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BBEAEHHWE

Bo3zneabiBaeMbie 4e10BEKOM pacTeHiid NOCTOAHHO Haxo-

JATCH BO B3aHMOJEHCTBHH ¢ BHeuniel cpenoi, asJasioueics
HEOOXO/AMMBIM YCJIOBHEN CVIIECTBOBAHHS BCEro KHBOTO.

Kopeuuan 3allada HAaYUHOI'O 3eMJeleq st COCTOHT B TOM,

- 9TOObI H3YUHTH TPEGOBAIIH A PACTEHHIT K YCJOBHSIM CPe/ibl 1 pas-
~padorarh Hanboee apheK THBHBIE CITOCOOLI HX YAOBAETBOPEHHS,

DopMHPOBAHHE YPOyKas 1A CENLCKOXO3ANCTBEHHOM Moae
ABJIACTCS PE3YAbLTATOM CJIOKHOIO B3aUMONEHCTBHS Beex (ak-

TOPOB BHemiiell cpennt ¢ pacrennen. Cxema B3anMoieficTais

NOnyJasunil pacrednit ¢ sueineii cpenoit uszobpaxkena ua
puc. 1. 3aech wepes u,, ..., u, oGo3nayennpl yrnpabasemMple
(bakTopLl, T. €. TE MapamMerphi Cpeibl, KOTOpbE HaXOAATCS
N0/ BO3JEHCTBHEM YedoBeKa (Hanpumep, HOpMa Bhicesa ce-

MAH, CPOKH 1n0ceBa, 103bl BHOCHMBIX VI0OPEHHIT, HOPMbI M
- CPOKH noJinBa, BW/bl 00pAaGOTKH NMOYBLL U 11p.).

Hpyryio rpynny BHEINUX BO3ACHCTBUH X, . .., X, CO-

CTABJSIIOT HEyNpaBjifemMble, HO KOHTPOJIHpyeMmble (H3Mepsie-

Mbie) (paxTophl. K Tperbeii rpymnme oTHOCATCS TaKHe BO3jeii-

CTBUS, KOTOpHIE XOTS Il BAHSIOT HAa NPOLEce (GopMHPOBANMUSI

ypoxas Y, Ho HX u3MepeHue a1u60 HEBO3MOKHO, JHOO CBH-

3@HO C upe3BbYanHo OGOJBIIMMH 3aTparaMi, Ha KOTOpbie
B JIAHHBIX YCJOBHAX HE HAVT.

Ecan B cucreme nousa—pacrenne—armocdepa orpani-

HYUTBCS TOJBLKO IIOUBOI, TO H TOI/la OCTAeTCs OrpoMHoO€ KOJIi-

‘HECTBO HESICHBIX HJIH COBCEM HE H3YUYEHHBIX BONPOCOB.

ITousa sapaserca Toil (u3nveckoil cpenoii, B KoOTOpPOil

npouspacrator pacrenus. Ona JoJkHa obecneunBarh pacre-
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% | T HHUA BAAroit M NUTATEJAbHBIMH
l { l BellecTBaMi, a KOPHH pacre-
Y=\ fonyasuug HHH — KHCJIOP 0J10M; ONTH-
= emeHud %
3 o Majibible  ycJaoBHs  (POpMH-
a ' I I poBaHus  ypowxas Tpedyior
z FA

I
I nojjepzKanusa  Takxke CcooT-

Puc. 1. Cxema psanmomeficrsuy BETCTBYIOUIEro TEIIOBOIO pe-
nonyasuuit pacrenuit ¢ srewneft xuma nousbl. JloGHTbCSs apo-

SpeRoR rpeCCHpYIOLero  HapacTanus
NACAOPOJHA NOYBHI MOXXHO JHIIL OJAHOBPEMEHHO BOB}I@ﬁ-
cTBYSi Ha Bce 9TH (PAKTOPHI.

K pacrosiiieMy BpeMEeHM €lle He HAaKOIVIeH marepual,
MO3BOJASIONHIT TOBOPHTH 06 ONTHMAJBHBIX COOTHOIIGHHSX
Bcex (hakTopoB BHeUHeR cpeibl (MHOTOPAKTOPHBIH 3KCHEpH-
MEHT) JUUIst PasJiHYHBIX CeJIbLCKOXO3AHCTBEHHDIX PACTEHHH Ha
pasHLIX CTAAHAX HX PasBUTHs: GOJLIIHHCTBO JAHHBIX OTHO-
CHTCH K OZIHOMY HJIH ABYM (pakTOpaMm, BAHSIOUHM Ha YPOXKaH,
npu npounx (GaxTopax, HaXOAAUMXCA B H3OHITKE (MpPHHLLMI
auMutHpylowero ¢aktopa) Haw «Hopme». Ha pue. 2 noka-
3aHa peakuusi pacTeHHil npu BO3JACHCTBHH HA OAWH (pakTOp
MHUSHH paCTeHMil, a Ha pHC. 3 — MPH BO3JEHCTBHH Ha (B2
daxtopa [30, 107 ]. |

CopmMectHoe JieficTBHe (PAKTOPOB H3HH PacTeHHil nposie-
JIAETCS HE TOJBLKO B JYYLIEM HCMOJb30BAHHH pacTeHHeM Kaik-
JOro M3 HHX, HO M KOCBEHHO — NYTeM B3aHMOJEHCTBHS.
Tax, HanpuMep, H3MEHEHHE TeMNepaTypbl MOYBLI BJHAET Ha
PACTBOP AOLLYIO CIIOCOOHOCTH MOYBEHIOrO pacTBopd, €ro peo-
JIOTHYECKHe CBOfiCcTBA, JAOCTYNHOCTh /S pacTeHHH M T. 1.;
yjlo0peHus, CHIKAas TPAHCIHPAUHOHHBI KO HUHEHT,
VMEHbLIAIOT MOTPEGHOCTL PacTeHil B BOAG H MOTYT 0C/IaGHTh
BpeaHoe BJAHAHHE 3aCyXH; H3MEHEHHE BOAHOIO PeXHMa NOoYBbLI
NOBJAEYET H3MEHEHHs B TEIJVIOBOM, BO3AYLIHOM H NMHTATEJIbHOM
PEXRHMAX H OKAXKET BJWSHHE HA TEXHOJIOTHYECKHE CBOHCTBA
T1OYB.

Coserckuit Coio3 pacnosaraer orpoMHbIM 3eMeJIbHbIM (POH-
nom — 2227,5 MiH. ra M 1o o0ueH TepPHTOPHH M 110 I110-
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Puc. 2. Vsmencnue seanuitibl ypoxas NpH Bo3jeicTsHH Ha oauH daxtop
5 AH3HH pacTeHnii:
— onmT Teabpuress N0 BAUSHNIO BAAKHOCTH NOYBH Ha ypomait aumens [30);

f ~— aBHCHMOCTL pocTa KAybied wkaprodeas oT Temueparypsl MOYBH (JaHHBE
Jwonca u ap.) (107

‘ bga A °.° A
3 Aty §2§' - Q S0k
: :.Em_ §m-
<413 Q %)
E ST v 5 §30 7 ¢
) 15 k ,
_"_‘ :" ’3. ’0 i X m %
B s 5| g o}
B § " 2
< 1 1 1 1 1 1 - 1 L J [ -
30 40 50 &0 70 & 90 288 298 308
BnaowerHocmes novssl, % om 18 % Temnepamypa noyes), K
a

~ Puc. 3. Peakuus ceabCKOX03AHCTBEHNBIX PACTeHHIT NPH BOZACHCTBHY Ha
iy - ABa (pakTOpa KHU3HH pACTeHMH:
= YPOMKail MUICHHUN D 3ABRCHMOCTH OT BJAXKHOCTH [OMEB i1 A03bl YAOGpenuit

« [30 ) ! — ¢ yno6pennes n OAHHADHBIX R03aX: 2 — Ges vaoGpeunil; & — pocT Kop-
- Hedl facrcmm B 33BHCHMOCTI OT COACDKAHHA KHCAOPOAR H TEMNEPAaTypPH NO4YBH
k-

107 I; ¢t — nopsmaabuoe cogepxkaine Oy 2 — HH3KOe cogep:kanue O,
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141 CEeAbCKOX03AHCTBEHHbBIX YTrOHIT 3aHHMACT NepBoe MeCcTo
B Mupe. 1o NOYBEHHBIM H KIMMAaTHYECKHM YCJIOBHAM Halla
CTpaHa HAXOJMTCs B MeHee GaaronpHATHBIX YCJOBHSAX, UeM
muorne apyrue crpanbl. Cpbiiie 58% TEPPUTOPHH CTPaHbI
pacioJioKeHsl B XOJOAHBIX paiionax, okoao 15% —B ny-
CTHIHHBIX, 1€ NPH OGHANH TemJIa KOJIHYECTBO OCA/KOB KpaiiHe
orpannueno. Paionbl ¢ IVIOJOPOJAHLIME [10YBAMH H OTHOCH-
TeabHo GJAronpHATHBIM KJIHMATOM, IJIe PasBHTO 3emJele/ine,
COCTABJISHOT NpHMepHO 26% TeppHTOPHH CTpaHbl. Y 3emJe-
noJb3oBaTesell, 3aHATHX CEJIbCKOX03AHCTBEHHBIM HPOH3BO/L-
ctBoM, Haxoautes 47% semenwHoro (ouia. M3 cenbckoxo-
asficTBEHHBIX YrOAHil B CpeiHem 10 cTpane npeobaaialor
nacrouima — 54 %, cenokocsl 3anumalor 8%, namun — 37 %,
ca/lbl ¥ BHHOTPAAHHKH — OKOJIO %. B Berenuu Jecoxoasii-
CTBEHHBIX OpraHusaiiii Haxoaurcs oxoso 43% 3emelbHoro
¢ouna, noj ropofamu u noceaxamu — 0,4%, nojp npomblu-
JACHHBIMH, TOPHOPYAHBIMH M JPYFHMH TPEANPHATHSMH He-
CeNbCKOX03AMCTBEHHOTO HadHavyennss — 2,3%.

3a rojbl CoBETCKON BJACTH JVIOWAAb NAlIHK YBEJHYNIAChH
Goaee yem 1a 70 maH. ra. B 10 xe Bpems ToabKO 3a 1963 —
1971 rr. JJIsi HAPOJHOXO3AHCTBEHHBIX HYXI H3BATO OKOJO
12 MJIH. r'da KOJXO3HbIX H COBXO3HBIX 3€Meab, B TOM YHCJE
Gogee 5 MJH. Ta CeNbCKOXO3AHCTBEHHBIX YrOJHHA, H3 HHX
okoso 1 mam. ra namwnu. MoxkHo oxuaars, uro kK 2000 r.
H3 CEeJNBCKOXO3AHCTBEHHOTO HCMNOMb30BanHsa OyleT H3BATO
okono 10 mJaH. ra nmamHH, a Ha NOTEHUHAABHO MPHIOJHBIX
JWISI OCBOEN ST 3CMISAX H 3HAYHTEJNBHOH YacTH CYINECTBYIOUIMX
CeAbCKOXO3AMCTBENHBIX YIOAHH Tpedyercs npopeienne 60.ib-
umx pabor no meanopauun. Tak, obuiasi miaowaihL TeppuTo-
pHi, HY)KAaloUelics B CHCTEME MEPONPHATHH MO npeaynpe-
JKACHMIO H 3alLUTe NOYB OT BETPOBOH 3pO3HH M M0 PEry/inpo-
BaHMIO NOBEPXHOCTHOTO CTOKA, COCTAB/SIET NPHMEPHO OKOJIO
185 MJIH. ra nauifny 4 OPHEHTHPOBOYHO 8D M. ra CEHOKOCOB N
nactouul. O6mas naoniaib H30LITOYHO YBJAAKHEHHBIX H 60J10T-
HBIX 1ous npesbiinaer 150 man. ra, B TOM YHCJIE NOTEHIHAb-
HBIX JAYrOB M nacrouuy — 25 MJH. ra, nawHp — 17 man. ra,
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BaxubiM GakTOpOM MOBBILEHHA MOYBEHHOTO NAOAOPC/AHS
sBasiercs ruapomennopauns. Ha 1 wosbpa 1972 r. opowma-
goch 11,8 MaH. ra W OblI0 OcyweHo 9,5 MIH. ra CeNbCKo-
XO35AHCTBEHHBIX yroauii. B nepuoa 1971—1985 rr. npeano-
JIATAeTCs JIOBECTH [IJI0IA/lb OPOUIAeMbIX 3eMeJb [PHMEPHO
10 21 MaH. ra ¥ OCYWEHHBIX — 10 27 MJIH. ra.

Ilast noayuenus noBbIEHHLIX YPOXKAEB 3ePHOBLIX Mpei-
NoJ1araeTcs lIOBeCTH J03bl BHECEHHN YAOOpeHHH T1ojl 3TH
KYJbTYPbl B YCJAOBHAX J1OCTATOYHOTO yBJIaXHEHHs 10 200—
250 kr geiicrByromero seuecrsa Ha | ra; B crenHoil 30He
B 301e cyXux creneit — 10 80—140 kr va 1 ra u nouru jo

- 400 kr Ha | ra — npu opowaemom z2emaenenuy (8 1971 r. —
51,4 kr). B pesyabrare cpeaHsia YPOKAHHOCTL 3€PIHOBLIX
A0/KHA BHIpACTH He MeHee yem B 2 pasa W JOCTHTHYTh 28—
30 1 na rexrap [78].

MeponpuaTus 1no KOPEHHOMY YJYUYILICHHIO [MOYB MOJY-

C YHJM HA3BAHME CE€UBCKOXO3HMHCTBEHHDB X ME-
JHOPpalHi.

B xHure sarponyvril 8 60abLUEH MY MEHbILEH CTeneny Bee
BHALL  CEJILCKOXO3AHCTBEHHLIX MEJAHOPAUHH, NPHBEIEHHBIE
B CAe/LYIOmel cxeme:

CeabCKOX03A HCTBEHHbIC

MesHopaHit

! [

v o
Peryauposanue BOIO- ArpomesnopaTisHEe bopsba ¢
BO3AYUHOTO, CONEBOI0 —>  MEepPONpPHATIH «— 3poaued
H TENJIOBOrQ PeAHMOB

ot s |

: | | 1

hd - -
Opowenne  Ocymenne O6sosnenne Meanopauus  Tensowme-
3aCOJICHHBIX  JHOpaulsn
1HOYB

: HeoGxonumocTs lanibHeilero u3yyeHus (HaMKo-mMarema-
THYECKHMX ACMEKTOB MEJHOPATHBHOIO 1OYBOBEAEHHSA OOYCIO0B-
- JIeHa 3anpocaMii CrielHaaucTos, paboTalomWKX Hal Co3jianneM
W NpOBEpKOH MOAedell BJHSHKHA MOYBEHHBIX YCJAOBHIl Ha
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PACTEHHSA C 1EJAbI0 peuienHs npobaeMbl 110JVYCHHES BBICOKHX
3anporpaMMHpOBAHHBLIX VPOIXKaesB.

ITH MCCJICIOBAHUSA JIOJIKHBL NPHBECTH K CO31aHHIO M0Y-
BEHHOro 6JI0Ka HHTErpHPOBAHHBLIX HMHTAILHOHHBIX MOJlefei,
obGecreyHBaloNinX J0JTOCPOYHLIH NMPOrHO3 AHHAMHKH BJIATH,
MHHEPaJbHBIX H OPraHHYeCKHX BelecTB B cpeje oOHTanus
PacTeHHH. 2
" Ha ocHoBe TaKoro nporiosa CTaHeT BO3MOXKHBIM IpPHHS-
THE ONTHMAJbHBIX XO3SIHCTBEHHBIX PpEIIEHHH Ha BCEX [Mpo-
H3BOJACTBEHHBIX YPOBHSX: NpPH NPOEKTHPOBAHHH A0OJrocpoy-
HbIX MEJIHOPATHBHBIX MEPONIPHATHH, NPH INJIAHHPOBaHNH arpo-
TEXHHYECKHX MEpPONPHATHII Ha TNPEACTOSAUIHH BereTanHoH bl
NepHo H NPH ONEpaTHBHOM YMpPaBJeHHH Mpoieccom Gopmu-
pPOBaHUSl ypoOKad B COOTBETCTBHH CO CKJIAAbIBAIOULEHCSH
B KOHKPETHOM TrOJYy arpoMereopoJIorHyeckoil oOCTAHOBKOM.



F'nasa |

®A30BbIH COCTAB
MNO4YBbl

I. TBEPIASI ®A3A

a Cocras nouBeHHbIXYacTH. TBeplas hasa nouss COCTOHT U3
. MHHEpaJIbHbIX, OPraHHYECKHX H OPraHO-MHHEPaIbHbIX YACTHIL.
" MuHepaJ bHB € YaCTHILLI MO NPOHCXOKICHHIO pa3-
~ Jleasiotcsi Ha nepBHYHbE W BTopHuibie. [lepBrutibie Munepaibl
00pasoBaJiCh B pe3yiabTaTe OCTbIBAHHSA MarMbl, a BTOpHY-

. Hble — B peayJabrare (PH3HYECKOTO H XHMHUECKOrO BBIBETPH-
~ Bauus ropubiX nopoi. Cpean nepsHUHLIX MHHEPAJIOB HAH-
- 60Jec pacnpoOCTPAHEHSL! 10J€Bble 1INaThl, MHPOKCEH W ampu-
~ 0ou1, CHIOAB M KBapll.
. Jlecats okucaos: SiO,, Al,0,, Fe,O, FeO, MgO, CaO,
- N2,0, K,0, H,O u TiO, cocrasasior nourn 99% oGuei
 MACChl H3BEPZKEHHBIX M OCaIOYHBIX NOPOIL.
] BTopHuHbIe MHHEPAJIbl B OCHOBHOM IPEJICTABJICHBI KaoJH-
- HHTOM, MOHTMOP HIJIOHHTOM M HJIJIMTOM.
: B KaoJdHHMTOBL X MHHepaJax, o0pasylounuxcs
B YCJOBHAX KHCJOM Cpejibi, YaCTHIbl COCTOAT H3 HECKOJAbKHX
. [1aKeToB, CTPYKTYpa KOTOpBIX loKasana Ha puc. 4.

- UepesoBaHHe NOJOXKHTEJIBHO H OTPHILATEJLHO 3apsKeH-
C HEIX cjaoeB ofecneunsaer MPOYHYI0 CBS3b BHYTPH MaKeTa;
 [aKeThl CONpPHKACAIOTCsl APYr € JIPYroM TaKikKe pasHOHMeH-
 HBIMH 3apsjlamu, uto OGecreuMBaer, NnpH COOTBETCTBYIOULHX
~ PACCTOSIHHAX MExJ1Yy NOBEpXHOCTAMH, NPOYHYIO CBA3bL H
- MEXKAY TIaKeTaMH.
1A XHUMHYECKHIT CcOCTaB KaoJIMHHUTOBBIX MHHEPaJIoB MNpH-
~ MepHo caeayiounii: Al 05280, -2H 0.
' B MOHTMOPHJAJAOHHTOB Bl X MHHepanax, o0-
Pas3yioUlMXCsi B YCJAOBHAX LIEJIOYHOH  Cpeibl,  YaCTHILbl
. MOryT COCTOSITH M3 OTieJqbHbIX nakeroB. Crpykrypa na-
- KeTa MOHTMOpHJIOHHTa (puce. 5) B obuwem 6au3ka K pac-
~ cmoTpenHoit  Bbie. CBA3b BHYTPH MaKeTa NpouHas, Kak
.~ B KA0JHHHTE, W OCYUIECTBJISICTCA PA3HOHMEHHO 3apskeH-
- HbIMH CJa0sMH. CBf3L K€ MEXIY OTIeJNbHBIMH MNaKeTaMH
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Puc. 4. Ctpykrypa naxerta KaoJiu-

HHTA

- #4°

Jdes ©

Oct &

Puc. 5. CTpyKkTypa nakera MOHTMO-
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OCY1eCTBAACTCS OHOMMEH-
HO 3apsiKeHHBIMH CJOSIMH,
COCTOAIUHMH H3 ATOMOB KHC-
Jopoja. XHMHYecKHHA co-
CTAB NPHMEPHO CACAYIOUHH:
n(Ca, Mg) O-Al,0,4-5Si0,-

-xH ;0.
Maaurn (ruspo-
CJI0JIBI) 1O CBOMM CBOM-

CTBAM 3aHHMAIOT NPOMCIKY-
TOYHOE MOJOXKEHHE MEKI1Y
KaOJIMHHTOM H  MOHTMOp HJI-
aonuToM. Kak M amunepadbi
MOHTMOP HLTOH HTOBOJ TPV II-
1bl, OHH O0Opa3yioTcs B 1ne-
aounoit  cpeie. Crpoenne
peuieTsn  GJaH3KO K cTpoe-
HHIO PeLIeTKH MOHTMODHJI-
JOHHTA, OJHAKO MEMAY Iia-
KeTaMH PacroJOKeHbl HOIlbI
KajgHug, YTO npriaer pe-
merKe 60b1yI0 NPOUHOCTh
H MEHBUIYIO NOABHIXHOCTE.,
XHMHYECKHIT cocTaB  I1pH-
mepHo caeayoommii: KO-
-3A1,04-6Si0,-2H,0.
OprannuyeckKue
Bewmec tea (NPoiyKTsl
B3aHMOJIEHCTBHS MHUIIEpa/b-
HBIX BElIECTB € OCTaTKaMH
PACTHTENBROIO, MKHBOTHOIO
H MHKpoOHOrO TNpOMCXO-
AKACHHUSA) npejacTaBJenbl I'y-
MYCOBHIMH BeniecTgamu (ry-
MHHOBBIE KHCJOTHI, (VJb-
BOKHCJIOTHI, FyMyCcoBbI€
YIVIN), NPOTENHOM, KJeTyarT-
KOH, CMOJaMH H JpYrHMH
CAOCHBIMH  COE/TMHEHHAMM.
OcHOBHBIE 3JEMEHTHI Opra-
BOJLOPOJ, KHCJIOPOJ, a3oT,

OpraHo-MHUHEPpaJbHbe 4YacTHIL 06Pa3yioTcs
B pe3yJibTarte B3anMOACHCTBHS HEOpraHHyYeckKiX H opraiiive-

CKHX YaCTHIL.
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Pue. 6. Kpupme Mexanuyeckoro i MHKPOArperatioro coctaba
aéccosmoro cyranika [G]:

! — smexanngecinft cocran; 2 — uurpoarperatuuil cocran

dusnyeckan XxapakTepucTHka uactuu. Pasmep wactun
TBepA0iH (pasbl H3MEHSIeTCH B UITHPOKOM [HanasoHe M MOKeT
ObiTL HAMVISAHO WATIOCTPHPOBAH KPHBOM rpaHyJioMeTpuue-
ckoro cocrasa (kpusasi [/ Ha puc. 6). Ha pHcynke Takme
Janbl OIHa M3 KJaaccH(Pukaruit nepBHYHHIX (pakilHit  BO3-
MOZKHBIC METOAbl OnpeleIeHHs TpaHyJIOMETPHUECKOro Co-
crasa [6].

Mexanuyeckiiit cCocTan ABJISIETCH OJIHUM H3 OCHOBHBIX KJIac-
CcH(pHKanHoHubIX npuzHakon nous. [Ipekae Beero rno KpHBoi
IPaHyJIOMETPHUCCKOrO COCTABA JIETKO ONpPELeaHTh AeHCTBYIO-
umit (adextusunil) anamerp wactui dy, (10% wacrmy no
Macce MMeEIoT pasMephl mMeHbume, a 90% — Géabinue 9TOrO
JMamerpa), KoTopbiil MO3BoAsIeT NMpHOJAHIKEHHO OUEHHTh (PHb-

‘.,'_(,&_-. "GJZ‘.*-‘QL'-" e :‘f G

11




nenwranni. Tax, nanpumep, 445 neckos Koy(ppHitnenT Qpuiab-
rpain K = 75,55dp. Kpome 310ro, no OTHOIEHHIO ¢KOH-
TPOJIHP YIOLIETO» JHAMeTpa vacTHIL dgo (Onpejle/isercs anaJo-
THYHO dy) K 3peKkTHBHOMY nuaMerpy dy, CYAAT O CTeneHu

HEOJHOPOJHOCTH CHCTEMBI o == —*-: yeM BbIlle KO3(phHIHeHT
10

HEOJAHOPOJHOCTH, Tem 0oJiee HEOJHOPOJIHOH SBJISIETCH TBEp-
Aast (pa3a mousbl. M, HakoHel, no seauynne d;, MOXxer ObiTh
jlaHa npubJan3uTe/bHasA OleHKa Yy 1e JbHOH NoBep X -
HOCTH CHCTEeMBl (OTHOILEHHE T[OBEPXHOCTH YacTHIL K HX
obBemy).

MssecTHo, uto yaeapHas noepxHocts Q (M™) cucremsl
U3 OJHOPOAHBIX YaCTHLL MOzKeT ObITh BBIpaX{€Ha 3aBHCH-
MOCTBIO

b
Q=_LT’

rie b — uucienunit xosdppunmenr, sasucsammuit or Gopmsl
YacTHU M XapakTepa WX YMAKOBKH.

Ecau Bmecto d ucnonb3oBarh. dy,, TO NMOJYYEHHOE 3Haue-
HHe Tem OJukKe K JeHCTBHTEeNbHOH BeJudHHe yAeJbHOH [10-
BEPXHOCTH, yeM 0oJee OAHOPOAHA CHCTeMA.

J171sl HEOXHOPOAHBIX 10 Pa3Mepy YacTHIL CHCTEM B KauccTBe
axpekTHBHOTO JHaMeTpa vacTHIl df;, KAk IOKa3bBaer aua-
JH3 TPOHHIIAEMOCTH TaKHX CHCTeM, Jyuyllie HCHoJdb30BaTh
CA€IAYIOULYI0 3aBHCHMOCTD:

dar=dy |/ -,

rie a — Ko3(ppuiHeHT HEOHOPOAHOCTH.

B cratncrnueckoM Meroje onpeAeaeHusi yaeabHoH no-
BEp XHOCTH HCMOJb3yeTcs YBeJHYeHHast B 2 pa3 MHKpooTo-
rpagusi TPOH3BOJLHOIO CEYeHHsA TIOPHCTOTO MaTepiasa.
Ha sty dororpaduio MHOro pas cayuaitHo Gpocaercs Hromaxa
JVIHHB [ W TOACYMTLIBAETCSl YHCJO A CJIYYaeBR nonaianus
KOHIIA HTOJIKH BHYTPb NOPHI H UMCIO € CJIYYaeB Mepeceuerns
HIOJIKOH KOHTYpa NOPHI.

YieabHas TMOBEPXHOCTH B 3TOM ¢Jyyae oOIpejensiercs
no (opmyae:

oo dme

[h iy
1€ m — NMOPHCTOCTH,
O npyrux merojnax onpejelieHns € GyJer cKazaHo B cJe-
JAYIOIHX pasjiesiaX KHHIH.
12
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sty ‘.'3'«',‘,_?_.'

MV EEG LN

i
-

Ak

[TopucrocTb m onpeleasiercs Kak OTHOUeNKE
ofrema nyeror V k obmemy oGwemy nopuerolt cpeam V:

4
m==-p—.
L¥]
Kospdnuumenr nopHcTOCTH & NpeacTaBiasner

coboii oTHOWeHHe o0bema nycroT V K o6heMy TBepAOro ma-
tepuaaa V, (V + V, = V,):

MR
=7

KoapdHuuent nopHCTOCTH H MOPHCTOCTh CBA3AHLI MEKAY
cO0ON CACNYIOUHM BhiparKeHieM:

m
e =l .
—m

[TaoTHOCTDb ponpeieasiercsi Kak Macca Beuecrsa M,
oTHecenHnast K ee o6wemy V,:

P='—n—-

MeToabl OnpeneneHus pasiuuHbIX 00LEMHBIX H BECOBbIX
XapakTepHCTHK MOYB MOXKHO HailTH B cnenmnaibHoOiNl autepa-
type [6, 60].

2. BOJIA

Bojia — e1HHCTBEHHOE BeleCTBO Ha 3eMHOM Luape, BCTpe-
qalouleecss B ECTECTBEHHBIX YCJIOBHSIX B OTPOMHBIX KOJHYE-
CTBAX BO BCeX TPEX arperaTtHbiX COCTOSHHAX — TBEPAOM,
KUIKOM H ras’oo0pasHoOM.

[ToxpriBasi 0ko0 */; mopepXHoCTH Hallel nJaners, Boja
ABJIACTCS KOALIGeAbI0 H3HH Ha 3emje u coctaBjser Goaee
50% wmaccer 1106010 XKHBOro cyiectBa. JIefcTBYsi Kak Mol
?uﬁ] reoJIOoTHYeCKUH (pakTop, ona npeoOpasyer autochepy

41 |.

Hecmorpa Ha To, 4TO BoAa siBiasieTcd OOBEKTOM H3YYEHH S
C CaMBIX JIPEBHHX BPEMEH, MHOTHE JieTaJH CTPYKTYPhl BOJbI
He pactugpoBaHbl 10 CHX nop. B neyatn nosiBHJAHCH C00G6-
UEHHS 0 3arajikaX BO/ibl, KOTOPLIM TP Y/AHO HAHTH OObsiCHEH
1la COBPEMEHHOM VpoBHe HamuXx 3Haunil. Mmeiorcs B BHY
cooOmenHs 0 cnocoGHOCTH TaJsoi BOJLI YCKOPATH MHOrue
GHOJIOrHYECKHE MPOIECCH, 0 BJAUSHHH MarnHHTHOH o6paborku
Ha (bnsnxo-xnmqucm{e cBoicTBa BOJLLL, uTO o6Geriaer 60ab110oH
IKOHOMHYECKHH 3(pekT H B PAAE C/YYaeB HAXOAHT NpPOMbIUI-
JEHHOE NpHMEHEHHe. :

13



BypHoe pasputue OHOJOrHH MOKa3ajlO BaXXHYIO poOJb,
KOTOpYIO Hrpaer Bojda B OGHoJOTHYecKHX npoueccax. Boja
SBJASAETCH OJAHOBPEMEHHO M Cpe/lod, H HenocpeiacTBeHHbIM
YYACTHHKOM GHOXMMHUECKMX peakuui. Bce 310, a Takxke
npakTHYeCKHe noTpeGHOCTH, CBA3AHHBIE C MOHCKAMH 3KOHO-
MHUHBLIX METO0B onpecHeHus OGOJbUWHX KOJAHYECTB MOPCKOMN
BO,/lbl, ONPEIeJHAN TOT OTPOMHLII HHTEpeC, KOTOpbiH Hab/110-
JAeTCs B NMOCJEANEE BPEMSI K HCCIEJ0BAHNAM BO/AbI H BOJAHBIX
pacTBOPOB.

Bonopojtas c¢Bsfizb M (PU3HYECKHE CBOWCTBA MKHMAKOCTEH,
Ipumsscenue mencdy Osyms moaexyaasnu. Jns obbsicnenus
CBOIICTB peajibHbIX ra3oB W Kuikocteil Ban jep Baaancom
OblJIO BBEACHO TNMOHATHE O CHAAX NPUTSZKEHHA, ACHCTBYOUMNX
MeAY ABYMSI HEHTpPaJILHBIMH aTOMAaMH.

Tpu cocrapasiiowux BanjieppaanbcoBa NPHTSKEHHST Me-
LY aTOMaMu M MOJeKyJaMmi (B3auMOJeHCTBHE IHIIOJAbHBIX
MOMEHTOB, MOJISPH3YIOLLee JEHCTBHE 11015 OJHOH MOJIEKY . Tbl
Ha JAPYryi0 H KBAHTOBOMEXaHHUYeCKHiT >hpeKT) MoxKio npej-
CTaBUTH B BHjeE:

1 . » 3 .a
F=—— [ap’ —|--£%—+—4—a'hv] ’

rjie F — 3neprusi npHTIMKEHHS,
I — pacCTOAHHE MEXAY MOJIEKY. 1aMH;
@ — MOJSPH3YEMOCTh MOJEKYJbl € JHIMOJLHBIM MOMEH-
TOM W;
k — nocrosinnas bBoJsbumana;
T — abconloTnas Temneparypa;
h — nocrosinnan Ilnanka;
hv — XapakTepHCTHUECKAsi SHEPrHs, COOTBETCTBYVIONLAS
OCHOBHO# AHCNEPCHOHHOI YacToTe V.

M3 310r0 ypaBHEHHs CAELYET, YTO IHEPIUs NPUTSKEHHSs
BO3PACTACT C YBEJMYEHHEM OTHOCHTEABHOH MOJNEKYAsPHOIT
MACCHI, TAK KaK MNpH 3TOM YBEJAHYHBACTCS NOJAPHIVEMOCTh
MOJIEKYA .

Touku Kunenun u 3asmepsanus. Kak npaBnsio, TOYKH KH-
neHus W 3aMep3aHHs PasHYHLIX BEUIeCTB NOBLILAIOTCSH
C YBEJIHYEHHEM OTHOCHTEJLHON MOJEKYJSAPHON Maccs, Tak
KaK MpeX<jle yeM BEeIeCTBO HAYHET HCMapaAThCs WM nepeiier
B TBEP/LYIO (pady, TEMJOBOE ABHKEHHE JOJIKHO INPeojloseTh
BanzepsaanbcoBo nputsxenue.

B cpaBhenun ¢ ApyruMH cOeAMHEHHSMH Bojopoia, ob.a-
JAIONMMH  aHAJTOTHYHO! MOJIeKyasipHoit cTpykrypoii (H,S,
H,Se, H,Te), H,O umeer aHoMa/jbHble TOYKH KHIEHHS H

14
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samepsanis (puc. 7). Ilepenie Tpu coeamnenus BeAyT cebs
«HOPMaJblO» B OTHOIIEHHH TENJOBHIX CBONCTB, @ HMEHHO:
camoe Taxenoe U3 HHUX — H,Te wumeer camyio BBHICOKYIO
TOUKY KHneuus (269 K) u 3amepsanus (222 K), a camoe
aerkoe — HoS kunur n samepsaer npu Gosee HM3KHX TeM-
neparypax (212 K u 191 K coorsercrsenno). Coraacho na-
6aionawouencs 3aKOHOMEPHOCTH — MOHUKEHHE TOYeK Kine-
HHA M 3aMep3aHHs C YMEHLIUEHHEM OTHOCHTEJNLHONH MOJEKY-
JAPHOH Macchl — BOJA J012kHA Obla On 3amMeps3arb NpH-
mepno npu 183 K u kunern npn 203 K. Buecto 3TOr0 TOMKH
samep3anns M KHMeHust Boant naxoaatea npu 273 K n 373 K
coorBercrBento [41].

J10T (PAKT JIOKA3LIBAET, YTO MEKIAY MOJEKYJaMmil BOJbI
JeHCTBYIOT Gogee CHabHBIE CcBA3H, yYeM BanjaepBaaibcoBbl
CHJBL NPHTHKEHHSA.

JleHCTBHTENLHO, TAKHE CBA3N MEAY MOJEKYAaMH BO/bI
CYUICCTBYIOT — 3TO TAK HA3BIBAEMBLIC BOJNOPOJHLIC CBA3M
(H-cBsi3n).

ITotsmue 0 6000podHoiL cea3u. Coazb MeNLY ABYMSL MoJe-
KYJaMH, MOJYVYHBIIAA Ha3BaHue BOjopoanolt, Obla onHcaHa

B 1920 r. Jlatemepom n PoseGywem [101]. «Boana. . . o6ua-

PYIKHBAET NOYTH OJHHAKOBBIE TEHACHIHH KaK K OTlaue, 1ag
i K ITpHCOCAHHEHHIO Bojopoaa. . . CpoGoanas 3JeKTponnas
napa OAHOH MOJIEKYJhl BOJbI B COCTOS-

A HUH NPHTAIHBATL BOAOPOJ, YAEpHH-
F73 |—=——g BaeMbI napoit 3JeKTPOHOB JApYro
MOJIEKYJILI, TdaKk 4T0o 006€ MOJEKY/IbI
BO/Ibl OKa3bIBAlOTCA CBA3aAHHBIMH BMe-
323 - cre. . . BosmoxHo, uro xuakas Boja
= COCTOMT M3 OOJBIIHX arperatoB MoJe-
&
R2235 |~
&
8]
g.
S 23}
173 & -
0 B &% & &0 100 29 150
Omuocumeabran MOACRYAAPHAR macea
H:0 H,S H,Se HsTe

Pue. 7. AnomMaanst TOMEK KHITCHHS # 3aMep3aHHs  BOAW
B CPABHEHWH C APYFHMH COCAHHEHHMAMH BOZOpota, o6najalo-
WHMH anajoruyuoil MosexyanpHoft crpykrypoi [41]
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KyJ, KOTOpHIe MO/l BO3JIEHCTBHEM TENJIOBOTO JABHMKEHHs He-
MPpepbIBHO Pa3pyaloTcs 1 BO3HHKAIOT BHOBDLY.

Takoe oObsicHeHHe PaBHOCHJBLHO YTBEpPKIACHHIO, YTO AAPO
BOJIOPO/ia, YAEpIKHBAEMOe MEK/Y ABYMsi OKTeTaMH, oOpasyer
cnabyio «CBA3bY.

DnekTpocTaTHUeCcKas Mojesb, mnperjoxennas Ilayaun-
rom [97 ], npeanonaraer, uro H-cBA3b 06yC/0BIEHA HOHHBIMH
CHJAMH: NPOTOH BOAOPOAA (KATHOH) NPUTATHBAET H YJeprKH-
BAET JIBA SJEKTPOOTpHUATeNbHbIX HOHA. Hcexoass u3 3THX
NpeacTaBaeHnil, NPOYHOCTh [1-CBSASH N0JIKHA YBEJAHYHBATHLCH
C pOCTOM 3JEKTPOOTPHUATENLHOCTH CBA3LIBAEMbIX HOHOB
(¢rop — kucaopoj — aszor — XJjop). Bmecre ¢ TéMm, Kak no-
Ka3bIBAlOT OMBITBHI, KOPPeasillia MeKAy sueprueil H-cBsasu u
JUNOJBHBIM MOMEHTOM CBSI3bLIBAEMBIX MOJIEKYJ OTCYTCTBYET.

D107, KAK H HEKOTOPHIE JIPYrHe HEJLOCTATKH, He OObACH H-
MbI€ C O3HIHI POCTBIX JMEKTPOCTATHYECKHX MPEICTaB/ICH I,
HAXOAAT OObACHEHHE B paMKax JOHOPHO-AKLENTOPHOH MO-
neau H-csasu, npepaoxensoit H. JI. Coxkososeim [119].

DHepruio H-CBA3H MOXHO OUEHHTH M3 CJEAYIOUHX COO00-
pamennii. Yro6bl AHCCOUMHPOBATL OJHH MOJL JHMepa Ha
JBa Mossi MoHomepa, tpebdyercs 59 kx. Orciona caeayer,
uTO JUIsi paspbiBa OJHOH BOJIOPOJAHON CBsI3H TpeGyercs sHep-
rasg  npuMepHo 29,5 MJDk/kmoab. HM3amepennpie 3HayeHus
SHEPTHH OjHOH H-CBA3H JJIA PA3IHUHBIX COCJHHEHHH KO0J1e0-
Jaiorest B npejenax or 8 no 40 kI (1A cpaBHEHHST OTMETHM,
YTO 3SHEPrus XHMHYECKOH CBSI3H COCTaBJsET COTHH KHJIO-
JuKoyJaei, a sueprusi BamujaeppaanbcoBa B3auMOJICHCTBHA —
OOBLIYHO HECKOJIBKO JeCAThIX KHJIOMLKOYJIA.

Bausnue H-c6a3u Ha (husuxo-xumudeckue ceotcmsa oieud-
Kocmed. Bole orMeyanock BAHAHHE H-CBA3H Ha TOYKH KHIle-
HHSI W 3amep3anHHs BoAbl. Bojpopoanas cBs3b OOBsICHSET H
JIpyrie TeiioBble 0COOEHHOCTH BOJABI — €@ OOJbIIYIO yAe/b-
HYIO TENVIOEMKOCTh H HEOOBLIYHO BBLICOKYIO CKPBITYIO TEmJI0Ty
MVIaBJCHHS] W HCIIAPEHHSA.

OGuuit xapakrep BausHHs H-cBA3H Ha HEKoTophie (-
3HKO-XHMHYECKHE CBOHCTBA KHAKOCTeil mnokasan B Ttaba. |
{101 ].

Crpyktyphbie mojieaun Boabl. Cpej GOJBLUIOTO KOJHYeCTBA
MoOJleqielf CTPOEHHsI BO/JAbl MOXKHO BBIAGJAHTL JABa NPHHILK-
NHAJTBHO OTJHUAIOIMXCSH APYP OT Jpyra KJacca: OJHOPO/Hbie
H HEOJAHOPOAHbIE B cMblicjie OJuzxHero ynopsjovyenus. Oco-
OCHHO YeTKO pasjHyHe MpOCTYMaer MpH OMHCAHHH BOAHBIX
PacTBOPOB HeIeKTpoanTOB. OKasanoch, 4TO TOJABKO HEOAHO-
POJHBIE MOJEAH, K YHCJAY KOTOPBIX NPHHANIEKHT H TaK Ha-
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Tacoauma 1

Bausiume [{-CBA3N Ha HEKOTOPHIE (PHIHKO-XHMHUCCKHE
cooiicrea xuakocredt [101]

Xapaxkrepueruka coeausc-
HHAl © MOKMOJICKYARPHOR
Cuooitcrno H-cosianio 10 CPAavHEeHHIO
€ COCAMHCHIIMN
Ges [i-cBsa3n
Moasipuntit ofnem Memwe
[laoTHocTh Boauue
MoaekyaspHasg NoAspHIALHA »
TensioBoe paciumpenme Hemuoro Goabuue
TenaonpoBomnocts Boaste
CxopocTs 3ByKa »
Baskocts Muoro Goabuie
[loBepxuoCTHOE HATAMKEHHE Boasie
Camonudxpy3us Meustie
Pacrsopsiiomas cnocoOHOCTL Msoro Goasuie

. gpiBaeMast ABYXCTPYKTYpHAsi MOAE/b, NMPABIJIbHO O0DBSCHSIOT
. B33UMHYIO DACTBOPHMOCTb HenojspuniXx rasos B Boge. Co-
. IJI4CHO ABYXCTPYKTYPHOH MOJIGIH Kax1as CTPYKTYpHas KOM-
- ponenTa obaajaer cBOMM HAOOPOM CBOHCTB H 3aHHUMaeT onpe-
~ penenHbii o0beM B NPOCTPAHCTBE.

- AunomajbHble OCOGEHHOCTH YKHKOH BOAbI OOBACHSAIOTCH
. TEM, YTO OjHA H3 CTPYKTyp OaH3Ka no CBOHCTBAM M Xapak-
. Tepy YNAKOBKH MOJIEKYJl K cBoitcTBam Jibia | (1paonojobuas
~ CTPYyKTYypa), a apyras umeer GoJee IJOTHYIO YI1AKOBKY.
Heoanopoanocts Boibl (B cmbice OJHAKHErO OKPYIKeHH )
O3HauaeT, 4To KAa)K/asi MOJIeKYJa 4acThb BPEeMEHH MOKEeT Ha-
- XOIMTbCSl B OJLHOM OKPYKeHHH (Hanpumep, JbAonopoGHoM),
. @ 4aCTh BPEMEHH — B JIPYroM OKPYKEeHHH, COOTBETCTBYIOMEM
- GoJjee NJIOTHOH CTPYKTYpe.

Onuoit #3 HauGojee 3aMeyaTeJbHLIX OCOOEHHOCTEH TBEp-
noit ¢assl Boabl (nbra 1) aBasercs CyulecTBOBaHHE Tpexmep-
HOIl ceTkH BojopojubiX cBsized. CoeiMnenHbie B 2KECTKHIL
KapKkac BOJIOPOIHBIMH CBA3SIMH MOJIEKYJIbl BOAbI 06Pas3yior
~ EJHHBI MOJIEK YA PHBI KOMITJIEKC — MOJIHMEPHYIO MOJIEKY.1Y.
- Kapkac sipa 1 copepzkHt mnoJocTH JOCTaTOMHOrO pasmepa,
- 4T06bl BMECTHTD JIPYIHE MOJIEKYJ bl BOABL. DTH OCOGEHHOCTH
COXpaHAOTCA B H3BECTHOH CTENEHH W B XKHAKOM COCTOSHHH.
Hies o sanonHeHWH mycroT B JbAONOAOOHOM KBasHKapKace
ZKUTKOH BOALI JE€XKHT B OCHOBE MOJIEKYJAPHO-KHHETHYeCKOH
uurepnperanuu, npeptoxentoi O. §l. Camofiosbivm [114].
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[Tpouece nmiasnenus Jabjla CBA3aH C HAPYLIEHHEM 1ENOCT-
HOCTH KapKaca BCJEIACTBHE YCH/CHHS TENJOBOro JBHKEHHSs
MOJICKYJ B HIIKOM COCTOSIHMM. ¥ BOABI PA3JHYAIOT /BA THIA
napyviuennii: 1) pegopmaunn xapkaca, KOTopsie He TpeGyoT
HAPYIIEHHs €ro IEJOCTHOCTH KaK [MOJHMEPHOH MOJEKY /bl
(Hanpumep, u3rubanne BOJOPOAHBLIX MOCTHKOB); 2) XHMHYe-
cKas peaxitiis ancconnannn noanmepuoii Moaekyant: (H.0)y
(nosmmep) == (H,0)y_, (moannmep) + H,O (monomep). B pe-
3y/1bTATE BTOPOrO Npolecca MOHOMEPHas MoJeKyJaa MoJ-
HOCTBIO OCBOGOZKAETCS OT BOJAOPOJUILIX CBSI3EH C OKPYHKEHHEM
(ruapogobuszainn). Cymecrsopanne ruapcdobubix, B YKa-
3aHHOM 3/1eCh CMBbIC/I€, [OJOCTHLIX MOJIEKYJ MOCTYJHpoBa-
aock O. f. CamoitnoBbim.

CoraiacHo uaTepnperaumnu, npeasoxennoil 0. B. I'ypu-
kKoBeiM [39], ruapodobunie MONEKYJbl HE RBAAIOTCH €AHH-
CTBEHHOIT KOMIOHEHTOH Hacesaenusi mycror B KBasHnKapkace
poasl. ITponece uarnbanus BOJAOPOANBIX CBsi3el yBEJHYKHBAET
BO3MOYKHOCTH MOJICKYJI 3an0JHATH CBOGONHOE MEMYY3€ab-
Hoe npocrpadeTo. C TOYUKH 3peHHSI PEUIeTOYHOH MOAETH
(PACNNABJIEHHBIl KapKac» Jibla MOXKINO paccMarpuBaTh Kak
KBa3#KapKac, NyCToThi KOTOPOro 3anoJiHEHbl MOJEKYJAaMH,
COXPaHHBIIMMI BOJAOPOAHLIE CBs3n (xorsi Mower ObTb H
oca1ab/1IeHHbIE) CO CBOHMM NE€PBOHAUANLHBIMI COCESIMI H3 Kap-
Kaca. Takue nosoctubie MOJEKYJbl YA00HO HA3BIBATL FHAPO-
tuasnbiMi. Tlockoabxky ruapedobubie n rujapoduabuuie no-
JIOCTHBIC MOJEKY/Ibl [10-PasHOMY B3aHMOJAEHCTBYIOT C KapKa-
COM, CIEJYeT pa3nuyarh W JBe PasHOBHAHOCTH KBasnKapka-
cos: 1) ynopsaaouennwiii kKapkac, o6pasyounii oGpamiesie
ruapooOHLIX MOJEKYJ; 2) pa3ynopsiiouentbiii Kapkac, 3a-
kKatouaouit B cebe ruapopuibibe NOJOCTHLIE MOJEKYJIb.
[IpuBepennsie coofpazkenns nNpuBoAAT K oboGuennon apyx-
CTPVKTYPHOIl MOJI€H, COIJIacHO KOTOpOH B XuAKoH Boje
YacTb Y3J/IOB KapKaca CoOXpaHser JLAONoJ00H Y10 yNopALOHEH-
HYIO CTPYKTYPY, B NyCTOTax KOTOPOH pacnofaraiorcs ruipo-
(hOGHBIC MOJEKYJABI; APYrasn YacTh V3JIOB COOTEBETGTBYET «pac-
NJAaBJACHHOMY» KBa3nKapkacy.

C popmanbnoit Toukn 3perun obobuennas ABYXCTPYKTYp-
Has MOACAL MOXKeT ObITh OTHECENA K KJaccy MOAC/eH YeThipex
cocrogHuil. B pamkax 3r1oit Mmopesnn yjaercs cObACHHTH 1IHPO-
KYIO COBOKYIHOCTDb IKCNCPHMEHTANBHBIX Pe3yaLTaToB H GoJee
r1yGOKO NPOHHKHYTh B NIPHPOLY MEKMOJEKYAAPHBIX B3aHMO-
nercersuit B Boge. KoauyecTBeHHOE ONHcanue 910 MOJeNTH Me-
TONAMH CTATHCTHYECKOH MEeXaHWKH MOXKHO uafitn i paborax
B. M. Baogeuxo, [0. B. I'ypukosa, E. K. Jleruna [23, 24, 39 ].
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o Crpyktypa pacTBopoB. OCOGEHHOCTH CTPOEHHSA KHAKOI
| BO/bl OTKJ3AbIBAIOT CBOeolpa3Hblil OTNEYaTOK H Ha CBONCTBA
BO/iibIX pacTBopoB. [Ipu ob6pasopanun pacrsopa pacrsopsie-
 Mbl€ YACTHIIBI BHEAPSIOTCA B 3apoibliiin obenx CTPYKTYp,
~ OJHAKO B 3aBHCHMOCTH OT CBOEH 1PHPOALI OHH TPEANOYTH-
© TEJILHO pacnoJaralores B 3d4POAbILIaX OAHOI 13 CTPYKTYP.
[Mokazano [24], uro HoHBL NpeANOUTHTCALEECE BHEAPHIOTCS
B 00]1aCTH Pasynopsjlovenon CTpYKTYpLl, rie yzke nopsama
A ocaabjena 3HaYNTEJbHAS YacThb BOJOPOAHBLIX CBs3eil.
10T NPOILECC CABHIACT CTPYKTYPIOE PABHOBECHE B CTOPOHY
HAKOMJIeHHs Pa3yrnopsi/loYeHHOH CTPYKTYPL («paspyuienne»
| CTPYKTYPB! BOJAN). MHOTHE HESJNEKTPOJINTHI CABHIAIOT CTPYK-
.~ TYpPHOE PABHOBECHE B CTOPOHY Jb10NOACOHOH CTPYKTYpHI
- («crabuansauus» CTPYKTYphl Boaw). Ilpn po6aBkax Tpethero
KOMIIOHEeHTa (HeNEKTPOJSIHTA) BO3MOXKIILI 1BA cayyas: 1) ecan
jobaBKa CTabHAN3HPYET CTPYKTYPY BOALI, TO HMEET MecTo
| GCTPYKTYpPHOE BhICAJHBaHKe» HOHOB; 2) ccay 1o6aBKa pas-
~ pYIIAeT CTPYKTYPY BOIAbI, TO HMEET MECTO «CTPYKTYPHOE Bca-
JTHBAHHEY HOHOB.
B 4acTHOCTH, MCXOA51 M3 3STHX MNPEJACTAB/IAEHHI, ylaercs
00LsICHNTL oDoloanoe «Beajinpanuey N, u H,.
Passuras B paGorax B. M. Baosenxo, 10. B. I'ypukosa
u E. K. Jleruna TeopHsa pacTBopeHuss B ABYXCTPYKTYPHOM
PacTBOPHTEE MOMKET CJAYAKHTH OCHOBOI AJISI PEryJIHPOBaHHSA
- MHIEBOIO PeXHUMa pPacTeHHil.

i =

1)

3. TA3B00bPA3HAS ®A3A

Atmocepunii Bo3ayxX. Ilpn Xopowen rasoodmene cocTas
~ atMocgepHOro Bo3ivxa B TOH HAH HHOI Mepe OTpazkaercs
. Ha cocrase [OYBEHHOro BO3jlyXa. '
 CocraBupie 4acTH aTMOC(EpHOro BO3JyXa B IPOIEHTAX
~ npupenenst B Taba. 2.
= [Trornocts Bozsyxa npu temneparype 273,15 K n aasae-
= Hun 101 325 H/m® pasuna: p, = 1,293 kr/m®.
Mousennbit BO3ayx. Armocdepnblii BO3LYX, NpPOHHKas
- B ouBY, Mrpaer Ba)Hylo po/ib B noysoolbpa3oBaTeNbHbIX H
- OHOJIOr HYECKHX Npoueccax, KOTopbie B CBOIO o4epejlb BJHAIOT
- Ha COCTaB NOYBEHHOro BO3]yXa.
" [MouseHHbIl BO3J1YX OTAHYACTCA OT aTMOCHEPHOTO Tpexe
~ BCEro MEHBIUNM COACpIKaHHEM KHCaopoja H 6oJibliel KO-
menTpannen yraekueaoro rasa. OCHOBHLIC H3MEHEHMs B CO-
'CTABE MOYBEHHOrO BO3AYXa MPOHCXOAAT B MPOLECCE JbIXAHNSA
. KOpHEN ¥ KH3HEACATEILHOCTH NOYBEHHLIX MHKPOOPT Al i3MOB.
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O cKOpocTH W HanpaBJ€HHH 3THX
I1POILECCOB MOXKHO CY/IHTh, B 4aCTHO-
CTH, MO BEJIHUHHE H TEHACHILHH H3Me-
Hennsi pH u oxkHcanTeabHO-BOCCTA-
HOBHTE/IbHOrO NOTEHUHAAA Cpeilbl,
a Takxe Kos(puuuenra AHPDHY3HH
rasa U ero KOHIEHTPAallHH.

Paspaboraunple B  Hacrosiiee
Bpems QH3HYECKHE METOJLbI HCC/1E10-
BaHust ¥ npHGOPHl NO3BOAAIOT PHK-
CHpPOBAThb H MPOTHO3HPOBATH H3ne-
HeHUsl ra3oBOro CocTasa B NOYBEH-
HOM H TIPpH3E€MHOM BO3JyXe, 4TO
J1aeT  BO3MOXKHOCTL aHAJHSHPOBATH
B3aHMOJEICTBHE paCTeHHH € OKpYy-
Aawuei cperoit. B wacrhoctH, 1no-
ABHJIACh BO3MOJKHOCTL OLEHKH HH-
TEHCHBHOCTH (POTOCHHTE3A H NPOJY K-
THBHOCTH PacTHTENbLHOrO NOKpPOBa
10 JJAHHBIM YIVIEKHCIOTHOrO razoos-
meHa pacrenuit [33 ).

Onwitel  [33] nokassiBaor, 4To
B JIHEBHBIE YaChl, COOTBETCTBYIOLIHE
aKkTHBHOMY (JOTOCHHTE3Y MnOCEBOB,
MOTOK YIVIEKHCJIOTHI H3 NOYBB! Y MCHB-
uiaercsi; HanOoJbILeH BEJIHYHHL OH
Jocruraer B peyepuue yacel. Ilosa-
ralioT, 4To OCHOBHOIl BKJaj B 1po-
JIYUMpPOBalHe M BbIAGICHHE YlJe-
KHCJOTH H3 NOYBbl BHOCHT TOH-
Kiil MHKPOGHOJAOrHUECKH aKTHBH b
cloil, HaxoAawmiics Ha raybuxe
0,1—0,25 m.

Baxxuo# 3ajaueil MeiHopaTHBHOI
NPakTHKH aABJafercs obecneyeHue
GJ1aronpHSATHOTO JUIAl JKH3HH pacre-
HHUIT COlepKaAHHA KHCJA0POAA U yrile-
KHCJIOTO rasa B NOYBEHHOM PacTBope
H NPH3EMHOM BO3jyXe. 10 NOCTH-
raercs rJjaBHbiIM 00pasoM npH ak-
THBHOM oOMmene xopoiuo o6paboTaH-
HO#l B ONTHMaJbHOM BOJHOM PeziiMe
OKYJIbLTYPEHHOH IOYBOI € aTMO-
cepoi.



F'nasa Il

SABJIEHU S
HA MEX®A3HBIX TFPAHHUAX
PA3JEJIA

1. AICOPBUHS T'A30B HA NOBEPXHOCTH
TBEP/IbIX YACTHLU

Azcop6uMsi, WJIH NOBEPXHOCTHAs COpOUHSA, B IMHPOKOM
CMbLIC/I€ 03HAUAeT BCAKOE H3MEHEeHHe KOHUEHTPAllHH BellecTBa
y NOBEPXHOCTH pasjiesa AByX (a3, a B Goaee y3KOM H YIIO-
TPEOHTEILHOM CMBIC/IE — HAKOMJIEHHE (KOHIeHTpHpoBanue)
OJIHOI'O W3 BELIECTB Yy 3TOI NOBEPXHOCTH.

Beuecrso, Ha NoBepxXHOCTH KOTOPOro NPOHCXOAUT HaKoOIll-
JICHHE JpYroro BellecTBa, HashiBaloT ajcopGeHToM, a norjo-
111a6MO€ BeIeCTBO — aacopOTHBOM, HIH ajlcopbaToM.

Beanuuna apcopbunu I 3aBHCHT OT temneparypsl 1 o
napjgenna P. Du3nuyeckasi CYUIHOCThL TEOpHH ajcopOunu
Jlenrmiopa 3akaiouaercs B caenytomem (68, 113]. Ilosepx-
HOCTH BCSIKOrO ajacopbenta AHCKPeTHa: Ha Heil HMeoTcs al-
COPOUHOHHBIE UEHTPHI, YHCI0 KOTOPHIX ONPEAEIsieTcs YHCIOM
yacTHIL (MOJIEKY/l, ATOMOB, HOHOB) C HEKOMIIEHCHPOBAHHBIMH
 MEKMOJICKVJSPHBIMH (MEKATOMHBIMH, MEKHONHBIMH) CHJAMN,
33 CUET KOTOPBIX M IPOHCXOAUT NpHUTSIZKeHue (axcopbupopa-
HHe) gactui aicopbTHBa.

Tak KaxK BaNeHTHLIC CHJIB HE PacnpoCTPaHsIoOTCs Aanblle
. 4eM Ha AHaMeTp OJHON MOJIeKYJbl, TO H3 STOrO MOJOMKeHHs
. CJIeYeT BHIBOA O MOHOMOJIEKY/ISIPHOM ajAcOpOUHOHHOM CJloe
(B caenyiomwux pasaenax GyayT paccMOTperbl H MOJHMOJEKY~
~ JISipHBIE CJ0H).

Ypasuenne nzorepmpl aacopOunn Jlenrmiopa nMeer BHA:

2 - T=ly50, T=const,

rae ', — npeneanbnas BeJHuHHA ajcopbunn (Hachllenne)
Ha €1HHHIlY NOBEPXHOCTH ajacopGenTa;

¢ — PaBHOBECHas KOHIEHTPauHKsa aacopOTHBA,

A — Kowcranra,

Ha puc. 8 nokasana nzorepma ajacop6unu no Jlenrmiopy,

- M3 KOTOpPO#i CTAHOBH ICH ICeH (PH3HYECKHI CMBIC/ KOHCTaHTL A.
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i - mes 3nauenue I’ aasn
JABYX  KOHUIEHTpaluH ¢
(17151 3TOro HYKHO 3HATH
VACABHYIO MOBEPXHOCTH
ajicopbenta), MOXKHO HaH-
fic "= o) TH KoHcrauthl [« n A
i, Haobopor, 3uauue [,
H PasMepoB  MOJEKYJIbl

;J/z/;.

A s JaeT BO3MOKHOCTb OIlpe-
Puc. 8. Maorepma aacopbimn (no Jlenr- ACAHTL  VAQIBHYIO  110-
Miopy) BEPXHOCTh  AHCNEPCHOI

CHCTEMBL.

Ha stoM CBOMCTBE OCHOBAHBI METO/bl ONPEACTCHMA VAeJIb-
HOIl NOBEPXHOCTH MOUBLI MO KPUBBLIM ACOPOIIH ra30B, BOAs-
HeIX napos, Bosayxa u jap. [107].

M3BecTHO, 4TO ypaBHeHnue ajcopOuni Jlenrmiopa, Kak
BCE BBLIBOJIBI H3 HEro, OTHOCATCSI K IVI4AKHUM [OBEPXHOCTHM.
Hajanune kanuaasipos u uieneil (HepoBHOIT TIOBEPXHOCTH)
B aJCOpGEHTAaX BEIeT K 3aMeIeHIHIO aJ1copOLUHOHHOr0 paBHo-
BECHS H KAKYLIEMYCsl HeMOAUMHEHHIO aJlcOpOILHK YPaBHEHHIO
Jlenrmopa. CKopocTs agcopOuuy yBeJHUHBACTCH MPH NOBbI-
IWEHHH Temnepatypbl. DTH O0CTOSTENLCTBE CJIelyeT HMEeTb
B BHJLY NIPH ONPEIACTEHHN YAEIbHON IMOBEPXHOCTH COPOILHOH-
HbIMH METOJlaMH.

3ameTuM, 4To ajAcopliHs rason U3 pacTBopa NOAUHHAETCS
TEM K€ 3aKOHOMEPHOCTSIM, OJHAKO €€ CKOPOCTb CYIECTBEHHO
JUMHTHPYETCA CKOPOCTLIO AHDGMYSHH PACTBOPEHHBIX MOJIEK Y/
(¢ BausimneMm ajcopGHpPOBAHHOrO rasa H3 pacrBopa Ha Mpo-
fece (pUILTPAUHN Mbl BeTpernmesi B raase [V).

Casizbipalnue alcopOHpPOBAHHBIX MOJEKV/ rasa (Kak i
JKHJIKOCTEH) COTPOBOKAACTCA BhIAGICHHEM TeNJia — TENJOTh
aacopounn. KoauuectBo rensa, KOTOPOE BHLUACISIETCA TIPH
agcopOuni 1 Moss raza uii PacTBOPEHHOIO BEILECTBA OJHHM
rpaMmMoM 4HCTOr0 ajJcopOeHTa, HOCHT Ha3BaHHe HHTerpaJb-
HOi TenuioTel axcopounn (Q,,): nox AndgepeHnaTbron Tern-
Joroil aacopbunu (g,,) MOHHMAIOT KOJHUYECTBO TeIJa, Bbies
asgemoe npu norJgoutenun 1 mMoas aicopOTuBa NnpH nepexoxe
OT MEHBLIEr0 PABHOBECHOrO JaB/eins (KOHICHTPAUHH) K 6O/be

wemy, T. €.
__{ dQun
qil;], R ( d]l‘ )T ¢

[To sxcnepuMenTanbHOIN H30TepMe aacopOIn MOXHO Bbi-
YHCJIUTH TEIWIOTY ajcopOuuu; HanpuMep MO YPAaBHEHHIO
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Kaaysuyca—Kaaneiipona:

dinP
dlI' b

Jaq = RT*

rie R — ras’oBas nocrosiHHas.

O6bIYHO TENJ0TY aACOpOLHH  ONPEAEISTIOT 3KCHepHMeH-
TaJLHO KaJopHMETpHYeCKuMu Mmeroaamu [6 1.

[lpn M3MeHEHHH NapuUHaabHOrO AaBJAECHHS, TEMIEpartyphl,
KOHILEHTPAUKH M COCTaBa MNPHMECEH COOTHOUIEHHE MeMxAay
aJICOPGHPOBAHHBIM, PACTBOPEHHBIM I MOYBEHHBLIM Fa30M H3Me-
HAETCS, YTO MPHBOJHT K H3MEHEHHIO MHTEHCHBHOCTH MaCCO-
oOMEHa B CHCTeMe [10YBa-— pacTeHHe—IpH3eMHblil BO3YX.

2. 3APSIJI HA NMOBEPXHOCTH YACTHL.
JABOAHOW SJEKTPUMECKHA CJIOA

3apsaa na mosepxHocTd yactuu. Opuoil U3 npuunn, oby-
CJIOBJIHBAIOILX NOSIBJEHHE 3apsiiia Ha NOBEPXHOCTH pasjeda
(a3, aBasiercs oOLUNAS VIEKTPOJUTHUECKAH JIHCCOHAILHS
MOBEPXHOCTHLIX MOJICKYJ TBEpAoro rena. B pesyabrare inc-
CONMANHH HOHB!I OAHOIO 3HAKA B (PHKCHPOBAIHOM MOJIOKEHHH
OCTAIOTCSE  HEIOCPEACTBeINO CBA3AHHLIMH € TNOBEPXHOCTHIO
3TOro T€J1a, T. €. B COCTABE €ro KPHCTANIHYECKON PpCUIeTKH
(norennuanoobpasyiouie HoHbl), a HOHbl 1POTHBOMNO/0KIOTO
3HaKa (MPOTHBOHOHLI) NOCTYNAIOT B MPHJCrAOUMI  CIAOH
AMHUAKOH (hasbl.

Bropoil npuuYHHON NOABJEHHA 3apaia Ha MOBEPXHOCTH
ABASCTCH BpeHMyUlecTeennas agcopounsa HOHOB OHOH MpH-
poabl U3 pacrsopa.

B Kaxkaom m3 yKasanHBIX ABYX CJy4yaeB AHCNEpCHas 4a-
CTHILA CTAHOBHTCA 3JEKTPHYECKH 3apAKEeHHOMN (MOJOKHTENbHO
WJIH OTpHUATENbHO). B 4acTHOCTH, TIJIHHHCTBIE YAaCTHILbI
OOBIYHO 3apsKeHbl OTPHUATEABHO.

JiBoiiHol aJsekTpuueckuit caoi. [lockoanky aucnepcnas
CHCTEMa B LEJIOM 3JCKTPOHEHTpasibHa, T0 B AHCHEPCHOHHON
cpene JA0JIKeH IpPUCYTCTBOBATh SJEKTPHYECKHH 3apsil npo-
THBOMOJOXKHOTO 3HaKa.

Kax pesy/abTar 1¢nA0BOro ABHIKEHHA, CTPEMSILUIErocs pac-
NPeAeanTh HOHbl PaBHOMEPHO BO BCeM o0beme, H NPOTHBOMNO-
JIOXKHOrO AGACTBHUS 3apsxKeHHOH MOBEPXHOCTH, CTpeMsiueHcs
NpHGJH3HTD NPOTHBOHOHBI M OTAAJHTH OJAHOHMEHHO 3api-
HKEHHBIe HOHBI, BOJN3H MOBEPXHOCTEH BO3HHKAIOT HOHHbLIE
Anupysunie armocgepul.
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Ha puc. 9 nokasana cxema asoitvoro ciaoa no llrepuy.
31ech YYTEHO, 4TO LEHTPhl HOHOB NEepBOro ¢/10s (Kak npoTH-
BOMOHOB, TaK M MOSIBHBLIMXCH B pe3yabrare creiHGuueckon
ajcopOIHH HOHOB H3 pacTBopa) HaXoAATCs HE Hemocpeu-
CTBEHHO Y MNOBEPXHOCTH, 4 OTCTOAT OT Hee Ha paccTosHHH &
(LUTEPHOBCKHIT CJ10i).

[Tonnoe nazenue noreHmuana |, caaraercsi W3 najieHus
norexHuHana Py B Aupdysnoil yactn ABOHHOro CjIod H pas-
HOCTH MOTEHIHANOB \p, — Ps — B LITEPHOBCKOM CJIOE.

Ilpn HaAOKEHHH BHELIHEro 3JeKTpPHYEeCKOro novisi CKoJb-
AEHHE TBEpJOH H KHAKOW (a3bl JApYyr OTHOCHTEJIBHO Apyra
(POHCXOJHT HE HEMOCPEACTBEHHO Y TBEPAOH NOBEPXHOCTH,
a no unekoropoi nosepxuoctn K—K (puc. 9), yaaneHHo#
or TBEpoil hasnl Ha paccrosnne A (A = 20, cM. Takxke cae-
JY IOLLHIT rojpas;ien).

Takum o6pasom, NpH 3JEKTPOKHHETHUECKHX H3MEPEHHSAX,
CONPOBOZIAIOMHXCA OTHOCHTEAbHLIM Nepemelierem Gas, Mbl
ONpPEAeTsicM He BCIO BEJHYHHY pPa3sHOCTH MOTEHUHANOB 1,
MexAY TBepLoil (pa3oit H JKHAKOCTBIO, 4 PA3HOCThL NOTEHIHa-
JIOB { MEX/1y HaCTblo XKHAKOCTH, He BOBJEUCHHOH B JABHIKEHHE
H CBsI3anHoil ¢ TBepuoil (Ppasoii, H BCEM OCTATbHLIM PACTBOPOM.

ITpu nocToAHHONH HHTEHCHBHOCTH BHEIIHErO 110/l C POCTOM
KOHIIEHTPZUHH HOHOB YMEHbLIAeTCst TOJIHHA JAHpDY3HOro
CJIOSI, Y4TO BJeueT 3a coboil yMEHbLEHHE BeJHYHHB { — Mo-
TeHunana (puc. 9, Kpusas 2), B TO Bpemsi KaKk BeJH-
YyHa [OJHOrO MHOTeHUHaAJa W, OOBYHO MEHSeTca MaJo.

Jlanpueniiee  yBeJHYCHHE

*o KOHLEHTpPaIlHH HOHOB MOXKET
NPHBECTH YacTHUy B H30-
3JEKTPHYECKOE COCTOSIHHE,
Korjaa C-noreHuHan craHo-
BUTCA pasHbiM HYJad0. Pas-
psKaionas CnocoOHOCTh
NPOTHBOHOHOB  BO3pacraer
C Ba/JEHTHOCTBIO.

Hekoropuie MHOIroBa-
JEHTHBIE HOHBbI (Hanpumep,
Al3* u Th''), obaanaoune
GOJIBIIHM  aJICOPOILHOHHbBIM
MOTEHIUAJIOM, MOTYT H3Me-
Puc. 9. Cxema asoitinoro siextpu- HHTh 3HAaK {-noteHuuasa.

yeckoro caos (no Llrepuy): Kak Oyjger noxasaHo
I — npH  KOHUCNTPAUNH <5 2 — npm B CJAeYIOIHUX pasjienaax, 1o

Kounucurpauny ¢35 (¢y > ¢4); x — pac-

CTORINE OT MOBCPXHOCTIE BeJIHYHHE C-noTeHuHa/aa cy-
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AT 06 YCTOHYHBOCTH TMOYBEHHBLIX arperartos. [lis nous ero
BeJHUYHHA KOJeOJeTCsl OT €HHHILbI 10 HECKOJIbKHX JeCSATKOB
MHJIJTHBOJIBT (METOABI onpeieseHus L-noTeHunana npuseieHb
B cneunaabHoit auteparype [381]).

Toabko B HauGosee NpocThiX Ciay#asix ABOHHON 3J€KTpH-
YECKHIT CJOH COCTOHT H3 HOHOB KaKOM-1HOO OJHON COJaMH.
OO6BLIYHO B AUCIEPCHOHHOI cpejle HAXOASITCS HOHbI ABYX COJ€i
wan Gosee. B atom cayuae nepepacnpeseeHHe HOHOB B ¢J10e
Ilrepra u andepysHom ciaoe HOCHT Xapaktep oOMeHa: npH
JOFJIOUIEHHH OJIHHX HOHOB B PaCTBOD NEPEeXOAHT IKBHBANEHT-
Hoe KoauuectBo Apyrux. Jlas KojanuecTeeHHON Xapakrepu-
CTHKH 0oOMEHA HOHOB NPeIONKEHO MHOT0 YpaBHEHMIT; OAHO
H3 HHX — AJ51 JABYX OAHOBAJIEHTHHIX HOHOB — MPHBEIEHO
nixe [681]:
= f <L

oo ?

klk
L L

r1e X; H X, — KOJHYECTBO HOHOB [1€PBOr0 M BTOPOro poja
B JIBOHHOM CJI0€;

€y M €y — KOWILEHTPALLHH HOHOB B NOYBEHHOM pacTBOpE;

[ — KoapHUHEHT, NOKa3LIBAOIIHK Npenmyuie-

CTBEHHOE IOJIOXKEHHe HOHA [epBOro pojia.

Kax BHAHO 13 ypaBHEeHH S, HOHHLIT OOMEH 3aBHCHT TOJLKO

OT OTHOLIEHHA KOHUEHTPAaLHi -2- (npH MpoYMX paBHLIX yCJIO-
BUAX, B TOM YHCJIE OJIHHAKOBOM 3apsjie NOBEPXHOCTH).

[Ipu paccmorpernn oOMeHa HOHOB pasjiHYHON BaJeHT-
HOCTH B YpaBHEHHE BMECTO KOHLEHTPAILHil NpeAnouTnTebHee
BBECTH BEJHYHHBI AKTHBHOCTH.

[Toaarawr, 4T0 KO3(ppHUHEHT [ OOYCAOBJEH pasjiuuHeM
CBOOOJHBIX 3HEPrHi |y H W, (MPHBEAEHHHIX K CTAHAAPTHBIM
VCJAOBHAM) MEX/y ABYMsi BHJaMH HOHOB Ha ajacopGenre:

f=exp [Bzbe],

rae k — nocrosnHas bBoabumana.
ITo Mepe yMmeHblI€HHs CBOOOAHLIX 3HEPrHil HOMbI pacno-
JarawTcsi B ps:

Fedt ~Ald*. Ca*, Mgt K*; Nat*, Lir,

Ha cnocoGHOCTH ABOHHOrO 3/JIEKTPHYECKOro ¢J10s K 006-
MEHHBIM pPEaKUHsAM OCHOBAHLI XOPOILIO H3BECTHLIE METONbl
MEJHOPALHH [OYB: THICOBAHHE COJOHIOB H H3BECTKOBaHHE
KHCJIBIX NOYB. B nepBom cayuyae peaKuus MOXKeT ObiTb cXe-
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MaTHYECKH H3oOpaxena cuaeayioued dopmy/oi (3amellenne
HOHOB HATPHA HA HOHLI KaJbLLHs):

MY 4 CaSO4 = T1Ca -+ NasSO4.

Bo Bropom cayuae (3amellenye HOHOB BOJAOPO/a HA HOHbI
KaJIbIlHs):

i + CaCO; —» [1ICa + HyO 4 CO4i-

3nech TINS, TTif, [ICa cxematHuecku H306PaK4IOT, UTO
8 JIBOHHOM CJIO€ NOYBbI (MOrJIOWAONEM KOMINIEKCE) HaXOAATCH
COOTBETCTBEHHO HOHBI HATPHSH, BOAOPOAA H KaJbLHs.

[Momumo {-noreHuuana, BaxKHON XapakTepHCTHKOH JABOMH-
HOTO 3JCKTPHUECKOrO CJ05, OnpelessieMoll Takke IKCrnepH-

MEHTAAbHO, ABJAsETCH ero Anddepentnanbias MIH HH-

L
Ny
4]
TerpasbHasn = eMKOCTH (cM. oGosznauenus Ha puc. 9).
0

B MeJHOPAaTHBHON NPAKTHKE eMKOCTBHIO [OIVIOWEHHs Ha-
3bIBAIOT CYMMY MONJIOMEHHbIX HOHOB, paccyitanubix na 0,1 kr
nousbl. EMKOCTL MOTVIOWEHN S ONPEASISIOT 3aMEIIEHHeM BCex
NOTJIOWEHHBIX HOHOB, HAIIPHUMEP HOHOM HATPHS, C N0CE1Y10-
MM BBHITECHEHHEM B PacTBOpP HOHA HaTpHs OukapOonatoMm
KaJbllHsl M OMpPEIeJCHHEM HOHA HATPHA:

TS + 4NaCl == [14Na* -+ CaCl, -~ MgCly;
[M12Na* - Ca (HCOy), == [1€Ca** + 2NaHCO,,

Jliist nous eMKocTh norJouenus cocrasaser 10—50 M-3k8.
na 0,1 Kr noussi.

Ha npunuune BLITECHEHH s U3 JABOMHOTO /1051 HOHOB O/LHOI
NPHPO/LLI HOHAMM AP YTO#l NPHPOJIbl OCHOBAHDLI TAKAKE METO/LbI
ofpeieseHiis Koanyectea oGMennblx Honos [6].

Tak Kak KOJHYeCTBO aAcopOHPOBAHHbLIX HOHOB oOrnpeje-
JseTCa Ye/1bHON NOBEPXHOCTHIO N0YB, a HanbOABIIYIO Y/le/b-
HYIO MOBEPXHOCTH WMEIOT YACTHILL KOJJIOWLIHBIX (paKimii,
TO UMEHHO 3TH hpakunH (KaK MHHEpPAJIbHBIe, TAK H OpraHunye-
CKHE KOJJIOHAbl) HasbBaIOT MONOIAIOIHM  KOMIJIEKCOM
no4ysbl. B CBSI3H ¢ pacCMOTPEHHOH BbILIE BO3MOXKHOCTHIO 3a-
MelaTh B JABOHHOM CJO€ HWOHBI OJAHOH MPHPOALI HOHAMH
APYyroit NOraoualouniHi KOMILIEKC HOCHT TaKXKe HasBaHue
0OMEHHOTo KOMILIeKCa.

KaTHOHBI B NMOYBEHHOM PacTBOPE SABJAAIOTCA caMbiM OJH-
KauimM HCTOYHHKOM NHTATEJbHbLIX 3JIEMEHTOB U1 PacTeHHH.
Peryaupys eMKOCTb MOIVIOMIEHHSi M COCTAB MNOTJIOUAIOLIEro
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KoMIvieKca (rmpHemMami arpoTexHHkH, npHmMeHeHuem yjiobpe-
HUIL M T. 11.), MOKHO OGECIIEUHTL KOPEHHOE YJ/lyullleHHe [ous,
B OCOOCHHOCTH OJ1aronpHsITHLIH MHLLIEBOH PEXKHM.

3. MOJHPUKALIMS BOJIbl BBJIMU3H
TBEPbIX NMOBEPXHOCTER

[Moaumoaexkyasipiasi aacopduus. Kag Mpl BHICaH, 110
teopuy Jlenrmiopa Ha nopepXHocTH ajicopbenta oGpasyercs
MOHOMOJIEK YJISIPHBIIT CJA0H ajcopOenTa, KOTOPHIH NPpH noJHOM
aIcOPOUHOHHOM HAChIEHHH «3KPAaHHPYET» BCE HEKOMNEHCH-
POBAHHBIE LEHTPHLI W TEM CAMBIM HCKJIOYACT BO3IMOKHOCTh
00pa30BaHIisA CJAEAVIONHX Ca0eB ajacopdara.

Bmecre ¢ tem yeranopiaeno [42, 441, uto npu ancop6uun
NOJSPHBIX JKHAKOCTEH (M3 napos M KHAKOH (a3bl) Bo3HH-
KaeT NoJHMOJICK Y IAPHBIH CJIOH (CONBBATHHIA CJA0H) TOMIMHHON
B HECKOJBLKO I€CSATKOB H JdrKe€ COTEH aHrcTpeMm.

Bouiensiemoe npu stom Tenao ! (tensota cMauuBanus Q,,)
OGLIUHO H3MEDPSAIOT KAJOPHMETPHYECKHM METOJAOM: /s necya-
HBIX NoYB @, COCTABISIET JIOJIH KHJIOJZKOVJISI HAa KHJOrpamMm
peniecTsa, J1s yepnosemos — 1228 k/lxk, a aas ropdsiu-
crhiX 1ouB — okoso 40 k/JIx/Kr.

HMamenenye opuenTalnn MOJIEKYJ T BOAbl H €€ MJOTHOCTH
[111 ] no cpaBrennio ¢ o6bLeMHOI BOAOIT (HaXoAAEHC s 3a 11pe-
Jes1aMi JICHCTBHS 110BEP XHOCTHBIX CHJI) CBHETEILCTBYET O TOM,
YTO BOJIOPO/HBIE CBA3H MEAAY MOJEKYJaMH BOJAbI B COJbLBAT-
HOM CJ0€ JOJKHbI ObiTh PasopBalibl WAH CYVIIECTBEHHO HCKAa-
xenbl. M3 31oro (pakta anpHopH MONKEO C/1eJ1aTh CJIENVIONH T
BLIBO/L: BCE€ CBOHCTBA OOGBEMHOMH BO/bI, ONpenessiemMbie Cy-
HIECTBOBAHHEM MEXMOJIEKVSPHBIX BOAOPOAHBIX CBs3eH (Bbi-
COKasl pacTBOpAIONasn CnocobHOCTL, AHOMAJILHO BLICOKAS TEM-
neparypa samep3aHisi, BBICOKHME VJenbHasi TeNJ0eMKOCTh W
971€KTPONPOBOJAHOCTL H ApP.), OVAYT yTpayeHbl /sl CONbBAT-
Horo cyaos. Kopoue ropopsi, coJibBaTHbI CJ0M OVJAET JeMOH-
CTPHPOBATH CBOHCTBA, KOTOPbIME 6bl 00s1a1a/a Bojia (Tounee,
BellecTBo ¢ XuMmHueckoH dopmyaoii H,0) 6es mexmonexy-
JAPHBIX BOJOPOJAHBIX CBA3EH.

OnpiThl TIOKa3bIBAIOT, YTO MHOTHE CBOHCTBZ COJILBATHOTO
CJ0St OTJIHYAIOTCSI OT CBOHCTB OOBEMIO JKHKOCTH.

B. B. Jlepsrun nokasan (42 ], uto Tonkue c/ion BOjbl Me-
ALY  CTEKJASIHHBIMH  NOBEpP XHOCTAMH  00/131al0T  MOAV.JIEM
cjBura. CyuiecTBoBanue MOAYJisl CABHIA, H3MEPHMOro jazke

! Jlanubie O TeNJI0Te CMAYHBAHHA HCNOJL3YIT MPH NPOCKTHPOBANIK
Apenama [6].
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npu yacrorax 10° I'u, B TaknX ¢J0AX MOXKHO OGBSCHHTH Tewm,
4TO CTPYKTYypa 3THX CJOEB OT/HYHA OT CTPYKTYPLI BOJBI
8 oOmeme W OJiH3Ka K CTPYKType TBEpLOTo Tena.

B JlajbHeHIueM HCCACMOBAHHM TPaHUYHOM BASKOCTH Me-
tofom caysanusa B. B. Jlepsarun ¢ corpyaHMkamMM ycTaHo-
BHJIH, YTO Ui HENOJSPHBIX KHIAKOCTEH BA3KOCTb COXpa-
HACTCH MOCTOAHHOH, PAaBHONH ee OOBEeMHOMY 3HAUYCHHWIO, MO
Bceit TosmHe cios. as noaAsipHBIX XKe KHAKOCTel Oblau
ofHapyeHbl pe3KHe H3MEHEHHs MOABHKHOCTH BOJAN3M 110-
BEPXHOCTH TBEPJOro TeJja.

Mamepenusi CIABHIOBOH yNpyrocTH »HIAKOCTEH H WX COMb-
BaTHBIX CJ10eB pe3oHaHcHbIM MmetojoM [7] naaum ocoGenno
BECKHE JI0Ka3aTeJIbCTBA TOr0, 4YTO CJOU NOJAPHBIX KHIKOCTEl
Ha [OBEPXHOCTH TBEPAOTrO Te/a 01 BJAHAHHEM NOCJE1Hero
npuobperaior ocobnle CBOHCTBA, OTVIHYHBIE OT OOBEMHBLIX: AT
HEeNOJSAPHBIX JKHAKOCTEH (Ba3eJIMHOBOE M KacTOpOBOE Mmacaa,
GeH30/1, YeThIPeXXJOPHCTHIH Yraepoia) MOAy/ab CABHra mno-
CTOSIHEH Ha JOObIX PACCTOSHUAX OT NOBEPXHOCTH KBapUeBoii
MOAJOMKH; JUISI NOJAPHBIX Ke JKHAKOCTe# (Boja, CnHpThHI
H Ap.) MOAYJAb CIBHra PE3KO Bo3pacraer nmpu npuGIHIKEHHH
K MOBEepPXHOCTH Ha paccrosiuuu nopsiaka d5-107%—1.1077 M.
[Moavuennpie JaHHbIe HAXOJAATCSH B KaYeCTBEHHOM COFVIACHH
¢ paboroit [42].

TpexcaoitHas mojieab BOJAbI BOJAH3H MOBEPXHOCTH TBEPAbIX
yactul. [lo cux nop npeanoaarajioch, 4To MeXAY KHAKOCThIO
B COJAbLBATHOM CJI0@ H OOBEMHON »KHAKOCTBIO HMmeercs GoJjee
HJIH MEHee pe3kasl rpaHuia.

Buinoauentsie B NOCJAEAHEE BPEMSA HCCJEIOBAHHA MeXaHO-
KaJlopHYECKOro M TepmoocmotHueckoro sfppexrtos 146, 471,
NO-BHAHMOMY, FOBOPST O TOM, 4TO MEMIY KHAKOCTHIO B COJIb-
BaTHOM CJo€ H O00BEMOM CVILECTBYET nepexoiHas 30Ha —
«NOJANJAABJICHHBIA» CJ0H € MNOBBIIEHHOH MNOABHKHOCTBIO MO
CPaBHEHHIO ¢ O0BEMHOMN JKHIKOCThIO.

