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Cepus: PHUU3MKA 11 BUOAOI'MIA

Xmeapauk C.H.

AKTHUBHOE ITOAE ITYEAUHBIX COT

AxHoTanus

[TokaspiBaeTcs, YTr0 B OKPECTHOCTH ITYEAHHBIX COT
CYILIECTBYET HEMOHOTOHHOE IPABHTALIIOHHOE IIOAE.
Paccmarpusaercst cTpykTypa a10ro moas. IIpearosaraercs, 9ro
3TO IIOAE SIBASETCS IPUYIHHON CIIEHU(HYECKOIO BO3ACHCTBHSA
OYEAWHBIX COT Ha OmoAormdeckume oObexTsl. OIHCBBAETCA
BO3MOXKHBIM ~ MEXAHH3M  BO3ACHCTBHA 3TOrO IIOA Ha
OuoAorugeckre OObEKTHL.
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OHOOOBEKTHI

Awreparypa

1. Bcrymiaenue

"K' mHacrosmemy BpeMEHH B €CTECTBO3HAHHNU  HAKOIIMAOCH
AOCTATOYHO  MHOTO HAOAFOACHUH, CBHUAETEABCTBYFOIIIIX o
CYIIIECTBOBAHHH CIEIN(DUIECKOTO BOACHCTBHA, KOTOPOE OKA3BIBAIOT Ha
OHOOOBEKTBI  IIOAOCTHBIE — CTPYKTYPBI  (IIMPAMHUABL, ITYEAHHBIE U
IMOAOOHBIE UM COTHL, mopucreie Marepumaabl n  Tan)"' [1]. Takme
BO3ACHCTBHA IIPOABAAIOTCA HAMOOAEE APKO Y IMueAnHBIX coT. Hamprmep,
B [2] mueaoBoa murmer : "fluemcrsle CTPYKTYpBI THITA ITYEAMHEIX COT
CO3AQIOT ITOAE, KOTOPOE YTHETAET JKU3HEACATEABHOCTh MHKPOOOB H AQiKe
KOpPHEH pacTeHuii, OAaroAapa 4YeMy IHE3AAd OC M ITYEA BCEIAA UHCTEHL
Ecan maeanssie cotel 6€3 MeAa IOAEPKATh HAA TOAOBOH YEAOBEKa, TO
yepe3 HECKOABKO MHHYT Y HETO HCYE3HET YyBCTBO YCTAAOCTU U TOAOBHAS

113



dusmka n buonorus

6OAb, HOPMAAUBYIOTCH KpPOBAHOE AaBAcHume, cod." B [3, crp. 205]
ormedaercs ... AFOOOIIBITHEHIIEE SBACHHE § HHBIX HCIBITYCMBIX — TaK
HaseBaeMble (POCKEHBI: ITOABIKHEBIE, ITOCTOSHHO MEHSFOIIUECH APKHE
PAa3HOIIBETHBIE Y30PHI IIPH 3aKPBITHIX (4 MHOIAA U OTKPBITBIX) I'Aa3aX —
TO BCIIOAOXH, BCIIBIIIIKH, UCKPBL, TO CTPYAIIHECA BOAHBI H CIIHPAAH, TO
CAOKHEHINIE TeOMETPUICCKHE ITOCTPOCHNA YAUBUTEABHOMN KPACOTHI, HU
Ha 9TO IpUPOAHOE He mmoxoxue’ — cMm. puc. 0. PasHooOpasHbie ABACHHA
BOAHM3H ITYEAUHBIX COT OIUCHIBAIOTCA B [4]. VI3 ckasaHHOTO cAeAyeT, 9TO
B OKPECTHOCTH ITYCAHMHBIX COT CYIIECTBYET HEKOTOPOE IIOAE,
ABASIFOITICECH AKTUBHBIM HMCTOYHHKOM BO3ACHCTBHIT Ha OHMOAOTHYECKHE
0OBeKTB. AaAee HCCAEAYETCA IIPUPOAA TAKOTO AKTHBHOIO ITOAS.
Ormerum, d9TO HU3BECTHBI pabOTB, B KOTOPHIX PACCMATPHBAIOTCH
PAa3AMYHBIE TUITOTE3BI O IPHUPOAE ITOTO TOAA — cM. [1] B cchIAKu B 3TOIR
pabore, [9-11]. IIpeararaemas rurmoresa OTAUYACTCA TEM, YTO IIO3BOASCT
ITOAYIHUTH HEKOTOPBIE KOAMYECTBEHHBIE OITEHKH.

