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HccaenoBaicst mepexof MOCIOMHOTO TOPEeHsI B KOHBEKTUBHOE Ha 00pasiiax 13 rpaHyjl MMPOKCUINHOBOTO
nopoxa Mapku 5/7 ¢ miotHocTbio 1.34—1.47 r/cM® 1 mopuctoctbio 7—15%. DKCIepUMEHTHI IPOBOAMIH B
MaHOMEeTpUYECKO 60MOe U MOAECIbHOM paKeTHOM JABuTaTesie. MCIonb30Baal UCXOMHbIE YaCTHUIIBI U Ya-
CTHUIIbI, TIOKPBIThIE IO OOKOBOI MOBEPXHOCTH TIJIEHKOW MOJUBUHUIOYTUPaJs B KoandyecTse 4.1%. Ha 06-
pasliax ¢ UICXOMHBIMM YaCTHIIAMU TIePEXOl Ha KOHBEKTUBHBII PEXXUM TTPOUCXOIUT MPH GJIM3KOM K ITOCTO-
SIHHOMY WIM cj1aboBO3pacTalollleM NaBjieHWM. [aBieHue cpbiBa MOCIOHHOTO TOPEHMST TMOBBIIIAETCS C
YMeHbIIIEHHEM IMTOPUCTOCTH. McTTob30BaHe GpOHUPOBAHHBIX TPAHYJT IPUBOAUT K YBEJIMYSHUIO TJTUTEIb-
HOCTU MOCJIOWHOTO ropeHus. [lepexon mocIoMHOro rTopeHus: B KOHBEKTUBHOE MPOMCXOAUT MPU Maaaro-
1eM gaBieHuu. JlaBiaeHne cpbiBa CHIKAETCsl ¢ YMEHbBIIIEHEM MOPUCTOCTH.
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BBEJIEHUNE

OnmHUM 13 HaIIPaBJICHU YBETWMUESHUS TyJIbHOM CKO-
POCTH METAaeMOTO TeJia SIBJISIETCS MOBBIIIEHUE TUIOTHO-
CTU 3apsBKaHUSI ¢ TIPUMEHEHUEM BBICOKOILIOTHBIX 3a-
PSIIOB, CTOPAIOIIVIX B pEKUME KOHBEKTUBHOTO TOPEHMUST
M HU3KOCKOPOCTHOM meroHanmu [1—4]. Ilpn HM3KO-
CKOPOCTHOI1 IETOHAILIMY Pa3BUTHUE MPOLIeCCca MPOHUCXO-
1T co ckopoctssMu 800—2200 M/c, 94TO TTO3BOJISIET UC-
MOJIb30BaTh €€ B YCTPOMCTBAX ¢ BpeMeHaMU PabOThI
mo 1 mc [4]. IIpy KOHBEeKTUBHOM TOpeHHU (PPOHT
IJIaMEHU pacpOCTPaHSIETCs 10 UMEIOIIMMCS TTopaM
3apsaa ¢ MeHbInuMU ckopoctsamu (0.5—700 m/c), uyTo
JIeJlaeT BO3MOXHBIM €ro IMpUMEHEHNE B PaKeTHBIX
JIBUTATEJISIX Y CTBOJIBHBIX CCTEMAaX C BpeMeHaMU pa-
OOTHI B HECKOIBKO MUncekyH I [1]. BexmunHay cKo-
POCTH U €€ 3aBUCUMOCTh OT JABJICHUS] MOXHO PEry-
JINPOBATh 32 CYET U3MEHEHUSI IOPUCTOCTH 0OPA3LIOB,
pasMepa MCHONb3YEeMbIX YacTUIl, TOKPBITUS WX
BHEITHEI TMOBEPXHOCTU WHEPTHOM IIeHKou [3, 5].
HccnenpoBanus [6] ropeHust 3apsiioB, CIIPeCCOBaH-
HBIX U3 KPYITHBIX CEMUKAHAJIBHBIX TOPOXOBBIX 3€peH
Mapku 5/7, THT'MOMPOBAHHBIX IO OOKOBOI ITOBEPX-
HOCTU TUICHKOI TIOJIMBUHWIOYTUpAISI, TOKa3au
BO3MOXHOCTb MOBBIIIEHUS TTIPOTPECCUBHOCTH TOpe-
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HUS TI0pOXa, YIIYYIIEHUS 3alOJTHEHUSI MHIUKATOP-
HOM OuarpamMMbl JaBJI€HUSI, YBEJUYEHUS HYIbHOI
CKOPOCTH cHapsaa Ha 12% npy HeM3MeHHOM MaKCH-
MaJIbHOM MaBJICHUU BBICTpena. TeopeTuyeckass MO-
JIeJIb KOHBEKTUBHOTO TOPEHUSI BHICOKOIUIOTHBIX 3a-
PSIIOB, U3TOTOBJICHHBIX M3 TAKUX 3€pEH, OlMcaHa B
paoote [7]. OnHako HadajgbpHasI CTAIus Mpoliecca —
BO3HMKHOBEHNE KOHBEKTMBHOTO TOPEHUS IIPaKTH-
YeCKU He MCCIIeIoBAJIach.

MHOTOYNCIEHHbIE 3KCIEPUMEHTHI MO TIePEXOIY
MOCJIOITHOTO TOpeHUsI B KOHBEKTUBHOE IMTPOBOININCH
B 1960—1970-x romax Ha B3pBIBYATHIX BEIIECTBaX
(TpOTUJI, T3H, I'eKCOTeH U Jp.), CMECEBBIX COCTaBax
Ha OCHOBeE TIepXJiopaTa aMMOHUS M KaJlusl U UHULIU -
HPYIOIIMX BellleCTBaxX: rpeMydasi pTyTh, a3U/l CBUHILIA
¢ nobaBskoii 2% napaduna [8—10]. Pasmep ucmomns3ye-
MBIX YacTull BapbupoBajicsi oT 5—20 1o 500 MKM, yaesib-
Has IOBEpXHOCTh — oT 500—700 mo 7000—10000 cm?/T.
IMTopuctoctb 06pa3LoB u3MeHsu1ach ot 3 1o 50%, ra-
sonpoHunaeMocts — ot 1073 no 1073 I (Japcu, 1 1 =
=1 MxM?). CXXUraHue OCYILECTBISUIOCh OOBIYHO B
MaHOMETPHUIECKNX O0OMOax Mpyu BO3pacTarONIIeM JaB-
JICHUU B 00beMe, pEerucTpalurs KOTOPOro MpoOBOIM-
JIach C TIOMOIBIO Mbe30KBaPLIEeBBIX MU TEH30METPU -
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Tabauya 1. Pe3ynbTaThl H3MEePEHHs TA30NPOHUIIAEMOCTH NMPECCOBAHHBIX 00PA3I0B M3 rPaHyJI MOpoXa Mapku 5/7
u5/7 + 4.1% I1Bb

lazonponunaemocTs, [
Mapka ropoxa
m=14% m=13% m=11% m=10% m=9.5% m=38
5/7 _ 11 6 — 5
5/7 + 4.1% I1Bb 12 — — 6 —

Hpumettauue: m — IIOPUCTOCTb 06pa3ua.

