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BBEAEHHE

Bo3neabiBaeMbie HETOBEKOM PACTEHHH MNOCTOAHHO HAXO-
AATCA BO B3aHMOJEHCTBHH C BHemnell cpenoil, asadoueics
HEOOXO/AHMBIM YCJAOBHEM CVILECTBOBAHNS BCEro KHBOTO.

Kopennan 3allaya HayuHOTO 3eMJe1e/1Ms COCTONT B TOM,
YTOOLI H3YUYHTE TPEGOBANH I PACTEHNIT K YCJOBHAM Cpe/ibl Il pas-
paborath HanooJee 3heK THBHLIE CIOCOOLL X Y IOBJIETBOPEH NS,

DopMHpOBAHHE YpPOXKAN Ha CEILCKOXO3SHCTBEHHOM Moge
ABJAAETCS PE3YJALTATOM CJOKHOIO B3aUMONEIICTBHS BeeX (ak-
TOPOB BHElleH cpeibl ¢ pacrenuen. Cxema B3auMOJelCTBHS
MOMYJIAIWHH pacTeHuit ¢ BHewnel cpeloil uzobpakena ua
puc. 1. 3nech uepes u,, ..., 4, obo3navyenbl yrnpasJaeMmble
(hakTOpLI, T. €. Te napamMerphl Cpeibl, KOTOPbLIE HAXOIATCSH
Noj BO3JEHCTBHEM YeJoBexa (HanmpHuMep, HOpMa BbiceBa ce-
MSH, CPOKH nocesa, J03bl BHOCHMBIX VA0OPEHHiT, HOPMbLI M
CPOKH MOJIHBA, BH/bI 00paloTKH NOYBLL H 1mp.).

Hpyryio rpynny BHEWHHUX BO3JEHCTBUH Xy, ..., X, CO-
CTABJISIIOT HEYNpAaBjIfieMble, HO KOHTPOJHPyembie (H3Mepse-
Mbie) (paxTopnl. K Tperpeii rpynme oTHOCATCA Takue Boajeii-
CTBH#A, KOTOpLIE XOTsA W BAWSIIOT Ha npouecc GopMHpPOBaHHSI
Vpoxan &, Ho ux uamepenue 1160 HEBO3IMOKHO, JNHOO CBA-
38HO ¢ upe3BLYaHHo OOJLIIMMH 3aTparaMH, Ha KOTOpbe
B JlAHHBIX YCJOBHAX HE HAVT.

Ecan B cucreme nousa—pacrenne—armochepa orpanu-
HYHTBCS TOJILKO MOYBOH, TO H TOMJla OCTAETCSl OrPOMHOE KOJIH-
HYECTBO HEsICHBIX HJIH COBCEM HE H3YYEHHBIX BONPOCOB.

Ilousa sapaserca 7Toit Qu3Nveckoll cpefoil, B KoTOpOIl
TNipouspacrator pacrenusa. Ona jogakHa obGecneynBarth pacre-
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% | T HHA BAarod W nuTaTeJbHbBIMH
l BelleCcTBaMH, a KODHH pacTe-
HHH — KHCJIOP 0/10M; OTITH-
MaJibHble  YCJIoBHA  (POPMH-
poBaHHA  ypoxasa Tpedyior
2, NoUIepKAHHA  TaKKe CoOT-
Puc. 1. Cxema Bsanmoseficreuy BETCTBYIOINErO TENJIOBOIO pe-
nonyasuufl pacrennit ¢ BHewnef  ;KHUMA MOYBHL. HoOurbes (Ipo-
Epthon rpEeCCHPYIOero HapaACTAHM S
NACAOPOAMA NOYBBl MOXHO JHWIIbL OJHOBPEMEHHO BO3JEH-
cTBYS Ha Bce 3STH  (PAKTOPHI.

K macrosiiieMy BpemeHu E€lle He HaKOIJIeH marepua,
M03BOJAIONHA TOBOPHTL 006 ONTHMAJBHBIX COOTHOLIEHHS X
Bcex (hakTopoB BHeliHedl cpelbl (MHOrO(pakTOPHBIH KCHep M-
MEHT) JJIs1 Pa3JHYHBIX CeTbCKOXO3ANCTBEHHBIX pacTeHHil Ha
pasHBIX CTAafHAX HX PasBHTHs: GOJALUIHHCTBO JNAHHBIX OTHO-
CHTCH K OJIHOMY HJIH ABYM (pakTOpaM, BAHSIOUIHM Ha ypoxKaH,
MpH Npounx Qaxropax, HaXOAAUMXCH B H3OBITKE (MPHHILMI
aumuTHpyloero ¢akropa) wan «Hopme». Ha pue. 2 noxa-
3aHa peaknus pacTeHHil npH BO3/EHCTBHH HA OAHH (akTOp
JUSHH pacTeHuil, a Ha puc. 3 — NPH BO3JCHCTBHH Ha )(Ba
daxTopa [30, 107 ].

CopmecrHoe jeicTBHE (PAKTOPOB #H3HH pacTeHHH NposB-
JASETCS He TOJNBKO B JyUlleM HCNONb3OBaHHH PACTEHHEM KaiK-
JOro H3 HHX, HO H KOCBCHHO — II}'TEM B3aUMOJEHCTBH A,
Tax, HanpuMmep, H3MEHEeHHe TeMNepaTypbl MOYBbI BJHAET Ha
PACTEOPAIONLYIO CMOCOGHOCTL NOYBEHIOTrO pacTBopa, €ro peo-
JOrHYecKHe cBOficTBa, /JAOCTYNHOCTh A pPacTeHHH H T. 1.,
yio0penns, CHMKAs TPAHCIHPAUHOHHBI  KOI(pHUHEHT,
VMEHBIIAIOT MOTPEOHOCTEL pacTeHNii B BOAG H MOTYT 0C/Aa0HTh
BpeiHOe BJIHAHHE 3aCYXH; H3MEHEHHE BOJAHOIO PeXHMa MoYBbLI
NOBJEHEeT H3MEHeHHs B TelJIOBOM, BO3YIIHOM H NHTATeJIbHOM
PEKHMAX H OKAXKeT BJAHSHHE HA TEXHOJIOrHYECKHe CBOHCTBA
NOYB.

Coperckuit Coi03 pacnoJaraeT orpoMHbIM 3eMebHbIM (POH-
nom — 2227,5 MaH, ra M 1o oOuiel TEPPHTOPHH H 10 IJIO-

fI0nYTRUYS
pacmerud

N

%+



]

25 F
200
N =
S < |
150 S8 -
* n}
el r:'t.', ﬂ;]'_
)
-
= N30
& | %ﬂ-
b v L
| I !Hr;. 1 i Ilhél i T L 1 i |
10 20 30 40 50 60 70 80 90 100 263 258 293 298 303
T R

Puc. 2. FlsmeicHie seHUMEb YPoxan npH Bo3fleicTBHH Ha OXHH (axkTop
AHH3HH pacTeHHH:

g — onWT Feabpureéas 10 BARSHKIO BAAMKHOCTH NO4YBL Ha ypomait susens [30):
O — ZABRMCHMOCTL pocTa KAybnedl kaprodens oT TemMnepaTyps MOYBH (ZaHHBE
Mwoneca u ap.) [107]
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Puc, 3. Peakuus ceabCKOX03AHCTBEHHBIX DPACTEHHH NpPH BO3JeHCTBHY Ha
: ABa (paKTOpa KHIHH pacTeHHIL:

i == }'E}UH:IH OUICHHUE B SAaBHCHMOCTH OT BAAMHOCTH NOVMEL 1§ So3bl }-',!I:,Uﬁ;}l:.*l{llﬂ

“ [30) ! — ¢ vaoGpennesm © OfRHAPHLIX A03aX; 2 — Ges yaobGpeunfl; 6 — pocT Kop-

Hefl pacTecHHA B 3ABHCHMOCTH OT COACDMANKA KHCAOPOMA H TeMMOEPATYPHR MOYBH
107 I: { — vopmansioe cofcpsauue Oy 2 — HH3KOe cofep:anue O,

s



HIaAH CEABCKOXO3AHCTRBENNBIX YIO/HH 3aHHMAET NepBoe MecTo
g mupe. [lo MouBeHHBLIM H KJIHMATHYECKHM YCJIOBHAM Halia
cTpaHa HaXoJHTCH B MeHee OJaronpHATHBIX YCJOBHAX, UeM
muorie apyrue crpanbl. Cpbiie 58Y% TeppHTOPHH CTPAHbI
pacnosioKeHbl B XOJOAHBLIX paionax, okoio 15% —B ny-
CTBIHHBIX, /1€ NPH OOWINH Tenaa KOJHYECTBO OCA/IKOB Kpaiiue
orpannueno. Paiiolibl ¢ 1JI0JIOPOJHBIMI NOYBAMH H OTHOCH-
TebHo 0JaronpUATHLIM KJAHMATOM, I'JI€ PasBHTO 3eMJeledine,
coctapasior npumepHo 26% TeppHTOpPHH CTpaHBL. Y 3eMmJe-
noJb3oBaTesnen, 3aHATHX CEJbCKOXO3AHCTBEHHBIM TPOH3BOL-
cteoM, Haxoautest 47 % 3emeasnoro gonjia. M3 ceabckoxo-
3siiicTBEHHBIX YTOAHH B CpelHeM 110 cTpaHe npeobaaiaior
nacréuia — 54 %, cedokocrl sanumaior 8%, namwun — 37"%,
cajibl M BHHOTPaJHHKH — oKoJo 1%. B Bejenuu Jecoxozsii-
CTBEHHbLIX OpraHusalui HaxoAHTcs oKoso 43% 3emelbHOoro
¢onia, nojl TOPOJAAMH H MOCEJKAMH — 0,4%, nojl npomul-
JCHHBIMY, TOPHOPYAHHIMHM H JIPYIHMH TIPEAOPHATHAMH He-
cenbCcKoXo3aiicTrennoro Hasnavenua — 2,3%.

3a roasl CoBeTCKOoM BJAACTH IVIONLAAL NalHY YBEJAHYHIACH
Goaee uem Ha 70 MaH. ra. B To ke Bpems TOMbKO 3a 1963 —
1971 rr. Aas HAPOAHOXO3AHCTBEHHLIX HYM H3BATO OKOJO
12 maH. ra KOJXO3HbLIX H COBXO3HBIX 3€Melb, B TOM 4YHcJe
GoJee H MJH. Ta CEJLCKOXO3ANCTBEHHBIX YrOJHH, H3 HHX
okosio 1 man. ra nmawHd. MoxkHo oxujaars, uro K 2000 r.
H3 CeJLCKOXO3AHCTBEHHOTO HCMOAL30BaHHA OVIeT H3BATO
oxono 10 maH. ra namnd, a Ha NMOTEHLHAJBHO TPHIOAHBLIX
LIS OCBOCIH NS 3EMIAX H 3HAYHTENbHOH YacTH CYIECTBYIOUHX
CeNbCKOX03AHCTBEHHBIX YIoAHH Tpedyercs nposejierne 00Jib-
unix paGor no Meanopainu. Tak, obuias miou@ihL TeppHTo-
pHil, HyMlaoueiics B CHCTEME MEPONPHATHH NO mnpexynpe-
FKIEHHIO ¥ 3al|Te 1MoYB OT BeTPOBOH 3PO3UH H 110 PEery/inpo-
BaHHIO MOBEPXHOCTHOTO CTOKA, COCTABISET NPHMEPHO OKOJO
185 MJIH. T4 NAIIHH H OPHEHTHPOBOYHO 8D MJIH. I'a CEHOKOCOB H
nacr6unl. O6mas njounaib H30LITOUHO VBJAAKHEHHBIX 1 DOJI0T-
HbIX rous rpesbinaer 150 MaH. ra, B TOM YHCJIE NOTEHIHA/Ib-
HBIX AYroB M mactéuuy — 25 mvid. ra, namwHu — 17 il ra,
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BaxubiM dhakTOpOM NMOBBILEHHA MOUBEHHOTO MJAOAODOC,LHS
ABAAeTca rujapomesvopaunn. Ha 1 wosbpa 1972 r. opoma-
gock 11,8 MaH. ra u 6bT0 ocyuieHO 9,5 MJIH. ra CelbCKO-
XO35HCTBEHHBLIX yrojiui. B nepuonr 1971-—1985 rr. npeano-
JIATaeTcsi JIOBECTH MJIOMA/b OPOUIAEMBIX 3eMeJb [PHMEepPHO
10 21 MAH. ra H oCcylWeHHBIX — 10 27 MJH. ra.

Iasi nonyuenus noBBIUEHHLIX YPOXKAEB 3epHOBLIX npei-
[OJaraeTcs JIOBeCTH J103bl BHECeHHs VyAOOpeHHi#l T1oj 3TH
KYJALTYPbl B VCI0OBHAX A0CTATOYHOTO YBJaMHeHHs g0 200—
200 Kr geficrByiouero peuectea Ha | ra; B cTenHoil sohe W
B 301€e cyXuXx crened — 10 80—140 kr na 1 ra u noutn jlo
400 kr va | ra — npu opowaemom zemaenenus (B 1971 r. —
51,4 kr). B peayabrare cpeiHsia YPOXKAHHOCTB 3E€pPHOBLIX
10J1>KHA BBIPACTH HE MeéHee ueMm B 2 pa3a W JOCTHIHYThL 28—
30 1 Ha rektap 78],

MeponpHaTHA 10 KOPEHHOMY VJYYILCHHIO MOYB M0y~
YHIAH Ha3BaHHE CE€JbCKOXO3HdHCTBEHHbLB X M€ -
JHOpalHI.

B KHHTre 3aTponvThl B O0JMLIUEH WK MEeHbIleH CTeneHn Bce
BHIbL CEJLCKOXO3AHCTBEHHLIX MEJMHOPAUHH, NpHBEIEHHE
B CAe/lVIOneHn cxeme:

CeahCKOX03AHCTREHHBbIE

MEHOPALLH
! I
v o iy
PeryanpoBanne BOJHO- ArpoMeanopaTHaHEe bops6a ¢
BOZJVUIHOLO, CONMERoro —=  MEepONpHATHA «— 3Spo3Hei
H TeNnJOBOT0 PemHMOB
L
' t
4], | | | }

L3 o - "
Opowenne  Ocymenne O6soanenne Meanopauus  Tenaome-
3aCOJCHHEIX  JHopauwya

HoYys

HeoGxonuMocTh JlajibHERero Hay4yeHHs (UHIHKO-MaTeMa-
THUECKH X ACTMEKTOB MEJHOPATHBHOIO NMOYBOBeleHHA 00YyCa0B-

- JIeHa 3anpocaMi creunanuctos, pafoTalomUX Hal cos3fdaHHeM
H npoBepkoil Mojedell BJAHAHMA MOUYBEHHBLIX YCJOBHIl Ha
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pacTeHHA ¢ HEeJb0 peluenun llpDﬁJ‘lEMH NOJAVYEHHHA BbICOKHX
3anporpaMMHpoOBaHHBIX VPOIKaeB.

ITH HCCJIeIOBAHHSA JIOJIAKHBI NPHBECTH K CO3/IaHHI0 MOY-
BeHHOro 0JI0Ka WHTErpHpoOBaHHBLIX HUMHTAIHOHHBIX Mojeneil,
obecrieuHBAIOMIMX JOJTOCPOYNBIH MMPOrHO3 JHHAMHKH BJIATH,
MHHEpaJbHbIX H OpPraHHYecKHX BeIlleCTB B cpeje oOHTanus
pPacTeHHH, =
" Ha ocHoOBe T4KOro nporsosa CTaHeT BO3MOXKHBIM IIpHISi-
THE ONTHMAJbHBLIX XO3SIHCTBEHHBIX pEILIeHHH Ha BCeX [Mpo-
H3BOJCTBEHHBIX YPOBHHAX: IPH MPOEKTHPOBAHHU JOJITOCpOY-
HbIX MEJTHOPATHBHBIX MEPOTNPHATHH, NPH MJaHHPOBaAHIH arpo-
TEXHHYECKHX MEPOMPHATHH Ha MPEACTOSLIHH BereTalHoHHbIH
NnepHoJ H NPH ONEpaTHBHOM YMpaBJeHHH TpoieccoM dopMu-
POBAHUA VYpOMXaAA B COOTBETCTBHH CO CKJAAALIBAOUIEHCH
B KOHKpPETHOM TOAYy arpomereopoJoruyeckoil o6CTAHOBKOH.
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®A30BbIH COCTAB
MO4YBbI

. TBEPOASA $A3A

Cocras nouseHHbIX4acTH. TBepilasn dasa nousel COCTOMT U3
MHIiepaJbHBIX, OpraHH4ecKHX H OpraHo-MHHEpa bHbIX YaCTHIL,

MuunepaJdbHB e YaCcTHILLL M0 NPOHCXOKIEHHIO pa3-
JEeISI0TCH HA MepBHYHLE W BTOpHYHBe. [lepBHutbie MHHEPaJIbI
o0paszoBaJiich B pe3yibTaTe OCTbIBAHWS Marmel, a BTOpPHY-
iible — B pe3yJbrare (PH3IHYeCKOTo H XHMHUECKOrO BBIBETPH-
panus ropubiX nopoia. Cpeau nepBHYHBLIX MHHEPAJIOB HAM-
60.e¢ pacnpocTpaHensl [0JeBbie 1naThl, MHPOKCEH H aM(H-
GoJ1, CAKOAB H KBapli.

Necsars okueaos: SiQ,, Al,O, Fe,0, FeO, MgO, CaO,
Na,0, K,0, H,O u TiO, cocrasasior nouru 99% obuiei
MACCHl H3BEPXKENHBIX H OCA/IOYHBIX NOPOL.

Bropuuible MHHEPAJIbl B OCHOBHOM TPEJICTABICHBI KA0JH-
HHTOM, Mﬂll'I‘MﬂpHﬂﬂ(}HHTﬂM H HWIJIHTOM.

B KaoaH HUTOBBL X MHHEpaJiaX, o0pasylolMXCH
B VCJAOBHAX KHCJIOH Cpeibl, YaCTHIL COCTOAT H3 HECKOJAbKHX
NaKeroB, CTPYKTypa KOTOpBIX lOKazaHa Ha puc. 4.

UepenopaHie MNOJOMKHTEJIBHO H OTPHILATEJbHO 3apfAKeH-
HEX cjoes ofecneuHgaer MPOYHYK CBf3b BHYTPH [aKeTa;
[aKeThl ConpHKacaloresi ApPYyr ¢ JIpyroM TaKike pasHoHMeH-
HBIMH 3apsjamu, 4yto ofecneyuBaer, NnMpH COOTBETCTBYIOMMNX
PacCTOAHHAX MEe#JY NOBepXHOCTAMH, MPOYHYIO CBA3L H
Me} 1V TaKeTaMH.

XHMHYeCKHT cocraBp KaoJIMHHTOBBIX MHHEpaJioB MpH-
MepHo caeayiomtiii: Al ,0,5-28i0,-2H,0.

B MOHTMOPHJAJOHHTOB Bl X MHHEpaaax, 00-
pasVIOUIHXCA B  YCIOBHAX WIEJOYHOH  Cpelbl,  4acTHILbI
MOIYT COCTOATH H3 OTAeqbHbIX naketosB. Crpykrypa na-
KeTa MOHTMOpHJIIOHHTa (puc. o) B obuleMm 0aHM3Ka K pac-
cmMoTpeHHoit  Bbiiie. CBASh BHYTPH IMakKeTa npo4Hasn, Kak
B KA4O/THHHTE, H OCYUIECTBJIHCTCH PA3HOHUMEHNHO 3apimeH-
HbIMH cuiosiMH. CBf3L ke MeXIY OT/Ie/IbHBIMH MaKeTaMH

9
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PHe. 5. CTpYKTYpa nakera MOHTMO-
PHAIOHATA

HHYECKHX Beuects — YrJepol,

OCYIECTBAAETCS OHOMMEN-
HO 3apsiKeHHBIMH CJIOSMH,
COCTOAILHMH H3 aTOMOB KHC-
Jopojaa. XHUMHYeCKHA co-
CTAB NPHMEPHO CJCLVIOUHH:
n(Ca, Mg) O-Al,04-55i0,-
-xH ,0.

Haanrw (ruapo-
CAIOJB) MO CBOHUM CBOH-
CTBAM 3aHUMAalOT NPOMEKY-
TOUHOE TMOJIOMEHHE MeHly
KaOJIHHHTOM H MOHTMOp WJI-
JoHuToM. Kak H Mminepanb
MOHTMOPHAIOHUTOROMH PPy -
nel, OHW oOpa3yioTcs B 1ie-
aouyHoit  cpefe. Crpoenne
pemieTk 6aH3KO K cTpoe-
HHIO peLIeTKH MOHTMOp H.I-
JOHHTA, ONHAKO MEM1y na-
KeTaMi PACHONOMKEHbLl HOI B
Kajqusa, YTO npuiaer pe-
merke 00JAbIIYI0 NPOUHOCTE
H MEHBLIVIO MOABHIKHOCTL.
XHMHYECKHIl cocTaB I1pH-
mepHo caeayiomui: KO-
-3A1,04:65i0,-2H,0.

OprannyecKHue
BelulecTBa (NPpolyKTH
B3aUMOJEeHCTBHA MHIEpa/lb-
HEIX BElIECTB € OCTaTKaMu
PACTHTEJNBHOrO, MHBOTHOI'O
H MHKpoOHOTO TPOHCXO-
AMACHHA) NpejcTaBJenbl Iy-
MYCOBBIMHI BeuiecTBamu (ry-
MIHOBBIE KHCJAOTHI, (PVyiib-
BOKMCJOTHI, FyMycoBhle
VIVIH), ITPOTEHHOM, KJeTyaT-
KOH, CMOJaAMH H JpyLHMH
CJAOYKHBIME  COENMHEHHAMM.
OcHOBHBIE 3J€MeHTHI Oopra-
BOAOPOJ, KHCJOPOJ, a3aor.

OpravHo-MHUHEpAaJbHb e YacTHILL 00pasyloTcs
B pe3yibTare B3aUMOJACHCTBHA HeOpraHHYecKHX M oprauiiye-

CKHX HACTHIL.
10
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Puc. 6. Kpusnie MexaumyecKoro # MHKpPOarperaTioro cocraba

[G]:

? — umkpoarperaTuufi coctan

JNECCOBHANOIO CYTANHKA

! — smexampuecinf  cocTan;

duanueckans xapakTepucTHka uactHu. Pasmep uaciuin
TBep/10i (asel H3MEHSIETCH B IHPOKOM AHANasoHe H MOXKeT
ObiTh HATASJIHO HAMIOCTPHPOBAH KPHBOH rpaHyJjioMeTpHye-
ckoro cocrasa (kpusasi | Ha puc. 6). Ha pHcyHKe Takme
Aanbl OHa M3 KJaacCH(PHKAILHIL nepBHYHHIX (PpakilHil H BO3-
MOZ(HBIE METO]1hl OnpeieeHia rpaHyJIOMETPHUECKOro Co-
crapa [6].

Mexannueckitii coctap ABJISIETCH OJIHHM H3 OCHOBHBIX Kilac-
cHpHKanmoHUBIX npusnakos nous. [Ipexae Beero no Kpueoi
rpanyJIoOMETPHYECKOro COCTABA JIETKO OMNPElenTh JeHCTBYIO-
it (sdppexTusubiit) auametp wacruir dy, (10% wacrtmie no
Macce uMeloT pa3mepnl Menbume, a 90% — 6oablune 3TOrO
Avamerpa), Kotophiil NO3p0Jasier nmpudIH»KeHHo OLeHHTh (Piib-
TPAUHOHHBIE CBOHCTBA JaHHOH cHcTeMmbl 0€3 CrnelHa bHbIX
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nenbitanui. Tak, Hanpumep, 445 neckoB Ko3(pHILHEHT (HJIb-
rpaunn K = 75,556dio. Kpome 310oro, 1o OTHOUIEHHIO ¢KOH-
TPOJIHP VIOLETO» uaMeTpa uactHil dg, (onpejleisercs anaJo-
rHYHO dyy) K pdexTHBHOMY nHameTpy d;, CYAAT O CTENEHH

dyo

tyg
HEOIHOPOJIHOCTH, Tem 6oJee HEOJHOPOAHON ABJSETCA TBEp-

nast ¢asa noupsl. M, nHakoneu, no sesnynne d;, Moxer GbITh
jaHa npuOGAH3HTENbHAA OlleHKa Y A1e JbHOH NOBEp X -
HOCTH CHCTEMEI (DTHGI]_IEHHE NOBEPXHOCTH YacCTHIL K HX
o6Bemy).

MssecTno, urto yaeasnas nosepxHocts £ (M™) cucremsl
H3 OJMHOPOJHBIX HaCTHL MOMKET OBITH BbipaXHEHd 3dBHCH-
MOCTEIO

HCOJHOPOAHOCTH CHCTEMbBI O = HeM Bbllle H{)HQXDHIIIIPIIT

g - "d—,
rae b — 4Yuc/eHHbIH KoapdHiuHeHT, 3aBHCAIHHA OT (opMbl
YacTHU H XapakTepa HX YIAKOBKH.

Ecan Bmecto d ucnonan3osarh dy,, TO NOJYYEHHOE 3Haue-
Hie Tem OJHKe K JIeMCTBHTEJbHOH BEJAHUYHHE }-’,Z[EJH:HDII‘.I o=
BEpPXHOCTH, uem Oosee OJHOPOAHA CHCTEMA.

151 HEOAHOPOAHBIX MO PasMepy YacTHIL CHCTEM B KauccTse
appexTHBHOTO JMameTpa uacTHIL dff, KAaK NOKA3bIBaeT aua-
JH3 TPOHHIIAEMOCTH TAKHX CHCTeM, JVy4lle HCNoJab303aTh
CACAVIOILYIO 3AaBHCHMOCTE:

dt‘” . II:fll'l V“r;_!'

rie o — KO3(ppHIHEeHT HEOJHOPOHOCTH.

B craTHcTHueckoMm METOIE ONnpenejJeHHd },’le.‘H—,-HGﬁ no-
BepXHOCTH HCMOJIL3YeTcA YBe/IHYyeHHasi B n pas MHKpodoTo-
rpagus TPOH3BOJLHOIO CEUEeHHs TIOPHCTOTO MaTepuafa.
Ha sty ¢ororpaduio mHoro pas cayuaiino Gpocaercs Hrosxa
JUIMHB [ H MOACYUHTHIBAeTCSl YHCJA0 A CJyYaeB mnonaiannd
KOHIlA HIOJIKH BHYTPB MOPHI H UHCIO € CJYYaeB nepeceyerus
HFOJKOH KOHTYpa MOpPHI.

YienpHas NOBEPXHOCThH B 3TOM cJyyae oOnpejensercs
no copmye:

' dmic
i

L
L
1!

n,

rjie m — MOPHCTOCTH,

O apyrux meronax onpesenenns €2 Gyjer ckasaHo B cJe-
AVIOIHX pasaenax KHHTH.
12



SRR B e el et St L

[TopucrTroecTb m onpeiessaerca Kak OTHOUIEHKE
o6rema nycror V K obmemy obGvemy nopuetoH cpenwm V:

J'H=-t¥-.
0

KoshphpHUuHEeHT NOPHCTOCTH & NpPeACTaB/sner
coboii oTHoweHHe oObema nycroT V K ofneMy TBeplOro ma-
tepuana V, (V + V, =V,):

E_ e l.
Vs
Koa{upHiinenT nOpHCTOCTH H MOPHCTOCTh CBA3AHLI MEKAY
coboit CJACAVIOUHM BbIDdXKEHHEM!
E = i .

e

[ITnoTHOCTDL ponpelensiercss Kak mMacca Bewecrsa M,
oTHeceHHasl K ee oOwemy V.
..;' = T []
W Ve
MeToabl onpeienieHHs pasiHUHLIX 00BLEMHBIX H BECOBBLIX
XapaKkTepHCTHK I0YB MOXKHO HANTH B cneunnadbHoil antepa-
type [6, 60].
2. BOJIA

Boja — e1HHCTBEHHOE BeLECTBO Ha 3eMHOM luape, BCTpe-
Jalolleecsli B ECTECTBEHHBIX YCJAOBHAX B OTPOMHBIX KOJHYE-
CTBAX BO BCEX Tpex arperaTHblX COCTOHHHAX — TBEP/OM,
HHIAKOM M rasoobpasHoMm.

[ToxpriBas okoso %/, nopepXHocTH Hallel NaaneTsl, Bojla
ABJIACTCH KOALIOeAbIO XH3HH Ha 3emje u cocraBjser Gonee
50% wmacchr Jqo6oro xkHBOro cyuectna. JeilcTBys Kak Moul-
Tmﬁl reoJIoTHYeCKHi (paxTop, oHa npeofpasyer Jutochepy

41 1.

Hecmorps Ha To, 4TO Boja siBiIfA€TCA O0BLEKTOM H3YHUEHH
C caMblX JpeBHHX BpeMeH, MHOTHe JieTajH CTPYKTYDPH BOJBI
He pactumndgpoBadbl 10 cHX nop. B nedyatH nosBHJIHCH Co06-
HEeHHs 0 3arajlkax BOJIbI, KOTOPhLIM TPY/HO HAHTH o0BbsicHEHHE
la COBpEMEeHHOM ypoBHe HamuX 3Hauuii. Mmelorcsa B By
cooOmeHHa 0 cnocoGHOCTH TaJsloii BOAL YCKOPATh MHOrHE
OHOJIOrHYECKHe Mpollecchl, 0 BAUAHHH MarnuTHo# obpaborki
Ha (PH3HKO-XHMHUYECKHe cBOliCTBA BOJLL, uTO ofeiaer 60ab110H
sKoHOMHYEcKHH 3ipeKkT U B pAAE ¢/yYyaeB HAXOMHT NpOMbII-
J€HHOe TpHMeHEHHe.

13



BypHoe paspuTuHe OHOMOMHH MNOKA3a/0 BaXHYIO pPOJIb,
KOTOpYI0O Hrpaetr Boda B GuoJorMyeckHx npoueccax. Boja
ARJAAETCA OJIHOBPCMCHHO H EpE,’[ﬂﬁ, H HEHUC]]EJETBEHHI:IM
yuacTHHKOM GHOXHMHUYECKHX peakuHit. Bce 310, a Ttakike
npaxKTHYecKHe norpebHOCTH, CBA3AHHBIE C TMOHCKAMH 3KOHO-
MUUHBLIX METOAOB onpecHeHus OOJbWHX KOJHYECTB MOPCKOMH
BO/IbI, ONPeIeJHan TOT OTPOMHLIH HHTEpec, KOoTopbiH Hab/io-
JaeTcs B NMOCJe/ANee BPEMS K HCC/Ie0BAHNAM BO/bl U BOJAHDBIX
pacTBOPOB.

BopoponHas cBfisb M (pU3NMUECKHe CBOHCTBA MHAKOCTEN,
Ilpumasxcenue mexcdy deyss moaexysasu. lnsi obbscuenus
CBOWMCTB peajibHbIX rasoB W uiKocTel Bad Jep Baaabcow
6b10 BBEAEHO TNMOHATHE O CHJAAX NPUTHAMEHHA, JEHCTBYIOUHX
MeHLY JABYMSI HEHTpaJbHBLIMH aTOMaMH.

Tpu cocrasasiowux BawnjeppaanbcoBa NPHTAMKEHHS Me-
KLYy aromMamMu U MoJeKyJaMmi (B3aWMOJEHCTBHE JIHIOJbHBIX
MOMEHTOB, NOJAPH3IYIOLIEe JeHCTBHE JHI0/51 OJIHOH MOJIEKY. bl
Ha JPYryio H KBaHTOBOMeXaHHuecKuit sddext) moxio npej-
CTABHUTL B BH/E:
nd 4

| .
o= — — I-CHJ,'E -l_k:r_ 1

= c::""h'u] "
rje F — 3Heprus nNpHTAAKEHHS;
r — paccTosHHe MEeX/V MOJeKyJaaMmu;
¢ — NMOJSAPH3VEMOCTh MOJIEK YLl C JHNOJNbLHLIM MOMEH-
TOM ;
f — nocrosnnas boablimana;
T — abcoalornan TeMmneparypa,
h — nocrosnnasn [lnanka;
hv — XxapakTepHCTHUECKAsi SHEPrus, COOTBETCTBYVIONAS
OCHOBHOH JAHCNEPCHOHHON 4aCTOTE V.

M3 3Toro ypasHeHHs CaeLyeT, 4TO SHEPTrus NPUTAMKEHUS
BO3PACTACT € YBEJHYEHHEM OTHOCHTELHOI MOJEKY.JIsapPHOM
MACCHI, TAK KaK MpH 3TOM VBeJHYHBACTCH NOJAAPHIVEMOCTh
MOJIEK Y L.

Touku Kunenus u samepsanus. Kak npanuio, TOYKH KH-
NeHHs W 3aMep3aHHs pasJHUYHBLIX BeUeCTB MNOBLIIAITCH
C YBEJIHYEHHEM OTHOCHTEJNbLHOH MOJEKYJAPHOl Macch, TaK
KaK Mpexjle YeM BeLecTBO HAYHET HCMapAThes WIH nmepeiier
B TBep/VIO (asy, TENJoBOe JBHMKEHHE JOJKHO MPEeoio/eTh
BanaepBaanbcoBo npuTsKeHHe,

B cpaBHeHHH C ApyrHMH coelMHEHHAMH BoOjopojia, obJja-
JAIOMHMH  aHAJOTHYHOH MOJeKyaspHoi cTpykTypoii (H,S,
H.Se, H,Te), H;O nmeer aHomajbHbie TOYKH KHMEHHA H
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samepzanns (puc. 7). Ilepeuie tpu coepmnenns Beiyr cebs
¢HOPMAJIbHO®» B OTHOWIEHHH TEMJOBBIX CBOMCTB, a4 HMEHHO:
camoe Tsxenoe u3 HMX — H,Te wumeer camyio BhicOKyiO
TOUKY Kunenus (269 K) n 3amepzauusn (222 K), a camoe
Jgerkoe — HoS kunut u 3amepsaer npu Gosee HHIKHX TeM-
neparypax (212 K u 191 K coorsercrsenno). Coraacuo na-
Gaiofaonencs 3aKOHOMEPHOCTH — MOHUMKEHHEe TOYeK Kine-
HHS W 3aMEepP3aHHsd ¢ YMEHbLIUEHHEM OTHOCHTEJBLHOH MOJeKy-
JAPHOH Macchl — Bojla J0J1kHAa Obiia Obl 3aMep3ath NpH-
mepro npu 183 K u kunerb npn 203 K. Buecto 31010 TOYKH
samepsanns U KUneHus Boaw naxoaarca npu 273 K n 373 K
cooTercrBento [41].

Jror (aKT JIOKa3LIBAET, UTO MEMKIY MOJEKYJaMH BOJbI
JEHCTBYIOT 0oJiee CHJIbHBIE CcBASH, uvem BanjeppaalibCoBbl
CHJIBI NPHTHACHHA.

JetcreurensHo, TakHe CBA3N MEX{LY MOJIeKYJ1aMH BO/LbI
CYUIECTBYIOT — 3TO TAK HAa3kBaeMmbic BOJLOPOJHLIC CBA3M
(H-cBsi3n).

Ilonamue o 80dopodnol ceagu. Cpsab MeXIY ABYMA MoJie-
KyJaMH, MOJYVYHBILAA Ha3zBanue sojopoanoit, 6bls1a onHcaHa
B 1920 r. Jlatemepom u PoneSywewm [101]. «Bona. . . ofna-
PVIKHBAET NOYTH OJHHAKOBLIE TEHIEHIHH KaK K OTlaue, Tak
I K [MPpHCOEIHHEHHIO Bojopoja. .. CsoGoanas SJeKTpolyas

napa oaHOH MOJEKYJhkl BOIABl B COCTOS-

H HHH NPHTHI'HBATL BOJAOPOJ, Y/EpPHKH-
373 |—— BaeMbilf Mapoii sS1eKTPOHOB JpyroH
MOJMIeKYJILI, Tak uto ofe MOJEKY.bI
. BO/Abl OKA3LBAKWTCA CBA3aHHBIMH BMC-
323 | cre. . . Bosmoxno, yro xuaxkas Bola
- COCTOMT M3 GOJBIIHX arperatoB Moje-
g
R
3
E.
& 223}
173 & —
0 B8 % & & 100 129 1%
Omuocumeabnan MOACKYARPHAR nacca
Hs0 HS tySe HsTe
Pue. 7. Aunom3ansg ToueK KHITCHHA i JaMepzaHina pBolwl

B CPABHEHUH C APVIHME COCAHHEHHAMH BOzopota, oflaalaio-
ULHMH aHajaorsquoll moaekyaspuoft crpykrypoit [41]
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KyJ, KOTOpHE 110/l BO3JIEHCTBHEM TENJOBOTO JBHIKEHHS He-
pepBIBHO Pa3pyllaloTes H BO3HHKAIOT BHOBbY.

Takoe obGbsicHenHe PaBHOCH/BHO YTBEpPIKICHHIO, 4TO AAPO
BOJIOPOa, YAEpIKHBAeMOe MeM/1y ABYMs OKTeTaMH, obpasyer
c1abyio «CBA3bY.

DekTpocTaTHUECKas Mojeb, npenjoxennas Ilayaun-
rom [97], npeanonaraer, uto H-cBaA3b 06yc0BIeHd HOHHBIMH
CHJAMH: TIPOTOH BOAOPOAA (KATHOH) NPHTATHBAET H YJepiKH-
BAET JIBAa 3JEKTPOOTpHUaTe/NbHbIX HoHA. Hcxonst H3 sTHX
npeacTapaenuil, npouHocTb f/-CBA3H JMOJIKHA YyBEJHUHBATLCH
C POCTOM SJEKTPOOTPHUATEJLHOCTH CBA3LIBAEMBIX HOHOB
(prop — KHCJIOpOJ — a30T — XJIOp). BmecTe ¢ TeM, KaK no-
Ka3bIBAIOT ONBITHI, KOPpeasillisl Meyay sneprueit f-casu H
JHNOJABHBIM MOMEHTOM CBA3LIBAEMBIX MOJEKYJ OTCYTCTBYCT.

10T, KAK H HEKOTOpbIE JIPYIHe HEIOCTATKH, HE OOBSCHH-
Mbi€ ¢ MO3HILIHIT MPOCTHIX TEKTPOCTATHUECKHX MPEACTABICHHIH,
HaxouaTr oObACHEHHEe B paMKax /IOHOPHO-aKIENTOPHOH MO-
neau H-cessu, npenaoxennoit H. JI. Coxososem [119].

DHepruio H-CBA3H MOMXKHO OUEHHTH U3 CJACAYIOUHX CO00-
paxennd. YrobObl AHCCOUMHPOBATL OJHH MOJIL JHMEpa Ha
jBa Moasi MoHoMmepa, Tpebdyercs 59 kllx. Orcioja caeiyer,
YTO JUISE paspbiBa OAHOIl BOJIOPOJHOH CBsI3H Tpebyercs anep-
rag npumepHo 29,5 MJILx/kmoab. H3amepennpie 3HayeHH:A
sHepruu oaHolt H-CBA3H JJA pasjHuHBIX COEJHHEHHH KoJiel-
aiorest B npejesnax or 8 10 40 k/lxk (1A cpaBHEHHST OTMETHM,
YTO SHEpPrua XHMHYECKOH CBf3H COCTaBJfET COTHH KHJIO-
JuKovyaeit, a aneprua BanieppaanbcoBa B3aMMOJIEHCTBHA -—
OOLIYHO HECKOJILKO JeCSThIX KHJONLKOYJIS,

Bausnue H-cessu Ha pusuko-xumudeckue ceotcmea ud-
kocmed. Boiule ormMeyanoch BAHAHKE H-CBA3H Ha TOYKH KHIIE-
HHfI W 3amep3aHus Boabl. Bojsopoanasa cBs3b OOBACHAET H
JApyriHe TenJoBble 0COGEHHOCTH BOJbl — ee 00JIbUIYIO yAe/b-
HYIO TEMJOEMKOCTh H HeoObIYHO BBLICOKYIO CKPBITYIO TENJIOTY
V1aBJeHusi H HCIapeHus.

O6umit xapakrep BAusiHHA [/-CBA3H HA HEKoTOpbie (-
3HKO-XHMHYECKHEe CBOMCTBA JKHAKOCTeH mnokasan B T1aba. |
{101 .

Crpyktypibie mojean soabl. Cpean G0bUIOTO KOJHYECTBA
MOJleJlell CTPOEHHS BOJAbl MOXKHO BHJIENHTL JABa MpPHHILH-
NHAJABHO OTANYAIOIMXCH APYr OT Jipyra KJacca: OJAHOPO/Hbie
H HeoJHOpoAHBLIe B cMmbicjae OGaHKHero ynopsjodenus. Oco-
6cHHO uYeTKo pas/jHyHe MNpPOCTYMaeT NPH ONMHCAHHH BOAHBLIX
PACTBOPOB HeJjeKkTpoauTop. OKasanoch, 4TO TOJNbBKO HEO1HO-
POJHEIE MOJEAH, K YUCJY KOTOPHIX NPHHALJIEKHT H TaK Ha-
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Tabamrnma 1

Bauauwne f-cBA3n Ha HeKoTopwe QHIHKO-XHMHICCKHE
cooiictea xuakocred [101]

.:":H H.HT'E'FIII.ET‘I-IHFI COEaHHC-
Hitfl € MCHMMONCKYAAPHON
ChoficTno H-cafiako no cpabHeHHo
€ SOPAMHEHTAMN
Gex [i-cBA3N
Maoaapuuiit oGLem Menvwe
[ LnoTHOCTH Boaswe
MoJeRyIAPHAA NOAS PHIALLHA »
Tenniosoe paciuupenme Hesmuoro Goasiue
TennonpoBognocTs Boasie
CropocTe 3BYKA »
BaakocTs Muoro Goastue
IloBepxiocTHOe HATAMEHHE Boasiue
Camonudpyaus Meunine
Pacreopsioman ¢nocoGHOCTL Muoro Goasuie

gpipaeMas JBYXCTPYKTYpHAS MOJI€/b, NPABIJILHO OOBACHAIOT
B34HMHYIO pPACTBOPHMOCTb HenoJspunix rasos B Boje. Co-
FJ4CHO ABYXCTPYKTYPHOH MOJEAH KamAad CTPYKTYPHAA KOM-
nonenTa obnanaer ceoum HAOOpPOM CBOHCTB H 3aHHMaeT onpe-
aeneHHbid o0beM B NpOCTpaHCIBE.
Anomasibibleé OCOOEHHOCTH KHJAKOH BOAbl OOBACHAKTCH
. TeM, YTO OflHa H3 CTpPYKTYyp OG/AH3Ka no CBOHCTBAM M Xapak-
 Tepy YNakOBKH MOJIEKYJ K cBoictBam Jbjia | (apnononobuas
.~ cTpykTypa), a apyras umeer OGojee IVIOTHYIO YIAKOBKY.
~ Heoanopoanoets Boabl (B cmbicyie OJIHAKHErO OKpY KeHHs)
D3HAYAeT, YTO Kaxlasi MOJEeKYy/ja 4acTh BpPeMEeHH MOKeT Ha-
XOIHTbCH B OJHOM OKPYKEHHH (HanpHmep, JbJ0NMoA00HOM),
. @ 4aCTh BPEMEHH — B JIPYrOM OKPYKeHHH, COOTBETCTBYIOUEM
.~ GoJjee NJOTHOH CTPYKTYPe.
- OnHoit #3 HauwbGoaee sameyaTebHLIX OCOOEHHOCTEH TBEp-
- Joit asel oAb (nbla 1) sBjasercs CYUIECTBOBAHHE Tpexmep-
HOIl ceTkH BojopoinbiX cBsaszel. Coe/lMHEHHbIE B KECTKHH
KapKkac BOIOPOLHBIMH CBA3SIMH MOJIEKYJbl BOAbl 06pasyior
~ @AHHBIH MOJIEK VIAPHBIH KOMIIJIEKC — MMOJHMEPHYIO MOJIEKY1Y.
Kapkac sbaa 1 copepzkuT moJiocTH 10CTaTOMHOrO pasmepa,
" yto6bl BMECTHTL [APYIHE MOJIEKYJbl BOAbl. ITH OCOGEHHOCTH
COXPaHAIOTCA B H3BECTHON CTENEHH H B XKWJIAKOM COCTOAHMH.
. HMues o sanosHeHHM nycroT B JbaonofofHOM KBasHKapKace
. JKNKON BOILI JEXKHT B OCHOBE MOJIEKYJAPHO-KHHETHYeCKOH
 murepnperanuu, npeaoxentoi O. §f1. Camoiiiosbim [114].
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[Ipottecc niaassiends Jbjla CBS3aH C HAPYIUEHHEM LENOCT-
HOCTH Kapkaca BCJELCTBHE VCHACHHS TEMJOBOro /ABHMKEHHS
MOJIEKYJ B KHAKOM COCTOSIHHN. Y BOABI PasiHuaioT /Ba THNa
napviwenuii: 1) nedopmauun Kapkaca, KOTOpbie He TpeGyIOT
HapyLIeHis ero eI0CTHOCTH KaK MOJHMEPHOH MOJEKY.J1hbl
(Hanpumep, narubaHne BOAOPOAHLIX MOCTHKOB): 2) XumHue-
cKas peakiuia jgucconmanuy noanmepnoii mosekyant: (H.0)y
(noaumep) == (H,0)y_; (noaumep) 4 H,O (monomep). B pe-
3y/BTATE BTOPOrO nporecca MOHOMEPHAaf MoJeKyJa MoJ-
HOCTBIO OCBOGOHLAETCH OT BOJAOPO/INLIX CBA3CH C OKPYHEHHEM
(ruapodobuzannn). Cyvuecrsopanue riipodobubix, B VKa-
3AHHOM 3JIeCh CMBICJIE, [10JIOCTHLIX MOJICKYJ NOCTYJAHpoBa-
aock O. 5. CamoitnoBhim.

Coraacuno ueTepnperaunn, npernoxennoii 0. B. T'ypu-
KoBbiM [39], ruapodobubie MoON€Kyabl He NBAAIOTCH €AHH-
CTBEHHOH KOMMOHEHTOH Haceaenmns MycToT B KBasnKapkace
poanl. [Tpouece uarnbanus BOAOPOANLIX CBfi3eHd yBeJHYHBAaeT
BO3MOMHOCTH MOJICKYJ 3anoJHATh CBO0OOIHOE MEN{YY3e/b-
Hoe npoctpaHcTBo. C TOUKH 3peHHs pEUIeTOYHOH MOIEH
CPACIAABJICHHBIH KapKac» jibjla MOKHIO PaccMaTpHBaTh Kak
KBA3HKapKac, NYCTOThLI KOTOPOro 3anoJiHenbl MOJeKyJamu,
COXPaHHBLWHMH BOJOPOAHLIE CBf3H (XOTA Momer ObTh H
ocaabeHHBIe) CO CBOHMH NEPBOHAYANLHBIMI COCEASIMI H3 Kap-
Kaca. Takue nojocrTubie MOJEKYJbLl YA00HO HA3BIBATL FUILPO-
(uasubiMi. [lockoabky ruapedobhbie H ruapoduasisie no-
JOCTHHIC MOJEKYJIbl [10-Pa3sHoMY B3aHMOAEHCTBYIOT ¢ Kapka-
COM, Cle/lyeT pa3nnuaTh i JBe PasHOBHAHOCTH KBasnKapka-
co: 1) ynopsaouennuwiii Kapkac, obGpasyoumunili obpamiesie
ruipooGHLIX MOJEKYJ; 2) pasynopsilovMeHHblii Kapkac, 3a-
Kawouaiouit B cefe rujapoduiabipie NOJOCTHLIE MOJEKYJbl.
[IpuBenennsie coobpakenns npusoaaT K o60Gmennoi aApyx-
CTPVKTYPHOH MOJI&IH, COrJIaCHO KOTOPOH B XHJAKOH Boje
YacTh Y3JIOB KapKaca COXPaHsfeT Jblonojlo0HVIo yNnopaioyeH-
HYIO CTPYKTYPY, B NYCTOTaX KOTOPOH pacnonaraiorcs ruipo-
(hoGHBIE MOJMEKYJILI, APYIrasn YacTh V3JOB COOTBETGTBYET «pac-
NJAaBJeHHOMY» KBasnkKapkacy.

C popmansuoit Touky 3perns obobuennas ABYXCTpYKTVp-
Hasg MOJENb MOyKeT GBITh OTHECEHA K KJaccy MOACIEH YeThipex
cocrosHuil. B pamkax artoit mojenn yjiaercs 0cObACHHTL 1IHPO-
KYI0 COBOKYIHOCTb 3KCNEPHMEHTaIBHBIX pe3yaLTatos W 6ojee
r1y60KO NPOHHKHYThH B NPHPOAY MEKMOJEKYJIAPHBIX B3aHMO-
neictBHi B Boae. KoaHuecTBEHHOE oMicanne 1ol MOLeTH Me-
TOAAMH CTAaTHCTHYECKOH MeXaHHWKH MOMHO HalHTH B padoTax

B. M. Binpenxo, 10. B. 'ypukoa, E. K. Jleruna [23, 24, 39 |.
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Crpyxkrypa pactpopoB. OCOOCHHOCTH CTPOEHHS HKHAKOH
BO/lbl OTKJ18AbIBAIOT CBoeoOpa3Hbiil OTHeYaToKk o Ha CBoilcTBa
Bo/iibIX pactBopoB. [lpu obpasopanun pacrsopa pacTBopsie-
MBI YaCTHIL BHE/APAIOTCA B 3apOAbiiiid 06eHX CTPYKTYp,
OJHAKO B 3aBHCHMOCTH OT CBOEH HPHPOLLI OHH T[IPEANOYTH-
TEJILHO Pacnofaralorcs B 3apoibliiax oAHOi 13 CTPYKTYP.
[Mokazako [24], uro wonw npeanouTHTC/ALIECE BHEAPAOTCH
B 00/1aCcTH pasynopsjaodeniod CTPYKTVPLI, rie yikKe nopsaHa
Han ocaabjeHa 3HaYHTEIbHA® YacTh BOJOPOAHBIX CBA3EH.
310T Nnpoiece CABHIAeT CTPYKTYPHOE PABHOBECHE B CTOPOHY
HAKOIVIEHH S PasyMopsajloYenHOH CTPYKTYPL («paspyulennes
CTPVKTYPHI BOJb). MuOTrHe HE3JIeKTPOJHTH C/ABHT2I0T CTPYK-
TYPHOE PaBHOBECHE B CTOPOHY AbLI0ONOACOHOH CTPYKTYpb
(«ctabuansauusn» CTPYKTYpe Boin). Ilpn nobapkax Tperbero
KOMIoHenTa (HesNeKTPNJIHTa) BO3MOKILI ABa caygas: 1) ecan
nobapka CTabOHAHZHPYET CTPYKTYPY BOJL, TO HMEET MeCTo
«CTPYKTVPHOE BhICAJHBaHKE» HOHOB; 2) ecin nobaBKa pas-
pPVUIAeT CTPYKTYPY BOIALI, TO HMEET MECTO «CTPYKTYPHOE Bca-
JTHBAHHE» HOHOB,

B wacTHOCTH, MCXOAs1 M3 3ITHX NpPEACTaBJAEHHIt, Y/aeTcs
oOLAcHNTL obooanoe Beasupanuesy N, u H,.

Passuras 8 padorax B. M. Baoseuko, 0. B. I'ypukosa
n E. K. Jlernna TeopHs pacTBOpPeHHs B JIBYXCTPYKTYPHOM
PacTBOPHTEE MOMKET CJAYKHTH OCHOBOIl A8 PeryJHpoBaHHA
MPIEBOI0 PeKUMa pPacTeHuil.

3. TA300bPA3HAS ®A3A

AtmocepHbii Bo3ayx. Ilpu Xopouwem rasoofmene cocras
aTmocdepnoro po3Jvxa B TOH HAH HHOI Mepe oTpaxaercs
Ha COCTaBe [OYBEHHOTO BO3JAYXa.

CocraBubie yacTH armocpepHOro BO3JlyXa B IPOILEHTAX
npuseaenst B taba. 2.

[lhoTthocete Bo3syxa npu temneparype 273,10 K u nasae-
Hun 101 325 H/m?® pasna: p, = 1,293 kr/m®.

Mousenubin BO3ayX. ATmochepublii BO3JLYX, MNPOHHKasn
B MOYBY, HIPAeT BAKHYIO PoJb B NMOYyBooGpa3oBATENbLHLIX H

OHONOrHYECKHX NpOLECCaX, KOTOPbLIE B CBOKD ouepe/lb BJIHAIOT

Ha COCTaB NOYBEHHOr0 BO3VXa.
[MousenHbIil BO3)1YX OTAHYAETCS OT ATMOC(HEPHOTO NpexKie
BCEIO MEHBIUHM COAEp:KanHeM KHeaopoja H Godibluelt KoH-

'.ﬂEHT]'JE'i[lIIE‘ﬁ YIAeKHCI0oro rasa. OcHoBHLIE H3MEHEHHsl B CO-

CTABC INMOYBEHHOD BO3AYXa NPOHCXOAAT B NpoUHECC JIbIXaHHHA
KOpHEN H MH3HEACATEILHOCTH MNOYBEHHBIX MHKPOOPTali3MOB.
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O cKopocTH W HAnpap/ieHHH 3THX
11POILECCOB MOXKHO CYJAHTh, B Y4CTHO-
CTH, MO BEJTHUHHE H TEHAEHILHH H3Me-
Heuust pH H oKHCAHTENBHO-BOCCTA-
HOBHTE/BHOrO MNOTEHUHaAa Cpelsl,
a Ttakxe Kos(ppuunenra Anddy3nn
rasa M ero KOHIEHTpallHH.

Paspaforauuble B Hacrosiiee
Bpemsa QH3HYECKHE METO/L! HeC1e10-
BaAHHUA W NpHOOPBI NO3BOAAIOT (K-
CHPOBATh H NPOTHO3HPOBATh Hi3ne-
HeHHsl ra3’soBOro cocrasa B INOYBEH-
HOM H TNpPH3EMHOM BO3JYXe, 4TO
J1aeT  BO3MOXMHOCTL AHANUIHPOHATH
B3aHMOJeIICTBHE pAacTeHHH C OKpYy-
wawouen cperoit. B vacrhoctH, 10-
SIBHJIACH BO3MOJKIHOCTbL OLEHKH HH-
TeHCHBHOCTH (DOTOCHHTE3A H NPOLYK-
THBHOCTH PAacTHTENbHOrO MNOKPOBA
No JlAHHBIM YIVIEKHCIOTHOrO rasool-
meHa pacrennit [33 ].

Onwuitet [33] noxaswiBaor, urto
B jIHEBHbIE YacCbl, COOTBETCTBYIOUIHE
AKTHBHOMY (DOTOCHHTE3Y nNOCEBOB,
MOTOK YTJIEKHCAOTH H3 NOYBH! YMEH b=
liaercs; HaHOOJbINEH BEJIHUYHHL! OH
jocrHraer B peuepnuue yacel, Iloga-
raiotT, YTo OCHOBHOIl BKJaji B I1po-
AYVUHPOBaHHE H BbIIEJICHHE YlJe-
KHCJIOTH W3 I1OYBBI BHOCHT TOH-
KHH MHKPOOHOJIOrHUECKH aKTHBHbIH
cloif, Haxoaswmicss Ha rayGuHe
0,1—0,25 m.

Baxuoi 3ajaueft MeIHOpaTHBHOI
NPaKTHKH ABJAfeTcAa ofecneyeHHe
OaaronpHATHOrO JJasl KH3HH pacre-
HHIT COlepKaHusn KICJ0poAa H yrie-
KHCJ/IOTO rasa B NMOMBEHHOM pacrBope
H NpH3eMHOM BO3/lyxe. 310 JOCTH-
raeTcsl rJjaBHbIM o0pasoM npH Aak-
THBHOM oOmeHe xopoluo obpaboTaH-
HOH B ONTHMAIbHOM BOIHOM pPEXIIMe
OKYAbTYPEHHOH TNOYBOH C  aTMo-
cpepoi.



IF'napa Il

SAIBJIEHH I
HA MEX®A3HbIX TPAHHUAX
PA3AEJIA

1. AICOPBUHA TA30B HA NOBEPXHOCTH
TBEPJIbIX YACTHLL

Ancop6uusi, WJIH TNOBepXHOCTHas copOuufA, B IMHPOKOM
CMbBIC/I€ 03Ha4YaeT BCAKOe H3MEHeHHe KOHUEeHTPalMH BelllecTBa
Yy NOBEPXHOCTH pasjena ABYX (a3, a B 6onee y3KOM H YIO-
TPeOUTEJILHOM CMBICJIe — HAKOMJIeHHEe (KOHLEHTpHpOBanune)
OJIHOTO W3 BELLECTB Y 3TOH NOBEPXHOCTH.

Bemecrso, Ha NOBEPXHOCTH KOTOPOro NMPOMCXOIHT HAKOIl-
JIEHHE JpPVroro BelecTBA, HashBaloT ajicopbentom, a mnorjo-
AEMOe BeIeCTBO — ajAcopOTHBOM, HAN ajlcopbaToM.

Beawuuna ancopbunu I” saBHcHT oT Temnepartypbl 1w
napjaenns P. PH3HYECKAs CYULHOCTL TeopHH ancopbunu
Jlenrmiopa sakmouaercs B caenywomem [68, 113). Tlosepx-
HOCTh BCAKOro aacopGenta JHCKpeTHa: Ha Hell WMeoTcs ajl-
COPOUHOHHBIE LEHTPHI, YHCJIO KOTOPHIX ONpefeasierca YHeIoM
YyacTHIL (MOJIEKY/, ATOMOB, HOHOB) C HEKOMNEHCHPOBAHHBIMH
MEAMOJCKYIAPHBIMH (MEKATOMHBIMH, MEKHOHHBIMH) CHAAMM,
34 CUET KOTOPBIX W MPOHCXOAHT MpUTsKenue (amcopGuposa-
HHE) YacTHl alcopOTHBA.

Tak Kak BajeHTHLIE CHJILI HE pacnpocTpansiorces aanbiue
yeM Ha AHaMeTp OJIHOH MOJIEKYJIbl, TO H3 STOrO TMOJOIKEHHS
CJIe1VeT BBLIBOJA O MOHOMOJIEKVJISIPHOM aicopOilHOHHOM CJo€e
(B ciIelyiomHuX pasaeax OyayT pacCMOTPeHbl H MOJHMOJIEKY-
JISIPHLIE CJOH).

Y pasuedne nsorepmp ancopbuun JIenrmiopa nmeer BHA:

= - i_ = T = const,

rne I, — npenennnas pesanunHa afcopbunm (HachblIEHNHE)
Ha €NHHNILY NOBEepXHOCTH ajcopleHTa;
¢ — paBHOBECHAA KOHUEHTpauus aacop6THBA;
A — Koucranra.
Ha puc. 8 nokasana nsorepma ajacop6iunu no Jlenrmiopy,
M3 KOTOPOH CTAHOBHICH ACeH (PH3HYECKNIT CMBIC] KOHCTauTL A.
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r A =6 MNwmesn sanauenne [ st

JABYX  KOHUEHTpaluH ¢
(118 3TOro HYMKHO 3HATH
YACJALHVID NOBEPXHOCTD
ajacopbenta), MOXKHO Ha-
TH KoHctautel [~ u A
u, naobopor, 3Haunne [,
H PasMEpoOB  MOJEKY.JIbl

H%rm

i
A s JaeT BO3MOMKHOCTh OIpe-
Puc. 8, Haotepma ajacopbumu (no Jlenr- JACIHTL  YACJIBHYIO I]Dﬁ—
MIOPY) BEPXHOCTE  HCNEPCHOH
CHCTEMEL.

Ha sToMm cBolicTBe OCHOBANBL METO/LLI ONPEIe/IEHH A Ve b-
HOI NMOBEPXHOCTH MOYBLI MO KPHBLIM &/ACOpOIIN ra3oB, BO/s-
HbIX napos, Bozayxa u ap. [1071].

M3pecTHo, uT0 ypaBHenue ajcopOduui Jlenrmiopa, Kak u
BCe BLIBOJLLI H3 HEro, OTHOCATCS K IVdaJKHM TTOBEPXHOCT M.
Haanune ganuaasipop M uieneid (nepoBHOH TIOBEPXHOCTH)
B aJAcopOeHTax BEIeT K 3aMe/eHnIo a1CcopOIlHOHHOrc paBHo-
BECHA H KaMKVIIEMYCH HENnoAuUHEeHHI0 ajcopOilHn VPaBHeH HIo
Jlenrmopa. CKopocTs aacopOuiy yBeJIHYHBAETCH MPH NOBbI-
IEHHI TeMnepartypbl, ITH OOCTOATENLCTBA CJELIYeT HMETb
B BHLY MpPH ONpeleJeHHH VYAeIbHOl MOBEePXHOCTH COPOIHOH-
HBIMH METOJlaMH.

3ameTuM, uTo ajcopOiius rasoB U3 pacTBopa NOAUMHHAETCS
TEM K€ 3aKOHOMEPHOCTSM, OJHAKO €€ CKOPOCThb CYUIIECTBEHHO
JUMHTHPYETCS CKOPOCTLIO AHGDV3HH pacTBOPEHHLIX MOJIEKYJI
(c Bansinnem ajcopbupoOBaHHOrO rasa U3 pacrsopa Ha Mpo-
iece GpuibLTpalHi Mbl Berperumes B raase IV).

Cpasnipainye ajlcopOHpPOBaHHBIX MOJEKVA rasa (Kak o
JKHJIKOCTEH) COMpOBOMKIACTCH BLIIGJAEHIEM TenJia — TeNJOoThI
ancopounn. Koauwvecrtso Ttensa, KOTOpOEe BHETACTCA TIpH
agcopOumu 1 Moas rasa HiaH pacTBOPEHHOIO BEULECTBA OJIHHM
rpaMmom udlicroro ajacopbenTta, HOCHT HasBaHHe HHTErPaJib-
Hoit TenyioTsl ancopbunn (Q,,): noi angdepenunatbuoi Ter-
Joroil ancopbunu (g,,) MOHHMAIOT KOJHUECTBO TeIlia, BbIAe-
asiemoe npu norgouenun 1 moas aacop6TuBa NpH nepexoxe
OT MEHBLIErO PABHOBECHOrO JlaBjeliis (KOHIECHT PauHH) K 60/1k=

meMy, T. e,
el d}‘ :r "

[Io sxkcnepuMenTanbLHON H30TEpME aacopOiIin MOMHO Bhi-
YUC/HTE TEIJIOTY ajcopOumu; HalnpHMep O ypPaBHEHHIO
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Kaaysuyca—Kaaneiipona:

rae R — rasoBas nocrosiHHas.

O6byHO TEnaoTy aacopliHu ONpefesiioT 3KCnepHMeH-
TaJLHO KaJopHMeTpHYyecKHMH metopamu [6].

[lpn H3MeHeHHH NapIHaAbHOTO JaBJEHHA, TeMIEpPaTyphi,
KOHILEHTPAUHH H COCTABa MpHMECEeH COOTHOLIEHHEe MEeMAY
aJlcop6MpoBaNHLIM, PACTBOPEHHBIM Il MOYBEHHLIM Ta30M li3Me-
HAETCA, YTO MPUBOJHT K H3MEHEHHIO HHTEHCHBHOCTH Macco-
oOMEHa B CHCTEMEe [0YBa—pacTenHHe—IpPH3EMHBII BO3AYX.

2, 3APSIJ1 HA NOBEPXHOCTH YACTHIL
NABOAHOA 3JEKTPHUYECKHA CJOA

3apaa Ha mosepxHocTH yactuu. Ojuoll U3 npuunn, oly-
CJAOBJIMBAKOILHX NOBJEHNE 3apaja Ha NOBEPXHOCTH pasjenia
(pa3, aBasiercs oOuiunasn SJACKTPOJHTHUECKASN JIHCCOLHAILHS
NOBEPXHOCTHLIX MOJIEKYJ TBepjoro Teqsa. B pesvasrare jic-
COIHAILMH HOHBI OJIHOIO 3HAKA B (DHKCHPOBAHHOM [MOJIOKEHHH
OCTAIOTCH HENOCPEICTReHHO CBA3aHHBIMH C MNOBEPXHOCTHIO
ITOro TéJa, T. €. B COCTABE €ro KpHCTA/VIHYECKOH peleTKH
(norenuuanocobpasyioue HOHbI), a HOHBI IIPOTHBOMNOA0KIOTO
3HaKa (MPOTHBOHOHLI) MNOCTYNAIOT B MNPHACTAOUHI  CJAOH
AuaKoH dhasbl.

[3TopoH NPHYHHOR MOABJEHHA 3apalla Ha MNOBEPXHOCTH
ABJACTCH NpeunMylecTeennan agcopOuna HOHOB OHON MpPH-
poibl H3 pacTBoOpa.

B Kamaom n3 yKasaHHBIX ABYX CJYy4yaeB AucnepcHas va-
CTHILA CTAHOBHTCH 3JIEKTPHYECKH 3apAKEHHOH (MOJOXKHTEAbHO
WK OTpHUATEJbHO), B  4acTHOCTH, TVIHHHCTHIE YacTHILbI
OOBIMHO 3apsaCHbl OTPHUATEBHO.

JlBoliHON 2gekTpuueckuit caoit. [lockoLKky aucnepcnas
CHCTEMA B LEJOM JCKTPOHEHTpa/jibHd, TO B AHCHEPCHOHHOH
cpene JoJixen NPHCYTCTBOBAThL 3JIEKTPHYECKHH 3apsji npo-
THBOIMNOJOAKHOID 3IHdAK.

KaK pe3yabTar 1¢nA0BOro ABHIKEHHSA, CTPEMALIErocs pac-
NpeiejHTs HOHLl paBHOMEpHO BO BCceM oObheéme, H NMPOTHBOMO-
NOXHOrMo AGHCTBHS 32pAXKEHHOH MOBEPXHOCTH, CTPEeMsAUIEHCS
NPUOAH3HTL NPOTHBOHOHBLI W OTHAJHTBL OJIHOHMEHHO 3aps-
HEHHBIE HOHBLI, BOJN3N [OBEPXHOCTEH BO3HHKAIOT HOHHbLIE
Andipysunie armochepl.
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Ha puc. 9 nokasana cxema asoitvoro cnoa no Ulrepuy.
3/ech VY4TEHO, UTO IEHTPHLl HOHOB NEPROro ¢/1os (Kak NnpoTH-
BOHOHOB, TAK M [OSIBHBLUIMXCH B pesyibTare CleuHpUuecKon
ajcopblii HOHOB H3 pacTBOpa) HAXOAATCH HE Henocpe-
CTBEHHO Y [OBEPXHOCTH, a OTCTOAT OT HEE HA PACCTOAHHH O
(LITepHOBCKHIT CJl0i).

[Toanoe nagenune noreHunana P, caaraercss H3 najieHus
noteditnana Py B AuddysHoll yactu JBOHHOrO CJ10d H pas-
HOCTH NMOTEHIHAJO0B P, — Py — B IITEPHOBCKOM CJIOE.

[lpu HanOKeHHH BHELIHEro 3JeKTPHYECKOIro NoJisi CKOJib-
JKEHHE TBEPIoH W KHAKOH (askl Jpyr OTHOCHTEJBHO Apyra
NPOHCXOJUT HE HENOCPeACTBEHHO YV TBEpJOH MOBEPXHOCTH,
a no nekoropoit nosepxHoctH K—K (puc. 9), yiaajneHHOR
ot TBEp/oi dasel Ha paccrosnue A (A = 20, cM. Takxe che-
JAYOWKHA noapasjed).

Takum o6pasom, NpH 3/IEKTPOKHHETHYECKHX H3MEpPeHHAX,
CONPOBOZ ALK XCA OTHOCHTE/1bHbIM Nepemellennem Gpas, Mbl
ONpeaeascM HEe BCIO BeJHYHHY pPasHOCTH [OTEHIUHAN0B 1,
MERJY TBep1oit (hpa3oil H KHAKOCTBIO, a PA3HOCTh NOTEHIHA-
JIOB § MEXY YACTLIO KHAKOCTH, He BOBJEYEHHOH B JIBHIKEHHE
H cBfi3anHoil ¢ Tepol (asoil, 1 BCeM OCTANbLHBLIM PACTBOPOM.

ITpu nocroAnHOH HHTEHCHBHOCTH BHEILIHErO 10JIf C POCTOM
KOHILEHTpalluH HOHOB yMeHblllaercs ToJuHa aupdysnoro
CJIOSi, 4TO BJeyer 3a coboil yMeHbllieHHe BeJHYHHbI { — Mo-
TeHnnaaa (puc. 9, Kpusas 2), B TO BpeMsl Kak BeJH-
YHHA [OJHOrO [OTeHHaJ a 1P, OOBYMHO MeHserca maJo.
JdanpHefiiee  yBeJHYEHHE
KOHLEHTPAILHH HOHOB MOMKET
NPHBECTH YacTHUY B H30-
3JIEKTPHYECKOE COCTOsHHE,
Korjna C-noTeHudan craHo-
BUTCA paBHbiM Hydi0. Pas-
P AKAONILAas CIMOCOOHOCT L
NPpOTHBOHOHOB  BO3pacraer
¢ BaJEHTHOCTBIO.

Hekoropuie MHOIoBa-
JeHTHBIE HOHBI (Hanpumep,
Al** u Th''), obaapawoumne
GOJIBLUINM  a/ICOPOIHOHHBIM
MOTEHILMAJOM, MOTYT H3Me-
Puc. 9. Cxema asoitioro saektpu- HHTh 3HaK C-noreHuuMana.

yeckoro caos (no Lrepuy): Kak Oyjaer noxasaHo
I — npH KOHUCHTPAUNH &, 2 — npu B CAeJIVIOIHX pasieaax, 1o

KORDCHTpauun &3 (¢y = c4): x — pac-

CTORUNE OT NOBEPXHOCTH BE/IHYHHE ‘;'”‘GTEHHHHJH CY-
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AT 06 YCTOHYHBOCTH TOUBeHHBIX arperatoB. [lans nous ero
BEJHUHHA KOJeO/eTcs OT eHHHILbl 0 HECKOJbKHX JeCcATKOB
MHJJTHBOJILT (METOJIbl OnpeleseHHs S-MTOTeHIHANa NMPHBE/IeH bl
B cneunaabHoii aureparype [381]).

- Toabko B HaubGojee npocThiX caydasix ABOHHOH 3JEKTpH-
YeCKHH CJIOH COCTOHT H3 HOHOB KaKOH-1H00 O1HOI coau.
OO6LIUHO B JHCIEPCHOHHOH cpejle HAaXOASATCA HOHBL IBYX coJieil
wian Gojee. B atom cayuae nepepacnpeneneHie HOHOB B ¢J10€
[llrepua n anddysHom cia0€ HOCHT Xapakrep oOMeHa: npu
(IOFJIOLIEHHH OJIHHX HOHOB B PacTBOP MEpPexXoJNT SKBHBAJEHT-
Hoe KoauuectBo Apyrux. Ilas KoanuecTBeHHONH XapakTepu-
cTHKH oOMEeHa HOHOB MpeAJIOKEHO MHOTro YypaBHEHHI; OJHO
H3 HHX — AJA JABYX OJIHOBAJIEHTHHX HOHOB — [PHBEICHO
ke [68 ]

| b 2]
b
3
-
8

.

rie x; B X, — KOJHYECTBO HOHOB [€PBOro M BTOPOro poja
B JIBOHHOM CJIOE,

. €y N €y — KOHILEHTPALLHH HOHOB B NOYBEHHOM pPacTEOpE;

. [ — Kos(xpuuMeHT, NOKa3bIBAOUWHK NpeuMylLLe-

CTBEHHOE [10JI0XEeHHe HOHAa MepBoro poja.

’ Kak BHAHO 13 ypaBHEHHA, HOHHLIH OOMEH 3aBHCHT TOJBLKO

OT OTHOILIEHHA KOHUEHTpaIlHH f—; (MpH IPOYHX paBHBIX YCJIO-
. BHAX, B TOM UYHCJE OJAHHAKOBOM 3apsj€ NOBEpXHOCTH).

[Ipn paccmorpennn oOMeHa HOHOB pasjiHUHON BajeHT-
HOCTH B YPaBHEHHE BMECTO KOHLLEHTPallHil NpeAnouTHTeIbHee
BBECTH BE€JHYHMHBI AKTHBHOCTH.

[Toaarator, 410 Ko3bdHIHEHT [ OOYCIOB/JEH pasiH4YHeM
CBOOOJHBIX 3HEPrHH 1, H W, (MPHBEIEHHLHIX K CTAHAAPTHBIM
VCJAOBHAM) MEX1Y ABYMs BHIAMH HOHOB Ha ajcoplenTe:

f = exp [Hl ;F:] :

rie k — nmocrosinHas bBoabliMaHa.
[lo mMepe yMmeHblI€HHS CBODOJAHBIX 3HEPrHH HOHBI pacno-
JarawTca B ps:

Fe*t A, Cast. Mgs®t (K Nat. Lit,

Ha cnocoGuocTH ABOHHOrO 3JEKTpHYECKOro ¢jnos K o6-
MEHHBIM peaKUHSM OCHOBAHLI XOpOLUO H3BECTHLIE METOJbl
MEJIHOpALlHH MOYB: THIICOBAHHE COJOHIIOB H H3BECTKOBaHHE
KHCJIBIX noyB., B nepBom cayuae peakuus Moxer ObITb CXe-
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MAaTHYECKH H3o0pameHa cjenyoumed Gopmyiaon (3amellemnie
HOHOB HATPHA HA HOHBI KaJbUH#):

TIN: 4+ CaSO4 == T1Ca - NazSO4.

Bo sropom cayuae (3ameuierse HOHOB BOJOpPO/a HA HOHBI
KaJIbILHs):

I} -+ CaCO; —» NCa + Hy0 + CO4l-

3iech l‘!ﬁ:, l‘l”, [ICa cxematnueckn wusobpakalor, uTo
8 JIBOIHOM CJIO€ MOYBHI (NOrJI0WAI0ueM KOMIJIeKCe) HaX0AATCH
COOTBETCTBEHHO HOHBLI HATPHH, BOAOPOAA M KaJlblLHA.

[Tomumo C-noTeHUHas a, BAXKHON XapakKTepHCTHKOH JBOM-
HOTO JEKTPHYECKOr'O CJIOA, ONpPEele/sieMol TakmKe IKcnepH-

o
MEHTAJbHO, ABJAAETCH ero JAuddeperitHanbiasn e HJH HH-
2 |

Terpajbias —— eMKOCTH (cM. obGo3HauyeHus Ha puc. 9).

Yo
B ME.'IHH[JHTIIBHDI‘:I NMPAKTHKE ¢MKOCTLIO NOrVIOIMEHHA Ha-

3LIBRIOT CYMMY MOTJIOWIEHHBIX HOHOB, paccuutanusx na 0,1 kr
noupbl. EMKOCTL NOrJOUIEHNS ONPELesIsSIOT 3aMeuieineM Beex
NOTJIONLEHHbBIX HOHOB, HANPHMEpP HOHOM HaATPHH, C NOCJIEAYIO-
UMM BBITECHEHHEM B pacTBOp HOHa Harpusa OHKapOoHatoMm
KaJIbILHAl M OMNpejle/IeHHeM HOHA HaTpuA:

M5e+s + 4NaCl == I[14Na* - CaCl, -~ MgCly;
[12Na* -} Ca (HCO,), — I1Ca** - 2NaHCO,.

s nous eMKocTh norgouenusn cocrasaser 10—50 M-3kB.
na 0,1 kr noussl.

Ha npunuune BLITECHEHHS U3 JABOHHOrO ¢/1051 HOHOB OJIHOM
NP HPOLL HOHAMH le}“l"ﬂﬁ ﬂ[_]lipﬂ,ﬂ,hl OCHOBaHLI TaKMe METO/bI
onpejesens Koauyectsa o6Gmennblx Honos [6].

Tak Kak KOJHYecTBO ajJcopOHpOBaHHBLIX HOHOB oOrnpeje-
JAETCA YAeJbHOM NOBEPXHOCTHIO NoYB, a HanboabIYIO Yilelb-
HYI0 MOBEPXHOCTH WMEIOT HaCTHILL KOJJIOWLIHBIX (paKinii,
TO UMEHHO 3TH (hpakuHH (KaK MHHEepaJibHble, TAK H OPraHuye-
CKHEe KOJJIOH/bl) Ha3bBaloT [ONOMAIOIHM  KOMIJIEKCOM
no4sbl. B cBA3H ¢ paccMOTpeHHOll Bbillleé BO3MOXKHOCTBIO 3a-
MelATh B IABOHHOM CJ0O€ WOHBI OAHOH NPHPOALI HOHaMN
APYToii MOrJoWAIoNIHi KOMILIEKC HOCHT TaKXKe HasBaHue
oOMEHHOTO KOMILIEKCA.

KarHoHbl B NOYBEHHOM PpacTBOpE SBJAHAIOTCA CaMbiM OJIH-
AANIHM HCTOYHHKOM MHTATENLHBIX 3JIEMEHTOB /1A PacTeHHH,
Peryaupys eMKOCTb MOINVIOUEHHA M COCTAB MOTJIONAIOUIEro
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o

KOMIJIeKca (npHeMamu arpoTeXHHKH, NpHMEHeHHeM Vyiolpe-
HHH H T. 11.), MOXKHO O0ECIIEYHTL KOPEHHOE YyJ/lyulleHue Nnous,
B 0COOEHHOCTH OJIaronpHUsiTHLIH NMHULIEBOH PeHHM.

3. MOOH®UKALLMA BOJIbl BbBJIM3IH
TBEPbIX TNOBEPXHOCTEHR

Moaumonekyasipias aacopouusa. Kak Mbpl BHACAH, 110
Teopun Jlenrmiopa Ha nopepXHOCTH alcopbeHta obGpasyercs
MOHOMOJIEK VASAPHBIH CI0H ajicopbenTa, KOTOPHIR NpH NOJHOM
a/1COPOLHOHHOM HAachiUEHHH «3KPAHHPYET» BCE HEKOMNEHCH-
POBAHHBLIE [EHTPHI H TEM CaMBIM HCKJIIOYACT BO3MOMKHOCTD
obpasoBaHis CJAEAVIONHX CJ0EB aicopbara.

Bmecre ¢ tem yeranosaeno [42, 441, aro npu ajncopOiun
MONAPHBIX KHAKOCTEH (H3 Napos M KHAKOH (pasnkl) BO3HH-
Kaer NoJHMOJIEKYIAPHBIA ¢TI0 (CONBBATHRIA CJa0H) TOJIMHHOMN
B HECKOJALKO IECATKOB H JlazKe COTEH aHrcTpew.

Boizeasemoe npi STOM TEMa0 ' (T€nJora cMauuBanus Q,,)
0OLIUHO HU3MEPHIOT KAJOPHMETPHUYECKHM METOJIOM: JJIfl Mecya-
HBIX MOYB Q,, COCTABJSET JOJH KHJIOJLMKOVIISI HA KHJIOTPaMM
pelecTsa, Aas yepnosemop — 12—28 k/lk, a aasn Tophsnu-
cThiXx nouB — oxkousio 40 k/x/Kr.

Hamenenue opueHTallHl MOJEKYA BOABL H €e MJIOTHOCTH
[111 ] mo cpaBren Hio ¢ o0LeMHO BOJOH (HaXoaAlLeH s 3a npe-
JlestaMi JIeHCTBHS 1OBEP XHOCTHBIX CHJ1) CBHACTENLCTBVET 0 TOM,
YTO BOJAOPO/IHBIE CBH3H MEHJLY MOJEKYJaMH BOJbl B COJbLBAT-
HOM CJ0€ JIOJUKHBLI ObITh Pa3OpPBaHbl HAH CVIIECTBEHHO HCKAa-
AKeHbl. M3 storo Qakta anpHopH MOXKHO ¢IeJ1aTh CJeLVIONH I
BLIBO/L: BC€ CBOMCTBA 00BEMHOH BO/Ibl, OMNpele/sieMule Cy-
HeCTBOBAHHEM MEXKMOJEeKVAAPHBIX BOAOPOAHBIX CBH3EH (Bbl-
cokKasl pacTBOpsAIONaa cnoco0HOCTh, AHOMAJBHO BBICOKAN TEM-
nepatypa 3amep3aHiis, BBICOKHME V/eabHas TenjJoeMKocTh H
3JIEKTPONPOBOJHOCTL U AP.), GVIAVT yTpayeHbl AJs1 CONbBAT-
Horo cosi. Kopoue ropops, coJbBaTHBIH CJIOi OV1eT J1eMOoH-
CTPHPOBATH CBOHCTBA, KOTOpBIMI Obl 00s1aja/a Bojla (TouHee,
BellecTso ¢ XumuueckoHd Qopmyaoin H,0) Ges memxmonexy-
JAPHBIX BOJAOPOAHBIX CBA3EH.

OneiThl TI0OKA3BIBAIOT, YTO MHOTHE CBOHCTBA COJLBATHOTO
CTOf OTJHYAIOTCS OT CBOHCTB OOBEMIOH KHIAKOCTH.

b. B. Jleparun nokasaa [42], uto Tonkue cjiom BOjsl Me-

JAY CTEKAAHHBIMH NOBEPXHOCTAMH ofjajaioT  MoayJaem
¢jiBura. CyuiecTsoBanye MOAYJSA CIABHrAa, H3MEPHUMOTO jlarke

I JlanHeie O TeNJOTe CMAYHBAHHA HCNOJB3YIOT MPH NPOCKTHPOBAHHH
Jpenama [6].
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npu gacrorax 10° [, B TaKHX CJA0AX MOMKHO OOBACHHTH TeM,
4TO CTPYKTYpPa 3THX CJOEB OTJHYHA OT CTPYKTYPLl BOJBI
B obmemMe H OJiH3Ka K CTPYKType TBEpIOoro Tena.

B JjajabHediueM HCC/AEMOBAHMH TPaHMUYHON BA3IKOCTH Me-
tonoM caysanus B. B. Ilepsarun ¢ coTpyaHMKaMH ycTaHo-
BHJH, YTO JUIA HEMNOJSAPHBIX KHIKOCTEH BA3KOCTb COXpa-
HAGTCS MOCTOAHHOH, paBHOH ee O6GBLEMHOMY 3HAYEHWIO, MO
Bceil ToJHHe c¢jaosd. s noaspHBIX ke KHAKocTell Guiiu
ofHapy:Kenul pe3xkHe H3MEHEeHHS MOABHMKHOCTH BOJH3H 10-
BEPXHOCTH TBEpPIOro Teja.

HMamepennsi cABHIoBOH yNpyrocru XUIKocTeit H HX COMb-
BATHLIX CJ0€B pe3oHaHcHbIM metojom 7] npann ocoGenno
BECKME JI0KA3aTeJbCTBA TOr0, UTO CJ0OH NOJAPHBIX MKIIKOCTEH
HAa MOBEPXHOCTH TBEpAOTro Te/a MojA BJAHAHHEM MOC/JeHero
npuobperaior 0ocobbie CBOMCTBA, OTJIHYHBEIE 0T O0BLEMHBIX: 4
HeNnoJIAPHLIX XHAKOCTeN (Ba3e/IHHOBOE H KacTopoBoe macJa,
OeH30/1, 4YeTbIPeXXJOPHUCTHIH YIJepo]) MOAY/b CABHra no-
cTosiHed Ha Job6hX PACCTOHHHAX OT NOBEPXHOCTH Hnapueaﬂif{
MOATOMKH, JIIs TOJAPHBIX Ke KUAKOCTeH (Boja, CNHpPThI
U Jp.) MOLYJb CJIBHra pe3sxko Bo3pacraer npH npHGaAHIKeHHH
K MOBepXHOCTH Ha paccroaiuu nopsaka 5-107%—1.1077 m.
[Moavuennble JaHHble HAXOAATCA B Kay€CTBEHHOM COIVIACHH
c paboroii [42].

TpexcaokHas mojenab BOJAL BOJH3IH MOBEPXHOCTH TBEP/blX
yactHil. [lo cHx nop npeanoaaraioch, 4To MeXAY HKHAKOCThIO
B COJIBBATHOM CJIO€ H DﬁLEMHDIHI AHHIAKOCTBIO HMEEeTCH ﬁDﬂEE
HJIM MEHee pe3kas rpaHuua.

Boinoanenupie B NOCAEAHEE BPEMA HCCJENOBAHHA MeXaHo-
KaJI0p HMeCKOTo M TepmoocMoTHuecKoro adupekton 146, 471,
No-BHJAHMOMY, TOBOPAT O TOM, UTO MEHKLY KHAKOCTBLIO B COJIb-
BaTHOM cJi0€é H 00BeMOM CYVIIECTBYET MNepexojiHad 30Ha —
«NOANJABJICHHBIA® CJI0H € MNOBBIIEHHOH NOABHKHOCTBIO MO
CpaBHEHHIO ¢ O0OBEMHOH KHIKOCThIO.

Cywnocts 3THX paboTt 3akawoyaercd B caeayiouiem, Orau-
YHE FHTANLIIHH B TPaHHYHBIX CJA0AX MHIKOCTH OT 3HaA4YeHHA
B oObeme J10JIAHO NpHBOJAHTb K TEPM{}GEMUCF — ABHMEHHIO
JKHIAKOCTH Yepes Kanuw/aisip npH HaMHYHH OCEBOTO I'paJiHeHTA
TeMneparypbl, H MeXaHOKaJOpHYECKOMY (TemaoBomy) ad-
(pekTy — BOZHHKHOBEHHIO nepenaja Tremneparypel NpH Ha-
JMYHH OCeBOro mepenajia jAabjaenus. B pabore [47] 6buto
MOKa3aHo, 4TO TEepPMOOCMOTHYECKOE /BHWKEHHEe MPOHCXOAHT
B cropony Gojee HH3KOH TemnepaTtyphl, 4TO COOTBETCTBYeT
cayualw, kKorjaa BOAM3H TBEp/AblX MNOBEPXHOCTEH 3HTAJbMHA
JHIKOCTH Builue, uyem B oOneme,
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Bmecte ¢ TeM, Kak Io-

Rl-a b o i e
Ka3ano Bbliie, BOJH3H TBEp- ) UJE”’ 7 _Oﬁ_-ﬁ
JIbIX NOBEPXHOCTEH 3SHTANb- = @R

0 . s ) S
nHus BOJABLI HHIKE, uYeM B ‘& -”;Q“( =:.+J_v-
obneme,

Jlns oOBLACHEHHS! 3HAaKa

HaO./110/1aemMoro s(pperTa
MOMCHO cJlie1aTh CaeyomHe
NpejinooyKeHns.

1. CoJabBaTHBIE CJOH
C MNOHHIKEHHBIM  TEmJIoco-
aepxannem B Hada01aeMom
ABHIKEHHH HE YYacTBOBAJH.

2, Memay ofmemuoi
AMHIKOCTBIO M COJBLBATHBLIM
CJ0eM HMEeTCsl Nepexoanbii
cJi0f, o6Jganalowmit  1oBbI-
enHoidl N0 CPAaBHEHHIO Puc. 10. Tpexcaoiinan mojens sogw
¢ oGBeMHON yae/bHOll 3H- 7 EMUDEPAECCTE. THEPRVCU. TONE
TaaLHeR ! 1 10/1BHAKHOCTBIO. Lﬁ;TﬁE?ﬁﬂimﬁﬁmuﬁu‘ﬁ Eﬂﬂ?ﬂ?ﬁ"’i‘f

[Ipn uccnenoBannu me- o6LeMHAR KHAKOCTH
XanokajopHueckoro spex-
Ta [46] npH OTHOCHTENBHO HEBHLICOKHX nepenajax jAaBJjeHus

- 6bL10 O6HAPYKEHO MOHUKEHHE TeMNepaTypsl ¢ TOil CTOPOHL!
' MOp HCTOH MNeperopojiki, ¢ KOTOPOH B Hee BTeKaer noJsp-

Hasi uakocTb. C oOparHoil CTOPOHLI NOPHCTON MEpPeropoik

© B 9TOM cayyae HaGJI01aJoch [OBbIIEHHE TEeMMepaTypbi.

