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B pabote ananu3upyrorcss (U3NYECKUE MEXaHH3Mbl KaBHUTALIMOHHOW 3PO3UH.
OOcyx)maroTcst pe3ysnbTaThl KOMIUIEKCHBIX HUCHBITAaHUN rTuapoarperara CasiHoO-
[lymenckoit I'9C. Ilpu uUCHBITAHUSIX TOIYYEHBI PE3YIbTAThHI, CTABAIIAE IO
COMHEHHE CYIIECTBYIOLINE B3TJISAbI HA (PU3MUECKYIO IPUPOTYy KaBUTALUU. AHAIN3
CYLIECTBYIOIIUX MyONMKalMii M pe3ylbTaTOB MCIBITAHUM JAaET OCHOBaHHE
moJiarath, 4TO peajdbHYI0 BOAY NpPU TEUEHUH B TUAPOTYPOUHE HENb3sl CUUTATH
HBIOTOHOBCKOM JKHUIKOCThIO. OHa o00J1amaeT ymnpyro-BI3KMMH CBOWCTBAMHU U
crioco0Ha OTPBIBaTh MHKPOOOBEMBI TBEpHOro BemiecTBa. [loaToMy BeposSTHOM
NPUYMHOM KAaBUTALIMOHHOM HPO3UM  SBISIOTCS HE CTOJIBKO THUAPOYAaphl,
BbI3BAaHHBIE CXJIOTBIBAHUEM KaBEPH, CKOJIBKO «THUAPOPA3PhIBbD), ACHUCTBYIOIINE Ha
OTpBIB (PparMeHTOB MOBEPXHOCTH.

KiroueBsle croBa: kaBUTanus, KaBUTAI[MOHHAS PO3Hs, aBTOKoneOanus, CasHo-
ymenckas ['DC.

BBEJIEHUE

[Tpobnema KkaBUTAMM C MOMEHTa €& OTKPBITHS TPHUBJIEKAET CEPbE3HOE BHUMAaHHE
uccienosareneii. Bo MHOrom 3TO CBSI3aHO C TeM, 4TO €€ CIEACTBUE — KaBUTALIMOHHAS
3pO3Usl — MPUYUHAET OIPOMHBIM ymiep0 3KOHOMHKE M BO MHOTHMX CIy4asX CTaHOBHTCS
OpPENsATCTBUEM B CO3JaHUHM BBICOKOA((EKTHBHBIX MaIIMH M arperaroB. IlepBbie xe
UCCJIEIOBaHMsI KaBUTAlMM I[IOKa3ajld, 4YTO ATO OYEHb CIOXKHBIM Ipolecc, TPYyAHO
NOJJAIOIINICS aHATUTUYECKOMY U3YUYEHHIO, & MEXaHU3M KaBUTALlMOHHOM 3pO3UHU HE HAXOIUT
JIOJDKHOTO OOBSICHEHHUS 10 CHX TIOP.

[Tpu HatypHbIX HcnHbITaHusAx rugpoarperata CasHo-Ulymenckoit ['DC B 2013 r. ObuH
MOJYYEHbI Pe3yJIbTaThl, CTaBSIINE MO COMHEHUE CYIIECTBYIOIINE B3TJIsAbI Ha (PU3NYECKYIO
IPUPOYy KaBUTALMHU. DTH PE3yJbTAThl IO3BOJISIOT C HOBBIX IMO3ULIUI B3IJISTHYTh HA MEXAHU3M

9pO3HH, UYTO BO3MOKHO ITIOMOXKCT B 60pb6e C 3TUM BpPCIHBIM U OITACHBIM SABJICHUCM.

1. THAPOINHAMUNYECKAA TEOPUN KABUTALIMA

Knaccuueckast rugpogrHaMHuKa pacCMaTpPUBAET JKUJKOCTh KaK CIUIONIHYIO CPEy C IJIaBHO
U HENpepbhIBHO MEHSIOMUMUCS napaMerpamu. [Ipu kaBUTalMu ATH YCJIOBHUS HapyIIAOTCH,
onHodaszHasg cpela IMpeBpallaeTcss B HEPABHOBECHYIO MHorogasHywo. Tem He MeHee,
TEOPETUYECKHI aHaJau3 KaBUTALMOHHBIX TIPOIIECCOB B OCHOBHOM 0a3upyercs Ha
TUApPOIMHAMUYECKHX Monaxonax. CorjiacHO 3THUM MpEACTaBIEHUSM, MOTOK >KHUIKOCTH HE
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BbIIEP)KMBAET OTPHUIATEIbHBIX HaBieHUU. [IpM 3TOM 1ENTOCTHOCTH MOTOKAa HApyIIAeTCs, U
0o0pa3yloTcsi Mapora3oBble TMOJIOCTH (KAaBUTAlMOHHbIE MY3BIPBKU WM KaBEpHBI). IJTO
MPOUCXOIUT B PE3yJIbTaTE MECTHOTO TMOHKKEHHS IAaBJICHHUS B KUAKOCTH, KOTOPOE MOKET
MPOUCXOANTH JTUOO TIPH YBEIWYEHUU €€ CKOPOCTH (THAPOAMHAMUYECKAs KaBUTAIUsA), JTUOO
IIPU NMPOXOKJICHUN aKyCTUYECKOM BOJHBI OOJLIION MHTEHCUBHOCTH BO BpeMs HOJYyNepHoja
paspexxenus (akycruueckass kaBuTaius). [lepemeriasice ¢ mMOTOKOM B 00iacTte ¢ Oosee
BBICOKMM JaBJICHMEM WJIM BO BpeMs I[OJIyIepuoaa CKaThs, KaBUTAIMOHHBIN ITy3bIPEK
KOHJICHCUPYETCSl C THIPOYAApOM, M3JIyyas IMpU 3TOM yJapHyro BojHy [1-3]. CxionbiBaHue
KaBEpPH COIMPOBOXKIACTCA KyMYJISATUBHBIM J(PQEKTOM, MOBBIIIAIONAM KOHIICHTPAILIUIO
SHEpPruH, MOATOMY B yJapHOW BOJHE CO3/al0TCS BECbMa 3HAUMTEIbHBIE JABJICHMS, BHICOKHE
TEMIEPATYpPbl, DJIEKTPUUYECKHE pa3pslbl, BO3HUKAET CBEUYEHHWE U AKTUBHU3UPYIOTCS
XUMHUYECKHE PEaKIUu.

