBIX
ypoBHeii z = 87 kM B HOuHOE Bpemd. OTMETHM, UTO B
HEBO3MYIICHHBIX YCAOBHUSIX B TAKWUE MEPUOALI BPEMECHU
UO-curHansl, Kak TMPaBUIO, HMMCIOT OUCHb MAJIYIO
MHTEHCUBHOCTD WJIM OTCYTCTBYIOT BooOIie. Tuddepen-
muanbHoe norionieane UO-CUTHAMIOB  YBEIUUMIOCH,
Py ITOM OTMEUCHBI CYyHIECTBCHHBIC KBA3UIICPUOAMAYUC-
CKWE M3MEHEHNS R(z, {) B yKa3aHHOM BBIIIE BHICOTHOM
uHTepBaie ¢ kpagumnepuogom T = 1 u. Huxe 87 kM u
B paguoinyMax ocoO0eHHOCTell He oOHapyxeno. Juc-
nepcusl BEAWUYWHBL R(z, t) yBEIMUYWIACh B HECKOJBKO
pa3. DJEKTpPOHHAS KOHLCHTPALMS B STOT MEPUON W3-
MECHSJIACh KBA3UMNEPUOAMUECCKU TMPUMEPHO C TEM XKE
nepuogoM, Bapuaruu N cocrasisan npumepro 100—
200 %.

Iepuon ocHoBHOM (paspl MarHuTHOM Oypu 29—
30 mas (3Hauenus wmHAckca Kp ypeamuwianch ao 8)
NPUIIENCT HA HOUHOE BPEMS B IYHKTE HAOIIONEHMIA
VpoBeHb pagMONOMEX B ITHX M3MEPEHUIX ObLI BHICO-
kuM. 3HaucHus N yAAA0Ch BOCCTAHOBUTH HA BBICOT-
Hbix ypoHsax 81 u 84 xm (puc. 2, 6). XapakrepHbiM
0KAa3aJI0Ch KBA3WUTICPUOANUECKOE, AINTETBHOCTHIO OKO-
J0 25 MuH, yBeauucHuWe sHaucHuit N Gojce ueMm Ha
100—150 % B umrepsase Bpemenn 22:55—00:05 UT.
Ksasunepuoguueckoe yBeauucHue 3HAueHuin N Ha
200—500 9% mocne 01:50 UT 30 mag coemanao c
YMCHBIIICHUEM WHACKCA TCOMATHUTHONU AKTUBHOCTH U
MOMEHTOM MPOXOXACHUS COTHEUHOTO TEPMUHATOPA B
oToM 00aacT BHICOT. TTOCKOIBKY COMHEUHBIN TEPMUHA-

TOp, KAK M MArHUTHAg Oypsd, MOXET BBI3BIBATH MO0~
OHble W3MeHeHMS N Ha Takmx BecoTax [24], To
OMHO3HAUHO MHTEPIPETUPOBATh MOJTYUCHHBIC JAHHBIE O
Bapmamusax N TpPymHO.

OKOHUaHME MArHUTHOW Oypu MO JAHHBIM
www://solar.sec.noaa.gov COmpoBOXIANIOCH OTACb-
HBIM CUJbHBIM BO3MYIICHUEM TEOMAHUTHOTO TOJIS
30 maga B unrepsase spemenu 15:00—18:00 UT (cm.
3aucuMocTh H (7) Ha puc. 1, a; mpu 5TOM WHAEKC
Kp yeesmumics or 3 mo 5). B sror mepmoxm w mo
OKOHUAHHMS MATHUTHON Oypu HAGIHOAANNCh UHTEHCUB-
Hbie YO-curHanbl OOBIKHOBEHHON MOJApU3aAlUU €
BBICOTHBIX ypoBHEW 81—87 kM. AMILIIMTYAB 3THX
CUTHAJIOB TICPUOAMUCSCKU YMEHBIIAJNCh B TEUCHUE
JCCITKOB MUHYT [0 HEBO3MYIICHHBIX 3HAUCHUN.
Yeennuenue {A))(z, 1) cocrasasao 100—1000 % u
Gonee, snauennd R(z, {) B 9TOT MEPUOX YMCHBIOHIINCH
B HECKOJBKO pa3. ODJIEKTPOHHAS KOHICHTPALMS
(puc. 2, ) HA ITUX BHICOTAX B TCUCHUEC 4Yaca yBE/IU-
umnack Ha 200—400 %, ¢ mocaeayiommM KpaTKOBpe-
MeHHBIM (0KOI0 20 MUH) BOCCTAHOBJICHMEM K HEBO3-
MYIIEHHBIM YCJIOBUSM M KBAa3UMNCPUOAMUCCKUMHU yBE-
JuucHuIMHU ¢ nepuomgoM T = 60 MuUH 10 OKOHYAHMS
MArHuTHOM Oypu (Bapuauuu N COCTAB/AIN IPUMEDPHO
100—400 %).

Baxno otmeruth, uto B OKcnepumente 31 wmag
(mocie MarHuTHOM Oypu) OTMEUEHHBIX BbILIE XapaK-
TEPHUX OCOOEHHOCTEN He OOHAPYXKEHO, W3MEHEHUS
KOHIEHTPALMU JJCKTPOHOB B MHTEpBajie BhHICOT §1—
87 KM COOTBETCTBOBAJM TUMHMYHBIM HEBO3MYIICHHBIM
ycaoBusgm (puc. 2, 6).

MMepeiigeM K OMUCAHUIO CICTYIOMIETO COOBITHS,

Dxcnepument 31 mapra 2003 1. OGe1 mposeaeH
Cpasy TOC/IE OKOHUAHWS TJABHOW hazbl HEOOMBIION
MarHuTHOM Oypu, KoTopad Hauasach 27 mapra (puc.
1, 6). 3naucuus mHAeKca Kp BO BpeMs MAarHUTHOW
Oypu yBenuumauch ¢ 2 A0 4-5; HOTOKM MPOTOHOB
HaOTo1aanch HAa ypoBHE (DOHOBHIX 3HAueHWi (2-10°
IIPOTOH "M ¢ 'cp ') ; HOTOKH JIEKTPOHOB, 3HAUCHUS KO-
TOPBIX OBbLIM MOBBIIEHHBIMA TI0 CPABHEHUIO C HEBO3-
MYIIEHHBIMU YCIOBUSIMU, KAK M B MPEABIAYLIEM CIIy-
yae, UMEJU KBA3UNEPUOAMUECKUIA XapaKTep, UX mepu-
Ol COCTAaBJSJI OKOJIO CYTOK; 3HAueHus D -WHAEKCA BO
BPEMS MATHUTHOM OypHM YMEHBIIMINCH MPUMEPHO 0
60 aTxa. 31 mapra uMea0 MECTO HAPYIICHWE CYTOUHOTO
xoma Hp(t) — HAHCM 3HAucHWd H, YMCHBIOWINCh HA
S50 uTa.

Ha puc. 2, ¢ nmpuscacHs namMcHeHUS N(z, {), mOIy-
UCHHBIE B ITOM JKcnepumeHTe. Bo Bpemsa sroii mar-
HUTHOH Oypu B TEMHOE BpPEMS CYTOK C BBICOTHBIX
ypoBHEl z = 72 KM JUU30AWUSCKM B TEUCHHE S—
10 mun perucrpupoBanauce YO-curHasbl, MpeBbIIAK-
IHE YPOBEHb PAAMOIIyMOB B 2—O6 pas (BHImE GbLTO
OTMEUEHO, UTO B HEBO3MYINCHHBIX YCJIOBUIX B TaKHE
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29—31 mag 2003 r., 6, ¢ — BO BpeMs MarHutHbIX Oyps 31 mapra, 17 cenrabps u 15 okrs6pst 2003 r.
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nepuonbl BpemeHun YO-curHa B, KAk MPABUIO, HAa-
OJIIOIAIOTC OUEHb MAJIOM MHTEHCHBHOCTH WMJIM OTCYT-
crBytoT BooOme). Jducnepcus otHomeHus R(z, {) npu
9TOM YBEJAWUMIACh B HECKOJABKO pa3. 3HaucHus N Ha
BBICOTAX, MEHbIIUX 81 KM, BOCCTAHOBUTH HE yAAJIOCH.
OueHKM TIOKA3ajau, UTO, BO3MOXHO, HMMEJIH MECTO
KpaTtkoBpemeHHbie (mopsaka 10 mun) yBeauucHus N
Ha 100—150 %, . B KoHIle MATHUTHOM Oypu, IPUMEPHO
nocae 16:30 UT, snauenns R(z, {) B IHTEPBAJIE BBICOT
81—90 KM M3MEHAIUCh KBA3UTNCPUOAMUECCKU C TICPHO-
agom T = 60 mun. KoHueHTpanusa 37¢KTPOHOB HA ITUX
BBICOTAX B 9TO BPEMS MEPUOAUUCCKU YBEIUUUBAIACH
Gosee uem Ha 100—150 9, ¢ mpuUMEpHBIM TEPUOAOM
50—60 muH.

B nmepuon maruutHbiXx Oypb 17 centabpa u 15 ok-
Tabpa (puc. 1, 6, 2) OTMEUEHBI OTUETIUBbHIE KBA3UIIE-
puommueckme Bapuaumn N(z,f); B 007aCTH  BBICOT
78—87 kM ot m3amencHma cocrapiasmm S0—150 9
(puc. 2, &). OTMeTHM, YTO BO BPEMI ITHUX MATHHUTHBIX
Oypb 3HaueHud uHAeKca Kp yBeamuuauch ¢ 2 1o 5—7;
MOTOKU MPOTOHOB HAOII0AANNCh HA YPOBHE (DOHOBHIX
3HAUEHUHI; MOTOKM DJIEKTPOHOB ObLIM IOBBIIEHHBIMU
M0 CPABHEHUI) ¢ HEBO3MYINCHHBIMU YCIOBUSIMU, 3HA-
ucHud D, -WHICKCA BO BPEMI MATHUTHHIX Oyph YMEHB-
muauck npumepro a0 —80 uTa.

PaccmoTpum  KpaTko pe3yabTaThl, MOJYUCHHBIE B
oskcnepumente 29—31 okrabpa 2003 r. B sror nepuon
3aPErMCTPUPOBAHA OUYEHb CUJIbHAS MarHuUTHas Oypsd
(puc. 1, 0). 3naucHus wHACKCA Kp yBEIWUMINACH C 2-3
a0 8-9, omm compoBoxmaauck Gompmumu  (Gosee
100 %) BapmaumumgaMu reOMAarHUTHOTO MOJS M yMEHb-
IICHUEM 3HAUCHUI MHAECKCA D, B MHTEPBAIC 3HAUCHUIA
10 —440 uTa. Hauunaa npumepno ¢ 12:00 UT 28 ok-
Ta0psa Oosiee UEM HA TPH MOPIAKA YBEIMUUIUCH TOTO-
KW TPOTOHOB, KOTOPBIE PETUCTPUPOBAIUCH HA CIYTHU-
K€ M B TCUECHUE HECKOJbKUX AHEU MOCAE MATHUTHOU
Oypu. 3HAaueHUS MOTOKOB BHICHIIAOININXCA U3 MArHU-
Tochepbl  SJIEKTPOHOB BO BPeMd MATHUTHOM Oypu
YMEHBIIMIUCh HA HECKOJbKO TMOPIIKOB.

IMo maHHBIM BU3YAJbHBIX HAGIIONCHUI HOUBK (Mpu-
mepao ¢ 23:20 go 00:40 LT) 29 m 30 okralpsa
NEPUOAMYECKU HAOMIONAANCh OTUETIMBBIE MOJAPHBIE
CUSHWS, TOMIONCHUE PpAJMOCUTHAJIOB HA YacTOTE
2.31 MI'm ObUIO BBICOKMM (IIOUTH HOIHBIM). Y POBEHB
paguoinymMos Obl1 HU3KMM, YO-CUTHAABI OT HEOTHO-
pomHOCTEN HUXHEH unoHocdepbl moutu He Habaoga-
JIUCh W3-3a CUJIBHOTO MOMIOHICHUS (OTHOIIEHHUE CUT-
Has/moMexa ObL1o MeHbine 1). B aHeBHOe Bpems
MOMVIOUIEHME PATUOBOIH TAKXKeE ObLIO BHICOKMM. Ilo-
cJle Hauajsa MarduTHoi 6ypu 29 okTalpd Ha BHICOTAX
z = 75 KM B TeucHWE HECKOJBKUX YACOB B CBETJIOC
BpEMS CYTOK HEMPEPBIBHO PETUCTPUPOBAIUCH OTUECT-
gusbie YO-curHasibl, TPEBHIIAIIAEC YPOBCHb PaauMo-
MoMex B CAMHULbI-AeCATKH pa3. OTMeruMm, uTO B

HEBO3MYIIEHHBIX YCAOBUSX Ha JTOM paboueil yacrore
YO-curHansl o0bIYHO HAOIIONAKOTCS B MHTEPBAJIE Bbi-
cor 80—90 kM. B TemHOE Bpemsa CyTOK, WCKIIOUAS
MEPUOA BBICOKOTO (IMOJHOTO) MOTJIOMICHUS, SMU30AUYE-
cku HabmogananchYO-curnaasl He MEHBINENR UHTEHCUB-
HOCTH [JINTEJIBHOCTPK) COWHUIBI-TCCATKH MHUHYT.
MMomo6uoe moseacane YO-CUTHAIOB W PagHMOLTYMOB
uMeao mecto u B okcnepumente 30 okrabpa. Ha
puc. 3 TpHUBENCHBI TPUMEPH BBICOTHO-BPEMEHHBIX
W3MCHEHHH KOHIEHTPANN JJCKTPOHOB B OTHX JKC-
MepuMEHTaX (OTMETHM, UTO HE BO BCEM HWHTEpPBAJIE
HaOMOACHUN YAAIOCh BOCCTAHOBUTH 3HAUCHHUIS N C
tpebyemoit Tounoctho). Ha puc. 3, 6 mnokasambl
Takxe u3MeHeHus R(z, 7). Kax 29 okrabps, tak u 30
OKTI0pS SJEKTPOHHAA KOHILEHTpalus BoO Beeit D-o61a-
¢t MoHOCKEPH M3MECHSIACH KBAZUMCPUOTUUCCKH
nepuogoM 30—60 mmu. Bapmanum N(z, ¢) cocrasiasim
50—3550 %,.

Oy Moriu ObITh BBI3BAHBI KBA3UIIEPUOAMUECKUMU
MYJbCUPYIOMMMHI  BHICHITTAHUAMA BBICOOHEPTHUHBIX
OJIEKTPOHOB W3 PAAMAIMOHBIX TIOSICOB BO BPEMS Mar-
HuTHOU Oypu. Ho Goslee BEpOATHON ABALETCS MOLYIA-
uug N TEHEPUPYEMBIMM B IIPOLECCE MATHUTHOU Oypu
AKYCTHKO-TPABUTANMOHHBIMI BOJHAMH, O UEM CBHUIC-
TEABCTBYET BEIMUMHA KBAZUTICPHOA.

Cxonuslit xapaktep noseaerus (A2 ) (z, 1), (AL O
u N(z, t) umen mecro u 31 oxrabps.

3amMeTnM, UTO BO BPEMS BCEX OMMCAHHBIX OKCIICPH-
MeHTOB 1o aanabiM cnytHuka GOES-8(W73)
(www:/ /solar.sec.noaa.gov) snmzogmuecku HaOmIOxA-
JINCH BBICHITAHUS JJICKTPOHOB W TPOTOHOB PA3THUHBIX
SHEPIrUil.

OBCYXIEHUWE

WsMeHCHNY CpemHWX 3HAUCHUN WHTCHCHBHOCTH ITyMa
W €€ AUCTIEPCHH BO BPEMI PACCMOTPCHHBIX COOBITHIA
MOZXKHO O6’bHCHI/ITb TaK. I/ISBGCTHO, UTO IMyM Ha 4aCTO-
tax mopaaka 2-3 MT'm mpencrasager co0oil HagoXe-
HUE CHTHAJOB OT PAgMOCPEICTB, PalOTAOIIUX B ITOM
auamnasone. MarauTHbie 6ypu, KaK MOKA3aau JKCIEPU-
MCHTAJBHBIC PE3yJAbTATH, COMPOBOXAAIOTCS YBEJIAUE-
HUCM KOHOCHTPAIMMW SJICKTPOHOB W IIOTVIOIICHMA pPAa-
AUOCUTHAJIOB B I/IOHOC(I)epe BBICOKMX WU CPCAHMUX INUPOT.
VBeauucHUE MOIIOMICHHS TPUBOTUT K OCTA0ICHUIO
IOMCX, ITPUHUMACMBIX KAdK OCHOBHBIM, TdK M 6OKOBbI—
MM JICIICCTKAMH AUATPAMMBI HAIIPABJICHHOCTHU AHTCH-
HOW cuctembl pagapa YO, cocrodiieit W3 OpTOTOHAJb-
HBIX BEPTHKAJIbHBIX POMOOB. ITpoTHBOMONOXKHBINA -
hexT mPOABASETCS TPU YMEHBIICHUM 3HAUCHUU
N(z, 1) (rakoi adexr, HO Gonee CUIPHO BHIPAXCH-
HBIN, UMEET MECTO MPU MPOXOXACHUM BEUEPHETO TEpP-
MUHATOPA).
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Ing oOpgacHEHNS Bapuanuil CPEIHNX 3HAUECHIN MHTEH-
cusHoctu UO-curHana m ee gucnepcuun yurem, uto [14]

AN’
o AL

(A5,) e
rie (AN®) — unreHcuBHOCTH (aykTyaumii N, Q. =
=w * w, o, = 21f, [, = feosa = 1.3 MI'n, f; —
THPOYACTOTA DJJACKTPOHOB, ¢ — YTOJA MEXAY BEPTH-
KaJbl0 W BEKTOPOM WHAYKIMKA TECOMATHUTHOTO TMOJI,
¥ — YacToTa COyAAPEHUN SJCKTPOHOB C HEUTPAJAMU,
K., — wuHTerpanbHblii Kod(p@UUMEHT NOraomeHns
YO-curHana x- v o-moJaSpU3anui.

Bo BpeMsa paccMOTpEHHBIX COOBITHMM IIPOMCXOMAMIN
CAEAYIOINE TPOLECCH:

1) Bapmauuu N, a 3nauut, u K_;

2) 3HauwmTesnbHBIC Bapuaumm (AN (3TO BO3MOXHO
NOpU CUILHON TypOyJu3amuu CPeabl, YTO MOXET ObITh
BBI3BAHO, HATIPUMEP, TMTOTOKAMH BBICHITAIOIIMXCS 3aPs-
KEHHBIX YACTHIIL).

Otu (HaKTOPhl MOIYT MOJHOCTHIO OOBICHUTH Bapua-
18717 (Aio), OOHAPYXKEHHBIE JKCIEPUMEHTANBHO. YBe-
JIHUCHNE X¢ AUCTIEPCHN MHTCHCUBHOCTEH CUTHAJIA CBH-
ACTEJBCTBYET O HECTALMOHAPHOCTH MPOLECCOB, A TaK-
XE O HEMOJHOM <«BBIUMTAHWW» IIYMOB.

HaGaonaemble Bapuanyy OTHOIIEHWS WHTEHCHBHO-
cTeit R W ee MUCTIEPCHH Op MOTYT OBITH OObSCHEHB HA
OCHOBC aHa/Jn3a W3BECTHOM u3 teopuu meroga YO
sasucumoct A R. [lockoabky Ha z = 75..90 kM B
D-o6a1actu uoHOCPEpPH BHIMOJAHAIOTCS YCAOBUL
Qi >% QF >9% 1o

_(Ai) B Qi + 92 B
<A§> SO expl—-4(K, — K)] =

Q2

= E exp[—4(KX — KO)].

Ilpw ypenmuenmm N ypeamumsactes K, 9T0 mpu-
BOINT K yMcHbmcHWIO R. [lpm ymenpmennmu N (Boc-
CTAHOBJICHUM K (DOHOBHIM 3HAUCHWIM) YMCHBIIACTCS
K., wn ysenmumaeTcs R. YwenmueHue 0122 CBL3aHO C

X,0

YCWJICHWEM HECTAONMOHAPHOCTH CPEIHI.

Tabauna 2. TlapaMeTpsl TOTOKOB 3JEKTPOHOB

HaGaonaemoe B mepuon MarHuTHOM Oypu yBeamye-
Hue N MOXeT ObITh BBI3BAHO MOHHM3ALMENd MOHOChEp-
HOM TIasMbl B D-004aCTH MOTOKAMU BBICHIIAKOLIMXCS
u3 MarHuTochepbl SHEPrUUHBIX DJEKTPOHOB. Panee
TAKOM MEXAHU3M UCIOIb30BAICA I OObICHEHUS pe-
3yJABTATOB IKCICPUMEHTAAbHBIX UCCAcAoBaHuu [4, 0,
9—12, 15, 21, 28].

ITo meronuke [19] Ha ocHOBE MEXaHWU3MA O BHICHI-
MAaHUM BHICOKOOHEPTMUHBIX YACTUI OLCHUM MMapamer-
pBl UX MOTOKOB. [10 BeauuuHE 9JIEKTPOHHOW KOHIIEHT-
pauuu B HECBO3MYIICHHBIX M BO3MYHICHHBIX YCJIOBUSIX
(N, m N) OUECHHMBaAJIUCh CKOPOCTH WOHM3AUUU ¢, =
= aONé, g = aN’, e @, M @ — COOTBETCTBYIOIIUC
koa(dunmenTs pekomOmHamuum, Jlajee MeTOaUKA
OLICHKM MapaMeTPOB TMOTOKA UACTUL, CBOAUTCH K BBI-
unCIeHNI0 BesmunHnl Ag = ¢ — ¢,. Ecam mpeneGpeus
pacnpenc/cHUEM BBHICHITMAOINMXCA UYACTUL, MO0 DHEPru-
4aM, KOTOPOE IpY HA3EMHBIX HAOIIOAEHMIX HEU3BECT-
HO, TO IJIOTHOCTh MOTOKA MOIIHOCTM YaCTHUI[ PaBHA
I1 = 2¢,AzAg, tae ¢, = 35 5B — oHeprud, 3arpaumBa-
€Mas Ha OAWH aKT MoHU3auwuu, Az — AUATIA30H BBICOT,
rae dpPeKTUBHO MOIVIOMACTCA MOTOK YACTHI, JAHHON
oHepruu &. Moxuo monarath, uto Az = 10 km. C
Apyroii ctopoHbl, mnapameTp Il CB43aH € MOTOKOM
vactun, p: p = II/e. 3nag 11, MOXHO OLIEHWTb MOLI-
HOCTh M DHEPIUK) YACTUI, BHICHINAIIUXCS HA TIOMA-
o S: P =118, E = PAT, rne = AT — AJIATEABHOCTD
BBICHITTAHUH.

Ipu pacuerax mosaranock, uro S = 10" M*, AT =
= 1200—2400 ¢, oHeprus BHICHIIAIOIMXCI JJACKTPOHOB
¢ > 40 x5B. B Tabs. 2 mnpuBENEHBI pPE3yJbTATHI
pacueToOB MApaMEeTPOB MOTOKOB 3apPSIKEHHBIX UACTHII
IS OTACABHBIX XAapPaKTEPHBIX TICPUOAOB BO BpeMs
pacCMOTPEHHBIX MATHUTHBIX Oypb. PacueTsl mokasanmu,
UTO BEJMUYMHA MOTOKOB JICKTPOHOB B PACCMOTPCHHBIX
OKCIEPUMEHTAX BO BPEMS MATHUTHBIX Oypb COCTABIA-
ma p =~ 4-10°—5-10° m%c’".

B menoM pesysbTaThl pacueToB XOPOIIO COTIACYIOT-
Cd C W3BECTHBIMU JAHHBIMU O MOTOKAX JJAEKTPOHOB U
MPOTOHOB, MOJYUCHHBIMH OJKCIECPUMEHTAIBHO WU
OLLCHEHHBIMU BO BPEMS BO3MYILUCHUM PA3IUUYHON MpU-
poast [4, 6, 9—12, 15, 21, 28].

2 No» N, 4o q, Aq, I, o, ., P, E,
flara, 2003 w1 |8 3 108 w2 | 106 W3 | 108 W3 | 108 w3t 107 mwew 2 107 WA MoB [ 107 B 10" mx Al e
31 mapra 81 6 16 4 26 22 7.5 3.4 0.15 7.5 14 1800
30 maga 84 5 15 2.5 23 20 7.8 35 0.15 7.8 19 2400
17 cenrabpa 87 3 10 0.9 10 9.9 3.4 2.3 0.1 3.4 8.2 2400
15 okrabpsa 84 6 14 4 20 16 5.4 2.4 0.15 54 9.7 1800
30 okTa6ps 87 5 15 2.5 23 20 7.8 5.2 0.1 7.8 14 1800
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BbIBO1bl

OTKAMK cpemHemupoTHoi D-obmactu moHOChEpH Ha
MArHUTHBIE OYpH UMEET CAOXKHBIA XapaKTep, MOCKO/Ib-
Ky MarHuTHble OypH COMPOBOXOAKOTCA LEABIM PAAOM
IBJCHUN (ONMTUUECKUE W PEHTTEHOBCKHUE BCIBIIIKYU
pasHON WHTEHCHMBHOCTW, BBICHIIAHUS JJICKTPOHOB U
MPOTOHOB, BO3MYIICHHWS TCOMATHUTHOTO MOJS W Ap.),
KOTOPBIE YacTO COBMAAAIOT BO BPEMEHM, W BKJIAJ UX B
W3MCHCHUY B HUXHEH UYACTH CPEIHEIIMPOTHONW HMOHOC-
hepsl TPYyAHO WM HEBO3MOXHO pasaeautb. OTHOCH-
TEJAbHO HEGOJBIIOE UUCIO HANEXHBIX OKCIEPUMEHTOB
MOKA HE TMO3BOJMET BHIABUTb BCE (WM GOJBLIYIO
yacTp) ocobenHocrel otkauka. Cpeau paccMOTPEHHBIX
HAMU OTMETHUM CJICAYIOUINE,

1. OGHapyXeHO, UTO yBEIMUEHHE MHIEKCA reoMar-
HUTHOM BO3MYIIEHHOCTH Kp B HAuajJe MAarHUTHOU
Oypu (0e3 BHE3AMHOTO HAYaJaa) COMPOBOXAAICH Xa-
pPaKTEepHbIM, OTJUUYHBIMU OT HEBO3MYLICHHBIX YCJIO-
BUIl, YBEJIUUCHUEM MHTECHCUBHOCTU PAAUOLIYMOB, yBE-
JUUYCHUEM B CAMHUIBI-ACCATKM pPa3 WHTECHCUBHOCTEN
YO-curHanos Ha BbicoTax Oonee 87 KM B HOUHOE
BpEMSl M KBA3UMECPUOAMUCSCKUMEU (IEPUOA HE MEHee
60 MuH) M3MCHEHHSIMM KOHIUCHTPALUUA SJCKTPOHOB B
cpeaneinnpoTHoit D-obnactu nonocdepsl. M3Menenus
KOHIEHTPALUU DJCKTPOHOB COCTABASIN ACCIATKU-COT-
HU npoueHToB. Jlucnepcud BesuuuHbl R(z, ) yBeau-
uMIACh B HECKOJIBKO Pas.

2. B rtecuechnme haszel BOCCTAHOBJCHHS MATHUTHBIX
Oypb OOHApPYXXEHBl KBA3UIEPUOAMUYECKHE (IEPUON HE
MeHee 60 MuH) IIUTEIBHOCTHIO HECKOJIBKO UACOB M3-
MCHEHMS KOHICHTPAIMK JJICKTPOHOB HA BhICOTAX 81—
90 kM. YBeaWucHHME KOHIEHTPALUHU JSJCKTPOHOB MpH
stom cocrasasio 100—400 9% . Baxuo, uto 310 MMeIo
MECTO KaK MpU 3aMETHOM BO3MYIICHUU FEOMATHUTHOTO
noJs, Tak ¥ 0e3 TaKOro BO3MYLIEHHMS.

3. Ha ocHOBe runoTessl O BBHICHIIAHUYU JJCKTPOHOB B
NEPHUOA MATHUTHOM Gypu MO SKCIEPUMEHTAIbHBIM JaH-
HBIM O BapMauuMgax KOHLIECHTPAUUU IACKTPOHOB
BHIMOJHECHBI OUECHKH DHEPTETUUECCKUX XAPAKTEPH-
CTUK MOTOKOB 3apsaxeHHbX uactui. OKazaaocs,
uto p =~ 4-100—5-10° M *c'. Dru 3HaucHHS
XOPOIIO COTJIACYIOTCS € TEOPETHUSCKMMU OICH-
KaMM ¥ C M3BECTHBIMU JAAHHBIMH O TOTOKAaXxX
9JEKTPOHOB, MOJYUCHHBIMU BO BPEMS BO3MYIIE-
HUU PA3JUUYHOU OPUPOIHL.

Astopel Gaaromapar A. M. IpurunnHa 3a momolb B
npoBegcHnn okcnepumenToB m K. Il. Tapmama 3a
MPEAOCTABJCHHYIO TIPOrPAMMY PAacueTa KOHICHTPALMU
SJIEKTPOHOB.
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ELECTRON DENSITY VARIATIONS IN THE IONOSPHERIC
D REGION AT MID-LATITUDES DURING MAGNETIC
STORMS

A. M. Gokov, L. F. Chernogor

Our results of electron density measurements made by the partial
reflection radar in the ionospheric D region at mid-latitudes during
eleven magnetic storms are presented. The response of the D region
to magnetic storms at their onset and during the recovery phase is
considered. Quasi-periodic increases in the D-region electron density
by more than 50—100 % are revealed to last for tens of minutes with
the periods ' = 30—60 min. The ionization rates are estimated, and
the parameters of the energetic particle fluxes are calculated.
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BeiiBner-ananis Ta ananis @yp'e pasoM 3acTOCOBAHO sl PO3B’sI3aHHY 3ajau  BiUKM TEOKOCMOCY.
JocaimxeHo xapakTep 4acoBUX Bapiaiiii COHIYHOI aKTUBHOCTI, MO OMMCYEThCH umciamu Bosbda. Ana-
JIOTiuHI JOCJIKEHHS MPOBEAEHO IS 4YacoBUX Bapiamii Dg-inmekcy 3a mepiom 3 1957 mo 2001 pp. ta
yacoOBUX Bapialfifi curHagiB maraitomerpa-durokcMerpa XapkiBChKOro HaIfiOHaJBHOTO YHIiBEpcHUTETY iMeHi
B. H. Kapagina (1999—2003 pp.). BeiipneT-anami3 npeacTaBiIeHO HENEPEPBHUM BEUBJIET-IIEPETBOPEHHSIM,
a rpapuniiiauil dyp’e-ananis — auHaMiuHuMu criekrpamu. OliHEHO mapaMerpy 30ypeHb, IO BUHUKAKOTH
Yy HaBKOJIO3eMHOMY Ta KOCMIUHOMY npocropax. IIpogeMOHCTpOBaHO BUCOKY e(eKTUBHICTH BelBIeT-aHAIIY.
BingHaueHO B3a€MHY JIONOBHIOBAaHICT METOAIB (hyp’e- Ta BeHBiET-aHATI3Y.

BBEJEHHWE

BeiiBsieT-anann3 Kak HOBBIM MATEMATHMUCCKHI aIIma-
pat cdopmuposaaca B 1980—1990-¢ rr. HanGoapmmii
BKJIAJA B €T0 passutme BHeCa Masr, Mopae, JoBemm,
Koiipman, CromGepr, Jlemapbe u Apyrue UCCAEA0BATE-
aa (em. [22, 27]). OgauM W3 MCTOUHHMKOB BEWBJIET-
aHANM3a, [0 MHCHUI) PIAa CICHUAINCTOB, SBJISICTCS
TEOpUd ATOMAPHBIX (PYHKIMI, pazpaboTaHHAas OTeue-
crBeHHbiME yueHbiMu B. JI. PeauewiM, B. A. Psaue-
BoiM, B. @. KpaBueHko u ux yueHukamu (CM., HAmpw-
mep, [14, 18]). Cnoco6GeTBoBanu MMPOKOMY MPUMEHE-
HHAK BEUBAET-aHAAMW3a Takxe paborwm [1] m [7],
IMOCBAIIECHHBIC COOTBETCTBEHHO OCHOBAM HEIIPEPBIBHOTO
W OUCKPETHOTO BeWBeT-mpeoOpaszosanmit. Teopernue-
CKHE BOIPOCH MOCTPOEHUs 0a3UCOB BENBIETOB OOCYXK-
aarorca B paborax [13, 17], a OCHOBB MPaKTHUECKOTO
MPUMEHEHUS BEWBJICT-aHAIN3a, N0 HALIEMY MHCHWUIO,
Haubosiee yAAUHO M3JI0XEHB B KHure [8].

OcHoOBHAS Wacd BEHUBJICT-AHAJM3A COCTOUT B PA3JIO-
JKEHUHM MCCAENYEMOM (DYHKIMHU MO CUCTEME Oa3MCHBIX
byHKmii, obaagarIux COenUaIbHBIMUA CBOWCTBAMM,
B YACTHOCTM XOPOWICH JIOKAJMW3AIMell BO BPEMEHHOM
obnacru. [lepBOHAUANBHO BEMBIET-AHAINS PACCMATPH-
BAJCY KakK aJbTCPHATUBA TPAAMLMOHHOMY aHAIUIY
®ypbe, 0OAHAKO CO BPEMEHEM CTaJI0 OUEBUAHO, UTO ITH
JIBA METOAA XOPOILIO AOMOJHAKT APYr Apyra, U HUX
BBITOAHO IPHUMCHATH OOQHOBPEMEHHO. B 3amauax duzu-
KW Te0KOCMOCA BEWBJICT-AHAIU3 UCTIONb3YETCA CPABHU-
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TEABHO HEmaBHO (CM., Hampumep, [2, 3, 3, 6, 9—12,
15, 16, 19—21, 23—26, 28]), m wuccaegoBaHUd B
JAHHOM 00JACTH MO-TIPEXHEMY OCTAIOTCH AKTYaJIbHbI-
MU. MO)KHO HAACIATHCIA, UTO C UCIOJb30BAHUECM BeﬁB—
JIET-AHAIN3a YAACTCH MOJYYATh AOMOJHUTEAbHYK WH-
dopmanuio 00 OCOOEHHOCTAX BapHALMI BPEMEHHBIX
PAIOB, OMUCHIBAOLIYID SBOJJIOLUIO IPOLECCOB B TE0-
KOCMOCE,

Henbro paboTel sBagerca: paspaborka dopmara u
NPOBENEHUE BENBJAET-AHAIN3a COBMECTHO € (Qypbe-
aHAMM30M panoB umcesn Bonbda, D -wHAEKCa, a Takxe
D- n H-COCTaBJLMIONAX MATHATHOTO MOJS 3eMJIH.

NCXOOHBIE JAHHBIE

Hng wccaemnoBaHWM B3ATH CACAYIOMAE 9KCICPUMECH-
TadbHBIC JAaHHbBIC, BO-MEPBBIX, BPEMEHHOU Pl uMCEs
Boabda ¢ 1749 no 2004 rr., KoTOpbie XapaKTEPU3YIOT
COJIHEUHYIO aKTHBHOCTD (mar mamepenmit 7, = 1 mec).
Bo-Bropbix, BpemenHON psin D -ungekca (http://swdedb.
kugi.kyoto-u.ac.jp/dstdir/dstl /final.html) ¢ 1957 mo
2001 rr. (mar mamepenmii T, = 1 u). Ero Bapmanum
ONKCHIBAKOT OCHOBHBIE OCOOEHHOCTH TEOMATHMTHBIX
Oypb M, B NEPBYIO OUepedb, MAPAMETPHI KOJbLEBOTO
ToKa [9]. B-Tperbux, BpeMEHHBIC 3aBHCHUMOCTH D- u
H-KOMMOHEHTOB MArHUTHOTO MO 3eMJIu, MOAyYeH-
HBIC ¢ IOMOMIBK) MATHHTOMETPA-(IOKcMeTpa Kaden-
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pPBl KOCMUUECKOUN paanoduznku XapbKOBCKOTO HAIMO-
HanmpHOTO yHmMBepcutera wMmeHm B. H. Kapaswna ¢
1999 no 2003 r. (mar mamepernit T, = 0.5 ¢), KOTOpHIit
noapobuo onucad B pabore [3].

METObl AHAJIU3A

B kauecTBe METOAOB aHasm3a B paboTe MCMIOIB3YHOTCH
KJACCMUECKME OOHOMEPHOE M ABYMEpPHOE (AMHAMUUE-
ckoe) mpeoOpazosanug Dypbe, a TAKKE HEMPEPHIBHOES
BelBaET-TIpeoOpa3oBaHue.

OnnoMepHoe npeobpaszosanue Dypbe COCTOUT B MO-
CTPOCHMHM AT BPEMEHHOM (DyHKIum curHana s(t) dbys-
KUWKU COEKTPANbHOW IIOTHOCTM S(@w) HA OCHOBE Mps-
moro npeoOpasosanus Dypoe [8]:

»
S(w) = [ s(t)ede. 1)
Ze
Jxga auckperHoro curHana s(f) mHTerpan (1) same-
HAETCH KOHEUHOM CYMMOM, KOTOPYI YHOOHO BBIUMC-
Jath ¢ nomomipio nporpamm  MathCad 2003 wam
MATLAB 6.5. Onnomeproe npeoOpazosanne Dypbe
MMEET TOT HEJOCTATOK, YTO MOJy4YeHHAd (yHKIUS
CMEKTPAJbHOM MJIOTHOCTH S(w) NPUHOWMWAILHO HE
o0eceunBaET Pa3pelICHUdI BO BPEMEHHOU 00jacTw,
aHAJIOTMYHO TOMY, KaK MCXOAHBIM CUrHAJI $(¢) HE HEeceT
uHbOPMALUK O YACTOTHOM CIIEKTPE.
Oxkonnoe npeobpasosanne Dypoe [30], 3amasaemoe
BBIPAXKCHUEM

»
S(w, ) = [ s(Oyw(t — v)e dt, 2)
Zn
HO3BOJIIET OTHOBPEMECHHO HCCJACHOBATh IOIYUYCHHYIO
¢byrKIMIO cnekrpaspHON MWIOTHOCTH S(W,7) KAk B
YACTOTHOM, TAK W BO BpeMeHHON obmacti. OxHAKO ero
HECAOCTATOK COCTOUT B HAJIMUNU IMOCTOIHHOTIO (Hea):[an—
TUBHOIO) YacCTOTHO-BPEMEHHOTO OKHa w(f), KOTOpoe
MMEET ONUHAKOBYIO IMMPHHY B 00JacTh Kak GOJIbIINX,
tak m Maaeix . Onenka muterpana (2) B pabore
MPOBOAMJIOCH € WCHOJB30BAHMEM CTAHAAPTHBIX METO-
noe n3 cocrapa MATLAB 6.5. [Ina yao6cTsa ananusa
B NOoJyuyeHHBIX S(w) ¥ S(w, 7) yacroTa @ 3aMeHsIaCh
Ha cooTBeTcTBYyROmm nepuon T = 271/ w.
B ocHoBe HempepwBHOTO BelBACT-MpeoOpazoBaHms
[1, 7, 8, 13, 17, 22, 27, 30] curHana s(¢f) JCXKHT
COOTHOLICHHE

15 t—b
W(a, b) = = [s@y [T) dt, 3

rae (1) — BeiBaer-obpasyomas GyHKINI, 13 KOTO-
poO¥ ¢ TIOMOINBIO TEPEHOCOB (b — TapamMeTp CABWTA) U

MacmTabHbIX npeobpa3oBaHuil (@ — mapaMeTp Macii-
TabupoBaHus) CTPOUTCH 0A3UC BEUBJIETOB, MO KOTOPO-
My M packJajblBacTcd cursana s(t).

OCHOBHBIMH CBOMCTBAMH BEHUBJICTOB ABJISIOTCS JIOKA-
JM3alus, HyJEeBOE CPETHEE U aBTOMOENBHOCTL O0asuca
[1, 7, 30]. BetiBner moxeH OBITh JOKAAU306aH KAK
BO BPEMCHH, TaK M TIO YACTOTE.

BetiBaer umeer nysiesoe cpeomee:

[ "p(t)dt = 0,

m=1,2, ...
B 3aBHCMMOCTH OT BEJWUMHBL /7 BEWBJIET HPHHITO
HA3BIBATh BEWBJETOM m-r0 nopsaaka. Ipm m = 0

TMOAYYaeTCd TAaK HA3BBACMOC YCAOBUE OCHWLIAMAN
WU 3HAKOTICPEMCHHOCTH.
Beitsser mo/mken 001amaTh CBOMCTBOM O2DaH U eHHOCHLLL

ly(2)1%dt < oo,

XapakTepHbIM IIPU3HAKOM Gasuca BelBaeT-mpeodpa-
30BAHMS SBJSIETCS €T0 AGMOMOOEJbHOCHb, TaK Kak
BCC 6331/ICHI)I€ (byHKI_[I/II/I TOJTYUCHBI ¢ TOMOIIbID MACHI-
TaOHBIX MPeoOpa3oBaHMi U CABUIOB M3 OTHOTO M TOTO
XK€ MCXOOHOTO BEUBJIETA.

Oyekuna W (a, b) HasbBaeTcs BEUBJIET-CHEKTPOM
curHana s(f). Amamusz W(a, b)) mno3BONFET CYyAWUTDH O
YACTOTHO-BPEMEHHBIX OCOOEHHOCTIX CUTHAMA. B oTiau-
yhe OT AMHAMMUYECKOro npeobpasosanua Dypbe, Bei-
BJaeT-npedpa3oBaHue MMEET ANANTHBHOE UYACTOTHO-
BPEMEHHOE OKHO, KOTOpPOE OKAa3BIBACTCH MOCTATOUHO
Y3KAM BO BpeMcHM (M0 mapamcTpy b) Iad MaabiX d
(4TO COOTBETCTBYET OOJBIIUM UACTOTAM () W IOHPO-
KM — AJ1d 6OJIbH.II/IX a (‘ITO COOTBCTCTBYCT MAJIbIM C()).
Baaromaps 5ToMy CBOMCTBY BeiiBjaeT-npeoOpazoBaHue
WHOTAA HA3BIBAIOT <«MATCMATUUCCKUM MHKPOCKOIIOM»
[8, 27, 30]. Mexay napamerpamu a, b u w, T eCTh
npocrad cBa3b: b =1, a = kT = 2nk/w, tae k > 0 —
KOO(pPUIIHEHT MPOMOPITMOHAIBHOCTH, 3ABUCAIINNA OT
BeiOpannon dyukmum (7). Hanpumep, mia mcmoab3y-
emoro B pabore BeiiBaera Tobelm uyeTBEPTOrO MOPL-
ka k = 0.714. HenpepoisHoe BeliBaeT-npeoOpasoBaHue
B paboTe MpOM3BOMMIOCH ¢ MOMOIIBK makera Wavelet
Toolbox 2.2 uz cocrasa MATLAB 6.5.

Kpome ananusa seiiBaer-cnekTpos W(a, b), nosaes-
HBIM OKAa3bIBACTCS PACCMOTPEHUE CKEACTOHOB M CKa-
gorpamm [1, 7, 8§, 22, 27]. CkejgeToHOM HA3BIBACTCS
AByMCpHAs KAapPTHUHA JII/IHI/Ifl, COCANHIKIMUX OTACIBHO
JIOKAJIbHBIC MAKCUMYMBI ¥ JIOKAJbHBIC MHWHHUMYMBI
BeiiBaer-cnektpa W(a, b). Hekoropnle uccaegosarenu
[27] cumTaroT, 4TO B CKEJIETOHE 3aKIIOUECHA BCI WH-
dopmanma 06 mccaemyemom curaase. i mpaktuue-
CKOTO AHAJW3a CKEJETOHOB TOJIC3HBI XaPAKTEPHBIC
npuMepsl, NpuBeaAcHHble B paborax [1, 27].
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CxasorpaMMoii Ha3bIBACTCA WHTErpaa BUAA:
W(a) = [IW(a, b)I*dt.

JlokanbHble MAKCMMYMBI HA CKAJOIPAMME OTBEUAIOT
KOJe0AHMIM, BHOCAIIUM HAMOOIBIIMMA BKJIAL B HCCIE-
ayembiil mporece. Kak mpaBuio, nu3ydeHue ckaaorpam-
MBI JOMOJHSIET WHOOPMALUIO, CONEPXKAIIYIOCH B BENB-
aer-cuektpe Wia, b) [27].

BeiiBieT-aHaIN3 OTKPHIBAET YHUKAJIBHBIE BO3MOXKHOCTU
[py U3yuyeHnK (PPAKTAIHLHOTO MOBEAECHHUS BPEMEHHBIX PSi-
aoB. B paGorax [7] m [21] mokasaHo, UTO BHIUMCIUB
BBICITME MOMEHTHI Z, HA PA3HBIX Maciradax a:

Z(a) =3 1W(a, b7, (4)

MOXHO OMPEAcJnTh (DPAKTATBHBIE CBOWCTBA UCCACHYE-
MOro mporecca. B cooTtHomeHum (4) CyMMUpPYROTCS
MakcuMasbHble 3HaucHuUA |W(a, b) | npm duxcmpo-
BaHHOM ¢. g hpakTaJbHOrO IPOIECcca

Z (a)~2a[f(q)+q/2]
q 9
OTKyZa
log,Z (a)~alr(q) + q/21. 3)

HeobxomuMbiM ycmoBrueM (hpakTaSIbHOCTH MPOLECCA
[7, 8] gaBagercda aWHEeHMHAd 3aBUCAMOCTD logZZq or
napamerpa macmrabuposanud a. Ecam 510 Tpebosa-
HUE BBLIMOJHYETCH, TO 3aBUCUMOCTb 7(g) OIpPEAE]dET,
SBJASICTCS JIM TAHHBIHA TIPOTTECC MOHOPPAKTATIBHBIM HIIH
myabTHpakTaabHbM,. MOHO(DPAKTATBHBIE MTPOLECCHI
XapaKTEPU3YIOTCS ONHUM 3HAUCHHUEM PAa3MEPHOCTH, a
MyJAbTU(PAKTANbHBIE — ILEJbM MX HalopoMm, a B
o0LIEM CAyuade — HENPEPBIBHBIM CIOEKTPOM TaKMX
pa3MEpPHOCTEN, HA3BIBAEMBIX O0OOHIEHHBIMH (DpaK-
TAJBHBIMK pazMepHOCcTaMH. B paGore [29] nmokasamo,
uyto (pyHKUMS T(¢) MO3BOILET OMpPEAEUTH O0OOMICH-
HBIE (DPAKTAIBHBIE PASMEPHOCTH d:

4 =)

q q_l'

[lpn ¢ = 0 sHaueHme d, COBMAjAET CO 3HAUCHUEM
bpakTanbHOU pazMEpPHOCTH, HA3BIBAEMOW TAKXE €M-
koctbro. Ilpu ¢ = 1 rosopar o6 uHPOPMALIMOHHON
pasMepHoCcTH, Tpu ¢ = 2 — O KOPPEJASLMOHHON
pasMepHOCTH, a Tpu ¢ > 2 — O KOPPEASLUOHHBIX
pPasMEpHOCTIX BHICIIUX MOpsakoe. OyHKOw 7(g) IB-
JgeTcda  yOBIBAOIIEH (DYHKIMEH CBOETO apryMeEHTAa.
IpomseogHaa dbyHKIMM 7(g) paBHA JOKAJBHOHN (ppak-
TAJbHON PA3MEPHOCTU «:

a(q) = dq

OueBuaHO, UTO A MOHO(PPAKTAIOB BCE YKA3AHHBIC
BHAUCHUI PA3MEPHOCTEH coBnagawT (o = d, = const),
" 7(g) MMCET BUA TPSIMOM, a AJId MYJIbTH(PAKTATIOB
3aBUCUMOCTD 7(g) OKasmBaeTcsa HenmHewnnon. Cienosa-
TEABHO, MO BHAY GyHKOINH 7(g) MOXHO OTJIMUNATH
moHodpakTan or myastudpakrana. dag myasrudpax-
Tajza MOXHO YKasaTb WHTEPBAJI JIOKATBHBIX pPa3Mep-
HOCTEU @ € [y, Tpaxls TAE Opae = d_oy Opin = d o,

SSN a
200
100
1750 1800 1850 1900 1950 t ron
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7950 tron0 2 W
max

1800 1850 1900

' t, ron
A e

1800

|
1750

Puc. 1. Anamms uwmcen Bomeda (1749—2004 rr.): a — uwncna
Bossha BO BpeMEHHOH 00JaCTH, 6 — HEMPEPBIBHBIN BEUBJIET-CIEKTP,
MMOJIYUEHHBIH ¢ UCIOJIb30BaHUEM Betiiiera db4, ¢ — ckasorpamma, 2
— CKeJeToH, ( — CHEKTPOrpaMMa OKOHHOTO TpeodpasoBaHus
®Dypse, e — oaHOMEPHBII (DypbE-CIIEKTP
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Taxum 00pa3oM, A1 KAXAOTO MCCICAYEMOro BPEMEH-
HOIO pgaa MMEEeT cMblca nonayyarh S(w), S(w, 1),
W (a, b), ckeneton u ckanorpammy. ng ymobersa Bee
ITH XAPAKTEPUCTUKE BMecTe ¢ S(f) mexecooOpasHo
NPUBOANTL HA OAHOM DPUCYHKE.

B Hacrogamieit pabore a4 BEMBIET-aHAAN3A UCIO b~
zoBascs Beusaer JobGemu uerseproro mopsaaka (db4).
ABTOpHl He craBuam nepex coboil 3amauy BbiOOpa
ONTUMAJIBHOTO BeliBjera. TeM He MeHee, MCIOJIb30Ba-
nue db4 oOycaoBaeHO (PpPAaKTANbHBIMU CBOMCTBAMU
JAHHOTO BEMBICTA, KAKUMH HE 00JagaroT BEUBJIETHI
Mopsae, MHAT wu apyrue.

PE3YJbTATDBI AHAJIU3A

Pesyabrarer anasmsa BpeMeHHOTO paga uuces Boabda
or 1749 o 2004 r. mpuseacumt Ha puc. 1. Kak u
CJICTOBAJIO OXHUAATh, UETKO MPOSBHIN CE0S BO3MYIIE-
Hud ¢ nepuogamu 7, = 11 sxer u, 1o Bcell BUANMOCTH,
T, ~ 100 naer. Ocobenno ueTko BUgeH | 1-meTHWMIT UK
Ha ckeneroHe (puc. 1, 6) B Buae Makcumyma W(T) n
Ha ckajorpamme (puc. 1, 2) B BUEE cepum BEPTHKAJIb-
HBIX MOJIOC, CEPEANHA KOTOPBIX MPUXOAUTCH TIPUMEPHO
Ha T, = 11 nmer. Ha puc. 1, 0 m e TakXe XOpomo
HaOmrofaoTca 00a XapaKTEPHBIX NEPHOJA KOACOAHMIA,
OnHAKO BpeMEHHAS JOKAIM3aums HA puc. 1, 0 BHIpa-
KEHA XyXe.

Bpemennoit pax D, -uHaekca ObUT MPOAHATUZNPOBAH
Ha wurtepsase ot 1957 mo 2001 r. (puc. 2). Ckanor-
pamma (puc. 2, ) MOKA3bIBAET HATUUUE TPOILECCOB C
mepuogamu 7 =~ 11...12 ner, T, =~ 3...4 ., a CKeJETOH
(puc. 2, ¢) — ecme u mpouecca T, = 1 1. Ilepsoiit u
BTOPOW TMPOLIECCHl 3aMETHB HA puc. 2, 0 u e. Takxe
cenyeT oTMeTuTh (hPAKTATBHBIC CBOMCTBA paccMaTpu-
BAEMOTO BPEMEHHOTO PAAAd, O HAJIWUNU KOTOPBIX CBH-
ACTEaBCTBYIOT puc. 2, 6 u 0. Kak u B ciayuae BpeMeH-
Horo psipa uucesn Bosneda, B uenom pax D, -uHaekca He
ABJIICTCI (bpaKTa]IbeIM. OZ[HaKO B OTACJBHBIX AuAaIa-
30HaX @, TAE 3aBucMMOCTH log,Z (a) OT a MOXHO
CUMTATh JUHEHHBIMEA, HAOIIOZAEMBIE TPOLECCH HOCHAT
dpakranpHBT XapakTep. B KaxmoM W3 aAMamazoHoB
3aBUCUMOCTh T(g) HE 4BJGETCS CTPOro JWHEWHOH, a
3HAUMAT, W CAMM MPOLECCH OKA3BIBAIOTCA HE MOHO-
pakranpabiMu, a MyabTudpakTagabHbIMU, JIOKAIbHBIE

(bpakTagbHBIE Pa3ZMEPHOCTH KAXAOTO M3 MPOLECCOB
JIEXAT B AMATA30HE OT Uy A0 (pase

Takumu pwanmazoHamu gBagrorca a = 11...17
(T = 09..13 r.,, a = 043..0.53), a = 20..30
(T = 15.24 r, a = 045.061), a = 30..50
(T = 24.40 r., a = 0.36..0.32), a = 60...100
T = 48..79 r., a = 0.50...0.51), B cpemguem
a, = 0.5.

av

[Mockoapky Bapmanuam umcen Bonbda n D -wHACK-
Ca COOTBETCTBYET OOWH M TOT X Tepron (OKOJO
11 ner), uenecoobpasHo TakXKe BHIUUCAEHHE KOI(Pu-
OWEHTA B3AWMHOM KOPPEISUWM COOTBETCTBYIOINX PSi-
J0B.

Ha puc. 3 mokazanwsl pe3yspTaTbel AHAJW3A UHCET
Bosibtha Ha TOM XK€ BpEeMEHHOM MHTEPBAJIC, UTO U P
D -wagekcoB. Ha Bcex rpadwmkax yeTko mpogsasgercs

Dst a
0
-100
-200 | | | | |
1960 1970 1980 1990 t, ron
T, rog 6 B

A e

1 1 1 1 1
1960 1970 1980 1990 trog 0 1 S

max

Puc. 2. Ananmusz Dgg-unpekca (1957—2001 rr.): ¢ — UHEKC BO Bpe-
MEHHO¥ 06J1aCTH, 6 — HENPEPHIBHBIN BEUBIET-CIIEKTP, MOJIYUEHHBIH ¢
UCNOJIb30BaHMEM Belipiieta db4, ¢ — ckasorpamma, ¢ — CKeJIETOH, 0 —
CIEKTPOrpaMMa OKOHHOTO 1peobpasosanus Dypee, e — 0AHOMEPHBIN
dypse-crexTp
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Puc. 3. Amanus umcen Boswda (1957—2001 rr.): a — uucna
Bosnsdba BO BpeMeHHOI 00JacTH, & — HENPEPLIBHBIN BEUBJIET-
CIEKTpP, MOJYUYEHHBIM C MCIOJb30BaHMEM BelBiera db4, ¢ — cka-

JorpamMma, ¢ — CKeJIETOH, 0 — CHEKTPOrpaMMa OKOHHOTO mpeofpa-
soBauust Dypove, ¢ — OAHOMEPHBIH Pypbe-CHEKTp

koneGanme T, = 11 jger, a ua puc. 3, 6 U 2 XOPOIIO
BUAHA (PPAKTANBHAI CTPYKTYpPa MCCACTYEMOTO CHTHA-
Ja. YCTaHOBACHO, uTO KOI(DGMUIUEHT KOPPEadLuu
Mexay psagoMm uwmcen Bosbda m psmom D,-WHAEKCOB
cocrasnger K = —0.25. 3uak npu K, OUYECBHAHO,

a

b A e Al g

S

o"*"t'w-

-200

T,u4 6 8
340

260

180

100

20

R
Q

Bt
(=)

(=)
N
n

Puc. 4. Auanuz D-cocraBasmoiieii MarautHoro mojsa (15.10.1999—
22.11.1999 r.): @ — D-COCTaBASIOAY MATHUTHOTO I1OJIY BO BPEMEH-
HOM 00jacT, 6 — HENPEPBIBHBINA BEUBJIET-CIEKTP, TOJYUYEHHBIH C
WUCNOJIb30BaHMEM BebiBieTa db4, ¢ — ckajiorpamMma, ¢ — CKEJIETOH,
0 — cmekrporpaMMa OKOHHOrO mnpeobpasoBanus Dypre, ¢ —
OJIHOMEPHBIN (Pypbe-CIIEeKTp

CBUAETEIBCTBYET O TOM, UTO MPeolJaamalT OTpua-
TeabHbIE 3HaueHus D -wHaekca. Beawumna K cratu-
CTUUECKM JOCTOBEPHA, OHA CBHUACTEIBCTBYET O TOM,
uto yBequucHMIO uuciaa Boabda mpumepno B 25 Y,
CIyuaee CcOOTBETCTByeT ypesmueHue |Dgl. Oto daxr
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Puc. 5. Ananus H-cocrasiagioniert Mmarauutaoro mosas (15.10.1999—
22.11.1999 r.): @ — H-cocrapisioniag MarHUTHOTO TIOJIS BO BPEMEH-
HOM 06macTv, 6 — HENPEPHIBHBINA BEUBJIET-CIEKTD, MOJYUYEHHBIH
UCNIOJIb30BaHMEM Betisietra db4, ¢ — ckajnorpamma, ¢ — CKEJIETOH,
0 — cmekTporpamMma OKOHHOTO rpeobpasosauus Dypee, ¢ — o7HO-
MepHBIN (pypbe-crekTp

reoM3MKaM M3BECTEH: MATHUTHbIE OYpH HPUXOAATCH
NPEUMYINECTBEHHO HA MEPHONbI, OJIM3KME K MAKCHMY-
My COJHEUHOU akTuBHOCTM [25]. 3amerum, uTo mpo-
JOJKUTEIBHOCTh JTUX TMEPUOAOB COCTABASET OKOJIO
3.5...4r., 1. e. okoao 25 Y% BCEro BpeMEHM B OOMHHAI-
HATUJICTHEM LMKJIE COTHCUHOU aKTUBHOCTH.

Kpome Toro, ciaemnyer OTMETUTD, UTO CyAS MO Xapak-
TEPHOMY BETBAIICMYCS BULY BeiBaer-ciektpa (puc. 1, 6,
puc. 3, ©) m ckexeroHa (puc. 1, e, puc. 3, &), pdan
uucea Boabdha moxer HocuTh (hpakTasbHBIN XapakTep.
Bpemennoit psa uucen Bosbda B 1ie10M HE ABASETCS
dpakranpabiM. Jlumes B gmamazone a = 20...100
(T = 1.8..8.8 r.) mpouecc apaserca myJabrudpak-
raapHbiM. JlokanabHbie (bpakTasbHBIE PA3ZMEPHOCTH
9TOTO TpoLecca JexaT B AWamna3oHe ot o, 0.41 mo
e = 0.49, 1. €. Takxe 6omskm x ¢, = 0.5.

Puc. 4 u 5 nocBaIIcHb aHAMU3Y BPEMCHHBIX 3aBH-
cuMocTed D- m H-COCTABASIONAX MATrHUTHOTO ITOJIS
3emum ¢ 15.10.1999 mo 22.11.1999 r. YcrawosieHo,
yTO Aud D-cocTaBadiomei HabM0IAITCI XapaKTEPHbIE
koseGanna ¢ mepuomgamu T, = 24 u, T, =~ 60...70 u,
T, =~ 180...220 u (puc. 4, @, ¢). 3ameTuM, UYTO Ha
cnekrpax Dypbe 5TH meprogbl KoaeOaHUU MMpaKTHUE-
cku He BuaHbl, Jlng H-cOCTaBISIOMICH BBIPAXKCHBI
kosnebanug ¢ nepuogamu T, = 24 u, T, = 150...170 u
(puc. 5, ¢, 2). Ilocaegunii 13 HUX 3aMETEH TAKXe HA
puc. 5, 0 u e. Kak u B cayuae uucen Boasda u
D -MHIEKCOB, PacCMAaTPUBACMBIC BPEMEHHBIC PSAbl D-
u H-CoCTaBILOMAX MATHUTHOrO Imoag 3emum (pak-
TAABHBIMK HE ABJSIOTCH. JIMIb B OTACABHBIX AMATIA30-
HAaX UMeeT MecTo (ppakTaabHocTh. s D-cocTaBasiio-
el MPOLECC OKA3bIBAETCH MYJAbTU(PAKTATBHBIM TPU
a = 10...30 (T = 20...40 w). Jloxanbubic (DpakTaabHBIC
pasMepHOCTH ITOTO MPOLEcca JeXAaT B AMANA30HE OT
Cpin = 0.48 1m0 . = 0.54. na H-cocraastomeii To
ke nmpoucxomut npu a = 3...40 (T = 10...60 u) u ot
ey = 0.49 1m0 .. = 0.56. Onars ¢, = 0.5.

[Mpoeeaen Takxe aHanwns Bapuanwmii D -WHIACKCOB 3a
TOT XK€ BPEMCHHOW WHTEPBAJ, UTO U IS COCTABHBIX
MArHuTHOrO nojs (puc. 6). Boigpienb kKonebaHud ¢
xapaktepubiMu nepuogamu T = 180...200 u (puc. 0,
8, 2). Takxe oOHApPYXEHbl MYJIbTH(PPAKTAIBHBIE IIPO-
meccol mpu a = 170...200 (T" = 235...275 u,
a = 0.48...0.54). Yawme Bcero o 6amszko k 0.5.

OBCYXIEHUWE

Peayabrarel BeiBAeT- W (Dyphe-aHANM3OB DJKCIIEPH-
MCHTAJIbHBIX I‘eO(bI/ISI/IIleCKI/IX JAHHBIX XOpOoHIo corjia-
CYIOTCd ¢ AaHHbIMu pabor [2, 5, 9—12, 16, 19—21,
23, 24, 28]. Tak, B paGore [28] Takxe mHabmoAaIMCh
BO3MYyImEHUS paga umcen Boabda ¢ mepmomamm
T, = 11 ner u T, = 100 aer. IlepBHIif TUKI XOPOMIO
M3YUEH, a UTO KACAETCI BTOPOTO, TO JUITHHA WMECFOIICH-
ca peammzanun (mopgaka 2350 JjieT) mO3BOMLET IMOKA
TOBOPHUTH JIMIIb 0 BO3MOXHOCTH €70 CYIECTBOBAHMS.
B paGore [9] BO BpeMs MarHUTHBIX Oypb ABTOPHI
O6Hapy>KI/UII/I BO3MYIICHUA MATHUTHOIO ITOJIS SGMJII/I C
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Puc. 6. Amamms Dg-ungexca (15.10.1999—22.11.1999 r): a —
Dy -uHAeKC BO BPEMEHHOH o0mactu, § — HEIPEPBIBHBIN BEUBIET-
CIEKTD, MOJYUCHHBIN ¢ UCIOJIb30BaHUEM BelipieTa db4, ¢ — ckajor-
pamMMma, ¢ — CKEJETOH, 0 — CIEKTPOrpaMMa OKOHHOTO Ipeobpaszosa-
uusa Dypoe, e — ogHOMEpHBIT GypbE-CIEKTP

nepuogamu T = 6...10 u u T = 60 u. TTocnegaue Obum
BBISIBJICHBI TIPW AHAJM3C W HAMW 9 D-COCTaBJISIOMICH.

OtaenbHo caeayer oOCYAUTh Pe3yJbTaThl AHAAM3A
(bpakTasbHBIX CBOUCTB MPOIECCOB B TEOKOCMOCE, KOTO-
pbiii GBI MPOBENEH C MOMOLIBK) HEMPEPHIBHOTO BENB-
aer-npeobpaszosanug. OKaszanoch, uyTO HM OAMH U3

PAaCCMOTPEHHBIX PSAOB HE IBASETCS (DPAKTATBHBIM B
TpaguuuoHHOM ToHUMaHuu. OXHAKO B OTACTBHBIX
AManasoHax MaciTaloB a (a CAEAOBATENbHO, U MEPU-
ONOB BO3MYylLIeHU T') yKa3aHHBIE TPOLECCH 00Jamai0T
CBOMCTBAMU MYJIbTH(PPAKTANBHOCTH. IlomoOHBIA pe-
3yabTaT mosyueH u B pabGore [20] mpu usydeHun
0COBEHHOCTEN BPEMEHHBIX PAAOB SV TeOMArHUTHOIO
noas. CiaenoBareabHo, GOJIBIIMHCTBO PEAJbHBIX IIPO-
[ECCOB B TEOKOCMOCE 00JAmalOT CJIOXHOM (hpaKkTasb-
HOI, TOuHEe MYyJbTU(PAKTATBHOU CTPYKTYpOi. ITO
CBUICTCIBCTBYET, B UACTHOCTH, O CJOXHOCTH, MHOTO-
o0pazuy M HEIMHEWHOCTH YMNOMAHYTHIX IIPOLIECCOB.
IMosromy Hambosiee ageKBATHBIM CPEACTBOM, HA HAII
B3I/, MO3BOJMIONIMM M3Y4YaThb OCOOEHHOCTM TaKMX
TPOIIECCOB, IBJAICTCY MMEHHO BelBeT-aHam3. Merto-
Abl, OCHOBAHHBIE HA TPAAUILMOHHOM IMpeoOpasoBaHUK
®ypbe, HE MOTYT MPEAOCTABUTh TAKOW BO3MOXHOCTH.

IMocnennee cooOpakeHUE MOXKET PACCMATPUBATLCH
KAaK BO3PaXXCHUE HEKOTOPHIM wmccacmosareaam [31],
CUMTAIOIIAM WMCTIOb30BAHNE BCHBJICT-AHAIN3Aa B HEKO-
TOphIX 3amauax reoM3uKu, B UACTHOCTH, AJIS MCCIC-
JOBAHUS OCOGEHHOCTEN KBA3U-ABYXCYTOUHBIX Bapua-
omit  f,F2, HenepcnektuBHBIM. IlpoTMBOMOCTaBICHWE
BO3MOXHOCTEH METONOB BeliBaeT- U (pypbe-aHaIusa,
xapakrtepuoe ansg Hauaia 1990-x r., B Hacrosmiee
BpEMs CMCHWJIOCh KOHIECTINUCH B3aMMOIOMOTHICMOCTH
9TUX METOHOOB, UTO, B UACTHOCTH, W MPORAEMOHCTPHUPO-
BAHO HAMH B JAHHON palore.

BbIBO1bl

1. TIpomeMOHCTPUpPOBAHO, UTO BEUB/ACT-AHANU3 B
coueraHuu ¢ (ypbe-aHaauzom ABagiOTCH ek TUB-
HBIMU METOAAMU WM3yUCHUS MPOLECCOB B TEOKOCMOCE.
OTu METOabl aHAN3A XOPOIIO AOMOJIHIIOT APYT APYyTa.
Beiipaer- u dypbe-npeobpa3oBaHus IPEINOUTHTEIbHBL
NpU aHAJU3E COOTBETCTBEHHO OBICTPOM3MEHIFOLIMXCS
¥ JOCTATOUHO TIABHBIX MPOLECCOB.

PaspaGoran opMmaT mpeacTaBJeHus PE3YJIbTATOB
BeliByieT- u (ypbhe-aHAIN30B, KOTOPBI COCTOMT U3
BHAA UCCIEAYEMOIO CUTHAJIA BO BpPEMEHHOM obiacTw,
€ro BEUBJET-CMEKTPA, CKAJOTPaAMMBbI, CKEJIETOHA,
CIIEKTPOrpaMMBbl OKOHHOTO mpeoOpasosanus Dypbe u
onnomepHoro ¢ypee-cnekrpa. GopMaTt pekoMeHaAyeTCs
JJIS TPAKTUUECKOTO UCIOIB30BAHUS.

2. TTokasaHo, uTo GOJIBLIMHCTBO IPOLECCOB B reodu-
3UKE HOCIT CAOXHBIA AWHAMUUECKMN XapakTep, HE
aBJSCh (DPAKTATBHBIMU B TPAAUIMOHHOM TOHUMAHWUM.
B orpaHnueHHBIX AMAMA30HAX MAcCHITAGOB TAKUE IIPO-
Lecchl 00JaxarT CBOMCTBAMM MYJIbTH(PAKTAIBHOCTH.

3. TlpogeMOHCTpMPOBAHBI BO3MOXHOCTH BEWBJICT-
aHaaM3a TpPM HAXOXACHUM AMATIA30HOB MYJIbTU(pAK-
TAABHOCTU TeO(U3NUECKUX MPOLECCOB U OLECHKE CIEeK-
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Tpa ux (hpaKkTaJbHBIX pa3MepHOCTEH. 3HAHUE TOCICH-
HUX BaXXHO IS MCTOJKOBAHUS MATEPUATIOB HAOIIOIe-
HUI, /I TOCTPOCHUS (PU3UKO-MATEMATUUSCKUX MOE-
Je# IBJACHUM B TEOKOCMOCE, KOTOpPhIE YaCTO OKa3bIBa-
OTC CJOXHEE, UeM JTO MPEACTaBAAIOCh paHee. Tpa-
JUIMOHHBIE K& METOAbl (hDypbe-aHAIN3a HE TO3BOJISIOT
nonyunth uHGOPMANUK O (QpakTagbHBIX CBOWCTBAX
HUCCIEAYEMBIX TIPOLECCOB.
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WAVELET ANALYSIS IN PROBLEMS
OF THE NEAR-TO-EARTH SPACE

0. V. Lazorenko, S. V. Lazorenko, L. F. Chernogor

Both wavelet analysis and Fourier analysis were applied to solve some
problems of the near-to-Earth space physics. As an example an
investigation of some properties of the solar activity time variations
described by sunspot numbers was carried out with the use of these
analyses. Similar investigations were performed for the time variations
of the Dy-index from 1957 to 2001 and for the time variations of the
Karazin Kharkiv National University magnetometer-fluxmeter signals
from 1999 to 2003. The wavelet analysis is represented by the
continuous wavelet transform and the traditional Fourier analysis is
denoted by the dynamic spectra. The parameters of the disturbances
appearing in the near-to-Earth space were estimated. High efficiency
of the wavelet analysis was pointed out. The methods of the wavelet
analysis and Fourier analysis were shown to be mutually complement.
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The evolution of the ULF resonant structure observed at the Teoloyucan geomagnetic station is studied in a
possible relation with seismic activity in Mexico in 1999—2001. Two resonant lines were observed in the
H-component (linear polarization) in the frequency bands fr2 = 10.2...11.1 mHz and fr2 = 13.6...14.5 mHz,
sometimes accompanied by satellite lines. The source of the observed resonances is possibly related with the
geomagnetic location of the station (geomagnetic latitude 4 = 29.1°) and its proximity to the equatorial
electrojet (4 = 30°). An enhancement of the carrier frequency of both resonances in the period from one
month to two weeks was found before the strongest EQs. Also, a depression of the resonant structure just a
few days before and a few days after some EQs seems to be correlated with seismic activity.

INTRODUCTION

Geomagnetic monitoring of tectonically active areas
has reported anomalous changes in the character of
the geomagnetic field occurring before, during and
after some earthquakes. In this respect, different
theoretical models have been proposed about their
origin, to be able to give a physical mechanism to
explain the geomagnetic anomalies. Some of these
studies emphasize the crustal origin of the source [8],
and other argue on their ionospheric pertinence [6].
The analysis of the seismogenic geomagnetic emission
depends strongly on the instrumental infrastructure
available. In the case of a network of geomagnetic
stations, the multi-station data set grants the possi-
bility for analysis by means of different robust
techniques, such as the location of the area of the
geomagnetic disturbances [2], and for the separation
of the geomagnetic field in its constituents by their
statistical properties (for instance, Principal Compo-
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nent Analysis [1]). In the case of only one station,
the data set possibilities for the analysis are lower but
some techniques like fractal analysis are still available
to evaluate and recognize the anomalous character of
the magnetic field that are produced by forthcoming
earthquakes.

The aim of this study is to test a new methodology
for analysis of the geomagnetic data collected at the
Teoloyucan station in the period from 1999 to 2001,
and to find out a possible correlation with strong
earthquakes occurring during that period.

EXPERIMENT AND METHODOLOGY

The analyzed geomagnetic data were recorded at the
Teoloyucan station (Central Mexico, geographic co-
ordinates: 99°11'35.735" W, 19°44'45.100" N, 2280 m
height). This station was equipped with a 3-com-
ponent fluxgate magnetometer designed at UCLA,
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Eight strongest earthquakes during 1999—2001 chosen for analysis

Date uT Longitude Latitude Mg Depth D, km Kg
1§ June 1999 20042™ —-97.51° 18.18° 7 69 262.74 54.736
21 June 1999 17 43 -101.72 17.99 5.8 54 343.11 2.5107
30 September 1999 16 31 -97.03 15.95 7.5 16 480.94 70.487
12 Mart 2000 03 44 -99.29 20.1 4.1 5 41.034 1.2642
9 August 2000 11 41 -102.66 17.99 6.5 16 427.86 9.8774
19 May 2001 2321 -105.72 18.27 6.5 20 736.4 4.0513
20 May 2001 04 21 -105.12 18.64 6 12 663.35 1.2315
7 October 2001 21 39 -100.16 16.98 6.1 10 322.53 5.9505

operating at 1 Hz sampling rate frequency, with a
GPS system for data synchronization.

We analyzed the events with M, > 4, concentrating
on the eight earthquakes with the highest seismic
indexes k, = 10" ® M,/10D [4], where @, =
(1 + D/10™%)7*% is an attenuation factor, M, is the
magnitude of the earthquake, D [km] is the distance
from its epicenter to the station and occurred under
quiet geomagnetic conditions (Table).

Recently, we performed an analysis of the conti-
nuous part of the geomagnetic spectra through two
methods: a study of the spectral values Sy, and
their ratio S,/S;; as a part of the traditional analysis,
and a study of the spectral ratio § for the fractal
analysis [3]. In the line spectrum structure, we
proved the existence of local geomagnetic pulsations
possibly generated by a crustal source. In the present
paper we extend our study of the line structure to the
analysis of the resonance structure of the geomagnetic
field and its possible connection with seismic activity.

The resonance structure of the geomagnetic field
has been recently discovered for the data of the
Teoloyucan magnetic station (paper in preparation).
The ULF resonances have been observed in the
H-component in the narrow frequency bands
feo = 10.2..11.1 mHz and f, 13.6...14.5 mHz
(Fig. 1).

The resonance structure has a proper hourly char-
acter: it almost disappears during the period 10—
18 UT (Fig. 2), and the central maximum is some-
times followed by higher and lower satellite lines
(Fig. 1 and 2). The polarization of both resonances is
practically linear, and no resonant line is observed
either in Z- or D-components. In turn, no resonant
lines were observed at the nearest to Teoloyucan
(TEO) geomagnetic stations, such as Los Alamos
(LAL), USA, and Jicamarca (JIC), Peru.

A very similar resonance structure was also ob-
served at the Beijing (BJI) geomagnetic station, but it
was not found at all even at the nearest to it Chinese
station (situated at about 150 km from Beijing). The

frequency of the first resonant line observed at BJI
was the same as that of Teoloyucan, but with an
elliptical polarization. A possible explanation to this
phenomenon could be that these stations, TEO and
BJI, are located at about the same geomagnetic
latitude 4 = 30°, which coincides with an equatorial
electrojet displacement. In turn, the absence of a
resonant structure at the station closest to the Beijing
station suggests the presence of a channeling charac-
ter of the observed phenomena. By that, it could be
also a longitudinal Alfven resonance, as the frequency
f =V,/2xR, for the values of Alfven velocity V, =
400...600 km/s, f = 10...14 mHz fits well with the
observed values. Those resonances are expected but
almost never observed because of very specific circum-
stances for their generation, though the transversal
Alfven resonances, or lonospheric Alfven Resonances
(IAR) are studied quite well [5].

RESULTS AND DISCUSSION

The qualitative analysis of the temporal evolution of
the resonant structure shows rather interesting ten-
dencies.

Both resonances express a visible growth until
approximately two weeks before two strongest EQs
that occurred in June, 1999 (Fig. 3a). The same
tendency is observed for the EQ that occurred at the
end of September, with a higher degree of growth for
both resonances.

Unfortunately, due to lack of data for the year 2000
(Fig. 3b), we are not able to analyze the strongest EQ
of the year that occurred in August. However, we did
obtain a noticeable growth at the resonant frequencies
a week before the series of moderate EQs that
occurred in February. Also, we notice that after the
last EQ occurring in March both frequencies stabilize.

For the year 2001 we observe a growth of the
second resonant frequency until about one week
before the two strongest EQs occurring in May
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Figure 1. Observations of the ULF geomagnetic resonances structure in H-component, Teoloyucan station, 2001. Time interval 6:00—9:00 UT
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Figure 2. Appearance of the Ist resonant line in August, 2001, in the H geomagnetic component



Possible seismogenic origin of changes in the ULE 33

Ap; Dst, nT M;
100~ R i : : 8

-100

f, mHz

14_ . . ......

