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NHNUNNPOBAHWE OETOHALNN

MOPUCTOIO B3PLIBYATOIO BEWECTBA
BEICOKOSHTAJIBIUNHBIM TMOTOKOM TA3A

A. T1. Epwos, A. O. Kawkapos, JI. A. Jlykbanuukos, 3. P. [pyyan

NuctuTyT ruapoannamuku um. M. A_ Jlaspenthesa CO PAH, 630090 Hoeocubupck, ers@hydro.nsc.ru

UccnenoBano vHUIMUPOBAHYE THHA HACBLIIHON [NIOTHOCTH IOTOKOM TOPSIYErO ra3a, CO3MAHHBIM B3DHI-
BOM aKTHUBHOIO 3aPsiia, OTAEIEHHOrO BO3AYINHBIM 1poMexyTkoM. [IpoBeneno cpaBHenue skcreprmMeH-
TAJTBHBIX NAHHBIX, MOJIYYEHHBIX METONOM CUHXPOTPOHHOU pammorpaduu, ¢ pe3yabTaTaMHl PAcYeTOB
o IByxha3HOH, IBYXCKOPOCTHOM, IByXTeMmepaTypHoi moneau. [Ipuemaemoe cormacue momydeHo opu
ydeTe OBYX IIPOIECCOB, YCKOPSIOIINX PEaKINIo: IPOo0IeHne YacTHUI IPU KOMIAKTUPOBAHUN MOPOIIKA
U UHTeHCU(DUKANSI TOPeHNs 13-33 HeyCTOMINBOCTU UCHAPSIOUIEr0CS IOBEPXHOCTHOTO CJIOST BEIIIECTBA
Ipu OOTEKAaHUN YACTUIl BEICOKOCKOPOCTHBIM MOTOKOM I'a3a.

KmoueBnie crioBa: MHUIIMUPOBAHIE, TTIOPUCTOE B3PLIBUATOE BEIIIECTBO, IEPEXO TOPEHUS B IETOHA-

OUIO.

BBEAEHWE

WHunuupoBanue neTOHAIINY B3PBIBUATHIX Be-
mects (BB) — »ro xmaccmueckas mpobGriema
¢usuku B3pbBa. OCOOBI WHTEpEC MPEenCTaBIIs-
IOT BOBMOXHOCTU MHUIMUNPOBAHUA OTHOCUTEJIBHO
CJ'Ia.6I)IMI/I IMITyJIbCaM7, KOT A I'a30JUHAMUYCCKUE
mapaMeTPHl IPOIECCa BO3PACTAIOT HA HECKOJIBKO
TOPSIIKOB, MPUYEM B XOOE€ PAa3BUTHUS NETOHAIAU
MOTYT MEHSATHCS ¥ BEOyIllne MeXaHu3MbI. yB-
CTBUTEJIBHOCTH K C.]'Ia.6bIM BOBHeﬁCTBHHM orpe-
nmemnser GeszomacHocTh obpamenus ¢ BB. Paspy-
MINTEJIBHBIC TOCIECOACTBUA HCCAHKIINMOHNPOBAHHOTO
Pa3BUTHS OETOHAIIAU MOTYT OBITH UPE3BBLIYANHO
Cepbe3HbI. JTO ONPABIBIBAET yCUIUS, HATIPABIIIE-
MBI€ Ha UCCJIEOOBAHME IIPUPOOBI TAKUX IIPOIECCOB.
WssecTrO, uTO MpM Masol (HACBHITHON) MIIOTHO-
cTu uyBCTBHUTEIHHOCTH BB cpaBruTenbpHO Bemu-
ka. [losromy umenHo masomnorabie BB Hanbomee
BAaXHBI C TOUKM 3PEHUA 6€30MACHOCTH.

OcHoBHAs 9acTh PabOT, MOCBAIIEHHBIX WHU-
nuupoBanmio meronanuu BB, memmrcs ma mBe
TPpynmnbl: UCCIEAYyeTCsS YOapHO-BOJIHOBOEC WHUIU-
uposanue (YBU) mubo mepexom ropeHus B Ie-
roranuio (III'I). ¥ mapHO-BOIHOBOE MHAIMUIPOBA-
HUEe — TPOIECC CPABHUTEIBHO OBICTPHIN: MeTOHA-
1ust Pa3sBUBAETCS 32 MUKPOCceKyHabI [1-3]. B Goib-

Pa6ora Boeimonnena mpu duHaHCOBOM mommepxkke Poc-
cmitckoro HoHma (GyHAAMEHTAIBHBIX UCCIENOBAHMI (IPO-
exter Ne 09-03-00127, 12-03-00077) u HAyIHOI IPOrPAMMEL
IIpesunuyma PAH Ne 2 (mpoekt 7).
© Epmos A. II., Kamxkapos A. O., JIykeauaunxos JI. A.,

IIpyysn O. P., 2013.

IMIWHCTBe ciydaeB mpouecc ¥YBUW wmccnemoBasics
171 TUTOTHBIX (MAJIONOPUCTHIX) BEIIECTB M3-33 WX
6osnbiren paborocnocobrocTu. Kpome Toro, Tpa-
IUIAOHHLIE SKCIEPUMEHTAIbHbBIE METOOUKN JIyU-
IITe TTOOXONSAT OIS pabOTHI € INIOTHLIMU BeIeCTBa-
MU, TOTZIa KaK IPU HU3KAX IIIOTHOCTIX DKCIEPU-
MEHTAJIBHBIC MaHHBIC ITIOOABEPXKEHBI €ECTECTBEHHBIM
dbnykTyanusaMm wm3-3a HeM3OEXKHBIX HEOTHOPOIHO-
cren Ha MacmrTabe 3epaa BB.

IIpomiecc IIT'H, 3amyckaembiii ropasno 60-
nee caabbIM BO3mecTBIEM (OOGBIYHO MOMKUTAHU-
eM mpu aTMOCHEPHOM NABJIECHWM), 3HAYATEITHHO
Gostee MemyieHHbIN. PasBurue meToHAInN C MOMEH-
Ta MNOOXUTaHWUA 3aHUMACT MUJIJIMCEKYHIOBI WJIN,
B KpallHEM ClIydae, NECATKA MUKPOCEKYHI [4—
6]. CrpemiieHue K BOCIPOU3BOIUMOCTH SKCIIEPU-
MEHTa W YOPOIIEHUIO €r0 TPAKTOBKU HAKJIAIbI-
BaJIO IOBOJILHO XecTKue Tpeboanms. Kitaccmue-
ckur IIT'J] Tpebyer 3akmiouenus BB B mpounyio
000JI0YUKY, OOBIYHO — TOJCTOCTEHHYIO CTAIILHYIO
TpyOy, KOTOpas COEPXKUBAET Pa3jeT IPOLYKTOB
TOPEHUS M CIOCOOCTBYET OMHOMEDHOCTH IIPOIEC-
ca. Takyro xkoH(PUTrypamuo TPyOHO HA3BATH €CTe-
crBennont, u yciosus [1I'], onpenesienabie B kitac-
CHIECKON TIOCTAHOBKE, MOTYT WMeTh Cjlaboe OT-
HOIIIEHNE K PeaJIbHLIM CIIyYasM HEeCAHKIMOHUPO-
BAHHOW [METOHAIIAW, MPOUCXOMIIINM, HAIPUMED,
npu nepeBoske BB. Ilosmmee mnosBuucs pabo-
THI, B KOTOPBIX HaxXe He NPUMEHSJICS BOCIIaMe-
HUTEJIb: TOPEHNE BO30YXKMIAJIOCH IMOPIITHEM, CXU-
maomuM BB ¢ omHOro m3 Topuos 3apsma (cMm.
[7]). OruMm mocruramachk Gosee TOYHAS OTHOMED-
HOCTBH (IIPEMMONIOKAUTETHHO UCKITIOIATIOCH BO3HUK-
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HOBEHUE IIPDOOOJIBHBIX KAaHAJIOB, IIO KOTOPBIM MO-
KET PACIPOCTPAHATHLCA INIAMS), HO TaKue SKC-
MepUMEHTHI errfe 6ojlee OTHAJIEHBI OT TUMUTHBIX
yenoBui ecrectBennoro 1T

Brigensror Takxe TpOLUECCHI O HA3BAHUEM
XDT (3mecs X o3HAYaeT HETOHALUIO OT <HEW3-
BECTHOW NPWIMWHBL», T. €. IIPXA YCJOBUSIX, HeEXa-
pakrepubix ais Y B u IIT']] [8]). Taxkoit mponecc
BO3MOXEH, HAIPUMEp, IPU YOAPe CO CKOPOCTHIO,
HeOOCTATOYHON Ny HopMaJsbHoro Y BU, u He Tpe-
6yer npounon obosiouku. [To Bpemenn pa3sutus u
o paszpyimasoraemy ddpdexkty XDT BoirmsaauT xkak
MPOMEXYyTOUHBIN BapuaHT mexay Y BU wm IITI.
Cunraercsa, uro XDT passuBaercs B pe3yiabTa-
Te CUJIBHBIX CABUTOBBIX medOpMaIlnii, pa3pyIIa-
mmx BB.

Cnenyer 3aMeTUTb, UTO TPAHUILI MEXIY
PA3ITIHBIMI DEXUNMaAMU HECKOJIBKO YCJIOBHBIL. B
m000M CIIydae pa3BUTUE MHETOHAIIMN HEBO3MOX-
HO 6e3 BocmiaMeneHuss BB u reneparum ra3oo6-
pasHbIx nponykToB peakmuu. [Ipu YBU obnactn
HArpeToro rasza (ropsame Toukm) B TBepabix BB
BOBHUKAIOT B PE3yabTaTe CXJIOIBIBAHWA IIOP, TPpe-
Hust, medOpMAIIA U TP., TaK XK€ KaK MPU CKATUAA
HEIIPOHUIIAEMBIM TOPIITHEM, T. €. Ta3 B 0Yarax ro-
PEHUsI TPOU3BOOUTCS W3 CAMOro BerecTsa. llpum
[T’ crapmapTHO WHUIUUPOBAHWE OCYIIIECTBIIS-
€TCs BOCIIJIAMEHUTEJIEM — BHEIITHUM UCTOYHUKOM
TOPSYero ra3a, OIHAKO B IIOPIITHEBOM» BAPUAHTE
I[IT'IT u 8 XDT He uctonb3yeTcs BHEITHUA BOCILIIA-
MEeHUTEIb. Bosee cepbe3Hoe OTInYIne yCMaTPUBAa-
€TCs B PA3IUYHON CKOPOCTHU IPOIECCOB, IPUIEM
YBU yxnanbiBaeTcss B MAKPOCEKYHIHBIA WHTEP-
BaJI.

Heckombko B CTOpOHE OT PACCMOTPEHHBIX
BBIIIIE SIBJIEHUU HAXOOUTCS WHUIIMUPOBAHUE IETO-
HaOUW B3PBIBOM YOAJIEHHOTO aKTWUBHOTO 3apdana.
HanHble 0 mepenade METOHANNAN U€PE3 BO3IYII-
HEBIN 3a30p MHOTOYMCJIEHHBI, HO B OCHOBHOM HO-
cAT sMnupuaeckui xapakrep. o cux mop BemyT-
€Sl MUCKYCCUU MO MEXaHU3MAaM Mepenadn — B Ka-
9eCTBe WHUNWHUPYIOIIEro HaxkTopa paccMaTpUBa-
I0TCS yIAPHAs BOJIHA B BOCIPUHUMAIOIIIEM 3aPsiIE,
HArpes nIpoayKTaMu OCTOHAINN aKTUBHOI'O 3apPs-
Ia, CaTue Ta30BbIX BKIIOUeHUR u mnp. Ha stom
done BbImENZETCS KiIaccuueckas pabora [9], rme
TMOJTy9eHO ObICTPOe MHUIMWPOBAHUWE MOPOIITKOOD-
pasabix BB B3peiBoM akTuBHOrO 3apsima uepes’
BO3OYITHBIN 3330p. B HACHIIHOM T'eKCOTE€HE IeTO-
HaIus Pa3BUBAJIACH MeHee TeM 3a 10 Mkc mpu nas-
JleHnu TOpMOXeHus moroka Bcero 65 Mlla. Ta-
kuM 00pa3oM, XapakTepHOe BPEMS HHUIUUPOBA-
Hus 6;m3ko K cayuaio Y BU, HO npu 3HAUMTEIHEHO

MEHBIIIEM CTAPTOBOM MABJIEHUU B 3apsme. ABTO-
pot [9] 3axM0UMIN, 9TO HHUIUUPYIOIAM AT€HTOM
SBJISIETCS MOTOK HATPETOTO Ta3a 33 BO3LYIIHON
VIIAPHON BOJTHOW, BHEOPSIOIINACS B TMOPHI U TIOM-
xuratpormi BB. Ilo cymecTBy, mpoucxoour 5Kc-
TPEeMaJIbHO OBLICTPBIA MePexof TOPEHU B MeTOHA-
nuo. OTMETHM, YTO TPU TAKOM DHEPTUUHOM BO3-
OyxkmeHuu He TpebyeTcs mpodHas 000JI0OYKA, TAK
KaK Ha MUKDPOCEKYHIHBLIX BpeMeHaX >(PPeKTUBHO
MHEPIIMOHHOE YIEPXKAHUE 3apsIa.

