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B Kunre manaraloTea ocHOBL HEPTETHRH  (Tepmoi-

HaMIKIl) DOMBEHHON BAAH W ee NPIJADKENNA K pemenmio
npoGaes nousoBeaenus w 3eMaencand. Ha ociobe npnk-
uHna nogobus, OTKPHBAKUIEro BOIMONKHOCTH PALHONAIL- [
HOTO  [IO3HAHHA  [OPHPOAW, B COMETAHHH © NOHATHEN
CBOOOAHON INCPIUM CTPOUTCH TEOPHf VIAep:Kanna u nepe-
ABMGKCHHA Baarn p roupe, TCOPHHA CBAIN VPOAman CeNhCKOX0-
SAHCTROHHEIX RYJALTYD C HDFTUHGM CoaHeN o PpaiHAIHN 1A
noJie, WIH ¢ NOTeHUHANLHON BeaINMHION TPaHCIHPALLIH,

Kuara paccuntana na paboTHHEOD HAVYHO-HCCAELOBA-
TEJALCKHX H NPOEKTHMX HHCTHTYTOB, BLICIIHX ;."-mﬁuux 3d-
BCICHIA, IaHUMAULIXCA npofJAeMaMi HOUBOBEICHINA, Me-
AHOPAWHE  3eMeab 11 BAarCOBecHeueniocTe0  PacTeln
CeIbCKOX03AHCTBENNLX noaeil,

The book deals with soil moisture energetics (ther-
modynamics) and its application for dolutions to prob-
lems of soil science and agriculture.

The theory ol soil waler retention and transfer is
developed on the basis of similarily prinziple in synthe-
sis with the basic laws of soil hydrology,

The similarity principle serves also for broad gene-
ralizalions in investigations of relationships between po-
tential lranspiration, solar radiation and crop.

The book intended for researchers involved in prob-
lems of soil science, reclamation and water hudget oi
agricultural fields.
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BBEIEHHE

B coorsercrsin ¢ pemennamu XXIV cneana KINCC ysennuenne
NPOH3BOACTEA IPOAYVKTOB CeJNBLCKOre XossilcTna OyieT AOCTHrAThCA
raapusiM oGpasom 3a cueT HHTeHCHHKAUMH  HCNOJIL30BAHHS  36-
Me@Jb, & HE 3a CYHeT pocTa NnocesBHuLX naomanei. Murencudukauun
3eMJeIedIHA  03HavaeT NOBLILUCHHE YpoXKad CeJAbCKOXO3ANCTBeHHRIX
KYALTYP NOCPEACTBOM ONTHMHIAIUHH YCAOBHI HX pPOCTa M PasBHTHA
(opowenne, ocyuienne, HoBas TexnoJorns oOpaboTkH nous, sHece-
e yaoOpedun). B cBa3n ¢ ITHMH MEPONPHATHAMH penleHHe npob-
JeMul demgenenns Tpebyer Aadbleduero paspHTNd TeopeTHYeCKo-
ro W IKCNepHMeHTaAbLHOro Mo4MBOBeAeHH .

Kamjaoe dusngeckoe aApjcHHe B 1O4MBE W B CHCTOME «[0UBa —
pacTenne — arMocdepar COUPOBOMKIAAETCH NPEBPAUICHHEM JUEPIHH,
H MO3TOMY 3HAUHE TEePMOJHHAMHKH HeoOXOAMMO M8 Pa3BUTHA
BCeX HanpasJenuil arponomudeckoil duauky. Tepmoannamuka pac-
NOJTaraeT TOUHBLIMH MeTofiaMM a4 pelieHHa npobieM 3eMaeaesaus,
VCTAHABJAUBACT NPUHIHNL I 3AKOHLI, KOTOPLIM NOAYHHAIOTCH pai-
JHUNLIC NPEBPalienua BCUIECTBA W HCPTHUH B CHCTCME «ouBa -
pactenne — armocepar. Duavane npeaMerosM  TepMOLNHAMHKH
OLLTO IVIABHBIM 0DPA30NM H3YUEHHE npespatteitnil Tena0Boil 3HePrHH.
[losromy nassanpe «repMOAHNAMHKA® B TO BpeMms OO BROJNC
onpaspannuiy. Oanako waunnas upumepro ¢ konua XIX pexa oc-
HOBHOE RHHMANHE VAGASA0CH NPHMEHENHID 3HePreTHUYecKknx pyHk-
HHFA A8 XAPAKTePHCTHKN COCTORHHA MATePHAJLHON  CHCTEMLI H
VCTAHOBACHHS KPHTEPHEB, ONPeleasiouHX BO3IMOMKIOCTE nepexojla
CHCTEMBI H3 OJIHOTO COCTOAHHA B Apyroe. 3ITH SHEpreTHUeCKHe
PYHKLHI HCNONbL3YIOTCH TEnepL B KadecTne nokasarteaeil, ¢ no-
MOLLLIO KOTOPLIX MOMKHO YUHTLIBATE MOBEACHHE MATCPHAALIKX CHC-
resm. Taknm oOpasoMm, B HacTosilee BPeMH TCPMHI «3HEPreTHKAa»,
OUEBHIHO, TOUHSE OTPAKAET CYVIIHOCTh, YeM <«TepMOAHHaMHEKas [22].

[Mpeaverom npeaiaraeMoil KHHIH SABJISETCS  TEPMOAHIAMHYC-
CKHH MeTo/l B NPHJAOKEeHHH K npoGacMaM NoOuBOBEICHHA H 3em.Jre-
geans. | C noMoUBIO INCPreTHHCCKHX (YHKUHI MOMXKIO Iath CTPO-
Fyio KOJTHUCCTBeHHY0 OICHKY cocTosHHS BJIarm B nouse. Boaa
VASPKUBACTCH Ha NOBEPXHOCTH IMOUYBCHHBIX "acTuil copOuUHONHBIMH
cunamu. B noumax THMKEJIOro MexaHHueckoro cocrapa, obnaajaio-
HHX OOALIWON VASALHON NOBEPXHOCTBIO, OAHO H TO MKe KOJHYEeCTBO
BIATH YAePAHBAeTCH 3naunTe bHo Gojee npoulo, 4em B JerKHX
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IoYBaX ¢ MeHblIel YAeJAbHOH NOBepXHOCTbIo, [loTeHuuan BaAaTH
(Kanuansapuoe u afacopbuHOHHOe JaBjenne) ectn mepa 3sHeprai,
KOTOpY1O CJiedlyeT 3aTPaTHTh, 4TO0LI YAAJAHTL M3 MOYBLI  eAHHHILY
Macchl Baaru. 3ra BeAHYHHA SHEPIHH 3aBHCHT He TOJABKO OT Y/Aedb
HOH TOBEPXHOCTH, HO H OT B/JIaXKHOCTH H MJOTHOCTH no4Bsl H pac-
NPEAeICHRs Nop no pasmepam, nNpu4YeM IAs KaXJOro mnopHCTOro
MaTepHaia XapakTepHa CBOS 3aBHCHMOCTL MEXAY nOTEHILHAJOM
(AaBACHHEM) H BAAXKHOCTBIO, 8 TAKIKE MEM/AY rHJPaBAHYecKoil Npo-
BOAHMOCTBIO H BaamuocTslo. Hacrs Baaru naxoaures s Bsuje nJeRKH
Ha MOBEPXHOCTH TOYBEHHBLIX YacTHIL, a Apyrasi— B nopax Memay
yactHuamu. Coaepsanne naenouyHon BJaarm NPONOPUHOHAABHO
VACJIBHOH NMOBEPXHOCTH NOYBLI, @ cojepxanie o0beMHON Baary 3a-
BHCHT OT pacnpejaejcHus 1nop 1o paamepam.

Ilpeacrasnedne o repMoANHAMHYECKOM NOTEHIHAJIE BJAATH N03-
BOJIAET OIEHHMTh COCTOfINHE BOJALI HE TOMLKO B NOYBE, HO H B CHC-
TeMe «[04YBa — pacreHHe — atMmochepar. Yuenwe o0 noTeHuHage
BJArH B NOYBE M PACTEeHHAX JEXHUT B OCHOBE ONTHMH3AIUHH YCI0-
BHH ZKH3HHM PAcCTeHHH H YNpaBJenns HMH B XO3AHCTBEHHLIX VCIO-
BHSAX,

3HaHHE 3ABHCHMOCTH MEXJAY B.JaXKHOCTHIO, JaBJEHHEM H BJaro-
NPOBOAHOCTHIO HeoOXO0JMMO A% KOJHYECTBeHIOro aHajaM3a, npor-
HO3a H pelleHHs JI00LIX NpakTHYeCKHX 3ajau B oDJaacTH BOANOro
pexHMa nouB M pacreHui. Pemenne 3THX 3a1a4 OCHOXKHACTCH OTCYT-
CTBHEM CTPOroil MaTeMaTH4YeCKOil 3aBUCHMOCTH NOTEHIlHAJMa Tou-
BeHHOH BJATH OT ee coAep:anusd B nouse. Beaencrsue Henuueiino-
CTH 3TON 3aBHCHMOCTH €€ ONpeiesiloT B KAXK/A0M KOHKPETHOM Cay-
yae sxkcnepumenrtansio. [Tenman no sromy nomsoay nucan: <«Ha-
CKOJbKO Jerue Oblia Gul H3HL (BCe Ke 0CTapasAch HeJerko),
ecJiH OBl 3aBHCHMOCTb MEXAY BCACBLIBAIOUIMM JlABJEHHeM M BJaM-
HOCTBLIO NMOYBHL Obl1a OBl JHHEHNOoN. . .» (uurupyio no Pope [45]).

B 1956 r. Muaaep n Muaaep [71] pa3suan HOBYIO TEOpHIO Ka-
NMHAASPHBIX ABJICHNI. PYHAAMEHNTOM 3TOil TEOPHH CJAVKAT NOHATHSA
«IIPHBEJICHHOE KANWJJApHOe AaBJcHHe» N <«IpPHBeJEHHAR BJAaro-
NPOBOAHOCTL®, NOJVUCHHBLIE H3 ypasdenust Jlanaaca u ypasHenus
Hapcu na ocnose reopun nogoGus. B kauecrse macumrabnoro Ko-
sppuunenta Muaaep n Muagep Henoab30BaJdH XapakTepHcTHYe-
CKHH pasmep uacrtuil (AauHa, paauye). Coderas teopuio nonobus
C TePMOAHHAMHYECKHM NOAX0AOM, OHH NOJYUMJIH MeTod o606ue-
NS KPHBBIX 3aBHCHMOCTH NOTEININANA OT BJAAKHOCTH NOYBLI M KPH-
BbIX 2EBHCHMOCTH BJAATONPOBOJHOCTH OT HapjdeHHs (BJAMKHOCTH),
OTHOCALUHACH K MOHOAMCNEPCHWM CHCTEMAaM YacTHU  AHaMeTpoMm
100—250 mxwm. [Npumenumocts 3TOro Merola K nousam He Obiia
JlloKa3saua.

Muuypun u Ounnmenko [37] samennan Man0060CHOBAHHLI NPH-
MEHHTEABHO K NOJHAHCNEPCHBIM  CHCTeMaM XapaKTepHCTHUeCKHI
pasmMep HACTHIL BEJHUHHOI YALALHOH TOBEPXHOCTH HX M TPHBELCH-
HOM TOHHON BOAHON NAEHKH. NAeAblas 10BEPXIOCTE M paclpe-
JdACSICHHE IT{J]} 1O ['.IIH_:!'-M{"]"EI.\I HBRJAHIOTCH EI}:.":f,’.l.E!;"l.H‘IITE!JI:III:HIiI
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['[':DMETPH'—IEEI{HM}I IHPHHTEPIIETIIHE!IH. CHﬂTﬂerIMII CBA34dHL! BCe {IJH*
3uyeckue ceoiicrsa nous. Beeas B ypasuenus Jlannaca n [lapeu n
KauecTBe macwradnoro kKosggHUHeNTa BeJHUMHY  VAeJNLHON 1no-
pepxnoctH, Muuypuy ¥ OnulLlenKo BLIBEIH M3 3THX YpaBHEHHil Ho-
Bble KPHTEPHH NoJAo0H#A, uYTO OTKPHLLJIO LUHPOKHE BO3MOXKHOCTH AAA
MOJAY4EeHHs OJHO3HAYHOH M JHHERNON 3aBHCHMOCTH MeXJy AaB.e-
HHEM H BJAXKHOCTHIO 1OYBLI, 4 TAKXKe MeXJAY BJaronpoBOAHOCTLIO
H AaBjaenneM (BJAKHOCTBIO). ITO 1410 BO3IMOMKHOCTHL paspaboraThb
METOJ pacueTd KPHBLIX 3aBHCHMOCTH  KallWIJAsMpHO-COPOIHOHHOTO
JaBieHHs W THAPaBJIHYECKOH NPOBOAMMOCTH OT BJAaKHOCTH s
J1000H KOHKPETHON Mo4Bbl, €CAH H3BeCTHA BeJHYHHA ee VeJbHOi
NOBEPXHOCTH.

|OcHOBHOII XapaKTePHCTHKOI BOAHOTO pPeKHMa pacTeHmil sBaser-
CH 3aBHCHMOCTb MEMJY TOTEeHUHaJ oM (JAaBJeHHeM) 1o4YBeHHOI
BJIardH H OTHOCHTEILHOI TpancnupauWed pacrtenn#. 3aecs HaunOo-
Jee BaxHON npoGaeMoi ABAsieTcs onpelesenne HHMKuel rpaHHub
DapjieHHA NMOYMBEHHON BJArH, NPH KOTOPOM NOAAEPHHBAECTCH ONTH-
MaJabHBIl BOMHBLIH PEMHM pacTennil. dta npobaema pemaetcs Ha
OCHOBE VUEHHS 0 BOJAHOM M TeIIOBOM Oajalce CeJbCKOXO3sficTBeH-
Horo noast. B stom cayuae takmke naG.aojfaercs TEHACHLHS K OT-
CTABAHHIO TEOPHH OT HaKOMNJeHHS 3SKCNePHMEeHTAJbHBX JlAHHBIX.
MoHo yTBEpHKIAaTh, UTO METOAB NOJYYEHHS MAHHBIX JIOBOJBHO
Xopowo paspadoTansl, Toria Kak meroisl oOpaboTKH HdanHBIX, B
CMBICJIE YHH(PHKAIHH HX, OTBICKAHHS KpHTepHeB AJH HX 060061Le-
e, pazpaboTaHbl HEJOCTATOYHO MMOJHO,

KoHeunoil 1eabio M3yYeHHs COCTOSHHSI BJATCH B NOYBE M MpO-
ILeCCOB TPaHCNHPAalUHH fABJAAETCA ONTHMH3AlUHA VCJAOBHH pocta pac-
TEHHH ¢ UeJAblo NoJAYYeHHs MaKCHMaJabHbIX ypoxaee. [lns storo
HeoOXOAHMO 3HATh NOTEHUHAJbHLIE BO3MOMXKHOCTH  PAcTEHHIl WM
MOTeHIHAJLHLIL Y poxKail.

[Tenman npemnoxua npoctyio GOpMyay A8 BLIYHCJAEHHS 1O-
TeHUHAJABHOrO Ypomas Ji000f KyAbLTYPbI, COMMACHO KOTOPOH NOTEH-
IHAJAbHLIH Ypoxail nponopuHonasen paaHaunoHHoMy Oajancy 3a
BEreTallMOHHLIN 1ePHOJ JaHHOol KyabTypul. Bee stu Bonpocwl o0-
CYIKIAAITCH B JITAHHON KHHre, TAK KAK NPOrHO3ZHPOBAHHE CTAJO He-
oOxoauMOCTbio B J10601 OTPACaH HAVKH H B NpakTHKe.

ABTOp BBIpa)aer HCKpenHiow OGaarofapHocTe npodeccopy
A. A. Pone u kanauaary ceabckoxossiicreennnix nave M. M. Cva-
HHIHHY 3@ UEHHbIe 3aMeYaHusl [IPH UTEeHHH PYKOIHCH, JOKTOPY CeJlh-
cKoxossHcTBeHHbIX nayk @. P. 3aiipeasmany, BasBlUeMy na cels
TPYA N0 HAVUHOMY DPEAaKTHPOBAHNIO, JOKTOPY CeALCKOXO3ANCTBEH-
nbiXx Hayk M. K. MeabnnkoBoil 3a Kpurnueckue sameyanus. Aptop
cepaeuno Gaarogapen E. C. Muuypunoit 3a MHOrorpasiyio nometihb
H CONeHCTRHE B BBLINOJHEHHH HacTofllel paboThl.
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COCTAB H CTP

I.I. CocraB mous. B coctas nous BXoAST ueThpe hasul: Tep-
jas, WMuiKan, razoobpasHas H xupas.

TBepnas pasa COCTOHT M3 CACAYIOWMX BEWecTB: 1) nepsudnble
ofjloMoMIbIe MHHEPadbl — KBapll, NJArHOKAa3nl, NHPOKCEHBl, JHMO-
HHT W Ap.; 2) BTOPHYHLIC TAHHHCTLIC MHHEpa/bl CJAOHCTHIE — Kao-
JHHHT, HIAJAHT, BEPMHKYAHT, MOHTMOPHAJOHHT — H HECJAOHCTLIE —
FHAPOCHIONLI, APrHIAJIHT H AP.; 3) reJaH ruApaTos OKHCAOB ajlloMH-
HHS, JKeJesa M KPeMHEKHCIOTH (B KHCAuX nousax); 4) rymycosble
peltectTsa (FYMHHOBLIC KHCJAOTHI, (PYABBOKHCAOTLI); B) HepaszloKus-
IHECH OTMEpPUIHe pacTHTeJbHble H JKHBOTHbLIe ocraTku. KHAKas
tasa npeacrasaeHa nouBeHNOH BOAOH ¢ pacTBOpeHHBLIM B 1ieil Be-
ecTsoM B (popme KoAJOMAOB, MOJEKY1 H HOHOB; raszoofipasHas
daza —posfyxoM, cojepmallHM KHCJOPOA B KOJHuecTBe OoJbuie
18%, azor — okono 79%, yraexuciaory—nmo 3%, napel BoAM M
Apyrue KoMnoHentser, Xusasi gaza sxawdaer n cebx  MHEpoopra-
HH3MBI, 4epBeH, HACEKOMBIX, MOJAJNIOCKOSB, NO3BOHOMHBIX KHBOTHLIX,
ODHTAKUIHX B 10YBE (IPHI3YHOB, KPOTOB, CYCAHKOB H Ap).

Bricokas aucnepcHocts TBeproft ¢padu obycaosiausaer olpaso-
paline OOJALIIKX NOBEPXHOCTCH pasfena Mexjy TBepiaoil, KHAKoil,
ragooOpaanoit u upoil daszamu. Iloznanne nousut B  CVULHOCTH
ECTh NO3HANNE 3ITHX ueThipex (1az B OTHeABIOCTH M B HX B3aHMO-
JAeHCTBHH,

MuHepaabnble HacTHibl, COCTABJAAIONLNE 1OYBY, HMCIOT pasHbie
pasmepui. Hoaio wacruu onpegenentioro pasmepa B oluleM KoJiH-
HECTRE BEIlecTHa NOUBLI VCTAHABIMBAIOT € NOMOULBIO MeXanuye-
ckoro auaansza. B coorBercTBHM ¢ Kaaccu(uKauuell MemAVHAPOL-
HOTO OO0LIecTBa NOYBOBEJOB BLAEAAIOT ciaeiviomue ¢pakunn: 1)
KaMiui — auametpom Gogee 20 mwm; 2) rpasuit — auamerpom or 20
a0 2 MM: 3) KpynHblit necok — auamerposm ot 2 go 0,2 mwm; 4) Tou-
KHI mecok — auamerpom or 0,2 10 0,02 mm; 5) nsab — anamerpom
0,02 no 0,002 mm; 6) wa— guamerpom 0,002 mm 1 MeHee.

OcuoBupiM H3 dH3NYECKHX M XHMHYECKHX CBOHCTB 1OYBLI SB-
JHETCH CBOIICTBO HOBEPXHOCTH OTACALHBLIX NOUBCHHLIX uacTHil. Ono
ONpelesseT NpPex/1e BCero OTHOWEHHe NOYBLI K BOJE, T. €. afcoph-
HHOHHYIO cnocofHOCThL, HabyXaemocTh, KanuaasapuocTs. 1o CBOil-
CTRO BJAMSICT TaKKe Ha kpowenpe n obGpadorky nouss. Ot cson-
CTBA NOBEPXHOCTH MOYBEHHLIX YaCTHIL 3aBHCHT C1OCOGHOCTL NMOUBLI
K PeaKkuHaM ¢ BelecTBaMHi, COAePKAULHMHCA B NOYBEHHOM PacTBO-
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pe, MAH OTJaua NHTATeJILHLIX BelecTB KopHuam pactenuit. Hckaio-
qUTeabHO GOABLUIYIO A0J10 O0ULel NOBEPXHOCTH NOYBEHHBIX YACTHIL
COCTABJMIOT TJHHHCTHIE HACTHULI, 0COOEHHO KOJJOHAL, pasMepb
KoTOpbIX Menble 0,2 MKM.

[TockoabKy du3nuecKHe H XHMHYECKHE Npolecchl B 1ouBe Mpo-
TEKaI0T Ha rpaHdile NnoBepxXHocTel TBepAoil W Kuaxon ¢as, nou-
BeHILIE KOJLIOMALI, OTJAHYAIOLHecH ouelb 60ablIoi ofueil nosepx-
HOCTBIO, HMEIOT pelalee 3nadende AAs paspuUTHA 3ITHX Npolec-
COB i, CACHOBATENLHO, AJA HH3UH NOYBEL

[MouseHusle KOJMOHALI COCTOAT H3 MHHEPAJbLHOH M OpranHye-
ckoil uacreil. MuHepaiabHan YacTbh— TJIHHA — COCTOMT H3 H3MEIdb-
YEHHBIX YACTHMHO XHMHUCCKH nNpeobpasoBaHHLIX  MHHEPAIOB, a
TAKAE H3 HOBLIX 00pazoBaHMil, BOIHNKAOIWHX B PE3yAbTATE OCaMK-
AeHHs KOJAJOHANBIX pacTBOPOB.

{I}H'."I-II'IE"L'HHM" METOddMH HCCICNOBAHHA, npesxiac bpcero ¢ no-
MOULBIO PeHTreHocnekTporpauu 1 3JIeKTPoHHOI MHKEPOCKONHN Ohl-
J0 o0HApYKeNo, 9To raunueras gpakuus noun (Menee 2 MKM) ne
SIBASETCA OQHOPOANLIM TEJOM, a npejacrasnser coboil cMech pazanu-
HBIX TJTHHHCTH X :'I-IHHPr.IEi."I{]B: KaoJdHuuTa, hiﬂ!iThiﬂl]]lJ!ﬂﬂHl!TFl. HJJTH -
ta # ap. C noMowsbio 3JeKTponHol MHKpockonun npu 50000-kpar-
HOM YBEJIHUYEHHH MOMKNO HenocpeicTBeHHo nabaoaats KpHCeTallb
TAKHX TAMHHCTLIX MHnepanos. Ha ocHoBauMH  PeHTrEHOCHEKTPO-
rpaguueckux HCCASLOBAIMIT PasJIHUHBIX MNIHHACTLIX MHNEpatIon co-
crapieHsl (QOPMVILIL, XApAKTEepH3VIOULHE CTPYKTYPY HX, a TaKke
(hH3NUECKHE H XHMHUYECKHe CBOICTBA.

Montvopuaiaonnt umeer cocras Al.0;45i0:H:0nH.0. Ou cno-
coben cHAbHO HADYXATL NPH NOrJOWCHHH BOJAL, ero oDMeHHas clo-
coOnoCcTh Takie ouent peanka. Habyxauuwe oGycaonieno tem, uTo
KPpHCTALTHMeCKas peleTka MOHTMOPHJJAOHHTE HATHACTCH HOJBHAK-
HOW H NpH norfomenyy BOAL PACCTOSIHHEe MeXR]AV INdkeTaMH VBe-
JHUIIBaeTCH,

Kaoanunr umeer cocras Al.042510,2H,0. Ero aacopGunonnas
CHOCODHOCTL Nesnayntensia. AacopOiums BOALI MOMKET  1IPOHCXO-
ANTL TOALKO Ha BHEUWIHENR TMOBEPXIOCTH, T. €. HA [OBEPXHOCTH H3-
J0MA KPHCTANLTA, 4 HE Ha NMOBCPXHOCTH PEHICTKH KPpHCTAJ 1A4.

IlaauT, Berpeyaominiicss BO MHOrHMX nousBax, npeacrapifeT co-
GOil IAHHHCTBHIR MHHEPaa, KOTOPLIH A0OBOJLHO CHALHO atcopbupyer,
XOTsl B He focTuraet aacopouwmoninon cnocoOHOCTH MOHTMOPHIIO-
nura. B aaaure B Si-ca0X Kamabil M3 yeTblpex Si  zamensdercs
oaunm Al. las komunencauuy csoGoanoil BaJeHTHOCTH BHICTYNAIOT
HOHLI KaJaHsi, KOTOpbe pPacnojaralorics B CJ0e MEeMAy KarmauiM M3
ABYX CABOCHHLIX cioes pemeTkn Si-Al-Si.

Tonumnna naxeroB ABJIAETCS BaKHLIM KPHTEpHeM NpH  KJac-
cupuraunn rann. J1as Kaoaunura TOJNIMHA NAKeTa nocrosHHa M

paBHa ?S&. AJdA - MONTMOPHJAJOHHTOB  OHa B CpejlHeM  pabha

14 A, o moxer koneOarsest or 10\ 10 19A. B 3aBHCHMOCTH OT CTe-
nenu rugpatanud. CoGCTBEHHO WAANTLI HMEKT NOCTORHIYIO pPeulerT-
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Ky “U-'f&]. 4 NaKkeThl BEPMHKYJHTa MOryT pasjasuraTtbes Ha pac-
cTosuue no 14A.

XoTsl TJHHB MMEIOT KPHCTAJJIHYECKYI0 CTPYKTYpY, OHH, Kak H
rymyc, ofagaor KoOAJOHIAHLIMH cBoilictBamu. KoanowaHble 4acTH-
Ilbl OKPYMEHLI ABYMA CJA0AMH 3apfalloB. Hepﬂmﬁ cJioH, OTBedalo-
HIHH coOCTBEHHO 3apsfly 4acTHlbl, NPHMBIKaeT K ee sapy H fB-
JAsietcs 3aMKHYTLIM. ¥ TIVIHH OH MMeeT OTpHuAaTeabHbid 3apad. Bro-
poH ca0il NPOTHBONONOMHOrO 3HAKA COOTBETCTBYET NOrJolleHHBIM

Pue . Cxema CTROCHHH ABOHHOTO ’-J.‘:g'i-'.TpH'{I'L‘Hl.ll't:l CADH Bll]-:p}'l'
AMCnepcHoil wactTHub (no AJemmHy).

I —aapo; 2 —cC¢aoil noTeHURAAOONPCACARKIULRX  HonoB: J— aacopOumonsisf

canfl o poaial 4 NPpoYHOCHENAAHHLIR  cAol  npoTHBoHoHon (oDMele HOHB);

f— noameknel (anddyanmi)  caoll npoTHBOMOHOB, 6§ — HUTEPMHUCANAPHAR
A HIAKDCT s,

HoHaM, OH He NOJHOCThIO 3anoJHeH H CTaHOBHTCHA Bce OoJiee Nu(-
py3usiM 10 Mepe yaaaenusa oT Henrpa muueaant (puc. 1). Ypenu-
UeHHe weaounocT pacrsopa (wonHoe OH™) BuiauiBaer aucnepru-
pOBaHHe 3JeKTPOOTPHILATENbLHBIX KoJAJowaoB. MHorue KaTHOHBI
(K'y, Na’, Ca’, Mg'') ueiitpaausyvioT oTpHUATe/bHLII 3apsaa ca-
MOH MHUEAIbL, B Pe3vibTaTe 4ero MPOHCXOAHT arperaius NO4YBeH-
HLIX KOJJOWL0B,
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1.2. ¥peapHas nosepxHocte nous. Creneib pasapobieHlIocTH
NOYBEHHOH MACChl, WIH €€ JHCOePCHOCTh, MOKIO XapaKTepH30BAaTDh
pasMepaMH [MOUBEHHLIX YACTHIL M BEJHYMHAMH HX [OBEPXHOCTH M
obbema. PaznnyaoT ABa BHIA JHCOEPCHOCTH TOYBEHHOH MAacChL:
NepsHYHyIo H CTpYKTYpHyIo. [loa nepeuynoil aucnepcHoCTbIO TOHH-
MawT pacnpejliefieHHe nepBHYHBIX NOUYBEHHLIX MacTHIL 10 PHEMEPHM,
HJIH Mexannueckuil cocrap nous. [lepBHuHbic MexaHuyeckHe uac-
THUB TIPH OnpeaeennsiX YCJI0BHAX MOTYT CAHNATBHCH, CKJACHBATh-
Csl, CBEPTHIBATHCH (KOAryJHpoBaTh) M o0pa3oBLIBATE BTOPHUHLIE
YACTHIL, WM arperartul. Pacnpefenenue arperatoB no ux pasme-
PAM HA3LIBAIOT BTOPHYHOH, HWIH CTPYKTVPHOH, HHCNEPCHOCTEIO, HJIH
ATPEraTHbiM COCTABOM 1104B.

Paasmepu nepoHYnniX NOYBCHNLIX YACTHIL JeXaT B Npeiesax or
10 go 1077 em. Mexannueckuit (rpaHyJjoMeTpHyeckuil) cocTas noy-
Bbl XapaKTepH3vercd ¢ [MOMONILIO COOTBETCTBVIOWIMX IIKAJM pasMe-
pa uvactuil. B CCCP nepeuuyHble 4acTHIULI PasielsloT Ha CAeAyio-
nugHe (pakmud (B MHATHMMeTpax): rpasuii—or 2,0 M KpynHee,
KpynHblH necok—or 2,0 mo 0,1; meaxnin necok—ot 0,1 no 0,05;
nulie — ot 0,05 no 0,001; ma— menee 0,001. Pekomenaverca JNOBO-
AHTH ONpPEIeJeHHe MexXalHYeckoro coctara 0 KOMNJOHAHOH dpak-
IWHH, pHHAB 3a Bepxnioio rpanuny 0,0003 wan 0,0001 mm [46].

Bo muornx sapy0GeXHBIX cTpaHax npHHsTa wKajaa ArtrepGepra
(2,0—0,6—0,2—0,06—0,02—0,006—0,002 mM), KOTOpas HABJASETCSH
GoJiee paBHOMEpIOH, YeM Npeablayuiasl, Tak Kak HUMeeT [0CTOSH-
HBIH 3HaMeHaTelb nporpeccuu, papusntit 0,1)10=0,316.

Mepoit noBepxHocTH NOYBEHHLIX YACTHIL #ABJAETCS BeJHYHHA,
Ha3bBaeMas yJelbHOH TOBEPXHOCTBIO. ITa BeJHYHHA Onpepensier-
Cf KakK maouiajb CyMMapHOH IOBEPXHOCTH JAHCMNEPCHOTO MartepHa-
Ja, npHxojaillascs Ha eJHHHIY Beca MAH oObemMa IOYBbLI; ee pas-
MepHocTh cm?r~!, emem—3,

[ToBepXnocTh NMOYBEHHLIX YACTHIL SIBJASETCA HCTOUNHKOM IOBEpX-
HOCTHOH 3HEpPrHH, npeicTanjedHHON 3JEeKTPHUECKHMH CHJAAMH H CH-
Jamu Ban-gep-Baansca. BosHnkHoBenue nosepxnocTHoil 3HepPruH
OOVCAOBJICHO HEeOAHHAKOBLIM COCTOSSHHEM aToMOB B o0BeMe W Ha
HOBEPXHOCTH TIOUBEHIILIX YaACTHIL BHYTPH YacTHllel KaxKAbl atom
OKPYMAEH APYTHMH aTOMAMH, ¢ KOTOPLIMH OH CBf3aH pasdHuHbLIMH
cHfami. Ha nonepxXnocTH TBepAoil YACTHILLI HACTh CHJI He CBA3bI-
Baercst ¢ JIPYrHMH atoMaMmH, OHH CBOOOJHLI H MOLYT CORepPIIAThH
paGoTy, HanpuMep, norJoulaTh BO3AVX, BOJAY H PacTBOpeHHLIE B
Boae peulectea. [lopepXHoctHas sneprus tem Ooabiie, yem 00.b-
e cyMMapHas NOBEPXHOCTh, T. €. CTeneHb pasapobieHHA Belle-
CTBd, yeM MeHbwe pasMep uactuu. [lostoMmy ramnun oGaagaior
0OJBLIOH TIOBEPXHOCTHOH 3UEPrueil, a NeCKH — Majoil. 3HaAYHTeNb-
Haf 4acTh TBEPAOH (a3bl NOUBLI NPeJCTaBIeHa YacTHILAMH MeHble
10~"cM, HaspiBaeMBIMH KOJLIOHAAMH. ITH vacTHUL obJazalor
ouenb 00JLIWOH NOBepXHOCTHOH 3Heprueil.

C'I'[‘.I{'.'.‘Iri.-’IE'IIHE AHCHEPCHBIX CHCTEM YMEHBLIUHTE HOBEPXHOCTHYIO
IHEPru BJeder 3a co0OoH o0pa3oBaHHe TOUYBEHHBIX Aarperarosn,
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CMauyHBaHHe MOYBEHHBIX 4aCTHL, BOJAOH H oGpaszoBaHHE Ha X M0-
BEPXHOCTH BOJHLIX NJIEHOK, BOCXOAALLIHE H HHCXOASLIHE CaMONpoH3-
BOJIbHBLIE TIOTOKH BOALI B NOYBEHHO-rpyHTOBON ToOalie. Fuaye rono-
pf, BeJHYHHA YyAeJbHOH NOBEPXHOCTH NOUB SIBJASETCS BaXHLIM [d-
pamMeTpoM, XapakTepH3YIOULHM TBepAylo (asy nousbl, a Takxe Be-
JAHYHHOH, € KOTOPOH CBS3aHBLI MHOTHE BOJAHLIE H TEINJOBLIE Xapak-
TEPHCTHKH TIOUBHI,

YIeAbHYI0 10BEPXHOCTh yacTui npocrefiuieit Gopmul (wap, Ky-
OMK, NAaCTHHA, HHTb) MOKHO BHIMHCJAHTB TEOpeTHUeCKH. IlycThb,
HanpuMep, pamuyc wapukos pasen r—=10-5 cm. Onpegenum cyMm-
MapHyio noBepNHOCTb | r3THX (MAPHKOB, HAH HX VAeJBHYIO TOBEPX-

4 5
noctb. OGbem oaHoro wapnka Vy,— A%, €ro Macca np=p V:p.—i nrs.

Uncao obpasoBaBiuxcs B3 | r Maccel 3THX UIAPHKOB .r‘v'=ml B

1 ;
S Ilosepxnocts  ojHOro wapika Sy=4mr? Torna
e T
F3
CYMMapHas NOBEPXHOCTDL BCCX IHAPHKOB
dure 3
SUZ"IVSLI:I: 1 — or i {I.II.]

3

HMa pasencrsa (l.1) caeayer, uro vieabnas noBepxHOCTH 00-
PATHO NPONOPUHOHAJILHA paaHyCy apHka o ero nJaornoctn. Tak,
| r Bewecrsa, pasgpoGIeHHOro Ha WAPHKH pajnyea r, OVAeT HMeTh
o61LYI0 NOBEPXHOCTL, paBuylo 3/er. Ilpu r=10-%¢em 1 6=3 r-cu—5,
viedabHaa noeepxnocte pasua 100 m2.-r-',

[Tpn nocrosnnom oOneme u wapoodpasznoi (hopme uncao zepen
00paTio NPONOPUHOHANBHO TPETBHM CTENEHSM HX PajiHyCos:

NN, =1:8 (1.2)

JTO 3naUNT, UTO ¢ YMEHLIICHHEM JHamerpa sepen B 10 paz
qHcao sepen oyaer podpacrate B 1000 pas, a ux obwas nosepx-
HOCTH TOMLKO B 10 pas.

Ecan nousa coctoMT H3 HECKOABKHX Mexamuuecknx (parimii,
TO BLIYHCARIOT VICABHYIO NOBEPXNOCTHL A5 KaxKjaoi ¢paxkuuu u,
3Has IpoLeHTHOe cogepaanne ee, BLIMHCJAHIOT YVAeJbBHYIO MNOBEPX-
HOCTh (eM* - T—!) Beelt nousbt 1o dopmvae '

w ﬂ"";} '.'— -lr-ll:_';-: |' f-'?: "+— " wom ! -”S if
Sy = II];J =4 (1.3)

rae a, b, ¢, .., i — yneablias MOBEPXHOCTH OTHEALHLIX (paKILil;
Sty Sz, S, ...y, Sy — npouenTHOE cofepiKkanue Tex xe (hpaximii.
[Ipegeant uameHenus nepsuunoil JHCHEPCHOCTH NOUBEHNON Mac-
Chl nokasaus B taba. 1.1,
M3 paunwbix ra6a. 1.1 caeayer, uto yaeqannmas IOBEPXHOCTE
(ppaxumn Meaxoro necka pasna 2,26- 102 w* !, pakwun noum
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Tabauya 1.1

Hamenenne yacastion NOBEPXHOCTH TBEPAOro Teaa
B CBAIH C Cro HIMEJABYCHHEM

Mopepxnocms {ou?)
Cropona Hueao wacrmi Yacawnag nopepxiocTh
kyOiKa (eM) Wlew? q:ﬁ'ﬂmi fiine wie 7L gt p = 2,65
1,0 1,0 6,0 6,0 2,26-10~
10-1 107 G-10-= GO 2,26.1073
10— 1 .10+ G- 10° 2,26.10-1
10-3 107 1070 G- 109 2,25.10-1
10+ 101 6.10-8 G- 100 2,26
105 1015 6. 1010 6. 100 22.6
JO-6 1018 6. 10~ 6. 100 226
107 10 h-10—1 6107 2260

2,26 m? r7'; v vacTHi KOMJOMAHBLIX pPasMepoB OHa JOCTHraer le-
CKOJBKHX COTEH H Jlaie ThiCAY KBAJAPaTHLIX METpPOB.

K npocreitiinm dopmMaM OTHOCATCH TaKMKeE vYaCcTHUEI B BuJe
NJAacTHHOK # crepxkiei. Popmyast fast pacuera yebHOH MoBepX-
HOCTH 4ACTHIL pasHoil GpopMbl npusetens B Taba. 1.2,

Tabauga 1.2
TeoMeTpHucckie XAPAKTEPHCTHEN HAacTHIL pasnoil dopmul

L::::,T:r::;ﬁ:f Ciheja Ky Maacruma Hum

Q6 mem wacTnim 4 8 i 2r 2 xr= | 2r¥xrX xrm-
v 3 = s = 2x2ra

Hcao  wacruu 1 1 I |
B 1 I reue- 3 T=r dxriz 238y
ctea N R ' '

Mosepxnocts drrt 65 2ry 2r| 2(2rF 4 4(2r X H2r X xr) +
QAHOI 4ACTH- Moxr) = 8re - |+ xr) = Bxpt 4
it S 4 8xr 4- 2pixt

Yneannan nao- drrt 3| 24 4| 871 L x) 2xr°(4 4+ x)
BEPXHOCTh S (7] =Tor| 8% T pr Txri = 2xrin

R 2(1+ x) 44 x
- X7 s X

L

EctecTBennnie nousbli 0OLIYHO COCTOAT W3 HACTHIL HeOolpejefeH-
Hoil (popmii # pasnnix pasmeposn. Ilostomy Beamunna X yACJALHOMN
MOBEPXHOCTH ONpeelseTcsl KCHepPpUMenTaasio NPeHMYILECTBeHHO
¢ NOMOIWLLIO aACOPOUHONILIX METOLOB.

flsacune Guinveckoit aacopOiuuy NapoB KHAKOCTH SHCIEPCHBLIMH
CHCTEMAMH NOJOMEHO B OCHOBY pPAla METOAOB ONpefeIeHHs Ve b
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HOlt noBepxuocTh, nanpumep, meroga B3T (Bpynayspa, Owmer
Tennepa), merox Kyruaexa [70] u ap. Mpl orpanduHMcs ONHCAHH-
eM MeTojia, npeijoxenHoro Kyruiekom.

Ha ananuTnueckux secax Oepyt Hasecky Wy B KoanuecTse
3—5 r W BhICYWHBAOT B Tepmoctate npu 105°C mgo noctosiHHOro
peca W,. O6Gpasun noys nomemawt B 3sxcukatop wnaa 58%-noi
CePHON KHCJOTOH HJAKM Haja HackilleHHbiM pactBopom K-auerara
NpH OTHOCHTEJBHOM cofep:kanun poaanux napop 20%. ¥Ynaaus
BO3JYX M3 3KCHKaTOpa IpH MOMOUIH BakvyMm-Hacoca, rnomeuanr od-
pasell B VCJAOBHA nocrosnuoil Temneparypu 20°C. ¥Yapanenue Bo3-
AvXd TMOBTOPHETCH HECKOJBKO [a3s. [Tocae JOCTHHEHHA TOCTOSHHOTO
Beca onpefensilor Bec nacoitennoro obpasua W, VieawHyio mo-
BEPXHOCTh NOYB BRIUHCASIOT 1O PopMyie

S.s861 W, (1.4)

rae Sp— vieaesnasi nosepxuocts B m?-r~!, W, — pesnunna mono-
MogaekvaapHoit agcopbuuy, Beipamxennad B rpamMmax Ha 100 r nou-
Bhl npH BaamuocTH sosayxa 20%. Kosdpduument nponopunonain-
noctu 36,1 npeacrapaser coboil BulpaxKeHne

Nw 6,02380.10%.10,8- 10~ ¢ oy 0

= — M- £

o ke 3614 m-, (1.5)
rae N — nocroannaa ABOraapo, HJAH YHCIO0 MOJEKYJA B MOJe, pab-
noe 6,02380 - 10%3; M — rpaMM-MoJeKyJada BOoALl, paBHas 18 r; w—
IOILaAb, 3aHHMaeMasa MOJeKyJI0i BOJABI IPH rekcaronaabLHoi (Hau-
GoJee NIOTHON) ynakoske, pasHas 10,8 - 1020 a2,

Tabauya 1.3

YpeasHas nOBEePXHOCTB NOYB W MuHepanos (m*-r—'),
ﬂllpE,ﬂ.EJlL‘HHEH PaZHBEIMH MCETOLAMH

H1 Mo Opuncony
BIT BOAA- Mo Kyin=
Mouss H MHHepaasl poARHLIC Hide AERY

napd napu 0,30 i, 30 ¥, 40 :
H-kaoauuur 3,41 7,3 8,4 | 8,3 | 8.8 8,30
Na-KaoauHHT 6,58 6,20 6.6 | 6.4 | 8,2 6,5
Ca-Kao HHHT 10,84 12,2 | 11,4 | 10,7 | 10,0 11.2
H-smouTmopuaaouuT 256 174 202 | 215 | 223 200
Na-MOHTMOPHIJOHNT 189 116 135 151 159 134
Ca-MOHTMOPHAIOHHT 342 263 | 301 | 308 | 305 292
Na-MOUTMODHITOHHT 386 270 | 331 | — 355 325
H-waant 7.2 67,4 | 69,8 | 70,3 | 70,4 6&,6
Na-pwaanT 62,4 49,6 | 58,8 | 58,4 | 89,5 57,8
Ca-uaaur 34,1 79,3 | 77,2 | 78,3 | 76,0 75,0
YepHoaeM 87 .4 73,2 | 88.2 | 85,0 | 81.0 86,6
Mogson 35,5 32.3 | 39,4 | 33,0 | 4,3 a8, 6
I'vymuHOBAA KHCJOTA 235 194 243 | 234 | 225 238

B Tta6a. 1.3 npupefiedbl pe3yabTaThi CPaBHEHHS MAaHHLIX Onpe-
feJieHHs VAeJAbHOH nosepxXnocrd no KyTHAeKy ¢ AaHHBLIMH JApPYrHX
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smetomoB [70]. C nomombio Meroa KyTHaeKka, ONHCAHHOTO paHee, a
TaKkie merofla bIT moxno onpeaejuTs Juib 00LIVI0 VASJILHYIO
[I(}BEPKI[GCTb MNOYMBLI. DﬂHEHG FMTIHHHCTHIE I'rI]IHE'pEL'II:-I THIIA MOHTMO-
PHJAJOHHTA M BEPMHKYJIHTA, HMEWHIHe NOABHIKIYI0O KPHCTaJlJdHue-
CKYIO pelIeTky, crnocoOHLl NpH pPasiBHIKEHHH CJ0eB [aKeToB 10-
FJI0UATE MOJEKYAL BOJALI, H BOAHAA TJeHKa obpasyercst He TOJb-
KO HA BHElIHeN NOBEPXHOCTH IMNIMHHCTHIX Y4CTHIL, HO H HA BHYTpEH-
neit. Munepann THna KaolMHHTA, CII04, KBaplla M Ap. HE HMET
NOABHAKHOH KPHCTANIHYECKOH peleTkH, H HX 4HacTHUbL obaanaior
TOJIBKO BHeWHel yieabHoil nosepxuoctsio. B sTom ciaywae soaHas
IJIeHKa oOpasyercs TONBKO Ha BHEWHEH NOBEPXHOCTH MNOYMBEHHBLIX
HACTHIL

OO6BIMHO BHEWHIOW VAeJbHYID NOBEPXHOCTb OMPEReaAIoT [0
aacopOIHH NenoJfApHLIX rasos, HaNpHMep a3oTa, KOTOPLIH He pas-
ABHrAeT KPHCTAMIHYECKON pewleTkn Muuepason. Q@appep [63] nan
crocof pacuera Kak BHewed, Tak u obmed vAelsHOR [OBEpXHO-
CTH NMOYBEHHBLIX YACTHIL, OCHOBBLIBAAICH TOJbLKO HA 3aBHCHMOCTH MEXK-
Ay nasleHHeMm napa H BJAMKHOCTBLIO NPH BLICOKOM JaBJACHHH Tmapa.
B npemenax waMenenus oOTHOCHTeAbHON Baamuoctm 40—80% v
MHHEPAJOB ¢ NOABHAKHOH pPEINETKOH BJara alcopbupyvercst TOJBKO
HA BHELIHEH IOBEPXHOCTH, YTO MO3BOJfIET ONPeleHTh ee 110 3aBH-
CHMOCTH MEKAY AaBICHHEM BOAANOrO napa o BAAKHOCTLIO. DBIH
NOJyueHsl ypanHeHud JJIH onpenefeHHs BHellHed M BHYTpPeHHed
VAEJALHLIX NOBEPXHOCTEH TBepAoll (hasLl NMOYBEI MO H30TepMaM Je-
COpOLHE BOJLL.

FPHEHEHHE AJH pacHeETa BJJaarocojepxaHid B MOHOCT0E, no-
KpbiBaloUlesM MOJAHYIO NOBEPXHOCTE MOUBLI, HMEET BHIO

P 1 €—1 P
Wl: 0 — PJ s 'i:fj”{.- + u’.rm(: k ] {] ,5}

rae W—koanuecrso Baaru, aacopOiupoBaHHON NOYBOH NPH OTHOCH-
TeJLHOM aasiaennn napos soaul PPy, W, —kxoauuecTBO BAaTH, TO-

KpbIBalouiell NnoBepxHocTh HOYBL MOHOMOJEKVAApHLIM ciaoem; C=
iy o Ey — E;

e ( 5.5 )ﬂ. nan, npubauxkenno, C= (_!TF‘_ , TAK  KaK KOH-
CTANTBI @y, b, az, b GAM3KH K enunnue; E, — tentora aacopOuHH
nepBoro caoed; Li—renaora KouacHcauumm; R—rasopas 10CTOHH-
Has, T—aGconwoTHas TeMneparypa.

Ypapuenue AAA pacuera BJarocoiepmaHdsa B MOHOCA0E, TNO-
I'-TI]L:IE-E'I]EIILEM TOJABKO BHCLIHIOW MOBCPXHOCTEL, HMEET BHI

W Wale Ly (t7)
(I_T f{r)

roe (Wm)e— cofepixaiue BJIarn B MOHOCIOE, TIOKPRIBAIOHIEM BHELI-
HI010 noBepxHocTb; K, — KoHctauta, paBHas 0,9; nnjgexce e u i yKa-
3BIBAIOT HA NPHHALNEAKHOCTH COOTBETCTBEHHO K BHELUIHeH M BHYT-
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peuneii nopepxunoctn. Ilpy nomomm nocieanero ypasileitus MOMRKIO
naitu seanuuny (Wn),.

. = |
[TomecTun Ha opliHnaTe 3HavyeHHe W, a wa abeuucce

1 — K2 0)°
MOJIYYHM NPAMYIO, NEpecedeHHe KOoTopol ¢ HJI},II}!HEETEH"IEJIHE'l'FE[-""I:I-
guny Wi, a ee naxaon— (Wy),. (puec. 2).

PasHocTh Medy BEAHMHHON MOHOCAO0S, NOKPLIBAIOULICrO TOJIHVIO
MOBEPXHOCTL, I BeJHYHHOH MOHOCJON, NOKPLIBAOUIEIO TOJBKO
BHCLUHIOW IIOBEPXNOCTDL, HaceT HaM NpeicTaBJeHHe O MOHOCA0e
BHYTPENNEH NOBePXHOCTH

'-: W.ru) o [ Wru}r.' === { I'Frr.':li' (lﬁ'}
:‘f'rﬂEﬂhH}’iU NOBCPXHOCTDL PACCHHTLIBAWOT 110 q}ﬂphi y.Je

Su:E'%NﬂLm {.lgl

rae N—uucao MoJeKkys B
W2 Moae; M-—wmonexyaspunii
12 BeC BOALI, Wy—NJolalsb,
3annmaemasi O4NON  Moje-
KVA0H BOIALI HAa noBepxHoO-
cTH copbenTa, NpH rekca-
rouaabHON YIaKoBKe MoJe-
Kya Boan w,—10,84,

B Tabta. 1.4 npusejelnsl
Pe3VALTATE OLUEHKH BEIH-
UHHL BHeEWHel H BHYTpel-
Hell VeabHbIX  HOBEPXHO-
creil TBepAod  (hassl nous,
NOJYHEHHBIX 10 H30TCp-
Mam pecopdunu  Bogws [9].
Hauusle stoit Tadbaniw 10-
Ka3blBaloT, YTO TJHHHCTHIE
MHHEpaJbl, He HMeUHe

/ !Iﬂﬂf}ll}l{l-mi'i KpHCTaAIHye-
(F0.30P/B,) CKOIl  pelleTKH {I{%GJ!H—

1 i nut), obaapawr  HedoJb-
075 Pifp  won noanoit yaeasnoii no-
BEpPXIIOCTLIO, COCTOSILEI
Puc. 2. Hsorepma jpecopfiunn napop pogu  TOJBKO M3 BHENIHEH YIIe/b-

B Koopaunatax dappepa u npHMEp PAcueTa  jjoil  NOBEPXHOCTH. [ yMO-
MOHOMOJCKYINPHOTO  ¢1osd,  NOKPHIBAlOWero : Sk
picinion (Wm). nobepxnocts. piil, COCTOHLIHH NPEUMY
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HIeCTBReHHD H3 MHHEepaJgoB
THIA ?'-IE}IIT}IGI}H.’I.'IUHIITH.
HaoGoOpoT, HMeeT CHALHO PA3IBHTYIO, KAK BHVTPEHHIOWO, Tak N
BHEILHIOW YASIbHYIO NOBepXHOocTb. ['yMyc n xapbonartnl  JHIIEHH
BHYTPEHHEHl TOBEPXNOCTH, B CBH3H C YeM B I'VMYCOBHIX M Kap-
GOHATHLIX TOPHIOHTAX BHYTPElHsi MOBEPXHOCTL PE3KO CHHIKASTCH.
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Tabauua 14
¥neaswan nosepxHocts nous

YaeabHas nosepxHocTs (M?- 1)
I lMopnzoir n rayonmna :
oA {em) ohiias, paciet | nucliHdN, pac-| BHYTpPENHSS,
nO VPABICIMI | YT N0 ypaswe-|  pacueT no
1.9 W (1,.7)  [vpannenio (1.8)

Jlepnoro-noaaoan- A, 0-—-2 2 40 52
cras Ay 2—10 al 25 26
A4y 1220 i 15 19

A5 25—35 28 11 17

B 70—80 117 62 DD

YepuoseMm 00LKHO- A, 0—10 172 105 67
BeHHbli A, 2030 178 105 73
fi, H50—60 160 79 81

B, R5-—95 128 9 35

4 130—140 127 855 40

Kamranosas A 5—15 99 58 41
B, 21—31 124 72 52

B, 35—45 s 6By 2%

C, 55—65 84 58 936

C, 172182 89 63 23

Coaounen, A 0—10 76 43 33
B, 15—25 164 98 66

B. 30—40 122 87 is

£, 50—60 88 62 25

C, 172—182 g9 68 31

1.3. Mopucrocts nous. O6uimit obbem obpasua noussl (Vy) pa-
BEH CcVMMe 00'BeMOB TBEPALIX MHHEPAJALHLIX H OPraHHyecKHx uac-
tHIL (V) 1 o6besa nopororo npoerpancrea (Vy):

Vo= Vi + V,. (1.10)

Otnowenne seca reepabix vactH (Vi) k nx obbenmy (6es nop)
HA3ZLIBAETCH ILIOTHOCT IO

W (1.11)

[TnoTHOCTL BellecTBa H3MEPSieTCA B - cM Y,

Ornomenne seca TeepAoil (pasni NOYBLI K Becy papnoro odneMma
BOABI €CTh OTHOCHTEILHASE INVIOTHOCTH, WAH YICILHLI BeC NOUYBLL
Dta pesnunia GeapasMepHas H BbIPayKAETCH OTBJICUEHHBIM HHCJIOM.
[lnotHocrs speulecTra, Bhipamendas B r-cM ¥, UYHCICHHO pasHa
VIARJIBHOMY BeCy.

[ToTHOCTL MUHEPAJALHLIX MeXanHUYeCKHX 3JIeMeHTOB NOYBLL H3-
menserca or 2,2 po 3,3 rrem™, CpepgHsisi NJ0THOCTE NOYBEHHBLIX
MHHepaaoB Oauszka K 2,6 —2,7 r-cv™¥, naoTHocTe rymyca — | 4—
1.6 r-eMm—.

[TockoNLKy 1104Ba COCTOHT H3 YaCTHIL, TO MEKAY HHMH JOJAHDLI
CYULECTBOBATL NVCTWE NPOMEKYTKH HJIH nopel. Pazmep nop sapmu-
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CHT OT pasmepa 4acTHIL H Xapakrepa MX ynakoBku. HacrHus Mo-
ryT Aemarth Gojee nJA0THO HAH GoJdee puixao. IlaoTHocTe HX CA0Ke-
HHSl NPHHATO XapakTepH3oBaTh OOLEMHLIM BecoM mnousbl. OGbeM-
HLIM BECOM IOUBLI NasuBaercs pec B rpammax | cm? nouswl, B3f-
TOH B €e eCTeCTBeHHOM CJ0MKEeHHH H BHICYLWEHHOH [0 nocCTosHHOro
peca npu 105° C. OGo3nauns BeJnuHHY 00BLEMHOIO BECa CHMBOJIOM
D, noavaum

D=—pi (1.12)
T ¥Yn

B aureparype BCTpedaloTcs MHOIHE APYIHe TEpPMHHBLI, ABAAIO-
HHCCA CHHOHHMaMI TepMHHA «00beMHBIT Bec» TNOMBLI: KaxKyuuui-
CA VAEJBbHBI BeC NOMBLI, VAEJALHLI BeC CKeaeTa NOYBLI, IIOTHOCTH
nousbl. [TouBbl ¢ Pa3BHTON CTPYKTYPOIl COCTOAT M3 arperartos, 00b-
eMHBLI Bec KOTophiX 3aBucuT or ux pasmepon. Ilostomy, kKpowme
0O'BEMHOIO BECA MOUYBL, YUYHTHIBAIOT OOBCMHLII Bec arperara, T. e,
OTHOLUENHE BEca CyXoro arperarta K 3aHumaemomy nM o0beMy Bume-
cte ¢ nopamu (r-em™3).

[MTopucrocts (Py) onpexeasercs Kak oTHowenue oObema nopo-
BOro npocTpanctBa K obuiemy o6beMy nouBbl

.l‘r L
PU=T;¢"‘?“. [1.13:'

O6wem TBepaoi ¢asst nouss Vy=D/p. Caenosareasno, Py=
D
=] =il JAOJHX eAHHHUBLL HJIH

P..=( - {‘—"—) 1009 . (1.14)

Jlaa XapakTepHCTHKH TMOPHCTOCTH MOUBBI HCNOAL3YIOT Koaddu-
MHEHT NOPHCTOCTH [

B=—p", (1.15)

rae Vy/Ve — ectb oTHowenne oOnema nop K o6nemy Teepiaoi ¢asnl
B eaunnie obvema nousbl. Koagduunent nopucroctu fi ceszal ¢
oGveMuLiM Becom D i VeAbHBIM BECOM O COOTHOMIEHHEM

D = ,f__.. (1.16)

O6bem nop, o6LIYHO BEIPAMKACMBIH B KyOHUECKHX CAHTHMETpPAX,
pHoriaa npeaecoo6pasno otHocuts K 100 r cyxoit noussl. O6uem
100 r nousenHoll maccel npH yaeastiom sece p pasen 100/p. Ecan

nodauslit o6sem 100 r nousw pascu V, 1o obwem nop 8 100 r cyxon

. 104)
nouswl 6ymer Py=V — ——
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Ecan conepxaine cyXol noussl m n obveme V uspectno, To
ob6bwem nop, otHeceHublit K 100 r cyxofl nousw, wuaiiiem no ¢op-
MyJie:

100 V 100 -
Py = — , (1.17)

i %

TepmunoMm «yienbnblid oObeM» 0003HaAYaI0T OOLEM, 3aHUMAEMBI
efnHuIei peca nousul plV=1. Eanina usmepenns 3toil BeJHuHITE
(5 T e

l. 4. Crpykrypa ecrecTBeHHbIX nous. B nouse kax jaucnepcuof
CHCTEMEe YCTOHUHMBOC paBHOBecHe HadJIIOMAETCs TOrja, KOrjga cBO
DoaHAA JHEPTHA CHCTEMBI HAH BHELINAS NOBEPXHOCTL CHCTEMLI MH-
HHMAa/JbHBL. ¥ MeHblIeHHe CBOOOAHON SHEPrHH JHCHEPCHBIX CHCTEM
NMPOHCXOAHT 3a CYeT npouecca CUeNJeHHA TBEPJALIX YACTHIL, Ha3bl-
paeMmoro koaryasiueil. Koaryaupyiouiein cnocofnocTteio 061a1aiort
yactuiibl Metiee 0,005 ymm.