2. Ilpeannoceiakn

CyrmecTBoBaHIE TPABUTAIIMOHHBIX BOAH ITPEACKA3BIBACTCA OOIIECH
Tepuel OTHOCHTeABHOCTH. V3 Hee caeayer, dYro mpm CcAabBIX
IPABUTAIIMOHHEIX ITOAfX M MAaABIX CKOPOCTAX IPABUTAIINA OIIMCHIBACTCA
MaKCBEAAOIIOAOOHBIME ~ ypaBHeHuAMU [5]. VimenHO Takme ycaoBuA
cymrectByfor  Ha  3emae.  CAEAOBATEABHO, AOAKHBI ~ OBIAHL  OBI
HAOAFOAATBCA — TPABUTOIACKTPOMATHHTHBIE —9(PEKTH, AHAAOTIIHBIC
3AEKTPOMArHUTHBEIM 3(pdeKTam.
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PaccmoTpuM  ypaBHEHHA SAEKTPOCTATHKH, KOTOPBIE HMEIOT BHA
(3aech 1 Aanee ucrroabsyercsa cucrema CI'C):

divE =47np, M
rott =0, )

TAC

[ 3
¢ [ — IIAOTHOCTB SACKTPHUYICCKOTO 3apsiaa ~/ I' - CM / CM

® (] —3ACKTPHUYECKUM 3aPAA [\/m}

° E — HaHp}DKéHHOCTb BACKTPI/I‘ICCKOI“O IIOAA [/ r-CM CeK2 ]

M3 [5] caeayer, dYTO HMMEIOT MECTO TaKKe ypaBHEHHA
I'PaBUTOCTATHKH BHAA

divE g = 47szg , 3)
rotE = 0, @
TAC

. pg —— IIAOTHOCTDH MACChI [/ CM3]

M —macca [F];

o Eg — HaHpH)KéHHOCTb TPAaBUTOIACKTPHYICCKOI'O ITIOAA

b/ cerc? |

o G - rpaBurarmonnas mocrosmuas, G ~ 7 - 1078 EM3/F . CeKz]

3. 'eomeTpuA MYEAUHBIX COT

[Tueannsre cotsl (cM. puc. 1) cocTOAT U3 AOBOABHO TOHKUX, OAU3KO
PACIIOAOJKEHHBIX APYI K APYIy IYEAMHBIX S9€eK. TOAIIHMHA COT C
HE3aIIeYaTAHHBIM PACIIAOAOM COCTaBAAET OKOAO 22 mm. [lTdueanmmas
Adelika UMEET IECTUTPAHHYIO (POPMY M XaPAKTEPHU3YETCA CACAYFOIIIIMU
pasmepamm: TAyOmHa 11-12 MM, AmameTp BIHCaHHOI OKpyxHOCTH 5.37-
542 mM, 06bém okoro 0.28 cm’. CTEHKH fAYEEK HMEIOT TOAIIMHY
npumepro 0.1 Mm. OTKAOHEHHE OT 3TOM YCPEAHEHHOM BEAMYHHBI
mozxeT ObITh He 6oaee 0.002 mm. Ha 1 cM? mpuxoAnTcs OKOAO dYeThIpex

saeek [6]. TTaoTHOCTS BOCKa ipumvepro 1 1\ ev’.
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4. I'paBUTAIINOHHOE IIOA€ TYEAUHBIX COT
Ha puc. 2 mokazan parMeHT ITYEAHHBIX COT B ACKAPTOBBIX
KoopauHaTtax X, ),Z u mrockocts ABCD B koopammarax XO0Z ,

