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[TyreM MHBepCHUM MHAMKATPUC AyYEeBBEIX CKOPOCTEN KBA3UIIPOAOABHOY, ""OBICTPON" U "MepneH-
HOI'" KBa3UIIONIEPEUHBIX BOAH, KOTOPBIE ITOAYUYEHHI 110 AQHHBIM MeToAd BCIT, BriepBhIe OIIpepeAeHbl
CUMMETPUS U ITIOAHBIN HAaOOP KOMIIOHEHT TEH30PHOW MaTPHIILI YIIPYTHX IIOCTOSHHBIX U YIIPYTHX
IIOAQTAUBOCTEM B CTAHAQPTHOU aKyCTUYECKOM CUCTeMe KOOPAMHAT. Y CTAHOBAEHO, UTO YIIPyTHE II0-
CTOSTHHBIE TAMHUCTOY TOAIITY MMEIOT INAHAABHYIO TPUKAMHHYIO CUMMETPHIO, @ KAPOOHATHOM TOAIIN
— aKCHAABHYIO pOMONUYECKY!O. MIHTerpaAbHBI KO3 (UITMEHT yIIPyTrol aHU30TPOIINY AOCTUTAET I10Y-
U 22 %. BriepBbIe opepereHbl IPOAOABHBIE HOPMAAU M aKyCTHYECKHE OCU OCAAOUYHBIX TOALIL 110 AQH-
HBIM ITOAEBBIX CEHCMUYECKHUX HAOAIOAEHUH. AQHBI OTIEHKY ITOTPEITHOCTEN alllIPOKCUMAIIY YIIPYTOH
CUMMETPHH OCAAOUYHBIX TOAI MOAEASIMU TIOTIEPEYHO-U30TPOITHON M pPOMOMYECKON cuMMeTpun. Ao-
Kas3aHo, YTO TaKasl allllpOKCHUMalys U3MeHseT XapaKTep a3uMyTaAbHOM aHU30TPOINHN CelCMUYec-
KX BOAH U BBI3bIBaeT 3HAUUTEABHBIE [TOIPEITHOCTH, KOTOPhIe MOT'YT CYIIECTBEHHO CHIKATE ahdek-
TUBHOCTE 3D celicMopa3BeaKYU IIpU ITOUCKAaX He(TH 1 ra3a B CAOXKHBIX T€OAOTHYECKUX YCAOBUSIX.

KharoueBble cAOBa: A3UMYyTaAbHAsA aHU3O0TPOIIY, YIIpyTrre IIOCTOSTHHBbIEe, CUMMeTPUd, cencMu-

YyeCKue BOAHBI.

Bceryn. fBuiie aHizoTpormii MIBUAKOCTEH I10-
HIMPEHHS CeMCMIYHUX XBUAB Y T€OAOTIYHOMY Ce-
PEAOBHUILII BXXe AQBHO IIPUBEPTAE yBary AOCAIAHU-
KiB. 3pOCTal04YUM iHTEpEeC A0 IIOTAUOAEHOTO BU-
BUEHHS a3UMYTaAbHOI CelCMIYHOI aHi30TpoIIii ITo-
B's13aHUM 3 OYPXAUBUM PO3BUTKOM TPUKOMIIOHEHT-
HEX (3C) asuMmyTarbHUX 3D celicMiuHNX METOAIB.

@akT icHyBaHHS CeNMCMiUHOI aHi30Tpoii CBiA-
YUTH IIPO HAIBHICTH Y PEAABHOMY I'€OAOTTUHOMY Ce-
PEAOBHILIL YIIOPSAAKOBAHOCTI PI3HOI reOAOTIUHOI 1
diznunoi npupopu [ Pusanuenko, 1949; Crampin
etal., 1984; ArekcaHapoB, [TpoaatiBoaa, 2000; I[Tpo-
AaviBoaa Ta in., 2011; I'lpopatiBopa, bespoanmii, 2011].
AOCTaTHBO OUEBUAHO, IO BCi 6€3 BUHATKY IIapa-
MeTPpHU a3UMYyTaABHOI CEMCMIYHOIL aHI30TPOIIII KOHT-
POAIOIOTBHCS TUIIOM CUMETPII YIIOPSIAKOBAHOCTI CTPYK-
TYPHUX €A€MEHTIB TeOAOTIYHOro cepepoBuia. Lle
OpraHiuHO BUNAUBAE i3 npuHnuny Helimana—Kro-
pi [Nye, 1957; Paterson, Weiss, 1961; CupotuH, Lllac-
KoAabcKad, 1975; IllacdparoBckuit, [TaoTHUKOB, 1975;
IMpopaatiBopa, 1978 6, 2004; ArekcaHApPOB, [Tpoaait-
BOoAQ, 2000; TTpoaatiBoaa Ta in., 2011; [TpoaatiBoaa,
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Bespoanmnit, 2011], 3ripHO 3 IKUM CUMETpist CTPYK-
TYPHU YIOPSAKOBAHOI'O T€OAOTIYHOTIO CePEAOBUIIIA
BHU3HAYa€ I XapakTep CUMeTPIl TeH30pa IPYKHUX
CTaAMX. Y CBOIO 4epry, NPy>KHA CUMEeTPIis HaKAa-
AA€ JKOPCTKiI OOMe’KeHHs Ha yCi IapaMeTpH a3u-
MYTaABHOI @HI30TPOIIII CECMIYHUAX XBUADB YIIOPSIA-
KOBAHOT'O FeOAOTIUHOTO CEPEAOBHUIIIA.

YABTPa3BYKOBi AOCAIAKEHHS IIOBHOT'O HAOOPY
MaTpHUIli IPY>KHUX CTAAUX Ha 3pa3KaxX Pi3HUX re-
HeTUYHUX THUIIB I'iPCBKUX IIOPIiA IHBapiaHTHO-IIO-
ASIPU3AIIMHIM METOAOM 3aCBIAUYIOTH, 11O y IIepe-
Ba)XKHIN OIABIIIOCTI MipCBKUX MOPIA, Y TOMY YUCAL
OCaAOBUX, CUMETPis MaTPULIi IPY>KHUX CTAAUX BU-
SABAIETHCI POMOIYHOIO ab0 TpUKAIHHOIO [Alexand-
rov, Prodayvoda, 1994; ITpopatisopa, Kyaukos, 1998;
AnekcanpapoB, [TpoaatiBoaa, 2000, 2004; ITpoaaii-
Boaa Ta in., 2011; I'TpoaatiBoaa, Bespoanmutii, 2011].
Lle miATBEPAKYETHCS | pe3yABTATAMU CTPYKTYP-
HUX AOCAIAKEHB 3Pa3KiB ripCbKUX IIOPIA OITUY-
HUMU PEHTreHiBCbKUMU i HEMTPOHHUMHU METOAA-
mu [Paterson, Weiss, 1961; lllacdbpanosckuti, [ThoT-
HUKOB, 1979].
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Y npakTuli CeCMIiYHUX AOCAIAJKEHDb CKAAAACh
HeOAHO3HAuHa CUTYyallis, 1110 3yMOBAEHO $K 00'€K-
TUBHUMH, TakK i cy0'€eKTUBHUMU YNHHUKaMU. [To-
IINPEeHHS XBUAb Y HU3BKOCUMETPUYHOMY aHi30-
TPOITHOMY CEPEAOBHIII AIICHO Ma€ HaA3BUUAWHO
crrapHMY XapakTtep [ Pepopos, 1965; Musgrave,
1970]. Y OyAb-AKOMY HAIIPSIMKY XBUABOBOI HOP-
MaAl @aHI30TPOITHOT'O CEPEAOBUILA ITOMTUPIOIOTHCS
TPHU XBUAI i3 B3a€EMHO OPTOTOHAABHUMHU BEKTOPa-
MU ITOASIpU3allil. BeKTOp NPy>KHUX 3MillleHb Hi OA-
Hi€l i3 XBUAb He KOAIHeapHUU BEKTOPY XBUABOBOI
HopMaai. ®a30Bi Ta MpoMeHeBi IBUAKOCTI He 30i-
raroThCs, @ BEKTOPU XBUABOBOI HOPMaAl, IIPY>KHUAX
3MillleHb 1 IPOMEeHEeBOI IIBUAKOCTI He € KOMIIAQ-
HApHUMU.

3 MeTOIO IOAOAQHHS IUX TPYAHOIIIIB y IIpaK-
THIL] CEUCMIYHUX AOCAIAKEHB 3aCTOCOBYIOTH CIIPO-
IeHi AiHeapr30BaHi MoaeAi. [ip yac AOCAIAKEeHB
0CaAOBUX TOBII CEMCMIUYHUMU METOAAMH, SIK IIpa-
BHAO, 3aCTOCOBYIOTE Tpu TUIIN MoaeAel [Grechka,
2009]: monepevHO-i30TPOIIHY i3 BEPTUKAABHOIO BiC-
CIO CUMeTpil, IONePEeYHO-130TPONIHY 13 TOPU3OH-
TaAbHOIO BiCCIO CUMETPIi Ta MOAEAbL POMOIUHOI CU-
MeTpii 3 OpTOTOHAABHOIO CUCTEMOIO TPIIlUH.