HacTHub necka H NLlJH BOBJIEKAIOTCA B arperathl MABHLIM 00-
pazoM npH Koaryaauud vactdi, smenee 0,002 mm. Ilpu woaryaaunu
obpasytorea yacruus 0,05 MM B Menee, nasniBaeMbie MHUKpoarpera-
tTami. B npouecce noysooGpaszoBanua 104 BAHAHHEM I'VMYyca H KOD-
HeH pacrenuit oOpaayiores Oodee CIOXMHBIE W KPYVIHBIE YacTHILL
pasmepom ot 0,25 mo 10 MM u Goaee, HasuiBacMble Makpoarpera-
TAMH.

CTpyKTYpOOGPE3VIOLIHM BELECTROM MOPYT ObITh FJAHHEL, OKHC LI
Wenesa, KapOOHATH KaJbIHS, TVMYC H J06bLIe MOBEPXHOCTHO-AKTHB-
Hbi€ BELIeCTBA.

Autunos-Kaparaes [4] Boiiensier TpH THIA arperaton, KOTOPLIE
Pa3HualoTca no XapakTepy CBS3H MEXKAY NEPBHUHBIMH MEXaHHYC-
CKHMH YaCTHILAMH H HX arperatamMs.

B nepsom THne cBs3M MEXKAY MeXaHHUECKHMH YacTHLAMH OCY-
IECTBAAIOTCH NPH NOMOLUH NOJAVTOPHLIX OKHCJA0B H OOMEHHBIX Ka-
THOHOB, a MeXIy MHKpoarperaraMmH — HOBEpPXHOCTHO-aAcopGupo-
BAHHLIM IYMYCOBLIM BeulecTBoM. Takue arperartsl MaJdo VCTOHUHBEL

Bo BTOpOoM THUne nepBHMHLIE UACTHILI CBSI3aHbl MOCTHKAMHM, CO-
CTOSAIHMH M3 aJCOPOHPOBAHNBLIX HA BHYTPEHHEH NOBEPXHOCTH TVIH-
HHCTBIX YACTHI, H TYMYCOBBIX BelleCTB, CBS3H MeMAY MHKpoarpera-
TAMH MOryT OLITh ABOAKOro pofa: 1) vepes HOHOICHHbLIE TPVYIIILI
FHAPATOB OKHCH JeJe3a, aJIOMHHHS WK 2) uepes Kele30—TryMmart-
Hble KOMILIEKCH. JTH arperarsl 0084aialoT cpefHel YCTOHYHBOCTHIO,

B TperbeM THIE CBA3H MEMKAY NEPBHUHLIMH YACTHUAMM H arpe-
rataMn o0ycJoBJIEHb ajcopOuHell ryMYCOBLIX BEUIECTE B MeKna-
KeTHBIX MPOCTPAHCTBAX TJIHIHCTLIX YacTHL. Arperarnl Takoro crpoe-
HHS 00J1a71a10T BLICOKOH VCTORYHBOCTLIO.

Caenyer pasanuyaTbe TPH CTYIEHH, TPH 3TANA SBOJIOUHH MNOYBEH-
HOFO arperara: MHUeN a8, MHKpOarperaT # Makpoarperar,

Muuenas — 37eKTPHUECKH  3apAXKeHHbIE UACTHLL Pa3MepoM
0,2 Mem u menee. [IpeoGnajaomasn yacts MNIHHHCTHIX MHHEPaJoB
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COCTOHT W3 Takoro poza uactuu. HMx colepaanue onpepenser nai-
GoJiee CymecTBeHHble HHIHUECKHe CBOHCTBA TOYB: aAre3nio, Kore-
3HI0, a1COPOLHIO H NPOBOIUMOCTD.
b Muxpoarperatsl HMelT  pas-
meput 2,5-10-% em u MeHee. OHH
00J1a1a10T BBICOKOH NPOYHOCTLIO
H YHPYTOCTbIO, VCTOHUYHBLI B HEH-
TPajdbHeIX #H  cAadolleJS0YHbIX
pacrsopax. M3 taxoro pona ua-
CTHI CJ0MEeHL ToNH néccoB H
JECCOBHANBLIX MOPOA, ARAAIONLHX-
cst Haubosee pacnpocTpaHeHHbl-
MU [I0UBOOOPAZYIOWHMH 1OPO/LA-
MH, CHCTeMBbl M3 MHKpoarpera-
TOB XapPaKTEepPH3VIOTCA cpeiHed
MAOTHOCTLIO, Gauskon k 1,0—
1,6 reem™ m nopucroctnio 40—
45%. lMopucTtocTh MHKpoarpera-
TOB ABJACTCH JIeMeHTapHOH, TaK
Kak 00yCcaoBACHA MEXaHHUECKHM
COCTAROM TTOPOJLLI.
MaxpoarperaTsl MMEIOT pas-
Meput ot 2,5-107% em a0 | oM.
[TnoTHOCTL CHCTEMBI MaKpoarpe-
raTos, HadJlolaeMasg B I'yMyco-
BLIX TOPH3OHTAX psjga  [10YB;
AePHOBO-NOAIOTHCTHIX, cepbix
JECHBIX, YEPHO3EMOB H KAlITaHo-
BRIX —OnH3Ka K 1,1 r-eMm—. a
nopuctoetb — K 60%  noanoro
o0beMa NoOYBL.

EI KadKOM HanpasJeHnH HiMe-
HAETCH arperaTHbLIl COCTAB Ma-

&0

o
1014

| :
£ g 2 .?I' é’ Lgﬂf}.l] TE[}HHCHH."{ II{}|JU£|. B l[[}D].T.E*IL'C'E noy-
1 i

- P (R . poofpasopatus, BHINO H3 pHC. 3.
10 3 10 925 005 00t 0001 mm JéccoBnanblit - CYIVIMHOK  CO-
AEPHKHT MeXaHHUYEeCKHX YacTHU

Pic. 3. Mexammuecknit u arperaruwn = MeHee 001 mMm—20%, a arpe-
coctaB Aéccomnamoro cyrammka (1, 2) TATOB Tex ke pasmepoB — 2.0,
It 0OLIKHOBEHHOrO wephosema (3—5).  MexaHwuecknx uactuu 0,05 —
72 sispostpirarumt soerons o Gomy 001 Wy —55%, a arperaros Tex
ol G e osope e pasuepon —70%; Tyuyeo-
' peraThal cocTaB,  prifi rOpH3OHT uepHO3eMa Cco-

JIEPKHT MEXaHHUECKHX YaCTHIL

menbue 0,001 mMm—35%, a arperaros senbwe 0,001 mm —
2,5%; mexanumueckux wactui 0,05—0.01 mwm - -35% wu arperatos
ITHX pasmepoB— 35%. Huaue rosops, B npouecce ofGpazoBanns
JIECCA BO3IHKALT CHCTEMAa YCTOHYMHBBIX B BOJIE MHKPOATPEraTos, Das-
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Mep KOTOpBIX H3MEHHETCA B OMEeHb V3KHX Npeleax, NPeHM VIecT e -
Ho or 0,5 po 0,01 mum. OOpasosanne Bepxiero ryMycoBoro ropHzon-
Ta YepHo3eMa CONPOBOXKAACTCH BO3HHKHOBEHHEM BOLONPOUNLIX MalK-
poarperatos pasmepom 1—7 mum. Ilockonsky B 1nousax ¢ xopouo
pasBUTON CTPYKTYPOR Maxpoarperarhl COCTOAT H3 MHKPOArperaros,
4 NnochneiHHe — H3 H'E"FF.I-H‘-IIII:IZ'L HacTHU, TO IMNOPHCTOCTH HOUYBEHHBIX
arperaTon He SBJAETCH 3JEMEHTapuol, a COCTOMT H3 1O MeXKJV
HePBHUYHBIMH vacTHUAMH H HX arperatamu. [To sroil npuuune naor-
HOCTL H NOPHCTOCTH IOYBEHHBLIX ArperaToR 3aBHCHT OT HX pasMe-
POB, 4TO HWIHOCTPHPYVETCA AaHHLIMH Taba, 1.5.

Tabauga 1.5
SABHCHMOCTE NJAOTHOCTH M NOPHCTOCTH Arperatos o7 MX pasMmepon (uepHoiem)

Pagtsepid arperaron, s '
¢JI:’|-II"1E{‘:1'IIE CIGICTHA A
A pe HITCKEN
SEpp Y 7-5 5.3 5 2 21 | 1-05 i
[laoTHoCTL I-CM % . | 1,34 1,43 1.49 .53 1,66 | M. H. lloasckuil
Nopucroers (%) . .| 48,0 45 42,7 40,0 6.0

I3 3Toit TaGanunul BHAHO, Y4TO ¢ YMEHLIUGHHEM pPAasMepoB arpe-
raTosp NMJAOTHOCTH HX BO3pacraer, a nopHcrocTe najaer. Ilpu stom
arperathl pasmepom 3—I1 MM M3 CYMYCOBOrO TrOpPH3ONTA YePHO3E-
Ma XapaKkTepH3yIOTCsl AOBOJLHO YCTONUMBOH IJIOTHOCTBIO, 0JH3KOI
K 1,5 r-em™, u nopucroctsio pasioii 41—45%. JaHHbiMK, XapaKTe-
PH3YIOUHMH [IOTHOCTD H NOPHCTOCTL MUKPOArPeraTon, claralomnx
NECcChl M JECCOBHIAHLIE FPYHTLI, a8 TAKMKE MAKPOATrPeraToB ryMycoBhIX
FOPH3OHTOR TMOYB, MBI HE pacrnoJaraeM 3a OTCYTCTBHEM HaJeKHOM
mMetojnkn, CyllecTBoBaHHe TpejleNa CHKAaTHS LA MHKPOAarperaTHbIX
nous #W TpyHTOB, paBHoro maotHoctH 20 r-cm—*, sasasercs
KOCBEHHBIM JIOKAIATEJLCTBOM TOI'O, UTO IJNOTHOCTh NEPBHUYHEIIX
arperatos Omn3ka K 2 r-em—?, a nopucrocts — K 26%.

Urobul yOeauTbCA B TOM, YTO BEAHUHNA IJIOTHOCTH 2 r-cvM 7 sib-
JSICTCA NPeAeJiOM VIJIOTHEHHS TJAHHHCTEIX M CYIJHHHCTBIX TPYHTOR,
obpaszel] JecCOBHAHOro CVIMIHHKA miaoTHoctkio 1,6 r-em™ n obpasen
113 BePXHEH 4acTH TYMYCOBOr0O TrOPH30OHTa YepHO3IEMa NHJIOTHO-
¢tbio 1,1 recv™ GbIH NOABEPTHYTH CHKATHIO BO BJAAHHOM COCTOS-
Huu nog Aasaennem 100 arm. Pesvabrartel HeeleloBaHusa npusee-
Hbl B Taba. 1.6. [lnoTHoeTe 060HX 00paslos Nocae cxaTHs okasa-
Jach NoytiH oJHHaxkosol. LetecTrreniiblil oca/loK Mexaluecknx va-
ctiy 0,001 MM 1 mMeHee B BHie reas usen nyaothocrs 0,15 r-cm—?
u nopnerocts 95%, a B aGCodIOTHO CYXOM COCTOAHUHN - MAOTHOCTDL
2,04 r-cv— w nopueroeTs 24 9%.

[louBennunie arperartnl, VCTOHUHBLE B HelTpaaLHON 1 caabolie-
JIOUHOH cpefle, HacTo PaspyiialTcd B KHCJABIX H CHALHOLLEAOUILIX
pacrsopax. B nousax 60J0THOro, NOA3OJAHCTOrO H COJOIIOBOIO TH-
OB arperaTnl noapepraioTcs paspyvuennio. Ilpu stoMm rannuerbie
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Tabauya 1.6
MAOTHOCTL ¥ NOPHCTOCTL NOMBE W TAWH

Fopu- | TCayouna |Tlaomiocts ,E‘nﬁe‘:&. q&ﬂf‘ AbitEs

Huaisamue nodn o ranH . —
JOMT {Cx) (recu3) o3y | (%)
[ToasoancTo-raeesan B 45—50 | 1,98 2,60 | 28,3 | JI. [1. Po3zos
Temuo-cepas ¢ npuana- | B 30—70 |1,9—2,0] 2,81 | 27,0 | A. A. Poae
KaMmu 2a001a4HBAHHA
CoaoHeu Kopkopo-ctoab-| B | 25-30| 1,90 2,63 | 29,6 | . H. Muuy-
qATHIH pui
XBAALIHCKAA [AMHA C [250—-350] 1,90 2,70 | 30,0 | C. H. Purxos
[Mecuanan ramnwa 3somne- | C 1.99 2,99 | 23,1 | &p. Bepn
HOBAH
Baayuuwi cyramiok C [220--250] 1,93 2,67 127,7| H. C. Ba-
CHALCB
Jéccosuanuit cyramnok, | C  |300—350] 2,04 2.7 | 24,5 | B. H. Muuy-

CHATHIH BO BAAKHOM PHH
COCTOAHMK MO AaBje-
wuesm 10 atm (Havaab-
HAX MNJAOTHOCTH

1,6 r-em™%)

O6pazew uepnosema, cika-| A 0—20]| 2.06 2.6 |21.0 y
Thili BO BAAWHOM COC-
TOAHHH NOL AaBJIeHHEM
100 artm &uauaxmmu
naotHocTk 1,1 r-cmM—)

Ocaftok  MeXaHHYeCKHX
qactuun < 0,001 s

a) rean 0—20]| 0,15 2.7 | 94,0 3
6) B aGCOMOTHO CYXOM | — 0—20| 2,04 2.7 | 24,5 .
COCTOAHHH

HACTHUBLI BuoIMBIBAIOTCH B OoJee yOOKHE CNOH NOYBEHHON TOJILH
¢ oOpaszosaHHeM HIIOBHAJBLHOIO TOPH30HTE, NMJAOTHOCTL KOTOPOro
aocruraer 1,8—2,0 r-cM™, TPpVAHO NPOHHUAEMOro AAs BOJALI, BO3-
Ayxa M KopHeil pactenuil. B noysax uepHozeMHOro THNa, a Takke B
NnoYyBax JAPVIrHX THNOB, ¥V KOTOPLIX NMOrJoIAIOIIHI KOMIJAEKC HAchl-
HICH ABYXBaJIenTHLIMH KaTnoHamu Ca™ u Mg, MUKpoarperarsl CKJ/e-
HBAIOTCH FYMYCOM B KpPYIHBIE arperatnl, 4to BJedeT 3a coloil no-
BEILIEHHE BOJlOyepAKHBAOWEeH CcrnocoDHOCTH H aspauHH 1104B,

Ha cTtpykTypy noys OKasbiBaerT CYLIECTBEHHOE BJAHAHHE Mexa-
Huueckan obGpabGorka: Benawka, GoponoBanume u np. IlepBrunas
AUCHEpPCHOCTL W ee O00OOLIeHHBI NOKasaTelh — yledbHas NoBepX-
HOCTL — IIPH MeXaHHuecKoi o0paboTKe COXpPAHSIIOTCA NOCTOSHHBIMH
CBOHCTBAMM Jlannoit mMaccul noussl. Bropuunasi, WaH CTPYKTYpHas,
AHCNepcHOCTL # ee 0600LeHHBIH NOKa3aTeab — o0beMHBIT Bec nou-
Bbi — MOTYT H3MEHATHLCH B 3ABHCHMOCTH OT BHEINHHX BO3AEHCTBHIL:
YBJAAKHCHNA, BLICHIXaHHA, H3MCHCHHS COCTABA NONIOUEHHBLIX OCHO-
BAHUN, COACPHKAHHS rymyca, ACATebHOCTH KOpHEH pacTenus, Me-
Xanuueckoit ob6paGorku, BheceHus yaoGpenHilt M HCKYCCTBEHHLIX
CTPYKTYpooGpasoBaTteneil.

Cymecrsyer paja arpotexnHHueckux cnocoGOB BOCCTAHOBJCHHS
CTPYKTYPLI [OYB: H3BECTKOBAHHE KHCJBLIX 10YB, I'HICOBAHHE COJNOH-
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1LOB, NOCeB MHOrOJeTHHX Tpas, upPHMEHEHHe HCKYCCTBEHHBIX CTPYK-
TypooGpasosatesen. B3aanmoneicrsue CcrTpykrypooOpasopareneit
NOYBOH COCTOHT B aACOPOIIHH Ha NOBEPXHOCTH MOYBEHHLIX YaCTHIL
poAuMepa H 00Pa30BAHUH MOHO- H HOJHMOJCKYJIAPHOro caos. IJTH
MOJHMEPHbIE MOCTHKH CKJICHBAIOT 1OYBEHHBIE MACTHILL B BOJAOINPOY-
Hble arperathl, 06JaJaoUINe BLICOKOH MOPHCTOCTLIO.

[Tpeacrapaenne 0 TOM, 4TO [OYBLI COCTOAT H3 arperaros, KOTO-
pble B CBOIO O4epeldb COCTOAT W3 eule 0oJee MEJIKHX arperatoB H
nocjAeAnHe — 13 NePBHUILIX YaCTHL, 3acraBasier paccMaTpHBaTh
HeeaejoBaine (QH3HYCCKHX CBOHCTB NHOYBEHHLIX 4YACTHLL Kak OJHO
H3 riaBHLIX HanpasieHHH passBuTHs nouBeHHONl GuankH. CAOKHOCTL
MOYBEHHON CTPYKTYpLl npospasercs B dopme nepapxuu. Hepap-
XH4eCKHe cHcreMbl 00Jajaior OOIMIHMH CBOHCTBAMH, HE 3aBHCHLLH-
MH OT KOHKPeTHOro cojlep:maHus THX cHcereMm. Bee st cHCTeMbl
ONHCLIBAIOTCH B TEPpMHHAX HX NPOCTPAHCTBEHHOro pPaciunoJoMeHus
Ha OCHOBE UPHHINIA NOAOOHH.

1. 5. Mojean cTpykrypm nous. TeopeTHHecKHe HCCaAeL0BaHHA
NOYBEHHOH CTPYKTYPbl BHINIOJAHSIOTCH € NOMOULBIO MOJENH «HAeallb-
Has nousa», [lox sTem TepMHHOM NOApa3yMeBAETCH TENO, COCTON-
iee H3 WapoobpasHbIX HacrHll OJHHAKOBOrO pasmepa, HCNoOJAb3ye-
MOE B KauecTBe MOJEaH JJIA H3YUeHHd Iop, NOBelleHH:A BOJAL H BO3-
Ayxa B nopucruix renax. Wlapst pacnoaarapores B Moaean B npa-
BHAbHOH CHCTeMeE, [O03BOJIAIILEeH IPHMEHATL K HEll reoMeTpHYecKHe
nouaTHA. OraenbHble WAapLl YNAKOBLIBAIOTCH Tak, 4To 06pasyior
FeOMETPHYECKYIO QHrYypy, KOTOpas OeCcKOHeuHOoe HHC/I10 pas [oBTO-
pserca B npocrpancrse. dta ¢urypa cogepxut B cebe Bce cBoilcT-
Ba NpOCTpaHCTBA NOPHCTLIX TEJ H Ha3bBaeTcs AYeHKOH CTPYKTYpHI.
Takas siueitka CTPYKTYpPLI NO3BOASET H3MEPHThL PACCTOSIHHS MEMJLY
LEHTPAMH YaCTHIL H YIVIbl, @ 3HAYHT, BCE reOMETPHYECKHEe CBOHCTBA
CHCTEMDBI, TAK KAaK BCE IPOCTPAHCTBEHHLIC H3MEPEHHH CBOMATCH K
H3MEPEHHIO JHHHI H YIIoB, Pasinyusa B reoMeTpHUecKHX cBOHCTBAX
CHCTEM 00'bACHAIOT PAa3HHILY B HX PH3HYECKHX CBOCTBAX.

Muorne HccaefoBaTeNIH HEAOOUEHHBAWT METOJL MOMAeed, CuMH-
Tasf, 4TO MOJAeJdb H3 WAPOB He COOTBETCTBYET AeHCTBHTEAbHBIM (op-
MaM I[MOUYBEHHLIX YaCTHILL. Ha caMoMm Jlene, oT 1NOYBCHHOH MOICJIH e
Tpedyercss NOJAHOrO COBHANEHHS ee CBOHCTB CO CBOHCTBAMH pealib-
HOH 1ovBLI., Mojaenb 1103BOJAET BLIAIBHTL JOMHYECKOE H CTPYKTYpHOE
CXOACTBO MEMAY CHCTEMAMM, CBOHCTBA KOTOPBLIX XOPOLUO H3BECTIILI,
C CHCTeMaMH NOoAOOHBLIMH, HO ¢ HEeH3BECTHbIMH c¢BoncrBamu. Mocra-
TOYHO CXOJACTBA MEMAY MOJIefblo H ee peajbHbiM O00bEeKTOM TO/MbKO
B onpeAenciibiX OTHOWEHHAX, aHaJOrHYHO CXOACTBY Mexay Kap-
TOH n mecTnocTblio. Hume mMpl ybeaumca B ToM, uto MHOrHe ¢husn-
HeCKHe CBOHCTBA eCTEeCTBEHHbLIX TNO0YB MOMKHO NpeiAcKasaTh ¢ lio-
MOULBLIO NPOCTON MOJAEJAH H3 1IAPOB H CHPABEAJIHBOCTL NOJYUEHHBIX
BLIBOJLOB [IPOBEPHTH ONLITOM,

[HlapooGpasubie 4acTHIL, H3 KOTOPHIX COCTOHT MOJEIL NOUBbI,
MOryT OblTb PasyHuio PACHONOKEHb N0 OTHOWEHHIO APYI K APYTY
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(puc. 4). Tlpn nanGoaee PuIXJION YNAKOBKE UCHTPLI WAPOB Paciio-
Jaraioress 1o yraam KyOHUeCKOi npoctpainctsennoil peuwerkd. Ta-
KOe pacroJoKeHHe WapoB HasuBaerces KyGuyecknm. [Ipu sTom Kak-
ABA WAp CONPHKACAETCA C IMECThblO Apyrumu wapamu. [Ipn poix-
JIof yNAaKOBKE JIHHHEH, COELHNAIOUIHE NeHTPLI 1apos, obpasylor Ky
CO CTOpPOHOH, paBHOM AHameTpy mapa. O6nem nop B Takoit gurype
Oyner pasenl pasmnoctn o6bemoB KyGa co croponoit R u mapa aua-
MeTpoM d, T. e.

i 3 T
P.,zd“-—-%:(%), Ham Pyo=1—-—=, (1.18)

oTkyaa Py = 0,4764, nan 47,64%.

—_ .

Pue. 4. KyOGunucckan (cayuai /) w rekecaronaasdas (¢ayuai 2) ynakoBKa apos.

Kaixaan saemenrapHas nopa umeer ¢opmy OKTasfipa ¢ BOriy-
THIMH Cepuueckumy rpausamu. Paguyve nandosiee V3KHX 1IPOXOAOB,
COCAHMHAIOIMHUX cOCeiine Nopbl Mexay coboil, HaMepseMLlll paluy-
COM Kpyra, BIHCAHHOTO MMy HeTbLIPbM# COCeMNHMH YacTHILAMH,
pasen

ry = 0,41 R, (1.19)
rae R — paauyc wapa.

Paauyc camoit nopst, HaMepseMbiii paanycom rs wapa, BinHcan-
HOTO MEMAYy BOCEMbLIO CONPHKACAIOUIHMHCH wapasmu, pasel

r.=073R. (1.20)
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Q6LeM oKkTazApHueckoil nopn pased 3,82 R
Beauunny VAeJALHON NOBEPXHOCTH MOMHO BLIMHCIHTL CICAVIO-

HIHM CNOCcoGOM.
[Tpn kyGHUECKOM pacHosoMKenny wapukop oGbeM aueilkn pasen
obbemy Kvba Vi co croponoii 2R,

V=2 K%, umn: V=8 =g" (1.21)

[loBepXHOCTH AMENKH paBHAa NOBEPXHOCTH OJIHOIO ldpa, BHHCAH-
HOTO B KVO:

Su=4=R" (1.22)
O6nLemM BIHCAHHOrO lHAPA PaBeH

o O i e o

Vi =—¢ ; (1.23)

YIeabHas NOBepXHOCTh AUCHKH npH KyOHUeCKOH VNaKoBKe pap-
Ha

4 =R- .
51';: Wj (1. 2-1')
= = 1
HAn Sy =g — g 0OT noJanoro obbema aueikn. Eaunuua usmepe-
M
HHAL Si = — = eM~L
L

[Tp nanGosee nA0THOINH YHAKOBKE UEHTPLI WAPOB PACHOJOACHL]
B BepuHHax pombosapa, rpaHd KOToporo spasiorces pomGamu ¢
AJAHHONH CTOPOHBI paBHoOH Anamerpy wapa. Takasa ynakoBka Ha3sbl-
paeTca rekcaronaawnoil. O6wem pombosapa (V,) paren

V,=d*(1—cos0) )1 +2cos?, (1.25)

rile d — auamerp wapa; 0 — yros, o0pazoBanubii JHIHAMH, COCIH-
HAIOMMMMH LEHTPH 1Wapos.
OGbem uacTeil wapa, naxogsuerocss B pomGosape, COCTABAACT
B CYMME HEJLIH wap
el

Vi = —5—. (1.26)

Hoaa o6nema wapa V,, ot nonnoro odnema cucremsl ¥y cocras-
asieT

v = B
7= — (1.27)
P G(l —cosl) JV1+2cosl :

Ita popMyaa Brepssie noayuena Canxrepo.

ITpn rekcaronanbioil ynakoske wapos 0=607

! : = : n
c0s O=— # VT+2cosb =72 nosromy - =— —===0,741.




[Topucrocrs cucremsl Py pasua

Py=1——2

B cayyae rekcaroHa/blOll YNakoBKH I1UAPOB 3JeMeHTapHble
HOPHl HMEIOT ABOAKYI0 (opmy: TeTpasapHueckyio W pomGo3apHue-
CKYIO, C BOFHYTEIMH chepHuecKHMu rpausmu. Paauyc nanbGoaee ys-
KHX HPOXOAOB, COEAHHSIOMINX MeXKAY cof0ll coceaHHe MOphLI, H3Me-
PAEMBIl paanycoMm Kpyra, BIHCAHHOTO MEKAY TpeMs COCeIHHMH
apamu, HpH rekcaroHa’JdbHoOR yvnaxkopke pasen 0,155R, rae R —
paauyc wapa.

Paanycnl wapoBs, BOHCAHHBIX B TETPA3APHYECKYI0 H poMmGo3apH-
HECKYI0 1OpPbI, T. €. NONEPCYHHKH IOCICANNX B Haubojace IHPOKOI
HX uacth, pasun 0,288R u 0,414R coorBercTBeHHO.

O6weMbl 3THX nop cooTBercTBeHHo pasnnt 0,21R* u 1,063,
Ecau npunsth OOULYIO MOPHCTOCTb NPH TEKCATOHAALHON YVIIAKOBKe
25,94% 3a 100%, 1o 28,4% Bceii MOPHCTOCTH NPHXOAMTCH Ha NOPLI
rerpasapuueckue u 71,60% — na pomGosapuyeckne.

B cayuae rekcaronagapHoit ynakoBKH yjeJdbHas 1OBEPXHOCTh CH-
CTeMbl BoMHCAsCTCH caedyiowHM crocobom. [lpu rekcaronanbmoi

ynakopke 0 =060", cos = %— l —cos b -—_~~_‘]? mY1+2cosli=)2.

» P, =0,209. (1.28)

[Tocae noacTanoBKH 3THX YMCJAGHHLIX 3HAYCHWIT B ypaBHEHHE /S
obbema pomOo3Ipa NOJYYHM

V,=4R*V2. (1.29)

YiaeabHasd NOBEPXHOCTh MOHOLHCHEPCHON CHCTeMBl B Haunboaee
JIOTHOH yakoBKe paBHa

4 =R?

S = — ) 1,
"“iRyzZ RYyZzT O

Yaeabuas nopepxHocth 06GpaTHO NPONOPIHONAILHA pasmepy
SEpen N NpaMo NponopuUHOHAIbHA MHCAY 3epen B ejauHuile ofbema
3N

o

Ecan yaeasnasi 110BepxXocTh eHHHYHOTO Aapa paBHa YCAOBHO
CAHHHIC, TO VeJblas NOBePXHOCTH AYCHKH NpH KyOHUECKOH yna-
koBke pasna 0,50, a upu rexkcaronanwnoit ynakosxe 0,66 yaeabnoi
HOBEPXHOCTH eIMHHYHOIO Wapa.

Tabanua 1.7 wamocTpupyer HaMenenue reoMerpHueckHx Xapak-
TEPHCTHK NOPHCTON cpefibl ¢ yMeHblIennem pajauyea wapa [27].

O6beMm Mnop, COMIACHO 3TOMY PACYeTy, He 3aBHCHT OT pasMepa
3€pel TBepPALIX YACTHIL NMOYUBL NPH YCJOBHM, €CJOH BCe OHH OfHla-
KOBBEI 110 BeJnunne, opme u pacnoaoxenuio. Beawunna nosepx-
HOCTH 1pH 3TOM 0GpaTHO NponopunoHaabHa pajnycy wapos, Yucano
TOYEK CONPHKOCHOBEHHS C YMEHbLIUeHHEM BeJHYHHBI LIAPOB VBEH-
THBACTCH NPONOPLUHOHAJILHO TPeTbeill CTeneHH.

(1.30)

Sy = (1.31)
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TaGauya 1.7

HameneHne reoMeTpHYECKHX XapakTePHCTHK NOPHCTOR cpeaw
€ YyMeHsWICHHEM PajHyca wapa

Panuyc urapa

CepueTpHdeckai

XapAKTEPHCTIKD = L -

3 4 |
O6vem nop (dr)r — IT (2r)2= | (4r)2 — 3% (ry= | (dr)pp— ﬁ_iT(_;_)

s
Beanunua no- | 1,4(2r)= = 16rz | 8,4(r)*= = 32r2z | 64,4 (T) . = Gdpin
BEPXHOCTH <

nop

YUucao  Touex 6 B : 6
CONPHKOCHO= 5 =3 8.5 =2 645 = 192
BeIHA

Ecau v oanoro mapa paamyc nTpoe Goablie, 4eM y APYroro, 70
naolllanb MopepxHocTd nepsoro wapas9,aobuem s 27 pas Ooablue,
yem y Broporo. O6o0uan, MOMKHO CKa3aTh, 4TO €CH pPaanychl wa-
poB orHocsTes Kak 1:L, To njowann ux noBepxHocTel OTHOCATCH
kak |: L% a o6bem —kak 1: L%

M3 dopmya (1.18), (1.28) caeayer, uto NOPHCTOCTE HiEaJbHOI
MOYBBl MOMKET H3MeHsTbCs B npexenax ot 259 no 47,6%. [lopu-
CTOCTb ECTECTBEHHBIX MHHEPaJBLHLIX TOYB H TPYHTOB H3MEHAETCH
B Gosee wWHpoKoM aHanasone, ot 26 go 66%. CaenosaTtennuo, npo-
cTefiline MOJeJIH CTPVKTVPBL, ONHCAHHBIC Bbillle, HE OXBATHIBAIOT
Beex (Grakros onsita, [IpHYHHEB 9TOro orpalHYeHHs 3aK/1I0UaIOTCS
B TOM, UTO OCHOBHLIX CHCTEM PACHMNIOMEHHS WAapoB 3HAUHTEJNLHO
foJblIe, YeM CJaelyer M3 3THX Mojedaeil. Kpome Toro, reomerpus
JAeT BCe BO3MOMKHLIC CHCTeMBLI PACHOJOMEHHS MOYBEHHBIX YaCTHLL
a He TOJBLKO AelHcTBHTeNbHMe. B Kakoit mepe Ta HJIM HHas yna-
KOBK2 IUAPOB OTPaMaer CTPOCHHE pPeaibHbIX TNOuB, JIOKa3biBaeTcs
ONBITOM WJIH TpHMeHeHHeM 3aKOoHOB ¢usukn., OnwT nNoKasbiBaer,
YTO B TEPMOJHHAMHUECKHX VycaoBHAX o6pasoBaHHd ocCaJ0YHBIX
NOpPoOA H MOYB MOTYT CVILECCTBOBATH CHCTEMbl, IJOTHOCTH KOTOPLIX
koaebaercs or 08 ao 2,0 r-em—*, a nopuecrocts — ot 70 mo 269%.
[Tousw u ocaiounsle NOPoOJBLI ¢ nopucrocTelio Menee 26Y%, ne ncrpe-
qatores. M3 onwita Takme H3BECTHO, MTO NOYBLI ¢ PASBHTOH CTPYK-
TYPoOil COCTONT M3 MakKpoarperaToB; Kpynible arperathl COCTOAT
3 Gosee MeJKHX HJIH MMKpoarperaTtos, a Nnoc/eiHHe TNpeacTabisi-
0T coboli NpoYHBe COeLHHEHHs H3 YACTHIL NECKa, NbLIH H IJHHBI,

Hcexona w3 pesyabTaTos onbiTa, MOMHO BbLICKA3aTb Npeanogo-
HEHHE, 4YTO pPa3jHyHd B IMJOTHOCTH H NOPHCTOCTH [MOYB ABJAKTCH
CACNCTBHEM pPa3juMs CTeNeHH TeKCcaroHaabHol YNaKoBKH 1oY-
BEHHLIX wacTHIl. Kamiaan nouseHHas 4acTHlla cO3/l4€T BOKPYr cebs
CH/IOBOE MoJe, B KOTOPOM HaXO[ATCH CMEKHBLIE YACTHILL, TOJABep-
raloltHecs AercTBrio 310oro noas. CHabl, JEACTBYIOLULHE HA NOBepX-
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HOCTH MOUBEHHBIX YacTHIL H B o0Leme (copOGunoHHbie, Kanuaasnp-
Hbie, FPABHTALHOHHBIE), HIMEHHIOTCA € PAaCCTOAHMEM: MO0Je HOTeH-
Hajga MexKAYy TOHKOJAHCNEPCHBIMH (KOAJOMAHLIMN)  qacTHilaMi
I noJe NOTCHIHAMa MEAIAY HX arperataMi HMEIOT pPazjHYHYIO NPi-
poiy n seanunny. Tlostomy mMHOrocrenennas ynakopka nouseHHbIX
HACTHIL NOPOALAET (PHIHYCCKYIO I NPCIK/IC BCEro IHEPreTHYECKYIo
HEOLHOPOAHOCTL MOPOBOIO NPOCTPAHCTBA MOUB I rpyHTOR. OTCI0M4
BO3HHKaeT ape 3anaun. llpexie scero HeoBxoaumo g Kama1o0ro TH-
na NOMB I FPYHTOB HANTH COOTBETCTBYIOULVIO CHCTEMY CTPOEHMS MOY-
BEHHLIX 4aCTHIL 3aTteM cAelyver pasiuune B QH3IHYECKHX CBONCTBAX
nous O0LACHHTL CTPYKTYPHLIMH 3akoHamu. B dmanke uacro BCTpE-
HAI0TCA COOTHOWIEHHS, BBIPaKAiOUIHEe MPONOPLUHOHAJLHOCTE J1aHHOII
BETHUYHHL BTOPOH, TpeTheil M T. M. CTeNeHn Kakol-anGo APYyron se-
Jduupibl. Takue coorHowenns HasLIBAKTCS CTENenlbiMH 32 KOHAMIL.

Koanuecrsennnie npeactasacnus o CTPYKTVYPE MOMB MOMKHO pa3s-
BHTb Ha OCHOBe H3BECTHOH 3aBHCHMOCTH MeK/1V OOBLeMHLIM BeCcoM.
VACGAbHBIM BECOM H KO3 (PHIIMEHTOM NOPHCTOCTH

D=t (1.32)

rjle D —obbemMublil BeC; p-— VAeABHLI Bec; p ~— Koadpuinent no-
PHCTOCTH, npeicrasisiomuin coboit orHoumenne o6LeMa, 3aHITOrO
nopasmu & oOwemy Teepaoil dasu nouss (29,

HockoabKy BesHuHHA VAEABHOrO Beca He HCNBITHBAET cvirecT-
BEHHLIX H3IMEHCHHH B MOYBAX Il 'PYHTAX, TO EHHCTBEIHO BO3IMOMK-
HOM TPHYHHON N3MEHeHHst NJAOTHOCTH M MOPHCTOCTH HX SBJSETCH
CHCTEMA VIAKOBKH NMEPBHYHLIX HaCTHIL B arperatiul M cHcTeMa yna-
KOBKH CAMHX arperaTos.

Ecait OTYCTHTB, 4TO MCXaHRYCCKHE UACTHIL OAHOPOLHBI I yna-

KOBaHLI B FEKCAroHAALHOI CHCTCMC. TN KOIPMHUNEHT NOPHCTOCTI
” 0,26
Takoi cucremwl Oyaer pasen P =571 = %d9. Tloacrapnas srto
3HaYCHHe KOIMGPUUHEHTA NOPHCTOCTH H 3HAYCHHE YAensHoro Beca,
paBsHoe B cpeanesm 2,7, 8 vpasuenne (1.32), noavuaem:
2

9. - Al |
D, __TBTH&:E'U r-emtou Pt=(l———ﬁ)m“=355’h-

Ecan  jponyerurts, urto nepsuunbie arperatisl ¢ IJIOTHOCTBLIO
2,0 r-cM™?  ynakoBaHbl TaKme B TreKcaronasbHOI CHCTEME, TO
i NJ0THOCTD CHCTEMLE MHKpoarperaTop Ha OCHOBAHHH VDaBHEHHs
(1.32) Gyner

. 2,0 o . 1 =3 1,45 — 2%
.rr.]: —. m—— ].45 '-CM H .I”-_- — (l _ 'W‘) 100 = ‘1‘512!‘U-

Ecitu gonyernts nasee, uto MUKPOCTPYKTYPHASE CHOTEMA € MJOT-
HOCTbIO 1,48 1-cm—3 pacunenena ua BOJLONPOUYHbBIE Makpoarperathl,
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VIAKOBaHHbIE B TOil e rekcaroHaabloil CHCTEMEe, TO Ha OCHOBAHHH
vpasaenus (1.32) noayunwm:

1,48 | p g 1,1 -

Hactaule ypasHeHHS, ONHCHIBAIONIHE NPOCTHIE CTPYKTYPBLI, MOXK-
Ho OOBEAHHHTb M Hanucarh 0aHO obllee ypaBHeUMe s HCCAeno-
sanns Gosee caomnux crpykryp (1.33):

Dpy= 577> (1.33)

rie p-— yaeabHLIl Bec, n— MOKasarteib CTeleHH YHaKOBKH nou-

BEHHLIX uacThit (n=1, 2, 3); P— xoadupuunent nopucroctTin npu
reKCaronaaLHoM PacrnoJoMeHnH yacTHLL.

AR

Pue. 5. Cucresu  YHARORKN MeXAWHUYCCKNY  wacThm o arperaToR B novupax
orpyuTax (no Munypirny).
! — nepmimna® Noysennasw ancTHD; 2 — rexcaransaLiEs YOAKODKD NepINEHLX wacTHu:

d = reEcarol aLinn  YNAKOBKA MUKPOATPEraTOn: COPABE — rekcaroHaILEAR YIAROAKA
MAKPOErperaTan.

Ha puc. 5 nzobpamena tpexmepias Moxean usiieckoil CTPYK-
TYPbl TOYB B BHAE MIAPOB, MHOrOKPATHO VNAKOBAHHHIX B Iekcad-
rowansion cucreme [301, dra Moieab ocHoBalna mHa  aHAJOTHEH
MEXIY CHCTEMOH WAapor H CHCTeMON noupenuulx uwactiit. [Tounei-
HBe uvacTuilbl MOryt OLITLb HOJOOHW wapaM TOALBKO B HEKOTOPBIX
OTHOLeHHAX. MLl FOBOPHM, HTO MOUBEHHBIE UACTHILI VIAKOBEI-
BAIOTCsl KAk wapel, o6pa3ys cxoiauble CHCTeMb ynakoskit. B srtoil
MOZE/IH MPOHCXOAHT BCE TO, 4TO NPOHCXOAHT B PeasbHOil nouse.
10 OHa He 7ToK1ecTBeHHa peaabuoit nouse. ITo mepe pacinpenns
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HAIIKX 3HaHH, MLl BCerja roToBbl 3aMEHHTL OJHY aHaJOrHio Apy-
roii. [Tostomy HeT CMbICJa CNPAWHBAaTh, JEACTBHTENbHO JH TIOHBEH-
pas uacthia — mwapHK. Moxeab mousenHoii cTpyKTYpHl crana Gosee
copepileHHoOll nocae TOro, Kak OblJ0 BBeiAeHO TNOHATHE 0 MHOTO-
CTeNeHHON TrexkcaronajibHoll ynakoske mapos. Kamiaoli crenexy
YNaKOBKH COOTBETCTBYeT B NPHPOAHON oOCTaHOBKe onpeneneHHblil
THI TIOUBEHHOH CTPYKTYpLl, a ypaeuenue (1.33) moipamaer TOT
(hakt, uTO PaTHUNBIE THIB CTPYKTYDH M0YB H FPYHTOB BO3HHKAIOT
OJHH H3 APYroro nocpeicTsoM MHOTOKPATHON VIAKOBKH NOYBEHHBIX
HACTHIL B OJIHON H TOM Ke rexcaroHaJbHoll CHCTeMe.

OU3HIECKYIO CTPYKTYPY TOUBBI MOMKHO OIHCATL TaKKe ¢ IM0-
MOIWIBIO OTHOWEHHHA IIOTHOCTH CHCTEMBI K TJIOTHOCTH CJAaralouiHx

£e arperaTon

D, _D, D D,

— T e s B B B — D,T‘l — Gnﬁt‘ 1 r34

p D, D, Dy ¢ ( )
rae p-—yaeabusiii sec; Dy, Dy, D3 ... D, —cpenune niorHocTH

CHCTeM ¢ OJHOCTENEeHHOH, ABVXCTENeHHO, TpexcTeneHHoil H n-cre-
[eHHOH YHAKOBKOH NEPBHYHLIX [OYBElHbLIX YACTHLL B TFeKCATOHAb-
Hoit cuereme [30].

OTHOWEHHe NJVIOTHOCTH CHCTEMBI K [LIOTHOCTH CJAraionix ee
HAaCTHIL B CJyYyde TeKCaroHaJbHOH YNAKOBKH XapaKTepH3yeTc no-
CTOAHHLIM 4YHCa0M, paBHeiM 0,74, Dtor KoshduuHenT nokassisaer
100110 00beMa, 3AHHMAEMOro MePBHYHLIMH YACTHILAMM HJAH HX arpe-
raTaMi, H MoMKeT ObiThb Ha3pan KO3(hPUUHENTOM VIIOTHEHHS.

M3 vpapuenns (1.34) caeayer

Dy=0,74p, D,=(0,74)%p, Dy = (0,74)%p,
D, = (0,74)7p. (1.33)
[Moaaras yaeawvuwlil Bec pasubim 27 r-eM—3 u nmoabaysich top-
Myaoill nas pacyera obuielt NOPHCTOCTH, HAXOLHM:
Di=2r-cM? D, =148 r-ecm®, D,=1,1 r-cu™,
P, =0,26, P,=0,45, P;=0,59,

rie Py, Po, n P3—o6mas nopucrocth nepeoii, BTOPOH H TPeTheil
CTEINCHH YNAKOBKH 1IapoB.

M3 ypasuennsi Canxrtepa (1.27) caeayer, uto npu ojaHocTene:t-
HOIl reKcaroHaJLHONl ynakoske wmapos oO6beMm TBepaoil dazwl

B eluuHNe o0bema cHCTeMb .-H,:—q"_,a.. Han M;=0,74. Torga
L]' —
MHOFOCTENIeNHYIO TeKCArOHAJNBLHYIO YIAKOBKY LIAPOB MOMKHO BHIpa-
3UTH 1pocToil hopmyaoi
= o
= .. an M, = (0,74)" 1.
M, = (=", nan M, = (0,74)" (1.36)

A€ N —noKa3saTe bk CTeneHH YNAaKOBKH WLUAPOB.
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O6Gumyio nOpHCTOCTb CHCTEMBLI B A-CTENEHHOM rexcaroHalbHoil
VIIaKOBKe Haiaem u3 Gop Myl

P,=(1—0,74)". (1,37)

B TtabGa. 1.8 noxasam mnocaexoBaTe/AbHbLI DA 4YHCAEHNHBIX 3HA-
YeHHH OTHOCHTEAbHBLIX NJTOTHOCTENH IMOMBEHHBIX YACTHIL H HX CHCTEM,
naiaeHHbX IKCHePHMEHTAJLHO.

TaGauya 1.8

MaoTHoCTH NOYBEHHBLIX YACTHIL H HMX CHCTEM

OmnocnTeALnan

Yeaomimdn MAGTHOETE
IMoumemide wacTinllid i UxX CHETEMu afoIHaATe NN " MAGTHOCTE YacTi
MAGTHOCTH BN

[leppraubie Mulcpaiblible 4aCTHLLL . . % ayl
Mukpoarperatm . . ; D, 2,0
[1A0THHE HAMIOBHAABILE TOPHIONTEL HOUD Dy 2,0
MugpocTpykTypbic rpyut  (Jéccosnanuie 4

mopoas) . . . . .+ . . . . 1,9
Makpoarperata . T E S D, 1,3
Mouss (rymycoBbii mpn:mHT HI G W W D, 1.1

Ecai naoTtHocTh MHKpoOarperata pasiejHTbh Ha IITOTHOCTbL nEp-
BHYHOH YaCTHILLI, IJIOTHOCTb MakKpodarperata pa3ileaHTb Ha I1J0T-
HOCTh MHKpOarperaTta # NJOTHOCTL IOYBL Pa3jc.iHTh Ha 1JIOTHOCTb
Markpodrperarta, TO HafaeM, 4TO 3TH OTHOWEHHA OJAHHAKOBH i
PaBHb Eﬂ&[h[]]Hl[HEHT}-’ MOPHCTOCTH CHCTEMBL NPH rekcaronajibnon
VIIAKOBKE, T. €.

D,n=074, D./JD, =074, Dy/D.=0,74.

CJaefoBaTesibHO, 3KCHEPHMeENTaAbHble daHHble NOJTBEPAKAAIOT, uTO
OCHOBHBIE THIBLI CTPVKTYPEI MOYB H PVHTOB MOMHO BOCHPOH3BECTH
TEOPETHYECKH, Mpeamnojaras, 4ro Kak [epBHUHbIE IOYBeHlble 4Ya-
CTHIBIL, TAK H HX arperatsl Vnakosanol moxoOno mapas, B cCHCTEME
0.1M3Koit K rexkcarosaibioi. Cueremul ¢ naotnoctoio 2,0 r-em™?
it nopHcTocTblo, Gauskoit k 26%, scrpewatorcs B TIEeBLIX TropH-
3oHTaX 3a60J04YEHHBIX NOYB, B MHJJIIOBHAAbLHBIX TOPH30HTAX NOJ-
304108 # cononuos [43]. Cucremu ¢ naorHoctbio 1,5 r-em™ u no-
PHCTOCTLIO OKoJo 45% 1miHpokKo npeacrasieHbl B NPHPOJE MHKPO-
CTPYKTYPHBIMH [IOPOJaMH — J€ccaMH, JeCcCOBHANBIMH IOpoAaMH.
[lnoTHocTs cHeTeM Makpoarperatos, HabawogaeMas B ryMyCOBbIX
FOPH30OHTAX YEPHO3EMOB, KaIUTAHOBLIX, CEPBIX JECHBIX H JIEPHOBO-
noasoaucTeix noys, Gauska k 1,1 r-exm®, a nopuerocts —60% ot
nosinoro ob6bema [31_1.

B nousax ¢ passutoil CTPYKTYpOIi 0buiasi NOPHCTOCTL CJaraercs
W3 arperaTHoii M memarperartsoi nopucrocti. JAuddepenunanbnan
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MOPHCTOCTL MOXKeT OGuiTh BhluHCAeHa u3 ypasnenns (1.34). Ha oc-
HOBAHHH 3TOr0 ypapBHEHHS MOXKHO HanHcaTbh NPONopuHio:

¥ P, D

=5, (1.38)

rae T P,— cyMMapHas NOPHCTOCTb arperatoB B J0JASIX OT OGIIEro
oGbeMa MOuBH; P, — NMOPHCTOCTh eaHHMuUHOro arperata; Da—
NJ0THOCTL euHHuHOro arperata. Pemas nponopunio oTHOCHTENAbHO
ZP,, naxonum

3P, =—F—D. (1.39)

®opyyaa (1.39) sxksusaientna dopmyne Kaunnckoro mnas on-
peAeaenns cymmapiioi arperatHofl nopucrocti nous [19]. Jdefcrsu-

ik D
TeabHo, M3  Gopmvanl obuweilt nopHcroctd Py - I—HF— caenyer,

1T0 D= (1 —Po)p n Dy= (1 —Py)p. Toacrasass B dopmvay
(1.39) smecro D u D, ux noBble BbIpamenus, noayuaem (opmyay
Kaunuckoro

v . Pl —2P)
ZPy=—~r—p7 (1.40)

Pasnoctb mex 1y ofuieli nopucrocTsio cueremsl Py nocymMMap-
HOI arperaTHoll mopHcToeTsid P, COCTABASIET MeMarperatTHvio

Po—=Py,— 3P, (1.41)

Has MnkpocTpyrTypHoit chcremer dopmyaa (1.39) npuver sux
P [ il
P, = i‘— Dy Tax kak P, - 026, D, —20 u D;=1,48, 10
y
=P =019,
Bopmyaa (1.41) npumer Bua Pya, =P>2—XP, , ortkvia Py =
0,26. [las MaxpocrpykTypHoil cCHCTEMH TIpH Tpexcrenexuoil yna-
kosxe Gopvyaa (1.39) npumer sua

r

8 Py, =D, (1.42)

iy

Tak xak Py;=045; D,, —148 n Ds=1,1, to P, =035
PopMyda aam  pacueTa MeMarperatHoil TOPHCTOCTH NpPHMeT
BH1

Pow =Py —3 P, (1.43)

THH; KAk P:1.=ﬂ,59, TO PHﬂ.J '=D|25+

Kamauwii makpoarperar cocrout 3 mukpoarperatos. [Mostomy
BAKNO ONPeIeInTh CYMMADHYI0 MHKpOarperaTnyio HOPHCTOCThL M
MEKArperaTHyio NOPHCTOCT B MakPOCTPYKTVPHON CcHCTeMe.

30



Cymmapnas MHKpoarperatiasli nOOpPHCTOCTB B 3TOM  cayuas
paBHa

F‘nl
2P = b, Dy (1.44)

Tax xax Pa=026, Dy, =20 u D;=1,1, vo P, =0,14.
MexMukpoarperatias nopHeTocTh Py, —XP,, — EP, ., orkyaa
Pl =019,

Cymmapuslit oGbeM 11op B nousax uaMensiercs or 26 1o 70%,
T. €. NPUMEPHO B TPH pasa, Torja Kak JHHeliHble pasMmepbl 1op
H3MEHSIOTCA B Ovellb WHPOKHX npefenax. Kaxiaasa nousa xapaxre-
PH3VETCH CreUH(PHYCCKHM pacnipefegenues nmop no pasmepam ¢ 1no-
MOULBIO CEDTHETCTH}'H’H”HE L RelT }JHEHE]}H nof. GGHHHG BBIIEAANDT
TPH  KaTeropuu nop: Mukponops 20A u  Menee, Maxponopb!
200 A u Gostee H nepexoIHbe HIH TpoMexyToulinbie nopu — ot 20 A
10 200A. Muxponopn spasiores cdepoil aeficTiA a1copOUHOHHBIX
CH; NMEPEeXO0aHbI2 OPH €CcTh chepa MelcTBHA KanuIJdaAPHLIX CHA,
da B Maxkpornopax npeobaajaet 3sddert rpasHTAUHOHHLIX CHJL.

e ocHoBiLe TEOMETPHUECKHE XapaKTepHCTHKN Teepioi dast:
MOYBBEl — VEJbHAA  NOBEPXHOCTH M NOPHCTOCThH — HAXOIATCH
B (PYHKILHOHAJLHOI CcBA3H ¢ paauycom mop. Ecan V-— obpem xa-
NHAJAAPOB, Sp — Mi0laib NOBEPXHOCTH CTEHOK B pacueTe Ha rpaMm
TBEPIOro Teaa, TO eCTh YyiesabHas NOBEPXHOCTh M F— pPalnye Ka-
NHAARpa, TO:

g¥ - 7 4
T I .  HJH T_ ¥ (1.45]

rie dV;dS ecTh nponaponnas odbeMa KanwiJAapos O HX OBEPX-
noctn [13). M3 sroro cooTHonienna MOMHO BLIMHCIHTL CPeaHMil pa-
JAHYC nop, OH PAaBCH OTHOIIEHHIO ABYX obbeMos K MOBEPXHOCTH
nop. Pacuer nocrosepent Ads CHCTEM, NMPEICTABJACHHBIX IHAMHADH-
HECKHMH HelepecexaloninMHest KannaaapaMi.

[TocrenenHoe ymenblienne pasMepa 4acTHIL NPHBOAHT K yMelb-
HICHHIO pa3Mepa mop MeKIAY HHMH H K YB&JIHUEHHIO OTHOWEHHSA
njaomany MOBEPXHOCTH TOYBEHHBIX HAaCTHIL K HX oObeMy, T. e
K VBEJHUEHHIO HX VIeJbLHON NOBepxXnocTH. 3Tto BJaeyerT 3a coboil
ro, UTO rpaBHTanyonibie 3PPeKTsl TepaloT CBOC 3HAMCHHE H BaXK-
HYIO Poab npuobperaror noBepxHocTHble IPQEKTH B NOPHCTOI
cpeie. OcioBHOE BAMAHUE OCTPVKTYPHBAIOUIHX BEUIECTB HA TOUBLL,
HALpHMED, TyMyca, NpPOABIAETCH B YKPYHIHCHHE NOUBEINNLIX arpe-
raTOB H [op MCHKIY HHMH, 4YTO [IPHBOJHT K YVCHJCHHIO rpaBiTa-
HHOHHLIX 3(dheKrToR, .

Hepenko noupenuple 4acTHULE H NOPOBLIC NPOCTPAHCTBA MOHTY
HHMH TeOMETPHYCCKH 10100HL H OTJIHYAIOTCH TOJALKO pPasMepaMy
Cﬂﬂ'E'HE'I'ETﬂ_‘I.-’mlll]L‘{ MACTHIL H HTOD M@HIY HHMH. Tﬁl',’]_&l OdHa MNOpHETan
Cpela ABJsCTCA HPOCTO yBETHUeHHOl Konuel 1pyroil, Tax 4ro aio-
Doit anHelHblit pasmep nropoit ecti yBeanuennntii B N pas pasuep
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nepsoi. ¥ no100HBIX NOPHCTHIX Cpel, CAef0BATEe/JbHO COOTBETCTBEH-
Hble 3JIEMEHTBbl TPONOPUHOHAABHLL, a YLl MeXay HHMH paBHBbl.
OtHowenne paccTofHHA Memay Toukamu A w B oaHoH NOPHCTOI
cpeAbl K PaccTOAHHIO MEXAY cooTsercTBeHHbMH Toukamu A" u B’
Apyroit paBHO MOCTOANHOMY UHCAY, HassiBaemoMy KoaddriHeHTOM
noAo0HA, HAH MacWTaOHLIM MHOMHTE eM. DTOT MHOKHTENAb MOMK-
HO BBIMHCJAHTH YEpe3 CPeJHEB3BCUICHNBI AnaMeTp YacTHIL HJAH HX
VAEJALHYIO MOBEPXHOCTD.

[TpuHuun nogobusi JeKHT B OCHOBE TEOPHH CTPYKTYPH I0US,
HanomeHuol n sroit rnase. B Tperbeit M uermepToii raasax mpen-
JaraeTcst MCMNOJAb30BATL MPHHUMIT NOA00HA B coeaHHeHHH C 3aKOHOM
Jlannaca n 3axkonoM JlapcH 1as DasBHTHA TeopHH yAepxaHHa o
NepeisHKenHs Baarn B nouse.



raasa 2

OCHOBHBLIE INOHATHS CTATHKH BJIATH
B MOYBE

2.1. Crpoenne soabnl. Bopopoanan cease. Bona w nouse scrpe-
yaeTcsl B TPeX COCTORHHAX: TBepP1OM, WMHAKOM § rasocobpasHom
Havenenne cocToAHHA BOIbLI 3aBHCHT raapHeiM o0pa3oM OT TeM-
nepatvpst H Aasaesus. [lpn onpeaeaennuix Temneparypax u 1as-
JCeHHAX TNMPOHCXOAAT PE3KHE HIMCHCHHHA COCTOAHHH BOAbLI, KOTOpBIC
BHIPAMAIOTCH B NEPEXo/le KHAKOH BOAL B Jel NpH NOHHMKEHHH TeM-
mepaTypsl U B nap npu ee nosslwenuy. Henoabsys npeacrasaenue
0 CHAAX MPHTAMKEHHA MEKIAV MOJEKY.IaMH, MOKHO NPeTNOJ0KHTh,
4TO AJH TOro 4rodbl 3acCTaBHThL BOJV NCPeiliTH H3 TBEPIOro COCTOA-
HHA B XHAKoe H napooOGpasioe, HYMKHO 3aTpaTHTh 60aAbluOE KOAM-
HECTBO TeNI0BOH 3NeprHi. Jta 3Hepris noiler Ha npeoioaeuie
CHJ CBH3H NDHTSKeEHHA Mexay modexkyiamu. [losromy utodnl no-
HATb DPHYHHLL H3MEHEHHA COCTOSAHHA BOJAB, HeoOXOIHMO 3HATHL
CTPOEHHEe BOALI H CHJIBL, CBA3LIBAIOUIHE MOJEKY.1bl BOIbL.

CaoiicTBa BOILI ONPEACARIOTCH BLICOKON IOJAPHOCTLIO €€ MO-
nexkya. Moaexyasi BoaLl COCTOAT H3 OAHOrO aroMa KHcjaopoia H
ABYX atomMop soiopoda (pHc. 6). AToMuml Bojopona 3apAmeHbl Mo-
JOKHTEILHO, aTOM KHCAOpoAa — OTpHUATEAbHO. Tak Kaxk NpoTHBo-
NOJOMHO 3apHAMEHHDbIC ATOMBI HPHTATHBAIOTCH APYT K APYrY, a 01-
HOHNMEHHO 3apsienible — 0TTaJKHBaTCd, To Hanboaee yCTOHYH-
BEIM OVieT Takoe pacnojoAenHe MOJEKya, IPH KOTOPOM aroMm
BOAOPOAA OAHOH MOJEKYIhl MAKCHMaJabHO MNPHOJHKEH K aromy
KHCJI0pO1a cocelHeld W ylaJeH oT ApPVrHx aromos soaopoaa. CefA3sb
MEX 1Y BOJOPOIOM OAHON NOJAAPHOH MOJEKVLl BOAK (30114 4aCTHY-
HOTO [OJOMHTEIbHOro 3apaaa) M KHCI0poaoM Apyroit (soma ua-
CTHYHOTO OTPHUATEILHOrD 3apaia) HasblBaeTcd BOJOPOAHOH CBH-
3610, HAH H-cBAsbio. Memxay cMeXHbIMH MOJEKVASPHBLIMH CAOAMH
VCTAHABJAHBAETCHE TAaKHe BOJOpOAHAaR CBA3bL 4Hepe3 TC aTOMbI BOAO-
pojaa, KOoTOpbie pacnciomenbl anbo suiue, Jubo HHMAKe paccMar-
pHBaeMoro MoJgekvaspHoro caos [57]. Tak pacnoaoxenn mo.e-
KyJbl BOAbI B KpHCTaale Jbja.

