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Abstract

The present paper the basic solutions to the problem of obtaining cavitation-resistant steels examined the use
of thermite steels, the benefits of combining thermite steels with metallotermic methods of getting is showed. The
advantages of metallotermic synthesis methods include: autonomy of processes, independence of energy sources,
simplicity of equipment, high-performance process and easy transition from experimental research to industrial
production. The need to developed the technology of synthesis thermite cavitation-resistant steels, as a result of
aluminothermic reactions and establishment of technological features’ of synthesis it all led. At the first phase of
the study of chemical composition of the synthesized cavitation-resistant steels is determined. In continuation of
studies microstructure, mechanical and technological tests were performed. Technological features of the synthe-
sis process and the impact of components exothermic reaction were revealed. The result of comprehensive research
was the development of fusion technology thermite cavitation-resistant steel “30X10I'10”, setting of the charge
Jor the synthesis of the specified steel, revealing the microstructure and mechanical properties of thermite steel
“30X10I'10”, the research of technological properties of steel, namely the casting of properties and effects on the
structure of individual alloying elements.

Keywords: metallothermal synthesis, cavitation-resistant steels, properties
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1. Beryn

Jlig po3yMiHHA MeXaHi3My U yCIHITHOT po3po6KHU npo-
COUYBAJBHUX OTepPAIliii Ta peaJsi3ylodyoro iX TeXHOJIOTiu-
HOTO yCTaTKYBaHH4 [1PU OTPUMAHHI HAMOTYBaJIbHUX KOH-
CTPYKIIii i3 KOMIIO3UTIB HAa OCHOBI MOJIMEPHUX MaTPUIlh
i opienTOoBaHWX BOJIOKHHCTHX HamoBHOBauyiB (OBH) y
BUTJIA/I POBIHTIB, JUKIYTiB, TKAHUH TOLLO, IIEPBUHHE 3HA-
YEHHS MA€ BUBYCHHS BCHOT'O KOMIIJIEKCY «€JIEMEHTaPHUX>
SIBUII[ TIEPEHECEHHST PIIUHU i BOJIOTH, SIKi CKJIamaioTh ]i-
3UYHY CyTHICTD peaJbHUX OTepalliii TpOCOUYeHHS KaIliasap-
HO-TIOpUCTUX cepenosutl (i) [1].

[Mlykana ¢isuuna Mozesb, SIK NPaBUJIO, HaaJi BUKO-
PUCTOBYETbLCS /LI leTepMiHallil yTouHeHoi MaTeMaTu4Hoi
MojieJli TEXHOJIOTiYHOTO nporecy npocouyBanusg OBH mo-
JIMEPHUMH PiIUHAMU, & caMe eMOKCUHUMY 3B’ I3y I09NMNI
(E3), 3 Bukopucranusam kiaacuunoi teopii dbisbrpaii as
JlaMiHapHOI Tedii B'SI3K0i HEHBIOTOHIBCHKOI PiAWHU, 1[0 HE
CTUCKYETDHCH.

Tomy npu mpocovyyBaHHi TKAHUX BOJOKHUCTUX HAIIO-
BHIOBaYiB po3unHamu E3, HaneceHMMHU Ha MOBEPXHIO HAH
[IOBHIOBAYa, BiIOYBAETHCS HE TLIBKU 3aI0OBHEHH ST BEJTMKUX
nop i kamingpis E3 (tak 3Bana "nenerpaiis’), aje it npo-
HUKHEHHsI oro 6e3nocepeaHbo y BosokHa. [lepie sipuiie
MOKHA YMOBHO Ha3BaTH "NONEPEYHUM’ ITPOCOYYBAHHIAM
(To6TO MPOCOUYBAHHSM MEPHEHAMKYISIPHO J0 TOBEPXHi
TKAHWHU), APyTe — "MO3M0BKHIM” TIPOCOUyBaHHAM (TOO-
TO TIPOCOYYBAHHSM Y3/I0BK KaIlJISIPIiB BOJOKOH).

TakuM  4yuHOM, MPOrHO3yBaHHS KiHeTUKN
TEXHOJIOTIYHOTO IIPOIECY IPOCOYYBAHHA OPIEHTOBAHUX
i rkanux BH posunnamu E3 6asyeTnes, mepin 3a Bce, Ha
anamisi ctpyktypu BH, i Tomy € akTyasbHUM 7151 MOjie-
JIIOBAHHS PEajbHOIO TEXHOJOTIYHOTO HPOIeCy IIPOCOvy-
BaHHS.

