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HEEANHCTBEHHOCTDb YAAPHO-BOJTHOBBIX CTPYKTYP B PEAJIBHBIX T'A3AX:
MAXOBCKOE U/NJIUA PETYJAPHOE OTPAYKEHUE

I'. A. TapuaBckuu!

PaccMmoTpen psag mpobieM Hee IMHCTBEHHOCTH YAAPHO-BOTHOBHIX CTPYKTYD, BO3HUKAIOMINX B BHICO-
KOCKOPOCTHBIX T'a30BBIX MOTOKAX IPH B3aUMO/IEHCTBUE CKAYKOB YINIOTHEHNA C OTPaXXeHMEM MaXOB-
CKOTO WIW peryaspHoro Tunos. MccieoBaHo BIHAHNE PealbHEIX CBOHCTB Ta3a (Mogenb s deKTHB-
HOTO TIOKazaTels ajnabaThl) Ha N3MeHEeHHe MOJOKEHNA B MApaMeTPHIECKOM MPOCTPAHCTBE 3aJadi
TOYeK OMpypKAINN — TpaHuI] 06JacTh, B KOTOPOU BO3MOKHO CYIIECTBOBAHIE JTBOWHOTO PEITEHNS.

1. Beegeune. PazBuTne MeTOJOB MaTeMaTHIeCKOT'O MOAETUPOBAHNA, OOYCIOBIEHHOE BBICOKUMU Kate-
CTBAMHI COBPEMEHHOW BBIMHCANTENBLHON TEXHUKM, CIETAJ0 BO3MOXKHBIM HCCIEI0OBAHNE MPOCTPAHCTBEHHBIX BBI-
COKOCKOPOCTHBIX TeYeHHH ra3a ¢ 00pasoBaHWeM CJAOXKHBIX yIAPHO-BOJHOBBIX CTPYKTYD B moToke. [Ipm sTom
BeChbMa BaXXHBIM CTAHOBUTCA H3ydeHHMe NPpoO/aeM HeeNUHCTBEHHOCTH M THCTEPE3Nnca MONYHaeMBIX MHCACHHBIX
DeIlleHni, AHAMN3a X aMeKBATHOCTH PeadbHBIM (puamiecKnM mnpoiteccaM. OCHOBHON TeJbi0 HACTOAIMIEN paboThI
ABJSETCA MCCAETOBAHUSA TAKOTO B3ANMONENCTBUA YIAPHBIX BOJH, HAPUMED B BO3AyX03abOpHHKAX M COTIIAX
NBUTATEJeN THMEP3BYKOBBIX JeTATEMBHBIX allllapaTOB B HEKOTOPHIX AHANA30HAX PEKIMOB MOJeTa, KOT' 4 HMEET
MECTO AyalHu3M pellleHNA — BO3MOXKHOCTH CYNIIECTBOBAHUA IPU OJHUX M TeX XKe ONpeleldolnX napaMeTpax
3a1a4ql KapTHH OTPaXeHNA ABYX PA3IHIHBIX THIIOB: PETYIAPHOrO MK MaxoBckoro (mapajgokc Hefimana [1]).

K HacrosueMy BpeMeHH NpPOBejeHHbBIe HecaefoBatnd peryasapaoro (PO) n maxosckoro (MO) orpaxkenuit
yoapHEX BoaH (YB) Mo3BOAIOT cllefaTh HEKOTOPHIE BHIBOBL 06 061aCTAX HX CYIUIECTBOBAHMUSA, B TOM 9HC/E H 06
06IacTH CYIIeCTBOBAHUA JIBOWHOTO DEIEHNs, T.€. O HATUYINH PATa O INANAa30HOB M3MEHEHUA OMPETeMAIONINK
mapaMeTpOB Mpollecca, Taknx Kak [mciao Maxa Haberalomero moTokKa, Yol OTKJIOHEHHWA TMOTOKAa W T.M., B
KOTOPBIX BO3MOXHO obpazoBanme ycTonunmBbix kKapTmH kak PO, Tak m MO. Cxemarmdeckoe mzobpaxeHne
3THUX NBYX yAAPHO-BOTHOBHIX CTPYKTYD, KOTOPHIE BO3HUKAIOT NP OTPakKeHnn Y B B yCTAHOBUBIINXCA TeIeHUAX,
TipefcTaBAeHO Ha puC. 1.

(®) (b)

Puc. 1. KapTuHBI y1apHO-BOMHOBHIX CTPYKTYD NMPHU B3ANMOIHCTBHN CKAIKOB YILIOTHEHHS: PETyAIpHoe (a)
u MaxoBckoe (b) orpaxenns

! MucruryT Teoperudeckon u npukaaanoin mexanuku CO PAH, ya. Wncruryrekasn, 4/1, 630090, r. HoBocu-
6upck; e-mail: tarnav@itam.nsc.ru
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Kaprtuaa PO (puc. 1a), o6pazoBaBiiadgcsa IpH HATEKAHWN CBEPX3BYKOBOTO MOTOKa ¢ 4ncioM Maxa Mg
Ha Ba KJAWHA, XaPaKTEePU3YIOMNXCA yriaaMn J1 U [z, BKIOYaeT COOTBETCTBEHHO Ba KOCHIX CKAYKa yILTOTHE-
A (CY) 41 u i3, chopMUpPOBaHHBIX BOMU3N MOBEPXHOCTH KJIWHBEB U MAJAOMINX BHYTPH OGJACTH TEYEHHUA C
YDJTaMU HAKIOHA @1 7 2 (3/1€Ch H fajee YIUIBl ONPENENAIOTCA IO OTHOMIEHNIO K HATPABACHIIO BeKTopa Habera-
OIIIETO TTOTOKA), U ABa oTpakeHHBIX CY 11 U 1y ¢ yriaMu HakIOHA @3 1 4. ITH CY mepecekatorca B Todke R.
CuyTHas cTpya S ¢ yraom HakjdoHa § obpasyeTca IpH MPOXOXK JEHUH MTOTOKA Y9epe3 CUCTEMY CKadKOB, ¢ yIIaMu
OTKJOHEeHUA TMOTOKA 1, 05, 03 m f4 Ha ckadkax iy, iz, 71 U rs COOTBEeTCTBeHHO. [l CTAIMOHAPHON KapTHUHBI
BBINOMHAIOTCA COOTHOLIeHUA: B4 = [F1; 0o = Fo; 0 — O3 =605 — 0, = 6.

st cammeTpudHOro (31 = () OTpakKeHHs, ecTecTBeHHO, § = 0.

TIpu BO3HMKHOBEHHN BOJHOBOH cTpyKTyphl ¢ MO (puc. 1b) B nomonHeHme K majaiolnM N OTPaKeHHBIM
CY 41, i3, 71 U ry TOABISETCA MEHTPAJBHBII CKA¥YOK 1M, (PPOHT KOTOPOrO COENUHAET ABe TPOUHBIE TOYKH
mepecedeHnsa CKavdKoB (1,71, m) U (iz,72, M), & Takke BOHUKAIOT [Be CIyTHHIE CTpyH S; W Sz ¢ yraamu
HakIOHa &1 u J5. [l1d cTanumonapHOl KapTHHEL BEIIOJHAIOTCA COOTHOMmeHuA: 01 = [B1; 0y = [o; 01 — 03 = d1;
92 — 94 = 62.

B cayuae cummerpun (51 = fz), odeBugno, 61 = 2, 61 = 6y = 0.

Bea o6nacTh TedeHnsA pazjelderca Ha PAA 30H (cM. puc. 1), B KaXJoll M3 KOTODHIX TedeHHe (B Hjea-
JAM3NPOBAHHON MOCTAHOBKE — OHOPOIHOE) HMeeT COGCTBEHHBIE XapaKTepHCTHKN. 3oHa 0, 061acTh HEBO3MY-
[IEHHOT'O TeYeHNUs, OTPaHNYeHa cleBa JI000H MPAHUIEN, TOMEIEHHON B 061acTh HAGeraloIIero CBEPX3BYKOBOT O
HOTOKa (HaNpHMep MPAMON JHHUEH, COeMHAIIEN BEPIINHLI KANHBEB), a cupaa — ¢porTamn CY i1 u iy (n
fonoaruTenbHO dporToM CY m aag MO).

3oHa 1, o6racTh TedeHns, paspepHyTOro (mo dacosoll crpenke) Ha CY 41 BJOIb MOBEPXHOCTH BEPXHETO
KamHa, orpannydena dpponTamu CY 41 W r; COOTBETCTBEHHO CleBa W chopaBa. AHAJIOTWYHO 30HA 2, 06JaCTh,
TedeHNA pa3BepHYTOTo (MpoTHB YacoBoil cTpenkn) Ha CY iz BAOMB TOBEPXHOCTH HIKHET O KAHHA, OTPaHHYEHA
dporTamu CY i3 u rs cleBa U ClipaBa COOTBETCTBEHHO.

3oHa 3, ceKTOp TedYeHNd, pa3BepHYTOTO (MpoTHB YacoBoll cTpeakn) Ha CY r1, orpaHuteHa ero GPOHTOM 1
MOBEPXHOCTHIO KOHTAKTHOT'O Pa3phiBa, KOTOPHIH ABIAETCA TPaHUIeN ciyTHOH cTpyn S (mas MO — Si). 3ona 4,
CEKTOp TedeHHdA, pa3BepHyTOro (mo dacoBoil crperke) Ha CY 7z, orpaHu€eHa €ro PPOHTOM H MOBEPXHOCTHIO
KOHTaKTHOTO pa3phiBa, KOTOPHI TakXke ABIAeTCA MpaHniell cmyTHOn crpyn S (aas MO — Ss). B caygae PO
30HHBI 3 11 4 HMeIOT O6IIYI0 IpaHnIy (HEMOCPEICTBEHHO CMBIKAOTCA), a B ciydae MO MeX 1y HUMN PaclolokKeHBl
30HHI b u 6, obaacTu Tedennsd 3a pporaTom CY m.

[epexoapr Mex Ay >TUMHU IBYMS THUIAMHI OTPAXKEHUS OMPENENAIOTCH KPUTEPHEM OT/IeJeHNA N KPUTEPHEM
Hefimana. O6a 51w kpuTepusa (TOUKE GHQYPKAWN) Pa3sTpaHNYHBAIOT TPH OOJACTH, B KOTODBHIX BO3MOXKHO
cymtectBoBanme Toabko MO, MO u PO mam toasxo PO. Ilpomecc nepexoga >TUX THIIOB OTpaX)eHUs OTHOU B
APYTYIO TIPU BapUallil MapaMeTPOB, OMpeNeaAonnx GU3nky 3ajadi, HAIPUMEDP CKOPOCTH U BBICOTHI TOJETA,
MOXKET COTPOBOXKAATHCA ABIEHUEM THCTEPEINCA.

OGBIMHO HCCleOBaHNE BOTHOBHIX CTPYKTYp »TuX aByx Tunos (PO u MO) npoBoguTcsa B Hpenofoxe-
HHUHN HEM3MEHHOCTH (PU3MIECKUX CBOUCTB ra3oBOTO TMOTOKA NMPH MPOXOXKTEHWH HYepe3 BCo cucTeMy Y B, T.e.
HCTIOB3YETCA MOJENb HAeaTbHOTO MOJAHTPOIHOIO T'a3a ¢ MOCTOAHHBIM 3HAYEHWEM MoKazaTelsd aanabaTsl (mo-
JAUTPOIEL) ¥ BO BCel 06aacTn TedeHns (cM., HanpuMep, [2]). Ognako peanbHBle mpotecchl (cM. [3, 4]), naydenue
KOTOPBIX CBA3aHO C WHTeHCHMUKANUEH pazpaboTKN TUIEP3BYKOBBIX JeTATEABHBIX allapaToB, HACTOATEILHO
TpeOyIOT pacHInpeHus 3TOW (PU3NIECKOW MOAENN. 3aMETUM, ITO MPOIECC, CXeMATHYIECKN M300paX)eHHBIN Ha
puc. 1, MogenupyeT Tedenne Ha Bxoje B Bozayxozabopuuk ['IIBP /. ¥YpoBenb 3HaHUA PeXKMMOB ITOT'O TeIeHNA,
npefckazanme mepexogoB oT PO k MO u o6paTHo, a TakikKe OTBET Ha BOIPOC, KAKOU U3 JABYX THIIOB yIapHO-
BOJHOBBIX CTPYKTYP pPeaqn3yeTcs B 06JaCTH Hee[UHCTBEHHOCTH DelleHns M Kakine (haKTOPHI BAUAIOT Ha 3TO,
BeCchbMa BaXKHBI DU CO3JaHIN CUCTEMBI YIIPABAEHNA PEXUMOM T'OPEHISA TOILIUBA IS YCTONYMNBOrO (hyHKITHOH-
DPOBaHUS [BUTATETBLHON YCTAHOBKH B IIETOM.

B nacrosmieli paGoTe MJid UCCACJOBAHUA [a30- U TEPMOJUHAMUKE (PU3NIECKOro Tpotecca [3—5] ucnoawbay-
eTcd MeToq “adhpeKTUBHOTO ToKazaTeldd agunabaTe” (cM. [5—7]), HO3BOAAIOMINI MOIEANPOBATh TeUeHNE Ta3a
C YYETOM €ro PealbHBIX CBONCTB IIPH MOMOIIN BapHAlNN MoKazaTeldd anuabaTel y(p, T), HaMEHAIIETOCH BO
BCEM II0Jie TeYEHNS B 3aBUCHMOCTHI OT JOKAJbHBIX 3HAYEHUH JTaBJAeHUA p U TeMmepaTypsr 1.

WNantocTpatnueil K BEIBOIY O HEOOXOAUMOCTH yIeTa W3MEHEHNUS TEPMOMNHAMIYECKIX CBONCTB r'aza B TUIEP-
3BYKOBBHIX TIOTOKAX C 30HAMN BBICOKUX p 1 1 ABJIASETCS PUC. 2, HA KOTOPOM NPUBEJEHA 3aBUCHAMOCTE OTHOIIEHIS
TEIIOEMKOCTEN ¢, /¢,y 1A BO3AyXa (KIACCHIeCKNH MoKasaTelb afuabaThl ¥ = ¢p/c,) OT TeMIepaTyphl B Mapa-
MeTPHUYeCKOM BH €, T'Jle TapaMeTp — JaBieHne ¢ PUKCHPOBAHHBIMI 3HAYEHUAME [ KaxX 1ol KpuBol. [laHHbE
BaATH u3 Tabaul [8, 9]. “Boanoo6pasnoe” nopefeHne KPUBLIX CBA3AHO ¢ TAKUMH (PU3MYECKUMU HOPOIECCAMH,
MOCAeOBATENBHO MPOTEKAKINNME Tpn yBeaudennn 1, kak Bo30OyXKIeHue KoJde6aTelbHBIX CTeMeHel CBOGO MBI
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Puc. 2. 3aBHCHMOCTDL OTHOIIEHNA ¢p /¢y (114 BO3AYXa) OT TeMIepaTyphl IPH BapHALNH JaBICHI 1073(1),

102(2), 1071(3), 1(4), 10(5), 102(6), 103(7) aTm

MOJIEKYJ KUCJAOPOJa U WX [MUCCOMMAINS, BO36YXK feHne KOTeCaHNl B MOJEKYJdax a30Ta U UX JAUCCOIUAINS, BO3-
Oy K TeHme 3JIeKTPOHHBIX 0GOM0OYeK aTOMOB U X MOHI3AIIS.

B mamnon paGoTe misi ydeTa peadbHBIX CBOICTB I'a3a HCIOJAB3YETCS (PU3UKO-MATEMATHIeCKasd MOLeTb Y B
C Pa3AUYHBIMU TMOKAa3aTeqAMHI afnabaThl [0 U mocie (PPOHTA CKadKa YILIOTHEHUS, KOTOPBIH MPEANOaaraeTc
6ECKOHEYTHO TOHKUM paspbiBoM. OCHOBHBIE T'a30- W TEPMOJAMHAMUYECKHE COOTHOIEHUs HA Pa3phIBE, aHAJIN3
o6macT TPUMEHIMOCTH MOJENN U €€ CPABHEHUE C MOJIeSbI0 HEM3MEHHOCTH CBOWCTB ra30BOM CPE[bl IPH MEpe-
xoge depes CY ganbl B padore [10].