Jo cux mop 3h(deKT KaBUTAIMOHHOW HPO3MH HE HAXOAUT JOJDKHOTO OOBSICHEHUS.
WNHTEeHCUBHOCTDh 3pO3MM TaKOBa, YTO 3a BpEMs MOpsSAKAa MHHYT KaBUTHPYIOIIHMNH MOTOK
CIOCOOEH  3aMETHO IOBPEIUTh TMOBEPXHOCTh JIOCTATOYHO [POYHOTO  MarTepHala.
TpaauoHHbIE KPUTEpUU MPOYHOCTH 3/1€Ch HE NpUMEHHMBbL. Hampumep, HeprkaBerolue
CTaJId, HMEIoLUEe TBEPAOCTh W MpPEAeN] MPOYHOCTU HUXKE YIJIEPOAUCTHIX, 3HAYUTEIHHO
IPEBOCXOJAT UX MO KaBUTALMOHHOW cToikocTH. Hao00opoT, HEKOTOpbIE BEChMa HEMPOYHbIE
MaTepuasbl, HallpUMep, MOJUITHIIEH 3a BPEMSI UCIBITAHUN HE MOBPEXJIAeTCs BOBCE. 3a 3TO
e Bpemsi Ha 3TanoHHOM oOpaste u3 crtanu 1X18H10T paspymeHust JOCTUTalOT TITyOHHEI
4 mm [2].

Hanuuue rugpoMexaHUyecKux CUJl MPU 3aXJIONbIBAHUU KaBEPHBI HU Y KOTO HE BBI3BIBAET
coMHeHHa. Ho BenuuMHa yJOapHOTO JaBJICHMS, BBIYMCIIEHHAs COIJIACHO YpaBHEHUSIM
TUAPOJIMHAMUKH, OKAa3blBa€TCSd 3HAYUTENIbHO MEHBLIE IMpejesa IPOYHOCTH MaTepuana.
[Ipennonoxenue o BeAyLIEH POJU ANEKTPOXUMUUYECKUX IMPOLECCOB MPHU IPO3UU TOXKE HE
HaXOAUT HKCHEPUMEHTAJIbHOIO TMOATBEP)KICHUS, IOCKOJbKY XHUMHUYECKH HHEPTHBIE
MaTepuaibl (30J0TO, CTEKJIO, arar) pa3pyllaloTcsi Tak K€, KaK U XHUMHUYECKH aKTHBHbIE
MaTepuanabl. HEemoHATHBIM, C TOYKM 3pEHUs 3/paBOro CMbICIA, SBJISETCI U TO, YTO B
pe3ynbTare TUAPOYJApHBIX HArpy30K, HAlpaBiICHHBIX BHYTPh IOBEPXHOCTH MeTallia,
IPOUCXOJUT HE YIIPOUHEHUE, a OTPHIB PParMEHTOB MOBEPXHOCTH.

CymecTByeT rumore3a, 4YTO MPUYMHOM KaBUTALMOHHBIX pAa3pyLIEHUH MOTYT OBITh
IPOIIECCHl UMIYJIBCHOTO OTPhIBa MUKPOOOBeMa moBepxHOCTH [4]. Takoi moaxo mo3BoIsIeT
OOBSCHUTP MHOTME 3aKOHOMEPHOCTH THAPO3PO3UH, HO, K COXKAJICHUIO, OH HE MOJIy4HI
JabHENIEero pa3BUTHSL. O6béMHas IIPOYHOCTH AKHUJIKOCTH, onpezenéHHas
HKCIEPUMEHTAJIbHO, OKAa3bIBAE€TCS 3HAUUTEIBHO MEHBIIE INpeaesna MPOYHOCTH METAJUIOB.
[ToaTomy, cumTaercsi, 4TO pa3pblB KUIKOCTU MPOUCXOAUT 3HAUMTEIBHO PAHBIIE OTPHIBA
MUKpooObema MeTauia. (OJHAKO  KAaBUTALMOHHBIE  pa3pyLIEHUS  IMPOUCXOJAT  Ha
MUKPOCKOIIMYECKOM YPOBHE IpH HMIIYJIbCHBIX Harpy3kax. llosTomy Makpockonuyeckue
KPUTEPHH TPOYHOCTH 37eChb HE mpuMeHUMBL. [lomoOHBIE mpoIecchl  HEoOXO0IUMO

paccMaTpuBaTh ¢ MOJIEKYJISIPHO-KMHETHYECKOW TOUKU 3PEHHUS.

B. H. Tapacos
dusnyeckne MexaHn3Mbl KaBUTaLNMOHHOM 3p03nn
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2. MOJIEKYJISIPHBIM MEXAHU3M KABUTAILIMOHHOM SPO3UN

CornacHo kuHeTHuyeckoil Teopun xuakoctu . M. dpenkens pa3ninyue MEKIy BELIECTBOM
B JKHJIKOM COCTOSIHMM M TBEPABIM (HE TOIBKO aMOP(HBIM, HO M KPUCTAJNIMYECKUM) SIBIISIETCS
HE KaueCTBEHHBIM, a KOJIMYECTBEHHBIM, IIOCKOJIbKY IIOJIO)KEHHE pABHOBECHS aTOMOB B
BEIIIECTBE HE HEM3MEHHO, a UMeeT BpeMeHHO# xapakrtep [5]. Tonbko mokosneb6aBmucy 0KoJIo
MIOJIOKEHUSI PABHOBECUSI HEKOTOPOE BpeMs 7 , aTOM MOXKET IEPEUTH B JPYroe MOJIOKEHUE
paBHOBecHs. Eciii BpeMst BO3JAEICTBYS BHEIIHUX CUJl 7 3HAYUTEIBHO PEBOCXOAUT 3TO BpEMS
penakcaruu 7 , J06oe BemecTBo Te4éT. Ecnmm ke 7 < 7, TO Jake KUAKOCTU HUCIBITHIBAIOT
TOJIBKO YIPYTyIo AedhopMaiuio u BeayT ceOs mogao0Ho TBEpALIM TenaM. [loatomy monmenu
HBIOTOHOBCKOM JKUJKOCTH M YIPYTOTo Teja, MPUHATHIE B MEXAHUKE CIUIOIIHBIX CpPEll, BEChMa
YCIIOBHBI. J{7151 KOPPEKTHOIO ONMUCAHUSI MAaKpOCKOIMMYECKOTO MOBEACHMSI JIF0O0r0 peanbHOro
BEIIIECTBA, HEOOXOIUMO YUUTHIBATh €T0 PEOJTOTUYECKHUE CBOMCTBA.