YECKUX JATYMKOB JaBJeHUs Ha 1UIeH(MOBBIX OCIUII-
snorpadax ¢ yactoroit He 6onee 15 xI11. B oTnenbHBIX
OITbITaX OMHOBPEMEHHO C 3aIMChIO TaBJIESHUS TPOBO-
VIV OTITUYECKYIO CheMKY IMpoliecca yepe3 Mpo3payd-
Hble oKHa O00oMObI. [Ipu Moca0lHOM ropeHuu CKoO-
pOCTb M3MEHEHHUsl JaBjieHuss B OomOe cocTaBiisijia
0.01—1.0 MIIa/mc [10]. B kauecTBe OCHOBHOI XapaK-
TePUCTUKU, OINpeaesiiolleli BO3BHUKHOBEHUE KOH-
BEKTUBHOIO TOPEHUS, MCIOJb30BAIOCh KpUTUYE-
CKO€ JaBJieHUe CpbiBa MociaoiiHoro ropeHus (P,). 3a
ero 3HayeHuWe MPUHUMAJIOCh AABJIEHUE Ha CTaauu
MOCJIOMHOTO TOpeHus 00pa3la, mocjae KOTOporo Ha-
yuHaeTcs pe3koe (B 4—7 pa3 u 0oJjiee) yBeIUdeHUE
WHTEHCUBHOCTH €ro HapacTtaHusl. Benuuuna P, 3aBu-
CHUT OT COCTaBa, MOPUCTOCTH, FA30NIPOHULIAEMOCTH,
IMaMeTpa U JJIWHBI 3apsiia, pa3Mepa UCIoIb3yeMbIX
yacTull. bbUI TOCTPOEH psii YCTOMYMBOCTU JJIST U3Y-
YEHHBIX BEIlIECTB, BBISIBJICHO BJIUSTHUE TIJIaBJICHUS Ha
BEJIMUMHY JaBjeHUs cpbiBa. Ha 3epHEHbBIX TUPOKCU-
JIMHOBBIX TTOpOXax Mepexoll MOCAOWHOro TOpeHUsl B
KOHBEKTHBHOE U BJIMSTHUE HA HETO MOKPBITUS TPaHYJT
MOJIMMEPHON TIEHKOM MPaKTUYEeCKU HE U3YyJaluCh.
Hacrosiass pabora 4aCTUYHO BOCIOJIHSIET yKa3aH-
HBII mpoOeI.

METOJMNKA DKCITIEPUMEHTA

MccnenoBanus mpoBOmWwIM Ha 3apsiax, CIIPEecCco-
BaHHBIX 13 TPaHYJI CEMUKAHAILHOTO MMPOKCIJIMTHOBOTO
rnopoxa Mapku 5/7 ¥ 13 TpaHyJ TOro Xe Iopoxa, OpoHM-
POBAaHHBIX MO OOKOBOI MTOBEPXHOCTH TIJICHKOM ITOJIN-
BuHuwioytupansa (ITIBB). KomuuectBo monmmepa co-
ctaBisiio 4.1%, pacyeTHas TONIIMHA TUIEHKU — 35 MKM.

Pasmepnl yacTull mopoxa ObUTH CIICAYIOIIMMU: Ha-
PYXHBII nuamMeTp — 3.3 MM, IyMHA — 4.7 MM, TTOJTYTOJI-
1u1Ha ropsiero ceoga — 0.33 MM, nuamMeTp KaHaja —
0.3 MMm. BHemiHsi1 ydenbHasi TOBEPXHOCTb 3epeH —
10.5 cM?/r, moHAs yaeabHas TIOBEPXHOCTD, BKJIIOYAs
KaHaubl, — 13.8 cM?/r.

XapakrtepHbie cBoiictBa I[IBb: muioTHOCTh —
1.1 r/cm?, TeMniepatypa pasmaryenus — 65°C, TeM-
meparypa Hayajla HMHTEHCHUBHOTO  Pa3JIOXEHUS
~300°C. ITokpbITHE HAHOCUJIU U3 IIATUIIPOLIEHTHOTO
CIIMPTOBOIO pPacTBOpa MpM HEIPEPBIBHOM II€peMe-
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IIVWBAaHUM C TTOCIIEAYIONIEH CYIIKOM OO ITOJTHOTO yaa-
neHus cnupra. KonmuecTBo HaHeCEHHOTO MoIMepa
OIpeAeIsUIN TI0 TIPUBECY MACCHI.

DKCIepruMeHTHI TIPOBOJAMIM B MAHOMETPUYECKO
60MbOe 06beMoM okoito 100 cM® 1 B MOIEIBHOM pa-
KeTHOM nBurareie. CxkuraHusi B 6oM0e OCyIeCTBIISI-
I Ha o0pasuax, IMPUTOTOBJICHHBIX MOPLIMOHHBIM
MpeccoBaHUEM ~4—5-TpaMMOBBIX HABECOK B MeTall-
JINYECKNE CTaKAaHYMKU C BHYTPEHHUM IUAMETPOM
20 MM m gmmHOM 50 MM. JlaBieHMe TIpecCOBaHUS N3-
MeHsu1och oT 60 1o 140 MIla B 3aBUCMOCTH OT Tpe-
OyeMoIi HayaJIbHOI IUIOTHOCTH 3apsiaa. BeicoTa 00-
pasuos (L) cocrasisina 21—24 mMm, macca (M) — oKo-
a0 10 r, twrotHocTh (p) — 1.34—1.47 r1/cM?,
MOPUCTOCTh (m) — 7—15%. U3mepeHUs ra3onpoHu-
1IaEMOCTH TT0Ka3aJjiu, YTO €€ BEJIMYMHA HE 3aBUCUT OT
Hannuus miieHku [1Bb Ha yacTunax u Bo3pacraer oT
5 no 12 I ¢c yBeJIMueHUEM IIOPUCTOCTHU 3apsiaa oT 8 10
14% (tabi. 1).

B kayecTBe BOCIUIAMEHMTENSI MCIIOJb30BAIN
IBIMHBIN pyXeiHbIi opox (IPIT) ¢ pazamepom uga-
ctrir <50 MM m mx Maccoif ot 0.04 mo 0.23 1, KoTO-
pBIii MOMXUTAIM HUXPOMOBOI cniupajibio. M3MeHsasa
konmdecTBo JIPI1, perynmmpoBanu BeIndnHy Hadalb-
HOTO M30BITOYHOTO IaBJICHUSI B 00beMe OOMOBI, KO-
TOPOE PETMCTPUPOBAIM IbE30KBAPLIEBLIMU JaTYUKA-
mu AVL 2000 u T6000 ¢ yacroToit He MeHee 200 k1.
CucremMa perucTpaluy No3BoJsIa UBMEPITh JaBje-
ane ¢ Jactoroit 7o 400 kIT11. ITorpemrHocThs He mpe-
BBIIIAIA 5—8%.

MonenbHblIi pakeTHbII ABUTaTe b (pUC. 1) cocTo-
SI7T U3 METAJTMYECKOM 0007104KM / ¢ BHYTPEHHUM Ka-
HajoM AuaMeTpoM 19 MM, MOACOENUHEHHOU K J0-
MOJIHUTEILHOMY 00BbeMy 3, COCTaBJISIONIEMY OKOJIO
300 cMm>. B BepxHeii ero yacTu pacnosarajioch corio 5
auameTpoM 6 win 10 MmMm. O6pa3siibl 2 BEICOTOM 87—
88 MM u mopucrocThio 10—12% roToBWIM METOIOM
MOPIMOHHOTIO IIPECCOBaHMSI HaBECOK MacCOil OKOJIO
7 T B KaHan o6oj10uKku. B KadyecTBe BocrutameHUTENST 4
NpUMEHSIaCh CMECh, COCTOsIIIAsI U3 TLIMHOTO (1 T) 1
OUPOKCHIMHOBOTO (2—2.5 1) mopoxoB. JdaTuynkamu
T6000 nsmepsiioch maBiaeHUe B 06bemMe 60MOBI (D1),
B KaHase Haz 3apsanom (D2) u Ha rmyoune 40 (D3) u
85 mm (D4). ITo 3anmcsiM KpUBBIX 3aBUCUMOCTH p(f)
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OoIpene/suInch maBjieHue (p) u Bpems (f) BOSHUKHO-
BEHUS TOCJIOMHOTO ¥ KOHBEKTUBHOTO TOPEHMSI.