Taxoi spdexrr, Kak 1 TepMOOCMOTHYECKHIT, MOMKHO OOBSICHUTE
[]]JE‘.'I.I'ID.'TD}HEHHHMH, CleJaHHLIMH BhILIE.

Takum obGpasoMm, Vv NOBEPXHOCTH TBEPIAOTO Te€Ja MOMKHO
PasJHYHTL TPH CJ0A BOABI, OTJIHUAIOUWHXCA MO CBOHM CBOIi-
CTBAM.

1. CoabBarHblit cjofi (rpanuyHan (asa),

2. «lloanaasaenusbiiis caoit,

3. OO0bemMHas! HHIKOCTB.

Anaau3s o6UIHPHBIX IKCTIEP HMEHTAJBHBIX H TEOPETHYECKHX
HCC.1e/10BAHAH MHOI'OYHCAEHHBLIX ABTOPOB NPHBEJ TaKKe M

| Hpocr-Xancena (cm. pabory [15]) k 3akaiouenuio o Tpex-

caoftioil MOgeaH CTPYKTYpPbl BOAbI 6.1H3 NOBEpPXHOCTH pas-

. Jlena BOJAA—TBEPJOE TEO.

Jra MOJeNb COCTOMT H3 YrnopsaloyeHHoro ¢Jjost BO/bl OaH3

‘TBepjoro Teja (coJibBaTHBIN c/ioff); Ha J0CTATOYHO GOJbLIOM

1 10T BEBOJ AHAJOTHYEH pesyabTataM, noaysennwM B pabore [103].
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pPacCTOAHHH OT IMOBEPXHOCTH CYUIECTBYET CTPYKTYpa o0beM-
HOQM BOABL. Mexy 00LEMHON KHIKOCTLIO H COJILBATHHIM CJI0EM
HAXOAUTCH 00JacTh YCHJAEHHOTo Oecnopsijika — «nojinnas-
JeHHBIH? caoin (puc. 10).

B pamkax tpexcaoiiHOH Mojlean 1ol «npoYyHOCBA3AHHOHY
BOJOH CJe1yeT MNOHHMAaTh BJary ajcopOHpPOBAHHBIX [OJH-
MOJIEK VAIAPHBIX CJ0€eB.

B pamkax paccmaTpHBAEMOH MOJIEIH HET MeECTa «PbiXJo-
CBSI3aHHOH» BOJe. «PRIXJOCBA2aHHYIO» BOLY MOKHO Ohvio Obl
OTOMJIECTBHTL € «NOANJAABJACHHBIMY cJyioeM. OJQHAKO NPHNHCI-
BaeMble ¢PhIXJOCBA3aHHOH» BOJE CBOHCTBA (NMOBHIUEHHAR BH3-
KOCTh, NOHHMKEHHARA CcnocobHOCTL K PACTBOPCH HIG SHE'H'I‘[]{}JIIP
TOB M JAp.) NPOTHBOPEYAT MPELNoJaracMbiM CBORCTBAM «M0OJ-
MJ1aBJAEHHOro» ¢J1051 — MOBBLIIEHHON 110 CpABHEHHIO ¢ 00BLeMOM
NOABHAHOCTH W JIp.

CoBMecTHOE IBHKEHHE B Kanuaaapax oOheMHOl HHAKOCTH
H IPAaHHYHLIX CJ0EB, OTJAHYAIOUIHXCH MO CBOHM CBOHCTBAM,
paccmorpeno B paGore [151. 3aecy nmokazano, uro or coor-
HOLIECHHS MEX1Y pasmepaMi cJoeB H BEJHYHHAMH JEHCTBY-
IOHLNX FPajHeHToB J1aBJeHHA 3aBHCHT XapakTep HeJanHeilnbIxX
(uabTpanHoHHLIX 3QdeKTOoB.



Faana (1

MAKPOCTPYKTYPA
MNOYBbI

1. B3AUMOJIERCTBHME MOYBEHHBLIX YACTHIL

PaccMoTpHM  CHJB, JAEHCTBYIOWHE Me#/y OTAeTbHBIMH
gacTHiamli, NOCKOABKY H3 COBOKYMHOCTH HX B3aHMOIEHCTBHH
CTATUCTHYECKH BO3HHKAIOT CyMMapHble MEXaHHYECKHNe CBOii-
CTBA JIHCMEPCHON CHCTeMBI.

Jliis papHOoBeCHs 3TOH CHCTEMBI BO BHEUIHEM [10Je Heob-
Xo/1mMo, 4robnl adbcomwoTHas temneparypa T H XHUMHYECKHH
NOTEHILHA] MOJICKY/J AaHHOTO BeulecTBa | ObLIH BeJaHYHHaMH
nocroannbMu, Meaay Tem OJaH30CTL TPAHHUHBIX NOBEP XHO-
CTeil MEHACT XMMUYCCKHH MOTEHLHA] U B TOHKHX CJOAX HH/-
KOCTH, pasiensiiounlel YacTHib, M Ol CTAHOBHTCH HepaBHbIM
3HAYeNHI0 XHMHYECKOro NnoTennnasa B obbeMe JKHIKOCTH [ ,.
Ecau wy, << n, To wacTHIB! OVIAYT COMHIKATBCH; NMPH L, > M
yacTHIlhl OYAYT pasiBUraThes.

B nocaeanem cavuae cHCTEMa 4yacTHll cnocobHa co3/laBath
napaenye nadbyxanus, B OCHOBE KOTOPOro JexHUT 0OHap Yy #eH-
toe snepeeie b. B. [Jepsiruibiv packaunisalouee j1eicreue
TOHKHX CJIOEB.

PackyaHHHBAIOULEE JaB/jieHHe B o0uem ciydae MomeT OblTh
KAK TOJOMHTEILHBIM, TAK W OTPHUIATENbHBIM H 3aBHCHT OT
CHJ PasJUUYHON NPHPOILLI, MMEIOUIHX HEO/HHAKOBKIC 3AaKOHI
H3MEHEHHST MpPH  YBEIHYEHHI  pacCTOSIHHS MeMAY dacTi-
ILAMH.

[Tepgas cocrasagoman pacKJAHHHBAIIIErO J1aBJeHUs
ONpeiessaerca CHIAMH MOJEK YIS PHOIO J1adbHOAHCTBHSA, CTPO-
rast TEOPHA KOTOPLIX A MAaKPOCKOTHYECKHX Tej pazpabo-
Tana E. M. Jlupumuem u 3KCnepiuMeHTaqbHO TPOBEpeHa
b. B. Hepsaruunim 1 M, M. A6pukoconoi.

Jasa B3aUMOJCHCTBHA B BAKYYME H MaJdbIX paccTosaHMii,
KOT/la MOXHO rpededpedb 3(PEeKTOM IJTEKTPOMArHUTHOTO 3a-
Nas/LIBaHNUs, IHEPris MOJeKYIsApHOro nputsxxenun U, AByX
Kol lencHpopannbsiXx ¢as, OTHeCeHHAsn K eIHHHIE NJouLaln,
MokeT ObiThb BEIYKcJena no gopmyaam [56]:
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Jusi ABYX cpep OJlHHAKOBOTO pajuyca r

Ar
s 7 (1)

rie A — nocrosinnasi 'amakepa;
h — Kparuaiiiee pacCTOsIHHE MeXIY MNOBEPXHOCTSMH
yacTHi, (npu r >> h);
aasa cdepsl H NJIOCKOCTH

Ar
Um=_aﬁ_: {2}

JAs ABYVX OGeCcKOHEYHBIX IVIOCKONapaJaesbHBIX NJ1acTHH
TOJULHHOH &

A

Un = 12nh2 ? S8 (3)
)

Um=—-- 2——::}!4 ~ ﬁ({: h. {_41‘

Hudpeperunpya Boipamenus (1)—(4) no paccrosnuio h,
noayuum GopMyJdbl JI8 CHJ NPHTSXKEHHS.
Gopmyabl (1)—(4) MOXKHO nNpHMEHATL H AJA anajaMsa
B3aHMOJIEHCTBHA TeJ B JAHCNEPCHOHHOH cpelie, OJHAKO [10-
cTosiHHaa A MOJEKYJAPHBIX CHJI npursxennss [amakepa
B 3TOM cJvyae 3aMmeHsiercsi ee s(ppeKTHBHHIM 3HadyeHHem A*
3 NPHONHIKEHHOTO BbLIDAXKEHHSsI:
A = (A — AL,

rie Aj—1 u Ay—s — NOCTOSHHEIE VIS B3aHMOJEHCTBHA 4Ya-
ctull 1 = 1 ¢assl ¥ vacTHn 2 = 2 cpennt
B BaKyyme.

Bropas cocrapasAwuas pacK/JIHHHBAIOILETO J1aBJEHHS CBA-
gaHa ¢ HajauuneM BGJH3HM 3apsKEHHBIX NMOBEPXHOCTEH HOH-
HbIX JHGpY3HBIX aTtmochep.

Teopusa B3auMo/leficTBHA 3apfAKEHHBIX YaCTHLL B pacTBope
3JIEKTPOJIHTA Brnepsuie Oblia paspaborana b. B. Mepsaru-
HbiMm [44]. B cayuae paBeHcTBa NOTEHIHAJNOB COJHIKAEMBIX
MOBEpP XHOCTEH Mo BEJHUYMHE H 3SHAKY MexK/1y yacTHLLAMH BCer/(a
JIeHCTBYIOT CH/BI OTTAJKHBAHHSA.

ITpubau:keHHble 3HAYCHHA IHEPTHH HOHHO-3JI€KTPOCTATH-
yecKoro BsaumojedcTeua U; B ycnoBHsAX cnaboro nepexphi-
THH IliBGﬁ}th}{ CJOEE MOXKHO HANHTH H3 CJEIYIONHX BLIpaMe-
HHH |56 |:
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AR NJoCkonapaidicJabHLIX, MaacTHH

2efy ¢
LNy exp —1
U, = 22 exp (— xh) ( ) S

exp (?!;EL‘ ) 1

rjie n — KOHUEHTpauus NpoTHBOHOHOB;

= KT — 3Heprusi TeNJoBOro JIBHKEHHS,
| ® — napamerp lebas;

= h — paccTosiHie MeyKay YacTHILAMK;
: 2 — BaJeHTHOCTL NPOTHBOHOHOB;

¢ — 3apsijl MEKTPOHA;

P — MOTEHLLHAT MOBEPXHOCTH YACTHIL;
AaA ABYX cepHYECKHX YacTHW paauyca r

£ w= 230 10 (1 eh), w31, (6)

. rJle & — JHVIEKTPHYECKasi NPOHHILAeMOCTb JIHCTIEPCHOHHOH
4 cpelsl;
U= hr lr“ —exp(— =h), #r L 1. (7)
QopMYIBL U CHA NPHTAKEHIA MOAKHO NOJYYHTL JAN(ipe-
penunporanvem opmya (5)-—(7) no paccrosnuio h.
B cJydae OJJHHaKOBOrO 1o 3HaKy, HO pasHOro no BeJIH-
. 4yHe [OoTeHUHaJa Ha J0CTaTOYHO OJH3KHX pacCToOAHHAX
-~ MEMJLY YacTHILAMM, A TAKMKe NpH pasHOHMENHBLIX NoTeHlHanax
 [IOBEPXHOCTH BO3HHKAIOT CHJBLI MPHTSKEHHS HOHHO-3JIEKTPO-
CTATHYECKOH NPHPOJH.
. [Tos BavaAHHEM BHEILHHX MOJIeH HJIH KOHBEKTHBHOIO JIBH-
" JKEHHSl MKHAKOCTH JBOAHON 3JEKTPHUECKHH CJIOH MOMKer /e-
(hopMHpPOBATLCS, MPH 3TOM BO3SHHKAET 3JIEKTPHYECKOEe MoJe,
. pajauyc JeficTBHA KOTOPOro 4acTo Ha HECKOJLKO MOpHJIKOB
frf- Bbille, 4YeM pajiuyc AeficTBHA HeaeopMHPOBAHHOIO CJO%H
B TeX e YCJOBHAX.
. Teopus HepaBHOBECHLIX TMOBEPXHOCTHHIX CHJA AHDPY-
,;: 3HOHHO-3JIEKTP HYECKOH npurmm pasButa B paborax C. C. [[y
xuna u B. B. Jepsaruna [51]

i

[ Y MHOTHX- KOJLIOHIOB, FYMHHOBBIX 30j€H, y pasiH4HbIX

~ baktepuit oGHapyxKeH KECTK ] (MOCTOSHHLIH) SJEKTPHYECKHH

V“ MOMEHT O6oJbIUOH BeAHYHHB! (THICSAYH H MUJJHOHBI Jebaes)
[521.

| Cuna npuTSKeHHS MEMYy 4acTHLLAMK, Bbi3BaHHAf HaJH-
YHeM JKECTKOTO JIMNOJBHOTO MOMEHTa, MNPSMO MPONopiHo-

2 H. o, Bougapenko a3

g

ik

T %




HaJbHa KBaapaty [AHMNOJb-
HOro MOMEHTa H obpartHo
MpoONOpILHOHA/IBHA YeTBep-
TOH  CTeneHn paccToAHuA

7 MEHy-UEeHTpaMH YacTHIL.

M Euie oana cocrasasio-

F HLasi pacKJIHHHBaKOLEro j1as-

JCHHH CBs3aHa ¢ ocoObiM
arperaTHbIM COCTOAHHEM
AMHIKOCTEl BOJIH3H IpaHHy-
Puc. 11. Kpupan B3aaMoefcTBHA  HRIX MOBEp XHOCTENH., Ha

Cmmonxu-
SAHUE
B
o~ |
in

L=
Hue

Rt ot e O4eHb OJTH3KHX PACCTOSMHH S X
P — euna  maausoaefctousn;, M — pac- s o TIT L
CTOMHKME MeMAy Hactauamu; F — nep- MEH'I‘} HacTHlaMH HalH

BHYHLIA MHHHMYM. § — Gapbep OTTAAKH- HAIOT JeHCTBOBAThL CHJLL OT-

paHuA, M — ATOpHaHM MHHEMYM TANKUBAHHS F,:.t Uﬁ}-"ﬂ.“lﬂﬂ—

JeHHble (O HOBCKHM B3aH-

MOAEHCTBHEM MEMIAY IJEKTpOoHHbIMKH obojdouykamu. Caeaver,

KpoMe TOro, yKasaTh Ha BO3MOXKHOCTb ¢CKJCHBAHHA» uYa-

CTHIL 38 CYeT [JaCTHYECKHX CBOHCTB PpasjefflomHux HX
CJIOEB.

CyMMapHas KpHBas B3aHMO/JeHCTBHA MEXAY ABYM#A YacTH-
AMH MOXEeT HMeThb BMJ, nokasaHHulii Ha puc. 1. Tlpumeph
pacyera M NOCTPOEHHH NOTEHUHAAbHBIX KPHBHIX B3aWMOl1ei-
CTBHMS HacTHIL MOHO HaiiTh B pabGore [52]. XapakrtepHoil
ocoGeHHOCThIO npuBeJeHHON KpuBoi (puc. 11) sBasercs
HaJHYHe MHIHMyMa M Ha OTHOCHTEBHO JlaJIEKOM pPacCTOs-
HitH. Takoe CocTosHEe CHCTEMbl MOKeT IPHBECTH K B3aHMHOI
pUKCAILHN YaCcTHIL Y/Ke Ha JlajlekMX PacCTOSHHHAX, MpHYEM
JMUTEILHOCTL HAXOMAGHHH 4aCTHIL B JAaJbHEH #AMe onpeje-
JAETCH BLHICOTOH Oapbepa OTTajJKHBaHMA H rAyOHHON MMHH-
MYMa (J1aabHAd arperaiims),

Ilocae npeoionenus Gapbepa OTTaJKHBaHHA S NpOMCXO-
aur GuicTpasi KoaryaauHe (CJIHNaHHe) gacTHy B ob6aacTu nep-
BHYHOrO rJay0okoro MuHuMmyma F (OnHKHAA arperauus).
Teopusa ycTOHYHBOCTH H KOAryJauHH JHopOGHBIX KOJAJOHI0B
pasBuTa B paGorax [epsruua, Jlannay, depsesn u Opepbeka.
B Teopuu YyUHTHIBAIOTCA CHIBI MOJIEKYJAPHOIO MNPHTS AKEH N
H HOHHO-3JIEKTPOCTATHUYCCKOIO OTTAJKHUBAHNSA,

Iasi cHJIbHO 3apsaAMeHHbIX 30/1€H MOJY4YeHO BbipaKenne:

nz" = const, (8)
vAe n — KPHTHYECKAas KOHIGHTpalHs  SJEKTPOJaHTa  JI4

6aMxKHER arperauuu,
2 — BAJIEHTHOCTL [POTHBOHOHOB.
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Ypapuenue (8) oObsACHsET pewaioliee BIHSHHE 3JEKTpo-
JUTOB Ha NPOLECCH YCTOHYHBOCTH U KOar yasilHH JIHOPOOGHbIX
JIHCNI@PCHEIX CHCTEM. _

3uaveHue C-noteHnuana, NpH KOTOPOM HAYHHAETCs sABHAS
ROaryJisillds, MOJAy4HJ0 HajBaHe KpPpUTHUYECKOTro
noTeHIL Ha.Jaa,

Hurepecio oTMerwThb, 4T0 Koaryaupylouias cnocoGHOCTb

'-ﬂprﬂlIH‘lECK]f?{ HOHCOBE MOXET B JIeCATKH pas HPEBGCEUE[I[TE
. TAKOBVIO JAJ HeopraHM4YecKHX HOHOB (HanpuMmep, KoaryJu-

pylomas cnocoGnocte MopuHxjopuna B 120 pas Beluje, ueMm

.y XJOpHIa Kajiusj N0 OTHOLIEHHIO K I'HAPO30Jt0 AS,Sy).

OcoGeHHOCTh MHOTOBaJeHTHHIX uonos Fe?*, Al®*  Th'f,

~ a taixe wonoe H' w OH™ s3akmwouyaercs B TOM, 4TO NpH 10~

GaB/IeHHH HX K 30/1i0 BO BCE BO3pAaCcTalolX KOHUEHTPalllxhX

. CHauaJa, Mo JIOCTHMXEHHWH Mopora KoaryJsdllHH, OHH, KaK H

BCe HOHLI, BBHI3BIBAIOT KOAryJIALHIO 3044 (Jal0T NepBylo 30HY

- goaryaswin). Ilpu nanbeeiiiem ypeJiyeHHH KOHIIGHTpPaLHH

KOarVasiiHs OTCyTCTBYerT (3oHa yceroitumBoctH). H, nanee,

' BHOBL HaCTYMaeT KoaryJsauus 3o0Js (BTopas 30HA KOAry/is-
- HH). 210 sSBJACHHE NOJYYHJI0 HaliMeHoBaHHe «HeNpaBu IbHbLIX

pAAOB» M CBA3aHO € Iepe3apsiKoit KOMIOHAHBIX YacTHL,

. BhHIBLIBAeMOl MHOTOBaJIGHTHRIMH HOHaMH, O YeéM YNOMHHAJNOCH

B pasuene 2 raaeu II.
[Ipu oaHOBpeMeHHOM AEHCTBHH HECKOJbKHX IJEKTPOJIH-

" ToB BO3MOXKHBI TpH cayuas [113].

|. SIBnenue aIHTHBHOCTH, KOT/la KoaryJjupylouee JeH-

- CTBHE 3JIEKTPOJIMTOB B CMECH CKJIaIBLIBAETCH EPHQ}METHHECI{H

10 NPABHJY NPOCTOTO CMEIIEHHS, T. €. COOTBETCTBEHHO Koary-

| Jipyiomei ¢cnocoGHOCTH KaXKIOTO 3JIEKTPOJIHTA H €ro KOJH-
" yecrpenHoil joe B cmecn (Hanpumep, cmeceit NaCl n KCl —
. A5 OTPHIATENbHBIX 307eil).

2. Slpnenue aHTArOHH3Ma HMOHOB, KOrjla KoaryJHpyioliee

. JleficTBHE Ka)KJI0ro H3 3JCKTPOJHTOB B CMECH CTAHOBHTCH
. MEeHbIle, YeM ero JelicTBHe B OT/IeJIbHOCTH (HampHmep, Koary-
. aupylomas cnocobioeTh HoHa Mg*t B 2—3 pasa CHHXKaeTcH
' npu aeiicreun Ha 3046 As,S, B emecn LiCl u MgCl,).

3. Spaenue cencubuaHsanHH — siBjJeHue obpaTHoe aHTa-

" TOHH3MY, KOLJa KoaryJaHpylonee J1eHCTBHE KayKaoro 3 HOHOB
. B cMecll B NPHCYTCTBHN JPYrOro TmoBbiliaercs (Hanpumep,

emech LiCl u CaCl, B ux jeifereum wa ruaposoas HgS).
OjHospeMeHHo ¢ noHuKenuem 6apbepa oTTaJKHBAHHA MO-
BBINEHHE KOHIEHTPALLUN 3JeKTpoJHTa (TakiKe BCIeJICTBHE

. CKarHs JH(pY3HOr0 HOHHOTO CJ107) IMPHBOAHT K YBETHUEHHIO
. TayOunbl BTOPHYHOTO MIHHMYMa M, 4TO ONpEIe/sier BOa-
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pacTaHHe BEpPOSATHOCTH (PHKCAIMH YacTHL[ Ha AaJbHHX pac-
croauuax. M. . Eppemorriv u O. I'. ¥Yepapossiv [52 ]| Gbiio
NnoKasaHo, 4To JJIsi NMPOLECCOB (HKCAUUH MHKPOOOHEMOB Ha
JaJeKOM paccTOAHHH H NPH COXPAHEHHH MEXAY HHUMH HOHHO-
sjeKkTpocraTHyeckoro OGaphbepa oTrailkHBaHHAa cobaopaercs
craeaywlee veJaoBHe: :

nz*5+3.5 — const, (9)

#

KOTOpOE SIBJIAETCH aHajlorom ypaBHeHHs (8), Bbipazkalouwero
KPHUTEpPHIl YCTOHYMBOCTH ANA ABYX cep, a Takke JJaf ABYX
NJAOCKHX OECKOHEYHBIX TMJIACTHH APH NMPOH3BOJBHOM MOCTOfH-
HOM TOTEHI HA/Je MOBEPXHOCTH B CHMMETPHYHOM 3JEKTPOJHTE.

CJ/ieI0BATENbHO, [10 3HAYEHHIO [OKAa3aTeNs CTEeneHH m
B BhIpameHuH n2™ = const MOKHO CyJHTh O Xapakrepe cTpyK-
TypooOpa3oBaHudA: B cJAy4Yae JaJbHEH arperauvd m = 2,0+
+3,5; B cayuae OGnuiKHeH arperanMu m =~ 6.

[Ipu KoHUEHTpAUHH 3INEKTPOJHTA MEHbIIE KPHTHYECKOH
B JHCNEPCHON CHCTeME YycTaHaBjauBaercs paBHosecue (Ileps-
rud, MapreiHoB, MyJjJiep): OJHHOYHBIE YacCTHLBI == MapHLIe
arperartsl <— 0oJiee C/IOKHBIE arperatsl H3 YacTHil, HaXo/d-
uHxca BO BTOpHuHOM MuHHMYywme. [locnenoeartenbHoe yBe-
JUYEHHe KOHUEHTPAIHH 3JEKTPOJHTA NPHBOAHT K HCYE3HOBE-
HHIO Dapbepa OTTAJKHBaHHA H CAHNAHHIO YaCTHIL.

Bonpoc o B3auMoJ€HCTBHH 4acTHLl Pas/iHYHOH BeJHUYHHBI
npuoOperaer ocoboe 3HayeHHe I8 MOYB, MPEICTABJSIONHX
o060 MOJHIHCIEPCHYIO CHCTEMY.

Kak noxazauo WM. @. Edpemossiv [52], npu onpejenen-
HbiX COOTHOLIEHHSIX CYETHBIX KOHUEHTPALHH KPVIHBLIX W Mea-
KHX 4acTui (n, : fe) H UX pasmepoB (ry :r,) BO3MOMHA CTa-
GUAH3AIHA NOJHIAHCNEPCHON CHCTeMBl BC/IE/ICTBHE (PHKCAUHH
Ha JaJeKoM pacCTOfAHHH MeJTKHX YacTHLl BOKPYL KPYVMHBIX.

2. ATPETATHbLIH COCTAB. BOJAONPOYHOCTbH

ArperatHuiii coctas. Koaryasiuus H CAHNAHHE MNOYBEH-
HBIX YACTHI[ NPHBOAAT K BO3HHKHOBEHHMIO MHKPOArperaTop —
o6pasopaHuii, cocTofUMX H3 NEpPBHYHBIX yacTu. OGbiyHo
pasmep MuKpoarperatoB He rnpepbliiaer 0,25-107% M. Tlon
BAHSAHHEM MEeXaHHYeCKHMX BO3JIEHCTBHH, YBJAAXKHEHHS W BhHI-
ChIXaHHs, NPOMOPaXKUBAHHA H OTTAMBAHMS, PA3BHTHS KOpHE-
BOif CHCTEMHEl, JeATeJIbHOCTH MEJIKHX KHBOTHBIX, MMBYUIHX
B [I0YBe, MOCJEAHSA MOMET pacnajiathcs Ha Gojee KpynHbe
ofpasoBanis, COCTOALULHE H3 MHKpOAarperaros, — Makpoarpe-
ratel pasmepom (0,25+-7)-107? M U KOMKH pa3smepom Go.ee

36



7-107° m. Monean Tpex-
CTYIEHYATOro CJIOAKEHHH
NOYBEHHBIX arperaTos (no
b. H. Muuypuny) noxa-
gatia Ha puc. 12,

CTpVKTYpHOCTE MOY-
Bbl SIBJSETCH OJHOH ‘H3
BAMHDLIX XapaKTepHCTHEK,
onpeiensionux  OJsaro-
MpHATHbBIE BOAHO-BO3/VIL-
HEIH W TENJIOBOH PeKHMEI
MOYELl, a4 TaKMKe ee npo-
THBO3PO3HOHHKEIE  CBOM-
CTREd.

ArperaTtHbli  cocTap
rpagiiecian heoGpaxiaer.  Fie, I8 Mok ety
¢l B BHJI€ KpHBOM, aHa- b

3 2 B. H. Muuypuny):
FIOEHYHOR K HEBRCp ARy S0 o f abe s da s g e
1 W 2 ¥
JIOMETPHUYECKOr0 COCTaBa arperaTa; d — ARAMCTP MAKPOAFperara

NepBHYHBIX 4aCTHIL (KpH-

Bag 2 Ha puc. 6). Jlna nocTpoeHHs KPHBOH € [OMOLILIO
CHTOBOIO aHa/JH34 M3 [OYBbI B BO3AVIUHO-CYXOM COCTOSIHHH
Bhilensior ¢pakunp <0,25; 0,25; 05: 1; 2; 3, 5; T u
=7 (107 m). O cTpyKTYpHOM coCTaBe [I0YBBI CYAAT 1O
KoshhuilHeHTY CTPYKTVpHOCTH K, KOTOphId onpelensercs
ornomenneM kKoaudectsa C MakpoarperaTtoB ¢ pa3Mepami
or 0,25-107% 10 7-107° M (B %) K cojiepKaHHIO OCTaJbHOI
yactd nousbl b (¢ pasmepamu <70,25-107% u =7-107% m):

K Se :E_ &
BogonpoudocTs. [lpyroii BaxKHON XapakTepHCTHKOM CTPYK-
TYPHOIl NOYBbI SBJAAETCA BOJAONPOYHOCThL arperatoB A:

A=,

rje  C — NpOLEHTHOE CONEpPaHHe CTPYKTYPHBIX o0pa3sosa-
_HM#H B nouse c pasmepamu or 1-107* mo 0,25 %
% 10°* M, nonyuyeHHBIX NpPH CYXoM paccese 00-

pasuia;
C,, — NPOLEHTHOE cojleprKaHHe B TOM XKe ofpasie Tex ke
PA3MEPOB, HO HE paspyIUIEeHHLIX NIPH NeHCTBHH Ha
HHX BOIbl (1aGopaTopHbie METO/bl ONpeieeHHs
BOAONPOYHOCTH onucansl, Hanpumep, B [107]).
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YeTolluHBOCTL MOYBEHHBLIX aTPeraTtoB K BOAE 3aBHCHT OT
COOTHOIMICHHA PpPa3pyiualoliHx CHJ H CHJI, ONpEIEJIAIOUHX
NMPOYHOCTh MEXK- H BHYTPHarperaTHblx CBs3eii.

Paspyualoiee 1edcTBHE BOJIbI Ha MOYBEHHYIO CTPYKTYVPY
B NPHPOAHLIX YCJOBHSIX MpoABAAerca: 1) B MexaHHYecKoM
PaspyILICHITH EI‘FEI’ET{}H naiawiMH JIOARIEBHIMH KanJasaMu,
2) B H3MEHEHHH KOHUEHTpaluHH H cocTaBa 3JeKTPOJHTOB,
00VC/I0BAHBAIOIIHX KOAT YAAILHIO H ¢/IHNaHue yacTuu; 3) B pas-
PYWEHHH [IMOYBEHHLIX arperatoB 3alleMJIeHHBIM BO3JVXOM.

[locneinnit MEXAHH3M pa3pVIIEHHA NMOYBEHHBLIX arPeraron
MPOSBJAAETCS JHIlL NPH MIHOBEHHOM NOIPYXKEHHH arperatos
B BOJLY; NPH MEeLJEHHOH Kanu/JIsApHOH NPONHTKE BO3AVX
yCiepaer BBITECHATLCH BJaaroi. [lostomy pasanuaior ABa
THNA ArperaTos Mo HX BOJONPOUHOCTH.

{. YC/JOBHO-BOJAONPOUYHBIE — arperaTtel, KOTOpHE COXpa-
HIIOTCS B BOJAE JHilL NOPH NPEABAPHTENBHOM MeLJEeHHOM
KanuaJapHOM YBJaMKHEHHH.

2. be3aycJ/IoOBHO-BOIONPOUYHbBIE — arperaTbl, KOTOphie CO-
XpaHawrca npH Jobom BO3JAEHCTBHH BOJLLI.

M. B. Pesyr nperaoxua npubop 107 | aas oanospemen-
HOT'O ONpeleJieHHa YCJOBHO- H 0€3yCJOBHO-BOAONPOUYHBIX
arperatop. CymHoCTh METO/a 3aKJYAETCH B TOM, UTO BOI0O-
NPOYHOCTh ONPEIEJNHeTCH OJHOBPEMEHHO B ABYX LHJHHAJaX
(Kosiebanua CHT B 3anOJiHEHUBIX BOJAOH LHIAHHAPAX [IPOHCXO0-
AUT cuuxponno). Ilpuuem B OJIHOM UHJHHJApPE € CHTaMmH
" noMelneHHbIMi obpasuamMy nepejl 3anoJHeHHeM BOJO# Co-
3J1a€TCH BAKYYM, @ APYTIOH IHJIHHAP COEAHHEH ¢ aTMocdepoi.

B kauectBe xputepusi cpsiseit B, onpenejsnomux BoOjO-
NPOYHOCTL ArperaTtoB, CJAYXKHT OTHOILEHHe:

B2
i

rie b -—— NponeHT arperatos, COXPAHMBIINXCA B MHJHHApE
6e3 oTKaukH BO31yXa (6e3yc/IOBHO-BOJAONPOUHLIE
arperaTni);

§ — NpPOLEHT ETPEFHT{]B, C[}EPHI'IIIBLHHREFI B IJ.IIJ'I}'EIL-“I[]E
¢ IpeaBapHTesibloil OTKa4Koil Bosiyxa (ycaosuo-
BOJIONPOYHEIE ATPErarkl).

YeroityupoeTs arperatoB TNpPOTHB paspyIUEHHS omnpee-
JICTCH XapaKTepOM BO3HHKILIHX MEMLY NEepBHUYHBIMH YaCTH-
llaMi M MHKpoarperataMu cBfseil. Ecan wvactuus (Mukpo-
arperaTthl) VJIep:KHBAKOTCH JHILb KanuIsApHBIMH CHJIaMH,
TO B BOJE STH CHJIbI HCYe3aloT H YacTHLL pacnajaiorcs. B cay-
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yae nanbpveil arperauun [em. seipamwenne (9)| ans vianenun
APYr OT Jpyra JIBYX 4acTHIL (nJ1acTHH) Tpebyercs ycHaue,
gocruraomee 100 H/m* [62]; ana yaranenus apyr or apyra
yacTHIL, (QHKCHPOBAHHBIX B Oamkuel sme, tTpebGyercsi 3Ha-
YHTEAbHO GoJbliee ycuiaue.

B nmpeasiayvuem pasjene OblsT pacCMOTPeH MEXaHH3M CHH-
WeHHA BLicOThl Gapbepa S (cMm. pHe. 1) snekrpoanramu, yro
cnocobeTsyer Gamzned arperanuu. Ilpn j1annoil KoHueHrtpa-
IHH W cOCTaBe 3JEKTPOIHTOB (H, CN&IOBATE/IBHO, JaHHOH Bbi-
cote Gapbepa S) VCJAOBHA 1A arperupoBaHng 4acTHu, ue-
O/lHHAKOBbLI B 3aBMCHMOCTH OT Pas3/IHUHBIX BHEWHHX BO3jei-
¢rBiif. B 4acTHOCTH, B €CTECTBEHHBIX YCAOBHAX BEpPOATHOCTD
GauskAedl arperaidy HeoJHHAKOBA NPH YIVIOTHEHHH [MOYB Not
feiicTeHeM cODCTBEHHOTO Beca WJIH Beca op Vi H MeXaHH3aMoB
(KOMIpEecCHOHHOE YIJIOTHEHHE) H NPH HX BLICHIXaHHH.

[lpn xoMmMmpecCHOHHOM VILIOTHEHHH no4s HabawnaercH
jepopMania ABYX BHIOB! CONHMKEHHE HACTHIL Mexay coboH
H OTHOCHTEJbHBIH CABHI 4acTHil, NpHBOAAILHI K Oojee oAHO-
POJHOMY pacnpejieneniio no pasMepam Mnop CHCT@MBI BO BCEM
oOpasiLe.

Jledpopmanvi BTOPOro BHAa NpH KOMIPECCHOHHOM YIJIOT-
HEHIH MOTVT COCTaBJATh OCHOBHYIO 4acTh HEOOGPATHMBIX H3ME-
gennit. B 3ToM cJyuae sHauuTeslbHOE YMJIOTHeHHe obpasna
MOAET el He EI)HPDEDH{ILHTI:CH NOABJEHHEM HEMOCPEIACTBECH-
HbiX KOHTAKTOB MEK1Y HacTHIAMH, H ero ynpouHenue Gyier
CpaBHHTEJBHO HeDOJbIIHM.

[Mpouece yNJAOTHEHHA AHCNEPCHOH CHCTEMBI TPH CYLIKE OT-
JHUYAeTCH OT npouecca VIJIOTHEHHA NMPH KOMIPECCHH TeM, 410
npu cyuike jaedopmauny NMEPBOro BH/a MOTYT COCTaBJATh
OCHOBHYIO YacTh HeoOGpaTHMBIX H3meHeHui. llocsne Toro Kak
cHCTEMA CTAHOBHTCH TPEXKOMMOHEHTHOH, COCEIHHE YacTHILLI
NpHMHMAIOTCA JAPYr K JpYyry 3a CYeT KanwJJapHOro aasje-
Hius. Ilpu 3atom npouecce GJAHMKHAA arperainus npou30ier
Besje, e BeJHYHHA KanHAJdAPHOrO JaBJEeHHs MpeBbIILaeT
KpUTHYECKOe  3HayeHHe,  xapaKTepH3yemoe  BeIHUHHOH
Gapnepa S, a HEOAHOPOAHOCTH B pacnpeieneniy nop cyiue-
CTBEHHO He uaMmeHuTcs. Bor noyemy HeoOXOAMMBIM YCJIOBHEM
CO31aHMA  BOJONPOYHON CTPYKTYPH fBJAAETCH TepHOjHYe-
CKO€ BbICYIUHBaHHE.

Oneir nokassiBaer, 4ro Hau6GoJjiee BOAONPOYHAR CTPYK-
1ypa cosjiaercfl NpH CKJEeHBAHHH arperupoBaHHBIX MOYBEH-
HblX 9acTHIL F'YMYCOBBLIMH BemecTBaMH (MeXaHH3M QHKcaluuH
TAKHX KOMJOMAHBIX (pakuHii KpynHbIMH YaCTHIAMH pac-

. cmorpen B paGore [52]).
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Takum ofpa3oM, BO3SHHKHOBEHHE BOJAONPOYHLIX 00pa3oBa-
HHIl pas/HYHBIX PA3MEPOB ABJSETCA HEOOXOJHMbLIM YCJOBHEM
AJAHTeABHOIO CVIIECTBOBAHHA CTPYKTYpHOil nousnl. [lopu-
CTOCTh MOUBBI TpPexcTyneHuaTofi cTpykTypbl (cm. puc. 12)
no B. H. Muuypuny onpeaenserca M3 CJaelyHOlero Bbipa-

WEHHA:
m = (1 — TT,Ty 100%,

rie Ty Ts, T3 — 06BEMBI YACTHIL JIAHHOM CTYIEHH B €IHHHILE
o/beMa CHCTEMBbI, COCTOHINEH TOJAbKO M3 ITHX yacTHIL (T, €. U3
gaeTnil dq, d,, dg COOTBETCTBEHHO).

O6bveMHas macca TOYBBl ¢ TAKOH CTPYKTYpPOH

¥ = (T1T:T) vy,

rie y, — o0beMHas Macca TBepiblX HacTHIL.

chmhavﬂ JBe TOCJeAHHEe 3aBHCHMOCTH, JIETKO mpocJe-
ANTH PA3ju4isl B NMOPHCTOCTH M ofbeMHOH Macce GeccTp VK-
TYPHON, MHKPO- H MakpOCTPYKTYPHOH MOUB.

[Mpimem, yto B MoiesaH (cM. pHc. 12) ynaxkoBka uacTHil,
MHKpPOArperaTos H arperaros 6/H3Ka K reKcaroHajbHOH,
vy = 2,7 rlem® = 2700 kr/m®.

B srom cayuae

m, — 25,7%, yi = 2000 xr/m* — aasa GecerpykrypHoii noy-
BHEI,

m, — 44,8%, vo = 1490 kr/M* — ana  AByxcTyneHuyaTtoit
CTPYKTYPHI,

my — 59%, vy = 1112 kr/M® — i TPeXCTYNEeHYaToM
CTPYKTYpHI.

[Tpu mcc/e0BaHAH BJIArONPOBOJAHOCTH MOYB [0JB3YIOTCS
o6piuHO He obwed nopHCTOCThIO, PacCMOTPEHHOH BEIE,
a aKTHBHOH MOPHCTOCTHIO, KOTOpas onpeje-
nseTesl oTHoweHHem oOBbeMa cooluaimHXxcs Mexay coboil
nop V, k obuiemy obdbemy obpasiia:

i ﬁ

Bonee neraiabHOl xapaKkTepHCTHKOH MpOHHIAEMOCTH [10-
PHCTOH CHCTEMBl fiIBJIA€TGHA pacnpele/ieHHe nop no pasmepam
(rnasa 1V).
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3. BOMOY AEPAHBAIOWASA CNOCOBHOCTb
CTPYKTYPHbLIX MNOYB

Boaxo-usuueckne koHctautTol. [lopel B noupax msoryt
OblTh YACTHYHO 3aMN0JHeHbl BOJOM, 4aCTHYHO BO3/lyXoMm. B npe-
JeJIbHBIX CJAYY4ASiX NMYCTOTBHl MOTYT OBITh MOJHOCTbIO 3aHATH
BOJIOH HJAH BO3JYXOM.

Boay, HAXOAAUWLYIOCA B NOYBEHHBLIX MOPaxX, MOMKHO KOJIHe
YECTBEHHO OXapaKTepusoBaTh PasiHYHLIMH crnocobamu.

O6nemHoli BaaxHocTeio W HasbiBaOT oTHOIIEHHe o0keMa
BO/bI, Haxoasuweidcs B nopax Vy, K oObemMy nopHCTOH
cpeanl V:

_Vw
W = Vo

Ecan nas Mojieny nodssl, noKkasanHoi Ha puc. 12, obosua-
YUTL 4Yepes Vg — obbeM nop mexily MakKpoarperatamy,
V, — obbem nmop Mexiay MHKpoarperatams, a vepes V, —

- 00beM Nnop MeXy 3JeMEeHTapHbLIMH YacTHILAMH, TOrja:

Vﬂ e l = Ta,
Va+ Vi =1—="T:T5,
I"" == 1"’3-.“]' Vg 'i" Vl = .I — TaTﬂTi.

B 3aBHCHMOCTH OT 3aNOJIHEHHA NOP PasjHYHOrO NOpsijiKa
BJlaKHOCTE NMouBH W Oyjer HaMeHsThCH:

W— W, =(Vi+ V,) 100 =(1 —T7,T,) Ty 100,
W i Wa g “?g = Vl IUU = {1 - Tl:’ T!Ta lﬂ{}

H.as rexkcaroHanbiol (HanboJee naoTHOH) ynakoBku T =
=Ty =Ty =n/3) 2, Torna; W =592%; W— W, =
= 33,4%; W — W,— W, = 14,2%.

CBOHCTBO NMOPHUCTOrO MaTepuaa, XapakTepH3YIouee ero
crocoBHOCTb NPONYCKATh Yepe3 cebst KHAKOCTL (MPH NOAHOM
8anoJHeHHH NOp) noj JAeHcTBUEM NPHI0KEHHOrO rpajineHTa
JlaBJI€HHA, HA3BLIBAIOT NPOHHUAEMOCTBIO R

=g )
k=1arD )

-

ne g — o0BeMHBIH pacxoll »HJAKOCTH;
1| — BA3KOQTb MHAKOCTH
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A — njowaas nonepeyHoro cedeHus oGpasna;

AP — nepenaa JasJieHus,

L. — nanna oOpasua.

[Mpounnaemocts & HMEET pasMepHOCTb KBaApara AJAHHBI.
HauGoaee mmpoko vnorpeb.semas elHHHUA [POHHUAEMO-
ctit — aapen (D); 1D — 310 npoHHUAEMOCThb Takoi Mop-
CTOH cpeibi, B KOTOPOiH nepenaj jlasJjenns B | at noniepu-
Baer pacxon mujaxkocru B 1 cm®/c uyepes Ky6 ¢ AJMHHOMN pedpa
B | ecm npH BS3KOCTH KHJAKOCTH, paBHoi | canTHnyasy.

AOmnupuyeckas Qopmyna Kosenn—Kapmana 1asa onpe-
JIEJICHUSA NPOHHILAEMOCTH HECUEMEHTHPOBANHLIX NOPOJL HMEeT
BIL:

# . ma

k= T (I1)

rae £ — yiedbHaa NoBepxXHOCThL;

m — NOPHCTOCTE.

Kputnka 31oit 3aBHCHMOCTH, a TaKKe Apyrye TeopHH npo-
HHILAEMOCTH MoJpoGHO paccmoTpensl B pabote llledinerrepa
[132].

[Ipn nenosnoM HachllE€HHH MOP BOAOH HA IPaHHLE M-
KOCTb—Ta3 BO3HHKAET CKAYOK /A4BJCHHS, HA3LIBaeMbiii Ka-
NHAJAPHBIM daBaennem P, (ML1T2):

Po=F P
rae P, — KanuwiaspHoe Jlapjelne, CBA3aHHOE ¢ KPHBH3HOM
BOJAHOH MAaHMKeTHI;
P, — nepenajn 1apiaeHus, BO3HHKAIOWMI NpH nepexoje
OT rasoBoH (pa3bl K KHAKOCTH B TOHKOM CJ10€, NpH
JIOCKOH MOBepXHOCTH pasneaa (P, — He ca-
3aH ¢ KPHBM3HOW NOBEPXHOCTH H PABEH PACKJH-
HHBAKOUEMY JaBJAE€HHIO TOHKOTIO ¢JI0fl ¢ 06paTHbIM
snaxom [861).
Beanunny P, onpexeasiior no uzpectHoil dopmyae Jlan-
naca:

I | :
= 0
P, U( ry 15 re )’. (12)
rjie 0 — JOBEPXHOCTHOC HATHMEHNE HA TpaHHile M-
KOCTb—TAa3,

ry, 9 — TJIABHEBIE pa/iHyChl KPHBH3HBI BOJHON MaHKETH.
Ecan nousy wmozeamnposath HaGoOpoM WHAHHIDHUECKHX
HETIePeCeKalolH XCs KanuisipoB pasHoro juamerpa, HO Mo-
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CTOAHHOTO MO0 JJIHHE ceyeHHs (ri = ry =r), 10 opmyaa (12)
NPHBOARTCA K BHILY:

P =— (13)

H HOCHT HassaHHe (opmyibi 2Kiopena.
* Bulcota KanwaadapHoro nojieema h B cjoe (M, cJelloBa-

TeJIbHO, BeMHYMHA KANHJJAPHOrO JaBJeHHs#, BbiparieHHas

B CaHTHUMETpax BOAfAHOro cronaba) onpejresuTcsa H3 BhIpa-
WEHH!

P 20
—_— A = l 4
=~ e’ (9

rjie ¢ — MIOTHOCTL HHIKOCTH;
g — YCKOpPEeHHE CHJIBI TAMECTH,
M3 (14) cheayer, uTto ecqiv K rereponopucromy obpasuy
NpPHJIOKHTL JaBjeHue, pasnoe h (cm BoA. €T.), TO Boiaa yia-
JIMTCSt M3 BCeX nop obpasua, pajiHyc KOTOPbLIX r Y/A0BJIETBO-

psieT HEpPaBeHCTBY

20
f}m’;

(15)

Mamensisi cTyneHaM AaBJieHHe, MOXKHO MOCJI€/10BATENbHO
ONperesnTb JAHaMeTp OCBOOOXIAKNHXCH OT BOJAB MOP.
Hz stom cBoHCTBE H OCHOBAHEI BCE METOJEI MNOCTPOEHHHA AM4-
rpasMM pacnpejiejenisa [mop rno pasmepam ¢ NMOMOINbIO KariH/i-
JAPHMETPOB H MeMOpAHHBIX [PECCOB.

XapaktepHCTHKHN BJIa)XHOCTH, INPHBEJEHHbIE B HayaJe
5TOr0 naparpada, He AaloT NpeacTaBJeHHs O CTENEeHH 3anoJ-
HEHIs [Op BOJAOI.

Ortnomenne o6bema Boan Vi kK o6semy mop V, xapaxre-
pHayeT CTeneHb 3anoJHEHHA MOP CMaYUBAIOUIEH KHAKOCTbIO
H HasblBAETCH HACHINEHHOCTBIO S:

T
= (16)

HacobilieHHOCTh CBSi3aHa ¢ oObLeMHOH BaaxkHocTeio W

H NOPHCTOCTBIO M CJAEAVIOUWEH 3aBHCHMOCTBIO:

S =, (17)

it

Harasanoe npeiacrap/ieHHe 0 HACHIUEHHOCTH PasiiHYHbIX
MOPHUCTHIX MATEpPHANOB AaerT TpapHK 3aBUCHMOCTH S OT BBI-
COTHl - Z Hajl YypoBHeM Hacbillaiouiel kuaxKoctH (pue. 173).
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Qﬂ’- ﬂl I-_ 1 1 1
2t s 2040508105
Puc. 13. Xapaxktep HaMmeHeHHA HACHUNEHHOCTH § mecka nocae

phecenna ruapopobumx wacti [5]:

a — npn  andnavTpaunn (caofi 0—0,3 m); 6 — npu KanuAAApPHOM
nogbesme: I —n necKe: 2 — B necke ¢ Jgolapaeswen raapodobHux
qacTnu

[pn Takom n3oOpax<eHHn Ka)<10i NOPHCTOH CHCTEME ¢ onpe-
JAeneHHol NpoHMIlaeMOCThio OGyAeT COOTBETCTBOBATH Xapak-
TepHaa A Hee KpHBas, a Ha rpajHke Oyler HaHeCeHO ce-
MEHCTBO KpHBBIX S—Z.

HopmupoBanue Bcex KPHBBIX MOXKET ObITh OCVINECTBJIEHO
¢ nomolinbio GespasmepHon (ynkunn Jleseperra [631:

z P k
HSY =5 Yo
Torna cemeiicTBO KpHBLIX S—Z NPHBOAHTCA K OAHOM
Kpusoit S—j (S).
DHepreTHYecKoe COCTOSIHIE MOYBEHHON BJAATH yNOOHO BBI-
pa)kaTh uepes 3HaueHWe ee norteHuuaana (L*T3).

KanuaaapuuM (KapKacHBIM) NOTEH-
ILHaJJoN Ha3pBalOT BEJIHYHHY

F.;]-_* — . (18)
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BeanunHa % = P — ganuanspueiit nanop (L).

Jdisa rpaBUHTAaLLHOHHOIrO NOTEeHWHAaANE @
CNpaBETHBO BhIp A XKeHHe:

¢ =gz (19)
OcMOTHYECKHH NOTEHILHAJ paBeH:
"L Pee nRT
L= im s (20)

rje (Kpome H3BecTHEX 0603HauyeHHH)
P,. — ocMoTHYECKOe JlaBJieHHe;
11 — YHCJ0 MOJIeH pacTBOPEHHOro BeniecTsa B obbneme V;
R — razoBasi NOCTOSIHHASH;
T — aGcoqoTHaa TeMmneparypa.
[IlneBmMarHuecKkuit noTeHUHaa [, nposs-
JAAETCA NPH OTJAHUHH AABJEHHH rasa or armocdepHoro.
Moauwnit norTenHuwmaa D nouseHHOHR

BJ ar | mnpeicrasaser coGoi CyMMY BCEX YaCTHBIX TOTEH-

1HAI0B
D=9+ q+F+fw (21)

Meronsl onpeaeseHHs MOJHOTO M YACTHBIX MOTEHUHAIOB
MOJKHO HAaWTH B cneuHanbhoi Jaureparype [35, 111].

Yaure Beero B pacuerax noJb3VioTcsi 3HAYEHHAMH KanuJ-
AsipHOro Hanopa (HHOr/la OTOXKJIECTBJAAA €ro ¢ NOJIHbIM Hano-
pOM NOYBEHHOM BJarH, Tak Kak BK/JaJ OCTaJbHBIX COCTas-
AAIOIMX B NEPEABHKEHNE KHAKOH BJArH OGBIYHO He3HauH-
TeqeH).

KanuaaapHublii Hanop B NoYBOBEJeHHN BLIpaxKaloT B caH-
THMeTpax BoOAsiHOro croaba, a JorapHm STOH BEJIHYHHBI
oGosnauaioT cimBosiom pF (no Croduany):

lg P = g ‘:_; — pF. (22)

Ha puc. 14, @ nokasana saBHCHMOCTb jJorapudma Bcachl-
BAIOWETr0 JaBjieHHs noushl pF B npolnecce yBJaxHEHHA H
ucceyiienuss nouysel. Takuwe kpuseie Poge [111] nasmiBaer
BAAKHOCTHRIMH KpuBBIMH., B ruipodusuke nouys oOBIUHO
NONB3VIOTCH KPHUBBIMH 3aBHCHMOCTH NOTEHUMaga OT BJAXK-
HOCTH, KOTOpHIE CYHTAIOT OCHOBHBIMH T'HApPO(H3IHUECKHMH
XapaKTepHCTHKaMH NOYB.

b. H. Muuyputbiv [83] nas TIOJYYeHHA OIHOIHAYHON
CBA3Il JIaBJIEHHSI ¢ BJAMKHOCTBIO MOYBLI BBEIEHO T[OHATHE

NpHBEeIeHHOM JddaBneHnn P’, KOTOpoe Bhipaxaerci 4Yepes
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Puc. 14, 3asucnmocts Jorapmpma sca-
CHBAIOWEro AasiaenHsi nousw  pF oT
BAaRHOCTH noussl W B nmpouecce ysaax-
HeHHH H B npotlecce Hceywenua (a) o
XapaKTepHaa 3asHCHMOCTL Koadxpiinenta
paaronposoftocti K ot saamuocta W (6)

oTHouleHHe JlananacoBa aasienna K TPOH3BEIECHHIO NOBEpX-
HOCTHOIO HaTfXKeHHA Ha Y/Ie/JbHYIO MOBEPXHOCTh [OUBHI.
bbli10 NoKasaHo, 4YT0 NPHBEAEHHOE JlaBjeHHe O/IHO3HAuYHO
cBfi3aHO ¢ BJaroit, onpegensemoit Kak W' = W — Wy,
rie W — Bca Baara, ylaep:xupaemas [OYBOH NPH JlaHHOM
AapaeHuH, a Wg — Ta wvacTh BJarm, KoTopasi V/Iepu-
BaeTcs BOJIH3H MNOBEPXHOCTH nouypeHnsix uvactHi, npu 830 ar
H BHYTPH KPHCTAJIHYECKOH PEIIeTKH IVIHHHCTBLIX MHHEpaioB
THMA MOHTMOPHJJIOHHTA.

B peayabTraTte 3KCNEpHMEHTAJbHOrO HCCAEA0BAHUA 3aBH-
CHMOCTH [IPHBEIEHHOro jaaBJeHHAa P’ OT coaepKaHus CBO-
Goxuoit Baarn W' noayuena eaunas obGoOuiaiomas KpHBas
A9 pas/IHuHBIX NOYB. _

3apucuMocTh pF OT BJIAXKHOCTH MPEKI€ ECEero /laer BO3-
MOKHOCTh OOBEKTHBHO ONpeIeauTh TaK Ha3hiBaemble BOJHO-
thusuueckue Koucrautol. [eicrsurennio, npu pF == 0 npouc-
XOJHT [OJIHOE 3aMOJIHEHHE [0p BCEX pasMepoB BOJOH, HTO
o ONpPeAeJeHHIO COOTBETCTBYET MOJHOH BJAaroeMKOCTH.

Kak 6yaer noxKasaHo HH»e, TM0JIeBOi BJAArOeMKOCTH COOT-
BETCTBYET KOJIHYECTBO BJIaru, VIepxHBaeMmoil B nouse Ka-
NHJJAHAPHBIMH CHJIaAMH I:B TOM YHCJE B BHIC NMAEHOK, MaHMeET,
Haq?ﬂb )H T. M.) NpH JAEHCTBHH BCACHIBAIOWErO JaBJEHHA
=="g daT).
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- Bces Baara B AManasoHe Mexly NOJHOH H 110J€BOH BJjaro-
-eulmc'mm cnocobHa nepeiaBHraThes noja JAefcTtBHeM rpasu-
-raunmumm NOTEHUHAMa W MOXeT OniTh.Ha3BaHa TIpaBHTa-
. IHHGHHUH. :
. 3amerum, 4rto B 3T0H KJaccHDHKaAUWH Kaxaoi BoaHodb-
| 3HUECKOi KOHCTAHTE COOTBETCTBYET OnpeleJeHHbll NoTeHiiia
- (rpaBHTAILHOHHLIH, KanWJAAspHbIA), TpaiHeHT KOTOpOro ciio-
~cofeH BhI3BATH NEPelBHIKEHIe BJaru.

Kpusnie sapicaMocTi pF OT BJIaXKHOCTH He JaioT (usuge-
. CKOM OCHOBBI 1151 TakuX Kodcraut [111], xak wHernHHasn
HAHMEHbINAS BJAroeMKoCcTh (HauboJjbilee KOJHYeCcTBO TMojl-
'BElIEHHOIT BJATH, KOTOPOE MOMKET NpoYHO }ﬂEp}HHBaTh-:':H
au,:[uupn.tmnﬁ HECJIOHCTON  MOYBOIN NPOTHB CHJ THHKECTH) |
CKanuaaspHas BJaroeMkocTh (HanbGojbliee KOJHYECTBO Ka-
‘ﬂHJL"IHPHD-ﬂUﬂ.HEPTDﬁ BJarv, KOTOPOE MOKET CONEPHaThCH
‘B Noype; BEJHYHHA NepeMeHHas, 3aBHCAINas OT BHICOTH CJ01,
LISt KOTOPOro OHa ONpejleisiercsi, Hajl VpPoBHEM CBOGOJIHON
" BOJIB). ITH KOHCTAHTHI 3aBHCAT HE TOJALKO OT CBOHCTB MOMBHI,
. HO TaKkKe W OT YCJOBHH Ha rpanuue (nojoKeHue ypoBHA
. TPYHTOBBIX BOA, XapakTep HHQHAbTPaUHH, HANpHMEp 3a-
. TOIJIEHHE HJIH KaneabHoe VBJayKHeHHe, MYyTH 0TXojla No4vBeH-
. HOTO BO3/lyXa H ApP.) H NOJIHOCTLIO ONPEeleNfAoTCH KPHBLIMH
 HACBILEHHOCTh —— PACCTOSAHHE OT JIHEBHOI NMOBEpXHOCTH HJIH
. OT ypoBHs cBOOGOAHOH BOABLI (cM. puc. 13).
: KOHCTaHTBl K€, CBA3aHHBIE C JOCTYNHOCTLIO BJarH s
pat:'rmmﬁ BJAKHOCTb 3aBfijlaHMs, BJAKHOCTL 3aMelJeHHHA
- pocTa, AManason AOCTYNHON BJAry, ONPEIENsIoTes YC.10-
- BHAMH B CHCTEME MOYBA—pPACTeHHe—MNpPH3EMHBIH BO3JIYX.
Heunmpue W3 STHX YCJOBHH, CBA3aHHBIE. C MNOJABHIKHO-
- CTBIO NOYBEHHOI BJjard, GYJAYT paccMOTpeHBl B CJaeiylouLed
rauBe.

TepmuHbl 110J1Has BJaroeMKOCTL W FPABHTAILHOHHAA BJara
- SICHBI 110 OMpEJleJIeHHI0 H MeToj/laM HMX HeenenoBanus (oM.
pHc 14, a).

Temmu MOJIEBas BJATOEMKOCTh TAK)KE HE BHISHIBAET BO3-
- paxenus no ero onpeienenmo. OIHAKO CTai/IapTHHIE METOLL
- HeCael0BaHHA MOJEBOH BJAroeMKocTH CYOLEKTHBHBI, 3aBH-
 CAT OT BpemeHH Hab.jl0leHHs, BCAEICTBHE 3TOr0 3HauYeHus
MOJEBOil BJIAroeMKOCTH JlaKe JJisi OJHHAKOBBIX MOYB Y paa-
JIMMHBIX HCCJeloBaTe el He COBnalawT,

PaccMOTpHM  BO3MOMKHOCTH AJsi pa3paboTKH  METOJHKH
. HCCJeloBaHHs NOJMeBOH BJATOEMKOCTH, KOTOPas No3Bo..1a Gbl
. NOJYY4aTh BOCHPOH3BO/AHMBIE H CONOCTaBHMbBIE 3HAYEHUA 3ITOH
. KOHCTAHTLI JI1A PasyHYyHbIX MOYB. -
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[To onpenenenuio MnoJeBas BJaroeéMKOCTb — 3TO BJara,
yAepKHBaeMas KanuaaapiuivMu cuaamiu. Onpejennm agpdex-
THBHYIO BBICOTY KanwuisipHoro nojiseMa Ml B MHOTOCTY-
NeHYaTofl CTPYKTYPHOH nNouBe, HCXOAst M3 [1PeAnoJOKeHHs,

3 'JI’FE aF
yto 3hdekTHBHbIL Auamerp d.if = dy, ]/ —  CAYKHT Mepoi
npHOIHMKEHHOH OHEHKH 3IKBHBAJEHTHON NPOHMUAEMOCTH CH-
ctembl, 00Jajal0llell OnpejlesieNHbIM pacnpeieseHneM nop
no pasmepam. Torna aasi MOAeAH TNOMBH, [PeACTABIEHHOI]

HaGopOM IHJAHHAPHYECKHX HernepecekalouHXcs KanuuispoB
NOCTOSHHOTO MO JUIHHE CEYEeHHs ¢ auaMerpom d,y,

da
ﬂﬂﬂ'mﬂ

M == ; (23)
rine a — KoyppuUHeHT, No3BOJAAINIHI TEPEeX0/HTh 0T XapakK-
TepHOro pasmepa wuactuil JI K XapakTepHoMy pas-
mepy nop d (d = al).
Ecan B xauectse d u JI paccmarpuBaTh JAHaMETphl, TO
a = 0,42 — nas kyGuueckoil (Hanbosee «poiXJ0H») YNIAKOBKH
wiapoB H a = 0,155 — g rexkcaronanbHo# (HauboJjiee nJoOT-
HOIl) YMaKoBKH.
Baary, vaep:xHBaemMylo Mo4soi noj JlaBjeHuem, 3KBHBA-
JIEHTHBIM Ay, W CJENYET HASLIBATL MOJIEBOH BJaroeMKoCThbIO.
Kak nokaswiBaeT aHa/u3, YHC/JCHHbIE 3Havenua hp a8
PasJHUHEIX MOYB OTJAHUYAIOTCH HA NOPANOK BEJHYHHK, OJTHAKO
I CTPYKTYPHBIX NMOYB A, HMEET MOPSJIOK METPOB.
Hanpnwmep, s nousbi, npejacrasaedHod na puc. 6 (kpu-
Baa 2), dy, = 6107 M, dgg = 0,256:10"% m, o = 41,6.

1 .
Ilns pacuera npumem: &, = 5 (iys T Qrexe)- TOrAa

h.sp, onpeneasemas no (opmyae (23), ans 283—293 K npu-
MepHo pasHa 3,5 M. Jlis necyanniX NMoys 3Ta BeJAHYHHA 3Ha-
YHTEJLHO MEHbLUe, a AAfA THIKEeJbX — GOoablie.

[To-BuAHMOMY, B KauecTse M MOMKHO NPHHATH 3HAYEHHE,
paBHoe 3,3 M. Toraa noj mNOJEBOH BJArOEMKOCThIO CJe-
JVeT MNOHUMATh TO KOJHYECTBO BJard, KOTOpPoe Ylepiu-
Baercsi B nouse noj napaenunem 3,310 H/m® (B kanuaasapu-
MeTpax, memMOpaHHBIX npeccax H T. IL.).

AHann3 3KCMEePHMEHTANbHBLIX pPe3yJbTaTOB MNPHBENT Psil
Heomeiopareneli K adajgoruuysomy BoeBoiy (49, 116]. Ha
puc. 14, @ nosepas BAAaroeMKOCTb OTMEYEHA HMEHHO B COOT-
BETCTBHH C STHM ONpeeeHHEeM.

HaGaonenna 3a npoduasMH  BJAAXKHOCTH  H3OBITOYHO
YBJaMHeHHbX o0pasuoB B MPoLecce CTeKaHHda H oTcachipa-
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. Huf BAaru cyxoii nousoit npusean A. ®egoposa [141] k Bhi-
.~ BOJAY O TOM, UTO M0JICBaA BJArOGMKOCThb npeicraniser coGoil
. BJAKHOCTDB, CTOAILYIO HA PPAHHLIE ABYX PasiHuHbIX PexHuMOB

nepenoca Baaru. [papudeckuit meron onpejeneHusr 3Toil
KOHCTaHThl 3aK/jloudaercs B cJaeiyiomem. [lo ocu oprunar

BJaMHOCTH oOpasia HiH ero 4yacTH 3a HEKOTOpPbLIH HHTEpBa,
- ppemenn Af), a na ocu aGcumee — cpeinnasn BiamHocTs W
" 3a untepBan Af. Ha rpaduke nonyuaiorcs ABe npamee,
. pepecekaroliiecs Ha ypoBHE BJaMXHOCTH, COOTBETCTBYIOUIEI
~ [I0OJI€BOH BJIaroeMKOCTH.
y 3agHCHMOCTh (23) n1aeT OCHOBY /1 peryaHpoBaHHs 3Ha-
yeHHil NMOJIGBOH BJAroeMKOCTH: A5 YBEJHYEHHH BOJOylep-
KHBAOWEH CNOCOOHOCTH necyanblX IMoYB HEOOXOAHMMO CMe-
. wenne d;, BAEBO Ha KPHBON I'paHyJIOMETPUYECKOrO COCTARH
L (cM. puc. 6).
IT0 JOCTHIA€TCs BHECEHHEM B MecuaHbie MOYBbLI OpraHuye-

. CKHX H MHHEPAJAbHbIX TOHKOAHCNEPCHBIX (pakuHit, yc/IoBHA
| €32XBaTa»  KOTOPHIX KPYOHBIMH YacTHUAaMM pPacCMOTPEHb
. B nepBoM pasjesie jlaiHoil raaBbl. OGbIYHBIE METO/BI MeIHopa-
" [MH NeCKOB OcHOBanbl Ha 3ToM npuHuune [73].
F B paGote [5] nokasana MojH(pHKaHA paccMOTPEHHOro
npHiMna A8 cjaydas, Korjia B necoxk BHocsrces rujipododHbie
- MeakofHcnepchbie qactHubl. [lpn onpeneneHnbix yejoBHAX
. MOZKET NPOHCXOAHTH (MIOTAllH$ 3THX YacTHiL (PPOHTOM APO-
- nutkH. Caofi (pAOTHPOBAHHBLIX YaCTHIL Ha NOBEPXHOCTH pas-
- Jles1a AMHAKOCTb~ra3 MeHsieT YCJOBWUH KanwaJasipHoro ABH-
~ JKeHHWd H paBHOBecH# xHAKocTH. Ha puc. 13 nokasan xapak-
. TEp HIMEHEHHA BOJIOY/IEPIKHBAIOUIEH CNOCOOGHOCTH Mecka npu
BHeCeHHH TrHIAPOPOOHEIX YacTHIL KAK NOpH  KanuJ1JagpHOM
. NO1BbeMe, TaK M NPH BNHTHIBAHHH BOJEI C AHEBHOH TMoBepXx-
- HOCTH.



F'nasa IV

[NEPEHOC BJIATH M COJIEH
B IMOYBAX

1. @OPMYJIA JOAPCH. ®AKTOPbI, BJIIHSAHOWHE
HA HECTABHJIBHOCThH ®HJABTPALHOHHOTO
NOTOKA BO BPEMEHH

dopmyaa Aapen. IMepenmuem dopmyay (10) B cenyionem
BHe:

i AP

J= M A T

= KAI, (24)

rjie (Kpome npexHuX o0003HaueHHi)

 — OODLEMHBIH Ppacxol MKHIKOCTH;

K — roaqpuuuent (uaAbTpainm;

A — naolais nonepevyHoro ceyeHus obpasna;

[ — rpaguenT wHanopa (I = ii—),

[. — pauna.

Dopmyna (24) Boipa)saer MHPOKO H3IBECTHBIH 3JKCIEpi-
MEHTaJIbHBI 3aKoH JlapcH, nOCTYANPYIOLLHH JHHEAHYIO CBASH
MEMAY PacxoioM (CKOPOCTBIO) M rpaiHeHToM Hanopa. Kosd-
dpuunenT ¢uasrpaunu K B 3T0H (opmyae — BEJHYHHA I10-
CTOAHHAA NPH JAHHOW Temnepatrype H JaBJeHHH.

®dopmyaa (24) npuOAHKEHHO COGJIOAAGTCH M{H MajbIX
A0COMOTHBIX 3HAYCHHAX ¢ B JaMHHApHOM moToke. CyurTaor
[19], uro Takue ycaoBus GyAyT coOJIOAEHBI, €CaH BeJIHUYNHA

HeKoToporo Ge3pasMepHOro napamerpa, Ha3biIBAeMOro YHC/IOM
Peitnoasbjca, mensmie 1= 10:

R’e=ﬁ'!-ﬁ—{l+ 10,

rje v — KHHeMaTHuecKas BS3KOCTh,
d — appexTHBHBI AHaMeTrp HW/JIH SKBHBAJIEHTHRIA pas-
MED 4YaCTHIL TpyHTa.

HauGonee pacnpocrpanennsie cxeMel npuopoB Aas 3KC-
NepuMEHTalbHOro onpejeneHus  Koagduuuenros (guiabrpa-
ILHH MOKasauel Ha puc. lo.
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5 Jlns cxembl ¢ TNMOCTOSIHHLIM Hamopom (puc. 15, a) snaue-
~ gue K onpejensiercs H3 ypaBHEHHA: .

QL
S - (29

~ rje (KpoMme H3BECTHHIX 0003Ha4YeHHi)

h — rujlpaBJaHYeCKHit Hamop;

[ — BpewMs.

g Ilnsi exembl ¢ majaiomuM Hanopom (puc. 15, 6) anaue-
- pue K Moer ObIThb BLIUHC/IEHO C MOMOLUBIO BeIHYHH, H3Me-

~ peHmbLIX BO BpeMA HCHBITaHMA 10 opMmy.e:

aL

K=2 a0

g~ ”” : (26)

rie 4 — MJOUA1b MOMEPEUHOro CeYeHHs BEPTHKIL-
HOH HanopHo# TpyOGkKH 4 (nbesomerpa);
hp_. H iy — PHAPaBIAHYECKHE HANopbl B MOMEHTHl Bpe-
MEeHH £, H 'I; COOTBETCTBEHHO.
: Onpejensempie jJaxe B .Tlaﬁr::-paTupHHx YCJAOBHAX 3HAa-
© yenus Ko3PHUHEHTOB (PHIALTPALHM [OYB M CPYHTOB PeiKO

~ pocnpoussoantcs. Buecre ¢ TeM no-

. BLILEHHE TOYHOCTH pacyera, CTaB- 1

.~ PHMEHTAIBLHOIO OHPEASJEHHH KOTO-

{liee BO3MOMSHBIM B CBA3H € HCHO.Ib- 7\
. 30BAHHEM BBLIMHC/IHTEIbHOH TEXHHKH, /‘-i‘
- TpEﬁ}"ET MOJAVHEHHA J10CTATOHYHO Hd- ]
. ekHbIX 3Havenuit K, a8 3Kcmne-

P

-
L]

..,_m__
L e et

Puc. 15. Cxemut npuGopoB [JAf IKCHEpHMENTAALHOIO Olpe-
Jenenus KoxphHIHeHRTOB (QHABTPALLHN:
4 —c nocroanuum  nanopoM;, 6 — ¢ IIﬂ,ﬁ,HlDIII.HM uanopoMm; [ —

Oohpascly, NCNBWTRIBACMOTG I'PYHETA; 2 — HPAH; 4 — ceTHA (MOPHCTAA
anachparma); f — BEPTHRANLHAN HANOPHaA TPpYOKa (NBLC3OMOTR)
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PHIX, OCOGEHHO Ha THAMKENBLIX NOYBAX H TPYHTaAX, HEOOXOMHM
CPABHHTEJILHO JUINTEJBHBI IPOMEXKYTOK BPeMeHH (CYTKH).
B cBfi3u ¢ 3THM BO3HHKJA HeoOX0AMMOCTb HCC/I€L0BATHL CTa-
GHABLHOCTL (PHIBTPAILHOHHOIO NOTOKA BO BPEMEHH.

Onpejpenenne Kos(pduiHenTa (QUALTPALHE [POBOAHIOCH
[17] wa ¢uabTpannoHHO-KoMIpeccHoHHbIX npubopax @-1M
KOHCTPYKUHH  JIGHMHTPAJACKOro ropHOro HMHCTHTYTa M
GUABTPAILHOHHBIX ~ NPHOOpPaX  KOHCTPYKUMH  CeBepHOro
HAV4YHO-HCC/AE0BATENbCKOr0 MHCTHTYTA THIPOTEXHHKH H
veanopaunn (CesHUMUI'mM) no cxeme ¢ napawommum uano-
pom. Koshduuuent duabTpaitun paccunthiBaici no ¢op-
myae (26). [ng onwToB HCNOAL30B4JAHCH O6pasilbl 1MOYBLI
(rabsa. 3) nHeHapyweHHOH CTPYKTYpBIL.

OnwiTel NoOKasaiu, 410 (HALTPALHOHHBIE CBOHCTBA
HecnenoBanHeiXx  obpasuos HecTabHAbHBI  BO BpeMeHH [
B kauectse npumepa Ha puc. 16 npHBejienHa 3aBHCHMOCTH
K (f), nonyuyennas aas o6pasuna Ne 4 (cm. ta6a. 3) npu io-
cTossHHOM rpaauente Hanopa [ = 3 (Kpusana [)

dakTopsl, BAHANIHE HA HECTADWABLHOCTL (PHALTPALMOH-
HOrO MOTOKA BO BpemMeHH. TaK Kak MHTEHCHBHOCTHL JaMHHAp-
HOrO [MOTOKA KHIAKOCTH B MOPHCTOH cpene Olpelensercs
reoMeTpHei NopoBoro NpocTpancTna (k), 3aHaToro KuJKoCTLio,
€e peoJiorHYeCKHMH CBOHCTBAMH (1) W HHTEHCABHOCTBLIO jeil-
crByiomux cua (AP/L), TO OTBETCTBEHHBIMH 3a H3MEHeHHe
BETHYHHBLI NOTOKa BO BpeMEeHH MOTyT OLITh BCe 3TH (PpaKkTopbI.

Teomempus noposo2o
npocmparcmea. Hsmenenue

&0 reoMeTpHH 1OopoBOro npo-
CTpancTBa BO Bpems OIbITa
40 MOzKeT OBITh CBA3aHO CO cJle-
i AYIOIWHMH TpOLECcCaMu.
C o 1. ¥naotuenune obpasiia
‘f ! HJH ero 4acTH ruapojHHa-
MHYECK . '
‘E_ it IHY HM AdBJCHHEM
-
10
0 1728 94 56 5184 £40¢
Puc. 16. 3apuchemocts Kos(puimenta pHasTpamin or spe-
MEHH!
] — pousa M 4 $uALTPYOUARCA HHAKOCTL — ANCTHAAUDUNAN-

Han woma; o= F T w293 __-'|' 1K: 2 — nouna N B; '.LI*TIPQIH.'HT'
uuh pactsop denoaa; [ =5; T= 203 L IK



(LW nuxoavrad 1'0—09%
A A | Q1) 209 |9'Gs a0 cet| -BY) BELEHALMUOHYLHD €929UAT) = o L
(WHIMWHE2) g’ ‘
. 5 : L 0—59°0
ge0 G'0 | 861 |0eLl|geR 120 89°1 X110) HOHHIIAD HHHYad) " 9
(WHIMHHD 210—G 0
v'o ¥'0 | ¥01 [8SI1|1'C6 | &0 €'l XLIO) HOHHIIAD HHNIOLL > ¢
S0—¥
3% 0'c | 6F1 [&'0BI|9LII]| L¥'O Pl (WHIMMH®D XLIO) BEHI] cﬂ 0 ¥
(WHIHMHE2) 6'0—R'0
60 BT | 981 | ¥'€61 | 6'9I1 ¥'0 9*1 Y 110) HOHHIAIAD HITIOWE | ﬂ o
. ‘ i 9'0—%S"0
80 ' 191 ¥bl vGl LE°D 8971 BK O :H G
(WHIMHHE3D 50—e'0
ce'o 9'0 | @91 ¢hl | 0€1| 8E0 a9'y X110) HOHRLIAD HuuHEadD) s [
BEE.| - e 10N
A S oo Sl G IS Y O U (vdogso oszom) ™" | emesdgo
1 O, By -n___n.__“.q: -101° ] BNIER 0o .MH._FH_.HH_“MH .n...r_.um.r..mﬁ_ o\
giiouxdason
EEHYLT L
Ah01 XMHHEAOTIr0H uxnLondarvedex omdoronay
e ennwroe.]
ot gt i e M it b Sl cedb ) e el it b s LV (it B el D bt e e A

5a



1’1
saptadn — — e — 4 W O] ﬂ d |
¢HHMIY POUOH Hal 0 0—2'0
L - N La — L1 -0[ [ £0XR02) NoHK LD yrATad) ¥ gl
. (IWO €1'0—99'0
1F'0 e0 | 99 |L'%L |8'8¢ 1#'0 gG'1 | HMMITLDdRY) NOHHLIAD WHNIOLS! " al
i i i i L] I nm ¥ m.-w.ﬂ...ﬂrll._u.ﬁ.ﬂ
6'1 g'0 | 8¢ |2'gC o cH'0 Gh'l (HWO HuMdarade)) 90auin = '
£s | L'a 291 1'#0c | 1'1€] 1#0 181 (PHEWNGID] ‘WH E£0XHO0D) BHHL ] maw.m_.._ 01
3 (enerawa | r0—2*0
'l cl'o | /& |82%9 |8'08 c¥'0 (< “WH £0XH00) MNOHHIAD YHMJa[! % ~ 6
(HWO Busdarad 1—6'0
|80 9'0 | 2L g'al | 8'69. 4 ) og'] -B)]) BRLEANMUOHALHD 933LAY) q 8
um:M (= JW
Lot 5 -Tad2 ou on i i .=.w.huuuﬂ_: (060010 BL33N) qﬁnﬂﬂwm_ﬁ_ﬂ_ﬁ:nn encrdoo
8y Sy i S -ardoly 101 ] enewdgo daisvdey rarted By

qrayanxdamon

BeRYral £

g 'rgelannamrovrody]



4 2. Jepopmanua rpyHTOBOH CTPYKTYPBI 101 JEHCTBHEM
~ (pUABTPAUHOHHOIO NOTOKA, NPHBOASMLAN K CY(pO3HOHHOMY
 BHIHOCY HacTHIL M KojbMaTauun nop obpasua. Hamenenue
" KOHIIEHTPalMH 3eKTPOJAHTOB CNOCOGHO BbI3BaThb KoOary./d-
. [HI0 KO/UIOWJ0B, YTO TaKMKe CroCOGCTBYET KOJbMaTallii
. nopoBoro npocrpancrsa. MHOrHe HCCJIEI0BATeNH OTMEYAIOT
a1il (pakTOphl B CBA3H ¢ HaGAI0JAI0LIHMCS B ONBITAX YMEHb-
- pienueM Kos(xpuuMeHTa (UABLTPALMH BO BPEMEHH.
: 3. INpoueccul rerepoaiaryafuMyi W Koaryiasaiuuu, npHeo-
 AslHe K OcamleHHI0 BBHICOKOJMCMEPCHBIX YacTHIL, Haxoad-
- muxcs B (PHABTPYIOWEHCS MKUIKOCTH, Ha MOPHCTYVIO MO-
. BEPXHOCTb H CTEHKH KanuIjisapoB.
. B pa6ore [66] yGexnrennHo nokasaHo, 4TO YMEHblle-
HUE THpPaBJAHYeCKON NMPOBOAHMOCTH €1HHHUYHLIX KanuiispoB
. NpH TeYeHHH CVCMEH3H# ¢ MOJsiPHOH H HENoJispHOH cpejioi,
' a TaK)Ke TeXHHUYeCKOro macja o0ycJOoB/IEHO CONpsieHHbIMH
fpoleccaMii  rerepoanaryJsiiiiy Mo KoaryJasuHg, [npHBoia-
. O(HMH K 3apallHBaHHIO KanWjjiapa (oGaHTEpAaILHH).
. Peoaoceuseckue ceolicmea  uabmpyroweics  mudKocmu.
~ Ecau B npouecce onbiTa H3MEHAETCS KOHUEHTPaNHA KOJJIOHL-
" HHIX YaCTHIL B (PHABLTPYIOUENHCA KHAKOCTH, TO H3MCHAIOTCS
| ee peoJorHuyecKkue CcBOHCTBA.
. Jlas BA3SKOCTH pa30aBieHHbIX CYCNEH3HH, MpeiCcTaB/eH-
" HBIX JKECTKHMH CHEPHYECKHMH YacCTHILAMM, C AOCTATOMHON
CTeNneHbIo NpHGIHKEHH S CIpaBelIHBO ypaBHenHe DinuTeita:

;. Ne = No “ —1‘ 215':[3:':

hf_I'JIE M. H 1o — BS3KOCTH CYCMeH3HH H AHCHEePCHOHHOH CPe/ibl
- COOTBETCTBEHHO;

: ¢ — yacTb obuero ob6bema, 3daHATOr0 4acTHIlaMH.
© Ma3medenue peo/OrHYECKHX CBOMCTB (PHALTPYIOIEHCS
~ KHAKOCTH MOMKeT OBITh CBA3AHO C W3MEHEHHEM He TOJbKO
" KOHUEHTPAHHH KOJJIOWAHBIX YACTHI, HO W KOHUEHTPAILHH
" MHKPOOpPraHM3MOB, KOTOpbie MOTYT ObITh 8ACOpOHpOBalibl Ha
| MOBEPXHOCTH TMOYBEHHBIX HacTHIL H HAXOANTLCA B 00LEME
%}lupnnnrn pacrsopa. Psij uccnejopareneil cBfasniBaeT YMEHb-
- IIeHHe BOAOIIPOBOJHMOCTH MMOYB BO BpeMeHW HMEHHO C Jies-
. TeabHOCTLI0O MHKpoopraunamos [138].

. Mamenenue peojlOTHUECKHX CBOMCTB UHCTBIX 2KHJIKOCTEH
. B npollecce OneiTa MoxeT ObiTh BBI3BAHO H3MEHEHHEM KOH-
IeHTPAallul  PACTBOPEHHBIX BELIeCTB, KOTOpbie TPHBOAAT
K ecTaGuansaimumy WaIH «pa3pvileHHIo» CTPYKTYPbl AKHAKO-
» cTeii (cM. pasjen 4 ruasw 1V).

*
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Heticmeyowjue cuaoe. B ocHoBe TeopHH (HIABTpalHH
JIEIKNT 1PEJINoJI0KEHHE 0 TOM, 4TO [10JIe CKOPOCTEH (H/bTpa-
UHH B OTCYTCTBHE BHEIIHHX MAaccOBBHIX CHJl NPH H3BECTHLIX
CBOHCTBAX MHJAKOCTH W TNOPHCTOH Cpe/dbl NPH CTAIlHOHAPHOM
ABMKEHHH BIOJHE Onpejessercs 3ajlaHHeM JaBjeHHA Ha
NOBEPXHOCTH, OrpaHHYHBaOWEHl 06beM paccMaTpHBaeMOi
CPEenl.

Tounble TEOpeTHUECKHE MeTOjbl pelleHHs 3ajlau Teopuu
yCTaHOBHBILEHCH (QUJALTPALHH NPH 3TOM NPEANON0KEHHH
(MeTol KOH(pOPMHBIX OTOOGpaKeHHH, MeTojd (PYHKIHH KOM-
MJIEKCHOI CKOPOCTH, METO], OCHOBAHHbIH HA HCMOJb3OBAHHH
AHAJNTHYECKOH TeopHH OOLIKHOBEHHBLIX AH(pEpeHuHaIbHBIX
ypaBHEeHUH, M Ap.) AOCTATOYHO CJAOXHBLI, YTO H TOCAYHKHJIO
OCHOBAHHMEM J/11 PAa3BHTHH NPHOIHIKEHHBIX TEOPETHUECKHX
meronos [105 1.

Hapsizy ¢ (QHIBTPAILHKOHHBIM TIOTOKOM, OIpeieisembim
rpajiueHTOM JA4BJeHHs, B NOPHCTOH Cpe/le BOSHHKAET CKOJIb-
JKeHHe pPAcTBOPAa OTHOCHTEJBHO TBEPAOH CTEHKH NpH HANH-
YHH TAHMeHIHAJbHBIX TPajlHeHTOB KOHUEHTPaluH NIeKTpo-
auta (uan HeHTPaAbHBIX MOJIEKY/]), TEMIEPATYPbl HJIH 3/€K-
TPHYECKOro noTeHiHaJsia. |

Huzke paccMOTpeHbl HEKOTOpbIe H3 STHX 3(upexTos.

DneKTpoocmMoc, DPHIHYECKYIO NMPHPOLY 3JIEKTpPO-
ocMoca (Kak M JPYTHX SJeKTPOKHHETHYECKHX fBJEHHI)
MOXKHO OOBSCHHTH, HCXOAH H3 NPEJCTaBJeHHH O BOHHOM
SJIEKTPHYECKOM CJI0€.

[Ton BJAMSIHHEM BHEIIHEro 9JAEKTPHYECKOrO MOJA HOHbI
nudxbysHoro cJo#, JABHKYUIHECH K [POTHBONOJIOKHO 34-
PAYKEHHOMY 3JIEKTPOLY, BOBJIEKaOT B OGINMI MOTOK H MOJie-
KyJibl JHCMEPCHOHHOH Cpejbl, HAXOASIEHCHA B Mopax CH-
creMbl. PaccMOTpHM XOJ1 paccyAeHHH, NPHBOASALHH K No-
JYUYEHHIO 3aBHCHMOCTH JIJIfl CKODPOCTH 5JIEKTPOOCMOTHYECKOrO
TEUEHHS HCACCOUMHPOBAHHON JKHAKOCTH ' MEXIY JBYMS
NJIOCKHUMH  [1OBEPXHOCTAMH.

ObnemMHan cuia, pasBHBaeMas BHELIHHM SJIEKTPHUECKHM
noJjiem,

F = pE (27)

B CTAllHOHAPHOM COCTOSIHHH OYJeT YPaBHOBEIIHBATLCH CH-
JAaMy TPeHus, AEHCTBYIOUHMH Ha paccMaTpHBaeMblil CJIoil
CO CTOPOHLI CMEKHBIX CJIOEB, KOTOpBIE IIE€peMellaioTes ¢ Apy-
THMH CKOPOCTAMH.

1 Teopus 3JeKTPOOCMOCE BASKONJIACTHUGCKHY KHAKOCTRH pacemoTpena
n pagote [15).
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CrenoBaTelbHO, MOXKHO 3anicarb ypaBHeHue Happe—
~ Crokca B CJACAYIOLIEM BHJE:
| d2u

PE = -5 (28)

rie  E — rpajiueHT noreHuHaJsa BHEIIHEro Moy
0 — NJOTHOCTh 3apsja;
1 — Ko3(pHIHEHT BASKOCTH;

d

ﬁ — TIPOH3BOJHAA CKOPOCTH TNO HOpPMaJH K Heil.
4 Samenas p B Buipamenuu (28) ero sHaueHueM H3 ypabHe-
- uua Ilyaccona
;- SN o, .
P due am ? (29)

cﬂﬂsuﬂammem MJIOTHOCTb 3ap#Aa ¢ NOTEHUWHAJIOM @, NOJYYHM

d*v eE &
dy  4m dy? °’ (30)

n

re & — JH3JEeKTPHYECKasn NOCTOsiHHasA.

. Ypasuenue (30) n0mKHO ObLITH TPOHHTErPHPOBAHO MpPH
 QJeIVIOIHX TpPaHHYHBIX YCJIOBHAX!

: ana oGbeMa:

y=o00; ¢u=0; (&) =0 (F). =0 6

I8 NAOCKOCTH CKOJAbKEHHA

=L, v=0. (32)
Murerpuposanue (30) .n.ae-r-
.g— """{-I rfy ‘i"‘Gl- (33)
v-=———-¢+6‘1.f+0. ' (34)
HUs vyeaosusi (31) C, = 0.
Us ycaoBus (32) :
E
g RE &
Torna :
£ _'
= & ) (35)

[Mpuuumas ¢, = 0, 418 CKOPOCTH 3JEKTPOOCMOCa

~ [NOAYYalT 3aBHCHMOGTD:
0 = 1 & (36)
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Gopmyant (27—36) Gasupyiorcs Ha paccMOTPEHHH Npo-
cTeiileil  MOAeJqH — NJOCKOro TaHreHLUHANbHOI'O 3SJIEKTpo-
OCMOTHYECKOIo TedeHHH B I1JIOCKOM ,EBDI:"!HDM CJloe,

O6o6uenune gopmyanl (36) was cayuas HNOPHCTOR cpenst
CO CKOJIb YIOAHO CJA0KHOI reoMeTpHeH MopoBOro npocTpax-
CTBA BO3MOMNKHO NPH BHIIOJHEHHH TpexX YC/JIOBHIi.