Boma — camas pacnpocTpaHEHHas M camas M3ydaeMmas JKHJIKOCTb Ha IUIAHETE, TEM HE
MEHee MHOTHE 3arajJkiu e€ IOBeIeHHs I0Ka He HaxomaT oObscHeHusa. OHa wumeer
Ype3BbIYAiHO BBICOKOE BHYTPEHHEE JABJIEHUE, O0YCIOBIEHHOE CUJIAMU MEKMOJIEKYIISIPHOTO
nputsokeHus. [loaromy Boga o0namaeT aHOMAIBHO OOJIBIION TEIIOTON mapooOpa3oBaHUs U
K02(ppHIIMEHTOM TOBEPXHOCTHOTO HaTsDKeHHS [7]. TeopeTndeckast MOJIEKYJISIpHAst TPOYHOCTD
BOJIbl IPUMEPHO paBHA €€ BHYTPEHHEMY JIaBJICHUIO U MIPEBOCXOUT MPEEN MPOYHOCTH CTAIU

(O-Bz25“ ~1-2 TITla, rne O, — K03(Q(UIMEHT MOBEPXHOCTHOIO HATSDKEHMs, R —
R

XapaKTepHBIA MEXMOJIEKYJISIPHBIN pa3Mep). PeanbHast 0ObEMHAsE MPOYHOCTH YMCTOM BOJBI,
HaOMo1aeMasi B 3KCIEPUMEHTaX NP CTaTUUYECKUX Harpys3Kax, 3HaYUTENIbHO MEHbIIE M3-3a
[apora3oBbIX BKIIOUEHUH M Tpouux JedeKToB €€ CTpyKTypbl. CuuTaercs, 4To IpHU
OPUJIOKEHUU K BOJE pacTATMBAIOIIMX HANpsOKEHUIM, OHA pas3pbIBaeTCs BAOJIb YXKE
CYILLIECTBYIOIIMUX B HEM MUKPOTPELINH IPUMEPHO CO CKOPOCTHIO 3BYKa.

CornacHo 3KciepuMEHTAIbHBIM HaOMI0AEHUAM, CTPYS BOABI IIPH OBICTPHIX yJapax Mo Heu
«packaibIBaeTCs», TO €CTh BEAET cels kKak TBEpHmoe, xpymnkoe Teno [3]. Cremyer oKuaaTh,
YTO OHAa NPUHUMUIHUAIBHO HE OTIMYAETCS OT MHOTMX JPYIMX pEaJIbHbIX XUAKOCTEH U
o0JyasaeT He TOJIBKO BA3KOCTHbIO, HO M YHPYrocThio ¢opMmbl. [lo3Tomy mpu BO3aeHCTBUU
UMIYJBCHOW Harpy3ku BOJAa HEKOTOpOE BpeMs OyAeT ynpyro 1edopMHUpOBaTHCS U TOJIBKO
IIOTOM HayHET pacTeKkaTrbcs U paspbiBaThesa. llpu 3TOM €€ «MIHOBEHHas» IPOYHOCTD,
00yCJIOBJIEHHAsT CUJIAMH MEXMOJIEKYJSIPHOTO TPUTSDKEHUs, OyJeT NpPUMEPHO paBHa €€
BHYTPEHHEMY JaBJICHHIO, YTO IPEBOCXOIUT MPOUYHOCTh OOJIBIIMHCTBA TBEPABIX MAaTEPHAIIOB.

CoBpeMeHHbIE HCCIE0BaHUS MOKAa3bIBalOT, YTO KaBUTALIMOHHAs MPOYHOCTb BOJBI IPU
BO3JCHCTBUM MHUKPOCEKYH/IHBIX HMMIIYJbCOB 3HAUUTEIBHO MPEBBIIAET CTATUYECKYIO
00BEMHYIO MPOYHOCTh. Pa3pblB BO3HMKAET TOJIBKO B TOM Cllyyae, €CIM OTpPULATEIbHOE
JABJICHUE BBIIECPKUBAETCS ONPEICIEHHOE BpeMs. OTO BpeMs 3aBUCUT OT BEJIIMYMHBI
UMIIYJIbCA U COCTaBJSIeT AeCATKM MHKpocekyHA [8]. IlockoibKy 3TO BpeMmsi CpaBHHMO C
XapaKTepHbIM BPEMEHEM KaBUTAlMOHHBIX IPOIIECCOB, MOBEJIEHUE BOJBI B 3THUX Ipoleccax
HEBO3MOXXHO  OOBSICHUTh, cuuTasi €€ HBIOTOHOBCKOM  KHJIKOCThIO. Paccmorpum

B3aMMO/JICHCTBUE BOJIBI C TBEPIBIM TEJIOM, CUUTAS €€ YIPYTO-BA3KHUM MaTEPUATIOM.

B. H. Tapacos
dusnyeckne MexaHn3Mbl KaBUTaLNMOHHOM 3p03nn
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OgHuM W3 caMbIX pacHpOCTPaHEHHBIX METOAMK HCCIEIOBAaHUS KaBUTAI[MOHHOM
MPOYHOCTH MAaTepHaNIOB SIBJISETCS HCHbITAHHE HA YAApHO-3PO3HOHHOM cTeHzae. [lpu 3tom
oOpasen; Marepuala, 3aKpeIUIEHHBIA Ha BpallaloIIeMcs AWUCKE, MEepUOJUYECKU IMepeceKaeT
CTPYIO BOJBI, BHITEKaOIIy0 u3 Oaka (puc. 1). CKOpoCTh ABMIXKEHHUs 00pas3lia COCTaBISET
OOBIYHO HECKOJIBKO JECSTKOB METPOB B CEKYHIY, CKOPOCTb CTPYU CYIIECTBEHHO MEHBIIIE.
Ceuenue CcTpyu — OT TPEYrojbHOTO A0 KpyrJioro (mpu KpyIJIod cTpye paspyluieHHUs
MUHHUMAJIbHBI), THaMeTp CTpyn o0brdHO 5-10 MMm. PaccmoTpuMm mporiecc B3amMOIEHCTBHS
oOpasma u cTpyH. YIpyrocTbio o0pas3iia B MOMEHT yaapa MpeHeOpekEM.