AAs YMCEeABHUX PO3PaxyHKIiB (pa3oBUX i Ipo-
MeHEeBUX XBUAb 3aCTOCOBYIOTh AiHeapHU30BaHi 3a-
AE€KHOCTI 3 BUKOPUCTaHHAM ITapaMeTpiB aHi30TPo-
rii TomnicoHa [Thomsen, 1986] i AsxoBinibKOro—
LIBaukina [AsxoButikuti, CupoTtenko, 1994; Tsvan-
kin, 1997]. OpHak 3aCTOCYBaHHS AiHeapH30BaHUX
MOAEeAeU 3aAUIIIa€E BIAKPUTUM IUTAHHS OI[iIHKU CTY-
IeHs HapAIMHOCTI OAEP’KAHUX AllOCTEPIOPHUX Ad-
HUX, OCKIABKM HEBiAOMI B AIMICHOCTI peaAbHa CHU-
MeTpid 1 aHI30TPOIIS YIOPIAKOBAHOI'O T€OAOITY -
HOT'O CepeAOBHIIIA.

BHacAipOK AOMiIHYBaHHSI TaKOT'O METOAOAOIIY-
HOT'O IMIAXOAY CKAAAACS ITaPAaAOKCAAbHA CUTYaALlid:
3 OAHOTO OOKY, IIPOBEAECHO 3HAUHI 00CATH AOCAIA-
HO-BUPOOHNYMX IIOABOBUX 3D ceiicMivyHUX CIIO-
CTepesKeHb i OAeP>KaHO BaXKAUBI eKCIIepHMeHTaAE-
Hi A@HI, 3 IHIIIOTO — MPAKTUYHO BIACYTHI HaAIMHI
AQHI IIIOAO NPY’KHUX CTAAUX 1| peaAbHOI a3uMy-
TAABHOI @HI30TPOIIil OCAAOBUX TOBIII,.

VY 11id cTaTTi 3pOOAEHO CIIPOOY BU3HAYUTH I1OB-
HUM HaOip KOMIIOHEHT MaTPUIIi TeH30pa IPY>KHUX
CTaAUX y HAOAVMDKEHHI TPUKATHHOI CUMeTpil Ta oLji-
HUTHU XapaKTep a3uMyTaAbHOI aHi30Tpo1Iii ceric-
MIYHUX XBUAB 3@ pe3yAbTaTaMU IIOABOBUX CeMC-
MiUYHUX AOCAipKeHB [ White et al., 1983; Brodov
et al., 1984]. I'Tpy>kHi cTanl BM3Ha4YaloTh 3a iHBEP-
CI€I0 IHAMKQTPUC IPOMEHEeBUX a00 (ha30BUX IIIBUA;
KOCTel pi3HOl NoAspHu3aliii, rpyIy cuMeTpii oca-
AOBOI TOBIIII — 3a AOIIOMOI'0I0 aKyCTUYHOT'O TeH-
30pa i TeH30pa NPY>KHUX CTaAUX. SIK Oasuc craH-
AApPTHOI akycTU4YHOI cucteMu KoopanHaT (CACK)

TI'eogpusuueckutll xyprnaar Ne 3, T. 37, 2015

B35ITO IIPABY TPIMKY BAQCHUX B3a€EMHO OPTOTOHAAB-
HUX BEKTOPIB aKyCTUYHOI'O TeH30pa. AAS allpOK-
cuMallil TeH30pa IPY>KHUX CTAAUX [IOIIePEYHO-130-
TPOITHMM HaOAMKEHHSIM BUKOPHCTAaHO MeToA Dbo-
Aoposa [Depopos, 1965], skuii He Aullle 3abe31e-
4ye€ KIABKICHY OIIIHKY KOMIIOHEHT MaTPHUIIi IIPYyrK-
HUX CTAAMX, a M AQ€ 3MOTy OIiHUTH CTYIIHb BiA-
XUAEHHS IPYKHUX CTAAUX PEAABHOI'O aHI30TPOII-
HOTO CEPEAOBUIIA Bip HaMOAMIKYOTO AO HBOTO II0-
IIEPEYHO-130TPOITHOI'O CEPEAOBHUIIIA.

Mertop iHBepcCii. AAsT pO3B'si3aHHS ITOCTaBAE-
HOI 3aAaui 3aCTOCOBAHO MOAU(DIKOBAHUM IHBApPi-
QHTHO-TIOAIPU3ALIIMHUN METOA,, SKUU B pPa3i BUMi-
PIOBaHHS ITpoOMeHeBUX ab0 (pa30BUX IMIBUAKOCTEM
MIOIIUPEHHS IIPY>KHUX XBUAB PI3HOI HOASIPU3aLiil
3abe3Ieuye BU3HAUEHHS IOBHOI'O HAOOPY KOMIIO-
HeHT MaTpuni npy>xuux craaux y CACK, y mexkax
SIKOI BUKOHYIOTh YMCEABHI PO3PaxyHKU. MeTop ae-
TaABHO ONMCAaHUH B poboTax [Alexandrov, Proday-
voda, 1994; AnekcaHppos, [TpoaaiiBoaa, 2000; TTpo-
AariBoAa Ta iH., 2011; I'TpopaiiBopg, bespoanmti, 2011].

3apauy iHBepCil ChOPMYAIOEMO TaK: HEOOXIA-
HO 3HAWTH NPY’KHI CTaAl FeOAOTIYHOTO CepeAOBH-
114 3@ IHBEPCI€I0 a3UMYTAaABHOI 3aAE€KHOCTI IIPO-
MeHeBUX a00 (pa30BUX IMIBUAKOCTEU IIOIIUPEHHSI
NIPY>KHUX XBUABb Pi3HOI IIOAIPU3ALLil, SKy BU3HA-
4YEHO B IIPOIECi IOABOBUX CEUCMIUHUX CIIOCTEPE-
KeHb. AAT PO3B'sI3aHHS 3aAa4i BUKOPUCTAHO He-
AIHIMHUW MEeTOA HaUMeHIINX KBaApaTiB. LlinboBa
dyskuiga O (X) Ma€ BUTASAA

M 2
ox)= Y [V,ﬁf)—v,ﬁ,’)] ,

m=1

Ae V,,(,e) , V,E,r) — BIATIOBIAHO eKcliepUMeHTaAbHI
Ta OOYHUCAEHI 3HaUEeHHST ITBUAKOCTEM Pi3HOI TTOAS-
pu3atii (e, r=1, 2, 3; | — KBa3ilI03A0BXH4, 2, 3 —
KBasinonepeuHi — "mBUAKA" i “HIOBiABHA") B m-My
HAIIPSIMKY BUMipIOBaHb; X — BEKTOP IIYKaHUX I1a-
pamMeTpiB po3MipHOCTi N, KU BKAIOUaE 21 KoM-
MIOHEHTY MaTPUlli IPY>KHUX CTAaAUX, 'YCTUHY Ta
KOMIIOHEHTH BEKTOPa XBUABOBOI HOpMaai (y BU-
TIaAKY BUKOPHMCTAHHS IIPOMeHeBO]I MIBUAKOCTI). [Tip,
Yac BU3HAYEHHS KOMIIOHEHT BEKTOPa XBUABOBOI HOP-
MaAi n AT 9MCeABHUX PO3PaxyHKiB BeKTopa Mpo-
MEHEBOI IIIBUAKOCTI, BPaXOBYIO4YM YMOBH iX OPTO-
TOHAABHOCTI, HAKAAAAAU OOMEesKeHHS Ha MOTO KOM-

IIOHEHTH.

2 2 2 _
ny +n, +n; =1.

(Da30Bi MIBUAKOCTI i BEKTOPY OASTPU3ATIil TIPYsK-
HUX XBUAb OTPUMAEMO i3 po3B'sI3Ky piBHIHHA [ pi-
Ha—KpicTropdenrs [Depopos, 1965]:

(Ty —pv?8;)U; =0, (1)
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Ae I'yy = Cijgy n jny — tensop Kpicropdens; v —

(hasoBa MIBUAKICTB; 1 ; — KOMIIOHEHTH BEKTOpa
XBUABOBOI HOpPMaAi; Cjjx; — T€H30P IPY>KHUX CTa-
Aux; U; — KOMIIOHEHTU BeKTOPa IPY’KHUX 3Mi-
IeHb; p — TyCTHUHA; §;; — TeH30p KpoHekepa.

SIK110 3apAaHMN HAIIPSIMOK BEKTOPA XBUABOBOI
HOPMaAi, TO 3 yMOBH iCHyBaHHS pPO3B'A3Ky PiB-
HAHHA (1)

2 -
Ly —pv™8;,|=0

3HaXOAMMO BAACHi 3HaueHHS TeH30pa KpicTod-
dens I';;, gKi 3 TOUHICTIO AO BEAUUYWHU CTAAOL P
BH3HAUYaIOTh (pa30Bi IIIBUAKOCTI KBA3IIIO3A0BKHBOI
(vy) i ABOX KBa3iNOIePEeYHUX XBUAb — "IIIBUA-
Koi" vV, Ta "mOBIABHOI" V3 (V] >V, 2 V3).
Ipy>xHi 3MillleHHS i30HOPMAABHUX XBUAD OT-
pumMaemo i3 piBHsAHHSA [Depopos, 1965]

(C=pv?)
Un=" 5
(F—pu )c

Uj

Ae (I'— pl)2 ) jm — TEH30D, BIATIOBiAQ€E TEH30DY
(- p1)2 ) jm ;' ¢ — 3ropTKa TeH3opa. KoMmoHeH-
TH BEKTOPA IPOMEHEBOI IMIBUAKOCTI Vi(e) obumc-
AroeMo 3a popmyaoio [Depopos, 1969]:

2
(o _ Cijrr (I=pv7) jyny

i

v(C-pv?),

YuceabHi po3paxyHKU (Pa30BUX HIBUAKOCTEN
XBUAB 3AIMCHIOBaAY MOAMDIKOBaHNM METOAOM KO-
0i [ArekcaHApOB, [TpopaiiBoaa, 2000; ITpoaatiBo-
Aa Ta iH., 2011; INpoaaiiBopa, bespoaunii, 2011].