2. ITocranoBKa 3ajay4i

Mertoio pocaikenb € anajiz eheKTUBHOTO MiIXOLY
no Bubopy ajaekBaTHOI (isuuHOi MoAes i KaliasgpHO-
IIOPUCTOrO CepefoBullla Ha OCHOBI OPiCHTOBAHUX BOJIOK-
HUCTHUX HAIIOBHIOBAYIB, 1[0 HAAJli BAKOPUCTOBYETHCH /LI
IIPOTHO3YBAaHHA TEXHOJOTIYHUX I[lapaMeTpiB oJeprKaHH:A
BUPOOIB 3 KOMIIO3UIIIN €MOKCUIIOJIMEDPIB, 30KPeMa, B I1PO-
1ecax nmpocoyyBaHHI.

3. Bynosa i kanijisipHa CTPYKTypa OPi€HTOBAHMX i TKAHUX
BOJIOKHHCTHX MaTepiasiB

KRaminapuy crpykrypy OBH caig Bignectu 10
HaWBaXJAUBIMINX (aKTOPIB, 0 BIIUBAIOTH HA MIBUKICTD
i HOBHOTY Ipolecy nNpocodyyBaHHsA. AJKe HAJIXOIKCHHS
IIPOCOYYBAJbHOI PiAMHU B ILIi Marepiaju € IIPOLECOM,
AKUM B OCHOBHOMY YIIPaBJIAIOTh 3aKOHU KalliJIAPHOCTI i
Ba3KocTi [1].

JlocuTp oueBHMAHO, MO Yy 3arajbHOMY BHIIAJl-
Ky KallisipHa CTPYKTypa OyAb-sKOrO BOJOKHUCTOTO
Marepiasy CKJIAJAETbCA i3 MIKPDOCTPYKTYPHU PEYOBUHU
BOJIOKHA, 3 SAKOTO BiH CKJIaZa€TbCsd, a TAKOXK i3 MaKpO-
CTPYKTYPH BOJIOKHUCTOTO MaTepiany. [Ipnuomy miamerp
KaMIsIpiB 000X CTPYKTYP € 30BCiM Pi3HOTO TOPAAKY. ToMy
JOPEYHO PO3IIIAHYTH OOUABI KaIIAPHI CTPYKTYPH OKpe-
MO.

Kaninapua cmpyxmypa 6010x0n

Ha puc. 1 naBegena cxema Oyf0BU POCIUHHOTO BO-
JIOKHa, sika OyJa 3anpononoBana @peii-Bicainrom [1]. Is
cxXeMa BPaxoBY€E MesTKi MOPGhOIOTiuHi 0COOIMBOCTI BOJIO-
KOH, a caMe: HasiBHicTb Gibpui 3 giameTpom 6inst 0,4 MKM,
IO Bi/ITIOBi/Ia€ BUOKPEMJIIOBAHIN 3/JaTHOCTI MiKPOCKOIY, a
TaKOXK OinbIn ApiOHUX MiKPODIGpHI.

Oxpemi NPUPOJNHI TEKCTHJbHI BOJOKHA € IYYKOM
MaKpOCKOMYHUX (ibpus, MiK SKMUMHU PO3TallOBaHi
MiKpocKomiuni Kaninsgapui npocropu (puc. 1). ¥ cBoio
yepry, MiKpocCKomiuHi (iGpuu CKIaJaloThesl i3 MyYKiB
CyOMIiKPOCKOTHYHUX (hibpUI, MisK SKUMU 3HAXOASITHCS
rpy6i minuu i nycrotn 3 nonepedrnkom (50 — 130) A |
[0 YepryloThCs 3 TOHKUMU KalilgpaMH, SKi MalOTh T10-
nepednuk He G 10 A |

Puc. 1. Cxema 6yaoBu HaTypasibHOrO TEKCTU/IBHOTO BOJIOKHA
no ®pen-BicniHry [1]: e — okpeme BoNOKHO; f— MiKpocKoniy-
Hi pibprn; k — MiKpoCcKoniuHi KaninapHi npoctopu; sf — cy6-
MiKpOCKONMUiHi pibpunn; sfc — cyBMIKPOCKONUUHI KaninspHi
NPOCTOPH; g — KPUCTaNiUHI NPOCTOPOBI FpaTH; S — LWiIMHK
MiXX KpUCTanitamu

MikpocKoIiuHi i cyOMiKPOCKOIUHI KalliJIsipHi TPOCTO-
pu 06YMOBJIIOIOTH BCMOKTYBAHHST PIZIH CYXUMU BOJIOKHa-
MU 1Ipu HaOy XaHHi.