JAHAKOH Boae cBolcTBeHHA TekydecTh., Cam (paxkT pacTexKaHHA
BOJbl mpeanogaraer <nocoOHOCTL MOJEKYT BOALI K CBOGOAHOMY
nepemeutenw. O1HaK0, YUIHTHIBAA CYLLECTBOBAHHE CH MOJEKYJIHAD-
HOTO MPHTAMEHHS M BOAOPOAHBIX CBA3EH, MOMHO NPEANOJOKHTL,
HTO MHAKan Bona oOaajmaer HeKoTOpOH CTpykTypod. Ilo Teopuu
Bepuaaa [5], B MuIKOCTH Kamaad MOJIEKY/1a CBAI3aHA ¢ TpeMs HIH
OATBIO APYrHMH, o0pasysa GJHKHHI NMOpAnoK.

12 B. H. Musyprn hd



Teepasie rtesa 06,1a1a10T peryaapHoil W CBA3aHHON CTPYKTYDOH,
AHIKOCTH -— HEeperyaapHoit M cBA3aHHON CTPpyKTVpOIl, Ta3bl — He-
peryaspHod H HeCBA3AHHOH CTPYKTypo#. JKuAKOCTh HMeeT He OAnlY
CTPYKTYPY, a 0Ooabllioe YHCAO0 3IKBHBAJNEHTHBIX CXOAHBIX CTPYKTYP
H HAXOAHTCH B COCTOAHHH TEPeTeKaHHA H3 OLHON B Apyrymio. Teky-
YeCThb — BTOPHYHOE CBOHCTBO MMHIAKOCTH, fIBJIAIONUIEECH CJIeNCTBHEM
£e CTPYKTYPBI.

2.2, YaepxaHde soabl nousoil. Ecian Modekyias seulectsa npH-
FACHBAIOTCS K MOJCKYAdM JAPYroro BelecTsa, TO rOBOPAT O CMa-
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Puc. 6. OOpajosanne BOZOPOAHLIX CBA3EH MEMAV NOAAPHBIMH
MOJMeKYJJaMH BOJbI.

A — pxemartHveckoe WI0GpaMeNHe BOAOPOLAHLY CBEIEN  MeHULY NOAEPHLIMH
UAACKYAAMH BOAW; 5 — Modens 9acTH cxemut A. CHIN DPHTAMCHHA MEMHAY
HOARPHLEIMHE MOACKYJaMH BoAR AOCTATOUHO BOAHKH, YTobbl mMomuno OGwio ro-
BOPHTE © CYMECTBOBAHNH MemaAy MOoaekYaaMmy onpeienciiofl ¢paal, Tak
nasusacmofl mogopoanofl, niobpamednofl 3gecs B BOAe NYNETHPHBIX AHIHI,

YHBAHHN HOH cannavHy, CHAB cMAa4YHBAHHA MeXIy BOJOH H CTeK-
JHOM HJIH BOAOH H IOYBEHHBIMH YAaCTHILAMH OYeHb BEJHKH.

Bona ymepxHBaerca B No4YBe CHAAMH, JNCHCTBYIOULHMH Ha no-
REPXHOCTAX pasjaena XHAkofl W Tseprolt a3 M KHIAKOCTH — BO3-
ayx. Moaexkynsl Boibl, ABASACL IHNOJAMH, OKa3bBalOTCA OPHENTH-
POBAHHBIMH MOJA BJAHAHHEM SapANOB HA NOBEPXHOCTH NOYBEHHBIX
YACTHII H CBS3aHHLIMH C 3TOH MMOBEPXHOCTHIO TaK HAa3bLIBAEMBIMH
a1copOUHOHHBIMH cHAaMH. AICOpOIHOHNLIE CHIBI H3MEHSIOT ITPex-
Ae BCEro CTPYKTYPY BOAB H ee TexkyuecThb. Ilo sToii npuyHHe BOAa,
yAepKHUBaeMas B BHAEe IJIeHOK, OOBOJIAKHBAKNIHX OBEPXHOCTDL
NOYBEHHBLIX YaCTHL, OTAHYAeTCs OT CBOOOAHOH BOABI CBOEH CTDPYK-
r'VpoR, pasjeHHeM, NOABHXHOCTLIO, TIIOTHOCTLIO, TEMNEPATYDPOH 3a-
MEP3aHHA, BA3KOCTBIO, S5/E€KTPONPOBOIHOCTHIO, [AHITEKTPHUYSCKON
MOCTOAHHOH H APYrHMH csoHcTBamH. [lo bBepuanay, TOHKHE BOXHBie
JIeHKH, 00BOJAKHBAKOUIHE [OBEPXHOCTh NOYBEHHBIX HACTHL, 1o
CBOGH CTPYKTYpPE HANOMHHANOT JIed M NOCTHrawT TOJLLHH bl 10—20A.

Boxa touxux naenox we samepaaer npi —78°C. JIHsaexktpu-
yecKas NOCTOAHHAA CBA3AHHON Bogml » cpeiHeM paBHa 2,2 nporus
80 aas ceoGoawoit soadl. [lowumenue TeMnepaTypbl 3aMepsanus
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soanl Ha 0,0075°C coorsercrsyer aasiennwo | artsm. IlioTHocTh
BOAM PacTeT MNpPONOPHMOHAABHO JaBienHio —5% Ha Kamxjsle
1000 arv. Bce npHuHHBL, KOTOPHIE OrpaHiuMHBAIOT TEKy4ecTh BOJHI,
BeJyT K IIOHH)KeHHID 1aBJeHHs ee [apa. YNpyrocth mapa Han
JLIOM MeHblle, ueM Hax AMHAKON Boaoil, Tak xKakx cpoboaa wmoge-
KYJAPHUIX JIBHZKEHHIT OrpauHyYena B 3TOM Cayude KPHCTAJTHYECKHM
cTpoeHneM abaa. CpasanHas Boja HMEET MeHbIIYI0 YNPYrocTh Ha-
chllleHNoro napa, YeM Bojaa csoboaxadn. [Ipu Goaee HHAKHX TeMTe-
PATYPAX VNPYTOCTL 1apa MeHblle, 9eM NpH BHCOKHX.
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Prc. 7. CooTHolwleHHe MeX1Y TOUKON YCTOHYHBOrO 33aBAMAHNA, NOJEBONl BJaroeM-
KOCThIO, COMEPMAHIEN JCTKOAOCTYNHOH BJAATH, BOAONPOHHIAEMOCTRIO, YNPVFOCTHIO
napa H codepmanieM paark B noure (no 3aaedceny uw Auaepcony).

[ — GuicTpoApelNpyOULanca novpeHHas paara (HiGrTounas shara), [f — nerkopoctrynHan nAan
pacTeHHil NogBciHHan BAara nocde cToka wafuToduofl poaw, [/ — nmowncHnas BIara, Haxo-

AAMARCH CAHMIKOM rayGoko, 4rofunl OMTh ZocTynuofl npH HopManwHOM DPa3bHETHH pacTednd;

! = ToqKid HACHUIEHHOCTH NouAL, 2 — NOJeRad BRarosMECCTh, o — HAMEeHelie CoaepHaHin

AT H g1 RIHAHHEHR ]":n.'!-l.':'l'l‘_'fl;]-l;l"l.| i = HAMOHEHN® CoRepHAHNAE BJdaMd B NOYMBE MO0 BTHAHHEEM

pacTennifl, § — Togka YeroMuHBOro JADAAAHHA, O — JFADHCHMOCTR YOPYrocTH nNapom nouscHtof
BAATH OT CoOAep:Halpf BAArH, 7 — yOpyroeéts napon unctell ceoloanofl pogkl,

CTpyKkTypHble H3MEHeHHS BOALL MOTYT NPOICXOAHTH MNJaBHO I
cKkaukoobpasHo. B mocneanem caydae croab e GbICTPO H3MeHAeTCH
H TepMOIHHAMHUYECKOoe COCTOfHHe BOAb. CTPYKTYpa BOAB pearu-
pyer Ha H3MeHeHHe CHJI B noposoM npocrpancrse moussl. [lo-
CKOJbKY TeoMeTpHusi nop H3aMeHfeTcd B npolleccax JHcCHepreposa-
HHSl, arperauuy H YIJIOTHEHHA, TO COCTOAAHHe H CTPYKTYPa BOADI
H3MEHAIOTCH M0 BAHAHHEM H3MEHCHHS CTPYKTYDPHI NMOYBHI.

Cuapl, AeilcTBYIONHE HA TOBEPXHOCTH pa3snena a3 MHIAKOCTb—
BO3AYX, aBjgloTes GyHKUHell KPUBH3HBI 3TOH NMOBEPXHOCTH, KOTO-
pasi M3MEHNETCH B CBA3HM C M3MeHeHHeM TIOp 1o pa3amepam. Kax-
10MY PpagHycy nopkl COOTBETCTBYET ONpejeseHHoe Bcachipaloiee
nasaenne, [losTomy pacnpenesenne nop no pasMepaM onpeiefiser
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CHOCOOHOCTL NOYBEL YAEDHHBATL BOAY H HMEET BamHOe 3HAUYEHHE
AAA NepeaBiIKeHHA BOLb H BOSAYXA B NOYBE.

OTHOCHTEABHO 3IHEPrHH, ¢ KOTOPOIl BOJa yiepxuBaerca Ha no-
BEPXHOCTH TIOYBEHHBIX HaCTHIL H B NOPAX Mem1y HHMH, 3_1.'|e¢;f:u‘_1.1
H ApgepcoH [0Y] HCXOAMIH H3 CJACAVIOUIHX TpPex MnpeacrasaeHuir,
HIJIOCTPHDPYEM X JaHHLIMH pHC. 7.

l. BramHocTh nousbl HeNOCPEACTBOHMO NOCIe [OIHBA MK
00HIBHOTO €CTeCTBeHHOTO JOAAA NOBBILAETCS A0 NOJHON BAaro-
EMKOCTH, cooTsercrsytoueit Touke A una puc. 7. Ilpn srom ynpy-
FOCThH NMAapoB BOAL B nouse OyaeT paBHa YyNPYrocTH Napos Hajl CBO-
GO1HOIl NOBEPXNHOCTLIO BOIAB, KAK 3TO NOKa3aHo TOukoil @ Ha puc. 7T
crnpasa.

2. Hactb Boam B Touke a caalo vaepmuBaeTcs noupoil n 1e-
PEABHTAELTCA BHH3 TOX XeHCTBHeM cuasl TaxecTH. Yepea nekoropoe
Bpema (1-—3 cyTox) csofoaHoe BhITEKAHHE BJATH IPEKPallAETCs
(cy. Touky B, na kpusoit Aby). OTpesky kpusoii AB, cooTsercTByet
rpasuraiHonnas soaa. CojepaHHe BOJIW B Touke B, Ha3LIBAETCH
HanMenbuIelf, HaH nojesolt BaaroeMkoctbio. [IpH orcyTeTBHH pacTe-
HHH H HHUTOXKHOM HCHAPEHHI COAeplKaHHe BAAarH OyIeT OCTaABATHLCS
B TeueHle HeonmpeleseHNo J0ArOoro nepHoja BPeMeHH Ha ypOBHe,
OH3KOM K 10JeBOIl BI14roeMKOCTH, KaK 3T0 TNOKAa3aHO OTPe3KOM
KpHsoil b1, YNpyrocTh BOJAAHLIX TIAPOB HA 3TOM OTpe3Ke KPHBOIi
NPpAKTHYECKH TaKas e, KakK Ha INOBEPXHOCTH cBo0OIHOH BOXWI,
KaKk 3T0 nokasano rtouxoll 6. Ecam ma srtoit nouse npouspacraer
TO HJIH HHOe pacTeHHe, TO MOJEBafg BIATOEMKOCTb NOYBLI OGyrer
AOCTHIHYTA HECKOJbKO CKOpee BCAEICTBHE TPAHCIHPALNH BOIbI
paCcTeHHAMH, KaK 3T0 nokalzauo kKpusok ABs.

3. Pactenns 6yayr npoioasKaTh yMeHbIIATh cOAep:KalHe BOIb
B MOUBE NPHMEPHO N0 KpHBON mopsaxka BB 10 Tex nop, noxa,
HaKoHel, He Oyaer NOCTHTHYTA TOYKA VCTOHUMBOIO 3aBAIANHSA.
Boaa, naxonsmasics B KoamuecTse, MeHbILEM, ueM B TOUKe yCTOlt-
HHBOTO 3aBAlaling, 04YeHb Mano J0CTYNHA pacTeHHsM. IHepris.
¢ KOTOpOH OHa ylep:HBaercs mousoil, GLICTpo BO3pacTaer, a mo-
TOMY B IOJEBBIX YCJAOBHAX TePAETCA TOJABKO HE3HAUHTEeTbHOE 1004a-
BOUHO® KOMHYECTBO BAarH, KakK 3T0 mokasweisaer xpusas BI. Tlpu
STOM HHKE BJaXHOCTH YCTOHYHBOrO 3aBAJLAHHSN VIPYrOCTh BOJA-
HOTO flapa ObICTPO CHHIKAGTCHA JaKe NPH He3HAUHTENbHBLIX MOTEpsX
NOYBEHHOH BJarH, K4k 370 NOKA3bIBAET OTPE30K 82 KPHBOII.

B nacrosuiee Bpems paboTaMH MHOMHX HCCaelOBATeNel ycra-
IOBJ1€HO, YTO CKOPOCTL NOMVIOMIEHHA BJAard pacTeHHAMH B JHana-
30He JocTynHoi Baarn (orpesok b5.B) Henocrosmuna. Ona Gauaka
K NOCTOAHHOH TOJAbKO B HHTEpPBAJE OT M0JEBOH BJAATOEMKOCTH A0
BIAKHOCTH 3aMeNMeHHA DOCTa PACTeHHHl MM BJAAKHOCTH pa3pHBa
BJATONPOBOAHBIX ITeHOK. YncaeHHOe 3HAYeHHE 3TOH KOHCTAHTH
NPHOMTH3HTENLHO PABHO NOJOBHHE CYMMB! UHCJIEHHBIX 3HAUYEHHH TO-
JEBOH BIArOEMKOCTH H BAaXKHOCTH 3assganus. Ha TOYKY 3aBfi-
AdHHA H TOYKY S3aMelJeHHA pPOCTd OKa3blBalOT BJAHSAHHE MHOTHE
paxtope:  abcoaTHEI YPOBeH MNOTEHUHAJbHON TPAHCNHPAUHH,
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HCNapseMocTh, CTeMeHb PAasBHTHA KOPHEBOH CHCTEMbI, rycrora no-
ceBa, coueraHHe KVJLTYD, CTPYKTYPHOE COCTOSIHHE I1104YBbLI, BH] pa-
CTeHHIl.

2.3, Baamuocrs moupsl. Jlis BLIMHCIEHHS BAAKHOCTH NOMBH
MNOABL3YIOTCH CACAYIOUHMHE (POPMYJIAMH.

. W,
i

(2.1)

rie W-— Baamuocte B npoueHrax ot Beca albcogwOTHO cyXoil nou-
sul; W, — Bec Boan; Wy — Bec aGconoTHo cyxoil nouswl.

B cayuae neoaHopoaHofl THIOTHOCTH NOUBL COJEpAAHHE BJAre
BLIpaXKAOT B npoucHtTax or oObema nouss no popmyae :

Wes = W, D, (2.2)

rie Wys — BaaXuocTs nouskl B npoueHTtax or ee obbema, D —
o6 beMHbIil Bec mouBbl (r - cM™3).

Jas cpaBHeHHs 3a1acoB BOJALI B TOYBE € OCAJKAMH H HODMAaMH
NOJHBA 1enecoodpa3no BHYMCAATL cofepHalne BOAH B MHJJH-
METpax BOAHOrO €105 OTACJALHO AJ51 KAHAOTO TeHeTHUeCKOTO ropH-
30HTa noussl 1o (Gopmyae

Q=22 (2.3)

rae Q —sanac Baard B ropusonTte (MM Boaworo caos); W, —cpen-
HAA BJAAXKHOCTL TOPH3OHTA B NPOUEHTAX OT Beca CYXOH NOYBbLI
D — nnoriocts (06bemuniil Bec) ropusonta (r-cem—2); H— mom-
HOCTb (ToamiMHa) ropuzonta (cMm). 3anac Baarm Bo Bcelt nousen-
HOH TOJILE NOJYyYaeTes NyTeM CYMMHPOBauHS 34a7acoB BJAarH, Bhl-
YHCJACHHBIX 15 OTAEJbLHLIX MeHeTHYSCKHX TOPH30HTOBR.

Boiucaenne sanacos giarnm B mouse (M%/ra) nposoauTes 1o

dopmyie

W= W,DH. (2.4)

3anac soisl B | MM BOAHOrO CJIOf COOTBETCTBYET 3amnacy
B 10 m¥ra.

Otnowenne nojau 1op, 3aHATBIX BOAOH, K o6ulel nOpHCTOCTH
[MOYBLI HA3LIBAGTCA OTHOCHTENLHON BJAAMKHOCTLIO HJAH HAaCHIULEH-
HOCTBIO:

acte nop, aanaraa Bojod (%) (2.5)
O6uan  nopHCTOCTL Novsw (% )" S

HacwiumieHHOCTE =

2.4. Apcopbumsi, Toammna sosnnoi naenku. [Ipn conpuxocho-
BEHHH MKHIAKOCTH € TBEDALIM TEJOM BO3HHKACT CHJIOBOE B3aHMO-
MeHCTBHE MEKAY MOJekyjgaMH O6eHX CONPHKACAIOULHXCH TOBEPX-
HOCTEll, KOTOpOe NPHBOAHT K YMEHbIIEHHI0 NMOBEPXHOCTHOrO HATH-

2 B. H. Muuypun 37



HeHua n apaenuo agcopbunn. Cuensende, HAH NPHJAHITAHHE, MO-
JeKyJl BOAE K NOBEPXHOCTH TBEPAOro Tena Hasnlsaerca aucopod-
UHeH.

[Npeacrasnenne o mexanusme obpasopannsg MexdasHoro, HIi
ancopOuHOHHOrO, €10 OCHOBLIBACTCA HA HAJHUHH 3JIEKTPHYECKOrn
3apala Ha NOBEPXHOCTH TEBEP/LIX YacTHIL W BO3HHKHOBEHHHN BOil-
HOTO 3J1eKTPHUECKOro €/10s M3 THAPATHPOBAHHBLIX HOHOB M CBA3ai-
Hon Boabl. Cornacno rteopun lltepna, Housl, BXomsiumHe B cocTas
TRepaoil (gassl ¢ H3OBITKOM OJHOrD 3HaKa 3apdajga (3apsiisl Ha To-
BepxHocTH), oDpasyior kaxk Obl «BHYTPeHHIOIO o0KJanKy KOHIEH-
caTtopa» c HEI{["}TDPGI'! NIOTHOCTDLIO 3apAida, Ha3blBaeMylo NnoTeHilHa-
Aoonpeieadomum caoceM. Honw  pactBopa  npoTHBONOJOMKHOTO
3HaKa, NPUTAHYTBIE IJNEKTPHUECKHMHM H aIcOPOUHOHHBLIMH CHJIAMH
TBEpPAOIl NMOBEPXHOCTH, ABAAIOTCA Kak Onl «BHewHed oO0KIaLKoil
koHmeHcatopa». [lepBwlit nam 1a)e HECKOJbKO NepPBLIX CJA0EB NMpo-
THBOHOHOB, NPHTATHBacMbIX K NOBEPXHOCTH NOA BJAHAHHEM 3JICK-
TPHYECKOTO MOJH H NOAA EJ.‘EDFI'ﬁ']LHDH]{hl."Z CHJI, VICPHHBAIOTCA €O
HA OueHb OJAH3KOM PACCTORAHHM, Nopaaxa |—2 MOJAeKyASIPUBIX CJOS,
H cBSi3albl ¢ Heit HanGosaee npoyno. ITOT CI0i Ha3bIBAeTCsA B XHMHM
ancopbuHoHHbiM caoeM, wan caoem Hlrepna.

Ecau MHIAKOCTL, NpHJIEralomylo K TBEPIOH NOBEPXHOCTH, pas-
GHTL HA MOJEKYJAApHBIE CI0H, TO Kamablil H3 HHX Oyvier 3apAa-
AaTbC TPOTHBOHOHAMH [0 TOTEHLHAAa, TeM MEeHLIUero, 4eMm
danabllle TOT CJAOI OTCTOMT OT TBepioil nosepxuoctu. [lpn nsuKe-
HHH JKHKOCTH BJI0Jb TBEPLOH NOBEPXHOCTH, HANPHMED NPH BbLITE-
KaHHH BOILI H3 CTEKJAAHNHOrO Kanwiisapa, CKOJAbKeHHe HKHIKON
baspl NPOHCXOAHT He MO rpaHHlle Teepaas TNOBEPXHOCTb — MKHA-
KOCTb, a 10 rpaHuile cJod NpouyHocBA3aunoil soabnl. Ha nepsoii
BIMJI51L KameTcs, UTo 3TO fABJenHe He MOXKeT uMrpath 0G0nbLION poad
B YAepHKaHHH BOJAL NOYBOIL

Caolt ToMmMHON B OINY MOJEKYJaYy, HalleCeHHblil Ha TNOBEpPX-
HOCTL B HECKOJbKO KBajJpaTHBIX MeTpos, OyAeT BECHTL O4YEHb Ma-
asle poau rpamma. CozepmanMe BJAarH B MOHOMOJIEKYJAAPHOI
MJAZHKE MOAHO ONpeltJHTh C  MOMOILLIO E.TIE.‘].}.'[GHI.EITI pElC'-IE'TEL
[Maomwans wmodekyas Boast okoao 10A%, v e. 1019 eM?. 3unaunr,
Ha | cwm?® ymecturea 10" monexkyd. Takoe KOJAHYECTBO MOJEKY.
secut 3-10~% r. Ha 1 wm? pasmecrurca 0,0003 r soaw. Ha 100 w*
npuxoxaurea 0,03 r soaw, a Ha 300 M2 — 0,09 r poast Ha | r nounl,
nan 9% npm yesnomum, ecam sra  Macca BOAW pacnpejeneHa
pasiioMepHo B BHAE MOHOMOJEKYJIapHOro CJ0s M0 Beell I0Bepx-
HOCTH.

:lr",.:l_l.?.*[htli:'lﬂ NOBEPXHOCTb, HJH TNOBCPXHOCTL | I NMOYUBLI, HEpeaKo
BhIDAMACTCH JeCHTKAMH H  COTHHMH KBAAPATHBIX MEeTpoBR. Taxk,
yactuiu auamerpom | wmrsm, wnam 10-* oM, oOnapaior yviaedb-
HOIl  NOBEpPXHOCTLIO, paBHoit 6 wm*-r~!', a TJAHHHCTBIE ya-
ctHunl tuaMerpom < 0,2 mxm nsmeior nopepxtHocrts 300 wm®-r-l o
Go.ee.
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Ecnn nam H3BecTen Bec BOALI H NJollaAbL €€ PpacTekaHHs,
TO MOMHO BBIMHCJAHTE TOJULHHY BOAHOH IIVICHKH 1O fl‘lﬂ]fl!'-‘I}'.l'lﬂ

W >
:l"‘ql.l i ;IT {3.5}

rane W— Bec Bojbl; Sp— VIEJILHAA MOBEPXHOCTb, il — TOJAULHHA BOJ-
HOH MJAEHKH, [ — NJOTHOCTE BOJLKL.

Hexkotopeii o6LeM BoALI pacTeKaeTcs Mo HOBEPXHOCTH TOYBLI
N0 onpeieseniion TOMULHHLI, PABHON JHAMETPY MOJEKY.Jbl BOJAB —
2,76 - 10— cm, nau 2,76A. INMogeans Tonwuny Boanoll NJICHKH HA AHa-
METD MOJEKYJbL BOJLI, HOAYUYHM YHCJA0 MOJEKYyAApHLIX caoes N, co-
OTBETCTBVIOLLee TaHNUOE TOJUIHHE BOAHON NJCHKH,

fr
N g (2.7)

2.5. Kanuaaaproe nasaenue. [losepanocTnoiit cioil mHAKOCTH
obGMafaer Tak Ha3LIBAEMBIM NOBEPXHOCTHLIM AaBiaeHHeM. MoJaeKky.an
HMHAKOCTH, HANOAALIHECH B IMOBEPXHOCTHOM C¢/10€, HCHLITLIBAIOT O]1-
HOCTOpOHHee, HANpAB/IeHHOE BHYTPbL NPHTHMXKEHHE CO CTOPOHBI Co-
CelHHX CJoeBn MOJIeKY.J, B TO BpeMs Kak aiobas MojdeKyaa BHYTPH
MAaCCLl JKHIAKOCTH HCHBLITHIBACT OAMHAKOBOE NPHTSIKEHHe €0 Beex
cTOpoH. Besleacrsne 0AHOCTOPOHNEro, HANPAaBJIEHHOrO BHYTPL NPH-
TAMKEHHST MOBEPXHOCTHLI CJA0M OKa3biBaer AapnieHue Ha BCIO Maccy
AMHIAKOCTH. ITO 1aBJCHHE HASBIBACTCH NMOBEPXHOCTHLIM. |

Beauunna nosepxHocTHOro apieHus 3aBHCHT OT (OpPMBI TO-
BEPXHOCTH HAKOCTH. [loBepxHocTHoe namiaenne nox miockoil mo-
BEPXHOCTDLIO JKHAKOCTH Ha3blBaeTcA HopMaabubiM. Jlas poaws ono
pasro 10700 arm. llox BOrHyTON! NMOBEPXHOCTHIO OHO Melblle HOP-
MAJbHOI'0, d MO/ BLINYKJI0H MOBEPXHOCTLIO — O0Jibille HOPMAJBHOT)
B COOTBETCTBHH ¢ 3axkoHoMm Jlannaca

P, —Py=AP= :(?'~¢,i) cos 0, (2.8)
rie P)—mopepxuocTiioe AasieHHe MOT HCKPHBJIEHHOI MOBEpX-
HOCTBIO; Pp— dasjenne no/ IJ0CKON MOBEPXIOCTLIO, T — BeJAHYHHA
MOBEPXHOCTHOIO HATAMEHHS; ry, ra— IVaBHLIE PaaHychl KPHBH3HH
HCKPHBJAGHHOR NLOBepPXHOCTH, 0-—yros cmauusaung. 3Hak <«niaocs
COOTBETCTBYET  BBINYKJOH  NOBEPXHOCTH, 3HAK  «MHHYC» — BO-
FHY TOH.

Ecan nckpusaennyio nosepxmocrs (puc. 8) nepeceun 1BYyMA
mrockoetamMu A,O0By u A:0:85 Ttax, utoOul onM OLIAM B3AUMHO
NEPOCHAHKYAAPHLI 1 cojep:xany B cebe HOPMAalb f K NOBEPXHOCTH
B Touke M, To na nopepxmocTH noayuatca ase ayru A, By u A.Bs
paanycaMu ry H rp, KOTOpLIE HA3LIBAIOTCS PajguycaMH KDPHBH3HH
HOPMANBHBIX B3AHMHO NePNeHIHKYIApuLX ceyennit. TToaycymma

I l I 4 =
5 ( - -+ = ) HA3BIBAGTCA  Cpejuell  KPHBH3HOH  MOBEPXHOCTH
B TOuKe M.
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Kos{puunenToM NOBEPXHOCTIOTO HATAMENHA Ha3bIBAeTCH CBO-
fosHas nNOTeHUHAJBHAN 3HEPrus MOJEKY, HIKOCTH, HAXOAIMXCA
B TOBepPXHOCTHOM CJ0€, pacCYHTAHHAaAA Ha t‘JI[HIILI_}-’ HUBE[}EHGE'I'H:

AA
-, (2.9)

rie AA,—pabora yBeJHUEHHH NOBEPXHOCTH; AS — H3aMeHeHHe NJ0-
uLaau noBepXHOCTH MHIKOCTH.

Jas oObLIUHBLIX  HKHAKO-
credl o0 uamenserca ot 16
no 75 oapr-cm~2  Onwir
nOoKazaa, 4YTo 3aRHCHMOCTDL
NOBEPXHOCTHOrO  HaTAMKe-
HHH OT pajaHyca KpHBH3-
HBl O0napymuBaercs INpH
r=10° cm. llopm r<
= 10-% cm ueaukom 3a-
NoJHeHLl CcBA3annoil  Bo-
JOH, M B Takux nopax
BO3MOMHO TOJBKO MJeHOu-
HOe TiepeBHMKeHHe BJAru.
B cBf3n ¢ 3THM ypaBHe-
HHe  Jlanaaca  A0JKHO
ObITh CNpaBeIHEO TOJNBLKD
npu  OOAbWIMX paanycax
KPHBH3HLI, HaMHOro npe-
BOCXOAAUWHX TOJUMHY al-
copbunonnoit naenxu. Ilo
Mepe  VMeHblLUeHHS  1Ha-
Merpa KanuJaaspa CcHJb
TpeHn, BO3HHKAIOLLHE
BOJH3H NMOBEPXHOCTH pas-
jlena Bojia — tBepiaas pa-
34, 3a7epHHBAIOT JABHIKE-
Puc. 8. Taasuuie paauvenl KPHBHINEL HC il Bl o BOUAEE, B ecre-

bt 'Hé;mmmnﬁ{}Tnbfgmm&m' ‘ CTBEHHBIX TOUBAN ~ Kalu-

J1A PHOI HPOBOIHMOCTLIO

0f0aa1a10T  TOJLKO NOpL
ey MHKpoarperaraMH, Tak Kak IOpbl BHVIPH MHKPOArperaTos
HeJqMKOM 3anojiHedbl CBA3aHHON BoAoll. B MHKpPOCTPYKTYDHBIX
rpyHTax npeoGianaior nopul passeposm 0,003—0,001 mm. [Ipegent-
Hasi BLICOTA KaUWJIAPHOTO HOIHATHS B TAKIX HOPAX HE MOMKerT
npeeslllaTh 3—5 M, UTO WAJAIOCTpHpYyercst AaHHbsiMp tada. 2.1, no-
Ny4YeHHbMH pacueToM no ypaeHennio Jlanaaca.

Ha ocuopauun anunlx tata. 2.1 Moxuo caesarth BBBON, 4TO
paBora KanuAJdAPHBLIX CHJA AR OJMHOYHOTO KANHIAJAAPA HE 3aABHCHT
OT pajnyca Kanuaaapa. DToT BBIBOA CJACAVET TaKKe H3 TEOpeTH-
YeCKOTO ananuiza xKanuaaspuwmx cua [30, 431
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Padota wanuansipioro nojaHATHA

TaGauya 2.1

Paanye nop
Mexanuieckan Bucors | Ofvest BoIm Fiﬁ;rra

pariin g o ﬂﬂ-w;lﬂ]lm =rf - :?;‘l# :;“,Ef
[Tecor

cpeaHui 1,0 0,1 1.5 0,0472 0,0708

MEAKHii 0,5 0,05 3,0 | 0,02356 0,0708

MEAKH 0,] (1,01 15,0 0,00472 0, 0708
Muae

KpynHas 0,05 0,005 30,0 0, 00236 0, 0708

MENK an (1,01 0,00] 150,0 0,000472 00,0708

TOHKAN 0,005 0,0005 | 300.0 0, 0002356 00,0708
Ma 0,001 0,0001 | 1500,0 0, 0000472 0, 0708

[Mpn onyekaHHM OAHOrO KOHUA KANWIAAPA PaaHycoM r B BOLY
MPOH30iAeT NOJHATHE BOAL B HeM Ha HeKoTopyio seicoty H. [lpu

aTom Gyier cosepuiena pabora A NPOTHE CHALL TAMXKECTH, paBHAaA

1
npox3seienyio Beca cronba soasl W na solcoty nogbema—4-H, T. 2.

2
Ac=—5HW. (2.10)
Jlna Kanuaagpa paaHycoM r HMeeM:
W =Mg= Vpg = Hpgnr,

rie M-— macca BOIL; p— IVIOTHOCTL BOIAB;, £ — YCKOpPEHHE CHJILI

TaxecTH, V — o6beM BOALL.

S0l [Tpu noaHom cMa
rpg = p - 4 L

Ilocae mnoacranoexkH 3Hauvenus ff

[To ypasuennio Jlanaaca (2.8) H—

yHBaHHH (0 =0 u cosl=1.
B ypasHenne (2.10) noayuum

2aa?
A= g
Kanunnapuoe Jasaende Ha Depxiueil TrpaHHlUEe KanWwIAApHO
KauMbl faBasercs yHKIUHCH yieJbLHOH NOBEPXHOCTH H HNOPHCTOCTH
IOUBBLI, TAK KAaK 3TH 1BE reoMeTpHUECKHe XapaKTepHCTHKH TBeproil
(hasbl nouBbl HAXOAATCA B (PYHKUHONAJILHON CBA3H ¢ paaHyCcoM TOp
H oObeMom Kanuaafapos. Iloanas croboanas SHeprus Boabl Ha
BEPXHEH TpaHHIe KanuwJJIApHOR KailMbl caaraeTcs M3 NOBepXHOCT-
HOIT 3Hepran H sHepruu B oGbeme. [lepnoe caaraemoe obycaosaenn
HaJHYHeM ¥ BOOIHOrD TeJdia NOuYBHI Fpaliiil pa3ie/id. BOdada — BO3AVX,
TBepaas (hasa — Bosayx M Teepiaas (pasa — sona. Bropoe caarae-
Moe oOycaosiaeno feitctsHeMm cuanl tarorenus. [lo Heanemwrrefiny
(untupylo no pabore [32]) ypasuenue umeer s

U=S (9.4 — 91— 0y.2) H— Vig 5 H*=
—aSH— Vg % H?,

— 36 — const.

(2.11)

(2. 12)
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rie H—mnpenensHasa BHICOTA KANWAJAAPHOTO NOJAHATHA, Oz—3, CGi1—1
0j—g — TIOBEPXHOCTHAA IHEPTrHA Ha rpaHHIle COOTBETCTBEHHO BOAA —
BO3AYX, TBepaas (pa3za— Bo3ayx u tBepaas dasza—soaga; S —mo-
BEPXHOCTb, OrpaHHuHBalouias o6’beM BJATH.

o
¥

{
Tak kak s YCAOBHAX PaBHOBECHA ‘.:F_I-—D». TO

j_g_—_ s§S — VpgH =0 unau sS= VP. (2.13)

Orciona KanuaiapHoe AasjJeHHe Ha BEpXHeil rpaHHue KamnHa-
AAPHOM Kaiimbl, T. €. Ha BuicoTe F, paBHO

aS
P=— v (2.14)

JLad BOJOHACKHIIEHHBX NOUB H rpyHTOB N0 aHaJOTHH C THIApaB-
JHYSCKHM PaJHYCOM HJH CPEIHHM pPpaIHVCOM NOTOKa B T[}}"ﬁﬂx BBO-
AHTCA TNOHATHE THAPAaBJHYeCKOro paiauyca R, npeacTasiAalonlero
coboft oTHOWeHHe oObeMa BOALI K CMOYEHHON [MOBCPXHOCTH:

Re=—g—=—3—. (2.15)

C yueroMm ypasHeHust (2.15) smecto (2.14) MomHO HanHcath

-

P=——. (2.16)

2.6. KanuaaspHo-copOUHOHHOE JIABJCHHE TNOYBEHHOH BJaaru.
Annep [67] na ocHosauun auaamza pabor Jlansnaca, [leabrthe, le-
pAruHa # COOCTBEHHLIX HCCJIENOBaHHil NPHLET K BHIBOAY, UTO
B VAEPHAHHH BOABI MOYBOH HrPalOoT OCHOBHYIO pOJib CJAEAVIONIHE
CHALL: arcopbuHoHNOe JaBJeHHe, 3aBMCHILEe OT TOJUIMHLL BOJHOI
IVIEHKH, H KaNnHJAASPHOE J1aBj1eHHe, 3aBHCALLee OT KPHBHIHLI NJEHKH
nHa rpaunuge ¢ posayxom. lloamoe nasnenHe 1n0jL BOTHYTHBIM MeHH-
CKOM cjaraercst H3 JaBJeHHHd BHVTPH NJEHOK H JaBjAenHf Kamui-
aaproro. [TIpu  fgauHoft  BJIAXKHOCTH MOuyBLl  aarebGpanueckas
CYMMa IJIEHOUHOro H KanMAJAPHOro JIAaBITeHHA OJHHAKOBAa BO BCex
TOUKAX, HHaue Obl BOla mepeTexana M3 OIHON TOUKH B JAPYryio.
Taxoe pasHoBecHe nienouHON W MEHHCKOBOM BJArH cOXpansiercs Jo
MOMEHTA CAHANHA IVICHOK, NOCJEe Yerc BCA 1opa 3anoJHAercd BO-
Aoi. OGpasoBaline MEHHCKOB, T. €. NPOABJIENHe KANHAAAPHEIX CHI,
CTAHOBHTCS BOSMOMHBIM NpH Aasienusix nopaixa 100 arts, koraa
B TOYKAaX KOHTAKTAa KaxJ1oH mapbl ITOYMBEHHBIX YACTHIL DEPYAAlO-
UlHe HX BOJHBIE TJACHKH 00pa3yiorT IOBePXHOCTbH ¢ JABVMS PaiHY-
CAMH KPHBH3IHBI: ri, HEHTP KOTOPOT0 HaXOJAHTCH B TOUKEe KOHTAKTA

[]ﬁ[)ﬂii}-’ET ['](L'ID}HEITE..‘TDII}’ED KPHBH3HY, H rz, HCHTP KOTOPOTO HAa-
XOAHTCA B HeHTpe nopsl, 0Opa3oBallioll TpeM# YaCcTHUAMH B rekca-
FOHaJALHON YIAKOBKE M YeTLIPLMS uacTHaM# B KyGHueckoil yna-
KOBKe. Besi kpusH3HA 37Ol NOBEDXHOCTH CKOMJEHHS BOJLB, ﬂﬁ]]d=
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30BABILErOCA B TOUKE KOHTAKTa, H3MepAercs BeaHuHHONH 1/ri—1/rs,
a TOBEPXHOCTHOE JapJeHHe Mo 3Toil NOBEPXHOCTHIO BhiUMCIAAETCA
no dopmyae Jlannaca

P,=P..-[-J("-l——-—[-), (2.17)

i Fa

rae P)— nosepxHocTHOe Aasjenie MNOA HCKPHBJAEHHON NOBEpX-
HOCTbIO; Py — JlaBienHe Noj NJI0CKOfl NOBEPXHOCTBIO; 0 — TOBEPX-
HOCTHOE HaTAMEHHE BObI.

Boanoe ckomsienne, Bo3nukiiee B TOYKe CTHIKA YACTHIL Ha3bl-
BAGTCA MAaHMETON, HAM CThIKOBOI Baaroil. Tak kak B popumyae (2.17)
Beeraa ri>rg, 10 1/ri<lfrs n Beanunna 1/ry— |/rs Bcerna Gyner
oTpHlaTeabhoil. [lostomy nmosepxnoctrnoe gassenue B BoaANON Mai-
AMeTe BCer/la MeHblle, yeM 10j IocKol nosepxuocrsio. Ho o6beu
Kamaoir MammKeTnl HMMEET H3BECTHbII mnpeaea. EcAH  BAAKHOCTD
OYBBI BO3pacTtaer, TO NPH HEKOTOPOH KPHTHYECKON BJIAXKHOCTH
Aapaenne B o0beMe MAHXETHOR BIarH CTAHOBHTCA PaBHBIM HYJIO,
nocje 4Yero TNPOHCXOAHT CMBIKAHHE MaHMKeT H 3alojHeHHe Beeit
NOpBI BOAON. DTO KPHTHYECKOE 3HAYCHHE MABJEHHA CTLIKOBOI BJaaru
CBA34HO C BeJHYHHOINl pajinyca nouseHnniXx uactuu. Capanep n
['apanep [64] nokasaan, uro B ypasuennn Jlanaaca (2.17) sean-
YHUY rz MOXHO YCTPaHHTL NPH NOMOLUH BHIpaKenus

ri

r3=?{ﬂ —r)? [2;18)

rie R — pauinyc nousennoit yacTHIb.

[Tocie noacramoBkyu Haiaennoro 3HaueHust ro B tpopmyay Jlan-
Aaca (2.17) noayunm

AP = —— (3r, — 2R). (2.19)

i
, 2
M3 stoil dopmyans suano, uro AP =0, koraa r, =-=R, Ipn

2 L
ry > = R Bcd nopa 3anonusercs Bojoil.

OGosHaunm BeAHYHHY OTHOWEHHA ri/R wuepes B u yureMm, uro
Aobasounoe anasiaende AP pasno rHAPOCTATHUECKOMY TaBaeHHIo
croaba kamuaaspxoii saarn Hpg, s3stomy ¢ obpaTHbM 3HaKoM,
r. e. AP= — Hpg. Tlocsie noacTanoBkn 3THX BuiparKkeHuil s ypas-
nenue (2.19) noayunwm

He=—p—(3—). (2.20)

[pw ﬁ=§R sesanunna AP=0.

Beanuuna f usmensierca ¢ HaMeHeHHEM CHCTEMB YIIAKOBKH 1ua-
POB, Kax 370 nokasano Ha puc. 9. C nomowsio hopmyau (2.20),
BLIBEACHHON M3 MoOjJeaH Hiaeaabnoit nouswl, Tapawep u Tapamep
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NV
P |
3 nR
0 144 - 1000 ¢
0,120
0,036 100
0072+
2048 10
0024+
| I 1 I ] | i | : ) | i
o1 0Z 03 04 05 06 B 01 02 03 g4 85 06 P
Pue. 3. 3asucuMocts ofbemMa pasuosec- Pue. 10, 3aBHcHMOCTh  npeBllNeHHS
" Ho#t saarw ot Koadduumenrta P BOALI Haj ropHsonTom ot B npu pas-
f—npu KyGuweckofl ynakopke: 2—npm Anunis suadgennny K (cw)
FeKcaronansiofl  ynaxonke. 1y 0,0, 2) 0,00, 3) 0,001, 4 0,0000, 5) 0,00001.

IIG.‘I}“IIL’]II EE‘MEﬁETHﬂ KPHBBIX 1dBJCHHA BJATH Kak lIJ}'III’-’.llI*I]I oT [Jl
1as napamerpa R B npenenax 0,1—0,00001 cm (pue. 10).

2.7. BbicoTa M CKOpPOCTb KanwiasipHoro noanatusa. Bricota n
CI{'D]'JHCTI} KHTIHJIJIH]“IUFD IMMOAHATHH Z34ABHCHT OT ]]ﬂ,f[li}":ﬂ KalHnJamns-
[”JH-, d 3Ha4YHT, OT }JHBMEPDH MOUBEHHBIX YMACTHIL HJAH HX }'IE'['.JIJHGiu[
IIOBEPXHOCTH.

oM
200

Puc. 11. 3asucHMoOcTs Bul-
COTH KanWJAASIPHOrO MOAh-
ema (eMm) ot npeMenn (y)
B HEOJOOHKAX H3 HacTHil
pasnsx paamepon  (no
Aavuum Honaka w [Mena-
HeKa).
F:’I:'L"dl.";] WHCTHI

100

[ — < 0.002; 22— 00020005
. 3 — 0.005—0,01; 4 — 0,01—0,05:
'] 5 —0.06—0.1; 6 — 0.1—0,2;
: 7—0.3—0% &—0.5—1,0,
ﬂ 1 s = L i 1, 1 L
120 £00 J00 «

Ha puc. 11, saumcrsosannon uz kumrn Pome [43], noxazana
3dBHCHMOCTb BLICOTLI KANM/JIAPHOIO NOABEMA OT BPEMEHH B KOJOH-
RdX H3 HacTHIU pasHeiXx pasmepos. M3 conocraBjaenus KpHBLIX
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caeayet, uTo BOJAM3H 3epKajia PYHTOBLIX BOA CKOPOCTH Kanuaasp-
HOro TNOLHATHA B KOJOHKAX M3 KpyNHbBX dpakunid Ooablie, uem
B KOJOHKAX H3 MEJAKHX YacTHIl, 4 3aTeM, C BO3DACTAHHEM BBICOTHI
KAMHJJAPHOTO NOJAHATHA, CKOPOCTh YMEHbINAeTesi BO BeeX KOJOH-
Kax, HO 3aMejjieHHe cKopocTH Hauboabulee y KpynHeIX ¢paxkunii.
[Mostomy xpusule nepecexatorca. Popma Kpusuix OGJM3Ka K napa-
doanucckoil, ocoGeHHO Ha HauyaldbHBIX vyacrkax. YpasHenune na-
paboabl B 00lleM BHIe 3aNHCBIBAETCH TaK:

H = k03, (2.21)

riae /1 — suicora noanaTHa (8 cm), { — speMa (u).
JlorapHipMHpYA 310 BRIPAMKEHHE, T0ayvaen

g H=Igk+0,51gt. (2.22)

I'pathux  3apucumoctn ff({) B norapudumueckom macuradz
11

ecth upamasa (puc. 12). 1o AoKasbiBaeT, YTO KPHBBIE pHC.

2
.f_
Puc. 12 Kanpaaspumit noaseM B Ha- |
ChiMibY KOAOHKAX M3 YacTHL pPa3Horo
passepa (no aaumnasm Homaka w [Te-
vanera). Macwrah  Jorapudnmaeckni. [ :
1—0,1—008; 2—005—001; 2—001—0.005 0 : ; ; 3
4 — 0,006—0,002; 5— < 0,002 =y g I

HMeloT JeficTsHTe bio napaboanueckyio dopmy. Haxkiaon npamsix,
Hsobpaxwennnx Ha puc. 12, pasen 0,5. Teopernueckuil aHaaus fs-
JACHHA KanWLIAPHOro NOAHATHA TAKME MNPHBOIHT K 3aBHCHMOCTH
(2.21).

Jerynos [25] Hawes SMIHPHUECKH 3aBHCHMOCTb MEM(LY BLICOTOM
RaNHAMIPIOro MOAHATHA M BpeMeHeM AIf CHCTEM M3 PAa3HbIX Me-
Xannueckux ppakunit, O6uLmit B 3TOH 3aBHCUMOCTH

H,= ki, (2.23)
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[Tokasatens creneHH n MoxeT HaMeHsTheda B npegeaax or 0,1

po 0,5 (Taba. 2.2). s 7.9
ariinga =

FPEBI—IEHI‘IE RANMWIAAHPHOTD NodbeMa 48 PasHBIX JHCNEPCHLIX MATEPHAADER

Mexammveckan pakunu (MM ) PopMyad 1A BRMICACIN
IMecok
2] H= 4,00%%
0,2—0,1 H = 21 70
[uan
0,02—0,01 H = 17,1942
0,05—0,01 H — 30,9947
0,01—0,005 H = 20 0%
0,005—0,002 H w 13,694

Peayasrarnel, noayuyeHHsie JleTyYHOBLHIM, noxkasuliBalpT, 4YTO HAall-
denHan paHee TeopeTHueckas 3asuHcHMocth (2.21) zeficTnuTeabHa
TOJALKO 148 vactHi menee 0,05 mm.

B noupax ¢ passuTOil CTPYKTYPOIl BHICOTA KANWIAAAPHOrO NOX-
HATHA oOnpejlensercd pa3dMepaMH arperatos H 1NOp Meri1y HHMH
WM BHelHell NoBepXHOCTLIO arperaTon, 3HaYeHs KOTOpofl He npe-
BLILIAIOT HECKOJABKHX KBaJApatHLIX MeTpoB. 1o obbAcHAET Mafbie
3HaueHHA BbICOTHI KANWAJISPHOTO NMOJAHATHA BJAATH B eCTECTBCHHBIX
nousax m rpyHrax. MaxkcHMaabHas BLICOTa KanWAJSPHOrO [OXHS-
THR B NPHPOAHLX ycnosHAX paBHa 600 cM, 4TO COOTBETCTBYET Ka-
nuaaspam paadycom 2,5+ 1071 emM ¢ YASABHON HOBEPXHOCTLIO, paB-
no 2,0 M*-r~'. B TAHMHHCTRIX pa3sienbHOMacTHYHLIX IPyHTAX
¢ yiaeabHoil nosepxuocrbio Goaee 100 M2-r~' ckopoers Kanuaasap-
HOrO NMOJAMATHH O4YeHb MaJja, a NpelaejbHas BbLICOTA Meliblle, 4eM
B IbLIJIEBATHIX TPYHTAX, BCAEACTBHE TOro, 4to 60JbLIAA YacTh TOD
MEMIY IVIHHHCTHMH YACTHUAMH 3aHSiTa CBA3AHHON BO10I, a CBO-
Gojaman Bojla 3aMKHVTA IEHOMHBIMH 1IPoGKaMH,

2.8. Mousenno-ruaposoruyeckne Koucrautel. [las ouenku co-
CTOANHA NOYBCHHON BAATH NOJIL3YIOTCH PAJOM XAPAKTEPHCTHK, Ha-
ILIBAEMBIX [MOYBEHHO-THApOJOrHYecKHMH xKoncrantamu. Ilo onpe-
aeviennto Poae [43], nouseHno-rHAPOJOrHYECKHE KOHCTAHTHI npei-
crapasior coOoit Te MnepeoMHble BEIHUHMHbI  BJAAMKHOCTH, MDA
nepexole uepe3 KoTopble NOABHAKHOCTL Baaru OGogee HAH MeHe:
pe3ko mensiercsl. CKauok B NOABIMKHOCTH XapakTepH3yeTcs He Ka-
Koit-1nbo onpejesenuoil BEJHUYHHON BIAaMHOCTH, @ HEKOTOPLIM
HHTepsasom ee peauunt. Poae, nenoabsya wiaccH@ukaunn dopwm
NOYBENHOH BJAarH, npeidoxKenHnle pasusimu asropamu ([loaros,
Jle6enes, Uynkep, Auapnanos, Kaunuckuit, Poae), cumraer Hau-
0ojiee cyumecTBEHHBIMH 1IeCTh KOHCTAHT: MakCHMaabHas ajncopl-
IHOHHAA BAATOEMKOCTh, MAKCHMalbHas THrPOCKONHYHOCTb, BJAK-
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HOCTb YCTONUHBOTO 3aBAaHHs, BIAMKHOCTL pa3puiBa KanHIAspHOil
CBfi3H, HAHMEHBIIAN BJATOEMKOCTh, NMOJHAA BJAATOEMKOCTL, HJAH BO-
JOBMECTHMOCTD.

Maxcumanbiasa  ajicopOuUHONHAA  BIATOEMKOCTh XapaKTepH3yer
MaKCHMAJAbHOE KOJHYECTBO NPOYHOCBA3auHoil BAATH B nouse. Jrta
4YacThb BJATrH HAXOAHTCA TMOX BJAHAHHEM cOpOUHONHBIX CHJ, HCXOs-
IIHX OT NOBEPXHOCTH TBEPALX uacTHIL. Ilpurarnsaemslie Moaexy-
JIBL— JAHIIOAH BOJBl — [PH 3TOM ONpeesennbiM 06pa3oM OpHeHTH-
PYIOTCA 1O OTHONICHHIO K TNOBEPXHOCTH 4YaCTHIL 1OYBLI, 0Gpa3sys
BOAHYI0 TJAEHKY TOJWHHON B JBa ciof Modekya. Coxepmannue
BJ4arH, XapaxkTepH3ylollee MaKCHMAJbHYI0 aacopGLUHOHHVIO BJIATO-
eMKOCTh, OJH3KO K COJepIKalMuio rHrpocKonM4eckoil BaAarH B BO3-
AYUIHO-CYX0il nouse u coctapiaser 0,6—0,7 or MakcHMaabHoOil THT-
POCKONHYHOCTH.

Maxkcumanbnas  rHrpoOCKONHYHOCTE — HanGoJbllee KOJHUYECTBO
napooOpasHoil BJAATH, KOTOPOE 10MBA MOXKET NHOIJOTHTH H3 BO3-
ayxa, noutn (na 96—98% ) wmacuiuienunoro paaroi, Gaarogaps npu-
cytuei eif noBepXHOCTHOI 3Heprun.

- Baamunoers yerofiunsoro 3assjaHus — 370 BJIAKHOCTh, NPH KO-
TOPOil MOSBAAIOTCS MEpBbLIe NPH3HAKH YBAAAHHA pacTeHMit ¢ Xo-
powo pa3BHTON KOPHEBOH CHCTEMOIl, He HCYe3amlulMe NPH moMe-
LeHHH pactennin Ha 12 u B armocdepy, HACHIEHHVIO BOJIAHBIMH
napamit. Ona XapakTepusyer HHKHUIT npejies NPOAYKTHBHOMN BJIArH.

Baaxuocts paspuiBa KanuaaspHoil CBA3M — BAAKHOCTH TOUBHI,
Jemalas B HHTepBaje MeXIYy HaMMeHbIUeHl 1oJieBoil paaroem-
KOCTbI0O H BJAKHOCTBIO 3aBAJAHHA, TPH KOTOPOI NOJABHAKHOCTB
BJIATH B Npouecce CHHMKEHHA BJAMNKHOCTH NOYBH, H CAeJ10BATEIBHO
BJIArONpOBOIHOCTH, pe3ko yMmenbmiaercd. Yacto umciaennoe 3amaue-
HHE BAAAHOCTH Pa3pbiBA KalMAIAPHOIL cBA3H GIH3KO K 10JyCyMMe
3HAYEHHH HaMMEHblIell, HAH NO0JeBON, BJAroeMKOCTH M BJIAKHOCTH
ycToiunBoro sasajanng. BaamuocTs paspusa kanmaaspnoil casaw
ABIACTCA KPHTHUECKON TOUKOH, KOTOPas JIeJHT JOCTYNHYIO pacTe-
HHIO Baary Ha JApe KaTteropuu: |) BJiaary Jerkofoctynuyio, crnocod-
HYIO CAMOMNPON3BOJLHO M OLICTPO NMEPEABHraTLCA B JKHIKOM BHILC
H3 BCEr0 CMOYEHHOTO CJ0S OIHOBPEMEHHO K 30HEe HCHADEHHA U 30He
KODHEBOro HCCYIIEHHA (HHTepBa/J OT HauMeHnbllieil BJaroeMKocTH
A0 BJAAKHOCTH pa3puiBa Kanuaaspuoit csssu); 2) saary, ne cno-
COOHYI0 3aMETHO NEepPEeBHraThCs B JKHIAKOM Bujle (HHTepBad ofr
BAAMKHOCTH PA3pbIBa KanHAAAPHON CBA3SH 10 BJAAMHOCTH VCTORYM-
BOTO 3ABAIAHHA) H TPYAHOMOCTYNHYIO 115 pacTeiui.

Hanvennmas (nonesasn) siaaroeMkocTh ectb HanGojbliee Bo3-
MOKHOE cojlepAaHHe NojBelleHHOl BJarH B JlaHHOM CJI0e NOYBbLI
B €€ €CTeCTBEHHOM CJOMEHHH, NMpH OTCYTCTBHH CJAOHCTOCTH W foa-
MHPAIOIETO JIEHCTBHA TPYHTOBLIX BOX, NOCJAE cTeKalus Beeil rpa-
BHTAUHOHHOIl Baarn. B ycaosHax HeraybGoOKOro sajeranius 3epxajia
TPYHTOBBIX BOA BEJHUHNE HAHMEHbIIEH BJAroeMKOCTH COOTBETCTBYET
BJAAHOCTL HA BepXHEH rpanHile KanuaaspHoil KaiMbl.

[Toanas maaroeMkocTh, HAM BOJOBMECTHMOCTb MOYB, €CTh CO-
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JdepHanne Baarn B nouse NpH yCJIOBHH NMOJHOro 3anoJHeHHs Beex
fnop BOAOI.

CnocofuocTh MOYBLI BIHTEIBATL M VIAepXKHBATL BOAY jaer BO3-
MOMXHOCTb PACTeHHAM Da3BHBATLCA H BHIIEPKHBATH NEPHOAHL C He-
AOCTATOUHLIM YBIAaMHEHHEM, a 3T0 YMeHblaeT OTpHUATEbHOEe
BJAHAHHC HEPABHOMCPHOTO pacnpeje/ieHis ecTeCTBeHHLIX O0CajiKoB
B TEYEelHe BereTallHoHHoro nepHofa pacreHui.

Ilag xamaofi MOYBBI CYUIECTBYET MAKCHMYM BOJOV/EDIKHBAIO-
meit cnocodHOCTH, HA3LIBAEMON NOJEBOI BIATOEMKOCTBHIO, H Mak-
CHMYM JIOCTYITHOR BJAry, pasubliii PastHocTH MEXAV HOJAeBOH BAaro-
EMKOCTBbIO M BaazKuoctbio 3asapanna (Wyp— W), 3Ito— noren-
HHaAbHLI 3anac JoctynHoil saarn B nouse. Hepeako swuncasior
OTHOCHTE/IbHOE COAepalHe JAOCTYNHOH BJAArH B NoOYBe B BHAE OT-

loleHna QaKkTHuecKoro cojlepxanna gocrynuoi saarn (W — W,)
; W—
K 1MOTeHUHAJAbIIo ee BeaHulle, T. . 2

JKHAKYIO Baary noussi MOMKHO NPEIACTABHTL VCJIOBHO, B BHIC
BOHBIX 1M1EHOK, 00B0AaKHBAIONIHX NOBEPXHOCTh MOYBEHHBIX YACTHIL
Ecau yaenbHas NOBEpXHOCTL MouBbl pasHa Sy, TO ycaosuasg Toa-
nHa BounoH maenxkn k== W/Sy. Henonwaya cuasp mexny W n Sy,

W—W, h—h,

MOMHO HANHCaATL VW ek
TeJIbHOE cojepXanHe AOCTYNHOI BAATH MOMKHO BLIDA3HTL uepes
oTHowenHe PakTHYSCKOH TOMHHLL BOJIHOTO ¢J0 K NMOTEHIHa bHOo
BO3MOMKHOI ee ToJULHHE NPH [oJeBoill praroeMKocTH nousn. B na-
crosulee spemsi paGoramMn paxa uccaerosareaeit [14, 39, 45, 53]
VCTAHOBJACHO, YTO MMOYBEHHO-THAPOJOTrHYECKHe KOHCTaHTL ABJAHIOTCH,
Mo CYIIECTBY, AHHAMHYECKHMM XapaxkrepucTHkamu. Hanpumep, un
KPHTHYECKYIO JUIA TPAHCIHPAUHH BJAMKHOCTL IMOMBBL  (BAAKHOCTL
JaMelsleHHs pocta pactenuit) Bauser, KPoMe MOYBBI, WEJALI pajlL
dakTopon: abdCONOTHLIH YPOBEHb NOTEHUHAALHON TpaHCHHPALHH,
OTIpeleasieMblil NOro/JIHLIMH VCJIOBHAMH, CTenelh PAa3BHTHA KOPHeROR
CHCTEMB, I'YCTOTA MOCeBa, KyaAbTypa H A,

Cyanuusin [54] ycranoBna onpejesednoe COOTBETCTBHE Memay
10CTATOMHO V3KHM HHETepBaJOM H3McHeHMil KosdduuHeHTa BAAro-
NMPOBOJHOCTH H MMOYBEHHO-THAPOJOTHUECKHX Koncrant. Tak, npu
BJAMHOCTH, paBHOll HaHMeHbiled BaaroeMxkocTtH, Kospduumenr
BTATOMPOBOAHOCTH BapbHpyeT AAA pasusix nous or 6-10-'" 1o
8:-10"%cm-c- .

