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MaremaTudeckoe MOAeJINPOBaHNE BOJOOOMEHA MeXK Ty
HACBIIIIEHHOI M HEHACBIIIIEHHOI 30HAMMN APEHUPYEMOTO
IPYHTA

(IIpedcmasaeno arxademurxom HAH Yrpauno, B. T. I'punyerxo)

Hoayueno wucaenmnoe pewenue 00HOMEPHOT 3a0a4U COBMECTIHBLL PUABMPAUUL U BAG2ONEDE-
HOCA 8 00HOPOIHOM 2PYHME NPU NOCTMOAHHOT CKOPOCTIU NEPEMEUCHUS YPOBHA 2PYHMOBHIT 600
(VI'B). ITpumerumenvHo & KAGCCY NECUAHDIT 2PYHMOE MeHcOynapodrol kaaccupurayuu FAO
BHINOAHEHO MHONCECTNBO YUCAECHHHLT PACHUEMOE UHMEHCUBHOCTIU 800000MEHA MENCIY HACHIULCH-
HOU U Henacoiuerrol 3onamu. Ha ux ocnose npedaooicerovr dan xaparmepucmur 60000bmena
ANNPOKCUMAUUOHHDIE GOIPANCEHUSA, PA3ICABHO YHUMBLEANOULUE BAUAHUE HA 800000MEH MO0~
orcerus u ckopocmu YI'B. Bunoanwena ouenka snavumocmu dunamuryu YI'B daa yrxazannoux
TAPAKMeEPUCNUK.

Karouesnie caosa: TpyHT, BOIOOTAa9a, BOJIOOOMEH, HEJOCTATOK HACBIIMIEHUSI, OCYIIIEHNE, VB-
JIaXKHEHUE, BJIAYKHOCTb.

[Tpu nmpumenennu npeHazkeit B MEJITMOPATUBHOM, THAPOTEXHUIECKOM CTPOUTE/IHCTBE, B YACTHOCTH,
C TETBI0 ONMTUMU3AINY BOIHOTO PEXKUMA, CEeIHLCKOXO3SIHCTBEHHBIX 3€Mesb, 3allUThl TEPPUTOPUi
OT IIOATOIlJIEHUdA, BOSHUKaAET HeO6XO,[LI/IMOCTI) B HaYYHOM O6OCHOBaHI/II/I peryjmmpoBaHud YPOBHA
rpyHToBBIX BoJ (YI'B) 1 TecHo ¢ HUM CBsIBAHHBIX 3aIIaCOB JIOCTYIHO pacreHusiM Biaru. Hane-
2KHO PaCCUUTBIBATH IMapaMeTPhI JpeHaXka U IIPOrHO3UPOBATDL €ro JAefiCTBUE BO3MOYXKHO TOJIBKO HA
OCHOBE MAaTEMATUIECKOI'O MOJIEJIUPOBAHIS COBMECTHO ITPOTEKAIOIINX HEYCTAHOBUBIINXCS TTPOIIEC-
coB (pusibTparun u Biaromnepenoca. CooTBETCTBYIOIIIE MOJIEU BCJIEJCTBHUE JIEHCTBUS CUJT PA3J/Id-
YHO} IPUPOJBLI (IPABUTAIMOHHBIE, KAIMIISPHBIE, COPOIMOHHDIE) SIBJISIIOTCS CYIIECTBEHHO HEJIH-
HEHHBIMU U, KaK CJEJCTBUE, aHAJUTUIECKHE METOJbI 3/1eCh MasiodddekTuBHbl. OIHAKO TpUMe-
HUTEJIHLHO K I'PYHTaM C YIIPABJISIEMbIMU IOCPECTBOM JIPEHAXKHBIX CHCTEM BOJIHBIM U YPOBHEHHBIM
PEKMMaMU HEPEJIKO YKa3aHHbIE MOJEN YIAETCHA CEPhe3HO YIIPOCTUTD IIPU HE3HAYUTELHOM CHU-
JKEHUM TOYHOCTH IIOC/IeIYIONUX BhYucaeHuii. TpaguiinoHHO B MOMOOHBIX CUTYAIUSIX CKOPOCTH
BOI00OMEHA MEK/1y HACBIIICHHON M HEHACBIIEHHONW 30HAMHU W IOJIATAETCs IPSAMO ITPOMOPITHO-
HaJbHOII ckopocTu mepemerienns YI'B vy, Tak arTo

W = Uvg. (1)

