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Ilpenucnosue

KpyrtiHbie TEXHOT€HHBIC aBAPHM Ha aTOMHBIX IEKTPOCTAHUMAX, NPEATIPUITH-
SIX AOEPHOTO LMKIA M XHMUYECCKOH NMPOMBIIITECHHOCTH CONPOBOXKAAIOTCH 3HAYH-
TENBHBIMHU BhIOpOocaMul B aTMoctepy 3arps3Hsromux BemecTs {55, 56, 64, 129].
H3BecTHO Takke, YTO OONBIIMHCTBO MPOM3BOJACTB NOKA HE UMEET 0E30TXOXHOU
TEXHOJOTMH M HEOOXOIuMa OICHKA BO3ACHCTBHUS MPOCKTHPYEMBIX WIH IEHCT-
BYIOLIMX TIPEANPHATHII Ha OKPY)KAIOIIYIO CPeNy B TEUCHHE MPORXOIDKUTENBHON MX
3KCIAyaTamuy. JTUM OOBICHIETCS Ba)XHOCTh NMOHMMAHMA TIPOLECCOB IEPEHOCA,
PaccesHUs M OCAXACHUS 3arPS3HSIOMMX BEIMIECTB B HMPH3EMHOM M IMOTPAHWYHOM
CHOSX aTMOC(HEpBL

BonsmuuCTBO NEPBRIX 3KCOEPHMEHTANBHBIX KAHHBIX IO atMochepror mud-
¢y3un, cornacHo [71], mosyyeHs! B HCCIEXOBAHUAX, TPOBOAMUBIMXCSA B AHITIHA B
20-¢ Tompl XX CT. B CBsI3u C HEOOXOMMMOCTBIO OIPEAECICHUS PaCCEUBAHUS AXOBU-
TBIX TA30B TIPY PA3MYHBIX METCOPONOIMYECKUX YCIOBHIX B TIEPHOA XUMHUIECKOH
BO#HEL B Hame Bpems chepa mpuMeHUMOCTH 3HaHMI 00 atMoctepHoH auddysnn
pacmmpmiack. B 4acTHOCTH, HCCAEAYIOTCA 3aKOHOMEPHOCTH DPacIpOCTPaHECHMS
HCKYCCTBEHHBIX a9PO30TbHBIX OOIAKOB, CO3HABAEMBIX C LIEABIO MACKHPOBKU Ha-
3eMHBIX M BBICOTHBIX OOBEKTOB, CKOPOCTH PACTIPOCTPAHCHHMS SIIOBHTHIX BEIIECTB B
IPU3EMHOM CIIOE aTMOC(hEpPBI NP Pa3nuBaX XMMHUYECKUX BEMECTB, HHTCHCUBHOM
MBUICHUH XBOCTOXPAHMJMII TBEPABIX PAaAHOAKTUBHBIX M APYTUX IPOMBINLICHHBIX
OTXOJOB, & TAKXKE B CEbCKOM M JIECHOM XO3sHCTBax HpH 00pROE ¢ BPEIUTEIIMH
IS CIIEKCHHUS 33 PacTipoCTpaHeHHeM 0071aKoB SA0XMMUKATOB.

Hccnenosanns armocdepHoit mud@y3uu OT TOUeUHbIX HENPEPHIBHBIX HCTOY-
HUKOB 3arPAHAIOIMX MpuMecei (Tpyd MpOMBINUICHHBIX HPEATIPUATHH) B HACTOS-
1ee BPEMs JOBEACHB! A0 CTAHZAPTHBIX METOAMK. B oTimume or HHUX paspaboTka
METOHOB pacyera MpH aBApPHUIHBIX CUTYALMSIX CIIC HAXOOUTCA B PasBHTHH, 4TO
00YCIOBIEHO KAK MHOroo0pasmeM caMuxX aBapHHHBIX CHTYalHil, Tak U HEAOCTAT-
KOM JKCIICPUMEHTAIBHBIX AAHHBIX B HATYPHBIX YCJIOBHSX, NOATBEPIAIONHXK HIIU
YTOYHAOIIMX TEOPCTHYECKUE PE3YJIBTATHI B JTOH obnactu ¢u3mku atMmocdeps:.
HeiictBuTensHo, n3-3a GONBIIMX CKOPOCTEH NMPOTEKaHMSA HEPEXOIHBIX NPOIECCOB
JIOKQIM3aLUs TIEPBBIX CTaAuil HAYMHAIOIMXCS aBapuil TpeOyeT MpeBEHTUBHOI To-
TOBHOCTH K Pa3sBUTHIO NOCHCAYIOIIUX COOBITHI B O4eHb Kopotkue cpokw. [Ipm
3TOM (haKTOp BPEMEHHU HTPACT ONPEAEIIONIYIO PO IPH PEIICHHU BOIPOCOB IPO-
TCHO3MPOBAHMA PAAHALMOHHON, XHMHYCCKOH OOCTAHOBKHM, IPHHSTHA CPOYHBIX MEP
¥ CHCTEM MOHMTOPHHTA JUIsl TOCHERyonIeii peanu3auny 3HQEKTHBHBIX KOHTPMED,
KaK MMPaBWJIO, HA 3HAYUTEIBHOH TEPPUTOPUHM, IPUICTAIOIIEH K HCTOYHUKY 3arpss-
HEHVIA.

PacnipocTpaneHne BBIOPOCOB 3arps3HAIOIINX BEIIECTB NPUHATO PacCMaTpH-
BaTh B BUAE oOnaxa (kiyba) min pana kiiyOoB B MPU3EMHOM Coe aTMOC(EPHI, ec-
7Y BBICOTA BpIOpocoB Oblia B mpepenax 10 — 50 M Hax mOBEPXHOCTBIO 3EMIH, WM
B TOTPAaHHYHOM CJIO€ — Ipu BeIOpocax Ha Beicotax Gonee 100 m. Io mpomomxu-
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TEIBHOCTH BHIOPOCOB B aTMoc(epy 3arps3HSIOIIHX BEINECTB MCTOYHMKM MOXKHO
pas3aenuTh Ha TPH THIA. HCTOYHHUKH HEIPEPHIBHOTO BPEMEHH JSHCTBHS (BEHTHIIS-
LUMOHHBIE TPYOB! NPEANPHUSTHH HENPEPHIBHOTO UMKIA PabOT), HCTOYHHKM KOHEY-
HOT'O BPEMCHM ACHCTBHSA ¥ MCTOYHMKYM MIHOBEHHOTO AciicTBus. Ilpm MraoBeHHBIX
Bbibpocax Hambonee ymoOHO ClemuTh 32 PacIpOCTPAHCHMEM M PACCESHHUEM OT-
IEeTbHOro obnaka B CHCTEME KOOPAUHAT C HAYajJOM, PaclONOKCHHBIM B LEHTpPE
JBHKYIIErocs 00laka, T.€. UCHONB30BATh JIarPAaHIKEB METOX ONHCaHus aTMochep-
Hoit muddy3un.

OKCIIEPHMEHTAJIPHBIC U3MEPEHHUS XAPAKTEPACTHK TypOYJEHTHOCTH B mepe-
MenHbIx Jlarpanka BCTpeYaroT 3HAUMTCIBHBIE TEXHUIECKUE U OPraHU3AIMOHHBIC
TPYZHOCTH. JTO CBA3aHO C OOABIIOH MPOCTPAHCTBEHHOW HEOAHOPOTHOCTBIO H
BPEMEHHON M3MEHUYHBOCTHIO IOJICH METEOPOJIOTHYECKHX JIIEMEHTOB, OIPEICILIIO-
IMX MPOLECC PacCesHUsS NpUMecH B TypOyneHTHol armocdepe. J[aHHBIC DPAMBIX
IKCIIEPUMEHTANBHBIX M3MEPEHHH B OTCUECTBEHHOH HAYYHOH JHTEpaType BeCbMa
HEMHOTOYMCHEHHB ¥ pa30pocaHsl B OCHOBHOM IO MHOTHM MEYaTHBIM TPyZaM
70 — 90 rT. TPOIIIOTO CTONETHUS U, TIO CYTH, TAKXKE HEIOCTYIHBI U3-38 OTCYTCTBHS
KX B 9JIEKTPOHHOM BUJE.

B cBasu ¢ oM B mpeacTaBneHHON pabore cobpansl u 0600mens! TPyas!
KouiekTHBa Jaboparopuu atmocheproit auddysun HHCTHTYTA IKCHIEPUMEHTAB-
Hoit mereoponorun HITO «Taitdyn» I'ockomurera CCCP, peann3osaBmmx JKCIe-
PHMEHTAJIBHBIC MPOrPaMMBI [0 HCCICAOBAHUWIO MU(QQY3HOHHBIX XapaKTEPUCTHK
HCKYCCTBCHHO CO3JaHHBIX a3PO30JbHBIX 001aKOB IIPUMECH, TPACKTOPHI TETPOHOB
I715 OLIEHKH CTATHCTHYCCKHX XapaKTCPHCTHK TypOyaeHTHOCTH. TeoperndecKoH
OCHOBOH NPOBEACHHUS IKCICPUMEHTOB OBLTM TEOpHst MOZOoOHMs HPHU3EMHOTO CIOs
atmocdepsr B nepemeHHBIX Jlarpamka U TeOpHs OAHOPOINHON TYpPOYIEHTHOCTH B
CI0€ TepeMeIuMBanus. Pe3yibTaThl 3THX HCCICAOBAHMH YaCTHYHO HCIIONB30Ba-
nuck Taxke B pabore [12}, mocBsmieHHOM, B OT/IMUMe OT AAHHOH MoHOrpadum,
pasHbIM MeTOAaM OmHCaHus TypOylaeHTHOH Iuddy3uH, pa3nU4HBEIM PACYCTHBIM
MOZCISIM JUTS TSHKENOH | NSTKOH MPHUMECH.

PesynbraTel mpeacTaBieHbl B (OpPME JOCTYIHOW JUIS HAYYHBIX COTPYIHMKOB
OTpACNEBBIX HAYYHBIX OPraHM3ALMiA, CHeUHATH3UpyoWuXcs B obnactu mpobiaem
0€30MaCHOCTH NPOMBIIUTCHHBIX NPEAOPHATHH, pa3pabaTsBaIOMUX OTPACICBHIC
HOPMATHBHBIC JOKYMCHTHl H MEpBI IO OpPraHH3alMM IPaMOTHOrO MOHUTOPDHMHIA,
TIPOBEACHMS ONTHMAJIPHBIX KOHTPMEP 1O JHKBHIAINH ITOCIECACTBUN aBapHil.

ABTOp cYMTaCT CBOMM AOJIIOM BHIPa3suTh OJarogapHOCTH BCEM COTPYAHHKAM
na6oparopun atMocdepHoit muddysnu MHCTHTYTA IKCIEPUMEHTAIBHON METEOPO-
noruu HIIO «Taiidyn», yeacTBOBaBIIMX B NOICBHIX IKCICPHMEHTAX B PA3IHYHEBIX
gacrax Coserckoro Coro3a, 00paboTke HaHHBIX H3MEPEHHI U UX HHTEPIPETAIUH,
a taxoke W. T1. Lllexemenko 3a momoms mpu 0pOPMIICHUHN PYKOIHCH K TIEYaTH.
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CpCaoHAA BCPTHKAJABHAA CKOPOCTH IABHXKCHNA YaCTHL IIPUMECH
CpEaHsad BCPTHKAJIbHAA CKOPOCTD LEHTPA TAKCCTH obaka

ropusoHTanpHas KOOPpAWHATa, OTCHMTBIBACMas I10 HAMPaBICHHIO
CpCAHEro NOTOKa OT HCTOYHUKA IMPUMCCH

TOPH30HTANbLHAS KOOPAMHATA, HANPABJICHHAs NEPNCHAHUKYISIPHO K
OoCH X BIIEBO

HavaJibHas [TOyHIMprHa obnaka (CTpys) NpuMecH

BEPTUKANIbHAA KOOPAMHATA, OTCYMTBIBAEMAd OT YPOBHSA ITOJACTH-
JIAFOLICH TIOBEPXHOCTH

BBICOTA LIEHTPA TDKECTH OONaKa mpruMecH

napaMerp MEpOoXOBAaTOCTH NOACTHIIAIOMEH TOBEPXHOCTH
yHUBEpCanbHas KOHCTaHTA aOCOMIOTHOM AUCIIEPCHHM KOOPAHHAT
IpH HelTpanbHOM cTpatudukatyy, i= X, V, Z

YHHBEPCANbHAsl KOHCTAHTA OTHOCHTENBHON AUCIEPCHU KOOPAUHAT
IpH HEHTpanbHOH cTpatudukaumy, (=X, ), 2

My/IbCALHH TEMIEPATYPH

nocTosiHHan Kapmana

ILIOTHOCTB BO3OyXa

abGCOMIOTHAS JUCTICPCHS KOOPIMHAT, i= X, ¥, Z
IUCTICPCUs OPAMHAT OCH CTPYH HA PACCTOSHHM X
HanpaBJcHUE BETPA



Yacrts 1. TypOynentnas inddy3us B npH3eMHOM
cjioe arMocgepnl

I'nasa 1. Xapakrep nud¢ysnn B 0b61akax npumMecn
B 3aBHCHMOCTH OT BbICOTbI CJI0S1 IEPEHOCA H PACCesTHHSA

Jns agexkBaTHOTO ONMMCAHHS HEPEHOCA U PACCESHMS NPUMECH HEOOXOMUMMBI
IKCNIEPHUMEHTANbHBIC M TEOPETUYECKUE HCCICIOBAHUS MAPAMETPOB TYPOYICHTHOM
i dy3un 3arps3HsMIOMUX BEMIECTB, TarpaHKEBRIX XaPaKTEPUCTHK TYPOYICHTHO-
CTM B NpPU3EMHOM M TOIPaHMIHOM CIOsSX atMocepsl. Jlns pacuera paccesHus
IPUMECH B TOTPAHMYHOM M IPH3EMHOM CJIOSX aTMOC(Eepsl OT HCTOYHHKOB pas-
JIMYHOTO THUNA TPeOYeTCs 3HAHME JNArPAHKEBBIX CTATHCTHYECKUX XapaKTEPHUCTUK
TypOyIEHTHOCTH, OCOGSHHO TAKHX KaK BEJMYMHEI COCTAaBISIONIHNX TypOyNCHTHOM

sHeprmm u° , V', W’ K JArpaHXeBH MHTEIPAIbHBIC BPEMEHHBHIC MACIITAGHI

TLu H] TLV > er :

B macrosmeii pabore TEOpeTHUECKOM OCHOBOIH IKCIEPHMEHTANBHBIX AaHHBIX
10 IPU3EMHOMY H TIOTPAHHIHOMY CJIOSIM aTMOC(Ephl COy:KaT TEOpH OAHOPOTHOI
TypOYJIEHTHOCTH B CIIOE HEPEMEMMBAHNS U TEOPHst MOZOOHS TarpaHKeBbIX XapaK-
TEPUCTHK TYPOYACHTHOCTH B NPU3EMHOM CJIOE aTMOC(HEPEL. '

Bei6op Mogenu npouecca pacCesHus MPUMECH B TOPU30HTANBHON MIOCKOCTH
3aBHCHT OT MHOrux (axropos [23]. I'maBHBIM M3 HUX SBISETCS yYeT Xapakrepa
CKOPOCTY PAacCessHMA B CTPYE MM 061aKe IIPUMECH IIs COOTBETCTBYIONIMX BPEMEH
mudysun. O030ps! JaHHEIX MO ITOMY BOIPOCY MOXKHO HAWTH, Hanpumep, B [60,
102]. Haubonee oOmupHEIi MaTepran dKCIICPUMEHTANBHBIX padoT, BHIMOMTHEHHBIX
B ocHoBaoM B CILA, cobpan B [60, 102], B xOoTOpBIX AaHHBIC O NoNepedHOM aud-
¢Gy3uH OT MPH3EMHBIX M BBHICOTHBIX HCTOYHMKOB NPUMECH PacCMaTPMBAIOTCA pa3-
IEIBHO.

O6b14HO ABTOPBI OTPAHMYHBAIOTCSA ONCHKAMM 3aBHCHUMOCTEH AMCIEPCHI OT
paccTosHug Hnu BpeMend Aubdysun, oucHkamu koddbuuuenta muddysun. Iro
He JaeT MONHOrO MPEeACTABIEHUs O MPOIECCE PACCEAHUSA B MOTPAHUHIHOM CJIOE aT-
Mocepsl B LIEJIOM WIH B OTACIBHBIX €T0 CHOSX, HATIPUMED, B MPU3EMHOM CIIOE,
JaneKko He BCErga AaeT BOBMOXKHOCTh CPABHHMBATH JAHHBIE 3KCIIEPUMEHTA C NPEX-
ckasanusMu Teopun. Ilo-Bumumomy, nemecoodpasHee paccMaTpHBaTh pe3yabTaThl
HCCIEAOBAHMI], MCXON U3 YCIOBHH PACCEAHHS, KOTOPBIC 3aBHCAT HE TOMBKO OT
BBICOTH! HCTOYHMKA IIPMMECH, HO U OT BBICOTHI CJIOSI, B KOTOPOM MIPOXOAUT pacces-
HHE AN pa3HeIX BpeMeH quddysuu.

OOsryHO cuuTaercs, uTo mpouece aupdy3ur B TOPU3OHTANBHOM MIOCKOCTH
NpoTeKaeT Kak Obl B OAHOPOAHOM Ci10€ aTMOC(EPHl I MUPOKOrO MHTEpPBaNa
BpemeH audbysun. OueHuM 3TO NMPEANoNnoXKeHne, PACCMOTPEB TOPH30HTAIBHYIO
auddysuio OT HA3EMHOTO HCTOYHHMKA MPUMECH Ayis Bpemen ambdysun or 10" mo
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10% c. M3BecTHO, YTO CKOPOCTh CMEIICHHS YACTHI{ B BEPTHKANBHOMN [UIOCKOCTH
HMMEET MOPSIIOK CKOPOCTH TpeHus u, [62]. s ycoopwit, Onu3kux k Oe3pasimpni-
HOH cTpaTH(UKaLMK, MOXKHO MCHONB30BaTh O, ~ i, ~0,1 M/c. Ucxoaa u3 aroro,
no dopmyne 2 =G, ¢ JErKO HOXYYMUTh OLUECHKY BBICOT, Ha KOTOPHIX OyACT NPHMECH
JUIA yKa3aHHBIX B Tabx. 1.1 unTepBanos Bpemes quddy3uu.

Tabnuya 1.1. TIpocTPaHCTBEHHO-BPEMEHHLIC MACIHTAGL! HEPEHOCa HPUMECH

Macmra6 Bpemens - Macmra6 neperoca Macurra6 nepesoca
mubdysuum £, ¢ Ho ropusontam L =ut, M 10 BEPTHKAJIH, M
10 - 100 50 -500 1-10
100 — 1000 500 - 5000 10-100
1000 — 10000 5000 - 50000 100 - 1000

Jns pacyera macmraba meperoca L, HCMONb30BaHA CKOPOCTH IEPEHOCa U,

pasHas 5 M/c. 3 Tabx. 1.1 suaso, uTo 1714 BpeMen auddysun, He NPEBOCXOARILINX
100 ¢, paccesnne yacTum OyAeT HPOXOAMTH B MPEACIaX MPU3ECMHOTO CIOS aTMO-
cepsl.

OrnmaurensHas 0COGEHHOCTh NMPU3EMHOrO CIOS COCTOMT B 3HAYHTEIbHOM
HEOTHOPOJHOCTH NTOJIA BETPA IO BEPTHUKAIM B NPEAEIaX 3TOTO CIOiI. JTa HEOOHO-
POIHOCTE HE MOYKET HE CKa3bIBATHCS HA MPOLIECCE PACCESHMS IPUMECH B TOPH3O0H-
TanbHOM miockocTH. Ecnu npuMecs qnbdyHaupyer Beiie HIDKHUX AECITH METPOB
u 3a Bpems ne Gomee 10° ¢, To mponece paccesHns mo TOPU3OHTANIM, IO-BHAAMOMY,
IOPOUCXOIMT B KBAa3HOZHOPOAHOM CIIOE aTMOC(EpBI, H MOXHO HCTOIb30BATh pas-
paboTaHHbIe I TOrO Ciiydyas TCOPETHYECKUC MOIENHM HA OCHOBE CTATHUCTHYC-
CKOH TeopuH onHOpoaHoH TypOynentHOCTH. [Ipn Gonpmx BpemeHax auddy3uu
(> 10’ ¢) npouecc paccesHus 3axBaTHBAST CIIOM, COU3MEPUMBIN ¢ BEPTUKANBHON
MOILHOCTBIO IIOFPAHMYHOrO0 ci10s arMochepsl. B aTom cryuae npenebperars Baus-
HHEM H3MCHCHHS XaPAKTEPUCTHK IO BETPa BO BCEM HOrPaHMYHOM CIIO€ HA mpo-
LIECC PACCESHUS MO TOPH3OHTAIM YKE HEeNb3s. Takum 00pa3oM, B ACHCTBHTEIBHO-
CTH MBI JOCTATOYHO 9acTO UMEEM JENo ¢ nonepeunod muddysueit mpumecu B He-
OZHOPORHEIX 110 BEPTHKANIH ciosx atMochepsl. B nocneayrommx rnasax paccMmor-
PEHBI UMEIOLIAECS IKCIEPUMEHTAIbHbIE JaHHBIE 0 mapamerpax muddys3uu B mo-
TPaHMYHOM cIoe aTMocheps! ayst BpeMen aubdysuu ot 10" no 10° ¢ ¢ yaerom u3-
MCHEHMS 110 BEPTUKAIM XapaKTepa YCIOBUH pacCesHu.

Bce pesymeTarsl, TAC 3TO GBUIO BO3MOXKHO, IPUBEACHH K equnoi $opme 3a-

BUCHMOCTU OCPEIHEHHOM HMCIIEPCHH KOOPAMHAT G (f), KOOPAMHAT OTHOCHTCITE-

HO HEHTPA THKECTH 00NaKa WM ocK crpyH S>(7) or BpemenHu auddy3un UK pac-

CTOSHHS OT MCTOYHHKA NPUMECH, a TAKKE NPHBEACHA OLCHKA JATPaHKEBa Bpe-
MEHHOro Macmraba i CBS3aHHABIX ¢ HUM XapaKTEPHCTHUK JIarpaHkeBoit TypOyaeHT-
HOCTH.
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Wamepenns mudPy3MOHHBIX XapaKTEPUCTHK M XapaKTEPHCTUK TypOYICHTHO-
crd B nepeMeHHbIX Jlarpamka TpeOyIOT MCIONb30BAaHMS PA3NHYHBIX METONOB H
TexHuIecknx cpeactB. OcoOeHHO OOMpIIME TPYAHOCTH BO3ZHHKAIOT IPH H3Mepe-
HUSX XapPaKTEPUCTUK TyPOYIEHTHOCTH HEMOCPESACTBEHHO B CIIOSX, IIE MPOTEKAeT
CaMoO pacCesHUH NMPUMECH, B OTIMYHE OT M3MEPEHHUH, Il PEHEeNTOpH NPHMECH
(MKCHPOBAHBI B HEIOABM)KHOM CHCTEME KOOPAMHAT HEMOCPEACTBEHHO Ha 3EMHOM
MOBEPXHOCTH.

B 3aBucHMOCTH OT MOCTaBJICHHOM 3aJadd TCXHHUKA 3KCIEPHUMEHTA MOXKET
3HAYNTENBEHO paszmmuuarbed. Hanmpumep, m3MepeHMs cpemHed Ha3eMHOM KOHIICH-
Tpauud MPHUMECH OT NPUIOAHATOrO CTAUHOHAPHOTO HCTOYHUKA OTIHMYAOTCH OT
M3MEPCHUI, LENBI0 KOTOPHIX SIBIETCS M3YYEHHE BPEMEHHOHM 3BONIOLMM obmaka
npumecu. CyIIecTBEHHO pasiugIaroTCs TAKOKe U3MCPEHHS B IPOrPaMMax H3ydeHHS
muddy3un is pasHbIX MacmTaboB ABIOKeHHH. M3MepeHns BEpTUKaNbHBIX NPO-
(uneil KOHIEHTpAUNK IPUMECH Ha Pa3MYHBIX YAAJCHUAX OT HCTOYHHMKA SABJIAIOT-
¢ 0c000 CHOKHBIMH B peanusamn. s usygenus mpoiecca muddysun, kax mpa-
BHJIO, UCIIONB3YIOT TPACCEPhI, C IIOMOIIBIO KOTOPHIX METST BO3JYIIHBIC YACTUIIBL.
TIpu 9ToM B OOHMX CAydYasx CIEAST 33 HUMH B IIPOCTPAHCTBE U BO BPEMEHH, HC-
NONB3ys NArpaHXeB METOX OMHCAHWS ABIIKCHMS YACTHI JKHJIKOCTH, B APYTHX —
BBIIIOTHANOTCS H3MEPEHHS B (PUKCHPOBAHHBIX TOYKaX IIPOCTPAHCTBA.

Bce aKCIeprMEHTAIbHBIC METOABI MOKHO Pa3AeUTh Ha IpsAMbIe (M3MEpeHHs
00BEMHOM KOHLEHTPALM WIX 0CaaKa Tpaccepa cM., Hampumep, B [60, 102]), n
KOCBCHHBIC (HM3MCEPEHHS FEOMETPHIECKHMX XapaKTEPUCTHK IBIMOBEIX CTPYH MM
kny6oB [31, 42, 107]). OxHoli u3 pa3HOBUAHOCTCH METOAA TPACCEPOB SABIACTCS
HCHOJIB30BaHHE TETPOHOB — 0AIIOHOB ITOCTOSHHOTO 00BEMa, KOTOPHIE CITYXKaT MET-
KaM¥ BO3AYIMIHBIX YaCTHL. JIOCTOMHCTBO HCIONB30BAHHA MHAVBHYAIbHBIX METOK
COCTOHT B BO3MO)XHOCTH IIPOBOIAUTH CPABHUTENBHO TOUHBIC TPEXMEPHBIC H3MEpE-
HMS, TIO3BOMSIONME IONyYaTh CBEACHMA O MOMEHTaXx (QyHKIMM pacipeneneHus
BEPOATHOCTH KOOPAWHAT H cKkopoctedt dactul. K HemoctaTkaMm 3TOro Meroza or-
HOCHTCH HCIIONB30BAHHUEC MAJIOTO CTATHCTHYECKOTO aHCaMOmus, KOTOpBIH ymaercs
peann30BaTh PH NPAKTHIECKHA CTAIMOHAPHBIX BHEUIHUX yCIOBHMAX. Meron apiMo-
BBIX CTPYii, HE HMCIOLIHI 3TOr0 HEAOCTaTKa, TpebyeT A momydenHs mHQopma-
LYH O F€OMETPUUECKUX XAPAKTEPUCTHKAX 3arpsA3HEHHOM 00IaCTH ampHOpHOro 3a-
HaHus BUAa QYHKUNH PacIpeNencHus BEPOSTHOCTH KOOPAHHAT JaCTHUL IPHMECH.

HawnbGonsmree pazBuTHE MOTYYUNH METOABI H3MEPEHHS MO HA3EMHOH KOH-
LEHTpaluK Tpaccepa. B mocnensee Bpemst 0cOGEHHO MHTEHCHBHO Pa3BHBANach
TEXHMKa, B KOTOPO B Ka4eCTBE TPACCEpa, HANPHMEDP, HCIIOAB3YETCs MecTH(TOpH-
cras cepa SFs. Takoit Buz Tpaccepa CpaBHHTENBHO JOCTYIICH H 001a1aET HHIKHM
(GOHOBBIM COAEPKAHUEM, TOITOMY OH HAWOOIEE IHAPOKO UCIIONB3YETCS LT ME30-
MacmTabHbIX Auddy3nonHpIX HecnexoBanwmii [102].



I'nasa 2. Teopernueckne 0CHOBBI H3MePeHHIT
JarpaHxeBbIX XapAKTEPHCTHK TypOYJeHTHOCTH

2.1. Cooco0ni yueTa BepTHKAIbHONW HEONHOPOAHOCTH MPHU3EMHOTO CJI0S
armocgepnl

B craumonapnoM npuseMHOM cioe arMocdepbi Hax OFHOPONHOW MOACTH-
naromell MOBEPXHOCTBIO HANHYHE BEPTHKANBHOTO I'PAafMEHTa CKOPOCTH BETpa M
HEMPOHUIAEMOl TOACTHNAIONICH TOBEPXHOCTH CO3MACT CHEUM(PHUUCCKUE YCIOBUS
st paccesHus npumecd. OOIaKo mpUMECH, CO3TaHHOE OIM3K0 Y 3eMITH, pacceu-
BAeTCsi HHTCHCHBHEE BBEPX, Y€M BHHU3, 332 CUCT BOBJICUCHHS B ITOT IIPOUECC BHX-
peii Bce GonpLIero pasmMepa, a Takke CHOCA YaCTHIL BETPOM, KOTOPBIN YBEIMUUBa-
eTCs C BBICOTOH. DTO MPUBOJHT K NMOXbEMY LIEHTPA TSLKECTH 00aaKa 4acTHL BBEPX
M K HEPEMEHICHHI0 MAKCHMABHOTO 3HAYCHMA KOHIEHTPAMM YACTHII OT YPOBHA
HCTOYHHMKA K MOACTHIAOWECH MOBEpXHOCTU. BeneactBue ykazanHbIX 30 (deKTOB
BO3HHKAET MOJIOKUTEAbHAS CPEHAS BEPTHKANBHAS CKOPOCTh YACTHL] Wi, B OT-
AUYRe OT HIEpOBOH CpeiHEeH CKOPOCTH B 3aJaHHOH TOYKE, paBHOH Hymio [62,
81, 82]. :

Brusiaue HEOQHOPOOHOCTH NOJIA BETPa 10 BEPTHKAIM HA PACCEIHUE IPUMECH
B IIPU3EMHOM CJI0€ aTMOC(EPBI YIUTHIBAECTCS B MOAENAX PA3THYHBIMU CIOCOOAMH:
B PaMKax I'MIIOTE3B NOROOMs JarpamkeBEIX XapaKTEPUCTUK TypOYICHTHOCTH, IMy-
TeM 0000IICHHS CTaTHCTUYECKOM TeopHH TYpOYICHTHOCTH HA HEOAHOPOAHBIA 10-
TOK, @ TAICKE IPH UCIOIB30BAHMM TTOTYIMITUPUYIECKOTO YPABHEHHS TYPOYICHTHOM
mpdysuu [60].

Teopus mofoOust HaeT MHTETPATBHYIO KAPTHUHY BIHMSHHS HEOZHOPOXHOCTH
MIOTOKA HAa XaPaKTEPUCTHKH PAcHpENENCHUS KOHLICHTPALUH TIPUMECH I10 BCEM KO-
opauHataM. CTaTHCTHYECKas TEOPUS, HCXOS U3 KMHEMATHUKH ABIDKCHUS YACTHLI B
MPHU3EMHOM CJI0€ C NPHBIECYCHHUEM [OTIOMHUTENABHBIX THIIOTE3, OMMCHIBAET Oojee
IeTanbHO ITEPBHIE M BTOPBIC MOMECHTHI KOOPIAMHAT uyactui. [lpu mcnonb3oBanum
TIOTY3MITUPHYECKOT0 YPaBHEHYS HEOXHOPOAHOCTh NPH3EMHOrO €0 YYHTBIBACTCA
aBTOMATHYCCKH MyTeM 3afgaHus npodmiacii cKopocTH Berpa M KodddurmeHTos
TypOynentHOH nuddy3uu, 3aBHCAIIX OT BEPTHKAIBHOH KOOPAMHATHI Z .

2.2, Tunore3a noxoOus JarpaHkeBbIX XapaKTePHUCTHK TYPOY/JIeHTHOCTH
B HPH3EMHOM cJI0€e aTMocdepbl

IepBoe omucanue TypbymeHTHOH AnbGYy3MH C NOMOIIBI0 TEOPHH TOA0OHsS
Monnna — O6yxoBa Osu10 BrmmonneHo A. b. Kazanckum u A. C. Monunem {531

Hccnenya ApIMOBYIO CTPYIO OT HENpPEPBIBHOIO TOYEYHOTO HCTOYHHKA, Pacroso-
KEHHOTO Y 3€MJIM, 3TH aBTOPHI NOMy4iiH auddepeHnuanbHoe yPaBHEHUE NS €6
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BEPXHEH TI'PaHMIBI, WCIONB30BaB ypaBHeHHE 6anaHca TypOymeHTHON 3JHEPrum.
CdopmyaupoBaB Tamke THIOTE3y O NPHUOMIDKEHHOM TNOROOHM BEPTHKATHHbIX
npoduieil KOHUCHTPALMH B CTPYE AbIMA HAa PAa3IMUHBIX PACCTOSHHMAX OT MCTOYHHU-
Ka 10 HATPABJCHUIO CPEAHCIO BETPa, OHU OIpPENEeIMIN OCHOBHEIE 6€3pa3MepHbIe
BeIMYMHBI i1 mocTpoenus teopuu. [lox sausHMeM 3tx pabor B [90] Obina
chOpMyaHPOBAHA THIIOTE3a MOLOOHS JIarPaHKEBBIX XaPaKTEPUCTHK TYPOYIeHTHO-
CTY B MPHU3EMHOM ciioe atMocdepsl s ycaoBuil 6e3pa3nuysoil TeMrepaTypHoOi
crpaTudukammy, a B [81, 82} runore3a nogobus 6suta obobmeHa Ha cirydail TeM-
IIepaTypHO-CTPATHOHUIMPOBAHHOTO MpPH3eMHOro Cnos. Iloxpo0HOe u3noxeHue
JAHHOM THIIOTE3B M CIICACTBUIM, BRITEKAIOUMX M3 HEE, MOXKHO HAWTH B MOHOIpa-
¢uu [62].

B mpuzemroM cioe atMocdepsl Haa TUIOCKOH U OXHOPOOHOH MOBEPXHOCTBIO
COTJIaCHO THIOTE3€ Momo0us JIArpaHKEBBIX XapPAaKTEPUCTHK CTATUCTHYECKHUHM pe-
KM KOOpAWHAT U CKOpOCTCﬁ JKUAKMX 4aCTHH, BRIICANINX B MOMCHT t o H3 TOYKH

(0, 0, 4), mOmKEH ONpPEAEATHCS TEMH K€ XAPAKTEPUCTUKAMH, YTO ¥ CTPYKTYPa
HPU3EMHOTO CiI0f, T.€. TypPOYTEHTHBIM HAMPSKECHHEM TpéHpm t=pu (toe p —
IIOTHOCTh BO3AYXa, U, — CKOPOCTh TPEHMs); BEPTHKAIBHBIM ITOTOKOM TeMriepa-
Typel H, = 9w (rze 9 — mymbcalMu TeMIepaTypsl, W — BEPTHKAIBHAS KOM-
MOHEHTA CKOPOCTH BeTpa); mapaMerpoM muasydectd g/I (rae g — yckopeHue

CHIIBI TsKECTH, | — CPEAHSASA TeMIIeparypa ClIOsS BO3AyXa) W IIEPOXOBATOCTBIO
TIONCTHIAIONIEH TIOBEPXHOCTH Z,. KpOMe TOro, HOMKHA YIHTHIBATHCS BBICOTA HMC-
TOYHMKA 4acTHU A u Bpems muddysuu 7, a mia cdhepryeckoro obIaka 4acTHI OT
MTHOBEHHOTO MCTOYHHKA U €TI0 HAa9a bHBIH pasMep 8. \

B HeliTpamsHO cTpaTHUIMPOBAHHOM IIPH3EMHOM C0€ NPU BHHIONHEHUH
YCHOBUH

1>>2z,fu., hju, 2.1
eIMHCTBEHHBIM Ge3pasmepHsIM mapamerpoM Oymer u.7/zy =, 1ak uto cpenmee
e ,
YCKOPEHME HACTHIY B TPEX HAIMPABICHHSIX COCTABHT = ¢, (us/z,), THE K — MO
K

crosaHas Kapmana; ¢, npuaumaer 3Hadenus X (BIONIb MOTOKA), ) (B momeped-
HOM HamnpaBlICHUH) - Z (110 BEPTUKAIIN).

Iockonbky z, He HOIKHO BIHATH HA JIOKAIBHYI XapaKTCPUCTHKY, TO AJS
npomonbHOii koMnouenTol ¢ (L) =const, a ans BepTHKAIbHON (B CHIy OTpaHH-
yegHocTH yckopenus) ¢, (£)=0. VuurbiBas Taroke CHMMETPUIO IOTOKA B HOIE-

PEYHOM HampPaBIECHUH, JUIS CPEHHEH CKOPOCTH ¥ CPEHHCIO NMONOXKEHUS YacTHULIBI
(KOOpOMHAT UEHTPA THKECTH 00NaKka dYacTuiy) MOXKHO IONYUHTh CHCHYIOIIHE

dopmynsr [81]:
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Uy  CUsL
u(t)y=—1n - v, =0;
. K 2o

w, =bu,,

Ul  ClULL
In
K ez,

X =

; y=0; z=bu,t, 2.2)

rae b u ¢ — Ge3pa3MEpHBIC YHUBEPCAJbHBIE IIOCTOSHHEIC, € — OCHOBAHME HATY-
PaBHBIX JOrapuhMOoB.

Ipu crpatudukaumy, OTIMYAKOWEACS OT GE3pa3TUIHON, HEOOXOMUMO yuH-
TeiBaTh Maciurab Monuna — Ob6yxoBa L, a Oe3pasmepsHbiM mapamerpom Oyzer
ust/L.

-}
L -_———— N
x(P/c,p)(g/T)
rae P — TypbyneHTHBIA MOTOK Tema; ¢, ~ YAENbHad TEILIOEMKOCTb BO3AYXa

(2;3)

Ipy IOCTOAHHOM HABACHUH.

Cornacso [81], cpenmss cKOpOCTh YacCTHLE! IIPH CTPATHPUKALNH, OTIHIA0-
mieiics ot 6e3pa3aNyHoil, COCTaBIseT

dx U Ul z
w= G =5 5o (2))

dz
WL(’)=E=”*W2

Ut
L >

(2.4)

roe y,, ¥, — YHUBEpCanbHbIC QyHKINM; [ (ZL—OJ — YHUBEpcanbHas QyHKUHUA, O-

penensromast npoduiIb CPEIHETO BETPA.
KoHkpeTHBIM BHA yHHBEpCANbHBIX (QYHKUMH Y ,, W, YyOAETCS NONY4YHTh

TONBKO IS CHUIbHOM HeycToiunBocTH. CornacHo [81], B 3TOM npenensHoM caydae
BCE CTAaTHCTHUYCCKME XAPAKTCPUCTHKM BEPTHKAILHOM CKOPOCTH OMPEAEIIIOTCS

H
€AVMHCTBCHHBIM PA3MCPpHBIM HOapaMCTPpOM &€ ='g—|-TLI, a JisI TOPHU3OHTAJIBHBIX

JBIDKEHHHM 3TH XapaKTEPHCTHKH, KPOME TOTO, 3aBHCSAT OT IapaMerpa U.. 1akoi

PEXUM TyPOYICHTHOCTH HA3HIBACTCS CBOOOXHON KOHBEKIHMCH.

Econ Bpems muddysum nocrarouno 6onsmIoe u OCHOBHAsf Macca HacTHU
IPUMECH HaXOMUTC B COe cBOOOAHOM KOHBEKLHH, TO U3 COOOpakeHHH pa3mep-
HOCTH nony4vaem [81]

u () =u, —;_‘&8;}/2 V2 =y, _%%’
3 3
WL(I)ZEbl(KSHt)I/Z =5b1u*£, @5
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rne {=u,t/L; ¢, u b, — HOBBIE YHMBEDCANbHBIE HE3PAIMEPHEIE TOCTOSIHHBIE;

U, — CKOPOCTb BETPa B BEPXHEH 4acTu Ci10s CBOGOAHOH KOHBEKIMH, HE 3aBUCSINAS
OT Z.
CpenHee NOnOXKEHHE YaCTULl B CJIOC CBOOOZHOH KOHBEKUMH ONMCBIBACICS
bopmynamu
= _ _ -2 ,1/2
x(O)=uyt—c L \[L=ust—c (xe,) "' t

2

z(=bLC" =b,\Jx 4 ). " (2.6)

M3 ananoruaseix cooOpakeHuii [62] ObUTH MONYUEHBI BBIPAXKCHUA IS IWC-
TICPCHH BEPTHUKAIBHBIX KOOPAMHAT YACTUL KaK OTHOCHUTEIIBHO MTHOBEHHOIO
LIEHTpa TSOKECTH I obmaka gacTun 2(f), Tak U OTHOCUTEIBHO MX CPEHHEro Io-

nokenns z(1):

SO =200 -2 )] " =82 uti2f) 1o, Do 2]
.t ud’ L
SH0)=z()-2) =oduiim| L 2o B, @.7)

rae f,, F, — yauBepcambabie pyHkumy; ,, o, — YHUBEPCAIbHBIC KOHCTAHTHI.
Mepsas n3 dopmya (2.7) cooTBeTCTBYET pasMepaM 06siaka JacTUL B MOMEHT
!, IMEIOLIETO B HAYAIBHENA MOMEHT pa3Mep O, ; BTOpas XapaKTEPH3yeT CTATHCTH-

4geckuil aHcamMOnb Takux 00aKOB M COOTBETCTBYET pasMepaM 00NacTH, 3arpsA3HeH-
HO¥ MPUMECHIO0 B IPOLIECCE MPOXOKACHHA HX OQHOTO 3a APYTHM.
Taxum sxe crroco60M MOTYT OBITH OMPEAEICHBI AHATIOTHYHBIE XaPaAKTEPUCTH-
2
KM IQUCTICPCHH KOOP/MHAT B MONEPEYHOM M NPOXOJBHOM HampasieHuu S., S-,

c_zv , 6-. Ot dopmyx (2.7) oun OT/IMYAOTCA MHACKCAMH Oe3pasMepHBIX QYHKLMIA,

B npenensHoM cyuae, koraa Bpems auddysun muoro Gonsme /1 /u, , 8y /u. (Tem

Gonee z, / u, ), unpu | L|—> oo u3 popmyn (2.7) n0ny4aroTcsa H3BECTHBIE TPOCTHIE

BBIPaXKCHUS
2 2,2 .2 2 2,2 .2
S, =B ust°, G, =0, Uyt 2.8)
2 2
H aHAJIOTHYHO (C APYTMMH KOHCTaHTaMu) st S v s Gi , Oy-

Bonee neranpHoe H3noKeHUE TEOPHH MOXKHO Haiitu B [62, 81].



I'naBa 3. MeToabl H3MepeHHiT XapaKTePUCTHK
ABIMOBBIX CTPYHi, KJ1y0OB

3.1. Meroapi uzmepeHuii

dororpadupoBaHie ABIMOBBIX CTPYH AaeT MH(POPMALMIO O FEOMETPHYECKHX
XapaKkTEepUCTHKaX CTPYH HAa Pa3HBIX YHAIECHHUSAX OT HUCTOYHMKA AbIMA. IIMPUHE
CTPYH, BEPTUKANBHOW MOLIHOCTH U IIOJ0XEHUY ee oceBol nuHuY [42, 107]. Tpu-
BJICYCHUE THIIOTE3 O FAYCCOBOM PACHPENEIECHUH KOHLCHTPAUM IPHMECH B CTpYe,

FUITOTE3B! «3aMOPOXKEHHOCTH» TypOymneHTHOCTH M Teopuu Pobeprca «Henmpospau-

2

HOCTH» CKBO3b ABIM IO3BOJIACT PACCUMTATH MUCIEPCHH KOHLCHIpaUMH C y H 0'5

ZUIs PasiMuHBIX BpeMeH auddysuu mo pe3yasraTaM M3MEPEHMH IeOMETPUYECKHX

XapaKTEePUCTHK OBIMOBLIX cTpyH. PopMyssl Als pacyera AUCIIEPCHIA OTHOCUTEb-

HO IEHTPa THKECTU Knyba MM MTHOBEHHOM OCHM CTPyM fpIMa S }2 u S?, noryuen-

ueie B [42], umeror BUR

s YA
S0=4 SR D HON
52(x) = 7, (%) D

Inez) ~InS>(x)’
rae y, ¥ z, — BUIMMasd IWHPUHA CTPYH IO OCAM ) H Z, V,, B Z,, — MaKCHMalb-
HbIC 3HAYCHUS J, U Z,, € — OCHOBAaHME HATYpaabHBIX jorapudmos. Cpennee mo-
JIOKEHHE OCEBOI JINHUK CTPYH COBIAJAET ¢ OCBIO X .