IIEPIEHAUKYAAPHAA ITAOCKOCTH COT. MBI OYAEGM OIIPEACAATH BEKTOPEL
TPABUTAIMOHHBIX HAIPSIKEHHOCTEH F gx> E gy E gz » CO3AABACMBIX
MAacCaMH ITYEAHHBIX COT. AAfl 9TOrO HaAO peruTh ypasuenusa (2.3, 2.4)
IIPH U3BECTHOH (DYHKITHH ,Og (x,y,z) pacpeACACHUA TAOTHOCTH
MacC B IYEAHMHBIX COTaX. B wactHoctnm, sta (DyHKIHA pacrpeseAeHHA
IIAOTHOCTH MacC 1o ocu O) npu X =0 u z=0 ma puc. 2 -

Pg (0,,0) umeer Bup, mpeacraBaemmbiii  ma  pumc. 3. 3aech

TIPCAIIOAATACTCHA, ITO COTBI ABAAFOTCA AOCTATOYIHO I‘Ay6OKI/IMI/I " MaCCbI
PaCIIOAOIKCHHI, (baKTI/I"ICCKI/I, Ha LT.ICCTPII‘paHHOI:I perIeTke.
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y E

gX 4 X

Eg,

Puc. 2.

Takas  dyHKIHA Pg (0,y,0) wsomer OGwvrrp ampokcuMEpOBaHa

dyHKIIIEH BHAQ Ch(ﬂy), rae [ - mexoropwiii  koadbument,
3aBHCAIUEH OT Amamerpa sueriku. [lpu stom dymkima Pg (0,y,0) s
LIEAOM AIPOKCHMHUPYETCH ITEPHOAUYECKON  (PyHKIIHEH Chd(ﬂy),
COCTABAGHHOW u3 (YHKININ Ch(ﬂy), OIIPEAEAEHHBIX Ha OTPE3KE
yel- R,R), PABHOM IITUPHPHE AYCHKH. AHAAOIMIHO MOKET OBITH
ompeaeAcHa  (PyHKIHA Shd(ﬂy), COCTAaBACHHAA M3  (DYHKITHI

Sh(ﬂy), OIIPEACACHHBIX HA TO JKE€ OTpPE3KE ye(—R,R). Ans

AaABHCI‘/‘H_HCI‘ O BAXKHO OTMETUTDH, YTO

d d
o Chd(B)=shd(y) - Shd(gv)=Chd(By). o)

AHAAOTHYHO  orpeaeAderca  (PyHKIHA Pg (0,0,z). TIpu srom

q)yHKHI/H-O paCHpCACACHI/IH IIAOTHOCTH MAaCC B ITYCAHMHBIX COTaX MOXKHO
ompeAeAnTh (POPMYAOH

pe(x.y,2)= /Z"Chd(ﬁy)Chd(ﬂZﬁ(X)- @
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3aech mpearioaaraercs, uto X = 0 wa ane suekn, a dpynxms

1, eciu x < h,

5(x)=

TAC

0, eciu x> h,

h - Bercora YK,
,3 - U3BECTHBIA KO3 UIHEHT (OT HErO 3aBHCUT TOAIIMHA CTEHKH

B pynkunu Ch — cm. takxke puc. 2),

pO - IIAOTHOCTD BOCKA.
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8] AaHO permrenne ypasHeHHH BuAa (2.1, 2.2) mpm ycaosun

CACACTBHI  YKa3 AHHOM B IL AHAAOTHH  MEKAY

SAEKTPOCTATUKON M TPABHUTOCTATUKOH 9TO PEINEHHE MOMKET OBITh
pacrpocrpaneHo Ha ypasHeHus (2.3, 2.4, 2, 3). Toraa nmeem:

E gy (x,y,2)= e-Chd(fy JChd(fz Jeos( ),
E g, (x,y,2)= e-Shd(fy JChd(fz Jsin( fx),
Eg.(x,y,z)=e-Chd(By Shd(fy Jsin(fx),

e =

4xGp,h .

*
®)
©)
v
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Taxum 0OpasoM, IIPH YKa3aHHBIX YCAOBHAX IIAOCKOCTD figeeK popMUpyeT
ITIOA€ HanpsKeHHOCTEN (4, 5, 6), KOTOpbIe TAPMOHUYIECKU U3MEHAIOTCA B
HatpaBAeHHH ~ OX. Dbyaem roBopmth, dYro B HAIIPaBACHHH,
IIEPIIEHAUKYAAPHOM ITAOCKOCTH f9eeK, (POPMUPYETCA HEMOHOTOHHOE
TaPMOHIYECKOE TIOAE.