KosddutmerT rporopimoHaaIbHOCTH (4 IPEICTABIIsIET OO0 (DYHKITUIO TVIABHBIM 00pa30M OT TI0-
noxenust YI'B (ormerka H), a Takke or ckopoctu vgy. [Ipu camzxenun u nogbeme YI'B Besnan-
HA [ 9ACTO OILyTHUMO PAa3HUTCs, 9TO BBIHYKAAeT GyHKIMU BogooTAaqn [ig(H, vyr) 1 HEIOCTATKA,
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HACBIIEHUs [y, (H, vpy) usydars pasjgenbuo. Onupasich Ha MOJ0OHBIM 06pa30M yIPOIIEHHbIE MO-
JIeJIn HACBIIIEHHO-HEeHACHIIIEHHOI0 TeUYeHUsI MOYBEHHO-TPYHTOBBIX BOJ, pa3pabOTaH IeJIbIi Psif
METOIOB MHYKEHEPHOI'0 pacdera MEJHOPATUBHOIO J[peHaxka, Hanpumep [1-4|. VIx HeBbicoKast J0-
CTOBEPHOCTDH BO MHOT'OM OObSICHSIETCSI OTCY TCTBUEM TIOIXOSIINX PEKOMEHIAII 110 BBEIOOPY PyH-
KIit fiq.,(H,vg) 1, Kak caencrsre, K0d(DHUITEHTOB 0CPEIHEHHOIO BOLOOOMEHR [ide, [lwe, KO-
TOpBIe OOBIYHO U MCIOJIB3YIOTC B pacueTax JapeHaxka. llociaenune hopMaIbHO HAXOAATCS Iy TEM
OCPeJHEHUsI BeJIMYUH [i4,, 110 H npu nepememenun YI'B B npoMexKyTKe MexKJly HOBEPXHOCTBLIO
eyt (orMeTKa M) ¥ HPOU3BOJILHBIM IIOJIOYKEHHEM BHYTPH CJIOSl TPYHTA, a UMEHHO,

,udc,wc(H) = ﬁ /Md,w(g) d§ (2)
H

Ucxonst u3 (2) HECTIOXKHO BBIBECTH BBIPDAYKEHUS IS [lge W flye B CIydasx, KO[Ja U HAYATBHOE
nosioxkenne YI'B (ormerka H 0), u koneunoe (H) HaxozsTcsi HUXKe MOBepxHOCTH 3emiin. Torma
IpU OCYIIIEHUN TOYBOIPYHTA

HO
1 (M — H)pae(H) — (M — H)p1ge(H°)
Mdc(H§H0):H0_H/Md(f)d£= ? 70 7 ¢ ;
H
a [Ipu €ero yBJIaKHEHUN
H
g0y 1 _ (M_ HO)NU}C(HO) - (M — H),uwc(H)
ch(HaH)—H_HO/Mw(f)df— 770 :
HO

[TockonbKy Besinunna H B IPUHITUIIE MOYXKET TPUHUMATD Ji0ObIe 3Hadenusi oT 0 10 M u KaxKoMy
U3 HUX OyJIyT OTBEYaTh CTPOrO OIpEeIeHHbIE 3HATEHUSI [ldc, fhwe, TO YKA3aHHBIE KOAMDMUITMEHTRI
dakTHIeCKH TakxXKe ABJSIOTCS (byHKIuaMu or H un vy. OpHako B onepanusx auddepeHImpo-
BaHUs ¥ UHTETPUPOBAHUS 110 MEPEMEHHON H OHM MOI'yT pacCMaTpUBATBCS KaK IMapaMeTphl.

J171s1 KOppeKTHOro ycTaHOBJIeHHsT PYHKIMOHAIBHBIX KO3(DMUINEHTOB fi4,, cormacHo (1) He-
00X0I1MO 3HATH 3aKOHOMEPHOCTH U3MEHEHHs cO BpeMeneM moJioxkenust ¥ ['B u ckopocru w. IIpa-
KTHIECKH TOYHO YIAETCsI X OIPeessiTh OJiarogapsi YUCJAeHHOMY PEIIeHN0 3aa9i BEPTUKAIb-
HOT'O TE€YEHUsT YKUJIKOCTHU C IIOJHBIM U HEIOJHBIM HachlmenneM. OOMenpuHITBIMEA IIPA ITOCTAHOB-
Ke MO/IOOHBIX 3aJ1a9 SIBJISTIOTCSI YpaBHEHUE JIBUYKEHUST YKUJIKOCTA B HACBHIIIEHHO-HEHACHIIIIEHHOM
OJIHOPOJHOM T'pPyHTE