Huxy6ayuoHHkil

O6pazey Mosepxocmuiii nepuod
cnou

Mpouecc

OmpameHue
@ONHLI

Puc. 1. Ilponecc ucnpiTanuii Ha y1apHO-3PO3UOHHOM CTEH/IE

B MomeHT kacaHus oOpasua nomepék CTpyH BOJABI HAUMHAET PACIpOCTPAHATHCS BOJIHA
ckarug (puc. 1). Ilpu momepeuHoMm pasmepe cTpyd a =10 MM BpeMs yJapa COCTaBisieT

2
npumepHo T’ ~=2 115 MKC, TOe ¢, =+/E/p =1425 M/c — ckopocTh 3ByKa B BoJe (CTpYyIO

G
Oynem cumrtaTh Tiockoi). Ilockonbky Bpems yaapa (a Tem Oosee JIMTEIHHOCTh (PpOHTA)
CPaBHHMO CO BPEMEHEM pellaKCalluy BOJBI, BO BPEMsI B3aUMOJICHCTBUS BOLYy OyJleM CUHUTATh
YOPYTHM TEJIOM, CIOCOOHBIM BBLACPKHBATh PACTATUBAIONIUE HampsbkeHus. [Ipu ckopoctu

obpasua V=50 M/c ygapHOe naBiIE€HUE B BOJIHE COCTaBisieT Fy ~ E 4 = pVec, =70 Mlla, uto
=0

3HAYUTEIHHO MEHBILIE BHYTPEHHETO (MOJIEKYJISIPHOTO) AaBJICHHUs BOJIBI U MpeJieia MPOYHOCTH
ctanu. OTpa3suBIIKUCh OT CBOOOJHOM TpaHHUIIbI, BOJIHA C)KATUSl BO3BPALIACTCS B BHJE BOJHBI
pa3pspKeHHs U BO3/ICHCTBYET Ha 00pasell C OTPHIBAIOIIUM YCHIIUEM.

Ecnu Ob1 Mexxay MOJeKylaMu BOABI U 0Opaslia He ObLIO CHJI CIEIUICHUS, He ObLIO ObI U
OTPBIBOB MUKPOOOBEMOB MeTajlia, a oOpaser He paspymaics Obl Hukorga. Ho takoro He
IIPOUCXOAUT. Boma — HpekpacHbIil paCTBOPUTEND U1l MHOTHX BellecTB. Ho m3HadanpHO, Ha
NOBEPXHOCTH 00pasiia BCeraa NPUCYTCTBYET NOBEPXHOCTHAS TUIEHKA MOCTOPOHHUX MOJEKYJ,
yXyAmarmas ero aaresuto ¢ Bomoil. Iloka cremnenue obpasna ¢ BOAOW HE3HAYUTEIHHO,
CTpysl BOJbI OTCKAaKMBaeT OT oOpa3ia MoAoOHO M4y OT CTeHKH. HOo mpu 3TOM MOCTeneHHO

B. H. Tapacos
dusnyeckne MexaHn3Mbl KaBUTaLNMOHHOM 3p03nn
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IPOUCXOAUT OYMCTKA TIOBEPXHOCTH U «3aceleHue» e€ MpOAyKTaMU XHMHUYECKOTO
B3aMMOJEHCTBHS BO/BI U 00pasna. ATy a3y 3po3uH Ha3bIBAIOT UHKYOAI[MOHHBIM EPUOIOM.
Ha moBepxnocTu 06pasna o0pa3yroTcs BMATHHBI, HO YHOCA MaTepurasa He MPOUucXoaur [2, 3].

[lo mepe ymyumieHus aare3ud BOJa HAYMHAET OTPHIBATh (PparMeHThl MOBEPXHOCTH.
OtpuniatenbHble 1aBIEHUS, MMPEBBIIAIONINE MPEAeT MPOYHOCTH 00pa3la, MOTYT BO3HHKATh
0 CJIEAYIOUIUM MPUYHHAM.

v' Bo-mepBpIX 3a CUYET KOHIEHTPAlMU HAaNpsOKEHWH Ha yd4acTKaX OTPHIBAEMBIX
(dbparMeHTOB, MMOCKOJIbKY yAaphl MOTYT BOCIIPUMHUMATHCS MOYTH BCeHl miomaapio odpasua, a
OTPBIBBI TOJIBKO MAJIBIMHU YYaCTKAMM C XOPOLIEH aare3uei.

v' Bo-BTopbiX 3a CYéT BO30OYXICHHS B CHCTEME BOJAa-00pa3ell aKyCTHYECKHX BOJIH,
KOTOpBIE, OTPAXKasiCh OT I'PaHULl U UHTEephEpUpYs CIydailHbIM 00pa3oM, MOTYT MHOTOKPaTHO
ycwinBatbes. Bo30ykaeHHe TakMx BOJIH MOXKET BbI3bIBaThb KaK yJap IO CTpye, Tak U
IIPOLIECCHI MEKMOJIEKYJISIPHBIX Pa3phIBOB.

[Ipoueccel MEXMOJIEKYJISIPHOTO pa3pbiBa CHCTEMbBI BOJAa-00pa3ell HOCAT Cily4dalHbII
XapakTep, IMOCKOJIbKY HMILyJbCHasi MPOYHOCTb, Kak oOpa3ua, Tak U BOJbl OOYyCIIOBJIEHA
BHYTPEHHUMHU  MUKPOTpEUIMHAMH  (AMHAMUYECKUMHU  IOBEPXHOCTSIMM  MUHUMAJIbHOMN
npo4yHocTH). [Ipy MHOrOKpaTHBIX 3HAKONEPEMEHHBIX HAarpy3kax MEXKMOJEKYJSpPHbIE CBS3U
TBEPIOTO  BEIIECTBA TOCTETIEHHO HAPYLIAIOTCS, BOJM3M TOBEPXHOCTH BO3HHKAIOT
MUKPOTPEIIUHBI, MO0 KOTOPHIM M MIPOUCXOAMT OTpPbIB. B oTimMume or Mozexkysn TBEPAOro
o0Opasma, pa3opBaHHbIE MOJEKYJbl JKHIKOCTH CIIOCOOHBI CIMMNAThes O€3 HapylIeHUs
MEXMOJEKYJIApHbIX cBsizel. IloaToMy oOOBIMHAs BoJa NPU MHOTOKPATHBIX yAAapHBIX
BO3/ICUCTBUSAX OKA3bIBACTCS MPOYHEE CTATU W, NPU HAJTUYWU XOPOIIECH aare3uu, CrocoOHa
paspyliaTh camble TBEPbIE U IPOYHbBIE MATEPUAIIBI.