[Tosmuee miist BO3OY XK OEHUS CXOMHBIX ITPOIEC-
COB IPUMEHSJINCHL TAKWe CIOCOOBI, KAK BJIEKTPU-
YeCKUU PAa3psi WM B3PBIB MPOBOIHUKA BHYT-
pu mopotikoBoro BB, BOpPBICK ropsunx MIpomyK-
TOB TOpEeHUs W3 OTHEJILHOW KaMephl MPU IIPOpPHI-
Be MeMOpaHbI, BO3MIEACTBUE BOJIHBI T'a30BOH Iie-
ronanuu [10-12]. 3meck Takxke maBieHue B rase
Ha T'PAHUIE C TOPOIIKOM MOTJIO COCTABIISATH BCE-
ro coTHE arMocdep, HO BAXHO HOCTATOYHO pe3-
KO€ TPUJIOXKEHNE WHUIMUPYIOIIEr0 BO3IEHCTBUA.
[Ipupoma cToms GBICTPOrO pPa3BUTHUS IETOHAIIAN
0T, Ka3aJioCh ObI, Cj1abOr0 MCTOYHUKA, TTPEICTaB-
jgsieT oueBuMIHBLIN mHTepec. Habmronenus mo3Bo-
JSIOT YTBEPXKIOATH, UTO CYIIECTBEHHA NOByXdas-
HOCTBH mporecca. Peub Takxke mmer 0 HEOOLITHO
opictpoM IITI: meToHAMS TIPW SHEPTUTHON WH-
xkeknuu B mopbl BB ropsgero rasza pasBuBaercs,
HAYUHAS CO CTAIUN BECHMA OBICTPOrO KOHBEKTUB-
HOTO ropeHus. [Ipu »ToM mckm0UaeTcs XxapakTep-
Has mis kimaccudeckoro III'N1 mambormee memsteH-
Hasl CTANUS TIOCIONHOTO TOPEHUS.

B mammoi pabore c mpuMeHeHUEM HOBOTO (u-
3UYECKOTO METOMA — IMIPOCBEUMBAHUS 3aPAIA Iy U-
KoM cuHXpOTpoHHOrO m3nyuenus (CU) — uccre-
IOBAHO WHUIIMWPOBAHUE MOPOIIKA THHA HACHIITHON
mwiotHocTU. W3Mmepenus: mposomuiuck B Cubup-
CKOM [EHTPe CUHXPOTPOHHOrO wm3mydenus (Vn-
cruryt spepuoi dusukm CO PAH), ma crannun
«Bspeiey». CUHXPOTPOHHAS TUATHOCTUKA, MTPAK TH-
YeCKW He BHOCUT BO3MYIIEHUUA B WCCIEOYyEMbIN
IIPOITeCC, MO3BOJISIET HAOITIONATH MPOIECCHl B 00b-
eMe BeIleCTBA W 3HAYUTEILHO MOBBIIMAeT mHDOP-
MaTHUBHOCTH HKCIEpUMEHTa. KcTecTBEeHHO, MJIst
BOCCTAHOBJIEHUS PACIpPeNeNeHn Gu3mIecKkux Io-
JIell, HaTpuMep IIOTHOCTH, TpebyeTcs cepbe3Hoe
MaTEMATHUIECKOe «CONpPOBOXIeHME. [lnsa m3yue-
HUS MeXaHW3Ma IIPOIECCa PacIpeneeHus III0T-
HOCTHU CPABHUBAJIUCH C PACUCTHBIMU, IOy ICH-
HBIMI TI0 OBYX(a3HOM OBYXCKOPOCTHOM Ta30ou-
HaMWYecKour momenu. Momenb mpenycMaTpuBasa
yUeT Pa3IMIHBIX MEXAHW3MOB B3aMMOMNENCTBUS
¢da3. HoBrle maHHbBIE TO3BOININ IPOBECTU OETAITb-
HOE CPABHEHUE YKCIEPUMEHTAITBHBIX U PACIETHBIX
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npoduiel MIOTHOCTU W OIEHUTH POJIbL OCHOBHBIX
(haxTOPOB MHUIIMUPOBAHMS.

SKCNEPUMEHT

BBICOKOSHTAIBMUAHBIA TOTOK T'a3a, KaK U B
[9], cosmaBascss B3peIBOM HaBecku BB, ormenen-
HOHI BO3IOYUIHBIM IIPOMEXYTKOM OT HCCJICAyeMOro
IOPUCTOTO 3apdama. I/IHI/II_II/II/IpOBa,J'ICH OUJInHIOpUu4e-
CKWI 3apsl TYHA HACBITHOW INNIOTHOCTHW, NMAMET-
pom 16 MM u mTmHOM 25 MM B TOHKOU IIJIACTUKOBOM
obormouke. Pazmep uwacturr BB coctaBmsm okomo
0.3 mMm. IIpy mHXEKIINU HATPETOTO BO3AYXA C OT-
KPBITOTO TOPIIA, UCCIIEAYyEeMOro 3apsiaa BO3HUKAJIIO
c0XxHOe NByxda3Hoe TedeHne, IMHAMUIKA KOTOPO-
TO PerucTPUpOBAIIACH METOOOM CHHXPOTPOHHOTO
npocseunBanus. Cxema SKCIEpUMEHTa, IPUBEICHA,
Ha puc. 1.

CU upencrasisger coboi TOTOK (POTOHOB TOP-
mo3HOro m3iayudenust ¢ saepruenn 10-+30 k2B u
BBICOKOW WHTEHCUBHOCTHIO. 1l0 cymecTBy, ycko-
puTenb paboTaeT KaK BBICOKOKATECTBEHHBIN WC-
TOYHUK MSITKOTO PEHTTEHOBCKOTO M3ITyUIeHUs. ¥ T-
moBast pacxomumocTb CU BechbMa HUBKas: U3ITY-
U€HUE COCPENOTOYEHO B Y3KOM KOHyCE BOKDPYT
BEKTOpa CKOPOCTH C yTJIOM mopsnoka 1/vy, rue
Y — PeNATUBUCTCKUN PAKTOp; IPU SYHEPTUN DIIEK-
TPOHOB HECKOJIBKO TUTal’JIEKTPOHBOIILT PACXOMU-
MOCTBH MMEET TTOPSII0K 1073 = 1074 pan. Ummyns-
ChI M3JIyYIEeHUS TOBTOPSIOTCS C IEPUOAOM obpaiiie-
HUS DJIEKTPOHHOTO myuka 1mo opbute (250 HC mis
yckopurens BOIIII-3), maurensHOCTH UMITYIILCOB
okoso 1 ue. CU B mpuHIUIIE TeHEPUPYETCS HA, BCEX
yJacTKaX, IAe IPUCYTCTBYeT KPUBU3HA OPOUTHI
7, CIIEIOBATEILHO, MMEETCs IIOIEPETHOEe yCKOpe-
are. Omaako ms ycumeruss CU opranmsyrorcs
CIeNUAIIbHBIE YUIACTKE (BUITIIEPHI) CO 3HAKOIE-
PEMEHHBIM MATrHUTHBIM IIOJIEM, B KOTOPBIX TPa-
€KTOPHUS HAIIOMUHAET «3MeUKys. Buxomsimuin u3

Puc. 1. Cxema MHUOIUUPOBAHUS U MOJIOKEHUS 32~
psima oTHOCUTENBHO jTyua CU:
1 — meToHATOP, 2 — KOHTAKTHBLI HATYUK, 3 — BO3-

OyWHBIA 33a30p, 4 — 3apsn ucciexyemoro BB, 5 —
ayu CU, 6 — merexTop

BUTTJIEPA IIYyY0K CI/I MeEJI BUO JICHTHhI CE€YCHMEM
20 x 0.1 mm. U3nyuernne BOCOPpUHUMAJIIOCH JIMHEN-
HBIM T'a30BLIM IETEKTOPOM C IIPOCTPAHCTBEHHBIM
paspemenuem 0.1 mm [13, 14].

[Mornomenne CU onpenensiercss mHTErpaIoM
OT IINIOTHOCTU BAOOJIb JIyda W HE 3aBUCAT OT
XAMWYECKUX IPOIECCOB, IPOTEKAIIINX B CPEIE.
VHTEHCUBHOCTD TIPOIIENITEro U3y YeHNs U3MepsI-
JIach BOOJIH OCU 3apsana, UYTOOBI onpenenuThb 00-
LIYI0 OUHAMUKY PACIPOCTPAHEHUs IPOIecca, U B
HECKOJIBKIX IIOIEPEYHBIX CEYCHUAX C IIIaromM I10
BpeMeHu (.5 MKC, TUKTYEMBIM MEPUOOOM yCKOPH-
Telss M NOCTYHIHONM CKOPOCTHIO CUMTHIBAHUS WH-
dopmamuu. Ha puc. 1 moka3aHbl 06a BOBMOXHBIX
TIOJIOXKEHWS IIOCKOCTH JIyYa OTHOCUTEIBLHO 3aps-
Ia; B OEWCTBUTEIILHOCTH WCIOJIb30BAJIOCh b0
[IPOIOJIBHOE, JTNOO MONEPETHOE IIPOCBETINBAHIUE.

B SKCIIEpUMEHTAaX C IIONIEPEIYHBIMU N3MEPEHU-
SMU OIPEeNesIsiach TUHAMUKA PDEHTTEHOBCKOW Te-
HU U paCOpeneyieHus INIOTHOCTHA IO PAOUAYCy B
uccienyemom GukcupoBaHHOM ceueHuu. [Ipu Boc-
CTAHOBJIEHNY IJIOTHOCTY MCIOJIb30BAJIACh PEHTTE-
HOBCKasl T€Hb C OIHOTO PaKypca, IPU STOM IIpe-
MIOJIATAIIOCH MUINHAPUIECKU-CUMMETPUIHOE Pac-
TIpeliesIeHNe BEIleCTBA.

s BOCCTAHOBIIEHWSI 3aBUCUMOCTU TJIOTHO-
CTH OT panmyca W BPeMEeHU B (PUKCUPOBAHHOM
CEeYCHNN OUHAMHMKa IIJIOTHOCTU B 3aBUCUMOCTH
OT BpEMeHHU B psille ONOPHBIX TOYEK Ha PAOUY-
ce (4 TOUKM WO paamMyCy) ANIPOKCUMUPOBAIACD
CINTAWHOM, COOepXKaIllIM b TOUeK IO BPEMEHU.
IIpu BBIOOpPE TONOXKEHUSI OMOPHBIX TOYEK YUUTHI-
BaJIUCH CJEAyIOoIne 0COOEHHOCTY TeUeHUs: CILIa-
HBI OT BpeMeHU Ha pagnycax BHYTPU 3apsna Ha-
UMHAINCH Ha QPOHTE MCKPUBJIEHHOW BOJIHLI WHU-
OIUWPOBAHUS, CIUIAWHEI 33 IPENeiaMyi HAvYaJIbHOTO
pamuyca 3apsiia HAUUHAINCH HA TPAHUIE PA3JIeTa
BEIIIECTBA MCXOQHOTO 3apsiaa B aTMochepy.

[To nmpuBenenHOMY BhIIIEe HAOOPY MAPAMETPOB
(20 3HAUEHMIT ITIOTHOCTH B OMOPHBIX Y3JIaX U IBA
TIOTIOJTHUTENTHLHBIX MTapaMeTpa — KPUBU3HA (PPOH-
Ta W yroJ pasiieTa) BOCCTAHABINBAIIACH IUHAMU-
Ka IIJIOTHOCTHU TOJIBKO B HEKOTOPBIX OIIOPHBIX TOY-
Kax BOOIb pamuyca. Il BocCTAaHOBIEHWS IIIOT-
HOCTH B IMPOM3BOIILHON TOUKE PAONYCA MCIOIIB30-
BaJIACh WHTEPIOJISANINS CIIANHOM.

s BOCCTAHOBIIEHWS 3aBUCUMOCTU TJIOTHO-
CTHU OT PAIMyCa X BPEMEHU B IIPOU3BOILHOM Ceve-
HUN OJIA BCEX IMMEPEUYMCIICHHBIX ITapaMeTPOB CTPpOun-
JINCH WHTEPIOIAINOHHBIE CIJIANHLBI BIIOJIb OCH 3a-
psana (OKOJO HATH OMOPHBIX TOYEK). Bcero mis
OMMMCAHWS TUHAMUKN MIOTHOCTYU KMCIOIB30BAIOCH
ok0ji0 100 BerrecTBEeHHBIX MapaMeTpoB. Ajiro-
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PUTM BOCCTAHOBJICHUA OUHAMWKN IIJIOTHOCTHU 3a-
KJII0Yajics B moabOpe STUX MapaMeTpPOB U3 YCJIIo-
BUI MUHAMW3AIUU CYMMBI KBAAPATOB OTKJIOHE-
HUUW pPACUYETHBHIX 3HAUEHWN PEHTTEHOBCKWUX TIJIOT-
HOCTEW OT M3MEPEHHBIX B sKkcrepumenTe. s mu-
HrMu3anuu Ob11a HATMCAHA CIIEUAIN3UPOBAHHAS
KOMIIbIOTEPHAS IIPOrPaMMa, C PEAJIM3AIMER aJro-
puTMa TOWCKA DKCTPEMYyMa HETWHEeWHON QYHK-
UM MHOTUX TEPEMEHHBIX HA OCHOBE CUMILIEKC-
MEeTOMA.