— (Kw@f) + 2 —ow 2, (3)

a TaK2Ke XapaKTepU3yIolnee BOI00OMEH MKy MOYBOIPYHTOM U aTMOCKhEPOil, TOBEPXHOCTHBIMHE
BOJIAMH YCJIOBHE Ha IMOBEPXHOCTU 3€MJIN

so M, K@) - K@) 0 =, (4)

rne K — QyHKINOHAJBHBIA KO(PMOUIMEHT BJIATOIPOBOIHOCTH; 1 — BCACHIBAIOIIEE IaBJICHUE

(u3MepsieTcss B M. BOJH. CT. U TOJIOKUTEIbHOE B HEHACBINIEHHOI 30HE, OTpUIATE/IbHOE B Ha-
coimennoit); C'(¢) = 00/0¢ — xkosdbdunment muddepeHagibHOil BIArOEMKOCTH; € — CKOPOCTh
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[IOBEPXHOCTHOI'O BojiooOMeHa. st 3aBUCHMOCTEl BJIaXKHOCTH OCYIIIAEMOro IOYBOIPYHTa 6y 1 KO-
s durmenTa BaaronpoogHocTn K OT JaB/IeHUs MPUHUMAIOTCA HanboJiee 0OOCHOBAHHBIE W IITH-
POKO TIpUMeHsIeMble TP 00pPabOTKe COOTBETCTBYIOIIUX IKCIEPUMEHTAJBHBIX JAHHBIX BBIparKe-

uust |5, 6]

0, — 0,
= O W a0 )
Sq m 1 —-m
K() = ke[ [ (&0 —1)71/nag (/=m —1)~tnge ) | (6)
/ /

rae 0., 8; — ocraTouHAast M ITOJIHAS 38 BBIYETOM 3aIleMJIEHHOIO BO3AYXa BJIAXKHOCTH; (v, 11, 1M —
smnupuueckue Koapdummenrsr; Sq = (03— 6,)/(0s — 6,.). EquscTBeHHOCTD pelenns: paccMaTpu-
BaeMoll 3a7a49u u Bbljaesenne Y['B obecreduBaiorcs MpUHSITHEM Mapbl yCJIOBHIA

z=H, Y = 0; vy = const. (7)

Bropoe u3 ycmoBuii (7) obserdaer omeHky snadmmocTu mnojasuzkaoctu YI'B st ckopoctu Bo-
nooOMeHa, w.

Hucaennoe perienne 3ajga49u (3)—(7) mosydeHo MeTOIOM KOHEYHBIX pasHocreil. Ero pesysib-
TaTbl UCIIOJIB3OBaHbI IIPU HpI/I6.HI/I}KeHI/II/I BEJINYUH ,udyw QJIEMEHTaPpHbBIMUA beHKL[I/Ifﬂ\H/I, npuiemMm
cormacuo (1), (7)

w(H,vy)

Md,w(H, o) = T (8)

AnnpoKCcHMaITOHHBIC BHIPAYKEHUS [T [y KOHCTPYHUPOBAJIUCDH IO MYJIbTHIINKATUBHOMY ITPHUH-
nuiry. B cooTBeTCTBUM C HUM BJIMSHIE HA PACUETHYIO BEJIUYUNHY BCEX 3HAYUMBIX (PAKTOPOB JOIY-
CKAEeTCs YIUTHIBATD PasfiebHo. Takum ob6paszoM, Iyt UCKOMBIX (hyHKIUi Bo00OMeHa IIpeIio-
2KEHO TaKoe IIpeJiCTaBJIeHUE

Pdw(H, Vi) = Adw(VE) tedm,wm (H)- 9)

KiroueBoe znadvenue 1y MOAEIUPOBAHUS JACHCTBUST MEJIHOPATUBHOIO JIPEHAXKA MMEET BTOPOil
COMHOXKUTEJB B (9), TAK KAK MMEHHO OH OTPAKAET OCOOEHHOCTH MPEETHLHOTO BOIHO-(PU3NIECKO-
IO COCTOSIHUS TTOYBOTPYHTA CO CBONCTBEHHON €My MUHMMAJIBLHO HU3KON YBIAXKHEHHOCTHIO B 30HE
aspaluu u3-3a CTEKAHUsI OTCIOA BCell CBOOOIHON IDABUTAIIMOHHON BJATM M B OTCYTCTBHHU BHY-
TPEHHUX U TOBEPXHOCTHBIX CTOKOB BJjiaru. HacTymaeT momobHoe cocrosguue y rpyHTa npu 6ecko-
HEYHO MeJJIeHHOM cHuzKeHnn Y1'B, a 3HaunT npu BeIGOpe BhIparKeHust s gy, (H) B oTcyTcTBIE
UcHapeHus U WHPUILTPALIUN CJIeIyeT UCXOAUTb U3 (POPMAIBLHOIO BUJIA KPUBOU BOJIOYIEPIKUBA-
uus. Takum obpasom B (5) mostoxkeHo ¢ = z — H 1 1mocse mpocThIX TpeobpasoBaHuil MOy IeHO

tam(H) = (6, — 6,)[1 — (14 a" (M — H)")(1=/n], (10)