ITo m3mepeHHBIM KOOPOMHATAM OCCBOH JIMHMM CTPYH MOXKHO PacCYMTaTh
JUCIICPCHIO KOOPpAMHAT OCH CTPYH G, HE IPHBJICKAst HUKAKUX THIIOTE3 O BUAEC €¢
pacnpeneneHust. GopMynsl 4jist COOTBETCTBYIOIMX PACUETOB HMEIOT BUJ

D)=y @1

d<2)y (x) =~ (n‘ oD )
> 2,00 - 7. ()
2 1
(9= T 62)

rae y,(x) u z,(x) — KOOpOMHATHI OCEBOM NMHUM; 1 — KONHYECTBO (oTorpaduii.
Torna 6, u 6, MOXHO BRIHCIHTE CIEAYIOMIM oGpasoM [42]:

2 Q2 2
6, =8, +0y,,
ol =8!+6,,. (3.3)
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Bennuusst y,, Z,, ¥, U Z, MOXKHO ONPEACIUTH toTorpaMMeTpuIecKuM Me-
TOXOM 1O POTGCHMMKAM, TOIYHECHHBIM IIPH PAcIONOKEHNH (HOTOANNAPATOB CBEPXY
u cooky [31]. [Ipu aToM HU3KOHYACTOTHBIC KONeOaHHs DHKCHPYIOTCS U3MEHEHMAMU
TIOJIOKEHNS OCH CTPYH, @ BEICOKOYACTOTHBIE — B FEOMETPHYECKHUX Pa3Mepax CTPYH.

Jna dororpadupoBaHus CBEpXy HCIOABIYIOTCA a9PO(OTOKAMEPHI, YCTAHOB-
JICHHBIE Ha JICTATENbHBIX anmapaTax. B Halmx 3KCIEPHMEHTaX HCHONB30BATHChH
ADA-41/7.5 (dpokycunoe paccrosmaue 7,5 cM, none 3perus 99°) umm ADA-42/20
(boxycuoe paccrosuue 20 cM, none 3peHus 74°), pacmoNOKEHHBIE HAa CaMOJeTe
AH-2. ®ororpaduposanue npoBoamiocs ¢ Beicor 500 — 700 M. ViaTepsan speme-
HM MEXTy ABYMs nocienopatensHbiMu (oTorpadusaME OrpaHHYMBAICA CKOPO-
CTBIO BO3BpaTa CaMoJjIeTa B 3aJaHHYIO TOYKY HPOCTPAHCIBA M 00BIYHO COCTABIAN
60 — 90 ¢ B 33BUCHMOCTH OT [JIMHBI CTPYH.

dororpadupoBanue cOOKY OCYMICCTBIAIOCH ORHOM M3 map Ha3eMHEBIX d3po-
totoanmaparoB ADA-41 ¢ poxycusim pacctostrem 20 1 7,5 cM u NONIMH 3pEHUS
48 u 99° coorsercTBenno. Hampasiiennsa GasmcHeIx mimuii dotorpaduposanus
BHIOMpaNKCh TakuM 00pa3oM, 4TOObI OH¥ ObIIM TMApanyiensHbI NpeobiiagaromeMy
Hanpasienmio serpa. Ilpu oTtorpadguposanun COOKY NPUMEHSIICS «HOPMAITbHBLI
cnyuail ororpadupoBaHms, KOra ONTHYECKHE OCH KAKAOro aspodoroarnmapaTa
TOPH30HTANBHEl M TCPICHIVKYIApHbI k Oasmcy. MHTEpBan BpeMeHn MEXZY MO
CCAOBATENBHBIMH HA3eMHBIMH (QOTOrpadHsIMM OrpaHHYHBAICS PabOIUM IHKIOM
A®A, xoropslii paseH ~3 C.

Paccmorpum orpanmgenns meroma [31). Ileppoe — orpanuuenme nepuoxna
nabmoaenni. [popomwkuTensHocTs GororpadupoBaHys ABIMOBOM CTPYH 3aBHCHT
OT MHTEpBajia BPEMEHH, B MPEAEC/iaX KOTOPOro BHEIHME YCIOBHA MOXKHO CUUTATh
craumonapusivd. Hac B OCHOBHOM MHTEPECOBAAN METEOYCIOBHS, OIM3KHE K HEH-
TpanbHo# crpatidukanuy. CoOTBETCTBYIONINE YCIOBUSE HAaOMIOZAIOTCS IIPEMMY-
ILECTBEHHO B MEPEXOHOC BPEMs CYTOK ¥ CTAMOHAPHBIMHM MX MOXKHO CYHTATh HE
6onee 20 — 30 mun. [lpu Gororpaduposanimy CBEPXy B OXHOM LHKIEC M3MEPEHUIM
yadercs nonyuuth HE Gonee 20 — 30 mocneRoBaTENBHBIX a’pOCHUMKOB. UmCHO
CHUMKOB Iipu ororpaduposanun c60Ky 3HaunTENBHO OonbIIe. MIHTEpBAN BpeMe-
HH, paBHbIi 60 — 90 ¢ Mexay nociienoBaTenbHbIME HOTOrpadHIMH, MOTYICHHBIMU
¢ camouera, mo3Boliser (GUKCHpOBaTh TONBKO HHU3KOYACTOTHBIC KOIEOaHHS OCH
CTPYH, M3MEHCHUS LUMPUHBI H BEPTHKAIBHON MOIIHOCTH ABIMOBOHM CTpyH. Bmus-
HHE BBICOKOYACTOTHBIX KO/EOAHHMH CPERBI OTPAXKEHO B MIHOBEHHBIX IAHHBIX O
IIUPUHE U BBICOTE CTPYH AbiMa. B cBsA3M ¢ 3THM oTorpaduueckuii METOA B LIENIOM
NPUTONCH IS TIONYYCHUS HHTEIPalbHBIX CTATHCTHYCCKMX XapaKTCPHCTHK Ja-
TPaHKeBOi TYpBYIEHTHOCTH, TakuX KaK z(x), S°(x), oo(x).

Bropoe orpanmuenne cBSI3aHO ¢ MPEATIONOKEHMAME M AOYIICHHSMH, TI0J0-
KeHHBIMU B ocHoBy Meroaa [ mbdopaa [107] nns uccnenopanus auddysum npu-
MecH. Ilepoe mpemnonoxeHue 3ak09aerTcs B TOM, YTO pacipeaencHue KOHIeH-
TPALM¥ OTHOCHTENIBHO OCEBOH JIMHHH — rayCccoBO. JTO MPEATIONOXKEHHEe 00OCHO-
BAHO Jyis 6onpiunx BpemeH auddysun, U €ro NPUMEHEHHE HA IPAKTHKE i Goree
IIPOKOr'0 MHTEPBAa BPEMEHH OKa3bIBACTCS TUIOXOTBOPHBIM.
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JONONHUTENBHYIO IPOBEPKY 3TOTO NMPEATION0KEHHS MOXKHO CAENATH MO pe-
3yapTaTtaM (OTOMETPUpOBaHMS M300paKEHUH ABIMOBBIX CTPYi Ha ororpadusx.
Kak n3BecTHO, IPKOCTH ABIMOBOH CTPYH (MM IJIOTHOCTD ITOYCPHEHHUA CBETOUYB-
CTBUTEIBHOTO CIOS Ha (oTOrpadusix) mpomopuUroHaIbHa KOHLICHTPALMY IpUME-
CH TPH HEU3MEHHBIX YCIOBHSX OCBELICHHUS, TIOCTOSHCTBE ONTHYCCKHX XapakxTe-
PHCTUK OBIMOBBIX 4acThi ¥ yriua paccesaus [138]. Hpu cobmomenuu atux ycio-
BUH pacnpeaenecHUe ONTHIECKUX IUTOTHOCTEH HA GOTOMETPHUECKOM pa3pese Xa-
PaKTEpH3YeT PacHpene/icHHe KOHIECHTpaluu npuMecH (HO OHO HE MPOMOpLHMO-
HaJIBHO KOHLICHTPALUKHU BCICACTBUE BIMAHHUSA MHOTOKPATHOTO PACCEAHMS B TUIOT-
HBIX 4aCTAX ABIMOBOM CTPyH).

InDry
0,30 |-

020+

0.10
Puc. 3.1. PacnpezeneHue onrude-
| , . . CKHMX TUIOTHOCTEH MOHEPEeYHOro ce-

i
20 30 40 50 y,m CHAI AeIMOBOM crpyn D

Hanm ¢oroMerpuaeckue u3MepeHus 0 JaHHBIM HECKONBKAX OIBITOB MOKA-
3aJM, 4TO PacHpEAEHeHHE ONTHYECKUX IUIOTHOCTEH NOMEPEK CTPYH, OCPEAHCHHOE
10 pe3yNbTaTaM M3MEPEHHH Ha HECKONbKUX (oTorpadusax KaKaoro OrnbITa, HMEET
dbopmy, 6au3kyr0 k mapabone (Ha puc. 3.1, MOCTPOCHHOM IO MAaTEpUaNaM H3MEpPe-
HH 0QHOTO U3 HKCIIEPUMEHTOB, OHA OKa3aHa CIUIONIHON KpyBoit). OrpanuycHHas
C KpaeB KpuBas HOPManbHOIO PacIpeRCICHHS TPAKTHYECCKU HE OTJIMYACTCS OT Ia-
pabornbl, TO3TOMY HMCIONB30BAHME HOPMANBHOTO 3akoHa B Merone ['mbdopna as-
JSI€TCSL YAOBICTBOPUTEIBHBIM IPHOIIKEHUEM K ACHCTBUTCIBHOCTH.

Bropoe npeanonoxkenue, ocCHOBaHHOE Ha rumore3e Pobeprca m mcnons3o-
BanHoe B Metone ['ubdopaa, 3axnrodaercs B TOM, 9TO BHAMMAS IIKPHHA ABIMOBOH
CTpyH (Mnu BooOuie kakas-muOO JNHMHMS PABHOH CTENEHH IOYEPHCHMs HEraTHBa-
n30(0Ta) 3aBUCHUT TOJBKO OT MOPOTOBOI KOHLEHTpaumy npumecu. Boobime roso-
ps, 3TO MPEONONOKEHUE HE YIWTHIBACT WHAWKATPUCHBIA 3deKT, MOCKOIbKY gp-
KOCTb PAaCCEIHHOTO ABIMOM CBETa 3aBHCHT HE TOJIBKO OT KOBLIEHTPALUY U OIITHIE-
CKHX IapaMeTpoB AbIMa, HO U OT yriia paccesnmst. Kakux-nu6o qaHHBIX O BIUSIHUAM
H3MEHEHUS YINIa PAacCesHus HA BUAMMBIC Pa3Mephl ABIMOBOM CTPYH IIOKa HET, TaK
KaK TaKUE€ HCCIEXOBAHMA YPE3BBIYaMHO CIOXKHBL Y HAC MMEETCS OrpaHHYCHHOE
9YUCTIO0 JAHHBIX 00 M3MEHYMBOCTH PACHPEAENEHUs ONTHYECKHX IUIOTHOCTEH HA II0-
HEPEUHBIX (HOTOMETPUYCCKHMX pa3pe3ax, MONYYCHHBIX HPH TPOJETE CaMoiera
BJOMb OCH CTPYH B MPOTHBONONOXHBIE cTOpoHEL. [lockonsky 3a 60 — 90 ¢ ycnosus
OCBEWICHHS M ONTHYECKHE MapaMeTPhl JbIMAa NPAKTHUECKH HE MEHAIOTCA, TO
UMEIOIMECS PACXOKACHHS B PACTIPEACACHUY ONTHYCCKMX ILIOTHOCTEH, BEPOSTHO,
MOXKHO OOBACHHTE BAWSHHECM HHAMKATPHACHOTO 3¢ dexTa.
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Ilo HamwmM maHHBIM, OKA3BIBAETCS, YTO BCIEACTBHE €r0 BIMSIHHS BHAMMAs
HIFPUHA CTPYH M MaKCUMYM paclpeleneHns ONTHYCCKUX IIOTHOCTEH Ha ¢oTo-
METPHYECKHX pa3pe3ax ABYX CHMMKOB B IPOTHUBOMNOJOXHBIX HANPaBIEHHIX IO-
Jera MOTYT OTJIH4YAThCs APYr ot apyra Ha 20 %. OmHako mpu OCpenHeHuH pe-
3yABTATOB M3MEPCHHH IO HECKOABKHM (PoTOrpadHsaM, mOMyYeHHBIM C Pas3HBIX
TOYEK, BIMSIHHE HHAUKATPUCHOrO 3¢ eKTa CymEeCTBEHHO 0caabnsercs U He OKa-
3bIBACT 3aMETHOTO BJHMAHHUS HAa H3MEPEHUEC OCPETHCHHBIX IE€OMETPUIECKHX Xa-
paKkTepucTHK A6IMOBOH cTpyu. [lpn dororpaduposannn cOOKYy MHAMKATPUCHEIM
addexr meficTByer B MONHOH Mepe, U pe3ynbTAaTHl H3MEPECHUH NIUPHUHBI CTPYH B
BEPTHKAJIBHOH IIOCKOCTH MOTYT MMETh CHCTEMATHYECKHE MOTPEHIHOCTH, JOXO-
JALIHE, 110 HAIIKUM OueHkaMm, 10 20 %.

Crenyroniee orpaHHYeHHE CBA3aHO ¢ HEORHOPOIHOCTBIO (oHa dororpadu-
poBanus. Hepenxo spkocTs oHa cousmepuMa C APKOCTHIO CaMOil CTPYH, M KOH-
TPAcT SIPKOCTH «IbiM — HOH» 3HAYMUTENEH TOABKO VI ILIOTHOM YacTH CTpyu. B
CBSI3U C 3TUM 1o ¢ororpadusM CBEpXy YAAETCS MPOCISKUBATH TOABKO CPABHU-
TENBHO IUIOTHBIE YYACTKH IBIMOBO#M CTPYH, OONBHICH YacThIO JO PAcCTOSHHUH, HE
HaMHOrO INPEBHINAIOMMNX YAAJICHHS MaKCHMalbHOW mmpuusl cTpyH. Hepemxu
ClIydaH, KOrfa W3-3a BOMAHUA GOHa BOOOILIE HE YAAETCA OMPERENUTh MaKCHMAalb-
HYIO IOMPHHY CTPYH, HEOOXOAMMYIO IS IPUMECHEHHA PACCMOTPEHHOTO METOAA.
Kpome Toro, u3-3a HeOOMBIIOro KOHTpacTa SAPKOCTEH «apiM — (HOH» Ha Kpasx
CTPYU 3aTPYAHAETCS ONpPENEICHHE I'PAHUI CTPYH C IOCTOSHHOH ITOPOTrOBOH KOH-
LeHTpapeii (ONTHYECKOU MIOTHOCTHIO). BCaeacTBue 3Toro ommOky M3MEPEHHH
MIUPUHBI CTPYH BOXOAAT 10 20 %. '

3aTpyAHEHUSA C ONpPENEICHUEM JTHHHH OAUHAKOBOM ONTHYECKOH ILIOTHOCTH,
COOTBETCTBYIOIIECH BHAMMOI IDaHUIC CTPYH, MOXKHO H30€XaTh C MOMOIIBIO pa3-
paboranHoro B MOCKOBCKOM HHCTHUTYTE I'€OAE3UH, adp0odOoTOChEMKH M KapTorpa-
¢dun 3neKTPOHHOrO MIaHMMETpa Ha Oase ¢dororenerpaduoro ammapara «Hesay.
3TO YCTPOMCTBO MO3BOMAET C BBICOKOH TOYHOCTHIO PETHCTPHPOBATH MONOKEHUS
130 oT ¢ 3a7aHHBIMH YPOBHSIMH SPKOCTH.

Ipu dororpadupoBaruy cboxy GoH Heba TakKe OrpaHWIUBACT BO3MOKHO-
ctu 3Mepenuii. Kak mpaBuno, spxocTs HeOa MPEBIIACT APKOCTh MOACTHIAIOMICH
IIOBEPXHOCTH, BCIEACTBUC YETO M3-3a HEOONBHIONO KOHTpAcTa spKOCTeH mpu ¢o-
torpadpoBaHUK HA3EMHOH CTepeoOTOrpaMMETPHYECCKON YCTAaHOBKOH ynaercs
PErHCTPUPOBATh MEHBILYIO YaCTh CTPYH MO CPABHEHHUIO € a3pOodOTOCHEMKOIA.

Tlepetinem manee kK OLECHKE MOTPEIIHOCTEH ONPENEACHHUS MCKOMBIX TUCIIEP-

cmit § }2 u S? . TlockonsKy BEIpaskeHHs 11t S, 1 S, TO CyIecTBy HMYEM HE OT-
JANYAIOTCS MEXTYy Co0oi, fanee GyAyT CAeNaHBI PaCYCThi MOTPEIHOCTEH TOMBKO
ans S, [31].

Ommubxy onpenencHus S, NOMydUM M3 BEIPAKECHHS
e (08,Y ., (0S,Y
MS =\ —=| My, +|—| My, 34
\ 0. OV
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rae MS,, My, u My, — cpexsue kBaapatuueckue ommlku onpenenennit S,
Y, H ¥,, COOTBETCTBECHHO.

Ommbxa My, BbMHCASETcS IO PE3yNbTaTaM M3MEPEHUS MOJYIUMPHH ABIMO-
BOH CTPYH Ha HECKOJNBKHUX (ororpadusx cleayrommm o6pa3om:
172

1<
(yei _;z yei)z
My, = 1 ,
n{n—D

(3.5)

rae n — xomuyectBO obpaboramnsix ¢dororpaduii crpyn. Hapmo 3ameruts, 910
My, sxmogacer B ce0s Kak OMUOKH MIMEPEHVH IMPUHBI CTPYY, TaK M CydailHeIe
KosiebaHms ee pasMepoB B TypOyneHTHOH atMocdepe.

Ouwmbka My, COCTOMT U3 OWMOKH U3MEPEHHH NIMPUHBI CTPYH M OMIMOKH,
CBA3AHHOW C AMCKPETHOCTBIO M3MEPEHMH (M3MEpEHHas BEIMYMHA ), MOKET HE
COOTBETCTBOBATH NCHCTBUTENBHO MAKCHMAIbHOM TIONYIIMPUHE CTPYH M3-3d Orpa-
HUYECHHOrO ylcna ceuennit). OpHako pasnmame B senuunsax My, u My, BHese-
KO M MOXKHO cuutate My, ~ My, . OueBHAHO, YTO ANs YaCTH CTPYH, PacIono-
’KEHHOH BOIH3M MAaKCHMANbHON €€ LIMPHHBL, HEOOXOAMMO TONB30BATHCA APYIHM
COOTHOIICHKEM A71s pacdera oumbku MS |, a umMeHHO:

MS,(x,) =My, (3.6)
YT0Ob! TIPOMITIOCTPHPOBATE XapakTep usMeHeHuit M S, /S B 3aBuCHMOCTH

ot BpeMenH auddy3un (PacCTOAHMA 0T Hadala CTPYH) H KOTHIECTBEHHON OLCHKH
omnbOoK, NPUBENEM MIPUMEDP COOTBETCTBYIOLIMX PACUETOB IS OZHOIO M3 HALIMX
3KCIEPUMEHTOB NpH X, = 260 M, ¥, = 21,95 m (cM. Tabn. 3.1).

B gpyrux skcnepuMeHTax HaMH MOMYYEHBI NPUMEPHO TAKHE K€ 3HAUCHHS
Ms, / S, . MOXHO CUMTATh, 4TO B CPEIHEM OTHOCHMTENBHBIC CPEAHEKBANPATHYE-

ckue ommbKku onpenenenus §, He BHIXOAAT 3a mpeaens: 20 — 25 %.

Jna pacaera ommOky OripeAencHus AUCTIEPCHM cg_l, " 0(2,2 BOCTIONB3yeMCs

¢opmysoi pacdera MOrpeiHOCTH BBIYMCIICHUIT CPEaHEN KBAaAPATHUECKoi OmmbOKu
{73}

Ty
- 3.7

%o J2(n-1)

Orcroma BMIHO, 4TO WOCKONBKY M aspodorocsemksn n=15-20, T0
Mo, /GOy ~ 15 - 20 % pas moboro yxaneHus or Hawana cTpyu. Jiis HazeMHOro

dororpaduposarus ABIMOBOI CTpyH cOoky n =50~ 100u Mo, /o, % 5~10%.
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Tabnuya 3. 1. OmmoKku n3Mepenuii KOOPIUHAT

x/xm Voo M Sy, M MS},/S),, %
0,038 2,80 1,05
0,077 4,07 2,62
0,154 7,26 10,48 8
0,231 7,93 18,33 10
0,308 11,24 34,05 8
0,385 13,55 58,93 12
0,538 1534 98,22 10
0,692 17,20 130,95 10
0,846 20,78 288,10 24
1,000 21,95 471,43 7
1,154 21,63 605,00 ' 25
1,316 20,16 772,63 15
1,538 19,25 898,10 18
) 1,731 17,98 929,77 8
1,923 16,81 982,15 10
2.115 16,71 982,15 30

TaxuMm 00pa3oM, OTHOCUTEIbHBIE CPEAHEKBARPATHYECKUE OLMOKM Onpeacne-
HUs Ucniepcuii 6, u 6, cocTaBasioT 25 — 30 % u 20 — 25 % cooTBETCTBEHHO.

B [30] xocBeHHBIII METOX ONpeEaCHHS AUCIIEPCHH ABIMOBBIX CTPYH o ¢o-
TorpadusiM CPaBHUBAETCS C MPSIMBIMH OIPEACNCHUSIMH G, IO JAHHBIM O pacmpe-

HEACHHU KOHUIEHTpauud. 1Ipu 3TOM pE3yIbTATHI, NOJYUCHHBIE IPAMBIMH M KOC-
BEHHBIMH METOJAMHM, He omiH4aroTcsa Gonee yeMm Ha 30 %. B [42] nokaszano, uro
s nmpumenenus gopmya (3.1) u (3.2) runoreza 0 CTPOroM COOTBETCTBHU PACIIPE-
JEICHYUS IPUMECH B CTPYE HOPMAJIBHOMY 3aKOHY HE 00s13aTelIbHa.

3.2. IlepBble pe3ynbTAThl HCHO/Ab30BAHMS METOAA IbIMOBBIX CTPYH
B NIPH3EeMHOM cJjioe aTMoc(hepsl

B muddy3uoHHBIX 3KCIIEpUMEHTAX B IPU3EMHOM C10¢ aTMOC(GEPH B Ka4eCT-
B€ MICTOYHHKA HBIMA HUCIOIB30BAIMCH a3PO30JIBHBIC [CHEPATOPHI MACIIHOrO TyMa-
Ha, OTIIMYAIOMKMECs BETMMHHON pacxoa U BEICOTOH BBIOpOCa KameneK ConspoBoro

2]



maciaa (cM. puc. 3.2), a TaKKe ABIMOBHIC INAIIKH PA3AMYHON MOIIHOCTH (CM.
puc. 3.3). IIpumecs Opi1a macCUBHOM, KOHCEPBATHBHOM.

Puc. 3.2. 3amyck reHepaTopa MacIsHOTO TyMAaHa

.. Puc. 3.3. Co3nanwe cTpyHd a3p0o30s C HOMOLIBIO AGIMOBO#M MIALIKA

Bo3moxsHocTé merona (ororpadmpoBasus QHIMOBBIX CTPyH ObLIM OHEHEHBI
N0 AaHHBIM Tpex Iu(Y3HOHHBIX SKCIIEPUMEHTOB B NPH3EMHOM CII0€ aTMOC(HEPBI
IS yCrmoBMiA, OmM3kuX K Oe3pasnuuHoil crpatuduxamuu. Mereoponorugeckue
JAHHBIC O ABIMOITYCKaX NpPEeICTaBIcHHI B Ta01. 3.2.
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Tabauya 3.2. MereopoIOru4ecKue yea0BUsl IPOBEACHUA IKCIIEPUMEHTOB

Bpews Cxopoctb Pasnocts CocTossme
Uy,
Hara MOCKOBCKOE, BeTp2 Ha rewnepatyp | L, Heba,
@ MuH BBICOTE HA BBICOTaX | ™ M/c BHIMMOCTS
) 2 M, M/C 4ulwm,°C
3.09.1974 17 :50 2,0 -0,1 - 0.3 | Scno, >10 xm
4.09.1974 18 .44 1,9 0,2 140 | 0,3 To xe
5.09.1974 07:10 1,6 0,1 - 0,3 To xe

JBIMOnyCKH IPOU3BOAMIIACE C TIOMOIIBIO TEPMHUECKOTO a9PO30IBbHOr0 TeHe-
patopa, YCTaHOBJICHHOIO Ha MOBEpXHOCTH 3emun. CpenHuii MaMerp 4acTril Mac-
asHOro tymana cocraeisa 0,6 — 0,7 MKM, YTO HO3BOIMIO CUYHUTATH NMPUMECH HEBE-
comoi. [IponomkuTenbHOCTs ABIMONYCKOB i1 ONbITOB 1, 2, 3 coctasimsina 10, 20,
15 mun coorBerctBenno. Qororpaduu cTpyi cBepxy M CcOOKY TpHUBENCHBI Ha
puc. 3.4.

Puc. 3.4 ®ororpadun AeIMOBOI CTPyH CBepXy H COOKY
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Puc. 3.6. 3aBucuMOCTs G, OT PAcCTOsHMA X B Imyckax [, 2, 3

PesynsraTel BRIYMCHEHUMH S, M G,, [N TPEX OMBITOB KaKk QyHKUUH pac-

CTOAHMSA OT UCTOYHUKA TIPEICTABICHB Ha puc. 3.5 u 3.6. [Ipexae yem cpaBHHBATH
9TH JaHHBIE C TPEACKA3AHWAMU THIIOTE3bI MONOOHM NarpamKeBod TypOyneHTHO-

To

CTH, OLCHUM BIVSHHMC YCHOBUA [, >>—- u HepaseHcTBa z(1) <h ,, rme ¥, —ab-

*

dbexTHBHBIH HauANBHBIA paTUYC CTPYH, A, — 3 dexTHBHAL BEICOTA CTPYH ABIMA.

24



Zg, M

1,0
b4
x %X X ...
10" b X 00, o®ee ®
- x
g x O _ee
- % Oe
[~ .
L [SIPY
L ]
B (o]
x o * 1
3 x 2
. 3
. o
10° Lu PR T S | . A
107 10? tc

Puc. 3.7. 3aBUCUMOCTb CpERHEH BBICOTHI BEPXHEH TPAHNNEL JBIMOBEIX CTPYH Zp
ot BpeMeHu auddysmm 1 B myckax /, 2, 3

HauayieHbli y9acToK ABIMOBOM CTPYH IIEPETpeT M, MO HAlIMM H3MEPECHHAM
Pa3INIHBIMU MeToAaMu, uMeeT amuHy 20 — 30 M B 3aBHCMOCTH OT CKOPOCTH BET-
pa. B paccMarpuBaeMbIX ONBITaX B CBA3H ¢ HEOOIBIIMMA HaGMIONABIIMMHCS CKO-
POCTAMH TIEpEHOCa HAYaNbHBIH yuacTok Obud npuHAT pasusiM 30 M. anee aeiMo-
Basi CIPys YK€ HE «IIOMHHJIA» HAYaJbHBIX YCJIOBHH, M paccesHHE YacCTHIl JbIMA
LUTO TOX BIUSHUEM TONBKO €CTECTBCHHON TypOyneHTHOCTH. J¢(eKkTHBHENT Ha-
9ampHBIA paAnyC ABIMOBOH CTPYH Ha 3TOM PACCTOSHMYU AOcTHrad 2 M (cM. puc. 3.5
# 3.6), a BeICOTa BepxHe# rpaHuust — oT 3 10 5 M (puc. 3.7). C yderom BbILe TPH-
BEICHHBIX HEPABCHCTB, IIPEACTBHBIN PEXUM HOIDKCH HAGMONATECS HA PACCTOSHH-

hog

U,

ax x; =107, u=10u

Jannpie 06 X; M COOTBETCTBYIOINME ITOMY COCTOSHHIO CPENHME BBICOTBI

BEPXHEH TPaHHUIBI ABIMOBOM CTPYM Zj M PaCCTOSHHUA O BHEIIHEH TpaHMUE 3TOrO
peKHMMa X, npeacTaeieHsl B Tabn. 3.3. VI3 Tabmmirel caemyer, WTo eClM MPUHAThH
3TH OLEHKH 32 OCHOBY, TO TOJBKO B IEPBBIX ABYX OMBITAX JUIA S,Z, B Tpexenax

IDPU3EMHOTO CIOS MOI OBITH JOCTHTHYT DPEKHM, ONPERCAACMBIA BHIPAKEHHEM
(2.7). B Tperbem ombITE BEPXHSIS TPAHKIIA CTPYH YK€ I PacCTOSHUA X, Onm3ka K

BBICOTE mpu3eMHOro cnos (oxomo 20 — 30 M) npm HeATpaibHOH cTpaTUdUKALHY.
WrTepecHo, 9TO B 3TOM OMBITE X, MOYTH COBIAACT C PACCTOSHHEM X, KOTOPOE

COOTBETCTBYET BHEUIHEH TPAHULE PeKUMaA S o K0 , TOE OHO BBITIONHAETCA C TOY-

HOCTBIO 70 20 %.
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Tabnuya 3.3. Ounenxu paccTosHuil 0 NpeAeLHOro pexnuma (2.7) u BLICOTLI BepXHEi
rpaHubbl CTPYH AbIMA

Homep onbita Xy, M EB, M Xg, M
1 185 10 250
190 10,5 140
3 270 27 250

Bo Bropom ombite Xx; > X5 . B To jxe Bpems, kak moka3aHo B Taba. 3.3, pexxum

1,0 .
S, ~ X" BO BCEX TPEX ONBITAX, MPOCIEKUBAETCA YETKO C paccTosHmit or 20 — 30

g0 180 —270 M, O10 3acTaBisieT NMPEATIONOKUTH, YTO YCJIOBHC BBIMOIHUMOCTH

o - hatp
IpEAEIbHBIX COOTHOWEHHH 7, = 10u
U *

CJIMUIKOM JKecTKoe. B aelicTBUTEnbHO-

CTH 3TUMH COOTHOLICHHUAMH, HO-BUAUMOMY, MOXHO IMOJIb30BATHCA IIPH MCHBINHUX
Moy
Uy )

BpeMeHax, yeM 7, = 10u

IIpencrasnennbie Ha puc. 3.6 3HaUCHUA G, Kak QYHKIMM PACCTOSHMS 3HA-

YUTENHHO OTIMYAIOTCA OT AHAJOTHYHBIX M3MEPEHHIA, MPOBEACHHBIX HA BBICOTAX
oxono 100 M B ycinoBmsx, OmM3kuX K KBazmomgHopomHeM [8]. [Jlng cmywas Heii-
TPaNbHO CTPATHOHIMPOBAHHOrO MPU3EMHOTO COsI HA OCHOBE THIIOTE3H MO0
NarpamkeBoil TypOyIeHTHOCTH ISl G, TaK K€ KaKk st S, M O, , MOXHO HamH-

caTh TPEINENbHOE COOTHOLICHUE G, ~ i,/ , MpaBOMEpHOEe I BpeMeH muddysuu,
[IOKa YACTHLB! NPHMECH HAaXOHATCA B NMpH3eMHOM cioe atmochepsr. M3 puc. 3.6
CIERYET, 9TO O, HU A KAKMAX 3HAYEHHH X HE CTPEMMTCS K KOHCTAHTE, KakK B

cnydae omeopoaroi Typ6ynentroctn. Ilpasaa, yqactok G, ~ x*° CpaBHHTENBHO

HCBCIHK, HO JAJICC NOKA3aTClib CTCNCHM # B COOTHOIICHHH GOy ~x" HHrjac HC

OsBact menee 0,7. TlouTu Ha BceM MpOTSKEHHM pacCTOsHUM G, < S, mo abco-

JIOTHOM BEINHMYUHE, YTO, BOZMOKHO, CBA3aHO ¢ GONBIINM MHTCPBANOM CHEMKH, HC-
KJHOYAomuM 00J1ee BRICOKOYACTOTHHIC KOICO0aHUS OCH CTPYH, a 3TO BechbMa CyIlie-
CTBEHHO B IIPH3EMHOM CIO€ aTMOChEpH], TAC B ICIIOM CIEKTP aTMOC(EpPHBIX BHX-
peif CABHHYT B BRICOKOYACTOTHYIO 00NacTb.

OueHKa KOHCTAHTHI A B COOTHOLICHWH Zp = A U,! B CpeJHEM IO TPEM OITBI-

TaM NoIy4YuIacs pasHoi 0,73, 94To xopouro coBmao ¢ oueHkow [61], rae A =0,75.

HECMOTPH Ha TO, YTO NPUBCACHHBIC BBIIUC NPUMCPHI BCChbMa MaJIOYHUCICHHBI M
TIPEABAPHUTCIBHEL, OHU ITOKa3aiH 3aJI0KCHHBIC B METOAE BO3MOXXHOCTH.
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I'nasa 4. M3Mepennst nonepeyHoil ANCHEPCHN KOOPAMHAT
YaCTHI MPHMECH

B pa6ore [60] 6511 npoBeaeH aHam3 g @y3nOHHBIX IKCOEPUMEHTOB B IPH-
3€MHOM CJIO€ aTMOCdEpbI, NOKAa3aBIIMM, YTO LI onepedHoi auddysun cooTHo-
HIEHUs] OMHOPOLHOM TYPOYICHTHOCTH, YaCcTO UCTIONB3YEMBIC B pacyerax Mis IpH-
3eMHOro cios, He BemtonHmorcs. B [23] nokasano, uTo ant ycinoBui, OAHU3KUX K
HEHTpaNbHOH CTpaTH(UKaIMH, SMIMPHIECKHAE JAHHBIC JIyJIle COTIacyrTCs C CO-
OTHOLUEHHUAMH THIOTE3bI MOAOOHS JarparkeBOd TypOYICHTHOCTH B IPHIEMHOM
cioe atmochepst. Hioke paccMOTpeHbl HCCiieioBanus, TAe ObUTH IPOBEICHHI TPH
CepUM JKCIICPUMEHTOB Ha PA3NWYHbIX IUIOMAAKAX JUIA TPOBEPKH COOTHOLICHMS
TUIOTE36 OA00MS TarpaHkeBoi TypOyIEHTHOCTH B IPU3EMHOM ClIO€ aTMOChEPBI
IUTS IONEPEYHON AUCIEPCHH KOOPAMHAT W OIEHKH BO3MOXKHOCTH MX HCIONB30Ba-
HUS U1 DIMPOKOT0 JHana3oHa aTMOCHEPHBIX YCTIOBHH.

CornacHo rumores3e moxoOust JArpawkeBOd TYpOYNEHTHOCTH B MPHU3EMHOM
cimoe atMochepsl HaA TUIOCKOH ¥ OOHOPORHOH MOBEPXHOCTBIO OTHOCHTEIBHYIO
JWCTIEPCHIO KOOPAMHAT S, MOXHO ONHCATh BBIPAXEHUEM (2.7)

S2(H=p uftzF(h/u,t, Yo uul, zofut, ut/|L. 4.1)

B ranase 2 yxe OTMEYanoCh, YTO B NPEACIBHOM ciydae OONBIIMX BpPEMEH
nabdysun, Muoro 66memmx hAf/u,, y,/u, urem Gonee z,/u. npu |L|—>o u3

tdopmynst (4.1) monyaaercs M3BeCTHOE BhIpaskeHue [62]
SXO =P ul . 4.2)

Kax u3BeCTHO, 9acTO MPEIEIbHEIE COOTHOMCHHS BHIIONHAIOTCA B Oonee mm-
POKHX YCIOBHAX, HEXKETH Te, L1 KOTOPhIX OHHM romydeHsl. Haxoxzenme stux
FPaHNL 110 SKCIEPUMEHTANbHBIM JaHHBIM UMeeT OONbIIOE HE TOIBKO HAYIHOE, HO
H MPAKTUYECKOE 3HAYCHHME. _

B pabGore [38] mcmone3oBaHa a’poQOTOCHEMKA IBIMA C BBICOT, MHOTO
OONBIIHNX BBICOTHI OXBEMaA CTPYH. B OCHOBY HCCIIeOBaHUS IONOKEHA CTATHCTH-
"gecKas MOAENb ABIMOBOH cTpyH {42], cornacHo KoTOpoH CIPys# COCTOHUT M3 COBO-
KyIDHOCTH JHCKOB C raycCOBBIM pacnipenencHueM BemectBa. LleHTpsl TsmxecTH
JVCKOB HCIIBITBIBAIOT CIy4aMHBIE KONeOaHNs OTHOCHTEIBHO CPETHErO MOMOKECHNUS
OCH CTPYH, COBITAJAIONICTO C HATIPABICHHEM CPENHETO BETpa, KOTOpoe BBIOpaHO 3a
ock x. PaccemBammem mo ocu x mnperedperaercsa. Taroke mpeanonaracrcs, 9To
K01e0anMsA OCH CTPYH M €€ PacCesTHHE OTHOCHTENBHO OCH CTATHCTHYCCKU HE3aBH-
CHMBI, H HCITONB3yeTcs cooTHomeHue (3.3) )

o’(x)= 8% (x) + o5 (%),
II€ X — PacCTOSHME OT MCTOYHMKA TPHMECH, BBIOPAHHOrO 3a Ha4aJiO0 KOOPAMHAT;
oo (x) —',zmcnepcm OPAMHAT OCH CIPYH HA PACCTOSHMM X G-(X) — abGComoTHAs
AUCTICPCHA KOOPAHHAT YaCTHIL. '
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AspodoTocheMKa MO3BOAMIA HEMOCPEACTBEHHO M3MEPATh OPAMHATHI MIHO-
BEHHOM CTPYM B 3aBHCUMOCTH OT PACCTOSHHS, & U3Mepenue S (X) BHIONHAIOCH
1o cpenHell no aHcaMOI:0 BUAHMON HONyWHpHHE CTpyH a(X) Ha pasHbIX yaale-

HUSX OT HCTOuHMKa No dopmyrne (3.1); ans pacdera o4 (x) ucronb30Banack hop-
mymna (3.2).

Taxum 06pazoM, SKCIEPUMEHTHI ¢ JBIMOBBIMM CTPYSMM TIO3BOIMIM OLICHUTH
BCE TPU AMCTIEPCHH KOOPAMHAT B MONEPEIHOM CPETHEMY BETPY HAMPABICHHI.

4.1. M3mMepenne OTHOCHTEIbHONM AHCIIEPCHH KOOPAHHAT 110 JAHHBIM
HN3MepEeHHI XapaKTepHCTHK ABIMOBBIX CTPYii

OneITel ¢ ABIMOBBIMH CTPYSIMH TipoBeseHsl B 1975 — 1977 rr. B crenHoit 30H€
Vxpauns! (monurosn 1), roro-socrounom Kasaxcrane (nonuros 2) u Ha nobepexsbe
Azosckoro Mops (monurod 3). MukpomepoxoBaTocTh Z, Al yKa3aHHBIX TPEX

PafoHOB B cpeaHeM coctaBnsna 5, 1 u 5 cm coorsercTsenso. Hu omna u3 nnoma-
JOK HE OTBCYAJIA HACANBHBIM YCIOBHAM OJHOPOAHOCTH IOACTHIAIONICH NOBEPX-
HOCTH s paccrosiguit Gompmmx 0,7 — 1,0 kM OT HCTOYHMKA TIPHMECH H METEOo-

maursl. Ho mockompky BUAMMAS ONMHA CTPYH, KaK MPaBMIO, HE NpEBbiiajga
500 — 600 M, TO oueHKH, IPOBEAEHHBIE, cornacHo [45], no TpaHchopmauuu noro-

Ka B IIPU3EMHOM CIIO€, MTO3BOIMIM HAM CYMTATh, YTO MPUMECh PACIPOCTPAHIACh
HaJ, OJHOPOJHOH MOACTUNAIOMEH MOBEPXHOCTHIO B INOTOKE, 3JATITUPOBAHHOM K
ool moBepxHOCTH. C TOYKH 3pEHHS ME30LICPOXOBATOCTH MOACTHIAKMECH mHO-
BEPXHOCTH YCJIOBUS SKCIEPHMEHTOB HA Pa3HBIX MOJUTOHAX 3HAYMTEABHO OTIMYA-
JIUCHh APYT OT ApyTa. ‘

B xavecTBe HCTOYHUKA IBIMA CIYXKHIN a3P0O30JIbHbIC TEHEPATOPEI MACASHOT'O
TyMaHa ABYX THIIOB, OTJIMYAIOMIMECS APYT OT ApYra BENHYMHOH Pacxoaa M BBICO-
TOH BBIOpPOCA KaIteeK COMIPOBOro Macia. B psae ombiTOB HCTIONB30BAMCEH TAKOKE
ABIMOBBIE IIAIIKY Pa3IHaaoN MomHocTH (cM. puc. 3.2 u 3.3).

Hna dororpaduposanus mcnoms3oBanuck kamepsl ADA-41/7.5 (doxycnoe
paccrosare 7,5 cM, none 3perns 99°) uau APA-41/20 (poxycnoe paccrosHue
20 cm, none 3penus 74°), pacrionoxennsie Ha camonete AH-2. UnTepsan chemxn
OrpaHUYUBAACA CKOPOCTBIO BO3BPaTa CamMoOieTa B 3aJaHHYIO TOUKY NPOCTPAHCTBA
1 00BI4HO cocTaBisul 60 — 90 ¢ B 3BHCHMOCTH OT JUTHHSI crpyu. dns xoHTpoms
TIOJIOKEHUS CTPYH B BEPTHKAJIBHOM ILTOCKOCTH OCYILECTBIBLIACH CBEMKA C MTOMO-
HIBI0 HA3eMHOU cTepeodoTOrpaMMETPHIECKON YCTaHOBKH Ha ocHOBe ADA-41/7,5
TIPH PACCTOSTHHK Mexay kaMmepamu 100 ».

CocTosiHuE Cpeasl PeruCTPUPOBANOCh ¢ MOMOMIBIO TIOXOJHON FPaaMeHTHOMN
YCTaHOBKHM, cocTosined u3 4- u 30-metpoBoil madr, Qyprosa perncTpatmy rpaju-
€HTOB TEMIIEPATYPHI, CKOPOCTH M HAIPABJICHUsI BETpa U HX npodmici, ocpeaHeH-
HBIX 33 OXHY MHHYTY. I10 3TiiM npodmiam onpeaensuces U, , L.
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KputepusmMu CTAUMOHAPHOCTH CIYXW/IM JaHHbIE 00 N3MCHEHUH CPEIHEH TeM-
TIepaTyphl, CKOPOCTH M HANpaBjicHHs BeTpa 3a 10-MuHyTHBIC MHTepBasL Hammdue
U30MOB MPOGHJIS TEMIIEPaTyphbl M CABUra HAIPaBJICHHUS BETPa TAKKE IPHHHMAIOCH
B pacuer. OKa3aJIoch, 9TO TONBKO B 14 OMBITAX YCIOBUA MOXHO CYMTATH CTALMOHAP-
HBIMH, T.€. CKOPOCTh M3MECHEHHS METEO03NIEMEHTOB B IPEAEIaX TOYHOCTH M3MEPEHUH
PaBHANACH HYMO, a MPOQUIM TEMNEPAaTyphl M HANpaBIeHUs BeTpa Obumd Ge3 usio-
MOB. UToOBI OLEHHTH BIMSHUC CTPATH(UKAIMH IPU3EMHOTO CIOSI Ha IPOIEecC pac-
CEsHUS U BAWSIHHE CTALMOHAPHOCTH, NaHHbIC OBLTM Pa30UTHI HA CICHYONHIE TPYIIIbL:

1) {L{>100m, ycnoBua CTalMOHAPHBIE, W3JIOMOB HpodHIeH MeTeosse-
MCHTOB HE HaOMIONAIOCH — BCEro 7/ OIBITOB;

2) |L|> 100 M, ycnous HeCTalHOHAPHBIE (U3MEHEHUE IHOOOrO MeTEo3e-
MEHTA TPEBLIMIANI0 TOrPEIIHOCTH M3MEPEHHH) NpH HATMIUN H3JI0MOB BEPTHUKATIb-
HBIX TTPOQHIEH TeMIEPaTYpPhl U HATIPABJICHNS BETPa — 17 OMBITOB;

3) wacmrab L usmensnca B npeaenax -10 + -100 M, ycmoBus crammonap-
HBIC — 5 OTBITOB;

4) wmacmrrab L wsmensuics B mpepenax -10 + -100 M, ycmoBus HecTaumo-
HApPHBIC TI0 TEM K¢ TIPU3HAKAM, UTO U B rpyIme 2), — 12 OmbITOB.