B MaHomeTpuueckoii 6oMOe nasieHue (P,) v Bpe-
M4 (%), IPU KOTOPBIX HAUMHAETCS MOCJIOMHOE rope-
HUE, ONPENeIsUTUChH IO MOMEHTY PaCXOXIEHUS KpU-
BBIX 3aBUCUMOCTH p() TIPU CTOPAHUM B OMMHAKOBBIX
YCIIOBUSIX BOCIIJIAMEHUTEIS C 00pa31IoM 13 MHEPTHO-
rO cocTaBa M HcciemyeMoro 3apsiaa. Ha KpuBbix 3a-
BUCUMOCTHU p(f) 3TOT MOMEHT obo3Havasicsl OyKBoii B.
B xauecTtBe MHEpPTHOTO 0OpAa31la UCITOIb30BAJICS TIE-
COK ¢ pa3mMepoM JacTull MeHblne 200 MKM, MJIOTHO-
cteio 1.51—1.52 r/cm3, BeICcOTOI ~21.5 MM M Maccoii
10.3 1. PazBuTHE ITOCIOMHOIO rOpeHMsl 10 Mepexoaa
Ha KOHBEKTHMBHOE MIPOMCXOIMIIO IIPY HApacTaloIIeM,
cramaroneM Wi GIM3KOM K ITOCTOSHHOMY HaBIie-
Huu B 6oM6Oe. uddepeHmpoBaHreM KpUBOIi 3aBU-
CUMOCTHU p(f) oIpenessuiach MHTEHCUBHOCTb M3Me-
HEeHMsI IaBJIEHUS BO BpeMeHHU, dp/dt. PaccunTheiBa-
Jock ee cpenHee 3HaueHue (AP/Ar),, B uHTepBase
At =t, — t; Ha 06eux cTaausx rno popmyie

(AP/AD) = (B, = R)/(t; = 1) (1)

ITpu HapacTatonieM AaBJIeHUU 3HAY€HUE UHTEHCHB-
HOCTH OyJIeT CO 3HAKOM “IIIIOC”, TIPU CIIafaloleM —
CcO 3HaKOM “MuHYC”. BO3ZHMKHOBeHNE KOHBEKTHUB-
HOTO peXMMa OIpPeNeisijioch Mo Hayany yBeJIUYeHUs
WHTEHCUBHOCTHY HapacTaHus nasiaeHus p(f). Hapsimy
C PE3KWM U3MEHEHMEM WMHTEHCUBHOCTU HaOII0Ja-
JIOCh U TJIABHOE €€ TOBBILIEHUE. 32 BEJIUUUHY JaBJie-
HUS CpbIBa MOCIOMHOTO rOpeHUsI TPUHUMAJIOCH 1aB-
JIEHUE Ha CTauH TOCJIONHOIO TOpeHUsl, ITocJie KOTO-
poro cpenHee 3HaueHue (AP/Af)., Bozpacrtano B 4 u
Gouiee pasa 1o cpaBHeHuUIO ¢ (A P/Af),, npu MocIoi-
HOM ropeHunu. Ha 3anucsx KpuBbIX 3aBUCUMOCTH p(f)
3TOT MOMEHT 0003Havayicss OyKBoOIi S ¢ KoopauHaTa-
mu P, u t,. UHTerpupoBaHueM KpUBoOIi p(f) B mpene-
Jlax oT 0 o f, BBIYUCJSIJIUCh 3HAYEHUs] UMITYJIbCOB
nasieHus (/) rasos, fp(t)dt (B MIla - Mc), K Havaiy
KOHBEKTHBHOTO TOPEHMUSI.

B MoaenbHOM pakeTHOM JBUTaTEse ONBITOB C 3a-
MEHOI aKTUBHOTO 3aps/ia HA UHEPTHBINA HE TPOBOAU -
Jiock. ITocne cropaHus BoCIUIaMEHUTENSI JABJICHUE B
OoMOe B TeUEHUE HEKOTOPOTOo BPEMEHU — OT f; 10 I,
CHWXXaJIOCh 110 SKCIOHEHLIMAJIbHOMY 3aKOHY U3-3a UC-
T€YEHUs1 0OPa30BaBILIMXCS MPOMYKTOB YEPE3 COIUIO U
MIX OXJIAXKIEHUS 32 CYET TEIUIONOTEPDh B CTEHKU OOMOBI.
Onpenensiivch napameTpbl 3TOM 3KCIIOHEHTHI, MPO-
BOJIMJIACH €€ alIpPOKCHMMAallMs Ha TMOCJenyonye Bpe-
MeHa. Bpewms 7, korga gasieHue B 00beMe HAYMHAIO
CHMKATHCS caabdee, YeEM IT0 3KCIIOHEHTE, TPUHUMAJIOCh
3a HAYaJIo MOCJIOMHOIO rOPEHUs], KOTOPOE BO3HUKAJIO
IPY COOTBETCTBYIOLLIEM 3TOMY BPEMEHU JABJIEHUU P,
3a Hayano0 KOHBEKTMBHOIO PEXUMA NPUHUMAJICS MO-
MEHT U3MEHEHUSI UHTEHCUBHOCTU FOPEHUS C OTpULIA-

BEe=—1D2

J=——1 D4

/ _'_:'_.3:

27 |

Puc. 1. Cxema MoienbHOrO pakeTHoOro asuraress: [ —
MeTaJuindeckas 060j104ka; 2 — uccleayeMblii obpasel;
3 — cBOOOOHBIN 00beM; 4 — BOCIUIAMEHUTEIIb; 5 — COILIO;
D1, D2, D3, D4 — natunku naBieHUs.

TEJIbHBIM TPAIMEHTOM Ha TOJIOKUTENbHBIN, TTOCHIE KO-
TOPOTO ee 3HaYCHIEe BOo3pacTajo B 4—7 pa3 u 6oJee.

PE3YJIBbTATBI DKCITEPUMEHTOB

Hccaedosanus ¢ manomempuueckoii 6ombe npo-
BOJIWJIU TPU JaBJIeHUsIX BociuiameHuTensd P; = 0.5—
0.75 MIla. B atux yciioBusix ropeHre 0Opas31oB Ha-
YUHAJIOCh B NMOCIOHHOM pexume. [Ipu menblieM P;
OHU HE BOCIUIAaMEHSJIUCh, JaBJIEHUE MOCTIEe TOCTUXKE-
HUS MaKCUMyMa CHMXKaJIOCh M3-3a OXJIAXJIEHUs ra-
30B 3a CUET TeMJIOBbIX OTEPh B CTEHKU OOMOBI U Me-
TaJUTMYECKUM cTakaH4YuK (puc. 2, KpuBas I, ONbIT
Ne 988). I1pu 6osbiiem P; ~ 0.9 MI1a KOHBEKTUBHBIM
pPEXUM BO3HMKAaJl Ha CTaluU CrOpaHus BOCILIaMe-
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Puc. 2. 3anucu naBieHre—BpeMsi B MAHOMETPUYECKO O0MOe MpU CropaHUU BOCTUIAMEHUTEJISI C UHEPTHBIM COCTaBOM, CO3/1a-
touero nasiaenue: 0.3 (1), 0.5 (3), 0.75 MIla (5), u ipu riepexo/ie MoCA0MHOro ropeHMsi B KOHBEKTHBHOE 00pa3loB, CIPECCo-
BaHHBIX M3 3epeH Mopoxa Mapku 5/7 ¢ mopuctoctbio 15 (2), 8% (4) — onbiTel Ne 987 11 No 976 COOTBETCTBEHHO.

HUTeNsd 0e3 3aMeTHOIO IIPpOTCKAHMA MOCJOMHOrO
TOpPCHUA.