DyHKIMT 2Ke A\, (Vg ) ABIAIOTC yOBIBAIOMUMHY, 8 MAKCUMAJIbHOE 3HadeHne 1 OCTHraeTcs Ipu
v = 0. BeL10 TpoaHAIN3UPOBAHO DOJBIIIOE KOJUIECTBO AIIIPOKCUMAITIOHHBIX BhIpaXKeHUHN JIJTst
dbysxnuit Agq,(vy), 1 HaubosIee MOAXOASIIUMI JJIS TEOPETUYECKOrO U3yUeHHsl PeryJInPOBaHUSs
GUIBTPAITIOHHOTO PEXKUMAa ITOUYBOIPYHTOB OKA3aJUCh TaKUe alllPOKCHMAIIMOHHBIE BBIPAXKEHUsT

! (1)

M) = G T
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1
a2+/VH + 1

[1s1 BBIpaOOTKN 0OOOIIEHHBIX PEKOMEHIAINIT OTHOCHTEIbHO (DYHKIUIA [tq.,(H, vy) B HacTOsIIIIEE
BpeMsI IIOCJIE0BATEILHO BELYTCA UCCJIEIOBAHNS YNCICHHBIMI METOIaMU 3aKOHOMEPHOCTENR 0OMe-
Ha, MEXKJIy TPYHTOBLIMU U MMOYBEHHBIMH BOJAMU JIJISI BCEX PACIIPOCTPAHEHHBIX B MPUPOJIE TUIIOB
MUHEPAJbHBIX MEJIKOJIUCIEPCHBIX I'PYHTOB (COIEPIKAT TOJBKO MECYaHbIE, MbLIEBATHIE, UIUCTHIE
9acTuIbl). B II0OYBOBEIEHNH U CMEXKHBIX C HUM HayKaxX OOJIBIIMM aBTOPUTETOM IOJIb3YeTCs Me-
JKIyHApOIHAs KIacCU(pUKALNSA TAKUX I'PYHTOB II0 CTPYKTYPHBIM IpusHakaM FAQO, B coorser-
crBUM ¢ KOTOPOil Bbuiessitorcst 12 kiacco [7-9]. IlepBuunast 1esb Hammx ucciejoBaHuii 3a-
KJIIOYAeTCsl B pa3spabOTKe KOMILJIEKTOB 3aBUCHMOCTENN fid . (H, VE ), fdewe(H, Vi) mist KaxkIoro
KJ1acca JiaHHOM Kitaccudukanun. COBOKYITHOCTD U3 12 TaAKMX KOMILIEKTOB M COCTABUT B OY/IyIIeM
OCHOBY 0a3bl JAHHBIX II0 XapaKTepUCTUKaM BogooOMeHa. BmecTe ¢ TeM HaMe4deHO, OPUEHTHPYACH
HA YKa3aHHYI0 CHCTeMATH3aIluio I'PYHTOB, CO3/aTh aJbTePHATUBHYO 0a3y JAHHBIX, IpUIeM Oy-
JIeT MIPUBJIEKATHCA OOIIHpHAas HHAOPMAIS OTHOCUTE/THHO THAPOMU3TIECKIX XapaKTEPUCTUK HE
TOJIBKO U3 PA3HOOOPA3HBIX 3apyOe’KHBIX UCTOTHUKOB, HO TAKKe 1 13 OTeYeCTBEHHBIX. B cobcTBeH-
HOI Oa3e mpeoaraeTcsa JOMOJHUTEIBHO BBIJIEJIMTh W 00ECIIeIUTh HEOOXOIMMBIMH JTAHHBIMH,
BO-TIEPBBIX, B [EPBOM KJjlacce 3 MOJKJAcca (KPYIHO3EPHUCTBIE, CPEIHE3EPHUCTBIE U MeJIKO3ep-
HICTBIE [IECKH), BO-BTOPBIX, OTAEABHBIN KJIaCC TPYHTOB C IMOBBIIIEHHBIM COCPZKAHIEM OPTAHIKN
(uepHO3eMbl, TOpdsiable TPpYHTHI). U HakoHer 6yyT pazpaboTaHbl MPeJJIOKEHUs 10 KOPPEKIIN
BBINIEYTIOMSIHYTHIX XapaKTEPUCTUK B CBSI3U C HEPABHOMEPHOCTHIO BOJIOOOMEHA BIOJIb (DUIBTPA-
IIOHHOI'O IIOTOKA, YTO OCODEHHO aKTyaJbHO IPU pacdeTax IeUCTBHA U IIapaMeTPOB MEJIHOpPa-
TUBHOI'O JIPEHAKA.