ITpn nonbope mapaMeTpoB INIOTHOCTH IPUMe-
HAJINCh TONEPEYHBIEC PDEHTTCHOBCKUE TEHU, IIOJIY-
YCHHBIC B PA3HBIX CEUYCHUAX 3apPsada B PA3HBIX 3KC-
epUMEHTAaX, TPOBEICHHBIX IPU OMMHAKOBBIX HAa-
JAIBHBIX yCIOBUAX. Il TpPUBI3KY UX K €IUHOMY
BPEMEHU IIPOIECCa MCIOJIb30BAIIACH HAHHBIE IIPO-
IOJILHOU pPeHTTeHOorpadum, KOTIa B OMHOM JKCIe-
puUMEHTE HU3MEepPAIaCh 3aBUCUMOCTB KOOPDOWHATHI
dporTa OoT Bpemenu. Taxum o6pa3zoM ompenesns-
JIach MIBYMEpHAs OUHAMUKA, MPOIECCA — 3aBUCH-
MOCTBH CPEIHEel MJIOTHOCTH CPENbI p OT PAIUYCa T,
oceBorr KoopawHATHI £ u Bpemenu t. [lompoGmee
HOCTAHOBKA OIBITOB mM3jI0keHa B [15, 16].

BapbupoBanueM UWHUNUUPYOIIEH HABECKA
M3MEHSJIACH WHTEHCUBHOCTD ITOTOKA, BO3IEACTBY-
FOIIIEr0 HAa WccienyeMblin 3apsan. HauanbHOoe BO3-
HeﬁCTBHe Ha MOTOPOHIIOK NIPOU3BOOAUT BO3OYIITHAS
npobka 3a (GPOHTOM yHAPHON BOJHBL. 33 Bpe-
Ms HTOTO BO3HEMCTBUS (HECKOIBKO MUKPOCEKYHIT)
yCIeBaeT OnpeneanThbes cynbba mpomuecca. [lo u3-
MEpPEHHOU CKOPOCTU YOAPHOW BOJHBI B BO3OyXe
OIIPENesIsiinCh BCE MAapaMeTPhl MHUIAUPYIOIIETO
noToka. Bo3mercTBre BO3MYIIHON MPOOKYU aHAJIO-
TUYHO BO3MIEACTBUIO MPOMYKTOB ropenus BB umn
TMPOAYKTOB METOHAIAY T[Aa30BOM CMECH, KOTOPHIE
ncnonb3oBanucsk B [10-12].

OCHOBHOI MHTEpEC MPENCTABILET OKOJIOKPU-
TUYECKUH PEXUM WHAIIANPOBAHUS, B KOTOPOM IIe-
pen KOHTaKTOM C IOPOIIIKOM CKOPOCTH IOTOKA T'a-
3a u = 2.2 KM/C U IaBIEHWE B MANAIOMIEN BO3-
OYIIHON ymapHou BojHe p ~ 10 MIlla, uro coor-
BETCTBYET MOABJIEHUIO IIPU OTPAXEHUU OT XKECT-
kou mperpagsl 90 MIla — cymecrBenno 6ostee
HU3KOTO, ueM TpebyeTcs i yIapHO-BOIHOBOTO
BO30OY X IeHus neroHauu toHa. Hampumep, B [17]
st 6ojlee UyBCTBUTEIBHOTO MEJTKOOUCIEPCHOTO
THHA [MOJIYYeHO MUHUMAILHOE JABJICHNE YIAPHOTO
nauuuposaraus 250 Mlla. [Ipumepsr nByMepHBIX
pacupeneneHnii MIIOTHOCTH, IMOIIyIeHHBIX B 5TOM
pexume, TOKA3aHLI Ha, PUC. 2.

Hist cpaBHEHUS BKCIEPUMEHTA U PACUETHOM
MOJIEJ T, OMMMCAHHON HUXKE, UCIOIHL30BAJIUCH TTOCIe-
IOBATEIbHBIE TPOGUIN TIIOTHOCTH HA, OCH 3aPAA.

x, mm
T

20f

10r

7, MM

Ty MM

Puc. 2. Pacmpenenenue IjIOTHOCTH B OCEBOM
IIIOCKOCTH 3aPsIia TIPU OKOJIOKPUTUIECKOM UHU-
UUPOBAHUNA:

@ — BpeMs IIOCJIe HAYaJ/la BHEIPEHUsS MOTOKA B IOPO-
0K 3 MKC, 6 — 8 MKC
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Puc. 3. Pacupenenenue mioTHOCTH BOOIB OCH 33~
psana:

a — MATKUINI PEeXUM MHUINUNPDOBAHUS, BpEM4A IIPOIecC-
ca 9.5 MKC, 6 — KeCTKUil peXUM, BpeMs TPOIECCa,
5.5 Mkc; npodunu ciaenyior ¢ marom 0.5 Mkc

Ha pmc. 3 mokasaHbI mBa ceMelicTBa Ipoduiei,
MOJIYYEHHBIX B OBYX IIOCJIEOOBATEIIBHOCTAX 3JSKC-
mepumMeHTOB. Puc. 3,6 COOTBETCTBYeT ONUCAHHO-
MY BBIIIE€ OKOJIOKPUTUUIECKOMY, MITA «MSITKOMY>,
pexumMy mHunupoBaHus. CKOpOCTH BOIHBI B IO-
pOIIIKe BHAYAJE COCTABIAIA OKOIO 1 kKM/c, a B
KOHIle npomecca npesbimana 5 km/c. Cremosa-
TEeJILHO, 33 BpeMms MeHee 10 MKC pa3Buiiach mpak-
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TUYECKN HOPMAJIbHAS AeTOoHamusA. Puc. 3,6 nemMon-
cTpupyeT 00Jlee «XKEeCTKUU»> PEXUM, IIIT KOTOPO-
rO HAUAJIbHAS CKOPOCTH MOTOKA rasa u = 4.5 kM/c,
nasnenue p = 30 Mlla, uro coorBercTByeT mas-
JIEHWIO TPU OTPAXKEHUU OT XKECTKOU IIperpambl
300 MIla. EcrecTBeHHO, HETOHANWS [IPU HTOM
pa3BuBaeTCS OBICTPEE.

OTMeTyM 3meCh MOHOTOHHOE HApPACTAHUE
MAaKCUMAJIBHON IJIOTHOCTU HA, BOCCTAHOBIIEHHBIX
IpoPUIIIX M TOCTEMEHHOCTL Pa3roHa BOHEI. Kpo-
Me TOr0, OCOOEHHO IJIs «MSTKOTO» PeXuma, Xa-
PaKTEpPHO YMEpPEeHHOe CKaTue, MOCTUrAeMOe B Te-
ueHUe TepBbIX MUKpocekyu. CiienoBaTesHo, mo-
POITIIOK B HATaJIe IPOIECCa OCTAETCS Ta30MpPOHU-
aeMbIM (OTCYyTCTBYeT OGIACTH INIOTHOM YIAKOB-
ku). [IpenBapuTensHO 5TO MO3BONISET MPUMHUCATH
GUIIBTpAIMY TOPSIINX TA30B BEAYIIYIO POJIb B PAaC-
IPOCTPaHEHUM BOJIHBI Ha HAYAJIbHON CTaaouuy MHN-
IUTPOBAHUS.

PACYETHAA MOJEJNb

O6bem mubOpMAIIAM, U3BICKAEMON W3 CHUH-
XPOTPOHHOTO HKCIEPUMEHTA, IO3BOJISIET IIPOBe-
CTHU IETAIBLHOE COMOCTABIEHNE C YUCIEHHON MOJie-
JIBIO TIporiecca. MOoXHO 0XUIATh, YTO TAKOE CPAB-
HEHUE IIOMOXKET NOHATH MEXaHU3M WMHUINNPOBA-
Hug. [Ipm 5ToM MOmens mOJIXKHA YINTHIBATH HAU-
6omee BaxHBIE (PAKTOPBHI, O€3 MIIUITHUIX YCIOXK-
menuii. Kak oTrmedanoch BBHINIE, TPU «KMATKOM>
BO3MIECTBUYU HA, MOPOIIOK MOTOKA TOPSYErO rasa,
MEXaHU3M WHUIOUVPOBAHUA HE yﬂapHO—BOJ’[HOBOﬁ
(m7s KOTOPOrO HOMYCTUMO OTHOCKOPOCTHOE OIIH-
canue cpensr). IIoTok rasa mpum BCTpede € MO-
POIIIKOM TOPMOBUTCS IJIABHO, W TeM Ooitee mocre-
IIEHHO PAa3TrOHAIOTCA YaCTUIIbI ITOPOIIIKA. yﬂapHaﬂ
BOJIHA, B TMOPOIIKe ecnu u ¢GopMuUpyeTcs, TO Ha,
CPaBHUTENBLHO MO3mHeN cramuu. IJis Hamen 3a-
a9’ KPUTUUECKN BaXXHO B3amMopericTBue ¢a3 —
dunbTpyromerocs raza u 3aceinku BB. W3 stux
cooOpaXeHu [JIs PacueTOB BBIOpaHA NByxXdas-
Hasd, OBYXCKOPOCTHAasdA, OBYXTEMIEPATypHas MO-
nmenb. Kakx Bumgao u3 puc. 2, 60k0Boe paciiupeHue
3apsma gaxe Ha MO3THUX CTAIUAX IIPOIECcca HeCy-
IIeCTBEHHO. XOTS HEOMHOMEDPHOCTDL MPUCYTCTBY-
eT, BOIM3MW OCH 3apsma ee POib He IMPEeNCcTaBIII-
€TCA OHpe,HeJ'IiIIOH.IefI n OOIIyCTUMO OTPDAHUYIUTHCA
OMHOMEPDHBIM HpI/I6.]'II/I)KeHI/IeM.

Pacuernas obmacth memwTcs Ha OBEe YACTH.
IIpu 0 < z < 25 MM HaAXOOWTCS 3ACHITIKA, TOPOIII-
Ka THHA TOpUCTOCTBIO oy = (.42, mOpHI 3aImos-
HEHBI BO3IYyXOM IIPU HOPMAJIBHBIX yCIOBUsX. [Ipu
0 > z > —50 MM pacmosaraeTcst CJIOH BO3LYXa

7 [ajiee AKTUBHBIN 3apsm. Y Ka3aHHBIE Pa3MephI
COOTBETCTBYIOT IeOMeTPUN ONBITOB.
OcHoBHAs cucTeMa ypaBHEHWI MMEET BUI:

opp | Oppu
ot ox

=7,

dppu | Oppu®  Op
ot or TPar =T

OppEy  OppuEy O(pu + av)
o " oex P s

(u—v)?
2

ba |

Ps ot
oo 1on?
ot 2 0z

:J[Q+ —i—Es]—l—f(u—v)—q,

Oaw
) = ()
L op

19p 1 9ps _ [
ps 0T

psa Ot

OF; . OF;
ot ox

ps v q

,0504% B psa’

Ps = Ps(@, Pmin), Es = C(Ts —Tp) + Ep,

p=np(p,Ey), T =TI(p,Ey).

3mech p — IIOTHOCTH Ta3a, Ps — KPUCTAJIIU-
vyeckas WIOTHOCTL BB (cumraercs mocTosHHON),
«a — oOBbeMHas NOJsl TBepaou (asbl, (p — MOpU-
CcToCTh, @ + ¢ = 1, u — ckKopocThb rasza, v —
CKOpPOCTB TBepmou dasel, Ky m Egs — BHyTpeH-
HUE SHEPTUM ra3a W TBepmon (aswl, p — HaBIe-
HUE, Ps — MABIEHUE CXKATUSI TBEPIOTO CKEJeTa,
T u Ty — TemmepaTypbl ra3a M TBEPHIOH Gaswl,
C — remmoeMKoCTh, f — cuiia Mex(a3HOro Tpe-
HUSI, ¢ — Tem1006MeH, J — OPUTOK MAaCCHI OT
TBEpOON K rasoBou dase, () — TemnoBoi shdexT
peaknuu. Cumraercs, 4To Ta3 MOCTYIAET B BUIE
IPONYKTOB TOPEHUS.