CTpyKTypa BUKOPHUCTOBYBAaHNX XIMIiYHUX BOJOKOH
3HA4YHO IIPOCTilIa, X0Ya I1i BOJIOKHA B OinbIIOCTI BUNIAKIB
CKJIAJIAI0THCS TAKOK i3 TIOB’SI3aHUX MiK COOOI0 KPUCTAJITIB.
BixmagaioTh aesiki MOpdoJoTidHi 0cOOJIUBOCTI BOJOK-
Ha: icHyBaHHs (GiOpUJI, HASBHICTH HEHTPAJBHOIO KAHAJY
TOLILO.

[Ipu iboMy Ha PO3MOLI BOJOKOH B IIepeTHHi peabHO-
TO KOMIIO3UTY iCTOTHWUH BIIJINB 3/IiHCHIOIOTH TaKi UNTHHUKH,
SK TapaMeTpu OJlep’KaHHSA KOHCTPYKIIl (3yCHJIJIs HATAT-
HEeHH: HallOBHIOBaYa IIPU IIPOCOYEHHI i HAMOTYBaHHi IIpu
ofiepkaHHi 060JOHKOBUX KOHCTPYKILM, IMAr PO3KJIAAKH,
HIBUJIKICTh HAMOTYBaAHHsI, TeMIIepaTypPHO-4aCcOBUH peXxUM
TBEPIHHS i TpecyBaHH:), TPOIEHTHE CIiBBiIHOMIEHH S
CKJIa/1al0uy KOMIIOHEHTIB, iX BJIACTUBOCTI 1 iH.

IToTpi6HO MAKPECANTH, IO OAHOTO TiINBKNA F€OMETPUY-
HOTO YABJIEHHS IIPO IOPUCTICTH HELOCTATHbLO AJ IIOC-
HEHHA Pi3HOI 31aTHOCTI IIPOHUKHEHHA PIIUH Y BOJIOKHO.
Ha nponuknenus piiunu y BOJOKHO BEJbMU CHJIBHO MO-
JKYTb BILIUBATU B3a€MO/iA PiUHU 3 PEUOBUHOIO IIOBEPXHi
CTiHOK (aacopOIlist), CUJIU €JeKTPOCTATUYHOTO TSIXKiHHS
abo BiIITOBXYBaHHS TOIIO.

TaxuM 4YMHOM, NPOHUKHEHHS IIPOCOUYYBAJbHOI
piIuHM B TAUOWHY KaTiasIpiB, MO0 € B OKPEMHUX BOJOK-
HaX, 0COOJMBO 3a Ti KOPOTKi TE€PMiHM, HPOTATOM SKHUX
BiZ0yBa€ThCsl IPOCOUYBAHHS, He MOKe OyTH 3HAYHUM.



HeswmipHo 6Ginbine 3HaueHHSA s IPAKTUKU Ma€ IPO-
HUKHEHHS NPOCOYYBaJIbHOI PiiMHNU B IPOCTOPU MiX BO-
JokHaMK (MiKBOJOKOHHMIT TPOCTIp 4K TeHeTpaitis) abo
HUTKaM# BOJTOKHUCTOTO MaTepiay, Mpo Mo HAeThCs Aai.

Byodosa i kaninapna cmpyxmypa mxkanun

Cuij BiizHAuuTH, 110 HAKOLIBIIT MOMINPEHUMU BUA-
MU IepelJieTeHb TKAaHUH, 1110 3aCTOCOBYIOTHCS IK HAIlO-
BHIOBAY y TIporieci popMyBaHHS IMapyBaTUX TJIACTUKIB, €
MOJIOTHAHE, capKeBe, caTuHOBe i atiacHe. Li Buau nepe-
MJIeTeHb 3/AIMCHIOITh BIJWB Ha KalISPHY CTPYKTYDPY
TKaHUH.