: { :
10 i o i 3
01/01 02/01 03/01  04/01  05/01

A

06/01 07/01 08/01

09/01 10/01 11/01 12/01

Date, 1999
b
Ap; Dst, nT
100

. ] : e
01/01  02/01 O30T 04/01 05/01 06/01 07/01 08/01 09/01 10/01 11/01 12/01

Date, 2000

Ap; Dst, nT ¢ M,

: i : R T e
03/01 04/01 05107 06/01 07/01 08/01 GoI0T™""10/01 11/01  12/01

=
01/01  02/01

Date, 2001

Figure 3. Values of Ap index, Dst index, and EQ magnitudes Mg (circles) in 1999 (a), 2000 (b), and 2001 (c). The EQs with the highest seismic
indexes are marked by triangles. Lower panels: resonance structure observed in H-component
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(Fig. 3c). Besides, there was a visible depression of
the intensity of both resonant structures just a few
days before the EQ occurring at the end of April, and
some days after it. A similar depression mechanism
but for geomagnetic pulsations was predicted by
Sorokin et al. [7]. Another noticeable growth of the
second resonant frequency was observed for the
period starting about one month before the two
strongest EQs occurring in October. The first
resonance was not stable in this period, but its two
lower satellite line frequencies increase just until the
time that the first EQ occurs.

CONCLUSIONS

We studied the evolution of the ULF resonant structure
observed at the Teoloyucan geomagnetic station in terms
of a possible dependence with the strongest earthquakes
occurring in Mexico from 1999 to 2001. The ULF
resonance structure is observed in the H-component as
two resonant packets (linear polarization) in the
frequency bands f, = 10.2..11.1 mHz and f,, =
13.6...14.5 mHz, with a certain hourly dependence.
The probable reason of appearance of the resonant
structure can be related to the proximity of the
Teoloyucan station to the equatorial electrojet 4 =
30°. The temporal evolution of this structure shows a
noticeable correlation with EQ activity: a growth of
the frequency of both resonances in the period of one
month to two weeks before the strongest EQs, and a
depression of the resonant structure just few days
before and few days after some EQs. A more detailed
analysis of the observed phenomena will be done in
the near future.
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IMOBIPHA CEMICMOTEHIYHA [IPUPOOA 3MIH

B YJIbTPAHU3BKOYACTOTHIN EJEKTPOMATHITHIN
PE30HAHCHIM CTPYKTYPI, CIIOCTEPEXXEHIN

HA TEOJIOFOKAHCBKIN ’EOMATHITHIM CTAHLIIT

B MEKCHIII [TPOTSITOM 1999—2001 PP,

A. Konapenko, 0. Moxuanos, P. Ilepec Enpikec,
X. A. Jlonec Kpyc-AGeiipo, C. Komesas, B. T'puMaabcbkuit

EBOONLi0  yJIbTPAHU3BLKOYACTOTHOI PE30HAHCHOI CTPYKTYpHU, $KY
crioctepiraau Ha Teos0I0KaHChKiM reOMarHiTHIN CTaHIi, TOCHiIKeHO
B KOHTEKCTi i MOXJIMBOTO 3BifI3Ky i3 CEUCMIiUHOW) AKTHMBHICTHO B
Mexkcuni nporsrom 1999—2001 pp. 3adixkcoBano nBi pesonaHcHi
ainii B H-koMmoHeHTi (riHiMHA monsgpu3ariis) y 4aCTOTHUX CMyrax
fro=102—11.1 mI'ny T2 fip = 13.6—14.5 mI'n, Ging sxux iHKOIM
€ JIiHii-CYyIyTHUKU. iMOBIpHO, IO JXXEPEJIO CIOCTEPEXKEHUX PE30-
HaHCIB TOBig3aHE 3 TIEOMArHITHUM pO3MIIIEHHAM CTaHLii (reomar-
witna mwmpora A = 29.1°) i 3 ii GAMBBKICTIO 70 €KBATOPIAJIBLHOTO
exextpompkera (A ~ 30°). Tlepen HAUCHJIBHIIMMM 3EMIIETPYCAMU
BUSBJIEHO 30LMbIIEHHS HECYUOi uacToTH 000X PE3OHAHCIB 3a MeEPIiof
OfMH Micanb — fBa THKHI. Jlo TOro »k, menpeciga pe3oHaHCHOI
CTPYKTYPH 3a ACKisbKa [IHIB Nepen i uepes Kijibka JHIB IiCIs ACIKUX
3eMJIETPYCiB, Ma0yTh, KOPEJIO i3 CEMICMIUHOK aKTUBHICTIO.
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Passage of the acoustic waves
caused by seismic and  volcano  activity
through the lithosphere into the ionosphere

Received 24.03.95

During earthquakes and strong underground explosions the nonlinear passage of the acoustic waves takes
place through the lithosphere into the ionosphere, which is analyzed in this paper. This nonlinear passage
occurs due to nonlinear elastic modules of the lithosphere and hydrodynamic nonlinearity of the atmosphere.
The waves are excited by underground sources under earthquakes. The acoustic wave propagation going
almost vertically upwards causes a change of their spectrum. A wide spectrum of the acoustic waves till the
radio wave range, caused by fracturing of the rock in the surface, was observed by means of satellite
measurements and radio telescope investigation of meteor bombing of the Moon. If the fracture occurs at
deep depths, high frequencies due to nonlinear interaction transform into very low and extremely low
frequency waves. Very low and extremely low elastic displacement waves achieve the Earth’s surface and
excite the response in seismograms. Acoustic waves move through the atmosphere into the ionosphere, and
this causes changing their spectrum. More than 100 higher harmonics are excited. Excitation and passage
of acoustic waves produce ELF and ULF waves in the atmosphere, as a result of the nonlinear transform

and diffraction of waves.

1. INTRODUCTION

It is very important to investigate the mechanisms of
the energy flows from the lithosphere into the atmo-
sphere and the ionosphere caused by natural hazards
(seismic and volcano activity, for example experiment
MASSA [1—7]). All mechanisms possess different
precursors [2] due to three basic channels of the
lithosphere-ionosphere coupling, namely, electromag-
netic, geochemical, and acoustic ones [3].

The acoustic channel of the lithosphere-ionosphere
coupling seems to be quite effective. This takes place
due to atmospheric acoustic waves excited by fluctu-
ations of the terrestrial surface [6]. This channel
manifests in different phenomena [7], like exciting
the plasma waves and a periodic structure in the
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ionosphere, the increasing transparency for radio
waves, linear and nonlinear generation of magnetic
perturbations, oscillation of E-F-layers in the
ionosphere caused by acoustic and acoustic-gravity
waves, nonlinear change of the spectrum of waves in
the atmosphere, ionosphere, and lithosphere [7—12].
The last-named case is analyzed below.

2. MODELLING OF PASSAGE OF ACOUSTIC WAVES
IN THE LITHOSPHERE

The geometry of the model is shown in Fig. 1. The
cylindrical surface is around the source of under-
ground seismic explosion (or plate deformation). After
that a seismic acoustic burst-like envelope, of a finite
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Figure 1. The geometry of the model for the nonlinear passage of
acoustic waves caused by underground fracturing through the
lithosphere, atmosphere, and ionosphere

P

transverse scale, of the generated waves begins its
passing through the Earth. It is possible to use the
theory of elasticity with nonlinear modules, where
damping the waves and their diffraction are taken into
account. The elasticity theory for the case of the
Earth’s crust as isotropic uniform medium results in
the following equations for the mechanic displa-
cement:

U

S~ VST

§%)-divU} +

+SAU + T(2) 22 AU+ BV {(div0)), (D

where I'(z) and B(z) describe the viscosity and
nonlinearity coefficient of the elastic isotropic
transversely uniform medium in the cylindrical geo-
metry for the acoustic waves with longitudinal and
transverse velocities S, and S,, respectively. If it is
possible to neglect the derivatives from S, we take into
account only a dependence of diffraction coefficient
I'(z) on the coordinate z in which the waves pass. The
condition of neglecting the derivative of the sound
velocity dS,/dz in Eq. (1) is 1dS,/dzl = 'S, <kS,,
where [, ~ 1 km is the scale of the vertical variation
of S, k=w/S, ~ 200 km™' is the wave number of the
ELF acoustic wave at the frequency w ~ 1000 s™'. In
another words, this condition is &/, > 1 and is here
well satisfied.

Rewrite Eq. (1) by the components. The projection
on the axis Z is:
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It should be noted that the transverse profile is

quite smooth. The transverse direction of the de-
formation is:

d'u, Fu, U,
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are used. The

1()

method of slowly varying proflle is applied so as this
research is focused on the nonlinear evolution of a
seismic acoustic burst-like envelope of a finite trans-
verse scale in the cylindrical geometry.

For the p-component we obtain:

d'u, . s: o (St -8 o'U,
an* St S, dpay

The variables z, p, and y = ¢ — f Sz

or
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Therefore, it is possible to exclude the transverse
component.
For the z-component we have:
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This is the equation of Khokhlov — Zabolotskaya
[13]. Below we use, in non-dimensional form, the
Eq. (2) with change I'(z) = G(z) and B(z) > N(z) and
introducing the diffraction coefficient D:

LIt

7
- DA, J U,(n")dn' =0. 3

During modelling, the fast Fourier transform with
respect to # in Eq. (3) was applied. In this appro-
ximation we need to subdivide the equations into the
LF and ELF parts. The classification of waves is taken
as following: LF corresponding to wave frequencies
about < 100 kHz, ELF about < 500 Hz and ULF about
< 3 Hz.
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The equation for the LF part, i.e., a higher part of
frequency spectrum, is:

au U U\ 2
¥r — G(Z) 8_772_+N(Z) [W) =(.

The equation for the ELF part is:
au ERY) au\*?
E—G(z)a—nr+N(z)[ ) -

an
Y
—DAPJ U(n"dn' =0.

We take into account the diffraction only for the
case of ELF part. The results of simulations are
shown in Figs 2, 3. The source is located at a depth
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Figure 2. The nonlinear frequency conversion of AW (HF AW - ELF
AW) under passing through the lithosphere. Part a) is initial
distribution 1 A4;(¢, p)| 2 of the first harmonic; part b) is a distribution
of 1441, p=0)|2 for harmonics (=1, 2, ...), when the greatest ratio
1 A5/ Ay 1% is observed; part ¢) is output distribution of the velocity
of the ELF AW (¥, p) on the Earth’s surface. Here, wy = 5- 10* s_l,
wgLr = 1000 s po = 0.5 km. Norming for amplitudes of HF AW is
Ay = 0.01 em™, ratio of nonlinear and linear elastic modules is
ci11/cy; = 10, a dissipation coefficient for the frequency wo =
=5-10* s ! is taken to be 0.25 km'

of 30 km. The results are presented for the uniform
Earth’s crust, because the simulations with the scale
of variation /, ~ 1 km of the sound velocity S, and of
the viscosity I' gave qualitatively the same results on
the transformation of the wave spectrum. The ratio of
nonlinear and linear elastic modules is used as
¢ /e;; = 10, a dissipation coefficient for the
frequency w, = 5-10* s is taken as 0.25 km™ (it is
proportional to the square of frequency, o« w%).

It is possible to estimate that LF waves possess high
losses G, essential value of nonlinearity coefficient N,
but diffraction is small in this frequency range. In the
case of ELF part, essential nonlinear source due to LF
part and an influence of diffraction take place.
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Figure 3. The nonlinear frequency conversion of AW under passing through the lithosphere. Part a) is initial distribution |A;(?, p)l2 of the
first harmonic; part b) is output distribution of the velocity of the ELF AW (¢, p) at the Earth’s surface. Here, wy = 5-10" 571, WELF =
= 1000 s_l, po= 0.5 km. 600 times decrease of input intensity, as compared with Fig. 2

Figs 2, 3 illustrate that only ELF waves reach the
Earth’s surface without high losses. The LF part
dissipates very fast, due to excitation of higher
harmonics.

MODELLING OF ACOUSTIC WAVES PASSAGE
INTO THE IONOSPHERE

The theory for different effects ensured by acoustic
channel of coupling is based on the elasticity and
hydrodynamic theory and Maxwell’s equations. We
apply this theory to the nonlinear effects provided by
seismic waves. The ELF atmospheric acoustic waves
interact with each other in the atmosphere and
ionosphere, producing ULF atmospheric acoustic wa-
ves, which reach the ionosphere altitudes, can be
observed by satellites. During the earthquake the
spectrum of the seismic waves is wide but only ELF,
which changed due to nonlinear passing into ULF,
reach the ionosphere. This process can be amplified
due to the nonlinear interaction of ELF and their
transformation into ULF acoustic atmospheric waves.

For the acoustic channel of the lithosphere-iono-
sphere coupling, the above-mentioned circumstances
are very important. A propagation of nonlinear
acoustic waves in the atmosphere is described by the
following set of hydrodynamic equations:

v, av) v,
po[at T, az)ﬂ) a
AN
E) —P&

9
- gz + az [pov(z)

oV | ,
Po ot = _va )
, )
0 . P
ot + (:)_Z (f)OVz) +p0d1VVL +(:)_Z (f) VZ) = 0’
ap’

ip’
W_pogvz-‘rvz Jdz -~

~-C|p Ler divl | +yp’ v,
s 0 oz 0 L oz

Here, C, is the sound speed in the air, v(z) =
v(0)exp(z/H) is the kinematic viscosity of the air
@(0) = 0.14 cm®/s), p =p, +p', p = p, + p' are its
total density and pressure, in which o, and p, are
stationary values of atmospheric density and pressure
©o, Py < exp(—z/H), H = k,T/mg is the effective
atmosphere height, &, is the Boltzmann’s constant,
m is the neutral gas mass of the ionosphere and g is
gravitational acceleration), p', p’' are their perturbed
parts, and V, V , V are the components of the air
velocity.

We use the adiabatic equation for pressure with the
adiabatic constant y. It is assumed that nonlinearity
is moderate and only quadratic nonlinear terms are
preserved in Eqs (4). Note that all mechanisms of
hydrodynamic nonlinearity are essential. Also we
suppose that an acoustic wave moves preferentially
vertically upwards, and inequalities 1V _ | <1V | are
valid. In a linear approximation, when viscosity is
neglected, from Eqs (4) we readily get for the acoustic
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Figure 4. The nonlinear frequency conversion of AW, ELF AW into ULF AGW, under propagation through the atmosphere. Part a) is initial
distribution |A(, p)l2 of the first harmonic; part b) is a distribution of 14z, p=0)|2 for harmonics (j =1, 2, ...); part ¢) is distribution of
the velocity of the ULF AGW w(¢, p) at the altitude z = 50 km; part d) is distribution of the velocity of the ULF AGW (¢, p) at the altitude
z = 100 km; part e) is distribution of the velocity of the ULF AGW(t, e? at the al}iltude z = 150 km; part f) is distribution of the velocity
of the ULF AGW (1, p) at the altitude z = 200 km. Here, g p =500s °, Q=25 "; pg =5 km
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wave the following expression [V(z #)l =
exp(z/2H)-exp(i(Qt — Kz)), where K is the acoustic
wave number, and the energy flux remains constant,
po(2)1V (z,1)1* = const. Numerical simulation confirms
this analysis. Because the wave acoustic dispersion is
small (Q > 0.1 s, a lot of higher harmonics are
excited under the nonlinear interaction.

Therefore, a slowly varying profile approach is
suitable for the analysis of the nonlinear acoustic
propagation in the atmosphere. It is possible to derive
a single equation for the vertical component of velocity
of the air V,. The density dependence on the single
transverse coordinate is assumed only.

When introducing the new dependent variable V =
= V,exp(—z/2H), and z, n =t — z/C,, p, the resulting
equation is (below, p, p, are used for notations of
transverse coordinate only):

alav w0’ 8V
| dz 200 o’

1+y &/ g
T2 2t o

The Eq. (§) also is the Khokhlov — Zabolotskaya
equation [13] for a medium with a density decreasing
along z-axis. Here we consider the case when the
envelope frequency is Q@ ~ 1 s >Q_, Q = C,/(2H).
After changing the independent variable z, w =
= explz/(2H)], it is possible to rewrite Eq. (3) to:

G |aV vOHWIV 1+y H §
an | aw c ooy’ 2 Cton

CH
=AY,
w

€L

(VZ)} = % AV. &)

&

Viw=1,t,p)=
=V sin(wyt) exp(—(t/1,)")-exp[—(p/p,)’].

The input ELF wave is burst-like, namely, it is the
wave packet with the ELF carrier frequency wg; its
envelope lies in ULF frequency region. The value of
p, determines a transverse scale of the initial pulse.

After an excitation at the Earth’s surface, ELF wave
is subject to nonlinearity that leads to a generation of
higher harmonics and also to down-conversion, na-
mely, increasing ULF components. More than 100
harmonics are excited. The growth of higher harmo-
nics leads to the creation of a saw-tooth like structure.
This structure dissipates duc to viscosity. The ULF
part of the spectrum is not subject to dissipation, it
increases due to this nonlinear interaction. When the
transverse scale p, ~ 1—10 km, diffraction is not
essential for ELF wave but it can decrease the peak

amplitudes of the ULF part. The results of numerical
simulations (Fig. 4) demonstrate that there is an
effective nonlinear interaction of ELF and ULF atmo-
spheric acoustic waves and a good nonlinear excitation
of ULF atmosphere-ionosphere waves caused by ELF
seismic acoustic bursts on the Earth’s surface.

The nonlinear interaction of atmospheric acoustic
waves demonstrates the importance of the acoustic
channel via the example of the nonlinear mechanism
of the energy flux propagation from the lithosphere
into the ionosphere. The efficiency of the nonlinear
acoustic transformation is quite high. For an initial
ELF wave amplitude V (z = 0) =V, = 2.5 cm/s, one
can obtain that the corresponding ULF wave ampli-
tude is V, = V(0)exp(z/(2H)) = 300 cm/s at the

z

altitude z = 130 km.

CONCLUSIONS

The modelling of acoustic wave passages from the
lithosphere into the ionosphere, excited by fracturing,
is studied. The simulation of the nonlinear passage of
the acoustic waves caused by underground fracturing
through the lithosphere, atmosphere, and ionosphere
shows that there is an effective nonlinear interaction
of the burst in the lithosphere. First of all, a strong
excitation of LF and ELF acoustic waves occurs.
Second, a good nonlinear excitation of ULF waves (<
3 Hz) takes place in the atmosphere. The diffraction
decreases the value of the pulse of ULF, but losses of
these waves are small. The LF waves are excited in
the lithosphere, but these waves possess high losses
and they are so small on the Earth’s surface that they
have not been detected by a seismograph. In fact, a
transformation of the seismic burst after passing
through lithosphere into ELF acoustic waves takes
place. In the ionosphere, ELF waves excite ULF
waves. The nonlinear interaction of acoustic bursts
demonstrates an importance of acoustic channel using
the example of the nonlinear mechanism of the energy
flow from the lithosphere into the ionosphere.
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MPOXOJXXEHHYI AKYCTUYHUX XBUJIb
YEPE3 JITOCOEPY B IOHOC®EPY, BUKJINKAHHUX
CENCMIYHOIO 1 BYJKAHIYHOK) AKTHUBHICTIO

B. I'pumanscekuii, C. Komesas, A. KonapeHko,
B. Mauenes, . Xyapec

ITiy; yac 3eMIETPYCiB Ta MOTYXKHUX TMif3eMHUX BUOYXIB BiA0yBa€ThCH
HeJIHIFHE MPOXOMKEHHS aKyCTMuHux 30ypeHb uepes Jitocdepy B
ionocdepy, amamia gkoro mpoBeneHo B gauini crarrti. [TTupoxwmit
CIIEKTP aKYCTUUHUX XBWJIb, 10 OYB BUKJIMKAHUN POSTPICKYBAHHIM
TipCbKUX IOPiJy Ta IPOCTUPABCS aX [0 /Aialla30Hy pajiOXBUJIb,
CIIOCTEPIraBcd Ha CYIYTHUKAX Ta Y Pagio TEJECKOIMHMUX OCHTiIKEH-
Hax GomGapaysanus Micaug mereopamu. HesiHiliHE NPOXOIKEHHS
XBWJIb Bijl MA3EMHUX JPKEpes 3a0e3MeueH0 eJaCTUUHOK HeJiHil-
mictio Jitocepy Ta rigpoauHaMiuHOIO HeiHiMHICTIO atMmocdepwu.
K0 pO3TPICKyBaHHS Bif0yBAETHCY HA BEJIMKUX IMOUMHAX, HENi-
HiliHa B3aEMOJid BUCOKOUACTOTHMX KOJMBAaHb 30YIKYyE Haj- Ta
BKPali-HM3bKOYACTOTHI XBWJI HPYXKHOCTI, 9Ki JOCArarOTb MOBEPXHIi
3emnai Ta 3AIACHIOITH BiAryk Ha ceticMorpamax. IlepeBakHO Bep-
THKAJbHE MOIMIMPEHHY aKyCTUUHUX XBUJIb B aTMOC(epi BUKJIMKAE
MOCJiIOBHI 3MiHM B IXHBOMY cHEKTpi, 30ymkytoun moHan 100 rap-
monik. enepanis BHU ta YHY xBuie B atmocdepi BigfyBaerhcsa B
HACJiMOK HekinifHOI TpaHcdopmanii ta audpaknii akycTMuHUX
XBWJIb, IO MOMIUPIOIOTHCS Ta 30YIKYIOThCA B Hill.
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Buxkopucranusa CUCTEM

CIIOCTEPEKECHHS 3emii TS

NPUPOIHUX KaTacTpod:
y [iBnenno-CxigHin A3siil

Haditiwna 0o pedaxuii 23.02.05

aHagi3

CYIIYTHUKOBOI'O

MOHITOPUHIY

HACJIIKIB IYHaMi

PosrganaeTbesa MOTEHITIA CUCTEM CYIIyTHUKOBOTO CIIOCTEPEXKEHHS 3eMJIi B 3a7a9aX MOHITOPUHTY IMPUPOTHUX
karactpod Ha npukiIaxi aHamidy Hacuaigkis uyHami y IliBpenno-Cximmiit Asii y rpyani 2004 poky. 3a
pesyJibTaTaMy BUBUEHHS MATEPiaJliB CYITyTHUKOBOI 3MOMKU IOCTPAXKAAIMX PETIOHIB MPOJEMOHCTPOBAHO POJIb
i micue pisaux meronis 33 assa mMoniTopuHry npupoaHux karactpod. OKpeciaeHo HAUPSIMU BUKOPUCTAHHS
cucteM 133 npu IUaHyBaHHI MirOTOBUMX 3aXOAiB, MOTOYHOMY MOHITOPMHIY Ta PO3POOI JOBrOCTPOKOBUX
crparerii  ynpasiiHHg pusuMkamu. BusHaueno indopmaniiini motpebu CHUCTEM YNPABJIiHHA PHUSUKAMU
karacTpodiunmx 1yHami ta 6e3neku GeperoBUx 30H i JKEPEa JaHUX 3 TOUKU 30py 3a0e3MeueHocTi JTanuMu
J33. 3amporoHOBAHO METOMOJIOTiYUHI MIAXOAM MO IIPOTHO3YBAHHS KatacTpod Takoro poxy, CTBOPEHHS
CUCTEMU MOTOYHOTO MOHITOPUHIY T4 HPUHIUIM MOCYAOBU CUCTEMU AOBrOCTPOKOBOTO YIIPABJIHHS PUSUKAMU.

BCTVYIIL

ITporgaroMm oCTaHHIX KiJBKOX POKIiB CIIOCTEPITAETHCT
ApaMaTHUHA eCKanalis 3arposjuBUX TPUPOAHUX e-
aoMeHiB. llle He BiZHOBJICHO TOCTIOOAPCTBO MICJAS ypa-
ranie y Llentpanbhiii AMmepuii, He 3a0yTi HacTiaku
pyiiHiBHUX moBeHen y 3aximwiii ta Llentpanpriin €B-
pomi, 3okpema Ha 3akapmarrti 1998 Tta 2001 pp., g9k
piBHO uYe€pe3 piK Micad pPyHHIBHOTO 3EMJIETPYCY ¥
Typeuumni Ta Ipani BeJacTEHCBPKA MOpPCHKA XBWJIA,
MOPOMXKEHA 3EeMJIETPYCOM B AHIAMAHCBKOMY MOpi,
NPaKTUUYHO 3MHUJA MPUOEPEXHY CMYTY KiJbKOX AEpXKAB
Misnenno-Cxignoi Azii. Xsuiag Mana BUCOTY OJIM3bKO
20 M i BUHUKJIA B PE3yJAbTaTi MOTYKHOTO 3EMJICTPYCY,
mo crapcd B Toumi 3 koopauHatamu 3.32N, 95.85E 26
rpyoaga 2004 p. o 00:58:53 UTC (07:58:53 3a wmic-
mepuM  uvacom). Iloctpaxmamm Imgonesis, Tainanm,
Bipma, Immia, Ipi-Jlanka, MmeHmoO©w Mipow — adpu-
KaHChKe y30epexokd., 3arasbHa KiJbKiCTh JIOACH, IO
3arMHYJIM T4 BBAXKAIOThCS 3HMKIMMU Ge3picTi B 12 mo-
crpaxmanux kKpainax, gocarnaa 305 tucau. Brparu Bin
nyHami ckiaam Giabin gk 14 mapa goaapis.

B upomy perioni me Oyna maitbiapmia karactpoda 3
1900 poky. Ilpupoma mnocraBuna mnepen JIOACTBOM

© B. I. JAJIBKO, 0. B. KOCTIOYEHKO, M. B. IOMMEHKO,
10. T. BLIOVYC, 2005

HOBUII BUK/IMK, Ajie mpoGieMa MOAITAC HE TibKH Y
IBUAKOMY BiIHOBJIEHHI BAaXXKJIWBOTO PETIOHY, aJc U B
poO3yMiHHI HEOOXITHOCTI IHTEHCUBHIIIOIO PO3BUTKY CU-
CTEM i TEXHOJIOrii MmomepenXeHHs Karactpod ta yr-
paBIiHHA TXHIMU pU3MKaAMU B r100agbHOMY MacinTali.

Came BUKOPUCTAHHY CYUACHUX HAYKOBUX Ta TEXHO-
JIOMUHUX PO3PO0OK B ranysi riobajbHOr0 MOHITOPUHTY
ta TA00asbHOT GE3MEKN CTAMO HAWBAX/IMBIIIMM B KOH-
TeKCTi po3poOku raobaabHUX CTPATEriii CTAaoro pos-
ButKy. Cepen HaiGinbml MEPCOEKTHBHUX Ta BHCOKO-
TEXHOJIONUHMX 3acobiB, M0 MIBUAKO PO3BUBAKOTHCH
OCTaHHIM YacoM, MOXXHA BUAIIUTH TEXHOJOTI] CymyT-
HUKOBOTO CIOCTEPEXEeHHS 3eMii. Y MOeTHAHHI 3 Cy-
yacHuMH iHQOPMALIMHUMEY TEXHOJIOTIIMU Ta HAYKOBO
OOTPYHTOBAHMMHE AHAJITUUHMMH TAXOTAMH METOTH
aucTaHuinHoro 3ouayeanug 3emai ([A33) craam
BAXKJIMBUM JKepesoMm iHdopMaiii Ta iHCTpyMEHTOM
MPUUHATTA PIlIEHb Yy Pi3HUX Taay3gx CyCHiJIbHOTO
KUTTS.

Mera mporo omigny — TPOAEMOHCTPYBATH TOTCH-
miax texHosorii 33 y BupimerHi 3a0a4 MOHITOPUHTY
npuGepeXXHUX 30H 1 MyHAMi Ta TIOKA3aTH MICIE CYMyT-
HUKOBUX TEXHOJIOTIM y CHCTEMAX YHPABJIiHHY PU3WAKA-
MM TPUPOTHUX KATacTpod.
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Puc. 1. OrnggoBa xapTa perioHy, IO 3a3HaB BIUIMBY myHami 26 rpyans 2004 p. i3 3a3HaUeHHIM NOCTPaXKAAJIUX TEPUTOPIH

Puc. 2. Tepuropis, mo mocTpaxkaajia BHACTIAOK Katactpodiunoro myHami (M. Bauga Auex, o-B Cymarpa, Iugonesia; mxepeno nanux: Digital
Globe): @ — Geperosa ainia Ta npubepeskna sona. JMaui sitomku QuickBird Bin 23 uepsus 2004 p.; 6 — ypaxeuus Geperosoi JiHii Ta
npubepesxuoi souu. Jani sitomku QuickBird Big 28 rpymua 2004 p.; 6 — MichKka arioMepanis i CUIbChKOrocnogapehki yripnga. Jani 3iioMku
QuickBird Big 23 uepsus 2004 p.; ¢ — ypakeHHS MICbKOI TepuTOpii i clibchkorocnogapcekux yrigp. Jani siiomxu QuickBird Bin 28 rpyans
2004 p.; 0 — miBgeHHa yactrHA OKoyMLb Micra. Jani 3itomku QuickBird Bix 23 uepsus 2004 p.; ¢ — ypaxkeHHS HiBAEHHO! YACTUHU OKOJIUIID
Micra. Hani stiomku QuickBird Bix 28 rpymus 2004 p.
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Puc. 3. Tepuropis, 1m0 MOCTPaXkaaja BHACTIAOK karactpodiunoro iynami (M. Kamyrapa, o-B Illpi-Jlanka; mkepesno manwx: Digital Globe):
a — OeperoBa sinis ta npubepexkHa 3ona. Jdawni siiomku QuickBird Bix 1 ciuns 2004 p.; 6 — ypaxkenns Geperosoi Jinii ta mpubepexHoi
sonm. Jani sitomku QuickBird Big 26 rpymua 2004 p.

Puc. 4. TepuTopis, 1110 MOCTPaXKjajia BHACHIOK KaTacTpodiunoro iynami (M. Mena6o, o-8 Cymarpa, lumounesis; mxepeno ganux: CRISP, National
University of Singapore): a — Geperosa sinig ta npubepesxna 3oua. lani sttomku IKONOS Bix 17 cepriag 2004 p.; 6 — ypaxeuus 6eperosoi Jinii
ta npudepexuoi souu. Haui sitomku IKONOS sig 7 ciuns 2005 p.



Puc. 5. Tepuropis, 1m0 mocTpaxkjaaia BHACKIAOK kartactpodiunoi mynami (ocrpis Karuan (HikoGapceki octpoBu), Iupid; mxepeo gaHux:
EARSeL): @ — pnani stiomku SPOT § Big 10 nunuga 2004 p.; 6 — ypaxkenusa Geperosoi Jinii Ta npubepesxnoi souu. Jaui stiomku SPOT §

Puc. 6. Mones penbedy teputopii niBuiunoi uactunum ocrposy Cymarpa, IHoHesis 3a pegybratamu 00podKu faHUX KOCMidHOI 3itoMKU SRTM;
mxepesio ganux: USGS i UNOSAT (8 pamkax International Charter on Space and Major Disasters)

Puc. 7. BugnaueHns Mex noctrpaxpaanoi Teputopii miBHiunoi wactunu ocrpoBy Cymartpa, Inponesia. PegysapTaT criyibHOI iHTeprperanii jaHux
kocMmiuHOi 3itoMku SRTM (po3aineHa 3gatHicTh 90 M ropusoHTajbHA i 16 M — Beprukanbna) i Landsat ETM (posaisiibHa 37aTHICTE 28 M) Big
12 uepsrg 2001 i 29 rpyaag 2004 p.; mxepeno gaaux USGS i UNOSAT (8 pamkax International Charter on Space and Major Disasters)
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METOJOJIOTTYHI 3AYBAKEHHSAI

Hynami, g9k i 3emueTpycu, € HailHenepenbauyBaHi-
HIMMH TIPUPOAHUMU gBuInamMu. Ilozasak npobiaeMu mpo-
THO3yBAHHS LIMX SBUI HE MOXHA aACKBATHO PO3B’93a-
TH, HAYKOBO-TeXHOJoriunmii norennian 133 neoOxin-
HO cnpaMmyBatu y cdepy KOOpAuHAL{l MiATOTOBUMX
3axX0/iB Ta IIBMAKONO pearyBaHHs Ha karactpodiuHi
noaii, To6to y cepy yHpapaiHHS PHU3UKAMH 1 3MEH-
menns 30utkis [5, 8]. [IpuraiiMui mocTiHA mPOCTO-
poBa JioKastizaiisd TOTEHIIWHOT 3arpo3u CHpude Iig-
BUILCHHIO ¢(DEKTUBHOCTI BUKOPUCTAHHS CYMYyTHHKOBOT
incdhopMmariii B cUCTEMax MOHITOPUHTY i KOHTPOJIKO Ka-
tactpocdpivimx 1yHami. Tak, 30HM 3aTOMJICHHS Ta
pyiHamii ysmoBx OeperoBoi JiiHii MOXyTh OyTH me-
TAJIbHO KAPTOBAHi, M0 HAJACTh MOXJUBICTh 3aBUACHO-
TO ACTAABHOTO BU3HAUCHHS COLIO-CKOHOMIUHWX PU3MKIB,
Ta MiHiMizaLii HeOE3NeKHW M1 MEMIKAHLIB [UX 30H.

Karacrpodu takoro macmraly, 9K OCTaHHS, CTAB-
J4Th HA MOPYAOK ACHHWUM CBITOBOI CIOUIBHOTH 3aJauy
(bopMyBaHHS TpaHC-PETIOHANBHUX TA TICOATBHUX IJId-
HIiB 3MEHIIEHHY PU3MKIB LIyHAMi B paMKax rioOasibHOI
crpaterii crasoro po3BuTky. OCHOBOK Takoro miaHy
MOXYTh CTATH PO3POOKHM BIAMOBIAHMX HAIIOHAIBHUX
areHuiii, Hampuk/jaaj posnouarta mig erigorw NOAA y
1994 p. Hauionanpaa mporpaMa 3MEHIIEHHS HeOeamne-
Ky 1yHami [www.pmel.noaa.gov/tsunami]. Ileprumum
KPOKOM peanizamii Takoi AiSJIbHOCTI MAa€ CTaTH CTBO-
PEHHY KOMIUIEKCY KApT 3aTOIIEHHY B PAMKAX PO3IMOB-
ciomxenux [IC zaraaenoro mocrymy [5]. Hami 033,
30KpEMA BUCOKOIO PO3MIJIEHHS, MAKIOTh CTATH GA30BUM
IHCTpYMEHTOM Tpu po3polii Ta BAOCKOHAJEHHI agek-
BAaTHUX pEriOHAJbHUX UHUEMPOBUX KAPT TEPUTOpi 3
BUCOKMM PU3UKOM 3ATOMJICHHY Ta PYWHYBAHHI.

BaxnuBuM € TakKoX CTBOPEHHd 0a3 JaHUX Mix-
JUCHUMTIHAPHOTO XapaKTEpy WMIOAO MPUPOIHUX Ta AH-
TPONMOTEHHMX XAPAKTEPUCTUK OCo0gmBO Hebesneunmx
perionis [9]. IMoecamanuga moxausocreit 133- ta 'IC-
TEXHOJION JACTh 3MOTY pO3poOMTH SKiCHO HOBi mim-
XOAM Ta IHCTPYMECHTHU OLIHKW PW3UKIB Ta HA IXHIA
OCHOBI BIOCKOHAQJIUTHU CTPATETIi YNPABIIHHYI PU3ZUKAMU
npupogaux karacrpod [4, 5, 9].

MOZKJ/JIMUBOCTI 133 ¥ BUPIIIIEHHI 3ATAY
KATACTPOOIYHOTI'O MOHITOPUHI'Y

3 Touku 30py 3arajabHOrO (DEHOMEHOJIOTIUHOTO aHAJI3y
BAXJIMBO BU3HAUWTHU MPOCTOPOBY JIOKAJdi3auin Ta
MOXJ/IMBI MacimTabu 3aToljieHb Ta PyHHYBAaHb, IO
Moriu OyTW CIPUUMHEHI NPUPOAHOI KATACTPOO.
Hdnga uporo poaragHemMo kapry periony {(puc. 1). Ha
il KapTi >XOBTUM KOJbOPOM MO3HAUEHI TEPUTOPIii, dKi
3a yMoBaMu pesbedy Oyim 3aTOMIEH] XBUIEKD IyHAMI,

i 3agHanM, TAKAM UYWHOM, HAUGIMBIINX PyHHYBAHB i
30MTKiB.

BukopucroByrwuu maui 133 (puc. 2—35), posrasane-
MO JETajbHIlllE OKPEeMi perioHu, IO 3a3HaJu Hau-
OLIbIIOro BILIMBY CTUXIT, a came, paiionu mict banga-
Auex ta MenaGo, 9ki po3TAmIOBAHI HA MiBHIYHOMY
kpato ocrpoBa Cymarpa (Immonesisg), okin micra Kamy-
tapa Ha ocrpori lpi-Jlanka, Ta ocrpis Katuan (Hiko-
Gapcbki ocrposu, IHmig).

Baummo, mo Oeperosa JiHIS 3a3HAJA 3HAUHUX
BTPAT, 30KPEMA MPAKTUUYHO MOBHICTIO 3pYWHOBAHA BCYH
indpacrpykrypa, OyAMHKHM, 3MUTO 4YacTuHy Oepera
(puc. 2, a, 0). CoocrepiracTbcd MOBHE 3aTOIUICHHS
noJis, pyliHyBaHHd OyaMHKIB 1 iHQpacTpyKTypu (puc.
2, 6, ). Bugmo BTpaTm OeperoBoi 30HM, MJISXIB,
pYVWHYBAHHY TUpPJA PiYOK, 3HUILICHHS POCAWHHOCTI HA
piBHUHHMX TepuTopigx (puc. 2, d, e). Brpaueno
6imsbko 300 M GeperoBoi 30HM, HASBHI 3HAYHI TO-
mKomxkeHud indpacrpykrypu (puc. 3). Cnocrepira-
€ThCY 3HAUHE PYWHYBaHHY OymiBesb, iHdpacTpykTypH,
OeperoBux CHnopyaA, BiACHIAKOBYETbCA 3MiHA TigpOJIO-
riuvHoro pexumy (puc. 4).

Y mpaBoMy BEpXHBOMY KyTi pWC. 5 HABCACHO 3a-
raabHuii o0puc ocrposa. CrocTepiracThed MOBHE PyM-
HYBAaHHY TEPUTOPIA i 3HAUHE YIIKOMKCHHY 3E€MHUX
MOKPOBIB B3J0BX MEBHOI oporpadiuHoi JiHii, 9ka mpu-
6sm3HO Bignosigae isorinci 30 M Han piBHEM MOp4.

IMopiBHsgHHS pi3HOUACOBMX 300pakeHb 3a AOMOMO-
rOK) CYYacCHMX CUCTeM OOpoOKM AaHMX Ta reoindop-
MAaOidHUX CACTEM J03BOJISC IMBUAKO OIIHATH MACIITA-
Ou KatacTpoiuHOro BILIMBY, BU3HAUMTU TOUHY IIPO-
CTOPOBY JOKadi3auilo pyWHYBaHb, OLIHUTHA TAKUM YM-
HOM MpsaMi 30MTKM Ta ONEPATHBHO BU3HAUUTH OINTHU-
MaJIbHI TPAHCMOPTHI MJAYIXW B YPAXEHUX PETiOHAX.
Hasith mpocre BidyasibHe NOPIBHAHHA IUX 300pakeHb
7A€ MOXJIMBICTb OLIHWUTHM 3arajbHi MacmTadWm KaTacT-
pohu. Mu mokaxemo aami, 9K 3aCTOCYBAHHS TPOCTUX
METOAMK IHTEPHpPETanii KOCMiUHMX 300pa’keHb CIpUsIE
BHUDINIEHHIO 3a7aui OWmiHKKM 30WMTKiB Ta MimiMizamii
HACJIIAKIB MPUPOAHOT KaTtacTpodu.

Ha puc. 6 i 7 HaBeaecHO NPUKAAAU TEMATUUHOT
o0poOku Ta npobIeMHO-OPICHTOBAHOI iHTEpHpeTaLii
CYIyTHHUKOBOI iH(hopmarrii.

Ha puc. 7 X0BTOW0 JiHI€I0 MO3HAUCHA TCPUTOPIT 3
pucotamu wMenme 30 M Hag piBHEM MOpd, BiATIHKU
MypnypoBOr0 BU3HAUAKOTh JIOKAJI3aLil0 pyWHYBAaHb.
TakuM uMHOM, 9K MOXHA OauuTH, 30HA YPaXKEHHI
30iracThCa 3 PEriOHAIBHOK OpOrpadivHO rpaHULE.

BuBuaroun maHi KocMiuHOI 3MOMKM MOXHA OiATH
BUCHOBKY, IO HE BCi BTPATM AaACKBATHO BPAXOBAHI.
3o0kpeMa HE BUBUCHO IHTPY3il0 MOPCHKHMX BOJ Ha
cyxomia a6o 3MiHy (Di3MUHMX BJACTMBOCTEN Ta XiMiu-
HOIO pexXuMy MpUOEpexXxHUX BOA OKeaHy Touio. Bin-
MOBiHI COIIO-EKOJOTIUHI PU3WKKU TAKOX HE MaroTh
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HaaexHol omiuku. OOHAK 34 DAHUMU AEIAKUX FOCTIim-
HukiB [1] BigkjaageHWil BIVIMB HACTIIKIB IPUPOTHUAX
KaTacTpod MOXE CKJIACTH B CEPETHBOCTPOKOBIN Iepc-
nektuBi 6amsbko 40 %, mpamux BTpaTr. K mokasye
BigmoBigHuit mocsig [6], B OWHHII IIMX MHOKA3HUKIB
METOAN CYMYTHUKOBOTO CHOCTEPEXECHHS ILIE MAKTh
3irpaTv BU3HAYAJBHY POJIb.

POJIb CYIIYTHUKOBUX METOIIB
B YIIPABJIIHHI PUSUKAMUM IPUPOJHUX KATACTPod

Takum umHOM, HA 0a3i MPOAEMOHCTPOBAHMX MiAXOAIB
70 iHTepmperanii kocMmiunoi indopmaiiii, moxe GyTu
cchopMoBaHA CymyTHUKOBA CKJIAAOBA CUCTEMH yIpaB-
JIiHHS pu3ukamu Katactpodiunux yHami. OCHOBHOIO
cheporo AiABHOCTI TYT MA€ CTATH po3polKa CLeHapiiB

BUKOPUCTAHHY CUCTEM CYIIYTHUKOBOTO CHOCTEPEXKCHHS
3emui 3a BiANOBIAHMMM HANpIMaMK 3aXONiB Oe3meku
[5, 6]. 3aranpHa CTPyKTypa LMX HAMPSMIiB HABEACHA
Ha puc. 8. B Tabauui HaseaeHo iHdopMmaniini norpebu
Ta 3a3HAUCHO MICLE CymyTHUKOBUX AaHux [2, 7, 8, 10].

MoHiTOpMHIOBA CHCTEMA TAKOrO IJaHy Oyme cropud-
TH po3polLi aaeKBATHOI CTPATEril YIIPABIiHHA PU3UKA-
mu Katacrpodiuanx myHami. OmHAK CTBOPEHHS TAKOTO
pomy crparerii € mpo0aeMoOr0, 9Ka MOKU L0 HE MAae
aneksaTHOl mocranoeku. OpraHizamisa miArOTOBUMX 3a-
XOiB, MiSJIPHOCTI ITi 4Yac MOmid Ta BiZHOBJIIOBAJBHIX
poGiT Gasyerbcs 9K mpaBuiao [5] Ha pPi3HOCTPOKOBHX
Moaeasax karactpod, MmO MawTh 3a OCHOBY CTaTH-
cTuuHi migxoau. 30Kpema, MyHaMi MOXYTh PO3Tagaa-
TUCY FK OKpeMi HE3aJEeXHi BUMAAKU 3 TPOCTOPOBO
PO3MOIIICHO0 MMOBipHICTIO BWHWKHCHHA. Take ysaB-
JIEHHS [03BOJSC NOOyIyBaTH MPHUKJIALHI PO3PAXyHKOBI

HAITPSIIMU OIAJIBHOCTI

JLOBroCcTpOKOBi MiArOTOBUi 3aX0AHU

MoHniTOpUHIOBi 3aga4i

JLOBrocTpOKOBi 3ax0uU
3 YIIPaBJIiHHS PUIUKAMU

KAPTYBAHHS TEPUTOPIN

BU3HAUCHHS NOTCHITIMHUX 30H
MiIBUIIICHOTO PU3UKY

KOHTPOJIb 34 BIIPOBAIXKECHHIM
iH>XXEHEPHUX | HECTPYKTYPHUX 3aXO0MiB

BIOCKOHAJIEHHY reoindopmariifizoi
MOJAEJI periony

JETEKTYBAHHS 3MiH GeperoBoi CMyru
KOHTPOJIb 3MiH 36 MHMX ITOKPOBiB

OIiHKA CTaHy i MOMIKO/>KEHb
indpacrpykrypu

OIiHKA €KOJIOTIUHUX BTPAT, CTAHY
GeperoBoi 30HU Ta BOJHUX EKOCUCTEM

BM3HAUEHHS BPA3JIMBOCTI HACEICHHS
i indpacrpykrypu

BAOCKOHAJICHHS CUCTEMH OHepaTI/IBHOi

OILiHKY COIIi0-€KOHOMIUHMX HACIIIKIB
karactpocdu

BUBHAUCHHS CTIMKOCTi Ta 3arpo3
MPUPOJHUM CUCTEMAM Ta OLIiHKA
€KOJIOTiUHUX PU3UKIB

META OISJIBHOCTI

MiHiMi3allis MOXJIMBUX MIPSIMUX BTPAT

ajeKkBaTHA OIliHKA HACJINKiB,
OIepaTUBHE BUPIMICHHS JIOTiCTUUHUX
i TpascnopTHUX TpoGseM

pospobka crasoi crparerii yupasiHHs
pusukamMu, PO3BUTKY Ta Bi}:[HOBJ'IeHHﬂ
periony

Puc. 8. Hanpamu Bukopucranns cuctem J33 B KOHTEKCTI yrpaBiHHg HEGEIMEKOO IPUPOIHUX KATACTPOD

Tacbopmartiiini noTpedu CuCTEMH YIIPABJIHHS PU3AKAMHA KatacTpodivHmx myHami Ta Oesmekn GeperoBuX 30H i JuKepesa JaHux

Totpibua indopmania

Hxepeno maHux

Iucdpacrpyxrypa
CTpyKTypa 3eMJICKOPUCTYBAHHS

Jemorpadiuna crpykrypa

Celicmiuna icTopis perioHy Ta CTaTUCTHUKA IyHaMi
HeotexToHika, JTOJIOriS, MOJOXKEHHS PO3JIOMHUX 30H

OcobauBocTi pesbedy

Jlanpmadraa cTpyKTypa, POCAUHHICTH TA rifpodiora

Kaprorpadiuni gani, cynytauxosi gani IKONOS, SPOT 1/2/3/4/5, Landsat TM
Kaprorpadiuni nani, cymyraukosi nani IKONOS, SPOT 1/2/3/4/5, Landsat TM

PerionanbHa Ta gepxaBHa CTATUCTHKA

Binomua cratuctuka

Kaprorpadiuni nani, cynyrauxosi gani SPOT 1/2/3/4/5, Landsat TM, RADARSAT

Kaprorpadiuni gani, cymytaukosi gami ERS SAR (ASAR ENVISAT), InSAR
Kaprorpadiuni gani, cynytauxosi gani SPOT 1/2/3/4/5, Landsat TM, ENVISAT
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MOJEJI PO3MOAiy PU3WKIB Ta BU3HAUWUTU TEBHI UacoBi
3akoHomipaocti karactpod [2, 9]. Tyt cain 3azHaum-
TH, WO MPIME BUKOPUCTAHHS CYNYTHUKOBHUX 3UOMOK
JJIS ACTEKTYBAHHS IyHAMi HE MOXHA BBaxkatu edek-
TUBHUM, 3BMUANHO, BUHUKHEHHS TA PO3MOBCIOAXKCHHS
TIrQHTCHKOT XBWJII MOXHA BU3HAUWTHU 34 AOMOMOTOH
JUCTAHUINHOTO 30HAYBAHHY, aJi€ TMEPIOAWYHICTh Bia-
MOBIDHMX 3MOMOK 1 ONEpPaTWBHICTH mepemaui iHdOp-
Magii HE € 3aJ0BUIBHUMHU IS TAKOTO poay 3aaad.
CyuacHi cucTeMH OTPUMAHHS Ta TEPeaaui KOCMiuHHMX
300paxeHb MAOTh ONEPATHBHICTH Bix 3 mo 6 rom, Tomi
4K 4acoBWU MacmrTal pyxy IHyHami CKaagac Big Kiib-
KOX JECATKIB XBUJIMH A0 ABOX-TPbOX TOAWH. 3BUUAWA-
HO, TaKi yMOBM HE AO3BOJAIOTH MoOyaysaTé (PyHK-
WiOHAJTBbHY CHCTEMY 3aBUACHOTNO MOMEPEAXECHHS MPO
HeOe3meKy IyHaMi 3a AOMOMOIOK) CYIIyTHUKOBHX ME-
TOAIB HA CTAJOMY Gasuci.

IHmi, 3araigom Oiabin oOrpyHTOBaHMit migxix Oa-
3YETbCI HA TEHETUUHOMY VABJCHHI NP0 BUHWUKHEHHS
nyHami, TOOTO HA CTATHCTHUHUX MOIAENIIX 3EMJIE-
TpyciB. 3acTOoCyBaHHS CTATUCTUKHU 3EMJETPYCIB Ta
CLCHApPIiB BUHUKHEHHY LYHAMi B pO3paAXyHKaxX pu-
3WUKIiB [03BOJISIE TIEBHOK MIipO MigBUIINTH KOPEK-
THICTh TPOTHO3YBAHHY Ta YTOUHWTU MNPOCTOPOBUM PO3-
noAi1 HeGe3MeKu BUHUKHEHHS KATACTPO(MIUHMX Iy-
Hami [10]. Meronu amanisy ta mepeabauyeHHS ceiic-
MiuHOT Hebe3mekM JeXaTh 3a MEXaMH LbOro OrIgay,
aje 3a3HAUMMO, IO TAKWUM MiAXiJ BUMAarae CTBOPCHHY
Ta BAOCKOHAJECHHS PO3TaJIy>KEHOI MEPEXKI MYyHKTIB CEUC-
MIiUHOTO crocTepexxeHHs Ha 0a3i iCHYIOUMX PETiOHAIbHUX
CHCTEM Ta CTBOPEHHS OE3MEPEPBHOI CUCTEMM KOOPIU-
HaLil moNepeaXyBaabHIX 3aX0AiB. 30KpEMa, BAXJIMBUM
KPOKOM MOXHA BBAXKATU PO3MOBCIOIXEHHS HA iHIOI
CeMCMOHEOE3MEUHI TEPUTOPII CHUCTEMU MOMEPEIKEHHS,
gKa Hapasi icHye B TWXOOKEAHCBKOMY PETiOHi.

OnpHak 3 TOUKM 30py MAPAgUTMU CTAJIOr0 PO3BUTKY,
TOOTO CTBOPEHHS CHCTEMM, CTIMKOI A0 30BHILIHIX 30y-
pEHb, HAUMPUUHATHIINAM € IMA9X AHAJMi3y HACTigKiB.
Haitedpektupnime 3meHinenHs 30MTKiB KaTacTpodiu-
HOI Tomii Gyme moigraTé y CTBOPEHHI CTpaTeTii JOBro-
CTPOKOBOTO YIPABJIIHHA pU3UKAMA. TaKUM UMHOM, MU
MEPEXOAUMO 0 AHAMI3y HACTIAKIB MOAIl Ta OMEpyBaH-
HY BigmoBigHOIO cratucTukoo. lle mo3Bosisge HaM mpo-
BOAUTHU HOCHIIXEHHS 3aKOHOMipHOCTEH pPO3MOBCIOM-
XKEHHY ILyHaMi B paMKax METOAOJOTIUHUX MiAXOMiB
aHanizy pusukis moseneu [3].

BUCHOBKHU

gk cBiguath gani GaratopiuHoro MositopuHry [3],
HeOe3neKa 3aTOIJIEHb TEPUTOPIA BHACHIAOK AKTHUBi-
3amii MPUPOTHUX TIPOLECIB Pi3HOTO TOXOAXEHHY, K
KJAIMATAYHUX, TAK i TEOJOTIUHUX (3aJUIIAIOUN TM03a
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Puc. 9. Piuna KijpKicTh BUIAAKIB 3aTOIUICHHS TEPUTOPIi, BKJIKOUA-
UM HACIKY LyHami, 3a niepiog 3 1985 mo 2003 p.

YBAroKw MOXJIUBHMI B3aEMO3B 930K 1UX (DEHOMEHIB,
0CcoOIMBO LWIKABUIl B KOHTEKCTI AOCTIMKEHHS T100aIb-
HUX 3MiH), 3pocrac woEpokKy (puc. 9). Tomy npobaema
CTBOPEHHS MACIITACHOI CUCTEMM MOHITOPUHTY TIPUPOI-
HUX KaracTpod y pamkax rao0anbHOI cTparterii ym-
pPaBJIiHHS PU3WKAMHU € BKpau akryaiabHOMO. Lle, 30Kpe-
Ma, 3acdikcoBano y wixuapoguiin nporpami GMES,
COPIMOBAHIM HA PO3BHTOK IVIOOAIBHOI CHCTEMHU MOHI-
TOPHUHTY E€KOJIOTIUHOT GE3meKu,

KpiM Toro, noTpiOHO BM3HAUUTH OONATKOBY BAXKJIM-
By ckaagoBy. OXHWMM i3 TparivHMX ypoKiB mi€i KaTtacT-
pocdwm crana akTyadbHICTH TMEBHOTO MEPETISAy iCHYIO-
Yol CMCTEMM B3AEMOMil Pi3HMX HAIIOHAJBHUX ATCHILIN
3 KOHTPOJIIO HeOe3MeuHuX MPUPOTHUX HSBUIL Ta BIAO-
CKOHAJIEHHS TI00aIbHOT CUCTEMU 3aBYACHOIO MOMEPEN-
KeHHd. SIK mokasaso MomepeaHe po3CHigyBaHHY 00-
CTaBuH KartacTpou, BuacHa Tmiepemaua AAHUX TPO
HA4BHICTh 3€MJIETPYCY, & BIATAK i MOXJIMBICTh IYHAMI,
dKa MOIVIA 3a YMOB MPUUHATTY ONEPATUBHUX 3aXOMiB
BpATYBATH OUIBIICTh MOCTPAXKIAIMX, He BigOysaacs
uepe3 HEAOCKOHAIY KOOPAMHALIKD PETIOHAJBHUX LEHT-
piB reoizuuHUX CHOCTEpPEeXeHb, 3 MOMEHTY 3apeecT-
POBAHOTO GAraThMa CBITOBMMM CEMCMOIOTIUHUMU CTAH-
LigMM TEPIIOrO NOMITOBXY AO TOTO, 9K LYHAMI JOCAT/IO
MATEPUKOBOro yabepexcka, mnpokmao 50—110 xs.
Iroro uvacy mocTaTHBO A UACTKOBOI eBakyamii. Bu-
XOAAYM 3 TAKUX MipKYBaHb, HA HEIIOAABHBOMY CAMMi-
Ti 3 MUTAHb 3MEHINEHHS 30MTKIB Bif NPUPOIHUX KATA-
cTpod TPUUHSTO PpIlIEHHS TPO CTBOPEHHS CHCTEMU
3aBYACHOIO MOMEPEIXXEeHHd Ha 06aszi Mepexi ceiicMiu-
HOTO KOHTpOI0 Tepuropii [Hmitickkoro okeany. Ilpo-
totunoM Oyao oOpaHo cuCTeMy, 9Ka (DYHKI[IOHYE B
Tuxomy okeani, Cucrema 6a3yBaTUMETBCA HA MEPEXi
JATUMKIiB HA CYXOAOJi, CHELiaJi30BAHUX MOPCHKUX
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OakeniB, craHiiii 300py Ta ONEPATUBHOIO AHAJI3Y
CynyTHUKOBOI iH(MopMaLii (30KpeMa AaHUX ATbTUMET-
PUUHOIO CIOCTEPEXEHHS BOXHOI mosepxHi). OcobauBy
yBary Oyie MOpUAIJIEHO BAOCKOHAJIEHHIO PEriOHAIBHOL
indopmatiiitaoi indpacTpykrypu.

Ha macra, 3arposa takux karactpod), gka craaacd
y IliBmenno-CxinHiit A3il MUHYJIOTO pOKY, HE € aKTy-
AnBHOIO I/ CY4YacHOi YKpaiHu, ane, KOPUCTYIOUNCH
YBATOK CBITOBOI CHiIbHOTH A0 mpobaem Gesmeku Gepe-
TOBMX 30H, HAaIli HAYKOBLUi MAKOTb HATOJOCUTH Ha
HEOOXiZHOCTI KOHUEHTpauii 3ycusb HA PpO3B d3aHHI
npobieM 0XOpoHH GEperoBux CMyr Ta po3poOlii iHTer-
POBAHMX CTPATETIN yNPABJIiHHA PU3UKAMU MPUPOJHUX
karacrpod. Kpim rtoro, caix saysaxuTtu, mio a0CBig
BiTuM3HAHUX (DAXiBIIB y MiXHAPOOHUX MPOEKTAX 3
KOOPAMHALIT KOCMiYHWX HAYyKOBO-TEXHOJOTIUHUX MPO-
rpaM Moxe OYyTM KOPMCHMM Yy KOHTEKCTI iHTerpauii
HAWO! AOCAIAHUILKOT iHQPACTPYKTypH B CBITOBY CHC-
TEMY EKOJIOTIUHOI Oe3meKu,

AsTopu mupo BASUHI CBOIM KOJIEraM 3 Mi>KHAPOXHUX
Ta HamiomaabHmx opramizamiii NOAA, USGS, UN
Office for Outer Space Affairs, DLR, Digital Globe i
CrpacOypsbKoro yHisepcuTeTy 3a Jr0 43HO HamgaHi
marepiaau, Ocobmusa noggka CBponenchkuil acomiamii
aaboparopiit 3 gucranuiiiHoro 3oHgysaHHs (EARSel)
3a iHopMaLiitHy TiATPUMKY.

1. Hoporyumos C. I., Pagpuyk O. M. YnpaBiiHHE TeXHOT€HHO-
€KOJIOTUHOI0 (E3MEKOI0 Y TapagurMi CTajoro possutky. — K.
Hayk. gymka, 2001.—172 c.

2. Bernard E., Milburn H. Improved satellite — based emergency
alerting system // J. Atmos. and oceanic technology.—1991.—8
(6).—P. 879—883.

3. Brakenridge G. R., Anderson E., Caquard S. Flood Inundation
Map DFO 2003-282. — Dartmouth Flood Observatory,
Hanover, USA, 2003.

4. Challenges for GIS in Emergency Preparedness and Response
// ESRI White Paper, May 2000.

5. Greene R. W. Confronting Catastrophe. A GIS Handbook. —
Redland, California: ESRI Press, 2003.—140 p.

6. Lyalko V. I., Kostyuchenko Yu. V., Kitchka A. A. Landscape
management strategy improvement based on the remote sensing:
flood risk policy in the Upper Tisza basin // Abstracts of the
Second International Conf. «Interfaces Against Pollution (IAP-
2002)» and NATO ARW «Role of interfaces in Environmental
Protection», May 27—-30, Miskolc-Lillafured, Hungary, 2002 —
Univ. Miscolc Print, 2002.—P. 56.

7. Statement of guidance regarding how well satellite and in situ
sensors capabilities meet WMO user requirements in several
application areas // WMO Tech. Doc # 1052, SAT-26, WMO,
2001.—185 p.

8. The Use of Earth Observing satellites for Hazard Support:
Assessments & Scenarios // Report of CEOS; publ. NOAA,
2003.—218 p.

9. Trudeau M. Weathering National Hazards with Information
Technology // Geo Info Systems.—1998.—8 (10).—10 p.

10. Victor L., Baptista M., Simoes J. Destructive earthquakes and
tsunami warning system // Terra nova.—1991.—3 (2).—
P. 119—121.

SATELLITE EARTH OBSERVATION SYSTEMS
APPLICATION FOR THE NATURAL CATASTROPHES
MONITORING: AN ANALYSIS OF THE SOUTHERN-EAST
TSUNAMI IMPACT

V. L. Lyalko, Yu. V. Kostyuchenko, M. V. Yuschenko,
Yu. H. Bilous

The capabilities of Earth Observation Systems for the natural disaster
monitoring are discussed as the case study of tsunami in Southern-
East Asia in December 2004. On the basis of satellite information
investigation, the remote sensing techniques role and place in the
natural disaster monitoring are demonstrated. The directions of
remote sensing data utilization in the framework of preparing actions,
disaster monitoring and long-term risks strategy development are
framed. The remote sensing information needs of the management
systems for the tsunami risks and coastal zones security are deter-
mined. Some methodological approaches to forecasting and long-term
managing of the tsunami and inundation risks are proposed.
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Hccaenosanue OIIACHBIX AK30T€HHBIX MIPOIECCOB
Ha TePPUTOPUH ropoja JTHeTIponeTPoBCKa
c WCIIOJIb30BAHUEM CITYyTHUKOBBIX CHIMKOB

Haditiwna 0o pedaxuii 10.03.05

IIpoBesieHO JIIHEAMEHTHMII aHAJI3 TEOJOTiYHMX CTPYKTYP 3CyBOHeGe3meuHux pavoHis wmicra JIHimpo-
[IETPOBCHKA 110 KOCMIiuHUX 3HiMKax. [l 3aBipku pesysibTatiB aHamidy reodisMyHMMM METORAMM Ha OCHOBI
CIIOCTEPEXKEHHS TPUPOTHOTO iMITyJILCHOTO €JICKTPOMATHITHOTO ToJg 3emuli BUAUICEHO 30HM TEKTOHIUHUX
mopyiieHb Ha TecToBiél aingaii. ITokasano, o JiHeamMeHTH, BUAUIEHI B pesysbprati aermmdpysaHHS
KOCMIUHUX 3HIMKIB, 3HAVIUIM Bi0OPA’KEHHS B BUJLJIEHUX TEKTOHIUHUX 30HAX 334 PE3YJbTATAMH CIOCTEPE-
JKEHHS TPUPOTHOTO IMITYJIBCHOTO €JICKTPOMArHITHOrO 1oJig 3emuti. BCTaHOBJIEHO, IO HAWMAKTHBHINI €K30-
reHni ta aedopMarifiHi IPOLEcH CIOCTEePiraloThCs y By3Jax [EPETUHY TEKTOHIUHMX PO3JIoMiB (JliHEAMEHTIB).
CTBOPEHHY KOCMOCXEMHM TaKUX 30H 332 PE3yJbTaTaMy JUCTAHLIMHOTO 30HAYBAaHHS 3emJli JO3BOJIE 3iMC-
HIOBATM MOHITOPUHI HEGE3MEUHMX €K30TEHHUX IPOLECIB, MO MAIOTh IPUPOTHO-TEXHOTEHHE MMOXOMMKEHHS.

B mociennee BpeMs BO MHOTMX TOpoAax YKpawHbI
OTMEUAETCH YBEAWUCHUE AKTUBHOCTU OMACHBIX DK30-
TEHHBIX TPOLEccoB. WX onepaTMBHBIA KOHTPOJIb U
MPOTHO3 TPOSBACHUN C MCHoab3oBaHueM 9hdekTus-
HBIX JKOHOMUUECKUX METOMOB SBJSICTCS aKTyaJabHOU
3a0a4Yeil HACTOSIIETO BPEMEHU.

Oco0eHHOCTH TE0I0rMYECKOTO CTPOEHHUS TPYHTOB, HA
KOTOPBIX MOCTPOCHBI KPYIHBIE TOPOAA Y KPAUHBI, HEJIb-
38 HE YUUTHIBATh MPU AHAJM3EC BO3HUKHOBEHUS OMAC-
HBIX DK30T€HHBIX IPOLECCOB, 00YCAOBAEHHBIX PUPOI-
HO-TEXHOTEHHBIM BO3JAcHCcTBHEM. B ToM umciae — co-
CTOSIHUE 3C€MHOI KOPBI: TEKTOHUUECKWE MOIBHXKKHU
IUIAT 3€MHOU KOPbl TOCTOSHHBI, W WX MOCACACTBUS
MPOSBJALIOTCS HA JIOKAJAbHOM yposHe [§, 9].

Cunepreruueckuii 3(pdhekT mpoBeacHUS UCCACAOBA-
HHUI ONACHBIX TEOJIOMMUYECKUX TPOLECCOB JAOCTUTAETCS
KOMILIEKCUPOBAHUEM pPE3yJIbTaTOB WHTEPIpPETALUU
KOCMHUUECKMX CHMMKOB M NAaHHBIX HAOIIONEHMS IIPU-
POAHOIO MMMYJABCHOTO 3JCKTPOMATHUTHOTO MO 3eM-
ma (ITNDT13). IMogobHble MCCASTOBAHUS TPOBOAUINCH
B Ykpauue [11, 13, 15]. DddexkTusHocts KoMIICKC-
HOTO MCCJCAOBAHUS PAcCCMATPUBACTCS HA MpPUMEpE TO-
poma duempomeTpoBcKa.

© B. U. BOJIOIIMNH, A. I. IIAIIAPb, H. H. IIEPEMETYHK, 2005

Hauwmnas ¢ 1983 r. Bemerca HAOAOACHUE 34 TEKTO-
HIUUECKOW AKTHBHOCTBIO TeppuTopuu ropoma Jlxempo-
ICTPOBCKA, HpOHBJISIIOH.[efICSI B 30HAX HCOTCKTOHHUC-
CKWX HAPYIICHWH, KOJWYCCTBO KOTOPHX B JlHETpomeT-
poecke mocturaer 77 [1]. AKTUBHBIC 30HBI HEOTEKTO-
HUUYCCKUX PA3/JIOMOB ABJIAIOTCI AOMOJITHUTC/IbHBIM (baK—
TOPOM, MNPOBOLUUPYIOIIUM BO3HUKHOBCHHUE OIMOJI3HEN,
aedopMmanyu v paspylicHuil 3MaHUN B yCJIOBUSX TIPH-
POAHO-TEXHOTEHHON HATPY3KW HA OKPYXKAOIMYK MPU-
POIHYIO CPEdy.

OO6cnemoBaHa B KAaudecTBE TECTOBOTO 00bekTa Phi-
Ganbckaa Ganka obmer mromaner 45.5 ra, pacnomao-
XEHHAS B IEHTPE NPABOOEPEXHOM YacTH Tropoma.
CKJIOHBI 63JIKI/I 34CTPOCHBL XKWUJIbBIMM W AAMHUHHUCTPA-
TUBHBIMHU 3JAdHUSIMHN, HAXOOAANIUMHUCI YACTUYHO B aBa-
PUMHOM COCTOSHUM, 30€Ch PACIONIOXEH cTaauoH «Me-
TEOp», MO AHY OGAJKK IPOJIOXKEH KOJIEKTOP MPOMBILI-
JeHHbX cTouHbX BOA [Tl «ITO IOM3 mMm. A. M. Ma-
kaposas» guamerpom 1200 mm.

IayOuna pacuneHeHHOCTH penbeda B GajaKe COCTaB-
gger 60 M (ot 168 M Mo pacmosOXEHHON BbILIE YJIULE
a0 105 m mo TanbBery, cucrema BhicoT Baatwuiickas).
B BepxHeill UacTH TEOJOTHUECKOTO pa3pesa 3aJerarpT
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Puc. 2. Jluneamentubii ananus Ganku Peibanbckaga. Ha kocMuueckoM CHUMKE (CI€BA) B HUDKHEM JIEBOM yriy — (DparMedT crajuoHa
«Mereop».
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JIECCOBBIC CYMECKM W CYTJIMHKH, KOTOPBIC XapaKTepu-
3YIOTCS MOABEMOM YPOBHS TPYHTOBBIX BOJA M3-3a yTe-
UEK B BOAOHECYIMX KOMMYHUKALMIX.

B kauecTBe MCXOMHBIX MATEPHUAJIOB MCIOJIb30BAIUACH
NPeaBAPUTENBHO 00pabOTAHHBIE KOCMHUECKUE CHUMKU
¢ paspemenuneMm 1 M (KA Ikonos, CIITIA) u 5 m (KA
IRS, Ungua). IIpumereno mporpaMmHuoe obecreucHne
obpabotku u npeobpaszosanusa (ITN «Panyra»), paspa-
6oramnoe I'Tl «Irenpoxocmocs. [porpammuoe obecme-
yeHHe TMPEACTABAdEeT OO0 MOMHOMDYHKIMOHAIBHYIO
Bepcento mporpammuoro mpoapykra ENVI (Enviroment
for Visualizing Images) — uucH3uOHHON mporpaMm-
HOM cpeabl BU3yaausauuu uaoOpaxkenmii. ITporpamm-
HBIl TPOAYKT HACTPOSCH HA TOJb30BATCJBCKUN PyCH-
bunmporanubil UHTEPMhENHC KOMAH BEPXHErO yPOBHS
M PaCIIMpeH MPOrPAMMHBIMM MOAYJIAMH, paspaboTaH-
HBEIMA Ha sg3BIKe mporpammuporanmsa IDL, xkoropwie
WHTErpupoBaHsl B nHTepdeiicayo cpeay ENVIL

Ha ocHoBe ananmza cCHUMKA C paspemicHueM 5 M
BBIMOJHEH JTMHEAMEHTHBINA aHAAN3 TPABOOEPEXXHON Ua-
cru ropoga Juempomerposcka (puc. 1). CHEMOK ¢
paspeunieHueM | M UCMOIB30BAJCH A9 JIMHEAMEHTHOTO
aHaausa paitona Ganku Pwibanabckas (puc. 2).

[MocTpoeHue cxeMbl OCEBBIX JWHUI BEPOSATHBIX TEK-
TOHMYECKMX HAPYIIEHUI NMPaBoOepesKHOM uacTH ropo-
aa JIHenmpomeTpoBcKa OCYIIECTBICHO C MCIOJIb30BAHM-
eM JuHeaMeHTHOro aHaauza. OcHOBHOUM mnpuem —
JIOTMUECKAd MHTEPIpEeTAnus, Kotopas Gasupyercd Ha
AHAJU3E COOTHOIIEHUN Pa3sHOOOPA3HBIX CBOMCTB 00b-
€KTOB, KOTOPBIE OTOOPAXAKOTCA B MX M300paXkeHun HA
kocmuueckux caumkax [14]. Ha mepsom srane mpu-
MCHSJIACh BHM3yajbHas ACHIUMPOBKA C MOCACAYIOMIMM
NpPUMEHEHNEM CIIELMAIbHON MATEMATUUECKOH o0pa-
6oTKM.

Ipyu pemm@poBKe KCIOAB30BAINCH [JIABHBIM 0Gpa-
30M HE TPIMbIE, a KOCBCHHBIC TPU3HAKU, KOTOPHIC
NEPEAIOT TEOJOTMUECKUE CBOMCTBA OObEKTa uepes
mpogsiacHue apyrux geacHmi [7]. Takoht momxon
00yC/IOBJIEH TJABHBIM 00pPa3oM TEM, UTO TEPPUTOPUL
WCCACIOBAHUN HAXOAUTCHY B TPAHMIAX TOPOJA C WH-
TCHCUBHO PA3BUTHIMU KOMMYHUKALMIMU, 3AAHUSIMHU
u T. 0. KpoMe 5TOro, moBEpXHOCTh MEpPEKphITA OCa-
JOUHBIM UEXJIOM.

Peaved, xoropsiii xopoino ¢GUKCUPYETCS HA CHUM-
Kax, BBINOJHEHHBIX B JETHWHA mepuod, oO0yCIOBJIEH
CTPYKTYPHBIMU CBOWCTBAMM, JUTOJOTHUSCKUM COCTa-
BOM, (DM3MUECKMMM CBOWUCTBAMHU WU TEHETUUCCKUMU
ycaoBusgMu  (hOPMHUPOBAHUS PA3HBIX TOPHBIX TOPOA.
Bce atu bakTopel B CBA3M C pazHBIM TPOSBJICHUEM
BBIBETPUBAHMUS M ACHYIALINMN, ONPEAEAEHHON BHIOOPOU-
HOU Dpo3uu M aKKyMYyJSIUHM PBIXJIOTO Marepuasia
OTPAXawTCs HA MOBEPXHOCTH B BUAC XapaKTEPHBIX
dopm me30- u Mukpopenabeda, B pa3BUTUM HAPOTPA-
(huueckoit cetu.

[Mpu wuzyuenum popmbl U pasMepoB DJIECMEHTOB
peabeda rmasHBIM 06pazoM 00pamAIOCh BHUMAHUE HA
HAMpaBJIeHUE M UIMHY OCEd OBPAXKHO-OAJOUHON U
rugporpacdmueckoi ceTeil, OTpaxKarmrx CBOUCTBA TOp-
HBIX TIOPOJ U YCJOBUU WX 3aJICraHus.

TwmatenpHoe u3yueHue peabeda M ocobeHHOCTEN
reoMop@oOIOTHUECKOT0 CTPOCHHUS TO PE3yabTaTaM WH-
TEPHIPETALUU KOCMUUESCKUX CHUMKOB TO3BOJIUJIO MPO-
THO3UPOBATh HAJUUNE TEKTOHUUSCKUX HAPYIICHWUIA.
Iporuos Gaszupyerca HA TOM, 4TO B (DOPMHUPOBAHUU
Makpo- M MUKpodopMm peabeda OOJbIIOE 3HAUEHHE
WMEET HAPYIICHHOCTh TOPO/ TPEIMHAMY U Pa3PhIBAMU
CO CMEIICHUEM, UX TIPOYHOCTh M CTOWKOCTh K MPOLEC-
CaM BBIBETPUBAHMS, KOTOPOE OMPEACISICT PUCYHOK U
OPMEHTALMIO PEUHBIX W OBPAXHBIX aoauH. OOmmm
ASIU(POBOUHBIM MPU3HAKOM TAKMX CMEHICHUU SIBJIS-
eTCS MOAUCPKHYTAs JUHCUHOCTh, BHIPAXKCHHAS PAa3HO-
oOpasHbiMK daeMeHTaMu penabeda. [IpuunHOl mosBe-
HEUS oTpulateapHbiXx (hopM pesbeda B MecTax BhIXOaa
CMEIICHHBIX Pa3PBIBOB HA MOBEPXHOCTh TAKXE MOTYT
ObITh KOHTAKTHl IOPOX C PasHbIMU (DU3MUECKUMU
coiicteamu, [locmenHue TPEAOTPEACTIIOT 06pasoBa-
HHUE TIyTEH CTOKA W MOANUPAHUS MOBEPXHOCTHBIX BOJ.

Jluneiinbie popmel pesbeda ABASIOTCI KOCBECHHBIMA
npu3HakamMu TekToHuueckux HapymeHun [10, 14]. C
LB BOCCTAHOBJICHHUS BEPOSTHOU CETKU Pa3PBIBHBIX
HAPYLIEHUH, KOTOPOE Oompeacanao (popMuposaHus co-
BpeMeHHBIX (hopM pesbecdha, MO JTUHEAMEHTAM PacCum-
TaHa (QYHKUMS JUHEHHOCTH,

Dta TpaHncopMaHTAa BOEPBHIE MPEAJIOXEHA HA Ka-
denpe reoduzuueckux merono HaumonasbHOro rop-
HOro yHusepcurera [12] ¢ Ueabio BhACJCHUS MPU3HA-
KOB pazioMoB (YyHIAMEHTA, TEPEKPHITOTO MOIIHOM
0CagouHbIM uex oM. [Ipoliecc BbIACCHUS PA3JIOMOB MO
MCXOAHBIX MHAMKATOPAM OYEHb CyObeKTUBHBIN. DyHK-
LM JMHEWHOCTH paspelnaer 6o/aee OQHO3ZHAUHO BBIAES-
JISITh OCEBBIC JIMHUM 30H PA3JOMOB.

OyHKIMS JUHEHHOCTH UMEET Ie0JI0ro-MareMaTnue-
ckuii cMmbica. [lpu pacuere MCHOAB3YIOTCS MOASIbHBIC
MPEACTABJCHUS O TOM, UTO 30HBI PA3JIOMOB — 3TO
MPSIMOJTUHEHHBIC, JIUHCHHO-U3BJCUCHHBIC DJIEMCHTHI
byumamenTa. 30Hbl Pa3IOMOB BBIACAIINCH KAK MAKCH-
Mymbl (pyHROMM jguHeHOCTH. Ha pumc. 1 mpusenena
CXEMa OCEBBIX JIMHUI BEPOSITHBIX TEKTOHWUECKUX HAa-
pymienuii npasobepexxnoi yactu THemponeTposcKa.