Cyuocts 3THX paboT s3akaloyaercs B caeayioueMm, Orau-
Yye IHTANLIUN B TPAHHYHBIX CJAOAX KHIKOCTH OT 3HA4YEeHHs
B 00BbEMEe JIOJIKHO MPHBOAHTH K TEPMOOCMOCY — ABHIKEHHIO
JKHAKOCTH Yepes Kanw/jisip nNpH HaJHYHH OCEBOro rpajMeHTa
Temneparypbl, H MEXaHOKaJOPHYECKOMY (TEINIOBOMY) 3¢-
(EeKTy — BO3HHKHOBEHHIO MNepenajia Temeparypbl NpH Ha-
JHYHKH OCeBOro nepenajia aasaenusi. B paGore [47] Gbuio
MOKa3aHo, YTO TEePMOOCMOTHYECKOE JABHWIKEHHE NPOHCXOAHT
B CTOpOHY GoJiee HH3KOH TeMmrnepaTyphl, YTO COOTBETCTBYET
¢ay4alo, Korja BOJAM3H TBEpAbIX [MOBEPXHOCTEH SHTAJbIHA
KUIAKOCTH BLIlIEe, uem B oOneme.
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Bumecte ¢ TeM, Kak no- N R N T
Ka3zano Bbiie, BOAU3H TBEp- ¥ *5-’»* \%J“.,.R'.' A ‘O‘.,:
ABIX NOBEpXHOCTEll SHTaTh- 0 v (x e @R i
NHst BOABI HHKE, ueM B PEla A RV R kb

- obnewme. $4- -+ > R 2 <\ A

Jlasi obbsCHeHHs 3HaKa % Nyl e

~ Habu110/1aeMoro sphekTa 7 g ade B R 4 Z, Yq y
 MOXKHO Cjlenath caeiyiomme -u-’--’-ﬂ—{ Rt i _:;,_
~ NPEANOJOXKeHHS. ARR P AR £ \RNR A Ay Adik

. CoabBaTHbie CIOH  p $4 4% 43R > 44RW S pAA %

€ MNOHHXKEHHBIM  TenJaoco- 2944 29%Y% 9:» H‘?: w4t g
" jeprkannem B naGaozaemon T iitiFrRRE4eaiesess

~ ABHJKEHHH He y4acTBOBaJH.
& 2. Mexay ofvemnoit 7
~ JKWIKOCTBIO M COJbBATHBIM
 CJI0eM MMEETCSt Nepexoanbii

~ caoil, o6aajalommil  110Bbi-

. wennoit  no  cpasHenuio  Pue. 10. Tpexcaoittast mogens soint
¢ o0OBeMHON yaeJabHOll 3H- ¥ QUSCPIIOC T TREPAOKO. ToNa:
Taﬂbn"eﬁ ; ’ HO}IBH)KHOCTblO' \ZHJ‘;T?;%O:!KOA;SIJL%;NI?IU_‘] g?!’tl)?‘g?'rghi‘-l
[lpn uccnenoBanuu me- OGLeMHAST KUAKOCTS

~ Xanokanopuyeckoro afpex-
14 |46] npu OTHOCUTENLHO HEBLICOKHX nepenajax AaBJeHNs
- 6b.10 O6HAPVKEHO NOHMKEHHE TeMNepaTypbl ¢ TOM CTOPOHL!
MOpPHCTOI Neperopoiki, ¢ KOTOPOH B Hee BTeKaer noasp-
- Has xuukoctb. C o6parHoil CTOPOHBI NOPHCTON NMEPEeropoiAKH
B 9TOM cayyae HabJi0aloCh [OBbILEHHE TeMMepaTypbi.
~ Taxoii apdexr, KaK H TEPMOOCMOTHYECKHIT, MOXKHO OOBSICHHTh
- OPeinoJIOKEHHAMH, CASJAaHHBLIMH BBILLIE.
' Takum o6pa3zoMm, y MOBEPXHOCTH TBEPIOTO TeJa MOXKHO
 PasIHYMTL TPH €05 BOABI, OTHYAIOUHXCA 10 CBOHM CBO¥i-
_ CTBaM.
' 1. CoabBaTHblit cjoit (rpanuunasn ¢asa).
2. «[loanaasaenupiiiy caoif,
3. O0bemHast KHIKOCTD.
‘ Anaau3s oOGIIMPHBIX 3KCTIEP HMEHTAMBHBIX H TEOPETHYECKHX
. HCCJIEI0BAHHH MHOIOYMCJIEHHBIX aBTOPOB MNPHBEJ TaKke M
- Hpocr-Xancena (cm. paGory [15]) Kk 3akaouenuio o Tpex-
. CA0MHOI MOLeSM CTPYKTYPbI BOABLI 6/1H3 NOBEpXHOCTH pas-
- Jles1a BOJla—TBepjloe Teo.
- Orta MoaeNb COCTOMT H3 YINOP#AJOYEHHOrO CJI0st BOJAbI 6/113
TBEpJIoro Tesa (COoJIbBATHBIIH c.noﬁf; Ha J0CTATOMHO GOJIBILLIOM

1 Otor BLIBOA aHaJZOrHYeH pe3y bTataM, noayuehuuy B padore [103].
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PacCTOSIHHH OT MOBEPXHOCTH CYLIECTBYET CTPYKTYpa 00heMm-
HQIl BOAbL. Mex1y 06HeMHOM KHIKOCTLIO H COJILBATHBIM CJI0EM
HAXOAHTCA 006JacTh YCHJAEHHOro Gecrnopsijika — «nojinaas-
Jerusity caoit (puc. 10).

B paMkax TpexcaoitHOH MOJeaH 101 «1pOYHOCBA3AHHOIY
BOJOH CJ€1yeT MOHHMATh BAary ajcopOHpOBAHHBIX NO.IH-
MOJEKYJASPHbIX CJ10€B.

B pamxkax paccMatpHBaeMOil MOJAEAH HET MecTa «pPhIXJ0-
CBA3AHHOH» BoJle. «PHIXJOCBA3aHHYIO» BOLY MOKHO ObIO Obl
OTOKJIECTBUTD € «MOANJIABJCHHbIMY cJjl0em. (OAHAKO NMpHUNHCH-
BaeMble «pbIXJIOCBS3aHHOHY BOJE CBOMCTBA (NOBHLILIEHHAS BH3-
KOCTb, NMOHHKEHHAS CNOCOOHOCTL K PAaCTBOPEHHIO 3JEKTPOIH-
TOB M JIp.) NPOTHBOPEYAT MPELNOJaraeMsiM CBOHCTBAM «110]1-
NJAABJIEHHOTOY CJ1051 — MOBLIUNEHHON 110 CPABHEHHIO C 00HLEMOM
MOABHMHOCTH H JIP.

CoBMecTHOE JIBHKEHHE B KaNHJIAPaX 00beMHOH A HAKOCTH
H rpaHHYyHBLIX CJ0eB, OTHYAIOUIUXCS MO CBOUM CBOHCTBAM,
paccmorpeno B paGore [15]. 3nech moxasano, 4ro or COOT-
HOLLCHHST MEXJIY pasMepami CJoeB W BeJAHUHIAMH IeiCTBY-
JOULMX IPAAMENTOB JIaBJEHHS 3aBHCHT XapakTep HeJnHeillbixX
buabTpauHoHHLIX 3PPeKTOoB.



F anasa [l

MAKPOCTPYKTYPA
MOYBbI

1. BBAUMOJIEHCTBHE MOYBEHHbBLIX YACTHUU

PaceMoTpum  CHJB, A€HCTBYIOUME MLy OTASTLHBIMH
qacTHILaMH, TOCKOABKY H3 COBOKYMHOCTH HX B3aHMOJEHCTBIS
CTATHCTHYECKH BO3HHKAIOT CYMMapHble MEXaHHYECKNE CBOii-
CTBA JIUCTIEPCHON CHCTeMBb.

Jlis paBHOBeCHS! 3101 CHCTEMbI BO BHEIUHEM 110Je Heol-
X0/41MO, 4ToOb! abcomorHasi teMmneparypa 7 H XHUMHUYECKHH
NOTeHILHAJ MOJICKYJ JaHHOTO BeulecTBa it OblIH BeJAHYHHAMH
nocToannbiM. Mexiy Tem OaH30CTh TPaHHUYHBIX NOBEPXio-
CTECH MEHACT XHMHYCCKHI ITOTEHILHAA i B TOHKHX CJOAX Xiljl-
KOCTH, pasjieisiionleil YacTHIlbl, M Ol CTAHOBHTCH HEepaBHbIM
3HAYEHHIO XHMHYECKOro noTenunaita B odhemMe JKHAKOCTH W,.
Ecau u, < n, 10 uactHibl 6VAyT COMHMKATLCH; NMPH Ry > I
yacTuibl OYAYT pasaBuratThes.

B nocaexnem cayuae cHCTEMa 4acTill cnocofHa €03/1aBaTth
JlapJjenne nabyxanus, B OCHOBE KOTOPOro JexHT oOHap yKeH-
Hoe nepsbie B. B. Jlepsirunsiv packanunsaiouiee J1euHcrsne
TOHKHX CJI0€B.

Packaunupalouiee 1asjeHue B obuem cayuae Moxer OblTh
KaK TOJOXKHTEbHbIM, TAK H OTPHUIATEJIbHBIM M 3daBHCHT OT
CHJI Pa3JUYHON NPHPOLLI, MMEIOHIHX HEOJIHHAKOBBIC 3aKOHbI
H3MEHEHHST TPH  YBEIHYEHHH PacCTOSIHHA MEXIAY 4YacTu-
IAMH.

[Tepsas cocrasasomas pacKJAHHHUBAIOUICrO J1aBJEHIs
ONPEAEIARTCH CHIAMH MOJICK YJISIPHOIO 1a/1bHOIeHCTBUS, CTPO-
rast TCOPHSA KOTOPLIX AJ8 MAKPOCKONHYECKHX Tes pazpabo-
tana E. M. Jludumuem wu 3sKcnepumeHTanbHO TpoBepeHa
B. B. Jepsruunim 1 M. M. AGpuxoconoi.

Jst B3aUMOACHCTBHA B BAKYYME H MAJdbIX PaccTosiimii,
KOrjia MOKHO rpenedpeyb 3(ppeKToM 3JEKTPOMArHUTHOTO 3a-

Ta3/bIBAHKS, SHEPIris MONIeK Y AsipHOro nputsixkenusn U, AByX

KOH1eHCHPOBAHNBIX (a3, OTHECEHHasn K CIHHHIE MNJIOLLalN,
Moxer ObiTh BEIYNcaeHa no (opmyaam [56]:
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JIST IBYX cep OJlMHAKOBOTO pajunyca r

Ar
Um=_"T2""‘_s z (l)

e A — nocrosinHasi 'amakepa;
h — KpartuaHiuee pacCTosiHHEe MEXJAYy TMOBEePXHOCTAMH
yactul, (npu r >> h);
aas cdepbl U NJIOCKOCTH

Ar
Um=_6'h"" (2)

AJs1 JABVX GeCKOHEYHBIX IJIoCKoOnapasieJibHbIX nJjacTHH

TOJHHON O
A

U,,,=—Wa 0> h, (3)
Ad
U,,,=—W, 6<<h. (4)

Juppepenunpys Boipakenus (1)—(4) no paccrosinmio fi,
noyaiyuum GopMyJibl JJAs CHJ NPHTSIKEHHS.

®opmyabl (1)-—(4) MOXKHO NpPHMEHNITL H VIR anajausa
B3aHMOACHCTBHA TE€J B JIHCIIEPCHOHHOH Cpejie, OJAHAKO [O-
CTOsIHHAA A MOJEKYJSAPHBIX CHJ npuTsxenuss [amakepa
B 3TOM cJayuae 3ameHsercs ee s(ppeKTHBHLIM 3HadeHuem A*
U3 NpHONHIKEHHOrOo BbIpaXKEHHsI:

A" = (AL — ALY,

e Ay—1 1 Ay—s— NOCTOSIHHBIE JIJIsT B3aHMOJEHCTBHSI Ya-
ctull 1 = 1 ¢asbl ¥ yacTHi 2 = 2 cpeinl
B Bakyyme.

Bropas cocraBiasomas pacK/JAHHHBAIOLIETO JaBJEHHS CBS-
3aHa ¢ HaauyueM BOJIM3H 3apsKEHHbIX TNOBEPXHOCTEH HOH-
HbIX AH(xpy3HBIX aTMochep.

Teopusi B3auMOJ€HCTBUSA 3aPsKEHHBIX YAaCTHIL B pacTBOpe
3JE€KTPOaHTA BrnepsBbie Oblia paspaborana B. B. epsaru-
oM [44]. B cayyae paBeHCTBa NOTEHIHAJIOB COMHIKAEMBIX
IOBEP XHOCTEH MO BEJIHUHHE H 3HAKY MEXK/y YacTHILaMH Bcer/la
JIEHCTBYIOT CHJIbI OTTAJAKHBAHHUSA.

[IpubGauykeHHble 3HAYEHHs SHEPTHH HOHHO-3/IEKTPOCTATH-
YeCKOro B3aumojeicTsua U; B yCIOBHSIX cj1aboro nepexphl-
THS zllaoﬁlublx CJIOEB MOXKHO HANTH H3 CJELYIONHX BbIpaxe-
uui 156 |
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JU A ﬂ.’lOCl\'Onﬂpa.’l.ﬂeﬂb"blx_ NnJaacTun

2\, -
b A LA ARy
exp( = )

5
i

b Uy =225 oxp (—xh) Moy
3 exp (zew ) +1
e 72— KOHUEHTPAUHs NPOTHBOHOHOB;
; KT — 3HEprusi TenJIOBOro ABHKEHHS,
# — napawmerp lebas;
h — paccTosiiiie Merxay YacTHIAMM;
Z — BaJeHTHOCTL NPOTHBOHOHOB;
€ — 3apsjl 9JMEKTPOHA;
o — MOTEHILHAA NOBEPXHOCTH YacCTHIL;
A ABYX CepHuecKHX YacTHIl pajauyca r
u,=ff§—5|n (14+e**), r>1, (6)

. 1Jle & — JI3JEKTPHYECKast NPONHIAEMOCTb AHCIePCHOHHON
W cpea;
Gf‘Po

= o

—exp(— =h), wr & I3 (7)
_ DopMyJabl LIS CHIA NPHTHAKEHHS MOAKHO NOJAYYHTH JAndxpe-
- penunposanuem Qopmyia (5)—(7) no paccrosuuio h.

, B cusyyae 0/HHAKOBOrO 1Mo 3HaKy, HO pPa3HOro no BeJH-
| 4pHe [OTeHUMaNa Ha JA0CTATOYHO OGJAM3KHX pacCTOAHHAX .
L MEXLY YacTHILAMM, a TaKKe NPH Pa3HOHMEHHBIX NOTEHIHANaX
1§ [OBEPXHOCTH BO3HMKAIOT CHJbLI MPHTSKEHHHA HOHHO-3JEKTPO-
| CcTaTH4YecKOW npHpO/Lb.

[og BAMAHHEM BHEILHHX NOJEH HAH KOHBEKTHBHOIO ABMN-
| JKEHHS JKHIKOCTH JIBONHOH 3JEKTPHYECKHH CJIOH MOXKer je-
DOpMHPOBATLCS, NMPH STOM BOSHHKAET 3JEKTpHYECKoe node,
pajuyc JeiiCTBHA KOTOPOrO 4aCTO Ha HECKONBLKO TNOPAKOB
- Bblllle, UYEM pajHyC AGHCTBHA HeAePOPMHPOBAHHOIO CJ/I0%
B TeX K€ YCJOBHAX.

~ Teopus HepaBHOBECHBIX MOBEPXHOCTHHIX CHA AH(DGY-
 3HOHHO-3JeKTPHYECKOIl npu[)onu pasBura 8 paborax C. C. I.Iy-
Xuna u b. B. Jlepsruna

Y MHOTHX- KOJJIOWI0B, M'YMHHOBBIX 30/€il, y pasyMuHbIX
i Gaxrepuﬁ oGHAap yKeH KeCTKHil (MnocTosHHLIH) s.neprqucmm
* M]em' GoJIBIION BEAHYHHBI (THICSYH H MHJJIHOMBI Je6Gaes)
152
.f Ciiia NpUTAKEHHA MEXKY YacTHIaMH, BbI3BaHHAas HaJH-
tmem JKECTKOTO /IMIIOJIbHOrO MOMEHTa, NpSIMO NPONOPIHO-
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AP HaJbHA KBaApaTy JHIOJb-
HOro MOMEHTa H o6partHo
MPONOPIHOHANBHA  YeTBep-

/-\ TOH CTeneHn paccTosiHus

Crnmonxu-
SaHUE
L%

N MEMLY -UEHTpaMH YacTHIL.
T / M Ewe ojHa cocrasiisio-
£33 If lLas pacKJHHHBAIONLEro 1aB-
3 ' JICHHA  CBH3aHa C OCOGBLIM
é%i arperaTHbiM COCTOAHHEM
AKHAKOCTEH BOJAH3N rpaHHy-
Puc. 11. Kpupas paaumojefcTua ppix  noBepxHocreit. Ha
Sl et et 0YeHb GJIH3KIX PACCTOSHUAX

B o boawurachcrans,, [ = PaC MWy MACTHUSMH, HAUK-
BHYNL MuHuMys. S — Gapeep orTaAkM-  HAIOT JAEHCTBOBAThL CHJIBLL OT-
pauns; M — BTOPHUELA MUHHMYM TATKHBAHHS Fo' 06)’(3.’108-
JeHuole (O HOBCKHM B3aH-
MOJAEHCTBHEM MEAY IJEKTPOHHbIMH 00ojoukamu. Caeaver,
KpOMe TOro, YyKa3aTh Ha BO3MOXKHOCTb «CKJCHBAaHWH» ua-
CTHIL 38 CYET [JIaCTHYECKHX CBOHCTB pasie/siiolMX HX
CJIOEB. _

CyMmapHas KpHBasi B3aUMOACHCTBHS MEXILY ABYMSA 4acTH-
HamMi MOMeT uUMeThb BHJ, nokasauubii Ha puc. 11. Tlpumepn
pacyera W NocTpoeHHs MOTEHUHATbIbIX KPHUBHEIX B3auMo/eii-
CTBHS YaCTHIL MOXKHO Hafity B pabore [52]. Xapakrtepuoii
0cOGEHHOCTBIO npHBejeHHol KpuBoi (puc. 11) ssasercs
HaJ HyHe MunuMyma M Ha OTHOCHTEIBHO JAJIEKOM PacCTos-
HitH. Taxoe coCTOsHHE CHCTEMbI MOJKeT IPHBECTH K B3aHMHOM
(PUKCAUHH YaCcTHIL Y/K€ Ha JIaJeKHX PaCCTOAHHAX, NpHYEM
JVTHTEILHOCTL HAXO0XACHHS UYaCTHIL B JAaJbHEl siMe onpejne-
JIAETCH BHICOTOH OGapbepa OTTaJKUBaHHA H TJIYOHHON MHHMH-
MyMa (1aabHas arperaiius).

[Mocae npeososenust Gapbepa OTTaAKHBaHHA S 1POMCXO-
AUT ObicTpasi Koaryaauusa (CIHNasue) 4acTHU B o0aacTH nep-
BHYHOro ray6okoro MuHuMmyma F (6auKHAS arperauus).
TeopHsi YCTOHYHBOCTH H KOAryJsiiHH JHOMOGHBIX KOJJIOHI0B
pa3suta B paborax [lepsiruna, Jlaunay, depses u OpepGexa.
B TeopHH YUHTBIBAIOTCH CHJBI MOJICKYJIAPHOTO NPHTHIKEHUS
H HOHHO-3JIEKTPOCTATHYCCKOIO OTTANKHBAHNA. :

Iasi CHJIBHO 3apsiyKeHHbIX 30J€ll NOoJY4YeHO Bblpakenmue:

nz® = const, (8)

TA€ n — KPHTHYECKas KOHIUEHTpalHsi 9JAeKTPoJaHTa A8
6saMKHe#H arperannu;
2 — BAJICHTHOCTL NPOTHBOHOHOB.
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Ypaguenue (8) o0bscHsAeT peialoniee BJIHSHHE 3JEKTPo-
~ JMTOB HA NPOUECCH YCTOHYHBOCTH 1 KOy IsILHH JIHOOGHBIX
. JIUCMEpPCHBIX CHCTEM. . :
 3uavenue {-norteHnuana, npu KOTOPOM HAYHHAETCsT sIBHAs
. KoaryJisiMsl, MOJVYHJIO Ha3BaHHe KpPHTHYECKOTro
. poTeHI HauJaa,

. HurepecHo oTMerwTh, YTO KoaryJHpyouias cnocoGHoCTh
| QpranuyecKHX HOHOB MOXKeT B JIECHATKH pa3 TNpPEBOCXOAHTH
| TAKOBYIO A HEOPTaHMYeCKHX HOHOB (HAanmpHMep, Koary.u-
. pylomas crnocoGuocts MophunxJopuaa 8 120 pas Bele, uem
|y XJOpHAa Kajud N0 OTHOWIEHHIO K I'MAPO30at0 As,S;).

- OcobeHHOCTh MHOTOBajJeHTHBIX uonon Fe®*, A% Thit,
~ a raxxe nonos H' u OH™ 3akuouyaercst B TOM, 4TO NpH 10-
. GaBJeHHH HX K 30J10 BO BCe BO3PACTAIOIHX KOHUEHTPAILHAX
. CHAuaJa, Mo JIOCTHXXEHHH nopora KoaryJsiiHH, OHH, KaK H
~ Bce WOHBI, BHI3BIBAIOT KOATYJISIHIO 3014 (lal0T NepBylo 30HY
- xoaryasiin). TIpu aanbheiiuiem yBeJHYEHHH KOHUEHTPAIHH
| KOArV/asllHsa OTCYTCTBYET (30Ha ycroifiuusoctn). M, nanee,
. BHOBb H2CTYM4eT KoaryJallHs 30 (BTOpas 30Ha KoaryJs-
). D10 ABJCHHE NOJYYHJIO HAHMEHOBAHHE ¢HENPaBHJIbHbIX
. PAAOB» M CBAI3AHO C MEpe3apaikoi KOJMJIOHIHBIX 4YacTHL,
. BBI3BIBAEMOI MHOIOB2JICHTHBIMH HOHAMM, O Y€M YNOMHHAJOCH
- B pasjene 2 raasu II.

~ [lpn oxHOBpeMEHHOM ACHCTBHH HECKOJBKHX IJICKTPOJIH-
" ToB BO3MOXKHBI TpH cayuas [113].

|. Sipenye aJIMTHBHOCTH, KOTja Koaryjaupyiouiee Jei-
| CTBHE JEKTDOJIUTOB B CMECH CKJaJbIBaeTcsl apHpMeTHUYECKH
. 110 MPABHJY [IPOCTOTO CMEIIEHHS, T. €. COOTBRTCTBEHHO Koary-
- JAHPYIOmEH CTOCOGHOCTH KaXKJAOTO 3JIeKTPOJAHWTa H €ro KOJH-
" yectpenHoil jone B cvecn (Hanpuwmep, cmeceit NaCl u KClI —
ISt OTPHILATEJbHBLIX 30J1€il). 4

- 2. SIpsenue aHTaroHH3Ma HOHOB, KOIjla KoaryJupyiolee
. JIeHCTBHE KaXKIOTO M3 3JCKTPOJHTOB B CMECH CTaAHOBHTCSA
~ MeHbllle, YeM ero JIeHCTBHE B OT/IeJbHOCTH (nanpumep, Koary-
. anpyromasi crnocobHocTh HoHa Mg** B 2—3 pasa CHHMKaeTcs
. npu jlefictBuH HA 3016 As, S, B cMecH LiCl 1 MgCl,).

. 3. Ssaenue cencHGHIH3AUHN — sBJIEHHE oOpaTHOe aHTa-
. TOHM3MYV, KOIJla KoaryJaupyioniee J1eHCcTBHe Kax1oro u3 HOHOB
. B CMeCHl B NPHCYTCTBHH JAPYroro ropbinaercsi (Hanmpumep,
" emech LiCl u CaCl, B ux jeiicrBun na ruaposons HgS).
= OuiospemeHHo ¢ noHwxenuem 6apbepa OTTaJIKHBaHHSA T10-
_ BBIIEHHE KOHIEHTPALLHH 3JEKTPOJIHTa (TaKiKe BCICACTBHE
~ cKatHs JAH(dY3HOr0 HOHHOTO CJ05) NPHBOAHT K YBENTHUEHHIO
. rayGuubl BTOPHYHOTO MiHHMyMa M, uTO ONpeje/sier BO3-
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pacraHue BepOATHOCTH (PUKCALUH YACTHIL Ha AaJdbHHUX pac-
croauuax. K. ®. Eppenosnivm 1 O. I'. Yebapossiv [52 ] Gbiio
OKa3aHo, 4T0 AJIsi NMPOLECCcoB (uKcauyy MHKpOOOBEMOB Ha
NlaJIeKOM PacCTOSTHHH W NPH COXPAHEHHH MEXAY HHMH HOHHO-
5JeKTpPOCTaTHYeCKOTO OGaphepa OTTANKHBaHHA COoGJaI0AaeTcs
caeaylouiee yeaoBHe:

nz*5+3.5 — const, (9)

KOTOpOe SBJIfIeTCSl aHaJoroMm ypasHenus (8), Bblparkaiouiero
KPUTEpHIT YCTOHYMBOCTH AJA ABYX cep, a Takke i ABYX
MJAOCKHX OECKOHEUHBIX MJIACTHH MPH NPOU3IBOJBHOM MOCTOSH-
HOM TIOTEHILHAJE [T0BEPXHOCTH B CHMMETPHUYHOM 3JIEKTPOJIHTE.

CuenopateqbHO, NO 3HAYEHHIO [0Ka3aTens CTEeneHu m
B BbIpAKEHUHU n2™ = const MOXKHO CyJHTb 0 XapaKkrepe CTpykK-
TypooOpa3oBaHysi: B cJyuyae JajbHeH arperauuu m = 2,5+
=+3,5; B cayyae OaHXKHEl arperalud m =~ 6.

[Ipu KOHUEHTPAUHH 3IJEKTPOJUTA MEHbIIE KPHTHYECKOH
B JIMCMEPCHOMN CHCTEME YCTaHaB/HBaercs pasHosecue (Iepsi-
run, MapreiHoB, MyJiep): OJHHOUHbIE YaCTHUbI <= MapHLIe
arperarbl == 60Jiee CJOJKHBIE arperaTel W8 YacTHI[, HaXo/s-
WHXca BO BTOpHUHOM MHHHMYwme. [locneioBarenbhoe yse-
JUYEHHE KOHUEHTPAIHH 3JEKTPOJHTA NPHBOAUT K HCYE3HOBE-
HHIO OGapbepa OTTAJKHBAHHS H CAMIMAHHIO YACTHIL.

Bonpoc o B3aMMOJEHCTBHH YacTHI( PasyiHYHOH BeJHYHHbI
npuooperaer ocofoe 3HayeHHe I8 NOYB, NMPEACTABJISIONHX
c0060fi NOJHIUCIIEPCHYIO CHCTEMY.

Kak noxaszano WM. ®. Edpemosbim [52], npu onpenenen-
HbIX COOTHOLUEHHSIX CYETHBIX KOHUEHTPAUHH KPYIHLIX H Mea-
KHX yacTuiy (ny : ny) U UX pa3MepoB (ry :r,) BO3MOXKHA CTa-
OUIM3aIHST NOJUAUCIIEPCHON CHCTeMBl BCJEJICTBHE (DHKCAHK
Ha Jla/JIeKOM PAacCTOSIHMM MEJIKHX YacTHIL BOKPYI KpPVIHBHIX.

2. ATPETATHBLIA COCTAB. BOAOMNPOYHOCTb

ArperatHbiii coctaB. Koaryaauus M CIHIAHHE NOYBEH-
HBIX Y4CTHIL NPHBOAAT K BO3HHKHOBEHHIO MHKDOArperatop —
o6pa3oBaHuii, COCTOSIUNX H3 MNepBHYHbIX yacTu. OB6byHO
pas3mep MukpoarperatoB He mnpepblmaer 0,25-107 m. Tlon
BAHSHHEM MEXaHMUECKMX BO3JEHCTBHI, YBJAXKHEHHS! W BbI-
CbiXaHHsi, TPOMOPaKHBAHHA H OTTAMBaHMs, PA3BHTHS KOpHe-
BOil CHCTEMB!, J€ATEJIbHOCTH MEJKHX »KHBOTHBIX, >KHBYUIHX
B NOYBE, MOCJAEAHAN MOXKET Pacnaiarbcsi Ha Gogee KpynHbie
ofpa30BaHys, COCTOAUHE H3 MHKPOArperaTtoB, — Makpoarpe-
ratel pasmepom (0,25+7)-10"® M u KOMKH pasmepom Go.ee
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7-107% M. Moxeab Tpex-
CTYIIEHYATOTO CJ0MKEeHHUs
NOYBEHHBIX arperaTtos (no
B. H. Muuypuuy) noxa-
gana Ha puc. 12.

CIpyKTypHOCTh MOY-
Bbl SIBJSIETCA OJHON M3
BasKHLIX XapaKTepHCTHK,
onpeleasiomux  OJsaro-
NP A THBIE BOJHO-BO3AY1I-
HbIH } TENJOBOI PEeXHMBI
NOYBL, a TaKXKe ee npo-
THBOIPO3HOHHBIE  CBOWH-
CTBA,

ArperatHblif  cocTaB
rpadiuecKkd H300paKaer- Puc. 12. Mopeas TPEXCTYNEHUATOr0
¢l B BHIE KpHBOﬁ, ama- CHOKEeHNsT MNMOYBEHHBIX arperartos (110

v = b. H. Muuypuny):
JAOrHYHOM KPHBOH TPaHYy- dy — AuaMerp uMacTitll; ds — ARIMETP MHKDPO-
i 2
JJOMETPHYECKOro CoCTdaBd arperaTta; d, — AHAMCTP Maxpoarperara
MePBUYHBIX YaCTHIL (KpH-
Bas 2 Ha puc. 6). Jlia nocrpoeHHss KPHBOH C NOMOLIBIO
CHTOBOI'O aHa/JH3a H3 IOYBbl B BO3AVIIHO-CYXOM COCTOSHHH
uilensor ¢gpakuun <0,25; 0,25; 0,5; 1; 2; 3; 5, 7 u
=7 (107* m). O CTPYKTYpPHOM cocTaBe [OYBBI CYIAAT HO
KOZ(DOUILHERTY CTPYKTYpHOCTH K, KOTOpBIi oOmnpejensiercs
orromienneM Koaudectsa C MaKpoarperatoB ¢ pasmepam
or 0,25-107® 10 7-107° M (B %) K COjepKAHHIO OCTAJbLHOM
yacty nouBbl 5 (¢ pasmepamp <70,25-107% u 71072 m):

Boponpounoctsb. Jlpyro# BaXXxHoO# XapakTepucTHKON CTPY K-

TYPHOIT T0YBbI SIBJAAETCH BOJAONPOYHOCTh arperaTos A:
A=,
rie C — NpoueHTHOE Co/eprKaHHe CTPYKTYPHBIX oOpa3osa-
_HHH B noyse ¢ pasmepamu ot 1-107° no 0,25 X
X 107% M, noJayueHHBIX NPH CYXOM paccese 00-

pasua,

C,, — NPOLEHTHOE cojlepKaHue B TOM XK€ 06pasiie Tex ke
pasmMepoB, HO He paspylUeHHbIX [IPH NeHCTBHH Ha
HHX BOIbl (nabopaTopHbieé METO/Abl ONpeeseHus
BOAONPOYHOCTH onucausl, Hanpumep, B [107]).
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YeToliuHBOCTh MOYBEHHBIX arperaToB K BOJAE 3aBHCHT OT
COOTHOLIEHHS Pa3pylIaloOmWHX CHJ H CHJ, ONpeIesionnx
NPOYHOCTH MEXK- H BHYTPHArperaTHblX CBSi3ei.

Paspyiuaiouiee 1eiicTBHE BOJbI Ha MOYBEHHYIO CTPYKTVPY
B NPHPOJHBIX YCJAOBHSIX npoasaserca: 1) B MexaHHyeckoM
pPaspylueHHH arperaTtoB NajialouniuMH JOXKIAEBbLIMH KanasMmu;
2) B H3MEHEGHHH KOHUEHTPAlUHH H COCTABa 3IJEKTPOJHTOB,
00YC/IOBAHBAIOIMNX KOATYASALHIO U C/IHITAHHE YaCTHIL; 3) B pas-
PYWEHUH MOYBEHHBIX AarperatoB 3aleMJICHHBIM BO3YXOM.

[locnenuit MeXaHH3M paspyINeHHA NOYBEHHLIX arperaron
NPOSBJAAETCA VKL NPH MEHOBEHHOM NOIPYKEHHH arperatos
B BOJLlY; NPH MEUIEHHONH KanWIAPHOH MNPONHTKE BO31YX
ycneBaer BhITeCHsTLest Baaroii. [losromy pasauvaior ipa
THOA arperatos Mo HX BOJONPOUYHOCTH.

1. YcJI0BHO-BOAONPOUHbLIE — arperaTsl, KOTOpble CoXpa-
HSIOTCA B BOAE JHUIL NPH MNPEABAPHTEIBHOM MEeLJIEHHOM
KanmiJJIapHOM YBJAAXKHEHUH.

2. Beayc/0BHO-BOIONPOUHbLIE — arperarbl, KOTOphLie CO-
XpaHAICA NpH J1o60M BO3NECHCTBHH BOJLbI.

. B. Pesyr npeanoxua npubop 1107 ] aas oxnospemen-
HOT'O OnpejiejeHHsi YCJOBHO- H 0e3yCJAOBHO-BOAONPOUYHBIX
arperaros, CyumnocTs METO/a 3aKJIOYACTCH B TOM, 4TO BOIO-
IIPOYHOCTL OTIPEAENsIeTCs OAHOBPEMEHHO B ABYX HUJHHIPAX
(Kosie6aHua CHT B 3aNMOJHEHHBEIX BOAOH LHJAMHAPAX HPOHCXO--
JNT cHuxponno). Ilpuuem B OJlHOM WHJMHJAPE € CHTaMu
1 NOMELIeHHBIMH 00pasiuaMy nepejl 3anojHeHHeM Bojioit co-
3JlaeTcsl BaKyyM, a ApYroi LHJIHHAP COEAHHEH ¢ aTMochepoit.

B kauecTBe kpurepusi cBaseil B, onpenessiomux BOjO-
NPOYHOCTL arperaroB, CJAYXKHT OTHOILEHHE:

s g
Y

rjie b — nponesT arperatoB, COXPAHHBIIHXCA B WHJIHHApE
G6e3 oTKauky BO3/yXa (06e3yc/JOBHO-BOAONPOUHLIE
arperarthbi);

y — NPOIEHT arperaros, COXPAHHBLINXCA B UHJAHHIDE
¢ NpeiBapHTeJbHONH OTKa4YKoll BO3jiyXa (ycJaoBHO-
BOJIONPOYHbLIE arperarsbl).

YeroliynBocTh arperatoB NpOTHB pPaspyIUEHHS onpese-
JIACTCS XapPaKTepOM BO3HHKIIHX MEXAY NepPBHYHBIMH YACTH-
namMH M MuKpoarperatamu cpsiseil. Ecan wacruust (Mukpo-
arperaTel) YAep>KHBAKTCA JHIUL KanHJJSPHBIMH CHJIaMH,
TO B BOJ€ STH CHJb! HCU@3aloT W YacTHIUL pacnajaiores. B cny-
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yae naabueil arperauun [em. soipaxenne (9)] aas yaaaenun
APyl OT Jpyra JABYX HacTHU (1nJacTuH) TpeGyercs ycHaue,
pocruraiomee 100 H/m?* [52]; ans ynanenus apyr or apyra
yacTHIl, (GHKCHPOBAHHLIX B OamskHell sme, rTpebyercs 3na-
YHTEAbHO 6oJblee yCHjine.

B npenniayuem pasjene OblT pacCMOTPEH MEXaHH3M CHH-
KEHHs BbICOTh 6apbepa S (cM. puc. 1) snekTpoautamu, 4ro
~ cnoco6ersyer Ganskuedn arperaunu. Ilpn jaunoii Koruenrpa-

MK W COCTABE 3JEKTPOJAHTOB (H, CJAE10BATE]bHO, AaHHON Bbi-
~ cote Gapbepa S) VYCJIOBHA IAs1 arperupoBaHis 4acTHu ie-
O/lHHAKOBBI B 3aBMCHMOCTH OT PAa3/JIHYHLIX BHEWHHX BO31eii-
creiii. B 4acTHOCTH, B €CTECTBEHHBIX YCAOBHAX BEPOSATHOCTD
 GaMikHel arperauMiy HeoJHHaKoBa NPH YIVIOTHEHHH MOYB 1O
~ JleficTBHeM COBCTBEHHOr0 BECa HJH Beca Opy/IHil H MEXaHH3MOB
" (KOMNPEeCCHOHHOE YIJIOTHEHHE) H NPH HX BbICHIXaHHH.

[Ipn xoMnpecCHOHHOM VILIOTHEHHH nNo4B HabawonaercH
jeqopMaitiia ABYX BHIOB: COAHIKEHHE YACTHIL MexAy coboMH
. §l OTHOCHTEeJbHBIH CABHI 4acTHIL, NpHBOAAILMI K GoJee OAHO-
© pPOJIHOMY PACNpEIeJIeHHIO 110 pasMepam Nop CHCTEMBI BO BCeM
obpasie.

Jleropmauini BTOPOro BHAa NPH KOMIPECCHOHHOM YIJIOT-
HEH K MOTVT COCTABJATH OCHOBHYIO 4acTh HEOOPATHMBIX H3Me-
~ Hemmii. B 3TOM cJlyuae sHauuTesbHOE YIVIOTHeHME oGpasua

| MOZKET €uie He CONMPOBOXAATHCH MOABJIEHHEM HEMOCpeACTBerH-
HbIX KOHTAKTOB MEXK1y HacTHIAMH, H €ro ynpouHenue 6yier
CpaBHHTEJIBHO HECOJIbIUIHM.
| [Tpouece ynJI0THEHHS AHCNEPCHOH CHCTEMBI NIPH CYIIKE OT-
. JHuaeTcs OT npouecca YNJAOTHEHHs! NPH KOMIPECCHH TeM, 4YT0
npu cyiuke jaegopmaiuii NepBoro BHJA MOTYT COCTaBJATH
. OCHOBHYIO 4acTh HeoOpaTHMbIX u3menenui. [locae Toro Kak

CHCTeMA CTAHOBHTCS TPEXKOMIOHEHTHOH, COCEJIHUEe YacTHIlbLI
. NpHAKHMAIOTCS APYT K APYry 3a CYeT KanuJjaspHOTro aasje-
 uus. Ilpu srom npounecce GaHMKHSAS arperamust nMpouH3oMHjer

. pes/le, e BeJHYMHA KalHAJAAPHOrO JaBJeHHsl NpeBbillaer
 KpHTHYECKOEe  3HauyenWe,  XapakTepH3yemoe  BeJHUYHHOH
~ OGapnepa S, a HEOAHOPOAHOCTH B pacrpenenenny nop cyue-
 CTBEHHO He uaMeHuTcs. BoT nouemy HeoOXOAHMBIM YCJIOBHEM
. CO314HUA  BOJONPOYHON CTPYKTYPHl SIBAAETCH TEpHOjHYe-

. CKO€ BbICYHIHBAHHE.

OnwiT nokassiBaer, 4To HauGoJjee BOAONPOYHAR[ CTPYK-

~ 1ypa Cco3laercsi NPH CKJIEHBaHUM arperHpoBaHHBIX MOYBEH-

HbIX YaCTHIL FYMYCOBBIMH BemecTBaMH: (MEXaHH3M (HKcaluy
- TaKHX KOJJIOMIAHBIX dTaKuHﬁ KPYNHBIMH YacTHUamMu pac-
emotpen B paGore [521)
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Taxkum o6pa3oM, BO3HHKHOBEHHE BOAONPOYHLIX 0OpasoBa-
HHI1 PAa3JHYHBIX Pa3sMEPOB ABJSAETCH HEOOXO/HMBIM YCJIOBHEM
AJAHTEABHOIO CVIECTBOBAaHHS CTPYKTYypHOil nouswl. [lopu-
CTOCTH MOUuBBI TpexcryneHuarofi crpykrypbl (cMm. pHe. 12)
no B. FH. MuuypuHy onpeaeasiercs M3 CJ€1yIOUEro Bhipa-

HKEHHS:
m = (1 —T,T,T,) 100%,

rie Ty, T T3 — 0O6BEMBbI YACTHIL IAHHOM CTYNEHH B €AHHHIE
o0bemMa CHCTeMbl, COCTOSIINeH TOJAbKO M3 3THX yacTHIL (T. €. U3
yaetuil d,, d,, dg COOTBETCTBEHHO).

O6bemHas macca TIOYBbl ¢ TAKOil CTPYKTYpoO#

Y = (T1T:T5) vy,

rie y, — oGbeMHasi Macca TBep/bIX HaCTHIL.

Mcnoasaysi 1Be nocaeaHHe 3aBHCHMOCTH, JIETKO mpocJie-
AMTH Pas3Juyisl B MOPHCTOCTH M OOBEMHON Macce GeccrTpyk-
TYPHOIi, MHKPO- H MaKpOCTPYKTYPHOW MOYB.

[Mpumen, uto B Mojesau (cM. pHe, 12) ynakoBka vactwil,
MHKpOArperatoB M arperaroB OJH3Ka K FeKCcaroHa/bHOH,
vy = 2,7 rlem® = 2700 xr/m®.

B srom cayuae

Ty =T, =Ty = —— ~ 0,748,

3V'2
m, — 25,7%, yi = 2000 kr/m*® — nas GeceTpyKTypHOIt noy-
BBI,
m, — 44,8%, y, = 1490 kr/M® — nas  AByXcTyneHuaroi
CTPYKTYPHI,
my —59%, vy = 1112 kr/M®* —ana  Tpexcrynmenuartoi
CTPYKTYpHI.

[pu HCC/e/l0BAaHHH BJIArONpPOBOAHOCTH NOYB MOJAB3YIOTCS
o6byHO He o6uel MNopHCTOCThIO, PacCMOTPEHHOH Bhlile,
a aAaKTHBHOH NOPHCTOCTHIO, KOTOpas onpeje-
JISIeTest OTHOLIeHHeM oObeMa COOOILIAIOIIHXCSE Mexay coboil
nop V, k obuiemy oObemy obGpasua:

- Vﬂ
m, = 'V—o' .

Bonee neranbHOl XapakTepHCTHKON MPOHHILAEMOCTH I10-
PHCTON CHCTEMbI ABJIAETGH pacnpeiesieHHe nop no pasmepam
(rnasa 1V).
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3. BOAOYAEPKHBAIOWAS CMOCOBHOCTb
CTPYKTYPHbLIX NMOYB

Boaxo-dhusuueckue KoHctantol. Ilopel B nousax moryr
GblTh YACTHYHO 3aN0JAHEeHbl BOJOH, YaCTHYHO BO3/Lly Xom. B npe-
AeABHBIX CJAYYafiX NMYCTOTHI MOTYT OBITh MOJHOCTHIO 3aHATH
BOJAOH WJIH BO31YXOM.

Bojy, HaXoAsuylocs B MOYBEHHBIX NOPaX, MOMKHO KOJlH
YECTBEHHO 0XapaKTepH30BaTh PasyiMyHbLIMH COCOBGAMH.

Oo6nemHol BaaxuocTbio W HaswiBaioT orHoluenue o0bema
BO/ibl, Haxoasweiics B nopax Vi, K ob6bemy mnopHcrodt
cpenst V:

Vi

IV=V°.

Ecan juis MoJenH no4Bsl, NOKasauHoi Ha puc. 12, obosna-
yuThL uepes Vg — o6beM nop Mexa1y Makpoarperatam,
V., — obbemM mop Mex1y MuKpoarperatamu, a uyepes V, —
00LeM NMop MeXJly 1eMEeHTAapHbIMH YacTHUaMH, Torja:

Vs = i Ty,
V3+ V2 =1— T3T2!
V=Vs+ Vs + Vi =1—"T3T,T;.
B 3aBHCHMOCTH OT 3aNOJIHEHHA NOP PasJHYHOro NOopsiiKa
BJIaKHOCTb NouBbl W Oyaer H3aMeHsThCH:
W = (Vi + Vy+ Vg 100 = (1 —T,T,T,) 100,
W— W, =(V;+ V,) 100 = (1 —7,T,) T3 100,
W— Ws - Wg — Vl 100 — (l —— Tl) T:Ta 100.

Has rekcaroHaabioi (Hanboaee NIoTHON) YakoBku T =
=Ty =Ty =n/3V2, Torna: W =59,2%; W — W, =
== 33,4%; W — ‘V;—— Wg = 14,2%.

CBOWCTBO TIOPHCTOTO MaTepHajia, XapaKTepH3YIouiee ero
CIOCOGHOCTL NPONYCKaTh Yepe3 cebst KHAKOCTL (MPH NOJHOM
34MOJHEHHH MOP) NMoa AeHCTBHEM NPHJIOKEHHOrO rpajHeHTa
JlaB/IeHHs, HA3bLIBAIOT NMPOHHILAEMOCTHIO R:

i
k= 1GarLy (10)

e g — oOBeMHBI PACX0l MKHAKOCTH]
1] — BA3SKOCTb KHAKOCTH;
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A — njouaab nonepevyHoro cevenusn obpasia;

AP — nepenaja jaBaeHms,

L — ninna oOpasua.

ITpouunnaemMocts k& HMeeT pPasMepHOCTb KBajpara AAHHBI.
HauGoaee wmpoko yvnorpebisievas eIHHHUA NHPOHHIAEMO-
ctit — paped (D); 1D — 310 nponuuaemoctb Takoit mnopu-
CTOI cpelbi, B KOTOPOii nepenaj Aasjenns B | ar nouiepxu-
Baer pacxon KuakoctH B 1 cm¥/c yepes ky6 ¢ aanHo# pelpa
B | eM npH BASKOCTH KHAKOCTH, paBHON | cantunyasy.

Ammupuyeckas (opmyaa Kosenn—Kapmana aas onpe-
NEeNeHHs NPOHHILAEMOCTH HEeCUEMEHTHPOBANHBIX MOPOJ HMEeT
BHJL:

. .”13
= 52 (1 —m)2 "’ (”)

rjae Q@ — yieabHas noBepxXHOCTb;

m — NopHCTOCTb.

Kputika 370# 3aBHCHMOCTH, d TaAKXKe AP yrue TEOpHH npo-
HHUI@eMocTH noipobHo paccemotpensl B pabote Illedizerrepa
(132].

[Tpn nenosHoM HachlleHHH Mop BOJOH HA IPaHHIE HKHA-
KOCTb—Ta3 BO3HHKA€T CKAYOK JaBJEHHsI, HasblBaeMblit Ka-
NHAASPHBIM JaBaennem P, (MLT-2):

P, = Pr +Ps
riae P, — kanuaaspuoe JAapjeHHe, CBA3AHHOE ¢ KPHBHIHOI
: BOJAHONH MaHKEThl;

P, — nepenajn 1aBjeHus, BO3HHKAIOWMI NpH nepexoje
OT ra3oBOH (pa3bl K KHAKOCTH B TOHKOM ¢/10€, 1pH
JIOCKOH MOBEpXHOCTH pasaena (P, — ue cai-
3aH ¢ KPHBH3HOW MOBEPXHOCTH H PaBEH PACK/IH-
HHBAIOWEMY JAaBJAEHHIO TOHKOTO /105l ¢ 00paTHLIM

snaxom [861). :
nacgennqnxniy P, onpenensiior no u3pectHoii qopmysae Jlan-

1 | i
— i P o
Bi=ol -l (12)
rjae 0 — IOBEPXHOCTHOEC HATHMKEHHE Ha rpaHuie xni-
KOCTb—Ta3;

Iy, Iy — TJIABHBIE PAHYCHl KPHBH3HBI BOJHON MAHKETH.
Ecan nousy wmozeanpoBath HaGoOpOM UWHJIHHIPHYECKHX
HENePECeKaloHXCH KanH/IsIpOB Pa3HoOro jHaMerpa, HO no-
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CTOSIHHOTO MO JJIHHe ceuenusi (ri = ry =r), 1o popmyaa (12)
NPHBOJAHTCA K BHIY:

B (13)

W HOCHT HasBaHue dopmyun JKiopena.
~* Boicora xanuaaspHoro noasema h B cioe (M, caeloBa-
. TENbHO, BEJWYHHA KaMMJIJIAPHOTO JaBJEHHS, BbIpaKeHHas
B CaHTHMETPAX BOASHOro cTosba) OnpejesuTCs H3 Bhipa-
WEHNs:
Er

M=

20
=5 (14}
rjie ¢ — MIOTHOCTh KHIAKOCTH;

g — YCKODEHHE CHJIBI TSXKEeCTH,
M3 (14) caeayer, 4to ec/iu K rerepornopHctoMy obpasily

. NPWIOXKHTL JaBJeHie, pasnoe h (cm BOA. CT.), TO BOAa y/a-

JHTCS M3 BCeX Mnop obpasuna, pagHyc KOTOPBIX 7 Y/OBJIETBO-

psieT HEPAaBEHCTBY
20

== m . (15)

Mamensist cTynensaMu AaBJeHHe, MOXHO Mocjaes0BaTe/ bHO
ONperesnTh JAHAMeTp OCBOOOKIAIONMXCH OT BOABL  MOP.
Hz 3moM cBOHCTBE H OCHOBAHbLI BCE METO/bI MOCTPOEHHSA JiiHa-
TpaMM pacnpeeseHus [op Mo pasmepam ¢ MOMOLLLIO Karii-
AAPUMETPOB U MeMOpaHHBIX [1PECcCOB.

XapaxkTepHCTHKH BJIa)XHOCTH, MNPHBEJICHHbIE B Hauaje
3TOro naparpada, He 1aloT NpeAcTaBIeHHss O CTENEHH 3aMo.I-
HEHIst 110p BOAOI.

Otnomenne o6wema Boas Vi Kk o6bemy nop V, xapaxre-
. pH3yer CTeneHb 3aN0JHEeHHs 0P CMAaYHBAIOIEH XKHIKOCTBIO
M Ha3bIBAeTCH HachlileHHocThlo St

2V
S==E. (16)

" HacplieHHOCTh ¢Bsi3aHa ¢ oOBeMHOH BJaaxKHocThio W
~ U NOPHCTOCTBIO /M CAeAYIOmEeH 3aBHCHMOCTbIO:

W
m

-—

: (17)

Harasanoe npejactraB/ieHHe O HaChIleHHOCTH PasyinyHbIX
MOPHUCTEIX MaTepHaN0B NaeT rpapyK 34BHCHMOCTH S OT Bbl-
COTH - Z Hajl ypOBHEM Hachllaowed xujpKkoctn (puc. 13).
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Puc. 13. XapakTep H3MEHCHHS HACKULEHNOCTH S necKa nocae
piecenus ruapodobusix wactin [5]:

a — npn  anduavtpanun (caofi 0—0.3 m); 6 — npu KaAnMIIRPHOM
noagbenme; [ — 0 feeKe: 2 — p necke ¢ gofasaeHuen raapodolHuix
qacTnu

[pn TakoM H300paXKeHHH KaX<I10H MOPHCTOH CHCTEME C onpe-
JICeHHOH NPOHMIAeMOCThI0 OY/AeT COOTBETCTBOBATH Xapak-
TepHAs 8 Hee KpuBasi, a Ha rpajuke Oyler HaHeCceHo ce-
MEHCTBO KpHBBIX S—Z.

HopmupoBanue Bcex KPHUBBIX MOXKET ObITb OCYHIECTBJIEHO
¢ nomolbio 6espasmepHoit (pynkuun Jlepeperra 1631:

2 P, k
iO==V =
Torna cemeiicTBO KpHBBIX S—Z NPHBOAHTCSH K OAHOH
Kpusoit S—j (S).
DHEepPreTHYECKOe COCTOSIHIE MOYBEHHON BJAard yA0GHO BBbI-
paxkaTh uepes sHaueHne ee noteHuwaaa (L*T3).

Kanuanagpuseym (KapKacHBIM) MNOTEH-
ILHaJgOoNM Ha3HBAOT BEJHUHHY

%_ — 1. (18)
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Beamunna 25 — P — ka nuaaspubiit nanop (L).

Pg
Jags rpaBHMTaUHOHHOIrO NOTEHNUHANE @

CNpaseiJaHBO BbipaXeHHe!

¢ = gz. (19)
OcMOTHYECKHH NOTEHILHAJ pPaBeH:
_ Poc __ nRT

rjie (Kpome H3BeCTHhX 0603HauyeHwHil)
P,. — ocMoTHYecKoe JlaBJieHHe;
12— YHCJIO MOJeH pacTBOPEeHHOro BeniecTsa B oobeme V;
R — rasoBsasi nocrosiHHas;
T — aGcoaioTHas TeMneparypa.
[TheBMaTHuecKHUHd NOTeHUHAA [, NpPosB-
JSIeTCA NPH OTJHYHH AABJEHHA rasa oT aTMochepHoro.

MMoaumit notenuuwaa @D nouBeHHOH

~ BJar W npeicrasiser co6ofi CyMMY BCEX UACTHBIX TOTEH-
1LHAJI0B

O =+ ¢+ F+ e (21)

MeToabl ONpeneneH s MOJHOTO H YACTHBIX NOTEHUHAIOB
MOYKHO HaliTH B cneunanbuoit auwreparype [35, 1111,

Yante Bcero B pacuerax noJb3yloTcs 3HAUYEHUAMH KaluJi-
JAsiPHOrO Hanopa (MHOr/la OTOX/ECTBJAN €ro ¢ MoJHbIM Hano-
pOM NOYBEHHON BJAarH, TaK KakK BKJaJd OCTAMbHBIX COCTaB-
JAIOIMNX B NEPEJIBHKEHIC JKHAKOH BJarH OGBIMHO HE3HaYH-
- Tedel). S

Kanuaaapublii Hanop B NOYBOBEJAEHHH BLIPAXKAIOT B CaH-
THMETpAX BOAfSHOro croaba, a Jorapudm STOH BEIHYHHB
oGo3nauaior cumBojom pF (no Ckodunay):

lgP=lg‘;—‘;=pF. (22)

Ha puc. 14, @ noxasana 3aBHCHMOCTb JlorapHupma BCachi-
B4IONETO JaBJeHHsi nmousbl pF B mnpouecce yBJAXKHEHHUS H
uecymenus nousbl. Takue kKpusbie Poge [111] naswiBaer
BJAQXHOCTHBIMH  KpHBbIMH. B ruapodusuke noys o6bIYHO
NOJBL3YIOTCS KPUBHIMH 3aBHCHMOCTH TMOTEHIHAJa OT BJaX-
HOCTH, KOTOpPbHIE CYHTAIOT OCHOBHBIMH THAPOPHIHUECKHMH
XapaKTePHCTHKAMH MOYB. :

b. H. Muuypussim [83] nas noayuenus oaHosHauHOH
CBSI31 JIABJEHHSI ¢ BJIAKHOCTBIO [MOYBbLI BBEAEHO [OHSTHE
0 NpHBELEHHOM JAaBaeninn P’, KOTopoe Bhipa)<aercsi yepes
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§§§ 67024 | pye. 14. 3asucnmocts Jorapudma sea-
TONCEOR CHiBAOWEro AaBaenusi nousw pF or
- BAAKHOCTH nousst W B npouecce ysBaaK-

‘ gma% HeHHS W B npouecce Mccywexus (a)

XapakTepHas 3asHCHMOCTS Kosdxpitinenta
paaronposopnocti K or saaxuocti W (6)

oTHoulenne Jlanaacosa Aapienus K NPOH3BEIECHHIO NMOBEPX-
HOCTHOTO HATSKeHHSI Ha Y/ACJAbHYIO MOBEPXHOCTH [MOUYBLI.
Bbio nokasaHo, 4To NPHBEAEHHOE JaBJeHHE O/HO3HAYHO
cBA3aHo ¢ BJjarofi, onpegeasiemoit kak W' = W — Wy,
rie W — Bca Baara, yaep:kuBaemas MOYBOil INPH JIlaHHOM
AapieHdH, a Wy, — Ta vacTh BJaaru, Kotopas yIAepmKiu-
BaeTcA BOJIH3H NOBEPXHOCTH MOYBeHHLIX vacTHil npu 830 art
H BHYTPH KPHCTAJVIHUECKOH PEIUeTKH TVIHHUCTBIX MHHEPaJIOoB
THNA MOHTMOPHJJIOHUTA.

B pesyabTate 3KCIEpHMEHTAAbHOrO HCCAEA0BAHUS 3dBH-
CHMOCTH MPHBEJICHHOro jAaBaeHua P’ oT coaepkanus CBo-
Goauoit Baarn W’ noayuena eaunas oGoGmaiouias Kpusas
A9 Pas3iHYHbIX MOYB. .

3aBHCHMOCTb pF OT BJIAXKHOCTH MpPesie ECero jaer Bo3-
MOKHOCTb OOBEKTHBHO OMpPEIeNUTh TaK Ha3biBaeMble BOJAHO-
¢usnyeckne Kouncrauthl. Jeiicrsurensno, npu pF == 0 npouc-
XOJAHT I10JIHO€ 3aMOJIHEHHE [10p BCEX Pa3MepoB BOJOI, uTO
Nno ONPeJAeJeHHI0O COOTBETCTBYET [OJHOH BJIArOeMKOCTH.

Kak 6yaer nokasaHo HHXe, 10/€BOi BJAArOEMKOCTH COOT-
BETCTBYET KOJIHYECTBO BJIarW, YIAEpKHBaeMoil B nouse Ka-
NHAJAAPHBIMH CHJIAMH (B TOM YHCJIE B BHIE IJIEHOK, MaHMKer,
Kaneib M T.M.) NpH AEHCTBHH BCACHIBAIOWIErO JaB/CHHSA
(f—%;‘/a aT).
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- Best Brara B AnanasoHe MeKJy MOJIHOH W 110J1€BOf BJaro-
- EMKOCTHIO cniocoGHa nepeiBHraTbCs NOA JAGHCTBHEM rpasi-
TAIlHOHHOTO MOTEeHLHaia M MOxeT ObiTh . Ha3sBaHa rpapuTa-
' HOHHOH :
3ameriM, Y4To B 3TOH KJaaccHpHKaUMH Kax o BoAHOM-
nuecxoﬁ KOHCTAHTE COOTBETCTBYET ONpeAeaeHHbIH NoTeninan
(rpasmauuounuu Kanuaasipubiil), rpaaHeHT KOToporo ciio-
" coGeH BbI3BATH [1EPEABHIKEHIE BJAarH.
;‘. Kpupnie sapucumoctn pF 0T BIaXxHOCTH HE JAI0T (usuyge-
. CKOWM OCHOBBI /151 TakHX KoHctautT [111], kak HcruBHas
nameubman BJIAroeMKOCTh (HauboJbliee KOJHYeCTBO IM01-
RIIEHHOIT BJATH, KOTOPOE MOXKET MNPOYHO ynepmnaa’rbcn
2 m{oponuoﬁ HECJIOHCTON  MTOYBOIT NPOTHB CHJA THKECTH) ¥
KanwJisipHas BJaroeMKocTb (HanGoJbuice KOJHYECTBO Ka-
RIS PHO-TIOANEPTOR BJard, KOTOPOE MOZKET COLEpPHKaThes
in noyse; BEJIHYMHA NEpeMeHHas, 3aBUCAINas OT BBICOTH CJI09,
115 KOTOPOro OHA ONpEe/IsieTcs, Hajl VPOBHEM caodonnoﬁ
;Bonbl) ITH KOHCTAHTHI 3aBHCAT HE TOJILKO OT CBOHCTB MOMBLI,
;no TaKKe M OT YCJAOBHH Ha rpaHuue (MoJo)KeHue YpoBHS
. TPYHTOBBIX BOJ, XapakTep HHQHAbTPAUHH, HANpHMEpP 3a-
- TOIJIEHHE WJIH KaneabHOoe YBJaXKHeHHe, NYTH 0TX0/la NouBeH-
HOTO BO3AYXa H JAp.) H TOJHOCTDLIO ONPENeNAIOTCH KPHBIMH
: .Hacmmeuuoc'rb ~— paccToOstHHe OT JIHGBHOIl IMOBEP XHOCTH HJIH
,o'r VpoBHsi cBOOOAHOI BOALI (cM. puc. 13).
- KoncranTbl ke, CBi3aHHBIE C JIOCTYMHOCTLIO BJaarw s
 pacTenHs: BJIAXKHOCTbH 34BsilaHHs, BJAXKHOCTb 3aMeVICHHA
- pocra, AManason JOCTYNHON BJArd, ONpefeasiores yeJo-
. BHAIMH B CHCTEME MOYBA—pPaCTEeHHe—NpPH3EMHBIH BO3JLYX.
Hexoropue M3 STHX YCJOBHH, CBA33aHHBIE. C NOABHIKHO-
- CThIO MOYBEHHOH BJarH, GYJAyT paccMoTpeHbl B caeayioied
- rause.
- TepmuHbl noJiHAA BJaroeMKOCThL M FPABHTAILHOHHAA BJjara
 SCHBI 110 OMPEJIeJEHHI0 M MeTO/aM HX HCCNen0Banusa (CM.
- pic. 14, a).
B Tepmm MoJIeBasi BJATOGMKOCTh TAKJKE HE BbI3bIBAET BO3-
paxenis no ero onpejenenuio. OJAHAKO CTal1apTHBIE METObI
E: HCCNI@/I0BAHHA  MOJEBOH BJAaroeMKocTH CyGLEeKTHBHbBI, 3aBi-
. CAT OT BpeMmeHu HaGJI0AeHHs, BCJAEACTBHE STOTO 3HaueHus
NOJIEBOIl BJATOEMKOCTH JaXKe ISl OJHHAKOBBIX MOYB Y pa3-
| AMMHBIX HCCJel0BaTeell He COBNANAIOT.
~ PaccmoTpuMm  BO3MOMKHOCTH a1 pa3spaGoOTKH  METOJHKH
~ HCCaIe0BaH Ul NOJICBOI BJATOGMKOCTH, KOTOPAs No3BosJ1a 6ol
. MOJAYYaTh BOCHPOH3BOAHMBIE H CONOCTABHMbIE 3HAYEHMUA 3TOH
- KOHCTaHTbHI /LISl Pa3iHyHbIX NMOYB. =
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[To onpezesenyio noJeBas BJArOEMKOCTb — 3TO BJara,
yaeprkHBaeMas Kanuaaspubimu cuaamu. Onpejenum sddex-
THBHYIO BbLICOTY KanmWIASIPHOro nojaneMa M, B MHOroOCTy-
NeHYaToll CTPYKTYPHOH NoOuBe, HCXOAs M3 [PEANnOJOKeHHs,

yto pekTHBHBIL AHaMeTp d.if = dy, I/ % CAYKHT Mepoi

NpHO/IHKEHHONH OUEHKH 3KBHBAJIEHTHOH NPOHHUAEMOCTH CH-
cTembl, 06Ja1aloUEei ONpeleIeHHbIM pacnpejieaeHneM nop
no pasmepam. Toraa Ajas MOA€AH NOMBH, [PEACTABJAEHHON
HaGOpOM IWHAHHAPHYCCKHX HENEepPeceKalomuXes Kanuisipos
NOCTOSIHHOTO N0 JUIHHE CEYeHHsl ¢ Auamerpom d,f,

£ My
ad,iipg

rae a — KodpPUUHEHT, NMO3BOJAIOUIMA TEPEXO/INTh 0T Xapak-
TepHOro pasmepa uactvu [ K XapakTepHOMY pas-
mepy nop d (d = al).
Ecan B kauectBe d u /[ paccmaTpuBaTh AHAMETPHI, TO
a = 0,42 — aasa KyGuueckoit (Hanboaee «pbiIXA0i») YIIAKOBKH
urapoB H a = 0,155 — Aua rekcaronanbHoi (Haubosiee MiIoOT-
HOIf) yNaKoBKH.
Baary, yaep:kHBaeMyl MOYBOH MOJ JiaBJeHHeM, 3KBHBa-
JEHTHBIM R, H CHIEAYET HA3LIBATH MOJIEBOH BJAroeMKoOCThIO.
Kak nokasnbiBaeT aHa/M3, YHC/ACHHDLIE 3Haueuus hgp s
Pas/JHYHLIX MOYB OTIHYAKOTCS HA NOPAI0K BEJNHYHHB!, OHAKO
JUISL CTPYKTYPHBIX TIOYB fApp MMEET MOpsNOK METPOB.
Hanpuwmep, a5 nousbl, npejacrasaennoi na puc. 6 (kpu-
Baa 2), dyy =6-10% M, dgy = 0,25:107% M, o = 41,6.

1
Ilas pacuera mnpumeM: @, = 5 (Qiys 1 Grexe).  Toraa

h.sp, onpeneasiemas no Qgopmyde (23), ansa 283—293 K npu-
MepHo pasHa 3,5 M. Jlas necyanbiX MoyB 37a BeJHYHHA 3Ha-
YHTEJbHO MEHbLIe, a Aas THXKeabX — 6odblie.

[To-BuaHMOMY, B KauecTBe R MOXKHO NPHHATH 3HAYEHHE,
paBHoe 3,3 M. Torzia noj mnNoOJEBOH BJAarOEMKOCTHIO CJe-
JAyeT MOHUMaTh TO KOJHYECTBO BJAarH, KOTOpoe YAepiKH-
Baercs B nouse noj japgenuem 3,3 10" H/m? (B kanuaaspu-
MeTpax, MeMOpaHHbLIX npeccax H T. IL).

Anann3 3KCNepHMEHTANbLHLIX Pe3yJbTaToB MpPHBEJN Pl
ucomenopareneii kK awasoruyHomy BmBoay [49, 116]. Ha
puc. 14, a noseBasi BAaroeMKoCTbh OTMEY€Ha HMEHHO B COOT-
BETCTBHH C STHM ONPEIeJIeHHEM.

HaGaonenns 3a npoduasiMH  BJAAXKHOCTH  H3OBITOYHO
yBJaHEHHBIX 00pa3uoB B MPOLECCe CTEKaHHA H oTcachiBa-
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', HHA BAAru cyXoi nousoi npuseau A. ®egoposa [141] K Bhi-
- BOAY O TOM, 4TO M0/ICBAA BJIATOEMKOCTh NpeiCcTaBjser coGoit -
 BJAKHOCTB, CTOANLYIO HA TPAHHILE ABYX PasjiHUHbIX PexKHMOB
- neperoca Baard. [papuuecknii meron onpenenenust 310l
. KOHCTaHTh! 3ak/jlovaerca B caeiaywowem. [lo ocu oprunar
orkJaieiBaercs  peanunHa A W/AZ  (ckopocThb H3MEHEHHS
BJaKHOCTH 006pa3ia WM ero 4YacTH 3a HEKOTOPHI HHTepBaJ
- BpemenH Af), a na ocu abcuMce — cpeaussi BaaxHocts W
- 3a unrepBaa Af. Ha rpaduke noanyuwaiorcst ABe npsmbie,
- pepecekaroliecs Ha ypoBHe BJAXHOCTH, COOTBETCTBYVIOULEI
TIOJIEBOH BJIarOEMKOCTH.

_ 3apHCHMOCTD (23) 1aer OCHOBY JVIsi PeryJaHpoBaHHs 3Ha-
| YEHWil NMOJEeBOH BJArOEMKOCTH: M5 YBEJIHUYEHHS BOJAOYAEp-
KUBAIOUIEH CNOCOOHOCTH necyanbiX I0YB HEOOXOAMMO CMme-
- wenne dy, BAEBO Ha KPHBOH I'DaHyJIOMETPHYECKOrO COCTaBRY
. (cm. puc. 6).

. D70 JIOCTHraeTCsl BHECEHHEM B MeCYaHble MOYBbl Opraxitye-
 CKHX H MHHEpPaJbHBLIX TOHKOAMCNEPCHbIX (pakunit, ycjJoBHs
| «3XBaTa»  KOTOPHIX KPYNHBLIMH 4acTHUAMM PacCMOTPEHbI
B nepsoM pasjede Janioi raasbl. OGbIYHbIE METO/ALI MeJaHopa-
MM [eCKOB OCHOBaNbl Ha 3TOM npuHuune [73].

B paGore [5] nokasana MOAH(PHKALHA PacCMOTPEHHOIO
anmmnna JUIA elyvast, Korjia B NecoK BHOCATCS rHjipoodHbie
- MesiKojiciepetibie yacTHubl. [lpn onpejejeHHbIX YCI0BHAX
- MOZKET NPOMCXOANTH (AOTALMS 3THX YacTHIL (PPOHTOM Mpo-
- nutkH. Caoft GAOTHPOBAHHBIX YaCTHIL HA NOBEPXHOCTH pas-
 Jlesia KHAKOCTb—I'a3 MEHSIeT YCJOBHMS XKanuaJdsipHOro ABH-
- Kenus n paBHoBecHs xujakoctu. Ha puc. 13 nokasan xapak-
- T€p H3MEHEHHs BOJIOYIEPIKHBAIONILH CIIOCOOHOCTH MecKa 1pil
~ BHECEHHH THAPO(OOHBIX YacTHIL KaK mnpH KaIiIIAPHOM
| NO/UbemMe, TaK W [pH BNHTHIBAHHH BOABI C AHEBHOW MOBEpX-
’nocm



F'nasa IV

MEPEHOC BJIATH M COJIEM
B MOYBAX

1. GOPMYJIA JAPCH. ®AKTOPBI, BJIMSIOUIHE
HA HECTABMJIBHOCTH ®HJbTPALLMOHHOTO
NOTOKA BO BPEMEHH

dopmyaa Aapeu. IMepenmueym gopmyay (10) B caenyiomem
BHIE:
k . AP \

rjle (KpoMe nNpexHHX O0003HauYeHHH)

¢ — OObLeMHDBIH pPacXol XHAKOCTH;

K — xoadpuunent guabTpaun;

A — naoniafe NonepevyHoro ceueHus obpasua;

| — rpajuenT Hanopa ( .—_9-2-);

L — pauna.

Gopmyaa (24) Bupaxaer IMHPOKO H3BECTHBIH 3Kcrepu-
MEHTaJbHbIT 3aK0H JlapcH, NOCTYAHPY IOIHIH JHHEHHYIO CBA3H
MEXJY pacxojoM (CKOpOCThIO) M rpaiueHToM Hanopa. Kosd-
¢puuneHT ¢uavrpauun K B 370l QopMyae — BEJIHUHHA [10-
CTOSIHHAA NpH JIAaHHOH Temneparype H JaBJeHui.

Dopmyda (24) npUOGAHMKEHHO COOMIOAAGTCS N H  MaJjbiX
a0COMOTHBIX 3HAYCHHMSAX ¢ B JiaMHHapHom nortoke. Cyuraior
[19], uro Takue ycaoBHs OYAYT COOJIOAEHBI, €N BeJIHYHHA

HEKOTOPOro 6e3pasMepHOro napaMerpa, HasLiBaeMoro YHce/oMm
Pelinonbjaca, menbine 1+ 10:

Re:KI-‘:—<l—:— 10,

rjle v — KHHeMaTHYeCKas BS3KOCTh;
d — >(peKTHBHBLIH JAHaMeTp HJIH 3SKBHBAJIEHTHRIH pas-
MEp YAaCTHIL TPYHTA. =

HauGonee pacnpocrpaneHHbie cXeMbl NPHOOPOB Ads IKC-
NepUMEHTAJIBHOrO onpejenctus KoappuuHenTos (uiabrpa-
ILHH [OKasaHnbl Ha puc. 3.
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e

y ﬁme (KpoMe H3BeCTHbIX 0003HAYeHHIH)

.~ h — rujpaBaHuecKuil HAMop;

A [ — Bpewms.

- Jlas cxembl ¢ najaiomiM Hanopom (puc. 15, 6) 3naue-
~ pue K mMoxer ObITh BHIYHCJACHO C MOMOLLBIO BEJIHUHI, H3Me-
permbxx BO BpeMa HCNBITAHUS MO qaopmy.ne

al
=285 lg e iy’

(26)

. rae @ — IJOWALb MOMEPEYHOro CeueHUs BePTHRIL-
- HOH HanopHo#t TpyOKH 4 (nbesomerpa);
ho H hy, — FHAPABJIMYECKHE HAINoOpbl B MOMEHTHI Bpe-
MeHH ¢, W 'f; COOTBETCTBEHHO.
Onpejensiempie jaxe B .na60paropnux YCIOBHAX 3Ha-

| J1IC€ BO3MOXKHBIM B CBSi3H C HCTIOD- i
. 30BAHUEM BLIYICAHTEILHON TEXHHKH, /4‘
- ppefyer NnoJyyeHnHs J0CTaTOYHO Ha- :
ACKNbIX 3Haueunit K, aas akcre- ‘
- PUMEHTAALHOTO ONPeeNenist KOTo-

S

Puc. 15. Cxemut npuGopos /s IKCNEpHMENTAALHEOrO Onipe-
Aesenus KoxphHuMerTOB DHABTPAUNM:
a —C NOCTOANUBM HanopoM; O — ¢ nafaouuM uanopom; [/ —

o0pasey HCHLITLIBACMOIO I'PYHTA: 2 — KpaH; & — ceTka (MopHcTan
Anapparma); 4 — BEPTHRKANLHAN HANOPHAR TPYGKA (NLL3OMLTP)
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PhIX, OCOGEHHO HA THAKEJAbIX [0YBAX M FPYHTAX, HEOOXOAHM
CPABHHTEJLHO JUINTENbHbIN POMEXYTOK BPeMEHH (CYTKH).
B cBsi3H ¢ 3THM BO3HHKJIA HeoOXOAHMMOCTb HCCJAEA0BATHL CTa-
OUABLHOCTL (PHIBTPAILHOHHOIO MOTOKA BO BPEMEHH.

Onpegenenne Kosppuuuenta (GUAbLTPAUHH [NPOBOJAKIOCH
[17] wa ¢uabTpauHOHHO-KOMIpeCCHOHHBIX npubopax ®-1M
KOHCTPYKUHH  JIGHMHTPAJCKOro ropHOro  HHCTHTYTa H
duabTpauHonHelX  npuGopax  Kouctpykuun  Ceseproro
HaV4HO-HCCACJOBATEIbCKOrO MHCTHTYTA THIPOTEXHHKH H
smeanopaunn (CesHUMIM) no cxeme ¢ najpawomum Hano-
pom. Kosdpuunent (QuabTpamnn paccuuTHBaiCH 10 (pop-
Myae (26). Jlasa onbiToB HCMNOAL3OBa/IHCH OGpasilbl 1OYBLI
(raba. 3) HeHapyWeHHOH CTPYKTYpbI.

OnbITel  NOKa3aiaH, uT0 (PHUABTPALHOHHBIE CBOHCTBA
HCCENIOBAHHLIX 00pasuoB HeCTaGHIbHBI BO BpeMeHH [.
B kauectse npumepa Ha puc. 16 npHBejxena 3aBHCHMOCTD
K (), noayuennas aas oGpasiua Ne 4 (cm. ta6a. 3) npu io-
CTOSTHHOM rpaauente nanopa [ = 3 (kpusas /)

®dakToph!, BAHSIOUIHE HA HECTAOMABLHOCTHL (BHALTPALMOH-
HOro NMOTOKAa BO BpemMeHM. TaK Kak HHTEHCHBHOCTHL JamMuuap-
HOIO [MOTOKA KHJAKOCTH B [OPHCTOH cpere ofnpeaeasercs
reoMeTpHeil opoBoro NPocTpancTsa (k), 3aHATOro AKHIAKOCTLIO,
€e PeoJIOrHYeCKHMH CBOMCTBAMH (1)) W HHTEHCABHOCTLIO Ji€ii-
crByromux cua (AP/L), TO OTBETCTBEHHBIMH 3a H3MEHeHHe
BEJHYHHBI NOTOKA BO BPeMEHH MOryT ObiTh BCe 3TH (PaKTOPLI.

lFeomempus noposoeo
npocmpancmea. Wsmenernne
reOMETPHH TOPOBOroO  11po-
CTPalCTBa BO BpeMs OIbITa
MOZKeT OBbITh CBA3AHO CO CJle-
AYIOUHMH NPOLeCCamH.

l. ¥Ynaoruenune obGpasiia
HJIH €ro 4acTH CHAPOAHHA-
MHYECKHM 1aB/JeHHeM.

45 ; : et
0 1728 9456 5184 t-10°C

B

Puc. 16. 3aBncumocts Koxpduienta puabTpanun or spe-
MCH#H:
1 — uouns Ne 4 OuALTPYIOMAACH HHAKOCTHL ~— ANCTHAAUNDONAN-

nan wopa; / = 3; T == 293 + 1K; 2 — nouna Ne 6: 0,l-npoucnr-
uuh pacreop denoan; [ = 5; T = 243 * IK
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_ 2. Jlepopmauus rpyHTOBOH CTPYKTYPbI 10X JAEHCTBHEM
(UABTPALHOHHOrO NOTOKA, NPHUBOASIUAA K CY(pPO3HOHHOMY

BLIHOCY 4YacTHIL M KoabmaTauuu nop obpasua. Hamenenue
" KOHIIeHTPAUNH 9NEKTPOJIHTOB CNOCOGHO BhHI3BATHL KOaryJ/s-
. HHIO KOJIOWIOB, HYTO TAKJKE CMOCOGCTBYET KOJbMaTallii
- IOPOBOr0 NMPOCTpPaHcTBa. MHOrHE HCC/IEA0BATENH OTMEUAIOT
9T (PAKTOPHI B CBA3H ¢ HAGJIONAIONHMES B ONLITAX YMElb-
- meHuem  KO3(pHIHeHTa (QUILTPAIMH BO BPEMEHH.

- 3. Ilpouecch rerepoajaryasiltid H KOaryJasiHH, MpHBo-
JISUHE K OCaM/IACHHIO BHICOKOJMCMEPCHBIX YacTHIL, HaXoud-
CmUxcHs B (HABTPYIOUEHCA JKHJAKOCTH, HAa MOPHCTYIO MO-
© BEPXHOCTb H CTEHKH Kamu/JspoB.
. B paGore [66] yGeanrennbHO TOKasaHo, YTO YMEHblue-

HHE THJIPaBJAHYECKON NMPOBOAMMOCTH €AHHHYHBLIX Kanuiaspos
NpH TEYEHHH CYCMEeH3Hi ¢ NOJAsPHOH H HeNoJsipHOH Cpeloi,
4 TaKKe TeXHHYECKOro maciia 06YyC/OB/CHO CONPSiKEHHbIMH
| [IpoleccaMil  FeTepoaiarysiilil W KOaryJsiuuH, NpHBOILs-
MM K 3apauuiBaHuio Kanuaaapa (o6anTepaiinm).
Peoaceuseckue ceolicmsa  (hurbmpyroweics  sudkocmu.
‘Eciu B npouecce onbiTa H3IMEHSAETCSl KOHUEHTPALHSA KOJJIOH-
. HBIX 4YacTHIL B (PHABLTPYIOUWIENCH »KHAKOCTH, TO H3MEHAIOTCH
{ ee peoJorHyeckHe CBOHCTBA.

~ Jlas BA3KOCTH pa3baBieHHbIX CYCHNEH3HH, NPeICTaBaeH-
HBIX JKECTKHMH C(EPHYECKHMH YaCTHILAMM, C JAOCTAaTOYHOM
© cTenenbio NpHOHKEHHS CIPABEINBO ypaBHen e Ditnureina:

']c =it} “0 (l + 2v5(p)9

e 1. H 1), — BSIBKOCTH CYCTEH3HI H JAHCIIePCHOHHOMN Cpeibl
-' COOTBETCTBEHHO;

. ¢ — yqactb obuiero o6bema, 3aHATOrO YacTHIlaMH.
 MameHerue peOJIOTHYECKHX CBOHCTB (HABTpYIOILEHCS
- KHAKOCTH MOMKET OBITL CBSI3AHO € H3MEHEHHWEM He TOJbKO
" KOHLIGHTPAHK KOJJIOWIHBIX YAaCTHL, HO M KOHIEHTPAlHH
MHKPOOPTaHH3MOB, KOTOpbi€ MOTYT ObiTh aACOPGHPOBalbl Ha
'MOBEPXHOCTH TOYBEHHBIX HacTHIL ¥ HAXOJMTLCA B obneme
_mopoBoro pactsopa. Psa ucenejoparesielf CBS3bBaeT yMeHb-
IUEHHE BOJONPOBOAHMOCTH MOYB BO BPEMEHH HMEHHO C Jes-
TeILHOCTLIO MHMKpoopranuamos [138 ]

~ Mamenenue peosiorHYECKHX CBOMCTE UHCTBIX ZKHJKOCTNt
B Mnpoiecce onplta Moxer ObiTh BbI3BaHO H3MEHEHHEM KOH-
- HeHTpallun PAacTBOPEHHBIX BEUeCTB, KOTopble INPHBOAAT
K ecTaOHAMBAIMHY WIH «PA3PYIICHHIO» CTPYKTYPbL ZKHAKO-
crei (cm. paspgen 4 raaswt 1V).
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Jledcmeyowgue cuast. B ocHoBe TeopHH (QHILTpalMK
JIEXKHUT NPEINOJ0NKEHHE O TOM, 4TO 10Jie CKOpocTel (puabrpa-
UHH B OTCYTCTBHE BHEIIHHX MAaCCOBBIX CHJI NPH H3BECTHBLIX
CBOHCTBAX JKHJIKOCTH W TIOPHCTOH CpeAbl NPH CTAllHOHAPHOM
ABHIKEHHH BIOJHE ONPEACJNACTCH 3alaHHeM JlaB/jeHHs Ha
NOBEPXHOCTH, OFPaHHUHBaIOUEH 0ObeM paccMarpHBaeMoi
cpesl.

Tounble TeopeTHUYeCKHE MEeTOiAbl pEILeHNs 3ajlau TeopHH
yCTaHOBHBIIEHCA (QUALTPAUHH TPH 3TOM [PEANOJOKEHHH
(Meros KOHPOPMHBIX OTOOP@KEHHH, METOL (QYHKIHH KOM-
MJIEKCHON CKOPOCTH, METOJ, OCHOBAHHBIH HA HCNOJb30BAHHH
AHAJNTHYECKOH TeopHH OOLIKHOBEHHBIX AH(PepeHuHAIbHBIX
yPaBHEHHH, W JIp.) JOCTATOUHO CAOXHBI, YTO H TMOC/AYKHIO
OCHOBAHHEM ISl Pa3BHTHA NPHOAHIKEHHBIX TEOPETHUECKHX
merozos [105].

Hapsizy ¢ (HABTPAUHOHHBIM TIOTOKOM, OIpeleisembim
rpajHeHTOM AdBJIeHHs, B MOPHCTOH Cpeje BOSHHKAET CKO/b-
JKeHHe pacTBOpa OTHOCHTEJNbHO TBEPAOH CTEHKH MpH HAIH-
YHH TAHTeHILHAJbHBIX TPajJHEHTOB KOHUEHTPAUMH 3JICKTPO-
auta (MAH HEATPaAbHBIX MOJIEKYJ), TEMNEpaTypbl HIH 3/eK-
TPHYECKOro NoTeHuHasia. |

Huxe paccMOTpeHbl HEKOTOpPbIE H3 ITHX S(peKTos.

DdneKTpoocMOC, DUIHYUECKYIO NMPHPOLY SJIEKTPO-
ocMoca (Kak M JAPYTHX SJACKTPOKHHETHUECKHX fABJICHMI)
MOXKHO OOBACHHTb, HCXOAs W3 NPEJCTABJEHHH O JBOHHOM
SJ1EKTPHYECKOM CJ0€.

[Toj BANAHHEM BHEIIHEro 3JAEKTPHYECKOIro MoJs HOHb
AugpysHOro CJ0H, ABHKYUIHECH K [POTHBONOJOKHO 3a-
PSAZKEHHOMY 3JIEKTPOAY, BOBJIEKAOT B OOILLHII MOTOK H MOJe-
KYJbl AHCMEPCHOHHOH Cpeibl, HAXOMSIEHCSs B nopax CH-
creMbl. PaccMOTpHM XOJ paccyAeHuil, NpHBOAsWMHE K no-
JAVUEHHIO 3aBHCHMOCTH JIVIsi CKOPOCTH 9J/IEKTPOOCMOTHYECKOTO
TEUEHHS HEACCOUMHPOBAHHON JKHAKOCTH ' MEX1y JBYMS
IJIOCKHMH  [TOBEPXHOCTSAMH.

O6bemHas cuaa, paspHBaeMasi BHEUIHHM SJEKTPHYECKHM
noJieMm,

F = pE (27)

B CTAllHOHAPHOM COCTOsIHHH OYJeT ypaBHOBEIIHBATbCS CH-
JaMyu TpeHisi, ACHCTBYIOUIHMH Ha paccMaTpHBAeMblit CJOH
CO CTOPOHEI CMEXHBIX CJIOEB, KOTOPBIE HEPEMEUAIOTCsT C ApY*-
THMH CKOPOCTSIMH.

! Teopus 51eKTPOOCMOCE BASKOIJIACTHYGCKHY KHAKOCTRH paccmoTpena
s paGore [15].
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~ CrenosateabHo, MOXKHO 3anucarh ypaBHenne Hasne—
- Croxca B CJAGLYIOUEM BuHe:
' dz

0E =~ (28)

" ppe  E — rpaaMeHT noreHuHasa BHEUIHEro moJasy
0 — MJOTHOCTH 3apsija;
1 — KO3(hHILHEHT BSASKOCTH;

» dv
3 W — NPOHM3BOJAHAA CKOPOCTH MO HOPMaJdH K Heil.

~ Bawmenss p B Bupaxenun (28) ero sHauennem U3 ypasie-
- uus Ilyaccona

SRR ) S
| Qi rrel iz (29)
CBSAISLIBAIOLIETO NJIOTHOCTH 3aPA/A € NOTEHILHAIOM @, NOMYYHM
o . E d’q)
NTF = = dt (30)

me £ — JIH3JEKTPHYECKAs NOCTOSAHHASA.

~ Ypapuenue (30) n0nKHO ObITH NMPOHHTErPHPOBAHO MNpH
 CAICAYIOIHX TPAHHUHBIX YCIOBHSAX:

: ana obbema:

e 0= (), =0 (§),=0 @

JUIA NJIOCKOCTH CKOJbKCHHA

=G v=0. (32)
Unrerpuposanne (30) naer:
‘35'=_'7&" dy + Gy, (33)
U*—';;;]-‘P‘FCL/']‘C : (34)
Hs ycaosus (31) C, = 0.
WUs ycaosus (32) =
Cg = Taﬁ?ﬁ €i
Torna ¥ :
= E— ) (35)

[Mpunumas @, =0, 419 CKOPOCTH 3JEKTPOOCMOCa

ﬂOJl)"ldK)T 3aBHCHMOCTD!
U= &%‘ & (36)
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Gopmyan (27—36) 6asupyiorcs Ha pacCMOTPEHHH Npo-
CTEefIell  MOJAeJH — IVIOCKOr0 TAHTeHUHAJBHOI'O  3JIEKTpO-
OCMOTHYECKOIO TeYeHHsi B I1JIOCKOM JIBOMHOM CJl0€,

O6o06uenne gpopmysnl (36) aas cayyas nopucToilt Cpeast
CO CKOJIb YTOAHO CJ0KHOI TreoMeTpHell MopoBOro npocrpaH-
CTBA BO3MOXHO NpH BHINOJHEHHH TpeX YCJIOBHMIl.