Kamingpua cTpyKTypa Takux MarepiajiB, $K
BOJIOKHUCTI MOJIOTHA i KOP/I, He € MOCTIHHOIO, a Y BEJTNKIi
Mipi 3aJI€KUTh Bil YMOB, B AKUX 3HAXOAATHCA 11i CUCTEMH,
i 30KpeMa, BiJl MeXaHIYHUX BIJINBIB, AKUX BOHU 3a3HAIOTH
B PI3HUX TEXHOJIOTIYHHUX ITpoilecaXx (CTUCHEHHS MK Ha-
MPaBAAYUMU 1 BUDKUMHUMU POJUKAMU, PO3TATHEHHA
B MPOCOYYBaAJbHOMY arperaTi Toro). Tomy Huxde Oyme
po3IIAHyTa KalliigpHa CTPYKTypa TiIbKM TKaAHWUH, IO
BU3HAYAETHCA B OCHOBHOMY ITPOIIECOM IPAAIHHA i TKAIT-
Ba, i 10 € 6izbIr abo MeHII MOoCTiiHOIO.

3HavYeHHsI iICTUHHOTO i YSIBHOrO 00’€MiB 1OP TKAHWH,
110 HEeIPOCOYMJIACH, A€ TEXHOJIOIY BKa3iBKy Ha MaKCH-
MaJIbHe 3allOBHEHHS II0P TKaHWHU, AKOTO MOXKHA YeKaTu
Py IPOCOYYBaHHI, i J03BOJIIE€ BUKOPUCTATHU JJIS Xapak-
TEPUCTUKU MiPU MPOCOYYBAHHS <«KOe(DIilliEHT MPOCoUy-
BaHHA», il AKUM MAIOTh Ha yBa3i Bi/IHOIIEHHA 06’€My op,
3aMOBHEHUX PiIUHOIO, /10 3aTaJIbHOTO 0O’EMY TIOP TKAHWH.

Kpim TOTO, TOPIBHAHHS ICTUHHOI i YSIBHOT TIOPUCTOCTI
10 i micag iMIperHyBaHHS (IIPOCOYYBAHHS) MOXKe JaTh
iCTOTHI BKa3iBKU i Ha 3MiHY CaHiTapHO-TIrE€HIYHUX BJIACTU-
BOCTel TKAHWHM. YCTAaHOBJIEHHS MAaKCUMAJIbHOTO iaMeTpy
0P Ma€ BeJIMKe IPaKTUYHe 3HAYCHH ST, OCKIIbKY, 1K MU 110~
6GaunMOo HIKYE, caMe 110 [[UX [0pax BiiGYyBAEThCSI B OCHOB-
HOMY IIPOHUKHEHHS MOJiMePHOI PiANHNA B TKAHUHY.

Hapemi, gyske BakJmBa JJIsT TeXHOJIOTA i eKcHepu-
MeHTaJbHa KPUBA PO3IOALIY IIOP IO JiaMeTpy, OCKiJIbKU
11e /I03BOJISI€ BUPIIIUTHU BEJIbMU HESICHE /10 1[bOTO Yacy Iu-
TaHHSA PO T€, HACKIIBKY MOJKJIMBI IIPU IIPOCOYYBaHHI TKa-
HUHW SBUIA, 10 J03BOJISIOTH Bil(UIBTPOBYBATU YaCTKU
JUCTepPCiil PO3UMHIB TTOMIMEPHUX 3B’I3YI0UUX, i SKUM MaK-
CUMaJIbHUM PO3MIPOM i3 i€l TOUKN 30py MOBUHHI BOJOITH
YACTKU JUCIEPCiil PO3YMHIB MOJIMEPHUX 3B13y I0UHX.

4. AnexBaTHa CTPYKTypHa MoZeJIb

Yce BuIleszaszHaueHe CJAYTyBago 10 PO3POOJIEHHS
eeKTUBHOIO TiAXoay A0 BUOOPY BinnosigHoi (isuuHoi
Mmozeui. IlocaifoBHicTs mpunymiesb npu moOyA0Bi ajek-
BatHoi crpykrypnoi mozeni OBH B rtexmosorii mpoco-
YyBaHH, [0 CXeMaTHYHO HaBeJeHa Ha puc. 2 (a—ad), mo-
JISATAE B HACTYITHOMY.

Bix crpyktypu OBH, sxa y 3arajbHOMY BHUIIAJKY
CKJIA/IAE€THCA i3 CUCTEMHU 11apaJieibHO-3BUBUCTUX Kallisis-
piB pisHUX pajiyciB (puc. 2-a), AKy MOXKHa IeTepPMiHYBaTH,
HANPUKJIA/, 32 TOMOMOTOI0 (OYHKIII PO3TOILTY TTOp paji-
ycoM p 1o poamipax ¢(p) [2], nepexoadarpb 3a J0MOMOr0OI0
BiZIIOBIZAHNX CIIBBiHOLIEHb 1O OCEPEAHEHHA CTPYKTYPU
OBH ax peryaspHoi CTPYKTypH JiHIHHUX KaIiJsapiB 3
O/IHAKOBUM I03/I0BKHIM 1epeTuoM (puc. 2-6), cxema 3a-
MIOBHEHHS IIPOCOYYBAJIBHOIO PIIMHOIO SIKUX MOKa3aHa Ha
puc. 2-¢ i puc. 2-z (nonepeunuii mepetun OBH).