A3VMyTaNbHBIM aHAIW3 JWHEWHBIX SJEMEHTOB TIO-
3BOJISET CHAEJATH BHIBOA: HA TEPPUTOPHH IPAaBOOEPEX-
HOM uyacTh ropoga JHEmpomeTpoBcKa MIpeodaagaroT
JIMHEAMEHThl HATIPABJICHUU, KOTOPHIC COBMAJAIOT C
CUCTEMAMU Pa3JOMOB Y KPAWHCKOrO KpHUCTAJLIUUE-
ckoro mura [16], coraacHo KOTOpPHIM mpeobaamaroT
mIeCTh CUCTEM B3aUMHO OPTOTOHAJBHBIX PA3JIOMOB
0—270°, 17—287°, 35—305°, 45—315°, 62—332°,
77—347°.
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[Mpu nocTpoecHMM CXEMBI MUIOTHOCTHA JMHEAMEHTOB
mo Gaske Poi0asbckag BHIMOJIHEHA MPEAMIECTBYOMAST
o0paboTKa mojd SpPKOCTH, KOTOPAsd COCTOS/IA B YCPEN-
HCHUU MO0 METOAY CMEHHOrO OKHA. JTa mTpoueaypa
paspemmia B 3HAUUTEABHOU MEPe UCKIIOUUTh TE€ 0CO-
OEHHOCTHM CHUMKA, KOTOPHIE MMEIOT CIyUalHbIi Xapak-
T€p, U B TO XE€ BPEM$ MOTUEPKHYTh MOBTOPSIOIMIAECS
ocoGeHHOCTH,
JlokanbHbie MOJS B TPAHULAX AHATUZUPYEMOTO U30-
OpakeHMd XapaKTEPU3YIOTCd Crenu(uuecKuMu CBOM-
CTBAMM, OTPAXKAIOIIUMHU OCOGEHHOCTH TEOCHCTEM pa3-
HBIX MaclITaboB WM MX MOACHCTEM. DTH OCOOEHHOCTH
MOTYT TIPOSIBJAATHCY B BApUAHTAX TOHA U CTPYKTYPbI
nzobpaxenus. a9 BbAeACHUS JUHEAMEHTOB IO
CHUMKY Oasku Ppibasbckad NPUMEHEHBI IMPOLELYPBI
audhepeHIMPOBAHNUS: BO-TIEPBHIX, OHU MPOIIE U OfMe-
paTHBHEE; BO-BTOPBIX, A UCMOIB30BAHUS CTPYKTYP-
HBIX XapaKTEPUCTHUK Pa3Mep mod (B MUKCEAAX) HEAO-
CTaTOUHO GOIBLION.
CHUMOK COAEpXUT OOJBIIOE KOJIMUECTBO JTMHEMHBIX
9JIEMEHTOB UCKYCCTBEHHOTO MPOMCXOXIASCHUSI — IOPO-
T, YJWLBI, TPOMbI, JUHUM IJCKTPONEPEaay, 30aHus u
COOPYXXEHMI, M T.II. Takue JUHEAMEHTHI OBLIM OT-
(bunbTpOBaHBL.
HoBOABHO uacTo Aad yaoOCTBA MHTEPIPETALMH WU
BO3MOXXHOCTU CPABHEHUS C AQHAJOTMUHBIMU CXEMaMM
Mo APYyruM paiioHaM BMECTO CXEM MJIOTHOCTU JIUHE-
AMEHTOB MCHOJb3YIOT CXEMbI I'YCTOTH JIMHECAMEHTOB
[13].
B xone BoimosHeHns paboT COCTABIEHA CXEMA I'yCTO-
THl JWHEAMEHTOB mo Oanke PwmGanbckag. Jnag storo
MCIOAb30BAHBl PE3YJAbTATH HAGIKOAEHUNA € MOMOLIBKO
JUCTAHIMOHHOTO 3JCKTPOMATHUTHOTO ONPEASTUTE/S
Hanpsxennii. KoHTpoibHBIE 3aMepbl B 33 TOUKAX CETH
HaOMIOAEHNI MPOBEAEHBI PAAMOBOJIHOBHIM MHIMKATO-
poM ympyro-gedopManuonaoro cocrosaus JlHemnpo-
METPOBCKUM OTACACHUEM YKPAWHCKOrO Te0/0ropa3Bse-
JOuHOTO MHCTUTYTA [2—0].
MeTon OCHOBAH HA M3YUCHUM E€CTECTBEHHBIX DJIEKT-
POMATHUTHBIX MOJIEH, CO3AABACMBIX MPUPOIHBIMU
DJIEKTPOTIPOBOASALIIMMU CTPYKTYPaMU € Pa3JuUHBIMU
DJIEKTPOTIPOBOAMMOCTSIMY BCASACTBUE AUDGDYIUOHHBIX,
COpPOLMOHHBIX M APYTMX MPOUCXOAAIIMX B 3EMJE IPO-
uecco. [locaenHue B 3HAUMTEIBHOW MEpE 3aBUCAT OT
W3MCHCHUN HAMPIXEHHOCTH B TOPHBIX mopoaax. [lo
pe3yabTaTaM COBMECTHOIO aHaim3a HaGIAeHMd u
MAaTepuasoB 00caeqoBaHnud ObLIM IOJYUYEHbl JAHHBIE:
*  BhAcieHO 10 30H TEKTOHMUSCKMX HAPYIICHUN,
KOTOPBIE B MPOCTPAHCTBEHHOW OPUCHTALIMU MOTYT
ObITh OOBEAMHEHBL B UETHIPE Tpynmbl: 5—7°, 320—
330°, 70—80°, 285—300°;

* 30HB TEKTOHMUCCKMX HAPYUICHWI COBHAAAIOT C
JaHHbIMU 1O aedopMamuu CTPOCHUW B ITUX 30-
Hax;

s uMcIommecs (POTOAOKYMEHTH aBAPUIHBIX 30AHUN
B OTUX 30HAX MOATBEPXKAAIOT MOTYUCHHBIC PE3YJIb-
TaTHI.

HauGonee axktusmble AeOPMAIMOHHBIE IIPOLECCHI
HaOMIOIAIOTCS B y3JaX MNEPECEUEHUil HEOTEKTOHMUE-
CKUX paszjaoMoB. 3mech MOryT (DOPMHUPOBATBCH TEJa
OTO3HEH, OMOA3HEBbIC CTYNCHU W TMOBEPXHOCTHBIC
CMEIICHUS, UTO TOATBEPXAACTCS aBAPUIHBIM COCTOSI-
HHMEM PACHOJOXKCHHBIX B 9TUX 30HAX 30aHUI.

B pesyaprare aHanmsa COCTABJCHA CXEMa OCEBBIX
JIMHUI BEPOSITHBIX TEKTOHUUECKUX HAPYIICHUIN TPaBO-
OepexHoit yactu ropoga Tuenponerposcka (puc. 3) u
CXEMa TYCTOTH CIA0OKOHTPACTHBIX JMHEAMEHTOB pai-
oHa Ganku Pwibanabckas.

Ananus monyueHHBIX PE3yJABTATOB MO3BOALET CAC-
JIaTh CIACAYIOUUE BHIBOBI.

1. JluHeaMeHTHI, BBIACJACHHBIE MO0 KOCMUUSCKUM
CHUMKAaM, HMMEIOT MPCUMYINSCTBCHHBIC HATIPABACHUS,
KOTOPHIE COBMAAAIOT € a3UMyTaMHU OCHOBHBIX CUCTEM
pasgIoMoB YKpAamHCKOro mura (puc. 4).

2. 30HBI ONPEACACHHBIX TEKTOHUUECKUX HApyMIie-
HUH, B OCOOEHHOCTH B y3/1aX MX MEPECEUEHUS, ABJIA-

P. Hrwenp

{63

Puc. 3. Cxema O0CEBBIX JIMHMH IIPEANOJAracMbIX TEKTOHUUECKUX
HAPYLIEHUI TPaBOGEPEXKHON uacTU Toposa JIHENPOIETPOBCKA 10
pe3yabTaTaM HMHTEPIPETATUN KOCMUUCCKUX CHUMKOB

270 20

Puc. 4. luarpamMa pacrpefescHus JMHEAMEHTOB 110 a3UMyTaM
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IOTCH MOTEHIMAIBHO OMACHBIMU C TOUKU 3PEHMSI IIPO-
ABJIEHUS SK30T€HHBIX IIPOLIECCOB.

IMo pesyabTaTaMm HUCCACAOBAHWMN € LEBKO MOBBIIIEC-
HUSA YCTOMUMBOCTH CKJIOHA TECTOBOTO yYacTKa Phi-
Ganbckoi Oanku B r. JIHEMPOMETPOBCKE PEKOMEHAOBAH
KOMILJIEKC MEPOMPUATHUIA.

IOns pganbHEHIIETO YTOUHEHWS M IOATBEPXAEHUS
pe3yAbTATOB MHTEPIPETALMHA KOCMUUECKON MHMOpMA-
UMK €CTh HEOOXOOUMMOCTb MPONOIKEHUS AETAJbHBIX
HA3EMHBIX Te0JI0r0-reohu3nuecKnx MCCASIOBAHMNA 0~
TEHIUAIbHO OMACHBIX 30H HA TEPPUTOPUM TOPOA, UTO
CTaHET OCHOBOM BHEIPEHUSI JKOJIOTMUECKOTO MOHUTO-
pPHMHIra 5K30TEHHBIX MPOLECCOB MPUPOIHO-TEXHOTEHHOTO
MNPOUCXOXKIAEHUS 0 JAHHBIM AUCTAHLMOHHOIO 30HIU-
poBanug 3emau. ODTO TO3BOJUT 3aBEPUTh JAHHBIC
CHMMKOB B MH(PAKPACHOM AMAMA3OHE CIEKTPA, COBME-
HIEHHBIX C KOCMOKAPTOM MECTHOCTH.
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STUDY OF DANGEROUS EXOGENOUS PROCESSES
LOCATED ON DNEPROPETROVSK CITY TERRITORY
USING SATELLITE IMAGES

V. L Voloshin, A. G. Shapar, N. N. Peremetchik

A lineament analysis of Dnepropetrovsk city landslip-prone areas
geological structures is carried out using space images. Tectonic
breakings zones are marked on the test area with the purpose of
analysis results certification through geophysical methods on basis of
natural pulsed Earth electromagnetic field (NPEEMF) observation.
The results of NPEEMF observation show that lineaments marked as
a result of space images decoding correspond to marked tectonic
zones. It is determined that the most active exogenous and deforma-
tion processes are observed in nodes of tectonic breaks crossing
(lineaments). Creation of space scheme for such zones using results
of remote sensing of the Earth allows one to realize monitoring of
dangerous exogenous processes that have natural and man-caused
origin.
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ITopiBHAHHA pe3yJIbTaTiB 00poOKH JAaHUX

YKPaiHCbKOIL nepMaHEeHTHOL GPS-mepexi

[IPOrpaMHUM KOMILIEKCOM GAMIT/GLOBK

3 pe3yabTaTaMu JIoKkajbHOrO LHEHTPY aHaJaizy

GPS-nanunx Ao HAH Ykpainu
Haditiwna 0o pedaxuii 17.02.05
OG6pobGaeno wmicaunuii pag GPS-cmocTepexednb 3a JAOTOMOrOK MNPOrpaMHOro 3abes3nedeHHs
GAMIT/GLOBK ver. 10.1 3 METOI0 3’ICyBAHHS MOXJIMBOCTI POGOTH 34 CTAHAAPTAMY, SKi BUKOPUCTOBYHOTh-
cg mpu 00podui GPS-crnocrepexens JokampHuMu UeHTpamu auajisy EPN. Otpumani 4oTHpU THIKHEBI
PO3B’SI3KU TOPIBHIOIOTHCS 3 AHAJIOTIYHUMMU PO3B’I3KaMu, OTpuMaHuMH JIokajapHUM HEHTpOoM aHatizy B 'AQ
HAH Vkpainu 3a monomororo «Bernese GPS Software ver. 4.2». Anaji3 moka3ye y3rofKeHICTb ABOX cepii
PO3B’sI3KiB HA pPiBHI MOXMOKM, a TAKOXK /A€ MiACTABM BHUKOPUCTOBYBATH OTPUMAHMH 3 HUX KOMOIHOBAHMI
po3B’s130K K mpoxaykT LlenTpy.

BCTYI uentpi 06podku GPS-cnocrepexenb. Bunukae nuras-

3 rpyaaa 2003 p. B TonoHiil acTrpoHoMiuHii obcepsa-
topii HAH Ykpainu (TAO HAH Ykpaiuu) ngie gokanb-
Hui neHtp o6pobku GPS-cmocrepexens. Ha weit uac
y 1eHTpi 00pobaeHo Gifbll HIX piUHMI pgd CIOCTEpPE-
kedb. OCHOBHMM iHCTPYyMEHTOM OGpOOKMU € mporpaMHe
3a0esneuenna «Bernese GPS Software ver. 4.2» [1],
pospobeHe B ACTPOHOMIUHOMY iHCTUTYTI BepHChKOro
yuiBepcutery (AIUB IHeewimapis). Lleit kommiekc
J03B014€ 00pobsaTn 9K KOmoBi, Tak i ¢asosi cmocre-
pexenHsa curHamie GPS-cymyTHukiB. 3aBagku mboMy
MOXHA OTPUMATH 3 BUCOKOK TOUHICTIO KOOPAWHATH i
meuakocti GPS-cranuiii, napamerpu opbir GPS-cy-
MYTHUKIB, TOMPABKY X0 TOOMHHWKIB HA CYIyTHUKAX Ta
npuiMauax, a TAKoX 3 00pobkm rmobaabHOI Mepexi
OTPUMYBATU MApPAMETPU OOEPTAHHA 3eMIIL.

Bkaszane nporpamue 3abesneuenns (I13) crano
akTuuHO craHgaproM mpu oOpolOui AAHUX E€BPO-
nelickkoi nepmanenTHoi GPS-mepexi (EPN): 14 3
16 uentpis 06pobku EPN Bukopucrosyiorh «Bernese
GPS Software» abo iioro mokpaiueHi Bepcii (uBa
uentpu BukopuctoBywTh 13 «MicroCosm software»
ta GIPSY/OASIS). Came ueit akt symoBuB BuU-
kopucranus «Bernese GPS Software» B JlokanbHOMY

© M. O. JIMTBHUH, 2005

He: HACKLIbKM 3ajeXarh peaysabratu o0pobku GPS-
COOCTEPEXEHb BiAg Tuny Bukopucraunoro [137

3Baxumo Ha Te, mo 'AO HAH Ykpainu mac mo3sin
HA BUKOPHUCTAHHY B HaykoBux wiaax 13 GAMIT/
GLOBK ver. 10.1, pospobacae B MacauyceTcbkomy
incruryti Ttexuosorii (MIT) ra Kanicdopsilicekomy
incruryTi okeanorpadii 8 Can-Iiero (SIO). 3 iioro
JOMOMOIOK MOXHA OTPUMYBATH Ti X MApaMeTpw, MO i
«Bernese GPS Software». [Ipore Mix mumu mporpam-
HUMHU TIPOAYKTAMMU € IiA€OJOTiuHi BiAMiHHOCTI.
GAMIT ver. 10.1 [3] i GLOBK ver. 10.1 [http://
rses.anu.edu.au/geodynamics/gps/papers/gamit/
globk_ps.pdf] — me camocriini 13, gaxi MoXHA BHKO-
pucrosysatu okpemo. GAMIT — wne wmalip mporpam
ana o6pobkm GPS-cmocrepexens, GLOBK — mnpo-
rpamHa peanizauisa dinprpa Kanbmana, gxka gae mMox-
JUBiCTE 00’ caHyBaTH peayabrari 06podku ceciti GPS-crio-
CTEPEXEHb, & TAKOX OTPUMYBATH CIUIBHUI PO3B’ 430K
JUIS JAHWX Pi3HUX METOAIB KOCMIUHOI FCOAMHAMIKM.

MeTtow aanoi pobotu Oya0 OTPUMATH THXKHEBI PO3-
B’a3ku 00poOku Ykpaincekoi nepmanenTHoi GPS-me-
pexi (UPN) i mepeBiputi iXHIO y3TOIXCHICTH 3 pe-
ayapratamu, orpumanumu Jlokaapaum teatpom ['AQ
HAH V¥Yxpainu.
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BUXITHI JAHI

IOna obpobku Gyso BUOpAHO MICAUHMI P CIOCTEPE-
XeHb, a came 1259—1262 GPS-tuxni (22 aororo —
20 Gepesns 2004 p., ani poxky 053—080). Kpim cran-
mift, po3MIIMCHUX HA TEPUTOPii YKpaiHu, BKIIOUCHO
ciMm crannin mepexi Mixuapoguoi GPS-cayxo6u

Tabaumg 1. Tahopmailig mpo BUKOPUCTAHI CTAHITIT

(IGS), posramoBaHMX HABKOJO TEPUTOPIi YKpaiHw.
Heobxigra imcdopmania mpo Bci cTaHuii HaBEmEeHA B
taba. 1, a IXHC B3aCMHE PO3TALIYBAHHA MOKA3aHE HA
PUCYHKY.

Koopmuaatu omopaux 1GS-cranmiit, gki 3azasajn
cucreMy KoopamHat po3e’a3ky (BOR1, MATE,
WTZR) B3aro 3 karasory ITRF2000 [ftp://lareg.

Cranmia | Inenrudikatop | Homep DOMES | Kpaina | IIpuitmau | Anrena | Bucora aHTeHH, M
ATueBCbK ALCI — Vkpaina TRIMBLE 5700 TRM41249.00 0.0000
Boposenp BORI1 12205M002 TTogbma ROGUE SNR-8000 AOD/M_T 0.0624
Byxapecr BUCU 11401M001 Pymynia ASHTECH Z-XII3 ASH700936D_M 0.0810

Cimeis CRAO 12337M002 Yxpaina ROGUE SNR-8000 AOAD/M_T 0.0800
€Bnaropis EVPA 12344M001 Yxpaina TRIMBLE 4000SSI  TRM29659.00 0.0000

Kuis/Tonociis GLSV 12356M001 Yxpaina TRIMBLE 4000SSI  TRM29659.00 0.0000
Cram0Oyn ISTA 20807M001 Typeuunna ASHTECH Z-XII3 ASH700936D_M 0.0610

Xapkis KHAR 12314M001 VYkpaina TRIMBLE 4000SSI  TRM29659.00 0.0000

Marepa MATE 12734M008 Irania TRIMBLE 4000SSI  TRM29659.00 0.1010
Mukosnais MIKL 12335M001 VYkpaina TRIMBLE 4700 TRM41249.0 0.0237
O6HiHCbK MOBN 12365M001 Pocia ASHTECH Z-XII3 ASH701945C_M 0.0000
ITontasa POLV 12336M001 Yxpaina TRIMBLE 4700 TRM?29659.00 0.0000

JIbBiB SULP 12366M001 Yxpaina TRIMBLE 5700 TRM41249.0 4.7295
Tpab3on TRAB 20808M001 Typeuunna ASHTECH Z-XII3 ASH700936D_M 0.0610
VYxropop UZHL 12301M001 Yxpaina TRIMBLE 4000SSI TRM?29659.0 0.0000
BispHIoC VLNS 14201M010 JlutBa ASHTECH Z-XII3 ASH700936D_M 0.0730
Berruens WTZR 14201M010 Himeuunna AOA SNR-8000 AOAD/M_T 0.0710

3eneHUyIbKa ZECK 12351M001 Pocia AOA SNR-8000 AOAD/M_T 0.0450
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Tabaung 2. Pizuuni Mi>x koopaunaramu crannii (MAO—GAO) B MM i GPS-tiskHiB 1259—1262

Crannig

1259

1260

1261

1262

AX AY AZ AX AY AZ AX AY AZ AX AY AZ
ALCI -1.1 -3.4 -3.4 -5.4 -4.9 —6.2 -3.1 -2.9 —4.2 -1.9 —4.5 -2.9
ZECK 1.2 1.7 2.1 -1.9 0.2 —6.2 -1.2 0.3 1.8 0.6 0.0 3.3
BORI1 0.4 -0.4 -1.0 —0.1 0.2 -0.9 0.1 -0.2 -1.7 —0.1 -0.4 -1.4
SULP 2.9 -0.3 2.1 0.9 -0.2 0.9 1.3 0.7 -1.2 -0.5 -1.5 -1.2
BUCU -2.8 -0.2 -1.7 —4.5 -0.8 -2.9 —4.6 0.4 -2.2 —4.3 -1.2 -1.9
MIKL 0.1 -2.8 -1.9 -2.6 -3.7 -3.8 -1.3 -1.7 -2.3 -1.2 —4.2 -3.0
CRAO -2.1 -0.8 -2.2 -3.8 -1.4 -3.0 -3.2 -1.0 -2.7 -2.3 -2.4 -2.1
TRAB -5.8 —4.6 -5.9 -10.8 -7.9 -10.4 -8.5 -6.5 -5.9 —6.1 -7.1 -3.3
EVPA -2.1 -1.8 -2.5 -5.0 -3.1 —4.5 -3.6 -1.7 -2.9 -3.9 -3.5 -3.0
ISTA —4.6 -2.3 -3.9 -7.3 —4.8 -6.0 -7.1 -2.7 —4.7 —4.6 -1.8 -2.1
GLSV 0.4 -0.8 -0.4 -2.1 -2.4 -2.7 -1.5 -0.5 -2.0 -0.6 -2.0 -1.4
POLY -0.3 -1.0 -0.8 -3.3 -1.6 -2.4 -3.5 -1.8 —4.0 -2.7 —4.2 —4.6
VLNS 3.0 -1.7 1.7 -0.6 -2.4 -2.7 0.2 -0.9 -1.2 -1.1 -0.6 -1.7
KHAR 0.2 -0.7 -0.8 -3.0 -3.8 -3.8 -2.7 -1.8 -3.5 -0.5 —4.6 -2.1
MOBN 0.1 —4.7 -5.7 -2.3 —4.0 -6.0 -0.9 -2.6 —4.4 -0.2 -3.2 —4.1
MATE -0.7 0.4 0.7 -1.0 1.3 0.9 -1.8 1.7 1.8 -1.0 1.1 1.4
UZHL -0.4 -0.3 -0.6 -1.9 -0.4 -2.2 -1.4 0.7 -0.8 -1.2 -0.7 -1.2
WTZR 0.0 0.0 -0.3 -0.5 0.0 0.1 -0.4 0.5 0.4 —0.1 0.2 0.0

ensg.ign.fr/pub/itrf/itrf2000/ITRF2000_EUR_GPS
_PERM.SNX.gz]. Koopaunatu Oyam 3BedeHi Ao ce-
pEmHIX €MOX CIOCTEPEXEHb IS KOXHOTO THXHS.
Anpiopui koopauHaTu A8 iHIOWX CTAHLiA B39TO 3
po3B’askie nentpy o6podku GPS-gpamux 'AO HAH
Ykpaiau. AnpiopHi 3HAUCHHS KOOPAMHAT TS KOXHOTO
THXKHS HABEACHO B TaOu. 2. [Ina o6poOKu BUKOPUCTAHO
komGinosani Touni edemepuan GPS-cynyTHMKIB, 00-
uncneni IGS [ftp://igs.ifag.de/ORBITS/]. Bapiauii
dazororo uentpy GPS-anten Badgri 3i crammaptHOro
daitta IGS y mosomy dopmari ANTEX [fip://
igschb.jpl.nasa.gov/igscb/station/general/igs_01.atx],
gakuit pekomenaye Bukopuctoysatu 1GS. Tpu Bpaxy-
BAaHHI TIONPaBOK OO0 TOKa3iB rommHEWKIE GPS-cymyr-
HUKiB Oy/J0 BHMKOPHCTAHO KOMOiHOBaHi hbaiim Hasi-
rauiiiHoro nosizomsiennda (brdc-aiim), gxi € mpomyk-
tom IGS [ftp://cddisa.gsfc.nasa.gov/pub/gps/gpsdata/
brdc/2004/]. Idnga BpaxyBaHHS OKEAHIUHMX HABAHTA-
XKEHb BHKOPUCTAHO koedimicaTm, obumcaeni 8 AIUB
[http://igscb.jpl.nasa.gov/mail/igsmail/2001/
msg00366.html]. [Ina BpaxyBaHHS pyXy TOIIOCA BU-
kopuctano tabmuni IGS [ftp://igscb.jpl.nasa.gov/
pub/data/formats/erp.txt], KOHBEPTOBAHi y BHYTpilI-
nin dopmar GAMIT (ue I3 sukpucroye rtabaui,
ski € mpoaykrom USNO).

CTPATETTIY OBPOBKHA

Cnocrepexennsa 6yao o0pobiaeHo mporpaMHuM 3a6e3-
neuennam GAMIT/GLOBK ver. 10.1. TIpn o6pobui,
HACKIAbKK 1e Oy/10 MOXJ/IMBO, AOTPUMYBAINCA PEKO-
MEHAALINA CcTOCOBHO mpoueaypu obpodku EPN (came

IMX HOPM AOTPUMYIOThCA mpu o0pobui B JIokaabHOMY
mentpi 00pobkm GPS-cnocrepexens TAO HAH VYk-
paiam). Bukopucrano cmocrepexenns GPS-cymytau-
KiB 3 kytoM wmicig He Mmenme 10°. Tlepiom BuGipku
ckaagas 30 ¢, To6TO BUKOPUCTOBYBAIHCS BCi HAMBHI
BUMipOBaHHS. By/0 3ampoBazkeHO 3BaXXyBAHHS CIIOC-
TEPEXKEHD B 3AJE€XHOCTI Bil BUCOTH CHOCTEPEXKYBAHOTO
cynyTHuka. Ha mapamerpm ioHOochepm HaxIaneHO
cnabki obmexenns (8-107° M), 3Baxaioum Ha Te, WO
00pol/IeH] CIOCTEPEXEHHS NPHUIAJATh HA TEPIOA,
OU3bKHI 0 MAKCUMYMY MKy COHSUHOI AKTHBHOCTI,
Kpim uporo, npu o6pobui I13 «Bernese GPS Software»
3 BUKOpPUCTaHHSAM pekomeHmoBanoi metoamnku QIF [7],
BimcoTok ¢ikcyBanusa (azoBUX HEBHM3HAUCHOCTEU
ckaagas Mmenme 10 %, Tomy oOpoOKy crnocrepexeHb
uporo mepiogy Oy/ao BUKOHAHO 0e3 po3B’d43yBaHHS
dazosux HesmsHauenocren [10].

Ha 3eHiTHY 3aTpMMKy CUTHAJIy Hakaajgaaucs oOme-
xenug 0.5 M, BoHA OIiHIOBAIACA KOXHI ABI TOAWHM.
Ha xoopaomHaTtyi craHmi, 9Ki 3aJaBajmd CUCTEMY KOOpP-
AMHAT, OyJ10 HAKIAAEHO XKOPCTKi 0OMeXKeHHS (107 m).
Ha xoopawaaT; BCiX iHIOWX CTAHIIN HAKJIAACHO AYXC
cnal0ki oomexenra (10 m) [2].

OCHOBHI BIIMIHHOCTI MIXK «BERNESE SOFTWARE
VER. 4.2» TA GAMIT/GLOBK VER. 10.1

Cepen HalicyTTeBimmux BigmiHHOCTEN BKasaHux [13
CJix BigMiTMTH TaKi.

1. «Bernese GPS Software» Moxe BEUKOPUCTOBYBATH
Hapirauifiny indopmanino 3 KkomGiHOBaHuX (hailIiB, gKi
dopmytoreca IGS (sp3-daiiam). GAMIT Bukopucto-



IopiBHAHHS pe3yJbTaTiB 00POOKH JaHMX

59

Bye sp3-daiiu auire gk daiim edemepus, a monpas-
Ku 70 mokazie romuaaukie GPS-cymyTHukis Gepe 3
daiitip  HABIramiiHOrO MMOBIZOMJICHHS, 3aNHUCAHUX
npuiiMayamMu Ha craHmigx abo 3 xomOinoBanux 1GS-
(haiinie  Hasirauiinoro nosizomacHudg. lle mnoscHio-
eThca TMM, mo kKomOimosani B IGS-aiiam masira-
WifHOTO TIOBiIOMJIEHHS TE€HEPYIOTHCS 3HAUHO MMIBUALIE,
TOMY HH3bKOTOUHY OOpoOKY MOXHA TPOBOAWTH, HE
yekawuu (aiiis opoiT.

2. Tlpu 3BaxyBaHHi cmocTepexeHb Aas <«Bernese
GPS Softwares peKOMEHAZOBAHO OOUMCIIOBATH BATOBi
KoedimieHTn AT cmocTepeXeHb CYMyTHUKIB MiX Ky-
tamu micug 10° ta 15° 3a dopmyson

1
WE) = (coSE)”’

e E — BHUCcOTA CYMyTHWKA HAX TOpwW30HTOM. llpm
o6pobui cnocrepexens [13 GAMIT/GLOBK Takox
MOXHA 3BAXYBATU CIOCTEPEXEHHY BiAMOBIAHO 10 KyTa
MICLISl, MPOTE TYT KOPUCTYBAUEM 3a4a€ThCsl HE (DYHK-
1ig oOUMCAEHHS BATOBOTO MHOXHUKA, a (DYHKIIig OI[iH-
KW TIOMUJIKM CIIOCTEPEXEHb, IKA MAE BUTJIAL

b2
e(E) = da* + -
) (sinE)*’
ae a, b — zamani kopucryBauem koedimicntu. [Ipu

06pobui BEOPAaHO PEKOMEHAOBAHI po3pofHMKAMMU 3HA-
venHa a = 4.3 mm, b = 7 mm. Ilpu takomy BuGopi
CIIOCTEPEXXEHHA HAa cepemuinn sucori 40° (mag cranHmin
B CEPEAHIX MUPOTAX) MAKTh OUIHIOBAHY TOXUOKY
10 MM, a Ha BHcoTi 20° BAaroBWit MHOXKHHK CKJIAAATAME
0.5. Kpim toro, 8 GAMIT OWiHIOIOTBCI CIIOCTEPEXKCH-
HS Id BCiX KyTiB Micis (B miamazoni 10...90°).

3. Ilporpamumii komiieke «Bernese GPS Software»
Mac Kinbka sapianTie ¢dopmyBanHg 6a3. OmuH 3 HMX
J03BOJISC KOPHCTYBAauy 9BHO 3azatu Gasu. B GAMIT
¢ Julie oguH crnocié gopmysanHsa 6a3 — 3a HpUHIU-
MOM yTBOPEHHS HAUMCHIIMX MOABIWHUX pizHULb [2].
Pospobuuku GAMIT He MIaHyOTh AOOABATH MOX-
JMBICTh 3amaBaTu 0asu «BpPYUHy», a MPALIOIOTh HAX
YIOCKOHAJEHHIM iCHYIOUOTO aJTrOpuTMy (HA LEH MO-
MeHT cTBOpeHO Gera-gepciro GAMIT 10.2). Ha pu-
CYHKyY 300pakeHo KoHpirypaumiro mepexi, 9BHO 3a-
aany npu obpobui kommaekcom <«Bernese GPS
Softwares.

4. Y I3 GAMIT ver. 10.1 nepenfaueHo MOXIMBICTb
Bukopucranug Hoeoro dopmaty (ANTEX) daitnis Bapi-
auii ¢$asoBOro LEHTPY AHTEH (PO3POCHUKHM PEKOMEHIY-
IOTh BMKOPHMCTOBYBATU aHTeHM, po3pobieni B Hario-
HaJIbHIN aaMiHicTpanii 3 BUBUCHHS OKeaHy i atmocdepu
CIIIA (NOAA) [http://www.grdl.noaa.gov/GRD/
GPS]). «Bernese GPS Software ver. 4.2» BUKOpHCTOBYE
daiiin  1GS-copmary pcv  («Bernese GPS  Software
ver 5.0» Oyne BukopucroByBatu ANTEX).

OBPOBKA CITIOCTEPEXEHD

IMonepeauo oOpoOKy BUKOHAHO B TAKIN MOCTIAOBHOCTI.

1. Qaium cmocTepexXeHb TEPEBEICHO y BHYTPIMIHI
dopmatu ganux, chopmoBaHo hailum MOUATKOBUX YMOB
i Herpasitauiiaux cuaosux napamerpis gias GPS-cy-
Iy THUKIB.

2. 3a gammmu HaiIiB HABIramiiHWX TOBIZOMJICHB
CKJIAAcHO (haliid IOMPABOK MO IIOKA3iB TOAMHHHKIB
GPS-cynmyTHUKiB.

3. 3 BHUKOPHCTAHHSM MOUYATKOBUX YMOB, CKJIAACHO
rabmuno nonoxedb GPS-cymyTHukiB 3 kpokom 15 xB
(monyab ARC).

4. 3a KOAOBMMU CHOOCTEPEXEHHIMA OOUNCICHO TO-
mpaBku Ao roamHHUKIB GPS-mpuiimauip ycix
CTAHIIIiN.

5. OGumncieHO TEOPETUUHI 3HAUEHHS CIIOCTEPEXYBA-
HAX BCJINMUYMH i UYACTHMHHI TOXigHI IMX BEJIWYMH 34
mykanumu napamerpamu (moayar MODEL).

6. BukoHaHO MapKyBaHHS CHOOCTEPEXKEHb CYMyT-
HUKIB 3 KyTaMmu Micug, MmeHmmmu 3a 10°, BusgsacHo Ta
3aMapKOBAHO MOMEHTHM CTPUOKIB (Da3 Ta <«BUKUAW» Y
taitnax nepmux pizaunes (Moayas AUTCLN).

7. OrpuMano po3B’d3ku Ha Oe3ioHOCEpHIH KOM-
Gimamii L, nng oumineHux coocrepexenb. [lnga moae-
JIIOBAHHY 3CHITHOI 3aTPUMKU BUKOPHUCTOBYBAJACI MO-
aeap Caacramoiinena [9]. Inas ofumMCacHAS 3aTPUMKH
HA iHIIMX BHCOTaX BUKOPUCTOBYBAjacd (hDyHKIiS CXu-
geads nmfh2.0 [8]. Bukopucrosysasocsa 3BaKyBaHHS
(hazoBux crnocTepexkeHb 3aAEXKHO Bil BUCOTH CIOCTEpE-
xkyBanoro GPS-cymyrauka. Ha koopmunaTtu crawuin
MATE, BUCU, WTZR mnakragaaucsa XOpCTKi o0me-
xennst (107* M), Ha KoopaMHATH BCiX iHIMX cTaHmii
HakaageHo caabki oomexennsa (10 m).

8. OwuineHo KOOPOAWHATHU CTAHIN 3 PO3B 43Ky CUCTE-
MM HOpMaJbHUX PiBHSIHB (MoAyab SOLVE).

9. BUKOpUCTOBYIOUM YTOUHEHI KOOPAWHATH CTAHIIIM,
MOBTOPHO BMKOHAHO BUABJIEHHS i MapKyBaHHY CTPUO-
KiB (pa3 3a momoMorow (paiIip HOABIMHUX pi3zHuALb [2]
(monyae AUTCLN).

10. CkiaameHo cucTeMy HOPMAJIbHUX PiBHSHb MpPU
BUKOpPUCTAHHI oHOBAcHWX Aanmx (Momysap MODEL).

11. BukoHauno po3B’430K CHUCTEMHU HOPMAJbHUX PiB-
HYHb | OTPUMAHO IIYKAHI KOOPAWHATHU CTAHLIUA (MO-
ayas SOLVE).

Posp’a3km, orpuManHi mag KOXHOL cecii cmocrepe-
XeHb (omHa 106a) 00’ cOHYBAIMCT B THXXHEBI O3B’ 43-
ku 3a gonomorow 13 GLOBK ver 10.1.

Poss’a30k, orpumanuii ueatpom 'AO HAH Vk-
painu, moszHaueHo 9K MAOQO (po3B’430K y cucremi
koopaunar ITRF2000). Pesynsrar, orpumanuii 113
GAMIT/GLOBK, mnosunaueno GAO. AGpesiaTypa
UKR cayxuThb aad no3HaueHHd KoMOiHALil po3s’ a3KiB
GAO ta MAO.
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Tabaunug 3. O0’eauanmit po3e’a3ok (UKR) ausa GPS-twxkHiB 1259—1262
1259 1260 1261 1262
Crannia X, M X, M X, M X, M
Y, M Y, M Y, M Y, M
Z, m Z, m Z, m Z, m
ZECK 3451174.7286 3451174.7292 3451174.7261 3451174.7256
3060335.4173 3060335.4179 3060335.4146 3060335.4147
4391955.6293 4391955.6303 4391955.6287 4391955.6296
TRAB 3705250.3843 3705250.3842 3705250.3800 3705250.3792
3084421.6707 3084421.6708 3084421.6671 3084421.6656
4162044.7431 4162044.7446 4162044.7420 4162044.7436
ALCI 3297847.9597 3297847.9594 3297847.9591 3297847.9580
2661607.3926 2661607.3928 2661607.3942 2661607.3925
4750829.8000 4750829.8003 4750829.7990 4750829.7995
MOBN 2936432.0748 2936432.0766 2936432.0738 2936432.0736
2178364.5339 2178364.5324 2178364.5323 2178364.5306
5208858.2175 5208858.2171 5208858.2111 5208858.2123
KHAR 3312984.3456 3312984.3463 3312984.3459 3312984.3458
2428203.4167 2428203.4156 2428203.4173 2428203.4145
4863307.8030 4863307.8048 4863307.8029 4863307.8047
POLV 3411557.3722 3411557.3709 3411557.3713 3411557.3688
2348463.9725 2348463.9717 2348463.9720 2348463.9701
4834396.8672 4834396.8670 4834396.8654 4834396.8638
CRAO 3783897.1250 3783897.1242 3783897.1238 3783897.1210
2551404.4028 2551404.4011 2551404.4031 2551404.4005
4441264.2654 4441264.2656 4441264.2642 4441264.2628
EVPA 3767253.5081 3767253.5078 3767253.5075 3767253.5052
2461876.3272 2461876.3261 2461876.3281 2461876.3253
4504591.7762 4504591.7766 4504591.7760 4504591.7747
MIKL 3698554.0109 4639769.4722 3698554.0101 3698554.0078
2308675.9878 2308675.9875 2308675.9888 2308675.9866
3698554.0105 4639769.4724 4639769.4717 4639769.4703
GLSV 3512888.9789 3512888.9789 3512888.9786 3512888.9770
2068979.8610 2068979.8609 2068979.8631 2068979.8615
4888903.1862 4888903.1858 4888903.1851 4888903.1853
ISTA 4208830.3132 4208830.3139 4208830.3101 4208830.3100
2334850.2770 2334850.2756 2334850.2768 2334850.2765
4171267.2215 4171267.2222 4171267.2210 4171267.2215
BUCU 4093760.8761 4093760.8749 4093760.8742 4093760.8722
2007793.7841 2007793.7841 2007793.7867 2007793.7837
4445129.9427 4445129.9426 4445129.9423 4445129.9417
VLNS 3343600.6394 3343600.6379 3343600.6418 3343600.6373
1580417.7206 1580417.7202 1580417.7247 1580417.7221
5179337.2729 5179337.2694 5179337.2730 5179337.2711
SULP 3765297.0203 3765297.0199 3765297.0195 3765297.0164
1677559.1895 1677559.1911 1677559.1928 1677559.1911
4851297.3927 4851297.3919 4851297.3916 4851297.3902
UZHL 3907587.4755 3907587.4757 3907587.4762 3907587.4745
1602428.6760 1602428.6773 1602428.6799 1602428.6782
4763783.7398 4763783.7391 4763783.7410 4763783.7389
BORI1 3738358.4770 3738358.4779 3738358.4779 3738358.4765
1148173.6955 1148173.6963 1148173.6982 1148173.6969
5021815.7570 5021815.7563 5021815.7558 5021815.7563
MATE 4641949.5723 4641949.5730 4641949.5723 4641949.5726
1393045.4078 1393045.4104 1393045.4125 1393045.4109
4133287.4383 4133287.4384 4133287.4409 4133287.4405
WTZR 4075580.5727 4075580.5733 4075580.5746 4075580.5735

931853.7816
4801568.1159

931853.7824
4801568.1159

931853.7851
4801568.1182

931853.7835
4801568.1170
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Tabaung 4. Koedimientu nepexoay Mixx pos3p’sskamu MAO 1a GAO miag GPS-twxkuiB 1259—1262
Homep 3cys mo oci X, | 3cys mo oci Y, | 3cy mo oci Z, TIoBOPOT HABKOJIO TIoBOPOT HABKOJIO TIoBOPOT HABKOJIO MacmrabHuii MHOXHHUK, CKB,
THXXHSI MM MM MM oci X, MC oci Y, MC oci Z, MC MKM/KM MM
1259 0.0x0.4 -0.8+0.4 -1.8+0.4 0.4+0.2 0.4+0.2 0.2+0.1 -0.9+0.6 1.9
1260 0.6x0.5 -0.4x0.5 -4.9+0.5 0.9+0.2 0.5+0.2 0.2+0.1 -1.1x0.6 2.0
1261 0.6x0.4 0.2+0.4 -3.3x0.4 0.6+0.1 0.4+0.2 0.2+0.1 -1.5+0.5 1.7
1262 0.8+0.4 -1.1+x0.4 -3.1x0.4 0.4+0.1 0.1+0.2 0.2+0.1 -2.0x0.5 1.6
Tabaung 5. 3aaMmku miciag nepersopents exbmepra Mixk pos3p’s3kamu GAO ta MAO, B MM, g GPS-TwkHiB 1259—1262
1259 1260 1261 1262
Cranmia
AX | AY | AZ AX | AY | AZ AX | AY | AZ AX | AY AZ
ALCI -0.7 -0.9 -1.5 0.0 -0.4 -1.9 -0.7 -0.1 -0.8 -0.2 -0.4 -0.4
ZECK -1.1 2.3 7.1 -1.4 2.4 8.0 —0.1 1.8 7.5 -0.5 2.5 7.8
BORI1 0.3 0.0 -1.5 0.0 -0.2 -0.8 —0.1 -1.0 -1.6 0.3 -0.4 —0.1
SULP 0.2 -1.1 3.8 0.1 -0.5 3.8 -0.1 -0.7 3.6 0.1 -0.6 0.6
BUCU 0.7 1.5 -0.8 0.5 1.2 -0.4 0.5 1.6 -0.9 0.1 -0.6 0.6
MIKL -0.4 -1.6 0.1 -0.3 -1.6 0.4 -0.9 -1.0 1.1 -0.8 -1.8 -0.8
CRAO -0.3 1.1 0.1 -0.3 1.0 2.4 -0.7 0.6 0.9 -0.9 0.5 0.3
TRAB 0.1 0.0 -4.5 0.6 -0.6 —6.6 1.5 -0.8 -4.5 1.4 -0.9 -3.5
EVPA 0.0 0.3 -0.7 0.2 0.1 -0.5 -0.2 0.2 —0.1 0.2 0.2 -1.9
ISTA 0.6 0.5 -3.0 0.5 -0.8 —4.4 0.8 0.2 -3.9 0.0 1.1 -1.5
GLSV 0.1 0.1 1.0 0.1 -0.5 0.5 -0.3 0.3 0.5 —0.1 —0.1 1.1
POLV 0.0 0.5 0.9 0.5 1.1 1.7 -0.3 0.5 -1.6 -0.5 -0.4 -2.7
VLNS 0.7 -1.8 2.1 —0.1 -1.0 -1.2 0.2 -0.9 0.0 0.7 1.2 0.1
KHAR -0.5 0.7 1.4 0.1 -0.7 0.4 -0.5 0.4 -0.5 -0.1 -1.5 0.5
MOBN -1.8 -2.3 -4.9 -1.3 -0.6 2.5 -1.2 -0.6 -1.6 -1.0 0.0 -0.7
MATE 0.8 0.2 1.6 0.1 0.6 2.5 0.9 0.2 2.2 -0.2 0.0 2.0
UZHL 0.5 0.3 —0.1 —0.1 0.4 -0.4 0.2 0.3 0.4 0.1 0.1 0.2
WTZR 0.8 0.1 -1.2 0.9 —0.1 -1.1 1.0 -0.9 -0.6 0.7 -0.7 0.6
CKB, MM 1.9 2.0 1.7 1.6
Tabaung 6. Koedinientu nepersopenns FeabMepra MK po3p’sizkamu i GPS-miskais 1259—1262
Homep 3cys mo oci X, 3cyB mo oci Y, 3cyB mo oci Z, TIoBOPOT HABKOJIO TloBopor HaBkoao | IMoBopor HaBkono | MacmuralHHMIT MHOXHHK, CKB,
THXXHSI MM MM MM oci X, MC oci Y, MC oci Z, MC MKM/KM MM
GAO-UKR
1259 -0.4+0.4 2.2+0.4 1.6+0.4 0.0+0.1 0.2+0.2 0.1+0.1 1.2+0.5 1.6
1260 0.3+x0.4 1.0+x0.4 2.9+0.4 0.5+0.1 0.4+0.2 0.2+0.1 1.1+0.6 1.9
1261 0.7x0.5 -1.4x0.5 -3.1x0.5 0.0x0.2 0.4+0.2 0.2+0.1 1.0+0.6 2.1
1262 -0.2x0.5 1.4+0.5 -0.3x0.5 0.0x0.2 0.1+0.2 0.2+0.1 1.7+0.1 2.1
MAO — UKR
1259 -0.4=0.3 1.3+0.3 -0.2+0.3 0.3+0.1 0.2+0.1 0.0+0.1 0.3+x0.4 1.2
1260 1.0+0.3 0.6x0.3 -2.0=0.3 0.3+0.1 0.1+0.1 0.0+0.1 0.0x0.4 1.2
1261 1.2+0.2 -1.1x0.2 —-6.4+0.2 0.6+0.1 0.0+0.1 0.0+0.1 -0.5+0.3 0.9
1262 0.6x0.3 0.4%+0.3 -3.4x0.3 0.4+0.1 0.2+0.1 0.0+0.1 -0.3+0.4 1.2
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M. O. JIutsuH

OcKiTbKM HAC LiKABUTh Y3TOMXCHICTh PE3yJbTATIB
poBGOTH ABOX MPOTPAMHUX MPOAYKTIB, MU HE HABOIUMO
abcomoTHux 3HaueHb kopauHar GPS-cranmiit aas
MAO i GAO. Taba. 2 MiCTUTh pIi3HUI[ KOOPIAUHAT
craniin y poss’a3zkax MAO ta GAO. GAO orpumano
B cuctemi koopauHat ITRF2000 3asasiku HAKIAJAHHIO
JKOPCTKMX OOMEXEHb Ha OMOPHI CTAHIIT, KOOPAMHATU
akux B39T0 3 kKarajgora ITRF2000. Brazaui oOMexeH-
HY BUKOPUCTOBYIOTHCS A9 OTPUMAHHS TUXHEBUX PO3-
B a3kiB EPN.

KOMBIHAIIA PE3VJIbTATIB,
OTPUMAHUX IMPOI'PAMHUMU KOMILJIEKCAMUAX
GAMIT/GLOBK TA «BERNESE GPS SOFTWARE»

Pesyabratu o0poOku Oy/a0 KOHBEPTOBAHO 3 BHYT-
pitmaboro ¢opmary GAMIT (h-aiinm) y dopmar
SINEX ver. 1.00. 3a gomomorow «Bernese Softwares
Oya0 BukoHaHo KomGiHanino ganux y SINEX-copma-
Tax /8 BKA3aHOTO BHILNE PSAY CHOOCTEPEXEHb, V
pesyabTati uyoro orpumano o6’eanani poss’asku UKR
ans GPS-tuxwuis 1259—1262. Peayabratu HaBEACHO B
rabm. 3.

Ilopignsinns pe3yibmamis, OMPUMAHUX PIZHUMU
npoepamamu. JIag NOPIBHIAHHS PO3B’ 93Ky, OTPUMAHOTO
M3 GAMIT/GLOBK, Ta posp’a3ky JloKaJbHOro IeH-
tpy 06pobku GPS-cnocrepexens TAO HAH VYkpaiuu
Oya0 o0umcieHO mapameTrpu nepeTBopeHHd [eabmep-
Ta, HABEAEHI B Taba. 4.

4k BugHO, MapaMeTpu TEPEXOAYy MiX cucreMamu
KOOPAMHAT, 9Ki 3a4al0Th pO3B’43KU, MaJji 3a abcopoT-
HOKW BeanunHOK. Haiibiabine 3HAUEHHS CKJIAAAKOThH
3CYBM IO OCi Z, L0 MOSCHKETHCS HAMGLIBIIOw MmoXub-
KO BU3HAUEHHY BEPTUKAJBHOI CKJAAAOBOI Yy TMOPiB-
HAHHI 3 TOPU3OHTAJIBHUMHU. Byao OGUMCAEHO TAKOX
3aJWIIKY Ticas meperBopeHas ['epMmepra, 9Ki mTogaHo
B Tab/. 5. 3anumiku micid nepeTBOPEHHS CKAAAAKTh B
CcepenHboMy 2 MM, MaKCMMAJAbHOTO 3HAUCHHS BOHU
JOCATAKOTh A/ KPauHixX CTaHIin — 10 8§ mM.

Ananiz orpuMaHuMx pe3yabTaTiB MOKA3yeE, MO Ppi3-
HUIL MiX PO3B’I3KaMM JIEXATh Y MEXAX MOXUOKU, 9Ky
omiaoe IGS [11]. Lle cBigumTh PO MOXJIHMBICTB
YCYHEHHS BHYTPilIHiX noxubok «Bernese Software» 3a
JAONOMOrOK KOMOIHYBAHHA pPO3B 43Ky, OTPHMMAHOIO
oum I13, 3 poss’askom 13 GAMIT/GLOBK.

Tabu. 6 nokasye KoedillicHTH NEPEXONY MIX CHCTE-
MaMH KOOPAMHAT, gKi 3a7aroTh po3s’a3ku GAO, MAO
ta koMmOinoBanuM po3s’a3kom UKR. Binabiuni 3HaueHHs
mapamerpis nepexony UKR — GAO Ta cepennboro
kpaaparuuHoro BigxmicHuad (CKB) mrga mporo mepexo-
Ay 3yMoBJeHi ocobmmeictio obumcaerna UKR. HMoro
oTpuMaHo 3a gomomorow moayais «Bernese GPS Soft-
ware» 3 SINEX-cpaitnis. Taka mpouenypa nepeabauac

BiZHOBJICHHSI TBipHOI MAaTpHLi HOPMAJbHWUX PiBHIHb 3
MaATpULi KOBapiawii 3a AOMOMOrOK 3HATTI HAKIAAE-
HUX OOMEXEHD, 4 TAKOX OOUUCIEHHS BAr HOPMAJIbHUX
pieHgHb. ITpu KoMGiHALil po3B’d3KiB MU BBAXKAIM, IO
MAO i GAO wmaioTh OZHAKOBY Bary, HE MPOBOASUN
JOCTiKEHb JOCTOBIPHOCTI MAaTpuWlb KoOBapiauil po3s-
B’g3kiB, orpumanux pizaumu [13. [lpore y mnosi-
momiaecuni IGS [http://igscb.jpl.nasa.gov/mail/
igsreport/2004/msg00152.html] Ta y poGori [6]
nosimomiasioca, mo I13 «Bernese GPS Software» Ta
GAMIT nepeouinionTh GopMaabHy NOXUOKy 00poOKu
y 3—30 ta 1—10 pasis BignosigHo uepes 0CcOBAMBOCTI
mux [13 (HexTyBaHHS KOPEJMIICI MapaMeTpiB Mix
€IOXaAMH, CHCTEMATHYHI MOXMOKM, HETOUHICTH MOAE-
JIOBAHHY CTOXACTUUHUX MAPAMETPIB, IOBIJABHICTb ¥y
NPUIUCYBAHHI anpiopHOl NOXMOKM CIIOTEPEXKEHHIM TO-
mo). Opgun i3 BapianTis ofuucoeHHa MacmTabHMX
MHOXHUKIB (DOPMANbHUX MOXMOOK a4 pisHmx 113
nojaHo y pobori [5].

BUCHOBKHU

Ananiz po3s’43KiB MporpaMHUX KOMILIEKCiB «Bernese
GPS Software ver. 4.2» ta GAMIT/GLOBK ver. 10.1
(MAO ta GAO) mokasye iXHIO y3TOIXXCHICTh Ha PiBHI
NOXMOKKM BU3HAUYEHHS KOOPAMHAT CTAHLINA MEPMAHEHT-
Hoi GPS-mepexi. BuHATOK CK/IANA0OTh KpauHi CTaHIIIT
puOpanoi mepexi (ISTA, TRAB, ZECK, MOBN,
VLNS), nag 9KkuX TOUYHICTh BU3HAUCHHS KOOPIUHAT €
HaliMcHIIOK., BumiesasHaueHe MiATBEPOXYE MOXKJIN-
Bicth mpamosatu 3 113 GAMIT/GLOBK 3a crangap-
tamu EPN. Orpumano komGiHosauuii po3s’a3ok UKR.
Posp’asku UKR B MaitGyTHbOMY, 32 YMOBH OOUMCIEH-
HY BaroBux MHOXHUKIB po3B’a3kie GAO ta MAO,
PEKOMEHIYEMO BUKOPUCTOBYBATHU K TPOAYKT JloKasib-
Horo uentpy oOpobku GPS-cnocrepexxens TAO HAH
Ykpaian.

PoGora Bukonana 3a wnigrpumku rpanty JDOIO
MinicrepcTa ocBith i Haykm Ykpaiau ©7/256-2001.

AsTtop mupo asunmit O. Xoxpi 3a o6uucjacHHS, BU-
koHaui 3a momomororw II3 «Bernese GPS Software
ver 4.2».
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COMPARISON BETWEEN RESULTS OF UKRAINIAN
PERMANENT GPS-NETWORK DATA PROCESSING

WITH GAMIT/GLOBK AND MAO GPS LOCAL ANALYSIS
CENTRE RESULTS

M. O. Lytvyn

A monthly series of Ukrainian Permanent GPS-network data is
processed with the use of GAMIT/GLOBK ver. 10.1 and four weekly
solutions are derived. These results are in good agreement with
analogous solutions of the Local Analysis Centre at the Main
Astronomical Observatory of the National Academy of Sciences of
Ukraine. Four combined solutions and transformation parameters
between the coordinate systems are computed. An analysis of the
solutions shows that it is possible to work with GAMIT/GLOBK
according to EPN standards and that combined solution can be used
as a product of the Local Analysis Centre.
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OnucyThCS HAYKOBO-AOCIIHI T4 HOCIIAHO-KOHCTPYKTOPCHKi POGOTH, IO MPOBOASTHCS OCTAHHIM UaCOM B
CKTE ®TIHT HAHY 3a HanpgMmkamu: BIUIMB (DAKTOPIB KOCMIUHOTO IIPOCTOPY HA TepMOpajianidiHi
BJIACTUBOCTI MOKPHUTH, SKi 3aCTOCOBYIOTBCS JJIS «pajiallifHOTO» OXOJIOKEHHS KOCMIUHMX alapartiB; Teope-
TUYHI JOCJIPKEHHS TEIUIOBUX PEXMMIB KOCMIUHMX anapariB, CTBOPEHHS CTEHAiB Mg iMiTauii BILIMBY
akTopis KOCMiuHOrO TpoCcTOPy; miAroroBka opditanphux excrnepumentis Ha PC MKC; pospo6ka GoproBux

CUCTEM OXOJIOIXKECHHS.

1. BIUIHUE GAKTOPOB KOCMUYECKOI'O
IMPOCTPAHCTBA HA IIOKPBITUY, ITIPUMEHAEMbBIE
AJII PAAVALIIMOHHOI'O OXJTAZKIEHUSL
KOCMUYECKUX AIIIIAPATOB

D10 HampaBJeHHE BKJIKOYAET B Ce0d pPa3sHOCTOPOHHHUE
(bmznueckre WCCACTOBAHMS, HATIPABJICHHBIC HA peEIIe-
HEe npobseMbl ofecneueHns pPaboTOCIOCOOHOCTH, HA-
JACKHOCTH M JOJTOBCUHOCTH MMUPOKOTO KJIACCA MCTIONb-
3yEMBIX B A9POKOCMHUECKON TEXHUKE KOHCTPYKIMOH-
HBIX W (PYHKIUOHAJbHBIX MATEPHATOB W TIOKPHITHIA
(METa/LIOB, CIJIABOB, KOMIO3UTOB, KEPAMHUK, CTEKOJ,
IJIACTUKOB W JP.) B OKCTPEMAJBHBIX OKCILUTYATAIMOH-
HBIX YCAOBUAX (HU3KHE W OUCHb HU3KHUE TEMIICPATY-
pbi, TAYOOKMiT BAKYYM, XUAKHE U Ta3000pasHbIe Kpu-
OTCHHBIC CPEIBI, BBICOKME MATHUTHBIC TOJS, BBICOKHE
CTATUUCCKUE, AUHAMHUUECKUE W 3HAKOIEPEMECHHBIC
OUKJINUCCKAE HATPY3KH, MHOTOKPATHBIE TPAXNCHTHBIC
TEPMOHATPY3KH, JIACKTPOMATHUTHOE maayucHue CosrH-
a4 ¥ MOTOKW KOPIMYCKYJISPHOTO W3TYUCHHUS B ITHPOKOM
AMATa30HE SHEPTUi).

PaGorsr 8 orom Hanpasiaenum 8 CKTB OTUHT
BEAYTCA B MHTEPECAX YKPAMHCKUX TPCAMPUAITHH KOC-
MHUECKOM OTPACAM W TIO 3aKA3aM POCCUHACKUX KOCMU-
yeckux oprammsanmii [4, 7, 11, 12].

B Teuenme mocAeaHUX ABYX JIET HA MMHUTAITHOHHON
6aze CKTB mpoBoasarcs CHCTEMATUUECKUE HCCIETOBA-
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HUS (DU3MUECKUX CBOUCTB HOBBIX (DYHKIMOHAJBHBIX U
KOHCTPYKIIMOHHBIX MATEPUAJIOB OTCUCCTBCHHOM pa3pa-
OOTKM C LEIbIO ONPENEAeHNS UX TIPUTOAHOCTH K DKCI-
JyaTauuy B YCJIOBUIX KOCMOCA W YCTAHOBJCHUS pe-
cypca ux paboTOCIOCOOHOCTH TIpU BO3AeHCTBUM (HAKTO-
POB KOCMWUYECKOTO TOJETA. Pe3yapTaTel TaKWX WCCIC-
JOBAHMI KJAAYTCd B OCHOBY PEKOMEHAALUUNA TO WC-
TMOb30BAHUID MATECPUAJTIOB W MO COBCPIICHCTBOBAHWIO
TEXHOJIOTWI WX W3TOTOBJICHWS.

TepmopaduayuonHsle céolicmea nokpeimuil. B xoH-
CTPYKIMSAX COBPEMCHHBIX KOCMWUYECCKWX ammapaToB, a
WMCHHO B TIACCHBHBIX CHCTEMAaX TCPMOPETYJIMPOBAHUS,
IMAPOKO WCIOMB3YIOTCH JAKOKPACOUHBIC MATCPHUAB B
KauecTBe TtepMmoperyaupytomux mokpeituii  (TPID).
Hanecennpic HA BHCIDHIOK TOBEPXHOCTH ammapara,
OHW TIPEAHA3HAUCHBI I TONACPXAHUS OMPCACICHHO-
ro TEIUIOBOTO PEXHUMAa OObEKTA 34 CUET YCTAHOBJIEHUS
OasaHca MeXxay DNOCTYHAIOIIEN TEIJIOBOM OJHepruen
(OT/IOIAEMOM M3 OKPYKAKWIEHA CPEAbl U BBIACIIEMON
BHYTPEHHUMM WCTOUHUKAMU TEIUIA) U DHEPTUEU, W3-
JIy4aeMOl TOBCPXHOCTHI0 KOCMHWUYCCKOTO ammapara B
OKPYXAIILYIO cpeay. DTorT 0asaHc 0COOEHHO BaXeH
IS TTAJIOTAPYEMBIX KOCMUYECKUX ammapaToB, K KOTO-
PBIM MPENbABALIOTCH Hamboaee XecTkue TpeboBaHu,
M Aad KOTOPBIX JIYYMCTHIM TEIOOOMEH dBAMETCH
EIMHCTBEHHOM (HOPMOIL TEMIOOOMEHA € OKPYXKAKOLIEN
Ccpeaow.
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OCHOBHBIM BHEIIHNM UCTOUHWKOM DHEPTHUU ABJISCT-
CS COJTHEUHOE U3JIYUCHHE, a TVIABHBIM (B KOCMUUECKOM
annapate — €IMHCTBEHHBIM) IyTeM cOpoca TEIIOTHI
OKAa3BIBAETCd COOCTBEHHOE TEILJIOBOE MU3JYyUEHUE HA-
pYXHOM moBepxHOCTU oObekTa. IlosTomy 3¢ deKkTHs-
HocTh Marcpmania TPII xapakrepmsyercda AByMS oOcC-
HOBHBIMU ONTHUYCCKUMH (TEPMOPAAHAITNOHHBIMK) TIa-
paMmerpaMu: KOX(PPUIMEHTOM MOTVIOINCHUS COJTHEUHO-
ro m3ayueHusa A, u koacdpdumueHToM naayueHnd (uep-
Hote) ¢. Temnepartypa tena, ocsemaemore CoOHIEM,
OTPEACAICTCS COOTHOMICHNEM ONTUYECKUX MapaMeTpOB
HAPYXXHOI TOBepxHOCTH A/¢. JIM9 0Tpaxanmux To-
KpBITHi XapakTepHbl 3HaueHnd A, < 0.2 mw ¢ < 0.2 n
orHommcHne A,/ ¢ = 1; qna mornomarommx — A, > 0.9
ue > 09 npu A/e = 1. Conneunsie oTpaxarean
XapakTepHB TeM, uto aad Hux A, < 0.2 mw ¢ > 0.9.
ConHeuHble MOTJIOTUTENM — 9TO MATEPUAJIbl, s
KoTopeix A, = 1 m e <0.1.

Nurerpanpubiii KOdQPuUIUEHT u3ayueHus & B
HNK-o6aacTu onpeaensacd B COEKTPAIbHOM AHMAMA-
3one Al = 3—40 mkm. Ipu Temnmeparypax, Oamus-
kux Kk HopMmasabuoi (20 °C), okosno 97 Y, uznyucuus
UEpPHOTO TEja 3aKJKUCHO WMMECHHO B JTOM y4acTKe
cnektpa. MHTerpanbhbiii Kod(pUIUEHT NOrIOIeHUS
COJIHEUHOHN JHeprum A, m3mMepsaacd B MHTEPBAJIC AJIWH
Boan Al = 0.3...2.4 mMKkMm, Tak Kak MPaKTHUYECKU BCS
DHEPrus COJIHCUHOTO WM3JIYUCHHUS MPUXOAUTCS HA ITY
ofacte croekTpa.

O6beKkTaMy UCCIEAOBAHUS CAYXWUIM OejIble M uep-
HbIE JTAKOKPACOUHBIC MOKPHITUS, HAHCCCHHBIC HA MOJ-
JIOXKHU M3 aJIOMHHUEBOTO CIIaBa, u (hparMeHThl Kap-
Kaca coJaHeuHbix Oarapeil. TepMOpaaualMOHHBIE Xd-
PAKTEPUCTUKU M3MEPSJIMNCh B MCXOAHOM COCTOSIHMM, a
TAKXKE TMOCJAE BO3ACUCTBUS MOACIUPYEMBIX B HA3EM-
HBIX MMHTATOPAX (HaKTOPOB KOCMHUYECKOTO MPOCTPAH-
ctBa (OKII). OgHOBpEeMEHHO C ONTUUECKUMU M3MEpe-
HHUSIMHA M3yUaauch TAKXE MPOLECChl TA30BBIACACHUSI U
norepu Macchl obpasuamu TPII.

IIpoBenecHHBIC MCCACAOBAHNAS TTOKA3aH, UTO BO3ACH-
ctBue uckyccrseHubix @OKII mo-pazHomy BaugeT HaA
ONTUUECKHUE XAPAKTEPUCTUKHU M COCTOSHUE MOBEPXHO-
ctu. Tak, OMHOBPEMEHHOE BO3ACHCTBUE MOTOKOB MPO-
ToHOB m onmekTporoB 1.625-10"" cm ¢! ¢ omeprueit
150 k5B (uTO COOTBETCTBYET MATH TOAAM HAXOXACHUS
anmapara Ha opbure BeicoTon 700 kM) m saekTpoMar-
HUTHOTO wu3ayueHusd CoOJHIA C HMHTECHCUBHOCTHIO
0.14 IIx/cM* B amanaszoHe [AMH BOJAH Al =
= (.25...2.5 MKM TpuBEIO K 3aMETHOMY YBCIMUCHUIO
sHaucHmit A, (1.5—2 pasa); mpm 9TOM BEAWUMHA &
NPaKTUUYECKM HE M3MEHWIACh. B TO Xe Bpems ObLIO
OOHAPYXKEHO 3aMETHOE CHUXKEHME € B 0o0pasuax, mom-
BEPrHYTH X TEPMOLUMUKJIMPOBAHUI B WUHTEPBAJC
20...300 K, uto CBA3BIBAETCH C PACTPECKUBAHUEM MO-

KpbiTHii. HeckogbKO HEOXMAAHHBIM OKA3aJI0Ch OTCYT-
CTBUE 3aMETHOTO BJMIHWS HA ONTHYECCKUE CBOWCTBA
MOBEPXHOCTH COTOBBIX MAHE e, OOIYUEHHBIX JJIEKT-
ponamu ¢ sueprucii 1 MaB.

Macc-cnekTpoMeTpuuecKoe UCCASAOBAHUE ra30BbIAC-
JICHHS B BAKYYME COTOBBIX KOHCTPYKIIMI ¢ YTJIEILIA-
CTHKOBOI OOLIMBKOW INpH BO3AEUCTBUM OJJIEKTPOMAT-
HHATHOTO M3JYUCHUS TOKA3aJI0, UTO TPOLECCH TOTEPH
MACCHI M 00€3raXMBaHUE 00PA3IOB UMEKOT TEHACHIIHIO
K HACBHIMEHUO. B 3aKIIOUNTEIBHBIX CIIEKTPAX OCTAOT-
cd MKW Macc auamnaszona 2—45 a. e., HHTEHCUBHOCTH
MUKOB 3dBUCUT OT TEMIEPATYpPbI 00Pa3IOB.

2. TEOPETUYECKOE UCCJIEOJOBAHUME
TEILJIOBBIX PEXXUMOB KOCMUYECKUX AITITAPATOB.
CO3JAHUE UMUTAITMOHHBIX CTEHIOB

2.1.ITaker nmporpamm TANSAT sl TEILIOBBIX PAC4eTOB
KOCMHYECKUX aNmaparos B YCJOBHAX OPOMTAIBHOTO MOJETA
¥ NpH MPOBEJEHNN HA3EMHBIX TEPMOBAKYYMHBIX MCIIBITAHAN

IMaxer mporpamm TANSAT paspaGoran gna pacuera
HCCTAIMOHAPHBIX TCMICPATYPHBIX moJIel ¥ TEILIOBBIX
IIOTOKOB B JJICMCHTAX KA C AKTUBHBIMH U TIACCUBHBI-
MU CUCTEMAMU TCPMOPCTYIHUPOBAHUSA B YCIOBUIX Op-
6I/IT2UHJHOI‘O moacTa U IMpru TCPMOBAKYYMHBIX MCHBITA-
HUSIX B MMUTATOPAX KOCMHAUYECKOTO MPOCTpaHcTBa [J].

Ilpu pelreHMM 3agauM CJAOXKHOIO TEIIOOOMEHA B
cucreme osneMmeHToB KA MopmenmpyeTcs BO3ACHCTBHE
HecrarmoHapabix BHelmHuX (CosHie, 3eMias, dJaeMeH-
Thl KaMcCpPbL I/IMI/ITaTOpa) 1 BHYTPCHHMX TCILTOBBIX
HCTOUHUKOB/ CTOKOB, audpysHoe wam auddys3Ho-3ep-
KAJIbHOC OTPAXCHHUC M3NYUYCHUS, AHU3OTPOIMHAA TCII-
JIOMMPOBOAHOCTD JJICMCHTOB KOHCTPYKIWM. Yunursisa-
IOTCH BEKOBBIE BO3MYIIEHHMI IMAPAMETPOB OPOUTHL U
3aJaHHas BPEMCHHAd 3aBUCMMOCTh opucHTamuum KA B
mosiere. [lpm wucneirannax KA B TepMOBaKyyMHOM

TANSAT
COMRAD ‘

T |

| RADORB | | RADSIM |

ASTRA SIGMA
ORBIT SIMPL
OAZIS

4‘ COMTEM

Puc. 1. CocraB makera TANSAT
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MMUTATOPE MOAEJUPYETCA BO3AEHCTBUE HA OOBEKT MC-
MBITAHUI TOTOKOB U3JAyueHus 0T uMuTatopor CosHua
u 3emiin.

B cocras makera TANSAT, mokazanuoMm Ha puc. 1,
pxoagar mnporpammubie cucremst COMRAD wu
COMTEM. Cucrema COMRAD mnpeagHasHaueHa mid
hopMupoBaHusd ONTUKO-TeOMETPUUECKUX Moaeacn KA
¥ PEIICHUS 3aaU BHEIIHETO M BHYTPEHHETO JIyUUCTOTO
TEmI000MEHA COOTBETCTBEHHO MPU OPOUTAIBHOM MOJIE-
te (momcucrema RADORB) w mpu TepMOBaKyyMHBIX
ncneraanax (RADSIM).

IMporpammuasa cucrema COMTEM npegnasunauena
JUIS pacuera TeMIepaTypHBIX moJieit B anementax KA,
npu paboTe B NAKETHOM pPEXUME OHA WCIOAb3YET
pe3yJbTAaThl, MNOJYUYCHHBIE MNPOTPAMMHON CHUCTEMON
COMRAD.

[Mporpammbl makeTra TeCTUPOBAHBI HA 3a7auax, A
KOTOPBIX PEIICHUS MOJTYUCHBI AHAJUTUUCCKUA WM JPY-
TUMU YUCACHHBIMM MeToAaMu. B 3aBHCMMOCTH OT MOC-
TAHOBKM 3a7auy IpOrpaMMbl MOTYT paboTaTh aBTO-
HOMHO WM B COCTaBE MaKera.

HPOIPAMMHAS CHCTEMA COMRAD. Ilodcu-
cmema RADORB. TlporpaMMHAg MOACUCTEMA BKJIIOUA-
er nporpammbl ASTRA, ORBIT, OAZIS u ucnosb3y-
eTcs mpu pacueTe TemaoBoro pexuma KA B ycmoBusax
OpOWTAIBHOTO TIOJIETA.

ASTRA mpenHa3HAucHA Ui ABTOMATU3UPOBAHHOTO
MOCTPOCHUS ONTUKO-TeoMeTpuueckux moaenaen KA, ux
MOAM(PUKALMU, XpAHEHUS U TPadhuuecKkoro oTobpaxe-
Hmg. PaBouen cucremont koopamuaar (CK) mpm mocrpo-
eann momeaun KA gpngercs npubGopHas aekaproBas
CK, cBs3aHHas C OTAEAbHBIM MPUOOPOM, OTCEKOM MU
Bcem KA. Onrtuko-reomerpuueckas moaeab KA crpo-
urca u3 Habopa 0as3oBBIX TEOMETPUUYECKMX GUryp
(KOHCTPYKTUBOB) , OTPAHUYEHHBIX CUCTEMON KOHEUHBIX
DJEMEHTOB (rpaHeil) Gas3oBBIX TUIOB MOBEPXHOCTEIN:
IIOCKOCTH, Chepsl U HUIMHADA, KOHyca, mapaboson-
aa. TpaHu IpeacTaBasioT OnpeaeaeHHbIE CTOPOHBI 00b-
€MHBIX pacueTHbIX 27eMeHTOB KA, /19 KOTOpBIX Omnpe-
OEJIIIOTCI TEMIICPATYPHL.

DBa3oBwiii KOHCTPYKTUB XaPaKTEPU3YETCA: CUCTEMOU
koopamHatr KoHCTpyKTHMBa (CKK) XY Z ; Teomerpn-
ueckumu napamerpamu B CKK, mpuszHakom HapyKHOU
(+) wnu BHYTpEeHHEN (—) CTOPOHBI; MOPIAKOM HyMepa-
LUW TPAHEH; ONTUYECKUMU XAPAKTEPUCTUKAMU TPaHEN
e, A, Ipu mocrpocunmu momenu KA wuz 6azoBbix
KOHCTPYKTHMBOB 3azauM aas Hux B npubopuoit CK
YKa3BIBAIOTCH KOOPAWHATH TOUKW TIPUBA3KM HAUAIA
CKK u ycranosounsie yrusl oceti OX,, OY,.

ORBIT wcnoab3yercd aad MOOEJIUPOBAHUSA OpOH-
TaabHOroO ABMXKeHud KA M BHUMCIEHNS JAHHBIX, HEOO-
XOAUMMBIX TPU PACUETE MOTOKOB MBJIYUCHHS OT 3emiu
u Connna. Belumcagorcd: TeKyume mapaMeTpsl opou-

ThI C YUETOM BEKOBBIX BO3MYILIECHHUI OT BTOPOU 30HAJIb-
HOIl TAapMOHWMKM TeonoTeHuumana; noaoxeaue KA wu
opuentanus npuboproit CK ma opbute; KoopauHATHL
3eman u opr Hanpasaenud Ha CosHie B mpuGOpHOI
CK. [ng pemeHud 5TUX 3a0au WCOOJB3YIOTCA HeE-
CKOJIbKO TPYIIN CUCTEM KOOPAMHAT, KOTOPHIC MEpapXu-
yecku casbiBaoT npubopayrw CK ¢ mporpamMmuo-my-
teebiMu  KA-nentpuueckumu  CK: 5KBaTOpMANBHON,
MEPUTENHOM, OPOUTATBHON M JKJIAIITHUYECKOMN,

IMporpamMma obeceunBaeT BO3MOXHOCTD MOJYUYHTD B
BHIOpAHHOM paKypce rpaduueckoe m3o0pakeHue B3a-
mMHEOrO nosioxerns 3emym, KA ma opéure, ConHna Ha
OKJIMTITUKE B TCOIKBATOPUATIBHON CUCTEME KOOPAMHAT.

OAZIS pemaer 3agaud BHYTPECHHETO W BHEHIHETO
JyuncToro TtemiooOMena onemMeHToB KA. Meroaom
MonTte-Kapio BRUMCAIIOTCS paspelmaronme yIIOBBIC
K02(DUIMEHTH U3IYyUEHUS B TOIJIOMIEHHBIX MOTOKAX:
@, Mexay i-it u j-it pansmu mogenu KA; of) mexay
i-it rpanbio 1 noBepxHocThio 3emau (MK-uznyuenue),
P& MEXTy i~ TPAHBIO U HEPABHOMEPHO OCBEIICHHOM
YacThl) TOBEPXHOCTH 3eMyin (COJTHCUHBINA CIIEKTDP) B
p-m nojoxenuu KA wa pacuetnom Butke. [lpu pacue-
Te <p§f u <p§‘2i YUUTHIBAIOTCH 3aAaHHbIC MIUPOTHAS U
JOJITOTHAS 3aBUCUMMOCTHM ILIOTHOCTH TMOTOKA COOCTBEH-
HOIO M3ayueHus u aabdemo 3emin.

[Mornomennsle j-# TPaHBIO TUIOTHOCTH ¢; TOTOKOB
COOCTBEHHOIO M3JIyUEHHUS CHCTEMBI, IIOTOKOB COOCTBEH-
HOTO (). ¥ OTPAXCHHOTO COMHEUHOTO Qg M3IYUCHUI OT
3eman (B p-m nosioxenun KA Ha BUTKE) ompeaenser-
CS BBIPAXKCHUSIMU

Kg

_ 4
g = Siz(pijUTj )
=

(P) — (p) () — (p)

Ok = 6APE 4y » Osps = aAPse,; Al -
3nech A, T, — MiomWaap u TEMIEPATYPA MOBEPXHOCTH
rPaHM; (g, §s — TUIOTHOCTH TMOTOKA COGCTBEHHOTO
N3TyUuCHNA 3€MJII/I n COJHCUHAY TIIOCTOSHHAM, as —_—

anpbeno 3eman. IMorok mpamoro manyuenus ConHua,
MOTJIOWICHHBIN j-U TPAHBIO, PABEH

Kg
p) — ®)P)
é,j) = E ?ii Onami »
=

Qs = 03¢5 [ [ (v(P)-1d) + 1(r(P) 1) 1)d A,
Ap

rae QS;LJ — OpPIMOW COJHEUYHBIN NOTOK, MAJAIMANA HA

i-10 rpab (K09 PUIHUECHT OTPAXEHUS TPAHU YUUTHIBA-
ercs mpu BeiuncacHun ¢\P); v,(P) — OpT HOpMaM B
TOUKE P, NpUHAAICXKANEH TIpaHu A ré” — opT
Hanpasjacaus Ha CoJHIIE.

Hodcucmema RADSIM. TlporpaMMHAd TOACUCTEMA
pruouaer nporpammel SIGMA u SIMPL. Ona npen-
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HA3HAUEHA /IS UMCACHHOTO MOACJMPOBAHUS JIYUUCTO-
ro temtooOmena KA B tepMoBakyyMHOI Kamepe, pac-
ueta uMuUTatopoB uanyueHus CoaHUa U 3eMIM C «TO-
UCUHBIMHM» U TIPOTSIKECHHBIMU MCTOUHUKAMU M3JTYUCHUS,
3CPKATbHO-JIMH30BBIMUA ONTHUSCKUMHU CUCTEMAMMU.