OCKIiABKY aIpiopi IIPy’KHA CUMETPId 1 IPOCTOo-
POBAa Opi€HTALli eAeMEeHTIB CUMeTPIl YIIOPSAAKOBA-
HOI'O TEOAOTIYHOTO CEPEAOBUINA HEBIAOMI, TO AAST
IX BU3HAUEHHS B IHBAPIaHTHO-IIOAIPU3AL[IMHOMY
METOAl BUKOPUCTOBYIOTE AOAQTHO BU3HAYEHUM CU-
MEeTPUYHUI aKyCTUYHUN TEH30D W ;;, AKUM € 3TOPT-
KOIO TeH30pa NPY>KHUX CTAAKUX 3a I1apOl0 30BHIII-
Hix abo BHyTpimHix iHpAeKkciB [Depopos, 1969]:

Py = Cyjp -
Y AOBIABHOMY HaIIPSIMKY XBUABOBOI HOpPMaAi o-
IO BU3HAUYAIOTh CYMOIO KBAAPATIB (Da30BUX LIBUA-
KOCTe! 3 OPTOTOHAABHUMU BEKTOPAMU ITOASIPU3a-
1ii [@epopos, 1965]:

- — 2 2 2
p(n)=W;n;n =v; +v;+0;3.

SIK BUIIAMBAE i3 XapaKTepUCTUYHOTO PiBHAHHSI
akycTuuHoro Teuzopa [Depopos, 1965]

(Hjy = A8 ) x; =0,
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A€ A — CKaasdp, BiH Ma€ TPU BAACHI 3HAYEHHS
Wi, Wy, W3. KOo)KHOMY BAGCHOMY 3HAUEHHIO BiA-
nosipae BracHmii Bektop X', X7, X”. BaacHi Bek-
TOPU YTBOPIOIOTH TPIMKY B3aEMHO OPTOTOHAABHUX
BeKTOPiB [DepopoB, 1965]. HanpsiMKy BAQCHUX Bek-
TOPiB @KyCTUYHOTO TEH30PY 30iratoThCs 3 Opi€eHTa-
IIi€I0 eAeMEeHTIB CUMeTpPii aHI30TPOITHOTO CepPEAO-
BUIIla — BOHU a00 KOAIHeapHi ocaM cuMeTpii, abo
OpTOroHaAbHI maomHaM cuMeTpil [[TpoaariBoaa,
1978 a, 6]. fIk 3a3uauas . I. ODropopos [DepopoB,
1965], 3a AOIIOMOrOr0 aKyCTUYHOI'O TeH30Pa MOJK-
HA €EAWHUM YMHOM 3AIMCHUTU IIPUPOAHUN BUOID
0Cel KOOPAMHAT Y MOHOKAIHHUX 1 TDUKAITHHUX KPU-
CTanax.

3Ba’KMBIIH Ha IIi 0OCOOAUBOCTI, IPABY TPIUKY
BAQCHUX BEKTOPIB aKyCTUYHOTO TEH30Pa BUKOPH-
cToBYy1OTh 5K 6a3uc CACK [TIpopatiBoaa, 1998; De-
AOpOB, 19635].

3anuiieMo apamMeTpy XapakKTepUCTUYHOI 110-
BepXxHi akycThuHOoro TeHsopa [Nye, 1957; Cupo-
TuH, llackoabcKkas, 1979]:

Wi x;xp =1

Y NOAQABIIIOMY IO IOBEPXHIO HA3BAAU aKyCTHY-
HUM eAITICOIAOM 1 BUKOPUCTOBYIOTE AN BU3HAYEH-
HS CUMETPIl aKyCTUYHOTO TEH30pa. AKII0 HalOinL-
11le BAaCHe 3Ha4eHHS aKyCTUYHOI'O TeH30pa II03Ha-
YUTU W, , HAUMEHIIe — W ,, & IPOMIXKHE — W,
(9K 11e TPUMUHSITO B KPUCTAAOOTHIII), TO MOXKHA
OOYMCAUTH NapaMeTpU aKyCTUYHOTO eAlllcoipa:
AKyCTHUYHY “AlHIMHICTB"

u
Ly=%
W
AKyCTAYHY "CAQHIIFOBATICTD"
u
Sp=—".
Hp

[To6yaoBa aKkyCTHUHOI AlarpaMu-rpadika 3anesk-
HOCTI LM Bip S u Aae MO>KAMBICTb BUBHAUUTH Ha-
AE>KHICTb YTIOPSIAKOBAHOI'O T€OAOTIUHOTO CEPEeAO-
BUIIa AO TAKUX KAACIiB CUMeETPIl:

a) skumo Ly =1, S, =1 — cumerpis chepudana

(i3oTpomHE CepeAOBUIIIE);

6) skmo Ly =1, S, > 1 —mraHaAbHa morepey-

HO-i30TPONHA;

B) SKIIIO L, >1, 8, =1— akciarpHa nomnepey-

HO-130TpPOTHA;

r) skmo Ly >1, §,, > 1 — pomOGiuHa IAaHaAbHA
abo akcianbHa.

3a rmapamMeTpaMM aKyCTUYHOTI'O eAiricoipa pos-
PI3HUTHU TPUKAIHHY, MOHOKAIHHY Ta POMOIYHY CH-
METPil0 HEMOKAUBO.

AN TIOAQABITIOL A€TAABHIIIO! KAacUikailiii reo-
AOTIYHOTO CEPEAOBHUINA Ha IPYIIX CUMETPIil BUKO-
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PHUCTOBYIOTH CUMETPIIO MAaTPHUILi IIPY’KHUX CTAAUX
y CACK. I'lepeTBOpeHHS KOMIIOHEHT MaTPHILi IIPY>K-
HUX CTaAUX y pobouiil cucteMi KooppauHaTt (PCK)
Crn pq Y KOMIIOHEHTH MATPHUIIi IPY>KHUX CTAAUX
y CACK Cjjg;, Y MeKax sIKOI MiCTUTBCSI PO3B'si-
30K 3apaui, 3aificHI0eMO 3a hopMyaoio [Depopos,
1965]

=Aaim Lljn akp aqu

’
Cijkl mnpq

Ae d;,, — HaIpPsIMHI KOCUHYCHU MUK BAQCHUMU BeK-
TOpPaMU aKyCTUYHOI'O TEH30pa 1 0cAMU POOOUOL Ci-
CTeMU KOOPAUHAT.

AN KIABKICHOI OIJIHKM aKyCTHUYHOI 1 IPY>KHOI
QHI30TPOIIIl BUKOPUCTOBYEMO iHTEerpanrbHi Koedi-
Li€HTU BIAHOCHOI CepeAHBOKBAAPATUYHOI aKycC-
THIHOI ( Ay, ) 1 mpy>kHOI anizorpomii [ Deaopos,
19695]:

Ay =

%[(Ml—H2)2+(M1_M3)2+(p2—u3)2

TEE TR T

X 100% ,

2\ 2
A, = <F z"rzirm>c 100%, 2)

Ae

_2<FC><Filninl>};

KyTOBI AY’KKU O3HA4alOTh OIIEPAIlil0 OCePeAHEHHS
3a yciMa HalpsAMKaM1 XBUABOBOI HOPMaAIL; Wy, Wo,
W3 — BAACHI 3HQUEHHS aKyCTUYHOT'O TeH30pa.
SIK1110 omepaliito ocepepHeHHs A0 GOPMYAH (2)
He 3aCTOCOBYIOTB, TO TOAL AAST KOJKHOTO HAIIPSIMKY
XBUABOBOL HOPMaAi BU3HAYaIOTh AU(pepeHIIaAbHAN
KOe@III€HT NPY>KHOI aHI30TPOIII], KU XapaKTe-
PHU3YE B CEPEAHBOMY CTYIIIHBb BIAMIHU aHI30TPOII-
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HOI'O CepeAOBHUINa Bip HAMOAUIKYOIO AO HBOTO 130-
TpomHoro cepepoBuina [Depopos, 1965].

Taxuit maXip AO OLIIHKY @HI3OTPOIIII AQ€ 3MOI'Y
BU3HAYATH, CTYIIIHb BIAMIHU YIIOPSIAKOBAHOI'O I'eo-
AOTIYHOTI'O CEPEAOBHUINA Bip OyAB-SIKOTO, B TOMY YHC-
Al ¥ HAUOAMIKYUX AO HBOT'O TOTIepedHO-i30TPOII-
HOTO Ta i3oTporHoTro cepeposuil [Pepopos, 1965].

InTerparbHml i AbepeHITiaAbHNM KoedillieH-
TH IOIIePEYHOI IIPYKHOI aHI30TPOIIil BU3HAYAAU 3a
dopmyaramy, siKi HaBepeHi y patii [Pepopos, 1965].
YHACAIAOK 'POMi3AKOCTI BUBHAUEHHS TYT IX He BU-
nHUCy€eMO. 3a popMyAaMHU BKAa3aHOI Ipalli 3HaX0-
AVIMO IIPY>KHI CTaAl HAMOAUIKYOTO IIOIIEPEYHO-130-
TPOITHOTO CEPEAOBHIIIA AO 3aAaHOTO aHi30TPOITHO-
IO CepepOBUIIIA.