[Tocnie ouMCTKY MOBEPXHOCTH CKOPOCTh 3p0o3uu crabunusupyercs. CiaenyeTr oXuaarh, 4To
noTeps Macchl oOpaslia MpU CIyYailHOM XapaKTepe MeEXMOJICKYJSIPHBIX Pa3pbIBOB OyIeT
IPONOPLMOHAIIbHA CPEIHEMY 3HAYEHHUIO YAApHOTO UMIIyJbCa W YHUCIYy yAapoB. BenuuuHa
yJlapHOrO MMIyJbca Ha €JUHULly Iuiomanu obpasua F7 mpumepHo paBHa RT =2pla, a
YHUCIIO YJapoB IMPOMOPLUUOHAIBHO cKopocTH V. IloaTtomMy yHOC Macchl JOJDKEH OBbITh
NPONOPLMOHANEH JAUAMETPy CTPYH M KBajpaTy ckopocTu obpasua dM ~ Const- pV’a , uto

00bIuHO M HaOMrOAaeTcs Ha mpakTuke. Ha puc. 26 nzobpakeHa 3aBUCUMOCTD JJIUTEIbHOCTH
WHKYOAllMOHHOTO TepHoJa M IMOoTepu Macchl oOpasua u3 crtanu 25J1 oT ckopocTu ero
JBUKEHHUS HA yAApPHO-3PO3MOHHOM cTeHe 3a 10 yacoB ucnbiTanuid [3].
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Puc. 2. Pe3ynbTaThl KABUTALIMOHHBIX UCIIBITAHUI

B. H. Tapacos
dusnyeckne MexaHn3Mbl KaBUTaLNMOHHOM 3p03nn



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2015, 3 6 (10)

O4eBUAHO, YTO HAa CKOPOCTb KABUTALIMOHHOW SPO3MH BIMAIOT HE TOJIBKO BEIMYMHA
yIapHOH Harpys3ku, HO M UMIYJbCHas HPOYHOCTb >KMJKOCTH M 00pa3la, a TaKXkKe CHIIBI
aAre3uu MeXIy >KUIKOCTbIO M o0pa3uoMm. M3BeCcTHO, 4TO CXKMMaeMOCTb BOJABI 3aMETHO
3aBUCHT OT TEMIIEpaTypbl, UMEsi MHHHMYM INPUMEPHO mpu 45 rpamycax, ClIeA0BaTENbHO,
CHJIBI MEKMOJIEKYJIIPHOTO B3aMMOJECHCTBUS M MMILYJIbCHAsI NPOYHOCTb BOJBI IIPU 3TOH
TEMIepaType MaKCUMaJbHbl. OJTOT (PaKT XOpOWIO OOBICHSIET HAIMYUME MaKCUMyMa Ha
TEMIIEpaTypPHOU 3aBUCHUMOCTH CKOPOCTH YJIBTPa3BYKOBOW 3pO3WH B BOJE pHC.2a [6]. OTn
UCCIICIOBAHMs NPOBOJWINCH TAK)K€ B BOJHBIX PAacTBOpax IMOBapEHHOM COJIM, NMEPEKUCH
BOJIOpOJa U e1Koro Kaius. CKOpOCTH 3pO3UHU B 3TUX PACTBOPAX CYLIECTBEHHO HE OTIMYAIACh
OT CKOPOCTH 3PO3UH B IUCTUILIMPOBAHHOM BOJE.

HeonHo3HauHYO0 3aBUCUMOCTbH CKOPOCTH 3pO3UU OT TBEPAOCTH M MPOYHOCTH Marepuasa
MOKHO OOBSICHUTH COOTHOILIEHHMEM CHUJI aare3uud M koresuu. Hampumep, HepikaBerolue
CTaJld, HMEIOIIME MEHBIIYI0 MPOYHOCTh M TBEPAOCTb YEM YIJIEPOJIUCTBIE, HUMEIOT U
CYIIECTBEHHO MEHBIIYIO are3ur0 ¢ BoxoM. [10aToMy M mpeBOCXOmAT UX MO KaBUTALMOHHOMN
cToikocT. CTaHOBUTCS MOHSTHBIM TaKXKe€ KOPPESLUS MEXIYy CKOPOCTBIO 3pO3UHM B
Pa3IMYHBIX KHUJIKOCTIX M UX KOAPPHUIMEHTAMH TOBEPXHOCTHOTO HATSDKEHHSI pHc. 2B [6].

OTaenpHbIM  BOIPOCOM  SABJIIETCS TpUYMHA MOSIBJICHMSI IapOra3oBbIX KaBEpH IpHU
KaBUTAllMM M WX BIHSHHE Ha OPO3MI0. OKCIEpPUMEHTAlbHblE HAOMIOAECHUS Ha
TUAPOJUHAMUYECKUX YCTAaHOBKAaxX TOKAa3bIBalOT [2,3], 4YTO KaBUTALlMOHHAs 3PO3US
IPOUCXOAUT B TOM CIIy4ae, €Clid B MOTOKE BO3HUKAIOT KaBepHbl. Ho, mpolecc cXjiomnbIBaHUs
KaBepH U 3pO3Usl HAXOJATCS B BechbMa cialboil cBA3M Apyr ¢ apyroMm. KaBuranuoHHbIE
MOBPEXACHUS MOBEPXHOCTU YAaCTO IMPOUCXOASAT HE B paillOHax CXJIONbIBAHMUS KaBEpH, a B
MeCTaX UX BOSHUKHOBEHHS.