2. HeegMHCTBEHHOCTL PEMIeHHHU OJHOTO THIa. MaXoBcKOe oTpaxkeHHe: caabbie W CHUIbHBIC
peutenns. [l aHaamsa BOJHOBHIX CTPYKTYD, BO3HHKAIOMINX IPH B3aWMMOJENCTBAN TMajalommx Y B ¢ u i,
KOTODHIE OMPEJeAoT o6pa3oBaHie OTpaKkeHHBIX YB 11 u 1y pasangueix Tunos (PO u MO), Beckma ygo6HO
HCIOAB30BATE TEXHUKY YIapHBIX moaap (cM. Takke [11]). DTa TexHWKa MO3BOIAET 3aMEHUTH CIOKHBEIN Ma-
TeMaTHIECKHH aHAIN3 Pe3yJbTaTOB COBMECTHOT'O PElleHNsA HECKOABKNX (IO YHCIy B3aumMoelcTByomux Y B)
HEJTMHENHBIX aarebpanvdecKuX ypaBHEHNI, CBA3BIBAIOIINX 3HAYEHNA TapaMeTPOB Mepe I 3a (PPOHTOM KaXK JOTO
CY ¢ HeOBXOMMMOCTBIO CENEKITNH PEEHNH BCAeCTBIE NX Hee TMHCTBEHHOCTH, HATJISAHBIM I'pa(UaeCcKIM CIIOCO-
6oM moydenus pemrenus. [laHHBIN coco6 feftaeT caM MPOIECC MOJYYeHNA PEMIEHNN U UX aHAJN3 CYIIECTBEHHO
60Jiee SICHBIM U JIOTHYHBIM, & BEIOOD HEOOXOIMMOT'O PEIEHNUs B CAyYae NX HeeTUHCTBEHHOCTH BBHI3BIBAET 3HAYM-
TeIBbHO MEHBIIE 3aTPY THEHWIH.

Mox momspont yaapHOU BOJHBI, WIH TPOCTO YAAPHOU MOJAPOH, IOHUMAETCA COOTHOINEHNE, CBA3BLIBAIONIEE

yrOJ OTKJIOHEHUS NOTOKA § U OTHOWIeHNe AaBieHull & = py /p_, rie py — AaBieHue 3a, a p— — nepej PPOHTOM
CY, npu napaMeTpryueckol 3apucuMocTh oT yncia Maxa M_ u ek THBHBIX ToKazaTeel amabaThl Y4 U Y—
f(gagaM—aPy—’PY-l-):O' (1)

T'padiraeckn HATOCTPHPYOLIad 3aBHCUMOCTE (1) KpuBas, cOGCTBEHHO W HasbiBaeMad yAapHON MOJAAPOH (B
panpHeiniem — YII) B miockocTn

(z,y) = (0,8), (2)
ABAAETCA 3aMKHYTON KPUBOU, OTPAHNIEHHON 3HATCHIAMMN
gmin < 0 < gmax ’ gmin < € < gmax (3)

1 3epKaJbHO CI/IMMCTpI/I‘IHOI‘/’I OTHOCHUTEJBHO HpHMOfI
0, = 0~5(6min + gmax) . (4)

Kouxperasiit Bug (1) B (2) u mogpo6usiit anaans YII npn Bapwaiun v, y— 1 M_ | onpegensmonye 3Hade-
HusA (3) - (4), npusogarcs s [10].
Bce Tuner Y1I (1) apadioTcsa fBy3HAYHBIMI KPUBBIME KaK [ 3aBHCHMOCTH
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TakK u /Ui 0OPATHON 3aBUCHMOCTH
0=10(¢), (6)

06pazysa COOTBETCTBEHHO BEPXHIOK I HIKHIOW (D), a Takxke JeByo U npaByio BeTBH aad (6). s onpejeneHHO-
cTi B (5) BEPXHIOK BETBH Ha3bIBAIOT CHIABHBIM, & HIKHIOK — c1aGbiM pemerneM. Jlas (6) cHIBHBIM pellleHIeM
OTIpe/le/IfieTCA paBas, a cllabbiM — JeBasd BeTBb, ecan f; > 0, a npu f; < 0, Ha06OPOT, CHIBHBIM pelleHneM —
JeBas, a crabbIM — TpaBas BETBb.

Ha puc. 3 mpeacraprenst YII aaa 3agaunm ¢ GUKCHpoBaHHBIME 3HadeHUAMEu uncia Maxa My = 5, yraa
BepXHero KanHa ) = 25° u Bapualnei yria HIKHero KanHa J2 = 35°, 30°, 25°,20°, 15°, 10° (puc. 3,a,b,c,d, e, f
cooTBeTcTBeHHO). [ToKazaTenb afnadaThl [a30BOl CPebl ¥ HEM3MEHEH BO BCEX 30HAX TEYEHHA: Yo = Y1 = Y2 =
Y3 = Y4 = 1.4.

s

=40 =20 u} 20 a0 9

PP PP P P PP B et e S PR

-40 =20 u} 20 L -40 =20 u} 20 a0 5

-40 =20 ] 20 40 =] -40 =20 ] 20 40 5

Puc. 3. Toasper magarotell 41 1 ABYX OTPaXeHHBIX 7] U I’y YAAPHBIX BOIH P (PUKCHPOBAHHBIX 3HAYMEHIAX

My =5; v =1.4; 8, = 25° u Bapmanun F = 35° (puc. a), 30° (b), 25° (¢), 20° (d), 15° (e), 10° (f)

Ha nagatonmx ¢ kanabeB BHYTPEL obaactu CY i1 U i MPOUCXOAUT pazBOPOT MOTOKA ¢ yriaamm 6 = [
u 0y = —f». 3nech u HEXKe 3HAK @ OmpefeaseTcs HalpaBJIeHHEM DazBOPOTA TeYEHUS OTHOCHTEIHLHO BEKTODA
HaGerafolero MoTOKa: YT o HOAOKUTENEH IPH Pa3BoOpOTE 10 9acOBOl cTpeike (HampuMmep, yroa ¢y Ha puc. 1)
I OTPHUATENEH PN Pa3sBOPOTe MPOTHB YaCOBOH CTPEIKH (HAIpHMep, yroa s Ha puc. 1).

TTocKoaBKY 2 = 71, TO yJapHBIe MOMAPHI CKAYKOB i1 W 4o (B KaabHeHmeM masd kpaTkocTu I1-ip, TI-is u
T.7.), onpefensemble no (1) ¢ 3amenon mHaekco -7 mHa “0”) “4” wa “1”7 (maa I1-¢y), “+” Ha “2” (maa T1-is),
comagatoT. Ioasaper oTpaxeHHBIX CY 71 U rg CBA3LIBAIOT BeAHYHHHL B 30HaX 3/1 u 4/2 (cooTBeTcTBEHHO +/-
B (1)).

st Toro 9To6Hl aJeKBATHO COMOCTABATH NOAAPEL [1-i1, TT-ig, II-r1, TI-r5 Ha ogHON miockocTw (2), yaobHee
Bcero mpopecTn nepeHopMUpOBKY moaap II-ry u II-ro k nepemennbim [1-27 u I1-25. ITpu sTom Il-ry cmeraeTcs
“BBepx—BIpaBo” u “ommpaetrcsa’ Ha TouKy Il-¢; ¢ KoopanHaTamn (61,5(61)), a Il-ry cMmemaeTcs “BBepX—BaeBO”
u “onmpaerca’ Ha Touky Il-i2 (HamomHHM, 9TO B jgaHHOM ciaydae Il-iz coBmagaer ¢ II-4;) ¢ KoopguHaTaMN
(—62,5(—ﬁ2)). CooTBeTrcTByMoline ToUKn “omop” as m by moxazanwl Ha puc. 3d.
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Pacnonoxenne Touek momapHoro nepecederud noasap (I-iy u M-ry), (TT-dg u -ro), (TI-ry u I1-rq) xapakTe-
pHU3YyeT BO3HUKAIOIIYIO YIaPHO-BOIHOBYIO CTPYKTYDY Tedenus ¢ popmupoBanueM PO u/uan MO. Tepecedenne
I1-4y ¢ II-ry u I1-25 ¢ II-r5 ompegenseT MaxOBCKUU THII OTPaXKeHNA, KOTOPBIA U Oy JeT PacCMaTPpUBATBLCA B HTOM
MyHKTE TaHHBII PabOTH.

CrenaeM HEKOTOpOe BaxKHOe oTcTyiLieHHe. Boobie roops, noasapsl 11-¢ u [I-r B kiaccudeckoMm cay<wae
HEM3MEHHOCTHU CBOUCTB ra3oBoll cpeabl Ha CY mepecekalTcss B Tpex TOYKaX, BKAWYasg Todky “omopbr” II-r
ua [I-i. DTu Toukm oTmedensl Ha puc. 3d Kax TOYKH &, a1, az. TakuMm o6paszoM, UMeeT MeCTO HeeqUHCTBEH-
HOCTBH DEIeHNs, MTOCKOABKY BO3MOXKHEI Tpr KoHpurypatun MO ¢ pazanvHbIME 3HAMEHUSME yTJa HallpaBJIeHIA
HOTOKA B CIYTHOH cTpYye O4, 4, , 04, U JaBIEHUA B HEN Do, Pa,, Pay- 1DETHE perieHue (4, Dg,) MOKET GHITH
HCKJIIOYEHO W3 PACCMOTPEHNUs, MOCKOMBKY SBAAETCH BRIPOXK JEHUEM Y IapPHOU BOMHBI B BOJHY OECKOHEYHO MAJOH
HHTEHCHBHOCTH.

PaccMoTpuM [1Ba HETPHBHAABHBIX pellleHUA (TOYKH ¢ U ai). [l yriioB HalpaBIeHHsA CIYTHOI'O MOTOKA
HMeeT MeCTO COOTHOIIEHIEe

Oy < P1 < b4, (7)

Takum obpaszom, us (7) caeayeT, 9To TepBoe pellleHne (TodUKa @) 0OeCHedHBAcT Pa3sBOPOT MOTOKA Ha
¥B r{ mpoTuB 9acoBOll CTPEJKH MO OTHOMIEHUIO K HAIPABAEHHUIO MOTOKA Hepel ee (DpPOHTOM. ITOT PasBOPOT
YMEHBIIIaeT YroJ HAKJIOHA 1 TedeHUs B CIYyTHOW CTpye K HAIPABJICHUIO BEKTOPa HaBGEralollero moTokKa, Wi,
TOBOpA [IPYTUMH CJIOBaMH, K IEHTPAJbHON JUHUU 3ajadn. BTopoe peleHme XapakKTepPHO [TOMOMHUTETHHBIM
JOBOPOTOM MOTOKa Ha YB r1 1o 9acoBoll cTpefKe, ¢ CYUIeCTBEHHBIM yBeandenneMm 1 (cMm. puc. 1b). Tlepsoe
pellieHre MOXKeT OBITH Ha3BaHO CIabbiM, & BTopoe — CHABHBIM MO (aHAIOTHYIHO c1aGOMY W CHIBHOMY PEIIeHNO
3a1a4q 0OTEeKAHUA KIANHA CBEPX3BYKOBEIM [OTOKOM T'a3a).

ITomaepxneM, 9TO He claefyeT MyTaTh, HECMOTPA Ha JUHTBUCTHIECKYTIO TOXK NeCTBEHHOCTH, clabble U CHIb-
HEIC COBMECTHEIE PElIeHHA BCEM 3aadl, KOTOpble IPeJCTaBIA0TCA TOIKaMH HepecedcHuA MoJAp, ¢ cob-
CTBEHHO BETBAMM TOIAD: CTaGLIMI (HIKHIMA HIW JEBBIMI) H CIUIBHBIMI (BEPXHUMI HJIH TPABBIMHE).

3aMeTHM, ITO, BOOOIIIE TOBOPH, CHIBLHOE PEIIEHE TLIOX0 COTIACYETCS ¢ TPEXCKAMKOBON CXEMOU CTPYKTYPHI
Tedenns (puc. 1 b), TpeSys, Kak MUHIMYM, €llle OJHOT'0 3aMBIKAOIIET0 CKadKa Ul JOBOPOTa MOTOKA B CIIYy THOH
CTpye K HalpaBIeHNIO, MapallelbHOMY (Man GAN3KO K HEMY) BEKTOPY HaGeTamolIero moToKa.

S3aIuIireM BCIO yIapHO-BOIHOBYIO CTPYKTYPY, COCTOAIIYO 3 ABYX nagatorux CY i1 i is, ITBYX OTPaKeHHBIX
CY 71 u re, a TaKKe CBA3BIBAIOIIErO X neHTpaabHoro CY m, B CHMBOJIMYECKOM BIH /e

MO = i1 +is+m+ri+rs. (8)

Beeniem s (8) BepxHIe WHIEKCH, 0603HaYad craboe pelleHHe TNTEPOH w, a CHAbHOE — JINTEPOH §.
TeopeTudeckn BO3MOXKHO CYIIECTBOBAHHUE IEAOT0 CEMENCTBA BOJHOBHIX KapTuH. OCHOBHAs, Habm0aeMast
B DKCIIEPUMEHTAX KapTHHA COOTBETCTBYET “MOMHOCTBIO CAaboMy”’ DEIIEHNTO

wwww > W > W w w
MO = i 4 +mry + oy (9)
He mpoTuBOpednT (pusmvIecknM 3aKOHAM COXPAHEHUA W “IIOMHOCTHIO CHILHOE” pellleHte
MO =i +i5 + m+ri +73. (10)

TeopeTndeckn Bo3MOXKHEL, KpoMe (10), eme 14 kombunanmii “cMemanteix” pemennii MO ¢ wHaekcamn:
WWWS, WWSW, WWSS, WSWW, WSWS, WSSW, WSSS, SWWW, SWWS SWSW, SWSS,SSWW, SSWS, SSSW.

B 1eiom ke BOIIpOC O celeKnNM PEIeHull TPH NX HeeTUHCTBEHHOCTH BeChbMa He TaK MPOCT, KaK 3a9acTyio
€r0 MBITAIOTCA TPAKTOBAThH, apTyMEHTHPYS HEBO3ZMOKHOCTEH CYIIECTBOBAHUA CUIBLHOTO PEIIEHNUS WIN HEKHMMUI
“SHTPONMUHBIME® COOOPAKEHUAME, W JOKa3biBasd (3aMeTHM — B JHHEHHOM HPUOINKEHHN) €ro HEYCTOHYH-
BocTh. OHAKO 5Ta mpobiaeMa JeXUT BHE PAMOK HACTOSIIEN paboTHI, U HIKe 6YIYT aHATU3NPOBATHCA TOIBKO
ciabbie perenns (9).

Takum o6pazoM, B rpadudeckoM aHadmze OygeT PacCMaTPUBATBHCSA TOMBKO eIMHCTBEHHAS TOYKA @ Tepe-
cevenns geBon BeTBu II-r; Bepxuen BeTBbio I1-4; W egmHCTBeHHasa Todka b mepecedenus mpapon BeTBu [I-r9
¢ BepxHell BeTBBIO [l-iy; 5TH TOYKH OTMeYeHBI Ha BCeX pHC. 3 (TOYKH a1, @z, by, bz, ¢; OTMeUeHBI TOJIBKO Ha
puc. 3d).