AAs onrTMi3allii po3B'sI3Ky 3aAadi iHBepcii 3a-
CTOCOBYIOTE MeTop Bporipena—®naeTyepa—TI 0AbA-
dapba—TI1lenno (kopexkiiisg BOI'L), axuit HAAKUTH
AO KAACy KBa3iHBIOTOHIBCHKUX MeTOAIB [Gill et al.,
1981]. I'lepeBaroio HOro MeTOAY rA06aABHO] OI1-
TUMi3allil € MO>KAMBICTb alIpOKCUMallii KpUBU3HUA
HeAIHIWHOI IABOBOI PyHKIII @ (X) 6e3 IBHOro 00-
yncAeHHs Matpulli 'ecciana H (X), sika € MaTpU-
1eto ii APyTHX MOXIAHUX 92D (x) / (dx;dx;). Le
3a0e3Ieuye CyTTeEBE IPUCKOPEHHS 301KHOCTI 1 CTilt-
KOCTi CTBOPEHOTO iTepalliliHoro npoiecy. MeTtop
AeTaabHO onucaHul y npari [Gill et al., 1981].

ExkcnepuMeHTaAbHI AaHi. AAs BU3BHAUEHHS
IIOBHOI'O HAOOPY KOMIIOHEHT TEH30PHOI MaTPUIii
NIPY’KHUX CTAAUX OCAAOBUX BIAKAAAIB Y TPUKAIH-
HOMY HaOAM>KeHHI OyAd BUKOPUCTaHI Pe3yABTATH
IIOABOBUX CIIOCTepeskeHb MeTopoM BCTI, ki npo-
BepeHO B paioHi [TiBaernHoi EanOu (ITpukactiii-
cbKa 3amapvHa) [Brodov et al., 1984]. OcapoBi Bia-
KAAAH, IKi OyAU 00'€KTOM AOCAIAKEHB, CKAGAQIOTh
BepXM HUJKHBOI Kperau. MeToarKa eKcllepiMeH-
TAABHUX CEUCMIYHUX AOCAIAKEHD IIOAITaAd Y II0-
€AHaHHI CTTOCTEPESKEHD BIAOUTHX i 3aAOMAEHIX XBUAD
Ha IIOBEPXHI 31 CIIOCTEPE’KEHHAMU NIPSIMUX XBUAB
y cBeparoBrHAxX [Jolly, 1956; Vander Stoep, 1966;
Brodov et al., 1984].

IToABOBI eKCIIepUMEeHTH BUKOHYBAAU 3a 30ypeH-
H4 TTIO3A0BKHIX 1 ITIOIIEPEYHUX XBUAB 3 PI3HOIO TI0-
AdpHU3aLi€ero. 3aluc IIONEePEeYHNX XBUAB 3AINCHIO-
BaAY, BUKOPUCTOBYIOUH HAIIPSIMHI AJKepeAa 3a Cxe-
Moo YY1 XX, aKi 3a0e3nedyBaru peecTparito SH-
i SV-XBUAB. Y AeIKUX BUIIAAKAX 3aCTOCOBYBAAU OA;
HoYacHe 30ypeHHS 000X TUIIB S-XBUAB.

AHI30TpOTIiI0 0CaAOBUX BiAKAAAIB AOCAIAKYBaA-
AM Ha TE€OAOTIUYHMX PO3pi3ax 3 Pi3HUM AITOAOTIY-
HUM CKAQAOM TIOPIA: craboprdepeHIiioBaHNX Ii-
MIaHO-TAMHUCTUX 1 TAMHUCTUX BIAKAAAIB Ta rere-
pOreHHNX KapOOHATHUX IOPIA. Pe3yabraT cBepa-
AOBUHHUX CIIOCTEPE’KEHD IIO3A0BXKHIX P- i mmorme-
peunux SH- i SV-xBUAB ITOKa3aHo Ha puc. 1, 2.
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Puc. 1. [upuKaTpucu IpoOMeHeBUX HIBUAKOCTEN MOIIUPEHHS MO3A0BXKHIX P- (1), nonepeunux SH- (2) i SV-
XBUAB (3) 3a pe3yAbTaTaMM CIIOCTEPEKEeHb y CBEPAAOBHHAX, 3a AaHMMU [Brodov et al., 1984]: a — rauHuMCTI Bia-
KAapu Ha TAnbmHi 180—220 M; 6 — MepreAucTo-KpetAsHi Biznkraau Ha ranbmHax 120—200 M. Aixisgsvu mo3Ha-
YeHO TEOPETHUYHi 3HaUeHHS IIBUAKOCTEMN AN eNIITUYHUX iHAMKATPHC, 3HaUKaMU — eKCIepHUMeHTaAbHI AaHi.

Ha aymky aBTopiB craTTi [Brodov et al., 1984],
inpukarpucu SH- 1 SV-xBuasb (puc. 1, a) 3a gop-
MOIO Ay>Ke OAM3BKI A0 TEOPETUUYHUX KPUBUX AAST
MOAEAL IoNepevHOo-130TponHoL cuMeTpii. Kpusi in-
AVKATPUC Pi3HUX TUTIB XBUAD (pPUC. 2) BipApi3Hs-
IOTBCSI OAHA BiA OAHOI, OT’Ke, AAS 1€l IAOIIMHN
XapakTepHa aCUMEeTPUYHICTh KPUBUX IHAMKATPHC
BIAHOCHO BepTHKaAi. AAS IIOIIYKY OCI MOJKAMBOIL
cuMeTpil y IpUIYIIEeHIN IOIIePEYHO -i30TPOITHIN
cuMeTpii TOBIII BIAKAGAIB @BTOPHU 3aCTOCOBYBAAU
aHaai3 pazoBoro 3cyBy MK SH- i SV-xBuaamu. Bera-
HOBAEHUU MiHIMYM 3CyBY (pa3 (4K i MiHiMyMU ro-
aorpadiB) BiamoBipae KyTy 15°, 1110 Y3TOAKYETBCS
3 KYTOM IIaAIHHS 0CaAOBOIL TOBIIIL.

PesyabTaTi 4nceAbHUX PO3PaxyHKIB IPY>KHUX
CTaAUX 0Ccap0BHUX BipKAaaiB y PCK, siki oTpuMa-
HO 3@ IHBEPCI€I0 IHAMKATPUC Pi3HUX THUIIIB XBUAB,
HaBeAeHO B Taba. 1. Aas BusHaueHHsT CACK i aky-
CTUYHOI CMMeTPii BIAKAQAIB i3 3HaViAeHUX 3HaUEHb
NPY>KHUX CTAAUX OYAU PO3PaxOBaHi KOMIIOHEH-
TH aKycTu4Horo TeHsopa B PCK Ta oTpumaHi 1io-
T'O BAQCHI 3HAUEHHS i HATIPSIMKU (TabA. 2). 3a opep-
>KaHMMU YUCEABHUMHU pe3yAbTaTaMU IOOYAOBaHO
AlarpaMy aKyCTHYHOTO eAincoipa (puc. 3). K BUA-
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Puc. 2. InpuKaTpucu NpoMeHeBUX IIBUAKOCTEH T10-
IIMPEHHS IIO3A0BXXHIX P- 1 monepeunux SH- i SV-
XBUAB 3@ PE3yABTATaMHU CIIOCTEPE’KEHb Y CBEPAAO-
BUHAX IIOXMAO 3aAITAlOYMX TAMHHUCTHUX BIAKAAAIB,
3a paHuMH [Brodov et al., 1984]. Tunu xBuab: 1 — P,
2 — SH, 3 — SV, 4 — Bicp anizorporrii.
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Tao6aungsal. IIpyxsi craai (Cp,,) i npyxHi noparausocrti (S,,,,) ocapoBux BipAKAaAiB
y po6Gouiit cucremi KoopaumHat (PCK) i craHpapTHii akycTuuHii cucreMi KoopauHaTt (CACK)
3a pe3yAbTaTaMu iHBepcii celicMiyHMX AaHUX

MaTpwasni Biakaapu
iHAEKCHU mn, TTitmaHoO-TAMHUCTI 'unamcTi Kap6onaTHi
IIOKa3HUK PCK CACK PCK CACK PCK CACK
" 9,15 9,18 9,16 8,82 17,79 17,79
280,9 255,2 238,5 238,2 86,7 86,7
- 10,00 9,41 10,04 9,57 14,00 14,00
1411 233,0 135,5 1754 95,7 95,7
23 7,34 7,14 7,28 7,02 13,85 13,85
438,5 506,7 3794 398,0 134,0 134,0
" 0,62 0,87 0.71 0,94 3,47 3,47
183%,9 1609,1 150%,6 1330,2 288,2 288,2
- 0,98 1,02 0,86 0.88 3,41 3,41
1058,1 1004,4 1181,3 1171,8 293,3 293,3
66 1,67 1,76 1,52 1,81 271 271
685,3 700,1 672,0 656,3 369,0 369,0
. 1,99 2,25 1,90 237 5,00 5,00
53,9 53,8 41,0 24,0 —-2,5 —-2,5
3 6,14 5,92 5,81 5,55 9,30 9,30
—269,3 —245,5 —2174 — 1974 —57 —57
03 4,01 4,36 3,95 4,28 7,00 7,00
—125,6 —216,5 —109,4 —140,9 —47 —47
14 0,10 —0,74 0,29 —0,73 0 0
104,4 33,4 98,7 43,9 0 0
s 0,03 —0,01 0,04 0,09 0 0
53,2 —16,4 28,6 —22,1 0 0
6 —0,38 0,29 0,15 0.79 0 0
94,0 48,2 —-19 —358 0 0
24 —0,17 0,82 —0,02 0,56 0 0
88,5 —294,2 50,4 —138,2 0 0
25 0 —0,11 —0,14 0,05 0 0
277 =51 37,3 —23,8 0 0
2% 0 —0,81 —0,02 —0,76 0 0
32,7 158,8 9,1 70,8 0 0
34 0,21 —0,47 0,32 —0,54 0 0
—194,6 272,1 —169,0 141,4 0 0
35 0,16 —0,06 0,14 —0,01 0 0
—88,4 30,3 66,6 36,5 0 0
26 0,06 0,46 0,20 0.43 0 0
—114,2 —198,0 — 17,6 —42.3 0 0
45 —0,05 0,04 0,02 0,03 0 0
166,1 —36,3 —10,7 —749 0 0
16 —0,26 0,02 0,13 —0,37 0 0
329,8 —226,4 —116,1 168,6 0 0
56 —0,13 0,19 —0,05 0,18 0 0
123,5 —115,6 46,2 —140,8 0 0
HPY}KH.a IThaHanbHA TPUKAIHHA IThananbHA TpUKAIHHA AxcianbHa poMOiuHa
cuMeTpisa
A % 21,6 21,6 21,92 21,98 13,08 13,08
Tycruya, 2,300 2,193 1,986
r/cM