DKCIePUMEHTAJIbHBIMA METOJAMEI U3y IaIuCh THAPOPU3NIECKHE CBOMCTBA TJIABHBIM 00Pa30oM
OCYIIAeMbIX I'PYHTOB. AHAJIOIMIHBIE UCCJIEIOBAHUS JJIsl YBJIAYKHSIEMbBIX I'DYHTOB BBIIOJIHSIIACH
3HAYNTEILHO PerKe U HOCAT pparMeHTapHbIi xapakTep. [losToMy 00beM HaKOIJIEHHBIX JTaHHBIX
o napamerpam Ban ['enyxrena i1 yC/IOBHiI BOJIOHACHIIIEHKS II0Ka CJIMIIKOM MaJIblil U He II03BO-
JISIET CO3JaTh PABHOIIEHHYIO 0a3y OTHOCHTEIHLHO XapaKTepUCTHK HedocTaTKa Hackimenus. OmgHa-
KO 6J1aroJiapsi U3BECTHOI CBSA3HM MEKJLy [PEIeJIbHBIMU OCYIIUTEIbHON 64(1)) U yBIAKHUTEIbHON
0., (¢) BerBsiMu ocHOBHON THpodu3MIecKoil xapakrepuctuku [10, 11]

(1) = es<1 . W) (13)

Adw(vH) = (12)

Os

YJIA€TCsl KOHKPETU3UPOBATH JIJIst JTFOO0ro n3 12 KJIaccoB COOTBETCTBYIOILYIO €My Pelpe3eHTaTHB-
uyio byskiwio 0,,(1). Ona, no cyru, sBisiercs monndukarpeii dyuxyn Ban enyxrena u Bros-
He [PUTOJHA JIJIsi MHKEHEPHBIX PACYETOB IOIIOYBEHHOTO yBIaKHEHUs. KC/IM OCHOBBIBATHCS HA
npescTaBiennn (i, (H,vy) B Buzge (9), To ¢ yaerom (13) ee mpenesnbHast BEUIUHA [lym (H ) co-
CTaBUT

() = /B = 0,04 /1 — [L + an(M — Fyr]a-m/n ) (14)

dopma anmpokcuMaImoHHbIX Beipazkenuii (11), (12) coxpansiercs. [Ipu srom nmeer 3uadenue He
HaIPaBJIEHHOCTH nepemertierus YI'B, a Toabko ero ckopocth. Koaddurments xxe ay, as Temepb
OAOUPAIOTCS C TOMOIIBIO YUCIEHHOIO PEIeHUsT 3aa91 yBIaKHEHN IPYyHTa, COIIPOBOXK IAOIIIE-
rocst TIOJIbEMOM C MOCTOsIHHOM ckopocThio YI'B (obecneunBaromniuii ero 3ak0OH U3MEHEHUsT HAIIOPA
B OCHOBAHUU KOJIOHKU TPYHTA SABJISETCS TOOOYHBIM PE3YIBTATOM PEIeHIs ).
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Puc. 1. BaBucumocts uq(H): 2, 4, 6, 8 — annpokcumanus; 1, 3, 5, 7, 9 — ducienusiit pacuer; I — vg = 0; 2,
3— vy =002 4, 5—vg=01;6, 7— vy =0,5; 8, 9 — vy = 7,13 m/cyT

Koaddunuentsr ocpeaneHHON BOTOOTAAYMNA U HEIOCTATKA HACBIIEHUsT TPOCTO PACCIUTHIBA-
10TCST B COOTBETCTBHU € (2) mexonst w3 (9) TONBKO IpH M3BeCTHOI ckopoctn vy. OnHako, Kak
IPABIJIO, OHA IIepeMEHHasl U 3apaHee Hem3BecTHa. 1109TOMy mpesyiaraeTcst MM 3aJaThCs IIPH-
MEPHBIM MOCTOSIHHBIM (CPEJIHIM 3a PacYeTHbIH [HepUo/T) 3HAYCHUEM U, W 3aT€M OISTh BOCIOJIb-
30BaThCs (2), WK, IPEJIBAPUTEIBHO OIEHUB 3HAYUMOCTD Uy JIJIsi CKOPOCTH W, HAfTH IIpeJIe/IbHOe
SHAYEHHE Ufy4, IPU KOTOPOM €IIie JOIycKaeTcst noarath Ag = 1. Torna B quanasone 3sHa4eHUH Uy
ot 0 J10 V7, ONPaBIAHO HAXOUTD [i4. IIyTEM OCPE/IHEHHsI COIIACHO (2) TOJIBKO OYHKINH [y, (H )
B mpenenax or M 10 KOHeIHOro 3HadeHusi H, Tak 9TO IIpW OCYIIEHUU [TOYBOIPYHTA