3TO 03HAYAET, UTO OTHOCH-

2.9. IKCnepUMEHTAJNBbHBIE METOAL ONpPeieJeHHs 3ABHCHMOCTH
KAMHAJAPHO-COPONHOHHOTO [laBJeHHs OT BJAaMHOCTH nousbl. Ka-
NHAJAAPHO-COPOIUHONHOe JaBjenHe BAaru B HeHACHIIEHHOH BOJOI
nouse pasHo HYJI0, a B Buicywennoil npu 105°C pasno 107 cm Bo-
asHoro croaba, nan 10' arm. B uarepsaae or 30 ao 2300 atm aan-
JeHHe [ouBeNnIoil BJAarH H3MepsoT THIPOCKONMYECKHM METOL0M,
or 1 no 30 arM — Ha MemOpanuom npecce u or O 1m0 | aTm —na
MJAACTHHYATOM Iipecce.
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[HrpockonuyeckHil METOJ onpeaeneHHs noreHupana (ranpae
HHA) NOYBEHHON BJAATH OCHOBAW HA TOM, UTO XHMMYECKHil noreu-
IIHaJ BCEX KOMIIOHEHT CHCTEMbBl B 3aKpbiToM o0bemMe H H30TepMi-
YECKHX VCJI0BHAX OJHHAKOB. XHMHYECKHH NOTEHIHAN BOJAAHOra
napa aBasiercs @yHKUHER OTHOCHTeNLHOro napiaenus P/P,, rae
P — nasaende mnapa unaja pacTBOPOM, NPH KOTOPOM [POMCXOAMT
copbuna Han aecopdbuus napos nousoil; Py-— masjeHue Haa maoc-
CKOIl TIOBEPXHOCTbIO XHMHUECKH uHCTON BoAbl. Jlaphenne puiunc-
Jdderca no gopmvae

H=3,18-10°1g (%ﬂ)

riae H — uckomoe aapaenne nousBeHHoi Bjaarum (CM. BOA. cT.); h —
OTHOCHTEIbHAA BAAXKHOCTL BO3yXa,

Hecstuunbiii sorapudy sbicotsl BogaHoro cronGa H Cxoduans
obosnauna cumBoioMm pF, 1. e. pF=lgH. Dra peanunna pasna
NOJHOMY JlaBJeHHIO MOUYBEHHOR BjaarH, caaraiouleMycss M3 ajacopo-
UHOHHOTO, KanWJIAPHOrO H TPaBHTALMOHHOIO AaBJEHHIL.

Pasanunan ynpyrocts BOAANOrO mapa MOMeT CO3[aBaThesl ia-
CBHIUEHHBIMH  paCTBOPAMH ONpejleJIeHHBIX coJieil, Ha3uLBaeMblX la-
Oopom coaeii OGepmuasepa. [lomemas 3tH pacrBopnl B IKCHKA-
TOpul # BLIAEPMKHBAA HaA HHMM o6pasubl NOYBH 0 YCTAHOBJCHHS
MOCTOAHHOTO Beca, MOMKHO HalTH BeJNHUYHHBLI BJAAXKHOCTH TOYBLL,
PABHOBECHBIE NO OTHOWEHHIO K JAHHON OTHOCHTENBLHON YIPyrocTs
BoasiHoro napa (raba. 2.3).

Tabauya 2.F

Japncumocts pE 0T OTHOCHTEALHON BAAKHOCTH BO3AYXa
Hacwmennun K80, Na,SO, + KCI NaCl NHNO, Ca (NO,), H,_{CU:.L F CalCl, - K-aue-

pacraop coaei F10H,0 + 2H, 0 <+ 6H,0 Tat
OTnocHTE L AR 08 92 Bi 75 65 55 45 15 y. ']
BAAKHOCTD BOO-
avxa (%)
pF 4,40 5,06 51 560 5,77 5.0 6,04 6,16 0, %

3ananHoil OTHOCHTENbHOIN BJAXKHOCTH BO31YyXA COOTBETCTRYIOT
DeJHUNHBl 1aBJeHHA TOUYBEHHON BJArH M PABHOBECHOH BJAMHOCTH,
ocobule i Kamaoll Koukpertnoit moussl. [locie JocTHIKenus mno-
CTOAHHOTO BECa ONPEALJAIOT BJAAKHOCTL NOYBB METOJAOM CYUIKY
B Tepmocrare. B pesyabrare noayuaior psia napublX 3HadeHHil 1as-
JdeHHe TNOYBEHHOH BJarH — BJAMKHOCTL B AHANA30He JaBJCHHII oF
30 mo 2300 aTwm.

B sasncumoctn 01 c¢nocoGa MOCTHIKEHHS BAAMKHOCTH (BBICYILA-
BalHe HJAH YBJa)KHeHHe) oJHOMY 3HAUCHHIO BIAMKHOCTH COOTBOT-
CTBYIOT ABa 3HaveHnst pF, uTo 0O'BACHACTCA ABJIEHHEM THCTEPE3HCA.
[Tostomy pesyabTaThi H3MepenHs noTelnuuasa BJard MOTyT OBITH
CPABHHMBI TOJILKO B TOM c/jyvae, ec/JiH JanHble NOC/ASAYIOUIHY H3-
MEDEHHIT NPHBEIEHb! VA OJIHOrO H TOro *e cnocoba NOCTHKEeHHR
BJAAAKHOCTH,
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Meroas MeMOpanHoro H naacTHHYaTOro npeccon paspaboraHsl
Puuapacom [72, 73]. B ocnoBe 3THX MeTo/10B JexHT cnocob Bbl-
PaAaBHHBAHNA [OTEHUHaAJ a HeHACLINEeHHOHN IMOuUBbLI € NOTEHUHAJOM
¢Bo0OAHOIl BOABLI 1IYTeM NOBLILUEHHA BHEIIHEro JasJIcHis Hal BJaawK-
HOMt nousofl. llpn srom na npubGope namepsieTcss ManoMerpHIECKOS

AdBJeHHE, PaBHOE DAIHOCTH MEKI1Y JdasJecHHeM B KaMepe H aTMoO-
chepubiM gapiaedne.

Puc. 13, Bucwnnd pua semBpanioro npecca.

MemOpannnit npecc (puc. 13) COCTOHT M3 ABYX MAaCCHBHBIX
auckos auamerpoMm 30 cm, ToaumuHoll 2 M H KOJAbLA, BJAOKEHHOrD
MeXJAy HHMH, JHaMeTpoMm 28 cM # seicoroin 1,5 cM, HMeloUiers
CBepXy M cHH3y Keaoba ans peauHosoil npokaaaxkn. B mewrpe
HACHEro JAHCKA HMEETCSl OTBepPCTHE A48 coolulenusa ¢ BHewwHedl
armochepoit. Ha BepxHem aucke mmeercs wTyuep Aaf 1N0gcCOenH-
HCHHH KaMeEDBl J1daBJOeHHA K ﬁil.'l.’li}}i}.' CO C/KaThiM BO3JIYXOM, OTBep-

5{1-



CTHe JIA KJanana H OTHepCcTHe AJA NOJACORAHHEHHA MaloMeTpa.
JIHCKH H K0abllo cauMalores Goatamu, obpa3ys repMeTHYHYIO Ka-
mepy. Ha ano ceTkm Kaajercsa MerajjiHyeckasl ceTKa, KOTopas Tio-
Kpeigaercst mabTpoBaasioit 6ymaroit n neanodanoBoii MeMOpaHon,
npeasapuTeabHo naceiulednoil poaoil. Ilocaenusis oGaamaer cno-
cODHOCThIO NPONYCKATh BOAY, HO He NpPONyCKaeT BO3AVX NPH 1aB-
nenax 15 arm n smenee. Ha niaenky crasar mertanjauueckue Kogb-
ia ¢ obpazuamu saaxuof noussl. Ha pepxueit nopepXHocTH naeHKn

Puc. 14. Buewnnit Bua NAacTHRIATOrO npecca.

3ajlaeTci Jasaenie Bbe atvocjepHoro, H3IMEpAeMoC MaHOMeT-
poMm. Huxuns nosepxuoctb naeHKH J1aX01HTCd B MOCTOAHNOM CO-
MPHKOCHOBCHNH € BHEIHE atMoc(epoll, KOTopoe OCYULECTBAACTCA
yepea oTnepctie B AHe Kamepol. [loa pansnuem pasnoctn lasJje-
HHIL BOAA BuTeKaerT M3 obpa3sua nouskl 4Yepe3 TOHKHE NOpbl Uenno-
danoBoil MAeHKH HAPYIKY B ajloMuuuesuit crakanuuk. Crekanue
NPOHCXOANT A0 Tex nop, noxka s obpasue coxpaHsficTcesl BOA3a MOA
AaBJAeHHEM, pPaBHLIM 3axannomMy Maxomerpudeckomy. Ilocae npe-
Kpalleuns BbITEKAHH BOALI H3 [OUBKI ONDEICARIOT BJAAKHOCTH
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AO4BBl nyTeM Cyiukd B repmocrate npu 105°C. Mamepus ocratou-
HYI0 BJAAXKHOCTL 00pPa3uos noussl NpH nepenagax jaasaenus 1, 2,
3, 5, 10, 15 arm, MOXKHO COCTABHTL YUACTOK KPHBON 3aBHCHMOCTH
LaBJIeHHA OT BAAXKHOCTH nounsl 8 MHTepsaae or 1 go 15 arm.

Ha puc. 14 nokasan snemnuit BHA njactunyaroro npecca. ror
gpecc npexcrasaser coboil amoMHIHesbll KoTea auametrpom 30 cu
€ TFEePMETHYHO 3aKpuiBalolleiics KPLILKON, Ha KOTOpOH HnMmeercs
WTylep Ads ManoMerpa M WTYUep AJA NOACOCAHHEHHS K Kameps
Hanaonua co cKareiM BO3AYXoM. BHyTpH KoTaia mMmeercs nopHcTas
KepaMHuyecKasa naacruHa avamerpom 18 cm M smcortoit 0,5 oM
€ NOUIOHOM H3 DEe3HHOBOH ILIGHKH, 3axpeneHuoil no nepudepu
DAACTHHB TPOBOJIOKOA. B LEHTP Noji10Ha BCTABJASETCA PE3HHOBAS
TpyOouKka anamerpoM 2—3 MM, KOTOpas uepe: OTBePCTHE B CTEHKS
KOTJIa BLIBOJHTCH HApymy a5 obdecneyeHus 1ol mAacTHHO Hop-
MaJIbHOro JaBJEHHA BO3/yXa.

Texunka uamepenuss Ha NAACTHHUATOM TNpecce COCTOHT B CJe-
ayiouem. KoTea ¢ BAOKEHHLIMH B HEro HecKOJBLKHMH KepaMi-
HECKHMH NAacTHHAMM 3an0aHAI0T Bojoll 6e3 ob6pasuos noussl He-
CKOJIBKO BblIUE YPOBHA BepXHEH NJAacTHHLL, H C NOMOULIO GagToHs
€O CXHATHIM BO3AYXOM 3alaloT Aasjenne B neMm, pasHoe | arwm,
AR HACBIMEHHA MMOP IMACTHH BOMON H BLIT2CHEHHA M3 HHX BO3-
ayxa. Ilocre npexpamienusi BbIIeA€HHS NV3BIPbKOB BO3AyXa KOTen
0CBOGOMKAAIOT OT BOABI H HA MAACTHHBl CTABAT OGPA3ULl MOUBH,
UpCABAPHTENILHO HACLILIEHHbIE BOJOI B Teuenue c¢yTok. Hyxuoe
AaBaenne noaaepsiusaercs B TeueHHe 1—2 cyrok u Goaee 10 TOro
MOMCHTA, KOTJla BbiTeKanue BOALL H3 noussl npekpatures. [locae
HACTYNACHAA PaBHOBeCHs 00pa3ubl BLICYIIMBAIOT B TEPMOCTATE TIPH
105°C nas onpeaesennst BiaxuocTH moussl. Ha naactuigatos
npecce HIMEPAIOT OCTATOUHYIO BJAAMHOCTL NOUBLI NPH CASAYIONLHX
nepenajnax pasaenus: 0,01, 0,05, 0,1, 0,3, 0,5, 1,0 arm. B ykazannon
AHanasone AaBieHHA NOPHCTAA KepaMHyeckas IJAacTHHA JIOJAKHA
COXPAaHATh CnocoHHOCTL ObiTh MPOHHILAEMON L5 BOIAL H HENPOHI-
naeMol jas Bosnyxa. Kputhueckoe nasienie, npH KOTOPOM TIpo-
ACXOIHT NPOPLIB BO3jyXa yepes MOPHCTYIO IAACTHHY, onpeileasercs
no ypasiendio Jlanaaca. Corsiacno 3ToMy YypasHeumio, nepena
Hasienitsl 1 atM M MeHee MOryT BblIep:KaTh NOPH JAHAMETPOM
3 MKM H MeHec.

B paGore Cuporkuna [49], Cuporkuna n Muuypuna [48] onu-
€aHbl KOHCTPYKUHH MOAH(DHUHPOBANHBLIX MJIACTHHYATLEIX H MeMOpan-
HHX npeccoB. Cxema niacTHHuaToro npecca usobpakeHa Ha pHc. 15,
JTOT npecc mpeactasiser coGOil repMeTHHeCKH 3aKphiBaOULYIOCH
UHAHIIADHYECKYI0 KaMmepy &8 W3 nepmaseionest craad, O6bem Ka-
MEPLI OKOJA0 O A, 4TO 0GECHeuHBaLT 10CTATOUNIOE NOCTOSHCTRO 1A4B-
ACHHA JaXe NpH HCNOAb30BANHH TEXHHYECKOro Ta30BOro peayx-
topa. Ha sepxueit kpbiuke 5 kamepnl yerawosieno ruesno 6 aaa
XpenJienns oOpasuosBoro ManoMmerpa 7, KOTOpPHII MOMerT GulTh 3a-
MEHEH PTyTHLIM NpH NOMOIH nepexojnoro wryiepa. OcHoeHoOI
Betajbio npHGOpa ABAAETCH KPYraas MeJKONopHCTas KepaMmHue-
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cKag maactuna Y, H3aroTosjicHHaA H3 O0JHIOBOMHON IJHTKH nocae
VAAJCHHS ClOS Taa3ypH.

B pesyabrare audppysun rasa cksosb nopbl, 3aN0THEHHBIE KHJL-
KOCTbIO, HA HHMHEN NOBEPXHOCTH m1acTHHE o0pasylioTes Ny3blpLKH.
AR HX ylaJeHHA B OMHCAHHBIX BLILIE KOHCTPYKIIHAX NPHMEHAETCH
HeNnpepbiBHLIE NY/JALCHPYIOIHI MOTOK MKHAKOCTH B noaMemOGpaniHoM
npocrpancTse. Takoit mMetojl vaadenuss Ny3ulpbKOB BBHI3LIBAET, OI1-
HaKo, cepbeslible 3aTPYAHEHHS B H3IMepeHHH o0BLeMa MHIKOCTH,
BuITEKWEH U3 obpasina, M yCTAHOBJACHHH MOMEHTA JlOCTHXKenus Tep-
MOAHHAMHYecKoro pasHosecHs. [ToatoMmy aaq nenoabsosauus npec-
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Puc, 15. Cxema moaudmunposannoro pjiacTHHYaTOro npecca.

COB TAKHX KOHCTPYKILHIl MOMEHT VCTAHOBJISHHH DABHOBECHS MOMKHO
OnNpeile/nTh TONbLKO B3BeminBaniem 00pa3los, a BAAKHOCTL 06pas-
UOB — METOL0M CYWIKH, 4TO TpeOyeT pasrepmerHsalui H pas3bopku
fipecca rocae yCTaHOBIEHHA paBHOBECHH 98 Kawmki1oil cryneun
Aasnenns. Kaccera-jepkarteab /0 cOCTOMT H3 HHIKHErO ONODHOTO
aucKa /2 u pepxuero KoJablesoro aepxareas [, BulnoJAHeHHLIX 3
nepxaseioweii craan. Hmxunit auck nveer mnoaocts 13— xamepy
aTMOCQEpHOro J1asJjelis, B KOTOPYVIO YK1aiAbiBalOT Nojiepxupalo-
IlHe JaTyHHble CeTKH [4 H KepaMHYeCKyl0 MJIACTHHY, JIBA HHIKHHX
OTBEPCTHA, KOTOpPLIE NpH MOMOUH MTYUEPOB /8 M JaTyHlBIX Tpy-
Gok 17 coeamHsoTCa ¢ YCTPONCTBOM Ji# NPOKAYKH IKHIKOCTH.
Bepxiee koabio [/ cayKuT A8 KECTKOrO KPelJIeHHSt NAacTHHbI
B kaccere. Ilo nepudepun Koabita n gucka npocsepaenst oTBepeTH
Aas Kpenaenust 60aros 19, npu noMOUtH KOTOPHIX KOABLIO H IAHCK
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cTAruBaloTes Memxay coboft, Takasd KOHCTPYKUHSA MO3BOJSET JEerKko
MEHSITh TJIACTHHKH TpPH Bhixoge HX W3 crpos. [Ipu cOGopxe Kaccers
B cHelHaJbHble KOJBUEBLIE KaHaBKkH [6 Ha JAHMCKe H KOJble YK/ia-
ALIBAIOT PEPMETHIHPYIOUIHE NPOKJANKH W3 BaKyyMHOH pe3HHbL
CoGpannas Kaccera MecTko YIep:MHBACTCH BHYTPH KaMmepbl AaB-
JEeHHS TIPH NOMOILH JaTyHHLIX TpyGok [I7, xoropeie uepes IITY-
nepw 20 u repMmetnsupyoulHe wanobel 2/ NpoXoAAT CKBO3b CTEHKH
KaMepsl JaBjeHusi M COENHHSIIOTCA € NPOKAUHBAIOUIMM YCTPOIl-
CTBOM.

| ITpokaunpaoulee ycTpoilcTBO COCTOHT H3 MEIHIIHHCKOTO WITIPH-
na 22 emroctbhio 20 cM? M yHHBepCcaabHOI H3MepHTeJbHOH OlO-
perku 2, I ¢ nojaocreio 2 B BepXHEH 4acTH, B KOTOPYIO 3aJHBAIOT
JKHIAKOCTb /15l YMEeHbIUeHHs MOrpelHocTH ila HcrnapeHHe IIPH H3-
mepenun obwema xuaxkoctu. ITojocts 2 3akpuiaerca npobxoit J
¢ KanuaaapoM 4 jaad coequnenns ¢ armochepoit.

Metoauka paGoThl Ha NJACTHHYATOM Ipecceé COCTOMT B CJe-
ayiomenm. O6pasubl BJIAXKHOH NOYBBIL, VIJOTHEHHBIE B IHJIHHIDH-
HECKHX KOJAbllax /5 u3 HeprKaselowmled cTajaH, YCTaHaBAHBAKOT Ha
KepaMHYeCKyIo INIACTHHY, HACHLIEHHYI0 Bojoil. Kamepy BBICOKOTO
NABJEHHA TEePMeTHYeCKH 3aKpPHIBAIOT H 3a7ai0T B Heil npeiBapH-
Tenbioe gasaexue okogo 0,5 arm. 3arem uepe3 OlOpeTky 3ano-
HAIOT JKHIKOCTLIO NOAIVIACTHHOUHYIO KaMmepy armochepuoro aas-
JeHHA H npokauuBaloulee verpoiicto. s yeTpaHeHHs Ny3bipbKOB
rasza ¢ HUMKuell NOBepXHOCTH MIACTHHKH COBEPINAIOT MHOrOKpaTtHoe
BO3BPATHO-TIOCTYNATE/IbHOE JABHKEHHE NOPIIHA [0 MOJHOTO TpeKpa-
IeHHA BBIZeaenHs raza B Oioperky. [lpn cosjganmn HHTEHCHBHOTO
MOTOKAa B HEHTPaJbHOH YacTH MJACTHHBL 3a CYeT PasHOCTH CKO-
pocreil JBHMKEHHS MKHIKOCTH B UEeHTPaJbHOH H nepHpepHiHbIX
301aX BO3HHKACT TpaJMeHT JaBjJeHHd, 101 AEHCTBHEM KOTOPOIo
Ny3eIpbki nepeMeliannTes or nepHdepuu K UEHTPY, IAe OHHM 3a-
XBATBHIBAIOTCA NOTOKOM M BbiHOcATes B atmochepy. [Tocae npoxavks
nopuieHh OTBOAAT B Kpalinee NIpaBoe TMOJ0XKeHHe H (PHKCHPYIOT
IyTeM 3aKkpenjeHHst MNpHIA HAKJOHHO € MOMOULBIO TIPVKHHHOrO
MexaHHsMma. 3areM mnpeaBapHTedbHOe JlaBieHHe cOpacwiBalOT I
OCTABAAIOT BCIO CHCTEMY B TOKOe 0 IIOJHOTO HACblUleHHA obpas-
OB MHIAKOCTBIO, O HEM MOMKHO CYIAHTh M0 TPeKpalleHHIO TOHHHe-
HHS VPOBHS KHIKOCTH B Oloperke. 3ajasasi B KaMmepe JapjenHe
CTYNEeHAMH, 10 H3MCHEHHIO VPOBHS MKHIKOCTH B OlOpeTKe HaMepstor
KOJIHUECTBO KHAKOCTH, Bbitekweit 3 oGpasuos. Momenr jaocru-
JKelHss TepMOAMHAMHUYECKOro pPaBHOBeCHA OnpejlefIfercs TakKike no
npexpanieHnio Hamenenus ypopua B Gioperxe. CTyneHH jgapienus
oObiuno coctasasor 10% makcuManbLHOTO AABJIEHHS.

B namem cayuae npH MaKcHMaNbHOM JaB/jeHHH, paBHoM | aTm,
AP=0,1 atm. [locne 3aganua KaxKmoli CTyNeHH JdaBjeHHS B MNpo-
ecce YCTAHOBJACHHA paBHOBECHA M Tepel KaxIAblM  3aMepoM
VPOBHA KHAKOCTH B OlopeTke yIaasiloT ra3 H3-Mo4 NJaCTHHBLI BO3-
BpaTHLIM JABHAKENHeM NOopmHA A0 NpPeKpalleHHst BLIXOMA MY3hiPb-
KOB B OIOpPeTKY.

54



MavensTth nasieHHe MOXMHO npH noMmoutd peayxropa ¥P-2 xak
B CTOPOHY YBEJHYEHHA, TAK H B CTOPOHY yMenbllenus. 3To mO-
3BOJIMT cHHMATL Kpupsie sapucumoctd P(W) Kak B pexume ys-
JamHeNns, TAK U B PeXKHME HCCYUIEHHA, a TaKMKe TaK Ha3biBaeMble
CKaHUPYIOUIHe, HJH BTOPHYHLIE, KPHBLIE HA OAHOM H TOM e 00-
pasiie.

[Mocae onpenenenus 3snauennit AW aaa scex 3anannbix 1aB-
Jennit KaMmepy pasrepMeTH3UPYIOT H ONPelessioT OCTaToutoe KO-
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Piec. 16. Cxenma sofnduunpoBanore smemipanuoro
npecca.

JHYECTBO BJArH B ob6pasiax MerofoM cyKH, CyMMHPys# OCTATOY-
uvio saary Wy noouepexso co scemu snauennamun AW, naxozmy
snavennst saaxuocrn W, cooTsercTBylOllHe BCeM 3HAUEHHAM [1aB-
Jennn. Ha ocHopauuu noayyeHHbX J1aHHBIX CTPOAT KPHBbLIE 34BH-
cumocth P(W).

Moanduunposanuniit memOpaunbtit npece, pabotawounit B ana-
nasone aasaenus or | a0 15 ar™, COCTOHT H3 cOoOCTBEHHO mnpecca,
Gasjona co CKaThiM Bo3ayxoM, rasosoro pejaykropa JIKII-1-65.
Oaanona-pecHBepa Iasi CraaxMpaHus KojaeGanwH JAapjJeHns B
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CHCTEME BLICOKOro AaBjenus, HepenyckHoro KpaHa BhICOKOTrO JlaB-
JIeHHS, NMO3BOJAIOUIETO (I1ABHO pPeryJHpoBaTh japjenHe B 0060HX
HampasJeHHsAX, a TaKXKe OTK/IOYATL Mpecc OT pecHBepa M COCLHHH-
TenbHBIX OPOHHPOBAHHLIX LIJAHIOB BLICOKOTO JdBJeHHA.

CobGersenno npece (pue. 16) npeacrasasier coGoit aBe IMJHTHI
H3 HEPXKaBelouleil cTalJii, ckpenjenHble gByMs GojaraMu H ITPHIKH-
Maemple JAPYr K JAPYry YepBAuYHBIM CAMOTOPMO3HIUHM JAOMKparToMm
C MakciMaJibibim yeuwiaednuwem jo 10 1. Bepxusas naura 9 HMeer
UWHAHHADHYECKYIO 10J0CTh, KOTOPaA SBASETCA HACTbLIO KaMepbl Bbi-
coKoro jaasjenus. Kamepa coejpnnesa ¢ memOpannbim o0pasuoBbiM
manomerpom 6 Knacca 0,3 ¢ upenesom 16 atMm, KoTopwil noasoJser
KOHTPOJAHPOBaTh aasiedHe B Hell. HuKnas naumta JO Takxe nmeer
NoJ0CThL, COBMEILAIOULYIOCH ¢ BepXHell H ofpaayoulyio npu cbopkz
npecca KaMepy BLICOKOTO JlaBJeNHsl, B Hell noMmeuiaercss onopuas
aaryunan cerka / u nopucrana mMemOpana 2. ITa 1oJ0cTh npH 1o-
MOWIH MecTKHX TpyOok [4 coeiHusercs ¢ ycrpoilcrsomM 1ad yaa-
J€HHA NYV3LIPbKOB ra3a #3-nol MeMmOpannoro npocrpaHcTea. 310
VCTPOIICTBO, KAK H B MOIH(QHUHPOBAHHOM IJIACTHHMATOM Mpecce,
COCTOHT M3 nNopluHeporo mnpuua /3 emrocthio 20 ¢M? B CMEHHBIX
MHKpoGoperok [0 ¢ pasanudofl uenoit aeaenns. Bepxuss uwacth
MHKPOBIOPETKH COCAHHALTCH ¢ KOMNEeHcAauHoHubM cocyiaom 9. Bo-
KPYT KaMephsl, B CHElHAJAbHLIE COBMEULAIOWNECs KAHABKH Ha NaH-
TAX, VRAAAbIBAIOTCH ABE Pe3HHOBLIE VIMIOTHHTEILHLIE NPOKAAJLKI,
01HA H3 KOTOPLIX & CAYMHT JUIA FepMeTH3alHN KaMepbl BLICOKOTO
aasaenns, apyrasi 2— aas npeioTspalleHHs BEITEKAHHA XKHIKOCTH
H3 noaMeMOpaHHoOro NpocTpancTsa NpH NpoKayxe.

B kauecTse MeJKONOpHCTHIX MeMOpaH npH 1asiaendn 1o 15 am
HCMOJAL30BAJAH CMOUYEHHVIO Ue1a0haloBvIo NJAeHKY OTeYeCTBEHHOrD
NPOH3BOACTBA.

[Toxaroropka npecca k pabore cocToMT B Ccaeayiomem. B mo-
JOCTL HHMKHEN IAHTLH YKIAALIBAIOT JBe JaTyHHLIe ONOPHLIE CeTKH,
pasMep HPAMOVIOJAbHLIX AUEeK KOTOpLIX noabupaercd TakHMm o6-
pasoM, 4tobnl uestodanosan memOpada He npopbiBanach Ha fyeil-
Kax BepxHei M3 HHX HPH MAKCHMAJALHOM TNPHMEHAEMOM JaBjeHi:
(mpn P=15 arm pa3mep fAdeexk cocrasaser 0,25 mMm); pasmep
siueex HHmHel ceTkd suiOupaerca okoso 0,5 MM, ¢ TeM uToOWl
obecneunth CcrOOOIHOE ABHMKENHE MKHAKOCTH B noameMmOGpaHHOM
npocrpancree, Ila ceTkn HakJ aibiBAIOT HACHIEHHYIO KHAKOCTLIO
ueaaodanosyo meMOpaHy, BHPE3AHHVIO BO BJAXKHOM COCTOSIHHH
AAST NPELOTBPAleHHs NOARICHHA MHKpOAeeKTOB 10 ee KpasiM.
O6Gpasun nousL, 3akaiouentnie B MeTadJHueckHe Koabua 4, ve-
TAHaBAHBAIOT B IWEHTPAALHON vacTH memOpanu. [locae aroro ykaa-
ABIBAIOT YIVIOTHHTEIBIVIO HPOKNAAKY 2, HAKJAALIBAIOT  BepXHIOIO
MJAHTY C 3aKpelyieHnoil B Hell NpoKaankoit J, 3aTATHBAIOT CKper-
JAI0HE GOJTH H NPHKHMAIOT IJAHTH APYT K APYTY HEPBAUHLIV
AOMKpAaToM. 3aremM B KaMmepy ¢ noMoukio peaykropa H Gaaaona-
pecHBepa [0Ja0T HeBLICOKOE japjenue, Takoe, 4Tobul npu npo-
KauKe MHIKOCTLIO noameMOGpanHOro mnpocTpancTsa HE ITORPEINTL
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meMmOpany. 3aJHBaf B KOMNEHCAUHONHBI COCYL MHIKOCTh, MHOrD-
KPaTHLIM BO3BPATHHIM JIBHMEHHEM NOPWHA JLo0HBAIOTCH NOJHOTO
3AMOJHEHHSI WNPHUA H 10AMeMOpaHHOro NpocTPalcTBa MHIKOCTBIO
n cOpacuiBaloT npeasapureabioe lapaenue. B rewenne 2—3 cyTox
ofpasust npH  arMocdepnoM JaBjeHMH KANMAJADHO HacbillaloT
AHAKOCTBIO uepes MemOpany. O noJHOM HACLIEHHH MOMKHO CYIAHTh
N0 NPeKpaenio NOHHAKEHN YPOBHA HHAKOCTH B H3MepHTeabHO
OGoperke. 3areMm, OTKpbIBas CcAHBnoil Kpau [7, veTanasuBaloT ypo-
BeHb AMHIAKOCTH B HIMEDPHTEILHON MHKpOOWpPETKe Ha ae/1eHHe, Bbl-
OGpanioe B Kauecrse Hyaesoro. [Ipece rotos K pabore.

[Ipn coszaanun n30OLITONNOrO AABJCHHS B BepXHel Kamepe mui-
KOCTb, BbhiTeKwan H3 o0pa3’uos CKBO3b NOPHCTYIO MeMmOpany, Bul-
TeCHAET BOAY H3 NOAMeMOpPaHHOrO MPOCTPAHCTRA B H3MEPHTE/LHYIO
Gloperky. OOpasell BBIAEPKHBAIOT NUPH  3a1aHHOM JaBJelHH 10
NpeKpalleHHs BLITEKAHHA HHIAKOCTH, YTO COOTBCTCTBYET paBHOBEC-
HoMy coctosanMio. Taxk Kak 138 yCTAHOBJIEHHA paBHOBECHA Tpe-
Oyercs HHOrla 3HAYHTEALULIH CpPoK, TO 151 YMeHbIIeHHsT norpe-
HOCTH, CBSI3ANHOH € MCNapeHHeM M3 MHKPOGIOPETKH, B KOMNelca-
IWHOHHOM COCVJE HMEETCH CcaTypaTtop, 3anodHeHHbIT AKHIKOCTLIO,
armocepHoe AaBiaelHe B KOTOPOM NHOLIEPKHBAGTCH € MOMOILLIO
Kanuiaispa 7, BCTasjAeHHOro B pe3nnonyio npobky &8, 3akpuiBaio-
Y0 KOMNEHCAUHOHHLIT cocyld. [las yianenust ny3sipbkos ra3a,
BLUEASHIONLEXCA 1104 MeMOpaHy, nepeMelianT HopuWenb, BLITeCHA
AHAKOCTb H3 UHAHHApA, OGpaTHBIM JIBHAKEHHEM IOPIIHS A HIKOCTL
B MHKpODIOpETKe veTaHasaHWBalOT Ha npexunil yposenn. B cayuae
eci o0beM AHHIKOCTH, BuITeKlell H3 obdpasuos NpH 1aHHOM Jas-
JeHiH, npespiiaer o6beM MHKPOOIODETKH, TO OTKPLIBAIOT CAMBIOI
Kpail H CHOBA NPHBOAAT YpoBelb K HVAEBOMY, VHHTBIBas o0beM
CAHTON MuakocTtH. Hceaejposanun nposoisaT B H30TepMHUECKHX
VCJO0BHAX,

2,10, Kpueble 3aBHCHMOCTH KalnHJAJASPHO-COPOUMOHHOIO Jasae-
HUSI OT BAAMKHOCTH nous, THNHYHAA KPHIBAs 3ABHCHMOCTH Kamnui-
JAPHO-COPOIHOHNOrO 1aBJACHHA [OYBEHHON BJATH OT BAAKHOCTH
MOYBLI NMoKasalla na puc. 17, sanmcrsopannom M3 kuura Pone [43.
Kpusas nasaenus, nosyuennasi B npouecce BHCHIXaHUS TIOUBL! (Jle-
copOuHK), He coBnagaer ¢ KPUBOH JlaBJeHHs, [OJVUEHHOH B 1poO-
necce ypaaxkunenus (agcopbumun) toit e nouss. [IpH oanHaKkoBo
JABJeHHH BJAAHOCTD Hblllie B npocuixatoulell nouse, ITto sBJgenne
€CTh CJAGACTBHE FHCTEpe3snca.

CyunocTh ructepesnca coctouT B caefyioutem. Kanuaaspuoe
Aapacnue P ¢BA3aHO ¢ BeJHUHHON 1IOBEPXHOCTHOTO HATHAKEHHH a,
VIJIOM cMauuBanua O W pajMycoM  Kanwajaapa r cOOTHOWEHHeM
(2.8). Ilpn mnecymiennn 1MOYBBLI NOBEPXHOCTH OTCTYNAIOUIHX MeElHC-
KOB TAaHICHUHAJBLHO MEepexoisT B HOBEPXHOCTH nop, vroa H==0,
cos =1 n P=2¢/r. CacnoBarensio, Py>P, {45], rne P,— nas-
JeHHe TIPH HCCYIEeHHH NouBbl, a Py - AaBiende npH VBAAKIeHHH
NOYBLI, -
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Kpusuie apcopOunn u pecopObunn obaafawot oJHHAKOBOI (op-
MOIf, T. €. NOJOOHK H MOTVT OLITL COBMELUIEHB! B OJHY KPHBYIO No-
CpeAcTBOM CABHra OJAHOH H3 HHUX OTHOCHTEJBHO OCeH KOOpPJAHHAT.

[To mepe ABMMKeHHS BAOAL KPHBOH KanuaaspHO-COPOILHOHHOTO
noTeHiHaNa yroJ HakJoHa ee, WJH VIJ0BOi Koa(duuHeHT, H3IMe-
naercs. Ou onpefesier H3IMEHeHHe BbLICOTLI NMOJALEMa KPHBOH NpH
ABMAENNN HA eauuuuy Bnpaso. BeprukaabHble y4acTKH KpHBoOil oT-

1 | | | |
0 10 20 30 40 7. seca noyes

Piue. 17. 3anucusocts Jdorapudya BCACHBAIOUIErD AABJACHHE NOM-
su pF or maamuocTn nousw (no Crkoduawsiy) B npoueccax ya-
Jdaieinns (Aeraf Kpubas) U HCCVIICHHA (npasas Kpusas).

| — nousa, AWCcYweHHas npR 105°C, 2 — oTHOCHTEALHAA BAAKHOCTL, paps

nam H0%, J — yetoRunpoe sandpanse, F — npHOAHIHTEABHO NOACKAN DAATO-

CMEOCTD, § — SKBMBAJACHT BAaKNocTH (yokopeuwe 1000 a), 6 — npu cocy-
el cuae 0.3 arM, 7 — npe cocymedl cmae 5 M BOL. CT.

HOCHTCA K CJAy4alo, Korjla nousa coflepxur Ooabllioe KOJAHYECTBO
Nop oAnNaKoBoro pasMepa. ['opHionTalbHble YHaCTKH KPHBOW COOT-
BETCTBYIOT C/Ayualo, KOraa B nouse OTCYTCTBYET pasmep mnop, Koro-
puie Moran Obl ONOPOKHHTLCA B JaNHLIX npejenax JAaBJdeHHS.
[Tpavonnneinbie yMacTKH KPHBOI € HEKOTOPBLIMH CPEIAHHMM Yr.aa-
MH HaKJIOHA COOTBETCTBYIOT TAKOMY pacnpejeseHHio nop, npu Ko-

o8



TOPOM TPOHCXOAHT OJIHHAKOBAH TMOTepsl BJAard Ha eAMHHILY Aanje-
HHA. B aamnom cayuae npefensHoe npupanienHe BoJAbl HAa eIHHH-
ny AaBJEHUs PaBno NocTtoaHHon Beanunue, T. e. dW/dP = const.

Jlnppepenumupys KPUBYIO 3aBHCHMOCTH  BJAAKHOCTH 10YBLL OT
aasienns, mnoayuaior Qynkuuwio dW/dP = [(P). TIlpoussoanas
dW/dP nasuiBaetca auddepeHunannnoil BIaroeMKoCTbio, a cama
hyHKuna soipamaer 3aBHCHMOCTh nddepenunanbhoil BaaroeM-
KOCTH TOYBLI OT gasaenusa (puc. 18).

Huddepenunansnas BaaroeMKocTh npeacrasiasier coboit Koau-
YeCTBO BJard, BhITEKWeH H3 NOYBBLI NPH H3MEHENHH BeJAHYHHL 1an-
JeHHA Ha OMHY eaHHuuy. Ona MeHsieTcsl ¢ H3MEHEHHEM AaBJcHHH
H XapakTepH3yeTcs pasHbBIMH BeJHUHHAMH AAA NOYB HEOAHHAKOBO-
ro MexanHyecKoro cocrapa M CrpoeHHs.

criem amm™

Puc. 18, 3apucumocts auippepen-
IHAJABHOR BJIATOEMKOCTH OT Adanje-
HHA MOUYBSHHON BAAC.

{ = Tameand Mt repaTsif CYANHOK, mJl___J_L W N | |
2 = TOUKONECHANNCTHIA CYTANNOK, g 2 & b Fal 10 armm

3aBHCHMOCTL JIABJIEHHSI OT BJAKHOCTH SBJASETCH CJAOKHON M
rpanyeckn M300paKacTes B NPOCTHIX KOOPAHHATAX KPHBOI THIA
runepbodil, T, €. ABAsETCA HeAHHelHoil. Pasnunma mexay Jnueii-
HOM M HeJHNHEHANOH 3aBHCHMOCTAMH COCTOMT B TOM, UTO BeJHYHHA
yraoporo kosgppuimenta (Hakaona) npsaMoi He mensercs. Haupo-
THB, B CIYUaE€ HCJHHEHHOH 3aBHCHMOCTH HAKJIOH KPHBOI MeHseTcs
OT TOYKH K TOYKe.

Hdas npeoGpasosaiing neanneiiHON 3aBHCHMOCTH B AHHERHVIO
HCNOAL3YIOT pasnpie cucreMmnl Koopauwnar. Ilocrpoenne rpadukon
ocymecrsaseTcs chaeavioutum oOpazom. Touku, COOTBeTCTBYIONIHE
ONBITHLIM AAHHBIM, CTPOAT B MPAMOVIOAbHLX KOOPAHHATAX M NpO-
BOASIT NIAaBHY KPHBYIO uepe3 cpefiine Toukn. Ecau npn stom ne
NOAYHACTCA HPAMON AHHUN, TO nepecTpauBaiT rpauk B HoJaVI0ra-
PHPMHYCCKOM HAM  JorapHMuyeckom Mmacwtabe, ¢ e, uTobbl
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noJayuyuTh npamyw. Moxno nosoGpath SMIHDHYECKOe ypaBHeHHe,
KOTOpOC ONHCHLIBAET IMOCTPOEHHYIO NpAMY0. PaccMOTpHM HECKOJb-

KO THIHYHLIX BHIOB YpaBlenHi

l. y=ax+b. (2.24)
Ypasueune umeer Takoil  BHJL B TOM CAVHYAE, €CJAH HAHECEHHbIE B
NPAMOYVIOJALHON CHCTEME KOOPAHIAT TOUKH O6pasyiorT npsaMylo JH-
HHI0. _

2, Yy ==ax® (2.25)
3IT0 vpapBnenne KPHBLIX napaboJHYMecKOro THMA. Jlorapugpmupysa
ITO BLIPAKEHHE, NOJYHASM!

lgy=Iga—+3lgx, (2.26)

7, seca
100 [‘

Puc. 19. 3asncnmocts AasJeHHA

(arm) or paaxwuocte (% neca)

H NOMBAX C PAIIHYHON VACABHON

NoOBCPXHOCTLIO (B NPOCTOH
popme).

1—1.6 wstr1, hpaKuUHE  necKn

0,1=0,06 MM (CCCP): 2 —22 w2071,

mecyanan nouna (BHP): 3—46 wd-r 1,
kapbonaTnll wepsozem (BHP): 4 —

65 m?)-rd, JACPIOBO-NOAIOANCTAR CY-
FAKNMCTOR na xaploHaTHofl mopene;

5—=160 w?'-r ! rapencras noYna
(CIDA): 6—20 s -r 1 rauna

o . ; CCCP): 7—2300 »a-r 1, :
g : ’ B 4 0 12 amm { ) PHAJOHMT E:IEEPL R

ry
e T e ——

T. e. lgy snnaercs auwneinoi gynkmwmedt lgx. Dro swaumr, uro
vpashenue OyAeT MMeTh TAKON BUA, €C/lH B JIOTAPH(PMHUCCKON CHC-
TemMe Koopaunat Ovaer noavuathed npamas JHHHA,

3 Y =ax—". (2.27)

D10 ypasHeHne KpHBBIX runepGonuueckoro Thna. Jlorapudmupys
STO Bbipa/KeHHe, noayuaem

lgy = lga—>5&lg x, (2.28)

T. e lgy asasercs annennon gyukuueit lg x. Tpumensa stor me-

TOA, nocrponm rpaguk sasncumoct lgy(lg x).
4, y=ax 4. (2.29)
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[Mpeo6pasosLiBan 310 VpasHeHie, noJayvyaeM:
ig(v—c)=lga—7lgux, (2.29a)

KOTOpoe vKaswisaer, uto lg (y— ¢) sapagerca JHHeHHOH QYHKLH-
eft lgx. Hepegkn cayuau, Korga, HanpHMep, He BCH BJara yuacr-
BYCT B JAaHUOM [polecce, a 4acTh ee sIBIseTcda Heakrushoil, Toraa
sippekTHBHAN BJAAra paBHA pasHOCTH MeXIY HCTHHHOH BJIaXIO-
CTBIO H KOJHYECTBOM CBA3aHHON BOAM (cayuail 4),

3aBHCHMOCTL AABJCHHA TOYBCHHOH BJAarH OT BJAaXKHNOCTH MOYBLI
ABJASETCH HHAHBHAVAJALHOH, T. €. 0co00H AJ8 KamAoH TOUMBLI, 4TO
HVIIOCTPHpYeTCst AanubiMu puc, 19. Ha 3ToM pHCYyHKe 3aBHCHMOCTD
P(W) nna pasHux noys H3o0pazkaercst B 1POCTBIX KOOpHHHATAX
KPHUBBIMH THNa runepboan, obuiee ypaBlelHe KOTOPOH HMeeT BHI!

P =aWo, (2.30)

B stom vpasHenHH Ko3(ddhHUHENTH @ H O — KOHCTAHTLI, 3dBH-
cAlllHe OT KOHKpEeTHLIX cpoiicrn noun. [lostoMmy cocrosaHHe Baary B
KaxJoii KOHKPETHON noupe xapakrepuavercs cpoeft kpusoit P (W)
H CBOHMM ypaBnenueM tuna (2.30).

KpHBble 3aBHCHMOCTH KanwJIsApHO-COPOIHONNOro AaBjienis or

BJAAMXHOCTH NOYB Xapakrepusyviored GopMol H NOJOKEHHEM OTHOCH-
TeJbHO oceil Koopaunart. Flamenende noJo:KeHHd KpHBOIl, Bhipa-
HKAOIWEecHs CABHIOM H NOBOPOTOM €€ OTHOCHTEALHO OCeH KOOpIH-
HAT, OOBACHAETCH H3IMEHEHHEM 3HaYeHHH HeKOTOPHIX APYrHX nepe-
MEHHBLIX, HanpuMep VIEJALHOIN NOBEPXHOCTH, TJIOTHOCTH (NOPHCTO-
C'I'Hl_l NOUMBLI, YriJja CMauHBaAHHH, HOBECPAHOCTHOO HATHAMCHHIA, TEMIIC-
patypul. Uenm Goablue vieJbHas NOBEPXHOCTh, TEM DOJIbIIE BEJHYHHA
CABHra M VIJa [oBOPOTa KPHBOH JAapjeHHe — BJAKIOCTh OTHOCH-
TeJLHO OCeH KOODAHHAT NPH JAHHOM JaBjJeHuM. ITa 0cobeHNOCTE
KPHBLHIX AaBJeHHE—BJdMKHOCTh €CTh CACACTBHE TOro CIJ'B!{TE,, yTd C
VBeJIHUeHHeM VielbLHoH NOBepXHOCTH OAHOMY H TOMY e JaBne-
HHIO COOTBETCTBYET TeM OGO0JblIas BJAAMKHOCTL, YeM Oonablle yIae/b-
Has NOBEPXHOCTL NOuBLL. B H3asecTHHIX npejenax YHCJEHHBIX 3nade-
HHH VACJLHOH NOBCPXHOCTH KPHBBIe 3ABHCHMOCTH JlaBjlenHe —
JAMHOCTL NOJOOHLI M B 3THX TPaHHIAX MOryT OLIThb COBMEUIeHLI
B 'D.H.H}’ KPpHBYIDO Hd OCHOBAHHH NPpHHLUHIIA HDﬂ.[}ﬁIIH B COUYETAHHN C
NPHHUMIIAMH aAcopOUHH H KanWIAsSpHocTH, 0 uem Ovier noapolbHo
CEAIZIdAHO B Jiape 3

Jdpyroit nogxos K o00OIEHHIO KPHBEBIX LABJCHHE — BJAMKHOCTD
COCTOHT B JIHHEAPH3AUHH HX H OTBLICKAHHH 3MIHPHUECKOTO ypaBHe-
Hust. Tak, nponorapudpmuposas ypasuenne (2.30), noayuum Buipa-

HKeHHne

leP=Ilga—blg W, (2.31)
KOTOpoe nokaswiBaer, uro mexay lgP n lgW cywectsyer nuueii-
Has 3apucuMocTb. HakiaoH npamoill u3mepsercs TanreHcoMm yraa
HaKJoHa npaMoi K ocu W, 1. e,

g P o A
IHW-_—lga—.—.{r, (2.32)
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Juneiinas sasucumocts lg P(lg W) wamocrpupyercs aannbiMu
puc. 20, 3 KotophelX cJaeiyer, 4ytTo 4em Oodblue yaeabHas NHOBepX-
HOCTb, TEM Kpy4e HAKJOH NpsaMoit, a 3uaunt Tem OGoJblue OTpHILA-
TeJbHOe 3lauenHne nokasareas creneud b B ypasnennn (2.30).

YMeHnblUcHHe pasMepa [ouYBeHlX vacTHl, a, cJAeJoBaTelibHO,
VBEJAHYCHHE YAEAbHOH TOBEPXHOCTH, NPHBOJAHT K YMEHbIUEeHHIO pas-
Mepa nop N yMeHblUeHHI0 KANMWIJAPHOro NOTeHIHana BJAAMHOCTH,

amm

10
: 2 3456

107

2l Pue. 20. 3asucuMocTs
i AaRJICHHA (aTM) OT BJAAK-
nocru (% meca) n nousax
C PasauuaHOl vieasnoil no-
y BCPXNOCTRIO (B Jorapud-
10+ MHHECKOM MaciTabe).
s F—18 u’~r'1. dpakuua nec-
ki 0,1=0,05 mm (CCCP); 71—
22 m2-r ‘1'. MecHalas [moyna

10°% - -1
(GHP): 3—46 w* 1, xap-
GonatHufl wepnosem (BHP):
. 4—95 mtr ), Tunuynun
SEpHOIEM (GHP): 5 =
fﬂ-"— 1 | 1 160 M2 - I %, ragnpeTa® novna
w02 0 10° w0’ 0% 2 (CWA);  6—300 w1l

vonTsmopuasonnt (CCCP).

UTO BJjaedeT 3a co00ll VBEJHUCHHE HAKIOHA KPHBOI XapakTepHCTHKN
NABJEHHe — BAAXKHOCTE. B CBH3M € 3ITHM YHCAEHHOE 3HauYeHHe Ko-
stppuumenta f uamensierca ot —2 o —4. Tlpeneavnoe sausnne
P na W cranosurcs paBubM Hya0o (npsamble napaniedshibl) aas
HOUB ¢ vAeabllon nosepxnocteio > 100 m*/ra. Has noup ¢ S=

=100 m?-r~! 3aBHCHMOCTL MOXKHO OIHCATh YpaBHENHeM
P=sW-"4c. (2.33)



Carasa 3

TEOPHA KANHJJAPHO-COPBILIHOHHOIO
MMOTEHIIHAJA (AABJEHHS) NOYBEHHOH BJIATH

3.1. ®yukuma csodboaHoii sneprum. Kaxjoe ¢uavueckoe spie-
HHE B TNOYBE CONPOBOXAAETCS mnpeppaltenHeM sneprud. Peaabuas
nouBa — 3TO CJ0XKHaA OTKpLITas cucreMma, Haxoasduasica B 10-
crosnHoM ofMeHe BeulecTBOM H 3Heprueil ¢ OKpymawieid cpenoi
(pacrennem, armocgepoil). CaoBo «3Heprusi»  03Havaer cnocob-
HOCTb CHCTEMHl cosepluars padory. Pabora npoH3BOAHTCHA TOJBKO
B TOM cayuae, ec/li Ha KakoM-TO yvYacTKe NyTH JeHCTBYeT CHJja.
Teno moxer obGjaanats sHeprueit, oOVCJIOBAeHHON €ro JABHAKEeHHEM
(KHHETHUeCKA! IHEpPrus) HAH N0J0XKeHHeM H B3aHMOIeHCTBHEM ero
yactell (notveHuuaasHasi sHepruf). lanmoe teno momxer obaanathb
NOTEHUHAAbLHOI SHepruefl OGaarogaps TOMY, YTO OHO HaXOJAHTCHA B
MoJIé NPHTHAMKEHHA 3eMJH, WIH BCJEACTBHE YUpyroi pedopmalius,
HJAM H3-38 HAaJHYMS 3apafla B NPHCYTCTBHH 3JEKTPHYECKOro noJs,
HAH OGJaarogapsi APYrHM CHJIAM, BLI3LIBAIOUIHM NPHTAXKEHHE HJIH
OTTaJKHBaHMNE.

H3amenenne SHepran CHCTEMBI ONpefeafseTcs uepes nenocpe-
CTBEHHO H3MepsieMbic BeJAHMHHBI—Tengotry H paGory. Ceask MexK-
ny paboroit A, tenaoroit @ u sHeprueit E ycraHapaHBaeTcH nep-
BLIM 3aKOHOM TepMoAHHAMHKH, HenocpeacTtBeHHO H3IMEPHTL MOMHO
ToNBKO Tensory n paGoty. Ilpn nepexofe awGoil cHCTeMBl H3 OfL-
HOro COCTOSIHHA B JApYyroe pasnoctb Q — A spasercsi nocTofAHHOM
BEJHYHHOI, 3aBHCANlEll TOJLKO OT HAYAJBHOTO H KOHEYHOTD COCTOf-
HHA CHCTEMBI, X0Ta nesnuunst A (paborta, copepluaemas cHCTEMOI)
H Q (Tennora, norjouaeMast CHCTEMON) MOryT M3MeHSThCH B 3a-
BHCHMOCTH OT NyTH nepexona. Paznocrh Q—A — uamenenne sxep-
'HH CHCTeMEl AE:

AE=Q—A. ., (3.0)

H3 svoit Gopmyasl, Bblpamaioneil nepsslii 3akoH TepMmopnna-
MHKH, BHAIO, YTO TenJ0, cooOllUeHHOe CHCTeMe, pacXodyeTrcs na
VBeJHYeHHEe e¢ BHYTpPeHHeill 3Hepruy H Ha coBepuieHHe CHCTeMoill
paGoTel NPOTHB BHEWNNHX cHJI, BrnyrpeHuss sHeprusi cHCTeMbLl AB-
JHeTCH TE‘F'.‘#‘JG.TIIIIHMIl‘if‘i'T{Uﬁ EE]'!HHT{'rH[l."FHHUﬁ] ola 3aBHCHT TOJb-
KO OT COCTOSIHNSl CHCTEMbl B JaHHLIIT MOMEUT H He 3aBHCHT OT
NnpeauecTBYIOUIHX cocTofHnil. M MOXKeM H3MEpPHTL TOALKO H3Me-
HEeHHS BHYTPCHNEI SHePriHi Ha OCHOBAHHH Tenjgosoro 3adupexkta u
paGote. Beanunna E— 3sto pasnocts E;—E,, rae E;— Buyrpen-
HAH SHePrust CHCTEML B KOIlle rpolecca, a E,—B nauaie npoueccd.
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3Hauenpe AE HHUEro He TOBOPHT O cnocoOHOCTH  pas3/IMYHBIX
CHCTeM H3MeHSATBCH B OnpejejeHiloM HanpapieHHH B caydae, Kor-
Jla [poueccnl XapakTepHayloT TemioBod oOMeH CHCTeMbl € OKpy-
Aaloued cpepoil. Kpurepwem  Aas onpejenenus  HanpabaeHus
CAMOINPOH3BOILHONO NPOIECCa B 3TOM CavuHae CAVKHT BeJH4HNa,
HassBaeMan suTponuer.

IUTPONHY  ABIAETCH Mepoil OTHOCHTEALHOI YIopaaouYeHHOCTH
COCTOAHHS cHeTeMmbl. Yem Oosee XaoTwuna cHcerema, Tem GoJblue
ee suTponud, H, "Haodopor, uem OCosablle CHCTEMAa  VIOPSAAOUEHA,
TEM MEHbINE €¢ IHTPONHA. DHTPONHS ABJAAETCS napamMeTpoM coc-
TOAHHA CHCTeMBl, H‘E‘TIGJTI:E}TMHM A HﬂHEI'IEHHH I-]EUﬁpETIiMGCT]I
npouecca. Bece ecrecTmennuie npouecchl  MMeOT  HeoOpaTHMVIO
yacrh. Hanpumep, mexannueckasi smeprusi MoxeT ObITh HEJTHKOM
npeppailena B TENJOBYIO, TOrAa Kak TenoBas SHEePrust He MOoKer
ObLITh NOJIHOCTLIO 0OpaTHMOIL.

[Tonsite «3HTpONHA» MOMNO VYACHHTH, PACCMOTPEB HEKOTOPLIC
anajgornn Mexay sHeprueii B Gopme paborel W 3Heprueil B dopme
TenaoThl. B Kamaom  cayuae KoJsuuecTBO COBeplieHHoll  paboTul
ONpeJetaeTcs 1pou3BeicnieM ABYX (akTopos: (pakTtopa HHTEHCHB-
HOCTH 1 (haKTOpa eMKOCTH, WJIH 3KcTeHcHBHOCTH. Hanpumep, npu
copepeHuy paboThl NPOTHE CHIBL THMXECTH KOJAHYECTBO COBEDPILCH-
Hoi paboThl 3ABHCHT OT HM3MEHEHHS BLICOTLI (HHTEHCHBHAH BejH-
UHHA), 4 Takie OT Macchl NepeMelniaeMoro BellecTBa (3KCTeHCHB-
Hasg BeaHuuna), T. e,

HIIEIJFHH —= HHTCHCHBHd4H" BeJHYHHa ~ 3KCTeHNCHBHAA BeJHYHHA.

B cayyae tennoBoii sHepruy HMHTEHCHBHON BeJHUHHON OJMHA
OBLITH TeMNepaTypa, a4 3KCTeHCHBHON BeJHUHHE, B COOTBETCTBHH C
TPebOBAHNSINT  PAa3MEPHOCTH MOMKET YJIOBJAETBOPATL  OTHOLIEHHE

QIT:

Q(xan)=T(C)x SKm (3.2)

@yukuua /T xapakrepusver HasmeHenHe 3UTpPonHH u o0603Ha-
daercs cumpBoaoMm S®. Ona uMenonnL3yercsi B KAUeCTBe KpPHTEpPHs A9
ofpeneaenus HanpasIeHns CaMollpPOH3BOJbHBEIX MPOLECCOB.

Hrolinl yaHaTh, MOMKeT JH onpejejeniast CHCTEMa CaMOINPON3-
BOJLHO NepedTH H3 OANOro COCTOAHHA B ApPYIoe, HeoOXOAHMO BHa-
HaJe onpemeants peawunny QT pas paccmarpuBaeMoro npeppa-
HIEHHA, OCYIECTBIGHHOr0, OAHAKO, obpartuMuLiyM oOpasoMm. 3atem
HYKHO onpereauTs peanunny QT aas usMeHeHHil, KOTopbhle npon-
30HAYT npu 3TOM B okpyxawuwell cpefe. Kak nokaswmpbaer onwr,
B ODLIMHLIX VCJIOBHAX TEII0 CaMONpPOH3BOJALHO NEepexoinT ot GoJee
narpeToro Tela K MeHee Harperomy. IToT (PakT ABIAETCH OCIHOBOH
BTOPOTO 3akOoHa TEPMOAHHAMIKH, [M03BOJSIOLLETO OINpele/IHTL HAa-
NpapaeiHie TepMOodHHaMHUYeCKOro npouecca.

Ha ocnose obGneanuenns 1nepnoro  BTOPOro  3aKOUOB TEPMO-
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IHHAMHKH B CIHHOM MareMaTHuyeckKoMm BeipameHn# ['ubbcom u
lesbMmrosbiieM BBejleHa (YHKIHA CcBODOANOH 3HEPrHH, 3axom co-
XpaHeHus 3Hepruu Tpedyer, yTobLI

(%)rl-‘-u.m N iS:pmH i ( & _;PVJ )-cm:*r ! (3%}

rae P u V nasnenne u oG6wem cneremul [22].