B aByx omeiTax ¢ ycroiuuBoil crparudmkaumeit macmrab L u3MeHsiICH B
npepenax 10 <L < 100 M, B onrom L Opur meseme 10 M, yciosus SBHO Hecra-
LUHOHAPHBIC, B ABYX ONbITaX MpPH HEYCTOM4UBOH crpatuduxanmu macurrad |L |
611 MeHbine 10 M, HO YCIOBMA CTALUHMOHAPHBIE TONBKO B OXHOM U3 HHX.

AHanu3 OMBITOB C HAMHYMEM IOBOPOTa CPEJHErO HAIPABJICHUS BETPA IOKa-
3aj1, 4YTO TOJIBKO B JBYX OMBITaX ACHCTBHTEIBHO HAOMIOANCS 3HAYUTEHBHbBIH 1MO-
BOPOT CPEOHETO HAMPABNEHUS BETPa (CPEAHETO TOJOXKEHUS OCH CTPYH IpIMa); KO-
TOpBIN BIHSI HA BEMUYUHY aOCOMIOTHOM aucnepcuu. B octampHbIX cnydasx Ha-
OmI0NaniCh HU3KOIACTOTHEIE KOE0aH s CKOPOCTH, HATIPABIICHNS!, OCH CTPYi ABIMA.
Ilpu ocpenHenMM BBIMHCACHHBIX OTHOCHTEIHHBIX AUCHICPCHI IT0 aHCAaMOMIO OIBITHE
CO CABHUIOM HAMpaBIECHMS BETPa TakKe ObUIM BBILCICHBI B OTACIBHYIO TPYIITY.

Ha puc. 4.1 u 4.2 npencrasnensl 3HaueHus S, UId NEPBOH U TPETbeH Ipymi

JaHHBIX. Bunno, yTo 3HaYCHUS OTHOCUTEIBHOH AMCHEPCHH KOOpAWHAT Maao o1+
AUYAKOTCA APYT OT APYyra Ajas PAa3HBIX HOJWTOHOB M UX MOXKHO PAcCMOTPETh Kak
oMH aHcaMOnb. MOXKHO OTHETNHBO NPOCHEANTD HAJUYUE ABYX Y4acTKOB S (X) —

HAYQJIBHBIA y4acTok 70 paccrosauii 20 — 50 M 0T MCTOYHMKA TPUMECH, TIE 1IOKA-
3aTeNb CTENMEeHW COOTHOMWERNs S, ~ X" 3HAYMTENHHO MCHBIIE EAMHUIBL, # OCHOB-

HO# ygactok ot paccrosumst 20 — 50 M mo xoHna crpyn. Ha ocHoBHOM yuacrtke
noKaszaTens ¢rencHy ciaabo PacTer M 110 BEIUYMHE OaH30K K eAUHKOE.

Hpu Gonee meranbHOi OUEHKE XapakTepa NIMEHEHHH S, C PaCCTOAHUEM NIt
Pa3HBIX IOJAMIOHOB M PA3HBIX COCTOSHHMM YCTOHYMBOCTH MPH3EMHOrO CJIOS OOHA-
PYKHBAIOTCS HEOONBIIHE PAa3iU4dMs B HOKA3aTeAC M COOTHOMICHUs S, ~ X" .
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Puc. 4.1. 3aBucumocts Sy OT PAaCCTOSHMS N0 HCTOYHHKA MPHMECH X TIPH YCJIOBHAX,
Omu3kux Kk HeHrpampHoM crpatMmkamuu, |L|>100M: 1 — 3 ~ momuromsr; 4 —

S2(x)=yg +0.48ul(x/uc)’ [37;5- S, = 0,06 x> [60]
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Puc. 4.2. 3aBucumocts S y OT PAaCCTOAHHMA N0 UCTOYHHKA OPUMECH X NPHU Craboi He-
ycrodunBoit crparudukaunu: / — 3 — nomuronsr; 4 — S'i (x)= yg + 0,56 uf(x/ u:)* 37}

5-8,=014 x"%% 160]
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Tabauya 4. 1. Inagenns MOKA3ATEsI CTENEHU M NS OTHOCHTENLHOH
JUCHICPCHM KOOPAMHAT

Homep nonurona |L]>100wm -100mM< L <-10M
1 0,81 1,00
| 0,81 0,94
3 0,69 0,82
Cpennee 0,77 0,92

B 1a6n. 4.1 npencraBieHs! 3HAYCHHUS IOKA3ATEACH M, TIOMyYCHHbIE TIO hopMyrte
m= M
2
Inx koW lnxuaw

rae Sy B S, — AUCTIEPCHH B KOHUE X,, ¥ HadaJle X,, OCHOBHOTO ydJacTKa

4.3)

kpusoit §, ~ x™ . VI3 Tabnuupl BUAHO, 9T0 BEAMIHHA CTEIICHH M PACTET ¢ POCTOM

HEYCTOWYHMBOCTH TIPU3EMHOTO CJIOST aTMOC(EpBL.

Ha puc.4.1 u 4.2 nng cpaBHEHHS TaxKe NPHBEACHHl aNMPOKCHMALMOHHBIE
GyHKUMY, TONYYCHHBIE MO PE3yAbTATaM HECKONBKUX IKCICPHMEHTANBHBIX TIPO-
TpaMM ¥ PEKOMEHIOBaHHBIC A MPAKTHUECKOTO MCMons3oBaHus B [60]. Buano,
9TO MOMYYCHHBIE B HAIMX SKCTIEPUMEHTAX 3HAUEHHs S, JIOXATCH HECKOMBKO BBI-

me KpuBbIx [60] ans HeATpansHOH cTpaTHOHKALNK M HIKE KPHBOH, HONTyYeHHOU
NI YCAOBHH HEYyCTOWYMBOCTH AA BCeX BpeMeH auddysum, mpudeM pasmudims
Moryt gocturats 50 — 60 %. 310 no3Bonser roBOPUTH O HEOOXOAUMOCTH COOMIIO-
JaTh OCTOPOKHOCTh IPU HMCIIONB30BAHWH HA MPAKTHKE HIMPOKO NPHUMEHIEMBIX
anmpOKCUMALMOHHBIX CTCHCHHBIX (YHKIMI OTHOCHTEIHHOH XUCIIEPCHH OT pac-
CTOSIHHH JO MCTOYHUKA NPHMECH.

IIpu cpaBrenun aubdy3rMOHHBIX XapaKTEPHCTHK, TTONYYECHHBIX IO 3KCIICPH-
MEHTAJIBbHBIM JAHHBIM, C TEOPETHYCCKUMH COOTHOUICHUSMH HCIONB3YCTCS BpeMs
mudbys3nu, a He pacCcTOsHUE O MCTOYHMKA MPUMECH. B sxcrnepuMenTtax ¢ IBIMO-
BBIMHU CTpysamH [62] BpeMs muddy3un HEMOCPEACTBEHHO MONYIHTh HEBO3MOXKHO.
370 3aTPyAHEHHE TIPEOAOICBAETCA ¢ MOMOIIBIO THITOTE3Hl X = !, CIIPABEMIHBOM
AN ODHOPOAHOrO MOTOKA € Pa3BHTOM TypOYJIEHTHOCTBIO MpU u = const. B mpu-
3EMHOM CJO€, TJI€ CPEAHAS CKOPOCTh BETPA ABIACTCS (PYHKIMEH BBICOTHI, CICAYET
HCTIONB30BATh CPETHIOI0 CKOPOCTh BETPA B CIOE PACCESHUS MPHMECH, TIOAPa3yMe-
Bas IPH 3TOM, YTO OHA MAJIO OTJIMYACTCS OT CPEIHEB3BEHICHHON CKOPOCTH BETpa B
CJ10€ PacCesHuUs.

B cootBercTBHU ¢ mpuHsTON runore3oi Bpems quddys3un BerumcIseTCs Cie-
IyromM o0pasom:

t=xluc, “.4)
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;_lc'=—1- u(z)dz, 4.5)

ZBO

TAC Zp — BHICOTA BUOUMON BEPXHCH rpaHuUNB! CIOs JbIMA, NOAYICHHAS B HAMX
JKCTICPUMEHTaX C MOMOLIBIO CTEPeohOTOrpaMMETpUIEcKoil CheMKH CTPYH abIMa
cOOKy; U, — CpenHsii CKOPOCTb BETPA B CJIOC OT 2, JO Zp.

Jlst cpaBHEHMS CPEIHEB3BEIICHHON CKOPOCTH BETpa CO CPEAHEH CKOPOCTHIO
B CIIO€ PACIIPOCTPAHCHUS NMPUMECH YAANOCH UCII0Nb30BATH U3MEPEHHE BEPTHKAIB-
HBIX Hpoduiei cpemHel KOHLEHTPALMM NPUMECH B HECKONbKuX ombitax. Okasa-
JIOCH, UTO IS HEYCTOHIUBOH CTPaTHUKALUY 1 YCIOBHIA, ONMA3KUX K HEHTpanbHOM
crpatndHkanuy, ucronb3oBanue Gopmymer (4.5) npakTHUECKH HE MPUBOAUT K
CYHIECTBEHHBIM OIOKAM.

S, (0),
4r (" im=1 x
L £3,
xxx x
2t x
A_ AA..O
n%xﬂ >e
107 b ¢
f .‘.”gi‘a"‘8
61 okt
- ..ﬁz 1
| 5o % .
i % :-f'%g; ° 2
2t N x A gt 4 3
'y o s 4
D A%
oA+ o 5§
10° | a " + 6
A
61 N il P -

10° 2 4 6 4p1 2 4 6 102 1 ¢

Puc. 4.3. 3aBucHMOCTH Sy ot Bpemern mudysmm t: I — u, = 0,17 m/c; 2-0,15wm/c;
3-0,21 M/c; 4-0,29M/c; 50,46 M/c; 60,35 m/c; 7~ NOBOPOT BETPa C BBICOTOMH

A

B kauectse mpumMepa 3aBucHMOCTH S, OT Bpemenm Audpysuu va puc. 4.3
MPEACTABICHBI PE3YIBTATH H3MEPEHUIt HA noauroHe 1. BuzHo, 9410 Ha HaYaIbHOM
yuactike B HHTEpBaNe BpeMer Auddysuu 2 — 10 ¢ mokazaTenb CTENEHH B COOTHO-
mieHnn S, ~ 1" HECKOABKO MEHbINE eiMHUIBL, a B uHTeppane 10 — 100 ¢ pasen
eMHUIE. DTO MOATBEPKAACT HAIMIME NPEAENbHOro pexuma (4.2).

B [37] no 12 onsitam, NIPOBEACHHBIM NPH YCIOBHAX, OJIM3KHX K HEHTPAIBHOM
crpaTudHKALMH, PAaCCMOTPEH Xxapaktep H3MEHeHus OespasmepHoi GyHKIUM
F (h/u'_t, Yo /u,,t).- Oxasanocs, aro kpussie S, (f) /u,,t B 3aBHCUMOCTH OT 7 / u,t
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" YV, / u,! BBIXOOAT Ha PeKUM (4.2) NpaKTHYECKHU NPH OJMHAKOBBIX 3HAUEHMAX

apryMeHTOB, HO CKOPOCTh M3MEHeHWs (yHKLMH B HECKOIBKO OonblieH CTEmeHH
MEHACTCA OT apryMeHTa ), / u,t . HosroMmy B manpHeEHIEM OTPaHHIHMCS PACCMOT-

penrem n3menenust ysxumu S, /u,d o Y, /u.l.

S0/t .
o 2
1,2 .3
x A4
0,8 x % 5
A
A I S
04 & 43 4§ o 0 & 7
~

] ! i ] ] ] i i | ;
10 30 50 70 90 /14,

Puc. 4.4. 3asucumocts S, /u,,t ot Ift, ,tne 1, = Y, /u,, : 1 — CTAUMOHAPHEIE 0 JHOPOIHbIC

yCnoBus, 2 — HECTALMOHAPHbIE HEOJHOPOAHBIE YCIorHs (I, 2 — HeHTpanpHas crparuuxa-
mis); 3 — CTAIMOHAPHBIC OJHOPOJHBIC YCHOBH, 4 — HECTALMOHAPHLIC HEOTHOPOIHEBIE
yenosust (3, 4 — HeycroiguBas cTpaTudUKaIT); 5 — HOBOPOT BETPA € BRICOTOH

Ha puc. 4.4 npencraBiena 3aBMCHMOCTS 0€3pPa3MEPHOH OTHOCHTENBHOH AMC-
nepcuu KOOpAMHAT oT Gespasmeproro spemenu middysun t=w,1/y, nms pas-
JMYHBIX TPYII AaHHBIX, CYOPMUPOBAHHBIX 10 BCEMY MacCHBY u3Meperuit. Y3 pu-
CYHKa BHJHO, 4TO Oe3pa3sMepHast OTHOCHTENbHAS AUCTIEPCHS A4 BCEX IPYIII Naxa-
er 1o t= 10, ganec ona xoneOIETEA OKOIO KAKOrO-TO IOCTOSHHOTO YPOBHA CO-
rnacHo opmyie (4.2). YnucneHHbIE 3HAYECHHS 3TOTO YPOBHS ISl PA3AUIHBIX TPYTII
HE3HAYHUTENBEHO OTIMYAIOTCH APYT OT APYTa, 33 HCKIIOUYEHHEM OITBITOB, B KOTOPHIX
HaOIIoNaNCcs CABUT HaMPaBICHHUS BETPa 11O BEPTHKANH.

Hanuune x0pomo BBIPaXCHHOTO NPEACIBHOTO PEXHMAa B MHTEPBAJC 3HAYe-
il T= 10 + 90 nmossomMIO HaliTH 3HAYEHUS YHUBEPCANHHOM KOHCTAHTH f3. 3Ha-
YeHHE [31/ ? QNS CTANMOBAPHBIX YCIOBHI NP HEHTPATBHON CTPATHGMKALIH IPH-
3eMHOro cios coctasuno 0,48 + 0,02, /lns rpynnsl OOBITOB ¢ HEHTPABHOH CTpa-
TUHKALHEH, HO HECTALIMOHAPHEIX IO BPEMEHHOMY X0y TEMIIEPaTypPhl WM Cpef-
HEH CKOPOCTH W HAIPaBICHUIO BETpa, 3HAUCHHC pY?
CpenHeM HEeCKONbKO MeHpmmM — 0,42 + 0,02,

TONY4YHAOCH OIM3KKHM, HO B

Jna onpiToB ¢ HeycToHuHBOM cTpaTHukammed (L =-10 + -100 m) mna cra-
LMOHAPHBIX U HECTALMOHAPHBIX YCAOBHI 3HAYCHUA S / u,! HAa y4acCTKe NMPeHeb-
HOTO PEXMMA OKA3aJHCh HECKONBKO QONBINMMU, 4€M S YCIOBHH HEHTPaIbHOH
crpatuukanyy, u cocraBwin 0,56 + 0,03 u 0,51 £ 0,02 coorBeTCTBEHHO.
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Hnst Gonee AETANBHOrO BBIACHEHHA 3aBUCMMOCTH S, / U, =1 or crpaTudu-
KalMy MPH3EMHOTO c10g ObUTH OTOOpAHBI OMBITHI, AJIS KOTOPSIX Macirrab Mouu-
Ha — OOyx0Ba Jie)Kall B MHTEpBAJIE 3HAYCHHUH -6+ -16 M, T.€. OMBITHI C SPKO BbI-
PaXEHHON HEYCTOHYHMBOCTBIO IPH3EMHOTO CI0SI, H PACCMOTPECHO H3MEHEHHE QyHK-
MM OT Oe3pa3MepHOro aprymMeHTa u,! / |L{. SlcHO, 4TO TpU CTPEMIIEHHU 3TOTO
apryMeHTa K HYMIO 32 CYET yMEHbUICHUS BpemcHM muddys3uu wiM ysenuueHus
abcomoTHOM BenuumHBl L QyHKIus 1) He OODKHA OTAMYATBCS OT 3HAYEHUIA
Gynxuyy, HabMOAaEMBIX MPH HEHTPaIpHOM cTpatuduranun. Ipu pocre aprymes-
Ta u,t/| L} BmsHMe cTpaTHUKALMH JOMKHO PACTH.

Ha puc. 4.5 npencrasneHa cpeaHss O 3THM ONBITAM KPUBas 1| Kak QYHKIHUS
u,t / | L| B nuTepBane snaueHuil GespasMeproro aprymenta ot 0,1 g0 6,0. Buaso,
4TO JJi8 BCETO MHTEPBAJa PACCMOTPEHHBIX 3HAYECHHI aprymeHra (C y4eToM pas-
Opoca maHHBIX) 3aMETHOTO pocra 7 He Habmomaerca. CpenHee 3HAYEHHE T} MO
BCEMY MHTEpBally U3MEHEHHH apryMeHTa okasanocs pasHbM 0,75 £ 0,06.

S (O/u,t
F
4t
2 I
10° £ o *
[ = e e e —ae BB @ b - -
2‘5 i s ...—fv'-....- . Puc. 4.5. 3asucumocts Sy/u‘t oT
! u /| L|: cpensve 3HaveHws ans
10! — T il IPYIN ONBITOB, BEPTHKANBHBIE OT-

10t 2 4 6 10° 2 4 but/ll|  pesku cpennexBagpaTHUHbIE OLIMGKH

Taxum 06pa3om, MPOBEACHHBIA aHATM3 3aBMCHMOCTEH S, OT Pa3IWYHBIX ap-
FYMEHTOB [TO3BOJIACT CAENATE CIEAYIOIIHE BBIBOABL:

1) BIusIHME HECTALMOHAPHOCTU MPH3EMHOrO CHOS aTMOCHEPHI HA BEAMIH-
Hy S,(7) B nepsoM NpuGMMKEHHH HEBEITUKO U /IS IMPAKTHYECKUX PACUETOB UG-
(by3MOHHEIX HapaMETPOB MOXXHO HCHIONB30BATh E€OUHBIC YHCIICHHBIC 3HAYCHHS
VHHABEPCAIBHBIX (PYHKIMH;

2) ¢ pocTOM HEYCTOHYMBOCTH MPHU3EMHOTO C0s aTMOC(epbl BETHYMHA
BF(u,t/|L]) mpakTHuecKu HE MEHSETCS NPH H3MEHEHWMM aPryMEHTa U, ! JIL| B

urTepsane 0,1 + 6,0, u mns HeycToiuMBOM crpaTMdUKAMKH MOXHO CYMTATh
BF (u,t/|L)= const.

Jns npaktudeckux pacyeTos Au(Gy3HOHHBIX TAPaMETPOB BTOPOH BBIBOA UME-
€T Ba’KHOE CIICACTBHC, a MMCHHO, B HHTEpBajic Oe3pasMepHBiXx BpeMeH muddysuu
T=u,t / |L| ot 0,1 10 6,0 MOXHO 1OJIB30BATECS COOTHOLICHHEM (4.2) HE TONBKO IPU

HEWTpanbHOH, HO U TIPU HeyCcToW4MBOM crpatuduraimy. Ho npu HeyctoifuuBocTH
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B Ka49eCTBE KOHCTAHTBI HEOOXOOMMO UCHONB30BaTh 3HaueHus P F (u, ¢ /] L)), pasubie
0,75 npu uamenenny L ot -6 5o -16 1 0,56 mns L ot -10 5o -100 m.

Pe3ynsTaTh psaa SKCIIEPUMEHTOB, IPOBENEHHBIX Ha nonurosax 1 u 3, He uc-
HOAB30BAJHNCE AJI1 OHCHOK YHHBCPCAABHBIX KOHCTAHT, YTO IIO3BOJIMJIO HA HC3aBU-
CHMOM MaTepHaJic IPOBECTH CPABHEHUE TUCHICPCHH S, TONYy4ECHHBIX B 3KCIIEPHU-
MEHTE M BBIYUCIACHHBIX ¢ MOMOMIBIO MOMYYEHHBIX HAMHM KOHCTAaHT. Brraucnenns
OTHOCHTEIbHBIX OHCHCPCHH [ YCIOBMH HEHTpaabHOH M CcIaboHEyCTOHIHBOM
CTpaTHUKALMH IPH3EMHOI0 CJI0S BBIIONHSUIUCH 1O (popmyne [37]

S2(x)=y2 +B,ul(x/uc)? 4.6)

rae B npuamumManocs paBHeiM 0,48 u 0,56 cootsercreenno. Kpussie (4.6) noka-
3aHbI CIUIOTHOM muHMel Ha puc. 4.1 1us HelitpanpHOH crpatndukanmy ¥ Ha
puc. 4.2 mns ycnoBuit cnaboif HeycroiguBocTy. Ha Tex jke pUCYHKAX MYyHKTHPOM
DPOBEXCHBI TMHUH B COOTBETCTBUH € IMIUpUIecKuMU GopMynamu [60]

1/2

9 . .
S, =0,06 x"? _ nas HEHTpPaIBHAIX YCIOBUIA,

Sy = 0,14 x** — gnx caboit HeycTONHBOCTH. 4.7

CpasruBas kpussic (4.6) u (4.7) ¢ IKCIIEPUMEHTATBHBIM MATEPHAJIOM, MOXKHO
CHenaTh CHCTYIOIUHA BHIBOI: KpuBast (4.6) o CpaBHEHMIO C KpUBOif (4.7) mo3BOII-
er Oonee afeKBATHO OTPA3UTh IPOLIECC OTHOCHTEIBHOTO PACCESHHSA, a UMEHHO
y4eCTh HaYaJbHbIC YCIOBHA M H3MEHEHUE TPOGQHIIS CKOPOCTH BETPA.

Xots cpaBHeHue pacderos 1o ¢popmynam (4.6) u (4.7) BEINONHEHO HA OCHO-
BaHMH HECOOJBUIOr0 MaTepHAN3 H3MEPCHHH, BEIBOABL M3 3TOTO CPABHEHUS OYECBUA-
Hbl. OCHOBHOE OT/IMYME PACUYeTOB MO IMmupHUYeckuM dopmynam (4.7) u no dop-
Myne (4.6), OCHOBaHHOH Ha rumoTe3e MOXOOMs JarpaHKeBOU TypOyJICHTHOCTH,
3aKJIFOYAeTCs B BO3MOXKHOCTH YYUTHIBATH C TIOMOMIBIO (opMmyisl (4.6) HadyanbHbIC
ycnosus mugdy3noHHOTO NpoIecea U U3MCHEHUE NPO(HAsS CKOPOCTH BETPa B CIIOC
paccesHus.

4.2. AOCOIIOTHAS AUCTICPCHST KOOPAMHAT 0 H3MEPEHHSIM
XapaKTePHCTHK AbIMOBBIX CTPYii

OpnHoit u3 TPyAHBIX 3alay, CBA3AHHBIX C pacyeTaMu PAcCEIHHS IPUMECH OT
TOYEYHOrO MCTOYHHKA B IIPU3EMHOM Cl0O€ aTMOCOhEPHI, IBIAETCA 347a4a Ompenc-
JICHUS 3aBUCHMOCTH TONEPEUHON AUCIEPCHH KOOPAMHAT A (yHaupYIOmuUX dac-
THH OT Bpemenn auddysun unu paccrosuus. COTIACHO THIIOTE3E IOXobHs ma-
IPamXEBBIX XapaKTEPUCTUK TypOyICHTHOCTH B MPU3EMHOM CIOE€ aTMOC(EPHI HaZ
MJI0CKOH ¥ OZHOPOJHOW MOBEPXHOCTBIO [62] BhIpaKEHHUE A MOMSPEIHOM a0co-
AFOTHOM AUCIIEPCHE KOOPAMHAT MOXKHO 3amucaTh B BuAE QYHKLIMHU OT TpeX Hesa-
BUCUMBIX O€3pa3MEpHBIX apryMeHTOB

Gi(l)=u*2 tzF(h/u*t, zofut, ut/|L), 4.8)
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rae F — ynuBepcansHas QyHKUUA, BUH KOTOPOH AOIKEH ONPEACHATHCH 110 JaH-
HeM HaOmonenwit. Jina npenensrsix Bpemen auddys3uu, MHOro 6ompmmx 2z, / u,

51 h/ u, , bynxims I crpemurces k koucrante v npH | L | — oo (4.8) mpunnMaer Bun

2 2,2
o,(D=a,u 1", 4.9
TAE O, — YHUBEpCaNbHas KOHCTaHTA.

Jns 3KCIIepHMEHTaNbHOrO ONPEACNICHUs TPaHHU IPUMEHUMOCTH COOTHOIIIE-
Hua (4.9) u ouenky Buna Gysxknuu I Obuiy MCIONB30BAHBI AAaHHEIEC a3podoro-
ChEMKH IBIMOBBIX CTpyH. C TOUKH 3peHMS ME30LIEPOXOBATOCTH MOACTHIIAIOMIEH
MIOBEPXHOCTH YCIIOBHS 3KCIIEPUMEHTOB HA Pa3HBIX NMOJHFOHAX 3HAYHTENBHO OTIM-
qaMch Apyr oT apyra. Hanusie 1975 r. orBeyaroT onbiTaM, MPOBEACHHEIM Ha IO-
nurone 1 (crennas 3oHa Yxpannsr), manaeie 1976 u 1977 rr. — nonuronam 2 (Ka-
3aXCTaH) U COOTBETCTBEHHO 3 (Apabartckas cTpenka, YKpanHa).

Honuron 1 — 3710 poBHas nmnomanxa pasmepom 600 x 600 M, okpyxkeHHas
CEeNBXO3yTOAUAMH (IO MIIEHHUIBY, KyKypY3bl M IIOACONHEYHUKA), C OTACIbHBIMHU
OfHO3TXHBIMU cTpocHusMHM. Ioamuron 2 — miomanka co cnemamMy CTapHll C Co-
JIOHYAKOBOHM HOYBOH, PACTUTEIBHOCTBIO ITOMYINYCTBIHHOTO THIIA — PACIIONOKEH B
gomuHe p. Vinm M OKpyXkeH ¢ OmHOH CTOPOHBI TIpPAAOH XOJIMOB BBICOTOMH
200 — 300 m, a c Apyroii — necuansiMi OapxaHamu BeicoToi 15 — 20 M. IHupnna

gonusbel npubmuaurensHo 1,5 xm. Iloauron 3 — mecuasas koca IWMPHHOME OKOIO
KHJIOMETPA, OKPY)KECHHAsI ¢ 00EUX CTOPOH BOXOH. BOMBILIMHCTBO OMBITOB OCYILECT-
BJCHO IPH HEHTPAIBHOH M cHabol HEyCTOHIMBOH CTpaTM(UKAIUH IIPH3EMHOIO
cios atMocdepsl.

Tax xax abCOMIOTHBIC MONECPEIHBIE AUCTIEPCHH KOOPAMHAT YACTHI PUMECH
OTPEACIIAIOTCA BCEM CIICKTPOM MEIKOMAcCIITabHOW TypOyneHTHOCTH, TO Auddy-
3HOHHBIC M3MEPEHHS CONPOBOXKIAJINCH HE TONBKO I'PATUECHTHBIMH H3MEPECHHIMHU
METEOPONIOTMYECKHUX AECMCHTOB, HO ¥ M3MEPEHMAMH NyIbCAIIMHA TPOJOIBHON U’ U
BEPTHKAIBHONM W KOMIIOHEHT CKOPOCTH BETpa C MOMOIIBIO AKYCTUIECKOTO aHe-
momerpa. B 1976 u 1977 rr. npomOmKHUTENBHOCTE PETHCTPAUMH MYIbCALMI CO-
craBsna okono 10 MuH. YactoTa KBaHTOBaHMA M [UTHTENBHOCTH PETHCTPAHH II0-
3BONMJIM TIONYYHTh CHEKTPH MyNbCanyii KOMIOHEHT CKOPOCTH BETPA B AMaNa3OHE
gacror or 0,0016 no 1,5 I'u. Bee naanBuAyanbHbIE COEKTPHI THIATENBHO KOHTPO-
JAMPOBATHCH C YIETOM KayeCTBa aHAJIOTOBBIX 3aIHCEH, a T€, KOTOPhIE COAEPKAIH
OoucBUAHEIC OmMOKH, ObuTM MCKMIOWEeHB! U3 aHaim3a. Ilo 11 ueaMBROyanbHBIM
crekTpaM 1976 r. u 14 coexrpam 1977 r. monydeHsl OCpEAHEHHBIE CHEKTPHI, 10
KOTOPBIM OBLTH BEIYMCICHB! MaciTabbl TYpOyIEeHTHOCTH.

JInsg cpaBHEHHA pa3nMYHBIX SKCICPUMEHTANbHBIX HAHHBIX 3HAYECHUS DHCIED-
cmi c_f, ObUIH MPHUBEACHBI K €AMHOMY Tiepuoxy Habmozenus 20 muH no popmyie [60]

62(20) =o2(T) 20/7)**,

rae T — nepuon HabmoneHus.
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Hockonpxy mo marepranaMm adpodOTOCHEMKH MBI MOKEM HEITOCPEACTBEHHO
MPOAHANH3UPOBATH 3aBHUCHMOCTh U3MEHEHUs AU(D(DY3MOHHBIX TAPAMETPOB TOIBKO
OT PacCTOSHUS A0 UCTOYHUKA IPHMECH, a8 HE OT BpeMeHH 1 y3HH, pacCMOTPHM
BHa4Yajle (PyHKUMOHANBHYIO CBS3b NMOMNEPEHHOH aOCONIOTHOM AMCIIEPCHH KOOPAH-
HAT IPUMECH C PACCTOSHHEM.

Oy, M
6F
4+
2F
10" |
- L
! .
6_ :xx .1
4} s a2
i ¥ * 3
2% 2 £ IO U W A | i fl Lo 3 23
101 2 4 6 102 2 4 6x,M

Puc. 4.6. 3aBUCHMOCTD O, OT PACCTOAHMA 4O MCTOYHMKA NIPHMECH X TIPH YCIOBMAX CTPa-
TrduKanuy, Giu3kux K HeiTpaapHoi, | L] 2100 m: [ — 3 — nonuross:; 4 — 3aBUCHMOCTS
G, OT X, peKOMeHIOBauHas B [60]; BepTHKambHBIE OTPE3KH — CPEAHCKBAAPATHYHBIE

ONIHOKHU

Ha puc. 4.6 1 4.7 npencrasnens! B OniorapupMuUUecknx KOOpAUHATAX CPEA-
HCKBAJPATHIHBIC OTKJIOHEHHA ©, Kak QYHKUMM PaccTOsHUs A0 ucTouxuka. [Ipu
3TOM JAHHBIC SKCHEPHMCHTOB C SBHOH HECTAUHOHAPHOCTHI0 METEOPOIOTHYECKUX
yCnoBHil GBIIN HCKIIOYEHBIL.

Ha puc. 4.6 u 4.7 Taroke 10Ka3aHbl SMIAPUUECKHE 3aBUCHMOCTH G, OT pac-

CTOSHUSA X 1O HCTOYHHKA, MOJYIEHHBIC ITO JAHHBIM HECKOIBKHUX JKCHEPUMEH-
TaJbHBIX NPOrPAMM M PEKOMECHAOBAHHEBIC JUIA MPAKTHIECKOrO WCIIOIb30BAHUS B
[60]. Bunno, 4o 3HaueHNMs aOCOMOTHOR AUCTIEPCHH KOOPAMHAT /ISt OITBITOB, IPO-
BEICHHBIX B Pa3sNUIHBIX pafiOHaX, 3HAYWUTENBHO OTIHUYAIOTCS MEKAy coboit. Jlas
cTpaTHbuKauKl OMU3KOM K HEUTPANBHOM CpeaHUe 3HAYEHUS G, Ha PacCTOSHHH

100 m ot ucTouHMKa MAist Cepuyt onbIToB 1976 1. mpesbmmaroT 3nauenus ¢, 1975r.

B 1,3 pasa u 3mavenus 1977 r. — B 1,6 paza. [lna veycroituusoit crpatuduxanuu
3TH OTHONIEHHs Oonbme U coctaswioT 1,5 u 2,1 coorBercraenno. C yBenuaeHueM
paccTOSHHUA 3TH OTHOIICHHS YBEIMYMBAIOTCS, XOTA U ciabo. Kpuseie, pexomenno-
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BanHble B [60] u Taxke mpuseneHHrie kK 20-MHHYTHOMY mepuoay HaOmoACHHS,
copnand ¢ paHHbBIMH 1975 T, momydyeHHpIMHM B CTENHOH 30He Yxpaumnsl. Ha
puc. 4.6 u 4.7 BUAHO, 9TO NOKA3ATENb CTENEHHON 3aBHCHMOCTH G, OT X HE OCTa-

€TCA OXHHUM U TEM K, XOTI ¥ MCHACTCA HE3HAYUTCIABHO.

C, M
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Puc. 4.7. 3aBucHMOCTE G, OT PAacCTOSHKA A0 MCTOYHMKA NPHMECH X HpPH HEYCTOHYMBOM
crpatubukaumi. O603HaYEHAA CM. Ha pHC. 4.6

W3 pesynpraTos paGots [95] cnenyer, yTo mokaszaTenb CTENECHHA /1 HE SBIISCT-
Cs1 IIOCTOSIHHBIM, TIOCKONBKY Ja)Ke TPH HCHTPaIbHBIX YCIOBHAX OH 3ABHCHUT OT BEHI-
COTBI HCTOYHHKA, MUKPOIIEPOXOBATOCTU U BpemeH# auddy3um:

n=1-1/In (E/zo) + h/EIn(E/zo) [1+ (-1 In(h/z,)], (4.10)
rae z =bu.t+h — cpenHee BEPTUKANBHOE MOJOKEHHUE LIEHTPA TsOKECTH obnaka

nmpuMecH; b — yHuMBEpcanbHAas KOHCTaHTA. Hamim 3KCIepUMeEHTalbHBIE AAHHBIC
[38] Taroke moka3pIBAIOT, YTO 3HAYCHWS # IJisl Pa3lMYHBIX [OJUTOHOB NpH HEH-
TPAJBHOH H CHa0OHCYCTOMUMBON CTpaTH(QUKALMH TIPU3CMHOTO CI0A aTMOChEps
OKa3BIBAIOTCS Pa3IHYHBIMK, IPUYEM C POCTOM HEYCTONYMBOCTH MOKA3aTENb CTE-
TICHU BO3PACTacT.

B 1ab6n. 4.2 mpyBeOCHB! SKCICPAMCHTANBHEIE 3HAYCHUS #, MOJYYEHHBIE MO
JaHHBIM puc. 4.6 u 4.7 s amanaszona paccrosumid 50 + 400 M MeToq0M HaMMCEHB-

mx kBazparoB [78]. U3 rpuBeneHHOro ananu3a SICHBI OTPAHWYCHUS, KACAFOINMECS
IPAKTHYECKOTO UCTIONB30BAHNAS CTENEHHBIX 3aBUCHMOCTEH Tvma G, ~ x" . [loaTomy
Gomee NpaBUNBHO BECTH AHAIM3 3aBUCMMOCTH G, OT BHEIIHMX YCNOBHI, OMMpArO-

mpics Ha THITOTe3y OA00HS JIArpaHKeBbIX XAPaKTEPUCTHK TyPOYISHTHOCTH.
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Tabauya 4.2. IkcnepuMEHTANbLHLIC JHAYCHHS] TMOKA3ATEIA CTCHEHH X M METE0p0Jao-

THYCeCKHE XAPAKTEPUCTHKHT

" .
Homep U,,M/c Zg, M
TIONTMT'OHA |L]=100 -100< L <-10
1 0,87 0,90 0,40 0,036
2 0,89 0,92 0,29 0,011
3 0,77 0.88 0,46 0,052

HOns oneuxn ¢yuxkuumm F coorHomenus (4.8), yduTHIBArOmEei OCHOBHBIC
(hakTopbl, OT KOTOPBIX MOXKET 3aBUCETh BENMIMHA G, , NEPeHAeM OT PacCTOSHHUS

K0 BpeMeHH muddy3un no Gopmynam
_ _ 1 %_
t=x/uc, uc:f‘[u(z)dz,
zB
2o

TA€ zp — CPEAHAS 3a ONBIT BHICOTA BUAMMOM BEPXHEH TPAHMLbI CTPYHM AbIMA, 110-
JyYeHHasl C IIOMOLIBIO CTEPe0dOTOrPaMMETPUIECKON ChEMKH; 1, — CPEIHSA CKO-

POCTb BETPa B CIIOE OT Z, OO Zg.
Ha puc. 4.8 u 4.9 npusencHs! 3HaYeHUs O, /u.,r KaK QYHKIHH ! / h oy Hos

HEUTpaNbHOM ¥ HEYCTOHIMBOW CTpaTU(UKALUHE COOTBETCTBEHHO. 31€Ch B KaueCT-
Be Macmraba BpemeHM auddy3UH, XapaKTEPH3YIOMEro MaMaTh O HAaYaldbHBIX
ycnosmsx, BeiOpano orHomenme /1, /u,. OHO Ha nBa-TpH mopsaxa Gonbmie

2z, /U4, 9TO HO3BONAET HE yIMTHIBATH BIMSHHE APTYMEHTA Z,/U.! HA QYHKLMIO

F . 3naucHms hsq,, UL BCEX ONBITOB M3MCHSUIMCH B IMAMIa30HE OT 2,0M p0 5,5 m.

o,/u.l
- .1
3 b A2
Fa¥ * 3
r NV XY a
2 “gz{
_Xx '..uo}o... e o ¢ o i . .
1 xmx"""ixx x
0 I 1 1 1 ! 1 i 1 ! ! 1 4 1 i i
0 2 4 6 8 10 12 14 ut/h,

Puc. 4.8. 3nauenns G, /u, ¢ xak Gynxumn u, 1/ h,, mpu | L|>100m. Obo3Haserms

CM. Ha puc. 4.6
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W3 puc. 4.8 suano, uro mpu u.1/h,, < 1 usmencane 3Hauenmit F Y2 nng

TpPEX I'PYMII JAHHBIX KAYECTBEHHO MaJNO OTIHYAIOTCA APYT OT Apyra. [Ipu Gompmmx

3HaueHusX aprymenra gynkumn F /% xone6nroTcs B mpeaenax CTaTHCTHYECKOTo
pa3bpoca ITaHHBIX OKONIO HEKOTOPBIX MOCTOSHHBIX ypoBHEH. B oTnmume or nose-
JCHUSE OTHOCUTENBHON AMCIIEPCUH KOOPAUHAT IUIA TeX K¢ BpeMeH nuddysmu, no-
ay4geHHOro B [38] mo 3TuM ke CepusM IKCIEPUMEHTOB M NPUBCACHHOIO BBILIE,
spavenns FY? mna Pa3HBIX IPynN Pe3KO OTJIMYaloTca APYr oT apyra. Tak, Hampu-
MEp, TIOCTOSIHHBIHA YPOBEHb, BOKPYT KOTOPOro KoneGmorcs 3uavenns F /2, no mau-
HEIM 1975 1. npubmuzurensHo paseH 1,4, mo qanueM 1976 1. —2.4,a 1977 r. - 1,0.

o,/ut
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0 2 4 6 8 0 12 14 16 u-t/h;q;

Puc. 4.9. 3Havennt ©, /uct xax Qysxmma U .2/ hsd, IIPY HEYCTOMIMBOH cTpaTH(hUKALMY.
O0o3HaueHns cM. Ha puc. 4.6

Ilpu meycroiumnBoil crparnduxaumu (cM. puc. 4.9) xoa ¢dyskuuu F Y2 no
nanubiM 1975 r. 1 ocobenno 1977 r. KayeCTBEHHO MaJIO OTAMYAETCS OT XOAA ITOH
Gbyaxuuy mpu He#TpaabHOH cTpaTukauuu. TeM HE MEHEC BAMSHHME TEPMHYE-
CKOHM cTpaTHHKANHN OTPA3sWIOCh HA HEKOTOPOM YMEHBIICHWH 3HAYCHHH (DyHK-
win F'? no pammemm 1975 u 1977 1r. IpH MalblX 3HAYCHUSAX apryMeHTa
ust/h,,, a THIABHOE — Ha POCTE aBCOMOTHBIX 3HAYCHUH YPOBHEH, OKONO KOTOPBIX

npoucxonaT xonebanus 3uauernii F 2. Bonsmoi pa3bpoc IKCIEPUMEHTAIBHBIX
JaHHbIX 1976 1., CBSi3aHHEIA B KAKOH-TO CTEHCHM ¢ MAJOCTBIO YHCHA ONBITOB, HE
I03BOJIAET TOBOPUTH ONPENEICHHO O GOPME 3aBHCUMOCTH G, OT ! (cM. puc. 4.9).

Tem me MCHCE, ITO-BHIUMOMY, B 3THX ONbITAX JNUHEHHAs 3aBUCUMOCTE G y oT ¢ HE

Habmomanace. Kak u fnd yenoBuii HelitpansHoOM cTpatidukamuy, 3Ha9eHNs QyHK-

mun I Y2 qo maHHBIM 1976 1. Okasanuch OonblIe TEX, KOTOPHIE IMOMYYHIIHCH IO
AaHHEM 1975 1 1977 1.

Taxum o0pa3oMm, AaHHBIC NPOBESCHHBIX HAMH H3MEPEHHH NOATBEPKAAIOT
XapaKTep 3aBUCHMMOCTH G, OT BpeMeHH Au(Qy3uu Mpu HEUTpanbHOH cTpaTHdu-
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KaL{H IPH3EMHOrO CJ10st arMoc(epsl, TpeacKas3pIBaeMbiil Teopuei mogobus. bosee
TOTO, PEKMM TOXOOHS, KACAMOMAICA 3aBUCHMOCTH G, OT ¢, COXPAHACTCS M B yC-
noBusiX ciaboil HeycroiunBOoCTH. B TO ke BpeMs MpUBEACHHBIC JaHHBIE TOKA3bI-
Barot, yro PyHkuus I He yHHBepcanbHa. 310 MOKET OBITH PE3yNBTATOM TOTO,
YTO HE yYTEH KaKOW-TO (PAKTOpP, OKAa3bIBAOILMIA B ACHCTBUTEIBHOCTH CYILECTBCH-
HOC BIMSHHUE Ha 3Ha4ueHus F .

N3menuuBocTh aGCOMOTHON HCHEPCHM KOOPAWHAT OT OAHOM TPYIINBI OMbl-
TOB K OpPYTOi MOXeT OBITh CBsI3aHA C JIOKAJBHBIMH OCOOCHHOCTSIMH MECTHOCTH.
Jlannpie ta0n. 4.2 TOKa3BiBAIOT, YTO HA TIONHMTOHE 2 B CpeqHeM Halmwoaanach B
1,5 pasa MeHBIIag CKOPOCTH TPEHMA, J€M HA nonwuroHax 1 u 3, mapamerp MHUKpPO-
IEPOXOBATOCTH OB HAMMEHBIIMM, B TO BPEMS Kak 3HaueHus ©, /u.t 1976 r. npu

BCeX U,l/h,, Opumm cucTemaTHyecku OompmMMM, deM 10 FamubiM 1975 &

1977 tr., X0T4, Ka3a7a0Ch ObI, YMECHBIICHUE IIEPOXOBATOCTH AODKHO YMEHBIIATH H
3wavenus o, /u,!. OTCI0fa MOXHO C/IENATh BBIBOA O TOM, 9YTO M3IMEHEHHE MHK-

POIIEPOXOBATOCTH B AAHHOM CIAy4a¢ BPAX M MOXET OBITH COUHCTBEHHON MpHYU-
HOM M3MEHEHUI 3HaYeHUil O, / U,! TPHU NEPEXOSE OT OJHOrO MOIUTOHA K JPYrOMYy.