BoaMoxkHOCTE CyIIeCTBOBaHMA MaXOBCKOT'O OTPAXKEHNS OMPEIeIAeTCS B3ANMHBIM ITOJOKEHNEM TOYEK @ 1 b,
gakTuIeckn cooTHoImenneM nux abcuuce 0, u 0y, Naa YB r1 MO maspiBaeTcs:

1) npameiM, ecan f, > 0;

2) craunoHapHBIM, ecan 6, = 0;
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3) mHBepCHEIM, ecan f, < 0.
llasi YB ry, coorBeTcTBerHO, HaoGopoT: MO — npsawmoe, ecan 8, < 0, u mHBepcHOE, ecan B, > 0.

psameie MO YB 71 mMetoT MeCcTO AJs1 BCeX BAPUAHTOB 3aa€H, MpPeICTaBIeHHBIX Ha puc. 3a—3e. lag YB
ro peaauzytorcsa: npamble MO — B BapmanTax puc. 3a,b,c n uaBepcabie MO — moxaszanwl Ha puc. 3d,e,f.
Tpu sToM GOPMEPYIOTCA CleyolIe THIH TPYOOK TOKA BHIXOJHOTO CIYTHOTO Te4eHUA (OrPaHHYeHHOTO HAa
prc. 1b ITPHXOBBIME JTHHUAMMA): CYKAMOMAACA, TapaIeIbHAd WIH PACIIHPAIONIAACH, €CJH COOTBETCTBEHHO BBI-
MOMHSATOTCA YCAOBHS

6(1 - Bb > 0; (11)
00— =10, (12)
6, — By < 0. (13)

3amMeTHM, 9TO TpH BHIOIHeHNN (12) BO3MOXHO cyliecTBoBaHue cTamroHapHoro MO.

BoaHoBas cTpyKTypa, yaoBaeTBopaomad (13), He nMeeT HU3HTECKOT O CMBICIA, TTOCKOIBKY J03BYKOBOE Te-
veHne 3a QpoHTOM HeHTpaabHoro CY m (puc. 1b) He MoxkeT (PoOpMUPOBATH PACHIEPAIOMIYIOCA TPYOKY TOKA.
Taxum obpazom, yciopue (12), nazpiBaeMoe ycaopneMm HefimaHa, oTgender obaacts (13), rae sanpemenst MO,
ot obmactu (11), rge Bosmoxuel u PO, w MO. B mapameTpndeckoM MpOCTpPaHCTBe 3aadu ycioBue Helm-
aHa OlpeenseT TOYKY 6udypKalll PEMIEHNs, OTIeAAONIY 0 061aCTh CYIIeCTBOBAHUSA €INHCTBEHHOT O PEIIEHIS
(BoaMOXHO TOIbKO PO) oT 06macTh CylecTBOBaHUA TBOHHOTO pelleHns (BosmoxHubl 1 PO, n MO).

3aberas HECKOJIBKO BIlepeT, yKaxeM, 9To B ob6aacTn (11) cymiecTByeT BTopad Toqka 6udypKaIni PeleHn,
OTAEIAONIY IO 06MacTh CYNIECTBOBAHHA NBOHHOTO peiterns (BosMoxHbl 1 PO, 1 MO) ot obaacTn enHCTBEH-
HOCTH pellleHnsa (Bo3aMoXKHO Toabko MO).

3. HeeAWHCTBEHHOCTE pelleHHI OJAHOTO THMa. PeryispHoe oTpaXeHHue: caabbie M CHIbHBIC
peureHns. Bo3aMOXHOCTE CyIIECTBOBAHUS yAaPHO-BOJHOBOU CTPYKTYPH ¢ 06pa3oBaHmeEM KapPTHUHBI PeryJsp-
HOTO oTpaxkeHHA (puc. la) ompefeiserca HATHYNEM WIH OTCYTCTBHEM TOYEK MepecedeHnsA yAapHBIX TOIAD
-ry u [-r5. [as uukaa 3agad ¢ GUKCHPOBAHHBIM 3HAYMEHMEM yTia BepxHero kiamhHa 1 = 25° m Bapmaimen
3HaYeHNH yria HIDKHero kauHa J2 = 35, 30°, 25°, 20°, 15°, 10° (puc. 3 a—3f cooTBeTCTBEHHO) HTH TOADH! He
mepeceKanTCsa TOABKO TP G = 35°%; caenoBaTenbHO, B 5ToM cayiae PO HEBO3ZMOKHO.

[pu apyrux sHadenusx (2 CyIecTBYIOT aBe Touku mepecedenus Il-r; m Il-ry, KoTopble moKazaHbl Ha
puc. 3d, — Touku ¢ u ¢; (Ha APYTHUX puc. 3 TOYKA ¢1 He MAPKUPYETCA BO M36exaHne M3MHIITHETO 3ar POMOK TeHIA
prucyHKa). Jlia onpeIeeHHOCTH 5TH TOYKH 0603HAYAIOTCA B COOTBETCTBHI CO 3HAYEHHEM HX ODINHAT

€e < Eoy. (14)

Peutenne (0.,&.) onpegeanm kax caaboe, a (¢, ,&:,) — Kak cuabroe. Ellle pa3 3aMeTHM, 9TO He ClejyeT
[IyTaTh, HECMOTPA Ha CXOACTBO TEPMIHOJOTH, Claboe U CHIBHOE COBMECTHOE DellleHHe BCel 3a1a4n (TOYKH ¢
U €] MepecevdeHns ABYX PA3HbIX MOJAP) C NOHATHEM CAAbOT0 MM CIJIBHOTO DEIIeHNA A KAXK KO HOMAPHL 0
OTAEIBHOCTH KaK HEKOTOPOTO MHOXKECTBA pellleHnH (1), cCOCTaBAAIONINX OAAPY U ONPEIeNAEMBIX TPHHAJIEK-
HOCTBIO K TOH W/H HHON BETBH MOAAPHI (CHABHBIE DEMIEHHA COCTABIAIOT BEPXHIOW, a clabble — HIKHIOK BETBB
TOJSAPHL).

Cuiproe (mo (14)) pemeHne MoOXKeT GHITH TOYKOH MepecedeHns Kak BepxHux BeTeeil YII (puc. 3b—3e),
Tak W HIDKHeH BeTBH II-r1 u BepxHell BeTu II-rp. AHajsornwro u ciaboe pellleHHe 3ajadn (TOYKN ¢ Ha BCEX
prc. 3) MoXeT GBITE TOYKOI IMepecedeHnsa KakK ABYX HIJKHWUX, TaK W OTHON HHUXKHEH W OTHON BepXHeN BETBBIO
MOJIAD, HECMOTPA Ha TO, IT0 Ha BCeX MpejcTaBaeHHbIX puc. 3b— 3 f ciaboe pererne onpeenseTcs nepecedeHneM
TOAbKO HIKHUX BeTBel [I-rq u II-rs.

DTO CBA3AHO TOJBKO ¢ GOMBIINM [IArOM mMapaMeTpa (32 B TpecTaBleHHBIX padukax (Afy = 5°). Tlpn
6omee MeIKON BapWalllii [z, €CTECTBEHHO, CYIIECTBYeT KPUTHYeCKOe 3HadeHWe (5, mpum koTopom [l-rq m II-
r9 KacaloTca ApYyT JApyra, T.e. UMEIOT eJIHHCTBEHHYIO TOYKY TepecedeHis; B HTOM clydae CHIAbHOe U ciaboe
petienns coBragatoT. /s fanuol 3aqasu Npu 3HAYMEHUAX APYTuxX napameTpos: Mg = b u 81 = 25° kpuTndeckoe
snadenne Gy = 30.1° (cm. 6amskuit K aTomy puc. 3b, rge fz = 30°).

Paccmorpum HeckodbKo 6oiee moApoGHO, KAKUMH MWMEHHO BETBAMU MOJAP 06paszyeTcs TOYKA KACAHUA.
OdeBUHO, MIA CHMMETPUYHOW 3ajaquu, HaOpuUMep Npu PUKCUPOBAHHBIX (1 = (o u Bapuanumu My mid moucKa
KpuTHdeckoro sHadenud My (531, fz2) , TOAApHL, 6y 1y 9l 3epKaJbHO CHMMETPHIHBIMI OTHOCHTEIBHO OCH ODIHHAT,
KOCHYTCA APYT ApYTa CBOWMH “MakCHMAIBHO yIaleHHBIMEH® TodkaMu (3): (Hmax,é’(ﬁmax)) — JIEBOU MOJSAPHI U
<9min, 5(9min)) — MpaBOW MOJSPHI. DTH TOYKH €CTh TOYKHN MEPEX0Ta HUKHAX BETBEH MOMAD B BEPXHIUE.

[l HecUMMeTPUYHON 3a1avi, MOKa3aHHOW Ha PUC. 3, YMEHbBIIeHe BapbUpyeMoro mapamerpa (2 oT 35°
K 30° OpHBOANT K YBEAWYEHHIO I'eOMETPHYECKOTO pasMmepa II-ro u ee mpubanmxkennio K II-ry (cM. pmc. 3a-—
3b). Kacanwe moasp oCymIeCTBHTCA TOYKAMH, PHHALICKAIINMI: clleBa — BepxHell BeTu II-re, cupaBa —
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HIKHER BeTBH Noadpsl [I-r1. TIpn ganpHefmeM yMeHbImeHHR [y (cM. puc. 3¢—3d) Toukn mepecedeHus mOIAD
06pazyoTCA, KakK yiKe OTMETANIOCh BHIIIE, CIeYIONINMI BETBAME MOJAP: TOUKa ¢ (caaboe pelieHne) — HIKHIMI
BETBAMH, TOYKA ¢1 (CHIABbHOE PellleHne) — BEPXHUMHE BETBAMII.

Takum ob6pazom, caeqyeT TOAYEPKHYTH BaXKHBIN (PaKT, ITO I HECHMMETPUIHBIX 3aj]a9 BOAM3N TOYUKH
KacaHUs CYIIeCTBYET OYeHb HeGOMBINON [Uala3oH 3HAYEHNH BaphUPYEMOTro MapaMeTpa, B KOTOPOM ciaaboe pe-
[IeHHe Beell 3amadn (T.e. COBMECTHOE pellleHne) GyaeT 06pazoBEIBATHCA 00A3ATENBHO ONHIM CTaGbIM H OTHIM
CHIBLHBIM Y1apHO-BOAHOBLIM pertieHreM (1). 3aMeTnM, 9T0 B JaHHOM CIyd€ae 3TOT JHATNA30H COCTABIAET BCETO
okomo Afs &3 0.5°, 9T0 desaeT 3KCIEpUMEHTAJBHBIE NCCAEJIOBAHUS, C TMOCIEAYIONINM CDABHEHNEM C BBIYHCIM-
TeNbHBIMU pe3yJabTaTaMy, BeCbMa 3aTPYAHUTENBHBIM.

B cBA3u ¢ aHAIM30M, POBEEHHBIM BHIIIE, apryMEHTHI, MPHBOANMEE A NOKa3aTelbCTBa (ToUHee, s
HEKOTODHIX OOBACHEHNUH), YTO CHABHOE DellleHne “B MPHHINIE HIUKOTIa He PeanusyeTca’, TPeNCTaBIgIOTCA
MajgoybeuTeabHBIME. [|eNCTBUTEABHO, TIOKA B DKCIIEPUMEHTaX 0GHAPY KUBAIOTCA TOJBKO caalble pPelleHns

POV Y = it i vl 4y

Ho ¢msueckne 3akoHBI COXpaHEHHA JOMYCKalOT (BO BCAKOM Clydae He TPOTHBOPEYAT) CYIIECTBOBAHNE KaK

MOMHOCTHIO CHIBHBIX
PO =4 + 15 + 41 + 13,
Tak 1 14 BapnaHTOB “CMeIIaHHBIX” PEIIeHNH wwss, ssww u T.7. (CM. BHIIIE).

Onnako ganaas npobiaeMa TpeGyeT 0co60ro MCCaeIOBAHUA W TaKXKe JeKNT BHE PAMOK HACTOSIINEN paboTHI,
MOTOMY Jafiee PacCMaTpUBAIOTCA N aHAIH3NDPYIOTCA TOMBKO clabble pellleHusA (TOYKN ¢ mepecedenusa II-rq u
H—?“z).

4. HeeIMHCTBEHHOCTL PENICHUH PA3HBLIX THIOB: MAXOBCKOE M/WJIH peryJapHoe OTpaXKeHHe.
PacemoTpum BamsiHue Bapuannn yria Jo OpU MOCAEI0BATEILHOM YMEHBIIEHIH €r0 3HAYeHNA Ha (DOPMUPOBaHIE
YIapPHO BOJTHOBBIX CTPYKTYD TEYMEHIUS.

Tpu B = 35° (puc. 3a) wer mepecedenns II-ry u II-ry W CymecTBYIOT TONBKO TOYKH Hepecedenns I1-
iy m IT-ry (rouxa a) u II-4; u II-ry (Touka b). Takum o6pasoM, IpH pacCMOTPEHHOM HabOpe ONMpPeTeqArOIHK
mapaMeTpoB My, f1 1 2 BO3MOXKHO TOJBKO MaxOBCKoe oTpaxkeHme. Kpome Toro, 310 MO sABisgeTcs TpAMBIM
KaK /IS BEPXHEN, TaK W /s HUXKHEN oTpaxeHHon Y B.

YMenblneHne F2 1o 3Hadennd 30° (puc. 3b) IpUBOANT K TOAB/EHIIO TOYKH ¢ mepecedenus 11-r1 u [I-rg, B
JAHHOM CJay¥ae MOXKHO CINTAaTh — TOYKH KacaHus. [losTomy mHapsamy ¢ npsameiM MO cTaHOBHTCA BO3MOXKHOM
yaapHo-BoaHOBas cTpykTypa ¢ PO. Takum o6pazoMm, B mapaMeTPUYeCKOM TPOCTPAHCTBE 3aa<h CYIIECTBYET
TOYKA

62 :62**(M0a61a7)a (15)
KOTOpas ABJIAETCA TOUKOH (BepxHEN N0 (2) GupypKaUNN PEIleHNs, OrpaHHYHBaoIell 06IacTh
fo > B3" (16)

eTMHCTBEHHOCTH DPEIEH s, I'jle BO3MOXKHO Toibko MO, oT obmacTu

B2 < 5" (17)

HeeJMHCTBEHHOCTH, T'le (B HEKOTOPOM Aala3oHe) BO3MOXKHO cyiiecTBoBanne kKak MO, Tak u PO. I'pannna (15),
HasbIBaeMas yCIoBHeM oTfeneHus [1], mis paccmaTpuBaeMoit sagadn My = 5, /1 = 25°, v = 1.4 ectb 3% =
30.1°.

Hamomunwm, 910 B o6aactu (16), Boobie roBops, HMeeT MeCTO TPaHULA F2 > (max TPUMEHIMOCTH MO IEAN
CY, IpucoeIMHEHHOT O K KANHY; IPA J3 > Bpax 00pazyeTcsa TedeHne ¢ OTOIIENIINM CKa9KOM 1 COBEPIIIEHHO IPY-
Ol y1apHO-BOJHOBOM KApTHHON, 9eM HpejcTaBieHHble Ha puc. 1. Takoe ke orpanudenne Ha pacCMaTPUBAEMYIO
MOJIelb UMEET MeCTO U Mo yIiay [i.

Hampreiiiee ymenbinenne F2 1o 25° (puc. 3¢), T.e. 10 3HadeHns ) = (2, €CTECTBEHHO, MPHBOANT K CHM-
MEeTPUIHOCTH TeIEHUA: TOUKA ¢ JeKUT HA OCH OPAUHAT, a TOYKY & W b 36PKATBLHO CHMMETPUIHBI OTHOCHTEILHO
Hee. DTO Takke 06JaCcTh HEeINHCTBEHHOCTH PelleHnus: BoaMoxkHo Kak PO, Tak u mpsmoe MO.