M3 sroporo sakona TepMOAHHAMHKH CJCAYET, 4TO A J1060r0
npespallenns, KOTOPOoe MOXKeT 1poTeKaTth CaMOonpoH3BOJLHO,
NOAKHO OBITE CHPABETHEO VpaBHenie

7 Jaer ()
— — = NOJOKHTEIbHAA BeJHUHHA. 3.4
(T rm:'r-j- T Jepeau o { :I
Tak Kak HaMeneHNHEe 3IUTPONHH PABHO KOJHUECTBY BblAJSIONLE-
rocs TemJsa, JIeJIEHHOMY Ha TeMmInepaTtypy, NpH KOTOPOH NPOHCXOMAHT
nepegava Tenna, To smMecto (3.4) MOMHO HATIHCATD:
KpurepHii caMonpon3BoJbHBIX H3MEHEHHIT B cHCremMe

AS* >0, (3.5)

KPUTEPHil PABHOBECHOrD COCTOAHHSA CHCTEMB
ASH =1, (3.6)

JTH BbIPaXKEHHA CnpapeINBLL JAA 3aMKHVYTOrO NMPOCTPAHCTRA
C VHETOM BCEX NPOHCXOASNIHX B HEM H3MEHEHHI.

[logcrapnas suipamenne (3.3) B ypapHenus (3.4) — (3.6),no-
avuaem

j'E:m:"r + PAV— ?15:111:1 q."{.:‘_ﬂ, {3?]

JHaK HePABeHCTBA OTHOCHTCH K CHOHTAHNO NPOTEKAWHM Npo-
IleccaM, a HyJb— K CHCTeMas, HaXoAslHMCcs B pasnosecuH, Mn-
ACKC CHCTeMBl MOXKHO OIYCTHTL, MOCKOJLKY Kamaas H3 TepMoaH-
HAMHYECKHX BEJHYHH, BXOAAMX B ypapHeHua (3.7), OTHOCHTCH K
caMoit ciucreme. YpasHenne (3.7), nanucanunoe B pule

AE 4+ PAV—TAS* = AG <0 (3.8)
Bhipaxaer @ynkuuio csoboanoi aneprun AG.
B cayuyae xorma skaan uaena PAV man, MOMHO HANHCATL
AQG =~ AE— TAS*. (3.9)

Bamupivu cpoiicrsamMu ¢BOGOAHON SHEPrHH HBJASIOTCH CJACAVIOULHE,
|. B cucreme, cocrositieil #3 HECKOIBLKHX (haz oflOro M Toro e
BellecTBa H HaXoAslUleHCca B paBlOBeCcHM, CBODOJHAN IHEPrus Beex
(daz oannaxKona.,
2. Besikmit npouece, npoHcXoAsiuHil CcaMONPOHU3IBOJLHO, CONPO-
BOMKIAAETCH VMEHbUEeNnHeM cBOBOAHOH IHEPruH CHCTeMbL.
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3. C nospllieHHenM TeMmMneparvpul cBoGojlHas 3SHeprus  yMeHb-
waeres. IIpn nocTOAHHOM AABACHHH 3TO YMEHbUICHHE NOAYHHSET-
Csl VpaBHEHHIO

AG = — §%dT. (3.10)

4. C yBeJHYEHHEM OCMOTHYCCKOFr0 AaBJEHHsI PacTBOpa €ro cBo-
Gofas IHEPrus VMEHbIIAETCs COrV1acHO YpaBHEHHIO

dG ‘
(), =-v. at
5. C yBeanuennem ruapocTaTHueckoro Aasjenns  csoboamnas
IHEPrHs BO3pacTaer [0 VPaBHCHHIO
di Q1
(—57-). = V- (3.12)

B Buay toro uro V=1, sto ypasHenue npespauniaercsi B
dG=dP, (3.13)
(npu nocrosunoil TeMnepatype).

3.2. Moanas aneprua noussl. [ToaHAs FHEPrHs NOUBLI KAK jHC-
NEePCHOI CHCTEMBI MOKeT ObiTh Boipamena opmyoil

E=as54+ UV, (3.14)

rae E—noanas sueprusi JHCNEPCHOI CHCTEMBI; ¢ — NOBEPXHOCTHOE

HaTaxenue; S — noBepxHocrs cucremsl; U — rpaBHTanmonnas

IHepPrus Ha eaunuily obbema cucreMwu; V — oOneMm cHeTeMmbl,
ITocae pesenns oGeux uvacrein paseHcrsa na V noayuum

i{" — 33!: l' LF- {d*]aj

rae Sp— vieaslas 1oBepxXHOCTb.

Jkeprusi, B KOTOPYi0 npespamtaercs paGorta, 3arpaucuuas na
oOpasoBaHue NOBEPXHOCTH, Ha3sumBacrest cBOOOAHON SHeprueil no-
Bepxnocri. llepnoe caaraemoe ypasuenust (3.15) oGycaosaeno na-
JTHYHEM TOBEPXHOCTH pasieda Ha rpaunnax $bas nouss, a pro-
poe — nelicTBieM cHa Tarotenus. Ha ocHosanun pasencrsa Mgl! -
= VpgH = VP Bmecto vpasiieuns (3.15) MO0 HanHcaThb

n
at

% =38y + MgH, nan !T =aSy+ P. (3.16)

Dusnka 10MB ecTh (H3NKA ABJCHHIT H 1IPONECCOB, COBepilao-
HIHXCH Ha MOBEPXHOCTAX pasjena (pas TBepAoe TEN0 — KHAKOCTL —
ras u B obmeve 3THX as. B ceaau ¢ stum dopmyaa (3.16) nozso-
AsieT CAenaTth caejiyiouide puBoisl. B rpyvOoancnepcHbx nousax
OTHOLIEHHE NOBEPXHOCTH Nnop K ux obbeMmy mado u npeobsanaior
SPeKTH KAuWIAPHLIX W TPaBHTAIHOHHLIY cHA. C yBeanuennem
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VACABLHOI MOBEPXHOCTH Bee OOJbluast 4acTh MOJeKyJa Bojiul Oyjer
NepexoiauTt H3 o0beMa B NMOBEpPXHOCTHLIA CJA0H H B KOHIE KOHIOB
Bech 00beM TIOYBEHHON BJArH nepefijier B CocTosiHHe aacopOuHon-
Horo caosi. Takoe cocroanne maaru HaGaoaaeTcs B TAHHHCTEIX
nousax. AAcopOuUHONNLIT C10I1 TOHOK — ero TOJULHHA He lpeBbila-
et 20—30A,

B cucremax, ofGaanawmmx H3OLITEOM CcBOGOAHOIT NOBePXHOCT-
HOM SHEPruH, MOVT NPOTEKATh CAMONPOH3IBOJLHO NPOLECCH!, M0-
HHAKAOUIHEe 3anac 37O 3JHePrud, HaANpPHUMep 3a CUCT VYMEeHblIeHHS
MOBEPXHOCTHOTO HATHMKEHHH HIH YMEHLIUENHA BeJHUYHMHBL [1OBEpX-
HOCTH. ¥MeHblIeHHe CYMMapHoil NOBEPXHOCTH IMHHHCTHIX M KOJ-
JOHAHBIX YACTHIL NPOABJASETCH B KOarv/asalHH W obpasosanun arpe-
ratoB. [loBepxnocTHoe HatszKenne Moxer OublTh  yMelblleHO 3a
CYET TIPHTHAMEHHS! K [0BEPXIOCTH TBEPAOH H MHAKON (a3 mMoJexyd,
ATOMOB WJIH HOHOB M3 OKPVHKAiouleit cpelibl, T. €. 3a cHeT ajacopOuuu
H KamHJAJAPHON KOHJIeHCAlUHH.

Arperauunsi vsesnunaer OO6UIYI0 NOPHCTOCTL CHCTEMBLI 3a cueT
oOpa30BaHHs MOP Me#JAV arperataMy, a Takme Bjaeuer 3a coboil
VBEJIHYEHHE PasMepor, YacTHIL M NOP MexAy HHMH, Bo3pacTanue
NOTEHIHAAA BJAAXHOCTH. B CTPpYKTYpHOIl nouse cHOBa HauHHAIOT
npeobJajaTh KanuajafapHble W rpaBHTAlHOHNLIE 3(deKTn, TaKk Ke
Kak M B necuanuix nousax. B rpybGoamcnepcHuix cucremax H B rin-
HHCTHIX NMOYMBAX € PA3BUTON CTPYKTYpOiR O0JbWAas 4acTh cBOOOAHON
IHEPruH NPHXOANTCA HA OOBEMHYIO IHEPrHio, a B TOHKOAHCIEPCHON
OeCCTPVETYPHOH — HA NOBEPXHOCTHYIO SHEPIrHio.

YniorHenue nouBsl NPHBOANT K yMeHbileHHio obuieill nopucro-
CTH NOYBBLI 384 CYHET HCHE3HOBEHHH, B NEPBYIO ouepellb, KPVIHLIX
NOp, YTO HNPHBOAHT K VMEHBIUEHHIO NPOHHIAEMOCTH NOYBLI M 110-
TeHlnaaa BJaaxHoctH. Mupade rosops, ynjaoTHeHHe NOYBbLI NPHBO-
ART K 3d@eKTan, aHAJOTHYHBIM VBEJHHMENHI0O JAHCINEePCHOCTH nod-
BEHHOI Macchl.

3.3.- OcHOBHbIE YPABHEHHSI KANWIAAPHO-COPOUMOHHOTO  NOTEH-
uHaaa (Aasaenus) nousennoit saarw. Boanoe Teno nousel, He noJ-
HOCTbI0O HACHIEHHOE BOJOH, OrpanHYeHo JABYMH [OBEpPXHOCTAMH
pasjleia: 0JIHd H3 HHX TPaHMuNT ¢ TBEpAoN ¢ha3oil, a Apyras —c
razoobpasunoi, Ha rpanuue pasgena muikocth — Tsepias (asa
cyurecTsyer ancopOuUMOHHBIH noreHuuan. [lpn BaanMogeiicrnum 3a-
PAAOB, HAXOAAULHXCH 1A NOBEPXHOCTH MMOYBEHILIX YACTHIL H MoOJe-
KYJ BOJbl, SIBJASIOUIHXCA JHIONAMH, oGpasyercs JBONHON SJeKTpH-
YeCKHIl CJ0H, KOTOPBIl CHIALHO BJAHAET Ha BeJHYHHY TOTEHIHaja
nousenHoit Baarn. [To mepe npuGanmenus K J1060i noBepXHOCTH
MHAKaa soaa npuobOperaer Oodee VNOPAJOHEHHYVIO CTPYVKTYPY ©
GoJiee NPovHBLIMH BOJOPOAHLIMH CBA3AMH. MOHBI 3J€KTPOJANTOB Bhi-
TeCHHAIOTCH M3 3TOH CTPYKTYPHO  VIOPHIAOMEHHON  NOBEPXHOCTHOIN
sonn. Ha rpanuue pasziena »KHAKOCTL — ras cyulecteyer aoGapou-
HOe J1anjacoBo JapJelHe, BeJIHYHHA KOTOPOro 3aBHCHT OT  KpH-
BH3HLI nopepxnoctH. Kanmuaasipibie CHJALI ONpeAaensiiorcs TeoMeT-
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ilHl.-}.':i op H pPdiHYCOM KPHBH3HLB IIDE-E|JZ‘LIID£‘."[‘}-E MHAKQCTh — I'd 3.
OHH BO3HHKAIOT IPH B3aUMOMEHCTBHH 4aCTHIL H TOHKHX INIEHOK,
afacopOHPOBAHHLIX HA HX NOBEPXHOCTX, B pe3yJabTaTe KOTOPOro
NJeHKH CIHBawTCd, ﬁﬁpﬂj}'ﬂ BOJAHOE TeJa0 ,[l,BﬂFIHDfI Ep]lBIISHIJI. Ha-
FLIBAEMOE CTLIKOBON BAaroi (Maumertoi ). Jasaeine nojd MeHHCKOM
OnpenefeTcs ABOSKOH KPHBH3LOH MelucKa,

Teopua agcopOuUHH M TEOPHA KANWIJIAPHOCTH JIHTEJbBHOE Bpe-
MH PA3SBHBAJIHCH HE3ABHCHMO OJtHA OT JIPYroi H pe3ko TPOTHBO-
crosdan Apyr apyry. leopusa ancopOuuu, paszsuras Bnepswuie Jlawr-
MIOPOM, NOSIBH/IACH 3HAUYHTEJAbLHO MNO3JAHEEe TeOPHH KalWIIspPHOCTH
Jlannaca, uro OblJIO OfHOH H3 NpHYHN Pa3obUIEHHOCTH 3THX TEO-
puit. IIONBLITKH YCTPanHThL NPOTHBOPCHYHA B 3THX TEOPHSX IIPHBEH
K naee cuHTesa HX. TpyJAHOCTH PasieilbHOrO NPHMEHEHHSI TeOpPHH
ANCOPOIHH H TEOPHH KanW/IIsPHOCTH npoanajgu3upoBannl B pabore
Poge npu kpurHueckoMm paszGope B3rasjon psja vdaennx [45]. Uncro
ancepOuHoHHas Teopus Jlebenepa onpopepraercs teM (DakTom, 4TO
KOJIHYCCTBO BJ4arH, YIAEpPHHBaAeMOe NOYBOH, HE BCErfga nponopino-
HAJLHO VAEJBHOH nosepxHocTH. Konuenuus Bepaion urnopupyer
BKJAAL aAcOpOUHOHHBIX SIBJCNHH W arperupoBanHs TBepAol (asn
B BOAOYACPIKHBAIOMIYIO CHOCOGHOCTL 1OYB. YBeanueHHe pasMmepa
HACTHIL M NMOP MEMAY HHMH B IIpolLecce arperHpoBalHsl NPHBOIHT
K BO3PACTaHMI0 NMOTEHUHAJa BJaXHOCTH, a CJelloBATENbHO, K YBe:
JAHYEHHIO BOLOVACPHHBAWILEH CnocobHOCTH NOYBHI.

[lockoabky noreHuHan ecrb paGota, TO TEOPETHYECKHH NyTh K
CHHTE3Yy TEOpPHH aAcopOUHH H TCOPHH KanNWIJIAPHOCTH HAUYHHAETCSH
C aHaJH3a H CPABHEHHA pPasJHYNLIX BHIAOB paboThl, KOTOpLIE ¢O-
Bepialores B npoueccax aacopOUuu H KANHIJIAPHOCTH.

TepMoaHnaMHYCCKHI anaau3 npoLeccoB B CHCTEMe N0UYBaA—BOAA
HJIH NOYBa — pacTeHHe — atvocepa CBOILHTCH K BRIUHCAeHHIO pao-
Thbl, COBEPIIEHHON CHJAAMH, PA3JHYHBIMH 10 cBoell npupojie. OGuee
B SABACHHAX aLCOPOUHH, KanuLIapHocTH, (QPUALTPALNRH, HCHapeHHs
COCTOHT B TOM, YTO OHH CONPOBOARAAIOTCH NpPeBpAlllElIHAMH 3Hep-
rHH. Ecam MBI Bo Beex npoueccax MOXKEM BBIUHCAHThH MAKCHMAJbHO
BO3MOXKIVIO ToNe3nyio pabory, To npobaema Hcuesaer, T. €. OHa
pewena. [losroMy oKasanoch INOJE3NBIM BBECTH NOHATHE paGoThI
B 0000IIeHHOM BHIE.

B oGobmennom puie snemeHT paGoTh

dA=FalX, (3.17)

rae FF—obobGmennas cuna; dX — oGobliennoe cMeulenne.

Cuaa F sigasiercsi HHTEHCHBHLIM [APAMETPOM, HJH NapaMer-
poOM, CBR3ANNILIM C HHTEHCHBHOCTLIO HeficTBuf. Cmeulende X asas-
eTCSH SKCTEHCHBHLIM [apaMeTpoM. JKCTeHCHBHLIC napaMerpn: dS —
npupamienne naowanu, dV — npupailende obbemMa u T. N, — aJJIH-
THBHBL. OlH H3MEHAIOTCS B 3aBHCHMOCTH OT Pa3MepoB  CHCTeMbl,
TOrJla Kak HHTEHCHBHBIE napamerpsl (cHna, JapBjeHue, TeMmmnepary-
pa) ocraiwrcs 6e3 H3IMEeHeHHS.

Paznuuua mexmay (pakTopamu HHTEHCHBHOCTH H SKCTEHCHBHOCTH
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MOTYT GBITH BhISCHEHLl Ha npumepax. Ecan MLl BO3bMEM [ABe CHC-
rembl, oGaajgaouiHe 3anacamy oLHOl M TOH e 3HepruH, H NpHBe-
AeM HX B CONPHKOCHOBeHHe, CHCTEML TO0 OTHOWENHI0 K AaHHOMY
BUJLY SHEPrHM OCTAHYTCSH B PABHOBECHH HJAW HpOH30NAeT oOMeH
sHeprueit Mexay numu. Pewawuuy gakropoyd B 3TOM cayyae #iB-
1ercd pakTop MHTeNCHBHOCTH. ECAH HHTENCHBHOCTH AAHHOrO BHAA
SHepPruy Aas oOGenx cucrem pasibl, TO OyAer HMeTh MECTO paBHO-
BECHE; €CaH HHTEHCHBIOCTH PasfiiHuHL, TO nepenoc suepruun 6yvjaer
NPOHCXOAKWTL BCEria or cHeTeMbl ¢ 00JblIeill HHTEHCHBHOCTBIO K
CHCTEME ¢ Melblueil. JHeprus MoKeT nepefaBarTbcs OT CHCTEMUI,
comepianiecH MeublUIee ee KOJHUEeCTBO, K CHCTeMe, CoAepKauie
Dosbuiee ee KOMHUECTBO, CJAH TOJLKO HHTCHCHBHOCTL €e V IepBOM
cHCcTeMul Goabiue, yem v Bropod. Pasnosecne uan oOMen pjaarod B
CHCTEMAX 3aBHCHT MHCKJIOYHTEILHO OT paBencTsa H HepaBeHcTnd
norennnatos. Papnosecne nam oGMen TenJoroil speprueil 3asucHT
HCKJIOUHTENILHO OT PABEHCTBA HJH HEPABEHCTBA TeMNepaTyphl

Ob6oOmasn ckazannoe, MOXKHO CHEJATh BLIBOA, YTO BEJHYHHA HH-
TEHCHBIOro ¢akKropa He 3IaBHCHT OT KOJUYECTBa BEULeCTBA M
SHEPrHH, TOr/la Kak BCOJHYHHA SKCTeNCHBHOrO (pakrTopa 3aBHCHT OT
KOJTHUECTBA BCLLECTDBA W SHCPIrHu.

[TousiTe «noTeHuHan» ONpefcASercs ¢ NOMOULLK) MOHATHSA «pa-
Gota». Ilostomy ero paameprnoctes paBua L2772 a uamepdrbes OH
MOZKET B 3Drax WiH JUKOYJAAX ¢ OTHeCeHHeM COOTBeTCTBeHHO K | T
i 1 Kr nounnl. TTpakTuueckn namepsiior He noTeHunas, a aasle-
lHHe MOUBCHHOI BAarn. ITH BEJAHYHHB IKBHBAJCHTIHL, HO HeoOX0aH-
MO VUHTBIBATH, HTO NOTeHUHA H JAaBjcHHe BLIPamxaloress B pas-
JHUHBIX EAHIHILAX H HMEIOT PA3HYIO PAIMEpPHOCTD,

aboTa r [
Motenunan praru [§] = —B200Ta __ _sor __ Jk

Maccea I reraanl
Jlasaenuue saarn [P] = padora cHaa T H-m
= i - — e -
obruem HOBEPXNOCTL PTH IR

Pasmepuocrs pasaeuns MLT'T-2 OrHomenne pasMmepHocTeit
norenuuana u gasaenus pasno ML T, e. pasmepHoCTH ILIOTHO-
CTH, KOTopas Ads BOAL pasHa cauuuue. Mavepsss norenuuad,
Hamie BCero npAMLIMH METOLAMHE, HAXOANT JaBACHHE.

[Ipusesem onpenesenusi nNoJAHOTO H MACTHLIX NOTCHIHAJIOB, KO-
TOpLie OLiin gansl Komunceneit no paspabGoTke TepMHHOB 104YBeHHOI
(husuk, usbpannoii na CeabMOM MEXAYHAPOJHOM KOHIpeCCe nou-
BOBEJI0B. ;

[Moanwit norenunan saarn — paGora, Koropas NoAKHA GbITh 34-
Tpauena (B pacdere Ha | r umcroil Bouwl) st Toro, yrobs ofpa-
THMO H H30TEPMHUECKH MePeHecTH B 3aJaHHYI0 TOYKY NMOUBL GecKo-
HEYHO MaJoe KOJHYeCTBO BOALI M3 o0beMa uMCTON BOAL!I, HAXOMH-
uerocst npH armocepHoM AaBACHHH H HA YCJAOBHOM  BHICOTHOM
YPOBHe CcpaBHeHMS.
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OcMoTHYECKHI nOoTeHnan — |}Eﬁ[}'rg+ ROTOpafn 10JHKHa OLITL 3a-
Tpauena (B pacuete Ha | r uHCTOH BOALI) A8 Toro, urodwl obpa-
THMO H H30TEPMHYECKH [epeHecTH B 3a/alHyio TOYKY nouBel Oec-
KOHEYHO Majoe KOJHYeCTBO BoAbl H3 ob0bema 4YHCTOR BOLBLIL, Haxo-
AAULECTOCH 1P H H'l‘hTﬂE(tlE‘pHﬂM AdBJACHHH H Ha YCITOBHOM BBICOTHOM
ypoBHe cpasHeHus, B 00DBEM, COAEPMAUIHI pPAacTBOD, TOMKAECTBEH-
HBIll MO COCTABY € TMOYBEHHLIM pacThopoM (B 3aJaHHOH TOUYKE), HO
BO BCeX OCTAaJdblBX OTHOLWEHHAX TOMIECTEeHHLIH ¢ o0bLeMoM, B3f-
TLIM AJdS Cpapliienis.

[pasuraunonusil noreHunan — patord, Koropas J0JMHA OBITh
zaTpaueHa (B pacuere Ha | r uncroil Boab) Aasn Toro, yrobnLl obpa-
TUMO H H30TEPMUUYECKH MNepeHecTH OecKoneuHo Maloe KOJHUECTRO
BOJL W3 Oo0beMa, COJePHKAlLero pacTsBop, TOXKAECTBeHHbI 110 coc-
TaBy € HOMBCHHLIM PACTBOPOM, H HAXOASAWLEroCA HA YCJIOBHOM Bbl-
COTHOM VPOBIE CpaBHeHWs npn arMocepHOM paBieHHH, B Nojob-
HLIH ke 00beM, HAXOAMULHICH HA BbICOTHOM  VPOBHe 3aJaluHoi
TOUKH B MOYBE.

Kapkacuuit, win Kanuaagpuuiii, norediman — padora, Koropas
nomkna OelITh 3aTpavyeHa (B pacuctTe Ha | r yvMCTOH BOALI) AJSL TO-
ro, uTolel ofpaTHMO H H3IOTEPMHUECKH nepeHecTH GecKoHeuyHO Ma-
JIOE KOJHYECTBO BOALI M3 00beMad, COAepPIKAILero pacrtBop, ToOMAecT-
BeHHbI 110 COCTABY € NOYBEHHLIM PACTBOPOM, M HaXoLAUerocs na
TOM K€ BBICOTHOM VDOBHE H TPH TOM XK€ BHEIUHeM Tra30oBOM JaBje-
HHH, YTO H B 3aJlaHHOH TOUKe B IIOUBe, B NOUBEHHVIO BJATY B 3TOM
TOUKE.

B TtaGa. 3.1 npusepens pasMepHOCTH H GAHHMILLE  H3IMEpenus
OCHOBHBLIX (PH3HYECKHX XaAPAKTePHCTHK NMOYBEHHOI BJATH.

OnsiT nokazan noJgesHocTs TePMOAHHAMHuecKol (yHKIHH, Ha-
3bIBAEMOH XHMMYECKHM MOTEHIHAAOM, Wil c¢BODOAHON 3Hepruei, s
dHaJN3e COCTOSIHNA BJard B nouse., HMameHenue croBOAHOR 3neprull
AC — ectb MEPa MAKCHMAJbHOI BO3MOMHON PaboTul Amax, KOTOpas
MOXKeT ObITh COBepUIeHa 34 CHET PacCMaTpPHBACMbBIX MPOLECCOR:

AG _ An:.u’.- {:}]H‘}

Pabora 066X cua MomeT ObITh NpeicTaBieHa [IPOH3BeLeHHeM
(akropa nHTeHCHBHOCTH (BicoTa ff, nopepxiocTHoe HaTaWCHNE O,
nasaenne P, temnepartypa T) u ¢axropa emwocti (mMacca M, no-
BepxHoceth S, oGuem V, surponng $*). Hanpuwmep,

MexaHHueckas pafora AA, = FAL, (3.19)

pabora B rpaBuTauHonnom none AA, = [fgAM, (3.20)
paboTa no naMeHennio obuema AAy = PAV, (3:21)
paboTa cHa NOBepPXHOCTHOrO Hatamenuss AAg=—3\AS, (3.22)

rennora AQ) = TASE, (3.23)



fabauya

PasmepHoCcTH W €ANHHIW HWAMCPEHHA OCHOBHBIX XAPAKTEPHCTHK

NOYBCHHON BAATH

J.1

[TareseHonanite e Cupod Passe rocth Eandnist wasepeiting

Macea m M r. Kr
[yTL, Aanna [ L CM, M
Bpesms § r C. MHH, 4
CropocTn v LA cMm-c!
Yekopenie w L= cM-C ¢
Cuaa F MLT 2 AMHA
dapacune P MLAT2 Gap-auna-cm *
PaGora A ML=T 2 apr
YcKopenie cHALl THKECTH {V | 980 ¢m-c?
Baamnocth Becopan i MM r-rl
Baamnocrs obuemuan Woa L33 cMt. o3
[Moanwi norenunan M 12T+ spr-r-1
Kanuaanpno-copbunonnsiil, wam  Kap-| ‘wye LAy spr-r1

Kacnsift, Man MITPHK-NO0TCHILHAN
CpasnTannonnbiin noTenuLnan - I e apr-r-l
Fuapasanvecknii  notenunaa  (cymmal @ L2 spr-1—1

KanuAaaapHo-copbusoniore u rpasn-

TAUHOUROrO NOTCHLURANOB)
OcMoTiueckuil norenmnan 0 273 spr.r!
dupdpyausnocry D 1271 cm2. el
Bcacupaowee japaenne B M]3 Gap
Jdnddepenunansnan  BARMVCMKOCTS !’J M-LT= eM=- Annat
Hetunmags npoHiiacmMocT L [ cM?
Cropoeth notoka (o0weM xuakoetw s V LT-1 cM-c}

| ¢ vepes | cm®)
TLaoTHOCTE WuAKOCTH o M3 r-cM—3
BrakocTs T Lf- nyas

M3 ompesenenns Kaxiaoro suia pabGoTel caeiyer cnocob uasme-
penis COOTBETCTBYIOUEro BH/a NOTeHUHaNa i aBJAGHHS NOYBEH-
HON BJaru:

cuna F=AA /AL, (3.24)
rpaBuTauloHHbIl noteHitnan f, = AAAM, (3.25)
AasJjenne nousennon Baary P=231A_V, (:3.26)
NOBEPXHOCTHOE HAaTsIKeHue Boiabl 3 = AA, AS, (3.27)
remnepatypa I = AQ AS*. (3.28)

[pu cosepiiennn paboThl KanuAAsPHBLIX CHA NPOTHR CHABLL TAXE-
CTH KoaHuecTBO paGoTubl 3aBHCHT OT BBLICOTH MOANATHA H Maech
nepemertaemMoii Boau.,  [HosTomy noteHunanbHyio  SHEPruio, HAK
SHEPIrHIO NOJOMKEHHA, YCJAOBHJINCL BCErja CUHTATh Ha C/AMHHIY Beca
nan maccs. PafoTta yBeandeHHs NMOBCPXHOCTH 3aBHCHT OT H3MeHe-
HUSl TI0WMAAH NOBEPXHOCTH M BEJAHYHHL TMOBEPXHOCTHOIO HaTHKe-
Hus. B atoMm cayuae pesiiunila (pakTropa HHTEHCHBHOCTH o H3Mepsi-
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€TCH OTHOWEHHEeM npupaniedns paboTbl K NPHpaUIEHHIo NJoLLaan
nopepxHocTy BojgHoro tena. [lasaenne uamepsiercs padoToit uame-
HeHHs obbema, OTHECEHHOH K eanHuune obnema muiakoct. Temne-
paTtypa onpejeasiercss OTHOIICHHEM HAMEHCHUs KOJnyecTna Temjaorhl
K SHTPOMHH,

[Moanas csoGojinas sHeprus noyseHHoll sBaarn AG zamucut or
obvema V, naowaan nopepxvoct S, remnepatypn 7.

AG=J(V; S, T). (3.29)
[Toanoe aundgpepenunansioe ypasieHte cBobOLHON 3HEPrUn AaH

nouseHnoi piaary (6e3 IMEKTPOJINTOB)] MoMeT OblTh NpPeicTaB/eHo
TaK:

dG = (—p- )dv+( )as + ( i )dr.  (3.30)

CoraacHo onpeaeseHHIo,

il aG aG . .
v :P. T;ﬂ, —&--T——w'— S : {1.'5'.31:]

INoacrasasa napamerpu V, o, S* B vpasuenne (3.30), noayua-
eM

dG = PdV <+ 3dS — S*dT. (3.32)

Ecian Hawa cHeTeMa nepecrana H3MEHATLCS W JIOCTHIVIA paBHo-

BCCHHA, TO, OYEBHAHO, UTOD ee CI}DE!DH.HEE aleprusd JAedaeTcH ocCTosMH-
Hoit 1 dG=0. Toraa ypasaenune (3.32) npu d7T =0 npumer Bua

PdV = — sdS, (3.33)
OTKY
dS .
P=—a—%, (J3.34)

B eannnunbix Kaupajasipax NoBepxHOCTL BOJAHOrO Tela papbHa
BHYTPEHHEN! nNoBepxHocTH Kanuwiaaspon. B MuKpo- n Makpocipyk-
TYPHBIX NOUBAX HPH BAAMKHOCTH HX, paBHON cyMMapHoill arperar-
HOH BJANOEMKOCTH, T. €. DJH3KOH K NOJEBOH BJAAroeMKOCTH H BJIaXM-
HOCTH BOJH3H BEpPXHEH rpanuibl KaNnHJAJAPHOH KaWMLl, 1TOBEPXHOCTD
BOJLHOrO Tes1a No4BLl OJH3KAa K YASJABLHOII nosepxHoctu Sp. B sTnx
CAy4Hasx MOMKHO BMecTo ypanHenus (3.34) nanucarb

as, =
= =gt (3.35)

rae dSp/dV ecth npoussoanasn yaeabHOl NOBEPXHOCTH 1Mo 00BLEMY
BOAHOro Teaa nounnl. Ecan oObeM BAary nocTosINHLIA, TO HA OCHOBA-
HHH ypaBienua (3.35) MOMKHO HANHCATL

P S .
=t (3.36)

72



Ecan AdnJgcHne NOUBEHHOH BAATH NOCTOSIHHO, TO

V S
= (3.37)
O6uveanuns ypasuenus 3.36 n 3.37, noayuum
& g
i (2:58)
YTO MOMHO nepenncats B Apyroil gopme
i S ;. (e & i
'53. Il"l_h 55_:—_;'!"‘1_“(‘ {rj‘.dgl}

raie K — Koucraura.
Ilpn nocrosmerpe obnema virarn (V=const) n3 (3.39) caeayer

Py Py ;
~3 — 354 = COIIst, (d#ﬂ'}
M .
rie T CCTh IIPHEBEICHHOE daBNellHe nNoypClHoOH BJary,

3.4, 3apncuMoCTh MeXly JlABJCHHEM MOYBEHHOII BJAATH M TOJ-
IWHHOIK ancopOuMorHoro caon. Ofuee cojpepKaniie TOUBCHHGH BaArH
clraraercs M3 INICHOUYHOI BJAArn M BJAArH, Haxoisllencs B nopax
NMOYBLI,

W= W, + W, (3.41)

rae W -— obmee coaepxanne siarn B nouse; Wy, — 9acTh Baarh,
Haxo/dsllancd B aacopdbunonnon naeHke; W, — uacth Baary, Haxo-
ASIMAACA B MeCcTax CTLIKa MOYBCHHLIX 4acTHIL M CKBO3HLIX IOpax.
Otnecs Bec Baarn K yACALHON NOBEPXHOCTH NOUBLL, TTOJYHIM

=y, + by, (3.42)

rae h— obwag Toammna BOAHOR NACHKH; Mgy — TOJMIHIA HCTHH-
HOH BOAHOIN NJICUKH; fiy; — VCJOBHAsA TOJLIHE CA0S  KannJIapHoil
BJAATH, PABHOMEPHO PACHPEICACHHON MO [OBEPXHOCTH MOYBCHHLIX
HadCTHIL.

Bonpoc o ToM, Kak H3MCHACTCH 1aB/€lHe OTHOCHTEALHO TOJILH-
Bl BOIHOH IJCHKH N O MaKCHUMAJbHON TOJULHHE TIIeHKH, fBASEeTCS
HPEAMETOM JIHCKVCCH,

[Tpesteas cua nputazenns Modekya cocrasasior 10-6 oM, Tak
NTO Kam/ias MOJCKY.Ia OKpyrela cepoll MOJCKYJIAPHOrO B3aHMO-
AcHeTaua paanycom 107° cm. Ecau pasgennts chepy Moderyasp-
HOrO B3aHMOJAEHCTBHA HA AHAMETP MOJCKVIBI BOML, TO HaijleM, 4To
ona cocrapider 36 moaexyaspusx ciaoes, wan 100 A, Oanako pe-
3VAbLTATHl ONLITOB HE JAI0T CTOJbL OJIHO3HAYHOrG PCLICHHH BONpOCa.

Poiwon (47] Hawen, 4to njaeHka Boibl, cCOpOHPOBAHHOI Ha ua-
crunax xpapua pasmepom ot 0,25 g0 0,0001 mm npu P/P=—0,94,
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T. €. NPH MakCHMaiAbHOIl THFPOCKONHMHOCTH, HMEJa TOJUHHY OT
12 no 137 aunameTpon MOJCKYJIL BOALL, npHyeM TeMm 0oJblIVIo, YeM
MeHbIle yaeapHas NOBEPXHOCTb. IJTO 3HAUHT, YTO B NMOpPax MeHAy
KPYINHBIMH YacTHilaMil MOryT o0pazoBubiBaThCs OCCNPEnsiTCTBEHHO
naenkun Toammuon 6ogaee 100 MOJACKYASRPHLIX ca0eB, TaK Kak OHN
3aHHMAIT OYeHL MaJayio 0110 nonepeuHnka nop H odumieil nopu-

CTOCTH.

am

Pue. 21. 3anucumocTth J1aBACHHSA OT

TOAUNHLL BOIHON JCHKEH B [OMBaX

¢ PasanduHOl  YAeABHON TOBEPXHO-
CThIG.

f— 1.6 u? »r"l_ ppakuna neceka 0,.10—

005 MM (CCCP): 2—4.5 m®-r 1, dipax-
uua nuan 005—000 mm (CCCP): 33—

16 wt-r~l dpakumus  ToHKol nutan
0,005—0,001 MM (CCCP): 4—10 s*-r 1,

kaoamnnT (CCCP): §—22 m* -t ', mnow.
Ba necqaitasm asmonupasian (JHPB); 6 —
106wl KapGona T YEPHOTEM
{HPEY; 77— 85 m* - r_l. TR SepHo-
sest (HPB), 135 wm®-r ', wepuoien ue-
aunorpageknf (CCCP), 160 w® -, ran-

" [ nuctan nouna (CLIA), 177.0 M“-r_l . HEp-
nosem  Kypeknft  (ueanuumft, CCCP),

- s =1 'E)
i &4 N5,0 ME-r T, eMOINEIA (HPE).
’ 51 wi 1 il 20,0 wi-r Y, sourmopuasomnt (CCCP).

0

1072 i ' F; 296,0 m*-r 1, Genronnr (CCCP)
10 10 10 (A) 601 - |

Jeparun u 3opun [16] noavuuan na naockoil NOBEPXHOCTH CTEK-

na npu P/Py=1 naenxy tomuuuoi 70\, nan 25 MOAEKNJASPHBIX
caoes. DPeaskun [H6] Hawen TommumHy AACOPOUMOHHON  1JICHKH,
pasuvio 25 A, uto coorsercraver 9—I10 moaexkyaapuuiy caoam. Po-
e [45], anaausnpys pabory Jleparuna n 3opnua, npuiiea K BhIBO-
AV, uto wienkn roannoil 70A csobomno Morvt obpasoBbLiBaTLCS
TOJbKO B necuaHnlx nounax. Bozmomuocrs me ux obpasopanus B
nouBax CVrJAHHUCTBLIX M IJIHHUCTBIX, ecan ol Hacoiumennl Ca, Mg,
u H, orpannuena seanunHoil yiaeapioll NOBepXHocTH W pasMepamy
nop.

Ha puc. 21 npupejensr  CBA3H JlapileHns ¢ TOAWHHON  BOAHOI
OJEHKI B PA3HOTO pPoja NOPHCTHLIX Cpelax. HAunpas OT Mexaupnue-
CKHUX ¢pakunit n ux cmeceil H KoHuas wHpoKuM MHoroobpaspen
€CTECTBCHHBIX NMOuYB, Ha OCHOBaHHH JAaHHbX Taba. 3.2 u 3.3. Ilo
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Tabauya 3.2
Ceadb MEMAY A4BACHHEM NOYBCHHON BAATH H BALKHOCTBLIO NOYMBL
NpH pasioil HX vacawhoit nosepxnoctd. Monopucnepensie CHCTEMb
(no pannsim Muaypuna u OnHienko)

Banmpocts (% meca) FannucTee sMHHepaas
0% | %% | %% | 0% | <omn | suomemd pRENCC] Ohn
P (at™)
L

2.6 4.5 10,0 18,0 200 10,0 0 296
2300 0,04 0,10 | 0,25 0,51 8,40 0,27 6,30 8,00
830 0,081 0,20 0,60 | 0,9 15301 0,49 ] 12,5 15,00
30 0,28 0,4 1,00 |,82 S0, 00 3,40 | 28,00 | 32,00
15 0,a0 1,40 | 2,00 3,40 | 39,00 | 24,60 | 42,60 | 45,60
10 0060 | 1750 | 220 | 3,40 | 45,00 | — | 43,60 | 46.90
5 1700 | 1.64| 270 | 4,47 | 51,40 | 38,50 | 47,30 | 52,40
3 1,30 | 2,66 | 5,80 | 23,00 | 57,70 | 41,20 | 49,25 | 58,90
2 1,70 | 2,60 | 24,90 | 29,70 | 64,70 | 41,60 | 65,00 | 61,00
l 2’00 | 6.15|20°60 | 31,00 | 74.80 | 44.00 | 66,00 | 69,00
0.33 2'80 [ 29.30 | 3150 | 31730 | 80l50 | 49)70 | 81710 | 84.00

0,10 22,30 | 29,40 | 31,80 | 32,90 |110,0 |110,0 110,0 |112,0

So | 0,12] 0,34 0,75 | 1,35 | 22,5 | 0,75 | 18,0 | 22,2

Mepe VBeJAHUYEHHSt Y/CJALHON NOBepPXHOCTH MOuB TOJAUINHA BOJLHOM
MJCHKH NPy JAHHOM JdBJeHHH YMEeHbIlaeTcs H CTPEMHTCSl K HEKo-
ropomy npegeay. B nousax ¢ yaeapnoi nosepxuoctsio 100m?.r!
u OoJiee MpPH OJHOM ¥ TOM JKe JanjJeHHH TOJAMHHA BOAHON NJEHKH
0/IHHAKOBA, UTO MOMHO BLIpasuts Gopmydoit [30]
T:-T:T'f: ‘o Tz-%f = h = const, (3.43)
cean Sp=100 m3-rL,

3aMeHa 3aBHCHMOCTH jlABJAeHNs OT BJAAXNHOCTH NOYBbL! Ha 3apH-
CHMOCTL  JIABJICHHH OT NPHBEJACHHON  BJAAHOCTH MJAH  TOJUIHHBL
MMeHKH siBasercs cpeiactsoy viuukaunu sasncumoctd P ot W B
cpepe peficTBHa aacopOIHOHHBIX CHIL

Muuaypun u Ounmenko [36] Hawan TeopeTHuecKHM MNyTeM Ko-
JNYECTBEHHYIO CBA3b J1aBJEHHs ¢ TOJALLNHON BOHON NJCHKH Ha oc-
HOBaHHH NPe/JUIOJOAKEHHS 0 TOM, UTO ajcopOIHOHHOE JaBJeHHe H3-
MEHACTCH OT OJHOTO MOJEKVJISAPHOro CJA0st BOAbl K APYroMy Ha oaHy
it TY Ke JIoAI0 JlaBJieHHsi B NpelllecTBYIOLIeM c¢ioe, HalpHMep Ha
sennuuny S,/V,. Ecau nasiaenne B MoHocaoe pasHo /'y, To jaBieHue

S B N\
BO BTOpOM chaoe Pa: "'”*('L-_"); B TpPeTbEM CcJoe P,;-_—PE(I—E):
H 1 1

5 \2

=P (1_') . Llpogoanian 9TH paccyi/IEHHA jaJiee, Haxo/HM, 4TO
|

ancopOGUHOHHOE AaBJaeHHE B N-MOJEKyJasapHOM cioe P, pasuo

Boesip (:'f_!lj"", (3.44)
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Ilas Monocnos, corgaacio dopmynae Kyraanexka (1.4), nmeew
S,/ V,=0,36,rne V,— BAaxuocTs NoUBLl B AOJAX CHHHHIL, 8 Sy —
yjeabHas NoBepXHOCTL B M*.r~',

B cootBercTBHH ¢ dopmyaoit (3.44) nasaedne B MOHOCJA0E pas-

0,075 um ,
no Py= 576 10~ w =—2710 arm. Yunteinas yMmeHbluenne obnemMa

pofbl Ha 5% npn aasaedHny 1000 at, HAXOAHM, 4TO HCTHHHOE JaB-
Jenue B monochaoe pasno— 2300 arm. B pesyawrare nojcrano-
BKH B ypaBHenne (3.44) Haiifennnx 3navenuin Py u Si/V,, noayuum

P, = — 2300 (0,36)"", (3.45)

1€ 7 — YHCJA0 MOJCKYJSIPHBIX CJI0EB B BOIHOH IJICHKE,

Tabauya 34

FaBHCHMOCT MERAY JAaBJACHHEM NOYBEHHON BAArH H TOJNUMHOR NAEHKH
(YHCAOM MOJACKYAHPHBIX CNOCB)

Yy Fl{‘it'l" I3BIEHNE B DaAcHKe
HEALD Toammina o 11;“]'.”}',“; ﬂ,.lﬂ,.'“-llll! B TLACHKE, WM C [T
MOJEKY- Sy - FECACPHMENTAABID B NOMBAX €
ﬂig:;li;:l! A P =P (i.]n . 5, > 100 wt.r—1
n o WA

] 2,76 2320 2290

2 0,2 540 330

3 8,0 300 330

4 10,4 100 115

5 13,8 40 30

6 16,0 10,8 15

i 18,8 9,42 5,0

8 20,8 1,99 2’0

9 23,5 0,73 1,0

10 27,6 0,56 0,33

11 40,3 0,20 —

12 32.8 0,10 0,10

13 35,6 0,05 0,05

3ajasan 3navenus n=1, 2, 3,..., MOMKHO BbIMHCJAHTb JlaBjelne

B 1I060M MOJEKYJASPHOM ¢oe BOAHOH njenku. PesvabTathl pacyera
H ero MPOBEPKH mpejcrapiedul B tada. 3.4; OHHM MOKa3LBalOT NOJA-
HOe COrJacoBaHHE TEOPEeTHUECKHX MAaHHBIX C ONBLITHBIMH JUIS NOYB,
HMEOUIHX BeJHYHHY VieabHoil nosepxnoctd =100 m?.-r=t,

Coraacho dopmyae eparuna [15] u Hepnuuna [38], nasacuue
WaMensercs ob6paTHO MPONOPUHOHATLHO KyOY TOJIMHBL  BOAHOI
MJICHKH.

A
/R ¥

P (:3.46)

rae A nmoctonnHasn seanunna, papnaa 1012 — 1019,
Ara dopmyaa cnpaBelaHBa TOAbKO M OYeHb TOHKHX BOJHBLIX
I11CHOK.,

)
et |



J.5. 3aBHCHMOCTB MEXKAY NPHBENCHHBIM IABJICHHCM W COAEpPIKa-
HHeM cBoOOAHOH Baarm B nouse. [lpy nocrosHHoM JapacHun co-
JAepaaHHe MJICHOUHOI BJarn NPofopuHOHAIBHO YIEAbHOH MOBepx-
HOCTH, TOrjla Kak cojepxaune cpoGojinoil (KanpnajasipHoil) saars
H3MEHseTCsl 3HaUNTeILHO OnicTpee, HeM YACablas nosepxiocton, [lo-
STOMY TOJLHHEA BOJHON MACHKH HC MOMET CAYAHTbE KPHTEpHEM Lis
ofobuleHns 3aBHCHMOCTH AaBJeHHs 0T BJaMHOCTH Nousnl B obaa-
et epobojiHolt saarn. Kpurepuit jan o6001IeHHA KPUBLIX dapie-
HHE — BJAXKHOCTh [MOYBBI MOMHO HaHTH nyTtem npeobpasosaHHd
yvpasuenus Jlanaaca Ha OCHOBE TEOPHH nojodnd.

B cayuae reomerpuueckoro nojiodus Isyx Quryp OTHoOIenHe
BCCX COOTBETCTBYIOLUIHX pasMepon 3THX ¢uryp nocrosuno. Hanpn-
MEep, TPeyroJbHHKH 1ojo0Hb Mexay cobol, ecan HX COOTBEeTCTREH-
HblG VIJbI PaBHBLI, @ CXOJCTBEHHLIE CTOPOHLI MPONOPUHOHALHLI

L L

= A, (3.47)

rae !y, Iy — cxoncTBennbie croponbl, A— Ko3(gpHUHEHT NPONOPIH-
OHAJLHOCTH, HJAM KOHCTAHTa noxoOus. Takum o6pasoM, veaopHe
(3.47) sBasercs MaTeMmMaTHUeCKoH (hopMyJaHPOBKOI eOMeTPHUCCKO-
ro nogofusi TPevrolbHHKOB.

Ecan ape nopucreie cpeibl nolo0HE, TO OTHOMENNE J106GLIX CX01-
CTBEHHLIX BEJHUHH B Npelesax KaxkJoll CHCTEeMDI, XapaKTepHavio-
IUHX TO HWJAH HHOE ee COCTodAHHe, siBjgeTca GeapazMepHbIiM H NOCTO-
auueiM aas ofenx cuerem. Tlvers nanpumep, dmanyeckoe cocros-
HHE O/JIHOM H3 CHCTEM XAPAKTEPH3YeTCs HEeKOTOPBIMH BeJAHUHHAMH
Ry Ry ..., Ry, 2 ApPYrof, nojoGHON eff, CHCTeMbl BeJHUHIAMH Iy,
Fay .. I'n. Torpa veaosue nopodust Tpedyver papencTsa

R, Fy

T )

HMuaue rosopsi, 0OTHONIEHHE CXOJCTBCHHBIX BEJHYHH B OJHOM CH-
CremMe pasHo HX OTHOWEHHAM B nojoénoil cucreMme. I1H NOCTOAH-
Hble Ge3pa3MepHble OTHOINEHHSI Ha3LBAlOTCA HHBapHantaMu no-
nobus u oboanavaloTcs CHMBOJOM i,

HMupapuantol nogoOus, sisjasiomlHecs OTHOWIEHHEM MPOCTLIX 0/l
HOPOAHBLIX BEJANMHH, HAnpuMep, auneinux pasmepon [/d, nasaenni
P[P, nasuipaiotrcs cHMnJekcamu nojobus. Musapuautsel noaolis
MOryT OBITh BHIpa:KeHB H Gosee CAOMHBIMH Ge3apazMepHBIMIL OTHO-
IUEHHAMH, COCTABJCHHBIMH H3 HECKOJBKHX NPOCTHIX MNapaMerpos.
B srom cayuae onp HA3LIBAKOTCN KPUTEPHAME 1TOA00HH.

[To Teopun Muaaepa n Muanepa [71], B noJOOGHWX NOPHCTHIX
cpefax npH OANHaAKOBON BJAAMKHOCTH Cpeiline paguyenl KPHBHANBL,
a 3HAYHT H NOTeHWHaJ bl BJAaMIOCTH, OTAHYAIOTCA APYr OT JApyra
Jiilb  MacmTabHEM  MHOMKHTeneMm 2 (puc. 22). Bseejenne 3toOro
MHOACHTCAR B ypaslenue ganuanapuoctd Jlanaaca nospoasier pac-
NPOCTPAHHTL 3TO VpaBHeHHE Ha BCE MOYBLIL.
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VpasHenue Jlansaca MOMHO NOAYUHTL B KauecTBe CJIE/JACTBHA H3
ypasiennsa (3.34). HMa anmaaurtnueckoil reoMeTrpHy  H3BeCTHO, HTO

ds 1 |
av “( o )' (3.49)
rjae r; H ry— rjaBHble pajHychl KPHBH3HBE TOBEPXHOCTH pa3jena

BOJA — BO3/yX. YMHOXKHB 00€ 4acTH paBeHcTBa Ha O, TOJAYUHM
vpasrenue Jlanaaca B hopme

Puc. 22. lMoaoGuwie nopucieie cpeaw (no E. E. Muaaepy u P. M. Muanepy).

Ipu ry=rs 13 vpasuenns (3.50) noavunm

2a 4

P = =, WK — =;f—. (3.51)

Bl

B Takom Buie ypapHenne Jlanaaca npuMennMo K oTA€JbHLIM
Kanuisipas, Ho HENpHroiHo s nous, obaajawouiny  CloaHON
CTPYKTYPOIil NOPOBOro npocrpancraa.

Munaep 1 Muaaep, Hexois u3 npuHuina nonodus, npeodbpaso-
BaJi ypasnenne Jlanaaca caeayiomny obpazom. YMHomus obe
yactin ypasienns (3.51) wa macurtabuwii  xosdupuitnenr z, noay-
YHJIH

P
= S

(3.52)

Beanunna Pi/o naznBacTcs NPHseIeHHLIM JaBJIeHNICM, HAH KPH-
Tepuem noaobGus, v obo3davaerces cuvpoaom P,
B no1o0HmX HOPHCTLIX cpelax O/JHHAKOBLIM 3HAUYCHHSM NPH-
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BEJACHHOTO JaBJEHHSl COOTBETCTBYIOT OJAHHAKOBLIe niaaxuoctH. [lo-
A06HBIE MOpHCTHIE cpeibl OVAVT HMeTh OAHHAKOBYIO (POPMY KPHBHIX
JaBJACHHE — BAAMKHOCTh, PA3THUAIOMIHXCH JHIIL CMCLIEHMHAMH 110
OCHAM, NPONOPUHOHANbLHBIM A,

Muaaep n Muaaep mcenenoBain  IKCNCPHMCHTABHO 3aBHCH-
MOCTb JlaBJIEHHSI 0T BAAMHOCTH A4% nHTH ¢pakuuil necka pasme-
pom ot 100 go 250 MKM H NOJVYH/AH CeMelCcTBO NOAOGHLIX KPHBEIX
P(W). 3amenns 3aBHCHMOCTE JIaBJEHHA OT BJAMHOCTH HA 3aBHCH-
MOCTL  NPHBENCHHOro JIABJEHHA OT BJAMKHOCTH, 3TH  aBTOPH
oGo6uLHan cemeiicreo KpuBux P(W) B oany kpusyvio P.(W).

[Ipumenenne Teopun Muanepa n Muasepa K nousaMm pasHoro
MEXaHHYeCKOro cocrapga Berpedaetr Goiablune TPYVIAHOCTH, CBA3AHHBIC
C Orpa’HivueniocTbio npeanocuaok s1oit Teopun. OCHOBHBIE Jomy-
LIEHHA ee COCTOSAT B CAENYIOIEeM: NOBEPXHOCTHOE HATIXEeHHe, VroJ
CMAYHBAHNS, NJAOTHOCTL, BASKOCTL JKHAKOCTH OJHOPOAHBI BO BCex
YACTHX CHCTEMDBI JAHHOrO MOTOKA M NOJMHHSIIOTCH KJIacCHUYECKHM
3aKOHaMm MOBEPXHOCTHOTrO HATHAXKEHHS H BA3IKOro NMOTOKA; reoMeTpi-
HeCKHe CBOHCTBA TBepaoi (hassl OJAHOPOINLI, HM3OTPONHEL, MOCTOSIH-
HLl; BCe YACTH YIIKOCTH CBA3aHbl Mexy coloil, T. €. HET H30JH-
pPOBAHHBIX KameJb, BCe YaCTH ra3a TakiKe COeIHHEeHBbl, T. €. He
CYILCCTBYET H3O0JIHPOBAHHLIX NY3bIPLKOB. ITH NPeAloCHAKH ajek-
BaTHO OTPaXKaloT JHlbL CBONCTBA TNOMB  JIETKOIO MeXaHuve-
CKOTo coctapi. B MIMHHCTLIX noYBax noBejieHHe BJAArd oTKJAOHAeTCH
OT KJlaccH4YecKHX 3akonoB Jlannaca w Jlapcu B CBSI3H € TeMm, 4TO
3HauuTeabLHas HacTh OYBEHHON BJATH ABAAETCH  NPOYIOCBA3AH-
HOH H He  YHACTBYET B KAUMAJAPHOM  [OTOKE, TIPHYCNM  KOJHUEe-
CTBO 3TOHl  BJATH B TIOMBAX € pPasHOl  VICALHON (OBEPXHOCTBIO
HCOJIHHAKOBO.

Konuenuns Muanepa n Muaaepa cojep:knt B Kauectne Koad-
(puupenTa Moj00HA XaPaKTCPHCTHUECKYIO JVIHHY 7, KOTOPVIO MONKHO
HANTH Yepes CPeHEen3BCUICHILIT AHAMETP nouBeHHbIX yacTHi. O-
HaKo BLIMHCACHHC cpeHero AnaMeTpa NMoYBeHHLIX YacTHIL /IS MO-
JHIHCTEPCHLIX CHCTEM JHIUCHO (H3HYECKOro cMbicaa. Ty Tpya-
HOCThL MOMHO NPEOLoNIeTh, eCl B KauecTie Ko3adpuiuHeHTa noo0us
BaccTH B ypastenne Jlangaca yaeaunHyvio NoBepxHocth Sp; BMecTo
XaPaKTePHCTHYECKOIl JTHHBL A.

Paszneann obe wacru ypasuennst Jlanaaca (3.51) va vieasuyio
MOBCPXHOCTh, MOJYUHM

> .
A 2. (3.53)

A rS,

Muuypun 1 Onmuenko Hazsaan seanunny P/oSq npHBeicHHBIM
JasjeHuem u 0003nauNAN €ro, B OTJAHYHE OT HNPHBEACHHOTO jlaBie-
Hua Muaiepa n Muanepa, ciumpoaom P/, 1. e,

(3.54)

=0



¥papuenun (3.51) u (3.53) nonoGHuLl W pasnHUaOTCHd TOJLKO
mHomuTenem 1/So.

s Kanuagsprnoro 1asjeHusi, BBIPAMKEHHOrO B CAHTHMETPAX
BOAAHOro croqba, ypasHenne (3.53) npHMeT BHJ

Heg

e [
‘.r o 35“ :

(3.54a)

rae H — suicotra BoA. €T. (CM), 0 — IJIOTHOCTL BOAB, F-CM™5, g —
YCKOpeHHe CHJABl TsIKECTH, cM-c~?, Sp— yieasHas MOBEPXHOCTD,
cM* - cv—. B 0HOPOAHBIX NOPHCTHIX CPelax BEJHYHHA MpPHBEeHIO-
o jlapJeHHs ABJASeTCsT KOHCeTaHToil (taba. 3.5).

Tabauya 3.5

I'Ir:mum;c:-mﬂc KAlMHAJAPHOE JABJACHHE B NCCYAHBIX H NMbBJACBATHIX EII]IEHII,HE!'L,
paccuntannoe no panneim Jloydpuama w Trauyka

g Jloydipniey [To Tkawysy
yacaoman | movepx. | BMCOTA | upuBCACH: | yuoqupan | nomepy- | BMCOTE | mpuBeden-
e g i hm:ilul-.-ﬂw- .'1.'II-I|.!'lll]."1iI:lIH.‘ L el Hmf::.;:::;!lih .mnl.l'[::lne
“ﬁcr_h_l BEII;. ]I:;!:!;I NNOIHE TR r[u"lﬂﬂ‘““ﬂl-r HpCT tl E!”:: !:I I'E;I MoaMaTIg NG H ||n-ﬁ
(es2-r71) R iy BaAar (ew?-r71) R (oM DAArH
10 To0) ! oLa 16 12(4) 4.5 3.8
20 1500 o] e 20 ?ﬂ{}[] 8,0 4,0
40 SO0 15 a,0 o2 S900) 57 e 4.5
78 GO0 33 a8 114 8600 40,0 3.5
120 HO00 «IlQ 5.5 200) 19500 87,0 4,6
éﬁ“{; _lii:.'ﬂﬂ'ﬂ 67 ?,g G700 43000 150,0 b L
21000 byt i
120 | 31000 134 4,4
S G000 200 4.4
1250 Q4000 308 3.3

Jdoybpnmx u Txauyk onpegeansn shcory KallnaJaspHoro nogns-
THA B 3aBHCHMOCTH OT JHaMmeTpa 3zepeH, Beawunnu vyvaeibhoil no-
BEPXHOCTH, NOBEPXHOCTHOH HEPTrHH NMOYBLI W NPHBEJACHHOIO jaBbje-
HHA BoidHCAeHL nHamu, OTCYTCTBHE AAHHLIX O BEJHYHIE NOPHCTOCTH
ne Nno3BoJsSiOT YCTAHOBHTH Xapakrep yHAKOBKH 3eped. Boamomxno,
UTO HEKOTOpOe paszjiHyuHe B YNAKOBKC YACTHIL Pa3j HUYHBLIX MeXaHHue-
CKHX (PpaKUHil B KOJOHKAX, I/le IPOBOAHINCE OILITL, ABJINETCH 1PH-
HHIIOH HECYUIeCTBCHHLIX OTKJAOHEHHH NPHBEJCHHOIO MABJAEHHS OT
NOCTORHHON Beanynipt, OAHAKO, HECOMHENNo, C¢pejlHee 3HAUEHHe
STOM BEJIHUMHL OJH3KO K HOCTOSHHONM, pasHoil 4.3, 1. c.