ITocnoitHoe ropeHue obpasua ¢ m = 14% u3 uc-
XOIOHBIX YacTHll (puc. 2, Kpusast 2, onbIT Ne 987) Ha-
4yaJIoCh Ha CTaAUM CrOpaHUsl BOCIUIaMeHUTeNsI (Kpy-
Bast 3, onbIT Ne 983) ipu naBiaeHun ~0.5 MIla u npo-
TeKaJlo TIpU HapacraioleMm rpaaueHre (AP/Af),, ~
~0.007 MIla/mc. Pe3koro yBenudeHUsI CKOPOCTHU
MoabeMa NaBJICHUSI MPU BO3ZHUKHOBEHUM KOHBEK-
THUBHOTO TOpeHUsI He (PMKCUPOBAJIOCh, YTO CBSI3aHO,
MO-BUANMOMY, C OONBIIei pa3pelaronieii crrocoo-
HOCTBIO CUCTEMbI UI3MEPEHMSI IO BpeMeHU (Ha TTopsi-
JIOK 1 00J1ee) TT0 CpaBHEHMIO ¢ paHHEe IIPOBEICHHBI-
mu ucciaegoBaHussMu [8—10]. CkopocTb HapacTaHUS
naBiieHus Havajna mpeBbinate 0.007 MIla/Mc mpu
P.=0.57 MIlau ¢, = 22 mc (Touka S;), u uepe3 10 mc
ee 3HauyeHue BbIpocyo B 4 pasa — mo 0.03 MIla/mc.
Takoe M3MeHeHUE, COMNIACHO paHee IMPOBEICHHBIM
paboTamMu, ITOKa3bIBAET, YTO PA3BUTHE KOHBEKTUB-
HOTO TOPEHUST HAYAJIOCh MIPU YKA3aHHBIX BHIIIE 3HA-
yeHusix P, u t,.

Bocrunamenenue 3apsina ¢ m = 8% (puc. 2, Kpusas 4,
onbIT Ne 976) MpPOUCXOAUIIO TIPU YBEIUUYEHHOM 0
~0.75 MIla HayaIbHOM JaBJICHUM BOCILIAMEHUTES
(kpuBas 5). IlocioitHoe TopeHre HaYajJoCh Ha CTa-
IUU €TO CTOpaHMsI M MPOTEKalOo MPU ITOCTOSTHHOM
(yCpemHEeHHBIM MO IyJbcalusam) naBieHuun. I[lpm
BpeMeHU 45 MC CKOPOCTb €r0 MoabeMa BhIpOCIa 10
0.05 MIla/mc, 4TO yKa3bIBaeT Ha MePexod B KOHBEK-
TUBHBIN pexuM. B nanvHeiiem (B nHTEpBaie oT 49
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o 58 Mc) HabIogaeTcs CHIDKEHUE MHTEHCUBHOCTH
HapacTaHUS HaBJIeHUs p(f), CBI3aHHOE C TUCHEPIri-
poOBaHMEM KOHIJIOMEPATOB o0paslia U YaCTUUHBLIM
npekpanieHueM nx ropeHus [8, 5]. B manpHeimem
pocT dp/dt BO3OOGHOBIISIETCS.

CpaBHUBas MOJyYeHHbIE Pe3yJIbTaThl, CIeIyeT OT-
METUTb, UTO Ha 3apsiiax, CIPeCCOBAHHBIX U3 T'paHyJ
nopoxa Mapku 5/7, yMeHbIIIEHIEe TIOPUCTOCTU OT 14 no
8% mpuBero K pocty gaBienus P, ¢ 0.57 mo 0.75 MIla n
YBEJIMUECHUIO BpEMEHU MPOTEKaHUSI TTIOCJIOIHOTO ro-
pEHUS 00 TIepexoaa B KOHBEKTUBHOE ¢ 22 1o 45 Mmc.

MuunnpoBaHue ropeHust o0pa3loB Mopoxa 13
OGPOHUPOBAHHBIX IPAHYJ OCYILIECTBIISJIOCH IPU TaB-
nenun Bocruiamenutenss ~0.7 MIla. Ipu m = 15%
pacxoxXAeHVe KPUBBIX 3aBUCUMOCTHU p(f) OT cropa-
Hus 3apsna (puc. 3, kpusasi I, onbIT Ne 872) u Boc-
niaameHuTels (KpuBast 3) IIPOMU30IILIIO IIPU BpEMEHU
50 Mc (Touka B)). B mocnenywoiiem Habioonantoch
CHUXXEHME JaBJICHUsI MPOAYKTOB CrOpaHUsl 3apsiia,
KOTOpOe TIpoTeKajo cjabee, yeM CHUXEHUE NaBlie-
HUS IIPOAYKTOB CropaHus BocIulaMeHuTes. Pa3Bu-
BaJioCh MocCioiiHOe TopeHue. OHO MpOTeKalIo Mpu
mamaroiieM oT 0.7 go 0.6 MIla maBnenun. I'pagueHT
dp/dt Bozpacrtan ot —0.002 (58 mc) mo 0.000 MITa/mc
(134 mc). CpenHee 3HaYeHME TeMIIa €r0 YBEJINUEHUS
cocraswio 0.002/76 = 0.000026 MITa/mc?. Ilpu Bpe-
MeHH 134 Mc Havajcs MOTbEM MABJIEHUSI CO CKOPO-
ctbio ot 0.000 (134 Mc) mo 0.001 MITa/mc? (144 mc).
Hapacranwue dp/dt B enuHUIly BpeMEHHU YBEJIUYUIIOCH
10 0.0001 MITa/mc?, uTo B 4 pa3a BBILIE, YEM ITPU 1O~
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Puc. 3. JluarpaMmmsbl AaBlieHHe—BpeMsl B MAHOMETPUIECKOM G0MOe TIpH Mepexo/ie MOCIOMHOTO TOPEHUST B KOHBEKTUBHOE 3a-
PsIIOB U3 OGPOHMPOBAHHBIX 3epeH Mopoxa Mapku 5/7 ¢ mopuctocThlio: 1 — 15% (onbiT Ne 872), 2 — 7% (onbiT Ne 977), 3 — nipu
CrOpaHuM BOCILUIAMEHUTEJISI C MHEPTHBIM COCTaBOM, co3naoliero aasieHue 0.7 MIla.

cioiiHoMm ropeHuu. Ilocnemyomuii pocT naBieHUs
npoTeKall ¢ 6oblieit ”THTEeHCUBHOCTbIO. [IpuBeneH-
HbIe TaHHBIE YKa3bIBafoT, uyTo Tipu P, = 0.6 MIla u
t. = 134 Mc npousouien nepexos MocaoiHOro rope-
HUSI B KOHBEKTUBHOE.