Ymenbinerne 2 go 20° (puc. 3d), ocrapasasa peleHne B 064acTN HeeAMHCTBEHHOCTH, TPUBOIHT K H3Me-
wennio Tuna MO: B BepxHell YacTm TedeHHs peaqumzyeTcsa mo-mpexuemy mpsmoe MO, a B mmxuen — MO
cTaHOBUTCA WHBePCHBIM. [Ipu 3ToMm BoaHOBas cTpykTypa MO sABisieTcss yCTONYUBOM, MTOCKOABKY (hOPMUPYOIIIe-
ecd 3a CKadYKaMM CIlyTHOe TedeHHe XapaKTepH3yeTcd cyKatolelica TpyOkoll Toka (BuomHAeTcA yeaosne (11),
KaK 1 B MPeIbLIYIINX BADHAHTAX ).
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HMampreiiiee ymenbinerne o no 15° (puc. 3e) u naaee no 10° (puc. 3f) npuBoanT k ToMmy (cM. pacmoao-
KeHWe TOYeK @ 1 b), 4T0 BEINOAHAeTCH ycaoBue (13), T.e. TpyOka TOKa CIYTHOT'O TedeHWs CTAHOBHTCA Dac-
Xomdmencd. JTa BoaHoBasg cTpykTypa MO dusndeckn Hepeaamayema, TMOCKOJAbKY ABIAETCI HEYCTOMIMBOW —
MO3BYKOBOE TeveHNe 3a MeHTpadbHbiM CY m He MOXKeT POPMHUPOBATH PACIIHPAONIYIOCA YCTOMIUBYIO TPYOKY
TOKA.

3aMeTuM, 9TO TpapuaecKull aHAIN3 JdeJaeT HEHYXKHBIM YHCJACHHYIO MPOBEPKY BHITOJHEHUS YCIOBUU C HO-
mepamu (11) - (13): ecin ToIKa ¢ HAXOAUTCA BHYTPH 061acTH TOAAPEL [1-i1, TO MpH 5TOM HaBOPe ONMpeTeAArOINK
mapaMeTpOB BO3MOXKHO TOIBKO PO.

Taxum o6pasom, HapaAy ¢ (15), B mapaMeTpuYecKOM TPOCTPAHCTBE 3aJatdi CYIIECTBYeT TOYKa (TP HTOM
rpaduYecKn Bce TOYKH d, b, ¢ COBIAJAOT)

62:62*(M0aﬁ1a7)a (18)

KOTOpas ABJIAeTCA TOUKON (HIKHEN 1o () GudypKAIUN DelleHus, OrpaHmYnBatolell 06.1acTh

B2 < B5 (19)

eIMHCTBEHHOCTH DEIIeHHA, TJe BO3MOXKHO Toabko PO, 0T 061acTH Hee IMHCTBEHHOCTH, T e (B HEKOTOPOM Jna-
ma3oHe) BO3MOXKHO cymecTBoBatue Kak PO, Tak w MO.

I'pannma (18), HasbiBaemas ycaosuem Heiimana [1], gaa paccmarpupaemoil sagaun My = 5, 51 = 25°,
v =14 ectb 2 = 17°.

CoraacoseiBad ycaopusa (17) n (19) u o6peaunsas ¢ >tuM yeaosua (15) u (19) B equHyRo 3amuch, WMeeM
CaeyIONINe MUAala3OHbl Y apHO-BOJHOBLIX CTPYKTYD:

Ba < By, BO3MOXHO Toabko PO;
By < Po < B, Bozmoxkno u PO, mw MO; (20)
G2 > 057, BO3MOXKHO ToJabKO MO.

[l pacecMaTpuBaeMoOl 3a/jatdi ¢ YCJIOBUEM HEM3MEHHOCTH TOKazaTeds ajnabaThl BO BCEX 30HAX TeYeHUA
~ = 1.4, suavenmsavu My = 5 u §; — 25° mMeOT MeCTO TPaHUILI CMEHBI Y IAPHO-BOJHOBHIX pekuMoB J% = 17°,
6** — 300

3aMeTHM, 9TO IOMUMO OTIPeIeeHnsA TPAHNI PEKMMOB, TEXHUKA Y IaPHBIX MOJAAD JelaeT BO3ZMOKHBIM MOIY-
YeHHe YNCAOBBEIX XapaKTePHCTHK TedeHnH (puc. 1 a,b): onpeeasoTces OTHOCHTEABHOE I aBCOMIOTHOE 3HATEHIA
MaBJEHNS U yTila OTKJIOHEHUA TOTOKA Ha pponTax Bcex CY | a Mo HUM — 3HAY9EHNA BCEX OCTAJIbHBIX a30/ImHAa-
MUYECKUX MapaMeTpoB U YIVIOB HAKJIOHA yIapHBIX BOJH BO BCEH OOJACTH TEYeHUS.

B sakmiodenue ciefyeT KpaTKO OCTAHOBHTLCA Ha CAeAyiolieM Bompoce. [IpaMoe ducienHOe MOJeInpoBa-
HIle TevYeHWI Ha OCHOBE, B YaCTHOCTH, YpaBHeHHH Jiijepa, B 00IacTH HeeJUHCTBEHHOCTH PeIIeHHs CTABUT
cBom ocoGhie, crenududeckne MpobaeMbl. [T0CKOMBbKY BHIMHCAUTENLHBIH AJTOPUTM MOXKET HOAYIATH TOABLKO
KaKoe-TO OJTHO OIpeJelleHHOe pellleHre, TO BO3HMKAIOT BONPOCH: Kakoe 5To peirerne (MO mwm PO), kaxme
daxToOpHI BAUAIOT Ha TOJYYeHTe NMEHHO >TOr0 perenna. Hanpumep, KakoBbI 6aCCEeWHBI TPUTAKECHUA PEICHIA:
MpPHU UCTOJB30BAHUN PABIUIHBIX HATAMbHBIX JaHHBIX, €CAU UCTOMB3YIOTCA METONB YCTAHOBICHNA; IPH BAPUAIINA
OPYTHUX AT OPUTMHUYECKUX HapaMeTPOB — Pa3zMepHOCTH W KOH(MUTYpAIUN pacieTHOW ceTKu u T.1. MHTepec-
HBIM ABJAAETCA BOIPOC O XapakKTepe BEIMUCAUTEALHOTO Mpoliecca BOIM3N TOYeK GUdYPKAINT DEIeHN: eCTh JI1
CTIOHTAHHBIE TIEPEXOJBI C OJHOU BETBU PEIeHUs HA NPYTYIO, B OCOGEHHOCTH MPH TMOMBITKE MOJYYUTh B (hIHATE
OJIMH THUII PEIeHus1, CTApTYs ¢ Apyroro tuna? Wiam arropuT™ “caMocTOATeABHO olpeaeaseT” TOALKO OUH THII
PeIeH s, MOMHOCTHIO UTHOPUPYSA APYTOR?!

[MoguepkHeM, 9TO OCHOBHOU “OMACHOCTHIO” MPAMOTO YUCJIEHHOTO MOAEAUPOBAHUA CIOKHBIX 3a7ad azo-
BOU TMHAMUKH B MAJOW3yYeHHON MW BOOOIIE HEU3YUYeHHOU O6MaCTH, T e HeT MO AePKKH Hi AHAJIUTHIeCKAME
COOTHOITIEHUAMH, HI SKCIIEPIMEHTAILHBIMUI JAHHBIME, CIY KAIUME ONPEIeJICHHBIM OPUEHTHPOM , ABIAETCA BEPO-
ATHOCTH TOTYHYeHHA KaKOTO-THG0 “coGCTBEHHOrO” pellleHus (cM., HampuMep, [12, 13]). DTo ocobeHHo KacaeTcs
pazpaboTaHHOTO B MOCAEHEe BPEMs GOJBIIOTO KOAUYECTBA AJTOPUTMOB TaK HAa3BIBAEMOTO “TOBBIMIEHHOT O
MOpAAKA TOTHOCTH W UX TPUMEHEHUA A pacdeTa 3a4ad cO CJIOKHON yAapHO-BOJTHOBOU kKouuTyparmen. Ha-
npuMep, B paborax [14, 15] 6bLI0 TOKa3aHO, YTO BCe NPUMEHEHHBIE ATTOPUTMEL Malll Pa3indHble (HEKOTODHIE
Kap/WHAJIBHO) DEIleHIA ONHON U TOH JKe 3ajadi.

[MosToMmy TeopeTuyeckue UCCIeAOBAHUSA, BBIABIAOIIE 0COObe 06JACTH NOBEAEHUA PENIeHU, BHOBL CTa-
HOBATCA BEChMa BaXXHBIM DJEMEHTOM MPONBHKEHUA YHCJICHHOO MOJEAUPOBAHUA B OOGMACTH THNEP3BYKOBBIX
TedeHUN peaqbHOTO ra3a.
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5. HeeiMHCTBEHHOCTE pelllecHUN: BANAHME MOKAa3aTedd agumabaThl. B KIaccHIecKol MOJEIH He-
H3MEHHOCTH CBOICTB Tasa yAapHO-BOIHOBBIE CTPYKTYDPHI pacCMaTpUBaeMOl 3ajgadn (puc. 1) omperensiorcsa
CAeYIOUINM CIIICKOM MapaMeTpPOB:

F. = (p1, 82, Mo, 7). (21)

PaccmoTpuM Guandeckn 6olee peadbHyio, B 0COGEHHOCTH /A BLICOKOCKOPOCTHBIX TeYeHHI ra3a, Moelb,
YIATHIBAIONYIO M3MEHEHNE CBOICTB I'a30BOW Cpefbl TIPU TPOXOXKAeHHH moToka depes ¢pporThl CY. B sToMm
caydae crucok (21) pacumpsercs:

FT:(61a62aM0a70a71a72a73a74)a (22)

raev; (i € [0,4]) — nokasarenn agnabaThl B pa3iHyHBIX 30HAX TeUeHNs, pasrpanndeHHEX GporTamu CY (cM.
puc. 1). Boaee noapoGuo onucanie Mogenn >GGeKTHBHOTO MoKazaTels agnabaTsl, 061acTh ee TPHMEHIMOCTI,
rasogMHAMUYECKHe COOTHOLICHHs, OTINYHEe OT KIACCHIeCKOl Mojean npuseiero B [6, 7, 10].

TMapameTpsl (22) H3MeHAIOTCA B JHATA30HAX

MO S (1,00),

ﬁk S [Oaﬁmax], k= 1,2, (23)
726(1a5/3]a i=0,1,2,3,4.

3HadeHNE fpax B (23) onpefenseTcsa yeIoBHeM CYIIECTBOBaHUA NpncoenHeHHBIX CY, MpH KOTOPHIX NMEIOT
MeCTO yIapHO-BOJHOBBIE CTPYKTYPHI, IOKa3aHHble Ha puc. 1 a mam puc. 1b.

B 1aHHOM TyHKTe PaGOTHI HCCAEAYETCA BAUAHHE PEATBHBIX CBOHCTB CPefbl (IPH HCTIOAB30BAHUE MO IEIN
3P PEKTUBHOTO MOKa3aTensd aanabaThl) Ha 061acTh HEeTHHCTBEHHOCTH DEIIeHNdA, T.€. Ha MOJOKEHHE TOYEK G-
dbypkauum B napaMeTpudeckoM npoctpaHcTse (22). OeHka 5Toro BAUAHAA Oy I€T pacCMaTpUBATHCA HA OTHOM
I3 MCCaAeJOBAHHBIX BHIIE BapNaHTOB 3afadu: v = 1.4, My = 5, cummeTpudnas reomeTpus 1 = F2 = 25° (cm.
puc. 3¢). [as coxpaHeHHA CHMMETPHH NMPHMEM YCIOBHA Y2 = V1 U Y4 = 73 (OJMHAKOBBIE Ta30BBIe CPEIBI 3a
magatoummiu CY B 30oHax 1 # 2; 1 TakKe OJHHAKOBHIE Ma30BHIe cpefbl 3a oTpakeHHbME CY B 30Hax 3 u 4). 3Ha-
YeHHA Y1 1 Y3 OyIYT BAPbHPOBATHLCA MPAKTHYECKH MO BCEMY AMANA30HY CBOETO BO3ZMOXKHOIO M3MeHeHH:A (23).

Ha puc. 4a—4d npuBoasTcsa ynapHble moaAapsl npu 3Havernsax 1 = 1.4;1.3; 1.2 u 1.1 coorBeTcTBerHO. Ha
KaXJOM U3 3THX T'Pa(QUKOB MOKA3AHBI:

1) noasipa I-¢; ¢ ygapabiM nepexogoM B (1) o1 y— = v = 1.4 K v4 = ¥1;

2) cemeiicTBo noasp Il-ry ¢ yIapHBIM MePEXOIOM OT Y- = ¥1 K Y4 = 73 = 1.4;1.3;1.2;1.1 u 1.01 (xpu-
Bble 1 -5 COOTBETCTBEHHO).

Iloasapa I1-i5 TakiKe, Kak W B BapWaHTax, WIMIOCTPUPYIOMNX puc. 3, coBrnagaeT ¢ II-¢;. [Homaper II-i5 Ha
puc. 4 He mpuBOAATCA Bo m3beKaHNe HEHYKHOTO 3arDOMOXK IEHUS PUCYHKOB: BCIAEICTBHE CHMMETPHUHU 3aTa9N
Toukn ¢ nepecedenud [I-ry u Il-rg ecTs Toukn mepecedenus II-ry ¢ ockio opamHaT, a TOYKEW b (cM. puc. 3)
nepecevenns [I-rs u [1-¢] 3epKaqsbHO CHMMETPIYHBI OTHOCHTETBHO OCH OPAUHAT TOYKaM a mepecevderus [1-r; u
Ha puc. 4 Takke He npuogaTca. Ha puc. 4 Touku ay u ¢ (k € [1,5]) MapkupytoT TOUKH HepecedeHns TeBOH
HIUKHEN BeTBU kK — BapuaHTa ceMmencTBa I1-r1 cooTBeTCTBeHHO: ¢ BepxHell BeTBbio [1-2; 1 ockbio opauaaT. Huxe
paccMaTpHUBAIOTCA B OCHOBHOM ClIadble (COBMECTHEIE) PEIeHNsA; B HEKOTOPHIX CIydaax OyAeT IpOoBeIeH KPaTKHI
aHaan3 OCOGEHHOCTEN CHIBHBIX DEIeHIH.

Y AapHBIM HOJAAPaM B Tase, He MEHAIOIIEM CBOEro 3HadeHnd ¥ = 1.4 (MoKasaHHBIM paHee Ha PHC. 3¢), COOT-
BeTCTBYIOT Ha puc. 4 a moaspa [I-¢y u kpusas 1 cemeticTBa moasp I1-r1. Ocraabhbie KpuBbIe puc. 4 MPeCTABIIIOT
Y1I pearupytommx razoB ¢ n3aMeHeHIEM 3HaYeHNA Y Ha pporTe CY. 3aMeTuM, ITO MOAAPHI, CBA3LIBAIOIINE 3HA~
YeHUs Y 70 U MOCJe MPOXOXK AeHUA TMOTOKa depe3 Y B, mpeIcTaBisoT [Be CHTyallil: YMeHbIIEHIe W POCT 7.

[epBast, ¢ ToUKE 3peHUs PUINKE MPOIECCA, Hallle PEeAJu3yIONIAAcCs CUTYAINS: 33 CKAIKOM BO36Y K TA0TCa
JOTOMHUTENBHEIE CTEMEHH CBOGOBI (HAIPHMED, KodeOGaTelbHBIE) MOTEKY T'a3a U 3HAYEHHe Y YMEHbBIIATCH
(yOBIBaOIINe Y9acTKH KPUBHIX Ha puc. 2). Bropas curyauna mpefcrapigeT o61acTh MapaMeTpPOB Hepex i
3a PpPOHTOM CKAdIKa, PACIOIATAKIINXCA HAa BO3PACTAIOMINX yIaCTKaX KPHUBHIX PHUC. 2, HAPUMED B [MHAa30HE
TemmepaTyp oT 2400 g0 3300° K g1a gapsenma 10~3 atym mim ot 3100 1o 4200° K gaa gapienna 1 ata. Ha stmx
y9acTKaxX TOMUHUPYIONINM ABJISETCS He Mpoltecc BO36y XK feHUs KoJaebaTelbHBIX CTeMeHell CBOGOIBI MOJEKYT, a
UX AUCCOMMAINSA, BEI3BIBAIOMIASA POCT 7.