B 10 xe BpEMs U3BECCTHO, 9TO BENUYMHA © ¥ B 3HAYUTEIHHOM CTEIIEHH 3aBHUCUT

OT HM3KOYACTOTHBIX KONEOaHUN CTPYH MPUMECH, TEHEPUPYEMBIX ME30MacInTaGHBI-
MM HEOZHOPOJHOCTSIMU HOACTHIAIOIIEH MOBEPXHOCTU. Y UUTHIBASL, YTO IjIA MOIUTO-
Ha 2 XapakTepHa HauOONbIIAs ME30MIEPOXOBATOCTH IMOACTHNAIOIIEH NOBEPXHOCTH
M0 CPaBHEHHIO C MOAUTOHAMH 1 ¥ 3, OTIMYNS IPUBENCHHBIX BHIMIE JaHHBIX APYT OT
JpyTa MOryT ObITB CBSI3aHBI C PA3IMYMSIMH MMEHHO ME30IIEPOXOBATOCTH IOJHIO-
HOB. B mone3y 3TOr0 NpeAnOnOKeHus CBUACTENBCTBYIOT AAHHBIC O 3HAYCHMAX O,

IpH MambIx BpeMeHax fug¢y3un, KOraa BepTHKAIbHbIE Pa3MEPhI CTPYH eltie He3Ha-
YHTEABHBI, 1 HCOAHOPOAHOCTBIO FIOTOKA TI0 BEPTHKAIE MOXHO mpeHeopeus. U B To
ke BpeMs B GOpPMUPOBAHMM 3HAUCHMH G, YYaCTBYET BECH CHEKTp TYpOYyICHTHBIX

suxpeil. B 3toM crydae MOXXHO HanMCATh MPUOMKEHHOE COOTHOLICHHUE
comolt?, 4.11)
M3 KOTOPOTO CERYET, UT0 Aas Mabix Bpemed muddysun o, /ut~ o, /u,. Oro
AAeT BO3MOXHOCTb CPABHUTE NOTYIEHHBIC PE3YNBTATHL IpU U1/ h,, < 1 ¢ nmero-
IIMMHUCS B AHTEPATypPE JaHHBIMH U3MEPEHHH 3HAUCHNH O, / Uy
W3 nammbix puc. 4.8, OTHOCSIMXCA K SHa4eHuto u.t/h,, =0,5, cremyror
OLI€HKM 3HAYCHUA O, / U, , pasanie 2,0; 2,6 u 1,4 ana monurona 1, 2 u 3 cootser-

crBerHo. CornacHo xe [58], 370 oTHOUIEHKE IpUHMMANO 3HaueHns: 2,0 B O'Heiine
(Hebpacka, 1956 r.) no usmepenusm Ha Beicote 2 M; 2,2 Tam xe B 1953 r. Ha BBI-
core 12 m; 2,6 B Paynn-Xumne (Maccaaycerc) na Beicore 2 M; 1,3 B bpykxesene
(Jlour-Aiinenn); 2,0 B [luxkckuiane (turat Hbm-ﬁopx) Ha BeIcote 100 M.
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B pabore [2] npuBeneHs! pe3ynpTaTsl 001€€ NO3AHUX IKCTIEPHMEHTOB B IIPH-
POIHBIX YCIOBMSIX, @ TAKXKE AAHHBIC, TOTy4YeHHbIE B Tadoparopuu. ITo naGoparop-
HBIM JAHHBIM Pa3HbIX ABTOPOB OTHOWICHHE O, /u, m3MeHsnock ot 1,4 no 1,7. Mo

JaHHBIM M3MEPEHHUH, BHIMOIHECHHBIX B atMocepe, oHO maMensttocs OT 1,6 no 2,2.
Haunpie and @ y3MOHEBIX M3MEPEHNUll B TIPU3EMHOM CIIOC C TDKEAOH IPUMECHIO
[68] mamu 3HaueHue O, / #,., paBuoc 2,1. Takum oOpa3oM, MOIYIECHHBIC HAMH

OLIEHKH 3HAYEHHS| O, /U, YHOBIETBOPUTEIBHO COTJIACYIOTCS C JIATEPATYPHBIMH

JAHHBIMH M NIOATBEPIKAAIOT BRICKa3aHHOE B [58) mpeanonoxenue o ToM, 4T0 pa3-
apuus o, / U, CBA3aHBI C Pa3HOH ME30IIEPOXOBATOCTHIO MECT H3MEPCHHUH.

Cornacto JaHHBIM U3MEPEHWMi criekTpa mysnbcaunit %' (momuron 2, 1976 r.),
TPORONBHBINA MacmiTa® TYpOyIEHTHOCTH HA BBICOTC M3MEPEHMH coctaBul 15 M, a
o xauabsiM 1977 r. (mosuron 3) on pasusuics 10 M. Takum obpazom, Ha nmomuro-
He 2 cnekTp TypOyJCHTHBIX ABYDKCHHMIA ObL1 HECKONBKO CIOBMHYT B HHM3KOYaCTOT-
HYIO 001aCTh, YTO TAKIKE MOTJIO OBITh PE3YABTATOM BIHSHHS ME3OLIEPOXOBATOCTH.
Crenyer ormetuTs, uto 10-MUHYTHBIH MHTEPBAJ PErUCTpALMK %', TIO-BHAUMOMY,
HE MO3BOJIHJI B OJHON MEPE OINYTUTDH BAMSHUEC ME30MACIITAOHBIX BUXPCH.

3aBuCHMOCTD O, /u,! OT JTOKATBLHBIX YCIOBUI MECTHOCTH 3aTPYIHSET OLEH-
Ky YHMBEPCATbHOH KOHCTaHTHI, Tak Kak ¢ynxums F(h/u.t, z, / Uy l) 10 HAIIUM
JaHHBIM, B MPEACTBHOM PEXMME HE PABHA YHMBEPCAJBHOH KOHCTAHTE O, H3-33
HECOOTBETCTBHS PEajbHBIX YCJIOBMH B ONBITAX HACATH3UPOBAHHBIM YCIOBHSAM, K
KOTOPBIM OTHOCHTCS THIIOTE3a NOA00MS NarpaHKeBhIX XapaKTEPUCTHK TYpOyneHT-
HoctH. [lo-Bumumomy, Aas onucanus nponecca aud@y3ud IPHMECH B TPU3EMHOM

cioe atMocdepbl Hal peajbHOH MOACTUIAIOLICH NOBEPXHOCTBIO HEOOXOONUM YUIET
€€ ME30IIEPOXOBATOCTH.

Hcxons m3 npuBeneHHOro aHamn3a, MOXHO BBICKA3aTh HPEATIONOKEHUE O
TOM, YTO B YCIOBMSX HEHTPaNbHOM CTpaTU(QHKAIMKM NPU3ICMHOTO CIOSI ¥ IpH Bpe-
meHax aupdysun (>>h /u,, nomnepeuHas aOCOMOTHAS ZUCHEPCHS KOOPIHMHAT

G’ Haj PeanbHOl MOACTHAAKOWIEH NOBEPXHOCTEIO OYET ONMCHIBATLCS HOPMyINOi

cf,(t):a),uftzf(zoo/zo), (4.12)
THE Z,, — apamerp Me30mepoxoBatocTi. OYeBUAHO, UTO UPH Zg, —> Z,, GYHKIMSA
f(249/2) mOMKHA CTPEMHTBCH K EAUHHLE, U B 3TOM CIy4ae MOXeT 51T onpenc-
JICHA KOHCTaHTa O, .

Hockoneky muddy3uonnsie u3Mepenus 1977 r. 6pum npoBeneHH Ha NAO-
CKO# KoC€, OKPYKEHHOM ¢ JBYX CTOPOH BOZHOM HOBEPXHOCTBIO, MOXXHO IIPEAIIO-
JIOXHTh, YTO OTHOLIECHHE Z /ZQ B 3TOM CCpPHM 3KCIICPUMEHTOB MAJIO OTIMYANOCH
OT CAMHUIIBL JTO MO3BOJMET CYUTATh, YTO 3HAYCHUE YHMBEPCAJIBHOM KOHCTAHTHI
01u3KOo K enuHuIE, T.€. o, ~ 1,0.
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I'nasa 5. Beprukanabnnasa 1ud@Py3usa B npH3eMHOM CI10€
aTMocdepnl

5.1. Inddy3us npumMecH 0T JOKAJILHOT0 HCTOYHHKA

Onucanue paccesHus OT JIOKAJIBHOIO0 Ha3eMHOIO MM IIPUIIOTHITOrO HAa BbI-
¢coTy A HMCTOYHHKA HEOCEHAIOLIEH MACCHBHOW IPHMECH BCErIa IPUBACKANO BHHU-
MaHUE MHOTHX HCCICIOBATENCH BBUAY €I0 HAYYHOH H NPaKTUIECKON 3HAYMMOCTH
[4, 9, 60, 62, 71, 126]. Haubonee moaHOEe TCOPETUIECKOE PACCMOTPEHHUE ITOTO BO-
poca MOKHO Haity B [62] u uukne pador [9, 60, 62].

O630p 3KCIIEpUMEHTANBHBIX PaboT, MOCBIIUECHHBIX HCCIEAOBAHUIO BEPTUKAID-
HO# mudoys3un B npuzemuoM ciroe atMoctepst, mpusencH B [60, 126]. B 6onpureit
9acTH 9TUX paboT M3MEpeHbl Ha3eMHBIC KOHICHTPALNH IPUMECH B PSAAE TOUEK, H3
KOTOPBIX HM3BICKAETCH MH(OOpMALMs O PAacCesHMH NpHMecH 1o Bepruxamy. IIps-
MBIX HM3MEPEHMI BEPTHKANBHOrO nmpoduis cpenHell KOHLIEHTPALMH B HATYPHBIX
ycnoBusix BecbMa Mato. M3sectHs! nepssic pabotei B [loprone (Arrmus) [71, 126],
I U3MEPEHDbI BEPTHKAIAbHBIC PO CPEHE KOHIGHTpAauy Ha yraneHun 100
M OT MCTOYHHKA MTPUMECH MpH HeTpayibHoi crpatudukaimu. [onoOusrit sxcre-
pumMeHT 661 ripoBeReH B Kapaunrrone (Aurnus) [126] va ynanennn 229 m.

HaubGonee oOwwmpapiMu Obutd 3kcnepuMenTsl 1o mporpamme «Ilpeiipu
I'pace» (CLUA) [60, 88, 103, 136], roe naMepenus BEpTHKAIBHOTO npoduns cpen-
Heit koruenTpamun SO, Bennck Ha paccTosaun 100 M or ucrounuka. B [53] orm-
CaHbl OMBITHL, B KOTOPBIX MOAEIHPOBAJCH HA3EMHBIH JIMHEHHBIN HCTOTHUK. M3Me-
peHHe KOHUCHTPAlMHM ABIMOBBIX 9aCTHIl BEIOCh Ha yaanennu 100 M ot ncrounuka
TIPH Pa3/MYHBIX YCIOBHSX TepMHUEcKol ycrodumsocTu. B [124] B 8 ombITax mo-
JIy4CHbl BEPTHUKAIbHBIC IPOQUIN ra3a OT MCHOBCHHOTO MCTOYHMKA HA YIAJICHHHM
100 M. B [134] npueenerst Tpu npodwmist NO, or MTHOBEHHOI'0 HCTOYHHKA.

B [53] BuepBsie BhicKa3aHa TMIOTE3a O NPUOMIKEHHOM MMOJO0HH BEPTHKAIIB-
HOro mpotwiIs KOHICHTPAlM) MPUMECH ¥ TPUBEACHBI 3KCIIEPHMCHTANbHbIC AaH-
HBI€, MpaBAa, NPHOMHM3MTENbHBIC, O CYLIECTBOBAHMH YHHBEpCANbHON (yHxituy,
ONHCHIBAIOILEH BeMWdMHY Oe3pa3MepHON CpemHell KOHICHTpaimu OT Oe3pasmep-
Ho# BeIcoTEL Ilo3xe B [90] 310 OBLIO WeTKO CHOPMYIUPOBAHO B PAMKAX THIIOTE3HI
nonodus NarpaHKEBHIX XapaKTEPUCTHK TYpOYACHTHOCTH. TeM HE MEHEe ITH JaH-
HBIC HY>KJAJIUCh B TIOATBEPKICHMH M, KPOME TOTO, OHH HE COXEpPanu uHpOpMa-
UM Ul XapPaKTCPUCTHKH BPEMEHHOMH MM IPOCTPAHCTBEHHON IBOJIIOLMM BEPTH-
KanbHBIX Ipoduiiedt cpeanell koHneHTpauuy. B cBsa3u ¢ atuMm B paGote [28] npose-
JCHBI U3MEPEHMS BEPTUKAIBHOIO PO KOHICHTPAMH HEOCENAOMEH NpruMecH
OT HPUIOOHATOTO MCTOYHMKA HA PAa3IMUYHBIX YAAICHWAIX OT HEr0 HAa HECKOJBKUX
MauTax OAHOBPEMEHHO U OLECHKM IPOCTPAHCTBEHHOH 3BONIOIUH BEPTHKAIBHOTO
npodus KOHLEHTPALMH TPUMeECH. Tawke BBINOJHEHO CPAaBHEHHE PAasIMYHBIX M3-
BECTHBIX ()YHKUMIA, OTIHCHIBAIOLIMX BEPTHKAIBHOE PACTIPEACTACHHE CPEAHEH KOHLIEH-
TpaiyH, C KCIIEPUMEHTAILHBIMY JAHHBIMH.
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JaHHBIE IO BEPTMKAIBPHOMY PACHPEACIEHUIO CPEAHCH KOHHEHTpALuyu OBLIM
nony4eHsl B XoAe AuGQy3HOHHBIX IKCIEPHMCEHTOB B MPU3EMHOM CJioe arMoche-.
pe1, nposeneHubix B 1980 u 1982 rr. B merHe-ocenHuii mepuon B CTENHOH 30HE
VYxpaunsl. B kagecTse ncToUHMKA MPUMECH PUMEHSTUCH IHIMOBBIE MIAIIKH M Fe-
HEpaTop MacasIHOro ryMana (cM. puc. 3.2 u 3.3).

CocTosiHHAE PH3EMHOTO CIOS BO BPEMs DKCTIEPUMEHTA KOHTPOIMPOBAIOCH C
NOMOIIBIO NEPEOBHKHON TPAIMEHTHOH METEOPOJIOTHYECKOH YCTAaHOBKHM, ITO3BO-
JSIOUICH MPOM3BOAMTD U3MEPEHUE TEMIIEPATYPHI M CKOPOCTH Berpa B cioe ot 0,5
10 30 M Ha ceMH Pa3NMIHBIX YPOBHSX, & TAlOKE HANIPABICHUE BETPA HA TPEX YPOB-
Hax [27]. Tlockonsky nmpuMech MMENa HaYalbHBIA IIEPErpes, Wl oueHKH dhdex-
THBHOM BBICOTHI MCTOYHHKA IPHMCCH HCIIONB30Baach CheMKa CTPYH COOKY C Mo-
MOIIBI0 ABYX alpodoroanmaparos ADA-41/7,5 nm ADA-41/20 [27]. Mepuoxn
aemMaeHus coctasisin 10 — 20 MuH B 338BHCHMOCTH OT THIA UCTOIHHKA.

Jist vi3MepeHus KOHIEHTPALHH HCIOIb30BATUCh MAI00a30BbIe H3MEPUTEIH
ocnabnenHus CBETOBOI'O M3NY4EHMs, HTOAPOOHbBIC XapaKTEPUCTHKH KOTOPBIX IIPUBE-
menst B [27, 43]. Cpeanexsanparideckas NMOTPEMIHOCTs U3MEPEHHI COCTABIANA
5 - 6 %. B axcnepumenTax 1980 r. Gp110 ucnons3oBano 15 Mano6azoBbix u3Mepy-

TENEH, KOTOpPBIE PACTIONAraiyuch Ha TPEX 15-METPOBBIX MauTax Mo 5 H3MepHTeseH
Ha KaxAoH Maure Ha BeIcoTax oT 1 go 11,6 m. B axcnepumenTax 1982 r. — 16 ma-
106230BBIX H3MEpUTENEH Ha ABYX MauTax Ha Beicotax oT 0,1 mo 15 m. Curnane: ¢
Manoba30BbIX H3MEPHUTENEH OcnabieHHs 3aIHCHIBATMCh Ha CHCTEMY MAarHWTHOW
3aIMCH H CAMOTIUIIYIHE IPUOOPEL.

PasnugHbBIE KOHKPETHBIE BHIBl BEPTHKAIBHOIO PACHpPEACICHHS KOHLICHTPA-
UM OPUMECH ¢ MOFYT OBITH TIOTYHYEHB! M3 PENICHHA MOIyIMIHPHYECKOTO YPaB-

HeHus TypOyneHTHOH muddy3un s HENMPEPHIBHOTO TOYEYHOrO MIH JHHEHHOrO
nucrounnka npumecu [82, 83, 126,] ¢ pasmiaHbIM 3afaHWEM BEPTHKAIBHOTO pac-
MpeReneHus cpemueil ckopoct H ko3¢ dunuenTa muddysun. Cormacuo [126}], uz-
BECTHBIC PCIICHMS IIPH BEHINIONHEHWH YCIOBMS INOJHOTO OTPAXKEHHS OT MOACTH-
JAOnIcH MOBEPXHOCTH U APYruX OOBIYHBIX KPAEBBIX YCIOBUSIX MOTYT OBITH peod-
pa3oBaHbi K BHAY

q(2) z
=2 = —Al =1}, 5.1
20) exp ~ (5.1

yRoOHOMY IJis1 CPABHEHHA C AKCIIEPUMCHTATBHBIME JAaHHBIMH.

n

B Ttabn. 5.1 mpuBenensl pasnuaHbie GOPMBI 3aaHUS CPEAHEN CKOPOCTH U,
ko3punmenrta nuddysuu k£, u coorsercrayromue kodddunuentsr 4, S B pop-

myite (5.1). Kpome Toro, B Tabnune npuBeRcHBI 3HAYSHUS IIEPBOr0 MOMEHTA BEP-
THUKAJIBHOTO PACHPEENCHUS KaK (PyHKUMM PACCTOAHMS OT MCTOYHHKA W OTHOIIE-

HUS TIEPBOTO M BTOPOr0 MOMEHTOB. Jljist pemieHus ¢ u = const EPexon oT [ K X
ouesuneH. BHemHwe BXOAHBIC NAPaMETPhl, XAPAKTEPU3YIOIIHE IKCIIEPHMEHTHI
(2/L, u., z,, h,y, x), npuBenens! B 1abm. 5.2.
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Tabnuya 5.1. 3HaYeHUA YHUBEPCATLHBLIX KOHCTAHT

Teoperuueckue 3HAYCHUS
_ _ AN -
Ne ik, 2 (x) G z-2"1" | 4|5
z z
const, Uy
V| wuez,h=0 K = J2 10 2 |10
const, :
by 2 Uy s T
2 “a, = — —— 05120
aguit,h=0 \/;“0 o \E V2 A
const,
Uy
3 kT, K, 8B, —x B, B, B |'S
u
h=0 ’
AEal v
4 z, )’ [K,Szz;"]l/SBz(_—*x} B, B, B, | §
u
KUz, h=0
Pacuernrie 3HaYCHMA
J2N12 -
N m (z _) [(z- Z)z] 1/2 4 g
z z
0 1,41 1,0 2,00 1,0
2 1,0 1,25 0,75 0,50 2,0
0,25 1,34 0,90 1,04 1,25
3 0,50 1,30 0,84 0,80 1,50
0,75 1,27 0,79 0,62 1,75
0,17 1,364 0,93 1,14 1,17
4 0,20 1,356 0,93 1,00 1,20
0,25 1,340 0,90 1,04 1,25
0,30 1,330 0,89 0,98 1,30
Ormsrrst UM 1,25+ 0,02 0,74+ 0,02 0,49+ 0,06 1,73+ 0,22
Ormp1TEI IpOEKTa 1,32+ 0,05 0,87+ 0,08 0,71£ 0,10 1,71 £ 0,21
«IIpeiipu I'pacc»
IIpumeuanue.
/2
a, =.] —x%,, S=1+m, B, =TQ/$HTQ/S)}, B, =T'(2/8)/T'(1/8),
i

B, =[T(3/S)TA/SNY*/T2/S), B,={{B/S)T1/S)-[TQ/HIITQ/S),
B, =F@3/85)/T(1/8), rae T — ramma-Qynxums.
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TIpu 06paboTke pe3ynbTaTOB IKCICPHMEHTOB JaHHBIC TIO TEMIIEPAType, CKO-
POCTH M HAMpPaBICHUIO BeTpa M K03 GHIMEHTa oCcnabaeHus OCpenHsnch 3a 10-
MUHYTHbIH nepuox HaOmogeHus. 1o BepTukambHBIM MpoduIsM TeMIEPATYPH U
CKOPOCTH BETpa ¢ MOMOLIBbI0 HoMorpamu [48] onpenensanuch CKOPOCTh TPEHHUS Uy,
napaMerp WEePOXOBATOCTH z, W MacmTab mmuHbel MownuHa — Obyxosa L. Oddex-

THBHAs BBICOTA MCTOYHMKA HA OCHOBAaHMM AaHHBIX (ororpaduii ctpym ApiMa Ha-
XOOUIAck No merony [53].

Bce HeoOxomuMble XapaKTEPUCTHKK paccesHMs ObiIN MONMy4EHB M3 MCXOZ-
HBIX JaHHBIX M3MEPEHWI BEPTUKANBHBIX NpOGUNeld OTHOCHUTEIBHON KOHLIEHTpA-
unu M 1 #(2) 63 IpUBIEUEHUS KAKUX-THO0 JOMOMHUTENBHBIX MUIOTE3 O hopme

BECPTHKAJIBHOIO pacnpCacaCHUs KOHLCHTPalHuH. BeruncaeHus MOMEHTOB BENIHCH

o dhopMynam
N
> z2'n(z)
_ =l

N
Z& (z;) n(z)
Mz" = u =

o=t — (5.2)

N

A
> .n(z) 2.n(z)
i=1 i=1

a BpeMst TU(DDY3HUM { OUEHHBAJIOCH W3 COOTHOMIEHUS ¢ = X/ U, .

Yrobel yMeHbIMTE OmuOKK BuUcaeHui no ¢hopmynam (5.2) 3a cuer Hepas-
HOMEPHOCTH PACTIPeIEIEHHs TUCKPETHBIX 3HaueHuii ¢(z), u(z), npodum 1 u
u(z) OBLIM PACCIMTAHKEI C OMOIIBIO KyCOYHO-TUHEHHON MHTEPIONAIMHM C IHATOM
0,5m. o a3roit xe merommke Obutn obpaboransl maHHbIC mpoekTa «[lpelipn
Ipacc», 3aumcrBoBannsie u3 [88, 103, 136]. 3nauenue cpenHel KOHLECHTPALMH
g (0) monarajgoch paBHBIM CPENHEH KOHIIEHTPAMM HA HIDKHEM H3MEPEHHOM
yposHe. COrNacHO 3KCIEPUMEHTAIbHEIM HaHHBIM 3HaueHHs KonueHTpauuu g (0)

Ha HIDKHMX M3MEPEHHBIX YPOBHIX MCHSUINCHh cnado, M IOTPelHOCTh HALIEro
IPEeaIoNoKEHHs COCTaBIIIa HECKONBKO ITPOLICHTOB.
Ha puc. 5.1 npexacrasnens! 3Ha9eHns Oe3pa3sMepHON cperHed KOHIEHTPALNH

KaK (GYHKIMM OT 6€3pa3MEPHOro apryMenTa y = z/~/z’ NpH Pa3IMuHEIX YCHOBHAX

cTpatMuKalmM W 3HAYEHMSX napameTpa W =h,; / \/z:2 , XapaKTepPHU3YIOMEro
BJIMSHHE HauanbHBIX yCloBuil. BugHo usMeHenue xapakrepa npodumis 1 B 3aBH-
CHMOCTH OT M3MEHEHMs napamerpa 4. B YacCTHOCTH, MpU 3HAYEHMSX K OKOJO
€AMHULBI TPOQUIB 1) MMEET YETKO BEIPAKCHHBIH MAaKCHMMyM Ha YPOBHE, OJH3KOM
hy,. C yMeHbIIEHHEM W BENMYMHA MAKCHMYMa YMEHbIAETCH, u ecmu p< 0,67
NpH HEHTPANBHEIX U HEYCTOMYHBBIX YCIOBHAX CTPAaTH(MKALMM, BEPTHKAIBHBIH
npoduIb NEPECTaET 3aMETHO 3aBHCETh OT BEJWYMHBI | M NpHOOpeTraer npubiu-

’KEHHO YHUMBEpCanbHbIM Xapakrtep. IIpn ycTOHYMBRIX YCIOBHSX TPaHHYHOE 3HATC-
HHE M U3-33 MAJIOFO YHCIIA OMBITOB OLCHUTDH HE YAAIOCH.
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Puc. 5.1. 3aBucumocTs Ge3pasmepHoii cpenueit koxuenTpawm 1 = g(z)/q(0) ot 6e3pas-

MEpHO# BBHICOTBI HEHTPA THKECTH obnaka ¥ = z/ Nz® 1o nanHbM onerroB M3M: a — Heit-
TpanbHad, 6 — HEeYCTOHYMBAN, 8 — YCTOIYMBAA CTPATH(IMKAUMA; CTUIOIHLIE KPUBHIE — pac-
yet 1o gopmyne (5.1) ¢ COOTBETCTBYIOLMMHU CPSTHUMMU TI0 AHCAMOJIIO OIBITOB 3HAYECHHA-
MH A u S w3 Tabn. 5.2; mynxtup — pacuer no gopmyne (5.4) co CpenHUMH IO aHCAMOITIO

OMBITOB 3HATCHUAMH W = A, /\/z—2 (1-0,5,2-0,82;3-0.8,4-0,85;5-095; 6-0,1)

TaxuM 06pa3oM, IpUBEACHHBIC PE3YABTATH U3MEPEHUN BEPTUKANBHOIO Npo-
¢us KOHIEHTPALHMHK NPHUMECH B IIPHU3EMHOM CJo€ aTMOC(Eepbl OT NPUIIOAHITOrO
TOYCHYHOTO UCTOYHHKA TTOATBEPIKAAIOT THITOTE3Y, BRICKAa3aHHYIO B [53], o mpubnu-
JKCHHOH YHMBEPCATHHOH 3aBHCHMOCTU 0e3pa3MepHOil KOHUEHTPAUMU IPUMECH OT
Ge3pa3sMeprHOro apryMeHTa. B 9acTHOCTH, 1O HAIUMM JAHHBIM NPHOIDKECHHAs
YHHUBEPCAIbHAS 3aBUCHMOCTE 1) OT Y HaGIJIFomaercs i OTHOCUTEIBHBIX PaccTOs-
Huit x /h,, > 25 + 30.

Ha puc. 5.2 B Tex ke KOOpAMHATAX CPaBHUBAIOTCS JAHHBIC U3MEPCHUHM 1) HO
npoexry «IIpefipu I'pacc», B kOTOpPOM 3HaUeHHE W cocrasipiio oxomo 0,1, ¢ man-
HeiMu UOM npu p < 0,67.
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Puc. 5.2. 3aBucumocts N OT Y mpu U < 0,67: g — HelTpanbRas, 6 — HeycTOHYMBAd, 6 —
yeToiumBas crparudukaums; ! — «peiipp Ipace» (0 =0,08+0,12), 2 - HOM
(K =0,067 = 0,67), cruromHsie KpUBHIC — pacdeT 1o popmyne (5.1) ¢ COOTBETCTBYIOLIMMH

CpenHnIMH 10 aHCaMOmo OnbIToB 3HaueHMAMH A u S w3 Tabn. 5.2 no mauusM «lIpeiipu
I'paccy», myrkrap ~ pacuet o gopmyae (5.1) ¢ A=0,5, §=2,0

Y3 puc. 5.2 cnenyer, uro npobhund M mo nanaeiM MOM n mpoexra «lIpeiipu
I'pacc» ornugarorcs Apyr OT Apyra B MHTEpBajae 3HadeHuit Y = 0,4 + 2,5. Oto He
CBS3aHO ¢ orTam4ueM M B sxcnepumentax MOM (p = 0,07 + 0,67) u npoekra
«IlIpetipu I'pace» (p=0,08 + 0,12), mockonbky, kak OBIIO MOKA3aHO BHIIHE, BIIHS-
HUE 3TOr0 Mapamerpa npH 3HaueHusx < 0,67 Ha XapakTep BEPTHKAIBHOTO Mpodu-

s 0e3pasMepHOl KOHICHTPALUM HE3HAYMTEIbHO. JIIi KOIMYECTBCHHOM OLICHKHU
9THX pasnuymii ucmoib3yeM opmyny (5.1), mpeobpasoBanHyio K BUAY

Inlnn” =In4+ Sy, 5.3)
4TO MO3BOJSIET ONpencauts A U S METOIOM HaMMEHBUIHX KBaJPaTOB.
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Puc. 5.3. 3aBucuMocTs lnlnn—1 ot Iny mo namwemM omsrTos «Ilpeiipu T'paccy: a — Heil-
tpamsnas (1— A=0,88, §=20; 2-A=071, S=1,71; 3— A=0,82, S =1,46);
6 — neyctofumBas (4 — A=0,75, S=1,53; 5 - A=09, §=1,27, 6 - 4=10,92,
§=1,71); e — ycroiumsas crpatudukamms (7 — 4=0,68 §=172, 8 - A=0,7,
S=1659-A=08, S =195)

Puc. 5.4. 3asucumocts Inlnn™ 1 or Iny no mauneM omerros UOM: a — HeifrpansHas
crpatatukamms (I — A= 049, $=1,73; 2—- A=10,5, §=2,0); 6 — HeycToluuBas cTpa-
tapukammt (3 — 4= 0,38, $=2,14)

JxcrmepuMeHTaNbHbIe JaHHbie mpoekta «llpeiipu I'pacc» B xoopamHartax
Inlnn™ u Iny mpencrasnens Ha puc. 5.3. I3 puCYHKA BUIHO, YTO IKCHEPHMEH-
TaNbHBIC TOYKH B 3THX KOOPAHHATAX HE YKIANBIBAOTCS HA MPAMYIO JIMHHIO, COOT-

BercTBYIOWYIO (5.3). BepTukansHoe pacupeneneHue B 3THX KOODAMHATAX MMEET
M3JI0M mpu ¥ ~ 1, KOTOpHIH 9eTIe NPOCMATPUBACTCS A JAHHBIX IPH HEHTpanbHOH
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M HEYCTOMYMBOM CTPAaTUUKALMH. ITO TOBOPHT O TOM, YTO 3KCIICPUMEHTAIBHBIC
naunbie npoexra «[Ipeiipu I'pacey», crporo roBops, HEBO3MOXKHO ONMCATh OJHOM
yHuBepcanbHoi GyHkumei suga (5.1).

Pacuertt 4 u § MeroaoM HaUMCHBIUMX KBAAPATOB A7 HEHTPANbHBIX yCHO-
Bl cTpatiUKAIMM 1O 3KCIEPUMEHTAIbHBIM TOYKaM C Y > 1 npuBOAAT K 3Hade-
guam 0,82 + 0,16 u 1,46 + 0,22 coorBeTrcTBEHHO (Ha pHC. 5.3a IOKa3aHO BEPXHE
cruTowHo# npsamoit). [ima rpynost Touex Y < 1 3HaueHns 4 u S OKa3anMCh PaB-
mervu 0,88 £ 0,11, 2,00 £ 0,30 (1a puc. 5.3a Hwkass cnnomHas npsmas). Kax sua-
HO, pasimurs 4 HE3HAYHUTEIBHBI, 2 S BEIMKH ¥ HE NEPEKPBIBAIOTCS Pa3bpocoM.

Hast ycnosuii HeycroduuBoi crpatudmkanun Ha puc. 5.36 mpencTaBiacHBI
KpUBBIC I [BYX TPYIN TOYeK C KoopAMHatamu mpu Y>1 (4=0,90+0,12,
§=1,2740,14) — BepxHas cmiomHas auHusA, u npu Y<1 (4=0,92+0,19,
§=1,71+0,33) — HwkHaa cnnomsas guHus. g ycroiumBoil crpatndukaimn
(puc. 5.38) coorBerctBenHo umeem 0,70+ 0,13, 1,65+0,22; 0,80+ 0,08,
1,95+ 0,35.

M3 5TUX JaHHBIX HAUMEHBIIEE pasiuuue B 3Hayenwsix 4 u S Habmogaercs
npu ycToiuuBod crpatuduxaumy. Jng 3TUX yCIOBHH ONHCAHHE BEPTHKATBHOIO
pacrpenenenus ¢ rnomosto (5.1), mo-Buaumomy, BnonHe npuemiemo. Jlns Hel-
TPaJbHON M HEYCTOWYMBOI CTpaTHduKauuil pasnuuue B 3HAYCHUsSX S, ompene-
JeHHBIX TIpU ¥ > 1 u ¥ < 1, Gonee CYmECTBEHHO, M OMUCAHKE BEPTAKAJIBHOTO pac-
NpeneeHUs B LIMPOKOM ZMAMA30He 3Ha4eHUH Y ¢ moMompio Gysaxunu uja (5.1),
MO-BHAMMOMY, TIPY MPAKTHYECKUX PACYETAX MOXKET OBITH IIPUHSTO JIUILD B Kade-
CTBE NEPBOTO MPHOIIKEHNUA.

B tabn. 5.2 mpuBeaens! cpexuue mo ancamOmio ombITOB 3HaueHHs A u S,
MOAYYCHHBIC METOAOM HaWMMEHBIIMX KBAJPATOB 1O BCEM TOYKAM BEPTHKAIBHOIO
npoduas B KKAOM ONEITe. PaHee MONyYEHHBIC 3HAYCHHSA S TIpM HEHTpampHOM
crpatudukamu no KaHHbM npoekta «[Ipetipu I'pace» {103] 65U momygens! Me-
toxoM noxnbopa ¢ nomorsio Gopmyns! (5.1) mo KByM rpynmaM TOYEK: TPH TOYKH
HA HIDKHUX YPOBHSX M TPM Ha BEPXHMX; IIPH 3TOM 3HAYCHUS S OKa3alnCh pPaBHEI-
mu 1,50% 0,34 u 1,45 £ 0,28 coorBerctBenno. Ilpeacrasnenne dopmynn (5.1) B
pune (5.3) u Haxoxpenue 4 W S METOHOM HAUMCHBLINX KBAJPATOB HO BCEMY
BEPTUKANbHOMY NPOdHII0 JaeT 00Nee TOUHYIO OLEHKY 3THX K03 DUIIMECHTOB.

Ha puc. 5.4 B xoopmunatax Inlnm™ or Iny npemcTaBneHs! mpoduny KoH-
MEHTPaLuK 10 gaHHbiM onbiToB UOM. B otnmnuue ot JAHHBIX mpoekta «lIpeitpn
I'pace» npodpuns B onbitax KOM He umeroT SBHO BhIpaskenHOro m3ioma. CpenHue
sHagenus 4 u S mo mamHeiM MOM Ttakke ykaszamsl B Tabn. 5.2. Ha puc. 5.4a
OyHKTUPOM HAHECEHA KPUBas HOPMAILHOro pacnpeneneuus A= 0,5, S= 2,0.

W3 nonyyeHHBIX HaHHBIX CIEHYET, UTO MOKA3aTelb CTENEHU S B IKCICPH-
menrax «[Ipeitpu I'pace» u UOM cnaGo pa3anvarorcs mpy HEUTPAIbHBIX U YCTOH-
YHUBBIX YCIOBHAX. N HEyCTOHUYMBBIX YCIOBHH pa3ivdue B S OKa3ajloch 3HAYU-
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TeapHBIM. 3HaueHnua A 1o ga#HbeM UOM oka3anuchk CHCTEMATHIECKH MEHBILMMH,
4yem mo gaHHpIM mpoexta «dIpefipu I'pace» npm Becex ycmoBusgx cTparudukanuu.
370 CBHACTENBCTBYET O HoIee Pe3KOM MaASHHN KOHUECHTPAUNH OPUMECH B ONbITaX
npoekta «[Ipefipu I'pacey, yeM B omsirax IOM, 4T0 OCOGEHHO BaXKHO AT H3MEPE-
HHUM NpH HEHTPaNEHOH B ycToHuMBOH cTpaTH(UKAIMAX, TAe 3HaYeHHS S ONH3KH.
Ilepas BO3MOXKHAS IpPUYMHA HAJMYHS M3JIOMa BEPTHKAJIBHOrO Mpodhmis
cpenHeit KOHIeHTpauuy B koopmaHatax Inlnn™ u Iny mo mammemM onsiTos mpo-
exta «lIpeiipy I'pacc» — 3TO MOrpemHOCTH HM3MEPEHMS CPeOHEH KOHLEHTPALUH
npuMecH, He ykasanssie B [103]. Bropas npuunna ¢usngeckoro xapaxrepa, cBs-
3aHHAs ¢ M3MCHEHHEM pekuMa (UIYKTyaluy KOHLEHTPAUHMH B BEPXHEH YacTH
ctpyn npumecH. B [14] Ha ocHOBaHMM aHanM3a M3MEPCHUH NYJBCALIHIl KOHLCH-
TPaLMU B CTPYE NPHUMECH OT JIOKAIBHOIO MCTOYHHKA B IIPU3EMHOM CJIO€ IOKAa3aHOo,
9TO IIPH HEHTPAJIBHBIX YCIOBUAX CTPaTH(DUKAMHK, HAYnHAs ¢ 6e3pa3MepHOil BBICO-
THI z/u,t > 0,5, meHstercsl cTaTUCTHYECKHH pexuM (QAYKTyauuH KOHICHTDPAIMH.

IIpu z / u,t > 0,5 ciektp nynbcanuii KOHLEHTPALMK B O00JACTH BBICOKHX YaCTOT

najgaer 3Ha4UTENbHO ObICTpee, YeM I0 «3akoHy — 5/3» Obyxosa — Kopcuna. Apto-
pBI 3THX paboT 0OBACHSIOT Takoi 3G GhEKT OTCYTCTBHEM MONHOrO MEepeMCIIMBAHASL
B BEPXHEH 9acTH CTpyH mpuMmecH. MOXXHO NpeanoaoKuTh, YT0 HATUIHE U3T0Ma B
npo¢ e BEPTHKANBHOTO PaclpeAcIeHNs KOHUEHTPALMH TPUMECH TAKKE CBA3aHO
¢ atuM 3 dexTom.

Hcnonp3yem xpuTepnii H3MEHEHHUS PEKUMA QIYKTYaUH IS OLEHKY BHICOTHE
uznoma. U3 [62] m3BecTHO, YTO CpenHMil KBaZpaT KOODAMHAT 9YacTHL AnS Hel-
TPANBHBIX YCIOBUM crparudnkaiymu npu £, / u,l << 1 cnegyer COOTHOIMECHUIO

‘2 ar
z" = af urt’ tae a, — yHuBepcanbHad nocrosHHas. Jlns onerroB mpoekra «lpeii-

pu I'pace» ona okazanace pastoit 0,58 u 0,35 — gnsa omeiroB UOM. Ucnmone3ys stn
3HAYEHHs d,, JErKO NOJyInTh OE3pasMEepHYIO BHICOTY Y, BBILIE KOTOPOH MOKET
Ha0NI0AaThCA HM3J0M BEPTHKAJILHOTO PaCIpeAcieHHus KOHUeHTpaumd. Pacuer vy

noKazas, 4ro oH paseH 0,86 mns ombitoB npoekta «Ipeiipu I'pace», T.e. 61H30K K
eOMHHLE, KaK 3TO BHAHO M3 pHC. 5.3a. Ananoruysslit pacuer ansa onsiros UOM
OPUBOANT K 3HaYeHUIO Y > 1,43, Ognako, Kak caegyer u3 puc. 5.4a, 9ucio TO4YEK,

COOTBCTCTBYIOMMX DTOMY KPHTEPHIO, MallO M3-332 CPAaBHHUTENHHO HEOONBIIMX BBI-
COT M3MEPEHUS, IOITOMY ABHOTO M37I0Ma He Habmomaercs.

B Ta6an. 5.1 npencraBnenst Teoperudeckue oueHka A, S, o (z-2)° / z,

_72 — —
Nz / Z TIpH pasnuYHBIX ¥ (Z) ¥ k,, a TaKKe CPEAHME IKCIICPHMEHTANBHBIC 3HA-
yeHHs AN HelTpanbro# crpatndmkamn. Kak Bumso u3 1abn. 5.1, sananue u, k,

B BUAC U= const, k, ~z " " [83}u u=u1(z/z), k, = x,u.z Haer Gnuzxue 3Ha-

wenns g A, S, \/E—z / z, \(z-2) / z . Opmaxo npu 3agaauu npoduns serpa
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B BUJE CTEIICHHOM (QYHKIUH ITOKA3aTENb CTENEHH M, COTVIACHO JAHHBIM 3KCIECPH-
mentoB UOM n «llIpeiipu I'pacen, nexur B npegenax 0,24 — 0,30 u 0,17 coorser-
creenno. Ilostomy B Tabn. 5.1 mpu 3amanmu « (Z) B BHAC CTEHNEHHOM (QyHKIMH
pacuer 4, S, ¥ T.A. UPOBEACH A HECKONbKUX 3HadeHui m ot 0,17 mo 0,30.

Mpu u = const, k, ~z ™1™ pacuer KOIDPUUHEHTOB H OTHOIICHMH MOMEH-
TOB IIPOBEJCH /s MPOH3BOJIBHBIX 3HAYCHUN M . VI3 CpaBHCHMS PaCUYETHBIX 3HAYe-
HUii C 9KCIIEPUMEHTOM BHHO, YTO JydIlee COrnacke HaGMIOAAeTCs NpU 3aAaHHH

l-m .m
t

u=const, k, ~z u 38aveHnu m = 0,75, Heckonpko xyxe npu m= 1,0. B

pamkax mpencTasnenus u(z)~z", a xodbdunmenta aubdysum — IMIOIL Kak
GYHKIUH BBICOTHI, YIOBICTBOPUTEIBHOTO COrIACHS C TONYUCHHBIMH 3KCIICPUMEH-
TaJIbHBIMH JAHHBIMH HE ZIOCTUTAETCA.

Ha puc. 5.1 u 5.2 cnnommssMu AuHUSIMHE HaHeceHBI kpuBble (5.1) co cpenHu-
My 3HaueHusiMH 4 1 S . TIyHKTHPOM mOKa3aHBI KPUBBIC HOPMAJBHOTO pacmpenc-
JcHUS KOHILCHTPALMH OPAMECH OT MPHIOJHATOrO MCTOYHMUKA C OTPAXKECHHUEM, KO-

-2
TOPOE C YICTOM COOTHOIICHHS Gi =z - hgd, [132] umeer Bug

1 Y YU YR
n=—ex — e ex —_ + X —_— . 54
n=oexp 20D p - p 2 (5.4)

W3 puc. 5.1 n 5.2 cremyer, 4To mpHU ManbIX 3HAYCHHAX |l BEPTHKAIBHBIC
npodHIN B NEPBOM NPHOMMKEHMH YAOBJICTBOPHTEIBHO aNIpOKCHMHUPYIOTCS
byrxuueit (5.1) ¢ coorBercrByromumMy 3HaueHHsIMH A u S. B 10 e Bpemsa u3
puc. 5.1 BUIHO, YTO IPU MajbIX PACCTOSHUAX OT UCTOUHHKA (mapamerp M > 0,67)
¢dbysxms (5.1) moxo onMCHBaeT BEPTHKANBHBIC IPOGUIH 1] .