I. Manocte TOAUMHBL ABOHHOTO CJ0f 10 CPaBHEHHIO
C JHaMeTpoM nop.

2. Majocre BKAaga  NOBEpPXHOCTHOH  MPOBOAMMOCTH
B CYMMapHyi0 MNpOBOAHMOCTL NOPHCTOH JAHapparmsl.

3. Majnocrb N0KanbHLIX 110J/1€H, BbI3BAHHLIX MOJSApH3a-
uueil ABoMHOro c¢fost, (10 CPABHEHHIO € BHEIIHUM I1OJIEM.

[Ipu coGaioneHnn 3THX YCJIOBHH AJMS CKOPOCTH 3JIEKTPO-
OCMOCa MOMKHO MOAYYHTH BbipaKeHHe B BHJE

'r-‘r'?—- .
EH—?——HE;EI.

rae  Q — pacxon;
W — NA0UAAL nornepeuHoro ceueHus aHadparmsi;

E
K — Ko3(xpHUHEHT 3JIEKTpooCcMOoca ( p== E'-'Eﬁ)
Kanuanaapuwii ocmoc. CkopocTb CKOJbxKe-
Hi# pas30aBJEHHOrO PacTBOPA Yepes MOPHCTVIO NEePEeropojiky,
¢ 00EHX CTOPOH KOTOPOH MNOMLEPKHBAETCH Nepenaj KOHIeH-

TpauuM, MOKeT OuThL onpeaesaexa 1o dgopmyae [48]:

et Cy g::ul I :';'. t3?}
rape E— _[""' :‘E” hdh;
0

¢y — O0OBbeMHasi KOHLEHTPALHs PacTBOPEHHLIX MOJIEKY.J
BAaJH OT CTEHKH;
— XHMHYECKHH TMOTEHIHa/] PAacTBOPEeHHLIX MOJIeKY.J1,
rpaaHedT KoTtoporo Oepercs BjioJb CTEHKH;
BSA3KOCTD;
— KOHUEHTpauMs MOJIeKYJ Ha paccroaHuu h or
MJIOCKOCTH CKOJIbXKEHHS.
B cayyae pasbGaBieHHBLIX 39JIEKTPOJHTOB

RT Ac
n

R e
l

v, =—(27¢" +27%) ’ (38)

rie 2 — BaJeHTHOCTL HOHOB!
R — nocroauHas Dbogabumana;
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T — abcoaioTHasi TeMIeparypa;
[ — Toamuua auadparmsi;
Ac — pasHoCTb KOHUEHTPAILMH 3MEKTpoauTa no obe
CTOpPOHEl JAHadparmMsl;
¢ — KOHHEHTpallHd IEKTPOJIHTA, YePE3 KOTOPYIO BBHIY
YCAOBHS JIOKAAbHON 3JIeKTPOHeHTPasIbHOCTH Bhl-
PakaloTesl KOHIEHTpAlHH HOHOB: ¢F = z%(;

£

§E=Lj[ct{h}—c=-:]f:dh.

e~
0

. Bawmenas c*(h) coraacuo Qopmyne BovibllMara, MOMKHO
- pLIpasuTh ET uepes C-noveniuan.
. Hduddyvsuopopes. Ilpy wmanumuun nepenana
KOHILEHTPAILHH 3JEKTPOJHTA 1o obe CTOPOHBI NEPEropojikH
'BO3HHKZET Pa3sHOCTh NoTeHuHa oB AHPOY3IHOHHOTO MPOHCXO-
JKJIeHHS, YTO JIOJJKHO TNPHBOAHTE B OTCYTCTBME BHEILHEro
SJICKTPHYECKOrO MOJAS K CKOJBMKEHHIO PACTBOpa 3JIeKTpOo-
| uTa OTHOCHTEALHO TBepiol crenxku. [lo amanmorum ¢ s.ek-
TPOPOPETHYECKHM 3TO CKONbXKeHHe HasBaHo Auddysuogo-
periyeckum.  CKopocth  CKOABMEHHH  [IPHMEHHTE]HHO
K VCJOBHIO OTHOCHTEJbHO MAaJIOro nepenajia KOHUEHTpPallHy

Ac < ¢ MOKHO ouenuts no ¢opmyae [481:
4 Er=D= A
6=27 (=) of o ”Tﬂ"" . (38a)
3nech, KpoMme mu3BecTHuX obo3nauenuii, DT — Koadu-
HeHTH AHQpy3HH  HOHOB.
CyMMapHasi CKOpPOCTh CKOMNBAKEHHA MOJ, BJAHsIHUEM Mepe-
naja _KOHILEHTPallHM 9JEKTPOJHTA BHIpAXKaercs CyMMOH
0 = U, -~ U, NPHYEM cJaraembie Onpejeasiiorcsi no Gopmy-
‘aam (38) n (38a).

- Tepmoocmoc. Oranume SHTaJALNHH B TPaHHYHLIX
QIO X AKHAKOCTH OT 0ObeMHOI0 3HaYeHus NpPHBOAHT K TEpMO-
COCMOCY — JIBHIKEHHIO KHIKOCTH Yepe3s Kanu/Aap npu Haal-
‘UMK oceporo rpaanenta temnepatypn [431].

- CxopocTs  TEPMOOCMOTHUECKOTO CKOJbMKEHHS  Onpeje-
Jigercs U3 BLEIPaKeHHS:

[N

dT
”:=f3?: 3

e f — KoapHUHEHT TEePMOOCMOTHYECKOTO CKOMbXKEHHS;
LU rpalHent- TeMneparyps BAOJb [OBEPXHOCTH

di
pasjena.
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Bo Bcex paccMOTpEHHBLIX caydasX npoguib CKopocTed
CKOJAbLIKEHHA AJ8 UHJAHHAPHYECKHX H NJOCKHX Kanua/isapoB
NOCTOSIHEH TMONEepeK MNOTOKa, 3a HCKJYeHHeM NpPHCTeHHBIX
CJI0€B, B IIpejenax KOTOPbIX CKOPOCTh YMEHBIUAETCs 10 HYJIs
y rpaHullbl TBepjoe T&I10 (HJH HEIO/IBHKHbBIH COJILBATH bii
CJ101) — MKHJKOCTh.

Ecan B1oAb NMOTOKA KHAKOCTH B MOPHCTOH Cpejie co Bpe-
MEHeM H3MEHSIOTCA TpajHenTbl (KOHUEHTPAalHl PacTBOpeH-
HLIX BEIIECTB, TEMIIEpPaTyphbl, 3IEKTPHUYECKOro noas), TO
9T0 NMPHBOAHT K H3MEHEHHIO HHTEHCHBHOCTH MOTOKA BILIOTH
JO €ero HHBepcHH (H3MeHenus HanpapJeHHs).

UroOnl o0HapyKHTh 1 OIEHHTh BeJIHUHHY MOTOKa, Bbi-
3LIBAEMOT0 HajHyHem rpaauentos ¢, T nan E, Oblia npendo-
aena caeayiowas meroauka [13]. Hanpaenenne noroka so
BpeMsl ONBITA TEPHOAHYECKH MeHsercss Ha ofparHoe H3Me-
HeHHeM pa3sHOCTH YPOBHEH € UEABbIO CO3JaHHA TOrO iKe Ha-
nopa, 4yto H NpH NPAMOH (PUABTPALHH, HO HPOTHBOMOIOK-
HOro 3HAaKa.

Ecau npsiMoii notok ¢,, # OOpaTHbH .5, BLIPA3HTb
npuGAIIKeHHBIMH  3aBHCHMOCT AMMH:

ip = K U—f.;.. ucn]l
"?-nﬁp i K {j’ '*:‘ 'F.:.. n:uh

TO N0 PA3HOCTH H3MEPEHHbLIX BEJHYHH ¢, H (.5, MOXKHO
onpeaesutb 3navenue [, .., 10 Gopmyae:

I Bt GJotip — Ynp
OO0 M EK.I ¥
rjae | — jpeficTBYIOWMI TrpajgHedT Hamnopa,

o. ocs — HAUAJABHBIA TpaAJHEHT, ONpenensieMblH KHHe-
THUECKHM  3(peKTOM;

K — kosthpruHenr.

OGpaTHM BHHMAaHHE HA JOMOJIHHTEIbHOE OCI0XKHeHHe, CBA-
3aiioe C BO3HHKHOBEHHEM TOKa Te4eHus (HJAH JAPYIrHX 3J1€K-
TPOKHHETHUECKHX fBJeHHi). Mexanusm mnosBJjeHHs TokKa
TEYEHHA XOPOIUO H3Y4YeH: MOA BAHAHHEM PasHOCTH JaBJeHHs
no obe CropoHu MOPHCTOH Juadparmbl KHIKOCTH nepeme-
aeTcs BMECTe ¢ 3apsiaoM ee JIBOHHOro ¢a0g W, Takum obpa-
30M, SBJISIETCH HOCHTEJCM KOHBEKTHBHOIO 3JIEKTPHUYECKOIo
ToKa. BeaeiacTBHe nepeHoca 3JEKTPHYECKOro sapsjia Ha
KOHILAX JauadparMbl BO3HHKEET PA3HOCTL MOTEHIHAIOB W
B 1opax NosBAfercs TOK, NPOTHBONOJOMHBIH 110 Halpasie-
HHIO KOHBEKTHBHOMY TOKY.
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Bo3nHKHOBEHHE TOKA TEYEHHHA JOJAKHO COMNPOBOKAATHCH
NOSABJEHHEM BHXPEBLIX MArHHTHHIX [0J€H B npejeaax noj-
BHHOH YacTH ABOHHOro 3JeKTpHYeckoro cJjon. Bsaumo-
NEeNCTBHE TOKA TedeHHd | BLI3BAHHBIX UM MATHHTHBIX NOJECH
O6YCJAOBJAUBAET BO3SHHKHOBEHHE OOBLEMHOH MarfHuToOrujpo-
JHHAMHYECKOH CHJLI, HanpaBJIGHHOH pajHajibHO MO OTHOlE-
HHIO K HAlPaBJEHHIO NOTOKA, H KaK CeJCTBHE — BOSHHKHO-
BeHile MoNepeyHoro MarHWTOrHAPOJAHHAMHUYECKOro AaBJIeHH:
P,... Beanuuna 3TOro AaBjieHHs onpeaeasercd (4as cay-
yas cBOGOAHOTO JBOMHOTO 3J€KTpHYecKoro ciaos) mno dop-
myae (E, 3. Tak): |

i
Purp = 210 vy,

rae Wy = 4x.1077;
0 — TMOBEPXHOCTHLII 3apAjl CTEHKH KalWaaapa;
Uy — CKOPOCTh KHAKOCTH mpu r=ry (d=ro— )
ry — rpaHyfia noJABHMKHOM yacTH JABOHHOrO 3JEKTpH-
YecKoro ¢Jios;
ro — paluyc Kanuaasapa.

[Mono6ubie (dexTsl, He YUHTLIBa@Mble 10 HAaCTOSALEIO
BPEMEHH, JOJ/KHbl BO3HHKATH TpH JIOOLIX 3JIEKTPOKHHETH-
YEeCKHX SBJEHHAX, OAHAKO HX 3SKCIEpHMEHTANbHOE MMpofRr-
JeHHe BO3MOMKHO JIHIb NP onpeaesentblX VCI0BHAX, KOrjla
pequunnbl P, Gyayr sHaunTensHbl. C 3TOH TOYKH 3peHHs
MpeACTaBIAeT HHTEPeC paccMOTpeHHe TaKUX YCJIOBHH NOTOKA,
B KOTOPLIX U, Gbl10 Obl 3HauUNTEAbHO 00Jblue, YeM 3TO HMeeT
MECTO TpPH OGBLIMHOM JAMHHAPHOM TEYEHWH, HanpHMep 1pu
Udn

i

BHGpallM  CTEHOK Kanuaaspa: % 1. Jlpyrum cno-

r=0

cofom yBeauueHuss P, . cayxur TypOyJusauus noOTOK4,
B TOM 4YHCJE JOKajbHas B MOPHCTHIX Kanajaax. B stux ycao-
pusix P, , moxer pocrurare Beanuud 1—10 H/m®

PaccMoTpuM Tenepb HekoTopbie (pakTOpbl, NMPH KOTOPBIX
B peaibHLIX Kamu1JfpHO-MOPHCTBIX CHCTEMAX HMEEeT MecTo
HapylIeHHe JaMuHAPHOro pexkiiva. B uenom psge cayuaes
JABUIKEHHE B TAKHX cHCcTeMaX MPHHATO CYNTATH JaMHHAPHbIM,
YTO HEpefiKo MPHBOJAHT K HEeJO0CTaTOYHO BEpHOMY TO/IKOBAa-
HH HabjjaeMslx Pe3yJbTaToB.

[Mpumem P = P,sin wf, rae P, — HayajbHOEG IHJpO-
auHamnyeckoe Aasaenne. Torma P, = f (P, sin o).
B cayuae JaMuHapHOTO pexHma, XoT# W KojeGaTejbHoro
xapakrtepa, P, 7eficTBHTEIbHO b0 Obl Ouerb Mano. OaHako
NPH . YCTAHOBHBIUEMES NMYJAbBCHPYVIOIEM IBHIKEHHH, COOTBET-
CTBYIOULEM TapMOHHYECKOMY 3aKOHY H3MEHeHHs [epemnaja

61



AaBJAeHilsl, B Kanuajaspe BO3HHKaWOT obparuble Toku [72),
npHYEM U; MOMKET CTaTh 3HAYHTEIbHO GoJiblle CKOpOCTH
MOTOKa B llentparbHod uactu (pue. 17). Caerosarensio,
P .0 no Bcemy o0nemy B 1000f MOMEHT BpeMeHH.
Memodura uccaedosanut. B NpHHILKMIIE BCe PACCMOTpEHHLIE
(hakTOpBl MOTYT BJHATL Ha H3MEHEHHEe BOAOINPOHHIAEMOCTH
06pasuoB BO BPEMEHH, OIHAKO B 3aBHCHMOCTH OT YC/0BHI
ONBITA JIHIIL HEKOTOPLIE H3 HHX ABJAIOTCH CYLIECTBEHHBIMH.
B Hammx HccAegoBaHHAX CO3JaBajHCh chellHalibHbe
VCJAOBHSA ONLITa, MNO3BOASIONLHNE HCKAYHTL BJHAHHE TOro
HJaH HHOTO (hakTOopa Ha GUILTPALHOHHBIH npouece.
OTCyTCTBHE KHHETHYECKHX
3(pheKTOB  KOHTPOJAHPOBAIOCEH
Mo  METOAHKE,  H3JIOKEeHHOH
Beite. YUTobul oleHHTHL Bius-
HH2 JedopMalil NnOYBEHHOro
obpasiia, OIHOBpPEMEeHHO [po-
BOAHJHCH ONBITHL C KECTKO-
_ TOPHCTBIMH (PHABTPAMI:
0" 30° 60° W° 120° 150° BO° Ha puc. 18 (kpusas /)
2% NPEACTaBJeHa  3aBHCHMOCTD
Puc. 17, Xapaxtep usmcuenuss  gos(punnenta GUIALTPALLHH JH-

Jnwop l:Hﬂ]]ﬂET‘Eﬂ BO BpEeMEHH NIPpH nJ -
sl et sl o CTH/IJIHPOBAHHONH BOJALI OT Bpe
A nepenaja asqenus s Kanua- MEHH s ¢uastpa  llotra

aspe [72] Ne 4.

452 864 0% 1728 L1072

Puc. 18. 3apucumocts kosdpuuenta QUALTPAUHE OT BpeMenn
ana puastpa Ilorra Ne 4; / =13,5; T = 294 B6K:
I — aucTaauposannod nogu; 2 — 0,1%-Horo pacTeopa denonn; J =

0,1% uoro pacroopa denona nupn GuALTPAUMN NO cXeMme Ha puc. 20)
neauuns 4 — duanptp Wotra N 4
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Jlass npejlorBpauiennd BO3HHKHOBEHHA MHUKpoopraHns-
MOB B HAILIHX ONbITAX B Kadyecrse (PHIALTP VIOUEHCH MKHAKOCTH
ucnoabsoBaics 0,1-npouentubit pacteop denoaa. Iloay-
YeHHBIE TIPH 3TOM 3aBHCHMOCTH K () And KECTKONOPHCTOro
¢dbHALTPa NpeAcTaBiens Kpusoit 2 (em. puc. 18), a Ana nousni—
kpupoit 2 (cMm. puc. 16).

Kak BHAHO H3 PHCYHKOB, 3aTyxaHue (HAbTpPanHOHHOIO
HOTOKa MpH 3TOM MEHee pPe3Koe, O/HaKO TeHIEHUHS K 3ary-
XAHHIO COXPAHAETCH.

Pan uccaenosarenein [1, 34, 54 ] ormedaior BaHsHHe 3a-
[HEMAEHHOTO W PACTBOPEHHOIO B MHMIKOCTH BO3/yXa Ha sary-
Xaune (PHABTPAILHOHHOTO TMOTOKA.

Kak n3sectHo, 3akoH [enpu Jns oObeMHOH KOHUEHTpa-
MW rasa ¢;, PACTBOPEHHOro B Boje, MOMKHO 3anucarth

B sujge [19]:
-I!':E = :".-I-.PI‘J'IIP“,

rae P, — napuua/blioe JaBjleHHE rasa B BO3j1VXe;

P, — abcomoTHoe arMochepHOe JaB/IeHHe;

A; — KO3(DHILMEHT PACTBOPHMOCTH Tasa B Boje.

Ilpu namenenun temneparypsl ot 273 no 313 K koadipu-
IHEHT A, u3ameHsiercd B npepenax (m®rasza ua | Kkr ®uako-
cri): asor — (0,0235+0,0118) - 107%; kucaopox — (0,0489+
+0,0231) - 107%; VIJAEKHCBIH raz3 — (1,713+0,530) x
% 107%; Bosayx Ges yraexkucaorst — (0,0292+0,0156) x
e 10 (B03K).

Ecau cucrema, cocrosillas H3 HECKOJIBKHX KOMIOHENT,
HaXOJMTCH B PaBHOBECHU MpH NaBjeHnu P, u remneparype T,
a 3aTeM JaB/IeHHe TPHHUMAaeT JApyroe sHaueuune P,, 10 npmu
VCIOBMH MaaoCTH pasHoctd P, — P npousoijer caeayio-
uee [63]. B Manoli okpecTHOCTH NOBEPXHOCTH pasjiena
MEMIAY Fa30M H KHIAKOCThIO PABHOBECHOE COCTOSIHHE, COOT-
BETCTBYIOLIEE HOBOMY JdaBJeHHIO P, yCTaHOBHTCH MrHO-
BeHHO. Benegersue storo Hapyuiaercs OJHOPOJAHOCTL pac-
peesieHHsl KOMIIOHEHT B [POCTPAHCTBE, YTO MPHBOJHT
K An(pdysnn peulecTsa B KamaoH dase; nudpysua npouo.-
JKAeTcs 1o TeX Nop, NnoKa He YCTAHOBHTCH PAaBHOBECHE Meyay
asamu. [lopobGuslii npouecc BO3HUKaeT TaKiKe B cayuae,
KOrjla € HAKOCTBIO, BbLAEPKAHHONH NpH JaBjaeHHH P, H
Temineparype 7T, conpHKacaercsi ra3 ¢ HepaBHOBECHLIM
COCTABOM.

Ecau BoipaBHHBaHHE cocTaBa B NpOCTPAaHCTBE MPOHCXO-
JAUT TOJBKO BeaeacTBHe TH(pQYy3HH, TO MOMHO OUEHHTH NOpPH-
AOK BpemeHu [, HeOOXOAHMBIH VIl TAKOrC BblpaBHUBAHMHS.
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Jlas cayyas, KOrja co CJ0eM KHAKOCTH ray6unon L -
CONpHRACACTCH foabLIOe KOJHYECTBO rasa, B KOTOPOM Codep-
¥Kauue oaHoi H3 KOMMOHEHT [pPEeBblllaeT pPaBHOBECHOE, H
5Td4 KOMMoHeHTa HaunHaeT JIH(DYHAUPOBATL B IKHIKOCTD,
BPEMH :-,-’ETE}I{JEHEHHH PaBHOBECHH MOKHO OLCHHTD o {i:lf.'l]'l*

MyJie:

rae u4; — KO(ppHIUHEeHT  HACBLIUEHHOCTH,  ONpejeJiseMblH
KaK OTHOIIEeHHe MIHOBEHHOro 3HAYeHHA KOJIH-
YECTBa (-0 KOMIOHEHTHl B JKHAKOCTH K pPaBHOBeC-
HOMY (KHAKOCTH HasbiBaeTcs  HEeJOCHIIEeHHOH,
ecin u; <11, W nepecuileHHol, ecan u; > 1);

D; — roapduunent auddysuu.

INas snavennit D;~ 2-107® m-.¢?, L =~ 1,6-10" u,
u, =~ 0,9+0,99 paBHoBecHasl HACLIUIEHHOCTb B TOHKOM CJiOe€
KHAKOCTH YCTAHOBHTCA npuOau3HTenbHo uepes 10—20 c
nocje HayaJja npouecca (A1s MEHbUIEro XapakTepHOro pas-
mepa L — 3TO BpeMa MOJKeT COCTaB/IATH JOJH CeKyHiu, a
st L nopsjlka MeTpoB — 4achl W CYTKH).

[Mpunumaerca [63], uro npu TeueHHu B MOPHCTOH cpene
nByxgasnoil cMecH NPOAOJIKHTEILHOCTE KOHTAKTA MEHLY
NAHHBIMH SJIEMEHTAMH T'a3a H KHIKOCTH HMEET Nops/oK Bpe-
MeHH, B TeueHHe KOTOpPOro 3TH 3JeMeHThl MPOXO/IAT OJAHH
OTHOCHTEJLHO JAPYroro paccrosiiie, paBHOE pasmepy 3epHa
HJIH MOPHI.

Torja NpPOJO/IKHTENLHOCTL KOHTaKTa {:

md
ﬂ ¥

[ ~~=
T

rae m — MOpHCTOCTE;
d — CpeiHHH JHaMerp noph;
U — CKOPOCTb.

M3 nocaejHero BuipaxeHnus c.nen'_yET YTO TPH JOCTATOYHO
MaJEIX CKOPOCTAX U BpEMsi KOHTAKTa BEJIHKO U B KaxIoH
TOYKE JBHIKVILEHCA CMecH ra3 MW BOJa HaXoAATCA B TepMo-
AHMHAMHUeCKOM paBHoBecHH. B stoM cayuae npu (uabTpa-
nMH B MOPHCTOH cpeie mnajenue JaBleHds BIOJb olpa3sua
JI0-KHO (B COOTBETCTBHH € 3aKOHOM ['@HpH) NPHBOAHTL K 11po-
MOPUHOHAJBHOMY YMEHBUIEHHIO PABHOBECHOH KOHIIEHTpa-
LHH rasa, pacTBOPEHHOro B Bojae. YMEHblIeHHE JaBJeHH:
(Tak Ke KaK ¥ MOBBIIIeHHE TeMIlepaTyphl) BhI3bIBAeT BLIJEJe-
HHE PAacTBOPEHHLIX ra3oB. JTOT INPOLECC MOKET IPHBECTH
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K YacCTHUHO{l HJIH TNOJHOH 3aKyNOpPKe NOPOBOro IpOCTpaH-
cTBA, YTO BJeyer 3a coO0H COOTBETCTBYIOULEE YMEHbIUeHHe
pojonponnnaemMocti. Ilepuopnueckne cy:KEHHSI H  pacluu-
peHHsi MOPOBbIX KAaHaJIOB BLI3HBAIOT JIOKa/IbHbE NpPOLEcCH
NOJHMOJIEKVJIAPHOHR ajicopOuny 1 aecopOliH rasos Ha obuiem
(pone BLIAEJNCHHA PACTEOPEHHBIX B BOJE rasos BloJbL 00pasiia.
[Tpu BoicOKHX cKopocraX (Ooabuive nepenajgbl JaB/eHHS,
KPYMHO3EPHUCTbIE (PHALTPE) paBHOBECHE HE YCNEBaeT ycra-
HOBHTBLCH, TAK KaK MNPOAOJKHTEJIbLHOCTH KOHTaKTa Maja H
s(pheKTH ¢KOAbMATALHHY [IOPOBOro NpocTPaHCTBa HE JOJMKHEI
UMeTh Mecra. -

I ycTpaHeHWS BJAMAHHA PacTBOPEHHOro B (HABTPYIO-
Weics HKHIKOCTH BO31yXa HEKOTOPhIE HAILUH OMNBITH N0 (PHAb-
TPAIHH [POBOAWIHCH B 3aMKHYTOH (QHJIBLTPAllHOHHOH yCTa-
HOBKE, B KOTOPOH CO3/1aBaJIOCh PaspezKeHHe ¢ MNOMOIULbIO
BakyyMHoro nacoca. llpu noumKeHud AaBjeHHs pacTBopeli-
. HBI BO3JIYX BhIIEJSIETCs 113 BOJABI H €ro cojepianue B (OHJIb-
. TpYIOUIeHCH MKHAKOCTH CTAHOBHTCA MEHbIIIe, a CJIeI0BATENLHO,
M ero BJausHNE Ha Xol duabLTpauHHeyMeHbliaeTcs. Pesyiib-

TATHl HCCJAENOBAHHMA NpejcTas/jensl na pHe. 19,
' B onutTax no mpaHHoi METOAHKE HEOOXOAHMO MOINEpPHKH-
BaTh nocrosiHHoe paspexkeune. Ilosromy Oblin HCCIE10BaHLI
H Apyrue cxembl GUALTPANHE, MO3BOJMIOULHE MOJYYHTL CTa-
fHALHLIE 3HAUEHHS BOJHOTO TOTOKA.

Tax, B onumrax JI. H. Manmmesoit, M. JI. Mapxacuna
. uapyrux [74] Bony o monauym K o6pasuy nponyckaliH uepes
. dunabTp M3 Barel, a sarem uepes ¢uabTp Ilorra Ne 3.

A v
9 M SSElnY
§

Y Y 6107

o
9 2
3‘: s o ﬂgﬂg O ('H'ﬁ?‘ﬁf

o
= 7 x fﬂ'?ﬂ-fiy

i ——
0 86« 1728 2592 5456 4320 ¢10%¢

Puec. 19. 3anucumocts kxoaddunnenTa (GuALTPAURE OT Bpe-
' MeHH:

I — poupa N 135 0,1%-nwuil pacTnop Qenoaa; F‘ﬂ = §—7 o DOZ. CT.:

=5 T=293 4+ IK; 2 — puastpauua N0 CcXeMe Ha
pre. 20: gucTuiaMpoRanunan soma: [ = 5 mo3HuHA 4 — QRALTP
WoTra N 4; MO3IKUKA § — TOPG CO CTRICHLIO PasJoHeHHA 259
3 — buasTpauun no cxeme Ha puc. 20: 0,1%-Huit pacTeop de-
foga: f =25 T =293 +1K: noauunn 4 1 § — noupa N 14

9 H. <. Gunpapenko 65



Cxema (pHIBTPAILHOH-

y HOif yCTAaHOBKH, paboralo-
e HeH Ha 9TOM MNpPHHILHME
W HCIOJIL30BAHHONH B Ha-
IHX OnulTax, MOKasana
Ha puc. 20. DOuabTph
TOro e cocrapa, MTO M
Heeqeayemnit  obpasel,
HrpaloT poib aacopbe-
TOB PaCTBOPEHHBIX I'asoB
H/AH MEXaHHYeCKHX MNpH-
smecefl. OuumieHuslii Ta-
KHM o0Opasom H Hach-
IEHHBIA PACTBOPEHHbIMI
BeulecTeaMn  guasTpar
(paBHOBECHBLIF  pacreop)
sanoausier MapuorToBo
YCTPOHCTBO, OTKylda #
Puc. 20. Cxema thHﬂthEllHﬂHI!Elﬂ yCcTa- [I{}DT}FHE'E‘T Ha HCCHEJ[}‘E'
HOBKH C I'IPE.E.BH].'IHTI.“JI!I:HIJﬁ ejerasauneiis; MHI‘:I ﬂﬁpEEELL‘ KEH 1no-

{ — HanopeEmil 6ax; 2 — MaproTTORO YCT-
SoRcTaor o ikeaouer: £ dnmatp; 6~ KASHIBAIOT ONELITHI, UpH

gciwuﬂp?:lr:‘:upﬂ?ipflﬂﬂéﬁupui _h'f"aﬂn‘ﬁpﬁi - (uabTpalil NoJYUEHHO-

noAroToBKa; Kpan A SOKDHT. B — OTKPHT — o TaKkHM ﬂﬁpEEDM pac-

M) TBOpA NpoHHILaeMocTh K

HecJsenyemoro  oGpasia

MOYBL!l BO BpeMeHd 3aMeTHO He H3MeHsercf. I'padukn 3a-

pucHMocTd K (f), nonyyeHHbIE MO 3TOH METO/AHKEe, mpeacras-

nensl Ha puc. 18 (kpusas 3), 19 (xpusnie 2 u 3). Ilo nannoi

METOIMKE MOJKHO ONpeAe/iMTh CONOCTAaBHMBIE H BOCIPOH3BO-
numeie sasucumocta K (/).

[Monyyennsie pe3yabTaThl NO3BOJAIOT YTBEPXKAATh, HTO
peulaiomuM GakTopoM, ONpeae/AoiHM CYILECTBEHHOe YMEeHD-
Hienne (puAbTPALHOHHOrO NOTOKA BO BPEMEHM B HaUIHX OIhl-
Tax, SBJAETCH Bbije/eHHe Ha CTeHKax MNop pPaCTBOPEHHOro
B (QHABTPYVIOWEHCA MHJIKOCTH rasa.

Konrpoab rasocofep:aiia B HCXOLHOH Bojle H (pHALTpaTe
nojATBepjAnJ M 35T0T BEBOA (Taba. 4).

Kak Buano u3 tabn. 4, o0nemHoe ras’ocojlepKaHHe B KOH-
TPOJABHOH Boje B cpeadem Ha 3,1% Bhiue, yem B ¢uAbTpare.
DNEKTPHYECKOE CONMPOTHBJEHNE KOHTPOAbHOH BOXLI B cpéj-
nem ma 21% poe conporuBienHs (puUAbTpara.

B saksiouenne oTMeTHM, 4TO (QMIBTPALHOHHBEIE CBOWHCTBA
Xopoiuo npounnaemex ob6pasuoe (K = 107" m-¢™?') no ua-
IUHM  pesy/ibTaTaM crTaOHJ/bHbl BO BpPEeMEHH.
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Fadnuna 4

Hamenenue rasoconepsanna B8 guabTpate

Qhuee cogepanne ACKTpHYCCHO®
razom, % obbeMukf CONPOTHRACHHE
<foa-
pacTts
k- K= P H T b= KOH- T LIE?PE::!:;'I
TpaT T C TpaT o
E.p pnc:m €/ E‘; TF‘I'?D:I: o Rip
0,987 1,02 1,085 94 500 | 128 000 “1,3555 4
J o 1,835 1,035 33 700 36 500 1,082 11
1,71 1,75 1,022 28 000 33 700 1,200 |
Cpenunee 1,031 Cpeanee 1,21

[MToayuennbie pesyapTaThl MO3BOJAAIOT CALAATL HEKOTOphHIE
npakTHYeCKHe pekomeHaauun. B nepsyio ouepeib 3T0 Ka-
CAETCH MOJEBbIX METONOB onpefenenus Kosppuuuenta u/ib-
Tpanuu. Tak Kaxk TeMmneparypa, AaB/C€HUE M COCTAB pacTro-
PEHHBIX BEUECTB MO NYTH JIBUXKEHNA MOYBEHHOH BJArW no-
CTOAHHO MEHHAIOTCS, TO IMIPOLECCHI EHJEHEHHH—PECTED;IE-
HHA Ta3oB (B COOTBETCTBHH ¢ 3akoHoMm [eHpu) nporekaior
B IPpHPOAHBEIX YCIOBHAX HENDPEPEIBHO H, CACNOBaTE/NLHO,
HEeMpepEIBHO H3MEHAIOTCS 3HaueHus xos(pduunenta puabTpa-
uuu. Taxkum obpasom, cTaHjapTHbe NMOJEBLIE METOALI (PHKCH-
pvior OoJsiee HJIH MEHEE CJyYaHHBIE (COOTBETCTBYIOHIHE JlaH-
HOH TemMneparype, 1aB/JeHHI0 H KOHILGHTPAlUHH pacTBOpa) 3ua-
yenns xoapduinenta ¢uaprpaunn. Orciona cieiyer BHIBOJ
0 HeoOXOAHMOCTH pa3palOTKH TaKOoH METOAMKH NOJEeBLIX
HCCAEJAOBAHHH, KoTopas nospojfana Gbl NoJy4aTh HE TOJBKO
€AHHCTBEHHYIO TOUKY, OLEHHBAOMmMYyl0 Kos3hdHUHEeHT (PHIb-
TPallMH NPH J@aHHLIX rpajiHeHTe Hanopa, Temneparype, aas-
JeHHH W KOHUIEHTPauHH coJeil, HO H Ipeiesbl H3MeHeH!d
ITOro fapaMerpa B 3aaHHOM HHTEPBaJie H3MEHEHH S BHEIIHHX
YCJIOBHIL.

BTopoii BHIBOJ, OTHOCHTCH K MNpPaKTHKE NPOEKTHPOBaHHS
rHJIPOMe/THOpaTHBHLIX MeponpusTuil. Taxk kak ¢HIBLTpallHOH-
HbLIE CBOHCTBA AAHHOH Cpe/lbl XapaKTepH3YIOTCH NapamMeTpoM,
KOTOPhIH H3MEHAETCH B ONpEJEJEHHBIX Mpeagaax, To pacuer
HoJjxen OasupoBaThCsi HE TOJNBKO HA TMPOMEXVTOYHBIX, 10
H Ha 3KCTpeMadibHbIX 3HaueHHsAX KoadpuuHentra ¢uabTpa-
LLHH.
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2, HEJIHHEAHBIE ®W/ILTPAUHOHHBIE 399 EKTHI
TEYEHUE ACCOUMHPOBAHHBIX JXMIKOCTEH

Henuselinpie (QHAbTPauHOHHbIE S0MEKTH. IDKCNEPHMEH-
TajdbHbIE pPe3yJbTaThl, CBHAETEJAbCTBYIOUHE O HapyLEeHHH
sakoHa flapcih npu MaJbIX CKOPOCTAX (PUABTPallHH, OLLIH
ony6auxosansl yxe B 1898 r. [142]. O630p MHOrOYHC/ICHHBIX
paGoT, BHIMOJHEHHBIX B OCHOBHOM 34 mnocaeanue 15 Jer,
onyOJUKOBaH B KHHIE [15]. Pemawuiiii BKJal B HCCJeA0Ba-
HHE PHPOJbl HEJHHEHHbIX (PHABTPAUHOHHBIX 3((PEKTOB BHE-
cen I1. A. Peounnepom, B. B. HepsarunnimM, A. X. Mup3sa-
nxansane, C. B, Hepnuusim, A. K. Korosuim, M. Il. Amario-
Geau, M. I1. Bonaposuuem, H. B. Uypaesbim, B. I1. I'opGy-
HOBHIM M Ap. M3 3apybexHbix yueHbIX 0000 clejiyer oTme-
tuth Kopaua, Kyrtusaeka, CeapruennpyGepa n CKOBHHCKOro
[143, 144, 145, 151, 152].

DKCNEPHMEHTATbHBIE Pe3yJbTarbl [0 3aTYXaHHIO (QHIIb-
TPAILHOHHOTO NMOTOKA B TNOPHCTOH Cpejie BO BPEMEHH MOIVH
BHVUIATB MbICJB O TOM, 4TO HabJiofaemMble HeJHHeHHbIe (PHb-
TpallHOHHBIE 3(peKTh CBsi3aHbl HMEHHO C 3THM SIBJCHHEM.

~ (Q[HAKO OMbITHl NO OMHCAHHOH B NpeibLylleM naparpagpe

MeTO/IMKe, MO3BOJNAI0MEH MOJYUHTL cTabuJbHble (IIpH 3a-
JAAHHOM TpajlHeHTe Hanopa) BO BpemeHH 3HaueHHst QuIbTpa-
ILHOHHOTO TOTOKA, MOKA3LIBAIOT, Y4TO H B 3TOM CJy4ae CKo-
pocTh (PUALTPALHH H FPAJAHEHT HANOPa MOrYT ObITh CBASaHb!
HeAnHeHHOH 3aBHCHMOCTLIO.

B kavecree npumepa Ha puc. 21 npHpeaeHbl 3aBHCHMOCTH
CKOpOCTH (PHJBTPALLMM U OT rpajiueHTta Hanopa [ s Hexo-
TOPbIX [OYB, MpeJACTaBJAEHHbIX B Taba. 3.

Ha puc. 22 ppencraBJieHB XapaKTepHble JHarpaMmMbl pac-
npelesieHHs MOp MO pasMepy s Tex e [oyB.

[IpuBejeHHbIE 3/leCh JHarpaMmbl pacnpenesieHus nop
no pasmMepamM OTHOCATCA K obpasuaM NouBbl, HMEKOUHM OJIH3-
Kyio obmylo nopucrocts (0,42; 0,38 n 0,41 cooreercrBenno
AuWarpammam Ha puc. 22,a, 6 ¥ 8). B obpasuax cyue-
CTBEHHO OTJIHYaeTCs pachnpeiesiende nop o pasMepam:
B nepeoM cayyae 75% oT ofuiel nopHCTOCTH 3aHHMAIOT IMOPLI
c paamepoum Gosee 107 m; 8 tpervem caydae 80% — mopbi
c paamepom menee 107% M; BTOpOH ci1yuai — IPOMENYTOUHBIH.

TeyeHHe acCOUMHPOBAHHBIX MKHAKocTed. B onpirax npu-
MEH5/IHCh CBEMETAHYThIE CTeKJAHHBIE M KBapleBbleé HJIHH-
JpHYECKHEe Kanuiisapel. MHHHUMAJbLHBIH HaMeTp Kanuaaapa d
ONpefeaacss yCJAOBHEM MaJoCTH BJAHAHHA TpaHHYHOH (hashl
8(d >0, 6~10%wm d35 10°® v), a MakcuMaJbHbIH JHa-
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Pue. 21. Xapaxrepuue
3ABHCHMOCTH CKOPOCTH ¢
oT rpaguenta uanopa [
LJsi  nous, NPeiacTas-
AeHHLIX B Taba. 3:

I — nna obhpazua Ne o;
— ans obpaana Ne 8; 03
— aan  ofpasua NMNe |1;
— nan obpasma N 6: &

f — gns obpasua Ne 4
2 — ans uGII):raaua N 10

Lo I S

e

S

20 0
=

g

2

f:

A it
R, N, e

fﬁ‘ 0 ..,.- ..ﬂ.«c 2 o 2 o o Ef R
3??“”’;‘.'”“"‘"’& Juawemp nep, 10°°#
g

[# 4

Pitc. 22, XapaxkiepHue AuarpaMmbl pacnpefiefledds nop no pas-
MepaM AAf 1NOYB, TPeACTaBleHHHX B Tabn. 3:

@ — gna obpasua Ne 5; 6 — paan ofpasua Ne I3 e — aan obpasua Ne 1O




METp — YCJOBHEM MaJIOCTH BJHAHUS KOHBEKHHH. Kak
H3BEeCTHO, NPHYHHOH KOHBEKTHBHOIO [epeMellHBAHHS HH-
KocTH (cBofoaHasi KOHBEKUHA) SBASETCS MexaHudeckas ue-
VCTOWUMBOCTE TEKy4eHd cpelbl NpH HAJHYHH [PajHeHTOB
remneparypel. HaubGonee obcTosiTebHO H3Y4YeHA POJib KOH-
BEKUHH B BepTHKAJbHOM I[HJHHIPHUECKOM CJIOe, HJsl KO-
TOPOr0  YCJAOBHE MAaJIOCTH BJIHAHHS KOHBEKLIHH MOXHO
sanucarh B caeayiomem Bune [1241:

GrPr<< M,

rne Gr — uncao I'pacroda (Gr Y ) :

y2 ?

Pr — gucao TIlpauaras ( —:- );

| — XapaKTepHCTHUECKHH pasmep;
g — YCKOPEHHE CHJLl TAMKECTH:
f — xosbduuneHT  paciiHpeHus;

AT — nepenan TeMmmneparyp;

v — KHHEeMaTHYecKas BA3KOCTh;
a — TeMnepaTyponpoBojHOCTD;
= 600 1000.

J_lnn}-:mmbtﬂ XapaKTepHCTHYECKHH pasMep, A4as KOTO-
POro BHLIMOJTHACTCH KPHTEPHH MAJOCTH BJIHAHHA KOHBEKILWH,
InpH HEPEHH,&HK TEMH‘E}]ET}"]]I:[ flﬂpﬂ.ﬂl{ﬂ rpaiyca B CcJayHae
MaJIOBSI3KHX JKHAKOcTeH JieXKHT OOBMHO B npepesiax [ =~
~ 107210 M. B mHammx_onmTax jAHaMeTp Kanujispa
cocraanan <<10™ m u waxoauaca B npepenax 0 <€ d < |

HcenenoBaHHbIe JKUAKOCTH H X KJaccHPUKALlMA MO THOY
BOJIOPOJAHLIX CBfi3eH IpHBeAeHBl B Tabad. d.

B coennuennsax Knaccoe A, B u N H-cBsisH OTCYTCTBYIOT;
B COCJIMHEHHSX KJaccoB AB H-cBsin cywecrsytor. Ilpu

TaGanua 5

Knacewpurauus coegunennii no tany H-ceazed [101]

Moaek YR COOCPHOHT
Kaace 56 K-
coemH- NpoToOHO- TPOHO- . IlpuMepm
Henifi | AOHOPHBIE | nopopnue
rpynn. rpYIns
A Ia Her Xaopohopu
B Her Ia Auneton
AB Ha » Boaa, cnupta
N Her Her UeTnpexXNopHCTHH  yraes
pod, TOJYOJ
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ﬁﬂ-ﬂ i i = o — - 3
Pre, 23. Bansinue 7 23 7
H-cpazell Ha xapakrep 35
TeyeHNs HMHAKOCTEH B q0b AR A A - A 5'?
Kanuaaapax: i # +- -
b
| = anMeToH 'k*nlalr,qﬂ; 2 — '::25“
CNKpT sTRROBNA; J — BO- * i, B . .
na: if — ‘111.11}*"3‘-’1: .'i A= 3 2.{?'%_’1"_”__1 ﬁ-ﬂ;g
THPCXXJAOPHCTH vrae- LB
pox. £ — ageToH -+ XAo- o
pohopm: 7 — XJaopothopu; =151 -
& — aleToOH e 3"n,..-o—u il o3
Iﬂ B - o O 2
qﬁ;.a:-:-&'. b + + =1
_q_"'+' ] | L L L I Po—

02 04 Q6 a8 10 12 14 16 I

)

cMemHBann xuakocredt knaccos A u B fl-cBasu obpasylores
(Taba. 6); npu cMmelenHy Kuukocreit kaaccos AB u B npo-
HCXOJAHT paspblB n obpasopanue ff-cBszei.

Taoanuwua 6

Bannnue pactsopenua Ha nameHenwe B H-caman [101]

Knace
CMOIINAACMbEX
coeauenni

HaMmeHenne o H-cnnan
npn pacTRopeinH

[Mpusept

A+ B
AB+ B

Toarko oGpazoBanie
Paapuis # ofipasoBanhe !

Aueron -+ xnopodops
Bopa -+ aueron

t OTHOWMCHEe uicha H-cBasell Mexpay aleToHoM H Bojoft K uncay ff-ceaaecfl,
MoMILIXCH B BOjAe, cocTapaser npumepno 0,2=+0.3.

[TrotHocTe cmecedt agerod + XJopodopm M Boja -
- aneron onpeieasaachk nencumerpom (['OCT 1300—57)
¢ ToyHOCThI =+ 1 Kr/Mm®, Bia3KOCTh cMeceif — Ha BHCKO3HMeETpe
Octeanbla, NpeliBapHTeNbHO NpOKaaHOGpoBaHHOM  BOJOH,
¢ tounocthio +4-107% H.c/m® HaiijenHnsle 3HaueHHs BA3-
KOCTH H IJIOTHOCTH CMeceil npejicTaB/eHbl B TabJa. 7.

Ha puc. 23 npeiacrapjieHbl 3KCHepHMEHTaJbHbE 3aBH-

cumoctn K (/) mas pasanumbix sKujiKocTeH, rae K — Hn:-{ﬁp-

G HenT QUALTPaId, onpeneNsemMblid oTHomennem K = -5

[ToayuenHbie pe3yabTaThi TOBOPAT O TOM, YTO HeJaHHel-
Hble (pHALTPAILHOHHBIE 3(DMEKTh HMEIOT MECTO JIHIIL B Cayuae
ACCOUMHPOBANNBIX HKHAKOCTEH H HX CMECEH C MEXMOJeKy-
JSPHLIMH BOJOPOJHBIMH CBHA3AMH.
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! Tabanpga 7

BR3KOCTL M MJOTHOCTL CMecei

y } BaakocTb, [lnoTHOCTS,

LMEeCh Y S | H-c/m?- 10=7 krim?-10°
AuetoHd -+ Boja 283 2 0,95
(50% -+ 50% mno oGuemy) 293 1,620 0,948
Xaopohops T aLeToH 283 0,675 1,209
(50% -+ 50% no obnemy) 293 0,623 1,195

HeaccounupoBaHHbe HAKOCTH H cMmecH (KJaaccw A, B,
N,B-+B, A+ A, N+ N, A+ N, B+ N), y KOTOphIX
H-cBA3HW OTCYTCTBYIOT, MNOAYHHAIOTCA JHHEHHOMY 3aKoHy
TeueH Hs.

B cBsizu ¢ sTHMH (akramMu OBLJIO ONpENeJeHO 3Haueine
TenaoTel G cBA3H, 00yC/IOBIHBAIOLEE KOMIJIeKcooOpa3oBat e,
H BCJEACTBHE 3TOr0 HM3MEHEHHe pPeoJIOTHUYECKHX CBOHCTB
JKHIKOCTEH; HaHAeHnHas BeJiMyiHa Obljla COMOCTABJAEHA € 3Hep-
rueii BojoponHon ceasu [151].

Cpenuas tennora G CBfA3H oOKasajach paBHOH: A
H.0 — 27, ana C,H,OH — 24.

[MosiyuyeHHBIE BEJHUYHHBLI TENJIOTHI CBA3H, MO-BHIAHMOMY,
MOTYT GBLITh HHTEPIPETHPOBAHLI KAK PE3VJ/IbTAT pasphiBa ABY X
BOJIOPOJIHEIX CBfA3eH, HMeiouH X sneprHio 13,5 MIk/kmoan s
H,O u oxHoii BoAOpoAHON cBA3N ¢ aueprueil 24 M/x/kvoab
B cayuae C,H;OH. '

CyLIECTEOBAHHEM MEXKMOJIEKYISIPHEIX BOAOPOJAHBIX CBA-
gell, 0OYC/JOBJMBAIOUIMX BBICOKYIO CTeneHb OJIHXKHEro mno-
pSiKa, MOTYT ObITh OOBSICHEHBI MHOTHE CBOHMCTBA KH/AKOCTEH,

Hanpuwmep, ycranosaeno [1011, dto neoGuiuiio Goabiuas
BEJHYHHA AH3JEKTPHYECKOH MMOCTOSIHHOH & H ee TeMnepatyp-
HBIE H3MEHEHHS CBf3aHBl C H3MEHEHHEM OTHOCHTEJBHOTO
COACPKaHUsA Tpex THNOB CTPYKTYP B Bojle, obpasyeMmbix
BOJIOPOJIHEIMH CBA3AMH. DBJiusgHNE BOAOPOAHOH CBH3H 1PO-
SABJIAETCS TAKIKE B MOBLIIIEHHH BA3KOCTH 1) ¥ CNHPTOB, KUCJIOT,
Boaul 1 Ap. Hekoropoie asropht [80 ] nenoassopadu jia neee-
NOBAHHS BOJOPOAHBIX CBA3SEH TEMMEpPaTypHYIO 3aBHCHMOCTD
MOBEP XHOCTHOIO HATAMEHHA 0.

B paGore [15] noxasano, 4To METOJBl pacuyeTa SHEPTHH
CBA3H Mo TemneparypHoii 3asucumoctu e (T), n (7)), o (7)
NAI0T OJIHHAKOBLIE YHCAEHHBIE PE3ybTaThl C JAHHBIMH, NOJY-
YeHHBIMH (PHJIBTPALHOHHBIM METOJLOM.
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3. 0 PEOJIOTHYECKOA MOJENMH MOYBEHHOW BJIATH

PeoslorH4ecKkas Mofesb THKCOTPOMHbIX CTPYKTYPHPOBaH-
HbIX JKHAKOCTel. MarepHaibl npeibiAyllero pasiena mnos-
BOJISIIOT BCE ACCOLHHPOBAHHBIE XHIKOCTH, B TOM YHC/E MOY-
BEHIIVIO BJ4ry, pacCMaTpHBAaTh KaK THKCOTPOMHBLIE CHCTEMB
[93, 106] ¢ adxbexkTHBHON BA3KOCTEIO

1) =—
Y

rji¢e T — HanpsaXxeHHe CABHIra,

¥ — CKOpOCTh Jleopmaiii.

SixpexTHBHAA BA3KOCTb MBJIACTCH HTOTOBOWH XapakrtepH-
CTHKOH, ONMHCHIBAIONEH PABHOBECHOE COCTOAHHE MEXAY Mpo-
HECCAMH paspylieHHs H BOCCTAHOBJ/IEHHA CTPYKTYPHL B yCTAa-
nosHslleMca mnotoke. B npenene 3(pexTHBHAA BA3KOCTH
Mepexo AT B HanboAbLIIYIO HLIOTOHOBCKYIO NOCTOAHHYIO BA3-
KOCTh M, (pHic. 24, 6), 4TO COOTBETCTBYET MPaKTHYECKH Hepas-
pymenHofi crpyktype. IlpH npakTHYeckH npejieibHOM pa3-
PYILEHHH CTPYKTYPHI B 001acTH 60JBIINX HANPAXeHHH ¢/IBHra
(npH YCJAOBHH COXPAHEHHA JIaMHHApHOro notoka) sfdex-
THBHAA BA3KOCTb MEpPexojliT B HAHMEHBIIYIO HBITOHOBCKYIO
BAIKOCTh Mew.

TToMHMO KOHCTAHT 1y H Nw, CTPYKTYPHO-MEXAHHYCCKHE
CBOJCTBA CHCTEM, [PEICTaBIeHHBIX Ha pHc. 24, xapakrepu-
3yIOTCA CACAYIOMIHMH HE3ABHCHMBIMH KOHCTaHTaAMH:

npeeabHLIM HanpsKeHueM cABHura (ycaoBHas TpaHHia
NPakTHYeCKH HepaspyIeHHOH CTPYKTYPBI) — Ty:

YCJOBHOH TpaHHIeH NPaKTHYECKH paspyuIeHHOH CTpYyK-
TYPLI — Typ.

Moxynu ynpyroctd capura (puc. 24, 6):

1) yci0BHO-MIHOBEHHbIH

.
GI = —
Ey
2) 3JacTHYECKHH
T
Uy = By— 8
3) paBHOBECHbIH
o T e G[GE
iy o

1 Takoii moaxo/l NP peticHuy 3aaau neauneliHod QUALTPALHE HCNOAL-
sopaan H. C. Hepnuua u C. B. Hepnun [146, 89].
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At Tp ©

Puc. 24. Peonornueckasn kpupas (2) 0 sdepextHrHAS BAIKOCTL (8) CTPYK-
TYPHPOBAHHLIX HHIKOCTEN:

N (1) — spbexTNBHAN NepeMeHHAA BRIKOCTbL, YOMuAKUAN € POCTOM CHODPOSTH
cABHIa V; M — BAanGOALWAR NPeACALHAR NLIOTOHOBCKAR BA3KOCTH, T. & YCAOBHO-

MOCTORHHAR BHIKOCTh OPAKTHMECKH HEPaspVIHeHHOA CTPYKTYPM] Mo — HauMcHbe
mad NOCTONHHIA HBOTOHOECKAER BAIKOLTE I'[!'J-'J"I'ETI!.':[EfHH IIFE'JIE'J'.IIJIII:I' Fﬂdl’:}'lli-.‘iﬂ[ﬂﬂ
CTPYRTYPH; To — NPCALALHOE HANPAMENHE CABHTA (FPAlNIA DPOUHOCTH], T . —

%
YoAOBHAN TPAHHUA NPCACALHOro paspyiuceHus cTPYRTYpu; [ — obaacTe Hau(Goibe
iwelt uboToROBCKON BaakocTn (Hepaapyuwennas crpykrypa); [/ — oGanctn Bau-
Melsmefl UbOTOHONCKOR BA3KOCTH (Npefcibio pPaspyuleHHas CcTpyYKTypa): 0 —
CXCMO W onpefeneHnIo moaynedl YOPYrocTH CcABHrG

[lpn nomoiH 3THX BeJIHUHH MOXHO HAaWTH NEpHOABI pe-
JlaKCalHu:
<ol [ T gt | L.
Op=-—7-H 3 a
Ilon penaKcaunHeHd 3Jech NOHHMaerca npouece
nepexojla oT HEPaBHOBECHOIO COCTOSIHHA. K PABHOBECHOMY.
Ecin Bpems JieHcTBHA cHabl § =0, Teno Bener cebsa Kak
MuAKoeTs, npu { € 06 Teyo Bezer celsi Kak TBeploe.

s sddekTHBHOH BA3KOCTH 1) (T) CnpaBelqHBLl CJeiyio-
mHe sapucumoctH [931:

[, 0sT<<T,
- |
f(g) =1} e TPl (e =t)i—n Gl SR
T]m, T}TE]}‘F
rne Y — creneHb THKCOTPONHH | ¥V = I -l

- ()
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A — napaMerp, noAGHPaeMBlii M0 IKCNEPHMEHTAILHON
KpHBOH 3(PpeKTHBHOH BSSKOCTH.

IlpuMennTebHO K TPEXC/JOHHOH MOAENH BOJALI BOGJIH3H
TBepABIX nosepxHocred (rmapa [I) npeanosaraemeuit Buj
KpHBBIX 7 (T) mpejacrapieH Ha puc. 25.

B nacrosiuee BpeMsi HET JAOCTATOYHO HAAEKHBIX METOJIOB
onpeleseHia BCEX NapaMeTpoB PacCMOTPEHHOI Moldenu /A
BOABL. B UacTHOCTH, HeT HAAEMKHBEIX SKCNEPHMEHTAJbHEIX
JAHHBIX JUIA YHCTLIX aCCOTHHPOBAaHHBIX KHAKOCTEH 0 BeJH-
YHHAX Mgy Tkp, O-

MeToAbl 3KCNepHMEHTANBHOTO OMpEeAeNeHHn NapaMeTpos
T, ONHCAHEI HHKE.

IFKcnepumMenmatbHoe onpedeierue npedesbH0oe0 Hanpaice-
Hiua cdsuea T, obvemHol scudxocmu. Heenenosaniie XuaKocTeil
npoBOAHJOCE Ha npubopax ¥ MO METOAHKE, ONHCAHHE KOTO-
peix nano B paGore [15].

HPHMEHHJIHCB Pa3JIHUHBIE CBEMETAHYTLIE CTeKJHAHILIe H
KBAPIEBLIE KanHMIAPHLI, PajlHyc KOTOPBIX r H3MEHHJCH OT
0,61-107* 10 2,65-107* M, a gauHa I or 5-107% go 60-1072 M.
Ilnamerp xanuaifapoB BBIOHpPAJACH H3 YCJIOBHH MaloCTH
BJHHHS CPaHHYHBIX (a3 H KOHBEKTHBHOTO NEpeMEeLlHBaHHA
(cM. npeabIAyuMil pasaed).

B oneitax HCnoJb30Banach ABamAbl AMCTHJIJIHPOBaHHASA
BOJa BBICOKOH YHCTOTHI, MOJIYYEHHAA Ha peAHCTHAIATOpPE
tHna Re-5. Bona GoJsiee BHICOKOH YHCTOTE! Noayvyaigachk nyTeMm
EPEeroHKH ABax<Abl AHUCTHIJHPOBAHHOH BOAbI B BaKyyMe
fez KHMIEHUS B KOHJEHCATOP W3 KBaplueBoro crexna. Guabrpa-
HOHHBIH NpHOOD 3aM0JH AJ-

Ccfl BOAOH HENnocpencTBeHHO 7
H3 KOHJEeHcaTopa. 7
Ha puc. 26 B xauecrBe

npHMepa MNpHBEIeHbl OMNbIT-
HBLIE 3HayYyeHH#H CKOPOCTH :?{?

(puAbTpAIMH AN KBapue- | |
BhIX M CTEKJAHHBIX KallHJ- | |
JSIPOB, 7m.___;_4,
CniomHeiMu  JIHHHAMH S O r e
Ha puc. 26 HaHECeHB npd- T Cor g
r (4] AL
Mbl€ BH1a oz e g

e iy het o Puc. 25. CxeMmaTHuerKas 3aBHCH-
v =a+ bl, (39) MOCTL 3(pheKTHBHOH BA3KOCTH OT Ha-

r1e napamMerpsl @ H b U'IT]]E.'-' npaAcenln cIBHTa AAS TPeXCTIOHHOH

MOJETH:

nensfucs IO METUJIF HdH- ! JI:’I! ey 6
e — noanganaenustl caofiy 2 — oGLeM-
MEHBIIHX KBa/ApPaTOB ”E'iv HAR MHAKOCTE: J — COALBATHEI caoil
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Puc. 26. 3apucuMocts CKOPOCTH © OT rpajmexta nanopa /
NpH pasAHMHLIX TeMIeparypax:

;] — 288 K: 2 —203K: 3 —303K; 4#—313K: 5§—3Ki
§ — 328 K

B cayyae a << 0 (B oGumem cayuae a < () skcnepumen-
Ta/ibHBIE NPSAMBIE OTCEKaloT HAa OCH abCIlHCC YYacCTKH, KOTO-

: 4 .
pble HHTPENperHpoBaHCh KaK {; =—3-fﬂ (cM. caenylonmux

pasnen). STH 3Havenus [, HCNOAb30BAJIHCH A OLEHKH
BEJAHYHHB TpeleJbHOro HANpSMEeHWs CABHFAa T, H3 Bhipa-
HEeHHA:

7, =108 (40)

Briuncnenupie no gopmyae (40) suauvenusa T, A18 BOIBI
nokasansl B Taba. 8.

C 1eabl0 MPOBEPKH BJAHAHHA CONEpPIKaHHHA HNIEKTPOJHTOB
B BO/AHOM pacrBope Ha XoA (HJILTPAOHH H BeJHUYHHY TMpe-
NeNBLHOTO HANP SAKEeHUs cABHra Obl/1a NPOBE1eHa CepHA ONLITOB
no ouabTpanuy poansix pacrsopos KCl ¢ conepxanneMm ajex-
tpoauta 0,01 1., 0,1 n. u 1 1. uepe3 KBapueBLIH Kanuiiap
r =1,98:10"* M npu temneparype 293 K.

PesyJibrathl onuToB (Taba. 8) nokasbBaoT, UTO BeNHUIHA
To (CpeiHsns H3 Tpex OmbLITOB) ¢ YBEJUYEHHEM KOHUEHTpaluH
KCl npaxkrHueckH He u3MeHujgach .

! Dror peayibTaT HAaXOAHWTCA B COOTBETCTBHH CO CMEKTPANbALIMA
nzGuofenusnmu (pasgea 4 raasut [V): 8 pacteopax KCl namn e obuapy-
WEHO HH ecTaGHAN3AUNES, HH <paspyuicHHs» CTPYKTYpPH BOJL.
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Ta6arpua 8

MpeneabHoe HANPAKEHHE CABHIa BOAK
NpH PasjiHYHBX TeMneparypax

[Mpeneasnos panpaxenue
Panuye Kanuwi- CABHra BOJE

aspa, r10~* M Tg. H/mE.10-=2
(Maprka cTeKJa)

288 K | 293 K (303 K [313 K 323 K
51 (crexno Ne 1G) 11,561 96 | 80 ] 3,51} 1,0
103,5 (kBapu-cTexjo) — 7.6 | 6,4 49| —
260 (crexno Ne 16) —_ 70 | 40| 32| —
94 (KBapl-CcTEK10) — | 86 | 26| — | —
165 (KeBapu-cTeKa10) — 8,9 | 69| 60| 1,6
Cpeaneec 11,5 81 1561 44} 1,8

KoHueHTpauna SASKTPOAHTA

To s }IE;H . 10—
JBas el JHCTH/JIHpOBanHasi BOAA 9.5

0,01 . 9,25
0.1 n. 9.4
1w 9.5

_ B Hamux onuitax npH TeMmneparype Bojasl okogao 333,15 K
seJHYHHA T, 0JH3Ka K HyJo L.

MutepecHo OTMETHTB, 4TO XapakTep TeMneparypHOH 3a-
BHCHMOCTH T, (T) aas Boawl (pHe. 27), MOJIYYEHHBIH B HALIHX
OMBITAX, COBNAjaer ¢ XapakTepoM TeMmepaTypHOH 3aBHCH-
voeTH acconnatuy soasl [15] v H3amMeHeHHeM HHTEHCHBHOCTH
nosockl acconuaroB B HuppakpacHom (MK) cnektpe W
crekTpe KomGuuaumounoro paccesnus (KP). Tak, B MK-
criektpe pactBopoB Gensmmosoro cripra B CCly npn Tem-
neparype 284,15 K nanbojiee HWHTEHCHBHa MoJocCa MOIJIO-
meHHs, Koropas npnHaaaexkut OH-rpynnam, yuacTBylo-
muM ' B H-ceasu. C noBwllIeHHEM TeMIepaTypbl MaKCHMYM
NOCTENeHHO CMelaeTca B CTOpoHy OoJjieé BLICOKHX 4YacToT,
it npu reyneparype 335,15 K B cnexrpax MOMHHHDYET T10-
Joca, npunajinexamas k OH-rpynnamM MOHOMEpPHBIX MO-
JAEKYI1.

1 B onmrax A. I'. Kosanepa u A. Illl. Acagosa [Gl] sennunna npe-
Je/BbHOTO HANpMKEHHs CABHTE YTJICBONOPOAHLIX HHAKOCTER H HX cveced
YMEHBITAETCS ¢ TMOBLIeHHeM TeMnepaTypsl H obpamaeTcl B HYAb TaKKe
opH 333,15 K.
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288 298 208 213 323 293

il
Puc. 27. TemnepatypHas 3aBHCHMOCTL NPCACALHONO HANPAAKEHHSA
CABHTA Ty

/] — mogma; 2 — CTIIHPT STHAOBL
B raba. 3 npeicrapieHbl BBIUHCIEHHBIE 3HAYEHUS T, /IS
NOPOBOTO pacTBopa Mo MarepHaJjam (QpHILTPAUHOHHBIX HCCJTIe-
noBaHu# HeKorophix nouye JleHuHrpajckoi# obaactu H Ka-
peabcko#t ACCP.
Bennunna T, HaxoiH/jack 1o dGopmyJe:

T =apg o Iy (41)

Gopmyna (41) noayuena us (40); smecto % BBEJleH THJ-
pPaBAHYECKHH palHyc

: m

R b= -'fj_’

/e m — [NOPHCTOCTD,

(2 — yaeabHas OBEPXHOCTb.

B dopmyny (41) Beeien rtakike KoshHIHEHT H3BHIH-
CTOCTH ! & = 2,5 And CYMIMHKAa H cCyrnecH, o = 2,3 —
AJ  CAHHEL

[Tonuepxkuem, uro [, 37ech He JEHCTBUTE/IbHbIH Haualb-
Hblil TpAJHEHT Hamopa B TOM CMBbICJAE, 4Yto npH [ =< [,
V =0, a napamerp, coBnajatomnii B ypasueaun (39) c a.

Cpapunpas tadn. 3 1 8, Jerko 3aMeruThb, YTO YHCJIEHHbIE
SHAYCHHUS T,, OMpeleaaeMble U3 ONbITOB N0 (PHALTPALHH B MO-
PHCTHIX cpefnax, Oojiee 4yeM Ha NOPAJOK HHIKE SHAYECHUH T,,
HAWIGHHBIX H3 ONBITOB C EIHHHYHBIMH ULHAHHIAPHUCCKHUMH
KanwiasipaMu.

[To onsitHbiM Aanubim Hosaxa [147 ] peanuuna npenensb-
HOTO HaNpsXeHHs CABHra Ha nopsaiok (u Gonee) meHblie
HAlIeHHOrO 3/lech 3HAYeHH$H Tq. IIPHUMHBI TAKOrO HECOBIA-
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AEeHHSl 3IKCIEPHMEHTAJbHLIX pe3y/bTaToB M0 OLEHKe BeJIH-
UHHBl Ty OYAYyT 00CysAeHB B pasaene 4 HacTOAWEH TJaBHl.

A. C. TopuikoB no pesyabTaTaM ONBITOB O ABHMKEHHH
CTEKJAHHOTO MNOIJIaBKa H3 COCTOSHHS HEYCTOMYHBOrO pas-
HOBECHs MOA JeHcTBHeM TpajiHeHta TeMmMnepaTypsl jenaer
BLIBOJL 00 OTCYTCTBHH NPEIEIbHOr0 HanNpsKEHHA CJABHTA
v xkuaxkoi Boas! [37]. B 3rHX onwltax ycloBHE MaJOCTH
BJHSIHHS KOHBEKUHH He npoBepsiiock. [losiyuennsle pesyiib-
TATH 10TOMY HE MOryT OLITh MCMOJB30Banbl AJf onpesie-
JeHNsl BA3KOCTH BOJAL HepaspyeHHOH CTPYKTYPHL 1), H
Be/IHYMHBI MPELETLHOTO HANPSIKEHHS CABHIA T, (CM. puc. 24),
TAK KaK KOHBEKTHBHOE [epeMEelliHBaHHe BOJbI MOMCT MPH-
BOJHTE K PAa3pyLIEHHIO €e PaBHOBECHOH HaJAMOJEKYJAPHOH
CTPYKTYPHhI.

JKCHepUMERMANGHOE onpedeaerue npedeasHo20 HANpAxce-
HUs c08uea COALEAMHO20 C€A08 Ty, BO3MONKHBIM crnocobom
OIEHKH BEJHUMHEI MPEIEJbHOIO HaNpHAMEHHs CABHTA COJb-
BATHOTO CJOSl T, SIBJAETCH HCceloBaHKHe KosxpriinenTa
HANOPHOH (UABTPALMH NPH BLICOKHX TpajHeHTax Hanopa,
OnsIThl NPOBOJIHJNHCE C KepaMHYeCKHMH (IH‘]JTBTPEMH, JdHa-
Merp KoTopbix paBHsjca 31072 M, a Tommuua 0,5-107% m.
DKCNEePHMEHTABHO NOJYUYCHHBIE 3HAYeHHs1 KOs(puliHeHTa
GUaAbTPAILNK BOJIBI B HHTEpBaJe rpaiuentos uHamnopa ot 600 1o
12 000 npu temnepatype 283 n 293 K nokasanbi Ha puc. 28,

Jsisa pacuyeToB MPHHATA MOJeNb, COCTABJEHHAs M3 ILH-
JHHAPHYECKHX KamHJJASPOB OJAMHAKOBOTO [AMaMeTpa ¢ [Mo-

30 k

25
.
lq? 3?‘ 5
3 26}
~a5F
T 24F

| i =4 l. 1L L 1 L L 1 ] I‘-III
10 20 80 440 50 60 ZI?E 80 80 1190 #o 120
=10 —_—
Puc. 28, 3apucumocts kospduuuenta (PUALTPAUHH OT CPAJHEHTa Hanopa
An5 KepaMH4ecKoH auadparMbl:
§ = npn 283 K; 2 — npu 206 K
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CTORHHBIM MO JJauHe ceuerueMm. Torjla no sKCNepHMEHTaIbHO
HalleHHEIM 3HaueHusM koshduunenra QUIbTpauHE npH
JIOCTATOYHO BBICOKHMX Ipa/lHEHTax Hanopa pajuyc Kanujjaspa
MOJEJH MOMKHO HaAlTH H3 BHIpa:KeHH:

o
f{ = 8 ?

OTKYy/la

— 1/ K&
re= ] ==
Mcrnoap3ys TabnH4HbIE 3HAYEHHA Ml p, g H 1) NPH TeM-
neparypax 283 u 293 K, mnafizem r; =4,6:-1077 M; r, =
=4,68:1077 M; ryp = (4,64 = 0,04)-1077 m. ¥
BeqHuHHY MPelesbHOrO HANpSAXEeHHs CABHIa HaHlem H3
BblpasKeHHH:

D) — {rﬂgﬂ-‘r'lm — 13,8 Him:

. *
v — P80 19,1 Hjt

P == 13 + 0,8 H/m".

OueHuM TOJNIUHY TPaHHYHOH (a3bl Mo ysejiyeHHio pac-
X0la NPH BOBJEYEHHMH HEMOJABHIKHBIX PaHee CJOeB.

Ecau B mepBoM NpHOJMMMKEHHHM HPHHATH, UTO BA3KOCTH
06BLEMHON KHAKOCTH W TPaHUuHOH a3kl PABHE, TO

Q _
e

rae Q, — pacxol oOBLEMHON KHAKOCTH;
(Q — pacxol MHAKOCTH € MOJABHAKHBIMH TPaHHYHBLIMY
CJIOSIMH,
rop — DAMHYC KalWiifpa, OTCYHTLIBACMbIH OT OCH Ka-
MUAAAPA A0 HENOABHIKHOH TrpaHHYHOH (pasnl
(r =rgp + 0, rne 6 —ToaLHHa PPaHHYHON (a3wi).
4.8
B uHamHx onsrax (%)1 = 1,06; (r.p)i =71y 1,06 =
— 4,66-1077 M, otkyna 6, = 6-107° M, T. e. §; = 20 mone-
Q L TTARD
KYJASPHEIX CJOeB; ("‘T)E = 1,082 u (r ) =r. v 1,082 =
=4,775-1077 M, orkyna 6, =95-107" M, 1. e. 6, =3l
MOJICKYJIAPHBIH CJ0MH.
Cpenusia ToNMHA TPaHUYHOH a3kl cCOCTABJACT NPHMEPHO
25 MOJEKYJIAPHBIX  CAOeB.  AHAJIOTHYHBIH  Pe3yJbTar
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(6 —=8:10" M) nonyuen B. JI. CobBonesuim [118] npu
yeesielOBaHHH  JIBHAKEHHA BJalH B MHKPOKalnMajaspax.

Bropo# cka4Yok Kosa(pHuHenta (PHALTPALHH MO BeJHYHHE
npu / = 8500 u Temneparype 293 K moxkHO Obl/Io 6l 06BAC-
HHTL BOBJEUYEHHEeM B JBH)KEHHe TFpaHHYHBIX CJOEB B nopax
APYToro no nopsaky pasmepa. Torja Takol CKayox J0/IKEH
Gul1 661 NPOABHTECH M Npu TeMnepatype 283 K.

Bo3MOKHBIM 00BSICHEHHEM OTCYTCTBHS BTOPOr0 CKauka
np# Temnepatype 283 K B HAalIHX ONEBITAX ABJIAETCH TO 06CTO -
TeALCTBO, YTO OH JIEKHT B obaacTH OoJgiee BBLICOKHX, uCM
11 000 rpagueHTOB Hamopa.

3nayenne T, = 13 H/M® coBnajaer mo nopsjaky Be-
JMYHHBL ¢ OmeHKoii, nafgennoit apyramu merogamu [15].

4. YCJIIOBUA CTPOIOH NPHMEHHMOCTH
JIMHEAHBIX 3AKOHOB ®HILTPALHH

06aacTh NPHMEHHMOCTH JIHHEHHDBIX 3AKOHOB (DHJALTPALIMH,
PaccMOTpHM CJIEYIOUIHE BO3MOMHBIE C/1Yy4aH CABUTOBBLIX Ji€-
dopmanmuit (cm. pHc. 29). '

1. [TnockoeTh CKOJIBMEHHS B coabBaTHOM cjoe. Torna
3ABHCHMOCTE Mexay aedopMalHAMH y H HAMPAMKEHHAMH T
auHefHa TMPpH T<C Ty H T 2T, kp-

2. [lnockocTe cKoJibkenus B ooweMe. Kak u B npennl-
JAVileM cJaydae 3aBHCHMOCTh 7 (t) crporo naHHEHHA MpH
e el i s % G ke 5 £ -

3. [MnockoeTh CKOJIbACHHS B «NOANJIABJEHHOM» CJl0e,
3asHcHMOCTE Y (T) CTporo JHHEHHA NPH BCeX T (eCaH npH
sToM 00J1aCTh BO3MVIIEHHS HE BBIXOAHT 38 NpPENeJabl CJod
4 COXpPAHACTCSH JaMHHAPHBLIH PerKHM).

M3 storo aHaaWsa cjaejayer, 4yto Haubojee pacnpocrpa-
HenHblH cayuyad QHABTPAIHH, KOrJa MIOCKOCTL CKOJIBXKEHHSA
aexnT B o6bemMe, noJYHHaeTcs JHHelnomy sakony Jlapeu npu:
1) ] <</, riae [ — nefcTBYIOUMHA rpajiKMeHT Hamnopa, /[, —
¢HAYaJbHBIAY rpajniedT nanopa (moi [/, 3J4eCh MOHHMAIOT
ne sHavenus [/, nNpH KOTOPBIX TEYEHHE OTCYTCTBYET BOBCeE,
a Takue [, NPH KOTOPbLIX MOTOKOM »KHJIKOCTH C BA3KOCTBIO 1],
npenebperaior); 2) [ =1, (o6buno [ =217 ,); 3) nepHoaugecKu
MEHSIIOLIEMCS TpajiHeHTe Hanopa; 4) TeueHHH 4epes (QHIALTPHI
C MePHOJHUECKH MEHSIOUMMCA CeueHHeM (ecJH MepHoi KoJe-
GaHMil Hanopa H NEpHOJ Nepexo/IHbIX NPOLECCOB OHOTO [0-
psKa € NEPHOAOM peJaKkcalHu CTPYKTYPHl XKHAKOCTH).

Jl5i oueHKH podiH peaakcaunonusix npomeccos C. B. Hep-
nuHeM [89] 6bl0 caenaHo cpaBHEHHE BEJNHYUH MNOTOKOB,
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NPOXOAAUIMX yepes (PUALTP, COCTOALMA H3 JBYX NOC/AeN0Ba-
TeJbHO COEJIHHEHHBIX (DPArMEHTOB PasHOro CeYEHHs A5l JABYX
npejenbHBIX caydaes. B oiHom cayuae jesaercs mpeinoJio-
JKEHHEe O TOM, YTO BpeMa peJaKcalHH CTPYKTYPBl OYE€Hb
M4JI0 MO CPAaBHEHHIO CO BPEMEHEM MNPOTEKaHHA MKHILKOCTH
yepes CHCTEMY; BO-BTOpOM, Hao0OpoT, yTO BpeMms pejakca-
HH OYeHb BEJHKO MO CPAaBHEHHIO C 3THM TMNEpHOJIOM.

Pacuers MoOKasdJiH, 4TO PHEHHI],E B BE&JHYHHE IIOTOKA
B 3THX ¢cJyuasax (B 3aBHCHUMOCTH OT OTHOLIEHHS! UAEHCTBHTE/Ib-
HOT'O Trpajauenta Hanopa [ K HavYaasHOMYy rpanmeHty [g)
MEHSIETCA M, HanpHmep, npH oTHoweHuu [/, = 1,50 notok
BO BTOPOM NpPEAeJLHOM cJiydae npesblinaer B 2,0 pasa Nnorox
npH NepBOM MpeleJbHOM CJydae,

OrMeueHHble 3JeCch YCJOBHH CTPOTOH MPHMEHHMOCTH 3a-
xoHa Jlapcu (cM. TakxKe JApyrHe (pakTophl, OTMEUEHHBIE B pas-
pesax 1—3 nacrosiueil raasel) He OBIIH yUuTeHH! IIPH HHTEp-
nperalHu SKCIepHuMenTanbHbIX pesyabratos Omacena [1481,
Yaitanca u umaca [140], a taxxe Hosaka [1471.

Bausinne npumeceit Ha CTPYKTYPYy BOABI M €€ TedeHHe.
IIpsiMBIM METOJOM HCC/EI0BAaHHA BJHAHHA 3JEKTPOJIHTOB
WKW OpPraHHYecKHX >KHIKOCTEH Ha BOJOpPOAHLIE CBA3H pac-
TBOPHTEJISI  MOXKET CJYKATH HH(paKpacHas CIHEKTPOCKO-
nus. '

XOpoll0 H3BECTHO, 4YTO BOJAOPO/HASA CBSISh B BOJE HAHIYHU-
min obpazom npogsasercda B obaactu 3,2-10° M7, roe nemxur
nojoca BadedTHeIX KoJgebGanu# OH-rpynnm BojAw, BCTynaio-
mMHX B BOJIOPOLHYIO CBSI3b.

Onanako B 3T0H 00JIaCTH NOJOca BOAOPOAHON CBA3H ouelb
WHpOKasi, uYTO HE MNO3BOJSET CJeIHTL 34 ee H3MEeHEHHCM,
BLI3BAHHBIM B3aUMOJEHCTBHEM PacTBOPEHHBIX BEUIECTB ¢ MO-
JeKYJaMH BOJBI; Kpome Toro, B 310i ofiacTu Boja obJajaer
CHJIBHBIM TIOTJIONIEHHEeM, TaK 4YTo MpHxojiHTcs paborats
¢ OYeHb TOHKHMH CJ0SIMH, UTO TAKKE CBsI3aHO C OIpPeNeeH-
HLIMH ~ SKCMEpHMeHTaAbHbMH  TpyaHoctaMH. Okasajaocs
yiobHee paborars B o00JiacTH 006EPTOHOB.

HucdpakpacHsie cnektpbl cHuMasuck [15] na apyxayue-
BoM HH(ppaxkpacHom cnexrpomerpe HMKC-14A ¢ npusmon
®-1, B KloBeTe H3 (MTOPHCTOrO KalJblHA, TOJNUIHHA ¢J0f
107* m. Boiin nayuenbl MK-cnektput (obepTolnl v, =~ 9,2 X
¥ 10 M u v, =~6,9-10°F m!) BOAHHX PpacTBOPOB pala
saektpoautos (AlCl,;, KCl, MgSQ,, NaCl, NaClO,) 1 Heanex-
TPOJIHTOB (METH/IOBLIN M H30OYTH/AOBBEIH CNHPTHI, MOYEBHHA,
?ue*mH fﬁ} MHIEPHH) B LIHPOKOM HHTEpBAJE KOHUEHTpalHH
1o 1 :
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YcraHoBjaeHo, 410 o cpoemy BansAnHio Ha MK-cnexrtp
BOJlbI H3VUEHHBIC BellecTsa pacnajlaiorcs Ha CJaeayiolpe jape
rpynne (taba. 9).

1. Bce cHabHble 3MeKTPO/NTBEI, & TaKkKe MypaBbHHAA
KHCJIOTa NPU JOCTATOYHO HH3KHX H YMEpPEHHBLIX KOHUEeHTpa-
WHAX cABHratoT oba Hec/ieloBaHHbIX 00epToHa (v, H v,) B CTO-
pony Gosee BbicOKHX 4dacroT (B pacrBopax KCl cmemeunns
IOJIOXKEHHA [1010C BOAOPOANOH CBA3H BOJLI He o0HApPYIKEHO).

2. Bce mepeumcaeHHEIE BbIIIE HE3JEKTPOJIHTHE (KpoMe
MYPBBLUHOH KHCJIOTH) CABHraiT v, H v, B CcTOpoHy Gojee
HH3KHX 4acToT.

AHAMOTHYHLIE H3MEHEHHA B UﬁEpTDHHDﬁ HACTH CneEkKTpa
BOABI H B 00JIACTH BAJEHTHHIX KoJyieOaHWiT OblIH H3BECTHbI
u pasee. Hmeiorca pasauynbie MNONLITKH HHTEPNIPETAINH
ykasaHuelX (pakros. Hanpumep, nosasnenue B MK-cnexrpax
PacTBOPOR MOYEBHHHI HOBOTO Makcumyma 5,12-108 !
(B uucroit Boge v, = 5,18.10* M7') obnsacHAloT 0fpasona-
HHEM CMeIlaHHBIX KJacTpaToB Bojla—MoyeBHHa. OJHakKo
TaKoe 00BACHEHHE HEeY/IOBJACTBOPHTE/IBLHO, TAK KAK ONHDAETCS
Ha runoresy o0 o6pasoBaHHH B pPacTBOpPE cCheuH(pHYeCKHX
MOJIEKYJ/ISAPHBIX CPYNIHPOBOK, YTO HE MO3BOJAAET MOHATH
NPHPOAY CXOAHBIX H3meHeHHH B MK-cnektpax pojubix pac-
TBOPOB HEIMEKTPOJHTOB pas/jHYHOH XHMHYECKOH NpPHPOILL.

Boiasuraetcs JApyroe yHHBepcaJbHoe o0BscHeHHe, OCcHO-
BAHHOE Ha V4YETeé CTPYKTYPHI BOALI H BOAHLIX PAaCTBOpPOB
B paAMKaX JABYXCTPYKTYPHOH Mojequ Bojasl. Ha ocuoBe stoii
Mollean Owuio noxasano [23, 24], uro monwl B pacrsopax ue
CJAHILNKOM BBICOKHX KOHUEHTPAUWH CABUTAIOT CTPYKTYpHOE
paBHOBECHE B CTOPOHY HAaKOMJEHHA PasynopAioueHHO
CTPYKTYPBL («paspylialorTs CTPYKTYPY BOJbL).

BuisicnuM, K KakuMm nochejactBusam Aas HK-cnexktpos
PACTBOPOB 3JIGKTPOJIHTOB MPHBOAAT YKasalHbe H3MEHEHHS
B CTpykType pacrBopa. Sflcno, uro oborameHue pacrBopa
pasynopsaoYenHoil CTPYKTYypol ¢ GoJjee caabbiMH BOJAOPOIL-
HBIMH CBA3AMH JIOJIKHO BbLI3BaTh OOUIMH CABMI MaKCHMyMa
noJiochl MOTJIONIEHHA BaJdCHTHHRIX Kouebanuil W ee obepro-
HOB B CTOpoHYy DoJiee BRICOKHX uacTtoT !. 3rto u Habawpaloch
B HAIHX ONLITax.

B cayuae HEINEKTPOJHTOB HaAOJMIOJNAEMBbIE HIMEHEHHs
B CrnexTpax ykassiBaloT Ha oforaueHue pactBopoB 6GoJee

1 B cucremax ¢ podopoAHOI CBH3BIO MAKCHMYM MOJ0CH TOTVOMEHHA
rpynnst OF cmemen (na 2-109+-5-10% »~1) B cropony Gojee HH3IKHMX ua-
CTOT MO CPpaBHeHHIO ¢ ra308oi (dasoll, rie, pasyMmeeTcd, BOLOPOJAHLIC CBA3H
OTCYTCTBYIOT,

83




Hudanuea

PLOLOHA ‘YrgoLrHLig
(Wo's—r1'0)| wemn |(we's—1'0] (%0 | (WI'Q £ -0EH H HMgor (W £ (W or)
*OlDeN -agedAy BN HOLSITY SOV - §ele -H1aw midmy DIV RHHAILOY
10M) O°H
el 001 GL 0g i €z b G4l
-W ‘LoLER XHMooma Axodold & (-W ‘1oroes xXuNeHH Adodold €
(z01-"ay ) 2HHAANAN) 0 (-0 ="ay—) 2HHIMIN

(W £'¢)
(9%0%) HOLoME [DEN ‘BIOIF .
HW 6'0—1'0) -DHM BeH (madarmuia Lduud yme Lduud (W € (W o01)
*OIDEN -Haged AW ‘IOM) O*H -0 HIIW HMEa0UHLIAQOE]] Y EHHEIROW
0g 14 8 0% gl G901
0

1-W ‘1010Bh XH¥00ME AHodold 4
(:01-%Ay ) oHHIMAWD

1-W ‘10L0Bh XHMEHH
Anodord 4 (z0] -¥ay —) sHHIMAW)

=W oI 6'9~"A H L W 40]-3'¢ =~ A

goHoLdago videwrgo 8 xedosrded xMEWOs @ (QFH 2000010 N OIMHIMOHLO ON) AY LOLIEh JHHIMIWD

6 BENHLEDE

84



MPOYHbLIMH BOJAOPOAHBIMH C3s3AMH. T MO3HIHI ABVXCTPVK-
TYPHOH MoAeaH 3TO O00CTOSITENBCTBO MOMKHO MHTEPNPETHPO-
BATb Kak pe3yJabTaT CABHra CTPYKTYPHOIO paBHOBECHSA
B CTOPOHY JBJAONOJACOHON CTPYKTYPHL (¢«cTabHAN3AIHAY CTP VK-
Typbl BOAbl). OrT™merHM, uTO CTAaOHJIH3HDYIOLEE JAEHCTBHE
CNUPTOB HA CTPYKTVPY BOJH OTMEYAJOCH paHee MHOIHMH
ueeaenopareasami. Crabuansauus CTPYKTYPH BOAB B BOJL-
HBIX pacTBOpax MOYEBHHBI OTMEuajach B psje pabor. Onnako
JpVrHe aBTOPH CYHTAIOT, YTO MOYEBHHA paspyliaeT CTPYK-
TYPY BOJBL.

Hamn onulTel NOATBEpPXKI1alOT MEPBYIO TOYKY 3peHus.
ITOT BLIBOJ HAXOJHTCH B COTJACHM C BLIMOJIHEHHBIMH Teope-
THUCCKHMH aHAAM3AMH CTPYKTYPhl BOJHBLIX PaCTBOPOB He-
9JEKTPOJHTOB B paMKax o0600EHHON JABYXCTPVYKTYPHOH
MOJIEJTH.

Oxasanoch, YTO MOJIEKVJiaM HE3JEeKTPOJHTA He3aBHCHMO
OT HX XHMHYECKOH NPHPOAL! BHITOJHEE BHEJAPHATHCA B [O-
JOCTH JblonoAoGHOK CTPYKTYPH, HEMXKeAH o0pa3oBLIBATH
pacTBOPHl 3aMEUEHHA B pPasynopsjioMeHHOH CTPYKTYpe.
Orciofa npaAMO Ceiyer, UTo CTPYKTYPHOE paBHOBeCHe B pac-
TBOpPAX HEIJCKTPOJHTOB JIOJIZKHO CABHTATLCH B CTOPOHY JIbJ0-
noA06HOH CTPYKTYpbl. AHaJH3 J1aHHBIX MO NJOTHOCTH pas-
OaBJEHHLIX PAacTBOPOB pHAJA HEJEKTPOJHTOB MOATBEPIAH,
410 GOJNBUHIHHCTBO HEJEKTPOJHTOB, B TOM YHCJE MEeTHJOBLIH
CUPT, MOYEBHHA, caxapo3a # [JIHIEpPHH, IeHCTBHTEJLHO
cTaGHAH3HPVIOT CTPYKTYPY BOABI. 3JTOT BBLIBOJ HaXOAHTCH
B NOJHOM COOTBETCTBHH C HallHMH CnNeKTpajJbHBIMH HabJio-
JEHHAMH.