SIGMA wcnonbayerca aas GopMUPOBAHUS ONMTUKO-
TEOMETPUUECKOU MOIEAN UCCACAYEMOM CUCTEMBI € MO-
Mouipd HaGopa 0a30BBIX KOHCTPYKTMBOB. BKjrouaer
Bce koHCcTpykTuBbl mporpammbl ASTRA, a takxe mo-
MOJTHUTEIbHBIE KOHCTPYKTUBbBL JIEMECHTOB ONTUUECKUX
cucreM: mapabonoupa, damMIconaa u runepboaouaa,
JIMH30BBIX JJEMCHTOB C TJIOCKMMHU u ChepuuecKuMm
MOBEPXHOCTAMM, PELIETUATHIE OCAAOUTENN M3/IyUuEHUS
(38 KOHCTPYKTHBOB).

SIMPL npegHaszHaueHa TIPEXAE BCEro A8 pacuera
JIYUMCTOTO TMEPEeHOCa OT MUCTOUHWKOB U3JIYyUCHUS K
«MpUeMHHKY» (pedepeHTHas TMAOCKOCTh) B MMUTATO-
pax M3JIyueHHS C ONTUUYCSCKUMM cucTemMamu. Paccmar-
pUBAIOTCS ONTHUECKUE CUCTEMBI C HEOTHOPOIHBIMU
CBOWCTBAMM TPAHUUHBIX TOBEPXHOCTEN, Auddy3HO-
3EPKATbHBIM 3aKOHOM OTPAXXCHHS, MPEIOMJICHUEM W
MOTJIOIEHUEM W3JYUCHUS B JIMH30BBIX JJCMEHTAaX.
Monenupyercs auddysHbIil 3aKOH M3JIyUuCHHS C Tpa-
HU-UCTOUHWKA B KOHYyCe ¢ yriaom nosypacteopa 0...90°.
HOna wmuraropa wuzayucHus CoMHIA BBIUUCASIOTCS:
JABYMEPHBIE PACOPEAC/ACHUS OCBEIICHHOCTU U yIJia Ae-
KOJTMMALAA B 3aJaHHON 00gacTh peepenTHOM mao-
CKOCTH; CPEaHSIS WHTErpajabHAs OCBCHICHHOCTh; CPE-
HY9 KBaApPaTUUHAS HEPABHOMEPHOCTh OCBEIICHHOCTH.

HPOIrPAMMHAS CHCTEMA COMTEM upen-
HA3HAUCHA JUII pacuera Mmojd TCMIICPATyp B IJCMCH-
tax KA ¢ WCnosib30BaHUEM pPE3yJbTATOB PEIICHUS
paguaumonHou 3amauu, noayucaabix COMRAD. Kon-
crpykuug KA pasOusaercd Ha MHOXECTBO HM30TEPMU-
YeCKMX (BEPLIMHBI) W OJHOMEPHBIX (AyrM) PaCcuETHBIX
9JICMEHTOB. TeIUIOBBIC CBY3M PACUCTHBIX 3JCMCHTOB
OTMUCHIBAIOTCS OPUCHTUPOBAHHBIM rpacoM. YuuThIBA-
OTCY BHCIOHWE W BHYTPCHHUC HECTAMMOHAPHBIC TET-
JIOBBHIC MCTOUHWKYN W TCPMOPETYIATOPHI: XATIO3U, BCH-
TUAATOP, HATPCBATECJIN.

Hnga i-ii ayru temnepatypa T,(x,?) onpeaensercs
YpPaBHCHUSIMUA

aT, @

aT
e B 5 =5 ox

aTi i
AFh x| ~ ATy

+ q(Ti’ X, t) + E Ani(Tn - Ti)’
n->1
me0=<x=<1L,i=1, 2, .. K,, t, X — BpcMcHHas
¥ TPOCTPAHCTBEHHAS KOOPAWHATH; L, ¢, A — TJIOT-
HOCTb, yAEJbHAS TEILIOEMKOCTb U KOI(D(MUIUEHT Ter-
JIONPOBOAHOCTH; F = F(X) — MIOWAAb MNONEPEYHOIO
ceueHus; Ax — k0I(hPUIMEHT KOHBEKTUBHOM MPOBO-

aumocty; g(T', X, ¥) — JUHENHHAd NJIOTHOCTb BHYTPEH-
HETO TETLIOBBINCICHUS.

Jxg v-1i BepmmHH TeMmeparypa 0,(f) ompeaeasercs
ypaBHEHUSIMU

do,
(me), ==

K;

N
=Q0, )+ 3 0 + Q7+ 0,(0,—0,)+
=1

n—=y

+S (AF), 0Ty ox| _ = > (AF),

Ty kv

v=1,2,.., Ky

|

aT,.
ax

TIe m, ¢ — Macca U yACJAbHAY TEIJIOEMKOCTh JEMEH-
ta; Q,(6,, {) — ucrounnkoswiit wien; QF(¢) — BHem-
HUH TETJIOBOM MOTOK HA TPaHW v-# BepmwHBL. [lepBag
CyMMa B TIPABOM YACTU OMPENCIET PE3YyJIbTUPYIOUN
MOTOK WM3AyUYeHHWs, BTOpas — TEILUIOBOM MHOTOK IO
CBSI39M TEILIONPOBOAHOCTBIO, KOHBCKIWECH WM U3JTY-
UEHWEM OT CMeXHBIX rpaHei. [locnennme nBe cymMMbl
YUMTHIBAIOT KOHAYKTUBHBIN TEIJIOBOM MOTOK MO AY-
raM, WHOWUACHTHBIM V- BEPIIMHE CBOMM HAUAJIOM
WA KOHIOM.

Temneparypa Ha Kpasix AYT CBA3aHA C TEMIIEPATy-
paMl COOTBETCTBYIOIUX BEPIIMH YCAOBHSIMH HEMpPeE-
peisHOcTH T(0,7) = 0,(¢), T(L,?) = 0,(¢), i = .
Cucrema ypaBHCHWI A OYT W BEPOIVH PEMIAETCH
UYWCJIEHHO METOAOM KOHEUHBIX PAa3HOCTEU HA 3aAAHHOM
BPEMCHHOM MHTEPBAJIC MPH HAUYANABHBIX YCJIOBHSX

T(x,0) = Tyx), 0,(0) = 0,

2.2. Pacyer HanpsKeHHO-Ae(DOPMHPOBAHHOTO COCTOSTHUS
MaHeJH COJHEeYHOH Garapen KOCMHYECKOro anmnapara
IPA TEPMUYECKOM HATPY>KCHUU

Conneunnie GaTapem SBIAKOTCS CAMBIM  PACTIPOCTPA-
HCHHBIM HUCTOUHUKOM 3HepI‘OCHa6)KeHI/IH KOCMUUCCKUX
anmapatoB. B CBA3W ¢ TOCTOIHHBIM pPACIIUPCHUCM
CIeKTpa 3agad, pemaeMeix KA, yxecrouenmeM Tpebo-
BaHUN MUHUMHU3AOWA MACChl, YBCAWMUCHUA OHCPTOIOT-
pebyienusa ero GOPTOBOI ammapaTypbl U MOBBILEHUS
CPOKOB aKTMBHOIO cyinecrsosanus KA Ha opOure
mepes KOHCTPYKTOPAMH HOCTOSHHO CTOMT mpobiaema
coBepiieHcTBOBaHuS KoucTpykuuu CB, u B uactHoCcTH,
ONTUMHU3AINN €C CTPYKTYPBLI OJa4 O6eCHeI{eHI/IH MUWHWN-
MAaJbHOTO YPOBHSI HAMNPAXKCHHOCTN KOHCTPYKLWHA. I[]ISI
ee pemeHms HEoOXOmMMO OOECIIEUNTh OMEPATHBHBIA
MHXEHEPHBI aHaau3 CTPyKTypol Oatapen. HamGosee
IoaAXOoAdIUMHA  AJ1d I3TOTO IBJAIKTCd AHAIUTHUCCKUC
MOZE/IN, OCHOBAHHBIE HA PACUETHBIX CXEMAX Pa3/Idu-
HOTO YPOBHA TOUYHOCTH.
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Ing pelieHus MOCTABJIEHHOM 3agaum Ha 6asze ABYX
PacUEeTHBIX CXCM MHOTOCJOMHOTO KJICCBOTO COCHWHCHUS
ObLIM BHIBEIEHBI [BE YHUUIMPOBAHHBIE METOIMKH OI-
peaeaeHns HAMPSKeHHO-Ae(hOPMUPOBAHHOTO COCTOSTHUS
naneau CB KA npu tepmMoMexaHuueckoM ee Harpyxe-
Huu [2]. Tlanear CB B 00ouXx cayuadx MpeacTaBIdeT-
Cd MATUCJOMHBIM KJIEEBHIM coemmHeHueM (cM. [2]).

HawnGonee mpocThiM MpeAcTABASETCS T.H. OZHOMEp-
HBIN WM TJIOCKUN TIOAXOMA K PEHICHUWIO 3a7auM Ompeae-
JICHUS HAMNPIXECHHO-AS(HOPMUPOBAHHOTO COCTOSHHUS
(HOC) manHO# CTPYKTYpHI.

B kauecTBe OCHOBH AJd MCCAEAOBAHHMS BbhIOpaHa
ONHOMEPHAS MOIENb COSAMHEHUs, pa3paboTKOM Hayu-
HBIX OCHOB KOTOpOil 3aHmmajncs ecime Xapr-Cmutt
[13]. OcHoBHBIE AOMYIICHUS AAHHOW MOAC/IN:

— KJeeBas Mpocaoika padoTaeT TOJBKO HA COBUT;

— TEOMETPUUECKUE M XKECTKOCTHBIC MAPAMETPHI ACTA-
JICH W KJICEBBIX CJAOCB TMOCTOSHHBI TIO AJIMHE;

— HOPMAJBHBIC HATPSXKCHUS PACTIPEACTCHBI MO TOJ-
IMWHE PABHOMECPHO;

— MaTcpuabl ACTANACH OPTOTPONHBI B OCAX X W .

Ilpu paBHOMEpPHOM pacupeacacHUH HOPMATbBHBIX M
KacaTEeabHbIX HAMPSKEHUN MO TOAMWHE ACTAJAECUH TPU-
MCHSIIOTCSI JBC PACUCTHBIC MOACAW COCTWHUTEIBHOTO
cnod. B kaaccuueckoit — aedopmanms CaBura coemu-
HUTEJIBHOTO CJA0Y COCPEIOTOUCHA B KJACCBOM C0E, 4 BO
BTOpOH, mnpemroxecunon @Doabkepcenom [14] — B
TMPUBCACHHOM COCAMHUTCABHOM CJIOC, BKJIIOUAIOIICM
KJICECBYIO TIPOCTONKY ¥ TOJOBWHBI TOJMINH OCTAJCH,
MPUMBIKAKOMNUX K HEN.

Ha 06ase maHHOM pacueTHOM CXEMBI BBIBEIEHBI OC-
HOBHBIC cooTHommeHns, onpeneagmmue HIC kowcT-
pykiuu Cb mpu TepMOMEXaHMUECKOM HATPYXKCHUU, a
TAKXE BBHITCKAKINMX W3 HEM0 CTPYKTYP MEHBIIETO
TMOPSOKA.

HawmHagd MeTOoAWKA OCHOBAHA HA OCHOBHBIX COOTHO-
MIEHUIX MEXAHWKU, a PE3yAbTUPYIOIIAd cuctemMa aud-
hepeHIMANBHBIX YPABHCHUN UMEET BUJ

LN
IT, E d_sz + iy Niprx = Ny = @,
=1

rae II, u II, — mOAAT/IMBOCTH KJICEBBIX MPOCAOCK W
COCAMHAECMBIX ACTAAECH, @, — KOHCTAHTA, 3aBUCAIMAL
oT (puzuko-MexaHnueckux xapakrepucruk cioes Cb u
TEMIIEPATY PHL.

MeTomoM moc/IenOBATEIBHOTO MCKJIIOUCHUS HEW3BE-
CTHBIX W3 JTOU CUCTEMBI mojayuaeM auddepeHuanb-
HO€ YPABHECHME OTHOCHUTEJBHO YCWJIMU B MEPBOM A€TaA-
qu N,,. Pemms ero, ¢ yueToM ypaBHEHWI paBHOBECHS
MOAyYaeM 3aBUCUMOCTH [JIS ONPEACACHUS HOPMAJb-
HBIX HAMPSKECHUN B AETANIX M KACATEAbHBIX HAMpPs-
KCHUM B KJCEBBIX TPOCTONKax. KoHCTaHTH mHTErpH-
POBaHMNS MOIYYAKOTCS W3 TPAHUYHBLIX yCIAOBUM.

[TockoapKy KOpPHM XapaKTEPUCTUUECKOTO YPABHECHNAS

COOTBETCTRYIOHIEr0 audepeHIna bHOT0 YPABHCHUS
HE BCErJa MMEIOT AHAJTUTUUECKOE PEUICHUE, MPOBEACHO
WCCIEIOBAHME XapakTepa KOPHEN A9 BCEr0 MHTEpBaIa
JKECTKOCTHBIX XapakTepucTuk marepuasior. [Tokaszano,
UTO KOPHU ACUCTBUTENbHBIC, DTO MO3BOJUIO MPEACTA-
BUTH PCHICHUC CUCTCMBbI B BUAC CYMMBI I‘I/IHep6OJII/III€—
CKUX CHMHYCOB M KOCHMHYCOB, T.C. B AHAJIUTUUCCKOM
BHUAC.

OnHOoMepHAs pacueTHad cXema gBjisgercd Hambosee
prOH.[eHHOfI, TAK KdK OHA HC YUWUTBIBACT BJIWSIHHUC
mmmpusbl coeaunennd Ha HIC. Jyumwmm npubauxe-
HHUEM K UCTUHHOMY PEC3YyJabTATy OPCACTABASICTCI KBa-
SI/IZ[ByMeprIfl OTOAXO0A, MO KOTOPOMY MHOMNMCPCUHBIC HA-
OPAXCHUI HC BJAMYGIOT HA OPOAOJIBHBIC, 4 KaXAaas
TMOJIOCKA COCAWHCHWS IOWPWHON dX pPacCMaTpWBACTCH
W30JMPOBAHHO.

Kax w gnga ogHOMEpHO!N MOmenu, AJI KBA3WOABYMEP-
HOM OblIa TOJydYeHAa OCHOBHAd cucTema auddepeHiu-
A7bHBIX YPABHCHUI:

Hci E
k=1
- Iui+1,xyHi+I,XNi+I,x - Hiniy - luixyHiXNix = Gy

Hng HampaBJcHWS X HAMPIXKCHUS CUATAIOTCI TIO
MPEACTABJICHHON BHIIIC OMHOMCPHOW MOIC/IH.

OCHOBHBIM OTJIMUMEM AAHHOW MOACIU OT OXHOMEpP-
HOU SBJIIETCS BO3MOXKHOCTh yu€Ta OJHOr0 U3 Koadu-
nuenTor Ilyaccona u .

B kauectBe wuTIOCTpanvi MPUMCHUMOCTH PACCMAT-
PUBACMBIX PACUCTHBIX MOIEACH IJIS OTPCAC/ICHUS
HIOC CBb KA mpomsemcHO OIpEOc/ocHHE W aHAIN3
HIOC monennnoit crpykrypel Cb paspatorku KHP, a
TAKXE CPABHCHWEC pE3YyJbTATOB TAHHOTO pPacueTa C
pe3yJabpTaTaMy KBA3WABYMCPHOW MOIEJW W AABHO WC-
MOJb3YEMOIO HAYUHO-O00CHOBAHHOIO METOAd KOHEU-
HBIX daeMeHTOB (MKD).

PaccmaTpuBanuck mBa pacucTHHIX Caydad HATPYXeE-
uus Cb: tenesoit (=100 °C) u comneunnii (+100 °C)
yuacTok opOuthl. Jlad ynpouieHMs aHAAM3a HE pac-
CMATPUBAJICA CAydYall TEIJIOBOTO yaapa TpW TEpexonc
KA uepes TepMMHATOpP, HE YUUTHIBAJUACH MPOLECCHI
TETIOMPOBONHOCTH, 4 KOHCTPYKIMS CUMTANACH PABHO-
MEPHO MPOTPETON.

Pacuersr mokaszasm, uto kouctpykuus CB makcu-
MajJbHO HATPYXEHA HA TEHEBOM Yy4acTKe OpOWTBL
MakcuMyM HOpPMAJbHBIX HANPSKEHUN HAOII0IAeTCd B
cpemHEW yactm madHeaw. YTO KacaeTcd KacaTeIbHBIX
HANPSIXKCHUN, TO MAKCUMYyM, MOJIYUYEHHBIM IO OAHO-
MEPHOM ¥ KBAa3UABYMEPHOM METOAMKAM, HaOaomaercs
Ha Kpaw cocauHennd. MKD, B orinmume oOT mpuBencH-
HBIX BBIIIC METOAWK, TO3BOJSICT YAOBJCTBOPUTH Tpa-
HUYHBIM yCJOBUSM Ha Kpaw coeauacHud. CooTBercT-
BCHHO W MAKCUMYM HAXOAWTCH HA PACCTOSHUAW MOPSII-

d*N,
dyzk + Hi+1,yNi+I,y -
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Ka HCCKOJBKWX TOJIIWH CAOS OT Kpas COCAWHCHWA,
OJHAKO TAKXE B KpaiiHeh obaacTy manenm.

MakcumasibHblE KacaTesbHbIE HANpPSKEHUd Hab/Ir0-
JAOTCA B KJICCBBIX TMPOCTONKAX, COBMCCTHBIX C TOJIH-
WUMUATHBIM CJI0€M, OZHAKO OHW HAMHOTO MCHBIIE TPE-
Jeaa TMPOYHOCTH KJIed HA CABHI, UTO TOBOPUT O pabo-
TOCIOCOOHOCTH PACCMATPUBAEMOM KOHCTPYKLMU. Pas-
pyOICHUEC KOHCTPYKIWW, €CJAW M BO3MOXHO, TO OT
CIBUTOBBIX HATPY30K IPU OOJBIIOM KOJIMUYECTBE LIMK-
soB Harpyxenus. Ucneitanue CB npoussoacrea KHP,
nposonusitnceca 8 CKTh @TUHT HAHY, na nuxkin-
YEeCKOC HATPYXCHUE, SKBUBAJICHTHOC TOOY HAXOXAC-
nua KA Ha reocrammonapHoii opOure, He HMPUBEIO HE
TOJBKO K Pa3pyHICHWIO KOHCTPYKIWU MAHEAW, HO W K
CYIICCTBEHHOM aerpajanum c¢ cBoucTB. He ymamock
TAKXe AOOHThCH Ppa3pylIEHUs KOHCTPYKLUMH W IPU
JKECTKOM YAAPHOM TEMMOEPATyPHOM HATPYXKEHUU. DTHU
hakThl, a TaKXe pe3yabTATHl MATEMATHUECKOTO MOJE-
JIMPOBAHUS TOBOPST O BEJWKOJCTHBIX 9KCILTYATAIAOH-
HBIX KAQUECTBAX JAHHOW KOHCTPYKIIWM.

MakcumasibHblE HOPMAJIbHBIE HANPAXKEHUd Hab/Ir0-
JAOTCA B TIOJIMAMMUTHOM CJI0€, OMHAKO OHW HE OMpEac-
JISIOT TPOYHOCTh coeauneHus, CBI3aHO ITO C CyHIecT-
BEHHO 00Jiee HU3KOM IMPOYHOCTBIO KJIEEBHIX IPOCIOEK
HA CABUT TO CPABHCHUIO C MPOYHOCTHIO COCOWHICMBIX
JETAJNEH.

CpasHeHHE C pe3ybTaTaMu TECTOBOIO MOACIMPOBA-
Hus, nposogumoro mo MKD u kBazumiockoit moaeaun
JACT OCHOBAHWC CAEIATHh BHIBOA O MPUMCHUMOCTH pac-
CMATPUBACMON MOACTW IJId OMPEACTCHUA W aHAIN3A
HAC toukomneHounsix cTpykTyp CB KA.

OpnHoll 13 OCHOBHBIX 3a7au AJS KOHCTPYKTOPA SIBJg-
eTCd BOMPOC ONTMMU3ALMM Pa3pabaThiBAEMON KOHCT-
PYKIWH, OMPEACTCHNS €¢ PAUOHAJBHBIX TAapaMeTpOB.
3agaua MHOTOMAPAMETPUUECKON ONTHUMU3ALMU SIBJI-
eTCS TOCTATOUHO CJIOXHOW AJS COBPEMEHHOTO MAaTeMa-
TUYECKOTO OOECIEUEHN, a4 B HEKOTOPBIX CIyYasdx JTa
npobieMa He PEMIAETCd MATEMATUUYECKMMM METOAAMM.,
Cosnneunas Oataped B TMOJHOI MEpe OTHOCHTCH K
TAKOMY KJIACCY KOHCTPYKIUUN BBUAY HAAMuus GOIbIIO-
rO KOJAUUECTBA (QU3UKO-MEXAHUUECKUX XAPAKTEPUCTUK
BXOAMIIUX B HEE MATEPUAIOB M PA3HOOOPA3US TEOMET-
PUUECKAX TApaMeTpoB ITOTO coeamHcHmd. Inga omru-
MaabHoro mnpoektuposanus CB Heobxomumo npensa-
PUTEJBHO OMPEACANTH CTCNCHb BAWIHUS ITUX Mapa-
merpoB Ha HIC u BeipaGoraTh psaa pekoOMeHAALMI
no noadopy ONTHUMAJbHBIX MAPAMETPOB M XapakKTe-
puctuk CB.

B xauecTBC OCHOBHBIX TCOMCTPUUCCKAX MAPAMETPOB
CB npumHEMAKOTCI: JWHEHHBIC pa3Mepel maHean {(ee
IIWHA W IOWUPUHA) W TOJMIMHBI COCAMHSICMBIX CJIOCB U
kaeeBbix mpociaoek. Cymiecrsennoe Bausuue va HIIC
CBb okas3eBalOT TaK Xe& YOPYrue XapakTePUCTUKH
BXOASMWX B HEC MATCPUAJIOB COCOWHACMBIX ICTAJICH

KJIEEBBIX MPOCIOEK, T. €. MOAYJb YIPYrOCTH COSAMHSI-
eMbIX gerancii E, MOaysb CABMra KJIEEBBIX MPOCIOCK
G, xoo¢pdummeHT TUHEHHOTO TEPMUUECKOTO PACIIIpe-
Hus o u koapdumuent [Myaccona u.

PeaynpraTel mapaMeTpuueckoro MCCASHOBAHUS
(puc. 2) mokasaam, uTO MAKCUMAJbHOE BJIUSHHUE HA
capuropyto mpounocts CB okaseiBaroT reomerpuue-
CKME M XECTKOCTHBIE XaPaKTCPUCTUKUA MOTUUMUTHOTO
C709 W ABYX MPUJICTAIOMIMX K HEMY KJSEBBIX MPOC/IO-
ex. [Ipu yBenMueHWM TOIIIMHBL MOJAMUMHUAA HAGI00a-
€TCS CYLISCTBCHHOES YBEJMUCHHUS YPOBHS KAcCATEIbHbBIX
HATNPSDKEHUMA, YBEAWMUCHUE K€ TOJMIMHBI KJICEBBIX
MPOCIOEK TPUBOAUT K YMCHBIICHUIO YPOBHS ACHUCTBY-
OIMUX B HUX KACATEJbHBIX HAnpsokeHui. [lopauars HA
YPOBEHb HOPMAJIbHBIX HAMPSIXEHUI B KOHCTPYKILHMHU
MOXHO 34 CUET YBEJMUCHUS TOJIUHBI MOJUUMUTHOTO
cnos mpumepro a0 0.3 MM, UTO TPUBEAET K HEKOTOPO-
MY YMCHBIICHUIO HOPMAJbHBIX HAMPSIXKCHUI B HEM U
K YBEJUUCHHUIO KACATCIbHBIX HATIPSKEHUN, AHaaornu-
HOC BJIUSHUC OKA3BIBACT YBEIWUCHUE TOJIIUHBI CJOS
VIIEIIACTHKA, OAMXKaMIIEro K MOJUMMHAHOMY CIIOH.
[Mpu yBenuueHuM AJMHBI COCAMHCHUS HAMPSIKCHUSI B
CB acuMnTOTHUECKYU YBEAWUMBAIOTCS, CTPEMSCh K OI-
pEleSICHHOMY 3HAUCHUIO.

B urore Obliu maHbl HEKOTOPHIE PEKOMEHAALMH TIO
cozmanuio ontumanbHo npounbix nanenen CB. Tak,

7, MlNa

1 1 1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 8, MM

Puc. 2. 3aBUCUMOCTM MaKCUMAJBHBIX KAaCaTEJbHBIX HATPSIXKEHUMN
Tpax CB OT TONMIMHBI & YINEIIACTHKA, MOJUUMMIA, KPEMHUS U
crekna (@, I — yruemnactuk, 2 — nojuumua, 3 — CTeKJo, 4 -
KPEMHUN) U KACATENbHBIX HAINPSKEHUH Tp,, B KaXAOM CJIOE€ OT
touabl 8 nomuumuaa (6, I — Bepxuuit kieb, 2 — ONTUUECKUI
KJIEeH, 3 — COTOBBIN 3AIOJHUTENDL, 4 — HMXHUIN KJIEH)
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MHHUMU3UPOBATh YPOBEHb CABUTOBBIX HATPSKCHUUN B
kaeeBbx mpocoitkax CB MoXHO 3a cueT mocTaHOBKU
VIJIEIIACTUKOBBIX OOIIMBOK U MOJMUMHUIHON ILJIEHKU
MHUHUMAJBHOU TOMINMMHB M MWUHUMAJIBHO BO3MOXHOU
KECTKOCTH. Y POBEHB HATPYKEHHOCTH KOHCTPYKIUWA OT
CIBUTOBBIX HAMPSIXKEHWHA CHUXKAETCH TAKXKE MpPH Moabo-
pe marepuanos ¢ Gmmskumu KJITP,

I[loBamgaTs HA TCOMETPUUCCKHUC XAPAKTCPUCTUKHU
KJICEBBIX TPOCTOCK TSXEJIO, Oa W WX BO3ACHCTBUC HA
HIOC uesenuko. B To xe Bpems yBeamueHue MOTYJs
CABWTA W TIPEAECJa TPOUYHOCTH KJICEBHIX TPOCIOCK HA
CABUT OYCHBb XCAATCIBHO, TOCKOJBKY 3TO TO3BOJIUT
CHU3UTh ypoBeHb HanpsokeHuin B CB u yBesmnuuth
CPOK 9KCILTyaTalum.

2.3. CteHa TEPMOBAKYYMHBIX HMCIIBITAHUI
kocMuyeckux anmnaparos (CTBW)

HeoaunakoBocTh Harpesa otAcabHbIX uacteii KA B
MoJeTe, U3MEHCHUE BO BPEeMEHHM KOA(DOUIIMEHTOB mO-
[JIOMEHNS W CTETICHN YEPHOTH HAPYXHBIX €70 MOBEP-
XHOCTEW, YUET pACCCMBAHWY BHYTPEHHEU OHEPIUM —
BCe 5TO TpebyeT CnenuasabHbIX, MOAYAC BECHMA CJOX-
HBIX JKCIIEPUMEHTAIBHBIX MCCICTOBAHMIN, KOTOPHIC TI€-
1ecoo0pasHo MPOBOAUTH MIPU HA3EMHOM 0TpaboTKe Jie-
TATEJBHBIX ATMMApPaTOB ¢ MOMOIIBK) CICHHATBHBIX YC-
TAHOBOK, MMUTHPYIOMINX YCTOBHI KOCMUUECKOTO TIPO-
CTPAHCTBA.

OnmMcHBAEMBI CTECHI TEPMOBAKYYMHBIX HCIBITAHUHI
KA mpexHazHaueH mad WMHTAMUN KOCMHYECKOTO Ba-
KyyMa, XOJOXHOTO KOCMIUUECKOTO MPOCTPAHCTBA, JJICK-
tpomarauTHoit pagmauuu Connua, 3emam u anbbeno
3emam W onpenesacHusd BANSHAS JTHX (PaKTOpPOB HA
TEIJIOBOM PEXUM KOHCTPYKIMHM W anmaparypsl KA,
pasMeImaeMoro B KPUOBAKYYMHOM KaMepe CTEHAa Ha
OMOPHO-TIOBOPOTHOM YCTPONCTBE, MMUTHPYIOIIEM TBH-
xenne KA mo 3aganuHoit opbure Bokpyr 3eman [6].

B cocras crTeHma TEpMOBAKYYMHBIX WCIBITAHUHI
(CTBHN) xocMuueckux anmnapaTtoB BXOAAT WMHUTATOPHI
KOCMHUUECKOTO MPOCTPAHCTBA M CUCTEMBI, OOECIEUnBA-
OIme €ro paboTocmocoGHOCTh MPH MPOBEACHAN TEIIO-
BAKYYMHBIX WCIBITAHUN KOCMHUYECCKUX AMMAPATOB: Ba-
KyyM-Kamepa; UMHTATOP <«XOJOTHOTO» KOCMHUYECKOTO
MPOCTPAHCTBA; CHUCTEMA BAKYYMHPOBAHWS, WMHUTATOP
COTHCUHOTO W3JIyUCHUS; MMATATOP W3IyUCHUS 3eMIIn;
OMOPHO-TIOBOPOTHOE  YCTPOMCTBO; CHCTEMA  YIIpaBJic-
HUd, U3MepeHus U o0pabOTKM MAapaMETPOB AINapaTy-
pPHl CTCHAA TEPMOBAKYYMHBIX WCIBITAHWM W CHCTEMA
KOHTPOJIS MAPAMETPOB JJIEMEHTOB KOHCTpYKImu KA.

Pacmonoxenne BakyyM-Kamephbl CTEHIA — TOPH3OH-
raspHOE. Bakyym-kaMepa mpemHAZHAUCHA IS CO3Ma-
HHS 3aMKHYTOTO TEPMETHUYHOTO MPOCTPAHCTBA, B KOTO-
pPOM MMHTHPYKOTCA BHEIIHHE YCIOBUS (DYHKIIMOHUPO-

panuga KA Ha opbure (Bakyym, maayuenus ConHua,
3eman, XOJ0 KOCMHUYECKOTO MPOCTPAHCTBA), 4 TAKXKE
IS PA3MEIICHUS B HEU U CTHIKOBKHM WUCHBITHIBAEMOTO
o0bekTa (KA wam €ro TEIIOBOTO MAKETa) ¢ Y3/IaMH,
arperataMu M ApPyTUMH CUCTEMAMU M OOOPYAOBAHHEM.
OGecneueHa BO3MOXHOCTh BU3YaJbHOTO Habmome-
HUA 3a mpomeccom ucneitanuii KA. BHyTpeHHme
pazMepsl BakyyMm-kamepwi: auameTtp a0 3280 mwm,
anuHa 6725 mMwm.

Koncrpykims BaKyyM-KaMepsl U OMOPHO-TIOBOPOTHOTO
yCTpolicTBa O0ECIEUNBAET BO3MOXHOCTh MOHTAaxa KA ¢
rabaputamu 10 2 M 1 Maccoii He MeHee 200 kr. TTiockas
OTCTHIKOBBIBAEMAS KPBIIIKA KAMEPbl BMECTE CO CMOHTH-
POBAHHBIM HA HEWU OMOPHO-TIOBOPOTHBIM YCTPOWCTBOM
MOXET MEPEMEIIATECS HA TEAEKKE MO PETbCOBOMY MyTH
Ha pacctogaue 10 3 M g yctaHosku KA.

Mogenp KOCMHWUECKOTO MPOCTPAHCTBA, MOJHOCTHIO
MOTIOIIAOMIETO TEIUIOBYI0 paamamnio KA n Huuero He
W3JIYUYArOMEro HA €T0 TMOBEPXHOCTh, MPEACTABIIET Cpe-
Ay ¢ KooUIUEHTOM TOMIOMICHUS, PABHBIM CAMHUIIC
npu rtemneparype, Oamskon k 0 K. ITIpakTmuecku
Takad MOJC/b BBIMOJHEHA B BUAC JKPAHOB, TOMEINCH-
HbIX B BAKYYMHYI) KaMepy M OKPY>KAIOUIUMX UCIBITYE-
MBI 00bekT. M3HYTpM SKpaHbl HOKPHITHL KPAacKoi,
nMemen Ko3hPUIueHT MOMIONICHU IJId PAXUALNN
Conrma n 3emam He menee 0.90 (B amanazone mawH
BoaH Al = 0.3...4 MKM); CHapyXu ODKpPaHbl WMECIOT
Goablioit Koapduiment orpaxenus. [ToKpeITHE SKpa-
HOB 00J1a1ae€T HU3KOM YIPYrOCThIO MAPOB, CTOWKOCTHIO
npu obayueHHM YJAbTPAQHOJETOBOM pagManuei, mMo-
CTOSHCTBOM BO BpeMcHHM KOd(dUIMeHTa MOrIomeHus
npu U3MEHEHUIX Temreparypel. JocraTouno xopornas
WMHUTALMS KOCMUUECKOrO TMPOCTPAHCTBA AOCTHTAETCS
MMyTEM OXJIAXIACHWUS O9KPAHOB XMAKUM azorom (77—
100 K). B aToM ciayuae coOOCTBEHHOE M3JIYyUCHUE BHYT-
peHHeit moBepxHocTH 9KpaHa He mnpesbimact 0.5 Y
uznyuenus KA (mpu cpemneil ero teMmepaTtype OKoJIo
300 K w OTHOmWEHWW W3IYyYaOMNUX MMOBEPXHOCTEN
9KpaHa W COyTHHMKA He MmeHee 2:1).

CucremMa BaKyyMHPOBAaHHS, COCTOAIAd U3 Oeamac-
JSTHOU (DOPBAKYYMHON CHUCTEMBI W BBICOKOBAKYYMHOM
CHCTEMBI M3 KPUOTEHHBIX M TYPOOMOIEKYIAPHBIX HACO-
COB, OOCCMCUMBACT BHIXOX HA paboumMii pexuM a0
OCTATOYHOTO JABJCHUA B BaKyyM-KaMepe HE BBIIIC
1 mITa 3a Bpemsa ue Gonee 10 u. KonTpoas ocraTouHo-
T0 Ta30BOTO COCTABA, BKJFOUAS TA30BBIICICHWUE WCCIIE-
ayemoro KA, ocymecTBagercs Macc-CleKTPOMETPOM.

MMuTaTop COMHEUHOTO W3AYyUCHUS O0ECIEUnBacT
obanyuenne KA mOTOKOM U3AyueHMs CO CPETHENR WH-
tercuBHOCTHIO 1300...1500 Br/M* B amamasome mimu
BoaH A4 = 0.3...2.5 MKM; COEeKTpaabHOE PACIPEIC/ICHUE
MHTEHCUBHOCTH OOJIYUEHHOCTH COOTBETCTBYET CIIEKT-
pagbHOMY PACTIPEaeICHUIO0 WHTEHCUBHOCTH W3TyUYCHUS
KCECHOHOBOIT JIAMITBI, UTO JOCTATOUHO OJIMBKO K CIOEKT-
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panpaomy wuzayuenuio Cosnma. OnTtuueckas cxema
WMHUTATOPA TIO3BOJISET AOCTHUb YPOBHA CPEOHCH KBaj-
paTUUHON HEPABHOMEPHOCTH OOJYUEHHOCTH MEHEE
10 % npu uHemapanieasHocTu Jyuen menee 5°. [los-
HBIA AMAMETP NATHA OOAYUYEHHS C HOPMHUPYEMBIMU
napamerpamu — He Menee 2.2 M. OGopymoBaHue
umutatopa ConHia oGecneuMBAET HENPEPHIBHYIO pa-
00Ty B TeueHMEe HEe MeHee 3 CyT HE CuuTas BPEMEHU
BBIX0AA Ha paboumil pexxum.

Umuratop wuzayuenus 3emiu NpPEAHA3HAUCH IS
obecneuenus obsyuenus noBepxHoctn KA moTokom
UK-n3nyucHnd, TIOTHOCTH KOTOPOTO COOTBETCTBYET
CYMMAPHOI ILUIOTHOCTU COOCTBEHHOIO M OTPAXEHHOTO
COJIHEUHOIO M3/IyueHus 3eMJM Ha pacueTHoil opbure
KA. mMutaTop KOHCTPYKTUBHO PA3MEIICH HA OMOPHO-
MOBOPOTHOM YCTPOUCTBE M OPUEHTUPOBAH OTHOCUTE/Ib-
Ho KA takum o0pasoM, uTO HAMpPaBJEHME MOTOKA
WM3JYUCHUS COOTBETCTBYET HATPABJCHUIO TMOTOKA W3-
ayuenna 3emim Ha KA, maxomgmieroca Ha opOure.
KoHCTPYKTUBHO MMUTATOP COCTOWT M3 MAHCICH HATpEe-
Bareseil, o0pasyIomux MOBEPXHOCTh YCEUEHHOM UEThI-
pexrpaHHON mupamugsl (6e3 GOJBIIETO OCHOBAHUS),
Majoe OCHOBAHWE W TPAHU KOTOPOU 3aMOJHEHBI UYepHE-
HBIMU TMOJOCKAMU-U3AYUATEJAIMHU, HATPEBAEMBIMU
QJIEKTPUUECCKUM TOKOM. OddeKkTuBHAd CyMMapHas
IJIOWAAb HATPEBATENEN cocTasager He Oonee 10 9 or
o0IIelt WIOWAAM MOBEPXHOCTEN paboumx TpaHei mmpa-
muabl. Harpesatenu oObequHEHB B HECKOJIBKO JJIEKT-
puueckux ceknwmii. Kaxnas cexuusa uMeeT U3aMEpUTETh
TEMICPATyPbl, CHUTHAJBI OT KOTOPBIX MOCTYMAKOT B
CHCTEMY YIpaBJEHUS, KOTOpad 00ecrneunmBaeT moamep-
KAHME HEOOXOAMMOIO 3HAUEHHWS TEMIEPATYPH HA
KaXa0il CEKIUM B 3aBUCUMOCTH OT PEXHMMA WCIbITA-
HUI ¥ MMUTALUU B3auMHOTO pacmosoxenus CoHua,
3emuu u KA Ha ero pacuernoit opbute. Ilpu umura-
UMK OCBEIIEHHBIX YUYACTKOB OpOMTHL 0becreumBaeTcs
remwnosod nmotok Ha KA ¢ yuerom annbeno 3eman a0
700 Br/wm’.

OnopHO-IOBOPOTHOE YCTPOMCTBO BKJIIOUAET B CBOW
COCTAB JJEKTPUUECKUN TIPUBON, KMHEMATUUECCKUIA pe-
AYKTOP, MOBOPOTHYIO MIATHOPMY — y3€J KPEricHus
KA, ysen yknagkm KaGenbHOW CETH M KOHTPOJLIED
YOpaBJACHUS, PETyJAUPYIOMUIA HAMPABJICHUE U CKO-
pOCTh BpamieHus MOBOpoTHOU mwaatdopmbl. [Tosopor-
HBI y3ena kpemneHus KA ofecneumBaer OpHEHTALMIO
ocu BpameHus KA OTHOCHTEIBHO CBETOBOrO MOTOKA
umuraropa Connua nog yrmom 67.5°.

CucreMa ynpapjaeHus, U3MepPeHusd U o0paboTKu MH-
hopManuu OCYIIECTRASET PEryJUPOBAHUE CACAYIOMIM-
MM MPOLECCAMU: TIOAACPXKAHUS 33aHHOTO YPOBHS
SKMAKOTO a30Ta B CEKUMAX PAAUALMOHHOTO JKPaHa;
YIPABJCHUE MACC-CIICKTPOMETPOM; YIMPABJACHUE TMpPHU-
BOJOM OMOPHO-TIOBOPOTHOTO YCTPOUCTBA MO 3aAAHHOU
MporpamMme; U3MEPEHUE TEMIEPATYPhl U €€ TOAASpXKa-

HHE B CEKUUSIX M3JyuyaTejel mMMUTATOpa 3eMJid; YIi-
paBjcHHE CBETOBBIM HOTOKOM 19 Xe-mamm mog mox-
depXaHUd 3aJAHHOTO CBETOBOrO IOTOKA KAXXIOM JiaM-
Ibl; KOHTPOJIb 33 (DYyHKIMOHUPOBAHMEM BCeX obecme-
UMBAOIINX CUCTEM CTEHAA.

CucreMa KOHTPOJII HAPAMETPOB 2JIEMEHTOB KOHCT-
pykiun KA ofecneunBaeT u3aMepeHre TEMIEPATYPHBIX
nosaei ucneityemoro KA u mapamerpoB ero yHKIuo-
HUPOBAHHUI.

3. BOPTOBBIE 3KCITEPUMEHTDBI B YCJIOBUSIX
OPBUTAJIBHOI'O KOCMHUYECKOI'O ITOJIETA

B Hacrogmee Bpems B pamkax «[Iporpammel coBmecT-
HbIX HAYUYHBIX MCCACAOBAHUI U TEXHOJOTMUCCKUX IKC-
nepumMeHToB Ha poccuiickom cermeHTe MKC» CKTB
OTUHT apasgercd MOCTAHOBIIMKOM TPEX KOCMHUEC-
CKUX 9KcnepuMeHTOB: «Marepmaa—Tpernes, «Kume-
Hue» u «IleHra—YcranocTb». DKCIEPUMEHTH OyayT
BBITIOJIHATHCA B KOOTIEPALMK C POCCMUCKMMM OpraHm3a-
muaMu KocMuueckon orpacau [1, 3, §—10].

3.1. UccaenoBanne NEPCIIEKTUBHBIX JIII KOCMHYECKON TEXHUKHU
MarepuaioB HA TPEHUE M M3HOC B OTKPHITOM KOCMHYECKOM IPO-
CTPaHCTBE,

Ipy AJUTENBHOM HUCHIOIB30BAHMK OPOUTANBHBIX KOC-
MUUECKUX KOMIUICKCOB BO3MOXKHBI HAPYIIEHUS U OTKA-
36l (DYHKIMOHUPOBAHUS OTBETCTBEHHBIX GOPTOBBIX CU-
CTEM B pPE3YJbTATE BHIXOAA W3 CTPOd NOABUXKHBIX
conpsokeHuil. B cBa3m ¢ 5TUM OCOGEHHO BAXXKHO MOJI-
YUEHUE AOCTOBEPHOM MHEMOPMALMK O TPUOOTEXHHUE-
CKHMX CBOMCTBAX KOHCTPYKUMOHHBIX MATEPUATIOB B YC-
JOBUIX PEATBHOTO KOCMUUECKOTO TOJETA.

Lenpto mpoBegcHWS KOCMHUCCKOTO SKCICPUMEHTA
«Marepunan—TpeHue» IBAICTCH YCTAHOBJICHUC BJIMS-
HEUS (PAKTOPOB KOCMHUECKOTO MPOCTPAHCTBA HA KO-
(buLMEHTH TPEHUS U MEXAHM3Mbl M3HAINWBAHUS AHTH-
(hpPUKIMOHHBIX ¥ M3HOCOCTONKUX MATEPHUAJIOB; ONPEae-
JIEHUE QACKBATHOCTU XAPAKTEPUCTUK TPEHUSI U W3HA-
IIWBAHWS WUACHTUUYHBIX MATEPUATOB MO PE3YJIbTATAM
UX MCIBITAHWI HENOCPENCTBEHHO Ha 0OpTY MeXayHa-
POMHOM KOCMUUECKOM CTAHIMK M B HA3EMHBIX jabopa-
TOPHBIX YCIOBHAX; 4 TAKXE OMpeAeacHue TPUOOTEXHU-
UECKUX XAPAKTEPUCTUK HOBBIX AHTU(MDPUKIMOHHBIX U
W3HOCOCTOMKMX MATEPHUAJIOB U TOKPBITUA B OTKPBITOM
KOCMHUYECKOM TIPOCTPAHCTBE.

B 2003 r. coemecrno ¢ UIIM HAHY, I'KB «lOx-
moes m THIII «CnenasromaTuka» pazpaboTaH HCKmM3-
voiii npoekt KO «Marepuan—TpeHue» u OCHOBHBIC
METOANUECKUE TOJOXKEHUI MO KOCMUUECKOMY IKCIE-
PUMCHTY.
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Puc. 3. Maker MOIYJBHOTO y3Ja TPEHUsS MHOTOIO3UIMOHHOTO GOp-
TOBOTO TPHOOMETPA M MApa TPCHUS «IUCK — ILIAPUK»

OCHOBHOUM COCTABHOM YACTHIO HAYUHOW AMMApPATypPHI
ansa nposeacHus KO  gBageTcd MHOTOMO3UIMOHHBIN
Goproeoit tpmbomerp (BT), Brmouarmmmii B ceba
18 manoraGaputHbix GoproBbix Tpubomerpos (MBT).
B cocras kommaekTa GopToBOrO 0GOPYAOBAHHSI TAKXKE
BXOAAT 00pasipl aHTU(MPUKIMOHHBIX U M3HOCOCTOMKHMX
MaTEpPUaIOB /s SKCIOHUPOBAHUS B OTKPHITOM KOCMU-
UYECKOM TPOCTPAHCTBE, MHOTOKAHAJIbHAS CUCTEMA YII-
pasiaeHus paboTOil MHOIOMO3MIUOHHOIO OOPTOBOTO
TpuOOMETPA, CUCTEMHBIA MUKPOKOHTPOJLIED, MIATHOP-
Ma m1d MoHTaxa BT Ha sHemHel oGonouke MKC,
TPAHCMIOPTHBIN KOHTEUHED U Ap.

Kaxpaenit manorabapurHbii  GOpTOBOI  TpumboMeTp
npeacrasaser coboi MomyabHbIA y3ena Tpenus (MT) ¢
2JIEKTpOMEXaHuueckuM npusogoM. Ha puc. 3 mokasza-
Hbl MAaKeT MOAYJbHOTO y3/Ja TPEHUT W mapa TPEHUS,
KOTOpas MpPeACTaBageT co0oil Beayumii (Bpamamimi-
cq) obpasen, — AUCK, K TOPLUEBOM IMOBEPXHOCTU KOTO-
POro MPUXXKMMAETCS BEIOMBIN (HETIOMBUXKHBIN) oGpaser
— mapuk (WM TWIMHApWUYCCKUi wHAcHTOp). MT
BKJIIOUaeT B cebd [Be mapsl TPEHUs CKOJbXEHHS,
CUCTEMY HATPYXEHUS, JATUMKN HOPMAJBHON HATPy3KU
¥ CWIbl TPEHUS, JATUMKKA TEMIECPATYPHl U KOJMUUECTBA
000pOTOB, a4 TAKXE JJAEMEHTHI KOHCTPYKIUH.

Bribop maTepuanos nap tpenus mas KD ocyimecTs-
JETCS HA OCHOBAHUM PE3yJbTATOB HA3EMHBIX Jadopa-
TOPHBIX UCTBITAHUN B YCAOBHUSIX, MOACTUPYIOUIUX BO3-
aevicteue ocHoBHbix OKIT Ha mnpomecce TpeHus u
uzHaimveanud. g npoBeaeHus oTOOPOUHBIX MCIIBITA-
HUI WCTOMB3YIOT KPUOTCHHO-BAKYYMHBIE YCTAHOBKU
g uccaenopanmnsa tpeang Y TU-TB [11], co3mannsie
B CKTh ®TUHT HAHY.

B Hacrodmiee BpeMd IpPOBEAEH MEPBbIA HUKI TPUOO-
TEXHUUECKUX WCCACHOBAHMI IS pPIAa MaTCpPUAJIOB,
paszpaboramreix B UTIM HAHY [7]. Ucnmranusa ma-
TEPUAJIOB, B OCHOBY KOTOPBIX MOJIOXKECH MPUHIUO Ca-
MOOPTraHU3YIOIUXCS CUCTEM, a TAKXKE CAMOCMAa3bIBAKO-
mUXcs aHTU(PUKIIMOHHBIX MATEPUATIOB HA METAJLIM-
ueckoit ocHoBe (CKAM) ocyuiecTBasyiv HA yCTaHOBKE
YTU-TB B Bakyyme (0.2 mlla) mpm HOpManbHOU n
auskon (120 K) remneparypax u Ha BO3AyXeE.

IMokaszaHo, uTo TpuU CKOpocTH CKoabxenus 1.0 m/c
u HOpMasibHOUW Harpyske 25 H mnapel Tpenus wus
MaTepuasna ¢ JEMEHTAMU CaMoopraHu3anuu (Ha OCHO-
BE CUJIBHOJICTMPOBAHHONW WHCTPYMEHTAJIbHOU CTAJIN)
XApPAKTEPUIYIOTCY BBICOKOM W3HOCOCTOMKOCTBIO KAk
Mpu TPEHWM HA BO3AYXE, TAK U B Bakyyme. B ycrano-
BUBLIMUCS Mepuoa KOdDOUIUEHT TPEHUS IS ITUX
matepuanos cocrasaser 0.48 mpu TpeHum HA BO3AYXE
u 0.4 — mpu TpeHUW B BAKyyMe.

Mapst Tpenus w3 marepuaso tuna CKAM mnpu
YKA3aHHBIX BHIIIC NAPAMETPAaxX TPEHUS MMCIOT HA BO3-
ayxe koaddunuent tperug ot 0.2 o 0.3, a B Bakyyme
npu HOpMasbHou temmeparype — ot 0.13 mo 0.27 B
3aBUCHMOCTH OT cocTaBa. llpu moHMXeHWU Temmepa-
Typbl B BaKyyMe HaOJII0IAeTcd TEHAECHUMS K HEKOTO-
pOMY YMEHBIICHUIO KOI(D(hUIUEHTA TPEHUS.

B xozxe uccaenoBanuii yrouHeHbl pa3Meps oOpasLos
A1 GOpPTOBOrO TPMOOMETPA M OMPEAE/IECHB ONTHMAJIb-
HbIC 3HAUCHWUY BHCIIHUX TAPAMETPOB TpEHUSI (HOP-
MaabHAs HArpy3Ka, CKOPOCTh CKOJIbXKEHUS) /15 TPOBE-
AcHUS TpuboTexHMuecKnx mccaemosanuit Ha MKC.

3.2. IToAroTOBKA IPYIIBI KOCMAYECKUX JKCIEPUMEHTOB
«Hccaenosanue BJINSHAS MAKPOTPABUTAIMYA HA MPOIECCHI
KHIIEHUST JKUIKOTO TeJnsd, THAPOANHAMHUKY M TEILIOOOMEH

B JKHJKOM TeJiuu» Ha 00pTy MeRIyHAPOAHOH KOCMUYECKOM
CTaHIIHA

Ha ocHoBe anasmsa pasHBIX WCTOYHWKOB O COCTABE W
npuHOUNax (hyHKIMOHUPOBAHUS HAYUYHOW amnapary-
pHL OIS TIPOBEACHUS KOCMUUCCKUX IKCICPUMEHTOB TIO
W3YUCHUIO BJMSHUS MUKPOrpaBUTaLMu Ha ¢dusnue-
CKWE TPOIECCH B KPUOTCHHBIX XUAKOCTIX OMPEACTICHBI
COBPCMCHHBIC TCHACHIWM PA3BUTUSA TAKOW ammaparTy-
pBl ¥ pa3paboTaHA KOHIENIUS KPUOTEHHOTO YHHUBEP-
caapHOro pabdouero mecra (KYPM) pna BemonseHUd
COBMECTHOM POCCUUCKO-YKPAUMHCKON TPOrpaMMbl HAYyU-
HBIX uccaenosanuii Ha Gopry PC MKC.

Kpuorenasie XXuakocT, U B IEPBYIO 0UCPCAb TCINH,
B OOJbIIMX KOJMUYECTBAX IPUMEHAIOTCS B CHCTEMAX
oxJaxaeHusd GOpPTOBOM HAYUHOM ammapaTypbl. YCHem-
HO paspmBatorcd B CIIIA w HayuHBIC WCCACTIOBAHUS
BJMSHUS MUKPOTPABUTALMU HA HEKOTOPHIC CBOWCTBA
SKMIAKOrO refud. AMEpPUKAHCKUE YUCHBIE TUIAHUPYIOT
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NpoAoaXuTh 3T uccaeaosanus Ha MKC, wucnonbsys
cozgaBaemMyrw ceiuac ycranoBky LTMPF (Low
Temperature Microgravity Physics Facility).

B ycaoBusgx MukporpaBuTanuu XapakTePHBIE BpeMe-
Ha psaga (U3MUECKUX TPOIECCOB B KUAKOCTU CHUJIBHO
BO3PACTAIOT; LEHHOCTh MHOTMX HAOMIOAcHUN 00BEKTOB
KOCMHUUECKOr0 MPOCTPAHCTBA TAKXKE YBEJIMUMBACTCS C
NPOIOKUTEABHOCTBIO Tepuona HabmoaeHuii. B to xe
BpEMS$ SICHO, UTO JaJIbHEHIEE YBEJUUCHUE ATUTEIbHO-
cru KD wm pecypca aBTOHOMHON GOpTOBOI HAyuHOM
annapatypel MyTeM MPSIMOJUHENHOrO HAPAIUBAHUS
KOJIMUECTBA JKMAKOIO Ie/Ius, BBIBOAMMOrO Ha OpOUTY B
KpUOCTATE, TEXHUUCCKU HEBBIMOJIHUMO, MMOCKOIBKY
TpeOyeT yBEIUUEHUS PA3MEPOB M MACCHI IOCAETHETO
J0 HEmOMyCTMMBIX pasmepoB. Ha mnoBectke aHdS —
MOUCK TyTel ToBbIIcHUS 3(hHEKTUBHOCTH UCTIOIB30-
BAHUY KPHMOATEHTAa W amnmnaparypsl (T.€. HAyudHOTro
pe3yJbTaTa Ha CAWHUIYY MACChl, AOCTABASIEMON Ha
opOuTY), COKpalleHUus TPy30MOTOKOB B pacueTe Ha
onnu KDO.

OnuH U3 TakKux TMyTEH — MHOTOPA3OBOE MCIOJIb30-
BaHME JJEMCHTOB HAYUHOU amnapatypsl. YCTaHOBKA
LTMPF npegmonaraer mpoBEACHUE B OMHOM KPUOCTATE
2-3 K3, sareM BO3BpamecHHE KpPHOCTATa HA 3EMIIIO,
3aMeHy OTpabOTABLIMX JKCIEPUMEHTANBHBIX AUEEK HA
HOBBI KOMILJIEKT, TOBTOPHYIO 3aMpaBKy XHUAKOTO Te-
Jaus v Bo3BpaunieHue annaparypeli Ha MKC.

NASA Begerca pa3paboTKa HOBOM TEXHOJIOTAW AJIH-
TEJIBHOTO XPAHCHMS KPHUOTCHHBIX XHUAKOCTEH B YCJIO-
BUIX MHUKPOrpaBUTALMKU 0€3 IMOTEph — TaK HA3bIBAE-
mout kounenmun ZBOS (zero boiloff storage — xpane-
Hug Oe3 soikumanud). CyTb €€ COCTOMT B TOM, UTO
Mapa3uTHBIC TEIUIONPUTOKU B KPUOCTAT C KPUOTECHHOM
SKMAKOCTBIO (M TEIUIOBBIACACHUS OT TOTPY>XXEHHBIX B
SKMAKOCTh DJEMCHTOB anmapaTypbl) KOMICHCUPYIOTCS
oTOOpOM TEemaa € MOMOINBI Kpuopedpuxepatopa u
MOBTOPHBIM OXMXXEHMEM 00pa3oBaBLIErOCd MApPa.

Eme ogna HoOBag KOHUENUMS, HANpPaBJCHHAd Ha
OKOHOMHK) KPUOATEHTA, 3aK/JIKUASTCd B MaKCUMAaJib-
HOM UCMOJIB30BAHUM XOJIOAA KOCMUUECKOrO MpPOCTPaH-
CTBA /19 MPEABAPUTEIBHOIO WM JAXKe OKOHUATEIbHO-
0 OXJIAXACHWY 3HAUUTEJBHON AOJM MACChl HAYUHOU
annapatrypsl, 3amycKacMOil B <«TEIJIOM» COCTOSHUM,
T. €. HE 3aMpaBJCHHOU KPUOTEHHBIMU SXUIKOCTIMMU,

Poccuiickumu  yueHBIME QHAJIM3UPYETCS  BO3MOXK-
HOCTh TOBbITICHUS I(DEKTUBHOCTH KPUOTEHHBIX WCC/IE-
gosanuii mytem cosnanud Ha PC MKC KYPM, o6beau-
HSIFOIIETO P/ MPEAJIOKEHHBIX HU3KoTeMIeparypabix K9
B €AMHBIA KOMIUIEKC C PALMOHAJBHBIM PACXOA0BAHUEM
KpUOPECYPCOB M HAYUHON anmnaparyphbl.

KYPM gBnasiercd MOCTOSIHHO ACHCTBYIOMIECH KOCMM-
YECKOM KPHOTEHHOM sabopaTopreil ¢ AaBTOHOMHOM CHC-
TEMOM KpHOOECHEUEHNs, TIe HA CMEHSEMBIX KPHOCTA-
Tax ¢ HA0OpPOM DOKCIEPUMEHTAJBHBIX HUEEK MOXET

JJTUTEIbHOE BPEMS MPOBOAMTHCH wmmpokumii crekTp KD
no ¢u3nuke KOHACHCUPOBAHHOTO COCTOSHUS, CUJIbHO-
TOYHOM CBEPXMPOBOANMOCTY M KPHUOIACKTPOHUKE, TCX-
HOJIOTMUYECKME DKCIEPUMEHTBI MO OTPAbOTKE HIeMEH-
TOB MOINHBIX TEXHUUECCKUX YCTPOUCTB, OXJIAXKAAEMBIX
xuakum  reameM. Cosganue M (DyHKIUMOHMPOBAHME
KYPM npenycmarpuaer:

— passeproiBanue Ha Gopry PC MKC coBmecTuMoro
C CUCTEMAMM TOCAETHEN KOMILIEKCA CIyXXKeOHOro
obopyaoBaHud, OOECHEUMBAIOMIETO MEPUOAHYUE-
CKyI0 CMCHY HAYUYHOW anmaparypel W MPOBCACHUE
KD Ha Heil KpmoarcHTOM, JJCKTPOJHEPIHEH C
HEOOXOMMMBIMU MAPAMETPAMH; KOHTPOJIEM Iapa-
METPOB U Mepefauen cayxeCHOM uHGboOpMaLyu;
cbopom, 00paboTKON, XpAHEHWEM M TEPEAAUYEN HA
3ema0 HayuHOU wuHGOpPMALMKU MO Pe3yabTaTam
K3; nmakoHen, — 3aJaHHBIM YPOBHEM MUKPOrPaBU-
Taluu;

— nmocraBky Ha 0OOpT, NMEpeKauky M3 EMKOCTH B
€MKOCTh, JJUTECABHOEC XPAHCHUE XUAKOTO TEINI
C 3aMaHHBIMM TMapaMeTpaM®W COCTOSHWSA, a Ha
BTOPOM JTane — cO0Op UCIAPUBLIETOCH TEIUL, Er0
OXWXCHUEC W TOBTOPHOC WCMOJH30BAHNC B HAYU-
HOW annaparype;

— moouepenuyo gocrasky Ha PC MKC cmennoi
HAYYHOW ammapaTtypsl PasJuuyHOTO HA3HAUCHWA,
cosmecTumoii ¢ unrepdeiicamu KYPM u obecne-
UYMBAKIMINMA CUCTEMAMMU TOCACTHETO, MOH-
Tax/AEMOHTAX €€ CHJIAMM DKMIIAXa € MCIOJIb30-
BAHWEM MAHWUTYJISITOPOB.

CKTBb OTUHT HAHY c¢ yuerom BBHIIEH3IOXECH-
HbIX TCHACHIIMI BHIMOJHEHA WMHTETPAlMS HA KOHIECI-
TyaJbHOM ypoBHE poccmiickoi naeonormn KYPM, poc-
cuiicKOu HayuHo# mporpammbl K3 ¢ KpuoreHHbIMU
KuakKoctaMu ¥ paspabateiBaembix ¢ 1998 r. ykpawmn-
ckoit rpynnel KO «Mccnenoranue BaugaHusS MuUKporpa-
BUTALMHU HA KUTICHUE XUIKOTO Tejus, TUAPOIUHAMUKY
" TEII00OMEH» W KPHOTEHHON TONETHOM YCTAHOBKH
(KITY) «Kunenumes. [locaegagasa mpu 3T0M paccMaTpu-
BAETCY KaK OOWH W3 BaXHCHIMMUX KommoHeHTOB KYPM
(pabouag miomanka «OU3KNKa KUAKOCTHS) , UCIOIb3Y~-
E€MBIX HA TIEPBOM ITATC €T0 PA3BCPTHIBAHU.

Kaxngeiit KD mposomurca HA OTHEABHON SUCHKH C
UCIOAb30BAHUEM EAMHOIO KPUOTEHHOro 000pYyAOBAHUS
KITY, uto ofeInaer 3HAUNTENbHYIO SKOHOMUIO CPEACTB
W PEeCypcoB TO CPABHCHUWIO C PCaJM3AnMEH aHAJIOTHU-
HOUl TIO0 COACPXAHWIO MporpaMmbl B (DOPME HE3aBHUCH-
MBIX 9KCHOEPUMEHTOB (KAXIBI HA CBOEH YCTAHOBKE).
O6imue ocobennoctn KD o0beaMHEHHOM MPOrpaAMMBbIL:
WCTOAb30BAHNE HECKOJBKMX YPOBHEW MCKYCCTBEHHOU
MUKPOTPABATALNHN, TOJYyUYAEMOW 3a CUeT BPAIICHUS
KpUOCTATA; BU3yaJW3annsd W BUACOCHEMKA TPOLCCCOB
B KMIKOM T€JUW; UCCACAOBAHUE KUICHUS U THAPOAU-
HAMHKM KAk B OOJbIIOM 00bEME HEMOABUKHOW KWM-
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KOCTH, TaK W B TIOTOKE, ABUXYHICMCS Uepe3 KaHas.

DKCIepUMEHTAIbHBIE SUCUKU HMMEIOT PA3HYH Ieo-
METPUIO, HO COAEPXAT B TOU WU MHOW KOH(UTypauum
o0lLIMe KOHCTPYKTUBHBIE OJEMEHTHL: JJEKTPUUECKUE
TEIUIOBBIACAMIONMIME DJCMEHTBI, JATUMKH TEMIepaTy-
pBI, JaTUMKK pazHoctu aasiacHwuit u T.4. CyTh BCex KO
COCTOWT B MOAAYC TO 3aJaHHOW TporpaMMe Ha Harpe-
BATE/IM SUEUKU TEIUIOBOM MOIIHOCTU W PETUCTPALUU
MPOUCXOAAIUX BCACACTBAC DTOTO M3MCHEHUW TEMITe-
paTypel, PasHOCTU JAABJACHWI W BHEIOHEW KApPTUHBI
npomecca (T. e. o0pasoBaHWsd M ABMXKEHHUS IIAPOBBIX
My3bIPEN WM TWICHOK, MEPECTPOUMKM CTPYKTYpa ABYX-
¢ha3HOrO MOTOKA XMAKOTO Tejausd W Ip.).

Kpunorennag moserHag ycraHoBka «KumeHne» cocTo-
ut u3 Osoka ynpasaenus u perucrpauuu (BYP) u
OBYX TCAWCBBIX KPUOCTATOB — WMCCACOOBATCIBCKOTO U
pacxoguoro (PKE — pacxomHag KpHOTreHHAsS €MKOCTD)
— pasMelICHHBIX Ha COCUUaJbHOW TmIaTopMe Ha
pHemrHel cropone kopnyca PC MKC. Bo spamato-
meMcsd uccaemnoBaTeabckoM Kpuoctate (mamee BKB —
BPAILAIONIMIACA KPUOTEHHBbIM O/0K) pasMelmieHbl He-
CKOJIBKO (0T Tpex A0 MATH) gUYeeK, Ha KOTOPBIX
noouepenuo nposogarcd KD, u cucremMa BUACOChEMKH.
Yepes tpyGonposoa ¢ momolibio HacocoB B BKB Mo-
KET TOHABATBCA MOTOK HOPMAJTBHOTO CBCPXTEKYUETO
xuakoro reqmsa u3 PKE. Takum ofpaszoM pemamrcs
age mpobsemsbl: mposeaeHne KD mo TemncoOMeHy u
TUAPOAMHAMUKE TIPU BBIHYXACHHOM JBUXKCHUU XUIKO-
ro renudg u aosanpaska BKB. O0beauHeHHON HAYUHOIM
nporpammoit KO mpeaycMoTpeHO MOC/AEA0BATEIbHOS
WCTIOb30BaHME ABYX map Kpuocratoe Ha PC MKC:
OHA COACPXKUT HOPMAJIbHYIO KUAKOCTh MpPU TEMIepa-
type 4.4 K; npyras — CBEPXTEKyuyl XHUAKOCTh TPU
temmepatype 1.8 K.

Ipeanonaraerca, urto Ha kKaxaom u3 KD Oymer
nposeaeno no 4 ceanca KD: Ge3 Bpamenna xpuocrarta
¥ TIPU TPEX YIJOBBIX CKOPOCTSIX BPAIICHUS, COOTBETCT-
BYIOIIMX 3HAUEHUSIM OTHOCUTENBHOTO LEHTPOBEKHOTO
YCKOpEHUd y HOBEPXHOCTH KUMeHUS sueiku 7 = 1077,
107°, 10"*. dakTuueckuii ypoBeHb YCKOPEHUS N3MEPSI-
eTCs BO BpPEMd CCAHCOB TIO0 TPEM B3aWMHO TCPICHIN-
KYJASIPHBIM OCIM W PETHCTPUPYETCS CUMHXPOHHO C pe-
ayabratamu KO.

OcHoBHble TexHuueckue xapakrtepucruku KITY:

* 3ampasiaseMblii Ha 3emie OObeM XUIKOTO TEIUd —
250 1 (50 1 — B BKB, 200 1 — B PKE);

* MPOAOIKUTEIBHOCTh HAYUHOU >KM3HU KPUOCTATOB HA
PC MKC — go 36 cyr;

s o0masa macca KIIY — g0 310 xr (8 ToM uyuciae
sanpasiacHabii BKB — 70 kr, 3anpasacuanaa PKE ¢
tpybomnposogom — 200 Kkr);

* OPUEHTHPOBOUHBIE TralapuThl OBYX KPHOCTATOB B
cbope ¢ mwaardopmoit caapyxu PC MKC — seicoTa
2200 MM, pamaa 1800 MM, mupura 900 mm;

* OMKOBOE MOTPeOJEHHUE DJEKTPOSHEPIMH BO BPEMS
ceancoBs KD — no 300 Br; B gexypHOM pexume —
mo 100 Br;

+ 00111as TPOACKUTENBHOCTh OCHOBHOM (Da3bl CEAHCOB
KD — me Gonee 32 u;

* pecypc HECMEHAeMOM dacTu o0OpyaoBaHMS — A0
3 ner.

Onpeneneno comepxanme um 1ean K3 ¢ Xugkum
reaueM, BeimoaHgaeMbiX Ha KITY «Kunenumes.

Kocmmueckmit sxcmepumeHT «[1y36Iph» (IOCTAHOB-
muk — CKTb ®TUHT HAHY) cocrour uz asyx
YyacTeH, BBIMOJIHSICMBIX HA OOHOW SUCHKHU, W UMEET
LCABID TOAYUYNTHh BUACO3AMNWCHh MPOIECCOB pPOCTa W
OTPBIBA TIAPOBBIX Ty3BIpEW HA CAWHWYHOM MCHTPE
TY3BIPEKOBOTO KUTICHUS TPW JIOKAJBHOM TOXBOAC TETI-
ga  (cobcteerro KD «Ilyseipb») W HA COMHUYHOM
OTBEPCTHM MOH AEACTBHMEM W30OBITOUHOrO AABJEHUS
(KD «Bapborax») B HOPMAJIbHOM MJM CBEPXTEKYUEM
KUAKOM TECJTHAM.

Kocmuueckuii sKkcrepuMeHT «ABTOBOJIHA» (mOCTa-
noeumk — CKTBb OTUHT HAHY) cocrour uz asyx
yacTel, BHINOJHIEMBIX HA OgHOM DY, m mMeer meapio
TMOTYYNTh OMBITHBIC JAHHBIC O HATIPABJCHUM W CKOPOC-
TN JBUXCHUA TIO TMOBEPXHOCTH KWMCHUS TPAHWUIIEI
Mexay o0JacTIMM C My3bIPHKOBHIM U IJIEHOUHBIM
peXXuMaMu KUTICHUS HOPMAJBHOTO XUAKOTO TCIW.

Kocvmueckuit axcmepument «[lieHka» (mocTaHOB-
MUK — MOCKOBCKUI SHEPreTHUECKUN WHCTUTYT, Poc-
CHS) MMEET LEJbI IMOJYUYUTh ONBITHBIE AAHHBIE 00
YCJIOBUSX BO3HMKHOBCHMM (pacnaga) v AMHAMUKE Ma-
posoit mwienku B CT XHUAKOrO resusd U 0 TEMIOOOMEHE,

Kocmnuecknit skciepumenT «miysnbe» (mmocTaHOB-
UK — MOCKOBCKHIT MHXXECHEPHO-(PU3NUCCKUIT MHCTH-
TyT, Poccug) mMmeeT meapo MOIyuYuTh ONBITHRIC AAH-
Hble 00 YC/IOBMEX M BPEMEHAX 3aAEPXKKH BO3SHUKHO-
BCHUY MY3BIPHKOBOTO W TUICHOUHOTO PEXWMOB KUTIC-
HUS HOPMAJBHOTO XUAKOTO TS TPW PA3TAUHBIX
pPEXUMAX «yHAPHOTO» TEIIOMOABOAA K TMOBCPXHOCTH
KUTICHAY.

Kocmmueckmit skcnepumenT «Ilopa» (TOCTaHOBIOWK
— MWuctutyr BhicOKMx Temmneparyp PAH, Poccua)
HMMEET LENbIO MOJYUUTh ONBITHBIE TAHHBIE O TEILIO00-
MCHE W pasMepax TMAapoOBHIX My3bIPCH B HOPMAJBHOM
XKUAKOM TCAWW, KUMSIEM HA TOBEPXHOCTIX C pas-
JUUHBIMA TCOMETPUUCCKUMU XaPAKTECPUCTAKAME TIO-
KpBITHS.

Kocmuueckmit sxcmepument «Kpumomarucrpaabs
(mocraHoBIMK — LlcHTpanbHBIN HAYYHO-MCCACOOBA-
TEABCKUN WHCTUTYT MAmMWHOCTpoeHUd, Poccua) cocto-
uT U3 AByX uacrteii — «Kpuomarucrpans-1» u «Kpuo-
MarucTpasib-2», KOTOPHIC Pa3auyaloTCs JWINb Tapa-
METpaM¥W XUAKOTO TEAWS, TONABAEMOTO HA BXOO B
KaHaJ moA M30BITOYHBIM AABJEHUEM 4epe3 TPyOompo-
Boa 3 PKE, u cOOTBETCTByIOMMMI CPEACTBAMU M3ME-
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penus: B KO «Kpuomarucrpasnb-1» ucnosb3yerca HOp-
MaJbHBINA XXUAKUU renuit ¢ Temneparypou 4.4 K; B KO
«Kpuomarucrpanb-2» — CBEPXTEKYUM XUAKUN TEIUI
¢ remneparypoii 1.8 K. Lleap kocMuueckoro skcnepu-
MEHTA — TMOJLYUYUTh ONBITHBIE JAHHBIE O TEMIOCOOMEHE,
TUAPABIAYCCKOM COTPOTUBJICHUN W PEXUMAX TCUCHUS
OqHO- ¥ ABYX(hazHOTO TOTOKA >XHUAKOTO Teaus Tpu
Pa3sIMYHBIX MACCOBBIX PACX0Aax.

B xocmmueckom akcmepuMeHTe «Paneits (mocTaHoB-
muk — OTUHT HAHY) npeagnosaraercda wmccaemo-
BATHh BJNIHUC MHUKPOTPABUTALINYN HA YCJIOBUS TEPEXO-
ma (TIOJIOXXEHNE TPAHWIB) MEXOY PeXuMaMu KOHIYK-
TUBHOW ¥ KOHBCKTUBHOM TCIIOOTAAYN K HOPMAJBHOMY
KUAKOMY TEJTHTO.

B xocmmueckom skcmepumeHTe «Paccnoenmes (rmo-
cranopimuk — OTUHT HAHY) mpeamonaraerca mcc-
JIEAOBATh XapakTep (Da30BOr0 PacCAOCHHUS W MEXaHU3-
MOB pocTa 3apombimeii B pacrsopax “He — *He mpm
mukporpasutaiuu B obaactu temneparyp 0.3...0.8 K,
KWHETUUECKUE XapaKTepUucTUKu (DA30BOr0 mepexona u
YCJIOBUS CYIIECTBOBAHUA METACTAOMIbHBIX PACTBOPOB.

B kocmuueckom skcnepumenTe «CpbiB» (MOCTAHOB-
muk — OTUHT HAHY) Oyayt usMepeHbl Xapakrte-
PUCTAKW TIJICHKW CBECPXTEKYUETO XWUAKOTO TCAWY W
XapaKTEPUCTUK KPUTUUCCKOTO TCILUIOBOTO TOTOKA TIO
TCAMCBOM TUICHKC MPW MUKPOTPABUTALINN.

Kocmuueckmii okcnepuMmeHT «KoHBek1msa» (1mmocra-
HOBIMK — WHCcTUTyT mpobsem mexanuku PAH) coc-
TouT U3 AByX uacreu. B mepeoit uz aux (KD «Konsek-
uusg-Mera») WIAHUPYETCT SKCIEPUMCHTATBHOE MCCIC-
JOBAHUE OCHOBHBIX KPYIHOMACIITAOHBIX XapaKTEpH-
CTUK KOHBCKIWHW W TPOIECCOB TEMIOMEPEHOCA, TCMITC-
pPaTypHOTO pACCAOCHWY W YBCAWUCHWE IABJICHUSA B
o0beMe KpHOCTATA € KHAKUM reaueM. Bo BTOpoOM
vactu (KD «Konsekuuga-Mukpos») mnpenmonaraercs
TPOBECTH SKCMEPUMCHTATBHOE MCCACAOBAHNE BAUIHUAS
pPasIMYHBIX YPOBHEH MWKPOTPABUTALMY HA OCHOBHBIC
XapakTepuCTUKN KoHBekOun tnna Penca — Denapa B
KUAKOM TEeAW, HAXOAIIMEMCS B HOPMAJBHOM WA
CBEPXTCKYUCM COCTOSHUM, 4 TAKXKE B OKOJIO- W 3aKPH-
TUYCCKOM TCPMOOWHAMUUCCKOM COCTOSIHWW, MTPU KOHT-
pOIMPYEMOM MOABOAE TEIIA K IpaHuIEe 0ObeMa.

Kocmuueckmit sxcnepument «CopOuusa» (IOCTAHOB-
MUK — MOCKOBCKUI SHCPTETUUCCKUNM WHCTUTYT) WME-
€T LCAbI W3YUCHWE BJINSHUS MUKPOTPABUTAIWN HA
3aKOHOMCPHOCTY TIOBCACHWA TOHKWX TIJICHOK TN,
chOpMHUPOBAHHBIX MyTeM COpPOLMM M3 rasa, mpu A-me-

pexone.
Kocvmmuecknit sxcniepumenT «Harnoknacreps (mmocra-
HOBUIMK — WMucTutyT dmsuku tBepaoro teaa PAH)

MMECECT LCABKD M3YUCHUC BJAWUIHUC MHUKPOTPpABUTAINA
HA CBOMCTBA OPUMCCHBIX HAHOKJ/IACTCPHBIX KOHACHCA-
TOB (resiei), KOTOpbie O0pasyloTcd MpHU KOHAEHCALIMU
MOTOKA Ta3000pa3HOTO TEIMs ¢ MPUMECHK) TAPOB HCC-

JICIyEeMOTO BCIIECTBA B CBCPXTEKYUEM TCIIUU.

[MapanrensHO ¢ BHIMMOJTHCHUEM TTPOTPAMMBL TICPCUNIC-
aenabix KD Ha KITY «Kunenue» GyaeT mpoUCXOOUTh
passepreiBanue KYPM (mocraska wa PC eme asyx
paGounx IUIOIAAOK — g MCCAEAOBAHUS MOIIHBIX
CBEPXMTPOBOAIIINX MATHUTHBIX CHUCTEM W IS TTPOBCAC-
HUS TIPCOM3NOHHBIX W3MCPCHWH C WCMOAb30BAHNCM
OXJIAXKIAEMBIX XUAKUM TeaueM npubopos; obopyaosa-
Hud 11 c00pa ¥ MOBTOPHOTO OXMXKEHHUI Teausd U T.J.)
¥ MOCTENCHHBIM MEePexod OT JOCTABKU ¢ 3eMJIM CMCH-
HOW HAyUHOW annaparypsl, 3ampaBJCHHOW XWUAKUM
reJueM, K gosamnpaske annaparypel Ha 6opry MKC or
JOCTABASEMON ¢ 3eMJIM TPAHCIOPTHOM EMKOCTH C KU~
KAM TCJAWCM W, HAKOHEH, K TOJHOMY PEIUKJIWHTY
xunkoro reand Ha KYPM.