J1a MaseIX paccTOSHUMA OT HCTOYHMKA YIOBAETBOPUTENBHOE C MPAKTHUCCKOH
TOYKH 3PEHUS ONHCAHKE IMIUPHIECKHX mpoduieii 1 JOCTHraercs UCIOIb30Ba-
HHEM HOpMAasnbHOro pacmpemencHus (5.4). 3TUM ke pacmpemeicHHEM TaK Ke
YIOBJIETBOPHTENBHO ONMMCHBaIoTca nauusie MOM u npu mansix p. Heckonbko
xyxe pacrpeaencuaue (5.4) mo cpaBHeHuro ¢ (5.1) omuchiBaeT HaHHBIC MNPOEKTA
«IIpeiipn I'pacc», OmHAKO C NMPAKTHYECKOH TOYKM 3PEHUS 3TH PasIHdsi, IO-
BUANMOMY, MaJIOCYINECTBEHHBL '

Takum o0pa3oM, MpOBENEHHBIE M3MEPEHUS INOATBEPIKEAIOT THIIOTE3y NpH-
OMDKEHHOTO OJ00US BEPTHUKAIBHOTO MPOQ WIS KOHIECHTPALMY TPUMECH M pac-
crosHuii x/h, » 2 25 TIPH HEHTPANbHBIX ¥ HEYCTONYMBBIX YCIOBUAX.

3amanve kodbduimenta nuddy3nn B paMKax MOTYIMIHPUIECKONH TCOPHH
Kak QYHKINM THIOb BBICOTHI Z HE JACT YAOBJICTBOPUTEIBHOIO COrIACHS C IKCIIE-
PYMEHTANBHBIMH JaHHBIMH.

Bepruxansueie npodunu cpemsel kxoHueHTpauuu mo mpoekry «lIpeiipu

I'pacc» mpu Maneix (i B koophuHatax Iny m Inlnm™ wmmeror msmom B TOuKE
Y~ 1, yT0, BO3MOXKHO, CBA3aHO C U3MECHCHUEM XapakTepa (QUIyKTyaluy B BEPXHEH
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YaCTH CTPYM IPMMECH 32 CHUET HENONHOro nepeMelmumBanus. B cBsisu ¢ aTuM Bep-
THKAJIbHOE PACHPEHCHCHUE CPEHEH KOHICHTPALMH, CTPOrO IOBOPS, HE ONMCHIBA-
erca mpoctoi ¢yrxumeit (5.1). Kpome toro, u3 manueix UOM cnenyer, uro ata
GYHKIHS HE OMHMCBIBACT BEPTHKANBHbIC NMPOQHIM CpEAHEH KOHLEHTPALMH U TIPH
Gonpmmx | (MajmbIX PACCTOSHHUAX).

Ipenebperas yka3aHHbIMH Bbiie 3Q(PEKTaMU LI MPAKTHYECKUX PacyeTOB
BEPTHKAILHOrO pacnpeneneHus KoaueHTpammu Gyaxuaumo (5.1) MoXxHO HCmonb30-
BaTh B KQ9ECTBE MEPBOro NMPHOIMKEHI pH MaibiX M ¢ S= 1,75 nnsa HelTpain-

HBIX M yCcToiuMBEIX ycnosuil. Hpu Oonpumix | Iydqmel ammpoKCHMaimel OKassl-
BAETCs HOPMANBHOE PACTIPEAEICHHE C YIETOM OTPaXKEHHS.

5.2. MoMeHTBI BepTHKAJBHOI0 PacHpeaeeHHs KOHEHTPALHH
NPHMeECH B HPH3EMHOM cJioe aTMocdepbl

PesynpTaTel M3MepeHuit BEPTHKAIBHBIX Npoduieii cpeaHell KOHUSHTPALHH,
NOIy4EHHBIE B X0A€ AU (PY3HOHHBIX SKCIEPUMEHTOB, poBeacHHbXx UOM B 1980
% 1982 rr., mocHyXin¥ MCXOXHBIM MAaTEPHANOM IS ONPEAETIEHUS MEPBLIX ¥ BTO-
PBIX MOMEHTOB pacnpeneleHus KOHICHTPAUMH JacTH npumecH. Jlnsg anami3a ¥c-
MONb30BAIMCE Taroke maHHbIe mpoekta «d Ipeiipu Ipacey, npuseaennsie B [103, 136].

HanmomuuMm kpaTko, 9TO, COTNIACHO THIIOTE3¢ MOAOOHMS NarpaHeBbIX Xapak-
TEPUCTUK TypOyneHTHOCTH [62, 90] B CTauMoOHapHOM, TOPU3OHTAILHO OAHOPOI-
HOM OPH3EMHOM CJO€ aTMOC(Epsl, MMEIOT MECTO CIACAYIOLIME COOTHOMICHUS IS

BEPTHKAJBHOTO NIEPBOTO Z M BTOPOTO Z° MOMCHTOB PACTIPEACICHMS KOHIEHTPA-
U TIPUMECH

- h z, u, .
z=u,t f)| —;-%; , (5.5)
u,t u,t L
5 h u,t
22 =ull f| L B , (5.6)
u,t u,t L

rae t —Bpems quddysun.

u,t
Jns HeHTpampHBIX YCIOBUH CTpaTudUKaLUM —LL—)O P AOCTATOYHO

h z
OonplIMX BpEMEHax, KOrzaa = —0, u Tem 6onee —%- — 0, yEuBepcaabHBIC
u, o

ysxuun f; u f, cTpeMATCs K COOTBETCTBYIOMMM KOHCTAHTAM, a BBIPAYKCHHS

Al IEPBOro ¥ BTOPOro MOMCHTOB PAacCnpEaciCHHA KOHLUCHTPAIMY 49acTHI 3alu-
CBIBAIOTCs B BUJAC

z=bu,t, (5.7
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Cx=xutIn - (5.8)
ez,

;2_ = aﬁ ut?, 5.9
or=(z-2) =22 (2 =i, (5.10)

- . cu,t
uc(t)=x" u,In , (5.1D)

Zy

c

~ = 5.12
5=¢ (5.12)

rae k~ 0,4 — nocrosHHas Kapmana, e — OCHOBaHHE HAaTypaJbHBIX JOrapu(pMOB;
b,c,c,a,, o, —0e3pasMepHbIC TOCTOSHHBIC.

Ilpn crpatrduxaiiuy npU3eMHOro Cios, OTIMYHOM OT HEHTpalbHOHW, CYHTa-
ercs [15], uro ang pexxuMa TepMOMEXaHUYIECKOH KOHBEKLIHH

22 ~1, (5.13)

22 ~t. (5.14)

HeoOxonumble XapakTepUCTUKH PAccesHUs ObUIM MONYdEHB! M3 NAHHBIX M3-
MepeHuit BEPTHKANBHBIX mpoduieil OTHOCHTENbHON KOHUeHTpauuu ¢ (2)/q (0) n
ckopocTy Berpa % () . Ilpy 3TOM NMpeAnonaranoch, 9T0 PaCCEsSHUE B MONEPEIHBIX
K CPeOHEMY BETPY HANPaBICHHSIX NMPOHCXONUT HE3aBHCHMO. BrryucrieHne MoMeH-
TOB BEOCh Mo gopmynam (5.2). Bpems nuddysuu oreHUBanocs M3 COOTHOLICHMS
t=xluc .

B Tabn. 5.3 npenacrasieHbl OCPEAHEHHBIC 110 aHCAMOMIO Ge3pasMepHBIC OT-
HOIICHHUA IEPBBIX M BTOPHIX MOMEHTOB PAacCHpelencHHs KOHHEHTPAOMH HYacTHI
npumecu B onsirax UOM u npoekra «lIpeiipu I'pace». B Tpersem cronbue npuse-
JIEHO OTHOILIEHME BBICOTHl Z', I CPEAHSSA CKOPOCTH BETPA PaBHA CPEHHEB3BCILICH-
HOM %, =u (2'), k BEHICOTE meHTpa Tsxectu z (¢’ =z'/z). Cormacho [83], B cra-
UHOHAPHOM H OJHOPOXHOM 110 TOPU3OHTAIH ITOTOKE NpH HelTpanpHOU cTparudu-
KalM¥ 3TO OTHOIICHWE IOJDKHO OBITH NOCTOSHHOM BemnuuHOM. Kak BMano m3
Tabu. 5.3, OLieHKH MOCTOSHHOM ¢’ MO ZBYM HE3ABMCHMBIM TPYIIaM DKCHCPUMEH-
TOB HONYYMIUCH pasnuaHeiMi. B onsrrax UOM 3Hauenue ¢’ momydnnocs B cpea-
wem B 1,4 — 1,5 pa3a Goneunam. 3uaueHue ¢’ pacTer ¢ pOCTOM YCTOMYHBOCTH MpPH-
3eMHOT0 108 aTMOC(hEpHL. ’

B cnexnyromem cTom0le MpPHBEACHO OTHOWICHWE CPENHCH CKOPOCTH IIEHTpa
TAKECTH % K CPeIHE CKOPOCTH HA BEICOTE LIEHTPA TKECTH U (Z) .
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Tabnuya 5.3. OTHOLIEHUS NEPBHIX M BTOPBIX MOMEHTOB pacnpenejieHus
_KOHUEHTpanuu YactTun mpumecn B onbitax KM n npoexra «Ipeiipn I'pace»

Vcaosug — =2 11/2
— 2 2 —_
TEMOEPATYPHOH | Upycrno , z Ue k= (z _)1/ Kz_z:)]_ =
CTpaTHOUKALWMHY, | mpoduneit| © 5 4(2) z z
z/L = (k2 -1~
Omnsrrsl KOM
HeiirpansHas,
20,048 + 0,0087 17 0,61 +0,0310,88+£0,021,25+0,02 0,74 + 0,02
Heycroitanpas )
» + + + +
0745 017 7 0,62+0,18 0,92+ 0,04 |1,21+0,05| 0,67+0,08
Yeroitinsas, 9 0,77+ 0,07 | 0,89+ 0,05 | 1,20+ 0,09| 0,65+ 0,17
031+1,38
Omnsithi nipoekTa «IIpeiipu I'pace»
HeiirpansHan
; +

10,025+ 0,026 6 0,43+ 0,01 [ 0,86+ 0,01 | 1,32+ 0,05| 0,87+ 0,08
Heycroiraugas,
10,324+ 0,043 9 0,41+ 0,07 0,86+ 0,02|1,33+0,02| 0,88+ 0,02
Yeroiuusas,
0,032 + 0,538 7 0,56+ 0,05 0,87+ 0,01 | 1,35+ 0,03 0,90+ 0,05

Kak m CemoBano OXuAaTh, 3HAYEHHME Y. OKa3anoch Mesbmie u#(z) B cpen-
#em Ha 10 % no manneM onsiToB UOM u npoexra «Ilpeiipu I'pace». B otimune
or ¢' oTHOMmEHHE U, /u(Zz) OKA3aNOCh YCTOMYMBEIM [O ABYM TPYINIAM OTBITOB H
HE 3aBUCHT OT yCIOBHil CTPAaTH(UKANHH B TIpeieNaX YKa3aHHbIX 3HaueHuH z/L |

B aByx mOCTEAHUX CTOXOUAX NPEACTABNCHB HOPMMUPOBAHHBIE HA Z 3HAYCHUS
1/2

naganesoro (z° ) u nentpamssoro [(z—z)* 1Y* Bropeix MOMeHTOB pacmpee-
JNIeHUs KOHIEHTPAlHMH MPUMECH. B Tpenenax ykasaHHBIX 3HaueHu# z/L BausHUE

ycmoBuil crparudUKanyy Ha 3TH OTHOLICHMS HE3HAYMTENIBHO M IPAKTUYECKU Jie-
’KHUT B HpeAenax craTuctirdeckoro pasbpoca. B to sxe Bpems pasnuume Mexay

ABYMsi TPYNIIAMM ONBITOB, KAK H IUIf OLEHOK ¢’ , IPOCICKUBAETCA ¥ TI0 ITHM OT-
HOWIeHMAM: He3HAuMTENBHOE ~ B cpemieM B 1,1 pasa wm (22 /(2)*]"2, ropasao
Gonsmee — B cpemHem B 1,3 pasa s [(z—z)° 1¥2/Z . To Beeit BumuMocTH, pasiu-

YyHe B OLEHKAX KOHCTAHTHI ¢ W OTHOIUCHHH MOMEHTOB CBA3AHO C PasiM4MEM B
fapaMeTpe IIEpPOXOBAaTOCTH 2, B J[ABYX IpPyNmax omnelToB: B ombirax YIOM

z, = 0,065 M, a B onmrtax «lIpeiipu I'pace» z, = 0,007 M, T.e. pasnuyMe AOCTHTa-
710 TIOPsKA BETHIHMHBL.
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Hmxe npuBeseHsI OLIGHKH BPEMEHHBIX 3aBUCHMOCTEH I HEPBHIX M BTOPHBIX
MOMGHTOB BEPTHKAJIBHOTO pAcHpeAeieHus KOHLEHTpamun npumecu. IIpn meh-
TPaIbHOH CTpaTH(UKAIMH, npeHeOperas apryMeHTOM Z,/#,! 1O CPaBHEHMIO C

By /u, t , BeipaskeHus (5.5) u (5.6) MOXHO TIEPENIUCATE B BHAE

_ Poy

z:u*t(pl 5 (515)

) u,t

TR 2 h3

22 =uft“(p2( ¢]. (5.16)
u,t

Ha puc. 5.5 mpeacraBieHs! 3MIOHMPHYECKHE 3aBHCHMOCTH ¢ :E/ u,t u

Q,= ()" /u,, t ot h,,[u,t 1o naHHEM OmbiTOB IOM.

%.(P_g
08L
06 |-
04}
o
. o . * 1
. o 2
0,2 . L L i 1 1 .3 ol 1 1
2 4 6 8107 2 4 6 8 /ur

Puc. 5.5. 3asucumoctyt @, (D u @, (2)or haqb / Y.l TpH HEWTPAILHOM cTpaTuduKaLiN
HPU3EMHOTO CJIOA IO NasHEM onertoB U3M; 3 — pacuer no dopmyre (5.17); 4 ~ o (5.18)

Kax Bumso Ha pucynke, mpu A, /u,1<0,1...0,2 dynkomu ¢ | u ¢, crpe-

MATCSA K COOTBETCTBYIOIIMM KOHCTaHTaM. JTH (QYHKIMH yIOOBIETBOPHUTENBHO al-
MPOKCHMHPYIOTCS BBIPOKCHHAMHU

2
Z h A
_Z.;z 0,078+[ “"tj , (5.17)
u, u,
’ —_— 2 2
2 l/2 h h
)7 _y O,O78+(—33} = 0,122+k2( 3¢j , (5.18)
u,t u,t u,t
T2 \12
e k=F ) 105,
zZ
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U3 seipaenmit (5.17), (5.18) npu A, /1, £ — 0 NOTYHat0TCA ONEHKH KOHCTAHT
b n a, B sepaxkenusx (5.7) u (5.9), xotopsie okxazamick pasubmvu 0,28 u 0,35 co-

orsercTBenHO. Ouenka a, = 0,35 xopowro coryiacyercs ¢ TEOpETMIECKOi OLEHKON

z

/2
a, =.|— K, I TayCcCOBOTO pacupeieneHus no BepTHKamm npy K, = 0,45.
T

OrMeriM TaKoke, uto orHourenne (z° )Y? / z pasHo k= 1,25, kak npu rayc-

coBoM pacnpegencHud. CornacHo Taba. 5.3, 3TO oTHOLIEHHWE a0 3aBHCHT OT
cTpaTHUKAIMKA ¥ HE3HAYUTEIBHO Pa3NU9acTcs B ABYX IPYyMIax 3KCIECPUMEHTOB.
B T0 € BpeMs KOHCTaHTHI b U a, 1o naHHbIM onbltoB «IIpeitpu I'pace» B unrep-

Bajle 3HAYCHHH apryMenTa £, / u,t=0,057 + 0,066 cocrasmma: b= 044+ 0,05;
a,=0,58+ 0,07, yro npumepso B 1,5 — 1,6 pasza Oonbute, uem B onbitax MOM.

3HaueHMsl KOHCTAHTH ¢ =c b OKa3aauch ONM3KH APYT K APYTYy B JBYX TpyImax

omsrtoB u cocrasmn 0,17 (MOM) u 0,19 («IIpeiipu I'pacer).

PaccmorprM BiMsHME TEMIEPATYPHOH CTpaTU(hHKALMK HA PEKAM PACCETHHS
B BepTHKANBHOH mmockoctH. M3 smpakennii (5.17), (5.18) camemyer, d9ro ans
VMEHBINCHUS BIMSHUS HAYANBHBIX YCHOBuUM ynoOHEE pacCMaTpMBaTh BEAWIHHBL

(2)* - h2, m z* —k’h}, xax He 3aBucAUE OT aprymenta A, /1,1 .
Ha puc.56 nokazamel 3aBucHMOCTH @ 5 =[(2)* — hfqb]’/2 / IL| mn
O =(ZT - k2h32¢)1/2/iL} ot aprymenra u, /| L|.

L 27% Pal ,
100 6 p

T T

o 2
A3

10.3 L o dd ) . Lol i Aot 1 gt g4 L N n bt

102 4 100 4 100 4 q07102 4 100 4 100 4yl

Puc. 5.6. 3aBucumoctat ¢ 5 (@) M @ 4 (6) OT Ut / | L| npu meittpansnoit (1), HEyCTOM-

yueoH (2) u ycroitunBoi (3) crpardHKAHSIX NPH3EMHOTO CIOS MO0 AAHHEIM OINBITOB
HU3M; 4 — pacuer no dopmyne (5.21); 5 —no (5.22); 6 — no (5.23); 7 —mno (5.24)
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Ha pucyske BuAHO, 9TO A1 HCHTPaJbHOH cTpaTHQHKALMH IIpH

u,t /lLI<Ol HAOIOMAETCS NUHCHHBIA DPEXUM 3aBHCHMOCTH [(2)? —h2 ]1/2 2
(z° -k )’/2 or u,t. [lpn Heycronqm;on crpaTuduKauy UMECTCH TEHACHL
K pOCTy TmoKasaTels  CTEeNcHHBIX  Gymkumi  [(2)° — A ]1/2 ~t?  m

( -k*h )1/2 t? mpu 0,1 <u,t/|L|< 1,5. B 5Tnx mpepenax apryMeHTa noxa-
3aTeNb CTENEHH p Guu30K K 1,2, HO PeXUM TEPMOMEXaHWYECKOH KOHBEKIMH (110

tepmuboioruu [15]) eme ue HaGmomancs. IIpu ycroiumsoii crpatudukanuy B
npepenax 0,4 <u,t / | L|< 5,0 nabmromaerca MagcHUE TMOKA3aTeNs CTEHCHYU p IO

0,5, T.e. npeaensHoro pexxuma [21].

B pa6ore [13] momyueHs COOTHONIEHHA A1 z° B BUIE

(;2_)1/2 _1 (
{L]
(ZT)x/z 1 2 \/5 .t 3/2_ A

rae B~ 5; B~ 16.

lLJ -1} npu L >0, (5.19)

Bocrnonszyemes dopmynamu (5.19) u (5.20) mnsa onucaHus NONy4EHHBIX Ha-

MM KCIIEPHMEHTANBHBIX PE3yNbTatos no (z)° —hi, w z° —k*hl,, yuntsBas,

910 (?)I/Z/Ezkz 1,25 cnabo sasucur ot u.2/|L|:

N2 1/2
=2 32 12 32
[LZZT}TQ._:;%[(H%K]\/ZB%) —1} npu L <0, (5.22)
T
272 \1/2 ' 12
S___t]#__ %HHZM %B%} —1} npu L >0, (6.23)
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, 2 32
(___"‘L_T’L)__%HP%KWEB%} —1} mpu L < 0. (5:24)
T

Pesynsratel pacueroB mo dopmynam (5.21) —(5.24) noxazanst Ha puc. 5.6
npu L > 0 cnjomuoi nusuei u nynkrtapoM npu L < 0. Ha pucynke suano, 9ro

bopmyasr (5.21) — (5.24) ymoBNETBOPUTENBHO OMMUCHIBAIOT 3KCIIEPUMEHTANBHbIC
PE3YIIBTATHI.

Hns b, — 0 us gopmyn (5.21) — (5.24) cnenyer:

_E__:EL gu‘t:bu*tz(),zgfl_'{)
{L] &k V= |L| |L] {L]
(22 )V 2 u.t u,t 03 u.t
| L] m L] Ly 7Ly’
o, _ 2 —(2) 12 ) oy e Ul oo et
IL] [L] lL{ lLl ToLy
pu | L] -, TL; 50,  x=045 (5.25)
= /2 /2
—Z—:—l—[le u"} zo,3o(”‘tJ ,
L] kB I L1 IL|
212 1/2 /2
Y :l(zK, u.t] z0,38(u—*t-} ,
Ly B |L IL]
o, _(KF-n" 1)”2( } z0,23(u*tJl/2,
s IL] | L]
mpa | L1 — + 0, %em; (5.26)
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- | (2 5w\ AN
_E._z_ _Kl\/iB; z0,38 * i
L] kB3 n |L] | L]
=2 "t 3/2 "t 3/2
)"~ _1 EKI\/__Z_B | ~047

2] B3 V= L) L]

T .t 3/2 » 3/2
o, W& -DT 2 \PB : ~ 0,28 ,
L] kB \3 Naw L] L]

-

ot

|L]

opu | L] —> -0, — —®, (5.27)

Ha ocHoBaHMM NONY9EHHBIX PE3YJIbTATOB MOXHO CIAEAATh CIEAYIONIHE
BBIBOABIL:

1. Tlpu HelTpanbHOM CcTparHOUKAIMU NPU3EMHOTO CIOS aTMOCGEpEI,
u,1/|L|< 0,1, ans nepBoro MOMEHTa BEPTHKAIBHOTO pacTpencnenus KOHUEHTPa-

IIMH IPAMECH SKCICPMMEHTANBHO HabII01aercss pekuM z ~ 1, a il BTOPOTO MO-
MEHTA — PEKUM 72 ~{? 3HaueHus KOHCTAHT b U a , JJIs 9TOTO PeXKMMa I10 JaH-

HbM oneiToB VIOM okaszanuce OaM3KMMH K MX TEOPETHYECKHUM OHEHKaM [82] mpu
rayccOBOM paclpeIencHiy KOHUCHTPALMKA YACTHI| PUMEcH 1o Beprakanu. OpHa-
KO OGHAPY)KHBAOTCS PA3iIHYis B 3HAYCHUIX KOHCTAHT b, g, M ¢’ B ABYX rpymnmax

onbitoB: UOM u «llpeiipu I'pacc». Io Bcelt BuauMocTy, Takoe pasnu4IKe CBA3AHO
¢ pa3INYHEM B MapaMeTpe MIEPOX0BATOCTH Z, , KOTOPBIM Pa3inyanca B yKa3aHHBIX

TPYIIax OMBITOB HAa NOPANOK BEAUYHHEL
2. [na HeycroMuMBoil cTpaTHdHKAUMHE IPHA3EMHOTO CI0s aTMocdeps! npu
0,1<u,t / | L]< 1,5 nna nmepBoro u BTOPOro MOMEHTOB BEPTHKAIBHOTO paclpene-

JNeHMS KOHLEHTPAUMM NpuMecy HaGmoxarorcs pexumsl z ~1" u z2 ~1>* | no
NpenensHbIA pexuM z° ~1° eme He Habmomancs. s ycroiuusoi crpaTuduka-

- 12

uuu npa 04 <u, t /|Lt< 5,0 Habmomanmuch NPEACABHBIC POKUMBI Z ~f "

z? ~t.

3. CpasHeHue TEOPETHMICCKUX COOTHOIICHUH mns ycroinuusoi (5.19) u nHe-
ycroiauBoii (5.20) ctpatuduxaumy, noayyeHHbIx B [13], ¢ pesyaprataMu oneiToB
HOM noxasano ynoBIETBOPHTEIBHOE HX COTIACHE.



I'naBa 6. U3MepeHus Jarpan:keBbIX XapaKTEePHCTHK
TYpPOYJEHTHOCTH C IOMOIIbI) TETPOHOB

6.1. Meroauka u3mepeHnit

B [60] 0606m1eHs!1 pe3ynpTaThl paboT, B KOTOPBIX TETPOHBI — OANAOHBI MTOCTO-
SIHHOTO 00Bb€Ma — UCIIOIB30BATNCh B KAYECTBE METKH BO3AYLIHBIX FACTHI] C HEIBIO
ONpeZieNICHNsT XapaKTepa Npolecca mepeHoca M paccesHHs audQyHIUPYOmmx
4aCTHLl B FOPH30HTANBHOM U BEPTHUKANBHOH TIOCKOCTSAX A1 MacurraboB 1o ropu-
3oHTaau Oonee 10 kM u Ha BhicoTax BeIIE 300 M Hag MOBEPXHOCTBIO 3eMaH. B
3THX ClydasX OOBIYHO MCIIONB30BAJMCH PAAaphl, (GUKCHPOBABLINEG KOOPAHHATHI
TCTPOHOB (C MACCUBHBIMH I AKTHBHBIMHM OTPAXKATCISAMH), PEKC MPUMEHSIUCH
0a3uCHBIC TEOAONHTHBIC H3MEPEHHS.

B CCCP Taxxe mMpoOKO NPHMEHAINCh JaHHBIC METOAB! cnexenus [27, 31,
34, 39]. B 3TuxX onbITax GBLIO yAENEHO GOMBIIOE BHUMAHHE M3MEPCHUIO JArPaH-
KEBBIX XaPAKTEPUCTUK TyPOYIEHTHOCTH B MPH3EMHOM caoe atMochepr. B xaue-
CTBE TETPOHOB HCHONB30BATHUCEH OAJLIOHBI U3 TIONMITHICHTEpedTaNaTHON TIICHKY ¢
pa3smepoM pebpa 0,93 M, OBUKEHHE KOTOPHIX (HKCHPOBAIOCH € IOMOIIBIO CTE-
peodororpaMMeTpUIECKOi YCTaHOBKH.

Puc. 6.1. 3amyck TETPOHOB ¢ MapKaMu

TeTpous! 3aMyCKaMCh ¢ MAPKaMU M3 JIETKOTO Marepuana (puc. 6.1), 9ro no-
3BONMJIO YAYUIIMTE TPOCTPAHCTBEHHOE paspericHiie GoTorpauyeckoro MeToaa u
YBEIUYUTh MPOJOJLKHTEIBHOCTS HAOMIOZEHMI. Mapka yBeIMUYMBAET a3pOoavHAMK-
YECKOE COMPOTUBIICHUE BCEH CUCTEMBI B BEPTHKANBHON M TOPH30HTANBHON MIOCKO-
CTAX M TEM CaAMbIM YIy4INAeT AeMIIQUPYIOLIHE KaYeCTBa METKH KTETPOH — MapKay.
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3amyck TETPOHOB MPOBOAWICS MAapaMu WM TPUamamMu ogHoBpeMeHHO. Ha-
YaAbHOE PACCTOSHUE MEXKIY TETPOHAMH B MONEPEYHOM BETPY HANpaBICHHM CO-
cTaBasio 5 M, o Berpy — 1 M, a mo Beprukanu — 0,5 M. B xaxnoM onsite nposo-
IUI0CHh 3 — 5 3amyCKOB map WM TPHaJ TETPOHOB C MHTEPBAIOM MEXAY 3aITyCKaMH
or 30 mo 60 c. YacTora chemkH, paBHas 2,65 umu 5 ¢, BeIOMpanach B 3aBHCUMOCTH
OT cpeaHeii ckopocTy Berpa. JnurensHocTs doTorpaduposaHus TETPOHOB B CPEa-
HeM He npesbimana S00 ¢ 1 3aBHcena OT CKOPOCTH M HAINPABIACHHA BETPA OTHOCH-
TenpHO Oaszuca QororpadupoBaHMs, YCIOBHH YCTOHYMBOCTH aTMochepsl, OCBE-
MIEHHOCTH U ApKocTH (ona. MecTo mycka BBIOMPAnOCs TaKUM 00pa3oM, YTOOBI
OHO TONAJaA0 B 30HY HEPEKPBITHS OBYX adpodorocreModyHbIx kamep ADA-41,
nepeo0oPYAOBaHHBIX i HA3EMHON CMHXPOHHOH CbEMKH ABYMs ammaparamu. ba-
3WC MOKAY KaMepamu coctasisia o0br4Ho 100 M.

Jns perucrpauui mpoCTPaHCTBEHHBIX KOOPAWHAT TETPOHOB OOBIYHO HCHOMb-
3yercs HOpMaXbHBIH coy4al crepeocbemk [7]:

B
xi(’)—};i‘(t—)f,
B -
yi(t)“%Xi(t):
3 _
0= 570, | 6.1)

rae x;(1), y,(1), z;(t) — KOOpPAMHATHI i - TETPOHA B MOMEHT BPEMEHH ! B CHCTEME
C HAYaJOM KOOPIAWMHAT B TOYKE, TJC PAacMONOKEHa j1eBas kamepa;, B — anuHa Oasu-
ca; P(f) — ropusonTtampHbIi mapamiakc; f — (OKyCHOE PAacCTOSHHE KaMmep;

X.(¢), Z.(f) —xoopaAMHATHI TETPOHA HA CHUMKE B CHCTEME KOODAMHAT, CBI3aHHOM
C €ro EHTPOM. ' ' '

dororpammerpudeckas o0paboTka IEPBUYHBIX MAaTEPHUATIOB OPOU3BOAUTCS C
TIOMOILBIO CTEPEOKOMIIAPATOPA. )

6.1.1. Orpanmyedans MeTona

N3 dopmynsr (6.1) cnenyer, 9To paccMaTpUBaeMblii ciocod NO3BOIAET NONY-
YaTh KOOPIMHATH TETPOHOB B Pa3lIU4HBIC MOMCHTBI BPEMCHH, 4 3HAYMT, U UX CKO-
pocri. CTaTHCTHYECKHE XapPaKTEPUCTHKA TETPOHOB (IIepBhIC, BTOPHIC U Oonee BbI-
COKHE MOMEHTHI) B TIPUHLMIIC ITO3BOJSIOT OLICHUBATH JIArPAH)KEBbl XapPaAKTCPUCTH-
ku TypOyneHTHOCTH. OrpaHUUCHUS METOAA MOJKHO Pa3OUTh HA TPH TPYIIIEL.

K nepsoii rpymre 0OTHOCATCS OTPAHWYCHHMS T10 TIPOJOIDKUTENBHOCTH IEPHONA
HaORIOOEHNA U OTPAHMYEHHOCTH aHcamOng ocpemHenus. XOTsd crepeodororpam-
METPHYCSCKUI METO B OTAMYHE OT 0a3MCHOr0 TEOAONUTHOIO U PAXHONOKALIHOHHO-
ro METONOB I03BONsAET (PUKCHPOBATH GOMBIIOE YHCIAO METOK OZHOBPEMEHHO, KO-
JOMYECTBO HX He OesrpanuyHo. Ecnum ke ctaBuTes 3a1a4a mOAPOGHOTO NPOCISKH-
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BaHMA KaXAOH METKH, TO BO3HHKAKOT OTPAHMYCHHUS IO YHCITY METOK Ha CHUMKAX,
Tak Kak 6ompie 15 — 20 TeTpoHOB TPYAHO MPOCICAUTE U, HE IyTast, MACHTUQHIY-
POBaTh ITPH CPAaBHUTENBHO OonbIumMX BpeMeHax auddysuu. B csasu ¢ atum mpu-
XOAMTCSA OTPaHUYMBATHCA ITyCKaMu 4 — 5 map Uiy TPHAX TETPOHOB.

Orpannyenys 10 IPOAOIDKUTEILHOCTH [1EPHOAa HaOII0ACHHI B IEPBYIO OYe-
pedp CBA3aHBI C paspemaromeil crocoGHOCTHIO adpohOTOCHEMOYHOH KaMephl M
UCIIONB3YEMON IJICHKH, TMHEHHBIMA Pa3sMEpaMu METKH, €€ OCBEIICHHOCTBIO H
sapkocTeio ¢ona. [Ipy GnaronpusaTHeIXx Uit QOTOCHEMKH YCIOBHSX € MOMOILBIO
xamep ADA-41 ¢ dpokycueM paccrosauem 200 MM 1 menkoit «Vzomanxpom
TUN-15» ymaercs (QuUKCHpOBATH TETPOHBI C MAapKaMu A0 PACCTOSHHM MOpsAKa
2000 — 2500 m. O6bema 60 M xaccersi ADA-4]1 pocraTouHo, 4To0BI HPOBECTH
cpeMKy 300 kaapoB, T.€. IIPH YacTOTE ChEMKH B 3 C POCHECAUTH TETPOHB! 10 900 c.

OrpaHuyeHus BTOPOH TPyNmbl — OIPAHMYCHMS YACTOTHOTO XapakTepa, CBS-
3aHHBIC ¢ OMHAMHKOH CaMOH METKM «TeTpoH — Mapka». C OIHOH CTOpPOHBI, IpH
9acTOTe CBEMKH OIMH Kajp depe3 Kakabie 2,65 ¢ BBICOKOUACTOTHBIC KonmeGaHus
METKH HE (PUKCHPYIOTCS, OJHAKO, KaK MOKA3aHO B CIMELHAIBHOM HCCIENOBAHUU
[19, 40], Terpon B cuny cBOEH MHEPHHOHHOCTH H CaM HE BOCIIPMHHMAET BBICOKO-
4yacTOTHBIE KonebaHus Bosayxa. C Opyroi CTOPOHSBI, B pe3ylIbTaTe ACHCTBUS CHI
IUIABY9ECTH TETPOH MCKAXAET M HU3KOYACTOTHHIC KONEOaHMs MO BEPTHKAIH, Ha-
YHHAS C TIEPUONOB HECKONBKO NECSATKOB MUHYT. JTH PE3YJbTaThl COTJIACYIOTCA C
JanaeiMM [112], rae Bo3Bpamaromas cuia, OSHCTBYIOIIAs HA TETPOH NPH €ro OT-
KJIOHCHVM OT NOJIOKEHUS PAaBHOBECHS, PAaCCIMTHIBANACE HA BBICOTAX €ro MOJNeTa Mo
3aJaHHBIM DpoduIsM TeMuepatypsl u gasiaenns. Cornacso (19, 112], mnsa nepuo-
HOB KOnmeOaHUH BO3MYXA MOPANKA HECKOALKMX MHHYT TETPOH MOYKHO OTOXAECTB-
JISITh € YaCTHICH BO3AyXa C XapaKTEPHBIM JIMHEHHBIM pazmepoM mopsiaka 20 M.

Aspodorocremounas kamepa ADA-41, umeronras npeBOCXOOHBIC ONTHYE-
CKHE XapaKTePHUCTUKY, ITO3BOJIIET NPOM3BOMNTE ChEMKY HE 4alle, deM depes 2,6 c.
Taxum 06pa3oM, MPaKTHYECKH BHICOKOIACTOTHBIE KONEOaHU METKU HE (UKCHPY-
1orcs. Ho oMHOBpEMEHHO BO3ZHHMKAeT BOIPOC M 00 MHEPIMH CaMOH METKH «Te-
TpoH — Mapka». U3 {19] cnexyer, uro paccTosiHye, Ha KOTOPOM HadajlbHasg OTHOCH-
TeMbHAs CKOPOCTh TETPOHA YMEHBINUTCS B BA pa3a, ONpeAe/seTCs BRIPaXKEHUEM

2V (+k)

T sc,
rae ¥V — obbem terpoHa; S — mioniaap monepeynoro cedenus; C, — koadduun-
€HT aIPOBMHAMHYECKOTO CONpOTHBIECHHS;, k — Ge3pasMmepHslii koaddunueHt,
YYATHIBAIOIMH IPUCOSAUHEHHYIO MAcCy.

HccneposaHue BEpTHKAIBHOIO ABMKCHHS TETPOHOB ¢ pa3MepaMu pebpa oxo-
70 1 u 1,4 M [40] B 6onbLIoit a3po30/BHON KaMEPE MOKA3ajI0, YT K03 GHIpEeHTE
23POAMHAMUYECKOrO CONMPOTHBICHHS TETPOHOB YKA3aHHBIX Pa3MEPOB ONH3KM 1O
a6GCoONOTHOM BENMYUHE ¥ 3aBHCAT OT JIOKAJAbHOro uncia PefiHonsaca, a 3HAYHT, H

OT BEJIHYMHBI OTHOCHTEIBHON CKOPOCTH ABIDKEHHS TETPOHA MM CBOOOAHON MOAB-
emHoii ‘cuiel. TIpy OTHOCHTENBHEBIX CKOPOCTAX TETPOHOB, paBHbIX 0,3 M/c u Gonee

(6.2)
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(Re ~3-10%), pasmruus B C, HMBENMPYIOTCS, M C H3BECTHOM CTEMEHBIO TOYHOCTH
C, MOXXHO CUMTaTh IIOCTOSHHBIM ¥ B cpexueM pasHbiM 0,73 £+ 0,12, IIpu Merpmmx
OTHOCHUTCABHBIX CKOPOCTIX, COOTBETCTBYHOHMWMX 3 —4 T cBOOOMHOM NOXBEeMHOU
cwisl 1 meHee, C, 111 MOXHUMAIOMIETOCS TETPOHA pe3ko pacrer o 1,4-1,9, a
JULE OTYCKAIOMUXCS TETPOHOB Magaet o ~0,6.

IIpu 3anmycke TETPOHOB MIS MCCIECAOBAHMWS MOTOKA B IPH3EMHOM CIOC €0
cBOOOZHAS MOTbEMHAS CHMIA, Kak NpaBuno, He npesbimaer 0,2 - 0,3 r, a BeicoTa
pasHoBecus 20 M. B aToMm ciyuae Mpl He pacronaraeM MHGOPMAalMeH O BENHIUHE
C, , Ho MOXXHO DIpeanoaaraTs e¢ pasHoi 1,0 xax 119 nOAHMMAKOIIErOCs, TaK M IS
onyckaromerocs TerpoHa. C yueToM TOTO, 9TO HUCIIONb3YETCs Mapka ¢ MOBEPXHO-
CTBIO, IO KpaiiHel Mepe, paBHOH S, MOXKHO mpeanonarars, 9to daxrmaeckn C,
6onpme 1,0.

Ouenku /,, , IpOBEACHHBIC i TETPOHOB C [IHHOM pebpa 0,93 M ¢ yuerom

MapkH, rokasanw, 4ro /, cocrasmser 0,5 — 0,7 M. Ipy myasCcallmOHHBIX CKOPOCTSX

moTtoka nopsiaka 0,1 M/c HagambHAs OTHOCHUTENBHAS CKOPOCTH YMEHBIUMTCS B JBA
pa3a3a 5 —7 ¢, a npu ckopocTs nopsiaka 1 m/c —3a 0,5 — 0,7 c. Mnaye rosops, npu
WHTEHCUBHOHA TypOY/IEHTHOCTH HHEPLUMOHHOCTh TETPOHA C MApKOH JOCTATOYHO
MaJia ¥ MMCET NOPSAOK CeKYHIBL. [103TOMY B 3TOM CITyyae OCHOBHOE OFpaHHYCHHE
OyZHer CBA3aHO C YACTOTOM CHEMKH.

ITpu mManom ypoBHe TYpOYNEHTHOCTH WHEPLUHOHHOCTH TETPOHA OYAET 3HAUH-
TenbHel (5 — 7 ¢), B 3TOM clydae OTpaHUYCHMS [T0 9AaCTOTE CBA33HEI CO CBOMCTBA-
MH TETpOHAa — AWHAMHYECKOH CHCTEMBI, ACHCTBYIOIIEH KaK HH3KO4aCTOTHBIN
¢unsTp. [o-BHauMOMYy, Py 3THX YCIIOBUSX TETPOHBHI ¢ JtuHOH pebpa 0,93 m ume-
€T CMBICT MCTIONb30BAaTh IS IONYYCHUS HHTEIPANbHBIX CTATUCTHYECKUX XapaKTe-

PHCTHK, TaKnX Kak X, Z; X, %, (X, —=X;) (x; —X;).

OrpannueHus TpeTsel TPYIMIBI CBA3AHBI C HAMMYUEM CHIBI MAaBYYECTH TIPH
IOBIDKEHMH TETPOHA B BepTHKanbHO# miockoctu [19]. Korma terpon naxommtes
BBIINC WIIN HIDKE YPOBHS PABHOBECUS, CHJIA IJIABYYECTH CTPEMHTCS BEPHYTH €ro Ha
310T yposenb. U3 [19] cneayer, uto B mIMpoKOM HHTEPBAE BBICOT JBIDKCHUS Te-
TPOHA B CIIOKOWHOH aTMoc(epe MpH HATMYHM CUABI MIABYYECTH MOXKHO CUHUTATh
NpUOTMKCHHO YCTAHOBMBIIMMCS W OTPEACIHATH CKOPOCTH €r0 ABHIKCHHS B BEPTH-
KaJBHOM IIOCKOCTH 110 hopMyTe

12 japH Az >0, wp <0

Wy R woll/zAz 6.3)

mpu Az<0, w, >0

Ga-n1"
3mece Az — OTKIOHCHHE OT yPOBHS PaBHOBECHS, W, = Ew —7) uMe-
(d+k)6,
€T DPa3MEPHOCTBP YACTOTHI, SBJISETCH COOCTBEHHOH YIIIOBOHM 4acTOTOH 3aTyXalo-
muX KoneOaHMH HENMMHEHHOH KomeOaTenbHON CHCTEMBI, KaKOil SIBISIETCS -TETPOH,
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Ya — FPAAMEHT aBTOKOHBCKUMHY, Y — I'PDAXMCHT TCMIICPATYPhl B CJI0€, IAC MPOUC-

XOIMT ABWKCHHE TeTpoHa; O, — alcomioTHas TeMriepaTypa BO3AyXa Ha yPOBHE
PaBHOBECHSI.
W3 ouenok w, mis TerpoHa ¢ anuHOM pebpa 0,93 M npu Az + 20 M caenyer,

910 Wy ~ 3 cM/c. Ilpu mpubmikeHuH K ypOBHIO DAaBHOBECHA W, YMCHBINAETCA
MOYTH RO HYNS, IPH PocTe Az yBENWUEHHWE W, HC3HAYMTEIBHO, M MOXHO CUH-

TaTh, YTO B IpEIenax MPU3EMHOrO C0S COOCTBEHHas CKOPOCTh TETPOHA 33 CYET
CWJIBl MJaBYYeCTH HE npeBocxomuT 3 — 5 cm/c. Ilo-BuauMomMy, mpH yCTOHYMBOIA
cTpatnuKanmK 3TO OrpaHUYCHHEe HEoOXOMMMO YUUTHIBATH, KOTAA OLICHHBAIOTCS
CTATHCTHYECKHE XapAKTCPUCTHKY TETPOHOB B BEPTHKAIBHOH ILIOCKOCTH.

ITpu HeycroituMBOH cTpaTH(HUKANMH OCTOPOXKHOCTD TAKoKe HEoOXoauMa mpH
MHTCPIPETAIHH PE3YIbTATOB PACUETOB ANIUIMKATHI LEHTPA TAKECTH M CpeaHeHd
BEPTHKAJIBHONH CKOPOCTH TIPYIIBI TETPOHOB, KOTOPAas MOXKET HMETh MOPAAOK
0,1~ 0,42, [82]. IpoMmIIOCTPHPYEM 3TO OLICHKOMH H3MEPERMH Z IO IOPSAKY Be-
nuuvesl. Hanpumep, mpy cMemeHHy LEHTPA TSKECTH TPYITHBI TETPOHOB OTHOCH-
TEJBPHO YPOBHS PAaBHOBECHS, PACIOIOKEHHOro Ha 20 M BBIIIE MYHKTA 3aIyCcka, IpH
¥y~ 1°/100 M 4epe3 100 ¢ umeeM CMeIEHME TETPOHOB 3a CYET ACHCTBHS CHIIBI
nnaBydectn Az~ 3 m. Vcnmone3ys BeipakeHHE A1 CMELICHMS HEHTpPA TSDKECTH
npu HEWTpanmbHOU crpatuduxanmm z=bu,.!, rae b=04, u,~ 0,1 m/c, Oymem
AMETh Z ~ 4 M. MBI BUANM, YTO MONYYHIN BENWYHHB! OFHOrO nmopsaaxa. [losromy
orenKa z(f) nae Mpu GOABIIOH CKOPOCTH BETPA, KOTAA BETMYMHA U, 3HAYMTETb-
Ha, TpedyeT OCTOPOXXHOCTH B MHTCPIPETALMH PE3YNbTATOB.