[Toayuennnbie 3J7ech MaTepHalbl MO3BOJISIOT OOBSCHHTH
NPaKTHYECKH MNOJHOE HCUYC3HOBEHHE HENHHEHHBIX (QHIbLTPa-
HoHHBIX 3hdexToB B onukTax dureabrapirta u Tauna [15]
¢ yBennuenwem konuentpaunn pactsopa NaCl or 0 10
1,83 n. (Kak cJjeaver H3 HAlHX ONLITOB C YBEJHYEHHEM KOH-
nentpaunn NaCl crpykrypa Boisl epaspyiiaercsa»). Heusme-
HAKMHACA XapaKTep TEuYeHHA H NOCTOHHCTBO BEJHUHHBI T,
¢ uamenennem kKouuentpauuu KCl or 10°? po | H. momHO
TaKkxe 0OBACHHUThL NPEACTABJEHHBIMH 3/1€Ch JIAHHBIMH: B pac-
teopax KCI cmemnenns rnojoc BOJOPOJHON CBA3H BOJLI (a cue-
JOBATENLHO, HH «Pa3pymeHHs», HH «CTaOWIN3aUHH?) He
o0Hap yKeHo.

Banaiue Temmnepatypsl Ha CTPYKTYPY BOJIbI W €€ TEYEHHeE.
Brime (cym. puc. 27) Gbijio MOKa3aHo, 4YTO ¢ YBEJHUEHHEM TeM-
neparyput 10 3Havennit 338 K seauunna v, — 0 W HeaHHEH-
Hble (uabTpauHonusle 3pekThl HcuelaioT. AHAJOTHUHLIH
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pesyabTar O6bl1 moayued B skcnepumentax B. M. Cobosesa
1118], B KOTOphIX BA3ZKOCTE B MHKpPOKaAnHaAAfpax He O1/iH-
yaerca OT TabJHYHBIX 3HAYeHHi npH Temneparype 338—
343 K.

Bausuue saMopaxuBaHMsi H OTTaHBaHHA BOALI Ha ee
BA3KHE CBOHCTBa HccaeaoBanoch B pabore [911. Baskocrs
Hamepsisiack Ha BHCKosumerpe [I'enaepa; Bpemsa mnajeHus
lIAPHKA OTCUMTHIBAJAOCH [0 CEKYHAOMEPY € TOYHOCTbIO /10
0,1 ¢, remneparypa Bojibl H3MepsJack ¢ ToyHocerbio jgo 0,1°C.

Mamepenusi MoKasa/M, 4TO BSI3KOCTh TaJIOH BOIbI yBe-
awuuaace Ha 10% npu Temneparype, Osu3kodi k 273 K,
n o 15% npu Temneparype 323 K no cpaBHeHHIO ¢ KOHTPOJib-
HO#l BOJOH, HE NojBeprabBlIedcs 3aMopaKHBaHHio. JaHHbLIH
sppext HabAONAACH B OMbITaX € AHCTHAJHPOBAHHOH H BO-
JIONPOBOHON BOJOH, a TaKkKe ¢ BOJOH, MOJYUCHHOH H3 ecre-
CTBEHHOIO JibJla H CHEra, H [MO9TOMY €ro He/b3si 00BACHHUTH
BAHAHHEM npumeced. DPpdexkr He 3aBHCET H OT YCJIOBHH 3a-
MOpaKHBaHHSA. ABTOpPbI CBA3BIBAIOT HaGJMI0/laéMBIH  3(PEKT
YBEJHYEHHA BA3SKOCTH TajA0H BOABI C CYIIECTBOBAHWEM B Ta-
J0# BOJE HAJMOJIEKVJISIPHBIX CTPYKTYpHbIX oOpasoBamHii,
paamepsl Kotopblx focturatwr 2-107* m. llocae ¢uasrposa-
HHUSl TAJAOH BOJBI uYepe3 KpynHosepHHCTBIH (PHABLTP (C JHa-
metrpom mnop OGonee 5-107% m) aspdexr-ne ncuesan. YHepes
GuabTp co cpeaHum jaHamerpom nop 107° m ranas Boaa ue
¢nabTpOBasa; ¢ TMOBHILEHHEM mMepenajga JaBjieHHs YacTb
BOJAH (HALTPOBAJA, H B Takoil Boae 3(dexT noBbieHHS
BA3KOCTH HCHE3aJ1, YTO CBA3BIBAGTCHA C paspylieHHeM HaJMO-
JCKYAAPHBIX 00pasoBaHHH.

Asropnl Hab/I0laNH TaK)Ke YBenHYeHHe pPAaCcTBOPAIOLLEH
CMocoOHOCTH TaJOi BOAbI, €€ JeKTPONPOBOJHOCTH H MOBEpPX-
HOCTHOTO HaTAKeHHA. DfpexT NMoBbILEeHHA BA3KOCTH B Ta oM
BoJle Hcuyesas uvepes 3—b6 cyT NpH KOMHATHOM TeMmmepa-
TYpe.

B patGore [91] takke sameueHo, uro Boja, obpasoBas-
waacs B eCTECTBEHHBIX YC/IOBHAX, B NEPHON TasfdHHA CHEra
BECHOH, npu TosHHe ee caof okKodo 0,1 M npaxkTHueckH
He (hHABTPYeTCH yepes neckH ¢ guamerpom sepen (1—2) - 1074 .

3aBHCHMOCTE HEKOTOPHIX CBOWMCTB TaJoil BOJAEI OT Cllo-
cofa ee noJayuyeHHs (HanpHMep, CBexepacn/jaBjJeHHOH i3
Jbjla) oTMedasach H IpyrUMH HCC/IETOBATEASIMH, B TOM 4HCJIe
o ee AeHCTBHIO Ha pasJiHyHble OHOJOTHYECKHE OOBEKTLI.

A. H. Knprunuessim n JI. H. Enudaunoseim (1967) no-
Ka3aHo, 4T0 KpHBas MNOJHTEPMBLI MOBEDXHOCTHOrO HaTHe-
HHSI BOABLI M BOAHLIX PACTBOPOB 34aBHCHT OT IIPEALICTOPHH
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obGpasua. M3 peayabTaroB OnbITOB CJAELYET, YTO MOJHTEpMa
MOBEP XHOCTHOTO HAaTHAMKEHHS CBeXENneperHaHHoil BO/bl HOCHT
CMelaHHbIil, MOHOTOHHO NAJAOMIHIE H OLHOBPEMEHHO OCIIH/I-
JUPYIOUHI XapaKTep ¢ [epHoiioM B HECKOJLKO rpajlycoB.
B Boje, nOABEpPrHyTOill 3aMOpaXKWBAHHIO H OTTAHBaHHIO,
BooOuUle He OOHApYXKHBACTCA 3THX aHOMaAHH. ABTOPH Bbi-
ACHWIAH, uTo pH H 3JeKTpONnpoBOHOCTE TAJNOH BOABLI HE OTJIH-
galoTcAd OT TAKOBBIX Y CBEKeneperHaHHoOH BOJB; OHM MpH-
XONAT K BBHIBOAY, 4YTO VKasaHHbIE ABJEHHS CBSI3AHBL C nepe-
CTPOITKON CTPYKTYPH BOJ/IbI, KOTOPas MOXET 3aKJI04aTbhCH
B Nepexofie OT CTPYKTYPhI, XapakTepHOoil AJif CBeXKeneperuaH-
HOH BOJBI, K JAbJ0ONOA0OHOIH CTPYKTYpe, XapakTepHoil aas
TaN0H BOJBL

B cBasH ¢ sTHMH (akramp wamu ¢ [0, A. Ocunosbim
OblIH TpoBEAeHBl Hecqenosauda pH u saexkrponpoBoaHOCTH
Tajnoii poasl. BHauane HCNOAL30BaJIACh METOjLHKa, npeino-
wenHan KuprunueesiM n EnndanopeiM. IJueruanupoBaHHas
BOJld B CTaKaH4YMKe 3aMOpPaXKHBAJACh B XOJAOAMJBLHHKE.
Yepes 15—16 4 crakaHYHK cO JbJOM H3BJCKAACH H3 XOJO-
AuAbLHHKA H Jge) naasuaca B rteyeHHe 20—30 muu. [loay-
YEHHYI0 Taaylo BoOly noMewanan B Tepmocrat npu 293 K
na 15—20 mun; 3arem namepsaan pH u anekTponposoaHoCTb.
PasHocTh MeK1Y TaJOW M CBe:KeneperHaHHoH BOJAOH B 9TOM
caydae He o0Hap yXxHBanack.

INpn samopa)KHBaHHMH BOJE B CTakaHyHKax Ow0 ycTa-
HOBJIEHO, 49TO noJydaioulHiica Jejl HMeerT PasHYI0 TeKCTypy
B BepXHeH H HuzkHel vacTH obpasia: BepXH#a 4acTh Jbia
Henpo3payHas H3-3a G0JBILUOrO KOJHYECTBA rasoBbIX BKJIIOYE-
HAH; HUMKHAS YacTb npospauHas 6e3 rasoBBIX BKJIOYEHHI.
B nanasHeiiueM H3MepeHHs 3JekTponpoBojaHocTH u pH
NPON3BOAMINCE OTIAGNLHO M1 TaJoH BOJALI, NOJYHACMOH
C BEepXHEeH YacTH, ¥ BOJbl, HOJAYYAeMON ¢ HHMHEH yYacTH
oOpa3na Jbja.

Hasn storo obpasel Jibla NpeJBapHTENbHO paspesa’cs
Ha /B¢ 4HacTH TOHKOH BOJILPAMOBOH MPOBOJIOKOI, ilporpe-
BAeMOjii sseKTpHYecKHM ToKoM. [IpoBosnoka nepen ynorpebie-
HHeM KHmaTHJach B JIHCTHIJAHpPOBaAHHOH Boje. Bpems or
HayaJla TasHHA 0 H3MepenHs He mnpeBbimajso 50—60 muH.

Beiio ycranoBaeHo, 4TO B TaJA0i Boje, TOAYYEHHOHW H3
BepxXHel wactH ofpasua Japla, 3JEKTPONpOBOAHOCTh BO3-
pacraja moutH B 2 pasa MO CPaBHEHHIO ¢ HCXOAHOH BOJOH;
oiHoBpemenHo HaGmonanocs yseanuenue pH. Jdas nmnxuei
yacTH oOpasua OBJIO 3aMETHO VMEHbIeHHe 3THX BeJIHUHH
N0 CpaBHEHHID ¢ HCXO/IHOH BOJOH.
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Taxum obpasom, Tajsasg BOJa B 3aBHCHMOCTH OT cnocoba
€e NOJIYYEHHsS MOMKET XapaKTepH30BaTbCH BHICOKHM COLEpsKa-
HHEM PacTBOPEHHRX B HEH Trasos.

[Ipu dpuaAbTpaUHH TAKOH  BOALI 4epe3 MOPHCThie cpein,
KaK MOKasaHo B pasjiene | macrosaued riaasbl, NPOHCXOMHT
BhIIGJIEHHE PAcTBOPEHHBLIX TIAas30B H ¢KOJbMATALMA» HMH
MOPOBOTO MPOCTPAHCTBA.

Jror adxperT, Kak ¥ HaJHUYHE MHKPOKPHCTAJJOB Jbja,
ABJIAETCA OAHOH H3 NPHUYMH KaxKyILerocs H3MEeHeHHs peoJio-
rHYecKHX CBOWCTB TaJOH BOALI, HabawlaBlierocs B paboTax
[15, 911.

3aMeTuM, 4TO NPH (QUJABTPAIHH NPH BLICOKHX JABJEHHAX
HAH yepe3 KpYNHO3epHHUCTHIe (DHABTPE HPDEKT MOBBIIEHHA
BA3KOCTH Hcuesas |91], 4To €cTecTBeHHO CBfA3aTh HE TOJbLKO
C paspyli€HHeM HaJAMOJEeKYAsipHBIX oOpa3zoBaHuil, HO H
C HEJOCTATKOM BPEMEHH KOHTAKTa AJ7 YCTAHOBJCHUA TEpMO-
NMHAMHYECKOIr0 pAaBHOBECHS CMECH BOJla—ra3 #H 3aKy-
MOPKH MOPOBOIO [POCTPAHCTBA.

B ToO e BpeMs H3MEHEHHe KOHUEHTPallHH PacTBOPeHHOro
rasa B ceeKeraoll (Kak H B «MariMTHOH», «yJALTPA3BYKO-
BOi», «KHIAYEHOH» M T. I.) BOAE NPHBOJHT K CMELIEHHIO
CTPYKTYPHOrO paBHoOBeCHs (CM. MNpeibAyLil pasjaen) co
BCEMH BBITEKAIOIIHMH H3 3TOrO MOCJIEJACTBHAMH, B YacTHOCTH,
K H3MEHEHHIO pacTBopfiouel cnocobHOCTH BOABL. 10T dakT
NpH MPOYHX PaBHbLIX YC/JAOBHAX MOMKET SABHTHLCH OJHOH H3
NPHYHH AdHOMaJbHO BBHICOKOH OHOJOTHYECKO aKTHBHOCTH
oOpaboTaHHOH (PUIHYECKHUMH [1OJSMH BOJLHI,

AnnpokcHMHpyiOWHe moaeaun. McenojbsoBanue MOHATHA
o0 5S(peKTHBHOH MNEpPEeMEeHHOH BA3KOCTH, OTPaKalollero
BCI0 CJIOMHOCTbh MNpomecca TeYeHHA MKHJKocTeH, NpeicTaB-
ASIETCA HCKAOUHTENbHO [JIOJIOTBOPHBIM, OJAHAKO NPH Ta-
KOM [IO/IXOl¢ BO3SHHKAIOT CYLIECTBEHHBIE MaTeMaTHYeCKue
TPYAHOCTH TMPH peiieHHd npHKIagHLX 3aga4. [lostomy
NpH HCCJAENOBAHHH TeueHHsl JKHIKOCTeH B KallWIJaspax u
MOPHCTHIX CPeflaXx YacTo OrpaHHYHBAIOTCH MO/Ie/IbHBIM aHa-
JAH30M. _

B uacrosimem naparpade OYyAYT pPacCMOTPEHLI MOJE/ib-
HLIE CHCTEMBI, KOTOpPbIE B 3aBHCHMOCTH OT COOTHOLUEHMS
MEM/LY CKOPOCTBLIO CABHra Yy M Hanpsi:eHHeMm CABUra T Ha-
3bIBalOT: 1) HBIOTOHOBBIMH, 2) HEHLIOTOHOBLIMH, 3) Bfi3KO-
MJIacTHYecKumu 1,

—

' Paa apyrux ogHoMepusix peoJIOrHYecKHx Mojeneii, ne paccMoTpeH-
HblX 3]ech, NpHecaenw B paGore [136G].
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HbiOTOHOBBMHA HaskBaIOT KHIKOCTH, MJsl Ko-
TOPEIX CNpPABEJJIHBO CJEAYIOHIee PEOJIOTHYeCKOe YpaBHeHHe,
CBsI3bIBAIOLLEE KacaTeJhHOEe HanpdAXeHHe CABHIa M CKOPOCTh
C/IBHra:

T =1y. (42)

3aBHcHMOCTB T (y) AN HLIOTOHOBLIX KHAKOCTEH npei-
CTABJISACT MNPAMYIO JHHHIO, NPOXOAfALIVIO Yepe3 Hayajo

T
KOOPAHHAT, TIPH 3TOM BA3KOCTHE 1] = —— — @JIHHCTBEHHOE
i

pPeoJIOTHYECKOE CBOHCTBO, BXOJfILEC B PEOJOTHUeCKoe ypaB-
HeHHe, OCTaeTcs [OCTOAHHOH, -

JKujikoetH, And KOTOPLIX CHpaBelHuBO peonornyeckoe
YPABHCHHE BHId!

T = Ky", (43)

rae K u n -— KOHCTAHTbI, MOJYYHJIH HA3BAHHE H € H b 10 T O -
HOBH X3,

KpuBas T (y) AN HEHLIOTOHOBBIX JKHJKOCTEHl TaK}Ke
MPOXOJIHT Yepes Ha4YaJo KOOopJHHAT, HO He ABJIAETCH MNpAMOI
JHHHEH, [O3TOMY IO Mepe BO3PacTaHHs CKOPOCTH CIBHTA

BSI3KOCTb T/y H anddepenuuaipnas BR3KoCTh d'r,fd? YMEHb- -
MIAIOTCH.

Cuctemy, peoJsioTHYECKOE ypaBHEHHE COCTOSIHHS KOTOPOR
ONHCHIBAETCHA 3aBHCHMOCTLIO

T — Ty =N*Y, (44)

e Ty — NPENCBHOC HaNpiXMEHHE CHBUTA;
nN® — maacTHuUecKas BA3KOCTh,
HAa3bIBAIOT BA3KOMJIACTHUECKOH,

B oreyecTBeHHOH JHTepaType Takylo cHCTeMy OGbiuHO
HasbIBAawT TeNOM mHEﬂDEE—-EHHFEME.

Cpeny, cBoiicTBa KOTOPOH NpPW HHCTOM CJIBHI€ OIHCHI-
paiorcsl ypapnenuenm (44), C, A. Tpycoe u H. B. Tadun [121]
HA3BIBAIOT BA3KOXKECTKONMACTHYECKOH, HJN OHHIaMOBCKOM;
NpH T =< T, Takas cpela SsBJAETCS KECTKoH, HexedopmH-
pyemoii. BaszkonjacTHyeckHe wmaTepHasibl, KOTOpBIE TIpH
T == T, 00HAaPYKHBAIOT YNpYyrue cBOHCTBA (pacTBOphl, pace

' B ceoelt monorpadun M. Peitnep [109] Takue KHAKOCTH HaswBaeT
00o0LIEH HEIMH HBLIOTOHOBLIMH; B paGore Yuakuucona [123] muakocts
C XapakTephcTHkod BHila (43) OTHOCATCA K NCEBAOMJAACTHUHLIM.
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— naassl ¥ 1p.), C. A. TpycoB H
. H. B. Ta0uH oTHOCAT K wBe-
—© R JLOBCKHM. .

AP iﬁ B oraunune or (44) ypasHe-
HHE TeueHHsl TaKHX MarepHa-
aoe [121] wumeer Bux:

(" .

b O 2 —1 =Ty, (45)

T Hafinem ypasHenue, obuiee

Puc. 29. K puibogy ypabhenuii, JIJIA BCEX TpeX KJACCOB MHI-

CBASLIBAIOWHX PacXol ¢ pyuxk- KocTeil, CBf3bIBalolLee pac-
IlHeH HANPpHMKCHHA CABHrA X0/ Q c ¢},H HHHEﬁ Hanp sxKe-

Hus cagura f (1) [1231.

Peosioruyeckoe ypapHeHHe COCTOSHHMA 3anuiieM B Buje:

v =/ (). (46)

Has umaunjipHdeckon TtpyOul panHyca r Bmecto (46)
HMeeM:

& =@ (47)

PaccmoTpuM  paBHOBECHe CHJI, NPHAOMEHIBIX K  9J1e-
MEHTapHOMY UMJHHAPY pajiHycoMm r H jaudolt [ (puc. 29):

2arlt = nr*AP

HJIH

rAP
¢ o (48)

Jlaisi sHaueHHi T HA cTeHKe BMecTo (48) caeiyer sanHcaTh;

A
=, (49)

rie R — paavyc HIMJAHHJpA.
CpaBuuBasi ypapHeHnusa (48) u (49), samernm, uro

T=T % (b0)
[NMopcrapans B (47), nmeem:

do r
e (T= T). (5])
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Hurerpupopaune (51) naer:

o(r) = jf ( ;7 -fr) dr, (52)
OTKY/4 B
d[ arv (r) dr (53)
HJAH
Q= ju (r) d (Y. (54)

Huterpupys (54) mo wacrsm # umes B Buay, uro V (R) =
— (), Haiaem:

R
0 =J rf ( T %) dr. (55)

[Noncrapassa ByecTo r ero snavenue u3 (50) B opmyay (55),
NOJY4HM:

;IRH = L?I-_I. f{T] dT' {56}

Hoiomonoger  acudkocmu. CpapuuBasa ypaBHeHHA (42)
H (46), sanumem:

F@)=—- (57)

[Moacrasasa (57) B (56) M uMes B Buay (49), nocne uurter-
pupoBanusi mosiyuum ypasnenue [lyaseiisis:

AP
Q=51 (58)
Oboznaunm:
AP =pgH; 1=, (59)

rie p — NI0OTHOCTh MMHIKOCTH;
g — YCKOPEHHe CHJBl THIKECTH;
H — ruapaBaudecknii nanop;
| — rpanuent Hanopa.
Toraa cpeanss CKoOpocTk MOTOKa MHAKOCTH:

s R RIpE)
U——quﬁ 5y (60)
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3aBHCHMOCTE CKOPOCTH OT JIefiCTBYIOWHX CHJI JUTH HbIOTO-
HOBBIX HIAKOCTEH JHHEHHA H NPOXOJAHT 4Epe3 HavyaJo Koop-
auHat. Jlnneinasn cBf3b MEXKY CKOPOCTBIO H JICHCTBYIOIHMH
CHJIAMH LI HBIOTOHOBBIX #{HAKOCTEll MO3BOJASIET NPH OlH-
CcaHHH npolecca NepeHoca Macchl M 3HEPrHH B 3TOM Cjyuae
NPpUMEHATHL Xopolllo paspaboTaHHbIH anmapar MaTemMaTH4e-
cKoit (u3uKH. MaremaTtHyeckas TEOpHA JABHKEHHs TaKHX
JKHJIKOCTell J0CTAaTOYHO No/1HO pa3suTa B padorax B. M. Apa-
puna, H. M. Opyxuuuna, JI. C. JleiiGensona, M. Mackera,
[1. §1. [Moay6apunosoii- Kounnok, H. A. Yapuoro, B. H. llles-
kauesa w b. B. Jlanyka [3, 50, 70, 75, 102, 128, 1371

Henoromonosot acudxocrmu. Cpauusas (43) u (46), nmeem:

Fo=(%)" (61)

[Moncravoska (61) B (56) u muTerpuposanue ¢ yyerom (49)
AaloT:

= naR? ( RAP )”"_ (62)

3n -1 20K

st HbIOTOHOBBIX XHjAKocted n =1, K = 1, caejo-
pateabHo, (62) coBnmanaer ¢ (98).

[Tlapamerpel K H n onpenejsioTcs NyTeM BHCKO3HMETpPH-
YJeCKHX M3MEepeHHH H aHaJH3a KPHBBIX KOHCHCTEHTHOCTH.
Kak BuaHo 3 (62), napamerp n XapakTepH3yer CTENeHb
HEHBIOTOHOBCKOI'O TNOBEJIEHHH MHTEI]HE.TIE — YEM CHJbHEE
OTJIHYAETCH N OT @IHHUMILL (W15 HEeHbIOTOHOBBLIX MHAKOCTEH
B KJaCCHYECKOM MOHHMAHWM TAKHX CHCTEM — TOJBKO B MEHb-
LIYIO CTOPOHY), TeM OTYETJAHBEH NPOABIACTCH HEIHHEHHOCTh
TeueHus; napamerp K aApasiercs MEPOH KOHCHCTEHLHH ZKML-
KOCTH — y4eM GoJbiue K, TeM Melblle ee TeKyuecTh. ¥ peaJb-
HBLIX MHIAKOCTEH 3TH nmapaMeTphl NOCTOSHHLI JHIIL B ollpeje-
JEHHOM JAHANA30HE EHDPGETEﬁ ¢/iBHTra, uTo CO314d€T JIOI10.1-
HHTe/BHBLIE TPY/AHOCTH AJs onucaHna ux reuenus (123, 136 1.

C yuetom oGosuauenuit (99) uz dopmyas (62) noayunm
BhipaKEHHE JUIA CpeiHeH CKOPOCTH MNOTOKa:

nk HPH ”ﬂ_, ’ -
ST D ( 2K ) <Rl (63)

Basxonaacmuueckue cucmemsl. Peojornueckoe ypasHe-
HHE COCTOSIHHA HMEeT BH:

]-"_1"

V= =), T, (64)
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rae f (t) — npepuiBuas ¢yukuna: f(r) =0, 0 <1 <71y

Ty — Tn

f{t}_-—wﬁ——, Ty T

[Tocae nmoacranoBki (64) B (56) ¥ HHTErpHpOBaHMA ¢ yue-
Tom (49) noayumm: T

o=t [1 =5 (mp) ++ (75)]- @

3apHcHMocTh (65) n3pecTHa Kak ypasuenune bykuHrema—
Pefinepa [109].
[lpu t, = 0 ypasuenue (65) nepexojunr B (58).
Beenem obosHaueHue .
o 2%
L BRI

(66)

Toraa ¢ yuerom (09) u3 (6) aas cpefHel CKCDOCTH MOTOKA
noJayuum *:

o= =l [1—5(F)+ 5 ()] ©

Teuenne cHCTEMbl, NOJYHHAKLLIEHCH 3aBHCHMocTH (67),
HayHHaeTca JHWb NpH rpaawentax Hanopa [ > [,.

Y pasuenne (44) cpaBHMTEABHO NPOCTO pelnaercs A
psilld 3a/1a4, B TOM 4HC/E HMEIOHX NPaKTHYECKoe 3HaYeHHe.
O63op Takux paGor npusoautesi M. Tl Boaaposuuem
[27, 28].

P npakTHYECKHX 3a/1a4 TEYeHHS IJIMHHCTBIX PacTBOpOB
no Tpybam n xenoGam, HCTEYEHHsI W3 OTBEpCTHH, o0TeKa-
HHS TBEPAOTO Tejaa npupeieH B MoHorpagum [135].

Bonpocs! JaMHHapHOro H TypOyJIEHTHOTO TEYCHHA B Kpyr-
Ablx TpyGax, TenaooOMeH H nepemeliHBaHHe BA3KONJAACTH-
YECKMX CHeTeM pacemoTpenbl B MoHorpadun [123 1. Kpurepui
nojo0ust NpH  ABHMKEHMH BASKOIIJIACTHYECKHX MHAKoOCTEH
paccMotpensl, B uacTHocTH, B paGore [135].

. Jlas Gonee caomubiX 3anau audupepeHunanbHbe ypaBHe-
HUS TedeHnsl BI3KOMIaCTHYECKOro Tesa HeoGXO/JHMO 3arH-

! M. A. Carrapos [115] nokasan, uto dopmyaa (67) creayer Kak na
Kanuwiaspuoll Modean npu Ty =consl, Tak u u3 wenepoll MOJEAH, KOTAA T,
npeAcTaBIeno Hexmuimﬁ hyHKIHed TOYKH MHEPONOPOBOIO NPOCTPAHCTBA,
cMm. Takwe [143].
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cuBaTh B Ooaee obmem Buje no A. A. Habsomuny [581],
oboGmusinemy runoresy IlIperosa—Dbunrama, npeaoKen-
HVIO IS cavuas uneroro casura. B paGore [40] nokasawo,
yto cuctema ypasHenuit Masiommnna u Tenku Bbipaxaer
CBONCTBA TAKOH 7K€ BA3KOMJACTHYHOH CHCTEMLI, Kak # ypas-
Henne (44).

Psi1 npakTHYECKHX 3a1ad NPHMEHHTEJLHO K TVIHHHCTBIM
pacTBOpaM Ha OCHOBE pellleHHs JAH(PEepeHIHaTbHBIX Ypas-
penuit Nenku—MWaptomuna aan B MmoHorpapusx [80, 811].

B monorpadun Il. M. Oru6asosa u A. X. Mupsaaxan-
sage [94] maubl MeTONAB pEIIEHHS HECTAlHOHAPHBIX 3axay
BA3KONJIACTHUHOCTH, TOUHBIE® W NPHOJHKEHHBIE peLlenis
OHOMEPHBIX HECTAallHOHAPHLIX 3ajay, IJaBHEIM 06pasom
NpUMEHHTEABHO K HedTenpoMbiCI0BOil MEXaHHKE.

Peosiorusi moaiMepHBEIX MaTepHanos NoApolHO H3jaaraercs
8 monorpaduu A. Jlogxa [71]. Ocoban sacayra B pasButiy
TCOPETHYECKON M 9KCIEPHUMEHTANLHOH PEOJIOTHH JIHCnepe-
puix cicrem npunapiexur I A. Peéungepy, M. T1. Bosa-
popuyy, A. X. Mupsamxansaze, M. Peiinepy [27, 81, 93,
94, 106, 109].

Heauteitnas GuabTpauMs B 0 HOPOAHON NOPHCTOIN Cpeje.
Ecan mopuCTYIO CPely MOJeJHPOBATL CHCTEMOH Henepe-
COKAIOMMXCS UHJAHIJIPHYECKHX MWJIH MJIOCKHX KanHJJisapoB
0HHAKOBOTO pasmepa ¢ MJIOTHOCTBIO /M, TO JAdsi CKOPOCTH
noToka BMmecTo (67) MOXKHO HanNHCATb CJeVIOULHE BbIpare-
HILSI:

o=k 1—5(F)+7 ()] @
H
o= Ky1 [1—5 () +5(F) ] (69)
rje :
K= %ﬁ:g I K;‘=%:f'. (70)

Kosddguument ¢uastpaunun Ko Aad peaibHBIX NOPHCTHIX
Cpejl ONpee/IseTesl IKCNEPHUMEHTIBHO NPH JIOCTATOYHO Bbi-
COKHX TrpanHeHTax Hamopa [, npH KOTOpbIX KoshpHUHEHT
(GUABTPALMH COXpaAHfeT IOCTOSHHOE 3Ha4yeHHe.

HNas I > 21, sasucumocti (68) u (69) MoxHO annpokcu-
MHPOBATh BhIPAXEHHEM:

v =Ko ([ —nly), (71)
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rje n pasHo Yiu %, aaa Monesd UHJIHHAPHYECKMX H TJIO-

CKHX Kanu/aspoB COOTBETCTBEHHO.
I— 1 :
Bns —— L 1 ypasuenns (68) u (69) annpoxcumu-

f
pylorca [40] saBucHmocTHIO:

v =K (I — I,)% (72)

rae K — napaMeTp KpPHBOH.
O6o6menHbld 3akoH J[apen ang ojHOMepHOTro cayuyast
MOXHO 3alHCaTh B CJAEAYIOLEM BHjE:

o= K(I) I (73)

B Tako# sanucu ypaBHeHue (73) oTanHuaercsi OT 3aKOHa
Hapcu Tem, uTo BMECTO MOCTOSHHOrO 3HaveHus Koapduuuenta
duabTpauun K, 3lech HcrnoJab3yercs Koapduuuent K, sa-
BHCAWIHH oOT rpajavenTa Hanopa. Buj saeucumocrd K (/)
onpejenfercss Kak TeoMeTpHeil NOPOBOro NpPOCTPAHCTBA,
TAK M PEOJIOTHYECKHMH CBOHCTBAMM J>KHILKOCTH.

B uacrtHocTH, A CHCTEM, OMNHCHLIBAGMBLIX YpaBHEHHAMH
(68) u (69), sapncumocte K (I) Oviaer UMETH BHIL:

xO=Kli—+ @)+ 2 ()

K=K [1—$(%)+ +(4)]. @

5. THAPABJIMYECKHA PACHET FOPH3OHTAJIBHOIO
CHCTEMATHYECKOIO JAOPEHAXKA. 0 KJACCH®MUKALIMH
NOYB 30HblI H3BLITOYHOIO VBJAAXNHEHHSA

FopuszoHTaJbHBIH CHCTEMATHYECKMH JipeHAX B OAHOPON-
Hom rpyHte. Olnpeje/ieHHe PACCTOAHHA MEXAY JpeHaMH NpH
HHQHALTPAIHOHHOM MHTAHHH H CTallHOHAPHOM peXHME [0-
TOK# BEIETCHA MCXOoJlfl H3 paBeHcTea 00BEMOB BOJEBI, OTBO-
AMMOI  JipeHaKeM M [OCTynaiolled B BHIAE «PacueTHOro
NOMIAY ¢ HHTEHCHBHOCTBIO WHOHALTPAIIMH OCaJKoB p (cXema
Ports). Pacuernas cxema npusenena ua puc. 30, 6.

'OcHoBHBIE JlONYIIEHHA, MpHHATHE B pacyere: 1) noBepx-
HOCThp BOJOYNOpPA TOpPH3OHTaJbHafA; 2) BepTHKa/AbHbIE CO-
CTaB/ISIONIHE CKOPOCTH JIBHYKEHHA HHJIKOCTH NpeHefpexHMO
Magbl; 3) pacxol JKHAKOCTH B 30HE KanWJAAPHON KaHMEI
He yuuthiBaercs; 4) p << K.
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a s $ o
Pre. 30. Pacuetnas cxema COBEPIICHHOrO Apenaiia B OHOPOAHOM TpyHTe!
d — BeDTHEALTLHOI; 0o — FOpHAOHTAALHOTO

Sakort hurempayuu (71). C yaerom (71) nuddepennnalib-
Hoe ypaBHenue JlionioH npHHUMAeT BHJL

Kot (G —io) = P(S—2), (76)

rane S —_ pﬂt‘ETDﬂHHE‘. aT [']]-ﬂl']Hl-lbl HHq}HﬂhTPauHDHHUFD [TH-
TaHWs A0 HayajJa KOOpAMHAT;
fy=—nl.
Ofo3Hanim ' Vi

S—x=X; —dx=dX; & =D,
0

i

Torna pmecto (76) noayuuwm:

Ii_ —~-"3'X--fny
= G ”

(77)

Bsona woByw nepemenuyio y = Xu; y = Xu' 4 u,
BMecto (77) zanuwem:
it du {3 dX (78)

ud b i+ D P

Unrerpupysa (78) npu ycaoepuu X =0, y = H; X = §;
y = h, ¥ BO3Bpallasch K MpeKHEH NepeMeHHoil, nocJe
HeoOXOMUMBIX TpeoOpa3oBaHHH IMOJYYHM:

9 . : P ool s [2Rad-{ig—A) S ie/A
18 +iohS + - S*] = H* | et s ()

]
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s oL —i2 < 0;

[frﬁ 1 ioheS 3 _% SE] =

~ e [~ 4 (5w 2]
s —H——fﬂ:—:-ﬂ.
I':ﬂ-E A= -l/fﬁ—— :{f: y A== —;:.i—tu

I A
Beanuuny S =~§-E MOXHO HalTH M3 rpadmuueckoro pe-

wenns (79) u (80).
Ilna cayuaa i, = 0 smecto (79) u (80) nmeewm:

SEVT

[MTpubauzxkennoe pemwenne (76) moxmer OHITL HailjleHo,
€C/IH NPHHATb, Y4TO KpHBaAs JENpPECCHH Ha y4yacTKe S fB-
JASI€TCH 3ITHICOM:

PP == [S'— (S— 2. 82)

(81)

Ecau npn HHTErpHpPOBAHHH BTOPOrO 4J/E€HAa JI€BOH 4acTH
(76) BMecTO Yy NOJCTABHTL ero sHauenue uia (82) (npenennt
HHTErpHPOBAHHA OCTAIOTCH NPEXHHMH), To pelleHHem (76)
Oyaer:

1
s

o+

T VA R . O Y

[lpu iy = 0 dopmyaa (83) npusoantca Kk dopmyae (81),
Ecau npeneGpeun h,, dopmyas (79), (80) u (83) cocorper-
CTBEHHO NPHBOLNTCA K BHAV: |

e 'l,»" Ko [ iog— & \lel2h
S=4 P (Iu‘-l'l

4 H. e, Boupapenko 97
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0 02 a4 06 qé 49
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Puc. 31. Baunune navaabHux rpajMcHTos Hanopa Ha pac-
CTOAHHE MeRAY Aperami (0AHOPOAHBIA TPYHT):

I — pacver no dopumysam (84, 85); 2 = pacuer no opmyne (86)

A :{p“ — iy < 0: (84)
S=H'V¥exp [—%—(—f}“ﬁrﬂ 12%)} (89)
JLJLs %—iﬁ}ﬂ.
S = —— ~2aHi, +
A 'V(% f}“ nHEu) ';"” HE (86)

Ha puc. 31 npuseaeHbl 3aBHCHMOCTH PACCTOSTHHA MExAY
npenamy £ OT BenHUHHB HAYaJbHLIX TrpajnenToB Hanopa [,
paccuntannbie 1o gopmyaam (84)—(86). B pacuere npuusTo:
p = 3.107" mieyt, Ky = 3 1072 m/cyr, H = 2 M. Mexnpen-
Hble PacCTOAHIA, PACCUHTAHHBIC NO npHGAHAKEnHoit dopmye
(86), 0Ka3LIBAOTCH 3aHHKEHHBIMH 110 CPABHEHIIO C PACHETOM
no gopmynam (84)—(89). UMz pmc. 31 Buano, uro naxe
HE3HAYHTEAbHBIE BeaHunHbl [, npuBOAAT K HEOOXOAHMOCTH
PEe3Ko yMeHbLIaTh PacCTOAHHA Mexay apenamun E ana obGe-
CreyeHnst 3alaHHOTO [MOJOMEeNns KPHBOW Jenpecciy.
Saxorn pursmpayuu (72). C vuerom (72) anddepenunans-
nHoe ypasHenue J[lionmon npHHHMaeT BHI:

Ky (= —1) =pS—2) (87)
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O6o3naunm;

S—it—=X; “fr=ﬂ' (88)
C yuerom (88) ua (87) uaiitem
iy - DX
"F_' Q= T“
HJIH
—Vy L =VDX+Vy I, (89)

Pemenne (89) cywecTseHHo Ynpouiaercs, ec/H Bhipa-
auTh y B npaBoil 4acti ypasrenus veped X. [lpumewm, kak
i1 panbine, YTO KPHBas JENPEcCHH Ha yyacTke S — 3JJHIC
¢ ypasnenuem THna (82). Toraa, samelsas y B NpPaBoOil YacTH
{HH} ero anaueHuem n3 (82) u HHTETPH]J}.'-I B npeaeaax y =
— hoana X =S uy =H ana X =0, noiayunm:

V- R <VDYS ——-IIH\'V

dX :
(90)

[Mocaennee Boipazkenne B npapoit yactn (90) snemenTtapho
He uuterpupyerci. Bocnoabsyemcsl pasomeHHEM MOALIH-
TerpanbHoil QYHKIUHH B pPsi

(1—F) " =1—5(5) =
_;-ﬁ("5")*“:.'33.1?2(}3()&"” %)

X
H 3aMeTHM, 4YTO NpH [—5-‘ =<1 pan a6cogOTHO CXOANTCH,

YTO JlaeT BO3MOIKHOCTb MOWJIEHHOTO HWHTerpHpOBaHHs.
Hurerpupys nocaeaunit wien (90) ¢ yuerom (91) u pewan
0J1YYCHHOE BhIpa/KeHie OTHOCHTRNBHO S, MOJYHiM:

V& VE -y
V'S 4l E
-l -

S== . (92)

rne n = 1,28 ¢ TtouHoctuio o 1Y%.
4* 0y



\Y [Tosruepknem, uto dop-

myJaa (92) cnpaBelanBa A
S CPaBHHTEJNbHO Y3KOrO0 HH-
TepBajia TrpajlHEeHTOB HamMo-

'E:t pa. -';r.l 'Cf'-"{(wu

K i Dy CHcTemaTHYecKnit  ape-
B 5 =& Ha B ABYXCJAOHHOM rpyHTe.
s B [Tpusenem pacuer paccros-
o = HHSL  Me/]y JpeHaMH B

| _ . . JBYXCJIOHHOM TpyHTE TMpH
g Eﬁéﬁiﬁﬂi"fﬁfﬁi‘f““ AE T npexuux ponyneHusx Aas

3akona duasTpauun (71).
PacuyerHana cxema IokasaHa Ha puc. 32.

[Mpuruman, uto Ko3hduuHEHT (HIBTPAIHH BepXHero
ci0s K, v HuxKHero — K, GoJabine pacyeTrHol HHTEHCHBHOCTH
WHOHIBTPAIHMH p, 3anHLIeM AJaa yuactka S, ypaBuenue lio-
mon (oGo3HaueHua CM. Ha pHc. 32):

H.E i Iﬂ‘?

KM (%“‘“"nl) +K:{Ef—M}(%““fns) = p(S—x)

(93)
HJIH —nydy+M{ra—l}dy—-£—XdX—~
— Miy (1 —nr)dX —nyi,, dX =0, (94)

rie n--T-’?- :n——n-fu, r"-—?-—, S—x=X. (95)

Loy

UroGbl He YCJOMKHATH peIUeHHe, 3aMEeHHM B TOC/e1HeM
ynene gepoli wactu (94) y ypaBHeHHeM mnpAMOI:

y=M- ’;; (S22 X; (96)

Hurerpupysa (94) ¢ yuerom (96) s npenemax or M no
M -+ h uwor S, 1o 0u pemas nosyyeHHoe ypaBHeHHE OTHO-
CHTEJBHO Sy, MOMYYHM:

Si=—-1“:_’—(M —I—nr-—-—)—|—-

+ Y (e )+ B () -
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S ek

Ha yuactke §;i auddepenuuansnoe ypapHenue [lionion
NMPHHHUMAET BHIL.

Kly(—ﬁi-—im)=p{3—ux} (98)
HITH Kiydy — K igiydx =p (S — x) dx. (99)

[Tpumem, KaKk H paHee, 4TO KpHBad ACNPECCHH HA ydacTke
S, ABJAETCS IJIHIICOM:

' M3 ; .
Y = ; [SiLSi—a'k (100)
|

Torpa, uuterpupya (99) B npeaesnax or 0 o S u or 0
no M [npH uuTEerpHpoBaHMM BTOPOTO uJeHa jeBoH 4yacTH (99)
BMECTO ¢ mojcTasisieM ero 3xHaveHns u3 (100) | u pemasn no-
JYUYEHHOE ypaBHEHHE OTHOCHTENBLHO Sy, MOJYUHM:

5= (5 + o) |

s V +- ‘Timrﬂﬁfl )3_{__ M;K, : (101)

[Mojscraaas B (101) Bmecto S, ero sHauenune u3 (97)
H yuuTeIBadA, 410 E = 2 (5, + §,), Haftzem:

L
IR o > 5 7
'l o 21K, :} MK, (102)
e
h
rie A:M—l—anl;
B=M+n?-
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[Mpu ige =0 (r. e. r = 0) u3 (102) caeayer Buipaxenne,
noayvuenioe B. A. Honarton [591:

2 oM o T/ K2 oMby L nh?) -
. B 55 : -]/ - (M2 = 2Mhy - nhi)

*

g

KoM igy
p*
f! H!J,'HE
e D= ]/ "‘p; 4 "‘71 2M - nh,) .
[lpn iy = i49 _D -:]mpu;.:m (102) npusojpurcs K cae-
AYIOIEMY BHIY:

E=2 )/ K - omn, .
[Tocaenusia popmynanpu K, = Ky, = K, 1.e.npun =1,
npusojnTea K Qopmyae Pors:
—oy 1/ K WA,
E-E‘HVF, H=M+h (103)

i 0,43 *“':‘ Ll B

[Ipn Gonee KOppeKTHOM pacCMOTpPeHMH 3ajiayH, Kak oTme-
yeo C. B. Hepnuuniv, HeoGXo UM y4eT MOJHOro rpajineHTa
Hanopa /, onpee/fiouiero JABYMepHbIH Xapakrep ABHMKEHNH
AHAKOCTH B 30He (DHABTpAlHH:

=V ET EaATEY | - 20 =l
I=V I+ = dx ? I”J_K{y}h'

B paccmarpusaemom 3jech NpHOIHAMEHHH, KaK W panee
[15], vuurTeiBaeTcsi TOJALKO Beauunna /..

0 knaccHHKaUHH TOYB 30HBI H30BITOMHOTO YBIAKHEHHS
a8 PAHOHHPOBAHKMA MEJHOPATHBHLIX meponpuaTthit. O6uHM
NPHHUUNOM B npejaaraeMoil KJaacCH(HKalHH SBJASETCA COOT-
HOWIeHHE Mex<ly (PUABTPAILHOHHBIM MOTOKOM, ABHIalOUHMCH
0 MOANAXOTHBIM CJI0SM (FPYHTY) K jpeHaxy (Qg), n nosepx-
HOCTHLIM BOIAHBLIM TOTOKOM, JIBHFAIOWHMCA K JIPEHAXKY 1O
CAMOMY NaxoTHOMY caoio ().

B 33aBHCHMOCTH OT OTHOLIEHHA:

RLANEE " S
M = ¥ PR (104)
KOTOPOE MOMKHO Ha3BaTh KpurepueMm QuabTpalHoHHOR 30-
()EKTHBHOCTH JipeHaKa, XapaxkTep npoueccosB yjlaneHua H30L-
TOYHOH BJari HMEeer CYUIECTBeHHbIe KayeCcTBeHHBLIC pasJi-
yiida, 00yC/IOBIHBAIOIWINHE HEOAHITAKOBYIO POJb pasHBIX MEIHO-
paTHBHbIX MeponpusaTHH. Ecan B cayuae M — 1 japenax
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E..

HIPAeT poJib COOpYKeHHus, obecneynBalollero 3alannoe ro-
JOMEHHE KPUBOK JlenpeccHH, To B cayvae M — ( apenaxnbie
YCTpPOHCTBA  BBLINOJAHAIOT poJib  BOJOCOOPHBIX M BOAOOTBO-
ASIIIMY 3aKPHTLIX KaHAaB. |

Coornowenne Mexay @ B @, 3aBHCHT OT BEJIHYHHbI
H '2S (otHowcHue rjyOHHbI H K PACCTOSHHIO MEMKIY JApe-
namu 28). Tlostomy s onpeiencHus (puasTpaunonHodt -
(PEKTHBHOCTH jipeHaXa B PasJaH4YHbIX NPHPOAHBLIX YCJIOBHHAX
MLl IOJIXKHBL 34J1aThCH onpeienennoil Beauunnon H/2S5, na-
npHMep, HCXO/JAH H3 Pa3syMHOIO CPOKa OKYNaeMOCTH JpeHaxa.

()cHosaHHas Ha oOlwem npHHILHNe KAacCH(PHKaILHA [OYB
paiioHoB H3OLITOUHOTO yBJAZXKHEHHS npuseireHa B tadba. 10.

Tabannua 10

Kaaccndukauus nous paftonos HabuTOUMHOIO YBIAKHEHHA

Cpoxk oRynac-

Knace nown M MOCTE ApeHn#a Mpuseyapne
Xopowo apeHHpye- I Maomer oka- ArpoMeaHopaTHBHBIC Mepo-
MEIC BATHOS HHIKE NpHATHA He Tpebdylorcea

HOPMATHBHOID
Lpennpyesote | Hopuatusunili | Tak Kak Qp = 0, 10 obec-

MeYSeHHA NPOHHUAEMOCTH
ApPeHaMHON 3acLNKn He
TpeGverca, HO MOryT no-
TpefoBaTHCA arpomeano-
ATHBHLIC MEPONPHATHH.
NTHMaJbLHOE peluenHe
HAXOAKTCH NPH y4eTe 34-
TPAT KaK Ha ApcHa€, T4k
H HA arpoMe/IHOPATHBIkE

MeponpHATHA
[Maoxo apennpye- | Boaume To wxe
MbIC HOPMaTHBHOTO
Ouyenn naoxo ape- |<_| He oxynaerca | Pasencreo M = 1 ue mo-
] VEMEIE AHeT OblTh AOCTHIHYTO jla-
#e npn H/2S = |
He apennpyemuie 0 He okynaercs | Tlpn Bcex paccrosnmusx 28

H J1060it pacueTHo HH-
TCHCHBHOCTH  OCAKOB
Q4 = 0. Tlpn obecneue-
HHH BOAONPOHAUASMOCTH
JApPeRAAHON 3ACHNKH Ape-
HaM, KAK H B Npeasay-
mes ciayvae, OGVAET Bhi-
NOAHATH poab sogocbop-
HBIX M BOJOOTBOIAULKX
JAKPLITEIX KaHas
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Caepyer oTMeTHTD, YTO laHHas kiaccuduxauus (C. B. Hep-
nu, H. ®. bounapenxo, b. H. Muuypun) apasercsa uucro
FHJPaBJIHYECKOH W HE€ YUYMTHIBAET BJHSHHE OCYIUEHHS Ha

HG'—IEDU&]}HE{IBETEJII:HHE NpOLECCH B PAa3JHUYHBIX NMPHPOJAHLIX
VCJOBHAX.

6. OBOBUIEHHE 3AKOHA JIAPCH
AN HEHACBIWWEHHOW CPEJIbI

- CkopocTh JiBHNEHHMSl BJard B HeHacCbilleHHOH cpeje,
llpuMeHHTEIEHO K HEHachIEHHOH cpele ypaBHeHHe (68)
3allHIIEM B COe1YyIOUEM BHJLE:

W
v=KW) I [| —g- 2w L@ R,

(I =10 (W, o) v =0, [ /| <1,(W, 7)) (103)

Han B opme saxona [lapcu

rie
Ky = KO0 [ 4550 LB

B ypasnenusx (105)—{107) oGosnaveno: W — paammnoctb; | — rpa-
AMeHT cHaoBoro norenunana; K (W) — paaronposofuocTs HELIOTOHOBOIM
wuakocTH; [ (W, Ty) — nexoTopas KOHCTaHTA JAs JanHON BAAMKHOCTH M
TEMIEPATYPBI, HMEIOWAN PAa3MepHOCTL rpajHeHTa CHJACBOrO noTeHlliana;
Ty — npejenvioe Hanpsmxkenue capura, K (Nw — napamerp, saBHCHIUHM
OT rpajHeHTa NOTeHUHaAa Aaf 3ajaHHON BAAXKHOCTH,

Ecan B 3aBucuMocTh (41) BHECTH KOPPEKTHBHI Ha CTENEHb

3all0JTHEHHMA . NOP BOJAOH, TO H3 HEe MOXKHO OIpEleHTh
I (W, To):

Iy (W, 7)) = i (108)
[Ipencrapum K (W) B caenyiomem BHIE:
K (W) =A (W) R, (109)

rae A (W) — KoncraHTa ANA JAaHHON BJIAMKHOCTH!
R — ruapapJuyeckuii pajauye.
3arem, nojcrasaasa (108) u (109) B (107), nonyuum:

Ky =A(W)R? [I ; Iot {'.Tt?’?mpg +

1 ] (Tal2)!
SN I‘[E{W’):ﬂpgl*}

(110)
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O[HHM H3 JOCTOMHCTB H3JO0MKEHHOI'O MeToaa o0o6uens
sakoHa [lapcu siBasieTcs BO3MOMKHOCTL OUEHKH BJIHAHHSA TeM-
NepaTrypsl Ha peoJiorHuecKkie CBOMCTBAa MHIKOCTH.

Temneparypuyio 3aBHCHMOCTD IS To, MOXMHO NpeacTa-

BHTh (cM. puc. 27) Kak:

333 —

T, =Ty, 293K < T < 333K, (111

rie T, — BeJHYHHA TPe]eJIbHOro HanpsKeHHs CABHra MpPH
temneparype 293 K;
T — repmonnHamuyeckan temneparypa, K.

Kak caeaver us taba. 3, B 1ex cayuasx, Koria Mbl HMeeMm
Ne/10 ¢ MOPHCTOH CPeloH, B KAayecTBe pPacyeTHOH BEJHYHHBL
MOJXHO pPEeKOMEH/0BaTh 3HaueHHe T, = 107" H/m>.

C. B. Hepmuu w E. JI. Xnonoreukos [88], mcnonpsys
KANWILIAPHYIO MOJEMb TpyHTa, noayuuian inas K (/) swipa-
HEeHHe: ;

I'F 4 ﬁ 1 | ﬂl i
K=t (,.,g = 5 e+ AW (112)

K ¥

Aot T (¥ -
E=——, f=-1, hﬂ=mpl. (113)

[Tpu peiBose (112) 6mio cjpenano JONViiEHHE O CVIUIECT-
BOBAHHH HeNnpepLIBHOH CBA3H MEMAY NOpaMu OJHOro pasmepa
M O HECMEellBAEMOCTH TOTOKOB, HAVHIHX [0 TMOpam pasmuy-
HOro pasmepa. B AeHCTBHTEJLHOCTH [IPH 3aNOJHEHHH BJAATOI
Mop HEOJAHWHAKOBLIX pasMepoB B npouecce GpHAbTpalllH BO3-
HHKAeT MNeperekaHHe BOJAbl H3 MNOP OJHOTO pasmepa B NOPLI
APYFOTO pasMepa, a cHeréma Mnop OJHOrO pasMepa MOKeT
NpepLIBATLCH MOPAMH APYIOro pasmepa.

BmecTe ¢ TeM aBTOpPHI MOJAraloT, YTO CleJAHHBIE 10Mylile-
HHA MOTYT OKa3aThCA He CJAHIUKOM rpyObIMH, TaK Kak 01HO-

-BpEMEHHOe HX HecobaionenHe apasercss (GakTOpOM, CHHKao-

MM CTerneHb OTK/JOHEHHS MOJAeNH OT peajbHOH Cpebl.

Ecau smecto &, ff u A, nojcrasuts B (112) ux sunavenus
ua (113), To aerko yGeaurbes, uto (112) ¢ TouHOCTHIO IO KOH-
cTanT cosnaiaer co (110).

IpubanmenHsie ypaBHeHHS [BHEKeHHMs BJarH B HeHacsol-
uieHHoi cpeje. MexoiHbiMH B TeOPHH JBHIKEHHA MKHAKOCTH
B HEHACHILEHHON cpele aBasAloTcsa: 1) 3aKoH, CBA3LIBAIOLIMI]
CKOpPOCTb MOTOKAa U ¢ rpajHeHToM AeficTBYIOUHX CHJl; 2) 3a-
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KOH COXpaHeH!si MacChl, KOTOPbIH JJ1fl OAHOMEPHOTO cJayuyas
MoKeT ObITh 3anical B BHLE:

oW 4,
= — (), (114)

(it oz

raic z — opjilHara, B HanpapJeHiin I{ﬂ'l‘{‘.'lp{}fi ABHMETCH [MOTOK,
{ — BpemH.

B nepeoM npHOGIMIKEHHH 15 CKOPOCTH NOTOKA NOA BAMSA-
HHEeM rpajHeHTa Kanuaasipporo Hanopa (npexeGperas
COCTABASIONICH CKOPOCTH ¥ B HETBEPTOH CTENE€HH) BMECTO
(105) MOZKHO 3aMHCATD:

{JI'} ] ﬂp -
V= Kn{P] [-dz__;“]’ B = Ly '[”5]
1P . ™
ﬂ';ﬂ‘ %Flﬁglm {llb}

rie f[-|.= ""‘;" fu".wr: Tu};
Ky (P) — ruapasianueckas  NpoBOAHMOCTL  (KO3(QHIHEHT
BJATOIPOBOHOCT ), 3ABHCHILAH OT KANWIIHPHOIO
naropa P.
YUUTBIBAH, YTO KanuJIAPHBLIH HAanop aBafercs (yHKIHEH
BaaxkHocth W, dopmyant (115) u (116) MomHO nNpHBLCTH
K BHILY:

W W |
v=—DW) [S-—i], |F|>m (A1)
W .

v= U, ‘L'F 2=~ Ip- {] iﬂ}

Suects D (W) — koapduuuent kanuaxapuoit anddyauu:

dP o Ky (W) . .
D (W) =Ko (P) 57+ io= piagy. o (119)

[lo anasoruu ¢ HanopHoil uibTpauneH iy, W {, MOMHO
Ha3BaTh HAYAJLHLIM TPaJAHEHTOM HaNopa W HauyajbHbIM rpa-
JAHEHTOM BJaXHOCTH COOTBETCTBEHHO,

IKenepUMEHTANbHbIE HCCAE10BAHNS NOATBEPALAIOT CYlie-
CTBOBaHME HAYaJbHbIX rpajiventos aapaeuns [130 ] n navasas-
HbIX rpajuenToB Baaxxoct [151]. B obuwem cayuae kania-
JASPHBII HAnop — HeoAHO3HauyHas QYHKIUHA BJAAKHOCTH,
Nnos3ToMy H BEJHYHHA HadaJdbHOI'O I'PH.-'I.H'EHTH BJAAHHOCTH JJIA
JaHHOIl CHCTEeMBI J0JAHHAa H3MEHATRCHA B 3aBUCHMOCTH OT Ha-
npaBjieHHna npouecca (ApeHaxk — BNUTHBaHNE).
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KomGunupys (115) u (117) co (114), nonyuum:
W _ 9 (g (p ['ﬂ__;n”, ﬂ_':"}fm (120)

dt- "~ oz | oz
W i [OW =1V [ OW [ s

Ecau BeJIHYHHAMM fo W o npeuneGperaior, 1o (120) n
(121) nepexonar B CAGAVIOHIHE YpaBHEHHA:

aw d dP

at oz [K" () dz ] ’ (122)
av a T . OW ]

—_— = I_E{W}EJ : (123)

B nocaennem cayuae (123) nepejsuzkeHne BJaru B nopu-
cToit cpese TpakTyercs Kak JAnpdy3HoHHBIH npouece ¢ Kos(-
dunnentom xKanuaaapuoi Audgyvsun D (W), sasucsmum ot
BJIAKHOCTH.

[ucrepesncHble ABJEHHS, HECTAHOHAPHOCThL [polecca
HIp Ve MPHYHHDB, OCJOMXKHsAIoUHEe pacyeT 110 dopmyaam (122)
n (123), paccmotpennt B criennaabHoil JuTeparype, o630p
KOTOpOH MOKHO Haiitn B paGote [15]. B wacThHocTH, noka-
sano [19], uro dyukuun K (P) u P (W) xapakrepuayiorcs
3HAUHTEJBHBIM FHCTCPE3HCOM, B TO BpeMs Kak QyHkiuuu K (W)
D (W) ne oGHapy«uBaloT COBCeM WIH OOHapyKHBAIOT CJa-
Owll TrHCTEpe3HC.

Lcan  rpasuraunoHHoit  coctaBiasiioulein npenebpeun
HeJIb3s H Hamop onpejensiercst cymmon H =P 4z, 10
ypapuenns (115), (122) u (123) npHHHMAOT BHI:

7] :
V= — KH{P] [ '1,;: _:' l:] 3 "ﬂ=Dl [124}
aW e i dK
o= (K= )+ 5 {125)
AW il aW’ oK :
1 L R (1252)

C nomombio npeoBpasoBanns Dbovibumana & = [V,
KOTOpoe npennogaraer, 4ro pJaxuocte W sasucur or ne-
peMelHbIX Zz # [ TOJAbRO uYepe3 MX KOMOMHauUMio, ypapHenue
(123) smoxno npuBecTH K OOBKHOBEHHOMY IH(depeHuHa b

HOMY YPaBHEHHIO]
dW

o aw \
JE(D = )__gd_g. (126)
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[lpeoGpasoBanne Doabimana nocayxujao OCHOBOH AJA
pa3paGOTKH YHCJICHHBLIX METOJOB pellenus psla NPpaKTHYEC-
KHX sajau Ha ocHose ypasuenus (126) [19, 57, 105].

Ecau ocb z HalpaBHTh BBEPX, TO AJs M0ayGeCKOHEUHOI
o6aacth (2 =< 0) rpanuunble ycJosHsi K ypasHenusm (125)
4 (125a) sanucwiBaioTcest caenyouus o6pasom (191

W =W, nput =0, 2<0;
W=W,npu z =0, £=0.

Yenopue W, = W, onucuBaer HHP HAB TP a1l H IO,
W,< W, —ucnapeHHe HIH HanpasleHHoe BBepX
BcachiBaHHe. 3ITH Opolecchl, MPEACTaBIAUIHE HHTEpecC
ANA  CEeJbCKOXO3AHCTBEHHBIX  MEJHOpallHil, PacCMOTPeHbl
B CACAVIOUHX pasjenax.

JKcnepUMEHTa/IbHbIe MEeTO/bl onpefesieHns KosppuiHen-
toB kanuaaspHoit auddysud D (W) n BaaronpoBogHOCTH
K, (W) o6o6uiennt B kuure A. M. 'no6yca [35 .

B kauvecTse npumepa Ha puc. 14, 6 npuseleHa XapakTep-
Has 3aBHCHMOCTh Koa(hdHuHenTa BaaronposoanoctH K oF
paakioctn W. O6wyno Ha xkpuBoit K (W) aerko oTmeTHTb
roukn [ 1 2: npu W =< W, BAaronpoBOAHOCTH NMOYBHI Kpaiite
uuska; npu W = W, BaaronpoBOAHOCTL MOYBbI OTAHYHAHA,
Ha nepexonHoM yuacrke W, == W =< W, BaaronpoBoIHOCTb
HMEET NpPOMEMKYTOUHOE 3HaueHHe.

3nech VYMECTHO BEpHYTHCA K PacCMOTPEHHIO TEpMHHOB
BJIAKHOCTD (TOUKA) 3aBfilaiMfA H AHana3oH JOCTYTHOH (aKTHB-
Hoil) BJIArH (lOCTYyNHAas Bjaara).

[loa BAAaKHOCTEIO 3aBAAAHNA MOHHMAIOT TAKYIO BJIAKHOCTD
MOYBL, MPH KOTOPOH HAYHHAETCS YCTOHUHBOE 3aBAjlaHHE pa-
CTEeHHIl, He HCuesawlee nocjae noJiHea.

OnbiTel NMOKAa3bLIBAIOT, YTO 3aMeljeHHe pocTa pacTeHHH
HACTYMaeT B jJHanasoHe BJIaKHOCTH, COOTBETCTBYIOLIEM BCa-
chiBaloLieMy JaBsaeHuio 5—13 ar, a ycroHuuBoe 3aBsjlaHuHe
NPOHCXOANT B AHanasone napjenus 20—40 ar. 3a TOUKY
34BAlaHHA OOLIMHO NMPMHHMAIOT BJIAXHOCTH NPH BCAacLiBalo-
uem napaedun 156 ar (em. puc. 14, a).

[lon aocTynHol nouBenHoi BJaroil AJAs pocTa pacTeHHH
NOHUMAIOT TO €e KOJHYEeCTBO, KOTOpPOe YJep:KHBAeTCs B Mo4se
B rpejesax BCAChIBAiOmEro jaBjeHus: oT '/y (noaepas Baa-
roeMkocTh ) A0 15 ar (BA2MKHOCTL YCTOHUHBOrO 3aBA/aliiiis).
HecMoTps Ha TO, 4TO TepMHHY JIOCTYMHAA BJara npHIacTcs
GOJbIIOe 3HAUEHHE MPH ONpeleneHHH CeJIbCKOX03ARCTBeHHON
ILEHHOCTH MO4YB, HCNOJIE30BaThH €ro 1A II]]&HTH‘-IECHHE [’!'E'HEI-
MEHIAILHH CJel1yeT C OCTOPOMKHOCTBIO.
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Kak cnpaseranso ormeuaer P. Caeiivep [1161], B moGot
nouse Goaee ray0oKoe NPoHHKHOBEHHE KOpHEN 1o BCEMY Ipo-
(pUA0 B LEJAOM MOMKET KOMIEHCHPOBATh MaJibli AHAMA30H
nocrynuoit saarn. M, naobopor, npH HaJHYHH NPEnATCTBHA,
MEllIaloUHX PAacnpocTPaHEeHHI0O KOpPHEeH, noyBa MOMKeT ObiTh
neGaaronpHATHOH AJA POCTA pACTeHHH jJaXKe B TOM ciiyuae,
KOTZla JHanasoH JIOCTVINHOH MOYBEHHOH BJIarn JlIOCTaTOYHO
BEJIHK.

CaejloBaTe/ibHO, AHANA30H JOCTYNHOH BJAaru J1as pacre-
WUl onpeae/sierca, NpH MPOYHX PpaBHBIX YCJAOBHAX, Kak
rHApAB/JIHYECKON MPOBOANMOCTBLIO MOYBBLI, TAK H TYCTOTOM
U XapaKTepoM pacnpejeseHia KOPHeBOoil CHCTeMBI.

3uaunrennio GoJbuie HHPOPMaUHH O KOJHYECTBE BJArH
H ee MNOJBHKHOCTH (a cJeloBaTeNbHO, W JIOCTYMHOCTH) NpH
mobom pF nalor kKpussie pF (W) coBMECTHO € 3aBHCHMOCTBIO
K (W) (cm. puc. 14).

Huskass noABMIKHOCTb IJEHOYHOH BJAark B 00JacTH
W= W, tem He MeHee HrpaeT Ba)KHYIO PoJb B KpYroBo-
pote BoAbl B npupoie. Tak, Ha OCHOBE TEOPETHYECKHX H
SKCMep HMEHTAMbHBIX paGor B 06.14CTH rHIPOMEXaHHKH TOH-
KHX nuaenok, seimoanennux C. B, Hepnuupim [86], ruapo-
reosjoram [129] yvaanock oGBLACHHTE NPHPOAY BO3HHKHOBE-
HHSI OTPOMHBIX CKOTMJEHHH MpPEeCcHBIX MOJA3eMHBIX BOJl B TNec-
YAHLIX MYCTHIHAX, PACCYHTATbL PEKHM HX MHTAHHHA W chop-
MYJHPOBATE OCHOBHBIE KPHTEPHH NPH MOHCKaX H pasBejke
NpecHblX BO1 B MaJOHCCJE10BAHHBLIX padoHaX necyanon ny-
CTHHH. 3TO OTKPBLIBAET TaKKe BOIMOKHOCTL Hay4yHO 00OCHO-
BAHHOMN 3KCNJyaTalui MECTOHaXOM/1EHHH npecHoi Baard Ges
OMaceHHs HX 3aCOJEeHHs, BO3MOKHOTO NPH HEnpaBHJIbHOH
OpraHy3aiHi OTKa4YKH BO/bI.

IKcnepHMEHTaAbHOe Orpele/ieHHe 3/1eMEHTOB BOJHOIO
Hajanca CeJqbCKOX03AHCTBeHHOro novia (HHQHIBTpalMA,
uenapenue, sojonorpelenue pacTeHHAMH H Jip.) ocyliect-
BJISETCA € MNOMOUBIO JH3HMETpoB (GaJaHCOMEpOB), CXeMbl
VCTPOICTB KOTOPBIX MOXKHO Haiith B pabore [841.

7. HH®HJIBTPALIHA

[Moji wHQUABTPALHEH MNOHMMAIOT Mpolece HOCTYIIeHHA
BOJIbI B MNOYBY YEpe3 ee [OBepXHOCTh. ITOT NMpoUece NoaApodiHO
paccMoTpen B paGorax [19, 57, 111, 139].

B HacrosuieM pasjgene paccmorpeno peweHHe PyOuHa
u [lrefinrapara [150], npuroatoe ans Bu6opa MHTEHCHBHO-
CTH opolleHus joxjiesanueM. IlpuHHMaloTes caeLyioUiKe
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nonymwenns. [lousa paccuaTpusaercs Kak rnoaybeckoneunas
ojlHOpOJIHAs H30TPOMHas MOpHCTas cpela € HeNoJABHKHLIM
ckeneroMm. HauvanbHas BJAMKHOCTL [pelinoJaraercsa Io-
cTosSiHHOI No raydune u Takoil HH3KOH, YTO COOTBETCTBYIONLA s
eil THApABJANYECKad NPOBOAUMOCTD MO CYLIECTBY paBHa HY.JTIO.
Bosayx B moyse paccmaTpuBaeTcsi Kak HenpepeiBHasi (pasa,
Haxolsancs npH armocdeprom jasaenni. YroGet ruipas-
JHYECK YO H]JDEﬂ,fl.llh-iU{_‘Th I KallHALTHPHOE JlaBJEHHE paccMart-
pHBaTh KaK OJHO3HAYHbBIE (PVHKILHH BJAMHOCTH MOYBEI, Npei-
nogaraeTcs, UTO BJarocojep:kaune B JioGolt Touke 16O
VBEJIHYIIBAETCH €O BpemeHeM, JHO0 0CTAeTCs MOCTOSIHHBIM,
[lajaonie KANIH JOXKIEBHIX BO/ CUNTAIOTCH TakHMH Ma-
JILIMH M MHOTOYHCJHEHHLIMH, 9TO JOKIbL MOMKHO paccMarTp M-
BaTh KAK HENpPEephIBHYI Maccy BOJibl C MOCTOSTHHOH HHTEH-
CHBHOCTHIO p, HE H3MEHFIOMEHCS BO BPEMEHH.

ChopMyaHPOBAHHBIE JIONYMIEHHS MO3BOJAIOT  ONUCATH
npoiece uupuabTpauun ypassennem (125a), Koropoe nepe-
nuueM B ChAelyIiOHEeM BHNE:

W 8 T aw Lo .
s =5 [P W5 —K l_uf,]* (127)

K ypasuenuio (127) npucoeiunsiores caelyioiuiye ma-
yaJbHBIE M TPaHHYHBIE YCJIOBHH (OCh 2 37€Ch HanpasJeHd
BEPTHKA/JbHO BHH}):

=0 z>0, W=W;=const,

aw p— K (W)

i e dl) = == Y (128}

Yesaopue (128) pwipa)aer Tor (pakt, 4Tto B npouecce Hi-
GuabTpanHKu JI0KAEBOI BO/bI MOTOK BJArH ia NHOBCPXHOCTH
paBed WHTEHCHBHOCTH OIS, MpHUeM AIf NpeloTBpalleHus
34TONJEHHS] WHTEHCHBHOCTh AOKAA J0MAKH2 ObITL MEHbIUE
Wil pAaBHOH THAPABIWYECKONH NPOBOJUMOCTH [PH [OJHOM
HACHIULEHHH, T. €. KoadduuueHty uanTpaunn. BuaaxuocTs
MOBE) XHOCTHOTO CJIOH [OYBHL ITPH 3TOM [PHOJNMKACTCA K He-
Kotopomy npeeay W,.

OcHoBOH paccMaTpHBAEMOH BLIYHCIHTENLHOH METOAHKH
aBJagercs 3amena auddepeHiinanbHOre ypapHeHus B 4acTHLIX
npouseoinbix (127) pasHOCTHBIM YpaBHEHHEM, KOTOpoe Bbipa-
KaeT NPHOAH3HTENbHOE COOTHOUIEHHE MEXLY NepemMeHHbIM
B JAHHON penpeseHTaTHBHON TOYKE MJocKoctu (2, [) uepes
3HAUEHHH THX NEpeMeHHBIX B JEBATH cocepnux Toukax. Ilpu
BLIMOJHEHHH BBIUHCJAEGHHIT HCHIOAL3YIOTCA H3BECTHBLIE MpHH-
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UMbl YHcaeHHoro anaansa. llirockocers (2, ) npemcrasasior
NPAMOYTOJILHOMN CeTKOIl ¢ KoopaAuHatamu f = 1,2, 3, ..., J
BloAbOocH zHn =1,2,3,. .., NBroasocu {. Pasmepsl ceTkn
BLIOHpAOTCs NPOH3BOJBHO, (PHKCHPYS PACCTOAHUH A MEXIY
j~MH M paccTofHufl & Mmexly n-mMu roukamu. Csasp aioforo
3Hauenus 3aBUCHMOH nepemMeHHoll ¢ JaHHON TOYKOH CETKH
(j, n) NOKa3aLIBAETCH HMMHHM HHIEKCOM [ U BEPXHHM HHJIEK-
COM N; Hanpumep, B cayuyae nepemeHHoit W sta ceasp Gyaer

o6osnauena W, JlpoGubie 3HAYEHUS! HHIEKCOB YKa3biBaioOT
Ha TO, YTO paccMartpupaemMasi nepeMeHHas oleHHBaeTcs
B TOYKE, KOTOPasi HAXOAUTCH B NPOMEKYTKE MEMY ABYMA
JAPYTHMHU TOYKAMH CeTKH, Hanpumep n -+ '/, cooTeercTByer
TOUKE nocepejiHe MexK1y TouxkaMu n u n + 1.

Henoabsosanucs  caeiylompe anipoKCHMALMK 4aCTHbIX
NPON3BOAHLIX, BXoasuwmx B (127):

i e ) - 1Py
(:T), "‘“‘**(T)(Wf —Wi) (129)
I il I"Hw !1”
T [B{W} {W’JI, £

[D(wiit) (S2)0, —K(witd)] -

(
l
— [DwEl) (55 ), — K (Wit} aso)

F4 f—1/s

Hactnue npoussoanue B npasod vactu (130) annpokcu-
MHPOBAJINCE CJAELYIOUHNM 0D asom:

(2 Y O W21

T ':'E:'"“""ﬂ;‘“ + Wi, (131)
(_f}:r ),_IW (*:r)[-;—(wf? G5
e _l;_: (W7 + ;—I)} (132)

LITD'D'L:I OUEHHTh CTOHIIHE B npdﬂm“»'l yacTi (130) hyurmun K

u D, snauenus nepementbix W/ ii/! annpoKcHMMPOBAJNCH
sKeTpanossinieli, npu romM B psiax n U n — | HenoJsbso-
Bajich nputaukennsie snavenunns W, YUrobwl yxaszarb, uro
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IlaHHoe 3Ha4YeHHe ISKCTpanoaHpoBaHO, HCOOJbL30BaJH HH-
HAEKC ext u NMOJVYHIAH CJACAVIOUIHE COOTHOLLCHHH,

(Wi Yexe = 1(“”' T ext + (W 4)ex] =
3 n vl I fi— n—1y.
:T(ﬁ?f-i—l‘f' Vi) — o (Wi + Wi, (133)
1 n-tfs b
(wﬂ# ".-":)E‘H Ty l(w”j‘l ; )m:i =+ (wrf-})cxt] i
=2 (Wi W) — (W L wizD).  (139)
Ioxcranoska annpokcuMannii  gopmyn  (129)—(134)

B jauddepeniinaipioe ypasuenue (127) naer nociae Heca0xK-
HBIX ajsreGpandecKHX mnpeoGpa3oBaHmi:

- — AW+ BWiT — Wit = Hy, (135)
rie A= ( ) D [(WFE ) extls
G = (7r) DUWIE )il
Bi=2-+A4;,+4+Cy;
Hiy= AW}y +@—A—C) W] +CWi—
— 2 () (K I(WHE M) exed — K I(WFE ) exd] )

PaccMOTpHM TPH psijla CETKH: 1 — I; ny n - 1. ITOM
enyuae ypasHenue (135) sanuceiBaerca Aas Tpex paamﬁqﬂhlx
[NoC/JeA0BaTeNbHEIX 3HA4YeHHH | (T. e. OJHO ypaBHeHHe A
j =1,2,3; npyroe a5 j =2, 3, 4 ut. 1.). Takum o6paszom,

ec/IH KarKJIblil pAL cOCTOMT u3 | Touek (f =1, 2, 3, RS
To Gyaer j — 2 ypasHeHuidl (135) — mo ﬂAHf}M}’ },rpasuermm
IS RasKRoro U3 j- =1, 2,9, & . ;i — 1.

Jnst pewleHHdA paccmarTpHBaeMoil 3ajaud  HeoOXo/MMO
eiile 1Ba ypaBHeHHdA. O1Ho 3 HHX NOJYYAeTCcs 34 CYeT NPHHA-
THH | 10CTATOYHO OOJIBIINM, TAK YTO B TEUEHHE BCEro paccma-
TPpHBAEMOI0 Mnpoiecca MOMHO CUHTATDb!

W, = W, = const. : (136)

Bropoe ypaBHeHHe MOMCHO NOQJYYHTH TPH MOMOLLH T'pa-
HHuHOro yeaopus (128), Paccmarpusaemas ceTka pacnoJio-
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#eHa TakuMm obpasoM, uto JAuHHs z = () coBnajaer ¢ AHHHER
j ="', Hcnoapaya (128), noayuaewm:
ntify) (_OW \nt'ls nb sy
_D{W"'{’ l) ('_ﬂ'z_)lf, i K(W‘h ') bl
[ToxcraBasas 910 Beipaxeuue B (130) H ucnonb3ysa, Kak

W paubiue, annpokcumaumu (131)—(138), noayuaem nocae
COOTBETCTBYIOIWEro ajarebpanyeckoro rnpeobpa3oBaHu:

— AWt - BWntl = H | (137)
e A= 77) DUWE Dexd)s
B =2+ Ay;

Hi=A4W:-+(2—A) W] —
—2( ){K [{Willj’: )ELII_'F}'

[Mpeanoaoxum, uto suaverna W B puiax n — 1 ussecTns,
4 COOTBETCTBYiOULHEe 3HAUYeHHsA B pAjiax n -+ 1 HEH3BeCTHLL.
B rtakom cayuae ypaBuenusn (135)—(137) npeicrasasionr cu-
CTEMY j JIHHEHHBIX ajrefpanyeckux ypasHeHuil ¢ j nemspecr-
ueivi. Ecan uspectHnl 3nauenuss W B nepsbiX ABYX pajax
ceTknt (n =1, 2), 70 Moryr ObTh BBIYHC/JEHH 3HaueHusas W
BO Beex nocJaeayounx paiax. 3uavenus W nepporo paza W,
onpeleaaTca HavadbHbIM vcaoBuem (128). 3navennn W
proporo paxa Wj pojxubl GbiTh oleHeHn sl j =1, 2,
... J € noMolib0 METOJAOB, OTJHUHLIX OT H3JOMEHHOIO
puitne. B Hactoswem wuccaenopanup suaverds Wi onpeje-
AHeh NyTeM BbLIBoAa HeoOXOIHMBIX PasHOCTHLIX YpaBle-
HHIl, BKAOYaBIIHX ECTHTOYEUHYIO CXEMY: TPH TOUYKH B pPHIY
n =1uTpH B paay n = 2 BMECTO JAEBHTH TOYEK B nepaofl
CXEMeE. EI:I'BD:], TAKOI'O }']’JHBHEHHH AHAJOrH4YEeH BHIBOLY Ypab-
wenuit (133)—(135), 3a wuckawouenueM cnocoba OUEHKH
D (Witd) w K (Wil)!). 3necs annpoKcHMupoBaauCh Mno-
caejinne 3vavenus, Ilo cyuwiecTsy npHHHMANOCh, HTO

D(Wiit) = D(Wjs,,) u K(Wiit,) = K(Wis,,)-

PacemaTpuBaeMbiil MHCACHHBIT METOJ NPHMEHSJICH AadA
pacueta ABYX TeopeTHuecKHX npou.jelt BaarxKHOCTH npH Ao-
AJIeBOH HMHPUABTPAILUH PEXOBOTCKOro Inecka: p = 3028«
X 107* m-c™' u p. = 1306 - 10°® m-c'. B ofoux caydasx
W, = 0,005.
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Puc. 33. Mpoduan snaxuoctn 8 pexosorckom necke [150], wui-
queAeHHEe 119 HIDHALTPAUMH JIOAICBLIX BOL 1IPH PasHOCTIOM ME-
TOJle PeleHu s YpaBHenus (127)

Lindpsl na KpunmY — BpeMf B CeKYHAAR

Ha puc. 33 npuseiensl pe3yibTaTsl BhiUHCAEHH HA Ma-
mnne IBM-704. Pacuernwie 3unavenna W, pasnm 0,1673
nan Huskoit ¥ 0,2423 444 BLHICOKOH HWHTEHCHBHOCTH AOHIIA.
Hudpsl Vv KPHBLIX  XapakTEpPH3YIOT NPOAOIKHTEILHOCTE
HHpUABTPaILIN: npoduan, cootsercrsylomue 2400
8400 ¢ — aas p = 1306-10"* m-c™!; npoduan or 5625 —
929500 ¢ —aas p = 3528.10"* wm-c”?. [lpeacrasaeniiie
NPOgUAN  BAWKHOCTH JaloT urGopmMainio, HeodXoiHMyIo
IS HA3HAYeHI peXyMa OpOIUCHHS JIOAIEBAHHEM.

[Tpu oTCyTCTBHI CBOGOHBIX NYTeH OTXO/a BO3AYXd nepel
(pOHTOM yBaaMKHEHHs 06pa3yercs nepemeuntauuiics 6apsep,
xapaKTepH3VveMblil  MOBBIICHHBLIMH  JaBJCHHEM  BO31YXa
H TIJOTHOCTBIO MOYBBI; THAPAB/JAHYECKOE COTPOTHBACHHE NpPH
stom noctenenno pospacraer (Kypax, Kyruwaek, [1974).

Anaausupys npouecc Hupuabrpaumu, . Puaun (-
tupyercs no paGore [57]) npenosna npocTyio 3aBHCHMOCTb:

g= al'/» 1 bl (138)

rie ¢ — CyMMapHoe KOJMYEeCTBO BOJbl, BNHTaBlIeEeCs 3a
Bpemst I (c), ™>/M%
au b — KOHCTAHTBI.

Koucrantel @ u b onpeiensiior 3SKCNCPHMEHTaNbLHO, MO-
cTpouB rpagux 3agucuMoctd @/t ot t'/:. 3roT rpaduK
npeiacrapasier cofoil npAMYyl0, TAHTeHC Yria HakJaoHa KOTO-
poil pasen b, a OTpPe3oK, OTCEKaeMbIH Ha OCH Opaunar, Be-
JHYHHE 4.
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ConocTaBisii  pPasjJHuUHbLIE IKCTPAnOJAUNK  HHPHABTPA-
ILHOMHBIX YpPaBHEHHI ¢ TOuHBIM pelenuem, Duinn ormeyaer,
gyro nanboaee HeylauHo ypasHeHue XOpToHa; HPH MaabiX |
ypasuenne Koerskopa (eM. [57 1) nososisHo xopouwo cosnajaer
C TOuHbIM peleHueM; ypapHedue (138) cosBnanaer ayuie
BCEIO,

Ecan npoanddepenunposats ypapuenne (138), 1o oHo
npiMeT BHIL
g 1

—
| —

=— e mLT - fs 1.
Ui="=p 5 al - b,

rie o — HHTeHCHBHOCTL BIHTLIBAHUA, HMEIOULAS PA3MEPHOCTD
CKOPOCTH.
Fayouny (ponrta cynauyuBannsa h B 3aBHCHMOCTH OT Bpe-
MeHH MOMKHO OmpeneanTh no (opuynae Kosenu:

h = Ctia,

rie O — KOHCTZHTA.
8. HCIIAPEHHE

HcnapeHue ¢ MOBEPXHOCTH IPYHTOBLIX BOjA. Paccmarpi-
BACTCS YCTAHOBHBILHIICS IPOLECC MCNApeHHH BJATH C 3ep-
Kana rpyHTOBLIX BOoAd K moBepxuocTH mousst [19]. B srom
cayuae 3ajlaud CBOAMTCS! K HHTCrpHpOBaHMio ypasHenuns (124)
npH  H3BECTHOH B3aBHCHMOCTH TIWIPaBJIHYECKOH NPOBOJIH-
moctn K oT KanwuisipHoro Hamopa :

B. Tapanep (unrupvercs no paGore [19]) npeamorxua
caeayiouee cooTHowenue aas sasucumocti K (P):

K =al(b+ P™), (139)

rie @ v b — IKCnepUMEeHTaIbHBIE TMOCTOAHHBIE;
/N — noxasarejib CTene’n (m == 2 A THAKEJLIX
FIMHHCTBIX  TPYHTOB, m A~ 4 118 NecKos).

[Ipr HachluieHun BbiMoaHseTcs pasencreo Ky = a/b.

[Toncranoska (139) B (127) paer pewenie 18 ycTaHOBHB-
HierocH MoToxa.

Toyunoe pewerue, onpeaensaonlee yieabHEIl pacxoi Ha
nenapene Kax GyHEUNIO rayoHHbl M0J10XKEHHA 3€pKaia BO/bl
M NapaMerpoB TPYHTa, BeCchbMa CJOXKHO.

3Hauenus MakcUMaJabHOM CKOPOCTH HCNApeHHs NPH OYelb
BHICOKOM BCACHIBAIONIEM JAaBJeHHH (KanHJAagpHOM Hanope)
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y nopepxXHoctH noayuennl B. Tapanepom [191:

npu K = F—ﬂ——-‘ y  Umax = 3,77a/d"ls |

npu K = e Umax = 2,46a/d% (140)
npu K = —ﬂ—- e 1,?6&}-:{3;

npu K = A Upar == L02a/d°, .}
rie d — rayOHHAa NOJIOKeHHs 3€pkajga TPYHTOBbIX BOI,
Coornomenusn (140) npencrasnsior coboil pHINKO-MaTe-
MATHUYCCKYIO OCHOBY JIJIH MPOCKTHPOBAHHA CHCTEM MNMOANMOYBEH-
HOrO (BHYTPHIOUYBEHHOTO) OpPOLLUEHHS.
s npasuabHO 3anpoeKTHPOBAHHOH CHCTEMBl MOJIKHO
BbIMOJHATBCS PaBEHCTBO:

= Umnaxs “41}
TAE€  (ynr — ONTHMAJIbHAA BEJHYHHA BOJONOTPEDJEHHA Ce/b-
CKOXO3AHCTBEHHBIX ]]EE.‘TEHH]'&, JJ1H EDTDPHI
MPOEKTHPYETCA CHCTEeMa,;
Unax — MAKCHMAJILHBIR YIeJAbHGIH pacxol 4Yepes CJoH
MOYBLI MEX/V YBJAKHHTEJEM H KOPHEBOH CH-
CTEMOH.
Jns OpPHEHTHPOBOYHOH OLEHKH II0YBEHHBIX VCJOBHH, NpH
KOTOpHIX obecneunpaercs cobuiofende ycaosua (141), ne-
pendineM ypasHenue (124) B cuejiviomem BH/E:

qi:.'l]'lT

K= — ek ; 142
K P, — P, 11 ( )
-2'2""""21 :

Hast 4ucaeHHoit OUEHKH OCpPeAHEHHOro [0 Beell Tome
MoYuBbl 3HaYeHHA K B 1ManasoHe W3MeHeHHd Hanmopos P, — Pj
NPMMEM: Upay = Gonr = 1077 Mec™; 2, =06 M; 2z; =
= 0,1 M; Py (y yBnaxuureas) =0; P, ~4 M Bol. cT.
(BJ1a:KHOCTH MOYBHI, cooTBeTcTBVIOmaa ~70% noJaeBoil Bna-
TOGMKOCTH B 30HE KOPHEBOH CHCTEMHI).

[MogcraBnas npuHaTele 3uauenusn B (142), nosayymm:
K ~1,4-10® m-c'. TIlpu pacuere no (142) npusaTH He
JKECTKHEe YCJOBHA.

Jlnn  ocpeflHeHHOTO KamnWJJISIPHOTO Hanopa, PaBHOTO
2 M BOJA. CT., cpejHeée 3HaudeHHEe THApaBIHuecKoit npo-
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BOAMMOCTH, paBHoe =107 m-c™!, XxapakTepHo TOJBKO AJA
IIOYB € XOpOLIeH BAATONPOBOAHOCTLIO.

M3 BBRINOJMNEHHOro aHaJgM3a CAelVeT, YTo I8 NPUMEHeHHA
NoAnoYBeHHOro oponieHs HeoOxoaumMo cobaiolenne no Kpau-
Hell Mepe cJeayIiomnX veaoBuii: 1) noussl Jo/KHB 06/1a/aTh
BBICOKOI BJAronpoBojHOCTBIO; 2) CeNbCKOXO3AHCTBEHHEIE
KVJILTYDH, JAJ7 KOTOPbIX MPOCKTHPYETCH CHCTEMa MNOoAnoy4-
BEHHOTO OpOLUeHHs, J0/IKHB 00/1a1aTh Pa3sBHTOH KOPHEBOH
cucTemoil, ofecrednpalowel TpaHcnopT BJAard (He cosjapas
NpH 3TOM BBICOKOT'O BCACHIBAIOWIETrO NaBJeHHA); 3) yBJIAXKHH-
Tenb AOJKEeH pacnoaarathcsi Ha BoJoymope.