O4eBUAHO, YTO NPU MEXAHUYECKOM pa3pbIBE JKUIAKOCTH JOJDKHBI 00pa30BBIBATHCS
[apora3oBbIe IMy3bIPbKH, TIO3TOMY TOSBJICHUE KaBEPH BOJIU3U IMMOBEPXHOCTH MOKET CIYKHTb
IPU3HAKOM CYILECTBOBaHUS OTPULATENbHBIX JaBiaeHuil. [Ipyu 3ToM nosiBieHne my3blpbKOB Ha
CcaMOM NOBEPXHOCTH YCHJIMBAET 3PO3HI0, ITOCKOJIbKY MOJOCTh B CIUIOUIHOW Cpefie SIBISETCS
KOHLIEHTPAaTOPOM HamnpspkeHui. Eciiu mpu KpaTKOBpEMEHHBIX HAarpys3kax paccMaTpuBaTh
CUCTEMY MOJIEKYJI KUJKOCTb-TBEPAOE TEJIO KaK yNPYyroe Tel0, KOHLEHTpalus HamnpsKeHUs
Ha IpaHule pa3fesia KaBepHa-)KUJKOCTh-TBEPJOE TEJIO 3aBUCUT OT I'€OMETPUU KAaBEPHbI U
MO3KET ObITh 3HAauUMTENbHOU (puc. 3a). Kak nmpu mynbcanuusx, Tak U IpU JIBUKEHUHM KaBEPHbI
10 TIOBEPXHOCTH Ha TPaHMIE pa3zeiia BOZHHKAIOT OOJbIINE AWHAMHYECKHe aedopmarnui,
paspyuiaronme NoOBEpXHOCTHBIN cioit (puc. 30).
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DOpo3usi NOBEPXHOCTU aHAJIOTMYHAs KaBUTALMOHHOM HMPOUCXOAUT U B TEX CIIydasx, IJe
0OBIYHOM KaBUTAIMH (TO €CTh 00pa30BaHUs cavita — MyCTOT B KUIKOCTH) HE MOXKET OBITh B
npuHuumne. Hanpumep, 3meMeHThl MOCIEIHUX CTYNEeHEW MapoBbIX TypOWH, pabOTaloImUX B
YCIIOBUSIX BIJIQXXHOTO Iapa U IMOJBEprarolluecs HENpepblBHOMY BO3JEHUCTBUIO Karelb
JKUJIKOCTH, TO’KE MHTEHCUBHO paspymaercs. [Ipoiecc 3TOT Ha3bIBaeTCs KanelbHON 3p0o3uei U
MPOUCXOAUT Jaxe Tpu ckopocth Kamenb 10-20 m/c, mosTomy BOOOIE HE HAXOIUT
TUAPOJIMHAMUYECKOTO0 00bACHEHUS. MOXHO MoJyiaraTb, YTO MHOTHME (U3UYECKHE MPOLECCHI
paspylieHusl TBEPIbIX MaTEepHaOB KHUIKUMH, HAa3bIBAEMbIE T'MJIPOIPO3HUEH, MUMEIOT OO0IIni
MexaHu3M. [JIaBHOW NPUYMHON paspylUEHUN SBISAETCS HE CXJIONBIBAHME KaBEpH,
00pa30BaHHBIX BCJIEJICTBUE BCKUITAHUS KUIKOCTH TMPU HU3KUX JABJICHUSAX, a aHOMAJbHBIC
MEXaHUYECKHE HAMPSHKEHUS B MOTOKE, BOSHUKAIOIINE MPU BRICOKMX CKOPOCTAX AehopMalliu.
B 3Tux ycnoBusix peajqbHbIe KUIAKOCTH MEPECTAIOT OBITh «CKUJIKUMIY U HAUMHAIOT MPOSIBIISTH

CBOMCTBA TBEPJIBIX TEI.

3. UCCIIEJOBAHUE KABUTALIMU B HATYPHOM I'MIPOAI'PEI'ATE..

OcHoBHOW 1nenbto ucnbiTanuid ruzapoarperata Ne3 Casno-Llymenckoir I'DC  Obuio
UCCIICIOBAaHUE MyJIbCALMi B NPOTOYHOM YacTH M olpejesieHue (U3NYECKUX MPUYHUH
paspyllieHus] Kpené&XHbIX IINWIEK, MNpUBeAMX K aBapuu 17 aBrycra (cM. OTYET
«HMccnenoBanue ruJpoMexaHMueCcKUX MPOLECcCOB B rUAPOTYpOUHHBIX ycraHOBKax CLLIT'DCy»,
norosop NeCIII-312-2013/95) - M. 20139).

[Tpu ucnbITaHUAX PETUCTPUPOBATIUCH (pUC. 4):

* [lynpcanmu 31€KTpUYECKON MOIIIHOCTH THPOTreHepaTopa.

* [lynpcanmu AaBIeHMS U pacxoja NOTOKA HA BXOJE B THAPOTYpOHHY.

* [lynpcanmu AaBiaeHUs O] KPBILKON TypOHHBI B paifoHe JOMaTOK HalpaBIsOILEro
anrmapara.

*  JluHaMU4YeCKHe HAarpy3KH, AeHCTBYIOLIME HA KPBIIIKY TYpPOHHBI.

*  VYrioBble KoieOaHMs JONATOK HANpaBIISIOLIEro arnapara.

[Ipy wucoplTaHUSX OBLIM OOHAPYXKEHBI KAaBUTAIL[MOHHBIE MPOLECCHI, IMPOUCXOASIINE
HEMOCPEJCTBEHHO MO KPBIIKON I'MIpOoTypOrHbL. [laBiieHre MOTOKa B 3TOM 30HE COCTaBIISIIO
npumepHo 10-15 Gap, Ho3TOMY I'HIApOANHAMUUYECKON KaBUTALIMU 3[1€Ch OBITh HE MOTJIO.

Perucrpanus mynbcanuil JaBieHUs MOJ KPBIIIKOM TypOMHBI OCYIIECTBISLIACH 4-Ms
JaTYUKaMH JIaBJICHUS C OTKPHITOM MeMOpaHOH, KOTOpbI€ YCTaHABIMBAJIUCh B KPBILIKY
TypOMHBI 3aloOJUIMLO C €€ HWKHEHM NOBEPXHOCThIO. JlaTuuMKu MO3BOJISIIM HPOBOJIUTH
JUHAMUYECKHE HM3MEpEeHUs, C IOCTOSHHOM BpeMEHM MeHee MWUIMCEKyHAbl. Jluana3zoH
U3MEPEHUI TaTYMKOB cocTaBisul 60 Oap ¢ MATUKPATHBIM 3aI1acoM IO TPOYHOCTH.