Puc. 4.

Ha puc. 4 moxazaHo AAA TIpHEMEpPa  TAPMOHHYECKOC IIOAC

HAIIPAKEHHOCTH E ax (x , V, 2= 0) Ha  naockoctu  ABCD,

HepreHAUKyAApHOi aockoctr cot ACNM — cpasuu ¢ puc. 2. Ha puc.
4 1I0Ka3aHBI 3HAYECHHUA HAIPAKEHHOCTH (OTAOKEHHBIEC IIO BEPTHKAAM).
Ho Bektop 2TOM HAIPAKEHHOCTH HAIIPaBACH BAOAB IAOockocta ABCD
mapasAeAbHO ctopore CB. D10 moae sBaserca crarmaecknm. O4UeBUAHO,
AOAKEH OBITh IEPHOA (POPMUPOBAHHUA ITOIO IIOAA H B ITOT IIEPHOA

CyIIECTBYCT BOAHA. YV 5TOA BOAHH BCKTOP HAIIPAKECHHOCTH ng

HAIPaBAEH B  CTOPOHY  PaCIpPOCTPAHEHMUA BOAHBI - OT  COT.
CAeAOBaTEABHO, TaKasg BOAHA ABAAETCH IIPOAOABHOM.
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ITpumep. 13 pasaeaa 3  caeayer, dYTO BBICOTA AYCHKU

h = 1.2[CM]. B coorsercrBum ¢ (7) umeem
e=41Gp,h=47-7-107-1.1.2~107° EM/CeKz]

CAeaOBaTEABHO, B TOYKE MaKCHMyMa I'PaBUTAIINOHHAA
-6 2

HAIIPSKEHHOCTh EmaX ~10 M/CeK JAVN:| CpaBHCHUSA

3aMETHM, YTO Macca Ir (4To paBHO Macce AYEHKH) Ha PACCTOAHUN

= 3[CM] CO3AA€T HAIIPSIKECHHOCTD
-8
47Z2G 4z-7-100 ~10 EM/CGK ]
r 9

Dra P HAUPMKEHHOCTh MEHBIIE HAIIPMKECHHOCTH E . Kpowme Toro,

HATIPSUKEHHOCTH P (B oTAmume oT manpsxennoctn [F) ¢

paCCTOHHI/ICM YMCHBITIACTCS pCSKO 1 MOHOTOHHO.

5. MoaeaupoBaHue

Pertrerne, HaHAGHHOE B IIPEABIAYIIEM PAa3ACAE, CIIPABEAAHBO B
OAM3KOH OKPECTHOCTH IIAOCKOCTH COT, ITOCKOABKY HE YYIHTHIBAET
OTPAaHHYEHHOCTH 9TOH IIAOCKOCTHM M CBfI3aHHBIE C O9THM KpacBBIE
apdeKTHI.

B [7] aamo permrenne MmOAOOHOI — 3aAaud 9AeKTpocTathku 1) ¢
ydeToM KpaeBbiX 2(deKkToB u 2) HpH IIPOU3IBOABHON (DYHKIIIK
pacupeAeAeHUsA 3apAAOB BAOAB INHPUHBEI IAOCKOCTH. [Ipmvenmm 31o
perreHme K HAIEH 3aAade B YACTHOM CAy4Yae, KOLAA 3HAYCHUE
KOOPAMHATHL Z cp[;KCI/IPOBaHo Paccmorppv BexTop-dyHKITHIO

(x.y) Ey(x,y) ®)

1 (PYHKITHOHAA BHAQ
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F(E)=

0’E,.  O°E 0’E,, 0°E
lEgy- §x+ & +1Eﬂ- §y+ &
2 dy Ox0oy 2 dy Ox0y
b (9>
0’Eg.  O°E 0’E,, O°E
J..[ + F . gX + gx | E. . gy + gy dxdy
Flar oy | T ar @l
X,y X X 4
OE OE
+47Gpg - & &
ox oy