Stu ycJOBHA, Kak MokasniBaeT npaktHka [761, eecrpe-
JAl0TCH HEYacro.

HcnapeHue ¢ NoBepxXHOCTH Noyshl, DaKTOPHI, ONpeieIio-
HLHEe 3TOT MPOoIece, MOTYT ObLITh YCJA0OBHO CBELEHbI B C/Ie/lYIOLHE
TPH TPYIIbl.

1. Meteopoaoruueckue daxropsl (Temneparypa ¥ BJax-
HOCTh BO3/]YyXa, jeMeHTH 0ajanca COJHEYHOH paliualii, Be-
Tep W T. JL.). |

2. Tlousenusie daxTopbl (annfelo v MHKpopedbed 104-
BEHHOr0 MAaccHBa, TeMOepaTtypa W BJaXHOCTb TIpYHTa, ero
rHAPO- M TemioPH3HYECKHe XaPaKTEePHUCTHKH — JHCHEpC-
HOCTb, MNJOTHOCTb, THIPOPHJIBHOCTh, BJATOTIPOBOJAHOCTD,
I‘[D]TJHCT{}CTE:, TENJONPOBOAHOCTD, TenJoeMKOCTE H T. l]

3. tI'aHTc}pm, o0yC0R/JIEHHBIE JeATe/NbHOCTBI0 YeJNOBEKd,
BOJHOH H TenJoBoH mMejanopaunei (od0padoTka nouBbl, Opolle-
Hiie, OCYLIeHHE, MV/JbYHpPOBaHHE W T. IL.).

J:[JI.'FI aHanHia npolecca HenapeiHs I'i]JHMEHHIﬂT pasJany-
Hbie metojbl. HanGosbiuee pacnpocrpaHeniie MoJay4ua METol
TypOyaeHTHOH AH(pY3HH, B COOTBETCTBHHM C KOTOPHEIM Bep-
THKAJABHBI NMOTOK BOAsiHOrO napa /, B NpH3eMHOM CJO€ aT-
mociepbl onperenaercsa  cjaelyiolltHM COOTHOLUEHHEeM:

.',_,=|:;"{,J—g—-g—, (143)

rie K, — xosppuunent TypOyaeHTHOro oOMeHa /st BOAA-
HOr'o 1napa,
€ — BJAMHOETh BO3JYXa,
z — BepTHKAJbHBIH MaciuTal;
0 — IJIOTHOCTL BO3JlyXa.

Beanuuna K, B npH3eMHOM CJIo€ BO3JlyXa Onpejesercs
KaK JauHelinaa GyHxuus xos(pduuuenta TypOYJIEHTHOH AHD-
dysun K,, Aia OMEHKH 3HAUEHHs KOTOPOro HCMOJB3YIOTCH
pPasJHYHBIC MOICTH.
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B dacTHOCTH, NMpH paBHOBECHONR TeMnepaTypHoil CTpaTH-
dukauun corjgacHo noaysmnupnueckoit teopuu Ilpawiran—
Kapmana kosppunuent typoyaentioi anddysan K,, onpe-
JesAeTcH] Kak:

I{ua = :'{-i E_hr “44]

rie U — cKOpoCTh BeTpa Ha BLICOTC 2,

Zp — NapaMeTp HEPpoOXOBaTOCTH;

¥ — nocrosiiHan Kapmana,

[Ipn wuepapHOBECHONH CTpaTH(PHKAUHI HEOOXO/JHMO BBe-
JICHHE 10NPABOK, YUHTHIBAIOIHX BAUAHHE TEPMHUECKOH KO-
BEKIHH Ha HHTEHCHBHOCTH npoueccop oOMeHa B NPH3EMHOM
cioe:

Ki= KV 1—R; (145)
: _ e . I dU \271 .
rie R; — uneso Puuapjicona ]'_."?r‘E ot ( = ) | :
vy — Kos(ppuinenT, AsJAAONHICA QYHEILHEA 4ucaa
Puuapacona;

T — aGcomaioTHas TeMneparypa;
g— }"EH{JPEHHE CHJbLI THARECTH.

Unciao Puuapicona siBasercss OGespasMmepHbiM napamer-
POM, OnpeaAC/IAIOLLHM OCHOBHBIC EEPHKTEPHCTHHII HpouLeccoB
ofxeHa B TeMmnepaTypHo-HeoJHopojiHoH aTMmocdepe, W YKa-
3bBAET HA TO, Kakoil BKJal BHOCHT B 3TH NPOIECCH TEPMH-
yecKasi Koupekumnsa. 3nadenue RK; > 0 cooTBercrsyer ycroii-
uynpoit crparnpuKaiumn; R; == (0 — paBHoBeCHOMY COCTOSI-
Huiwo: R; <0 — HeycroHuHBoli crparnduKauny  Temnepa-
TYphl. B nocjieiHem cayyae TepMHYECKas KOHBEKIIMA MOMNKeT
HMeTDL CVLIeCTBEHHOE 3nauenHe B npoieccax odmend, 4 B ABYX
nepsLiX OCHOBHON Mexann3m oOMeHa CBfszaH ¢ ¢u3H4YecKoil
Judpyaneil 1 MeXaHHUYECKHM [epeMeillBaHieM 33 CHET Bbl-
HY7<1eHHOil KOHBEKUHH B TYpOYJEHTHOM MOTOKE.

Taknm obGpasoMm, s ONpejIeneHis CyMMapHOTro Hcnape-
HHS B NPH3EMHOM cjioe arMmocdepbl HeoOXOAHMBI JlaHHBIEC O
BePTHKAJbHLIX TpajHeHTaX CKOPOCTH BeTpa, TeMieparypsl
W BJaamHOCTH Bo3dayxa. as ylo06erBa npakTHYECKHX pacue-
TOB 0 METOAY TYPOYAEHTHOH AH(PYIHH, HASEIBAEMOMY TaKKe
rpajiieHTHbLIM MeToAOM, pa3paboTtall  psill CpaBHHTE1bHO
NMPOCTHX BHYHCAHTENLHBIX cxem [DD, 64 ).

UacthbiM cayuaen metona typoOyaentuoi augdyvinmn sas-
JACTCA METojl Tenjioporo 6ananca, B KOTOpoOM sl onpejese-
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HHA MHHTErpajbHOro Koa(ipMilneHTa oOMeHa B NPHIEMHOM

cjoe armocdephl HCNoab3yerca VpaBHEHHE TemmoBoro 6a-
Jafca JleATeNbHOH TMOBePXHOCTH:

R—Q.—Q,—Q, =0, (146)

rjie R — pajvanuounbli Oananc, pasBHbIl PAsSHOCTH H3JY-
YyeH#sd, MNajJaloliero Ha JAEsTe/NbHYIO MOBePXHOCTh
H VXOLAUIET0 OT Hee,

Qy — TYPOYJEHTHBIH MOTOK Tenjia B armochepy;

Q, — 3arparhl Temla Ha McrnapeHme;

(Q, — NOTOK TemnJa B [O4BY.

Beipaxast pennuuubl Q, U @, ¢ NMOMOUIBIO TpajiHEHTHBIX
COOTHOIIEHHI, aHajiornunbix (143), caenyer umers B BUIY,
YTO XOTH B obuiem cayuae kosdpuinentsl obMeHa AJa Ten.a
i Boasinoro napa K, u K, pasanuaiorcs no BejiH4NHe, B NEPBOM
NPHOMMMEH MY 145 PEKUMa BbIHYHKIACHHOH KOHBEKIIHH MOMKHO
npuarte K, = K, = K,. IHonviienue o6yc/IOBIHBaETCS
TEM, YTO B 3TOM CJayyae MonaekyaapHas Judpysns He urpaert
cyliecTsenoil poau, # nepexoc moboit nmaccuBHoll cybeTaH-
HH OOVCJA0BACH MEXZHHYECKHM MepeMeliHBaHHeM.

C yuetoMm H2J0XKEHHOTO MNMOJYYHM I8 BBEIUHCJIEHHS Typ-
OyJEeHTHOrO NOTOKA TenJa M 3aTpar TenJa Ha HchnapeHue ciae-
AVIOIHE COOTHOIIEHHA:

Q'_'CE'K'E ;3 r “4?}

Q. = LoK >, (147a)

e C — Y/jeJabhasd TENJOeMKOCTh BO3JyVXa,
[. — ynenbHast Tenjiota mnapooOpasoBaHHII.
[logcraBnag suavennst NOToKoB B ypasHenue (146) u pe-
las ero OTHOCHTENLHO /X ,;, HETPYAHO NOJAYYHTH BhipameHue
A5t HHTErpaJbHoro kosubuilHeHTa oOMeéHa, XapaKTepH3yio--
Hero CpeiuHi nepeHoc Aad c0A, B KOTOPOM NPOBOASITCS
H3MEPEHHA TPajHeHTOoB TeMnepaTypbl H BAAXHOCTH BO3jyxa:

{E S er:l
K—'* ~ aAT 1 Ae

L

[ToncraBasis nﬂ."j'_»,”-lLHHne snauenue K, B (147a), a taxmxe
umesi B BULy, uro Q, = LI, H nepexoasn 'K KOHeuHbI pa3Ho-
CTSIM, MOMHO 3aNHCaTh H3BECTHOE COOTHOLIEHHE:

L;’ 155 (R —Qy) Ae

alAT - Ae ! (148)
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rie a — kospduienr, onpepessemMblii (PHIHYCCKHMH KOH-
CTAHTAMM BO3]1VyXa H BOISIHOrO napa.

Qopmyna (148) mmpoko HCnoab3avercss B NPaKTHKE MpH
paspaboTKe H3MEPHTENLHOH annaparypsl, Tak Kak BeJHUHHa
HCnapeHHs B JJAaHHOM cayvae onpeje/sercs yepes HefoJklloe
YHCJA0 MapaMeTpoB, CPaBHHTEIbHO JIETKO TOMIAIOWNXCA H3-
mepernio. Camo cooTHolienne (148) oTHocHTeNBHO NPOCTO
MOJIEAHP YETCS ¢ NOMOLILBIO HECJOKHBIX 3JEKTPOHHLIX H 9/IeK-
TpOMEXaHHYECKHX 3JEeMEHTOB (OnHCAaHHE TAKOro poja anmna-
paTypbl JOCTATOYHO NOJAHO jdaHo B paGore [84]).

Gopmyanl THna (143) wam (148) masonpuroansl ans ob-
uero (pH3HYECKOro aHaJu3a HCnapeHns, TaK KaK OCHOBHEIE
(pakTOpbl, BO3JAEHCTBYIOULHE Ha lHCIapeHHe, B ABHOM BHJE
B HUX He BXOAAT. [1pn HCMOAB30BAHHH STHX COOTHOIUEHHH HET
BO3MOKHOCTH OUEHHUTH POJabL H BAMAHME Ha MNpollecc Hcnape-
HHA Pa3JHUHBIX KJAHMAaTHYECKHX (PAKTOPOB H HCKVCCTBEHHBIX
BO31efICTBHH.

B To e Bpems 1S pelleHHN NpaKTHYECKHX 3anay, CBH-
3aHHBIX C PperyJHpPoOBaHHEM BOJHOrO H TEMNJOBOIO pexiiMa
CeJILCKOXO03AHCTBEHHOTO MoJf, AAs1 NPOTHO3HPOBAHUS (-
(PEKTHBHOCTH NMpPHMEHEHHS! TOro WJIHW MHOTO MEeJHOPATHBHOIO
MEPONpPUATHA HEOOXOAHMEI TEOPHA H HHIKEHEpPHLIE METOJlbl,
KOTOpbIE MOSBOJIAJH Obl MOJGJAHPOBATH NPOLECCH HA NOJIE H
nasaan Obl KAYECTBEHHYIO HJIH KOJHYECTBEHHYIO OUEHKY 3h-
(heKTHBHOCTH BO3JEHCTBHII.

Hdas stoit nenH HeoGXOAMMO ONpelensTh HClapeHHe Kak
PYHKUHIO BO3MOMKHBIX (PaKTOPOB:

"rf i IF {FI: ‘FE; F.‘!]l “491

gjiech [ — COBOKYIMHOCTh METEOPOJIOrHYEeCKHX (aKTopoB;

F 4 — COBOKYMHOCTE MOYBEHHBIX (hakTOpOB;

[y — COBOKYNHOCTL (paKTOpOB, OGYC/JAOBJAECHHBIX OFp -
OOTKOH MOYBbI H MPHMEHEHHEM MEAHOPaTHBHBIX
MEPONMPHSATHH.

Pemienne nojgoGHoH 3aja4un npejicraeaser GoJbluoil HHTe-
pec st WHPOKOTO KPyra CneuHajncToB H TeCHO CBS3AHO ¢ pe-
HieHHeM npo6JieMbl NporpaMMHPOBaHHS Ypomada CeJIbCKO-
XO35HCTBEHHBIX KYabTyp. ¥passenne (149) nonxuHo couep-
JKaTh [MapaMeTpbl, XapakTepH3VIOlUiHe KayecTBeHHBIe H KOJIH-
YECTBEHHbIE MOKa3aTe M ypoMan, i 3JjieMeHTapHbie (PYHKILHH,
onpeje/siiollHe CBA3L 3THX MoKasaTeseii ¢ BHEWHHMH aK-
TOPaMH.

B noanom o6beme 3a1aua Takoro poja emie He chopmyan-
poBana, MOCKOJABKY M0JKHA CONACPMATh HEL0CTATOYHO H3Y-
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YeHHbIC K HACTOSLIEMYV BpemeHit GHOoJOrHuecKHe H OHodH3H-
yeckHe 3akoHoMmepHocTi. B nocaepnne roinl NpeaAnpHHH-
MalOTCA NONbITKH COCTaBJeHHs ypasneuud tTHna (149),
OTPAMAOIWHX YHCTO (PH3HUECKHE B3aHMOJEHCTBHA B CH-
creMe noypa—pacreHuwe—npuzemuan atvocdepa. Onmn noxa-
3bIBAIOT, YTO Jla)ié YacTHYHBIA VYeT BINHAHHA pacTeHis Ha
npollecchl obMeHa NPHBOAUT K YPE3BbLiUaiiHO CJO0KHBIM CH-
cremam, copepxaminm o 10 audupeperunanbublX ypaBHeHHH.
Peulenyie nomoOHBIX 3ajay 0e3 CYWECTBeHHBIX YIIPOULEHHH
HEOCYULECTBHMO.

OTHocHTEAbHBI Yycnex B peleHHH noAo0HOro KJacca
3ajlayu JIOCTHTHYT NPH BBEJEHHH OrpaHHYeHui, HCKJIOYaIomHX
BJAMSHNE MOYBEHHOIl BJjard nyTeM MNOCTY.IHpoOBaHHsa Jjocra-
TouHoll BJaarooGecneyeHHoCTH pacTure sHoro nokposa. dan
STHX CAyyYaep MNoJy4eHbl COOTHOIEHHA, CBA3LIBAIOUINE HC-
napeHie ¢ MeTeopOJOTrHYECKHMH NapamerpaMH MW Xapakre-
PHCTHKaMH pactutennioro nokposa [26, 99].

B HekoTophIX uacTHbIX cayuasx, nanpumep [90], us pac-
CMOTPEHHA HCKJYAIOTCA 3JeMeHTHl TellJIOBOro pexHMa H
HCCAEAVIOTCA 3aBHCHMOCTH HCHAPEHHA OT HEKOTOPLIX Xapak-
TEPHUCTHK [MOYBEHHOH BJATH.

B kayecTBe npHMepa MOMKHO yKa3aTb Ha HCIOJbL30BaAHHE
/
FHIPOMETEOPOJOrHYECKOTO NoKasareas 3acyxu  p = J.‘* x

Ea
rae [., — HcnapAeMocTb, paBHasl HCMAPEHHIO NPH 3aJaHHBIX
METeOYCJOBHSIX H HeOTpaHHYEHHOM JOCTYNEe BJarK K J1eATeNb-
Hoit nosepxHocTH, ONBITE NMoKaswBaoT, uto Kod(uinent B
cBfisaH ¢ 3anacamu Biaaru W B akTHBHOM MOYBEHHOM CJI0€:

B=0W npu W <Wg B=const npu W =Wy,

rne Wy — Hekotopas KPHTHUECKasi BJa*KHOCTh TOYBH,
b — KoHcranTa.

Takoit moaxojl NO3BOJHJ NPELIOKHTE MOKA3aTelb P
B KauecTBe KpHTEpHs BjaroofecrneyeHHocTH pacrtenmii (84 ],
tem Gosiee, uto Aas onpenesnenis f rpebyercsa JHLIL H3Mepe-
HHE TMepenajioB TeMNepaTypel W BJAMKHOCTH B IPHIEMHOM
Boziyxe P = Ae/(Ae - aAT).

Ouenka BeJHYHHB! [} MOKeT NPOH3BOAHTHCA Ha anmapa-
Type, OCYIIeCTBJSIOUIEH onpeieieHHe 371eMEeHTOB TeMnJoBoro
Gananca no dopmynam THna (148). B sasucuMocTH OT Ha-
NpsiKeHHOCTH aTMOC(epPHEBIX YCJIOBHH ¥ (a3bl pasBuTHA pas-
JHUHBIX pacTeHnit BenuunHa PB,, meHsercsi, oObIYHO ocCTa-
Basich MeHbie eiunmubl (npH B = P, BAArH AJsA pacTeHiH
HE10CTATOYHO),
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Ipyroit noaxoa [69] k pewenmio npakTHyeckux 3ajau
NpeaycMaTpHBACT HCKJIOUeHHe H3 aHaaH3a pPAacTHTEbHOro
NoKpoBa. B Takom BapHante 3ajavya TMPHHUHMHAJAbHO pas-
peiiunma, npHYeM HaMeyaloTcsl NYTH €e VTOYHEHHS MYTeM
3a71aHHS  PACTHTENBHOrO MOKPOBA KaK H3OTPONHOro CJos

c vepejHeHHbIMH (u3uyecKyuMn Xapakrtepuctnkamu [31 ]
; [pi nocTpoeHHH KayecTBeHHoil Teopuy ucnapenus [69 ]
NPHHAMAIHCE CACAVIOULHE OCHOBHBIE HCXOIHDIC ,:"I,DH}"I_II,EHHH+

1. Pemaercs onnomepHas 3ajiavua. B cBsi3H ¢ 3THM 1MOCTY-
JUPVETCH OAHOPOAHOCTL AeATCAbLHOI NOBEPXHOCTH, OTCYT-
CTBHE aiBEKUHH M NOCTOSHCTBO METEOPOJOrHYeCKHX H THAPO-
JOrHUYECKHX NMapaMerpoB Mo IJjoulaid noas (napaMerps fiB-
JAAOTCH  TONbKO (PyHKUHEHR BbicoTH). OrpaHHvyeHHs TAKOro
poia NpHMEHAIOTCA BO BCEX Cayuanx, Korjla paccMaTpHBaeTcs
banaHe 1aa noas.

2. JdeatenbHasi noBepxHOCTh COBNAAaeT ¢ HOBEPXHOCTLIO
NOUBH, T. €. BCE npolecckl o6MeHa SHEepriel i BeULeCTBOM Npo-
HCXOAAT Ha HOBEPXHOCTH MOYBLI.

Ilpn 9THX orpasdyeHHax HHTepecylllee Hac ypaBHeHHe
CBA3M HCNAPEHUA € PasyvulBIMH BO3JEHCTBYIOWMMI (PAKTO-
paMH MOKeT OLITh MOJIVYEHO Ha OCHOBE aHajv3a ypaBHCHHS
TENJIONPOBOJHOCTH ISt MOYBEHHOIO MaccHBa:

2T (2, 1) gz, 1) -
i e e e e Tl (150)
rjie A — TelJIONPOBOLHOCTL NOYBKI,

C, — ofbeMHas TEMJIOeMKOCTh 1OYBbI,

B stoMm cayuae Bausinue (PH3HKO-MEXaHHUYECKHX W THpO-
(DH3HYECKHX XapaKTepHCTHK NOYBLI MOXKET OBITL YYTEHO 10
HameHennio A u C,.

ObfbvemHan TenJoeMKOCTb Momer ObiTh BbiYHC/AEHa [0
SMIHpHYECKON (opmye:

C, =g, (CH - —lﬂl':]-ﬂ-—) .

rie 0, — NJAOTHOCTH IOYBLI B CJI0€;

Cy — VvieJbHaf TelJOeMKOCTbh CYXOH TNOUBHL;

W — Baamuoers noussl, %.

KosdhpHUHENT TenaonpoBoAHOCTH CBH3aH ¢ ofbeMmHob
TEMJIOEMKOCTBIO COOTHOLLIEAHeM A = r:Cv. rie K — Koagpu-
HEHT .TemneparyponpopoanocTit. M3 npuserennbix dopmya
BHAHO, YTO perv/jHpoBaHHEe TEeIJ0BOrO peKHMa MOYBLl BO3-
MOKHO 3@ CYeT peryjHpoBaHisi NJAOTHOCTH W BJA4KHOCTH
nouskl. HMcxoasn u3 sroro, Moryt ObiTh copMyiHpOBAHLI 3a-
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SHCHMOCTH TEMJOBOr0 W BOJAHOTO pexiMa OT MeJHopaTHB-
HBIX MEPONPUATHH, BO3JACHCTBVIOULHX HA CBOHCTBA IOYBLI.

Boszeiicrene mereoposornyeckux (paKkTopoB  3ajaercs
B BMJIe TPaHHYHBIX VCIOBHH K vpasuenuio. Henoassysa yeno-
BHE HEpPa3pLIBHOCTH TEMJOBOroO NMOTOKA HA TPaHULE noysa—
aTMocepa H 3ajaBas rpaHuuHBe VCJIOBHS S 3TOro Cay-
yasi, HCXO0Isi H3 VpaBHeHNN Ten.oBoro GaJiaHca NMOBepXHOCTH
NOYBL!, MOXKHO NOAYYHTH pelienue ypasuenus (150) B dopme
3aBHCHMOCTH HCNApeHHsi OT MNepeuHcaeHnblX mnapaMmeTpos,

HMwmes B BHIV HMCRoab30Banue ypapHeHWs Tengoeoro Ga-
JaHCa JEHTEJI[:!IUF[ ll[lllEp?iHﬂETli B KaueCTBe paHHYHOro yc-
JOBHA, ueaecoobpazHo NPEeACTaBUTL €ro B HECKOJILKO H3Me-
HeHHOH (popme, Gonee yiobGHoii Aas pacueron. JLas sroil ueau
nHeobxoaumo Haitn K = Qp — @, (Qp — paauauus, no-
IJIOIEHHAA JeATe/1bHOH TMOBepXHOCTLIO; @; — TensoBoe H3-
JIVUeHHe Mo4YBbl B aTMocepy).

MozKHO mpeicTaBuTh

Qp = (1—r) gL (1), (151a)

rjae ﬁ'p &) =Igp. o () Fgp.p (D[l — (1 — C) ul;
r — annsbeno:
W — 0061auHOCTL B 05X OT MOJHOI;
Gp. v Gp.p — MPHTOX MPAMOI H paccesiHHON paavanul or
COJTHIIA Ha TOPH3OHTAJbHYIO TOBEPXHOCTD;

C — Kos(ppuuuenTt, VYNTHIBaOUIHA reorpaduuec-
KYIO 1IHPOTY MECTHOCTH.

Jlas pacuera TengoBoro U3ayueHHs MouBbl MOAKHO HCIIO0/b-
sopaTh noavuennyio & [69] dopmyay:

= AT (0, §)+ ATy (l) + Ay, (1516)

rae T (0, {) — remneparypa nosepxuoctH mnousbl (z = 0);
Ay Aa, Ay — KosthpHuNEeHTHE:

Ay =oU (1 —Cu); Ay = Ay (1 — by by Ve);
4"1:] — AIIJU (b] -—.E],‘: I."’_E:);

0 — npueejiennas nocrosnnas Credana—Dbonsumana;
by, by — sMmnupHueCKHe Ko3(pOHUHEHTL;

U n P — xoagppuuuentst (U = 0,96 n P = 210; npueenen-
HBIC YHCJIEHHLIE 3HAYeHHS OTHOCATCS K JHanasoHy
Temneparyp 268—308 K).

B coorsercteun ¢ ¢opmyaoii Helotona tensiosoii NoToK

B aT™Mociepy pacCYHTHLIBAGTCS MO COOTHOLLEHHIO:

Q = o |7 ©, 1) — TH {f}], {1515}
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rie o — Ko3(ppHuHenT KOHBEKTHBHON TENJIOOT/laun,
Ty (1) — Temneparypa BO3/yXa Hal JesTeJbHOH MOBEpX-
HOCTBIO.
VeiaoBHe HepaspbIBHOCTH TEMNJOBOrO MNOTOKA Ha MOBEPX-
HOCTH MOYBH MOXeT OhiTh 3anHcaio B BHE:

Qu=—21 25 (151r)

['panHuHOE YCJAOBKE /I NOBEPXHOCTH MOUYBBI MOMKET ObITh
 cpopMyaHpoBaHO Ha ocHOBE ypasnenus (146) u npH HCNOIL-
soBaHuM cHctembl ypaBHeHuit (15la, 6, B, r):

r aT [ﬂ', f} i
Q.=—[{-+NT(0, fH)—A = = 0, (152)
rie fy=(1—r)gy (r)+ (@—A2) Ty () —As, (152a)
Ni=n - A;. (1526)

TakuMm 00pasoM, pelieHHs HCXOAHOTO ypasHerus (150)
OvaAyT comepxkarh ()YHKIHH, CBFASHIBAIOLLHE CYMMapHOe Hena-
peHue MoJs ¢ lnapaMeTpaMH TemMneparypHoro W palHaiHoH-
HOTO PEHMOB, & TaKiKe C TennopH3HYeCKHMH XapaKTepHCTH-
KaMH NouBbl, OGYCJIOBJEHHLIMHM, B UYHCJE NPOYHX (PAaKTOPOB,
H BOJIHBIM PEeMHMOM N0Js.

Eciau B KauecTBE BTOPOro rpaHHyHOro yCJOBHA JJIS NOYBLI
MPUHATL HOCTOAHCTBO TeMnepaTypbl Ha riayGHHe, T. e.

T (oo, {) = const, (153)

a TaKyke paBHOMEpHOE paclpejeneHHe TeMneparypbsl B Ha-
4aJIbHbIH MOMEHT BepMeHH

T (z, 0) = T, (154)

TO 3ajaya CBOAMTCA K peluenuio ypasherusn (150) npu xpae-
BeiX yeaosuax (152), (153) n (154). 3ra 3anaua He cBA3aHa
¢ CepLesHEIMI TPYAHOCTAMH 1A MPOH3BOJBHOTO BHAA (PYHK-
uuit q, 0 Ty (2).

BosuukHOBEHHE I'pajlieHTOB TeMIlepaTypbl MOYBLI MO
n1eHcTBHEM pajHalnui MoXeT ObiTh CBA3aHO TaKiKe C Bblle-
NeHHeM TenJoThl ajcopbuuu BoisiHoro mapa (cMm. raasy [I)
¥ OXJaKJIeHHeM BJAXKHOH MNouBbl NpH HenapeHHH. BosHHK-
HOBEHIIE MepPeMeHHbIX MO BeJHYHHE H 3HAKY IPajHeHTOB TeM-
mepaTyphl JIOJUKHO TNPHBOAHTHL (CM. pasjgen 1 HacTosined
F14BH) K BO3HHKHOBEHHIO MEpeMEeHHbIX M0 BeHYMHE H 3HAKY
NOTOKOB Mapa H »KHIKOCTH B nouyse, Mexanusmbl nepejploke-
HUS [IOUBEHHOI BJard noj AeiHcTBHEM rpajiieHTa TeMNepaTyphl
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H €ro 3HauyeHHe /1 BHYTpHMOYBEHHOro BJarooOMeHa pac-
cMoTpeHsl B patorte [35],

B pewenue ypaeHeunsa (150) B siBHOM BHJEe He BXOAAT
flapamMeTpbl MeJTHOPaTHBHBIX MEPONPHATHI, H HX BIHAHHE Ha
[poIece HCMapeHHs He YYHThIBaeTcH.

Ananus ¢akropos, AEHACTBVIOULHX TPH NPHMEHEHHH Me-
JHOPATHBHBIX MEPONPHATHH, NO3BOAAET KJaacCHPHIKPOBATH
9TH MEPONPHATHA Ha TPH THIA.

|. Meponpuarua, ceasaHHble ¢ oOpasoBaHHEM Ha [o-
BEPXHOCTH MOYBBI CJ0OA € PasaHYHBIMH TENJopH3HUYECKHMH
xapakrepuctukamu. [lpeanonaraercs npu 3TOM HaJHYHE XO-
poillero TEMJOBOI0 KOHTAKTa Mex(1V IMOYBOH H MOBEpPXHOCT-
HeiM cjoem. B Kayecrse npumepa nojo0HBIX MepOnpHATHH
MOZKHO YKasaThb pas iHuyHble BHAL o0paGoTKH NoYBhbl (pLIXje-
HHE, NpPHKaThbiBaHHe H T. I.); HaHecenue Ha MOBEPXHOCTH
NOYBLI MJAH BHECEHHE B €€ NOBepPpXHOCTHBLIH CJA0H MYAbYHPVIO-
KX MaTepHanos (MOBEPXHOCTHOE MECKOBAHHE, BHECEHHe
Topdha, H3BECTH, rpaBus, MYyJLYHPOBAHHE COJIOMOMH, NOKPLITHE
H3 TENJIOH3OAHPYIOULHX Nen u T. IL.).

2. Meponpuarua, ob6ycaoBJUBAWOILHE H3MeHeHHe (HAH-
YECKHX XapaKTEePHCTHK MOBEPXHOCTH Mo4BLI. K HHM MOKHO
OTHECTH HaHEeCeHHe Ha NOBEePXHOCTh NOYBLI Pa3JHUYHBIX KpacH-
TeJell HAH NPOTHBOIPO3HOHHBIX CBHA30K, NPHBOAALIEE K H3ME-
HEHHIO BeJHuYHHB aab6elo W paauaunonnoro Gagaawxca. Hpy-
rol npuMmep — HaHeceHHe JenpeccopoB HCMAapeHHs, cyllecr-
BEHHO H3MEHSIOUIHX XapakTtep TenJjosoro OajaHca JesiTeNlb-
HOl noBepxHocTH. JLasi 9THX MEPONPHATHIH XapaKTepHO Mma-
J0€ KOJIHYeCTBO BHOCHMBIX pPeakTHBOB, KOTOpoe He MOXer
MPHBECTH K CYUIECTBEHHBIM H3MEHEHHAM (HIHUECKHX Xapak-
TEPHCTHE CAMOH MNOYBHL

3. Meponpuatus, fpHBOAALIHE K H3MEHEHHIO Xapakre-
PHCTHK oOMeHa SHeprHeil H MmapoM MexK1y IMOoYBOH H npH3eM-
HBIM cJjoeM BQ3ayxa. Hanpumep, MyabupoBaHue nous
NPpo3pavyHoH NMJEHKOH WK NJAEHKOH C HanoJHHTeJAMH, MY /1bY-
Gymarofi. ItH MeponpHATHA NPUBOAAT K paaAHKaNbHBIM H3Me-
HEHHAM Tenyosoro GaJsianca MOBEPXHOCTH MOYBbB KaK 3a cuer
H3MEHeHHs BeJHYHHbl pajHalHoHHOro OajiaHca, TakK H 3a
CYET M3OJAALMH MPHNOYBEHHOro caof Bo3ayxa. [pyroi np-
MEp MeponpHATHH TaKoro poAa — KYJHCHaA HJAH CTepHe-
Basi KyJabTypa. B 3Ttom cayyae usmeHeHHs pajlHAUHOHHOIO
Gajalca OTHOCHTE/IbHO HEeBEe/IHKH, HO 3a CYeT 3HAYHTEJbHOro
YMEHbIIEHHA CKOPOCTH BeTpa B NMPHNOYBEHHOM CJIO€ CYILECT-
BEHHO najtaer Kospuitnent TypoyaeHTHOro o06MeHa, B CBA3H
C UEM MEHAETCH pacipejie/ieHne 3HeprHH B TENI0BOM Ganauce.
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Jlas Toro utoObl yuecTh BJAHSHHE MEponpHsTHI NepBoro
THIA, HeoGXOJAHMMO BHECTH YTOMHEHHS B (POPMYJHPOBKY 3a-
naun. B sTtom cayuae Tpebyercsi paceMoTpeTb JABYXCJOHHDI
NOYBEHHBIT C¢J0it, 3ajiaBas TenJouInyecKHe XapakTepH-
CTHKH KaxJoil vacti pasjiensHo H JIonoJiHAs rpaHHyHbie
YCJAOBHSA YCIOBHCM HENpephiBHOCTH TEIIOBOTO NOTOKA W TeM-
neparypsl Ha FpaHiie MexIly CJI0AMH.

B cayuae meponpHsiTHil BTOPOI Tpyinbl YueT MeaHopa-
IIHH OCYHIECTB/JIACTCH 3aMeHOH COOTBETCTBYIOUMX MapaMeTpoR
Ha MX 3HAYEHHE C V4eToM JefCTBHS MYJbYHPYIOULEro ¢ax-
TOpa.

O6o06iieHne peliennsn Ha cayuyail npuMeHeHHd MEponpHs-
THi1 TpeThbell rPYNMLl aHAJOrHYHO VYETYy MEepOnpHATHH nep-
poro THna. OCHOBHBIM TrpaHNYHLIM VCJOBHEM CTAHOBHTCH
ypaBHeHde Ttengoporo Gajnanca HapYKHOH NOBEPXHOCTH
yKpuiTHA. OTanuine oT pelleHns Aas MePONPHATHI Nepsoro
THNA B TOM, UTO B Kax/I0OM KOHKPETHOM cJy4yae HeoOXoiMMOo
OFOBOPHTH MEXaHM3M TernJonepeiaul Mex1y NOBepXHOCTLIO
mousbl W MYJLMHPVIOMIMM VKpHITHEM. [lasi TOHKHX caoeB
BO3/lyXa MOJL NJEHKOH 3TO MOKEeT GbiTh COUeTalue H3.JyueHHs
n repMoaH(Py3InH.

B Goaee ¢JIOKHBIX Cay4yasX NPHHLHOHAILHO BO3MOKHO
sananne npohuas xospdununenta TypOyJseHTHOro obwvena
H pelleHde ypaBHEHHs AJas cayuas TypOyJeHTtHoro mnepe-
HOCa BHYTPH MYJIBYCJIOA.

B nepcnekTiBe BO3MOKHO HCNOJb30BaHHE aHaJOrH4YHOro
noaxona aas janbHeiiiero oboOuleHUd 3aja4yd Ha Ccayyau
yuera pacTuteabHoro noxkposa. Ocobasi TpyAHOCTH (opmy-
JUPOBKH 3a]1a4H MPH 3TOM CBA3aHa ¢ HeOOXOAUMOCTBIO yueTa
paspeiBa NOTOKA Tenja Ha rpaHuiie PacTHTEJbHOTO MOKPOBA.
[pu nepBHIX MONBITKAX pelienns 3ajlaun rTaKoro Kaacca [31]
AAs 3TOfl UeJM HCNOJbL30BaH anmapar Je/bTa-(pyHKILHH,

[lenpeccopsl ucmapedusi. B nocaednne rojsl Hauarhl
HCCJIeIOBaHHA 10 NPHMEHEHHIO HUEEPEHHC‘THD'HI{THEHHK B~
wecrs ([TAB), B ToM uicae AMHPHBIX CTHPTOR, NSl CHHAKEHUS
wcnapenua w3 nousel [16, 85, 1081

CyuiHOCTh 3TOTO MPHEMa 3aK/JI0¥aeTcs B TOM, YTO Ha I'H-
apopoGHOl NOANOKKE BOJAHAA IJEHKA CTAHOBUTCH HEYCTOM-
YUHBOMN M MJEHOYHOE ABHJKEHHe Baarn K (poHTy Henapenus
npexpauiaerca 1.

! [Taenounwit nepeHoc Mo CPaBHCHHIO ¢ NOTOKOM Napa CTaunoBHTCSH
olpeeasoniny VT Y3KHX Kanuaanpos (r =< 1077 M) npu suauennax nap-
ILHANLHOTD JaBAeHHS BOAMHLIX [ApoB B OKpy:kalowed cpefge, OIHIKHX
kK equnnne [86].
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IPDHeKTHBHOCTL YMEHBLIIEHHS HCMapeHus ¢ MoBepXHOCTH
MOYBL NPH NOMOULH  MYJbucjof, obpaborannoro [TAB,
onpeleasiercs creneHbio ruapodobHoCTH 3TOro CJos H, cie-
JNOBATENILHO, CTENEHbID HachillleHHOCTH TuapodoGH3HpyeMoil
NOBEPXHOCTH AlcOpOHPOBAHHBIME MoaeKvaamu [TAB.

Ha wmexanuaMm ajacopObuuy CYULGCTBEHHO BJHAET CTPYK-
Typa aicopbara. Hanpumep, vVCTAHOBJEHO, 4TO B KHPHBIX
CNUPTAX CVILECTBYIOT LENH MOJEKYA (B TOM yueae 6eCKOHeqHo
JJIMHIBIE), coe/HHEHHBIe BoAOpPOANLIMH cBassmu. HasectHo
TAKKE, YTO MEMMOJIEKY/IAPHOE B3aHMOIEHCTBHE MEHKAY MoJe-
KVJ1aMH H TPYNnaMu noauMmepHeIX neneii aacopbara oKasbi-
BaeT 3aMeTHoe BAMsiHHe Ha ajacopOimio. MoxkHo npeanoaa-
ratb, 4To B cJayqae aacopdara ¢ CHJbHBIM BHYTPHMOJEKY-
JAPHBIM W MEXMOJCKVAAPHLIM  B3aHMOZEHCTBHEM 3a Cuer
H-cBa3eil BosMOKHOCTH 151 a1copOILHi 3HAUHTETbHO YMeHb-
HIAMOTCH.

IT0 CBOHCTBO ajicopbara MoxeT ObITh HCMONL30BAHO, Ha-
npuMep, A/ onpeieseHHs cpapHuTeabHoill 3(peKTHBHOCTH
HEHMOHOTEHHBIX [NOBEpXHOCTHO-aKTHBHBIX BeuwecTs ([1AB)
Kak jenpeccopoB (hH3HYECKOro HCNApPeHHA C NOBEPXHOCTH
MOYBLl, €CJIll H3IBECTHA BEJAHYHHA IHEPTHH MEXMOJEKynnp-
HLIx cBasel [AB.

HMcnoab3ays temMneparypHVIO 3daBHCHMOCTL BSISKOCTH He-
Kotopweix ITAB (puc. 34), 6uiau Buiukcaens |15 spavenus
SHEPIHH MEXMOJEKYASPHBIX cBf3ell G a1aa cnupros ppakuui
. C;—C,; C;—C,,, KYGOBOrO OCTATKA OT NEPEroHKH CIHp-

TOE H HoHano.sa (rab6a. 11)

TaGanua 11

FHEPrHA MEKMONCKYAAPHOrO B3aHMOJCHCTBNS
HexkoTopwx [TAB B nntepsase temneparyp 293—333 K

: G, KKaa/Moan
T, K couprit | kyGonwii | cnuprm
(Cya—Cys)| ocTaTOK |(Cy3=—C,p)| HOHAHOA
. 303—313 5,65 5,25 b,b 6,75
s 313—323 4,3 5,25 3,95 b,b3
b 323—333 — 2,22 3,9 4,45
Cpenune 3uascHis 5,85 4,25 5,156 6,25

B coorserctBin co sHavenusimu G, nceaenoBanubie [1AB
MO0 HX BOSMOMHOCTH K ajcopOuu# M, caeloBaTe/bHO, No 3d-
(PeKTHBHOCTH CHHIKEHHRI (H3HYECKOro HCHApeHHS H3 TNOouBh
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Puc. 34, Temnepatypras 3aBHCHMOCTb BA3KOCTH HekoTopmix [TAB:

] = Honanon; 2 — C,u—Cia; 3 — C4—Cy3p; 4 — kyfopuft 0CTaTOK

JOJUKHBL pacnosaratbesi B paia: KyOoBbifi octaTok > C),—
CE{I :} Cld_clu } HDHHHUH.

Ilo pesyabraraM ONbLITOB, NpPEACTaBJEHHBIM Ha pHC. 3D,
neeaenopanuble [1AB no s3GdeKTHBHOCTH CHHKEHHs (PH3H-
UECKOTO HCMAapeHHN W3 MOYBH PACnojaralTcss HMEHHO B Ta-
KOif 110C/1e10BaTe/IbHOCTH 1.

C noBbllIEHHEM TEMNEpPaTypHl CTATHCTHYECKOE PaBHOBECHE
Mexay ancopGupoBaHnbiMH M oObeMHBIMH [IAB noamuo
cMellaThes B Cropony nocaeanero. Ilpu stom 6yayr usme-
HATHCA rujapoobHLle CBOMCTBA BEIECTBAa, BIIOTh JI0 HX
noaHoit yrparsl. Kpurhueckyio remneparypy Ty, npHu Koto-
poii TepsoTcH 3aluTHLIE cBoHCTBa [TAB, MOXKHO npeicka-
3aTh, €CJH U3BEeCTHA NPHpoja afcopOLHOHHBIX CHJI.

Ecan aas nccaenoanubix /[TAB B mexanuame aicopbiumu
CYILECTBEHHVIO poJb Hrpaior H-cBsi3u, TO 3allHTHBIE CBOHCTBRA
Takux [TAB jnomkHBL TEpAThCA NPH Temneparype, GaH3KOM
K 333,156 K, Tak xax npu takoii remneparype [15] Goapiuui-
CTBO BOJOPOJAHBIX cBsi3eil y cnupToB paspuiBaerca. Ilpu T,
cJIe/loBaTe/IbHO, J0/KHBI pasphipaTecs GoJblIHHCTBO H-cBsi-
3efl MeX/1y MOBEPXHOCTBLIO YaCTHIL NOYBBI H MoJeKyaamu [1AB
H TepAThest ruapodobubie cpoiictpa noussl. Ilpn stom npej-
NoJaraeTcs, YTO SHEPrusi MeXMOJEKYJAAPHOro B3aHMOIEH-

1 Metoauka OnwTOB: KOJONKH BuicoTol 0,1 M H BHYTPEHHHM AHAMETPOM
0,04 M ¢ nousoil, sepxuuil caoi kotopolt (0,02 M) Owia ofpabotan I[1AB
n3 pacuera 0,12+ 10°* kr sewectna Ha 107" Kr movuskl, BHCYIIHBAIH B Tﬂgmu-
cTate NpH Temnepartype Bosayxa: 293,15 K; 313,15 K; 323,15 K; 333,15 K.
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cTpuA  ajacopbara M SHEPrHA B3aNMOJIEHCTBHA ajcopbara
¢ ancopOEHTOM HMEIOT OAHH MOPAAOK BEAHUYHHBEL.

[To xapaxrepy uamenennsi G (T') (raba. 11) moxuo npej-
fo/1ararh, 4To 34llHTHBIE CBOHCTBA cnupToB (hpakuui Ci—
Cys, Cz—Cap M HOHAHONA OYAYT YMEHBIUATLCHA MPONOPUHO-
HA/LHO C MOBBLILEHHEM TEMNEPaTYPhbl; 3aUIHTHBHIE K€ CBOHCTBA
HE&UHHK OCTATKOB HEe JM0JKHB CYILECTBEHHO H3MECHMITLCH
B uwHTepBaJje temneparyp 293,15+323,15 K n 6ynyr pesxo
CHHIKATLCS B HHTepBase Temneparyp 323,15+333,150 K.

PesvabTatel ONBITOR MO HCCASJNOBAHHIO BAHAHHA Temie-
paTyphl BO3ayXa Ha sauiuTHble cBoiictea /TAB Kak senpecco-
poB (MH3HYECKOTO HCrapeHHs MouBOil (pHC. 35) noaTBep K0T
BHIBO/bI, CleJaHHbLIe OTHOCHTEBHO XapaKTepa H3MEHEHHA 3a-
IATHLIX cBoHcTB HeceaenoBanusix [IAB ot temneparyps H
KPUTHYECKOM TeMNeparypel, MpH KOTOPOii 3aulHTHBIE CBOIl-
crea [IAB npakTHueckH TepaIOTCH.

e
Puc., 35. 3aBHCHMOCTL OTHOLIEHHS Tt
KOJHueCTRa ocTaplwefica B  mouse ml
point nocne 600 w cywkd (€00) '
K HavaabioMy g ot Temnepartypet {8
cywrn T, K nouset ¢ BepXuuM caoeM,  pg
obpaoTanubiM  pasanuHemy  [TAB:
| — I-._'L‘IEHEHMII OCTATHAMM OT I'.'EP'EI"JHHII. m
cnupron; 2 — cnupramu fpakuni ;s — a2

Css; 3 — cnupramn pakunf C,,—C 4 - \\_

4 — KOHNTPOJL 0 i L

253 293 803 813 828 333TK

f

5
&
%

507 /

X 305

8 03}t é__. e
Eﬁﬂ_f Y

R 299/ 2

8 297}

i

253' i i | i L 1 IS L |

[ i i i
J1 284 6§87 8 911011 1121314157%
PaccionHue 6m noeepxHocmu uenaperus, 1072 s
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Tak Kak CKOPOCTH TOA4uH BO/BI U€pe3 MYJBUCJIOH K mMo-
BE€PXHOCTH MOYBLI MEHDbILE, YeM CKOPOCTh MCNApeHHd, ropH-
30HT HCMNAPEHHs NepeiBHraeTcs K rpaHulle MyJjbucjiod, uTo
XOpoLio BHIAHO NO NOJOMEeHH HAHHH3LIEro 3HadYeHHA TOCM-
neparypbl B mouype (puc. 36). Ilpn sToM pesko CHHIKaeTCs
ckopocth Hcnapenns. Hapsiny c ofuiiM CHUAGHHEM HCMa-
peliHa YMEHBIIAeTcs HHTEHCHBHOCTH TepMonepeHoca BJjard
K (pOHTY HCMapeHHs,

9. NEPEHOC M HAKOMNJIEHHWE COJIEH

MappoanHaMuueckas Aucnepcus . rH,}],pD,ELHHaII.IH'-lECI{EH
JHCcHepeHs B MOPHCTHIX cpejax — 3TO MEXaHHYECKHH HJIH
KOHBEKTHBHbLIH TNpOLECC BHITECHEHHS OJHOH MHAKOCTH ApY-
roii (HJu TPH CMELIeHHH COJIeHbIX BOJL € NpPeCcHbiMH) B Mepe-
XOJIHOH 30He — 30HEe JUHCNEepCHH.

Inddepennnanpyoe  ypaBHeHHe, OMHCBIBAIOUIEE  3TOT
mpolece, MoOKeT ObiThb MNPeACTaBJeHO B CIACGAYIOWEM BHIE:

dc S
7 = H5xr (195)
rjle ¢ — KOHUEHTpPAIHA COJIeH,
{ — Bpems,
[ — KoappuUHEHT MNPOA0JAbHOH JAHCIEepCHH;
X = x — vt

X — Tekyuaa opJuHara;
U — CPEeJIHsAS CKOPOCTh (PHABTpAIHH.
Kosdprinent npoioabHOH AHCNEpCHH paBeH!

ﬂ e DJ‘H -l_uﬂﬂ! {156}
rae D, — KosppuuuentT sbPeKTHBHOH MOJEKYJAPHOH AH)-
yauu;
&t — IOCTOHHHAA,
n — noxKasatenb creneHH (6AM30K K eIHHHIE, 1pH
n = | mocTosiHHAs ot HMEET pasMepHOCThb JJIHHBI,
XapaKkTepHsylomeil JaHHYI0O TOPHCTYIO Cpeay).
[Tpu rpanuunbix ycgaouax c¢(x, 0) =0, x >0 u Ha-
yanbHHX ycaoBHAX ¢ (0, £) =¢p, = 0; ¢ (oo, 1) =0,
{ = 0 pemennem auddepenunanbioro ypasnenus: (155) 6y-
ner [122]:

I Paaauunsle nogxofsl K MOCTPORHHIO MATEMAaTHUECKHX MoJeneif npo-

LeccoB MHrpauHd codelf momuno Hafith B cneuuanbioi autepatype [19,
32, ‘63, 92, 96, 105, 122].
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Cin-:mnﬂtr?e' ar -, (157)

QbpasoBaHHe coJoH4YakoB. EciaH ¢, — KOHUEHTpalHsA co-
JeH B I'PYHTOBBIX BOAAX, TO NPH BOCXOJAALLEM TOKE [NOYBEH-
HOH BJari (v MOJOMKHTENLHA) MOXKET NPOH20HTH HaKonJenue
BOJHOPACTBOPHMBIX COJIell B BEPXHHX TOPH30HTAX [10YBHL.
Sror npouece Bejer K o006pa30BAHUIO-COJOH Y A KO B,

M3 ypasuenus (157), nanpumep, caeiyeT, 4To Ha paccros-
HHH OT VPOBHS TPYHTOBHIX Bojx x = vl aas { = l/nJI kon-
NeHTpalHa coaell ¢ = Y .c,.

B Taba. 12 npuBejena XxapakTepHCTHKA MOYB M0 CTENeHH
HX 3aCOJIeHHA.

Taﬁnuuglﬁ

XapakrepucTHka 3acodeHnocTH nous [6]

Crenenb Cocron- [TaoTHEA | ¥ 16p-4on Annon
Facn. s Ryaos | HelRIOn: 19C10% o cepaol
TennA TYpHOA % OT MacChl KROAOTS IpumMeuanpe
HOUES PacTH- MaccH NoYAL S0,
TeNBNOCTH T1OM B bt

Heazaco- Hop- < 0,3 <70,02 == ,] —
JdeHHaA MaJbHOE

Caabo- Caerxka | 0,3—0,5| 0,02— | 0,1—0,3 | [IpomuiBks e ofs-
3aco- yrue- | 0,5—1 0,04 |0,3—0,4 3aTeNbLHE
NeHHas TEHHOE < 0,02
Cpenie- Yrue- | 0,5—1 0,04— | 0,3—0,4 | [TpoMuBKkH ©6a3a-
3aco- TeHHOE ] 0,1 0,4—0,6 TeTbHEl
JAeHHan <20,04
Cuawho- | CuasHoO 1B 0,1—0.2 | 0,4—0,6 | Ceabcxoxossniicr-
3aco0- yrue- 2—3 < 0,1 0,6—0,8 BCHHOE HCNOAL-
JeHnas TEHHOe 30BAHHE BO3MOX-
HO Nochae onpec-
HeHHH
CoJion- Fubeas | “>2 0,1 =0,8 | Bonpgg o ceancko-
yak - XO3AICTREHHOM

OCBOCHHH pe-
HIaeTCAd H&a OCHO-
BaHHH 3KOHOMH-
HECKOr'0 pacHeTd

HanGosee pacnpocTpaHeHHbIH METOL BOCCTAHOBJEHHS CO-
JOHYaKOB — IPOMBIBKa.

OnpecHeHue nous B mnpoiecce WX npomeiBKH. [lpouece
NPOMBLIBKH ITOYE NYTEM NnojladH BOJbl Ha NMOBEPXHOCThL C pacT-
BOpelHeM H BBITCCHEHHEM COJIeH B HHXKEJeXKalllHe TOPH3O0HTHI
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HJIH B APEHAXK MOeT ObITh onucan andpepeHuHanbHbIM ypas-

HE HHEeM: ] 5
d*c de 3 sl ¢ =
Amm—v—o—+7y(*—c)=mo—5, (158)

rie JI — KosuuneHT KoHBeKTHBHOH auddysuu;
c* — KOHUEHTpalHA MpefebHOro HaChilleHH;
Y — KOHCTAaHTAa CKOPOCTH PacTBOPEHHS;

my — CBoGOAHAS MOPO3HOCTD.

[lpn BeiBoge ypaBHeHusa (158) npuHsTH CjaepyOulHe
ynpolnawonye npeanonoxennsa: v = const, [ = const,
9 = const.

Pewenne ypapuenus (158) npu jonoaHuTeIbHO YIpoLULao-
ieM npejnognoxkenun y = 0 ¢ HayajibHbIMM W FPAHHYHBIMH
YCJAOBHAMH:

cx, 0)=c; c(0, H=cy 22D ~0
noayuenio C. ®. ApepbsinoBnim [105 [:
c=c -+ (ce—e) (& 7), (159)
rmne £ LA Spgee S
: E = — T = T

[‘paduk GyHkuuu [ npeacrasaed uHa puc. 37.

OO6bluHO nNpOMBIBHAS HOpPMa YTOUHACTCH 9KCIEpPHMEH-
tTaabHo. Eciu npoMbiBHbIE BOALI HMEIOT OTTOK, TO pacyer
HOPMBI BOJIBI, HEOOXOAWMOI a7 NPOMBIBKH MOYBbLI JIO 38/laH-
HOIl cTenenu onpecnenus, moxHo npoussectu (JI. IL. Posos)
no topMmyJe:

W=W .0+tn—W,

rie W — npombiHas Hopma, M® Ha 1 ra;
W, . — noaHast BJaroeMKocTb [IPOMBIBAEMOro CJOS;

W — 3anac Baars B NpOMBIBAEMOM CJI0€;

n — 3KCNepHMeHTa /bl Ko3ppHuuenT (n = 1+2 —
IJ51 CPENHEe3aCONeHHBIX MoYB M n — 243 — 14
CHJIbHO3ACOMEHHLIX MOYB).

B cneuHanbHol JauTeparype MOMKHO HalTH JpyrHe npHH-
LHOBl pacyeTa NpPOoMbIBHBIX Hopm [25].

Ecan ypoBeHb MiHEpaan30oBaHHbLIX IPYHTOBBIX BOJL 34-
Jeraer Ha rayOGuHe, GAH3KOH K KPHTHYECKOH, TO HEKOHTPO-
JUpYyeMoe OpOLU€HHEe MOKeT IpPHBEeCTH K 3acoJeHHio NepBo-
HayaJIbHO He3acoJeHHBIX NoYB — BTOP MUY HOE 3acCo-
JeHHe KpuHriyecKkuMm ypoBHEM TCpPYHTOBBIX BOX MHasbl-
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Puc. 37. Ipadux dyuxuun [ [105]

BAIOT TAKYIO MMIYOHHY HX 3ajeraHus, NpH KOTOPOH Kanuiaasp-
Hast KaiiMa jlocTHTaeT KopHeoOnTaeMoH 30Hbl H MOMKET BbI3BATh
€€ 3dCOJEeHHE,

OpHEHTHPOBOUHO 32 KPHTHYECKYIO FJAYyOHHY 3ajeranis
FPYHTOBBLIX BOJ MOXHO NPHHATE 3PMEKTHBHYIO BBICOTY Kd-
MHJAASApHOTO noabkeMa (~~3,3 M, cm. pasjen 3 raaser 111).
JIng TSOKeAHX M0YB 3TO 3HAUEHHUE J0JIKHO ObITh VBEJHYEHO
npumepuo B 1,5—2 pasa, a 15 JerkKHX NecyanbiXx ~— YMeHb-
wexwo B 1,0—2 pasa.

boaee ToyHO 3ajlaua O KPHTHYECKOM YVPOBHE TI'DYHTOBBIX
BOJL MOMET OBITh pellieHa, ec/JH HCNOo/b30BaTh’ MOJAX0, MPH-
MEHEHHBIH NPH pacyere rAVOUHLI 3aJeraliust rpVHTOBBIX BOJ,
ofeCcneyuBalOIHX 3ajlaHHbie npejesbHLie 3HAuUeHWs BlaxK-
HOCTH KopHeobuTaemoro caosn [49, 1121 °

CyliecTBennoe MOHMKEHHE YPOBHS TPYHTOBBIX  BOJ
¢ UebI0’ MPeJoTBpaulelus BTOPHYHOIO 3aCONEHHA JLOCTH-
raercsi BepPTHKAJAbHB M JIpEeHAEXeM.

CBf3h MEMNIV NapaMerpamMu CkBaxsuHbl (cm. puc. 30, a)

+ H ee 1eOHTOM Jerko NOJYUYHTDL, HCXOAA H3 CJAEAVIOUHX pac-

cyncienuit. Je0nT ckBaxHibl ¢ B 6€3HanopHOM BOAOHOCHOM
rOpH3QHTE NpH CTAILMOHAPHOM pe)KHUMe paBeH pacxoldy MNo-
TOKA, TPOXOAALIEr0 Yepe3 UHJAHHAPHYECKHH BOJOHOCHBIH
FOPHSOHT PajHyCcoM X H MOUHOCTBIO y. JAna sakoHa (uabTpa-
uuu (71) sanuuem g

g = 2nxyK, (%—éu), (160)

rie io _—"'.l.-”:illr 0
[Ipounterpupyem (160) npu caeaywinux rpaHHYHBIX YCJIO-

puax (cm. puc. 30;a): x =r, A8 Yy = H,;; x =R pnn
y = H, WurerpupoBanHe CYUIECTBEHHO YIpOULaercs, eCjH
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Aa8 y TpH i, NPHHATL cpennee suavenne H € [H,, H,)L
Hurerpupys u pewas (160) npu sTom jAonymieHHH OTHOCH-
TEJbHO ¢, HaWJeM

: N ¢ [ Ja ) 0y 1) 5 T
g = Ko [(Ho—Hy) . ARl (181)
I ——
Ty

Hast iy = 0 Bmecto (161) nmeem H3BECTHOE BhIpaKeHHE
Jionion, noJyyYeHHoe Ha OCHOBe 3akoHa JlapcH!

nKy {Hé “—Hi}
7 ;

In —
Fy

(162)

Pacuer no (162) nokasuipaer, 4to AJsi peaqH3yeMbIX la
npaktuke ycqoBufi: K, = 10° m/c; Hy =80 m; H, =
= 30 m; R = 1000 M; r, = 0,25 M ne6ur KoJoala g cocra-
But 1,9 .107* m3/e (19 a/c), u, Takum obpaszomM, OIHH KOJIO 1Ll
cMoxeT obenyxuTh ceeitne 300 ra semau. [IpakTHka nokasol-
Baer, 4to npu raybuue xogaojua 100—150 m na nopojaax
C  Y/OBJETBOPHUTENbHBIMH  (HILTPAIlHOHHLIMH  CBOHCTBAMM
npu neéure B 107*—10"* m%c (10—100 a/c) omun Koaonen
obcanyxusaer 100—500 ra,

OGpazopanne cogoHuoB. PacTBopeHHHe COMH, NEpelBH-
rasich C BOAHLIM MOTOKOM, MOTYT BCTYNaTh B OGMEHHBI® peak-
IHH C [TOTJIOULAIOUHM KOMILJIEKCOM [0UB, HanpHuMep, Mo THITY:

[Ty -~ 2NaxCO; — IM14Na -- CaCO; -- MgCOs
HIIH [1§, -+ 4NaCl 7 [T14Na - CaClz - MgCls.

STOT npolecc MOXKET MPeBpaTHTh MOUBY B C O J1 O H € 1L
B Tabu. 13 npusejeno oo u3 cymecrsyomux [6] noxpas-
JIEJ@HHH NMOYB I10 CTeNeHH COJIOHIeBATOCTH.

B ranage Il ormeuasoch, uto cranjaptiblii cnocob ocBoe-
HHSl COJIOHIIOB — T H M COB a H U € NOL COJ0BLIE COJOHILEI
BHOCAT npumepHo 20—25 T runca Ha 1 ra, noj oCrajbHLIE
COJOHIBL — 5—10 T,

B Tex cayuanx, wxorja B 0GMEHHOM KOMIJIEKCE MOYBE
HaKATIJIHBAIOTCA BOJIOPOJHBIE HOHBI, peakilHs Ccpejbl cTaHo-
BHTCA KHcaoll. [las GoabLIHHCTBA e KVABTYPHLIX pacTeHHH
GraronpHATHOH 17151 NMPOU3pacTaHHs fIBJISIETCA HeWTpaJ/bHasd,
caabOKHCaaa wian caaboueouias cpeja.
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TaGéanma 13

Crenennb codoHueBaTOCTH noys [6]

] ]{-ﬂ-.-'l“'-IEE'T'IHI nordo-
LTencHhb HIEHHOTO HATPHA,
COAO0NLEBATOCTH % OT EMKOCTH TMpuMetanne
Houn NOrA0ULCH HH
Cnafocoaou- =10 [Mpuroansl 248 ceAbCKOXo3siicr-
HepaThIC BEHHOIO HCMOJAB3IOBAHKMA o3 XiH-
MHIATHH
CHasHo- 10—30 [Ipuroanst A5 Ce/IbCKOXO3H -
COTOHLEBATRHIC CTEEHHOrD HCNOMTLRIOBAHHA, HO

OHOBPEMEHHO HCOOXOAMME XH-
MH3auna ¢ obasarcabnoft npo-
MBIBKOIT NPOAVKTOB OOMeH:
Cononust =30 TpebyioT XHMHIAUHH H [IPOMBIBOK
A0 Havala CceNLCKOXO03ailcTBeR-
HOTO OCBOSHHA

[lo Beanuune pH (abcomoTHoe 3HaueHue Jorapudma
KOHUEHTpAaUHH HOHOB BOJOpoOjia) pasjHyaioT MOUBKL

Cunvnogucaste pH < 4,6
Cpennexneasie pH 4,6—5
Cnaboxucase pH 5,1—5,5

Kak yme ormeuanoch (raaea I1), ranapHblM MEPONPHATHEM
0 YMEHbIIEHHI0 KHCJIOTHOCTH [10YBHlI ABJAETCHA H3 BECT -
KOBaHHeE.

B ta6a. 14 npusejleHsl 10361 YIAEKUCA0H H3BECTH IJA pas-
JUYHBIX TO4YB B 3aBucHmocTH oT pH cpexsl.

Tabaunwa |4

Hopmadshble 10361 yraekucaod ussectu, T Ha | ra [6]

pH
Moysw
=4.5] 4.6 | 4.8 5 | 9,2 | 5,4—5,5
yrnecuanue H JErKHe CYIVHHKH 4 13:5] 3 |2.56] 2 | —2
PeAHHE H THKEIWE CYTAHNKH 6 |55| 5 14,5 4 | 3,50—4

Ilnst Meauopauu# KapOGOHATHBIX COJIOHLOB MNPHMEHSIOT
KncaoTtTosaHhnue [25]. B stom Merone peanusyercs
Hiaess o6 HCNoAb30BAHHH CepHOH KHC/JOThl AJIA NOJYyUeHHA
THnca B camoil Mnouse,
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[Tpy BHECEHHH CEPHOH KHCJAOTH B MOYBY peakuuu npore-
KaloT 1Mo cXeme:

H,SO, -}- CaCO, — H,CO, --- CaSO,
[N2 4 CaSO4 — [1Ca + Na,SO;.
ﬂﬁpﬂa{}ﬂﬂﬁmaﬂtﬂ VIJIEKHCTIOTa TaKye BCTYIAET B peak-
25 H,CO, -- CaCO, — Ca (HCOy),,
[INS -+~ Ca (HCOy), — I1Ca - 2NaHCO;.

Kak nokasbiBaer npakTHka, npuMeHeHHe oTpaboTaHHOl
CepHOI KHCAOTH Ha oHe 3(peKTHBHOTO ApeHaxa ABJAeTCH
MOILLH BIM IPHEMOM XHMHYECKOI MeJIHOpAallHH He TOJAbKO COJIOH-
0B, HO H COJIOBBIX COJIOHYAKOB.

MatepHanbl npeabAVUIHX PpasjeioB KHHIH MO3BOJISIOT
chopmyHpoBaTh HEKoTOphie obliiHe TpeGoBaHHHA K pemHMY
npoMbIiBOK. ['J1aBHbie H3 HHX CBOAATCA K CJEAYIOLLHM.

1. I'lpombiBKH npoBOAATCS HA XOPOIIO CIHVTAHHPOBAHHLIX
TEPPHTOPHAX H JHIIL B TOM Clyuae, Korja nposeieHnl Mepo-
NpHATHA, NpejloTBpallaolllie BTOPHYHOE 3aconeile, 3a-
TONJIEHHE W JpVrue Herkejare/bHbie MOCAEACTBHA.

2. CxopocTh HHCXOASILEro MoTokKa J0JxHa 5}1[Th TaKOH,
yToObl BpEMS KOHTAaKTa MPOMBIBHOrO pacTBopa ¢ MOYBOi
6Li10 JlocTaTouHbM AR GoJgiee NoJAHOTO NMPOTEKAHHA OOMEH-
HhIX peakuuii, pactBopenus u audgdysun coneft 3a npegebi
JIBOITHOTO CJ1041.

3. I'lorepn Boabl Ha HHHALTpALLHIO Yepe3 KPYIIHbe Mops
M TPELLHHB! A0JHBI ObITH MHHHMaAbHLIMH; (DPOHT NPONHTKH
J0/IAEH OXBATHIBATH TJ1aBHBIM 00pasoM MEJIKHE [OpBHl.

4. HurencuBHOCTHL nojauy NPOMbIBHOH BOAB! 10/1KHA ObIThL
TAKOH, 4ToObl NPEAOTBPAaTHTh KOJbMaTallHIO MOPOBOro Mpo-
CTPAHCTBA 3alIEMJIEHHBIM ra3oM H KOJJOHAHBIMH HACTHILAMH.

2. I asoo0MeH Mexay NOYBEHHbIM H aTMochepHbIM BO3J1Y-
XOM B IpOIECce NPOMBIBOK M0 BO3MOXKHOCTH HE JIOJIAKEH TIpe-
KpalLaTheA, -

I1H TpebGoBaHua HanboJiee M0JHO BBHITOJHAIOTCA NPH Mpo-
MBIBKAX Jox<ieBaHHeM (HJAHM MajbIMH HOpMamH OGe3 3aronJe-
HiA) i NpH 3JeKTpomesnopanui. [IpakTuka nokassisaer [76 |,
4TO MPEepbIBHCTHIE NPOMBIBKI MaabIMH HOpMamu Ge3 3aton.e-
Hus a¢extipnee B 2—3 pasa no CPaBHEHHIO C NMPOMLIBKaMK
OOMBLIHMI HOpPMaMH C 3aTONJIEHHeM.
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10. SNEKTPOMEJIHOPALLMA 3ACOJIEHHBIX NO4B

TeoperrHueckue oCHOBBI 3ajekTpomeanopauuu. Oanoir u3
HauboJjee Cepbe3HbIX NMPHUYHH MaJoH 3(PPeKTHBHOCTH METoja
NPOMBIBOK 3aCOJI@HHBIX (0COGEHHO COA0BO-3ACOJEHHBIX) MOYB
. ABJSIETCH He3HauHTeJaAbHas BOJONPOHHLAEMOCTh TAKHUX ITOYB,
~ ux caabas coae- u Bofooraaua (4, 20, 21, 22, 133 ]. Iloucku
. nyTed NOBBHIEHHA (HALTPAILHOHHOH CHOCOOHOCTH 3aCoieH-
;- HEIX NMOYB MNpHBCJH K HIee O NPHMEHEHHH JAJH 3THX lJ,E."IE'FI
" [OCTOSIHHOTO 3JIEKTPHYECKOTO TOKa (37eKTpoMmesHopaltin).
. [Ton Bo3AEHCTBHEM MNOCTOAHHONO 3JEKTPHYECKOTO TOKa
~ B IIOYBC NPOTEKAeT KOMIJIEKC (PH3MUYECKHX H (PH3HKO-XHMH-
;'_ JECKHX NPOLLECCOB, NPHBOAAINIHX K BBIHOCY BPEILHBIX IJ5 pa-
~ CTEHHH coJielt M YJaYYIUEHHIO BOAHO-BO3/IVIIHOTO H NMHUTATE/]b-

HOTO pexHMa no4ysbl. PacCMOTPHM r/laBHBIE H3 HHX.
| aekmpoocsoe. Ecan noupy MojaeanpoBaTh HabGopom IH-
§2 JHHIPHYECCKHX HEMNCPECEKAIINIHXCH RKallH/JIAPOB OQHOTO pa3s-
© Mmepa, TO JAas pacxofa Qp Bmecto (36) cnpasefiHBa 3aBHCH-
. MOCTb:
Qs =T, (163)
rjie (Kpome H3BeCcTHHIX olosHauyeHHil) R — panuyc Kanui-
Jasipa nop;

I — IJIOTHOCTh 0P,

E — rpajMeHT noredHunana 3JEKTPHYECKOro MOJ.

Ilasi nanopHoro notoka (cM. dopmyay 58) ¢ yuerom obo-
gHaueHtl (D9) nmeeM:

v et o

2

__ nRfegl
e (164)

Cpapuusasa (163) u (164), naizemi

. ‘ i mj_ . - i-.l-:'.";:-:' ::i;ﬁ-:-}i{'lilg L .;_'! -1'.':::'\' _;'I‘.l;'l-..'rl o :"‘E -
K . 1 ahl .

Qe 4
G nE (165)
e | A= 20

"L

M3 (165) BHIHO, 4TO €CJIH NPH NPOYHX PABALIX YCIOBHAX,

o it

R— oo, TO %L-—-sﬂ; R—0, -%—r-:m

© 7. e. B TeX VCJIOBHSIX, Korja HanopHslil notox Q — 0, sne-
KTPOOCMOTHYECKHH MOTOK Qg — oo0.

pes I
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3a Mepy 3(peKTHBHOCTH 3JIEKTPOOCMOTHUECKOrO BO3/Eii-

K
CTBUS Ha TPYHTH TPHHHUMAIOT BEJNHUYHHY h,i‘-«f. Ha3bl-

BAEMYIO VAEJbHBIM 3JEKTPOOCMOTHUECKHM HanopoM (31echk
K, — xoshduunent  sjaekTpoocmoca, K — KosppHuHenT
huaAbTpaALUHH).

Taxum o6pa3oM, OTHOCHTEIbHAN 3(NPEKTHBHOCTb 3/EKTPO-
OCMOCA MPH NMPOYHX PaBHBLIX YCJIOBHAX TeM Bblllle, YeM MeHee
BOJAOMNpPOHKILaemMbl ofpasell HJIH ero 4acTb A HamnopHoro

NoTOKA.
Muepayus woHos. IJaekmpoaus. B NOCTOAHHOM 3JIEKTpH-

yecKoM 1noJie HOH JIBHAETCH CO CKOPOCThIO
v, = BZeE,

rae B — nojBHAKHOCTb HOHA,
Z W e — ero Ba/JeHTHOCTb W 3apfAl COOTBETCTBEHHO.

C yueroM CKOPOCTH 3/€KTpoocMoca pe3y/ibTHpYIOlLan
CKOPOCTb:

v=0, * Vg

3/1eCh 3HAK NJOC OTHOCHTCHA K KATHOHAM, A 3HAK MHHYC —

K aHHoHaM.
B Ta6a. 15 npeiacTtaBaenbl 3KCnepHMeHTANbHLIE 3HAUEHHSA

CKOPOCTH NepeiBHKeHHA HEKOTOPhIX HOHOB U, B PasjHYHLIX
IPyHTAaX.

Tabanua 15

CKOpOCTH NepeiBHMEHHN WOHOB B PA3JHYHBIX TPYHTAX
(mo I'. H. Aunknny)

o, 2,8:10=%, m*/(c* B)
I'pynur
Na |u-(cr) | Ca™ Fett
JIATHHHCKAA TauHa 0,46 0,71 0.8 -
Mopenubii cyraHHOR (ernH- 0,58 0,61 0,9 0,2
rpajacknii)
Cyranunok na Baajsas — 0,65 - —

Tak Kak Ha CKOPOCTL MEpeiBHKEeHHst HOHOB 1O TPYHTY
B IOCTOAHHOM 3/JEKTPHUYECKOM [10J1€ OKa3blBalOT BJAHAHHE
alcopOUHOHHBIE H OGMEHHbIE MPOLECCH, TO ITH 3HAYEHHS He-
CKOJIBKO OTJIHYAIOTCA OT HCTHHHBLIX 3HaueHuit v,. C ypenn-
yeHHeM KOHUEHTpaluuy HOHOB B PACTBOpe MCTHHHAN CKOPOCTh
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NBHIKEHHA HOHOB YMeHbI@eTCA 3a CYeT TopMmo3siuero ei-
CTBHHA B3aHMOJAEHCTBYIONHX APYT C JIPYTFOM HOHOB.

Hount BOJAOPO/a BOCCTAHABJIHBAKOTCH HA KaToJe C Bbijlene-
HHEM BOJOPOLA B BHJE ra3a; KaTHOHLI HATPHA M KaJbIHs He
BOCCTAHABJHBAIOTCS Ha KaTojle H CKallJIHBAIOTCHA B KaTOAHOMN
30HE B BH/1E HOHOB, 00pa3ys LLEJIOYHbIE PACTBOPHI:

Na 4 OH = NaOH,

Ha Heokucasiouemes aHoie (yroJib, nJaTHHa) MPOHCXOAHT
OKHCJIEHHEe aHHOHOB C BblJ@JE€HHeM rasa:

40H — 4e — 2H,0 + O,,
2Cl — 2e — Cl,.

B cayudae OKHC/AAWOIUMXCA aHOA0B (HanpHMep, xKejaesa)
NPOHCXOAHT OKHCJIeHHe MaTepHaja:

Fe — 2e = Fe®*,

Mousl esnesa, B3auMojeiictsysi ¢ Bojo#, o6pasyior ru-
JIPAT  3aKHCH  JKe/1e34, [OBBILIAIOT KOHUEHTPAUHI0 HOHOB

BOJIOPO/JA:
Fe 4 2H,0 = Fe (OH), + 2H.

Takum obpa3soM, B aHOAHOH 30HE NPOHCXOIHT MOHHKE-
HHe, a B KaTojHoil — nosblinenue pH cpenst.

B npuMmeHsieMbIX CXEMaX pacCTaHOBKH 3J€KTPOJIOB B moJe-
BbiX veaoBusix [12] pasmepst anoanoit M KarolHOH 30H co-
CTABJAIOT JOJIH  npouenta ot obpabGarbiBaeMoOH nJemain,
H BKJ4l NPHJEKTPOJHBIX TPOIECCOB B MeTHOPATHBHbIM
subexT B 3THX cayuanx Hesnauuresen./ONHAKO B NpaKTHKE
3JCKTpPO3aKpenenus cjaabuix TPYHTOB H B JiaGopatop-
HbIX ONBITAX MO BOCCTAHOBJEHHIO 3acoJienubix nous [2] mo-
ryr ObITh CO3JaHbl VCAOBHHA, NPH KOTOPBIX MPH3JIEKTPOIHLLE
npoieccs 3aXBaThIBAIOT NPaKTHYeCKH Bech o6nemM obpabaThi-
BA€MOro IpyHTA.

Adcopbyus. OOmennvie peaxyuu. Ha nopepxHocTH pas-
aena (az HNMEeT MecTo MJH YBeJIHueHHe, HJH YMeHbLIeHHe
KOHLUCHTpaAUHH OJHOTO HJIH HECKOJIBKHX KOMIOHEHTOB. A.Jl*
copOiiHoHHaA CnocoGHOCThL NMOTJIOULAINIEr0 KOMIJIEKCA MOYBL
HOCHT OOMEeHHBIH XapakTep: NMpPH MOrJOWEHHH OJNHHX HOHOB
B PACTBOpP MNEPEeXOAHT 3KBHBAJIEHTHOE KOJIMYECTBO JPYruX
(paspea 2 raasm 1I).

Tlonmkenne pH cpeabt B aHoiHOH 30He, npoHcxojsilee
NoJj ACHCTBHEM MMOCTOAHHOTO 3JIEKTPHYECKOro ToKa, cnocob-

139



CTEYET BbITECHEHHIO HATPHS, HAXOAAIErOCH B MOIJOLLAOLLEM
koMnaekce, noiom H B nouseunntit pactsop. llocae storo
woH Na nepeHocHTest K Katoldy. BbITeCHEHHIO NOIVIOUEHHOTO
Na H3 NouBbl CHOCOOCTBYET yBe/IHuelie KOHUEHTpaluMuH Ho-
nHoe Ca** B NoYBEHHOM pacTBOPE; HA 3TOM OCHOBaHLI OOBIUHbBIE
IpHEeMbl MEJHOpPallHH COJIOHILOB.

Pacmesopexue coaeld U COCIMABHLIX KOMMNOKEKMOS NOYEHL.
Mamenenne pll cpeasl npH 3/eKTPOMETHOPAUHH MPHBOAHT
K pacTBOPEHHIO HEPACTBOPHMLIX /0 BO3AEHCTBHA MOCTOSH-
HOTO 3JEKTPHUECKOTO TOKa COJIEH H COCTABHbIX 3JEMEHTOB
MOYBHI.

B paGorax A. A. bBarypusa ([10] nokasawo, uto non
NENCTBHEM 3JEKTPHUYECKOTO TOKa NMpoHcXoiur ObicTpoe pas-
JIOWEHHE TPVIAHOPACTBOPHUMBIX COGIMHEHHH, 4TO Bejer
K DE3KOMY H3MEHEHHIO XHMH3Ma MO4B. A. ®. Bauonwnso#
 E. A. MoayaHoBOH OTMe4YeHO CVIIeCTBEHHOE MNOBHIllIeHHe
PACTBOPHUMOCTH THNCA B IPOUECCE 3JIEKTPOMETHOPAILHN THII-
COHOCHO 3aconenHoii nousbl [22].

Hamernerue eaazonposoduocmu nowsozpyrmos. Tlpn Hexo-
TOPON HANPAMKEHHOCTH MNOCTOAHHOrO 3JIEKTPHYECKOIo M0JH
paspyliaercst CTpyKTypa nousenHoro pacrsopa [15], uto
NPHBOJANT K CYUIECTBEHHOMY MOBLILIEHHIO BJATONPOBOAHOCTH
NnoyBk! 3a cuer: 1) TeyeHHs NOYBEHHOro pacrsBopa, onpejessne-
MOTO BSI3KOCTBIO PaspylUeHHON CTPYKTYPbl 1.; 2) BOBJeue-
HHA B «CTpoil JelcTBYIOILUX» MeJKHX nop. OnwbiT nokasol-
paer [12, 133, 134], yto 3TH (aKTOpbl BO MHOIHX NPaKTH-
YECKHX Cayyasx fBJAAIOTCS IMABHLIMH B Npoleccax 3J1eKTpo-
MEJTHOpPAIHH  3aCOJIEHHBIX [IOYB.

I powue ghakmopot. JonoanurenbHoe noBullenne puiaLTpa-
IHOHHON CNOCOOHOCTH MOYB B [OCTOAHHOM 3JIEKTPHUYECKOM
noae Momxer ObITh CBR3aHo ¢ TeM, uro: 1) saexkrpodopes KoJ-
JOHAHBIX YACTHLL NPH OMNPEIeJEeHHbIX YCJIOBHHX TPHBOAHT
K «pacKoJbMaTHPOBAHHIO» MOPOBOr0O NpPOCTPaHCTBa; 2) ai-
copGHpoBaHHbIe HA CTEHKaX NOp rasbl OVAVT CHECEHBl 3/I@KTPO-
OCMOTHYECKHM TMOTOKOM (BaHsiHHe aicopOHpPOBAHHBIX Ta30B
Ha BO/IONPOHHILAeMOCTB, cM. pasjen | raaselt 1V), 3) pacrso-
peHHe COCTABHLIX KOMIOHEHTOB II0YBbI MPHBOAHT K H3MeHe-
HHIO FeOMETPHH MOPOBOT0 NPOCTPAHCTBA CPe/ibl;, 4) NOBLILEHHE
TEMNEepaTyphbl CHCTEMBI MPH BLICOKHX NJIOTHOCTAX TOKAa Hime-
HAET peoJIorHuYecKHe CBOHCTBA [OYBEHHOTO pactsBopa, ero
PacTBOPAIOULYIO CTOCOGHOCTL H CKOPOCTh (PH3HKO-XHMHYECKHX
TPOLLECCOB.

Crnenyer nojyepKHyTh, YTO NOBLILEHHAA BOJCIPOHHILae-
MOCTL TOYBLI COXPaHAGTCH W Moc/je NpeKpalleHHs Bo3eH-
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CTBMA NOCTOSHHOTO 3qeKTpHueckoro noas [12, 133 1. B onbirax
A. @. Bamonnsoit 1 E. A. MosuaHoBoil BoaonpoHHLdEMOCTh
THIICOHOCHBIX COJIOHYAKOB MPH 31€KTPOMEJHOpallHH BO3pociia
B 2—4 pasa [22].

JlaGopaTopHbie H NOJEBLIE ONBITH, KPATKHH 00630p KOTOPBIX
aan B (15 ], noyrsepxaaor ocHOBHOMN BBIBOJ, CJAELYIOUHI H3
aHaNn3a Npoleccos, NPOTEKAUHX B IOCTOAHHOM 3JEKTPH-
YeCKOM _noJie, — JeKTpoMeanopaiis  ¢jiaboBOJONPOHH-
IlaeMbIX 3acoJIeHHBIX NMouB 3(upeKTHBHA.

[Mosesbie onbiTel No aJekrpomesnopauuu. [leiicteue yka-
3aHHBIX BbILE (PAKTOPOB HOCHT CHOMKHLIA Xapakrep. B uacrt-
HOCTH, CKOPOCTh ViajaeHus u3ObiTKa coseil, cTenennb paccose-
HHA W IKOHOMHYEecKasn 3(PeKTHBHOCThL 3JIEKTPOMEJIHOpalluH
B 3HAYNHTEJILHON Mepe 3aBHCAT OT COOTHOUWEHHS 3JeKTpooc-
MOCa W MHTpalHH HOHOB B OO6uieM fB/JeHHH.JTO COOTHOIEHHE
NPH TPOYHX PaBHBIX YCIAOBHAX 3aBHCHT OT KOHUEHTpAallUH
H COCTABA COJICH B MOYEE H MOYBEHHOM pacTBope: npu JIaHHoH
HaANPAMEHHOCTH NOJIA MOTOK HOHOB, MHTPDHPYIOLIHX B 3JeK-
TPHYECKOM MNOJIe, pacrer ¢ VBeJHUYeHHEeM HX KOHUEeHTpallHH
B pacTBOpe; ¢ APYroH CTOPOHbLI, 3JEKTPOOCMOTHUYECKHI MNOTOK
BO/bI H COJEH MNPOTNOPILHOHAJIEH BeJHYHHE 3JeKTPOKHHETH-
YeCKOT0 MNOTEeHILHa/a NMOoYBbLl, KOTOPLIH ITOHHJKAercs c yBe-
JAHYCHHEM KOHIEHTpauHM rnoysBeHHoro pacrsopa. Taxum 06-
pa30oM, H3MEHEHHE KOHUEHTpalHH MoYBEHHOIo pacTBOpa oKa-
3bIBAET B3aHMHO MNPOTHBONOJOKHOE BAMsHHE HA ofa mnpo-

ecca.

CnocoGCTBY A BLITECHEHHIO HAaTPHA W3  NONJIOIAIOULEro
KOMMNJEKCca, HOHbI KaablHA B TO ke Bpems ahdeKTHBHO Nno-
HHAAIOT  3JIEKTPOKHHETHYECKHl MOTEHILHA] NOYBHl, MOJaB-
A5t IEKTPOOCMOTHYECKHH NMOTOK BOAH M coJiell. YyHThiBas
oba s(pexta, MONKHO IIpeAnoJararb CYIIECTBOBAHHE ONTH-
MAJILHBIX JVIS 3/IEKTPOMEJIHOPAIlHH COOTHOUEHHH YKasaHHbIX
HOHOB.

B xoae snekrpoMesHopauny H3IMEHALTCH KaK KOHILEHTpa-
i Cojel B MOYBEHHOM pacrsope, TAK H HX COCTaB, YTO NpH-
BOAHT K H3MEHEHHIO HCXOAHOro COOTHOILUEHHs o0OHX npouec-
coB, ofecneuHBalUIHX YlaaeHHe cojJel, nostoMmy spdek-
THBHOCTh H TEeXHHKO-3KOHOMHUYECKHE [OKasaTeaH SJIeKTpo-
MeJIHopaln (Hanpumep, pacxoll 3HEepruM Ha yaajeHHe eiu-
HHILBI MACCHI BPE/IHBIX COJIeH) TaKzKe MeHAIOTCH B X0/1e CaMoro
npouecca.

[loseBbie ONBITHI  NPOH3BOACTBEHHOrO XapakKTepa [0
SJACKTpOMEJHOPAlHH, ~TO-BUJAHMOMY, BrepBbie BbINOJHEHb
. Koanonuem [15], Kotopwiit npoBoiui HX Ha ueTbpex
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yyacTKax C BHICOKHM YPOBHEM PDYHTOBBIX BOX. B kauectse
KaTola HCNob30BaIuCch TpyOsl, nposojia H T. n. [lapananeasno
kartony Ha paccrosinun oT 30 10 360 M OT Hero Ha rayOHHY
no 1,5 M BBOAHAWCH AHOJHBIE CTEPKHH B OCHOBHOM H3 Me-
Tajua, Ha paccrosiiuu 15 m apyr or apyra. Cuaa Toka ot 3
go 45 A, nanpsoxkenne ot 15 go 75 B. ABTop npenaaraer
NPOBOAHTL 3JIEKTPOMETHOPAUHIO Ha NMOYBAX C BBICOKHM CO-
JlepHaHHeM KaJbLusi HJIH ¢ OJAHOBPEMEHHBIM ero BHEeCeHHEeM.

Ha oneiTHOM yuacTKe B TeueHHe 19 jer He npoH3BOAHJIOCH
HHKaKHX [ocepoB. exkTpoobGpaboTka mnpojoaxkanace o8
nHed (paccrosiue MeKAY aHOAHBIMH H KAaTOJAHBIMH CTEPIKHAMH
153 M, cuaa toka 21 A, mnanpsxenue 24 B). K KoHuy
50-ro aHA o6paloTKH NMOYBbI YpPOBEHL TPYHTOBBIX BOJ CHH-
suacs Ha 1,5 M, cojepzaniie HaTpHA B JipeHakHoii Boje yBe-
anungoch B 20 pas. K xouuy onblta cojep:aHHe HaTpHA
B [I0YBE HACTOJbKO CHH3HJIOCH, YTO NMOYBY MEpEBeaH B TMaaT-
HBIH KJjacc.

B 1967 r. Ha noayoctpose Maursiuyiak Kasaxckuii H.-u.
HHCTHTYT 3aMJIeJIeNINsl MPOBe] ONBIT 10 3JIeKTPOMETHOPALHH
sacojqieHnbiXx moyB '. Yuactok pacnoaoxken B 800—1000 m
K cesepy oT ropoja u B 1,5—2 KM or Gepera Mopsi.

KanMar pailoHa pe3ko KOHTHHEHTAJLHBIH, C YMEpeHHO
X0Ja0JHOM, KOPOTKOi, MaJOCHeKHOH 3UMOH H JKapKHM Ipo-
noKHTeNbHbIM JieToM. CpenHerojloBas CymMMma OCalKoB JI0
160 mm. Ha teppurtopiu yuacTka ypoBeHb TPYHTOBBIX BOJ
Kosebaercs or 1,5 jo 4 m, a cTenedb MHHEpaJH3alliH — OT
9,6 no ol,3 r/a.

Ha onbiTHOM y4acTKe YPOBEHb I'DYHTOBBIX BOJ COCTABJIA
2.37 M co creneHkio MuHepaausaunu 9,65 r/n. Ofiee cojxep-
sanue coqefi B caoe 0—1 M Ha oneiTHOM yvactke 1023 xr
(wau 56,1 T/ra).

Pasmep yuactka 192 m® (16 X 12 M). O6muii o6vem rpynTa
non onsitom 307,2 M® (192X1,6 ™).