.I'”I
63,

-

— 4,3, (3.29)

rae P Buipaxeno B ¢M BoA. cr., So— B cm2r-!, g — B muu/em. dm-
NHpHYCCKH nHakfenHas dopmyna (3.55) okaszanaack cupaseiinpoil
fast anadornuunx paanneiX Hopaxka w Ilewanexa, a rtaxkme Tlypw,
coOpannbix B Mmonorpadun Poae [43].
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C nomouibio HaljaeHHOro Kpurepus nojodust QyHKUHA laB.e-
HHEe — BJAaXHOCTh MOXeT OwTh 3aMcHena na (VHKUHK npHBeACI-
HOoe AaBjeHHe —— BJAMKIOCTh [0UBLI. PaccMOTpHM CXOACTBO M pas-
JuuHe Mexmay stumu (pyuxuuamu. Ha puc. 23 nsobpaxkena sasucu-
MOCTh (PpaKTHUECKOro JAaBJEHHS IIOUBCHIION BJATH OT BJAAMKHOCTH B
MOHOLHCTIEPCHBLIX CHCTEMAX, COCTOSIHY M3 YaCTHIL NECKa H NLIH H
HMeIomuX yieaenyio nosepxnocrs 1,6; 4,2; 10,0; 184 m2-r—'. Uewm
Ooablue yaeabHast NMOBCPXHOCTb, TeéM OoJiblle YAEPKHBACTCH BOJbLI
NOUBON NpH oAHOM M TOM ke AaBienuu. Ilpn oamnakosoil yaeds-
HOH NOBEpPXHOCTH BOJOVAEpAHBAIOWAR CHOCOOHOCTL  [OYB  BO3-

orl
10° -
6%
10*
4
2 \
J
10 2 \
\ Pue. @3. 3aBHCHMOCTb JaBJCHHA MoY-
! BEHHON RmAarn oT RIaxuocTn (% meca)
.’ﬂz- B MOHOLHCHNCPCHIME CHOTOMAN,
I — 1.6 w* 1L, dbpauns necka 0,10—0,05 mm
(CCCP); 2—45 wm'-r ), ¢pakums nuan
0,05—0,01 My (CCCP): 3— 10 m*- v 1, dpax-
4 ' i LH#A TﬂHE.HE nWan 0,00—0,005 (CCCP); 44—
Hi " 18 wf-r 1, dipakuma Tonkoft neam 0,005—
o 10 20 7% om &eca 0,001 mm (CCCP).

PACTaeT € yMeHbIUGHHEM OTPHIATELNOro JaBJCHHA TOYBEHHOI
Biaary. Takum obGpasom, BoJoylep:HBaomlas cnocoGHOCTh 110YB
ecTb (YHKUMA, No KpaiHeil Mepe, ABYX [EPeMEHHBLIX, a HMEHI0 —
AaBJEHHA NOYBEHHON BJAMKHOCTH H VAeAbLHOIl IMOBEPXHOCTH NOUBHI,
HM3amenenue aasjenuss B 3aBHCHMOCTH OT yAeALHOIl NOBEPXHOCTH He
YuuThiBaercs GyHKuuHeil AaBjaeHne — BIAKIOCTL H NOITOMY M3 OIbLI-
Ta Mbl DOJHHB NOAVUHTH 0coOyio Kpusyvio P(W) aas Kaxaoi koH-
kKpeTHOH noussl. Popma KpuBoil Aandenpe—pJaaKHOCThL JIIsE Beex
MeXaHHuecKHX (Qpakuuit coxpanserca nepnamenwoit, Ms sroro dak-
Ta caefyer, uto Kpussie F (W) B oGaacrH MOHOAHCHEPCHLIX CHCTEM
OMOOHBI H Pa3/IHUAIOTCH TOJBKO NOJOKENHHEeM OTHOCHTEABLHO Oceil
Koopaunar. Takoe HaMeHeHHe NOJOMEHHA KPHBOIl HA3LIBACTCH CABH-
roM, HJIH NapajjefbHbiM [epeHocoM, npHueM BeJHUHHA nepeHoca
NPONOPHHOHAALHE 3HAUCHHIO VIEJALHON NOBEPXHOCTH MOYBLI,
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Popma xpusoit P (W) xapaxkrepuayer HaMeHenue CHJLI CBA3M
BOAL € NOYBEHHBIMH YACTHUAMH NPH H3MEHEHHH BJAMHOCTH MOYBLI,
TOFAla Kak M3MeHeHHe yAeabHoH nosepxuoctu (B o6JacTH Maabix ee
aHavyeHnil) siaeder 3a coboil TOALKO napaiajenbHoe CMelleHHe KpH-
BOH OTHOCHTE/BHO OCell KOOPAHHAT, YTO HE HM3MeHAeT CHJILl CBA3H
BOALI C MOYBOI H MO3ITOMY HECYHIECTBEHHD ¢ TOUKM 3penus (usnye-
CKHX 3akoHos. Taxkum oOGpazom, B 0OLIYMHOM KOOPAMHATHOM ONHCA-
HHH NOJAYYEIOT JHUINHe Janinbie, MNOTOMY UTOQ ROOPAHHATLI OlNpele-

feg
5
10
103
o
102+
A
10"+
e | -
¢ 2
0ol x 3
a4
Puc. 24. 3asucnmocte npu-
BEAEHHOrD [laRICHHH OT co-
pepmanun  cooloKON BrATH
B MOHNOANCNICPCHLIX CHCTEMAX. 10! l | J
Yea. oGoymagennn oM. pue. 23 j’ﬂ m‘ﬂ j'ﬂ’ ¥=Vasp

JASIIOT He ToAbKO reomerpuyeckyio gopmy kpusux P(W), Ho u ux
NOJoMKeHHe, KoTopoe apasercst uaanmneilt uudopmaunei. Ilostomy
HEODXOAHMO HCKJAIOMHTL H3 KOOPAHHATHOrO ONHCAHHS BCE HECy-
IECTRENHoe, B pPe3yibTare 4ero Mnojyualor Tak HasslBaeMmMbie HHBA-
PHAHTH, KOTOpBIC B paccMaTpHBaeMol KpPHBOIlL ONHCLIBAWT TOJAbKO
cywectsennoe. Pewenne 1ol 3agauy BO3MOKHO NYTCM  3aMeHLl

. P

¢yuxin P(W) na dbyuxumnio — s
1]

JCHHA ¢ VIAeJbLIOH NOBEpXNOCTBLIO YHHTLIBACTCA TenephL BEJAHUYHHOMN
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NPUBEAEHHOrO AABJEHHA, TO H3 ONLITA MbLl AOJIKHBL NMOJYYHTE OANY
H TY Ke 3aBHCHMOCTh MEXKIY NPHBEACHHLIM JaBJACHHEM H BJAK-
HOCTBIO AJA NMOAOOGHBIX OJHOPOAHLIX NOPHCTLIX CPefl, MTO NOATBEPHK-
JaeTca  SKCHNEPHMEHTAJALHBLIMH  JANHLIMH, HPeICTARICHHBMMH Ha
puc. 24. Ilpupenennoe jpasaenue B onpejleleHHH 3TOrO  NOHATHS
OnnueHko # MNYYPHHBEIM  OIHO3HAMHO CBA34HO € BJAMNKHOCTHIO
HOYBLI B TPanuilax MOHOLHCHEPCHLIX CHCTEM H XapaKTepH3YeTCs
eaHHoll 00061enHON KPHBOIL.

Hast noAHAHCHEPCHBIX CHCTEM SMOHPHYECKH Hailaeno, 4To 1pH-
BeJeHIoe AaBieHue B Buiae P/aS, cBA3aHO 0ANO3HAYHO ¢ cOlepra-
HHeM CBOOOJHON Baard, paBHbM pasHocTH V — Vi, rie V — Baa-
ra, yaep:xupaemasn noqypoil npu  AaHnom HAasJgeHnH, a Vs — 1a
4aCTh NOYBEHHOR BJATH, KOTOPAR YIACPKHBAETCH B ABYXMOJCKY.IA]-
HOM CJl0€, a4 TAKIKEe BJIAra, HaXoAAUlasnca B MEHKIIAKeTHOM NpocTpaH-
CTBE MHUHEPAJOB THIIA MOHTMOPHJAJIOHHTA W OenTOHHTA, e Kanuwa-
JAAPHLIE CHJABLI HE MOTYT [POSABHTBCH. IDTO NPEANnoioKeHHe Noj-
repmaaercs Pone [45], KoTopulii Ha ocHOBAHWK aHaJW3a AaHHbIX
Kypona npuwea k BoiBoAy, 4to npu P/Py=0,4, coorsercrayiouies
JIeHKe TONUIHHON 2 MOJCKYAAPHBIX CA0H, POAL NOBEPXHOCTHHIX CHJI
CXOJHT Ha HeT.

Eannas ans sBcero MHoroo6pasus noJHAMCHEPCHLX NOMB 3aBH-
CHMOCTL NPHBEIEHNOro JAaBJeHNHd OT cogepxkanus csoboanon Baarn
(puc. 24) nokasuiBaer, uTO HPH OAHHAKOBOM COAEpHKaHHH cBOGOML-
HOH BJACH NPHBEJEHHOC AaBJeHHe V pasHbiX nous oamHakoso. Ona
OOHAPYIKHBACT ONPEACNCHHYIO YHOPAAOUCHHOCTL BOJAHBLIX CBONCTB
NoYB OTHOCHTEABHO YHCJAGHHLIX 3HAYEHHH HX  VAeJbHON [OBepX-
HOCTH: Ma3KCHMaJbHBIE 3HAYEHHA NPHBEAEHHOrO AABJCHHA COOTBOT-
CTBYIOT NMOYBaM ¢ MaJaoOH yAJAbHOH [NOBePXHOCTLIO, 4 MHHHMAaJb-
Hble — nouysam ¢ 60JbLION YACAbHOH NOBEPXHOCTbIO.

Enunas xkpusas -3 (V — Vizp) ecTb coemmunenyne MHOrHX Ko-
=y

HeUHbIX (PYHKIKA, OTHOCHAIUHXCA K 10YBaM € paszHoil CTPVKTYPOI n
VISJABLHOH NOBEPXHOCTBIO TakKHM o0pa3zoM, 4To KOHel yKaszanuoi
GyHKUHH ANA OAHON NOUBLL ABJAAETCH HAYAJIOM TOH Ke (PYHKUHY
aias apyroit noussl. OTpPe3kH KPHBBIX HACAJBHO CTHIKVIOTCH, nepe-
KpLiBasi Apyr JApyra Tojbko Ha HeboJiblloM yuacTKe Kpupoil. [lasa
KaMJA0H KOHKPETHOH MOUBLL TOJIBKO Te CBOHCTBA CVTh COGCTBEHHC
(pu3nuecKHe, KOTOpLIE OCTAIOTCS HHBAPHAHTHLIMHM (HEHIMEHHLIMH)
IIpH BCeX CABHrax M TMOBOPOTAX KPHBHIX OTHOCHTEJILHO Oceil Koop-
JLHitaT.

O6obmennas virusepcaibinas 3aBHCHMOCTL  NPHBEAEHHOTO Aan-
JEeHHA OT cofepXaHHs CBOOOJHON BJAarH HCNOJb3YeTCs A48 npo-
FHO3HPOBANHS BOAHLIX CBOMCTB NOUB, HanNpHMEp AJA BHUHCIEHHA
KPHBOI 3aBHCHMOCTH [aB/jeHHe — BJAXKHOCTL J1060i  KOHKpeTHOIl
MOYBLI, €CJAH H3BECTHA ee Ve bHas NMOBePXHOCTD.

OO6bIYHO 3aBHCHMOCTSL JlaBJieliHe—BAaKHOCTL  NOUBLI  Onpeje-
JAsIeTCH IKCHEPHMEHTAAbHO AJf Ka)KJ0i KOHKPeTHO NouBLl € No-
MOlILbIO THTPOCKONH4EcKoro metoda u npeccos Puuapaca. Onpejne-
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JSIETCH PABHOBECHAS BJAAMKIOCTb NPH HEKOTODLIX CTAHJIAPTHLIX jJaBk-
acauax: 0,01; 0,05; 0,1; 0,2: 0.3; 0.5; 1; 2; 3;: 5; 10: 15; 30: 100;
300: 830; 2300 arm.

Eciin usectia pe/imyuMHa YAEJbHON NOBEPXHOCTH AAHHOI KOWH-
H[}ETHUH HOUBLI, TO MOMHO BBIUHCJIHTH ANH Kaxiaoro CTE]],[[EIPT[‘]CH'['}
AaBJCHHS BEJHYHHY TNpPHBEAeHNOro Jasienns no dopmaye P==
= P'0Sp. C nomowmpio ynnpepcaasHoil KpHBON puc. 25 MOKHO 449
KaaJOro 3Hauenms ]Il]lfﬂf‘ﬂEHHDFﬂ JdaBJeHH# ﬂﬂpfﬂfﬂ]*ﬂ"h COOTBeTCT-
BViollee cogepaanne csoboanoii saary. Coaepimanue npoutocss-
sannon Baarn (% peca) soluncasercs no gopmyJe

£pg
gs
J
m' i
m?
¢
A o
10°-
Pue. 25, 3apncHMOCThH NPUBEASHNOrO ¥
NaBJeHHa OT coaepxanna ceofoanol N0
Bdr B TIUJ:IIL:-I.HL'!IE[.'IEHHK CHCTEM 3 X.
Kpupas cojepkutT okoao G600 Towek, oTho-
CAULHXCH K MOMBAKM CAMOrO PRIAMUHOFD réHe-
|

IHCH, Mexanuyeckoro cocTaBa H EeTpoeHiHE, fﬂ-'z |
m TOM Ypcac nalpse Tadg. 3 w4,

|
10 Fiikd 107 V-Vysp

rae fip — Toammna BOAHON nsenku, pasuas 52 A; Sy — vieasnan
NOBEPXHOCTL Hoysbl B M*-r~'. Tlocsne Toro Kak mafigens napw sna-
uehunit £ u W B ykasaunoM Bullle Auanasone RasjeHuil, cTPoaT rpa-
(puK pyuruun P(W).

Onncanibiit Buitie pacueTHbll MeTOA ONpeieNeHis 3aBUCHMOCTH
AaBJICHHA NOUMBEHHOH BJAArH OT BJAAKHOCTH 1OUBLI MOMKET OKITE NO-
JE3EH JIPH NPOrHO3ax W B TIOBCEJHEBHOH NPAaKTHKE MeJHOPaTHBHOIO
semaesenns. llo kpusoii mecopOumn BaarH H3 NOYBHL, NOJVYCHHOI
PACuCTHBIM METOLOM, MOKHO ONpeleSnTh B JIOOOH nouse pacnpe-
JAeJIeHHe [10D 10 pasMepas,

Boiime mwm pacemorpenn cdepn peilcrBua  agcopBIHONHOrO M
RANHAAPHOro norenuHansos. Oanaxko TEOPETHYECKH Mbl JIOJIKHEL J10-
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DYCTHTb, WTO CYHIECTBYCT HHTCPBAJ BJAAMKIIOCTH MNMOMBLI, B KOTOPOM
oba BHJIA NOTeHLnAaA nef‘m“mym“r Ha BJary coBMecTHo.

[lTockonbky amcopOuMOHHOE AaBJAcliHe HAXOAUTCA B obpaTiiol 3a-
BHCHMOCTH OT TOJILLHHBL BOJHOH IJICHKH, 8 KAuwiJasaplioe pashielne
NPONOPLHOHAILHO TIOBEPXHOCTHOMY HATAMKEHHIO 0 YAC/IbHOR IOBEpX-
HOCTH NOYBLI, TO MOMKIIO HATTHCATD

as, 5 57
hoot {.d"j"r]

riae Py — KanuaaspHo-copOuuonnoe Aasjelne; ¢ — MNOBEPXHOCTHOE
HATAMCHHE; Sp— VAeadbHas NOBepXHOCTh; /N — TOJAUIMHA  BOJANOI
IVIEHKH,

Beanunna Py /oS npeacrasaser coGoil  KoMOHHAUHIO OCHOB-
HBIX NMEePeMEHHbIX, OT KOTOPbIX 3ABHCHT BJAKIOCThH NOUBL, H HA3bI-
BAETCS NPHBEACHHEIM KanHuAJAapHo-cOpOUHONILM  aaBaennem P,
T. €. Pich/aS = P”,

Jdas paga nogoOHLIX NOPHCTHIX CPejl MOXKHO HanHCaTh

&
P:-:c""'

Preghy  Presh, Pyl
‘;SI . 5-5.1'; == o 55, 3

Tak wak = W/[S u Py, = Hpg, 10 BmecTo pasencrsa (3.58)
MOMKHO HANHCATD

P =

(3.58)

Pm: W Put-,w'r.. PHL‘ W =
IR O Ry
S S5 Lo
H
: Hogh Hapgh, Hiparh :
H.J‘ — ngr-j 1 p— Ep'i e :iill [J-GU]
357 585 35; -

M3 stux ypasuensii caeayer, uto B HOA0OHBX NOPHCTLIX Cpe-
Aax 1PH OJAHHAKOROH BJAMKHOCTH BeJAHUMHBLL NPHBEAEHHOrO Kalni-
JAPHO-COPOIIHOHHOrO [ABJEHHS e 3aBMCSAT OT VAeablioil ToBepx-
HOCTH NOYBLI, 4 TaKKe OT TOJUIMHB BOAHON 1JIEeHKH M JIOMMKHBI
OBITh OJIHOZHAYHO CBA34HBl € BJAAMHOCTBIO 1OUBLL, IJKCHEPHMEH-

P'II re
TaJBHLIE HCCHCJIOBAHHS TIOKA3aaH, 4YTO (PVHKIHA ,",:. (W) saB-

JfeTcs AeHCTBHTEILHO OAHO3HAYHON M JAuHelnoi (B Jorapudmu-
4ecKOH (popMe) B HHTEpBaJe H3MEHeHHs! YAEJALHOH NOBEePXHOCTH
20 — 150 m? - p~!. ¥paBuenne npsamoil HMEET BHJI

Pr= 135+ e, (3.61)
rae P” Boipameno n cv  Boid. er.; W— Baaknocts B npouentax
OT Beca MO4BhL.

Hceeaegopanns p3auMioil cBA3H MeRAY abCONIOTHLIMH 3HAue-
HHAMH JaBJEHHS H BAAMHOCTH 1OKasanH, 4TO 3Ta 3aBHCHMOCTL
HHAHBHAYaJbHA H Co3jaeT Bce MHorooOpasne nodue no MX (Qpu3u-
yeCKHM cBodcrBaM. Oanako neppHutnie JgaHHLie, NOJAYUEHHble H3
JKCHNEpUMENTa, coleprkar MadbiTouHvio HHGopMalMio B Bujae ao-
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COMIOTHLIX 3HAYEHHI [apaMeTpoB H KOOPAHHAT, KOTOpas 3artpyil-
nser packpuitie o6UIMX (pu3nYecKux sakowomepuocteil, B peayiib-
TATC YUeTa NPONOPUHOHAJILHOCTH MEKAY AaBJeHHEM H Y/eJIbHOI
HOBEPXNOCTLIO B OGJMACTH KANHJJAAPHLIX ABJEHHN, a TAKKe MemAy
BAAMHOCTLIO W VAEJLHON HOBEPXIOCTRIO B rpaHiunax aucopOuuHon-
HOFO €108 BAard OLIIM BBEJCHL! HOBLIE napamMeTpnl B BHLe KOMOH-
HALMil MHOTHX NepeMenubix, HasunBaeMblX NPHBEAEHHLIMH BCJAHUYH-
HamMu JAapjdenns H BaaxnoctH. € nomollnbio 3THX NPHBEAEHHBIX
napaMerpon o0HapysKelbl HeKoTopuie o0umue 3aKOHOMEPHOCTH B
SABJACHHAX YAep:KaHHa M NepelBHXKeHHS BJard B 1noypax pasporo
MEXAaHHYECKOro coctaBa W ocrpoenusi. Bpeflenve BeaHuMHbL yAC/Ab-
HOIl NOBEpPXHOCTH B KauecTpe Kos(Q@HUHEHNTa NPOnoOpuHOHABHOCTH
B ypasHenue Jlanjgaca nospodaser HaiTH KPHTEpPHH nojodbusd, ¢ no-
MOILLIO KOTOPOro 3TO VpasHeHHe MOMKeT ObTh pacnpocTpaHeHo Ha
pee nounnl. OTkas or npuMeHenus saxona Jlanjnaca K ecTecTBeH-
HBIM foYyBaM 6L OCHOBAH CKOpee Ha HEJ0CTATOMHO riy6oKoM mno-

HHMAHHH 3TOro 3akoHa, HeXeJH Ha HapylleHHH ero B NPHPOJHLIX
novpax.



Fwasa 4

HNEPEABH)KXEHHE BJA'H B INIOYBE

4.1. HacblnieHHble W HeHacbllLleHHbIE BJAATOH nousbl. Hacoileu-
HOCTh [OPHCTOH Cpelbl BOHLOH onpele/ifercss Kak OTHOCHTebHAs
4acTh 00BEMa 10D, 3aHATASA ITOH AHAKOCTLIO. ECaH pech 00BbeM nop
3AHAT BOJAOH, TO [OUBY HA3BIBAIOT BOAOHACHILEHHON, WJIH NPOCTO
Hacuiwennon. B arom cayuae nousa npeacrasaset coboli AByxgas-
HYI0 CHCTEMY, COCTOSIILYIO N3 TBepioi (razm u muigkocrn. Ecin xe
TOJBKO YacTb 00beéMa NOp 3aHATa BOLOH, TO LOUBA lpeicTaBaser
codon Tpexcasnyw CcHCTeMy: TBepaad (pasza—KHIAKOCTbL—Ta3 H
NOYBY HA3LIBAKOT HEHACLINIEHHOH,

4.2. 30Hbl YBJAAMHEHUS TMOYBEHHO-TPYHTOBOH ToawM. Hike
'}'pﬁHHH FPYHTOBBIA BOO pacnoddracred 304 HACBLIIIEHHA, d BbLILIE —
soHa aspauuy. Ciaof, HenoCpeaCTEENNO NPHJIEraloWHUil K 3epkany
FPYHTOBLIX BOJA, HA3LIBACTCH KanwlIApHO# 30H0H, WIH Kanwjaaap-
HOH Kalimoi, BaakHOCTL H JABJACHHEC BA4rH B KAXKAOH TOUKE Ka-
MUAIAPHON KalMbLl 3aBHCHT OT DBLICOTLI HAJ 3epKajoMm TCpyHTO-
BLIX BOJL.

Buine BepxHeil rpaHuubl  KanHAAAPHOI KaiiMbl  pacnoaoxena
NPOMEMKYTOMHAN 30HA, Ha3LIBaeMas MepTBOH 3010H, XapakTepHoi
JAJIH 1OYB HENPOMBIBHOTO THIA BOAHOTO pexuma. Baaxuocrn 3Toro
FrOpH3OHTAa He npeBpwillaeT BAAKHOCTH YCTOHUHBOID 3dBHIAAHHHA, AQTH
yepes ITOT CJA0H CoBeplIaeTCA MepeABHKelHe JISHouion 1 napooo-
PA3HOI BJAATH. 34 NPOMEAKYTOUHON 30HOI CJAEAVeT 30Ha HOJBelleH-
HOH, WJIH 1OYBEHUOI, BJAATH ¢ MEHSIOLWHMCS BJAArOCOMepAantemM, or
NOJHOrO HACLILWCHHA A0 BO3AYIWHO-CYXOI [OYBLI. 3¢CL pa3jHualoT
CAGAVIOULHE YPOBHH BJArOCOACPAKAHHA: NOJHAA BAATOEMKOCThH, HOJe-
Basi (llauMeHbluasl) BJAAT0eMKOCTh, BJA4XKIOCTL PaspbiBa KalHaaap-
HOM CBH3H, BJaXxHOCTE }-'i.':'l'ﬂﬁ“]ll!t}'['[l 3apaavHuAa, MakcuMmankeHan ajl-
{_‘{}|]ﬁII,II{‘.I-I]}IES-I BAAr0eMRKOCTb, MdKCHMAJbHAH FHIPOCKOIHYHOCTE, BO3-
..'J',,‘_k.-'l].[IIE!'E-l ]"HI']'.'I{}I:I{GHH"-II[EIL‘TI;, XHMHYECKH cpHa3alias noaa.

4.3. MepenpuiKeHne BAATH B HaCLIWEHHOH nouse. [leppule KO-
YECTBEeHHbLIE HeC/eloBalis NOTOKA B HACLIILeHHON BAaaroil  nouse
OBIIH BLINOJHeHL J[lapcen. On u3yyald CKOPOCTL HHCXOAAULEro No-
TOKa BOALI B BEPTHKaJALHON TpyOKe, HANOJHCHHON TICCKOM, NPH YC-
JOBHH DA3IHYHOrNO JABJelHs Ha Bxoje H BeIXojde sojbl. Jlasjenune
H3MePAJAOCh BLICOTOH YpoBHS BOALI B MAHOMETpe, OTHECCHHOIL K yC-
JOBHOMY fyaesomy ypoasuiwo (puc. 26). B pesvabrare sToro onbiTa
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dapcn puigen Gopuyay ana seluncaenns CKOPOCTH NOTOKE BOJAWL B
HAaCBILLCHIION novype

_ 0 (H - h)
v=— Fﬁ.—”—“. (4.1)

rae v == Q/st — ckopocth NoToKa; i — TOAUMIA BOARHOrO CJA0H HA
buabTpe; f/—T1oammna puavtpyiomero caon; (H-4-h)/H—nepenan
MMAPOCTATHYECKOrO AABJICHHA MEHAY BXOJAOM H BBLIXOJOM BOALI M3
NOYBEHHON KOJONKH, § — njomans ¢uanipa; Ko — kosdpunnent
NPONOPUHOHAALHOCTH, HasuiBaeMbil Koddpuunentom ¢uabTpaiinm.

Py
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flnockocms
cpaBuenus
:;./;.'".'" i S S T i S S
/ fa=Ry

¥
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A s L L LI FLR LS E LS SIS /]

e, 26. Cxema npudopa 18 UIyHCHHS ABIGKEHHS
BOAB B NOPHCTOR CPee B COOTBCTCTHMH ¢ 3aKOHOM
Jlapen,

[Torox onpeaeasiercs Kak o6beM BAArH, NPOXOAALLEN uepes CAMIN-
Iy nJolanay nonepevnoro cevenna 3a eaunuuy spemenn. [pu noa-
HOM HACBLILLEHHH KOS(DQHIHENT PUALTPAUNN eCTh NOCTORHNOe YHCI0
A8 AAaHHOR NoMBbLL. ITOT KOIDOHUHEHT HMEET Pa3MepHOCTh CKO-
pocti. MHeiicrsurensno, pasmepuocts Q — L3 pasmepnocts S—L2,
pasmepuocts H — L, orciona pasmeprocts Ko — LT, Tak kak orno-
wenne LT-' ecth pasMepHOCTL CKOPOCTH, TO U Koshduunent Gpuant-
paltim paBel CKOPOCTH (HALTPAUHH NPH THAPABAHYECKOM I'Pajin-
eHre, pasiom | cM BoasiHoro croaba Ha | oM QHABTPYVIOLLETO CAOS
MO4BLL.

[lo oTHOmIEHNMIO K ABHIKCIMIO BELLCCTBA2 B NOYBe PA3IH¥aloOT ak-
THBHYIO, HEAKTHBHYI0O H 00uyio nopucrocth. O6was 1nopHerocTs —
oTHowenne Beex nop K o6vemy ob6pasua. AKTHBHas TNOPHCTOCTL —
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orHolenne 00beMa CooBIAaOUNXCH MeAY coboil (CKBOIHBIX) nHOp
K obuemy obbemy o0pasna, HeakTHBHAS NOPHCTOCTh — OTHOWIEHHE
odBLeMa TYNHKOBLIX nop K obwemy obwemy oOpaszua. [ pyboauncnepc-
HLIe 0MBLI HMEIOT BRICOKYK o0uwyio nopucrocth. B roHkoaucnepe-
HbiX 1HOYBAX BeCbMd 3HAYHTEJIBHAE Q018 HEAKTHBHBLIX [TO]. :ﬁ"'[].?[U'HIE-
HHE ﬂl}IIpﬂHﬂH{EEETCﬂ Y BCJAHYENHEM qHUCTa MCEJAKHX I'IEI]J 3Ja CUeT HC-
yesnoneHusa OoJee KPYIIHBIX H }"BEJIH‘-]E]HHEM YHCTA T}’HI{HGBHI{ I'IGITI',
Hl.'f.,'i{:"ill"rl-’-'illi' Hero }-'ME'III::[I.[HET{_‘H dRTHBIIASN I[E]]‘JIIUTUET]::.

Ornomenne Q/st B yvpasuenun (4.1) gaer GOJAbIIYIO BEJHUHIY,
4EM JICHCTBHTEAbHAS CKOPOCTL HOTOKA, HNOCKOIbKY § €CTh BCA I1J10-
mane puabTpa. Taxk Kak QUALTPALUHA HAET TOJbKO Yepe3s nJouLaib
AKTHBILX 1OP, TO HCTHHHAA CKOPOCTL (HALTPALHH paBHa YacTHOMY
OT JAeNeHHH BEJAHUHHBLL Q! Ha AKTHBHYIO NOPHCTOCTb, PABHYIO pas-
HOCTH Mexcny ofmelt H HeaKTHBHON MOPHCTOCThIO (Pp— Pu), T. e
V/Po— Py).

TaGauya 4.1

Koahduunent ruapasanyeckoil nposoaumMocTH ((PHALTPAUNK) HACBLIWCHHBIX NOYB
(no Tycrascony)

Movna Duanazou K, (em-c71)
I'pasnil 1,9.10—2—-1,6-10-1
[pyOulil necok 1,4-10—4¢—-3_3-10—=
ecor 1,9-10-3-1,2-10"1
Cpeaunit necox 5,6-1074—§,3. 103
Heoauopoanwil rpasnil # necok 2,8-10—5—8,3- 10~
Cpyoutit oropdosannmil necox 1,9-10—4—-2,2.10~+
Tonknit oropdonanpei necok %,3-100—1,8-10-
Mopenuwit rpasnit 8,3:-1007—-3,9-10- =
Moperunit necox 5,3-108—1.,7-10-2
Onecuanennan nerkas ramna 8,3-10-%—-2,2.10-7
[biaenatoiit MopeHHbil necox 2,8 10-8=1,7-10—7
OnecuaneHHbIl TAKCABT CYFARNOK 2,8:10%-2.2.10—
CYrAHHOK 1,7 10-90—1,7.10~7
Tameaan ranna 1,4-10—2—=2, 5-10—+

H3 ckasanHoro cJeayer, uTo HCTHHHas CKOPOCTh (QHABLTpaInN
Gosibule BBIYHCIACHHON no ypasneuuio apcu, notoMy uro TOABKO
HaACTh ﬂﬁl.llEFD NnonepevHoro CeycHHA CJIOH § ..'IﬂET},-'H"ﬂ AN IBHAKCHHA
MuakoeTn. llockoabky niaoutais NonepeyHoro CeueHnst nop nponop-
LHONAALHA KBajpary HX pajgHycoB, TO Ha NPOHHIECMOCTL CHILIIO
BAHAET AMAMETDP 10D, @ 3HAYHT, MEXaHHUeCKHH COCTan M CTPYKTVPA
MOUBLl, YTO NOATBEpMAaeTca AaHHLIMH Tabua. 4.1 [8]. Beanunnnl ruit-
pasandeckoit nposogumoctn kKoaebmores or 0,1 em-c~! gas rpyouix
neckon no 10~ enm-c~! gaaq Tsukenwx rauu. B rata. 4.2 ganu gkaac-
Chl TPOHUILAEMOCTH JANA NACHIUEHHLIX TOYB, KOTOpLie MOryr ObiTh
HCITOAB3IOBAHLL A4 OHEeHKH HUT[]EG-IIDETH nouyp B :'ﬂEﬂHDpHTHET]I:IK
meponpuaTuax [50].
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Tabauga 4.2

Kaacen NMPOHHUACMOCTH A8 HACKMWEHHKMY NTOYE

[ponunacsocTs | Kaace) Ko (um-n 1) [pustenaiie
Hegaouureanto  HH3Kan < 0,001 Mounn NONTH HENPORKHUACME
Ouelb HHIKaN |0,001—0,0] | [Tpounuacsocts CAHIIKOM HU3KA 438
RCKYCCTBCNHGIO ApeHama
Huakasn 0,01—-0,1 CAamiikom HH3Kan DpoNHIaesMocts I8

OJaaronpiaTHOro  BOAD- H BOAAYXO-
oOMeHa B nouse, a Takike JA8 ray-
Dororo NpOHHKHOBCHHH Hﬂ]’ﬂl['l-l

Yuepeunas 0,1—1,0 | Jocratounas nponuuaeMocts

Bricokasn 1,0—10,0 | Oranunas  8OIOYACPKURADILAR  ClO-
cOBHOCTE NpH  OTJAHMNOIL  NPONHILAC-
MOCTH

ODuens BHcOKas = 10,0 | Huakas popoyacp:Knnawilas cnocob-
HOCTh

Kosppuument guasrpaunn Ko B ypapuenun lapen (4.1) sasu-
CHT He TOJBKO OT Xapakrtepa pacnpelefelns pasMepoB nop, Ho H
OT BA3KOCTH 3MuAKoCTH 1. Pasgenns Ky Ha 1, NOAYHHM HOBYIO Be-
JAHYHHY, Ha3bBaeMyio upounilaemocrsio. Ona umeer pasmep-
Hoctb L2,

Kosdduumuent puibTpailny, WiH rHAPaBIHYECKOH NPOBOAHMOCTI,
00bLINHO HU3MEPHeTCH 3JKCHNePHMEeHTalAblio, HO CVILeCTBYIOT METOMAbI
BBIMHCACHHA 3TOH BeJHYHHLI N0 YAEJbIOH [OBEPXHOCTH W NOPHC-
roctit noussl. HauGoaee tTounoil sipasiercs gopmvaa Kosenw, yco-
pepiicHcTBoBanHans Kapmanom; ona umeer BuA  (UHTHPYH 1O
Pone [45])

e g4 : g (4.9
; =R | e
(1 — &) knS;

rae Ko — kosdppuument GuabTpalny; & — HOPHCTOCTL B A0ASAX 00D-
eMa MouBLl; g — VCKOpeHHe CHIALI TaxecTH (eM-c™?): R — Koucrait-
ra Kapmana pasuas 5; 1 — BA3KOCTb XHJKOCTH; Sp— yae/dbHas
NOBEPXHOCTL IOYMBBLI MK FPYHTA.

Pesvabrar pacuera Ko no stoil popmyiae coBnaaaior ¢ skcne-
PHMEHTAJBIBIMH H3MEPEHHAMH TOJALKO HAa NOYBAX JCrKOro smexani-
yeckoro coctapa. JLast rami, B KOTOPBLIX YACTh BJAr npovno Cpf-
zana, Kapman npeanoxun apyryio opmyay

ES
K, = e (4.3)

(1 —z&)* b S3 !

rae g, ="e—a (l—e) |, npuuem a— oObeM CBA3AHHON Baard B 10-
Asx o0bema TBepAoil (paszbl NOUBLI
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bua paspaGoran psaa APVrHX MeTOAOB, OCHOBAHHLIX Ha HCNOAb-
sopanun vpapHenus lapcu B codveranHum ¢ 3KCHEPHMEHTAbHbIM
OnpejeseHHeM 3aBHCHMOCTH [HOTENIHAAa OT BJAAKHOCTH NOoUBL. IDTH
METOL OKA3AJHCH NPHIOAHLIMH A NOYB rpy0do3epHHCTOro Mexa-
nuueckoro cocrasa. Oanako raasibiM METOAOM ONpeAeSeHns 1po-
HHILAEMOCTH TOYBLI OCTAIOTCH NPAMBIE  M3MEPEHHA, NPOBOAHMDbIE
aubo B none, Aubo Ha NOYBEHHHX MOHOAMTAX B JabopaTtopun.
B rioseBbix yCea0BHSX ruApaBdHUECcKas NPOBOANMOCTL HIMENAETCH 1
CBA3N ¢ Mexanuueckoil oGpaboTkoil H opowennem nounsl. ITH hak-
TOPL OKAa3LIBAIOT CHALHOC BAHSINNE Ha pacnpefeienne nop no pas-
Mepa.

4.4. TlepenBHMEHHe BAATH B HEHACLIMWMEHHOR mnouse, llenachl-
weHHas noysa obGaanaer cnoColOHOCTLIO BCACLIBATL B ceba paary,
HanpuMep, COBepIaTh padoThl NPOTHB AEHCTBHA CHJALI TAXKECTH NPH
KalnaspHoM nofikeme. Ecan Beconoe lanienue ¢ronda BOAL NpH-
HATH NOJOAHTE/AbHLIM, TO KANHIIAPHOE JAaBJaenHe cleayer CHHTaThL
OTPHILATeAbHEIM.

CKopocTh NOTOKd BOJALI B HEHACLIULCHION nOYBe ONHCLIBAETCH
obobmennoi dopmvaoit dapeu

A

v=— K(W) '::t ) (4.4)

e v — CKOpocTh noroka maaru; K — KosdduuneHt siaaronposoj-
noetH; AM/AXY — rpagHedT NOJIHOrO AABJCHHH NOYBEHHON BJAATH.

Tak Kak masjenue B HeHACHUWEHHOH 1OYBE ABJHETCH OTpHILA-
TeAbHbIM, TO H rpaauenTt aasyacuHus AM/Ax B stoMm cayuae Gyaer
OTPHILATEIBHEIM,

[Tpyn nepexofe oT HACLIUECHHLEX TOYB K HeHACLILLEHHLIM KO3 -
ILHEeHT BJATroNpPOBOJHOCTH MW TPEJAHCHT AaBJICHHA H3MEHSIOT CBOK
peandnny (puc. 27). B HewacbileHHON NOYBe ¢ MOMEHTA NPOPLIBA
BO3JYXAa B NOPbLI NOYBLI BO3HHKAET AONOJUHTENbHAA ABHAVILAH CH-
Ja — rpagHenT RKanwaJafapHoro JAapJelins W rpagHenT dapielnHs »
BOANLIX -MJIEHKAX, UTO BJeueT 3a cOO0H BOZHHKHOBEHHE Kanwaasup-
HOTQ, IJIGHOYHOrO W NapoXHJAKOCTHOTO MexanH3sMa nepeHoca BJa-
r # auhodyvann napa. Kamasiil u3 noTokon XxapakTepHIyercs Beay-
UHHON rpajHenTa AapJeHns 1 Kosp;pHUHenToM BAAroNpoBOAHOCTH.
B ceasu ¢ stum vpasHenue JLlapew nenocpeacTBeHHO HENPHMEHHMO
K HenacolmennuM nousaMm. 1o ypasuenue Oua0 npucnocobieHo
JUIA ONIHCAHHA NEpenoca BJArH B HeHACLILeHHbLX 110YBax nocpeacr-
BOM 0000MIEHHS! CHA PAZHOR TPHPOJL B eAHHBII TPAAHCHT XHMH-
HEeCKOro IroTeHiHa a H BBeleluf NepeMeHHONn BeJHYHHB Ko3(n-
HHEHTA BJAArOIPOBORHOCTH.

4.5. MeToabl M3MEPEHHs THAPABJNYECKONH NPOBOJMMOCTH B He-
HAChIUEHHBIX noupax. B yejioBHEX KalMIAsapHO NOABELICHHON BJjaa-
rH HCNapenHe HenocpefcTBEHHO NOYBOIl M TpaHCHupauns CcoBep-
AT BHAaYaJe ¢ NoCTOANHONH CKOPOCTLIO, @ HAUHNAS ¢ HeKOTOpoi
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KPHTHYECKOI BJAaMHOCTH — ¢ yOuisaoweit, Ilepexoa o1 nocrosuHoil
CKOpoCcTH K vOLIBalolUleH cBfizall ¢ nepexoioM OT peryJHpopais
HenapeHHa B arMocepe K pery/npoBaHHio ee MOUBOH H pacrennem.
[TockoabKY TOTOKH M rpajiHeHThl NOTeHlHa a BJIArd B noyse MOryl
OBLITH H HOCTOAHHBIMH H TIEPeMEHHLIMH, TO BeJHYHHY BJAAronpoBol-
HOCTH OvYB MOMHO ONpede/HTh METOIOM KaK CcTaunonapHoro uno-
TOKA, TAK H HeCcTalHonapHoro.

PasnomepiibiM, HJAH CTALHOHAPHBIM, NOTOKOM BOALI B NouBe Ha-
ILIBACTCSl YCTAHOBHBIIMIICH NOCTOANHBI PACXOA BOJLI, KOrjia B ein-

Puc. 27, Mexannambl HIOTEPMHYECKOTO NEPCABIKEHHA BIATH NPH Pa3INUABIX
BNATOCOMEDHANHAX NMOYRH.
a — aokaasiag copfuua napa, 6 — awddyins napa, o — napoandyIHo-KanHAAAPHLT KoM
GnnupoBaiiidilt moTok, 2 = napoandupyvaubifi NoToK B COYETAHHH © MASHOYMHWEM W Kanua-
AAPIHM  ARHKCHHEM  SKIAKOCTR, ¢ — KanuAsspHo-nacionnufl noTok  Xeikofl daiw, € —
DUALTPALHA.

HHILY BpEeMeHnH uepes eauHHuHoe NornepeyHoe ceycHHe Mouskl npote-
KaeT oduH M TOT e 00bLeM BOALI 10 BCel BbICOTE [MOYBEHHON
TOJILLH.

Ecau ©; ¥ Ug ecTh CKOPOCTH 1I0TOKA BJArd B HHKHell H BepXHei
YacTaAX OYBEHHONH TOJIULH COOTBETCTBCHHO, TO YCJOBHIO CTallHonap-
HOTrO NOTOKa COOTBETCTBYET paseHcTso U=~ CornachHo obOulei
gopme sakona Jlapen v=Ki, moxno wnanucars vy=K 1 U=
= K. D710 paBencTBo BO3MOXKHO NPH YCJAOBHH

K — 2 (4.5)
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T. €, YTO KO3(pPHIHENTH BJAATONPOBOIHOCTH H IpajgHeHTbl NOTEeH<
nHaja obpartHo nponopuHoHansHbl Apyr apyry. Iloka ewe Heab3s
paccurTaTs adéCcoJMIOTHYI0 BEJAHUHITY FHAPABIHYCCKOH NPOBOANMOCTH
NMOYBL, 38 HCKAOYEHHeM HEeKOTOPLIX HJCAJTHIHPOBAHHLIX MOLeneil,
HO MOMHO H3IMEPHTh ee C NOMOULLI NPHOOPOR Merojamu CTauHO-
HAPHOTO H HeCTALHOHAPIHOro NOTOKOB,

[IpuGop aas MaMepenns BAATOIPOBOAHOCTH METOAOM CTANHO-
HaPHOTO NOTOKAa COCTOHT H3 CTaKaHa JlHameTpoM 5—6 cM H BHICO-
ToH 12 cM, B KOTOpLIE yepes OTBEPCTHA BBEIAEHBLI ABa TOHIHOMETpA
Ha paccrosuun 6 cm oauu or Apyroro. Crakan ¢ nmoMeuleHHol B
HEro NOYBOH PACHOJAraIoT FOPH3IOHTANBLIO H H3MEpSIOT B HEM ro-
PH3OHTANBILIH CTALHONAPHLIH NOTOK, CO3JANNLIH HCHApPeHHEeM B H30-
TepmMuyeckux yeaosuax. Ilotox snarn Buuncasor no dopmye

. AP - L X1 — X3
0= =K AP =P —Py= e (22 (4.6)
oTclofla
ST TP -

2(P,—Ps)S !

FAe X; H Xg— PACCTOAHHSA TEH3HOMETPOB OT HCHAPHIOWEH NOBepX-
nHoctu; Py m P;— naBiaenue BaarH B I€PBOM H BTOPOM TEH3HOMET-
pax; L — paccrosinne MexXAy TeH3HOMETPaMM; U — CKOPOCTh NOTO-
Ka; K-—ruipapBiHyecKkas NnpoBoLHMOCTb.

s onpenenenus kosdduunentos saaronposonioctu n guddy-
FHBHOCTH HEHACHIMEHHBIX NOYB WIMPOKO HCHOJAB3YIOT METOJ HecTta-
ILHOHAPHOTO 1OTOKa, paspaborannuii  Crefinnem u Jlerenom [76].
CyulHOCTh 3TOTO METOMA COCTOHT B caeAyiolleM. B nuMauvgpu, co-
OpaHnbie M3 MEeTaMHUYECKHX HIH CTEKJHHHDIX KOJEL, JHaMeTrpom
2—3 oM u BbicoTonn 10—20 ¢M ynakoBLIBAIOT BO3AYIIHO-CYXYIO HJIH
NPH ONpeaeaeHHON BJAAAKHOCTH M IJOTHOCTH [OYBY M 3a1HBAIOT €€
CBEpPXY BoAoi ciaoem 2—5 oM. OOpasubl NOUBH H3IOAHPYIOT OT HC-
napeHus H NOMEMAnT B H30TepMHUuecKHE ycaoBusa. Yepes onpene-
JEHHLIC HHTEPBaJL BpeMen IHIHIAPL PacnakoBLIBAOT JAJH onpe-
JEJeHHA BAAKHOCTH B KamJoM canrnmerpososm chaoe. [lepsoe onpe-
AeqellHe BJAa;KHOCTH lponoasar vepes 1 4, Bropoe—uepes 4 u,
Tpethe—uepes 8 uy, 3arem uepes 1, 2, 3, 4, 5, 8 10
o 12 cyrok. Cpokn onpejenenns  BAAMKHOCTH MOrVT  OLITh
H3MeHCHL B 3aBHCHMOCTH OT CKOPOCTH, C KOTOpPOIl  1ouBa
NPONYCKaeT BOLY.

[Ha ocHOBauHH AalHbLIX ONpeAEJenHa BAAKHOCTH 1OYBLI CTPOSIT
KPHBLIC pacnpefeyenus BJAard B 1NoYseiioin KOJOHKE B pasHbie MO-
MEHTLI Bpemenn (pue. 28). Tlaomans mexay qodoit u3 nap cocel-
HHX KPHBLIX, HAXOAAUWHXCS BLlllle AAHHOTO YPOBHA, NpeacTanaser
cofoil Koaunuecrno paarn @, nepexopsuiee vepes 3T0T VPOBEHb, 34
MPOMEKYTOK BPEMEHH MEeXAY 3THMH ABVYMS CPOKaMH  HIMEPCHHS
BJIAKHOCTH — Al
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3nas njowans uHaHnapa S, HaxoanM CKOpOCTh NOTOKa no (op-
MYy
AQ

== (%.0)

'pajguent jasieHHs BJary BLUHCASIOT caeiyiomnM oOpaso.
Kpusnie pacnpepeenus BAaKHOCTH 110 BLICOTE KOJOHKH MOTYT ObLITh
npechHpasoBanisl B KPHBLIE pacupejejenns AaBACHHA BJar" Ha oc-
HOBANHH 3aBHCHMOCTH AaBJelHs OT BAAMKHOCTH, NOJYHCHHOH rHrpo-
CKOIMMECKHM MeTOoAoM H MeTodom npeccos tuna Puuwapaca. Ha oc-
HOBAMHH 3THX AaHIEIX BLIMHCASIOT FPAJAHENTL AaBJeHNH BJAATH, Co-

{fﬁ! Scym421 v Oy
-

Iﬂ | | 1 | | | | 1 1 1
) 8 16 24 32 X

Pue. 28, TMepepacnpeiencnne saary (% neca) B na-
culliofl KOJMOHKE H3 NLJEBATOrO CYrAamnka 8 pad-
Hble MOMEHTH BpeMelli mocae OROH4uaind  BHHTH-
sannn (no Crefinay u Jlereny).
Lndppid ¥ EPHBLIX — BPEMA, NpoTexkilee focae CKONHIHHR BIHTHMBAHKH,

OTBETCTBYIONHE BLIYHCACHNWM 1oToKam 3a Af. 3uaa seJuunibl CKO-
POCTH MOTOKA ¥ M rPajHenTtsl JABJICHHS, HAXOAHUM BEeJHUHHY THI-
paBAHMECKON POBOAMMOCTH NYTeM AeJeHHA KOJAHYeCcTBa BOAW, 11pO-
weameil Kamanii yposedb, Ha rpajaHedT papicipus sJgard na Jfan-
noil ravouue.

4.6. Kanuaaspuslii nortok. I'paBHTaUHOHHOE JaBJeHNE B Kazm10H
TOMKC KaNWIAAPHON KauMbl MHCJNEHHO PABHO PACCTONIHIO ITOH TOU-
KM OT VPOBHS FPYHTOBLIX BOA M HMEET NOJOMHTEALHLI 3HAK. Ecau
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ROJA B 1OUBE JOCTHI/A NpefeibHONl BBICOTHI NOJAHSTHA, TO KanuJ-
AApHOe AABJEHHe B KaxAoH TOUKe UHCACHHO PABHO pPacCTOsHHIO
5TOl TOYKH OT YPOBHS FPYHTOBHIX BOJ, MO HMCCT OTPHUATE]bHBIN
3HaK, TAK Kak 4uToOul MOAHATH BOJAY Ha AaHHYIO BLICOTY, 11ano co-
BEPIIHTL PaGoTy NPOTHB CHALL TAMecTH. lloaioe pasienne oUBeH-
HOW BJAarH npeacrtasfsier co0OM anrcOpan4ecKyio CyMMYy Kanuaisap-
HOTO A4BJIEHHS YPye M TPABHTAUHONNOTO JABJICHHS (. Ilpn ranua-
JASPHOM JIBHMKEHHH BBEpPX KalMLIsploe daBjeHHe ACHCTBYeT IPOTHB
cuapl TaKecTH. CaeopatelibHo, NOJHOE AaBjelied Kamxiod Touke
KAllWLJIAPHOH KaAMBbl paBHo HyJI0

Upe + @ =0. (4.9)

P

Ecnn Boga B noune ZOCTHINA l'Ii'I[‘.ﬂ.EJIbHﬂFi BLICOTLI TOJAHATHH H
HClapeHHe OTCYTCTBYET, TO Pa3HOCTh TFHApPABIHYECKHX TPalHCNTOR

e

7

A

M 1 MogepxHocms noves M
182 I?,#ﬁw&m 18
I LR s e Lo o 7 Lol
£ N
o 48 ¢ 67t 72 &
o = ,";-v'.--'.l'-‘.fufu &
&3 Y 7 S T v
= 24 § ISH——+——'3a 408
- R EERR R
Eh R~ AR L | %
s 123 06 ———1+—'%8 06 ¢
5 § T Hess 5
2 e gl e R o 5
§ 06 3 03T 0%
g s A }:pﬂEEH-ﬁ 2pyrimd- e
@ {J'—qt} {Ii . 80U aodu 0
I I et "H.a‘?ﬂfﬂ'ﬂcd?ﬁ .::‘rmr:‘e.'ems'
“8 —Henm:amgmﬁaﬂ Mﬂﬂu
B == 2 ngwea

Puc. 29, BocxoAsunil  TOK KalULIHPHOR BOAW, B3IBANHLIA
OLICTPOVREANYHBANIHMCA TPATHEHTOM BCACHBAKWIILCTO JaBae-
HH L.

Tak®e pasHa uvaio. Koraa nopepxuoctb noysul OTKpbITa JAf MC-
napeniis, TO PaBHOBECHE BJArH B 11efl Hapywaercs o BJIaxHnocTh He-
HapAaomero ¢1os Moxer ObTh MeHblle PABHOBCCHON BJAAKHOCTH
(puc. 29). Ha Buicotre 30 cm 0T 3epKaja rpyntoBLIX BOL I'HApPOCTA-
THHECKOe JaBJeHHe pasBHoO 30 ¢M, & Kanuaaapnoe gasjdeHHe —
60 ¢m soa. or. I'uapasaHueCcKHii rpajnent

Afep4-4)  30—60

Ax T 30

= —1. (4.10)

Ha suicore 180 cM 0T 3epkana rpyHTOBLIX BOJ HAPOCTATHUECKOE
napaenue P papHo 180 cm pod. €T, 8 KanuiaaapHoe RABJEHHE —
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1920 cm wsom cr. I[Mosnoe masiacHHEe NOMBEHHOH BJard Ha BLICOTE
180 cm pasuo — 1740 cm BoA. cr., a Ha Bhicore 150 cMm — 810 c™m
Boj. cr. InapaBAvvecKuil FPajHEHT MeKAy TOUKAMH Ha BHICOTAX

180 1 150 cx panen — 2810 31 18,

CaejosaTebllo, HaNpapienHe ABHKEHHA BJarn B 1ouse onpe-
JEJSIeTCst TPAHeHTOM KANHAAAPIoro Aasjenns. Ecau rpainent Ka-
HHJAJSPIOro AaBJeHHs NMPeBLliaeT rpajiuenT rpasnrauuonuoro (Be-
COBOr0) AaBjeHusi 1O BeJHYHHE H POTHBOMOJOKEH No 3Haky, To
BOAA B [OUBE MOMKeT JBHIaTbCH BBEPX; OHa OCTACTCH HENOABHIK-
HOfl, ecal 3TH IPAAHenTL YpaBnoBeiennl.

Pasmeproct, ko3dpuiventa BJAATONPOBOAHOCTH 1104B 3aBHCHT
OT pasMepHOCTell MJMOTHOCTH IOTOKA M IpagHedta ABHAKYULHX CiI
(raba. 4.3).

TaGauga 4.3

PasMepHOCTh THAPABAHYECKOR NPOBOAHMOCTH

Inapananydeckas nponoanMocthy Clowskyman cnaa
Mpaanent cALa
pasjucpHocTh IMEepen s PRINEPROCTS
Fuapasanueckoro noTeninana LT3 C L
Cuapasanueckoro nanopa LT cm-c1 Li-1
Nlasaenns MLeT r-icud.c ML-=T*

4,7, Obuiee ypaBHenue NOTOKA BAATH B HEHACBIUEHHOH NOYUBC.
Kak yie ropopujoch, ypasienne lapcu aas noroka saarw 8 1a-
CHILLENHOI TIOYBE HEenpHMeHnHMo s OlHcanus saaronepexHoca b
nenacuiuwennoit nouse. I'lpuunna 3T1Or0 COCTOMT B TOM, HTO NOTEH-
uHaa BAary # Kos(@HUHEHT BAATONPOBOAHOCTH ABJAAIOTCH PYHK-
wHAMH Baaxuoctun noussl, [lo Mepe Birekanus Biarn Kpupnusna 1o-
BEPXHOCTH pa3sfena (a3 KHIAKOCTL—ra3 BO3pacrtaer, a TOMULNIIA
BOANKYX MWIeHOK yMenbiuaercs. Mosexkyan BOAb OKa3LBaloTes BCE
GOJICE CHABLHO CBA3AHHBIMKM € NOBEPXHOCTHIO TOMBEHHDLIX YACTHIL 4TO
BJEHET 34 COO0H VMENLLWEeHHe HoTeninata 1 wiaronpoBoinocTi 1o
Mepe VMeHLICHHH HACKILEeHIOCTH NOp BOJAOH.

VpasHeHne HEpPasphLiBHOCTH YCTAHABAHBACT 3ABHCHMOCThL MEMIY
H3MOHEHHEM BJAAXKIOCTH BO BpeMeHH Ha [AanHOM OTpesKe NyTH
AW/6f n npupauleHues CKOPOCTH [OTOKA Ha 3ITOM OTpeske dv/dx.
a9 ApuzKeHHs B BCPTHKAJAbBHOM HanpanieHHH

a W dv

ot ox ¢ (4.11)

[MTockoauky ypasnenne Dapcu umeer BHA
by Oy ,
‘IJ=~—.I{[W"]( s Js (4.12)
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TO

aw d Hoe iz :
at . ox K[W}[ e &: ]* (4.13)

rpe dW/0f — naMeHeHnHe BAAXKHOCTH 1IOUBBI CO BpeMelieM B JaHHOI
TOUKe;, Apye/0X — rpaaHenT KanuaaspHo-copOIHONNIOro noTenHana;
dp/dx — rpagHenT rpaBUTALHONHOIO NOTEHIHAE.

‘Ecan Oye/0x>>dgpfdx, To nocieflHM H/JICHOM MOMKHO 1IpeHe-
Opeun. Torna ypasnenne (4.13) npumer BHJI

aw 0 Obge
e K(W) e (4.14)

Yaijiaae u Koaawne-Jlxopaxk [62] caenann npeanosoxenne, 4To
KanuAJdapHbie ¥ aICOPOLUHOHHBIE CHALL JAOCTATOYHO 10JHO oTobpa-
HAIOTCS BEeAHMMHON BJAAaXKHOCTH M TOTAA TpPagHeHT COpOUHOHHOTO
HOTEHIHAAA MOMeT OblTh 3aMeHeH rpajHeHTOM BJAAMHOCTH, T. &

f}'-:-'p,:r = d’-'f']:.:: f]“? ; s
ox oW ox ° (4.15)

[Toacrasass 310 Bhipamenue B ypasuenue (4.14), noayuaenm

oW 0 e OW ] (4.16)

JgF ox [E{WI dW dx

JTO 3HAUUT, UYTO NOTOK NpOonopUHOHaJEH rpajanenTy BAdAHOCTH,
“xc 3 : " ——
—ip~ Hrpaer poab Kospduunenra npo-

nopunonansioctd. Ero oGoznauaor cumsonom D (W) u naseizaior
koa(dunnentom kanuaaspuoin audhysun (auddysusnocroio). Co-
oTHowenne Mexay Anddy3uBHOCTBIO H BJIATONPOBOAHOCTHIO

npuuem nponssegenne K (W)

D(W)=K(W) -2 (4.17)

[Toacranaas B ypasuenne (4.16) seanunny D(W), sumecro

K(W) ”—Jﬁj‘"- noJyuaem

oW 3 .
Y = [n;m

=

Ha ocHOBaAHHH 3TOro ypaBHEHMH, HA3LIBAEMOTO YpaBHCHHCM Ka-
nHAASpHOI AH(ODY3HH, TPYANO 0OBACHHTL HeKoTopbie dakrs, Ha-
NpUMepP, H3 CJ10sH, COAepIKalllero MeHbllee KOJHYCCTBO BJdrH, OHE
MOMET [epeTexkarts B o, cofepxauiuin Oobllee e KOJAHYCCTBO,
ecan TOJALKO YieJbHas TNOBePXHOCTh Y LEpBOro MeHblle, ueMm v
sroporo. Creina u Jleren [76] veranosuam, uto npn oanoit u Toi
JKe BJAMKHOCTH BJaronpoBOoJHOCTL BO3pacTaer C YIVIOTHCHHEM IT0Y-
Bul (puc. 30).

[TouseHnas Baara uMeer TeHJeHIHIO NEpeMellaThess B CTOpony
MEeHBLIEH TOJUWHHB aACOPOUHONNOTO CII0H.

(4.18)
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Obge _ Olye dh

Yunrusasn, uro W=3Syh n P e BMECTO
ypasHenns (4.16) Muuypun [33] noayuun
dh 1 i » ol dit
ot 5,  Or [h (%) m:c " ox :[‘ (4.19)
O6osnauns npounsseaenne K (h) —'};TT— yepes D'(h), BMecTO
ypasuenus (4.19) Moxuo nanucarb
oh 1 o z oh a
— =5 | D' (M —5 . (4.20)

Pue, 30, 3asucumocti BIArOnpoRoIHOCTH

OT BAAMKHOCTH NPH pa3non oOBEMHOM BECE

rovabl. Danusctuti eyrannor (no Crefnay
n Jlereny).