M
pael1) = 8D [ (€1
H

OHHC&HHbIﬁ BbIII€ aJITOPUTM YCTAHOBJICHUA I3TAJJOHHBIX XapPaKTEPUCTUK BO,H‘OO6MeHa n nux
TpUOIMKEHNH HIKE peau3yeTcsl Ha MpUMepe MePBOTO KJTACCA BBIMIEYTOMSIHYTON KIACCH(DIKA-
o1 I'pyHTAa. OIIpe,He.H?IIOH_Lee 3Ha4Y€HNUe B pacdeTaX YKa3aHHbIX XapaKTEPpUCTUK UMeeT 3anMCTBO-
BaHHbI U3 pador [7-9| nabop 3uavenuit napamerpos Ban Tenyxrena (o = 14,5 ML n = 2,68,
m =2, s = 0,43, 6, = 0,045), KOTOPBIH OTBEYAET NPEIEIBHON OCYIIUTENLHON BETBU DElpe3eH-
TATHBHOTO [ECYAHOro IPYHTA ¥ JIONOJHSIeTCs kg = 7,13 m-cyr L.

Basucumoctsb fig(H), HaiijeHHasi UCXOJ U3 YUCJIEHHBIX PAcYeToB cKopoctd w u (8) mpu
CYIIIECTBEHHO Pa3/IMIAONINXC (PUKCUPOBAHHBIX 3HAYEHUAX U, n300parkeHa B BHUJE CeMelCcTBa
rpadukoB Ha puc. 1. Tak Kak HaUMeHbIEe COEpKAHIE BJIaru 0e3 IBATOTPAHCIIUPAIIIH JTOCTH-
raeTcsl B 30He adpaluy ocyaeMoro rpyara npu vy = 0 (t — 00), TO COOTBETCTBYIONIAsT KPUBasi
1 orpaHmumBaeT ocrajbHble pacdeTHble GyHKIMN (npu vy > 0) cieBa. 3acayKUBaeT BHUMAHUS
HaJIMIMe y KPUBBIX Ha puc. 1 ¢pusnuecku 0OOCHOBAHHBIX TOYEK Ieperuba. AHAJIOIMIHBbIE MPU-
6uimkenHble Kpusble (2, 4, 6) onpenensinuck no dopmyie (9) ¢ yaerom (12) u mouru cimimch
¢ srajonabivu (3, 5, 7) 3a UCKJOYeHHeM MaJioro mHTepBasia 3Hadenuit H (ot 0,2 10 0,35 m).
Cretyer 3aMeTHTD, ITO IIPU MPHOINKEHUN STATOHHON BEJUIUHBI A\g ¢ moMoIbio dyuknmit (11
u 12) xosddunnentsr ai, az pesko ormuaoorcsa. Popmanbro uz (8), (9), (11), (12) mus zHux
JIETKO TOJTYIUTD CJIEYIONINEe BBIPAYKEHUS:
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Puc. 2. Basucumocts pqc(H): 2, 4, 6, 8 — annpokcnmarus; 1, 3, 5, 7, 9 — uncnennbiii pacuaer; 1 — vy = 0; 2,
3— vy =0,02; 4, 5—vg =0,1;6, 7—vg =05 8 9— vy =7,13 m/cyT