Ha o6pasiax ¢ mnopucTocTbio 7% CHUXKEHYE I1aB-
JeHus p(f) mocae cropaHusl BOCIJIaMeHUTENs (Kpu-
Basi 2 puc. 3) cHayaja NMPOUCXOAUT MHTEHCHUBHEE,
YyeM CHUXXeHUe p(7) MPOAYKTOB CTOPaHUSI MHULIMATO-
pa (kpuBasi 3). Bo3M0OXHO, 3TO CBSI3aHO C YBEJIUYCH-
HBIMM MOTEPSIMU Ha TIPOrpeB U yHajeHUe TUICHKU
I1BB, mjI0THOCTH KOTOPOIi, ITO-BUAMMOMY, BO3pOcCiia
MpU yBEJIWYEHUM JaBJIEHUsI MPEeCcCOBaHUsS 3apsijia.
ITpu naBnenuun ~0.5 MIla (84 mc, Touka B,) cko-
pOCTb TafieHus p(f) cTajaa MeHbIle, YeM JIJIST BOCILIA-
MeHuTess1. Hadamoch mocioifHoe ropeHue 3apsiia,
KOTOpO€e 0 BpeMeHU 175 MC IpoxXoauiio npu aaBjie-
HUU, OJIM3KOM K TTIOCTOSTHHOMY CpeIHEMY AaBJICHUIO.
HansHeiiee (1o BpemeHU ~300 Mc) ero pa3BuTHe Ipo-
Tekasio npu cHuxkeHuu p(f) no 0.4 Mlla co cpenHuM
sHaueHneM Ap/At = —0.0005 MIla/mc. I1pu BpeMeHU
304 Mc (Touka S, Ha KpuBOii 2 puc. 3) naBlieHNEe HAYaI0
Bo3pacTaThb. Bemunna Ap/At B uHTepBaje BpeMeHU OT
300 no 350 mc coctaBuna +0.002 MIla/Mc, 4TO B YEThI-
pe pa3a BhIIlIe TeMIIa CHIDKeHUS aaBiaeHus. [Tocaemy-
folee yBeaudeHue p(f) MpoOUCXOOUIO C OOJIbIIEi
ckopocthio. Ilepexon oT mamamliero AaBiASHUS K
BO3pacTaloleMy, yBeJIUYeHNEe MHTEHCUBHOCTU €TI0
nogbeMa MmokKasbiBaeT, uTo npu gasieHuu 0.4 MIla
(304 Mc) TIOSIBUIOCH KOHBEKTUBHOE TOPEHUE.

Ucnonp3oBanne B oOpasiax OpOHMPOBAHHBIX
rpaHyJI IIPUBEJIO K YBEJIMYEHUIO BpeMEHMU MTOCIONHO-

TO TOPC€HUA U IIPOTCKAHUIO ITOCJICOAHETO ITPpU Imagaro-
meM naaBicHUM. KOHBEKTHUBHBIN PEXUM HavaJICia
IIpr JaBJICHUHN HMXKE CO3JaBacMOro BOCIIAaMECHUTEC-
JIEM, a €ro BCJIMYMHA CHMXajJlaCb C YMCHBIICHUEM
IIOPUCTOCTU.

IMocnenuuii pe3yirbTaT OTIMYAETCS OT IOIYICH-
Horo paHee [8] Ha ob6pasiiax reKcoreHa MOPUCTOCTHIO

HaBnenue, MIla

Bpewms, mc

Puc. 4. MIaMeHeHue naBjIeHUs BO BpeMEHU B MOJIEILHOM
pakeTtHoM aBuratese (onbiT Ne 904): 1 — Han o6pa3Lom
13 TpaHyi nmopoxa cocrtasa 5/7 +4.1% IIBb c m = 12%; 2,
3 — Ha ryouHe 40 1 85 MM MpU BOBHUKHOBEHUU KOHBEK-
TUBHOTO TOPEHMST; 4 — KPUBasi SKCTPAMNOJISILUY MaaeHUs
naBjieHus1 B oobeMe 60MG6bI (/) ipu 10—26 Mc, mpoaosn-
>KeHHast 10 45 Mc.

XUMUYECKAA ®U3NUKA Ttom42 Ne3 2023
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Puc. 5. 3anucu naBneHue—BpeMs B MOJIEIbLHOM paKeT-
HoM nBurarese (onbiT Ne 969): [ — Haj TOPLIOM 3apsina U3
rpaHys nmopoxa Mapku 5/7 ¢ m = 10%, 2 — Ha niyOuHe
39 MM 1ipy UIIBTPALIMU TPOAYKTOB CropaHusl BocCIuia-
MEHUTEJIS.

ot 10 1o 50% u pasmepom vactuir 200 Mkm. [TokpbI-
THe UX napaduHoM B KosimdectBe 10% He MOBIUSIIO
Ha BEJIMYMHY KPUTUISCKOTO JaBJIeHUS cpbiBa. Bepo-
SITHO, 3TO CBSI3aHO C MEHBIIECH TOJIIWHOM TJIEHKU
(3 MKM) M HU3KOU TEPMOCTOMKOCTHIO MapacduHa.

B ycaosusx modeavnozo paxemnozo ogueamenst Bo3-
HUKHOBEHHUE TTOCIONHOIO M KOHBEKTUBHOIO TOpe-
HUS 00pa3loB ¢ OJIU3KUMU 3HAYSHUSIMU TOPUCTOCTH
MMPOMCXOAMJIO MPU TOBBIIIEHHBIX, TI0 CPABHEHUIO C
YCJIOBUSIMUM CXKMTAHMSI B MAHOMETPUIECKON OoMOe,
HavanbHBIX maBaeHusx. Ilpu maBnenum ~1.1 MIla
ropeHust obpasiia u3 HEOPOHUPOBAHHBIX YACTHIL C
m = 10% He Bo3HMKa0. /111 BOCIJIaMeHEeHU 3apsiaa
¢ m = 12% w3 OpOHMPOBAHHBIX TPAHYJ IaBIEHHE
BOCIUIAMEHUTEJIS TIPUIIIOCH YBEIMUUTD 10 ~8 MIla
(puc. 4, kpuas I, onbIT Ne 904).

IMocne mocTuzkeHUST MaKCUMAJIBHOTO 3HAYEHUS
JIaBjeHue B OoMOe B MHTEpBaJie BpeMEeHU OT 7.5 1o
26 Mc cHIXanoch 1o 3 MIla 1o 3KkcnoHeHIIMaIbHO-
MY 3aKOHY:

P =109exp(~#/13.7) +13.5. )

HpOI/ICXOI[I/UII/I NCTCYCHMUC ITPOAYKTOB CropaHuAd BOC-
IJIaMEHUTEJIA 4YE€PE3 COIIO U UX OXJIAKACHUE 3a CUET
TCIJIOOTAAYN B CTCHKHM YCTaHOBKM.

DKCTparnojsgiueil yKazaHHOl 3aBUCUMOCTM Ha
Bpewms 10 45 Mc (puc. 4, KpuBas 4) yCTaHOBJIEHO, YTO
npu BpemeHu 27.5 mc u naBiaeHuu 2.9 MIla (touka B)
JaBjeHUe B 60MOe HauMHAEeT MPEBBIIIATh JaBICHUE
MPOAYKTOB CropaHUsl BoCIUIaMeHUTeNs1. Bo3Hukaer
MOCJIOMfHOE TOpEeHUE, KOTOPOE MPOTeKaeT MPY Maaa-

XUMUYECKAA ®U3UKA Ne 3
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oneM naBiieHn. CKOPOCTh €r0 CHUXKEHUS YMEHb-
mraetcst ot —0.1 MITa/mc ipu 27.5 mc 1o 0 ipu 36 Mc.
Cpennsisa ckopocTb usmeHenus (A P/At) ., cocrauia
~0.01 MITa/mc?. ITpu Bpemenu 39 mc (2.6 MTI1a) nas-
JIeHWe HauyuHaeT MoBblaTbes. IpagueHT dp/dt 3a
3 Mc yBesmumicsa ot 0 go 0.2 MIla/Mc co cpenHeii
ckopocteio ~0.07 MIla/mc?, uTo 7 pa3 BBILIE, YEM
pH TT0CIOitHOM TopeHnun. OTMeueHHOe U3MEHEHIE
B MHTEHCUBHOCTH TTOBBIIICHUS JABICHUS YKA3bIBaeT
Ha TO, YTO B 3TOT MOMeHT (39 mc, 2.6 MIla) BO3HUK-
JIO KOHBEKTUBHOE TOpEHUE.