2reg d,
——> [—

Puc. 2. MocnigosHicTb npunyLieHb (a—3) npu nobynosi
afilekBaTHOI cTpyKTypHOi Mogeni OBH B TexHonorii ix npoco-
YyBaHHS: ds — CepefHii fiaMeTp BONOKHa; © — KparnoBHK
KYT 3MOUyBaHHS

To6TO B KiHI[EBOMY MACYMKY II€PEXOASATH 10 CXe-
MU I[IPOCOYYBAaHHA OAMHOYHOTO KaIIAPY JOBXKHUHOIO ¢
(puc. 2-0), niaMeTp SKOTO JIOPIBHIOE 27 .

Hapmami BuGpana ajgexBatna GisudHa MOAETb CTPYK-
TYpU KalllJIgpHO-IIOPUCTUX TiJl BUKOPUCTOBYETHCA IJIA
MOJICJTIIOBAHHA PEAJbHOIO TEXHOJIOTIYHOTO IPOIECy MPOo-
COYYBaHHs BOJIOKHUCTUX HAIOBHIOBAYiB €IMOKCUIAHUMU
3B’3YI0YMMHU B TEXHOJIOTi ofiepKaHHS KOHCTPYKIH i3
Opi€HTOBAHUX BOJOKHMCTHX KoMmosutis [2]. Lle BinOy-
BAETHCH 3 BUKOPUCTAHHAM KJIacU4HOI Teopii dinbTparii
IS JTaMiHApHOI Tedii B'I3K0i HEHBIOTOHIBCHKOI PiINHMU,
[0 He CTUCKY€EThCs, Ha 6asi 3acToCyBaHHS BifllIOBiAHOT
MaTeMaTU4YHOI MOJeJl, 1110 BPaxXoBYy€ iHTerpaJjbHi Xapak-
TEPUCTUKHU BOJIOKHUCTOTO HAIlOBHIOBaYya SAK KalliJIgIpHO-
IIOPUCTOTO TiJIa, a CaMe: IOPUCTICTh, IUTOMY BHYTPIlIHIO
OBepXHIO, eQeKTUBHUI (eKBiBaJEeHTHUI) KaliISpHUN

paniyc.

5. BucnoBku

Omnucanuii eeKTUBHUHN TAXiL 10 BUOOPY ajeKBaTHOT
(ismunOi MOzesi KA PHO-TIOPUCTUX TLI B TEXHOJOTII
o/lepKaHHS KOHCTPYKILH i3 OpiEHTOBAHUX BOJIOKHUCTUX
koMm1o3uTiB. 1l disuyHa Moze b BUKOPUCTOBYETHCS IS
jJeTepMiHalil yToO4HeHOI MaTeMaTHU4YHOI MOJeJi TeXHO-
JIOT{YHOrO IIPOLECY IPOCOYYBAHHA BOJOKHMCTUX HAIO-
BHIOBAUIB €TMIOKCUAHNMU 3B’I3yI0YNMHU 3 BUKOPUCTAHHSIM
KJlacuuHoi Teopii dinbTparii a5 JaminapHoi Teyii B's13K01
HEHBIOTOHIBCHKOI PiIMHHU, 1[0 HE CTUCKYETHCA.
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Abstract

It is shown that the prediction of the kinetics of impregnation process oriented and woven fibrous fillers epoxy
binder solution is based primarily on an analysis of the structure of fibrous fillers. In this case, the capillary
structure of [ibrous fillers should include the most important factors that affect the speed and completeness of the
impregnation process, after impregnating fluid flow in these materials is a process, which is mainly governed by
laws of capillarity and viscosity. It is shown that in general the capillary structure of any fibrous material consists of
material microstructure fiber from which it is made, as well as macro-fiber material, the diameter of the capillaries
of the two structures is a completely different order. Are analyzed that the penetration depth of the liquid in the
impregnation of capillaries in individual fibers, especially for those short periods during which there is a treatment,
there can be significant. Therefore infinitely more practical importance is the penetration of impregnating fluid
in the space between the fibers (interfiber space or penetration) or filaments of fibrous material. Describes an
effective approach to the selection of an adequate physical model of capillary-porous bodies in the technology
of construction of the oriented fiber composites. This physical model is then used for the determination of refined
mathematical model of the process of impregnation of fibrous fillers epoxy bonding using conventional filtration
theory of laminar flow of viscous non-Newtonian [luid which is not compressed.