[Tepen onbiToM Ha yuacTKe GbLIO MPOBEIEHO JYIEHHE 11TY-
ramu Ges orBaJioB Ha rayoHHy 12—I14 ¢M 1 JIBYKpaTHOe jdHC-
kopanune. Kpome Toro, Ha ydactok Gbliio nogano 40 M® Bojst,
4 BO BpeMsl ONbITa B aHOAHYIO 30HY — eie 9 m?. Beero Gwiio
nonano 49 m® soawpr, uto paedo 120% ot nosepoit Baaroem-
KOCTH.

Karopom sBasinace obGcaanas nepopuposanHas Tpyba
aanHoi 8 M, 3aburtasi B HaOMIONATENBHYIO CKBaKMHY. AHO-
IOM CJIY¥KHJH rasoBbie TpyOb anunaoit 1,8—2 M, anamerpom

' Onetr nposoguiaca E. B, AiGacoswm npu yvacTHH astopa,
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1Y/,—1%, moiima. TpyGel 3a6UBaJNCh NO TPEM CTOPOHAM- yya-
crKka Ha ray6uny 1,6—1,8 M, uepea 5 M i cBapHBANHCh MEXY
co0oi Keae3HLIMH [PYThAMH.

HMeTouHHKOM NMocTOsSHHOrO ToKa Obll cBapoyHblil npeobpa-
gopareas [1CO-300 momuoctsio 14 KBT.

Onulr HauaJgca uyepes 7 jaueil nocae nogauyun Bojw. Cuja
ToKa B nepsble 7 4 coctaBasia 30 A, Hanpsxenne — 44 B.
B nocaeayioune 7 u cusia Toka Gblia ysenuyeHa o 60 A,
a Hanpsaxenue — 1o 60 B.

Uepes 14 u 1 jio KoHlla onbita (160 4) Hanpsixkenne cocTas-
aano 6 B npu cuae toka 30 A.

Cpeanss nJjorioctb ToKa no avoay 1 ~ | A/M*. O6uui
pacxoji saexkTposneprun cocrasuy 84,8 kBt .u.

B onwte rpajHeHT noreHnuana cocrasaan 37-107° —
b 107 Bl

Ha onbiTHOM yuyacTKe GBIH BbIAEJEHBI aHOJHBIE, CPelHH-
HeEle M KaTtojHas 30HBI, a Takme 6 niomanok, Ha KOTOpLIX
B 3-KparHoll MOBTOPHOCTH OTOHPAJHCH MOYBEHHbIE Mpolbbl Ha
ray6uny no 1,6 m: uepes 0,1 M or 0 10 ray6unsl 1 M i uepes
02morl ao 1,6 M.

Y Kartoja, Kak W CAE0BaJ0 0XHU1aTh, NMPOH3OULIO YBe-
auyenne pH ¢ 7,1 1o 7,7 B caoe 0—1,6 M. B cpetiintoi 3oHe
npousoniao cuuxenne pH ¢ 7,7 1o 7 na ray6nue 0,0—I m.

¥V aHoja Takie 1POH3OLII0 3HAYHTeTbHOe cHiyKenne pH,
ocobenio 3ametHoe Ha rayb6une 1—1,6 m.

AHaJH3 BOAHON BHITSXKKH [10KAa3aJ, 4TO 4Epe3 HEAelo
nocJie Hayaaa oneita ofuiee cojepaHHe cojiell B METPOBOH
TOJIILE HA ONBITHOM YyuacTke cHuanjock ¢ 1023 jo 781 kr,
T. e. Ha 23,7%. -

Beaeacteue obpa3soBaHHisl KHCJAOH cpeibsl V aHola, cro-
COGCTBYIOLLEH PACTBOPEHHIO CpeiHe- H TPYAHOPACTBOPHMAIX
coennennii Ca, conepxanue Ca y aHojia, HECMOTPA Ha 60Jb-
1ee KoJHYeCTBO BOJbI H, cJejloBare/ibHo, Ha 00/iblilee BbIMbl-
BaHMe, yMeHblIHaoch Beero Ha 16,9%, B 10 Bpems Kak y Ka-
Tona — Ha 31,8% u B cepeaune — na 43,7% (raba. 16).

HanGoaee aktusHo pacteopenne Ca NpOHCXOAHT B Bepx-
iem ropusonte, B caoe 0—0,5 M. B 3TOM cjioe HaOmo1a10Ch
HesHauHTe1bHOE YBejHueHue coaepxanua SO, y aHojna H
yMeHbllleHHe y KaToia i B Cpe/nHHOl 30He nousbl (taba. 17).

Ynenpwenne cojepxanusa SOf B KatonHoit H CPEAHHHON
joHax B 4—5 pas no cpaBHeHMIo ¢ anojHoil 30HOi B ciaoe 0—
1 M B ofiiem XapaKTepHo A5 3/J1eKTpoan3Hoill pasroHkn SO;—.

Conepxanne Cl-nona, kak # Na, B cocTaBe COJieil He3Ha-
yuresnpioe. Cuixenne-cojepxauns Cl-nona B BepxHeM ro-
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Tatauuwa 16

Hamenenne cogepxanns Ca nop sosgeHcTBHEM
SAEKTPOOCMOCA, KHJIOIKBHBAJNEHT Ha | Kr mousnt - 1 0°

Cogepwanne Ca Cogepwanne Ca Pasnina
N A0 OMBITA B ClO nocne onMTa B caoe | B Codcp-
b WanHy
wan- 3ona . Ca_
Y3 = 0,5— 00— h— 0,58— 0— (canit
0.5 M| 1 ™ I | 08 M | '1u t w |01 M)
|
| KaTonuan 341 | 22,7 | 56,8 22,9 | 17,5 | 40,4 31.8
b Cpeauunan | 11,9 | 19,9 | 31,8 46| 142 | 18,8 43,7
2 AHognasn 10150 L2 2080 0108 6,8 | 17,7 16,9
TaGanna 17
Hamenenne copepxanua SO noa BospeficraueM
2JIEKTPOOCMOCA, KHJI0IKBHBAJEHT Ha | Kr nousw - 107
N Ho onwta B caoe [Mocae onwiTa B CJoe II:FT:SI:::L%E-‘
nao- AN
miam- 3ona Cna
KH 0— 0,5— 00— 0 0,5— 0— (cmoil
o5 | Lo | ox | 05w Tar | 1w | O] mh
i
1 Karoanan | 55,8 | 25 80,8 | 30,3 | 21,8 | 52,1 35,5
6 Cpeaunnan | 14,9 | 24 38,9 57 | 16,6 | 21,9 43,6
2 AHoaHasn 13,4 | 142 | 27,6 | 15,6 35§26 9,05

pusonte (0—0,5 M) cBA3aHO HE CTOABKO € 3JEKTPOOCMOTH-
YeCKHM CMEIIEHHEM, CKOJIbKO € TPaBUTALLHONHBIM MOTOKOM
H BEIMBIBAHHEM B HHAHHE FUPHEDHTE:L

OaHako B HHMKHEM TOPM30HTE YBEJAHUYEHHE COAepHKaHHA
Cl-nona y aHojia H YMEHbIUEHHE B CPEJHHHOH 30He XapaKTepHo
nas sgekTpoxumiueckoro cmemtedus Cl-nona.

[louBbl ONBITHOrO yUacTKa OTJAMYAJHCH CPEHEH BOJAOIPO-
Huiaemocersio. [lpu nopave 49 m® Bojabl, B pesyJbTate 4ero
o6uiuit sanac Baaru B ciaoe 0—1 m cocrasnan 120% ot nose-
BOH BJ1aroéMKOCTH, 4acTh COJICIH CMECTH/Iach B HHIKHHE rOpH-
Eﬂlli'rbi,' IMMO3TOMY ﬂEﬁCTB]lTE‘ﬂbHEH KEPTIIHH HE‘I]EMEUI.EHHH GO~
Jel yCJoxHAeTes. -

B Ta6a. 18 u 19 npuBejeHbl BOAHBIE BHITHKKH HCXOAHOH
MOYBBI H [OUYBBI MOCJE ONBITA.

A. ®. Bamonuua n I1. H. Bepesun [21] nposenu nose-
Boit oneit 613 IV muniosa Bogro-Jlonckoro kanana (Bodiro-
rpajg) Ha Co/oHILOBOM covioHyake. [las onbpiTa BBASAAIHCD
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naowankin 10 x 10 m. JNeasuxn 1, 3, 5 KoHuTpoabusie (npo-
MEIBKH nouB Ges Toka). Ha nenankax 2, 4, 6 npombiBKa ¢ 3/1€K-
TpHYeCKHM TokKom. Ias aHona na 2-p u 6-it penstHkax me-
noJib30Bajiach Merajanyeckas cerka nJjomaacio 16 u 9 w2,
Ha 4-H jpenanke — xkenesznas Tpyba. Karoawm aeananoxk 2-i
i 4-ii pacmoaarajuck Ha paccTOAHUKN 32 M OT aHOAOB H OLIH
CMOHTHPOBaHb M3 16 KeyesHnX TpyO, pacnoNoKeHHLIX Mo
Kpvry. Baus 6-f aeasHkH, Ha PACCTOSIHUN 5 M OT ee KPEIFI
Obij1a 3a/0K€Ha JpeHa, B KOTopoil Owiiin yeranosaennt 10 Tpy6-
KatojoB. Tok jaBan noauxuoi ceapounsbtit arperat CAK-100
¢ reweparopoM nocroaunoro toka ['CO-300 (cpenuss cuia
Toka 130 A, nanpaxenne 34 B); K HCTOUHHKY TOKA JEAAHKH
noAKAYaaHCh napaaieasio. Ha kKamayio geassuky 6ui10 1o-
AaHo Bojibl H3 pacuera 6000 m® na 1 ra.

B onuiTe nayuanachk o0beMHas KapTHHA paccojieHns Noyshl
Ha TeppuTopuH, ofpabaTbiaemMoil 3JeKTpHYeCKHM TokoMm. Ha
2-i1 fensiiKe, rae nMpomMbLIBKa OCyUlecTBAsachk 6e3 apeHaxa,
a CeTOUHBI anoi umen nuomans 16 M*, npouszouwio paccose-
Hie na niaowann 36,3 M* no ray6uns 0,7 M. Coa Gbian Bl
Hecensl Ha rayouny 0,7—1,2 M. Ha 6-i nensuke, rje uenodb-
30BaJACA aHo] mJjouiaibkio 9 M*, paccoaenue npoH3OULIO Ha
naowann 87,5 m* go ray6udb 1,5 m; HakonjaeHus coJeil
ray6xe sToi ToJUH He ObLLIO, TAK KAk PAIAOM C JeJdsHKO

'\ HAXOJWA4Ck ApPeHa, B KOTOPOii Obi/1 YCTAHOBJIEH KaTod H B KO-

TOpYIO cOpachiBaauCh COJIH. 30HA paccojieHna uMeeT B obuiem
noJiycpepuueckvio ¢opMy, npHdem pajinyc CYUECTBEeHHOro
pacconeiusn (10 NOBEPXHOCTH [IOYBLI) B OMNBITE COCTABIL
4,5—b ™, a prayée — jo 1,5 m.

Conesofi GasiaHc Ha MEJIHOPHPVEMOH MJAOWANH CKJa/lbl-
- BaJcs caeaviourum obpazom (tabna. 20): B cBA3H ¢ TeMm, uTO
~ IpOMBIBKE I0jIBeprajach CBEeMeBclaXxaHHas nousa, pacco.e-
. HHE HCXOQJHOro ¢J0s MPOoH30LIIO NpH NpoMBIBKE BojoH. i3
. 3TOr0 ¢J10s1 BOAOH BeHeceHo 15—23 T/ra coaeil, a TOKOM —
~ Bcero 2 1/ra. Hanboabluee paccossioniee JeficTBHE TOKa NMpo-
aBuJochk B cnoe 0,3—0,7 m. B obGoux BapuaHTax onuiTa 3a
cyer Toka BbilesoueHo okoso H0% or obwelt cymMmbl coaeit,
BBIHECEHHBIX 13 3TOT0 CJIOA NPH MPOMBIBKE BOJAOH € TOKOM.
B BapuanTe npombIBKH NoYBel (€3 jApeHaxa Ccoau H3 CJos
0—0,7 m nepeaBunyaucek B caoit 0,7—1,2 M. B cymme B nay-
uaemom npoduae noyewt (0—1,2 M) conepkanne coJefi nocie
. IPOMBLIBKH ¢ TOKOM okaszaioch na 10 t/ra Goabue, uem npu
. NPOMBIBKE TOJIBKO BOJOM.
: Ha 6-#t nensinke cosnn Guliin BhiHeCeHB! 3a npeaeas |,5-me-
TPOBOH TONM 1oYBH. ToK cnocoGerBopan yaanenuio 37 r/ra
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Ta6nurua 20

JaeMENTH CONEROTD Oadanca
(mosiepoft ONBIT MO AEKTPOMEIHOPAILHH)

Brine-
3amnac conei CeHo
coMel,
T/ra
Cay- “f[‘::"#' NOCAE TTPOMbIBKIL
BapHanT BuHa.
M
BOAA uiﬂzfmﬁ':“' é
+
g g gl x| o
2 |5 = |2l « |8 8] &
Iensinka 2 0—0,3 | 0,93 | 34| 0,28 | I1] 0,25 | 10] 24 | 23
(ea apenama) 0,3—0,7 | 1,49 | 971 1,04 | 77} 0,84 | B0| 47 | 20
0.7—1.2 | 1.4 [12210094 | 72| 1,45 |110] 12 | 50
Mroro 253 Iﬁﬂl 170| 83 | 93
Hennnxa 0—0,3 | 0,72 | 25/ 0,28 | 10} 0,2 8l 17 | 16
(c ApenakeM) 0,3—0,7 | 1,37 | 79/ 0,91 | 50| 0,46 | 27| 52 | 29
0,7—1,2 | 1,29 117} 1,16 {100] 1 331 29 | 17
i
Mrtoro 221 160 118] 98 | 61

cojieil M3 cJlosl MOYBBl TOJAMIHHOH 1,2 M JOHNOJHHTENLHO
K 61 1t/ra, BolHECEHHBIX IIPH TPOCTOH NPOMBIBKE BOJOII.

KauecTBeHHBIN COCTAB OCTABLIMXCH B MOYBE COJICH H3Me-
HUJCS MNoj BAHSIHHeM Toka. M3 karuwoHos npeobnajgaer Ca,
H3 aHuonoB — SQO,, 1. e. runc. Ilpu saexTpomeanopaiinu
KapOOHaTHLIX MNOYB B AHOAHOH 30HE I'HIIC 00pasyercs BHOBb;
MOJKUCAeHHe Ke Ccpelbl B Mpollecce 3JeKTponsza o0y CcoB1i-
BaeT pacTBopeHHe KapOGoHaToB. AKTHBH3MPOBAaHHBIH npH
stom Ca Berynaer Bo B3aumojeicrene ¢ anuonom SO, KOTO-
Pblil IPHHOCHTCS B 3TV 30HY TOKOM. TakHM JKe [yTeM B nouyse
moxker obpasosatbea u CaCl, Haxkonnenue uoHoB cnocoG-
CTBYET pacco/IOHUOBBLIBAHHIO COJOHLIOBBIX 110YB.

JuHamMuKa yIeqIbHOro 3JEKTPHYECKOTO COMNPOTHBJIEHHS
B MOJEBHIX YCIAOBHAX H3yuyaJjach NMpH MPOBEJEHHHU IOJEBOro
ONbITA M0 NIEKTPOMEJHOPALHH COJOBO3ACOJIEHHEBIX MMTOYB Ka-
pabaxckoii paBuuHbl A3CCP na naowanu 4 ra.
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PeayabTarhl onsiToB ipeicrasaenst B Tabua. 21. Ilo peayasb-
TdTdaM HSMEI‘!EI[Hﬁ YIEJBHOI'O SNEKTPHYECKOTO CDI’IPDTI-IE"’IEHHH
XOpoIIO MPOCJeKHBACTCA Xapakrep MNpoMauHBaHUsd [10YBHI
M BBHILIEJAYUBAHNA COJeH [IPpH NPOMbIBKaX. 3aBHCHMOCTb
VJIeNBHOTO 3JIEKTPHYECKOr0 CONpPOTHBACHHS BOJAOHACHINIEHHOH
NOYBbl OT MJIOTHOTO OCTATKA BOAHONH BHITAMKKH [103BOJSAET
OPHEHTHPOBOYHO OLEHHTb KJIAcCH(PHKALHONHE TIPEejieibl
}’,'.’[EJIb]-IDl"ﬂ 3H‘EHT]}H'—1ECHDFG CONMpOTHBJACHHH, COOTBETCTBY IO-
uHe rpajauud sacotenns (raba. 22).

Tab auwwa 22

KnaccHihHKauHOHHBIE NPeiensi YAeIbHOTO
INEKTPHUCCKOND COMPOTHBACHUS 048 MO 3aCOJACHHIO

MaorTnw il ¥ Ae/isnoe
Cremnicub 3acofcHmny OCTRTONR SAEKTPHUE -
oy Bu poAnol nw- CKRO¢ COlpos
N, OMe M
HezacoleHunLie 0,25 10
CaatozacoeHHple 0,20—,5 10—6
CpennesacoienHble 0,5—1 6—4
CHJIbHO3ACOMCHHLIE —2 4—2.5 °
CoJloHYaKH 2 2.6

OpurunanbHas cxeMma pasMeluelus 3/1eKTpoioB, KOTopas
B MaKCHMa/IbHON CTeNeHH HCIO0Jb3yeT M3MEHEHHE BJaronpo-
BOJHOCTH MOUBOrPYHTOB B 3JIEKTPHYECKOM M0Je, TpHMeHeHa
- B noaepuix onumrax A. &. Bauonuuoit u A. JI. lllepmnesa
¢ corpyanukamn [133].

Onwit npoBojugcs ¢ 1968 no 1970 r. B xonxose «KpacHbiil
Camyx» A3CCP Ha JyroBoM CO10BO-CY/JAb(pATHOM TJIHIHCTOM
conoHyake. Karoj B Bije CETKH U3 aJIOMUHHEBOH 1POBOJIOKH
¢ aueiikamu pasmepom 1 X 1 u 1,6 X 1,5 M yknaasiBajcst Ha
MOBEPXHOCTh MOUBLL; aHOJOM CJTYAHIH METANTHYCCKHE LITBIPH,
YCTAHABJNBAEMbIE B LEHTDP Kama0i syelikn. Pacxol anexktpo-
spepruu cocrasua 12 000 kBr-u/ra (cuna toxa 90 A, Ha-
npsixedue 40 B). [TpomelBKa 1noYyBsl B 3THX YCJOBHAX NPO-
MBIBHOH HOpPMOI, paBHOll 2—J3 BJaroeMkoctism, obecreuna
BuiHOC H3 merpoBoH Toaumu 40 T/ra coseld no cpaBHEHHIO
¢ 1,1 T/ra Ha KoHTpoOJe.

[Mpu npoxomxaeHun NOCTOSHHOrO 3JEKTPHYECKOro TOKd
CKOpPOCTh pUALTPALHH HA ONBITHOM YUYacTKe pe3Ko Bo3pacTaJa.
[Tocae BHEJWOUEHNS TOKAa CKROPOCTDH qJH..TIIJT]]HI.lIII-E VMEHbBIITH-
Jach, OcCTaBasch JVIHTEJNbHOE Bpems Bbluwe (B IIeCTbh pas)
CKOpOCTH (GUABLTPALLHH Hd KOHTpOJE.
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11. MHILEBOA W BOJHBLIA PEXWMbl PACTEHHHA

OcHoBHble 3aKkoHbl 3emaepeaus. Cpeiannil BuHOC nHTa-
TenbubiX saeMenTos (N, P,O;, K,O) ypoxasnuu B npeabiayiine
rojibl B Hameh crpase cocraBasii: o—7 Kr Ha | 1 sepua,
1—2 kr Ha | u Kopheit u Kaybuenjonos, 4—>5 Kr Ha 1 i Jio-
wepnn wan kaesepa [30]. Jlas npeporspauiens yObiBaHHSA
NA0AOPOAHS TMOYB STOT BBIHOC JI0JIKeH MOMNOJHATHCS BHECe-
Hiem vio0peHHi U BOB/JeYeHHEM B KpyrooGopoT noTeHlHa/hb-
HBIX 3aMacoB MHTATEJbHBIX 3JEMEHTOB NOYBhl. JTO OAHH H3
OCHOBHBIX 3aKOHOB 3eMJelenus. - |

Kak ormeuaer M. C. llaruaos [131], ocHoBoii nocrpoe-
HHA METOANHK NOJYYeHHs 3anjalupoBauiblX YpoxKaes siB-
JSeTCH NMPABHJIbHOE HCNOJb30BaHHe OCHOBHLIX 3aKOHOB pacre-
HHEBOACTBA H 3eMmjejenus. BaxHeAunMl U3 HHUX SBASIOTCA.

1. 3akon pa3sHO3HAYHMOCTH HJIH HE3AMEHHMOCTH pasjny-
HLIX (PAKTOPOB B KH3HH pACTeHHi, CYUHOCTH KOTOPOro €o-
CTOHT B TOM, 4TO HH OAHH H3 HEOODXOAMMBLIX A1f HOpMaJbHOro
pasBHTHs pactenns (pakTopoB (nuTaTebHLIC BELUIECTRA, BJIara,
TENnJo, CBeT M T. N.) HEJAb3A 3aMEHUTH JAPYIHM.

2. 3akKoH JauMmHTUpYiomwero cakropa, KOTOPHIH TIJIacHT,
YTO YpOBeHb VPOKAHHOCTH orpenensercs Tem (axropom, Ko-
TOPLI HAXOMHTCH B MHHHMYME.

3. 3akoH BO3Bpara, CMbIC KOTOpPOro onpeje/ieH BhllIe.

4. 3akoH ONTHMYMa, HIH 3aKOH COBOKYMHOCTH JEHCTBHA
* (pakTOpOB, COTrJIAaCHO KOTOPOMY HAHBBLICUIYIO NPOAYKTHBHOCTh
. pacTteHuii o0ecreyHBaeT TONLKO ONTHMa/bHOE COOTHOLIEHHE
pasIHYHLIX (PAaKTOPOB.

5. 3akoH MaojocMenHa, 0oOGO0CHOBBLIBAIOIIHH YepejoBaHHe
KYJbLTYP BO BpeMeHH N MNpPOCTPAaHCTBE. |
6. 3aKoH KpHTHYECKOro nepHoia MNoJeBbX KYJAbTYpP NO
~ orHowennio K docdopy. OH sakgiOuaeTcs B CIeAYIOWEM:
€c/IH pacTeHH s MoJIeBOH KYJALTYPHI B Hauajie CBOEro pasBHTH S
nepenecan gocdopHoe rojiojanne, TO OHIL He MOTYT chOpMHpO-
. BaTh BLICOKHE YPOKaW 3epHa Jaxke npH Xopouiei obecneyeH-
. HoCTH ¢ochopom B MOCAEAYIOLWIHH MEePHOL.

- 7. 3axon $u3nOJOTHYECKHX YacOB — YYTKas peakiius pa-
 CTeHII Ha JLIHMHY JIHA H HOMH.

8. 3akon peryjasaTopHoii CHCTeMbl pacTeH Hif — COOTBeTCTBHE

. ycsi0BMit BHEHIHEH cpejibl TpeGoBaHHAM pacTeHHs, T. €. Xapak-

. Tepy BHYTPEHHHX [poueccos, 00YCJ0BAEHHBIX TEeHOTHINOM.

. WM. C. llaTuaoB o606mua 1 copmyauposaa obmne npuu-

. UHNB NPOrpaMMHPOBAHHA YpOxkaiHocTH. B COOTBETCTBHH
'C OJIHHM H3 HHX OIEHHTb VpOzkail, NoJyvYaembli B pas-
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HBIX MOYBEHHO-KJHMATHYECKHX YCJIOBHAX H pPAasHbIX MpH-
PO/IHO-0OTAHIIMECKHX 30HAX, MOZKHO (10 TaK HasbiBaeMoMy 6io-
KaumatHyeckomy noteduuany (L6KIT). PakTuueckuii ypo-
sait V ouenupaerca no dopmye:
¥=a-4b 6KII,
rne BKIJIT = 0,001 cymmbl Temneparyp Bosayxa sbiwe 107 C;
a H b — napamerpnl, NpHYeM a OIPeIeJIseTcs JIHIIb
VPOBHEM INIOJIOPOJIHA TMOYBLI, JOCTHTHYTOIO
K paccMaTpHBaeMoMmy nepuoay, a b, Kpome
9TOr0, 3aBHCHT OT CTeneHn obecneueHHOCTH
pacTeHHii Bjaarod u yloOpeHHSIMH B NPOrHO-
31pPYEMBLIH IMEepHOL.

Jloabt ymoGpennit. Jlosy puecenhs yAoOGpeHHH B TyKax
NS MOJIYYEHH s 3aNAaHHPOBAHHLIX YPOXKACB MOJKHO OILEHHTD
no gopwmyie, npeanoxenHon BceecolozHbIM HayUHO-HCCAE/10-
BATE/ILCKHM MHCTHTYTOM VAOOpPEeHHH M arpornoyBOBEIEHH S
(BUYA) um. 1. H. INpauummnkosa u Beecoio3ubiM H.-H. HH-
CTHTYTOM CaXapHOH CBEK/Ibl:

7 — 1008 — 11K,
L8 T H?C 3

rne /I — posa yao0Openuss B Tykax, u/ra;
B — BBIHOC 3JeMEHTOB MHHEpPaJdbHOro MUTAHHA ¢ nJja-
HHUPYEMBIM YpOXKaeM, Kr/ra,
Il — umeercss B MOYBE JIOCTYIHOrO MNHTATENBHOIO Be-
lecTBa, Kri/ra;

K, — KO3p(PHUHEHT HCNOJAb30BaHHA MHUTATETLHOTO Be-

uecrea 1ouyBbl, %;

Ky — Ko3(pduuient HCno/nb3oBaHus MHTaTeNLHOrO Be-

uiectBa yaobpeuus, %;
C — cojepkaHue JNeHCTBYIOUEro Beuwecrsa yaobpe-
Hus, %.

Ilas nonssopanus 31oil opmyaoii HeoOXoaHMO comnocra-
BHTh BBHIHOC 3JEMEHTOB MHHEPAJLHOTO NMUTAHHA ¢ NIaHupye-
MbIM YPOXKaeM H HMeTb KapTorpammsl oGecreyeHHOCTH MNouB
aszorom, ¢ochopom H Kaauem. Lis OpHEHTHPOBOUHBIX pac-
YeTOB  MOXHO  MNOJIB30BATBCH  CJACAVIOUIHMH  JAaHHBIMH
(BACXHHWJI) o6 ncnosp3oBanui nuTatenbHbiX BemecTB (N,
P,0O, u K,O, B %) ceqbCKOXO3AHCTBEHHBIMH KYJIbTYPAaMH H3
MOYBLl, OPTaHHYECKHX M MHHEpPadbHbIX YJI0OpeHHi:

N P3Oy K.0O

Hiz nousmi 20—25 D7 10—12
Ha unaposa 30 40 G0

Ha musepansuwx yaobpesnit 50—70 20—-25 60—70
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OxHolt W3 Ba)KHEHIINX 3aj1a4 Me/THOPATHBHOTO IOYBOBEje-
HHA ABJIAETCH NOBbILEHHE KO3(hHIIHEHTa HCIOIbSOBAHHA 1H-
TaTeJqbHbIX BEleCTB PACTeHHSIMH.

Heob6xoaumoe (HO HElOCTATOYHOE) VCJAOBHE /51 PelieHHs
9TOH 3ajla4H (reHOTHN pacTeH i 3/1ech He paccMaTpHBaercs) —
6J1aronpHsATHLIE BOAHO-BO3AVIUHBI M  TenJoOBOH pemHMbl
XOPOMIO OKVJABTYPEHHBIX NoyB. JloCcTaTOYHBIM YCJIOBHEM, Kak
CAEIVET H3 paHee H3JI0KEeHHOro MarepHana, ABIASETCH ONTH-
Ma/1bHOE COOTHOLIEHHE T'a30B, MHHEPAJbHBIX H OPraHHYeCKH X
yiobpeHut B pacrtsope.

3acyKHUBAIOT CepbesHoro BHHMAHHS TEXHOJIOTHH H pe-
JKHM BHECeHHSl MHTATEIbHbLIX BELLECTB, NPH KOTOPLIX HX HC-
NMOJbL30BAHHE PACTEHHAMH MaKCHMAJIbHO, a MNOTepPH MHHH-
maabHbl. [Tocneanee obcToATeNIbCTBO TeMm 0oJee aKTYajbHO,
YTO MHOTHE BOA0EMbI CTPaH, TJie NPHMEHAKTCS BHCOKHE 103bl
yJoOpeHui, Tak nepecbilledbl XHMHKaTaMH, UTO BOjda H3 HHX
HeNpHroiHa sl NHTbA.

YoBaerBopuTe/ibHOE pelueHHe 3Toi npobJiembi, No-BHANH-
MOMY, BO3MOXKHO JIHIIbL B VCJOBHAX NPUMEHEHHS aBTOMATH-
3UPOBAHHBIX CHCTEM YMpPaBJeHHUS TEXHOJOTHYECKHMH npo-
leccaMi Ha CceJqbCKOX03fHCTBeHHOM noge. OnpeneneHHbIH
shpexT MokeT OBITH JIOCTHIHYT MNpH BHECEHHH NHTATEIbHBIX
BEIIECTB € OPOCHTENBLHBIMH BOJaMH (A0xjeBanHe, HWHOraa
BHYTPHITOUBEHHOE OpOLIeHHe H Jp.).

BopoobecneueHnocTs nuanupyemoro ypoxas. Cymmaproe
BojonoTpebaeHne CeNLCKOX03ANCTBEHHBIX KYJIBTYP 3a Bere-
raunonuslii nepuol E (M%/ra) B yenoBuax opoiaemoro semie-
NeJIHA MOXKHO onpenenuts no dopmyne:

E = K, ¥,

rie Y — niaaHHpyemuiil yposkaii, T/ra;

K. — xoadppunnent soponorpeGienns, mM3/T.

Koadgbuunent pononorpebaenus npeicrasaser coboii or-
HOIIEHHEe CYMMapHOro BojonoTpebieHHa K KOJAHYeCTBy cy-
XOro BeulecTBa, HAKOMMWBIUEroCs 3a BereTallHOHHBIA nepuoi.
BonsoOGanancopsie HCCAEL0BAHNSA, O KOTOPBIX YNOMHHANOCH
B paszene b HAcTOAIMEH TrNaBel, TO3BOJAAIOT 3KCMEpHMEH-
TaJlbHO onpenennts K, .

OpHeHTHpPOBOYHO /151 CPEeJHECYXOTO rojla B CTENHON 30He
MOTYT GbITh MPHHATH caeaywoune sHavenns K, [25]: sep-
Hopsie — 1000+ 1300; xkykypysa — 600-+900; xapTopennr —

=1

400-+700; omomubie — 200=-300.

B page cayuaeB (HeXeCcTKHE TIHAPOMETEOpPOJIOTrHYECKHe
YCJOBHS, COMKHYThLI pacTHTeNbHLIl MOKPOB H Ap.) CyMMap-
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Hoe BojlonoTpedaeHue IOCEBOB OTOAKIECTBAAIOT C Hcnapse-
mocTbio [, (cMm. paszen 8 raassl IV). O630p pasaAnYHLIX NOX-
XOJ0B K OMpele/ieHHI0 HCNapseMoCTH MOXKHO HaHTH B pa-
Gote [84]. B wactiocTH, Aa9 onpeleseHHA HCNAPAEMOCTH (MM)
MOMHO TPHMEHATH NPHOJHMKEHHBIE METO/IbL:

Joo=2=% (M. H. Byaso),

[e,~0,1 1Ty, (T. T. Censnuunos),
¥ %
rie (Kpome M3BecTHhIX ofo3Haueniit) YT, — CymMMa cpeji-
HHX cyTounsix Temnepatyp Boiwe 10° C 3a paccmarpuBaeMbiil
nepuos.
3Hasn HcnapseMocTs [, (Mm), 3anmac NpoAyKTHBHOH Bjarsu
B MeTpOBOM cJjoe nouBbl nepei nocesom W o(mm) u cymmy
OC4]KOB 3a BererauuoHHwlii nepuox P (mwm), npeuneOperas
NOANMTKON H CTOKOM, MOKHO OLEHHTb MOKasareb Boloobec-
neuepnocty pacrennit K, no dopmyie:

W+ P .
g

Ui

lt{i'l-'lfl e

B opowaemom 3emaecieadH Hopma noausa N, (m%/ra)
onpeaensiercs no gopmyae [25]:

N, = yh (W, ,— W) 100,

rie % — MJOTHOCTb TIOUBHI, T/M”;
i — MOLHOCTb NMPOMAYHBAEMOrO CJOS M0YBBI, M)
W _, — noJjieBasi BJAAroeMkocTb, % OT Maccel cyXxoft
MOYBHI; '
W — BJAAXHOCTh NOYBLI Nepejl 1oJAHBOM, % OT MaCChl
CYXO0# MOYBBL.

OpueHTHpoBOoYHAA rayOHHA PAacUETHOrO CJI0sl YBJlajyHe-
HHA MNpH BereraunoHusiX noausax no Hopmam MCX CCCP
xone6aerca or 0,2 M Ans KanycTel, OrypuoB, JyKa H 0
|—1,5 M — 119 3epHOBHIX, CajJ0B H BHHOTpaaHHKoB [25].

PexiM opollIEHHS OCYIIEeCTBAseTCH TakuM obpasom, 4To6hl
BJAAKHOCTL TOYBB 34 BEreTAllHOHHBII NEepHOJ HE BHIXOAHJA
3a mpene/bl ONTHMAJIbHOI; TPHMEHHTENLHO K PpHC. 2, a —
He onyckaaack Huxe W, u He npebsiuana W, B stom 3a-
KJAKOUaercs cyulHocTh metrona 0anaHCOBBIX pacyeros, npet-
JoxenHoro A. H. Kocrsakosbiu.
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| Besnnuuna opocurensuoit Hopmel N, ..., (M*/ra) onpene-
- asierca no gopmye:

£ Nivry = B 10K P (W, — W)-=0, 420,

rae E — cymmapHoe Bojonorpe6Giaenne, m?/ra;
i [T}
P — KOJHYeCTBO OCAJKOB 34 BererailHOHHbI
nepHoia, MM;

K. — koadduinenT HCNoIL30BAHHA OCAJKOB;
E W, W, — Hauaabublie H KOHEUHbIE BJArosanacel B pac-
- YETHOM CJl0o€ 3a BereTalHOHHbIH NepuHoj,
m¥/ra; _
Q, — nNoANNUTHIBAHHE PACYCTHOTO CJ10A H3 IPYHTO-
BbIX BOJA 3a Beretauuonubiii nepuon, m¥ra;
Q. — obHil CcroK 3a BereTallMoHHbiii nNepHoa,
m*/ra.
O6uiee 4HC/I0 NOJHBOB | 33 BereTallHOHHLIH NEpHOj onpe-

Fisin 1
. neasiercst u3 ycanoBu N .., = LN,-. 3anaya HasHaAYEHHS
- . i

"~ PAILHOHANBLHOTO pPeyKHMa OpOLUEHHS ABJIAETCS  HCKJIOMi-
. TeNbLHO CJ0XKHOMH, TAK KaK Ha BeIOOP HOPMBI, CPOKOB H YHC/AA
. noanBop Bauser Goabuioe yueao cpaxropos. Ilpn stom napo
. HMEThH €lle B BHY c/yyailHBI XapaKkTep H3MEHEeHHS MeTeopo-
~ joruueckux yeaoeuit. Ilpumensemslii oObIMHO KPHTEPHil ONTH-
. MaadbHOCTH CHCTEM OpOIIEHHS — MAKCHMAJbHBIL ypoxaih —
' He YUYHTHIBAeT 3aTpaT Ha NPou3BOACTEO npoaykuux. Ilostomy
| NPEeACTAB/seT HHTEpPEC NOCTAHOBKA 3324 ONTHMH3AUMI HA
OCHOBE 'Pas/HUYHLIX IKOJOTHYECKHX KpPHTepHeB.
' B KkavecrBe npHMepa MOXKHO cocqlaThes Ha paGory [53 1, rue
pHELManHBEﬂCH Borpoc 06 ONTHMAJNBHOM NJ1dHHPOBAHHH OPO-
3 CHTEILHBIX HOPM 10 JaHHBIM O BJjlarooOecrneyeHHOCTH B Bere-
_ TailMoHHBI nepuoa. Bwiso nokasawo, uYTO JI0XOA OT YpoMKan
"IIpH NPOYHX PABHBLIX YCJAOBHAX GYA€T MakCHMaJIeH, €CJIH CYM-
L MapHyio opocHTenbHYo HopMy N ... onpereasarb no d¢op-
b Myne:

NHET'M o Emrm E P :.FE‘ {E*_'.E*:' - IUE]' 1 _pE'

. rae E sx — BoJOnorpebienne MN0CeBoB, COOTBeTCTBYIO-
 lee NoJIYYeHHI0 MaKCHMaJbHO BO3MOXKHOIO
_ YpOXKa# npH 3ananHOil arpoTEeXHHKe;
E — cpeanee MHOroJerTHee BojionoTpeGieHue Ha
Gorape;
E* — npornos sofonorpeb/ieHHsi Ha JaHHbBIH Bere-
TALHOHHBIA NEPUHOA,;
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E* — cpeanee sHauenne E¥,

Og, O+ — CpelliHe KBajpaTH4YeCKHE OTK/JOHEHHA (ak-
THYECKHX M MNPOTHOSHPYEMbIX 3HayeHuin E
0BT

p — KO3(pHUHEHT Koppeasilnd (PaKTHYECKHX ¥
NPOrHOSHPYEMBIX 3HaueHuil Bojonorpebie-
HHA;

! — napamerp, 3aBHCAUIHH OT CTOMMOCTH KY/lb-
TYpBl ¥l 3aTpar Ha OpolleHHe.

JKoHOMHUecKas S(PEeKTHBHOCTb MJIAHHPOBAHHA OPOCH-
TEIBLHBIX HOPM MOMKeT OhITh CYIUECTBEHHO MOBBIILIGHA, €CJan
pﬂ]lHDHﬂJII:-Hﬂ HCNMOJABL30BaAThL KJAHUMAETOJOTHUECKHe HaHHBIE
O emerojiHbix KojeGaHHsX €CTeCTBEHHOI BaaroofecneueH-
HOCTH H €€ J0JIFOCPOYHEIE 11POTHO3MI.

AnropuTMEl BeifOpa ONTHMAJbHBIX PeLIeHHiT NO3BOJAIOT
HallTH PallHOHAJILHBLIE CXEMbl MOJHBOB /LA KOHKPETHbIX yCJI0-
BH]':I, UHPEI[EJIHPMHI'{ YVPOBHEM HI."[JIDTEKHHHH. Il[]HME‘HEEMHHH
TeXHHYECKHMH CpeiacTBaMH, GHOJIOrHYECKHMH OCOGEHHOCTAMH
KVABLTVPB, CTOHMOCTBIO, HANPAMKEHHOCTbIO METeopoJoriye-
CKOH OGCTAHOBKH H T. A.

[TonuyepxHeMm, YyTO NPHMEHEHHE JKOHOMHUYECKHX [OKA3ATE-
Jdeii B KauecTBe ONTHMAaJbHBIX KPHTEpHEB NPH MOCTPOEHHH
CHCTEM THApPOMENHOpAUHIT cTHMYaHpyeT 3(peKTHBHOE HC-
NOJb30BAHHE VJIYYIIEHHBIX 3eMe/b.

Caeayer uMeTs B BHAY, 4TO 3ajepiKKa C CEJbCKOXO03#ii-
CTBEHHBIM OCBOEHHEM MEJHOPHPOBAHHBIX TMJIOWAACH MOZKeT
NPHBECTH K TPVAHOINONPABHMBIM [OCJHEACTBHAM, IPOABJIAIO-
IHMCS TJIaBHBIM 06pa3oM B YXVALIEHHH TNHIIEBOro pemuma
NoOYBLI, €e BJAaronpoBOAHOCTH H BOJOYIEPKHBAIOIEH CIIO-
cOGHOCTH, YMEHbIUEHHH PABHOBECHOI INJIOTHOCTH H Ap.

Bopuba ¢ notepsimi M3 opocHTeabHLIX KaHanos. Kouu-
yecTBO BOABL Ngporr,, 3a0Hpaemoii H3 BOJOHCTOYHHKA, ONpe-
AENHTCS U3 COOTHOIIIEHMA:

N 1 Nyerro
GpyTT0 T g '

o
B nacrosiee spemMa K. 11. 1. BHVTPHXO3AHCTBEHHOH H MEXK-
X03AHCTBeHHOI ceTH, KaK npasuio, He npessiinaer 0,8. K oc-
HOBHBIM MOTEpPSIM B [EPeAaToOuHO-PACIPEeIeTHTEIbHOH CeTH
(kpome cOpoca) otHocuTes (QuabTpauus wu3 xanamos. Ilo
A. H. Kocrakosy, norepu Q (m*/c) na 1 M aaunn Kanaja
npu ray6oKoM 3a/ieraHiy TPYHTOBBIX BOJL COCTABJAIOT:

Q=K (b--2h) V1 a
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raie K — xosdpuument puabTpainuu, m/c;
b — wHpHHa KaHala no AHy, M;
¢ — xKoa(ppuumenr (1,1 1,4);
h — rayGuna Boabl B KaHaJje, M;
a — Kos(ppuunenr orkoca (@ = ctg ¢).

Jasi ymeHblieHus notTeph M3 KaHAaJNOB, NMOMHMO UIHPOKO
pacnpocTpaHeHHbIX METOJAOB (raunauan u OeroHHAs ojexa,
rANHsHBEe H TOPPO3EMIAHBIE aHTHOHIILTPALHOHHBIE SKPaHbl),
B l10cae1Hee BpeMs HaUH NPHMEHEeHHe NoJIMepHbIe MJEHKH.

M3 apyrux merojos 60opblbl ¢ (PHABTPAUHOHHBIMH TOTE-
pPAMH 113 KaHaJa MOKHO HA3BaTh 0CO/IOHIEBAHNHE JIOXKa KaHaaa
H KOJbMaTax,

OcodonueBanHne ueiecoofpasHo Ha MouYBax ¢ BHICO-
KOH NOrjaoTHTe/IbHOH CnOCOGHOCTBIO H 3aK/I0YaeTcs B HAchi-
UIeHHH NOBEPXHOCTHOrO (MAMW MHOAMOYBEHHOr0) CJI0R nNepeq
3aMaunBaHueM KaHaja HOHOM HAaTPpHsl — B CO3JaHHH HCKYCCT-
BEHHOI0 COJIOHILA.

Peakuus naer no cxeme: I1Ca -}- 2NaCl==TIN; - CaCl,.

BO3MOXKHOCTD KOJABMATAULMH pYycla OPOCHTENBHBEIX
Kalanos Aas YMEeHbUWeHHs (HALTPAUHOHHBIX NOTEPh HCCae-
JoBatack, B uactHoctii, B paGore [8].

Jas onpejenenns jonycruMmoro jaunamerpa d, YacTHLL
KOJIbMATAHTA B CYCMEH3HH 10J1YUEHO COOTHOIIEHHe:

- E{ﬂ“—'ﬂﬂ ?l
W<Do  SB—1) "

rie D, — cpeaini jaHaMerp (puabTpauHOHHBIX TOp rpyHTa;

[ — ruapaBauuecKuil rpajHeHT;

n — KO3(pHIHEHT CONPOTHBJAEHHA IPOJABHIKEHHIO 4a-
CTHIL B MOPHCTOH cpele (1nA MeJKO3epHHCTOro
necka B cpeaHem pasen 0,85);

M — MOPUCTOCTL TPYHTA;

Y1 — IVIOTHOCThL BOJHI;

Ya — IJOTHOCTBH HACTHIL KOJbMAaTaHTa;

o — KO3(ppuiHenT, yuHThBaownii Gopmy u uepoxo-
BATOCTH YacTHIL TPYHTA;

P — xoapuunent, yunrnisawouumii popmy yactuil Kojb-
MaTaHTa.

Cpenunit anamerp GHALTPALHOHHLIX MMOpP FPYHTA MOMKET
OuiTb onpeaenen no ussectnoit popmyne A. H. Ilarpawesna:

= A vﬂ'
=72 3E,
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rae v — KuHemMarH4decKuil Kos(pHIIHEHT BA3KOCTH]
M — MOPHCTOCTb TPYHTA,
K — woadduunedt QpuabTpaiiu;
g — YCKOpeHHE CH/ibl THXKECTH.

JNonyceTHMYi0 OGBEMHYIO KOHUGHTPAIHIO ¢ CYCNIEH3HH pe-
KOMEHJIYerca Oonpeiensith no gopmy.e:

- nms
L=

—
-

o (n—m)y
6

']'I:
BIP (Ys — 71} :

B 3aBHCHMOCTH OT HACHILIEHHOCTH MEJIKOSEPHHCTBIX NECKOB
SKCNEPHMEHTANBHO YCTAHABJIHBACTCH CBA3L MEAJLY Ha4dallb-

noft (K,) n xoneunofi (K) BeauuuHoil xospuuHEHTA (k-
TPalUK:

K=K, (1—V8),

rje S — cpeinAs BeJIHYHHA HACBHILEHHOCTH [OPOBOro NpPoO-

CTPAHCTBA NMECKA KOJbMATAHTOM M0 r1y6HHE 3aK0/1b-
MaTHPOBAHHOTO CJI0S;

2 — 3KCMepHMEHTANbHBIH Ko3(duuuent.

Hacoimennoets S (¥, £) AN NpoMeXYyTKa BpPeMEHH

< { == {, 1py HaYanAbHOM H rPaHHYHOM YCJIOBHAX S (X,
=0, ¢ (0, {) = ¢, onpeneaaerca no gopmy.e

0 <
0) =
ol |
S({x, )= -
{ ; ] Eﬂl:‘.l’ _.:_ E'l"'ﬂt‘t__] ’
rae b = b,
by — OnNLITHAA NOCTOAHHANA,
i, — HavyaNbHasl CKOPOCTh (PHABLTPAILHH)
- - Uig
L=

i)

m, — HayaJipHasi MOPHCTOCTh NECKa,;
¢ () — eauHHYHBLIA pacxol.



FaasaV

NHHAMHKA
CPEJbl OBUTAHUS
PACTEHUM

1. OBUIME NPEACTABJEHHY O PEOJIOrMUYECKMX
CBOWCTBAX MNO4YB

B mnpoxkoMm cmbice peosorusa npeacrasiaser cofoi yuenmue
0 JepopMalMHAX H TeyeHHH JIOOOH MaTepHaJbHOH CHCTEMbI.

OcHOBHBLIE TepMHHb, NPUMEHAEMEIC B MEXAHH Ke HCIepce-
HBEIX CHCTEeM, caefyiouine,

HedbopMau Ha— BCAKOE H3MEeHeHHe dopMbl TE1a
(nponcxojsilee noj BAHSHHEM NPHJIOKEHHBIX BHEIIHHX CHA),
saK/jloyalouleecs B CMeleHnH yactull (MuKpoarperaroe, arpe-
raTos) OTHOCHT&ILHO APYT ApPYyra, HJAH B H3MEHEHHH Cpel-
HETO PACCTOSHHA MEKIY HUMH, HJIH OJHOBPEMEHHO H B TOM
H B Apyrom. K3 scex tunos npocreix Aepopmanni — cxKatHa
(pacTsixkeHnd), cABUra, Waruba u KpyuyeHus — B IPHIOIKEHHH
K JIMCIIEPCHLIM CHCTEMAaM PAaccMaTpHBaloTed rJ1aBHEIM 06pasoM
nepBLie JIBE.

CxkaTHe (pacTazKeHue) xapakTepHs3vercs H3MEeHEHHeM pas-
MEPOB TeJa, CBA3AHHBIM KaK C B3aHMHEIM [MepeMelleHHeM
HAaCTHIL, TAK H C H3MEHEHHEM PACCTOAHHA MEMNI1Y HHMH.

CABHT CBf3aH JIMIb CO CMEIleHHeM YaCTHIl OTHOCHTENLHO
apyr apyra 6es nsMeHeHHs o6bemMa Tena.

Ecau nocje yerpanenys BHeMHHX cua aedopmaunnus tesa
NOJHOCTBIO HcYesaeT, TO Takaa jepopmailHf HaskIBaeTcs
O00paTHMOM, a TeNO — YHPYIHM HJH 3JACTHUHBLIM, HE HCue-
satouasn redopmanisa HasblBAeTCA OCTATOYHOH, a TAKOE TEJI0 —
nadacTuyHbeiM. O1Ha W Ta Ke JHCnepcHas cucrema Moxer ObThb
OJHOBPEMEHHO H YNPYroH M [JIACTHYHOH, 4YTO CBH34HO CO
CTENEHbIO VINaKOBKH JHCIEPCHBIX YacCTHIL [EFPEFETE}E], TOJI-
IHHOH BOJIHOH MPOCJHOHKH MEMAY HHMHM H HHTEHCHBHOCTBIO
BHEIIHHX CHJ (MpH MOCTOAHHOH TeMmepaType).

Ecan BJIaKHOCTE BOJOHACHIILEHHOH AHCMEPCHOH CHCTEMBI
(mouBbl) NOCTENEHHO VYMEHbIIAThH, TO OHA NepeHier H3 TEKY-
Yero COCTOSIHHS B JI1aCTHYHOE, a 3areM B Teepuoe. Biax-
HocThb W,, mpH KOTOpOH JHChepcHas CHCTeMa MepPexoiuT H3
NJAacTHYHOrO COCTOAHHA B TBEpAOe, HA3BIBAKT NN p el € J O M
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NnAacTHYMHOCTH (MO APYIrOH TEPMHHOJOTHH — HHIK-
HUM [pPENeIoM [JIacTHYHOCTH, rpaHHled pacKaThiBaHHA).
Baamuocre W, npu xKoropoll cucrema nepexojuT H3 V&
CTHYHOrO B TeKyuee COCTOsiHHe, HasbiBaloT N pejleaom
TeKyuecTH (BepXHHM NMpeleoM NIACTHYHOCTH, HHXKHEH
FPaHulled TeKVy4YecTH).

Pastocte P, = W, — W, HasmBaloT ypcaoOM NJa-
cTHuHoOocTH (no Arrepbepry).

Kaaccupukauus nopon no SHCAy NAACTHYHOCTH
(no B. A. Tlpagaonckomy)

Hassanue nousoepynma Y ueao
nAGCMuUYROCmY

Bricokonaacthuipe (rasun) . . . . . >17
[lnacTnunnie (CYrAHNKH) |7—7
CaaGonnacTHuluie (Cymecr) . . . . . 70
Hendacriaupe (Neckw) . . . « . . . 0

Ecnn pancHeHiiee yMmeHblUIEHHE BAaXHOCTH MOYBEHHOH
MaCChi HE COMpPOBOMKAETCH COKpauiesHem oObema, TO AOCTH-
raerca npenea ycapnkH.

[Mpenens nuaactuuHocTw Artepbepra Mo3BOAAIOT BhIYHC-
JUTh eme oAuH nokasareab W, _— noxasartenb KOHCHCTEH-
LHH, €CJH H3BeCTHAa ecrecTBeHHas BaaxHocTs W obpasua:

_w=w,
W“_T'

B oreuecTBeHHOI J1abOpATOPHON MpaKTHKE 3a npejaen Te-
KYYeCTH NPHHHMAIOT BJaXKHOCTbL, NPH KOTOPOH KOHYC MAaccoil
0,076 kr c¢ yraom npu epwnue 30° norpyxaerca B yBjaaxk-
HenHyo noypennyio maccy Ha 0,01 m; 3a npenpen naactuy-
HOCTH MPHHHMACTCH BJIAXKHOCTB, IPH KOTOPOH KI'YTHK NOYBEH-
Hoil maccel ¢ jauamerpoMm 0,003 m HaunHaeTr KpOIIHTBCA HA
kycku aauuoft 0,008—0,01 m.

Jdna onpenenenus npeaena ycaikuw Oepyr oOpasen, H3-
BECTHBLIE no oObeMy H Macce npH BJAAKHOCTH, NMPCBBILIAIOLLEN
npenes TeKydecTH, W BeicywmBaior ero B neun. [lo macce,
ofbeMy W Haya/bLHOH BJANHOCTH BLICYLIEHHOro o0Opasua Bhbi-
YHCJAHIOT TY BJAMHOCTh, IPH KOTOPOH OH OKasajcs OBl BOJO-
HaCcHIEHHBIM. 3TY BJaXHOCTE H NPHHHMAIOT 3a Tpenen
yCajlKkH. :

Junatancua. 3aBHCHMOCTb MeXAY KacaTeJibHbIM Harps-

MEHHEM T i CKOPOCTBIO fedhopMaliy ¥ MOKeT ObiTh 3anucana
B BHIE.

T = Tjy4 Y
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3/ecb mapamerp 1, MO AHANOTHH C XKHAKOOOPA3HBIMH
cHeTeMamMu MoxKer ObiThb HasBal IPPEeKTHBHOH (KamyLLeHes)
BASKOCTbIO. ECAN ¢ pPOCTOM CKOPOCTH CABHIA BEJMYHHA 1,4
yMeHbLUIaeTCH, TO CHCTEMY HA3bLIBAIOT NCeBAONAaCTHYHOMN; ¥ IH-
JATAHCHBIX CHCTEM BEJANYHHA 1), YBEIHYHBAETCA C POCTOM
CKOPOCTH CIABHTa.

fIBaenne auaarafdcun 06bHO HAGMIOAAETCSH OCOOEHHO OT-
4eT/JIBO B CYCMEH3HAX, MacTaXx U T. M., B KOTOPHIX 4aCTHLLL!
yIIAKOBatbl [MOYTH NJOTHO.

[lonarawoTr, uto B NOJOGHLIX CHCTEMAX B COCTOAHHH IOKOS
00BLeM NpPOCJOeK MEHAY TBEpPAbLIMH YacTHHAMH MHHHMAaJEH.
[Ipn HeGoABIINX CKOPOCTAX CIABHIA KHIKOCTh B [1POCJOHKAX
CJIYAMHT CMA3KOH, YMEHbINAIOWEH TpPeHHe 9acTHIL APYT 0 pYFa.
{Ipn GosbwIMX CKOpOCTAX C/ABHI'a GOJIBIIHHCTBO YaCTHIL He-
H30emHO OTOABHraercsi Apyr ot japyra, i o0bem, saHHMae-
MBIl KapKacoM 4acTHil, TAKUM 06pa3oM, yBeIHYHBAEGTCA; NPH
ITOM MHIKOCTh 3acachiBaercs B obmacTe NOHHMEHHBIX 3Ha-
qeMuil moTeHIHANA BJIATH, BHI3BBASA OCYIUEHHE OCTAIbHOM
4acTH cHcTeMmbl. Tak Kak HHAKOCTH Ternepb HEeA0CTaTO4YHO
A0 CMa3KH TPYULHXCA APYT O APYra YacTHL, TO HANPSKEeHH A
rpeHHst 10J#HbBl BO3PACTH.

Jdunarancueit (npuw npouyux pasHLIX YCIOBHAX) MOMKHO
OOBLACHUTDL BO3pacTaHie yAeabHOro CONpPOTHBAEHHA BJIAXKHOH
NOYBL MPH YBEJHYEHHH cKOpocTh o6paboTku. ONHH H3 mexa-
HH3MOB 3TOTO fAABJIEHHS 3aKJIIO4aerca B CAeAYIOUleM. Y nJIoTHe-
HHE [IOYBbl Y MOBEPXHOCTH MO4YBOOOGPabaTHIBAIOUIEr0 OpYAHs
NPHBOAHT K OTCOCY BJaar¥ H3 YMJIOTHEHHOTO CJIOs, NPH STOM
Ha rpaHuile noyea — MopepxHOCTL 06pabaTHBAIOLLEro ﬂ;]}’ﬂ}iﬂ
3AMETHO BO3PACTAIOT KanHJJAAPHLIE CHAb! CUENJIeHHA °, YTO
MPHBOAHT K 3aJunainio noysoobpabaThiBaUEro opyaus H,
c/e0BaTeibHO, K BO3HHKHOBEHHIO TpPeHHSA MOYBa — [10YBA.
M3 paccmoTpenHs NaHHOTO MEXaHH3Ma CJeAYyeT BaiKHBIH
BLIBOJA — KOHCTPYKUHA  moysooOpabarniBaiollero  opyaHs
noJkHa GBITE TakoBa, yToObl NPH YBEJIHYEHHH CKOpOCTH obpa-
- GOTKH He MPOHCXONWJIO MpOrpeccHpyiouee ymjoTHene mnpu-
NEraiOLLETO CAO0A.

Ina o6biyHOro nJjyra 37O AOCTHraeTca, B YaCTHOCTH,
yMEHbLUGHHEM VYTJ/1a VCTAHOBKH /ieMexa K CTeHKe W IHY
fopo3abl.

Tuxkcorponua. Buie paccMarpHBanHCh CHCTE@Mbl CO CTa-
(LHOHAPHLIMH PEOJIOTHYECKHMH XapakTepHcTHKamu. Mmeiorcs

! Takoii mexaHusM HAJAHOAHHA YBIZMHEHHNX IHCNEpPCHBIX MAaTepRa-
NoB Ha TeepAle NMOBEPXHOCTH paccMoTpes, Hanpumep, B pabote [77].
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CHCTEMBl, CBOHCTBAa KOTOPbIX OO0YC/AOBJIEHE] npeipcTopHel
(nokoift, BO30YsKIeHHEe), a He TOJbLKO BHEUIHHMH YCJIOBHAMH.

B 3aBHCHMOCTH OT NMPOJOJIKHTENLHOCTH MPEAUIECTBYIOLIEH Je-

L]
dopmanny sppexTHBHAn (KaKyulasnca) BASKOCTb TMyg = —=

Y
saTeM JIHOO noHH:kaerca (THKcoTponus), JiHOO NOBHIIAETCSA

(peonekcus), npuueM BpeMs AIH BOCCTAHOBJIEHHS BH3IKOCTH
MOKOSl mocje npexkpauenus 1epopMHpOBaHHA MOMKET ObITb
3HAYHTEJIbHLIM.

B y3sKoM CMbiC/I€ MOL THKCOTPONHEH NOHHMAIOT H30TEpMH-
gecKHii 06paTHMbli epexol: CTPYKTYPHPOBaHHAs CHCTeMA ” |
- 6eccTpyKTypHas, T. €. CNOCOGHOCTL CAMOTIPOH3BOJIBHO BOC-
CTAHABJHBAThH CBOIO CTPYKTYPY BO BpeMeHH NOCHe ee MEXa-
HHYECKOro paspyiieHus.

TukcoTponubie CBOACTBA HAGJIONAIOTCS MIPEHMY LILECTBENHO
B CHCTEMAX C YVAJHUHEHHbIMH yacTHuami. B3anmMoacHCcTEHE CHA
PA3JHUYHOH NPHPOLLI MPHBOAHT K BOSHHKHOBEHHIO Y TaKHX
YACTHIL MPOCTPAHCTBEHHHON PEIIeTKH (CO c/1a0bIMH CBA3SIMIL),
Kotopasd JerkKo paspyuiaercs NpH MEXAHHYECKHX BO3JICH-
CTEHAX M BOCCTAHABJHBAETCA NoC]e NpeKpallenusa BoO3AeH-
CTBH. i

[IpucyTcTBHE B TPYHTE flaxke HeGONbIIKX KOJIHYECTB THK-
cOTPONHBIX (GEHTOHHTOBBIX) TJIHH MOXKET CJYMHKHTH NPHYHHOH
ONOJISHEN; HEKOTOpHIe BHJBI MJLIBYHOB TaKe MOTYT ObiTh
THKCOTPOMHBIMH: OHHM SBJSIOTCS TBEPAbIMH TeJaMH B TIOKOE,
HO TepsioT CONpPOTHBAAEMOCTL JAedopMalni nocje Hayana
BV KEHHS.

2, CONMPOTHBJIEHHE CABHIY CTPYKTYPHBIX
no4s

Pea/npHble TNOUYBbLI BCerjia HMEIOT CTPYKTYpPY, OT/H4al0-
MYIOCA CYUECTBEHHBIMH  OTKJIOHEHHAMH  PEOJIOTHUECKHX
XapaKTepPHCTHK OTAE/bHBIX 3JeMEeHTOB 00beMa OT CPEAHHX HX
SHAueHHH A5 BCell CHCTeMbl BC/EACTBHE HENOCTOAHCTBA €€
ecTKoeTi., B TakoH cucreme BO3HHKAIOT 3HAYHTE/bHBIE OT-
KJOHEHHA BeJHUYHHBI HOPMAJBHLIX HANpsAKEeHHH OT CpeiHero
3HAYEHHS, YTO NPHBOJAHT K MOSBJEHHIO B CHCTEME CIABHTOBHIX
HANpsAKenufl 1axe B cydae BCECTOPOHHEro cxartusi oGpasia
O/IMHAKOBOH HaTrpy3KOH.

MruoBenHoe ycJOBHE NPOYHOCTH NOUYBbI HA CABHI JUI5 He-
KOTOPOH CTYNeHHW Harpy3kH MOXHO 3anHCaTh B BHIE

To = (¢ T G, Kp 1 Jp 1 e + G 18 ¢, {lﬁb)
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rjae Ty — NpeesbHOe CONPOTHBJAEHHE CABHTY NMPH MrHO-
BEHHOM [PHJAOMKEHHH CJIBHCAIOUIEero YCHJIHA;
g — BHEUIHSIA HArpy3Ka,;
Gc, vp — MOJIEKYJIIPHAS TPOUHOCTh KOHTAKTOB Ha pas-
PHIB;
gp, — CHJIbI AANBHOACHCTBHSA (B TOM UYHCIIE H MOJIEKY-
JAAPHOTO NPOHCXOKIAEHH);
g, — KanuJJsipHble CHJIBbI;
. — TIJIACTHYECKOE COTPOTHBJICHHE COTHKEHHIO H OT-
NeJeHHI0 YacTHIL;
 — VIoJ BHYTPEHHEro TpeHHs B IMOYBE.
CKOpOCTh PEeJaKCallHHi COCTABJAAIONMX B ypaBHeHi# (166)

MOXKET CVIIECTBEHHO pasauuarscs. Hanpumep, CKopocTh

pefakcalin NIacTHUecKoi cocTapasiolle ¢, tg ¢ MOXKeT ObiTh
. 3HAUHTEJLHO BHIIE CKOPOCTH pejaKcailHd ApYTHX COCTaB-

asomux; g tg ¢ npu HenameHHoM 3HaueHHWH ¢ poolile He
. MOJKET peJaKkCHpOBAaTh.

O6o3nauasn yepes T, CYMMY COCTABJSIOUINX NPABOH YacTH
(166) ¢ Mmaaofi CKOpOCTHIO pejakcanuH, a 4yeped T, CYMMY
COCTABJAIONIHX € OTHOCHTEJIBHO BBICOKOH CKOPOCTHIO penak-
canuul, yenosHe IJUTENbHOH MPOYHOCTH T, 3aNlHlleM B BHJE:

T =T+ T, (167)
rje T, — NOPOr NOJA3y4ecTH, T. €. HaNpsKeHHs, NpH JIOCTH-
AKEHHH KOTOPBIX B CHCTEME BO3HHMKAIOT NOJ3YyYHe
necdopMal My,
T, — HANpAMEeHHs, BOCHIPHHHMAEMbIE CHCTEMOR NpH Mo/~
. 3YYECTH.

Pemakcauns cocTapasomnx, Bxoaamux B (167), npHBOAHT
K NOABJEHHIO HEKOTOPOro NMPpeAC/IBHOTO HalpdAMEHHsA CABHTA
1., = (T, +T)w, XapakTepH3YIOLIETO NpPeleJbHO JJHTE/b-
 Hoe COMpOTHBJIEHHE CHCTeMbI paspylenuio (puc. 38). Beju-
Y gpHa T; H3MEHHTCA B NpPEleNaX Te = T; = T,.

[Tpu Kaxkno# CTYNeHH Harpy3kKH MOXKeT HapylaThCs yc-
Joue npoutnocty (167) M NpeBHILATHCH MOPOT MOJ3YUECTH
o MEKponaouiajgkam ofpasiia; B NMepBOM Cayuae MPOH30HIAYT
OLICTpBIE, BO BTOPOM — JJIHTE/bHBIE MHKPOC/BHIH.

Cnpurossie nedopMaudy NpeKpaTATes B TOT MOMEHT, Korja
B pe3yJabTaTe HOBOro, OoJsiee paBHOMEpPHOTO pacnpelesieHns

' [Op 1O pasMepam H YIPOYHEHHS MOUBbI MpH CONHKEHIH Ya-

1 CxopocTb peJakcalii B ofuem cayuae HemocTosHHa Aas JA06oH H3
~ COCTARMAIOMMX CONPOTHBJCHHA CABHIY; OHA MOBLILECTCH C YBEJAHHUEHHEM
CCABHIAIOMIHX  CIT.
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CTHIL M HX arperatoB 1o MHKPOMJomajikaM KoHTaKTa Oyier
cobmonaTbes yeaosie npounoctd (167) aas Beelt cHCTEMBI
H He Gyler npesbluaThes NOpor MnoJ3yuyecTH.

X apaxkrep u3MeneHusi nedopmauuu obpasiua B 3aBHCH-
MOCTH OT B€JHYHHBI CABHTAIOUIETO YCH/AHA T; MNOKas3aH Ha
puc. 39 [14].

[Tpu BCeX 3HAUEHHAX C/ABHTAIOUHX YCHAMH T;, MEHBLIHX
npejiesa JIHTENbHOH NPOYHOCTH To, J€popMaIHy crabuniu-
aipoBaqanch (kpusbie / n 2). Tpu stom aas 1, = 69 kre/m* <
< 1, (xpuBas [) nedopmaunsa npekpaTHjaach cpasy nocJje
cTajiMH HeycTaHoBuBlIeiics noasydecth (ydactoxk OB,); aas
t. = 81 Kre/m® > 1, (kpuBasi 2) nocse yyacTKa HeycTaHo-
guBlueiics noasydect (OB,) 3ameréH yuacToK YCTaHOBHB-
weiica noasyuectu (B,C,), nocae xoroporo sepopmaius o6-
pasia [pekpaTuIach.

[Tpu CABHTAOMHX YCHAHSAX T; A~ Ty CTA/AHA HEYCTAHOBIB-
weiics noaavuectu (yuactok OB, KpuBoit 3) nepexoaut B cTa-
AHIO YCTaHOBHBINEHACH [10J3YYECTH, XapaKkTepHsyemyw no-
CTOSIHHO# CKopocThio jedopmipoBanus. Capurawoiiie ycu-
JIHA T; > T, NPHBOAAT K paspyiuenuio obpasua (Kpusas 4).

Ha puc. 39 rTakike HaHeceHa KpuUBas 5, mojayuyeHHas np
CABHMTAIOUIEM YCHJHH T, = T,

B onuTax HCNOAbL30BAJICA THAMKENOCYTJAHHHCTBIH YepHo-
sem (PocroBckass obGaacth) npu Baamuoctn 52%. llousa
B BO3/1YIIHO-CYXOM ChIITYyUeM COCTOAHHH 3arpyma.iach B Cre-
UHAJABHYIO 06OiMY, NPEAOTBPALIAIONYI0 BO3IMOKHOCTL O0KO-
Boro pacuiupenusi obpasia rnog AeficTBHEM HOPMaJbHOH 1a-

rpy3xkH. B oboliMe nouBa yBJaxK-
7 HAJACH KaneJbLHBIM MeToJl0M J0
i pacuetHoil BaakHocTH. OOGoiima

| PG el repMeTHYECKH 3aKpbiBaJjach, H
ofpasenl ocrasaJjici B HEH Ha
3 ¢yt npu temneparype 293,15 K.
IS T
I e £ B
(&
%l e) 1! 5
|
]
I Cr
¥ =F | |
o t 2

¥

Puc. 38. Kpnsas AanTeabphoil (PONHOCTH MONBG
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3arem yepes pelOpHMCTVIO naia- &
CTHHY Ha mNOuYBY 3ajaBanach g
~ HOpMaJbHasi Harpyskajlo cra-
Gusnsauud aedopmaumnn, or- X
70
50

MEuaBLIeHCA HHAHKATOPOM ya-
COBOTO THMA C TOUYHOCTBIO J10
10°% m. [locne oKouuanus

ynaotHeHus obofima yaaas- 2
aAach i Ha obpasell yepes 610K 59 . P
3ajlaBajiock CABHraroulee ycu- 5 f
Jane T;; C 3T0TO MOMEHTa npo- # S
H 1 | ],-_
BOJINJIOCH abmojexne 3a 500 00 e

peopmupyemocTsio  oOpasita.

“ Puc. 3Y9. Knnernka casurossix

| -
JleiicTBHE CABHralollero ycH AchopMaliii po BpeMeHH B 3ABM-
JUA Ha obpasell CHUMAJOCh  (uyocty OT BeARIRHEL CABHTAIO-

nyTeM nepexHraHuid HHTH. mux vewanfi T (HopmanbHan ha-
Beanunna jedopmauun uame- rpyska P = 100 xrc/w; paax-
psijiack B JEJIEHHAX H3MEpI- B e 220 ). 2
" 3 T (kre/Mi): [ — 69; 2 —

TeJILHOH LIKaJhl MHKPOCKONa  glaigFmw € (Keih 1 = 6%

«Mup-1I».
DKCNepHMeHTaNbHbIe KPHBHE 115 cTabnJu3lpOBaHHEIX Jle-
(opMmalnil YAOBJAETBOPHTEBHO ONHCLIBAIOTCS YpaBHEHHEM:
A L 4 15
- (l_i T (168)
Tg

rjae g — obuasnt crabnauamposannana Jjedopmauus o6-

pasua,
A (f) — dynxuua noJsyyecTH, Koropaa npu 60abUIHX
sHaveHHsx ¢ apagercsa AuHeHHoll pyHKuHeii spe-

MEHH (.:L:m J1oboro MOMEHTa [ ee MOMXKHO Noay-

YHTH YMHOMKEHHEM OpJHHATHI KPHBOH mNOJ3Yy-
YEeCcTH, 34 BBIUYETOM BOCCTAHABJHBAIOIIEHCH 1e-

} —
qopmartin, Ita#)?

T — JelCTBYIOUee HanpsiKeHHe CIBHra;
To — INpejAesbHOe HanpsKeHue CjBHra;
[ — nnuna obpa3sua;
G (f) — napamerp, KOTOpPhIH MOX<HO yCJIOBHO HAa3BaTh MO-
AVAEM VIOpYTrocTH MpH CABHIE;
m — ONLITHBI KO3({HILHeHT;
{ — Bpems.
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[lepBoe cJaaraemoe npapoii yactd ypasnenus (168) npei-
crapaser co6oit redopmaliio MnoJi3yyecTH &, BTOpoe cjaarae-
MOE — BOCCTaHaBjHBalouLyiocs aedopMalliio gg.

BoccranasanBaiomancsa aegopmauus

L
S A0T (169)

E

cpaBHHTEJBHO OGBICTPO 3aTyXaeT CO BpeMeHeM.
3aTyxaHHe BOCCTaHaBJHBalOWeHcA JefopMauHy NpH T =
— const B 3aBHCHMOCTH OT BpeMEHH HaXomIeHHsl oGpasia
noj JeACTBHEM CjIBHraloOlIEero Hanpax<eHus H3y4yajaoch Ha
o6pastiax uepHodemHoit noussl. CasHraioulee HanpsxeHHe
cuumanocs uepes (1,2; 2,4; 3,6; 5,4; 9) -10° ¢ nocae nauana
OnbLITA M 3aMepsJachk BOCCTaHaB/MBaloulanacsa aedopmauus e,
(puc. 40). JIaa Bcex yKasaHHBIX HHTePBAJOB BPEMEHH ONbITLI
NPOBOAKJAMCH B uYeThipexkpatHoii nosTopHoctH. [Mas pac-
CMOTPEHHBIX Bbillle MOMEHTOB BPeMEHH [ 10 YpPaBHEHHIO (169)

rri'
paccyuTaH napamerp o (puc. 41).
IIas pocTatouyHo GoJbIIOTo NPOMEXKYTKa BpeMenn ({ — oo,
g, € e, u Torna smecto (168) mMoxHO 3anucaTh:

A LA (170)
)

B norapudpmuueckoit popme spipaxenne (170) npumer Buj:

In [( E&Ti)a} = In[A(c0) L] +minT. (171)

i

E=

T
Oti0HM No OCH opaHHar In [:( 1 —-——)F:| , a4 N0 OCH

Th

abGeunee In t. Torna HaK/IOH npsAMOH ONPEAETHT OKasaTe/b
€
A

'/"'_in e e e ——— L

s N8 &

L ]

| SN [ | 1 ! — bl 1 1 1 L
g 1 24 36 54 90 102
t 105 ¢
Puc. 40. Boccranapnupawouanca jehopMaitna NP Noa3y-
qecTH (P = 172 wre/m®; W = 51,9%; v = 152 xre/w?)
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t-10% ¢ - eMno
Puc. 41. 3asucumocts ycaoesoro Pue. 42. Knnetka caBrosnix
. MOAVAR VOPYTOCTH npH casure ot gedopmauuft so spemenn (P =
. Bpemedn @axomidenws ofpasua nog = 172 xrc/m®; = 51,9%):
CABHralOuen Harpyskod 3naucinn T (Kre/m¥): J — 225; 2 —
152; 3 — 110,4; 4 — 6B, 7T

CTENeHH m; OTPE3OK OT HayaJja [0 MNepeceyeHHs npsamoH
¢ ochio opaunar Gyzer paeed In [A (o) L. |

JKCNepHMEHTa/ibHbIe 1aHHBIE O KHHETHKEe CJBHTOBLIX je-
(opmaunit BO BpeMeHH B 3aBICHMOCTH OT BEJHYHHbI C/IBHTaIO-
MMX YCHAHH T, < T, NpH HopMaJbHoil Harpyske 172 krc/m?

" npeicrasjenbl Ha puc. 42

[pu t, = 110,4 krc/m* n 1, = 68,7 Kre/M*, MEHBILHX T,
(kpiuese 3 n 4), nedopmainy crabHAH3IHPOBANUCH MOCe
CTaluH HevcTaHoBuBlWelca noasyvectd. llpn T, <71,
- = 152 krc/m? <1, (0,6 -10° =< ¢ << 2,4 .10° ¢; KpuBas 2)
pacnoJokeH y4acTOK YCTAaHOBHMBLUEHCS MNOA3YYECTH, . mocjae

© KoTtoporo aedopmaunH crabuamnsnpoBanuch (2,4 .10° << { <<

<= 3,6 .10® ¢). Kpupas I Ha puc. 42 cOOTBETCTBYET Mpele/ib-
HOMY CONPOTHBJEHHIO CABHTA T,.

Ilas onpenenenns napamerpos m u A (o0) L na puc. 43
. NPHBOJAMTCS BCNOMOraTe/ibHbIH rpadpHkK, NOCTPOEHHBIH MO
~ ypasnenuio (171).

Ha uccnenvembix noysax npu P = 172 kre/m* napamerpol
oKasaganch paubiMu: m = 1,6; A (c0) L = 0,16. Ilockoabky

~*  MOKasartesib CTENeHH m He PABeH ejJHHMIe, CyMMapHas Je-

opmanns Y\, or pasa crynemedt T; (T = Y1) He Oyner

pasna JedpopMauHi €, MPH CABHTAKUIEM HanpsaXeHHH, NpH-
JIOKEHHOM MI'HOBEHHO.
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') 1 i R
! 2 3 ent

Puc. 43. K onpejeienuio na-
pametpoB m n A (co) L

v 12 2% 36 48
10"

Puc. 44. 3asncumocTh CABHIOBOH

AehopMaunu 0T BpPeMCHH npH

MHOrocTynenuatoll  cABHramlLeH

narpyske (P = 172 kre/w®; W=
= 51,9%):

."—1=l1; _"t:_.. .|"'I=Il+
TatTs T T

0 0 20

1 1 1 T
30 40 50 W, Y

Puc. 45. Hamenenune npeieabHOrc CONpOTHBJCHHA

casury obpazuon AepHOBO-NOASOJIHCTON  NOUBHI

B 33BHCHMOCTH OT BJAAMHOCTH (HOPMaJbHAA Ha-
rpyaka P = 4164 &krc/m7):

Mukpocrpykrypiinie oGpasun: [ — nNpH NOACYLINEOHNH,

2 — NPy yoJaamueuuwm;
J = [OpH NOACYIUHBQINN;

170
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Has storo caywaa ypasuenue (170) nomkuo GuiTh 3anm-
CaHo B CASLYIOILEM BHjie:

= . . T (172)

TAe T, — (-af CTYNEeHb C/BHraOUEro YCHJIHA,

B xauecTBe npumepa npuBejeM CJAEAVIOUHI pacuer je-
topmaunit no ypasuennio (172). Masa v = 194 krc/m?, 3a-
NaHHOTO JBYMS CTYNEHAMH: T = T; T, = 110 - 84 =
= 194 krc/m®, Hafiztem e; = 11,6; e, =28,5; e = ¢, 4
4 e, = 40,1,

Jna usernipex crynenefi NpHIOMKEHUS CABHralOmEH Ha-
TPV3KH T =T; + T, + T3 + 1, = (69,7 4+ 41,7 4 41,7 +
-+ 41,7) = 194 krc/m* 6y/1eM COOTBETCTBEHHO HMETh: &, — 4,5;
g, =3;8,=4,5;, g, =10; e =8, 4+ e, L g, L, =292

Ha puc. 44 npnsenensl onbiTHeie 3HaYenus & (f) ans cry-
nexcit CABUraloULHX YCHAHIl, HCMONL30BAHHLIX NMPH pacuere.
OnuiTHBE H pacyeTHble SHAYCHH S 117 KOHEuHblX aedopmanmii
OT KaMJI0H CTYNEH! HarPY3KH H cyMMapHO# 1edopMatun pas-
JHYAIOTCA He3IHAUYHTENBHO.

[Tpeneavnoe conpoTup/jeHHe CABHICY MOYB 3aBHCHT OT
 BJaXHOCTH ofpasila W xapakrtepa yBjaaxcHens (nojacyuixsa-
. HHE — YBJIaXKHEeHHe).

- OGpasubl 1epHOBO-NOA30AHCTON MOYBKI NPH PAa3JaHYHOMN
* BJaXHOCTH YNJIOTHAAHCL B 060HMe caABHIOBoro npubopa Kowm-
- npeccuedt 1o naotHoetd 1100 kr/m?*; nocae storo npoBoauaucs
. HensiTanua Ha caeur [104].
- Kourpoabuble 06pasiibl, NepBoHAYadbHO VBAAKHEHHBIE 10
- 97,8%, meaneHHO NojCYIIMBAJKHCH TIPpH Temnepatype 298 K.
[lnrorHocTe 06pasuoB no Mepe NOACHIXAHHSA H3MEHAJACh OT
1100 no 1140 kr/m®. Ilo nocTHzkeHuH HaMeueHHON BJIAMHOCTH
000iiMBl TEPMETHYECKH 3aKpbIBAJNCh, W 4Yepe3 OZHH CYTKH
~ o0pasubl TOABEPrajuch HCOLITAHHAM. Peayabrathl onbiToB
~ IIpuBejleHbl Ha pHC. 4.
W Kak BHIHO M3 pHCYHKa, npeae/jbHOe CONpOTHBJIEHHE
- CIBITY MHKPOCTPYKTYPHBIX 06pasuoB (kpuseie | u 2) 3ua-
~ UYHTE/IbHO BLILLIE, YEM MaKpPOCTPYKTYPHBIX o0pasuoB Toil xKe
~ Tousk! (KpuBble J 1 4) Kak NpH YBJAXKHEHHUH, TaK W MPH M0JI-
~ eymusanuu. [pu notcymiuBadun MEKPOCTPYKTYPHBIX 06pa3-
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i OB 10 BJjgakHoctH 17%
H MeHee HaOJoaeTca

o CHHMKEHHE npeieaploro
CONMPOTHBJIEHH A CJ/BHIY
or 3a CYeT II0ABJCHUA MH-
o KPOTPelLuH.
= 2k P L
3 a3qnyuHe B BeaHuNHe
S 2 NpeieabHOro  ConpoTHB-
ha‘m 5 JIEHH S CIBHTY NPH VBJaXK-
3 g HEHHH H MMOACVIIHBAHHH

ol OOLSACHSAETCH  KOMIpec-
AT : : ——»  CHOHHBIM THCTEpe3HCOM
20 8 40 S0 60 W% 3a CUeT OJHOBPEMEHHOro

Puc. 46. Bananue ckopocTH AedopMarinn AEMOIBRT SIL PaRHOS

: 6l (CM. pasje.
ofpasiia y Ha BeJAHHHHY NPEAenbHoro co- Hp'llpﬂ:l” [ ( pasaen 2
NpOTHBACHHA CABMY T oGpasua mousw  T1aBhl I11).

APH PasaHyHOl BAAKHOCTH: Ha Beauuyuny npe-

f— o= 110~ mfc; 2 — 9= 2,62+ 10~*n/c  JEJHHOI'O CONPOTHB/ICH HA

CABHTY CYULeCTEeHHOe
BJAHSIHME OKa3biBalOT BA3KONJAACTHYECKHEe CBOHCTBa BOANLIX
npocJjioex (puc. 46).

[Ipn nelicTBHH CABHraloUiHX YCHJIHH Ha CTPYKTYPHYIO
MOYBY MOTYyT BO3HHKaTh Je(popMaillHH CACAVIOUIHX BH/OB:
ONPOKH/ABIBAHIE arperatoB, BpduleHue arperato 6es ornpo-
KWAbIBaHHsA, OTHOCHTEbLHOE CMellleHne arperatos Ge3 Bpailte-
HHSA, ONpPOKHJbIBaHNe n cpe3 arperato. Caenopatensho,
B JlHana3soHe BJIAXHOCTH, NPH KOTopoi Hab/onaercs Makcu-
MaJIbHO€ CONPOTHBJIEHHE CABHTY, VCTOHYHBOCTL ArperaTtoB
paspyualomuM fedopMaitlaM MakcHMabHa.

Ecan nop pu3snueckKol cneJgocCcThiOo NOYEH
NnoHuMaTh BaaHocTs W, npH KoTopoit ofecnieunBaercs
MaKcHMaJbHOe colepikanue arperatos B npoitecce ofpaboTku
NOYBEI, TO 33 TAKYIO BJAaXKHOCTh MOMHO NPHHATH €€ 1HanasoH,
CUETEETCTE}"I‘DJILHFT MakKCHMAaJbHBIM T [JIJA hTﬂEpDElI‘pE]‘ETHhIx
ofpasioB HapyUEHHOH CTPVKTYPHIL.

Taxoit noaxon o6bscHAeT pAA ocoGeHHoCTeH 3TOH Xapak-
TepHCTHKN nouskl: cMewenne W, BnpaBo (B cropony 6o.ib-
NIHX BJaHocTell) B cayuyae MEpPONpHATHH MO OKVJILTYDH-
BAHHIO NOYBLl (cM. puc. 45, KpuBasl 4) W NpH yBeJHYEHHH
ckopocti o6paGorkn [11, 60, 1071 (cpaBun kpuByI0 2 ¢ Kpn-
BOit [/ Ha puc. 46).

[TonuepkHem, 4TO METOJ OILEHKH (PH3HYECKOH CMEJoCTH Mo
MAaKCHMa/IbHBIM SHAYEHHHAM T OTHOCHTCSI K obGpasuam (Hapy-
IIEHHOH CTPYKTYPHI), CJA0KEHHBIM H3 MaKkpoarperaroB. Jlas
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o6pasios HeHapyLEeHHOH CTPYKTYpPHI, TA€ B MEXaHH3Me CO-
NPOTHBJAGHHSA CJBHTY MOTYT pellaloiiee 3HaueHHe HMeTb Lle-
MEHTAUHOHHBIC W APYrHE CBA3H, MAKCHMAJbHbIE 3HAUCHHS T
emematores saeso (111 (B cropoHy MEHBIUHX 3HAYEHHIT BJ1aXK-
HOCTH) H HE MOTYT CAVHTbH Mepoi olleHKH (pH3HYyecKol cre-
JOCTH T0YB.

Onsitel nokassiBatorT [111], uto yaeasHoe conporHBieHuHe
[IOYBbLl NPH Naxore B JHAana3oHe BJANHOCTH, COOTBETCTBYIO-
ueM (hbH3HUECKOol CnejocTH, MHHHMAJALHO.

B paGote [18] ycraHoBieHa TecHast KoppeaslHOHHARA
CB513b MEXKIY VJIeJABHLIM CONPOTHBJICHHEM MO4YB MpH naxore,
HX BJIAXKHOCTLIO, TBEPAOCTHIO, COMPOTHBJAEHHEM CABHTY H
paspLIBY.

OGpaboTKa nouBbl 3a NPEIEJTaMH €e (PH3HYECKOH CNEIOCTH
MOET TMPHBECTH K H3MEJbYEHHIO MMOYBEHHOH CTPYKTYpbl H,
CJIC/IOBATE/IBHO, K CHHIKEHHID > PO3 HOHH OH YCTOHYH-
BOCTH,

3. 3PO3UA NOYB

[Tox spo3uelt MOYB NOHHMAIOT COBOKYNHOCTH MPOUECCOB
paspyuieHus [MOUYBEHHOrO ¢J0f H MNepeMelleHHs MpPoAYKTOB
3TOrO paspyileHHs noji BJAHAHHEM MOTOKa BOJbLI H BETpa.

Bojanas 3posus. DBoanaa 3po3Hs MoMKeT BO3HHKHVTD
BE3/lE, [J1€ eCTh CKJOHOBBIH cToK. PopMupoBaHie CTOKA CBH-
34HO ¢ pacrnpeje/eHHeM 0CajJKOB C MOMEHTa HX BbiNajleHusd
N0 NOCTHMKEHHS HMH BOJOEMOB (pycjaa pek, osepa, Mops M
T. 11.) HJIH BO3BpalleHHa B atMocdepy BCJelCTBHE HCnapeHus
# Tpancnupaunnn. OTHOCHTE BHBIE BETHUYHHEB COCTAB/IAIOUIHX,
Ha KOTOpbIeé MOXKHO pac-
YIEHHTH KOJIHYECTBO ocaj-
KOB, BHLINABIUHX 34 olpe-
J@NeHHBIH THBeHb, 3aBUCHT

Rt W R =
BT O8O0 T B
b e

m?g#pxﬁmﬁu :
[y Hmoabid” GmoK:

T 088X HOCITIHOIU
-;-ﬂ_:,____r 1 CITION e
T BOOOHEIDONUTTG 5 : -9 e

Puc. 47. Cxema nukna croka [122]
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oT (H3HYECKHX OCcOGeHHOCTed H YCAOBHIl 3eMHOH TOBepX-
HOCTH KaK TPHPOAHBLIX, TaK M HCKYCCTBEHHBIX (ApeHax
H T. 1.), 4 TaKiKe OT XapaKTepHCTHKH JHBHA.

Ocankn caaboil HHTEHCHBHOCTH ¥ HEDOJDLILIOH TPOLAOJIAH-
TeJLHOCTH MOTVT OBIThH NOJHOCTBIO NEpeXBaueHbl PACTHTE/b-
HOCTBIO, NPOCOUYHTLCH B [MOYBY W HCHAPHTHCA.