Hudps ¥ Kpusmx — ofnemumfl nec n recw .

@ u3nuecknii CMBICA STOr0 VpanHeHHH COCTOMT B TOM, UTO MOTOK
nponopuHolalen rpajgHenTy TOAUWHNL COPOLHOHHOrO ¢J0M BJaru.
I'paanenT ToMIHHL COPOUHOHHOrO CNOA  BIOJAHE 3SKBHBaJEHTEN
rpaauenty copOUHOHHOTO nNOTEeHuHana, # OHH  MOTYT 3aMeHATh
Apyr npyra, no KpaiiHeil mepe, B npelenaax IVIEHOYHO BJAar. 34
npegenamil aacopOIHOHNOTO CJA0H ABHMKYLLEH CHAOR  CTAHOBHTCH
rpafgienT KanuiJdapHoro AasieHHs o rpajiHeHT CHILL THMHKCCTH.
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4.8. 3agHCHMOCTE Kanuaaapuoi AdpQy3HH 0T BJAAKHOCTH H
TOJUIHHLI BOAHOK NMAeHKH. Pe3yibTaThl 3KCIEPHMCEHTAJLHLIX HCCTe-
NOBalHE 3aBHCHMOCTH AHPQYIHBHOCTH OT BJAAXHOCTH, NOJYUCHHLIC
[apanepom [65, 66], noKkasaau, 4T0 408 KaMKAOH KOHKPETHOH [0YBbI
CYLIECTBYET JHHeiHaA 3aBHcuMocTb mexay lgD w W (puc. 31)

gD =cW, (4.21)

Hakaon npsMoil na pHCYHKE BO3PAacTaer ¢ yBelHUEHHeM YJeJb-
1ol nopepxHocTH nouBLl. l11OCKOABKY BeJHUHHA KanuJJAdapPHOH 1Hg-
(pY3HBHOCTH M3MEHHETCH B 3aBHCHMOCTH HE TOJIbLKO OT BJAaXKHOCTH,

E‘H%HHH
100~
10+
10+
10
w0
Fi
Ppe. 31. 3asncumocts  Jndepy-
o 3R nposoiuMocTit (em¥Mun)
! o paszHBiX NOUs OT AX BAAHTOCTH
! | | J " (% meca).
g 20 40 60 4% { — cyrannok H3 Heawo: 2 —cyran-
ok 3 TMavanna; 3 — TARHA  H3
Ll anisto.

HO W OT VAEJLIOH NOBEPXHOCTH, TO B leasx YHHPHKAUHH 3aBHCH-
MOCTH BJATrONPOBOJAHOCTH OT BJAAKHOCTH  MOMHO  HCNOAB3OBATDL
npuBedennvio BAdAKHOCTD, KOTOpaH pasHa OTHOIWICHHIO BJNaAMHOCTH
MOUBL K ee yIeJAbHOH HOBEPXHOCTH HJAM TOJILHHE BOAHON TIJIEHKH.

OnuT nokasan, uto samena dyuxuun D(W) na D(h) neicren-
TeAbHO crnocobeTroBajga noavueinio 6odee obiieil 3aKOHOMEPHOCTH
(puc. 32a u 320). Ha 3TuX pHCYHKaX NOK43aHa 3aBHCHMOCTD D (m)
OT HACHLIUIEHHOCTH A [AeCATH NOoYBEHULIX 00pasion, pPasiHIHbIX
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no BOAHOMGHIHUECKHM XAPAKTEPHCTHKAM H 1O BeaHUHHC VIAeBHOM
1I0BEPXHOCTH.

h— h
HacHIleHHOCTh MOMHO BLIPASHTH HHJIEKCOM :

.ﬁ,,—fjH

GakrHueckas ToJAlLHHA COPOIHOHHOrO CJ0d BJAATH) fty — TONMHHA
copbusoniioro ¢Josi, HPH KOTOpoil NpekpallaeTcs nepeiBHKCHnE
RAACH B HAKOM BHAe; flg—ToJuinna copbiHORHOTO CJI05 IPpH N0~
HOM HACBHINEHHH NOp BOAOH.

rpe hh—

h—h .
Hnnexe T—,:— yKBHBaJenTeH  OOUCHPHHATOMY  HHACKCY
' R s |
W — W, >
F—r TAe W—daxraueckas BAAKHOCT NOUBHL Wo—noanas
| R 4

BAATOEMKOCTD NOUBLI, Wi—BJIaMKHOCTb, TPH KOTOPOH BOAA e nepe-
ABHTACTCS B AMAKOM BHJC. XAPAKTEPHCTHKA (UIHUECKHX W BOAHBIX
cpoiteTs 3THX nous npusejena B tada 4.4, [Tourh Bee nounbl Xapak-
TEPH3YIOTCH ONIMM M TeM K€ HaKJIOHOM KPHBHIX 3dBHCHMOCTH
AndhyINBHOCTH OT HACKLIEHHOCTH NOUB BOJOH, MOCTPOEHHLIX B 110-
ayaorapudmuyeckom macwrade. Cre/loBarTeniblio, CYIECTBYET MHO-

h—h
JKEeCTBO 1ous, Aaa Koropux 1gD! m=ﬁ NpsiMo  Nponop-
HOHAJBIEL APYI APYTY:
h—h
e A g i
]g D=t ( fry— Ry ) 0 o, HLEJ}

rae ¢ — HoCcTOsinHasy BeJTHYHHAE, pHBHHH TAHreHcy yraa HaKJOHA
oGOOUIeNIol npAMOIl; b — AaMHA OTPe3Ka, OTCeKAGMOro npaMoil Ha
ocu D [33].

Tabauya 4.4

Hekotopuie u3nucckne M BOAHBIC CBONCTEA TOWB
(o manupm Capaxepa w Muuypuua)

————————————

P = E MukasaTeab cTe-

o BaasnocTs (%) npn 2 HeHH A

;_: = :—-:' JamacHll | ETM ) é n Yy panuenax

Iliena E T 8 =

RERl B = Z | andupy-| naaro-

sde | 2% 13 1 0,3 o anunocs| ponnls

B A e e ™ HOCTIE
Huano 43 | 1,35 5,0 15,7 | 25,6 | 47,3 | 3,82 | —
Tpasep 53 | 1,45 7,01 13,3 14,0 | 29,2 13,40 | —
Mauanua a0 [ 1,30 6,0 10,4 | 17,4 | 34,7 | 3,22 | 3,08
Hoao ]1 (1,30 | 11,0| 30,89 | — |42,7] 3,84
Mna 120 | 1,10 ) 11,0 | — — - 1399 | 5,25
Ne 3595 115 — 16,0 | 25,0 | 29,8 | 30,0 | 4 00 | 4,10
Yaiino 235 1,0] 18,0 | 33,7 | 40,8 | 63,0 | 3,44 | 5,90
Beberep 140 | 1,10 | 19,0 -— - 4,00 | 7,00
N 3451 70 - 6.6 | 10,6 | 23,0 — | 2,32 0,00
Uepnoses sananio-ci-

Ooupcknit (rop. A) 135 | 1,25 18,0 | 34,2 | 4,2 | 43,0 | 3,40 | —

paruns 0,005-0,001 r-mi 13 | 1,26 | 16,0

llpumenanne Homepa mous (3555 u 3431) n noscnxnarypa NpHBEACHH
no karanory CHIA.
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Ckazanuoe Bblllie [103BOJHET CJeJaTh BLIBOJA, UTO 3aMmena
lgD (W) na lgD’ (h) naer cnocoG nepeiiTH or uacTHoil K Oojee
ofuieit 3aBHCHMOCTH MEKAY ANGHYIHBHOCTLIO M BIAAKHOCTBIO, IIPH-
MEHHMOI A5 MHOTMX KJACCOB 1I0MB, BeCbMa yAaJeHHLIX APVr OT
apyra no (GH3HYECKHMM HBOAHLIM XapaktepucTukam. Cyuiecrsvior,

h—h
OANAKO, NMOUBH, ¥ KOTOPHIX 3aBHCHMOCTb MeKAy IgD u — =

3ajiach NEJHHEHHOoN. DTH NOUBbl OTAHUAIOTCA OueHb Madnoil auddv-
3HBHOCTBI0 Mame LPH HACLIUEHHH BCeX nop BOJAOH. ITO BLI3BANO
cAeaVIOWNME npuunHamu. B 3THX nouysax Her KpynHuX nop, obaa-
JNAOWKHX BLICOKOH BJAAronpoBoAHOCTLIO, @ cnaboit NPoOBOAHMOCTH
COOTBETCTBVIOT KPHBLIE C OYelb NOJOrHM  HawkjloHoMm, Haxowel,
HMEETCH Ipynna HepexodHBLIX 10YB, KOTOpPLIe XapaKTepHavioTcs Ha-

h—h .
JuuneM ojnoro nepernba na kpusmx DY ('h_IF'rL)‘ KOTOPLI yKa-
T — :

3LIBAET HA CKaykKooOpasHoe H3MeHeHHe CKOPOCTH IOTOKA BOABLI B
nouse, Toyka nepernGa coBHajaer ¢ YHCICHHBIM 3HAYEHHEM HacCLi-
weH”oern m=0,0. Jra peanneiinocth HabMAaeTCd B NOYBax C
pasBuToil MakpocTpykrypoil. BaaronpoBoiHOCTs STHX 1104B Pe3ko
JAMELJIHETCS NPH BLICOKOH BJAXKHOCTH BCJAEACTBHE paspbiBa HIN
PE3KOro YTOHUYEHHH BJArOnpoBOAHLIX IJIEHOK 1IPH nepexojie noToka
N3 MOP MEXKAY OAHHMH CTPYKTYPHLIMH 3JeMeHTaMH K Apyrum, Go-
Jee MeJakuM, ¢ fogaee TONKHMI IopaMH.

[Ipn nananuuu KanuaJadgpHoil pJard BJAArolpoBoaHOCTL TOYB CY-
HLeCTBEHHO 3aBHCHT OT nacuiutennoctH nop pojoil. ITo sromy Bon-
POCY HMEIOTCH TeopeTHUYEeCKHe HCCJaeJOoBaHHd, Buinoianennne Jlei-
Genzonom [24] n byaarosckum [6]. Jlenbeuzon wccaenopa’ OBHAE-
HHE TA3UPOBANHON MKHIKOCTH B HALAJLIOI TMoOUBe, COCTONILIEH N3
wapooGpasibix YacTHIl OAHNAKOBOTO pasmepa, u Hawea, 4T0 OHO
HOMHHHACTCS VPABHENHIO

OKAa-

K=K (=w)", (4.23)

B KoTopoM K - BAAronpoBOAHOCTL leHachiutennoro rpynra; Ko—
KO3DOHILHeNT (HALTPAUNN NPH NOTNHOM Hacuitenuu rpynra; Ws—
BJAAXKHOCTL, 1IPH KOTOPON NpeKpallaercs ABHKCIHE BOALL B JKHI-
KoM Buae; Py— NOpHCTOCTS; :ﬁ;’—:ﬂ%—nacmmemmc'ru: n— 1no-
Kasateab crenenn A5 xosdduuuenra nacsiuiennoctH. llo BbiBO-
aam Jleiibensona, n pasno 3,3—4,0 B 3aBHCHMOCTH OT HCXOAHLIX
NpeanoJoKeHni.

Bynarosckuit Hauwea Ha OCHOBAHHH 3SKCIEPHMEHTOB C MOUBaMI,
HMEIOUIHMH eCTECTBEHHYIO H HAPVIICHHYIO CTPYKTYDPY, 4UTO roxa3sa-
Teab cTeneHy B ypasHenun (4.23) n=4.

Asepusiiop [3] necaeaosat Bonpoc o BJAHSHHH 3alleMJIeHHOro
Bo3AyXa Ha Kosdduument Guavrpauny 1 HPOBOJAHMOCTE H HaLET,
yto B ypastenun (4.23) noxkasateab crenenyu n=356.
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[Mojeaus BJAAKHOCTB Ha YACALHYIO TIOBEPXHOCTh NOUBHL Sy, 10-
JYUHM

W — iiln:":l, _ f1 .Fi':!

“.":, = -“_'_r:l =k "” —t .FI:I;

— M.

Toraa saBucumocts Memay AHPPYINBHOCTLIO H HACHIUIEHHOCTHIO
MOKHO BLIpa3uTh popmyaoil (4.24), ananoruunoit (4.23)

* D= D, (=)' (4.24)
[lopcrasass puipamenne (4.24) B vpasuenue (4.19), moayyaen
() ()

—(22-) (=)' ]- (4.25)

C noMouwblo 3TOr0 YpPaBHEHHH MOMHO BHLIYHCAHTE [OTOK BJArH
Mo nougennoMy Hpod A Npr NOCTOMHNBIX 3HAUSHHAX NapaMeTpon
npoueccos Dg, hy, fiz, So [30].

4.9. Cpasb MeX/ly MPOBOAMMOCTLIO NOYBbL H JABJECHHCM NOY-
BeHHOH BJaru. B jmanasode japnenus or 0 a0 15 arm, T. e BO
BCEM JiManasone AOCTYINOH pacTenHio BJarn, CBA3b MEMKAY 1aB-
ACHHEM W NPOBOAHMOCTLIO M300paKaercs B JAEKapTOBOH CHCTeMe
KOOpIAHHAT KPHBbLIMH runepOoaHYecKOoro THIA {puc. 33a). Oduee
VPABHEHME 3THX KPHBLIX THIA runepbo/an HMeet B

K =aP, (4.26)

3apucumocrs K(P) unausnayaisia, T. €. ocobas Ads Kaxkaoil
KOHKPETHON TouBbl. CNVHLECTBYET MUOZKECTDRO COOTHOIWeHHH  BHAA

Kmilty DT =P, s K= (420

[IpoaoropudMHUpOBaB 3TH VpaBHeNHsd, NOJAYYHM BLIPAXCHNA

lg Ky =1ga,—3,1g P, (4.28)
lg Ko =Ilga,—3,1g P, (4.29)
lg K;=lga,— 3 g P, (4.30)

KoTopuie nokaswsawr, uro Igh sasaserca aumueinoll  yHKunen
lgP (pnc. 336). Kpvruana nakioHa HPAMBIX H3MepAeTCa TaHreu-
COM yria HakJoHa K ocH P

...M..:__ 'IIE"-—:..._
g P =

0

(4.31)
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Pre. 33, Ceaas mesly AapBaeHHEM NOUBEHNON BJAATH I NPOBOLAHMOCTHIO
(no Tapamepy) B npoctom (@) u aorapupmuueckom (6) sacumrabax.
I — Mlafino; 2 - [Tavanna; 4 — CYNepeTHILCH.

B ypasnennax (4.27—4.29) yraosoit kosgduuuenr f sisasercs
nokasareaem crenend, xoshduument a npeacrasaser coboit
snavenne K B Touke nepeceuenisi BepPTHKa/AbLHOI OCH KOOPJAHHAT.
Takum oOpasom, KanuJaaspHast NnpoBOAHMOCTL NPEJACTAB/SET CO-
Goit cTenennyio GyHKIHIO KauWIJAspPHOro AdBaenns 1o4Belnon BJa-
ru, Beipamennyio gopmyaoin (4.26), rae n=1, 2, 3 u Go.xee.

Capanep [65] noavuumi a0s HECKOJbKHX  HCC/IeOBAHHBIX  HM
MOYB 3aBHCHMOCTL HPOBOAMMOCTH OT AABACHNS, BbhlpaxKaeMmyio 3sM-
MHPHYECKON (POPMVIOH

il

rie a # b — Koucrantol. OTHowenne a/b — ruapasBInyecKan NnpoBo-
AUMOCTBL. dra opMyaa Xopolo NoATBEpPAKAACTCA 3KCNEPHMEHTa b
HBIMH AalbIME TPH JaBjJeHuax nousennoi saarn =1 atm. OyHK-
uust K(P) so pcem pmanaszone 3(peKTHBHOH BJaKHOCTH OYeHb
CJAOMHA M JlaeTcsl jie B MareMmartHuyeckoil c¢opse, a 8 ¢opme Taod-
JHIL H TpapHKOB.

Tawknm ofipazom, 3akon Jlapcu cnpapeiaHs H 44asl 1eHacbLilllen-
HBIX BOAOI NOYB, UTO 3SKCHEPHMENTANLHO JIoKasaHo paboTamH
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Puuapaca, ®uauna, Yaitnnea n Koaane-xopaxa, "apanepa, By-
narosckoro, Asephsinosa, Cyanuusina n Ap. 3akon Jlapcen yaosaer-
BOPHTEALHO BBLINOANSETCH, €CH JONVCTHTh, YTO BJAAronpoBOAHOCTL
ABASeTCs (PYHKUHEN BJAAMKHOCTH, ITa 3aBHCHMOCTL ABIAAETCH B
ypasHenun Jlapcn HenasecTHOH 1 olpeAeasieTcsd SKCHePHMEHTaALIO
s Kam ol KonkpeTnoil nousn. Yrodsl sakon dapen cran yuusep-
caabibiM, T. €. 1N03BOJAJ NOHATH, KaK H3MeusieTcs BJ1aronposojl-
HOCTH NIPH Nepexofie oT OAHON NOUBb K APYroil, HeOOXOAUMO HCCe-
A0BATh BAATONPOBOAHOCTL KaK (DYHKUHIO Y/€JAbHOH TOBEPXHOCTH,
a4 He TOJBLKO BaamHocTH Toupn. B uensx vHuuKalHn 3aBHCHMO-
CTH BAATONPOBOAHOCTH OT BJAAKHOCTH (MOTCHIHANA) MOKHO HC-
NOJb30BATE NPHBCACHHVIO NPOBOAHMOCTL,  ITY BEAHUHHY MOMKHO
NOJAVYHT L, €CJTH H3BECTHA Yle/bHasi NOBePXHOCTh MO4BHLI.

4.10. Ofobuwenne 3ABUCHMOCTH THAPABJIHYECKOH NPOBOAMMOCTH
OT BJAMKHOCTH NouBbl. B ocuope yueHus o TNepejiBHIKeHMH  BJAATH
B nouBe JeHT 3axkon Jlapcu, coraacHo KoOTopoMy CKOpPOCTb 10TO-
Ka BJary B TOYRe NPONopuHonaibHa Ko3(ppHUHEeHTY rHapaBinue-
CKOil IIPOBOAHMOCTH M TPAAMENTY noTeHithana saaxuocru. Tloren-
Al BAAKHOCTH M FHAPABJAHYCCKAA INPOBOAHMOCTh ONpefesioTCH
SKCHEPHMENTAAbIO Kak GyHKUNK BAaxnocTi nouss. Ha camowm e
Je, Ha 3aBHCHMOCTh JIABJACHHA OT BJAAKHOCTH H BAAronposojaHO-
CTH OT BJAAXHOCTH OKA3LIBAIOT BJAHAHUE APYrHe nepeMenHble, Ha-
npuMep viaeJdbHast 1OBEpPXHOCTh, Yroa cMauHBanHd, NJAOTHOCTDL MOY-
BHl, Temnepatypa u apyrue. Otciofa caeiyer, uTo a1 oGoOmeHHA
GVHKILMI LaBJeHne—BJIakHoCTh HOYBL  H  BJAAronpoBOAHOCTL—
BAAAMHOCTL 11e00X0JAHMO BLISICHNTL BAHAHNE NEPEUHCIeHHBIX BLIIIEC
nepemeHuux Ha Gpyukumn P(W) n K(W).

B paGorax Muuypuna u Onnutenko [33-—37] 6610 yeTaHOBJACHO,
YTO H3IMEHEHHEe VIJa CMauYHBaHHA, VAEJbHON NOBEPXNOCTH, NMAOTHO-
CTH NOYBH NMPHBOAHT K H3MeHenuio nojoxenns Kpusbix P(W) n
K(W) otinocuTe/bHO OCell Koopamuar, T. €. K CABHIY H 1IOBOPOTY
KPHBLIX, Torga xak copma KpHBLIX, OTpax<aiomias CBi3b MemIly
CHJ0Il M YyCKOpenHeM, He HCNBTbIBAET CVLIECTBEHHLIX H3IMEHeHHIl:
KpuBbie Aaa Goabluux rpynn nous nogoOus., OTciofla BO3HHKaeT
BO3MOMHOCTL 06006uienus kpusuix P(W) u K(W) na ocnope Teo-
pun nopodus. IMpumennmocTs Teopuu nogodus a4 oGobuenus
KPHUBLX JaBJcHHe — BAaxHOCTh OLl1a 1oKaszana Buime, 3[ech Mbl
pPACCMOTPHM NPHMEHHMOCTL TEOpHH MoAoOHA K pewennio npobJe-
MBI 0000UIEHHN KPHBLIX 3aBHCHMOCTH THApAaBJIHYECKON NpOBOAH-
MOCTH OT BJIaMKHOCTH H JaBJEHHA NMOYBCHION BAATH.

HaubGoaee npocro oGOGULHTH KPHBLIC 3aBHCHMOCTH THAPABJIH-
YecKoil NPOBOAMMOCTH OT BJAAMHOCTH, OTHOCAIMECH K 1OAOOHLIM
NOPHCTHIM CpelaM, XapakTepHubiM AJfS MOHOAMCHEPCHBIX  CHCTEeM,
HanpuMmep, K oTAeabHBIM (QpakiHsM NepBHUNBIX YacTHIL H HX ar-
peraram.

Cuapasiuueckast TPOBOAHMOCTh XapaKTepH3yer reoMeTpHio nop
noysul. B uwacrnocTH, ona nponopuLHoHanibHa KBajapary pajaumyca
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nopet. Kpome Toro, ruapasindeckas npoBojAHMOCTL oOpatho npo-
NMOpPIHOHAJbHA BA3ZKOCTH MHAKOCTH. ['mapasanveckHe npoBojHMO-
cti aByX nouB K u K., noposuie npocrpascTBa KOTOPLIX reoMeTpH-
HeCKH NOJ00HL H OTJHYAKOTCH TOJLKO pasMepaMH COOTBETCTBYIO-
IIHX TNOP HAH NOYBEHHBIX YACTHIL, CBA3aHLI COOTHOUIEHHMEM

K=K——. (4.33)
3aects K— pakrnueckas, HAH H3MepeHHas, THApaBJIHYeCcKas npo-
BoguMocTs (1r'-cm?-c): K.— npuseflennas rufipaBanueckas 1npono-
AUMOCTL, BBeeHHas Muanepom u Muagaepom; 1 — BA3ZKOCTL AHIL-
KocTH (recm—'-c~1); A — Kpurepuit nogoGus, BeIpaxeHHbLIi oTHOLLIE-
HHEM JIO0BLIX JHHCHHLIX pasMepoB ABVX NOPHCTLIX Cpeil, HanpuMep
OTHOUICHHEeM ﬂliﬂhlf"l’pﬂﬂ NMNOYBEHHLIX YaCTHIL

[To reopun Muanepa w Muanepa, ase noaobube NOpHCTBIE
cpefll TPH OJAHHAKOBOH BJIaHOCTH  (OAHHAKOBOM  MOTeHIHAaJje
BJAKHOCTH) A0JKHB 001a1aTh OJAHHAKOBOH NpHBEJAEHHON 1IPOBOLH-
MOCTBIO. ITO Npeanogoxenne OLIIO NPOBEPEHO ABTOPAMH HA OJHO-
POAHLIX (hpakuusx necka auamerpom or 104 po 250 mr. B pesyin-
TATE HPOBEPKH aBTOPL! NPHILIAH K BLIBOAY, 4TO npuBeaentine Be-
JHYHHLL BJAronpoBOJAHOCTH SBJASIOTCHS CcpeacTBoM Aas obobulenus
HHJMBHAYAJBHBIX 3ABHCHMOCTEll BJAronpoBOAHOCTH — JaBJeHHE N
BAATONPOBOAHOCTL — BJAAKKHOCTL, TOJAVHEHHBLIX  JL18  OTAENbHBIX
(pakuun necka.

Gusnueckas TeopHs KanWwJAJHPHOTO  1I0TOKA, paspadoTaHnas
Muaaepom 1 Muaaepom B npeanojoxkennu, 4To NOPHCTLHE CPefbl
e COAePHAT NPOYHOCBHIAHHOH BOALI H BOJAL  TYNHKOBWX  1OP,
OrpaHHUHBAET €e HpHMeHeHnHe K rpybfoaucnepeHbiM cHeTeMamM, co-
CTORLUIHM H3 NepBHYHLIX 4acTHIl ¥ arperaros, [apawep noxa3san,
YTO THHHCTBLIE TOUBLI, COCTOsSILLHE W3 arperatos, peayrt ceba ana-
JOFHYHO NecKaMm H K HUM npuMenuma teopuss Muaaepa u Muanepa,
NOCKOJALKY BOJla, HAXOAMUIAACH BHYTPH ArperatoB, IPAKTHYECKH He
VYACTBYET B lepeHoce MKHUAKOH BJAArH,

[Mepexoan K KPHTHUYECKOMY PAaccMOTPEHHIO 3TOH TeopHH, cJe-
JAVET 3aMeTuTh, 4TO BLIMHCAEHHE CpeaHell XapakTepHcrH4YeCKoH
JJIHHBI, HANpHMeEp Cpeflero AHaMerpa uactuil, Aas noapascnepe-
HLIX CHCTeM He HuMeeT (pusnueckoro cmuicaa. [lpounocsasannas
BJATA H BJara TYNHKOBLIX nop wMmeerca B Jw0oH nouse, H ee KO-
JHUYECTBO BO3pactaeTr NPONoOPUHOHAJALHO YVAEJbBHOH  TOBEPXHOCTH.
[Toxa ara noepxnocTh MaJna, Ba)KHOE 3HaveHHe HMEIOT Kanwaaap-
fible H rpaBHTAllHOHHBLIe 3(GpEeKTs, cofep:KaHie NPOUHOCBA3ZAHHON
BJAACH Majio, H €10 MOXHO npexebpeun. B nousax cyrjamuncroro u
FMIHHHCTOrO MEeXaHHUYeCKOro cocrapa colepsainHe TpoYHOCBA3AH-
noit saarn pocruraer 10—159%, ee noseaenne otanyaerca OT No-
BefleHnst Bharn B obbeme H He VUHTLIBATHL €€ BJAHAHHE HAa 3aBHCH-
MOCTh BJATONPOBOAHOCTH OT BJAMXKHOCTH neands, Teopua Muaaepa
# Muanepa ne vuntwiBaer toro pakra, uTo TpH H3IMEHEHHH Macil-
taba, T. e. pa3aMepoB HACTHIL H NOP MEXAY HHMH, OAHH CBOHCTBA
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NOPHCTLIX Cpel Hedwesalor, a Apyrde npuobperawr Hogee CylULecT-
BellHoe 3HaveuHe, B pe3yabTaTe 4Yero HOPHCTLIE CPEALl nepecrtalor
OBLITE TOJHOCTLIO NOJAOOHLIMH. 3JeCh HAAO TPHMEHHTh KaKHe-To
JIpyrue KpHTepHH, OCHOBAHHBLIE Ha HOBBLIX HAEAX W NPeACTABACHH-
fX. Bo BeAKOM chnyyae, MBI JOJIZKHB YUECTh, UTO 1IPH OYCHL MaJIbiX
pasMepax 4acTHl, H3 KOTOPHIX COCTOST IJIHHHCThiE MHHEpaJbl TH-
4 MOHTMOPHAJIOHHTA H WAJANHTA, pPelaiollyio poJdb HrpaiT Mno-
BepxnocTinie 3PP erTsl KaKk Ha BHEHIHeH MOBEPXHOCTH 4acTHIL, Tak
H B MEXIAKeTHLIX [POMEKYTKAX KPHCTAMIHUECKOH pPeuweTxkH, a
ob0vemubte sfiexTnl TepsioT cpoe anavende. Moxno upepnodo-
MHThH, HTO II|':I]-[‘tIF",.fI,E‘I|]-iEIH BAATOHPOBOJIHOCTE B [NOYBAX THIKEJNOTO
MEeXauHUYeCKOro cocraBa sBagercs (pyvHKUHEH colepKanua ToJLKO
¢BOOOJIHOH BAaAari,

B patorax Muuypuua u Onnumenko [33, 37 B KauecrBe KpHTe-
pHA NOAOOHSA HCNOAL3YETCH BEJIHUHNA VAEJILIOH noBepxHocTH. Cy-
HICCTBYET NPOCTad CBA3L MEH/Y PasMepaMu  NOUYBEHHBIX 4dCTHI
H HX VASJLHOI IOBEPXHOCTBLIO, BLipaKaeMan COOTHOIIEHHEM

5 ]

S T (4.34)
YuurtniBas 3T0 COOTHOWIEHHE, BEJIHMHHY  NPHBEAEHHOr0 JHaBJeHHs
(ypapnenue 4.33) MomHO onpene/nTb no gopmyae

K Sg'r,
£

P = ; (4.35)
rae K — (axrtnueckast ruipasandeckas nposoaumocts (r-'-cem®-c);
1} — BSI3KOCTh MHAKOCTH (T-cM~!.c7!); §¢ — yaennHas noBepxuocTb
(em?reM™); p—naoTHOCTL BOALl (r-cm™3); g—VyCKOpelHe CHJbI
TaxecTH (ceM-¢~?), K'— npusefienHas rujpasinveckass NpPOBOJHN-
MOCTh, BRefennan Muuypunsiyv v Onunenko.

Ha nepemil Baraaj, nannoe onpejiesenHe cyUIeCTBEHHO He OT-
JHYACTCA OT ONPCACTCHHA BEJHYHHLI  NPHBEICHNOH TrHApaBiHve-
cCKoit nposojaumocty B teopurn Muanepa u Muasepa. Oanako ne-
0OX0AHMO VUECTb, YTO VAENbHAN MOBEPXHOCTH JIETKO H3MEpHercs
IKCHEPHMENTAILHO W PACCUHTHIBAETCHA, HanpuMmep, 10 BEJIHUYHHC
BO3AYIIHON THCPOCKONHYHOCTH, TOrJa KAk BBIUHCAEHHE CPeLHero
AHAMETPA YACTHIL B NOJHIHCICPCHLIX CHCTEMAaX BCTPevaeT Henpeo-
JONHMBIE TPVAHOCTH, Kpome Toro, BeJHYHHA VIeTbHON noBepxHo-
CTH XapaKkTepH3VeT MNOBEePXIOCTHVIO 3UEPrHio  TOHMBHL, ¢ KOTOPOH
Py HEILHOHANLHO CciA3annl Bee ¢e (hHaHUYecKHe CBOHCTBA.

Hz coornomenus (4.33) caeayer, uTo CKOPOCTL (IHALTPAILHH
NpsiMO NPONOPIHOHAILIIA KBAaApaty paAHyca NOYBeHILX HACTHIL,
a W3 cooTHowenns (4.35) MOMKHO cledlaTh BLIBOMA, YTO 3TA BEJHYH-
na obpartnHo nponopuMonasLHa VieabHo# moBepxHocrn nouss. Ilo-
sroMy Beanununt K/ R? u KoSt  mosup GBITH 1as1 rpyGoaucnepe-
HBIX CHCTEM HOCTOSHILIMH, UTO NOATBEPHKIACTCA OTNBITAMH, NOA0O-
HeIMH onsitaM Jlapen (raGa. 4.5).
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Tabauya 4.5

Koshduunent (UATPAUHN B KONOHKAX H3 HacTHu
PAIHYHLIX MEXAHHYECKHX dpakunii (no pannum TRauyka)

Ilpull:-;_f.'nnm: He.tllu'nnm
n v ' ) ) X . KOSQCneHTa gt be
Passepu dpax:|. CPevondt | “nogepy’ | Brcors xaf - Kosdduueur b kit
Wi (MM l'fl'_*l‘l-::"":{';::'lf' HOCT, N B 1;“{_1"
T (™) el ' Kpg!R? KSiag
1,0—0,5 3,7-10-2| 2,7. 1 8,7 7.2.10-2° 1,4:.107 | 4,9.10%
0,5—0,25 1,9-10-2 5,0. 10 23,0 5,6-10- 1,0-10% | 1,4-1(¢
0,25—0,10 |9,0-10-3| 1,0.10¢ a0, 0 3,0- 10 2,4-10° | 3,75-18
0,10—0,05 |3,8-10=| 2,6-10° 01,0 a,0- 1073, 3,9-10- I'l,F:-IlI"'
0,05—0,01 |1,6-10-*| 6,3-10¢ 200,0 4.0- 10—, 1,6:10- | 1,6-10%
0,01—0,005 | 3,8-10—+] 2,6.10% -— 3,0 1075, 2,9.102 7-108
[Tpumenanne Kk Ttahan-
ne 4.5. ¥Yaeasnas norepxHocTs H Kemiy
NPUBCACHHEE BeTHTHUM  KO3g- m’l: !
puunenton PrasTpaunn paccuH- ”}
Talkl AHTOPOM,
0 Z a.
3
———— -
=f
107 4
2 :__
10
X
0¥
!
Puc. 3. JasncaMocts Memay pas- A
ACHHCM NOUBCHHON Baarn i nposo- | P
AMMOCTBIO ipakunit necka u nwan 07
(no Ounwenko n Munuypuny). L
I— 1,6 m-r 1. dpakiupn mecka 0,]10—
0,05 mv (CCCPY; 2—4.5 b 1 ik }‘{J“j-
e nuay 006001 wu (CCCP); 3 - A
10 m*r "1, dhpakumnm ToHkoR nuLN 0,01—
0,005 MM (CCCP): 4 — 18 w® or 3 jipak-
MR TOMKOR nman 00050001 2 uu 10°° lIr ] 1 [
(CCCP). 0 02 10%4s0dcm.

Pacevorpum xapakreptbic ocoGeHHOCTH 3aBHCHMOCTH THAPAD-
JHYECKOH NPOBOAHMOCTH OT BJAMKIOCTH NOYBLI M JABJHHA BJIA M-
HOCTH B O0JaCTH MOHOANCHEPCHLIX W NOAHAHCHePCHUX cHeTeM. Ha
puc. 34 H306pakena 3aBHCHMOCTh MEKAY FHADAEBINUECKON MPOBO-
AHMOCTBIO N BAAKIOCTHIO AL YCTLIPEX MeXaHH4YeCKHX bpakuni:
0,1—0,05; 0,05—0,01; 0,01--0,005; 0,005—0,001 ww, KOTOPLIM
COOTBETCTBYIOT cCJaeayvioiine vHcIennple 3HAYEHHA  VAeJALHONR  1o-
nepxocTH: 1,6, 4.2 10,0, 184 m?-r!. Bo Bcex cayuasx dopma
kpusoit K(P) ommnakona. 3to 3uaunr, uTo B 06J4CTH  MOHOMHC-
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NePCHBIX CHCTEM KPHBLIC 3daBHCHMOCTH THAPABIHYECKON 1POBOMN-
MOCTH OT BJAXKNOCTH NOAOOHB N PasjH4aOTCA TOJALKO pa3mMepamu
H 110J0KeHHeM KPHBOl OTHOCHTEALHO oceil KoopauHaTt, Beawunn
casura kpusoit K(P) n roukn nepernfa na nefl nponopuionaibH
viedabHoll nosepxuocti. [loCKOALKY H3MeHenwe  ruipaBiHyecKoi
HPOBOAHMOCTH € H3MEHEeHHeM VAeJbLHOI NOBEePXHOCTH VYHTBIBACTCH

g x!
10° - i
L) ()
oA 1
D
10
4 X
107
&
o
.fgl'.'-'l_ A
(4]
107
1072 g
x
X
13- a
A&
10°*- ;
oo
,'fr"sl | | | | |
10°° 107 L R ot p!

pic. 35. 3apHCHMOCTh MEMAY NpHBeACHHBIMH Be-
JHYUNHAMH JIARIEHHA NOMBCHHOR BAArH ¥ Nposo-
AnMocTi hpaknuit necka # neian (no Onumiesko
n Muuypuny).
Mea, aboamaucigs ¢, pHE. .

BeJAHYHHON npuBejlennoro gasaenus P° y  seawunnoil npuseicn-
HOH FHAPABAHYECKON NPOBOAUMOCTH K’, TO M3 ONBITOB ML ROAMKII
NOJYYHTb M5 HOAOOHLIX NOPHCTLIX CPeA Oy i1 TY JKe 3aBici-
MOCTb MEXKAY TpPHBEACHHBIMH BEJAHYHHAMM NPOBOAHMOCTH 1 AaB-
aennsi. Peazyvastatu damens ¢yukunn K(P) na dynkuwmo K'(/7)
npusefens 1a puc. 35 Ira dynkuna  ABAsSeTcs  OAHO3HAYHON W
ONHUCLIBAGTCH CAHNON KPHBOMR st BCCX MONOAHCNEPCHLIX CHCTEM.
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Crmnrmie HIAUBHAVAALILIX KpuBbX K (FP) ¢ oGobuendoin wKpu-
poiit K’ (') noxaspiBaer, UTO NOCAEAHHE HMCIOT OAHY OOULYI0 TOM-
Ky neperuGa, nauuHas ¢ KOTOPOH TPOBOAHMOCTL PE3KO YMeHb-
niaeTes, TOrla Kak MHAMBHAYaabHbie Kpupbie K(P) xapaxrepmusy-
jorcii B TOuke neperuba rem OOABIWIHMM KPHTHUYECKHM JABJCHHEM,
yem OGoJblie 3HaUeHNE VAeabholl nosepxuocti (dpakunn, TNoabay-
acp obobuennoit kpusoit K’ (P’), moxno NOCTPOHTL HIHBHAYA/b-
Hvio Kpusvio K(P) ans kam/jof KOHKPETHOH MOHOMHCNEPCHOH CHC-
TeMbl, €C/IH M3BECTHA ee y/eJbHas MOBEPXHOCTh.

HS’q
fﬂ!r
0’ ;
0°+
10+
Pue. 36. 3aBHcHMOCTH Mexaly npm-
BCACHHLIM JLABACHHEM M NpUBEAEN-
MO MPOBOAHMOCTBRIO B CCTECTRCH-
ey nousax (no Mmuypuny n Onn-
HIEHKO). -2
Ll - =1 . m o =f E :
I—Yafno, 235 Wl 2—Mavanm, 10 0 10° P/aS,
40 w? -1 4,

B noamaucnepcHsix CcHeTeMax H3MEHEHHE BeAHUHIB VAeJaLIod
MOBEPXHOCTH [PHBOJAHT He TOJAbKO K Napa/ielbHOMY CMeELIeHHio
KPHBbLIX, HO H K NOBOPOTY HX Ha HEKOTOPHIil YrOA NpPOHOPUHOHAb-
O YHCAEHHOMY 3HAUYEeHHIO YACAbNON MOBEPXHOCTH, TOrAa Kak dop-
Ma KPHBOIl, Xapakrepusyioulass H3MeHeHHE THAPABJIHUCCKON Mpo-
BOAHMOCTH C H3MEIHeHHeM BJaKHOCTH I[OUBLI, OCTAETCS HeH3MeHHO
B IHPOKOM AHANA30HC HAMEHEeHHs VAeablioit mnosepxnoctu. ITo-
sromy Kpusuie K(P) n D(W) comep:kar sacMments nogobus . Mo-
ryT Ouith oboOmennl nyrem saMeHun abCOMIOTHBIX 3MAUYEHHN Belu-
YHH JaBJAeHHA, NPOBOAHMOCTH W BJAXKHOCTH Ha IpHBEACHHLIE Be-

$24
JHYHHBL, T. €. nyTem 3amenw Gyukunn K (P) na pynkuuio l’Pf

D(W) na Di"“ (h), rne D — anddysusnoctnb {c'm-c:"]; So—

VAeJdbHAA HOBCPXNOCTL  (eM-cM™3); m—BAsKkoceTh (rrem—t.c-1);
¢~ INIOTHOCTL  BOABI  (r+cM™¥); g — YCKOPEHHEe CHJIBI TAMecTH
(cM-c™?) u h — ToauuHa BojHoM naenku (A).
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Puc. 37. 3aBucHMOCTb  MERAV  lIpHBe- Puc. 38. OGoOuennas 3apHCHMOCTDb
AeHHon  AnddpyaunnocTeio B TOALLNHOHR AABACHUS THAPABIHYECKOH NPOBOLN-
NACHKH. MOCTH OT BAAMHOCTH NOYBLL

I — Tpasep, CIUIA Som 53 wtorl: o Jlenan kpuBan — K, npapas — P.

Hono, CIHIA. So= 8l w-r L 3 — Yafuo,
CHIA, S, 130 M? -1~ ; 4 — Be6erep, CILA,
Sy m |40 MYFR,



Peay/ibTathl  SKCHEPHMEHTAJAbHON  1IPOBEPKH  PACCMOTPEHHBLIX
dyukunit npuseaens Ha pue. 36 n 37, Ipusefennas rufpapanye-
CcKas NPOBOAHMOCTB CBA3aHAa C NpPHBEJEHHBIM JaBJeHHeM OHO-
SHAUHON M JHHEHNOH 3aBHCHMMOCTBLIO, a npusefendHas anddysns-
HOCTD ABJSETCA OJHO3NAYHON W JuHeHHol (yvHKIHeH TOJAULHHBI BOA-
Hoft JACHKH (B aorapupmudeckom macuitade),

Ha puc. 38 npeacrapjennt pe3yibratsl 0000wenns 3aBHCHMO-
CTH AABJeHHEe—B/JasKHOCTE NMOYBLI H 3aBHCHMOCTH rHApaBjH4YecKasn
[POBOANMOCTL— BJAKHOCTL 110YBbI, MMOJYUeHHbie METOAOM HCK/IO-
yeHHs CABHIOB H [OBOPOTOB KPHBLIX OTHOCHTEJLHO OCel KOOp/H-
HaTt, OOVCAOBICHHBLIX H3MEHEHHeM YAeJbHOH NOBEepPXHOCTH MOYB OT
37 no 150 M?-r—!' u o6wemuoro seca or 1,2 no 1,6 r-em™, OObex-
TOM HCCAeAoBalind ObiJIH AePHOBO-NOA30JAHCTLHIE JerKOCYIJIHHHCThIe
M CpPeAHeCYTHHHCTBIE NOYBEL M 4YepPHO3EM TAKEeJNOCYTJIHHHCTHIN Ile-
AuuHHbl. B pesyapraTte 3amensl aGcoalOTHBLIX 3HAYEHHH napaMert-
POB JlaBJCHHA H NPOBOJAHMOCTH Ha TPHBEAEHHLIC BEJAHYHHBI MOJY-
qeHbl OJHO3Haunble 3asucumoctn P(W) uw K(W) ans  nous pas-
JAHMHOFO reHe3nca, MEXaHH4yeckoro coctaBa H pa3Hoo0pasHoil
CTPYKTYPHI.

[Tockoabky B (hopmyabl, onuceiBalouiHe 3akonst Jlanaaca n Jlap-
CH, BXOAST B KauecTBe napamerpos alcoA0THBIE 3HA4YeHHS BeJH-
UHH JlaBJeHHA, THAPABJAHYCCKOR 1POBOJAHMOCTH H BJAAMKHOCTH, TO
5TH 34KOHL HEHHBAPHAHTHbI OTHOCHTEALHO CIABHIOB H I[10BOPOTOB
ocell KOOPAMHAT M 1NO3TOMY HE HMMEIOT Xapakrepa (u3MYeCKHX 3a-
koHon. [lepexon k Ge3apasMepHLIM IPHBEACHHLIM BEJIHYHHAM AaBJie-
HHA W CHAPABJAHYECKOR NPOBOAHMOCTH NO3BOJAAET HCKAIOUHTD CIIBHIH
H MOBOPOTHLI KPHBLIX OTHOCHTEILHO OCEll KOOPAHHAT M TeM CaMbiM
npuMennTh 3axkoun Jlangsaca w Mapen k  aw00bIM nousam, T. e
npeoGpasoBaTb MX B ViHBepcaJbHbie (QH3HYECKHE 3aKOHLI.



Caasa 5

ONTHMH3IAIHS ®AKTOPOB POCTA
PACTEHHH H I[IPOrHO3 YPOK ASI

5.1. O0wwue npencrasienust. B Hawel cTpane HMeEOTCs KpPy-
Hble PAHOHBI CO CPpeliHell VPO ailHOCTLIO 3ePHOBLIX KVALTYD 25 w'ra,
a B nepeioBuIX X03shcTBax—45—50 u gaxe 60 u/ra. B Anmaartun-
ckoi obaacrd (Kosixos «/lyu Bocroka») B yCIOBHAX  opolenys
noJyuen ypoxan osuMo#i nmenuus  Desocras 1 seime 80 w/ra.
Ho 3epHo okaszaiock ¢ HH3KMUM cofepxanuem Oelka H IJIOXHM Ka-
HECTBOM KJEHKOBMHBLI, TAK KaK HPH TAKOM YypoikKae B NouBe Hexpa-
THJIO NPOAYKTHBHOrC asora AJa HOPMaAsHOro OHOXHMHYECKOro
obmena [41].

Paccymorpennbsie )akThl NO3BONSIOT CACNAThL CJAEAVIOUIHE BLIBO-
IObl. Bo-mepBuIX, BeJHUHHA YPOKAA MOMET KOJAeGAThCH OT NOAHOI
riufesiH noceBon BO Bpems 3acCyX A0 OOJALUIMX YPOKACE BO BJaM-
Hble H Ternjnle roful. Kakas ua sTHX BO3ZMOKHOCTEH OCVULECTBHTCS,
3aBHCHT OT MHOTHX YCJOBHIL BHelHel cpeab. Takne pakropul pocta
PACTEHHi, KAK CBeT, TenJ10, BOAA, UHTATE/Nblibie BEUIeCcTBa, JOMMK-
Hel ObiTh B onThMyMme. Kak HefocTaToK, Tak M H3OBITOK BJArH,
Temyia M NHTATeNbHBIX BELlecTB orpanHuuBaior vpomxai. Orciona
BO3HHKaeT npobaeMa onpelle/eHus ONTHMAaMBLHLIX, WIH HAWJIVYILNX,
axTopoB cpean AJA  POCTA CEABCKOXO3SANCTBEHHBIX KYJAbLTYP.

Tenno u Baara—riasHbie GakTopsl pocTa, pPasBUTHA H HOPMH-
POBAHHA YpoMas pacTenHii. B vCIOBHAX CEALCKOXO3HHCTREHNOro
MOJIA TEIJO M BJAra peiko HaXOAHTCH B TNMOJHOM COOTBETCTBHH C
NOTPeOHOCTAMH pacTelHil; yaule ol W3 3THX (aKTOpPoB HaXOHAMT-
CSl B NEJOCTATKC H JHMHTHPYET pocT u vpoxait. BrawHocTh nouss
MOKHO PerviHpoBaTth € NOMOILLbio opoulenus. [Ipurok Tenna otuo-
CUTCH K HeyupapasembiM ¢arxtopaMm. ChaefoBaTesbHo, B VCJIOBHAX
OpPOMCHHA POCT H VPOMNKAll CeJLCKOXO3ANCTBEHHLIX KVJABTVP 3aBH-
CHT IrJ1aBHBIM ﬁﬁpﬂSGH OT TeIlJioBOro ]JE}!{H].I& CeNBCKONO3AHCTBCH-
HOTO MOJAf, 4TO TO3BOJACT VCTAHOBHTH (PVHKIHONAIBLIVIO 3aBHCH-
MOCTB MEXJY pocrom GHOMACCH W NOCJIOUEHHON pacTeHHeM Col-
HEUHOH pajxaudeil B npoueccax (GoTOCHHTE3a W TpPaHCIHPAIHH.

Pactenns o6HTAIOT YACTBHIO B NOUBEHHOM CJO0E, VXOAS KOPHSIMH
Ha HECKOJABKO MeTpoB BryOb, 4acTbio Hajd NOYBOH, B IPH3IEMHOM
cnoe Bosayxa. Cocrosinne BOILI B pacTenusx, nouse m armochepe
MOXHO XapPaKTePH30BATH NPH NOMOULH TEPMOJAHHAMHUYECKHX TIOHS-
THH: XHMHYECKOro moTeHuHanta HJIH JaBJeHHs BJAard. IIH ﬁEHﬂBEl'
HHH 3THX TIOHATHH MO0 pﬂCCMﬂTI}HHHTb BOAY B MNOUEBE, PACTEHHH
H arMmochepe Kak uacTH eIHHON TePMOAMNAMHUECKOH CHCTEeMLI.
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PaszsuTan CcHCTEMA KopHed B nouype obecnevyupaer  O0NLINVIO
BCACHIBAIOLUIYIO TIOBEPXHOCTL, Yepe3 KOTOpYio NPOXOAHT BOMA H MH-
nepajibHbie BelleCcTBa, HCnodb3yembie pactenueM. bosabiuas amncro-
pas NOBEPXHOCTH OOCCHeMHBAET NOrJoulenne JHCTHAMH COJHEYHOH
paJIMAILHH W TPAHCIHPATHIO.

Jlasi HenpepLiBHOrO pocta H PasBHTHA pacTeHHi HeoHXOAHML!
onpeleseHHbe YCJAOBHA B noyse M npusemnom po3dayxe. Ouwit no-
Ka3aJ, uTO TakHe napameTpsl, KaK BJA4XHOCTH H TeMmnepartypa pac-
TeHHI, AOJAZKIIL HAXOAHTLHCH B OnpeAejeHiblX npejgeaax, Kpome To-
ro, AOJMEeH OCYUICCTBAATLCA IepeHoc aJCKBATHLIX KOJHUECTB yr-
Jepoaa, NHTATEeIbHBIX BellecTB M CBeTa MexJy pacTeHHeM M OKpy-
A aloleid cpeoi.

BaaxHnocts B Temnepatypa pacTeHusi B 3HAYHTENLHOH CTeleHH
ONPEAEISIOTCH CA0MKIBIM B3aUMOAEHCTBHEM TENJIOBOrO M BOAHOIO
faganca okpyvaaouien cpeisl # 3pQeKTHBIOCTLIO TeIJIOBOro H
BOAHOrO 0OMeHa MeXJV pPACTeHHAMH H CpejloH.

5.2, Tennosoit 6ananc. B rennosoil ananc pacreHus H (puanye-
CKOH cpellbl BXOAAT CAeAVIOUIHe KOMMNOHEHTHI: CoJTHeUnas pajanains,
NOrJ0WenHas AeaTe/IbHOI NOBEPXHOCTLIO (MOoYBOi, pacTeHHeM); OT-
pameHHan palHalHs OT NO4YBbl H OT pacTeHHA; palHalus, HiJayya-
eMasn pacTeHHeMm H NOYBoil; 3aTpaTbl Ténja Ha HCnapeHHe Noupon i
Tpancnupannio; noTok rtenja B rayboxHe caon nousbl, GOTOCHHTE3.
B roiosom unkge Ha KaxkoM-AHOO0 yyacTKe 3eMHOH NOBEPXHOCTH BeE-
JHUNHBI NPUX0Oa H pacxojla paBHbl B TenaosoH 6ajJaHC MOKHO BDI-
pPasuTL ypaBHeHHEeM

R—fE—p—Ff =0, (5.1)

rjle R — paanaunonnpil 6aaauc 3a nepuoa (kan-cm—?); E—cywm-
MapHoe wucnapenne (mm); LE—3atparsl Tensa Ha uHcnapesue
(kan-cm—2); P—ornava tenga B Bo3Avx (kaa-cm—?); M — renao-
OTj1aya B nouBy (Kad-cm ?); L —cKpeiTas Tenjotra Hcnapenus
(Kan-r~'), BeanunHa KaxKaoil KOMDOHEHTH Tenaoporo OajaHca He-
HPEPLIBHO H3MEHSIeTCst B NPOCTPAICTBE H BPeMeHH.

[TpakTHYECKH OCHOBHAS 4acTh painaliil HCNOJAb3YETCH Ha TpaH-
cnupanuio, Ha dorocuntes pacxoayercs meHee 1Y coadeunoil pa-
auauun, noraouleHHol pacrennem. C nospiieHneM TeMNepaTvpLl
(poTOCHHTE3 BO3pacTaet A0 HeKoTOporo npeaena. Temnepatypa,
Oauzkaa K 35° C, oObIYHO COOTBETCTBYET MaKCHMYMY (OTOCHHTEC3a,
3artemM caejiver ero peskoe najeiue. OnrtHmasbias JAJs acCHMHNA-
LMY TEMOepaTypa H3IMeHSeTess B 3aBUCHMOCTH OT BHJA pacTeHuil,

Temneparypa sosayxa xkoaedaercs B 3HaunTe bHo Oojee WHPO-
KOM HHTEpBaJge, ueM TeMmMnepartypa pacTeHiil, NMOCKOJALKY pacTeHHe
CTPEMHTCH NOAAEPKHBATH CBOIO Temnepatvpy OJAH3KOH K NOCTOSH-
voit nyrem TennoobGMena ¢ okpyaatoulein cpejaoft. Tpancuupanus,
CoOCTBEHHOE H3ayueHHe, anabbeno, ABHKEHHe VCTbhHLL SABJASIOTCA OC-
HOBHLIMH CPECTBAMHM peryiauposaHHs npouecca renaoobMeHa Meik-
JIY PacTeHneM H OKPY/KAaoIHUM ero BO3JTYVXOM.
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Yeaosusa tennooOMena onpefefsior TEMIEPATYPY YYACTBYIOUINX
B TenmooOmene Tea. HMcnapsiouias nopepxHocTh IOYBH M JHCThEB
pacTeinil MoMeT HMeTh Temnepatypy na 3°C uuiKe Temnepartyphl
okpyxKalouero sosayxa. TennooOmen Meajly pacrenuaMu u (QH3IH-
YecKoil cperoil BO3MOKEeH TOALKO NpH pasnoctn remnepatyp. HMaay-
YEeHHe Tenjaa NoBepXHocTbIo pacrennil, oTpamenne painalluu, Tpan-
CnHpalnna (CKpuToe Tenao) — Baiible MEXaHH3IMbl PACCesiHHs 13-
ObLITKa TeIIOBON 3HEPrHH.

Tpancnupauus e MMeeT TeMUepaTypPHOro ONTHMYMa M BO3pac-
TaeT JHHEHHO BILIOTH A0 TeMnepatypsl, rubeabHOil A0st pacTeHHH.
Besnunna TpancnuHpauHH CHJIBHO YMENbIIAETCS NPH Temnepartype
nuxe 16°C u vapansaercs mexnay 25—35°C. C nosullueHneMm Tem-
neparypul [NOHHMKASTCHA OTHOCHTEALHAS BAAKHOCTL BO3AYXaA, WTO
BJeyer 3a coGoil NOBLIEHHEe CKOPOCTH TpaHucnupaund, Hurencus-
HOCTL NPONOpPIHOHAAbHA Ae(HIUHTY BJAXKHOCTH BO3AVXd, eciH Jc-
napeHse He OrPpaHHUHMBAeTCH BJAAXKHOCTEIO noussl. HMurencusHocTh
AbLIXaHus Bo3pacTaer ¢ TeMNepaTypoi Ao npejena, 3a KOTOpPLIM Ha-

crynaer rufens pacrenus. Porocunres xe umeer ontumym. Orciona
ACCHMHAAIHH

AblXatHe
KHX Tipejieax. HPH HEKOTOPBLIX YCJAOBHAX [ILIXaAHHE MOMKCT ﬂ]][‘ﬂﬁ-

Jajath Hajg ACCHMHJAIHEH n pacTende HaunHaeT Bugeasts CO;ua
CBETY, Kak ec/i Obl OHO HAXOAHJOCh B TeMHOTe, CYUIECTBYET TOMRA,
B KOTOpOH 3TH JABa Npollecca MOryT B3aHMHO KOMIIEHCHPOBETLCH.

CJeAVET, 4TO OTHOUIEeHHe MOMEeT H3IMEeHATLCH B LWIHPO-

5.3. Boauwblit 6ananc, BoaHslil peuM noJs, 3aHATOr0 Kakom-ji-
60 KyJabLTYpoii, MOMeT OulTh onucal ypaBHenuem Bojnoro Gananca.
Bonpoc o ToMm, 4418 KaKOro ¢J10s pacCUHTHLIBATL BOAHBIH Oanaunc, pe-
wiaerTcss B 3aBHCHMOCTH OT rayOGHHB 3aJeralus rpynHTOBLIX BOJA N
rayOGunLl pacnpocTpaHenus KopHeil pactenunii. B ciayuae saneranus
FPYHTOBLIX BOA na rayvOnne 5—6 v Boanwlil OaaaHc clelyer OTiec-
TH KO BCeil HOYBEHHO-IPYNTOBON TOJAULE, OT NOBEPXHOCTH NOUYBL! 10
VPOBHSA TPYHTOBHIX BojA. B caywae ray0oKoro saneraiusi rpyuToBbIX
Boj Gajlalc ¢JICAYeT OTHECTH K CJ0I0, B KOTOPOM PacnoioeHLl Kop-
HI PACTEHHI MM KOTOPLIT eKerofiHo npomMaunsaercs aTmochepn-
MH ocaakaMi. O MOUIHOCTH STOTO CJA0S MOMHO CVJIHTL KaK no jan-
HBIM pacupeieteHis AerkopacTBOPUMBEIX COJCH, TAK H 10 HIMCHE-
HHIO BaaxHocTH nouswl. Ha rpannne npomaunpaHHf NOYBL aTMO-
chepibiMH OCAAKAMH NPOUCXOAHT HAKOILIEHHE JeTKOPacTBOPHMBIX
coNeil, a NMeno: cyanparTor i XA0pHJI0B HATPHH, KA bW, Marius,

[Tpu onpenesennn MOIWHOCTH CHOH 10 BJAKHOCTH NOYBLL BO1-
nuii Gasanc cheayer OTHeCTH K TOMY CJ0I0, Ha HUKIEl rpanuue
KOTOPOro BJAAMKIIOCTh 1OUBLI HE HCILITHIBACT CVILECTBEHHBLIX H3Me-
HEennil 3a paccMaTpHuBacy LI nepHo.

[Mpuxoanas wacrs Bojnoro Dananca CJaraeTcs Hi JOKAEBHX,
HPPHTALHOHHLIX, TPYHTOBLIX BOA W Kouaencanuy. Pacxonunas wacrt,
BKIIOYAET HCNapeHue ¢ [OBePXHOCTH MOUBbLL, MOrJI0UIeHHEe KOpHe-
BOIl CHCTCMOM, TOBCPXHOCTHLIH, APCHAMKHLI CTOK HAH HI(PHAbLTpA-
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i, B MHOroJeTHeM 1HKIe BOJHOrO pexuma Ha HekoropoMm yuacr-
Ko 3eMHOI NOBepXHOCTH HPHXOA H PACX0] pasiul. YpasHenue rofo-
ROTO BOJNOro Dasanca uMeeT BUjL

|Lt‘:llllr-"i_ U +'EF-|! "II' {h = ‘Err 'I'-' -'{':1 '*" -I‘.'f,, —I_'ffn + ﬂ:f ' [512]

rme Wo v Wy — 3anac Baarg B NOYBEHHOH TOJIWLE B nauvaie H KoH-
e nepuopa; O — cymma ocalikos; E;— uenapenue ¢ noBepxHocTH
noussl; Ep— TpaHCHHPAUMA, ¢y — HHDHABTPAUNA; §n— [NOBEPXHO-
CTHLI CTOK, §pp— NPHTOK H3 TPVHTOBLIX BOM; ¢y — KOHAEHCAILNHA.
Cocrapasioue Boanoro Oaianca o0LIMHO BLPAKAIT B MHJAJIHMET-

Jeadnu

Henapremocme
6

12

1.0
0,8

g
ang;:f; 70 60 50

Tywd- Sleco- 3 _ ;
noyvael Jypa- nodsosucmere \emen- |Y6PHO-| Kawma-| Cépo
8ble Hole |JEMEI | HOBGLIE | JFeMb!