Cucrema (1) B OCHOBHOM CTaHmAPTHA, HO
ypaBHEHNE NBUXKEHUS TBepHON a3kl mpeobpaso-
BaHO B «CKOPOCTHYIO» (opmy. OOBIYHO pacuer-
HOU TEpPEeMEHHOUN SBIISIeTCS IMJIOTHOCTH MMITYIbCA
psav (cM., Hampumep, [18]), u ckopocTs v mOIy-
JaeTcs NeJeHWeM Ha (v, KOTOpas B HAIlEW 3a[ate
obpaiaercss B HyJb B HEKOTOPBLIX O0IACTSAX Te-
veHus. B mpaBoil wacTu mpeobpa3oBaHHOTO YPaB-
uwenus f/(ps) ymaercs msbexarb HeleHWUs HA
HyJIb Oiaromaps OPUCYTCTBUIO MHOXUTENS & B
cuse conporusieHus (cm. Huxe). «TBepmoes xe
OABJICHUE Pg BO3HUKAECT TOJIBKO IIPU 3HAYCHUAX
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a > 1 — g, cTporo mojoxuTenbHbIX. i1 mogas-
JeHnst (OPMaIBLHON HEYCTOMYMBOCTU 3a0AYN WIC-
HOJTb30BAIACh PACUeTHAS cXeMa u3 paboTsr [18].

Xors ocHOBHBIE (mubdepeHnuaIbHBE) Ua-
CTU ypaBHEHWI MBYX(hA3HOTO TEUEHUS CIEMLYIOT
BIIOJTHE OIIPEIESIEHHBIM 06Pa30M 13 3aKOHOB COXPa-
HEHU, CyIIEeCTBYET M3BECTHBIN Tpom3BOJI B BBI-
Oope BUOa 3aMBIKAIOININX COOTHOIIEHWN, 0CODEH-
HO OmuCHIBAIOIUX B3amMmopeicTsue ¢dasz. Ilo cy-
IIECTBY, STU CBSI3M U OMPENENSIOT «UHIUBUIY-
AITBHOCTBY Mopenu. J[jis gacTu B3amMOmernCcTBUR
cervyac M3BECTHBI SKCIIEPUMECHTAJIBHBIC OAaHHBIC
I/I/I/II[I/I Pa3yMHBIEC TEOPETUYICCKUEC aCUMIITOTUKNA.

YpaBHEHIE COCTOSHUS Ta30BOi (aser p =
p(p, Eg) B3aro m3 paborsr [19]. Oro ypaBHeHme
IPUMEHNMO BO BCEM MMAIIA30HE MABICHWHA OT Ha-
9aIBHOTO (2TMOCHEPHOTO) MO METOHAIMOHHOTO.
Pasnuuus mexmy BO3myxom (B mopax 3apsna u
B 3a30p€) W MPOAYKTAMU TOPEHUs/IeTOHAIINY He
IeaJioch, TaK KaK MPU HU3KUX HABICHUSIX YpPaB-
Henue [19] onmchIBaeT MOEANBHBIA ra3 ¢ IOKa3a-
Tesem agumabarsr 1.375, 9TO SBIISIETCS XOPOIIINM
HpI/I6.]'II/I)KeHI/IeM OJIsL BO3OyXa. HO OJOCTUXKEHUN XK€
BBICOKIX OABJIEHUN POIb BO3MIyXa BOOOIIE CTAHO-
BUTCS HE3HAUUTEIIHLHON.

IIpu onucanum HATIpSIXKEHUA B TBEPHOU da-
3€ yUUTHIBAIACH HEOOPATUMOCTD medopMaIuu mo-
pomika. IlaBmenume B mopucToM ckejiere Ha dase
CXKATUS

bs =

= psci, (1—5)(<P0—<P)+5<P0(%— )] (2)

3meck cpg — CKOPOCTH 3BYKa MO TBEPIOOMY CKe-
JEeTy Ui HAYAJIBHOTO COCTOSHEUA (@ = @y =
0.42), 8 — nomromounsrii xko3ddunuent. [Tapa-
merpel f = 0.25 u ¢ps = 0.22 xm/c BBIGpAHBL
u3 coobpaXeHuil coraacus ¢ skcrepumerTom [20],
cM. puc. 4. [Ing cpaBHEHUs HA PUCYHKE TPUBEOCHA
3aBucuMOCTh, npussTas B [21]. IIpun HeGombmx
CXATUIX OHa OJM3Ka K MCIOJIB3YEMOW B TAHHOW
paboTe, HO MPU TIOJTHOM 3aKPBITUM HOP HAET KO-
HeuHOe (M HOBOJILHO HU3KOE) AaBIICHUE. 3aBUCH-
MOCTbD (2) mpennonaraer HeCKMMAeMOCTh CILIONI-
HOTO BeIlecTBa (IaBiIeHne CTPEMUTCS K GeCKOHeU-
HOCTHU 1ipu 0 — (), UTO JTydIIIe COryIacyeTcs ¢ 9KC-
nepumenToM. Iy Hamboslee MHTEPECHBIX PEXU-
MOB, OIUCAHHBIX HUXKE, OCHOBHBIE COOBITHUS TIPOUC-
XOMST TPU MABIIEHUSAX, HE MPEBBIIAIONIX COTEH
Meramackajen, a cxkaTue He NOCTUTaeT obmacTm
TOJTHOTO 3aKPBITUS IIOP, U IO3TOMY CKUMAEMOCTH
CaMOTO THHA HECYIIIECTBEHHA..

Ps, MMa
300

200

100

0 01 02 03 0.4

Puc. 4. 3aBucumocTs maBieHus: TBepHOR hasbi
OT TOPUCTOCTH:

Touky — mauHsle [20], kpuBas 1 — 3aBucuMocTh (2)
B (hase cxkaTus, KpuBas 2 — CHAL OaBleHUs B dasze
PasTpy3KH, KPeCT — TOYKA HAUAJIA PA3TPY3KHU, KPU-
Basl 3 — 3aBUCHMOCTD, UCIOJIL30BAHHAS B [21]

3aMeTHOE KOMIIAKTUPOBAHUE MOPOIIKA ITPU
CPABHUTEILHO HEOOIBIINX TABIICHUSIX O0YCIIOBIIE-
HO IpobiieHmeM 3epeH, ¢ 3alMoJTHeHueM mop (par-
MeHTamu, T. €. mepopmarus Heobparuma. Hro-
6e1 oTpasuthk SToT ddhdekT, B (1) BBemeHa cre-
nuaJibHasd MePEeMEeHHAS O in — MUHAMAJIbHAS IIO-
pucCTOoCThH, JOCTUTHY Tasd B JAHHOM MeCTe (J'Ia.rpaH-
XKeBOU TOuKe) B mpourioM. Takum o6pa3oM, mare-
pUas «IOMHUTS COCTOSHUE MAKCHMAJILHOTO CXKAa-
Tus. YpaBHeHUE (2) BBINOIHIETCS OPU CXKATUH,
T. €. Ipu @ < Ppin < @o. Hag cranum pasrpys-
KM TPUWHSITO, 9TO HANPSXKEHWEe IMaIaeT JIMHEMHO
C yBeIUMYEeHNEM 00BEeMa, IPUUIEM C IPOU3BOMHOM,
OOCTUTHYTON TIPH Pmin (M. puc. 4). Paszymeer-
Csl, IOMYCKAIOTCA TOJIBKO HEOTPUIATETHLHBIE 3HA-
geHUs naBieHns. Ecam pasrpyska CMeHAeTCs CxKa-
THeM, MaBJCHNE BHAYAJE BOCCTAHABIMNBACTCS IO
TEKyIIlel KPUBOU Pa3TPy3KH, a MOCIIe NOCTMXKEHMS
¢ = (min BHOBB PACTET COTJIACHO (2).

3Has HAIPAXKEHWs, JErKO BBIPDA3UTH YIIPY-
ryio dacth F) sHeprum TBepmoi ¢asnl, T. e. pa-
60Ty, BRICBOOOXMAEMYIO Tipu pasrpyske. J[oBoib-
HO I'POMO3IIKOE BBIPAXKEHUE 3[0eCh HE TPUBOMUTCS.
OTMeTuM, 9TO OCTAILHAS YaCTH PAbOTHI CKATUS
MOPOIIIKA WOET HA HATPEB TBEPHOi (asbl.

Hsist custbl MeX()a3HOTO TPEHUS UCIOIB30Ba-
JIACh KIIACCHYeCKast Koppessinus Oprasa [22] ¢ mo-
paBOYHBIM KOdhpumerToM (.5, yINTHIBAIOITAM
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Gonee nosnHUe KaHHBIE [23]:

gl—wplu—vflu—v)

=0.5
! d
150
x | 1.75 3
( - Red‘P>, )
rme d — pasMep YaCTHUI[ IIOPUCTOrO CKEJIeTA,

Re; — uumcmo Petinonbaca, onpenesasemMoe Mo OT-
HOCUTEJILHON CKOpOoCcTH (a3 m AuamMerpy dacTu-
ubt. [Ipu ckopocTu ob6Tekanusi B COTHU METPOB B
CeKkyHAy umciio PelHOIbaCA MOPSIKa COTEH ThI-
€A1, TAK UTO COMPOTUBIIEHUE B OCHOBHOM KBAJIPa-
TUYIHO IO CKOPOCTH.

Temmoobmen ra3a W YacCTUI] BHIPAXKAJICSI CO-
riacHo dopmysne Ilernrona [24]:

AT =T
g =Nu AS%,
4
plu — vldp\ "7 "
Nu=2+06("—"12) |,
n

rme A\ — TEeIIONPOBOMNHOCTL rasa, Nu — dmciio
Hyccenbra, n — nwHAM@4YecKas BSI3KOCTL Tasa,

A — ynmenbHas MOBEPXHOCTH (HA emWHUIY 00bBE-
Ma) mopoika. B HagambHOM cocTosHMU (0 = ©g)
B IIpennoyiokeHnn chepmaeckoin ¢GOpPMBI JACTHIL
A =6(1—yp)/d. KoapdpunumenT S B (3), (4) orpa-
)KaeT BO3MOXHOe yBeJIMUeHNe yIOeJIbHOU IIOBepX-
HOCTU Ipu ApobieHun yactuil. Vcnons3oBasiine-
S 3ABUCAMOCTH [JIs S TpuBeneHs! Huxke. Kuuern-
geckue KO3POUIMEHTHI A\ U 7) OOPENeSINCh s
cocraBa mponykToB S HyO 4+ 2N 4+ 3CO + 2C0O9
00 OAaHHBIM [25] B HOPEANOSIOKEHWN BBIMOIHEHUS
ACUIMITOTUK, XapaKTEPHBIX IJII UOEAJILHOIO Ta-
3a. Y AUTHIBAJICS TAKXKe TEIIOOOMEH WM3iTyueHueM
II0 CTAHIAPTHBIM GOPMYIaM OJjIsS IePHOrO TeJla.

BOCNJAMEHEHME U 3AKOH TOPEHUA

Hawubomee crnoxua mpobiema Maccoobmena,
da3. lMeHHO CKOPOCTH MOCTYIUIEHUs ra3a (WH-
TEHCUBHOCTHL PEAKIINU) OMPENessieT Cynb0y mpo-
mecca. AHAIM3 TOKA3aJI, ITO I MACCOOOMeHa J
ObIIIenTpUHATHIE 3AKOHOMEPHOCTH [IJIS HAIIend 00-
JIACTU TAapaMeTPOB HEHANEXKHBI U IJIS COTJIIACOBA-
HUS C DKCIIEPUMEHTOM WX HEOOXOMUMO MOOuUIIA-
poBaTh. [Ipumensembre mpu 5TOM MOAXOOBI PAacC-
CMOTPEHHI B TAHHOM Haparpade.

B pamMxax mpuHSTON MOOENIN TOpEeHWe HATU-
HAaeTCs, KOTIA BBINOJHAETCS YCJIOBHE BOCILIaMe-
HEHUA YaCTHUII. HpaKTI/I‘{eCKI/I B Ka4eCTBE TaKO-
TO YCJIOBUS UCHOJIB3YIOT, HAIPUMED, HOCTUKEHUE

ONPEMENIEHHO TeMIepaTypbl HoBepxHOCTH [26].
Iast 5Toro HEOOXOOWMO BBECTU pPACIPeneIeHue
TEMIIEPATYPhI B YACTUIAX, OMPEIETIIEMOe B XOIe
pacuera. bosee mocnemoBaTenbHON ObITa OBI TIPO-
BEPKa YCJIOBUIA 3aKUTAHWS, COTJIACOBAHHBLIX C K-
HeTUKOI peakuuu (cM., Hanpumep, [27, 28]). IIpu
PE3KOIl 3aBUCUMOCTH CKOPOCTHW PEAKIIUU OT TEM-
IEepaTyPhl STU MOIXOMBI OIU3KM.