I. Manocts TOAUHHBL JBOHHOrO €08 M0 CPaBHEHHIO
C JAHaMeTpoM nop.

2. Manocrte  BKAajga  NOBEPXHOCTHOH  NPOBOAHMOCTH
B CYMMapHyl0 NPOBOAMMOCTL [OPHCTOI auadparmsi.

3. Majsiocrb N0KaJAbHBIX MO/IEH, BbI3BAHHLIX NOJsSpH3A-
wHei JABOMHOro ¢/0si, [0 CPABHEHHIO € BHEUIHHM 10JeM.

[Tpu coGaioneHnn 3THX YCJIOBHIT AJMSA CKOPOCTH 3J€KTpo-
OCMOCAa MOMKHO MOJYYHTb BbIPAKEHHE B BHJE

v=-2 = KE,

rae  Q — pacxon;
® — MJOUWaAb [OMNEpPeyHoro ceyeHHs Janaparmsi;
K — Koa(xpuuHenT saexkTpoocmoca ( Kg= 718—%)
Kanunaaapuswit ocmoc. CKOpocrb CKOJMbMkKe-
HHA PashaBJEHHOrNO PACTBOPA YEPE3 MOPHCTYIO NEPeropoiky,
¢ 00EHX CTOPOH KOTOPOH MOANEPKHBACTCS Mepenajl KOHUeH-
Tpauuyu, Moxer OuiThb onpeaesaena no dgopmyne [481:

o= — SETIl g (37)

o
rae = Jc_c" hdh;

;R

€y — OOBEeMHAsi KOHUEHTPAUHs PacTBOPEHHBIX MOJEKYJ
BAAJH OT CTEHKH; ,

It — XHMMYECKHil MOTEHIHA) PAacTBOPEHHLIX MOJEKY.1,
IPAJHEHT KOTOPOro OGepercs BAOJAb CTEHKH;

1 — BA3KOCTb; |

¢ — KOHUEHTPAUUsA MOJIEKYJ HA pacCTOAHHH h or
MJIOCKOCTH CKOJIbXKEHHSI.

B cayvyae pasGaBiaeHHBLIX 3JKTPOJHTOB

0,=— (8 +2T) -5, (38)

rae 2 — BaJEHTHOCTL HOHOB,
R — nocroannasi BoJsbumana;
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T — aGcomoTnasi TeMneparypa;

; I — Toamuna auvadparmbi;

~ Ac — pasHOCTb KOHUEHTpPAIlHH 3JMeKTpoJuTa no obe

£ CTOPOHBI AHadparmel;

¢ — KOHIEHTPAaIHs NEKTPOJNTE, YePE3 KOTOPYIO BBHY
YCAOBHS JIOKAABHONH 3JEKTPOHEHTPAJbHOCTH Bbl-
PaxaloTcs KOHUEHTPALHH HWOHOB: ¢t = z¥¢;

o I [cE(h)— c*] hdh.

c=
0

. Bawmensas c* (h) coraacuo dopmyae BogabiiMana, MOXHO
. Bripasuth E+ uepes {-norennuan.

. Juddpysuopopes. TIlpu waanuuu nepenajia
 KOHIEHTPAILHI 3JEKTPOJIHTA RO o6e CTOPOHbI NEePeropoikH
'BO3HHKAET Pa3HOCTh MOTEHILHAI0B AH(POY3HOHHOIO MPOHCXO-
JKJAeHHUSI, 4TO J0JIZKHO MPHBOAHTBE B OTCYTCTBHE BHEIUHEro
QJIEKTPHYECKOrO 1045 K CKOJbKEHHIO PAacTBOpa 3JeKTpo-
JIHTa OTHOCHTENbLHO TBepioi crenku. ITo amamorum ¢ 37€K-
TPOPOPETHYECKHM 3TO CKOJNbXKEHHE HasBaHo Anfpysnofo-
periyeckum.  CKopocrb  CKOJAbXKEHHs.  IPHMEHHTEIBHO
K YCJ/IOBHIO OTHOCHTEJIBHO MAJOro nepenaga KOHUEHTPAHH
Ac £ ¢ woxkno ouenuts no dopmyae [481:

- (g E+—D~- RTA
4=27 & —8) sfi e~ (38a)

. 3x1ech, KpoMe u3BECTHLIX oGosnauennit, D= — Koaddu-
UHeHTH AUddysHH HOHOB.

- CymmapHas CKOpPOCTb CKONBZKEHHA MOJL BIHAHHEM Mepe-
Naja KOHIEHTPAllHM 9JCKTPOJIHTA BHIPANKACTCS CYMMOH
0 = U, + U, NpHYEM Cjaraembie ONpEAesioTesi No (opmy-
Jam (38) u (38a).

TepmMmoocmoc. OraHuHe SHTaALNHH B TPaHHYHBIX
CAOSX AKHAKOCTH OT OOBEMHOrO 3HAueHHs IPHBOJHT K TepMO-
'OCMOCY — JIBHJKEHHIO JKHAKOCTH Yepes Kanuiajaap npH Haau-
YUY OCeBoro rpaauenta rtemneparypn (431

CxopocTh  TEPMOOCMOTHUECKOTO CKOJIbKeHHS  onpeje-
JIAeTCSl U3 BLIPAXKEHHA:

dT
Ut=ﬁ"?{l'- 3

f — xosdxpuiHEenT TEPMOOCMOTHYECKOTO CKOMBXKEHH;

e 'ZT_, — TpalHenT- TeMmneparypsl BAOJIb IOBEPXHOCTH
pasjena.

59



Bo Bcex paccMOTpEHHBLIX cayuasX npoduiab CKOpocTed
CKOMBIKEHHA AN WHIAHHAPHYECKHX H IVIOCKHX Kanuljispos
(IOCTOSIHEH MONepeK MNoTOKa, 3a HCKIIYEHHeM NPHCTeHHBIX
CJ10€B, B Npeaenax KOTOpPbhIX CKOPOCTh YMEHbLIAETCH 10 HYJIs
y TpaHuilbl TBEPAOe TeJI0 (MJIH HENOABHXKHBI COJbBATHbIMH
CI10#1) — XKHJIKOCTb.

Ecan B04b 11I0TOKA MKHAKOCTH B MOPHCTOH CPejie CO Bpe-
MEHeM M3MEeHSIOTCA TPaAHenThl (KOHUGHTPAUHH PacTBOpEH-
HLIX BEUICCTB, TEMNEpPaTypbl, 3JEKTPHYECKOro no.as), 70
9TO NPHBOAHT K H3MEHEHHIO HHTEHCHBHOCTH MOTOKa BILIOTH
J0 ero HHBepcHH (M3MeHeHHsl HanpaBJeHHs).

Yrobbl 00HApYXKHTh H OIEHHTb BEJIHYHHY MOTOKa, Bbi-
3pIBAeMOTO HajHynem rpaauenton ¢, T nwan E, Oblaa npendo-
A#ena caeayiomas meroauka [13]. Hanpasaenue noroka Bo
BPeMsl ONKITA MEPHOAHYECKH MEHAETCsl Ha oOpaTHOe H3Me-
HEHHEeM PasHOCTH YpPOBHEH ¢ UeAbio CO3JaHusi TOro ke Ha-
nopa, 4ro W NpH NpsMOH (PHABTPALHH, HO [POTHBOMOION-
HOro 3HaKa. !

Ecian npsaMoit notok ¢,, W OOPaTHBH (., BbIPA3HTDL
npuGAHKEHHBIMH  3aBHCHMOCTSIMH:

Qup = K (]_[o- ocu)-
Gop = K (, = ]o- o:u)o

TO MO PA3HOCTH H3MEPEHHbIX BEJHYHH ¢, H (o5, MOXKHO
onpejeautb snavenue [, .. 10 Gopmyie:

Go6p — ¢
In-ocm — —%R']_Q&i

rae | — JeHCTBYIOUMA TCpajHEeHT Hanopa,
I, ooq — HAUAABHBLIA CPAAHEHT, ONpPENCAAEMBIH KHHE-
THUECKHUM  3(pexToMm;
K — kosdxpuuHent.

OGpaTHM BHUMAHHE Ha JIONOJHHTEIbHOE OCJI0XKHEHHEe, CBil-
3aHHOE C BO3HHKHOBEHHEM TOKAa TeYeHus (M JAPYrux sJjek-
TPOKHHETHYECKHX sBAeHuH). MexaHnusm mnosBJeHHs TOKa
TeYeHusn XOPOIIO H3YYeH: NOA BAHSHIEM Pa3HOCTH AaBJEHHA
no obe CTropoHbl NOPHCTOH AuapparMbl KHJIKOCTL nepewme-
12eTCs! BMECTE C 3apsiioM ee JABOHHOro ¢/10s H, TaKuM obpa-
30M, SBISIETCH HOCHTEJICM KOHBEKTHBHOTO 3JIEKTPHYECKOro
TOKa. BejencTBue nepeHoca 3JEKTPHYECKOro 3apsiia Ha
KoHUAxX Jauadparmbi BO3HHKAET pPa3HOCTH MOTCHILHAJIOB W
B 110pax MOSIBAAETCA TOK, NPOTHBONOJOXKHBIA N0 Hampasie-
HHIO KOHBEKTHBHOMY TOKY.
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Bo3HHKHOBEHHE TOKA TEYEHHA JIOJKHO CONMPOBOKAATHCH
NOSIBJEHHEM BHXPEBLIX MATHHTHHIX N0J€i B npeleiax noa-
BHJKHOM 4acTH ABOIHOrO 3JEKTpHYecKoro cjos. Bsaumo-
AEHCTBHE TOKa TeUeHUs M BLIBBAHHBIX UM MArHHTHBIX TOJeH
06YCAOBAHBAET BO3ZHUKHOBEHHE OOGBEMHONM MarHuTOrujapo-
AMHAMHYECKON CHJIbI, HanpaBJICHHON paxHajbHO MO OTHOLIE-
HHIO K HANpaBJEHHIO NOTOKA, H KaK CAEACTBHE — BO3HHKHO-
BeHie MONepeyHoro MarHHTOrHAPOAHHAMHYECKOr0 AaBJeHisd
P, . Bemmununa 310ro jaaBieHus onpeieasierca (aas cay-
yasi CcBOOOAHOrO JIBOWHOrO 3A€KTpHYecKkoro cjhos) no ¢op-
myae (E. 3. Tak): :

2:2
Poyip = 2mpo0 vy,

rae w, = 4n.107%;
0 — MOBEPXHOCTHbII 3apaji CTEHKH Kanuaasapa,
U; — CKOPOCTb AKHAKOCTH NpH r =ry (d=r,—ry),;
ry — TpaHuila NOJABHMKHON YacTH ABOHHOrO 3JEKTpH-
YeCKOro CJ104;
ro — paluyc Kanuwaisapa.

IMonobubie 3pPexTs, HE YUHThIBaeMbie [0 HACTOALLEIO
BpEMeHH, JOJ/KHbLI BO3HHUKATH MpH JHOOBIX 9JIEKTPOKHHETH-
YeCKHX ABJGHHUAX, OJAHAKO HX 3KCIEPHMEHTANbHOE MpOsiB-
JeHHEe BO3MOXKHO JIHIUbL NPH ONpeeseHHbiX YCJI0BHAX, KOrjaa
peauunnbt P, Gyayr 3HauuTeashbl. C 3TOH TOUKH 3penisi
MpeACTaBIAeT HHTEPEC PacCMOTPeHHe TaKHX YCJI0BHH NOTOKA,
B KOTOPHIX ¥, Obi10 Obl 3HAYHTEIbHO G0jiblUe, YeM 3TO HMeeT
MECTO TIpH OOGBIYHOM JAMHHADHOM TEUYCHHH, HANpHMep npu

v
BHOpaliH  cTemok  Kanuaaspa: —=— 3 1. Jlpyrmu  cno-
r=0 \

cofoM yBeqnueHus P, cayxur TypOy/nsauus NOTOKa,
B TOM YHCJE JOKajbHas B MOPHCTHIX Kanajax. B stux ycio-
Busix P, moxer jpocturath Beauuns 1—10 H/m®

PaccMOoTpuM Tenepb HEKoTopble (PakTOpbl, NPH KOTOPLIX
B peadbHbLIX KamuJAJAfAPHO-NMOPHCTBLIX CHCTEMAaX HMEeET MecTo
HapyuleHHe JaMmiHapHoro pexuma. B ueaom psje cayuaes
ABMKEHHE B TaKHX CHCTEMaX NMPHHATO CUHTATH JaMHHAPHbIM,
4TO HEpefnKo MNPHBOAHT K HEJOCTaTOYHO BEPHOMY TOJIKOBa-
HMI0 Habjo1aemMsX pesyJIbTaToB.

[Mpumem P = P,sin wf, rae P, — HavajbHO® rHIPO-
Annamuyeckoe gasaenne. Toraa P, ., = f (P, sin wl).
B cayuae JaMumHApHOrO pexuma, XoTs H KO0JeGaTeibHOro
Xapakrepa, P, 1eHCTBHTEIBHO Gbli10 Gbl O4eHb Maso. OaHako
NpH . YCTAHOBUBILEMES NYJIbCHPYIOIEM ABHXKEHHH, COOTBET-
CTBYIOUIEM TapMOHHYECKOMY 3aKOHY H3MEHeHHs nepenaja
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AaBJeHNs, B Kanuajaspe BO3HHKaIOT obpartubie Tokn [72],
MpHYEM U; MOXKET CTaTh 3HAYHTEIbHO GOJbIIEe CKOPOCTH
noroxa B uentpanbHo#t uwactu (puc. 17). Caenrosarennio,
P,.+0 no pcemy obwvemy B 1060l MOMEHT BpemeHH.
Memoduka uccaedosanust. B NpHHIMNE BCe PACCMOTpPEHHLIE
(GakTopbl MOTYT BJAHATL Ha H3MEHEHHE BOAONPOHHILAEMOCTH
06pasuoB BO BPEMEHH, OAHAKO B 3aBHCHMOCTH OT YCJOBHI
ONBITA JHIIL HEKOTOPbie M3 HHX HABJSIOTCH CYLIECTBCHHBLIMH.
B Hamux HCCACAOBAHHAX CO3JaBaAHCh CHEHHAdbLHbIE
VCJIOBHSI ONbITa, MO3BOJSIONNE HWCKJAOYHTbL BJNHSHHE TOro
WM HHOTO (hakTopa na GUILTPALHOHHLIH npouece.
OTCyTCTBHE KHHETHYECKHX
IPPEKTOB  KOHTPOJNHPOBAIOCE
10 METOJAHKEe,  H3JOXKEeHHOH
pbie. Utobbl OIEHHTH BJMsi-
HH2 nedopManHy noOvMBeHHOro
obpasiia, OAHOBPEMEHNHO Mpo-
BOAHJIHCE  OHBITHL C  KECTKO-
. MOPHCTHIME QHABTPAMII:
0° 30° Q° ° 120° 150° BO° Ha puc. 18 (xpusas /)
we NpeicTaBjiena  3aBHCHMOCTD
Puc. 17. Xapaxrep usvenenus  kos(upuinenta GpHALTPaLH H-

310p cKopoceTelt BO Bpemeny npH a1 o
rapMOMHYECKOM 32KOHE H3MeHe- CTH/THPOBAHHOA BOJLI OT Bpe

uHA nepenaja aasgenus B Kamua- MEHH  aas duasipa  Ilotra

aspe [72) Ne 4.
|
o o
121 \( e i
10t J
- 1/
g8+
- K 23
'QQS ’V"vs\\ 2
Sl A
2204} X
<k P X
kQZ E \'b ;
0-Lllllllnnl--*?‘v:x-lxvn—n-nx-:l:
452 864 1296 1728 t-10%

Puc. 18. 3apucumocts Kosdduuuenra QHALTPAURE OT BpeMeny
s puaptpa lorra Ne 4; /1 =13,5; T = 294 ,5K:
I — aucTuanuponannoit soast; 2 — 0,1%-Horo pacreopa ¢Genoan; J -

0,1%-uoro pacrtoopa denoaa upy GuALTPIUNY NO cxeme Ha puc, 20}
neauuun 4 — puavrp Worra Ne 4
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Jlast npejoTBpauieHus  BO3ZHHKHOBEHHSI MMKPOOpPraHpa-
MOB B HAILHX ONbiTax B Kauecrse (PUALTPYIOWEHCs XKHAKOCTH
ucnonbsoBaics 0, l-npouentnniii pacrsop denoaa. Iloay-
YEHHBIC TIPH 3TOM 3aBHCHMOCTH K (f) AN JKECTKONOPHCTOro
duabLTpa npejAcTas/ieHb Kpupoit 2 (eM. puc. 18), a ans noyni—
kpupoit 2 (cMm. puc. 16).

Kak BHAHO H3 PHCYHKOB, 3aTyXanHe (HIbTPalHOHHOIO
MOTOKA NPH 3TOM MEHEE DE3KOEe, OIHAKO TeHIEHUHS K 3ary-
X4HHIO COXPAHACTCS.

Psin uceaenosarenein [1, 34, 54| ormedaor Bausuue 3a-
[{EMIEHHOr0 W PACTBOPEHHOIrO B XHAKOCTH BO3/yXa Ha 8aTy-
xanue QHABTPAUHOHHOrO MOTOKA.

Kak n3sectHo, 3akoH [enpu ans o0beMHOH KOHUEHTpa-
WM rasa ¢; PAacTBOPEHHOro B BOJAe, MOXKHO 3anucaTh

B Buze [191]:
o —NpIP

rjae P, — napiuunajibHoe JaBJeHHE ra3a B BO3jyXe;

P, — abco/oTHoe arMocepHoe naBJienue;

A; — KO3(pdHILHERT pPAaCTBOPUMOCTH Tras3a B BOJeE. .

ITpu usmenenun temneparypnl ot 273 no 313 K koadipu-
HHEHT A, n3mensiercs B npenenax (m®rasa ua | xr Xujaxo-
cri): asor — (0,0235+0,0118) - 107%; kucaopox — (0,0489 -
+0,0231) -10°%, YIEKHCIbIH ras — (1,713+0,530) x
» 1073, Bosayx 6e3 yraexkucaorst — (0,0292-+0,0156) x
» 107* (303 K).

Ecau cucrema, cocrosiias H3 HECKOJbLKHX KOMHOHEHT,
HAXOJMTCH B PaBHOBECHH Npu AaBjaeHun P, u remneparype T,
a 3aTeM AaB/CHHe MPHHHMAET JApyroe sHauenne P,, 10 npu
- YCJIOBMH MajocTu pasHoctH P, — P, npousoiier caeayio-
uee [63]. B Mmanolt okpecTtHOCTH NOBEPXHOCTH pasjena
MEXIY Ta3oM M KHAKOCTHIO PAaBHOBECHOE COCTOAHHE, COOT-
BETCTBYIOLIEe HOBOMY JaBJieHHIOo P, YCTaHOBHTCH MrHO-
BeHHO. Beneicrsue 3toro Hapyuiaercs OIHOPOAHOCTb pac-
IPEAEJIEHHSI KOMIOHEHT B MNPOCTPAHCTBE, YTO IMPUBOJHT
K anddysnn BeuecTsa B Kaxaon dase; audepysus npoiuo-
JKaeTcs 10 TeX 1op, Moka He YCTAHOBUTCS PaBHOBECHE MeKay
¢azamu. IlonoGubiii npouecc BO3HMKaeT TaKKe B cayuyae,
Korja ¢ KHAKOCTBIO, BBUIEP/KAHHOH NpH AaBJjeHHH P, u
Temneparype T,, conpHKacaercss ra3 ¢ HepaBHOBECHBIM
COCTaBOM.

Ecan BbipaBHuBanue cocraBa B [POCTPAHCTBE MPOHCXO-
JT TOJbKO BCJEACTBHE AU(pY3HH, TO MONHO OUEHHTH NOp#-
NOK BpemenH [, HeOOXOAHMBIH st TAKOrC BbIpaBHHBAHHS.
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Jlas cayuasi, KOTAa €O CJAOeM KHAKOCTH rayOuHoi L -
conpukacaercs 604b1I0€ KOJHYECTBO rasa, B KOTOPOM COAEp-
XKanue OAHOH H3 KOMITOHEHT [pPEBLIAET pPAaBHOBECHOE, H
9T4 KOMMOHEHTa HaumHaeT JAH(DYHAHPOBATHL B KHIKOCTD,
BpeMsi YCTAHOBJIEHHS PAaBHOBECHS MOJKHO OUEHHTb 1O (op-
myJe:

u=1— -_% exp [— Dt (/2Ly},

rae #; — KO3(pHIHEHT  HACBIUEHHOCTH,  ONpeAeJsieMbii
KAK OTHOLIEHHEe MIHOBEHHOro 3HAYeHHA KOJIH-
yecTBa i-H KOMMOHEHTHI B XKHAKOCTH K paBHOBeC-
HOMY  (AHAKOCTH  HA3bIBAGTCH  HEAOCHIIEHHON,
ecan «; <11, W nepeceliuenHol, ecan wu; > 1);

D; — xoa(pduunent audpdysuu.

Han 3unavenuit D, ~ 2-107* m-¢?, L~ 1,6:10% w,
u, ~ 0,9+ 0,99 paBHOBecHas1 HACHLIEHHOCTb B TOHKOM CJ/IO€
KUJAKOCTH YCTAHOBHTCA npHOGausHTeanto uwepes 10—-20 c
nocje Hauaja npouecca (a5 MEHbUIEr0 XapakTepHOro pas-
Mepa L — 3TO BpeMs MOJKET COCTaBJATH JOJH CEeKYIUb, a
st L mopsjika MeTpoB — 4achl W CYTKH).

[Mpunumaercs [631], uro npu TeuyeHun B MOPHCTON cpeje
nByxdasnoil cMecH MNPOAOJIKHTE/ILHOCTD KOHTAKTa MEMKIy
NAHHBIMH 9JIEMEHTAMH T'a3a W XKHJIKOCTH HMEeT NopsijoK Bpe-
MEHH, B TeYeHHe KOTOpPOro 3TH 3JEeMEeHThl NPOXOIST OJHH
OTHOCHTEJBLHO JAPYroro paccrosiiHe, paBHOe pasmepy 3epHa
HJIH NMOPHI.

Torjia NpPoOJIOJIKHTENLHOCTL KOHTaKTa f:

rjie m — NOpHCTOCTh;
d — cpeaHuit 1Hamerp nopbi;
U — CKOpPOCTb. .

M3 nocaeasero Boipa)enna CAe1yer, 4To NnpH JOCTAaTOYHO
MaJbiX CKOPOCTAX U BpPeMs KOHTAKTa BEJHKO H B Kax1oH
TOUKE JBHIKYIIEHCS CMeCH ra3 W BOJa HAXOAATCA B TEpPMO-
AMHaAMHUeCKOM paBHoBecHH. B 3srtoM cayusae npu ¢uabtpa-
nMH B NOPHCTOM Cpele Mnajienue AaB/eHHs BIOJb obpasua
J0-KHO (B COOTBeTCTBHH € 3aKoHOM ['€HpH) IPHBOAHTL K 11po-
NOPUHOHANBLHOMY YMEHBIIEHHIO PAaBHOBECHOH KOHUEHTpa-
IHH rasa, PAacTBOPEHHOrO B BOjAE. YMEHbILEHHE JaBJCHHS
(TaK K€ KaK W MOBbIIeHHE TeMreparyps) BbI3bIBaeT BLieJe-
HHE PaCTBOPEHHLIX Ta3oB. IDTOT IMPOLECC MOXKET MPHBECTH
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K YaCTHUYHOH MJH TOJHOM 3dKYNOPKe NOPOBOro NpocTpaH-
CTBA, 4YTO BJaeyer 3a coOOi COOTBETCTBYIOULEE VMEHbIUEHHE
pojonponnuaemoct. Ilepuojnueckne CyKeHHsi W paclum-
peHHsi MOPOBbIX KaHaJIOB BbI3HIBAIOT JIOKAIbHbLIE MPOLECCH
. [IOJHMOJIEKYIAPHOR ajlcopOuny u JecopOUHM rasos Ha obuiem
~ ¢hone BLIAGJEHHS PACTEOPEHHBLIX B BOJAC r'a3oB BJ0Jb 00pasiia.
Ilpu  BLICOKHX CKopocTsX (Oosbuine nepenagbl AaBJaeHHS,
~ KPYIHO3EPHHCTHIC (uABLTPHI) paBHOBECHE HE YCNeBaer ycra-
. HOBHTBCSI, TaK KaK NPOJOJIKHTCILHOCTL KOHTAKT4d Majla H
- 3(pexThl «<KOJbMATAIHHY NOPOBOrO NPOCTPANCTBA HE JOJMKHBL
UMeTh MecTa. '

s yerpaneHus BJAWAHMS PaCTBOPEHHOrO B (HJBTPYIO-
Leics KHJIKOCTH BO3JlyXa HEKOTOPhIE HAILUW ONBITH M0 (PHJIb-
Tpaluu TNPOBOAMIHCH B 3aMKHYTOIl (QHILTPALHOHHON ycTa-
HOBKE, B KOTOpPOH CO3/12BaJOCh pa3perkeHHe ¢ NOMOLULbIO
Bakyymuoro nacoca. Ilpu nonnkenuy AaBjaenusi pacTBopeli-
. HBIH BO3JIYX BBIIGJSIETCS 13 BOJALI H €ro cojepxkanue B (QHJIb-
~ Tpylouleics KHAKOCTH CTAHOBHTCSA MEHbLIe, a CJICI0BAaTeNbHO,

. M ero BAHSIHHE HA X01 GHIbTpAUHH=yMeHbliaercs. Pe3yiib-

. TaThl HCCJENOBaHMS mnpejcTasiensl nHa puc. 19.

B onpiTax 1o aaHuHoit METOAHKE HEOOXOAMMO MOIEPHH-
- BaTh nocTtosinkoe paspexenne. [Tosromy ObuIH HCCAEAOBAHDI
B Apyrue cxembl puabTpannu, MO3BOJSIIOUHE NMOJTYYHTL CTa-

1 OHJBHbIE 3HAUEHHs BOJAHOrO TNOTOKa.

Tak, B onmrax JI. H. Maasuuesoit, M. JI. Mapxacuna
. u apyrix [74] sBoay z0 monaun K 06pasiy nponyckajin uepes
. ¢uabTp M3 BaThl, a 3arem uepes ¢uabrp I[lorra Ne 3.

V.
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0 864 1728 2592 5456 4320 ¢107¢

Puc. 19. 3apucumocts xoabdunnenTa GuaAbTPaUHH OT Bpe-
, MeHH:

] — nouna Nt 13; 0,1%-nwit pacTtnop denoaa; Pa o~ 6—7 M BOZ. CT.:

1 ==-b% "= 293 4 IK; 2 — duanTpauua Nno cxeme Ha
#e. 20: awcTHANMpPOBaNuan aoga; [ = 5 nosuuun 4 — QPAALTD
Yllona Ne 4; nosauuug 5 — Topd €O CTQICHLIO PaAITOKEHHA 259;
3 — dbuasTpauss 1o cxeme Ha puc. 200 0,1%-Heuril pacrso& the=
woaa; [ = 2,5: T =293 4+ 1K; nosuuun 4 5 — noupa 14
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Cxema (pHABTPAILHON-
HOi YCTAHOBKH, paboraio-
: HieH Ha 9TOM NPHHUNNE
i ¥ HCIOJIb30OBAHHON B Ha-
KX OnNLITax, [OKa3ana
Ha puc. 20. DuALTPH

':1 3\ . TOro Xe cocraBa, uTo H

2 /E_i, [ |k uccaeayembiit  obpasel,

' HIpaloT poJib  axcopOeH-
Q TOB PacCTBOPEHHbIX I'a30B

HJIH MeXaHHYEeCKHX IpH-
seceli. OuHileHHblH Ta-
KEM o00pasom H Hachi-
2 HIEHHBIA PacTBOPEHHbIMH
- Beuecrsamy  uapTpar
w7 (paBHOBECHBIH  pacrBop)
p E/////‘ sanosnusier Mapuorroso

yCTPOMCTBO, OTKyla W
Puc. 20. Cxema puabTpauHOHHOR yeta-  poctynaer Ha Hccaelye-
HOBKH € npenaapnrc.;lbuoﬁ cAerasaunednis: Mbiit oOpasen. Kak no-
! ohehanopuuh a2 - MapaoTIONS YT KaSIBAOT OMBITH, MpH
nceackyeufl obpasew; B — wanopi A u  (UIBTPAIKH TMOJYYEHHO-

Kpaup (KpaH 4 oTKpHT, B — 3akpmWr
noAroToBKa; Kpan A sakpsr, B — orkpur — 'O TAKHM 06pa30M pac-

onsit) TBOpa MnponnuaeMoctn K

uccaepyemoro  obpasia

MOYBL! BO BpeMEHH 3aMerHo He HsMeHserca. I'pajuku 3a-

BucHMOCTH K (£), noslyyeHHBIE MO 3TOH METO/HKE, npeacrae-

JieHsl Ha puc. 18 (kpusas 3), 19 (xpussie 2 u 3). Ilo nannoit

METOAMKE MOXKHO ONPEJAesIUThL CONOCTAaBUMbIE H BOCIPOH3BO-
numeie 3asucumoctu K (/).

[TonyyenHpie pe3yabTaTbl NO3BOJAIOT YTBEPXKAATb, 4TO
peniaiomHM GakTopoM, ONPEAeaaoIHM CYIECTBEHHOe YMEeH -
nienne (pHAbTPALlHOHHOrO NOTOKA BO BPEMEHH B HAUIHX OIbi-
Tax, SIBASETCHA BbiAJEHHE Ha CTEHKaxX MNop pPacTBOPEHHOro
B (QHABTPYIOWEHCS MKHJIKOCTH rasa.

Kourpoab rasocosepkanusi B HCXOAHOH Boje U GuabrTpare
NOATBEpANJH 3TOT BEBOA (Tabn. 4).

Kak Buano us taéa. 4, o6bheMHOe ra3ocojlepKaHie B Kon-
TPOabHON Boje B cpeanem Ha 3,1% Buiuue, yem B duabTpare.
DNEKTPHYECKOE CONPOTHRJICHHE KOHTPOABHON BOALI B Cpej-
nem #Ha 21% Boiue conportuBiesus puapTpara.

B 3aksiouenue orMeTum, 49T0 QHIBTPALHOHHBIE CBOHCTBA
xopowo npounnaemelx o6pasuos (K = 107 m-¢c™?') no ua-
UM pesyJibTataM CTaOHJIbHBI BO BpPEMEHH,
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TaGaumna 4

Msmenenue rasocoaepxanna 8 QuabTpare

()6u1e;.: CORCP A AITHE JACKTPHUCCKOR
rason, % oOBeMubIH CONPOTHRIEHIE
<Boa-
pacrs
huih. KOH = P KOH- RIR ug?xpa:y.'v
TpaT DOAb (5 TpaT .
f-’; Dc?( Cx/%d 50 TPRO:I: o/ R
0,987 1,02 1,035 94 500 | 128 000 "1,3555 4
1,77 1,835 1,035 33 700 | 36 500 1,082 11
1,71 1,75 1,022 28 000 | 33 700 1,200 1
Cpenunee 1,031 Cpeanee 1,21

[oayyennpie pesyiabTaThl NO3BOAAIOT CAEJIATH HEKOTOPHIE
npakTHYeCKHe pekomeHjpauuu. B nepsyio ouepeib 310 Ka-
caercsl NOJIEBbIX METOJOB onpefeenius Kospduuuenta Quib-
tpanuu. Tak Kaxk Temneparypa, AaBJCHHE H COCTaB PacTBO-
PEHHBIX BEUECTB M0 NVTH JIBUKEHHS TOYBEHHOH BJaru ro-
CTOSIHHO MEHSIIOTCSI, TO MPOIEeCChl BbIAGJIEHHS] — pacTBoOpe-
HHA ras’oB (B COOTBETCTBHH ¢ 3akoHOM ['€HpH) nporekaior
B NPHPOJHBIX YCJAOBHSX HENPEPHIBHO H, CJE10BaTeJIbLHO,
HEeNpPepEIBHO H3MEHSIOTCST 3HAUeHHs Ko3(duiinenra puabTpa-
unn. Taxum o6pasom, craHzapTHLIE NMOJEBLIE METOALI (PUKCH-
pyior OoJsiee MJIM MEHee caydanHble (COOTBETCTBYIOHIHE JlaH-
HOH TeMIeparype, 1aBjeHHI0 H KOHIGHTPAUHH pacTBopa) 3ua-
yenns xosppuiuenta ¢uaprpaunn. Orciona Caeayer BLIBOX
0 HEoOXOAHMOCTH paspabOTKH TakKoH METOJAHKH NOJIEBLIX
HceaesoBanuit, Kotopas 1no3poJsia 6bl noJgydarb HE TOJBKO
€IHHCTBEHHVIO TOUKY, oueHusawomyto KoshduuieHT ¢Guib-
TpallMH NPH J@HHLIX IPajHEHTe Hanopa, Temneparype, jaas-
JEHHH W KOHIEHTPAUHH coJeil, HO U Npeilejabl H3MEHeHHS
3TOrO IapamMeTpa B 3aJJaHHOM HHTEPBAJIe H3MEHEHHU ST BHEITHUX
YCJOBHI.

BTopoii BHIBOJ OTHOCHTCH K MPAKTHKE NPOEKTHPOBAHUS
rHJpoOMe/THOPAaTUBHBIX MeponpusiThit. Taxk kak ¢uabTpainon-
HBIC CBOMCTBA AAHHOH CPe/bl XapaKTepH3YIOTCA NMapaMeTpoM,
KOTOPbLIH M3MEHAETCS B ONPEAEJEHHbIX Npeaeaax, To pacuer
joJxen 0asupoBaThCsi HE TOJBKO HA TIPOMEXYTOYHBIX, IO
H Ha 3KCTpPeMa/IbHbIX 3HaueHHAX Ko3(puuHenra ¢uabTpa-
ILHN.
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2. HEJIMHEAHBIE ®WIbTPALLHOHHBIE 39®EKThHI
TEYEHUE ACCOUMHMPOBAHHBIX JXH/KOCTEH

Heauneiinbie (UAbTpauHoHHble S((ekTH. IDKCNCPHMEH-
TajdbHbIE PE3YJbTaThi, CBHAETEJIbCTBYIOUIHE O HapYyLIEeHHH
3akoHa JlapcH npM MaJbiX CKOPOCTAX (UAbTpaltuH, OblH
ony6aukosansl yxe B 1898 r. [142]. O630p MHOrOYHCICHHbBIX
paboT, BHIMOJHEHHBIX B OCHOBHOM 3a mnocaeinue 15 Jer,
ony6aukosad B kuure [15]. Pemaouuit Bkjaax B uccae10Ba-
HHE NMPHPOAbl HeAHHEHHbIX (PUALTPAUHOHHBIX 3PPEKTOB BHe-
cen I1. A. Pe6unaepom, B. B. [epsirunbim, A. X. Mupsa-
mkansane, C. B. Hepnuubiv, A. K. Koroseim, M. T1. Amario-
G6eaun, M. I1. Boraposuuem, H. B. Uypaesoim, B. I1. ['opGy-
HOBHM H Ap. M3 3apybexkHbiX yueHblX 0c000 Caeiyer oTve-
tuth KoBaua, Kyruieka, Ceapruennpybepa n CKoBHHCKOrO
[143, 144, 145, 151, 152].

DKCINEPHMEHTAJIbHBIE Pe3YJbTaTbl 110 3aTYXaHHIO (HIb-
TPALMOHHOIO MOTOKA B MOPMCTON CPEIEe BO BPEMEHH MOIVIH
BHVUIATH MBICJIb O TOM, 4TO HabJiofaeMble HeJIHHEHHbIE (u/Ib-
TpalHOHHbIE 3(DPEKThl CBSI3aHbl IIMEHHO C 3THM sIBJCHHEM.

~ OaHAaKO OmbiThl NO OMHCAHHOH B NpE/bIYIIEM naparpage
METOJAMKe, MO3BOJSIOMEH MOJYUYHTL CcTabHJ/bHbIE (IIpH 3a-
JAAHHOM TpajMeHTe Hanopa) BO BpeMeliH 3HaYeHHs (HIbTpa-
ILHOHHOrO IOTOKAd, MOKAa3biBaloT, YTO H B 3TOM CJyyae CKO-
pocTh (DUIBTPALHH U FPAJAHEHT HANOpPA MOrYT ObITh CBA3aHbI
HeNHEHHOH 3aBHCHMOCTBIO.

B kauecrBe npumepa Ha puc. 21 npHUBEAEHBI 3aBHCHMOCTH
CKOPOCTH (PHJBTPALHM U OT rpajuenTta nanopa / jis HEKo-
TOpBHIX [10YB, TMPEACTaBJEHHBIX B Tabu. 3.

Ha puc. 22 npeacrasJieHbl XapaKTepHbie JHarpaMmbl pac-
npejlesieHnst Nnop [0 pasMepy AJs TeX ke M0YB.

[IpuBejeHHble 3/eCh JHarpaMmbl pDacnpeneseHus nop
no pasMepaM OTHOCATCS K oOpasliaM NOUBbl, HMEIOUHM OJIH3-
Kyio oobmyto nopucrocrs (0,42; 0,38 u 0,41 coorBercraenno
Auarpamvam Ha puc. 22,a, 6 1 6). B ofpasuax cyme-
CTBEHHO OTJIMYaeTCsl pacnpejiesiende 1op no pasmepam:
B NepBoOM cayuyae 75% oT obuiel NopHCTOCTH 3aHHMAIOT TMOP LI
¢ pasmepom Gosiee 107% m; 8 Tperbem cayuae 80% — mopbi
¢ pasmepom Menee 107% M; BTOPO# ciyuain — IPOMEXKYTOUHBIH.

TeueHue accOUMHUPOBAHHBIX MKHAKOCTeH. B onmitax npH-
MEH5JIMCh CBEXETSHYThIe CTEeKJISHHBIE H KBapleBble HHJIHH-
JpHYECKHEe Kanuspbl. MUHHUMAJIbHBIH JiHAMETD Kannaisapa d
ONpeaesasicst YCJIOBHEM MaJIOCTH BJIHSHHS TPaHHYHON (hashl
0(d >0, 0 ~10% M, d 3> 1078 M), a MakcUMaJIbHBIH JHa-
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Puc. 21. Xapaxrepunie
34BHCHMOCTH CKOPOCTH ¥
oT rpaauenta nanopa /
Jas nouB, NpPeAcTas-
2 JeHHHIX B Taba. 3:
a: I — pasn obpa3ua Ne 5;
2 — pas o6pazua Ne 8; 0%
I — aan oGpaszna Ne I;
2 — pan oGpasuna Ne 6: &
1 — aasn obpasua N 45
el e 2 — aan 0Gpa3ua Ne 10

0 2 4 6 8 1012 4 ®BI

% om nopucmoemu
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Piic. 22, XapakrepHuie AuarpamMms pacnpeiieieHds nop no pas-
MepaM IAs nouB, UPEACTABIEHHHX B Tabn. 3:

a — gas obpasua Ne 5; 6 — pan ob6pasua Ne 1; o — Qs oGpasna N LO




METp — YCJOBHEM MaJIOCTH BJHSAHUS KOHBEKIHH. Kax
H3BECTHO, NPHUYHHON KOHBEKTHBHOIO [€peMellnBaHNus KHJ-
KOCTH (cBOOOAHAS KOHBEKIHS) SBAAETCH MeXaHHyeckas ue-
YCTOHUHMBOCTD TEKY4YeH Cpelbl NpH HaAJHYHH TPajHeHnTOB
remneparypul. HanGosiee o6CTOATENBHO H3YYEHA POJIb KOH-
BEKUHH B BePTHKaJbHOM HHJIHHAPHYECKOM CJIO€, MJIsi KO-
TOPOrO  YCJAOBHE MaJIOCTH BJIHSAHHSI KOHBEKIIHH MOKHO
sanucarh B caeayiomem Buae [1241:

GrPr< M,

3
rae Gr — uncno I'pacroda ( Gr = LepaT );

y2
Pr — uncao Tlpauwaras (Pr =_“1’. ) :

| — XapaKTepHCTHYECKHH pasmep;
g — YCKOPEHHE CHJIbI TAKECTH;
p — xospduuueHT  paciiHpeHus;
AT — nepenajn temneparyp;
Vv — KHHEMaTHYECKas BSI3KOCTh;
@ — TeMIepaTyponpoBOJHOCTD;
M = 600+ 1000.

Honycrumblii XapaKTepHCTHUYECKHH pasmep, AJas KOTO-
pPOTro BHINOJAHACTCH KPUTEPHH MAaJOCTH BJIMSIHHS KOHBEKILHH,
npH nepenajgax TeMIneparypbl IOpsijiKa rpagyca B ciayyae
MaJIOBASKHX JKHAKOCTEH JIeXKHT OOBIYHO B npepenax [ ==
~ 1072+ 10" M. B Hammux_onsitax jaHaMerp Kanuaisipa
cocraBaan <<10™ M u Haxoauaca B npenenax 0 & d << L.

MccnenoBanuple AUAKOCTH M HX KJaccupukauus no tHny
BOIOPOAHLIX CBf3elf npuBenennt B Tabia. b.

B coennnenusix knaccoB A, B u N H-cBA3H OTCYTCTBYIOT;
B COEIMHEHHSX KaaccoB AB H-cBasu cyuwecrsylor. Ilpu

TaGanuna 5

Kaaccndpukanua coegunenui no tuny KH-csaszen [101]

Mosekysia COACPHHT
Kaace s7CK-
coeau- NPOTOHO- TPONHO- L TIpumepm
Henufi | AOHOPHBE | noyuopnwe
Fpymnsl | rpynnst
A Ha Her Xaopodopm
B Her Ha Aueron
AB Ha » Bona, cnupril
N Her Her YeTupeXXJ0pHCTHIi  yraes
POA, TOAYOM
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Pue. 23. Bausinue g
H-cosaeit na Xapakrep 357
TeHeHNs KHAKOCTEH B Y| B re—" A s 7
Kanuaagpax: s Y|ttt ——re —
| — aneton -+ poga; 2 — ' 25k
CHMpT 5TRAOBMH; 4 — BO- 92 ot o S
na; 4 —— TONYOA, 5 = ye- ¥ Y e X oo X, % x5
THPEXXAODHCTMA  vrae- o 20 %
poA: 6 — aueTon -+ XA0- S
poopm: 7 — Xaopodops; TI5F
8 — anertoit A ’/4 ° a. -3
A WP e -2
a5 "’fk . L Y ’ e
A L A A L -
02 0% 06 08 10 12 14 16 1

cMelBanni Kuakocre kaaccos A u B H-cBasu obpasyiores
(ra6a. 6); npu cMmelenHn Kuakocreit kaaccos AB u B npo-
HCXOAUT pa3pbiB U obpasoBanue f-cpssei.

Ta6auuna 6

Bansiune pacrsopenus na nsmenenwe B H-csman [101]

Kaace Hasmenenne n H-cusan
CMeINBACMBIX NP pacTBOpPenNH Mpuseput
coepunennil
A+ B Toanko oGpasopaine Aueron + xaopodopm
AB-+ B PaapuiB u obpasosanne * | Boaa -+ aueron

{ OTHOWCeHIte unend H-CBASCHR MeXAY aueTOHOM H BOAOt K uncay ff-ceasef,
MMOIOULIXCH B BOAE, cocTapasiet npumepro 0,2+0,3.

IlioTHocTh CcMecel  aueroH -+ XJaopodopm ¥ Boja -
4 aueron onpeneasiiack aeHcumerpom (FOCT  1300—57)
¢ TouHOCTBI0 4 1 Kr/M®, BA3KOCTb CMeceit — Ha BHCKO3HMeTpe
OctRanbia, MNpPEIBAPHTENBHO NPOKaAHGPOBAHHOM  BOJIOH,
¢ Tounocthio +4-107% H.c/M*. Halizenubie 3HaueHHs Bsi3-
KOCTH H IIOTHOCTH CMeceil mpejicraBieHs B Tabiu. 7.

Ha puc. 23 npeacraBjeHbl 3KCNEepHMEHTAJNbHbLIE 3aBH-

cumoctd K (/) aast pasauumbix KujikocTeH, rae K — Koad-
%

duHenT QHALTPAIMH, onpenessemMblii oTHomenueM K = —-.

ITosnyuenubie pe3yJabTaThi TOBOPAT O TOM, YTO HEJIHHEeM-
Hbie (PUABTPALLHOHHBE 3(PGHEKTH HMEIOT MECTO JIHIIbL B cayyde
ACCOUMHPOBANNBIX JKHIKOCTEH H HX CMECEH C MEKMOJEeKy-
JSPHLIMH BOJOPOAHBIMH CBS3AMH.
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X TaGawnwna 7

BA3KOCTHL H MJOTHOCTL CMeECeH

. Baakocery, [TaorHoCTS,

CMech y SR S H-c/m® 10— gr/m*- 107
AueroH -~ Bojaa 283 2 0,95
(50% -+ 50% mno oGuemy) 293 1,620 0,948
Xaopodopm - aueToH 283 0,675 1,209
(50% -+ 50% no obnemy) 293 0,623 1,195

HeaccouunpoBaHHble XKHAKOCTH H cmecH (Kaaccet A, B,
N,B-+B, A+ A, N+ N, A+ N, B+ N), y KOTophIX
H-cBA3H OTCYTCTBYIOT, MHOAUHHSAIOTCA JIHHEHHOMY 33aKOHY
TEUeH .

B cBasu ¢ 3THMH (akramMu OBIJIO ONPEACIEHO 3HaueHHe
TenaoThl G CBA3H, 00YCJ0B/INBAIOIEE KOMIIEKCcOOOpa3oBatue,
H BCJEGACTBHE 3TOr0 H3MEHEHHE pPeoJIOTHUYECKHX CBOWCTB
JKHJKOCTEH; HaljelHas BeJIMYHHa Obljla CONOCTABJICHA € 3Hep-
rueil Bojopoanoi censu [151.

Cpennsa Ttensora G CBH3M oOKasajach PpaBHOH: s
H,0 — 27, maa C,H,OH — 24.

[MosyyeHHbIE BEJHYHHBI TENJVIOTHI CBA3H, MO-BHAHMOMY,
MOTYT ObITh HHTEPNPETHPOBAHBI KaK Pe3YJbTaT paspbiBa ABY X
BOJIOPOZIHBIX CBsIZeH, HMeomux anepruio 13,5 MJIk/kmoan s
H.O u onHO#t BOAOPOAHOH cBA3N ¢ sueprueit 24 M x/kmoab
B caydae C,H;OH. '

CyILIECTBOBAHHEM MEXMOJCKYJISAPHBIX BOAOPOJAHBIX CBS-
gell, OOYCJOBJMBAIOUINX BBICOKYIO CTelneHb OJHXKHEero [no-
psiKa, MOTyT ObITh OOBSICHEHBI MHOTHE CBOHCTBA JKHAKOCTEH,

Hanpumep, yeranosiaeno (1011, uyro meoGbiuno Goabiuas
BEJHUYMHA AHJIEKTPHUYECKOH MOCTOSIHHOH & H ee TeMmnepatyp-
HbIE H3MEHEHWs CBSI3aHBl € H3MEHEHHeM OTHOCHTEJBHOTIO
COJICPXKAHHS TPeX THMOB CTPYKTYP B BoJe, oOpasyeMmbixX
BOJIOPOJIHRIMH CBA3AMI. BUHAHNE BOJOPOAHON CBSA3H [PO-
ABJISIETCS TAKIKE B MOBBILICHHH BSISKOCTH 1) Y CHHPTOB, KHCJIOT,
soaul u Ap. Hexoropuie agropnt [80] nenonbzoBann s neede-
JIOBAHHSI BOJOPOAHBIX CBA3EH TeMnepaTypHyiO 3aBHCHMOCTD
MOBEPXHOCTHOIO HATSMKEHHA 0.

B paGore [15] noxasano, uto METOJB!I pacuera SHEPTHH
cBA3H 1o Temneparypuoii 3asucumoctn ¢ (7), n (7)), o (7)
NLAI0T OJIHHAKOBLIE YHCACHHBIC PE3YJbTAThl ¢ JAHHBLIMH, 10J1Y-
YeHHBIMH (HIBTPAIlHOHHBIM METO/OM,
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3. O PEOJIOTHHECKOA MOJENH MOYBEHHOW BJIATH

Peosornyeckas Mofiesb THKCOTPONHBIX CTPYKTYpHpoBaH-
HBIX JKHaKocTel. MarepHanbl npebiiyliero pasgeaa mnos-
BOJISIOT BCE ACCOUMHPOBAHHBIC XH/KOCTH, B TOM YHCJE MOY-
BEHIIVIO BJIATy, PACCMATPHBATHL KAK THKCOTPOMHLIE CHCTEMBb
[93, 106] ¢ 5ddheKTHBHON BAIKOCTHIO

0(r) =—
Y

fle T — HanpsiKeHHe CABHra;

y — CKOPOCTh JleopMaiiuu.

SixpekTHBHAA BA3KOCTH SIBJIACTCA HTOTOBOWM XapakTepH-
CTHKOHM, ONHCHIBAIONEH PABHOBECHOE COCTOSHHE MEMKAY Ipo-
[IECCAMH paspylleHHA H BOCCTAHOBJIEHH CTPYKTYPhl B ycTa-
HopHslleMca notoxke. B npeneae 3ppexkTHBHAR BASKOCTH
NepexoaAHT B HanboIbilyI0 HHIOTOHOBCKYIO NOCTOAHHYIO BA3-
KOCTh 1o (pHC. 24, 8), 4TO COOTBETCTBYET NPaKTHYECKH Hepas-
pymenHofi ctpykrype. I'lpH npakTHYeCKH npejieibHOM pas-
PYUEHHH CTPYKTYPh! B 001aCTH G0JILIINX HANPAXKEH Wit c1BHra
(npH YCJOBHH COXPAaHEHHs JaMHHAapHOro notoka) sdpex-
THBHAS BA3KOCTb MEPEXOJIHT B HAWMEHBIUYIO HbIOTOHOBCKYIO
BfI3KOCTD .

TToMHMO KOHCTAUT Mg H Nw, CTPYKTYPHO-MEXAHHYCCKHE
CBOJCTBA CHCTEM, IPEIACTABJEHHBIX Ha puc. 24, xapakrepu-
3yIOTCH  CJAEAYIOMHMH HE3aBHCHMBIMH KOHCTAHTaAMM:

npeaeabHBIM HanpsKeHHeM cABHra (ycJaoBHas rpaHHia
NPakTHYECKH HepaspyIIeHHOH CTPYKTYPbI) — Ty

YCJIOBHOH TpaHHIEHd NPAKTHYECKH PaspyuIeHHOH CTPYyK-
TYPbl — Typ.

Moxyau ynpyroctH ciasura (puc. 24, 6):

1) YyCIOBHO-MPHOBEHHbifi

Gl == ':" 4
€9

2) 3J1aCTHUECKHH

t L

\ Ga =¥ €y — 8y 2
3) paBHOBECHbBIN

Si Sn = SO

G_ €3 =t G| ! Gg :

1 Takoil TOAXOA NP PEUICHHH 3a%a4 HeanHCHHOR QUALTPAHN HCNOTL-
sopaan H. C. Hepnuna u C. B. Hepnun [146, 89].
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Puc. 24, Peonornveckan xkpusas (2) H sxpextidBHas BAIKOCTL (8) CTPYK-
TYPHPOBAHHBIX JKHBAKOCTE:

N (1) — 5DPEeRTHEBHAN NEePeMeHHan UBHIKOCTL, YOMuUAIOULasi ¢ POCTOM CKOpOCTH

CABHIA Vi Vo — BaHGOALMAA NPCACALHAA NHIOTOHOBCKAR BAIKOCTH, T. €, YCA0HHO-
OOCTOANHASR BAIKOCTL NPAKTHYCCKH HEPAa3PYIICHHOR CTPYKTYPM: Mo — HalMcHb-

WA NOCTONHHAR NLIOTOHOBCKAR BHIKOCTL MPAKTHYMCCKH NPEASAbLHO PaspyleHEHoR
CTPYRTYPLI To — HPCACABHOC HANPMMENHe cBUIA (FPpalina opoavHoOcTi); :K

YCAORHAN UPAHKUA NPCACABHOrO paspylelus crpyrrypu; [ — obaacts HauGo/ibs

well HBIOTOROBCKOA BAAKOCTH (HepaspyuicHinas crpykrypa); [/ - obaucty HaH-

Melbinefl UBIOTONODCKOM BASKOCTH (NPCACALNO pPASpYUISHHAS CTPYKTYpa), 0 —
CXCMO K OnpeAeNeHuIo moayneil YOPYrocTm - CABHIA

[Tpu noMoIM 3THX BEeJIHYHH MOXNKHO HAHTH MEpHOAbI pe-
JaKCAlHH:

i, 1

Iflon penakcauuen 34echb NOHHMAETCa Mpouecce
nepexojla OT HEPAaBHOBECHOTO COCTOSIHHSA K PAaBHOBECHOMY.
Ecnu Bpems jewcTBHs CHABl £ =0, teqo Bener cebs Kak
WuakoeTs, npu ¢ € 0 Tesno Bexer ceba Kak TBepJoe.

Jdas sbpexTHBHOH BASKOCTH 1] (T) CNpaBeianBLl CJAeiyio-
mHe sasucumoctn [931:

[y, 0ST<<T,
Y '
T](T)=+ ﬂm+(n°—7]oo)l+(%_ )(l—-}’) ,- To<‘l'<T,‘p
Neos T>Txps
rne Y — crenenn THKCOTPONHH | Y = ]T 3 |3
: 1+(—A-)
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A — napamerp, HOAGHpPAEMBIil [0 3SKCHEePHMEHTAIbHOM
KPHBOH 3((PEKTHBHON BSI3KOCTH.

[IpuMeHHTENbHO K TPEXCAOHHOH MOJAENH BOJABLI BOJIH3H
TBepAbIX rnosepxHocredl (rmaBa II) npeamosaraemsiit BuI
KpuBbiX 1 (T) mpejacraBieH Ha puc. 25.

B Hacrosuee BpemMs HeT JOCTATOYHO HAJEKHBIX METOJ0B
onpejesieHHss BCEX NMapaMeTpOB PacCMOTPEHHOIt MojeaH AJis
BOAbL. B YacCTHOCTH, HET HAAEKHBIX 3IKCHEPHMEHTANbHBIX
J@HHBIX JUIS YHCTBIX aCCOMMMPOBAHHBIX JKUAKOCTEH O BeJiH-
YHHAX Mg, Tgp, 0.

MeToabl IKCNepHMEHTAJIBHOTO ONpeeNeHus napaMeTpos
T, ONMHCAHBI HHKE.

IKCNEPUMEHMANOHOE ONPeOeieHue NPedeibRoe0 Hanpsdice-
KU c0Buza T, 00veMHOU scudxocmu. HccneroBanne xuaKocreit
NPOBOAKWIOCE Ha npubopax H MO METOAHKE, OINHCAHHE KOTO-
puix nawo B padore [15].

[IpHMEHSIIUCH Pa3JIMYHbIC CBEXKETHAHYTBHIE CTEeKJSHHLE H
KBAPLEBble KaNWMJISAPBI, Pajdyc KOTOPHIX 7 H3MEHSJICH OT
0,51-10™* 10 2,65-107* M, a HHa Z ot 51072 jo 601072 a1,
Jlnamerp KanwiispoB BBIOHPAJACS H3 YCJIOBHII MaJoCTH
BJIisTHHsl TPAHHYHBIX (a3 U KOHBEKTHBHOTO MEpeMeluiBaHus
(cM. mpensulyMii pasjen).

B onbitax HCHOJB30BaMach ABaM/bl AMCTHIJIHPOBaHHASHA
BOJAa BBICOKOH YMCTOTBI, MOJYYEHHAA Ha PEAHCTHIATOpE
tHna Re-5. Boxa GoJsiee BLICOKOI YHCTOTHI NMOJyYaaach nyreM
NEPEeroHKH ABax<Abl AUCTHIJIMDOBAHHOH BOAbI B BaKyyMe
0e3 KHMeHHA B KOHJIeHCATOP W3 KBapuesBoro crekaa. duavrpa-
ILHOHHBIH NPHOOP 3aMoJIH 511~
Csl BOJOH HENnocpejacTBeHHO 77’
M3 KOHJEHCaTopa. Tro

Ha puc. 26 B xauecrse
npHMepa MpHBEJEHHl OMNbIT-
HLIC 3HAYeHHS  CKOPOCTH o
(puabTpaUMK ANA  KBapue-
BhIX W CTEKJAHHBIX KallHJ-

JNSIPOB, ot g e
CnjaomseiMy  JTHHHSIMH e s { { &
Ha puc. 26 HaHeceHn nps- 7, 7 o R, ST
: 0 CKD
Mble BH1a o e

Ty Puc. 25. Cxematvueckasi 3aBHCH-
b=t ol (39) MOCTh 3(pdexTHBHON BAIKOCTH 0T Ha-

rjie mapamerpel @ u b onpé— NPsRKenHs CABHMIa S TPEXcaoiHoil

MOJACITH:
JAGNANHCE 110 Me’ro,&y HaHu- ) X N =
s SR — HOANAABACHUBA CAOfl; 2 — OGBLOM-
MEHbBIIHX KBa/l[patoB “5J Han KHAKOCTB; & — COAbBATHHRIT a0
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Puc. 26. 3aBHCHMOCT CKOPOCTH © OT TpaimenTa Hanopa /
NPH PasaHMHBLIX TeMIepaTypax:

] —288K: 2—203K; 3—303K; 4—313K; §—323K;
6 — 328 K ‘

B cayuae a << 0 (B oGuem cayuae a == 0) skcnepumeH-
Ta/ibHBIE NPSIMBIE OTCEKaloT HA OCH alCUHCC YYaCTKH, KOTO-

: 4 ,
pBle HHTPENpPerHpoBaiHCh KakK {, =-3-lo (eMm. caenylouiui
pasnen). Dt 3navyenua /[, HCNOAL30BAJIUCH AJAA OUEHKH
BeJHYMHBI TPENEJBHOTO HAaNpsiKEHHsi CIBHIra T, M3 Bhipa-
KeHus:

v, =08 (40)

Buiuncaenupie no gopmysae (40) snavenua T, A58 BOIBI
nokasausl B TabJ.

C 1eJbl0 NMPOBEPKH BJAHAHUSA COAEPKAHHSA IEKTPOJIHTOB
B BOJHOM pacTBOpe Ha XOA (IMJILTPALHH H BEJWHHHY Tipe-
NIeBHOTO HANP SIZKEHHsT CABHIA Obi1d [POBEAEHA CE€PHS ONLITOB
no puabTpanuu poansix pacrsopos KCl ¢ conepxanuem sjaex-
rpoauta 0,01 ., 0,1 5. v 1 H. yepe3 KBapueBblt KanuuIsap
r =1,98-10"* m npu temneparype 293 K.

Peayiprathl onbiToB (Tab/a. 8) NOKA3bBAKOT, YTO BEJNHUIHA
To (CpeiHsisl M3 TPexX ONbITOB) ¢ YBEJHYCHHEM KOHUEHTPAlHH
KCl npakTHueckH He wu3MeHiach ',

1 D107 peawibTat HAXOAHTCA B COOTBETCTBHH €O CMEKTPANLHLIMA
naGmonenusnmu (paszen 4 raasst IV): 8 pactoopax KCl mamu ne oGuapy-
WEHO HH eCTaOHAH3AUMES, HH €pazpyuieHHs» CTPYKTYpbl BOXAbIL
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Ta6anua 8

Tipeneibuoe HanpsxKeHue cABHra BOAH
NpH PasaHYubLIX Temneparypax

ITpeneabnoc nanpaxenue

i G Tor H/me10="
(Mapka crekaa)

288 K | 203 K [303 K |313K [323 K
51 (crekao Ne [6) 11,6 96 | 80| 3,5 1,0
103,5 (xBapu-cTeK.0) — 7.6 1 64| 49| —
265 (ctexkao Ne 16) - 70 | 40| 32| —
94 (xBapu-cTEK10) — | 86 | 26| — | —
165 (kBapu-crexao) — 89 | 691 60| 1,6
Cpeanece 11,5 | 8,1 56 1 44| 1,3

KOHUEGHTpauna SACKTPOAHTA

o, H(‘w-lo-’
JIBaXKABl JHCTH/VIHDOBaHuas BOAA3 9,5

0,01 u. 9,25
0,1 n. 9,4
1 u. 9.5

B Ramux onuiTax npH Temneparype Bojbt okoao 333,15 K
seJHUNHA T, 6JJH3Ka K HyJI0 b

nTepecHo OTMETHTH, YTO XapakTep TeMnepaTtypHoil 3a-
BHCHMOCTH T, (T) aas Boabl (pHuc. 27), NOJYYEHHBIH B HALIMX
OMbITAX, COBNANACT C XapaKTepoM TeMmmepaTypHOH 3aBHCH-
MocTH acconuatuy Boasl [15] v HameHeHHeM HMHTEHCHBHOCTH
nosiocki accouuaros B HHppakpacHom (MK) cnektpe H
criekTpe komOunaunonnoro paccesuns (KP). Tax, B MK-
criekTpe pactBopos Gensuiosoro crypra B CCl, npn Tem-
neparype 284,15 K naubojiee HHTEHCHBHA [0JOCa MOIJIO-
nmeHns, koropas npusamaexur OH-rpynnam, yvacrsylo-
muM B H-cesizu. C NOBBILIEHHEM TeMIepaTypbl MaKCHMyM
NOCTENEeHHO CMEIaercsi B CTOpoHy Oojiee BBICOKHX YacToT,
i npu temneparype 335,15 K B cnekrpax AOMHHHDYET r10-
Joca, npunajaexamas kK OH-rpynnam MOHOMEPHBIX MO-
JEKY.JI. ’

1 B onmrax A. T. Kosanesa u A. lII. Acanosa [61] peanunna npe-
JeJILHOTO HANDMKEHHS CHABHTA YTACBONOPOAHEIX JKHAKOCTeR W HX cmeceit
YMEHBINAETCS ¢ MOBBILIEHHCM TeMnepaTypsl H 00PaiiaeTcs B HYJAb TAKKE
opx 333,15 K.
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Puc. 27. TemneparypHasi 3aBHCEMOCTb NPCACALHONO HATD AKECHHS
CABHI'A Tg:

] — Bofa; 2 — CTIHPT STHAOBMI
B ra6a. 3 npeiactaBaeHbl BbIUHCICHHBIE 3HAYEHUS T, IS
NOPOBOTO pacTBopa Mo Marepuanam (QUILTPALHOHHBIX HCCJe-
NOBaHHH HEKOTOphIX nouyB JleHHHrpajacko#i obactn u Ka-
peabcko#r ACCP.
Beanuuna v, Haxoausace 1o dopmyae:

to=a,og—'é;- L. (41)

®opmyana (41) nosyvena us (40); BMeCTO —- BBEiCH THA-
PaBAMYECKHH paIHyc

) m

B = gn

rjie . m — [OPHUCTOCTD;

Q — yjaenpHas MOBEPXHOCTh.

B dopmyay (41) BBenen Takike KOIDPHUHEHT HIBHIIHU-
CTOCTH o o = 2,5 Adf CYNIMHKAa H CynecH, o = 2,3 —
AJiS  TVIHHBL.

[Tonuepxuem, yro [, 3j1eCh HE JEHCTBHTE/IbHbIH Haualib-
HbIIl TPaJHEHT Hanmopa B TOM CMblcae, u4to npu [ =< /[,
V =0, a napamerp, coBnajaioutuii B ypasuenun (39) ¢ a.

CpasuuBas taba. 3 u 8, J€rko 3aMeTHUTh, YTO YHCJEHHbIE
SHAYEHHS T,, ONpeIeaAeMble 13 ONbITOB MO (PHABLTPALHH B NO-
pPHMCTBIX cpejax, OoJsiee yem Ha NOPAAOK HHIKE 3HAYCHUH T,
HAHJIEHHBIX H3 ONBITOB ¢ EIHHWYHBIMH LHAHHAPHUCCKHMH
Kanwiisipamu.

[To oneiTHbiM janubiv HoBaka [147 ] semnuuna npejens-
HOTO HanpsDKeHHs CABHra Ha nopsijaok (u Gonee) wmeublne
HAW/IEHHOrO 3/1ech 3HAUYEHU$ T, [IpHuMHBl Takoro Hecosna-
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JEHHS SKCHEPHUMEHTAJNBHLIX pPe3yJbraToB N0 OUEHKEe BeJH-
ulilbl Ty OyAyT o0CyAeHbl B pasiene 4 HacTosiyei IJaBbl.

A. C. TopuwikoB no pesyabTaTaM OIBLITOB O JBHIKEHHH
CTEKJAHHOTO MONJIaBKa M3 COCTOSIHHS HEYCTOMYHBOIO pas-
HOBECHsI I0A JIeHCTBHeM TpajlieHTa TeMmmepaTypsl Jenaer
BLIBOJL 00 OTCYTCTBHH MNPEACIbHOrO HanpsyKeHHA CABHIa
y kuakoit Boas! [371. B 31HX onbiTax ycjaoBHE MajoCTH
BJIMSHNS KOHBEKUHH He npopepsiioch. [loJsryuenunle pesyiib-
TATHl NO3TOMY HE MOryT OBITh WCNOJAb30Banbl JJAsl Onpee-
JIeHHsI BSI3KOCTH BOJAbl HEpPaspyIUeHHOH CTPYKTYPhL 1), H
BEJIHUHHBI NPEAE/LHOTO HANPSKEHHsA CABHra T, (cM. puc. 24),
TAK KakK KOHBEKTHBHOE MepeMellHBaHHe BOJbl MOIKET MpPH-
BOJUTh K PAa3pYIIEHHIO €e pPAaBHOBECHOH HAAMOJEKYJAPHOM
CTPYKTYPHhI.

IKChepUMEHMANbHOE Onpedeaerue npedeabro20 Hanpmce-
HUR €08U2A COALEAMHO20 CA0R T, BO3MONKHBIM CNOCOGOM
OICHKH BEJHMUHHBI MPEJIEJIbHOrO HaNpP#KEeHHs CJABHra COJIb-
BATHOTO CJOA T, SBJAETCS HCcaefoBaHHe Kos(prinenTa
HAIIOPHOH (HIBTPALLHY NpPH BBICOKHX FPAJHEHTAX HaANopa.
OnbiThl NPOBOAMJINCH ¢ KepaMHyeckumu (QUABTPAaMH, AHa-
MeTp Kotopbix pasHsacs 31072 M, a rommuua 0,5-107% m.
DKCNEPHMEHTANBHO [0AyYeHHbIE 3HAYeHHs Kos(uiiHenTa
(UaABbTPAIHH BOJIBI B HHTEPBAJe rpaiuentoB Hanopa or 600 1o
12 000 npu Temneparype 283 u 293 K nokasanbi Ha puc. 28.

Iaa pacyeToB NPHHATA MOJENb, COCTABJICHHAst H3 H-
JHHAPHYECKHX KaMHJIAPOB OJHHAKOBOTO AHAaMeTpa ¢ no-

t&olf

|

29

7
®

K10,
NS
® 5

10 20 80 40 50 60 70,80 90 190 #0 120

10? ——

Puc. 28, 3apncumocts koafuiHenta QUAbTPAURE OT CPIJHCHTA Hanopa
Ansi KepaMHuecKon Anadparmbt:

{ — npy 283 K; 2 — pnpn 298 K
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CTOSSHHBIM MO JIJHHE cevernuem. Toria no 3KCNepHMEHTaIbHO
HAIIEHHBIM 3HaueHusiM  Koshduunenra QUIbTpauun upu
JOCTATOYHO BBICOKHX TpajlMeHTax Hamnopa pajuyc Kanwuispa
MOJIEJIH MOZKHO HaHTH M3 BhIpazKeHHs:

N 17
K -5 8'] )

OTKYjla
_ 1/ K8
Hcrnoanp3ysi TabaW4HbIE 3HAYEHHA ISl P, g H 1) NPH TeM-
neparypax 283 u 293 K, maiizem ry —=4,6-1077 M; r, =
=4,68-10"7 M; r,, = (4,64 £ 0,04)-1077 wm.
BenMuuHy MPEIesibHOTO HANpPSKEHHst CABUId Haijem u3
BbipayKeHHH:

o (rpg21‘)xo — 13,8 H/me:

- B
o (rpgzl Jao 12,1 H/m®:

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

OueHRM TOJMIIHHY TPaHHYHOH (a3bl MO YBEJTHYEHHIO pac-
X071a NPH BOBJIGYEHHH HEMOABHIMKHBIX PaHeE CJOEB.

Ecan B nepBoM NPHOJHMKEHHH TPHHATL, YTO BA3SKOCTH
00BEMHOI KHAKOCTH M TPaHUYHOH (a3bl PABHBI, TO

4
Q- o hep
Q, AL

rjae Q, — pacxoll OOBEMHOI KHAKOCTH;
Q — pacxol KHMIAKOCTH C MOJIBHKHBIMH TPaHHYHBIMY
CJIOSIMH;
rep — DAAHYC KalMIIAPA, OTCYUTHIBACMBIl OT OCH Ka-
NUAASipa A0 HENOABHKHOW TPaHHYHON a3kl
(¢ =rp1:0; réxe 8 — ToTuHA rpaHuYnoi Baswt).

B Hammx onsitax (-Q—)x = 1,06} (r)5 =73 {,”1':(')?, =
I

= 4,66-10"7 M, orkyna 6, = 6-10"° M, T. e. 6; = 20 moue-
KYJASAPHBIX CJIOEB; (—3—)2 = 1,082 wu (’rp)e =T {/1,082 =
1
=4,775-1077 M, orkyna 6, =95-107* v, 7. e. §, =31
MOJIEKYJIAPHBIH CJI0i1.
Cpenusist ToNiHHa TPAHUYHOH (a3bi COCTABJACT NPHUMEPHO
25 MOJEKYJspHBIX  cAoeB.  AHAJOTHYHbIA  pesyJabrar
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(6 —8-10" M) noayuen B. JI. CoGoaemim [118] npn
MCCACIOBAHHH  JIBHAKEHHS BJAaCH B MHKPOKaMHAIdgpax.

Bropo#i cka4yok Koa(pHuHEeHTa (PHALTPALHH MO BEJHYHHE
npu / = 8500 u Temneparype 293 K MoxKHO GbuIO Gbl 00BAC-
HUTL BOBJEYEHHEM B JBHKEHHEe TPaHHYHBIX CJIOEB B MOpax
ApPYroro 1no nopsaxky pasmepa. Torja Takoil CKayox J0JIKEH
6Ll 661 NPOSABHTECA M Npu Temnepatype 283 K.

Bo3MokHBIM 00BSICHEHHEM OTCYICTBHS BTOPOIrO CKauka
npu temnepatype 283 K B HalUHX ONbITAX ABJISETCS TO 00CTOs-
TEeALCTBO, UTO OH JEXHT B objgacTH 6osgiee BBICOKHX, uCM
11 000 rpaaueHToB Hamnopa.

3navenue T, = 13 H/M® coBnajaer mno mnopapky Be-
JHUHHBL C OIEHKOoM, nHaiienuoilt apyrumu merogamu [15].

4. YCJIOBUSI CTPOIOH MPUMEHUMOCTH
JIUHEAHBIX 3AKOHOB ®WJILTPAUHWH

064acTh MPUMEHHMOCTH JIHHEHHDIX 3AKOHOB (PHIALTPAIKH.
PaccMOTpUM CJIeYIOLLHE BO3MOMKHDBIE CJ1YUYaH CABUTOBBLIX j€-
dopmaumit (cm. puc. 25). :

1. ITnockocTh CKOJIBXKEHHSI B coabBaTHoM ciaoe. Toraa
3aBMCHMOCTD MEXAY JehopMalHAMH Y M HANPsiAKEeHHAMH T

AMHefiHa mPH T <S Ty H T 2T yp

2. [lnockocTb ckoJibxkenus B oOwveme. Kak ¥ B npensl-
AVINeM Cay4ae 3aBHCHMOCTL Y (T) CTPOTO JHHEHHA npH
T <ATg H T >Tiy :

3. [TnockocTh CKOJILAKEHHSI B «NOANJIABJICHHOM» CJloe.
3asucuMocTh Y (T) cTporo JuHeHHa npu Bcex T (€caH npwH
31oM 00/1aCTh BO3MYLIEHHSI HE BBIXOAHT 3a MNpejeJbl CJIoA
¥ COXPAHAETCS JIAMHHAPHBIH PEXKHM).

M3 atoro ananausa ciaeayer, yro nauboJsiee pacnpocrpa-
HEHHbIH cayual QUABTPAIHH, KOTAa MJIOCKOCTb CKOJIBXKEHHSA
JAEXNT B 00beMe, MoAYHHAeTCs JHHeHoMY 3aKoHy Jlapew npu:
1) 1 <</, rae [ — neficTByIOWHMi rpajiHeHT Hanopa, /, —
«HayaJabHbli» rpanienT Hanopa (mox [, 3Aech IIOHHMAIOT
He 3Havenus /, NpH KOTOPBIX TEYEHHE OTCYTCTBYET BOBCE,
a Takue /, NpH KOTOPbIX MOTOKOM XKHJKOCTH C BA3KOCTbIO 1],
npenebperaior); 2) / =1, (006bun0 1 21 o); 3) nepHOAHYECKH
MEH RIOIEMCS TpajHeHTe Hanopa; 4) TeYeHHH Yepes (HJbTPELI
C NEPHOJHUECKH MEHSIOUHMCSA CeueHHeM (ec/H NepHOL KoJie-
GanMii Hanopa M NepHOA MEPexXo/JHbIX MTPOLUECCOB OLHOrO M0~
pAJKa ¢ NEPHOAOM pedaKkcauly CTPYKTYPbl XKHAKOCTH).

J1a5i OUeHKH poJid penakcaunonueix npoueccos C. B. Hep-
nuapiM  [89] OBIO CcleaaHO CpaBHEHHE BEJHUIIH NOTOKOB,
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NPOXOASIIMX yepes (PUAbTP, COCTOALMNA H3 JABYX MOC/JAEA0BA-
TEJIBHO COEJAHHEHHBIX (PPATMEHTOB PA3HOIo CeYeHHst NJIst JABYX
npeeibHLIX caydaeB. B ognom cayyae jesaercss mpeinoJo-
JKEHHE O TOM, 4YTO BpeMA peJaKkCallHH CTPYKTYPHl OY€Hb
MaJO MO CPABHEHHIO CO BPEMEHEM MPOTEKAHHS MKHIKOCTH
gepe3 CHCTEMY; BO-BTOPOM, Hao0OpOT, YTO BpeMs pejakca-
I OYEHb BEJHKO MO CPABHEHHIO C 3THM MEPHOIOM.

Pacyers T1oKasaji, 4YTO pasHHUA B BEJAHYMHE [10TOKA
B 3THUX cJjydaaX (B 3aBHCUMOCTH OT OTHOWIEHHS AEHCTBHTEIb-
HOTO rpaauenTta Hanopa [ K HavyajJbHOMY rpanuenty /)
MEHSIETCA M, Hanpumep, npu otHowenuu [//, = 1,5 norox
BO BTOPOM MpPEAEJNBLHOM cJiydae npesbiaer B 2,5 pasa noTox
nNpH NEPBOM MpPENEJbHOM CJyyae.

OrMeueHHble 3/eChb YCJOBHS CTPOro#l NMPHUMEHHMOCTH 3a-
Kona Jlapcu (cm. TakxKe JApyrue (pakTopbl, OTMEUEHHDIE B pa3-
pesiax 1—3 wacrosiueit riaspl) He ObIIH YUTEHK! IIPH HHTEp-
npeTaliy dKCNepUMENTanabibIX pesyabratoB Oacena [1481],
Uaiaaca w umaca [140], a Taxxke Hosaka [1471.

Bausinue npumeceit Ha CTPYKTYPY BOAbI M ee TeueHue.
IIpsiMBIM METOJIOM HCCJIEOBAHHA BJHAHUA 3JE€KTPOJIKTOB
WIH OPraHMYeCKHX JKHJIKOCTEH Ha BOJIOPOAHBIE CBf3SH pac-
TBOPUTEJISI MOXKET CJAyKHTH HHPPaKpacHasi CHEKTPOCKO-
nusl. '
XOpoI1lO H3BECTHO, YTO BOJAOPO/IHASA CBsI3b B BOJE HAHIYY-
mum o6pasom nposipasiercs B obsactu 3,2-10° M1, rae nexur
noJoca BaJenTHbix Kojsiebanuid OH-rpynn Boael, Berynaio-
IMHX B BOAOPOMHYIO CBsi3b.

Oanaxko B 3ToH 0OJIACTH 110J1O0CA BOJAOPOAHOH CBA3H OUeHb
IWKHPOKasi, YTO HE NO3BOJHET CJEIHTH 3a €€ H3MEHEHHCM,
BLI3BAHHBIM B3aUMOJEHCTBHEM PAaCTBOPEHHBIX BELIECTB ¢ MO-
JEKYJAMH BOJBI; KPOME TOro, B 3T0H 06JacTd Boja obJajaer
CH/IBHBIM TIOTJIOLIEHHeM, TaK 4YTO NpHXOAHTCa paboratn
C OYEHb TOHKHMH CJAOSIMH, YTO TaKKe CBA3AHO C ONPEUENCH-
HBIMH  3KCMepUMEeHTadbHhMH  TpyaHoctraMu.  Oxasajaock
yio0uee paborarh B o0JactH 00epTOHOB.

Uuppakpacusie cnextpbl ceumasnuce [15] na ayxayue-
Bom uH(ppakpacHom cnekrpomerpe MKC-14A ¢ npusmoi
®-1, B KioBeTe H3 (PTOPHCTOro KalblUMsi, TOJMUHHA CJ0%
107* M. Boiin nsyuensl MK-crnektpot (o6eptoninl v, &~ 5,2 X
X 108 M u v, =~ 6,9.-10° M7') BOAHEIX pPacTBOPOB palia
saekTpoautos (AlCl;, KCIl, MgSO,, NaCl, NaClO,) u Hesnek-
TPOJHTOB (METHJIOBBIH M H300YTHAOBBIH CNHUPTHI, MOYEBHHA,

aueToH M TJHIEpHi) B LIHPOKOM HHTEPBAse KOHLEeHTpauii
(no 10 M).
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YeradosaeHo, 4ro no cpoemy Bananuio na HMK-cnexrtp
BOJIbl H3YUEHHbIC BEIECTBA Pacnajaiorcst Ha Cjaeayiolne ase
rpynnsl (taba. 9).

1. Bce cuabHbIE 3JEKTPOANHTBI, & TaKMxKe MypaBbHiiasn
KHCJAOTa NMPH JIOCTAaTOYHO HH3KHX H YMEPEHHLIX KOHUEHTpa-
WHAX CABHIAIOT 00a HCC/e0BaAHHbIX 006epToHa (v, H v,) B CTO-
pony GoJsee BbicOKMX uacror (B pacrsopax KCl cmemenus
IOJIOKEHHA 11070C BOJOPOAIIOH CBA3H BOJIbI e OOHAD YIKEHO).

2. Bce mepeuHcaeHHBIC BbIIE HEIJNEKTPOJUTH (Kpome
MYPBBBUHOH KHCJOTH) CABHIAT v, H Vv, B CTOPOHY Oo.ee
HH3KHMX 4acToT.

AHanornyHele n3MeHeHus B OOEPTOHHON YacTH CHEKTpa
BOABI M B OOJACTH BAJEHTHHIX KOJeOaHWiT ObliH H3BECTHbI
u panee. Kmeiorca pasauynble MNONBITKH HHTEpNperaiiiy
ykaszauHbix (pakroB. Hanpumep, nossaenue B MK-cnekipax
PACTBOPOB MOYEBHHBI HOBOTO Makcumyma 5,12-10° 7!
(B uucroit Boae v, = 5,18-10°% M™') obGvachsaior ofpasosa-
HHEM CMEIWAaHHBIX KJacTparoB Bola—wmoyeBiHa. OjHako
TaK0e 0OBSICHEHHE HEY/IOBJICTBOPHTE/ILHO, TAK KAK ONHPAeTcs
Ha runoresy o0 oOpascBaHHH B pPacTBOPE CreUHpPHYECKHX
MOJIEKYJIAPHBIX TPYNMNHPOBOK, UYTO HE MO3BOJAET MOHATH
npupoay cxoaubix Hamenennid B MK-cnekrpax pogsbix pac-
TBOPOB HE3MEKTPOJHTOB PA3JHYHON XHMHUECKOH MPHPOILI.

Boiiuraercsi pyroe yHHBEpCaJbHOE 00bsiCHEeHHe, OCHO-
BAaHHOE Ha YUETe CTPYKTYPhl BOJAbLI H BOAHLIX pPacTBOpPOB
B paMKaX JBYXCTPYKTYPHOH Moje/in BojAbl. Ha ocHoBe stoit
Mofean Obio nokasano [23, 241, uto HoHBl B pacTBOopax He
CJAMILKOM BBICOKHX KOHUEHTPAUHH CABHTAIOT CTPYKTYpHOE
paBHOBeCHE B CTOPOHY HaKOMJEHHs  PasynopsioueHHoH
CTPYKTYPhl (¢paspylialory CTPYKTYPY BOAbL).

Boiscuum, K KakuMm nocueicteuaMm aas MK-cnextpos
pPacTBOPOB 3JIEKTPOJHTOB [MPHBOAAT yKa3aHHbIE H3MEHEHHS
B CTpyKType pacrtBopa. flcno, yro oboraieHue pacrsopa
pasymnopsA0YeHHOH CTPYKTYpo# ¢ Oojee caabbiMH BOJAOPOJL-
HBIMH CBA3AMH JIOJKHO BBLI3BaThb OOHIMH CABMI MaKCHMYyMa
NOJNOCHl  FAOTJIOUIEH A BAJCHTHBIX KOJE€OaHHH W ee obepro-
HOB B CTOPOHY GoJiee BBICOKHX 4acToT 1. 310 u Habaoxanoch
B HALUHX ONbLITAX.

B cayuae HEINEKTPOJHTOB HAOMIOAAEMblE H3IMEHEHHs!
B CHEKTPAaX yKasbiBaloT Ha oforaiueHue pactsopoB 6GoJee

1 B cucremax ¢ no,rxog JIHOI CBH3BIO MAKCHMYM MOJOCH NOIVIOMEHH A
rpynnst OH ememen (va 2-10%+-5-10% m~1) B cropony GoJsee HM3KHX Ya-
CTOT MO CPABHEHHUIO C IA30BOM (pa3oil, rae, pasyMeeTcs, BONOPOAHLIC CBAIH
OTCYTCTBYIOT.
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NMPOYHLIMH BOJOPOAHBIMM C3s3AMH. T MO3HIHIT ABYXCTPYK-
TYPHOH MOAEJH 3TO OOCTOSITEABCTBO MOXKHO WHTEPNPETHPO-
BATb Kak pe3yJbTaT CABHIa CTPYKTYPHOIO paBHOBECHS
B CTOPOHY JbA0ONONO0HOI CTPYKTYPHI («cTabMIN3AIHA» CTPYK-
Typbl Bofbl). OtmerHm, uTO CraGHIH3HpYyIOLIee JeHCTBHE
CAHPTOB Ha CTPYKTYPY BOZbB OTMEYAJOCh paHee MHOIHMH
ueeaenopareasami. CraGuausauus CTPYKTYPbl BOJAB B BOJ-
HBIX PacTBOpPaxX MOUEBHHBI OTMEuajach B psije pabor. Oanako
JPYTHE aBTOPBI CUHTAIOT, YTO MOYEBHHA pa3pyIuaeT CTPyK-
TYpY BOABIL.

Hamn onbiThl NOATBEPIKAAOT NEPBYIO TOYKY 3pEHHs.
ITOT BLIBOA HAXOJMTCS B COTJIACHH C BBIMOJHEHHBIMH Teope-
THUYCCKHMH aHaJaN3aMi CTPYKTYPhl BOJIHBIX PacTBOpoB He-
JEKTPOJNTOB B pamMkax o60GIEeHHON JBYXCTDYKTYPHOH
MOJIEJTH.

Oxaszanoch, YTO MOJEKVJ/iaM HE3JEKTPOJHTA He3aBHCHMO
OT HX XHMHYECKOIl MNPHPOJAL! BHITOJHEE BHEAPSTLCA B [MO-
JOCTH JbXON0JA00OHON CTPYKTYPH, HEXKeaH o06pasoBbBaATh
pacTBOpPbl 3aMEUEeHHs B  pasynopsiodenHol CTpYKType.
Orciona npAMO CJAEAYET, UTO CTPYKTYPHOE paBHOBECHE B pac-
TBOPAX HEJCKTPOJHTOB JIOJIPKHO CABHIATHCH B CTOPOHY JibJ10-
NoA0GHON CTPYKTYPbl. AHAJH3 AAHHLIX MO IJOTHOCTH pas-
OaBJEHHBIX PAacTBOPOB pAJa HEIJNEKTPOJHTOB MOATBEPAHI,
410 GOJBUIHHCTBO HEIJEKTPOJHTOB, B TOM YHCJE METHJOBLIH
CTIUPT, MOYEBHHA, Caxapo3a H IJIHINePHH, AeHCTBHTEILHO
CcTaOMJIH3UPVIOT CTPYKTYPY BOALL. IDTOT. BLIBOA HaXOIAHTCH
B NOJHOM COOTBETCTBHH € HAlIMMH CneKTpatbHbiMH Hab.lio-
JeHHAMH.

[Toayuennnie 37ech MaTepHabl MO3BOJAIOT OOBSICHHUTH
NPaKTHUECKH TOJIHOE HCYC3HOBEHHE HEJHHEHHBLIX (QHJIbTpPa-
HoHHBIX 3hdiexToB B onbitax durenvrapara u Tanwa [15]
¢ yBeanwuenuem konuentpauun pacrsopa NaCl or 0 jo
1,83 n. (kak caeayver H3 HaAWHX ONBLITOB C YBEJHYEHHEM KOH-
nentpaunn NaCl crpykrypa Boibl epaspyiaercs»). Hename-
HAIOUMACA XapaKTep TeYeHHA M NOCTOSHCTBO BEJAHUHHBI T,
¢ uamenenvem kouuentpauun KCl or 1072 no 1 H. MoxHO
TaK>Ke OOBSICHUThL NpPEJACTABJCHHBIMH 3/lech JaHHBLIMH: B pac-
Topax KCI cmelenns rosoc BoJ0pOAHON CBS3H BOAKI (a ce-
JOBATENBHO, HH «Pa3pYIIEHHS», HH «CTaOHIH3AUHHY) He
oGHap yKeHO.

Baugrue Temmepatypsl Ha CTPYKTYPY BOJBI H ee TeueHHe.
Boime (cm. puc. 27) Gbijio MOKa3aHo, 4TO ¢ YBEJAHUEHHEM TeM-
nepatyps 10 3Havennit 338 K peanununa t, — 0 u neaunei-
Hple QuabTpauHonuele AppexTr HCue3aloT. AHAJIOTHYHLIH
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peavabTar Obiy1 moayder B skcnepumentax B. 1. CoGoaesa
[118], B KOTOpPBIX BA3KOCTH B MHKPOKANW/IAfipax He O1JH-
gyaercss OT TaOJHYHBIX 3HAYEHHH npH Temneparype 338—
343 K.

Bausinse 3aMOpakKMBaHMsl H OTTAaHBAHHS BOABI HA ee
BI3KHe CBOHCTBa HccaenoBasioch B paGore [91]. Bsaskocrs
H3MepsJach Ha BHCKozumerpe I'ensepa; BpeMs mnajeHus
ApHKA OTCHMTHIBAJZIOCH M0 CEKYHAOMEPY € TOUHOCTHIO J10
0,1 ¢, remneparypa Bojbl H3Mepsisiachk ¢ ToyHocrbio jgo 0, 1°C.