Anamus koaddunuenTos ay, ag Ha ocuoBe (15) U ¢ MpUBIEYEHIEM MHOXKECTBA IHCICHHBIX JTaH-
HBIX TI0 W IOKAa3aJl, YTO IEPBBII 3aBUCUT OT vy HAMHOIO CHibHee. BMmecTe ¢ TeMm ag 3aBUCHT
or vy caabo, Tak YTO MPABOMEDPHO OIEPUPOBATH 3/16Ch IIOCTOSIHHBIMU (YCpPEIHEHHbIMNU) 3HAUE-
HUSIMU G2. Y MECTHO OTMETUTH, UTO IIPU BHIOOPE TOCTOSTHHOI'O 3HAYMEHUS (2 I€JIeCO00Pa3HO MPU-
HAMATb BO BHUMAaHUE CKOPOCTh (PUIHLTPAIMOHHOIO MPOIEcca. 1aK, MPUMEHUTEIHLHO K YCIOBUAAM
OCYIIEeHUsI TIepEeyBIaXKHEHHBIX 3eMeJib, KOrja 3HadeHus vy cpasHuTeabHo Mmasse (ot 0,001 10
0,1 m/cyT), pekomenyercs 6parb ag = 0,166 M 00 cyT075. Nmenno TakoMy 3HAYEHUIO G OTBE-
JaroT IpUOJIMKEHHbIe KpuBblie 2, 4, 6, § Ha puc. 1. Eciu ke paccMaTpuBaTh MMOJHBIA IUaa30H
sHaveHuii vy (orpanudeH cBepxy ks), To mpejodTuTeabHee nojararb az = 0,185 M 00 cyTO’S.
DTy KOHCTAHTY B IPUHIUIIE MOXKHO CUUTATH YHUBEPCAJILHOMN, IIOCKOJIbKY OHA ITPUTOIHA JIJIS JIIO-
ObIX ycsoBuit ppernupoBanus. [Ipu 3ToM cOOTBETCTBUE MEXKTY STAJOHHBIMU U TPUOJINZKEHHBIMEI
KpuBbIMU fig(H,vp) TPH MAJBIX U YMEPEHHBIX CKOPOCTsAX nepemernennst YI'B ayrh yxymmae-
TCs, HO 3aTO B 9KCTPEMAJILHON CUTYAIUU vy = kg BBIUUCIUTEIbHAS MOTPEITHOCTh YMEHBIIAeTCs
BaBoe. Ecim ke BocnosbzoBarbes (11), To 1om06HOe yHHBepCcasbHOe 3HavYeHHe st Koddbdu-
[UEHTA (] TMOJ00paTh HE Y/IaeTCs BBUJY €r0 BO3MOXKHOI'O 3HAYUTEJILHOINO W3MeHeHusi. lem He
MeHee, B C/Iydae HU3KOH MHTEHCUBHOCTU (DUIBTPAITMOHHOIO IIPOIIECCA JIOMYCTUMO 3a1€fiCTBOBATH
B JIDEHAKHBIX pacderax Takxke (11), momaras a; = 0,834 ML cyT. UTo ke KacaeTcs pacde-
THBIX (POPMAJIM3MOB, TO OHHM 3aMETHO IIPOIIE, eCJIM OCHOBBIBAIOTCs Ha Bbipaxkenun (11). Bupo-
geM, 10JI00HOE yIpOIeHne He MMeeT MPUHIUIHAJIBHOIO 3HaUYeHus OJiarojaps MCIOJIb30BAHUIO
CTaHJIAPTHBIX [IAKETOB IIporpaMM Maremarudeckoro anaiausa (Mathcad, Matlab u np.). Uraxk,
JIJISE pacdeToB (DUIBTPAIMOHHBIX XapPAKTEPUCTUK B JIAHHOM CJIydae HPeJIaraeTcs CJIeLyIoIas
perpe3eHTaTUBHAS (PYHKIUS BOIOOTIAYN:

dH dHN\ 1
Hd <H7 dt) = 0,385 (1 + 0,166dt> {1 — []. + 1295758(M _ H)2768]—0,627}‘

Pacxoxienne MexK/1y 9TaJOHHBIMU U TPUGIMKEHHBIMI KPUBBIME yYCPETHEHHON B COOTBETCTBUI
¢ (2) dyukun Bomoornaun fig.(H, vy ) He yBeJUINIOCH, O 9eM CBHIETELCTBYeT puc. 2. Ouesui-
HO, 9TO IPU YCKOPEHHOM JBHKeHHH YI1'B MeK30HHBIH BOIOOOMEH COKPAINAETCsI, a €ro Xapak-
TEPUCTUKU yMeHbIaoTcsa. O 3HAUMMOCTH Vg JIJIsl OCYITUTETHLHOTO MPOIECCa TI03BOJISIET CY/IUThH
3aBUCHMOCTD [ig(vpr). OnucpIBaioIue ee STaJoHHbIE U TPUOJINZKEHHbBIE KPUBbIE PACCUUTAHDBI IPU
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Puc. 3. BaBucumocts pq(ve): 2, 4 — anmpokcumanust; I, 8 — umcieHHslii pacuer; 1, 2 — H = 2 M; 8, 4 —
H=05wMm

pa3IMYHbIX (DUKCHPOBAHHBLIX oTMeTKax H u m3obpazkenbl Ha puc. 3. Ilokazare/lbHbBIMEA 371€Ch
sipistiorest 3uadenust vy 0,6, u 0,3 m/cyr. Tak, nupu vy mensine 0,6 m/cyr (wiu 0,3 Mm/cyT) npe-
HebpexkeHne BiIusgHueM JuHaMuku Y 'B Ha BomoobMeH 00yCJIOBUT OMUOKY IIPHU OIIPEIEJICHUN i,
a 3HAYWUT ¥ T0Kazaresieil puiabrpaiontoro pexkuMa nopsijika 10% (wmm 5%) u menee. B takux
CUTYAIUsIX IIPU BBIIIOJHEHUN WHXKEHEPHDBIX PACUYETOB OMPABIAHO OTOXKIECTBIISITD fiq C [hdm-

Bausuue ckopoctu cumxkenus YI'B Ha Beuauny (1 CTAHOBUIOCH ONIYTUMBIM IIPU XapaKTep-
HBIX JIJIT THTEHCUBHOTO APEHUPOBAHNS TOYBOIPYHTa 3HAUEHUIX UV, KOT/Ia, HAIIPUMED, IIOHNZKEH-
HBIIl HATIOP CO3/1aeTCsl Ha BCEM €r0 OCHOBaHUU. B cityuae jieiicTBUst TpyOIaTOrO JpeHarka 0ObITHO
CKOPOCTH Uy MEHBIIE Ha MOPSAJIOK U BBIIIE.