Beuscaumnocs, uro momxon [27, 28] mpm skc-
TPEMAJIBHO BBICOKMX TOTOKAX TEIa, XapaKTep-
HBIX IS HAIleW 3a/1a9’, NAeT HEPeaIbHO Ma-
JIble BPEMEHa, BOCINIAMEHeHus. JlelfiCTBUTEIBHO,
npu masienun 50 Mlla, ckopoctu ¢duabTpa-
mu u — v ~ 1 KM/c m TemmepaTrype rasa
4000 K remmoBoir moTrok (G COCTABISIET OKOJIO
2.5 - 1073 Ix/(mm? - Mxc). s MOCTOSHHOTO 1mo-
TOKa 3axuranue 1m0 [27] IPOUCXOOUT B MOMEHT,
KOTZIa, CKOPOCTH TETJIOBBINEIICHUS B IIPOTPETOM
CIIO€ 33 CUET PEAKINU CPABHUBAETCS C TEILIOBLIM
MOTOKOM, UTO MPUBOIUT K (GOPMyIIam

E, _ AspsQaKo RTb2

exp

RT E, G2’
b = TPsOAs(Th — Tp)®
LA G2 ’
rme Tp — TeMmmeparypa MOBEPXHOCTHU, COOTBET-
CTBYIOIIIAsE MOMEHTY BCHOBIMKHY, () — HadaIbHAS

TEMIIEPATYPA, Ags — TEIJIONPOBONHOCTEL BB, {1, —
«KUHETUUIECKOe> BpeMst 3axuranus. s oObIaHO
OPUMEHSIEeMO KWHETUKY PA3JIOKEHUs THHA (9Hep-
rus akrusanun E, = 196.6 kI[x/Moms, npenskc-
norent Ko = 6.3-10'9 1/c, renmnora pasmoxenms
Qq = 1.256 xllx/r [29]) HeTpyOHO HAWTH TeM-
mepaTypy u Bpems Bocmiamenerus: 1p =~ 910 K|
t ~ 30 mc. Cormacuo kpurepuio [28] (Bocmia-
MEHEHME COOTBETCTBYeT TOUYKEe mepermba 3aBUCH-
MOCTH TIOBEPXHOCTHOW TEMIEPATYPHI OT BpeMe-
HU) moiryvatoTcs 6imuskue 3uavenus: Tj, ~ 830 K,
ty. ~ 20 HC.

Pasymeercss, kumeTmueckue —mapaMeTphI
OIIpeneIInuch B O0JIACTM 3HAUMTENILHO Oosee
HU3KUX TEMIEPATyp (K COOTBETCTBEHHO GOIBIIMX
BpeMen). TeM He MeHee IOJyUYeHHBIE BPEMEHA
3aXuranus lj MOXHO pPAaCcCMATPUBATHL KAK IpPU-
OnusurenbHyIo omnenky. He cremyer cpaBHUTH
C XapakKTepPHBIM ME30CKOMUUYECKUM BPEMEHEM
3a7auM, B KAYeCTBE KOTOPOTO €CTECTBEHHO B3ATh
BpeMs obrekanus wactunsl d/(u — v) ~ 300 Hc.
Memnbiine BpeMeHa MPOIECCOB B MOMNEIH, OIle-
pUpYIOIIel CPEemHWMM XapakKTepucTukamu (a3s,
pPacCMATPUBATEH HE MMEET CMBICIIA.
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Takum oOpa3oM, B paMKaxX KOHTHUHYAJILHO-
rO HOAXONA TEIJIOBAs TEOPWs 3aKUTAHUS TIPUBO-
IUT TPAKTUUEeCKH K MIHOBEHHOMY BOCIIaMeHe-
Huio vactuinl. lIpm »>TOM BO3HUKAeT ClemyoIas
npobisiema. CTaHOAPTHO MO BBIMOJIHEHUHU Y CIIO-
BUS BOCINIAMEHEHUs JACTUIA IEPEBOLUTCS B Pa3-
DS PEArupyoInX, a TeII000MeH OTKIII0UIAeT-
csa. Hamee maccoobmen J ompenenseTrcs HOPMAITh-
HOW CKOPOCTBHIO TOPEHUS BEIeCTBA Up, I KO-
TOPOI1 CYIIECTBYIOT JIATEPATYPHBIE HAHHLIE (IO-
JIyJ4eHHBbIE B CTAIMOHAPHBIX yCJoBUax). Omaaxo
IIPY BpEMEHU BOCILIAMEHEHUS MOPSIKa 25 HC TOJ-
[IVHA IIPOTPETOrO CJI0s HA MOBEPXHOCTU YACTUIIBI
IpU TEMIEPATYPOIPOBOOHOCTU MAaTepmanga X -~
1073 cm /c He mpeBBICHT 5 - 1072 mxm. Croms
TOHKWH CJIoM OyIeT HeXM3HECHOCOOHBIM, W 3alla-
CEeHHOE B HEM TeIIO IIOCJe IPEPBLIBAHUS Harpe-
Ba pacceeTcs, UTO IPUBENET K IOracaHUIO Bellle-
crBa. [Ipaxtuuecku mpu masmerun 50 Mlla, coor-
BETCTBYIOIIIEM CTAIMOHAPHON CKOPOCTU TOPEHUS
up & 5 cM/c, mporperas 06IaCTb NOJIKHA UMETh
TOJIIMHY X /Uy ~ 2 MKM, U TIOTOMY HOTpebyer-
Csl 3HAYUTENIHLHO O0Jlee NINTEILHOE BPEMS IPOrpe-
Ba. CremoBaTenbHO, KIACCUTIECKAS TEOPUS 3aXKU-
TaHWs B HAIIEM CIIydyae HAeT 3aHUKEHHYIO (s
Pa3BUATUSA CAMOCTOSTEIHLHOTO YCTONUUBOTO TOpe-
HHH) OLCHKY BPEMECHU BOCIIJIAMECHECHUS.

W3 sTux coobpaxenuit aBTopsr [30] pexomen-
IYIOT «CTaIlMOHAPDHBLIN> KPUTEPUU: HArpeB IpO-
IOJIXKAETCA, TIOKa He cHopMUpyeTcs MIPOrpeThIn
CIION, COOTBETCTBYIOIIAN CKOPOCTHU TOPEHUS Up,.
Bpewms 3axuraHuwss B 3TOM CjIydae OLEHUBAET-
cs Kak tg ~ x/(mul) m B mameir 3amade mpm
VKA3aHHBIX BHIIIE YCIIOBUSAX COCTABISET IOPSO-
ka 10 MKC, T. €. CIUIIKOM BeJUKO (IIPEBOCXOMUT
BpeMs passurtus neroHanuu). Kpome roro, dop-
MaJIBHO 3aTATUBAHNE BOCIIJIAMEHEHU A IIPU TOM XK€
TEIJIOBOM TIOTOKE [MOOJI2KHO IIPUBOOAUTHL K POCTY
TIOBEPXHOCTHON TEMNIEPATYPHI MIPUOIN3UTEIIHFHO B
Vts/tr pas, T. e. mo Membmei mepe mo 10 K.
Takwue BbICOKTE TEMIEPATYPHI KOHIEHCUPOBAHHON
(113351 SABHO BBIXOOAT 3a PAMKW PDAa3yMHOTO OUalla-
3oHA. [losTOMY «CTAIMOHAPHEBINS> BADUAHT CJENY-
€T PacCMaTpPUBATH KaK OIEHKY CBEPXY.

Takum 06pa3oM, paccCMOTPEHHBLIE KpaWHWe
BapuaHTBI KPpUTEPpUEB BOCIIJIAMEHEHUI HE OAaI0T
¢du3nyecku pa3yMHBIX Pe3yJIbTATOB, a CKopee 00-
Pa3yioT «BUIIKY>, BHyTPU KOTOPOA HAXOOUTCS pe-
AJIBHBI MOMEHT YCTOWUMBOTO 3aXWUTaHUS. DTO-
TO CITENOBAJIO OXUMNATH, YIATHIBAS, ITO KIIACCUUIE-
CKWe yCJIOBUS IOJIyUeHbI [ ropa3no 6osee Mern-
JICHHBIX IIPOIECCOB. ECTeCTBeHHO, 9TO OHU IIJIO-
X0 COryIacyloTcs ¢ Harel 3amadeit. KadecTBeHHO

IIPOIIECC BOCILIAMEHEHNUS MOXHO ONUCATh CIIENYIO-
M 06pa3om. TerIoBoi MOTOK BEJIUK M3-3a BHICO-
KOW CKOPOCTHM OOTEKAHWSI YaCTUIl Ta3oM. [Ipu wH-
TEHCUBHOM OOIyBe MOBEPXHOCTHW YACTUI 0Opasy-
IOIIUICS HA TIOBEPXHOCTU ra3 OBICTPO TepeMelnn-
BaeTCs ¢ OOTEKAOIINM IIOTOKOM, TaK UTO IIOJTHOTO
OTKJIIOYEHUA TPOrpeBa MOCJIEe BCUBIIIKY HE IIPONC-
xogut. [Ipm sTOM ropeHune HaunHaeTcs panee Gop-
MUPOBAHUS YCTOWINBO TOPSIIIETO CIIOs, HO B TeUe-
HIe HEKOTOPOTO BPEMEHU MOXeT NIPOTEeKATh B BU-
e TOCIeaOBATEJIBHBIX KOPDOTKUX BCIIBIIIICK. EC.]'II/I
B T€UYEHUE YTOU CTAIUU HABIIEHUE B IIOPAX BO3PAC-
TET B MOCTATOYHOU CTemeHu (IO COTEH Meramac-
KaJiell, T. €. B HECKOJIBKO Pa3), CKOPOCTH HOPMAJIb-
HOTO TOPEHUs Uy (p) TaKkKe BO3PACTET, TOJIITHA
KBAa3UCTAIMOHAPHOTO CJIOS W BpPeMs, HEOOXOMUMOE
OJIs €T0 IIPOTrPEBA, YMEHBIIIATCA 1 CTAHET BO3MOXK-
HBIM YCTONYMBOE T'OPEHME IO KITACCUIECKOMY Me-
XaHU3MY.

[TocnemoBaTe bHBIA yUYeT ONMUCAHHBLIX BHIIIE
IIPOIIECCOB TOCTATOYHO CIIOXKEH U MOKA 9TO He J0-
BENEH JI0 YPOBHS, MOIIYCKAOIIEr0 MCIOIb30BAHLE
B raszonuHaMmudeckon mopenu. [losTomy B mamuOI
paboTe TpWHATO MOCTATOYHO rpyboe mpubmmxe-
HUE, B KOTOPOM BOCILJIaMeHeHue, Kak B [18], mpo-
UCXOOUT IO IOCTUXKEHNN HEKOTOPOU CpemHen TeM-
mepaTypsl TBEPION Ga3bl, T. €. IPUPAIIEHNS TEM-
mepaTypsl 4acTuIl Ha 3amanuyo Beauunny AT.
Cama 5Ta BeIMUWHA BapbUPOBAJIACH, C TEM UTO-
OBbI TOOUTHCSI BO3ZMOXKHO Oojiee OIU3KOTO COTIacus
pacuera c skcuepuMeHToM. lIpenensr, B KOTOPBIX
IIOJIXKHO HAXOOUTHLCSI 3HAUEHUE ATS, MOXHO OIle-
HUTH, IPUPABHMABAS 3alaC TEINIA B YCTOMUYMBOM
IPOTPETOM CJI0€ W OCPETHEHHBIR IPUPOCT TEIlIo-
BOI SHEPTUM YaCTUIl. Kcam 3aXuranme B MOOEIIN
IPOMCXONUT 33 BpeMs OKOJIo 1 MKC Ipu TeMIepa-
Type nmosepxHocTu mopsiaka 1000 K, ro ATy ne-
XKUT B UHTEPBAJIE OT HECKOJIBKUX TPAmLyCoB (mpu
VICXOHOW IUCIEPCHOCTH) IO HECKOJBKUX NECST-
KOB (IIPY 3aMETHOU CTEeIeHU NPOGIIEHNUs, C YMEHb-
I[IIEHUEM CPEIHEro pasMepa UYaCTHIl HA TOPSIOK).

ITocne BocmameHeHWs CKOPOCTH TOPEHWUS,
KaK 5TO OOBIYHO M MPUHUMAETCS, OMPENesiach
TEKYIIIUM [TaBJIEHUEM ra3a, & MacCOOOMEH BBIpa-
XKascs HopMyIion

J = ASun(p). (5)

s ToHA, cormacHo [31], B HamGosee BaXHOM nua-
masone pasienmit no 400 MIla ckopocts uy, mpo-
HOPIUOHAIIbHA MABIIEHUIO U cocrasisger 11 cm/c
opu p = 100 MIla.