Mamepenus MOKasajH, 4TO BA3KOCTh TaJOH BOJbI yBe-
auumnaace Ha 10% npu Temneparype, Oauskoit k 273 K,
u 0 15% npu Temneparype 323 K no cpasBHeHHIO ¢ KOHTPOJIb-
HOH BOJIOH, HE MOoJABepraBilleics 3aMopaxcuBanuio. danubiil
s(ppextT HabAAAACH B ONbiTaX € AHCTH/JIHPOBAHHOH H BO-
JONPOBOAHON BOJIOH, @ TaKke C BOJOH, NOJYUCHHOH H3 ecre-
CTBEHHOTO Jbjla M CHEra, M I03TOMYy ero Helb3si 00bSICHHTH
BAHAHHEM npuMmeceil. Dpdexr He 3aBHCET H OT YCJIOBHH 3a-
MOpa)KHBaHHsA. ABTOPH CBA3BLIBAIOT HAOMIOAaEMBIH xpeKT
YBEAHYEHHS BSA3KOCTH TaJ0H BOABI C CYIIECTBOBAHHEM B Ta-
J0H BOJE HAJIMOJIEKVJ/SIPHbIX CTPYKTYPHbLIX OOpasoBaiHii,
pazmepbl Kotopeix aocturaior 2-107* m. Tlocse ¢uasrposa-
HHMSI TAJOH BOJBI Yepe3 KpynHO3epHHCTHIT (HabTP (¢ JHa-
merpom mop Goaee 5-107% m) sfppexr-ne ncuesan. Yepes
buabTp co cpeanum auamerpom nop 107® M ranas Boaa ne
¢nabTpOBasa; ¢ TNOBBILEHHEM Tnepenajia jAaBjeHHsi YacTb
BoAn (HaAbLTpPOBaJA, H B TakKOl Boxe S(PEKT MNOBHILEHHSA
BA3KOCTH HCYE3aJl, YTO CBA3LIBACTCS C paspylleHHeM HaaMOo-
JEKYJApHLIX 00pasoBaHHH.

ABTOpbl HAGJIONANH TAKKE YBEJHYEHHE pPACTBOPAIOLLEH
CMOCOOHOCTH TaJIOH BOABI, €€ JEKTPONPOBOJAHOCTH H NOBEpX-
HOCTHOTO HaTsKeHHA. DdxpexT noBbleHHsA BA3IKOCTH B TaJjoH
BoJle Hcuesan vuyepes 3—6 CyT NpH KOMHAaTHOH Temmnepa-
TYype.

B paGore [91] rakxke sameueHo, uro Boja, oOGpasoBas-
asncs B €CTECTBEHHBIX YCJAOBHAX, B MEPHOL TasiHHs CHEra
BeCHOH, npu TonauHHEe ee caos okoao 0,1 M npakTHueckH
He GUIbTPYeTCA uepes necku ¢ guamerpom sepen (1—2) - 1074 m.

3aBHCHMOCTH HEKOTOPbLIX CBOHMCTB TaJOi BOJLI OT CI10-
coba ee noJydyeHHs (HanpHMep, CBEXEPACIVIaBJACHHOH U3
Jbjla) oT™MeYaJach M ApYyrHMH HCCJCAOBATEASMH, B TOM YHCJE
no ee JACHCTBUIO Ha pas/iHYHbe OHOJOTHYECKHE OODBEKTLI.

A. H. Kuprunuessim n JI. H. Enudanossim (1967) no-
Ka3aHo, 4YTO KPHBAad MOJHTEPMBI MOBEPXHOCTHOIrO HATHKE-
HHsl BOABI M BOAHLIX PACTBOPOB 3ABHCHT OT I1PEABICTOPHH
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obpasua. M3 peayabTatoB OnbiTOB CJAE/LYeT, UTO MOJHTEpMa
MOBEP XHOCTHOTO HAaTSIJKEHHSN CBEeXeneperHanHoill BOAbLI HOCHT
CMEeaHHbIH, MOHOTOHHO NAAAOUIHKE H OAHOBPEMEHHO OCIIHJI-
JHPYIOUHIT XapaKTep ¢ NepHoAoM B HECKOJLKO Tpajlycos.
B Bojae, noaBepruyToii 3aMOpPaXHMBAHHIO W OTTaUBAHHIO,
BoOOwWEe He OOHApyXKHBAaCTCH 3THX aHOMaAHM. ABTOpH Bhl-
ACHWH, uTo pH ¥ 31eKTpOonpoBOAHOCTH TAJOH BOABI HE OTJIH-
YaloTCA OT TAKOBBLIX Y CBEKEeneperHaHHod BOJB; OHH MpH-
XOLAT K BHIBOAY, 4TO YKa3aHHbLIE ABJIEHHS CBS34aHBL C nepe-
CTPONKOI CTPYKTYPH BO/bI, KOTOPasi MOXET 3aKJIovaThCs
B [1I€PEXO0J€ OT CTPYKTYPH!, XapakTepHOil /i CBexeneperian-
HOW BOJIBI, K JAbJONOAOOHOI CTPYKTYpe, XapakTepHoil 1as
TAM0H BOJBL

B cBasu ¢ srumu daxramu uamp ¢ [0. A. Ocunosbim
ObiIH npoBejeHbl HeesenoBanus pH u saexkrponpoBoaHocTy
Tasoii Boabl. BHauwase Hcnoab3oBasack MeETOJlNKa, MpPeato-
wennan Kuprunuessim u Enudanopsim. ductHarupoBanHasn
BOj/la B CTAKAHYHKE 3aMOpa)KHBasach B  XOJAOAHJBHHKE.
Yepes 15—I16 u crakaH4YHK CO JbJOM H3BJCKAJCA M3 XOJO-
AMAbHHKA 0 Jae) naasuwica B teyenne 20—30 muu. [loay-
YEHHYIO Taaylo BOAY nomeuwaan B tTepmocrat npu 293 K
Ha 15—20 mun; 3arem usmepanu pH u anekTponposoanoCcTs.
PasHocTb Mexly TaJOH M CBeKEeNneperHaHHoi BOJOH B 9TOM
caydae He oOHap yxKHBANaCh.

Ilpu 3amopajkHBaHHH BOAB!l B CTakaHuyAKax ObLIO ycra-
HOBJIGHO, 4YTO NOJYy4alouHiics Jeji HMeeT pasHylo TeKCTypy
B BepxHel M HuzKHel vacTH obpasua: BepXHsA 4acTh Jbia
HEenpo3payHasn H3-3a GOJIBLUOrO KOJHYECTBA rasoBbIX BKJIOYE-
HH, HUXKHAS YacTh npo3pauHas 0Ge3 rasoBbIX BKJIOYEHHI.
B nanscHefiueM u3MepeHHs snAekTponpoBojHocTH W pH
NPOH3BOAKINCH OTACABHO JJAs1 TaJOH BOJABI, MOJY4aeMOH
C BepXHeil 4acTH, W BOXH, NOJY4YaeMoii ¢ HHXKHEH 4YacTH
o0pasna Jabia.

Ias storo o6paszen, Jbla NpejJBapHTENbHO paspesascs
Ha JIBE€ YHacTH TOHKOH BOJIbPpaMOBOH MPOBOJIOKOI, lporpe-
BaeMol sseKkTpHueckuM TokoMm. [IpoBosioka nepen ynorpebie-
HHEM KHISTHJAACh B JAHCTHIJHPOBaHHOH Boje. Bpemsa or
Hayaja TasHMA 210 H3Mepenns He mnpeBnimano 50—60 mum.

BeiIo ycTaHoOBJAE€HO, YTO B TaJ0#l BOJE, TNONYYEHHOH H3
BepXHeH uactH ofpasia Jbjla, 3JEKTPONnpOBOAHOCTL BO3-
pacrana mouyrH B 2 pasa Mo CPaBHEHHIO ¢ HCXOMAHOH BOJAOH;
o1HoBpemenHo HaGmonanoch yseauuenue pH. Jas uuxkuei
yacTH oOpasna ObiO 3aMeTHO VMEHbIlIeHHe 3THX BeJIMUHH
N0 CPAaBHEHHI0 € MCXOJIHOH BOJOI.
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Taxum obpasom, Tajasg BOJAA B 3aBHCHMOCTH OT crocoba
€€ N0JIYUEHHS MOXKEeT XapaKTepH30BaThesl BHICOKHM CONEpxa-
HHEM PacTBOPEHHRX B HEH Trasos.

[Ipu GuabTpauHy TAKOH BOALI 4Yepe3 MOpPHCThie Cpels,
Kak MoKasaHo B pasjene | nacrosuiel ryasbl, NPOHCXOMHT
BbIIC/IEHHE PACTBOPEHHLIX ras30B H «KOJbMATaALHA» HMH
MOPOBOro MPOCTPAHCTBA.

ror apdexr, Kak ¥ HaJHMUHE MHKPOKPHCTAJIOB Jbaa,
SIBJIAETCA OAHOH H3 NPHUYHH KaKylUerocsi H3MEHeHHs pPeoJio-
THYECKHX CBOWMCTB TaJIOH BOAWLI, HabGJi0jaBluerocs B paborax
[15, 911.

3amerduM, YTO MPH QUABTPALHH MPH BBICOKHX AaBJIEHHAX
HAH yepe3 KpynHozepHUCThIe (HABTPE ApeKT noBbIeHHA
BA3SKOCTH Hcue3as [91], uTO €CTeCcTBCHHO CBA3aTh HE TOJAbLKO
C paspylieHHeM HaAMOJCKYJAsIpDHLIX oOpa3soBaHui, HO H
C HEJAOCTAaTKOM BPEMEHH KOHTAKTa AJ15 YCTAHOBJCHUS TepMO-
JAMHAMHYECKOIO PaBHOBECHS CMECH BOJa—Tra3 W 3aKy-
NMOPKH MOPOBOrO MPOCTPAHCTBA.

B TO xe BpeMmsi H3MEHEHHEe KOHUEHTPalHKH PacTBOPEHHOro
raza B cBexera/iol (Kak H B «MarHMTHOH», «yJbTPa3BYKO-
BOW», «KHMSAYEHOH» M T. I.) BOAE TNPHBOAHT K CMENIEHHIO
CTPYKTYPHOTO paBHOBeCHS (CM. NPEABIAYILHIT pasaen) co
BCEMH BBITEKAIOIMMH U3 3TOrO MOCJAEACTBHAMH, B YaCTHOCTH,
K M3MEHEHHIO PACTBOPAIOUEH CrnocoOHOCTH BOABLL. ATOT (hakT
NpH MPOYHX PABHBIX YCJOBHAX MOMKET SIBHTLCS OJHOH H3
NPHYHH 4aHOMAJIBHO BbICOKOH OGHOJOTHYECKOH aKTHBHOCTH
00paboTaHHON (PU3HUECKUMH [OASIMH BOJbI.

Annpokcumupyioue mopean. Mcnosabsosanue noHsTHa
00 3(peKTHBHOH NepeMeHHOil BA3KOCTH, OTPaKalolero
BCIO CJIOXKHOCThH MpOHECcca TEYEHHS JKHLKOCTEH, MpeicTas-
AACTCH MCKAWUHTEIbHO [JIOOTBOPHLIM, OJAHAKO NpH Ta-
KOM [IOIXO/l€é BO3HHKAIOT CYLIECTBEHHbIE MaTeMaTHYECKHe
TPYJAHOCTH NPH pPEIIEHHHW nNpHKJIAAHLX 3aftau. [lostomy
NpH HCCJACHOBAHHH TEUEHHS JKHAKOCTeH B Kanwiaspax H
MOPHCTHIX CPElax YacTo OrpaHHYHBAIOTCH MOAEJbHBIM aHa-
AH30M. ,

B nacrosimem mnaparpade OyAYT pacCMOTPEHbLI MOJIEJib-
HbIE CHCTEMbl, KOTOpble B SaBHCHMOCTH OT COOTHOLUEHMUS

MEY CKOPOCTBIO CABHIa 7y M HanpsiKeHHeM CABHIra T Ha-
3bIBAIOT: 1) HBIOTOHOBBHIMHM, 2) HEHLIOTOHOBHIMH, 3) BSI3KO-
MnJaacTHYecKumu 1, -

! Psin ApYrux OAHOMEpHBIX PCOJOHYECKHX MOjeNell, ne paccMOoTpeH-
HLIX 3Jech, npHBeAcHn B paGore [136].
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Hbi0TOHOBBIMH HashBalOT KHIKOCTH, MJIf KO-
TOPBIX CNPaBeJIMBO CJEAYIONIee PEOJOTHUECKOe YpaBHeHHe,
CBA3bIBAIOILEE KACATEJIHHOE HANpAXEHHEe CABWIAa H CKOPOCTH

C/iBHTa: 2
Eie= Y (42)

3aBucHMOCTb T (Y) AJNST HLIOTOHOBBIX JKHJAKOCTeH Mpes-
CTABJSICT NPAMYIO JHHHIO, DNPOXOASALLVIO Yepe3 Hayasao

T
KOOpJAHHAT, TIPH 3TOM BA3KOCTH 1] = —— — €AHHCTBEHHOE
Y

PeoJIOTHYECKOC CBOHC’TBO BXojsuiec B peo.nomqecxoe ypas-
HEHHE, OCTaeTCH [OCTOAHHOH.

)KH}H\OCTH AJIsi KOTOPLIX ClIpaBeiyiiBoO peonormecr\oe
VPaBHCHHE BHIA:

T = Ky", (43)

rjae K u n -— KOHCTAHTHI, no.nytnmn Ha3BaAHHE HEe H b IO T O -
HOBBH X1,

Kpupasi T (y) AJs HEHBIOTOHOBBIX JKWAKOCTEl TaKiKe
MPOXOJAHUT YEPEe3 HAYaJO KOOPJMHAT, HO He ABJISETCH NpsMOM
JUHHEH, [OITOMY I10 MEepe BO3PACTaisi CKOPOCTH CiABHTa

BASKOCTL T/p W Judepeniuaisuas Baskocets dt/dy yMeHb-.
HI1A10TCA.

Cucremy, peosioTHYeCKOe ypaBHEHUE COCTOSIHHS KOTOpPOI
ONHCHIBACTCA 3aBHCHMOCTBLIO

T —Tp = "l*';’. (44)

rje T, — NpelebhbHOEe HANPSIKEHHE CIBUTaA;

n* — mIacTHYeCKas BS3KOCTh,
HAa3blBAIOT BSI3KOMJIACTHYECKOH.

B oredecTBeHHOH JHTEpaType TaKyl0 CHCTeMY OObIUHO
HasbiBalor Tenom [lIBeroBa—DBuHrama.

Cpeny, CBOWCTBA KOTOPOH NPH UHCTOM CABHI'E OMHUCHI-
palorcsa ypasunensem (44), C. A. Tpycoe u H. B. Ta6un [121]
HAa3bIBAIOT BSI3KOXKECTKOMJIACTHYECKOH, HJN OHHraMOBCKOI;
NpH T << T, TakKas cpejla SsBJAETCs KECTKoH, HejedopmH-
pyemoil. BazkonaacTHyYeCcKHe MaTepHaJsibl, KOTOpHIE MpH
T < T, 00HApPYKHBAIOT YNpyrue cBoHcTBa (pacTBOphl, pac-

1 B cBoeft moHorpapun M. Peiinep [109] Takue KHAKOCTH HA3LBaeT
OGOOLICHHBIME  HLIOTOHOBBIMH; B paGote YHakmucona [123] wxuakocts
C XapakTepHCTHKOH BHAa (43) OTHOCATCS K NCEBAONJIACTHYHLIM.
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e naassl v 1p.), C. A. Tpycos u
¢ _ H. B. Ts0HH OTHOCAT K uiBe-
el R} nosckum. ,
P U fz B orauune or (44) ypasHe-
3 : 3 HHE TEUEHHsi TAKHX MaTepHa-
= jgoB [121) wumeer Buxu:
oy 2 — 12 =nry.  (45)

Haizaem ypasnenue, obuiee

Puc. 29. K puisopy ypasuenuit, JUIA BCEX TpeX KJIACCOB KW/~

cpiispBaOMWIIX  pacxod ¢ QyHK-  KocTel, CBA3bIBalowee pac-

IHeH HanpsKeHds CABHra X0 Q c (bYHKuﬂQﬁ Hanmee-
Hus casura f(t) [1231.

Peosiornueckoe ypaBHEHHE COCTOSHMA 3anuilieM B BHJIE:

Y = (). (46)

Hast unausapudeckoit tpybnl pagdyca r Bmecto (46)
HMeeM:

2 =i (47)

PaccMOTPHM  PABHOBECHE CHJI, MPHIONEHHBIX K 3Je-
MEHTapHOMY UMJIHHAPY pajHycoM r u jjauHoi [ (puc. 29):

2arlt = nr*AP

HJIH

= (48)

Jlasi sHaueHu#t T HA cTeHKe BMecTo (48) caeayer sanucarh:

RAP

T = i T (49)

C

rae R — painyc IMJIAHHJpA.
CpaBuuBasi ypapHenus (48) u (49), samerum, uro

T=1 ¢ (50)
[Mogcrasans B (47), umeem:

F=I (%) 1)



YT T

T T T Y R T T T T T Y O [ pe——
. . v ‘ l

Hurerpupopaunne (51) raer:

v (r) = jf ( T, i-) dr, (52)

OTKY/1a 3
Q= 6[ stro (r) dr (53)

HJTH g
Q= “J 0(r)d(r?). (54)

Uurerpupys (54) no vacram u umes B suay, uro V (R) =

= 0, nHaHaem: .
R
Q—._-.-d[ r2f (rc%) dr. (55)

[Nosicrapasa ByvecTor ero anavenue u3 (50) B popmyay (55),
NOJIyYHM:

3 = %J f (1) d. (56)
e

Howomorosst  scudxkocmu. CpasuuBasi ypaBHenHs (42)
H (46), nanuwem:

fm=%. (57)

INoacrasassa (57) B (56) u umes B Buay (49), nocse uurer-
pUpoBauusi mNoJIyYyMM ypasuenue [lyaseitsis:

RAAP
Q=ZR2E (58)

O6o3naynm:
H
AP=ng; 1=T, (59)
rie P — IVIOTHOCTH KHJKOCTH;
g — YCKOpPEHHE CHJIbI THIKECTH;
H — ruapaBaMyeckuit Hanop;
I — rpaanent Hanopa.
Toraa cpeansis CKOpoOCTh TNOTOKAa JKHAKOCTH:

R Lo 5 L
o T - 1, (60)
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3aBHCHMOCTD CKOPOCTH OT AefCTBYIOUIRX CHJ LI HBIOTO-
HOBBIX KHAKOCTEH JIMHENHHA M NPOXOAMT yepes Havyajao Koop-
auHar. JInyeinas cBfi3b MEKLY CKOPOCTHIO H JACHCTBYIOIIMHI
CHJIAMH ISt HBIOTOHOBBIX ZKHAKOCTEH MO3BOJAAET MPH OIH-
CaHHH NpOLECcCca NMEepPeHoCa MacChl H IHEPTrUH B 3TOM CJjaydae
MPHMEHNTH Xopoluo paspaboTadublil anmapar MareMmarHye-
CKOil (u3uKH. MaremaTHyeckas TEOpHA ABHKEHHSI TaKHX
JKHJIKOCTEI JIOCTATOYHO TOJHO passuTa B padorax B. M. Apa-
suna, H. M. Hdpyxuuuna, JI. C. JleiGensona, M. Mackera,
I1. 51. [Toay6apunooii-Kounnok, K. A. Yapnoro, B. H. lllex-
kauesa n bBb. B. Jlanyka [3, 50, 70, 75, 102, 128, 1371

Henotomonoast acudxocmu., Cpaunsas (43) u (46), umeen:

f('t)::(—%-)l'm. (61)

IMoncranoska (61) B (56) u uHTErpuposanue ¢ yyerom (49)
AAI0T:

O naRk® ( RAP )lln. * (62)

— ¥ UK

Jlist HBIOTOHOBBIX KHAKocTelt n = 1, K =1, caejo-
parenbHo, (62) cosnanaer ¢ (58).

[Tapamerpsl K H n onpejessiioTcsi NyTeM BHCKO3HMETPH-
geCKHX H3MEepPeHHH H aHaJu3a KpPHBLIX KOHCHCTEHTHOCTH.
Kak BwiaHo u3 (62), napamerp n XapakTepH3Yyer CTENeHb
HEHBIOTOHOBCKOTO TMOBEJEHH MaTepHaja — ueM CHJbHee
OTJAMYAETCS 1 OT @AHHMUBLL (A5 HEHBIOTOHOBLIX JKHAKOCTEH
B KJAacCCHYECKOM MOHHMAaHHU TaKHX CHCTEM — TOJILKO B MEHb-
HIYIO CTOPOHY), TEM OTYETAHBEH NPOABAACTCH HEJAHHEHHOCTh
TeueHns; napamerp K Apasiercs MepoH KOHCHCTEHUHH 7KML-
KOCTH — 4eM GoJblie K, TeM MeHblle ee TeKy4YecThb. Y pealib-
HBIX KHAKOCTCH 3TH napaMeTpbl NOCTOSIHHBI JHIUL B olpeje-
JEHHOM JManasoHe CKOpOoCTeil C/ABHra, 4TO CO3/4er Jlono.-
HHUTeABHBIE TP Y/AHOCTH AJs onucaHusa ux reuenus (123, 136 ].

C yuerom oGosuauenuit (59) u3 dopmyas (62) noayunm
BbIpaKEHHE VI CPEeHEeH CKOPOCTH MHOTOKa:

_ nR Rog \V. jim .
V=l ( 2K ) ki (63)

Baskonaacmuueckue cucmemsi. Peosornyeckoe ypasie-
HHE COCTOSIHHMS HMEeT BHA

{»:—'—'—l—.———::/(r), TS T, (64)
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T T T Y T I

T TR N T TV T

rae [ (z) == npepbiBHasa ¢yukuna: f (1) =0, 0 <7v <71

fO=""> u<w

IMocse moacranosku (64) B (56) u uHTErpHpOBaHHS C yue-
ToM (49) noayunm: AT

o= —5 (me)t=(zp) ]

3apHcuMocTs (65) H3BecTHA Kak ypaBuenne ByknHrema—
Peiinepa [109].

[lpu T, = 0 ypasuenue (65) nepexoaur B (58).

Beejem obosHavyeHHe s
2%
pgR -~

lo =

(66)

Toraa ¢ yuerom (59) u3 (65) a5 cpeaneir CKCPOCTH MOTOKa
noayuum

== B[4 ()4 E ()]

Teuenne CcHCTEMbl, NOAYMHAIOLLIEHCS 3aBHCHMOCTH (67),
HayHHaeTCA JAHWbL NpH rpaauentax Hanopa [ > [,.

Ypasuenne (44) cpaBHUTEJLHO MNPOCTO peluaercs s
psaa 3a1a4, B TOM YHCJE HMEOIMX NPAKTHYECKOe 3HaYeHHE.
O63op Takux paGor npusoautres M, Il  Bonaposnuem
[27, 28].

Psi1 npakTHYECKHX 3a/1ay TEYeHHS IVIHHHCTBIX PacTBOPOB
no Tpybam n xesoGam, HCTEYEHHst M3 OTBEpPCTHH, o6Texa-
HHS TBEPAOrO Teja npupered B MoHorpaduu [135].

Bonpocs! JaMHHAPHOTO B TYPOYJEGHTHOI'O TEYECHHS B Kpyr-
AblX TpyGax, Tenjaoo0MeH M nepemelinBaHHe BA3KONJIACTH-
YECKHX CHCTeM pacemoTpenbl B MoHorpaduu [123 1. Kpurepun
MojA06Hst NPH  ABHKEHHH BASKOIJVIACTHYECKHX KHJAKOCTEH
paccMotpenbl, B 4acTHocTH, B paGore [135].

. Jaa Gosee caokubiX 3ajau audpepeHunanbHbe ypaBHe-
HHS TedeHNHst BA3ZKOIIACTHYECKOro Tesia HEOOXOAHMO 3arH-

' M. A, Carrapos [115] nokasaa, uto dopmyaa (67) caeayer Kak na
KanuAJIAPHOI MOAEI NPH Ty ==const, Tak B H3 wWeNeBOit MOACAH, KOTAA T,
NPeACTABIEH0 HeKOTOPOR (PyHKUMeH TOUKH MHKPOHOPOBOIO NPOCTPAHCTBA,
cMm, Takwe |143].
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cuiBath B Goaee obmem Bujie no A. A. Hasomuny [581],
oGoOmusiiemy runoresy lllsesosa—Dbuurama, npeIoKeH-
HVIO JUIsi cayyas umeroro casiura. B paGote [40] mokasawo,
yto cHcrema vpaphenuit Masiowmnna w Tenku Bbipaxaer
CRONCTBA TAKOM 7K€ BA3KOMJIACTHYHOH CHCTEMBI, KaK i ypas-
nenne (44).

Psil NpakTHYECKHX 3aau MPHMEHHTEJILHO K TUIHHHCTHIM
pacTBOpaM Ha OCHOBE pEIleHHS andpepenIHaabHbIX ypas-
nennit Tenku—Mapomuna aan B mouorpagusix [80, 811.

B monorpadun I1l. M. Oru6asiosa u A. X. Mupsapxan-
gaje [94] manpl METOABI PEUIEHHs HECTAHOHAPHLIX 3aj1ay
BA3KONJACTUHYHOCTH, TOUHBIE M NPHOINMEHHBIE peLIeHts
ONHOMEPHBIX HECTAlHOHAPHLIX 3ajay, [rJaBHEIM o6pasom
NPUMEHHTEABHO K HeTenpoMbiCj0BOi MEeXaHHKe.

Peostorist noJHMepHBIX MaTepHaJsoB NOAPOOHO H3jaraercs
8 Monorpapun A. Jlogxa [71]. Ocobasn sacayra B pasButTiu
TEOPETHYECKON M 9KCIePHMEHTAJILHOH PEOJOrHU JIHCnepe-
npix cucrem npunapgexur 1. A. Peoungepy, M. T1. Boxa-
posuyy, A. X. Mupsamxansage, M. Peiinepy [27, 81, 93,
94, 106, 109].

Heauwelinas QuabTpauus B 0HOPOJAHONH HOPHCTON Cpeje.
Ecan MOpHUCTYIO CPEly MO/AENMpPOBaTL CHCTEMOH Henepe-
CEKAIOMMXCST UHAHIAPHYECKHX HJIH [JIOCKHX Kanujuispos
OHHAKOBOTO pasmepa C MJIOTHOCTBIO 21, TO JAJdsi CKOPOCTH
notoka Bmecto (67) MOXKHO HanuCaTh ClEAYIOUIHE BbIpaze-

Hii5:

P AR
H

=) +HE)]. @
rje .
' Ky= 528 w K3 =’-”-‘;‘f‘—HQ. (70)

Kosdpuument puastpauni Ky 445 peasbHbIX NOPHCTHIX
CPE/l OnpenessieTcs SKCNepHUMEeHTaIbHO NpH JI0CTATOUHO Bbi-
COKHX TrpajHenTax Hamopa [, npH KOTOPBIX KOS(XpHILHEHT
(GuabTpAlHH COXpPAHAeT MOCTOSAHHOE 3HauyeHue.

Nas I > 21, 3asucumoctn (68) u (69) MoxHO annpokcH-
MHPOBATh BbIPAKEHHEM:

v =Ko ([ —nly), (71)
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riae n pasHo Yy'u ¥, nas MopenH UMJIMHAPHYECKHX H ILJIO-
CKHX KanH/isipOB COOTBETCTBEHHO.

s I-l;l"«l ypapuennsi (68) u (69) annpoxkcumu-

pylores [401 saBucHmoOCTSIO:

=il — Lo} (72)

rae K — napaMerp KpHBOH.
O6o6menunit 3akoH Japcn agast oJHOMEpPHOTro cayyas
MOZKHO 3anucarb B CJAGAYIOIIEM BHJE:

o=K(I)I (73)

B takoit 3anucu ypasHenue (73) orsHuaercss or 3aKoHa
Hapcu Tem, uTo BMECTO MOCTOSHHOrO 3HaYeHH s Ko3ppHIHEHTA
duabrpauun K, 37ech Hcrnoabsyercs Koddouuuent K, 3a-
BUCAIIMH OT rpajauedTa Hanopa. Buja saBucumoctd K (/)
onpejeaaeTcsl Kak TeoMeTpHeil MOpoBOTO NPOCTPAHCTBA,
TAK W PCOJIOTHYECKHMH CBOHCTBAMH KHJIKOCTH.

B uacTHOCTH, ISt CHCTEM, OMNHCHIBAEMbIX YpaBHEHHAMU
(68) u (69), sasucuMocts K (I) Gviaer UMeTh BH

K=K[i—5 () + ()],
K=K [1—5(2)+5(F)] @

5. THAPABJIMYECKHUA PACHET FOPU3OHTAJIBHOI'O
CUCTEMATHYECKOIO JPEHAXA. 0 KJIIACCHOUKAUHWH
MOYB 30HblI M3BbLITOYHOIO ¥YBJIAKHEHHS

Fopu3oHTANLHBIK CHCTEMATHYECKHIT JIPEHAXK B OAHOPOA-
Hom rpyHTe. Onpejle/ieHne PacCTOSHHA MEXLY JpEHaMH NpH
HHPHABTPAIHOHHOM NHTAHHU H CTAllHOHAPHOM PEXHME I[10-
TOK# BEJETCS HCXO/s H3 paBeHcTBa 0OBEMOB BOJbI, OTBO-
AUMOH JipeHaXkeM M [NOoCTynawoue# B BHAE «PaCUETHOrO
ROKAA» ¢ HHTEHCHBHOCTLIO WHOHILTPALHH OCaJKOB p (cxema
Pors). Pacuernasi cxema npusejena ua puc. 30, 6.

'OcHoBHBIE AONYIIEHHs, NPHHATEHE B pacyere: |) moBepx-
HOCTH BOJIOYNOpa TOPH3OHTAAbHAas; 2) BepTHKajdbHbBIE CO-
CTABJIAIONIHE CKOPOCTH ABHIKEHHSA MHIKOCTH NpEHeOpexHMO
Majbl; 3) pacxoil JKMJAKOCTH B 30HE KanW/LISPHOH KaiMbl
He yuuthiBaerca; 4) p < K.
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Puc. 30. PacueTnHasi cxeMa COBEPIUCHHOrO APEHAXKa B ORHOPOJAHOM IpyHTe:

a — BePTHEKAJABLHOIO; O — FOPH3OHTAALHOrO

3akorn ursmpayuu (71). C yuerom (71) audpepennuaib-
Hoe ypaBHeHne JLIONoH NpHHHMAET BHJL

KoH(%“—io):P(S—x)' (76)

rae S — paccrosiHue oT rpaHulbl MHOHJILTPALHOHHOTO [1H-
TaHdsdg N0 Hayajga KOOpAHHAT,
lo =nl,.

O6o3naunm : v

Toraa Bmecto (76) nmoayumm:

! i Ty DX = ioy pang
Yy = ‘——y——" 5 (17)
Bonsa wuoByio mnepemenHyio y = Xu; y' = Xu' + u,
BMecT0 (77) 3anuuiem:
udu dX
R b D v s X (78)

Unrerpupys (78) npu yesopun X =0, y = H; X = §;
y = h, ¥ BO3BpallasChb K MpeKHEH NepeMeHHolf, noc/e
HEOOXOAUMBIX MPeoOpa3OBaHHH [MOJYUUM:

X =2 5 Q2h: 4= (o — N S1ie/n
[hﬁ—i-zohob -|-—]-(%—S-]=H2 [2;:2132.%;3& " (79)
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Aas -;(%—i§<0;

[h% + iohS -+ 5 sﬁ] =
= H® exp [ —2){-"—(—3—‘— arc tg—{'i"—fs—"s—)] (80)
ans —}’{; —i§>0,

me A=V iA—4 ¥=]Z_i

1 N
Beanunny S = - E MOKHO HailTh 3 rpapuueckoro pe-

wenus (79) u (80).
Jaa cayuas i, = 0 Bmecro (79) n (80) nmeewm:

S (HZ’— i (81)

[MpuGamxkennoe pewenne (76) momer ObITL HaMIeHO,
€CJIH NPHHATb, YTO KpHUBas JAENpeccHi Ha )qacrxe S saB-
JSIETCS 3IHNCOM:

P = [SP—(S— 11l (82)

Ecau npu HHTErpHpOBaHHMH BTOPOrO 4/eHA JIEBOil 4acTH
(76) BmecTo y NoOJACTAaBHTL ero 3Hauenue u3a (82) (npenenn
HHTErPHPOBAHHA OCTAITCS NPEXHHMH), TO pelenuem (76)
Oyaer:

1

S=—T—’§-Lnuio+

=5 IR . :
+V (5 Semio) +Ee (P —nd) . 89

[pu iy = 0 dopmysa (83) npusoaurca K dopmyae (81).
Ecau npeneGpeun h,, dopmyast (79), (80) u (83) coorser-
CTBEHHO NPHBOAATCH K BHAY:

:—7. ‘olu
s=H} S (2=t)

4 H. ®, Bongapenxo 97
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Puc. 31. Bausune nHavaabHuX [pajHCHTos Hanopa Ha pac-
CTOSIHHE MeKAY Apenamit (OAHOPOANLIA TPYHT):

! — pacier no QGopuysam (84, 85); 2 — pacuer no gpopmyne (86) )

It :(p —ig<0; (84)

S=H l/—KpT exp [_ -;—"(—’_)‘— — arc tg—;‘-’—)] (85)

4 .~
IS —= — i3 >0
0

LY (2 attiy) 4+ e (86)

Ha pue. 31 npuBesenbl 3aBHCHMOCTH PAaCCTOSHHUA MEx1y
aApenamMu E OT BeJIMUHHB Ha4aJbHLIX TpajinenToB Hanopa [,
paccunTaunsie 1no gopmyaam (84)—(86). B pacuere npuHATO:
p =3 .107" mlcyt, Ky = 3 1072 m/cyt, H = 2 m. Mexapen-
HBIE PACCTOAHIS, PacCyHTanibe no npuéanxenHoi Gopmyae
(86), OKa3LIBAIOTCS 3aHHKEHHBIMH 110 CPAaBHEHHIO € PACUETOM
no gopmynam (84)—(85). W3 puc. 31 suano, uro naxe
He3HauYMTeNAbHblE BeaHuHbl [, NpHBOAAT K HEOOXOAHMOCTH
pPe3K0 yMeHBLIATh PacCToAHHA Mexay Apenamu E aaa oGe-
CleYeHH st 3aAdaHHOTO0 MOJOKeHHs KPHBOH JAENpecciH.

3axor purempayuu (72). C yuerom (72) anddepenunanb-
nHoe ypassenue Jlionion npHHUMAeT BHIL:

Ky (- —1) =pE—x). (87)
98 : '



o

—————— =

O6o3aunm:
S—x=X, 7’;-=D. (88)

C yuerom (88) u3 (87) mnaiiiem

dy 4 DX
dl O Y
HJIH
fr Ay FOX LV
—Vy ——=VDX+Vy I, (89)

Pemenne (89) cywecTBeHHO YNpowaercs, €cjaH Bbipa-
anuTh y B npasoil yacti ypabuedus uepes X. [lpumem, Kak
i panblie, 4TO KPHBas JENpeccHH Ha yyacTke S — 3JuHnc
¢ vpasuennem tHna (82). Toraa, samensisi y B NpaBoil HacTH
(89) ero 3mauenuem H3 (82) u uuTerpHpysi B npereaax y =
—hoaan X =S uy=H naa X =0, noayunm:

(
VE—VR =VDY S~V [}/ 1= ax.
(90)

[Mocaeanee suipaxeiine 8 npasoit yactn (90) saementapho
He uurerpupyercs. Bocnoabsyemcs pas/okReHHEM MOAbIH-
TerpanbHoit QYHKIUHMH B ps

(1= ) =~ (£
—-},—-3—(%)‘—5"—,—2—-(—2—)“— (91)

X
H 3aMETHM, YTO npH '—S—l <1 pana a6CcoOMIOTHO CXOANTCH,

YTO JIAET BO3MOXKHOCTb TOYJIEHHOrO HHTErpHpOBaHUS.
Hurerpupys nocaeaunit uaen (90) ¢ yuerom (91) u pewan
[0J1YYCHHOE BbIPAKEHIe OTHOCHTENbHO S, MOJyuiM:

_ VS vE-y®)

VS +al, —K,-f;’-

S , (92)

rae n = 1,28 ¢ tounocreio a0 1Y%.
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Ay [ToauepxueM, 4to ¢Qop-
, myJsia (92) cnpasegauBa s
WER) |3 CPABHUTEJNBHO Y3KOrO HH-
TepBaja TPaJHEHTOB Hamno-
= pas Iy L& 2L,
KA ' Cuctemartuyeckuin  jape-
s 5 >& HaX B ABYXCJAOHHOM IpPyHTe.
i J"—'L‘ % [Mpuseaem pacuer paccrosi-
= 4 HHSL  Mex1y JipeHaMH B

: ‘ ; , . JBYXCJOHHOM TpyHTe TMpH

S o s fpynta 0% NpEKHHMX JONYUIGHWAX S
3aKkoHa uabTpauun (71).
PacuerHasi cxema MokasaHa Ha puc. 32.

[Mpuuumasn, uto Ko3(ppHUHEHT (QUABTPAUHH BepXHEro
caos K, v HHKHEro — K, Goabiie pacyerHol HHTEHCHBHOCTH
HHQWIBTPAIMK p, 3aNHIIEM s yyacTka S, ypaBhenne io-
mioyn (06o3HaueHUst ¢M. Ha puc. 32):

KM (5 —in) + Ko ly—M) (G — i) = p(S—2)

(93)
HITH —nydy+M(n—l)dy——,%—-XdX—
1
— Miy (1 —nr) dX — ngiy, dX =0, (94)

me n=gti h=-ly r=q2; S—y=X. (%)

Hro6bl He YCHNOMKHATHL PEelleHHe, 3aMeHHM B NOC/e1HeM
ynene aesoil dactu (94) y ypaBHeHHeM NP AMOiA:

=M+ (S,—X). 96)

Hrrerpupys (94) ¢ yuerom (96) B npenesax or M no
M ~+ h uor S; 10 0 n pemras noayyeHHoe ypaBHEHHE OTHO-
CHTEJIBHO S,, MOAYYHM:

_;.V[L:J;L(M_{_,,,_"zn_)]" M(M-l-n-’;—). ©97)

P



Ha yuvactke Sj audpepenuuansioe ypaseenue Jlionion
NpUHUMAeT BUI:

Ky (4 —in) =p(S—2) (98)

HIH - Kyydy — Kyiowdx =p (S —x) dx. (99)

[Tpumem, KaK H paHee, YTO KpHBas ACNpeccHi Ha yyacTke
S, ABJASETCS SJITHTICOM:

y”——"‘-lel—(s‘— 0. (100)

Toraa, wurerpupya (99) B npezesax or 0 1o S u or 0
no M [npn MHTErPHPOBAHUHM BTOPOTO 4JeHa JieBoi yacTu (99)
BMECTO y mojcTaB/isieM ero 3Havenus uad (100)] u pemas ro-
JYUYEHHOE ypaBHEHHe OTHOCHTENLHO Sy, NM0JYYHM:

8y =— (8, +Hutfr) 4

it V m,,lMKl ) K MK, ) (101)

[TojcraBasisi 8 (101) Bmecro S, ero suavenne u3 (97)
H yuuteiBasg, uto E = 2 (S, + S,), Haiuem:

PR oo
2 73,
5 25 l/‘%np':'f 2 _{_Eh_;)l&Br_*_ M';K, ’ (1-02)
rie A=M—|—nr—%‘—;
B=M+n—ﬁ-.
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Mpu ige =0 (1. e. r = 0) u3 (102) cneayer Buipaxenne,
noayuennoe B. A. Honarom [59]:

E o~ SakM “M""" ) ]/" (M2 - OMh; - nkl) +

R T
| P P
i2 Kim*
o s ]/ o1 p; i pr (M + nhy).

Mpn iyy =ige =0 dopmyna (102) npusoiuTcs K cie-
AYIOWEMY BHY:

E=2 |/ Sv(ae 4-2Mh, - nn).
[Mocaenusns popmynanpu Ko = K, = K, 1.e.npun =1,
npuBoTCa K Qopmyae Pors:
E = 2H ]/—’,f- Y I, (103)

[Tpn Gonee KOPPEKTHOM PacCMOTPEHHH 3ajayd, Kak oTMe-
ueno C. B. Hepnunniy, HeoOGXouM yuer NojJHoro rpajineHTa
Hanopa /, onpejeasiomero AByMepHblil XapakTep JBHKEHHH
MHAKOCTH B 30He (HABLTPALMM:

B A dh S B0
I=VEFDLE I.= o I"__—K(y)h'

B paccmarpupaemoMm 3jech NpuGIHAKEHHH, Kak M panee
[15], yuurbiBaercs toibKo Beanyuna /.

0 kaaccupuKauuy ToYB 30HBI H30BITOMHOIO YBAAKHEHHS
AdS PAHOHHMPOBAHMA MEJAHOPATHBHBLIX meponpuathit. OGuiuv
NPHHUKNOM B NpejiaraemMoi KJaacCH(pHKaluu sSBJasieTcs coor-
HOLLEHHE Mex<1y (PHABTPAILHOHHBIM TMOTOKOM, ABHIalOUHMCH
10 MOANAXOTHLIM CJ0AM (PPYHTY) K aApenaxy (Qg), u nosepx-
HOCTHBIM BOJHBIM TNOTOKOM, JIBHFAIOWHUMCA K JpPEHAXy 110
CaMOMY NaXOTHOMY ¢.J10i0 (Q,).

B 3aBHCHMOCTH OT OTHOIIEHUSA:

NI Y,
KOTOPOE MOZKHO HaspaTh Kpurepuem QuabrpannHonHoil soh-
(eKTHBHOCTH JpeHaxa, XapaxTep npoueccos yraaenua HiGo-
TOMHOIl BJIarH MMEeT CYIIECTBEHHbI® KayeCTBeHHbLIC PasJH-
ynd, o0YCJOBANBAIOWHE HEOAHIIAKOBYIO POJILh PasHLIX METHO-
paruBHbBIX Meponpuarnid. Ecam B cayvae M — | japenax
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HIPAET POJb COOPYKeHHs, 00eCceyHBAIOUIEro 3ajlanioe ro-
JOMCHHE KPUBOI JienpeccuH, To B cayyae M — ( apenaxubie
YCTPOHCTBA  BBINOAHAIOT POJb  BOAOCOOPHBLIX | BOJXOOTBO-
ASIUMX 3aKPHITBHIX KaHAaB. :

Coornoteitne Mexay Qn # Q, 3aBHCHT OT BEJAHYHHDL
H2S (otrowecune ray6uubl f{ K PacCTOAHHIO MEXILY JApe-
namit 25). Tlosromy nas onperencHus puasTpannoHHoR G-
(PEeKTHBHOCTH jpeHar<a B PasaHuHbIX NPHPOAHBIX YCJAOBHAX
MBI JIOJKHBL 34JaThes onpejenennoit Beauuunon H/2S, na-
nNpHMEp, HCXOAS H3 PA3YMHOIO CPOKA OKYyNaeMOCTH ApeHa}a.

(OcHoBanHasi Ha oOwem MpHHILHMNE KAacCH(PHKaKA NOYB
paiioHoB H3GHTOMHOTO YyBJAZXKHCHHH npupeieHa B Taba. 10,

Ta6anua 10

Kaacenduxkauus nous paitonos uabsTONHOTO yaAAKHEHHUA

‘ Cpox oxynac-
Kaace nows M uopcnt npzunma fpusmenanue

Xopouwo aApeHHpye- 1 Mowmer oka- ArpoMeaHopatHBHBC Mepo-
MbC 3ATLCS HIKE npuaTHa He Tpebylorcs
HOPMATHBHOIO
Ipennpyesinte | Hopuatusuniit | Tak xak Qn = 0, 10 06ec-

MCYCHHSI NPOHHIACMOCTH
JAAPEHAXKHOl 3acLINKR He
Tpebyercs, HO MOryT no-
TPEGOBATLCH ArpoMesno-
PATHBHBLIC MEPONPHATHS.
Onrtumanbhoe perenue

HAXOAKTCA NPH yyere 3a-
TPAT KaK Ha APCHAKX, TaKk
H Ha arpoMe/ A HOPATHBIKE

MEPOnPHATHA
[Maoxo apenuapye- | Boaumie To xe
MLIC HOPMaTHBHOI'O
Ouenn naoxo ape- |<CI He oxynaercs | Paperctso M = 1 ne mo-
nUpyeMuie AKET ObTh JAOCTHIHYTO Aa-
Ke npu H/2S = |
He apennpyemuie 0 He okynaercst | Ilpu Beex paccrostunsix 28

H 060t pACHCTHOR HH-
TOHCHBHOCTH  OCA1KOB
Qp = 0. Ilpn oGecnese-
HHH BOAONPOHALASMOCTH
ApeHaAmHOR SACKINTKH Ape-
Ham, KaK W B Npeabiiy-
ey cayyqae, Ovier Bhi-
NOAHATHL Poab BoaocGop-
HBIX M BOAOOTBOAAULUX
3aKpHITHIX KaHas
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Caeayer oTMeTHTD, UTO AaHHas Kiaaccudukauus (C. B. Hep-
nun, H. ®. Bounapenxko, b. H. Muuypun) sBasercs yucro
FHAPABJHYECKON M HE YYHTHIBAET BJHSAHHE OCYLIEHHS Ha
noypooOpa30BaTebHbIe NPOLECCHl B PA3MHYHBIX NPHPOAHBIX
YCJOBHSIX.

6. OBOBUEHHE 3AKOHA JIAPCH
JUISl HEHACBIIWWEHHOW CPEJbI

CkopocTh JIBHXXEHUSI BJIaTH B HEHACBHILIEHHOH cpeae.
[IpiMeHATEeNbHO K HEHaCBIEHHOH cpele ypaBHEHHe (68)
34NHIIEM B CJAEAYIOUIEM BH/€:

v=K(W)I [l __;_ Io(“’;- To)+ '%_IO(%;TO)‘] :

1| = 1o (W, tg); v =0, | /| <1o(W, 7o) (105)

uan B ¢opme 3axona Jlapcu

v =K (Nwl, (106)
rie
K(I)W=K(W)[l_%£2_(.‘fl.'_‘.9_)+_;_lo(“7[; r,,)«]. (107)

B ypabuenusax (105)—(107) oGosnaveno: W — saaxuocrs; / — rpa-
AdeHT cHjaosoro mnorexunasa; K (W) — BaaronpoBoRHOCTh HEIOTOHOBON
wuakoctH; [/ (W, 1T5) — HEKOTOpasi KOHCTAHTA s AanHOll BJAXNKHOCTH M
TEMNICPATYPBI, HMEOAsi Pa3MepHOCTh TpajiHeHTa CHJOBOrO NOTeHlana;
To — npeaeabHoe Hanpsukenue casura; K (/)w — napamerp, 3aBHCAWHKN
OT rpaiMenTa NoTeHUHaNa AIs 3aJaHHOH BJAXKHOCTH,

Ecan B 3aBucuMOCTDb (41) BHECTH KOPPEKTHBBI Ha CTENEHb
3an0MHEHHS . NOP BOAOH, TO H3 HEe MOIKHO OIpeIeNHTh
1o (W, To):

T2

Iy (W'.T") = (W) mpg

(108)

[Ipercrasum K (W) B caenyiomem puje:
K (W) =A (W) R, (109)
rae A (W) — KoucranTa AJs JAaHHOH BJIAKHOCTH;

R — ruapaBinyeckuii paauyc.
3atem, nojacrasasas (108) u (109) B (107), noayuum:

K (l)y =A(W)R? [l— ; Ta (:V‘/)?mpg g7

(To€2)" ]

1
T 3 o (W) mpg) (110)
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O1HHM H3 JOCTOHHCTB M3JIOKEHHOIO MeToia oGobuieiiis
sakoHa Jlapch siBJSIeTCS BO3MOMKHOCTL OICHKH BJAHAHHA TeM-
nepaTypsl Ha peoJsiorHueckue CBOiCTBa KHIKOCTH.

Temnepatypiiyio 3aBHCHMOCTb 151 To, MOXKHO MpeACTa-

BUTH (cM. puc. 27) Kak:

333 —

T =T, o0 —T | 903K < T < 333K, (111)

T

40

rie T, — BeJHYHHA MPEAeNbHOrO HANPSAMKEHHs CABHra NpPH
temneparype 293 K;
T — repmoannamuyeckasn remneparypa, K.

Kax caeaver u3 taba. 3, B TeX cayuasix, KOria Mbl Hmeem
€10 ¢ MOPHCTOH Cpeloi, B KayecTBe pPacyeTHOH BEJIHYHHBL
MOJKHO pPeKOMeHJ0BaTh 3HaueHue T, = 107 H/m®.

C. B. Hepmuu u E. JI. Xuonorenkos [88], ncnosanzys
KanWIIAPHYIO MOAeab rpyHTa, noayuuan iuas K (/) ewipa-
KEeHue: L '

K(l)=E& " (h‘ _-}i}-_L+T_§;;z§)dW. (112)

E——- Ac? i ﬁ=_~3)-’ hK= o 3 (113)

ITpu BeiBose (112) 6ui10 caexano JonyuieHHe o cyuecr-
BOBAHHH HENPEepPLIBHOH CBA3H MEXAY HOpaMH OAHOrO pasmepa
¥ O HeCMEeLIHBAEMOCTH TMOTOKOB, HAVUIHX MO Mopam pasiuy-
HOrO pasmepa. B JeHCTBHTEJBLHOCTH MPH 3aN0JHEHHH BJAAToH
Nop HEOAHHAKOBBIX PasMepoB B npouecce PHABTPalHH BO3-
HHKAeT TNepereKkaHHe BOAbl W3 MOP OAHOTO pasmepa B NOPLI
APYroro pasmepa, a cHCTéMa Mop OJHOrO pasMepa MOXKeT
NPepHLIBATLCH MOPAMH APYroro pasmepa.

BmecTe ¢ TeMm aBTOPHI MOJAraioT, YTo CAeJaHHbe lonyle-
HUST MOTYT OKa3aThCsl He CJHIIKOM rpyObiMH, TaK Kak O1HO-
-BpeMeHHoe HX Hecoli0neHHe ABAACTCH (PAKTOPOM, CHHXKAI0-
M CTeNneHbh OTK/JOHEHHS MOJENH OT peajbHOH Cpejbl.

Ecan Bmecro & B u A, noxcraBurs B (112) ux snavenus
u3 (113), 1o aerko y6eaursest, uto (112) ¢ ToUHOCTHIO IO KOH-
craut cosnaiaer co (110).

[Ipubanxennbie ypaBHeHHS JABHKEHMS BJArH B HeHacol-
uieHHo# cpepe. McexoiaubiMH B TeOPHH JIBHIKEHHA XKHIAKOCTH
B HeHACHIIEHHOI cpexe sBasiores: 1) 3aKoH, CBA3BIBAIOULHL
CKOPOCTb [OTOKA U ¢ rpajHeHToM JeficTBYyIOWHX cHl; 2) 3a-
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KOH COXpaHeHHsl MacChl, KOTOpPLIA J1J11 OIHOMEPHOTro cJayyas
MOKET ObITh 3allHCAH B BHAE:

aW d :
& T T (v), (114)
FIC Z — OPANNATA, B HATPABJIEHIH KOTOPOIl ABHKETCH NOTOK;

[ — Bpewmsi.

B neppoM npuOAIKEHHH Q151 CKOPOCTH NOTOKA MOA BAHSA-
HHEeM rpalHeHTa Kanuaasipuoro Hanopa (npexeGperas
COCTABAAIONEH CKOPOCTH © B HETBEPTOH CTENEHH) BMECTO
(105) MOZKHO 3anHCATD:

V= -~ Kn(P) [%!';_—ili]’ o

T|>£"’ (115)

v=10, ’-%%Iiéio. (“6).

tre iq= 5o (W, To):

K¢ (P) — ruiapaBanyeckas NpoBOAHMOCTb  (KO3(pHUHEHT
BJATONPOBOLHOCTH), 3aBHCRILEH OT KANWWIAPHOIO
nanopa P.
YUuTBIBas, YTO KalHMAAAPHLIL Hanop asasercs (yHKiHen
BaayknoctH W, dopmyant (115) u (116) moxHO npusecty
K BHAY:

oW 4 oW -
=—pw [S-—i], |F|>m  am
w1005 5’%[\ e (118)

3xecs D (W) — xoapduunent xanuaaspuoit anddyanu:

dP . W) .
D (W) = K,y (P) 5+ ‘°=g°T:r7)2'°° (119)

[lo ananorny ¢ HanopHoi (PUALTPALUNEH i, M [, MOKIO
HA3BATH HAYAJbHLIM TPaJHEHTOM HANopa W HayaAbHbIM rpa-
JHEHTOM BJIAXKHOCTH COOTBETCTBEHHO.

AKenepHUMEHTATbHbIE HCCE10BaHMS HOATBEPAAAIOT CYLie-
CTBOBAHME HAYAJIbHBIX rpajiuentos Aasacuns [130] n navann-
Huix rpaanenTon saaxuoct [151]. B obumem cayuae kaniia-
ASPHBI  HANOp — HeoAHO3HauHan (YHKIMA  BJAKHOCTH,
NO3TOMY H BEJHUMHA HAYaAbHOO IPaJHEHTa BJAaXHOCTI s
JIAHHON CHCTEMB! AO0/IKHA H3MEHATRCH B 3aBUCHMOCTH OT Ha-
npaBjeHNs npouecca (ApeHax — BNUTHIBaHNE).
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KomGunupysa (115) u (117) co (114), nonyunm:
My d | aP - 1) opP §
O = (Ko [ =i} || > (120
oW ) soms OB aw o

Ecan BeauuuHamu fo u i npemnedperaior, to (120) n
(121) nepexoasT B CAEAVIOHIHE YpPaBHEHHSA:

ow d apP
W 3T im0V

B nocaennem cayuyae (123) nepeiBukeHue BJaarn B nop-
CTOIT cpejie TpakTyercest Kaxk Au(dy3HoHHBIR npouece ¢ Kosd-
buitenTom Kanuaaspuon auddysun D (W), saBucsimum ot
BJIAKHOCTH.

[HeTepesncHble ABJEHHA, HECTAHOHAPHOCTL Mpoinecca
H 1P YTHE NPHYHHD, OCOXHSIOUIKE pacyeT no Gopmyaam (122)
n (123), paccmortpennl B crienManbHoil Jureparype, o630p
KOTOPOH MOXKHO Haittn B paGote [15]. B wactHocTH, noka-
sano [19], uro ¢pyuskunn K (P) u P (W) xapakrepuayorcs
3HAUHTENBLHBIM FHCTEPE3HCOM, B TO Bpemsi Kak yuxuun K (W)
u D (W) ne oGHapyKuBaIOT cOBCeM MM OOGHAPYKHBAIOT CJja-
Ol THCTEPE3HC.

Lean  rpasuraunonHoit  coctasastoniei  npeneépeus
Hesib3st W Hamop onpeaensiercss cymmoit H = P -z, 10
ypashenusi (115), (122) u (123) npuanmaior BHA:

) p
v=—Ko(P) [ + 1], io=0, (124)
oW a P dK
o= (K5 )+ 5 (125)
aw d aW oK :
TR "T);(D 3z )"’ 9z (1252)

C nomowbio npeoGpasoBanust Boasumana & — z/|/d,
KOTOpoe npeinogaraer, uro pJaaxunocth W sasucur or ne-
peMeliplX 2 ¥ f TOJAbRO Yepe3 HX KOMOHHAUMIO, ypaBHeHuHe
(123) moxno npuBectH K oObKHOBeHHOMY auddepeHuna.in-
HOMY VPaBHEHHIO:

&0 aw \ daw
Z’E(D‘?E)“‘EW' (126)
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[lpeoGpasopanne DBoabumana 10CayKHI0 OCHOBOH A5
paspaboOTKH HHCAEHHBIX METOJ0B pelienHs pAla NpakThyec-
KMX 3ajau Ha ocHose ypasuenus (126) [19, 57, 105].

Ecau ocbh 2 HanpaBHTh BBEPX, TO /s M0J1yO€CKOHEUHOH
o6aactn (z =< 0) rpanuunbie ycjaosusi K -ypasuenusm (125)
u (125a) 3anucwBaloTcs caeityouny o6pasom [19):

W =W, nput =0, 2<0;
W =W, npuz =0, t=0.

Yeaosue W, > W, onuchiBaeT HHP HA b TP allHIo,
W,< W, —HcnapenHe HIH HanpaBaeHHoe BBEpPX
BcaceiBaHHe. ITH npoleccs, MpeacTaBafoniHe HHTEpec
A5 CEJAbCKOXO3SHCTBEHHBIX  MEJHOpauuil, pacCMOTPEeHb!
B CAGAVIOUHX pasjenax.

JKcnepUMEHTA/IbHBIE METOjbl onpeaesaeHus Kodppuunen-
toB kanuaaspHoit auddysun D (W) u BaaroipoBOAHOCTH
K, (W) o6o6uiens B kuure A. M. 'ao6yca [35 1.

B kawecTBe npumepa ua pyc. 14, 6 npuseiena xapaxrep-
Has 3aBHCHMOCTb Ko(pdHuLHeHTa BaaronposoinoctH K ot
paaxiocty W. OOwiyno Ha kpupoit K (W) jerko oTMeTHTb
roukn I u 2: npu W << W, BJaronpoBoOJAHOCTh MOYBHI KpaliHe
unska; npu W = W, BaaronpoBOIHOCTL MOYBbI OTVIHYHASM]
na nepexoanom yuacrke W, == W =< W, BaaronpoBOIHOCTb
HMEeT MPOMEXYTOUHOE 3HAueHHe.

31ech YMECTHO BepPHYTHCA K PacCMOTPEHHIO TEPMHHOB
BJI2AKHOCTD (TOYKA) 3aBSilaHHA H AHANa30H JOCTYTHOH (aKTHB-
HO#) BJaru (1ocTynHas Baara).

[Toa BAaKHOCTBIO 3aBslaH 1 MOHHMAIOT TAKYIO BJIaKHOCTb
NOYBLI, MPH KOTOPOH HAYHHAETCS! YCTOHUHBOE 3aBsjlaHHe pa-
CTEeHHII, He Hcyesawllee 1ocae MnoJiHBa.

OnbiThi MOKA3bLIBAIOT, UYTO 3aMELJIeHHEe pOCTa pacTeHHH
HacTynaer B JHanasoHe BJAXKHOCTH, COOTBETCTBYIOUIEM BCa-
chiBalOlEeMy jaBjeHuio 5—I13 ar, a ycrohuusoe 3aBsijlaHue
NPOHCXOANWT B Ananasdone aapjenus 20—40 ar. 3a TOYKY
3aBAJaHHA OOBIYHO NPUHHMAIOT BJIAXKHOCTH NPH BCaCbiBaloO-
mem 1aBaedun 16 ar (cm. puc. 14, a).

[lon aoctynHof NMouBeHHOH BJAroil AAs pocTa pacTeHHit
NOHHUMAIOT TO €€ KOJHYECTBO, KOTOpOoe YJep KHBaeTcs B [104Be
B npejesax BCAChIBAiOUIEro JaBjieHus: or '/y (noaesas Baa-
roemMkocTsb ) A0 15 ar (BAa)KHOCTbL YCTOMYMBOrO 3aBsiialiiis).
HecMoTpst Ha TO, 4TO TePMHHY JOCTYNHAas BJara npHjIaercs
GOJblIOe 3HAYEHHE MPH ONpeie/eHHH CeNbCKOX03ARCTBEHHOM
ILCHHOCTH [0YB, HCMOJIB30BaTh €ro /s NPakTHYECKHX pPEKO-
MEHAAIHH CJe1yeT C OCTOPOZKHOCTBIO.
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Kak cnpaseinso ormeuaer P. Caeiivep [116], B moGot
nouse Goaee ray00Koe NPOHHKHOBEHHE KOPHEH Mo BCeMmy npo-
(GPUI0 B LEJOM MOXKET KOMMNEHCHPOBATH MaJblii AHanasoH
nocrynuoi saaru. M, Hao6opor, npH HaJHYHH NPENnsTCTBHA,
MEIIAOUKX PacnpPOCTPAHEHHIO KOPHEeH, noYyBa MOXKeT ObiTh
1e6aaronpHATHONW AJiA POCTA pacTeHuil ja)e B TOM cjyuae,
KOT/la JManasoH JIOCTYNHOH NOYBEHHOW BJArw JI0CTATOYHO
BEIIMK.

CaenoBaresibHO, AMAaNasoH JAOCTYNHOW BJarH JAJs pacre-
HHMH Onpefejasietcs, NpH NPOYHX PaBHLIX YCJAOBHAX, KaK
FHAPABAHYECKON NPOBOAHMOCTLIO NMOYBLI, TAK H TYCTOTOM
1 XapaKkTepoM pacripejlesieHHs KOPHEBO# CHCTEMBI.

3HauynTteabHo GoJbie HHGPOPMAUHN O KOJHYECTBE BJArH
H €e MOABHKHOCTH (a CJEA0BATENBHO, W JIOCTYIHOCTH) NPH
mobom pF nawr kpussie pF (W) coBMeCTHO € 3aBHCHMOCTBIO
K (W) (cm. puc. 14).

Huskasi noABHXKHOCTL IJIEHOYHOW BJ4arH B 00JaCTH
W =< W, Tem He MEHee HrpaeT BaKHYIO pOJIb B KpYyroso-
pote BoiAbl B npupoae. Tak, HAa OCHOBE TEOPETHYECKHX H
3KCNEpHMEHTAIbHBIX pabor B 0644CTH HAPOMEXAaHHKH TOH-
KHX nienok, seinoanennsix C. B, Heprnuuwm [86], ruapo-
reoqoram [129] yaanoch oOBLSCHNTE NPHPOLY BO3HHKHOBE-
HHUS OTPOMHBIX CKOTIIEHHH NpecHbIX MOA3EMHBIX BOJL B nec-
uaHLIX MYCTHIHAX, PAaCCYHTATh PeKHM WX MHUTaHUA W chop-
MYJHPOBATh OCHOBHBIE KPHTEPHN NPH IMOHCKAX H passejike
NpPecHbIX BO1 B MaJOHCCJIL0BAHHLIX pafoHax necyamol iy-
CTHIHH. ITO OTKPLIBAET TAKXKe BO3IMOKHOCTL HAy4HO 06OCHO-
BAHHOI SKCNJIyaTaNHH MECTOHAXOMKAEHHIT npecHoit Baaru Ges
ornaceHusi HX 3acoJIeHHsi, BO3MOKHOTO NpPH HENPaBHJIbHOM
OpraHH3alHH OTKAYKH BOJbI.

IJKCNePUMEHTAJBHOE OINPEJeIEHHE SJEMEHTOB BOJHOIO
Gajanca CeJAbCKOX03fHCTBEHHOTO 1oJis  (MHUIbTpauus,
uenapente, BOJONOTPeOeHHe DACTEHHAMH H JIp.) OCyulecT-
BJAETCA € NOMOUbIO JAM3HMETPoB (GaJIaHCOMEPOB), CXeMbl
YCTPONCTB KOTOPHIX MOxHO Halitn B pabore [841].

7. HHOHJIbTPALLHS

TMojt wHQUALTPALHEH NOHHMAIOT NpPOUECC HOCTYIVIEHHA
BOJIbI B NOUYBY 4epes ee [0BepXHOCTh. DTOT npouece noipotHo
paccmoTpen B paborax [19, 57, 111, 139].

B Hacrosuem pasjiesne paccMoTpeno peueHHe PyGuHa
u [refinrapara [150], npuroanoe ans BuIGOpa HHTEHCHBHO-
cTH opouwenus jnoxiesanueMm. IlpuHHMalOTest caelyiouine
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nonywenusi. [lousa paccumaTpiBaercs Kax noaybeckoneynan
O/IHOPOJ/IHAS M30TPOMIias MOPHCTasl cpejla € HENOABHIKHBIM
ckeqerom. Hauvaabhas BJAKHOCTL rpejinojaaraercsi no-
CTOSHHOMN N0 rAyGuHe # TAKOl HU3KOH, YTO COOTBRTCTBYIONLAs
eif THAPABAHYECKan NPEBOAHMOCTH MO CYUIECTBY paBHa HY.TIO.
Bosayx B noyge paccMaTpHBaeTCs Kak HempepuiBHas (asa,
Haxoisiasncs npH armocdeprom japienni. Yrobu rugpas-
JIHYECKYIO NPOBOAMMOCTD If KaNHISPHOE JLABIEHHE paceMar-
pHBATH KaK OAHO3HAUHbIE (PYHKILHH BJaXKHOCTH MOYBEL, mpej-
noJgaraeTcs, 4TO BJarocojepaune B 1000l Touke 16O
VBEAHYIBAETCS €O BpeMeHeM, JHGO 0CTAaeTCs MOCTOSIHHBIM.
[lajaomue Kanmau JOXKIAEBbLIX BOJA CYUTAIOTCH TAKHMH Ma-
JBIMH M MHOTOYHMCJEHHBLIMH, YTO 107bh MOXKHO paccMarpu-
BaTh KaK HEINPEephIBHYIO Maccy BOJibl C MOCTOSTHHOH MHTEH-
CHUBHOCTHIO p, HE HIMEHSIOUIEHCS BO BPEMEHH.

ChopMyaHPOBAHHBIE JONYIWEHHS MO3BOJIAIOT ONHCAThH
nponece unduabTpann ypasHenuem (125a), Koropoe nepe-
NELeM B CJAe1YIOHIeM BHIe:

1 Ve 3 /4 o
= {D(W)—%‘-‘;—K a_u’/)]. (127)

K ypasuenuio (127) npucoeaniisiores cagiyiouine Ha-
yaJbHbIe M TpPaHHUHBIE YeiaoBMs (OCh Zz 37eCh Hanpas/eHa
BEPTHKAJIBHO BHU}):

t=0, 2>0, W=W,=const,

kAW KW e
t>09 Z_-O'TZ--*——IT(»‘T/)—-‘ ‘(l.‘.S’

Yeaosue (128) suipaxkaer tor (pakr, 4To B fpouecce HH-
GuAbTPAIMH JIOKAEBOI BO/IbI MOTOK BJArH Ha NOBCPXHOCTH
pasel WHTEHCHBHOCTH JOXKIS; NpUYeM ATs NpeioTBpaileH s
3aTONJEHHs] HHTEHCHBHOCTb AOMKAA J0JAKH2 ObiTh MeHbIUE
WU PABHON THAPABIHYECKON MNPOBOXMMOCTH HPH  OJHOM
HacHIeHuH, T. €. Kosphuuuenty uanrpanin. Buaxuocrs
MOBEP XHOCTHOTO CJIOf MOYBHL NMPH 3TOM NP HOAHKACTCH K He-
kotopomy npereay W,.

OcHoBOMl paccMarpHBAEMOIT BLIYHCIHTENLHON METONMKH
aBJagercs samena auddepeHunanbHoro YpaBHeHus B YaCTHBIX
npousBoAHbIX (127) pasHOCTHLIM YpaBHEHHEM, KOTOPoe Bbipa-
HaeT NMPUGIN3UTENbHOE COOTHOUIEHHE MEXLY MepeMeHHbIMH
B AAHHON pEenpe3eHTaTHBHON TOYKE maockocTu (z, f) yepes
3HAYGHHH TUX NEPEMEHHBIX B JeBATH cocejnux Toukax. Tlpu
BHITOIHEHHH BBIYHCACHHI HCIOAb3YIOTCS H3BECTHBIE MPHH-

110



UMb YucaeHHoro anaansa. [lrockocrs (2, f) npeacrasJsiior
NP AMOYTOJALHOM ceTKoﬁ ¢ KoopauHatamu j =1,2, 3, ..., J
BloabocHzun =1,2,3,. .., Nsroabocu . Pazmepbl CeTKH
Bb‘6llpalO'rC$I NPON3BOJbLHO, Q)nhcxlpyﬂ pacctosinust h Memay
j-MHM M paccrosiiug £ mexy n-mu toukamu. Cpasp aioboro
3HAUCHHA 3aBHCHMOH nepeMeHHoll ¢ AaHHOI TOYKOH CETKH
(f, n) NMOKA3LIBAETCSH HIDKHHM HHAEKCOM j M BEPXHHMM HHIEK-
COM n; Hanpumep, B cayuae nepemeHuoi W sra cssp Gyjer

obosunauena W}, JlpoGubie 3HAYEHUS HHIEKCOB YKa3bLIBAIOT
Ha TO, YTO paccMarpupaemasi nepeMeHHas oueHHBaerTcs
B TOYKE, KOTOPAsi HAXOMAUTCH B NPOMEKYTKE MEXILY ABYMS
JAPYTHMH TOYKAaMH CETKH, Hanpumep n -+ '/, coorsercryer
TOUKE rnocepej e Mexi1y ToukaMu n v n -+ 1.

Hcnoabsosanucs cneiylolye aninpoKCHMAIUH YaCTHBIX
NPOU3BOJHLIX, BXoaswmux B (127):

e L
0
| dz

-+ fomta (s, -xomial-

(
t
[P, kW) o

0z

‘n-*-

[D(u/) W i (u’/)] B,

Hacruuie npouspojnpie B npasoit wactu (130) annpokcu-
MHPOBAINCK CACAYIONHM 0OPasom:

oW \n+4-*/. 1 1 n-~ n
: (—-‘.}—2“)1’! l/:’v(—"r)( 2 ( + +l)_

(W Wil (131)
(S5 ) e (e [ v+ v —
R (132)

'~I'r06bl OLLEHHTH CTOSIHE B npaBou yacti (130) pynkuun K

u D, suauenus nepemenubix Wi/ annpokcHMMpoBaiHCh
IKCTpanoasiued, npu 3ToM B paiax n H n — | HCnoab3o-
Basiuch nputauxeninie snavenus W, Yrobnt yxasarb, 4ro
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JanHoe 3HauveHue ISKCTpanogaHpoBaHo, HCOOMb30BaAH HH-
JAEKC ext u NOJIVUHJIH CJeaVioulHe COOTHOLICHHS:

(w;;:,,)ex. = = (W) ext + (W) o] =
=3 (Win+ W) — (Wi + W) (183)

(W ext = =5 (W) ext + (W D] =
o _(W, W ) — -(W" WS (189
Ioactanoska annpokcumaunit  gopmya  (129)—(134)

B jaupdepeninaibroe ypaprenue (127) naer nocae Heca0x-
HBIX asrefpanyecKuX npeobpasoBaHHH:

- — AW+ BWT — Wi = Hy, (135)
e | A= ( )D[(W1+ acll

Ci= () DUWIf)exils
B;=2-+1A;4Cj;
Hy=AiWin+ @2—A—C) Wi+ CWi—
— 2 () (K (WHES ) exdd — K (W] end]).

Paccmorpum Tpu psjga cerku: n—1; ny n+ 1. B 9TOM
eayuae ypasuenue (135) sanuceiBaercs Asi TpeX pas/iHylibix
NOC/e0BaTENbHBIX 3HAYeHuH | (T. €. OAHO ypaBHEHHE A
j =1,2,3; npyroe aas j =2, 3, 4 u7. &.). Takum o6pasom,

ec/TH KaxJIblii PA COCTOMT M3 j Touek (j =1, 2, 3, . . ., J),
10 Oyaer j — 2 ypasHenuil (135) — no oAHOMY ypaBHEHHIO
Ans Kaxporo us j =1,2,3,4, ...,/ — L

Jast pewieHus paccmarpuBaemoil 3ajaun  HeoGX0AMMO
eile 18a ypaBHenusi. OAHO H3 HHX NOJYYASTCS 3a CYET NPHHA-
TH$ | JOCTATOYHO GOJbIINM, TAK YTO B TEYEHHE BCEro paccma-
TPHBAEMOIO MPOIecca MOMKHO CUHTATh:

W; = W; = const. Y (136)

Bropoe ypaBHeHHe MOKHO MOJAYYHTL NPH MOMOLLH Ipa-
HH4HOro ycjaoBus (128), Paccmarpupaemasi cerka pacroJio-
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XEeHa TakuMm obpasoM, uto JuHusg z = 0 coBnajnaer ¢ AHHHER
j ="', Hcnoapzysn (128), noayuaem:

D (i K1)

[Toxcrasasast 910 Boipaxenue B (130) u ucnoab3ys, Kak
W paublue, annpokcumaumu (131)—(138), noayuaem nocae
COOTBETCTBYIOIET0 aJre6pandeckoro [peoGpa3oBaHu:

—A Wit - B Wi =H,, (137)
e A= (47 ) DUWE Dexils
81 =2 +A;;

Hy= AW3 - 2—A) Wi —
( ) ‘K[(Wl'/,/ )extl—ﬁ}

[MpeanoaoxkuM, uro sanagerua W B pajiax n — 1 usBectisl,
4 COOTBETCTBYIOULHE 3HAYEHHS B pAAax n -+ | HEH3BECTHDLL.
B rtakom cayyae ypasuenusn (135)—(137) npencrasiasior cu-
CTEMY j JIHHEAHBIX ajreOpanyeckux ypaBHeHuil ¢ j neussecr-
ubiMi. Ecan ussectHbl 3Hauenus W B nepBuX ABYX psjax
cetkit (n =1, 2), To mMoryr Ourb BbHMHC/EHB 3Havenus W
BO BCeX nocjeayrounx pasax. 3uavenus W nepsoro paza W)
onpeeasiores HavadbHbiM yeaoBuem (128). 3navenuss W
BTOPOro paaa Wi nosiknbt GbiTh OUEHEHH JUIs | =1, 2, .. .
ORI G nououu,no METO/IOB, OTJIMUHLIX OT H3JI0MEHHOTO
puiine, B Hactosuem wuccaexoBanun suavenuss Wi onpejte-
JAIHEL TTYTeM BbIBOAa HeoOXOAHMBIX PASHOCTHLIX ypasie-
HIIl, BKJIIOYABIIMX [IECTHTOYCYHYIO CXEMY: TPH TOYKH B Py

=1 B TpH B pany n = 2 BMECTO JACBSTH TOYEK B nepaofl
cxeme. BbIBOA TAKOro ypaBHEHHS aHAJOrHYeH BLIBOAY ypas-
HeHui (133) (135), 3a wuckaoyenuHeM cnocoba OUEHKH

D (WiLh) w K (W}i2). 3necs annpokcuMupoBanucs no-
v /: [4*/s p
creniue 3uavenus. 110 CYWECTBY MPHHHMAJIOCH, YTO

D (Wily,) = D(Wigy,) u K(Wiili,) = K(Wisy,).

PaccmatpuBaembiil MHCJGHHBIT METOI NpHMEHAJCA AaA
pacuera ABYX TeopeTHuecKuX npopHaeit BAAKHOCTH NpH N0~
ANeBoit MHOUALTPAIMK PEXOBOTCKOro necka: p = 3528 %
X 107* m-c™' u p. = 1306 - 10* m-c”'. B oboux cayuasx
W, = 0,005.
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Puc. 33. IMpoduan BAAKNOCTH B PEXOBOTCKOM MNeECkKe [150], ®ui-
qUCACHHBIC AT HHDHALTPAUNH NIOAIEBLIX BOA NIPH Pa3HOCTHOM ME-
TO/Ie peweHus ypasrends (127)

Lndps na KpHBBIX — BpeMs B COKYHAAN

Ha puc. 33 npupeiensl pe3yabTarsl BhiUHCJIEHNT Ha Ma-
wune 1BM-704. Pacuernme snavenna W, pasnwm 0,1673
aan uu3koit H 0,2423 nas BLICOKOH HHTEHCHBHOCTH JOAIA.
Hugpst ¥y KPHBHIX  XapaxkTepusyior NpPOJOIKHTENBHOCTD
HHQHIBTP AL npoduak, coorsercrpyiomue 2400
8400 ¢ — aas p = 1306-10"* m-c™; npodman or 5625 —
22500 ¢ — nas p = 352810 wm-c?. [IlpeacraBaentiiie
npodMan  BAAKHOCTH JaloT HHGOPMAINIO, HeoOX0 1M YIO
AIS Ha3HaveHus pexkHma OpolueHMs JI0AIEBAHHEM.

[Ipu oTeyTeTBUI CBOGOAHBIX NyTeH 0TX0/a BO3AyXd nepei
(pOHTOM YBIaXKHEHHs 06pasyercs nepemeutaioumiics 6apsep,
XapakTepH3yeMmblil  MOBBILICHHLIMH  JlaBJCHHEM  BO31yXa
H TJIOTHOCTBIO MOUBBI; FHAPABJIAMYECKOE CONPOTHBICHHE 1pPH
stom nocrenenno nospacraer (Kypax, Kyruaek, 1974).

Anaausupys npouecc uunduavrpaunn, . Puaun (u-
Tipyercst no pagore [57]) npeasioxna npocTyio 3aBHCHMOCTb!

g = at'/* + bt, (138)

rie ¢ — CyMMapHoe KOJMYECTBO BOJbl, BhUTaBileecs 3a
gpemst ¢ (c), Mm¥/m¥ :
a1 b — KOHCTAHTHI.

Koncrantet @ # b onpejessior 3SKCNEpHMEHTAIbHO, NO-
ctpouB rpaduk 3agucumoctd /7= or ('/:. Sror rpapuk
npejacTaBasier cofoi npaMylo, TAHTEHC YIJla HaKJoHa KOTo-
poit pasen b, a OTPE3OK, OTCEKaCMBIH Ha OCH Opauiar, Be-
JHyHHe a.
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ConocTapJ/isisi  PasjHuHble IKCTPAnoJsuHit  HHPHARTPa-
UHOHHBIX YPAaBHEHHIT ¢ TOUHBIM pelienueM, PHaHI OTMeYaer,
yto nauboJiee HeylauHo ypaBHeHue XoOpToHa; NPpH MaJblixX f
ypasuenne Koersikosa (em. [57 1) zoBosibHo Xopouwo conasaer
¢ ToumbiM pemienuenM; ypapHenue (138) cosnanaer ayuiue
BCETO,

Ecau npoandipepenuyposars ypapsenue (138), To owo
NpHUMET BHJL:

dg 1

Lot s o g
r1e ¢ — HHTEHCHBHOCTH BINTHIBAHHA, HMEIOULAs PA3MEPHOCTD
CKOpPOCTH,
CayOury (poHrta cyMauyuBannsg h B 3aBHCUMOCTH OT ppe-
M MOXKHO onpenennts 1o (opmyae Kosenu:

h=Cth,
riae C — KOHCTAHTA.

8. UCITAPEHUE

Wcnapenue ¢ TMOBEPXHOCTH IPYHTOBLIX BOJ. Paccmarpu-
BACTCH YCTAHOBMBIUMACH IIPONECC MCNAPEHHH BJATH C 3ep-
Kana TPVHTOBLIX BOA K moBepxuoctd nousbl [19]. B arom
cavuae 3ajaud CBOAMTCS! K HHTErpHPOBaHHIO ypasHenus (124)
npi  M3BECTHON B3aBHCHMOCTH HAPABJAWYECKOH MPOBO/H-
mocty K oT kanwmispHoro Hanopa P. i

B. Tlapauep (umrupyercsi mo paGore [19]) npeamoxua
caeiayionee coorHowenue aas sasucumoctn K (P):

K =al/(b+ P™), (139)

rie @ M 0 — IKCnepHMeHTAIbHbE MOCTOAHHDIE,
m — noxasartejb CTeneHu (m == 2 Al THKEILIX
TJMHICTBIX TPYHTOB, m =~ 4 18 NecKos).

[Mpu Haceuuenuu Buinoausercs paseucrse K, == a/b.

[Toacranoska (139) B (127) naer peiwenie a8 yCTaHOBHB-
LIETOCH MOTOKA.

Touynoe peuienue, onpeaeasonlee yIeIbHLEIH pacxol Ha
Henapenne Kak GYHKIMIO ryOHHb M0J0KEHHS 3epKata BO/b!
M [apaMeTpoB TPYHTa, BECbMa CJOKHO.

3nauenis MaKCHMaAbHOM CKOPOCTH UCMAPEHHS IIPH OYellb
BHICOKOM BCACHIBAIONEM JAABJEHHH (KanwiaspHoM Hanope)
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y mnopepXHocTH mnoayuensl B. Tapanepom [191]:

npy K = ?.7;27-1’—, Umax = 3,77a/d"s; ‘
IpH K= 7’—2%’ Unnax = 2,46a/d* (140)
npH K = —ﬁ?—b ’ Umax = 1’76a'/d8;

npu K = 7»% Uoax = 1,52a/d", |

rie d — rayOGHHA MNOJOXKEeHRHsT 3€pKaga TPYHTOBBIX BOJL.
Coornomenns (140) npeacrasasiior co6oit pH3NKO-MaTe-
MaTHYECK VIO OCHOBY LISl TPOCKTHPOBAHUSI CHCTEM MOATIOUBEH-
HOr'O (BHYTPHIIOYBEHHOr0) OPOLUEHHS.
das npaBuabHO 3anpOEKTHPOBAHHOW CHCTEMBI JOJIKHO
BBIMOJHATBCS PABEHCTBO:

Honr = Ymax, ( 141 )

TAE (uny — ONTHMAJIbHAS BEJHYMHA BOJONOTPEOJIEHHA Ceb-
CKOXO3AHCTBEHHLIX PacTeHHH, [ KOTOpPBIX
NPOEKTHPYETCA CHCTEMA,;

Umax — MAKCHMAJIbHBI yAEJbHBIH pacxojp 4Yepes cJIoi
MOUBBLL MEXIY YBJAAXKHHTEJEM H KOPHEBOH CH-

CTEMOH.
st opHeHTHPOBOUHON OIEHKH IOYBEHHBIX YCJIOBHH, NpH

KOTOpbIX ofecneuuBaercst cobaiojenue ycaosus (141), mne-

penHiueM ypasHeuue (124) B caenyioiem BHE:

s =g Ymax .
22—21 J

Hast uuceHHOil OUEHKH OCPEAHEHHOro o Beefl Toue

noyuBsl 3HaYeHHs K B AuanasoHe H3MeHEHHs Hamopos P, — Pj
NPUMEM: Upax = Qonr = 1077 M<Cc™!; 24 =0,6 M; 2z; =
= 0,1 M; P, (y yBaaxuureasn) =0; P, ~4 M BoA. CT.
(B1a:KHOCTH MOYBEI, cooTBeTcTBYIOWAA ~70% noJgeBol Baa-
FOEMKOCTH B 30HE KOPHEBOH CHCTEMbI).
¥ [ToncraBnsis npuHsaTbie 3Hauenuss B (142), noayyum:
K~ 1,4-10"® m-c™*. Tlpu pacwere no (142) npuustel He
JKECTKHE YCJOBHS.

Jlas  ocpejiHeHHOro KanmUJISIPHOTO — Hanopa, pPaBHOTO
2 M BOJA. CT., CpeAHee 3HAYEHHE TIHAPAaB/JIHYECKOH Mpo-
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TPTe=TT

¥
Fald =g
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BOAMMOCTH, paBHoe ~=107% M-.c™', XapakTepHO TOJBKO AJf
[IOYB C XOpOLIeH BIArONPOBOJHOCTLIO.

M3 BBINOJNEHHOro aHaJaM3a CJejlyer, uto WISt NPpUMEHEeHH A
[IOANOYBEHHOr0 OpolieHHA HeOOX0AUMO COBMI0OLEeHNEe TT0 Kpak-
HEH Mepe CJeLVIONHX YCaA0BHi: 1) moyssl J0/KHbl 06jaKaTh
BLICOKOIl BJIArONpOBOAHOCTBIO, 2) CeAbCKOXO3AHCTBEHHBIE
KYJBTVPBI, s KOTOPBIX TMPOCKTHPYETCs] CHCTeMa MOAnoy-
BEHHOTO OpOLIeHHS, JOJ/DKHb 00/1a1aTh PA3BHTON KOPHEBOH
cucremoil, obecnieynBalowe TpaHCnopT BJaru (He cosjasas
NpH 3TOM BBICOKOTO BCACBIBAIOWIETO JaBJICHN); 3) YBJAAXKHK-
TeNb JOJKEH pacnoaarathcsi Ha BOJAOYMOpE.

OtH yCcaOBHA, KaK rnokasniBaeT npaktuka [76], Berpe-
yalOTCH HeYacro.

UcnapeHne ¢ noBepxHocTu noussl. DaxkTopel, onpeiensio-
LHEe 3TOT NPOIECE, MOTYT OBITH YCJIOBHO CBEACHBI B C/ICAYIOLHE
TPH TPYIHIbL.

1. Mereoponornueckue Gakropsl (Temneparypa u BJax-
HOCTh BO3]YyXa, dJeMeHThl 6ajanca COJHEUHOH pajiHainny, Be-
TEp W T. JL.). '

2. Tlousenubie GakTopbl (aanfelo W MHKpOpesbed noy-
BEHHOrO MacCHBa, TeMnepaTrypa W BJAXHOCTb TpYHTa, €ro
FHAPO- M TeMJIo(H3HYECKHE XaPaKTePHCTHKH — JHCHepe:
HOCTb, [JIOTHOCTb, THAPOPHIBHOCTH, BJATONPOBOJAHOCTD,
MOPUCTOCTH, TEIJONPOBOAHOCTD, TEMJOEMKOCTE H T, /.).

3. DakTophl, 00YC/JOBJEHHBIE 1eSTe/NLHOCTHIO YeJOBeKa,
BOJIHON W TemIoBoH meauopauneii (o6paborka noysbl, opolie-
HI€, OCYILIEHHE, MYJbYHpPOBaHHE H T. IL.).

[dns ananuza npouecca HCNapeHus NPHUMEHSIOT pasiny-
Hble MeToibl. Haubosbiiee pacnpocTrpaHeHne noJyui MEeTox
TypOyaeHTHol Auddy3HH, B COOTBETCTBHM C KOTOPHIM Bep-
THKaAbHBI [OTOK BOASIHOro napa [/, B NpU3eMHOM CJoe aT-
Mocepbl ONpeaeaeTes CJAeAVIOIHM COOTHOIICHHEeM:

Ie=;)[(e—%%-, (143)

rie K, — kospduuuent TypOyseHTHOro oOMeHa AJsi BOASA-
HOT'O Mapa,
€ — BJIaxKHOETh BO3JyXa;
z — BepTHKaJbHBIH MaciuTal,
0 — INIOTHOCTL BO3/yXa.