YBenuueHue JaBjieHus, TIpU KOTOPOM HauMHaeT-
Csl TIOCJIOMHOE U KOHBEKTUBHOE TOPEHUE B MOJIEIb-
HOM PakeTHOM JIBUTaTeie, BO3MOXHO, 00YCJIOBJIEHO
CJeayIIIMMU TIpUYMHaMu: 1) uSMEHEeHUeM cocTaBa
BOCIUJIAaMEHUTEJISI: B MaHOMeTpuuyecKoit 6ombe uc-
noJyib3oBaics JPII, mpu cropaHuu KOTOpOro oopasy-
eTcsl OOJIbIIIOE KOJMYECTBO pacKaJeHHbBIX YacTULL; B
JIBUTaTelie MCMOoJb30BajlaCh CMECh M3 OIHOW 4YacTu
JPII u nByX-MSITU YaCcTe NUPOKCUIMHA WU ITMPOK-
cuJIMHOBOTIO Iopoxa “Cokoi1”, B IIPOAYKTax Cropa-
HUSI KOTOPOM TaKMX YaCTULL MEHbIIIE; 2) YBETUYEHU-
eM 00beMa YCTAaHOBKU Y BO3MOXXHOCTBIO UCTEYEHUS
MPOAYKTOB CTOpaHUs Yepe3 coruio. Jist BeISICHEHUS
BJIMSIHUS IEPEUUCTIEHHBIX (haKTOPOB TpeOyeTcs Tpo-
BeJeHWE JTOMOJIHUTENbHBIX CCIeT0BAHUIA.

3amnucu 1aBJIeHU B ABUATATeEN e Hal 3apsiAoM (KpU-
Basl [ Ha puc. 4) u Ha mryouHe 40 (kpuBas 2) U 85 MM
(kpuBas 3) NOKa3bIBaIOT, YTO K MOMEHTY BO3HUKHO-
BCHNS KOHBEKTHUBHOI'O TOPC€HUS HAaBJICHUE B ITOpax
COBITaaeT C NaBJICHWEM Hal TOPLIOM 3apsifa, T.c.
MPOM30IIJIO 3aroJHEHUEe ero mop I0 BCeil IJIMHE
MPOAYKTAaMU CropaHMsl BocIulaMeHuTess. s mpo-
BEPKU CTETICHU 3aIlOJTHEHUSI TIOp 3apsija MpoayKTa-
MU CropaHus BOCIUIaMEHUTECIA K Hadally KOHBCK-
TUBHOTO TOpPE€HHSA B YCIOBUAX MaHOMeTpM‘{eCKOﬁ
OOMOBI OBLITM TTPOBEIEHBI SKCIIEPUMEHTHI B MOJECIb-
HOM JBHUTaTejIe ¢ 00pas3IoM ITopHUcToCcThIO m = 10%,
CIIPECCOBAaHHBIM U3 HEOPOHUPOBAHHBIX YACTUIL, TIPU
HavajabHOM JgaBieHuU ~ 1.1 MIla. Ero razomnponuna-
€MOCTb OJIM3Ka K ra30IIPOHUIIAEMOCTH 00pas1ia ¢ Io-
puctocTbio m = 8% (1aba. 1). CocTaB He BOCITJIaMe-
Huics. [Tpou3soniia TonbKO GUIbTpaLvs NPOAYKTOB
CropaHus BociuiaMeHuTe sl Ha AiuHy oT 40 1o 80 MM
(puc. 5). Ee nepenHuii ¢poHT 3apuKCUpOBAJICS Ha
miHe B 40 MM 11pu BpeMeHU 18 Mc (OTMEUEeHO KPYyK-
KOM Ha KpuBoOi1 2 puc. 5), a npu BpeMmeHu 40 Mc 1aB-
JIEHHE B Mopax CPaBHSJIOCH C JaBJICHUEM HaJll TOp-
oM. [laTuuk Ha rimyouHe B 80 MM mmombeM p(f) He 3a-
nucall.

O06pa3nel B MAaHOMETpUYECKOIT 60MOe OBLIM KO-
poue: 21—24 mMm. CoOTBETCTBEHHO, (MIILTpans Ha
9Ty IUIMHY IPOMIET 32 MEHbIIIee BpeMsi, BRIpaBHUBA-
HHUE JaBJIEHUI MpoU30iAeT ObICTpee, U K MOMEHTY
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BO3HMKHOBEHMSI KOHBEKTUBHOTO TOPEHMUS B 3apsiaax
13 HEOPOHUPOBAHHBIX YacTull ¢ m = 8% (45 mc) nas-
JIEHUS B TTOpax U B 00beMe OyIyT OMMHAKOBBIMU.

laszomponuiraeMocTs 00pas3nos ¢ m = 15% mipu-
MEpPHO B 2 pa3a 0oJjbllle, CKOPOCTh (PMILTPALIMU B
HUX BBIIIIE. Bpems ee pacripocTpaHeHUs 10 BCeMy 3a-
psImy COKPATUTCS, U BIpaBHUBAHUE MaBICHUS TIPO-
U30MmeT ObICTpee.

IIpu HaHeceHUM TOJMBUHWIOYTUPAISI HA IO-
BEPXHOCTh YACTULl BpeMS IO BO3HUKHOBEHUSI KOH-
BEKTUBHOIO TOpeHUsI yBelIuuuBaeTcsi. [1pu ommHa-
KOBOI1 Ta30ITPOHUIIAEMOCTY 3apsIIOB BEIpaBHUBAaHUE
JaBJIeHUS OyIeT IMIPOUCXOIUT 3a Te K& BpeMeHa, 4To
1 11 00pa31ioB M3 HEOPOHMPOBAHHEIX TPaHyI, T.C.
JI0 Havyajla KOHBEHTUBHOIO TOPEHUSI.

Ha ocHoBe mony4yeHHBIX JaHHBIX MOXHO CAeJIaTh
BBIBOII, YTO K MOMEHTY Hauayia KOHBEKTUBHOI'O rope-
HHUS B MAaHOMETpHYECKOiT OoMOe B oOpasiiax m3 mc-
XOIHBIX 1 OPOHUPOBAHHBIX 3€peH ITopoxa 5/7 ux 1o-
PbI 3aMIOJIHEHBI IIPOAYKTAaMU CTOPaHUS BOCIUIAMEHU -
TeJIsl 10 TaBJIEHUs, OJIM3KOTO K AaBJIEHUIO B 0ObeMe.
CylleCTBYIOT MPOTUBOPEUYMBbIE JAHHBIE O BJIUSHUU
3aroJIHeHUS TTIOp MHEPTHBIM I'a30M Ha BO3HUKHOBE-
HUE U pa3BUTHE KOHBEKTUBHOIO ropeHus. B nccine-
poBaHusx [9, 10] mokasaHo, 4TO IIpeaBapUTEIbHOE
3aMoJHEHME OPUCTBIX 00pa3LoB (m = 24%) MelKO-
3epHUCTOrO T3HA (pa3Mep yactull — 20 MKM) MHEpT-
HBIM ra3oM — a30ToM B 10—15 pa3 moBbIIIaeT naBiie-
HHE CpBIBa IIOCIOMHOIO TOPEHUS U CHMXKAET CKO-
POCTh pacIpoCTpaHEHUSI KOHBEKTUBHOIO PEXMMa.
B pa6Gorte [5] Ha HU3KOMMOPUCTHIX 3apsaax (m = 5%)
U3 TpaHyJl CMECEBOro TOILIMBA C pa3MEPOM YaCTUIL
0.96 MM, OpoHHUpPOBaHHLBIX 5% TTapaduHa, IpeaBapu-
TeJIbHOE 3alloJHEHUE TOp NPOAYKTaMHU CropaHusl
BOCIUIAMEHUTEJISI He TIOBJIMSIO HA BETUYMHY CKOPO-
CTU KOHBEKTHMBHOT'O FTOPEHUSI TTPU HayaJIbHOM J1aBJie-
Huu ~18 MIla. Ilo-BuagmMoMy, HpeaBapuTEIbLHOE
3aIl0JIHEHME II0p a30TOM U (UJIBTPYIOLIMMMUCS B
IpoLecce OMNbITa MPOAYKTaAMM CTOPaHUsI BOCILJIaMe-
HUTEJISI He OMMHAKOBO BIMSET Ha BOSHUKHOBEHUE U
pa3BUTHE KOHBEKTUBHOTIO TOPEHUSI.