OTMeTI/IM, YTO CTaHOApPTHas1 KWHETUKA TrO-
pPeHu’dg 9aCTul C DTOBEPXHOCTU CJIUIIIKOM MEOJICH-
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ma. st ObrcTporo pasBuTus mporecca Tpeby-
eTCA CKOPOCTh TOPEHWs MPUMEPHO Ha TOPSIOK
Gonbirie. B Haleln mocTaHOBKE 5TO HOCTUTAET-
Cs BBEIEHUEM WHTEHCUDUKAIIIN B3aMMONCCTBUS.
Bo-miepBBIX, YUATHIBAETCS YBEIUUECHUE YIOEITLHON
MMOBEPXHOCTU B3aWMOINENCTBUSA (has3, CBI3AHHOE C
IpOGJIEHMEM TTOPOITKA, TPX CKATUM, ITO OTPaXKA-
ercs BeenenneM B popmynst (3)—(5) koobduuen-
Ta S, 3aBUCAIIEr0 OT MUHUMAJIBLHON TOPUCTOCTHI
©min- B pacuerax MCHOIB30BAHA 3aBUCAMOCTD,
ANPOKCUMUPYIOIIAs DaHHBIE [4]:

! _i>. (6)

Pmin ¥0

S:1+4<

Y nenbHAS TOBEPXHOCTH YBEIWUMBAETCSI HA TIOPS-
IIOK TIPU MOPUCTOCTH Pppin =~ 0.2.

Bropo#t m3 yumThIBaeMBIX MEXAHU3MOB WH-
TeHCUGUKAINT B3aUMONENCTBUS — IIPOIECC, PAC-
cmorpennsit B [32]. IIpu obnyse 3epen BB BoI-
COKOCKOPOCTHBIM IIOTOKOM IIPOMCXONUT WHTEH-
CUBHBIA TemJI000MEH, TPUBOMSIIINANA K UCTAPEHUIO
noBepxHOCTH. VCHapsrommics Caod TOOBEPXKeH
CIIBUTOBOM HEYCTOMYIMBOCTH, PAa3BUTHE KOTOPOU
CIIOCOOCTBYET ero OBICTPOMY CPBIBY U BBITOpa-
HUIO. T'akas MOMIeTh IPUBOOUT K CIIEAYIOIIEMY BhI-
PaXeHUIO IOJI CKOPOCTU FOPEHUS:

kA3
unzg(c—gd) (olu— )3, ()

roe Cy — TemmoeMKocTh rasa, k — Ko3hhumm-
enT nopsnka 1. [Ipu ckopocTtu obTekaHus u —v =
1 kM/c m mroTHOCTH Tasa p = 0.1 r/cM® cKopocTh
perpeccun MOBEPXHOCTHU COCTABIET OKOJIO 1 M/c.
Takum oOpa3oM, IpW TUMUYHBLIX IIJIs HAIIEH 3a-
a4y mapaMeTpax peakmus yCKOPSIeTCs IpuMep-
HO Ha TOPANOK. B orauuwme ot shdexra mpobite-
HUS, TAKOe YCKOpeH!e BO3MOXKHO U IIPU UCXOTHON
IUCIEPCHOCTH TOpoITKa. [lajlee Takolr pexmMm ro-
PEeHUA HA3BIBACTCA 3,6.]'I$[I_II/IOHHI)IM.

PE3YJIbTATbI PACYHETOB

Kak ykazano BbIIle, NI CpaBHEHUS C OTHO-
MEpHBIMEU PAaCcUYeTaMU BBIOPAHBI IIOCIEIOBATETb-
HbIe TPOGUIN MIOTHOCTU HA OCHU 3apsma. B pac-
JeTax PeXW’M BO3IEHCTBUS 3aaBaJjICS Pa3MEPOM
AKTUBHOTO 3apsla, MNOOOMPAEMOTO TaK, YUTOOBI
obecrieunTh HYXHBIE TapaAMeTPhl WHAIUTPYIOIITe-
TO BO3OYIITHOTO MOTOKA. [leToHAIMS aK TUBHOTO 3a-
pama curTaach MCHOBEHHOH, U pacdeT HAUMHAJI-
€1 C PACIIMPEeH!s TPONYKTOB MNETOHAIMM B BO3-
OyIIHBIA 3a30p. BosmyimHas mpobka, ToiakaeMas

MIPONYKTAMU HETOHAIMU, CO BPEMEHEM HNOCTUTA-
JIa, TPAHWIBI MOPOIIKa. ['opsumil BO3HMyX OuiTh-
TPOBAJICS B TIOPOBOE IPOCTPAHCTBO, HAUWHAS IIPO-
mecc mHUNUUpPoBaHUA. OT TpPAHUIBEI TPOTUB Te-
YeHUS [0 BO3OYXY PACIPOCTPAHIIACH OTPaXKeH-
Has BOojHA cxaTus. llopucras cpema co3maBasia
CYIIIECTBEHHOE CONPOTHBIIEHNE TMOTOKY, TAaK YTO
mapaMeTphbl OTPAXKEHHOW BOJIHBI OBIIN HETAJIEKN
OT T€X, KOTOpbIe (POPMUPYIOTCS TIPU OTPAKEHUN
OT KEeCTKON CTEHKM.

[Tpu mMomenupoBaHUU BBISBUIOCH KAUECTBEH-
HOEe pa3jinvure B XapaKTepe BO3MEWCTBUS HA, IO-
POIIIOK B yKA3aHHBIX pexXuMax. B xecTkoMm pexu-
Me aKTUBHBIN 3apsan Obln Gosee KpynHbIM. [Ipm
PACIIIPEHNT MIPONYKTHI €r0 MEeTOHAIINY COXPAHSI-
au Goiiee BBICOKYIO IIOTHOCTB. OTpaxeHHAsS OT
TPAHUIIBI TOPOIIKA, BOJTHA, MOCTUTHYB KOHTAK THO-
O pa3pbIBa MEXIY BO3OYILIHOW TPOOKOW M TOJ-
KAIOIIAM ee «IOPIIHEM> — IPOAYKTAMU NeTOHA-
OIUU AKTUBHOTO 3apsla, OTPAXKAIACH KAK MOIITHAS
ymapuas BojiHa. [Ipu BbIXOme ee Ha TpaHUILy MO-
POIITKa BO3ZHWKAJ BTOPOU CKAYOK HaBlieHUs (mpu-
MEDHO 9epe3 2 MKC) 0 yPOBHS, TMPEBBIMIAOIIEr0
1 T'Tla. IIpm TakuxX MOIITHBIX BO3OEUCTBUIX B IIO-
porrke BCKOpe obpasyercs ymapHas BOJIHA U CITe-
IyeT OXUIOAThL PA3BUTUSA OETOHAINU MO yIAPHO-
BOJTHOBOMY MEXaHU3MY (IJIs KOTOPOTO MOCTATOU-
HO masienus Bcero 250 MIla [17]). Tpynro oxu-
IaTh, UYTO B TAKUX YCJIOBUAX NBYyX(a3Has MONEIb,
OCHOBaHHAs HA KWHETWKE TIOBEPXHOCTHOTO TOpe-
HUd, OyneT paboToCrtocOOHOM.

[TosTOoMy OCHOBHOE BHUMAHUE yIEIISIIOCH MO-
IEJIMPOBAHUIO MSITKOTO BapUAHTA WHUIIMAPOBA-
HUS, B KOTOPOM W3-33 MEHBIIIET0 KOHTPACTA, IIJI0T-
HOCTEW HA KOHTAKTHOM pAa3pBIBE BTOPAsS BOIHA
ObUTa CPABHUTENBHO ciiabee W HOCTUrajia T'PaHU-
OBl TOPOINIKA 3aMeTHO mo3xke. laBjenume B BO3-
IYITHON TIPOOKe BOJIM3UM T'PAHUIIBI IIOCIIE ITPUAXOIA,
IIEPBOM BOJIHBI BHAUAJIE TAIAJIO W3-33 YTEUKHN BO3-
IyXa B IOPOIIIOK, & BO BTOPOU BOJIHE BHOBBL POCIIO
IIPUMEPHO OO0 YPOBHS, 3aIaHHOTO MEPBOU BOJIHOU.
Takum 00pa3oM, BHEIITHEE BO3OENCTBUE BCE BPEMS
6b110 orpanmueno yposuaem Humke 100 Mlla, meno-
CTATOYHBIM ISl YOAPHOTO WHUIIMAPOBAHUS.

MonenupoBaHue ecTeCTBEHHO ObIIO HAYIATH
C TPANUIMOHHOTO BAPMAHTA, HE BKITIOYAIOIIETO
yckopeHus peaknuu. Ha pumc. 5 mokaszaHa pac-
YeTHAs HBOJIIOIUS IIPOIECCA IIPU MITKOM PEXUME
rHUIEUpPoBaHusI. KOHTAKTHBIN pa3phIB B TeUYEHUE
BCET0 BPEMEHM pacdeTa He MOCTUTAET TPAHUITHI
TOPOIIKa, T. €. Bo3mercTBue Ha BB mpomsBomuT
IIOTOK TOPSYIero Bo3ayxa. HauaabHoe maBiieHre Ha
rpauure 3apsga okoio 60 MIla, wepes 2.5 mkc
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Puc. 5. PacueTnsie npoduiu mapaMeTpoB TeueHus miis 3akoua ropenus (5) mpu ATs = 10 K:

BpeMsI C MOMEHTA BBEIXOIA IOTOKA Ha FPAHUIY MOPOIIKa: ¢ — 2.5 MKC, 6 — 7 Mkc, 8 — 10 mkc, ¢ — 20 Mxkc; Bep-
THUKAJIbLHBIE METKI HA IPOPUILX (¢ YKA3BIBAIOT MECTO, IIe IPOUCXOOUT BOCILUIAMEHEHUEe, MEeTKI Ha IPO(uIix

U — MOJIOXKEHUE KOHTAaKTHOT'O pa3phBIBa
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Puc. 6. Pacuernsie npodunu mwioTHOCTH 11 3aKOHA roperus (5):

npodunu crenyror ¢ maroMm 0.5 Mxc; ¢ — AT, =2 K, 6§ — ATs = 10 K, 8 — ATs = 40 K; Bpems pacuera

20 MkcC

MakCcUMaJbHOe nasiienme mamaeT mo 37 Mlla. K
MOMEHTY ¢t = 7 MKC OTpPaXeHHas OT KOHTAKT-
HOI I'PAHUIILI BOJIHA MOYTH OOTOHAET (DPOHT IIep-
BOU BOJTHBI B IOPOIIKe. V3-3a CI0XKeHUWs BOIH IIPU
t = 10 MKC maBieHEWE HECKOJILKO Bo3pacTtaer. He
cunMTas dTUX KOJeOAHUN, MAKCUMAJIBLHOE HaBIIe-
HUe ra3a mamgaeT co BpemeHeM. T0duka BOCILIaMe-
HEHWS BHAYAJIE OMEPEXAaJa MUK MAKCUMAJILHOTO
CXKATUS IMOPOIIKA, OIAromaps NHTEHCUBHOMY TeIl-
JI000MEHY B T€UEHHE MEePBLIX MUKPOCeKyH . [lasee
IIOTOK TOPMO3UTCA, TeHIIOO6MeH IIagaeT M TOY-
Ka BOCIJIAMEHEHUs MTOCTEIEHHO OTCTAET OT TOUKY
MaKCUMAaJILHOTO cxkarusd. [I63mHee BKItoueHne pe-
AKIINU ¥ HEOOCTATOYHAS €€ WHTEHCUBHOCTL IIPU-
BOIAT K 3aTyXaHUIO BOJIHBEL. OObeMHAas OO TBEP-
nou ha3bl (v 1 JaBIIEHUE B HEN pg TOCTETIEHHO Pac-
tyt. @opmupyercs mpaoTHas TPOOKa, MaJIOMPO-

HUITAEMas MJIs Ta3a, KOTOpas HBUXKETCS TOBOJIb-
HO MEIUIEHHO (CPEmHAS CKOPOCTH BOJHBI CKATHS
B mHTepBase 0 < ¢ < 20 mkc okomo 400 m/c).
g 66mbmx BpeMeH MpobKa pacIImpsercs, Ha-
IpsXKEeHrWe W IJIOTHOCTh B HEW MaJal0T, CKOPOCTH
(poHTA CXKATUS YMEHBIIACTCA. B pearbHOl Heo-
HOMepHOI‘/'I cuTyanuu CTOJIb MEOJICHHAS OUHAMUKAQ
mportecca mpuBenna ObI K OTKa3zy m3-3a OOKOBOTO
paziera 3apsiana.