Ipumimka. A — iHTerparbHUU KoedillieHT Npy>KHOi aHizorpomii. Hap puckoro — C
TIla—! 1 Tlla~'=10"13 pur/cmM2.
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Puc. 3. AlarpaMa napamMeTpiB aKyCTUYHUX eAilco-
iaiB mimtaHo-rAuHUCTOI (1), TAMHECTOI (2) i Kap6o-
HATHOI (3) TOBI 3a AQHUMHU CIIOCTePe’KeHb MeTO-
Ay BCIT: npsiMa — Me’ka Mi’K IAA@HAABHUMU i ak-
ClaABHUMHU TUIIAMU CHUMeTpil.

HO i3 HaBEAEHUX AQHUX, HillJaHO-TAMHUCTA i TAU-
HHCTA TOBIII MatOTh HAUOIABIITY aHI30TPOIIIIO, a CH-
MEeTpis aKyCTUYHOI'O TEH30Pa BUABUAACS IINGHAAD-
HOIO POMOIYHOI0. BEKTOp BAQCHOTO 3HQUEHHS U 3
TAMHUCTHUX BIAKAGAIB yTBOpPIOE KyT 7,4° i3 BepTu-
KaAAIO, @ AAS MIMTaHO-TAMHUCTOL TOBIIL [JeW KyT
aerro Meniuit — 3°. Kap6onaTHi BiAKAaaW Ma-

FOTBb aKClaAbHY POMOIYHY CUMETPIl0, BAAGCHUU BEK-
TOP @KyCTUYHOI KOMIIOHEHTHU W 3 KOAIHeapHUM A0
BEPTUKAAIL

3a AaHUMU TaOA. 1, DilTaHO-TAMHUCTA i TAMHU-
CTa TOBIIl MAlOTh NIAQHAABHY TPUKAIHHY CUMeT-
piro, KapOOHATHI BiAKAGAM — aKCiaAbHY poMOiu-
Hy. I[HTerpanbHi KoeillieHTH IPY’KHOI aHi30TpO-
il TAMHUCTOI i TilllaHO-TAUHUCTOI TOBII, MaMi>ke
oAHaKOBiI — 22 %, kapbonaTHoi — 13,08 %.

AAS KIABKICHOI OITIHKY CTYIIEHS BIAXUACHHS 3HAl-
AEHUX IPYKHUX CTAAMX OCAAOBUX BIAKAQAIB Bip,
HaMOAVKYOI0O AO HUX IIONIEPEYHO-130TPOITHOrO Ha-
OAMPKEHHS PO3PaxOBaHO KOEDIIIEHTH IIOIIEPEYHO-
I30TPOMIHOI aHi30TpoIIil i, BIATIOBIAHO, IPY>KHI CTa-
Al HAaMOAMIKYOTO A0 HUX IIOIIEPEYHO-130TPOIIHOTO
cepeApOBHIIIA.

3a pAaHUMU TaOA. 3, KoeilieHTH IoIlepeyHol
IIPY>KHOI @aHi30TPOIII AAST TAMHUCTHX BIAKAQAIB CsI-
raroTh nmoHap, 17 %. Lle o3Hauag, 1110 IToriepevyHo-
130TPOIHE HAOAVIKEHHS € HEAOITyCTUMO I'PYOUM .
AAS TIOPIBHAHHSA B TaOA. 3 HaBEAeHO PE3yABTATH
BU3HAUYEHHS [IPY’KHUX CTAAUX KaPOOHATHOI TOBIIIL
3a AQHMMM CeMCMIYHUX ciocTepeskeHb [Bachman,
1983]. OckinrbKY cucTeMa CeHCMIYHUX CIIocTepe-
KeHb He AaBard MOKAUBOCTI aBTOPY pOOOTH BU-
3HAQUUTHU KOMIIOHEHTY IIPY>KHUX cTaaux Ci3, TO
il OIIIHKM BiH HaMaraBCsl BU3HAUUTHU €MIIIPUYHO
[Bachman, 1983]. Ik BUAHO i3 HaBeAEHUX AQHUX,
oninku C(3 KapOOHATHUX IIOPiA MOPCBKUX BIA-

Taoarunasa 3. [lonepeyHo-i30TponHa anpokcuMalisa npyxuux craaux C, .
ocapoBuXx BipKAaaais, I'Tla

Biarnrapm
Marpuuni
iHAEKCH MmN, . MopceKi (3a pAaHUMU
TTimmamo- . .
[TOKA3HUK . T'AnHUACTI KapGonarui [Bachman, 1983])
TAWHUCTI
Kpeiipa Bannsaxk
11 8,52 8,51 14,96 10,1 24,1
33 7,14 7,02 13,85 9,4 20,9
44 0,95 0,91 3,44 1,8 4,7
66 2,53 2,49 3,65 2.1 6,0
12 3,46 3,52 7,67 59 12,1
13 4,92 4,68 7,28 (0,9) (2,0
A, % 177 17,5 12,7 — —
Ap, % 12,7 13,5 3,1 22,7 22,9

IMpumimka. T'ycTuHa Kpetipn 1,93, Banusaky — 2,21 r/cM3. A — iHTerparbHMIt KoeillieHT IomepevHoi
IIPY>KHOI aHi30Tpomii; Ay — IHTErPaABHIM KOeilieHT NPY)KHOI aHi30TpoMii. ¥ KPYTAUX AY’KKaX — 3HaYeH-
Hs NIPY’KHUX cTaaux Cq3, 9Ki opepsKaHi eMmnipudsHo [Bachman, 1983].
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Puc. 4. InpukaTpucu a3oBUX MIBUAKOCTEH IOIIMPEHHS KBa3iMO3A0BXKHIX P- (1), kBasinonepeunux SH- (2)
Ta SV-XBUAB (3) 3@ eKCIIepUMEHTAaABHUMU AQHUMU Ta IIONI€PEeUHO-i30TPONIHEe HAOAMIKEeHHS IIPUBEAECHUX IIPYIK-

HUX CTaAuX 3a paHuME [White et al., 1983].

KAAAIB, fIKi OAep’KaHi eMITIPAYHO, BUSBUAUCS CYT-
TEBO 3aHWKEHUMU.

Byaa 3pobaeHa cripoba 3pIMCHUTH iHBepCito da-
30BUX KBA3iMMO3A0BJKHIX i KBazinonepeuHux SV-
Ta SH-XBUAB, 5Ki Bu3HaueHi metopoM BCIT [White
et al., 1983] y TOBIIi TAMHUCTHX CAQHIIIB i3 [Tbepe
Ha pi3HUX rAnbrHax. [HAUKaTpucHu ha30BUX ITTBUA-
KOCTel 3a AQHMMU aBTOPIB i IpUBEAEH] IIPY KHI CTa-
Al 'y IIONIEPEYHO-130TPOITHOMY HaOAMIKEHHI IIOKa-
3aHO Ha puc. 4.

PesyapTraTy iHBepCii IPYy>KHUX CTAAUX TAMHU-
CTHUX CA@HIIIB i3 [Thepe iHBapiaHTHO-TIOASTPU3AITiii-
HUM METOAOM y TPUKAIHHOMY HaOAM>KEHHI HaBe-
A€HO B TabOA. 4, aKyCTU4HI cTanl — B TabA. 2. Sk
BHAHO 3 @KyCTHUYHOI AlarpaMu, CUMETPIs IIPY>KHUX
CTAAUX aKCiaabHa poMOiYHa i AUIIle AN TAMHUC-
TUX CAQHITIB Ha TAMOWHI 167,64 M BUSIBUAACS IIAA-
HaABHOIO POMOIUHOIO (pucC. 5). IHTerparbHMM Koe-
(QillieHT IPY’KHOI aHi30TPOMil 3MiHIOETHCS Bip 4,5
A0 12,4%. KoeditlieHT nonepeuHoi aHi3oTpomii,
SIKUM XapaKTePU3ye CTYIIiHb BIAXMA€HHS TAUHU-
CTHX CAQHIIIB Bijp HAMOAMIKYOTO AO HUX IIOIIepey-
HO-i30TPOTTHOTO CepeAOBUINa, Bapitoe Bip 2,3 A0
6,7 % (TabA. 5). Lle oAHO3HAUHO 3aCBIiAUYE, IIIO IIO-
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IePevYHO-i30TPOITHE HAOAVIKEHHS He 3aA0BOABHSIE
IIOABOBUM €KCIIEPUMEHTAaABHUM AQHUM. Pe3yab-
TaTHU 3iCTaBA€HHS IIPY’KHUX CTAAUX IIOIIE€PeYHO-
i30TPOITHOTO HAOAVREHHS 3a MeToAOM DKOAOPOBa
[Depopos, 1965] i3 HAOAMIKEHHSIM, I1]0 OTPUMAHO

| Bw

& 137,16
& 16764
W 108,12
© FHL6
& 250,08
. 85,56

Puc. 5. AlarpaMa napameTpiB aKyCTUYHUX €AIIl-
COIAIB TAMHUCTHX cAaHIIB [lbepe, 3a paHUMU
inBepcil iHpAuKaTpucC (Pa3oBUX MIBUAKOCTEM, SIKi
opepykaHi MeropoM BCIT [White et al., 1983].
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y ctatTi [White et al., 1983], HaBepeHO y TabA. 4.
[TpuBepTatoTh OCOOAUBY yBary 3HauHi po30ikKHO-
CTI, SKIi CIIOCTEPIraroThCA 3a 3i1CTaBACHHSA IIPYK-
Hux ctaaux Cip 1 Cy3.