Taxmm o6pa3oM, BEIICH3I0KEHHBIE OTPAaHINCHIS W3MEPEHUH JArPaHKEBBIX
XapaKTEPHCTUK MOTyYT OBITh CYIIECTBEHHBIMH. T€M He MECHEE ONUCAHHAs METOAUKA
[O3BOJISCT NOYYaTh CTATUCTHYCCKHE XapPAKTEPHCTHKHU JIATPAH)KEBOH TypOyiIeHT-
HOCTH B IPU3EMHOM cjioe (OCOOCHHO NEPBHIC U BTOPHIE MOMEHTHI) ¥ PEMIATh 3afa-
4y IPOBEPKH CIEACTBHH I'MIIOTE3BI NOXOOUS JIarpaHKeBOH TypOYIEHTHOCTH C yue-
TOM KOHKPETHBIX yCIOBHH mpoBencHus onbiToB. C HaMMEHBIIEH NOrpENIHOCTHIO
YAAeTCs HPOBOANTH M3MEPEHHA CTATHCTHYECKHX XapaKTEPUCTHK TETPOHOB B TOPH-
30HTANBHOM TUIOCKOCTH M NPH HEYCTONYMBOH WIIM HEWTpanpHOH crpaTudukamum,
YMEPECHHBIX ¥ CHIBHBIX BETpaXx.

6.1.2. To4HOCTL M3MEPEHNH KOOPAMHAT TETPOHOB

Janee KpaTrko OCTAHOBUMCH HAa TOUHOCTH M3MEPEHUS KOOPAUHAT TETPOHOB.
Ipu pacuerax BOCIONB3YEMCS U3BECTHBIMH COOTHOLIEHHSAMH M3 TEOPHUM OMIMOOK
Ha3eMHOU crepeodoTorpammerpuueckoii chemky [5]. Pesyasrarel pacyeros INpH-
BezeHsl B Tabx. 6.1 mig ciyyast KOOPAMHAT TETPOHA HA CHUMKE B CHCTEME KOOPAU-
HAT, CBA3aHHOH ¢ ero ueHrpom, X = 75 MM, Z = 25 mm, pnune 6asuca B= 100 M

W yIaneHui TerpoHoB ot (ororpaduueckoi kamepst Ha 500, 1000 u 2000 m.
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Tabauya 6.1. OnenKa TOYHOCTY OIpPeNeaeHNsE KOOPIHHAT TETPOHOB

f=75mum
M M, M
X, M M. M,u | M, x — z
o M ’ 2 M Ax Ay Az
500 0,44 0,45 0,16 3107 15107 10-107
1000 1,43 1,45 0,55 10 48 37
2000 542 5,45 0,85 36 55 57
f =200 mm
Mx MV Mz
X, M M., M M},,M M, , M Ax A;/ Az
500 0,28 0,12 0,06 2-107 410 4102
1000 0,71 0,28 0,13 5
2000 2,2 0,86 0,34 15

W3 Tabauier BHAHO, 9TO 40 paccrogHuit S00 M KOOpAUHATEI TETPOHOB MOXKHO
W3MEPHUTDH C JOBOJBHO BHICOKOH TOUHOCTHIO. llpu ymanennu terpoHoB Oonee uem
Ha 500 M TOuHOCTH U3MEpEHHUH OBICTPO yOBIBAET, OAHAKO OCTACICA €IIE B JOMyC-
THUMBIX Tpenenax 40 paccTosHus 2 kM. MOKHO TakKe CIenaTh BBIBOL, UTO (OTO-
anmapaTsl ¢ POKyCHbIM paccrosiHieM f = 200 MM ZAOT CYIIECTBEHHBIH BHIMTPHILI

B TOYHOCTH W3MEPCHHI KOOPAWHAT TETPOHOB M MX CKOpocTeil. B To e Bpems ka-
Mepbl ¢ (POKYCHBIM PACCTOSHHEM 75 MM OKa3bIBaIOTCA 0osee MPEeAnOITUTEIbHBIMHU
UL CBEMKH B cliydae OoNbIIuX KoneOaHmii HATTPaBICHIUS BETPa.

Ipn n3mepeHusax KOOPAMHAT TETPOHOB CTEPEOPOTOrPaMMETPHUIECCKAM METO~
JOM MOTYT MMETh MECTO M cHcTeMaTtHueckue onmmbku. Bonpoc o Benmumnax
cHCTeMaTHdecKkux omubox xopomo uccaemoBad. B [5) coenam BeiBOm, 9TO mpH
aKKypaTHOH paboTe CUCTEMAaTHYCCKUE OWHOKN H3MEPEHUH KOOPIHHAT HE MPEBBI-
MAK0T CAYIARHBIX OHOOK.

6.2. TeopeTnyeckas onenka Ko3ppuuuenTon popmya noxobusn nepBpIxX
MOMEHTOB KOOPJAHHAT BO3AYIIHBIX YACTHIL

Kak panee ormedanock, SxcnepUMeHTaIbHAs OLCHKA FHIIOTE3bI MOR00HS jia-
TPaHKEBBIX XaPaKTEPUCTHUK TypOYIEHTHOCTH B MPU3EMHOM CJI0€ atMocdepsi [62,
82, 90] neobxonuMa 1S Pa3sBUTHA HOBBIX METONOB ONMCaHMA aTMOC(EpHOH mAud-
Gby3un, yIHTBIBaIOMEN HEOTHOPOXHOCTh MPH3EMHOrO c10st. C ATOH LETBIO IPOBO-
JPUICS KCIIEPHMEHT M0 OTCACKHUBAHHIO ABI)KCHUSA BO3AYLIHBIX YaCTHLl C HOMO-
b0 TETPOHOB [31], pe3ynpTaThl KOTOPOro IO3BOIMAH MONYIUTH NEPBBIC MOMEH-
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TH! PACIpEACICHHUS BCEX TPEX KOOPAMHAT TCTPOHOB M CKOPOCTEH €3 Kakux-aubo
JOTNOJTHUTEIbHBIX THITOTE3.

Cornacro [62, 82, 90], B mpuzeMHOM ci10€ aTMOC(EpH! HaZL IUIOCKOH U OHO-
POAHOM TOBEPXHOCTHIO MPH HEHTPANbHON cTpaTndMKammy pexuMm TypOyneHTHO-

2
CTH OnpeAcisIercs TypOy/ICHTHBIM HANPSHKCHUEM TPEHHS Ty = P, U IAapaMeTpoM
IIEPOXOBATOCTH Z,, TA€ U, — CkopocTs TpeHus. Ilpu pacemorpenun anbdysun

YaCTHULl B 3TOM CJI0€ OT MPHOBEHHOI'O HCTOYHMKA Ha BbICOTE / HeoOX0oauMo ydu-
THIBAaTh BpeMs auddy3un ¢ u BeicoTy ucTounuka /. CoracHo rumorese nogoous

JarpaHKEBbIX XapaKTCPUCTUK Typ6y116HTHOCTH B TIPU3CMHOM CJI0C IIPH BRINOJIHC-
HHU YCJIOBHH

H 7
r>>—, r>>-2 (6.4)
U, U,
CPEIHSA NarpamKeBa CKOPOCTh U = (U, V, W) # CPCAHCE IONOKCHUE FACTHIBI
3anaercs Gopmynamu [82]

u(t)=x"lu,In(cutlzy), v()=0, w(t)=bu, 6.5)

() =x""utIn(cu,t/ezy), y(®)=0, z(t)=bu,, (6.6)

rae H — BbICOTA BBIIYCKAa TETPOHOB, I, — HAYAJIBHBIA PaANyC-BEKTODP TETPOHOB B

TFOPU30HTANBHON MIOCKOCTH B CHCTEME KOOPZMHAT, CBA3aHHON C LEHTPOM TsDKe-
CTH TpyIIbI TeTPoHOB; K ~ 0,4 — nocrosnuas Kapmana; b u ¢ — 6Ge3pasMepHsic

YHUBCPCABHBIC ITIOCTOAHHBIC, € — OCHOBAHHC HATYPAJIBHBIX .TIOTapI/I(i)MOB.

Hpu ycnoBusx, oTangHbix OT Oe3pasnutHoil crparudukanny, coryiacHo {82],
CPEAHss NarparKeBa CKOPOCTh JaCTUIB! 3a43eTcsi PopMynaMu

u(t) =« ufy, @yt [L) - £z, /L)1, 6.7)

vw(t):ut WZ(u*t/L) > (68)

rae y,, ¥, — yHuBepcanbHbie GyHkuu; f(z, /L) — yHUBepcaibHas QyHKIMS,
ompeneaMomas npoduIs cpeHeit ckopoct Berpa; L =-—us /KBHO — Macmrad

mmEbl Mouuna — O6yxosa. 3aece H,=3W, B=g/T, g — yckopenue cumbl
TSOKECTH, | — CPEeNHsS TEMIIEPATYpPa CIOs BO3YXa.

KoHkperHbIif BuJ yKa3aHHBIX YHUBEPCANBHBIX QYHKUMI yAaercs NOmydMTh
TOJBKO AN MPERENbHBIX CIYYaeB CHIIBHOM HEYCTOMYMBOCTH U CHIIBHOH yCTOMIH-
pocty. Tak, cormacuo {82}, B cnyvuae cunpbHON HEYCTOMYMBOCTH MPU3EMHOTO CII0S
BCE CTATUCTHUCCKHC XAPAKTEPHCTHKH BEPTUKAJNBHOH CKOPOCTH OHPEAEIsMIOTCS
€IMHCTBEHHBIM pa3MepHbM mapameTpoM P H, CTaTUCTHYECKHE XapPaKTEPUCTUKH

TOPU3OHTANBHBIX HBIKCHHMH 2aBHCAT OT NapameTpoB 4, (Pa3sMEpHOCTH

68



Lj./ 2 LZV 277 rme L, m L, — pa3sMEpHOCTH TOPH30OHTAIBbHOH M BEPTHKATBHOK

mmn, T — pasmepHocts Bpemenn) u BH, (pasmeprocru L?T~*). Coorserct-

BYIOIIMIA PSKUM TYPOYJICHTHOCTH HA3BIBACTCS PEXMMOM CBOOOIHOM KOHBEKLHMH.
Ecnu Bpems auddy3un BEIHKO M OCHOBHAS MAcCa YaCTHUL IIPHMECH HAXOQUT-
s B cioe CBOOOIHOM KOHBEKLMH, TO M3 COO0OpakeHHii pa3sMEpHOCTH Noydaem [82]

u()=u, —cu(BH, 1), (6.9)
w(t)=co(BHy ), (6.10)
rae ¢, ¥ ¢, — yHHUBepcaabHpIe 0€3pa3MEpHBIC NOCTOSHHBIE, U, — IMOCTOSHHAs

CKOPOCTB, paBHasi CKOPOCTH BETPA B BEPXHEH YaCTH CJIOS CBOOOAHOH KOHBCKIINH.
Cpennee NONOXKEHUE YaCTHI{ B CIO€ CBOOOAHOH KOHBEKLMM OMMCBIBACTCA
npu 3ToM $opMynaaMu

X()=u,t —2cul(BH,) V12, (6.11)

z(t) = %co(ﬁHo)‘/th. (6.12)

6.3. IlepBbie H3MepEeHHUs ¢ TOMOIIBLIO TETPOHOB

Jlns oueHKH BO3MOXHOCTEH Merona B [31] paccMoTpeHs! KOHKpETHbIE JaH-
HBIC OMbITA IT0 3aIyCKy M CIGKEHMIO 32 TeTpoHaMmH, mposeneHHoro 30 aBrycra
1974 r. B 17 9 50 MUH MOCKOBCKOTO BpeMEHH. bpuIO 3aIylieHO CeMb TETPOHOB
(#Ba IuTIOC 1BA, MJIFOC TPU C MHHYTHEIM HHTEPBAJIOM) B CTCHOH 30HE Y KpauHbl HA
MONUrOHE YKPaWHCKOTO HAyYHO-UCCIEXOBATEIBCKOIO THAPOMETEOPOIOrHIECKOrO
uncruryta (YxkpHUT'MH) B c. XKoBTHeBoe JJHEMpOIeTpoBCKOH 001aCTH.

3anmyck ObL1 ocymiecTsiieH npu Ge300magHoM HeGe M XOpOIIeH BHAMMOCTH.
Ilo maHHBIM IpagVeHTHBIX M3MEPCHUI, NMPOBEACHHBIX C nomompio 30-MeTpoBoit
METEOMAa4THl B HEMOCPCACTBCHHON OJM30CTH OT MECTa IyCKa, ¥ ITOCICTYIOIIHX
BBIYMCIICHUH cTrpaTuduxamus arMocheps! 6pina 6e3pasmuunoi, Macmrab Monu-
#a — O0Oyxoea coctaBiasn 98 M, ckopocts Tpenns u.= 0,54 M/c, mepoxoBaTOCTB

z, = 16 oM, cpenHas CKOpPOCTh BETPa Ha BHICOTE 2 M %2 = 3,6 M/c 1 Ha BricoTe 30 M
130 =9,1 M/c.
Ha puc. 6.2a npencrasieH xon BBICOT TETPOHOB cO BpemeHeM. Ha puc. 6.26

IIPEACTABICHBI HX ITPOCKIUN Ha FOPU3OHTANBHYIO IUIOCKOCTh yepe3d kaxaslie 10 c.
B Tabn. 6.2 npuseaens! cpeaHue (TOPU3OHTANBHBIC ¥ BEPTHKAJIBHBIC) CKOPOCTH

TeTpoHOB 3a nepsbie 200 ¢ # 3a Bech nepron HaONIOACHUI !, , BEICOTHI TETPOHOB B

MOMEHTSI BpeMeHH [ =200 cwu £, .
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Puc. 6.2. VIsMeHeHHE BBICOT TETPOHOB CO BpEMEHEM (@) M MPOCKLHH TETPOHOB Ha TOPH30H-
TaIBHYI0 IIOCKOCTS (6); 2~ 7 — HOMepa TETPOHOB

Tabnuya 6.2. XapakTepHCTHKHA NOJETA TETPOHOB

I'opusonTambHAA Bricota TeTpona, Beprukansnas
Howmep CKOPOCTB, M/C M CKOPOCTB, CM/C
TETPOHA
Lygo L Laoo l Lr00 L
2 5,8 6,7 6,5 36,0 3,2 9,0
3 5,2 6,4 36,0 105,0 18,0 26,2
4 6,4 6,5 15,0 30,0 7,5 7,5
5 6,0 6,5 36,0 45,0 18,0 13,2
6 6,2 6,6 44,0 80,0 22,0 23,5
7 6,4 6,6 35,0 56,0 17,5 13,5
Cpennee 6,0 6,6 28,7 58,5 13,2 15,5

W3 puc. 6.2a u 1abn. 6.2 BYAHO, YTO TETPOHHI B CPEOHEM MMENM HONOXKH-
TeABHBIE CKOpPOCTH nogbemMa. B mepsrie 200 ¢ HaOmioneHui, KOraa CpeaHye BHICO-
THl TCTPOHOB TPAKTHUYECKH MaJO OTJIHMYATHCH OT BBHICOTHI PAaBHOBECHS, X BEPTH-
KaJBHAS CKOPOCTE COCTaBiAna B cpeareM 13,2 cum/c. Bo BTOpoit osiosrHE ieproaa
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CleXeHMs], KOTIa TETPOHbI HAXOMIKNCh Ha Bbicotax oT 30 no 105 M Hax mecrom
MycKa, BO3BPAINAIONIAs CHJIA TJIABY4eCTH ObLIA OTPHUATEIBHOM, HO CKOPOCTh HE
npesocxomuna 5 cm/c. B ator mepuon cpeaHsas CKOPOCTh MOOBEMAa TETPOHOB HE
TONIBKO HE yMana, a BBIPocaa 10 15,5 cM/c, TeM caMbiM MOKa3bIBasi, 4TO ITOT (ak-
TOp NpH TOZOOHBIX YCIOBHMSAX HE ABIAETCS OTPAHMYMBAIOMMM. XOpPOWIMM IOI-
TBEPAKICHUEM ITOTO sIBIsieTcs: Apeiid TerpoHoB 5, 6, 7, 3aIyINEeHHBIX OTHOBPEMEH-
HO (cM. puc. 6.2). B cpensem oHM CMEINAamMCh 110 BEPTHKAIN MOXOOHO APYr OPYTY,
OTIMYAACh TOABKO aMIUTATYAAMH KojeOaHui, TaK KaK B TOPH30HTANBHOH III0CKO-
CTH TETPOHHBI pa3ouuIuch Ha 50 M OOMH OT APYToro. B ropu3OHTaNIBHOM MIOCKOCTH
TETPOHB!I CMENIANUCH TOBOIBHO TNIamKo (CM. puc. 6.26), 6€3 3aMETHBIX 3a 3TOT
NEPHOA MEAHP M PE3KHX ITIOBOPOTOB CPEAHETO HANPABICHHS BETPA.
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Puc. 6.3. Yi3MeHeHne Z TETPOHOB M CpenHeil BEICOTHI REPXHEH I'DAHHUIIBI ABIMOBBIX CIPYH

ZB B 3aBHCHMOCTH OT BpeMeBH nuddysmu ¢ : | — CpeImsst BRICOTA TETPOHOB; 2, 3, 4 — z3
B onbITaX 1, 2, 3 COOTBETCTBCHHO

Cpennsisi BBHICOTa TETPOHOB z(f) 1O BCEM MycKaM Kak (YHKIHUS BPEMEHU
mddysuu pencTasaeHa Ha puc. 6.3. 3 pucyHKa BUgHO, uTo B nenom z(7) pac-
TET CO BpeMeHeM Kak crenennas ¢yHkuus no 100 ¢ ¢ moxazarenem creneHu He-
CKOJBKO MeHpmUM eauHuns! (~0,8), mpy GONBIIMX BpeMEHAX ITOKA3aTeNnb CTCICHU
CTaHOBHTCS OTPHILATEABHBIM M HAJICE BHOBb CTAHOBHMTCSH MOIONKUTENBHEIM (~2,0).
N3MeHYHBOCTD MOKA3ATENs CTEIEHH MOJKHO OOBSACHUTH MaJIBIM aHCaMOIeM OCpen-
HeHust. Bo3MOXHBIM 00BACHEHHEM MOTYT CIIYXKHUTB TAKXKE BIHSHHE HEOJHOPOIHO-
cTU penbeha MECTHOCTH M APYTHE 3aKOHOMEPHOCTH H3MEHEHHS Z BHIIIE TIPH3EM-
Horo cnos armochepsl. Ecnu BocmonbzoBatses dhopmynoit z(f) = bu.t, T0 B mep-
Bpic 50 — 100 ¢ Hanbonee npuemneMoi KoHCTaHTOM b 1A pacuera z(f) mpu
u,= 54 cM/c noskHa Obina Obl OBITH BenuuHA, paBHas 0,44, 4ro xOpowo coBma-
JACT C OLEHKAMHM, IPUBEACHHBIMHU B |82].
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Puc. 6.4. 3aBucHMOCTD MHCTIEPCHI KOOPAMHAT TeTpoHOB S, (1), Sy ), S, (3) ot Bpe-
MeHH anddy3nu

Ha puc. 6.4 B Ommorapupmuaeckux KOOPAMHATAaX NPEINCTAaBICHBI CPEIHHUE
KBAJPATHYCCKUE 3HAUeHus koopaunar S,, S, S,, rae S, =[(x-x)’]"* . Boipa-
KeHHs ang S, W S, aHanorv¥Hel. B mepsyro odepesp XOTENOCh Obl OTMETUTH
3HAYHTENbHYIO Pa3Huily B S s BCEX map KOMIIOHEHT u ocobenHo S, u S, . Jlo
60 c otmmumsa B S, m S, HEBETMKHM, JANEE XOJ 3aBUCUMOCTH S A ITUX KOMIIO-
HEHT PEe3KO oTIHyaercs: S, pacrer co BpeMeHeM auddysun Ko KoHLA NepHoma
Habmonenuit; S,, HaumHas ¢ ¢ = 60 c, MPAKTUYECKN MOCTOSHHO, @ B KOHEYHOH
(aze HAOTIOACHUH AK€ YMEHBIIACTCA.

3nadeHue S, pacrer BO Bce BpeMeHa auddy3uu, Kak # S, , HO CKOPOCTH POC-
Ta 3HAYMTEIBHO MEHBIIC M HOCHT HEPETYJLIPHBIM XapakTep, YTO MOXKET OBITH CBS-
3aHO C Manoi BenuduHOH ancamOns ocpemmenus. Jlns S, u S, B nepsbic
40 - 60 c Habmogaerca 3aBUCUMOCTb BuAa S ~ ¢” ¢ MOKa3aTeneM CTENEHH, NPH-

OM3UTENBHO PAaBHBIM CAHHMIE, L1l S, — B uHTEpBane Bpemenu ot 30 xo 70 c.
WUzmepennsie Bemmauas S, S

¥

S, HaloT BO3MOXKHOCTb CPaBHHTb HX C

NPCACKA3AHUAMH TCOPUN. BCHOMHHM, 97O OPCACIBHOL COOTHOICHNE NMECT MECTO

. H ¥,
TIpH BHINIONHEHUH yCIoBui (6.4): ¢ >>—, t >> -2
) U, U

, THAE ¥, — HavampHbIH pa-

JMYC-BEKTOP TETPOHOB B TOPH3OHTANBHON MIOCKOCTH B CHCTEME KOOPIHMHAT, CBA-
3aHHOM C IECHTPOM THKECTH TPYIIBI TETPOHOB. B HameM ONBITC MCHONb30BAHEI
Bemuuuasl H =15M,a ry=2,5M.
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Taxum o0paszom, BivssHHE Ha4albHBIX ycaoBuil mpu u.= 0,54 M/c cka3biBa-
nocs mpumepso ao 40 — 50 ¢. Crenyer takke MOMHHTH, 9T0 COOTHOMEHHE (6.4)

NMPaBOMEPHO TONBKO TOTAA, Koraa Z < h,,,tne h,, — BBICOTA MPU3EMHOTO CTIOS.

Ouenka #,, 10 npodum0 CPERHEH CKOPOCTH BETPA, MMCIOMEMYCs B HALLIEM pac-
TIOpSHKEHHH, TIOKa3ana, 910 /1, MMeeT Benu4uuHy Gonbme win nopsaxa 30 m.

JIaHHBIMH M3MEpEHMIA AN MPOBEPKH COOTHOIICHHS TEOPHM MOZOOHS MOXKHO
YBEPEHHO  IONB30BATBCI B HWATepBamax  3Hadenuit 40c¢<S <70c,

40c<S5 . <60c, 30c<S,<70c¢. B mpunnunme Ha4anbHOC PACCTOSHHE MCOKAY
¥ z p p

TETpOHAMH MOXeT OBITh YMEHBIICHO A0 2 a , TAe a — JumHa pedpa Terpona, T.e.
ro~ 1 M. BeicoTa 3amycka Taxke MOXXET HE MPEBBIIATh 7, T.€. JMAaNa30H BPEMEH,

rae MOTyT HMETh MECTO MPEACIbHBIC COOTHOWIEHHS, MOT Obl OBITh yBEIMYEH MPHU-
MepHO B 2 paza. B dopmyne (6.4) non cuMBONOM «MHOrO OONBIIE» B HAIIMX pac-
gerax noHumManocs Goneme B 10 pa3. Ho, BO3MOXKHO, 4TO Ha HPaKTHKE MpEHEib-
HBIE COOTHOMICHHUS OYAYT BRIHOIHATHCS OBICTPEE ¥ AMATIa30H BPEMEHH LIS OLICHOK
KOHCTAHT OyJeT mupe.

6.3.1. YeaoBus mycka TETpOHOB

Hixe mpencraBIeHbI 9KCIEPHUMEHTAIbHBIEC JAHHBIC U3 pador [26, 31].

3amyCcKH TeTPOHOB MPOBOAWAMCH OJHOBPEMEHHO C U3MEPCHHUSAMH BEPTHKANb-
HBIX OpotuacH cpequell TeMrepaTypsl BO3OyXa, CKOPOCTH U HAIPaBICHHUS BETPA C
MTOMOILIBIO TIEPEeNBIKHONM 30-METPOBOM METEOPOTOrHIECKOH MadThl B HEMTOCPEACT-
BEHHOH OAM30CTH OT MecTa Iycka. YCIOBHME CTAllMOHAPHOCTH OLICHMBAIOCH IO
H3MEHEHMIO TEMIIEPATYPhl BO3AYXa, CKOPOCTH U HANPaBJICHHUS BETPA CO BPEMCHEM.

B T1abn. 6.3 npuBencHsl AAHHBIEC 00 YCIOBHAX 3aIIyCKOB TETPOHOB: CPEAHCEH
CKOPOCTH Be€Tpa Ha BBICOTE 2 M; CKOPOCTH TPEHMS Wu,, Macirrabe Moumnna —

OGyxoBa L, BBIYHCIICHHOM IO Pa3HOCTH TeMIIEpaTyp B cioe | — 4 M U ckopocTu
BETpa Ha BHICOTE 2 M ¥ lTApaMeTpe IIEPOXOBATOCTH Z, , OPEHCIACHHOM 10 PE3yilb-

TaTaM M3MEPEHHH, TPOBOAMBIINXCA B XOf€ KaXKAOr0 KOHKPETHOT'O ONIBITA.

H3 1abn. 6.3 BuaHO, 94TO B cCeMU OMBITaX TeMMeparypHas crparuduxanus 6s1-
71a HEWTPaTbHOH MM ONM3KOH K HeH, B IIATH — HEYCTOMYHMBOM M B TPEX — YCTONYH-
BOM. B yrpennux onmitax 5, 6 u 10 Hab04anoch pe3Koe yMEHbIUCHHUE IPAAUCHTa
TEMIIEPATYPhl MM H30TepMus B ciaoe 16 — 30 M, a0 B mepByro ouepens OTpasu-
noch Ha moBenennH Z(1) .

Ilepssie 12 onpITOB MPOBEXEHBI B YCIOBHUAX CTENHOM 30HBI Y KPaWHbI ¢ MUK-
POLICPOXOBATOCTPIO  MOACTHJAIOMICH MOBEPXHOCTH, B CPCOHEM  PaBHOH
0,05 - 0,10 M [23]. Omprrer 1976 r. 6blI IPOBEICHBI HAZ COMOHYAKOM B JOIUHE
p. Um1 (roro-socrounsnii Kazaxcran), ¢ mepoxosaroctsio 0,005 — 0,01 M. B To xe
BpPEMSI MECTHOCTH B 3TOM paiioHe ObLIa BecbMa IEPeCEHECHHOM,
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Tabruya 6.3. YcaoBUs NPOBE/ICHNS IKCAEPHMEHTOB

Homep Jata Bpems, | Uarepsan | Uucno U,, Uy, L, Zys
ONBITa 9. MHH | ChEMKH, C | TCTPOHOB | ,/c M/c M M
1 29.08.1974 | 09:47 2,58 6 5.3 0,78 | -200 | 0,10
2 30.08.1974 | 17 :50 2,65 7 44 | 0,72 | 200 | 0,10
3 31.08.1974 | 17:40 2,65 6 3,1 0,50 o'} 0,12
4 01.08.1975 | 18:55 3,0 9 3,1 0,30 o0 0,02
5 02.08.1975 | 07:30 3,0 6 1,7 0,18 -16 0,03
6 04.08.1975 | 07:14 3,8 9 1,0 | 0,11 -6 0,10
7 04.08.1975 { 10:43 3.0 10 09 {013} -1,0 | 0,12
8 04.08.1975 | 18:23 3,0 8 43 046 | 280 | 0,09
9 04.08.1975 | 19:23 3,0 6 472 0,45 | 220 | 0,07
10 05.08.1975 | 07:17 3,0 6 2,1 0,18 74 0,07
11 05.08.1975 | 17:31 3,0 9 29 { 0,50 | -200 | 0,11
12 05.08.1975 | 18:32 3,0 9 2,3 0,21 50 0,08
13 18.09.1976 | 18:16 43 6* 1,5 0,10 17 0,01
14 22.09.1976 | 12:05 3,4 9 3,8 0,30 | -17 | 0,005
15 25.09.1976 | 16:30 5,0 9 3,0 | 0,20 | -50 | 0,006
* TeTpOHbI 3aMyILCHBI BCE ONHOBPEMEHHO.
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Bcero 3aduxcupoBano u obpaborano 114 tpaexropuu rerponos. Ipu stom
cucTeMa KOOpAWHAT Obina BeIOpaHA Tak, 9TOORI OCH X COBHIAJajia CO CPEeIHHM
HANPABJICHUEM BETpPa, OCh y OblLIa HAaNpaBcHA NEPICHANKYIIPHO K HEMY, a OCh
Z — BEpTHUKANbHO BBEPX.

Ha puc. 6.5 nokasansl TpaeKTOpPHH TpeX TpHaAd TETPOHOB, 3aMyLICHHBIX C
MHHYTHBIM MHTEPBAJIOM, W X NMPOCKIVH HAa TOPHU3OHTAJIBHYIO IIOCKOCTB. Te-
TPOHB HHKCHPOBANUCH NpU yaaneHuH B cpeaHeM no 1000 m. o narHBIM Kxax-
JI0TO 13 OTIBITOB OBLTM BEIMUCIEHH! cpeanue 3Havenus x(f), (1), z(¢).

BunaHo, uto, mo kpaiineit Mepe, o 100 M oT Mecta nycka Bce IEBATb TETPO-
HOB MMEIOT CXOMHBIH XapaKTep NBIKCHUSA, TaK KaK HCHBITHIBAIOT CIIE BIUSHHE
Ha9agpHON ¢BOOOAHOM nmoxpeMHOH cunbl. Ha 3T0M yuyacTKe CKOpOCTh MX IOABE-
Ma NPUMEPHO OAMHAKOBA. Jlanee ABIOKEHHE TPHAZA HECKOIBKO OTIHYAETCS OJHO
ot apyroro, ocoOeHHO nepBoi U BTopoi. [To-BuauMoMy, mepBas TpHasa monaua
B BOCXOZAIIYIO YacTh ITIOTOKA, BTOPast — B HUCXOMANIYIO.

Ha paccrosuusax OGonee 100 — 200 M TETPOHBI YK€, MO-BHOUMOMY, OBH-
KYTCA CIYYalHO M MOTYT CYMTATHCS METKaMH BO3QYIMHBIX dacTull. Pacyer moxa-
3a1, yro ycaosue y(¢)=( BBIIOJHANOCH ¢ AOCTATOYHOM TOYHOCTHIO BO BCEX
ONBITaX, KaK U CHCHOBANO OXHATh, B CHJIy CHMMETPHU NOTOKa OTHOCHUTEIBHO
mrockocty y = 0.

6.3.2. Pe3yabTaThi H3MEPEHMIT

PaccMOTpHM B IIEPBYIO O4€pelp CPEHHION MO aHcaMGmio BEicOTy z(f) Te-
TPOHOB Kak (pyHKkumio BpeMend mupdy3uu nNpu HEHTpanpHOH cTpaTH(HKaIuM
(omsiter 1 — 4, 8,9, 11). Jins kaaoro U3 OMBITOB BEICOTA Z POCA CO BpEMEHEM
middysun. ITo Bcemy muTepBany Bpemen muQy3uu, HCKIHOTAs HAYATBHBIH
YYaCTOK, TAC €IIe TMPOSABISCTCA HavYalbHAs MOABEMHAS CHIIA, OIPEOENAncs Io-
Ka3aTeab CTENECHU # B GopMyne z~1¢", KOTOPHIH B CPEJHEM OKa3asCs PAaBHHIM
0,96 £ 0,14, T.c. OAU3KMM K 3HAYCHMIO MOKA3ATENS Ui ACHMITOTHYECKOrO
pexuma (6.6).

Ha puc. 6.6 npencTasiena 6e3pa3sMepHas BLICOTa TETPOHOB € = (Z — hop) / u,t

OpH HEHTpanbHOW cTpartudukaiMu Kak ¢QyHKUus Or 0e3pa3MEPHOT0 BPEMEHH
mabdysuu n=u,t/h,, . 3nece h,, COOTBETCTBYET BHICOTE PABHOBECHS TETPOHA;

Mg / ¥, WIpaeT poiib BPEMEHHOTO MacInTada, YUMTHIBAIOWICTO BIAMSIHHUE HAYANb-

HBIX yCloBMi. B maTh ombiTax u3 cemm 3¢ ¢eKTHBHAA HavanbHasd BHICOTA TE-
TPOHOB, PaBHAs BBICOTE PABHOBECHS, IO JAaHHBIM HaOmroZcHHi OblIa ONM3KOM K
10 M Hax mnoBepxHOCTBIO 3¢MaH. B omseiTax 2 u 3 BhIcOTa pasHOBecH:s Obuia
Hwke 10 M ¥ MpakTHIECKH Mano OTJIHYajach OT BBICOTHI 3alyCKa TCTPOHOB,
pasHoii 1,5 M.
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Puc. 6.6. Vi3veHeHH e CpenHeii BBICOTBI TETPOHOB (Z — h.y) / u,t cospemerem auddy3uu

u,t / h3¢ : I —7—noMepa onsiToB 1 ~ 4, 8, 9, 11 cCO0TBETCTBEHHO

W3 puc. 6.6 BuIHO, YTO JAHHBIC BCEX OMBITOB JOXATCH C HEOOMBIUKM pa3dpo-
coM OaHM3KO APYT K APYTY, IPH 3TOM OPH OTHOCHTENBHBIX BpeMenax auddysun
u,t
—— 2 3 38aucHus QYHKIMM & DPaKTHIECKU ITOCTOSHHBL HadmHas ¢ 3Toro MOMeH-

agp
Ta BPEMEHH C YAOBJICTBOPUTEABHOM CTEIICHBIO TOYHOCTH BeIOmHsCTCS hopMyna [62]
E(t)zhad, +bu,t, (6.13)

9TO AaCT BO3MOXHOCTb OHECHHTH KOHCTAHTy b, KOTOpasd, MO HALUMM HaHHHIM, B
uHTepBane Oe3pa3mepusix Bpemen midbysuu or 3 mo 10 oxasamach paBHOM
0,44 £ 0,04.

Wsmepenue xoopauHat X (f) TO3BONMIO NMPOBEPHTH COOTHOMEHHH (6.5) u
(6.6). Ha puc. 6.7 pa3nuuHbIMH 3HaYKaMH IOKa3aHO Oe3pasMepHOe cpeaHee cMme-
UICHHE TETPOHOB B HANpaBjCHMM cpeanero Berpa xx(f)/2,3u,! xax QyHxkmmu
AECSTHYHOTO norapudma u,f/z,, a NPsAMEIE TMHUE COOTBEICTBYIOT NIEPBOMY H3
ypasHeHnii (6.6) npu 3Ha4eHusx ¢, pasubix 0,20; 0,32; 0,56 u 1,0.

M3 puc. 6.7 BuaHO, 4TO HE BO BCEX ONBITAX B TEUEHUE BCETO NIEPUOAA BpeMe-
vu nuddy3uu BRIMONHAACS norapudmudeckuii 3akoH (6.6). Tak, nampumep, 8
oneitax 2 u 11, mo-euanmMomy, ciioi atMocdepst Benue 4 M He Obln cTpaTHdULH-
posan HeHTpanbso. Hexkoropslii pa3bpoc AaHHBIX MOKET OBITh CBSI3aH C OMIMOKAMH
ompenencHus M, U, OcOOEHHO, Zz, W3 TPagUCHTHEIX wiMmepenmit. CyliecTBeHHO,
OIHAKO, YTO B ISITH ONEBITAX U3 CEMM AAHHBIC IKCIICPUMEHTA IPYIIUPYIOTCS OKOJIO
OMHOM H TOH )K€ MPSMOii, KOTOPOIl COOTBETCTBYET 3Hadenue ¢ = 0,32,

Taroke 6buH TTOCTpOEHB! TIpodumy () kak GyHKIEM Z(f) MIS OLEHKH Be-
JMYMHBI NOCTOSHHOH ¢ ApyruM cmoco6oM. Bo Bcex ombITax cpemHss CKOpOCTH

Betpa Oba BEIIIE CKOPOCTH TETPOHOB Ha TOM e BEICOTE NpH Beex z (1o 20 M) B
cpentem Ha 11 - 15 %.
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Puc. 6.7. 3aBUCMMOCTB CPEZHETO TONOKEHUA TETPOHOB 0 OCH X OT BpeMeHH auddy3um.
O06o03Ha4yeHus cM. Ha puc. 6.6

Tlo BEpTMKATLHBEIM NPOQIIIAM OBLTM HalfeHBI BHICOTH z(f), HAa KOTOPBIX
CpenHssA CKOpPOCTh TETPOHOB OBLNa paBHA CPEOHEH CKOPOCTH BETpa Ha YPOBHE
z = 8 M. BRIO OnpeaeneHo 3HaYeHne ¢, Bxoadmee B popmyay z=c'z(f) u oxa-
3aBuieecs pasHeM 0,64 + 0,24, uto cornacyercs ¢ OLCHKOH, NpuUBeACHHOH B pabo-
te [60] u pesynbraTaMu H3MEPEHHH MO BEPTHKANBHBIM MPO(QUIIM KOHICHTPALIUH,
TIPEeACTaBICHHBIM B raBe 5. M3 pasencrsa u(¢) =v[c'z(¢)], roe u(t) — narpamxe-
Ba CKOPOCTb BO3JYIIHOH 4acTHIEl, a v(z) — DHIEPOBa CKOPOCTh BETPA, CIERYET,
yro c¢=c'b. Ipunss, uto b= 0,44, nomydaeM 3HaueHue ¢, pasHoe 0,28, T.c.
Onm3Koe x nepeoii oueHke. TakuM oOpa3oM, B CPeIHEM YHUBEPCANbHAS KOHCTAHTA
¢ TI0 3TUM OneHKaM Onuska k 0,30.

Kak yxe orMedanocek Bbilie, B BOCBMH ONBITax M3 15 crpaTtudukanus npu-
3eMHOTO CJI0S PE3KO OTIHYajJach OT HeWrTpanpHO#H. B 1pex ombitax (7, 14 u 15)
TIPU3EMHEIN CJION OBLI CTpaTU(hHLIMPOBaH HEYCTOMYIMBO M IPY 3TOM YCHOBHS OBLTH
cranuoHapasivMH. B onbitax 12 m 13 crpatndnkaums 6sina ycTOHIMBOH, yCIOBUS
66111 cTaroHapHBIMU. OnbITH 5, 6 ¥ 10 651K IpOBENEHB! B NEPEXOTHBIN NEPUOL
CYTOK, Koraa HaOnrofaMch T€ MM HHBIC HAPYUICHHS YCIOBHUH CTAllMOHAPHOCTH.

3To HE MOIIO HE CKa3aThCA HA 3aBHCHMOCTH Z OT BpeMeHH Auddy3unm B 3THX
OTIBITAX.

Ha puc. 6.8 B xoopmunatax z(f)/|L| u u,t / | L| 3aBUCHMOCTD CpEmHEH Bbi-

COTBI TETPOHOB OT BpeMeHH anuGdy3nnu moka3aHa I ONBITOB NPH HEYCTONIMBOM
¥ ycTOMuMBOH cTparnduxanusx. B nepeyro odepeap OTMETHM, YTO JAHHBIE BCEX
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TPEX OMBITOB NPH HEYCTOMUYMBOH CTpaTU(HKaUMU TPYHIHMPYIOTCS OKONO ORHON H
TOH JKe IpAMOH ¢ HAaKIOHOM, paBHbIM 3/2 . MlHaye roBops, 3TV HaHHBIC NOATBED-

iy Hanwdue pexuma (6.12), npeackasaHHOro s YCiOBHH CBOGOAHOM KOHBEK-
Ui, OTO NO3BOIMIO JaTh NEPBYIO NPEABAPUTENBHYIO OLIGHKY KOHCTAHTHI €, , KO-

TOpas oka3zanack pasHOH 0,91.
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Puc. 6.8. MsMenenye cpemHeil Ge3pasMepHOit BbiCOTH TeTporoB z/|L| co BpemeHem
mbpdysun U, ! / | L} B ycnosusax cBoGomuoit xonsexumn (I, 2, 3 — onbiter 7, 14, 15 coot-
BETCTBEHHO) M YCTOWYHBO# crpaTudukarmm (4, 5 —onbitsi 12, 13)

B [82] monyuena Teoperndeckas OHEHKa C, & A rne A= 3/Ca_,; a_, —
obpatHoe 3Ha4eHue TypOyneHTHOro uncna Ilpanaris ana z/L —»«o; C, — yHn-

BepcaibHas KOHCTAHTa B BBIPAKEHWM I MPOQMIS CKOPOCTH BETPa B CJIOE CBO-
001HOI KOHBEKUINHT

v(2)=u, - Cul(BH, 2", (6.14)
Hcnonpays onenxku C; = 3,22 [62] u a_,, = 1,3 {62, c. 433}, noayuaem cie-
IYIOIIYI0O TEOPETHYECKYIO OLEHKY: ¢, ~ 0,85. Ecmm xxe B coorBerctBuu ¢ [113]

npussate C; = 4,24, 1o ¢, = 0,74. O6e 311 TEOPETUYECKIE ONEHKH HEILIOXO CO-

THACYIOTCA ¢ SKCOCPHUMCHTANBHON OLECHKO, MONMyIeHHOH B [26], xoTs sxcmepu-
MEHT BCE K€ IPUBOIMT K HECKOIBKO OONbIIeMY 3HAYCHUIO C,. Ecin ke Bocnonb-

30BATHCA OLCHKOM o_, = 3 + 4, npuBeAcHHOH B [96], TO pacxokaeHHE IKCHEPH-

MCHTAJIBHOM OLICHKH ¢ TCOPETHYCCKON OKA3BIBACTCA 3HAYNTEIPHO OOBIINM.
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JlanHbie ABYX OIBITOB IPH YCTOR4MBOM cTpaTudukauun (cM. puc. 6.8) ermun
pas3aeapHO APYT OT Apyra. B OZHOM M3 HUX IOKA3aTeNb CTCIEHK 7 B 3aBHCHMOCTH
z~1t" okasancs paBHeIM 0,63, B apyrom #~ 0,30. Takum 0Gpa3oM, onupasch Ha

3T AaHHbIE, MO)KHO CKa3aTh, YTO MOKA3aTENb CTENICHN H I8 YCTOMYHBOIO pe-
XHMMa NPHHUMACT 3HAUNTCBHO MEHBINEE 3HAYCHHE, YEM IIPH HEYCTOHIUBOH M
HEHTPanbHOW cTpaTHdUKALNIX.