[Tpu pabote arperara 3TH JaTUYUKU MOCTOSIHHO PErHMCTPUPOBAIM YpE3BBIYAHO KOPOTKHE
UMITyJbChl. VX JUIMTENBbHOCTh OKAa3ajJoCh CYIIECTBEHHO MEHbIE IIOCTOSHHONM BpEMEHHU
JAaTYUKOB, MOSTOMY BEJIMYMHA IHKOBBIX 3HAYEHUH HMIIYJbCOB, IOKa3aHHBIX Ha puC. S,
3aHmKeHa. [lockonbKy Ha HMKHEH MOBEPXHOCTH KpBIILKU TYypOMHBI ObUIM OOHApy KEHBI
KaBUTAIIMOHHbBIE PA3pYLICHUs, MOXHO 3aKJIIOYMTh, YTO MAaKCHMalbHas BEIMYUHA YAAPHBIX
Harpy3oK IpeBbllaia npeaes NPOYHOCTH CTallu.

B. H. Tapacos
dusnyeckne MexaHn3Mbl KaBUTaLNMOHHOM 3p03nn
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Puc. 5. KaBurannonssle TuIpoynapsl

Becbma uHTEpEeCcHO, YTO HAOMIONANTHMCH, KAK MOJOXKHUTEIbHBIE MMITYJILCHI (THUAPOYIaphl),
TaK ¥ OTpUIaTeIbHble (Tuapopa3pbiBbl). K KOHIly HCHbITaHM y BceX 4-X TaTYMKOB OKA3aJIUCh
OTOpBaHbl pa3AeiIUTEIbHbIE MEMOpPaHbl, YTO MOIJIO NPOHM3OUTH TOJBKO B pe3yJlibTaTe
BO3/CUCTBUS OOJBIINX YAAPHBIX OTPHULIATEIILHBIX JTABICHUH.

KaBuranoHHusle MoBpexIeHUsI ObUIM OOHAPYKEHBI TAaKKe Ha BHYTPEHHEH MOBEPXHOCTH
JONaTOK Hampasisitonlero ammapara. [Ipuuém, pacnojoXeHHbIE PSIOM KOJOHHBI CTaTopa,
KOTOpble MO (hopMe SIBISIOTCS TaKUMHU K€ TUAPOJMHAMMYECKUMH NPO(PUISIMH, OKa3alHuCh
COBEpILEHHO HE MOBPEXAEHHBIMHU. Ha MOBEpXHOCTHU JIONATOK, CAETAHHBIX M3 HEpKaBeIoIIen
KaBUTAIIMOHHOCTOMKOM CTaly MPHUCYTCTBOBAJIM MHOTOYMCIIEHHBIE PAKOBHHBI IIyOWHON
5-10 M, a Ha TOBEPXHOCTH KOJIOHH CTATOpa COXPAaHMIIACh 3aBOJICKasl Kpacka (puc. 6).

B. H. Tapacos
dusnyeckne MexaHn3Mbl KaBUTaLNMOHHOM 3p03nn
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Puc. 6. KaButannoHHble TOBPEXACHUS

B rugpoarHaMUuecKoM CMbICE MPUHLUMIHAIBHBIX OTIMYUNA MEXKIY 3TUMHU MPOPUISIMU
HeT. JlaBileHHEe M CKOPOCTb IIOTOKAa TOXKE OTIMYAINCH HecylecTBeHHO. Ho yonatku mpu
UCTIBITAHUAX KOJIEOATMCh. MaKCUMaNbHBIA pa3Max MX YIJIOBBIX KoJieOaHUil ObUT MOpsiiKa
rpajgyca, 4TO COOTBETCTBOBAJIO pa3Maxy KojeOaHMI Kpasi JIONATKM OKOJIO CaHTUMETpaA.
Kononns! craTopa ObIIM JOCTATOUYHO KECTKHE U MPAKTUUECKU HE BUOPUPOBAIIH.

3aperucTpupoBaHHbIe YIbTPAKOPOTKHE MMITYJILCHI JaBJICHUS MOJ KPBIIIKOW TypOHHBI He
MOTJIM OBITh BBI3BaHbI THAPOJAWHAMHUYECKUMH MEXaHU3MaMu. J[aBieHHe B MeCTe YCTaHOBKU
JATYUKOB MPH UCIBITAaHUAX cocTaBisuio 10-13 6ap, a ckopocTh moTOKa He npesbiiaia 30 m/c.
[TotoOHBIE UMITYJIBCHI MOTIIH OBITH TOPOXKIEHBI IIPOIIECCAMU pa3pbiBa BOJIBI B THIPOTYPOUHE.
IIpu OGompmMx ckopocTsAX AepopManuy OHa HE ycHeBajla HM3MEHUTh CBOIO (GopMy H
«pacTpecKUBallachy MOJOOHO CTEeKII000pa3HOMY BemecTBy. [10CKOIBKY paspbiB (parMeHTOB
BOJIBI TPOUCXOAMI OYEHb OBICTPO, HAa TPaHMLBI Pa3pPHIBOB BO3ACHCTBOBAIHN YJapHBIC
Harpy3KH MOpsAJIKa CUJII MEKMOJIEKYJIIPHOIO IPUTSIKEHUS. DTO MPUBOJANUIIO K BOSHUKHOBEHUIO
B TIOTOKE UMITYJILCHOTO aKyCTHYECKOTO OISl O0JIBIION MHTEHCUBHOCTH.

O4eBUIHO, UTO yJAapHBIE BOJIHBI B IOTOKE NOPOKIAIOT U yIapHBIE BOJIHBI B KOHCTPYKLUAX
rugpoarperata. [IOCKONBKY UIMTENBHOCTH HUMITYJIbCOB Malla, OOBIYHBIMH CPEICTBAMH
KOHTPOJISI OHU HE perucTpupyrorcs. Ho mpu BeICOKOM MHTEHCUBHOCTH ITyJIbCALIUM, 3TH BOJIHBI
CHOCOOHBI CYIIECTBEHHO BJIMATH Ha XapaKTEp TEUECHHUS M BBI3BIBATH PAa3pyILICHUs 3JIEMEHTOB
arperara, Kak B IIOTOKE€, TaK M 3a €ro mnpeaenamMu. MMEHHO 1O3TOMy M INPOUCXOAUT
YCTAJOCTHOE pa3pylLICHUE KPEm&XHbIX HIIEMEHTOB TuApoTypOuH. IIporHosmpoBarb 3TH
IIPOLIECCHI  OYEHb TSKENO, IIOCKOJIBKY pACHPOCTPAHCHUE YAAPHBIX BOJIH B IIOTOKE U
KOHCTPYKLMU arperara HOCUT CIIy4aWHbIM Xxapakrtep. M3 mpakTUKM M3BECTHO, 4YTO JaxXe
HOMMHAJIBHO OJMHAKOBBIE Jomnactu oxaHoro PK paspymarorcs BecbMa HEpaBHOMEPHO.
[ToBpexacHUs KpEnéxXHbIX MIIMUICK TAKKE INPOUCXOAUT CIIy4alHO, 110 MEpe HaKOIUICHUS
pa3pyLIaroIMX UMITYJIbCOB.