ITapameTpu aHi30Tpoii 00'€eMHUX NPYKHUX
XBHUAb. Bu3HaueHHS IOBHOTO HAOOPY KOMIIOHEHT
TEH30PHOI MaTPUIli IPY>KHUX CTAAUX 3a0e31euye
YHUCEABHI PO3PAaXyHKU ITapaMeTPiB a3UMyTaAbHOI
aHi30TpoTIIii 06'€EMHUX XBUABL B OCAAOBUX TOBIIIAX
[[TpoaatiBoaa, Kyankos, 1998; Axekcanppos, [Tpo-
AatiBopa, 2000; IMpopatiBoaa, 2004; TTpoaatiBopa
Ta iH., 2011; IMpoaatiBoaa, bespoanmii, 2011]: in-
AUKATPUC (Pa30BUX IMIBUAKOCTEHN, KyTiB BIAXUAECH-
Hs BEKTOPIB NIPY’KHUX 3MIillleHb BiA HAIPSAMKY XBU-
ABOBOI HOPpMaAi KBa3ilO3A0BKHIX XBUAB 1 Koedi-
LiEHTIB AdepeHITiaAbHOI IPY>KHOI aHi30Tporil, To-
BePXOHb pedpakKllil i XBUABOBUX IIOBEPXOHB. Opep-

>KaHI Pe3yABTaTHU IIPEACTABAECHI Y BUTAGAL CTEPEO-
MTPOEKITiY i30AiIHIMT iHAMKATPUC Pa30BUX IITBUAKO-
CTel (KBa3imO3A0BKHEO!L, "IIBUAKOL" 1 "ITIOBIABHOL"
KBA3INONIEPEYHNX) , KYTiB BiAXUAEHHS BEKTOPIB IIPy»K-
HUX 3Mill[eHb KBa3ilIO3A0BKHIX XBUAB Bij HAIIPSIM-
Ky XBUABOBOI HOPMahi Ta KoeillieHTiB AudepeH-
niaabHOI IPYy’KHOI aHizoTporii (puc. 6—38).

SIK BUAHO i3 HABEAEHUX AQHUX, CTEPEOIIPOEK-
11ii i30AiHIN Bcix 6e3 BUHATKY lIapaMeTpiB a3uMy-
TAABHOI @HI30TPOIIII IPY>KHUX XBUAB CTPOT'O y3IO-
AJKYIOTBCS 3 TUIIOM IIPY’KHOI CMMeTPil 0Cap0BUX
ToB1. [Ipy LOMY CIIOCTEPIratOTHCA MEBHI 0CO0-
AMBOCTI B XapaKTepi IPOCTOPOBOI IIOBEAIHKY ITUX
napaMeTpiB.

SIKII0 Ha CTepeOoIpOoeKIlil eKCTpeMaAbHi 3Ha-
YyeHHs )a30BUX MIBUAKOCTEN KBa3iMO3A0BKHIX XBUAD
KapOOHATHOI TOBIIi MAIOTh, BIATIOBIAHO AO pOMOid-

Taoaruungsa 4. PesyabraTn iHBepcii iHAuUKaTpuc ¢a3oBUX MBUAKOCTEA AAS TAMHUCTHX
CAAHIIB Ha pPi3HUX rAMOMHAaX 3aAsraHHS B CTaHAAPTHIN aKyCTUYHill cucTeMi KOOpAUHAT,
3a paHuMu [White et al., 1983]

MarpuaHi I'rubuna, M
iHAEKCHU mn,
rapameTp 137,16 167,64 198,12 228,6 259,08 289,56
1 13,32 13,40 14,52 15,31 13,00 13,58
132,07 130,88 114,44 104,15 134,43 125,00
2 11,80 11,80 11,80 11,80 11,80 11,80
160,00 160,13 158,29 154,24 155,26 153,95
33 10,93 10,86 10,72 11,20 12,43 12,25
170,42 172,26 173,77 159,07 136,29 138,68
44 1,80 1,76 1,72 2,34 2,02 2,30
555,56 568,18 58,140 427,35 495,05 434,78
55 1,86 1,82 1,90 2,51 2,18 2,09
537,63 549,5 526,32 398,41 438,72 478,47
66 2,42 2,45 3,00 3,39 2,37 2,29
413,22 408,16 333,33 294,99 421,94 436,68
12 7.47 7.47 7.47 7,47 7,47 7.47
—52,51 —51,71 —44,62 —42,37 — 59,27 — 54,57
13 7,10 7,10 7,10 710 10 7,10
—51,68 —51,76 — 46,24 —39,17 —42,93 —40,82
23 7,10 7,10 7,10 7,10 7,10 7,10
—69,82 — 70,88 — 75,29 —70,92 —54,83 — 57,60
I'yctuna, /e’ 2,55 2,44 2,38 2,19 2,13 2,52
A, % 7.9 8,5 12,4 12,0 4,5 54
INpy>xHa AkcianbHa IThanarbHa AkciarbHa AkciaabHa AkciaabHa AxcianbHa
cuMeTpia poMOiuHa poMOiuHa poMOiuHa poMOiuna poMOiuHa poMOiuHa

Ipumimxka. Hap, puckoro — npy>kHi ctani C
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I'Tla, mip pUCKOIO — HNPY’KHI TOAQTAUBOCTI Smn, TITa L.
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Taoauunsa 5. Pe3syabTaTu nonepevyHo-i30TPONHOI anmpoKcuMaliii Ipy>KHUX CTaAHUX
AASI TAMHUCTHX cAaHIiB, I'Tla

Marpuuni I'Anbuna, M
iHAEKCH mn,

mapameTp 137,16 167,64 198,12 228,6 259,08 289,56
1 12,72 12,76 13,45 14,02 12,61 12,80
13,38 13,25 14,66 15,42 13,12 12,55
33 10,93 10,86 10,72 11,20 12,43 12,30
10,97 10,91 10,57 11,32 12,03 12,22

44 1,83 1,79 1,81 2,43 2,10 2,20

1,84 1,88 1,88 2,32 2,11 2,37

66 2,26 2,29 2,71 2,92 2,17 2,2

2,45 2,42 3,00 3,42 2,39 2,49

12 8,21 8,19 8,04 8,17 8,28 8,50

8,89 8,41 7,50 8,58 8,34 7,57

13 6,65 6,66 6,67 6,92 6,60 6,50

8,03 8,13 8,08 8,08 7,97 7,99

Ap, % 2,9 2,7 4,8 6,7 33 2,3

IIpumimka. Hap, puckoro — AaHi iHBepcil, mmip puckoro — aaHi i3 crarTi [White et al, 1983]. Ockirbku y
crarTi [White et al., 1983] HaBeaeHO 3HaUEHHS IPUBEACHOTO TeH30PA NPYKHUX CTaAux C,. . /0, AAsE TIOPIBHSTHHS
3 pe3yAbTaTaMu iHBepcil 11i AaHi OyAM IOMHOKEHI Ha I'YCTHHY, SIKy MM BU3HA4aAH B XOAl iTepallifiHoro mpotecy.

Puc. 6. Crepeonpoexkiiii po3MOAIAY BEAUUUH AAS HIMaHO-TAMHUCTOIL TOBIi: @ — IHAMKATPUCHU KBa3ilO3A0BXK-
HbOI XBHUAI, i30AiHITI B KM/C; 6 — iHAMKATpUCH "MIBHAKOI" KBasimomepeuyHol XBUAI, i30AiHii B KM/C; B — iH-
AMKaATpuUCcH "TOBiABHOI" KBasimomepeuyHOi XBUAi, i30AiHIT B KM/c; r — pi3HUI MiXK (PAa30BUMU HIBUAKOCTSIMU

IoImMMpeHHsT “IMBUAKOI" Ta "IOBiABHOI" KBasillomepeyHWX XBHAB, i30AiHII B KM/C; g — KYTiB BiAXHWAEHHS
BEKTOpa IIPY’KHUX 3Mill[eHb KBA3iMO3AOBXHBOI XBHUAL Bip HAIPSIMKY XBHABOBOI HOPMAAi, i30AiHII B rpaay-
cax; e — AudepeHIiaabHOro KoedilieHTa Ipy>kHOI aHizoTpomii, i30AiHII B %.
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Puc. 7. Crepeonpoekiii pO3NOAINY BEAUUYUH AAS HAXUAEHOI FAMHUCTOI TOBII: @ — IHAMKATPUCH KBa3ilos-
MOBJKHBOI XBUAI, i30AiHII B KM/c; 6 — KyTiB BIAXMAEHHSI BeKTOpa IPY’KHUX 3MillleHb KBa3illO3A0BKHBLOI
XBUAL Bip XBHUABOBOI HOpPMaAi, i30AiHII B rpapycax; B — pi3HHUI Mi’K (ha30BUMHU HIBUAKOCTSMHU IOIIUPEHHS
"mBUAKOI" Ta "MOBIABHOI" KBa3iloOepeyHUX XBUAB, i30AiHII B KM/c; I — AudepeHIiaAbHOTO KoedillieHTa
NPYy’KHOI aHizoTpomii, i30AiHil B %.