Keywords: structure, model, capillary pores, fiberfill
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B oaniii cmammi 6yn0 3anpononosanao ma 6uxo-
pucmano Hoéull BUCOKOUYMAUBUN NOAAPUIAUIUHO—
MoOynauiunuti memod cnexmpomempii. Cnocié
NONAPUIAUIUHO-MOOYAAUIUHOT  cnexmpomempii
00360/15€ 3 GUCOKOI0 UYMIAUGICMIO BUMIDIOBAMU
JIOKANbHI MeXAHiMHi HANPYXHCEHH 6 Oemansax i3
ONMUMHO NPOIOPUX Mamepianié, a GUKOPUCMAHHS
8i00UMO020 COHAUNO20 GUNPOMIHIOBAHHSA 003B80J15€
KOHmMPOAI06amu 6HYympiwHi HAnPY’CeHHs 8 JUCMO-
80OMY CKJli 6eUKUX 2abapumie

Knwouosi cnoea: enympiwni Hanpydicen-
HA, NOAAPUAUIUHO —MOOYNAYIUHUL  MemoD,
MOHOKpuUcmaniunui cangip

T ]

B oannoii cmamve 0vin npeonodcen u UCNONb-
308aH HOBbLL BbLCOKOUYECMEUMENbHBIU NOJLAPU-
3aUUOHHO-MOOYNAUUOHHBLIU Memod chexmpome-
mpuu. Cnoco6é noaspu3auuoOHHO-M00YAAYUOHHOU
cneKxmpomempuu no3eonsem ¢ GblCOKOU “YeCmeu-
METLHOCMBIO UBMEPAMD JOKATIbHbIE MEXAHUYECKUE
HaANpAjCeHUss 8 0emansix u3 ONMUUECKU NPo3pad-
HbIX MAMepuanos, a UCnob308aHue OMpPaANCeHHO-
20 COJIHEUH020 U3NYHEHUSL NO3BOJILEM KOHMPOIUPO-
8amv 6HYMpeHHUE HANPANCEHUS 8 TUCMOBOM CMeEKJLe
Oovmux 2abapumos

Kmoueevie caosa: enympennue nanpscenus,
NONAPU3AUUOHHO -MOOYTAUUOHHBLU Memo0, MOHO-
Kpucmanauueckui canpup
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1. Beryn yabTpadioseToBOro 10 iHHpavepBOHOro BUIIPOMiHIOBAHHS,
dKa BJIAaCTUBA MaTepiaJly, aloTh MOKJIUBICTh BUTOTOBJIA-
Bimomo, mo B cywacHux mnpujagax MmUPoOKo  Tu carndipoBi BiKHA Ta JIH3W [JIs ONTUYHUX TPUITATIB.

BUKOPHUCTOBYETHCS TaKWH YHIKAJBbHUHM Marepias K
candip. Ha npukmani nmeraneii i3 camndipy mnokasano
MOJKJIMBICTh BUMIipPIOBAaHHA BHYTPIIIHIX HAIPYKEHb 3a
JIOTIOMOTO010 TOJIPU3AIIHHUX METO/iB KOHTpoJI0. Buco-
Ka CTIMKICTb 0 MEXaHIYHUX, XIMIYHUX i TeMIlepaTypHUX
BILJIMBIB, XOPOIIA IIPO30PiCTh B ONTUYHOMY Jialla3oHi Bix

[lerani i3 candipy BUKOPHUCTOBYIOTh B TEPMOSIIEPHUX
yCTAaHOBKaX IIPU AiarHOCTUIL TepMOALEPHOI ILJasMHU Ta
aHaJIi3i cTaHy MOBEPXHi PO3PSANHUX M11a3MOBUX Kamep [1],
a TaKOXX B KOCMIUHIii TEeXHilli — /[JIsT BUBEJEHHS Jla3epHO-
0 BUIIPOMIHIOBAHHS B KOCMIYHUI MPOCTIp i B cucreMax
3B’I3KYy KOCMIUHMX amapatiB. Bucoxi esmexTpoizosmoroui