200
M

Puc. 39, CxemaTudcckuil MEpHIHORAILIBI paspe3 weped epponei-
cky1o yacte CCCP,

} — wabmarok naard n nouse: [/ — nedugut aaard B novne: [ — BEPXNAR
rpania CaCOy; 2 — Ca* 0y 3 — AcriopacTROPHMAIC COJM,

pax BOLHOro cjos. ITO ypaBHeHHe O03HaYaer, uTo 3anac Bjaard s
NoyBse B KaxAbN AaHHbIT MoMment Bpemenn W, pasen npegwecrsy-
owemy sanacy saarn Wy naoc naMeHeHHs B Npuxoje n pacxoje
BJATH 3a JaHHLIH NEepHOIL.

B ypasnenusx BojAHoro u temsosoro Gajanca umeercs OOULH
uien — HCnapeHue, uTO NO3BOJSET PACCMATPHBATL HX B TECHOH CBA-
3H, @ 3TO, B CBOIO OYEPEAb, JlaeT BO3MOMKHOCTb, BO-1I€PBLIX, ycTano-
BHTh 3aKOHOMEpHBLIC COOTHOWICHHA Memay OanaHcoM BJarn H Ten-
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N4 B CHCTeMe TouBa—pacrenne—armocdepa; BO-BTOPBIX, YIpas-
JIITh BOJAHBIM H TEILTOBBIM PEXHMOM INOYB H pacTelnil B LEJHX 10-
JAYUCHHS BEICOKHX Vpoxacs [29].

Boauuiit pemum TeppHTOpHH OOYCHOBIHBAETCA COOTHOIIEHHEM
CYMMbl OCAJIKOB M HCNAPAeMOCTbIO 34 OMHH M TOT yKe NepuHoi, BHEp-
Bble BRefleHHbIM Boicoukum [10] non nassanuem Kos(pduiHenta yp-
naxuenns. Kamuoii GHOKIHMATHYECKON 30HE COOTBETCTBYET CBOH
kospduunent yeaaxuenns (KY), csoit THI BOAHOrO pekuma: TaK,
B TYHApE M AECHO! 30He [\N,‘}l D crentoi KY = 1,0 10-
aynycraiunon Ky = KY <C0,33.

Ha puc. 39 naw c:-;mm"rnquc‘}{uh MEpHANOHAJLHLII pa3pes uepes
esponeitckyio uacts CCCP, Ha xoropoMm Bhifeaensl 06aacTH H3inLT-

Ka BJlarv H .ﬂ.E[pHIIHTE BIAMHOCTH B nouBe.
KP&TKHH XdPakTepHCTHRAa OTIACJADHLIX THHOB BOANOTO pPEHHMA

noun, cocrapinennan Popae (44], Ha ocHOBaHHH KO3(DPHUHEHTOB YB-
Jdaxnenus, fana s Tada. 5.1.

5.4. ®opmyabl JJas pacyera Hcnapsaemoctd. [las pacuera wcha-
paemocTd bynwiko [7] npeanoXua ypasienue

f ™
nau E, = ﬁ:; ' (3.3)

e e
1 R L

rae Eq— ucnapseMocTb 3a mepuof, (mm): L —ckpeltas rtensora
napoofpaszosanus; R — pagnanmnonnni 6ananc (Kana).

Ha ucnapenne | cm® Boawl pacxomyvercs 600 kan, na umcnapenune
cJ0fl BOXE Toauiumoit 1 MM ¢ nosepxuoctH | cm? pacxoayercs 60
KaJj, a Ha Henapenne £ MM pacxojyercsi Tenyao B Koaudectse R/sn
KaJl.

dasi mobpix uYHCACHHLIX 3HavYeHHii 0CaJKoB H paaHalHOHHOro
HGafiaHca 3a roji HJIH 33 CE30H MMEeT MeCTO OJIHH H3 Tpex clydaen:

L O=—%—, wm =1, (5.4)

i s
2. 0> —?—*1 HJIH IE} g 2 (9.5)
3. 0< —R—, wmm —=Z-<1. (5.6)

PaccMoTpHs 3TH CyJyau.

1. PasenctBo O = R/L o3HauaeT, uTO BhinajaeT CTONLKO OCajl-
KOB, CKOJbKO MOXET MCNAPHTLCH NPH AaHHOM NPHTOKe pajiHallnoti-
noro ternya. OAHOBpPeMeHHLI H 3KBHBAJEHTHLIH NPHTOK Teilla i
BJArH B CHCTEMY eCTb VCJOBHE HeorpaHHYeHHOro cuabzAenus pac-
TEHHI1 BOJAOH, MAKCHMAJBLHOrO pocta M ypomas., KaumarHueckne
VCJAOBHA, B KOTOPLIX OTHOLIECHHE FOJOBLIX OCaJKOB K HCHAPHEMOCTH
ONH3KO K eJHHHALE, ABJASIOTCH ONTHMAJbLHBIMH A0 pocTa H Ypoxasn

KVJAbTYPHBEIX pacTeHHIl.

118



TaGauya 5.1

Kaaccwpukanna THNOB BOAHOrO pemHuma

e

Tum © wawdgdineenT
yoaammeniy

nﬂ.'l.‘ﬂllil TR0 T TCr g s
NENTaKNY Baaral

lKaace NO XapaAKTePHEM BCIHYNHAM
BAKIGCTI NOMRENNOr o
B TeYCHHE BEreTAUNOINOrD nepions

MepatoTHei  (BeY-
HOH  Mep3noToi

(KY =>1)

[T poMEIBHOH
(KY —=1)

Mepuoanueckn
HPOMBBHOH

(KY = 1)

HenposmusioH
(KY < 1)

Armocdepioro NHTaHHA

I'pyiToBo-aTMocpepioro
nuragea (¢ OAN3IKHMH K
NOBEPXHOCTH  AJJ0XTON-
HEIMH NOYBEHHO-TPYHTO-
BhIMH BOAaMH)

I'pyutosbo-arumochepioro
NMUTAHNA € AONOAHNTEL-
HLIM  NapoaKoRmM  (C
GANIKHMHE K NOBCPXHOC-
TH NOUBEHHO-TPYVHTOBM -
Mu pojamu, obuyio aa-
JOXTOHHLIMIL)

Armociepnore NHTAHHA

ArsochepHoro NHUTAHNHA
AONOAHUTCILHLINM  NO-
BEPXHOCTHBIM

ATaochepnoro nuTanms

He paspabGoraua

[oauoro (Doa0T-
HbLIH)

Kaouaaapuoro nacwuenns  (no-
AVOH0JA0THLIR)

[Tepuoanueckoro  Kanuwaaaproro
Hachinenns (TacKHu)

':NBI]E!IHI‘H HAHMCH LI Ero
e (IRHO-TacKIbLR)

C ﬁw.'ll-I:'IHIIMIl K Ilﬂll{fp.‘{ﬂl]{.‘Tll di-
TOXTOHHEMH  OMBEHHO-IPYHTO-
BHIMH BOAAMNI

HACLILLLCIHA

HACH -

Hoaworn wacelenun (rpyHToBo-
GOA0TIRIR)

Kanuaaapuoro HacLieun
(rpyvuToBo-noayHOI0THEI)

[Tepuognueckoro  Kanuaagproro
Hacuchmm (rpyuToBO-TaC K-
Hulit)

[Moaroro  pacwucius  (nofivex-
HO-G0A0THBIIT)

Kannanaprora HACHULLCH N
(mofisento-noavooaoTiLi)

[Tepuoguyeckoro  KanuwaaspHoro
Hacsuenws  (HOAMCHHO-TARHK-
Hibiii)

[Meproanveckoro  KanuaasapHoro

HACHIeNHs (AYTroBO-1eCOCTen-
HOH)

Uepeayomerocs CKBosioro H me-
CEBOIHOO HAUMOEHBIIED Ha-
cuicnud  (aeco-crennoi)

[Mepuoanveckoro  KanuJaaspHoro
nackhuienua  (AVIoBO-NOTYCKY-
AAPHBLIT)

Uepeaviouleroca  CKsoanoro o
HEeCKBOIHOINO HAHUMCHLIIETO Ha-
Chillieina (CcTennoil  nOTYCKY-
AAPHLIT)

Heckpoanoro ganMenbinero HA-

cuienna (cTennodn)

119



[lpozoaxenne

Tun u xosddunnens
g REF R

Ioarin no HETOMHNERM
MNTAHHE naaroi

Kagce no xapakTepiiay e ninas
HaasnocT AONDEHIOrD Caou
B TENenic BETCTINroH oroe nejrnls

JecykTunno-Bui-
NOTHOM

Ipyuroso-ataocdiepioro
nutaung (¢ OANIKHMH K

[Mepuoanueckoro  Kanuhaapnord
HACHIILERNA  [AVIOBO-CTCIHO )

(KY < 1) noBepxHocTH aasoxton- | Kanwaasipworo pacsimenns (av-
HUIMH IOYBEHHO-IPYHTO- rogon)
BLIMIT BOOAMH)
Brinotuou ArmocdepHo-rpyiToBoro [Toanoro nacsmenna (GoaorTno-
(K¥Y < 1) nutaing (c OAHIKHMH K COJONMAKOBEI)
NORePXHOCTH aJa0xToN- | Kanwaasapuoro  gackuge-

NMEIMH TOYBEHNO-FPYHTO- HEH I:E'ﬂ.'lﬂli‘[HHHHlblﬁl

BHMH BOAZMH)

2. Hepasencrso O> R /L nokaspiBaer, 410 CCIH KOJAHYECTBO Bbi-
najaiouux ocaikos Gosblie TOro, KOTOPOE MOMKET HCHAPHTHCA NPH
JaHHOM NPHTOKE Tenaa, To B nouBax cospacrcid m30LITOK Badru, a
5TO Bjever 3a cofoil yxviwenHe aspauus, saMelIenne Tpancnupa-
ILHH 1 POCTA pacTeHmi.

3. Hepasencrso O << R/L puipaxaer, uTo ec/IH 0CaJlKOB BHINALaeT
MEHbIIE TOrO KOJHYECTBa, KOTOPOE MOXKEeT HCUAPHTLCH [PH AallHoM
NPpHTOKE Tenaa, To B noyse cosfaercd geduumr Baary u nabaona-
eTCH 3aMejl/icHHe poCTa pacTeHHil BCICACTBHE OrpaHHyenHs Tpac-
ITHPalnH.

Paanaunonnotii nokasareib HCHAPHEMOCTH HMeeT Takwke 00ib-
1OE 3HAYEeHHe NPH PelUeHHH NPaKTHYECKHX MEJIHOPaTHBHLIX 11POO-
JeM, CBA3aHHLIX C OpOlleHHeM H ocyweHHeMm. Pasnocts mexay se-
JHUHHOH TOJAOBLIX OCAJKOB H CYMMON HCNapseMOCTH M CTOKA CO-
crasasier aedMUHT BJATH B YCJOBHAX HEAOCTATOMHOIO YBJAAMHEHHS
H H30LITOK B YCJOBHAX H3OLITOUHOrO YBJAAXKHCHHA.

baaneit 1 Kpuaa [60] npepaoxuian npoctyio dopMyay ais oi-
pelleJieHHss CYMMapHOro HCnapeHus HWIH HCNapaeMocTH ¢ opoluae-
MBIX [10JI¢H B TeUelHe BereTallHoHHOro nepHoia

E, =3 KF, (5.7)
rae £y — BoipaxeHo B JQloiMax 3a Mmecsil; K-—3MOHPHYECKH KO-
agpuedT cymmaphoro sojonotrpebJienus; F—mapaMerp, ounpe-
nenasieMbit u3 pupasienuns F=TIl/p. 3necs T — cpeanuss mecaunan
TeMneparypa sosayxa no Papeureiiry; f1 — ornowenne KonuvecTsa
NHEBHLIX YACOB B TeYeHHe MAHHOTO MEcfila K rofosoit cymme (B
npouenrtax). YUucaennwie snauenus xosdpdunumenra K noayvaiwor c
NOMONLI0 JH3uMerpos. [as GOJLINHICTBA CeJAbCKOXO3ANCTBEHHBIX
KYAbTYP KO3QdbHUHEHTH cyMMapHoro sofonotpelbJaenns oKasaanch
nosoabiio Ganskumn (0,65 —0,75).

[lpepnonien psim IMNHPHYCCKHX 3aBHCHMOCTCH, B KOTOPHIX MC-
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napseMocTn NPHHHMAETCA NPONOPUHOHAALHOR JeHUIHTY BAAKHO-
cri Bosayxa. Aanarues (2] npeanoxua Gopmyay

E=0,653 4, (5.8)

rae E — norpebHocts B Boge (Mm); Ed — cyMMa cpelHHX CYTOYHBIX
Ae(pUUHTOB BJAAMHOCTH BO3AyXa (MM) 3a BereTalHOHHBIN Mepuoj;
0,65 — cpeanni KoapduuHeHT, HIMEHAIOUWHIACH Yallle BCEro B lpe-
nenax 0,6—0,7.

[lenvan [39] BBea nonsTHe <«HOTEHUMAILHAR TPAHCHHPAIN»,
KOTOpPOE XapaKTepHaveT QPH3HYECKHH H (HIHOJOrHYECKHIT MeXaln3M
pouecca Tpancnupaunn. Pactyliee pacrenne mnoaydaer BOJAY 4e-
pe3 KOPHH, B PE3VALTATE Yero BJAaXIOCTb NOYBLI M cpobfoanas smuep-
rHSl BOALI VMEHLINAIOTCS M Aajbledllee H3BJAeuYeHHe Boawbl Tpebyer
pee Doabwux 3atpar sHeprud. IIpn HekoTOpOR KPHTHUECKON BJaXK-
HOCTH pacTeHHe OKa3sulBaeTcs HecnocobOHLIM TNOrOIWATHL BOLY M3
[HOYBLI B IIYXHOM KOJIHYECTBE H HAUHHAET 3aBANATS.

Ecan umeercs AOCTATOUNHLIA 3anac BOALL, TO 1PH HAJHYHH NO-
Tpeforo KoauuecTsa JABYOKHCH yriaepoia u cBera obecneven mMak-
CHMAJLHLIA TYProp, KOTOPHIl 3acTaBjifeT YCThHIA HA TOBEPXHOCTH
JHCTLEB OTKPLIBAThLCA A0 nNpejena, B pe3yabhTare Co3/alorcd Haw-
JYUIIHe YCJAO0BHS AJf NOCTyNJaenus ABYOKHCH yraepoaa B aucrt. Ho
BMECTE C TeM YBEJHUMBACTCH M HCNapeHue, Ha KOTOpOe pacxoayert-
csi TeMm Gogblue BoAbl, veM Goblie OGWHIT NPHTOK 3HEPrHH Ha no-
BEPXHOCTH JHCTheB, CKOPOCTL HCNapeHns PasHbBIMH PACTEIHSIMH OT-
JUUAeTCs He3HauyHuTeabHO, W BCE PaINMHA B HCHAPEHHH BOJbI
CeABCKOXO35ICTBEHHLIME  KYJAbLTYpPamH  onpejeasiioress  ve  gu-
3HOJOrHeN pacTeHuit, a QakrTopaMmi BHElWIeH Cpeabl — TEMMNEepaTy-
poit, BJAaXHoCcTblo, ABHMennem po3avxa. Ilokuaas pacrenne, Boja
B HpoUecce Tpaucnupauny nepexofnT H3 MKuJKoro B razoobpasnoe
cocrosiine. CKOPoOCTL 3TOro nepexo/la 3aBHeHT OT NOCTY eI SHep-
rHH, Aawueiln HeoGXoaUMY0 CKPRTYIO TenaoTy napooGpasopaiins.

Korpa sanacnl BOALL CTANOBATCH MOCTATOUHOH BEJHUHHBL, TIPH
KOTOPOi O0CCMEeYHBASTCH TOTCHIHANLHAS TPAHCIHPALHSA, Pewalo-
muM (pakropom cranoputes He GH3HKA, a PHIHOJIOTHS, H3IMENAIO-
llasicss B 3aBHCHMOCTH OT THNA PACTCHHS, CTpoelnus Kopus, (asu
PasBUTHS, THNA TIOUBBI, TOJUIHILI HOYBEHIIOTO C05.

Henocpencrsennoe H3MepeHue nNoOTeNUHANLHOH TpPAHCHHPALHK
Tpebyer GOALIMKHX 3aTpaT TPyda, UTO NPHBEJNO K NONLITKAM 3aMennl
NOTeHLHAALHON TpaHcnupaunn 6ojee Jerko HIMePHMOoIll BeTHYHHOI.

[Menman [39] cpa3an 3HaueHHe MOTEHINAJLHON TPAHCHHPALUH
E; ¢ ucnapenneM ¢ BoAHOI nopepxHoctH Lo cooTHOmeEnHeM

e — KE,, (5.9)

rae K-— kosdduuuent nponopuHoHaJbHOCTH, OnpeiesieMblii IKC-
nepuMenTanuio n papnwit 0,75 gas cesepuoit wupore 50—60°.
HMpanos [17] npeanoxu1 Gopmyay
Ey,=0,0018 (25 4+ 7)* (100—a), (5.10)
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rae Ep— HcnapaeMocTb 3a mecan (Mm); T —cpeaunss TeMnepartypa
BO3lyXa 3a Mecsil; a-— CpeiHss MecAuHasa OTHOCHTE/AbHAS BJAXK-
HOCTL BO3AYXAa.

[Tokasarean KJIHMATHYECKOrO YBJAAMKHENHA M CYXOCTH J0CTa-
TOUHO NOJHO XapaKTepusyloT CBASb PACTHTEABHOCTH € YC/IOBHSMU
yBJAAKHEHHA 3a roj H 3a BereTauHoHHBLIH nepuod. s Xapakrep-
CTHKH YCJAOBHH pOCTa KYJAbTYPHLIX PACTEHHH B TCUCHHE OTASILHLIX
EI]-EL'EI' BereTaluHy cpeiline rogoBble KJAHMATHYECKHE JAHHDLIE HEHPHEM-
JeMmbul. Bo-nepnuiX, aGcomoTinie H OTHOCHTEAbHLIE KOJAHYECTBA TEl-
Jda H BJaru 3a rofosoH nepHoj MoryT OBITh BNOJIHE AOCTaTOYHDI,
TOrja KaK 3a BereTauHoHHBIH MepHoJ H oTAelblibie (pa3bl ero Mo-
JKET HMETh MEeCTO HefocTaToK Biaard # Temya. Bo-BToprix, nouea
obsajaer cnocoGHOCTLIO HAKAINIHBATL B TEUEHHE OCEHHEe-3HMHETD
[epHoAa BJjary, KOTopas nocTelelHo HCIOIL3YeTCs pacrTeHHes Je-
TOM B 34CYUNIHBLIE NEPHOAL. B-TpeThHX, HEKOTOpas 4acTh OCajKkon
TepaeTcs nouBol Oe3 1oab3kl A pacTendil nytem croka. [Tostomy
TOYHAA XapakKTepHCTHKA YCJIOBHH YBJAaMKICHHA MOXKeET OBITbh NOaY-
UeHa TOJMbKO HA OCHOBAaHHH HENOCPEACTBEHHOIO H3JAYYEHHH BOANOIC
H Tenyiosoro fasaHca 1noJs.

Beaencrsue neoJHOBpEeMeHHOCTH LPHTOKA BJArH W Teia H cy-
HeCTBEHHBIX Ce30HHLIX KoaeDanui B BhillajJeHHNH OCaJlKOoB OT rojid
K rody HEUEII:{GILHM'D 3nartk fagaaunc Temnda H BJAA4ATH He TOMLKO 34 ro-
IOBOH MmepHol, HO H 3a BereralHOHHLIH IepHOA H 34 OTAeJbIibie Me-
cslbl, AUH M uacel aus. 1o TpefoBanue Bjever 3a coboil HeohXo-
AHMOCTb H3YUeHHs OTAeJbHBIX COCTaBMAIOUIHX [I0TOKA BJArd W Tel-
Jia B CHCTeMe IouBa—pacreHue—armMocdepa,

5.5. Hcnapenne M3 noupsl, JMIIEHHOH pacTHTeJbHOCTH. B nose-
BLIX H Ja00opaToOpHLIX YCJAOBHAX NPOIECC HCHAPEHHS H3 TOUBLI, JIH-
IIEHHOH PACTHTEJLHOCTH, X0powo H3ayyen AOpamosoi, Boaswako-
BeiM ¥ Popge merofoMm Monoamtos. [las nojsewmennod BIarm yora-
HOBJIEHH! EJEIL_"',TI-G].I.[HE SEHGHDMEPHDETII ec IIEPEHBH}HEIIHEI IpH Hcna-
penun [1, 45].

B necuaHbIx HecJOMCTBIX MOYBaX H IPyHTaX noApeliennas paara
VAEepPHMHBACTCHA KAUHAJAPHBEIMH CHJaMH B MeCTax CIblKa 4YacTHIL
Ona necnocofHA K NepeiBHKEHHI0 B XKUIAKOM BHAE BCIEACTBHE pas-
pLiBa TJIEHOK, COEAHHAIOWMX MAaHMKEThl M OCYILECTBAAIOUWIHX nepe-
HOC BJAAH OT OJIHOI MAHKETH K APYIoH.

B CTPYKTYPHBIX NOYBAX H FPYHTAX CYIVIHHHCTOTO MexXalHuyecKoro
COCTABA NepefIBHAKEeHNe BOAL B XHAKOM BHJAE Npekpaliaercd B Mo-
MEHT HCUEe3HOBEHHS BJArH B MECTAX CThIKA arperatoe, 4To COOTBET-
CTBYeT B MHKPOCTPYVKTYPHBLIX IpyHTax BJaamupoctH 60—709% noae-
BOH BJaroeMkocTH. [Ipu srom Baara nepemeintaercss B XHAKOM BHAE
K HCHapsiolleld NOBePXHOCTH H3 BCEro CMOYEHHOro CJosl OflIoBpe-
MEHHO.

B paGore [33] onmcansl pe3yabTATH HCCAEAOBAHHA JIHHAMHKH
BCACHIBAIOULIEro JABJEHHSI NOABEWEHNON BAAru NpH €e HCnapeHuu
MOYBOH H Tpancnupauud nocepa nuenuubl. OnbiTul NPOBOJMAHCL B
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sonoantax Beicoroi 60 cm u naomansio 20 X20 cm. BeacuBalomee
nABACIHE H3MEPHIOCh C NOMOULbIO TEH3HOMETPOB, IHICOBLIE JATHH-
K KOoTOpbIX ObLAN 3aJoxKenbl Ha rayGumax 6, 12, 18, 24, 36, 42 »n
48 M, 4 TAKKe € NOMOILbI0 HATYHKOB 3JeKTPHYECKOro COlpOTHBIE-
HHSl B BHAE YIOJBHBIX 3JEKTPOLOB, 3a/J0MEeHHEX Ha Tex xe rayou-
nax. IlouBa cBeTJO-KallTaHOBasi CVIVIHHMCTas JoJauuul p. Xaphl
(MHP). Peavabrarsl onuTa nokasansl Ha puc. 40. B nauaae ucna-
pelinsi BecacuiBaloulee AapieHHe Bjaarw ObJI0 OJHHAKOBLIM 1O BCEil
rayOHHE NPOMOYEHHOH TOMIIH M paBHbiM npuMepro 120 cm BOA. CT.
[Tpu 3TOM AapjenHe BJAArH H3MEHAJ0Ch B ABYX HPOTHBONOJIOAKHBIX
anpaBieHHnx: BHH3 TOL AeHCTBHEM CHJBLI THKECTH H BBepPX O]

cM EFﬂ 700 EIII?E? .FFE #00 300 200  foo a
1 T

T
| |

I

16
~12
178
124
- 30
<36
42
148

cM

Pue. 40, HasveHenne peacuHpaloulero JdaBledHis nojpelne o
BJArH 1PN HCHADPEHHH.

BAHAHHEM Hcnapenusi. Beanwnuna BcachiBawoulero AasJelins H3ame-
HSI1ACh NMPH HCNAPEHHH Ha BCIO rAyGHHY CMOYEHHOH TOJILH, 1O CO-
XpaHsaa Manbiii rpaiuent B uurepsase aasaenna or 100 jpo 300
CM BOJ. CT., T. €. 10 BJAXKHOCTH, GJH3KOH K NOJEBOI BJaroeMKoCTH.
AHaJZOrHUHBI pe3yabTat noavuen panee Poze [45] 8 onwite ¢ noy-
Bnoi Ge3 pacTHTEbHOCTH.

B uurepsase uaMmeuenus scacbiBaiomero aamdennst or 400 jo
700 cM. BOJ. CT. BLICHIXaHHE MOBEPXHOCTHBIX CJI10€B N0OUBLI COBEpLIA-
eTCA HeCcKOAbKO OGuicTpee, 4eM HIMKHHX, H rpajHenT BCACHIBAIOUETO
[laBJeHHs BO3pacTaerT B HanpasJcHuH KBepxy. B unrepsane usme-
Hennsl Bcacwipaouutx aasaeHui or 700 go 900 ¢m BOJ. CT. MOBEPX-
HOCTHBIT €J0i HECKOJbKO nojchixaer, a nof uum obpasyerca Goaee
pAaXKubil cA0fl, XOTs HCCYHIEHHe BCeil POMOUEHON TOMIH Npojo.1-
waetrcs, O6pazoBaHHe TOPH3OHTA € NOBBILICHION BAAKHOCTLIO Ha
rayoune 12—24 cm o6GycaoBiaeHo, 10-BHAHMOMY, BJAHSNHEM COCY-
Uleit CHaBl KopHeil pacTenuil, KoTophle HauboJee pacnpocTpaneHbl
na rayoune 0—25 cm.
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5.6. JLapaeHue NOYBEHHONH BJAATH W TpaHcnupaunsn. CyulecTseH-
Hble TPYIHOCTH OOBACHEHHS npolecca Tpancnupauun u obocuosa-
HHSA 1IOPM H CPOKOB 1IOJHBA BLIABJIAWOTCH 11PH I\]‘.IIITII"-IL‘{ KoM pasbo-
pe B3rASAOB OTAGJABHLIX Hecjaeponareneil. OIHH HCCeI0BATENH PaC-
CMATPHBAJN TpaucnupalHiy Kdk yHeTo OHOMOIHYECKOE siBjielle,

MM/ 024

&

Pic. 41. Cymmapuoc nenape-
nue (MM/ACHB) noOCEpa RYKY-
PY3W B 34BHCHMOCTI OT CO-
AepiRARN BJA4IH 0 MOURe
(oM’ Hn,l_hl-’u.s'* HOUBK) © JLHH
0 : l ¢ nmcokoit (1), cpenneit (2)

a0 7 Tt 1 HH3KOR (F) moTenunadbHON

—
Q20 025 130 035 e em® TpaHcnupaluei.

APYrHe — Kak uHCTO (u3HueCKHil npouecc. Douee ecTECTBEHHO 3TH
KpailHne TOUKH 3penus OOLEJAMIHTL B OAHO le10€ H HCXOAHTL M3
NpeacTaB/JeHHs o TpaHCIMpalHy KakK O npoiecce, NOCPEUACTEOM KO-
TOPOro OCYHICCTBJIAETCS B3anMoJeiicTBHE pacrenns ¢ OKPYIKAIOWEeH
cpesoi,

Puc. 42. Banauue nxanne-

HHA nounenion sJAATH Ha )
TPaHCHHPAILHD  paCTeHNd RE
rOpPUHILLE (ocpennenibe 08 i i . i | i N .

AHEBIC). 26 30 34 36 pf

Jas nepexojla BOJALI H3 NOYBLI B pacTeHue, HeoOX0AHMO, UTOOLI
NaBjeHHe BJAAru B pacrenuax Oblo HHXKe, ueMm Japjenne MOYBEH-
HOH BJATH, TAK KaK BOJA NEpeiBHraeTcd H3 TOUYKH ¢ O0JbIUHM AaB-
JeHHeM B TOUKY ¢ MeHbiuM aasjenuem. asiacuue Blarn B nouse
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M NpPH3EMHOM CJ0C BO3J1yXa H3meHscTes npumepHo or 0 ao 1000
aT™, Toraa Kak GOABLLWHHCTBO PACTEHHIT HeoOPATHMO 3aBs1al0T NpH
papaenyun 15 arv n Godee, a 3aMeAan1or TPAHCHHPALHIO H CHHIKAIOT
NPOAVKTHBHOCTL NIPH JLABJEHHH OKOJ0 —3 aTM.

Gopmyan (5.3) — (5.10) onucuiBaloT NOTEHUHAABHYIO TPAHCIN-
panHio, T. €. KOJHYeCTBO BOJLI, TPAHCHHPHpPYEMOe npH 1ieorpalin-
qermnioM yeaaxKinenuu nours. Ilpn sTom ocTaercst HescHuIM BOHPOC
O TOM, YTO TAKOC HEOrpaHHyennoe yBJAaKHCHNE, KaKOoMy KpHUTHUC-
CKOMY 3HAYCHHIO BJAAMKHOCTH 1IOYBEI HJH AABJACHHIO NOYBCHION BAA-
ru OHO cooTsercTsyet. i pazpadorkn Teopuu TpaHcnupauun, uve-
IOLLCH VHHBepPCalbhHOe 3Hauyenue, HeoOXOAMMO 3HATL 3ABHCHMOCTH
TPAHCITHPAIHH OT BJAKHOCTH HJAH AaBJeHHS BO BCeM JiHanasone
AKTHBHOM BJArH 1OYBBL, a TaKKe 3aBHCHMOCTL HOTEHIHAALIOH
TPAHCIHPaUHH OT NOTOAULIX VCJIOBHIL.

Ha puc. 41 npuBeAecHB PesviabTarhl ONpeleyenHs cyMMapioro
HCMAPEHHS 110CeBAa KYKYPY3h B 3aBHCHMOCTH OT COHEp:Kanust BJaa-
' B MOYBE B JHH C BLICOKOHR, cpeiaHel H HH3KOH NOTeHIHaIbHOI
Tpancnupaumei. Yem Bolle nNoTeéHUHAABLHAf TpaHCHUpanig, TeM
G0ALILe KPHTHUECKAS RJIAXKHOCTh, NPH KOTOPON 3aMeIfNeTcs TPaHC-
nupattns # porocnuTes [50).

Kaoce [20] necaenonan 3aBHCHMOCTL CKOPOCTH TpaHCHHPALHH
OT BeacuBaloulero fasiacuun paarn pF y pacrennii ropunis npH
Temnepatype posayxa 27° C n orHocuTeasHON BaamuocTy 31, 47 u
60% (Kpusue I, 2, 3 puc. 42). lannusie 37010 pHCYHKa 1O3BOJAIOT
CAeJATL BHIBOMA, 4TO KpHTHYecKoe 3navenue pk, coorsercreyioutee
VCAOBHIO flocTatoynoro veaamuenns (I/To=1), rem Goabuwe, uem
GoJblie NoTeHUHAaALHAR TpaHCcnupalus, HJIH HCnapsemocTs Ty

Cymmnusin v Cxaaatan [53] npopenn BereranHoHnnie onbITH ¢
HEeAbI0 H3YUEHHS BJAHNNHA AaBJACHHS NOMBEHNON BJAAryH Ha OTHOCH-
TeALHYVIO TpaHcnupaunio oca. OHH VCTAHOBWIH, ¥4TO (akTHUeCcKan
TPANCHHPAILHA CTAHOBHTCH MEHBLUIE TOTEHUHAABNON NPH HAaBJIeHHAN
Jarn oKoa0 3—>5 aT, B CBA3KH € 4eM JAHanas’oH onTHMAJBHLIX LA
Tpancnupauun v QorocHHTesa 3HaAYEHHH JlaBJcHHA NOYBEHHON nJaa-
IH OKA3aJCsl OueHb Y3KHM — JIJIsi nous armochepHoro yBJaaxKHeHHs
mexay 0,2—4,0 arm. Koneuno, sTor BLIBOJ CAPABeAINB JHIIL JL15
cpeanux norogneix yeaosnit. [Ipn mManwx AeduiHrax BaAamHOCTH
BO3YXa NpPH3HAKH 3aBAflaHia pacTennil npu AasieHuax 10—15 aTm
He nabaiogawores. B 3THX cayyasx cKopocTh NOTEHUMANBHOH TpaHC-
NHPALHY OYCHb MaJda H OTHOWEHHEe (PAKTHUECKOH Tpancnupamnn K
NOTEHIHANLHON OCTACTCH PABHLIM CAHHHIE JlaXKe NpPH JAaBjaelun
paaru, Oan3kom K Touke sapsaauus [14, 33].

Jo cux nop peub uLa O CBA3H AABJCHHA 1OYBEHHOH BJAry c
OTHOCHTEILHOI TpaHcnupauneil B yojaonuax ray0okoro saderanmns
rpyHTOBBIX BOA. Ecan KopHH pacTeHBil pacnojoyKeHbl B 30He Karnui-
JSIPHON KafliMBl, TO CKOPOCTH MOATOKA BJAArd K KOPHAM pacTeHHH
3ABHCHT OT IJIVOHHBLL 3aJeralus rpyHToOBWX BOJL.

CxopocTh KanHJAJSPHOTO NMOALEMA BJIArM B MOYBE HA TOH HJIH
HHOI BHICOTE 3aBHCHT OT Bcachipaiontero fasienns. Ha puc. 43 nso-
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Opasenbl KpHBBIE, MOKa3bIBAOULNE, CKOJbKO BOAb MOMKeT ObITL
B3ATO pacTeHHeM OJAbLXH Ha TOH HJAH HHOH BHICOTE KAlWISPHOI
KaliMel NPy 3ajanioM scackipanuu [74]. Hanpumep, npH BcacuBanmm,
paBHoM 2 aT™, CKOPOCTh NOATOKA BJAATH K KOpHio Ha peicore 50 cm
cocrasasier 4 MM/cyTkH, man pacxoxm 0,4 cm3/l cwm® Ilpm tom xe
peacwBanun 2 arm Ha Boicore 100 em Hajg ypoBHeM TpyHTOBOIl BO-
bt notok pasen | Mm/cyrku, wan 0,1 em®/1 em?

 TIpOAVKTHBIOCTE BCEX CEJALCKOXO3AHCTBEHIBIX KYJBTYP 3aBHCHT
o7 COOTHOIMEHHM" BeJHUHH (.IJHHTIILIECHGI“H H HoTelnuuaJsBHOrd HCIma-
PEeHHSI € CeabCKoxoasitcTBenHoro noJs. IlpoaykTusHOCTL  MaKcH-
MAJdblAa, CCJAH 3TO OTHOUIenHe BAH3KO K e ITHHHLLC.

M
1201
80}
40
B Pue. 43 3asHCHMOCTE  HOTOKA
P ; BAATH OT ©¢ JIaBJACHHA NpH pa3s-

1 1
JUUHLIX PACCTORHUAX OT VDPOBHA
J 10 100 000 FPYHTODRBIX DO

Ha norpefnocrs pacrennit B BOJAE BJAHHIOT 3anacul IHTATEbL-
HLIX Beutects B noupe. [lostomy Bee BLIBOABL, KAaCAlOUWMECH CBA3H
TPaHcniupauty ¢ BA&MHOCTLIO AR JlaBjaenHeM NOYBEHHON BJAarH,
NPaBoOMOMHLL AJ51 ONTHMAJLIILIX BEeJAHYHH 3a11aCO0B NHTATE/IbHLIXN Be-
LLECTD | JAPYIHX (PAKTOPOB.

113 ¢Ka3aHHOro Bbllle OTHOCHTEeABHO TPAHCUHPAILHH  SCHO, YTO
rJ1ABULIMH NepeMenisMy, onpelesiownMy pakTHUYecKyo BeJHYHHY
CKOPOCTH TPaHCNHpAaUHH, OYVAYT BJIAMHOCTL, HOTEHUHAT BJAAHOCTH
HOUBL, IHAPABJAHUECKAN NPOBOIHMOCTL NOUBL, 0OBEM H IYCTOTA KOP-
Heil, noTeluHanLuan Tpancnupanms.

Creayer ormMernth HeCKOJAbKO 0CO0eHHOCTeH KPHBOH TpaHCIH-
Palii — BAdAHOCTD — NOTEHIHA] BJAdAHOUTH HOUBLI. 3Ta KPpHBaH
CTPOHTCH TOALKO 110 ABYM [I€PEeMCHHBIM H XapaKTepH3yeTcs onpe-
Aeqennoin GopMoR H 10JM0AKCHHEM OTHOCHTEILHO OCell  Koopaunar,
Hamenenne nonomeHus: KPHBOH OTHOCHTENLHO OCEl  KOOP/IHHAT
AHaJOrHuYHO0 H3MEHCHHIO KPHBLIX TOTEHUHAJA [OUBEHHOH BJAATH —
BAAMRITOCTL o BAAronpoBOAHOCTb — BAdXMHOCTL NOYBLL E,!'T.EI-IFH H
MOBOPOTE HI}HB(}]'E'L TPAHCHHPALLHA — BAdAMHOCTD NMNOYBhl, a4 TaKHKe
KPHBOIL TPaHCIHPALHS — NOTeHLUHAA BJAAMHOCTH OOBLACHAIOTCH H3-
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MelHCeHHeM 3HAYeHHH HEKOTOPBIX JPYrHX [epeMeHHbLIX, uaupumep
MOTEHULHAILHON TPAHCHHPAIIHH, THAPABJIHYCCKOH 11POBOAHMOCTH 00'b-
ema M rycrotel Kopueit # 1. n. JlioGoe nameneHue CKOpPOCTH Tpamc-
HHpalLH, HMCIOULEe MECTO TOALKO B pesy/ibTarte HIMEHeHHs BJaax-
HOCTH NOUBLI (NOTEHIHAA BIAXKUOCTH), XapakTepuayercs niMene-
HHeM BAOJL KPHBOA, B TO BpeM# KaK H3MEHEHNHe BeJHyYHHL J11000il
APVTOH NepeMeHHON 1PHBOLHT K H3MEHEeHMIO NOJ0MKeHHSt KpHBoOil
TPANCTHPALNHA — BJAKHOCTE (NOTEHIHAJ BAAKHOCTH) OTHOCHTE/h-
Ho oceil koopanuat., CABHIH H NOBOPOTHL KPHBOI siBAAIOTCA H3GHI-
TOUHON HHOpMauueil, NOCKOJALKY (H3HUeCKHE 3aKONL  A0JKIIE
OLITL HE3aBHCHMBL OT NpOCTpaHCTBENnibX Koopauuat, Habuwrounymwo
unpopmanuio, cojepikauiviocs B oOb4HOM KOOPJAHHATHOM OfHca-
HHH, MOMKHO HCK/IIOUHTHL NOCPEACTBOM BBEIeHHH BEJIHYHIIL OTHOCH-
TEJLHOH TPANCHHPAILHY B BHJAE OTHOWCHHA (PAKTHUECKON Tpanciu-
PAallHKH K NOTeHILHAJLION TPaHCNHPAUHN WAM TIVTeM HAaJoKeHH:
KPHBLIX APYr Ha JApyra c nOMOULbI0 COOTBETCTBYIOLLHX CABHIOB H
MNOBOPOTOB KPHBEIX OTHOCHTe/ILHO oceil KoopamHar. B peayasrare
ITHX Onepalunii HHANBHAYaJbHLIC KPHBLIE TpaHCIHpauus — BJaXK-
HOCTL (MOTeHUHaa BJAMXHOCTH) MOrVT ObiTe o006OOIIEHLI B OLHY
KPHBVIO.

5.7. Npornos noreHunanbHoro ypoxasn. Pactenne npeacrapiser
coboll camoynpasBiasemMyio OHOJOTHYECKYI0 CHCTeMy, B KOTOpPOH n
PE3VALTATE BIAUMOAEHCTBHA CONHEYNON INeprud, BOAL H JABRVOKHCH
VIVIEpOAa CHHTE3HPYETCs OpraHnueckoe peutectso. Buiue Obi1 o71-
MeueH ToT (hakT, 4ro CYMMapHuii  pocT PACTEHHH  NPONOPIHOHA-
JIeH cymMMapuoil noTeHuHaJsHol Tpaucnupalldd 3a  pech  lepHOI
pocra. Kospuument nponopuHoHaAbHocTH  3aBHCHT OT MHOIHN
(pakTopos: copra pacrennii, 06paboTKH noussl, THHOB yAoOGpenuil M
HX KoJuuecTsa, oT Gopubel ¢ Bpeanteansmn n Gogesnsavu. [lostomy
OMEHb TPYAHO BBIPA3HTL KOJHYECTBEHHO B3aHMOCBA3bL MEXIY CKO-
POCTLIO pOCTA M HCNOJbL30BAHHEM BOALL pactennem. Ho moikno pac-
CMOTpPeTh MACAABHBIN CaAyual, Koria H# BOJa, HH pacTeHus, HH
NPHTOK COJHEYHON paavailuyd He OrpaHHuYHBaloT CVIUECTBEHHO 00-
mui pocr vpoxan. B sTom cayyae norenumaabHas TpaHcnupaitus
NPONOPUHOHAJABHA KOJHYECTBY NOCTYNAOUIEro COMHEYHOro Haay-
YCHH M OHA e onpenenser GHOMOrHYECKYIO NMPOAYKTHBHOCTH.

Mogean norenuHaabHOro ypoxasa CTPOHTCA Ha onpeacaelnbix
JaHHBIX ONBLITA H TEopeTHHeCKHX npeanocuakax. M3 onelta napect-
HO, YTO AOJA COAHCUHOR Palnauny, HOrAoUeHHoll pacTeHnemM, co-
crapaser okono 40% paauaunonnoro Gaaaumca, wan 0,40 R. M3
3TOI A0au pajaualHondoro OGaaanca vtoasko 1% (0,01X0,40=
= 0,004 R) ¢dukcupyerca B CYXOM BellecTBe B 1poitecce (pOTOCHH-
Te3a, Uapecrno takike, uto Ha Henapenue | r Boanl (wan 1 cMm cjos
pofibl) ma | cmM? noBepxHOCTH nouBw pacxoayercs 600 wanopwui.
Orciona pacxoa BOAL  CeJLCKOXO3ANCTBEHHLIM  [0JIeM  paBen
0,004 kaacm?

GO0 kaa/cm® 1500

!::

CM BOJLH.

=
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B KavecTBe TEOPETHUCCKON NPEANOCHIIKH CAYAHT NpejnoJioKe-
HHe, NOJATBEPHJIEHHOEe ONBTOM, 4TO Ypoxail 1060 ceNIbCKOX03HHCT-
BEHHOIT KVJIBTYPBI NPONOPLHOHAACH CYMMAaPHOIN 3BanoTpalcnupanii.,
KosduliHentT nponopuHonadbHOCTH 3aBHCHT OT MHOTHX (pakTopos,
HO MBI LIPpHHHMAEM, YTo Bee (akTopul BHewlell cpefibl HAXOASNTCH
B ONTHMYME H He OIpPaHHYHBAIOT NPHPOCT GHOMACCHL.

B cyxom BeulectBe npu xopouuem ypoxae dpukcupyverca 1% u
MEHee IOCTYNnawilero coaneutoro uaayvuenus, wan 0,004 R, Ilpn
wenapennn 1 M BoasiHoro cjaos Ha naowaan 1 cm? pacxoayercs
600 kana/cm®, u3 koropux dukcupyercs B cyxom seutecrse 0,004 3¢
X600=24 gan/cm?. Ira Beanunna Hazuipaerca 3GPeKTHBHOCTHIO H
oboanavaercsi cumposom e. I'lo [lenumsny [40] ypoxaii cyxoro pe-
HIECTRA CBA3AN € HOTEHUHAJLIOI TPaHCHHPAUHER COOTHOWEHNEeM

R
150U

rae 0,39 — koadgpuunent nponopunonaasnoct; e=24 kKan/cm?,

Cyxan OGuomacca cocrasasier (0,25 ceipoit 6momaccu. Caenosa-
TCALHO, YTOOLI NOJAYYHTL DeC CLIPOI MAacchl, HANO YBEJAHUYHTH Bec
cyxoft Guomacent B uyernipe pasa. Cyxoe BewmectsBo (ypomail B ue-
JOM) COCTOHT M3 HPOAVKTHBHON wacTh (3epHo, KOpHemioan, Kiayo6-
HH) n oTxopoB (conoma, 6otrsa). [oass npoaykKTHsHOR wacrn oT
peeil Gnomacchl Aas PasiaHuHLIY KVJALTYD Heoaunaxkosa. as med-
KO3ePHHCTRIX KVJALTYD (nuwennua, opsec) rospuument pasen 04,
s Kykvpyan — 0,5, kaprodeas — 0,6.

Gopumyvay (5.11) MOMKHO HCNOAB3OBATL B TEOPETHUECKOM pac-
YeTe MOTEeHLUHAALHOro vpomxasn 1060 KyAbTYpLl, €CAH H3BecTHA
cymMmapuas Beanuuna paanaudonnoro Hadnarnca 3a nepuoja sererta-
LWHK 9TOI KVALTYPLL. Jannsie Takoro pofa HMeloTes, HO OHH 1N0Ka
elle He CHCTCMATH3HPOBAaNbI. ]"IE.LLI,E' Mbl pacnondardeM CBCJICHHHAMH
0 norpedJeHny BOALI PASAHUHLIMH KVALTYPAMH 33 BereTauHoHHbLIA
nepuod. B ueasx pacyera noteHUHAJLHOIO YpPoXKas 110 BEJAHYHHE
pojonorTpedaenun KyauTyp caedver o dopmvay (2.11) noacrasntn
pMecTo BeaHuunbl R/1500 koawvectso u3pacxofopanHnon Dpoaul 3a
BEreTalHONNGLIT NEepHOA KVAbLTYPLL (cM Boa. cr.). Torpa dopmyaa
(5.11) npumer sun

I'=039¢ (0.11)

=039 E (5.12)

rae £ — norpebaecnue BOAL KVIALTYPOIl 33 BereTalMOHHLIN 1HePHOL
(cm BOA. CT.).

H3 vpasnennit (5.11) u (5.12) caeayer, uto 3anac BOAL B
HOYBE N0JKeH 00eCneynTh PAacxoll €¢ MPOoNoOpPUHOHAILHO 110CTYNalo-
et pagualMy Ha JHCTOBYIO NOBepXHocTh pactenuit. Ecam srtor
pacxoja menbiue Beanunisl R/1500 ¢M, To HAJ0 KOMUCHCHPOBATH Je-
huunt BOAL ¢ noMoukio opotnenns, [locpencreom oOpatoTEH MOMK-
HO CO3LATh ONTHMAABHYIO CTPYKTYPY HouBLl, 00eCnevnBalomylo Xo-
POLWIKHH BJAro- W BO3AYX000MeEN; ¢ HOMOULbIO YAOOPeHHIl MOXKHO
CO3MaTh ONTHMAALHLIA Gananc nutateapiux peutects. [lyrem npo-
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Tabauga 5.2

Ofwee novpedaeHde BOALI OPOWACMBIMH KYJALTYPAMH N0 AAHHBIM HCCACAOBAHMSA
paamHocTn nouys B wrarax Apwizona, Kaandopuma, Hedpacka [1§]

”"T[“:ﬁa‘“."llm.' BOAM 3 MECHLL n cexy (M)
M ;

- Aoiepia {:;._If:j“ XJA0N4aTHIR m_.?::ﬂf::‘:,‘," Kaprodean
Anpean 8,4 — 2,8 2,8 2,0
Man 17,0 4,7 5,0 8,6 —
Hionb 13,7 8,4 10,4 17,0 1,5
ik 18,3 13.2 14,7 21,3 8.6
ABrycr 10,7 17,4 21,8 16,2 14,7
Cenrabpn 14,2 14,7 17,0 7,9 11,2
OrTa6pb 11,2 2,8 6,8 3,9 —
Beero . . . . 93.5 61,2 78,5 77,0 37,3
YUucao  aued

BEreTalmn 214 169 214 214 102
Pacxoasl BOAM
(em/neun) 0,44 0,35 0,36 0,36 0,36
TaGauya 5.3
Motenunaashbiit W QaKTHYCCKHIT YPOKaR HCKOTOPBIX KYALTYP
Motenunassuufl ypoxan (Tira) G App=
| it cioni M | gy
Kyawtypa FCTatINONNME CLPOTO CYXOro CHMAALMLIA sihek-
nepnoa (em) | weutecrsa | wemecrna | TPOIYKUNH ﬂ:‘:ﬁ:? THBILOC T
Jwonepua 93,0 356 89,0 89,0 23—40 | 0,26
Caxapuan 61,0 228 27,0 136,0 43—80 | 0,32
CBEK1a - )
Kaprodrean 40,0 150 137,6 89,0 30—60 0,34
Kykypyaa 50,0 192 48,0 29,0 10—-201 0,35
Iinennna 52,0 195 49,0 19.6 | 3,5—7 0,36
XAONUATHHE 78,0 292 73,0 30,0 5—10 0,33

BEACHHA COOTBETCTBYIOHIHX MEJHOPATHBHBIX MEPOMPHATHH MOMKIO
CO3JlaTh ONTHMAJIbHBIH (PH3HUECKHIT H OHOJOTHYECKHH DPCHHM [OUR
B J100bIX KAHMATHYCCKHX YCJIOBHAX,

[punss ykasauHblil Bulle ypoBeHbL HCNOJIL3OBAHHA KYAbTYPHbI-
MH PACTCHHIMH COJHEUHOH pajiHalHil B NPOLeccax TPaHCHHPALLHK |
dorocuHTesa, MO¥HO ¢ nomowbio Gopmya (5.11) u (5.12) omnpe-
AeJHTh NOTEHIHAJALIBI vpoxai 1000l KyJabTypbl, eCaH H3BeCTHa
BEJANYHIIA CYMMAPHOTO HCHAPEHHs BOJALI C 10JS.

O6Guiee norpediaenne BOAL OPOIIAEMBIMH KY/JALTYPAMH B ITATAX
Apusona, Kaaudopuus, Hebpacka (CIHA) xapaxrepuayerca aati-
HbIMH, NpHBeleHHLIMH B TaGa. 5.2, Teopernyecku Buiuncaenlble Ha-
MH 3HAYEHHS MPOAYKTHBHOCTH KVALTYD npusefetn B taba. 5.3. Onn
OKa3aJHCh B HECKOJbKO pa3  0oJbiie MAakCHMaAbHBIX YPOKACE,
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NOJVUEHHBIX B OPOLLIAEMBIX VCAOBHAX. 3TO 3HAUNT, 4TO HOTEHIHA b-
Hbic BO3MOMKHOCTH pacTelnil eule Aageko He ucuepnanw. JlocTHr-
HYTHE YPOMKaH CeJLCKOXO3RICTBEHNBIX KYJABTYP MOryT OLTh npe-
B30HACHEl 38 CYeT NOBBIUEHHHA IPPEKTHBHOCTH HCIDJIB30BAHNA pac-
TEUHAMH CoJHeunoil paauauun: peanpHas s3Qp@EKTHBHOCTL PasHbLIX
KVALTYP KoJaebaerest or 0,1 go 0,35 BeaHUMHLI  NOTCHIMANBHOTO
}"]f}}ﬂﬂﬂ. -

[logpoasa MTOrH, MOXKHO Cle/JaTh BLIBOA, UTO CBSI3b Ypozkas c
(haxkropaMy BHEWIHEH Cpellbl OIHCLIBACTCS NPOCTHMI 3aKouaMu hu-
3HKH, XHMHH H OHOJIOTHH.



SAKJIOYEHHE

Jakon kaumaaspuocrn Jlanaaca n sakon [lapcw, jgexamue B
OCHOBE YVYeHHs O MOYBeHHOH BJjare, N03BOJAKT aTh CHCTEMaTH3H-
poBaHHoe o0ObsicHEHHE MeXalH3MOB YACpPKAaAHHA H NCPEeABHKENHH
gaary B noupe. OHH He ABISIOTCH CTPOrHMH (PH3HUECKHMH 3aKONA-
MM, HOCKOJILKY B HHX B KauecTBe mapaMerpos BXOAAT a0bCOMOTHLIE
jHavelHs JaBJeHHsl MNOYBEHHON BJAArM M THAPABJHYECKOH NPOBOMN-
MOCTH, coflepiKalilie H30niTounyio HHpopMaluno, Ity HHpopmalno,
cofepKauyiocs B 00LIMHOM KOOPAHHATHOM ONHCAHHH QVHKUMD 1aB-
JeHHe — BJAAMKHOCTD M THAPABJHUYECKASsT MPOBOAHMOCTbH — BJAMK-
HOCTH, MOMKHO MCKJIOMHTE ¢ MOMOLULbIO BBeJleHHs MOHATHH <«npHBe-
aenioe gapieHne», «ipUBeleHnas rujpanTHuecKas npoBoaHMOCTb?,
«1IpHBEAEHNAs BAAKHOCTE?» HJN «TOJULHHA BOAHOMN IJVIEHKH» H COOT-
BETCTBYIOIMX (PYHKUHI npHBEAeHHOC [AaBJAeHHEe — BJAAKHOCTb 10Y-
BLl, pPHBEACHNAN THAPABIAHYECKas NPOBOAHMOCThH — BAAKHOCTL M
JaBjeHHe NMOYBEHHOI BJarH — TOJUIMHA Bojanoil miaeHku, Ilocae ne-
KJAIOUEHHs M3 KOOPAMHATHOrO OIMHCAHUA CMEeUleHHA KPHBOI, T. €.
CABHra M NOBOPOTA KPHUBOH OTHOCHTEJbLHO OCell KOOpAHHAT, OC-
TAIOTCS] H3MCHEHHS BJOAbL KPHBOH — dopma KpHBOM, Kotopas oTpa-
Kaer (gusHueckne cBoiicTBa obLlHe BCeM NOYBAM HIAH, 10 KpaiHeil
vepe, HOALIIHM IPynnaM nous,

Beemenne B 3akonbl Jlanaaca u Japcen B KayecTBe napamerpos
HPHBEAEHHDIX BEJHUHIl JaBJAeHH#A, THAPABIAHYCCKOH NPOBOAHMOCTH
M BA&KHOCTH JJaeT 3TH 3aKOHbl HHBAPHAHTHLIMH OTHOCHTEIBHO NO-
JOMEeHH KOODAHHAT H HMEOUIHMH Xapakrep (H3HYECKHX 3aKOHOD,
YTO MO3BOJSET NPHMEHHTE 3TH 34KOHLI HE3aBHCHMO OT [IPOCTPAHCTRA
i BpeMenH, T. ¢. K J4ioGuim nousam. TlpeoGpasopanne sakonon Jlan-
daca u Jlapcn  geaaer BOIMOMKHBLIM  NPOrHO3ZHPOBANME  BOANLIX
CBONCTB Nous M yrpasienuwe HX BoAnum pexumom. Orkas ot npu-
MENHMOCTH 3THX 3aKOHOB Ko BceMm nousam Oblll BeI3Bal ckopec He-
AOCTATOUHO I1YOOKHM OCMBICAMBANNEM 3THX 38KOHOB, YeM OTKJO-
HeHHeM TOBeJACHHA BJaarn oT 3THX (PyiaaMenTadblbix NPHITLHITOR.

3axkonunl sHEPreTHKY 103BOJSIOT OOBACHHTL TAKMKE [POIECCh
BAATO- M TeloobMena B cuereMe HouBa—pacrenne-—armocijepa, B
HACTHOCTH Npollecchl Tpancnupauud, gorocHuTesa v (PopMHPOBAHHA
VPOKaR CeJIbCKOXO3ANCTBEHHLIX KYJALTYP.

[lpoGaema Tpancnupamiy CBOAHTCH K 0000UIEHHIO KPHBBIX 3dBil-
CHMOCTH HM3MCHCHHH CKOPOCTH TPAHCHHpAUHH OT BJAKHOCTH H 110-
TeHllHaaa Baamunoctu noussl. Ha 37y 3aBHcuMoCcTL OKa3LIBAIOT BJAHA-
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Hue MHOrHe haKTophl, HATIPHMEP NOTEHIHAJLIA TPANCTHPaUNA, BHIL
pactedus H Ap. HM3ameneHuem sSHa4yeHHil 3THX MNEpeMEHHLIX 00bsC-
HAKTCH CABHI H NMOBOPOT KPHUBLIX TPAHCMHPAIHS — BAAKHOCTE NOU-
BLI (MOTEHIHAA BJAAXHOCTH), MTO TaKMKe HeCYUIeCTBEHHO ¢ TOYKH
spenus  (uanueckoro sakona. CyUIHOCTb CBSA3H TpaHcnHpalin ¢
BAAKHOCTLIO H TIOTEHIHAJOM BJaXKHOCTH NOYBLI BhIpamaerca op-
MO, 8 He CABHraMH M IOBOPOTAMH KPHBOH OTHOCHTEILIIO OCEil KO-
opauHar. PopMa KPHBOH XapaKTepPH3YET CBA3b CHJIbLL ¢ YCKOpeHHeM,
KOTOpas COXpaHfieTca NpH BCEX CABHrax M NnoBopoTax KpHBOH OTHO-
CHTeAbNO ocell KoopAnHAaT. MCKIOYHE M3 KOOPAHHATHOIO ONNCaITHY
JUUNTHe fannple, CBA3AHHLIC CO CHABHTOM H NOBOPOTOM KPHBLIX OT-
HOCHTEJILHO Oceil KoopAuHat, Mul NOJYUHM B ocTaTke 000GLEHHLIC
KPHBBIE TPALCHHPALHA—BAAMHOCTE H TPAHCIHPALHA — NOTEHIHA
BAAMKHOCTH A5 OOABLUHX FPYII TIOYR,

[IpoGaema nNporHO3HPOBAHHA YPOXKAH pellaeTcs Ha OCHOBAIHH
BLIMHCJIEHHA COCTABAAIOIHX  vpasHenns Tennosoro Oanadca. Ha
3TOr0 YPaBHEIHs NOJVUeNo vpasienHe QakTHYeCKol H NOTEHIIHA b
HOI TpaHCOUpalnH, a Takike ypasHelHe LAs Nporinos3a NOTEHLH-
AJBIOr0 VPOMKAas CceabCKoxossilcrsennbx kKyabtyp., Takoro poja
pacueTnLl NOKas3aaH, 4To Jame B VCIOBHAX OpOowaeMOoro 3eijeleand
H noaHoro Dananca NHTATELHLIX BEILECTD B NOYBE peanbHue ypo-
Aap CeJbCKOXO3MHCTBEHHBIX KV/JBTYP BecbMa JaJeKH OT MAaKCH-
MaJaLHO BO3MOMHLIX ypomaes, 3 sroro ¢axkra ciaeayer BHIBOJ,
YTO NOTEHUHAIBHLIC BO3MOMHOCTH PACTEHHH eue jlajJexko He He-
Uepnan.
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