Bennuunna K, B npu3eMHOM CJI0oe BO3yXa Omnpejelsercs
Kak auHeiliHan QVHKuHS kodpduunenta TypOYyJIeHTHOH Aud-
by K,, A1a ONEHKH 3HAWEHHs KOTOPOro HCMOJB3YIOTCH
pasJiHuibie MOJIEJH.
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B uacTHOCTH, NMPH PaBHOBECHOI TEMMepaTypHOH CTpaTH-
duKaunn corgacHo noaysmnupuueckoit reopuu Ipawiran—
Kapmana kos(puuuent Typoyaentioi audpdysun K,, onpe-

JENHdeTC Kak.
2l

K= —2—, (144)

In —
2y

rae U — CKOpOCTh Berpa Ha BLICOTC 2;

z, — Mapamerp IEPOXOBATOCTH;

¥ — nocrogHHan Kapmana,

Ilpu wepapuoBecHON cTpatHpUKaH HEOOXOJAHMO BBe-
JICHHE [10TIPABOK, YUHTHLIBAIOUINX BJANAHUE TEPMHYECKOH KOH-
BEKIHH Ha HHTEHCHUBHOCTH MPOLEcCOoB oOMEHa B NPH3EMHOM
cioe:

Ki=K,vV 1—R;, (145)
: B ; (?Tl dU \?7 .
rie R; — uncno Puuapicona [R, = ('TJT) J :
v — KoapduumenTt, anagomniica @yHkunein yucaa
Puuapiacona;

T — aGcomoTHas TeMneparypa;
g — YCKOPEHHE CHJBI THKECTH.

Uncao Puuapacona sasasiercs GeapasmepiniM napaver-
POM, ONpPEeJasIONUM OCHOBHBLIC XapakTEPHCTHKH NPOLECcCoB
obyveHa B TeMnepaTypHO-HEOJAHOPoAHoH aTmochepe, U yka-
3bIB4€T HA TO, KAKOil BKJal BHOCHT B 3TH NPOUECCH TEPMH-
yecKas Koupekumns. 3nauenue R, > (0 cooTercrsyer ycroii-
uyKBoil crpartupuKaiuu; R; == 0 — paBHoBecHOMY COCTOS-
uuwo: R; <0 — Heycroituupoil crpartudukaunn  reMmnepa-
Typhl. B nocaesnem ciayyae TepMHueCcKasi KOHBEKIHH MOKET
HMETb CYLIeCTBEHHOE 3faueHe B npoieccax obMena, a B ABYX
nepsbiX OCHOBHOH MeXanH3M 00MeHa CBs3aH ¢ (pH3HYECKoil
Judupysueit 1 MEXaHHUECKHM fepeMeilliBaHueM 3a CYeT Bhl-
HY7<AeHHON KOHBEKIHH B TYPOYJIEHTHOM MOTOKE.

Takum oGpasoMm, 15 ONpeEIeNeHs CyMMapHoro wcnape-
HHSI B [PHU3EMHOM C¢J0€ arMmochepbl HeoOXOAHMBI JaHHBIC O
BEPTHKAJLHBIX TPaiHeHTaX CKOPOCTH Berpa, TeMieparyphl
H BJAaKHOCTH Bo3ayxa. Jasi yio0GeTBa npakTHYECKHX pacue-
TOB 10 METOAY TYpOYJeHTHOH AH((Y3HH, HA3KIBAGMOMY TaKKe
TPaJAHEHTHLIM MEeTOAOM, pa3spaboraH psil CpaBHHTENAbHO
NPOCTHX BHUHCAHTEALHBIX cxem |55, 64 1.

Yacrupiv cayuaenm meroaa 1ypoOyaentuoi auddyviun as-
JISIETCH METO/ TemJioporo Oananca, B KOTOPOM AJsl onpejene-
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HUA HHTErpadbHOro KosgpHitienta obmeHa B NpPH3IEMHOM
cioe atmocdepbl HCNoab3VeTcs ypaBHeHHE TemToporo 6a-
JaHca JIeTe/IbHOH MOBEPXHOCTH:

R—QK—-Q}I—Q-n:O' “46)

rae R — pajsaunounblit 6aganc, pasHLIl pPasHOCTH H3Jy-
YeHHs, MAJA0IEro Ha JEATeabHYIO MOBEPXHOCTh
H YXOASIIEro OT Hee, '

Qx — TVpOYJeHTHLIH MOTOK TemJjla B arMocdepy;

Q, — 3arparbl Tenaa Ha HCrapeHue;

Q, — NMOTOK TenjJa B NOYBY.

Boipaxkast pesuunibl Q m Q, € MOMONIBIO TPajiHEHTHBIX
COOTHOINeHHH, aHajornuubix (143), caenyer mmers B BHLY,
4TO XOTSl B obuemM cayuae Koapduitnentol obMeHa AJas Tenaa
i Bojsinoro napa K, n K, pasiin4aiorcst no BeJiH4HAE, B NEPBOM
NPHOMIKEH Y 145 PEKHMa BLIHYKICHHOH KOHBEKIHH MOXKHO
npunars K, = K, = K,. Honymenue o6yc/oBaAHBaeTCS
TEM, YTO B 3TOM CJyyae MoOJeKyaspHas Audpy3us He urpaer
CylLecTBeHoil posan, it rnepetoc Joboit naccHBHON cydcraH-
UHH OBYCJIOBACH MEXZHHYECKHM NepeMeltnBaHieM.

C yueroM H3JIO0XKEHHOI'O NMOJYYHM JAJS BBIUHCIEHHS Typ-
OYyJIEHTHOTO 1OTOKA TenJaa M 3aTpar Tenjaa Ha HCnapeHie cie-
JAVIOIHE COOTHOIEHHS:

Q. = CoK > )2 ; (147)

Qu= LoK 5~ -, (147a)

rie C — yjeabHas TeNnJiOeMKOCTb BO3YyXa;
L — yneapHasi Tenjiotra napooOpasoBaHMsI.
[lojcraBasas 3navenust noTokos B ypasuenue (146) u pe-
10dst €ro OTHOCHTe/ILHO A, HETPYAHO NOJAYUYHTH BbipaxeHHe
JJISt MHTerpajgbHOro Kos(duiinenta obmeHa, XapaKTepH3yio--
HIEro Cpeanui nepeHoc Aasi ¢Jios, B KOTOPOM NPOBOASTCS
H3MEpPeHHA TPaJHeHToB TeMnepaTypbl H BJAXHOCTH BO3jyXa:

£ (R""Qu)
W oy e

[oncrasass no.rlyquHoe sHauenue K, B (147a), a raxxe
umest B BUAY, 4T0 Q, = L/, u nepexois 'k KOHeuHbi pasHo-
CTSIM, MOXHO 3amHcath H3BECTHOE COOTHOLUCHHE:

A
) o ————-‘f AT? 2e (148)
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rjie a — xkoapduinent, onpegenseMbii (QH3HYECKHMH KOH-
CTaHTaMH BO3]yXa H BOJAAHOro napa.

GQopmyna (148) mupoKo HCNoOAb3Vercst B NpakTHKE MNpH
paspaboTKe H3MEPHTENBHON annaparypsl, Tak Kak BeJHUYHHA
HCMapeHHs B JaHHOM cjy4ae onpejessercs yepes HeboJibiioe
YHCJA0 [MapaMeTpoB, CPaBHHUTEIbHO JErKO TOMLAKOIHXCA H3-
mepenio. Camo cooTHowenue (148) oTHOCHTEJABHO NPOCTO
MOJEAMP YETCSI € MOMOLLBIO HECJOKHBIX 3JEKTPOHHBLIX H 9/1€K-
TPpOMEXaHHYECKHX 3/JEMEHTOB (onHcaHHe Takoro pojfa anmna-
paTyphl JOCTATOYHO MOJAHO JAaHo B paGore [84]).

GQopmyast THna (143) wan (148) mansonpuroaus ausi o6-
wero (pH3HYECKOro aHajqH3a HCNapeHHs, Tak KaK OCHOBHbie
(baxTopbl, BO3ACHCTBYIOUIHE HA lCHapeHue, B SIBHOM BHJE
B HHX He BXOAAT. ITpu HCmoab3oBaiun 3THX COOTHONIEHHI HET
BO3MOKHOCTH OUEHHTb POJib M BJAHSIHHE Ha Mpolecc Hernape-
HUS PasAHYHBIX KJAUMATHYECKHX (DAKTOPOB H HCKYCCTBEHHBIX
BO31efCTBHHA.

B 1O Ke Bpems Vil pelleHHsI NpaKTHYECKHX 3ajnay, CBs-
3aHHBIX C pPEeryJHPOBAHHEM BOJHOrO H TE[JIOBOIO peima
CeJILCKOXO3AHCTBEHHOrO MnoJisl, /151 NPOrHo3upoBanus -
(PEKTHBHOCTH NMPHMEHEHHS TOrO WJIM HHOTO MeJHOPaTHBHOIO
MEPONPHATHS HEOOXOAHMBI TEOPHSI H HHIKEHEPHbLIe METO/lbl,
KOTOpbI€ MOSBOJIAJIH Obl MOAEAHPOBATH NPOLECCH HA MNOJe U
AaBaan Obl KAYECTBEHHYIO HJH KOJHYECTBEHHYIO OUEHKY (-
(heKTHBHOCTH BO3AEHCTBHH.

Jast 310l nean HeoOGXOAHMO ONpeledsiTh HClapeHHe Kak
GYyHKUHIO BO3IMOXKHBIX (PaKTOpPOB!:

Ly = (Fr; Fy Fy), (149)

gnech [, — COBOKYIMHOCTH METEOPOJIOrHYeCKHX (PAKTOPOB;

F, — COBOKYMHOCTb MOYBEHHBIX (PaKTOPOB;

[ 4 — coBoKynHOCTH (pakTOpoB, OOYCJAOBJEHHLIX Ofp -
GOTKO#H MOYBbl H MPHMEHEHHEM MeJIHOPATHBHBIX
MEPONPHATHH.

Pewenne nojaoGHo#M 3a1aun npeicrasaser GoblIoil HHTe-
pec 451 WIMPOKOro Kpyra CnelHajicToB H TeCHO CBA3SAHO C pe-
nieHHeM npo6GyeMbl NPOrpaMMHpPOBAHHSA YPOXKAA CeJIbCKO-
XO3SHCTBEHHBIX KyabTyp. Ypassenue (149) noaxuo coaep-
XKaTh napamerpbl, XapakTepH3VioluiHe KayecTBeHHble 0 KoJH-
YECTBEHHbIE MNOKA3aTeNH ypoxKas, It 3JeMeHTapHbie QyHKIHH,
OnpejeJIAoNiHe CBA3b 3THX MMOKas3aTe/eif ¢ BHEUIHHMH ak-
TOPaMH.

B noanom oGbeme 3anaya TAaKoro poja emie He chopMyaH-
poBaHa, MOCKOJBKY MOJKHA COAEPIKATH HEL0CTAaTOYHO H3Yy-
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YyeHHbIC K HACTOSLEMY Bpemednt GHoJornyeckue W OHOPH3H-
yecKHe 3akoHomepHocTH. B nocsaexnne roabl npeanpHHu-
MaloTCsl TMONBITKH  CcOCTapjienus ypasuenuit tTuna (149),
OTPAXNKAIOWHX YHCTO (PH3HYECKHE B3aHMOJEHCTBHA B CH-
creme noyBa—pacTeHHe—npuleMHas armocdepa. Onu noxa-
3BIBAIOT, UTO JlaKe YacTHYHBI Y4YET BJAHSHHA pacTeHus Ha
npolecchl 06MEeHa NPHUBOJAHT K UPE3BLIYAHHO CJOKHLIM CH-
cremam, cogepzainm o 10 andupeperunanbiplX ypanHenuf.
Peuienne noaoOHbIX 3ajay Ge3 CYMECTBeHHLIX YIPOUEHHH
HEOC YULECTBHMO.

OTHocuTeNbHBIT ycnex B pelleHHH Mo o0HOro KJjacca
3ajlay JIOCTHTHYT NPH BBEAEHHH OrpaHNyesuil, HCKIIOYaomHX
BJAHSIHHE MOYBEHHON BJarH NyTeM NOCTYJIHPOBAHHS JlOCTa-
TOUHOH BJAArooGeCcHeyeHHocTH pacrureapioro nokposa. das
9THX CJAYYaeB MOJYUEHbl COOTHONIEHHSA, CBA3LIBAIOUIHE HC-
napeHue ¢ MeTeopOJOrHMYCCKHMH MapaMerpaMH H Xapakre-
PHCTHKAMH PacTHTENLHOTO MNOKPOBa [26, 99].

B HeKoTOpHIX 4acTHBIX cayuasx, Hanpumep [90], u3 pac-
CMOTPEHHA HCKJIOHAIOTCA 3JeMEHTHl TElJOBOro pexnMa H
HCCAEIYIOTCS 3aBHCHMOCTH HCHAPEHHsA OT HEKOTOPLIX Xapak-
TEPHCTHK TNOYBEHHOMN BJarH.

B kayecree NpUMEpa MOXHO YKda3aThb Ha HCMNoJab30BaHHE

/
PHAPOMETEOPOJOTHUECKOTO MNoKasateas sacyxu f = =,

fa
rae /., — HCnapaeMocTb, paBHas HCNAPEHHIO MPH 3aJaHHBIX
METEOYC/IOBHSIX H HeOrpaHHYEHHOM J10CTYNe BJarH K JesiTe/b-
Hoit noBepxHocTH, OnNLITH NMoKasbiBaloT, 4To Kodxpurinent f
cBa3al ¢ 3anacamu Baaru W B akTHBHOM NMOYBEHHOM CJI0€:

p=>06W npu W < Wy p=const npu W =W,

rae Wy — HekoTopash KPHTHUECKas BJaXKHOCTh MNOYBH;
b — KoHcTanTa.

Takoit mOAX0A NO3BOJAHJ NPEJIOKHTE MOKA3aTe/lb F
B KauecTBe KpHTEpHs BjaroofecneyeHHocTH pactennit [841],
tem Gosiee, uto Aas onpejenenns P rpedyerca JHIIL H3Mepe-
HHE TMepenajoB TeMNeparyphl H BJIAXKHOCTH B IPH3EMHOM
Bozayxe P = Ae/(Ae - aAT).

Ouenka BeaHuHHbl f MOKeT NPOH3BOAHTHCA Ha annapa-
Type, OCYILECTBJSIOUIEl ONpeieseHHe 371€MEHTOB TernJjoBOro
Gananca no dopmynam THna (148). B saBucHMOCTH OT Ha-
NPSAKeHHOCTH aTMOCepHBIX YCJIOBHIA M (Pa3bl pasBUTHA pas-
JAHMHBIX pacTeHnit peauunHa fB,, meHsercsi, oObIMHO OCTa-
Basich MeHbine eiunmnubl (npu P < Py, Baark s pacreruit
HE0CTATOYHO).
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Hpyroit noaxoa [69] x pewernio npakTHYECKHX 3ajay
NpeAyCMaTPUBACT HCKJIOYEeHHEe H3 aHaaH3a PacTHTENbHOro
nokposBa. B rTakoM BapHante 3ajaya NPHHILHNHAJIBHO pas-
peliuMa, npHYeM HaMeyaloTcsi NyTH ee VTOUHEHHS MNyTeM
3a71AHKHS  PACTHTEJABHOrO [OKPOBA KAk H30TPOIHOrO CJ0s

C vepeaHeHHbIMH (u3HyecKuMu Xapakrtepucrnkamu [31].
3 Tlpi nocTpoennd Kayectpennoit Teopun ucnapennsi (69 ]
NPHHRMAJAHCH CJAEAVIOUIHE OCHOBHBIE HCXOJAHBIE JIONMYUICHHS.

1. Pewaercs oanomephas 3ajaua. B CBsi3H ¢ 3THM MOCTY-
JUPYETCH OAHOPOAHOCTL AESiTC/AbLHON NOBEPXHOCTH, OTCYT-
CTEHE aJBEKUHH M NOCTOSHCTBO MCTEOPOJOrHYECKHX W I'HAPO-
JOTHYECKHX NMapaMeTpoBR no maoutain noasi (napaMerpbl fiB-
JHIOTCH  TOABKO (pyHKUHeR Bbicothl). Orpannyenus TakKoro
poia NpHMEHSIOTCS BO BCEX Cayuasx, Korja paccMarpHBaeTcs
Hanadc aaa noas.

2. JleateabHas NOBEpPXHOCTb COBNAJaeT ¢ HOBEPXHOCTHIO
NouBkl, T. €. BCE Npolecch oGMeHa IHEPrHEH i BEULECTBOM MPo-
HCXOAAT Ha NOBEPXHOCTH MOYBbI.

Ilpn 3THX orpasuyeHusX HHTEpecylollee Hac ypaBHeHue
CBA3M MCMAPEHHST C PasyiHYUbIMI BO3JCHCTBYIONMNMI (PAKTO-
pamM¥u MOXeT GbITh NOJIYYEHO Ha OCHOBE aHaJH3a YPaBHCHHS
TeNnJIONPOBOJHOCTH ISl TIOYBEHHOFO MAacCHBA:

RT (2, 0). __ dal'(z. 1)
g e ey

(150)

rjie A — TeNJOIPOBOAHOCTL NOYBHI,

C, — o0beMHas TEMJ0eMKOCTh NHOUBbI.

B 3toM cayvae Bausinue (PH3HKO-MEXAHHYECKHX M THpO-
DH3HYECKHX XAaPAaKTePHCTHK MOYBLI MOYKET ObIThL YuTeHO 10
HsMeHeHuio A u C,.

OfvemHas TeNJOEMKOCTh MoKeT ObliTh BbiYHC/IEHA [0
sMnHpHYecKoi opmyae:

rie p, — NJIOTHOCTL IMOYBLI B CJI0€;

Cy — yiAeJbHAs TEIIOeMKOCTb CYyXOil MOYBLI;

W — Baaxuoers noussl, %.

KoshpuurenT TenaonpoBoaHocT cBsidan ¢ o0beMHoH
TENJIOEMKOCTBIO CcOOTHoOLenueM A = kC,, rae & — Koadupu-
LHEHT .Temnepatyponposoinoctit. M3 npuserennnx dopmya
BHAHO, YTO PEry/JHpoBaHHE TENJOBOrO pekHMa [oYBbI BO3-
MOYKHO 33 CYeT pEervJjHpoBaHUs NJOTHOCTH W BJAKHOCTH
noussl. Mcxoasn u3 sroro, Moryt GbiTh copMyJaHpOBAHBI 3a-
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SBHCHMOCTH TEMJOBOTO H BOAHOTO pEXIMa OT MEeJHOpaTHB-
HLIX MCPONPHATHI, BO3ACHCTBYIOULHX 1A CBOHCTBA MOYBHI.

Boszeiicteue mereoposornyeckinx (akTopos  3ajaercs
B BHJ1€ FPaHHUYHBIX YCIOBHH K vpasuennio, HMenoansys yeno-
BHE HEPaspLIBHOCTH TEIJIOBOIO MOTOKA HA TPaHHUE noysa—
arMoc(epa #u 3ajaBas rpaHuyHble YCI0BHSI JAJA ITOro C1y-
yasi, HCXO15l H3 YPaBHEHHA Ten.oBoro GajiaHca NoOBepPXHOCTH
MOuBLI, MOMKHO NOJAYUHTH pelnenue ypasuenus (150) B gopme

(3ABHCHMOCTH  HCNAPEHHS OT NEPeUHCICHHLIX napamMeTpos.

Hvest B Buay HCnoab3oBanue ypaBHEHHs TenoBoro Ga-
NaHCa AEATETbHON NOBEPXHOCTH B KAYeCTBe FPaHUYHOr0 yc-
JIOBHS, 11e1ecoofpa3Ho MPeACTaBHTL €r0 B HECKOALKO H3Me-
HeHHOH (hopme, Gonee yiao6GHOl Jas pacueron. JJas sroit ueau
neobxoaumo Haiitn R = Q, — @, (Qp — paamauns, no-
IJIOIEHHAs JACATEIbHON TNOBEPXHOCTLIO; Q; — TensoBoe M3-
JIVHEHHE nouBbl B arMocdepy).

MozKHO TIpeacTaBHThL

Q, = (1—r)q; (1), (151a)

rae gp () =Iqp. o () -+ qp.p (O [1— (1 — C)pu);
r — annbeno;
W — 001aYHOCTL B 10X OT NOJIHOIN;
Qp. v Gp.p — NPHUTOK NPSAMOIA H PACCEAHHOM paiHalUH OT
CONHIA HA TOPH3OHTAJALHYIO TOBEpPXHOCTH;
C — xoapduuuent, yunThiBalouMi reorpaduuec-
KYIO 1IHPOTY MECTHOCTH.
Jlas pacuera TenJoBoro H3ay4eHHs noYBLl MOXKHO HCNOb-
soBath noayuenuyio B [69] dopmyay:

Q= AT (0, )+ ATy (f) -+ A, (1516)
rae T (0, f) — remneparypa nosepxuocti mnoussl (z = 0);
Ay, A, Ay — KoapuuHenTa:
Ay=0U(1—Cp); As= A, (1 — by bsVe);
Ay = APU (b, — b, Vz’),

0 — npuseiennas nocrosinnas Crepana—Boabumana;
by, b, — sMnupuyecKne KodphUUHEHTLI;

U u P — xoadpuunentsr (U = 0,96 u P = 210; npusenen-
HbIC YHCJICHHDLIC 3HAYEHHSI OTHOCATCS K JHanas’oHy
temnepatyp 268—308 K).

B coorsercteun ¢ gopmyaoii Heiotona tennosoii noToK

B aTMocepy pPaccUHTHIBACTCS MO COOTHOIIEHHIO:

Qi=a T (0, ) — Ty (9], (1518)
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rie o — Ko3(HUHEeHT KOHBEKTHBHOH TENJIOOTAaun;
Ty (f) — Temneparypa BO3JyXa Hal JesTEJIbHOH NOBEepX-
HOCTBIO.
VeaoBHe HepasphIBHOCTH TEIJIOBOrO MOTOKA Ha MOBEPX-
HOCTH MOYBH MOXeT ObiTh 3anHcano B BHE:

Qp=—2 L0 (151r)

['panuuHOE YCJOBHE VISl OBEPXHOCTH MOUBbI MOXKeT ObITh
~ copMyTHpOBaHO Ha OCHOBE ypasHenusi (146) u mpH HCnoJb-
30BaHuUM cHeTeMbl ypasuenui (151a, 6, 8, r):

Qu=—fO+NT O H—r 5D —0,  (152)

rjie f)=(1—r) g, (r)+ (@—A2) Tu (H)—As, (152a)
N=a +A;. (1526)

Takum o6pasoM, pelieHusi HCXoAHoro ypasHenusi (150)
OyayT conepxarh QYHKILHH, CBASBIBAIOLIHE CYMMapHOe HCMa-
peHMe ToJs C IapaMeTpamMi TemnepaTypHoro # paiHaiHoH-
HOT'O PEXXKHUMOB, a TAKKE C TeNJIOPH3HYECKHMH XapaKTePHCTH-
KaM# NMOYBbl, OGYCJOBJEHHLIMH, B 4HC/I€ MPOUHX (HaKTOPOB,
H BOJHBIM PEXKHMOM NOJS.

Ecan B KayecTBe BTOPOro rPAHHYHOrO YCJIOBHA IS MOYBLI
NpUHATH HOCTOSIHCTBO TeMnepaTypbl Ha ruayGuse, T. .

T (oo, f) = const, (153)

a TakKKe paBHOMEpHOE€ pacnpejeneHue Temneparypbl B Ha-
4aJibHbIH MOMGHT BEpMEeHHU

T (z, 0) = Ty, (154)

TO 34jia4a CBOAMTCS K pelsexnio ypasrenus (150) npu kpae-
BhIX yeaopusax (152), (153) u (154). Ira sajgaua He cBsA3aHa
C Cepbe3HBIMH TPYAHOCTSIMH /LIS MPOU3BOJIBHOrO BHAA PYyHK-
llﬂﬁ q;, H T{-] (t)

BO3HHKHOBEHHE TI'DAJIHEHTOB TeMNeparypbl MOYBLI TOX
NEHCTBHEM paiHallui MOXeT ObITh CBS3aHO TaKike C BbILE-
JEHHeM TeNoThl ajcopbuun BoisiHoro napa (em. raasy II)
W OXJacIeHHeM BJaXKHOW NMouBbl NpH HcnapedHH. BosHuk-
HOBEHHE MEepPeMEeHHBIX IT0 BeJHUIHE H 3HAKY FPajiHeHTOB TeM-
mepaTyphl JIOJUKHO NPHBOAWTH (CM. pasjaen 1 Hactosiued
r1aBH) K BO3HHKHOBEHHIO TMEpeMEeHHbIX MO BeJHYHHE H 3HAKY
NOTOKOB 1Mapa W »HIKOCTH B rnoyse. Mexanusmbl nepeiBlike-
HUS OYBEHHON BJIard noj AeiCTBHEM rpajineHTa TeMneparypsl
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H €ero 3HauyeHHe JJifd BHYTPHIMOUYBEHHOro BJarooOMeHa pac-
cMoTpeHsl B patGote [35],

B pewenne ypasHeuus (150) B siBHOM BHJe He BXOAAT
Nap aMeTpbl MeJHOPATHBHBIX MEPONPHATHI, H HX BJIHAHHE Ha
MPOILECT HCMAPEHHS HEe YYHTHIBAETCA.

Aunanus dakropos, AEHCTBYIOULHX NPH NPHMEHEHHH Me-
JHOPATHBHBIX MEPONPHATHH, NO3BOAAET KJaaccHpHUKpoBaTh
STH MEpONpHATHA HAa TPH THNA.

1. Meponpuarua, ceasaHHble ¢ obpasoBaHHeM Ha 10-
BEPXHOCTH MOYBBI CJIOA € PA3JHYHBIMH TENNOPHIHYECKHMH
xapakrepucrukamu. Tlpeanonaraercs npw STOM HAJHYHE XO-
pOIIEro TeMJOBOr0 KOHTAKTa Mex1y MOYBOH H MOBEpXHOCT-
HbiM caoeM. B Kayectse npumepa noaoGHbIX MEpOnpHATHH
MOKHO YKa3aTb pas/iHyHble BHAB 0OpaloTKH noyBbi (phiXJje-
HHE, NPHKaThbiBaHHe H T. M.); HaHeCeHHe Ha MOBEPXHOCTH
MOYBLI HJH BHECEHHEe B €€ NOBEPXHOCTHBIN CJOH MYJbYHPYIO-
KX MaTepHajoB (MOBEPXHOCTHOE TNECKOBAHHE, BHEceHHe
Topda, H3BECTH, rpaBHsl, MYJbYHPOBAHHE COJOMOH, MOKPLITHE
H3 TENJOU3OAHPYIOUHX NeH H T. IL).

2. Meponpuarus, o6yCJOBJAHBAWOIULNE H3MEHEeHHE (HIH-
YECKHX XapaKTepPUCTHK MOBEPXHOCTH noysBbl. K HHM MOXKHO
OTHECTH HAHECeHHE Ha NOBEPXHOCTH NOYBL! PA3IHYHBIX KpacH-
Teselt HIH NPOTHBOSPOIHOHHBIX CBA30K, NPHBO/ASAIILEE K H3Me-
HEHHIO BEeJHUYHHL aab6el1o W paauaunronnoro Gaaawca. dpy-
ro npHMep — HaHeCCHHe JenpeccopoB HCMapeHus, Cyulect-
BEHHO H3MEHSIOUIHX XapakTep TenjoBoro GajgaHca JEATelb-
Holt noBepxHocTH. JIasi 9THX MEPONPHATHI XapaKTepHO Ma-
JIO® KOJIHYEeCTBO BHOCHMBIX PEaKTHBOB, KOTOpPOE He MOXKEeT
MPHBECTH K CYUIECTBEHHbIM H3MEHEHHAM (PHIHUECKHX Xapak-
TEPHCTHK CaMoit NoYBhl.

3. MeponpusATHs, NpUBOAAILHE K H3MEHEHHIO XapakTe-
PHCTHK OoOME€Ha 3Hepruell H mapoM Mex1y Moysoi H MpH3eM-
HbIM cJoeM BQ3ayxa. Hanpumep, myabunpoBaHue mnous
Npo3pavHoi MJIEHKOH AN NJIEHKON C HANOJHHTEISIMH, MY 1bY-
OGymarofi. Ity MEponpHATHS NPHBOJAT K pajAHKaJbHBEIM H3Me-
HEHMAM TernjoBoro Gajanca noBepXHOCTH MOUBbI KAaK 3a cyer
H3MEHEHUA BEJHYHHBI pajHaunoHHOro OaJjiaHca, TaK H 3a
CYET H30JALKH MPHITOYBEHHOrO ¢J10s Bo3ayxa. [pyroit npu-
MEp MeponpHsATHI Takoro poja — KyJHCHAs HJAH CTepHe-
Basi Ky bTypa. B 3Ttom cayyae u3aMeHeHHSI pajHAIHOHHOrO
Gasianca OTHOCHTENLHO HEBEJIHKH, HO 3a CYeT 3HAYHTEJLHOro
YMEHbIIEHHSi CKOPOCTH BeTpa B NMPHNOYBEHHOM CJIO€ CYLIeCT-
BEHHO najpaer Kosppuuuent TypOyneHTHOro o6MeHa, B CBSA3H
C UeM MEHFETCH pacinpejiesieHne SHEPruy B TEMI0BOM Ganance.
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Jlas Toro utoObl yuecTh BJAHAHHE MEpONpHsiTHI NepBoro
THIA, HEOOXOAHMO BHECTH YTOUHEHHS B (POPMYJIHPOBKY 3a-
naun. B stom cayuae TpeGyercs paccMOTperb ABYXCJOHHBI
NOYBEHHBI Ca0il, 3aaaBas TenaopuaHuecKHe XapaKTeph-
CTHKH Kak10il Yacti paszjienbiHo W JlonoaHsas rpannynbe
YCJOBHSI YCJAOBHEM HENPEPLIBHOCTH TEIJIOBOrO INOTOKA M TEM-
neparypel Ha FPaHuile MEXIY CJO0AMH.

B cayuae meponpusATHii BTOPOH Tpynnbl y4e€T mMeanopa-
ILHH OCYIIECTBASETCH 3aMeHOoil COOTBETCTBYIOUMX NapaMeTpoB
HA HX 3HAYEHHE C YUYEeTOM JEHCTBHS MYJILYHPYIOUEro (ak-
TOpAa,

O6o6ienne pemenns Ha cayuail npuMeHeHHA MEeponpHsi-
THil TpeTbeil rPYNibl aHAJOIHYHO YYETY MEpPOnpHATHH TNep-
Boro Ttuna. OCHOBHBIM TIPaHHYHLIM VCJOBHEM CTAHOBHTCH
ypapHenie TenjoBoro Gananca Hapy/KHOH NOBEPXHOCTH
yKpuiTHA. OTINUHE OT PElIeHns s MEPONPHATHIT NEPBOTO
THOA B TOM, YTO B Ka)KJA0M KOHKPETHOM c/y4yae HeoOXoinMo
OFOBOPHTHL MEXaHM3M TenJjonepeiaul Mexiy noBepXHOCTLIO
MoYBbl W MYJBMHPVIOWHM VKpbiTHeM. [las TOHKHX caoeB
BO3/yXa MO NJIEHKOH 3TO0 MOKET GbITh COUETAHHE H3JYyUeHHS
" TepMoAHGPY3INH.

B Goaee cAOKHBIX CayqasX NPHHUHAHAILHO BO3MOKHO
sananue npohuasi xosbpdnunenta TypOyaeHtHoro obmena
W pelleHie ypaBHEHHsi AJs caydas TypOyJeHTHOTO mnepe-
HOCA BHYTPH MYJIBUCJION.

B nepcnekTHBe BO3MOKHO HCNOJNL30BaHHE dHAJOrHYHOTO
nojaxoia st JagabHeiiero oGOOUEHNA 3ajauyd Ha caydyai
yuera pacturesbHoro noxposa. Ocobasi TpyiaHocTh (dopmy-
JHPOBKH 327144l MNPH 3TOM CBA3aHa ¢ HEOOXOAMMOCTHIO yueTa
pa3pbiBa NOTOKa TenJa Ha rpaHuiie pacTHTEJbHOrO MOKPOEa.
Tlpu nepBBIX MONBITKAX peliens 3ajaun Takoro Kaacca (31 ]
AJIS 9TOH WeaM HCNOJAb30BaH anmnapar jgeabra-(pyHKmHH.

Jlenpeccopui  ucmapedusi. B nocaednne rojlel  Hauarhl
HCCJIeIOBAHHA O NPHMEHEHHIO MOBEPXHOCTHO-aKTHBHBIX Be-
mects (/TAB), B TOM uHCae MKHPHBIX CIHPTOB, A5l CHHKEHUS
ucnapenus u3 noussl (16, 85, 108].

CyuHoCTh 3TOro nNpHeMa 3akJIouaercs B TOM, 4TO Ha ru-
ApopoGHOI NOLNONKKE BOJAHAs TJEHKA CTAHOBUTCH HEYCToii-
YHBOI M NJEHOUHOE ABMKEHHE BAarn K (poHTy HCnapenus
npekpauiaercs 1.

! Tlaenounniit mepeHoc 110 CPasHCHNIO € MOTOKOM Iapa CTaHoBHTCH
ONpCASISIONNM AA Y3KHX Kanuiaanpos (r =< 1077 m) npu sHauennsx nap-
HHANLHONO JABJeHHs BOAANLIX NAPOB B OKpyikaloweid cpepe, GAH3KHX
K eaunnue [86].
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IDDHEKTHBHOCTL YMEHBLUIEHHST HCMAPEHHs ¢ MOBEPXHOCTH
MOYBLL TPH noMolLl  MyJabucaosn, obpaborannoro [TAB,
onpeseasiercs crefneHsio ruapododnoct 3Toro cJjos H, ciae-
JIOBATENbHO, CTENEHBIO HACHIIEHHOCTH THAPOPOGHIHpYeMOoil
NOBEPXHOCTH aJICOPOHPOBAHHBIMI  MoaeKvaamu [TAB.

Ha mexanusm ajacopOuny CYUECTBEHHO BJHSIET CTPYK-
Typa aicopbara. Hanpumep, yCTaHOBIEHO, YTO B JKHPHBIX
CNUPTax CYIECTBYIOT UeNH MOJEKYA (B TOM yHcae 6ECKOHeYHo
JUIMHIBIE), COEANHEHHBIE BOIOPOANLIMH cBA3siMH. M3asecTio
TAaKHKE, YTO MEKMOJEKYASPHOE BIaHMOACHCTBHE MEXKAY MoJe-
KyJaMH H TPVINaMu noaHmepHbIX neneit aacopbara oKasbi-
BZeT 3aMeTHoe BaMsinue Ha ajacopOumnio. MomxHo npeanoaa-
ratb, 4T0 B cJjydae aiacopbara ¢ CHJbHBIM BHYTPHMOJIEKY-
JSAPHBIM W MEKMOJCKYIAPHLIM  B3aHMOICHCTBHEM 3a Cuer
H-cBazeil BoaMoXKHOCTH 151 aAcopOILHil 3HAUHTENBHO YMeHb-
HIAlOTCSI,

Oro cBOHCTBO ajncopbata MoxKer ObiTh WCMOAL30BAHO, Ha-
npuMep, s onpeje/ieHHsi cpaBHUTEaAbHOH 3sdxbekTHBHOCTH
HEMOHOTEHHBIX NOBEPXHOCTHO-aKTHBHHX Beuwects (/[1AB)
Kak jenpeccopon (M3HYECKOro HCMapeHHus ¢ NOBEPXHOCTH
MOYELI, eCJll M3BECTHA BeJHYHHA SHEPTHH MEKMOJEKyaap-
Hux casei [1AB.

Mcnoab3yst temMneparypHyiO 3aBHCHMOCTH BSISKOCTH le-
Kotopelx ITAB (puc. 34), 6bian Bhuncaenst [15] snavenus
SHEPIHH MEXMOJNEKY/SIpHBIX cBA3ell G aas cnupToB (ppakumit
C1i—C s :C;;—C4y, KYOOBOTO OCTATKA OT NEPErOHKH CIHp-
TOB M HoHaHosa (taba. 11)

Tacanua 11

FHEPrUN MEKMOJNECKYAAPHOIO B3AHMOACHCTRHA
nekotopmx [TAB B nnvepsase remneparyp 293333 K

G, KRaa/Moan

T K crmprit | KyGoswtdl | cnnprm
(Cya—Cy)| ocTatok |(C,3—C,,)| HOHaHOA

293—303 7,4 - 7,15 7,05
303—313 5,65 5,25 5,5 6,75
313—323 43 5,25 3,95 6,65
323—333 — 2,22 3,9 4,45
Cpesune 3uaucuus 5,85 4,25 5,15 6,25

B coorsercTBii o snavenusmu G, neenenosanubie [TAB
MO HX BO3MOMHOCTH K aiCOpPOUHM M, CJ€J0BATE/NLHO, MO 3¢-
(PEKTHBHOCTH CHHKEHHA (DH3HYECKOrO HCMapeHHs M3 TOouBhH
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Puc. 34, Temneparypnas 3aBHCHMOCTb BA3SKOCTH Hekotopeix [TAB:
] = nonanon; 2 — C,u—Cysi 3 — C13=—~Cyz0; 4 — KyOoBHI{l 0CTATOK

JOJUKHBL pacnoJsarathCs B paid: KyOGoBbiit ocraTok > Cp;—
Cyy > Ci4—Cig > HOHAHOJL.

Ilo pesyabTaraM ONbITOB, NPEACTABJIEHHLIM Ha pHC. 35,
ucecaeaopantnle [TAB no 3h¢GeKTHBHOCTH CHHMXXEHHS (QH3IH-
UECKOTO HCHApPeHHS H3 MOYBHl PACMOJaraloTcs WMEHHO B Ta-
KO 110C/1610BaTe/IbHOCTH 1.

C noBbllIEHHEM TEMNEpAaTyphl CTATHCTHYECKOE PaBHOBECHE
Mexay aacopOHpoBaHHLIMH H oGbeMHBIMH [IAB jonxHO
cMmenaThCes B cropony nocaeanero. Ilpu srom 6yayr usme-
HATBCA rujapodobuble CBOHCTBA BEILECTBA, BILIOThL JIO HX
noaxoit yrparsl. Kpurnueckyio remneparypy Ty, NpH KoTo-
poil TepsIOTCH 3aluTHBIC cBoficTBa [TAB, MOMXKHO npejacka-
3aTh, €CJH H3BECTHA NMpHpojia aACOpPOLHOHHBIX CHJI.

Ecau aas ucenenopanubix /TAB B Mexanusme aicop6iun
CYLLIECTBEHHYIO poJb HrpaioT H-cBA3H, TO 3allHTHLIE CBOHCTBA
TakuXx [TAB poaXHBl TEPATHCS NPH Temneparype, GAH3KOMH
K 333,156 K, rak kax npu taxoii temneparype [15] Goapiiu-
CTBO BOJAOPOAHBIX CBsi3eil y cnupToB paspuiBaercs. Ilpu 7',
CJI€/10BATEeIbHO, AOKHbLI pasphiBaThesi 60JbUIHHCTBO H-CBsi-
3ejl MeX1y MOBEPXHOCTHIO YACTHIL NMOYBLI H MoJsekyaamu J[1AB
H TepsAThes ruapodobuie cBoiicTpa noussl. IIpu stom npej-
NOA4r4eTcs, 4YTO SHEPrus MeXMOJEKYJSAPHOro B3auMoaeii-

! Metoaska onuITOB: KOJONKH BLICOTOMN 0,1 M M BHYTPEHHUHM AHAMETPOM
0,04 M ¢ nousoit, sepxuuil caoit kotopoit (0,02 M) 6uia obpabotan [TAB
13 pacyera 0,12+ 1072 xr pewecrsa Ha 107" Kr noussl, BHCYWHBAIH B TEPMO-
crate NnpH Temneparype osayxa: 293,15 K; 313,15 K; 323,15 K; 333,15 K.
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cTBUs  ajcopbara M SHEPTHs B3aHMOJEHCTBHA ajcopbara
¢ a/iCOPOEHTOM HMEIOT OJHH TMOPAAOK BEAHUHHDIL.

ITo xapakrepy uamenenns G (7)) (raba. 11) moxHO npei-
[101arath, YTO 34llUTHbIE CBOiHcTBa cnupToB (hpakuuit C,—
Cys, C3—Cap M HOHaAHOMA OYAYT YMEHBILATHLCHA NMPONOPIUHO-
HAJLHO C MOBBLILEHHEM TEMNEpPaTyphl; 3alHTHLIE K€ CBOACTBA
KYOGOBBIX OCTATKOB HE JOJKHB CYUECTBEHHO H3MEHSIThCS
B wnrepsaje temneparyp 293,15+-323,15 K n 6yayr pesko
CHUMKATBCS B MHTepBajse Temneparyp 323,15+333,15 K.

Pe3yabTatsl ONLITOB MO HCCACJOBAHHIO BAHAHHA Temile-
paTyphl BO3jyXa Ha saunTHble cBoiictBa [TAB Kak jenpecco-
pOB (PH3HYECKOTO HCTapeHHs MouBoil (pHe. 35) noaTBeprKAA0T
BRIBOJbI, CAEJaHHLIC OTHOCHTENbHO XapaKTepa H3MEHEHHH 3a-
WATHLIX CBOHCTB HeeaeioBanubix [TAB or temneparypsl u
KPUTHYECKOIH TeMNneparypel, NpH KOTOPOil 3aulUTHLIE CBOli-
crea [TAB npakTHuecKH TEpSIOTCS.

Puc. 35, 3aBHCHMOCTL OTHOLIEHHS 7 4
KoaHuecTsa octapuwelics B nouse 10%
gofnt niocre 600 u cymxd  (€00) /
K HauanbiioMy g OF Temnepatyphei )8
cymkh T, K 1104YBH ¢ BEPXHUM CA0EM, 06
o6paGoTanue  pasaniusiy  [TAB:

! — KyGOBBIMH OCTATKaMIl OT DEPeroHKn

263 298 203 @13 328 29T
A

807 1
S5 \
%303\/(_ _____ prcrr
5.901*/ K

§ 2y &

S 297F
S st

2” ghsSy { 4 1 [ e 3= AEEL 1 | —— 1 | 1 Lope

012 834567 8 91011 121314151%
Paccmosiue om nosepxHocY ucnaperus, 107 p

Puc. 36. Pacnpegeagnue temiepaTypul B oUBe B npoiiecce Hena-
* penus (yepes 300 u):
I~ 0603 NMVABLYCAOA; 2 — C MYJALNCIOLN
S H. ®. Bounapenko * 129



Tax Kak CKOpOCTH TMOJAauM BOJbI Uepe3 MYJbUCJAOH K Mo-
BEPXHOCTH MOYBBI MEHbIIE, YeM CKOPOCTb HCMApeHH#, TOpH-
30HT MCIIAPEHUsA NEepPEeIBHUraeTcs K rpaHuile MyJbuc/josf, uTo
XOpOLIO BHAHO 1O NOJIOKEHHI0O HAHHU3LIEro 3HAYEHHA TeM-
neparypst B mouse (puc. 36). Ilpn sTOM pe3Ko CHHIKaCTCH
ckopocrh ucnapenns. Hapsiny ¢ ofuium CHHXKEHHEM HCTa-
peliusl yMEHbIIAeTcsi HHTEHCHBHOCTL TepMOnepeHoca BJary
K (ppoHTY HCnapeHus.

9. NEPEHOC U HAKOMJIEHUE COJIEH

Faapopunamuyeckast aucnepcusi ', [mapoanHamuyeckan
JANCHepCHsi B NMOPHCTBHIX CPeAax — 3TO MEXaHHYECKHH HJIH
KOHBEKTHBHBIH TPOLECC BBITECHEHHSA ONHOH MKHAKOCTH JpY-
roii (MM NpH CMELIeHHH COJIeHbIX BOJL ¢ MPECHLIMH) B mepe-
XOJHOW 30He — 3 0HE€ JHCNnEepCHH

JuddepenuuanbHoe ypasHeHHe, ONHCBIBAOWEe 3TOT
Mporece, MoOMKeT ObiTh MpejCTaBJeHO B CJGAYIOUEM BHIE:

dc o 0%
rjle ¢ — KOHUEHTpaIMA COJIeH;
[ — BpewMs,
/1 — Koa(phUINEHT NPOAOJBHON AHCIEePCHH;
X =x — vl

X — TeKylas opJnHara;
U — CPE/IHsIsl CKOPOCTh (PHABTPAILHH,
Koadipriinent npojosbHON AHCIEPCHH paBeH:

A =D, +av", (156)

rie D, — Koaddunnent sppeKTHBHOH MOJIEKYJAPHOH AHp-
dbysuu,
o, — TMOCTOSIHHAs;
n — noxkasareyqb CreneHd (OMH30K K eJIHHHLE; 1pH
n = 1 NMoCTOsiHHAsSt @ HMEeT Pa3MepPHOCTb JJIHHBI,
XapakTepusyiomeil JaHHYiO TOPHCTYIO Cpeay).
[Tpu rpanuysbix ycaosusx c¢(x, 0) =0, x >0 u Ha-
yanpHBX yeaoBuHax ¢ (0, ) =c¢y £=0; ¢c(c0, ) =0,
G {)lsze]mem{eM auddepenunaapioro ypastuenus (155) 6y-
ner :

! Paauunble NOAXOAB K NOCTPOGHHIO MAaTEMaTHYECKHX Mojenaeil npo-

LeCCOB MHFpauud conelt MOxHO HaiiTh B cnemuaabHoét auteparype [19,
32, 63, 92, 96, 105, 122].
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_1_ (x-—-vt)?
41

-c‘; = (4n]lt) Ze (157)

OdpaszoBanune cosoHuakoB. Ecau ¢, — KOHIUEHTpauus co-
Jel B IPVHTOBBIX BOAAX, TO NPH BOCXOAAULEM TOKE NOYBEH-
HOH BJaaru (v NoJOKHTENbHA) MOYKET NPOHSOHTH HaKonJenue
BOAHOPACTBOPUMBIX C€OJ€Hl B BEPXHHX TFOPH30HTAX I[10YBHL.
Dror npouece BejeTr K 00PasOBAHMIO-C OJ O H Y aKOB.

M3 ypasuenus (157), Hanpumep, caeiyer, uTo Ha paccros-
HHH OT VPOBHA TPYHTOBHIX Bojx x = of aasi { = l/n/l komn-

neHTpauus coqaelt ¢ = ,c,.
B Ttaba. 12 npuBejeHa XxapaxkTepHCTHKA MNOYB 10 CTENEHH
HX 3aCOJIeHHS.

Ta6nuu§12

e

XapakrepucrTHka 3acoaennocTH nous [6]

Crenenb Cocron- [laotBf | X qan.on | Anion
3800 e Kyab-| OCTATOK, | Cl, o or| cepuott
neHn A Ty pHof /% OT Macehl | KREJIOTHI Tpuumenasye
HOYB b pacTh- Macchl oY 8 bt SO,
TeJBNOCTH ITOU BB
Hesaco- Hop- < 0,3 <20,02 <0,1 -
JeHHast | Maasioe
Caato- Caerka | 0,3—0,5| 0,02— | 0,1—0,3 | ITpomuisky e o6q-
3aco- yrHe- 0,5—1 0,04 0,3—0,4 34Te/LHb
aennas | temnoe < 0,02
Cpeane- | Yrue- | 0,5—1 0,04— |[0,3—0,4 | [TpoMuBKH 00533~
3aco- TenHoe 1—2 0,1 0,4—0,6 TEJAbHBI
JeHHan <20,04
Cuasno- | CuasHo 1—2 0,1—0,2 | 0,4—0,6 | Ceanckoxosaiicr-
3ac0- yrue- 2—-3 <0,1 |0,6-0,8 BCHHOE HCNOJL-
Jennas TeHHOE 30BaHHEe BO3MOX-
HO nocae onpec-
HEeHHu
Coaon- uGeas >0 >0.1 0,8 Bonpog o ceascko-
yak X034 1ICTBEHHOM
OCBOCHHH pe-
U14eTCA Ha OCHO-
BAJIHH 9KOHOMH-~
HECKOro pacuera

HanGonee pacnpocrpaHeHHbliil METO]l BOCCTAHOBJEHHS CO-
JOHYAaKOB — NPOMbIBKaA.
OnpecHeHue noYye B mpoluecce uWX npombiBKH. [lpouece

NPOMBIBKH ITOYB IYyTeM MMojidadH BOJbI Ha NMOBEPXHOCTH C PacCT-
BopetiHeM H BBITECHEHHEM coJieil B HH2Keaexalue FOPH3O0HTBI
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HJM B APEHaXK MOKeT ObiTh onHcaH An(depeHuHaabHbiM ypas-

HE HHEM:
()L

A gii i + 7y (c* ""C)—moT: (158)

rjpe JI — KoshpuiuMeHT KOHBEKTHBHON auddysuu;
c* — KOHLEHTpAlHA NpPeieJbHOT0 HAaChillleHHS;
Y — KOHCTAaHTa CKOPOCTH PaCTBOPEHHS;

Mgy — CBOOOJAHAS MOPO3HOCTD.

[lpu BbiBoge ypaBHenus (158) npuHsiTH C/eayOuHe
ynpouaiouse npeanogoxenns: v = const, /[ = const,
y = const.

Pewenne ypasuenusn (158) npu jono/iHirensHo ynpouLao-
HIeM npeanoyoXkenun y == 0 ¢ HavajdbHbIMH H rPAHHYHBIMH
YCJIOBHAMMH:

cx, 0)=c; c(0, h=c; 220~
noayuerio C. ®. AsepbsinoBbim [105 |:
c=c; -+ (c—e)E ), (159)
rne 'E_ ) A R |
; SR Hdmg *

I'paduk dyukuuu [ npeacrapaen na puc. 37.

OG6blyHO NpoOMbIBHAS HOPMA YTOUHSIETCS IKCHEpPHMEH-
TaabHo. EciH npoMbiBHBIE BOABI HMEIOT OTTOK, TO pacyer
HOPMBI BOJIB, HeOOXO0AMMOH A5 NPOMBIBKH IMOYBbI 110 3a/laH-
HOi cTeneHu onpecrenusi, MoxxHo npoussectu (JI. Il Posos)
no copmy.ae:

W=W,,(1-+n—W,

riae W — npombisHasi Hopma, m® Ha | ra;
W, . -— noaHas BJAaroeMKOCTb [POMBIBAEMOro CJos;
W — 3anac Bjaard B NPOMBIBAEMOM CJIO€;
n — 3KCnepHMeHTa bHblii  Koaphuiuent (n = 142 —
JJISI CPEIAHE3aCOoJeHHBIX MOYB W n — 2-+3 — i
CHJIbHO3aCONEHHBIX [OYB).
B cneunansHol aurteparype \lO)KHO HalTH prrue npHH-
MBI pacyera NPOMBIBHBIX Hopm [25
Ecan yposens Muuepanuaonauuux rpyHTOBBIX BOJ 3a-
Jeraer Ha rayOuHe, GJAH3KOH K KPHTHYECKOH, TO HEKOHTPO-
JHPYEMOe OpOLICHHE MOKeT MPHBECTH K 3aCOJeHHIO NepBo-
HayaJIbHO HE3aCOJEHHBLIX 10YB — BTOpPHYHOE 3acCoO-
JeHue KpHrHyeckum ypoBHEM TIpPYHTOBBIX BOA WHashbi-
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Puc. 37. Tpadux dyixkuun [ [105]
BalOT TAKYIO IVIYOHHY HX 3aleraHHs, npu KOTopoi Kanuiasp-
Hast KaiiMa JIOCTHTaeT KOpHeoONTaeMoi 30HbI H MOMKET Bbi3BaTh
ee 34CoJeHHe.

OpHEHTHPOBOYHO 34 KPHUTHUYECKYIO TJIYOMHY 3ajeranis
FPYHTOBBIX BOJ MOXSHO NPHHATH 3PPEKTHBHYIO BHICOTY Kd-
MUJIsipHoro noasema (~3,3 M, cm. pasjena 3 raasst 111).
Jns TSOKeAbX MNOYB 3T0 3HAYEHHE JOIKHO OBITh YBEJHHEHO
npumepHo B 1,5—2 pasa, a 115 JerKHX NecyaHbiX ~— yMeHb-
wexo B 1,5—2 pasa.

BoJaee TOuHO 3a/iaua O KPHTHYECKOM YPOBHE IpYyHTOBHIX
BO/l MOMET OLTh peuleHa, ecjaH HCNOoJb30BaTh- MO/X0M, MPH-
MEHEHHBII NpH pacyere rJyOUHBI 3aTeranus rpyHTOBLIX BOJ,
obecneudBalOMX 3ajaHHbie MpeeqbHbIe 3HAYEHHS BIaX-
HoCcTH KopHeoOGuTaemoro cjos [49, 1121 °

CylIeCTBEHIIO® MMOHHIKeHHe YDPOBHS TPYHTOBBIX  BOJ
¢ HeJbl0 NPelOTBpallelus BTOPHYHOrO 3aCOJIEHHS JMOCTH-
raercsi BEPTHKAJABbHBM JIpeHaMXeM.

CBsi3L MEKIAV NapaMerpamMu CKBaxkuubi (cm. puc. 30, a)
H ee JIeOUTOM JErko NoJqyyHTh, HCXOAf H3 C/eAVIONHX pac-
cyxlenuit. Jedur ckBaxuibl ¢ B 6€3HANOPHOM BOJOHOCHOM
FOPK30HTE NPH CTAIHOHAPHOM PEXHME paBeH pacXoldy no-
TOKA, NPOXOAALLEr0 Yepe3 UMIHHAPHUYECKHH BOJOHOCHbIMH
FOPHZOHT PAJHYCOM X H MOUHOCTBIO ¢. [das 3akoHa QuibTpa-
uuu (71) sanuuem g¢:

g = 2mxyK, (S — io) (160)

rie i =%sl,.

[Ipounterpupyem (160) npu caeayomux rpaHHYHBIX YCI0-
puax (cm. puc. 30;a) x =r, A y = H,: x = R nna
y = H, WurerpupoBanue CYUIECTBEHHO YIIPOULaercs, €CJH
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AA5 Y TpH i, NPUHATHL cpexsee snauenne H € [H,, H,l.
Hnterpupys u pewas (160) npu sTom JONYIIEHHH OTHOCH-
TEJbHO ¢, HaWIeM

& H igH (R—r
o Bl =A@l gy

In —
Ty

HOast iy = 0 BMecto (161) nmeem u3BeCTHOE BbIpaeHHe
- Jionion, NnoJyuyeHHoOe Ha OCHOBe 3akoHa lapch:

Ko (Hy—H2
Gl - ) (162)

In —
Ty

Pacuer no (162) nokasuiBaer, uto AJsi peaquH3yeMbX Ha
npakTuke ycqoBui: K, = 107 wm/ic; Hy =80 m; H, =
= 30 Mm; R = 1000 m; r, = 0,25 M nebur koaoaua g cocra-
But 1,9 .107* m®/c (19 a/c), u, Takum o6pa3zoM, OJHH KOJIO 1ell
cMoxker obeayxuTh cpbitue 300 ra semau. [lpakTika noxaso-
BaeT, uto npu rayoune xosojaua 100—I150 m Ba nopoaax
C Y/IOBJIETBOPUTEIbHLIMH  (DHILTPAIHOHHBIMH  CBOHCTBAMH
npu ae6ure B 1072—10"* m¥c (10—100 xa/c) ommn Konomer
obenyxusaer 100—500 ra.

OGpasoBanue cosoHLOB. PacTBopeHHBle COJIH, NEPeiBH-
rasicb C BOAHBIM MOTOKOM, MOTYT BCTYNaTh B OOMEHHbBIE peax-
UHH C ITOTVIONLAIONIHM KOMIIJIEKCOM 10YB, HanpuMep, 1o THily:

[ - 2Na;CO; — [14Na - CaCOj -} MgCO;s
HTH [1§4; + 4NaCl  [14Na - CaCl; -}- MgCl,.

DTOT NpoUeCcC MOMKET MPEBPATHTL TOYBY B € OJ1 0 H € I,
B ra6u. 13 npuseieno oaHo u3 cymecrsyomux [6] noxpas-
JICT@HHI MOYB MO CTENEeHH COJIOHIEBATOCTH.

B raase II ormeuanoch, 4To CTaHAapTHBIH Cnocol ocBoOE-
HHSl COJIOHIIOB — T H M C OB a H M € 1OJ CO/0BHIC COJOHILEI
BHOCAT npumepHo 20—25 T runca Ha 1 ra, noj ocraibHbie
COJIOHUBL — 5—10 T.

B Tex cayyaax, Korja B OOMEHHOM KOMMJIEKCE TOYBEI
HaKaIJIMBAIOTCS BOJIOPOAHBIE HOHBI, peakilHs Cpejbl CTaHo-
BHTCA KHCao#. Jasi GOMBbLIIHHCTBA Ke KYJAbTYPHLIX pacTeHHH
GaaronpHATHON IS MPOHU3pacTaHus SIBJISETCA HeHTpaJ/bHasi,
caaboKHCaas WJad cjgabouleoutas cpeja.
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TaG6awuwwa 13

Crenenns cojonueBatoctd nous [6]

Koauyecrso norao-

CoxopueagtouTy | ISHUCEOUATRAA, n
: % OT CMKOCTH puMexanne
floRs MOrAOUICH H S
Caabocoaon- =10 Ipuroansl 2451 CeAbCKOX03sHCT-
nepaThie BEHHOIO HCIOJIB30BAHUA 63 K-
MHU3ATHH
Cuabno- 10—30 [Tpuroanst 15 CeNbCKOXO3H it-
cosIonIeBaThie CTBEHHOIO HCIOJAb30BAHHSA, HO

OJHOBPEMEHHO HEOOXOAHMA XH-
MH3auis ¢ o0A3aTeibLHoH 1po-
MBIBKOIt NPOAYKTOB OGMeHa
Coaonnst =30 TpeOyioT XHMH3ZUHH K TIPOMBIBOK
/0 Hauaja CeaLCKOX03AHCTReH-
HOTO OCBOEGHHS

Ilo Beauuune pH (abcomoTHoe 3HaveHue Jorapudma
KOHUEHTPAllMH HOHOB BOJAOpPOJA) Pa3HyaloT MOUBKL:

Cuavrokucaste pH < 4,56
Cpeanexneanie pH 4,6—5
Caa6oxueaste pH 5,1—5,56

Kax yxe ormeuanoch (raasa I1), raaBbiM MeponpHsiTHEM
M0 YMEHbIIeHHIO KHCJOTHOCTH [OYBbI ABJIACTCH H3BECT -
KOBAdHUE.

B ta6.1. 14 npuBejiens! 1036 VIIEKHCIOH H3BECTH 1A pas-
JHYHBIX no4B B 3aBucumocti ot pH cpenst.

Ta6aunwa 14

HopmaJdsnbie 10361 yraekucaon ussectu, T va | ra [6]

pH
IMoysm
<1 ,l -I.G) 1.8 I 5 | 5,2 5,4—55
yIeCHdHbe H JETKHEe CYIVIHHKH 4 |3,5] 3 |2,5]| 2 1 —2
peAHHe H THXKENne CYTIHHKH 6 |55 5 14,5 4 |3.5—4

Jlast MeauopauMu KapOGOHATHBIX COJIOHIOB MPHMEHSIOT
kucaortosanue [25]. B stom merone peanusyercs
wiest 00 MCNOJb30BAHHH CEPHOH KHCJOTBI LISl 10JYYeHHS

THNCa B camoli nouse.
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ITpy BHECEHHH CEPHOH KHCJIOTHI B MOYBY Peakiluy npore-
KaoT Mo cXeme:

Ha_.SO4 "}— CaC03 —_— H3C03 + CaS()q
N2 3- CaSO4 — [N1Ca + Na,SO;.

O6pasoBaBliascsi YrJeKHCJI0Ta TaKKe BCTYMAeT B peak-
HHIO:
H,CO; - CaCO, — Ca (HCO,),,
[N} - Ca (HCOg), — [1Ca - 2NaHCO;.

Kak noxasbpiBaer npakTHka, npHMeHeHHe OTpaboTaHHOil
CepHOH KHCJAOTH Ha oHe 3(PeKTHBHOTO ApEHarka sABJAETCSH
MOLLHBIM MPHEMOM XHMHYECKOH MEJHOPALHH He TOJNbKO COJIOH-
OB, HO H COJIOBBIX COJIOHYAKOB.

Marepuaanl npeAbLLAYIIHX PasiesioB KHHTH TMO3BOJSIOT
copmyaHpOBATL HEKOTOpBIE OOliHEe TpeGOBaHUA K PEeKHMY
NPoMbIBOK. [J1aBHbIE H3 HHX CBOAATCS K CJACAYIOLLHM.

. ITpompiBKH NPOBOAATCS HA XOPOWO CIVIAHMPOBAHHBIX
TEPPHTOPHAX H JIHLIBL B TOM Cyude, KOrja NnpoBeIEeHbLl Mepo-
NpHUATHA, NpejoTBpallaollie BTOPHYHOE 3acojeHiue, 3a-
TOMJICHHE M JAPYrHe HerKeJare/IbHbIE MOCACACTBHA.

2. CKopocTb HHCXOAAILEro MOTOKA J0/XHa GpiTh TaKOM,
4TOObl BpeMsl KOHTAKTa NMPOMBIBHOFO pacTBopa ¢ MOYBOM
OLLTO JLOCTAaTOYHBIM st GoJiee NMOJHOro NMpOTEKaHHs OOMCH-
HHIX peaKuuit, pactBopeHust n audepysun coneit 3a npeje/ibi
JBBOMHOTO CJI0S.

3. Tlorepu Boabl Ha MHPUALTPAIHIO Yepes KpYIlHbie Mopsl
¥ TPELLIHHB! A0JKHBI OBITh MHHHMAJAbHLIMH; (DPOHT NPONHTKH
JI0JIA€H OXBATHIBATh TJaBHBIM 00pa3oM MeJIKHE MOopHl.

4. MuTeHCHBHOCTDH MojauH NPOMBIBHOH BOABI 10/2KHA ObITH
TaKOH, YTOOBI NPEAOTBPaTHTh KOJbMaTalHIO NOPOBOro NMpo-
CTPAHCTBA 3alIEMJICHHBIM rasoM H KOJJIOHAHBIMH HaCTHILAMH.

5. Taz000MeH Mex1y NMOYBEHHBLIM H aTMocgepHbIM BO3/Y-
XOM B MpPOLECCE NPOMBIBOK 10 BO3MOXKHOCTH HE JIOJDKEH Tpe-
KpalaThen. '

I1H TpeGoBaHHA HanGoJee M10/HO BHINOJHAIOTCA NPH Npo-
MBIBKAX JoxaeBanneMm (WIH MajbiMH HOpMmamu 6e3 3artonae-
H#A) 1 NpH 3aekTpomesropauun. [lpakTuka nokassisaer (76 1,
UTO MpephiBHCTHIE NPOMBIBKI MaJbiMH HOpMamy 6e3 3atorn.e-
Hisl apexkTHBHee B 2—3 pasa no CPpaBHEHUIO C NPOMbIBKaMi
GONbUIHMH HOPMaMH C 3aTONJIeHHEM.
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10. 3JIEKTPOMEJIHOPALLHST 3ACOJIEHHBIX TIO4B

SRR ATECE

=

e Teopetruueckue ocHOBbI anekTpomesanopauun. Oanoit 13
. Haubosiee Cepbe3HbIX NPHUHH MavoH 3QPeKTHBHOCTH MeToja
| NPOMBIBOK 3aC0o/IeHHbIX (OCOGEHHO COJM0BO-3aCO/NEHHBIX) MOYB
. ABJSIETCS He3HAUHTeAbHAs BOJONPOHHIIAEMOCTb TaKHX IOYB,
Hx caabas cogae- 1 Bogooraava (4, 20, 21, 22, 133 |. IToucku

=

.~ HBIX TMOYB MPHBEJN K HIee O NPHMEHEHHH I8 3THX ueae
 MOCTOSTHHOTO 3JIEKTPHUYECKOrO TOKA (3J€KTPOMEIHOpAIlHH).
[Ton BO3AEHCTBHEM MMOCTOSHHOFNO 3JEKTPHYECKOTO TOKa
B IOYBC NPOTEKAET KOMILIEKC (PH3UYECKHX H (DH3HKO-XHMH-
- YCCKHX NPOIECCOB, NPHBOAAIMX K BHIHOCY BPEAHLIX st pa-
~ CTeHHMH cojiefi ¥ YAYULIEHHIO BOAHO-BO3AYIWHOTO H IHTATEl b
~ HOTO pexuma nousbl. PaccMOTpUM ri1aBHbIE H3 HUX.
: aekmpoocsoc. Ecan noupy MoaennposaTh Habopom 1H-
. JIHHAPHYECKHX HellepeceKkaloluXcsi KanuaisipoB OfHOr0 pas-
. Mepa, TO Aast pacxona Qp Bmecto (36) cnpaBeanHBa 3aBHCH-
~ MOCTb:

__ nuR*eLE
Qc = T (163)

_ rje (KpoMe H3BeCTHbIX 0003HayeHMil) R — pajguyc Kanui-
= Jasdpa nop;

1N — MJIOTHOCTH [0p;

E — rpajueHT noteHuuaga SJAeKTPHYECKOro MoJst.

il JL15i HAanopHoOro notoKa (cM. hopmyry 58) ¢ yuerom 060-
= 3HayeHI (")9) HMeeM:

R

_ nnR%gl

Cpapuusasa (163) u (164), naigem

Qe g
L . (165)
| e ' A= 2E

M3 (165) BUAHO, 4TO €CJIH NPH NPOYHX PABHLIX YCJIOBHSAX,

R— o0, TO Q!i-—oo; R—0, _Qi_-..oo
Q Q
. T. ¢. B TeX YCJOBHSIX, KOrja HanopHel notox Q — 0, sne-
* KTPOOCMOTHYECKHH TMOTOK Qg — 0.
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3a mMepy 3(peKTHBHOCTH 3IJEKTPOOCMOTHUYECKOrO BO3jeli-
K.

CTBHA Ha TPYHTH NPHHHMAIOT BEJIHYHHY h,z-—l-(-‘-. Ha3bl-
BAEMYIO VAEJbHBIM 3JEKTPOOCMOTHUECKHM HanopoM (31ech
K, — xosppuunent  sgekrpoocMoca, K — Kosppuitient
(huabTpamH).

Taxknum o6pa3oM, OTHOCHTEAbHAA 3PPEKTHBHOCTDL 3JEKTPO-
OCMOCA MpPH NPOUHX PABHBIX YCJOBHAX TeM Bbllle, yem MmeHee
BOAOMPOHHIAeMbl obpaseil HWJIH ero 4acTb JJIf HanopHoro

NoTOKa.
Muepayus 1oros. Jaekmpoaus. B NOCTOAHHOM 3JCKTpH-

YECKOM M10J1€ HOH JBHKETCH €O CKOPOCThIO
v, = BZ¢E,

rie B — NoABHKHOCTbL HOHA,
Z M e — ero BaJeHTHOCTb W 3apsfijl COOTBETCTBEHHO.
C yyeroM CKOPOCTH 3J€KTPOoOCMOCca pe3y/ibTHPYOlLan
CKOPOCTh:
U = U, + Ug.

371eCh 3HAK NJIOC OTHOCHTCS K KATHOHAM, & 3HAK MHHYC —
K annoHaM.

B Ttaba. 15 npeactaBienbl 3KCNepHMEHTANbHbIE 3HAYCHNS
CKOPOCTH NepejBHAKEHNS HEKOTOPHIX HOHOB U, B Pa3JHYHBIX
rpyHTAX.

Ta6banua 15

CKOPOCTb NEPEBHKCHHS HOHOB B PAIAMHHBIX FPyHTaX
(no T'. H. Kunkuny)

Uy 2,8:107%, w¥/(c* B)
Ipyur
Na J- (C]—) Catt Fe?*t
JIaTHHHCKAS raKua 0,46 0,71 0,8 -
Mopenunit cyransok (MennH- 0,58 0,61 0,9 0,2
rpajickuit)
Cyrnnuok n3 Baajnas — 0,65 - —

Tak Kak Ha CKOpPOCTL MepeABH/KEHHS HOHOB 10 TPYHTY
B IOCTOSSHHOM 3JIEKTPHYECKOM [10J1€ OKa3sbiBalOT BAHAHHC
aj1copOUHOHHbIE H OOMEHHbIE NPOIECChl, TO ITH 3HAYEHHS He-
CKOJIBKO OTJMYAIOTCS OT HCTHHHBIX 3Hauexuit v,. C ypeau-
YEHHEM KOHUEHTpauuH HOHOB B PacTBope MCTHHHASA CKOPOCTh
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ABHIKEHHST HOHOB YMEHbUIAeTCs 3a CYeT TOPMO3ALICro Jeii-
CTEHS B3aHMOJEHCTBYIONMX APYT C JIPYFOM HOHOB.

MoHBl BOA0OPO/a BOCCTAHAB/IHBAIOTCH Ha KaToJle C BblieJe-
HHEM BOAOPO/a B BH/Ie ra3a; KaTHOHBI HATPHA H KaJblHs He
BOCCTAHABJIMBAIOTCS! Ha KaTO/le M CKaIJIMBAIOTCA B KATOLHOI
30HE B BH/IE HOHOB, 06pa3ysi 1leJIOYHbIE PACTBOPHI:

Na 4 OH = NaOH,
Ca +4-20H = Ca (OH),.

Ha neokueasiionemest anojie (yroJb, nJiarnHa) mpoHCXOAHT

OKHUCJICHHE aHHOHOB C BblleJEeHHeM ra3sa:

40H — 4e — 2H,0 + O,,
2C] — 2e — Cl,.

B cayudae OKHC/ASIOUMXCA AHOAOB (Hanpumep, xenaesa)
NPOHCXOAHT OKHCJAeHHE MaTepHaJa:

Fe — 2e = Fe?*,
Housl »kesesa, B3auMOJeHCTBYS C BOJAOi, oBpasyior riu-

par  3aKHCH  JKeqe3a, TOBLIAIT KOHUEHTPAUHI0O HOHOB

BOJLOPOJA:
Fe 4 2H,0 = Fe (OH), -+ 2H.

Takum obpasom, B aHOAHOH 30HE NPOHUCXOAHMT MOHHIKE-
HHe, a B KaTojaHO#l — nosbiieHne pH cpeasi.

B npuMeHsieMbiX CXeMaX pacCTaHOBKH 3J€KTPOJOB B roJe-
BboIX yeaosuax [12] pasmepst anoanoit W KaroAHOH 30H CO-
CTABJAIOT Jl0JIM  TpoueHTa ot obGpabaTbiBaeMoO# rnJomai,
H BKJQL NPHIJAEKTPOJAHBIX TPONECCOB B  METHOPATHBHbINA
adbekT B 3THX cayuanx HesHauutesen.,OIHAKO B NpakTHKe
3/1ICKTPO3aKpenJieHHst cjaabeix TPYHTOB H B JaGopatop-
HbIX ONBITAX MO BOCCTAHOBJEHHIO 3acoJenHbix nous [2] mo-
ryT ObiTh CO3JlaHbl YCJAOBHSA, NPH KOTOPBIX MPH3JEKTPOAHLIE
Npoilecchl 3aXBaThiBAIOT NMPAaKTHYECKH Bech o6heM obpabaTthl-
BAEMOT'O TPYHTA.

Adcopoyust. O6mennvie peaxyuu. Ha nopepxHoCcTH pas-
aesa (asz HMeeT MECTo WJIH YBeJHYEHHe, HJH YMeHbUIeHHe
KOHICHTPAUHH OJIHOTO HJIH HECKOJbKHX KOMMNOHEeHTOB. Al-
COpOIHOHHAS CMOCOGHOCTh NOTJIOULAIONIEr0 KOMIJIEKCA NOYBHI
HOCHT OOMEHHBII XapakTep: MpH MOrJOWEHHH OAHHX HOHOB
B pacTBOp MNEPexXoAHT 3KBHBAJEHTHOE KOJIMYECTBO JAPYrix
(pasaen 2 raasst I1).

Tlonmxkenne pH cpeabt B aHoAHON 30HE, MpoHCXojsilee
noj AEHCTBHEM IOCTOAHHOTO 3JIEKTPHUYECKOro TOKa, Crnocob-
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CTBYET BHITECHEHHIO HATPHA, HAXOAALLErOCH B MOIVIOLIAOULEM
kommnaekce, wowom H B nousennniit pactBop. Ilocae sroro
pon Na nepeHocHTest K Karoay. BbITECHEHHIO NOIVIOUEHHOTOo
N4 H3 NouBbl CIOCOOCTBYET YBEJIHYCHHE KOHUEHTPalMH HO-
noe Ca®* B 1OYBCHHOM PaCTBOPE; HA 3TOM OCHOBaHBI OOLIUHBIE
MPHEMbl MEIHOPALULHH COJIOHUOB.

Pacmeoperue coaeldl u COCIMAGHLIX KOMNOHERMOS 1OYEHL.
HMamvenenne pll cpeasl npu 3J€KTPOMETHOPAUHH NPHBOAMT
K PacTBOPEHHIO HEPACTBOPHUMbLIX MO BO3ACHCTBHS MMOCTOSH-
HOTO 3JCKTPHUECKOTO TOKa COJIell H COCTABHBIX 3/IEMEHTOB
NIOYBHI.

B paGorax A. A. barypusa [10] nokasano, uro mnox
JIEHICTBHEM 3JEKTPHUYECKOTO TOKa NMPOKCXOAHT ObICTpoe pas-
JIOWEHHE TPYAHOPACTBOPHMBIX  COCIHHEHMH, uTO Bejer
K Pe3KoMy H3MEeHeHHI0O XMMusma nous. A. ®. Bauonwsoi
H E. A. Moay4aHOBOH OTMEYEHO CYUIECTBEHHOE MOBBLIIEHHE
PACTBOPHMOCTH THICA B NPOLECCe 3JIEKTPOMENTHOPAILHY THII-
COHOCHOIT 3acojenHoi nouss [22].

Hamenenue erazonposodnocmu nokeoepysamos. Tlpn Hexo-
“TOPOil HANpPSKEHHOCTH MNOCTOSHHOTO 3JEKTPHYECKOro o
paspyliaercst CTpyKTypa nousentoro pacrsopa [15], wuro
NPHBOAHT K CYUIECTBEHHOMY NOBBILEHHIO BJAATONPOBOAHOCTH
nouBkl 3a cyer: 1) TeueHHs NOYBEHHOTO pacTBoOpad, onpejese-
MOTO BSI3KOCTBIO PaspyIIEHHOH CTPYKTYPBI 1).; 2) BOBjeye-
HHA B «CTPOil JGHCTBYIOMIHX» MeJAKHX nop. OnbiT nokasbi-
Baer [12, 133, 134 ], uto 3TH (PaKTOPB! BO MHOIHX NPaKTH-
YECKHX CJAyuyasix fIBJAAIOTCS JaBHLIMH B NpOlECcax 3J1eKTpo-
MEJIHOpallii  3aCOJEHHBIX [0YB.

[T pouue pakmopeot. JonoanurenbHoe nosulere puasrpa-
ILHOHHON CHOCOGHOCTH MOYB B MNOCTOSHHOM 3JIEKTPHYECKOM
none Moxer GHITh CBSI3aHO ¢ TeM, uro: 1) saexkTpodopes KoJ-
JIOMAHBIX YAaCTHIL TPH ONpEIEJEeHHLIX YCJOBHAX TPHBOAHT
K «pPacKoJbMaTHPOBAHHIO» MOPOBOrO MPOCTPAHCTBA; 2) ai-
copOHpoOBaHHble HA CTEHKAX NOp rasbl OVAVT CHECEHbI 3/1€KTPO-
OCMOTHUYECKHM TMMOTOKOM (BaHsiHHe aj1copOHpPOBaHHBIX Ta3oB
Ha BOJIONPOHHILAEMOCTH, cM. pa3fen | raaset V), 3) pacrso-
pEeHHEe COCTABHbIX KOMMOHEHTOB NOYBbI NPHBOAHT K H3MEHe-
HHIO FEOMeTPH I TIOPOBOTO NPOCTPAHCTBA CPE/Ibl; 4) NOBLIIEHHE
TEMNEPAaTYphl CHCTEMBI [PH BLICOKHX NJOTHOCTAX TOKA H3Mme-
HAET peoJIOrHYeCKHe CBOMHCTBA [OYBEHHOIO pactsopa, ero
PaCTBOPAIOULYVIO CITOCOGHOCTL H CKOPOCTH (PH3HKO-XHMHUYECKHX
IPOILECCOB.

Chenyer nojauepkHyTh, YTO MOBblUIEHHAS BOJONPOHHILEE-
MOCTh MOYBBLI COXPaHSTCH W Mocae npekpalleHus Bo3neit-
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73
1

~ CTBHMS NOCTOSTHHOTO 3aeKkTprueckoro noas [12, 133]. B onbitax

"/'(,.

A. ®. Bamonnnoii n E. A. MoauaHoBO# BOAONPOHHILAEMOCTh
PHIICOHOCHBIX COJIOHYAKOB MPH 3/1€KTPOME/IHOP AL BO3pocaa

B 2—4 pasa [22].

JlaGopaTopHbie 1 MoJIeBbIC ONLITH, KpaTKuit 0630p KOTOPBIX
aan B [15], monrsepxaaior OCHOBHO BBIBOA, CJAELYIOULHI H3
aHajin3a npoueccop, NPOTEKAONHX B NOCTOSHHOM 3JEKTpH-
YeCKOM  .MoJe, — JeKTpoMeaHopauis  ¢jiaGoBONONPOHH-
1aeMbIX 3acoNeHHbIX nous 3pekTHBHA.

[Mosesble onbiThl Mo 3jekTpomeanopauuu. JleiicTre yka-
3aHHbIX BbIE (PAKTOPOB HOCHT CJIOXKHBIA Xapakrep. B uacr-
HOCTH, CKOPOCTh ViajeHus u3lnTKka cojeif, cTene’n paccose-
HHSA H SKOHOMHYECKas 3(MpeKTHBHOCTH IJIEKTPOMEJHOpaLUN

. B 3HAYNTEJILHOI MEpe 3aBHUCAT OT COOTHOWIEHHS 3JEKTpPooc-

MOCa M MHTPALlMH HOHOB B OOLIEM SIBJEHHH.DTO COOTHOLIEHHE
NPH TPOYHX PAaBHBIX YCJAOBHAX 3aBUCHT OT KOHUEHTPAlUH
M COCTABA COJICH B MOYBE U MOYBEHHOM PacTBOpPE: MPH JaHHOM

. HanpsAMeHHOCTH M10J18 MOTOK WOHOB, MHIPHPYIOULHX B 3.1€K-

TPHYECKOM TOJIe, pacTeT ¢ VBEIMUYEHHEM HX KOHLEeHTpallHH
B PACTBOPE; C APYroit CTOPOHBI, 3IJEKTPOOCMOTHUECKHIT NOTOK
BOJABI M COJEi NPONOpPLHOHANEH BEAHUYHHE SJEKTPOKHHETH-
YECKOTO TOTEHIHAAa MOYBBI, KOTOPBIH ITOHHIKAGTCH ¢ yBe-
JAHYCHHeM KOHUEHTpauuu rnoysensoro pacrsopa. Takum 06-
pa20M, H3MEHEHHE KOHUEHTPALUHH MOYBEHHOrO pacTBopa oKa-
3bIBAET B3aHMHO NPOTHBOMNOJOKHOE BANsIHHE HA 06a npo-
ecca.

Crnoco6CTBY S BBITECHEHHMIO HATPHA M3 1OIIOILAIOUIEro
KOMMJEKCa, MOHBI KalbUHs B TO K€ Bpems 3(pPeKTHBHO [10-
HHAKAIOT  3JEKTPOKMHETHYECKMIt MOTeHILHAa] NOUBHl, M0JAaB-
JSisl IEKTPOOCMOTHUYECKHH NMOTOK BOABl M coJieil. YUHThIBas

~ o6a s(pderra, MOXKHO TNpeanoJaraTh CyLeCTBOBAHHE ONTH-

MAJIBHBIX VIS 3JIEKTPOMEJIHOp allHH COOTHOMIEHHH yxasauuux
HOHOB.
B xoae SJICKTPOMEJHOPAUHH H3MEHACTCH KaK KOHUEHTpa-

s IS CoJeHl B MOYBEHHOM pacrsope, Tak H HX COCTaB, 4TO npH-

BOAHT K H3MEHEHHIO HCXOAHOr0 COOTHOIUEHNST 00OHX Mnpoiec-
coB, ofecneydBalOUIUX YlaJeHue cojeit, nosromy shpdek-

~ THBHOCTH M TEXHHKO-IKOHOMHUECKHE MOKa3atejnn S/IeKTpo-

MeJiHopaltny (HanpuMmep, pacxXol 3HEPrHM Ha ylaJenue ein-
HHILBl MACCHI BPEIHBIX COJel) TaKKe MeHSAIOTCS B X0/1¢ CaMoro
npouecca.

[loseBrie ONLITHI  NPOH3BOACTBEHHOrO XapaKrepa 1o
SJCKTPOMENHOP ALK, ~MO-BHAHMOMY, BIEpBbIE BBINOJHEHbE
- Jik. Koasonuem [15], KOTOPLIH NPOBOANMA HX Ha YeThIpex

141



yYyacTKaX C BHICOKHM YDOBHEM IpYHTOBLIX BOA. B KauecTse
KaTojla HCHoJb30BauCh TpyObl, nposoja H 1. n. [lapaaseasno
KaTolly Ha paccrositin ot 30 10 360 M OoT Hero Ha rayOHHY
10 1,5 M BBOAHAHCH AHOJAHBLIC CTEPXKHH B OCHOBHOM H3 Me-
taana, Ha paccrosiun 15 M apyr or apyra. Cuaa toka ot 3
a0 45 A, nanpsokenne ot 15 o 75 B. Astop npennaraer
NPOBOANTL IEKTPOMETHOPAUHIO Ha 10YBAX C BBICOKHM CO-
JlepyKAHHeM Ka/bLMA HIH C OJAHOBPEMEHHbBIM €ro BHECCHHEM.

Ha onbiTHOM yuacTKe B TeyenHe 19 jer He npousBojAHIOCH
HHKAKUX [0CeBOB. eKTpooGpaBoTka npoaoaxanach o8
AHel (pacCTofntHe MEKAY aHOAHBIMH H KaTOAHBIMH CTEPAKHSIMH
153 M, cnaa toka 21 A, wuanpsukenne 24 B). K koHuy
50-ro aHsi 06pabOTKH MOYBLI YpOBEHL FPYHTOBBIX BOJX CHH-
suacst Ha 1,5 M, cogepzKaHne HATPHA B APEHaKHO# Boje yBe-
anyngocs B 20 pas. K KoHmy oneiTa CojeprKaHne HaTpu#
B [I0YBE HACTOJbKO CHH3HJOChH, YTO MMOYBY MEpPeBead B art-
HBIH KJj1acc.

B 1967 r. Ha noayocrpose Manrsiuyiak Kasaxckuit H.-u.
HHCTHTYT 3aMJIe/Ie/IHA NPOBEI ONBIT 110 3JEKTPOMEIHOPALHH
gacosieHHbiX moyB '. Yuacrok pacnogoxken B 800—1000 m
K ceBepy oT ropoja u B 1,5—2 Km or Gepera Mopsi.

Kaumar paitoHa pe3ko KOHTHHEHTA/ILHBIH, C YMEepeHHO
X0J0JHOH, KOPOTKOIl, MaJOCHEXKHOH 3MMOH H JKapKHM Ipo-
noxHTe LHbIM JeToM. CpejaHerojoBasi CymMma O0CajJikoB JI0
160 mm. Ha rtepputopuu yyacTka YpOB€Hb I'DYHTOBBIX BOJL
Kosie6aercs or 1,5 g0 4 M, a cTeneHb MHUHEpaJH3aluuH — OT
9,6 no 51,3 r/a.

Ha onbITHOM yYacTKe YpOBeHb I'DYHTOBBIX BO/L COCTaBJIsI
2,37 M co crenedbio MuHepagusauuu 9,65 r/n. Ofuee coiep-
yanue coseii B caoe 0—1 M Ha onbiTHOM ywactke 1023 xr
(wan 56,1 1/ra).

Pasmep yuactka 192 m? (16X 12 m). O6muit o6bem rpyura
nox oneitom 307,2 Mm?* (192X1,6 ™).

[Tepen onbiToM Ha y4acTKe ObLIO MPOBENEHO JYIEHHE NTY-
ramu 0e3 oTBaJoB Ha rayouny 12—14 cm n AByKpaTHoe jauc-
xoBanne. Kpome Toro, Ha yuactox Gulio nonano 40 mM* Bozst,
4 BO BpeMs ONbITa B aHOAHYIO 30HY — eie 9 m*. Bceero Gbuio
noaano 49 m* soaw, uro paehHo 120% ot nogaepoit Biaaroem-
KOCTH.

Karojom sBasiace obGcapnas nepdopuposannan tpyba
amiHoi 8 M, 3aburtasi B HaAGMIOAATENbHYIO CKBaKHHY. AHO-
AOM CJYZKHJM ra3oBbie TpyObl aaunoi 1,8—2 M, anamerpom

' Onstr nposogniaca E, B, AflGacosmy npu ydacTHu astopa.
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1Y/,—1Y, mofima. TpyG6sl 3a6HBaIHCh M0 TPEM CTOPOHAM- yya-
crka Ha ray6uny 1,6—1,8 M, uepes 5 M i cBapHBANTHCH MEXAY
co00H KEeNe3HBIMH NPYThAMH.

HMeTouHHKOM MOCTOSHEOrO ToKa Gbil cBapouHblii npeobpa-
sosareas [1CO-300 momuoctsio 14 kBr.

Onwur HayaJjcs uepes 7 aueit nocae noaayn Bojasl. Cuia
ToKa B nepswie 7 4 coctagasnia 30 A, nanpsikenne — 44 B.
B nocaenyioune 7 4 cuia Toka Oblia yseandyexa go 60 A,
a Hanpsikenue — jo 60 B.

Uepes 14 u 1 j10 KoHua onvira (160 4) HanpsikeHue cocTas-
aaa0 6 B npu cuae toka 30 A.

Cpeanss njaorHocts Toka no avony A ~ 1 A/m*. O6uuit
pacxoj saeKkTposneprun cocrasua 84,8 kBt .u.

B onwite rpajHeHt norenuuana cocragasa 37-107° —
5.-10™® B/m.

Ha onelTHOM yuyacTKe GBLIH BbIAEJEHBI aHOJHbIE, CPeIHH-
Hble W KaTojHas 30Hbl, a Takxe 6 njIolaioK, Ha KOTOpPbLIX
B 3-KparHoii MOBTOPHOCTH OTOGHPAJHCL NMOYBEHHbE Npobsl Ha
ray6uny 10 1,6 m: uepes 0,1 M or 0 10 ray6unn 1 M i uepes
0,2mor 1 po 1,6 m.