OBCYXJIEHME PE3YJIbTATOB

B GonpmHCTBE pabOT MO M3YYEHHUIO Tepexona
MMOCJIOHOTO TOPEHUSI B KOHBEKTHBHOE B MaHOMET-
puyeckoii 6oMOe OCHOBHOE BHUMAaHUE YACISIOCH
OIpeACICHUIO JaBJICHUS, TIPU KOTOPOM OH IIPOUCXO-
IINT, BIMSTHUIO HA HETO COCTaBa, pa3Mepa 4acTHll, Ta-
30IPOHMUIIAEMOCTA U TMOPUCTOCTU oOpas3na. duHa-
MUKY TIPOTEKaHUS Tpollecca MPaKTUIeCKU He pac-
cMmatpuBann. OmMHAKO aHaIM3 W3MEHEHUS KPUBOIit
3aBUCUMOCTH p(f) 1O BPEMEHU 7, IO3BOJISIET OLIEHUTb,
KaK MEHSIETCS BEJIMYMHA ITOBEPXHOCTU ITOCIOMHOTO
TOpPEHMsI 10 Hayajla KOHBEKTUBHOIO PEXKMMa.

ITocTostHCTBO HaBIIEHUSI TIPU TOPEHUU 0OpPa3IIOB
W3 VICXOOHBIX TpaHys npu m = 8% (kpuBas 4 puc. 2)
MOKA3bIBAET, YTO €T0 MOIbEM B pe3yIbTaTe MOCTYII-
JICHUSI Ta30B KOMIIEHCUPYETCS CHIDKEHUEM MU3-3a UX
GrIbTpaUy B TIOPHI 3apsiaa U OXJIAXKICHWS, CBI3aH-
HOTO C HarpeBOM MMOBEPXHOCTH OOMOBI 1 CTAKAaHYMKA
¢ 3apssagoM. CKOpOCTh MOCIOMHOrO TOPEHUS B 3TOM
cllydyae OCTaeTcsl HEeM3MEHHOM, KOJIMYECTBO ITOCTY-
MaloIINX Ta30B TaKXKe He MEHSIETCS, UTO yKa3bIBaeT
Ha MpOoTeKaHWe TOPEHUS C MOCTOSTHHOI BETWUMHOMN
MMOBEPXHOCTH.

IMocnoitHoe TopeHMe 3apsima ¢ 6OIbIIEH TOPUCTO-
cTteio m = 14% (kpuBas 2 puc. 2) HaAYMHAETCS TIPU
MEHBIIIEM JTaBJICHUN, KOTOPOE MOBHINIAETCS CO Bpe-
MeHeM. B aToMm ciyyae motepu Teruia HUXe ero mo-
CTYILUIEHMUS OT MPOAYyKTOB ropeHus. KoauuectBo no-
CJIeTHUX BO3pacTaeT Mo Mepe NMpoTeKaHusl mpoliecca.
JlaBieHue, Mpu KOTOPOM pPa3BUBACTCS IIOCIOMHOE
ropeHue, HUXEe MO CPpaBHEHUIO C NaBJIeHUEM, TPU
KOTOPOM TOpSIT 06pa3ibl ¢ m = 8%, U CKOPOCTb TOpe-
Hust HuKe. C ydyeToM 3TUX (PaKTOPOB IOBBILLICHUE
JaBJIEHUSI CO BpeMEHEM OMpeaessieTCsl yBeIuUeHUEM
MMOBEPXHOCTU FOPEHMUSI.

IIpu mcronmb30BaHUM OPOHMPOBAHHBIX TPaHYI
BpeMsl IO BO3HUKHOBEHHUS TOCJIOMHOTO TOPEHUS
yBeIU4ImIoch (puc. 2, 3). [lonumepHas IuieHKa npe-
MOSATCTBYET Ilepeaade TeIuia OT MPOAYKTOB CTOPAHUS
BOCIUJIAMEHUTEJISI K TTOBEPXHOCTU mopoxa. s ero
MOIKUTaHUS TpebyeTcs cHavajla HarpeTh W yIaJIUuTh
IJIEHKY (XOTS OBl B OTAEIBHBIX O4arax), co3maTh Ha
MOBEPXHOCTU MOPOXa HYXKHbIE IJIsI BOCIIAMEHEHUS

Tabauya 2. Pe3ynbTaThl 3KCHEPUMEHTOB B MAHOMETPUYECKOI 00MOe M pacueTa MMITYJIbca AaBjieHud I, K Ha4Yaay KOHBEKTHB-
HOr0 ropeHust

AP/At I
Ne ormbiTa Cocrasn M, r Lmm | p,r/em® | m, % P, MIla t,, MC (Ml'{a/;:é” MH;,- e
987 5/7 10.2 23.5 1.38 14 0.57 22 0.007 10.7
976 5/7 9.95 21.5 1.47 8 0.75 45 0 31.4
872 5/7+41%T1IBb| 10.2 24.1 1.34 15 0.6 134 —0.001 81.5
977 5/7+41%T1BB| 10.0 21.7 1.46 7 0.4 304 —0.0005 151.7
XUMUNYECKAA ®U3UKA  tom 42 Ne 3 2023
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TOJILIVHY MIPOTPETOTO CJIOS U TEMIIEPATYPY, UTO Tpe-
OyeT IOMOJTHUTEIBHOIO BpeMeHH. BocmmaMeHeHue
IMOpoXa MPOUCXOOUT B OTHCIbHBIX O4yarax ¢ HU3KO
MOBEPXHOCTHIO TopeHwust. [TocTymnaroliee ¢ IpoIyKTa-
MU TOPEHUS TETJI0 He KOMIIEHCUPYET MOTePh HA Ha-
IpeB CTEHOK OOMOBI, CTAKaAHYMKA, yaaJleHUe TUIEHKU
¢ mopoxa. B pe3ynbTare rasnl oxjaxkaaloTcst U TaBjie-
HUe B 60MOe cHmkaercs. C TeueHHneM BpeMeHU o4a-
M PpasroparTcs, MX MOBEPXHOCTb BO3pacTaeT, Mo-
CTYIUIEHHE Ta30B U TeIlla YBeJIUUYUBAETCS, MaJeHNE
IaBjeHUs 3aMmenisieTcs. [IpOHUKHOBEeHUE TOPEHUS B
MOpHI 3apsaa NPUBOIUT K CYIIECTBEHHOMY (B He-
CKOJIBKO pa3) YBEJIMYEHUIO MOBEPXHOCTU TOPEHUS,
CHVXXEHME JABIIEHUSI CMEHSIETCSI POCTOM U BO3HUKA-
eT KOHBEeKTUBHOe ropeHre. C yMeHbIIEeHUEM TTOPU-
CTOCTHU JJIUTEJBHOCTD MOCIOMHOIO TOPEHUST YBEIH-
YMBAETCS, KOHBEKTUBHbLIN PEXXUM HAauMHAETCS MpU
MEHBIIIeM IaBIeHU P,.