Emre 6Gomee wHarasmHo He>PHEKTUBHOCTD
CTAHOAPTHON KWHETWKW NEMOHCTPUPYET CPaBHE-
HUE PACUYETHBIX NPOPuWienl cpemHedl NTJIOTHOCTHU
p = psQ + pp, NOKa3aHHLIX Ha puc. 6, ¢ maH-
HBIMU SKcnepuMenTa (cM. puc. 4,a). B pacuere
ceTka mpodumien ropa3no 6oJee rycras, 9To COOT-
BETCTBYET KpaﬁHe MEOJICHHOMY MOBUXECHUIO BOJI-
HBI. XOTS BO BCEX BAPUAHTAX pACUeTa Ha, puc. 6
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Puc. 7. PacuerHsie npoduin mapaMeTpoB TeueHus ¢ yueToM sddekta npobaenus mpu AT = 20 K:

BpeMs C MOMEHTA BBIXOHA [IOTOKA HA I'PAHUIY IOPOIMIKA: ¢ — 2.5 MKC, 6 — 4 MKC, 8 — 5 MKC, 2 — 9.5 MKC;

MIKAJIa OaBJICHUN OIS MOMEHTOB @ I 6 OOMHaKOBas

BpeMs nporecca 66110 20 MKC (BIBoe GOIbIIe HKC-
NEePUMEHTAJIBHOTO), BOJIHA HE MPOXOOUT U IOJIO-
BUHBI IJTUHBI 3aPAIA.

Hﬂﬂ BBIICHCHUS DOJIX yCJIOBUA BOCILJIaAMEHE-
Hus kputuueckas temnepatypa ATy BapbupoBa-
nace ot 2 no 40 K. IIpu Hu3kol TeMmnepaType BOc-
mtamMeHeHus (puc. 6,a) CpemHss CKOPOCTb PACIIPO-
CTPAHEHUs BOJHBI IO MOPOIIKY B TEUEHUE MEPBBIX
20 MKC HeCKOIBKO yBenmuumsaiiach (mo 550 m/c,
9YTO MPUMEPHO BABOE MEHBIIE HAYAIBLHON CKOPO-
ctu B skcepumvenTe). OmHAKO TPU 5TOM PE3KO
YMEHBIIAIINCH AMIUTATYIBI TPOGUIIel MIOTHOCTI
(mo 1.2 v/cm®). Ilpm Gombmix suavenmsx ATy
(puc. 6,8) ckopocTs mponecca nanana no 350 m/c,
UTO €IIIe XyXKe COOTBETCTBOBAJIO ONBITY. Ta.KI/IM
06pa3oM, CpaBHEHUE C HKCIEPUMEHTOM IIOKA3AJI0
OTCYTCTBUE KAKOTO-TIOO COTIIACUS I PACUIETOB,
HE YUMTHIBAIOIINX WHTEHCHDUKAIITIO PEAKIINNA Ha,
HAYAJILHOM dTame nponecca. CTanmapTHas KuHe-
Trka (D) CIUIIKOM MemieHHA, 9TO0BI 06eceunTs
HabITIOaeMoe Pa3BUTHUE NETOHAIUM.

Pocr ynmenbHOU moBepxXHOCTH Tpu ApobIiTe-
HUU YACTUI] TOPOIIKA WHTEHCUPUIUPYET BCE BU-
IBI B3auMonencTBus az, modTomy yuet shderTa
IPOOIEHWST MPEACTABIIAETCA BIOJHE ECTECTBEH-
HBIM maroMm. Pacuersr [33] npomemoHcTpupoBamun
BO3MOXHOCTb YCKOPEHUS TIPOLECCa 34 CUeT Mpob-
JeHus. OXCIEPUMEHTAIbHAA WHGOPMAIAL, I0-
CTyNIHAs Ha BpeMs BBINOJHeHUs [33], He mpoTu-
BOpeumIa pesyiabTaTaM pacaeros. Hoee manabe
CHHXPOTPOHHOTO SKCIEPUMEHTA TO3BOJISIOT MPO-
BECTHU ropa3mo 0osiee NETATBHYIO ONEHKY 3¢ dek-
TUBHOCTU MEXAHU3Ma MPOOIICHMUS.

PesynbTaThl MONEIMPOBAHUS C BKIIIOUCHUEM
koppemnsmun (6) nmpusenensr Ha puc. 7. Hawmryu-
miee corJiaCme IO BPpEMEHU Pa3BUTUA BOJIHBI IIO-

ayueno mis ATs = 20 K (9.5 mMxc, T. e. coBmane-
HUE C TOYHOCTBIO [I0 WHTEPBAIA MUCKPETU3ALNN
npoduselt). BHauasie BoIHA PA3BUBAETCSA AHAIIO-
TUYHO PUC. D, C TOW PA3HUIEN, UTO OPOOJIEHUIE
HECKOJILKO akTuBuU3upyer peaknuio. OmHako ma-
Jlee TPOTPECCUPYIOINee CKATHE BBOOUT IIPOIECC
B pexuMm oboctpenus. Ilpu ¢t = 4 mMxc npumep-
HO B 2 MM OT CBOOOMHOW TOBEPXHOCTHU TIOPOIII-
K& BO3HUKAET BBIPAKEHHBIN MUK KOMIIAKTUPOBA-
HUSI, B KOTOPOM YIEJIbHAs MMOBEPXHOCTH BO3PAC-
taer npubmmsurensao B 30 pa3 (masimenue mpum
srom He mpesbimaer 100 MIla). Bocomamenenne
mpu ATy = 20 K mpoucxoour B TOUYKE MAKCAMAITb-
HOTO CXaTus. AkTuBm3anms MeXGA3HBIX B3AMMO-
IEeNCTBUI K MOMEHTY ¢ = 5 MKC IPUBONUT K POCTY
nasyienus no 2 I'lla, mpuaem B Teuenme Mmukpoce-
KYHIBI BEIIIECTBO B MUKE MPAKTUIECKN BHITOPAET.
W3 »Toro ouara u pa3BuUBaeTCSI OBICTPHIN TTEPEXON
ropenust B AeToHanwio. llaBieHue pg CTAHOBUTCS
npeHebpeR MO MAITBIM [0 CPABHEHUIO C Fa30BBIM
IaBJIEHUEM U [TODTOMY HE ITOKA3aHO Ha puc. 7,8,2.
IIpm t = 9.5 MKC BOJIHA TPOXOOUT TIPAKTUIECKU
BeCh 3apsm, NOCTUTas OIM3KUX K PEeXUMYy ume-
AILHON OeTOHAIINYU TIapaMeTpoB. B sToM pexume
Ha pporTe BOAHBI Ko3bhdunuenT S 6im3ok k 10,
T. €. yIelbHas MOBEPXHOCTH (M CKOPOCTH peax-
[UM) BO3DACTAIOT HA MOPSOOK 33 cuer dddekTa
npobneHus. XOTs B IMUKe KoMOakTupoBanus BB
OPAaKTUIECKN BBITOPENO, B €ro OKPEeCTHOCTHU CO-
XPaHSIEeTCS MaMsITh O CUIIBHOM CXKATHUU: B IIUKE KO-
spunmenT S (oTpaxkarommuil cTeneHb MPOOIEHUS
gacTun) nopsaka 100.

Wcnonb3oBaHHbIE KOPPENSANINT, B YACTHOCTHU
(6), MOryT OTKIIOHSATBLCA OT pPEAJBHOCTH IIPU
bonbmux cxatusx. OmHako 00paszoBaHUE IMTUKA,
KOMITAKTUPOBAHUS IS JIETKO CXUMAEMOrO TIO-
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poka Hensbexuo. CuitbHOE OPOOIEHNE B MUKE U
BOCINIAMEHEHUE B €rO BEPIIWHE IIPU ITOOXOOAIIIECM
saadennu ATs w mpuBOmSIT K OBICTPOMY PA3BU-
tuo meroHanuu. CTpoOro roBopsi, CIEMyIOIIee 3a
KaTacTpodOoll KOMIAKTUPOBAHNUS PA3BATHIE BOTHEI
BBIXOOWUT 33 PAMKW maHHOW Momenu. [Ipm mocTu-
xenun mapieHunn mopsaka 1 ['la momxken cme-
HUTBLCI MeXaHU3M peaknuu. [lelicTBUTENHLHO, HA
TIO3MHEN CTAINN PACUETa 30HA PEAKINN 3AHUMAET
TIOPSIIKA D MM, T. €. TOpa3no OOIIbIIe, IeM CIIELyeT
73 W3BECTHBIX M3MeEpeHuil. B peaibHOM mporrecce
BMECTO IIJIABHOTO (POHTA maBieHUs, HaOIIOmae-
MOTO Ha PUC. 7,8,2, ChOPMUPYETCS yOapHas BOJI-
Ha U BKJIIOUMATCS MeXaHW3M ropsumx touek. [lo-
STOMY pacueT MOCJe KOMIIAK TUPOBAHUS UMEET UJI-
JIFOCTPATUBHBIN XxapakTep. Bmecte ¢ Tem oH ma-
eT OIEeHKY CHm3y: OBICTPOE Pa3BUTHUE HETOHAIIIN
3a cuetT spdexTa ApodIeHUs BO3MOXHO IaXe Tpu
«BSUJION» KWHETUKE MOBEPXHOCTHOTO TopeHus. [lo-
CKOJIBKY PA3TOH BOJIHBI IPOUCXOOUT OOCTATOTHO
OBICTPO, yueT 6oJtee OBICTPON PEAKIINK B TOPSIIUX
TOYKaX CYIIECCTBEHHO HE IMOBJIUAECT Ha CyMMAapHOE
BpeMsI IpOIecca.

Pacuersr ¢ mpyruMm temMmepaTrypaMm BOC-
IUTAMEHEeHUs TIOKa3ajl, YTO IPUBENEHHBIA Ha
puc. 7 Bapuaut npu ATy = 20 K — naubGosee
ovicTperit. [Ipu ymensienuun ATy ropenue naum-
HaeTCA pPaHbIIIE. BbII[eJ'IHBIlIHfIC;I ra3 yYMEHBIIIA-
€T CXKUMAeMOCTb CPembl, ITO IPUBOOUT K CIJIa-
XKWBAHWIO NMMKA KOMIAKTUPOBAHUS W MeHee pe3-
KOMY pa3BUTHIO Iporecca. MakcuMmasibHOe CcXa-
THE NOCTUTAETCS 3aMETHO MO3XKe (HampuMmep, miis
ATy =10 K mpu t = 6 mkc, mus ATy =5 K —
npu t = 9 MKC), IPAIEM CKOPOCTH BOJIHBI B TeUe-
HUe 5TOi (pa3bl MPUMEPHO BOBOE MEHBIIE HKCITe-
puMenTaabHONA. [Ipu Gonpmix sHauenuax ATy =
30 + 40 K Bo3HuKaeT pe3Kuil MUK, HO TOPEHUE
MPOUCXOMUT HA €ro 3aaHeM (GpOHTEe, M3-33 UEro
dopMupyeTcs HempoHUIIaeMas IPOOKa, C HOCTIeny-
IOIIIeN KpaHe MeNJIEHHON 3BOJTIONUEH.

Xorsa yder npobieHUs NaeT WHTErPAIIHLHOE
corjiacme 1Mo BPpEMCHU Pa3BUTUA OCTOHAIUM, HA-
JaJIbHAS MUHAMUKA BOJIHBI HE COTJIACYETCS C DKC-
IEePUMEHTOM. STO BUOHO N3 CPABHEHUS 3KCIICPU-
MEHTAJIBHBIX Ipoduiiein moTHocTu (cM. puc. 4,a)
¢ pacuerasiMu (puc. 8,a). B skcnepumenTe Bax-
HENMINA TPU3HAK MONEIN — MUK KOMITAKTUPOBA-
HUS — HE HAOIIOMAeTCs, IOTHOCTH HAPACTAET
MOHOTOHHO. Kpome Toro, HadaIbHas CTALUS IPO-
Iecca B pacueTe 3aTIHYTA, UTO IPOSIBIIIETCI B
CTYIIIEHUU PACIETHLIX TPOdUIel 0 CPABHEHUIO C
puc. 4,a. IllpuunHa 5TOT0 — 3HAUUTETLHAS WHEP-
nust TBepOOoU asbl, KOTOPAs MOIIKHA YBIEKATHCS

P> r/iem3
2.0 a

154

A

0.5

P> r/iem3

1.5

gzezZd

1.0

0.5

Puc. 8. Pacuernsie npodunn miorHOCTH:

4 — YYWTBIBAJICS TOIBKO >bdexT mpobienus (Ba-
PUAHT, TOKA3QHHBI HA PUC. 7), BPEMs IIPOIECCA
9.5 MKC; 6 — mpU TexX ke MPOYMX HAHHBIX yUIUTHI-
BaINChL KaK ApoOseHme, Tak u abmsuus ¢ kKoddohu-
uumedToM k = 1, Bpems pacuera 11 Mkc; mpoduan
cienyiot ¢ maroMm 0.5 Mkc

MOTOKOM raza mo popMmumpoBanms nuka. OTCona
crenyeT, ITo npobieHne HeOOXOOMMO YINTHIBATS,
omHAKO caM 1o cebe 3TOT (PaxTOp HEOOCTATOUEH
IIJIS TIOJTHOT'O OIMUCAHMA HKCIIEePUMEHTAILHBIX JaH-
HBIX.