B panpHeeM Jid KPATKOCTH W3J0KeHNsA (YHCTO YCIOBHO) BBEJEM [UIA YTHX ABYX CHTYalNi H3MEHEHNS 7y
mpu nepexofne depes dhporT CY Tepmunogornio: BK-mepexon u [-nepexon (T.e. “Bo3byxKjaeHne KoneGaHU” 1
“maccormanus’” ). Tlepexon depes CY Ges maMmeHeHns y OyneM HasbBaTh K-mepexojoM (“Kaaccumdeckuil Tnm” ).

PaccMoTpuM HocaejoBaTeNIBHO POE 1 | Y3 U HX Pa3INYHBIX B3aHMHBIX KoMmOnHami. Ha puc. 4a (y = 1.4)
mpejcTaBleHa yaapHO-BOTHOBaA KapTuHa, B koTopoil YII i) asaserca K-mepexogom, a Bee YII vy (kpusbie 1 —
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Puc. 4. Tlonapsl Iagafommeil 41 I ceMelcTB OTPaXXeHHBIX | YIapHBIX BOJIH IPH (HKCHPOBAHHBIX 3HAYCHIAX
My =5; 81 = 2 = 25°%; v = 1.4; Bapmanun v, = 1.4 (puc. a); 1.3 (b); 1.2 (c); 1.1 (d) n Bapuanun
s = 1.4 (kpusbte 1); 1.3 (2); 1.2 (3); 1.1 (4); 1.01 (5)

5) — mepexogom BK-Tuna. AHaans pacnoloKeHHs TOUEK MepecedeHnsa ToAD TOKa3biBaeT clefyiollee. YMeHb-
IEHHE Y3 TPHBOJAUT K YMeHbIIeHNo B (6, &)-pocTpatcTBe 061acTl Hee INHCTBEHHOCTH DEIleHHA (BO3MOKHOCTH
cymectBoBanua Kak MO, Tak n PO) — TOYKN aj CMEIIAIOTCA BAEBO, & ¢ — BHI3 [PH yBeAWdeHNH WHeKca k,
u ipu y3 < 1.1 cramoBuTca BoamoxHBIM TOMRKO PO. Tlogdepkuem, wTo npu 3ToM Habope mapameTpoB My, 7o,
~1 HeT cuabHbixX pemernit BK-tuna, 1.e. moaspy I1-i; mepecekaeT Toabko geBas BeTBb [1-r1 u HeT mepecevenms
[1-¢; ¢ mpaBout BeTBBIO [1-r; B Amamaszone 3 < v3, e v ~ 1.25.

Tpu v, = 1.3 (puc. 4b) CVY 4, apaserca BK-mepexogom, a nepexonst #Ha CY 1 umetor: JI-Tum npu v = 1.4
(xkpusas 1), K-tun npu v3 = 1.3 (kpusad 2) n J-tum opn v3 = 1.2;1.1;1.01 (kpuBbie 3-5). Bo BceMm ananasoHe
Bapualin Y3 BoaMoXHO cymecTpoBatie kak PO, tak 1 MO. Kak u B npefsiayuieM ciydae (3aMeTHM, 9TO
ITO JKe MMeET MECTO M B PacCMaTPHBAEMBIX jajee BapHaHTaX), YMeHBIIEHNE Y3 TPHBOJUT K YMEHBIICHHIO B
(0, &)-mpocTpaHCcTBe 06AACTN HeeIMHCTBEHHOCTH pelileHns. [Ipi 5ToM BO BCeM nanazoHe Bapualun ¥s ¢ GUK-
CHPOBAHHBIME 3HAYEHUSAMHI OCTAJBHBIX TapamMeTpoB (1, My, 7o, 71 Boamoxuo Kak PO, Tak u MO. Ilpeneasabiin
cayvan v3 = 1.01 mpeacTaBasgeT rpaHUy peXnMa HEeINHCTBEHHOCTH YIAPHO-BOJHOBON KAPTHHBI TE€YEHUSI —
TOYKHU a5 U €5 COBMANAIOT KaK MeX Ty cOOOM, TaK W ¢ TOYKOW TepecedeHns ocu opamuat c [1-7;.

Tpu nanbHeiieM yMeHblIernn vs go 1.2 (puc. 4¢) u ganee no 1.1 (puc. 4d) »ra TengeHuNa pasBuBaeTcs:
COOTBETCTBYIOIINE TOYKN @) CABUTAIOTCA BIPABO, & ¢, — BBePX (BHAYAABHO 3TO JTydllle BCETO MPOCMATPHBAETCA
Ha TOYKaxX as W ¢5 Beex puc. 4a—4d). CiegoBarenbHo, Bes 064aCTh DEMIEHHN eCTh 061acTh Hee NMHCTBEHHOCTH
€ BOBMOXKHOCTBHIO cymecTBoBanus kak PO, Tak m MO. 3amernm, wro npu y; = 1.2 CY ¢ ABAsAeTCA TEPEXOTOM
BK-tuma, a nepexoner CY r1 umetor /-, K- n BK-runst (kpuseie 1 -3, 4 u 5 coorsercrrenno). lpu v, = 1.1 CY
11 TakkKe mMeeT BK-Tum, kak m paccMOTpeHHBIE paHee, U ABIseTCA HanboJdee MHTEHCHBHBIM 13 HuX. [lepexo el
CY ry takxe apagtorea [I- , K- u BK-nepexogamu (xpuskie 1 -3, 4 u 5 coorBercTBerHo). CreayeT o6paTuTh
BHUMaHWe Ha KpuBYyio | puc. 4d, npegcrapasionyo noaspy I1-r1 co 3HadeHuAME 7y 10 U TocTe PPOHTA CKadKa
1.1 m 1.4, 910 cooTBeTCTBYET cuAbHOMY [-Tepexony. /laHHad KpUBasg HMeeT TOYKY KacaHuA (He TepecedeHns)
¢ mogapoit I1-i;. DTo OPHBOANT K 3aKAIOYMEHNIO, 9TO NalbHelllee yBeandeHne ¥3 (JIA OJHOATOMHOIO rasa ¢
HeBO36Y K IEHHBIMH 5K TPOHHBIMI CTENeHAMI cBOGOIB ¥ = 1.67) nenaeT HEBO3MOKHBIM 06pa3oBaHie BOTHOBOH
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cTpykTypel ¢ MO, momyckas cymecTBoBanme TOIBKO PO.

CrenaeM HEKOTOPOe 3aMevaHle OTHOCHTETHHO PEMIEHNN ¢ 06pa3zoBaHMEM OTPAaXKEHUsA MaxXOBCKOTO THIIA.
ucao Touek nepecedenus I1-i; u Il-r1 1 GoNbIINHCTBA NPEJCTABIEHHBIX BapUaHTOB PAaBHO ABYM (craboe
u cuibHoe pererne). OfHAKO B HEKOTOPHIX CIydadX TaKHX TOYEK MOXKET OBITH HeThIpe (ciaboe, CHIBHOE I
ellie JiBa PelleHns, He HMEINX COGCTBEHHOTO Ha3BaHNA). JTO, HANPHMED, TOYKH TepecedeHus moaapel T1-iy
n HeKOTODPHIX BapuaHTOB II-r1: kpuBasg 2 puc. 4a, kpubkie 3 u 4 puc. 4b, xpusste 4 u b puc. 4¢, KpuBas b
puc. 4d. B ganHOM ciiydae BONPOC CeNEKITNN PEIIEHNH, KaK JeXKalliil BHE PAMOK HACTOAIIEH PabOThI, CBOIMICH
K HTHOPHPOBAHUIO BCEX DEIIEHUN, KPOMe CIabBIX, OTHAKO MPEJCTABIAAETCA BEChbMa HHTEPECHBIM MIPOBENEHIE TX
CHENNATBLHOTO aHAJN3A.

KpaTko o6paTtum BHIMaHWe Ha TOTOJOTHIO HEKOTOPHIX KPUBHIX. [loiaphl, npeacTrapasatonine mepexoasl [l-
tuma #Ha CY 71, “oTpeiBatoTca” oT 6a30Boll Toukn noadpsr 11-¢; (# = 25°, & = 9). Do kpuskie 1 puc. 4a,2 u 3
puc. 4 b, 3 w4 puc. 4¢, 4 u b puc. 4d. Moaapsr -1, mpencrapisiomnme K- mim BK-nepexonel, nexoaar (kacaorcesa
IV TIepeceKatoT) u3 3ToH Ga3oBoll To4kn. JlaHHBIN Bompoc moapotHo obcyxgeH B [10].

[MogBeem mToru 3Toro acmekTa nccaegoBanuil. Bapuaims v u 3 npu pUKCHpPOBaHHBIX 3HavMeHusx J1, My,
Yo TOKa3BEIBAET ceaytoliee. Fciam B ciydae KIaCCHIecKol aspognHaMuKi ¥ = const (= 1.4) Bo Bcell o6aacTu Te-
YeHHA, BO3MOKHO (CM. DaclolokKeHHe ToUeK &, b, ¢ Ha puc. 3 ¢) cylecTBOBaHNE 06IaCTH HEeAMHCTBEHHOCTH, T'lle
MOMYCTUMBI ¥ TaPHO-BOJHOBBIE CTPYKTYPhI I MAXOBCKOT'O, i PETYJSPHOT O TUIA OTPAYKEHNA, TO YMEHBIIIEHUE Y1 U
Y3 TPHBOJNUT K TOABJCHIIO OCOOBIX ANANAa30HOB WX 3HAYEHWN: 11 Yo = 1.4 nogamanazonst (y; = 1.4, v < 1.1)
o (y1 = 1.1, 43 > 1.4) ectb nogobaacTi eINHCTBEHHOCTH DEIIEHHA, Tle BO3MOXKHO CYIIECTBOBAHHE TOMBKO
peryaspHoro oTpaxennsa YB. Topopsa apyrumn caopamn, B “TpexmepHoi” obaactu {R} = 70 @11 X 7ys ¢
usHYecKN pealdbHBIM JnamnasoHoM maMeHenns y € (1,5/3] npn duxcupopanubix f1 u My (B gaHHOM caydae
B1=25° u My = 5) umerorcs mogobaacT, T'lle HEBO3MOXKHO 06pa3oBaHie TPEXCKAYKOBBIX CTPYKTYD € OTpa-
KeHNeM MaxoBckoro Tuma (puc. 1b).

6. HeeiMHCTBEHHOCTE peEIlICHUN: BAWAHKME TeOMETPHHE 3aJa<H HAa yIapHO-BOJTHOBYIO CTPYK-
Typy BK-Tuna. Hecienyem 3aBHCHMOCTE MOJOXKEHNA B MHOTONIAPAMETPHYIECKOM MPOCTpaHCTBe (22) Tovek
GUQyYpKAIUN PellleHnsA (MaXOBCKOe H/MIH PeryIfapHOe OTPaKeHHe) OT MeOMETPHYECKHX MapaMeTPOB 3ajJadn
(81, f2) TIpW MCHOAB3OBAHUH (DUBHIECKON MOJeIH >(PPEKTUBHOTO TOKa3aTeld ajnadaThl CO CKATKOOOPa3HBIM
H3MeHEHeM ¥ Ha ¥ 1apHO-BOIHOBHIX Mepexoqax (MaTeMaTHd9ecKn 6ecKoHeTHO ToHKMe hporTH CY). Onucanne,
061aCcTh IPUMEHUMOCTH M OCHOBHBIE COOTHOILIEHUs MOean npuBejenbl B [10]. DToT amamus yao06HO npoBecTH
Ha 3afade, TOMYCKAIOWEN aleKBATHBIE CDABHEHUS C PEIIEHUAMN 3aTa<n KIACCHYeCKOU a’pOAnHAMUKH C He-
H3MEHHOCTBIO (DH3MYECKHX CBOHCTB I'a30BOH cpefbl (MOCTOAHCTBOM TOKa3aTeld aanabaThl ) MPH MePeXoe
raza depez gpouth CY. PaccMoTpuM yaapHO-BOMHOBBIE CTPYKTYPHl TeUYeHNA, BOZHUKAOIINE TpH HaberaHUN
CBepPX3BYKOBOTO ToToKa ¢ My = b Ha nBa KimHa ¢ (PUKCHPOBAHHBIM 3HadeHmeM yraa 1 = 25° u Bapma-
mmenn B = 35°,30°,25°,20°,15° u 10°. CooTBercTBytouine yaaphbie moaapsl 11-i1, II-ry u Il-r» npusegentr
Ha puc. ba—5f (Bapeupyerca Toabko noaspa I-rs). Hogo6Has 3anatda ¢ Takoll TeOMETpPHER PAcCMaTPHBAIACEH
Boite (puc. 3a—3f).

Pazauvne mex gy 3amgacamu, MpeNcTaBIeHHBIME Ha PHUC. 3 W PUC. D, 3aKaodaeTcs B caepyiomem. Pa-
Hee (puc. 3) paccMaTpPHBAJIOCH TeUeHHe ¢ MOCTOAHHBIM 3HAYEHHEM Y BO BCEX 30HAX TEUYEHHA: Yo = Y1 = Y2 =
v3 = v4 = 1.4. Tenepp m3yvTaeTca TedeHHe cO 3Had9eHHAMHI vy = 1.4; v = v3 = 1.3; y2 = v4 = 1.2, Tee.
BozauKkatpilme CY mpeanojgaratoTcs yaapHO-BOIHOBEIME Tepexonamu BK-tuma. Taxas mocTaHOBKa BBIYHCIH-
TeNBHOTO HKCIEPHMEHTA MOTYCKAeT HEMOCPEJCTBEHHOE CpaBHEHNe pe3yapTaToB (puc. 3a — puc. ba u T.00.) u
UX COBMECTHBIN aHAJN3. 3aMeTHM, ITO MOf06HAS 3aa4a MPUOMMKEHHO MOIEANPYET PeadbHbIE YCIOBHSA TOJETA
B 3eMHOI aTMocdepe Ha BbicoTe 50 KM co ckopocThio 1.7 KM/ceK.

KapanunaabHoe oTiimvne mMeeT MECTO y¥Ke IPH CPABHEHUHU PHUC. 3a W PHUC. D a, MPENCTABASIONINX BAPHAHT
pacdeTa ¢ 2 = 35°. Ecan npu v = 1.4 noasipet [I-r; u Il-r, He mepecekaanck, 9TO 03HAYANO €MHCTBEHHOCTH
pemenns npu G2 = 35° (HeBosmoxkHO PO, BosmoxkHO Toasko MO), To mpu ydeTe pealbHBIX IPOIECCOB 3TO
3HadeHne (s JEXKUT B MAPAMETPUYECKOM MUANA30HE HEEAMHCTBEHHOCTH PEIEHUI C BO3MOXKHOCTBIO CYIIECTBO-
Bauusa kak MO, tak u PO. O6paTuM BHEHMaHHe TakXke Ha 9HCIO Todek mepecedennd moaap (II-ry xI1-iy) n
(T-rg xT1-i5). HamomHumM, 9T0 B ciydae vy, = 2 noaapst 11-i; u I1-i3 coBnanatoT, n Ha Bcex puc. b noasapa I1-is
we Mapkupyetcs. Ha puc. ba moaspa I1-i; mepecexaerca moasipon II-r7q B weThipex, a moaspa Il-i; moaspon
II-r3 — Bcero B JBYX TOYKaX; B KJIACCHYIECKOM ClIydae TOUEK MepecedeHnd Beerja Tpu (M. puc. 3) m ofHa U3
HUX ABJSETCA TOYKOU KACAHIA.

Hamnee, ecim suadenne 2 = 30° B Mogenn y = const (puc. 3b) ecThb BepxHAA ToUKa GUdYPKALNN pellie-
HusA 357 (ycaosue (15)), T.e. 970 3HauUeHNe [y ABAACTCA PPAHNIER 06IACTH Hee THHCTBEHHOCTH, 38 KOTOPOH MPH
B2 > B (ycaosue (16)) HeBoamoxHO PO, TO Temeph, NpH TAKWX 7, AIA 5TOTO 3HAYEHHA [ YKe MOTYT HMETH
MeCTO KapTHHBI Pa3BUTHX BOJHOBHIX CTPYKTYP kKak MO-, Tak u PO-Tuma.
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Puc. 5. Ilonapsl nagafommen i, 1 1BYX OTPaXXeHHBIX 71 W T yAAPHBEIX BOJIH TIpU (PUKCHPOBAHHBIX 3HAYEHUAX
My =5;v =14;y1 =73 = 1.3; v2 = v4 = 1.2; 51 = 25° u papumaunu F2 = 35° (puc. a), 30° (b), 25° (c),
20° (d), 15° (e), 10° (f)

st cMMMeTpPHYHOH KapTHHBL TedeHus ¢ f1 = f[o = 25° (puc. 3¢ u puc. bc) obe Mogenn TOMyCKAlOT
cymtectBoBanue u PO, w MO.