Oxumaercs, yTO HOBBIM MOAXOA K CO3AAHUIO HAYU-
HOW anmapaTypsl, MHTETPUPYIOMINI HOBBIC TCHACHITNH,
MO3BOJAT 3HAUNTENBHO MOBBICUTH I(PHEKTUBHOCTH WC-
TMOBb30BAHUS XUAKOTO TEANd W HAYUYHOU amnmapaTypsl
Ha Gopry MKC.

3.3. Uccaenopanue BIMIHHAS (DAKTOPOB KOCMHUYECKOTO
MPOCTPAHCTBA HA LMKJIOBYIO JOJTOBEYHOCTh MAaTepuajos
B YCJOBHUSIX PeajJbHOT0 KOCMHYECKOTO IOJIeTa.
Kocmugecknii akciepuMeHT «IleHTa— Y CcTajocTe».

Kocmuueckuit skcnepument «lleHTa—YcraaocTs»
noapoGHo onmcan Hamm B pabore [8]. B macroamee
BpeMH MOATOTOBKA SKCHepI/IMeHTa HpOXOZ[I/IT CTaAaUuO
ICKU3HOTO HpOGKTI/IpOBaHI/IH " MaKeTI/IpOBaHI/IH Hayq—
HOM anmapaTypbl U IPOBEIEHUS HA3EMHBIX OTOOPOU-
HBIX WCCACHOBAHWN MATEPUAJIOB B YCIOBUIX BO3ACHCT-
BUS «UCKYCCTBEHHBIX» (DAKTOPOB KOCMOCA.

4. PABPABOTKA BOPTOBBIX CUCTEM OXJAXIEHUSA

B mocaemamne tpu-miare ger CKTB OTUHT nposomur
pabGoThl 1O CO3AAHME) KPUOTEHHBIX OXJIAAWUTENEH Ma-
JIOW TIPOU3BOTUTENBHOCTH, PAGOTAIOINUX O 00paTHOMY
uukiay CTHpAMHIA, KOTOPbIE MOTYT OBITh UCHO/Ib30BA-
HBl B KOCMHUYECKOW TEXHWUKE W TEXHOJOTHH.

PaGoTbl BeayTcd MO TPEM HAMpPABICHUIM:

— cucrembl oxyaxacHus npu Temmneparype 100 K u
HUXKE, MPOU3BOAUTEIBHOCTHIO OT 5 mo 20 Br gaa
ofecneyeHns SKCHOEPUMEHTANBHBIX MCCAEA0BAHUN
MATEPUATOB B BAKYYMHBIX KAMEPAX, WMUTHPYIO-
OMX KOCMHUYECKOE TIPOCTPAHCTBO;

— KOMOMHUPOBAHHBIE CUCTEMBI OXJIAXIAEHHUSA C TEp-
MOAKKyMyJagTOpaMu Ha (DA30BBIX MEPEXOmax W
AKTHBHBIMHU TEHEPATOPAMH XOJIONA;

— aBTOHOMHBIC OXJIATUTECIM TTHPOKOTO TIPUMEHEHWS,
B TOM UYMCJE AJ89 KOCMHUYECKOTO MpubopoCcTpoeHHMs.
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TeXHOMOTHUECKUE CUCTEMBI OXJIAXICHUS YBEINUCH-
HOM XOJOMOMPOU3BOTUTCIBHOCTH TO3BOJIIOT YUTH OT
HCTIOB30BAHMS XHUAKOTO A30Td B MCCACTOBATEIBCKUX
YCTAHOBKAX, PACIIUPUTH AMAMA30H pabouux Temiepa-
Typ Ha obmacte Huxe 78 K, ympocturh cucremy
ABTOMATHMYECKOTO PETYJTMPOBAHMS TEMIICPATYPBI OXJIAXK-
naeHud. Takuwe CUCTEMBI MOTYT HCIONB30BATHCA TAKXKE
s obecneueHns paboThl CUCTEM KPUOBAKYYMHOTO 00ec-
neyeHns A1 ToAyueHud 0e3MacagHOIO BaKyyMa.

B cBoux paspaGoTkax Mbl KCHOJb3YEM HAKOIJIEH-
HBIA ONBIT MO CO3JAHUIO OE3MACIAIHBIX MOPIIHEBBIX
KOMITPECCOPOB € POTAIMOHHBIM TIPUBOAOM ¥ BHIHECEH-
HbIE oxJaauTenn, paborawoime o craut-cxeme CTup-
guara. [lprueM MBI UCTIONB3YEM KAK OXJATUTEAN ¢
AKTHBHBIM TIPHBOIOM TIOPITHSA-BBITCCHUTEAS, TAK W
TMacCUBHBIC (PE30HAHCHBIC) MAIMWHBL KoMIpeccopH,
KaK TPABHIO, WMEIOT OJCKTPONMMUTAHUE OT TIPOMBIII-
JeHHou cetu 3-dhaszHOre nepemMeHHoro Toka. Takwe
KOMIIPECCOphl 00/1aAalT 3anacoM MOIIHOCTH IPUBOAA,
uTO 00ECIEUNBAET MOBHIIIECHUE OOBEMHON TPOM3BOIN-
TEJABHOCTH, MO0 YBEIMUEHUE IJIMHbL COEAMHUTEBHBIX
TPyOOIPOBOAOB OT KOMIIPECCOPA K OXJIAAUTEND 10
0.5...1 M. IorpebageMas MOIIHOCTh KOMIIPECCOPA CO-
crasaser 200...2000 Br, a x0101001pon3BOAUTEIBHOCT
oxyjagureas — ot 2...5 mo 40 Br.

IMposogarca paGoTel MO KMCHOAL30BAHUID TOTXOOHBIX
CXEM JUII TIONYUCHUS KPHOTEHHBIX TEMIEPATyp € TO-
MOUIBIO MYJIbCALMOHHBIX TPYOOK.

IIpu paspaGorke ObLIO MCCAEIOBAHO BAUSHUE PE3O-
HAHCHBIX XapaKTEPUCTHK OXJIAAUTENCH HA TEMIIEPATY-
py W TIPOM3BOOMTEIBHOCTh OXJIATUTEACH B ITHPOKOM
AMATIA30HE PEATM3YEMBIX YIJIOB ¢ABHUTa (DAa3 OXJIaaANTE-
JISl ¥ KOMITPECCOPHOTO TIOPIITHS.

ITo aBTOHOMHBIM OXJIAAMTENSIM OCHOBHBIE PAaGOTHI
OblIM CBA3aHBI C OTPAOOTKOM CILIUT-OXJIAaAUTENEN, pa-
Goratomux mo obpataomy umkiay Crupimera, ¢ yue-
TOM BO3MOXHOCTH WX HCTIOJb30BAHUSA B KOMILIEKCE C
TEPMOAKKYMYIATOpAME TUTABIACHUSA. [lpm 2TOM pac-
CMATPHUBAJIOCh IBA TIPUMEHEHUS CHCTEM:

— WKCIOJb30BAHUE TEPMOAKKYMYJIATOPA A1 paboThL €
00beKTAMM, UMEIOLIMMY U3MEHIIONIYIOCS TEMI0-
BYK) HATPY3KYy, TEPUOTMUECKH TIPEBBIIIAIONLYIO
XOJOXOTIPON3BOANTEIABHOCTh AKTHBHOM XOJIO-
JWJIbHOW MAIIWHBI;

— WCMOJB30BAHUE TEPMOAKKYMYJIATOPA IS HAKOT-
JIEHUS XOJIOAA [J/I9 MEPUOAMUECKON PabOoThl CHCTE-
MBI C BBIKJTIOUEHHON AKTUBHON MAIIWHOM.

IMocnennmii pexxum oOECIEUNMBAET SKOHOMUIO PECYP-
ca paboThl XOJOAMIBHON MALIMHBI, MO3BOISET BECTU
paboTy anmapaTtypsl ¢ HOHMXXEHHBIMU MEXAHUYECKUMU
M SJEKTPOMATHUTHBIMU LIyMAMK OT paboThl IpPUBOAA,
a Takxxe oOECIIEeUMBAET HENPEPHIBHOCTb paboTHl amma-
paTypsl Mpu MEPEXOAe HA PE3EPBHYIO CUCTEMY OXJIaX-
JCHUS.

COOTBETCTBEHHO Y HAC MPOBOAATCA PabOTHL 1O ABTO-
HOMHBIM OXJAZUTEJIM Mpom3poguTeapHocThi0 0.5...4
Brc BCTPOCHHBIMHU M BHIHCCCHHBIMHA B IMOPINCHL-BLITCC-
HUTETb percHeparopamu. [lpmueM wmcmosp30BaHWE B
CXEME BBIHECEHHOTO PEreHepaTopa o0ecrneuyrBaeT TEm-
JIOBYIO PA3BA3KY TEPMOAKKYMYJAATOPA M XOJOAUIBHOU
MAIIUHBI HA BPCMS BLIK/ITHOUCHU S HOCJIGZ[Heﬁ.

Ipu paspaGoTke OXJAAUTENEN MPOBENEHO UCCIENO-
BAHMWE JUHEHMHOTO MArHUTHOTO MPUBOAA KOMIIPECCOpa,
MPOBEPEHBl BAPUAHTHI OXJAAUTENS € TMACCUBHBIM (pe-
SOHaHCHI)IM) 1 AKTHUBHBIM IMIPUBOAOM IIOPINHI-BBLITCC-
HUTEJTI OXJIAAUTCIS, UCCACAYIOTCS BOTPOCH CHVKCHUS
MAacChl M SHEPromoTpebaeHnsd, a TAKXKE YPAaBHOBEIIU-
BAHUI MOABUXHBIX MACC MAIIWUHBI.
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GROUND-BASED AND ABOARD INVESTIGATIONS

OF MATERIALS, PROCESSES, AND DESIGNS

OF THE ROCKET-SPACE ENGINEERING. CREATION OF
ONGROUND GROUND-BASED SIMULATION EQUIPMENT

R. V. Gavrylov

We consider some scientific, research, experimental and design
efforts achivements recently gained by SRDB in the fields of the
space factor influence on thermal radiation properties of the covers
used for «radiation» cooling of space vehicles, of computer simulation
and account of thermal conditions for a spacecraft, of creation of
test-benches for simulation of space factor influence, of arrangement
of space-borne experiments, and of developments of space-borne
cooling systems.
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00LIMBOK COJIHEYHBIX Oarapeii KA

npn JJINUTECJIbHOM BO3J€ENCTBNN IMOTOKOB

ATOMAPHOIO KucJaopoaa
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Pospobaieno npoueaypy ta texHiune zabesneueHns hisUKO-XiMiUHOrO MOJEJIOBAHHS, TPOBEJEHHS MPUCKO-
pEHMX PECYPCHMX BUNPOOYBaHb Jerpajailii BaArOBUX, T€OMETPUUHMX TA TEPMOONTHUUHUX XAPAKTEPUCTUK
nosiMepHux Marepianis KA mig uac tpusasoi aii Haf3ByKOBHX IIOTOKIB aTOMAapHOrO KMCHIO y ioHOccepi
3emuti. OTpUMAHO 3aJIEXKHOCTI XapaKTePUCTUK MOJIiMiTHUX IUTIBOK Ta BYIVICILIACTUKY Bif iHTErpajbHOrO
¢iII0eHCY ATOMAPHOTO KUCHIO.

BBEIEHUWE kucaopona. CiaemcTBueM €ro BO3ACHUCTBUS HA MATEPH-

Ipobaema obecneveHus AIUTEILHOIO (DYHKIMOHMPO-
BaHud kocMmmueckux anmnapatoB (KA) Ha Hu3Kux u
cpenHux opOuTax TECHO CBA3aHA ¢ mpodsaeMoil obecne-
YCHUS CTOUKOCTH MATCPUATIOB M TMOKPHITAN HAPYKHBIX
MOBEPXHOCTEN ODJIEMEHTOB KOHCTPYKUMHU K BO3ACUCT-
BHUK) OKOJIOCILyTHUKOBOM cpenbl. [lpu opOuranbHOM
ckopoctu U, =~ 8 KM/C NOBEPXHOCTH JJIEMEHTOB
KOHCTpyKumii KA WCHBITBIBAIOT BO3ACHCTBHAE TOTOKA
YACTHUIL HOHOCHEPHON paspeXeHHON waasMbl, Kuneru-
yeckad JHEPrWS YACTUL, B 3aBUCUMOCTH OT MAaCCHI
cocrapager ot 0.3 mo 10 5B. IIpeobaamarommm XuMu-
UYECKUM KOMIIOHEHTOM MOHOChEepbl 3eMJii, OKa3bIBAKO-
AM OMPEACAIIONIEe BAUIHUC HA AETPAJALMIO OCHOB-
HBIX KJIACCOB KOHCTPYKUMOHHBIX Martepuasor KA Ha
peicorax or 200 mo 700 kM, gBASETCS ATOMAPHBIN
kucaopon. MexaHmsMm pa3pymicHus MaTepuaaoB Ha-
pyxHbiXx moBepxHocTel KA CBS3aH KAk MUHMMYM C
JABYMS BUAMU BO3ACUCTBUS: (PUBUUSCKUM PACTBLICHM-
€M W XWMHWUYCCKUM TPABJCHUEM ITOTOKOM ATOMAPHOTO

© B. A. LIYBAJIOB, B. I TUXWiA, A. H. MPUIAMAK, 78

U. A. TYCAPOBA, H. U. TIMCBMEHHDLIN, H. A. TOKMAK,
H. 1. PE3HUYEHKO, C. B. HOCUKOB, I. C. KOUYBEM, 2005

asbl maHeseh conHeunbix Oarapei KA asasiorca:

* YHOC MAcCH C TTOBCPXHOCTH MATCPUATIOB;

* U3MCHCHUE TEPMOOTTUUCCKUX CBOMCTB MOBEPXHOCTH
MarepuaaoB (KO(PEPUINEHTA MOVIOMCHUS COTHEU-
HOTO WM3JIYYCHUS ¢, U WHTETPAIbHON M31y4aTeabHON
COOCOOHOCTH €);

* CHUXCHHUE 3JJCKTPOTPOBOAHOCTH MCTAJIAUCCKUX
KOHTAKTOB W3-3a OKWCJICHWS;

* U3MeHeHue PU3NKO-MEXaHUUSCKUX CBOUCTB MaTepu-
a7oB B PE3yabTATE 9PO3WUM MOBEPXHOCTH.
WNndopmanua o6 M3MeHEHMM CBONCTB MAaTEpPHAJIOB

HapyxHbX ToBepxHocteln KA wm3-3a BosaciicTBusg mo-

TOKA ATOMAPHOTO KMCIOPOAA MOXET OBITh MOJYUYEHA

MPAKTAUECCKA TOJBKO OSKCICPUMCHTANBHO — TIO pe-

3yJABTATAM JIETHBIX WU CTCHAOBHIX McnbiTanuit, OTHO-

CUTEABHAS CJIOXHOCTh W BBICOKAS CTOMMOCTH HATYp-

HBIX WCOBITAHWN HC TO3BOJIIOT CUMTATHh WX TPUCMIIC-

MBIM CPEACTBOM A ACTAJBHOTO M3YUCHUS BIAUIHUS

Kucgopona Ha marcpuassl. [losTroMy mpm moCTpocHUH

Moesei B3ammopencTeud KA ¢ OKOMOCTyTHUKOBOWM
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CPEmoil MPEONmOUTEHNE OTAAETCS MOAEJBHBIM CTEHIO-
BBIM DKCIepuMeHTaM. Takue UCCAETOBAHUS IO3BOJIS-
0T M3 MIUPOKOTO CIEKTPA IPOLECCOB, MPOTEKAIOIINX
Ha opOuTe, BHIAEIUTD OCHOBHBIE, M3YUMTh UX MPUPONY,
MPOBECTH TIAPAMETPHUCCKHH aHaam3 1 chopMyIHpo-
BaTh yTOUHeHHbIE Moaeau [16].

Lenpro gapHONM paGOTH IBALETCA MOACIMPOBAHUE
JUTUTEIBHOTO BO3AEUCTBUAY IMOTOKA ATOMAPHOTO KHCJIO-
poma moHOCEPH HA MATCPHUAJB HAPYKHBIX MOBEPXHO-
creit KA u oIleHKa Aerpagaiuy BECOBBIX M TEPMOOIITH-
UECKHX XAPAKTEPUCTHK MOJMMEPHBIX MATEPHAJIOB 00-
MIMBOK TMAHEJEH COJHEUHBIX OaTaped m3-3a JJIATEIb-
HOTO BO3AEHCTBHUS BBICOKOCKOPOCTHOIO IMOTOKA YACTHY-
HO MOHH30BAHHOTO KHCJIOPOAA.

YCJIOBHUS OU3UKO-XUMUYECKOI'O
MOJEJUPOBAHUY B3AUMOIENCTBUL KA
C ATOMAPHBIM KHNCJIOPOAOM B NOHOCOEPE

CrenpoBoe ((PM3MKO-XMMHUUECKOE) MOACJMPOBAHKUE W
MMHTALAS BO3ACHCTBHA TTOTOKA KHCIOPOIA HA HAPYX-
HBIC TOBEPXHOCTH KA Ha opOuTe OMPEREaIeTCI yCao-
BUSIMM PABEHCTBA CKOPOCTEU WM JHEPruil MpU UACHTUU-
HOCTH COPTa 4acTul, OoMOapAUPYIOLIMX MOBEPXHOCTD:

Uy=Uy, (D
iW 1]
MOUI%/I — MOU% (2)
2 2
U UHTErpasbHbIX (hIIOCHCOB
FOD = F0, 3

WM TTOTOKOB KUCIOPOAA
(M _ qH
o5Vt = OV, 4
rae uHAeKCH (M) u {N) COOTBETCTBYIOT YCJIOBUSM

CTEHJOBOTO MOAEIMPOBAHUA W YCJOBMAM Ha opouTe,
2
U, = 8 xm/c, MU/2 = 5 9B, M, — macca atoma

xucaopoma, @4’ = NUP-U, — mnnorHocts motoka
H

(dhsroeHC) KuCa0pona, N§,> — KOHLEHTpALUUsI aTOMOB

KWCIOpOAa; f; — BpPeMd KOHTAKTa ra3a € MOBEPX-

HOCTBIO.

3uauenus rogosoro doeHca P’ aToMOB KMCAOPO-
aa, GomGapaupymommx noBepxHOCTh KA, npuBeneHbl
Ha puc. 1 [4]. KpuBas / COOTBETCTBYET HOMHHAIbHBIM
(CTaHZAPTHBIM) YCAOBHUSM COJHEUHOW AKTUBHOCTH, 2
— MAaKCHUMyMy COJHEYHOU aKTWBHOCTH, 3 — MHUHUMY-
My COJIHCUHON AKTHMBHOCTH., ATOMAapHBINl KUCIOPOX B
nonocpepe 3emm HA BRIcOTax or 200 mo 700 kM
uonuzosan. Kpuseie 4, 5 puc. 1 npeacrasiasior 3aBu-
CUMOCTH CTETICHM WoHW3aumm Kucaopoma & = Nt/ N,

1.0 0.01
h, Km T

600

400}

200

1018 1017 10 102" @, cm2ropg™

Puc. 1. 3aBucumocts duiroenca <I>£,H) (CTIUTOITHBIE KPUBBIE) U CTEIE-
HU MOHM3AIMU { (IITPUXOBBIE) ATOMAPHOTO KUCJIOPOHA OT BBICOTHI:
1 — uHOMHHAJBHBIE, 2 — MaKCUMAJbHbIE, J — MHUHUMAJIbHBIE
YCJIOBUY COJHEUYHON AKTUBHOCTU;, 4 M 5 — HOMUHAJIBHBIC YCJIOBUS
COJIHEUHOM aKTHMBHOCTH (HOUb U JIEHb COOTBETCTBEHHO)

(4 — HOUb, 5 — JEHB) WIS HOMUHAJBHBIX YCJAOBUM
cosiHEUHON AaKTHBHOCTH. CTEINEeHh MOHU3AUUH KHCJIO-
poma Ha BeicoTax ot 200 mo 700 kM xonebmerca oOT
10~ mo 107" [4].

DOu3NKO-XUMHAYECCKOE BO3OCHCTBHE KHCIOPOAA HA
MaTepuasabl U TOKPHITAS B MOHOC(EPE XapaKTEPU3yoT
B3aMMOCBI3aHHBIE TPOIECCH OOMEHA OJHEpruei, mac-
COM M 3apaA0M MEXIY YACTUMIAMU HAGEraromero moTo-
KA ¥ HOBEPXHOCTHIO, BKIKUYAL XUMHAUCCKHIE PEAKIINH B
ancopOUPOBAHHOM M IOBEPXHOCTHOM CJIOSX B YCAOBU-
ax OECCTOJKHOBHATEABHOrO o0rekanma KA.

ITonoxureapHbIE MOHBI KHCJIOPOAA C SHEPTHEH OT 5
10 10 5B BRIIOJHSAIOT POJIb PAXUALAOHHO-XUMUUECKOTO
akTmBaTopa Ha moBepxHOcTH Marepuaaos KA. ITpupo-
Ja TAKOro B3auMMOACHCTBHUS CBY93aHA C HeUTpaamusa-
UMEN MOHOB, MPUBOAAIIENA K BO3OYXAESHHUIO B MOIYIIPO-
BOOHMKAX M AUDJICKTPHUKAX JJICKTPOHHO-IBIPOUHBIX
map, JOCTATOYHO AOJTO COXPAHMIONIMXCI B IOBEPXHO-
CTHOM CJI0€, TOJmmHOM He MeHee 10 aTOMHBIX MOHO-
ciaoes [1].

B ycaoBugax 6eCCTOMKHOBUTEIBHOTO OOTEKAHUS e~
MeHTOB KoHCTpyKumi KA motokom moHochepHoi paspe-
JKEHHOM TLIA3MBI ¢ BEPOSITHOCTBIO, OM3KOW K EAWHHUIIE,
HEIOCPEACTBEHHO € MOBEPXHOCTHIO MaTepuaioB KA Bza-
UMOACUCTBYET HEWUTPAJBHBIA ATOM KUCJIOPOAA C SHEP-
rmeil MOHA B MOMEHT Hehrpaymsaouu [3, 9, 10, 14].

Bim3zocTh mpomeccoB PU3NKO-XUMHUECKOTO B3aMMO-
OEHCTBUSI B CHCTEMAX MOH — TBEPHOC TEIO M HEUTPAJI
— TBEPOOE TENAO MOATBEPXKAACT OJM30CTh 3HAUCHUN
K02(hhUIMEHTOB aKKOMOAAUY UMIYJIbCA W DHEPIUU U
KO(p(PUIMEHTOB TETEPOTEHHOM PEKOMOMHALIMKA ATOMOB
M HMOHOB KHUCIOPOAA M a3oTa Ha OGombGapaupyeMbix
mosepxHocTax [5, 14, 16].

Boinonnenue yenosuii (1), (3) mpu OeccTOIKHOBH-
TEJBHOM OOTEKAHMM TIOBEPXHOCTEM TBEPAOLO TEJIA
CBEPX3BYKOBBIM TMOTOKOM UACTUYHO WOHU30BAHHOTO
KUCJIOPOAA O0ECHEUMBAET MOACAMPOBAHUE W MMUTA-
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B. A. Illysanos u ap.

UK MIPOIECCOB (PMBUUECCKOr0 (IMHAMUUYECKOTO) M XH-
MHWYCCKOTO B3aWMOACUCTBHUSA MATCPUATOB HAPYKHBIX
MOBEPXHOCTEH € KHUCAOPOAOM B moHOocepe 3emiam.
MogpenampoBanne yCAOBUN AMWTEIBHOM ISKCILTyaTALWHN
KA Ha opbute mpeamosaraer MpoBeacHUe YCKOPEHHBIX
pPECYPCHBIX (CTCHAOBBIX) WCHBITAHUN C MPUMECHEHUEM
6o/Iee MHTEHCUBHBIX, YEM HA OpOUTE, MOTOKOB YACTUIL,
U3 seipaxenus (4) caemyer
t S
q)g)M) — (I)E)H)i — <I>E,H>ky. &)
3necy k, = ty/ty > 1 — OTHOmEHWE MTHTETBLHOCTH
okcmayarauun KA Ha opOuTe K IIMTEIbHOCTH CTEHAO-
BBIX MCIBITAHWUI B (POPCUPOBAHHOM PEXHMME B COOTBET-
CTBUW C TEPMOAMHAMUUCCKUM KPUTCPUEM SKBUBAJICH-
tHocTu ucneitanuii [13] (koaddunment yckopenus)
XapakTepu3yeT YCJIOBUSA TPUBCACHWUY MaTcpuaaa B
OIHO M TO XX€ COCTOSHNWC HAKOILUICHHBIX MOBPEXICHWI.
DHTPONUUHBIA KPUTEPUIl IKBUBAJCHTHOCTU PEXU-
MOB SKCILTYaTAIMM W WCTBITAHWH TPEATIOIATACT HATI-
une BEPXHUX (MPEACTbHBIX) 3HAUECHUN HATPY30K (KOH-
HeHTpauuii u uroeHca KUCaopoaa) aasd yCKOPEHHOTO
pexuma. I'napHoe ycaoBue BHOOpa BepXHUX (Mpeae/ib-
HBIX) 3HAUCHHW HATPY30K COCTOMT B TOM, UTOOBI
YCKOPECHHBIC UCHBITAHWS HC MPUBOIWIN K M3MCHCHUIM
B MCXaHM3MAaX B3aMMOIOCHUCTBUY YACTHWI, C MMOBEPXHOC-
THhIO, BO3HWKHOBCHWIO HOBBIX (OTJMUYHBIX OT YCJIOBUU
IKCIIyaTamum) HU3NKO-XUMUUECKUX MPOLECCOB B Ma-
TepUasax, W3MCHCHWIO MEXAHW3MOB CTAPCHUS WA
HakKoIUieHud nospexaenui. O61acTh AOMYCTUMBIX HA-
rpy30K mpu (hpOPCUPOBAHHBIX MOACIbHBIX (CTEHIOBBIX)
UCIBITAHUAX MOXET OBITh ONPENENIEHA YCAOBUEM
oIV = oL < oY)

Omax *

[ng B3amMOAeHCTBUA MOTOKA KHCIOPOAA € MOBEPX-
HocThio KA 5T0 yci0oBHE COOTBETCTBYET TPeGOBAHUIO,
IITO6I)I IPOICCChl HA MOBCPXHOCTH, MHHUIIUHUPOBAHHBIC
OJHUM COYNAPEHUEM, HE MEPEKPHIBAJINCH BO BPEMEHU.
Cornacao onenkam paGorwer [3] mad KOHIEHTpAUMHM W
aroeHca KuCIOpoaa TakoMy TPeGOBAHUIO COOTBETCT-
BYIOT COOTHOLICHUS

NOD = 10" em™ m OG0

Omax Omax

~10"% em 2. 6)

TakuMm 0o0paszoM, IId peaiu3aluy YCKOPEHHBIX MO-
ACIAbHBIX MCIIBITAHUN MATCPUAJIOB HAPYXKHBIX TMOBCPX-
Hocreir KA ¢ menpwo ompemeacHHS HX OPO3UUHON
CTOMKOCTM K BO3JACHUCTBUIO ATOMAPHOTO KHUCJAOPOAA B
noHOC(pepe HEOOXOAMMO O0ECICUNTD:

— HAJIWYME TMOTOKA YACTHYHO MOHM30BAHHOTO KHCIO-
poda C HamnpaBJAEHHBIMH CKOPOCTSIMU UaCTHII,
Osu3kumMu 100 paBHBIMU OPOMTANBHBIM CKOPO-
cTtaMm B moHocepe;

— pexuM OecCTOIKHOBHUTEABHOTO oOTekaHus dpar-

MEHTOB JJIEMEHTOB KOHCTpyKiuid KA mam oGpas-
OB UCHBITYCMbBIX MATCPUATIOB TA30BBIM ITOTOKOM;
— BBHIIOJHEHHE II9 HAPAMETPOB KHCIOPOAA B MOHOC-
epe u HA creHae ycaoBuii u cootHomeHui (1),
3), (5) u 6).
[Mepeuncaennsie yCAOBUS PEATN30BAHBL HA TLIA3MO-
AUHAMHWUUYCCKOM CTCHAC I/IHCTI/ITyTa TEXHUUECKOU MeXa-
mukn HAHY u HKAY [14, 16].

TEXHUKA 3KCIHEPUMEHTA

CmeH0, cpedcmaa uamepeHus. U KOHMPOAs. napamem-
pos nomoxa. CTEHI OTHOCUTCS K KJIACCy TLIa3MEHHBIX
ra3soAMHAMUYECKUX TPYO M MO3BOJILET CO3AABATDH BHICO-
KOCKOPOCTHBIE TIOTOKHM PA3PEKEHHON MIA3MBl ¢ MIKAPO-
KMM AMANAa30HOM paboumx mapamerpos. Cxema creHga
npuBeneHa Ha puc. 2. Besmacagnag oTkaumBaromas
CHCTEMA TPOM3BOAWTEIBHOCTRIO TIO BO3AYXY OKOJO
50 m’/c (BAKYYMHBIU OJIEKTPOPA3PSAHBIN arperat u
cucreMa TypOOMOJIEKYIAPHBIX HACOCOB), HAJHMUUE
KpHUOTIAHEEH, OXJaxXaaeMbix XuakmMm azorom (LN,),
AT BO3MOXXHOCTh PEATM30BaTh B BAKYYMHOU Kamepe
— umauHApe auamerpom 1.2 M m gamuon 3.5 M —
cratuueckoe paspsexermne 107° ITa, a B pabounx ycao-
BUSIX TPW HaTekaHnw rasa gasaenme (107°...107°) Ila.

B kauecTBe HCTOUHMKA CBEPX3BYKOBBIX IMOTOKOB
Pa3peXEHHOT0 YaCTMUYHO MOHU30BAHHOTO ra3a MCIOJIb-
3YETCH ra3opaspsaHblii YCKOPUTEIb C MOHU3ALMEH pa-
Oouero Teaa SAEKTPOHHBIM YAAPOM M OCHMLISLMEN
9JICKTPOHOB BO BHEIODHEM MarHuTHoM mnoje. CreHku
paspsagHO KaMepbl W AJEMEHThl KATOAHOTO y3Ja OX-
JIAXAATOTCI MPOTOUHOM Bomol. Paspsan «roput» Mexnmy
JICHTOUHBIM KATOAOM W UUJIUHAPUUYSCKUM AHOAOM B
KBapuesoil TpyOke (BHyTpeHHui auamerp 600 wmwm,
ammaa 200 MM, TonmmHA creHku 4.0 Mmm). B Bakyym-

—
8 A9

} 44

5

6
10
11 i /49‘%\7
C——————1

Puc. 2. Cxema m1a3MOJIEKTPOAUMHAMUUECKOTO creHga UTM: 1 —
BaKyyMHasl Kkamepa; 2 — CuUCTEMa OTKauku, J — TEHEepaTop
CBEPX3BYKOBBIX TUIA3MEHHBIX IOTOKOB; 4 — 00pasels, MOJeTb KOCMU-
YeCcKoro ammapara; 5, 6 — CUCTEMBbI JJUATHOCTUKY; 7 — KPUOMAHEM
(LN,); 8 — anexrponHad mymka; 9, // — aHTEHHBI CUCTEM CBEPXBbI-
COKMX 4actoT; /() — MCTOYHUK YJbTPachHOIETOBOTO U3JIYyUCHHUS
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HOIl KaMmepe IUIa3MeHHas CTpysd A0 TepMocTata C
UCIBITYEMBIME 00pasiaMy PacHpOCTPAHSIETCS B KBap-
LEeBoil TpyOKe ¢ BHyTpeHHMM auamerpoM 160 MM u
anunaoit 260 mm. Pecypc aentounoro karona us osb-
i tanTana ¢ Huobmem Tommmuok 0.2 MM m paGoueit
uacTeio 22 X 22 mm B xucaopozne 7, = 60 mun. Cmena
KAaToma OCYIIECTBAJCTCH 0€3 pasrepMETH3AlUN BaKy-
YMHOM KaMepbl 0pd JAaBicHuM B paboueit uyactu
107 Tla. Paspaameiit Tox I, =~ 7.5A. Uepes karon
npomyckaerca Tok a0 400 A. Tlpumenenue yckopuress
C «CaMOpasrOHOM» TJIA3Mbl MO3BOJISIET MOJyYaTh B
paboueii yacTH BAKYYMHOW KaMepbl CTEHAA BBICOKO-
CKOPOCTHBIE TTOTOKM YACTUUHO MOHU30BAHHOTO aTOMap-
HO-MOJIEKYagpHOro Kucaopoaa. CTeHn cHaGXeH O/IeK-
TPOHHOU TywiKou ¢ sueprueit vactun, ot 0.1 g0 30 k9B
¥ TJIOTHOCTBIO TOTOKA BBICOKOIHEPTUUHBIX JJICKTPOHOB
or 0.01 70 100 HA/cM®, MCTOUHHKOM 9JIEKTPOMATHAT-
HOTO M3JyUYEeHUS COJHCUHOTO CIEKTpAa B JAMATIA30HE
mH BoaH ot 115 mo 400 M [17].

Ing uamMepeHud NMapaMeTpoB IJIA3MEHHBIX MOTOKOB
CAYyXUT cucreMa ajekTpuueckux 3oHAoB u CBU-uH-
repdepoMeTphl, paboTaOIIUE B YACTOTHOM AMAMA3OHE
ot 3 a0 3.75 ITTu. O6pasubl UCOBITYEMBIX MATEPHAJIOE,
YCTAHOBJICHHBIC HA TEPMOCTATE, M AUATHOCTUUCSCKHUE
CPEACTBA pPA3MEIUICHBl HA TOABMKHBIX MmiatdopMax
BEPXHETO0 M HUXHETO KOOPAWHATHUKOB € UECTHIPHMS
CTEeNmeHaMu CBOOOMbI KaXKAbli, 00ECHEeUnBAKOLIMX IIPO-
JOJbHOE M MOTICPEUHOE MEPEMEINCHUE B TOPU3OHTAIb-
HOUl MJIOCKOCTH, MEPEMEINCHUE B BEPTUKAIBHOU TILIO-
CKOCTH W BpAICHUE BOKPYT BEPTHKAJABHOU ocu., Tou-
HOCTh OTCUETa AJS JuHEUHbIX nepemetncHuin 0.5 mw,
ansa yraoseix — 0.5°, Tlpu usaMmepeHusax mnapaMeTpoB
3aPSKEHHBIX YACTHL, UCMOJb30BATUCh DJACKTPUUESCKUE
30HABI UMAMHAPUUYECKME (U3 BOJb(paMa paguycoMm
r, = 2:107% cm, mmmoit [, = 2.0 cM n n3 mommbacHa
r, = 4.5-107° cm, [, = 0.45 cm), a rakxe chepuue-
ckmit mametpom 2r, = 0.40 cM m niockmii 30HA W3
MoaubaeHa ¢ paboueil MOBEPXHOCTHK AMAMETPOM
2r, = 0.35 cm. DHeprus HaNpaBIECHHOTO ABVDKEHMS
MOTOKA MOHOB KOHTPOJMPOBAJIACh MHOTOIJICKTPOTHBIM
30HAOM-aHAIM3aTopoM pagmycom 7, = 1.75 cm. Ilpm
W3MEPECHUIX TAPaMETPOB HEUTPATbHOTO KOMIIOHEHTA
NPUMEHSJICS 30HA HABJAEHUS M COOTHOLIEHMS pPaGOTHI
[18]. dma Bcex 30HAOB mpm paboumMx OABJCHHIX B
BakyymHoi kamepe crenga Huxe 0.01 [Ma seimosnsg-
JIUCH YCIOBUS OECCTONKHOBUTENbHOTO o0Tekanuda. Oce-
Boe (@) u pagmanpHOe (6) pacrpeacJcHus KOHIIEHTpa-
WU 3aPSIKCHHBIX UACTHIL B BHICOKOCKOPOCTHOM TOTOKE
MJIA3MBI ATOMAPHO-MOJIEKYISIPHOTO KMCIOPOAa MOKa3a-
Hbl HA puc. 3. Touku I — uaMepeHUd KOHLCHTPALMU
3apSKEHHBIX yacTui, N+ +02+ OWJIMHAPUYECCKAMU 30H-

mamu, 2 — cpepuueckuM, 3 — CBU-mmarmocruka.
CoorBeTcTBHE 30HOOBBHIX (DJICKTPOHHAS BETBH

No, 101° cm™3

oJN

z=10c¢cm

1 1
-12 0 12 p, CM

Puc. 3. PacmpenesneHue KOHIEHTPAIMM HMOHOB aTOMapHO-MOJIEKY-
JISPHOTO  KMCJIOPO/iA o+ 02+ :a — oceBoe (KPy>XKU M TOUKU —
3JIEKTPUUECKUE 30HABI, KBaapatuku — CBU-amarnocruka); 6 —
paguasbHOe (z — MpPOAOJBHAS KOOPAMHATA OT Cpe3a UCTOUHMKA
IJ1a3MBI, p — pamuajibHad KOOpaAvHATa OT OCM CMMMETPUM TOTOKA
ILJIA3MBI)

BOJIbT-amrepHoit xapakrepuctuku) u CBU-uszmepennit

KOHICHTPAIUN 3APIXKCHHBIX YACTUL, TTO3BOJICT C WC-

TMOb30BAHUEM YCJIOBUS KBAZWHCHTPATBHOCTH TLJIA3MBI

OIICHUTB:

— Joa (HAJIWUYKUE) OTPULATEIbHBIX MOHOB B IOTOKE
MIa3MBl  ATOMAPHO-MOJICKYJIPHOTO KWCI0poaa,
(Ne + Nz = Necpy, TAE N, — KOHIEHTpAIHUS
OJIEKTPOHOB, N, — KOHIEHTpauusd OTPULIATEND-
HBIX WOHOB;

— CYMMAapHYK KOHICHTPALUI TOJOXUTCIBHBIX aTO-
MApHBIX M MOJEKYJSpHBIX HMOHOB: N, =~ Nj =
=N, + N,

Tako#i mogxoA BHOJHE OMPABOAH, TAK KAaK METOHBI
CBU-amarHocTuKy OCHOBAHBI HA PACCEIHUM JJIEKTPO-
MATHUTHOTO M3JIyYeHMd Ha CBOOOMHBIX JJIEKTPOHAX
MOHM30BAHHOM cpeabr [14, 19].

CreneHb AMCCONUMALINY MOTOKA TJIA3MBI ATOMApHO-
MOJICKYJISIPHOTO KHMCIOPOOa &, KOHTPOJMPYETCS Macc-
cnektpomerpom MX 7303 m HemocpeacTBEHHO y TO-
BEPXHOCTH HCIBITHIBAEMBIX O0pa3lOB — OJJIEKTPHUE-
ckuMu 30HZamu. Eciam cremeHb AMCCOMMATIAN TIIA3MBI
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ATOMAPHO-MOJICKYJIPHOTO KUCJAOPOAA TPEACTABUTH B
BHIC
N,

N.
1a — 1a — (7)
Ny No TN, oo

TO MOHHBI TOK HACBIMIEHWS, OrPAHMYEHHBIA OpOU-
TAJbHBIM ABUXCHUEM UYACTHUL, HA UWJIWHIPUUYECKUN
30HJ, OPUEHTUPOBAHHBIN MEPIEHANKYIIPHO K BEKTOPY
CKOPOCTH HAOETAOIIETO TIOTOKA, 3AMUIIETCI B BUIAC

A / 2e
IiZ=Iia+IiM=_peNiMViM 1 +_(P\;/ +
7 MV,
2oV 1 2 ®)
7 myvi,

rae Ap — ILUIOWAAbL 30HAA, M,, m; — Macca MOJIEKY-
JIPHOTO W ATOMAPHOTO MOHA COOTBETCTBECHHO, ¢y, =
=¢, - ¢, — NOTCHOMAT 30HAA ¢, OTHOCHTEIBHO
MOTEHOHAAA IUTA3MBL .

U3z (8) nng umavmHAPUUECKOro 30HAA CACHYeT

A 2ep
Ly =(1+045) —LeNyU, 'V 1+ M—V‘;’M 9

OTKyza

Ea= 2.5 -1, (10)

IiZ
2e
IOi\/l + =
MiUiM
e I, = 7" eN U, — WMOHHBIA TOK HA 30HI DU Oy,

= 0 AHaJIOI‘I/II{HbIe BBIPAXKCHUA MOTYT 6bITb UCTIOJIb30-
BaHbl A5 CHEpUUECKOro M TJIOCKOTO 30HAOB. B ceue-
Hur z =~ 30 CM C TPUMCHEHHMEM IWJIMHIPUUECCKUX,
chepuueckoro u MmIOCKUX 30HAOB TOAYyUCHbI 3HAUCHUS
CTETICHN AUCCOMUAIIAN TUTA3MBI ATOMAPHO-MOJICKYJIIp-
Horo kuciopopa 0.58 < &, < 0.65. UsmepeHHasa anek-
TPUUYCCKUMU 30HAAMHU BCAMUMHA COIVIACYCTCA C U3MC-
pennsamu &, ¢ mOMOIbBO Macc-cnekTpomerpa MX 7303
¢, = 0.61). Paszbpoc NOJYUCHHBIX B3HAUCHUU HE
npesocxoaut *=7.5 9.

Ha paccroguuu z = 30 cM OT cpes3a yCKOpUTEIs eCTh
o0acTh ¢ JIMHEHHBIM pasMepoM okosio 12 cm. 3mech
KOHOCHTpAOWS MOHOB ATOMAPHO-MOJICKYJIIPHOTIO KHUC-
JIOPONA paCTpeIe/icHa PABHOMEPHO, CTEMEHb AUCCOLIA-
amymm papHa &; = 0.6, creneHp wWoHM3AUWM { =
= No*.0}/Ng.o, = 0.01, HanpaBeHHAs CKOPOCTh MOHOB
kucmopona Uyt = (8.3+0.5) kM/c, KOHLIGHTPALHS MOHOB
atomMapHoro kuciopora N,* = (2.0+0.3) -10"° cM™ u
OTHOIIEHUE CKOPOCTER Syt = Uyt/V ot = 3.7 (V,+ —
TEMIOBAS CKOPOCTh MOHOB KHUCIOPOAA), (DIIOCHC HOHOB
aromapuoro kucaopoaa @, =~ 1.7-10" ecm *c'. T'ono-

BOIT MATErpaTbHEI doerc Fo+t = 3-10% cM ™ gocTu-
racrcd, HapuUMep, Ipu £y, = 1.8-10% ¢, 1. e. x0aphu-
LOUEHT yCKOPEHMS MCTBITaHmi coctasaseT k, = 1800.
B ceueHum cTpyu maazmbl aTOMapHO-MOJIEKY/ISPHOTO
kuciaopoaa z =~ 30 cm npu masaeuusax P < 0.01 Tla
g pparmMenTa oO0pasLoB UCHBITHBAEMBIX MATEPHUAJIOB
C XapakTepHbiM pazmepoM R < 12 cm peanusyercs
PEXMM CBEPX3BYKOBOIO OECCTOJKHOBHUTEIBHOTO 0OOTE-
KaHus.

Mamepuanwl, cpedcmea usmepenuss nOmepu Maccol
u mepmoonmuueckux xapakmepucmuk. Marepnanamn
g OOLIMBOK OTEUECTBEHHBIX MAHENEH COJTHEUHBIX
Garapeii (CB) cayxar: moaumuMuaHas rieHka ITM-A
(xenras) toaumuoit 0 =~ 0.040 MM um yriemiacTuk
DJIYP 008+DAT-10 (uepHBIA GACCTIIMMIA) TOMIMAHON
0 =~ 1.07 mm. [I19 mosmuMuaa MCHOOIb30BAINCH 00pa3-
Obel TpeX BHAOB: 1) KOHIbI MJICHKHM 3aBEPHYTH 34
ospry uz Hepxkasewlnei craau pazmepom S0X50 mm
u ToanmHoli 6 =~ 0.2 MM; 2) IUIEHKA HA ABYX OOKOBBIX
CTOPOHAX 3aKPEryicHA TOHKOW BOJB(MPAMOBON HUTHIO
auamerpom 0.02 mMm; 3) mo mepumMeTpy MOJTUUMUTHAS
IJICHKA mpuKata K (ojbre MeTaaInuyeckoil paMKon
mupuHOit okoao 2 mMm. Takoe KpemieHue IIeHKU
MO3BOJISICT MCKIIOUUTh BJAMSHUE KpacBeix 9GhdekToB.
UamepeHue u KOHTPOJIb TEMIEPATYpPhl MOJIUUMUIHON
IUICHKH OCYLIECTB/SJIOCh ABYMS MHHUATIOPHBIMU TEP-
Monapamu (XpoMmeab-komneab) auamerpom 0.1 mm, pas-
MEIIEHHBIMU MEXAY ILIEHKOM u hoabroii. B obpaser
yoiemiactuka pasmepom 50X 50 MM TepMonapsl BMOH-
TUPOBAHBI C BHYTPEHHEW CTOPOHBI (MEXAY YIJIEMaa-
cTukoM u (poabroin). NeomeTprueckme pazmepsr 00pas-
OB KOHTPOJIUPYIOTCS MHCTPYMEHTAJbHBIM MHKPOCKO-
moM ¢ 80-KpaTHBIM YBEJTWUCHUEM.

OGpasipl UCIBITYEMBIX MATEPUATOE (YETHIPE OXHO-
BPEMEHHO) KpEensaTcsd Ha (DPOHTANBHOU (OTHOCUTETBHO
Ha0EeramLero MoTOKa) MOBEPXHOCTH ABYXCEKIMOHHOTO
TEPMOCTATA, OXJIAXKAAEMOTO MPOTOUHON BOAOM (KAaK B
HAlleM Cayyae) WM >XHAKUM azotoMm. Tepmocrar
pasmepom 115X115 MM pasMmemeH HA TOIBUXHON
miaThopMe HUXKHEro KoopAuMHATHHWKA. TepmocraTr ¢
o0pa3uamMu KCIBITYEMBIX MATEPUAJIOB B MOTOKE ILJ1A3-
MBI aTOMAapPHO-MOJIEKYJASIPHOTO KUCJAOPOAA MOKA3aH HA
puc. 4.

KonTposns daroerca aToMapHOTO KHUCIOPOAA OCymie-
CTBJISICTCS MOCPEACTBOM MOHHMTOPUHTA MOHHOTO TOKA
HachbleHUs npu (UKCUPOBAHHOM TOTEHIMAJIE HA TLIO0-
CKMU 30HA, 3aKPEMJICHHBIA B ONHOM IWIOCKOCTH C
o0pa3uaMu UCIBITYEMBIX MATEPUATIOB HA (DPOHTAJIb-
HOW MOBEPXHOCTH TEPMOCTATA.

Uszmeperue BECOBBIX M TEPMOONTUUESCKUX XAPAKTE-
puCTHK 00pa3LoB NPOM3BOAMIOCH BHE BAKYYMHOM Ka-
MEphl 0 ¥ MOCJIE SKCOOHUPOBAHMUS B MOTOKE KHUCIOPO-
aa. amepenue Macchl 00pas3ioB UCIBITYEMBIX MATEPH-
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Puc. 4. Tepmocrar ¢ 06pasuaMu UCHBITYEMbIX MATEPHAJIOB B [TOTOKE
IJIA3MBbI aTOMaPHO-MOJIEKYJIIPHOTO KUCJIOPOAA

AJIOB OTPEACISIOCh B3BECUIMBAHNEM HA MHKPOBECAX C
TOUHOCTBIO He xyxe 0.1 mr.

TepMOONTHUECKUE XAPAKTEPUCTHKU OOPA3LOE B BU-
auMoit vactu crekrpa (or 400 mo 750 M) ompemesia-
Juce: o, ¢ momompo crnekrpodoromerpa CO-18 mpm
WCTOUHMKE CBETA C LBETOBOUM Temneparypou 2856 K;
€ C TIPUMCHCHUECM COBOKYIMHOCTU TPAAVMLTMOHHBIX MCTO-
0B € WCHOMB30BAHMEM TOCYTAPCTBEHHOTO DTAOHA
emuunnbl ceera [§, 11], a takxe TepmopammoMeTpa
TPM-U ¢ norpemnocTeio He OGosnee =1 %.

PE3YJILTATBI U3BMEPEHUN. AHAJIN3 U OBCYXKIAEHUE

Wccneporanng KWHETHUKHA TIPOIlECCa B3aMMOACHCTBHUSA
TUTA3MBl ATOMAPHO-MOJICKYJAIPHOTO KMUCAOPOAA C TIOIH-
UMUIHOM TUIeHKOH [0, 7] CBUASTEABCTBYIOT O TOM, UTO
MOJICKYJIIPHBIN KUCA0pox wHepTeH. Bee xmmmueckume
peakunM JUMUTHPYET OFHA CTAAUMd — pPEAKIud C
yuacTueM OKHWCAUTEaAS (aTOMApHBIN Kuciaopom). Ilpwm
9TOM COOTHOWICHWE CKOPOCTEH Ta30BBIACJCHHUS TIPO-
aykToB xumuueckoro tpasiaenunsa (CO,, CO, H,O n H,
OCTaeTCd TMOCTOSTHHBIM W HE 3aBUCUT OT TEMIICPATYPHI
wicakn B amanasoue or 290 mo 400K m mapamerpos
paspsaa. [locaegaee Takxe CIyXAT TOATBEPXKIACHUEM,
YTO BUA YACTHIL, XWMWUYCCKU BO3ACUCTBYIOMWX HAa
MJIEHKY, HE U3MEHIETCd. DTO 00CTOATENBCTBO, 4 TaK-
K€ BBICOKAS BEPOATHOCTh HEUTPATHM3AMUAMN TIOJIOXH-
TEABHBIX MOHOB KUCJIOPOAA TIPW COYAAPCHWHN C TOBEP-
XHOCTBIO TOJUMEPHBIX, TUIICKTPUUCCKUX W TOJIYIIPO-
BOOHUKOBBIX MATEPUATOB TIO3BOJSICT TIPA KOJMUECT-
BEHHBIX OLEHKAX MOTEPH MACCH UCIBITYEMBIX O0pas-
OB OOBEAMHUTL B OOUH DA PE3YJbTATHI UCCAEAOBA-
HUM, BBHITIOJHEHABIX B HEUTPAJIBHBIX TTOTOKAX KHACIOPO-
Ja W TJIa3MBl ATOMAPHO-MOJICKYJIIPHOTO KHCI0POaA.
ITorepu maccel Matepuwanos. Ilneuka kapton-H.
3a pyGexom Ha KA mmpoko ucnoab3yeTcd moauuMu-

Hag TUIeHKa kapton-H, xapakrepucTukum KOTOPOii
OJIM3KM K MApaMETPAM OTEUECTBEHHBIX moauMepos. Ha
puc. 5, a TpPWBEACHA 3aBUCUMOCTh TOTEPH MACCHI
mieHkn kapton-H or mHTErpaspHOTO (uIrocHCa KHCTO-
poaa mo AaHHBIM: Kpectuku — wuamepenus B CBU-
mwiasMe kucaopoga Ha cremae Lockheed Missiles and
Space Company [25] (omeprus uacrun 2.2 2B; &, =
~ 8-10" cm *¢!, Tonmmua maenku 6 = 0.025 Mm);
KBAaApaTHK — CIOyTHUKOBbIC m3Mmeperms Ha STS-41
(Space Shuttle Discovery) [21]; TpeyrosbHuku —
CTCHAOBBLIC M3MCPCHUS B MMYUKC KUCa0podga € BHGPFI/Ieﬁ
yacrun, 4.6 9B u ¢, = 1.86- 10" em %! us [23];

KPYXOK — W3MEPEHHS B TIA3ME TIOJOXHUTEIHHOTO
cronba paspsga mocrogaHoro toka B O, [6, 71;
3BE300UKM — W3MEPEHMS HA OpPOWTAJBHOM CTAHIUN

«Mup» (Bpems okcmosuiuu 28 u 42 mec, ToaUMHA
wicakn 0 = 0.026 mm) [20]; npamag jmHNS — 3aBUCH-
Mocth Am =Y F4n. Brech Y, = 4.4+ 107 r/atomO —
koadummenT spoznm; xkoaddrmmenr 5, = 1.0.

N3meHenue TONMUHB TOJAMUMHUAHOW TJACHKU
kapton-H Ax B 3aBUCMMOCTH OT WHTErpaJbHOTO
¢bmoernca aromaproro Kucaopoma F, WLTIOCTPUPYET
puc. 5, 0. Touka, KpPYyXOK, KBaApaTHK, POMOMK —
COyTHUKOBBIC wu3mepenus HAa STS-4, 5, 8 [1] wu
STS-416 [24]; TpeyroJbHUKH, 3BE3JOUKM — PACUET-
Heie 3HaueHma Ax um3 [2] m [22]; BeprHKAIBHBIN
orpe3ok — mporpamma ATOMOX ESA; kpectuku —
skcnepumeHT LDEF (Long Duration Exposure
Facility, Bpemsa okcmosumuu 10 u 70 mec); koceie
kpectuku — uamepenus Ha OC «Mup» (28 u 42 mec);
npgamasi JUHUS — 3aBUCUMOCTh Ax = RE-F%X, e s
mrenku kapton-H g, = 1.0, R, = 3-107** cm’/atomO
— oObeMHBIN KOS(DUIMEHT TOTEPA MATEPUAIA.

I nenxa ITM-A. 3aBUCHMOCTD M3MEHEHUS TOJIIAHBL
noamnmunHoi wicHku (O = 0.040 mm) oT mHTErpaIb-
HOTO (QJIIOEHCA KUCI0POAa, MOAyUeHHAS HAMK, MOKA3a-
Ha HaA puc. 0, a. Kpectuku cOOTBETCTBYIOT M3MEpPEHU-
aM 1pu o0ayuyeHuu (GHPOHTAIBLHON MOBEPXHOCTH
NJAeHKY HAa0EeramwiuM IIOTOKOM CO CKOPOCTHIO
Ug, = (8.3x0.3) xm/c. Toukm XapakTepU3YIOT YCJI0-

Bud 001yueHnd TUIeHKH AU PYy3HO paCCETHHBIMU Yac-
THIAMK, TPOHUKAWIUMHU HA TMOBEPXHOCTh TJICHKH,
9KPAHUPOBAHHYIO METANIUUECKON PAMKOM, C TEMIOBbI-
Mu ckopocTsmu V ,+ = 2.24 kM/c; KPyXKU — u3Mepe-
mnga Ha OC «Mup» (wicaka I[IM-1E, ¢ = 0.040 mm,
BpeMd okcrosunmu 28 u 42 mec) [20]; npamag auHAS
— 3aBucuMocTh Ax = R, Fiy. JI1s NOIMAMMAIHON TLIEH-
xu TIM-A — B, = 1.0; R, = 2.6-107* om’/aromO.
IIpeacraBnerHasd 3aBUCUMOCTH CBUACTCABCTBYET O
npeobaafaiomeM BIMIHUM MEXAHU3MA XMMUUYECKOTO
TpaBJCHUA TUICHKW Kucaopopa. Ilorepm Maccel mosm-
nmunaoi ek [IM-A wm3-3a BO3OEMCTBHY IOTOKA



84

B. A. Illysanos u ap.

1072
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Puc. §. Usmenenue maccsl (@) v tommnuebl (6) monmuuMmuiHou mieHky kapton-H (meranu cM. B Tekcre)

AX, MKM
100 a

4
10 ¢

1 |
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Am, Mr/cm2

10— 6

0.1 —/

0.1 1 Fo, 102 cm2

Puc. 6. @ — U3MEHEHUE TOJIIUHBI TOIUUMUIHOM TUICHKYU [IM-A; 6 — noreps Macchl TOJUUMHAHOM ieHku (/) v yieriactuka (2) (meranu

CM. B TEKCTE)

aTOMAapHOTO KMCJIOpOAa WiLTIOCTpupyer puc. 6, 6. Kpe-
CTMKM — Hamm uaMmepeHus; kKpyxok — OC «Mup»
(rrenka ToamuHoi 0 = 0.080 MM, BpeMd DKCIO3UIINHI
1036 cyr) [15]; xBagpatuku — OC «Mwup» (mieHka
IMM-1E ¢#; = 28 u 42 Mec); 3BE3A0UKH — JAHHBIC W3
pabGorel [12]; mpamas JAMHME — 3aBUCUMOCTb Am =
=Y  Fin. Tns nommmvuason micakn [IM-A 8, =~ 1.0;
Y, = 42-10* r/aromO. CpasHcHME MOKa3bIBaeT,
uto u3Menennd Ax u Am goa [IM-A (IIM-1E) mnxe,
ueMm aag IwicHku kapton-H, 1. e. sposmomnHag croii-
KocTh mieHKM IIM-A K BO3ZCHCTBHID ATOMAPHOTO
KHCJIOPOAA HECKOJbKO Bhimie, ueM macHku kapton-H.
Yenennacmux 3JIVP. WsmeHcHne (moTepm) MAacCCH
yraemnactuka JJIYP 0.08+3T-10, musmepcHHbIS
Hamu, mpeAacTasjeHbl Ha puc. 6, 6. Hamu sxcnepu-

MCHTAJBHBIC JAHHBIC (TPCYTOJBHUKH) ANIPOKCUMUPY-
€T 3aBUCUMOCTb Am = YoFﬁo‘/ (xpmpag 2). g yrme-
nnactuka DJYP Y, =~ 4.45-10% r/atomO; g, =
(1.45—1.045 )-10 *1nyF, , = 1.0 cm”.

TepMoonTHYeCKUe  XapakKTEePUCTUMKM  MaTepua-
J0B. Koapduyuenm nozaouienust COAHEHH020 U3ay4e-
Hust ;. ONTUUecKue XapaKTEPUCTUKU TOJIMMEPHBIX
maenok kapton-H, TIM-1E u TIM-A Gamsku. Dto
MOATBEPXAAIOT HAUANBHBIC 3HAUCHUS WHTETPATHHOTO
K0o(hhULMEHTa MOTIOMEHUS COMHCUHOTO W3/IyUCHUS
O, 9TUX MATCPHUAJIOB, HECOKCHOHMPOBAHHBIX B KHUCJIO-
pone: oo, = 0.2 nna mnesku kapton-H 6 = 0.025 mm)
mo gaHHbM [25]; o, = 0.221 pna maenku [IM-1E
© = 0.04 MM) B CHCKTpaJbHOM [WANA30HE A, =
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Puc. 7. Uamenenue koaddunpenTa moromeHus COMHEUHOTO U3y~
uenug g wienku IIM-A (I) u yremactuka QJIVP (2) (geranm
CM. B TEKCTE)

= 550...900 am [20]; o, = 0.219 maa maenkn [TM-A
(© = 0.04 MM, HamM W3MEPCHUS B AMATA30HC A, =
= 400...750 am). ITox BO3mECTBHEM KHCJIOPOAA IIPOKC-
XOAUT XUMUUECKOE TPABJCHHUE, XUMUUecKasd momucdu-
Kamud, TMPOSIBALIONIAYICS B TMOBEPXHOCTHOM 2pO3uu,
YBEJIMUCHUM IIEPOXOBATOCTH MOBEPXHOCTH TOJIUMEP-
HOU MJIeHKHW., XUMHAUeCcKast MOau@UKaLus conpoBOXaa-
eTCd yMEHBIIEHUEM IIPOIMYCKATENBHOM CHOCOOHOCTH
IUICHKM B BUAMMOM UACTU CHEKTPA, TPOHOPIUOHATBHO
uHTErpasbHoMy (htoeHcy kucaopona. [lo maHHBIM
[20] mpm F, =~ 4.52- 10 cM oTHOCHTEIBHAS TIPOILY-
CKHAd CHOCOOHOCTb MOJMUMMAHOM mieHku I[IM-1E
npubAMKAETCS K HYJIIO: IPO3PAYHOCTb YMEHBUIAETCS.
C MakpOCKOMUUYECKOW TOUKM 3PECHHS TUJICHKHU, JKCIO-
HHUPOBAHHBIE B KUCJIOPOAE, ABJSIOTCS HEMPO3PauHbIMU
M0 CPAaBHEHUID C HEIKCMOHMPOBAHHbIMU. WHTErpaib-
HbII KOA(DGUIUEHT TOIOMIEHUS BUIUMOTO COTHEUHO-
O M3JYUCHUS YBEJIMUMBACTCA. DTO MOATBEPXAAT U
maaabic puc. 7. KpyXkm — pe3yabpTarel HAIOWX CTCH-
JOBBEIX ucnbITannil mag mieakn [IM-A © = 0.04 mm);
TpeyrosibHUK — uamepenus Ha OC «Mup» (1036 cyr,
mwicaka [IM-A, 6 = 0.08 mm) [15]; xBampatuk —
JAHHBIE COYTHUKOBBIX wuaMmepeHuu [20] g moam-
umugnoi micaku [IM-1E (0 = 0.040 mm) ¢ ykazauu-
€M MAaKCHMAJbHBIX W MWHWMAJBHBIX 3HAUCHUN .
Kpusas — mama anmpokcumauns Ac, = 1-1077°F°,
Kpectukamu HA puc. 7 mpeACTaBACHB HAMW W3MEpPe-
Hug g yraemnactmka JIYP o, =~ 0.879. Ilpm
BO3AEHUCTBUM TIOTOKA ATOMAPHOIO KMCI0poAa Habaoaa-
eTca morepd O/ecKa yIIeIaCTHKA, DKCIOHMPOBAHHAL
MOBEPXHOCTh MOKPHIBAETCI OMUTTUPYEMBIM YTJICPOAOM
(caxe), 4TO NPUBOAUT K YBEJIUMUYECHUIO MHTETPATIBHOTO
K0o(hhULMEHTa MOTIOMEHUS COMHCUHOTO W3/IyUCHUS
a,. Hamee ¢ yBEeIWUYEHWEM WHTErpaabHOTO hroeHca
Kucsopoga F,, MPOMCXOAUT OTOJEHWE BOJOKOH HATOJ-
HUTEAS W3-3a PAa3pylLICHUI M YHOCA MaTepuasa moJiv-

H3ayuareabHas cnocobHocTs B MK -auanasone 1 moJuMepPHbIX
marepuajos o0mueok CB

20 Y Kosdpduuuent uznyuenus e

Marepuan Fg, 10 M

A0 SKCIOIUIIHH nocjae  SKCIOIUIHH
TTonvuumuaHas 1.16 0.550 0.550
mwienka [IM-A 3.67 0.550 0.560
(8 = 0.040 mm) 4.9 0.550 0.560
12.7 0.550 *

Yrnenjaactuk 1.16 0.900 0.900
QJIVP 10.7 0.900 0.915

Tlpumeuanve. ¥ — ofpasel, pagpylIniCs, BPEMS Pa3pyIlIeHUs DKBY-
BaJIEHTHO fy = 3.8 et Ha opbure 700 KM B yCIOBUIX MaKCUMyMa
COJIHEUHOU AKTHMBHOCTU

MEpHOW MaTpullbl M, KaK CJEACTBHUC, <«IOCCPEHUECH
o0syuaeMoii MOBEPXHOCTH, MPHUBOAALIEE K YMEHBIIE-
HURO Q.

Koagpdpuyuenm uznyvwenust . PesympratoM BO3-
JIEUCTBUS ATOMAPHOTO KHACJIOPOAA HA MOBEPXHOCTh IKC-
MOHMPOBAHHBIX OOPA3LOB ABASETCH yBeandeHue auc-
(by3HOI COCTABAAIONICH UTYUCHHUS (CTEIEHU MIEPOXO-
parocTu macHkm). CaeacTBueM TAKMX M3MCHCHHHI SIB-
agerca caaboe, HO YCTOMUMBO PETUCTPUPYEMOE YBEIU-
UYEHHME MHTErPAIbHOM U31yUaTeabHON CIIOCOOHOCTH Ma-
repuanos B MK-amamazone ¢. HauanpHOEe 3HAaucHME
&y, MBMEPEHHOE I8 moauuMugHou miaeHku [IM-A B
Hamed paboTe, XOPOLIO COMIACYETCd CO 3HAUEHUEM
g, = 0.52 mgna nnenkm kapton-H uz [25]. W3mepen-
HBIC 3HAUCHUS £ IPU PA3JIMUYHBIX (PIOCHCAX KHCIOPO-
Ja MPEACTABACHB B TAOaUIE.

3AKJIFOYEHUE

PaspaGorana mpoueaypa M TEXHMYECKOE obecreueHue
(bI/ISI/IKO—XI/IMI/IIIeCKOI‘O MOACIUPOBAHUA, IPOBCACHBI yC-
KOPCHHBIC PCCYPCHBIC HCOBITAHUA ACTpagauv BECO-
BbIX, TCOMCTPHUCCKMUX W TCPMOOINTHUCCKHUX XAPAKTC-
PUCTUK MOJMMEPHBIX MATEPUAIOB OOIIMBOK MaHEJeH
CB Ipn JJINTCIbHOM BOSZ[GﬁCTBI/II/I CBCPX3BYKOBBIX IIO-
TOKOB aTOMApHOro Kucjaopona Ha opoure. [TosyueHHbiE
3aBUCUMOCTH XAPAKTCPUCTUK ACTpAdaAlINN CBOWCTB Ma-
TEPHUAJIOB OT MHTErPAJbHOrO (hIFEHCA KHUCAOPOAA CO-
OTBCTCTBYIOT pPEC3YAbTATAM HATYPHBIX CIIYTHUKOBBIX
M3MEPEHMIT HA HU3KO- M cpemHeopburanbubix KA B
nouocgepe.

I/ISMGHGHI/IG TCPMOOIITHUCCKUX XAPAKTCPUCTUK II0-
JII/II/IMI/IZ[HOfI IJICHKW TIPOUCXOOUT BCJACACTBUC XMMHUC-
CKOW Mopmpukanum o0SyuaeMoil TIOBEPXHOCTH W CO-
OPOBOXAACTCA YMCHBIICHHUCM HpOHchaTeﬂbHOﬁ CIio-
COGHOCTM IJIEHKU B BUAMMOM YacT crekTpa. I1oBepxHO-



86

B. A. Illysanos u ap.

CTHAg ACTPajanusd yIICIJIACTHKA HPOSBIICTCS B OTO-
JICHUW BOJIOKOH HANOJMHWUTCIS W3-32 PA3PYHOICHUS W
YHOCA MaTCpuasna TOJUMEPHON MATPHIBI, COMPOBOX-
gaercd yeenamueHueM AuddysHOU COCTABAAIOMECH W3-
JIYUCHHUS.

3asucumoctu Am(F,) u Ax(F,) 119 TOIUAMATHOH
mwicHkn [IM-A MoryT GBTh MCMOJIB3OBAHBI KAK OTa-
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DEGRADATION OF POLYMERIC MATERIALS
FOR COVERING SPACECRAFT SOLAR ARRAYS
UNDER EXPOSURE TO ATOMIC OXYGEN FLOWS

V. A. Shuvalov, V. G. Tihiy, A. L. Priymak,
L. A. Gusarova, N. I. Pismenny, N. A. Tokmak,
N. P. Reznichenko, S. V. Nosikov, G. S. Kochubey

We developed a procedure and hard ware for physical and chemical
modelling and conducting shortcut operational-life proof of
degradation in weight, geometric and thermo-optical characteristics
of polymers for spacecraft under prolonged exposure to supersonic
fluxes of atomic oxygen in the Earth’s ionosphere. Dependences of
variation in the characteristics of polyimide films and carbon plastic
materials on the integral fluence of atomic oxygen are derived.
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MoagyjabHBIMA y3€J TPEHUSI «IUCK —
s TPUOOTEXHUIECKUX

B KOCMHNYE€CKOM

MHIEHTOD»
WCCJAe10BAaHUN

IIPOCTPAHCTBE

Haditiwna 0o pedaxuii 25.03.05

POSrIHYTO Ta MPOAHAIIZ0BAHO KOHCTPYKLII BYSJIB TEPTS THUILY <«IUCK-iHAECHTOP» TPUOOMETPIB, TPUZHAUE-
HUX Ui [IPOBEACHHS €KCIEPUMEHTIB B YMOBaX BIUIMBY (DAKTOPIB KOCMIUHOTO mpocropy. st AOCITiaKeHHs
TPpUBOTEXHIUHMX XaPAKTEPUCTHK MATEPIAIiB B KOCMIUHMX YMOBAX 3aIPONOHOBAHO KOHCTPYKIIIIO BY3Ja TEPTS
«IUCK-iHAEHTOp», gKa BPAaxXOBY€ MAOCBiA B Iiili ramysi. Ommucana KOHCTPYKIiS MOAYJIBHOTO BY3Ja TEPTH
MEPCIEKTUBHOTO OPOITATILHOTO TPUOOMETPA T HABEMIEHI HOrO TEXHIUHI XapaKTEPUCTHKU.

3agaua MOBBIMICHUS HAACKHOCTH y3J0B TPEHUI KOC-
MUYECKMX aNmapaTos TpPeOyeT COBEPIIEHCTBOBAHUS
OKCIIEPUMEHTANBHOTO O0OPYAOBAHUS I W3YUEHUS
0coBeHHOCTEN BO3AEUCTBUS (DAKTOPOB KOCMUUECKOTO
npocrpancTea (OKIT) Ha TpuOOTEXHUUECKHE XAPAKTE-
puctuku Matepuaaos. CoBepuIeHCTBOBAHKUE TPUOOMET-
POB MAET MO MyTH pacmupeHus ux (HyHKIMOHATBHBIX
BO3MOXHOCTEHN, TOBBIIICHUS TOUHOCTH W3MEPEHUNA U
nHGOPMATUBHOCTH JKCIECPUMEHTOB, a TAKXE yJyulie-
HUA UX MAaccorabapUTHBIX XAPAKTEPUCTHK U DHEPro-
norpebaenus. CoOBpeMEHHbIE MOAXOObl K H3YUYEHHIO
pausaug OKII Ha TpeHue M MEXaHU3MBI M3HAIIMBA-
HUA MATEPHANOB TPeOYIOT OCHALIEHUS OPOMUTAIBLHOIO
TpuOOMETPA CHUCTEMAMU M3MEPEHUS TPUOOTEXHUUE-
CKUX XapaKTEPUCTUK WCTIBITYEMbIX Tap TPEHUS, B
TMEPBYI0 ouepeab — JUHEHHOTO W3HOCA. [lomesHBIM
CBOMCTBOM MEPCHEKTUBHBIX TPUOOMETPOB MOXET CTATh
BO3MOXHOCTh HCOTXHOKPATHOTO WX WCHOJb30BAHUY.
IMpu sToM oOpasipl map TPEHMS, OOCTABJAYIEMbBIE HA
6opr MKC wm Bo3BpamaemMbie Ha 3eMJIIO TOCIE HCIBI-
TAHUI AOJKHBI MMETh MUHUMAJIbHBIE MACCy, rabapuTsl
M JOMYCKAaTh MPOCTYK MX YCTAHOBKY B TpuOOMETp.
OueBuaHO, UTO B CJIyUae HEOAHOKPATHOTO MCHO/Ib30BA-
Hug TpUOOMETP HE AOKEH TPeOOBATH KOCTMPOBKH HA
Gopry MKC: Heobxoammas TOUHOCTh YCTAHOBKH 0O-
pasuos A0/KHA O0ECIeUunBATHCS KOHCTPYKTHUBHO.
Heobxomumo ormeruts, uro OKII moxnmOo pasge-
JuTh Ha ABe rpynmbel. Ilepsas — 910 akTOpHI,

© B. I BOPOBHK, 2005

WMEIOMINE CKAMIPHYIO MPUPOAY: HEBECOMOCTh, BAKYYM
u 1.1. Bropas — 310 dhakTopsl, MMEIOIINE BEKTOPHYIO
MPUPOAY: U3TYUCHUS, KOPMYCKYJISIPHBIC U MUKPOMETE-
OPUTHBIE TIOTOKM M T. . [Ipu aHaau3e KOHCTPYKLMMI
OpOUTAIBHBIX TPUOOMETPOB HEOOXOAMMO IIPEACTAB-
Jath, Banganid Kakux OKII Ha TpeHme m M3HOC
MOABEPXEHA KOHKPETHAL IMapa TPEHUYI B JAHHOM TPH-
G6omerpe. Ouesmpno, uTo BausHEME BekTOpHBIXx OKII
MOXET IIPOSB/ILATHCA TOJABKO B HE3ATCHCHHBIX IAPax
TPEHUSI C YACTHUYHBIM IIEPEKPBITHEM.

B macrogmee BpeMs M3BECTHO HECKOIBKO TPUOOMET-
POB, MPETHAZHAUCHHBIX /IS PA0OTHL B OTKPBITOM KOC-
MHUYECKOM IIPOCTPAHCTBE.

OgHuM M3 MEPBHIX KOCMUYECKUX TPUOOMETPOB MOX-
HO CUMTATh MMUTATOD TPEHMS, KOTOPBIA OBLI CO3aH B
HITO um. C. A. JlaBoukuna u pasmeimen Ha KA
«Jlyna-22» [8]. UmuraTop umena CABOCHHBIN MPUBOA U
UCIBITATEIbHBIN 00K, BKIUAKLIMA TPU Y314 TPEHUS
THMA «INCK — WHACHTOP» W TPW y3Ja TUMA <«BaJ —
BTyJKa». [lepegaua BpameHus ¢ Baja MOPUBOAA HA
MIECTh BaJOB Y3J0B TPEHUI OCYIIECTBALIACH C TO-
MOIIBIO CHOSUMATBHOTO pPEAyKTOpa. Bee mecTs y3/0B
HAXOOWJINCh B IMOCTOSHHOM 3aICIVICHUHM C BAJIOM IIPH-
Boma. Kaxnawlit y3en <«IMCK—UHACHTOP» WMEJ IUCK
auametpoM okoso 30 MM, K 06erMM MIOCKOCTIM KOTO-
poro Ha guaMerpe 0koa0 20 MM IPHXATH ABA COOCHBIX
mHACHTOPA. KaXaslii MEACHTOP 3aKpEIUIEH HA CBOOOI-
HOM KOHIIE¢ KOHCOJBHOM OaJKM, MMEKIEH MUHUMAIb-
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HYK) >XECTKOCTh B HAMPABJACHUM KACATEJbHOM K OK-
PYXHOCTH IOWCKA, 4 OPYTOW KOHEH Gasku 3aKperuieH
HA OCHM, MEPNCHAUKYJSIPHOU K PaaAMyCy AUCKA U €ro
mwIockocT, Basku coeauHEHbl OAHA C APYrod mnpu
MOMOIIM TOAATJMBOM BWHTOBOM MPYXWHBI, KOTOpad
3a7aeT HOPMAJBbHYIO CUay (yCHIHME MPUXATUS WHICH-
TOPOB K aucky). Ha Gasku HakJeeHbl TEH30PE3UCTO-
pBI, KOTOPBIE WUCMOJIB30BAJIUCH IS M3MEPCHUS CHJIBI
TPEHUS WHISCHTOPOB O JHCK.

JaHHBIT IMATATOP HE OBUI OCHAIIEH CHUCTEMOM IS
U3MEPEHUS TEMIEPATYPbl B 00JACTM KOHTAKTa Iap
TPEHUS U UX JIMHEUHOIO M3HOCA.

UcnonbszoBaTh pacCMOTPEHHBIA UMUTATOP TPEHUS B
KauecTBE OCHOBBI JTS MPOSKTUPOBAHUS TICPCIEKTUBHO-
ro opOuTaabHOrO TPUOOMETPA HE MPEACTABILETCS BO3-
MOXHBIM TI0 CJACAYIOIIMM TMPUUNHAM:

1. Bce ucneiTyembie Tapbl TPEHHS B WMHUTATOPE
paGoTalOT OAHOBPEMEHHO, UTO B CAyuae OOJbHIMX
HOPMAaJIbHBIX HArPy30K M CKOPOCTEN CKOJIBXEHHS Tpe-
OyeT UCNoAb30BAHMA AOCTATOYHO MOIIHOTO IPUBOIA.

2. TlpekpaiieHue UCOBITAHUI OAHOW W3 TAP TPCHUS
HEU30EXKHO BEIET K MPEKPALIEHUI0 UCIBITAHUN OC-
TAABHBIX TSITH MAp TPEHHS, T. €. TaKas KUHeMaThue-
cKad cxeMma TpuOOMETPA HAKJAIABIBAET CYINECTBEHHBIE
OTPAHMUCHUS HA MPOTPAMMY MCHBITAHUN,

3. Och MHACHTOpPA OTKJIOHSETCS B MPOLECCE UCTBITA-
HUHA [0 MEPE M3HOCA MHAEHTOpA M 00pasua-aucKa.

4. Kunematuueckas cxema KPEIJICHHUS WHACHTOPA
MPUBOAUT K WM3MEHCHUIO PaaMyca AOPOXKH TPEHUS
MNPy M3MCHEHUU CHUJIBI TPEHUSL.