Y karoja, Kak M CJAe0Baj0 0KH1aTh, MMPOH3ONLIO YBe-
anyenne pH ¢ 7,1 1o 7,7 B cioe 0—1,6 m. B cpeunnoit 3oue
npousouito cHuxenne pH ¢ 7,7 no 7 na ray6une 0,5—1 m.

YV aHoja TaKke NpoOH3OLII0 3HAUNTETbHOe cHuzxKenne pH,
ocobento 3ameTtHoe Ha rayoune 1—1,6 m.

AHasn3 BOJAHOM BHITAZKKH 10Ka3ajJ, 4TO 4epe3 HeAeo
nocsie Hauaga onbita ofliee cojepraHue cojieit B METpoBO#
TOJIILE HA ONBITHOM YyuacTke cHuaugock ¢ 1023 jgo 781 «kr,
1. e. Ha 23,7%. ~

BeaeacrBine of6pa3oBaHuf KHCAO0H cpeibl y aHola, cCrio-
cOGCTBYIONIEH PACTBOPEHHIO CPEAHE- H TPYAHOPACTBOPHMBIX
coeannennii Ca, copepxanne Ca y anojaa, HeeMOTps Ha 6oJb-
1ee KoJHYECTBO BOjbI H, CJeloBaTte/bHo, Ha 6o/blliee BbiMbl-
BaHMe, yMeHbIIHA0CH Beero Ha 16,9%, B 10 Bpemst Kak y Ka-
tona — Ha 31,8% u B cepeanne — Ha 43,7% (raba. 16).

HanGonee aktusHo pacteopenne Ca npoHCXOJHT B BepX-
HEeM TOpPH30HTE, B Cjl0€e 0—0,5 M. B 3tom caoe Habm04a10Ch
He3HaunTebHO® YyBe/HuYeHHe coaepxanus SO, y aHona H
yMeHbllIeHHE Y KaToja i B CPeANHHOI 30He nouskl (Tabi. 17).

Ynenpienne copepxannsa SO B KatoiHoR H CPeIHHHOMA
30Hax B 4—5 pas 1o cpaBHeNHMNIo ¢ aHoAHOI 30HOi B cioe 0—
I M B ofienM XapaKTepHo A5 3J4eKTpoan3Hoil pasronkn SO; .

Conepxanne Cl-nona, kak u Na, B cocTaBe coJieli He3Ha-
unrensioe. Crmxenne-conepxanns Cl-nona B BepxHeM ro-
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Ta6auuwa 16

Uamenenne copepxanusn Ca nop nosfeicrauem
9JEKTPOOCMOCA, KHJIOIKBHBAJEHT Ha | kr nousmt- [ 0°

Conpcpwanue Ca Copep»anne Ca Paaunna
Ne A0 ofnsiTa B cAoe noche onmTa B CJA0€ Coaep-
nao- WaHHH
wat- 3ona / Ca
®n 0— 0,5— 0— 0— 0,5— 0— (caoit
058 | T | tm |Oo3m| 1m | 1 m [0=) M)
| Karoguan 34,1 | 22,7 | 56,8 | 22,9 | 17,5 | 40,4 31,8
6 Cpenuunan | 11,9 | 19,9 | 31,8 46| 14,2 | 18,8 43,7
2 HOAHAS 10,1 | 11,2 | 21,3 | 10,9 6,8 | 17,7 16,9

Ta6annpa 17

Usmenenune copepxanna SO7 noa BospeiicTBueM
21eKTPOOCMOCA, KHAOIKBHBAJEHT HA 1 Kr nouspi- 10°

Ne HJo onumra B caoe “Tlocae onnta B coe E'g;:.::,’:f
110~ wWanHuu
man- 3oua ('Z‘a

KH 0— | 06—~ | 0— 0— |V0i6—"| “0= (caoil

0,6 | 1LOM|1,0M|O05M]| I M vu: | 0=1 %),
/0

1 Katoauass | 55,8 | 25 80,8 | 30,3 | 21,8 | 52,1 35,5

6 Cpeaunnnan | 14,9 | 24 38,9 57 | 16,6 | 21,9 43,6

2 AHojnas 13,4 | 14,2 | 27,6 | 15,6 9,6 | 251 9,05

pusonre (0—0,5 M) cBAZaHO HE CTOJABKO € 3JIEKTPOOCMOTH-
YeCKHUM CMeLlEHHEM, CKOJbKO € TPaBHTALMOIHBIM MOTOKOM
H BBIMBIBAHMEM B HHKHHE TOPH3OHTHL

OAHAaKO B HHIKHEM TOPM30HTE YBEJIHUEHHE COAEPIKAHHA
Cl-sona y anojia n yMeHbIIEHHE B CPeHHHOI 30He XapaKTepHo
aas agaexrpoxumiveckoro cmemenns Cl-nona.

[TouBbl ONMBITHOrO YUacTKa OTJAHYAJAHCH CPeIHEeH BOJAOIIPO-
Hulaemoctbio. [lpu nogave 49 m® Bojsl, B pesyJabTaTe 4ero
obuiui 3anac Baaru B cjoe 0—1 m cocrasasa 120% ot nose-
BOH BJ1arOeMKOCTH, 4aCTh COJeif cMeCcTHaIach B HHIKHHE rOpH-
30HThl, MMO3TOMY AHCTBHTE/IbHASI KapTHHA nepemereHns co-
Jeit ycJlomuaercs. -

B raba. 18 u 19 npuBejeHbl BOJAHBE BBITAKKH HCXOAHOH
IOYBBI H [1OYBBl MOCIE ONbITA.

A. ®. Bamonuna u I1. H. Bepesun [21] nposemau noue-
BOH onwitT 6au3 IV mmosa Boaro-Jlonckoro kanaaa (Bosiro-
rpaj) Ha COJOHUOBOM covioHyake. [lasi onbiTa BLIARIAJIHCH
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Ta6auna 18

Boauan BHTSAKKA NOYBH 20 ONBLITA, %) /KHI0SKBHBAJEHT
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oo | 48801 03 | 12 o o
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il i g':gg g:g; 2?2 22? 06?2? 3%3-3 0,41
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s |32 00 o o

: el
0500|7055 | 5 | 27 | 5 | oo | 5w 1

145



Mpoaoaxenne raba. 18
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Ta6auwwa 19

Boauas BHTHKKA NOUBM NocAe ONMTE, % /KHAOIKBHBAACHT
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Mpoaoaxenne 1aba. 19

rayon: | E gl‘-’ 3%
S ol EE
: et I R R
cge [ oaon 12| 922 0 | 012 st foan g,
or-as| oo 12| 90 o | o ame o |
oa-ao us |92 o s aon o agn
oot |7 | 421 901 | 8| 007 002 981 o
s 00| 17|33 oo 2 oz o
o1-03] 17 (18] om |00 | oz oo o,
oa-aa| na o028 01 o1t oar o),
oa-aa na |02 5ot | 28| o sz oo,
oucas| 1o 302 o | 02 0 foar e
os-as| s |92 o8 | o o oo oo,
0.6-0.7 | 7.8 | 255 | 514 | 5 ,(’2'34 o | % 022
or-aa| 7 320 ot | o100 loan aon
08-09| 78 |5 | Sqe | — |oF |2 | o |0
our | 1a 12 osx a0t ot oot

148




- naowankn 10 x 10 m. Jeasuxu 1, 3, 5 KouTpoabubie (npo-
.~ MBIBKH noys 6es Toka). Ha neasankax 2, 4, 6 npoMbiBKa ¢ 371€K-
 TpHueckum ToKom. [lasn avona na 2-i w G-it genstnkax nc-
. [0Ab30BaJach MeTaJaAHyeckas ceTka naomaabio 16 u 9 M2,
fia 4-0 jpensanke — rxeaesunas TpybGa. Kavoaw aeasnok 2-i
~ # 4-ii pacmoaaraiiuch Ha paccTosHuK 32 M OT aHOAOB H OLIIH
 CMOHTHPOBaHb M3 16 kenesuniX TpyO, pacnoflo;KeHHpiX Mo
Kpyvry. Bau3 6-# aeasiHKH, Ha pacCTOsiHUM 5 M OT ee Kpas,
Obis1a 3aJ105KeHa Jpena, B Kotopoit Obiiin yeranosaenst 10 Tpy6-
~ Katojos. Tok pasan noasuxuoil ceapounntit arperar CAK-100
¢ rexeparopom nocroannoro toka I'CO-300 (cpenuss cuaa
Toka 130 A, nanpaxenne 34 B); K HCTOUHHKY TOKa N€JAAHKH
. NOXKJOYaaHCh napaaneabto. Ha kaxayio geasuky 610 no-
- jano Boawl u3 pacyera 6000 m® na | ra.
4 B onwite uayuanacs oOhemHas KapTHHA Pacco/ieH s Noyshl
. Ha TeppuTOopHH, ofpabarbisaeMoil IneKTpHYeCKHM TokoM. Ha
2-i1 jensHKe, rae npomMbiBKa OCYUleCTBAsaCh 6e3 apeHaxa,
2 ceTOuHBIH anoA umen nuomans 16 M*, npouzounio paccoJe-
- Hue na naomann 36,3 m* 1o ray6unst 0,7 M. Coau O6bLIH Bl-
~ uecennt Ha ray6uny 0,7—1,2 m. Ha 6-i1 aensinke, rjie Hcnosb-
. 30Bafncs aHoj mJaouiaablo 9 Mm% paccosenue npoM3ounio Ha
- naowann 87,5 M* go raybunbt 1,5 M; Hakomjaenus coseil
- ray0xe 3Toi Toauu He Ob10, TAaK KaK PHIAOM ¢ JeasIHKO
. HaxXojWjach ApeHa, B KOTOpoii Obl;1 YCTAHOBJEH KaTojJl H B KO-
~ TOpYIO cOpaceBagHCh COJIH. 30HA paccosieHns uMeeT B obuieM
noaycgepHueckyio ¢GopMy, npHYenm Ppainyc CYUECTBeHHOro
. paccosernsn (MO NOBEPXHOCTH [1OYBLI) B OMNBITE COCTaBILI
- 4,5—5 ™, a Bray6b — o 1,5 m.
E Conesofi Gasianc Ha MEJAHOPHPVEMOH MJIOLUAAH CKJaalbl-
. Bajca caeayommnm obpasom (taGa. 20): B CBA3H ¢ TeM, 4TO
. DpOMbIBKE M0jiBeprasach CBeKeBCnaxanHas nousa, pacco.e-
. HHE HCXOJHOro €051 NPOH30LIJIO NpH NpoMmbiBKe Bojoi. I3
. 3TOro ¢Jost Bojlo# BeiHeceno 15—23 t1/ra coaeil, a Tokom —
- Beero 2 v/ra. Hanboabluee paccossionee 1efCTBHE TOKa Npo-
- aBujgocs B caoe 0,3—0,7 m. B ofoux BaphaHtax onnita 3a
~ CYCT TOKa BHIEJOUEHO 0K0oI0 H0% or obuei cymMmbl coaeit,
~ BBIHECEHHBIX 13 3TOTO CJIOS NPH NPOMBIBKE BOJOI C TOKOM.
B BapuanTe npombiBKH NoyBbi Ge3 apeHaxa coJHu N3 CJaos
- 0—0,7 m nepeasunyaucs B caoit 0,7—1,2 m. B cymme B nay-
~ uaemom npotuae nousst (0—1,2 M) copeprxanne conei nocie
. IPOMBIBKH ¢ TOKOM okasaxoch na 10 t/ra Goablue, uém npu
. NIPOMBIBKE TOJBLKO BOJLOI.
R Ha 6- pensnke comn Guiii BhiHeCeHb 32 npeaeast |, 5-ye-
TpoBO# Tosu 1noysel. TOK cnocoGeTBoBaN yaanennio 37 1/ra
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Ta6awnwuwa 20

daemenTnl coneroro Gaaanca _
(nos1eBO#t ONBIT MO 3AEKTPOMENHOPAILHH)

Boine-
3anac coacit CeHo
coJieH,
T{ra
Cay- HCXOA: nHoCAS NPOMBLIBKN
Bapuaut Ollnt?;. -
M
BoA B:{“fm;f‘ §
+
ﬂeﬂauka? 0—0,3 | 0,93 | 340,28 11| 0,25 | 10} 24 | 23
(e apenaxa) 0,3—0,7 | 1,49 | 97| 1,04 | 77| 0,84 | 50| 47 | 20
07—1,2 | 1,4 (1221094 | 72| 1,45 |110] 12 { 50
Hroro 253 160 170 83 | 93
Heasnuka 6 0—0,3 | 0,72 | 25/ 0,28 | 10| 0,2 8| 17 | Ib
(¢ apenakeh) 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 83| 29 | 17
Hioro 291 160 118| 98 | 61

coJieii H3 CJI0sl MOYBBI TOJIHHOH 1,2 M JOHOJHHTENLHO
K 61 T/ra, BHIHECEHHBIX NPH NMPOCTOH NMPOMBIBKE BOAOII.

KauectBenHblHl COCTAB OCTABUIMXCHA B NOYBE COJICH H3Me-
HUJCS NOA BJAHsIHHEeM ToKa. M3 katuonoB npeobaagaer Ca,
u3 aHnoHoB — SO, 1. e. runc. Ilpu 3saekTpomesHOpalnu
KapOOHAaTHBIX NOYB B AHOAHON 30HE THIIC 00pasyercst BHOBb;
MOJKHCACHHE JKe Cpeldbl B Mpouecce 3/eKTpo3a 00y /0B 1H-
BaeT pacTBopeHHe KapOoHaToB. AKTHBH3HPOBAHHLI MpH
stom Ca BCrynaer BO B3aumojencrsne ¢ annoHom SO,, Korto-
pblit IPHHOCHTCS B 3TY 30HY TOKOM. TakuM ke NyTem B noyse
moxker obpasosateca u CaCl,. Haxonaeuue woHOB crnoco6-
CTBYET pPacCO/JIOHIOBBIBAHHIO COJIOHILOBBIX 1104B.

JduHaMuKa YAEeJbLHOr0 3JEKTPHYECKOTO COMPOTHBJIEHNS
B MOJIEBBHIX YCAOBHAX H3Y4ya/ach NMPH MPOBEJEHHH I0JEBOro
ONbITa M0 3JIEKTPOMEJHOPALHY CojoBO3acoNeHHbiX noys Ka-
pabaxckoii pasuunpl A3CCP na naowaxu 4 ra.
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Pesy.abTaThl ONBITOB i1peicrasaenst B Tabu. 21. Ilo pe3yisb-
TaTaM M3MEepPeHHil YieJbHOIO HICKTPHYECKOrO COMPOTHB/ICHH S
XOpPOoIIO MPOCJAEKHBACTCA XapakTep NPOMAYHBAHHA IMOYBbI
M BBILIEJAYUBAHNS  COJICH [IPH MPOMBIBKAaX. 3aBHCHMOCTb
VENbHOI0 3JIeKTPHUYECKOr0 CONPOTHBICHHS BOIOHACHIEHHOH
OYBbl OT MJIOTHOTO OCTAaTKa BOAHONH BHITSHKKH [103BOJSET
OPHEHTHPOBOYHO OLEHHTb KJAACCHPHKALHOHHLIE [1PEeJeIbl
YJIeJBHOT0 3JIeKTPHYECKOro CONpPOTHBACHHA, COOTBETCTBYIO-
ulMe rpajgauuud 3acojennsn (raba. 22).

Tabawnuwa 22

KaaccupuKauHontpe Npeieasi yAeAbHOTO
INEKTPHHECKOFD COTIPOTHBACHNS 10YB NO 3aCOJNCHHIO

Mot Y aeqannoe
Crenenn sacoseuns OCTATOK SRCKIPHAL:
oM B bl BORON B~ U;")“:‘ ﬁgﬂ&o‘
THAKN, o 0, O M
Hesaconennuie 0,25 10
Caabozacogaenypie 0,25—0,5 10—6
CpeauesacosienHble 0,5—1 6—4
CuipHO3aCoTeHHLIE 1—2 4-—-2.5 -
Covtonyakm : 2 2,5

OpuruiasbHas cxema pasMelienus 5JeKTPojioB, KOTopas
B MAKCHMaJbHOH CTENeHH HCIOJAb3yeT M3MEHEHHEe BJaroipo-
BOJHOCTH NMOYBOIPYHTOB B JEKTPHUECKOM [10J1€, TIpHMEHeHa
' B noaeswx onbitax A. ®. Bamoununoit u A. JI. Illepmuena
¢ corpyanukamu [133 1.

* OnwiT nposojudcs ¢ 1968 no 1970 r. B xoaxose «KpacHblii
Camyx» -A3CCP Ha JyroBoMm COA0BO-CY/b(paTHOM TJIHIHCTOM
cosonyake. Karojl B BHJe CETKH U3 ajlIOMUHHEBOH IPOBOJIOKH
¢ syeiikamn pasmepom 1 X 1 u 1,5 X 1,5 m yknageiBajics Ha
TMOBEP XHOCTD MOYBLI; AHOAOM CJTY A HIH METANIHYECKHE LTBIPH,
YCTAHABJHBAEMbIE B LCHTD Kaxa0it suefikn. Pacxox anekTpo-
spepruu cocrasua 12 000 kBr-u/ra (cuna toka 90 A, Ha-
npsixerne 40 B). [TpombiBKa noyspl B 3THX YCJAOBHAX MPO-
MBIBHOI1 HOPMOIi, paBHON 2—3 BJaroeMxoctsaM, obecreyua
BHIHOC H3 MeTpoBOH Tosmu 40 T/ra coseii no CpaBHEHHIO
¢ 1,1 r/ra Ha KouTpoe.

[Tpu npoxoxkjieHun MNOCTOAHHOrO 3JEKTPHYECKOro TOKA
CKOPOCTb (pUABTPALHH HA ONIBITHOM YYacTKe Pe3Ko Bo3pacrasia.
[Toce BHIKJIIOUEHHSI TOKA CKOPOCThb (PHABTPAILHH YMEHbIIIH-
Jach, OCTaBasCh JUIHTEJALHOE BpeMs Bbiue (B ILECTh pas)
CKOPOCTH (PUJBTPALLMH Ha KOHTpOJIE.
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11. MHILEBOA H BOJAHBIA PEXMMbI PACTEHHH

OcHoBHbIe 3aKOHb 3emgenenans. Cpeannit BBIHOC nNHTA-
reabHbix 3aeMentos (N, P,O;, K.O) ypoxasmu B nipeabiayime
rojibl B Haweil crpane cocrasasii: 5—7 Kr Ha | 1 sepua,
1—2 xr #a 1 u Kopueit u kaybuennonos, 4—>5 Kr Ha 1 i Jo-
- wepnb wan kaesepa [30). Jlas npenorspamenus yGuiBaHHs
. NJOAOPOAHS MOYB STOT BBIHOC JIOJIZKEH MOMNOJAHNATHCS BHEce-
. HueMm VAoOpeHHH H BOBJeYeHHeM B KpyrooGopoT NoTeHuHa b=
 HBIX 3aMacoB NHTATEJALHBIX 3JEMEHTOB NOYBH. DTO OAHH U3
. OCHOBHBLIX 3aKOHOB 3SeMJejfenHs. - ;

- Kak ormeuaer M. C. Ularunos [131], ocHoBoii nocrpoe-
. HHH METOANK MNOJYYeHHs 3anjJalupoBaHHbX YpoxKaes siB-
JISETCS NPABHJIbHOE HCNO/1b30BaNHe OCHOBHBIX 3aKOHOB pacTe-
HHEBOACTBA H 3emiejenusn. BakuelwnM U3 HHX SIBASIIOTCA.

1. 3aKoH pPa3HO3HAYMMOCTH HJIH HE3aMEHHMOCTH pasjiuy-
HbiX (DAKTOPOB B MHM3HH PaACTEHHH, CYUHOCTH KOTOPOro co-
. CTOHMT B TOM, YTO HH OAHH H3 HEOOXOAMMBIX /151 HOPMAJbHOro
. PA3BUTHA pacTedus (pakTopoB (nMHTATENbHLIC BELULIECTRBA, BJAara,
~ TeNJIo, CBET M T. N.) HeJAb3s 3aMEHUTH JPYIrHM.

' 2. 3akon JaumHrTUpylouwero ¢akropa, KOTOPHIH [IJVIACHT,
. YTO YpOBeHb YPOuaHHOCTH onpeieaserca Tem (pakTopom, Ko-
 TOPBII HAXOJAHTCH B MHHHMYME.

‘ 3. 3akoH BO3Bpara, CMbICJ KOTOPOro OfpejesaeH Bhllle.
4. 3axon ONTHMYMa, HJH 3aKOH COBOKYNHOCTH AEHCTBHA
" (pakTOpOB, COrJacHO KOTOPOMY HAHBBLICUIYIO NPOAYKTHBHOCTH

. pacTeHuii o0ecleyHBaeT TOJNbKO ONTHMA/JIbHOE COOTHOLIEHHE
. passHuHBX (PaKTOpOB.

. 5. 3aKoH MJ0OjJOCMEHa, OGOCHOBBLIBAIOIHI YepejoBaHHe
 KYJbTYpP BO BpeMEHH H IPOCTPAHCTBE. ;

- 6. 3akon KpPHTHUECKOro nepHoia MNOJEBBIX KYJABTYp MO
- ornowennio K ¢ochopy. OH 3aKgouaercs B CIeAYIOUEM:
~ €CJIH pacTeHus MOJIEBOH KYJbTYPhI B Hauajie CBOETO pasBHTH S
~ nepenecau ocdopHoe ro/iolaHHe, TO OHH He MOTYT CHOPMHPO-
. BaTh BLICOKHE YPOXKaH 3epHa ja)ke NpH Xopoiuei obecrneyeH-
~ HocTH (ochopom B MOCHAEAYIOWHA NMEPHOL. .

. 7. 3akon (pH3HOJOTHUYECKHX YacCOB — YYTKas peakius pa-
. CTeHHIl Ha JAJHHY JIHA M HOYH.

8. 3aKkoH peryasaTopHOil CHCTEMbI PACTEH i — COOTBETCTBHE
~ YCJOBHIT BHEIIHEH cpejbl TpeOOBAHHAM PACTCHUS, T. €. Xapak-
. Tepy BHYTPEHHMX MpOIECccoB, OOYCJOBAEHHLIX TPEHOTHIOM.
~ H. C. HlatuaoB o606mua 1 chopmMyanposaa obuiKe npHi-
. UMb POrpamMMHPOBAHHs YpOKaiiHoCTH. B cOOTBETCTBIH
. C OAHHM H3 HHX ONEHHTb YpOKail, noJyvyaemblii B pas-
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HBIX TMOUYBEHHO-KJHMATHYECKHX YCJOBHAX M PA3HBIX NpH-
POAHO-6OTAHIYECKHX 30HAX, MOZHO (10 TaK Ha3biBaeMoMy GHo-
KaumaTHyeckomy notenuunany (bKIT). ®axkruueckuii ypo-
aait YV ouenupaerca no Gopmyne:
¥ =a-+b BKII,
rae BKIT = 0,001 cymmsl Temneparyp Bosayxa eoiwe 10° C;
a 1 b — napamerpbl, npHYeM a ONpelesercs JIHUIb
YPOBHEM IJIOAOPOJAHS TMOYBbI, JOCTHTHYTOrO
K paccMaTpuBaeMoMmy nepuoay, a b, Kpome
9TOro, 3aBHCHT OT cTeneHH oGecneyeHHOoCTH
pacTenmii BJAarod u yloOpeHHsIMH B NPOTHO-
31pyeMbliH MepHoi.

Jo3bl ypoOpennit. [losy puecenHs yAoOpeHHH B TyKax
AJIS NOJIYUEHHS! 3aNAaHHPOBAHHBLIX YPOYKAEB MOJKHO OLEHHTDH
no dopmyse, npemiokeHHoli Bcecoio3HBIM HayUHO-HCC1e/10-
BATE€ALCKHM HMHCTHTYTOM YAOOpeHHi W arporoyBoBeleHHA
(BUYA) um. A. H. ITpauuiunnkoBa u Bcecoo3ubiM H.-H. HH-
CTHTYTOM CaxapHO#l CBEK/IBI:

1008 — 1Ky,
i

rae /I — jposa yjo0peHus B Tykax, u/ra;
B — BBLIHOC 3JIeMEHTOB MHHEPAJbHOrO NMUTAHHS ¢ Nja-
HUPYEMbIM YpOzKaeMm, Kr/ra,
Il — umeercsi B MouBe JIOCTYNHOrO MNUTATENBHOIO Be-
uecTea, Kr/ra;

K, — K0o3()PHUHEHT HCNONb30BaHHA [MHUTATEJTLHOrO Be-

uecrsa nousbl, % ;

Ky — KO3dpuUHEHT HCMO/Ib30BAHHS [HTATENLHOrO Be-

uwecTBa yzobpenns, %;
C — coaepikanne JeicTByIoUero Bewecrsa ynobpe-
nusa, %.

Ilasi nonb3oBanus 310l GopmMyaoii HeoOXOAHMO conocTa-
BHThb BBIHOC 3/JE€MEHTOB MHUHEPAJHHOTO NMHTAHHS C MJaHHpye-
MbIM YPOXKAEM H HMeTb KapTorpammbl 0OecleUeHHOCTH MoYB
asotrom, docopom u Kaawem. JLias OpHEHTHPOBOUHBIX pac-
YeTOB  MOXHO  MOJIb30BaThCA  CJACAYIOUIHMH  JaHHbIMH
(BACXHHJT) o6 ucnoab3oBaHuy nuTareabHbX BemecTB (N,
P,O, u K,O, B %) ceqbCKOXO03sIHCTBEHHBIMH KYJAbTYPaMH H3
MOYBBI, OPraHHYeCKHX H MHHEpaidbHbIX YAOOpeHHi:

N P;O4 K.0

H3 nousui 20—25 h—7 10—12
H3 uasosa 30 40 60
M3 muuepaasuux ygobpesuit 50—70 20—25 60—70
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OaHolt H3 BaXKHEHINX 3aj1a4 MeJTHOPATHBHOTO NOYBOBEe-
HHA ABJAAETCA NOBbIEHHE KOIPHILHEHTA HCIIOAbSOBAHUSA MK~
TATEeJbHbIX BELIECTB PACTEHHSIMH.

Heob6xoaumoe (HO HEOCTATOYHOE) VCJIOBHE sl pelleHHs
3TOH 3ajlauu (reHOTHN pacTeH it 3/1eCb He paccMaTpHBaercs) —
0/1aronpUsiTHLIE BOJAHO-BO3JAYIIHBIH W TeMJOBOH peXHMbl
XOpouIo OKYABTYPEHHLIX NoYB. JlocTaTOYHBLIM YCAOBHEM, KakK
CNE1YET H3 paHee H3JI0XKEeHHOro MarepHania, sSBJASEeTCs ONTH-
Ma/JbHOE COOTHOLLEHHE ra3oB, MHHEPANbHbIX H OPraHH4ecKHX
yao0peHuit B pacTsope.

3acayKHUBAIOT Cepbe3HOro BHHUMAHHMSA TEXHOJOIMH H pe-
JKHM BHECEHHS MUTATEJbHBLIX BEIECTB, NPH KOTOPBLIX HX HC-
NOJIb30OBAHHE PACTEHHAMH MAKCHMaJIbHO, a MNOTepH MHHH-
mMaabubl. [locaeanee obcTosiTebeTBO Tem Gojee aKTYaabHO,
YTO MHOTHE BOAOEMbI CTPaH, TJle NPHMEHSIOTCS BHICOKHE 03LI
VJO0peHuil, TaK nepechienbl XMMHKATaMH, YTO BOja H3 HHX
HeNnpHroAHa st MUTHA.

Y IOBZIeTBOPHTE/ILHOE pelleHHe 3Toi npobJembl, NO-BHAH-
MOMY, BO3MOXKHO JIHIIb B YCJOBHAX NPUMEHEHHS aBTOMATH-
3HPOBAHHLIX CHCTEM YNPAaBJCHHS TEXHOJOTHYECKHMH MpoO-
leccaMu Ha CceabCKoxossicTBeHHOM noge. OnpeneneHHbIN
s(ppexT MoKeT OLITh JIOCTHIHYT NMPH BHECEHHH NHTATENbHBIX
BEIECTB € OPOCHTEJALHBIMH BOJAMH (10X1€BaHHe, WHOraa
BHYTPHIIOUBEHHOE OPOLIEHHE H Ap.).

BonooGecneuennocTsh niaanupyemoro ypoxast. Cymmaproe
BOAONIOTpeOJIEHHE CeNLCKOXO3AHCTBEHHBIX KYJBTYP 3a Bere-
raunonusii nepuon E (m%/ra) B yeaoBusix opomaemoro semJe-
NeJIHS MOXKHO omnpenenante no dopmyae:

E = Kan‘y'

rae Y — naanupyemsiii ypoxkail, T/ra;
K., — xoadduunent ononorpeGienns, m*/rT.
Koagduuent sojonorpeGaenus npeacraBaser cofoii or-
HOWIEHHE CYMMapHOTO BOjONOTpe6ieHHs K KOJAHYECTBy Cy-
XOro BelecTBa, HAKOMHBIUErOCs 3a BereTallMOHHBLIH NepHol.
‘BojiHoGaaancoBbie HCCAENOBAHNSA, O KOTOPBIX YIOMHHAJIOCH
B pasnene 6 HacToamed rJaBbi, TO3BOJASIOT 3IKCNEPHMEH-
TanbHo onpereants K.

OpHeHTHPOBOYHO I CPEHECYXOTo roja B CTENHON 30He
MOTYT ObIThH NMpHHATH caeayiomme snavenns K, [25]: sep-
- HoBble — 1000+ 1300; kykypysa — 600-+900; kapropens —

400-+700; osomubie — 200--300.
- B page cayuaeB (HeXeCTKHE TI'HJpPOMETEOPOJIOTHYECKHE
- YCJI0BHSl, COMKHYTBIH PacTHTE/bHEIL TOKPOB M Ap.) CymMmap-
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Hoe BojonoTpebaeHHe MOCEBOB OTOKIECTBAIOT C HCnapse-
moctblo [, (cM. paszen 8 raapwt 1V). O630p pasauuHbIX MOJA-
XO0J0B K OMpeIe/NeHHi0 HCNapseMOCTH MOXXHO Ha#Ti B pa-
Gote [84]. B yacTHOCTH, A5 ONpPEIeJEHHS HCNAPAEMOCTH (Mm)
MOXXHO TIPHMEHATH MPHOAHMKEHHBIE METO/bL:

leozf—‘rq-ﬂ (M. H. Byasiko),

[e,~01X T, (. T. Censuutos),

rae (Kpome H3BeCTHbIX 0003HaueHHH) }:T,o — CyMMa cpejt-
HHX cyTouHbiX Temnepatyp sbiwe 10° C 3a paccmarpusaeymbiil
nepuoj.

3uasn ucnapsemocts [, (MM), 3anac NpoAyKTHBHOH Bjary
B MeTpoBoM caoe nouBsl nepex nocesom Wo(Mm) #ocymmy
OCaJKOB 3a BereralMoHHbfi nepuoxr P (Mm), npeunedperas
NOANMTKON H CTOKOM, MOXKHO OLEHHTb MOKasareab Bopoobec-
neuennocri pacrenn#t K, no dopmyde:

W4 P .
——

L\

KH() -

B opowaemom 3emaeneann Hopma noausa N, (m%/ra)
onpeaensercss no gopmyae [25]:

N, = vyh (W, ,— W) 100,

rie ¥ — ILIOTHOCTH TIOYBbLI, T/M¥;
h — MOLIHOCTb NMPOMAYHBAEMOTO CJIOSI TMOYBLI, M}
W, — nojieBasi BJAroeMkKocTo, % OT Maccsi CyXof
MOYBHI; :
W — Baa)KHOCTh NOYBBLI Nepex NMoJHBoM, % OT Macchl
CYXO# MOYBBLL.

OpHeHTHpOBOYHAS TayOHHA PACYETHOrO CJIOsi YBJIaXHe-
HHA NpH BererauHoHubIX noausax no xopmam MCX CCCP
Koaebaercsi or 0,2 M aas KanycTel, OrypioB, JiyKa H J0
1—1,5 M — 1J51 3epHOBBIX, Caj0B H BHHOTrpajHukon [25].

PexiM opoleH st OCYIIEeCTBIACTCH TaKuM 06pasoM, 4Tolhl
BJAKHOCTL TOYBHl 34 BEreTAlHOHHBIH NEpPHOJ HE BBIXOAHJA
3a mpejesibi ONTHMAJIbHON; TPHMEHHTEALHO K PHC. 2, a —
He onyckanack Huxe W, u ne npeswiuana W,. B stom 3a-
KJAIOUaercss CyuHocTh Merona OanaHCOBBIX Pacyeros, Mpei-
Joxendoro A. H. Kocrskosbiu.
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- Beanuuna opocurenwhoit Hopmel N,... (m%ra) onpene-
Jasercs no gopmye:

Naero = £ lOKocP_(Wu—" Wu,)_Qr 4=Q.

. rae E —- cymmaphoe BojonorpeGienne, M*/ra;
e P — KOJIMYECTBO OCAJAKOB 3a BEreraithOHHbIN
nepHoL, MM;
K. — xos(ppuunenT HCNoAL30BAHHA OCAAKOB;
E W, W, — Hauaabhbie H KOHEYHbIE BJIAro3anacel B pac-
P - YEeTHOM CJI0e 3a BEereTallHOHHBIH NepHoj,
g m*ra; .
Q, — moaANNTHBAHHE PACYCTHOTO 05 H3 IPYHTO-
BbIX BOA 34 Beretauuonublil nepuor, m¥ra;
Q. — obmuit Ccrok 3a BereTalHoHubi 1epuHoi,
m*/ra.
O6uiec 4HCIO NOJHBOB i 32 BereTallHOHHLIT NEPHOA onpe-
fieasiercst H3 yCAoBHA Noorry = 2;, N;. 3anava uHasHaueHus

PALHOHAIBHOTO  PEeKHMA OpPOIIEHHS  SBJSETCS  HCKJIOUH-
TEJbLHO CJ0XKHOMN, TaK Kak Ha BHIGOP HOPMbI, CPOKOB H 4HC/Ia
. noanBoB Bauser Gosbluioe yucao gakropos. IIpu sroM Hago
~ HMEThH €Ule B BHJLY CJYUAIHbIT XapaKTep H3MEHEHHS MeTeopo-
~ aornyeckux yeaosuit. Ilpumensiemoit 00bMHO KpUTEPUit ONTH-
. MaabHOCTH CHCTEM OpOLIEHHS — MAKCHMAJbHBIN ypoxail —
| He VUNTHLIBAeT 34TpaTr Ha NPOW3BOACTBO NpoAyKunH. IlosTomy
® NpeiACTaBjfeT HHTEpPeC NOCTAHOBKA 337124 ONTHMH32IHN HA
" OCHOBE 'Pas/IHYHBLIX 3IKOJOTHYECKHX KPHTEPHEB.

. B kauectBe npumepa MOXKHO cocqlaThCs Ha paboty (53 1, rae
,'_;,"1' acCMAaTpUBAJICS BONPOC 06 ONTHMANBHOM [1J1a1HHPOBaHHK OpO-
CHTEILHBIX HOPM 110 JIaHHBIM O BJarooGecneyeHHocTH B Bere-
TallHOHHBIH nepuoi. Buio nokasaHo, YT0 J0XOA OT YpOKan
TIpH TPOYHX PaBHBLIX YCJAOBHAX 6yaer MakcHMaJieH, eciii CyM-
- MapHylo opocureabHyio Hopmy N ... onpeieasrs no ¢op-
- Myae:

Nievw = Enpe—E—p o& (E*—E*) 4 to, YV T—¢,

=

E sx — BOJONOTPEOSEHNE NOCEBOB, COOTBETCTBYIO-
€€ NOJYYEHUIO MakCHMaJbHO BO3MOIKHOTO
_ YpOXKas npH 3amanHoil arpoTeXHHKe;
E — cpennee MHOroJeTHee BojonorpebieHue Ha
Gorape; ‘ .
E¥ — npornos sojonorpel/ieHusi Ha JaHHbLI Bere-
TALLHOHHbIA NEepPHOA,;

157



E* — cpennee 3nauenne E*;
Ofg, O+ — CpeAHNe KBajpaTHYEeCKHE OTKJOHeHHa (dax-
THYECKHX M DPOrHO3ZHPYEMBbIX 3HayeHuil E
u E*;
p — Ko3(puUHEHT Koppeasind (PakTHYECKHX Y
NPOrHOSHPYeMbIX 3HaYeHHit Bojonorped.e-
HHS,
{ — napamerp, 3aBHCAUMA OT CTOMMOCTH KYlb-
TYPbl H 3aTpaT Ha OpolIeHHe.

DKoHOMHYecKas 3(PexTHBHOCTH [JIAHHPOBAHHA OpOCH-
TEIbHBIX HOPM MOXKeT ObiTh CYHIECTBEHHO [0BBIILEHA, €CJIn
PallMOHANbHO HCMOJIL30BATh KJ/AHMATOJOTHUECKHE JaHHble
O E)KerojHblX KoaeGaHuAX eCTeCTBeHHOI Bjaaroobecneuen-
HOCTH H €€ J0JrocpouyHLie MpPOrHO3b.

AJTOpHTMEl BHIGOpPA ONTHMAJIbLHBIX penIeHHH NO3BOJAAIOT
HalTH PAIlHOHA/IbHLIE CXeMbl MOJHBOB JV1# KOHKPETHHIX yCJI0-
Biil, OTpelesfeMbiX YPOBHEM arpoTeXHHKH, NPHMEHSIEMbIMH
TEXHHYECKHMH CpeicTBaMH, GHOMOrHYECKHMI OCOGEHHOCTAMH
KVJABLTVPbI, CTOHMOCTBIO, HaNPSKEHHOCTHIO METeopOoJornye-
CKOH OOGCTAHOBKH H T. A.

[TopyepkHeM, YTO nNpuUMEHEHHE SKOHOMHYECKHX IOKa3aTe-
Jeii B KauecTBe ONTHMAaJbHBLIX KPHTEPHEB NPH MNOCTPOELHHH
CHCTEM Truapomeanopaunii crumyanpyer 3(pexkTusHoe wHc-
N0Jb30BAHHE YJIYUILEHHBIX 3eME/b.

Caeayer umeTs B BHJY, YTO 3aj€piKKa € CeNbCKOXO3sk-
CTBCHHBIM OCBOEHHEM MEJHOPHPOBAHHBIX MJIOWAACH MOMKeT
NPHBECTH K TPYAHONONPABHMBLIM MOCJACACTBHAM, NPOSABJIAIO-
IWHMCS TJIaBHBLIM 00pasoM B YXVALIEHHH TNHIIEBOro pexuMa
NOYBLI, €@ BJIArONPOBOAHOCTH M BOJOYIEPIKHBAOMEH CI10-
COGHOCTH, YMEHbIEHHH PABHOBECHOIt TNMJIOTHOCTH H AP.

Bopsba ¢ noTepsimi M3 opocuTeabHBIX KaHanos. Kouu-
yecTBO BOABL Ngpooro, 3a0HpaemMoii H3 BOJAOHCTOYHMKAE, ONpe-
AGNUTCA U3 COOTHOIICHMSA:

N — Nyerro
6pyTT0 — k. n. A.

B nacrosimee BpeMs K. I, 1. BHYTPHUXO3AHCTBEHHOH H MeXK-
X03aCTBEHHON ceTH, KaK npasuao, He npepsiuaer 0,8. K oc-
HOBHbIM [MOTEPAIM B MEPeAaTOYHO-PACHPEJACTHTENbHON CeTH
(kpome cOpoca) otHocuTcst uabTpauusi M3 xKaunanos. Ilo
A. H. Kocrskosy, notepu Q (M*/c) na 1 M aauun Kanaja
NpH ray0oKoM 3a/jieraHuy TPYHTOBBIX BOJL COCTAB/IAIOT:

Q=K (b-2h) VT,
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rie K — xoadpuwitent ¢puabrpaunun, m/ci

b — mMpnna Kakana no amy, m;

¢ — xoadpuunent (1,1-+1,4);

h — rayOuna Boabl B KaHaje, M;

a — ko3(duumenT orkoca (@ = ctg ).
; Jlisi yMeHbIIeHHS NOTepPh M3 KaHA/NOB, MOMHMO UIHPOKO

pPacnpocTpaHeHHbIX MeTOJOB (ranHAHasn u OeToHHAs Ojexa,

. IUIHHAHbE W TOpdoIeMIAHBE aHTHOHILTPALHOHHBIE SKPaHbl),
B [10CI@HEE BPEMA HAULTH NPHMEHEHHE NoJHMEepHbIe NJeHKH.

M3 apyrux merosos 60opb6bl ¢ (PHALTPALHOHHBIMH NOTE-
PAMH 3 KaHaJa MOXKHO Ha3BaTh 0COJIOHIEBANHE JIOJKA KaHa1a
H KOJbMaTax.

OcoaonueBanne 1eIec000pa3nO HA NOYBAX C BhHICO-
KOH NOrJoTHTENbHOH CNOCOGHOCTBIO H 3aKJI0YaeTCst B HACHI-
HEHIH NOBEPXHOCTHOrO (WAMW NOAMOYBEHHOr0) CJOA Nepes
 3avavyuBaHMeM KaHaja HOHOM HaTpH$ — B CO3JaHHH HCKYCCT-
~ BEHHOrO COJIOHIA.

Peakuusn naer no cxeme: ITCa - 2NaCl==TIN; - CaCl,.
| BoamoxHOCTE KOJABMAaTaUHM pPycla OPOCHTENBHBIX
 Kanajaop A5 YMeHbleHHs (PUILTPALHOHHBIX NMOTEpPh Hecae-
josantach, B wactHocti, B paGote [8].

Jlas onpejeneHus JONyCTHMOro Auamerpa d, 4YacTHIy
KOJIbMATAHTA B CYCIEH3HH M0/1YYEHO COOTHOILCHHE:

la(n—m)y,
by < Dy SIB(ya—m)°*

rie D, — cpeannii auamerp (puabTPaUHOHHBIX TOP TPYHTA;
[ — ruapasaHUueCKHi rpajiHeHT;
n — KO3((HIHEHT CONPOTHBACHHA [POJABHIKEHHIO 4a-
CTHIL B nopHcTolf cpele (1aa MeJKO3epHHCTOro
necka B cpeaHem pasen 0,85);
m — MOPHCTOCTL TPYNTA;
Y1 — MJIOTHOCTbL BOJbI;
Y2 — NJOTHOCTb YACTHIL KOJAbMAaranTa;
o — Koa(puuHenT, yuHThBaOWull QopMy H uwepoxo-
BATOCTh 4acTHIl TPYHTa;
B — xoapurment, yunrwiBaoumii Gopmy 4acTHIL KOJIb-
MaTanTa.
Cpeaunit namerp QUALTPAUHOHHLIX MOP TPYHTA MOXKET
- ObiTh onpeneaed no ussecrxoi popmyne A. H. INarpawesa:

Do =7’12 V'"':_;%,
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rae v — KuHeMmarHyecKuit Ko3(pHIHEHT BSI3KOCTH]
m — MOPHCTOCTH TPYHTA;
K — xosduitienT puabTpauuu;
g — YCKOpPEHHE CHJIbl THKECTH.
JlonyCcTHMYI0 OGBEMHYI0 KOHUEHTPALUMIO ¢ CYCIIEH3HH pe-
KOMEHJIyerca Oonpenesisite no gopmyie:

y

!

o aum® { la (n —m) «h] s
6 S1B (Y2 — ) :

B 3aBHCHMOCTH OT HAChILIEHHOCTH MEJAKO3EPHHCTBIX NTECKOB
SKCHEePUMEHTANBHO YCTAHABIUBACTCH CBA3bL MEXNLY Haualb-
uoit (K,) u xoneunoit (K) BeauuuHoi Kod(dpuuHEHTA Piilb-
TPalHH:

K =K, (1—V'8),

rie S — cpeinssi BeJHYHHA HACLIIEHHOCTH [OPOBOro Npo-
CTPAHCTBA MECKA KOJbMATAHTOM 110 IV1y6GHHE 3aK0/Tb-
MaTHPOBAHHOrO CJI0A;
2 — IKCMepUMEHTAIbHBIH Ko3(dHUHEHT.
Hacpuuennoers S (¥, #) aas npomexkyrka spemenn 0 -<
< { == {, NpM HAYAJbLHOM H IpaHnuHoM ycnoBusx S (x, 0) =
= 0, ¢ (0, f) = ¢, onpeneasercs no Gopmy.e:
Col __ 1

S(x, )= gb ; y

bbx
ool Lt ]

rae b = bty
b, — onbiTHAas TNOCTOAHHAN,
ity — HauaabHaf CKOPOCTh (PHIBLTPANLNH)

e g,
D‘_q(t)’

m, — Hauya/JbHas MOPHCTOCTH NECKa;
¢ (1) — eanHnyHbll pacxol.
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AWHAMHKA
CPEAbI OBUTAHUSA
PACTEHUH

1. OBIUUE NPEACTABJEHHA O PEOJOTHYECKHX
CBOHCTBAX MO4B

B minpokom embicie PEOJIOTHS NTPeACTaBaser cofoil yueHue
0 nepopMauMsaX W TeyeHHH Ji000H MaTepHaAbHOH CHCTEMbl.

OcHOBHBIE TepMHHB, NPHMEHAEMbIC B MEXaHH Ke AHcnepc-
HBIX CHCTEeM, CJAELYIouMe.

Hedbopmauusa — BCAKOE H3MEHEHHE (opMbl TeIa
(nponcxoasiiee noji BAHSHHEM NPHJIOMKEHHBIX BHEIIHUX CHJ),
3aKJI0YAIOUIeeCs B CMEIEHHH YacTuil (MHKpoarperaros, arpe-
raros) OTHOCHTEJIbLHO APYT APYra, MJH B H3MEHEHHH Cpel-
HETO PAacCTOSIHHA MEXIY HHMH, HJIH OJHOBPEMEHHO H B TOM
H B Apyrom. M3 Bcex THIOR npocThix pedopmannii — CKatua
(pacrsizkeHns), caABUra, Haruda u Kpy4YeHHs — B [IPHJIOKEHHH
K JIUCTIEPCHBIM CHCTEMAM PacCMaTpHBAIOTCA MJIaBHBIM 00Pa3oM
1epBbIC JBE.

Cxkarue (pacrsizkenne) XapakTepH3yercs H3MEeHeHHeM pas-
MEpPOB TeJa, CBS3aHHbIM KaK C B3aHMHbIM [epeMelieHHEM
YacTHIL, TAK H C H3MEHEHHEeM PaCCTOSHHMA MEX1Y HHMH.

CaBHI CBSI3aH JIMIIL CO CMEIEHHEM YacTHil OTHOCHTEIbLHO
Apyr apyra 0e3 n3MeHeHHs oObeMa Telna.

Ecan nocae yerpaneHuHs BHEMIHHX CHJ AedopMauus Tela
HOJIHOCTLIO HCYe3aer, TO Takasg jepopmaiHa HashBaeTCsa
00paTHMOH, a4 TeNO — YHPYTHM HJH 3JJaCTHYHbIM, HE HCue-
3aiomas aedopmMai s Ha3pIBaeTcsa OCTaTOYHOMH, a TaKoe TeJ0 —
naacTHyHbiM. OjHa M Ta Ke AMcnepcHas cHereMa MoKeT ObiTh
O/AHOBPEMEHHO M YNPYrOH H [JIACTHYHOH, 4TO CBfI3aHO CO
CTeNeHbl0 VNAaKOBKH AHCMEPCHBIX YacTHI (arperaTos), TOJI-
HUHOH BOJHOH MNPOCIOMKH MEXJAY HHMH H HHTEHCHBHOCTBLIO
BHEIIHHX CHJI (MpH NMOCTOAHHON Temmeparype).

Ecin BJ/1aZKHOCTH BOAOHACHILEHHON AUCIEPCHOH CHCTEMbI
(mouBbl) NMOCTENEHHO YMEHbLIATH, TO QHA Nepeiier H3 TEeKYy-
Yero COCTOSIHMSI B JIIAaCTHYHOE, a 3areM B TBepjioe. Biaxk-
Hocte W,, mpH KOTOpO#H AHCMEpPCHAsl CHCTEMA MEepPeXOHT H3
IJIACTHYHOTO COCTOSTHHS B TBEPJOE, HA3biBAlOT N p €/l €10 M
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NAacTHYHOCTH (MO APYroil TEPMHHOJOTHH — HHK-
HUM MPEeAeIoM MJIAaCTHYHOCTH, rPaHulled pacKaThiBaHH:).
Baaxuocrs W, npu KOTOpoil cHCTema NMEPEXOAHT H3 [J1a-
CTHYUHOrO B TEKydee COCTOsIHHE, HasbhiBAIOT N pepeaoM
TEeKYyuecTH (BepXHHM MPEIeOM NAACTHUHOCTH, HHIKHEH
FPaHHILeH TeKYYecTH).

Pasuocte P, = W, — W, naswiBaior yucaom nJa-
cTHuHOCTH (1o Arrepbepry).

Kaaccuukanyua NOPOA N0 SHCAY NAACTHHHOCTH
(no B. A. lNpuraouckomy)

Haseanue nousocpyrma Queao
RAGCMuUIRoOCmY
BeicokonaacThunbie (rauun) . . « . . >17
[laacTnunbie (CYraHnKH) 177
CaalonjacTuuupe (cymecw) . . . . . 7—0
Henaacruaupe (necks) . . . . . . . 0

Ecan ganpHeiiee yMmeHblIEHHE BJAXKHOCTH NOYBEHHOH
MacChli He COMPOBOXKAETCA COKpauleHHem oOhema, TO AOCTH-
raeTca npexeqa ycafkH.

[Tpenennt nuaactHuyHocTH AtTepbepra mno3sBoasiioT BbIMHC-
JUTh eme OoAHH nokasarean W, — nokasarteib KOHCHCTEH-
UHH, €cJH W3BECTHA ecrecTBeHHas BaaxHocTs W obpasua:

A
W, = G e

B oreuecTBeHHOi1 J1abOPATOPHON MpaKTHKE 3a fnpeaes Te-
KYYeCTH NPHHHMAIOT BJAAXKHOCTb, NPH KOTOPOI KOHYC Maccoi
0,076 kr ¢ yrsom npu Bepiunne 30° norpyaerca B yBJax-
HenHywo noypenHyio maccy Ha 0,01 m; 3a npepen naacTuu-
HOCTH TIPHHHMARTCA BJIAXKHOCTD, IIPU KOTOPOH I YyTHK NOYBEH-
Hoil maccel ¢ auamerpom 0,003 M HaunHaeT KpOWHTHCA HA
Kycku aaunoi 0,008—0,01 w.

Jdns onpenesenus npeaena ycaakm Oepyr oOpasen, H3-
BECTHBLIH N0 oObeMy M Macce pH BJIAKHOCTH, NPCBBILLAIOLLEH
npenes TEeKydecTH, W BbicywnBaor ero B neud. [lo macce,
o0beMy W HayaJbHOH BJAXHOCTH BLICYLUEHHOro ofpasua Bhi-
YHCASIOT TY BJAAXKHOCTb, HPH KOTOPOH OH OKasaacs OBl BOJO-
HACHILEHHbIM. 3Ty BJAXXHOCTh W NPHHHMAIOT 3a npejen
YCalKH. :

Aunatancus. 3aBHCHMOCTh MEXK/Y KacaTeJbHbIM Harps:-
MEHHEM T i CKOPOCThIO AedopMalny y MOXKET ObiTh 3anucaHa
B BHJaeE:

= '],o;\"
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3iech mapamerp 1, MO AHANOIHH C KHIAKOOOPA3HBIMH
cHeTeMaMu Moxker ObiTh Ha3BaH PPexTHBHON (KamKyliencs)
BASKOCTbIO. ECAKM ¢ POCTOM CKOPOCTH CABHIA BEJIHYHHA M4
yMEHbLIACTCH, TO CHCTEMY HA3bIBAIOT NCeBAONIACTHYHOMN ; Y H-
JATAHCHBIX CHCTEM BeAHYHHA 1), YBEIHUHBACTCH C POCTOM
CKOPOCTH CABHTA.

flsaenne auaarafcun oOb4HO nabaonaercs 0COGEHHO OT-
YETJHBO B CYCMEH3HAX, laCTax U T. M., B KOTOPHIX 4aCTHLb!
YIIAKOBatibl [MO4TH NJOTHO.

[MosaarawoTr, 4to B NOJOOHLIX CHCTEMAX B COCTOAHHH [MOKOS
o0beM NpPOCJOeK MEXAY TBEpAbIMH YacTHUAMH MHHHMAaJEH.
[Tpn HeGOABLINX CKOPOCTSX CABHrAa »KHAKOCTHL B [1POCJOHKaX
CJLYHHUT CMA3KOH, YMEHbINAIOWEH TPeHHE 9aCTHIL AP YT 0 APYFa.
[Ipn Gosabluux ckopocTsax ciAsHI'a GOJBIIHHCTBO YacTHIL He-
H30eXKHO OTOABHraercsi Apyr OoTt Apyra, H o0bem, 3aHuMae-
Mbllf KapKacoM 4acCTuil, TaKUM 00pasoM, YBEIHYHBACTCH; NPH
ITOM JKHIKOCTb 3acachiBaercs 8 00J1aCTb TOHHIKEHHbIX 3Ha-
qeuuil noTeHuMana BJIarH, BhI3HBAA OCYIUEHHE OCTAJIbHOH
yactd cucrembl. Tak Kak KHAKOCTH TEHEpb HEJ0CTaTOYHO
A8 CMA3KK TPYULHXCs APYT O APYra YacTHU, TO HANpsKeHHs
. TpPeHHsl I0NHHBI BO3PACTH.

X Hunarancuefi (npu npounx pasHBIX YCJIOBHAX) MOXKHO
OOBACHNTL BO3pacTaHHe yaesbHoro CONpOTHBACHHSA BJIAXKHOH
(OYBLI MPH YBEJHYEHHH CKOpocTH 06paboTkn. OAHH H3 mexa-
~ HH3MOB 5TOTO fIBJEHHS 3aKJIO4aercs B CAEAYOUIeM. Y NJIOTHE-
~ HMe [0OuBbl Yy MOBEPXHOCTH NOYBOOOPaGaThIBAIOIIErO Opyans
~ NPHBOAMT K OTCOCY BJAarH “3 YNJIOTHEHHOTO CJIOsi, NpH 3TOM
. HA rpaHuie noysa — MosepxHOCTL 06pabaTHBAIoNLero oPymm

. 3aMeTHO BO3PAacTaloT KanuJJAAPHLIE CHAbI CUENJIeHHs °, uTO

 OPHBOAUT K 3aJunainuio noypoobpabaTeiBAOUIEro OpYyAHs H,
~ CJenoBaTebHO, K BO3HHKHOBEHHIO TPeHHs MoYBa — MoYBa.
- M3 paccmorpennsi NaHHOrO MEXaHH3Ma CJEAYyeT BaXKHbLIH

.~ BBIBOA — KOHCTPYKUHS  MOYBo06pabaThIBAIOIIEr0o  OPYAHS
© jo/0kHa GbITB TAKOBa, YTOOB! PH YBEJIHUEHHH CKOPOCTH 06pa-
- OOTKM He MPOHCXOJHJIO NporpeccHpyiouee ymioTHeHne npu-
~ Jleraiouero caos.

s Jlns oOObIYHOrO nJayra 3TO J0CTHTaeTcs, B YaCTHOCTH,
'~ yMEHbLIeHHMEM VYIJla YCTAHOBKH Jiemexa K CTeHKe W IRy
~ Gopo3nw!.

& Tuxkcorponuna. Boiue paccmarpHBaNHCh CHCTEMbl CO CTa-

';' (WHOHAPHBIMH PEOJIOTHYECKHMH XapaKTepHeTHKamu. Mmeiorcs

IO\ v

g% ! Taxoit MeXaHH3M HAJHDANNS YBAZKHEHHBIX AHCNEPCHBIX MaTepHa-
~ oB Ha TeepAble NOBEPXHOCTH PaccMOTpeH, Hanpumep, B paGore [77].
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CHCTEMBI, CBOHCTBA KOTOPbLIX OOYCJOBJCHD! NpeabICTOpUeH
(noxoit, BO30yK/eHHe), a He TOJLKO BHEUIHHMH YCJIOBHAMH.
B 3aBHCHMOCTH OT NPOAOJIAKHTENbHOCTH MpeiuecTBYOEH 1e-

T

dopmannn apdekTHBHASR (kaxyulasicl) BA3KOCTb T4 = —
¥

saTeM JHG0 oHMKaerca (THKCOTponusa), JAnHO0 MOBbLINIAETCS

(peonekcus), npHyeM BpeMs Ais BOCCTAHOBJIEHHSI BSSKOCTH
NOKOsl MOCJe HpeKkpaumenus 1eQopMHPOBaHHs MOMKET ObiTh
3HAaYHTebHLIM.

B y3KoM CMBICJ€ MOL THKCOTPOIHEl NOHHMAIOT H30TepMH-
yecKHil 06paTUMbI NEepPexol: CTPYKTYPHPOBAaHHAA CHCTEMA T,
*6ecCTpyKTypHas, T. €. CNOCOGHOCTL CaMONPOH3BOJIBHO BOC-
CTAHABJMBATh CBOI CTPYKTYpY BO BpEeMEHH NOCJE €€ MeXa-
HHYECKOro paspyuienus.

TukcoTponubie CBOHCTBA HAOMIOAAIOTCS IPEHMY LIIECTBEHHO
B CHCTEMAX C YAJHHEHHLIMHU yacTHuami. BsanmojchcTEHE Cha
PA3JHYHOH NPHPOALI NMPHBOAMT K BOSHHKHOBEHHIO Y TakHX
YACTHIL MPOCTPAHCTBEHHHON PEleTKH (CO c/1albIMH CBASSMIL),
KoTopas JIerko paspyuiaercs npH MEXaHHYECKHX BO3/1€l-
CTBHAX W BOCCTAHABJMBAETCH M[OCJe NpeKpalleHus BO3jeH-
CTBHA. i

[IpucyrcrBie B rpyHTE Aaxe HeGO0NbIIKHX KOJIHYECTB THK-
COTPOIHBIX (GEHTOHHTOBBIX) IJIMH MOXKET CJYIKHTh IPHYHHOM
OMNOJ3HEN; HEKOTOPble BHABI IUILIBYHOB Tak»e MOryT ObiTh
THKCOTPONHBIMU: OHM #BJIAIOTCS TBEPAbIMH TEJIAaMH B TOKOE,
HO TEPAIOT CONPOTHBJAAEMOCTh jeopMalun nocje Hayana
IBPKEHHUH.

2. CONMPOTHUBJIEHUE CABUIY CTPYKTYPHBIX
noys

PeasbHbie TNOYBbI BCErja HMEIOT CTPYKTYPY, OTJHUAI0-
IYIOCH CYLUIECTBEHHBIMH  OTKJOHGHHSIMH  DEOJIOTHYECKHX
XapakTepPHCTHK OTACJbHBIX 3JIEMEHTOB oObeMa OT CPeAHHX HX
SHAUEHHN JUIS1 BCell CHCTEeMBbl BCJEACTBHE HENOCTOSHCTBA €€
JKECTKOCTH. B Takol cucreMeé BO3HHKAIOT 3HAYHTE/NbHBbIE OT-
KJOHEHHS BeJHUYHHBI HOPMAaJbHBIX HAMpAKEHHH OT CpepHero
SHAYCHUS, UTO NPHUBOAUT K MOSIBJICHHIO B CHCTEME CIABHIOBLIX
HanpsixKenui 1axe B Cly4ae BCECTOPOHHEro CXKaTHs obGpasiia
O/IMHAKOBOH HArpysKoH.

MruoBenHoe ycJlOBHE NMPOYHOCTH MOUBbLI HA CABHT s HE-
KOTOPO# CTYMEHHW Harpy3kH MOXKHO 3anHcarb B BHIE

To = (q 1 G, Kp o 4p + Gc + Gx) 18 P, (166)
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rje T, — NpeleabHoe CONPOTHBIICHHE CHBHIY NMPH MIHO-
BEHHOM NPHJIOKEHHH CJIBHIAIOUIEro YCHJHSA,
g — BHEWHsA HArpy3Ka,
G, vp — MOJIEKYJISipHAS TPOYHOCTH KOHTAKTOB Ha pas-
pHiB;
(, — CHJbl 1aNbHOJEACTBHUS (B TOM UHCJHE H MOJIEKY-
JAAPHOTO [POHCXONKAEHHA);
§. — KanuJajsipHble CHJIbI;
g, — TIACTHYECKOe COMPOTHBJIEHHE COJIHKEHHIO H OT-
JeJNeHHIO YaCTHIL;
(¢ — YroJq BHYTPEHHEro TpPEeHHS B MOYBe.
CKOpPOCTh PEJAKCAlHN COCTABASIIONMX B ypaBHennu (166)
MOXKeT cyinecTBenHo pasauuarscst, Hanpumep, ckopocTh
!% penakcaunn nJaacTHyecKoit cocrapasiomeit g, tg ¢ moxer 6uiTh
© 3HAUHTEJbHO BHIE CKOPOCTH peJsaKCallHH APYrHX COCTaB-
v asiomnx; ¢ tg @ npu HeMsMEHHOM 3HaueHWH @ Boofule He
@_ MOYKET peJaKCHpPOBATh.

A OBo3nayas yepes T, CYMMY COCTABJSIOWNX NPABOH YacTH
~ (166) ¢ majoit CKOpPOCTBIO pejaxcallH, a uepes T, CYyMMY
. COCTaBJASIIONIHX C OTHOCHTEJNLHO BBLICOKOH CKOPOCTHIO penak-

~ canuu', yCIoBHE IUIMTENbHOW NMPOYHOCTH T, 3aMHileM B BHJE:

T =X T, (167)

WIN =

PPy

‘F!‘_ﬂ"
. -

%5

an\ z-, "'i-", -

T

v’
4

. rje T, — NOPOr NOJ3YyYecTH, T. €. HanpsKeHus, NpH JIOCTH-
AKEHHH KOTOPHIX B CHCTEME BO3HHKAIOT MOJI3y4He
nedopManmu;

— HanpsKEeHWs, BOCIPHHHMAEMbIE CHCTEMOH NPH 1o~
3YYECTH.

~ Peaakcauus cocTaBasiomnx, sxoasmux B (167), npusoaut

3 x MosBJAEHHIO HEKOTOPOro NpeiesibHOTO HanpsKeHus CABHUTA

1. = (T, + T)w, XAPAKTEPH3YIOLLETO MPEe/bHO JJIHTEelb-

Hoe CONPOTHBJCHHE CHCTEMBI Pa3p yIIEHHIO (puc 38). Beuau-

‘L‘ YHHA T, H3MEHHUTCA B NpejesiaX T == T, = T,.

- Tlpu xaxnoi#t CTyneHH HAarpy3KH MOXKET HapyIaThCs yC-

- joeue npounoctd (167) W npeswllUATHLCH NOPOT NOJA3YHECTH

[0 MEKponJouiajikam ofpasila; B MEpBOM CJjyuae MPOH30HAYT

- GLICTPBIE, BO BTOPOM — JLJIHTE/IbHbIE MHKPOC/BHIH.

- Cnsuroseie aeopMaiuy NPEKpaTsarcsi B TOT MOMEHT, KOria

-’B pe3ysbTaTeé HOBOTO, 60J€e PaBHOMEPHOro pacnpeieieHHs

' uop Mo pasmeépam ¥ YNpOYHEHHS MOUBbI MPH COMMKEHHH Ha-

;}? 1 CxopocTb peJaxcauui B ofuem cayyae HernocToSHHa A1f moﬁoﬁ H3
, __,Q.Leocmmmomux COTIPOTHBJICHHS CABMIY; OHA NOBBILACTCA C YBEJHYEHHEM
CCABMIGIOMIBX  CHJL.
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CTHIL M HX arperaToB M0 MHKpOIJIOMA/KaM KOHTaKTa Oyier
cobmonarbes yeaopie npoynoctd (167) aas Beedt cHcTeMbl
# He Gyjer NpeBblllaThCsl MOPor MoJ3yUecTH.

Xapakrep H3MeHeHHs jedopmanun obpasua B 3aBHCH-
MOCTH OT BEJHYHHBI CABHIAIONIET0 VCHJAHA T; MOKas3aH Ha
puc. 39 (141

[Tpu BCeX 3HAUEHHAX CABHTAIOWHMX YCHAMH T;, MEHbLIHX
npejiesia AMHTENbHOH NPOYHOCTH To, AePOpPMAUuy CTabH/IH-
sposasuch (kpusbie / 1 2). Tlpu stom s 1, = 69 kre/m?* <
< 71, (kpuBas /) nepopmauMsa NpeKkpaTHiach cpasy nocje
CTaagMH HEYCTaHOBHBLIENCSH 043y4eCcTH (Y4acTOK 0OB,); aas
1, = 81 kre/mM® > 1, (KpuBasi 2) nocje y4acTKa HeycTaHo-
susineiics noasyuectd (OB,) 3amereH yuaCTOK YCTaHOBHB-
wefics noasyuectu (B,C,), nocae koroporo jaedopmaius o6-
pasua IpeKparuiack.

[pu CABMralOMHX YCHAHAX T; A Ty CTEAHS HEYCTAHOBHB-
wejics noaayuectu (yuacrok OB KpHBoii 3) nepexoiaur B Cra-
AMIO YCTAaHOBMBILEHCH TMOJ3YYECTH, XapaKTepusyemyw ro-
CTOSIHHOM CKOpocThio jedopmipoBanus. CapHraouie ycu-
JHA T; > T NPHBOAAT K paspyiuexuio obpasua (kpusas 4).

Ha puc. 39 Takike HaneceHa Kpupas 5, noJjyueHdas npu
CABHUTAIOUIEM YCHJIHH T, = T,

B onweitax HCNOJL30OBAJCH THAKENOCYIHHUCTHIH YEpHO-
sem (PocroBckast oGaacth) npu BaaxuocTd 52%. Ilousa
B BO3AYIIHO-CYXOM CBHIITYUeM COCTOSIHHH 3arpykaJjach B crie-
UHAJBHYIO 060iMY, NPEAOTBPALAIONLYI0 BO3MOKHOCTL GOKO-
BOro pacluupenisi obpasua mnoi AeACTBHEM HOPMaJbHOH Ia-

rpyski. B obolime noyBa yBJax-

g HAJACHL KalleJbHBIM MEeTOJOM O

pacuetHoit BaaxHocTH. OGoiima

VAR repMeTHYECKH 3aKphiBajnach, H
obpasell ocrapajicsi B HeH Ha
3 cyT npu Temneparype 293,15 K.

Puc. 38. Kpusas Aantenphoil 1POYMHOCTH MO4BH
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3artem uyepes pe6GpPHCTVIO nua- &
CTHHY Ha TOYBY 3a1aBajach 0
- HOpMaJbHas Harpyskajo cra-
Gunnsaunn  gedopmaunu, or- L
MeuaBUIeHCa HHANKATOPOM ya-
COBOTO THNA C TOMHOCTBIO 10 72
&0
0
»

10 M. Ilocae oxonuanus
ynJaoTHeHusa oboima yjaaas-
Jach i Ha obpasell yepes 610K
. 3a]1aBajoCh CABHramwouee ycu-
. aMe T,; ¢ 3TOTO MOMEHTa mpo- /

- BoJMJioch  Habmojaenwe  3a ' ' -
BEPOPMHEDYEMOCTRIO . afpasta, l:')nc 39 mlzlmc'rm’iw -c;lm:f?;:;i
A\EACTBHE "CABRTAIOLIEro yCu- nc'cl)op):afxliﬁ BO BPEMEHH B 3aBM-
Jusi Ha o0pasell CHUMAJOCh  umocT OT BeJHIRHL CABHTAI0-
NyTeM NEpeHIraHusl HHTH. wmux vewauft T (HopmaabHan na-
Beanunna nedopmauun usme- rpy3ra P = 100 xrc/w* paax-

1

F p 07y

PSNACh B JCJNEHHAX HIMEpH- boerp. Wie= b1, 9%):
4 T;‘Jlbﬂtiﬁ WKaJH MHKPOCKOna Seieu e (Ke/ule, fo 6%l =
«Mup-1».

OKCNepUMEHTANbHLIE KPHBBIE 151 CTaGHJIM3HPOBAHHbIX Jle-
(hopmalHit VAOBJAETBOPHTENBHO ONHCLIBAIOTCS ypaBHEHHEeM:

AL oL
(I—L)t TG

To

&=

(168)

& rae e — obwas crabuausuposannas jaepopmauus o6-

’ pasua,

A (f) — dynxumna noasyyects, Koropas npu 607b1IHX
sHauyeHusnx ¢ apagercs JuHelHol Gynkuneli spe-

MEHH (;um J1I060ro MOMEHTa { ee MOXKHO MoJy-

YHTh YMHOKEHHEM OpJIHHATHI KpHBOﬁ NnoJisy-
YeCTH, 34 BBIUETOM BOCCTaHaBJAHBAIOIIEHCH ne-

dopmartan na-l;y-‘—"-);
: 7 e
T — JeiicTBYIoNee HanpsiKeHue CABHra;
To — NPEJIEJBHOE HAnpsixKeHue CcABHra;
L — nauna ofpa3sua;
G (f) — napamerp, KOTOPBIH MOXHO YCJIOBHO Ha3BaTh MO-
JAYJeM YNpyrocTH npH cABUTE;
m — ONbITHLIA KO3(HILHEHT;
[ — Bpemst.
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[lepsoe ciaraemoe npasoii wacTH ypastenus (168) npes-
crapaser coboit aehopMallHio NnoJi3yyecTH £,, BTOpoe cJjaarae-
MOe — BOCCTaHABJAHBAIONLYIOCA JedopMalHIO &,.

Boccranasaupaiomancs aepopmauns

tL

& =G

(169)
CpaBHHTE/bHO GbICTPO 3aTyXaer CO BpPeMeHeM.

3aryxaHHe BOCCTaHaBJHBawlelcs JefopMalHy npu T =
= const B 3aBHCHMOCTH OT BPEMEHH HAaXOMKIeHHsI o0pasia
noj JAEHCTBHEM C/IBHIAIOWEro Hanpsi»<eHus H3y4ajJochb Ha
o6pasuax uepHosemHoit nousbl. CjsHraioniee HanpsxeHue
cuumanoch uepes (1,2; 2,4; 3,6; 5,4; 9) -10* ¢ nocie Hauana
onbITd M 3aMeps1ach BOCCTaHABJAMBaoulascs aedopmauus &,
(puc. 40). Jlaa Bcex yKa3aHHBIX HHTEPBAJOB BPEMEHH OMbITLI
NPOBOAHJNCH B YeThipexkparHoil nosropHoctd. [as pac-
CMOTPCHHBIX BbIIIE MOMEHTOB Bpemenn / no ypasHenuwo (169)

L
paccunTan napamerp o (puc. 41).

Jlast 1ocTatouHo GoJbUIOro NpoMexXyTKa Bpement ({ — oo,
e, € e, u Torjaa smecro (168) moxKHO 3anucarhb:

_ﬂ% ™, (170)
)
B norapupmuueckoit gopme suipaxenne (170) npumer B

In [( 1—%)8] —In[A(co) L] +mlnt.  (171)

&=

T
Orj0KHM 110 OCH OpAHHAT In [( 1 ——)e] , @ 710 OCH

abcunce In t. Torjia HAKJIOH NPAMON ONPEACTHT NOKd3aTe/b
€

i

agia
[
F.

1 1 1} 1 1 .1 | P | 1 1 1 |
/] 12 24 36 54 90 102
t-10°%¢c
Puc. 40. Boccranasaupaoumanca jepopmaunsa npn  10a3y-
vectd (P = 172 kre/m?; W = 51,9%; 1= 152 Kre/m?)
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tr ﬂ e ﬂ‘@‘ i
- Puc. 41. 3asitcumocts ycaosHoro  Pue. 42. KneetHxa caABHrosmix
. MOAVAR YNPYTOCTH NPW CABHre OT n@opuannﬂ BO “yeuenn (P—~
BPCMCHN HAXOXAeHHA ofpasua noa 172 xre/m?; 51,9%):
casuraoueil Harpyskof 3nayeunn T (Kre/m*): / — 225 2 —
152; 3 — 110,4; 4 — 68,7

. CTENeHH m; OTPE30K OT Hayaja J0 MepeceyeHus npaMon
¢ ocbio opannar Gyzer pasen In [A (co) L.

IKCNePHMEHTAIbHbIE NaHHBIE 0 KHHETHKE CIBHTOBBIX 1e-
(opmaunii BO BpeMeHH B 3aBHCHMOCTH OT BEJHYHHbI C/IBHTaI0-
CHMX YCHJAHH T, < T, NpH HOpMasbHO#l Harpyske 172 kre/m?
npeicTaBaeHbt Ha pHe. 42.
[Ipu t, = 110,4 krc/m? u v, = 68,7 Kre/mM*, MEHBLIHX T,
" (KpiBble 3 H 4, Aecpopmauml CTabHAHINPOBAINCH M0CTIe
 CTaIMH HeyCTaHOBMBUIEHCH no.nayqec'm Hpu 1, <7 =
= 152 xrc/M® <7 (06103 <<t =<24:10°% c; Kpnaaa 2)
. paCnoJioKeH y4acTok ycranoauaweﬁcn nos3yuecTH, . nocie
. KoToporo xepop™aiiu craGuanauposanuch (2,4 .10 < f <<
= 3,6 .10% ¢). Kpupas I Ha puc. 42 cooTBETCTBYeT Mpeieb-
. HOMY CONPOTHBJEHHIO CABHTA T,.
Jlas onpeneaenus napamerpoB m 0 A (o0) L na puc. 43
- MPHBOJAHTCS BCNOMOI'aTe bHbIH rpadpuK, NOCTPOEHHBbIH MO
- YPABHEHHIO (171).

Ha uccaenyvembix noysax npn P = 172 kre/m* napamerpbl
- oKasaJnch paBubiMp: m = 1,5; A (c0) L = 0,16. TTockoasky
'~' - NOKa3areb CTENeHW /m He paBeH eJuHHLe, cymMmapHas Je-
(l)opmaunﬂ Y&, or psiaa crynemeit T; (t = Y\7;) He Gyner
: ‘,panna Jepopmaiii €, MPH CABHralOWeM HanpsKeHHH, NpH-
~ JIOMEHHOM MI'HOBEHHO.
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Puc. 43. K onpejesennio na-
panetpoB m i A (oo) L

170

Pue. 44, 3aBHCHMOCTL CABHIOBON
Jepopmanuit  OT  BPEMEHH TIpH

MHOFOCTYNEHYaTol  CABRHrawied
narpyake (P = 172 xre/n?; W=

=5|.9%}):

l-1=t"‘_’t;; 28— ¢

+Ta-tT T T

q

1

o

.10° k/?:/Me
~

=7

.
’ 1 1

0 W & 4D W

Puc. 45. Masencnue npeAcAbHOT0 COMPOTHBJICHNS
capury o0pasios JEpHOBO-NOAOIHCTON  NOUBHI
B 3aBHCHMOCTH OT BJAAKHOCTH (nop.\lanbuan Ha-
rpyaka P = 416,4 xrc/v):
MukpocTpykryptinie o0pasup: / — n0pi DOACYUINBIHIH

2 — NpB  yBAZKMCHMN, MIKPOCTPYRTYpPHHC o0pajsuwy
3 — upH nopCywmBalnm; f — Opy yBAIKHEHUH

:t‘+



Jas sroro cayvas ypasuenue (170) nomxHo GuITh 3anu-
CaHo B CAGIYIOLLEM Biijie:

£ = E - A(OO?L T, (172)
L
{

~ TAe T; — i-as CTYNEeHb CJBHIAIOUEr0 YCHJINHS.
5 B xagectBe npumepa npuBeneM c/AeAyiomMii pacuer je-
- (opmannit no ypasuennio (172). Las v = 194 xkro/m?, 3a-
~ lanHOro JIBYMH CTYNEHAMH: T = T, 1, = 110 -}- 84 =
& = 194 krc/m?, uatizem &; = 11,6; e, =28,5; &8 = ¢; +
e e, = 40;1.
", JIns gernipex cryneHell NpHAOKEHHS CABHraiouieil Ha-
L TPY3KH T = T; 4Ty + Ty 1, = (69,7 + 41,7 4 41,7 4
=+ 41,7) = 194 Krc/m? Gy/1eM COOTBETCTBEHHO HMeTh: &, = 4,5;
e, =3;e,=45 ¢, =10; e =8, +e, +&; -, =292
- Ha puc. 44 npusenensl onbitbie 3HaYeHHs € ({) Aas CTy-
- NEHCi CABUTAIOUIHX YCHAHI, HCTIOJL30BAHHBIX NPH pacyere.
~ OnuiTHble W pacueTHble 3HAYCHHS! 47151 KOHEUHBIX AedopMattiit
- OT Ka){10#1 CTYNeHI HATPY3KH 1 cyMMapHO#M rehopmMaumn pas-
~ JIHYAIOTCS HE3HAYHTE/bHO.
b [TpereanHoe CONPOTHBJEHHE CABUCY MOYB 3aBHCHT OT
 BJaxHOCTH o0pasita W Xxapakrepa yBJaxcHenus (noicylmpa-
 HHe — yBJIAXKHEHHE).
~ OG6pasubl 1epHOBO-NOAOAHCTON MOYBH! NMPH PA3IUYHON
. BJaHOCTH YNJIOTHAIHCH B 060#iMe CABHIOBOro npubéopa Kom-
- npeccuedt ao naorHoetn 1100 kr/m?*; nocae sroro nposoamnancs
 uensitanusi Ha casur [104].
- Konrpoasubie o6pasiibl, nepBoHayalbHO VBAGKHEHHBIE 10
~ 57,8%, measenHo nojcymMBagnch npu temneparype 298 K.
- [laorHoeTs 06pasuoB no Mepe NOACHIXAHMA H3MEHAJAACh OT
= 1100 no 1140 kr/m?®. Tlo nocTHKEHHH HAMEUEHHON BJIANHOCTH
~ 000iiMbl repMeTHYECKH 3aKpbIBajiHCh, W 4epe3 OxHH CYTKH
~ 00pasubl MOJABEPrajnch HCNbITAHHAM. Pe3yabrTaThl ONbITOB
~ [puBejneHbl Ha puc. 45.

Kak BHIHO H3 pHCYHKa, npeje/bHOe CONPOTHBJIEHHE
. CABATY MHKPOCTPYKTYpHBIX o6pasuoB (Kpuseie [/ H 2) 3ua-
 YHTE/IbHO BBLIlLIE, YeM MaKpOCTPYKTYPHBIX 06pasioB Toil e
~ Toussl (KpUBLIE 3 U 4) KaK NpH YBAANKHEHWH, TaK W OPH 1M0JL-
~ cyimBanuu. [Ipu noacyliuBaHun MMKPOCTPYKTYPHBIX 06pa3-
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ﬁ noB 10 BJgaxHoctH 17%

@ H MmeHee Halbjnojaercs
CHHIKEHHE MNpeeanlioro
CONPOTHBJIEHHA  CHABHTY
ot 34 CUer MOABJACHHA MH-
& KPOTPeLLH.
2 ok P v
S asanune B BeAuie
< 2 NpeJAeJbHOTO  CONPOTHB-
Sk JICHH S C/ABHTY TIPH YB/1aK-
& 1 HEHMH H NOACYUIHBAHHHU
ol OOBLSICHAGTCA  KOMMpec-
i CHOHHBIM  THCTEPE3HCOM

A L Il 1 PRGNS
20 30 20 50 60 k{% 3a CUET OJIHOBpEMEeHHOIo

Puc. 46. Bauanue ckopocTtn jdedopmanny O Sl DRI IMOR

o6pasiia y Ha BeAHUHRY NPEASABLHOTO CO- npllpo,’lll}l[ (cm. paspen 2
NPOTHBJACHHA CABMIY T o6pasua nouss [-1aBbI ).
NPH PA3AHINON BAAKHOCTH: Ha Beauyuny npe-

J— Y o= 1:10=* mjc; 2 — 9= 2,62.10~*w/c ACJBHOI'O CONPOTHBJICHH

CABHTY  CYHIECTBeHHOE
BAMSIHHE OKa3blBAIOT BA3KONJIACTHYECKHE CBOHCTBA BOAHLIX
npocioek (puc. 46).

[Ipu fAefCTBHH CABHTAIOIWHX YCHJIHH HAa CTPYKTYPHYIO
MOYBY MOTr'YT BO3HHKaTh Je(pOpMaliH CJACAYIOUIHX BH/OB:
ONPOKH/AbIBAHHE arperaTtos, BpauleHue arperatoB Ges ornpo-
KHWAbIBAHHS, OTHOCHTE/ILHOE CMellleHne arperartos Ge3 Bpailte-
HHS, ONpPOKHAbIBaHHE # cpe3 arperatop. CaenosartenbHo,
B JlHana3soHe BJaXXHOCTH, NPH KOTOpoH Hab/Moaaercs Makcu-
Ma/IbHOE COMPOTHBJIEHHE CIABHIY, YCTOHYHBOCTH arperartos
paspymaloumuM aehopmatHiaM MaKCHMAIbHA.

Ecan nopa punsnueckoit cneaocTbio NOYBH
noHumarh BaaxHocTe W, npH KoTtopoit obecrneuuBaercs
MaKCHMaJbHOE COJeprKaHue arperaTtoB B npoiecce obpatorku
NOYBHI, TO 3a TAKYIO BJIAXKHOCTH MOXHO NPHHATH €€ Alanas3oH,
COOTBETCTBYIOIIHIT MaKCHMaAbHBIM T /I MaKpoarperarHbix
06pasioB HapyHIEHHON CTPYKTYPHL.

Taxo#t nojaxon oGbscCHAET PAA 0COGEHHOCTEH ITOH Xapak-
TePHCTHKN noussl: cmewenne W Bnpaeo (B cropony 60/ib-
UIHX BJa)KHOCTEH) B cjayyae MEPONPHSTHI 1O OKYJLTYDH-
BAHHIO NOYBLI (M. puc. 45, KpuBas 4) H NpH yBeJHYCHHH
ckopocti o6paborkn [11, 60, 1071 (cpaBun KpuByIo 2 ¢ KpH-
Bo#t [/ Ha puc. 46).

[Tojuepkuem, 4TO METO/l OLLEHKH (PH3HYECKOH CMEJOCTH no
MAaKCHMaJ/IbHbIM 3HAYEHHUSAM T OTHOCHTCSI K obpasuam (Hapy-
IIEHHOH CTPYKTYPBI), CJIO’KEHHBIM H3 Makpoarperaros. [las
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o6pasioB HeHApYWeHHON CTPYKTYpHl, I'le B MEXaHH3Me CO-
NPOTHBJAGHHS CJBHTY MOTVT peliaiouiee 3HayeHHe HMeTb Le-
MEHTAUHOHHBIE W JAPYTrHe CBA3M, MAKCHMAJbHbIE 3HAYCHHHA T
ementalorest saeso (111 (B ctopoHy MeHBIUMX 3HAYEHHIT BiIaXK-
HOCTH) H HE MOTYT CAVKHTb MEpPOH OlleHKH PH3HYeCKoH cre-
JIOCTH TOYB.

Onwitel nokassiBaiotr [111], uto yaeabHoe conporusiexue
[IOYBbI MPH [1aX0T€ B JHANA30HE BJIANKHOCTH, COOTBETCTBYIO-

ueM QU3HYECKOH CNeJOCTH, MHHHMAJbHO.

B paGore [18] ycranoBaena TtecHas KoppeasuloHHasA
CBS5i3b MEXKY VAEJABbHLIM CONPOTHBJICHHEM NMOYB NpH naxore,

.~ HX BJIAZKHOCTBHIO, TBEPJAOCTHIO, COMPOTHBJACHHEM CABHTY H

pasphbiBy.

O6paGoTKa NouBsl 3a nNpejeaamu ee (hH3NYecKoil CneocTy
MOKET NPHBECTH K H3MEJbUYEHHIO MMOYBEHHOH CTPYKTYpH H,
CJIC/IOBATENIBHO, K CHHMIKEHHIO 9 PO3 HO HH OH YCTOHYH-
BOCTH.

3. 3PO3Usd Nno4s

ITox 3po3ueit NMOYB NMOHHMAIOT COBOKYNHOCTH NPOUECCOB
pPaspyuieHHsa MOYBEHHOTO CJOS W NepeMemeHHs MPOAYKTOB
STOrO pPaspyileHHA MOJL BJIAUAHHEM OTOKA BOJLI i BETPa.

Boanasi 3posus. Boanaa 3po3us MOXKeT BO3HHKHYTH
BE3/1e, /1€ €CTh CKJOHOBBIH cToK. PopMHpoBaHIEe CTOKA CBS-
 3aHO C pacnpejesieHHeM 0CajiKoB ¢ MOMEHTa HX BbinajeHud
JIO NOCTHXKEHHS HMH BOJAOEMOB (pycja pek, osepa, MOpsl H
T, [1.) WK BO3BpalleHHA B aTMocdepy BCJAEICTBHE HCMApeHUs
# Tpancnupauni. OTHOCHTEBHLIE BETHIHHBL COCTABIAIOMHX,
Ha KOTOpbleé MOMKHO pac-
YIEHHTH KOJIHYECTBO OCaj-
KOB, BBINABIIUX 34 onpe-
JIeJIHHBI IHBeHb, 3aBHCHT

Fadepxcarnve
8 NGHUMCENIRX

i)

=+ (1056eH TR 6/a2a

..

St g O D R S

2 A L2002 2 L g hA i

Puc. 47. Cxema uukna croka [122]
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OT (PU3UYECKUX OCOGEHHOCTEH H VCAOBHH 3eMHOH MOBepX-
HOCTH KaK NPHPOAHBIX, TaKk M HCKYCCTBEHHBIX (ApeHax
M T. M.), @ TaKiKe OT XapaKTepUCTHKH JIHBHA.

Ocanxn cjaboil HHTEHCHBHOCTH ¥ HEOOJLIIOH TPOLOJIAKH-
TeJALHOCTH MOTYT ObITb NOJIHOCTBHIO NEpeXBauyeHbl PaCTHTENb-
HOCTBIO, NPOCOYNHTLCA B IMOUYBY M HCIAPHTHCA.

ATH TPpH TPYIIB OCATKOB COCTABAAIOT NOBEPXHOCTHOE 3a-
aepxkanne. Korna pacruresbHblit NOKPOB yiKe HE B COCTOSAHAH
yAepKaTh BJAAry, a NOHHKEHUS 3alOJHEHbl BOJION, OHA HaYH-
HaeT WHUABTpoBaTLCA B rPpYHT. Koria HHTEHCHBHOCTD OCal-
KOB Y TOBEPXHOCTH [OYBBI TMPEBLICAT HHPHALTPALHOHHEYIO
croco6HOCTb, HAUHHAETCsi CKJOHOBBIH CTOK H IOBEPXHOCTH
3eMJIH TIOKpbiBaeTca f1 CJoeM BO/Abl, Ha3bIBaeMbIM IOBEpX-
HOCTHBIM cMauuBanuem (puc. 47).