B Moenn pealbHOTO T'aza vy, # o 3HadeHne 3 = 20° ecTh HUKHAA ToUKa GudypKamnn pemterns 35 (18),
T.e. DTO rpaHnna o6JacT HeeUHCTBEHHOCTH, 3a KOTOPOU 1pu [Fa > (35 Bo3aMoxKHO Toabko PO 1 HEBO3MOKHO
MO: ua puc. 5d Toukm nepecedenus noaAp a, b, ¢ copmajgaioT. B kKaaccudeckoil Mogean (puc. 3d) HEKHAA
TouKka 6udypKanun uMeeT 3uadenue J5 = 17° u npu F2 = 20° Bosmoxubl kak PO, Tak u MO.

Tpu panpHeineM yMeRbineHIn 2 10 15° (puc. 3e n puc. 5e) n ganee go 10° (puc. 3fu puc. 5f) cranopures
BO3MOXKHBIM TOMbKO PO Kak B KiIacCHYIeCKOW MOJENN, TaK U B MOJENN PealbHOTO Ta3a. PaszyMeeTcs, 3HAYEHNA
razoJNMHAMIYECKHX TTapaMeTPOB, MOMYYeHHBIX TPH WCIOAB30BAHNE STHX Mofedell (OTHOIIEHWEe TaBleHui & n
oTk/JoHeHNe TOTOKOB Ha CY), CYHUIECTBEHHO PAa3AMIHbIL.

Takum obpazom, yueT peadbHBIX CBOUCTB r'a3a MPUBOANT K M3MEHEHUIO TOJOKEHISA B MapaMeTPUIECKOM
IPOCTPAHCTBe ToJoxkeHnsa HIkHeN G5 (18) u Bepxuenn 5% (15) Todek 6udypKalun, orpaHNYINBAIIINK 061aCTh
HeeMHCTBEHHOCTH peliierns (20) oT obaacTell CylUecTBOBaHHA TOABKO €JHHCTBEHHOTO pelieHuA. [Ipm sToM
06aaCTh HEEMHCTBEHHOCTH CMEIAeTCsA Mo mapaMeTpy 2 oT guamazona (17°,30°) B KIacCHYeCKOM cIydae K
aunanazony (20°,38°) B Mogean naMeHsARMErocsa >hGEKTHBHONO ToKazaTeld anabaTh.

7. MeTogoaorusa gemapkanuu o6JacTH yAAPHO-BOJIHOBBIX CTPYKTYD M OHNpeJeJeHUs I'PAHULL
OBOMHOIO PeIlleHnA B PealbHEIX 3agaiax. B mpukaanHbx 3ajadax aspoJUHAMAKH O JIBHKEHHH KaKOTO-
au6o oObeKTa B 3eMHOU aTMoc(epe, B paccMaTpuBaeMon paboTe — 3ajada O TeYeHUH B BO3yXo3abOopHIKe
T'TIBP/I, kak mpaBmIo, 3aJal0TCA Cie Iy IOLINe OCHOBHBIE TapaMeTPHL: TeoMeTpusA Bxoga (yrawl 31 u f2 Ha puc. 1),
BeicoTa H u ckopocTh V moaera. [Ipm 3ToM HemocpeqcTBEHHO HEM3BECTHBI HU 3HadveHme [dncia Maxa My, Hu
3HadeHnsA >(PPEKTUBHOTO MoKazaTels aaunabaThl HE TOABKO B OOJACTH BO3ZMYIIEHHOTO TeYeHUsS, HO U B 30HE
HaberamInero HeBO3MYIIEHHOT O TIOTOKA, KOTOPHIE ONMPENENsSOT BCIO VIapHO-BOJHOBYIO KapTHHY. B HEKOTOpOM
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aCHeKTe 5TO ABIACTCA TMOMOKUTEMBLHBIM (PaKTOPOM, TOCKOIBKY CIHCOK ONPEAETAIONMK TapaMeTpoB (22) He
TOJBKO CYIIECTBEHHO YKODPAYHUBaeTCA:

Fcz(ﬁlaﬁ2aHav)a (24)

HO W €r0 KOMIIOHEHTHI UMeoT Gojee “Mpo3padHbiil’ CMBICA, He JOMYCKAIONINN HEO HO3HAYHON TPAaKTOBKH —
FeOMeTPUYECKHE YIUIbI, OTKJIOHSIONINE TOTOK, BEICOTA M CKOPOCTH MOJeTa THIEP3BYKOBOT'O JeTATEMILHOTO all-
mapaTa.

B xowmmaiekce mporpamMm, o6ecrnevnBaOIIeN peIEHNe PACCMATPUBAEMON 3aJa<l, MCHOJb3YeTCH CIeTyIo-
mas cxeMa TpoBefdeHus pacdeTa. IIpeycMOTpeH clienmnaqn3npoBaHHBIN PEXKUM 3aIyCcKa MPUKJIATHON 3a1atn
¢ BBOJIOM TlapamMeTpoB H u V| TOTOTHAONMH HCCIeJOBATETBCKII PEXKNM C BO3MOXHOCTBIO HETIOCPECTBEHHOT O
BBOZA My u v;, T e i — HoMmep 30HH Tedernnd (i = 0,1,2,3,4). Ha mepBoM sTale BHIMHCANTENLHOT'O KOHBEHEpa
no suadennto H 6asa JaHHBIX IPOrPAMMHOIO KOMILIEKCA ONpefedeT 1o [8] Bce 3HAYEHUS Ta30 HHAMUYECKIX
mapaMeTpoB B 30He ( HEBO3MYIIEHHOTO TOTOKa (faBlAeHMe py, TeMuepaTypy Ty, TokasaTenb ammabaTel Yo,
CKOPOCTH 3BYKa @g). 110 5TUM 3HAYEHHAM W 3HAYEHIIO BXOJHOTO MapaMeTpa V onpegenserca My. Hanee pere-
HIe TIEPEXOIUT Ha BTOPOU, CYMIECTBEHHO GOJ€e CAOXKHBIN 3TAll BHIYUCACHNUA YIapHOU MOAsaphl [1-i1. IToT sTan
ABJSETCA WTEPANMOHHBIM, C APUOPH HEM3BECTHBIM HEOOXOMUMBIM HHCIOM HUTepalnil. Ha mepBont mTeparun
KaK HadalbHOe MpUGIMKEHNe mogaraeTcsa ¥ = 4o m 1o cnucky mapameTpoB My, Yo, y1 MPUBOANTCA pacdeT
noasapsl (1) co 3HaYeHNEM WTEPAINOHHOTO MHAEKCA 1 = 1:

fln(gagaMOaVO’PY?_l) = 0. (25)
IIo 3mavenuro yriaa 61 1 YyCJOBHIO OTKJOHEHHUA MOTOKa BAOJb IMOBEPXHOCTHU KJIAWHA
6, = B (26)

Ha moaApe (25) onpenenserca Touxa (61,£&1), rae
g? :g?(gaMOaPyOaPY?_l)' (27)

TTockoabKyY ToIApa B 06IaCTH CBOETO ONpefeNeHNs ABIACTCA IBY3HATHON 3aBHCIMOCTRIO (D), TAKHX TOYEK,
KaK TpaBujo, ABe: ¢ opguHaTamu &7, n 7, (5TH TOYKH COBNAAIOT TOABKO OpH 0 = iy wiam 0 = Opiy ). U3
: :
HUX BHIGUpaeTcs ciaboe peleHwe:

gfw < gfsa g? = gfuy (28)

Ilo amavennam 6y, &7, Ty, po BEYUCIAIOTCA pazMepHbIe 3HAYEHUS TeMIIEpaTyPhl U TaBJeHUs 3a (PPOHTOM
CY iy (B zome 1):

Tln :Tln(glag?aTOaPOaPyOaPY?_l)a prll :p?(glag?aTOaPOaPyOaPY?_l)' (29)

KouxpeTrbiit Bug (29) npusegen B [10].
DTO NO3BOJAET BBIUNCINTH HOBOE 3HaUeHNe >(PeKTHBHOT O MoKasaTens agnadarsl (cM. [7, 9]):

=1 (p7, 1) (30)

U Teped T Ha HOBHIN (n + 1)-if urepanuonusil cioil B (25). Urepanumonunas npoueaypa (25)—(30) mosropsdercs
[0 YCTAHOBJIEHUS CaMOCOTTaCOBAHHOT O PEIIEHNs BO BCEX TOYKAX yAAPHON MOJADHI (24):

1A = < (31)

BrraucanrenbHble 3KCIIEPUMEHTHI, TIPOBEJEHHBIE B MINPOKOM [HATla30He OMPEIeNAININX TapaMeTPOB, Mo-
Kasaal NPaKTH9eCKH 6e30TKa3Hy0 padoTy nTepalnonHoro aaropntMa (25) — (31) ¢ MmurnMansubM (N < 7 npn
£ = 1073) uncaom TpebyeMbix HTepalmii.

AHaTOTHYIHYIO KOHCTPYKIIMIO UMEET U TPETHUH 3TAll BHIYHUCANTETHFHOTO KOMILIEKCA, 06ECTTeTNBAIOIINT Pac-
geT mapamMeTpoB B 30He 2. [Ipi 5ToM HeoGXOANMO H3MeHEHHE pacdeTHOTo mara (26) Ha

92 == ﬁz (32)

U BCEX HMXKHIX WHiekcoB “17 B (25—-31) na uHgexc “27.

Bouaee cioxHBIM ABISETCS € TBEPTHIN 3TAIl ONpeaeneHus nogoxenns CY r| u mapaMeTpOB 3a HIM B 30HE 3
MpH OTPaXKeHNH MaXOBCKOT'O THIA. AJTOpUTM 3TOrO STana OIPUHININAJILHO aHAJOTHYEH HWTEPAIMOHHOMY aJj-
roputMmy (25)—(31) Broporo »rama. IlockonbKy mapaMeTphl TedeHHsA B 30He | yXKe W3BECTHEI, TO, TOJaras
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Ha TEepPBOM WTepalny KaK HadalbHOoe MpHOIMKeHNe 'yg = 71, MOXHO mpoBecTH pacdeT mogapel (1) TI-r; co
3HAYEeHNEM UTEPANMOHHOTO UHaeKca n = 1:
n n—1y __
f3 (6,€,M1,"}/1,’}/3 )_0 (33)
ITocae 5Toro oThickuBatoTCa Bce TOUYKN Nepecevdenus noasap [1-r; u Il-2q:
n n _ . _ -
( 37,@,537,@) = {(H— r1) x (IT— 21)}k, k=1,2,... K. (34)

Yucao K Tovek mepecedeHns, B 3aBUCHMOCTH OT MapaMeTPOB 3a/jadl, MOXeT BapbUpOBaThCA oT 1 10 4,
BKatOYad TOYKY “omopbl” moaspel II-r1 Ha I1-i; (cm. m. 2). W3 Hux BRIGHpaeTca ciaboe pellleHHe — TOYKa
(0% ,£8) nepecedenus neoil BeTBu I1-r) ¢ BepxHel BeTBBIO [1-i1:

a5 :min{ﬁgk}, k=1,2,... K. (35)
3aTeM, BCAENCTBHE ABY3HATHOCTH TOJSAPHI, BEIGHpaeTCA
& = max {&5,(05),£5,(05) . (36)

ITo m3BecTHBEIM 3HAYEHUAM pa3MePHBIX MAPaAMeTPOB B 30He | BBEIYHCAAITCS pazMepHBIE 3HAYEHUS TeMITe-
paTypel u gaBienns 3a pporTom CY ry B 30He 3:

TSHZTSH( gaggaTlapla71a7g_l)a pg:pg( gaggaTlaplaPylaPYg_l)' (37)

Kouxperasiit Bug (37) npusenes B [10]. DTo mo3BoisAeT BEIMACINTE HOBOE 3HadeHNe >D(HEKTHBHOIO TTOKa-
3aTend aguabaTh

v5 =5 (p1, 11") (38)

I TEPERTH Ha Cleyolyo nTepannio amroputMa (33) - (38). MTepannonHas nporeypa MOBTOPAETCA 10 yCTa-
HOBJEHNA CAMOCOTIIACOBAHHOTO PEIEHNA — KOHPUIYpaunu yaapHoO moasapsr (33):

I = <. (39)

Aaropurym (33) - (39) Taxxke obecnednBaeT BHICOKYIO CKOPOCTE cxogumocT petenus (N < 7upu e = 1073)
MpaKTUYeCKH BO BCEM JUANa30He ONPeJeIAIONInX MapaMeTPOB.

AHAJIOTUYIHYIO KOHCTPYKITHIO MMEET TATHIH 3Tall BHYUCANTEILHOT 0 KOHBeepa MPOoTrpaMMHOT O KOMILIEKCa,
of6ecrnednBaIOMNN pacdeT TMapaMeTpoB B 3oHe 4 mia MaxoBckoro Tuma orpaxeununs CY. Ilpum sTom B aaro-
puT™e (33)—(39) uaMeHAOTCA HIKHUe WHAeKCH: “1”7 Ha “2” m “3” ma “4”. KpoMme Toro, B KadecTBe HYXKHON
TOYKH MepecevdeHrs BLIOHPAETCA TOUYKA TepecevdeHns MpaBoi BeTBHU MOAAPHL [I-rs ¢ BepxHEH BETBHIO MOJAPHI
MI-iy, T.e. war aaropuT™a (35) 3aMeHAeTCA Ha ONEPALHIO

0 =max{0).}, k=12 K. (40)

3aMeTHM, 9TO BTOpas W TPeThsA, 9eTBepTasd U MATasg CTYIIEeHH MPOrPaMMHOIO KOHBeHepa SBISIOTCH IMO-
MapHO HE3ABHCUMBIMEI JAPYT OT APYra W MOTYT OBITH BHIIOJHEHB Mapa/ieJbHO Ha nByxmporeccopubix [TK min
KJIAcTePe MYJbTHIPOIECCOPHON CHCTEMBI. JTO MO3BOJSET CYIIECTBEHHO CHIU3UTH ACTPOHOMUYECKOE BPEMs De-
[IEHNA 3aa90, ITO 0COOEHHO CKA3bIBAETCA HPH IIPOBEJEHNN IUKJIOB PACIETOB C MOAPOOHON MEIKOIIAT OBOM
Bapmalnel mapaMeTpPOB, HAIIPUMED BBICOTHI U CKOPOCTH TOJMETA, MBYX YIJIOB KOH(MDHUTYpalnd BXOqa B BO3IYX0O-
3abopHUK ¥ T.1. Takne THIB Hapailen3alin 3a1a4n (1o TIo6aTbHBIM BXOJHBIM ITapaMeTpaM H BHYTPeHHeH
CTPYKTYPe BEIUHCANTEILHOTO allOPUTMa) pacCMaTpHBANNCH B padoTax [16, 17], a Takke moHorpadun [18].