Tae Pg (x,y)— nsBectHad (yHKIUA. ['pasueHT 2T0TO0 (DYHKIIHOHAAA

HMCECT BUA

o’E, O*E, o2 2
a y+aEx+aEx+M£¥§£+@z,
éyz ox0y  Ox0y  py? ox Oy
(10)

azEx_FazEx__azEy__azEy
8y2 oxoy ol OxOy

Ilpu crycke wa dyaxmuonase (9) mo rpaamenty (10) mHaxoamrcs
omrruMaAbHOE 3HadYeHHE PYHKIHH (8), YAOBACTBOPSIOIIEE YPABHEHHIO

p=0. (11)
ITockoarky moae E He mmeer moctosHHOI cocraBAsroreit, To u3 (10,
11) caeayer (2.3, 2.4). Takum obpasom, cuyck Ha dyukimonase (9) mo
rpaamenty (10) mpm aamHOM Pg (x,y) mnpusoaur K perrennio
ypaBHeHuit (2.3, 2.4).
B [7] ommceiBaerca METOA IIPOTPAMMHAS PEAAM3AIIUA TAKOI'O METOAA

perIeHus 9TUX ypaBHEHUH. AaAee MBI TOABKO IIPHBEACM PACUCT ITOAS HA
sroii mporpammve. Ha pumc. 5 mnoxasam pesyAapTaT pacdera IIOAf

E ax (x y V., Z = 0 Tpex AdeeK fueek Ha TOH ke maockoctn ABCD. Ha

puc. 6 TTOKA32aHO AAS HATAAAHOCTH 3TO 7K€ IIOAC CO 3HAKOM MUHYC.
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6. IIpearrorosxkeHme O MeXaHH3ME BAUAHUA

IIOAA HA OMO000 BEKTBHI

PaCCMOTpCHHOC HEMOHOTOHHOC IIOAC MOAYAI/IPYCT ITIOCTOSTHHOC
IIOAC HpI/IT}I}KCHI/IH 3€MAI/I. HO3TOMy CYMMapHOC ITIOAC HUMECT
HCMOHOTOHHbeI rpaAI/ICHT. HOABI/I}KHaH MacCCa, OKa3aBIIadACA B TaAKOM
HOAC, CMCEIIIACTCA B 6AHH<211>1H.]:YIO TO"IKY C HYAGBI)IM TpaAI/IeHTOM. ECAI/I
3Ta IIOABMXKHAA MaccCa HBAHCTCH, HaHPMCp, MI/IKpOOpFaHI/I3MOM, TO €ro
ITIOABUXHOCTD OFpaHHqI/IBaCTCH. XHSHCACHTCAI)HOCTB TAKOIO
O6CSABI/I)KCHHOFO MI/IKpOOpraHI/ISMa OI’paHI/I"H/IBaCTC}I U OH HOI‘I/I62,CT. TaK
MOKHO ~ OOBACHUTb  (OTMEYCHHBIH  BBIIE)  (PAKT  yrHETEHUA
KU3HCACATCABHOCTU MI/IKpOOpFaHI/I3MOB B OKPCCTHOCTI/I ITYCAHNHBIX COT.

HOABI/DKHBIC YAaCTUIIBI B TCAC YCAOBCKaA ITIOA AeﬁCTBI/ICM AAHHOI'O
IIOAA TaKKE CTpCMﬂTCH paCHOAO){{I/ITbCH B TOYKAX C HyACBbIM
FpaAI/ICHTOM. TaKI/IM o6pa30M, HaHpH)KCHHOCTb FapMOHI/I‘ICCKOFO IIOAA
yMCHI)H_IaCT TCHAOBOIZ Xa0C ITOABUKHBIX qaCTHL[, CO3AaBad HCKOTOpyIO
YHOPHAO“ICHHOCTI). BI/IAI/IMO, HNMCHHO 32T0 6AaI‘OTBOpHO BAMACT HaA
CaMO‘IYCTBI/IC YCAOBEKa B6AI/ISI/I ITYCAMHBIX COT.
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