IIpu ompeneneHuM HArpy3oK, JEHCTBYIOIIUX HA KPENEXKHBIE JIEMEHTHI, NPEANOIaraeTcs,
YTO OHM MEXaHWYECKHME. A OHHM BbI3BaHbl KaBuTauuen. [loaTOMy yzaapHble Harpysky,
paspyllaronMe MIMUIbKH, CIUIIKOM KOPOTKHE, YTOOBI MX 3aMETUTh, & BO3HUKAIOT OHU HE B
3JIEKTPOMEXaHUYECKON KOHCTPYKIMH arperara, a B motoke. IMeHHO 3TUM U 00BSICHAETCS TOT
NapagoKC, YTO IUNUIBKKA BBICOKOHAIIOPHBIX T'MIPOArperaroB pa3pyllaroTcsi, a pacd€Tbl U
9KCIIEPUMEHTHI IT0Ka3bIBAIOT, YTO JMHAMUYECKUE HArpy3KH, AEHCTBYIOUIME HA HUX, HAMHOIO
MEHBIIIE ITPe/iesia YCTAIOCTHON IPOYHOCTH MaTepHala.

B. H. Tapacos
dusnyeckne MexaHn3Mbl KaBUTaLNMOHHOM 3p03nn



DNeKTPOHHbIN XypHan «TexHnyeckasa akyctuka» 2015, 3 10 (10)

B mnacrosimee Bpemsi Asis NpeAoTBpallleHUss OOpa3oBaHUs KaBEpH, TUAPOTYPOUHBI
3arayOJstoT, 4TO YBEJIMYUBaeT 3aTpaThl Ha cTpouTesibeTBO ['DC. Tem He MeHee, MOBHIIICHUE
TUAPOCTATUYECKOTO JaBJICHUS JAJEKO HE BCerja Momoraer B OoppOe C KaBUTALMOHHOMN
aposueit [2]. [y yMeHbIIIeHUsT 3p03UH HY)KHO HE MPOCTO MOBBINIATH JIaBJICHHE B IPOTOYHON
YacTH, a YMEHBIIATh MyJbCAllUd U HEPABHOMEPHOCTh MOTOKA TaK, YTOObl MUHHUMH3UPOBATH
CKOPOCTH JiehopMariviu KUAKOCTH.

3AKJ/IIOYEHUE

[Tpu HaTypHBIX ucnbITaHusIX ruapoarperata Casuno-Illymenckoit I'2C Ob1o 0OHapyXeEeHO,
YTO MOTOK BOJIbl B THAPOTYpOMHE CIIOCOOEH KPaTKOBPEMEHHO BBIAECP)KUBATh 3HAUUTEIIbHBIC
OoTpHLIaTeNIbHBIE JaBieHus. Bo Bpems ucnblTaHui npu JaBieHuu B motoke 10-15 Gap
PETUCTPUPOBAIUCH CYOMWIIIMCEKYH/IHbIE TIOJOXKUTENbHbIE U OTPHULATENbHbIE HMITYJIbCHI
JaByieHUs1 OOJIBLION aMIUIUTYAbl. B 3Toil ke oGsiacTi ObUTM OOHApYKEHbI, CYIIECTBEHHbIC
KaBUTALIMOHHbIE TIOBPEXKICHUS.

AHanu3 CyIIECTBYIOIMX MyOJMKalMi M pe3ysbTaToB HUCHBITAHUNH Ja€T OCHOBaHUE
nojaraTh, YTO peajbHas BoAa o0JiafjaeT yIpyro-Bs3KUMH CBOMCTBAMH U CIIOCOOHA OTPBIBATH
MHUKpOOOBEMBI TBEPAOro BemecTBa. 1103TOMy NpUUMHON KaBUTAILMOHHON 3PO3UM SBISIOTCS
HE CTOJIBKO THIPOYJaphbl, BbI3BAHHBIC CXJIONBIBAHMEM KaBEPH, CKOJBKO «THAPOPA3PHIBBDY,
JecTByIOIlME Ha OTPbIB (parMeHTOB MoBepXHOCTU. Clie0BaTENbHO, KaBUTALIMOHHO-
CTOWKHME MaTepuasbl JOJDKHBI MMETh HE TOJBKO BBICOKYIO TBEPAOCTb M BA3KOCTb, HO U
o0agaTh aHTHAAr€3MOHHBIMH CBOMCTBaMHU.

KaBuTanuoHHsle pa3pyLieHuss MOI'yT IPOXOIUTh 0€3 BCKUIIAHUS KHUJIKOCTH U 00pa30BaHMs
KaBepH. B 06nacTsx ¢ 60NbIIMMH CKOPOCTSIMU Je(OpPMALIUU PealbHbIe )KUAKOCTH MEPECTAIOT
OBITh OKUIKUMI» M IMPOSBISIOT CBOMCTBAa TBEPJAOrO Tejna. DTO MPUBOAMT K IOSBICHHUIO B
IIOTOKE aHOMAJIBHO BBICOKMX MEXaHUYECKUX HanpspkeHui. Cle10BaTeNbHO, U1l YMEHBIICHUS
9PO3MH HY’KHO HE IOBBIILIATH 1AaBJICHUE, & YMEHBILIATD IIyJIbCAL[UH ITOTOKA.

Bony Henp3d cunmTaTh HBIOTOHOBCKOW JKHUIKOCTBIO JakKe IPU AHAIM3E€ TEUYEHUS B
THIPOTYpOUHE, uyTO TpeOyeT KOPPEKTHPOBKH HEKOTOPBIX THMAPOJUHAMUYECKHX METOAMK
pacuéra.
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