5. YcraHOBKA MHACHTOPOB W JIUCKOB, 4 TAKXe IOCTH-
poBka TpuboMeTpa/MMUTATOPA FBJILETCS AOCTATOUHO
CJIOKHOU 3aJaueil JaXke B 3€MHBIX YCIOBHAX.

6. Jlucku uMuUTaTOpPa B 3HAUMTEJBHON CTCICHU 3a-
KPBITH JPYTUMU [AETAASIMH OT BO3ACUCTBUS HA HUX
WM3JYUCHUM, & TAKXE KOPMYCKYJSIPHBIX U MUKPOMETE-
OPUTHBIX TIOTOKOB, UTO HE MO3BOJSICT M3YUUTh BJIMS-
HHE TIOCJASAHUX HA TPEHUE W U3HOC.

Wurepecnas koHcrpykius tpubomerpa TRIBOLAB
NPEIOXKEHA IJI9 Pa3MeENIEHUs HA GOPTY €BpPOIENCKOro
cermenta MKC [7]. DToT TpuGOMETpP COCTOUT M3 ABYX
6sioko0B. Tlepeniil 610K MPETHAZHAUEH IS UCIIBITAHUS
MIECTU Y3JIOB «IUCK — WHASHTOP», 4 BTOPOU — IECTH
MAPUKOTOAUIMITHUKOBEIX y3J0B. B yane «auck —
WHACHTOP» KAaXAbI AUCK B3aUMOAECUCTBYET TOJBKO C
onHMM HHAEHTOPOM. OCOBEHHOCTHIO KOHCTPYKIIMK JaH-
HOTO TpHOOMETPA FBASETCS TO, UTO OOpPA3LBI-IUCKH
(LIAPUKOMOAIMITHUKK) B KaXA0M OJI0KE pacmoIoxeHbl
Ha obmeM Bany. [Ipu 5T0M K KaxxaoMy OJ0KY IMOTKJIIO-
UECHO MO ABA MPUBOAA, OAWH W3 KOTOPBIX (OCHOBHOW)
MPUBOAXT BO BPALICHUE BAJ C AUCKAMU (MOAMIMITHUKA-
MH), a BTOPO# (TepEeKJIIOUArOIIUi MPUBOA) MPEeAHA3HA-
UEH AJIS MOOUEPETHOTO BBEACHUS B KOHTAKT COOTBET-
CTBYIOIOUX AMCKA W WHACHTOpPA (HATPYXEHHUS COOTBET-

CTBYIOUIETO MIAPUKOMOMIIMIHUKA). Takum oGpasoMm, B
IPoImecce MCIIBITAHUN Y346l TPCHUS B KAXAOM 6JIOKG
UCHBITBIBAKTCA IMMOOUCPCAHO. TaKaH KOHCTPYKIOHNA TPpH-
GoMeTpa MO3BOJILET CYLMIECTBEHHO CHU3UTh MOIIHOCTD,
raGapuThl ¥ Maccy OCHOBHOIO MpHMBOZA U TpuOOMETpa
B meaoM. OTMETHM, UTO MEPEKIIUAIONUN TIPUBOI HE
Tpebyer GOJBIION MOLIHOCTH, MOJITOMY €ro rabapuTs
M MAacca HEBEIUKH.

OnHAaKO KOHCTPYKLUS Y374 «IUCK — WHACHTOP» ,
NpPUMEHEHHAS B JAdHHOM TPUOOMETPE HE CONEPIKUT
JATUYMKOB JIMHEWHOro maHoca. Kpome toro, ysay Tpe-
HAY AAHHOTO TPUOOMETPA CBOUCTBEHHBI HEJOCTATKH,
paccMOTPEHHBIE paHee B I. 3 m 4 19 MMHTATOPA
TpeHug [8].

B koncrpykuum tpuGomerpa [7] mocraBiaaTbca Ha
6opr MKC u BosspamaTbca Ha 3eM/o MOTyT OJI0KH €
y3aaMu TpeHud (0e3 mpUBOIOB).

Wssecren MoayabHbI TpuboMerp [3], KOTOpPbIH GbLI
paspaboran T'. JI. Tamyaeil 419 uaydyeHus ageKBaTHOC-
TN XAPAKTCPUCTUK TPCHUSI WM M3HOCA, MOJIy4YaCMbIX B
HA3CMHBIX ﬂa60paTOpI/IHX n B YCIOBHUAX OTKPBITOTO
kocmoca. OnHAKO AAaHHOMY TPUOOMETDPY MPUCYLIH HE-
JAOCTATKM, PACCMOTPEHHBIE PAHEE B I. 3 MPH AHAIU3E
UMUTATOpA TpeHUI. Kpome TOro, ero KOHCTPYyKIWS HE
ofecrneunBaeT U3MEPEHUE CyMMAPHOTO JMHENHOTO M3-
HOCA WMHIEHTOPOB, MOJTOMY OHA, MO-BHAMMOMY, HE
MOXET CTATh OCHOBOM TS TIPOCKTHUPOBAHUS MCPCIICK-
THBHOTO OPOMTAJIBHOTO TPpUOOMETPA.

Passutnem mMmraTopa TpeHUS MOXHO CUMTATH TPU-
GoMerp, pa3pabOTAHHBIA IPYNNIONA OpraHu3aruil BO
rmase ¢ HIIO wmm. C. A. Jasoukmua [2], cxema
KOTOPOTO AEMOHCTPUPOBAIACh HA KOH(Mepeumuu [1]. B
OTJIMUYME OT UMUTATOPA, B DTOM TPUGOMETPE TPU MAPHI
WHACHTOPOB UCHBLITBIBAKOT HA OOJHOM JUCKC AUAMCTPOM
85 MM, T.e. ONHOBPEMEHHO WCIBITHIBAIOTCA MICCTh
WHACHTOPOB HA OIHOM JHUCKC. C Ka)KZ[OfI CTOPOHBI
JAMCKA PACHOIOXEHBI IO TPU MHAEHTOpPA HA TPEX
JOPOXKAX TPEHWS C Pa3JAUYHBIMU pagmycamu. [lpwm
ITOM CKOPOCTH CKOJIbXCHHYA WHACHTOPOB HA BHENIHEN
W BHYTPCHHEH IOOPOXKAX TPCHUY OTJIMUAIOTCS TIPU-
MEPHO B ABa pasa. VIHAEHTOPHI, PaCHOIOXEHHBIE IO
o0e CTOPOHBI AMCKA, TONAPHO COOCHBI. Kaxkapiii nuaeH-
TOp 3aKpemieH Ha COOCTBEHHOM YIIPYTOM 3JIEMEHTE,
HMEIOIIEM ABE CTENEHU CBOOOABL: MO HOPMAJIHM K IJI0-
CKOCTH OWCKA W B HAMPABJCHWUW CWJIBI TPCHUI., YTIPy-
THEC OJICMCHTBI BBIMIOJTHCHBI B BUAC ABYX MAPAIIC/IOT-
paMMOB Ha ynpyrux inapampax. OmumH mapasiesno-
rpaMM MMCCT 6OJIbH.IyIO IOJATINBOCTD B HAIIPABJICHUMN
HOpMaJIbHOfI HArpys3Km m Maayrw IOAATJIUBOCTL B HA-
NpaBJIEHUU CUJIBI TPEHUS, 4 APYroil MapaieaorpaMm
MECECT MAJYIO MMOAATINBOCTD B HATPABJICHUN HOPMAJIb-
HOU HArpy3ku u GOJBIIYI0 TMOTATIUBOCTE B HATIPABJIEC-
HUU CHJbL TpeHud. B obmactu Hamboabinux aedopma-
Ouii yopyTrux IMApHUPOB HAHECEHBI TCH30PC3MCTOPHBIC
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gatuuku ((hOSBrOBHIC MJIM HA OCHOBE MOHOOKHUCH caMa-
pus), KOTOPHIC WCMOIb3YIOTCI AJII OMPEACICHUS HOP-
MaJabHOW HATPY3KW W CWJIB TpeHmWd. [lo m3MCHEHWIO
HOPMAJBHOW CWJIBI B TIPOLECCE MCHBITAHUS OMPEAC/IsI-
€TCd TEKyIMI CYyMMAapHBIA W3HOC KaXXA0M mapbl COOC-
HBIX WHACHTOPOB M AMCKA TO MCTOOWKE, TMPCATOXCH-
HOI B pabore [3].

HOauubii TpuOOMETpP yHACAEOOBAA OT HMMMTATOPA
HEKOTOPBIE HETOCTATKM, PACCMOTPEHHBIC paHee B M. 1,
2, 4 u 5. Kpome TOro, y HEro mosiBMJIaCh XapakTepHas
0COBEHHOCTh — MCOBITAHME WIECTH MHASHTOPOB HAa
OMHOM AWCKE HA pasHbBIX JOPOXKAX TPEHHSA. ITO
HETATUBHO OTPAXKACTCI HA KOPPEKTHOCTU TOTYUYAEMBIX
TPUOOTEXHUUECKMX XAPAKTEPUCTUK IO CAEAYIOLIMM
TMIPUYNHAM:

a) UCTHITAHNEC TPCX WHACHTOPOB HA PA3HBIX JOPOXK-
KaxX TPCHUT HA KaXION CTOPOHE OFHOTO OWCKA TIPUBEC-
JeT K TCPCHOCY MPOAYKTOB WM3HOCA C BHYTPCHHUX
JIOPOXEK TpPeHUS (C MEHBIICH CKOPOCTHIO CKOJIbXCHU)
HA BHEIIHUE HOPOXKU (C GOJIBIIENA CKOPOCTHIO CKOJIb-
XKEHU) ;

6) BuOpaiuu, BO3ZHMKAIOUIME MPU TPEHUM AUCKA U
WHICHTOPA, 3aBUCAT OT CKOPOCTH WX B3aWMHOTO CKOJTb-
XKCHUY, 4 TAKXE OT APYTUX YCAOBUH (CPEOBI, TCMIIC-
paTypel, PE30HAHCHBIX XAPAKTEPUCTUK HATPYXKAIOMICH,
W3MEPUTEIbHOM W WCHBITATEJbHOM CHUCTEM H T. 4.).
XapakTepuCcTUKM TPCHUS W M3HOCA CYIIECTBCHHO W3-
MEHSIOTCA TPU HAJTOXKEHHM BHEIIHUX BUOpanmii Ha
napy tpeuus [4]. [Toaromy B mpolecce UCTIBITAHWI HA
KaXAyK Mapy COOCHBIX MHAEHTOPOB OYAYT HAKIambi-
BaThcs BUOpalyK, CO3AABAEMBIE ABYMS APYTUMU COOC-
HBIMU [APAMHM WHAEHTOPOB, pabOTaOIMMU B APYTHX
CKOPOCTHBIX PEXHUMAX.

DTu NPUUMHBI MOTYT MPUBECTH K TOMY, UTO MHTEP-
mpeTanud MOAYYAEMBIX PE3yJIbTATOB, WX COMOCTABJIC-
HUE W CO3JAHME (IOMOJHEHuEe) 6a3 JAHHBIX TPUOOTEX-
HUUCCKUX XAPAKTCPUCTHUK TAP TPCHUS ANAS PAKCTHO-
KOCMHUUECKON TEXHMKU OyayT KpaiiHe 3aTpyAHEHbI WU
BOOOIIE HEBO3MOXKHBL.

Kpome Toro, mpuMeHEHWE B pacCMaTPUBACMOM TpPU-
OGOMEeTpe KOHCOJIBHOM CXEMbI KPEIIEHUS MaPaAIEIOr-
paMMOB HA YOPYTUX MIAPHUPAX, KOTOPHIC WCIOIB3Y-
OTCH IS CO3AAHWS HOPMAJBHOW CUJIBI W W3MCPCHUS
CHJIbL TPEHKS, HE OOECIIEUMBAET MAKCUMAJIBHOM XKECT-
KOCTH HA KPy4YeHHE, KOTOpad Heobxomuma A coxpa-
HCHUY TCPICHOWKYJIPHOCTH OCH WHACHTOpA K TLIO-
CKOCTH AWCKA B MPOLIECCC M3HOCA WHACHTOPA W OWCKA.

C yueToM pe3yabTaTOB MPUBCACHHOTO BBHILIC AHAIM-
3a Oblia pazpaboTaHa KOHCTPYKIUS MOTYJbHOTO Yy3ja
TpeHud, KoTopas mokazaHa Ha puc. 1. B Heil B
3HAUUTEJBHON CTEMEHMW YCTPAHCHBI HENOCTATKH, CBOM-
CTBEHHBIE PACCMOTPEHHBIM TPUOOMETPAM.

I'maBHBIM 57CMEHTOM JAHHOTO y3Jia IBASCTCA AC-
tanas I, yciaoBHO HaszBaHHas pamkoit. OHA BHIMOIHECHA

n3 amomuanesoro cmaasa I16T1 u comepxut B cebe
HECKOJIbKO TApa/IJICIOTPAMMOB HA YIPYTUX HIAPHUPAX,
COEMMHEHHBIX TOCAEA0BATEIBHO U/ WU MAPAJIIEIbHO,
000MMBIL C MOCATOUYHBIMKM OTBEPCTUSMU I ABYX IIOH-
OIUTHAKOB 2, B KOTOPBIX YCTAHOBJICH Baa 3 C OUCKOM
4. TlapannenorpaMmbl HA YOPYTUX IHApHUPAX M TOCA-
JOUHBIEC OTBEPCTHS TIOMIMUITHUKOB CAMMETPHYHBI OTHO-
CUTEJIbHO CpeaHeil miockocTu aucka. C Kaxmou cTopo-
HBl OUCKA B DIAOKUX AIHHIPHUYCCKUX OTBEPCTHIX
Go0blieK A, CBA3BIBAKNIMX ABA Iapasiesorpamma,
YCTAHOBJCHB WHACHTOPH 5. DTW MapauieiorpaMMbl
MPETHAZHAYUCHB IUIS CO3MAHNS YCUINS TIPUXATHS WH-
OEHTOpAa K AUCKY (HOPMAaJIbHOM HArpy3km). TeHsope-
3UCTOPHI 6, HAKJICCHHBIC HA YMPYTHX IMAPHUAPAX ITHX
MapaaieJiorpaMMOB M COSAMHEHHBIC MO MOCTOBOM CXe-
M€, UCTIOJb3YIOTCS AA9 M3MEPEHUS HOPMAJIbHOW CHJIBI
U, MO €¢ WM3MEHCHWUIO B MPOLECCe WCMBITAHWUMI, —
JIMHEWHOTO W3HOCA MHASHTOPoB M aucka [3]. Ofmasa
JKECTKOCTh Mapauie/IorpaMMOB B HAMPABJICHUMA HOP-
MaapHOM cuael pasHa 1500 H/m, uto ofecnmeumsaer
mosyueHne HopmasbHOM cwiel 30 H mpm ocesom
nepememenny uHAcHTOpa 0.2 MM M M3MEHCHHHM 2TOH
cubl He Oosiee ueM HA 25 9, mpuW JMHEWHOM WM3HOCE
maper Tpeang 50 MKM.

MakcuMaabHBIE HATIPIKEHUS B YIPYIHX MIAPHUPAX
npu HopMmasbhoi cunie 30 H ne mpepsimmator 120 MIla.
HeolxoauMo OTMETHTH, UTO YIOPYIUME LIAPHUDPHL B
NpeasaraeMoil KOHCTPYKIUU paboTaioT MpH 3HAKOMO-
CTOSHHOM HATPYXEHUM C HAJOXEHUEM HeGOMbIIMX
puOpanuii. Matepuan ynpyrux LIAPHUPOB B IPOLIECCE
paboThl MOOBEPrardTCa YCTAIOCTU MpH Kod(duuuenrte
ACMMMETPMM LMKJIA, OMM3koM K eamHmMne (R = 1)
(moszyuectu/ peaakcanun ¢ HAJOXKEHUEM HeOOIbIINX
puOpaumit). B copasounoit saurepatype (cm. [5])
OOBIUHO TIPUBOAAT 3HAUEHHUS MPEAENA BBIHOCIMBOCTU
P CUMMETPUUHOM IHKJIHUCCKOM HATPYXCHUN
(R = —1), xoTOpOE, KAK M3BECTHO, 3HAUMTEILHO GoJIee
OMAacHO, YeM 3HAKOMOCTOIHHOE LMKJIMYECKOE Harpy-
xerme (0 < R < 1). Takum 06pa3oM, MAKCAMATBHBIE
paGoure HANpsKEHUS B YOPYIUX INAPHUPAX AAHHOTO
y3Ja, HE MPEBBIIAT €r0 MPeAcaa BHIHOCIUBOCTH TIPU
HOPMAaJIbHOM TEMIICPAType U MPEAca MOJA3yUuecTu mpu
MOBBIIICHHOW TEMIEpaType aJlOMUHUEBOTO CILIaBa
T16T1 (o, = 130 MIIa, 050000, = 140 MIIa [5]).
IOna obecnieueHuns OOJBLIETO 3amaca MPOYHOCTU IPU
M3TOTOBJAEHUM JIETHBIX 0OPA3lOB y3/0B TPEHUS MOTYT
OBITh MCIONB30BAHBL AMIOMUHKMEBBIE criassl BAII23T1
uiu AK4-1T1, xoTopeie M0 XapakTepUCTUKAM MOJ3Y-
YECTH TIPH TIOBBIMIECHHBIX TEMIIEPATYPAX MPEBOCXOMAT
crutas J16T1 [5].

WHAeHTOpB 5 MMEIOT LMIMHAPUYECKYIO OOKOBYIO
noBepxHocTh. OHM 3aUKCUPOBAHBI OT MPOCKAJIb3bIBA-
HHS B GOOBIIKAX A ¢ TOMOIIBIO KJAWHBEB 7 W TAcK 8.

IMapasnnenorpaMMbl, pacmoJOXeEHHBIE MO 06e CTOPO-
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Puc. 1. MopyJIbHBIH y3€J1 TPEHUS C TEH30PE3UCTOPHBIMU TaTUMKAMU
HOPMAJIBHOU CUJIbI M CHJIbL TpeHus:: A — GoObiuka, | — pamka, 2
— MNOANIIMIHUK, 3 — BajJ, 4 — JOUCK, 5 — UWHACHTOP, 6 —
TEH30PE3UCTOP AaTUMKA HOPMAJBHOIM CUJIbI, 7 — KJIMH, § — raiika,
9 — crskka, [0 — TEeH30PE3UCTOP AATUMKA CWIIBI TPEHUS

Puc. 2. MonyJbHBIN y3€J TPEHUS C €MKOCTHBIMU JAaTUMKAMM HOP-
MaJIBHON CWJIbI M CWIbI TPEHUS

Hbl OT MUIOCKOCTM JMCKA ¥ CO3AAIONIME HOPMAJIbHYIO
CHJYy, COEIMHEHBI MEXTY COOOM C MOMOIIBI CTIXEK
(1eHT) 9, WMEKIIUX BBICOKYK XECTKOCTh B OCEBOM
HAMpPaBJIEHUM M HU3KYI XXECTKOCTh mpu uarube. Dt
CTSKKM BOCIIPMHMMAIOT Ha ce0d HOPMAJbHYIO HATPy3-
Ky WMHIEHTOPOB, Gjaromaps ueMy OHA HE MEpeaaercs
HA yOpyrue MmapHUps napasiicjaorpaMma, npeaHazHa-
UECHHOTO [/ WM3MEPECHUS CUJIbl TPEHHUS € TOMOIIBIO
TeH3ope3ncTopoB /0. KpoMe Toro, CTIXKH 9 MO3BOJIA-
0T YMCHBIIMTh OTKJIOHCHHME OCHM WHACHTOpPA OT Ha-
YaJIbHOTO TIOJIOXEHUS MPU U3MCHCHUM BEJAWUWH HOP-
MaabHOU CWJIBI M CWJIbl TpeHus. Tak, mpu Makcu-
MajabHBIX 3HAaueHUIX HopMmaabHOU cuael 30 H um
cunbl Tpenus 12 H oTkjaoHEHUE OCM MHACHTOPA OT
HAuaJpHOrO mmoJyioxeHuda He mnpepbmmaecr 0.2° (mo
0.02° mpu yxecroueHuu TpeCOBAHMI K JAHHOMY
napaMerpy M MCIOOJAb3OBAHMM GOJIEE CIOXHOM Ieo-
METPUM CTAXKEK).

Paccrogaue Mexay COOTBETCTBYIOIIUMU YIPYTUMU
mapHUpaMu TmapaaiejorpaMma, MNPeIHA3HAUEHHOTO
JUIS U3MEPEHUS CUJIbl TPEHHS, PABHO PaguycCy A0POXK-
KA TpeHUs wuHAcHTOpa Ha aucke (16 mm). Dtum
obecrneunBaeTcs HEM3MEHHOCTh PAANYCa JOPOXKKHU TPe-
HUS PU U3MCHECHUM CHJIBI TPEHUS.

BuyTpu MHAEHTOPOB 5 BBHIMOJHEHB HECKBO3HBIE OT-
BEPCTUS, B KOTOPBIX HA paccTosHuM MeHee | MM oT
BEPIIWHBI WHACHTOPA (MOBEPXHOCTH AWCKA) YCTAHOB-
JICHBI JATUMKU TEMIICPATYPHI.

Iepenaua BpalueHusd ¢ IpuBOoAa TPpUOOMETPA HA Baj
3 MOAYJBHOTO y3Ja OCYHIECTBASETCI Uepe3 HUIHIEBYIO
ravky /1.
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HOna cauxenns Bausuug OKII Ha xapaktepucTuku
JATYMKOB HOPMAJBHOU CuJbl (TMHEWHOTO WM3HOCA WH-
JAEHTOPOB) U CHJIbI TPEHMS 3TH AATUMKUA MOTLYT OBITh
peann30BaHbl C MCIOJIb30BAHUEM EMKOCTHBIX Ipeodpa-
30BaTE/CH MEPEMEIICHNUS, YCTAHABINBAEMbIX, KaK MO-
Ka3aHO Ha puc. 2.

Pamka 7 3akpeiTa oTpaxamiuM dKkpaHoM (Ha puc. 1
M 2 HE TOKA3aH), KOTOPHI MPEJOTBPAIAET OBICTPOE,
HEPABHOMEPHOE €€ Harpesanue/oxJjaxiaeHue u olyc-
JIOBJIEHHOE JTUM KOPOOJEHHUE YIIPYTHX DJAEMEHTOB AAT-
uukoB. [Ipu 5TOM 2KpaH ¥ PACHOJOXCHHAS MOJ HUM
pamMka [/ 3aKpbIBAKOT JOPOXKY TPEHUI HA OAHOM W3
IJIOCKOCTEM aucka He Oosee uem Ha 30 %, oT BO3mEH-
creug Bektopuabix OKII, Haxogdmmxca HA OCH Bparmie-
HHS IUCKA.

TakuMm 00pasoM, B KaXKIbli MOMEHT BPEMEHM UCIIbI-
tanuit 70 %, 9TON AOPOXKU TPEHUSI OTKPHITO BO3ACH-
ctBuro BekTopubix OKII. Hanpumep, npu opueHTatmm
ocu MoxyJbHOoro ysna Ha CosiHIE MHASHTOP, CKOJIb39I-
M TI0 OCBEINEHHOM ILUIOCKOCTM AMCKA, OYAET mpen-
CTaBAdATh COOOM Mapy TpeHud, paGoTAIOIIYIO B YCAOBU-
49X BO3ACUCTBUS BEKTOPHBIX (BBI3BAHHBIX COHIIEM) U
ckangapubix OKII, a uHAEHTOP, CKOJB3SMIMI MO HEO-
CBEHIEHHOM IIJIOCKOCTH JAWCKA, MPEACTaBIgeT Coboii
napy TpeHus, paGoTalwmyl B YCIOBUAX BO3AECHCTBUS
TobKO ckangapubix OKII.

Macca pa3paGOTaHHOIO MOLYJBHOTO y3Ja TPEHMS HE
npesbimaer 100 r, raGaputel — He Gonee 45%x45%25 Mm.
[Mpu makcumanpHbix HOpMaabhoit cuiae 30 H, koad-
dunmenre Tpermg 0.4 mW CKOPOCTH CKOJbXCHHUS
1.5 M/c ang paGoThl JAHHOIO MOLYJIBHOrO y3ja Tpedy-
eTCd TMPHUBOJ MOMHOCTHIO He Oosee 50 Br (mpm KIII
npusoga 75 %).

JaHHBI MOTYJIBHBIA y3€T TPCHHI MMEET HEOOb-
nie TabapuThl, MACCY M JIETKO CTHIKYETCS C IPUBOAOM.
WuaeHTOp ¥ AUCK COCTABJISIIOT OCHOBHYIO UACTh MACCHI
y3Ja U ONpeneasaiorT ero rabaputel. [105TOMY maHHBINA
y3eq MoXer aocraBadaTbeda Ha Gopr MKC u BosBpa-
maThca Ha 3eMiio B COOPaHHOM BHIE.

B cenrabpe 2004 r. Ha ueTBepTOM YKPAMHCKOMN
KOH(MEPEHIUHU MO KOCMUUYECKUM UCCACAOBAHUAM COCTO-
41ach AEMOHCTpanusa paboThl MOAYJIBHOTO TpuOOMET-
pa, OCHAIICHHOTO JaHHBIM y3J0M. JleMoHCcTpauus mpo-
Bogmwiack B [enmonentpe UTIM HAH Ykpauusr (mrr
Kauousenu, Kpeim) ua ycranoske CI'Y-5 [6] B Baky-
yme mpu temmeparypax or —100 °C mo 150 °C. Ha
JAEMOHCTpALMU TPUCYTCTBOBAMM mpeactasutean HKA
Ykpauns, HIIK <«Kypc», KB «lOxnoe», CKTDb
OTUHT HAHY, HIIO um. C. A. JlaBoukuua, PKK

«Queprus», [THUM MAII, UIIMex PAH, xoropsie
3aHMMAKOTCH paspaborkamu y3noB TpeHus KA m HA
A9 UCCACAOBAHUSA TPCHUI MW M3HOCA B YCIOBUAX
ozaeiicteusg OKII.
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FRICTION MODULE OF PIN ON DISK TYPE
FOR TRIBATECHNICAL INVESTIGATIONS IN SPACE

V. G. Borovyk

We consider the constructions of friction modules of pin on disk type
for tribometer. These friction modules are intended for experiments
in outer space conditions. To study tribotechnical characteristics of
materials in space, the pin on disk construction for the friction
module is proposed. The construction of the friction module of a
promising orbital tribometer is described and its technical charac-
teristics are given.
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MMUKPOCITYTHUKOB —

3pobaeHo orig TEHAEHIIN MOGYA0BH CUCTEM TEPMOPETYJIIOBAHHS MIKpPOCYIyTHUKIB. HaBeneHo xapakrepu-
CTUKM OCHOBHHX KOMIIOHEHTIB LIMX CHUCTEM.

BBEJEHHWE

Marepuanbl HAyYHO-TEXHUUECKUX KOH(MDEPECHLIUN TI0
manwM cnyTHukam [15—18], a takxe undopmamusa o
TEKYIIMX Pa3paboTKax U ILUIAHUPYEMBIX KOCMUUECKHMX
MHUCCUIX € WX MPUMEHECHUEM [http:/ /www.certaur.
sstl.co.uk] cBUAETENBCTBYIOT O HAJMMUMU YCTOHUMBOTO
WHTEpEeca K JAHHOMY THUIY KOCMHUECKMX amnmapaTos.
AKTyanpHOCTH pa3pabOTOK MaJjblX CIOYTHHUKOB OOBIC-
HIETCS TMPEXAEC BCEr0 YMEPEHHOW CTOMMOCTBIO M HE-
NPONOKUTEABHBIM CPOKOM MX paspaborku  (4—20
mian goanapos CIIA 3a 2—4 roga), BO3MOXHOCTHIO
YCTAHOBKM HA HHMX B KAueCcTBE TMOJC3HOU HArpy3Ku
CJIOXKHOW HAYUHOM amnmapaTypbl, TaKOW KaK MHOTO-
(pyHKIMOHAIBHOE 00OPYAOBAHKUE U ONTUUECKHME CHCTE-
Mbl. TakKe BaKHBIM SBJSCTCS BO3MOXHOCTb OCYIIECT-
BJEcHUS 3anmycka Takux KA B Buae AOMOJHUTEIBHOTO
rpy3a, uTO CYLISCTBCHHO JACIICBJC WHAMBUAYAJIbHOTO
zamycka. Cornacuo kiaccudukanuu Kocmuueckoro
uentpa dupmbl «Surrey Lid.», ucnonsayroineit B Kaue-
cTBe Kpurepus maccy KA, mpemaioxeHsl CAeoyomme
YCAOBHBIE TPYMMbl: HAHO- WM TUKOCOYTHUKH (Macca
meree 10 xr), MukpocnyTHMKM (Macca B Mpeaeaax
10—100 xr), muan-cytauku (100—500 xr), a Takxe
MaJble MEXIUIAHETHBIE anmapatel (Gosee 500 xr).
TunuuHbie TEXHUUECKUE XAPAKTCPUCTUKU TPYIIIbI
«MaJIbIX» CIIyTHUKOB TpUBeaeHb B Taba. 1.
OrpanuucHUS TPU KOHCTPYMPOBAHWUM MAJIBIX CIIyT-
HHUKOB, BBI3BAHHBIC JUMHUTOM MAaCCHI, JJCKTPUUCCKON
MOULIHOCTH ¥ 00bEMA AJid YCTAHOBKM TIOJIE3HOM HATPY3-
KA ¥ BCIOOMOTATEJIbHBIX CHCTEM, MPEABIABIASECT P
JKECTKUX TPeGOBAHUN K CHCTEME TEPMOPETYJIUPOBAHUS
(CTP). AHanu3 uCnoab3yeMbIX IMOOXOA0B Aad BeiOopa

© B. M. BATYPKHH, 2005

tuna CTP u ee KOMIOHEHTOB MO3BOJLET GOJIEE MOJHO
IIOHITH OCO6€HHOCTI/I CHUHTC3d TAKUX CUCTCM U UCTTIOJIb-
30BATb JTy HH(bOpMaL[HIO npu CO3JaHNU MaJbIX CITyT-
HuKOB. OCHOBHOE BHUMAHUE B IPENIATAEMOM 0030pe
YAEJECHO TpYyNNEe <«MHUKPOCOYTHHKOB» (Macca a0
100 kr), rae OCOGEHHO CJIOXKHO HAUTH KOMIIPOMMCC
Npy pacrpeneacHuu Macchl, o0bema, sHepronorpebie-
HUA MCXOY O6H33T€JIBHBIMI/I CJIy>K€6HbIMI/I CUCTEMAMN
¥ MOJIE3HOM HATPy3KOW.

C 1980 mo 2002 rtr. Ha OKOJO3EMHYIO OpOUTY GBLITO
BhiBEAEHO Gosiee 250 MMKPOCIHYTHUKOB, PAa3HOPOXHBIX
Mo CTPYKTYpEe W TO YCJOBUAIM (DYHKIMOHUPOBAHUS
(puc. 1). Huxxe MBI paccCMOTPUM OCHOBHBIC TPUHIIUIIBI

Tabawuma 1. XapakTepHbie TPU3HAKA MAJIBIX CIIYTHUKOB

Jlunetiaple pasMepsl | CpepHsds MOIMIHOCTB,

Knacc cnytHHKA Macca, Kr

KOpnyca, M Br
MuHU-CIIy THUKY 100—500 >1 <100
MUKpOCIy THUKYU 10—100 0.5—1 Hecarku
HanocnytHuku <10 < 0.2 E qunauiis
N

e

T ooa /)
ol = 4 N A et

0 1
1980 1985

1990 1995 2000
Puc. 1. KosmuectBo N 3ammycKoB MUKPOCIYTHHUKOB B 1980—2002 rr.
cornacHo ganubIM Small Satellite Home Page (SSHP)
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TOCTPOCHUS CUCTCM TCIUVIOBOTO KOHTPOJIA, OIINPALACh HA
OMBIT UX TMPOCKTUPOBAHNA BCAYIIMMHU MPOU3BOAUTCIA-
MU KOCMUUECKOTO 000pyaoBaHud, cpeam KoTopbix Kon-
crpykropckoe Owpo «fOxHoe», Ykpauna, pupma «Ca-
pu Caremnant Texknonomxm Jlumurens, BeamkoOpura-
Hus, BepauHCKU TeXHUUECKUA YHUBEPCUTET 1 ap. [1,
2, 6, 10, 13, 15, 19, http://www.ufa.cz2000, http://
www.ee.surrey.ac.uk/EE/CSER/OUSAT/IJISSE/
1JSSC/issuel/cjilla/cjilla.html, http://electronics-
cooling.com/Resources/EC-articles/SEPT96/
Sep96_03.htm], a takxe Gasupysach Ha paboTax, BbI-
MOJHCHHBIX KOJUICKTUBOM ﬂa60paTOpI/II/I TCIIJIOBBIX
TpyG HaiuoHanbHOrO TEXHMUYECKOTO YHUBEPCUTETA
Ykpaunw (KITA) [7, 12, 14, 21], ogHuM U3 4JICHOB
KOTOPOTO ABJAMETCS ABTOP.

YCJI0BHA BHEITHETIO TEILJIOOEMEHA

MuxkpocnyTHuku 3eman MOTYyT (DYHKIIMOHHPOBATh KaK
HAa HU3KUX KpYroseix opburax (450—1200 xm) ¢
opburampabiMu yrmamu —90° < § < 90°, tak u Ha
BBICOKOD/IMNTHYECKUX oOpbutax. OHM TOIBEPXKEHBI
BO3JCUCTBUIM TPIMOTO COTHEUHOTO M3JIYUCHWS, OTpa-
KEHHOTO 3eMJICH COMHCUHOTO W3JAYucHus u coOCT-
BenHoro UK-uznyuenus 3emau. XapakTepHbie 3HA-
YCHHWS MAJAIOMNX MOTOKOB AJS TIOCKOW MOBEPXHO-
CTH, OPUCHTUPOBAHHOU B HAAMP 3EMJIM HA KPYroBOWM
opbure BoicoToit 550 kM ¢ yriom 8 = 0°, cOCTaBALIOT
coorBercrBeHro 1400, 150 (makcumym 450) un

190 Br/m>.
Jl19 TeHEBBIX KPYrOBHIX OPOUT BpeMs IpeObIBAHKUS B
reEn mocturaer 0.5 U, MI9 JUTHOTHUYECKAX — He-

CKOJBbKO YacoB. MeTomwmKky AeTaJbHOTO ONpencacHUS
BCAWUWH BHCITHUX JYUYNCTBIX MOTOKOB, 4 TAKXE aHA-
JIM3 BJAMSHHL COCTaBa aTMocepbl M adPOAMHAMMIUC-
CKOTO HArpeBa mpHUBEASHH B paborax [1—3, 6, 10, 14,
19, 20].

BeimeuM HECKOJIBKO BAPHAHTOB OPHUEHTAIWMH MUK-
POCIIyTHHMKOB: a) XaoTWyeckas opueHTanus; 0) oxHa
n3 oceil mampasigcHa Ha CosHIE;, B) OmHA M3 OCEH
TMCPICHANKYAIPHA K HATIPABJACHUIO COTHCUHBIX JTYUCH;
r) OIHA OCh HAIPABJCHA MO BEKTOPY CKOPOCTHU; 1) OChb
HAMpPaB/ICHA K LUCHTPY 3eMJIM; €) TPEXOCHAs OpUEeHTA-
My, KOTAAa KaxXkmad OCh MOXET OPHEHTHUPOBATHCI IO
3aJaHHOMY CIICHAPWIO.

[TpuagaTEi BapWaHT OPWCHTALMN MUKPOCITYTHUKA
omnpeneasaer BHOOP CHCTEMBI CTAOMIM3ALMH, A TAKXKE
PacCToNIOXXCHUE COMHEUHBIX MAHEICH W paauaTopoOB-M3-
ayuarenein CTP. TMpumensembie B MUKPOCIYTHHKAX
CHCTEMBI OpPMEHTALMM OCHOBAHBI HA CTa0mimsanum
BpalcHUEM, TPABATAIAEH, pEaKIUHA BBITCKAIOMMUX Ta-
30BBIX CTPYyH, 4 TAKXE WMCMOAb30BAHWUU ABUTATEIACU-
MAaxXOBHKOB M MOMCHTHBIX MArHUTOIPOBOAOB [3].

KOHIEIIWN ITOCTPOEHUA TEIIJIOBBIX CXEM

[MTpu mocTpoeHMM CHCTEMBI TEPMOPErYJIUPOBAHUS HO-
MUHUPYIOIUME IBJISIOTCS TPU MOAXOAA: ABTOHOMHAS,
LIEHTPAJN30BAHHAY M KOMOMHMPOBAHHAA KOHIEIIUS,
CornacHo aBTOHOMHON KOHIEIIWKA KAXIbIA W3 pac-
CMaTPUBAEMBIX NPUOOPOB TEPMUUYECKU M30JMPOBAH OT
ApyrUX (MOPSAOK TEPMUUECKOTO COMPOTUBJIEHHUS Gosee
10—100 K/BT) u umeeT cOOCTBEHHOE TEPMOPETYIUPO-
panme. TpebGyemad Temmepartypa mpubopa MOAIEPKU-
BAETCH IpPU AOCTHXKEHMU GanaHca MEXAY TEILIOBBIAE-
JeHneM mpubopa U TEmI000MEHA ¢ OKPYXAWUIeh cpe-
JOU ¥ MOCAMOUHBIMKA MECTAMU MUKPOCHYTHUKA. Y POB-
HM TeMneparyp npubopa ¥ MHMKPOCIOYTHUKA MOTYT
cymecTBeHHo oranuarbes (o 100 K). Ocobennoctb
HCHTPAIN30BAHHON KOHLCHIINKM 3aKJII0UYACTCI B TOM,
yTO TPUOOPHI JOIXKHBI OBITH XOPOIIO TEPMUUECKU CBA-
3aHBI MEXTY CO00M (MOPAAOK TEPMUUECKOTO COMPOTUB-
aeans menee 1 K/Br). DHeprus TemnioBbiaeieHUs
npubOpOB MEPEAAETCS K OCHOBHOMY pamuaTOpy-u3JIy-
YaTeaI0 TEIJIOMPOBOAHOCTHIO TI0 KOPITYCY MUKPOCIYT-
HUKA, U3JIYYEHHEM, KOHTAKTHBIM TEILIOOOMEHOM, CIe-
IMAJBHBIME TEILIONPOBOAAMU (TEILIOBBIME TpPyGamu)
WIA TIOTOKOM Cpeabl (MPU TEPMETUUYHOM WCHOJTHEHUU
cnytHuka). Ha npakTuke nHamGosee pacmpocTpaHeH-
HOU gBAdETCS KOMOMHMPOBAHHASA KOHLEMIMUSA, B KOTO-
poii oaHa uacTh IpuOOPOB MMEET ABTOHOMHBIN TEMJIO-
BOU KOHTPOJIb, & APyrad 4yacTh — LEHTPAJIN3OBAHHBIN.

Kaxgass w3 KOHIENTyaJbHBIX CXEM WMEET CBOU
MPEeMMYyIIEcTBA U HexoctaTku. JlocTOMHCTBAMU ABTO-
HOMHOI CXEMBbI SIBASIOTCS BO3MOXHOCTh HE3aBUCHMOTO
NPOEKTUPOBAHKUA MPUOOPA M TMONAEPXKAHUE OTIAYHOTO
OT OCTAJbHBIX MPUOOPOB YPOBHA TEMIIEPATYP, OAHAKO
KaXapli u3 TpubOpoB HOKEH HMETh COOCTBEHHYIO
CTP. Takxe BaxXHO OTMETHTh, UTO IIPHU MAJION TEILIO-
emkoctu mpubopa (1—1000 IOx/K) konebGanus ero
TEMIEPATYPHL MIPU ABUXKEHMH IO OpOMTE MOryT OBITh
3HAUMUTEIBHBIMA U3-3a CYIMIECTBEHHOTO OTJIMUMS BHEII-
HUX YCA0BHMiI Ha oceemeHHoM COMHIEM W HAXOAs-
HIMMCS B TEHM y4acTKax OpOWTHI.

[MpeumyiiecTBaMu HEHTPAJTUIOBAHHON KOHUECTIIUU
ABJLIOTCS MPHUBA3KA TEMIEPATYp NpuOOpOB K OXHOM
6a30BOil TeMIEPaType, OAHOTHUIHOCTh KOHCTPYMPOBA-
HUS CUCTEMBI TCPMOPCTYJUPOBAHUY, «CIJIAXXWUBAHUCY
BJMSHHUS BHCIIHUX TEIUIOBBIX BO3MYILICHWI, YMEHbIIIC-
HHE KOJMYECTBA PAAMATOPOB U TEMIEpPATypHAS OJHO-
pomHocTh B 00beMe. OQHAKO PABHOBECHAS TEMIIEPATY-
pa MUKPOCIYTHUKA MPUA OTCYTCTBUU AKTUBHBIX CIOCO-
00B BAMAHUS HA Hee (HANPHUMEpP, MOABON AOMOJHU-
TEJBHOTO TEIIA OT JJACKTPUUCCKUX HATPEBATEJCH, JK-
00 ImyTeM M3MEHEHWS OPMEHTALMH PaguaTOPa OTHOCU-
TeapHo CoOMHLIA WM €ro OOTHUECKUX CBOMCTB) HE
MOXET OBITh CKOPPEKTHMPOBAHA WJIU M3MEHEHA B XOIE
9KCILTY ATAINM.



94

B. M. bBarypkuH

IMepeuunas oneHKA TWIOMAAN Fp TIOCKOTO PaanaTO-
pa-uaayuareas mpubopa OCYIECTBASETCI HA OCHOBE
aHaausa ypaBHEHWS OajgaHCa TEIUIOBBIX MOTOKOB C
WCTIOMB30BAHMEM YCPEAHEHHBIX MO OpOMTE OLEHOK
TEIUTOBBIEACHUS Tipubopa Qy;, TIOTHOCTH ¢. TOTIO-
HMIEHHOTO paguaTopoM mortoka or CoMHIA, MIOTHOCTH
OTPaXCHHOro 3eMyICH COTHEUHOTO MOTOKA ¢, u MK-
U3AYUCHUS 3EMIH Gyt

FP'S'U(TP4 - Tg) zQy+ FP'aI/IKJrFP(aOS + ac) + Opxs

IA€ BEJWYMHBL Gyy, (o3, §c HOPMATIM30BAHBI K TJIOCKO-
CTU paAMaTopa M SBAAIOTCH (PYHKIMIMU OPUCHTALMU
pagmaTopa oTHOCHTEAbHO 3emun u CoOJIHIIA, BEIAYMHA
Qpx — Tema000MeH paamaTopa ¢ KOpPIyCOM MHMKPO-
cuytHUKA, T, — 3agaHHas yCPCAHCHHAS TEMIECpaTypa
pammaropa, K; T, — remmepaTtypa OKpyXammeH cpe-
Ibl, € — CTENCHb UEPHOTHI MOKPHITUS paguaTopa.
YTouHeHUE 3HAUCHUUN pa3Mepa paguaTopoB U TEMIIe-
patyp T, IPOBOAWTCS HA OCHOBC MPOTPAMMHBIX KOMII-
JIEKCOB, O0ECHEUMBAONIMX PELIEHUE CUCTEM ypPaBHE-
HUA TEIIOBOro 0ajaHca B HECTALMOHAPHOM PEXKMME
JUIS COCTABAMIONIMX MUKPOCTYTHUKA.

Ha onpeaencuue mMecra paumoOHATBHOTO PACTIOIOXE-
HHUS PaaMaTopa M3ayuyaTead CYUICCTBEHHOE BJIUSHHUE
OKa3bIBACT OPHMEHTALUS MUKPOCOYyTHUKA. Ecaum och
BpAICHUS MUKPOCHYTHUKA TEPHCHAMKYJISPHA K Ha-
MpaBJAcHUID TemmoBoro noroka ot CosHua, BHEIIHSAS
(GokoBag) 000J0UKA BIOJHE MOXET OOECIeunBaTh
CTOK TEIJA OT BHYTPEHHUX WMCTOUHWKOB (puc. 2, a).
Tak, mpu COOTHOIICHUM ONTUUCCKUX CBOUCTB €€ MO-
kpeitusg a/e < 1 (o, — kosdduument morromeHns
COJTHEUHOTO W3JIYUCHHS) TEMIEpaTypa MOBEPXHOCTH
Oyner Oamska x 10—20 °C [14]. Ecau och BpaineHus
COBMAMACT C HAMPABJACHUEM TEIJIOBOTO TMOTOKA OT
Connua, a9 pacnoyioXEHUS paaMaTopa MOXET WHC-
MOJIb30BAThCS MOBEPXHOCTh, PACHOJJOXKCHHAY B 3aTe-
HeHHON 30He. JIOGOBbIE MOBEPXHOCTH MUKPOCIYTHUKA,
HA KOTOPBIE COJHEUHBIM TEIVIOBOW MOTOK MAJAET MO
HOpPMaJId, MOTYT JUGO TEIIOM30AMPOBATHCI OT M3JIY-

a
U3nyyYyeHne COJIHEYHbIN U3nyyYyeHne
)4\ B KOCMOC ”°T°K¢ B KOCMOC
npmnbop

yeHHs, MO0 MOKPBIBATHCH CEIEKTUBHBIMU ONTHUECKU-
Mu nokpetuamu (o, = 0.2, ¢ = 0.85). Oro mossoager
noHu3uth Temmeparypy a0 30 °C u ucmosb3oBaTh 9Ty
MOBEPXHOCTh B KAUECTBE PaaMaTopa AJd OTBOAA BbiAc-
JISIOIIETOCY BO BHYTPEHHEM TPOCTPAHCTBE TEmjaa
(puc. 2, 0).

[Mpu TpexocHoOU opueHTAUUU, B CAyuyae, KOraa OaHa
ock opueHTuposana Ha CosHIE, BIOOJHE ONpaBAaHa
YCTAHOBKA PaguaTOPOB-M3/AyuaTesaeil Ha OOKOBBIX MO-
BEPXHOCTAX, 4 TAKXe HA J0OOBOM moBepxHocTu. Ilpu
OTOM OTBOA TEMId MOXET ObTh OPraHU30BaH Kak
uepe3 oauH paauatop (LEHTPAJTU30OBAHHAS CXEeMa), TaK
¥ Uepe3 HECKOJIbKO PaguaTopoB, PACCPECAOTOUCHHBIX MO
CIIyTHUKY U 00ECHeuMBarOUIMX ABTOHOMHOE pPELIEHHE
TEILIOBBIX PEXUMOB 21eMeHTOB KA (puc. 2, ¢). O6be-
AMHCHUE TETUTOBOM CBA3BIO BCEX KOMITOHEHTOB MHUKPO-
CIYyTHUKA TIPHBOAUT K CYIICCTBCHHOMY VBEIHUCHUIO
TEMJIOEMKOCTH CHCTEMBI, UTO YMEHBIIAET TEMIIEPATyP-
HYI0 HEOTHOPOAHOCTH MO OOBEMY, CHUXKAET TEMIIEPA-
TypHBIE AedopManuy ¥ KoaeOaHUd TEMOEPATYPHL Ca-
MOTO pamgMaTopa TP TPOXOXACHUM OCBEIICHHBIX W
TEHEBBIX YUACTKOB OPOWTBL.

IMpu xaoTmueckoi opueHTAUMK (CBOOOTHO JETAIME
0o0bekTh) 00as 30HA OOKOBOI MOBEPXHOCTH MOXET
OBITh MCIOJIb30BAHA /IS YCTAHOBKM PAAMAaTOPOB.

Heo0xoauMo Takke OTMETHTb, UTO MOAABILIOIIEE
GOJBIIMHCTBO COBPEMEHHBIX MMKPOCIYTHHUKOB BBIIO/I-
HEHBI KAK HETEPMETUUHBIE OOBEKTH, B KOTOPHIX TPAHC-
MOPT TEIUIOBOM JHEPrMU OT UCTOUHMKA (mpubop, OT-
CEK) JI0 paauaTopa OCYLISCTBAICTCS U3JIYUCHUEM, TCI-
JIOMPOBOAHOCTHIO WJIM MO CHEHUATBHBIM TEILIOMPOBOAAM.

PaccMoTpnM  TexHWUECKHME MAPAMETPHI THITHYHOTO
MHKPOCITYTHUKA (HETCPMETHUHBIH KOPITYC, EHTPAJIN-
30BAHHAY CXEMa, OMHOOCHAS COJIHCUHAS OPUEHTALWS)
€O cpemHel TemwnoBoit MmomHOCThIO 40 Br:

+  pasMmepsl MukpocnyTHHUKa — Ky0 0.5%0.5%0.5 m;

e  TIOMIAZb HAPYXHOM TOBEPXHOCTH CITYTHUKA —
1.5 M’

*  [UIOWIAAb PAAMATOPA, PACMIOJOXCHHOTO B TEHEBOU
30HE, B 3aBUCHMOCTH OT opoutsi — 0.1—0.2 mM%;

6 B

na3nyvyeHmne
B KOCMOC

COoJiHe4YHad
naHesb

COJIHEYHbIN
MoToK

COJIHEYHbIN
MoToK

Puc. 2. KoHnenmuy mocTpoeHUS CUCTEM TEPMOPETYJIUPOBAHUS: @ — OChb BPAIICHUS NEPICHAUKYJISIPHA K HAMPABJICHUIO COJHEUHOTO MOTOKA,
6 — OCh BpAIICHUS COBHANAET C HANPABJICHUEM COJIHEUHOTO MOTOKA, 8 — CXEMa PACIOJIOXKEHUS PagUaTOpPOB HA CIyTHUKE C TPEXOCHOM
crabuiamzanueii ¢ mpojosIbHON OChro, Hanpasiaennoi na Conuue
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* TeMmcpaTypa TOBEPXHOCTH PaAMaTOPa-m3aydare-
ag — 280 K.

IOna obecrneyeHns TEIIOBOIO PEXMMA TAKOTO CILyT-
HUKA OOJIBLIYIO YACTh €r0 HAPYXKHOM MOBEPXHOCTH —
noutn 1.3 M° — HeoGx0mMUMO 3aMUINATh SKPAaHHO-BA-
KYYMHOU M30JI0UEH OT TEIJIOBOTO BO3ACUCTBUS
BHEMIHUX MCTOYHUKOB. CTa0HABHOCTh TEMIEPATYPHI
paauaropa (B IEHTPAIM30BAHHON CHUCTEME) M, COOT-
BETCTBEHHO, BCETO OCTAJIBHOIO MPUOOPHOro obopyaosa-
Hug OyAeT 3aBUCETb OT IOCTOSHCTBA BHYTPEHHETO
TETUIOBBIACJCHAS W BHEIMTHUX TEIJIOMPUTOKOB. Taxk,
I TPUBCOCHHBIX BHINC JAHHBIX TPU TEMICPATYypE
pamgmaropa 280 K mamMeHeHWE yCpemHEHHOTO BHYTpPEH-
Hero TemoBbiesicans Ha 1 BT mpuBomuT K caBury
TeMrepaTypsl paauaropa Ha npumepao 1 K.

OGa3aTebHBIM  aTPUOYTOM MUKPOCIYTHUKA SBJS-
OTCY COJTHCUHBIC TIAHEJW, KOTOPHIC 3aHWMAIOT, Kak
npaswio, Goaee 0.5 M° ero moepxuocTn. COMHEUHBIE
TMAHEJW YCTAHABJAMBAIOTCS HEMOCPECACTBCHHO HA KOp-
myce, IBAIICh OPTAaHMUECKOM YACThI0 €T0 MOBEPXHOCTH
(HEMOABUXHBIC TAHEAW), WJIW MOPUMBIKAIOT K €T0
BHEOIHCH TMOBEPXHOCTH (OTKpbiBaecMbie manesau). Ot-
KPBIBACMBIC TTAHEJW HA MUKPOCIMYTHUKAX, KaK TPABU-
JIO, HE WMEIT MEXAHW3Ma TICPCOPUCHTAIMUN OTHOCHU-
TEABHO Kopmyca. [ad KOCMWUECKWX anmapaToB, HE
WMEIOMIMX MPEeUMYIIeCTBeHHON opueHTauuu Ha CoJH-
L€, COJHEUHBIE MAHEIM MOKPHIBAIOT OOJBLIYIO YACThb
TMIOBEPXHOCTHA KOPITYCa ¢ LEIBI0 YBCAWUCHUS TIIOINATN
OCBEIIAEMON TOBEPXHOCTH.

TpeboBaHusa K TEMIOEPATYPHOMY PEXUMY TUMHUHBIX
KOMIIOHEHTOB MMKPOCIYTHUKA MPUBEIEHB B Taba. 2
[19], a Takxe, manpumep, B paborax [10, 13, 14, 19].
Buano, uro HamboJee UyBCTBUTEIbHBIMU YCTPOUCTBA-
MU IBJASIOTCS AKKYMYJITOPH SJCKTPUUECCKON SHEP-
TUW, ONTUUECKAd aNmapatypa W WHANBUAYAJBHAS TO-

Tabaura 2. TUNHYHBIE TEMIEPATYPHbIE YCIOBAS IKCILTyaTaluu

Temnepatypa, ITuKOBAaS MOMIHOCTD,

HauMeHOBAHHE KOMIIOHEHTOB BT

ek TpUUEcKoe 000pyA0BAHUE —-10...+40 10 gya Goka
DJIEKTPUUECKUE AKKYMYJISATOPBI =5..+15 20
T'a3 B cucreMe OpueHTaluu +9...+50 —
MUK pOIpOLIECCOPBI, =5...+40 20
DJIEKTPOHHBIE KOMIOHEHTHI
Hecyuumit kapkac =5...+40 —
COJIHEUHbIE IEMEHTBI —60...+55 —
TBepAOTENBHBIE TUOTBI —60...+90 —
JaTumky opueHTaIuu =5..+45 5
OnTuka 21 10
ITonesnast Harpyska WNupuBugyansHO 150
OTKUIHBIE TAHEIN, IIITAHIU, -100...+120 —
BBIHECEHHBIE TATUUKYU
Bech MUKPOCITYTHUK — 250

B CpETHEM

20—60

ae3Has Harpyska. CpenHeopOMTaIbHOE TEIUIOBBIAEIE-

HUE BHYTPH MHKPOCIYTHUKA, OOYCIOBAEHHOE IOCTO-

SHHBIM WJIH TEPUOTUUYCCKUM  (DYHKIIMOHUPOBAHUEM

cy>xe0HON anmapaTypsl M MOJAE3HOM HATPY3KHM, HAXO-

mutcd B auanaszone 15—50 Br. TUOWYHBIMU TEILIOBHI-

AENFIOMMMH KOMIOHEHTAMM SBJAKOTCH OOPTOBOM KOM-

MBIOTEP, MEPETATUNKHN, CACTEMA OPUEHTAIMH W JJICKT-

puueckue akkKymyadaropsl. IloctognHad pabora ammna-

paTyphel TOJIC3HOM HATPY3KHM MPAKTHUCCKH WCKIIOUACT

CKaukooOpas3HOe BBIAEACHUE TEIUIOBOM SHepruum. Ilpu

MEPUOANYECKOM  (DYHKIIMOHUPOBAHUM TIOJC3HON HAa-

TPy3KH, HATIPUMEP TP CKAHWPOBAHWM TOBEPXHOCTH

3eMan  OXJAXTAECMBIMU  TIPHEMHUKAMH W3JIYUCHHAS,

OUK TemwosbiaeacHang nocruraer seauumuasl 200 Bt B

reucaue 10—20 mun.

HaGmroparoorcs aBa OpraHM3alMOHHBIX MOAX0AA K
00€eCHeUeHnI0 TEMIOBOTO PEXUMA TOJIE3HONM HATPY3KH.
Iepebiit: moae3Has HArpys3Ka U COyXeOHBIE CHCTEMBL
pa3pabaThiBAKOTCA M KOMIIOHYIOTCS OXHMM pa3pabor-
yIKOM. B 2TOM ciayuae mpeaycMaTpHBAETCS COBMECT-
HOE PEIICHNUE TEIIOBOM 3aMaum IIS BCETO MHUKPOCITYT-
HHKA, KaK JJId TIOJC3HOW HATPY3KH, TaK W I CIIy-
KeOHBIX CHCTEM BCErO CIYyTHMKA. Bropoii: morpebure-
JIF0 TIPEAJIATAETCS MHOTOIECICBON KOPIMYC MHKPOCITYT-
HHUKA ¢ BBIACJCHHBIM MECTOM IS TIOJE3HOM HATPY3KH.
I'pasnuHBIM YCIOBUEM JUTS TETIJIOBOM TIPUBSI3KH TIOJIE3-
HOW HATrpy3KM IBJASCTCS TEIJIOBOU PEXHUM MUKPOCTYT-
HHKA.

Ananus pabor [8, 15—18, a Takxe http://www.
certaur.sstl.co.uk, http://electronics-cooling.com/
html/2000_jan_a2.html, http://www.ufa.cz2000] mno-
3BOJIACT BBIACJIWUTH PAA TOTCHIMAJBHBIX 3a71aU, CBS-
3aHHBIX C O0ECIEUEHNEM TEILIOBBIX PEXUMOB B MUKPO-
CILyTHUKE, PEIIEHUE KOTOPHIX moTpebyer B Oamxai-
niee BpEMS MOMCKA HOBBIX MOAXOAOB IpH paspaboTke
ek TUBHBIX CHCTEM TEMIOBOTO KOHTpossd. K uwmcay
TAKHX 34424 OTHOCATCS:

— ofecneueHne TEOMETPUYECKON M pa3MEpHOM CTa-
OMIBHOCTM HECYHIETO Kapkaca (paMbl) MHKPOCIYT-
HUKA TPy OXHOBPEMEHHOM pELIEHMM 3a1au odec-
MEUCHN TEIUIOBOTO PEXMMA, UTO CBA3aHO ¢ TEH-
JACHIMEN OCHAIMEHUS MHUKPOCTYTHUKOB BBICOKO-
TOUHBIM ONTHUECKUM OBGOPYIOBAHUEM, HUMEIOIIUM
KECTKHE TOMYCKH B3aMMHOTO PACTIONOXCHUS OTI-
Tmueckux ocein [§, 12];

— OTBOX OT OJEMEHTOB GOpTOBOTO 0GOPYyIOBAHEI
TEILIONOTOKOB ¢ MOmHOCTRIO 30...50 Bt u mwiotHO-
ctamu temnoebaeacana 0.08—0.2 MBt/ M2;

— ofecrmeueHne COBMECTHOTO (DYHKIMOHMPOBAHUA
npubopoB, TPeOYIOIIUX Pa3JNUYHBIX TEMIEPATYP-
HbIX ypoBHei [8];

— MUHUATIOPU3ALMUS KOCMUYECKOTO 00OpYAOBAHUS U
KOMIAKTHOCTh COOPKM B YCIOBHAX OTPAHMUYEHHOTO
MNPOCTPAHCTBA MHUKPOCIYTHUKOB TPEGYIOT COOTBET-
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CTBYIOIIEH MUHMATIOPU3ALMHA M MOHTAXHON rul-

KOCTH 9JICMEHTOB CUCTEM TEPMOPETYJIMPOBAHKS;
— VYBGJWUCHHUE CPOKA IKCIUTyaTAMOHHOTO pecypca

cucTeM Tepmoperyauporanus a0 5—10 ser.

Cxemubie pemeans CTP  (ang MWKpOCTYyTHHWKOB

OHM, KakK IMPABUJIO, MACCUBHBIE) 0a3MPYIOTCA HA MC-
MOJIb30BAHUN  TIOCTICAOBATEABHO/ TAPAIICTBHO COCIM-
HCHHBIX KOMIIOHCHTOB CHUCTEMBI TEILIOBOTO KOHTPOJIS,
XAPAKTEPUCTUKU KOTOPBIX M CIOCO0 MX COEAMHEHUS
OTIPEACSIOT TEIJIOBBIE MAPAMETPHI BCEH CUCTEMBbI. Xa-
pakrepucTuky BaxKueimux komnouneaTros CTP mpuse-
JCHBI HUXE.

KOMITOHEHTBI CUCTEM TEPMOPEI'YJIMPOBAHUA

TunmuHad CUCTEMA TEPMOPCTYJIMPOBAHUSI MUKPOCITYT-
HUKOB COCTOWT W3 JKPAHHO-BAKYYMHOU TETLJIOW30JIsI-
OnW, PaANuAUNOHHBIX TMOBCPXHOCTEH, TETLIOMPOBONOB
(BKJTFOUAS TEIUIOBBIE TPYOhI), TEIUTOMZOIATOPOB, TEILIO-
BBHIX AKKyMYJIITOPOB W JJCKTPUUCCKUX HATPEBATC/ICH.
Tennou3oasiyust CIXYXKAT A5 TETIOBOTO M30JIMPOBA-
Hug TpubOpPoB APYr OT JApyra W OT BO3AEHCTBUA
BHECIIHUX TEIJIOBBIX (PAKTOPOB, TAKMX KAK COJHCUHBIN
TMOTOK W OKPYXAmIIce MPOCTPAHCTBO. TUNMHWUHAS K-
panHo-BakyymHas temaousonsiusa (OBTU) paga muk-
pocnyTHUKOB coctouT u3 20—30 BHYTPEHHUX CJIOCB
ATFOMIHWU3NPOBAHHOTO (OHO- WJIM ABYCTOPOHHEE TIO-
KpBITHE) JlaBCAHA TOMMMHOW O MKM. BHyTpenHwit u

Ead
0.06
\;[Mariner 1969 SCI
0.04
\:LMariner 1971 SCI
o Nimbus
T\Series
0.02 | A
Mariner \
1971 Bus
Lunar
Pioneer \:[\ Module
0.01 F&G \
0.008 | { viking N\
Prop AN
0.006 | i 1
Spacelab
0.004 Mariner
. - 1971 Prop
LeRC \
#ech Tank ~
JPL Calor Tank -|-MSFC 2
Tanks
0.002 | T ==
-[MSFC Calor
0.001 M ) el el M|
0.1 1 10 100

Mnowanb, M2

Puc. 3. Oddexrusnblil K03bPUITMEHT H3IYUECHUS TAKETOB MHOTO-
CJIOMHON BAKYYMHOM TEIUIOU3OAIIUU KaK (DYHKIUS OT TUIOMAIU U
HEOTHOPOHOCTY HaKeTOB [14]: I — BBICOKAS] HEOTHOPOIHOCTH, 2 —
cpenHsd, 3 — HU3Kag

BHCIIHUW CAOM W3 AJIOMUHU3UPOBAHHOTO KamnTOHA
umetor toamuuay 25 wau 50 mxm. OguH KBagpaTHBIN
merp (Mmacca nopsaka 0.3 kr) Takoiéi u30AAUUU C
opdexkTuBHBIM KOODUIMERTOM H3TyUeHNS £, = 0.03
OTBOAMAT B KOCMOC mpmOymaurenbHo 10 Br Temnosoii
omepruu. Bemnuwna ¢,;, 3aBMCAT OT pasmMepa M KOHCT-
pyKTHBHOTO BBIMOTHeHUS makeroB DBTU, cpemneii
TEMICPATYPbl, AABACHUS, YILIOTHCHUS MAKETOB, HAJM-
UK IIBOB, HAKJAAOK M migjei. Pe3oMe 0THOCUTETbHO
BemunHbl dPphekTuRHOrO KoadUIUeHTa U3TyUCHUS
makeros DBTU npencrasaeno B patore [14] (puc. 3).
PexomenaosanHoe A/ TPEIBAPUTENBHBIX PACUCTOB
sHauenme ¢, OBTU maxoauTca B amamasone
0.03+0.02 [14].

Paduauuonnvie nogepxnocmu CIyXart Iad OTBOAA
TEIUIOBOM JHEPIMM U3JIYUCHUEM B OKPYXKAIMIee Mpo-
CTPAHCTBO, M4 MONIOIIEHUS TPeOYEMOro KOJMYECTBA
TEIUIOBOM DHEPrUM WM A9 O0eCrneuyeHus 3amaHHOM
paBHOBecHOU Temmeparypbl. OnTuueckue MTOKPHITHS,
o6paBoTka MOBEPXHOCTH, HAMBLICHUE, JACKTPOXUMU-
UECKUE TOKPBITHS W CEACKTUBHBIC TOKPBITUS MOTYT
obecnieumsare smauenwa 0.1 <e/a, <10 [19]. g
TUMMYHOTO ONTUUYECKOTO CEACKTUBHOTO TOKPBITUS
a, ~ 0.2, ¢ ~ 0.85. Ha puc. 4 npencrasiacHsl onTrye-
CKHE€ CBOMCTBA [JIY HEKOTOPHIX MNOKPBITUWA W TUMOB
obpabotku nosepxuoctu [14].

3nauenng ¢ = 0, a, = 0 COOTBETCTBYIOT WACATBHOMY
oTpaxareno, ¢ = 1, a, = 0 — uACaIPHOMY TTOKPHITHIO
IS PAaUMALMOHHBIX TOBEPXHOCTEH MUKPOCIYTHHUKOB,
¢=0, a,=1 — BaeanbHOMY HOIIOTUTENIO COJIHEUHOTO
u3nayueHud, ¢ = 1, o, = 1 — naeanpHOMY MOTVIOTUTETIO
WU3JTyUCHUS.

0.4}

Puc. 4. 3uaueHus UBIYyUATEIBHOM CIOCOGHOCTU ey U KO dUIMEH-
Ta TOMIOWIEHUS COJIHEUHOTO H3JIyUeHUd g [14] aug HEKOTOpbIX
[IOBEPXHOCTEN: | — CEJIEKTMBHBIE COJHEUHBIE MOJIOTUTENN; 2 —
METaJUIbI, IMOABEPTHYTHIE TECKOCTPYHHOM 00paboTKe, U 3alUTHBIE
MOKPBITUS; 3 — GeJible KPACKU U CEJIEKTUBHBIE MTOKPLITHUS HA OCHOBE

HATBLIEHHOTO KBapua;, 4 — Heo0paboTaHHblE METAJUIbI, 5 — qUd-
J'IeKTpI/I‘IeCKI/Ie IUICHKUW Ha HOJ'II/IpOBaHHI)IX MeETaJuiax, 6 b HOJ'H/IpO—
BaHHBIE METAJUIBI, 7 — MECTAJUIMUCCKUEC KpaCKI/I, 8 b LIepHI)Ie

Kpacku, 9 — cepble U CBETJBbIC KPAacKu
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Tenzaonposodvl. Temnomepenaua BHYTPU CIYTHUKA
OCYLIECTBJIACTCH MATyUYCHUEM, TETUIOMPOBOAHOCTBIO Ue-
pe3 CTPYKTYPHBIE JIEMEHTH W C TIOMOIIBIO TETIOMPOBO-
JoB. Poabp uanyuenus npu temneparypax 260—300 K u
HemzoTepMuuHOCTH 1o o0beMy mopaaka 10—20 K ue-
3HaunTesbHa. OMHAKO OHA BAXHA IS Y3/10B, (DyHKIMO-
nupyoumx npu temneparypax 90—240 K. B xauecrse
TEMJIOMPOBOAOB MOTYT WCIIOIb30BATHECS DJIEMEHTH HECY-
el CTPYKTYPHl CIyTHWKA, W3TOTOBJICHHBIC W3 AJTFOMU-
HHEBBIX CIUTABOB, JTH, A4 TAKXKE OCPH/UTMEBBIC CIUIABHI
MPUMEHIIOTCS IS AaKKyMYJIUPOBAHUS SHEPTUM B TIEpe-
XOmHBIX mpomeccax (o = 2700 kr/m°, TemIompoBoOa-

HocTh A = 150 Br-m'K™', temnoemkocTh c,
=900 Ix-xr 'K, pc, = 243 MIx-M°K™"), Gepui-
Juil — A9 Oepefaun W aKKyMyadOoud Temia (o =

1850 kr/m’, A =180 Br-m 'K, ¢, = 1880 [Ix'kr K,
pc, = 3.48 MIIx-mK™"). Temnonposoxsl MOryT GBITH
M3TOTOBJEHBI U3 TMOKMX MEIHBIX HUTEH B Buae Kabeas
[4, 5]1). DToT MaTepuas UMEET OMPEACACHHYK TH0-
KOCTh W IBJAFETCA XOPOIIWM MPOBOTHUKOM TEIa (TH-
NUYHOE TEPMUUECKOE comporusienue Gonee 2 K/Br).
Takue TEmIOmpOBOOEl TMO3BOJISIIOT COCAMHATH JJIEMEH-
THl C 3apaHee HEWM3BECTHBIM PACTIONIOXKCHUEM W YMEHb-
OUTh MEePENABAEMBI MOMEHT CHJI B TOUKAX MPUCOCTN-
HCHUWS TEIIONPOBOAA (MEXaHWUECKOE BO3ACHCTBHAE MO-
JXKeT BO3HWKHYTH BCJIEACTBUE TEPMHUUECKOTO PACIIMpe-
Hug, BuOpauuii Win MAHUIYASUMIA C U3NETUEM) .
Hpyrum tunom 9¢hPEeKTUBHBIX TETIONPOBOAOR SBJIS-
IOTCA TEIUIOBBIE TPYOBI, B KOTOPBIX MEPEHOC TEIUIOBOM
SHEPTUW OCYIIECTBIASCTCS OBWXEHUEM TETIOHOCHUTES
B OWKJIE «UCMAPCHUE — KOHACHCAUMSI». B MUKpocmyT-
HUKAX, KAK TPABUJIO, HCTIOIB3YIOTCH TEILUIOBHIE TPYOHI,
3aMOJHEHHBIC AMMHUAKOM W WMCIOLMINE KATWUISPHYIO
CTPYKTYpPY B BUAE MPOAOIbHBIX (aKCHAJIbHBIX) KaHA-
BOK, W3rOTOBJIEHHBIX MYyTEM OJKCTPy3ud. TUNUUHBIN
npoduae uMeer guamerp Gosce 8 MM, TEIIOBOE CO-
nporusaeuue menee 0.1 K/Br. IIyrem moabopa tuna
KANWJAIPHON CTPYKTYpPbl (METAJNINUECKUE BOWJIOKH,

7 4]
NI

48.2 cm

Puc. 5. Cxema temioBbix Tpy0 11 MUKPOCITyTHUKOB «Magion»: I —
30HA MOJBOJA TEIUia, 2 — 30HA OTBOJA TeIlia, 3 — 30HA TPAHCIOPTA
TEeIuIa

MOPOILKK, CETKH) W THUIA TEIJIOHOCUTEIS MOXHO 00ec-
NeYnTh PaboTocnocoGHOCTD TEMIOBOM TPyObl HAa Tpedy-
eMoll uacTu TemnepatrypHoro amanasoHa ot —190 mgo
+100 °C [7].

WnnrocTpauueil NpUMEHEHUS TEIIOBBIX TPYO B CUC-
TEME TEIUIOBOTO KOHTPOII MOTYT CJIYXNTh MUKPOCITYT-
muku BIRD, «Magion-4» u «Magion-5» [12, 21].
Henbro nmpuMeHeHUs TEMIOBBIX TPYO B 00OMX IpuUMe-
pax ObL1a mepefaua TEIa MEXIY OTAAJEHHBIMHU 30HA-
MH CyTHHKA (HA paccrogume 0.5 M MeXay mepeaHnM
W TBUIBHBIM OTCCKAMU COyTHUKOB Tuma «Magion», u
Ha paccrogaue 0.3 M MeXAy OTCEKOM MOJC3HOW Ha-
TPy3KM W TJAaBHBIM pagmatopoM cmytHuka BIRD).
Koudwurypauusa rtemnosbix TpyO mnpeacrasicHa Ha
puc. 5. Koncrpykiuu temiossix TpyO paspaboraHsl u
nsrororygcHsl B HTYY KIIN.

B kocMuueckux mpoekTax OGamxaiimmx Jer OyayT
UCIOAb30BATHCA HOBbIE MOTU(MKALMN TEILIOBBIX TPYO,
a MMEHHO TEILIOBbIE MUKPOTPYOB € XapaKTePHBIMU
paszmepamu Kopnyca |—6 MM ¥ KOHTYDPHBIE TEILIOBBIC
TpyObl. Tenaosbie MUKPOTPYOBI MMEKOT BCTABHYK) Ka-
MAIIPHYK CTPYKTYPY WJIH TPOQUIMPOBAHHBIC Ka-
HABKM; MaTepHaa UX OOOJOUKM — MeOb Wan cepedpo;
TUMUYHBIA AUAMETP OKpyXHOCTH 1—0 MM; miuHa —
mo 100 MM, TEILIOHOCHTE/Ib: CIOUPTHI, BOJA; ILIOTHOCTD
Temwtosoro moroka cocrasaser 20—100 kBr/m*; Tem-
JIOBOE COINPOTHUBJIEHNE COOCTBEHHO TEMJIOBBIX TPYO CO-
crasager 0.5—10 K/Br. Temnossie MUKPOTPYOBI TaK-
K€ MOTYT OBITh BBHIIOJIHEHBI B BHAE IUIOCKMX ILIACTHH
mupuHoi 20—40 MM, mmaOM 110 MM M TOSIIUHON
1—3 mm.

Bce Buabl TEmIOBHIX TPYO MMEKT OMPAHMYEHMS TIO
mepenaBacMoil MOIMHOCTH TIpH (PYHKITMOHUPOBAHUH B
MOJIE CUJ TPABUTALWM, AEUCTBYIOMICH BO BPEMS TIPOBE-
JCHWS HA3CMHBIX MCMBITAHWN. B pesyaprare BO3ACHCT-
BHY CHJI TPABUTAIIMM HE BCETHA YOACTCS BOCTIPOM3BE-
CTH yca0BUs (DYHKIMOHMPOBAHUS TEILIOBBIX TPYG M3-
3a TIpepeIBaHUS WX (DYHKIIHOHWpoBaHWSI. MHHOBAIM-
OHHOE HAIpPABJIEHUE B TEXHOJOIMU TEILIOBBIX TPyO —
OTO KOHTYDHBIE TEILUIOBBIE TPYOBI, KOTOPHIE MOTYT
GYyHRIMOHMPOBATh HE3ABUCUMO OT HATIPABJICHHUS Tpa-
puTaruu. [Ipm 5TOM pacCTOSIHHME MEXAY 30HAMH TETI-
JIOTIONBOAA W TETUIOOTBOAA MOXET JAOCTUTATH HECKOJIb-
KX METPOB TIPH TEPEIABACMON MOITHOCTH TOPSAKA
aecatkos Barr. TpyOomposoabl, COSAMHSMIONIME 3OHBL
TEMIOMOABOAA M TETJIOOTBONA B KOHTYPHBIX TEILIOBBIX
TpyOax, MpPEICTaBALAIOT o000l TMOKME TOHKOCTEHHBIE
TpyOKM auaMeTpoM 2—4 MM, UTO MO3BOJSET IPUME-
HATh TO YCTPOMCTBO IS TETUIOBOTO COCTMHCHMS TBM-
XYIIMXCS YACTEH, HAMPUMEP I OTKPHIBAIOLIETOCS
paauaTopa-uaaydaress.

Tennogoil konmakm. B 30HE MEXaHWUECKOTO COENH-
HEHHS AETANCH BO3ZHUKAKT TETUIOBBIC KOHTAKTHI MEX-
Ay oaeMeHTaMH. [IpM TIIOTHOCTH TEIUIOBBIX MOTOKOB
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Puc. 6. OxJyaxaeHue JIeKTPOHHBIX KOMITOHEHTOB ¢ TIOMOIILIO 7iehop-
MHUPYEMOI TEIUIONPOBOAHOM POKJIAAKHU: | — TEIIOBOM U 3JIeKTpOMar-
HUTHBIA DKPaH, 2 — DJICKTPOHHBIC KOMIIOHEHTBI, J — 3JJIEKTPOHHAS
mwiara, 4 — aecopMupyeMast IpOKJIafKa

6oree 10 xkBr/mM° TemmeparypHBI Tiepemax B 30HE
Temw1oBoro koHtakTta gocrturaer 10 K m Goaee, uro
Hegomyctumo., C 1e/bl0 YMEHBIICHUS MEePEnagoB TEM-
neparyp Ha TEMJIOBOM KOHTAKTE MPUMECHIIOTCS pas-
JIMYHBIE TUIbl MPOKJAAAOK, CMa30K H TePMETHKOB,
YCTAHABAUBACMBIX MEXAY COCAMHSICMBIMU ACTATIMM.
Tunuunas TEMIONPOBOTHOCTh MPOKJAJOK COCTABISET
1— 6 Br-m - K™, Tommuna 0.15—0.3 MM, oHm MOTYT
MPUMEHATHCS MPH HEBHICOKOM J[ABJCHUM CXATUS
(0.7—2 6ap) u MO3BOJAIOT YMEHBIIUT COMPOTHBICHUE
KOHTAKTa B MECTAX COCOMHCHUI B HECKOJbKO pa3 [11].
OTBon Temaa OT MUKPOIJECMEHTOB C HEIJIOCKOW Ieo-
METPUEH TOBEPXHOCTH OCYIIECTBISETCS C MCIOJIb30BA-
HUeM KOHGOPMHBIX (AeopMuUpyeMbix) MPOKAAAOK B
3azopax Beauumuon 1—4 mm. Tunuunasg cxema npu-
MecHeHud acopMHUpyeMON TPOKJIAAKM MOKa3aHa Ha
puc. 6 TPUMEHUTEIPHO K OXJIAXACHUID MUKPOTIPO-
neccopa, TpeOyIOMEro YCTAHOBKHY 3J1€KTPOMATHUTHO-
ro JKpaHa.