[Tonobrast porie/rypa UCIOIb30BAJIACEH U [IPU OIPEIEJIEHUN ITAJOHHBIX U PUOJIMKEHHBIX Be-
ananH YHKIUE HeJocTaTKa Hachlmenus f,(H,vg). Ho Teneps npumensuiach dyukius Ban
Tenyxrena (5), XOTst U ¢ IPEKHUMH 3HAYCHUSIMU [IAPAMETPOB &, M, O, 6, HO aJATUPOBAHHASI
K YCJIOBHSIM ITOJIIOYBEHHOTO YBJIAXKHEHUsT [TOYBOTPYHTA. YKa3aHHAs (DYHKIUS PacCIUThIBAIACD
TaKKe, BO-IIEPBBIX, YHCJIEHHLIM IIyTEM IIOCJIe 3aMeHbI IpelesbHoil ocymmurenbaoil Bersu OI'X
Ha [PEJIEJIbHYIO YBIIAXKHUTEIbHYIO, cieiysi (13); BO-BTOPBIX 110 allIPOKCUMAIMOHHOMY BbIPayKe-
unio (9) ¢ yuerom (12) m (14). IIpm sTOM HCIOIB30BAIOCH UNCJIEHHO OOOCHOBAHHOE 3HAYEHIE
as = 0,085 M7 . cyTO’5, ¥ TakuM 00pa3oM uckomasi (BYHKIIUs M TPEICTaBUTEILHOTO Mecta-
HOT'O T'PYHTA IPUHAIA CACIYIONNANA BUI:

dH dH\ !
Ll <H dt) = 0,407 (1 T 0,085dt> V1 —[1+129558(M — H)%68]-0,627,

Pesynbrarer pacaeros i, (H) npeacTaBieHbl Ha puc. 4 U CBHJIETEILCTBYIOT O BBICOKOM KadeCTBE
[IPEJIJIOKEHHON Jijist (DYHKITUU HEeTOCTATKA HACBIIEHUS AlIPOKCAMAIUH.

Urax, onupasich Ha pe3yIbTaThl YUCICHHOTO aHAIN38 COBMECTHBIX (DUILTPAINN U BIATOIEPe-
HOCA B OJHOPOJIHOM I'DYHTE YCTAHOBJIEHBI 32aKOHOMEPHOCTH BOJIOOOMEHA MEXKJIy €r0 HACBIIIEHHO
U HEeHACBIMEHHO 30HaMu. [IpeiokeHbl 3(pPEKTUBHBIE AIIPOKCHMAIIMOHHBIE BBIPDAYKEHUST JIJIsT
GYHKIWI BOJOOTIAYN U HEJOCTATKA HACBINIEHWS, KOTOPBIE JIOCTOBEPHO OMMUCHLIBAIOT X TECHYIO
CBS3b C IIOJIOYKEHUEM U CKOPOCTbIo mepemerrenust ¥Y['B. Brinonnennoe mjis omHoro xjiacca me-
JKIyHApOaHON Kinaccudukauu rpyHToB FAO obcTosiTelbHOE COTOCTABIEHNE ITAJOHHBIX U TPH-
OJIMYKEHHBIX PACIETOB XapaKTEPUCTUK MEXK30HHOIO BOJOOOMEHa TMOKA3aJI0 BBICOKYH) TOYHOCTH
[IOCJIEIHUX B IIMPOKOM JHAIla30He BOJHO-(DU3UYECKUX YCJIOBUH. Y KA3aHBI MIPEJIEIbl N3MEHEHUS
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Puc. 4. BaBucumocts pw(H): 2, 4, 6, 8 — annpokcumanus; 1, 3, 5, 7, 9 — uuncaennwiit; | — vy = 0; 2, 8 —
vg =0,02; 4, 5 —vg =0,1; 6, 7—vg =0,5; 8 9 — vy = 7,13 m/cyr

ckopoctu YI'B, B KOTOPBIX OmpaBIaHO CYIIECTBEHHOE YIIPOINEHNE PACYeTOB JIEHCTBUS U Mapa-
METPOB JIPEHAKA.
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Mathematical modeling of water exchange between saturated and
unsaturated zones of drained soil

A numerical solution of the one-dimensional task for a saturated-unsaturated flow in uniform soil
at a constant water table velocity is obtained. A great number of numerical computations of the
water exchange between two zones for the sand class by the international classification FAO are
performed. Approximate expressions for water exchange characteristics with regard for the effects
of water table position and velocity separately are proposed. For the above characteristics, the
significance of the water table dynamics is estimated.

Keywords: soil, water capacity, water exchange, saturation lack, draining, wetting, moisture.
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