MlecTot sTam mporpaMMHOT O KOMILIeEKCa obecmednBaeT pactdeT moaoxenus CY r; u CY ry u mapameTpoB
3a HUMH B 30HAX 3 W 4 TIpW OTpaXeHWW DPeryJAApPHOTO THUma. B oTamdme oT 4eTBEPTOrO W MATOTO ITAIOB,
KOTOpPHIE ABIAIOTCA BEIYUCAUTENHHO HE3ABUCHMBIMHT, TOCKOABKY B CAydae MaXOBCKOT'O OTpaXkKeHHd 30HH 3 n 4
pasnenensl 3oHamMu 5 u 6 (B caygae MO CY 7y u 7y He mepeceKaioTcs), JaHHBI >Tan TpebyeT COBMECTHOTO
pacdeTa COOTHOIEHNH ['TOTOHIO HAa ABYX YVIapHBIX BOMHAX, TaK KaK 30HBI TedeHusa 3 u 4 OpUIEraiT ApyT
K apyry (B caygae PO CY ry u ry BHIXOAAT W3 OJHOH TOYKH) W pa3feleHbl JHIIL IPaHHUIEH KOHTAKTHOT'O
pa3pbiBa. I TO CYMIECTBEHHO YCAOKHAET Al OPUTM IIECTOH CTYTEHN BEIMUCINTENIBHOTO KOHBEIEPa IO CPABHEHIIO
¢ mpegprayinumu. VMcemoabsyeTcs ciefytoiias nTepannoHHas MeToanka. [lockoabky mapaMeTphl B 30Hax 1 u 2
yXKe M3BECTHBI, TO, TIOJaras Ha MePBON UTePAlN Kak HadadbHOEe MPUOIMKeHTe

=7, 7=, (41)
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MOXKHO TpoBecTH pacdeT noudp (1) TI-ry u TI-re co 3HAYeHWEM HTEPAlOHHOTO WHeKca 1 — | Ha oOIIel mIoc-
Koctu 4, &:

f3n(9a€aM1a71a7g_l):0a f4n(9a€aM2a72a72_1):0' (42)
TTo xkoudurypaunn moaap (42) oTEICKHBAIOTCA BCe TOYKH WX TePecedeHns:
(05455 €5a) = {(IM=11) x ([ =r2)},, k=1K. (43)

ucao K Tovek nepecedeHns, B 3aBHCHMOCTH OT TapaMeTPOB 3aJatdi, MOXKeT GBITh paBHO 0 (HeT mepecede-
HuA), 1 (kacanmne) min 2. IlepBoiil cayvai TpebyeT JOMOIHNTENBLHON IPOBEPKH I 6y IeT 0CO60 PACCMOTPEH HITKE.
Cayuain K = 1 6e3aapTepHATHBEH, a B 00IIeM caydae BoIOupaeTca caaboe pelreHne — TOYKa ¢ OpIHHATON

34 = min {5g4,1a 5:?4,2} (44)

I COOTBETCTBYOIIEH el abermccoi (6)
054 = 9?4(‘5:?4» (45)

To M3BEeCTHBEIM 3HAYEHNAM pa3sMepHHBIX mapaMeTpoB B 30Hax 0, 1, 2 u BeruncaeHHsiM B (44) - (45) oTHOCH-
TeABHOMY TaBJICHUIO &5, U YIVIy OTKJIOHEHHA IOTOKA (F, MOXKHO ONIpe e NTh pa3MepHLIe 3HAUCHNA TeMIepaTyPhL
u gasaernsd 3a gporTamu CY II-ry u II-ry (3aMeTnM,9TO JaBieHHEe B 30HaX 3 1 4 OJHHAKOBO):

Py =505y, €5, T, o, v, 5™ h), Pl =1l (46)
T3n = T3n(9g4’€g4’ Tlapla 1, Vg_l)’ T4n = T4n(9g4’€g4’ T2ap2a Y2, 72_1)'
Konxperrsii Bug (46) cm. B [10].
Manee onpefensioTcs HOBLIe 3HadeHNA dhDeKTUBHEIX MoKasaTedell anuabaThl:
vs =5 (3,15, 74 =i (ps, T4) (47)

C KOTOPBIMH OCYIIECTBAAETCA Mepexon Ha cleayiomuil (n + 1)-il nrepannonHbi mwar aaroputMa (41)—(47).
Tak Xe, KaKk I [1JA paHee ONMCAHHBIX aJCOPHTMOB, HTepallloHHAA IPOLUEeAypa MOBTOPACTCA 4O YCTAHOBICHIA
CaMOCOTTaCOBAHHOIO PElIeHHsA — KOHMUIypAInH yIapHbIX moasap (42):

I =i <e I/ -2 <e (48)

Aaroputm (41) - (48) Takxke obecredmBaeT GHICTPYIO cxoaumocThb petnerna (N < 10 npu ¢ = 1073) B
MIMPOKOM AUAIla30HE OMpeIelAIHIX IapaMeTPoB.

OjHako clleflyeT UMeTh B BUIY, 9YTO B OKPECTHOCTH BepxHell (mo (15)) Touxu 6udgypKamnm peleHns npu
HeJIOCTATOYHO OCTOPOKHOM TpuMeHeHHH anroputma (41)—(48) BozsMoXKHa MOTepA TOYKH MepecedeHud. ITY
npobaeMy cleayeT o6CyInTh Godee MoApo6HO. [JoIycTHM, OKOHYATeIbHBE KoRurypanun noaap 1I-r; u I-ro
(anmpropw MOKa HEM3BECTHBIE) TAKOBBI, 9TO HMMEETCA BCErO OHA TOYKA X MepecedeHus — TodKa Kacanusd. [To-
CKOJIbKY TOMOJIOTHS MOJAD JOCTATOTHO 3aMEeTHO 3aBUCHT OT Y3 M Y4, TO BLIGOP HadaabHOr 0 Tpubamkerns (41)
MOXKeT MPUBECTH K TOMY, 9TO Ha MepBON WTepammnm noaspbl (42) GyayT HellepeceKaromMMUCA KPUBBIMHU. B
CTaHJapTHOM DEXHMe PacdeTa 5TO MPHUBEAeT K ocTaHoBKe aaroputMa (41)—(48) u Bhgatde cooluieHns, 9To
“peryaapHoe oTpazKeHHe YIapHEIX BOJH HeBo3MOXHO” . ITo3ToMy 14 TaKoll CHTYallll MpeNycMOTpeH 6ojee Ha-
MeXKHBI, HO H CYIIECTBEHHO 60Jee 3aTPATHLIL IO BEIYHCARTEALHEIM pecypcaM peKuM. [MaBHBI KOHTPaIlyHKT
STOr0 PeXNMa 3aKaiodaeTcsa B caeayiomem. Hadaabuoe npubmmxenune (41) “ckamupyerca” B 064acTH CBOETO
m3MeHeHNA (23), T.e. IPOBOAUTCA UK/ PACIETOB ¢ PA3IHYHBIMH HAYATLHBIME MPHOIIKEHIAMI
7§, = variation (1,5/3,4d3), k=1,2,... K3, (49)

)

'ygyk = variation (1,5/3,4d4), k=1,2,... Ky, (50)

re cumBoandeckad 3amnnck (49)—(50) osHawaeT, 9TO MPOM3BOANTCA MepebOp BCEX BO3MOKHBIX 3HAYEHHN 3(-
ek THBHOTO TIOKazaTenda agnabaThl B KadeCTBe HAYAILHOTO MPUOIMKEHNA ¢ WHTepBajaMu d3 U d4. IDTH 3HA-
YeHHA, ECTECTBEHHO, ONMpPEIeNA0T YHCIO BapuaHToB nepebopa K u Kj. IlpuMenenne aaropurma (41)—(50) ¢
obIuM ducaoM ucnoanerus Kz X Ky mpu gocTaTodHo Maabix ds u 64 obeclednBaeT HaJEKHBIH MOUCK TOYEK
mepecedeHns MOMApP faxe B TapaMeTpHaecKoil obaacTn 6udypKann peleHus (KacaHua Moaap). 3aMeTHM, 9TO
3TOT aJCOPHTM MPUBOAUT K TOJIYYEHUIO OMHOTO W TOTO JKe PEIEHUs MPH Pa3IndHBIX HAYATbHBIX MPUOINKe-
HuAx (49) - (50), T.e. aTTPaKTOPHI AATOPHTMA UMEIOT HPOKHH GacCellH MPUTAKEHNUA; CTPAHHEIX aTTPAKTOPOB
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B MHOT'OYHCIEHHBIX BHIYHCAHTENBHBIX HKCIEPUMEHTaX OGHAPYKEHO He OBLIO (HECMOTPA Ha BCE YCHINA), XOTA
YTBEDXKAATH, 9To aaroput™ (41)—(50) ux He nMeeT, GBIO GBI HEONPABAAHHBIM ONTIMH3MOM.

SaKIIOYNTeNbHAS, BOCBMasA CTAANA BEIMUCINTEMILHONO KOHBEHEpa 3aKII0IAeTCA B COBMECTHOM aHAJAN3E MO-
JYYIEHHBIX PEIeHn’, T.e. aHallm3e KOOpAWHAT TodeK mepecedenusa moasap Il-iy, Il-is, II-r; u Il-ro B caywae
MAaXxOBCKOT'O I PETYJSPHOTO THIIA OTPaXKeHWH.

Ha ocHOBaHUH ONHCAHHOI BHIIIE METOJONOTHH [eIaeTCA BHIBOJ O TOM, KAaKOMY JAnanazoHy peitennil (20)
COOTBETCTBYET 3ajava ¢ JaHHBIM HaboOpOM mapamMeTpos (24).

8. HeegMHCTBEHHOCTL pEHICHUN: BAUAHHNE BLICOTHL M CKOPOCTH IOJeTa. PaccMOTpHM ygapHO-
BOJTHOBBIE CTPYKTYPHI, BO3HHKAIOIINE B PEryInpyeMoM (M3MeHAeMble yIibl §1 1 (2) Bozayxozabopruke ['TIBP /I
TIpU Pa3JWYdHBIX 3HAYEHUAX BBHICOTHI H m ckopoctnm V moreTa. [IpmMeHWM ONMCAHHYIO BHIIIE METONOJOTHIO
NI OTIpeflefeHns T'PaHnIl 06JacTH Hee IUHCTBEHHOCTH, T'/le BO3MOXKHBI I MAXOBCKOE, W PErYIAAPHOE OTPaKeHUe
CKAYKOB YIVIOTHEHHA. B MapaMeTpHHIecKOM POCTpaHCTBe (24) onpee/nM MOA0KeHIe HUKHER 1 BepxHell (20)
61y PKAIMMOHHBIX TOYEK

ﬁZ* :ﬁ;(ﬁlaHa V)a (51)
ﬁ;* = 2**(ﬁ1aHa V) (52)

Ha puc. 6—7 npHBOAATCA HOAAPHL MAJAOMINX (i1 1 i3) W 0TpaXkeHHBIX (11 1 rg) YB. B obaacTu gBoiiHOrO
pelleHns TPUMEHAOTCA CAeAYIOlIe 0G03HAMEHNA HOAAP: A PETYAAPHOTO OTpaKeHnd — (rig U aR), JIA Ma-
XOBCKOT'O OTpakeHus — (riy 1 Fapg). SHAYEHHA TapaMeTpoB caefytomme: §; = 25° (J1a BceX 5THX PUCYHKOB),
V =2 xkm/cex (Bce puc. 6), V =4 km/cex (Bce puc. 7), H = 30 kM (JeBBle KOTOHKH PHUCYHKOB — pHC. 6a,c,e
u puc. 7a,c,e), H =50 kM (npaBele KoaoHKH pucyHkoB — puc. 6 b, d,f n puc. 7h,d,f).
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Puc. 6. Ilonapel nagaommx i3 W 15 W OTPaXKeHHLIX 71 U 75 yAapHLIX BOJH MPH MOJETe B 3eMHON aTMocpepe co
CKOPOCTHIO 2 KM/cek Ha BhicoTe 30 kM (puc. a, ¢, €) u 50 xm (puc. b, d, f) npu ¢pukcuposanrom 3; = 25° u
Bapuaun Fz = 37.9° (puc. a), 37.7° (b), 30° (c, d), 16.9° (e), 17.3° (f). Ha puc. ¢ n d nokazaHbl BapHAHTEL

[OJAP TIPH MAXOBCKOM (7137 W Papf) W DETYIAAPHOM (1R U T2R) OTPaKEHHN



274 BLIYNC/INTEIBHLIE METOALI I IPOIPAMMUPOBAHUE. 2003, T. 4

< Ty a £ g b
1750 1750 f 1
1500 1500 E
1250 1250 F
T2 E
. 7 \ 7

Ny
LT
[l

1000
ﬁ:} "'I.r =1n)

a0

i

[T ||||‘|"|'|,).drr'r\||||| LLLILY ILRLLN L

500 s00 B
250 - N A 250 f\ [, A
o B e R N e = ) T s - NN I =y i =
50 o 0 g S0 0 =0 g
- E
£ E nr C E
1750 E on Tron 1750 E Or
1500 E 1500 E 1
E—— | Tona E y

vy
L

1250 "ﬁ. .J:"I ; 1250

|

d
T1ma _:!:,
i

Fi

1000 £ 1000 ot
BN T\I/ / ] S T AN
500 F—% s00 F 8 Y.
E Py i E _ - _
B T Y BN P e T o T S o i T
=0 0 s @ =0 0 S0 g
EE T P Ep
1750 E L 1750 E ) f
1500 E 1500 F
12580 F 1250
1o 'y / : , /
1000 F 1000 F
750 E 5 AW a0 f& " !
] S e o0 f— oA
250 F S ; 250 F _ ;
o B 1 1 17 _&-“ﬁlﬁ- 112 o =l |:f_|ﬁ'h-.11—" _b? 1i2
=0 0 =0 @ =0 0 =0 g

Puc. 7. Ilondapel nagaommx i3 W 15 W OTPaXKeHHLIX 71 U 75 yAapHLIX BOJH MPH MOJETe B 3eMHON aTMocpepe co
ckopocThio 4 kM/cek Ha BricoTe 30 kM (puc. a, ¢, €) u 50 xkm (puc. b, d, f) npu ¢pukcuposanrom 3 = 25° u
Bapuanun G = 41.7° (puc. a), 42.2° (b), 30° (c, d), 12.6° (e), 12.3° (f). Ha puc. ¢ n d nokazaHbl BapHAHTEL

[OJAP TIPH MAXOBCKOM (7137 W Papf) W DETYIAAPHOM (1R U T2R) OTPaKEHHN

B peayabTaTe paboTH MPOTPAMMHOT O KOMILIEKCa ONpeaeNeHbl 3HATEHNA:

:(25,30,2):1 N :(25 30,2) = 37.9
= (25,50,2) = 17.3; = (25,50 2):3
= (25,30,4) = 12.6; = (25,30,4) = 41.
= (25,50,4) = 12 = (25,50,4) = 42.

’ 2

O6paTuM BHMMaHHe Ha HEMOHOTOHHYIO 3aBHCUMOCTL (5 u 35" or H m V B obuem cmbicae. Tak, npn
V = 2 mmeer mecTo §5(30°) < B5(50°), m £5*(30°) > 55*(50°), a mpu V = 4 yxe 55(30°) > 55(50°) u
*(30°) < B5*(50°). ToBopa APYTMMH CIOBaMH, B MIEPBOM CIydae C yBEAWYeHHEM BHICOTHI MOAeTA 06IACTh He-
eTMHCTBEHHOCTH PEIleHNs YMEHBIIAETCS, a BO BTOPOM — yBeaumduBaeTca. O qHAKO TpH (PUKCHPOBAHHOU BEICOTE
nofeTa Kak aaa H = 30, tak u anga H = 50 o61acTh Hee IMHCTBEHHOCTH PellleHNA MOHOTOHHO YBEANINBAETCA C
YBeIWHeHneM CKOPOCTH TToeTa (B faHHOM guanazone [ u V). DTo cBA3aHO KaK ¢ PE3KUM TaleHHEM NaBIeHNA
€ POCTOM BHICOTHI, TaK I ¢ HEMOHOTOHHOW 3aBUCAMOCTBIO TEMIIEPATYPHI OT BHICOTHI B 3eMHOU aTMocdepe.
Bepxume puc. 6a,b u 7a,b npeicrapiaior pacdeTH ¢ §2 = (5% H NOKa3LIBalOT I'DAHUYHYIO CHTYAIHIO
mepexoia o6aacTH enHCTBEHHOCTN (BoaMoxHO Toabko MO) B obaacTh aBoliHOTO pettenns. Tloaapbl 1 n 7y
KacatoTca (puc. Th) manm mourn kacatorcs (puc. 6a,b u 7a), TOCKOABKY PacdeT MPOBOAWJCH C TOYHOCTHIO
ToabKO 0.1°, a mias Xopolell BU3yaJqm3annn KacaHusa TOYHOCTD nojxkHa ObITh He Menee (0.01°. Huxuue puc. 6e, f
u 7e,f mpeacTaBagoT pacdeTs ¢ f; = 35 U HOKA3BIBAIOT TPaHUYHYO cuTyaunto (moaapel -y, [I-ig, TT-r1, TT-r5
epeceKaroTCsA B OJHOH TOUKe) Mepexoia 00JacTH eJHHCTBEHHOCTH (BOo3MOXKHO TobK0 PO) B 061acTh ABOHHOTO
pemenns. Cpennne puc. 6¢,d u 7c,d mpeacrabagor pacdeTsl ¢ 5 < f2 < ;% (KOHKpeTHEIE 3HAYEHUA (o
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0cOBOTO 3HAYEHUA He WMEKT; B AaHHOM ciydae (2 = 30° jid BCeX PHCYHKOB) W TOKAa3bIBAIOT CHTYAlHIO B
06aaCTH ABOMHOTO pellieHns, Korga Bo3MoXKHE 1 MO (moadpwr riy u rapr), u PO (monsapel rip u raR).