0G630p MUMEWINUXCA CPEACTB, YAYUINAKIIUX TEII0-
BOM KOHTAKT, HacumThBaeT Gosee 100 mammenosanmit
TAKUX MATEPUAIOB, KAK JJACKTPONPOBOAHBIX, TAK U
JIeKTpou3oAauMOHHbIX [14]. DKcnepuMeHTsI, TPOBE-
aeaabie B HTYY KIIU npm Bmbope OpoKaagox ais
YAYUIICHUS KOHTAKTA TPU TPUCOSCAMHEHUU TOHKOTO
MeTa/ummueckoro mpodmaa (roamumua 1—1.5 MM) K
MaccuBy (00e IeTany M3TOTOBJIEHBI U3 CILUIABA AJIIOMU-
HHS) CBUACTEJIBCTBYIOT O TOM, UTO OHM HE BCErma
addexkTusabl. Kpome Toro, npu npuMeHEHUM B KOCMO-
Ce TEIUIONPOBOAHBIX MPOKIAA0K, CMA30K, HAMOJIHUTE-
Jiel, TePMETHKOB U KJIEEB €CTh OMACHOCTh BO3MOXXHOTO
3arpsi3HCHUS Y3/J0B MUKPOCIYTHUKA BCACACTBUE ra30-
BBIICJICHUS DTMX MartepuaoB. Tak, Hampumep, u3
ONMHHAALATH UCCAEAYEMBIX MATEPUAJIOB, OTOOPAHHBIX
I ucnoab3oBanus B mukpocnyTHuke BIRD [8, 12]
IS YMEHBIICHUS KOHTAKTHOTO TEPMHUUECKOTO COMpo-
TUBJICHUS, YCIEITHO TPOILIA UCIBITAHUS U YAOBJICTBO-
psiin kputepusm cranaapra ESA [9] Tosbko uersipe.
Hpyrag saxxuada npoGsema obecrneuyeHus HAAEXHOCTU
NPUMEHEHUS STUX MATEPUAJIOB CBA3aHA C MX CTA0M/Ib-

HOCTBIO TPU ACUCTBUM PA3IUUHBIX (DAKTOPOB KOCMUUE-
CKOM Cpefibl.

K remnompoBomaM TakXe OTHOCATCH TAKOM KJIACC
TMMACCWBHBIX YCTPOMCTB, KaK PACHPEHCANTENN (TPaHC-
opMaTopel) TEmIOBOTO MOTOKA, CAyXAWE IS OX-
JIAXACHUS DJJIEMCHTOB C TIJIOTHOCTSIMW TETIOBBIACIIC-
uus Gosee 50 kBr/m’. DTu yCTPONCTBA YCTAHAB/IMBA-
FOTCH MEXIY TCIUIOBBIACTIIONAM SJICMCHTOM W CTOKOM
TEMJIA W TOHWXAKT TUIOTHOCTH TETJIOBBIACACHUS Y
CcTOKa 3a cuer OOJBIICH, YeM y CaMOTO JJCMEHTA,
TUTOMIAAM KOHTAKTA CO CTOKOM Teriad. TWnwuHBIC Ma-
TEPUATBl A9 TAKUX PpPACOPEOCJUTC/ACH — MCAb W
amtoMuHni. B03MOXHO TakXe WCMOMB30BAHUC IS
OTOM LEAW IJIOCKMX MAHENeH, COOpaHHBIX M3 MIUHI-
PUUECKMX TEMIOBBIX TPYO, WM IUIOCKMX TEIIOBBIX
TpyO. VMeroTcs mpuMepsl YCIENIHOTO KOHCTPYMpPOBa-
HHS PacIpeAcanTeNei TEMIOBOTO TOTOKA C MCHOIb30-
BaHMEeM rpadMTOBBIX MUPOIUTHUESCKUX TMOPOLIKOB |
rpachMTOBBIX BOJIOKOH C TEIIOMPOBOAHOCTHIO MaTEpUa-
na 600—1000 Br-m 'K [14].

Tennouzoaupyrouue aremenmsl. BaxxHbBIM CpeacT-
BOM MACCUBHOTO TEPMOPCTYJIMPOBAHUS TAKXKE IBJIAFOT-
¢ HU3KOTEIUIONPOBOAHbIC OMOPhl U cToviku., OHu Ciiy-
KAT MCXAHWUECKUM OCHOBAHWEM [T YCTAHOBKM YCT-
poiicTBa (uacTed YCTPOWCTBA) HA MUKPOCOYTHUKE U
OTHOBPEMEHHO CJIYXXAT IS TETJIOBOTO M30JMPOBAHNUS
ororo ycrpoiictsa. Takaga mMepa HeoOXOAMMAa IJIABHBIM
0o0pa3oM a1 YCTPOMCTB C ABTOHOMHBIM TEPMOPETYJIU-
POBAHMEM WM AJI YCTPOWCTB M WX YACTEN, KOTOPHIE
(hyHKIIMOHUPYIOT HA TEMIIEPATYPHOM YPOBHE, CyIIECT-
BCHHO OTJWYAIOMEMCI OT TEMIICPaTyp BHYTPCHHUX
YaCTEN CIyTHUKA.

Tunwuabie MATEPUATH ANI TAKUX KOHCTPYKTUBHBIX
9JIEMEHTOB — 3TO MAaTEPWaJIbl ¢ HU3KOW TETJIOMPOBON-
HOCTBIO, B TOM UYMCJIE TJIACTMACCHl, CTEKJI0- U rpacdu-
ToBoe BOJIOKHO (A = 0.5..2 Br-M 'K™', Hepxaseromas
cranp (L = 14 Br-mM'K™"), crutassr turana (A = 8...15
Br-m'K™).

Beiop Marepuana B KaXKaoM KOHKPETHOM CLydae
ompegengercs TpPeOyeMON BEJUUMHON TEPMUUECKOTO
COMPOTUBJICHUSA MEXAY YCTPONCTBOM M CrO TMOCAm0U-
HBIM MECTOM, YPOBHEM TEMIICPATYpP, BCAWUWHOM AC-
hopmanuii pu U3MEHCHUM TEMIIEPATYp UM MEXaHUUe-
CKMMW KauecTBaMm KOHCTpykummu. Kak mpumep Ha
puc. 7 mpuBeOcHA KOHCTPYKIUS OMOPH OIS YCTAHOBKHU

Puc. 7. Cxema TUNUYHON HMUZKOTEILJIOMPOBOTHOMN OMOpBI mpubopa
(mmmHa omopsr 52 MM)
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ABYXKuaorpammosoro mpubopa. Yerwbipe omopsl obec-
NEUYMBAIOT TEPMUUECKOE CONPOTUBJAeHME Oosee
400 K/Br u (hakTHUECKM TEMIOU3OAUPYIOT Tpubop oT
CTPYKTYpBI KOcMHUUecKoro anmapara [4, 5].

Apyeue xomnounenmor CTP. Takue sddekTuBHBIC
CPEICTBA TEPMOPETYIMPOBAHUS KAK KAJII03U, PAAUaTO-
Pl C IEPEMEHHBIMU ONTHUYECCKUMHU CBOWCTBAMU, AKKY-
MYJISITOPBL TEIJIA, PEryJUPYyEMbIe JACKTPUUCSCKUAC HA-
IpEBATENM MBI HE PACCMATPUBA/IM, OAHAKO IpU HEOD-
XOAMMOCTHA OHU TAKXKE MOIYT MPUMEHSATHCH IS KOH-
CTPYMPOBAHMS CUCTEMBI TEILJIOBOTO KOHTPOJIS MHKPO-
cnyTHUKOB, COBPEMEHHAY KOHCTPYKTOPCKAd MBICTh
JAEMOHCTPUPYET HOBBIE IEPCIEKTHBHBIE Pa3paboTKu
DJIEMEHTOB CHCTEM TEPMOPETY/JMPOBAHUS, CPEAU KOTO-
pBIX CAEAYyeT OTMETUTh MOKPHITUS ¢ TECPEMEHHOU U
YOPaBASIEMON CTENEHBIO UEPHOTH (M3MCHEHUE CTEME-
Hu uepHothl B Auanazone 0.2—0.8); mukpoxaniozu
(m3meHeHnEe S(PPEKTUBHON CTEIEHM UYEPHOTH B IBA
pasza); MEXaHWUECKUE TEIJIOBBIE MHUKPOKOMMYTATOPHI
TEIVIOBOW Uenu (M3MEHEHUE TEPMHUUECKOTO COMPOTUB-
gerawns 100:1); KOMTIO3UTHBIE MATEPHUAIBI YTACPOO—YT-
aepox ¢ wioraocTso 2000—3000 kr/M°, TemwTonpoBoa-
HOCTBIO 400—1100 Br M 'K™' v MuHEMATBHBIM KO3(-
(buMEeHTOM TUHEWHOTO PACIIMPEHUS, KOTOPHIEC MOTYT
MPUMEHATHCA AJI U3TOTOBJACHUS HECYINEH KOHCTPYK-
uuu mukpocnytauka [14, 20].

IMPOTPAMHBIE KOMILJIEKCEI TEILJIOBOI'O
IMPOEKTHUPOBAHUA N SKCIIEPUMEHTAJIbHAM
IMPOBEPKA CHUCTEM TEPMOPET'YJIMPOBAHUSA

IpoekTHpoBaHUE CUCTEMBI O0ECIEUEHUS TEIIOBBIX Pe-
KUMOB MUKPOCTYTHUKA W €T0 JJCMCHTOB ABJASCTCS
KOMILIEKCHOM 1po0aeMoii, TpeOyIoliel pelnenus 3aaau
BHEIMHETO JIYUHCTOrO Temaoobmena (obomouka KA —
BHEIIHAS CPEeNa), 3aJaud BHYTPEHHErO TEIIOOOMEHA
(KOHAYKTUBHO — PAaAUALUOHHBIA TEPEHOC), a4 TAKXKE
TMPOYHOCTHBIX 33444, OMPCACATIOMNX MCXAHMUCCKUE
CBOWCTBA JJCMCHTOB. YTPOMICHHBIC AHAJATHUCCKUC
pelieHud, Kak IpaBuIo, UCHOAb3YIOTCS HA rane dop-
MUPOBAHUS KOHLCTIWN TOCTPOCHUSI CUCTEMBI TEPMO-
peryaupoanud. s panabHeimei yrayOaeHHON mpo-
paGoOTKKM CHCTEMBI TEPMOPErYJIMPOBAHUS MPUMEHIETCS
HIMPOKMIA CIIEKTP KOMMEPUECKMX MPOrpaMm, 0asmpyro-
MUXCSI HA YNCACHHHX Mectomax. He paccmarpumsag
JOCTOMHCTBA W HEAOCTATKN WMCIOMIMXCA KOMMEpUe-
CKWX TPOrpaMM, WX CTOMMOCTHBHIC TTAPAMETPHEI, MOXXHO
OTMETHUTH CACAYIOMNEC MPOTPAMMHBIC TTAKETHL.

1. ESATAN, ThermXL, SINDA/G, SINDA/
FLUINT, TAK2000 — onpenengerca TeMnepaTypHOe
noje o0beKTa, MPEACTABAAEMOIO COBOKYIHOCTBI) Ma-
TEPUATBHBIX TOUCK C COCPEOOTOUCHHBIMU TapaMerpa-
MU (TCIUIOCMKOCTBIO W TEIUIOBBIACAcHUEM). [lakeTwr

HMEIOT JOTMUECKHME OMEPATOPLI U HAGOP TOTOBBIX (DYyH-
KUMOHAJBHBIX MOANPOrPAMM U CTAHAAPTHBIX DJie-
MEHTOB (HArpeBaTe/u, IJIABSIMUECS AKKYMYJSITOPHI,
JKAJIIO3U, TEIIOBbIE TPYObI).
2. NASTRAN, COSMOS, ANSYS, FLOTHERM,
TAS, TAK2000 — 00beKT IPEeACTABIIETCI MOAEIBIO C
pacnpenc/acHHBIMU TApaMEeTpaMu C UCHOJb30BAHUEM
€ro TEeOMETPUUECKOro olOpasza M TemIoPU3UUECKUX
cBOUCTB. [IpUMEHSAIOTCS METOIbl KOHEUHBIX 9JIEMEHTOB
M KOHEUHBIX paszHocTei. Jlormueckue omepaTopbl, Kak
MPaBUJI0, B 9TUX MPOrpaMMax OTCYTCTBYIOT. ['0TOBbBIE
MOAMPOTPAMMBL 9 BKJAKOUCHUS (DYHKIUOHAIBHBIX
crangaptabix oaementos CTP orpanuuens Harpesate-
JIIMU, PETYJAUPYIOMMMA KOHTPOJICPAMU  «BKJIIOUCHO
— BBIKJIIOUEHO» M IPONOPLMOHAJBHBIMHU, TepMoGaTa-
pesamu [leabrhe.
3. OAZIS, ESARAD, TERMICA, TRASYS,
RadCAD, NEVADA, SSPTA. [lakeTbl MCHOJB3YIOTCS
JJI9 pacueTa PaavMAlMOHHONO TEIIOOOMEHA Kak s
BHYTPECHHEW, TAK M A9 BHEIIHCH 3a4au HA OCHOBE
reOMETPUM M ONTUYECKMX CBOMCTB oObekTa. OHUM mO-
3BOJISIOT OMPEACAdaTh TEIJIOBBIC MOTOKKM OT 3eMJH U
CosiHIIA HA OCHOBAHMM MAPAMETPOB OPOUTHI U OPUEHTA-
OMA MUKPOCITYTHUKA, 4 TAKXKE PEHIaTh 3aAauu JIyUUCTO-
ro temwonepenoca npu audy3MOHHOM U 3EPKATBHOM
OTpakKeHUM.
4. NaTerpupoBaHHbie MAKEThl, B KOTOPBIX BHIMOIHI-
eTCS KOMILIEKCHOE PEIICHUE 3a7au KOHAYKTUBHO —
paguaruonsoro temooOmena: TRASSA paspaGorku
Wucturyra nHuszkux temneparyp HAH VYxpaunsi,
Termica (ASTRIUM, Esponeiickuii KOHCOPLUYM),
IDEAS (MAYA, Kanama), ITAS (Analytix Corp.,
CIIIA), SSPTA/386 (Swales and Associates, Inc.,
CIIA), ESATAN + ESARAD (Alstom Power
Technology Centre, BeaukoGpuranus) u gp.
5. Creumanus3upoBaHHOE IPOrpaMMHOE olecreue-
HHE, TPUMEHIEMOE A PAcueTa OTACIbHBIX JJECMCH-
TOB CUCTEMbI TEPMOPETYIMPOBAHUS:
— IS ONpEACTCHUS TEIUIONPOBOAHOCTH MEXaHUue-
CKUX KOHTAKTOB,

— IS pacueTa TEPMOIACKTPUUCCKUX IIEMEHTOR,

— I TPOEKTHPOBAHMUS TEILIOBHIX TPYO PasaMuHBIX
MOIU(DUKALIIIA.

[MTpu moAroTOBKE TEMJIOBOW MOAESAN MUKPOCITYTHUKA
MOBBIMICHHOE BHUMAHUE CACAYET YACTATh:

+  cOopy nH(bOPMALMK O HOBBIX UCIOJIb3YEMBIX MATE-
puasax ¥ aHaJau3y AOCTOBEPHOCTH UX Temaoduzu-
YECKUX CBOWCTB: TEIUIOMPOBOJHOCTH, TEILIOEMKO-
CTU, TJIOTHOCTH, M30TPONHMU CBOUCTB, Kod(pduim-
€HTA JUHEWHOrO PACIIupPEHUd, TEMIEPATYPHOU 3a-
BUCUMOCTHU CBOMCTE;

*  MOMCKY cBedeHud 00 M3MEHEHMM ONTHYECKHUX
CBOWCTB MOKPBITUMA BO BPEMYI IKCOJIyaTaAUUU A4
coHeyHOTO M MK-1mama3ona awH BOJIH: CTETICHN
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uepHOTH U Koadduuenta noraoueHus, Koaddu-
OUEHTA MpomycKanus, koadduuueHta orpaxe-
HUd. YKA3aHHBIC JAHHBIC TPUMCHUMEBI TIPH YCAO-
Buu auddysumonHoro orpaxeuusd. [lpu 3epkasib-
HOM WJIA YACTUUHO 3€PKAJIbHOM OTPaXeHUHM HAGOp
WCXOOHBIX MAHHBIX AOMXCH AOMOJTHITHCI C COOT-
BETCTBYIOLIEH KOPPEKUMEN MATEMATUUECKOU MO-
b1

*  ONPEACJCHUIO PCAJTbHBIX 3HAUCHWI MPOBOAMMOCTH
TETJIOBBIX KOHTAKTOB B MECTaX COCOAWHCHUS W
BO3MOXXHOM 9KCIICPUMEHTAJIBHON TPOBEPKE;

+  pa3paloTKe KPUTEPUEB, UCIOAb3YEMBIX A8 YIIPO-
HIEHHM TEIJIOBOI Moaean 00beKTa, CTPYKTYpH3a-
OUWA W YIPOINCHWUIO TETIJIOBOM CXCMBI;

*  BBISBACHUIO (DYHKUMOHAJBHBIX 3aBUCUMOCTEN /IS
BHCIDHWX W BHYTPCHHWX TETJIOBBIX HATPY30K, OT-
PEACTCHUIO TMPEBAJUPYIOMINX MEXAHW3MOB TEMJIO-
mepenayn;

*  OTCJACXKWBAHWIO MPOMCXOAAIMNWX BO BPEMd paspa-
OOTKM MMKPOCIOYTHMKA MEXAHMUECKMX M CTPYK-
TYPHBIX W3MCHCHWH B €r0 KOHCTPYKIWW W, COOT-
BETCTBEHHO, aJcKBATHOU M OMEPATUBHON Moaudu-
KAl TEILIOBON MOIC/IN.

MacaabHBIM BAPHAHTOM PEATM3AMUH TEILIOBOTO MO-
AEAUPOBAHUSA MOIJIO Obl OBITh HKCIIOJB30BAHUE S
MOCTPOEHUS TEOMETPUYECKOTO 00pasa MHUKPOCIYTHHUKA
paboumrx yepTexen ero AeTajaei 1 y3/a0B ¢ AOIMOJIHEHU-
€M MOIEIN TEIUIOBBIMU TPAHWUHBIMA YCIOBUIMH W
VCJIOBUSIMH COTIpSXCHUS merancit. OmHaKo, B HACTOS-
mee BpeMd TETIOBBIC MONEIHM CTPOATCAS € MHOTOUMC-
JICHHBIMH YIIPOIICHUIMHA TEOMETPUUCCKON MOIEIH, a
yacTo — K TpaHcopMmarmm ee K CHCTEME Y3JI0B
(TOUEK), HE MMEIMX TeOMETpHUECKoro obpasa. Tu-
MAYHAS CHCHUUKAINSI TETIOBOM MONEAN KOCMHUE-
ckoro kopabg B 1969 r. cocrosia uz 100 yzmoB (TOuEk)
¢ 150 TerioBbMu CcBg3MU MexXay HUME, a B 1984 1. —
500 yanos ¢ 13000 rerioBbiMu csizsamu [19].

Koneunoit nenapio paspaboTKm M HCHOIb30BAHHAL
TEIJIOBOM MOJCAM MHKPOCITYTHUKA IBIICTCA OTPEIe-
JICHHE TEMIECPATYP OJAEMEHTOB MHUKPOCTYTHHUKA IS
Ha0opa TUOMYHBIX JKCIUIYATALMOHHBIX yciaosuii. Kak
MPaBWJIO, 9TO «XOJOAHBIN» W «TOpPIUYUi» CAydYal IKC-
IIyaTANWK, BAPUAHTH ¢ OTKA30M (DYHKITMOHUPOBAHMUS
HEKOTOPHIX JJCMEHTOB, MMAPAMETPUUCCKAN AHANMNZ C
[EJPI0 M3YUCHUS BANSHUY M3MCHCHHS Temaoduanue-
CKMX W ONTHUYECKHUX CBOMCTB. B cayuae, ecam ompeme-
JICHHBIC TEMTIEPATYPHI BHIXOMIT 34 MOMYCTHMBIC TPAHM-
Bl OKCIUTYATAINH, TPOBOAUTCS TOMCK YTOUHECHHBIX
TEMIOTEXHNUCCKUX MAPAMETPOB COCTABIIIONINX CHCTE-
MBI TEPMOPETYINPOBAHAS, TTPH KOTOPBIX BBHITOIHIIOTCS
YCJIOBUS OKCILTyatamuu. Ecam xe yTOUHEHHBIEC Tapa-
METPHl HE MOrYT OBITh HAiJEeHbl, HEOOXOAMM Imepe-
CMOTpP TIPHHATON KOHIEMITUN CHCTEMBI TEIJIOBOTO pe-

ryaupoBanug ambo ang o0bekTa B meaoMm, ambo ais

paccMaTpuBaeMoro mpubopa.

TeCTI/IpOBaHI/Ie 1 ISKCOCPUMCHTAJBbHAS IIPOBCPKA
(byHKUIMOHUPOBAHUS CUCTEMBI TEPMOPETYJIMPOBAHUS
ABJIIAOTCA O6H33TGJIBHBIM AOMMOJTHCHUEM KO BCEMY KOM-
maekcy pabor mo paspaboTKe CUCTEMBI TEPMOPETYJIU-
pOBaHWA MUKPOCIMyTHUKA. Kak mpasmio, cucrema Tep-
MOPCTYJMPOBAHUS TCCTUPYETCS OO0 3amycka. TummuHas
MAEOJOTHS IMIPEANOIATAET MPOBEPKH, HAUMHAL C OT-
JAENbHOTO 2JeMEHTa (HANpUMEpP TEMIOBOM TPyObl), 3a-
TCM HA YPOBHC CHUCTCMBI (HaHpI/IMep CUCTCMbI TCILJIO-
BOTO KOHTPOJIA JJAEKTPOHHOTO OJIOKA) WM 3aBEpIIAETCS
UCTIBITAHUCM HOJIHOME[CH.IT36HOI‘O MUKPOCITY THHUKA.
IIpoBcacHMEe HECKOMBKUX TOCACAOBATCABHBIX CEpwil
WCOBITAHUNA (IS TEMIOBOTO MAKETA, KOHCTPYKTOPCKO-
JAOBOXOUHOrO 00pasua, JeTHoro o0pasua), mo pesyJib-
TaTam Ka)KZ[OfI 13 KOTOPBIX TPOBOAUTHCA YTOUHCHUC
KOHCTPYKIOUH, AOJJIKHO OTCCATH BCC OH.II/I6KI/I B KOHCT-
PyKOoyn CUCTCMBI TCPMOPCTYJIHUPOBAHUA A JCTHOTO
o0pasua MUKPOCIYTHUKA. YCJIOBHS MPOBENEHUS UCIIbI-
TAHMIL CHCTEMBI TEPMOPETYJIMPOBAHUS HEOOXOIUMO
HpI/I6JII/DKaTb K yCIOoBUIM peaﬂbHOﬁ IKCILTyaTalilun B
KOCMHUUECKOM mpocrparcTse [6]. [aa MmomeampoBaHus
TEIVIOBBIX YCJOBUM KOCMWUECKOTO MPOCTPAHCTBA WC-
TOABb3YIOTCA TCPMOBAKYYMHBIC KAaMCPBI. TI/IHI/IIIHbIe
ycaoBud B TepMOBaKyyMHOfI KaMepe OJ1sd MCIbITAHUS
MUKPOCOYTHUKOB, WMEIOMUX TEMIEPATypy MNOBEPX-
rmocrent He Gonee 400 K, mpemnmosararor:

— BHYTPEHHWE pasMephl, HE MEHEe: MIIuHA 2 M,
mmamerp 1.5 m [13];

— pafouee mABJECHHME B KAMEPE COCTABJILET MEHEE
0.0013 Tla (10’ TOpp) HpH YCIOBUM MCTIOIB30-
BaHMd O0OpPYAOBAHUS, MUCK/IIOUAIONIETO HAIUUKE
MAPOMACIAIHBIX CJIEA0B;

— TeMmepaTypa BHYTPEHHEW TOBEPXHOCTU TEPMOBA-
KYYMHOM Kamepsl HaxomuTcs Ha yposHe —190 °C,
a CTCICHb UCPHOTHI aTON TOBCPXHOCTU IIPCBBI-
maer 0.9;

— HMCIOTCI CPCACTBA MMHUTAINMN TCIIOBBIX ITOTOKOB,
nmonagarnmmux Hd MHUKPOCOYTHHUK OT SGMJII/I n
CosHna mpu ero asuxeHuu 1o opbure. Jlyuu-
CcThIE TemwnoBele moToku oT 3emiau u CoaHna
MOTYT MOIOEINPOBATHCI C MOMOIIBK HArpeBaTe-
JEU, YCTAHOBJCHHBIX HA M3AYyUarOIIUX MOBEPX-
HOCTIX. BGJII/I‘II/IHBI TeH]IOBbIZ[eJIeHI/Iﬁ Harpcea-
TEaEH OMPEOEAIIOTCS HA OCHOBE MPOTHO3MPYE-
MBIX 3HAUCHUN IIOTVIOIICHHBIX ITOTOKOB HA OCHO-
BE€ OpOMTANBHBIX JAHHBIX, ONTUYECKUX CBOMCTB
MOBEPXHOCTH M reomerpun o0bekTa. Bosee xop-
PEKTHO 3EMHOE WM3IYUCHHE MOXEIUPYETCS TET-
JIOBBIMU PAAVATMOHHBIMM CTOKAMM C PETYJINPY-
eMOI TEMIIEPATYPOil, a COMHEUHBIC TIOTOKU — ¢
MOMOIIBE CoMHeuHbIX wmMuratopos (8 CIIA
umeerca Gonee 40 TEpMOBAKYYMHBIX KaMep ¢
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COJTHEUHBIMU UMUTATOPAMH C PA3MEPOM COJTHEU-
HOro natHa He MeHee 1.2 M [14]).
OG643aTENbHBIMU  TEPMOBAKYYMHBIMU MCIBITAHUAMUI
SIBJISIIOTCSL PEXUMBI YCAOBHI «XOJOTHOTO» M «ropsue-
ro» Cayudaes oKcmryatauuu, MHUKpPOCTYTHHUK JOJKEH
JOCTUUL COCTOSHUS TEIJIOBOrO PABHOBECHS MPU yCJIO-
BUSX, OMPEACTSIOMUX Kaxabiii cayuan. [lomyueHHbie
TEMIOEPATypPhl XaPaKTEPHBIX TOUEK MHMKPOCITYTHHKA
CAyXaT AJ9 TOATBEPXACHHUS MPUHSITON KOHIEIIIWU
CUCTEMBI TEIJIOBOTO PETyJIMPOBAHUS U YTOUHCHUS MPU-
HITHIX MAPAMETPOB B MATEMATUUECKOW MOAESAN ITOU
CUCTEMBI (TEIJIOBBIX MNPOBOAMMOCTEN W TEIIOEMKOC-
teit). Caenyer OTMETUTh, UTO HECMOTPS HA SKCIEpHU-
MEHTAJbHYK MPOBEPKY CUCTEMBI TEILJIOBOTO KOHTPOJIS
JUIS «XOJIOMHOTO» U «TOPSUEro» CAYyUyacB MpPU PeaibHOMN
OKCIIyaTaluM MHUKPOCTYTHUKA BO3MOXHBI CUTYaLuu,
KOTOPBIE HEJb3d MPEABUACTh M TPOAHAJTM3MPOBATH.
Kpome Toro, MopeiMpoBaHUE KOCMUUECKOW CPEIbl TIPO-
BOAMTCS C OMPEASACHHBIMU morpetrHocTamu. [loaromy
B pabore [14] pekoMeHAyeTcd paCIIMPHUTh TEMIIEpA-
TYPHBIE TPENENbl JKCILIYATALMKU OGOPYAOBAHUSA MHK-
pocnytHuka Ha *11 K, uToGbl KOMIIEHCHPOBATH BJIMA-
HHE BO3MOXKHBIX HEOMPEACJACHHOCTEH HA TEMIEpaTyp-
HBIA pexxum npu (HYyHKIMOHUPOBAHUM HA OPOHUTE.

BbIBO1bl

Ha ocHoBe 0630pa JMTEpaTypHBIX JAHHBIX, 4 TAKXE
ombita, npuodpereHHoro B HauMoHanbHOM TexHHMUe-
ckoM yHmBepcurere Ykpauunl (KIT) npu paspabotke
CTP ana wmukpocnyTHukOB «Magion-4» (1995 r.),
«Magion-5» (1996 r.) u BIRD (2001 r.), mposeneH
aHaM3 TEIUIOBBIX YCJOBUN (DYHKIMOHWPOBAHUS U WC-
MOb3YEMBIX KOHUEMIUN MOCTPOSHUS CUCTEM TEILIOBO-
ro KOHTPOJIS MHUKPOCIYTHHKOB (Macca COyTHUKA Me-
mee 100 k). YcranosaeHo, uto Hambosiee pacmpocTpa-
HEHHON 4BJI9eTCd KOMOMHMPOBAHHAY KOHIEIIUS 0~
crpoenus CTP, coueraiomaga npuaHaku aBTOHOMHOU U
ueHTpaauzopannoi kouuenuuit, CTP ucnoas3yer mac-
CUBHBIN TMPUHIUI TEPMOPETYIUPOBAHUS, B KOTOPOM
TEIUIOBOE PABHOBECUME MUKPOCILyTHHKA (MM mpubopa)
Mpy 3aJaHHOW TEMMEPaType AOCTUraeTcd MyTeM MOJ-
Oopa IIOMIAAM IOBEPXHOCTH M ONTHUYECKMX CBOMCTB
paaguartopoB-uaayuaresaci. CucreMaTuszupoBaHbl u
YKCICHO OXapaKTEPU30BAHBI CACAYIOIIME WCIOIb3Ye-
Mble maccueHble KoMmoHeHTH CTP: skpaHHO-BaKyyM-
HAas TEIJIOU30AALMUS, PAAUALMOHHBIC MMOBEPXHOCTH,
TEIIOU30/IUOHHBIC OMOPbI, TEIIOMPOBOALI, KOHTAKT-
HbIC COCAWHCHWS, W TPUBEACHBI AAHHBIE O HOBBIX
KOHCTPYKTHBHBIX pa3paboTkax. AHAAM3 XapaKTepu-
CTUK KOMMEPUECKMX TPOrPAMMHBIX KOMILIECKCOB /ISt
TEIUIOBOTO TPOSKTUPOBAHUS TOKA3aJ CYIICCTBOBAHME
JABYX TMOAXOAOB K MOACJMPOBAHUID — TMPEACTABICHUS

00BEKTA KAK CHCTEMBI TOUEK C COCPEAOTOUECHHBIMK
MapaMeTpaMu M KaK MPEACTABACHUS 00bEKTa HA OCHO-
Be €ro reomerpuueckoro obpasa. O6a moaxoma Tpeby-
OT MPOBEACHUS YNPOLWICHUS PEATbHOW TEMJIOBOM CX€-
Mbl. TToaTBEpXXAEHUE WM YTOUHEHHME IPUHATON TEI-
JIOBOI KOHIEMIMH OCYIIECTBILETCS HA OCHOBE PE3YJib-
TATOB WCIBITAHWHA B YCIOBMAX, KaK MOXHO Oosee
MOJHO MMUTHPYIOLIMX peasibHbie. KoMneHcanusa Heomn-
peeNeHHOCTEN PUHATHIX BHEIIHUX MPAHUYHBIX yCI0-
BUii, CBOUCTB W UCHOJAB3YEMBIX YIPOLIEHUN OCYILECTB-
JFETCd 34 CUET PACHIMPEHHUS TEMIIEPATYPHOTO AMAMNA-
30HA SKCILIyaTauuu npubopos u CayxxeOHOro o0opyao-
BAHMY MHMKPOCIYTHHKA.
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MODERN TENDENCIES IN THERMOCONTROL
OF MICROSATELLITES

V. M. Baturkin
A survey of modern tendencies in the development of systems of

thermocontrol of microsatellites is given. The characteristics of the
main components of the systems are presented.
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COCTOSIHUSA

KOCMHNYECKOTI'O amrmapara

Harpy>kKeHuu

Buseneno f8i yHicikoBaHi aHaTiTHMUHI METORAMKY BU3HAUCHHS HANPYKEHO-1e(DOPMOBAHOTO CTAHY MaHEJEH
CoHAYHUX GaTapeil KOCMIUHMX anapariB mpu TEPMiYHOMY HaBaHTaXKeHHi. [IPOBEIEHO BUBHAUEHHS ¥ aHAJI3
HATIPYKEeHO-1e(DOPMOBAHOIO CTAHY TECTOBOI MOJIEsi COHSUHOT Garapel, TOPIBHIHHS PE3YJIbTATIB PO3PAXYHKIB
3 PE3yJbTATAMM, OTPUMAHUMU METONOM CKiHUeHHMX ejeMmeHTiB. Ha 6asi mpoBeIeHOro mapamMeTpuuHoro
JOCHIIKEHHS JAHO PEKOMEHALI MO0 MiAdoPy ONTUMAJBHOI CTPYKTYPH MAHEJI.

BBEJEHHWE

B cBa3m ¢ MOCTOHABIM PACIIMPCHUEM CHCKTPa 3aAad,
pemaembix kocmmuueckumu annaparamu (KA), yxe-
croueHueM TpeOOBaHMIL K MX Macce, SHepromorpebie-
HUI0 W CPOKAM AaKTWBHOTO CYIOICCTBOBAHWS, BEChMA
aKTyandbHA 3aJa4ya COBCPIOCHCTBOBAHWSA COTHCUHBIX
Garapeit (CB), ¥ B 4aCTHOCTH ONTHUMM3ALUN UX CTPYK-
TypbL 15 00eCeUeHns MUHUMAIBHOIO YPOBHS HAMPI-
xeHuil B Heil, KoHCTpyKIug GONBIIMHCTBA COBPEMEH-
weix CB mpencrapager cofoil MHOTOCIOMHOE KJIEEBOE
coemmaCcHUE. JlaHHAI CTPYKTypa TMOOBCPXKCHA 3HAUM-
TEABHOMY KPATKOBPEMCHHOMY CTATUUECCKOMY W OWHA-
MUYCCKOMY MEXAHWUECCKOMY HATPYKCHUIO BO BpPEMS
BoiBeeHnn KA Ha opOury um npuseaeHus Oatapen B
pabouee cocroguue. ONpeneadomuM A1 TPOYHOCTH
naneau CB cumraeTcs MEXaHMUECKOE HATrPyXEHUE B
npouecce BbiBeAcHuda u packpeitus CB KA, Ho He
MCHEE BAXCH MIATCIBHBIN 3TAaN TCPMOIWKIMPOBAHUS
B MWPOKOM AMANA30HE TEMTICPATYPH MPW IKCILTyaTa-
o KA ma opbmre. B 3aBmcmMocTH OT mapaMeTpos
OpOUTH NaHHAY KOHCTPYKLIMH MOXET IOABEPraThCs
TMCPUOANUCCKOMY HATPEBY W OXJIAXACHWIO B WHTEPBAJIC
or +150 mo —100° C, a m3-3a pasHocTu Kod(pPUIHCH-
TOB JIWHCUHOTO TemmeparypHoro pacmupeansg (KJITP)

© BAH CSIOSIHb, 10. A. TOXWJ, K. B. KOBAJb,
XE I 1O#, P. B. TABPWIOB, 2005

CKJICMBAEMBIX CJIOEB B KOHCTPYKIMM BO3HUKAIOT 3HA-
UNTENbHBIE HAMPSXKEHUI, 0e3 yueTa KOTOPBIX HEBO3-
MOXHO CIPOSKTHPOBATH ONTUMAJBHYKD C TOUKH 3pe-
Hus npouHoctu Koucrpykuuio CB [1, 2]. dag pemre-
HHAY TOCTABACHHON 3a7aulM HEOOXOMUM OMEPATHUBHBIA
MHXEHEPHBI aHaau3 CTPyKTypol Oatapen. HamGosee
MOAXONIT /I JTOTO AHAJUTHUUCCKHAEC MATEMATHUCCKUE
MOIE/IM, OCHOBAHHBIC HA PACUCTHBIX CXEMAax pPazjImu-
HOTO YPOBHSI TOUHOCTH.

METOJUKA OIIPEJEJEHWS
HANIPSIZKEHHO-TEOOPMHUPOBAHHOT'O COCTOSIHUA
MMAHEJI COJTHEUYHOM BATAPEU

KOCMUYECKOT'O AIIITAPATA

Ha 6Gase aByx pacueTHBIX CXEM MHOTOCIOMHOIO KJee-
BOTO COCAMHCHUI 6I)IJII/I BBIBCACHBI OBC YHI/I(I)I/IL[I/IpOBa—
HbIC MCTOAMKMU OMPEACJCHHUS HAMpIxXeHHO-aechopMu-
posarnoro cocrogauga (HAC) mameam CB KA npm
TEPMOMEXAHUUCCKOM HATpyXeHuHM, B ofomx ciyuasx
maneap CB mpemcrasasnach MATHUCIONMHBIM KJICEBBIM
coenuHeHneM. B mepsoM mpuOaMXKEHMU COTOBBIA 3a-
DOJJHUTCIb MOXHO MNPCACTABUTL B BUAC HpI/IBGZ[GHHOﬁ
KJIEECBOM TIpocjaoiiku. [lpm 5ToM B KauecTBe Mexa-
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Puc. 1. CTpykTypa KJIEEBOTO COOMMHEHMS COMHEUHON Oatapeu KA, a - crpykrypa, 0 - o0ummii Buj
HUUYECKHUX XAPAKTEPUCTUK BHIOMPAEM YCPEIHEHHBIE dU, —1 3)
MEXAY COTOBBIM 3ATIOJHUATEIEM W CMEXHBIMM KJIEEBHI- bix = dx ’ =5 .

MH TPOCJONKAME, COCAMHIIOIMUME €r0 ¢ OOIMUBKAME
manesu. Ha puc. | mokasaHa TWmmWuHAY CTPYKTypa
Cb, mos0oXXeHHAS B OCHOBY JAJBHEUIINX BBIUMCICHUI.

B kauecTBe OCHOBBI AI9 WCCIACAOBAHWS BHIOpPAHA
OJHOMEPHAS MOAEIb COCANHEHNS, IO KOTOPOH KJIEeeBas
mpocoiika paboTaer TOABKO HA CABUT BIOJb OXHOTO
HANPAaBJICHUS, FCOMETPUUECKUE U KECTKOCTHBIE Tapa-
METPH ACTANEH W KJIEEBBIX CJOEB MOCTOSHHBI IO
AAVHE, HOPMAJbHBIE HANPSDKCHUY PACHPEACCHBI IO
TOJAIIWHE PAaBHOMEPHO, 4 MaTEepuajbl OPTOTPOIHBI B

ocax xy [4].
YpaBHCHHS PABHOBECHS JJIEMEHTOB ACTAICH UMEIOT BHL
dji\lxix - Q(i—l)x + Qix = 0’ ¢))
i=1,..,mn,
rae N,, m Q, — HOpPMaJTbHBIE W KACATEIbHBIC YCUIUS

B COCAMHYEMBIX OETAJIX W KJICCBBIX CJOIX, MPUUEM
Q. = Q.. = 0. Ina paccMarpuBaeMoro ciaydas # = 3.

YpasHeHus coBMmectHocTH Aeopmanuii u uznue-
CKOTO 3aKOHA:

U —-U. 0.
_ i j+1 _ X
V== Y=g
N,
&, = 6]; + a AT, 2
j=1, .., n,

e o, — Koa(pdumueHT JINHECHHOTO TEMIICPATYPHOTO

pacuiMpeHus.
Hedopmanuu onpeaenstorcs cooTHomeHusamu Ko

YpapueHHEe PABHOBECHS OTCCUCHHOM UYACTH:

nN.=nN.=nN., ¢
; ix ; i0 ; in

[Mocne auddepenmupoBanug Beipaxkenuin (2) mo x ¢
yuerom zasucumocteir (1) u (3) moayuaem OCHOBHYHO
cucremy auddepeHInaTbHBIX YPABHEHUN, COCTOSIIYIO
u3 n — | ypaBHcHUIL:

i 2
L d°N

Hci E =+ H1+1,XN1+1,X -

ILN. =a &)}
o de lXNlX a ,

rae 11, m I, — mogaTimBOCTH KAECEBHIX HMPOCAOEK M
COEOUHIEMBIX ACTAJICH,

a; = AT, — a;, AT,
j=1,..,n—1.

MeTogoM MOC/AEAOBATEABHOTO WUCKIIOUCHUS HEU3-
BECTHBIX M3 JTOI CUCTEMBI Tojayuaem auddepeHim-
ATbHOEC YPABHCHUE OTHOCUTEABHO YCUJIMM B TEPBOU
JeTaJIn.

Pemus pmanuyio cucreMy, HAXOAUM HOPMAJIbHBIC

ycnand B COCAMHACMBIX ACTAIAX!
n

-1 n
= L2
Ntx_z zApln:I kix Pix+
i=1 \p=1

t—1

+ aiz AIX + AOXHIX /2 AIXHtX ’ (6)

i=1 I=1 I=1
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i (s
Py = C2j—ISh(kixx) + CZjCh(kixx)’

ki, — COOTBETCTBYIOIMIA KOPEHb XAPAKTEPUCTHUECKOTO

ypaBHEHUS;

n—(p—1) p-1 I p-2 (-1 1

E Hcis ) HIX ) ; 1L ’

ig=ig_q—1

1
Ap - (_ 1)p+
s=1

n—1 n
1

4= ajzn +> Ny (N

i=1 j=i+17 X i=1

p=1,..,n, —i,=0, —i,=n.
KacarenpHble HATPSIKEHUS B KJIEEBHIX IPOCIOHKAX
ONPENETATCd W3 YPABHCHUN PABHOBECHS OJJICMCHTOB

neranen (1).

n—1 lex
Q=2 0y

i=1

n—1

=Eklx

i=1

t
2 Ty | [Cyich(kyx) + Cosh(k,x)].  (8)
=1

KoncranTsl uHTerpupoBanus C; HAXOAATCA M3 Trpa-
HUYHBIX YyCJAOBUI:

N,=N, MpH X = X;

N1X=N'm HpI/Ix=x2,i=1,..., n, (9)

rae x; = 0, x, = L — 5T0 KOOPAMHATH HAYAJIA W KOHIA
COCTMHCHNAS.
Cucrema (9) pacmagaerca Ha ase u u3 (0) ompene-
JICM KOHCTAHTHI:
C, =Pl

i'x=0°

[Pl + Pl o ch(kL)] 19

sh(k,L)

Cuy =

IOas OUEeHKM HECyLIed CIOCOOHOCTH HEOOXOmUMBI
MAaKCHMAJIbHBIC 3HAUCHHUS HAIMPIXKCHUN, KOTOPHIE B
KJIEEBOM COSAMHEHMH HAOMIONAOTCA O €r0 Kpasm

n—1 1

thax = 2 k; ; Ti| Copur -

i=

[MockoabKy KOPHHM XapaKTEPUCTUUECKOrO yPABHCHUS
pesyabrupyoinero auhepeHnasbHOrO ypaBHEHUS
HE BCErAa MMEIOT AHAIUTHUYECKOES PEIICHUE, IPOBEICHO
NX HCCACOOBAHUE IJIS BCErO MHTEPBAIA XECTKOCTHBIX
XapaKTEPUCTHK MaTepuaaoB. [loKazaHo, UYTO KOPHHU
percTeuTeabEbe  [3]. DTO MO3BOMMIO MPEACTABUTH
pelIcHNEe B AaHAJIMTHUCCKOM BHJIC.

(1D

OnHOoMepHAs pacueTHad cXema gBjisgercd Hambosee
YOPOIIEHHOM, TAaK KAK OHA HE YUUTHIBAET BJUSIHUE
mmmpusbl coeaunennd Ha HIC. Jyumwmm npubauxe-
HUEM K WCTUHHOMY DPE3yJAbTATY MPEACTABIACTCH KBaA-
3UABYMEPHBIN MOAXOA, MO KOTOPOMY MOMEPEUHBIE HA-
MPSXXKEHUI HE BJIUIIOT HA TPOAOJBHBIC, a Kaxaad
TMOJIOCKA COCAWHCHMS IOWPWHON dX pPacCMaTpWBACTCH
n30aMpoBaHHO. Torga, B OQHOM HAMPABJCHUW HATIPS-
KEHUS CUMTAIOTCS MO M3JIOXECHHOW BBIIIE OJHOMEPHOMU
MOCTAHOBKE, a [J9 HAMNpPaBJACHUS y AHAJOTUUHBIM
00pa3oM MOJIyUYMM CUCTEMY YPABHEHUI:

Hci 21

k=1

d’N,
dy2 + I Ny = B i Nivix

- Hin iy luiXyHiXN ix = Gy
OCHOBHbIe COOTHOUICHUY A1 KBaSHZ[ByMepHOfI MOACIN
npuBeacHH B padore [J].

HawnGosee MOAHO YUUTHIBAET MAPAMETPHL COEOMHE-
HHAS [ABYMEpHAad pacueTHad cxema. B ormamume ot
KBa3WABYMEPHOU MOAEJMN, 3A€Ch MPUHUMAKOTCI B pac-
et oba koodduumenra IMyaccona. OaHako ee peme-
HHEC BO3MOXHO JWUIOb A9 HCKOTOPBIX YUACTHBIX Cayyda-
€B, HE pACCMATPUBAEMBIX B 2TOM pabore.

(12)

PE3VYJbTATBI OIIPEJAEJEHU S
HANIPSIZKEHHO-TEOOPMHUPOBAHHOT'O COCTOSIHUA
COJIHEYHOM BATAPEU KOCMHUYECKOTO ATIITAPATA

B xauecTBe mamOCTpanuu MPUMEHUMOCTH PACCMATPH-
BAEMOM paccueTHOM Momeam miad omnpemeacuama HIAC
Cb KA unposeacuo omnpeaenenue u anwanusz HJC
moneabHol cTpyktypel Cb mpoussoactsa KHP, a tak
XK€ CpaBHCHWE PE3yJbTATOR HAHHOTO pacuera ¢ pe-
3yJAbTATaAMU KBazuaBymMepHou wmoxmesau [l] um pmammHO
UCIOJIb3YEMOTO HAYUHO-OO0OCHOBAHHOIO UMCIEHHOTO
MeToAa: MeTona KoHeuHbIX aaemMeHToB (MK3J). Ctpyk-
Typa TtectoBoii momeau CbB mpeacrasiaeua Ha puc. 1.
Ucxoaubie maHHbie AJ9 WCCACAOBAHMS TMOAYUYCHBI B
X0 DKCIEPUMEHTATBHOTO omnpeacacHus (PU3nKo-me-
XaHUUECKMX xapakrtepuctuk marepuasos Cb B akc-
IUTyaTalIMOHHOM OWATIA30HE TEMIEparyp.

PaccmaTpuBanuck mBa pacucTHHIX Caydad HATPYXeE-
Hug CB: TCHEBOW WM COMHEUHBI yuacTOK opéuthl. B
KauecTBE TEMIEpPaTypbl JKCIUTyaTaAUUU MPUHUMATUCH:
—-100° C u +100° C coorercTBenHo. st ympomeHus
aHanMM3a HE pacCMATPUBAJICA CJIYUYal TEIJIOBOTO yaapa
npu nepexoae KA uepes TepMHHATOpP, HE YUUTHIBA-
JINCh TPOLECCH  TEIUIOMPOBOAHOCTA, a KOHCTPYKIIWS
CUNTAJIACh PABHOMEPHO TPOTPETOM.

Pacuersr mokaszasm, uto kouctpykuus CB makcu-
MaJbHO HATPYXXEHA HA TEHEBOM y4acTKe OpOMTHI.

Bun pacnpenesicHus HOPMAJbHBIX Y KacaTEIbHBIX
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HATIPSKCHWI MO TAHEIU COMHEUHOH Garapen WyuTioCT-
pupyercs puc. 2.

MakcuMyM HOPMAJIbHBIX HANPSXKEHMH HaOM0zaeTcd
B cpemHEHW yactm maHenw. Yrto Kacaercsd pacmpenesie-
HUY KACATEJbHBIX HAMPSIXKEHUN, TO MAKCUMYM, MOJY-
UCHHBIA MO OJHOMEPHOM M KBA3WABYMEPHOM METOAU-

Puc 2. Pacnipepesienue HOpMasIbHBIX (@) UM KacaTesabHbIX (6) HaAps-
xenuit o nanesm CB

"% Ma

20

10

| 7 s O
Yrne- Yrne- Monvumna -~ Kpemruii Crekno
nnactuk 1 nnactuk 2

kam HaOmomaeTca Ha kpaw coegumnaenma., MKD, B
OTJINUNE OT TMPWBCACHHBIX BHIIIC METOAWK, TO3BOJISICT
YAOBJACTBOPUTHh TPAHWYHBIM YCJIOBUSAM HA KPAKO COCAM-
Heausa., COOTBETCTBEHHO M MAKCUMyM HAXOAMTCH HA
pPAcCTOTHUY TOPIAKA HECKOABKUX TOJMWH CJOS OT
Kpad COSIMHEHMS, ONHAKO TAKXE B KpaliHei obaactu
TTAHEJIN.

PesynpraTel ompegesicHUS SKCTPEMAJBHBIX HOP-
MAaJbHBIX HATPIKCHUU B COCAMHACMBIX CJIOIX W Kaca-
TEJBHBIX HAMPSXXEHUH B KJIECEBBIX MPOCJONKAX TPOMJI-
JIOCTPUPOBAHBI HA pHC. 3.

Craenyer OTMETUTb, UTO HOPMAJIbHBIC HAMPSIKCHUS
HC ONPCACAIIOT TPOUYHOCTh KJACEBOTO COCAMHCHUY.
CB43aHO 5TO C CYIIECTBEHHO 00Jee HU3KOM IPOUYHO-
CTBIO KJICCBHIX TPOCTOCK HA CABWT TIO CPABHCHUIO C
TMPOYHOCTHIO COCOWHACMBIX ACTAJNCH, M TEM HE MCHEE
OHM BaXHbI Hd moanoThl aHaymza HAC. Bugum, uro
KaK Aad OJHOTO, TaK W AAd APYToro HANpasICHUS,
MAKCHMAJIbHBIE HAMPSIXKEHMS HACIIONAIOTCS B IOJU-
WMUAHOM CJI0C W OHW HAMHOTO MCHBIOC €T0 TPEAca
npounoctu. A 3Hauwmt, paspymieHue nanesu CB ot
HOPMAJBHBIX HATPIXKCHUM €CW W BO3MOXHO, TO OT
(hbakTOpOB, HE YUUTHIBACMBIX B MCCACAYEMBIX METOIM-
kax. Hampwmmep oT morepm yCTONUWBOCTH CJIOI B
MOMECHT JCWCTBUY WMITYJBCHOTO WJIN AWHAMUYECKOTO
MEXaHUUECKOr0 HarpyxeHnud mnpu BeiseacHuun KA Ha
opouTy uau B MOMEHT packpeitusa ctopok CB.

MakcumasibHblE KacaTesbHbIE HANpPSKEHUd Hab/Ir0-
JAIOTCAd B KJICEBBIX IPOCIOWKAX, CMEXHBIX C TOJHU-
UVUMUTHBIM CJI0EM, OMHAKO OHM TAKXE HAMHOTO MCHbB-
me TpeAeaa TMPOYHOCTH KJaed Ha caBur. Paszpymenue
KOHCTPYKIIAW €CJW W BO3MOXHO, TO OT CABWTA TMpH
MHOTOIMKJIOBOM Harpyxenun. Ucneitaane ganHon CB
KaK HA TEPMOOMKINUCCKOEC HATPYKCHUE, SKBUBAJICHT-
HOe roay HaxoxaeHus KA Ha reocrarmoHapHoil opou-

1% Ma

0.08

CoToBbIl Kneii 1 Kneit 2

OnTunyeckunit
3anonHUTeNb Knei

Puc 3. MakcumasbHble 3HAUECHUS HOPMAJILHBIX Oy (@) M KACATEJbHBIX Ty, (6) HANPSIKEHUH B COCAMHSEMBIX JIETAJISX M KJIEEBBIX NMPOCIOMKAX
COOTBETCTBEHHO, IOJYUEHHBIE II0 TPEM PacCMATPUBAEMbIM MeTOAMKaM: I — opHOMepHas, 2 — aByMepHas, 3 — MKO
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T€, TAK M HA TEPMOyJap, HE MPHUBEJO HE TOJBKO K
paspyuUIeHNI0 KOHCTPYKIMU TAHEIW, HO U K 3aMET-
HOHM Aerpamanum €€ CBOWCTB. DTH (PAKTHI, a TAKXE
pe3yJibTaThi MATEMAaTUUECKOrO MOAEIMPOBAHUS TOBO-
PST O BBICOKOM JKCIIyaTAlMOHHOM PECypce KOHCT-
PYKITHH.

Xorenock GBI OTMETUTB, UTO PA3HUIA B 3HAUCHUSIX
HAMPSIKEHNI, MOJIYUCHHBIX MO UCCACAYEMBIM METOIM-
kam u MKD mocrarouno senmka. OgHAKO, B JAHHOM
caydae, 9T0 HE CYMISCTBEHHO, MOCKOAbKY CPAaBHUBAIOT-
¢4 OOCTATOUHO MAJIBIC 3HAUCHUS HAMPIKCHUA, HAMHO-
O MEHbIIWE TPEAcja MPOUHOCTH, A KAUCCTBEHHO Xa-
pakTep pacnpeicacHUs HAMPIKCHUA B KOHCTPYKIHMHU
OCTAETCd TEM K€, UTO MO3BOJISET MPOBOAMTHL OmMepa-
tuHbiit ananuz HJC xoucrpykumu. Kpome Ttoro,
MOACOHBIH (PAKT MOXET TAKXKE OBITh CBA3aH C IOTPEI-
HOCTBIO KOHEUHO-DJIEMEHTHOM Moaeau. B umeaom mox-
HO CIOEJIATh BBIBOA O MPUMEHUMOCTH PACCMATPHUBACMBIX
Moxeac miga omnpeneacHud u amaauza HIC conneu-
HOI GaTapen.

Pesyaprarel pacucToB MO KBA3WILIOCKOW M OTHOMEP-
HOUl MOME/SIM, HECMOTpS HA pPa3HUIY B MOAXOAAX,
JA0T PA3JIVUHBIC PE3yJIbTAThl JIMIIb MO HOPMAJbHBIM
HanpsXKeHuaM, Takum o0pazoMm, HIsS OOPEAC/ICHHS W
anaquza HOC cnaGonarpyxennoit koncrpykiuun Cb
KA pauuoHaspbHO MPUMEHSITHh TPOCTYI OJHOMEDPHYIO
MOJE/Tb.

-0.11

-0.10

-0.09

4400

1 1 1 1
3200 3800 E, MMNa

Puc. 4. 3aBUCMMOCTY MaKCUMAJIbHBIX KACATEIbHBIX HAPSKEHUH Ty,

BJIUSHUWE ITAPAMETPOB FATAPEN HA EE
HANIPSIZKEHHO-JEOOPMHUPOBAHHOE COCTOSIHUE

OpnHoli M3 OCHOBHBIX 3a/au A9 KOHCTPYKTOpA CJIOX-
HOW TEXHUKU SBJISIOTCS BOMPOCH ONTUMW3AINAN pa3pa-
0aThBAEMONM KOHCTPYKIIMU, ONpPEAEIEHHS €€ paluo-
HAABHBIX MAapaMeTpoB. 3ajaua MHOronapaMerpuue-
CKOM ONTUMU3AUNK SFBIICTCS OOCTATOUHO CJIOXHOU
I/ CYMICCTBYIOIIECTO HA JAHHBIN MOMCHT YPOBHS Ma-
TEMATUUYECKOTO O0ECIeueHns, a B HEKOTOPHIX CAydadx
ora mpobyeMa He PEINAETCd MATEMATUUYECKMMHU METO-
aamu. CosnHeunas Gataped B IOJHOM MEPE OTHOCHTCS
K TAKOMY KJAcCy KOHCTPYKLMIA, BBUAY Haauums O0JIb-
MIOTO KOJMUECTBA (DU3UKO-MEXAHUUECKUX XapaKTepu-
CTMK BXOAMIIUX B HEE MATEPHUAJIOB M pPasHOOOpasus
TCOMETPUUECKAX TAPAMCTPOB ITOTO coemmHCHUI, g
TPOBEACHNS TPOLIECCa ONTUMATBHOTO TTPOCKTUPOBAHUS
CB Heo0XoauMo MpegBAPUTEILHO OMPENEIUTh CTENEHD
BausgHug 31X napamerpos Ha HIC u seipaborath pan
pekoMeHAALMI 0 MOAGOPY ONTHMAJILHBIX MAPAMETPOB
u xapakrtepuctuk CB.

ITpoemeHO TapamMeTpUUECKOC WCCACAOBAHWUC BJIIUSI-
HUS TCOMETPUUCCKUX M XKECTKOCTHBIX XapaKTEPUCTHUK
marepuanos, sxogamux B Cb na ee HIC. B kauecrse
OCHOBHBIX reoMeTrpuueckux napamerpos Cb npuruma-
OTCS: JWHEUHBIC pa3Mepel maHeaum (eec JIMHHA U
IMAPWHA) W TOJIIUHBI COCANHSICMBIX CJIOCB M KJICCBBIX

0.2

28 40

1 1
16 @, 10-6 K-1

CB: @ — or Tommuunbt 8 yrermacruka (1), nomuumuna (2), KpemHus

(3) u crexkna (4); 6 — B KaXA0M CJIOE OT TOMMMHBI & noguummuaa (I — kiaewt 2, 2 — onruueckuil kjeil, 3 — COTOBbIN 3aIOJHUTEND, 4 —
kiei 1); 6, ¢ — B HUIXKHEM KJIEE OT MOAyJsa yrupyrocty E u o1 k0dbPUIUeHTa @@ TEPMUUECKOTO PACIIUPEHUS TOJUUMHUIA
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Omax, MlMa
20 a

10

-18.3]

-18.2

-18.1

-18.0

0.8 0.9

1 1
G, MIla

6
-18.6 -
-14.1
-9.5|-
1 1 1 1 1 1 1 ]
10 20 30 40 L, MM
r
-18.2
-18.0
-17.8| \\\
7.6 1 1 1 1 1 1 T\_\.n

0.3 0.8 1.3 a, 106 K-

Puc. 5. 3aBUCUMOCTH MAKCUMAJIBHBIX HOPMAJIBHBIX HAMPSKEHUH O, : @ — B KAXKJAOM CJIOE OT TOJMIIUHBI & moivumuaa (I — yriemnacrux,
2 — yriemnactuk, 3 — noJauuMmup, 4 — KpPeMHMI, 5 — CTeKJ0); 6 — OT JJIMHBI L COeTUHECHUS;, 6 — B MOJIMUMUIE OT MOmyjd capura G
kjaeeB (] — HWXKHUEM KJeH, 2 — HWXHMU U BEPXHUM KJIEH, 3 — BEPXHUM KJel, 4 — ONTHUYUECKUM KJIEH); ¢ — B HOJUUMUE OT

koacdunpmenTa TepMUUECKOr0 PACIIMPEHUS ¢ YITICILIACTUKA

MPOCJOCK, 4 B KAUECTBC YMOPYTUX XapaKTCPUCTHUK:
MOAYJTb YIOPYTOCTH COCAMHACMBIX AcTascii E, MOTYJb
caura kiaeesbix npociaoek G, KJITP a u koadduim-
ent Ilyaccona u.

Pesynpratel mapaMeTpmuecKoro WCCACHOBAHWUY TO-
Ka3aaW, YTO MAKCUMAJTBHOC BJIWUSHUEC HA COBUTOBYIO
npounocth CB 0KasbiBalOT TeOMETPUUECKUE U KECT-
KOCTHBIC XaPAKTCPUCTUKNA TOJUUMUTHOTO CJIOS W ABYX
MpUICralomMx K HEMY KJECeBbIX mpocaoek (puc. 4).
Ipyu yBenuueHWy TOJIIMUHBL MOJMUMEAA HAOMIOAAETC
CYIICCTBEHHBIN POCT YPOBHSA KACATCJBHBIX HATPIXKE-
Hui. Takasg e 3aBUCHMOCTh HAOMIOmAETCd M AId
VIJIEIIACTUKOBOM OOIIMBKK COTOBOM MAHENM, COCTAB-
JMIOMIEN CUIOBYIO OCHOBY Oatapeu. Bamanue xe tos-
HIMHBL KPEMHMY M OCOOEHHO 3AIMUTHOIO CTEKJAA IIPe-
HEOPEXUMO MaIo, MOITOMY IMMAPAMETPHL ITHX CJIOEB
BHIOMPAIOTCA U3 TEXHOJOIMUECKMX MU APYTHX cooOpa-
KEeHUH (pagranmoHHOM CTOWKOCTH, HAampuMep). YBe-
JMUCHUE TOJIIUHBI KJICCBBIX MPOCJOCK TPUBOAUT K
YMCHBIDCHUIO YPOBHA ACUCTBYIONINX B HUX KACATETb-
HBIX HAMNpSXEHWi, MPUUEM, B KAaKOW-TO MOMEHT (B
ganHOM cayuae mpu (.2 MM) MakCMMyM KacaTeJabHBIX
HaNpsXXEeHUU TEPEXOOUT U3 OAHOM KJIEEBOU MPOCTOUKHU
B APYryo (U3 HUXHEH B BEPXHIOI). TO Xe mpomcxo-

JMT U [IPH OXHOBPEMEHHOM M3MEHEHUM TOJIIIUH COCEN-
HUX KJCCBBLIX IPOCIOCK.

IloBamgaTe HA ypPOBEHH HOPMAJBHBIX HATIPSKCHUHN B
KOHCTPYKIMHN MOXHO 3a CUCT HCKOTOPOTO YBCANUYCHUS
TOJIMUHBL MOAAUMuIHOTO ¢1og (o 0.3 mMm) (puc. 5, a).
9TO OpUBCACT K HCKOTOPOMY YMCHBIICHWIO HOPMAJIb-
HbIX Hanpskenuii B Hem. OmHAKO 3TO Xe BEOET K
YBEJIMUCHUIO KACATEJbHBIX HAMpPSIXKeHM., AHaaormu-
HOE BJMSHUE OKA3BIBAET TAKXKE TOJINUHA CAOA YIJIe-
MJIACTUKA, OMMXKAMNIero K MOJMMMUIHOMY Caow0. Ilpu
0 = 0.3 MM, MPOUCXOAUT MEPEXO] MAKCMMyMa Hamps-
KEHUN M3 MOJMUMHUIHOTO CJIOY B CJIOM YIVIEIUIACTHKA.

[Mpu yBennueHUM AJUHBI U MIUPUHB (DOTOIIEMEHTA,
YPOBCHDb HaHpH)KeHI/Iﬁ B KOHCTPYKIWHW YBCANMUMBACTCA
ACUMIITOTUUCCKU W TIOCIAC OHpeZ[e]IeHHOfI AJIMHHBI
MPAKTUYECKU HE MeHseTcd (puc. 5, 6). 10 3HAUCHHME
JUIMHBL OIPEAEaAseT 001aCTh CTA0MIM3anuu HATPSKe-
Hui. g wmccaenyemoil Gataper AaHHOE 3HAUEHHE
L, = 40 mm. Umenno oHO W 6panoch B KauecTse
6a30B0ro0 19 MCCAEAOBAHMS MPOYHOCTH OaTapen.

HpI/I YBCIMUCHNUN TOJIIWHBI COTOBOTO 3AaNOJTHUTCIA
HANMPAXCHUSI B KOHCTPYKOWW YMCHBIOAKOTCI, XOTd H
HC3HAUNUTCIIBHO. 33BI/ICI/IMOCTB HOPMAJbHBIX HAIPIXC-
HUHR OT TOJIIUHBI KJICCBBIX IMPOCAOCK HC3HAUMTC/IbHA.
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Cymecteennoe paumsane Ha HIAC CB okaseiBaioT
TAKXE YIOPYTUC XAPAKTCPUCTUKYW BXOAAIMNX B HEE
MATCPUANIOB COCAMHICMBIX ICTAJICH KJICCBBIX TTPOCTOCK.

B wurore ObuiM JgaHBl HEKOTOPHIE PEKOMEHAALUU
KOHCTPYKTOpPAM TIO CO3AAHUWIO ONTUMAJBHBIX C TOUKH
3perus npounoctu naunesnenn CB. Tak, MuaHUMU3UpO-
BATh YPOBCHBb COBUTOBBIX HAMPIXKCHUU B KJICCBBIX
npocaokax Cb MoXHO 3a CUeT MOCTAHOBKM YyTJ/ICI/a-
CTHKOBBIX OOLIMBOK ¥ MOJMMMUIHON IIEHKM MUHU-
MaJbHOW TOJIOWHBI M1 MUHUMAJIBHO BO3MOXXHOU KECT-
koctu (puc. 4, 8). YPoBeHb HATPYXKECHHOCTA KOHCTPYK-
O OT CABWTOBBIX HATPSXKCHUM CHUXACTCA TaKXe
npu nogbope Martepuanos ¢ Oaumskumu KIITP. Oaa
BCEX AeTajsell HAOIIONAETCd MOBHILEHNE YPOBHS Kaca-
TEABHBIX HATPSIXCHUM B KJIEEBBIX MPOCIOMKAX C YBE-
JIMUYCHUEM COOTBETCTBYIOIICTO mapamerpa (puc. 4, 2),
npuueM Haubosbmee BaugHue okasbisaer KJITP no-
JIMAMUTHOTO CAOS W KPEMHUS., YBEJIWUCHUC TMOXATIN-
BOCTH KJICEBOTO CJIOS TPUBOAWT K YMCHBIICHWUIO YPOB-
HS €ro Harpy>XeHHoCTH. [Tomgo0HBIE 3aBUCMMOCTH HAl-
JIFONAIOTCS W /IS HOPMAJTBHBIX HATIPSIXKCHUH.

I[loBamgaTs HA TCOMETPUUCCKHUC XAPAKTCPUCTUKHU
KJICEBBIX TPOCTOCK CJIOXHO, Ad W WX BO3ACHCTBUC HA
HIOC nesenuko. B To xe BpeMs, yBeJMUCHUE MOTYJIS
CABUTA W TPCAEaAA TPOUYHOCTH HA CABUT KJICEBBIX TTPO-
CJIOEK OUCHB KEJIATEABHO, MOCKOJBKY 3TO TO3BOJHAT, C
OIHOI CTOPOHBI, CHU3UTh YpoBeHb Hanpsxenuit B CB,
a C IpyTo¥f CTOPOHBI TTO3BOJNUT CO3aBATh KOHCTPYKINH
¢ GOIBIIUM CPOKOM JKCILTyaTamuu (puc. 5, 6, 2).

BbIBO1bl

1. Ha Gase Momenu aare3sMoHHOTO COEAMHEHMUS Pa3-
pabGoTanbl OBe YHU(PUIUPOBAHHBIE AHATUTUUECKHE ME-
romuku onpeaeacangs HIC CB KA mpm tepmMmueckom
HATPY>KCHUM, OCHOBAHHBIC HA PACUECTHBIX CXEMax pas-
JIMYHOTO YPOBHS TOUHOCTH.

2. Mpoeeneno onpenencuue u ananuz HIAC moxenan-
Hol kKoHCcTpyKumn Cb. Koncrpykuna CB makcnmasb-
HO HATPY>XEHA HA TEHEBOM ydyacTke opOuthl. Makcu-
MaJbHBIE HANPSKEHUd HAOIIONAI0TCA B KJIEEBBIX IIPO-
CJI0WKAX, COBMECTHBIX C MOJIMUUMUAHBIM CJI0EM, OHA-
KO OHM HAMHOTO MCHBINE MPeAe/a MPOUHOCTH KJIeS HA
COBHT, UTO TOBOPUT O PaGOTOCHOCOOHOCTH paccMaTpum-
BaeMOU KOHCTPyKumHu., HaTypHbIC MCIBITAHUS, TPOBO-
musmmmecs 8 CKTB OTUHT HAHY nonrsepawian 5To.
CpaBHeHHME ¢ pe3ybTaTaMu TECTOBOTO MOASTMPOBA-
Hus, npoBoauMoro mo MKD m KBazumiockoi moaesu,
JaeT OCHOBAHWE CAEJATH BHIBOA O MPUMEHUMOCTH Pac-
CMATPUBAEMON MOACIU /IS ONPEACJCHUS M aHAJIM3a
HAC toukomneHounsix cTpykTyp CB KA.

3. MakcuManbHOE BAUSHUE HA CABUTOBYIO MPOUHO-
ctb CB OKasblBAIT TEOMETPUUECKUE M KECTKOCTHBIC

XapaKTEPUCTUKN MOJTUMMUTHOTO CJI0S U ABYX TPHUIETa-
OIMUX K HEMY KJICEBBIX Mpocaoek. [lpu ysesuueHumn
TOJIIIMHBL TOIMMMUAA HAOMIOAAeTCS CYIIECTBEHHBIN
POCT YPOBHSI KAacaTEAbHBIX HAMPSIKCHUIA, YBEJIUUCHHUE
K€ TOJIIMHBL KJASEBBIX MPOCIOSK TPUBOAUT K yMEHb-
MICHUI) YPOBHY JCUCTBYIONMX B HHUX KacCaTEJbHBIX
Hanpsxenuii. [ToBugTh HA YPOBEHh HOPMAJIBHBIX HA-
MPIXKCHUNA B KOHCTPYKIMA MOXHO 34 CUET HEKOTOPOTO
YBEJAUUCHUS TOJAUMHBI TOJUUMUAHOTO CJA0S {0
0.3 Mm). D710 TpuBEmEeT K HEKOTOPOMY YMCHBIICHHIO
HOpPMaJbHBIX HampsixeHnwit B Hem., OgHako 210 Xe
BEICT K YBEJMUCHUIO KACATE/IbHBIX HATIPSDKEHUN, AHA-
JIOTUYHOE BJIMSHUEC OKA3bIBAET TAKXE TOJIIMHA CJ0S
VIIEIIACTHKA, OAMXKaMIIEro K MOJUMMHAHOMY CIIOH.
[Mpu yBenuueHuM AJMHBI COCAMHCHUS HAMPSIKCHUSI B
CB acuMnTOTHUECKYU YBEAWUMBAIOTCS, CTPEMSCh K OI-
pEleSICHHOMY 3HAUCHUIO.

4., MuHUMH3HPOBATh YPOBEHBb CABUTOBBIX HATIPSIKE-
HUII B Kjaeesbix mnpocaoiikax CB wmoxHO 3a cuer
MOCTAHOBKM YIJIEMIACTUKOBBIX OOLIMBOK M IIOJMMMULI-
HOUl TJICHKM MWHHUMAJIBHOW TOAIIMHBI U MUHUMAJbHO
BO3MOXXHOW XECTKOCTHU. Y POBCHb HATPYXXEHHOCTHA KOH-
CTPYKLUU OT CABUTOBBIX HATMPSKEHUN CHUXKACTCS TakK
xe npu noabope marepuanos ¢ 6auzkumu KIITP.

[MorausgTh HA reOMETPUUECKHME XAPAKTECPUCTHKU
KJEEBHIX TPOCIAOSK TSKEAO0, Ja M WX BO3ACHCTBUE HA
HIOC nesenuko. B To xe BpeMs, yBeJMUCHUE MOTYJIS
CABUTA M TPEAEaa MPOUYHOCTU KJCEBBIX MPOCAOCK HA
CABUT OUCHB XEJATEIbHO, MOCKOJBKY 9TO MO3BOJHUT, C
OIHOI CTOPOHBI, CHU3UTh YpoBeHb Hanpsxenuit B CB,
a, C ApPYyroil CTOPOHBI, MO3BOJUT CO3AABATh KOHCTPYK-
uuy ¢ GOJIBIIUM CPOKOM IKCILTYaTALUH.

Hapno 3ameTuTh, uTO TPEACTABASCT WHTEPEC HE
TOJIBKO ONTUMU3ANUI PACCMATPUBAEMON KOHCTPYKIIMHU
M0 KPUTCPUIO CHUXKCHUS TEMIEPATYPHBIX HATPIXe-
HUH, HO W MO CHOCOOHOCTM KOHCTPYKIMM TMAHEIN
BBIICPXKUBATh MEXAHWUECKOE HATPYXEHUE, BOZHUKAIO-
mee B mpouecce askcmtyarauuu KA. Mexanuueckoe
HArpy>XeHue, KakK OBbLIO CKA3aHO paHee, BO3HUKAET
npu BoiBegeHur KA Ha opOuTy M mpM pacKkpbiTHU
manenei CB. Hecmorps Ha KpaTKOBPEMEHHOCTH JaH-
HOTO BO3ACHUCTBUS, OHO BO MHOTOM OMPEACASCT AaJib-
HEUIYIo paboTocnocoOHoCcTh KOoHCTpyKimu. OAHAKO B
JaHHOM paboTe MEXaHMUECKOE HArpyXXKeHHe He pac-
cMmarpusaercd. [1ogo6HOe MCCAENOBAHNE MPEACTABISET
MHTEPEC B OTAEIbHOCTU M MOXET OBbITh MPOBEAECHO IPU
JAJIbHEUIIEM COBEPHICHCTBOBAHUM TPEACTABICHHBIX
MOACAEN.
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CALCULATIONS FOR STRESS-STRAINED STATE
OF A PANEL OF A SOLAR ARRAY UNDER THERMAL
LOADING CONDITIONS

Wang Xiaoyan, Yu. A. Pokhyl, K. V. Koval’,
He Shiyu, R. V. Gavrylov

We developed two unified analytical methods for stress-strained state
(SSS) determination of panels of solar arrays of spacecrafts at
thermal loading. A determination and an analysis of SSS for solar
array testing model are made and the results of the analysis are
compared with ones from the finite element method. Some recommen-
dations for panel optimal structure determination are developed on
the basis of our parametrical investigation.
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TennoBi3iiHUN HEPYUHIBHUN METO]T, TOCHIIKCHHS
Mpo30pUX TOHKOILTiBKOBUX HarpiBauiB
Haditiwna 0o pedaxuii 14.10.04
IIpencraBiaeHO pe3ysbTaTv AOCIIKEHHS PO3NOAULY TEMIEPATYPH IO MOBEPXHi TOHKOIUIIBKOBUX IPO3OPUX
HATPIBAYIB TBICT-HEMATUYHUX PIAKOKPUCTANIUHUX E€KPAHIB 34 JOMOMOrOK (GE3KOHTAKTHOTO TEIUIOBI3iHHOrO
METOAY .
BCTYI HanisnposBiguukis im. B. €. JlamkapsoBa Ha-

VY cyuacHoMmy JiTakoOyayBaHHI Ta KOCMIiuHii ramysi
ana  BigoOpaxxenHs iHdopMalii BUKOPUCTOBYHOThCS
pinkokpuctaniuai gucriei (PK): teicT-HemaTwuuHi
CTATWYHi, TACWBHO-MATPUUHi, AKTUBHO-MATPUYHI Ta
iHII, 9Ki TOBMHHI 0e3BiIMOBHO MpPALIOBATH Y >KOPCT-
KMX yMOBax, 30Kpema mpu temmneparypax ao — 60 °C
[6]. TIpu Takux HM3BLKUX TEMIEPATYPAX PiAKOKPUCTA-
JIiUHA PEUOBMHA CTAE AYXKE B SI3KOK, TOMY s MiA-
TpuManHg npanesgataocti PKI  morpeGye mimirpi-
BanHg. Uepes me xoucrpykuiga PKJl moBwaHA mepen-
0auaTy BUKOPUCTAHHS MPO30PUX TOHKOILIIBKOBHX HA-
rpiBauiB. KOHTposb IKOCTI BWUTOTOBJCHHS LWX HA-
rpiBauiB MOJ9Irac B ONEPATHUBHOMY AOCTIAXKECHHI PO3-
TIONiTy TENJIOBUX TOJIB y TUTiBIi Harpiaua ta y PKII,
IUTS YOTO HAWNPUWHITHIIINM BUAAETHCSA TEIIOBI3iHHUN
METOA.

dx BimoOMO, TEIIOBiI30p € GE3KOHTAKTHMM IMPUIAAOM
JUT BUMIPIOBAHHS TA PEECTpALil TEMOEPATYPHUX MOJIiB
[3]. Bin peecrpye [U-BunpomiHiOBAaHHS Bif AOCTiA-
KyBaHUX 06’CKTIB Td MOXE BH3HAUATH TXHIO TEMIIEpPA-
Typy abo po3momia TEIIOBMX TOMIB IO MOBEPXHI
o0’ckra. TennosiziiiHi HepYHHIBHI METOAM KOHTPOJIIO
KOMMOO3ULiNHUX Ta I[IAPyBATHX MAaTEpiaiiB, 3BAPHUX
IIBiB TA iHIIWX EJEMCHTIB KOHCTPYKLil MAKOTh LiJui
psa mepeBar y TOpIBHSAHHI 3 iHmmamu merogamu [4]:
JUCTAHIINHICTG (OE3KOHTAKTHUN METOM), BUCOKA IIPO-
OYKTUBHICTb, MOXJIMBICTb pEECTpaLii KAPTUHU PpO3-
noAlTy Temaosux nojis. Ile oco6imMBO BaXXAMBO IS
KOHTPOJIK Mpo3opux Ta Oaratomaposux o6’ckris [1].