OObsicHeHHE BO3HUKHOBEHUSI KOHBEKTUBHOTO
TOpeHUsI TIpY MaAalolleM JaBICHUU ITPUBEACHO B pa-
oote [11], rme moka3zaHa BO3MOXKXHOCTb CAMOIIPOM3-
BOJILHOTO MPOHUKAHUS TOPEHUS B TIOPY IIUPUHOI
~0.1 MM u3 acTuH BropudHoro BB (rekcoreHa) u
OPICTEKJIa TIPU OTPULATEILHBIX IpagleHTaX IaBJie-
Hus (—0.5, —1.5 MIla/c).

Cpaenenue ycmou4ueocmu 3nepeemuyecKux mame-
Puaio0e X nepexoay MmocjaoifHOro ropeHusl B KOHBEK-
TUBHOE B HACTOsIIIee BpeMsI TIPOBOAUTCS 1O 3HAUYCHU -
sIM JaBJEHUSI CPbIBa, MOJIydeHHBIM B MaHOMeETpUYe-
cKoit 60oMOe Mpu ONMHAKOBBIX YCJIOBUSIX CXKUTAHWUSI,
pa3Mepax yacTull 1 o6pas3lioB, U 3HAUYSHUSIX UX Ta30-
npoHutiaemMoctu [10]. Cuurtaercsi, 4To COCTaBBI C
YBEJIMYEHHBIMY 3HAYCHUSIMU P, 0061anaioT 60sblieit
YCTOMYUBOCTHIO. JIJIMTEILHOCTh MOCIOMHOIO rope-
HUA 1 MTHTECHCUBHOCTb UBMECHCHMU A JaBJICHUSA ITPU €0
MMpOoTeKaHUU He yYuThIBaloTcs. [1o aToMy KpUTepuio
3apsibl U3 OPOHUPOBAHHBIX I'PaHYJ MUPOKCUIMHO-
BOTO MOpoxa Mapku 5/7, uMeroliye 60jee HU3KUe 1o
CpaBHEHUIO ¢ 00pa3llaMy U3 UCXOAHBIX TpaHyJ/l 3Ha-
yeHus P, MeHee YCTOMYMBBI K TIepexoAy MOCJI0HHO-
ro TOpeHUsT B KOHBeKTUBHOE. OIHAKO MX BOCIJIaMe-
HEHUE TIPOUCXOIUT C YBEJIUYEHHON 3a1€p>XKKOM; Mpr
3TOM BO3pacTaeT IJIMUTEIbHOCTh MOCIOMHOTO rope-
HUSI, YMEHBIIIAIOTCSI €ro IMOBEPXHOCTh M MHTEHCUB-
HOCTb, YTO IIPUBOAUT K PAaCIPOCTPAHEHUIO TOPEHUS
Mpu MagarliineM aaBiaeHuu (puc. 3). [ns cpaBHeHUs
YCTOMYMBOCTU OOpa3loB MpeajaraeTcs MOMOJIHU-
TEJIbHO YYUTHIBATh 3HAUYECHUSI UMITYJIbCA NaBiIeHuUs I,
P OMMHAKOBBIX WX OJIU3KUX YCIOBUSIX UX CXKUTa-
HHUS B MaHOMETpHYECKOil O0oMOe, pacCuMTaHHBIE K
HadgaJly KOHBEKTMBHOTO TopeHus. YeM oHM OosbIe,
TE€M BBIIIIE YCTOMYMBOCTh. DTU 3HAYCHUS JJIsI UCCIIE-
JIyeMBIX COCTaBOB ITPUBEACHBI B TA0JI. 2. YBeIMUeHNE
IUIOTHOCTH 3apsiAoB, MCIIOJIb30BAaHUE B HUX YACTHII,
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MOKPBITBHIX TUIEHKOM MMOIUMeEpPa, MPUBOIUT K BO3pac-
TaHUIO [, YTO CBMAETEJLCTBYET O MOBBIIIEHUU UX
YCTOMYHUBOCTH.

BbIBO/JbI

1. ITocnoiitHoe ropeHKUe 00pa3loB U3 I'PaHyJl MM1-
POKCUJIMHOBOI'O MOpoXa MapKu 5/7 B MaHOMeTpUYe-
CKO1 60MOe pa3BUBaeTCs IPU OJIM3KOM K TTOCTOSTH-
HOMY WJIX C1a00 BO3pacTarolieM JaBJICHUN. YBeIue-
HHUE TTIOPUCTOCTU ¢ 8 M0 14% MPUBOOUT K CHIDKEHUIO
IaBJIeHUSI, TIPU KOTOPOM OHO HAaYMHAETCS, yBeJIMJe-
HUIO WHTEHCUBHOCTU €ro IPOTEKaHUsI, YMEHbIlle-
HUIO BpeMEHHU U TaBJICHUSI BOSHUKHOBEHUSI KOHBEK-
TUBHOTO peX1Ma.

2. Ucnonp3oBaHue B 3apsigax TpaHyld, OpOHUPO-
BaHHBIX l'[OJ]I/IBI/IHI/I.H6yTI/lpaﬂeM, YBCJIMYMUBACT 3a-
JEP>KKY BOBHUKHOBEHMS TOCTOMHOIO TOPEHUS, CHU-
2Ka€T MHTEHCUBHOCTDb I'OPEHUsA, KOTOPOEC IMPOTEKACT
MMpU MajarwlleM JIaBiaeHuM. Bospacraer BpeMsl u
yMEHbILIAETCsl JaBJIeHUE Tepexoga Ha KOHBEKTHUB-
HBIN PEXUM. Benwu/ma JOAaBJICHUA ITIOBbBIIIACTCA C
YBECJIIMYCHUEM ITOPUCTOCTHU.

3. B MaHoMeTpuuecKoit 0o0MOe 1 B MOJIEJIbHOM pa-
KETHOM ABHUTaTEJI€ KOHBEKTHMBHOC TOPCHUEC HAYMHA-
€TCsI TIPY 3aTI0JTHEHUU TTIOp 00pa3IoB IO BCeil TMHE
MPOIYKTaMU CTOpaHUsl BOCIIJIAMEHUTEJISI 10 JaBJje-
HUSI, OJIU3KOTO K JABJICHUIO HaJ TOPIIOM 3apsa.

4. [ToporoBele 3HaUEHUS JaBJICHUIT BOSHUKHOBE-
HUSI TIOCJIOMHOTO Y KOHBEKTUBHOT'O TOPEHUSI B 3apsi-
Jax ¢ OJIMBKUMU 3HAYEHUSIMU TTOPUCTOCTU 3aBUCSIT
OT YCJIOBUIA CXKUTaHUSI — B MAHOMETPUYECKOIT OoMOe
OHU HIXE, YeM B MOJIEJIbHOM paKeTHOM JIBUTATEIE.

5. TlokazaHa BO3MOXHOCTb BO3HUKHOBEHUS,
NNpoTeKaHus " Iepexoaa TOCJIOMHOTO rop€Husi B
KOHBCEKTUBHOEC Ha 3apsgaax 13 6pOHI/IpOBaHHbIX ya-
CTUL ITPU MHTCHCHUBHOCTU CHUMKCHMUA OABJICHUS Ha
~2 mopsiiKa BblIlle, YeM B MAHOMETpHUUYECKOil bomobe.

ABTOp BbIpaxaeT 0J1arogapHoOCTh INIaBHOMY Hay4d-
HOMY cOTpyaHUKY A.A. CyJMMOBY 3a TOJIE3HbIE 3a-
Me4JaHWUsl, CAeJIaHHbIE TIPU MOATOTOBKE CTaThU.

Pabora BbInosiHEHa 3a CYET CyOCUIUPOBAHUS, BbI-
neneHHoro @UIL X PAH Ha BbIITOJTHEHME rocyaap-
CTBeHHOrO0 3agaHus 1o TeMme 49.2300822018-0004 (pe-
rucTpalimoHHbI HoMep AAAAA18-1180331590088-8).
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