HOI cUMeTpii, CHMeTPUYHO PO3TallloBaHi 8 eKCT-
peMyMiB (puc. 8, a), To eKCTpeMaAbHi 3HaueHHS
KBa3iMO3A0BKHIX XBUAB Y HIIIAHO-TAWHUCTIN (AUB.
puc. 6, a) i TAMHUCTIH (pUC. 7, @) TOBIIaX PO3MOAi-
ASIOTBCS @CUMETPHUYHO Ta IX YHCAO HEOAHAKOBE.
SIKI1I0 pO3MIilTeHHS IO3A0BKHIX HOpMaAeH (HaIlpsiM-
KiB ITOIIMPEHHS CYTO MO3A0BXHIX XBUAB) ¥ KApOO-
HaTHIiM TOBILIi (AUB. PUC. 8, @) CTPOro BiATIOBiAQ€E
HaIpsaMKaM IIPOCTOPOBOL Opi€HTAllil eAeMEHTIB POM-
OiuHOI cUMeTpii — B3A0OBJK OCEU APYTOIO ITOPSIA-
KY i1 IepIIeHAUKYASIPHO AO IIAOIIUH CUMETPil, TO
AAS TAMHUCTUX TOBII] TPUKAIHHOI CMMeETpil 1X po3-
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TallTyBaHHS € aCUMETPUYHHUM, @ eKCTpeMaAbHi 3Ha-
JeHHS HEOAHAKOBI (AUB. puc. 6, g, 7, 6). Makcu-
MaABHUM KYT BIAXUAEHHS BEKTOPA NPY>KHUX 3Mi-
LIIeHb KBA3IMO3A0BXHBOI XBUAIL Bip HAIIPSAMKY XBU-
ABOBOI HOpMaAi AAST KapOOHATHOI TOBIII poMOiu-
HOI cuMeTpii iepeBuIIye 7°, AAT HU3BKOCUMETPHY-
HUX TAMHHUCTHUX TOBII[ BiH CSiTa€ BXKe MOHaA, 12°
(puc. 6, m; 7, 6; 8, o).

CBoepipHi 0COOAMBOCTI CIIOCTEPIraroThCs B IIPO-
CTOPOBOMY PO3IIOAIAL MAKCUMAABHUX 1 MiHIMaAB-
HMX 3HaYeHb AMEPEHIIANBHOTO KOeiliEHTa IIPYIK-
HOI a”i3oTporii (AuB. puc. 6, €; 7, r; 8, €). Y Kap-
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A

Puc. 8. Crepeonpoekiiil po3IOAiAy BEAUYUH AA KapOOHATHOI TOBIIi. YMOBHI IIO3HaYeHHS AUB. Ha pHuc. 6.

OoHAaTHIiY TOBIII Ha¥MeHIII 3HaueHHs AudepeH-
IiaABHOT'O KOeilieHTa aHi30TPOIII TS KIIOTh AO
HAMPSIMKiB, OPTOTOHAABHUX AO MAOIIMHU CUMET-
pii. B nux HanpsMKax KoedilieHT 3HUKYETBCSI AO
1 %. AAsT HAIPSMKIB, AKI OPIEHTOBAHI IIA a3UMY-
TaABHUM KyToM 30°—55° i 3a KpyTHX KYTiB Tapin-
Hs, KoeiIlieHT aHi3oTpoTil carae moHaa 18%. e
KOHTPACTHIIIIE | AOCTaTHBO aCUMETPUYHO AOKAAI-
3yIOTBCSI eKCTPEeMaAbHI HAlIPAMKU AU(DepeHITianb-
HOro Koe(iljieHTa aHi30TPOoIIi]l B T'AMHUCTUX TOB-
I[aX, BEAMYUHA SIKOTO NepeBUInye 26 %.

Ha cTepeonpoeKIisx i30AiHiN pi3HUIN MUK "IIIBUA
KOI0" Ta "TIOBIABHOIO" Da30BUMM IITBUAKOCTSIMM KBa-
3inonepeyHux XBUAL (puc. 6, r; 7, B; 8, ') coc-
TepiraroTbCs AOKaAi30BaHI HATIPSIMKU €KCTpeMaAb-
HUX 3Ha4eHb. LIIAKOM IpUPOAHO, 110 Y KapOOHAT-
Hil ToBIIi poMOiYHOI cUMeTpii BOHM pO3TallloBa-
Hi CUMETPUYHO BiAHOCHO TIAOITHUH cuMeTpii. Haii-
OiAbIlIa Pi3HUIA MDK (pa30BUMM HIBUAKOCTSIMU KBa-
3iMIONepeYHUX XBUAb Y KApOOHATHIM TOBIIIi CTaHO-
BUTB MoHaA 0,36 KM/ ¢, 1110 CBIAYMTE PO iHTEHCUB-
Hi e(peKTU PO3IIENAEeHHS ITOIIePeuHIX XBUAB [ Cram-
pin et al., 1984]. Lli edpekTHu scKpaBillle IPOSIBAL-
IOTbCS Y TAMHUCTIN TOBIII, Ae Pi3HUIA MiXK (haso-
BHUMU HIBUAKOCTSIMU ITOTIePEYHUX XBUAD IIepeBU-
urye 0,7 km/c. OpAMH AOKaAi3oBaHUN MiHIMyM pi3-
HUII MDK 3HQUYEHHSIMU [IHOTO IIapaMeTpa KBasilo-
IIepeYHNX XBUAB KAPOOHATHOI TOBII 3HAXOAUTHCS

114

Ha MepeTuHi IAOIITUH cuMeTpil. [HII1 AOKaAi3oBa-
Hi MiHIMyMH Pi3HUIII (PAa30BUX IIIBUAKOCTEU KBa3i-
TIOTIePEYHNX XBUAD He 30irafoThCs 3 eAeMeHTaMu
crMeTpil KapOOHATHOI TOBII — iX HaAIIyeMO OAM3B-
KO BOCHMU (pHc. 8, r).

VY ToBIIaxX HiMaHO-TAWHUCTUX i TAMHUCTUX II0-
Pia TPUKAIHHOL CUMeTpil MaeMO TPU aKyCTHYHI OCl,
IIPAYOMY ABI 4iTKO AOKaAiI30BaHi, @ OAHA YTBOPIOE
BUTSATHYTY OOAQCTh (AUB. PUC. 7, B).

CAip AKPECAUTH, IO OTPUMaHi 3aKOHOMipHO-
CTi 3MiHM NIapaMeTpiB a3UMyTaABHOI aHI30TpOMil
0CaAOBUX TOBII AOOPE Y3TroAKYIOTHCS i3 pe3yAb-
TaTaMM Aa0OPaATOPHUX AOCAIAKEeHB 3pa3KiB 0Cap0-
BUX IIOPiA YABTPA3BYKOBUM IMITYABCHO-(Da30BUM
iHBapiaHTHO-TIOASIpU3aIiHUM MeToAOM [[IpoaaiiBo-
22, Kyamukos, 1998; ArekcaHppoB, [TpoaaiiBoaa, 2000].

B OKOAI BEPTUKAABHUX KYTIB CIIOCTEPIraEMO AU-
1Ie BIAHOCHO BY3BKi OOAAQCTI, CEpeAHBOKBAAPATIY-
Ha moxuOKa B SKUX MeHI1a 3a 1 %. AAs KapOoHaT-
HOI TOBIIi poM6iuHOI cuMeTpii (puc. 9, B) anpok-
CUMaliig a3uMyTaAbHOI aHi30TPOIIil KBA3iMmo3A0B-
SKHBOI XBHAI IIONIEPEYHO-130TPOITHOIO MOAEAAIO CIIPH-
YMHIOE CepeAHi Bapiallii ITIBUAKOCTI OAU3BKO 3,6 %.
OpHakK AAST BEPTUKAABHUX KYTiB IapiHHS Bip 0
A0 20° moxu6Ka MeHIa 3a 0,5%. MakcuMaAbHI Bia-
XUAEHHS CIIOCTEepiraeMo Ipu KyTaxX HaAiHHS II0-
Hap, 40°, siki 3a 30IABIIIEHHS [[UX KYTiB IITBUAKO 3PO-
CTAIOTh i IePeBUIIYIOTE 7,9 %.
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Puc. 9. CrepeonpoekIiil i30AiHIM BIiAHOCHOI CepepAHBOKBAAPATHUYHOI MOXUOKU IIPU OIiHII a3uMyTaAbHOI

aHi3oTpomii MIBUAKOCTI HOIIMPEHHS KBa3ilMO3AO0BXXHBOI XBHAL: @ — TAMHHCTOI TOBIIi 3a ii ampokcumarii
IIOIIEPEYHO-i30TPOITHOI0 MOAEAAIO R-27, i3oainii B % (kvr = 3,45 %); 6 — TrAMHHCTOI TOBIII 3a Ii aIpoKCu-
Marlii pom6iuHOI0O MopeArto R-27, izoainii B % (kvr = 2,56 %, M = 1,852); B — kapOonHaTHOI TOBIIi 3a ii

ampoKcuManii monepeyHo-i30TpOIHOI0 MOAEAAIO R-4, i30AiHil B % (Vp = 2,695 xm/c, kvr = 3,61 %).