Hama po6ora mpucBgueHa MUTAHHAM HPAKTUUYHOTO
JOCTIIXKEHHI Ta KOHTPOJK OZHOPIAHOCTI TOHKOIMTiB-
KOBUX HArpiBauis po3poOaroBaHux B IHCTUTYTI (hizuku

© 0. B. KOJIOM3APOB, C. Jl. KPABYEHKO, B. II. MACJIOB,
B. B. 3ABYJICBKHWIA, 2005

WiOHAJBHOI aKaACMil HAYK YKPaiHW TBiCT-HEMATUUHUX
PKI nns BiTUM3HAHOrO JiTaKOOYIyBaHHS TA 3aCTOCY-
BAHHIO JUI OBOTO JOCTIAHOIO 3pa3Ka MaaorabapuTHOrO
TEILI0Bi30pa.

KOHCTPYKUIA TBICT-HEMATHUYHOI'O
PIAKOKPUCTAJIYHOI'O JUCILJIES

HexnapamiitHmM TATCHTOM YKpAaiHW HA KOPWUCHY MO-
aeab [2] Gysna 3amponoHOBAHA KOHCTPYKIlig TBICT-He-
matnudoro PKJl 3 momatkosuMm Harpisauem (puc. 1).
Koncrpykrusrno teicr-Hematnunmiin PKJ ckranma-
€TbCY 3 JBOX TEPMETUUYHO CKJACEHUX KJIEEM J MPO30PUX
migkaagok / ta 2 3 HAHECEHUMM MPO30PUMHU EJICKTPO-
JaMU, OPICHTYIOUNMHU MAPaAMWU Tad KOHTAKTHUMU TIIO-
magkaMu 3 30BHIMHIMEA BuBogamm 8. Ilpocrip mix
CKJITHUMM TiAKJIAAKAMU 3aTTOBHEHUN PiAKOKPUCTATiu-
HOKW peuosuHOK 4. Ha dponTanshy nosepxHio, obep-

)
10 N 76 10

Puc. 1. KoHCTpyKIIig TBICT-HEMATUYHOTO PiAKOKPUCTATIUHOTO AMCII-
Jes 3 MOMaTKOBUM HarpiBauem
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HEHY 0 COOCTEpiraua, HAKJAECEHO MIIBKOBUM MOJIIpU-
3aTOp 6 3 aHTUBIAOAMCKOBUM MOKPUTTaM. Ha 30BHimI-
HIO MOBEPXHIO MiAKJAAAKUA 2 HAKJIECEHO HAMiBIIPO30PUNA-
HAMBBIAOMBHNN TaiBKOBHIA mosggapmsatop 6. Iaa 3a-
Gesmeuennsa npanesgatHocti PKI mpm HU3BKEX TeM-
neparypax BUKOPUCTOBYEThCS HarpiBau [7, 8], koHcT-
pyKiig gkoro mnepeadavac HamiMHICTh, MOXXJIUBICTD
nepeaavi Temna piAKOKPUCTAMIUHINA PEUOBUHI 9KOMOTa
meugme ta 6e3 prpar. Kpim Toro, Harpisau He MOBU-
HCH 3aBaXaTW CHCTEMiI MiACBiUyBaHHY Ta CHOOCTEpi-
rauy. AHaJi3 pi3HUX KOHCTPYKTUBHUX PilllcHb, BUKJIA-
AeHMx y poboti [5], mokasas, 1o HalieheKTUBHIIIOK
€ KOHCTPYKUid, Yy 4Kiii Npo30puil TOHKOILIiBKOBUUI
Harpisau BOygosanuii y cepeauny PKJI ta mac Gesno-
CEPEOHIN TEIVIOBUMA KOHTAKT 3 PiAKOKPUCTATIUHOK
peuoBuHOw. OgHAK Taka KOHCTPYKIliS TEXHOJIOTIUHO
AYXEe CKJAaaHa, TOMy o noTpedye BUKOPUCTAHHS
TOBCTUX TMPO30PUX EJCKTPOIZONIUIMHUX MOKPUTTIB.
ToMmy TpUHHITHIIIOW € KOHCTPYKILig, V 9Kill Harpipau
CTBOPIOETHCA BAKYYMHHM PO3MOPOLIEHHSIM TPO30pOro
CTpyMompoBigHoro mapy J5 TtoBmuuo 100 uM Ha
bponTanbHy MOBEpXHIO CKAgHOI miakaagku 1. Crtpy-
MOMPOBIAHMNA AP LBOTO HArpiBaua Mae BUCOKY an-
re3ilo m0 CKJa, i Ha HBOTO MOXHA HAKJICIOBATH ILIiB-
KOBUM mongpu3atop. g piBHOMIpHIIIOTO Ta OIBWA-
nioro HarpiBanng koHcrpykiuis PKJI nepenfauac mo-
JATKOBMHU HarpiBau, SKWWU CKJIAJAETHCS 3i CKJASHOL
MAKAAAKA 7 Ta HAMOPOLICHOIO MPO30pPOro CTPYyMOI-
posigHoro 1mapy J5'. @poHTanibHUN TAa AOAATKOBHI
Mmpo30pi HarpiBaui MawTh 30BHIWHI BUBOAM 9 Ta 10
I MPUKJIAAAHHS CJACKTPUYHOI Hampyru. [lpm Temme-
parypax Bume 0°C wampyra wa HarpiBaui He mO-
maetbed. g HUXUMX TEMIEpAaTyp HA HarpiBaui mo-
HACThCA HEOOXiAHA EJACKTPHUYHA MOTYXHICTh Ta
aniiicHoeThed Harpisanug PKI no tremnepatypu 0 °C,
MiC/IS YOTrO BiH TOTOBHMM A0 poGoTwm.

3i 3HMXKEHHAIM TemmepaTypu 0e3 migirpiBaHHg uac
nepemukanag PK] cytteBo 36utbimyerbed. [Tpu TeM-
neparypi — 40 °C ta muxue PKJI 3amepszae Ta mepe-
crac BigoOpaxatu indopmauito. Ilpu HarpisanHi mpa-
Ee3AaTHICTh €KPaHA BiTHOBJIFOETHCY.

T'onopauMm Hemonikom PKJI, BuroroBacHWx i3 Tpa-
JULIMHAX CKASHUX MATEPIadiB, € HEOOXIIHICTh IXHBOTO
TMOBLTBHOTO IOBTOTPWBAJIOTO HarpiBanHd. [lpm mrsua-
KOMY HarpiBaHHI BOHWU pPyWHYIOTBhCI. Bukopmcranaga
CKJIOKEPAMIUHUX MPO30PUX KOMMO3ULIMHUX MaTepia-
JIiB 3 yABTPAHU3bKUM KOeilliEHTOM TEPMIUHOTO PO3-
muperas (- 0.3-10°° K < KTP < 0.3-10°° K
J03BOJIIC CYTTEBO MigBMInuTH Hagiinicts PKI, 36inb-
IIATHU ¢JACKTPUUHY NOTYKHICTh HATPiBAUiB Ta 3MCHIIM-
™ uvac HarpiBanHg PK]/l mpm HU3BKWX TeMIepaTypax.
I[TpukaagoM TakWx MAarepiamgiB MOXYTh CAYTyBaTH
CKJOKEpaMiuHi KOMHOO3WLiWHI MaTepiaaum TUINY
«Zerodur» ta «Cerams upoOmmnTea (ipmu «IlloTT»

Puc. 2. PKJl 3i ckjokepaMmiuHux MartepiajiB: @ — y pexumi Ha
BinOuBaHHg CBiTJIA, 6§ — y PEXUMi HA MPOMYyCKAHHY CBiTia (mmij-
CBiUyBaHHS JIAMIIOIO JIEHHOTO CBiTJIA)

(Himeuumna), a6o amasoriuai 3 KTP y wmexax
a=(0+0.3)-10° K' y nmiamasoni remmeparyp Bix
—100 mo +500 °C.

Huspki swauenns KTP y mux martepianax o6yMoB-
JIEHI TWM, MO y MOOPIBHAHHI 3 BiAOMUM ONTUUHUM
CKJIOM CKJOKEpaMiuHi MaTepiaam y CBOEMY CKJIAMI
MalOTh MIKPOKPUCTAIIUHUN KOMIIOHEHT [-CBKPEMTUT,
KTP akoro mac Bix’emue suauenns (—100-107° K_I),
i TOMY CKJOKEpaMiuHi MpO30pi KOMMO3ULiiHI Ma-
Tepiaad BUTPUMYIOTh MBUAKE OXOJIOAXCHHS UM HATPi-
BaHHY HA COTHi Trpagycis 0e3 MEXAHIUHOIO PYHHYBAHHS.

3osuimniii Buragny PKI 3 BizoGpaxxysaHow iHdop-
Malli€ero, BUTOTOBJICHMX 3i CKJIOKEpAMiUHMX Marepia-
JiB, y pexXuMax Ha BiAOMBAHHY CBIT/IA Ta HA MPOILY-
CKAHHY CBITJIA TIPEACTABJCHO HA puc. 2.

TEILIOBI3IMHWI HEPYHWHIBHUI KOHTPOJIb 9KOCTI
HATPIBAYIB

HocmimxeHHs 9KOCTI BUIMOTOBJCHHS TOHKOILIIBKOBHX
MpO30pUX HArpiBauiB MOPOBAAWINUCI 34 JOMOMOTOK
JOCTIZHOTO 3paszka MajaorabapuTHOrO TEMIOBi3opa,
po3pobAEHOrO Ta CTBOPEHOTO B IHCTUTYTI (hisMKm Ha-
misnpoBigHukis im. B. €. Jlamkapsoa HAH Ykpaiau
cninpHo 3 Di3WKO-TEXHIYHWM iHCTUTYTOM HU3BKUX
remnepatyp HAH Ykpainu (Xapkis). Tennosizop mae
JOCTATHBO BUCOKY PO3AUIBHY 3JATHICTh MO TEMMEpa-
typi (0.2 K) Ta BMcOKy mpomykTuBHicTh. Moro mpo-
rpaMue 3a0€3MEUCHHS TO03BOMIIC Bidyaai3yBaTH TEPMO-
rpamMu y peajbHOMy MacmTali yacy, BM3HAuaTu abco-
JIIOTHY T4 BITHOCHY TEMIEpATypy y Oymp-gKiit Touti,
Oynysatu Tepmonpodili y310BX BU3HAUYEHO! MiIAHKU
Ta ABTOMATUYHO BWU3HAYATH MAKCUMAJBHY, MiHIMAJIb-
HY Ta CEPEmHIO TEMIEPATYPH.

Y mepmoMy eKCIepWMEHTi A0 AOAATKOBOTO HATpi-
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Baua po3MipoM 52x52 MM 3 HAMOPOLICHWUM MPO30PUM
CTPYMOMPOBIZHUM mapoM OyJja TPUKIAACHA E€JICKT-
puuna mnoryxuicte 1.2 Bt sopomosx 10 xB. Ilicag
uporo Oy/aM OTpUMAHI TEpMOrpamMu Harpisaua 3 ABOX
MPOTHUICKHUX OOKiB: 3 GOKY TOHKOILTIBKOBOTO TIOKPHT-
ta (puc. 3, @ Ta 3 GOKy CKAGHOI miakaagku (puc. 3,
0). Orpumano Takox mnpodisi TeMmepaTypu B3AOBXK

22.9

L 19.5

r40.9

37.8

34.7

L25.0

BEPTUKAJBHOI oOCi (KpwBa /) Ta B300BX AiaroHasi
(kpuBa 2). 3 NOpPIBHAHHA TEPMOIPAM MOXKHA 3poOuTH
BUCHOBOK, IO TOBIMHA mmigkaaaku 1.1 MM € gocrar-
HBOIO, 1100 CyTTEBO BUPIBHATU TEMIEPATYPHE MOJE MO
TMOBEPXHiI Harpiaua. TomMy mOmATKOBWII HATPiBAY HE-
o0XifHO po3TamoByBaTH TAaK, 1100 BiH OyB 00epHEHMI
migkaagkow o PKI, ak mokasamo ma puc. 1.

7,°C
37.5
33.1
28.8
24.0
19.0

37.5
33.4
28.8
24.0
19.3

36.0
32.1
27.7

234
18.9

35.8
31.8
27.7
23.1
18.6

40.7
35.7
30.5
252
19.4

40.4
357
30.5
252
19.7

Puc. 3. Tepmorpamu Ta temneparypui npodisi ysmosx jiniti I 1a 2: @ — AOAATKOBOrO HarpiBaua 3 GOKY TOHKOIUIIBKOBOTO MOKPUTTS, 6 —
JI0IATKOBOTO HarpiBaua 3 GOKY CKJISHOI MifKJIAKU, 6 — PifIKOKPUCTAIIUHOTO eKpaHa 3 60Ky TOHKOILTIBKOBOIO MOKPUTTS
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Y apyroMy eKCepuMEHTI ZOCTIIXKYBAJIOCh TEMICPa-
TYpHE TIOJE PiIAKOKPUCTATIUHONO €KpaHa po3MipoM
S58%58 MM 31 CTOpOHM TOHKOIUTIBKOBOrO HarpiBaua
(muB. puc. 2) 3 HANUJICHUM TMPO30PUM CTPYMOIPOBII-
HUM LIAPOM, A0 9KOro OyJa MpUKIAAeHa eAeKTPUUHA
noTyxHicth 2 Bt Bopomorx 4 xB. 3 aHanizy orpuma-
HOI TepMorpaMu (puc. 3, 6) MOXHA 3pOOUTU BUCHOBOK,
0 HArpiBau y 30HI cmocrepexeHud indopmanii (koo
pagiycom 25 mm y wuentpi PKJl) warpituii mocuth
pisaomipHo (Big 36 mo 40 °C). Bpaxosyiouu Te, 1o
BUMIpIOBAHHY TIPOBOAWJINCH HA BiAKPUTOMY TMOBIiTpi
npyu KiMHATHINA Temneparypi (To0ro Himio ehekTUBHE
KOHBEKITifHEe OXOoa0MKeHHa 3pa3ka PKJI), moxHa 3
BEJIMKUM CTYMEHEM iMOBipHOCTI CTBEPAXYBATH, MO
PKI, nowmimenuii y kopmyc, Oyme mporpisatucd me
pieHOMipHiDe Ta mBuame. Ha xans, orpumartu Tep-
morpamu PK]I y Kopmyci HEMOXJIWBO, OCKiTBKHM HOTO
KOHCTPYKIlig mepenbayac HAIBHICTb 30BHILIHBOIO 3d-
XUCHOTO CKJA, K€ € HEMPO30pUM Y OOCAIAXKYBAHOMY
mianaz3oHi JOBXWH XBUJb.

BUCHOBKHU

1. ExcnepuMeHT MOKA3aB, IO JOJATKOBHI HArpiBau
JOCHIIXKYBAHOTO PiAKOKPUCTATIUHOTO AUCIVIET y 30HI
cnocrepexenns indopmarii (koo pagiycom 25 MM y
meaTpi PKJI) marpiBaeThcd mocuTh piBHOMipHO. e
3HAUWTh, IO TOBIIMHU TiaAkgagku 1.1 MM gocTaTHbO,
mo6 CyTTEBO BHUPIBHATU TEMIEPATYPHE MOJE MO MO-
BCpxHi HarpiBaua. Tomy momaTKoBWMH HArpiBau HE-
o0XifHO po3TamoByBaTH TAaK, 1100 BiH OyB 00epHEHMI
migkaaakow o PKII.

2. Peaynabraté TpOBEACHUX AOCHIAXEHb CBIiAUYaTh,
0 TEMJIOBI30p MOXe e(PEKTUBHO 3aCTOCOBYBATUCS AJIS
EKCIMPECHOTO HEPYUHIBHOTO KOHTPOJIK PiBHOMIPHOCTI
Harpisaraga PK]/l TOHKOTIiBKOBUMEU MPO30puMHA HATPIi-
Bauamu. TemaoBi30p TAKOX MOXC BUIABUTUCT OYXE
edpeKTUBHUM 3aCO00M /IS KOHTPOJIK {KOCTI Ta On-
HOPIAHOCTI KOMMO3UUINHUX TA WAPYBATUX MATEPiaJIiB,
3BAPHUX IIBiB TAa IHIOUX KOHCTPYKTUBHUX CJIEMEHTIB.
Kpim Toro, yHiKaIbHI MOXJIMBOCTI TETLJIOBi30pa M03BO-
JFI0Th IMKWPOKO 3aCTOCYyBATM WOTO0 y BCiX Tanys3qax

HAPOAHOTO TOCIIOAAPCTBA, A€ MOTPIOHMI OmepaTUBHMIA
Oe3KOHTAKTHHUI KOHTPOJIb: OymiBHUITBI, MEIUIUHI,
30HAYBAHHI 3¢MHOI MOBEPXHI TOLIO.

PoGorn 3i cTBOpeHHs mocmigamx 3paskis PKI ta
TEIUTOBI3IIHI HOCTIKEHHS Oy/IM MPOBEACHI ¥ paMKax
pukoHauHsa mnpoekty Ne 3045 3a cnpugHHs YkpaiH-
CbKOTO HAYKOBO-TCXHOJOTIUHOTO TCHTPY.
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THERMAL IMAGING NON-DESTRUCTIVE METHOD
FOR INVESTIGATIONS OF TRANSPARENT THIN FILM
HEATERS

Y. V. Kolomzarov, S. L. Kravchenko, V. P. Maslov,
V. V. Zabudsky

In present-day industry more and more problems on quality testing
are solved by thermal imaging method. Modern thermal imagers can
not only measure object temperature but also convert it to picture that
represents thermal field distribution along the investigated object
surface. There are great benefits, especially in the case of transpa-
rent thin film heaters quality testing. In this paper some results of
temperature distribution investigations by thermal imaging method
are discussed. This non-destructive remote testing method is charac-
terized by satisfactory temperature resolution (0.2 K), high pro-
ductivity and possibility to store and compare obtained results in easy
for perception form. The suitability of this method is shown on the
example of TN LCDs heater testing.
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Incruryt disiosorii pocaun i renerukyu HAH Vkpainu, Kuis

TpaHcdhopmMmalist POCJIMHHUX
Agrobacterium tumefaciens
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KJITUH 3a

TIOTIOMOT OO

B YMOBax KJIMHOCTATYBAHHS

ITonano pesysbraTy AOCHIKEHHS BILIMBY Mikporpasitaiiil (kiuHOCTaTyBaHHS) HAa ebeKTHBHICTH TpaHCchOp-
Martii POCAMHHMX KJITWH Tmif BILIMBOM Agrobacterium tumefaciens 3 BUKOPUCTAHHSM MOJEJI IHAYKIIIL
KOPOHUACTOTAJNIOBUX IyXJMH Ha €EKCILIAHTAX 3alacajbHUX OPradiB POCJAMH B yMmoBax in vitro. O6roso-
PIOETBCS MOXKJIMBICTH BMKOPHCTaHHS YMOB Mikporpasirauii mis migsumenns edextuBHocTi Tpancdopmarii
KJITHH 32 JOMOMOTOW0 Agrobacterium tumefaciens y reHHO-iHXEHEPHUX TOCTIKEHHSX.

BCTVYIIL

Mikporpasitamiga, 9K i iHIOI CTPECOBI arcHTW, BUMBJISE
3HAUHMI BILIMB HA IIPOLECH POCTY Ta MeTaboai3My
>KMBUX Oprafiamis, 3okpema pocamd. CyuacHa Koc-
Miuda OoTaHiKa BKJIKOUAC HE TULIBKM JOCHIIKEHHS
byHukioHyBaHHS aBTOTPOHOT JIAHKU B KOHTPOJIbOBA-
HUX CHCTEMAX >KMTTE3a0e3[eueHHS B YMOBAaX KOC-
MIUHOTO TOJIBTY i PO3POOKY HOBHX TEXHOJOTIH BUPO-
IyBaHHS pOCAuH y KocMoci [8], ane it Bukopucrauus
YMOB HEBAroMoCTi 9K (DAKTOPY BILIMBY Ha Oiomose-
KYJSpHi TPOLECH TEHHOI IHXEHEPIT 3 METOK I1XHBOI
ONTHUMI3aIil, 30KpeMa AJas MIBUIMCHHS ¢(EKTUBHOCTI
tpancdopmanii kiaitun i mepenocy renis [7]. @enomen
tpanchopmallii POCAMHHOT KJITUHU 334 AOTOMOTOK
Agrobacterium tumefaciens, yTBOPEHHSI KOPOHUACTOTA-
JIOBUX MYXJIWH, i 30KpEMa BiATBOPEHHS LBOTO MPOLECY
B yYMOBax in vifro, MWUPOKO BHUKOPUCTOBYETHCA AJIA
gocaimkeHHs (HyHIAMEHTAIbHUX MPOOAEM CydyacHOI
GiosoTiubol HAyKW: U9 JOCTIIKEHHS B3aCMOMIl poc-
JIMHHOI KJIITUHU 3 MATOTEHOM, JJId BUBUEHHY MOUYATKO-
BUX €TaMiB KAHLEPOr€HE3y i MEPBUHHOTO CKPUHIHTY
MpOTUNYXJIMHHUX Tpenapartis [4], ockiipku KopoHua-
CTOTAJIOBI MyXJWHW € HAWUMNPOCTIMIOK MOAC/LIK 3J10-
gkicHoro pocry. B ocranuiii uac tpaucdopmariiis poc-
JAHHAX KJIITHH 34 OOONOMOTOK A. fumefaciens iH-
TEHCUBHO BUKOPUCTOBYETBHCS I/ CTBOPCHHS TPAHCTEH-
HUX POCJWH, OCKUJIBKU A NEPEHOCY HOBOI Fr€HETUUYHOI
inchopMmatiii B pOCJMHHY KJIITUHY BUKOPUCTOBYIOTH IE-
pesaxuo Ti-miaasminy arpobakrepiit [2]. Iaa GaraTb-
OX BHUIiB pocauH po3polbaeHo eeKTUBHI METOAU Mepe-

© B. B. CAPHAIIBKA, I O. TVIAIYH, C. ®. IAJAJIKO, 2005

HOCY TCHIB B TCHOM POCJWHHWX KJIiTWH. PerecHeparisa
Takux MOAMMIKOBAHMX KJITHH AA€ 3MOTY OTPUMATH
TPAHCIeHHI poc/avHM 3 HOBUMHU o3Hakamu. OmgHaue aas
6araThOX BUAIB POCJMH iCTOTHI OOMEXEHHS BiZHOCHO
pereHepauii i NepeHocy TeHiB, TOMY PyTHMHHA TEXHiKa
renHoi mMomudikaiii He Moxe OyTH 3aCTOCOBAHA IS
6araThbOX BaXX/JIMBUX KYJbTYpP, y MEPILY UYEPry 3JAKO-
Bux [12]. Heobxignumu ymoBamMu e(EKTHUBHOI TPAHC-
dopmarnii pocAIMHHUX KJITHMH € HE TUIBKH HASBHICTB
BIpYJIEHTHOTO INTaAMy arpobakTepii aje i nesHuil i-
3i07IOTIUHUMA CTAH POCAWHHUX KJITUH Yy MEPIOX aKTU-
Bamii miJICHHS, 9Ke HacTtae micaga mopaHeHHd. [ag
JOCTIIKEeHHS (Di3ioMOTIUHOTO CTaHy KJITHH Yy MOMEHT
HaMOiIpmol FOTOBHOCTI A0 BKJANOUeHHd Ti-maasMian
MW BIIECPIOC BUKOPWUCTANIN KYJbTYPY TMEPBUHHUX CKCII-
JIAHTIB 3amacajbHUX OPTaHiB pocamd — Oyas0 Tomi-
HAMOYpPy i KapTomwii, KJiTHHM 9KUX B YMOBAX in UIro
TMOYMHAKOTh JIAUTHACS CUHXPOHHO MPOTATOM TEPIOAX
nBox mukiais [4 1. Hamu Bcramosieno, mo Tpancdop-
Maligd POCAMHHOI KJITHMHM OB 93aHA 3 AiCo arpobak-
Tepil Ha kmitwaM B G -daszi kaitmaHOTO TWKAy. [lin-
BUMICHHS CTYNCHY CMHXPOHHOCTI TiJICHb TIPUBOANTD A0
30iAbLUIEHHS KiJBKOCTI TPaHC(HOPMOBAHMX KJIITHH.
Tak, HaMM BCTAHOBJICHO, IO TPW BBEACHHI [0 CKJIATy
CepPEenoBUIIA KOMILIEKCY (DiTOropMoHiB (HadTUIOHTO-
BOl 1 abcum3oBol KMCAOT y KoHueHTpauii 1 i 2 mr/a
BiamoBigHo) axmit Ha 50—60 %, 306iabIye MOMyaALi0O
KJITHH, 10 BCTYMalOTh B |- KJIITUHHUN UK, Pi3KO
MiABUIYEThCS IHTCHCUBHICTh TyXJAWHOYTBOpeHHS [4].
KopoTtkouacHa aid HW3BKMX TO3WUTUBHUX TCMIICPATYP
HA EKCIUIAHTU TOMiHAMOYpPY TaKOX BHIBILAEC CHHX-
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Puc. 1. YTBOpeHHS KOPDOHUACTOTAJOBUX IYyXJIMH Ha EKCIUIAHTaxX
KapTomIi: @ — eKCIUIAHT KapToIUn, KOHTposb (I), iHOKyJditis
eKCILIAHTIB KyJbTypowo Agrobacterium tumefaciens (2); 6 — B
cranioHapHux ymoBax (I), KJIMHOCTATYBaHHS €KCILIAHTIB (2)

POHI3YIOUMI BIJIMB HA MPOXOAXKEHHS KJAITUHHOTO LUK-
ay, 30LIbIIyE MMy KAiTHH y (pasi HauGiabmiol uyTam-
BOCTi 10 TpaHCDOPMYIOUOr0 areHTy i MPU3BOAUTH A0
30iNbLIEHHS KiJBKOCTI TPaHC(OPMOBAHUX KJIITHH Ta
iHTCHCHBHOTO YTBOPCHHS TYXJAWH. Bee me CBigumTh

npo Te, M0 3HAUHOK Mipow edekTuBHICTh TpaHchop-
Mamii 3aJEXWTh TAKOX Bil YMOB HABKOJWUIIHBOTO
cepenosuiia. OCkibKu MiKpOrpagBiTailis K CTPECOBHI
ArcHT BUSBJYE 3HAUHWI BOJUB HA TPOLECU AiNCHHYI
kaitun [5, 9, 11], Ge3nepeuno MoOXKHA OUiKYBATH 3MiH
y mpouecax iHAYKLil i pO3BUTKY KOPOHUACTOTAJIOBUX
MyXJIMH B YMOBAX 3MIiHEHOI Ccwiam TaXiHHA. Bimomi
MOOAWHOKI MOBIAOMJIEHHY TPO 3MiHM POCTY i METa-
Gosi3My KyJbTYyp TKAHHH KOPOHYACTOTAJOBUX ILYXJIMH
B yMOBax KocMmiudoro mosboty [3], ane Hemae mo-
CJXXEHDb BILIMBY MIiKpOTpaBiTaLil HA MPOUECU iHAYK-
il myxswH. JOoCTiaKeHHs BIUIMBY MiKporpasiTamii Ha
IHAYKIIKO i PO3BUTOK MyXJWH KOPOHUYACTUX TadiB i
BILIMBOM A. tfumefaciens NO3BOJUTb OTPUMATU iH-
dopmarmiro BimHOCHO Ail 3MIHCHOI CWIM TIXIHHI HA
MOJIEKYJISPHI TPOLECH KJITMH y Mepion HauGLabInoi
YYTJUBOCTI A0 TPAHC(HOPMYIOUOro areHTa Ta Ha 0col-
JUBOCTI TpancopManii KaiTHHM B 1UuX ymMoBax. Buc-
JOBJIOBAJOCh TPUMYLIEHHY, IO B YMOBAX 3MIiHEHOL
CWJIN TSIXKIHHA MOXHA UEKATH AKTUBHILIOTO MEPEHOCY
TEHiB, OCKLIbKM BCTAaHOBJEHO, W0 B YyMOBAX KOC-
MIUHOTO TOJBOTY B OOOJOHKAX POCAMHHUX KJIITHH
3MEHIIYETHCA BMICT JIiTHIHY, i Oi YMOBM MOXHA BHUKO-
pUCTaTH AJ19 TMOJETIIEHHS MEPEHOCY TEHIB Y BUAAX, 9Ki
He miamaiThes Tpancdopmanii [7]. Y 3B’43ky 3 umum
MU JOCTIAXYBAJM BIUIMB MiKporpasiTauii (KJIWHOCTA-
TyBaHHS) Ha TpaHchOpMAIL(ilo 3a AOMOMOTOW A. fume-
faciens KJITWH TEpPBUHHUX EKCILJIAHTIB 3amacaJbHUX
oprais pocimH — Oyapl6 kapromii i TomiHamGypy
yMOBax KyabTypu in vitro. Ockisibku TpaHchopmartis
pOCTMHHUX KJITHH Big0yBacThCd B TEPION AKTHBALIi
meTaboaisMy npu iHgyKuii mposicdepanii KIiTHH mpu
nopaHeHHi, 00’¢KTOM AoCaimKeHHd Oyaa axTUBaiis
xpomaTtuny i depmentis tpanckpunuii-PHK-noxime-
pasu 1 i II B mepiog HaiGiAbmIOl UYyTJAMBOCTI 10
arpoGakTepiii B yMOBAX KJWHOCTATYBAHHS,

METOIM AOCJILIKEHHS

Mu BUKOPHUCTOBYBAIM SK 00 €KT JOCHIIKEHHS KYJAbTY-
py in vitro NEpPBUHHUX €KCILIAHTIB Oyapd Kapromii i
rToniHaMOypy, Ha SKUX JETKO YTBOPKOIOTHCA KOPOHUA-
CTOTAJIOBI MyXJIWHW NPU iHOKYA4Uil €KCIJIAHTIB KyJb-
Typorw A. tumefaciens [4], (puc. 1). B mocnimax 3
EKCIJIAHTAMU KAPTOMJIi BU3HAUAJN CEPEAHIO KUIbKICTh
MyXJIWH HA EKCIUIAHT, B [AOCTIZaX 3 CeKCIUIAHTAMU
roniHamMOypy BU3HAYAAM Bary 3pi3aHMX MNyXJuH i
KiJIBKiCTh KJIITMH HA ONWHUITIO BArW CKCILIAHTA 1 Ha
onwH ekcmiaanT. Bei mocaigm mposomman 3 eKCIIAHTA-
MW POCJWH OZHOTO TeHOTHUMY. s TOCHigiB 3 eKCIIaH-
TaMU KapTOIULL BUKOPUCTOByBanu Oyapbu copry UYa-
piBHMIE; B AOCHIAAX 3 EKCIUIAHTAMHM TOMHAMOYpy
BUKOPUCTOBYBa U Oysap0u copry Binmit pammiit. [aga



Tpauchopmallis pOCIUHHNX KJIITUH

117

BU3HAUCHHY iHTCHCUBHOCTI PO3BUTKY MYyXJIWH HA €KC-
MJAAHTAX KapTOMJi MiApPaxOBYBaJAW KUIBKICTh (JOIIO)
EKCIUIAHTIB i3 IHTEHCMBHUM, CEpemHiM Ta caabKum
PO3BUTKOM MyXJAWH. BUUJCHEHI ¥y CTEpUABHUX yMOBAX
EKCIUIAHTHA KapTOILUTi TICPCHOCUIN A9 KYJbTUBYBAHHI
B uvamku [lerpi 3 0.7 % arapy («romomHuii arap»).
Excrmiantu 6yas0 TominaMOypy KyJbTHBYBAJIM HA ara-
PU30BAHOMY TTOXMBHOMY CEPEAOBHINI YalTa, JOTOBHE-
HOMY CyMiMmmo Bitaminis mo Yaury, 0.3 mr/n imgo-
gunonroBoi kuciaotu, 4 % uykpozu i 0.7 % arapy.
Ing ekcrjiaHTiB KapTOIli BpaxoByBaau ymoBu bizio-
JIOTIUHOI TIOJASIPHOCTI, i TOMY KJajW iX HA MOBEPXHIO
arapm3oOBaHOTO CEPENOBWIIA AMIKAJTBHOK TOBEPXHEIO.
Huninapu Tkanuau Gyae0 TomiHaMOypy, 3 9KHX OTpHU-
MYBaJW CKCIJIAHTH, BUOOKPEMIIOBAIN TMCPICHANKY-
JApHO A0 MO3I0BXHBOI oci Oyanb. Y Bapianrtax 3
IHAYKIEK TyxXauHHOT TpaHcopMaliii eKCiianT iHo-
KYJIOBAMU 72-TOAWHHOK KyJabTypow Agrobacterium
tumefaciens, IpUUOMY €KCIJIAHTU KAPTOILTi iHOKYJIHO-
BAJM OAPA3Y MICAS TEPEHECEHHS CKCIJIAHTIB B yMOBM
KyJbTypd, a TomHamMOypy — uepe3 4 rom micas
MOYaTKy KyJbTUBYBAHHY, OCKIIbKHM CAM€ B Li MEpioaun
iHgykuii mporidepauii in vifro kaiTuaA GyJau HAHUYT-
JIUBILI 10 TPaHC(OPMYIOUOr0 areHta — arpodakrepii
[4]. B nmaHomMy AOCHIAXEHHI BUBYANACH MAi MIiKpO-
rpagitauii, f9Ka CTBOPKOBAJACh TPU KJIWHOCTATYBAHHI
EKCMJAHTIB HA TOPU3OHTAJIBbHOMY KJIWHOCTATI i3 IBUA-
Kictio ofepranHs 2 o6/xB Ha BigcraHi mpubGIM3HO
50 cm Bix oci. Tpuanicte ekcnepumeHTiB ckaamana 21
100y. IIng nmepeBipKyM CTATHCTHUHUX TiMOTE3 BUKOPH-
croByBascd kpurepiii Ilipcona (XZ).

g BU3HAUCHHY MATPUYHOI TOCTYITHOCTI XpOMATH-
Hy gapa ta aktusHOCTi PHK-mosimepasn 3 ekcniaHTis
TomiHaMOypy BUALILAM 9Apa, BUKOPUCTOBYHOUU OXO-
Jomxene cepenosuiie takoro ckiaany: 0.01M rpic-HCI,
pH 7.6; 1.14 M uykposmu, 0.005M MgCl,, 0.005M
f-mepkanroeranoay. [ad BU3HAUCHHS iHTCHCWBHOCTI
3B’ga3yBaHHd gapamu akpuguHopanxy (AO) aapa cik-
cyBasu mporarom 2 rox npu Temmneparypi ¢ = 4°C B
cymimri eramosy ta auerony (1:1), BigmMuBanu Big

dikcyrouoi cyminn pozumnom AQO B KOHUEHTpAIil
10° M y docharso-unrpatHomy 6ydepi pH 4.1,
micag doro sapa dapOyBaau y HOBifi mopiii Toro x
po3uuny mnporsgrom 30 xB. IaTeHCUBHICTH (uyopec-
UeHuii aaep BuMipioBasu Ha MikpoduiyopuMerpi mpu
aoBxuHI xBuiai 30ymxenHs A = 400..420 uM, iH-
TCHCUBHICTh (DJIYOPECUECHIT 9Aep PeecTpyBaiu mnpu
A = 530 um. PHK-nosnimMepasna akTHBHICTh BU3HAUA-
Jlach B CepedoBHMIni 3 Hykjeosua-cocharamm, 3 dGKux
onuH Oys Miuenum. Jo ckaany iHKyGauiiiHoro cepeno-
pumia 3araapHuM of’emom 0.250 Ma Bxommam Taki
kommouenTu: SOMM tpic-HCI, pH §, mo 0.3 MM I'TO,
LHT®, AT® ta 2 mikpokiopi "H-YT® (mmroma ax-
tusricts 4.48-10'" Bx/MM), 0.2 MM S-mepkamnToera-
Hoy. [lo cepenoBuia 3 HU3BKOK iOHHOK CHJIOK AJIS
poboru xapiomaazmarnunoi PHK-moaimepasu I xpo-
matuey BHOcwm 10 MM MgCl,, a mo cepemopwma 3
BUCOKOK IOHHOK CWJIOK Aad poboTm Kapiomaas-
matnubaoi PHK-moaimepasu 11 srocuam 10 MM MgCl,
ta 250 MM (NH,) SO,. Kpim Toro, PHK-nomximMepazy
II TecryBanu agomaBaHHAM B CEPENOBHUINE IHKYOAr(il
anep 10 mxr/ma q-amanituny. B koxHy npoOy BHOCH-
aum Takuil o6’eM cycmeHsii ggep, mo wmictus 20—
30 mxr JHK. ITicaa imkyGanii 25 xB mpu 1 = 30° C
npobu 0CaZXyBaAN TPUXJIOPOLTOBOK KHCIOTOK 3 Ii-
podrochaToM HATPIKO, MPOMUBAIM IIUM XE PO3UMHOM i
conuprom. Ocaau gaep i3 BKIKOUCHOK MITKOK TEPEHO-
cuau y (PAaKoHM i3 CUMHTUISI[IUHOK PIAMHOK i BUMI-
POBaIM PamicaKTHBHICTH MPOO 32 AOMOMOTOK CLMHTU-
JIIIAHOTO JIUNIBHAKA.

PE3YJbLTATHU 1 OBTOBOPEHHH

Y nmocmigax 3 KyJabTypamMy TICPBUHHUX EKCIJIAHTIB
Oynp0 kapromwi i romiHamOypy (taba. 1 i 2) kamHO-
CTATYBAHHY €KCIVIAHTIB MOPU3BOAWJIO AC 3HAYHOTO
3MCHIICHHY yTBOPEHHS IMYXJWH KOPOHUACTUX TaJdiB i
A0 TpUTHIYEHHS IXHBOrO pocTy. Haibiabine mpurHi-
UCHHS TYXJMHOYTBOPEHHA Oysi0 y BHOAAKY, KOJH

Tabauig 1. Baue KAMHOCTATYBAHHA €KCILIAHTIB OyJib0 KapTOILIi HA IHTEHCHBHICTH YTBOPEHHA KOPOHYACTOTAJIOBHX MYXJUH T

BILIMBOM A. tumefaciens

Hond excrasTiB 3 pISHUM POSBUTKOM MNYXJIHH, %

Bapi CepegHs  KINBKICTH Hona Bim KOHTPOMO, 2
aplanTi nyxmp Ha | excrutaHT o, x Inrencupruii | Cepemmitt pos- |Cnafxumit possu- Ty xauan
PO3BUTOK BUTOK TOK BiZICYTHL
Jocin 1
Koutposs (cTanioHapHi yMoBu) 32.26 100 68 32 0 0
KnuHOCTaTyBaHHS €KCIUIAHTIB 27.36 78 11.2 29 71 0 0
Jocain 1T
Koutposs (cTanioHapHi yMoBu) 17.02 100 0 98 2 0
KnuHOCTaTyBaHHS €KCIUIAHTIB 10.06 62 28.8 0 42 58 0
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Tabauig 2. BIUME KIMHOCTATYBAHHSA HA iHTEHCHBHICTH YTBOPEHHS KOPOHYACTOTAJIOBUX NMYXJHH HA €KCILIAHTAX TOMIHAMOYPY

Kinpkicrte KaiTHH Kinpkicrte KaiTHH

Bapiantu Bara ekcnnanmra, r Bara nyxnus, r 5 5
B 1 r tkamubu, 10 B 1 ekcrmamri, 10
HopmasibHa TKaHUWHA, 0.523+0.034 (100 %) 54.67+1.980 (100 %) 28.60 (100 %)
CrauioHapHi yMOBU
HopmasibHa TKaHUWHA, 0.394+0.0115 (75 %) 28.06+0.728 51 %) 11.06 39 %)
KJIMHOCTATYBAHHS
ITyxnvHHA TKAHWUHA, 0.634=0.020 (100 %) 0.140+0.021 (100 %)  63.96%x1.932 (100 %) 40.55 (100 %)
CrauioHapHi yMOBU
ITyxnvHHA TKAHWUHA, 0.416x0.0256 66 %) 0.031£0.007 (22 %) 41.63+0.333 65 %) 17.33 25 %)
KJIMHOCTATYBAHHS
Ta6JII/II_[H 3. Brums TPUBAJIOTO KJIWHOCTATYBAHHA 6YJII>6 KapTOl'I.IIi, moO 3HAXOOUITHCA B CHOKO.I., HA YTBOPCHHA KOPOHYACTOTAJTOBUX
MyXJIMH HA BUJEHHUX i3 HUX €KCILIAHTAX
Hond excrasTiB 3 pISHUM POSBUTKOM MNYXJIHH, %
. Cepennd KIIBKICTH NYXJIHH Hona Bim KOHTPOMO, 2
Bapiantu Ha 1 exkcrmasT % x Iurencupuuii |Cepenniit pos- |Cnabkuit pos- TIyxauHU
PO3BUTOK BUTOK BUTOK BiZICYTHL

Jocin 1
Koutposs (cTanioHapHi yMoBu) 15.5 100 0 85 1§ 0
3-1060Be KAMHOCTATYBAHHS 0YJIb0 12.5 80 17.08 0 40 53 0
5-mo6ose kmHOCTaTYBaHHS GyJIH0 11.11 73 11.2 0 52 39 0
Jocain 1T
Bysb6u B CTaliOHAPHUX YMOBAX 17.03 100 0 98 2 0
19-n060Be KIMHOCTATYBaHHS GYJI60 4.33 25 38.7 0 12 38 50

KJIMHOCTATYBAHHY €KCIUIAHTIB MOUMHAJOCI OAPA3y Mic-
Jd MOYaTKy iXHBOTO KYJbTUBYBAHHY in vitro Ta iHO-
Kyadiii arpobakrepicio. IHTEHCHBHICTD Iy XJMHOYTBO-
PEHHS HA KOHTPOJBHUX CKCIUIAHTAX 3MiHIOBAJIACH Bif
vacy (ce3oHy) mnpoBeacHHs mocaimie (Bix 15 mo 36
MyXJWH HAa EKCIUIAHT). Y Ppi3HAX [OCTimax 3MiHIo-
BAJIACh TAKOX IHTEHCUBHICTh TPUTHIUCHHS ITyXJUHO-
YTBOPEHHS, AJI€ Y BCiX AOCTIAAX OTPUMAHA E€MITiPUUHO
XZ—CTaTI/ICTI/IKa ITipcona 3HauHO BWMIA 3a TCOPCTUUHY,
IO CBIZUNTH MPO AOCTOBIPHY Pi3HULIO MiX KOHTPOJb-
HUM 1 AOCTIZHWM BapiaHTaMu. Y BCiX BHIAAKax Ha
KJIMHOCTATOBAHUX EKCILIAHTAX CIOCTEPIrajoch MPUTHi-
UCHHS PO3BUTKY MYXJIMH — 3MEHIIYBAJIACh JOAST €KC-
IJIAHTIE 3 iHTEHCMBHMM PO3BUTKOM IIyXJMH i 3011b-
HIyBAJACh IOJd EKCIUIAHTIB i3 CHa0KUM POZBATKOM
MyXJIVH.

B pmocaimax 3 excriantamu TomiHamMOypy BUBUYABCH
BILUIMB KJWHOCTATYBAHHS HA PiCT HOPMAJIbHUX TKAHWH
(HopMmasibHa AemucpepeHLiania B yMOBax in vitro), Ha
piCT €KCIUVIAHTIB i PO3BUTOK MyXJWH HA HUX MiCad
EKCILIAHTIB TOMHAMOYPY 3MEHIIYBATACH IXHI CCPETHS
Bara. IIpurHiueHHd pOCTY EKCIUIAHTIB BigOyBasoch
WBUANIE 34 PAXYHOK MNPUTHIUCHHS OUICHHS KJiTHUH,
HiX 32 pAaxXyHOK IXHbOTO pPO3TITHECHHH, OCKIiJbKM B
YMOBAX 3MIiHEHOI CMJIM TIXiHHY Pi3KO 3MCHIOYETHCH

YyKCAO KJITMH HA OAMHUMIK Baru TKanuH. HaGarato
OLIBPII BUPAXEHE 3MEHIIEHHS KiAbKOCTI KJIITHH, HiX
3MCHIICHHS Barv €KCIJIAHTA CBiIUWTh NP0 TPUTHI-
YEHHY MITOTHUYHOI AKTWBHOCTI I CTHMYJSLIK) PO3TAr-
HCHHY KJTITMH B yMOBax Mikporpasitamii. Take asuime
Oy/J0 BiAMIUEHO B UKMCAEHHHMX eKcrnepumeHTax [0].
KnurOoCcTaTyBaHHS MPUTHIYYBAJIO PICT 9K HOPMAJTBHUX
EKCIUIAHTIB TOMHAMOYypy, TaK i E€KCIVIAHTIB 3 iHEY-
KOBAHWUM TYXJWHHUM pocToM. [lpm KAWHOCTATYBAaHHI
IHOKYJIbOBAHUX arpobakTepicio eKCILUIAHTIB Bara Imyx-
JMHHOI TKAHWHWU, IO pOCJa HA MOBEPXHi EKCIUIAHTIB,
pizko 3MeHinyBajack. Bimomo, mio mposidepyroui ak-
TUBHO METaGOoMi3yIOui POCIUHHI KIITHHU Ta TKAHUHE
HalluyTauBion A0 MikporpasitatiiHoro crpecy. Ause
BIZIOMO TAaKOX, LIO i OpraHy pocauH, 1o nepebyBarTh
y craHi cmokow (HacinHg, Oy/p0u) uyTauBi A0 3MiH
rpasitanii. Tak, B nux ob’ckrax cmocrepiraam 30i1b-
HIEHHY XPOMOCOMHMX abepawiii micag 3aBepiueHHs
MoBOTY B KocMoci i moBepuenns na 3emmio [10, 11].
B 3B’43Ky 3 1M MU BUBUAJM BILUIMB MiKpOrpagpiTarii,
CTBOPIOBAHOT TiA uac KJWHOCTATYBaHHS, HA edek-
THBHICTh TpaHcopMmanil KAITUH EKCIUIAHTIB, BUIi-
JICHUX i3 KJIMHOCTATOBAHMX Oy/ap0 KapTOmi i Tomi-
HaMOypy. KonTpoabhi Gyap0u 3HAXOAMIMCH B YMOBAX
HOPMAJIBHOI TpaBitamii. PesyapraTw, mpeAacTaBacHi B
taba. 3, cBimguaTth, WO KJIMHOCTATYBAHHA OyJab0 Kap-
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Tabauig 4. Brume oqHOTO00BOTO KJIMHOCTATYBaHHS OyJb0 KapTomLii, mo nepefypaid y CmoKOi, HA YTBOPEHHS KOPOHUYACTOTATIOBUX

MyXJIMH HA BUJEHHUX i3 HUX €KCILIAHTAX

Hond excrasTiB 3 pISHUM POSBUTKOM MNYXJIHH, %
Bapi Cepennd KIIBKICTH NYXJIHH Hona Bim KOHTPOMO, 2
apiantu S —— o, X IHTEHCUBHUIL Cepezniit Cnabkuit TIyxauHU
PO3BUTOK PO3BUTOK PO3BUTOK BiAcyTHL

KouTtposs (crauionapHi yMoBu) 16.92 100 4 92 4 0
KiunocratyBanug ekCIrianTis 0yin0, 11.43 68 25.5 0 52 48 0
110 3HAXOAMJIUCY B CTAIliOHAPHUX YMOBAX
OnonoboBe KaUMHOCTATYBaHHS G0, 27.98 165 19.0 38 52 10 0
€KCIUIAHTHU B CTAlliOHAPHUX YMOBaxX
OnonoboBe KaUMHOCTATYBaHHS G0, 18.75 111 20.1 20 50 30 0

KJIMHOCTATYBAHHS EKCILJIAHTIB

tomt mporarom 3, 5, a6o 19 i BMKIMKAIOTH 3HAUHE
TMPUTHIYEHHY NYXJAWHOYTBOPECHHS HA BUIIICHUX i3 HUAX
i KyJabTUBOBAHUX in vitro excriantax. OmHAK, HAMA
BCTAHOBJICHO, IO TIPU KJIMHOCTATYBAaHHI Oyabd mpoTa-
rom 1 go0m mepen BHALIEHHIM i3 HUX EKCIJIAHTIB
(raba. 4) i momasbIIOMY TXHBOMY KYJbTHBYBAHHI B
YMOBax 3BAYAWHOTO 3EMHOTO TSKiHHS CHOCTEPIraeThCs
MABUILIEHHS IHTEHCMBHOCTI TpaHcdopManii KaiThuH mig
BILTMBOM A, fumefaciens, Ipo mo CBimunTh 30LIbMEHHS
KIJTBKOCTI MyXJWH HA EKCIVIAHT i MiABULICHHY iHTEH-
CHMBHOCTI IXHBOTO PO3BUTKY. ¥ BHUMAAKY MOAATBIIOTO
KJIMHOCTATYBAHHS CKCIUIAHTIB, BUALUICHHUX i3 KJAWMHOCTA-
TOBAHMX OOHY a00y Oyab0, CHOCTEPIranoch 3HMKEHHS
edexkTy crumyssiii Tpancopmariii.

BukopucranHg KyJabTypu in vilro IEPBUHHAX EKCII-
JIAHTIB 3amacajJbHUX OPraHiB poOCauH, 30KpeMma Oyand
TOmHAMOYpPY i3 CHHXPOHHMM TEPEXOAOM KJITHH 13
CTaHy COOKOK y MEPIMNHN KAITHHHUUA MUK, J03BOJIUIO0
HAM HE TUTBKHM BU3HAUUTH MEPION HAWOIMBIIOT UyT/in-
BOCTi 10 arpobakTepil, aje ¥ BU3HAUMTU HOrO MICIE B
KJTITHHHOMY OWKJi, a caMe y mesHoMy mnepioai G,-da-
3M, 9K 1¢ BiaOyBaeTbcd NpH IyXJAMHHIA TpaHchop-
Malmii TBAPWHHWX KJIITWH. BW3HaucHHS Tepiomy Ha-
Oiabinoi uyTaAMBOCTI 10 TpaHcdopManii KaiTUH Ha
mepumx eranax iHaykuii nposidepauii in vitro no3Bo-
JIUJIO HAM JOCHIANTH 0Cco0MBOCTI META00i3MY KJTiTHH
B meit mepiox. Beranosaeno, mo manbiaem passi momii
npu mepexomi audepeHLitoBaHolT TKAHWHU i3 CTaHy
CIIOKO 10 mpouidepaliii — panHii cuHTes Oiaka (abo
GifKiB), 3MiHH CTPYKTYPHO-(DYHKIIOHATBHOTO CTAHY
XPOMATUHY, 3MiHU AKTUBHOCTI (hePMEHTIB TPAHCKPUII-
uii PHK-noximMepas I ta 11 — neobxigni Takox i mas
nyxauHHOT Tpancdopmauii. Bimomo, mo nepexin kuri-
THH i3 cTtaHy cnokoio a0 cuutedy JHK i mponicdeparii
CYTPOBOIXYETHCA IHAYKITIEI TCHHOI akTwBHOCTI. Ha-
My OyJI0 BCTAHOBJEHO, IO MEPion HAWOILABIIOI Uy TaU-
BOCTI 10 arpobakTepii €KCILUIAHTIB TOmHAMOypy —
4-ta rommHA KyJbTHBYBAHHI [n vifro — 30iractecd 3
MiKoM 30i1bIIEHHS iIHTEHCMBHOCTI 3B I3yBAHHSA XpOMa-
tuay 3 giraugamu — AQO i akturominuaom [, [4]. €

1 2 3 4 5 6 7 8 9 10
F, y.o.

Puc. 2. BumB KJIMHOCTATYBaHHS HA IHTEHCUBHICTH 3B’SI3yBaHHS
AKPUJMHOPAHXKY KJITMHAMM €KCIUIaHTIB TomiHamOypy. F — iH-
TEHCUBHICTH (puiyopectienttii (yMOBHI opuuMIIi); @ — 4-Ta TOAMHA
KyJbTUBYBAHHS in Vifro, craunjoHapHi ymoBu; 0 — 4-Ta TOAWHA
KyJBTUBYBAaHHS N Vitro, KIVMHOCTaTYyBaHHY (N — 109 KJIiTHUH)

F, y.o.

6

Puc. 3. BIuMB KJIMHOCTATYBAHHS HA 3B’ SI3yBAHHS AKPUIUHOPAHKY
(AOQ) gppamu toninamOypy: ! — Buxigua TkauuHa Oysinb TOmiHAM-

Oypy; 2 — 4-Ta roguHa KyJbTUBYBAHHS EKCIUIAHTIB in Vitro; 3 —
KJIMHOCTATYBAHHS KYJIBTUBOBAHUX [N Vifr0 €KCIUIaHTiB IIpOTArom 4
rog; 4 — onuopoGOBE KJIMHOCTATYBAHHA Oyab0; 5-4-ta roguna

KyJIbTUBYBAHHS €KCIUIAHTIB, BUILICHUX i3 KJIWHOCTATOBAHMX OIHY
100y 6yan0
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Tabauig 5. AkrupHicte PHK-nosiMepas i30160BaHux sytep Oyab0 Ta eKCIUIAHTIB TOmiHAMOYPY

AxtusHicTh 7BOX (popm PHK-nonimepas, imn./xs ma 100 mxr JHK

Bapiantu mocnizy
PHK-nonimepasa 1

% 70 KOHTPOJ PHK-noaimepaza II % 70 KOHTPOJ

KouTposib, 6yi166u B CTALIOHAPHUX YMOBAX 1322
OnnonoboBe kKaUMHOCTATYBAHHS 0yJIH0 1666
KoHTpOJIBHI eKCIUTaHTH, 4 TOJ POCTY iR Vitro 1000
KiunocraroBaHi 4 rOqMHY €KCIUTAHTHA 940

100 780 100
126 1052 134
100 200 100

94 160 90

BIIOMOCTI mpo Te, IO HpY KJIMHOCTATYBAaHHI alo B
YMOBAaX KOCMIUHOTO TIOJBOTY CHOCTEPITACThCH 301imb-
WEHHS KiAbKOCTI KOHAEHCOBAHOTO XPOMATUHY, IO MO-
Ke OyTM O3HAKOK 3HMXXEHHS HOro (DyHKIiOHAIBHOL
AKTUBHOCTi, 3MCHIICHHS WMOTr0 AOCTYMHOCTI 00 €HAO-
reaanx PHK-moximepas [1, 5, 9]. B mammx mocmigax,
Mpu JOCHIAXEHHI BIIMBY 3MIiHEHOI CUJM TIXiHHSA HA
CTaH XPOMATHHY B dapax TomiHamOypy OyJjo BCTAHOB-
JICHO, 100 KJAWMHOCTATYBAHHY CKCILUIAHTIB mpoTarom 4
TOA KyJbTUBYBAHHY 3HAUHO TIPUTHIUYE 3HATHICTH SACD
a0 38’a3ysanng AO (puc. 2, 3), i B nepion HaUGLIBILON
YYTJUBOCTI 70 arpobakTepii MepeBakawTh KIITHHU 3
HU3bKMMU 3HAUCHHIMHU IHTCHCUBHOCTI hyopecueHirii.

[MogiOHe gBMIIE CIIOCTEPITAIOCH MPU AOCTIAXKEHH] Ail
KJAWHOCTATYBAaHHS HAa KoHGbOpMALiiHUII CTaH Xpoma-
THHY MpU MpOopocTaHHi HaciHug ropoxy [l]. B rou
yac, 9K yxe uepe3 3 rog micas iHAYKIET TpopocTaHHS
BimOyBasoch migsuincHHg 38 a3ysannga AQ, y KIWHO-
CTATOBAHOMY BapiaHTi ympogoBX 6 rom mpopocTaHHs
IHTEHCUBHICTD (hIyOpecleHil aaep He 30iIbLIyBanach,
a HaBiTh 3MeHbIIyBanack. Ha wmiit ocHosi Oys0 3pobae-
HO BHUCHOBOK, IMO B YMOBAX KJIWHOCTATYBAHHSA BiI-
OyBacTbCd 3aTPUMKA IPOLECY PAHHBOI AEKOHAEHCALI
XpOMaTUHY. 3MECHINCHHS JOCTYMHOCTI XPOMATHHY B
aapax eKCIUIAHTIB y Mepiof HaUOLIbIIOl Yy TAMBOCTI 10
arpobakrepii Moxe OyTM NEPEHIKOACK A0 iHCEpLii
Ti-mnasmigum i tpancdopmanii kaituu, Tak, mu crmo-
cTepirasm pi3ke 3HUXKCHHS IHTCHCUBHOCTI 3B’ I3yBaHHS
XpOMATHHY 3 iHIIUM JITaHAOM — 3H—aKTI/IHOMiI_[I/IHOM
J mpm BUTpUMYBaHHI CKCIUIAHTIB B yMOBAax Iix-
punienol temneparypu (33° C), koau He BiaOyBacThes
TpaHcopMarig, a TakoX MPU 3aCTOCYBAHHI MPOTH-
MyXJWHHOTO mpenapaty Hitpodypury, (KWl Maixe
TMOBHICTIO TIPUTHIUYE MyXJWHOYTBOPCHHS HA CKCILJIAH-
tax [4]. Sk cBimuaTh Hami maHi, KOPOTKOUACHE (IIPO-
TAroM ogHici nofu) KaMHOCTATYBaHHA OyJab0, IO 3HA-
XOOITHCS B CTAHi CMOKOK, BUKJIWKAE 3HAUHE 3POCTAH-
Hs 3B’93yBaHHY xpomatmHy 3 AO (puc. 3) i akTuB-
Hocti pepmentis Tpanckpunuii — PHK-nongimepas 1 i
IT (rabn. 3).

Take nigpuineHHs QPyHKIIOHAIBHOT AKTUBHOCTI XPO-
MATUHY Ml BILIABOM KOPOTKOIO OTHOAO00BOTO KJIUHO-
craryBaHHg Oyab0 Moxe OyTH NPUUMHOKIO Olabii iH-

TEHCUBHOI TpaHcdopMalii KJIITHH EKCIJIAHTIB, BUi-
geHnx i3 uux Oyab0. Piske 3HMXeHHS eEKTUBHOCTI
TpacopMaLii KITHH KJIMHOCTATOBAHMX CKCILUIAHTIB
00yMOBJICHO iCTOTHUMH TOPYIICHHAME METabosizMy,
30KpeMa 3MiHaMu MeTaOOJiUHMX IIPOLECIB giaep KJIi-
TUH, O 3HAXOAATHCA HA MOUATKOBMX €TAaNaxX iHAYKLIl
nposipepanii, B nepiog HaUGLABLIOI UYTJMBOCTI 0
Tpancopmytouoro areHra. JAk ceiguate Hami gaHi,
KOPOTKOUACHE ( MPOTAroM ofHicl 100u) BUTPUMYBAHHS
OpraHiB poOCJIWH, IO 3HAXOAITHCI B CHOOKOI, B yMOBax
MiKpOTpaBiTaLiiHOTO CTPECY, BUKJIMKAE AEKOHACHCA-
il XpoMaTuHy i akTuBaLilo (DEPMEHTIB TPAHCKPUII-
wii, a 0e, B CBOK UEpry, MOXE CTBOPIOBATU YMOBHU A/
eexTuBHimol Tpancdopmarii. JIag TkaHuH, 00 nepe-
OyBarwTbh B CTAHI CIOKOKW, XapaKTEPHA PEMPECia TeHO-
My i oOMeXxeHa AOCTYIHICTh MATpMLi. SIBMINE AKTU-
BaUil reHOMY TKAHWH, IO 3HAXOAYTBbCA B CTAHi COO-
KO, MiCJ9 KOPOTKOUYACHOTO KJIMHOCTATYBAHHS 3aCay-
ropyc Oiblll JETANBHOIO BUBUEHHS 3 BUKOPHCTAHHSIM
BUIB POCJMH, CTilikux a0 Tpancdopmanii. Orpumani
HAMUW DPE3YJbTATU BKA3YIOTh HA MOXJWBICTH BUKOPU-
CTaHHd IHOr0 (QEHOMEHY mjad OTpUMAaHHA abo mim-
BUIICHHS eeKTUBHOCTI TpauchopMallii y pocauH, ki
y MOPUPOAHWX YMOBaX HE MiaAaroThes TpaHchopmariii,
0 € NEPEIIKOAOK0 AJI BUKOPUCTAHHS MOAUDIKOBAHUX
Ti-mnasmig mId MEPeHOCY TEHIB i OTPUMAHHA TPAHC-
TEHHUX POCJIVH.
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PLANT CELL TRANSFORMATION WITH AGROBAC-
TERIUM TUMEFACIENS UNDER CLINOROTATION

V. V. Sarnatska, H. O. Hladun, S. F. Padalko

To investigate microgravity (clinorotation) effect on plant cell trans-
formation with Agrobacterium tumefaciens and crown gall tumor
formation, the culture of primary explants of potato and Jerusalem
artichoke tubers was used. It is found that the efficiency of tumor
formation and development in clinorotated explants are considerably
reduced. When using the explants isolated from potato tubers
clinorotated for 3, 5 and 19 days, drastic reduction of formation and
development of crown gall tumors was observed. Conversely, the
tumor number and their development were increased when potato
tubers were clinorotated for one day. Four-hour clinorotation of
explants inhibits chromatin activation (increase in availability of
nuclei to acridine orange) and did not induce any appreciable effect
on RNA-polymerase I and II. At one-day clinorotation of potato
tubers a considerable increase in template accessibility of chromatin
and in activity of RNA-polymerase I and II occurred. We discuss the
possibility to use short-term clinorotation of plant organs, from which
explants for the transformation with A. tumefaciens will be isolated,
for the increase in transformation efficiency of recalcitrant plants.
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Axanemiky HAH Ykpainu
BikTopy BacuaproBuuy ITnanneHky
70 POKiB

15 nucronama 2005 poky BumoBHmaocsa 70 pokiB Bix
nHa HapomxeHHd Biktopa Bacuapormua Ilmnmmenka,
BUAATHOIO BUCHOTO B rajay3i MEXaHiKM Ta pPaKETHO-
KOCMIUHOT TEXHiKM, TAJAHOBUTOTO OpPraHizaTopa Hay-
KW, OJHOTO i3 3aCHOBHUWKIB I[HCTHTYTy TEXHIUHOI Me-
xaniku HAH Yxkpaiaum i HKA Ykpainu, 3acaysxxeHoro
Hisua HAyku i TexHiku Ykpaimu, akagemika HAH
Ykpaiau, ronou [IpuaHITPOBCHKOTO HAYKOBOTO ICHT-
py HAH ¥Ykpaiau i MOH Ykpainu, [TouecHoro qupek-
topa lacturyty Texniunoi mexaniku HAH VYkpaiam i
HKA Ykpaiuu.

Y 1959 p. B. B. Tlununenko 3akinuue izuko-
TexHiunuii pakyaprer JHIIPOneTpoOBCHKOTO AEpPXKaB-
HOTO VHIBEpCUTETY i mouas mpamoBatn y KoHCTpyK-
TopcbkoMy Owopo «IliBaeHHE», A€ MPOMINOB HLIAX Bix
IHXEHepa A0 HAUAJIBHUKA CEKTOPA AMHAMIKY PiAMHHUX
pakeTHMX ABUTYHHUX yctaHosok (PPIY). Ilix uac
pobotu B KOHCTpYKTOpChKOMY OIOpO BiH aKTHBHO
3aliMacThCd HAYKOBO-AOCAigHOKW pobortor. B 1961 p.
B. B. TluiwneHko 3aXWCTWB KAHAWAATCBKY IUCCP-
rauito. B 1962 p. Bin opranizyBas i ouosauB rpymy, a
B 1964 p. — cexTop AMHAMIKM PIIMHHUX PAKETHUX
ABUTYHHUX yCTaHOBOK. Ilix KepiBHMITBOM 1 mpu Ge3-

122

mocepenHiti yuacri Bikropa BacwawoBmua mi migpos-
ain Opasv yuacTh y CTBOPCHHI i €KCIEPUMEHTATBHO-
My BiAOpamlOBAHHI HU3KW 3pA3KiB PAKETHOI TEXHIKU
G0II0BOr0 i KOCMIUHOIO MPU3HAUEHHS.

Y 1966 p. 3 imimiatuem akagemika M. K. Surena B
M. JIHImpOneTPOBChKY A/is BUpiticHHS (hyHAAMEHTATb-
HUX NpoOJIeM PAKETHO-KOCMIUHOI TeXHiKM OyJ0 CTBO-
peno Cexrtop mpobiaeM TexHiuHOl MexaHiku JTHinpo-
meTpoBcbKol imii IncTuryry mexanmikm AH Ykpaiam
(3 1968 p. — [uinpomeTpoBchke BigmuicHHY [HCTH-
tyTy Mexaniku AH Ykpaiuu). Jng opranizauii poSotu
B Cektopi 3a posnopamxkennam M. K. Surens Gyno
HAMpaBsJcHO HU3Ky mnepcnekTuBHux @daxisuis Kb
«[liBaenne» cepen akux Oys B. B. IMuaunenko. Y
BiAAUTI TEMJIOBUX NPOLECIB y ABUTYHAX JiTAAbHUX
amapartie BiH po3poOJdc TEopin KaBiTAUIMHMX KOJIH-
BaHb (ABTOKOJIMBAHb) B CUCTEMAX KWBJICHHS PiAMHHUX
PAKETHUX [ABWUTYHIB 3 HACOCHOK CHUCTEMOKI TOAAYi
KoMmroHeHTiB naausa. B 1968 p. B. B. [Muaunenko 6ys
3aTBEPAXKCHUN B YUCHOMY 3BAaHHI CTAPIIOTO HAYKOBOTO
cmiBpoOiTHUKa. B ToMy X poli BiH 3aXuInac gOKTOP-
CbKY ANCEPTALi0, 9Ka CTAJA OCHOBOK AMS TOAATBIONAX
HAYKOBUX AOCHiAXeHb. BOHA mpucBgueHa BUPIMICHHIO
npobaem aunamiku PPIOY.

Y 1970 p. B. B. IuauneHko CTBOPIOE i OQUOJIOE
BiAALT OWHAMIKM [ABUTYHHUX YCTAHOBOK JiTaJbHUX
amapartis. Ileit Bignia Oya0 CTBOPEHO HpM MiATPUMILL
MinicrepcTsa saraabHoro MamuHoOyaysanna CPCP
MiCAd YyCHIIIHOTO BOPOBAIXKEHHY HA OAHOMY i3 HOTO
MiANPUEMCTB PE3yJbTATIB HAYKOBO-IOCHIAHMX POOIT,
sukoHaHWX B. B. [Mmmmmenkom.

HaykoBy i HaykoBo-opranizauiiiny poGoty
B. B. IlmimneHko mOEAHYe 3 BUKJIAJAUBKOIO MisTb-
micTio Ha Kadenpi asuryHoOymysaHHd (Di3HKO-TEX-
HiYHOrO (haKyabTeTy [IHImPONeTPOBCHKOTO AEP>KABHO-
ro yHaisepcurery. B 1971 p. fiomy Gyso mpUCBOCHO
BueHe 3BaHHg mpodecopa. Maiixxe 20 pokie BiH Ha-
BUAB MAWOYTHIX iHXCHEPIB-MEXAHIKIB, 9Ki YCHILIHO
MPaLOTh B HAYKOBUX OPraHisauigax Ta pi3HUX ramy-
39X TPOMUCTOBOCTI.

Y 1978 p. B. B. Iununeska mpuaHAUAOTh KEPiB-
HuKoM [IHimpomeTpoBCchKOTO BimmiserHd [HCTHTYTY
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mexaniku AH VYkpaiau, axke y 1980 poui omepxaso
CTATyC CaMOCTiHOTO iHCTHTYTY — IHCTHMTYTY TEX-
HivHoi Mexanikm AH VYkpainm (y pmamwmii yac —
IHcTUTYT TexHiuHOl MexaHikm HamionaspHO! akamemii
Hayk Ykpaiam i HamioranxpHOro KOocMiuHOTO areHTcTBa
Vkpaiuu). Bikrop Bacunbosuu Gpas OesmocepeqHio
AKTUBHY yuyacThb B OpraHizamii i CTAHOBJCHHI iHCTH-
TyTy. 3 OHY 3aCHYBAHHI THCTHTYTY i IpOTITOM Giibi
nix 20 pokis B. B. IMuaunenko — Ge33MiHHMEA HOTO
mupekTop. Ilim #0or0 KepiBHWITBOM iHCTATYT CTaB
onuuM 3 mposigaux incturytie HAH Ykpaiuu, roaos-
HUM iHCTUTYTOM PAKETHO-KOCMIUHOI TAxy3i YKpaiHw.

[Ininra maykoBa misbHicTe Biktopa Bacmmpouua
Mununecuka 3m00yna oMy 3aCayXCHHH ABTOPUTET i
MOBATY HAYKOBOI criibHOTH: B 1979 p. itoro ofupaioTs
uJIEHOM-KOpecnoHaeHToM, a B 1982 p. — milichum
unenom HAH Ykpaiuu.

Hayxogsi pesysapraTtu, orpumani B. B. Ilniunerakom
B rajy3i AWHAMIKM pIAWHHUX PAKETHUX IBUTYHHUX
YCTAHOBOK 1 CKJIQAHUX TiAPOMEXAHIUHWX CHCTEM, €
CYTTEBUM BHECKOM B PO3BUTOK CyuyacCHOI HAyKuU i
TEXHIKH. BiH 3ampormoHyBaBs HOBi METOAM pPO3PaAXyHKY
TEIVIOBUX PEXUMIB B €IEMEHTAX KOHCTPYKLiN JiTab-
HuX amapatis. Po3pofus MeTOHOIOTII0 TEOPETHUHOIO
ananizy asapiitanx curyaniit y PPIY. Bukonas Teo-
pETUUHI ¥ eKCIEepMMEHTAJbHI AOCHIIXEHHS AWHAMIKU
KaBiTaUifHUX 9BUI y LIHEKOBIAUECHTPOBUX HACOCAX
PIAVHHWUX PAKETHHUX ABUTYHIB, IO AO3BOJWIO HOMY
copMmyBaTu HOBe OaueHHd AMHAMIUHMX IIPOLECIE B
PPY. CrBopuB Teopil® HU3BKOUACTOTHUX KaBiTa-
OifHNX ABTOKOJMBAHB y HACOCHUX CHCTEMAX XWBJICH-
Ha PPIOY i pospobus edexktusHi cmocobu i 3acobu
YCYHEGHHY TAKWX ABTOKOJWBAHB., Bupimwe pgx mpo-
OneMmuHuX TmTaHb amHamikm PPIY, y Tomy uuci
3B’93aHUX 3 MATEMATUYHUM MOACTIOBAHHAM MPOLECY
3anyCKy ABUTYHA 3 yPaXyBAHHSAM KaBITALWIMHWUX SIBULI
y IDHCKOBIALECHTPOBWX HAacocax. Po3BWHYB JiHIWHY
TEOPI0 MO3A0BXHBOI CTIHKOCTI PIAMHHUX PAKET-HOCIIB
(PH) i cTBOpWB HEMiIHIWHY TCOPII0 MO3AOBXHIX KOJIM-
BaHb pinmaanx PH. Po3poOus TeopeTnuHi MeTOIUKH
aHanizy amHamiuHoi cymicHocti PPIIY 3 KOHCTpyK-
miero PH. 3ampononysae HOBi edextupHi gemmcyroui
OPUCTPOI Ag 3a0e3neueHHsd MO3MOBXHbBOI CTIMKOCTI
pinuaaux PH | mHeBMaTmuHi cucTEMM BiOpO3axuCTy
KOCMiuHKMX amapatis. Po3poOuB i BIpOBAaAMB OO0 MpPaK-
TUKWA HOBi MEPCIEKTUBHI KABITALiNHI iMITyJbCHI yCTa-
HOBKM [J19 0OpOOKM MOBEPXOHb METANEBUX BUPOOIB Ta
inTeHcHikamii HU3KM TEXHOJOTIUHUX IIPOIECIB.

Pesyaprat hyHmAMEHTANBHUX T4 MPUKIATHUX AO-
CJXXEHb YUEHOTO AAJU 3MOTY CTBOPUTH HAWAOCKO-
HaJII METOAWKW AHAJMiI3y AUHAMIKK PiIIMHHUX PAaKeT-
HUX JBUTYHIB Ta MO3A0BXHBOI CTiHKOCTI MOTYXHUX

PH, pospoGuTu Ta BOPOBAAMTH B MPAKTHKY PAKETOOY-
AyBaHHY BuUcokoedeKkTHBHI 3acobu crabinizauii Bix-
HOCHO KaBiTaIliMHUX KOJIMBAHb B CHUCTEMI XHUBJICHHS
PAKETHOTO ABWTYHA TAa TO3A0BXHIX KOJIWBAHBb B CHUC-
temi «PPIIY — xopmyc pakeTtwms.

B. B. IInimneHko — BU3HAHWH ABTOPUTET y TATAH-
HIX, OB I3aHUX 3 OWMHAMIKOK KAaBITAIMHWX SBMII,
asrop mouag 300 HaykoBMX mpalb, y TOMY UMCTi
Tprox Mouorpadiii i 90 BuHaxomdis.

Benwky ypary yueHWi mpuWAiige MATOTOBLi HAYKO-
Bux kaapis. Cepen #oro yuHiB — 2 goKTOpM Ta
18 kawaupaTie HAyK.

Y 1983 p. B. B. ITununeuko crap jgaypeaTtoM mpemii
HAH VYxpaiam imeni M. K. drrens 3a nmka pobit 3
OWHAMIKH, CTIMKOCTI Ta MIiLHOCTi ABUTYHHHMX YCTAHO-
BoK, y 1988 p. — naypearom J[epxasuoi npemil
CPCP 3a poborm 3i creopenns PH «3enirs, a y
1997 p. — naypearom [lepxaBHoi mpemii Ykpainu B
rajy3i HayKM i TEXHIKM 34 KOMILUIEKC AOCHIIXKEHb 3
riApOrazomIasMOIMHAMIKE I 3a0e3meucHHsa po3pol-
KH Ta €KCIuTyaramii 06’€KTiB paKeTHO-KOCMIUHOT TEX-
HiKH.

IMporarom 10 pokis (1993—2004) B. B. [Mununeuko
OyB akazeMikoM-cekpeTapeM BiagiseHHS MexaHiKu
HAH V¥Yxpainu.

Hwuni Biktop Bacunsosuu — unen [lpesuaii HAH
Ykpaiau, rogoa [1puogHITPOBCEKOTO HAYKOBOTO ICHT-
py HAH VYkpaiau i MOH Ykpainu, g9kuii BiH OUOIIO€
noHax 20 pokiB, Mpe3uaAcHT YKPaTHCHKOTO TOBAPUCTBA
IHXECHEPIB-MEXAHIKiB, TOJOBHHUI PEAAKTOP HAYKOBOTO
xypHany «TexHiuHa MEXaHiKa», WICH PEOKOJICTIl HAY-
KOBO-TIPAKTUYHOTO XypHATY «KocmiuHa Hayka i Tex-
HOJIOTi ST».

Ilin xepipaunreom B. B. Ilmmunenka Ilpmmaim-
POBCHKMIT HAYKOBUI LEHTDP PO3BUBAETHCA SIK e(heKTHUB-
HO AiOUWi TEPUTOPIATbHUNA LEHTP HAYKH, 9KUU BUKO-
PUCTOBYE HAYKOBO-TCXHIUHWN TOTeHMiaa rimpomer-
poscbkoi, 3anopizbkoi Ta Kiposorpaacekoi obmactei
A1 BUPILIEHHS HANGiNAbII BAXJIMBUX PETIOHAIBHUX
npobaem.

HaykoBa Ta HaykoBo-oOpraHizamiiiHa misTBHICTB
B. B. Ilmmnenka orpmMmasa MiXXHAPOTHEC BU3HAHHY.
Bin — pilicamit uien €BponeichbKoi akaaemii Hayk,
MixHapomHoi akazeMii acTpoHABTHKH, Pocilichkoi
akamemii kocmoHaptukm iM. K. E. IlioakoBcekoro,
mouecHWM uwieH MiXxHapomHOi akamemii aBTOpPIB Big-
KPUTTIiB Ta BHUHAXOMIB, WICH AMEPHKAHCHKOIO TOBA-
PUCTBA iHXEHEPiB-MECXAHIKIB.

[Irigna AigmpHICTP YUEHOTO BiA3HAUEHA YPSIAOBUMU
Haropogamu — opacHamu Tpymosoro Uepsonoro Ipa-
mopa, KoBTHEBOI peBosonii, dpocraga Mymporo V i
IV crymenis Ta Mmemanamm.