Cpennee 3nauenue H 3a paccMaTpHBaeMblii neproi onpe-
JIeJIUTCS U3 BBIPAXKEHHS: -

H=p-— 8§—F,

rae p — Cpeinsisi BHICOTA CJIOS 0CAJKOB, BbIIABIIHX B Teye-
Hie paccMaTpuBaeMoro nepuoja f (oJHOro Joas,
C€30Ha, rojla) Ha ONpejeJeHHOH TMJOoLLaLN;
S; — NOBEPXHOCTHOE 3ajleprKaHHe;
F — obmas uaduILTpalusg 32 TOT XKe MepHo.

Cpennas CKOpOCTb PABHOMEDPHOrO IJIOCKOrO NOTOKa 0
Boicotot H (H = R, rae R — TiipaBjaHuecKuil pajuyc) mo-
xer ObITh ompejleaeHa 1no gopmyJe:

o =C Y Hi, (173)
rine C — xos(gpuuuent Illesu *, m'/:/c;
{ — THAPABJHYECKHH YKJOH. :

Kak TONMBKO CpefHsin CKOPOCThb NNOTOKA JIOCTHIHET HEKOo-
TOPOro KPHTHUECKOrO 3HAYEHHS H NepeijieT ero, nNoToK Hauyu-
HaeT CHCTEeMaTHUECKH ¥ B MacCoOBOM HOpAJIKE OTPLIBATH MOY-
BEHHBIE YACTHILBI OT MOBEPXHOCTH, NOJAHUMATDL H TPAHCIOPTH-
poBaTh HX. B AMHaMHKE PYCJOBLIX MPOLECCOB TY HAMMEHb-
VIO CPEIHIO CKOPOCTh MNOTOKA, NpH KOTOPOH HPOUCXOAHT
GecnpecTanublii CPbIB OT/LE€JIbHBIX YACTHIL Ha NOBEPXHOCTH H
NpH KOTOPOH CPEAHHH YPOBEHb MYJbCALHOHHBIX MOABEMHBIX
VCUJIHI NPHMEPHO paBeéH Macce 4acTuilbl B BO/E, Ha3blBaioOT
cpoBaomei ckopoctThio v, [36]

B ycaoBusAX TYypOyIeHTHOTO OOT€KaHHsl BBICTYIOB JUIA
PABHOMEPHOTO IJIOCKOTO NOTOKAa ¢ Ae(opMHPYeMOoH 1oBepX-

! TaGanubt shavenuli C MOHO HaliTy 8 cnpaBouniofl ntepatype [67 L
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HOCTBIO, CJIOKEHHOH H3 CMecH HEeCBSI3HbLIX 4acTHIL PasHoi
KpYIHOCTH,

8,8H 2 —y)d
0mie Y EPE, o
rie d, — cpeaHuit pasmep Tex HanGosee KpyMHBIX YacTHIL,
N0As1 KOTOpLIX cocrasasier 5% ;
d — cpefnHit pasmep yvacTHil (paaMyc paBHOBEINHKOrO
miapa);
V1 — MJIOTHOCTH YACTHIL;
Y — MJOTHOCTH BOJbL.

Ty uanboabiiyio CKOpoCTh NOTOKA, NpH KOTOPOH eme He
NPOHCXOAMHT Nepemelena H CJABHra yacTui, Ha JIHe H npH
KOTOPOH HanboblIHe [1YAbCAIHOHHBIE 3HAYCHHS [OABEMHON
CHJIH €lIle He NPEBOCXOMAAT MACChl YaCTHIL B BOjle, HMEHYIOT H e-
CABHTrawuLeil, HaH HenepelBHraiolleH, CKOPOCTBIO U,

M3 onBITHBIX JlaHHbIX Hailleno cooTHollenue v, =~ 1,4v,
H, CJ€J10BaTeLHO, .

88H .1/ 2 (1 —v)d (17306)

Jlas BecoBoro pacxona G nepeMeitenns THKEAbIX YacTiil
(d > 1,5-100" M) Ha eauHMUY UWHPHHB MIOCKOTO TYpOYy-
aentHoro noroka B. H. Fonuapoeew [36] nonyueno ypas-

Henye:
=12 od (7",’;—1)(—0%—1), (174)

rae v — JeHCTBHTeNbHAA CPeAHAN no rayéuHe CKopocThb 1o-
TOKA;
() — mnapameTp TYpOyJEHTHOCTH, 3HAUEHHsI KOTOPOro
JViS1 pasyiHYHBIX rasmepoa YACTHIL MOKHO HalTH
B8 Tabaunax [36] (uas d > 1,5.10%M, ¢ = 1;
B ananasoseor d = 1,5.10* na0d = 1,5.10" ™
¢ namensiercst ot 1 10 7; npn d = 107° M ¢ yse-
anunsaercs jo 300).
Ypasuenusn (173a), (1736) u (174) skcnepuMenTaabHO NOA-
4 2
TBEpKeHs! s uncen Peiinonbaca Re >240 ( Re = —?—, rie

B H
- V— KHHeMdaTHYeCKan Bﬂ3KOCTb), OTHOCHTEJbHBIX PJI}’ﬁHH 7y

v

5 OT 1 no 18,3

ot 10 no 1550, orHoCHTE BHBIX CKOpOCTEi
. M yacTHU KpynHocTsio ot 8-107° no 107% M.
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Bupaxenne s koshpuuuenta lllesn B ycnoBusax pas-
MBIBAEMOTO JIH& 11PH HAJHYHH JONOJHHTEJILHBIX CONPOTHB.Ie-
HHIl 71, 10 CPABHEHHIO C OCHOBHBIMH 1, N0Jy4€HO B. H. T'on-
yaposbiM B Buje [361:

N i .
[Moscrasasisn 3r0 3Havyenue B (173), noayuum:
T4V B g S BT
5

C yueroM nocaeanero Bbipaxenust W (173a) Kpurepii
YCTOMYMBOCTH TOYBEHHBIX YAaCTHIL NPOTHB BOAHON 3SPO3HH
MOXKHO 3anHcaTth B TAKOM BHJe:

AR Y ..4_.!/_-.’1‘_ = 1
— O _— V-a- - y
rje
Ny 4

fip "/ X g §
1.75y
AHannus 3Toro KPHTEPHSA 11OKa3biBaeT, 4To B pacipocrpa-

- H » 2'
HEHHBIX HA NPaKTHKe Caydasx —— = 10+ 10° aas ckaoHoB

¢ ykaoHoM i == 0,017 (=< 17), § <1 — 3po3us B 3THX yCa0-
BHAX npakTHyeckn He wHaGmonaerca. Has 0,017 < i <
= 0,052 (1—3°), E = 1,8 — sposusi Jasi TaKHX CKJOHOB
cnabo Boipaxkena. Jlas ananausa ObIM NPHHATH 3HAYEHHA:
vy = 2,70; 9y = I; -Z‘; = (0,2 [82]; 4 = 0,8.

Ha puc. 48 B norapudmuyeckon mMaciiurabe HaHeCeHbl 3Ha-

v
YEHH A ¥ B 3aBHCHMOCTH OT CpEAHEro JAHaMerpa MOYBEHILIX
¢

yacTHIL AJs pasauuebix 3Hayennit A ) Hi. Kak BuiHo u3
pucynka, npu A V Hi < 107 Bce yacTuubl yCTOHYHBbI 1PO-

THB BOJHON 2PO3HH (70- < l). [pu 3uavenusnx AV Hi >

> 10°% nosipasiercss 06JacTh HEYCTOHUMBBLIX MPOTHB BOIHOH
sposun wgactuw: aas A )V Hi = 107 neycrofiunBbl BCe ua-
CTHIBL, CpeAHHil pasmep Kotopsix d < 107% m; ana A V' Hi =
= 102 geycrofiuuBbl YacTHilbl, HauuHas ¢ d = 107% m,
BoJsee nojapobHbie CBEJACHHMS O METOAaX pacyera H Mpo-
rHO3a 3PO3HOHNBIX npoueccos janbl B padore [82]. Tam xe
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 cjenaHa nonbiTKa yuera cilen- OGnacme Wesiz
JeHHs NOUBOTPYHTOB B pacuer- ﬁé’ﬂ”ﬁ&‘%’% i
~ HBIX (dopmyJaax. ;R WG e T e

Kak caenyer u3 Boipaxe- &
HHSA VI KPHTEPHSA YCTOHYHBO- 2
cti § (em. c. 176), npoTHBO- y1¢7
9pO3HOHHBIE MEpONPHATHA &,
YCJIOBHO MOXKHO pasjiesiuTh Ha
TPH TPYNMLL. o

1. Meponpuarus, oGecne- -2
~ YHBAIOULHe 0MOAHHTE/IbHOE CO- g

IIPOTHBJICHHE [OTOKY 1, H, CJe- =10
. 0BaTeJabHO, BEIYLIHE K YMEHb-
- menmio Koshuunenta A (3a-  pue. 48, Cxema x onpezesenuio
JY/KEHHE MHOT'OJIETHHMH TPABa-  ofaacti  HEYCTORUMBLIX  1POTHB
MH, MYJbYHPOBAHHE CTEPHEH, pO3HN NOUBCHHHIX “acTAu (arpe-
3ajiepHenye, naxora W nocen Fa108) -
nonepek CKJOHa M T. M.).

2. Meponpnarud, obecneyuBaiolilie COXpaHeHHEe CTPYK-
TYPHl NOYBLI, XapaKTEPH3YEMOIT CPEJIHUM pasMepom vacTuil d
(GesoTBanbHan 06paboTKa noYyBbl, MHHHMH3alUHA O6GpaboToK
. NOYBHI, TNpPHMEHEHHE HCKYCCTBEHHBIX CTPYKTypooGpasosare-

“aeit [1081].)

3. Meponpusitua, BeAyliHEe K YMEHbIIEHHIO FJ1y6GHHB! MO-
ToKa H 10 A0NYCTHMBIX 3HAYeHHH (BOA03aep KHBAIOULHE BB
H Teppachl, BOACOTBOASMIUIHE Bajgbl M KaHasn, raybokas
Bcnamx)a. noppluapoutas obmyio HHPHILTPAUHIO 0CANKOB,
H T 1)

Paccrosinne Mexay BajlaMH, KaHaBaMH, TeppacaMi MOXHO
| OLEHHTh, €cJH B.Ji000H Gopmyse, NpHHATON Aaa onpengne-
. HHMSI CKOPOCTH CKJOHOBOrO IOTOKA, 3aMEHHTh €€ 3HaueHue

Ha v, no (1730).
B uactHOoCTH, NpH TaKoM IMOAXOje H3BecTHas GopmyJia
- Kocrsikoa npuMer BHAL:

- v, = V Cxcp .

- rjie C — al l'l.;
&, — KOIpYHILHEHT, 3aBUCAILHE OT LIEPOXOBATOCTH (%) =
= 7+30 u Goaee),

X — paccTosiHHe OT BOJAOPA3/eJIa;

p — WHTEHCHBHOCTb 0Ca]IKOB;

0 — KO3(pHIHEHT CTOKa.
J [Tpy n3BecTHEIX 3HaveHHAX vy, C, 0, p 13 HOCAEAHEN
. dopmyJbl MOXHO HAHTH PACCTOSIHME X MEXy BaJjamH, Tep-
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pacaMH ¥ KaHaBaMH, NPH KOTOPOM CKOPOCTb CKJIOHOBOTO
CTOKAa HE JIOCTHTHET pasMbIBAIOLLEH.

[ToguepKHEM YCJIOBHOCTb MPHUBEIEHHO BbIlIE KJIaCCH(H-
KAllMH TNPOTHBOSPO3HOHHBIX MeEpOnpuATHii. [leACTBHTENBHO,
MEPONIPUATHSA OAHOM TPYMIbl, HANpHMEp NPHUMEHEHHE HCKYC-
CTBEHHBIX CTPYKTypooGpasopartenedt (2-s rpynna), BeiyT H
K NOBBIIEHHI0 HHDHJABTPAILMH (3-f1 Tpynna); nocesbi MHOTO-
aeruux Tpas (1-s rpynna) obecneynsaloT y/ayullleHHe CTPYK-
TYPHOTO COCTOSIHHSA MOYBbI (2-A rpynna) u T. A

Bce npoTHBO3PO3HOHHEBIE MEPONPHATHS OYAyT 3(PPeKTUBHDI
ML HA (hOHE BHICOKOH KYJbTYPbl 3eMJIEA/HS, BKAIOYAIOULeH
NpaBHABHOE pasMelieHHe PasJHuHbIX YroAni, 060CHOBaHHbIE
NPHEMbl OPOLUIEHHS, BHECEHHE MOBLILIEHHBIX 103 OpraHuye-
 CKHX M MHHEpaJlbHbIX V/OGpEHHH M T. II.

Berposasi 3po3usi. Mexanusm OTpbiBa H NeEpeMelleHHS
NCYBEHHBIX Ya4CTHIL BETPOBBIM [OTOKOM aHaJIOrH4YEH paHee
PacCMOTPEHHOMY: BpeMs npeCbiBaHHs YaCTHIL BO B3BELIEHHOM
COCTOSIHHH, OT KOTOPOro 3aBHCHT Ja/IbHOCTH nepeHoca, onpe-
JEJIACTCH HHTEHCHBHOCTBIO TYpPOVJIEHTHOro oOMeHa B /BH-
AVIIEHCs BO3AYIIHON cpene. BeTpoBoit sposnelt B MepByio
ouepeib MOpazkaloTcs necyaHbie H CynecyaHbie NOYBbI; YepHbie
Gypu paspyuialoT naxoTHbIE FOPH3OHTHI TAKKE CYTVIHHHCTBIX
¥ rauHHcTbix noys. Ilogpo6Hoe o60CHOBAHHE MEPONpPHSTHEH
no GophOe ¢ BETPOBOI 3po3Heil MoyB (KaK M BOJHOM) AaHO
B monorpapuu C. C. CoGonesa [117]. Ilostomy Mmbl ocra-
HOBHMCH JHINb Ha HegaBHO paspaGoranHom [127] wmerone
pacyera B3aHMOJIEMICTBHS NPH3EMHOro MOTOKa BO3JlyXa C Jiec-
HOIl TOJIe32IMTHOH MoJ0Coi, no3poasiouem 6o.aee sdhhex-
THBHO TPOEKTHPOBATDL JIECOMOCAAKH JUIA 3allHTHl [OYB OT
BETPOBOH 3PO3HH.

B npeinosioKennH J0CTATOUHON MPOJYBAEMOCTH JICCHOI
110J10CHI, PA4BEHCTBA HYJIO TOPHSOHTAJbLHOIO I'PajJMeHTa JaB-
JeHHsi, HelTpaabHON TeMmnepaTypHO#l cTpaTHQHKAHH HCXOX-
Hasg CHCTEMa VpaBHEHHH METEeOpPOJIOrHYeCKOro pex<HMa B To-
JIoCe M 3a HeH HMeeT BH:

du du a , Ou Qo )
u-g-;—*—lﬁg——'ﬁ?k-gy———CfS—-z—',
ou )
= P e e }
ab ab.__. .0 ab du \? us C,b% .
83 tog = kg () +OST
‘ (175) |
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=t ‘
_!_=___ 1 dy k WS,
! xCy/+ _:_ Gl - (175)
k=1V'b, |

. rae X, y — FOPH3OHTaJbHasA H BEPTHKAJIbHAN KOOPAHHATHI,
~ i, U — KOMIIOHEHTHI CpejiHeli CKOPOCTH BETpa;
k — KOI(PHUHERT BUXPEBOH BA3KOCTH;
b — UHTEHCHBHOCTL TYPOVICHTHOCTH;
[ — macuitab TypOyJeHTHOCTH;
S — vaeapubifi AHCTOBOH HHJIEKC;
Cj — KO3(PPHILHENT CONPOTHBJICHHS 31E€MEHTOB pacTH-
TeJALHOCTH; )
@ — napamMerp, XapaxkTepu3yIOmui BAHSAHKE pasMepa
JHCTa Ha BeJHYHHY Maciiraba TypOVJIEHTHOCTH
- - B MEMJIHCTHOM MPOCTPAHCTBE;
- %, C,, &, — NOCTOSIHHBIE.
' B cuctemy ypasHenuit (175) BXoAST: NPOEKILHA ypaBHEHH
JIBHXKEHHS Ha OCh X, YPaBHEHHE Hepa3pbiBHOCTH, ypaBHEHHe
- Gananca HHTEHCHBHOCTH TYPOYACHTHOCTH H JBa COOTHOICHHA,
 OAHO H3 KOTOpPHIX siBasiercs oboblenuem rinoresst Kapmaua
o macmrabe TypOyseHTHocTH (runotesa JlaitxTmana—3unu-
. THHKEBHua), a Jpyroe npeiacrasnser coGoH THHOTE3Y
- IMpanaras—Koamoropopa o B3auMuoit ceasn b, & u L.
. [pasuyible YCIOBHA A4S MCXOAHOR cHCTEMBbl ypaBHEHHH
 CTaBsATCH B TAKOM BHJE!
npu x = 0 (Ha «BXOAe» B Mnojocy)

u=rintole; 0=0; k=w (y+u); b=Ci"d)

npu y = 0
Uu=v=0; ak-@-—o- I = %Cy/*yo; 4
- DB 4 n ()y— ’ e 1 Jo’
npu y = H
i k_a_‘.‘_—-vz- o ._qb_—-o
Oy R S gg T R

B 3TiX BHPaMeHHSX: U, — AHHAMHYECKAS CKOPOCTH, Yo — NapaMerp
- mepoxonatoctd, H — ypoBenb HaJ NOBEPXHOCTLIO MOYBH, HA KOTOPOM

ig

~ BAKSHHEM NPOHHUACMOrO NPENSTCTBUSA H3 XAPAKTEPHCTHKH MOTOKA MOKHO
~ npeneGpeus.

Heauneiinas “cucreMa ypaBHeHu#t napabosiHyecKoro
~ mina (175) B 4aCTHBIX NPOH3BOAHLIX BTOPOrO MopsijiKa anmpo-
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KCHMHPYETCs CHCTEMON KOHEYHO-PAa3HOCTHBIX YPaBHEHHH, KO-
TOpasi PeLaeTcsi MEeTOJA0M 10C/e10BATeIbHEIX TIPHOIHKEHHH
[0 HeAMHeHHbIM 4YJeHaM YpaBHEHHN JIBHXKeHUs u G6GanaHca
HHTEHCHBHOCTH TYPOYJEHTHOCTH, € NPOTOHKOH B KaxIoM
NpHOJHKEHHH B IIHPOKOM JAHanasoHe H3MEHEeHHs YlebHOH
MOBEPXHOCTH PACTHTEJAbHOCTH S, BBICOTHl A, W IMHPHHBI L
J1eCOTI0JI0CH], PACCTOSIHHA A, OT MOBEPXHOCTH IMOYBBI JO Ha-
yaja KpOHBI JIEPEBHEB.

Ha puc. 49 B kauectBe npumepa npusesiex pesyiaprar [127]
pacyera B3aHMOICHCTBHS MPH3EMHOrO IIOTOKA BO3/lyXa ¢ Npo-
nysaeMoit BHM3Y (f; = 2 M) Jecononocoi wupHHoi L = 8 M
H BHICOTON A, — 8 M, € YACJLHOH NOBEPXHOCTHIO PACTHTE/D-
HOCTH B KpOHE, MOCTOsIHHON B Ay <<y =< h, u pasHoii 0,01.
B pacuere HCIOJb30BaHbl CAEAYIOUINE 3HAYEHHS [1apaMeTPOB:
x = 0,4, C; = 0,046; y, = 0,05 m; o, = 0,73; a = 0,2,
Ha pucyHKe MoKasaHbi H3MEHEHH s TOPH3OHTAJIbHON CKOPOCTH
BeTpa 4, OTHECEHHON K COOTBETCTBYIOLLMM 3HAYEHHAM CKO-
POCTH HaOeraiouero noroka 4, B 3aBHCHMOCTH OT Paccrosi-
Hilf, U3MEPAEMOTro OT HauaJja JIeConoJochl.

KpuBble MOCTPOEHE! 1151 TPEX YPOBHEH Hajl NOBEPXHOCTHIO
nouskt: y = 0,1 M; y = 1 M; y = 5 M. Kak BHAHO U3 pucynKa,
CKOPOCTh MOTOKa B JIECHOH M0JI0CE H HA HEKOTOPOM PacCTos-
HHM 3a HElO MajaeT, a 3aTeM CTPEMHTCH K CBOeMY 3HaYeHHIO
Ha «BXOJA&» B I10/I0CY; MPHYEM 3TO CTpemjeHHe HEeOAHHAKOBO
Ist pasHbIX YpOBHEl Hal NOBEPXHOCTHIO [OYBLI.

B kauectBe KpHTepHS SPPEKTHBHOCTH JIECHOH HOJAOCH
TNpejJiaraeTcsl HCnoJb30BaTh BENHYHHY KacaTeJabHOrO Hamps-
MeHHA TypOYyJeHTHOro TPEHHs T, Y NOBEPXHOCTH MOYBbI,
T. €. CABHTOBOE YCHJHE,
nepejpapaemMoe  TypOYJIEeHT-
HbHIM TIOTOKOM  BEpXHEemy
cJ0i0 nousbl. OntHMagbHad
KOHCTP YKIUHSA ONPeLeAercs
Ha OCHOBAaHHM 3aBHCUMO-
CTeH T, OT FEOMETPHYECKHX
XapaKTepHCTHK OJIOCHI,
AHajn3 3THX 3aBHCHMOCTEH

L : + » TpHBEJ aBTOpPa K CaAenylo-
8 Why  Zory S0k HIHM BBIBOJLAM.
. 1. JefictBue aecHoit 1o-

Puc. 49. OtnocuTenbHO® H3MEHEHHE  jiochl (IO Kpaﬁuei'{ mepe

ropuaoma.nbnoﬁ[ cicopocm BeTpa PACCTORHMS PABHOTO
127 ). y

10 BeIcOTaM) NpsIMO NPOINOP-
[IHOHAJIBIO ee BbLICOTE.

Il —yp=01lM 2—y=1M3—y=
M
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2. YBesMueHHe WIHPHIBL noJockl Gosee 10—12 M ue you-
JHBaeT 3(PeKTHBHOCTH 110J10CHI. _

3. CymiectByer ONTHMAaJbHOE 3HAYEHHE [POAYBAEMOCTH
(noa mpoayBAaeMOCTBIO IOHHMAETCSl PACCTOSHHE OT MOBEpX-
HOCTH MOYBbI /10 Hayaja KpOHbl) MPH KOTOPOM JOCTHraercs
HanOoAbIIHH BeTPO3alHTHLIH 3QpeKT; TaK, A7 NOJOCHhl Bbi-
coTOi 8 M 3TO paccToAHHE PaBHO 2—3 M. 5

4. Uncsiennblie IKCNepUMEHTHI ¢ PasJHUHbBIM BEPTHKAAbHbIM
pacnpejeneHieM yAeJbHOro JHCTOBOIO HHeKca S mokasadns,

YTO HAHAYYIIHM 3aUIHTHBIM JefcTBHeM ( npu JS dy = const)

06J121aeT JIecHast 110J10¢a ¢ pacnpeneseHHeM 3JIeMeHTOB PacTH-
TENBHOCTH 10 THNY MNMPOAYBaeMoil BHH3Y JECHO#H MoJoCHI.

5. CpaBHuHTeNbHAS OUEHKA 3alMTHOTO JACHCTBHA OT-
JIEJILHO CTOSINLEro BeTpoJoMa WHPHHOH 8 M H CHCTEMH u3
JIBYX BETPOJOMOB (KaXblH IMHpHHON 4 M) TOH Ke BBICOTH
. H NPOHHUAEMOCTH, OTCTOAIMX JAPYr OT ApYyra Ha pacCTOfHHH
4 M, NOKA3bIBAET, UTO CHCTEMA H3 ABYX BETPOJOMOB 06/1ajaer
~ 6ONBIINM 3aWHMTHBIM JeiicTBHeM. Takum obpasom, ecau no-
. J10Ca MMEeT B CBOEM COCTABE HECKOJIhKO PSLOB /€PEeBbEeB, TO
JUISE YCRJIEHHSI €€ BeTPO3aUlHTHBLIX CBOHCTB 9TH PHABLI HYXKHO
~ pacnojarath He BIJIOTHYIO, 2 Ha HEKOTOPOM PacCTOAHHH ApYT
. OT apyra.

k
:1: i
:
1
3

4. YINIOTHEHHE — HABYXAHHUE TOYBOPYHTOB

- B nocaennue rojbl BHINOJHEHbI HCCJACAOBAHHS NPHPOIBI
. pédopMauuit TPYHTOB, OCHOBAHHbIE HA y4YeTe PAaCKJ/HHHUBAIO-
. LIETO JaBJICHHS TOHKHX CJIOEB JKHAKOCTH H IJ4CTHUECKHX
. CBOHCTB, ONpEIeIsiomiUX CBSI3HOCTh (MpHJHMAHKHE) TPYHTOB.
- K uncay sTux uceneioBanuii otnocarcs paborthl Jlepsiruna,
- Hepnusa, Korosa, KosyGoBa, B KOTOpbIX laHa o6inas io-
. CTaHOBKa 3ajauM JeopMauMH TIHHHCTBIX TPYHTOB M Ha-
- Meuenbl MyTH ee paspeluenns (cm., Hanpumep, [62, 651).
. PacuerHas wmopeab [62]. l'lpennonarae'r(:ﬂ uyto Ccpena
ﬂBJmeTca ABYX(a3HOH NHCMEPCHOH CHCTEMOM, NpeAcTaBicH-
. HOI{ COBOKYMHOCTBIO KaK OTJEJLHBIX MHHEPAJBbHBIX HacTHil,
| Tak M UeJBIX HX arperaToB, pas/eIeHHbIX NOPaMH, KOTOphie
" B 3aBHCHMOCTH OT pasmMepoB MOrYT ObIThb KakK MHKPO-, Tak
U Makponopami, 3anoJHEHHBIMH BOJOH.
3 Hpn 3TOM YIIJIOTHEHHE CJIOA TPYHTA B COOTBETCTBHH C pac-
| YETHOI MOJebIo 6Y/IeT NPEACTAB/IATh JIBA CBSI3AHHBIX MEXN(1Y
Co0oit nporecca, a HMEHHO: TIpouecc COIHMKEHHSI YacTHu
% (arpermos), NPOHCXOAAULHH 3a CYeT BbIIaBJAHBAaHHA BOALI U3
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PA3AEASIONHX HX 1I0P B TPaH3UTHHIE HOPbI, H NPOLECC PHIb-
TPANHK 3TON BO/LI 11O TPAHZHTHBLIM MOPaM K TpaHHYyHBIM [10-
pepxHoctsiM caosa (puc. 50, a).

[Ipunumaercs, 970 GUALTPAUHOHHBIC SBJEHHS B COOTEET-
CTBHH C OOBIYHBIME JIONYUIEHHAMH TEOPHH (HALTPAUNH TPYH-
TOBBIX BOJL C AOCTATOUNBIM NPHOANKEHHEM MOTYT OBITH OfH-
cannl 3akoHoMm Jlapcu. B 3tom cayuae sakon Jlapcu MOXHO
sanHcaTh B BHJE:

“S=—K0_3§" (]76)

3nech
=—--,—z=—$-+z. (177)

Cpe/iHIOI0 CKOPOCTb JIBHXEHHs BOJALI B TNOpax MOXi0
peACTaBHTh 3aBHCHMOCTBIO JlapcH B BHJE:
Ko OH
ll=——--—"-,—"b—s'-. (]78)
Beanununa m 0603Ha¥aeT MOBEPXHOCTHYIO MOPHCTOCTD A
MuAKoH (asbl, T. €. MIolLalb TPAHIHTHLIX MOp B €IHHHLE
NJOLLALH CeYeHHs cjos rpynTa. B Teopun (puabTpalMu rpyil-
TOBBIX BOJI €€ NMPHHHMAIOT NOCTOAHHOH 115 JIO0OTO ceueHis
rpyHTa (BBHJIY MaaoCTH PasMepOB TBEPABIX YACTHIL MO cpaBiie-
HHIO € pasMepamy paccMarpuBaemMoil 00JacTH  3eMISHOH
cpeibl, a TaKKe NoJHON GecrnopaiodHOCTH PaCno/OKeH s
STHX YAaCTHIL).
Manocth #  Gecnop sloYHOCTh  PAaCNOJIOAEHHA TBEP/bLIX
UACTHIL MO3BOJSET TAKKE NPHHATH AONYUIEHHE O MNOCTOAHCTEE
neopMalHOHHbBIX CBOHCTB TpPYHTa B Ji060M HanpaBieHIH.

Z,
q g
R aarTl "

BEE=S E =R SRY .

ESlE=ats 5 .
&—‘ , —— 'N

azZ

—— — 0
7 s | w
TparsurmHeie nopel Munponope: ‘
a ] 8

Puc. 50. Pacyernas mojenn:

g “- MOJieab NOYEOI'pYNTSR; 0 — YHPONCHEAR MOALL, @ — pacHcTHan
CXueMa
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Jasi TIMHHCTBIX MMOYBOTPYHTOB, YUHTbIBasi Chelupnye-
CKMH AMf HHX XapaKTep YNAaKOBKH H OTHOCHTEJIbHOrO pac-
MOJOMKeNHA YacTHIL B CJ0e, NMPHHHUMAeTCs OJAHMHAaKOBOCTb Jie-
¢opMallHOHHBIX CBOHCTB Ha JIOOOH BEpPTHKAJIH paccMaTpH-
~ BAEMOTO CJI0S.

[IpuusThIe AONYILEHHSA NO3BOJSIOT B KAUeCTBE PACYETHOI
. NpHHATH CXeMY TpyHTa, MPEACTaBACHHYIO COBOKYMHOCTHIO
. OAMHEKOBBIX YaCTHIL (arperaToB), OTAEJCHHBIX JPYr OT Apyra
B FOPH30HTAJbHBIX MJOCKOCTSX MHKPONOpaMH, B BePTHKAJb-
. HBIX — MaKponopamu (TPaH3HTHBLIMH), 3anoJHEeHHbBIMH BOAOH
- (puc. 50, 6). Ira cxema 3KBUBAJEHTHA B J1e(OPMALHOHHOM
B (PUIALTPALHOHHOM OTHOWEHHH peaJbHOMY paccMaTpHBae-
- MOMY CJIOIO NMOYBOrPVHTA.

HMuddepenunanbibie YypaBHeHHS ynJoTHeHHs rpyHTa. Ku-
. HeTHKa COJIMaKEeHUsI yacTHIL (arperaTtoB) B CJIO€ paccMaTpH-
 BAETCsl C YYETOM BA3KOMJIACTHYECKHUX CBOHCTB JKHAKOCTH, Bbl-
. JKHMaeMoW M3 IPOCTPaHCTBA MEXJY 4YacTHIaMH B TPAaH3HT-
. Hble NOpH, PACKJAMHHUBAIOUIErO JIaBJCHH S TOHKHX CJOEB KH/L-
~ KOCTH, pasfeasiioliMX YacTHIbl, M JaBJEHHI, BO3HHKAIOULHX
- ppy QHALTPAUHY JKHAKOCTH 10 TPAH3WTHBIM Mopam K rpa-
 HHYHBIM [IOBEPXHOCTAM CJOf.

Yc/I0BHE PABHORECHS YACTHILBl 3aMHCHIBACTCS B BH/E:

1051

Do ey Ry +P—g=0,  (I79)

- Tae T, — NpEeeabHOe HanpsizKeHne CABHIa XKHIKOCTH,;
' 11 — BA3KOCTb;
b, u b, — nocrosnibe Ko3(QQUIHEHTHI, 3aBUCHALLHE OT
(opMbl M pasMepPOB YACTHIL;
h — paccrosiiue MexAy 4acTHIaMH,
§ — WHTEHCHUBHOCTb NPHJIOXKEHHOH K YacTuiam
Harpy3KH;
P — nasaenue Bojbl B ropax;
U — CKOpPOCTb JABHKEHHf YacTHILbI.
- B ypasuenun (179) nepBbIX JiBa CJIaraeMbiX Y4HTBHIBAIOT
| BaHsiHHE BA3KOILIACTHYECKHX CBOHCTB JKHAKOCTH HA pPaBHO-
| BeCHe YacTHUbl, TPEThE craraeMbie R (h) — packaunuBaiouiee
0 naa.nemie TOHKHX CJIOEB.
~ Ecau Ol nopsl, pasjensionine YacTHIbl B rpynne, a Takxe
. TPAH3HTHbLIE NOPbI, OTAEISIOULHE OJHY I'PYNNY HaCTHIL OT APY-
FOii, He Gbl/IM 3aM0JIHeHbl BOJO, TO MPHOBEHHOE NpHJIOKeHHe
K 57T0if rpynne paBHOMEPHO pacCIIpPEeJIeHHOH Harpysku ¢
(2 B obwem ciyuae mo6oil HArpY3KH B BHIE TOH HJH HHON
. COBOKYMHOCTH [OBEPXHOCTHbIX HJIM OOBEMHBIX CH/J) BhI-
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3paJio 6bl cooTBeTcTRYIOMEe chimxkenne yactui. Onnako Boja,
3ANOJHAONMANA B JEHCTBHTEIbHOCTH NOPHl 3eMASIHON Cpensl,
NpensATCToyeT 3ToMy COJHIKEHHIO.

Ecan B COOTBETCTBHHM C NPHHATON pacyeTHON Moje/bio
JABYX(asHol cHCTeMbl npeHebpeub CHIMAEMOCTBIO KakK #HI-
KOCTH, TaK M MUHEpPaJbHBLIX YacTHI, TO Aedopmaimus Mnoyso-
TPYHTA GyAeT NMPOHCXOAUTL JHIUIbL 34 CYET BLUKHMAHHA JKHA-
KOCTH M3 NOp H ee GUABTPAIMH K TPaHHYHBIM TOBEPXHOCTAM
cI0A.

KoanyecTso *HAKOCTH Q, BHIAAB/IHBAIOUWIEHCSH H3 TOMKHUX
MPOCJOEK B TPAH3UTHBIE MOPbl 33 E€LNHHILY BPEMEHH, MOKET
GBITh ONpPEAeJeHO 3aBHCHMOCTHIO:

n " n
x ah - XYY Oh :
f=zl fe=1 i=1
rjie ® — NJ0Ua/lb NONEepeyHoro Ce4YeHu s nophbi;
F — o6mas nJjoumaib nornepeyHoro CeuciHs
[TPOCJIOEK;

n — KOJHYECTBO TOHKHX MNPOCIOCK XHHAKOCTH

B pacCMaTpHBaeMoil rpynne HacTHil
Oh

U= — —~ — CKOPOCTb ABHIKEHHS HaCTHI, KOTOpas Mo-
WeT ObiTh onpeneaena na gopmyast (179).
[Tpumem BMECTO pasjeJeHHOH CHCTEMB! 4acTHIL CMJOLIHOE
tesio (puc. 50, 8), yuuThIBag npu 3TOM, uTO jAehopMaluil ero
GYAYT NPOUCXOANHTH HE 3a CYET BCEH BBICOTHI, @ JIHLIbL 32 CHET
@¢ 9acTH, COOTBETCTBYIOULEH 3aHHMAEMOH TOHKHMH MPOC/IOH-
KaMH KHAKOCTH B CJIOe.
[IpuMem NpSIMOYFOJIbHYIO CHCTEMY KOOPAHHAT W pacio-
NOYKHM KOOpJAHHATHBIE OCH, KaK yKkasano Ha puc. 930, e.
O6oanauue yepes C TOMIHHY YacTHIb, a uepes i — pac-
CTOSIHHE MEXAY COCeJHHMH YacTHIaMH, MOKHO T0JY4HTL
GopMysy AN BBIYHC/IEHHS BBICOTHI, 3aHHMAEMOH TOHKHMH
NpocJofKaMi KHAKOCTH B 3JEMEHTe, ONPEeaesiolyio jiehop-
MAIHOHHYIO CNOCOGHOCTH CJIOS:
e ,
dlzz=mdz, (18])
rie €, — Ko3a(xpHIHEHT OTHOCHTENIbHOH MOPHCTOCTH FpYyHTA,
COOTBETCTBYIOUIHIT MOMEHTY NPHIOKEHHS HATpy3KH.
OtHocHuTe IbHAR AedopMaLLis NOp B 3eMeHTe dz 3anuuercs

B BHJIE: :
((d
o= ;h:’ : (182)
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8 (dz) =, dh, :—_—l-.-*-_s—gﬂ-v,dz, (183)

v, — €ro OTHOCHTeJbHaf jedopmaius.
A6comoTtHan aedopmaliust C€J0s BHICOTOH Z BbIPAa3UTCH

6 (2) = _[T-}%”zdz‘ (184)
0

- Boipaxeunne (184) coorBeTcTByeT cayyal0o MOCTOAHCTBA
 KOS((pHUHEHTA OTHOCHTEJILHONH NOPHCTOCTH MO BHICOTE CJOS
B MOMEHT TNpPHJIOXKEHHS K €ro TMOBEePXHOCTH YIIOTHSIOULE
HATPY3KH.

W3 suipaxenus (179) caenyer, uto:

oh, hs b5 v
v — e _ i [q p—Tn (h)]. (185)

t 2 ;
=IJ P
: (187)

" Bripaxasi pacCTOsiHME MEAY YaCTHUAMH YE€pe3 TOMUHY

h = Ce (188)

& “ o [g—P— 2B —R(e)] dzat. (189
00
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CKOpPOCTb TMepeMelleHnsi YacTHIbl Ha BBICOTE 2 OTHOCH-
TeALHO HAYaaa KOOPAHMHAT 3a Bpems d{ onpenensercs coot-

HOIIEHHEeM:
2

LBt vl _'_5 FCW T p . BBy ..
v, = B T ’06"]53 [q P t'(," R(B)]dldlz
i 2C383 L 795)
=Tre | B, [q—P——%&L—R(a)] dz. (190)

AGcoqioTHOe HaMeHeHHe oObema Az ¢J10A BBICOTOH z 3a
eHHIIY BPEMEHH, paBHOe

A, = v,0, (191)

MPOHCXOANT 3a cueT (HAbTPAUHM KHAKOCTH H3 MOp TOH
TPYIIbl Yepes CeyeHHe Ha BhICOTE Z € PACXOIOM

Ag = u,0. (192)

M3 ycoBus HepaspbiBHOCTH ABHkeHHA A, = Ay Hyeem

! C2e? [q._p_‘o_‘ﬂ_R(e)]—.—Ko%ii- (193)

1 - e°o N5, eC

Huddepenuupys (193) no z, noayuum:

1 .. C* L7Y2) e a oH

T o [1—P— St — R(e)] = — 5 Koz (199)

U3 conocrasaenusi (185) u (188) caenyer, uro
C?e? b ade s
2 NP

TOr1a OKOHYATEABHO MOJYHaeM:
1 oz d oH

el TEn i ae (196)

Vpasuenus (195) u (196) sBAAOTCA OCHOBHBIMH (-
depeHIHaabHbIMI YPABHEHHAMH KOHCOMH/IAUHH CPEe/IbL.

Ypapuenne (196) uaeHTHYHO ypaBHEHHIO KOHCOJTHAAUHH,
noJiyueHHoMy paHee apyrum nytem B. A. daopunbiM (125 ]:

|
-+ 8

% pL-—divKograd H=0.  (197)

Jlnis cayuasi NOAHOTO 3aN0AHEHHA NOP CKeJaeTa BOJAO# (p = 0)
B. A. ®aopun Besinuuny 1 - & peKoMeHayeT npHHHMaTh M0-
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. CTOsIHHOH M paBHoH 1 - g, rae &, — CpeiHee 3Hayeuue

BEJIHUHHBl € B PacCMaTpHBAEMOM JAHANA30HE €€ H3MEHEHHH.
BsisKonsiacTHYeCKHe CBOHCTBA KMAKOCTH B MHKpOMopax

~ MOXKHO yuecTh BBejenneMm B (196) BMecTo nocTosHHOro 3Ha-

- yenus K, ¢pyukuuu K (/).

9 [Tpu nojacranoke B (196) noayuwum:

1 de ai 4 a*H
Treg o =Ko [ —3 b= Kegr: (199

ﬂpmmmaa BO BHHManue 3apucumoctb (177), waiiiem:

! ! KodP
I—Lacpal K“az[v dz+l ]'——

: Hecneopanue 0AHOMEPHOH 3a1ayd YIJIOTHEHUS] CBOAUTCH
K coBMmecTHOMY peinennio ypaBuenuit (195) u (199).

i YnaoTHenue €05l NOYBOTPYHTA CIIOWHON PaBHOMEPHO
~ pacnpeieneHHOW Harpy3koW. Paccma'rpnaaerca cayuail cxa-
: THA CJ10st HOYBOTPYHT4, BLI3BAHHBIN MIHOBEHHBIM [P HJOMKE-
~ HHEM K €ro MOBEPXHOCTH B MOMEHT BpPEMeHH [ = 0 pasHo-
-;",,epno pacnpeieJieHHON Harpy3ku HHTEHCHBHOCTBIO ¢.

- B npouecce ynaorHeHHsi, KaK y»Ke YKasblBaJoCh, MPOUC-
- XOAHT OTKATHE BOJbI KAK M3 MUKPO-, TaK H MaKpomnop K rpa-
. HHUHBIM MOBEp XHOCTSIM CJIOS. Hpouecc 3TOT TpeGyeT H3BeCT-
~ HOTO BpPEMEHH, ONpeJle/iieMOro, ¢ OHOH CTOPOHBI, TIPOHYIIAe-
,; ‘,oc*rblo TPYHTA H PACKIHHHBAIOWHM appexkroM, U BaA3KONIa-

. (199)

S

Cxopocn ynﬂomemm Ha Joboit rayOHHe B CJoe He-
CPEJICTBEHHO NOCAe NPHI0KEHHS HATrpy3KH ONpelesiHTcs
3 yparHeHnus (195), ecau nojCTaBHTH B HErO COOTBETCTBYIO-
 miee MomeHTy Bpemeny ¢ = () 3HaYeHHe OTHOCHTEJIbHOH MOpH-
ICTOCTH & = &,.
e ‘ Oe
[Toxcraus B ypapuenne (199) smecto 7 €0 suaueinne
- dopmyast (195), noayunm:

9*P = 8363? 1 i ToB,
928 ~ (I +ecp) Ko 1B, [ s C +R(8)]. (200)

- Hurerpuposauue nosyuessoro auddeperiinanbHOTo ypas-
Henus (200) B COBOKYNMHOCTH C HMEIOUHMHCA TPaHHYHBIMH
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& H HAYaJbHBIMH YCJIOBHAMH
MO3BOJHT NOJYYHTL pacnpe-
JeJIeHHe NOPOBhIX AaBJICHHI
P’ ; no Beicote caon. [loacrasus
0N Eyl e jlajiee NoJayueHHOE BhIpaze-
| o iy _ HHeB (195) 1 BHINOJHHB HH-
RE)~q(e) g  TerpHpOBaHHe 5TOro ypas-
=g HeHHSA, MOMKHO MOJYYHTD
3aKOH M3MEHEeHHs1 & BO Bpe-

Puc. 51. Kownpeccuonnast kpusas MEHH.
OaHaKo BBINTOJHHTL HH-
TerpupoBaHue  ypaBHEHHS
(195) He npeaAcTaBaAsSeTCs BO3MOXKHBIM BBHAY €ro CJA0XKHOIO

NOCTPOCHHS.

[MpuHuMas BO BHHMaHHE TO OGCTOATE/NBCTBO, YTO B Ha-
4aje YNJOTHeHHA H MOCJI€ OKOHYAHHs Npolecca KOHCO/H/a-
WM 3HAYeHHS COOTBETCTBYIOUIMX 3THM MOMeHTaM Kosdxpu-
ILHEHTOB OTHOCHTEJNbHOH MOPHCTOCTH MOCTOSIHHBI 10 BHICOTE
CJ0s, W YYMTHIBAS CPABHHTENBHO HEGOJBUION 1HANA30H H3-
MeHEeHHs 3THX KOphHUHEHTOB Ha BCeM 3Tane YIJIOTHEHHSs,
MOJKHO JIONYCTHTb [TOCTOSIHCTBO 3HAYEHHUH HX 10 BLICOTE H 11
NPOH3BOABHBIX MOMeHTOB BpemedH. [lpunsrtoe nonymenue
NPYUBOANT CHCTEMY HEJTHHERHBIX AH(pepeHI(HANLHBIX YypaB-
HeHuil ¢ yacTHbMM npoussoanbiMu (195) 1. (199) k aBym ie-
3aBUCHMbIM  OOBIKHOBEHHBIM JIH(pepeHIHaJabHbIM  YpaBHE-
HHAM, KOTOpPHE PElarTcsi OTHOCHTEILHO MPOCTO.

Anaau3 BoipaxeHus (200) nospoJisier 3aKJOYHTL, YTO
cyMMa ABYX MOCJEIHHX CJaraeMbiX, CTOAILNX B 1PaBoi yacTi
ypPABHEHHUA, MNPEACTaBJAeT cO00H 3HAUEHHE HANPSIKEHHA Ha
KOMIIPECCHOHHOA KpHBOH R (8), COOTBETCTBYIOLICE KO3(P(pH-
UHEHTY OTHOCHTEJIbHON nopHcTocTH €. B jaaabHenmem aas
pelneHua 3ajayd BMecto ypasuenus (200) npumensercsa To-
AIECTBEHHOE €My YpaBHCHHE, NMOJYYEHHOe Ha OCHOBAHHH MHC-
MOJIb30BAHMA KOMIPECCHOHHON KpuBoH (puc. 51).

YpaBHeHHe CnpAMIEHHOTO YYacTKa KOMIIPECCHOHHOM KpH-
Boit (puc. 51) 3anucsiBaercsi B BHje:

sn

g — gy = —4qa, (201)
rie @ — KO3phHIUHEHT CKHMAGMOCTH [OYBOTpYyHTA (@ =

== tg a).
W3 ypasuennsa (201) noaywaem:

R(e) = (e) = — 8y — —e. (202)
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~ YpasHenue (200) B sTOM Cayuae MOXHO NPEACTABHTH
p . Blﬂle:
G =mt (g p), (203)

02* a a

e C*v 1
(1 +2cp) Ko By °
np“MeH"Te.’IBHO K VIVIOTHEHHIO CJIOA NoJ ﬂ.eﬁmueM BHELl-

Hell HATPY3KH HHTEHCHBHOCTBIO ¢ H COGCTBEHHOH Macchi y
'B3BElICHHOrO B BOJE MouBorpyHTa ypasuenuwe (200) Gyner

(204)

f.?P” D2 o3 [3o_ —— —g—(He—2)y— (Hy—2) ¥ + P]

Qa a
(205)
— medP =m83[-f-1‘-’- —n -;1—0—(ch—2)?—'(”¢:-—3)$] ’
' (206)

rae H., — MOULHOCTE YMVIOTHSHEMOTO CJOA.
~ OGuee pemenne ypasuenus (206) Gyner:

P=Ae""™ L A V"™ _y P2
+0+W Ho— (2 — 7 —1). (207)

- TlpoussoJbiible NOCTOSHHBIE HHTEIPHPOBAHHA oOnpejie-
JISHOTCS U3 PPAHHYHLIX YCJIOBHI MPHMEHHTEIBHO K PACCMaTp H-
BAEMOit CXeMe YIJIOTHEHMs CIOf.

~ Ipaunnunpe ycJoBHsi OObIYHBIE, TPHMEHSEMblE B TEOpPHH
ABHKEHIs TPYHTOBLIX BOA: 1) Ha BOZOHENPOHHIIEMBIX Y4acT-
Kax rpaHHyHOil NOBEpPXHOCTH NPOH3BOAHAS HATOPHOH (QYyHK-

HHY 1O HOPMaAH K FPAHMYHON NOBEPXHOCTH A0JKHA obpa-

'i'.a\c, B HYJb, T. €. E? = 0; 2) Ha BOJIONPOHHILAEMBIX yUaCT-
Kax nanopHasi (DYHKILHA J0/KHA NPHHHUMATh 3a/laHHbIC 31a-
YeHWsi, COOTBETCTBYIOILHE paccMaTpHBAeMOH 3ajaue. ‘
B kauectBe npumepa paccMOTpeH Cayyai, Koraa ynjioTHse-
Mblif cs10ff ¢ BepXHel BOJAONPOHHILAEMOH MOoBep XHOCThIO pac-
noJaoxen Ha Bojoynope (cm. puc. 50, 8).

~ I'pannynbie ycaoBusa:

1) npu 2=0, 21 =0; 2) npn 2= H,,, P=0; (208)
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WM ¢ yuyetom 3asmcumoctH (177):
apP
1) npu z=0, e (209)

2) nppz=H_, P=vyH ,—yz=0.
M3 ypasuennsn (207) B coorBerctBun ¢ veaopuamu (209)

cAelyer:
i i q) ye < %
o L ST el I - Nt N, A
Ay Mea | o Blen TR i)
€ & ye' e
(7— a —q) VT
A = h
= P ) (211)
rjae en
B =Ve'm. (212)

[Nocae noacranosku Beipaxenuit (210) u (211) B ypaese-
iue (207) n BHINOJIHEHHSI COOTBETCTBYIOIMX npeobpasoBanuit
MOZKHO MOJYYHTD:

Bl Sl =)

— | shB(Hy—2)
+7 [Ha—2— 5 25552 + v —2). 213)

[MoayueHnas 3aBHCHMOCTb BhIPAKAeT pacnpejenenue nopo-
BBIX JIABJIEHHUI{ 110 BBLICOTE YIJIOTHSIEMOTO CJOH /LISt TPOH3-
BOJILHOIO MOMEHTA BPEMEHH, KOTOPOe YUMTBLIBAETCH B JAaHHOM
VpaBHEHHH KOCBEHHO, Yepe3 NOCPeICTBO &.

Kaxk noxkassiBaer aHa/iu3, OTHOUIEHHS

_ chB2 _ sh(Hey—2)
h="mBA,, %= B,

HE3HAUHTE/NbHO MEHANTCH NpH H3IMEHEHHH BEeJAWYHHBL &.

D10 1aeT OCHOBAHHE B AaJbHEHIUEM NpPH PeleHHy 3aj1ayn
CUHTATb YKa3aHHbIe OTHOWEHHS (DYHKUHAMH, 3aBHCSALIUMH
TONLKO OT 2. Kpome Toro, aast ynpouies pacueros BXoAsiiHe
B /ldHHbIE OTHOIMEHHSA 3HAYEHUH KO3P(PHILHEHTA OTHOCUTEN b=
HOH TMOPHCTOCTH & 1€ecoo0pasHee 3aMEHHTh CPEIHHM 3Ha-
9eHHEM €., ITON BEJHYHHBI.

Hanpsxkenus, nepejaouinecs Ha CKeJeT MOYBOTPYHTA,
MOZKHO ONMPELENNTDb, COCTABHB YPABHEHHE PABHOBECHS NP H3MbI
BONOHACHIWEHHOrO rpyHra Boicotot (H,, = —2), BepxHee
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. OCHOBallHe KOTOPOif COBMAJaeT ¢ BepXHEl TpaHHuHO¥ [1J10-
- CKOCTBIO ¢J1071

g, = Pﬂcn +0Hc,| +(Hc.n—z) Vit (Hc'x_z) :?-* Pz, (214)

~ tae Py, W 0y, — TPaHuuHbie 3HAYEHWs AaBJjienis B Boje

H HHTEHCHBHOCTL BHELIHeH Harpys3Ku
Ha BepXHeil NOBEPXHOCTH Ci0A (Op,, =
e q);
P, w 0, — nNaBjenHe B BOJE H HanpskKeHHEe B CKe-
JIETE TPYHTa B MOMEHT BpeMeHH ! Ha
YPOBHE HHIKHEIO OCHOBAHHS [PHIMBI.
- Tloacranoska B ypaBHenHe paBnosecus (214) suauvenns P
13 (213) n npeobpasoBanHe IOJYYEHHOIO BbIpAXKEHHs € yue-
 TOM NPHUHATHIX paHee o003HAYEHUH 1aer
b, 1 de ! e 1 —
g = e tnle— o A ()
- BwuimosmnuB HHTerpHpoBanue ypaBHenua (215) npu cobmo-
~ JIGHMH COOTBETCTBYIOMIHX HAYaJbHBIX YCJOBHiH, NOJyyaior
 3aBHCHMOCTbL JI51 onpejeieHun Koa(pdHiHenTa OTHOCHTE/b-
 HOW MOPHCTOCTH KAaK BO BPEMEHH, TaK H MO BHICOTE.
Iast cayuasi, KOrja yivioTHeHHEe BbI3bIBA€TCS JHILb BHELL-
Heil CNJIONIHOH pPaBHOMEPHO pacrnpesiesleHHoW Harpyskoii,
- [osiyyaercs 3aBHCHMOCTH BHAA:

g L s __'_(L_L L
le”qa[ 2(s2 eg) ex \ & eo)

1 e—¢
o (e —ey) e

Die &, — KOHeYHoe 3HaueHue KO3(pHIHEHTa OTHOCHTEbHOM
MOPUCTOCTH;

s — 80

o = T"'q'

- B pesyaprate mateMaTHyeckoii oOpaGOTKH 3aBHCHMOCTH
(216) ynanocs noayunts npoctyio Gopmyay aas pacuera
3aryxanus ocajaok Bo Bpemenn [203]:

AH, = AH, [1 —<ten |, (217)

0

AH,; — ocajka cJIosl K MOMEHTY BpPeMeHH f;
AH, — KoHeuHasi ocajka cJof;
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g, — OCpeHenHoe 3HaueHue KOIPPHIHEHTAa OTHOCH-
TEJbHOH TMOPHCTOCTH MO BLICOTE CJOS B MOMEHT
BpeMenn f;

n — napaMerp, 3aBUCALLHN OT CBOMCTB TPYHTA.

[Tapamerp n MOKHO ONpEIE/IHTH H3 3aBHCHMOCTH:

e TR g
n.-:«"w‘/“f’a‘ ) Y 0K (218)

riae o — KO3(PHUHEHT, YYHTHIBAIOUINI pasMepbl  YaCTHIL
B FpyHTe (cc2 =%:— :

H — TOJAUIHHA CIKHMAEeMoro c¢Jjos.

3Hauenus €, onpene/AlTCA H3 KOMIIPECCHOHHBIX MCIBI-
Tanuil obpasua, npH KOTOPHIX BeanunHa F npupasHuBaeTcs
K ToauHHe obpa3ua.

3apucumocTh (217) JHleHa HEAOCTATKOB, CBOHCTBEHHBIX
AHAJOTHYHON 3aBHCHMOCTH TEOPHH (UABTPAILHOHHOH KOH-
CONMAAUMNY, OCHOBAHHOH Ha 3axkoHe Jlapcu.

JleliCTBHTENbHO, CKOPOCTb YmJaoTHeHHst cjaos mno (217)
3aBHCHT OT TOJIIMHBI CJIOS B NMEPEOH CTeNeHH (YTo HAXOJHTCH
B NMOJHOM COOTBEICTBHH C IKCMEPHMEHTOM), 4 HE BO BTODOH,
Kal 970 M0JYYaercsi no TeopuH (uibTPaUHOHHON KOHCOJH-
NAUHH.

Kpome TOro, n3 TeopHH Pu/ibTPaHOHHOH KOHCOMHAANHH
cAeAYeT, 4TO CKATHE CJOsl TPYHTA [pH OTCYTCTBHH B €ro
nopax BOAbl JIOMKHO NPOTEKaTh MTHOBEHHO, YTO HAXOJHTCH
B SIBHOM MPOTHBOPEUHH C JEHCTBHTEAbHBIM [pPOTEKaHHeM
npouecca ynJaoTHeHHS. 3aBHCHMOCTL (217) vuuiena u 3T0ro
HejoctaTka — npu Ko — o  KOIpPHUHEHT n [pHHHMaeT
KOHEYHOE 3HaueHwue.

O6uprbie HecJieloBanus, Bbinojnennsie Huuunoposu-
4eM B HATYPHBIX YCJIOBHAX, MO3BOJAWAM YCTAHOBHTHL Crely-
OILVIO SMIHPHYECKYIO 33aBHCHMOCTE!

H,=H. (l—e™), (219)

rje H, — ocajaka COOPYKEHWUS B NaHHbIH MOMEHT BPEMEHH;
[ — Bpeémsi OCaJKH B roiax;
H. — xoneuHas (craGu/iH3HpOBAHHAA) OCAJIKa;
d — xospduunent, 1/roa (aas Mccle10BaHHBIX 00BeK-
0B d = 0,35 — 2,2).
dmnupuueckas Gopmyaa (219) coBnanaer no CTpykrype
C TEOPETHYECKON 3aBHCHMOCThIO (217), YTO CBHAETEILCTBYET
O NPaBHALHOCTH HCXOAHBIX MNPEINOCHIIOK, MOJOMKEHHbIX
B OCHOBY TeOopHH. B cayuae paccmorpenus 3ajauu o pasly-
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Xauii /105t TPYHTA BEAHUHHBL €, & H ¢, GEPYTCA HA CIpAM-
JEHHON BETBH JIEKOMIIPECCHH.
- Caywait wu3meHsilouieitcs Bo BpemeHH Harpysku. Pop-
- Myaa (217) moxer ObiThb HCNOAb30BaHA IS NOJAYYEHHs 34-
 BHCHMOCTH, ONHCHLIBAOUEfi 3aTyXaHHe OCAJAKH BO BpeMEHH
. upy u3MeHsiioweics Harpyske g = g (f).
3anumem (217) B Buae

€g—& =aq(1 —8—‘e""). (220)

o
I"Ipmnmaa-%:-; ~ | u aupdepesunpysn (220) no f, Hait-
— —— = aqne—" . (221)

Huterpupys (221) u yunrtsiBasi, 4to ¢ = ¢ (f), noayums:

—e=an|q@)entdi+C. (222)

- -
N~ g1 2

Onpeneass NOCTOAHHYIO HHTerpHpoBanua C u3 ycaoBus
| 8 1-0 = &, H NOACTaBJsA €e B (222), nainem:

eo—e=an|[g@y e at—([ guye ar), | (223)

[Mocae npeobpasoBanuii ypaBuenue (223) MOXKHO MpHBECTH
K BHILY:

A, =5 —H [fowera—([ gy eat), ).
(224)

. Tpexdaswas cucrema. [asoobpasias cocrapasiomlas
MouBH OKasbiBaeT GOJbLIOE BJAHSHHE HA CKOPOCTh M XapakTep

mpoueccoB ee ynjoTHeHus u Habyxauus. Tlockoabky je-
dopmanmn  cxaThs — pasbyXanus TPeX(asHOH CHCTEMb
B OCHOBHOM TaKiKe OMNpeNeJsioTCs H3MEHEHHeM MOPHCTOCTH,
TO OHH MOTYT OUEHHBATLCA (KaK M /sl PACCMOTPEHHOH Bbille
ABY X(pa3Hoi MoJLeaN) H3MeHeHHeM Kos(ipuuHeHTa MNOPHCTO-
CTH & NPH M3MEHEHHH BHEIHUX BO3ICHCTBHH. ;

. Caenosatenbno, Bhipaxenus (217) u (224) cnpaBeinusbl
H B 3ToM cayyae. OJHAKO YHCJCHHBIC 3HAYEHHA &, €q H 7,
NPH NPoOYHX PaBHBIX yCJAOBHAX, 105 TpexdastHoi CHCTEMBI
Oy1yT CyuIeCTBEHHQ OT/HYATLCA OT 3HAUEHHH AT BOJO-
HAaCHIUEHHBIX MOYB H TPYNTOB.
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[MoMHMO OCaZ0K 1NOA BJAHSHHEM COOGCTBEHHOH Macchl,
Mo4YBOOOPAGATHIBAIOIHX OPYAHH H  CEILCKOXO35HCTBEHHBIX
MallliH, YIJIOTHEHHe KOPHEOOHTAEMOro ¢/10s BLI3LIBAIOT MEXa-
HHUECKOE JeHCTBHE NOXK/AEBBIX Kalnedb, paspylueHHe MouseH-
HBIX arperaTtoB, BbICHIXaHHE H OTTAHBAHHE NOYBbLI. YBeJHueI e
o6beMa KopHeoOUTaeMoro ¢J0si CBA3aHO HE TOJBLKO C phixjie-
HHEM TIOYBLI OPVYAHAMH, HO H ¢ HabyxaHuem ee npw
yBJa)cHenuy, oOpa3oBaHHEM rasoB NpH pas/iokKeHHH opra-
HUYECKHX BELeCTB, 3aMep3aHHeM BOJAbl B [0OYBE, H3MCHe-
HHEM TMOPHCTOCTH 1 arperatHoro cocraBa NpH BO3ACHCTBHH
KOpHEH PpacTeHHi, pOIOUIHX JKHBOTHBIX H OpPraHHuYecKux
vJio0peHuil.

B nepHo MEXKAY MeXaHHyecKuMd oOpaboTKamMH B nouse
O/IHOBPEMEHHO 11poTekalor oba nponecca: YMJIOTHEHHE ¢
HabyxaHue.

Hrorosolt XapakTepHCTHKOMN, ONHCLIBAIONEH pPaBHOBECHOe
COCTOSTHHE MEXKJY 3THMH TIponeccami, SIBJSETCs p a BH O -
BecHas NANOTHOCTDHb MOYBEHL

Ta6aunwuna 23

OpHEHTHPOBOYHBIE IHAYCHHS ONTHUMAALHON
NAOTHOCTH HEKOTOPHIX HOUB

OnvnsMans-
Noana Kyavrypa ua:og:ibo"r uccgl\:;gfrmw
Kr/m?®
JepuoBo-noa3oancras Osec 1100 H. B. Pesyr
CYTIHHHCTASI HA MO-
PEHHOM THHKEIO0M Cy-
rHHKe
TameaocyrAHHHCTas Kapropean | 1100—1190 | B. A. Tlucapes,
nulaenatan B. . Bopusoaa
Hepnono-ci1a6onoazo- Kyxypysa 1450 H. B. Pesyr
AucTas cynecyanas
Hepuoso-caabonojxso- » 1100 >
JHCTan  TIXKeJIoCy-
rAHHHCTaS
UepyoseM-cMOAbHH LA Ogec 1000—1100 | A. Msaxos, K. Croii-
(Boarapun) Hep
Buimeaouennas Jayro- » 1200—1400 | To e
BO-KOpPHUHEBAA
(Boarapusn)

Briutesiouen Hutit Cyrin- Copro 1150—1300 | B. I1. I'onuapon,
HHCTBHI YepHO3eM B. A. IMapuus
Momwubit  Taxenocy- | Kykypysa | 1110—1200 | H. A. Coxoaonckas

FJIHHHCTEI HePHO3CM
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HeoGxoaumbiM (HO HEHOCTATOYHBIM) YCJIOBHEM M H H H -
MaabHbBX 06paboToOK MOYB (CYILHOCTh KOTO-
PhiX 3aKJIIOYACTCH B COKPALEHHH HJAH [0JHOM OTKase oT
MEXAHHUYCCKHX MEKAYPANHBIX 00paboTOK) ABJSETCs COBNa-
JeHie PaBHOBECHOH IMJIOTHOCTH C ONMTHU MAaJdbHOH (st
NAHHBIX [OYB M KYJbTYP).

3 OpHEeHTHPOBOYHbLIC 3HAYEHWA ONTHMAJLHOH [VIOTHOCTH
 JUIf HEKOTOPHIX MOYB NpHBeleHbl B Tabu. 23,

JloCcTaTOuHBIM YCJ/IOBHEM MHHHMAJbLHBIX MeXaHHYECKMX
- 06pafoToK NOYBLI ABJSETCS OTCYTCTBHE COPHO#H PACTHTEIbHO-
~ CTH (MJIM €€ YHHYTOIKEHHE, HANPHMEDP, BhICOKOCENEKTHBHBIMH
~ repOHUKAaMH).

[Ton BausHueM OKYJbTYPHBAaHHs (CBOEBpeMEHHBLIE 00-
~ paGoTKH, yJoOpeHusi, KyJbTypHas PacTHTEJbHOCTH) PaBHO-
. pecnas maotHocth ymenbiuaercst [100], uro cosnaer npea-
. NOCHIIKH s MHHHMH3aUHH 00paboToK, a Cael0BaTelbHo,
. 751 NOBLILEHMS NPOTUBO3POSHOHHOH YCTOHYMBOCTH HOYB.



Fnasa VI

CTATUCTHYECKAS
OBPABOTKA PE3YJIbTATOB
HABJIOAEHUHA !

1. OCHOBHbBIE TOHATHSA

Co6biTie. BepositHocTh cobbiThs. Cayvalinas BeaHuHHa.
[MonsTHa «COOHLITHEY H BEPOATHOCTLY SIBJSIOTCH OCHOBHBIMH
B TEOpHH BEPOATHOCTEN.

Tlon coGBITHEM NOHHMaeTCs (akr, KOTOpbIH B pe-
3YJbTATE ONBITa MOKET NPOH3OHTH, @ MOXKET H He NMPOH30HTH.

Kaxiomy coBBITHIO 11€/1€c000pa3Ho MOCTABHTbL B COOTBET-
CTBHE 4YHCAO, KoTopoe Tem GoJabuie, yeMm 6osee BO3MOMHO
coOntHe. Takoe YHCIO HA3LIBAIOT BEPOATHOCTHIO COOLITHA.

BeposiTHOCT b — UHCAEHHAss wmepa OOBEKTHBHOM
BO3MOXHOCTH COOBITHSA.

CoGpiTHe, KOTOpoe 00s3aTe 1bHO AOJIKHO NPOH30HTH B pe-
3yabTaTe ONbiTa, HA3BIBAIOT L OCTOBEP H B M.

JlocrosepHoMy coObiTHIO (C) CTaBAT B COOTBETCTBHE Be-
POSTHOCTh, PaBHYIO 1, T. €. MOXKHO 3anucath, yro P (C) = I,
rire Oyksoil. P oObiuHO NPpHHATO 0003HAYaTb BEPOSATHOCTD.

HeBo3 MO0OXKHB M Ha3hsBalOT COOLITHE, KOTOPOE B pe-
3yJIbTaT€ ONbITA HE MOMET NPOH3OHTH.

HepoamoxkuoMy COGHTHIO L CTaBAT B COOTBETCTBHE Be-
POSITHOCTb, PpaBHyl Hyao, T.e. P (L) = 0.

BeposarHocTi cobuituii A, KoTfophie B pesyibrare Olbira
MOTYT TIPOHSOWTH, a MOryT H HE NPOHZ0HTH, BBIPAXKAOTCHA
YHCJAMH, 3aK/IIOYEHHbIMH MEXIY HYJeM H eAHHHNeH:
0P (A) <.

IMpu noxbpacuiBaiky KyOGHKa, Ha rpaHsix KOToporo mua-
HeceHbl UHppbLl 1-—6, MOryT npoHsOHTH caeayioulHe Cy4au:

A, — Bunaacuue |

a— » 2
A, — » 3
A,‘— > 4
A;—' » 5
Ag— » 6

! Fnapa nanucana cosmectho ¢ T. C. Cadponosof.
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Pacemorpuym  cobbitHe A — NOsABIEHHE YETHOrO uYHCAa
npu  noabpacuisaiMi  KyOHWKa. Bce MHOXKECTBO cJyuaeB
(A, A, Ag, Ay, A, Agl MOXKHO pazGHThb HA JIBA MOAMHON<E-
cTBa: cayuau, 6JaronpHATCTBYIOUINE NOABAEHHIO coObiTHs A,
il He 0JarofnpHATCTBYIOUIHE €ro NOSBJEHHIO.

Tenepb MOXHO BBECTH KM aCCHUYUECKOE oOnpe -
1Ted€eHHEe BepoaTHOCTH. Beposarhoers cobbitis A
p4BHAG OTHOMIEHHIO 4YHCJA cJay4aeB, OJaronpHATHHIX A,
K ofmemMy YHCay cay4yaes.

CoGhitnio A 61aronpHATCTBYET NOAMHOXKECTBO {A,, A,
Ayl, MO3TOMY NO KJACCHUECKOMY OMNpeleseHHIo BePOsiTHOCTH
P (A), =% =¥,

CaenylomumM OCHOBHBIM TOHATHEM TEOPHH BEPOSTHOCTEI
SIBJASETCS IOHATHE CJAYy4afHOM BEJHYHHBI.

B onucanHoMm Buie 3KcnepHMeHTe ¢ nojbpachiBanHuem
KyOuKa BMECTO TOro, 4rtoObi BBOJAHTH MHOMKECTBO COOBLITHI
Ay, Asy, A, Ay, As, Agl, OGyaeMm roBopHTb 0 cayuaitnow
BeJaMYUHe X;, rae i =1, 2, ..., 6 — YHCJ0 OYKOB, BHINAB-
mnx npy O6pocanuy Kybuxka. OueBHIHO, BEPOSTHOCTH MNOAB-
JeHHS X; MOKeT ObhiTh onHcana cJaenyiouier rabanuei:

ST L A R AN
S T AT

[lepemennasn, KoTopas NPHHHMMAET Pa3jiHYHbIE YHCJIOBHIE
3HAUEHHSA, CONPSIKEHHLIE C ONnpeneseHHbIMH BEPOSTHOCTAMM,
MOJIYYHJAA Ha3BaHHE CJAYyYaHHOH BEeJHYHHBL

CayyaiiHeie BeAMYHHBI MOT'YT ObITh IBYX BHIOB: IHCKPETHBIE
H HerpephbiBHLIE.

JucKpeTHOH cayvyahHon BeIHYHHON Ha3bl-
BAIOT TAKYI0 CAYYafiHylo BeJHYHHY, KOTOpasi NpHHHMAer
OTjle/ibHbIe 3HAYeHHN Ha yucaoBol ocH. Hanpumep, nuckper-
HOH Oyner cayuaitHas BeaHYHHA, XapaKTepu3ylouias BJaXk-
HOCTH 06pa3loB NOYBBLI AAHHOTO THNA NPH HEKOTOPOM (PHKCH-
POBAHHOM 23HAYEHHH BCACHIBAIOLIErO NaBienus (noreHinana
BJ1ATH).

HenpepwBrno#h cayuait noil Beruynuodt Ha-
3LIBAIOT TAKYIO CJAYYaHHYIO BEJAHYHHY, KOTOpPAas MOMKET Mpu-
HATL Jo6oe 3HayeHWe B 3aJaHHOM HWHTEpBaJe.

Chavyaitnasi BeaNUMHA SBJSETCH MOJHOCTBIO ONHCAHHOMN
C BepOSATHOCTHON TOUKH 3pEHIs, €CJAH 3alaH 3aKOH pacnpe-
JAeNeHUs CcAy4yalHOH BeJAHYHHBL.

3aKOHOM pacnpejeagenus caydad-
HOH BesMWYHHB Ha3bLBAETCA BCAKOE COOTHOIIEHHE,
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YCTAHABJIMBAIOLEE CBA3L MEXKLY BO3MOXKHBIMH 3HAUYCHHSIMH
CAYYaHHON BeAHUHHBLI H COOTBETCTBYIOUIHMH HM BEPOSITHO-
CTHAMH.

Ilpo cayuaiinyio BesIHYHHY OyjleM IOBOPHTH, YTO OHA NOA-
qQUHSETCS JAaHHOMY 3aKOHY pacnpejesenns.

JIaIst AMCKPEeTHO! cayuaiiHoW Beanunnbl npoctefimed pop-
MOIl 3a/laHHsi 3aKOHA pacnpejesienus sBasercs Tabauua,
8 KOTOPOji MepeuncjaeHbl BO3MOXKHBIE 3HAYEHHs CAyYanHOR
BEJHYHHBI H COOTBETCTBYIOUIHE HM BEpPOSITHOCTH:

XXy Xy e Kyonio w K
P pype-epi-- Pa

Takas (opma 3ajaHHsA AHCKPETHOH C/AYyYaiHON BeJHYMHDI
noJy4yHsa HasBamue psa pacnpejpeneHHs.

Yacto psa pacnpeineiedus H300pa)kawT B MpAMOYroab-
HOM cucreme Koopaunar. [loayuernnyw npu Takom INOCTpoe-
HHH GUTYPY, COCTOSINLYIO H3 OTPE3KOB, COEAMHAIOUIHX nocJe-
N0BATEALHO TOUKH (x;, p;)i =1, ..., n, Ha3bIBAOT M H O -
royrodsHHKOM pacnpenenenus (puc. 52).

BuHoMHaAbHBIN 3aKOoH pacnpejenerusi. 3akon Ilyaccona.
B kayecTBe npHMepoB, OMHCHIBAIOUIHX 3aKOHDI paclipelenenns
JAHCKPETHOM cayuaiiHoil BeAIHUHHbI, NpHBeaeM GHHOMHAJILHBIH
3akoH pacnpeneaenus W 3akon [lyaccona.

Bunosuaabuniii 3ak0H pacnpedesenus. OTinpaBHoil TOUKOH
A4 BbiBOJAa OMHOMHAJIBHOPO 33aKOHA pacnpeieseHHs: MOXKeT
CAYKHTb CJELYIolas MoAedb, JeKaumas B OCHOBE MHOIHX
MPAKTHYECKUX MCC/Ie/0BaHIl, ocobGenHo B 061acTH KOHTPOJIS
KAayecTna.

[Mycts TpeGvercsi MPOBEPHTh KAauecTBO KPYMHOH mapTu
06pa3ioB NMOYBhLI HEHAPYIUEHHOi CTPYKTYPBI, NpeJHA3HAYEH- |
HBIX 08 QHIBTPAUHOHHBX wHccnenosanuit. TlpoussoabHblil
BBIGOp OAHOTO O6pasua M3 ITAPTHH MOJKET NPUBECTH K JBYM

pasJHYHbLIM pesyabTaraMm: 00-
: paser Herojen (cobuitne A);

| —
& o6pasen rojen (coGuirne A).
[MpeanonoxuM janee, 4To
Jareg
| | npouece orbopa, YNaKOBKH,
o | TPAHCMOPTHPOBKH H XpaHEHUS
L g el !(;, O ofpasuoB HajaxkeH TakK, 4TO
Lt Lm y BEPOSATHOCTH NOJYYHTH Opa-
0 T, T, Xy X2 Xy

KoBaHHble oOpasun pasHa P,

Puc. 82. Muoroyroasuux pacnpe- 1+ & P(A) =P; P(A) =
HeseHu s =] —P =y4.
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M3 naptuy He3aBHCHMO OfHH OT JPYroro otréupaercs n
o0pasuos. bunoMuaabhblil 3aKoH pacnpeneeHmsi no3Bo/seT
BHIYHCTHTD BEPOSITHOCTh TOrO, YTO cpean n o6pasioB Gyler
o0HapyKEeHO POBHO m NePeKTHBIX.

Jra BEpPOSITHOCTL BHLIYMCIASETCH NO QopMmy.e:

T n!
P,(m) =CrP"¢" ™" Cq =

Mmli==1c28; b a =1,

Ecanu cayuaitnas sesmunHa X nojpuunsercs GHHOMHAMb-
HOMY 3aKOHY pacnpenejeHus, TO PAJ pacnpeiejenis 3anu-
IeTCA B BHIE: ;

A= P80 0 Rrn G
Pl P e C P PP
Ilpu 3tom

qu_{_c'lqun—l_}_.“_l_c;;n nqn—m_*_”' 'l‘ Pn:_:
=P+gq =1

3arkon [lyaccona. 10T 3aKOH OIHCHIBAET JHCKPETHYIO
CAYYalHyIo BEeJIHYHHY M ABJASACTCA NPEAeIbHBIM 3aKOHOM AJS
OHHOMHAJIBHOrO 3aKOHa.

MoikHo f0Ka3aTh, YTO NPH CJAEAVIOIHX YCJAOBHAX, A0NO0J-
HHTEJbHBIX K OHHOMHAJbHOMY 3aKOHY pacnpejieseHus: n —
BENHKO (n — o0), a P — majio, HO Tax, uto nP sBasiercs
nocrosinHol (nP = const = 1),

o m
lim Py (m)= e,
rie e — OCHOBaHHe HaTypaJjbHoro Jorapupma (¢ = 2,71828).

Huterpansnas dyukuus pacnpepenenusi. Ciyuaiinasi pe-
JHUYHHA MOJHOCTBIO ONMHCaHa, eCJH 3ajas ee 3aKoH pacnpe-
aeqennsn. O6GmHM cnocoGom 3aiaHusi Kak AHCKPETHbIX, TaK
H HenpepbiBHBIX CJAYYaHHBIX BEJHYHH HABJSETCH HHTE -
rpanbHag @GYHKUMA pacnpejpeedaHs.

[Tyers x — neiicTBuTEbHOE uHCO. BeposiTHOCTH COOBI-
THH, COCTOAILETO B TOM, 4TO X NPHMET 3HayeHHE, MEHbIlE X,
T. €. BEPOATHOCTb cobbiTHa X < x, 0603HayuM yepes F (x),
Toraa F (x) = P (X < x).

Ecan x 6yner usmenarscs, 1o 6yner usmeHarocs H F (%),
T. €. F (x) ectb QyHKuMs or X.
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Hurerpanbuoft (hynkiueir pacnpenesieHus HasbiBaioT PyHK-
nHio F (x), onpeieaiomylo AJs KaxJaoro 3HaYeHHss X Be-
POSITHOCTB TOrO, YTO CJAyyaHHas BeJHUHHA X mpHMeT 3Ha-
yenue, MeHbuwee x, T.e. F (x) = P (X.< x).

Onpeseaenne (yHKUHH pacnpeiesieHHsi HMEEeT MpoCTyiO
reoMEeTpHYECKYI0 HHTepnperanuo. Ecan paccmarpusath cay-
YallHYyl0 BeJIMYHHY Kak cJayuyaitHyilo Touky X Ha ocH Ox
(puc. 53), Kotopasi B pe3yabTarte ONbITa MOXKET 3aHATH TO
WIH HHOE NOJOXKEeHHe, TO (QYHKIMHA pacnpejeaenus F (x)
€CTh BEpPOSITHOCTh TOrO, YTO cjyyanHasi Toukda X B pe3yib-
T4TE OMNblTa Tnonajer JeBee TOUKH X.

Hdas  nuckpernoft cayuahHoit Beauunnbl X, Kotopas
MOZKET NPHHHMATbL 3HAYEHHA X;, Xg, ..., X; OYHKIHSA
pacnpeaenesus OyjleTr HMETb BHA: |

F)= Y P(x). (225)

X< X

s suipaxenus (225) caeayer, uro QPyHKUHA pacriperese-
HHsl JHCKpeTHON cJayyalno#t Beanuunbl X paspbiBHA ¥ BO3-
pacraer CKauKaMH TpH repexojie yepes TOUKH e BO3MONKHLIX
SHAUeHHH X, X, ..., X,, NPHYEM BEJIHUHHA CKauyka paBHa
BEPOSITHOCTH COOTBETCTBYIOLIETO 3HAYEHHSI.

Mpumep 1. B wexoropuit MOMenT Bpemenn ¢ BeposThocTb 0,4 rpyn-
TOHOC CTan M3BJjeKaTh Aedexrtnbie obpasun. M3 COBOKYIIHOCTH Takux
05pasnos O6b1I0 OTOBPAHO HE3aBUCHMO Oaua oT Apyroii 3 npodul. [Toctponrs
PAL pACTIpee/ICHHA M HHTErPANLHYI0 MYHKUNIO pacnpeletenis GpaKonal-

HbBiX  O0pazuos B HAPTHH M3
3 npob.
. — Peuwteriue. O6o3HauuM HHLIO

0 X T Gpaxopanubix 06pasilos B NapTHH

yepes X. Toria BO3MOKHHEC 3Ha-
Puc. 53. l'eomeTpruecKas HHTEpnpe-  wemus cayyafinodi Beauunibt X
TaUHS OAHOMEPHOR CAYMANHOM BeAH-  GyAYT caeayioume: x; = 0; x, == 1;

YHHLI Xz = 2; X4=
F () ; CooTBeTCTBYIONIHE STHM 3ka-
A YEHHUAM BEPOSITHOCTH BHIUHCJISIOM
’ I e
flx)
I =
| ! /'!
. : ! ! L J'
4 - —
R A S B T g o

Pre. 54. Tpabux wnrerpaavnoin  Puc. 55. [Ipadux  unrerpaasnoi

(ynkusr  pacnpeaesienns [ (x)  dyukuun pacnpeaenenus F o (y) aas

AN RHCKpeTHOH cayyafinofl Be-  HenpepusHOl  cayvaluHoii  Beau-
JAHYHHBI HHHBL
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no GrHOMHANBHOMY 3aKOHY pacnpenesenus. 'B wmamux yenosusax P = 0,4;
g =0,6; n =3:

Py(x;) = C3i- 0,4%4.0,6°~%t; (=1, ..., 4). (226)
MMocae pacuera no gopuyde (226) psaa pacnpefeneuus npuMer BHA:
Xg 0 l 2 3
P (x;) 0,216 0,432 0,2 0,064

Tenepn ¢ nomoublo puipaxennst (225) NOCTPOUM HHTErPaNbLHYIO DYyHK-
LHI  pacnpeiesieHHd cayuanHol BeaHudHm X.

LTlpy x<0 F(0)= NP (X=x)=0.
2. Mpu 0cx<1 F(x)= Y| P(X=ux)=P(X=0)=0,216.

X 1

¢

i
3.0pu l<x<2 F(x)= Z P(X = x;) =
=P (X =0)+ P (X =1)==0,216 -+ 0,432 = 0,648,

4. [IpH 2<x <3 F(@)= E P =1%p) ==
x£<3

=P(X=0)+P(X=1)+P(X=2) =0,936.

S IMpn 3 arloo FR)I=P(X=0+P(X=1) -+
+P(X=2)4+ P(X=3)=1.

[padux QyHkiny pacnpeaesenus NpeacTasieH Ha puc, 54.
B paccMOTpeHHOM npHMepe 3HaYeHHS CJAYYaHHOI BeJHYHHBI
pasiesyeHbl HHTEpPBaJaMH, BHYTPH KOTOPLIX APYTrHX BO3MOK-
HEIX 3HAYEHHH HeT. XapakrTepHo, YTO Ha 3THX HHTEpBaaax
pyvexuua pacnpenenenuss F (x) nocrosuua, T.e. rpapuk
(MVEKIHH pacnpeiesienus npeicrasiaser coboff CTyneHyaryio
AoMaHyio auHHio. M3 rpaguxa BUAHO, 4TO NpH KaxKIoM Ho-
BONM ZHAUYCHHH CJAYYAHHOH BEJIHYHHBLI CTYIIE€Hb MNOJHHMAETCH
BLILIE HA BEAHYHHY, PaBHY!O BEpPOATHOCTH STOr0 3HAUYEHH.

[lo mepe ypeaHueHHs: UHCIA BO3MOZKHbIX 3HAYEHHil Cay-
4aiiHON BEJAMUMHBL M YMEHbLUICHUs] HHTEPBAJIOB MEKY HHMH
4HCJI0 CKAYKOB CTAHOBHTCA 00JbILE, 4 CAMH CKAYKH — MEHbIIIE;
8 TOM CJy4ae, Korjia 3HauYeHHs CJayYanHOH BEJHUHHBI HE
(IPEPHIBHO 3aM0JHACT HEKOTOPbI HHTepBaa (@, b), QYHKIMS
F (x) 6yner npeictaBasth co60il MOHOTOHHO BO3PACTAIONULYIO
GViKUHI0O H4 3TOM HHTepBaJe, npHuYeM OOWIMI Xapakrep
rpaguka npuMer BHA, H3o6pakeHHbI Ha pHC. 5S.

CBoficTBa HHTETpPaAbHON (GYHKIHUH
Pacnpenenenusn !. 3naueHHsn HHTErpaJbHOW (PyHK-
ll“m npuHajaaexar orpesky [0,.1]; npuuem F (—oo) =0,
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2. F (x) — neyOuBawowan ¢ynkunsa, 7T. e. F (x)=

> F(xy),” ecan xq > X;.

3. BepositnocTh 1010, 4TO CAayvyalHas BEJHYHHA IPHMET |
3HAYEHHE, 3aKJIOYeHHoe B HHTepBane (a, b), paBHa npupa-
weHuio GYHKUHH HA STOM HHTEpBaje, T. €.

Pla=<X<0b) =F (b —F (a).

Ecau X — senpepbiBHas cayuaiHas Beauuuna, a F (x) —
MOHOTOHHO BO3pacTaiomas QyHKUHSA, TO

P(X = a) —‘I;m Pla<X <p) = Aim [F(f) — F(x)] =0,

T. €. BEPOSITHOCTD J11000T0 OT/L€LHOrO 3HaYEH U HeNPePLIBHON
CAYUYaHHOH BEJNHYHHL paBHa HYJIO. |

llu(b(bepeuuua.nbuan GyHKUHS pacnpejieieHusi BepOATHO-
CTEH HEeNpPepbiBHOM CJAYYaHHOH BEJIHYHHBI HHTerpaanas
QYyHKUHA pacnpeleieH Hs Henpepuauou CJYYaHHOH Beau-
UHHBL SIBJASIETCS €€ HCYepnbiBaloueii BEPOATHOCTHOI Xapakx-
repHcTHkoil. Ho ona nMeer unegocratok, 3akaAI0YaIONIHHACSH
B TOM, YTO MO Heil TPYAHO CY/INTh O XapaKTepe pacnpeie/IeHus
CAYYafiHOil BeJHYHHB B HeOOIbIIOH OKPECTHOCTH TOH HJIH
JAPYro#l TOYKH YHCJIOBOH OCH. Dogee HardyisiHoe rpejicrasie-
HHE O XapaxTepe pacnpejiesieHHsi HenpepbiBHON cjaydaitHoH
BEJIHUHHBl B OKPECTHOCTSX PAa3saHYHLIX TOYeK jaercsi (PyHK-
Hel, Koropas HasuBaercsi AHddepenuHanbHoOi GYHKIHEH
pacrnpeneseHusi, WIH TJOTHOCTBIO pacnpe,ue.neﬂna BEposiT-
HOCTEHH.

Huddepernunanbroit dynkune pacrnpejeiesis f (x) na-
3LIBAIOT MEPBYIO IPOH3BOAHYIO OT HWHTErpPaJLHON (QYHKILHH.

Kpuas, n3obpaxarowas IJIOTHOCTL pacnpenenenus [ (x)
CJYy4aiHOH BeJIMYMHBI, Ha3LIBAGTCA KPHBOH paclnpelesienus.
[MpumepHbiii BHA KpuBO# pacnpenenenus f () nsoépax\en
Ha pue. 56.