Z/|L|
r 1,5
xx"’&"
1,0 )
10° £
a2 0,5 .
5 A
L. x X X0
i x ) "’;‘ﬂﬁg)dﬂpfw o1
i &0 * 2
&
o ce® x 3
o .
10.1~ PR lx_ﬂlnl Lot tapatt bobd
: . 107 100 u,t/|L|

Puc. 6.9. Usmenenne cpembeii Ge3pasmepuoif BeICOTH TeTpoHoB z/|L| co BpemeneMm

auddysun u, ! / | L| B yrpennme 9acs: cyrok: / — omsit 10, 2 —onsiT 5, 3 - ombitT 6

Ha puc. 6.9 B Tex ke KOOpAMHATAX, YTO U Ha PHUC. 6.8, MOKa3aH xoX 3aBHCH-
MOCTM Z OT [ IUIf TPEX OIBITOB, IIPOBEIACHHBIX B yTpeHHue dackl. Kak u cremoBaso
oxuaaTh, Gyakmus z(¢)/|L| oka3zanach 3HAUMTENBHO OONEe CIIOKHOMN, YeM CTe-
neHHas. B onsrrax 5 u 6, rae L Obuio paBHO -16 1 -6 M COOTBETCTBEHHO, HAWMHA% C
Oe3pasMepusix BpeMeH quddysvm  u, 1 / | L|, Gau3kux K ¢OUHHULE, TakKe HaOmo-

JAeTCA yJaCTOK CTENEHHOM 3aBUCHMOCTH Z OT ¢ C MoKasaTeneM, Gauskim K 3/2 .
Ha puc. 6.10 nmokaszaHa 3aBECHMOCTD CPEAHEr0 3HA4YECHUS MPOAOIBHOH KOOD-
OVHATHL X TETPOHA OT BpeMeHH Auddy3un And onpITOB MpU HEYCTOHYHBOH CTpa-
tudpukamyu (onsIter 7, 14 u 15). Buano, uto naHHbIe M3MepeHuii x B 6unorapud-
MHYECKHX KOOPAMHATAX JIETNTH HA IPAMbIC THHUM (B ciaydae ombitoB 7 u 14 — Ha-
YHHAS C HEKOTOPOr0 MOMEHTA BpeMeHH {, > (). OTu JaHHbIC IOXTBEpANNH Halu-
uye GIU3KOH K JMHEHHON 3aBUCHMOCTH X OT ! TIPH CBODOJHOH KOHBEKIIMH IS
GonplINX 3HaUeHMH 7, BeITeKatomeit u3 gopmynsi (6.11), # mo3BONMIN BEIYNCIUTH
3HAYCHUS U, . 3JHASA U ,, MO)KHO OLEHUTH 3HAYCHHUE TTOKA3aTENs CTCIICHH BO BTOPOM

cmaraemowm ripaBoit yacty (6.11). Oxazanock, uTo B onbiTe 7 OH OBLT paBEH TEOPE-
THUeckoMy 3nadenuto 0,5, a B onsitax 14 u 15 — 0,6 u 0,7 coorBercrBenno. Haue
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TOBOpS, IPOSBJCHUE PEKUMA CBOOOJHOH KOHBEKLMH Ui CPEEHErO IONOXKCHHS
TETPOHOB B TOPH30HTAJIBHOM IIOCKOCTH OBLIO BEIpAXKEHO chiabee, uem s z().

Lcry
i X
L -~ <
3 &
2 ....xxx’(){
102 L o #"IJ
- L]
- ® X
B o.. xx*‘x
o . Py
i 0P " .1 Puc. 6.10. 3asucuMoCT®  CpemHero
<
S x 2 HOJIOXEHHUS TETPOHOB MO OCH X OT
e ©3 BpeMenn muddy3uu B ycnoBusx cso-
o] s
10 PRI | TR | , 6oaHOI xOoHBEKUMH. / — ONBIT 7, 2 -
- -
10 102 x(#), m onsiT 14, 3 —onsiT 15

Taxum oOpa3om, JaHHBIC 3KCIEPUMEHTA THOATBEPAMIIM PSAA CACACTBHMA THIIO-
TE3bl NOROOHS JIAaTPAHIKEBBIX XAPAKTEPUCTHK TYPOYIEHTHOCTH B HPH3EMHOM CII0€
aTMocdeps! U MO3BOIMIM MONYYHTh SKCIHCPHMEHTANbHBIC OLCHKH KOHCTaHT, He-
CKOJIBKO IIPEBOCXOMAIINE IT0 BENUYHHE TEOPETUYECKUE.

6.4. /lucnepcuy KOOPAMHAT YACTHIl IPHMECH B NPH3EMHOM CJI0€
aTMocdepbl 10 H3MEPEHHAM C IOMOLUBIO TETPOHOB

B pab6otax [16, 26] ¢ noMompIo 3ammycka TETPOHOB MPOBEAEHA OHEHKA COOT-
HOINEHMIM THIIOTE3bI MOAOOMS NArpamKeBBIX XapaKTEPHUCTHK TYpOYJACHTHOCTH B
IPH3EMHOM CIIOE aTMOCHEpPBI it a0COMIOTHOM ¥ OTHOCHTEIBHON AUCIEPCHU KO-
OpJMHAT BO3AYHIHBIX YaCTUL B OCHOBHOM IS yCIOBHH, OMHM3KMX K HEHTPanbHOH
CTPaTH(UKALH.

Ilo nanHPIM M3MEPEHMH TPAEKTOPUH TETPOHOB B (BUKCHPOBAHHBIC MOMEHTHI
BPEMEHH ! PACCUMTHIBANMCh OTHOCHUTEIBHBIC H aOCOMIOTHBIC QUCIIEPCUH KOOPAHU-
HaT 110 GopMyaM COOTBETCTBEHHO

1 n 1 m 1 m 2
Si0==2 =2 |20-—->z0)| , (6.15)
=t i=l =l

N

i)=Y 202z (6.16)

1=

TAE M — 9HCIO TeTPOHOB B IPYIIIE, BBHITYINCHHBIX OJHOBPEMECHHO, W — YHCIO
TPYHI B OXHOM OmbITe, N — 00LIee YHCII0 BEINTYIIEHHbIX B ONBITE TETPOHOB.

Jannsie S, §2, 6%, G PacCUMTHIBALACH [0 AHATIOTHIHBIM QOPMYIAM.
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Y106bI OLEHHTH 3aBHCHMOCTH AUCHEPCHM KOOPOMHAT OT TEMIEPaTypHOMN
cTparudukaimy, 6blIa H3ydeHa 3aBUCUMOCT HOPMHUPOBAHHBIX HAa U, ! NMCIEPCHii

KOOP/AMHAT OT Mapamerpa ycroitumboctr z/L . Okasanock, 4T0 i CPaBHUTENBHO
HeGONBIIMX 3HaYeHuit z/| L[| OTHOCUTENBHBIE BEMMYMHBI CTAHAAPTHEIX OTKIIOHE-
HHUif KOODIUHAT G, /u,t, S, [u.t, 6 ju,t, S, [u.t B GombineH CTeneHH 3aBUCST
OT HAuaNbHBIX PACCTOMHMI MEXAY TETPOHAMH B rpymme. 3HadeHUs O, /u.t,
S, /u.t mpakTHYECKH HE 3aBHCENHM OT HAYAIBHEIX YCIOBHI U OKA3aIHCh yBCTBH-

TenbHEE K U3MeHenuo z/L .

. o,/(u.t)
.
. 5r
. L
. 4 -
.
o. . L
. 3L
ety I
.... 2 ™ o 1
.'o... i x 2
L2 x . o 3
.-.o.o . . o 1 .
Sod S e, {2 0 .o ;;m’."‘
. I ) [ It "‘ T*;ﬁ"?’ i io?:%x$;x% 1&81 g ?@‘.";‘ :t:mxojx lx" i
_Z 75 32 75 32 75 32 23 657 23 57 z
L -10 -10° -10 -102 10" 10° T

Prc. 6.11. 3aBuckmocts o, /U4t 0T z/L: 1 — u3MepeHns 10 TETPOHaM; 2 — AAHHBIE U3
Meperwit 1o nporpamme «IIpeiipu Tpace» ans ycmoemit, 6am3kux k HelTpanbRO cTpaTH-

(ukanpy; 3 — nanHbie nporpammsl «Ilpeiipu I'paco» as ycnoBuit HEYCTOHIMBON M yCTOH-
4HBOH cTpatuduKxaim

Ha puc. 6.11 nokazaHsl 0OTHOCUTENBHBIC 3HAYECHHS CTAHZAPTHOTO OTKIOHEHNS
KOOpPAUHAT G, /u,, t xak Gynxumn z/L . VI3 pucyHKa BUAHO, YTO B MHTEPBAJIC 3Ha-

uennii z/L ot 0,1 go -0,2 ¢ yuerom pa3bpoca JaHHBIX MOKHO TOBOPUTH O criaboit
3aBucuMoCTH O, /u,t ot z/L. Tlpn z/L <-0,5 cTanmapTHOE OTKIOHEHHE PE3KO

BO3pacraer; MpH E/L > 0,1 manHBIX uaMepeHHMI HEAOCTATOUHO, 4TOOBI TOBOPHTH
yBepeHHO 00 YMEHBIICHUH ©, /u*t € POCTOM YCTOHYMBOCTH TIPH3EMHOrO CIIOs
aTMocdepsl.
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HUcxons u3 nanneix puc. 6.11 Obu1i 0TOOpaHbI ONBITH], B KOTOPBIX OTHOIICHHE
z/|L| nns campix Gonbmmx BpemeH auddysun He npeBocxomuno 0,2, 1 mOCTpoe-
HBI 3aBUCHMOCTH G, /u,f, S, [u.t, © ju.t, S fu.t, o fu.t, S [u.t or
Ut /ha(p' 3nece h,,/u. wrpaer poms macmraba BPEMEHM, YIMTHIBAIOLIErO Ha-
9aJIbHBIC YCIOBHSL.

Ha puc. 6.12 npuBeseHBl pe3yapTaThl H3MEPEHHH CEMH ONBITOB IIPH
| L] > 200 M. B naru u3 3Tux cemu onsITOB 3 dexTuBHas HayajabHAs BBICOTA TE-

TpOHOB Oblna okono 10 M Hax NOBEPXHOCTBIO 3EMIIH, T.€. COBIIANA C BBHICOTOI paB-
HOBECHS TETPOHOB; B IBYX OMNBITaX OHA MPAaKTHYECKHU MAJIO OTJIMYAIACh OT BBICOTHI
3aIrycKa, paBHOI 1,5 m.

o fult, S, /ut

2
1 [23skensk & 3 P o & 8
0 n A i i 1 ] I 1 i J L 1 I i 1 i i ] I ]
o,/ut, S, ur

:o o 1

5 oo
2 e

| o
1 8 b.%z.g; .

! [ 2R S t s 3
0 1 1 L ) 1 i 1 i H i j Y 1 PR | dnd

o, /ut, S /ut

{ s82smste ¢
0 .1 I 2

sl
R

L

0 1 2 3 4 5 6 7 8 9utlh,

Puc. 6.12. 3aBucumocts O/ u ¢ (1) u Sfu.d (2)or u, t/h3¢ OpY YCAOBHAX, GIM3KHX K
HelTpanpHOH cTpatuduxauny

W3 namHeix puc. 6.12 cneayer, uto X0x O, /u* t, S, /u,, ! OTIIMYAETCA OT XO-

[a MPOXOTBHOrO ¥ BEPTHUKAIBHOTO CTAHAAPTOB OTKJIOHEHHH KOOPAMHAT CO BpEMe-
HeMm muddysun. Ito 00bsCHAETCS BIUAHUEM OOMBINErO HAYANBHOTO PACCTOSHUS
MexAy TerpoHama 1o y (y,~5M) B ommume or z, (z,<0,5M) u x,
(x, = 1 M). HecMOTps Ha BIMSHHC HAa4aJbHBIX YCIOBHH, MOXKHO YTBEPXKIATh, UTO
IUTS BCEX CTAHNAPTHBIX OTKJIOHCHHWI KOOPAMHAT SBISETCA OOUIMM HANW4HME PEKHU-
Ma, KOTJa CTaHJAapTHHIC OTKIIOHCHHS KOOPAMHAT, HOPMUPOBAHHBIE HA U, ! , IPaK-
TUUCCKA HEC U3MCHAIOTCA ¢ U3MCHCHUEM OTHOCHTENBHOrO Bpemenu auboyzuu

2 2,2 2 2
u*t/hall, ¥ TOATBEPXIAOT pexumel S, =Buis”, G, =0,u t* co Bpemenem
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mapdysuu 1.1 /h,, = 3,0. 1O ZaET BOIMOKHOCTb MPOBECTH OLECHKA YHMBEPCAIb-
HBIX YMCAOBBIX MOCTOSHHBIX O ,, B,; @, B,; o, B,. U3 sxcnepumenta nony-

YUJINUCH CJ'IC,ZIYIOHH/IC COOTBeTCTBy}OHmC 3HA4YCHUA NMOCTOAHHDBIX .
o, B o, B, o, B,
0,46+ 0,05 036+0,04 070x0,06 050%£0,04 094+0,08 093+0,03
W3 maHHBIX BUAHO, YTO, K4K M CIEIOBAJO OKMAATH, IOCTOSHHBC O Oonpine
10 aOCONOTHBIM 3HAYCHHUAM MOCTOSHHEIX 3, Tak Kak aOCOMIOTHEIC AUCIIEPCHH KO-

OpAMHAT 3aBMCAT OT BCEFO CIICKTPA BHXPEH, B TO BpeMS KaK OTHOCHTCIBHBIC JHC-
MepcUH KOOPAMHAT 3aBUCAT OT PasMEPOB BHXPEH, COU3MEPHUMBIX C PacCTOTHIEM
MEXIy TETPOHAMH B JaHHBI MOMEHT BpeMeHH auddy3un.

Tockoneky (axrudeckuii nepuox HaOmomeHws B '(QUKCHPOBAHHOH TOUKE,
paBHBIH TEPHOAY ITYCKa TETPOHOB, HE MPEBbIIAT 2 MUH, 3HAYECHHUA KOHCTAHT O , H

o, OBLIM MEPECYUTAHBI ISl IIEPHONOB HabmoneHus, pasHbIX 10 Mun, no u3BecT-

HOIt aMmupuieckoli popmyne

0,2

TO
o) =o(l)| 7|

rae T — daxruueckuii nepuox Hadmoxenuit; T, — neprnoa HabmOACHUH, K KOTO-
pomy npuBosTca AanHsie. [lepuoas! HabmoneHNit BEIOpaHBl Ha OCHOBAHUM MHO-
TOYKMCICHHBIX M3MEPEHUM CIEKTPOB ITHX COCTABMIOMUX M paBHHl 10 MuH ans
FOPHM30HTANBHBIX KOMITOHEHTOB CKOPOCTH BETpa M 2 — 3 MMH Ui BEPTHKANbLHON
xoMmroHeHTHEl. OHu 00€CTIeYNBaIOT YCTOWYMBBIE OLICHKH KAK BEKTOpPAa CPEAHEH CKO-

o -~ 2
POCTH B IPH3EMHOM CIIO€ aTMOC(EPHI, TAK M JUCIIEPCHit CKOPOCTEH G2, G-, G B
3aBHCHMOCTH OT BpeMeHH HabmoneHuii [S8, 60, 62, 92, 110].
3HadeHHs YHUBEPCAABHBIX YMCIOBBIX MOCTOSHHBIX o (o, =097+ 0,08 u

=1,30% 0,11) MoxkHO peKOMEH0BATH LI HCIIOIB30BAHMS HA TPAKTHUKE.

Yuutemast, 9ut0 G, /u,t u S,/u,t cnabo saBuCcAT OT U, ! /h 5 fouta caena-
el

Ha TOMBITKA OLCHUTH KOHCTAHTHI O, M [, MO AaHHBIM H3MEPEHHH A TOpPasao

Gomee y3koro WMHTEpBana 3HaueHuit z/L, pasHoro 0,01. Dro 3HAYMTENBHO
YMEHBIINIO YUCIO YWICHOB aHCAMOJI OCPENHEHMS, 9TO CKA3aJ0Ch Ha YBENHYCHUHM
CPEAHEKBAZPATHYECKOTO OTKIOHCHHS OT CPEAHErO 3HaUCHHA, KOTOPOE COCTABHIIO
s o, 0,36+ 0,09, gns B, 0,30+ 0,08.

Ha mpaktuke s pacdera KOHIEHTPALUH 10 TayCCOBOM MOZENHM OT Ha3eM-
HOr0 MCTOYHHKA HEOOXOOMMO 3HaHME a0CONIOTHOM DMCIIEPCHH KOOPIWHAT, IEH-
TPUPOBAHHOI OTHOCHTENBHO BBICOTHI MCTOYHHKA. B 3TOM cnyuae neobxoamma
KoOHCTaHTa b, [82], KOTOPYIO NE€rKO BHIYHUCIUTD ITO HAIIMM JAHHBIM, HOMHSA, 4TO

aBCOMIOTHAs OMCIIEPCHS KOOPAMHAT z paBHA cymMMe abCONIOTHOM AMCTIEPCHU
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—2 e 3 =2
o u KBAEPATA BHICOTHI HIEHTPA TSKECTH Z , T.€. z° =G> +2 . IloctosmBas b, B

Boipaxennn z° (1) =b2u’t* pasma (o +5%)Y?* ~ 0,54, a ecn a, = 0,36, 10
b= 0,4. Ilpu 3TOM OTMETMM, YTO OTHOMICHHE O, K b, monyunnock pasHsM 0,67,
4r0 GIM3KO K TEOPETHYECKOMY 3HaUeHHIO &, /by = 0,6 [83]. Ilo-Bummumomy, non-

HOCTBIO IIPENENIBHOTO PEXXMMA HE JOCTHIAETcs B HPEACTaBJICHHBIX JaHHBIX. B
CBA3M C 3THM IKCICPHMEHTAJBHBIC OLUECHKH IOCTOSHHBIX MOTYT OBITh HECKOJBKO
OOMBIIMMH UX UCTHHHBIX 3HAYCHUH.

B onvitax 7, 14 u 15 npusemssblii cnoit 6511 cTpaTHOHUIUPOBAH HEYCTOMYHBO,
IIpY 3TOM YCIIOBHS OBLIM CTalMOHAPHBIMHU. XOJ RUCTIEPCHHA KOOPAHMHAT B 3aBHCH-
MOCTH OT BpeMeHd Anddy3un oka3ancs ZPYruM B OTIMYHE OT BHILICPACCMOTPEH-
Horo pexuMa o ~ S ~¢°. C mexoroporo Momenta Bpemenn (20 — 50 ¢) BeprH-
KanbHas aOCOMIOTHASA AUCTIEPCHA KOOPAUHAT OKA3BIBACTCS CTEIICHHOH QyHKIMEH 1
¢ nokasarensmu crenend 1,70, 1,75 u 1,85 COOTBETCTBEHHO MEPEIHCICHHBIM
OmBITaM. JTO XOPOILIO BUAHO 1o maHHBIM pHC. 6.13a, rae B GunorapudmMuyeckux
KOOPAMHATAX NPHBEACHBI 3HAMEHUS! O, /U, 1, S, /u.! B 3aBUCHMOCTH OT U, ! /L .

Ol'l COCIICHUEC NMOKA3aTels CTEHCHM 3aBUCUMOCTH TUIIA C ~ 1 " Ang 6, U O, IOKa-
¥ x

3a10, 4TO, HAYMHAA C HEKOTOPOro MOMEHTa BpeMenH (mopsaka 30 — 50 c¢), moka-
3aTENb CTEIICHU M HECKONBKO IPEBOCXOMUT CAMHMLY M COCTABJISET B CPENHEM C
y4eroM pasbpoca 1,2 —1,3.

Ha puc. 6.13 (6, 8) noka3aHs! BeNUYMHB HOPMMPOBAHHBIX MONIEPETHOM H ITPO-
RONMBHOM AMCTIEPCHI KOOPAMHAT B 3aBUCHMOCTH OT 4, !/L. W3 mammbix cremyer,

1,0

uT0 Wi O, /u,! HabmonmaeTca pewum G, ~1 " no Bpemenn mubdysun u, /L

nopsaka 1,4; nns o, /u,,t TOT K€ pexuM Habmomaercs 10 BpemeHu muddy3uu
Ut / | L} mopsimxa 2,0. Ipu Gonpluux 3HAYEHMSX apryMEHTA [IOKa3aTelb CTENEHH

3aMETHO MCHACTC, HO B CPCOAHEM HE NPCBOCXOANT YKAZAHHBIX 3BAYCHUA 71 .

M3 puc. 6.13 BuaHO, YTO TMpHBENEHHE 3HAYECHHH G, S K YHHBEPCANBHOMY
BUAY Jy4IIC BCErO yAANOCH ANl BEPTUKANBHBIX 3HaueHuid o, S (oM. puc. 6.13a).
J10 cornacyercs ¢ NPEACTABICHHAMH O OOnbuIcii 9yBCTBUTENBHOCTH G,, S, OT

L. B uutepsane snauenuii u,7/|L]|, pasuom 1,8 -3,0, pexum o,, S, MoxHO
XOpOIIO AMNPOKCHMHPOBATh 3aBHCHMOCTBIO O ~ 1 4TO COTIACYETCs ¢ IPEacka-
3anmimy [62, 82]. Ilpn; Gonpmux 3Ha9eHMAX apryMEHTA MOKA3aTENb CTEIEHH pac-
er. Jina snauennii aprymenra u,7/| L| > 3,0 MOXHO XOpOIIO anmpOKCHMHUPOBATH
6,/L creneHnoi QyHKumMei ¢ nokasareieM CTeneHu, paBHeM 1,8, uro Gnm3Ko K
3Ha4eHHIO 1 = 2,0. ITO MOXKET CIIY)KHTh MTOATBEPIKACHUEM TEPMHUYECKOTO PEKUMA
G, OT ¢, BBICKa3aHHOro B [13].
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Puc. 6.13. 3asucumocts O/u.f, S/u,t OT u,t/|L| ms onsIToB NpH HEyCTOHIHBOMH

crpatidukauuy; a, 6, ¢ — BEPTHKAAbHEIC, NOMEPEUHBIE W MPOIOIbHBIE 3HAYCHHA CTaH-
JAPTHBIX OTKIOHGHMI kxoopAuHAT, [, 2, 3 — aOCONMIOTHBIC CTAHIAPTHHIE OTKIOHECHHSA
c/ u ! BoONBITaX 7, 14 v 15 COOTBETCTBEHHO; 4, 5, 6 — OTHOCUTEIbHEIC CTAHNAPTHEIE OT-

wionenus S/u ¢ BombiTax 7, 14 u 15 coOTBETCTBEHHO

Takum 06pa3oM, B NMPOBEAEHHBIX ONbITaX HaOMIOMACTCS YCKOPEHHBIH pOCT
IMCIIEPCHH KOOPAUHAT O BpeMeHeM au(dysun npu HeycToifausoii cTrpaTHuka-
LAY IPU3EMHOTO ci1os atMocdepsl. st BepTUKATHHBIX AUCIEPCHI KOOPAMHAT G,

u S, ObIna nomydeHa repsas OLCHKA YUCIOBBIX TTOCTOSHHBIX B BRIPAXKECHHUAX

2 o UL

ol =yiult T (6.17)
. u,t
sz&}uftzll—L—l. (6.18)

Oka3zanocs, yto Y, cocraBuna 1,1,a 6, = 1,05.



I'naBa 7. U3MepeHHbIe JarpaHxKeBbl XapaKTEePHUCTHKH
TYpOYJAeHTHOCTH M CPaBHEHHE HX C JHTepaTypHbIMH
AAHHBLIMH

7.1. HuTerpajibHble JArpaHKeBbl XapaKTEePHCTHKH TYPOYJICHTHOCTH

Jns pacyera paccesHus NPUMECH B TIOTPAHMIHOM U IIPU3EMHOM CJIOSIX aTMO-
ceps! OT HCTOYHMKOB PAINMIYHOTO TUNA TPEOYETCS 3HAHUE NArPaKEBBIX CTATH-

CTHYCCKHMX XapaKTEPHCTHK TYpOYICHTHOCTH, OCOOCHHO TaKHX, KaK BEUYUHBI CO-

2

CTaBILMOMMX TYPOYICHTHON Hepruy 1>, v, W’ M 1arpaHKeBbl HHTETPANBHBIC

BpEMEHHbIC MacTabsI 7;,, 7;,, 7;,. HHKe pacCCMOTPCHB! JaHHBIC O JarpaHxke-
BBIX XapaKTEPUCTHKAaX, HAKOmIeHHHX B VIOM B pesynstate anddy3nOHHBIX U
TPAEKTOPHBIX HCCIEHOBAHMI B mpHU3eMHOM cnoe atMochepsl. [Iposeneno cpaBhe-
Hue u 00001eHIe JaHHBIX H3MEPEHUH, TOYCPITHYTHIX U3 IUTCPATYPHBIX HCTOYHHU-
k0B. MHOTHE M3 SKCIIEPIMEHTAIBHBIX PaOOT MOCBALIEHBI PELICHHIO BOIIPOCOB 4a-
CTHOT'0 XapaKTepa M, Kak IPaBuio, B NyOIMKanusaxX HEPEAKO OTCYTCTBYIOT BCE CBE-
JICHHA O BXOAHBIX IapaMerpax, HeoOXoauMsbIc Aas o0o0mieHHs ZaHHBIX H3MeEpe-
Huil. B ¢Bs3u ¢ 3THM yaiue Bcero 0000mieHne HOCHT Ka9CCTBEHHEIA XapakTep. 10
OCOOCHHO CNPABEAIMBO I JArPAHXEBBIX CTATHCTHYECKMX XAPAKTEPUCTHK TYp-
6y/IeHTHOCTH, IKCHEPAMEHTANbHAS MH(OPMALMS O KOTOPBIX IO CHX IOP OTPBI-
BOYHA U KpakHe peaxa.

7.1.1. CratHcTNYeCKMe XaPAKTePHCTHKH CKOPOCTEH BO3AYHIHBIX 9aCTHIL
B DPH3EMHOM C10¢ aTMOCheps!

B paborte [17] paccMOTpeHB! PE3yIbTaThl H3MCPCHUIA M PACYECTOB CTATUCTHYEC-
CKHX XapaKTePHUCTHK TYpOyIEHTHOCTH B NPU3EMHOM ciioe armochepst. Ilo usme-
PEHHBIM KoopauHataM TeTpoHoB X(7), y(t), z(f) mns xaXmodl MHAMBUIYaTbHOH

TPAEKTOPHH PACCUMTHIBANICH AHCTIEPCHH CKOPOCTER G2, G-, 07, ; k03(guiHeHTs!
anusorpouwu 6, /0,, 0,/0,, ©,/C,; OTHOCHTENbLHBIE CPEIHEKBAAPATUYECKIE
OTKJIOHEHHS CKOPOCTel O, /u., ©,/u,, ©,/u., HOPMHPOBAHHBIC KOPPEIALH-
onnble QyHKumu R; (), i=u, v, w Bo Bcex omsiTax. [10 3HAYEHHAM HOPMHUPO-
BaHHO# KOppenInHoHHOH Qyrxuuu R; (f) OLEHMBAICA UHTErPANBHBIA BPEMEHHOM

MacmTad ¢ MOMOIIBIO MHTETPHPOBAHUS H IO MOMEHTY BpemeHH muddysuu, koraa
3nagenue R, () pasusocs 0,5.

B nepByio odepenp pacCMOTPEHBI JAHHBIC CTAHAAPTHBIX OTKIOHEHHH O, ,

O, U O,, OTHECCHHBIX K CKOPOCTH TPCHUS B 3aBUCHMOCTH OT TEMICPaTyPHOMH
cTpaTudUKapy MPU3EMHOTO cost atMocdiepsi (cm. puc. 7.1).
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Puc. 7.1. 3aBucumocts G, /u, (@), ©,/us (6), (6) ©,/us or z/L. KpuBble COOTBETCT-

By10T (hopmyne Harosckoro [105]; mudpsr y kpuBoii — 9uCcHO ClTy9aeB, IO KOTOPEIM MpO-
BOJHMIIOCH OCPEAHEHHE

B untepsane 3nauennii z/L or -0,2 xo 0,2 BenwuuHB G,/u. B Apeaenax
CTATHCTHYECKOTO Pa3bpoca Maio M3MEHUYHBHl U COCTaBHan: O, /u, = 1,35+0,33;
o,/u,=0,981030; o,/u.=0,82%0,24. [onyueHnsle 3HAYECHHUS OTHOCHTENB-

HBIX CPEOHCKBAAPATHYCCKUX OTKIOHCHHHM CKOpocTeH Mis ycmoBuil, OMm3kux K
HEWTPanbHBIM, OKA3aJUCh 3AMETHO MEHBINHMH JIIEpOBBIX OTHOLICHHH, HpuBeE-
nennbix B [45]. Cornacuo [2], cpeanne 3sHa4YeHKs OTHOWIEHUH O, /u, IO ZAHHBIM
HATYPHBIX M3MEpEeHMil paBHeL o, /u,=23; o,/u,=19; o,/u,=1,3; no nan-
HBIM JTaOOPATOPHBIX U3MEPEHMH 3HAUEHUA ©,/u, MeHsroTes oT 1,2 no 2,4.
JlaHHBlC W3MEpEHUH o, /u,, ©,/u., TMONYYEHHHIC C HOMOLIBIO YPABHOBE-
[EHHBIX WIAPOB-IIIOTOB HA Bhicore 50 M Haj BOLHOH MOBEPXHOCTHIO, AANH CPEl-

HUe 3Ha4YeHus otux orHourenui 1,8 1 1,3 mns wnacca ycroiausoctu D mo Tlacky-
wuny; 3,7 2,2 pas knacca C; 2,4 u 1,2 mna xnacca E. Jto xopomo cornacyercs

¢ JaHHBIMH, NPUBEACHHBIMU HA puc. 7.1 mas

, IpeBBIIAOmux Benuauny 0,2,

Kpome toro, Ha puc. 7.1 nposenensl Kpusbie, COoTBETCTBYIOmME hopmyre ITanoB-
ckoro [105]:

o, :cu*(l—az/L)l/:‘},
rae ¢ = 1,25, a=2,0.
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Jist pacyera COCTaBIAOIUX O, /Uy, O, /U, HCIONB3OBAHO 3TO XKE COOT-
HomeHue ¢ ¢ = 1,6 u 2,0 coorBercrBenno. U3 rpadukos Ha puc. 7.1 BumHO, uTO

PacCYUTAHHBIC JAHHBIC YIOBICTBOPUTEIBHO COTTIACYIOTCS C PE3YyNbTaTaMM 3KCIIe-
PHMEHTA.

Pacuer koadduuuenrtos anusorponuu o, /o,, ©,/0,, ©,/C, mNOKasa,

4T0 OHH ciabee 3aBUCAT OT TEMIIEPATYPHOH CTpaTHduKanmy, 3HaueHus kod3ddu-
umenToB coctasunm 0,70+ 0,08; 045+0,06; 0,55+0,07 coorBercTBeHHO. 3Ha-

Vv

YUTEABHO MEHBILINI OTHOCHTEIBHBIA CTATUCTHYECKUU pa3bpoc (0xomo Tpex pas)
M0 CPaBHEHHIO C OTHOWIEHHEM O, /#, TOBOPHT O GONBLION HAZENHOCTH MX JKCIIE-
PHMEHTAIPHOH OLEHKH M TEM CaMbIM JACT BO3MOXKHOCTh HA IPAKTHKE OTpPaHH-
YUTHCA H3MEPCHHAMH B OTHOM WJIH JBYX HarnpaBJICHUIX.

Hckirodenne cocTaBuny ONBITHI, TPOBEACHHEBIC NIPH HEYCTOHYMBON CTPATH-
¢buxauuy B ycnoBusx Berpa moamusl p. Mimm (rnaBa 6, tabn. 6.3, onsirer 14, 15).
KoaddummenTs aHH30TPONHH COCTABHAM: B IepBoM u3 Hux — 1,89, 0,66 u 0,35
npu u = 5,4 M/c; BO BTOpom ombite — 0,92, 0,60, 0,65 npu u = 3,1 m/c. Bugno
3HAYMTEIBPHOE MPEBBINICHHE G, Hax G, . Co3aaBanoch BIEIATICHHE, YTO B ITHX
OMBITAX TPHAABl TETPOHOB VBICKANHUCh MOINHBIMH KOHBEKTHBHBIMH CTPYAMH,
CpeNHHE BOCXOMMIME BEPTHKAIbHBIE ckopoctu pocrurama 0,6 u 0,78 M/c B
omeitax 14 u 15 cooTBETCTBEHHO.

B ommitax 2, 3 1 6 Bpemst HaOMIOOCHMIA 332 TETPOHAMH ITO3BOJIMIIO IIPOBECTH
OLICHKY 3aBHCHMOCTH CPCHHEKBAAPATHUCCKUX CKOPOCTEH OT BpemerH muhoy3nu
¢t. B Tabn. 7.1 npuseneHsl Benu4uHLl G, G,, G, , HOPMHPOBAHHBIC HA UX 3HaYe-

v "2

HUS I TIEPBOro [ICpHOAa HaOMOACHHH, a TarKe BpeMa JuGPy3nd B aOCOTIOTHBIX
H OTHOCHUTEIBHBIX €OMHHIAX. MacmTaboM HOPMHMPOBAHHUS CIYKHIA BETHYNHA
nepeoro nepuoga Habmogenuii. Kpome toro, B tabmume yka3aHO OTHOHIEHHE
CPEOHUX CKOPOCTEH TETPOHOB B TC JKE€ TMIEPUOABI HAOMIOACHUH, a TakoKe CPemHss
HHTCHCHBHOCTh TyPOY/JEHTHOCTH il MPOHOJBHOH KOMIIOHCHTHI [, =0C,/U H
macmtad Monnna — ObyxoBa.

Jlanneie Tabn. 7.1 moka3wBAWT, ¥TO O,/ O, TaK XE, KAk U O,/ O, ,

0,/ 0, ; HE OCTAIOTCH NOCTOSHHBIMH €O BpeMeHeMm mubdysuu. Ocobenno n3-

MEHYMBA MPOAOIbHAA KOMIIOHEHTA. JHAYCHHE G, MOXKET MEHATHCA HO ABYX pa3
npy u3mMeHeHun ¢ or 95 go 390 ¢ npu ycnoBuax, OMM3KMX K HEHTPAIBHOM
crpatuduranyn, 1 B 2,5 — 4,0 pa3a nmpu HEYCTOHYHBOCTH.

W3menyuBocTs cpenHel CKOpOCTH Apeiida TETPOHOB C M3MEHEHHUEM NEPHOAA
OCpEAHEHHUS 3HAYUTEIPHO MEHBIIE U3MEHIMBOCTH CTAHAAPTHBIX OTKIOHEHHUH G, ,
G,, O, . YCIOBUS NMOACTMIAIONICH MOBEPXHOCTH, THE NMPOTEKax apeid TeTpoHOB,

OTJINYANNCH 0T «HACANBHOY» OTHOPORHBIX. B CBfA3M C 3THM M3MEHYHMBOCTD CPERHE-
KBaAPaTUYCCKUAX MYIBCALUOHHBIX CKOPOCTEH TeTPOHOB Moria ObiTh 00ycioBIeHa
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creayromuMy (HakTOpaMM: MaJbIMM aHCAMONSMH OCPEAHEHMS, HEROCTATOYHO
GonpmuMm meproaaMu Habmrogaenuit (ocoGeHHo g omblta ¢ L = -6 M), HEOTHO-

POAHOCTBIO MOACTHJIAIONIEH MTOBEPXHOCTH.
Jas xomnonedT ' u V' anpuopy Obpuia OYEBHAHA HEXOCTATOYHAsA MTUTEI]b-
HOCTb HeproAa HaONMIONEHHI, KOTOPBIi COBIANAET B JAHHOM CIydae CO BPEMEHEM

mudPysun.
Jlis BepTHKAIbHOM MynbCalliH CKOPOCTH W OKa3ajoch, YTO HNEPHOABI Ha-

OnomeHn B 3 — 5 MHH JOCTAaTOYHBI Ui MOJYYEHUS YCTOHYMBBEIX 3HAYEHHH ©, .
Kax npaBuno, cuuTarT, 9T0 OLUEHKA G, IO 3MICPOBBIM U3MEPEHMIM CTAHOBHTCH
YCTOMUMBO# TIpH 2 — 3-MHHYTHOM OCpeAHEHHH. IIpeanonaranock, 4o yis OmHO-
POZHOH MOACTHIAIONICH [TOBEPXHOCTH Gi, = const B OTIINYHE OT T;,,.
IlpuBeneHnbie JaHHBIE U3MEPEHUH B PEANBHBIX YCIOBHAX C MEHSIOMIEHCH
LIEPOXOBATOCTHIO NOACTUIIAOIICH MOBEPXHOCTH I'OBOPAT O TOM, YTO HAa CaMOM J€-
ne G, Memderca co BpemeneM mudodysmu. [lomydeHHBIH Pe3ymbTaT SBISETCH

[IPEABAPUTEIBHBIM B TPEOYyeT AANbHEHIIErO YTOUHESHHUSL.

ToBenenue narpaHKEBHIX HHTESIPATIBHBIX BPEMEHHBIX MAcHITA00B B OpHU3EM-
HOM CJIO€ TaK )K€, KaK AUCIIEPCHIf CKOPOCTEH YaCTHH, SKCIICPHMEHTAIBHO NIPAKTH-
4yecku He m3yueHo. HauGompimii MHTEpEC BBHI3BIBACT 3HAHHE aOCOMIOTHBIX BEJH-
9KMH JarpaH)k€BOro BPEMEHHOr0 Maciiraba T;, OTHOIICHHE MacIuTaboB pa3iaudy-

HBIX KOMIIOHCHT, H3MCHYHUBOCTh OT TEMIIEPATYPHOH CTpaTHHKAalMH, 3aBUCHMOCTD
ot Bpemeny guddy3uu.
B 1abn. 7.2 mpencraBieHsl pe3yAbTaThl pacyeTa T, , T,s M HX OTHOLICHMHU

A Haubonee CTaTHCTHYECKH OOECIMEUEHHBIX ONBITOB. M3 JAHHBIX CICHYCT, 4TO
OLICHKA MHTCIPaJabHOrO BPCMCHHOIO macmrada ¢ IIOMOINBKD T4, T.C. TIPU

R, (1)=0,5, moxer OviTh 3ammxkena or 12 no 30 %. Haubonpmiee pacxoxacHue
MEeXHy T; M T,; HabIr0HaeTcs MpH MONEPeYHOH CKOPOCTH V'H HAMMEHbIUEe —
o w'.

Ho gauneiM Tabn. 7.2 XOpomo BHAHO pa3nuaue a0COMIOTHBIX 3HAYCHUH T,

U IBYX TPYII ONBITOB, MPOBEACHHEIX B YCIOBHAX HEHTPanbHOM ¥ YCTOHIUBOM
TepMuaeckoi ctparudukanun. Tem He MeHee, MOPAAOK BETMUUHb T, A yKa-

3aHHBIX TEPMHUYCCKHUX YCIOBHUM COCTABAAECT OT HECKOIBKHX CEKYHH 10 15¢ u B
npeAenax OWMOOK M3MEpeHWH OMM30K I BCEX TPEX KOMIIOHEHT CKOPOCTEH
yactui, UTO KacaeTcs WCIONB30BAHHUS OLCHKYA JIarpaH’keBa HHTErPaibHOTO
Macmraba ¢ MOMOMIBKO T, -, TO 3TA OUEHKA ONMKE BCErO IS BEPTHKAIBHOM

KOMITOHCHTHI.
Ha puc. 7.2 npeacTasieHa 3aBUCHMOCTD T, T, , T; OT z/L 1o maHHM
BCEX OINBITOB, CPEAHECKBAAPATHUCCKUC OTKIOHCHHSA YKa3aHBl TONBKO WIS T,,,,

NOPAAOK OTHOCHUTEABHOM OMMOKH OAWHAKOB IJI1 BCEX KOMIIOHEHT. C Y4<TOM
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CTATHCTHYECKOTO pa3bpoca MOXHO YTBEP)KATb, YTO BO BCEM DACCMOTPEHHOM
MHTEpBANe 3HaveHuit z/L MacmTabel T, ANA BCEX KOMITOHEHT MAj0 OTIWYa-
10TCSl PYT OT APYTa, 3aMETEH DOCT T; C POCTOM CTENEHH HEeyCTOHIHMBOCTH
mis z/L=-1,0 u menee; 1, pacter a0 20 —30 ¢ npu z/L, mocturaronmx
3Ha4eHul -3 + -9.

7,,¢
102
ojx i"
°
. x
J 3 5,‘ 10
x o1
x 2
° 3
e ed e L e
-107 -10° -10- -102 102 107 10°z/L

Puc. 7.2. 3aBHCHMOCTS NTarpamXkeBa BPEMEHHOr0 Macutada oT TeMHepaTypHoil crpatudu-
Kampu: 1 — 17 ,2-1T;,3- 1y

Hanasie 06 #3MEHCHMHA T, B 3aBMCHMOCTH OT IEPHOAA OCPEAHEHUS MpEa-
crapiensl B Tabn. 7.1. 1o aTuM saHHBIM BUAHO, 4TO MacmTal T, sBisercs QyHK-
uuel BpemcHu auddy3uu ¥ €ro 3aBUCUMOCTD OT ¢ ABJsETCA OOonee CUIBHOM, 9eM
J71s1 AMCTICPCUI CKOPOCTEH.

M3 Teopernueckux coobpaxennii [108] cneayer, 94ro OTHOmMEHME NarpamKesa
(D bb,

b, T

|

[¢
<
—

BPEMEHHOro Macmraba ko BpemeHH guddy3un gomKHo ObITh

rae b, b,, b, — IOCTOSIHHBIE.

T
Ilo HammM JaHHBIM 3TO COOTHOINEHUE COCTABHUIIO [—L—] =03+ 0,020, gto B
w
TPH pa3a MEHBIIE TEOPETHUECKON OUeHKH. Mcnonp3ys 3KCIEpUMEHTANBHEIC 3HA-

= 2] 1/2
uenns b= 0,44; b, = 0,87, rme b2 =b>+b>,a b, = [(WL WL) , TIOY4HM,
Uy

yro b, ~ 0,07, yTo B 1ATH pa3 MeHbine oueHku XanTa u BeGepa [108].
Taxum 06pasoM, 3KCIEpHMEHTANbHBIC JAHHbIE ITOATBEPIKAAIOT HAIMYHE 3a-
BHCUMOCTH T; OT BpeMeHH Aubdy3u# B YCIOBUAX HEOAHOPOAHOH MO BEPTUKANH

TypOynenTHOCTH. B TO € Bpems orMmeyaercs OOIBIIOE PacxOXkKAEHUE B KOHCTAH-
Tax b, MEXIY dKCIICPUMEHTOM U TCOPUCH.
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7.2. CpaBHeHHE IKCHEPHMEHTAIBHBIX H TEOPETHYECKHX KOHCTAHT

7.2.1. KoncraHTsl COOTHOMICHHIH JUISI HEPBHIX MOMEHTOB KOOPJHHAT B CKOpocTeil

CpaBHCHME NONYYCHHBIX 3HAYCHHH IKCIEPUMEHTANbHBEIX KOHCTAHT ¢ HEKOTO-
psIME GOsTee PAHHUME MX OLIEHKaMH NPUBEAEHO B Tabir. 7.3.

Tabauya 7.3. CpaBHEeHHE TEOPETHUECKHX OLEHOK b M C € IKCHEPUMEHTAILHBIMHA

Bxonro# b c

Pcrounmk | [aPAMETD; ¢ | e,

(BHIOKCHC- | o = 04 | 4, =047 | &, =04 | K =047

pHMEHTA)
TeopeTuuecKue OLECHKH
OWMHMCOH | =g, 0,4 0,47 1,0
{104]
SArnom b=083k,,| 033 0,39 0,21 u 0,24 u
* *

[82] c=052x, 0,12 0,14

HIH

¢c=03«k,
YareuH ¢=0,56x, 0,22 0,26
[97]

DKCEPUMCHTANBHBIEC OLEHKH

Yayapu u 0.4
Meporu
(98]
Haynpu u 0,28
Meporn
[99]
Xopcer 0,59
f113]
T'aprep Terpons! 0,44 + 0,04 0,30 0,64 | 0,91
{26]
Taprepu | CTpymn apiMa 0,28 0,17 0,61
XKykos
[29]
Taprepu | Ilo zanEBIM 0.44 £ 0,05 0,19 0,43
Kyros «IIpetipn
[29] T'paccn**

*  Oueska, ONMPAIONIAAC HA YICT HERHATOHANBHBIX WICHOB TEH30pa k03 QMIeHTOB
TypGyneHTHON mubdy3uu [62].
** Cwm. rnaBy 5 macrosmel paboTel.
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3mecy K, = K/Pl‘t , rae Pr, — typOynentroe ancao [Ipanaras npy HelTpans-
no# crpatudukauym. punse k=~ 0,4 n Pr, = 1,0, umeem «,; ~ 0,4. Omnaxo, co-

rnacHo [104], aHamu3 TIHATEIBHBIX Ta0OPATOPHBIX M3MEPEHHI NPUBOIUT K BBIBO-
ay, ato Pr, =~ 0,85 + 0,88. B atom ciyqae «x, = 0,45 + 0,48. B tabn. 7.3 npu pac-

Yyere 3HAYCHHA & U ¢ MCTIONB30BAIWCH 4Ba 3HaueHus x,: 0,40 u 0,47,

Hanomaum, uro Jmnucos [104] ucxoann u3 pemeHus oqHOMEPHOroO napa-
0ONNYEeCKOr0 YPaBHEHMs BEPTHKAIbHOH TypOyneHTHOH muddy3uu mpH OuLEHKe
KOHCTaHThl b . JTO XK€ ypaBHEHHE, HOTONHCHHOC aJBEKTHBHEIM CIIAraeMBIM, HC-
nons3oBan Yarsun [97] gis oueHkn koHCTaHThl ¢ . SraoM [82] ouenun 3HaueHus
KOHCTaHT b W ¢, BEITEKAIOIME U3 penieHus ypapHeHud qud¢y3nu runepbonudae-
CKOr0 THIIA, U €IIe OAHY OLEHKY C , OMHpAIoIiylocs Ha ypasHeHne auddys3nu na-
pabonudeckoro THMa, YIMTHIBAIOLICC HEAHMATOHANBHbIC WICHB! TEH30pa Koaddu-
LUEHTOB TypOynentHol quddyzun.