DTH TPH TPYHNB OCATKOB COCTABIAIOT NOBEPXHOCTHOE 3a-
gepxanne. Koria pacturesibHblk MOKPOB yrKe He B COCTOAHHH
yAepAKaTh BJaary, a NOHHKEHHs 3alI0HEeHbl BOJIOH, OHA Ha4yH-
HaeT MH(QUALTpPoBaTLCA B rpyHT. Koria HHTEHCHBHOCTD oCal-
KOB Yy TMOBEPXHOCTH [0YBbI MPEBLICHT HHPHALTPALHOHYIO
crnocofHOCTL, HAUHHAETCsSi CKJOHOBLIH CTOK H NMOBEPXHOCTDH
seMJ/H TIOKpbIBaeTca f1 cJaoeMm Bo/b, Ha3bIBAEMbIM NOBEpX-
HOCTHBIM CMauHBaHuem (puc. 47).

Cpennee 3Hauenne M 3a paccMaTpuBaeMblii neproji onpe-
JIeJINTCS H3 BHIPAMKEHHA:

HZPMS;—'—F,

rje p — Cpejuss BbICOTA CJOf OCANKOB, BHIIABIIHX B Tewe-
HUEe paccMaTpHBaeMoro nepuoja f (OJHOro JOHA,
ce30Ha, rojla) Ha OnpejeJeHHoH MJoLLa1H;
S; — NOBepXHOCTHOE 3ajleprKaHue;
F — ofmiaa HHGUALTPAILHS 32 TOT XKeé [epHolLl.

Cpenussi CKOPOCTb PABHOMEPHOro ILIOCKOrO [OTOKa o
BeicoTofi H (H = R, rae R — riujpaBinueckdii pajuyc) mo-
KeT GhITh omnpejedena no gopmyae:

v=CV Hi, (173)

rie C — kosdduunent Ulesu ', m'/:/c;
i — THAPAaBJHYECKHH YKJIOH. ,

Kak TolbKo cpenHsii CKOPOCTB NOTOKA JIOCTHIHET HEKO-
TOPOro KPHTHUECKOro 3HAYEHHs! H NEPEHIET ero, MoTOK HauyH-
HaeT CHCTeMATHUECKH W B MacCOBOM MOpPAJIKE OTPLIBATE TMOY-
BeHHBIE YaCTHILLI OT MOBePXHOCTH, MOJAHMUMATH W TPAaHCHOPTH-
poBatk HX. B AHHaMHKE pPYCJOBLIX NPOUECCOB TV HAHMEHD-
VIO CPEHIO CKOPOCTh NOTOKa, NPH KOTOPOH HPOHCXOAHT
GecrnpecTanublii CPpblB OT/A€/IbHBIX YACTHIL HA NOBEPXHOCTH H
NpH KOTOpPOH CpeaHuil YPOBEHb NMYJLCAUHOHHBIX NOABEMHBIX
YCHAHH NpHUMEpHO paBeH Macce 4acTHibl B BOiAE, Ha3biBAIOT
cpeHBalomeil ckopoctbio v, [36]

B yciaoBuAX TYpOy.JIEHTHOro oO0TE€KaHHs BBLICTYIIOB JUIH
pPaBHOMEPHOTO IJIOCKOTO NOTOKA ¢ AeopMHpyeMoll MoBepX-

I TaGanupl sHauennfi C MoxHo Haiity B cnpasovlioil anreparype [67 |
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HOCTBIO, CJIOKEHHOH M3 CMecH HEeCBA3HLIX 4aCTHIL Pa3Hoi
KpYIHOCTH,

1y B:8H 2¢ (Y — y)d :
U e !ﬁ T | 75y ' {1?&3}

rae d, — cpeaHuit pasmep Tex Haubosee KpyMHBIX HaCTHIL,
NOJIA KOTOpLIX coctasasier 5%,
d — cpeflHHH pasmep uacTHil (pajHyC pP4BHOBEJIHKOIO

tapa);
T1 — INWIOTHOCTHL YACTHLL
Y — MJOTHOCTE BOJLbI.

Ty HanGoapliyio CKOpoOCTb NMOTOKa, MPH KOTOPOH eile e
APOHCXOIAHT FIEPEMELLLEIHITI H ClABHra 4actill Ha [He H NpH
KOTOPOH Hauboabuine 1yabCallHOHHBIE 3HAYEHHA NOJABEMHOM
CH/IH €llle He PeBOCXOAAT Macchl YacTHIL B BOJle, HMEHYIOT H e-
CABHTrawIuleil, HaH HenepelBHrawlLeil, CKOpoCTbio Uy,

M3 onbITHEIX JaHHBIX Haijleno cooTHollenue v, = l,4v,
H, CJeJoBaTeILHO,

N 88H _ 20 (Y, — ) d a
v, =lg—5 ]/ e (1736)

Jlan BecoBoro pacxoja G nepeMeuienus TAKENBIX 4acTiil
(d > 15100 M) Ha eaHHHUY LWHPHHBI MAOCKOrO TYpOy-
aentoro noroka B. H. onuapoewim [36] noayueno ypan-

HEeHHE: : .
G=!5-6utp Uud(_:;;_ )(—,,f;‘— ) (174)

1]

rae v — JefiCTBHTeNLHAs CPeiHAs no riaybéuHe CKopocTh No-
TOKA;
¢ — napaMetrp TYpOyJEHTHOCTH, S3HA4YEHHsI KOTOpPOro
A pasJHUYHBIX Pa3MepoB HACTHIL MOAKHO HaHTH
B Tabanuax [36] (uas d > 15.10%m, ¢ = 1;
B ananazoneor d = 1,5 .100%ma0d = 1,5 107 m
¢ namensiercst ot 1 no 7; npu d = 107° m ¢ yBe-
anunsaercs jno 300).

Ypasuenus (173a), (1736) u (174) skcnepumenTaabHO NOA-

: - 2H
TBepKAeHs s uncen Peiltnonnaca Re >240 (RE = —;JE-, rie

H
vV — KHHeMaTHuecKasn BHEHDETB), OTHOCHTEABHBIX FAYGHH —

v

7 OT 1 no 18,3

ot 10 go 1550, orHocHTEABHBIX CKOpOCTEH

H yacTHUl KpynHoctbio or 8-107° go 107* M.
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Buipaxkenue aaa koshppuuuenta lllean B yClIOBHAX pas-
MbIBAEMOTO JlHa NPH HAJHYHI JONOJHHTEJbHBIX CONPOTHR.IE-
HHil 11, N0 CPABHEHHIO C OCHOBHLIMH 1, noayyewo B. H. Tou-

yapoBbiM B BHae [36]:

- 8 8H

[Mopctagaas sto 3Hauvenue B (173), noayunm:

- 8.8H .
o=4)2glg 1. HH;IJ’HL

C vyueroMm nocseinero Boipaxkenust W (173a) Kpurepiui
yCTOMYMBOCTH [OYBEHHBIX YaCTHIL NPOTHB BOJAHOH 3pO3HH
MOMHO 3aiiHcath B TAKOM BHJe:

v . AV Hi
E Lfrd = T

rae
A o 4

i V WY
1.75y
AHann3 9TOro KpHTEpHs NOKa3bIBAET, 4TO B pacrpocrTpa-

H
HeHHBIX Ha npaxkTike caydaax —— =~ 10+10% n1as ckaoxos

¢ ykaoHoM i = 0,017 (=< 17), § <1 — 3po3us B 3THX yCJ0-
BHAX npakTHueckn He Habmopaerca., Jdas 0,017 <1 <
= 0,052 (1—3°), E= 1,8 — 3po3usi IJasi TakHX CKJIOHOB
crabo Bolpaxkena. Jas anajusa ObIH NPHHATH 3HAYEHHS:
vi= 275y =1, - =02 [82]; 4 = 0,8.
o
Ha puc. 48 B sorapudmuyeckom maciuraGe HaHeceHbl 3Ha-

U
YEHHSi — B 3ABHCHMOCTH OT CPEIHEro JMamerpa MouBeHIbIX
c

yacTHIL AAs pasauuEbIX sHauenuit A }/ Hi. Kak BiiHo u3
pHcyHKa, npu A V Hi << 107® Bce yacTuibl yCTOHYHBbI 1PO-

THB BOJAHOH 3PO3HH (ﬂi < l). [lpu snauennax AV Hi >

> 10°® nosiBasercs o6GJgacTh HEYCTOHUMBBLIX MPOTHE BOIHOH
sposun uactuw: aas AV Hi = 107" neycrofiuuBbl Bce uya-
CTHILBI, CPEAHHIl pasmep KoTophix d < 107° m; masn A V Hi =
= |0~% peycroHuuBbl yacTHIbl, HauuHas ¢ d = 107% M,
Boaee nojpobHbie CBEJEHHA O METOJax pacuera H npo-
rHO3a 3PO3HOHHBIX Mpoleccos janul B padore [821. Tam ke
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cleslaHa IonbITKa y4era cuern-
JeHHS NOYBOTPYHTOB B pacyer-
HBIX (hopmyaax.

Kak caenyer H3 BbIpake-
HHA 117 KPHTEPHA YCTOHYHBO-
ctH & (eMm. c. 176), nporuso-

5PO3HOHHbBIE MEPOTIPHATHSA
YCJOBHO MOXXHO pasjienHTh Ha
TPH TPYMNMOBL.

1. Meponpuatus, obecne-
yiBalouLHe 10MoAHHTEbHOE Co-
IIPOTHBJICHHE MOTOKY 1, H, Cle-
AoBaTeabHo, BELYLLHE K YMEHb-
mennio Koshdpuunenta A (3a-  puc. 48, Crema x onpezenennio
JYHKeHHe MHOTOJETHHMH TPABa-  o6nacti  HeYCTORUMBHIX  NPOTHB
MH, MYJIbMHpOBaHHE {:TEPHEﬁ. 3pO3HH NOMBCHHBIX YacTiu (arpe-
3aJlepHEHHe, 1axoTa H nocen FaTos) -
nonepexk CKJOHa H T. M.).

2. Meponpuarus, obecneynBalollHe COXpPaHEHHE CTpPYK-
TYpPLl NOYBBI, Xapakrepusyemoil cpeJiHuM pa3mMepom vacTHil d
(GesoTBanblafn o6GpaboTKa noYBbl, MHHHMH3auHs 00paGoTOK
. MOYBHI, NPHMEHEHHE HCKYCCTBEHHBIX CTPYKTypooGpasoBare-

“aeit [1081].)

3. MeponpustHa, BejylHe K YMEHbHIEHHIO IJ1YGHHB! 110-
ToKa H /10 101 yCTHMBIX 3HAYEHHH (BO103a1eP K HBAIOLIHE BAJIHE
H Teppacel, BOAOCOTBOAMLIHE BaJbl M KaHasul, Traybokas
BCNALlKa, NOBbILAWas obmyio HHPHALTPAUHIO 0CaNKOB,
it I

Paccrosinne Mexay BajJaMH, KaHaBaMH, TeppacaMH MOXXHO
OLEHHTL, ecsiH B Jio0oH Qopmyje, TIpHHATON A8 onpenene-
HHSl CKOPOCTH CKJIOHOBOrO MNOTOKa, 3aMEHHThL €€ 3HaueHHe
Ha v, no (1730).

B uacrHocTH, NpH TAKoM MNOAXOje H3BecTHas (QopmyJia
KocrsaikoBa npiMer BH:

v, = VY Cxop;

rae C =ay V I;

¢, — Ko9pHIHEeHT, 3aBUCAILHHA OT LIEPOXOBATOCTH (%; =

= 7+30 u Goee);

X — paccTosHHe OT BoJopasieJa,

p — WUHTEHCHBHOCTb OCAaJIKOB;

o — Ko3pHIHEHT CTOKA.

[Tps n3pecTHEIX 3HaueHusax vy, C, 0, p 13 moCAenHEeH
dopMyJIbl MOMKHO HAHTH PacCTOfHHE X MEMJY BaJamH, Tep-
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pacaMH ¥ KaHaBaMH, MpPH KOTOPOM CKOPOCThb CKJIOHOBOTO
CTOKA He JOCTHTHET Pa3sMbIBaIOLLEH.

[TopuepKHeM YCJAOBHOCTH MPHBEJEHHON BhILIE K/acCH(H-
Kalli{d TMPOTHBOSPO3HOHHBIX MeponpuATHi. [leHCTBHTENLHO,
MEpOTIPHATHS ONHOH TPYNIbI, HANpHMEP NpHMEHEHHE HCKYC-
CTBEHHBIX CTpYKTypooGpasoBatened (2-A rpynna), BeiyT H
K NOBBILIEHHIO HHpHABTPAIHH (3-f1 TPyNna); noceBbl MHOrO-
aerHux Tpap (l-s rpynna) obecnequBaloT yJyullleHHe CTPYK-
TYPHOTO COCTOSIHHSA MOYBBLI (2-A rpynna) # T. .

Bce npoTHBO3PO3HOHHBIE MEPONPHATHS OYAYT a(peKTHBHDI
JWllb Ha oHe BHICOKOH KYJbTYPH 3eMJeIe/Hs, BKAOYaloLLeH
NpaBHAbHOE pa3sMelleHHe pasJHuHbIX YrojHH, 060CHOBAHHbBIE
NpHEeMbl OpPOILEHHs, BHECEHHE MOBBLILIEHHBIX 103 OpraHuye-
 CKHX M MHHepaJjbHbIX VJ1OOpEeHHH H T. II.

Berposas spoausi. Mexanusm OTpbiBa H IEpeMelieHHS
NOYBEHHBIX YacTHL, BETPOBBLIM [OTOKOM AHAJMOI'HYEH pElHEE
PACCMOTPEHHOMY: BpeMs peObiBaHisA YacTHLL BO B3BELIEHHOM
COCTOSIHHH, OT KOTOPOT0 3aBHCHT JlaJbHOCThL nepeHoca, omnpe-
NEJIAeTCH HHTEeHCHBHOCTBIO TypOyvieHTHoro obOMmMeHa B /ABH-
JKylleidcs Bo3ayliHOM cpene. BerpoBoit sposneill B NepByio
ouepe/lb NMoparxKaloTes necyaHble U cynecyaHble NOYBEl; Yepible
6ypH paspyluaioT 11aXOoTHHIE FOPH3OHTHI TAKXKE CYTJIHHHCTBIX
W rauHucTeiXx nouB. [loapoGHoe ofocHOBaHHE MEPONPHATHH
no Gopnbe ¢ BeTpoBoil 3posnel MouB (xKak M BOJHOM) 1aHO
g monorpapuu C. C. CoGonepa [117]. Tlostomy Mmbl ocTa-
HOBHMCH JHllb Ha HegaBHo paspabotanHoMm [127] merone
pacuera B3aHMOJIEHCTBHA MPH3EMHOro MoToKa Bo3jlyXa C Jiec-
HOIl TOJIe32IUTHOH TOJOCOoH, no3poasioienm Gogaee shiex-
THEHO npneunlpuaa‘rh JIecomnmocaiku A 3aulHThl TIOYMB OT
BETPOBOH 3PO3HH.

B npennosoKeHHH J0CTaTOYHON MpPOJYBAeMOCTH JIECHOI
MoJIOChl, PaBEHCTBA HY/AI0 TOPH3OHTAJBHOIO I'PajHEHTd J1aB-
JeHusi, HeliTpajbHol TemMmepaTypHOH CTpaTH(HKALHN HCXOA-
Hafd CHCTEéMa ypaBHEHHH METeopOJIOrHYECKOro pekHMa B To-
JoCe H 3a HeH HMEeeT BHI:

du du i ou 7 S |
H--a?“i— E'ﬁ'y——- 3y I 37 Cfs'—;g—,
o Ay
R e {
ab ab d ab o \2 wd AL
u gt gy =gyt ti(gy) HOS T — S
' (175) |
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S
dy &

1 : S
S gt S S (175)
k=1Vb,

rae X, § — FOPH3OHTAaJbHAA H BePpTHKaJbHaA KOOPIAHHATHI;
i, U — KOMIOHEHTH Cpe/iHedl CKOPOCTH BETpa;
k — KOS(PPHUHERT BUXPEBOH BA3KOCTH;
b — HHTEHCHBHOCTL TYPOVIEHTHOCTIH,
{ — Mmacuitab TypGy.IeHTHOCTH;
S — vaeabHBIH JHCTOBOI HHJIEKC;
C; — Ko3(PHILHEHT CONPOTHBACHHS 31EMEHTOB pacTH-
TEJLHOCTH; :
@ — napaMeTp, XapakTepH3yIOUHil BAHAHKE pasMepa
JHCTa Ha BeJHUHAY Mmaciwraba TypOyJIEHTHOCTH
T - B MEHIHCTHOM MPOCTPAHCTBE;
- u, Cy, &, — TOCTOSAHHBIE,
B cucremy ypaeuenuit (175) BXonsiT: npoexkius ypaBHeHus
JIBHKEHHS Ha OCb X, YPaBHEHHe HepaspbiBHOCTH, YpaBHeHHe
6ananca HHTEHCHBHOCTH TYPOYJIGHTHOCTH H IBa COOTHOILCHHS,
OAHO M3 KOTOPHIX siBasercs obobienuem runotesst Kapmaua
o mactrabe TypOyseHTHocTH (runotesa JlaitxTmMana—3uin-
THHKEBHuYa), a Japyroe npeacragnser cobGOH TrHOOTE3Y

‘ Tlpanaras—Koamoroposa o B3anmuoit cefsn b, & u [

FpanH4Hble YCIOBHA A4S HCXOAHOA CHCTEMb ypaBHEHHH

 CTaBsITCS B TAKOM BHJE:

npu x = 0 (Ha «BXOJ€» B NOJOCY)

fu=2In g:y' ; v=0; k=w,(y+u); b=Ci "}

npu y = 0
Uu=uv=>0: mk%:ﬂ; IEHCF‘H{J;

npu y = H
LI R LA
7 N s T T

B stux BRpameHnsx: v, — AHHAMHYECKAas CKOPOCTDb, Yo — NapaMeTp
- miepoxonatoctd, H — ypopenbh HaJ NOBEPXHOCTLIO [10YBH, HA KOTOPOM
 BJAMsANHEM NPOHHUBEMOrO NPenaTcTBHA Ha XAPAKTEPHCTHKHE NMOTOKA MUKHO

~ npeneGpeyb.,

Heauneiinas “cHcremMa ypaBHeHHH mnapaboJHYecKoro
Thna (175) B yaCTHHIX NPOH3BOJAHLIX BTOPOro MopsjiKa anmpo-
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KCHMHDVETCH CHCTEeMOl KOHEYHO-PasHOCTHBIX YPaBHEHHH, KO-
Topas PellaeTcs MEeTo/0M [10CJeN0BaTe/IbHBIX NPHOIHKEHHHA
[0 HeJUHEeHHbLIM 4YJeHaM YpaBHEHHH JIBHXKeHHA W GajsaHca
HHTEHCHBHOCTH TypOYJEHTHOCTH, € TPOTOHKOH B KamIOM
NpHOJAHKEHUH B IIHPOKOM JHanasoHe HIMEHEHHS YIebHOH
[OBePXHOCTH PACTHTEAbHOCTH S, BBICOTHI h, M IIHPHHBI L
JIeCOTOJIOCH!, PaccTosiHusl /i, OT MOBEPXHOCTH IMOYBHI JO Ha-
yaja KPOHbI JIepPEBLEB.

Ha puc. 49 B kauecTBe npumepa npusejieH pesyabrar (127 ]
pacyera B3aMMOJCHCTBHA MPH3EMHOr0 NIOTOKA BO3JYyXa ¢ Npo-
nysaeMoit BHM3Y (fi; = 2 M) Jecomno’aocol mupuhoi L = 8 M
i BblcoToil A, — & M, € VJAEJLHON NOBEPXHOCTHIO PACTHTEND-
HOCTH B KpoHe, moctostHoil B hy =<y == h, u pasHoii 0,01.
B pacuere HCIOJIb30BaHbBL C/EAYIOUE 3HAYEHHS [apaMeTpPOB:
x = 0,4; C; = 0,046; y, = 0,00 m; a, = 0,73; a = 0,2.
Ha pucynKe noKasaHbt H3MEHEHH A TOPH3OHTAJIBHON CKOPOCTH
BETPa 4, OTHECEHHO! K COOTBETCTBYIOLLHM SHAUEHHAM CKO-
POCTH Haberamoulero noToka i, B 3aBHCHMOCTH OT DaccTos-
HiA, H3MEpsAeMoro OT Hayaja Jeconouochl.

KpuBble NOCTPOEHEI 151 TPEX YPOBHEH Hajl MOBEP XHOCThLIO
noussi: y = 0,1 M; ¥y = 1 M5y = 5 ™. Kak Buano us pucynxa,
CKOPOCTh NOTOKA B JIECHOH N0JI0CE H HAa HEKOTOPOM Paccros-
HHH 3a HElO Majlaer, a 3aTeM CTPEeMHTCS K CBOeMY 3HAUEHHIO
Ha «BXO/E» B I10J0CY; MPHYEM 3TO CTpeMJEHHe HeoIlHHAKOBO
IJist pasHBIX YPOBHEH Haj MOBEPXHOCTHIO MOYBLI

KayecTBe KpHTepHs SOPEKTHBHOCTH JIECHOH NO0JOCH
TNpejJIaraeTcs HCnoab30BaTh BEJTHYHHY KAacaTeJbHOTO Halps-
WMeHHA TYpOyJeHTHoro TPEHHA T, Y NOBEPXHOCTH IOYBLI,
T. €. CIABHToBoe YCHJHE,
nepejagaemoe TYpOYJ/eHT-
HEIM  TIOTOKOM  BEpPXHEMY
cjoio nouyskl. OntHManbHaf
KOHCTPYKILHA Onpelenercs
Ha OCHOBAaHHH 3aBHCHMO-
CTell T, OT FeOMEeTPHYECKNX
XdPDAKTEPHCTHK [MOJIOCHI.
AHaJH3 3THX 3aBHCHMOCTEH

L - + o [pHBEJ aBTOpa K CAeNYIO-
2 Why 2y 30hz HIHM BBIBOJIAM.
: 1. HefictBue necHo# 1no-

Puc. 49. OmiocureabHoe H3MeHeHHe jockl (o KpalHed Mepe
FOPH3PHTANLHON  CKOPOCTH  BeTpa .

(27} DACCTOAHKS,  PAaBHOTO
s 10 BricoTam) npsiMo npomnop-
TR S S M A ST L otapy| e BHEoTe,

180



2. YpesuuenHe WHPHHEL noJjockl Gonee 10—12 M He yeu-
JHBaeT 3(PPeKTHBHOCTH 110JIOCH!. i

3. C}’EJ,ECTB}'ET ONTHMAJbHOE 3Ha4YEeHHE HpooyBaeMOCTH
(Mojl NpoayBaeMOCTBIO [OHHMAETCsl PACCTOSHHE OT MOBEpX-
HOCTH MOYBBI /10 Hauyala KPOHEL), NPH KOTOPOM JIOCTHrAeTcs
~ HauGojpllHH BeTpo3alllUTHBI 3QdeKT; TaK, A1a NoJochl Bbl-
COTOH 8 M 3TO paccTOAHHE paBHO 2—3 M. :

4. UncsieHHBIE 9KCNEPHMEHTHI C PasJIHUHbIM BEPTHKAJ b HBIM
pacnpejejeHHeM yJieJabHoro JHCTOBOro HHEKca S nmokasadns,

YTO HAHAYYIIHM 3alHTHBIM JAefcTBHEM (npn _[S dy = cnnst]

obnalaer JiecHas 1oJioca ¢ pacnpeie/ieHHeM 3JIEMEHTOB PacTH-
TENLHOCTH TI0 THOY MPOAYBaeMoil BHH3Y JIeCHOI MOJIOCHI.

5. CpaBHHTeNbHAs OlleHKa 3alWHTHOrO JeHCTBHA OT-
JIEJIBHO CTORAUEr0 BeTpoJoMa WHPHHOH 8 M H CHCTEMHl U3
JIBYX BeTPONOMOB (KawablH WHpHHON 4 M) Toll e BBICOTHI
. H NPOHHUAEMOCTH, OTCTOAIMX JIPYT OT ApYra Ha pPaccTOsHUH
4 M, MOKa3bIBA€T, UTO CHCTEMA M3 ABYX BETPOJOMOB oGjajiaer
GONBUINM 3alHTHEIM JleHcTBHeM. Takum ofpa3soMm, ecau mno-
JIOCa MMEET B CBOCM COCTABE HECKOJIBKO DPSOB JepeBbeB, 10
JUIsi YCHIEHHS €€ BeTPO3alUTHLIX CBOHCTB 3TH PALBLI HYIKHO
pacnojarath He BIJIOTHYIO, @ HA HEKOTOPOM PacCTOAHHH APYT
OT Apyra.

"'_'-"-'-i.._'l__":'?-u:i__'-' e R STy T

r

4. YIIJIOTHEHHE — HABYXAHHE TNOYBOrPYHTORB

B nocaejnHe rojbl BBHINOJHEHBI HCCJEROBAHUSA NPHPOILL

. jpeédopMmaumit TPYHTOB, OCHOBAHHbLIE HA YUyeTe PacKJIHHHBAIO-
. [IEro JIABJCHHA TOHKHX CJI0EB JKMAKOCTH H MJACTHYECKHX
CBOMHCTB, ONpEeIEsIONHX CBS3HOCTL (MPHJIHMIAHHE) TPYHTOB.
© K umcay aTux uceneaoBanuit oTHocaAtcs pabotkl Jepsruna,
. Hepnuna, Korosa, KosyGoBa, B KOTOpBHIX J4Ha 00ilas [o-
| CrTaHoBKka 3ajaud jJeopMauHd TJAHHHCTHIX TPYHTOB H Ha-
MeueHbl NyTH ee paspeluenus (cMm., Hanpumep, [62, 651).
. PacuerHas mopean [62]. [lpeanonaraercs, uto cpena
L Apgferca ABVX(a3HOH AMCNEepCHOH cHCTeMoil, mpeacTraben-
. HOH COBOKYNHOCTBIO KaK OTAEJbHBIX MHHEpPaJbHBIX YacTHIL,
'.-Ta!x H H'E.'TIIJHL HX arperartos, PA3JIEJIEHHBIX NOpaMH, KOTODLIE
E JdBHCHMOCTH OT pa3MepoB MOTYT OLITL Kak MHKPO-, Tak
- y MAKPONOpPaMH, 3amoHeHHEIMH BOJOH.

IIpy sToM yrioTHEHNE €0 TPYHTA B COOTBETCTBHH € pac-
‘IETHEHI MO e bIO D}’,ILE‘T NPEACTABJATE JIBA CBH3AHHBIX MEXTY
~Cobofi npouecca, a MMEHHO: Tmpotecc COMHMEHHUS YacTHIL
* (arperaroB), npoucXoAAWMIT 34 CYET BLIJIABJAHBAHHA BOAL! H3
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PA3AEAAIONHX HX NOP B TPaH3HTHLIE [OPEI, H TpoLecC (pH.Tb-
Tpanuu TONH BOJALI 110 TPAH3HTHBLIM Nopam K rpaHHYHBIM [0
pepxHocTsM caost (puc. 50, a).

[Ipuuumaercs, 4T0 PHALTPAUHOHHBIE SIBJEHHUS B COOTBET-
CTBHH € OOGBIYHBIMH JONYULEHHAMH TEOPHH (PHALTPAUHH TPYH-
TOBBIX BOJL C JOCTATOUHLIM MPHOJAHKEHHEM MOTYT OBITH OfH-
cansl 3akoHoM [lapcu. B stom cayuae sakoH JlapcH MOXKHO
3anicaTh B BHJE:

aH s
HS — ““'f{u'?ﬁrw (lfﬁj
3necw
) B T o P R (177)
pg /|

CpejHi0I0 CKOPOCTb JIBHAKEHHS BOJABI B TNOPAaX MOXIO
npeacTaBHTh 3aBHCHMOCThIO JlapcH B BHJlE:
K¢ oH
m dS

U == (178)

Beanunna m o6o3HadyaeT MOBEPXHOCTHYIO MOPHCTOCTL LA
wuakoil ¢ass, T. e. nJoulaib TPAaH3HTHBIX NMOp B EIHHHIIE
NJOLLAAH CEYEHHS cloA TpyHTa. B TeopuH QuibTpallHu TpYyil-
TOBHIX BOJL €€ NMPHHHMaIOT MOCTOAHHON Aaf 1000r0 ceyenis
rpyHTa (BBHJY MajoOCTH PAa3sMEpOB TBEPABIX HacTHIL 11O cpapre-
HHIO € pasMepami paccMarpusaemoil 06/acTH  3eMAAHOH
cpeibl, a TaKMe MoJHOll GecnopaiodHOCTH PacnoJoKenin
STHX YacTHL).

Masocth #  0ecnop sSilo4HOCTL  PacnojioAeHHA TBep/ibix
qACTHIL MO3BOJSAET TAKMKE NPUHATL J0NYUIeHHE O MNOCTOAHCTEE
nehopMallHOHHBIX CBOHCTB TpYHTa B aio6oM HanpabJeHIH.

7 gz

.._—._.t%i
.i—.hl-] e ) ¥
: C I TR T PT r 7
TpansumAsiE nope Muxponopet ,
a d é

Pue. 50. PacuetHaa molenh:

g = MOfeAb NOYEOTPYHTa; 6 — ynpollcHEas MOAedb;, ¢ — PAacucTHAaR
CaCMal
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JLast TAMHUCTBIX [OYBOTPVHTOB, YUMThiBasi creiuduye-
CKHH 1A HHX Xapakrep YNakoBKH H OTHOCHTE/AbBHOro pac-
MOJOMEHHA YacTHIL B CJIO€, MPHHHMAETCH OIHHAKOBOCTb JIE-
opmallHOHHBEIX CBOHCTB Ha Jmofofi BepTHKaJIH paccMaTpH-
B4EMOTO CJIOH,

[IpHnaTHE JONVILEHHA MMO3BOASIOT B KA4eCTBE PaCyeTHOI
NPHHATL CXEMY TIpYyHTa, MNPEICTaBI€HHYI0 COBOKYMHOCTbLIO
OJHHAKOBHIX 4acTHl, (arperatos), OTAEJEHHBIX JPYr OT Apyra
B FTOPH30HTAJBHEIX IJIOCKOCTSX MHKDPONOpaMH, B BEPTHKAJb-
HbiX — MAKponopamM# (TPaH3HTHLIMH), 3anoJHEHHBIMH BOJOH
(puc. 50, 6). Jra cxema 3KBHBaJEHTHA B JedopMaLlHOHHOM
H GUIALTPALLHOHHOM OTHOWEHHH peanbHOMY paccMaTplBae-
MOMY CJIOIO MOUYBOrpVHTA,

NudibepeHunanphbie YPasHeHHS yIUIOTHEHHA rpyHTa, K-
HeTHKa COMHMKEeHHS YacTHIL (arperaTtoB) B CJiO€ paccMar]H-
BAETCH C YUETOM BA3KOINJIACTHYECKHX CBONHCTB JKHIKOCTH, Bbl-
KHMaeMoll M3 IpocTpaHcTBa MeX <y 4YacTHilaMH B TPaH3HT-
Hble NOpbl, PACKJHHHBAIOUIEIO JaBJIEHHS TOHKHX CJIOEB KHJ-
KOCTH, pasjieasiioliMX 4YacTHUBI, H IaBJIEHHH, BO3HHKAOULHX
npy QHALTPALLHY JKHIKOCTH 110 TPaH3HTHBIM MOpaM K rpa-
HHUHBIM [IOBEPXHOCTHAM CJIOS.

YcoBHe paBHOBECHS YACTHILbl 3alHCHIBACTCS B BHJIE:

1,5, 3 1hs
h R

o4 R (k)L P—qg=0, (179)

rie T, — MNpelebHOe HanpsxeHHe CABHIa XHIKOCTH;
1 — BAI3KOCTB;
b, u b, — nocrosnible KO3(pHIITHEHTLI, 3aBUCHALIHE OT
(bOpMbI H pasMepOB YACTHIL;
h — paccTosiine Mexjay 4YacTHILaMIH,
¢ — WHTEHCHBHOCTbL MPHJIOXKEHHOH K 4YacTHiam
Harpy3KH;
P — naBjenue BoAbl B ropax;
U — CKOPOCTb JABUIKEHHS YacTHLBI,

B ypasHeunn (179) nepBbIX jiBa CJaraeMbiX YYHTBIBAIOT
BJHSIHHE BA3KOIJACTHUECKHX CBOHCTB JKHAKOCTH HA PaBHO-
BECHE YacTHILLl, Tperbe caaraemeie R () — pacKiauHHBalolee
JaBJeHHe TOHKHX CJIOEB.

Ecau 66l nopsl, pasiensioliie YacTuilbl B rpynne, a Takxe
TPpaH3UTHbLIE NOPbI, OT/e/ A0 He OAHY IPYNNY YacTHIL OT ApY-

- ToH, He OBIJIM 3aM10JHEHEl BOJOH, TO MTHOBEHHOE NPHJIOKCHHE

K 3T0H rpynne paBHOMEPHO pacrpejiesieHHOH Harpysku g
(a B obem ciyvuae mo6oit HATPY3KH B BHJAE TOH HJH HHOH

‘COBOKYMHOCTH [OBEPXHOCTHBIX MJIH OOBEMHBIX CH/JI) BbI-

183



3BaJjio Obl cooTBeTcTByIOmee coanxenne yactiu. Ojlnako Boja,
3ATOJIHAONLAA B JIE[ICTBHTELHOCTH NOPLl 3eMJASHOH Cpesl,
NPENATCTBYET ITOMY COMHKEHHIO.

Ecan B cOOTBETCTBHH C MPHHATOH pPAacyETHON MOJE/bIO
aByXdasHoit cHcTeMbl npeHeGpeub CHHMAEMOCTBIO KaK #HI-
KOCTH, TAK H MHHepaJbHLIX 4acTHI, To Aedopmalnd noyso-
rpyHTa OVIeT NPOHCXOAHTbL JHUIL 33 CYET BHUKHMAHHA MHA-
KOCTH H3 1MOp H ee GHALTPAIHH K TPaHHYHbIM MOBEPXHOCTAM
C0A.

Konuuectso HAKOCTH @, BHAABJAHBIOUIEHCA W3 TOHKHX
MPOCJOEK B TPaH3UTHLIE MOPBl 34 EIHHHILY BPEMEHH, MOKET
OBITE ONpPEeNeeHo 3dBHCHMOCThIO:

i L 1
= e gy . WY Oh =
Q_EL!m_-— m{ﬂ_.-—:r' . 53 (180)
f=s1 =l i=}
rjie ) — TJ01a/lb TONEpPeyHoro ceueHus nopul;
F — o6mas njaomalb TMONEpeYyHoro CceuciHs

MPoCJIOEK;
I — KOJHYEeCTBO TOHKHMX MPOC/J0CK XHJAKOCTH
B paccMaTpHBaeMoii Ipyihne vacTHil;

CKOpOCThL IABHIKEHHA 4HaCTHIL, KoTOpaxd Mo-

wer GeiTh onpeneaena us gopmyast (179).

[Tpumenm BMECTO pasjeIeHHON CHCTEMBl HacTHIL CNJIOLIHOE
teqo (puc. 50, 8), yYuTEIBas NMpH 3TOM, UTO jedopmMalliil €ro
GYAYT NPOUCXOAHTH HE 38 CYET BCEefl BLICOTHI, @ JIMIIL 33 CHET
@e 4acTH, COOTBETCTBYIOIIEH 3aHHMaeMoi TOHKHMH TNPOC/IOH-
KaMM MHIKOCTH B cJioe.

[TpuMeM NPSAMOYFOJLHYIO CHCTEMY KOOPAMHAT H PAacio-
JOYKHM KOOpJMHATHLIE OCH, KaK yKasaHo Ha pHc. d0, 6.

O6GoanauuB yepes C TOJUHHY YacTHIE, a yepes h — pac-
CTOAHHE ME¥AY COCeJHHMH YacTHILaMH, MOMHO NOJAYHYHTDL
GopMyJay AAA BHIYHC/IEHHS BBICOTHI, 3aHHMAeMOH TOHKHMH
npocJofiKaMi KHAKOCTH B 3JeMeHTe, ONpeIeafiouyo jehop-
MAILHOHHYIO CMOCOOHOCTL CJIOS:

[ 4 C
dl'!.z:m{ff, “*‘—4‘!]

rie &, — Ko3a(hHIHEeHT OTHOCHTEJNbHOH MOPHCTOCTH FPYHTA,
COOTBETCTBYVIOIHII MOMEHTY NPHAOMKEHHA HarpyskH.

OrHocHTe IbHasA AedopMallis MOp B 3jeMeHTe dz 3anuiiercs
B BHJE:

W, = & ;;:;1 : (182)
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- OTKYJa -

§(d2) =v,dh, = 1:3 v, dz, (183)

r,ue 0 (dz) — abcomotHas jedopmallia saemMeHTa dz;
v, — ero OTHOCHTeJbHas jedopMallus.
4 A6comoTtHan pediopMallusl ¢J0sl BREICOTOH 2 BBIpa3uTCH
- COOTHOILEHHEM:

1 :
0

3 Boipaxenne (184) cooTBeTcTBYeT cayyaio MOCTOSHCTBA
maq:qmuueu'ra OTHOCHTEJLHON NOPHCTOCTH MO BHICOTE CJOS
" B MOMEHT MPHJOXKEHHs K €ro NOBEPXHOCTH YIJIOTHsOULeH
. HArpyskH.

. Ws suipawenus (179) cnenyer, uro:

! h# 5 -
v=— G = [q p— i R(h}]. (185)

(184)

~ Torja 3nayenne oTHOCHTEAbHONH JedopMalluy v, Aas Jo-
. fOro MOMEHTa BPEMEHH MOYKHO 3allHCaTh B BHJIE:

.." S0 dhdos I[fjr p__ _Tb E{&}}

& > ft fi

. ¢, (186)

‘Tjle h — paccTosnue Me/KIy YacTHILAMH B MOMEHT BpeMEeHH
it —

HD,H.ETHEHE (186) B (184), moayuum abcomioTHyio aedop-
‘Maiuio aeMenTa dz:

=J{J':an%ﬂi [‘? & Tnfl_ R(h}]dzdf.

(187)

1' Bripamas paccTosiHHe MEXAy YaCTHIAMH Yepe3 TOJUIHHY
gactuike C H rmarhqmuuen'r OTHOCHTENLHOH MNOPHCTOCTH €

'3 | = Ce (188)

1|

i TOJICTaB/IAs €ro B (18‘?), [1OJTVUHM:

"fh' ¢ 2

., s e 1,5

'. (2) = -mﬁ[ ﬁ[ b, [q /o ECI R(E]] dz dit. (189)
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CKOpOCTL TepeMelleHs 4acTHilbl Ha BHICOTE 2 OTHOCH-
TeAbHO Ha4ajaa KoopjuHat 3a Bpems dl onpeiessiercs coor-
HOLLIEH HeM:

| S -
(1 R S o 75 4
v, =2 !“ - [q p — Db R(E)]dzd!

] _|"" H’ﬂ- I_'HFJ
z

l C2e 1,5
i 11—5;.5( 15, {q R R{E]] gernae)

AGcoioTHOe H3aMeHeHHe oObemMa Az C€J/10A BLICOTOH Z 3a
eJHHIIY BpPEeMEeHH, paBHOE

A, = v,0, (191)

MPOHCXOAHT 3a cuer (quabTpauni KHAKOCTH H3 [MOp ITOH
TPVINL Yyepes cedyeHue Ha BHICOTE Z € PACXOIOM

Ag = ti0. (192)

M3 ycioBHsl HepaspbIBHOCTH JABHKEHHA A, = Ay HMeeM

| [ Ce T b, 2 ol
1 _.:._Eﬂﬂ ﬂEi [q P el R[F}] '_Ku a9z - “93}
Nuddepenunpya (193) no 2z, noayuum:
| Cle? b, ot ad aH '
| gy nb, [ P el; R{E)} s ._EK'J'_EE_ “9”

M3 conocrasaenus (185) u (188) caenyer, uto

(Ced n 105, T . ae =
e lg—P—2—R@|=—5r  (19)

TOr/1a OKOHYATEbHO T0/1yYaeM:
| de d aH 3
e oF = % Ko (196)

Ypasuenusn (195) u (196) sBAAOTCH OCHOBHBLIMH (-
epeHIHadbHbIMH YPABHEHHSIMH KOHCOJH/IAIHH CPE/LBL.

Ypapueuue (196) HIeHTHUHO YpaBHEHHIO KOHCOJHIAAUMH,
noJiyuenHoMy pasee apyrum nytem B. A. ®@uopunsim [125]:

I
I -~ g

de ap :
o B3 —divKograd H=0. (197)

s cayuasi NOJHOTO 3aM0AHEHHSA TMOP CKeJleTa BOJIOH p = 0)
B. A. Qaopun BesinuuHy 1 - & peKoMeH1yeT npHHHMATb MO-
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!. CTOsIHHOH ¥ paBHou 1 e, rie e.,-— cpeiHee 3HaueHHe
t BeJHUHHBI & B paccMaTpHBAEMOM [HANAa30HEe €e H3IMEHEHHH.
: BsiskonjaacTHYeCKHEe CBOHCTBA KMIKOCTH B MHKpoOnopax
[ MOXKHO yuecTh BBejenuem B (196) Bmecto nocrosHuoro 3sa-
. ueHHS Ko Gyuruun K (7).

9 [Ipy noxacraHoske B (196) moayumm:

?

| 1} 2
o~ Kogy [ 9 — 5 Ja] = Ko - (198)

] 4 &ep 0Of 0z

_]-;- [lpunumas Bo BHUMalHe 3aBHcHMOCTb (177), Haliiem:

i | e ! Ky 0°P P

" 3 1 +ep OF = Ko dz [ Y é‘z g e "] EF: T {199)
f‘- Hecnelopanue oHOMEPHOH 3a1a4H YNJOTHEHUA CBOJAHTCH

K coBmecTHOMY peiuennio ypaBHenu#d (195) u (199).

YnaoTHeHHe CJAO0Si NOYBOrPYHTA CIOWHOH paBHOMEpPHO
pacnpeneleHHOH HarpyskoH. Paccmarpupaercsi cayuyai cra-
THS CJ0Y NOYBONPYHTA, BLI3BAHHBI MrHOBEHHBIM NP HJAOKE-
. HHEeM K €ro IOBEpXHOCTH B MOMeHT Bpemenn f = 0 pasHo-
_MEpHO pacnpejiejleHHol HATPY3KH WHTEHCHBHOCTBLIO g.

B npouecce ynaorHeHHs, KaK Y€ YKasblBaJoch, NMPOHC-
.~ XOIMT OT:KaTHE BOJbl Kak W3 MMKpPO-, TaK H Makponop x rpa-
" HMUHBIM nosepxHocTsaM caof. [Ipoumece stor TpeGyer H3BeCT-
 HOTO BpeMeHH, Onpejle/isieMoro, ¢ oJIHOH CTOPOHBI, NPOHKIAE-
. MOCTBIO TPYHTA H pacKJHHHBAOWHM 3(eKToM, U BA3KOINIA-
- THYECKHMU CBOHCTBAMH MHJIKOCTH B TOHKHX CJOAX — ¢ IPY-
~ roit. [TostomMy HENOCPEJICTBEHHO B MOMEHT NPHIO0KEHHs BHEL-
i Hel Harpy3kH HABJEHUA OTHKATHA BOJABI €le He YCneBaioT

" BO3HHKHYTb, BCJEICTBHE YEro IMOPHCTOCTE TPYHTA B MOMEHT
i’L 't = 0 ocraeTca HeH3MEHHOH, T. €. TAKOH JKe, KaK H 10 MpH-
~ JIOXKeHHA HATPY3KH.
:‘T: CkopocTk yhjoTHeHnsn Ha moboi rayOHHeE B Cjioe He-
?J' HOCPECTBEHHO noche MPpHJA0XKEHHs Harpy3KH onpelesiuTes
'1‘__ H3 ypaBHeHHs (190), ecau nojiCTaBHTH B HETO COOTBETCTB YIO-
jee ﬂmmerrry BpeMeHy { = () 3HayeHHe OTHOCHTEJIbHOH MOPHM-

BRCToCTH & = &,.

R [loncrasus B ypapueune (199) smecro 3—? ero 3HayeHue
" 13 opnyast (195), momyunm:

“ | i O i O | [ 1 Ty 5, ] ¢
B 07 — (T Fecp) Ko Mbs g+ P+ —=-+R(e)| . (200)

- Hurerpupopanue nonyuesHoro AndepeniHanbHoTo ypas-
- HeHus (200) B COBOKYNMHOCTH C HMEIOWHMHCHA TCPaHHUYHLIMH

o
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£ H HAYaJAbHBbIMH VCJOBHAMY
— MO3BOJIHT 1OJYYHTH pacnpe-
JleJieHHe NOPOBLIX JaBJICHHI
no Beicote cyodA. lloacrasus

S || & & jajiee MoJy4eHHOEe BhIpae-
4 oc I~ _ Hues (195) ¥ BLINOJHHUB HH-
O Rie)~qre) g  TerpHpoBaHHe STOr0 ypas-
XSy HEeHHSA, MOMHO TNOJYYHTh

3aKOH H3MEHEHHs & BO Bpe-
Pue. 51. Komnpeccwonnas kpupan MEHH.
OaHako BBINOJHHTE HH-
TerpMpoBaniie  ypaBHEHHS
(195) He npeacTaBaseTcs BO3IMOMKHBIM BBHIAY €ro CJ0XKHOTO
NOCTPOEHHA.

[lpuHkMas BO BHHMaHHE TO 00CTOATENBCTBO, YTO B Ha-
ga/1e YNJOTHEHHA H M0C/]€ OKOHYaHWs Npolecca KOHCO/Hia-
LU 3HAYEHHS COOTBETCTBYIOUIHX 3THM MOMeHTaM Ko3(pdwu-
[IHEHTOR OTHOCHTE/JNbHOH TMOPHCTOCTH [IOCTOSIHHBLI 110 BHICOTE
€05, W YYUTBHIBASI CPABHHTENLHO HEOOJbINON AHANAE30H H3-
MeHeHHsl 3THX Ko3fxpHIHEeHTOB Ha BCeM 3Tane VILIOTHeHHS,
MOAKHO JIONYCTHTB [OCTOSAHCTBO 3HAYEHHH HX 110 BLICOTE W 115
NPOH3BOJALHBIX MOMEHTOB BpemeH#. llpunsaroe jonyueHue
MPHBOANT CHCTEMY HEJHHEHHBIX AH((pepeHilHalbLHBIX Yypas-
HeHHH ¢ yacTHLIMM npouspoaubiMu (195) u.(199) k aBym mne-
3ABUCHMBIM  OOGLIKHOBEHHBIM JIH((pepeHIlHa/IbHbIM ~ YpaBHe-
HUAM, KOTOpPHIE penaloTci OTHOCHTENLHO MPOCTO.
~ Axanuz seipaxeHus (200) nosBoJsieT 3aKJOUYHTh, YTO
CYMMA ABYX MOCJEAHHX CJaraemblX, CTOSILNX B NPABOH YacTH
ypaBHEHHs, NpeicTaBjfer co60H 3HAYeHHe HAaNpFKEHHs Ha
KOMNPECCHOHHOH KpHUBOH R (&), COOTBETCTBYIOLIEE KOS(DPQU-
UMEHTY OTHOCHTE/bHOMN mnopHcTocTH €. B nanbHeHem aas
pelieHusa 3anauu Bmecto ypapueHus (200) npumenserca To-
AUIECTBEHHOE eMy ypaBHEHHe, NOJYYeHHOe Ha OCHOBAaHHH HC-
MOJIb30BAHHA KOMIPECCHOHHAOH KpuBOH (puc. 51).

YpaBHeHHe CrpAMAEHHOTO Y4acTKa KOMITPECCHOHHON KpH-
Boil (puc. 51) sanuceiBaercsi B BHje:

g — &, = —4qa, {(201)

rjie a — KOapPHIHEHT CHKHMAEMOCTH [OuBOTpyHTa (0 =
= g o)
W3 ypasrennsa (201) noayvaem:

R(e)=q(e) = i £ E. (202)
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Ypasuenue (200) B 3TOM Cay4Yae MOXKHO MNPEACTABHTL
B BHUje:

ﬂt_F—mg“(i" e 8 q-}-P), (203)

:' lf,IlE

o C*y 1
M= TTep) Ko nbs (2o9)

[IpuMeHHTeIBHO K YIIJIOTHEHHIO CJI05A MOJ AeHCTBHEM BHELl-
HeN HATPY3KH HHTEHCHBHOCTBIO ¢ W COOCTBEHHOH Macchl ¥
pane:uenuum B BojJe mnousorpyura ypasuedue (200) Gyner
. HMEeTh BHIL
. B -

P — e [’-;“ o g {Hm—zw—(ﬁm—z)HP]

a

_; (205)

Al

.‘! —mﬂapﬂﬂlﬂs[% = %—ﬂ—(ﬁm"‘z}?—'{ﬁm_zl :l;] L
k. (206)
rae H., — MOUIHOCTh YNJIOTHSEMOTO CJOA.

~ OG6uiee pemenye ypanuenus (206) 6yner:

P=Ae"™™ + AV " — g+ P2t

4 + (v +7) He, ( :,u : Ii') : (207)

4 [lpoussoabible MOCTOSAHHBIE HHTEIPHPOBAHHA oOrnpeje-
JSI0TCS W3 TPAHHYHLIX YCJIOBHII NPUMEHHTENBHO K paccMartp H-
aenmﬁ cxeme VIVIOTHEHHS CIOf.

[paununple yc/oBHSI OObLIYHBIE, TIPHMEHAEMbIE B TEOpHH
[BHKEH s TPYHTOBLIX BOA: 1) Ha BOAOHENPOHHIAGMBIX YUACT-
AX rpaHHYHOil NOBEPXHOCTH NPOH3BOAHAA HAMOPHOH (PYHK-
HH M0 HOpMaNH K rgHanunﬁ NOBEpPXHOCTH A0J#Ha obpa-

MWATBCH B HY b, T. €. = = 0: 2) Ha BOJIONPOHUILAEMEIX YUACT-
\

AX HanopHas (GyHKINA J0JDKHA NPHHUMATL 3ajaHHBIC 3Ha-
L HHH, COOTBETCTBYIOILHE paccMaTpHBACMOH 3ajaue.

B kauecTBe npHMepa PacCMOTpeH c.yyail, Koraa ynaoTHsie-
Hﬁ ca0fi ¢ BepXHel BOJONPOHHILAEMOH NOBEpXHOCThIO pac-
noJaoxeHn Ha Bojoynope (cM. pue. 50, 8).

. Ipannunsie ycaosus:

1) npu 2=0, %_D 2) npu z2=H,, P=0; (208)
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wiH ¢ yyerom 3asucumocti (177):

1) npu 2=0, 2 = —y, (209)

2) npuz=H_, P=yH_,—vz=0.

N3 ypasuenus (207) B coorBerctBuu ¢ veaousmu (209)
C/Ie/LYET:

— BH

(fozo)ads
S (L a A AT .
e g lea 4 g Hea o (&)
(fﬂ. P  3ePen
7 ( a —-qr) B
S EEH'-'J: }- g'_HH-‘-'n : (211)
rne :
B =} e'm. (212)

[locae noactanoBku Bhipaxkenwit (210) u (211) B ypaBhe-
Hue (207) n BHINOJHEHHS COOTBETCTBYIOUHX TnpeolpasoBanuil
MOZKHO [OJYYHTD:

P=(q—i+i)(l ch Bz )__*_

a a ch BH ¢,

= | shB(H.,—2)
+7 [(Ho—2)— 5 25552 + v(H—2). (213)

[Mosy4uerHas 3aBHCHMOCTD BhIpAJKaeT pacrnpejienexne nopo-
BLIX JABJIEHUH 110 BBLICOTE VNJAOTHAEMOro CJOf s TPOH3-
BOJILHOIO MOMEHTA BPEMEHH, KOTOPOE VUYHTHLIBAETCH B JaHNOM
YpaBHEHHH KOCBEHHO, Yepe3 MNOCPelcTBO &.

Kak nokasbiBaer aHaJH3, OTHOLIEHHS

LY e __ sh{lHep—3)
"="mBA, "= oA,

HE3HAYHTEJNbHO MEHHANTCH NPH H3MEHEHHH BEJHYHHBI &,

I10 1aeT OCHOBaHHe B JajbHEHIueM NnpH pewenun 3alaqm
CUHTATh VKa3aHHble OTHOWEHHS (DYHKUHAMH, 3aBHCHUIHMH
TONBKO OT 2, Kpome Toro, a5 ynpouielnsa pacueTos BXoasliHe
B /ldHHbIE OTHOMEHHA 3HayeHUs KO3PHILHEHTA OTHOCHTE/b-
HOH MOPHCTOCTH & 1eaecoodpa3Hee 3aMeHHTh CPEIHHM 3Ha-
YeHHeM €., ITOH BeJHYHHBI.

Hanpsmxenunsa, nepejaiouinecss Ha CKeJaeT MOYBOTPYHTA,
MOACHO ONMPEJIENUTD, COCTABHB YPABHEHHe PABHOBECHS NPHIMDI
BONIOHACHIWEHHOrO rpyHTa BbicotoR (H_., = —2), BepxHee
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. ocHOBallHe KOTOpOiHl COBMAajaer c BepXHEeH rpanuyHol mio-
~ CKOCTBIO ¢J104

: % 1:]-'E — PHCJ‘I '+-UH;;JI —]" {Htﬂ_"'z] ?+ (Ha:_f[_z} i;-__ Pz: {214}

rae Py__ W Oy — TPaHHuHble 3HAYEHHs JaBJIellsl B BOHE

H HHTEHCHBHOCTL BHEIUHell HarpyskH
Ha BEPXHEH NMOBEPXHOCTH C0A (Oy,, =
- q);
P, w 0, — naBjieHHe B BOJe H HanpsizkeHWe B CKe-
JieTé TpYHTa B MOMEHT BpeMeHH { Ha
VPOBHE HHIKHETO OCHOBAHMSA MPHIMBI.
£ [NojcranoBka B ypaBHenHe paBuosecus (214) suauvennus P
13 (213) u npeoGpasoBaHHe I0JIYyYeHHOIO BLIpAKEHUs ¢ yue-
~ TOM IPHHATHIX paHee o0O3HAYEHUI 1aer

nEy- L ode T LRy 1 Yo —
C* g3 di T a £+l (f]' )+mﬁ? (215)

; Brinoanus HHTErpHpoBanue ypasHenusa (215) npu cobmo-
. IeHWH COOTBETCTBYIOUIMX HayaJbHBIX VCJAOBHH, NOJyuaior
. 3aBHCHMOCTbL sl Onpeje/ieHHa Koa(HIlHenTa OTHOCHTE/b-
HOIl NOPHCTOCTH Kak BO BPEMEHH, TAK H MO BLICOTE.
- Ilns cayuasi, Korja yiJIOTHeHHE BbI3bIBaeTCs JHIb BHELL-
~ Heil cnJolHOH PaBHOMEDHO pacnpejieleHHOH Harpyskoii,
~ [oJiyyaercst 3aBHCHMOCTh BHAA:

a8y 1 a8 L 1 (1 1 )
leE Fa [ 2 ( pe :E:Eﬂ ) iy g By
1 (e —e,)&
— —In R =1, 216
Eﬁ (Bg — &y) & ( )
nae &, — KOHeuHoe 3HayeHue KoapuIlHeHTa OTHOCHTE/bHOH
MOPHCTOCTH;
- &
ifa'== “f“_'I?-

- B pesyapraTe mateMaTHuecKoi oOpabOTKH 3aBHCHMOCTH
Elﬁ) yAa/10Ck MOJNYYHTH NPOCTYIO opmysay JIs pacuera
3aTyxanus ocajlok Bo BpemeHH [203]:

AH, = AH, [1 —§E—=-f] , 217)
n
" fe AH, — ocajika €105 K MOMEHTY BpEMeHH f;
. AH, — KoHeuHasi ocajika cJos,;
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g, — OCpelHenHoe 3HauyeHHe KOIPPHIHEHTA OTHOCH-
TeJAbHOH MOPHCTOCTH MO BHLICOTE CJOS B MOMEHT
BpeMenu f;

n — napaMeTp, 3aBHCALLHH OT CBOHCTB TIpYyHTA.

[Tapamerp n MOMHO ONpeNeJHTh H3 3aBHCHMOCTH:

tep V €cp (1 + cp) VI K, —
Y i ﬂH §

o=

(218)

rae o — Ko3(pHIHeHT, YYHTHIBAIOULHH pasmepbl HYacCTHIL
B FpYHTe (m* =-‘E,—“-):
g

H — TOJNUIHHA CHKHMAEMOoro cJof.

3HaueHHa €, ONPENEeAITCA H3 KOMIIPECCHOHHBIX MCIH-
Tanuil o6pasma, NpH KOTOPHIX BeanudHa H npHpaBHHBAETCH
K ToJulHHe oOpasua.

3apucumocts (217) JuilueHa HeAOCTATKOB, CBOHCTBEHHBIX
aHAJOTHYNON 3aBHCHMOCTH TEOPHH (PUABTPAILHOHHOH KOH-
COJIMIaNHI, OCHOBAaHHOH Ha 3axKoHe JlapcH.

JleficTBHTE/IbHO, CKOPOCTb YymiaoTHenus cjosa mno (217)
3aBHCHT OT TOJIIMHBI CJ0fA B NEPEOH CTENeHH (470 HAXOJIHTCS
B NMOJHOM COOTBEICTBHH C 3KCMEPHMEHTOM), 4 HE BO BTOPOH,
KAaK 3TO NOJIYYAeTCs Mo TeopHH (HALTPALHOHHOH KOHCOJIH-
JNAallHH.

Kpome Toro, us TeopHH (UALTPAILHOHHON KOHCOJMHAAILHH
CAEGLYET, 4TO CiKATHE CJios TPYHTa [pPH OTCYTCTBHH B €ro
Mopax BOAbl JIONAKHO NPOTEKATh MTHOBEHHO, YTO HAXOAHTCS
B ABHOM TMPOTHBOPEYHH ¢ JIEHCTBHTE/IBHBIM T[POTEKAHHEM
nporecca ynJoTHeHHs. 3aBUcHMocTb (217) Jauiuena u 3TOTO
Hejocrtatka — npu Ko — co KOIppHUHEHT n [pHHUMaeT
KOHEYHOE 3HayeHue.

O6u1MpHbIe HCCJeI0BaHHs, BbinojHeHHbe Huuunoposu-
4eM B HATYPHBIX YCJOBHAX, MO3BOJAMJHM YCTAHOBHTH Clexy-
OLIVI0 SMIHPHYECKYIO 3aBHCHMOCTD!

H,=Ha(1—e ), (219)

rje H, — ocajaka coopyxeHHs B JaHHbLIH MOMEHT BPEMEHH;
{ — BpeMs ocajKH B roiax,
H. — xoneuHas (crabujiH3HpoBaHHAf) oOCaJiKa,
d — xoadgduunent, 1/roa (nas uccieloBaHHBIX 00bEK-
0B d = 0,35 — 2,2).
IOmnupuueckas ¢qopmyaa (219) coBnanaer no CTpykrype
C TEOpPeTHYEeCKOil 3aBHCHMOCThIO (217), 4TO CBHAETEJIhCTBYET
O MNPABHALHOCTH MCXOAHBIX MPeINnoCHIIOK, MOJOXEHHBIX
B OCHOBY TeopHH. B cayuae paccMoTpeHus 3ajaud o pasdy-
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XaH i cJ0s TPYHTA BEJHYHHBI €4, €, H (, OEPYTCHA HA CIPAM-
JEHHOH BETBH JIEKOMIIPECCHH.

Cayuaii u3meHsiouleiics Bo BpeMeHH Harpysku. Pop-
myaa (217) moxer OuThb HCNOAb30BaHa JUiA NMOJAYYEHHS 34a-
~ BHCHMOCTH, OTNHCHIBalolledl 3aTyxaHue o0CajJKH BO BpeMmeHH
~ npH H3MeHsoweicH Harpyske g = g (i)

3anumem (217) B Buae

Enua=uq(l—z—’e'"¢). (220)

Eg

1 H]JHHHMEH-E; ~ | u aupdepenunpyn (220) no {, Hail-
L IeM:

1
o~

3 de
4 — = = aqne~" . (221)

Huterpupys (221) u yunthiBas, uto ¢ = ¢ (f), moayuum:

e —.—g=anjq{f}e‘"fdf+i‘:. (222)

!

. Onpeneasia nocrosunyio unterpuposaiiua C ua ycnosus
| g -0 = &, U noacrasasns ee B (222), nannem:

= e—e=an [[q@yer at—([ gye— dt),_, | (223)
~ [locae npeoGpasosannit ypasuenne (223) MOXKHO npHBECTH
BEK BHAY:

A, =2 H[fq@e at —([ g eat) |-
(224)

~ Tpexdasunas cuctema. [asoofpasuas cocraBafiollan
‘nouss OKassiBaer GoJbIIOS BJAHAHHE HAa CKOPOCTb H XapakTtep
' mpoueccos ee ynioTHeHHs H Habyxanus. [lockoJbKy je-
dopmanun  cixatus — pasbyxXanus Tpex¢asHoil  CHCTEMb
‘B OCHOBHOM TaKJKe OlpelejsiioTcss W3MEHEHHeM MNOpPHCTOCTH,
TO OHH MOTYT OIEHHBATLCA (KaK W 1 PACCMOTPEHHOH Bbille
Ay xhasHoH Mojean) H3IMEeHeHHeM KOS(pUIHEHTa MOPHCTO-
CTH & [IPH H3MEHEeHHH BHEWHHX BO3JIeHCTBHH. ]
Caetopatessio, Bhipaxenus (217) w (224) cnpaBeinusbl
H B 3ToM cayuae. OJHAKO 4HCJEHHBIE 3HAUEHHUS &, &5 H 1,
MpH NpouHX PAaBHBIX YCJAOBHAX, 145 Tpex(asHOH CHCTEMB
Oy1yT CyUeCTBEHHQ OTJHYaThCA OT 3HAUEHHH NI BO/O-
HaCHILEHHbIX MOYB H IPYHTOB.
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[TomMuiMo oOCaNOK NOJA BJHAHHEM COOCTBEHHOH Macchl,
nouBooOpadaThIBAIOWHX OPYAHH H CENLCKOXO3HHCTBEHIBIX
MallliH, YIJOTHeHHe KOPHeoOHTAEMOro /105 BLI3LIBAIOT MEXa-
HHYECKOE AEHCTBHE JNOKIAEBBIX Kane/jb, paspylleHHe MOUBeH-
HBIX arPeraTtoB, BbICHIXaHHEe H OTTAHBAHHE NOYBbLI. YBeJjHuelne
o6beMa KopHeoOHTaeMoro cJaosi CBA3aHO He TOJbKO C phixje-
HHEM TMOYBbI OPVAMAMH, HO M ¢ HabyxaHuem ee npu
yBJaxHen, o6pa3oBaHHEM rasoB NpH pa3joKeHHH opra-
HUYECKHX BEUIeCTB, 3aMep3aHHeM BOAbLI B MOYBE, H3MCHe-
HHEM [MOPHCTOCTH M arperaTHoro cocraBa npu BO3JAEHCTBHH
KOpHeil pacTeHHWH, pOIOUIHX KHBOTHBIX H OpPraHHYecKux
viio6peH uil.

B neproja mexxly mexanuyeckumy obpaboTkaMH B nouse
OJIHOBPEMEHHO I1poTékalor oba mnpoiecca: YMIOTHEHHe o
HabyXxaHHe.

HMrorosofi XxapakTepHCTHKOM, ONHCHLIBAIONIEH paBHOBECHOE
COCTOSHHE MEXAY 3THMH Inpoueccamu, ABJAETCS P aBHO -
BeECHAaf NAOTHOCTHb TMOYBH.

TaGanona 23

ﬂl]l‘l CHTHPOBOUYHBIE JINHAYUCHHA ONTHMAA BHON
INAOTHOCTH HEKOTOPHWX HOME

OnvuNaib-
. Ha# naoT- AnTopm
louna Kyautypa HOCTD, necacaoBanm i
Krim?®
IHepuoBo-n0130AHCTas Opec 1100 H. B. Peryr
CYTAHHHCTAS HA MO-
PEHHOM TAMKEJI0M Cy-
FAHHKe
TameaocyTAHHHCTAS Kapropean | 1100—1190 | B. A. Ilncapes,
nelaepaTtan B. 1. Bopnsoga
Iepuono-ciaGononzo- Kykypyaa 1450 H. b. Pesyr
JANCTan cynecuaHas
Iepnoso-caabonos3o- » 1100 >
AHcTas | TANKeIoCy-
FAHHHCTAN
Uepnosem-cMOabHH LA Opec 1000—1100 | A. Msanos, K. Croii-
(Bo.irapua) HEB
Brimenouennan nyro- 2 1200—1400 | To e
BO-KOpHUHEBaA
(Boarapusn)

B niutestoven HLtit Cyran- Copro 1150—1300 | B. Il. I'onuapon,
HHCTLI YepHO3eM B. A. IMapumy
Mownwiit  Tawenocy- | Kykypyza | 1110—1200 | H. A. Cokonosckas

FAHHKCTRI HepHO3EM
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HeobxoiuMbiM (HO HELOCTATOYHBIM) YCJIOBHEM M H H H -
MaabHBX 00paboToOK NMOUYB (CYIHOCTh KOTO-
PHIX 3aKMIOYAETCs B COKpalEHHW HJAH MOJHOM OTKase oT
MEXAHMUECKHX MeXJYPAAHBIX 00paboToK) ABJAAETCH COBNA-
Jeniie paBHOBECHOH IMJIOTHOCTH C ONTH MAaJdbHOH (L
NAHHBIX MOYB H KYJBTYP).

OpHenTHpPOBOYHbIC 3HAYEHHA ONTHMAJLHONH IMJIOTHOCTH
IJif HEKOTOPHIX NOoYB NpHBeleHs B Taba. 23,

JloCcTaTOUHBIM YCJOBHEM MHHHMAJbLHBIX MeXaHHYeCKHX
06pafoToK NOUBLI ABAAECTCS OTCYTCTBHE COPHOH PACTHTENBHO-

. CTH (MJIH €@ YHMYTOIKEHHE, HalpHMep, BhICOKOCEIEKTHBHBIMH
~ repOHIHAaMH).

[Ton BausHMeM OKYJAbLTYPpHBaHH#A (CBOEBpeMeHHBIE 006-
paGoTKH, YAoGpeHHsi, KyJbTYpHas PacTHTEJIbHOCT) PaBHO-
pecian maoTHocth ymenbiuaercss [100], uyro cospaer npea-

. NOCHIIKH A8 MHHHMH3AUHH o6paboToK, a cAeloBaTelLHO,
1S TOBBILCHUS [IPOTHBO3PO3HOHHOH YCTOHUMBOCTH MNOYB.



a'apa VI

CTATUCTHYECKAS
OBPABOTKA PE3VYJIbTATOB
HABJOAEHHA !

1. OCHOBHBIE TOHATHHA

CoGbiTHe. BepositHocTh cofbiTHs. CayvaiiHas BeJH4HHA,
[Mousnthna «cOBLITHE» H «BEPOATHOCTLY SIBJASIOTCH OCHOBHBIMH
B TEOpHH BEPOATHOCTEN.

[flon CcoOGBTHEM noHuMaeTcs (axrT, KOTOpPHH B pe-
3Y/1LTATE ONLITA MOKET NPOHIOATH, 4 MOMKET H HE NMPOH30UTH.

Kasiomy cobuiTHIO 11€s1ec000pa3Ho MOCTABHTL B COOTBET-
CTBHE uHCA0, KoTopoe TeM Ooabiie, 4yeM 06o0Jee BO3MOMHO
cofmTie. Takoe YHCIO HA3HLIBAIOT BEPOATHOCTHIO COOBITHA.

BeposiTHOCT b — YHCJAGHHAass Mepa OOBEKTHBHOI
BO3MOMKHOCTH CODBITHSA.

CobwiTHe, KoTopoe o6A3aTebHO AOJMKHO NPOH3OHTH B pe-
3y1bTaTe OMBITA, HA3bLIBAIOT A OCTOBEP HB M.

JTocropepHomy coObitHIO (C) cTaBAT B COOTBETCTBHE Be-
POATHOCTh, PaBHYIO 1, T. €. MOXKHO 3anucarb, 410 P (C) = I,
rne Ovksoil. P ob6biyHO npHHATO 0003HA4aThb BEpPOATHOCTD.

HeBo3 M0 XKHB M Ha3kBaloT coOLITHE, KOTOpOE B pe-
3yJbTaTe ONbITA HE MOMKET NPOH3OHTH.

Hepo3amoxkHoMy coOmiTHIO L CTAaBAT B COOTBETCTBHE Be-
POATHOCTb, paBHyl0 Hymo, T.e. P (L) = 0.

BepositHocTH coOpiTiit A, KOTophie B pesyabTare onbira
MOTYT TIPOH3ONTH, @ MOTYT ¥ HE NPOH20HTH, BBIPAXKAIOTCH
YHCJAMH, 3aKJIOUGHHBIMH MEXAY HYJEM H eIHHHNEeH:
0< P (A)< 1.

[Tpu nonGpacwiBanuy KyOHKa, Ha rpaHsix KOToporo Ha-
HeceHbl UHppbl 1—6, MOryT NpoH3OHTH CJAELYIOLLHE CAY4aH!

A, — Bunagenue |

A, — B 2
Ay — % 3
.44—- » 4
Aﬁ,—' » 5
An— 2 b

! Tnasa Hanucana cosmectHo ¢ T. C. Cadponosof.
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Paccmotpum  coOwbiTHe A — nosBJAEHHE YEeTHOro YHCAA
npH noabpackiBaHHi  KyOHKa. Bce MHOMXKECTBO CJIVuaep
(A, Az, Ag, Ay, Ag, Agl MOXHO pa3buTh Ha JBA NOAMHON<E-
CTBA: CJay4aH, 0JaronpHATCTBYIOULHE NOABJAEHHIO cobbiTHs A,
i He OJaronpHATCTBYIOLLHE €ro NosABJEeHHIO.

Tenepb MOXHO BBECTH KNaCCHYECKOE OMnpe -
1TedeHHe BeposTHOCTH. Bepoardocrs cobuitng A
PABHA OTHOINEHHIO YHCJIA cJaydyaeB, O0JaronpHATHHIX A,
K ofIeMy 4YHCaYy CJyuaes.

CoGriTiio A 6GaaronpusTeTByer noamuomectso {A,, A,,
A,t, MOSTOMY NO KNACCHYECKOMY ONpejesieHHio BEPOSTHOCTH
P (A) e =1,

Caenyionuy OCHOBHLIM TNOHATHEM TEOPHH BEPOSTHOCTEH
SIBAAETCH MNOHATHE CAVYAHHONH BEJHYHHMI,

B onucannom BhilIe 3KcnepHMmeHTe ¢ nojbpackiBaHHEM
KyOnka BMecTo TOro, 4rofbl BBOJAHTE MHOMKECTBO COOBITHI
Ay, Ay, A, A, As Agl, OyaeMm ToBopHTh 0 cayyaiino#
BeJNHYHHE X;, rae { =1, 2, ..., 6 — 4HcAO OYKOB, BhINaB-
X npH Gpocanun KyOuka. OueBHIHO, BEPOATHOCTH NOAB-
NeHHs x; Momer OwiTh onucana caeayiomed taGaniei:

Xg el e 5 6
T EETTE

[lepemennan, KoTopas NpUHHMAET pazjHuyHblE YHCJOBHIE
JHAYEHHA, COMPANKEHHbLIE C ONpeneseHHbIMH BEPOATHOCTAMM,
NOJIYYHJA Ha3BaHHE CJAy4YaHHOMW BEeJHYHH B

CayyaiHbie BeIHYHHE MOTYT OBITh IBYX BHJIOB: THCKPETHEIE
W HernpephiBHLIE.

JucKkpeTHo# caydyainHOH BeJHYHHON Ha3bl-
BAIOT TAKYK CAVYAfHYIO BEJHYHHY, KOTOpas npHHHMAET
OTHeNbHBIE 3HAYCHHA Ha uncjoBol ocH. Hanpuwmep, nuckper-
HOH GVIer cayuadHaa BeqHYHHAE, XapakTepH3yiomias BJiax-
HOCTh 06pasiioB NOYBL! 1aHHOTO THNA NMPH HEKOTOPOM (PHKCH-
POBAHHOM 2HAYeHHH BCACHIBAIOUIEro JaBJeHWA (rMoTeHlHana
BJATH).

HenpepoBHOH cayuail Ho# BeTHYHHOH Ha-
JLIBAIOT TAKYIO CAYYAHHYIO BEJHYHHY, KOTOpPas MOMKET npu-
HATL Jioboe 3Ha4yeHHe B 3d/laHHOM HHTEPHEJ]'E.

ChvyaiHasi BeJHYHHA HABJIAETCH [10JHOCTBIO OMNHCAHHOH
C BepOSITHOCTHOH TOYKH 3pEHHA, €CJH 3aJaH 3aKOH pacnpe-
JACJeHHA  CAYYaHHON BeJHYHHBIL.

JaKOHOM pacnpejleJeHHs cavuai-
HOH BeJWUYHHB HA3LBACTCA BCHAKOE COOTHOLIEHHe,

7 H. ¢, Bonaapenxo 197



yCTAHABJIMBAIOLIEE CBA3L MEKLY BO3MOXKHbIMH 3HAUYEHHSAMH
cAy4yaiiol BeJIHUHHLI W COOTBETCTBYIOUIHMH HM BEPOSITHO-
CTSIMH.

[Ipo cayuaitnyio BeqiHUHHY OyjleM I'OBOPHTH, YTO OHA MOI-
qUHAETC JaHHOMY 3aKOHY pacnpejeeHns.

Jlas auckperHoil cayuafiHON BeaHYHHBI npoctefiineit pop-
MOfl 3ajlaHus 3aKOHA pacrnpeiesienus spasercda Tabauna,
8 KOTOpOIl mMepedyHc/]eHbl BO3MOXKHbBE 3HAUEHHs CAydYaHHOH
BEJAHYHHBI H COOTBETCTBYIOUIHE HM BEPOATHOCTH:

X II Iﬂ‘llllr‘l-illr"

P pype---pi-- Pan

Takas (opma 3alaHHsi AHCKPETHOH CJAYYaHHOH BEJHYHHDI
NoJyuuaa HasBaHue p sina pacinpejpeseHHHs.

Yacto psa pacnpeienenusa H300pakawT B NpAMOYroab-
HOli cucreme Koopaunart. [loayuennyio npu TakoMm nocrpoe-
HUH DUCYPY, COCTOALLYIO H3 OTPE3KOB, COEAHHAIOUIHNX noc/e-
noBateabHo TOUKH (X;, p;)i =1, ..., n, Ha3LBAKOT M H O -
royronbHHKOM pacnpenegenus (puc. 52).

BuHOMHAALHBIA 3akoH pacnpenenchna. 3akon [lyaccona.
B kayecTBe NpHMEpoB, OMHCHLIBAIOIIHX 3aKOHLI paclpeieseHns
NHCKpeTHOl cayuailHoll BeaHuHHbl, npuBeieM GHHOMHANLHBIN
3akon pacnpenesaenus W 3axkon [lyaccona.

Burosuarbuoil 3ak04 pacnpedeaenus. OTnpasHoil TOUKOH
A4 BbiBOJa OMHOMHAJBHOrO 33aKOHA pacnpeleseHHs MOXKeT
CAVKHTb CJAEAYIOuas Mojedb, JeKauas B OCHOBE MHOTHX
MpaKTHYECKHX MCCJe)l0BaHuil, ocofenHo B 00JacTH KOHTPOJIS
KayecTna.

[ycts TpeGvercsi MPOBEPHTH KauecTBO KPYMHOH mapTHH
06p4a3uoB NOYBL!I HEHAPYIUEHHOH CTPYKTYPHI, Npe/lHA3HAUEH-
HEIX A48 OHABTPANlHOHHBMX wHccaenosanuil. TTpon3BosbHbIH
BBIGOp ojHOro obpasua H3 IMapTHH MOXMET NMPHBECTH K JBYM
pasjHYHLIM pe3yabratam: 00-
paserr Herojen (coGuiTue A);

ofpaseiy rojen (coGuitne A).

[Npeanosoxum jaanee, 4To
npouecc otbopa, YNaKOBKH,
TPAHCMOPTHPOBKH H XpaHeHHS
ofpasuoB HajaxKeH Tak, 4TO
BEPOSTHOCTEL TMOJAYYHTH Opa-
KoBaHuble ofpasun pasHa P,

Puc. 82. Muoroyroasuuk pacnpe- 1+ & P(A) =P; P(A) =
e eHHA = | —F =4.

L]

&
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M3 naptuy He3aBHCHMO OJMH OT JPyroro otbupaercs n
o6pasuos. BuHoMHaablbI 3aKOH pacnpeneeHns Mo3BoJsAeT
BbIYHCJIHTL BEPOATHOCTh TOro, 4TO cpein n obpasuos Gyler
ofHapymMeHo pPOBHO m NedeKTHBIX.

Jra BEPOATHOCTb BHIMHCASETCH no dopMmy.ie:

P, im) = C-:;.'qun - .m; C.;:J = n! y

ml{n—m)l"’

mlissl:2<8 . .diiecn Al=1,

Ecaun cayvyaitnasa penvudHa X nojauungerca OMHOMHAJb-
E[{]M}’ 3aKOHY ]'.IHCH]]EII.EJ'IEHHH, TO pAL pacnpejesenis 3anu-
IETCH B BHJE: ;

. G i Besans o il
P& G CIP P
[Ipu sTom
"+ CoPg" o - CRPT T - P =
=P+q9"=1l.

Jaxon [lyaccona. ITOT 3aKOH OMMCHLIBAET JHCKPETHYIO
CAYYAHHYIO BeJIHYMHY H ABJNSETCHA Npe/ie/bHbIM 3aKOHOM JA
OHHOMHAJBHOI0 3aKOHAa.

Mo:kHO 0Ka3aTh, 4TO NPH CAEAVIOIIHX YCJOBHAX, JON0J-
HUTEJIBHBIX K GHHOMHAAbHOMY 3aKOHY pacnpeneneHus: n —
BEJHKO (n — o0), a F — mano, HO Taxk, uro nP aBnsercs
nocrosiHHoOR (nP = const = 1),

lim p A"
10 P~ e
rie ¢ — OCHOBaHHe HatypaabHoro gorapubma (e = 2,71828).
Hurterpaabtas dynkuus pacnpepenerusi. CiyuaiiHasi be-
JHUHHA TOJHOCTBIO ONHCaHa, eCcJH 3ajaH ee 3aKoH pacnpe-
desennd. O6muM cnocofom 3alaHWd Kak IHCKPETHBIX, Tak
H HEnpepbiBHLIX CJAYYAHHBIX BeJHYHH HBJNETCHS HHTE -
rpanbhHans GYHKUHs pacnpejnejeHHd.
Ilyers x — nefictBuresbHoe uncao. BeposiTHOCTL COOBHI-
THH, COCTOAILErO B TOM, 4T0 X NpPHMET 3HaYeHHE, MEHBIIE X,
T. €, BeposATHOCTh cobuiTHA X < x, obo3Hauyum yepes F (x),
Torna F (x) = P (X < x).
Ecan x 6yner usmensntecs, 1o Gyiaer HsMeHATbCA H F (x),
T. €. F (x) ectb GyHKunsn or Xx.

?- ' I-Bg



HMurerpansroil hynkitHeir pacnpenesieHus Ha3biBaloT PyHK-
nuio F (¥), onpeiessiomlylo Ads Kam/10ro 3HaueHHs x pe-
POSATHOCT TOrO, YTO CAy4adHas BeJHuHHAa X NpHMeT 3Ha-
yeHue, MeHbuee x, T.e. F (x) = P (X.< x).

Onpenenenne (GyHKUHH Ppacnpeie/eHHA HMEeT MNPoCTyIO
reoMeTpHYECKYI0 HHTepnpeTanHio. Ecau paccmarpuBaTth Cay-
yallHyl0 BeJIHYHHY Kak caydaiiHyw Touky X Ha ochH (Ox
(puc. 53), Kotopasi B pe3yJbTate ONLITA MOMKET 3aHATH TO
HAH HHOE MoJoXKeHHe, TO0 QYHKIHA pacnpejeaesus F (x)
ecTh BEPOATHOCTH TOrO, YTO caydaiHas Touka X B pe3yib-
T4T€ OMbITA mnonajer JeBee TOUKH X.

Has nuckpernoft cayuahiHo#t BesHunHsl X, Koropas
MOJKeT TIpHHHMATb 3HA4YeHHA X;, Xg, ..., X;, GyHKUHA
pacnpeaenedHus Oyler HMeTh BHI:

Fix)= Y, Plx). (225)

A"r{x

M3 suipaxenus (225) cieayer, urto yHKUH pacinperede-
HHS JHCKpeTHON cay4ailino#t BeawuuHbl X paspbiBHA ¥ BO3-
pacraer CKaukKaMH TpPH nepexojie yepe3 TOUKH ee BO3MOAKHBLIX
3HAYeHHH Xy, Xy ..., X,, NPHYEM BeJIHUHHA CKauyka paBHa
BEPOATHOCTH COOTBETCTBYIOUIETO S3HAYEHHSH.

Mpumep 1. B nexkoropwit moment spemeny ¢ peposarhocTbio 0,4 rpyie-
TOHOC CTan H3aBJekaTh JAedexThnie ofpasuw. Hi copokynHocTH Tagkux
05paslos Gblao 0TOBpano HesasncHMO ofda ot Apyrofi 3 npobui. [MToctponts
PA pacnpeieICHHA H HHTErpanbHYo HYHKIHIO pacnpeleienns Gpakosai-

X O0paiuos B NAPTHH W3

. J npod. _

: . - Peueriue. Ofo3Hauum YHIO
? X T GpakopannpX 00paslos B napTHH
- uepes X. Torja so3momHue 3ua-
Pic. 53. TeomeTpuueckas uuTepupe- dends cayyaiinoi peauunnn X
TAUHA OQHOMEDHOR CAYMANHOH Beau-  GyayT caexyomse: x; = 0; x, = 1;

HHHL =2 x,= 3
F(x) . COOTBOTCTBYIOILHE STHM 3HA-
j‘" HEHHAM BCDOATHOCTH BBLIMHCJIACM
! | ffz)
TR o A
"_I | ! /!

Pre. 54. Ipadnk wuterpaavnoi  Puc. 55. Tpadux  umuterpansnoi

(yskuun  pacnpeiesienns [ (x)  dyaxkuun pacnpeaenesus Fo(x) aaa

ANS IHCKPETHOW cayuyafnofl se-  HenpepwunHoit  cayvadivoii  peau-
AHUHHBI HHHb
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no GHHOMHaNBHOMY 3aKOHY pacnipenenerus. 'B nawmux yenonuax P = 0,4;
g = 0,6; n =3:

Py(x;) = C5i-0,4%1.0,6°%: (i=1, ..., 4). (226)

[Mocae pacuera no Qopumysae (226) pan pacnpefeiens npuMer BHA:

% 0 ! 2 3
P (%) 0,216 0432 0,288 0,0

Tenepn ¢ nomowbo puipaxenus (225) nocTpoUM HHTErpadbHYIO by K-
UMK pacnpeleneHua cayuadinoll BenHunAm X,

Lilpu e 0 Fk) = EP{sz,-}:i}.
2. Mpu <2<l F()= )Y P(X=ux)=P(X=0)=0,216.
X <1

l =

3.0pun lg2<2 F()= ) P(X=ux)=
< 2

X [

= P(X =0)+P(X=1)=0,216 -+ 0432 = 0,648,

4 JflpH- 2= <3 Fx)= E P =1%y) =
.I:E‘-':l3

=P(X=0)+P(X=1)+P(X=2 =0,936.

S Ilpp 3o F)=PX=04+P(X=1+
+P{X=2+ P(X=3) = 1.

[ pathuk (pyHKILHH pacnpesesieH s IPEACTABIEH Ha pHe. H4.
DACCMOTPEHHOM MNpHMEpe 3HayeHHs CAyYalHON BeJTHYHHBI
pasielieHbl HHTEPBaJaMH, BHYTPH KOTOPHIX JAPYTHX BO3MOK-
HEIX 3HAYEHHH HeT. XapakTepHo, YTO Ha 3THX MHTEpBaaax
GvEEUHA pacnpeneneHdss F (x) nocrosuHa, T.e. TpadHk
(DVHKIHK pacnpelenienus npejcrapiasier cofoff cTymneHyaTyio
aoMmaHylo JuHHio. M3 rpauka BHAHO, 4TO NpH KaxJIOM HO-
BOM 3HAYEHHH cly4qaHHOHW BEJHYHHBI CTYNE€Hb MOJAHUMAETCSH
BLILIE HA BEJHUHHY, pPaBHVIO BEpOSTHOCTH 3TOT0 3HAYEHHH.
llo mepe yBeqHuYeHHS 4YHCA4 BO3MOAKHBIX 3HAYEHHH Cay-
YAHHOH BEJMYHHBL M YMEHLUEHUs] HHTEPBAJIOB MExAy HHMH
UHCJ0 CKAYKOB CTaHOBHTCH BoJbie, 2 CAMH CKAYKH — MEHbIIIE;
3 TOM c/ydae, Korlla 3HaueHMs cavyalHolli BeJWYHHBl HE
NpepbiBHO 3aM0JHACT HEKOTOPLIH HHTepBan (a, b), PvHKIHA
F (x) O6yaer npeicTaBaaTh coboil MOHOTOHHO BO3pacTalOLLYIO
GVHKILHIO Ha 3TOM HWHTepBaJje, npHyeM OOIMI Xapakrep
rpaduka npuMer sui, H3o0parkeHHBINH Ha pHC. 5D.
CBpoitlcTBa HHTerpaabHOH GVYHKIHH
Pacnpenensensn |. 3HaueHHs HHTErpaJbHON (PyHK-
z,um npuHaanexar orpesky [0, 1]; npuuem F (—o0) =0,
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2. F (x) — neyGuBawouwan ¢ynkuus, 7T. e. F (x;)=
= F (x;), ecan xg > X;. '
3. BeposiTHOCTb T0T0, UTO CjyualiHasg BeJUUHHA TIPHMeET

JHayeHHe, 3aKJo4YeHHoe B uuTepBaJsie (a, b), paBHa npupa-
[EH HIO {b}’Hl{uHil Ha 3TOM HHTepBaJe, T. e.

P(a<X <b) =F (b)—F (a).

Ecan X — HenpepbiBHa# caydaiinas Beauuuna, a F (x) — |
MOHOTOHHO BoO3pacTaiowas QYHKUHH, TO
P(X=a)=lim Pla<<X <P) = lim [F() —F(x)] =0,
Bz fio

T. €. BepPOSITHOCTL JII000T0 OT/€1bHOT0 3HaYEeHHA HEeTIpepLIBHOM
CAYy4YanHON Be/JHYMHB paBHa HYJIO. '

Iuddepenunanbian (YHKUHA pacnpejiesieHusi BepoATHO-
cTeil HenpepbiBHOH cJayuaitHoit BeawunHbl. uHTerpanvuas
(VHKIUHA pacnpelesernss HENpepbiBHOR CJYYaHHOH BejH-
UHHBl SIBASIETCH €€ lcUepnbiBalolell BeposSTHOCTHON Xapak-
repucTHKOA. Ho ona nmeer uejocratox, 3aKAIOYAIOIMACSH |
B TOM, YTO M0 Hefl TPYAHO CY/INTh O XapakTepe pacnpejieeHHs
CAYYaAHHOIl BeaHYHHb B HeOGOJBIIOH OKPECTHOCTH TOH WM
JAPYrofi TOYKH YHCJIOBOH oci. DBoJgee HarJisjioe nmpejacrabje-
HHE O XapakTepe pacnpeleseHHs HenpepbBHOR ciaydyaHHOH
BEJHUHHB B OKPECTHOCTHX PasJHYHLIX TO4YeK Jaercsa (yHK-
[IHeH, KoTopas Ha3suBaercs AnpdepeHuHaNbHON QYHKIMeH
pacrnpeneneHusi, HJIH MJAOTHOCTBIO pacnpme.neﬂna BEposT-
HOCTEH.