WuTepecto cpaBHUTH 3HAYEHUA TEPMOATHAMIYECKTX TAPAMETPOB B PA3JUYHBIX 30HaX Tevdenna. B Tabauie
NpUBOAATCA 3HadeHuA >PEKTUBHOTO MoKazaTeds aauabaTel 7, AaBieHne p B aTMocdepax u Temmepatypa T'
B rpaaycax KeabBuna juas mwimoctpupyeMbix Ha puc. 6e,f u puc. 7e,f3anau ¢ § = 5, T. . B HUXKHEH TOYKe
6UQyPKAIUE PEIeHNA.

BapuanT ~, p, T' B 3006 N

(H,V) 0 1 2 3 4
1.401 1.350 | 1.397 | 1.318 | 1.327
1. (30,2) | 0.118-10=% | 0.178 | 0.097 | 0.615 | 0.615
226 837 540 1268 | 1134
1.401 1.344 | 1.375 | 1.313 | 1.320
2. (50,2) | 0.788-1073 | 0.010 | 0.006 | 0.034 | 0.034
271 900 611 1344 | 1227
1.401 1.190 | 1.347 | 1.207 | 1.192
3. (30,4) | 0.118-1071 | 0.589 | 0.186 | 2.653 | 2.653
226 2720 866 3629 | 3243
1.401 1.172 | 1.344 | 1.221 | 1.202
4. (50,4) | 0.788-1072 | 0.033 | 0.010 | 0.149 | 0.149
271 2830 901 3542 | 3353

Hamomunm, 910 pporTH nagarommx Y B ¢1 1 ¢ pasrpannamBaioT 3086 0 —1 10— 2, a GpoHTH OTpaKeHHBIX
¥B r1 u ro — cooTBeTCTBeHHO 30HE 1 -3 u 2—4. KpaTko mpoaHaJu3upyeM U3MeHeHUA +, p u [ npu mepexone
qepe3 3TH (PPOHTHI.

YB 1. 91oT CY sBasercs nepexogom BK-Tuma mis Bcex paccMaTpHBaeMbIX COMeTAHUU BHICOT W CKOPO-
CTell moseTa. JHAYeHNe 7§ YMEHBIIAETCA, U YMeHbBIIEHNE ABJASETCA BecbMa CylecTBeHHBIM mpu H = 50 kM u
V =4 km/cek — o1 1.401 g0 1.172. Dro cBazano ¢ Tem, 4To 3Hadenne T BozpacTtaer oT 226° K mo 2830° K,
TIpu KOTOPOM BechbMa MHTEeHCUBEH Tpollecc BO3OYKIeHUA MOMeKyJa Kuciaopomaa. B caydae ke H = 30 kv n
V = 2 km/cex Temneparypa Ha srom CY Bospacraer Bcero ao 837° K, xonebarenbhbie crenein cBo6oabl Os
aKTUBUPOBAHHI €llle HE3HAUNTENbHO U 7y YMeHbIaeTcAa auib 10 1.350.

YB i3. I1oT CY Takxke sBaseTcs mepexogqoMm BK-Tumna mias Bcex mpecTaBlIeHHBIX BAPHAHTOB, HO 3HAYM-
TeabHO 60gee caabbiM, deM CVY 27, MOCKOMBKY TeMIEPaTypa BO3PACTAET He TaK CYIIECTBEHHO U “He MOTATUBAaeT”
n0 06JacTH HHTEHCUBHOTO BO36Y XK IeHIS KOAeCaHW B MOJEKYTaX Ta30BOM CPEIHI.

YB 7. DTOT yaapHEI Iepexol MOKeT GHIThH Kak mepexogoM BK-Tuna (BapwanTsl 1 u 2), Tak o mepexo-
gom JI-tuma (BapuanThl 3 u 4). OnpenensomnnM GakTOPOM ABIAETCA CKOPOCTH MOAeTA, TOMUHHPYOMIAA Ha
BapbUDYEMBIMI 3HAYeHNAME Apyrux mapamerpos. [luas sapumanTos 1 u 2 (V = 2 km/cex) poct T wHa CY 1y
TaKOB, 9TO TEMIIEPATYPa 3a ero (PPOHTOM OTHOCHTETBHO HeBbicoKa, okoao 1300°K, u mexuT B obmacTn Hadama
BO36Y K TeHNsA WHTEHCHBHBIX KoteCaHnin aToMOB B Moaekyae Os. [lia BapumanToB 3 u 4 KoHeYHAs TeMIlepaTypa
uMeeT 3HadeHne okoao 3600°K, u 3meck TpeBadUpYOT YiKe MPOLECCH AUCCONUANNT MoJeKya O TPH elle HeTo-
CTATOYHO 3aMETHON aKTHBAINN KoJeHGaHUU aTOMOB B MOJeKyJax azoTa Ny. WHTerpupoBaHHBIM DPE3yJIbTATOM
STHX TPOUECCOB ABIAeTCA pocT 3HadeHus v oT 1.190 no 1.207 (aaa H = 30 kM) u or 1.172 o 1.221 (aas
H = 50 kM). 3aMeTHM, 9TO MHTEHCHBHOCTH TOTO OTPAXKEHHOT'O CKadKa CYIIECTBEHHO MeEHBIIE, YeM Tajako-
mero CY i1: OTHOIIEHNE AaBiaeHni 3a u nmeped pporTom CY r1 0koao 3 -4, B 3aBUCHMOCTH OT BapHaHTa 3a1aqi,
Torga Kaxk Ha (pouTe CY i1 OHO JeXKWUT B npegenax oT 15 1o 50.

YB ry. Oror CY saBasercsa nepexogoMm Toiabko BK-tuna mas Bcex BapmanTos zuavennit H u V. [lepen
ero (ppoHTOM TeMIepaTypa OTHOCHTeAbHO HeBbicoka, oT b40°K mo 901°K, m, cooTBeTCTBEHHO, TeMIlepaTypa
3a (PPOHTOM TOMATAeT B TEMIEPATYPHBIA AuanazoH Bo30y K TeHnd Koaebanui B Mojekyaax Os. [Ipu ckopocTsax
noxera V = 2 kM/cek 3TOT Ipolecc 3HAUYNTeNBHO ciabee (3HadeHne T okono 1200°K u 4 yMeHBIIAeTCA ANIIE
1o sHadeHnd 1.32), a npn V' = 4 kM/cek KomebaTeabHble cTeleHN cBOGOAB Oy CYUIECTBEHHO BO30Y XK IEHBI (TeM-
mepaTypa okoao 3300° K, u 3HaveHme v cymecTBerHo cHmkaeTcs no 1.192 mpu BoicoTe 30 kM um g0 1.202 npu
BeIcOTE 50 KM).

3aMeTHUM, 9TO MOCKOJbKY aHaIu3upyeTcs To4uka oudypkanun s = (5, TO naBileHnus B 30HAX TedeHUA 3
i 4 0IMHAKOBEL, KaK 1 B C/Iy9ae MaXOBCKOT O, TaK U PeryaapHoro orpaxenns (111 PO 5To cripaBeinBo BO BceM
JMamna3oHe ero CyMeCcTBOBaHNA). B 061acTi Hee IMHCTBEHHOCTH PEIIEHNA TTONAPEl OTPakeHHBX Y B MaxoBckoro
7 PeryaspHOTO THMOB He coBmanaioT. [IponcxoauT paciienienne moiap ¥YB ry U rs Ha MOJADPHL ripf — TR U
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ropr — rag (puc. 6¢,d u puc. 7c¢,d), 9T0 IPUBOAUT U K AyaquaMy 3Ha<IeHHI JaBIeHHA B HTHX 30HAX: p3pyf 7
D3R, PaM F Par. 3aMETHM, YTO, eCTECTBEHHO, BHIMOJHAETCA P3r = Par, HO Pay = Pam TOJBKO B Caydae
CHUMMETPUIHOCTH TedeHUsA npn 31 = [Fs.

Pacuiensenue moisp CBA3aHO ¢ TeM, YTO KOHQUIypauusa aro6oi moaapel (cM. (1)) mapameTputdeckn 3aBu-
cUT OT mMoKazaTeas aguabarhl vy 3a ¢pporToM CY, KOTOPHIH, B CBOIO O4Yepelb, 3aBUCUT OT MaBIEHUA P4 33
dpouTom CY | niam, roBops APYIUMHU CIOBAMM, OT 3HAYEHHUA 4, T.€. HEKOTOPOU TOYKH, HPUHA [IEXKAIIEN HTON
ke moaspe (1). Tanee, B cBoto o¥epenb, {4 3aBucnt (cM. (5)) oT yraa passopora moToka 04 3a dporTom CV.

Takum o6pazom, v onpegendercsa Toukol (€4,04) B npocTpancTBe (2), a MOJOKeHHE ITOH TOYKA pas-
angro B caydae PO wan MO. /las MO Touka (€4, 04 ) ecTh Touka nepecedenna noaap I1-i; u I-r1 (Touxn a Ha
puc. 3-5), a naa PO — mouka nepecedenns noasp II-ry u [I-ry (Toukw ¢ Ha puc. 3—5). B Touke 6udypkaiun
petieHns f2 = f5 TOYKN @ U ¢ COBNIAJAIOT (3aMeTHM, B CKOOKaX, 9T0 HECMOTPA Ha CXOAHYO JTHHTBUCTHYECKYO
TEPMUHOJOTHIO, HE ClAeAyeT MyTaTh TOYKH B NpocTpaHcTBe (24) oT Tovek B mpoctpancTBe (2)). CooTmeT-
CTBEHHO COBNAJAIOT U HOIAPH 11 B 71 R. lIpm yBeanwenun B> ot By k B5* paccTodHme MeXK Ay TOYKAME @ U ¢
B (2) yBeam4nmBaeTCA, COOTBETCTBEHHO, YBEANINBAECTCA U CTENeHb PACHIENIEHHA MOMAPHL I Ha ryf W 7. Beae-
cTBHe 6oabimoro “pasmaxa’ moaap I1-¢ u II-r BusyanbHO 5TO pacillelieHIe He CIMIIKOM 3aMeTHO (cM. puc. 6¢,d
u puc. 7c,d) u 1id 3ajga9 ¢ JaHHBIMI 3Ha49eHHAMH mapaMeTpoB H u V orkaonenne noasap I-ry u Il-rg apyr
oT ApyTa He npesocxoanT 2 %.

B anamazone 2 < 57 pacuiemyieHus MoasAp HET, MOCKOAbKY II-rp He MoXeT cyiecTBoBaTh (moaapsr I1-rq
u II-ry He mepecekaroTCs).

AnagoruvdHo n moaspel magatoimx BoaH [1-¢y u [1-is Takxke pasanvubl. B oTinyme oT MOIeAbHBIX 3amad,
rae B (1) paBHEI Bce mapameTpel (M_, y_ n 744) MOTOKa, HaGETAMOIIEr0 HA BEPXHWUI M HIDKHHN YDVIBI BXOJA
B BO3/[yx03a00pHUK (cM. puc. 1), W, COOTBETCTBEHHO, TOMAPHL 1/ HHX COBIAAOT, MIA PealbHBIX 3ajad Mo-
fTeTa B aTMocdepe cnTyannsa Heckoabko wHad. Ilapamerpel (M_ u vy_) Haberamolero moToka, eCTECTBEHHO,
OJMHAKOBLI [ BEPXHET'O W HUKHErO YIVIOB, OMHAKO 3Ha4deHusd >(PPeKTUBHOIO MOKazaTeas anuabaThl Y4 3a
GPOHTOM CXOJSAIIETO C BEPIINH yTJIOB CKavKa YINIOTHEHNA PA3JUYHBI U ONPENeNTIOTCA KOHKPETHBIMI 3HAYEH-
AMU yIJIOB J1 U [, a Takke H n V. 9Tu napaMeTphl ONpeelsaioT 3Ha4eHnA TeMnepaTypbl T4 U p4 3a GPOHTOM
CY, KoTopble, B CBOIO OY€epeb, U ONPEAENAIOT Y4 . N TepauoHHBIN alropuTM pacdeTa yIapHBIX MOJIAD ONMUCAH
BhILIIE, & UCMIOJAb3yeMble KOHKpeTHbIe popMy bl npuseaernl B [10]. Bamerum, uro “Baoxkentocts” moasp I-i; u
Ml-iy (kaxas W3 HUX ABJAETCA BHEIIHEH, a Kakad — BHYTPEHHEH) 3aBHCHT He TOJBKO OT COOTHOIIEHUA 31 1 Ja,
HO 1 COOTHOIIIEHNS 3HAYEHUH BCEX MapaMeTpoB olpefelsiomnero cuucka (24). Ix KoHKpeTHBIe codeTaHNsA Olpe-
JeadroT THI BosHUKatIel yaapaon Boaubl: BK-, /I- mwimm K-Tun (cMm. 1. 5 1anHO#W paboTH), COOTBETCTBY FOIIHIT
YMEHBIEHNIO WM YBEJIMYeHNA A IPH Mepexoie moToka depes ¢pporT CY.

B npueoanmeix Ha puc. 6 — 7 noaspax I1-i; “Broxena” B I-i2, HO HX OTKJIOHEHNE He CANIIKOM Beanko (10 4 %)
H BU3YAJIBHO TIOXO mpocMaTpuBaeTca. OIHAKO s 3aadi B [ETOM DTa pPa3HUIla UMeeT CYIIeCTBEHHOE 3HAa-
YeHNne, TOCKOJIBKY BHU3 110 TIOTOKY OTJINYNA HAKAILINBAIOTCA, U B 30HAX TedeHns 3 u 4 OTANYNSA, HAIPUMED, B
sHadeHnAx 7' MOCTUTaloT COTEH rpaaycoB (cM. Tabauniy).

Bce 5T0 BechbMa cyIecTBEHHO AAA ONTHMAJLHOW OpraHM3allnn razoBoro moroka B TpakTe I'IIBP/ n cu-
cTeM obecledeHns yCTOMYINBOT O (pyHKITMOHNPOBAHUS [BUTATEABHON YCTAHOBKH THIEP3BYKOBOT'O JTETATEABHOT O
ammapara.

B zaxiiodenne aBTOp cYnTaeT CBOUM MPUATHBIM MOJATOM BHIPa3uTh 6aarogapuocts C. H. KopobGeltnnkoBy
u I1. 1. Temmeny 3a momesnbie o6cyx genus u O.JI. Bo6penok 3a momortk B opopmaeHn paboTH.

Pa6ora BrIoaHena npu (uHaHCOBOU MOoAAepxkKe Poccmiickoro ¢poHga GyHIaMEHTAIBHBIX MCCAETOBAHUT

(mpoekTer Ne 02-01-00097 u 01-01-00781).
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