IlpeacraBneHHbIE DKCIIEPUMEHTANbHBIE OLICHKH MOAY4YeHBl 0€3 MUCIoab30Ba-
HHUS anpHOPHBIX MPEAMOAOKEHHH O xapaxrepe Auddy3uH, OZHAKO Pasauyus B
IKCTICPUMEHTAIBHBIX 3HAYCHUSAX KOHCTAHT & M ¢ AOCTATOYHO BETHKH. JTO MO-
KET OBITh CBS3AHO ¢ PA3NUYHBIM XapaKTEPOM NOACTHUIAOMICH MOBEPXHOCTH, HC-
TIOb30BAHKEM Pa3NUYHOrO MHTEpBaga Oe3pa3sMepHOro BpeMeHd IubQy3uu, s
KOTOPBIX ONpPEIENSUIUCh KOHCTAHTHI b M ¢, a TAKXKe BCICACTBUE HEYYTEHHBIX T10-
TPEIIHOCTEH MPH OUPEACICHUM KOOPAUHAT LICHTPA TSHKCCTH. [eM He MEHee M3
JaHHBIX Tabn. 7.3 BUAHO, YTO HMEIOIHUECS TEOPETHYECKUE H IKCIICPIMEHTANbHBIC
OIIEHKM KOHCTaHT & M ¢ BCE HMEIOT OJMH M TOT K€ MOPsIoK BenwyuHsl. Kon-
cranta b, monydeHHas B [26], okazanack HECKOJHLKO MEHBIIE ¢ OLEHKH, Nped-
noxenHoH B [104], Ho 6onbire onenku paborst [82] (mpH ycioBuH, YTO IPUHAMA-
ercs 3HadeHue K, = 0,47). OMoupudeckoe 3Ha4EHHE KOHCTAHTBI ¢ OKa3ajloch

HECKONBKO OONBIINM €€ TEOPETHIECKHX OLCHOK (0CODCHHO TOit M3 HUX, KOTOpas
OIMpaercs Ha ydYeT HEAWAaroHaJbHBIX WIEHOB TeH30pa kod(hbuumentoB typly-
neHTHOH muddys3nn).

7.2.2. KOHCTAHTEL] COOTHOMICHHIT 1JIst BTOPHIX MOMEHTOB KOOPAWHAT # CKOPOCTEit

B {31, 35] npusenenw nannsic uamepennit 6, u S, kax QpyHknui paccros-

HUA ¥ BpeMeHd Auddy3un mo OsIMOBBIM CTPYSIM B IIPH3EMHOM cioe atMocdepsl. B
3THX DKCTIEPUMEHTAX IONYIEHO, YTO ANl YCIOBHUil, ONM3KMX K HEHTpasbHOH CTpa-
THUKAIAHY, YACIOBas NOCTOsHHAA « , Mensercs or 1,00 mo 1,28 B 3aBucumoctu

OT xapaxTepa mozcTnarowiel nosepxuocty. Ilocrosunas P, oxasanace pasHoil
0,48; npu snavenuax L or-10u g0 -100 m B, pasnsnocs 0,56; npu L ot -6 no
-l6m B, =075
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Tabruya 7.4. Pe3yabpTaThl pacyeToB mo JaHHbIM nporpaMmsl «Ipeiipu I'pace»

211 0,7 | 250 | 42 | 827|331 | 0013 0,79 0,51 0,31
221 0,5 | 240 | 43 | 7,81 |3,12| 0,013 0,72 0,55 0,33
24 | 03 | 380 | 46 | 721|288 | 0,008 0,63 0,64 0,38
34 | 1,0 |-100] 47 | 880 3,52 | -0,035 0,75 0,53 0,32
38 | 07 | 114 | 38 | 827 | 331 | 0,029 0,87 0,46 0,28
42105 | 160 | 42 | 7,81 | 3,12 | 0,020 0,74 0,54 0,32
45| 0,9 | 104 | 3,7 | 8,65 3,46 | 0,033 0,94 0,43 0,26
55 1,0 | 200 | 44 | 880|352 | 0,018 0,80 0,50 | 0,30
56 | 0,6 | 130 | 4,35 | 8,05 | 322 | 0,025 0,74 0,54 0,32
57| 05 |-230 | 47 | 7,81 | 3,12 | -0,014 0,66 0,60 0,36

Cpenmuee | 0,762 0,09 | 0,53 £ 0,06 | 0,32

B [88] npuBencHb! maHHBIE 00 A0COAIOTHOM OHMCIEPCHM KOOPAWHAT 110 BEPTH-
KaJI{, TIONY9eHHbIC U3 M3MEPEHUs npoduiei KOHUEHTPAaLMH CEPHUCTOrO rasa B
O'Heiine (npoexr «lIpeiipu I'pacc») ¢ ucrnoms30BaHMEM MPEATIONOKEHUA, UYTO
HMEET MECTO raycCOBO PACHPENENeHHE [0 Z, M HCTOYHHK TIPUMECH Ha3eMHBIM
(5% =0,46 m). Ha ocroBe 3THX naHHBIX B [26] ObLIx IPOBEACHBI OLICHKA 33BUCHMO-

cTH 6, /u. ! KaKk QyHKIMH z/L ¥ oueHKa MOCTOSHHOM @,, TIOMHS, 9TO B OTJMIHE

OT JaHHBIX [0 TETPOHAM AHCIIEPCHH KOOPAMHAT, mpuBereHHEIC B |88], aBmsrorcs
2

HEIEHTPHPOBAHHBIMY aOCOMIOTHBIMY JUCTIEPCHAMH Z° .

Bce HeoGxomuMBIe METEOPOIOTHYECKUE H3MEPEHNS B3aThl U3 pabotel [136].
Hns pacuera pemeun auddy3um Obiia ucnonb3oBaHa ¢GopMyna I CPEIHEr O
MONOKeHUs obnaka npumMecH [62]

= cu,t
xX=x"u,tln R 7.D
ez,
rae k = 0,4. CornacHo [26], mocrosuuas ¢ Gpanace pasroit 0,29.
. (;2——)1/ 2
Pacyer mnocrosmHBIX < b, = W W O, pAnd ONBITOB, B KOTOPBIX
U

| L|>100 M, npuseneH B Tabn. 7.4. Cpensve 3Hauenus b, u o, cocrapunu 0,53 u

0,32, gro cornacyerca ¢ Hammmu oueHkamu 0,54 u 0,36 coorsercreeHHO.
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Beugy TOro, 4ro i YCIOBMH, OTIMYAIOMMXCS OT HEHTpambHOM cTpaTubu-
Kauuy, TOYHAs 3aBMCHMOCTb X () HEHM3BECTHA, HCHONB30BAHO NPEINIOI0KECHUE,
YTO TPH TPOXOKACHUH 00aKOM IIPUMECH PAacCTOsHMS X BpeMs mubdhysuu

t= hiad . (7.2)

lu*(ln—h‘+ln»z—+ﬁi)
2 L

Z Zy

B dopmyne (7.2) 3nameHaTens ectb cpenreaprdMeTHUeckas CKOpPOCTh BETpa
Ha ypOBHE BBHICOTHI MCTOYHMKA M LEHTPA THKECTH 00naKa MpUMECH Ha YAAaJCHUH
100 M ot ucrounwka npumecH. Ipn 3rom ucnoan3osanace, cornacHo [83], cBa3b

12
MEXLYy Z U G, IS TayCcCOBOTO DPACTIPEACHEHWS, PaBHAs Z =(~J c,. U3
7

puc. 6.11 cnenyer ymoBnersopurensHoe cornacue nasEbIx «[Ipefipum I'pace» ¢
FAHHBIMA TO TCTPOHAM M Hamedaercss cnabas TEHHEeHUMS MameHus O, /u.! ¢
pocrom mapamerpa z/L .

B Tabn. 7.5 npuBeneHo CpaBHEHHE IKCICPUMCHTANBHBIX 3HAUCHUIN KOHCTAH-
THL Q. , , IOJy4eHHOU B paborax [16, 28], ¢ Teopernueckumu onenkamu [82, 83].

Tabnuya 7.5. CpaBHeHHE TEOPETHIECKNX 3HAYECHHHA O, , € IKCHEPAMEHTOM

Yucaosas
Bua cho;;;c;zlﬁ:::c; yzpaBHerm opva sazan k, FIOCTOSHHAS O,
npu K, = 0,47
TTapaGonuyeckoe k.~ f(2) 0,47
k.~ f(®) 0,23
m=0,25 0,35
k~f(z,t) {m=0,5 0,29
m=0,75 0,26
T'mmep6ommaeckoe mpu 1 = 1,25 k~ f(2) 0,33
k.~ f(t) 0,21
k,~ f(z,1) 0,25
Onenxu U3M no terpoHam [16] 0,36 + 0,09
Ouesxu FBM o aeMaM {28] 0,35
Onenxu UOM no nanusm 0,35
«ITpeiipu I'pacce» (28]
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M3 tabauis! BUAHO, YTO TEOPETHUYECKHE OLCHKH Pa3nudalorcs Oomplue, yeM
3KCTICPUMEHTANbHBIC, ¥ BCC OHH CBS3aHBI C THIIOM ypaBHEHHS B (HopMoOH 3amaHus
npodpuns K(z). 3HaueHus o, , HOMyYCHHBIC ITO TPACKTOPHAM TCTPOHOB H TO JaH-
HBIM npoekTa «[lpetipu I'pace», mpaxTudecku coBmanaroT. Vlcnonp3oBanue mapa-
Gonuveckoro ypaBHeHus npu 3anaHuu K(z) B Bume QyHKOMM TOABKO Z aaeT
HAUXYAUHE PE3YAbTAaThl. JKCIIEPUMEHTAIbHAS OLICHKA JIydIlie BCErO COTIACYeTcs C

OLICHKOH, TonydeHHO#l wn3 mnapabonugeckoro ypasHeHus ¢ K, = 27 1ipH

m=0,25.
JlaHHBIME H3MEPCHHN TPACKTOPHUIA TETPOHOB H H3 PAcdeTa AHCIEPCHI KOOp-

JUHAT TIONYYEHO MOATBEPKACHUE PEXMMOB 3aBUCUMOCTEH G ~1", S~t" mus
BCEX KOOPIAHMHAT INpPH YCIOBHSX, OMM3KMX K HEHTpanpHOH crpatmduxammu. 10
IIO3BOJHIIO TIONYYHUTH IMITMPUIECKHAE OLECHKH MOCTOSHHBIX :

«a, a ¥ o, ’3 z ﬁ ¥ ‘3 x

0,36 0,97 1,30 0,30 0,50 0,93

J1a GonpImuX OTPUUATCIBHBIX 3HAYCHHH z/L OTMEHEH YCKOPCHHBIH PEXHM
3aBHCHMOCTH G,, S, oT Bpemeru aubdy3un, Onu3kuil K IPEACKa3aHUAM TEOPHH.
[Ipu HaOmonaBuieMcs UHTEPBAIEC 3HAYCHUH U, ! /L ans gucnepcuit o, Sy, o,,

S, nokasarens creneHu B hopMyne ¢ ~S ~1” HECKONBKO IMPEBBILIAT 3HAYCHHE
n=1,0.
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I'nasa 8. Pacuer n1u¢)¢y3MOHHBIX XapaKTEPHCTHK H NOJst
KOHIIEHTPAIlHH HeBecOMOH NmpHMeCH B NPH3EMHOM Cjo0e
atMocepn! (Moaesib)

Jdas pemieHus psfa NPaKTHUCCKUX 337434 BO3HHKAET HEOOXOAMMOCTH
3HAHHS PaCHOPOCTPAHCHHS M PACCCAHHs Pa3IHYHBIX MPUMECEH OT Ha3eMHBIX
UCTOYHHMKOB B Cl0e aTMOC(epbl K0 BBICOT HOPAAKA HECKOIBKUX JECHATKOB MET-
POB U PACCTOSHUIN MOPALKA HECKOABKHMX COTEH METPOB. B HacTosmiee Bpems
IUTSE 3THX MAcIITabOB YaCTO HMCIOJb3YIOTCA CTATHCTHYECKHE MONEIH, HAIpPH-
mep mogens Ilackymmna — I'mpdopaa. OOmmM HEZOCTATKOM 3THX MOAEIeH

saBAseTcd cAadoe ucnonp3oBanne GUIMYECKMX OCHOB B OOBIIONH BKIAR IMIHU-
PHYIECKUX 3aBUCHMOCTCH, TOJIYYCHHBIX B JIOKAJIbHBIX YCIOBUSX HPOBCACHUS
JKCITEPHUMCHTOB. 9T0 OrpaHHYIUBACT BO3MOXHOCTHU HMX NPHMCECHCHUS. Ionuma-
HHE ITUX HEAOCTATKOB CTUMyNHUpOBano paspalorky cmoco0oB pacuera mud-
(by3MOHHBIX NapaMETPOB Ha OCHOBE TMIOTE3bI N0g00us TypOyneHTHBIX Xapak-
TEPHCTHK B nepeMeHHbix Jlarpamxa.

B [21] npuBeseHo o0OCHOBaHHE MCIONB30BAHMSA CTATHCTHYECKOH MOZIEIH
ObIMOBOH cTpyn (Mozens (uykryupyromedi crpyu I'mddopaa) mns onmcanms
muddy3un yacTun IPUMECH B IPU3EMHOM Cj10€ aTMOC(HEPHI ¢ IPUBICICHUEM Psiia
CIICACTBUI THUMOTE3Bl MOAOOHS NATPAHKEBHIX XAPAKTEPHCTHK TYPOYNEHTHOCTH.
CraTucTiveckas MOAEND HO3BOJSACT HCCAEROBAThH mpouecchl auddy3nu Kak OTHO-
CUTEIBHO HETIOABI)KHO 3aKPEIUICHHOr0 Havyana KOOPAMHAT, TaK M ABIKYIIErOCs
BMECTe ¢ 00JaKoM. DTO HAET BO3MOXKHOCTH PA3ACLABHO U3YYATh BIUAHHE MENKO-
MacIITaOHBIX BUXPEH Ha NPOLIECC PACCESHUA IPUMECH (PaccedHie OTHOCHTEIBHO
MTHOBCHHOH OCH) M BIMSHHC KPYNHOMACIITaOHBIX BHXpEH, KOTOphIC 00YCIOBIH-
BAaIOT KONEOAHHE OCH CTPYM, a TAKXKE OMMCHIBATh PAaCCESHUE MPUMECH OT HETpe-
PBIBHOTO U MTHOBEHHOTO MCTOIHHKOB IPHMECH.

Mogens ocHOBaHA Ha MPCACTABICHUH, YTO PACIPEACICHHE BEIHECTBA II0 BCEM
TPEM HATPABIACHUAM MPOMCXOANT HE3ABHCHMO APVT OT APYTa [0 HOPManbHOMY
3akoHy. OOBIYHO BO3HHKAIOT BO3PKCHUS NMPOTHB HCIONB30BAHUS HOPMAaNbHOTO
3aKOHA AJs PACHpPene/ieHHs BEHiecTBa MO z . B rmase 5 mpuBEACHBI AOBOIBI B
II0JIb3Y HCIONB30BAHHs HOPMaldbHOIO PaclpencieHusl CpeaHedl KOHIEHTPALUKH 10
BepTHKaNi. [JONONHUTENBHO CONIIEMCS Ha Pe3yasTaThl, nomy4deHssie B [113], roe
Oouto mpoBeneHO cpasHeHWe (GopM pacnpeneneHMs CpemHEll KOHLEHTpauuy
NPUMECH [0 AaHHBIM ONBITOB nporpamMmbl «[Ipeiipu I'pacc» M 3IkcrepuMeHTa
HAILWOHALHON CTAHIMH UCITBITAHMS PEAKTOPOB.

B [25] monens moBeAeHa A0 pacueTHRIX (OPMy, NO3IBOIIOIIMX PACCUUTEI-
BaTh au(y3MOHHBIC XaPAKTEPUCTHKA U TPACKTOPUIO 00jaKa, HHOTIA NPEACTaB-
JSIONIHE CAaMOCTOSTEIBHBIA HHTEPEC, M N0JIe KOHUCHTPAIMH NPUMECH OT pa3iny-
HOTQ THIA HCTOYHHKOB.
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8.1. ®opmyasl pacuera : .

8.1.1. PacueT KOHUEHTPALMH IPAMECH

Menosennuviii moueurwili UCMOYHUK _
OCHOBHBIM apryMeHTOM mpH pacuere qudHy3HOHHBIX MApaMeTpoOB LI MIHO-
BCHHOI'0 UCTOYHHKA WM HEHPEPHIBHOTO MCTOYHHKA sBisiercs Bpems aubdysum
KOTOpPOE 4€PE3 CKOPOCTh TIEPEHOCA CBA3aHO ¢ KoopauHatoi x . J{na obnaxa, cos-
AAHHOTO y 3C€MJIM MTHOBCHHBIM TOYCYHBIM HMCTOYHHKOM, PpacCHpCaciICHUC cpe,uHeﬁ
KOHUEHTPAUMK IPAMECH B MOMEHT / MMEET BUT
, G2
2Q e 20i 205, 26§

(2m)*? 6,6,0,

qg(x,y,z,0)= , (8.1

rae Q' — KONMYECTBO BEIIECTBa, T, O, Gi., c’

— abCONIOTHHIE JUCIIEPCHH KOOp-

AMHAT 9acTul, sBusommecs GQyskuusvu Bpemenn auddysuu ¢ x(f) — cpennss
KOOPOMHATA LICHTPA TSDKECTH o0naka 4acTuu.

OG6BI4HO cucTEMa KOOpAMHAT BEIOGHpaeTcsa TakuM 00pa3oM, ¥To OChb X COBIa-
JAeT CO CPEAHNM HanpaBICHHEM BEIPa y 36MIM, OCh J € IEPHEHANKYIAPHA, OCh
z HampasicHa BBepX. IIpu aTom cunraercs, 4TO B CHITy CUMMETPHHM IIOTOKA B IIPH-
3eMmHOM ciroe ¥ = 0 [62]. Paccesrue 1o BepTHKAIH IPOHCXOOUT Kak OB B Ge3rpa-
HUYHOM NpoctpaHcTse. Hanuume noBEPXHOCTH 3EMIHM M YHOBICTBOPECHHUE 3aKOHA
COXpaHEHHS BEIIECTBA YYHTHIBACTCS ITyTEM BBEACHMS CHMMETPHIHOIO MHHMOTO
HCTOYHHKA, 4T0 oTpaxeHO B (8.1) B uncimtene koagdpunmentom 2. B casu ¢ atum
MaKCHMyM pacrpeaenenns (8.1) 1 eHTp TkecT: 06jaKka Z HE COBIAMAKT APYT C

IPYroM, ¥ MEXAY G, ¥ Z MMEET MECTO COOTHOLIEHHE G, = ﬂ/ 3 z.

ITo ocm X MaKCHMyM pacOpEACNeHus M LUEHTP THKECTH COBIIAHAXOT IPYT C
IPYTroM ¥ ABHXKYTCH €O ckopocThio u(t) . dopmyna (8.1) ynoBnersopsier rpaHuy-
HbIM ¥ HAYaJIbHbIM YCIOBHAM

g—>0 mpu x y,z—>o,
g—>0 mpm t—>0mx,y,z>0 (8.2)

H 3aKOHY COXpaHCHHS BCICCTBA

o o0 o

J’j ja(x,y,z)dxdydz:g_ . (8.3)

0 —o0 —oo

Henpepuignyeiii moueynsiti UCHIOYHUK
Yro0s! nomyunts GopMyay IS HENPEPHIBHOTO TOYEYHOTO UCTOYHUKA MIPEA-
crabum '=Qdt', rae ( — MOmMHOCTD HEMPEPHIBHOTO TOYEYHOTO UCTOYHHKA
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(B rpamMMax 3a CEKYHAY), CO3IaHHOTO B MOMEHT !, U HPOBEAEM HHTErPUPOBAHHE
¢dopmynsr (8.1) mo ¢ or momenta t'=0 g0 ¢ =c0, mpu 3TOM 3aMeHHM ! Ha
s¢pdexruBHOE BpeMs audysun f—1 =1

2 2

- (%Y y

— 20 1 262 207 207
X,y,z)= 3 e T TRl 8.4
q(x,,2) (2n)3/h£cxcycz (84)

Cornacro [90], unrerpan (8.4) MOXXHO BBIMUCAUTD HPHOIMIKEHHO, BOCIIOIb-
30BABIINCH TEM, 9TO MAKCHMYM IOABIHTErPAJbHON (YHKILHMH HMEET MECTO IPH
x=x. B atom cnygae ynoOHO mpOM3BECTH 3aMEHY EPEMEHHON MHTETPHPOBAHUS

x—x
t' Ha , ipu 3ToM (opmyina (8.4) mpuobperaer Bug
X
R G0
o 20° 20° e -
- e 7 T e xX—-x
. gxy,2)= ?/2 f ! __d¥r (8.5)
s, 06,0, x—x do, dx o,
o, dt dr
G _
20 X—X

rae Qynkus s e 7% cIpeMurcs K Oenbra-QyHKIHH O opu x=Xx,
-Xx

X

(&)

x
4TO MPaBOMEPHO Npu 6onmbmux X(f) ¥ PaBHOCWIBHO HpeHeOpexerno 3¢dexToM
npoxonprOi auddysun. Ilpn TakoM nomymeHuu CaeRyer, 9To npH mro0bix (ux-
CHPOBAHHBIX 3HAYECHMSAX V H Z , TAKKE AOCTATOYHO BONBIMX X , BhIpaxeHue (8.5)
MOXHO NPHOKEHHO TPEACTABUTS B BUIE

0 T30f 20l

gy, z)r—=——e "7 7, (8.6)
dx
Tar %%
rae x=x(7), 6, =06,(1), 6, =0,(T) GepyTcs TONBKO NPH TAKOM 3HAYCHHU T,

uro x(1)=x.

Menogennviii (nenpepuvlénblil) AUHeliHbLE UCMOYHUK ‘

Ananoruuno seipaxenusM (8.1) u (8.6) MmoxHo 3amicate Gopmymsl  mus
OCPECIHEHHOW KOHLCHTPALMH MPHMECH OT MTHOBCHHOTO ¥ HETIPEPBIBHOTO Gecko-
HEYHOI0 JTMHEHHOro MCTOYHMKA, OPHECHTHPOBAHHOTO NOIEPEK CPEAHEro Hampas-
TCHUSA BETPa:

2

_ (x-X)? oz

e 2% 0% (8.7)

9,

o, o,

q(x,0)=
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\/—2~Q2 6_5&?

q(x,z)~ (8.8)

rae (0, — MOIHOCTH MIHOBEHHOTO JIMHEHHOTO MCTOUHMKA, I/M; {0, — MOIIHOCTD

HETPEPHIBHOTO JINHEHHOT0 HCTOYHHUKA, I/(M-C).

Ilpunodusmorti ucmovnux
B ciyuae npUnoOmHATOTO HCTOYHUKA BBICOTOH /1 BBIpaKCHHE A KOHIEHTpA-
IUM OT HENMPEPHIBHOTO TOYETHOI'0 HCTOYHHUKA UMEET BUJ

yz
] (z=h)? _(z+hy?

- Qe 20 207 262
9(’5,%2)“—“2’7;—— e *ote I (8.9

27\:?‘{—[0), c,

rae G, — abcomoTHas AuCIEpCHs KOOPAMHAT, LEHTPUPOBAHHAA OTHOCHTEIBHO

BBICOTHI UICTOYHUKA /1.
Ananornunsiii Bu Oyger uMers GhopMyiaa U IS OPUIOAHATOTO HEMPEPhIB-
HOroO JHHEHHOro UCTOUHMKA.

Menosgennasn konyenmpayus, MeHOBEHHbI MOYEHbLIL UCHOYHUK
Tlpu MCHONB30BAHMM TIHWIOTE3BI HOPMAJIBHOTO PACHPERCHCHUS TIPUMECH B
MIHOBEHHOM Kiy0e, cornacHo [42], umeeM GopMyny 4ji1 MTrHOBEHHOH KOHHIEHTPa-
UH
, N S A G N S € %
SN AT R DA T B T , (8.10)
Qn’*s, S, S,

C.y,2\1)

2
rme S?, A S? — oTHOCHTENBHBIE AMCTIEPCHH KoopauHat; D, | D,, D, — mrao-

BEHHBIC KOOPIOMHATHI LEHTPA pacHpeAcieHus KOHIECHTPAlMH B KiIybe, OTHOCH-
TENbHO KOTOPKIX OTCUMTHIBatOTCH X', ), 2.

Menoeennas konyenmpayus, Henpepvl8HbLil MOYEYHbIN UCMOYHUK
Jlnst MTHOBEHHOH CTPYH (OopMyIa HMEET BU

_O-D,)’
Qe ““ZS';j— _(-D,;y _(Z+D,)’
2 <2
Cix',y,z) X e * 4o % | 8.11
y
s s
dr Y

dx dD
rae a7 ~ d—t"; §, u §, 6epyrcs npu 3navenmsix T, xorna D, =x'.
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Tlpu Gonpummx 3Hauenusax D, , npeneOperas muddysuei no moToKy, MOXKHO
otoxkaecTBiaTh D, ¢ x' 0€3 CylieCTBEHHBIX OIIHGOK.

Menosennas xonyenmpayus,, TUHEHHbIL UCTHOYHUK

J19 MrHOBEHHOH KOHIEHTPALUH TIPUMECH OT MTHOBCHHOTO M HEMPEPBIBHOTO
OCCKOHEIHOrO JIMHEHHOr0 NCTOYHHKOB B IIPH3EMHOM Cl10€ POpMYITbl Oy IyT HMEThH
COOTBETCTBECHHO CNERYIOIIHI BUA!

(«'-D, )
0 e“ 352 _-Dy  _(@+D)
C(x,’Z,’T):_IZ;t—S_ST—e e P, (8.12)
0 _(z'—D;.)Z _(z'+D;)2
C(x',z')z——ZT e ¥ o1e 2% | (8.13)
om)2 s, £X
(2" S, 7

ITpusenennsie gopMynsl Ha MPAKTHKE HMEIOT UECHHOCTD JMHIb TOTJAA, KOTAA
Bce Heobxomumeie nuddy3HoHHEIE mapamerpsl (6., S’ M CKOPOCTb TEpeHoca

— dx
pemecTsa u(T)= d—) MOJYKHO PAcCUHTaTh Ha OCHOBC JOCTYIHOH METEoponoraye-
t

ckoil nHpopmanmy. B Hacrosmeil paboTe 3TH napaMeTphl BEIYUCIAIOTCS HA OCHOBE
THITOTE3bI OAO0HS NarpaHKEBBIX XapaKTEPUCTHK TypOyienTHOCTH [62, 90].

Hlpexne yeM DpHUBOOUTL COOTBETCTBYIOUME PAacYeTHbIC (POPMYIBI, HAMOM-
HHM, YTO BCE OHM NIPABOMEPHBI IIPH BHIIOIHEHHH YCI0Bus [62]

‘c>>£_ (8.14)
Uy

Ilo maHHBIM 3KCIEPUMEHTOB C ABIMOBBIMH CTPYSMH H 3aIIyCKOM TETPOHOB

B nipu3eMHOM citoe [26, 38] npu Bpemenax guddysun 1> (3 + 5)i BIUSHUCM
Ux

HAYaJIbHBIX YCIOBH MOKHO peHedperaTs.

8.1.2. Pacuer amcnepcun KoopauuaT

Xapaxrep 3aBHCHMOCTH AWCIEPCHH KOODAMHAT OT BpeMenu Aubdy3uu u
PacCTOSHUI ONpenensiIcs TO 3KCICPHMEHTAIBHBIM JAHHBIM, [IOJYyYEHHBIM C I1IO-
MOIIBI0 JBIMOBBIX CTPYH, TeTpoHOB [26, 35, 38] n mo maumbiM nporpammset «[Ipei-
pu I'paccy, onybnukosanusiM B [88, 136]. Hwke npusenensl ¢opMynsl pacdera
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c?, §? mnus pasNHMUHBIX MHTEPBAJIOB YCTONYMBOCTH TPH KOTOPHIX TPOBOMMIMCH
IKCIIEPHMEHTHI.

y y z
IMpu ycnoBusx, Onuskmx K HeliTtpansHOM crparnduxamuu, -0,2<—<0

2

L
dbopmMysl A1st OTHOCHTENRHON AUCTICPCHUN KOOPAUHAT UMEIOT BUJT
82 =B2ul (8.15)
2 2 2,22
Sy =¥, +B), sy 17, (8.16)

rae P, = 0,30; B, = 0,48, y, — navaneHas nomynmpuHa obnaxa; Z — LEHTp TA-
xectu obmaka npumecw; L — macmrab MonnHa — O0yx0oBa; #,— CKOPOCTH Tpe-
Husg; T — addexTuBHOE Bpems auddy3umn.

Jinst aGCOMOTHOM AUCTIEPCHE KOOPAMHAT OTHOCUTEsHO z=0, h ans z U

z .
mpu -0,2 < T < 0 dhopmynb! COOTBETCTBEHHO UMEIOT CIEAYIOMMM BUA!

z? =b§u312
cl=aju,t

ol =(z-2)" =aluit’; (8.17)
o =aluit?, (8.18)

roe b, = 0,53; a, = 0,40; o, = 0,36; o, = 1,28.

pu meycroitunBoi cTpaTMdUKAlMK, O JAHHBIM IKCIIEPUMEHTOB C OBIMO-
BBIMU CTPYSMH M TETPOHaMmu B IpH3eMHOM cioe atmocdepsr {26, 35, 37], xapax-
TEp PEKUMA 3aBHCUMOCTH S M G OT T MEHSETCS O4eHb C1abo, U MO3TOMY MOXKHO

. Z
CUHUTATh, YTO MCHAXOTCA TOJBKO KOHCTGHTBI X0 ONPCACICHHBIX 3HAYCHHH z oo-

z :
pamka -3. [Ipy MeHBINMX 3HAYEHHIX I CKOPOCTB pocTta ¢ U S B 3aBUCHMOCTH OT

T YBCIWYHUBACTCA, H JAHHBIC COITACYHOTCA C NIPCACKA3aAHUIMY, NNOITYHYCHHBIMU 4714
TEPMOMEXAHUYIECKOr0 PEXKHUMA.
Takum obOpasoMm, Ijs YCHOBHMIA HEYCTOMYMBOM cTparmdukauuy, NpH -

1,0 < % < -0,2, MBI MeeM criemyrommi Habop popmyn:

S2=yy +Bluit?, _ (8.19)

103



ol =dlul, (8.20)
o) =o' u v, (8.21)

rae B, ~ 0,56; a; » 0,75; o, = 1,9.

Jns Gonbmell crenenu HeycToHumBOCTH, npu -3,3 < —E < -1,0, mo maHHBIM
pabotst [37] nonyuena ¢opmyna fiis OTHOCHTEABHON AUCIICPCHY KOOPAUHAT
S"z =y: +8) ult’, (8.22)
rae S, = 0,75.

. . . z
JJ1s ycnoBuil CHIIBHOM HEYCTOMYMBOCTH, Mpu — < -3,3, mMeeM
. L

§2=82ul 12 I"LT] , (8.23)
6l =ai uit? -’% , (8.24)
rae 5, ~ 1,0; a5 ~ 1,1
z
IIpn —< -7,0
pu 7 >

2 _g2.2 2UsT
S, =08 u v 7k (8.25)

, UL T
Gi =7, u? v m, (8.26)

rae 6, ~ 0,25; v, ~ 0,42

o < - z
IIpu ycroiiuusoii TepmMudeckoli ctpatudukanm, koraa 0 < I < 0,1, pacuer-
Hble GOPMYJIBI AUCTIEPCHM KOOPAHUHAT HMEIOT BH

2_ n2 2 2
C,=d, U, T

5 (8.27)
uit?, (8.28)
rae ag = 0,40; o, = 1,28.

104



. . ., z
Hns ycroBuit 6onbiueii yCTORYHBOCTH, OpPHU I > 0,1, Mensierca pexuM 3aBH-
CHMOCTH ZMCIIEPCHH KOOpAMHAT OT BpeMeHu anddysun. B atom cayuae popmynst
a8 o, , §, paBHBI
2., Q2 2
o,~S; ~ayu.Lt, (8.29)
rae a,, ~ 0,2.

2

N~ N

Hpnu moctwxennn — = 0,25 MEHSETCS PEXUM 3aBUCUMOCTH G, S, OT T

oy~ Sl =y} u.lx, (8.30)
rae v, = 0,86.
OMnuprueckue KOHCTaHThl B popmynax (8.29) u (8.30) monyuens! Ha BeckMa

HeOOIbIUIOM SKCIIEPHMEHTAPHOM MAaTEpHaiC M II03TOMY HYKAAKOTCS B YTOUYHE-
HUH.

B BrmmenpusencHHBIX (OPMYIax COCTOSHHME TEPMHYECKOH YCTOHYMBOCTH
ONPENENseTCs N0 OTHOIICHHIO BHICOTHI LICHTPa THKECTH 00JIaKa YacTHUIl, XapaKTe-
pU3yronieMy ciIod paccesHus, k macmrady Monuna — ObyxoBa. [JleficTBHTENBHO,
npu MajbIX BpeMeHax muddysun, xoraa z(t) Mano mo cpasHeHuio ¢ L, ycrnosmsa
paccesHrs MPHMECH Majo0 OTJIIMYAIOTCA OT YCJIOBUH, HaONIOMAIOMMXCA NPH
HeWTpaneHO# crpatudukanun. B caysae, xorza spems auddysum BEIHKO H
L = const, 3nauenne z(T) OAHOro mopsaaka ¢ L mm 6onee, BAUSHUE CHI [LIABY-
dyectH qomuuupyer. Takum obpasom, xpome maciurada L HeoOX0QUMO yMETh BHI-
wucnate z(t) . Kpome TOro, Ans psaa MpUKIaAHBIX 33139 TTOBEACHHAE Z(T) MMEET

H caMocTOATENbHOE 3Hauenue. Hinke MpuBeaens! pacueTHele Gopmysl mns z(T) U
u(t) mmm u(z) .

8.1.3, PacueT KOOPANHAT M CKOPOCTH HNCPEHOCA 1EHTPA THXKECTH

Jast ycnoBui#t, 61u3KuX K HeHTpanbHOH crpatidukanum, T.€. L = too, BeICOTa

HEHTPa TSOKECTH 00JIaKa 9acTHLl U €ro BEPTUKAIBHASE CKOPOCTh MOryT OBITH pac-
CYMTAHBI HA OCHOBE THITOTE3EI MTOA00MA JIaTPAHKEBEIX XapaKTEPUCTUK TYPOYIEHT-
HocTH 1o opmynam [63, 90]

z(t)=h+bu,t, (8.31)
w(t) =bu,, (8.32)
roe b= 0,4.

Cpenree monoXkeHUe LEHTPA THKECTH IO OCH X M CPEAHsS CKOPOCTb Hepe-
HOCA MOTYT OBITh BBIYHCIICHBI 110 hopmynam [62, 90]
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1) = In ST (8.33)
Zy

Cu.t

ez,

x=«"u,tln , (8.34)
rae C= 0,29 [26]; z, — 1mepOX0OBATOCTH MOACTHIAOMICH MOBEPXHOCTH, € — OCHO-
BaHHE HATYPANbHBIX JIOTapH(PMOEB.

TMo manssmM [26] cpeansis CKOPOCTh ABIMOBBIX 9ACTHL, MPHXOAAIUX HA YPO-
BEHb Z , OTJIMYACICH OT CPCAHEH CKOPOCTH BeTpa Ha 3ToM ypoBHe Ha 10— 15 %.

C mpaxkTH4ecKOH TOYKM 3PEHHS 3TO OTIMYHE MaJOCYLICCTBEHHO, YTO MO3BOISIET
CYHTATh

ul[z()] ~u(z). (8.35)

B 3toM cimyuae ymoOHee BOCHONB30BAaThCS TPOBEPCHHBIMH Ha IPAaKTHKE
HHTEPIOBIMOHHBIME HOPMYIaMH:

w(z) =« 'u, lni+9,9—z— npu = > 0,
(2) . 7 pH 7
uZ) ~k u mZr1452 npu 0,16 < 2 <0,
z, L L
—\-3 —
@ r T u024+125) 21 —m|2||  npu Z<-0,16;  (8.36)
’ > > L L L > b} M

a CPCAHEC NOAOKCHUE HCHTPA THKECTH 110 OCH X CYUUTATL PABHBIM

T~ (8.37)

O6piuno Ha mpaktEke npu |L|{~100M ¥ Malblx Z YCIOBMS CUHTAIOTCA

O6m3kuMH K HeHTpanbHEIM. M3 OHBITOB C TETPOHAMH CIEAYET, 4TO JOCTATOYHO
HaACKHOH OLCHKOI YCIOBHH pacCesHWs NpH HeWTpanbHON cTparndukaumy ciy-
JKUT HEPaBEHCTBO

0,08 < % <0,1. (8.38)

Wnaue rosops, mpu | L|~ 100 M ycnoBHsS MOXHO CYMTaTh HEHTPAJBHBIMH

X0 T€X TIOpP, NTOKA BBICOTA HEHTPA TSDKECTH obiaka mpumecH Oyner Himke 8 M mpu
HEYCTOHUMBOH cTpaTudukanuu u Hipke 10 M mpu ycToitunsoit.

s ycnosuii yMepeHHOH ¥ CUIBHOH HEYCTOWIMBOCTH, ITPU % < -0,08,
z=Cud? | L7232, (8.39)
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w

WZECIui/Zm“/%‘/z, (8.40)

rae C, ~ 0,91 [26].

. . . z -
Jns ycnosmit CHIBHOM YyCTOWYMBOCTH, TIPH 7 > 0,1, dopmyssl o z U1 w

HMEIOT BHI
z=b ul? LY 2, (8.41)
W:% a2V V2 (8.42)
rae b'~ 0,20.

W3 npeanonoxenns, 4To APyTux (IMPOMEKYTOUHBIX) PEKHMOB 3aBHCHMOCTEH
z(t) Her, Haiinem, uTo mepexon k pexumy (8.39) oCyluecTBISETCS CO BPEMEHH
b by3nu, paBHOro
L
t2>1,=02 1L} ; (8.43)

Usx

nepexox k pexumy (8.41) cieayer npoBoAUTs co BpeMeH:u aubdysun

L
1,=025 = (8.44)
Uy
. z
Kax BHAJAHO M3 NPUBEACHHOIO BBIIIC HHTCPBAJIA YCTOMYHUBOCTH, — I RHC-

nepcnﬁ ¥ UCHTPA TSOKECTH MO IKCOCPHMMCHTAJIBHBIM NAHHBIM NOAYYUNIHACH HC-
CKONBKO OTIMYAIOMHMMUCS APYT OT ApYyra, TaK Kak 3Hauenus z(7) okasamuch Go-
JICC YYBCTBHTCIBHBIMM K M3MCHCHHUIO yCTOﬁ‘lPIBOCTPI ¢ HU3MCHCHHCM BpPEMCHH
nugdyzum.

8.2. Bxonnble AanHbIE H CXeMa pacyera

Jns mpoBemeRus pacueTa HY)KHO 3HATh BpPEMs CYTOK BBIOpOCA, mapaMerpEl
HUCTOYHMKA TPHMECH, METEOPOIOorudeckue ganubie. HeoOxoanMBIMH apaMerpamMu
WUCTOYHMKA SBNAIOTCS MOIMHOCTH MCTOYHMKA, 3hdeKTHBHASA BBICOTA M HAJaJIbHAS
wHprHa o0naka gactu. Pacuer 3¢ ek THBHON BEICOTH HCTOYHHKA TPUMECH MOXK-
HO Haiity B [60]. ,

HeobxoauMbiMu METCOPOAOTMICCKAMH AAHHBIMH SBISIOTCA Pa3HOCTh CPEH-
Heit Temmeparypsl Bosmyxa AT ma Beicotax 05 m 2w, AT =T20-Tos;

T =273°+1°C; cpepnsisi CKOPOCTh BeTpa % Ha BEicoTe /4 = 1,0 M. OnTumans-

HBI TIEPHOA OCPEAHEHUS TEMIEPATYPHI, CKOPOCTH ¥ HANpaBICHUS BETpa ROMKEH
Opits 10 Mun, MuaMManbHBI — 6 MuH. Ecnm pacyer npoBomuTes Ong cepemuHBI
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IHS MM HOYHM, TO YCNIOBUS CYMTAXOTCS CTALlIOHAPHBIMM I OTCYTCTBMM NPOXO-
XaeHHs atMocdeproro ¢ponta. Tak kak B MpeAenax MpHU3EMHOrO CI0s Hanpas-

JIEHUE BETPA MOCTOSHHO, TO OHO MOXKET ObITh H3MEPEHO M BhIIIE, HA BBICOTE UTIO-
repa.

TTo MereomaHHBIM PACCUMTHIBACTCA CKOPOCTH TPEHHSA ¥, C IMOMOIBI0 HOMO-
rpammsl (cM. puc. 8.1), BXOAHBIMHU DAPaMETPaMK KOTOPOM SBAAIOTCA

AT
B=h,&2 = J 8.45
0F =T § " (8.45)

rEC g — ycKOpemwe cBOGONHOTO MajcHms, M/c’; Z, — IIEPOXOBATOCTb MOICTH-
JIArOIIEH TOBEPXHOCTH, CM.

XapakTepHble 3HAYCHUS 2, NI PA3NHYHBIX THIOB HMOACTHIAIOHICH MOBEPX-
HocTH [48] npuBeAcHbI B TAOIUIE.

XapaxKrepHbie 3HAYCHAS! HIEPOX0BATOCTH IOACTAIAIONICH TIOBEPXHOCTH

Tun noBepxHOCTH Zg, CM
_OfeHb rnanKas CHOKRAR WM NeAsHas mopepxsoeTs | ~0,001
Tnmamosi crer na HespiCOKOH TPaBe | 0005
- CHe/kHas IOBEPXHOCTh NPH HAIMYMM KycTapuuka | 0,1
CroiieHHas TpaBa BRICOTOH 1 ,5eM 0,2
BBICOTOM 3,0 CM 0,2
BBICOTOH 4,5 CM TP U, = 2 M/C 2,4
Ha BHCOTC2OM1‘IpI/I u20 =6~ 8M/c 1,7
BbICOKaﬂ Tpasa (60 70 cM) IpH U, o = 1,5 M/C 2.0
npy 1_12:0 =3,5m/c 6,1
pu u20—62M/c 3,7
' HeoZHOpOZIHAS NIOBEPXHOCTD C YePEAyIOIMMuCS yaacTka- | 10,0
My, TOKPHITBIMH TPABOH, KyCTADHUKOM, ACPEBbIMH H T.IL.

Uy
Tlo BeIuMCACHHBIM 3HAYEHUsIM B u £ omnpemenseM OTHouieHWe -— . JleBas

u
4acTh HOMOrpaMmsl (cM. puc. 8.1) ucmons3yercs LJIst HeyCTONYHBOH cTpaTH(HKa-
MM, TpaBas — A YyCTOHIMBOH.

Macurra6 anuast Monuna — O0yxoBa OnpenenseTcs ¢ IOMOINbI HOMOTpaM-
MEI Ha puc. 8.2.
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