Huddepennnanbroii pynxnuedi pacnpepenenns f(x) ua-
3LIBAIOT NMEPBYIO MPOH3BOAHYIO OT HHTErpajbHOil QYHKILHH.

KpuBas, naobpaxawowan NJI0THOCTL pacnpeenedus [ (x)
CAYYaiHOH BeJIMYMHBI, HAa3LIBaeTCA KPHBOI pacnpelesenus.
[lpumepHblii BHA KpuBO# pacnpenenenusi f () Hu30Gpaxen
Ha puc. 2b.

Cpoiicrea anudpdbepennmnmanbHod QpyHK-
UMM pacnpeneaen nsa 1. IliorHocte pacnpene-
neHua f (x) ne orpunarenvHa, T.e. f (x) = 0.

2. HUnrerpaabnas (yHKUMS pacnpeneseHus cayuaiinoi
BEJHYHHBL pABHA HHTErpaiy oOr MJOTHOCTH B HHTEpBaje oT
—o0 0 X, T. €.

Foo= [ fodr

—,

3. BepoaTHoCTh TOTO, UTO HENpephIBHAs cjaydaikHas Be-
JHuHHa X npHHIMAeT CBOH 3HAYEHMs Ha yuacTke (o, P),
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paBHa MHTerpany oT MJIOTHOCTH ) fuy
pacrpeieseHus,  B3SATOMY 1O
ITOMY YUYacTky, T. e.

e

A i 2
Pl X <pi=| a8 32 < it R
o Puc. 56. nddepenynanpuan
Feomerpuyueckn noayuennpify PYHKUHA pacnpefenenns f (x)
PEIYVJABTAT MOMHO HCTOJKOBATH
TaK: BEPOATHOCTL TOro, YTO HENpPEphIBHAA CJy4afiHas Be-
JHMHEA NPHMET 3HaueHne, NpHHalnexaimee HaTepeaay (o, f),

paBHa NJOHIAAH KPHBOJNHHEHHOH Tpaneuwu (3amITpUXOBaAH-
HOH Ha pHC. DB6). r

4. Hnterpan B 6eCKOHEUHBLIX npefenax or JI0THOCTH pac-
IIPE,'IE.‘IEHHH PABEH EJHHHLILE:

T rx)yde=1.

2. YHUIOBBIE XAPAKTEPHCTHKH CJIYYAHRHbBIX
BEJIHYHH. HX POJIb H HASHAYEHME

YKasaHle 3aKoHa pacnpeneyeHus MOJHOCTLIO ONpeneaser
CJVHAHHYIO BeJHYHHY C BEPOATHOCTHOH TOYKH 3penus. Onnaxo
BO MHOTHX BONPOCAX MPaKTHKH HET HEOGXOIHMOCTH XapaKTe-
PH30BaTh CJYYAHHYIO BeJHYHHY MHCUEPNLIBAIOIMM o6pasoM,
a 3a4acTylo M caM 3aKOH pacnpeienenfs GhBA€T HEH3BECTeH,
Mo3TOMY B TAKOH CHTYALLHH J0BOJBLCTBYIOTCA ONHCAHHEM
OT/IE€/IBHBIX UHCJIOBLIX XaPaKTePHCTHK CavuaitHONl BenHuMub:
MaTEMaTHUYECKHM OMHIAHHEM, MOAOH, MelHAHOI, aucnep-
CHeH, CpelHHM KBaJApaTHYeCKHM OTKJIOHEHHeM, MOMEeHTaMH.

MarteMaTHuyecKOe OMXHIAAaHHE SgBagercs
BAMICHIIEH XapakTepHCTHKOH TNOJOMEHHs cJayvalnofi Be-
JUYUHBL HA YHOJOBON ocH. MaremaTHuecKoe OXKHIaHHe cay-
uyaiiHoH BeaMuHHB X 3jecs oboznauaerca M (X).

MaTemaTHYeCKHM OXMAaHHEM 1HCKPDETHOMH cay -
UaliHOH BeJUYHHBI HA3HIBAIOT CYMMY NPOH3BENEHMH Bcex
€€ BO3MOJKHBIX 3HaueHHMit Ha HX BEPOATHOCTH.

Ilyers cayuaftnas penuuynna X sanaercs paAoM pacnpe-
NeNeHNs:

X "fl IE-.-II"-.I"

P pypa---pre--p,
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Torna .
n

M {X} = E XDy

l'-l'l
-

[Ip# BBIYHCIEHHH MATEMATHUYECKOro OXKHIAHHA He np e 1
pPUBHOMNW caydyalHOH BeJHYHHB CyYMMHpOBaHHE 3ane-.
HAETCS WHTErpHpPOBaHHEM, a p, — IJIOTHOCTBIO pacnpeiee-

HHA, MNOSTOMY:
iy

MX) = [ xf(0)ar.

— L

Mpumep 2. PaccunTaTe mareMariueckoe oxuianHe ang caydafHol
peanumnel X B3 npumepa 1. '
Peuwnue. Tak kak X — AucKpeTHas cayuailinan pennunna, o M (X)=
= (- 0,216 + 1-0,432 -+ 2-0,288 + 3-0,064 = 1,2. :
Mpumep 3. Henpepusian caydafinas seanunna X 3ajaHa naoTHOCTEIO
pecipeasaenun: d

X onpy O x = 2

0=

0 opn x<Z0 Hmm x> 2

Onpefientiith  MaTeMaTHuecKoe omuAanue cayvaiinofi seauwuuns  XJ
Pewenue. Tax kak X — HenpepuipHas caydyaduas BeiHuMua, 704

o 4
MX)= | o @dv=[xtdr=2[ =4

-

Tenepp paccMOTPHM [Be cAydaiHble BeJHYHHH X H Y
BO3MOJKHLIE 3HAaYyeHHsl KOTOPHIX pPAacnoJioeHsl TaK, Kak
nokaszano Ha puc. 57, -npn stoMm M (X) = M (V).

M3 ananu3za pacnosioxeHus TOYEK Ha YHCJOBLIX NP AMBIX X
H 4 MB MOMKEM CleJaTh 3aKJIOUeHHe 0 TOM, 4TO Cayuaiinas
Beanynya X umeer 0oJbiIHH pasOpoOC OTHOCHTEJILHO CBOEro
nenTpa, ueMm cayyaiinas peavunna Y. Ilostromy uenecooGpasto
BBECTH TAKYIO YHCJOBYIO XapaKTEpHCTHKY, KOTOPas OllCHH-
pana Obl pasfbpoc 3HAYECHHI CAYYaHHOH BEAWYHHBI 0KOJC
MATEMATHYECKOTO OxKHAauufA. Taxoii XapakTepHCTHKON CJy-

7 3 S @Yl Ll TN R R x MHT AHcnepcins l0Go=

MX) snauaetrca D (X), van o*(X)].
Hasn AauckperHoil cayua

HOH BeauuuHbl X 1ucnepcuns

w— 1 L I A R o - "
P ¥ onpeneasiercs Kax:

Puc. 57. IeomeTpuuecKan nntep- D(X) =Y, [x;— M (X)I'p..
NpeTaAlMA TIOHATHS JUHCIEPCHH i’
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[Ipy BHIYHCJIEHHH JHCNEPCHH HEINpepuIBHOMN cJayuaiinoi
BeJUYHHBL CYMMHDOBAHHE 3aMEHAIOT HHTErpHpoBaHueM, H
IHCTIEPCHS BBIYHCAACTCA no dopmye:

58

D(X)= | [x—M (X)Pf (x) dx.

Muoraa B KayecTBe Mokasateds pasbpoca MoJib3VIOTcs
MOJOMHTENIbHBIM® KOPHEM KBA/IPATHEIM H3 JHCOEpCcHH. Ira
XapaKTepHCTHKA pasfpoca MoJy4yuia HasBaHue cpejHee
KBaApPaTHYeCKO® OTK/JOHEeHHE HIHCTAHN-
nLapT:

o (X) =+ VD (X).

V13 Apyr#iX HCNoJb3yeMbiX MEp pacceHBaHHs cJenyer
OTMETHTB KO3 PPHUMHEHT BapHaLHH ¥y, onpenese-
Mbllii KaK NPOUEHT CPEeIlHero KBajipaTHYeCKOTo OTKJOHEHHSA
M0 OTHOIIEHHIO K MATeMATHUYECKOMY OXKHIaHHIO:

b}

Y=EM0
H pasaMax cayuya#hHOll BeJs HUYHHEL, onpelense-

MbIH Kak
A = Xpax — Xqin-

PasmMax HHOrZa MCMoOJIB3YIOT A Toro, 4rolbl OBICTPO
(xors H ou4eHbL rpy00) OUEHHTH CpejHee KBajapaTHYeCKoe
OTK/JIOHEHHEe, HCXOIsi H3 CJe/VIOUIEro COOTHOILEHHA MEeMwly
HHUMH:

100 9%,

A
BT

rie C — Kos(pHuHeHT, 3aBUCALULNIT OT 4Hcaa HAGIIONEHUH n.

n ] 10 20 30 100
S S 15 S O BN W R -

O606uEeHHeM OCHOBHBIX YHCJIOBLIX XapakTEpHCTHK CJy-
YaHlbiX BEJHYHH HABJAECTCA MOHATHE MOMEHTOB Cay-
YaiHOH BeJJHUYHHHI,

B TeopHH BEpOATHOCTEH Pas/MYalOT MOMEHTHI ABYX BHIOB!
HauanbHbIE H LEHTpaJbHbIE.

HauaadbHBM MOMEHTOM K-TO NOpAAKa cay-
Yailnoll peJHYMHL HA3LIBAIOT MaTeMaTHYECKoe oXKHlanue

Beanyuubl X®, T.e.
_— M [x“]r
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ChejloBatenbHOo, AAS AUCKPETHOH cAyualHO#l BeJIHYHMHBL
HayaabHbli MOMEHT BhipajKaercsi CyMMOMH:

n
oy = ;}:__‘_11 XiPis
a Aaf HenpepuiBHOH — HHTErpaJoM:
o
Gy = ‘[ X¥F (x) dx.
-

M3 nayanbHBIX MOMEHTOB cayuyaiiHOH BenHyHHLl ocoloe
3laueHHe HMeer MOMEHT [epBOro nopsaka, KOTOpbIi Ipel-
CTaBJIgeT co00H HE YTO HHOE, KaK MaTeMaTHYeCKoe OXKHIaHHe,

HauanbHbie MOMEHTBI BLICHIHX MOPAAKOB HCMOAb3YIOTCA
riapibiM obpasom s obserdeHuss BBIYHCJIEHHS] UEHTpPAJbe
HbIX MOMEHTOB. .

HHenrTpanbHbM MOMEHTOM K-ronopsjaka cJy-
YAHHOH BEeJHYHHEI HA3bIBAIOT MaTeMaTHYeCKoe OXKHlaHHe

peauuynHel  [x — M (X) 1%, . e.
=M lx— M X

Has JAHCKpeTHO# caydailHOfl BeJHYMHB LEHTPaAbHBbIR
MOMEHT BLIPAKAETCHA CYMMOI;

]

Ry = El[rn‘ =M {X”E Pis

==
a A48 HenpepuLBHON — HHTErpaaoM:

+ @

Py = f [x— M (X)]" f (x) dx.
=L}

CpeaH .uEHTPpaJbHBIX MOMEHTOB CJy4YailHOH BeJHYHHH
ocoboe 3HAYEHHE MMEeT IEeHTPAJbHBIH MOMEHT BTOPOTO [N0-
pAiKa, KOTOPBHIH npejicrasiser coboH He YyTo HHOe, KaK JLHC-
NepPCHI0 CAYy4YaHHON BeJHYHHBI.

HoKkaspiBaercs, 4To UEHTPaJibHBIH MOMEHT MEpBOrO 1o
psanka paen 0, T.e. p, =0, |

Cyuecrsytor COOTHOLIEHHS, YCTaHAB/IHBAIOIIHE CBA3bL Me-
WAY HauaJbHBIMH H UEHTPAJLHBIMH MOMEHTaMH, a HMEHHO:

pe=ctr—aj; M(X)=an D(X)=p=0—ai.

1y (popMyJay Yacto HpUMEHSIOT Ha NPaKTHKe 78 BbIUMHC-
JEHHS JHCTIEePCHH.
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3. HOPMAJIbHBIA 3AKOH PACMPEJAEJIEHHA

Cpeau pacnpeienesuii HenpepuiBHBIX CJYYaHHBIX Be-
JHYHH LEHTpaJbHOE MEeCTO 3aHHMaeT HOpPMaJbHBIH 3aKOoH
pacnpeneseHns, uin, KaK ero HHorjia nassieaior, sakos 'aycca,
MJIOTHOCTE BEPOATHOCTH KOTOPOTO HMEET BHJL

— M (X)]*
) (iR,

|
o (X)V 2n

rie M (X) — mareMatHuecKoe oKHIaHHE;
o* (X) — aucnepcua cayuafinoit seanunun  X.

HopmaabHblil 3aKOH pacnpeie/ieHHAa onpeieasercs ABYyMs
napamerpamMu M (X) u D (X).

ITOT 3aKOH pacrnpeliesieHHa odeHb WHPOKO pacnpocrpa-
HeH B 3ajlauax npaktuku. OH nposiBisieTcst BO BCeX Tex CJy-
gyasix, Korjaa cjayuainas BejnunHa X SBASETCH pe3ybTaToM
neiicTBHA GoAbLIIOTO uyHeaa pasauyHblX gaxtopoB. Kaawrii
GakTop B OTAE/NBHOCTH HA BeHYHHY X BJHSET HE3HAYUTEJILHO,
H HesMb3$ YKasaTh, Kakoil HvmeHHO B Ooabluel CTenenH, uem
ocranbHble. [lpumepamu cayuafiHbIX BeJHYHH, HMEIOUIHX
HOpMAJbHOE pacnpeiejeHne, MOryT CAVKHTh OWHOKH npH
H3MEPEHHH, OTKJOHEHHA MNpH cTpesanbe H T. 1.

[‘paMK nJAOTHOCTH BEPOATHOCTH HOPMAJNbHOTO pacnpe-
jeseHHs npeicTasjed Ha pHe. 58; ero Ha3bBalOT HOPMAJAbHON
KpuBo#l, wam Kpusoii [aycca.

OTMETHM HEKOTOpHle CBOHCTBA HOPMAaJAbHOHM
KpHBO Il

. dyHKHA onpeineseHa Ha BceH uMmcaoBoil ocu Ox.

2. I'padux pacnosoxken Hag ocbio Ox, T.e. f(x) >0
npH JM000OM 3HAYEeHHW X B MHTEpBaJe — oo < X < -+ oo,

3. Ilpu |x| — co BeTBH KpHBOH# ACHMNTOTHYECKH TMIPH-
baukawren K ocu Ox.

4. KpuBasgs CHMMETPHYHA OTHOCHTEJBHO OPIHHATHI, IpO-
xoasued gepes x = M (X).

5. Dyuruus f (x) umeer Mmakcumym B Touke x = M (X),
MpH ITOM: :

[IM(X)] = TV

Tenepb ocTaHoBUMCA HA BONPOCE O BJAHAHHH NMapamMerpoB
HOpPMA/JbHOIO 3aKoHa pacnpejeneHns Ha (opMy KpHBOH.

Hamenenue wmatematHueckoro oxuaanus M (X) npu
G (X) = const NpHBOAHT K CMELIEHHIO KPHBOH pacnpejeenus
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pioab ocu Ox. [lpyw srtom
KPHBAsl pachnperesieniisn co-
XpaHser CBOil BHA.
Ilpn=- namenenun cpey-
HEro KBaJApaTHYHOTO OTK.JIO-
HeHHa o (X).n M (X) =
= const KpuBaa pacnpele-
JIEHHA H3MEHNIET CBOH BMI.
Ha puc. 58 xpusan [
~ COOTBETCTBYeT CAYyYalo -
=X o(X) =2,5; xpupasg [/ —
o (X) = 1; kpueasn [/ —
Puc. 58. Xapakrep kpusoit pacnpe- g (X) = 0.4,
JeJeHES NpH pasanunLix o (x) ' TEHE['.II:- anumeM M H-
Terpajabnyio by H K-
Il ¥ 10 CAYyYanHOH BEJIHYHHLL, MO A Y HH A0 ULE HCA HOp-
MaJbHOMY 3aKOHY pacnpeienesis. CorylacHO onpeeneinio
HHTErpajbHOH (YHKILMH pacnpeiesenns MOMKHO 3anHcarh,
YTOo

E X [x — M (X)]?
F(x)= e ['e RS Gl
(%) a(X)V 2a .
—
MoxHo nokasarth, 4TO
1 @ fx—MI[X)])
F (oo) = o j‘e CAT R de==t)
( a(X)V 2n ¥

=)

MO3TOMY MJ0ILA/b YACTH IJIOCKOCTH, OrpaHHYeHHAs KPHBOil
HOpMaJIbHOTO pacnpeienedus u ocsio Ox, pasua 1.

Bo mHOrux 3ajauax npakTHKH NPHXOAHTCA OTpPENEIATh
BCPOATHOCTL MONadaiua CAydalHON BEeJHUMHB, HMEOLEed
HOpMAJbHOE pacnpeiesieHne, Ha 3ajlaHHblil yyacTOK.

Ma pasnena | wacrosimenn raaBel M3BECTHO, YTO

Pla<lx<p)= jf(x}d-r-

Toraa ans cayuaiinoii peswunnn X, noaunHsomedics
HOPMAJLHOMY 33aKOHY pacnpercjeHus, MOKHO 3anucarth:

I B Lx— M)
P{m{xi[ﬂ:nw]wﬁ [E SEARI
L
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OnHaKo BCAKMH pa3 BLIYUCAATH 3HAUYCHHE 3STOTO HHTe-
rpagna He npejicrabisercs yAoOHLIM, NOITOMY /A €ro BhYiiC-
JeHHA noabssyiorcs GvHKIHeR Jlanaaca:

f s

L LR
V' 2a j

0

D (f) =

A HUTD]}t}ﬁ COCTABJIEHBLl CclneiHansbHble TaOaHIkL.
Moo nokKkasarthb, 4TO

Pla<x<h=s (H0) o (2 80) o)

B npuaoxenun 1 npueenensl 3nayenns (yHKUHH 29 (x)
S PasIHYHBIX aprymMeHToB X.
®yuxnua Jlanaaca obaajaer ciaeiyiolulHMH CBOHCTBaMH.

l. & (0) = 0.
2. P (00) = 5

3. @ (—x) = —@ (x), . e. hynkuns Jlannaca HeuerHas.

Mpumep 4. Heenenyemoii cayuaiinoil peanunnoit X spagercs 4Hcao
NAACTHYHOCTH Aannoro tHna noyswl M3 onwta nasectHo, 4To BeaHunHa X
pacnpefie/icHa ¢ MareMaTnueckum  oxupanvem M (X) = 31 un cpenuum
KBAAPATHYECKHM oTKAoHenneM a (X) = 3,2, Hafith seposthocts TOrO, 470
FHAYEHHE uHCAa IACTHYHOCTH SaKkmoveHo mexay 29 n 32,

Pewenue, Tloasayscn gopmyaoit (227) u npuaomessueM 1, noayums:

OIS R R o
W T TR e B )“‘

PO <x<32)=P

32 — 31 29 3]
- m(m-ﬂ‘ﬂ—)mci:(__ﬁ:?.-_) — @ (0,31) — P (—0,63) =

= @ (0,31) + @ (0,63) = 0,1217 --- 0,2357 = 0,3574 =~ 0,36.
OtMeTHM BakHBIH yacTHll cayyait dopmyan (227) —

BEPOATHOCTh OTKJIOHEHHS 3HAYEHHS CAVYAHHON BeJHYHHBI X
0T ee maremaTHueckoro oxuiaanus M (X) Ha BeaHUYHHY ot

an_;u(xn{u}-_-w(;x}). (228)

Mpumep 5. Paamep anamerpa Koabla OGHALTPALHOHHOTO nl{xuﬂupa
MOMHO CUNTATL HOPMANLHO pacnpefiesedHofl cayuafinoll BeanuuHoi ¢ Mma-
TemaTHueckum ommfannen M (X) = 2,56-10°? m u gucnepcuedt o (X) ==,
= 107¥ &*, B RaRHUX rpasiuax MOMKHO NPaKTHYECKH FapaiTHPOBATL pasvep
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AMaMeTpa KoJbla, ecqii 3a seposTHOCTh NpaKTiveckofl 10CTOBEPHOCTH NpH-
uumaerca 00,9972

Pewerue. OG0anaunM yepes | BCAHYHHY, HE KOTOPYIO MOMeT OTKJo-

HHTLCA pasMep AHaMeTpa KOAbLUA 0T MATEMATHYECKOID OMHAAHHA C BEPOAT-
nocreio 0,997, -
Torpa, cornacho opmyae (228), nmeem:

/ [
[To raGanue dyurunn Jlanaaca nafigem, uyto epostHoctu 0,997 or-

BEYAET uHLAO, pasnoe 2,97, T. e, 00001 — 2,97, caegosatensHo: =

= 2,97-0,0001 = 0,0297-10~* == 0,03- 10-2.

Takum obpazom, pazmep AnaMeTpa Koablla ¢ BepoaTHocTbio 0,997
npHEafIexuT untepnaay [(2,5 — 0,03)-10-%; (2,5 + 0,03)-10-2], t. e
[2,47-10"%: 2,53-10-2].

[lpakTiueckMii HHTEpEC TaKKe MNPEICTAB/fEeT BHIYHCe-
HHE BEPOATHOCTH OTK/JIOHEHHA CJAYYahHOH BEJHUHHBI OT

MATEMaTHYECKOrO OMHIAHHA KPaTHOTO Cpe/lHEMY KBaJaipaTH-
HECKOMY OTKJIOHEHHIO!

Pllx —M(X)| <o (X)] =
— 9 (1) = 0,68269:

Pllx—M(X)| <2 (X)]
— 9 (2) = 0,9545;

i

Pllx—M(X)|<30(X)] =
— 29 (3) = 0,9973.

Ecnu cayvaiiHas BejMUHHA NOAUMHSIETCS HOPMAJLHOMY
3AKOHY pacnpeieseHus, To ¢ BepOATHOCTHIO, Oan3Kol K |
(0,9973), MOxHO YyTBep:kNaTh, UTO OTKJOHEHHE cjayuaitHofl
BEJIHUHHB OT €€ MATEeMATHYECKOrO OXKHAAHHSl HE NPEBLICHT
30 (X). 310 noJsoxeHHe MONYYHJIO Ha3BaHHe NP aB H J 2
TPex CHT M.

4. MHOTOMEPHbBIE PACNPEJEJIEHHA

3akoHbl pacnpejesieHHsi CHCTeMbl ABYX CJAy4aWHBIX BeJiH-
yHH. [lo CHX nop MBI paccCMaTpHBaJH BEJHYHHBI, KaMl0e
3HayeHHe KOTOPBLIX ONpPeAeANOCh OJHHM YHCAOM, T. €. OJlHO-
MEPHBIE BeJHYMHBLL. DYHKUHA pacnpeienenys OJAHOMEPHOI!
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cayualHoOll BeJNHYHHBI Onpeflensiiack OAHOH He3aBHCHMOH
nepeMeHHoH.

[Ipi nocTaHOBKE NPAKTHYECKHX 3a7ay NOHATHS OJHOMEp-
HOM C1YyYaHHOH BEJHYHHBI YACTO OKa3HIBAETCHA HEL0CTATOYHO.
Hanpumep, H3BECTHO, YTO MEXAY BJjaxHOCTBIO W H nores-
ILHAJIOM [IOYBEHHOH BJarn @ CyuwecrByer onpejaesieHuasn
3aBHCHMOCTL. 310 03Hauaer, yro (P; W) moxker paccmarpH-
BATBCS KaK JBYMEpHas cJayvyaHHas BeJHUYHHA.

B sapucHMOCTH OT THNIA D,?_[H{JMEPHI::I}{ Eﬂ}fl{af{HbI:{ BEMTHYHH,
oOpasyIoUHX CHCTEMY, CHCTeMEl CAYYaHHBIX BEeJHYHH MOTYT
ObITh JJHCKPETHRIMH H HENPEpPHIBHBIMH, a TAKMKE CMEllIaHHBIMH,
COCTOALLIHMHA H3 Eﬂ}l’llEIﬁHi:[K BEMHYHH pPa3JHYHBIX THIIOB.

Jaa cucrem cayyaiiHBIX BeJIHYUE OCTAIOTCs CIpaBejJiH-
BbIMH OCHOBHBLIE TIOHHATHA, BBEJICHHbLIE AMH OJHOMCEDHBIX CJOY-
YaHHBLIX BeJHYHH: 3aKOH pacnpejesyieHus, HHTerpajbHas M
JuddpepenHaabHai QYHKIHH pacnpeiesieiis, OCHOBHLIE YHC-
JOBHIE XAPaKTePHCTHKH: MaTeMaTHYeCKoe OxKHJaHHe, AUcnep-
cusl, CTaHAapT, HauaJbHble H LEHTpajJbHbié MOMEHTHl K-TO
nopsaakKa.

PaccMOTPUM OCHOBHBLIE XapaKTePHCTHKH CHCTEMHBI JBYX
cayuaiHelx BeawuuH. [Ias n-MepHOro caydasi 3TH Xapakre-
PHCTHKH BBOAATCA, aHanoruuxdo. IloapobGuO 3TH BONpOCH
nanoxkensl v E. C. Benrnear (1964) «Teopus BepoATHO-
CTei».

JAKOHOM pacnpenejeHHsn CHCTEMBbl Cay-
yalHBIX BEAHYHH HJIH MHOTOMEPHOH CJYYaHHOH BeJTHYHHBI
Ha3biBAETCH COOTHOLLIEHHE, }’CTEHHEJIHEEHGLLLEE CBs3b MEHKILY
ofJlacTSIMH BO3MOXKHBIX 3HAYeHWH CHCTEeMB! CJIYUaHHBIX Be-
JUYHH H BEpOATHOCTAMH MNOABJEHHA CHCTEMBI B ITHX 00a-
CTHX.

Tak e KaK ¥ a8 OJAHOMEPHOHM CJY4YaHHOH BEJTHYHHEL,
3aKOH pacrnpeleqeéHuna CHCTEMBI CAYUHAHHBIX BEJIHWYHH MOMET
ObiTh 3ajaH B pasaHuHbiX opmax. EcaH MHOromepHas cJy-
yaiiHas BeJUYHHA [AHCKPEeTHa, TO €€ MOXKHO 3alaTh B BHIe
Tabauibl. PaccMOTpHM 3ajlaHHe CHCTeMb! CJYY4aHHBIX BeH-
yiiH Tabauuell Ha npumepe ABYMEpHON CAyuaHHOH BeJTHUHHEL.

O6osnaunm uyepes X u Y juckperuble cjayvaiHble BeJH-
YHHBI, BO3MOXXHbLIC 3HAUYEGHHA KOTOPBLIX (X;, Y;), NpHYeM i =
=1, n, a j =1, m. Toraa pacnpenejieHHe CHCTEMbI TAKHX
CAYYANHLIX BEJHYHH MOMET OLITh OXapaKTepH30BaHO COOoT-
BETCTBYIOLUMH BeposATHOCTAMH py; =P (X =x;; Y =y,;)
TOro, YTO caydaiiHas BejWuHHa X [MpUMET 3HaueHHe Xx; H
OJHOBPEMEHHO € 3THM cCJayyaiHas BeJHuYHHA Y mnpHmer

GO



L

i

3HAYEHHE Y;. BEPOATHOCTH p;; MOXKHO CBECTH B Tabauily cle-
Aylowero Biia:

i
X{
1 e |+ = » ¥ S Yem
X P Pig i fiee w ] By e Dym
Xg P Pap: |oosp el s gy S aiete Pam
]
|
Xq Piy | Pig |~'= ~| Pi} 4= + s Pim
Xn Pny | Png |* =] Pnmj |~ = » Prumn

Takaa Tabnnua HasbiBaerca TabGJaHILEeR pacn pe-
AeNeHHSA CHCTeMBI JABYX IHCKPETHBIX CAYYaHHBIX BeJiH-
YHH ¢ KOHEYHBIM YHCJAOM BO3MOMXKHBLIX 3HAYEHHII.

OuyeBHIHO, YTO:

rna

E EIP:;'=1;

(=] j=

Re'E

T
Piﬁ=§1f}[x=xn V=H;}=P{x=x;};

=]

———

| i
X pu=Y PX=x,Y=y)=P(¥=y)

Humeeparoran pynsyus pacnpedesenus. Pynkunen pac-
npeieneHns CHCTEMBI ABYX cayyalHeix Beauuyun (X, V)
HasblBaeTcss (YHKUHA JABYX aprymesroB (x, y), pasHas
BEPOSITHOCTH COBMECTHOTO BBINOJIHEHHS JBYX HEPaBeHCTE:

X X Y <Zgiirle.

Fx,y9) =P(X<cx, ¥ <y).
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I'eomerpHyeckH (QYHKILHA
pacnpeliejieins CHCTEMbBl JBYX
c/IVHAHHBIX BEJIHYHH NpeacTas-
nser coO0H BepoOsTHOCTh Nona-
nauus caydaiHol Toukn (X, y)
B JIeBHIHE  HHXHHI  6ecKo-
HedHblH KBAAPaHT [JIOCKOCTH
¢ BEPUINHOH B TOuke (x, y). o -

Hugpepenyuarvnaa gyrk-
qua pacnpedencus, uau naom- FHe- 59. Ieomerpuueckas unrep-

wocrie. pacnpedeacnus, Wirte- "G LRI, S
rpaJjbHas GVHKUHA pacnpeje-
JeHVs ABJAAETCH YHHBEpPCAJabHOH (JOpMOdt 3ajaHus .IEB‘- Mep-
HOIt cayuaiiHON BesnynHBl. OHa MoXKer ObiTh NMPHMEHEHa /I
ONKHCAHHS CHCTEM KAk JAHCKPETHBIX, TaK H HelnpephLiBHLIX
cayuafiueix BeaHyuH. OCHOBHOE TNPAKTHYECKOE 3HAYEHHe
MMCIOT CHCTEMb! HEeNPEPLIBHbIX CAYYaHHLIX BEJHYHH, pacrnpe-
JleIeHHe KOoTOpheIX Oogee yA00HO XapakTepH30BaTh HE HHTe-
rpajbHoOH (QYHKIUHEH pacnpeienienns, a MIoTHOCTLIO.
IlnotHOCTL pacnpeneneHuss ABASAETCA HCYEPNHBAIOULICH
X4PAKTEPHCTHKON CHCTEeMbl HeNpepbIBHbIX CJAVYAHHBIX Be-
JHUHH, C TOMOLLLIO KOTOPOH pacuyeT BeposTHOCTeN nonagaHus
B pasjHyHble o6/aCTH MPOMSBOJAMTCS MOPOLLE, a ONHCaHHE
PACIPEIENEHHA CHCTEMBbl CTAHOBHTCH OoJiee HarAasjHbLIM.
[Tyctrh uMeercsi cucTeMa JBYX HelpepbisHbIX CayqaiHbix
peavund (X, Y). Pacemorpum (puc. 59) BepoOATHOCTBH TOINa-
nanus cayuaitnoll ToukH (X, y) B NPSIMOYTOJABHHK CO CTOpO-
namit Ax ¥ Ay, NpUMBIKAIOUHHA K TOYKE ¢ KOOpAHHATAMH (X,
y). TlnotHocthe pacnpesenenus [ (¥, y) onpenensiercs Kak
BTOpas CMEIIaHHaf yacTHas npoussojiHas ¢yHkuvu F (x, y),
L

0*F (x, y)
dx 0 i .

[, @)=

Ecan cayuaiinbie BeJIHYHHB 3aBHCHMBI Mexy coboit, To
30KOH pacnpeje/jeHHs CHCTEeMb HE MOMKeT ObITh BBIpaKeH
HEPE3 3aKOHBl PACTIPENeJIEHHA OTAEJNBHHX CJAYUaHHBIX BEJIH-
Ui, BXOASAUHX B CHCTEMY. ITO NMPHBOJAHT K HEOOXO0IHMOCTH
BBEJEHHA YCJOBHBIX 3aKOHOB pacnpeiesneHHs.

Pacnpesesenne 01HOM HJH HECKOJbKHX CJAYYalHBIX Be-
JAHUMH, BXOAAUMX B CHCTEMY, HailleHHOe NpH YCJIOBHH, 4TO
OCTa/bHbIE Cay4ailHple BeJIHYHHBI 3TOH CHCTEMBl [PHHAJN
olpe/iesicHHLIe 3HaYeHns, Ha3hBAaeTcd YCJOBHHEM 34a-
KOHOM pacnpejeaeHhhusd.
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Ye/oBHBIR 3aKOH pacnpejesennsi MOXKHO 33/1aBaTh B BHIe
HHTEerpajbHoH HAH AuddepeHnHalbHOR (QYHKIUHN pacnpeje-
aenus. B aTom cayuae uurerpanbuas GyHKmNA pacnpeseneHins
Ana AByMepHoil cayyaliHoH BesHyMHB oboanauvaerca F (x/y),
a auddepenunanvuan [ (x/y). 3

Yca0oBHas MJOTHOCTH pacnpejeseHds obJalaer BCEeMH
CBOHCTBAMH Ge3YCJIOBHOR NJIOTHOCTH pacnpeiejeHus. |

Jas Kpatkoro onucaHus YCJOBHOTO pacnpeienediss BBo-
JAATCHA YHCJIOBHIE XapaKTEPHCTHKH MOL00HO TOMY, KAK OHH |
BBOJIMJIHCL JIJIA  OJIHOMEpHONl CJay4YalHOH BEJHYHHLL. :

Haub6osiee BamHoll XapaKTepHCTHKOIT ABJAAETCA YCJIO B =
Hoe MaTeMaTHuUeCKOe OXHJAAaHUE YCI0B- |
HHIM MaTeMaTHYeCKNM OMHJlaHMeM IHCKperHoil cayvyanHon
eanunibl X opu Y =y (y — onpenenesHoe BO3MOKHOE
3HaYeHHe cayyainoll BeJHYHHBI Y) HasbIBaeTca CyMMa |
NPOU3BEJIEHHH BO3MOXKHBLIX 3HaueHnit X = x, Ha HX YCJIOB-
Hble BEpPOATHOCTH: '

n
me=m=§ﬁﬂwm

s nenpepbBHEX CIVYalHBIX BeJHYHH:

e 03
Ml =)= J. xf (x/y) dx,

=

rae [ (x'y) — ycaoBHas NJOTHOCTH pacnpeieaends cayuaii-
HO# BeJHuHHE X npu Y = y.

Onpesesiedge  yCJIOBHOTO MATEMaTHYECKOI'o OXHAAHHS
M (Y/X = x) aHajorMyHo BbILIEH3JIOKEHHOMY.

[lono6ubiM ofpasoM BBOAATCA YCJAOBHBIE JAHCMEPCHH H
yCJOBHHIE MOMEHTHI 0ojee BBICOKHX TNOpP#HIKOB.

M3 onpenenennsa ycJoBHOro MareMaTHYeCKOro OXHAanHA
M (X/Y = y) caeayer, uto € H3MEHEHHEM 3HaYeHHA Y
6yner uameHarbcss H# M (X/Y = y), a 310 3HAYHT, UTO MKl
MOJKEeM paccMmatpHBath (yHkuMio m, (y) = M (X/Y = y),
061aCTBI0 OmMpenesieHHsl KOTOpoil ABASeTCS MHOMKEeCTBO BO3-
MOMKHBIX 3HaueHHit cayuaiinoit peanuynns Y. Jlannaa Qyuk-
IIHSi HOCHT Ha3BaHHWe perpeccHH X no Y.

AHanoruyHo  ycl1oBHOE — MaTeMaTHUECKoe  oMKHjlaiiue
M (Y/X = x) saBaserca ¢yHKuHedn x, T. e. m,(x) =
=M (YIX = x).

Vpasuenns Y =m,(x) n X = m,(y) HaspiBalOTCA
VPaBHEHHAMH pPerpeccHH COOTBEICTBEHHO Y
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no X w X no Y, a auHun, onpeaensiemMsle 3STHMH YpaBHEHHAMH,
HAZHIBAOTCA N HHHAMH perpeccHun. JIHHHH pe-
rpeCCHH  BBOASITCA JHIIb JAA HeNpepelBHbIX CcAy4adHbIX
peJJHYHH (A5 JICKPETHBIX CJYYaHHBIX BeMHUYHH JIMHHH pe-
rpeccHd OyayT CoCTOATh H3 H30JIMPOBAaHHLIX TOYEK ILJjOC-
KOCTH). .

3aBHCHMbIE H He3aBHCHMbIE caydalHble BeanuuHbl. [lona-
THS 34aBHCHMOCTH HJIH HE3aBHCHMOCTH CJay4aiiHblX BeJaHYHH
ABJAAIOTCH OJIHHMH M3 Ba)KHEHIUHX TMOHATHH TEOPHHM BEPOAT-
pocreil. CayualHasi BeqWunHa X HasbiBaercs He3aBHCHMOI
OT CcJayuaiiHoil BeJMUHMHBL Y, ecaM 3aKoH pacnpejeseHus
BeJHUHHBL X HE 3aBMCHT OT TOro, Kakoe 3HaueHHe MNpHHsIa
pesinunHa Y. Jlas HenpepeIBHBIX CJAYYalHBIX BEJAHYHH yCJ0-
pHe HezaBHCHMOCTH X oT Y Mmoxer ObiTh 3anucaHo B BHIe
f(xy) = [y (x) npu mobom y.

Ecan ke cayvaitHas BenuuynHa X 3aBHCHT OT CAYYaHHOM
BeJHUHHEL Y, TO [ (x/y)-== [y (x).

YKaxeM [pPOCTOH NPH3HAK HE3aBHCHMOCTH CJYYaHHBIX
peanyuH. Jlasa Toro uroGel HenpepbiBHLIE clydaWHbIC BeJIH-
yiHbl X H Y OBIIH HE3aBHCHMBIMH, HEOGXOAHMO H JIOCTATOYHO,
yToGBl IJIOTHOCTh pacinpenejenus cuctemnl (X, Y) Ovlia
paBHa NPOH3BEJCHHIO MJOTHOCTEH pacnpeieieHHs OTaeNb:
HbIX BeAHUHH, BXOASUIHX B cucremy: [ (x'y) = [, (x) [2 (v)-

3aKOHHl pacnpeieseHus CHCTEMB! CJAYYAaHHBIX BEJHYHH
ABJIAIOTCSI €€ HCYEPINBIBAIONIMMI BEPOSTHOCTHLIMH XapakTe-
pucTukamu. OJlHaKO OU€Hb MacTO B CBA3H C OrPaHHYEHHOCTHIO
SKCIEepHMEHTaNbHOro MaTepHana, rpoMo3jIKOCTbIO U TPYIAHO-
CTLIO MAaTEMaTHYECKHX BBIKJIAJIOK He ylaeTcs NOCTPOHTh 3aKOH
pacnpeaenesus cucrembl. Ilostomy npu onucanun MHOrO-
MEPHOH cayyaiHON BeJHYHHEEI BO3pacTaeT poiib 4 H CJ1 O B B X
XapaKTEepPHCTHEK CHCTEMBI, KOTOPBLIE B ONpE/eJIeH-
HOH CTeNMeHH MOTryT /1aTh MpeicTaBJieHHe TaKie H 0 Xapak-
Tepe 3aKoHa pacnpejeeHusi. B ocHOBY noayueHnus 4HCJIOBBIX
XapakTepHCTHK CHCTEeMBI CAyYalHbIX BeHYHH N0JOKEHO MOHA-
THE MOMEHTOB. KaK u 115 0lHOMEPHON CyYailHOH BETHUHHBI,
8J1ECh PAa3aHualOT HaudaJbHbIE H UEHTPA/IbHLIE MOMEHTH.

HavaibHbelM MOMEHTOM @y, NOpAAKA K -} § cHcTeMnl (X,
Y) nasniBaerca M [X#Ys).

3anumem QGopMyasl A BHIYHCACHUA HayaJbHBIX MO-
MEHTOB JABYMEPHOH CJYYaHHOH BEJIMUHHBL

151 CHCTeMBI JHCKPeTHBIX CAYYaHHBIX BEJHYHH

1 R ‘
Uy — zfl‘ }}J IFH}.PEII
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rae p;; = P (X = x;,, Y = y;) BepoaATHOCTb TOrO, 4TO CH- |
crema (X, Y) npumer sHauenwe (x;, y;), a cymMMmMHpoBaHHe
PacnpocTpaHsercs 1o BCEM BOIMOMHLIM 3HAYEHHAM caydaii-
Hex Beanuun X u Y;

JJA CHCTEMBI HenpephiBHLIX CAYYaHHLIX BeIHYMH

o e
ﬂru: J J -‘:“,‘fsf {'rl- y}d'tdy!

. -

rae f(x, y) — NJOTHOCTH pacnpenesieHHs CHCTEMBI.
Ha npaxtuke nauGojiee ynorpeGHTeNLHBLIMH SABJSIOTCH
HavuaJbHbBle MOMEHTHl NEepPBOro Mnopsiaka:

Q10 = M [XIFHI Tl M iX] = M,
ﬂu] — M [x“yll i‘i’I [},] = m

ITepefinem Teneps K paccMOTPEHMIO LEHTPAJBHEIX MOMEH-
TOB.
LleHTpasbHbIM MOMEHTOM [, MOpPAJAKA K -~ S CHCTEMbI

(X, Y) nasniBaercs

M HX _m.til'ﬂ {Y—”!yls = Phys- L
‘I}GPH}'HH AJIA BBIYHCJEHHST MOMEHTOB ., ,II,E}?MEpHﬂﬁ ;

CAyuaHHOH BEeNHYHHBLI 3anMCHIBAIOTCA CJAEAYIONINM o06pasoM: |
A5l CHCTEMbl JAHCKPETHBIX CJAYYaHHBIX BeJIHYHH

tes = X X (g — my)* (g — m,)pij;
5

ye

AJIfl CHCTEMBI HEanpmanux CAYUAHHLIX BEJIHYHH
=00 =00

o = | J{x—mr}“(y—my}*fh y) dxdy.

= —{5)

B npakrnke wauGo.bllee NpHMEHEHHE HMEIOT HEHTPA.Ib-
HbIe MOMEHTHI BTOPOro NOpsaKa.

M3 neHTpasbHbLIX MOMEHTOB BTOPOTrO MOPAAKA HAM Yy /e
H3BECTHA JIHCnepcHs, T. e.

Poo =M (X —m)* (Y —m,)!] =
M (X —m)] =D (X),
MUX —m)* (Y —m)?] =
M (Y —m,)*] = D (Y).

MoMenTLl THIIA @y W [y, ABAAIOTCA YHCJOBBIMH XapaKTe-
PHCTHKAMH BCAKOH OJHOMEpHOH cayyaiiol BEJHYHHBI, BXO-
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Afllel B CHCTEMY, M He HeCyT HHKakKoi MHpOpMALHH O CBA3H
MEMKAY OJHOMEPHBIMH CJAVYaHHBEIMH - BeJHUHHAMH, oOpa3y-
oM cueremy. Ilostomy ocobylo poJis npu HecienoBaHu
IBYMEPHOH cayyaHHOH BeJHYHHBI HrpaeT BTOpPOi cMelllaHHbIH
LeHTPaJdbHEIT MOMEHT, KOTOPBIH HAa3bIBAeTCH KOPPEeasillHOH-
HbIM MOMEHTOM, MJH MOMEHTOM CBSA3HM, HJIH KOBapHallHeH.

Hag ABYMEPHOH C¢ayyaHHOH BeJHYMHbLI OH 3aMHCBIBAETCH
B CAEAVIOILEM BHAe:

!f.r{.r T o b L M [{X_ﬁl.r] {Y""my]l Fe

= 3 N (e —m) (g, —m) pyy-
§<
OnHako OUEHMBATh CHJAY B3auMhoro BaHAHHA X H Y
no K,, 3aTpYAHHTEJBHO B CHJY TOro, Hanpumep, uto X H V
MOT'YT MMETh pasHylo pasmepnoctb. bonee yjio0HO npUMEHATE
17151 OHEHKH cBA3H Mexay X u ¥ GeszpasMepHoe OTHOUeHHE:

ny
Gy, .

KOTOpOE HasbiBaercss KoshpPUHUMEeHTOM KOoOppe-
J A ILH H.

KoppensiHoHHbIH MOMEHT M KO3D(HIHEHT Koppesuun
00MaalT CAEAVIOIMHM CBOHCTBOM: €CJIH CJayvaiHble BeJiH-
yHHbl X # Y He3aBHCHMBI, TO KOppPeJALHOHHBIH MOMEHT
H Ko3(p(pHUHEHT KoppeasiHH pasHE HYJIO,

Papencreo Hyq10 KoadduilHeHTa KOppeasiuH SBAAETCH
TOJIBKO HeoOXOJMMbBIM, HO HE€ J0CTaTOUHBIM YCJIOBHEM 171
HEe3aBICHMOCTH CAYUAHBIX BeAHUMH. DTO 3HAYUT, 4TO MOZKET
CYLLIECTBOBATL CHCTEMa 3aBHUCHMBLIX CJVYaHHBIX BEJIHYMH,
KOPPHILHEHT KOoppeasdallnd KOTOpOH paBeH HY/JIIO.

pe ciyuaiinble BeNHYHHB X H Y Ha3bLIBAIOTCA HE K 0P -
DeNHpPOBAHHBMH, ecJn HX Kos(hpHIHEHT Koppens-
IIHM paBeH HyMo;, X M Y HazplBaTCA KOpPpPEeJHPOBaH-
HBIMH, ecaH HX KO3(QOhHUHEeHT KOppeasluHH OTJAHYEH OofT
HYJIA.

CrnejoBartesibHO, €cJiH cayuaiiibie BesnuuHnl X u Y nesa-
BHCHMBI, TO OHH 1l HEKOppeJHPOBaHbl, HO H3 HEKOppeJHpOBaH-
HOCTH CJAYy4YaHHEIX BeJHUMH HeJb3d B oflieM cJydae cjejath
BLBOZL 06 HMX HE3aBHCHMOCTH.

Kpome KoppensilHOHHOrO MOMEHTa H Ko3(dpHIlHEHTa Kop-
peasiliiM, B3aUMHAs CBf3b JIBVX CJAVYAHHBIX BEJHYHH MOMET
OLITh ONMHCAHA C TOMOULLIO JIHHHHE perpeccHi. [elcTBUTENABHO,
XOTH NpH KamAoM 3HaueHHH X = x; BeJHYHHA Y ocraercs
cayyaiiHoH BeJNHUHHOH, JAOMyCKalolleH paccedBaHHe CBOMX
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3HAYEeHHA, onHaKO 3aBucHmocTh Y ot X cKaswiBaercs 4acTo
B H3IMEHEHWH CPEeJHHX pa3MepoB Y npH nepexole or oJHOro
aHaueHus X K JApyromy. Ty 3aBHCHMOCTL H ONHCHIBAET KpH-
Bafi PerpeccHH: y

y = m, (x).

AHalorHyHbie pacCcyzx<1IeHHA MOKHO TNPHBECTH MPH OMH-
CaHHM KpHBOIl perpeccun X ot Y.

BeigncaeHne 4HCOBbBIX XapaKTepPHCTHK cHCTeM JABYX Cay-
YaiiHbIX BEeJINYHH MO ONBITHLIM JaHHBIM GYy/JeT H3/0MKEHO
B pasjene O HaCTOAULEH TJaBHI.

5. OGPABOTKA ONbITOB

OaHomepHbIe Caydaithbie seanununl, Yuciosoe xapakmepu-
cmuku caydaiubix seauiun. ITlyete nmeeTca caydaiiHas Be-
guunia X. O6osnauum uepes M (X) maremarnueckoe oxH-
nanue X, gepes D (X) — ee jaucnepcuio, f(x) — naoTHOCTE
pacnpelleIeHHA.

Ilepswi#t cayuwai [laa onpeaesrenuss STHX Xa-
pakTepHCTHK Haj BeJHuMHOH X NpoBeleH0 1 He3aBHCHMBIX
ONLITOB, JAABLIHX Pe3YJbTATH: X;, Xa, . ..y X,

Hau,&em ouenky s M (X) u D (X).

B kavecrtBe oOleHKM A MaTEMaTHYECKOIo OMHIAHHA

(06031auM ee X) ecTecTBeHHO NPeJIOAKHTD CpeiHee ap Hpme-
THYECKOE NOJIVYEHHBIX 3HAYeHHI:

i

-

2 xi

= =1l

= .
n

BTtopoit cayuai. B N ne3aBHCHMBIX HCIBITAHHAX
X npuHHMaer n 3HaueHHil, npHyem 3HavyeHue x, uabsiona-
Jochk m; pas, Torjia cjydainas BenndynHa X 3ajlaercst cra-
THCTHUECKHM PHJIOM CJeLYIOllero BHJA:

o A TS
O P SR

a OleHKa MaTeMaTHYeCKOro OMHWIaHHA X onpeneasierca
thopmyoii:

n
1
z_l Ximi

r=tl (229)
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HJIH

o E XiPi - (230)

-
e
Pi="F
H
&
N E m;.

[Ipn Gonbiiom uyucae HenbitauHé (N > 50) n Goabluom
pa3HooOpasHH 3HAUYEHHH X, TOJYYAEMbIX B pe3yJbrare
ONbLITa, MOJNE3HO OOBEIHHATH 35TH 3HAYEHHA B TPyNNel, HO
Tax, 4yToGB 3HAUEHHA X;, MOMajaiolmHe B OAHY rpynny, e
CAMIIKOM OTJIHYAJHChL JPYr OT JApyra, a 4YHeJO X; B OAHOM
rpyine Obiio nopsifika 5—10 3nauendii. B stoMm cayuae
CTaTHCTHYECKHH PANL MOMKET OHITh MPEACTABJIEH B TAKOM BHJE:

Ij_l i If I] ! .rll .xE Ty, ¥ xﬂ w @ w xﬂ—l_-xﬂ.

m; 1y my ‘e m,

s BHYHCIEHHA X B 3TOM C¢Jydae 3HaueHus x; Oepyrcs
PaBHbLIMH CEepeluHe HHTepBaJa.

B KauecTBe OLEHKH sl HeHsBecTHoH aucnepcHu D (X)
caeayer 6parh cTaTHCTHYECKYIO ancnepcHio D (X), BblUHCsE-
MYIO L8 [epBoro cjaydasi no gopmy.e:

n

E {-':r' _E]E'

D(X)="=

’ (231)

n— |

a sl BTOpOro cayuas no gopmyJe:

|

A E m; (x; — x)°
D (X) = ———— : (239)

3ameTHM, 4YTO CYMMY, CTOALIYI0 B 4HCJHTENe (opMY.JIbl
(232), ya006HO BBIUHCAATHE U3 PaBEHCTBA

— .z | 2
2 my (X, —x)" = Y mixi— N foIEJ
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WAH, €cAH BHIYHCIEHA X,

E i (J.’; _-1:‘}! = E m;x? . ?11'2.
3navenun x, D (X) HasbIBAWOTCH TOYEYHBLIMH OIEHKAMH
HenapecTHelx napamerpos M (X) u D (X).
B psane 3ajau TpeGyercsi HE TOJILKO HAHTH IL15l NApaMeTpoB
M (X) u D (X) HX ToueyHbIE OUIEHKH, HO OLIEHHTh TOYHOCTh
H HaJeKHOCTh 3THX OLEHOK.
Taxoro pona 3agayd ocoBeHHO aKTyadbHbl [PH MaJOM
qucne HabmoAeHHH, KOrJla ToYeyHble OUEeHKH B 3HAYHTeALHOMN

Mepe cayyafiHbl H npHGAHAKeHHan 3amena M (X) Ha x MoKer

MPHBECTH K Cepbe3HbiM oliHOKam.
Hrobm nars npeacraBjeHHe O TOMHOCTH H HAJEAHOCTH

oueok x H D (X), no/b3yioTCA TaK Ha3HBAEMBIMH J10BepH-
TeNbHBIMH HHTEpBaJaMH H JOBEPHTE/bHLEIMH BEPOSTHOCTAMM.

[Tvers aas M (X) nonyuexa 3 onbiTa omenka x. Mui xo-
THM OIEHHTh BO3MOXHYIO NpH 3ToM ommbKy. Haszuauum
HEKOTOPYIO I0CTATOuHO GOJIbliyI0 BeposTHOCTh P (Hanpumep,
p = 0,9; 0,95; 0,99), Takyio, 4T0 COGLITHE C BepOATHOCTbIO fi
MOXKHO CUHTATh NPAKTHYECKH JOCTOBEPHBLIM, H HaiiieMm Takoe
3Ha4YeHHe g, 1A KOTOpOro

P(lx—M(X)]| <e) = p. (233)

Torpa auanasoH nNpakTHYECKH BOSMOMHBIX 3HAYEHMI

ownGKM, Bosuukaomeh npu samene M (X) nHa x, OGyjer

=¢, Doabuive no peanyune owHOGKH OYAYT MNOABAATHCA

C ovYeHb MaJjIoH BepoATHOCTHIO o = | — P
[lepenumem (233) B Buze:

P(x—e <M(X) <x +8) =8. (234)

PapenctBo (234) nokasbiBaer, 4To € BEpPOATHOCTBIO P
HeusBecTHoe snayenwe napamerpa M (X) nomagaer B HHTEp-
san Jg:

Jg = (x — e, x -+ 8).
BepoaTHoCTh [ NPHHATO HA3BLIBATL JOBEPHTENLHOH Be-

POATHOCTBIO, HHTEPBaa Jg — JOBEPHTENbHBIM HHTEPBAJOM.
Moxuo nokasars (E. C. Bentueas, 1964), uro pepost-

HOCTh HepaBeHcTBa —e < x — M (X) < & Gyjner pasHa
eV'n
ds[ = a
Orxyaa p = t;b("' ﬂ" )
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m—

eV n

O6o3naunm = {p. [lpn sanannom P nas obaeruenns

BLIYHCICHNH £ cOCTAaBJAEHbL CheélHaabible TabaHlL COOTBeT-
CTBYIOLLHX 3HAueHHi fp.

3
I a
B B | f ‘B i B i B ‘8
|
| | I
0,80 1,282 0,86 1,475 § 0,91 1,694 | 0,97 2,169
0,81 1,31 0,87 1,513 | 092| 1,76 0,98 | 2,326
0.82 | 1,34 0,88 | 1,554 | 093 | 1,81 (099 | 257
(0,89 1871 | 0,89 | 1,597 0,94 | 1,88 | 0,997 3,00
0,84 1,404 | 09 1,643 { 0,95 | 1,91 0,990 | 3,29
0,85 1,439 h 0,96 | 2,053
3nan s, Halnem e:
g = e |
o T

Torna nopepuresbHBI WHTEpBan Jg:

0

lg= (5:— thre, ~?+rﬂ-i§;=).

Mpusmep 6. [lycre paamuocrs W; gecatn obpasuos (n = 10), oroGpask-
HEX Ha OJHOM v Toft e rayGHHe IAHHOrO paipesa, NpHHHMaeT caelywuine
3HaAYeHnA!
i | 2 3 4 D 6 a8 4 LU
W, 0,266 0,27 0,268 0,29 0,205 0,276 0,3 0,280 0,28 0,285

TlocTpouts AoBepHTeALHBIA HHTEPBAA 1AM W  coorsercrayiowuii Lo
BepuTeabHOll seposthocTh P = 0,8

10
W = l; Z W, =0,280
I
= Z (W, — W)
D(W) = 3 = 0.00014: o=0,012.

[pu P = 0,8 fp = 1,282 (em. rabavuy na c. 221):

)43 :
RS Y Hrf — 00,0048
1 n 110

Foraa W apunansexnt  awtepsany /g:  Jg = (0,280 = 0.0048)
¢ peposThocteio = 0.8

CyuiecTeyer Kparkoe [pakTHYecKoe mnpaBujo npuosu-
Aennoit ouenkn M (X) npn nomoumn x u o: ¢ 00JbIUIOH Be-
POATHOCTLIO (0OBIUHO KOria pacnpefeseHHe C¢ay4yadHHoH Be-
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JIMYHHBl He CJHIIKOM OTJHYaercsi OT HOPMAaJbHOTO) MOXKHO
nﬂ.‘lEl"ﬂTh yto 3HayeHuwe M (X) s3aknawuaercs B rpaHHuax

30
e M (X)) <
* r’ Vn :
AHAJIOrHYHBIM CNOCOGOM MOXKET ObiTh MOCTPOEH LOBEpH-
TejbHbIH HHTEpBaa aas aucnepcuu D (X).

Mycrs aas aucnepeuu D (X) nonywena ouenka:

u (x; — x)°
ki e Eﬂ—ul : ;

TpebyeTcs nocTpoHTh ANA Hee JOBCPHTEIbHHA HATepBaa J /p © Aobepu-

TenhHOf BeposTHOCTHIO [} B JoBepHTeARHBIMH rpammuamu D (X) == e,.

B stom cnyvae, Kak W npexae, aas sajanmoro P no tabanue Haxogum
ig, 4@ g; BLIMHCAUM no Qopmyne

080412 -

g, = 1,282 V%{%-ﬂ.ﬂms — 0,0625.

OuesuiHo, Momer ObiThb peliesa ® ofpaTHasa 3ajava:

3ajaBasfich TOYHOCTBIO fg MpPH HaXOXIAEHHH X H 3HaA o,
MOXKHO BBIYHCAHTH 00BEM BRIOOPKH n JL1s NOJYYeHHs 3ajtaH-
HOH ToqHocTH. [leHcTBHTEBHO, NYCThL Tpebyercs, urobbl He-

TOYHOCTD IIPpH GHPEHEJIEHHH X HE TIPEEHIHEJIE HEHDTDPGFG 3Ha-
yeHHA A, T. e.

¥
lg—— =< A,
i3 Vn
Orciojla nerko HalTH n:
2.2
i’ﬂﬂ
Az
Ha npaxkTHke oObI4HO 3a1al0TCA He abCOJIOTHON HETou-

HOCTBH ﬂ. 4 OTHOCHTEJbHOH HETOUHOCTBIO E':. KOTOpan onpa-
JejqaeTcad H3 COOTHOWIEHHSH:

fn=

E=__€'ﬂﬁ__+
xVn

Peinas nocaeanee paBeHCTBO OTHOCHTE/BHO 1, TOJYUHM

rae n — HauMeHbIUHH JoNyCTHMblE o6beM BBIGODPKH.
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B nauem npumepe (npusmep 6) onpeneams n, ecan € = 0,02:

(1282 (0,028
0,027 "~ @28)F = Y

n > 8.

Beejiem elite 0JiHY XapaKTePHCTHKY CJAyYaHHONH BEAMUNHbI.
Yacto GbIBAET HYIKHO CPABHUTh U3MEHUMBOCTb Pa3HOPOHLIX
BEeJIHYHH, HATIPUMED BJAXKHOCTH H TJIYOHHBL.

Jas TaKoro CpaBHeHHs X H O He roiaTcs, TAK KAaK OHH
caMH B 3TOM cJjy4ae fIBJAAIOTCS PasHOPOAHBIMH BeJHYHHAMMH.
[TosToMy HYIKHa OTBJIEYEHHAs Mepa H3MEHUYHBOCTH, HE 3aBH-
cAlulas OT eJHHHIL H3MEepPeHHsi CpaBHHBaeMblX BEeJIHYHH.
Taxyio Mmepy mnpeiacrasjsieT Ko3(pHUHEHT BapHauHH, HJH
H3MEHYHBOCTH, U,, paBHbIl CTaHiapTy, BbIpameHHOMY B Npo-
leHTax 0T CpejlHeH:

U, = 2 100.

X

Mpumep 7. [lycrs Aas rayGHHL h=1; oy = 0,1, a cpeansns BaaK-

HocTh Ha arell ray6uue W = 0,322 (aow = 0,005).
Toraa

100 = 1,60,

= ---]-ﬂ 100 = 10%;.

CpasrnBan TeNepb Uy, H Up, MOMEM CKA3aTh, 4TO B IAHHOM OMLITE MpH

JHAYHTCIbLHELIX  H3MCHCHH AX r.ﬂ}'ﬁ]tlllﬂ BJIAKRHOCTL HIMEHACTCH He3Ha-
URTEIBNHO.

Beipasnusanue cmamucmuveckux pados. B pesyabTarax
ONBITHOTO ONpeleJeHns Toi HJAH HHOH BEJAHYHHBI BCerila
NPHCYTCTBYET 3jeMeHT cayuaiiocTH. OOBACHACTCH 3TO TeM,
yTo uHCJo HabglAeHHi Bceria orpasiH4eHo, uro npou3se-
JeHBLl HMEHHO Te, 4 He JAPYIrHe OnbiThl, AaBlIHE HMEHHO 3TH,
a He Jpyrue pesyabrarbl. To/bKO NMpH oYeHb OOJBIIOM YHCE
HaGmMONEHHMH JEMEHTBl CAYYalloCTH CT1amHBaloTCsd, H Cay-
uaiiHoe spJeHHe B noJiHoH mepe ofHapy:KHBaeT INpHCYILYIO
emy sakoHomepuocTb. ITosromy npn oGpaGoTKe cTaTHCTHYe-
CKOro MaTepHaJa 4acTo NPHXOMNTCH peliatbh BONPOC O TOM,
Kak nosobparth /s JaHHOTO CTATHCTHYECKOTO pfAla TeopeTH-
HECKYIO KPHBVIO pdf”]'l'l.":"{E JEHHH, IHPHH{HMIH,Y JHIb C}'lllE-
CTBEHHBIE YepThl CTATHCTHYECKOro MaTepHana, Ho He cJiyuail-
HOCTH, CBA3aNHHLIC C HEAOCTATOMHBLIM OOBEMOM 3KCNEepiMeH-
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TaabhblX JlanHelX. Takas 3ajaua HasblBaeTcs 3ajauelt BbIpaB-
HHBAHHS CTATHCTHYECKHX PSIIOB.

[puHuMNHaAAbHLI BHA TEOPETHYECKOH KPHBOH pacnpe-
neneHus, KakK npasugao, BuOHpaercs sapaHee H3 coobpaike-
HHil, CBA3aHHBIX C CYILECTBOM 3ajla4y /K C BHEUIHHM BHIOM
cTaTHCTHUECKoro pacnpejesenns. Toraa anasuTnueckoe Buipa-
JKeHue BLIGpAHHON KpHBOH pacnpeie/edHHs 3aBHCHT OT He-
KOTOPBIX 1apaMETPOB; 3a/1a4a BhIpABHHBAHHA CTATHCTHYECKOrO,
pAja MepexojuT B 3alauy Beibopa TexX 3Ha4YeHHH napamer-
POB, NPH KOTOPBLIX COOTBETCTBHE MEMY CTATHCTHYECKHM M
TEOPEeTHYECKHM pacnpeiesenHeM OKa3blBAeTcs HaHJYULIHM.

Hanpumep, nycrb H3BecTHO H3 anpHOpPHHIX coobparxeHnun,
4yTo BeaHuHHa X MOAYUHAETCS HOPMaiabHOMY 3aKOHY, T. €.

] L x—x)?
X) = ——¢ 0} :
A ol 2
Torna 3asava BeIpaBHHBAHHA NEpPEXOAHT B 3ajauy o pa-

[HoHaabHOM BhiGope napamerpon x; o. OauH H3 Hanbosee
pacrnpocTpaHeHHbIX MeTOJOB, MO03BOJAIONHX BuIOpaTh napa-.
MeTphl, 3TO METO1 MOMEHTOB,

CorsiacHo METOAY MOMEHTOB TNapaMerphl pacan*lE:lEHHH
BHIGHPAIOTCSH € TAKHM pacyeroM, 4ToObl HECKOJIbKO BasKHEH-
WHX YHCJAOBBLIX XapaxkTepuUcTHK (MOMEHTOB) TEOPETHYECKOTO
pacnpejenedun OblIH paBHbl COOTBETCTBYIONINM CTAaTHCTHYE-
CKHM XapakTtepHcrukam. llanpumep, ecan Teopernueckas
KpHBaf 3aBHCHT OT JIBYX MapaMerpoB, T0 3TH napamerpal

BbIGHPAIOTCH PABHBIMH MaTeMaTHYECKOMY OMHAAHHIO X U
aucnepenn D (X) crarHcTHuecKorod pacnpejeseHns.

Mpumep 8. [lycre npownapepeno 30 navepennit saawmuoctn W anm
AAHHOTO THMA NMOYBHL, NPH HEKOTOPOM SHAYEHHH BCACKIBAIOWLErO AABJIEHHS,
PesyastaThi H.’]MEI}EHHﬂ OGheAMHelL B /1 TPYNN (1 = 7) W UPEACTABJCHE |
8 BiJe CTATHCTHYECKOro psjin:

Wi % 24 25 26 27 28 29 30
m, 1 2 5 12 ) 3 1

p;i = =5 0,033 0,066 0,167 04 02 01 0,033

OnweT nojckassisaer, 4To pacnpefenenie pejuuuin W noguupsercs
HOpMaJAbLHOMY 3aKoHy. (CilelopaTe/bHO, HAINA 3a/a4a CBOANHTCH K BuIYHCJAE-
HHIO MapaMeTpoB STOro 3aKOHAa.

OnpegennM nJ0THOCTL pacnpelenexdas sepoatnocti [ (W)

: = I (W, —ﬁ'_li] 235 |
W) = — ) —_— . { ]
i Vam ¥ [

20
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Byaem cuMtaTh B STOM pachpe- W)

neTeHHu: 04

%%

77

L piW,;=27,1. égj

Bropoil napaMeTp NoOJOKHM paB- ;:ﬁ

HHM CTAHLAPTY pacnpeienents: gg
: Vr}: (W; —W)p; = 1,27, ‘g‘{ 3
[orer: - 4 77 %%‘
loacTapans noayuenuue 3uave- %ﬁ‘ﬁ/

it W n o b Qopmyay (235) n npu- /ﬁ,f
nasas W pasiHqHbIE 3HAMEHHSH, NO- ‘/ﬁ' '/’
avius menpepusnyio kpusyio f (W), %#’#%

Apan MOV Hall  CTaTHCTHYe-

ok P

Kpumepuu coeaacus. Ilycrs i
HEKOTOPOE CTATHCTHYECKOE pac- 29,20 % 27 28 &' S0 W
npejieeHle BEIPABHEHO € No-  Pue. 60. MuctorpaMma BIamso-
MOULLIO HEKOTOpPOH TeoperHye- crd W # BupasnuBaoulas ce
CKOIl KpHBOIl f (W) (pHc. 60). KpHBas pacnpeiejeHus
Kax Ob xopouio HH Oblia
nojo6paHa TeOPETHYCCKas KpHBas, MEsLy Helo H CTATHCTHYE-
CKHM pPsijloM HeH30exKHb HEeKOTopble pacxokienusi. BosHu-
Kaer Bonpoc, oOBACHSIOTCH JH 3TH PacXoXkKAEHHA YHCTO
CAVHAHHBIMHM  (PAKTOpaMH, CBf3aHHBIMH ¢ OrpaHH4eHHBIM
qucaoM  HaOnoAeHnil, HAW OHH ABJAIOTCH CYHIECTBEHHBIMH
H CEfA3aHbl ¢ TeéM, 4YTo BuiOpaHHas KpHBas [JIOXO BbIpaBHH-
BACT CTATHCTHYECKoe pacnipeneneHne. [1is OTBeTa Ha TaKoH
BONPOC CJYKAT TaK HasbiBaeMble KPHTEPHM COrJIacha.

3nan TeopeTHuecKHil 3akoH pacnpejenenus f (W) nas
Kaxioro HabawogaeMmoro suaueHus W = W, nai’[ﬂeu Teope-
THYECKHE BEPOATHOCTH H3 cooTHowenus (239):

-lr'IWr ) = P
f{w’:} "_Pu,r
f':‘.wru = Php-

Tpebyerca yCTaHOBHTB, COIJIACYIOTCA AH 3TH «TeopeTHYe-
CKHC» BEPOATHOCTH C pe3yjabTaraMmil SKCrepHMeHTa.
I3 kawecTBe mepbl pacxoxienna llipcon BBen CJIeNyIOLULY IO
BEJIHYHHY:
K
Y (pi —pi)?
Pi i

*w =
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HJIM, BbIpakas 4yepe3 YacTOThi!

%

9
m; — np;)* ' s
= Z ( ‘rip,-pd , TRhe ;= np,.
=1

Pacnpepenenne y4* 3aBUCHT OT NapaMerpa r; HasblIBAEMOTO
YHCAOM crenenelt cBobojbl. YHcao creneHeil cBoGojiLl r
pPaBHO YHCJAY paspAlOB K MHHYC YHCJO HE3aBHCHMBIX YCJIO-
BHH S (CBf3€H), HANOKEHHBIX Ha YacTOTHL -

Hns HOpMadbHOTO 3S4KOHA pAacCnpelleleHHs YMCIo CBf-.
3€H § paBHO TpeMm:

H =1
1. Ypi=1.
=1

3. V(W,(—W)p =0

Ilnsi pacnpenejienHs * cocTapjeHbl cneuyajbHble Taf-
auusl (cm. upraoxende 2). [loabsysace sTuMH TaBauiamu
IJIA KakoTo 3HaudeHHs ¥® M uucaa cTeneHell cBoBoibl r,
MOMHO HaHTH BEpPOATHOCTh F TOro, YTO BeIHYHHA, paciipe-
neneHHas 10 3aKkoHy %%, npepsofifer 3To 3HayeHue. B npu-
JIOMEHHH 2 BXoHaMH SIBJAIOTCA: 3HaueHHe ¥® H YHCJO CTe-
neHeil ceoboasl r. Uucena B rtabauue npeictanasior coGoi
COOTBETCTBYIOIHE 3HaueHus F. '

Pacnipenenenne y* naer BO3MOXHOCTb OLEHHUTh CTENEeHb
cCoraaCoBaHHOCTH T'ED]JETH‘IECHGI‘U H CTATHCTHYECKOTO pacnpe-
JejleHui. ByjeM HCXOINHTE H3 TOro, uro BeauyuHa W jei-
CTBHTENBHO pacnpenenena no 3akouy f (W). Torna sepost-
HOCTh P, onpeneseHHas no tadMie, ecTh BEpOATHOCTh TOTO,
YTO 38 CYET YHCTO CAYUaHHBIX (AKTOPOB MEpa pacxoiaeHH s
TEOPETHYECKOTO W CTATHCTHYECKOro pacnpejesneHuit Oyjer
He MmeHbiue, ueM (akrTHuecku HalJlojaemMoe B JaHHOH cepHH
oneiToB 3Hauenne y*. Ecau seposatHocTs P Mana (HACTOJBLKO
Majla, 4To- COOBITHE € TAKOH BEPOATHOCTHIO MOMHO CUMTATH
NPAKTHYECKH HEBO3MOXKHKIM), TO Pe3yJabTaT ONbITa Cjaelyer
CUHTATh MPOTHBOP-EY AUl UM THIOTE3e O TOM, HTO
3akon pacrnpenenenusn seanuyunnl W ects [ (W). B srom cay-
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yae THIOTe3y cjelyerT oTOPOCHTh Kak HenpaelolojloGHYIO.
M, naobopor, ecan P BeJiHKa, MOKHO IPH3HATH PACXOK1eHH
MEKY TEOPETHUECKMM H CTATHCTHUECKMM pacnpenejeHHeM
HECVILECTBEHHBIMH, ['HNOTE3y B 3TOM cayyae c/aeayer mpH-
HATh.

Mrak, cxeMa NpHMEHEHHUSI KpHTEpH# %* K OUEHKe corJia-
COBAHHOCTH TEOPETHYECKOr0 M CTATHCTHYECKOr0 3aKOHOB
pacnpefleleHHss CBOJHTCS K CIeAYIoemMy.

1. Onpeneasiem y*:

i

5 (m; — np;)*
Wi Z np; :

f==l

2. Onpenensiem uMcjo creneHed cpobonwt r:

r=n—s,

rie n — 4ucjao HabmojeHuit (Mad rpymnm);

5 — YUCIO CBSI3eH.

3. 3Has r u y®, H3 npujokenus 2 onperensem P. Ecau
P mano, To runoresa ordépacHBaeTCH.

B paccmorpennom Boiie npumepe (cm. puc. 60): %* =
= 17T =2; r=8—8s=7—3=4 P =(,7308.

ChenoBarenbho, Teoperwueckas xpusasa [ (W) ¢ napa-

merpamu W = 27 1; ¢ = 1,27 ¢ 10cTaToyHOH JOCTOBEpPHO-
CThI) OIHCBIBAET 3KCNEepHMEHTAJIbHBIE PE3YJAbBTATHI.

Kpome kpurepusa %*, Ha NPakTHKe NPHUMEHAETCS ele Pl
KpuTepHes corsacus: Koamoroposa, Becreprapaa u ap.

ABymepHble cayvaitibie BeauuHHbl. Bowucienue cmamu-
CIIuMecKuUX 4ucaoguix xapakmepucrnurx. Kax yike yKasbiBa-
JOCh BHILIE, J1Jisl IBYMEPHBLIX CJAyYalHbIX BEeJHUYHH HayaJbHbIE
MOMEHTBl THNA @i, W UEHTPAJLHBIE MOMEHTH ., ABAAITCA
YHCJOBBIMH XapAaKTePHCTHKAMK JIHILL BCAKOH OAHOMEpPHOH
CAVHaHHOH BeNMYWHE], BXOAMILEH B CHCTEMY, HO HE HeECYyT
HiiKAKOH HH}OpPMALHH O CBASH MEXIY OJHOMEPHBIMH CJY-
YaiHBIMHU BeJIHUHHAMH, ﬂﬁpﬂﬂ}'lﬂﬂllIMH CHCTEMY.

PaccMOTpHM METOAHKY pacyera KOPpPeasUHOHHBIX MO-
MEHTOB, KOo3hhUIMEHTOB KOppeasiHH M perpecCHOHHBIX 8a-
BHCHMOCTEH 1 CAYUad CHCTEMH JIBYX OJXHOMEPHBIX CAydah-
HbIX BeJHYHH.

[lycte Tpebyerca YCTAHOBHTL lalH4yHe H TECHOTY CBA3IH MeMIY CKQ-
POCTLIO U H TrpaadeHToM uanopa [ AnA SKcnepuMeHTa, NpelCcTaBAEHHOro
Ha puc. 21. E’Eﬂ}'nh’m"m OUILITOB MpHDEZCHH B BHIE KOppeafdliHoHHoH
TatUTH L.
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Koppeasusnonnaa tabanna A i

v -
0.1 I 2 4 b ny &
2 4 4 :
3 l 1
4 £
g 1
1
7 1 1
8 5 i
9 l ]
10 2 7.
12 I 1 ’
13 1 1 h:
15 3 3 |
my 4 6 8 3 4 25 -3

Koppensuuonnas Taliinla cOCTaB ena Tak, uTO B aesoil nepeoi rpade &
3AMHCAHB BCE BOAMOMHBIC 3HAUEHNSN nepesendoil /, p pepxHeR cTpoxe —
nepementoit v. Ha nepecevenrn rpadn crpok TaGaMlbl CTOAT HACTOTHI 7,

O3HAMADILHE, CKONLKQ Pas NpH A4HHOM 3HaYeHHHA / BCTPETHJOC b CGGT‘HETET+'._
BYIOIIEE 3HAYEHHe ;¢ m, — CYMM& uacToT no cronbuasm (crposam v) .4
fi, — CyMMa 4acToT no crpoxam (crpoam /). : 4

i oferyeHus BHMHCAHTENbHEIX Onepauui npu onpefesentn K
A, YROGHO 3aNOAHMTL CcOefyioutne Ta0/HubL.

Ta6anunua b

' a % 3 a B
o .- y b2l Dy nggta: - CuMMa. 5f N to
CTPORM © v cTpoam [ !
1 2 a 4 a & y ]
0,1 4 2 4 8 0,8 0.4 0,8
1 6 3 1 24 24 1 3
2 8 4 4 (G2 124 4 16
4 3 5 1 32 128 1 3
b 4 6 | 58 348 2 12
T | 2 14
8 5 10 80
g | 2 18
10 2 8 80
12 | 4 44
13 | 6 I
15 3 18 270
25 25 184 624 ,8 o8,4 624,85




e el

i

I'papsl 1—4 sTolt TAGNRUL 3aN0AKAOTCS HeNoOCpelcTBeHHO M3 Tab-
quunt A. Tpada 5 3anonnsercs caenyousm ofpasoM: GHKCHpYeM aHaUeHHe U
(vy = 0,1) 1 yMHOMaeM Kakiloe H3 BOIMOMKHBIX 3HAueldHd f Aas sTOrO U
Ha COOTBETCTBYIOIEC 3HAYEHHE HacTOTH n
2-4 = B,

3-1+ 4.4+ 51 =24,

[-!1 = {:.I']I
te = 1,
Py —

f:-':

2, 614714 85-+81= 62

Fpada 7 sanoanfetcs aHaNOTHYHO, HO (PHECHPYIOTCA YiKe 3Have-
uua . JLaa 3anoanenna rpafut 6 RY:KHO 3HaveHHd rpadul | YMIOMKHTE Ha

TaGarnab
4z :
! ny nyd nglt I np nyl npl?
I
1 2 3 4 1 2 3 4
2 4 8 16 9 1 9 81
3 ] 3 9 10 - 20 200
4 4 16 64 12 I 12 144
8 1 5 25 13 1 13 | GE
6 1 §] 36 15 3 45 (75
7 1 7 49
5 2 10 920 25 | 184 1788
COOTBETCTBYIONLCE anatesne TaGanua T
rpagu .
B rpaje 8 npegcrasaeno
NpoRzeelende 3HaYeHAl rpa- . G g ik
st |3 Ha COOTBeTCTBYlOLLEE - . v ¥
suadenne rpadst 7. B no-
cavanelt crpoke Tabanum 3a- ! : 3 4
HeCel CYMMbL no rpadgam 2,
d. 5, 6, 158, 0.1 4 6,4 1,04
danonnenne TaGauu B 1.0 6 * 6,0 65,0
W [ ouesHAHO B noAcHEHHH 90 8 16,0 29 0
He Tpebyer. 4,0 3 12,0 48,0
3amMeTnM cpasy, uTo cyM- 6.0 4 24 0 144.0
MH 1o ctoaGuam G 0 8 nodssip
OnTh papnmMH, TaK KAK OHH
NPeACTABAAOT OQHY H TV HKE
25 o84 230,0

cyumy ¥ n, Ju, ToALKO no-
- I-l- fl.l'
PAIHOMY BEIMHCTEHHYIO. .

-

OGosnaunM CYMMBI 110 CTPOAIM ©U M CTPOAM J COOTBETCTBCHHO [ H 3

B JauioMm [pHMepe I

- 184; v= 58,4.

Briuncanm cpegune auauenusn © 0 /[:

- v 584
SRR o PR

8 H. @, Rongapeuaxo

= 2,3;

T

I 184

n

= =

25

7,4.
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AN BHYNMCAEHHA  KOpPPensiHOHHOrG MOMEHTE YA0GHO BOCNONL3O-
BATLCA chaeayouelt Gopmyson:

Y r:“,."u

Kyym -2 M L L T T
n

ILnst BRHCACHIS O 1 O, BOCHOJIL3YEMCS CIAYIONIHMH COOTHOLICHH SIMH;

1.11"- |
]/-"' i -_Vﬂﬁ-——?q ITE
"1
ST Ve i
e -'.l n

25

Teneps HeTpyano nafiTh # KOSDPHUHCHT KOPPEAAlUHE r:

K 8
.r”r— ﬂ;ﬂu = 24.' Hﬂﬂ_g?.

OcHosrsie ceoticmea kosghpuyuenma xoppeasiyuu. Kospdu-
UWHEHT KOPPEJIsILHH XapaKkTepHu3yer cTeneHb TECHOTbl JIHHell-
HOH 3aBHCHMOCTH MEKLY CAVYaHHBIMH BeJIHYHHAMH.

Ecaun cayyaiinsie eanunHpl X u Y ceAsanbl GyHKUHOHAb-
HOH JIMHeHOH 3aBHCHMOCTBIO:

Y=uax 4+ b, 10 ryy = *=1.

Cayuawo r = --1 COOTBETCTBYET NOJIOKHTENbHLIT KO3(d-
guumnenT a, a X u Y o/HOBpEMEHHO HJIH BO3PACTAIOT, HIH
vOuIBaloT.

Cayuao r = —1 coorsercreyer a < 0; 31ecs ¢ Bo3spa-
crannem X yOsiBaer Y H naoGopor.

Koraa r = 0, mexny X u Y auneitnoil Koppeasuun uer,
HO HPHB{HHI!EFIHEH 3aBHCHMOCTL MOJMKET CVULeCTBOBATE.

B obuiem cayuae, xorjga X u Y cBa3aHbl NPoOH3BOJILHON
BEPOATHOCTHOH 3aBHCHMOCTLIO, ry, MOMET HMETh 3HaueHHe
B npegeaax —1 < ry, < -+1.

Y pasHerue npamoiunennon Koppeasyuonnon ceasu. Ilpu
NMOMOIULH KO3(PHUHEHTOB KOppEeadallHy H CTaljlapToB Oy H Oy
MOHO HamnHCAaTh VPp4aBHUHNE, Bbipadscaioniee rlHﬂEﬁH\'iﬂ KOp-
PEJAILHOHHYIO 3aBHCHMOCTL MeH1y Beanunnamu X n Y.

[lyers x u y — cpeanue, oy, 6, — crapjaprel Beanyud X
H Y, KOI(PPHILHEHT KOppeasiuHH MemAY HUMH 0003HAMMM r;
0Go3HaunM yacTioe cpennee sHadeHve Y npu puKcHpoBau-

HOM X 4Yepes y,.
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Torna ypasHenue npaMOJHHEHHONH  Koppe/siHOHHOMN
cBA3n Y ¢ X MOMHO 3anHcaTh B BHJE:

- - UF
Hyim i = FE

-

(x—x) (236)
HJH
U}r
oy

y=ax-+b,rae a=r Hbh=y—zx

10 ypasHEHIE TOKA3LIBAET, YTO OTKJOHEHHS YacTHBIX

CPeAHHX 3Hayenuil y, or Nx obuiell cpennedi (y) nponopiHo-
HAJbHEL COOTBETCTBEHHBIM OTKJOHEHHSIM BeJHYHHHE X OT

ee cpeanelr x. KosdpduunenT nponopiuuoHaJbHOCTH paBeH

9] 0.,

A " e X o Y
NP ITOM 7 o 4acTo ero o6o3HayaloT yepes p, (\pﬂ = ?1{-)
11 1aspiBaloT Koapduuuenrom perpeccuu Y na X, Vpapuenue
(236) naswiBaetcs ypasHeHHeM perpeccHn YV Ha X,

B namem cayuae:

g
Po=r—o =097 —_ﬁf ~ 0,47.
! »

A ypasHeHHe perpeccHn v Ha [ sanuinercd B BHAE: U —
= (0,471 — 1,4.

Oyenka u cpasuerue xKospuyuermos roppeasyuu. Kosb-
(HUHEHT KoppeasuuH HaiiieH no GoabllioMy uHeay HabJio-
nennit (n = 50).

B sToM cayuae craHpapt Koa(pHIMEHTAa KOppesilliH
(0,) pasen:

” e
f I—"'r.l'_'l .

JTo o03Havaer, 4to c GOJBUIOH BEPOSTHOCTHIO MOMKHO
YyTBEPAIATh, YTO r NPHHALJIEKHT HHTepBaay J, : J
=80, T8 r— 30 < T <30,

IIpu n < 50 @, caenyer paccyuThiBaTh 1o (Qopmy.ie:

0, = ——

FII—I ;

= s
- r

Toraa, ecau
| rl

Or

=|r|Vn—1z=3,

TO MOXHO CUHTaTh f 3HayallHM, 4 CBA3h pPeajibHOH; ecaH e
|r|V'n—1 <3, 10 r oranyaercs or HyJAs C GOJbLIOH
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BEPOATHOCTRIO JIHUE CAYYAHHO H CBA3bL HAOIO/IEHHAMH B 3TOM
cayyae He JoKasaHa. ;
B unawem chyyae:

1
= =02

Ed| 0,97
TR > 3.

CaejoBaresibHo, CBf3b ¥ € [ MOKHO CHYHTaTh PeajbHOH,

Oyenra xoaghpuyuenmos peepeccuu. PacemoTpum cayuaii, -

Korjza o6mem BHIGOPKH 1 joctaTouHo Beqnk (n > 50). Ilycte

HMeeTCs Takxe vpaBHenue perpeccHn Y ma X ’
= 1

Yx—Y =p(x —X), rae p'—-r—il-

B srom cayuae cramjapt kosdduuuenra perpeccnu o, 1
ONpeneasAaeTca COOTHOILEHHEM:

_—
uﬂ ﬂ'x n_§

u ¢ GoJblioft BEPOATHOCTBIO MOMKHO YTBEPKIaTh, 4YTO
& (p = 3o,).
"Ecan n < 90, To onpexensierca BCHoOMoOrarejbHas BeJIH-
YyHHa [, H3 COOTHOLLUEHHSA:

/  ¥\2
pl E"x[-’f x) :

ty = :

rae

S = 'l/n—l-glﬁmﬂty%E}“*——iFme~—EFI-

B npuaoxennn 3 aasi K (K = n — 2) H BbIUHCJIEHHOTO
sHaueHun [, nafiaem BepoOATHOCTH P cayuyaiinblX 3Havenuit f,
KOTOpBbIE YHCJEHHO He MEeHblle MOJYYEHHOro 3HaueHus f.
Econ P mano, TO Haa0 CYUTaTh, YTO P CYLIECTBEHHO OTJAHYHO
OT HYJf, ecan P He Mano, TO  MOMHO CYHTATbL CJay4yalHO
OTHUYAIOLLHMCA OT HYJH, a perpeccHio He joKkasaliHoi.

Idnsn Bbluscaennsa [, B paccmMarpuBaeMoM npuMepe (cM.
Tabsa. A) cocraBuM BenomorarenbHble TaGauunm J u E.
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Ta6aunnma Il Ta6auwunwa E

E ':.5‘ .:r:
‘B Y :!,, = l:':.' -...1
! L = l | A
o s - E — s o L~
: 2- | 54 | 29,2 117
0,1] 22| 485 19,4 3 | 44| 194 19,4
4 | 34| 116 16,5
N T 10,1 5 | 24 | 574 5,74
6 | 1,4 l;].?ﬁ é.gﬁ
7 | 04 16 16
S OF 8 | 06| 036 118
9 | 1,6 | 2,56 2,56
4 | 1,7] 39 11,7 10 | 2,6 | 676 13,52
F I
_ 13 ; ! A
6 3,7 1138 55,4 13 7.6 58 174
»=973 3 = 435,2

Hcnonb3aya nosyuyenubie B Tabiuie JaHHble, Hailem:

§= 'V—ilgqg?,a —0,22-435,2) = 0,24,

__ 0,47 V' 435,2
fI—l 0*24 —4.'].

Nass k =n—2=23 >20n {;, =41 > 6 H3 npuao-
weuus 3 vaxoaum P (|¢] = 41) <0,0001, T. e. 3HaueHue
p = 0,47 MOMKHO CYHTATh MPaKTHYECKH JOCTOBEPHBLIM.
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