Hasee paccMOTpUM BO3MOXKHOCTBH OIHOBDE-
MeHHOro y4uera abmsunm n npobienus. CoBmecT-
HOe NENCTBUE YTUX MEXAHU3MOB MOXET BBITJIS-
meTh ciaemyrommuM obpasom. [Ipu 6bIcTpOl GuUTh-
Tpalluy ra3a Ha YaCTU IOBEPXHOCTU YACTUIl pa3-
BUBAETCS CIOBUTOBAS HEYCTOMUMBOCTb, ITPUBOIS-
mas K abISIMOHHOMY PEXUMY TOPEHWs, TOTIa,
KaK OCTaJbHAsI YaCTb, OOTekaeMas C MeEHBIIEH
CKOPOCTBIO, BOCINIAMEHSIETCS U TOPUT B DoJtee cIo-
KOWHOM TTOCJIOWHOM pexume. IBHOe pacCMOTpeHre
STUX OOJIENl MOBEPXHOCTW HA TAHHOM 3Tare Obl-
70 661 mpesbiteHneM ToYHOCTHU. [losTOoMy mastee
KMHEeTUIeCKre KodPhuimeHTh 000X MEXAHN3MOB
TOpeHUs MOHUMAIOTCSI KaK COOTBETCTBEHHO Iepe-
HOPMUPOBAHHBIE (OTHECEHHBIE KO BCEU YAEIbHOI
MOBEPXHOCTH YACTHI).

Pacuersr mokazamgm, 9TO COBMECTHBIA 3(-
dbexT abmsanuu u npobieHus TO3BOJIIET NOOUTHCS
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Pa3yMHOTO COTJIACOBAHUS C HKCIEPUMEHTOM. AG-
JIAIUsL, 3a CY€T MHTEHCUBHOI'O BBIOCJICHUA T'a3a,
obecrreunBaeT 6Gomee OBICTpPOE PACIPOCTPAHEHUWE
BOJIHBI HA HAYAILHOW CTAOWHU IIPOLECCA. Y MEHb-
[IAIOTCS CXKUMAEMOCTh CPeIbl W TPAJUEHT M1aB-
JIEHUs, B pPE3yJIbTaTe HAYAJILHBIN ITNK KOMIIAK-
TUPOBAaHUA CTAHOBUTCI MEHEE PE3KMM WJIIN BO-
Bce momaBiseTcs. llpomcxomuT ymepeHHOe CXKa-
THUE MOPUCTOTO CKeJIeTa, COMPOBOXKIAEMOE POCTOM
yaenbHOU moBepxHocTu. llo Mepe mpomBukeHUs
BOJIHBI 5TOT (PAKTOpP yCUIMBAETCS, a POJIb abis-
o yMEHBIIAETCA.

[Tpm manex 3HaUeHUIX KO3hdUImeHTa abiis-
[IIMOHHOTO TOPEHUs k Pe3yiabTaThl OIU3KA K CIIy-
9al0, MOKA3aHHOMY Ha puc. 7 u 8,a (ecTb muk
KOMIAaKTUpoBanus ). [Ipum Gonbmx 3HAYEHUSX K
UK OTCYTCTBYeT, HO BOJIHA Pa3BUBAETCS CIIUII-
KoM MemyieHHO. [Ipuemiiemoe coBmameHnre mOCTUr-
uyro upu k = 1. [Ipu 5>ToM 3HAUYEHNN MAKCAMAJIE-
Hasl IUIOTHOCTH B BOJHE HAPACTAET MOHOTOHHO,
KaK B ONBITE, C OPpUEMJIEMBIM BPEMEHEM Da3BU-
THS PeXUMa, OJIU3KOTO K HOPMAJILHOW TETOHAIINT
(ckopocts BosHEL 5.1 kM/c). PesynpraTs pacuera
TOKA3aHbI HA puc. 8,0.

OrMmeruM, aTo camo 1o cebe BKITIOUeHUE ab-
JAIUOHHOTO MexaHu3Ma (6e3 yuera npoGieHus)
He NPUBOAUT K PAa3BUTUIO NETOHAIUU OPU HAH-
HOM pa3Mepe 3apsna. BosiHa pacmpocTpaHseTcs
co ckopocThbio mopsnka 0.6 kM/c B TeueHue mep-
BBIX 30 MKC U TOJILKO ITO3/THEE HAUMHAET MEIIJIEHHO
yckopsarbea. Kak sunuo u3 (7), peakuus mo 5To-
My MEXaHU3My CYIICCTBEHHA TaM, Il CKOPOCTH
da3 3ameTHO OoTiIMUatoTCs. V3-3a 3HAUUTEILHOTO
COIPOTUBIIEHUST TOPUCTON CPEObI CKOPOCTh (PUiTh-
Tpanum BHAUAJE OBICTPO MAMAET CO BPEMEHEM.
HeobxomuMbii miis MOAAEpXKU GUALTPAIIAN T'Pa-
OUEHT MABJICHUS YMEHBIIAECTCA, 1 TOPEHUE 3aMEI-
asercs. Ilo Tem xe mpuumHaM mocie GOPMUPO-
BaHMs (PPOHTA BOIHBI CXKATWSI 30HA QUIbTpannm
B €r0 OKPECTHOCTU [OBOJIBHO HEIPOMOIKUTETb-
Ha. [Tockonbky ckopocTh peakuuu (7) mpomopumo-

nambHa (p|u—v|)2/3, ona ¢ pasBETHEM BOTHBI Ha-
pacTraeT MeIJieHHee, YeM CTaHIAPTHAs CKOPOCTH
(mpomoprimonanbHas nasienmo, win p(u — v)2).
[TosToMy pasroH BOJIHBI 33 CUET TOJLKO abIIsAld-
OHHOTO MexaHmu3Ma MajodddexkTuBeH. Bxmanm xe
CTAHIAPTHOTO MEXaHU3MA TOPEHUS B OTCYTCTBUE
OpOOIeHMs TaKXKe OKA3BIBAETCS HENOCTATOUHBIM.

3AKJIOYEHUE

HoBbi sxcrieprMeHTAIBHBIN TOAXOM B COYe-
TaHUW C Pe3ynabTaTaMM! T'a30IMHAMUIECKUX Pac-

YEeTOB IIO3BOJINJI OOCHUTH POJIb PA3JIMYHBIX MEXa-
HU3MOB B3aUMONEUCTBUS (Pa3 B mporecce OBICTPO-
r0 WHUNUUPOBAHUS MOpoika BB BBICOKOSHTAIL-
MUAHBIM TOTOKOM Taza. HabmiomaemMoe B ombiTe
pa3BUTHE OETOHAUNU OIpeneiser TpeOOBaHUS K
kuuaeruke roperust BB. Tpanumuonnas kuneTnka,
OKa3BbIBAETCS CITUIIKOM MEJIEHHOW 1 He 00ecrneydn-
BaeT MHUIIANPOBAHUE.

[Ipuemiemoe onucaHme SKCIEPUMEHTA, MTOIY-
YeHO MPU yUueTe OMHOBPEMEHHO NBYX IIPOIECCOB,
VHTEHCUGUIUPYIOIINX PEeaKIunio: mpobieHue dva-
crun n abmsuus (6BICTPOE TOPEHmE, MTPOBOIMPO-
BaHHOE COBUTOBOM HEYCTOWYMBOCTHIO MCIAPSIO-
IIENCST TTOBEPXHOCTH 4dacTuibl). [Ipum sTom yuer
KaXJIOT0 U3 3TUX MEXAHU3MOB II0 OTIOEILHOCTH HE
MIO3BOJISIET MOOUTHCS COTJIACHS C OIIBITOM.

BMeCTe C TeM IIOJIYy9YCHHBIC DE3yJ/IbTaThI IIOKA
HOCSIT KQ9YeCTBEHHBIN xapakTep. B ocobeHHOCTH
HyXknaercsa B 60jlee TOUHOM pPaCCMOTPEHUU KITIO-
ueBas HavdaJbHAsS CTANWs Iporecca. PacuerHas
CKOPOCTBH BOJIHBI B T€YCHUE MEPBBIX MUKPOCEKYH]T
3aME€THO MEHBIIIEe L’—)KCHepHMeHTaJ’IBHOﬁ, n I1J10T-
HOCTH B PacueTe HAPACTAET MemJieHHee. XOTs ab-
JIAOIVOHHBIA MEXaHW3M YIIyUIIaeT MOHOeNb, Hellb-
31 YyTBEPKOATh, YTO UMEHHO OH pemIaeT Mnpobiie-
My HauasibHOU craguu. Cremyer OXUOATH, UTO
CXOIMHBIA PE3yJbTAT MOTLJIO OBl HATh, HAIPUMED,
dbopmanbHOE yBeNmmUeHrne CTAHOAPTHON CKOPOCTH
ropeHus U, Ha mopsaok. OmHAKO HEOOXOMUMOCTH
HEKOTOPOT'0 MeXaHU3Ma WMHTEHCUPUKAIIAU, YCKO-
PAIOIIET0 PEAKIIUI0 B HEYIJIOTHEHHOM BeIlleCTBe,
MOXHO CUNTATh yCTaHOBJ’IeHHOﬁ.

B TaCTHOCTH, 3aCJIyXKHNBAXT BHUMAHUS IBa
mmporiecca, CIOCOOHBIX YCKOPUTH pPEaKINIo MMeH-
HO Ha HaYaJIbHOU cramuu. IlepBbIit U3 HUX — TO-
peHue MOBEPXHOCTHOTO CJIOSA B BUOE IIOBTOPSIO-
IIUXCS BCIBIIIEK, YIOMUHABIIIEECS TPU 00CYXIe-
HIW yCIOBUI BociiaMeHeHus. [Ipu 6omnbimx Term-
JIOBBIX TTOTOKaX OBICTPO MPOTPEBAETCS W BCIIBIXU-
BaeT BecbMa ToHKHUU croir BB. Ilpu sTom xapak-
TepHas CKOPOCTH PErpecCuy IPEBHINIAET CTallu-
OHAPHYIO HpI/I6.]'II/ISI/ITe.]'II)HO B KOPp€Hb U3 OTHOIIIE-
HUS BPEMEHU IPOTPEBA CTAIMOHAPHOTO TOPSIIIE-
ro CJIOd K MaJIOMy BPEMEHU BCIBIIITIKU. OTTeKa,IO-
1Ige OT IMOBEPXHOCTU T'a3bl YMEHBIIAT TEINIOBOMN
IIOTOK, YTO CHU3UT CKOPOCTb TOPEHUs, BO3MOXK-
HO 00 TOJHOTrO moracauus. Ho ecriu obrexarormuii
mOoTOK 3P PEeKTUBHO TMONAEPKUBAET MIPOTPEB, Ta-
K€ BCIIBIIIIKN 6yﬂyT nepruoguviIeCKu IMOBTOPATHCA,
IpUYeM CpenHss CKOPOCTb TOPEHUs MOXeT Ha, II0-
PSOOK TIPEBHIMIATH CTAMOHAPHYIO. BTopoi mpo-
1Iecc, KOTOPBIN MOXeT ObITh BaXHBIM, — IPOO-
JIEHUE YACTUIL 33 CUET HEPABHOMEPHOCTHU a3PONu-
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HAMUYECKUX HAT'PY30K, BOBHUKAIOIINX IPU QUITh-
Tpaluu Tras3a, HAa HOOBEPXHOCTH dYacTUil. B oT-
IYre OT PACCMOTPEHHOTO BHIIIE HPOOIEHUS 3a
CUeT KOMIAKTUPOBAHWS (T. €. B3AUMONEUCTBUS
YACTUIL), A9PONUHAMUIECKOE NPOGIEHNE BO3MOXK-
HO U B OTCYTCTBUE YIJIOTHEHUS TTOPOIIIKA, X MOXKET
HAUMHATHLCSI ONHOBPEMEHHO C (puirbTpanmen rasa.
[To sToMy MexaHM3MY pa3pymiatoTcs B arMochepe
METEOPUTEHL, & TaK¥Ke yCKOpsIeMble IOTOKOM Tra3a
rena (cMm., HampuMep, [34]).

OTMeTrM TakXke HEOOBIYHOE IJISI B3PBIBHBIX
IIPOIIECCOB COOTHOIIEHNE DKCIEPUMEHTA M pacte-
Ta: IByMEPHBIE TAHHBIE YKCIIEPIMEHTA, CPABHUBA-
I0TCA C MeHee NEeTAJILHLIMU ONHOMEPHBIMU pac-
geTaMu. Bojiee mOTHOE WMCHOIB30BAHUE DKCIIEPU-
MEHTAJBHON mHbopManuu OymeT BO3MOXKHO MPHU
MOBBIMIIEHUN pa3mMepHocTu Mopeiu. Kpome Toro,
IIPENICTABIISIET MHTEPEC CPaBHEHWE HE TOIIBKO IO-
7€l WIOTHOCTH (IOBOIIBLHO KOHCEPBATUBHOM Tepe-
MEHHOI1), HO W APYTUX MOJedl TedeHus. B omuO-
(ha3zHOM CiIytUae pelreHne 3a0a9IN BOCCTAHOBIICHUS
HOJIell HABJIEHMsS. U CKOPOCTHU OIMCAHO B [16].
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