CeofictrBa nudppepennvnanbHold QyHK-
uuu pacnpeneaenns 1. Ilrorhocte pacnpene-
neHus f () ne orpunareabna, T.e. [ (x) = 0.

2. HUnrerpanbHas (GyHKIHA pacnpeneseHus cayuaiinoi
BeJTHYHHBI paBHA HHTErpajy OT MJOTHOCTH B HHTEpBajae oT
—O00 JI0 X, T. €.

F(x)= J. [ (x) dx.

3. BeposiTHOCTL TOrO, 4TO HEnpepniBHas ciaydailHas Be-
JHYHHA X npHHIIMaeT CBOM 3HaueHMsn Ha yuwactke (o, f),
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paBHa MHTErpa’ny or MJIOTHOCTH | Aa
pacrpene/qeHus,  B3ATOMY 1O
9TOMY YUYacTKy, T. e.

S—

B @
Pla < X< Bi= | flode T 1 8 ~ T HiE R
o Puc. 56. duddepenunaasuan
Feomerpuueckn nosyvenupiy PYHKUHA pacnpefenenus f (x)
pe3yabTaT MOMXHO HCTOJIKOBATH
TaK: BEPOATHOCTH TOrO, YTO HENpephIBHAS CAYy4aliHasi Be-
JUUHHA NPHMET 3HaueHne, NpHHaJeKamee HHTEPBATY (o, f),
paBHa MNOUANH KPHBOJHHEAHOH Tpaneuwn (3amTpHxoBan-
HOW Ha pHC. 56). »
4. Muterpan B 6eCKOHEUHBIX NpPeAenax oT MJIOTHOCTH pac-
NpeieJieHHst paBeH eIHHHILe:

T [(x)dx = 1.

2. YHCJIOBBIE XAPAKTEPHCTHKH CIIYYAHHBIX
BEJIHYHH. HX POJIb H HA3HAYEHMWE

YKazaHHe 3aKOHA PACIPEACNCHHS IOJHOCTBIO ONpeaenser
CJIyU2HHYIO BeJHYHHY C BEPOATHOCTHOH TOUYKH 3peHus. OnnaKko
BO MHOTHX BOIPOCAX MPaKTHKH HET HEOGXONHMOCTH XapakTe-
PH3OBaTh CAYYAAHYIO BEJHYHHY HCUEPNLIBAIOIMM 06pa3oM,
a 33a4acTylo M caM 3aKOH pacnpeienenns ObiBAeT HEH3BECTeH,
MOTOMY B TAKOH CHTYALHH JOBOJBCTBYIOTCS OMHCAHHEM
OT/€JbHBIX YHCJIOBBIX XaPAKTEPHCTHK CAVUAHHON BeIHUMHbL:
MaTEMaTHYECKHM OXHIAHWeM, MOJAOH, MenuaHo#l, aucnep-
Cuell, CpeAHHM KBaJPaTHYECKHUM OTKJ/IOHEHHEM, MOMEHTaMH.

MarteMaTHyYecKOe OXHIAAHHE spagercs
BaXHEHIIEH XapakTepHCTHKOH TNOJIOXKEHUs cJayualiHol Be-
JMYLHBL HA YHCJOBOM ocH. MaremaTHueckoe OXKHIaHHe cay-
yaitHoH BeauuHHbl X 3jech ofosnauaercs M (X).

MaTemMaTHYECKHM OXKHAAHHEM NHCKPEeTHOH cay -
YaidHOW BEJHYHHBI HASHIBAIOT CYMMY NPOH3BEAGHHH Bcex
€€ BO3MOJKHBIX 3HAaY€HWH Ha HX BEPOSTHOCTH.

ITyere cayuafinas penvunna X 3anaercs psioMm pacnpe-
JeaeHns:

%, QU M ISR e

P pype-cbio..p,
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Torna
M(X) = Z XiPq.

'-T“ll
-

[Ip# BHIYHCIEHHH MATEMATHYECKOFO OXKHIAHHA He np e-
puoBHON caydyalHO# BeJHYHHBI CYMMHPOBaHHE 3awve-.
HAETCS HHTETrPHPOBAHHEM, a p; — IVIOTHOCTHIO pacnpenene-
HHSA, TOSTOMY: :

w

MX) = [ xf () dx.

-0

Mpumep 2. PaccuntaTh MareMarTHuecKoe OXUAAHHE ANs CJAy4ai HOR:
geanumnsl X H3 npumepa 1. ‘
Pewenue. Tak kKaKk X — AUCKpeTHaA cayuaknas pesnunua, 1o M (X)=

== (-0,216 + 1-0,432 - 2-0,288 -+ 3:0,064 = 1,2. .
IMpumep 3. Henpepuisuas myqaﬁuas BesnynHa X 3ajaHa NAOTHOCTHK

pe [CHpeACaeHNs: .

Fly- x* mpy 0 =< x <
{ apu x < 0 uan x> 2

Onpefileiith.  MaTeMaTHuECKoe OMxHAaHHe cayvaiiuod seauuuius X.
Pewenue. Tax xkak X — HenpepmsHasi caydafuas Beaumpa, 7103

w0

4 |2

2
M (X) = fo(x)dx=o[xx2dx=%-'o=4.

-~ Q0

Tenepb paccMOTpHUM ABe cayuaiiHbie Beanyunn X u Y,
BO3MOJKHBIE 3HAYEHHs KOTOPHIX PACNOJIOXKEHbl TaK, Kak
nokasano Ha puc. 57, npn stom M (X) = M (Y). .

M3 anaausa pacno/ioxKenus TOYEK Ha YMCJAOBBIX NP AMBIX £
H & MBl MOXEM C]eJaTh 3aKJIOYeHHEe O TOM, NTO CayuaiiHas
eanynia X nnmeer Goabiunii pasépoc OTHOCHTEJBHO CBOEro
uenTpa, uem cayyaitnas seanynna Y. Iosromy nenecooGpasuo
BBECTH TAKYIO UYHCJOBYIO XapaKTepHCTHKY, KOTOPas OlCHH-
Bana Obl pas6poc 3HaueHHil CAyHailHOH BEJHYHILI 0100
MATeMaTHYeCKOro oxkuaanus. Takoil XapakTepHCTHKON CJys
KHT aucnepcuns loGos

2 1 L 1 2 1 1 1 1
M[X) X snavaerca D (X), uwan o*(X)).
JAas  AuckperHoit cayuai-
HOW BeaHuuHbl X aucnepcus
edoitot-totaat =Y onpenessercs Kak:
) 4 p K

n
Puc. 57. I'eomeTpuuecKas uuTep- D(X) =Y [x;— M (X)I'p,.
NPEeTALURSA TIOHATHS JIHCNEPCHB 1 '
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[Ip# BBHIYHCJIEHHH [HCNEPCHH HENpPepHIBHOM cJayuafinod
BeJIMYHMHBL CYMMHPOBAHHE 3aMEHSAIOT HHTErPHPOBAHHEM, W
IHCIIEPCHST BHIYHCASIETCA NO  (opmy.e:

@

DX)= | [x—M (X)Pf (v dx.

-0

Muorna B KayecTBe [0Kasateasi pasbpoca MOJL3VIOTCH
OJOXHTEIbHBIM * KOPHEM KBAaJIpaTHBIM H3 JIHCHEPCHH. Ira
XapaKTEePHCTHKA pasbpoca nojay4yHaa HasBaHue cpenHee
xaanparn YeCKOe OTKJJOHEeHHe, Han Ca R -
naprm

o (X) =+ VD (X).

M3 Apyr#ix HCnoJab3yembix Mep pacceHBaHHf CJjenyer
OTMETHTB KO3 PP H UL HEeHT BapHaLHHu y, onpeiense-
MBIl KaK IPOLIEHT CPEIHEro KBajpaTHYECKOIo OTKJIOHEHHS
10 OTHOHIEHHIO K MaTeMaTHUeCKOMY OXHIAaHHIO:

(8]

W pasMax CHAYYaHHON BeJs HUYHUHBL, onpenense-

MBIl Kak
' A = Xpsx — Xqin:

PasmMax HHOTZAa MCMOJBL3YIOT JJISi TOTO, 4TOGLI OHICTPO
(xor#s u OuYeHb Fpy00) OUEHHTH CpejaHee KBaapaTHYeCKoe
OTK/JIOHEHHe, HCXOIA H3 CJEIYIOLIEro COOTHOILEHHA MEXy
HHMH:

0~—|

Cc

rie C — xospuumnenT, 3aBUCALLHIT OT Yucaa HAGMIONeH Wit n.

n 5 10 20 30 100
oloey 3 I 1S RS B 0 S BN
O600EeHHeM OCHOBHBIX YHC/IOBBIX XapakKTEPHCTHK CJY-
YaiilibiX BEJAHYHH ABJAETCH MOHATHE MOMEHTOB cCiy-
YaHHOH BEJHYHHBI
B TeopuH BEPOATHOCTEH Pas/IMHaiOT MOMEHTH! ABYX BHJIOB:
HauaJbHBIE H LEHTPAJbHBIE.
HauaabHbM MOMEHTOM K-TO NOpsiaKa cay-
Yaiinoll BeAHYHMHL HAa3LIBAIOT MAaTeMATHYECKOE OXKHlaHHe

BeanuuHsl X®, T.e.
v ) =M [XK’.
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ChnejoBarenbio, A AMCKPETHOH CJAYYaHHOH BeJIHYHHBL
HayaJAbHbIii MOMEHT BHIPAKaeTcsi CYMMOMH:

n
.‘ -
Uy = }-I x‘f(pl’
(=1
a AnA HenpepuiBHOH — HHTErpa’ioM:

w

e e= J x&f (x) dx.

-0

M3 HayaIbHBIX MOMEHTOB CJyuaiiHOM BeJHYHHBI ocoloe
3HaueHHe HMeer MOMEHT MNEePBOro Mnopsjka, KOTOpbI npei-
crasJsiger cobol He YTO HHOE, KAK MAaTeMaTHYECKOE OyKHiaHHe,

HauyanbHbie MOMEHTBI BBICHIHX MOPAAKOB HCROAb3YIOTCHA
riaapubiM obpazom s OOJeryeHuss BHLIYHCJIEHHS UEHTPaJb-
HBIX MOMEHTOB. 1

[{lenTpanbHBIM MOMEHTOM K-ronopsjgka cJjy-
YAHHOH BEJMHYHHBLI HA3HIBAIOT MaTEMATHYECKOe OXKHLaHHe

BeauuHHbl  [x — M (X) 1%, 1. e.
e =M lx — M (X))~

HOas JAMCKpeTHOI caydaitHO#R BeJHYMHBI LEHTPaAbHbil:
MOMEHT BBIPAXKAETCA CYMMOM:

= i)__‘.,.llxl — M(X)]* py,

a JJ8 HenpepuiBHON — WHTerpaaoMm:
+o

b= | [x—M X0 (x) dx.
—C0

Cpean \UEHTPAJbHBIX MOMEHTOB CJYYailHOH BeJHYMHE
ocoboe 3HAYEHHE HMEeT UEHTPAJbHBI MOMEHT BTOPOTO I0-
pfAAKa, KOTOPbIH NpeicTasiser cofoil He YyTO MHOe, KaK JINc-
NEpPCHI0 CAYYaHHOH BeJHYHHBI.
JokaspiBaercsi, YTo0 WEHTPAJNbHBI MOMEHT MEpPBOTrO 10
psaaka paBen 0, T.e. p, =0. |
CylecrBy1oT COOTHOILEH s, YCTaHaAB/IHBAIOLIHE CBA3L Me-
XAy HauyaJbHBIMH H UEHTPAJbLHBIMH MOMEHTAMH, a HMeHHO:

m=ay—ai; MX)=a: D(X)=pr=o0—ai.

Aty (GopMyJay YacTo NpUMEHSIOT HA NPAKTHKE IS BbiUHC-
JEHHS AHCNEPCHH. ]
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3. HOPMAJIbHDBIA 3AKOH PACMPEJENEHHA

Cpean pacnpejesiesuift HenpepbiBHbIX CJIYYaHHBIX Be-
JAWYMH UEHTPAJbHOE MECTO 3aHMMAeT HOPMAaJbHBLIH 3aKOH
paclpejesieHus, HiK, KaK ero HHorja naseiBaior, 3akou 'aycca,
NJOTHOCTH BEPOATHOCTH KOTOPOTO HMEeT BHJL:

g 4 A0 i3 _x—=MX)P
F =<mve e (— ")

rie M (X) — mMareMatH4yecKoe O0XKHlaHHe;
o* (X) — aucnepcusi cayuaiinoi seauynun X,

HopwmaJbHblil 3aKOH pacnpenesieHns onpeieasercs AByMS
napamerpamu M (X) u D (X).

DTOT 3aKOH pacnpelesneHns o4eHb LIHPOKO pacnpocrpa-
HEeH B 3ajauax npakTHkH. OH nmposiBisieTcst BO BCeX TeX CJay-
gasiXx, KOrja cayuainan seqauunna X SBASIETCS Pe3yibTaToM
AEeHCTBHA OOALIIOro uYHcaa pPasauuHbIX daxtopoB. Kaxawti
daxkTop B OT/1€/IbHOCTH HA BeJINYHHY X BJAHSET He3HAYHTEJILHO,
H HEJb3sl YKasaTh, KAKON HMEHHO B O0JbleH CTenenH, yem
ocrajibHble. llpumepaMu caAyyaiiHBIX BEJHYHH, HMEIOUHX
HOPMa/IbHOE pacnpeieneHne, MOryT CJAYKHTh OWHOGKH npH
H3MEPEHHH, OTKJOHEHHs npH crpesanbe u T. A.

['padpuK naoTHOCTH BEPOATHOCTH HOPMAJBHOTO pacnpe-
AeJeHHS NMPEICTaB/eH Ha pHC. 58; ero HasbiBalOT HOPMAJbLHOMN
KpuBo#, wau xkpusoii [aycca.

OTMeTHM HEeKOTOphie CBOHCTBA HOPMAaJAbHOM
KpHBOIH

. dyukuns onpeaenena ua Beel uucaoBoit ocu Ox.

2. I'padmk pacnoaoxken Han ocbio Ox, T.e. f(x) >0
npy Jio00M 3HAYEHHW X B MHTEpBaJe — oo < X < -} oo.

3. Ilpn |x| — oo BeTBH KpPHBOW aCHMNTOTHYECKH T[PH-
bauxalores K ocn Ox.

4. KpuBasg CHMMETPHUHA OTHOCHTEJIBHO OPJHHATHI, NpO-
xonsumedn gepes x = M (X).

5. Myukuus f (x) umeer MakcuMym B Touke x = M (X),
npH TOM: l

! a(X)V2a
Tenepb ocTaHOBMMCS HA BONPOCE O BJAMAHUH [APaMETPOB
HOPMAJbHOTO 3aKOHA pacnpejieseHus Ha (opMy KpHBOI.
Hamenenue watematnueckoro oxkuianua M (X) npwu
G (X) = const nNpHBOAHT K CMEIIEHHIO KPHBOH pacnpeje/ieH s
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Baoab ocu Ox. Ilpu srom
KpHBas paclpeiesenis co-
XpaHser CBoil BHA. .
Ilpu= namenenun cpea-
HEro KBAJAPaTHYHOTO OTKJO- -
Heuna o (X).u M(X) =
= const KpuBas pacnpene-
JIEHWUSl M3MEHsEeT CBOH BMWI.
Ha puc. 58 xpusasn [/
COOTBETCTBYET CAYHaI0
=% o(X) = 2,5; kpuBas [/ —
o (X) = l; kpuBas [// —
Puc. 58. Xapakrep kpusoit pacupe- ¢ (X) = 0,4,
AeAeHyA OPH PasININLIX O (x) *  Teneps 3anumem #u H-
Terpajgbuylo QyHK
ILH K0 CAYYaHONH BEJMYHHBLL, MO A Y HH S 10 e HCH nop-
MaJIbHOMY 3aKOMY pacnpe/ienexis. CorylacHo onpegeneino
MHTErpPaabHOM (YHKILHE pacnpeiesenns MOMKHO 3anucarh,
HTO

X [x -M(X)p

i 1 < 20° (X)
FO= e ‘" e dx.

MoxHo nokasarth, 4TO
| © [x =M (X))
F(c0) = e e 30T (%) d«\'=l,
Sl a (X) V 2n 5‘

-0

NO3TOMY IJIOILAAb YACTH IJIOCKOCTH, OrpaHHYeHHAsi KPHBOil
HOpMaJibHoro pacnpenenenus u ocsto Ox, pasua 1.

Bo muorux 3ajpauax npamm\n NPUXOAHTCH ONpee/IsiTh
BCPOATHOCTL TMONAAAHHA CJAYYAHHOM BEJAHYHMHB, HMEIOUEeH
HOPMAJbHOE pacnpelesieHne, Ha 3alaHHblil y4YacTOK.

M3 pasznena | wacrosimed riaBbl H3BECTHO, 4TO

Pla<x<P)=|F(xdx.

Toraa ans cayuaitnoit seawunnn X, nonunHsomeics
HOPMAJTbHOMY 3aKOHY pacnpeneyeHus, MOKHO 3anHcaTh:

| A fx—M (’.Yn'
P(a<x<ﬁ)=m“? Y dx.
0 ‘
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Onnako BCSAKMI pa3d BBLIYUCJAATL 3HAUEHHE ITOTO HHTE-
rpaja He NnpejicTaBisieTcs YA0OHLIM, NOSTOMY /IS €ro Bhiulc-
JeHus noassylorcs Gyuxuneit Jlansaaca:

| g LR,
q)t =-—-=...—-Ye 2 dz
(f) TG 4
0
A5 KOTOPO#H COCTABJEHBI CHEILHAJbHbIe TaGaHIbL.
Moxkno nokasarb, 41O

Ple<sxti=s Eon ) et st ) @0

B npuaosxenun 1 npusenens 3nayenusi GyHKuun 2¢ (x)
V1 PA3IHYHBIX apryMeHTOB X.
Oyukuus Jlanaaca o6aajaer CAeAyIOUUMH CBOHCTBAMH.

l. & (0) = 0.
2. P (00) = .

3. & (—x) = — (x), 1. e. bynkuns Jlanaaca neverHas.

Mpumep 4. Hceeaeayemoii cayuaiinoil Beawunnot X sisasercs 4YHcao
NAZCTHYHOCTH Aannoro thna noyswl M3 onwmira masectHo, uro seanunna X
pacrnpeaeseHa ¢ Marematnueckus  oxuaanvem M (X) = 31 n cpenuum
KBAZApaTHYeCKuM oTKaonennem o (X) = 3,2. Haifitn BepoaTiocty T0ro, 410
JHAYEHHE MHCAA TAACTHUYHOCTH 3aKMOYeHO Mmexay 29 u 32.

Pewenue. Tloavaysacs dopmyaoit (227) u npuioxenuem |, noayum:
29 — 31 x—31 32 — 31
P‘2g<x<32)=P( 520 @g - AR )"‘
32 — 31 29 — 31
— (-—,;2—-) —o (—372.._) — @ (0,31) — P (—0,63) =

=@ (0,31) 4+ @ (0,63) = 0,1217 - 0,2357 = 0,3574 ~ 0,36.

OtMeTHM BakHBIH yacTHuIl cayyaii gopmyas (227) —
BEPOSITHOCTh OTKJIOHEHHSI 3HAYEHHA CJAYYAHHON BeANYHHb X
0T ee mareMaTHueckoro oxuianus M (X) Ha BeNHYHHY o

P(lx—M(X)|<a)=2¢<-b-?—x)—-). (228)

Mpumep 5. Paswmep anamerpa Koasua OHALTPaNKOHHOro nprGopa
MOMKHO CYHTATL HOPMAJBLHO pacnpeseyeHnoli cayuafinoh BeAHIHHOM ¢ Ma-
TeMaTHueckuM oxmaannem M (X) = 2,6:10°* » u amcuepcuedt 0% (X) =
= ]07% x', B KakuX rpasuuax MOKHO NPaKTHYECKH rapalTHpOBaTL passep
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AHAMeTpa KoJLUa, ecait 32 BePONTHOCTh NPAKTHIECKON AOCTOBEPHOCTH NPH-
Humaerca 0,997?

Pewenrue. OGoanaynm yepes | BCAHYHHY, HA KOTOPYIO MOMeT OTKAO-
HHTLCA PE3MEP AHAMETPA KOALIA OT MaTEMATHYECKOrO OXHAAHHA C BEPOAT-
nocteio 0,997. -

Torapa, coraacuo dopmyae (228), nmeem:

P (jx—M (X)] <1) =2¢(ﬁ) = 20 (g ) = 0.997.

Mo raGanue pynxunn Jlanaaca naitgem, uro sepostaocts 0,997 or-
BeYaeT 4HCI0, papnoc 2,97, T.e. —O—-éo—ar= 2,97, caenpopatensuo: =

= 2,97-0,0001 == 0,0297-10"* = 0,03-10-2.

Takum o6pazom, pazmep AnaMeTpa KoAbUA € BeposaTHOCTBIO 0,997
NpuEagaIexuT untepsany [(2,5 — 0,03)-10°2; (2,5 -+ 0,03)-10-2], 1. e
[2,47-107%; 2,53 1072].

[lpakTuyecknit HMHTEpPEC TaKkKe NPEeICTaB/SeT BBIYHC/Ie-
HHE BEPOSATHOCTH OTKJOHCHHS CJAYYaHHOH BEJHUHHBI OT
MaTeMaTHYECKOrO O0XCHAAHHA KPaTHOTO CPeiHeMY KBajipaTh-
YECKOMY OTKJIOHEHHIO:

Pllx —M(X)| <<o(X)]
= 2¢ (1) = 0,68269;
Pllx —M(X)]| <i20 (X)] =
— 2P (2) = 0,9545;
Pllx —M(X)| <30 (X)] =
— 2¢ (3) = 0,9973.

f

Ecan cayualinas BeMYHHA NOAUMHSAETCS HOPMAJIbHOMY
3aKOHY pacnpeienesus, To ¢ BepOATHOCTHI, Oan3koit Kk |
(0,9973), MOXKHO YTBEp)KNaTh, YTO OTKJOHEHHE CJYYaiiHOM
BEJIHYHHBI OT €€ MATeMaTHYECKOTO OXKHAAHHS HE NPEeBBLICHT
30 (X). 210 nosokeHHe NOAYUYHJO HA3BaHHE NP aB U Ja
T pPeX CUT M.

4. MHOTOMEPHDBIE PACOPEAEJIEHUSA

3aKkoHbl pacnpejesieHHst CHCTEMbl ABYX CJAyMaMHBIX BeJiH-
yHH. Jlo CHX nop MBI pPaccMAaTpPHBAJH BEJAHYHHBI, KaK/i0e
3HayeHne KOTOPhIX OMPenefaoCh OJHHM YHCAOM, T. €. OJHO-
MEPHBIE BeJHUMHBLL. (PYHKUMA pacnpejenenus OJAHOMEpPHOIl
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cAy4YaHHOIl BEJHUYHHBI Onpelensijach OJHOH HE3aBHCHMOH
nepeMeHHoH.

[Ipu nocraHoBKe NMpakTHYECKHMX 3a1ay INOHATHS OLHOMEp-
HOH Cy4YaHHOH BEJHYHHBI YacTO OKa3LIBAETCS HENOCTATOYHO.
Hanpumep, H3BECTHO, 4TO MEXAY BJaaxHOCTbIO W H nores-
ILHAJIOM TOYBEHHON BJarH @ CYIIEeCTBYeT onpejesennas
3aBHCHMOCTb. 310 o3Hauaer, yro (P; W) moxker paccmaTpi-
BATBCS KaK JABYMEpHAas cjaydaHHas BeJHUHHA.

B 3aBMCHMOCTH OT THIIA OJAHOMEPHBIX CJIYYAHHBIX BEJIHYHH,
0OpasyiouuX CHCTEMY, CHCTeMBl CNYUaHHBIX BEJHYHH MOTYT
ObiTh JMCKPETHBIMH H HENPEPLIBHLIMH, a TAKXKE CMEIldHHBIMH,
COCTOSIIMMHA H3 CJOYYaHHBIX BEJIHYMH Pa3NHYHbIX THIIOB.

I cucTem cayyaiiHbiX BeJHYMH OCTalOTCSl CIpaBejJil-
BbIMH OCHOBHBIE TOHATHS, BBEJIEHHbIE /IS OAHOMEPHBIX CJY-
yalHLIX BEJMUYWH: 3aKOH pacnpejesieHHsi, HHTerpajbHas H
auddepenunanbias QYHKUMH pacnpesenelis, OCHOBHBIE YHC:
JIOBBIC XaPaKTEPHCTHKH: MATEMATHYECKOEe OxHJaHMe, aucnep-
cusl, CTAHAAapT, HAYaJbHbBIE N UEHTPAJbHble MOMEHTHl K-TO
nopaaKa.

PaccMOTpUM OCHOBHBIE XapaKTEpHCTHKH CHCTEMbI /JABYX
cayualiHbIX BeaHYMH. [l n-MepHOro cjayuasi 9TH XapakTe-
PHCTHKH BBOASATCH, aHagoruyxHo. [loiapobGHO 3TH BOMNPOCH
nanoxenst y E. C. Benrneas (1964) «Teopus BeposiTHO-
cTeity.

3aKOHOM pacnpeneneHHsa CHCTEeMb cJay-
yalybBIX BEAHYHH HJIH MHOTOMEPHOH CJYyYaHHOH BeTHUYHHBI
Ha3biBAETCH COOTHOMICHHE, YCTAHABJIHBAIOLEE CB#3b MEXAY
00JaCTSIMH BO3MOXKHBIX 3SHAYeHHIl CHCTEMB! CJYUaWHHBIX Be-
JHYHH M BEPOATHOCTAMH NOABJEHHS CHCTEMbI B 3THX 00a-
CTHAX.

Tak ke Kax ¥ Aas8 OJHOMEPHOH cCJyyailHON BEJHUYHHEL,
3aKOH pacnpeleeHuss CUCTeMbl Cay4YaiiHbIX BEJIHUYHH MOKeT
ObiTh 3afan B pasauuynnix gopmax. Ecan mHoromepHas ciy-
yafiHaf BEJHMYHHA JHCKPETHa, TO €€ MOJKHO 3alaThb B BHIE
TaOauibl. PaccMOTpHM 3ajJlaHHe CHCTEMb! CJy4YaHHBIX BeMH-
4jiH TaGJHIeH Ha NpUMEpe ABYMEPHOM CJIy4aHHOH BeJTHUMHBEL

Obosunaunm uepes X u Y aHcKpernble ciayyaiHbe BeJi-
YHHbI, BO3MOXKHbIC 3HAYEHHUA KOTOPBIX (X;, ¥;), NPHUEM [ =
=1, n, a j =1, m. Toria pacnpeaeieHue CHCTEMbl TaKHX
CAYYAHHBIX BEJIHYHH MOXKET OLITb OXapaKTepH30BAHO COOT-
BETCTBYIOLLUMH BeposiTHOCTsMH py; =P (X =x; Y =y))
TOro, UTO cjayyailiHas BeauyuHa X [PUMET 3HaueHue x; W
OJHOBPEMEHHO ¢ 3THM cJyyaiHasi BeJuuHHa Y npHmer
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3HaueHne y;. BepoaTHOCTH p;; MOXKHO cBeCTH B TaGaMIly Clle-
AYIOWero BHA:

Yi
Xq
ih 4 ] PRI WL B TGRS Ym
X Py Peg:ifie v of Pyf |s e Pan
Xy Py Pag |-+ | Poy'|s s Pam
Xg Piy | Pia |-+ | Pi} 4+ « « Pim
Xn Par | Png |+ « | Pnj |- « « Prum

Takas Tabauua HasbiBaercs raGaununeii pacnpe-
A€JEHHUSA CHCTEMbI ABYX THCKPETHBIX CAYYaHHBIX Be/JIH-
YHH € KOHEUYHBIM YHCJAOM BO3MOMKHBLIX 3HAYEHHH. -

OyeBHAHO, YTO:

i M3
Il

m m
,‘él piy = E,P(x =x, Y=y)=P(X =x);

n

);n., Z.P(X—x:. Y=y)=P(Y =y,

Humeeparonas ynxyus pacnpedesenus. ®ynkuuein pac-
npeieIeHHs CHCTeMbl ABYX caydanHbix Beanuyun (X, V)
Ha3biBaeTcsi (YHKUHMsi ABYX aprymMestoB (x, y), papHas
BEPOSITHOCTH COBMECTHOTO BBINOJIHEHHS JBYX HEPABCHCTB:
Xo<x%, Y <y, T e

F(x,y) =P(X<ax, Y<y).
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I'eomerpuyeckn  QyHKIHA 7
PACTIPEASTCHIS CHCTEMBL ABYX 4,y
CAVHaNHBIX BEJIHYHH NpeacTas-
nser coboi BEpOATHOCTH nona-
Jauys Cay4ainHon TOYKH (X, y) Y
B JEBbIH  HIXKHHH  OeCKo-
Heuylbll KBaApaHT [JIOCKOCTH
¢ BEpPUIMHOH B TOuKe (X, y). o

Jugpeperyuaabraq QyHk-

yus pacnpedeacnus, uau naom- F4c. 59. Teomerpuueckan nirep-
: NpeTausa BEPOATHOCTH JAByMep-

Hocmo  pacnpedeaenus. Hure- HOR CAYYAHHON BeAHUHHb
rpaJjbHast HYHKUWA pacnpeje- :
JACHMS fABJACTCH YHHBEpPCaabHOH (JOPMO¥ 3ajlaHus ABYMEp-
HOM cayuaiHoN pesnyuHbl. OHa MOXKer ObiTh NMPHMEHEHa J
ONHCAHHA CHCTEM KaK JAHCKPETHBIX, TaK H HenpepLiBHLIX
cayuafinbix BeauuyuH. OCHOBHOE TIPAKTHYECKOe 3HayeHue
MMCIOT CHCTEeMbl HENPEPLIBHbIX CAYYAHHBIX BEJAHYHMH, pacnpe-
JleNeHNE KOTOphIX Gosee ya06HO XapaxkTepH3osarTh HE HHTe-
rpanbHoOi  (QYHKUHEH pacnpefenenusi, a MnJoTHOCTLIO.

[lroTHOCTH pacnpeneseHusi ABAAETCA HCYEPNLIBAIOULEH
X4PAKTEPHCTHKON CHCTeMbl HenpepbiBHbIX CJAYYANHHbLIX Be-
JUYHH, C TOMOIBIO KOTOPOH pAacyeT BeposiTHOCTEH nonajgaHus
B pasjJuHyHble 06JACTH IPOUSBOAMTICS MNPOLIE, a ONMHCaHUE
pacnpeiesi€Hust CHCTeMbl CTAHOBHTCs 6oJiee HarAfHbIM.

[Tyerh nmeercs cHcTema ABYX HENpepbiBHBIX CAyYaiHbIX
eanunn (X, Y). Pacemorpum (puc. 59) BeposiTHOCTH NoOIa-
Jauua caydaiHoR TOYKH (X, y) B NPSIMOYTOJABHHK CO CTOpO-
namit Ax u Ay, NpHMBIKAIOUHA K TOYKE C KOOpAHHATaMH (X,
y). Tlhoraocrs pacnpeaenenus [ (x, y) onpenensiercs Kak
BTOpasi CMCIIAHHAN YyacTHas npoussoAHas GyHKuHH F (x, y),
T..€

ooy OF (%, y)
f(x, y)= ~Dxdy -

Ecan caygaiiibie BeJTHYHHLI 3aBHCHMBI Mexy coboii, TO
30KOH pacnpejiesicHHsi CHCTeMbl He MOXKeT OblThb Bblpaikel
Uepe3 3aKOHBl PACHpEefeseHHs OTJIeJNbHBIX C/Ay4YalHbIX BeJIH-
Yii, BXOASUIHX B CHCTEMY. DTO NPHBOIHT K HEOGXONHMOCTH
BBE/EHHA YCJOBHBIX 3aKOHOB pacnpejiesieHHs.

Pacnpesnesnenne 01HOH HJH HECKOJbKHX CJAYYaHHBIX Be-
JHUMH, BXOAAUIMX B CHCTEMY, HaljeHHOE NpH YCJIOBHH, 4TO
OCTa/IbHbIE CJayYalHble BeJHYHHBI 3ITOH CHCTEMbl [IPHHAJIN
Ope/ie/ICHHBIe 3HAYeHHs, HA3bIBACTCH YCJAOBHBM 3a-
KOHOM pacnpejejgeHnus.
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Yca0BHBIE 3aKOH pacnpeieiennsi MOXKHO 33aaBath B BHIE
HHTerpaabHoli HaH AnddepennHanbHol (QYHKUHH pacnpeje-
nennst. B sToM cayuae unrterpanbuas GyHKIUHA pacnpeienenns
ANS AByMepHO# cayyaiiHoM BesnyMHBl obo3Hauaerca F (x/y),
a auddepenunannuan [ (x/y).

YcaoBHas MJAOTHOCTH pacnpepeneHds o06.Jalaer BCEMH
CBOHCTBaMH OG€3YyCJOBHOH MJIOTHOCTH pacnpeieenus. 3

Jl1s KpaTKoro onHcaHusi yCJOBHOIO pacrnpeieseHis BBo-
ASTCS YUCJIOBBIE XAPAKTEPHCTHKH MOXOGHO TOMY, KAK OHH
BBOJIM/INCE JUISE OJIHOMEPHO! CJAYYaHHOH BEJHYHHBL

HauGoaee BaxHoll xapaKTepHCTHKOIT ABISETCH Y CJI O B =
Hoe MaTeMaTHUeCKOEe OXHUJaHHE VYCI0B-
HbIM MaTeMaTHYECKHM OXHJIAHHEeM IHCKPeTHON CcayyanHon
Beanunnbl X npu Y =y (y — onpeneseiHoe BO3MOKHOE
3HayeHue cayyannoit BeanuuHnl Y) HaswiBaeTcss CcyMMa
NPOM3BEJEHHH BO3IMOXHBIX 3Hauennit X = x, Ha HX YCJOB-
HLlE BEPOSATHOCTH: '

me=w=;ﬁmww

Ins nenpepbieHBIX CIVYAHHBIX BeJAHUNH:

)
MXIY = y)= | xf (x/y)dx,

—C0

rae f (x'y) — ychaoBhast NJOTHOCTH pacnpeineaenus cayuadi-
HOlt BeNHYMHE X npn Y = y.

Onpejenenne  yCIOBHOIO MAaTEMaTHYECKOTro OXHAAHMSA
M (Y/X == X) aHaJorHYyHO BBILLIEH3JOMKEHHOMY.

INMonoGubM 06pasoM BBOAATCS YCJIOBHBIE JIHCMEPCHH H
YCJAOBHBIE MOMEHTHl (GoJjee BLICOKHX MNOPSIAKOB.

M3 onpenesenns yCJOBHONO MaTre€MaTHYECKOro OXHIAAHNHA
M (X/Y = y) caeayer, uto € NH3MEHEHHEM 3HAYEHHHA Y
Gyaer uameHstbes # M (X/Y = y), a 310 3HAYHT, YTO MEI
MOXEM paccMaTpuBarb ¢QyHKumio m, (y) = M (X/Y = y),
06,1aCThIO ONpeaesieHHsl KOTOPOi# ABASIOTCS MHOXKECTBO BO3-
MOXKHBIX 3HaueHHit cayyaitHoi seanuynusl Y. Jlannas ¢yuk-
IS HOCHT HasBanuwe perpeccuu X no Y. ‘.

AHaJOrHYHO  YC/IOBHOE  MaTeMaTHYeckoe  OHiaiune
M (Y/X = x) sBnserca ¢yHKkuuedn x, T. e. m,(x) =
=M (Y/IX = x).

Ypasuenus Y =m,(x) u X = m,(y) HasbBaOTCA
VPAaBHEHNAMH pPEerpeccuHu COOTBETCTBEHHO Y
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no X w X no Y, a auuun, onpejpensiemMsie STHMH YpaBHEHHAMH,
HAZLIBAIOTCA JHHHSAMM perpeccHHu. JIHHHH pe-
rpeccHy  BBOAATCA JIHIUB AR HENPephIBHLIX CJY4alHbIX
BeJHYHE (A7 JAHCKPeTHBIX CJAY4YaHHBIX BeJHUYHH JIHHHH pe-
rpeccun OyAyT COCTOATH M3 H30JIMPOBAHHBLIX TOYEK ILJIOC-
KOCTH). :

3aBHCHMbIE W He3aBHCHMbIE Cay4aiiHblie BeaHuHHbl, [ToHsn-
THS 3aBHCHMOCTH MJIH HE3aBHCHMOCTH CJy4aifHBIX BeJHYHH
ABJAAIOTCH OJHHMH W3 BaKHeHIUMX MOHATHI TEOPHH BEpoAT-
gocreit. Cayuailinasi BeaHunna X HasblBaercs HeE3aBHCHMOI
OT CJYYailHoi BeJHYHHBI Y, €CJIM 3aKOH pacnpejieseHns
BeJHunHbl X HE 3aBUCHT OT TOro, Kakoe 3HayeHue MnpHHsja
peauunia Y. JAas HenpepuBHLIX CJAyYaiiHbIX BEJHYHH YCJI0-
pie HezaBHCHMOCTH X oT Y Moxer ObiTh 3anucaHo B BHIe
f(xy) = [; (x) npu mobom y.

Ecan xe cayvaitias BesnyuHa X 3aBHCHT OT CJAYYaHHO!
pestHuuEBl Y, 10 [ (x/y) <= 1 (X).

YKaxeM INpoCTOH NPH3HAK HE3aBHCHMOCTH CJY4YaHHBIX
peanunH. Jlas Toro uroGbl HenpepbiBHBLIE CJYy4YalHbIE BEJIH-
bl X 1 Y OblIH HE3aBUCHMbIMH, HEOOXOAUMO H JIOCTATOYHO,
yToOBl IJIOTHOCTL pacnpeneenus cucremnl (X, Y) Obura
paBHa NPOM3BEJACHHIO NJIOTHOCTEH pacnpeieseHus OTAe/b-
HbIX BEJAHYHH, BXOASMIHX B cucreMmy: [ (x/y) = [, (%) [2 ()-

3aKOHBl pacnpejeseHHs CHCTEMb! CJayyalHbIX BeJIHUHH
SIBJAAIOTCST €€ HCYEPNbIBAIOUHMI BEpPOSTHOCTHBIMH Xapakxre-
pucTHkamu. OAHAKO OUY€Hb 4acTo B CBA3H € OrPaHHYEHHOCTHIO
SKCIIEPHAMEHTAJILHOTO MaTepHaJa, FPOMO3AKOCTbIO H TPYAHO-
CTLIO MaTEMaTHYECKHX BHIKJIAJ0K He Y/JaeTCs NOCTPOHTHL 3aKOH
pacnpeaeaenus cucrembl. [lostomy npu onHcaHun MHOTO-
Mep HOH cay4YalHON BeJHYHHBI BO3PACTaeT poiib 4 M € J1 O B bl X
XApaAaKTEepPHCTHK CHCTEMBI, KOTOPHIE B ONPE/leJIeH-
HOI CTeNEeHH MOTyT J1aTh IpeicTaBJieHHe TaKike H O Xapak-
TEpe 3aKoHa pacnpejeneHusi. B ocHOBY MoayyeHusi YHCI0BbIX
XapaKTepPHCTHK CHCTeMbI C/TYYaHHbIX BeJAHYHH M10JI0KEHO NOHS-
THe MOMEHTOB. KaK n /s 0lHOMEPHOHN C/1yyYaiHOM BEJHYHHBI,
3J1€Ch Pa3MYAOT HAYaJIbHBIE -0 UEHTPAJIbHBIE MOMEHTHI.

HauajibHblM MOMEHTOM @ MOpAAKa K -4 § cucremsl (X,
Y) naswiBaercs M [XxYs).

3anuiuem (opMyabl JUISl BBIYHCAGHHS HAyaJbHbIX MO-
MEHTOB ABYMEPHOH CJy4YaHHOH BeAHUHHBL:

J1 CHCTEeMbl AHCKPETHBIX CJAyYaWHbIX BEJHYHH

WS o W Y
ks = 2‘.) }.]inyfpt’p
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rae p; = P (X = x;, Y = y;) BepoATHOCTb TOrO, YTO CH-
crema (X, Y) npumer 3Havenue (x;, y;), a CyMMHpOBaHHE.
PacrnpocTpaHAeTCsl 10 BCEM BO3MOMHBIM 3HAYEHHSIM Cay4dai-
HEX Beanunn X u Y,

A7 CHCTeMbl HeNnpepbiBHLIX CAYYAMHLIX BEIHYHH

0 4w
aw= | [ vufe gdeay,

-0 —

rae [ (x, y) — IJIOTHOCTb pacCHpeneyNeHHs CHCTeMb, |
Ha npaxrtuke wHauGosee ynorpeGHTe bHBIMH na.nmo'rcm
HayaJbHble MOMEHTHl NepBOro nopsaka: 4

a0 =M [XY?] =M [X] = m,
gy = M [XOV'] = M [Y] = m,.

TMepefinem Tenepn k PACCMOTPEHHIO LUEHTPAIbHEIX MOMEH-
TOB.

LleHTpasbHbIM MOMEHTOM W, NOpPAJAKA K - S cuc'reuu‘
(X, Y) naspipaercs

M (X —m)x (Y—my)s = Pyse .

Dopmyabl AA8 BHIYHCJIEHHSI MOMEHTOB [l ABYMEpPHOIl
CHYUYaHHOM BEJHYHHB! 3aMUCHIBAIOTCA CJEAVIOMNM 00pasoM:
ISl CHCTeMbl AMCKPETHBIX CJAVYalHBIX BEJIHYHH

s = X Y (e — m)* (g — m,)*pi;
55

A1 CHCTEMBI HENPEPbLIBHLIX cnyqaﬁnux BEJIHYHH
-+ o ¥

fys = f I(x—mv)"(J—-—m,,)i (x, y)dxdy.

—00 —00

B npakrtnke nauGoJbllee NpHMEHEHHE HMEIOT UEHTPAb-
HBIE MOMEHTBI BTOPOTO MNOpsAKa.

M3 neHTpasbHBIX MOMEHTOB BTOPOIO IMOpPSAKA HAM y/Ke
H3BECTHA JMCnepcus, T. e.

oo =M (X —m)2 (Y —m,)!] =
M (X —m)2] = D (X),
Moa = M (X —m)® (Y — m,)?] =
M (Y —m,)*] = D (Y).

MoMeHTHI THITA @y I JL,yo SBASIOTCS YHCAOBBIMA Xapakre-
PHCTHKAMH BCSKOH OAHOMEpPHOH cayuyalHOl BEJHYHHBI, BXO-
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Asillel B CHCTeMY, W He HEeCYT HHKaKod uH(pOopMaIlHH O CBsA3H
MEXKAY OJHOMEPHBIMH CJAYYaHHBIMH - BeAHUYHHAMH, oOpa3sy-
jommmu cicreMy. T'lostomy ocoGyto poJib npi HCC/e0BaHHH
ABYMEPHOH caiyualiHol BEJWYHMHBI HPpaeT BTOPOi cMellaHHbil
IIEHTPAJbHBIT MOMEHT, KOTOPbIH Ha3bIBAETCS! KOppeasiiiHOH-
HbIM MOMEHTOM, WJH MOMEHTOM CBfi3H, HJIH KOBapHarHem.

s ABYMEpPHOH CJVYalHON BeJHYHHLI OH 3aNHChiBaeTcs
B CAEAVIOIEM BHIAE:

I(xy s § e M [(X’_',nx) (y_’n.y)] T
= 3 N (5 —my) (y;— m,) py;.
§0g
OnHAaKo OUEHHMBATh CHJAY B3auMHOro BaHAHHS X u Y
no K, 3aTpyAHUTEJbHO B CHJY TOTO, Hanpumep, uto X H Y

MOTYT HMEThb PasHYIO pa3MmeprocTb. bosee y/106HO NpUMEHATE.
AJ51 OlleHKM cBsizH MexAy X u Y Ge3pasMepHoe OTHOUIEHHE:

Kyy
)

-

rx!/ —

KOTOpoe HasbiBaercss KosbdpuuuvMeHToM Koppe-
J 8.

KoppensiunoHHbIH MOMEHT H KO3D(PUIHEHT KOppeasuun
06JIafAl0T CAEAVIOUHM CBOHCTBOM: €CJH CJyuaiHble BeJiH-
yupbl X # Y He3aBHCHMBI, TO KOPPeasiLHOHHBIH MOMEHT
H KOI(P(PHIHEHT KOppesasiliH paBHL HYJIO,

PaBenctBo Hya10 KoapduiiMeHTa KOPPEeIAlHH SIBASETCS
TOJILKO HEOOXOAHMMBIM, HO HE JOCTAaTOYHBIM YCJOBHEM [
HEe3aBHCHMOCTH CJAVYAMHBIX BEJHUKI. DTO 3HAYUT, YTO MOMKET
CVLIECTBOBATHL CHCTEMa 3aBUCHMBIX CJVYAHHBIX BEJIHUYHH,
KO(PHILHEHT KOppeasilHd KOTOPOH paBeH HYJIO.

JBe cayuaiinpie Beauynnbl X H Y Ha3LIBalOTCA HE KO P -
DeJHPOBAaHHBMH, €ecan HX KoapduIHEHT Koppeas-
LM paBeH HyJ10; X U Y Ha3blBalOTCA KOPPE€JAHPOBAH-
H bl MH, €cad HX KO3pPHUHEHT KOppeasiuHH OTJHYEH OT
HYJIA.

CaejoBatesibHO, €CJH cayyaiinbie Beanuyunsl X u Y nesa-
BHCHMBI, TO OHH i HEKOPPEJHPOBaHbl, HO H3 HEKOPPEJHPOBAH-
HOCTH CJYyYaHHbIX BeJIHYHH HeJib3s B OOLIEM cjaydae CjlejiaTh
BLIBOJL 00 HMX HE3aBHCHMOCTH.

Kpome KoppessiiiHOHHOIO MOMEHTa M Ko3(pHIHEHTa Kop-
pessilliHKM, B3aWMHAs CBSI3b ABVX CAYYAHUBIX BEJHUHH MOZKeT
OLITh ONHCAHA C MOMOIILBIO JHHKK perpeccuu. [ledcTBHTENbHO,
XOTS npH KaxaoMm 3HaueHnn X = x; BeanwywHa Y ocraercs
cavyaiiHol BENHUHHOM, JAONMyCKaioleH pacceHBaHHe CBOMX
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3HAYeHHH, OAHAKO 3aBucHuMOCTh Y oT X CKa3biBaeTcs 4acTo
B H3MEHEHMH CPEJHMX pasmMepoB Y npH nepexoiae or 0JHOro
3HaueHuss X K Apyromy. D1y 3aBHCHMOCTH H ONHCBIBAET KpH-
Basi PerpeccHu: 3

y = m, (x).

ANaJOrHYHbIe PAcCyx<IeHHs MOKHO TPHBECTH MPH OMH-
canun Kpusoii perpeccun X ot Y.

Bhiunc/1eHHe YHCI0BbIX XapaKTePHCTHK cHCTeM ABYX Cay-
YalHBIX BeJIMYHH MO OlNBITHBIM JAaHHBIM Oy/eT H3/10KeHO
B pasjene 5 Hacrosuleit riasbl.

5. OBPABOTKA OIbITOB

OjHoMepHble Cayudaiinbie BeaHunHbl. Yuciosoe xapakmepu-
cmuku caydainolx seauwun. TIycTb limeeTcs cayyaiHasi Be-
auunna X. OGoznauum yepes M (X) maremaTHueCKoe OXKH-
nauue X, uepes D (X) — ee aucnepcuio, f(x) — njaorHocTs
pacnpejenenns.

[Tepsw#t cayuwai. Jlaa onpeaesenus 3THX Xa-
PAKTePHCTHK Hajl Beauuuuoit X MpPOBEIEHO 71 HE3aBHCHMBIX
ONbITOB, AABIIHX pPe3YJbTATH: X;, Xg, . .., X,.

Hauzxeu ouenky a1a M (X) u D (X).

B kayecTBe OIEHKH Il MareéMaTHYeCKOI'0 OXKHJaHud

(0603HauHM €€ X) €CTECTBEHHO NPEIJIOKHTD Cpejiee apupme-
THYECKOE NOJYYEeHHLIX 3HaYyeHHii:

7

3 ¥
[ =1
X = 5

n

Brtopoit cayuail. BN nesaBHCHMBIX HCIIBITAHHAX
X npuHHMaer n 3Hayenuil, npHuyeM 3Hauenue x, Habsiona-
JoCh m, pas, Torjia ciyuaiinas sennyHHa X 3anaercs cra-
THCTHYECKUM PAJIOM CJLVIOLLero BiHja:

P, G NS TR T
m, my Mg -« Ny,

a OUEHKAa MAaTeMaTHYeCcKoro OXHJAaHHs X onpeneasercs
dhopmyioi:

n

E Ximg

X= '=_‘N_ (229)
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HJIH

" n
N lZI XiPiy, - (230)

rie
ety
PSSy N
H
8
N = L m;.

[Tpn Goawmiom uyucae wensltaHuit (N > 50) n Goabuiom
pasHooOpasuyu 3HAYeHHH X;, MNOJYYaeMbIX B pe3yJjbTaTe
ONbITA, MOJE3HO OOBEIMHATH STH 3HAYEHHS B TPYNNbl, HO
TaK, 4TOObl 3HAYEHUs X,, MOMajaioumiHe B OAHY rpynny, He
CHAMIIKOM OTJIHYAJIHCh JPYr OT JApyra, a YHCJIO X; B OJHOH
rpynne O6bio nopsitka 9—10 3navenuii. B stom cayuae
CTATHCTHYECKHUI PANL MOXKET OBITh NMPEACTABJEH B TaKOM BHJE:

Xi-g T M XNTT Xe) Ke Ty iy Ay 5Ty

m; my My e my,

Jas BHIUHCJAEHHS X B 3TOM CJyyae 3HaueHHs x; Oepyrcs
paBHbIMH Cepejluie HHTepBaJa.
B KauecTBe OLIEHKH VISl HeH3BecTHo#t jaucnepcuu D (X)

c/Iellyer GpaTh CraTHCTHYeCKYIo aucnepchio D (X), BbluHC/IsAe-
MYIO J18 TI€pPBOrO cjydast no (opmy.e:

n
i 2 (x¢ —})2
DXy

n— 1

’ (231)

a Aasi BTOpOro cayuasi 1no opmyJe:

n

E‘ m; (x; — x)2

D(X)=—"5— : (232)

3ameTiM, YTO CYMMY, CTOSULYI0O B YHCJAHTENne (OpMYJIBL
(232), yio0OHO BBIUHCAATH H3 PABEHCTBA

- 5 | 2
z m; (x, — X)" = M X — —N— nhxz)
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HJAH, €CAH BBHIYHCJIeHa Xx,
=\2 . -9
2 mi (xi -—X) = }_4 m:x?'-—— nx.

3unavenusn x, D (X) HasbLIBAOTCH TOYEYHLIMH OUEHKAMH
HeussecTHniX napamerpos M (X) u D (X). _

B psane 3anau TpeGyercsi He TOJILKO HAHTH JUIS NAPaMeTPOB
M (X) u D (X) uX TOYeYHbLIE OUEHKH, HO OLEHHUTH TOYHOCTH
U HaJCKHOCTh S3THX OIIEHOK. -

Takoro pona 3agayd O0COGEHHO AKTYajbHbl HPH MaIOM
ypcae HabMoAeHUH, KOTAa ToYeUuHbie OIEHKH B 3HAYHTEALHOMN

Mepe cayyafiHbl # npubauxennas samena M (X) Ha x moxer
NMPHBECTH K Cepbe3HbiM OlHOKaM.
Urto6w nath npeacTaBJeHHe O TOYHOCTH H HAJEKHOCTH

oueitok x u D (X), NOJb3YIOTCH TAK HA3LIBAEMLIMH J10BepH-
TeNbLHBIMH HHTEPBAJaMH H JOBEPHTE/bHLIMH BEPOSTHOCTSMH.

ITyers ans M (X) nonyyena u3 onbiTa oueHxka x. Mui x0-
THM OIICHHTb BO3MOXHYIO NpH 3ToM oOmmMOKY. Hasuauum
HEKOTOPYIO JI0CTaTOYHO GOJIblIYI0 BEposaTHOCTH P (Hanpumep,
p = 0,9; 0,95; 0,99), Takyio, 4To COGbITHE C BEPOATHOCTBIO f
MOXKHO CUHTATh NMPAKTHYECKH JIOCTOBEPHBLIM, H HalJieM Takoe
3HaueHue e, JUIs KOTOPOro

P(lx—M(X)| <e) = B. (233)

Torpa auanason NPAKTHYECKH BOSMOMXHBIX 3HaueHHM

ownbxu, Bosnukaouehr npu samene M (X) na x, OGyner

e, Doabluue no BeanyuHe OWHOKH OYAYT NOABAATHCS

C oYeHb MaJION BEPOATHOCTHIO o = | — B '
[lepenumem (233) B Bune:

Px—e <M(X) <x +8) =p. (234)

PaBesctBo (234) nokasbiBaer, YTo C BEPOATHOCTHIO P
HeuspecTHoe 3uayenwe napamerpa M (X) nonamaer B uurep-
Ban ‘,B:

Jg = (x — e, x 4 8).
BepositHocTh f NPHHATO HA3LIBATL JIOBEPUTEALHOH Be-

POSTHOCTBIO, HHTEPBaA Jp — JOBEPHTENbHLIM HHTEPBAJIOM.
Moxno noxasars (E. (‘E Benrtuean, 1964), uro Beposr-

HOCTH HepaBeHcTBa —e < x — M (X) < +& Gyaer pasHa

d)(" o" ), rjle O — CTaH1apT BbIGOPKH.

{

Orxyna p = d)(" - )
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; e .
O6osnaunm —— = fg. [Tpu sanannom P 179 obaervenns
BHIUHCJICHIIT £ COCTABJEHB ClieiHaablible Tabanilbl COOTBET-

CTBYIOUHX 3HAueHui fp.

5 Tl
p ‘8 f ‘b f { p s
0,80 1,282 0,86 1,475 0,91 1,694 0,97 2,169
0,81 1,31 0,87 1,513 0,92 1,76 0,98 2,325
0,82 1,34 0,88 1,554 0,93 1,81 0,99 2,576
0,83 1,371 0,89 1,597 0,94 1,88 0,997 | 3,00
0,84 1,404 | 09 1,643 0,95 1,91 0,99¢| 3,29
0,85 1,439 ! 0.96 | 2,053
3uan [, Hanuem e:
— 0 ‘
S=pr

Torna nopepuTesibHbII HHTEpBan Jg:
g Al IC OGS s s T
o= (¥= by, T+hy)

Mpusep 6. MNycrs saaxuocrs W, gecatn obpasuos (n ==10), oroGpas-
HBX Ha OAHON 1 Tolt ke rayGHHe IAHHOrO paszpess, NPHANMAaeT caenyoltue
INAHeHN:

{ | 2 3 4 ) 6 {8 9 10
W; 0,266 0,27 0,268 0,29 0,205 0276 0,3 0,285 0,28 0,285

TlocTpouTts AoBepHTeAbHbIl HHTEpBAA AAS W coorsercrayiomuii sc.

sepuTeabHofi sepostioctH B = 0,8:

10
W= Z W, = 0,280
1

= Y, W, —W)
D(W) = 5 - 0,00014; o =0,012,
Mpu P = 0,8 = 1,282 (cm  raGaunuy na c. 221):
(V] 0,012
s=1 — = | 2892. =—— = 0,0048.
LT V10

Toraa W apunaanemur waurepsany /gt Jg == (0,280 = 0.0048}
¢ peposithoctbio ff = 0.8 '

CyuiectByer KpaTkoe NpakTHYeCKoe MPaBHiIo npHOIH:
sennoit onexkn M (X) npu nomomu x u o: ¢ Gosblloi Be-
pPoOATHOCTLIO (00BIYHO KOrAa pacnpefeseHHe cayuyaifHon Be-
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JIHYHHBl HE CJHIIKOM OTJIHYAeTCsl OT HOPMAaJbHOTO) MOXKHO
no.1ara1-b 4yTo 3HaueHuwe M (X) 3aKJIOYAeTCA B TPaHMUAX

x._ V..<M(X)<x+V_.

AHaJOTHUHBIM CNOCOGOM MOXeT GbiTh MOCTPOEH HOBepH-
TeJbHBIH HHTepBaa aas aucnepcuu D (X).

-

Mycrs aas aucnepeun D (X) noaywena ouenka:

—x)3
B(x)=__2'_if‘__f2_

n—1

TpeGyercsi nOCTPOUTL 1A Hee AOBCPHTEALHEIN HETepPBaa Jp ¢ aonepu-

teabiofi BepostHocTbiO i B JoBepHTeAbHHIME rpanuuamu D (X) = e,.
B stom cayuae, Kaxk ¥ npexae, ans sapawnoro ff no taGauue HaxoAHm
g, a £, BHUHCAUM no dopmyae

0,8n -
a,::fg]/ n(n D(’(),

g, = 1,282 V"_dﬁz_-o.oms —0,0625.

OueBuano, moxer ObiTh peuiena n ofpaThas 3anaua:

3a1aBasChb TOYHOCTHIO fg MNPH HAXOXIEHHH X H 3HaA o,
MOZKHO BHIYHCJAHTH 00BbEM BHIGOPKH N jJfl NOJYUYEHHS 3ajaH-
Ho# TouHOCTH. [leficTBuTesibio, nycrh Tpebyercs, utobbl He-

TOYHOCTb NPH ONPEAEJEHHH X HE NpeBblilajia HEKOTOPOro 3Ha-
ueHHs A, T. e.

g
lh—— << A.
B an
Orcio/la gerko HauTa n:

‘s
n=—0.

Ha npaxTHke OObIYHO 3a1al0TCSi He abCOJMIOTHONH HEToY-

HOCTBIO A, a OTHOCHTEJBHON HETOUHOCTBIO €, KOTOpas Ofnpe-
NeJAeTCH H3  COOTHOLUEHMS:

re n — HaUMEeHbIIHHA AONMYyCTHMbI 00beM BLIGOPKH.
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B nauem npumepe (npumep 6) onpeneams n, ecau € = 0,02:

(1,282)2  (0,012):
(0,02)F " (0,28)2

n>8.

BBejieM elte 0/lHy XapakTepHCTHKY CJIYYaHHON BEJHYHHBI.
YacTo ObIBA€T HYMCHO CPABHHTh H3MEHUMBOCTb PA3HOPOJAHLIX
BeJMYHH, HANPHMED BJAXKHOCTH H TJIVOHHBIL

Jasi TAKOro CPAaBHEHHS X H O He rOASITCH, TaK KaK OHH
CAMH B 3TOM CJjlyyae fIBJIAIOTCS] PaSHOPOAHBIMH BeJIHYHHAMH.
[TosToMy HY}KHa OTBJIEYEHHAs Mepa W3MEHUYHBOCTH, HE 3aBH-
callas OT E€IHHHIL H3MEepPEeHHsl CPaBHHBAEMbIX BEJHYHH.
Takyilo mepy npeiacraBisier Ko3(pQHUHEHT BapHauHM, HJIH
H3MEHYHBOCTH, Uy, paBHbIN CTAHAApPTY, BHIPAXEHHOMY B Npo-
LeHTaX OT CpEeaHeM:

~7,5,

e ’100

Mpumep 7. [lyers anst rayOHub fi= 1; oy = 0,1, a cpeansist BAaGK-

HoCTL Ha 310l rayonne W = 0,322 (ow = 0,005).
Toraa

100 = 1 6%,

C ABHHBaA Téneph v H Up, MOKEM CKa3aTh, WTO B JAaHHOM OMNLITC 1IPH
Pb:Vey

JHAYHTAIbHBIX  H3MCHCHMAX I"Jl)'ﬁlﬂlhl BJIAXKHOCTE H3MEHHCICH He3Ha-
YRTEeJILHO.

Beipasrusarue cmamucmuseckux psados. B pesyabrarax
ONLITHOTO ONpefeJeHns TOH HJAM HWHOH BEAHUNHBI BCerjla
NPUCYTCTBYET 3JeMeHT cayuaiinoctn. OObACHAETCS 3TO TeM,
4yTO uHCA0 HaOMOAEHHiH Bcerjia OorpaHu4yeHo, 4To IpoH3spe-
JIleHbl HMEHHO T€, @ He JAPYrHe OnbiTh, AaBllHe HMEHHO 3TH,
a He Jpyrue peayabrarbl. TOJNLKO NMpH OueHb GOJbIIOM YHC/Ie
HAGMIOACHHHA JEMEHTHI CAYYARNOCTH CTVIaznHBAIOTCH, H CJY-
yaiiHoe sIBJIEHHEe B NoJHOH Mepe oOHapyxKHBaeT INpHCYILylo
emy 3akonomephocTh. ITosatromy npn oOpaGoTke CTaTHCTHYe-
CKOro maTepHaja 4acTo NPHXOLHTCSI pelaTth BONPOC O TOM,
KaK moao6parh A8 JaHHOrO CTATHCTHYECKOTro psia TeOpeTH-
HECKYIO KPHBYIO pacripese/ienis, BhIpazkaiollyio Jillb cylue-
CTBEHHbIE YepThl CTATHCTHYECKOrO MarepHana, HO He Cjydail-
HOCTH, CBA3aHHBIE ¢ HEJ0CTATOYHBIM OOBLEMOM 3KCHEpiIMeH-
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TaabublX JlaHHbIX. Takas 3ajaua HasblBaeTCs 3alauei BbIpaB-
HHBaHHUA CTATHCTHYECKHX PSIJOB. ‘

[puHUKHNHAALHBI BHJ TEOPETHUYECKOH KPHBON pacnpe-
NeJeHHN, KaK npasuJjo, BuoOHpaercs 3apaHee M3 coobpaike- .
HHil, CBAA3aHHBIX C CYILECTBOM 3a/la4i HJIH C BHEIIHHM BHAOM
CTATHCTHYECKOTO pacnpesenenus. Torna aHa HTHUECKOE BLIpA-
yKenue BLIOGPAHHOM KPHUBOH pacnpeiesiedus 3aBHCHT OT He-
KOTOPbIX [12PAMETPOB; 33/1a4a BhIPaBHHBAHNSA CTATHCTHYECKOTO
pfAa MEepexoAHT B 3ajlauy Bebi6oOpa TeX 3HAYEHHH Napamer-
pOB, MPH KOTOPBIX COOTBETCTBHE MEMXJY CTATHCTHYECKHM M
TEOPETHYECKHM pacnpejiesieHieM OKa3blBAeTCsl HaHJYUUIHM. |

Hanpuwmep, nycrs H3BECTHO H3 anpHOPHLIX COOOpakeHu,
410 BeaHuHHa X MOAYHHACTCH HOPMAJbHOMY 3aKOHY, T. €.

(x — x)*

,’ (.\f) — ‘#ﬁ L’— g2

Torna 3ajaava BLIpPABHMBAHHSA NMEPEXOAHT B 3ajsauy O pa-

[UloHaNLHOM BbiGOpe napamerpos x; o. Ojaun u3 Haunbosee
pacipocTpaHeHHbiX MeTO/0B, MO3BOJSIONHX BHOpPATh napa-
METPBl, 3TO METOA MOMEHTOB. _

CorsiacHO METOAY MOMEHTOB napamerphl pacnpeienemm
BHIGHPAIOTCS C TAKHM pPacyeToM, YToObl HECKOJIbKO Baz{HEH-
WHX YHCJOBBLIX XapaKTepHCTHK (MOMEHTOB) TEOPETHUECKOTO |
pacnpeaeseds OblIH PaBHbl COOTBETCTBYIOUHM CTaTHCTHUE-
CKUM XapaxkrtepucrukaMm. Hanpumep, ecam Teopernueckas
KPHBasi 3aBHCHT OT ABYX MapaMeTpoB, TO ITH MapaMerpbl

BbIGHPAIOTCH PABHBIMH MaTEeMaTHYECKOMY OXHAAHHIO X o
aucnepeu D (X) CcTaTHCTHYECKOrO pacnpeneieHus.

fMpumep 8. [lycre nponasencio 30 navepennit saamuoctw W ana
* A@HHOTO THNA NOYBHL, NPH HEKOTOPOM SHAYECHHN BCACHIBAIONICIO AABJICHHA.
Peayantatel HaMepennit oGueautennt 8 o rpynn (o == 7) H UPEACTABJICHH
B BIIC CTATHCTHYECKOrO pHAN:

Wi % - 24 #9506 27 w98 99 . 30
m, 1 9\ A R s

pi = 0,033 0,066 0,167 04 02 01 0033

OnbiT NoACKa3LBaeT, 4TO pacnpenenenne peanuunsl W nogunnsercs
HOPMaAbHOMY 3aKoHY. ClefoBaTe ibHO, Hallla 321a4a CBOAMTCH K BhIMHCAE-
HHIO NMapaMeTpoB STOr0 33KOHA.

Onpegeaum NJIOTHOCTL pacnpene.nea.m sepoatocTi | (W):

} W, —W) '
[ (W)= V_ oxp[ _(._20_‘__)_] (235)
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Byaem cunrath B 9TOM pacupe- W)
AeTeHHH: %

7
W e Y pW;=27,1.

Bropoil napaMerp noJoXHuM paB- a3
HBIM CTAHAAPTY pacnpefeneHus: \

o= X (Wi —Wyip =1,27.

IoacTapina noayyeHune 3nave-
s W on o B opmyay (235) » npu-
nanas W pasjinvuble sHaucHusd, no-
Avuuy menpepusuyio xpusyio f (W),
BLI 4 BHHBAIOMLYI) HaWl  CTaTHCTHYE-
ckuit paa (puc. 60). ; //,
Kpumepuu cozaacus. Tlycers
HEKOTOPOE CTATHCTHYECKOE pac- 2 2 2 27 25 2 0N
NnpeieeHne BLIpaBHEHO C Nno-  Pue. 60. Muctorpamma BAakHO-
MOLLLIO HEKOTOpo# Teopernye- cmi W u BupaBnupaoutas ce
ckoit kpusoit f (W) (puc. 60). KpHBas pacnpelesenus
Kak ©Ob Xxopowio HH Obua
nonroGpana TEOPETHYECKas KpHUBas, MEXAY HEI0 H CTATHCTHYE-
CKHM PSJOM HEH30€XKHbI HEKOTopble pacxoxkjenusi. BosHu-
Kaer BONpoc, OOBLACHAIOTCS JH 9TH PacXoKACHHA YHCTO
cayualHbIMH  (DaKTOpaMH, CBSI3aHHBIMH C OFpaHHYeHHBIM
yucaoM HaGaoAeHKIT, HJAW OHH ABJISIOTCA CYIIECTBEHHBLIMH
H CEsI3aHbl ¢ TEM, YTO BbiOpaHHasi KpHBas MJIOXO BbIpABHH-
BaCT CTATHCTHYECKOe pacnpeneaenue. [is oTBeTa Ha TakKoi
BONPOC CJYKaT TAK Ha3biBaeMbie KPHTEPHH COrJiacus.
3nasn TeoperHueckuii 3akon pacnpejpeaenus [ (W) aas
Kax¢loro Habaionaemoro suauennsi W = W, naiinem rTeope-
THYECKHE BEPOATHOCTH M3 CooTHOWweHus (235):

NN

b o

f(W3) = py;
f(wz) =P
f(u’/n) = Pn:

Tpebyerca yCTaHOBHTB, COTJIACYIOTCS JH 3TH «TE€opeTHYe-
CKHE» BEPOSITHOCTH C pe3yJabTaTamil 3IKCrepHMeHTa.
BB kavectBe Mephl pacxoxienns Ilupcon BBea CaelyiolLyio

BETHYHHY: :
K
o V(i —pi)t
pi
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HJIH, BbIparKasi yepes yacToThi!

K 5
m; — np;)? . 3l
xz — Z_(__L.,n;;_&)__’ rjie m; = npy.

{=1

Pacnpenenenue 3* 3aBHCHT OT napamerpa r; HasbiBaeMOro
yucaoM crenenelt cBoGoabl. Yucao creneHeit cBOGOJBL! 7
pPaBHO YHCAY paspfAAOB K MHHYC YHCJIO HE3aBHCHMBIX YCJIO-
BUH S (CBfi3eil), HAaNOKEHHBIX Ha YacTOTHL. A

IInsi HOpMaJbHOIO 3aKOHa pacnpejleseHus 4YUCJI0 CBSI-
3€H § paBHO TpeM:

l. Elﬁl - l.

-

3- V(‘V"’—W)2Ef=0'.

Inst pacnpepeneHust %* cocraBjeHsl cnenMagbHble Tab-
aunel (eMm. upnaoxenue 2). Ioab3ysch 3THMH TaGauiaMH
JUIS KakJ0TO 3HAYeHHs y® M uucaa creneHeit cBoGojbl r,
MOJKHO HAHTH BEpOSATHOCTb P TOro, YTO BeJIMYHHA, paciipe-
NeneHHas Mo 3aKOHYy %2, npeB3oiier 3To 3HayeHHe. B npu-
JOXEHHH 2 BXOJaMH SABJAIOTCS: 3HaY€HHe %° MW YHCJIO Cre-
neHeii ceoboan r. Uucna B rtabauue npeiacraBiasuor coboit
COOTBETCTBYIOILHE 3HaueHuss P. )

Pacnpenenenne %2 naer BO3MOMXKHOCTb OLEHHTh CTENEHb
COrJIaCOBAHHOCTH TEOPETHYECKOro H CTaTHCTHYECKOro pacmnpe-
JeqeHnH. Bynaem ucxoants H3 TOro, yro BeanyuHa W ojeit-
CTBHTeNIbHO pacnpenenera no 3akony [ (W). Torpa sepost-
HocTh P, onpejeneHHas 1no TabjaMie, ecTb BEPOSITHOCTh TOTO,
YTO 33 CYeT YHCTO CAYYaHHBIX (PAKTOPOB MEpa PacXomAeHHS
TEOPEeTHYECKOT0 M CTAaTHCTHYECKOro pacnpejeseHuii Oyaer
He MeHblue, yeMm (pakTHuecku HalJl0JaemMoe B JaHHOH cepuu
onupiToB 3Hauenne y*. Ecan BepostTHOCTh P Mada (HACTOJBKO
MaJjia, 4YTO- COOBITHE C TAKOH BEPOATHOCTHIO MOMKHO CUNTATh
NPaKTHUECKH HEBO3MOXKHHIM), TO Pe3yJbTaT OnbiTa CJeayer
CYHTaTh MPOTHBOpP-€Y AU H M THIOTE3¢ O TOM, 4YTO
3akon pacnpeaenenns seauyunsl W ectn f (W). B stom cay-
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yae THIIoTe3y cJaeiyer OoTOPOCHTh KaK HenpasloNnojo0HYIO.
U, naoboport, ecau P BeJinKa, MOXKHO IIPU3HATH PACXOKACHHSI
MKy TEOPETHYECKMM M CTATHCTHYECKHM pachpenejeHHeM
HecylecTBeHHbIMH. ['HNOTe3y B 3TOM cayyae caeayer mpH-
HATh.

Mrak, cxemMa npuMeHeHHsi Kpurepus y?* K OUeHKe corJja-
COBAHHOCTH TEOPETHYECKOro M CTATHCTHYECKOrO0 3aKOHOB
pacnpe,ae.nemm CBOAWTCS K CJIEAYIOLIeMY.

. Onpeneasiem y*:

n

S (m; — np;)?
WL 2 np;

==l

2. OnpenensieM uyucJo creneHei cpoboabt r:

= n —S§,

rAe 7 — 4Yuejgo HabmojeHnit (dau rpymnmn);

$ — YHUCI0 CBSI3EH.

3. 3nas r n y*, M3 npuaoxkenus 2 onpexensem P. Ecan
P Mano, TO rumnore3a otopachiBaeTcs.

B paccmorpennoM Bbilie npumepe (cm. puc. 60): y? =
= 1,TT~ 2, r=8—s=7—3=4; P=0,7358.

Cne:loame.nbno, TeoperHuecKan Kpusas i(W/') ¢ napa-
metpamn W == 27.1; ¢ == 1,27 ¢ 10cTaToyHON HOCTOBEpPHO-
CTBIO  ONMCHIBAET 3KCNEPHMEHTAJIbHbIe Pe3yJibTaThl.

Kpome kpurepus %% Ha NpPaKkTHKe NPHMEHAETCH ele paji
Kpurepues coryacusi: Koamoroposa, Becreprapiaa u ap.

ABymepHble cayvaitHble BeaWYHHbL. Bowucaenue cmamu-
crudeckux qucaogux xapakmepucrmux. Kak vie yKaswiBa-
JOCH BBILIE, AJisl ABYMEPHBIX CJAyYyaHHBIX BEJHYHH HavajbHbIe
MOMEHTBl THNA @;, W UEHTPAJLHBIE MOMEHTBHI [, ABJAAIOTCH
YHCJOBBIMH XapaKTepHCTHKAMH JIHILb BCAKOH OAHOMEPHOH
CAVYaHHOH BENHYMHB!, BXOAMIIEH B CHCTEMY, HO HE HECYT
HIiKAKOH HH(MOpPMaLHH O CBAASH MEXKLY OJIHOMEPHBIMH CJYy-
YaiHbIMH BeJHYMHaMH, OOpa3yIOUIHMH CHCTEMY.

PaccMOTpHM METOAMKY pacyeta KOpPPeasiiHOHHBIX MO-
MEHTOB, KO3p(pHUHEHTOB KOppEeasilHH W PerpeccCHOHHBIX 8a-
BHCHMOCTEH /151 CAyuas CHCTEMbI JIBYX OXHOMEPHBIX cJaydah-
HbIX BeJHYHH.

[Tycts Tpebyercst yCTaHOBHTL HalM4He H TECHOTY CBA3H MEKAY CKQO-
potTpio v H I‘BanHEIITOM wanopa / Ana SKcnepumMenTa, NpeiAcTaBsieHHOro
Ha puc. 21. Peayabtatsl OnLITOB NPHBEACHH B BHIE KOPPEARIHOHHON
Tabuuusl.
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v
0.1 | 2 4 6 "y
2 4 4
3 { 1
4 £ ‘
g 1 !
1 i)
7 1 1 E
9 | | S
10 2 2 )
12 1 1 K
13 1 1 g
15 3 )
my 4 6 8 3 4 25 o

Koppeasitonnas TaGinila COCTaBAeHs TaK, YTO B AeBOH Neproil rpade |
3AMHCAHB BCEC BO3MOMKHBIC 3HAYEHHS fepesientoli /, B BepXHel CTpoxe —
nepementoit v. Ha nepecevenrn rpad v cTpok TaGaHMILl CTOAT HaCTOTHI 109

O3HaYal0ILHe, CKOALKO Pas NpH AaHHOM 3HAYeHHH / BCTPETHAOCH COOTBETCT-
BYIOUICC 3HAYEHME U;¢ /M, — CYMM& HacToT no croibuam (ciposm v),
fi, — CYMM& 4acTOT No CTpoKam (CTpoAM /). : '

s obJierueHus BHINHCAHTEJbHBIX Onepaltuit npu onpegedennn K 13
# 7, YROGHO 3aTOAHHTL CJeAyiolune TabaHibt. :

Ta6auua b

z a ' > a % :
v My / ny Ly:ou 2: Appd® (,ynuou 21 rlo g
CTPORM © v cTposim !
1 2 3 4 3 6 7 &
0,1 - 2 B 8 0,8 0,4 0,8

1 6 3 I 24 24 | 3
2 8 4 4 62 124 4 16
4 3 5 1 32 128 1 5
6 4 6 | 58 348 2 12
7 1 2 14
8 5 10 80
9 1 2 18
10 2 8 80
12 1 4 48
13 I 6 78
15 3 18 270

25 25 184 624,8 38,4 624,8
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I'padet 1—4 sTolt TAGNHUL 3aNOAKAIOTCS HENOCPEICTBEHHO W3 Tal-
anunt A, Tpada 5 3anoansercs caeayioutsm o6pazom: GHKCHPYEM 3HAUEHHE U
(v, = 0,1) n yMHOXKaeM Kax/oe H3 BOIMOMKHBIX 3HAueHWH / Aast 9TOrO v
Ha COOTBETCTBYIOUIEE SHAYCHHE YaCTOTHl A, :

v, = 0,1, 2:4=8,
ve=1, 3:1- 4-4-5-1= 24,
vg=2 6-1+4 7:1+ 85-+9-1=62.

[pada 7 3anonnsieTcsl aHaJoOrHuyHo, HO (PHKCHPYIOTCS yiKe 3Haye-
uun [. Jlna 3anoanennsa rpapst 6 HYKHO 3HAUCHHA rpadul | yMIHOKHTL Ha

T —

& s

S e e

- B h
et

—— ——

d-

Ta6aunai
! ny nll nll' ] ”l nll "l”
1 2 3 4 1 2 3 4
2 4 8 16 9 1 9 81
3 l 3 9 10 2 20 200
4 4 16 64 12 i 12 144
5 1 5 25 13 1 13 169
6 1 6 36 15 3 45 675
7 1 7 49
8 5 40 20 25 | 184 |, 1788
COOTBCTCTBYIOIICE  3HavenHe Ta6awuna T
rpads O.
B rpade 8 npeacrasieno
NPOU3BEJeHHe 3HaUeHut Ipa- '
dwi 3 ma cooTBeTCTBYMOLLEE < e % ot
sunavenne rpabu 7. 1no-
cacanelt ctpoke TaGanim 3a- ! 2 3 4
Hecenbt CYMMbL no rpadam 2,
4. 5,6, T 8. 0,1 4 6,4 0,04
3anoanenne Tabauuy B 1,0 6 * 6,0 6,0
i [ ouesuaro H noscucHui 2.0 8 16,0 32,0
He tpebyer. 4,0 3 12,0 48,0
3aMeTHM Cpa3y, UTO CyM- 6,0 4 24,0 144,0
ME 1o cToaGuam 6 1 8 osKHb
OpiTe pannpiMH, TaK KakK OHH
MPEACTABASIOT OZHY H TY XKe A
CYMMY l}:n 101 v, TOULKO no- 25 98,4 230,0
U

PA3HOMY BEIHCAEHHYIO. .

-~

OGosuauuM CyMMbI 110 CTPOAM U # CTPOAM [ COOTBETCTBCHHO 1803
B jantom npumepe / = 184; v = 584.
Bhiyncanm cpeauune suauenus v /3

- 2

28,4

e

n 25

8 H. @, Bongapenxo

2,3;

T
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Jdaa BHUMCACHHS  KOPPEAAIUHOHHOrO MOMEHTa YAOGHO BOCNOJbL3O-
BaTLCA caeayowelt gopmyaon:

Z nn,lu

lv - 624 .8
'—-n_— IU—-—T—-23 74—-8

Jlnst Beiuucaenus 0 i 0 , BOCIIOJILIYEMCA CUICAY IOULHM H COOTHOLLCHH SIMUL

‘/?"’ Vﬂ—u..u,

KIv‘==

/ » muv2 = R
- AT~ —— D 89 o
] = — 2,80 =2.
Teneps HerpyAno nafith # KOSPPHUHCHT KOPPEAAUHE 7
K; 8
rpo== ":"o = 5T ~0.97.
v L]

Ocroeroe ceolicmea Kosppuyuenma xoppeasyuu. Koaddu-
UHEHT KOPPEJsIHH XapaKTepH3yer CTeneHb TeCHOTHl JHHel-
HOHl 3aBHCHMOCTH MEXKLY CHAYYalHbLIMH BeJHYHHAMH.

Ecan cayyaiinsie peanunnnl X n Y cBa3aubl GyHKUHOHANL-
HOH JIMIEHHOH 3aBHCHMOCTBIO:

Y =ax 4+ b, 10 ryy = *1.

Cayuyaio r = -1-1 COOTBETCTBYET MNOJIOKHTEALHEI KO3()-
dunnent a, a X H Y OJHOBPEMEHHO WJIN BO3PACTAlOT, HJH
yOuLIBAIOT.

Cayuaio r = —1 coorsercreyer a < 0; 31ece ¢ Bo3pa-
crannem X yébwael‘ Y u naoGopor.

Koraa r = 0, mexkny X u Y auneitnoil Koppeasuun uer,
HO Kpnaonuueﬁnaﬂ 3aBHCHMOCTL MOXKET CYULECTBOBATD.

B obuiem cayuae, Korja X u Y cBsizaHbl NpoH3BOJILHOM
BEPOATHOCTHOH 3daBHCHMOCTBIO, ryxy MOXET HMETh 3HaueHue
B npereaax —1 < ryy < -+l

Y pasHerue npamMoAuenron Koppeasyuornon cessu. Ilpu
NoMOIH KOI(PPHIUHEHTOB KOPPEasuy | CTallapToB Oy M Oy
MOJKHO HamucaTh VpasHEHHE, BbIpazKaiomiee JHHEHHVIO Kop-
PEJNAUHORHYIO 3aBHCHMOCTL Mexay Beanmunuamu X u Y.

[lyers x n y — cpeanne, oy, 0, — cranjaprsl Beanuny X
H Y, KoapuuuMenT Koppeasuun Mexiy HUMH 0003HauuM r;
o0o3HauuM 4yaCTHOE cpejHee sHaueHHe Y npn puKcHpoBan-

HOM X 4epes y,.
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Torna ypasuenue npaMOJAHHEHHON  KoppeusiiiHOHHOM
cBa3n Y ¢ X MOKHO 3anucarb B BHJE:

_— - OY A —_—
Yy—Y =1 —(x—X) (236)
O%
"IN
OY — -
y=ax-}-b,rne a =r——Hbh=y—x
X

10 YpaBHEHHE TIOKa3bIBa€T, 4YTO OTKJOHEHHS YacTHBIX

CPeHHX 3HAueHHH y, oT nx obuieit cpeaneii (y) nponopiHo-
HaNbHBl COOTBETCTBEHHLIM OTKJOHEHUAM BegHumnHbl X OT

ee cpemneit x. Kosdduuuent NPpONOPUHOHAJBHOCTH paBeH
a ( a,.
T = Y
NPH 3TOM 7 IR YaCTO €ro 0603HAYAIOT Yepes p, f\py =r 0—)
i 1a3biBAlOT Koaipuitnentom perpeccuu Y na X, Ypapuenue
(236) naseiBaercsi ypasHeHuem perpeccuu Y Ha X.
B uamem cayuae:

o 2
Dy = r—"%- = 0,97'-‘—1-:-1- ~ (0,47.

A ypaBHenue perpeccud v Ha / sanuiercs B BHIE: U =
= 0,47] — 1,4.

Ouenka u cpasrenue kospuyuenmos rkoppersyuu. Kosd-
(UIHEHT Koppesaiun HaiiieH 1o GoablioMy uYHCay HabJo-
aedud (n = 50).

B srom cayvyae cramaaprT kxoadpuuHeHTa KOppesiiHu
(0,) pasen:

i b=
r V"-‘ *

Iro o3Hayaer, yto ¢ GOABIIOK BEPOSITHOCTHIO MOXHO
YTBEPKAaTh, YTO r NPHHAJIEKHT HHTEpBany J, : J
* 30, T.€. r—30, <r <r +30,.

[lpu n <50 o, crepyer paccunThiBaTh 110 Qopmy.ie:

I
J =,
¥ Vn—1

—_ y ==
o

Torpa, ecau
[ r]

Gr

=|r|Vn—1=3,

TO MOKHO CYHTATh  3HAYalllMM, 4 CBA3h PeaJIbHOH; eCaH Ke
|r|Vn—1<3, To r oranyaercss OT Hyas ¢ GOJbIIOH
8* 231



BEPOATHOCTBIO JIHUIDL CAYHAHHO H CBA3L HAOMIO/ICHHSAMH B 3TOM
cayyae He JloKasaHa. '
B uawem cayuae:

g, = T T ik 0,2;
|r| 0,97
g 0,2 >3.

CaejoBatebHO, CBSI3b U € | MOMHO CYHTATh PealbHOM.
Oyenra xoaghpuyuenrmos peepeccuu. Pacemotpum cayuait,
Koraa o0nmem BRIGOPKH n jocTaToyHo Beauk (n > 50). ITyers
HMEeTCsl Takxke ypaBHenue perpeccun Y ma X: -

Ty

Ye—y=p(x—X), rae p=r—-.
X

B stom cayuae cranjapr kosdduunenra perpecciit 0, '
Onpeeasercs  COOTHOIEHHEeM:

(4] l....rﬂ
Y :
ol ey = V=3

H ¢ OGousibuiolt BEPOSATHOCTBIO MOKHO YTBEPIKIAaTh, YTO
p & (p = 3o).
Ecan n < 50, To onpenensiercsi BCromorareibHas BeJH-
YHHa [, H3 COOTHOLLEHHS:

/ . o |
p' er(x x) ;

t1= S

rje

S= VF'_—g[X my, (y— Y — p* X ne(x —0?].

B npuaoxennn 3 aas K (K = n — 2) U BBIYHCJIEHHOI'O
sHaueHust [, Hafiiem BepOATHOCTh P cjyyailnbiX 3naveuuii f,
KOTOpbIe YHCAEHHO He MEHblUEe MOJYYEHHOro 3HauyeHusa f;.
Ecan P mano, TO Haa0 CYuTaTh, YTO P CYLIECTBEHHO OTAHYHO
0T HyJas; ecan P He MaJlo, TO P MOXKHO CYHTaTb CJyvaiiHo
OTJIHYAIOLLHMCS OT HYJS, a pPerpeccuio He JoKasalHoi.

Ina BHIUHCAEHHA [, B pacCcMaTpHBaeMoM mnpumepe (cm.
Taba. A) cocraBHM Bcromoraresibhbie TaGauunt [ 1 E.
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Tab6awna I

Ta6aunna

ve ek &
o 0y ;l. 1< < é
I .l By ) | | s
53 9 & E ~ - ~ =
¢ 2 5.4 29,2 117
O,l 2'2 4.85 19.4 3 4'4 19'4 l9'4
4 | 34| 116 6,5
! 1,3 1,69 10,1 o 2,4 5,74 5,74
Bhie i o
7 0,4 16 )
o B O O 8 | 06 | 036 18
9 1,6 2,56 2,56
4 1,7 | 3,9 11,7 10 2,6 6,76 13,52
AriE .
' 13 .6 A '
) 3,7 13.8 55.4 |5 7,6 58 |74
» = 97,3 3 = 435,2

Henoab3ys nosyueHHble B Tabiuie AaHHble, Haf1em:

h

0,47 V4352
= —-W_ .

41.

S=J/ 497,3—0,22.435,2)= 0,24,

O Kk =n—2 =23 >20 u {, = 41 > 6 u3 npuio-
weuuss 3 naxoaum P (|2] = 41) < 0,0001, 1. e. 3HayeHue
0 = 0,47 MOXKHO CYHTATb NPAKTHUYECKH JOCTOBEPHbLIM.
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