3poOAeHO CIIpOOY OIiIHUTH BEAMYNHY ITOXNOKHN
33 alpOKCHUMAallil a3MMyTaABHOL aHI30TPOIIII IITBUA-
KOCTI IIOIIMPEHHS KBA3iMO3A0BKHBOL XBHAIL B OCa-
AOBiH TOBIITI pOMOIYHOIO ab0 TOTIEPEYHO-130TPOTI-
HOIO MOAEAATO. SIK BUAHO i3 puc. 9, a, 6, Koediiri-
€HT BapiaIlii MBUAKOCTI CTaHOBUTH 2,56 i 3,45 %
BipmoBipaHO. [TpoTe MakCMMaAbHI 3HAUEHHS Cepep:
HBOKBAAPATUYHUX MOXMOOK IIepeBUITYIOTH 8,5 %
Y BUIIAAKY IOIIEPEYHO-130TPOIHOI MOAEAL, CTAHOB-
ASITH TIOHAA, 7 % — AAST POMOIUHOI MOAEAI.

CTepeonpoexkilii a30BUX ITBUAKOCTEN CAaH-
1oBaTUX rArH [ThePO MatOTh TAKOK POMOIUHY CH-
MeTpito (puc. 10, a) i opAuH AOKaAi30BaHUY MiHi-
MyM, KOAIHEapHUM A0 BEPTUKAABHOI OCi, Ta ABa
MeHIII BUpa>keHi MakcumyMmu. Lle BKa3ye Ha Ha-
SIBHICTBb TPBOX IIO3AOBXKHIX HOpMaAel. [cHyroTh
TPU HAIIPAMKU XBUABOBOI HOPMaAi, B3A0BXK IKHX
HOUIUPIOIOTHCS XBUAIL ITOIIEPEYHOI IIOATPU3Aliil 3

OAHAKOBUMHU (PA30BUMU IIBUAKOCTSIMHU, IO CBiA-
YUTH IIPO HAABHICTH TPHOX aKYCTUYHUX OCEH, SAKi
pO3TallIoBaHi y maomIuHiI cuMetpii (puc. 10, 6). V3-
AOBJK ABOX HAIIPSIMKIiB XBUABOBOI HOPMaAi CIo-
CTepIiraroTbCd MaKCUMaAbHI 3HaUeHHs KoedillieH-
Ta AubepeHIIaAbHOI IIPYKHOI aHI30TpOoIIil — IIo-
Hap 11 %. HarimeHIlle 3HaUeHHS IIbOTO Koedilli-
€HTA KOAIHeapHe A0 BepTHUKaAl — MeHI gK 1,5 %
(puc. 10, B).

ITosepxHi pedpakiuii i XBUABOBI IOBEpPXHi.
AN aHaAI3y 3aKOHOMIPHOCTEH MOLIMPEHHS CEUC-
MIYHUX XBUAB B @3UMYTAABHUX @HI30TPOITHUX OCa-
AOBHX TOBIIIAX BaKAMBE 3HaUEHHS MalOTh [IOBEPX-
Hi pedpakiii i XBUABOBI ITOBepxHI. MK uMu 1mo-
BEPXHSMU iCHY€ TICHUM 3aKOHOMIPHHUM B3a€MO3B's-
30K. 30KpeMa, HasgBHICTb OITYKAOCTi Ha ITOBEPXHi
pedpakmil CIPUYNHIOE BIATIOBIAHO OIIYKAICTE Ha
XBHABOBIM 1moBepxHi [Musgrave, 1970; CupoTus,

Puc. 10. CTepeonpoeKIlii pO3IOAINY BEAUUUH AAS TAMHUCTOIO CAQHIIO [1pepo Ha rAmubuHi 228,6 M: a — iH-
AMKATPUCH KBa3ilMO3AOBXKHBOI XBUAi, i30AiHII B KM/cC; 6 — Pi3HUI MK (pa3oBUMU IMIBUAKOCTSIMH ITOIIH-
peHHsT "MIBUAKOI" Ta "HOBiABHOI" KBa3imomepeyHWX XBUAB, i30AiHII B KM/C; B — AMEpeHIliaAbHOTO Koe-

dinienTa nNpys>KHOI aHizoTporil, i30AiHII B %.
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Puc. 11. [lepepi3 nmoBepxHi MAaBHOCTI KBa3imo3p0BKHBOI P, “moBiabHOI" SV Ta "mBuaAK0i" SH KBasinmomepeu-
HHUX XBUAb KOOPAMHATHOIO IAOIIMHOIO X X5 (Polarization — HampsIMOK IOASpH3ariii): @ — MiljaHO-TAMHHUCTOL
TOBIIi IMAG@HAABHOI TPUKAIHHOI cuMeTpil; 6 — TAMHUCTOI TOBIIi IMAA@HAABHOI TPUKAIHHOI cuMeTpii; B — Kap-

OoHaTHOI TOBIIi akciaabHOI poMOiuHOI cuMeTpil.

[Mackoabckas, 1975; FoapanH, 2008]. Aas Toro 11106
3PO3YMITH, AO IKMX HACAIAKIB IIDUBOAUTD YBIrHY-
TicTh MOBepxHi pedpaxilii, HEOOXiAHO 3Ba’KUTH Ha
TOM (PAKT, 110 BEKTOP IPOMEHEBOI IIIBUAKOCTI I1ep-
IEHAUKYASIPHUY AO ITOBepxHi pedpaxiiii [Musgra-
ve, 1970; CupotuH, [Ilackoabckas, 1975; 'oabauH,
2008].

SIK BUAHO 3 HaBeAeHUX AQHUX (puc. 11, 12), dop-
Ma IIepepi3iB KOOPAUHATHOIO IIAOIIUHOIO IIOBEP-
XOHBb pedpakliil i TpPOoeKITi XBUABOBUX IOBEPXOHb
Ha KOOPAWHATHI MAOIINHU AOOPE Y3TOAKYETHCS i3
IIPY>KHOIO CUMETPIEI0 OCAAOBHUX TOBIIL: IAAHAABHA
TPUKAIHHA 1 akciaabHa poMOiYHa.

HasBHICTB yBITHYTOCTI Ha ITIOBEePXHI pedpak-
11ii “moBiABHOI" KBazimonepeuHoi XBUAI ITiIITaHO-
TAMHMCTOI I TAMHUCTOI TOBIL, 3yMOBAIOE IIOSIBY IIET-
Al BIAIIOBIAHO AO HAsBHOCTI YBITHYTOCTI Ha IIO-

1.3 18

BepxHi pedpaxkiii (puc. 11, a, 6, SV). [IpoTe ii po3s-
TAILlyBaHHS € ACUMETPUYHUM, 5K 1 pO3Mip IIAOIILi
AOKaAizaril Ipoekilii Ha KOOPAMHATHY IIAOIUAHY.

Ha xoopauHATHIN NPOEKIIil XBUABOBOI IIOBEPX-
Hi "HOBIABHOI" KBasinonepeuHol XBUAi (puc. 11, a,
SV) meTAsd IPaKTUYHO BUPOAJKYETECS, TOOTO Mal-
JKe He IIPOSABASIETHCH, IO MTOACHIOETHCS OIIyKAIC-
TIO TIOBepXHi pedpaknii (AuB. puc. 9, 6).

AAd TAMHUCTOTO CAaHIIO ITbepo XapaKTepHi
poMOGiYHO-CUMeTPUYHI Tepe3pi3u MoBepxHi ped-
PaKiiii ycixX TUIIIB XBUAB KOOPAMHATHOIO IIAOIIM-
HOMO (puc. 13, a), are noBepxHs pedpakxiii “no-
BIABHOI" KBa3INOIEePEeYHOI XBUAL MA€ yBITHYTOCTL
3 HEBEAUKOIO KpUBU3HOIO (puc. 13, a, SV). Lli ocob-
AWBOCTI TeXK CIIPUYNHIOIOTH HAa XBUABOBIM ITIOBEPX-
Hi 11i€l XBUAL CUMETPHAYHO PO3TAIIOBAHI IIETAL Ha
1i mepepi3i KOOPAUHATHOO MAOIIUHOLO (puUc. 13, 6, SV).

: o . 1
27515 -1 w I 152 215 -1 I 1672 -3 -2 2 T3
= -1
1.5 -1.5 - 1
2 a2 =3
a i u

Puc. 12. TTpoexkIlisi XBUABOBOI MOBEpPXHi KBa3ilMo3A0BXHBOI P, "moBianbHOI" SV Ta "mBupAKoi" SH KBazimore-
PeYHHX XBUAB Ha KOOPDAMHATHY NAOIIMHY X X3 (Polarization — HanmpsIMOK IOAsIpHM3alii). YMOBHI ITO3HaUYeHHs
AUWB. Ha puc. 11.
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Puc. 13. Tlepepi3 noBepXoHb HNAABHOCTI (a) Ta pedpakiii (6) kKBazinmo3poBkHLOI P, "mosiabHOI" SV Ta
"mBrAKOL" SH KBas3ilomepeuyHuX XBUAL KOOPAUHATHOIO IAOIIMHOIO X X3 TAMHUCTOrO cAaHIo [Ikepo Ha
rau6buni 228,6 M (Polarization — HaIpIMOK IOASIpHU3allii).

AiHiliHa CTUCAMBICTbD i XapaKTepuCTUYHIi 110-
BEPXHi MOAYAIB IIPY’KHOCTI. BuzHaueHHS 11OB-
HOTO HaOOpy MaTpHIli TEH30pa IPY’KHUX ITOAAT-
AMBOCTEN OCAAOBUX BIAKAQAIB 3a0e31edye BU3HA-
YeHHs XapaKTepy a3uMyTaAbHOI aHi30TPOIII AM-
HaMIYHUX IPY>KHUX MOAYAIB.

ANS YMCeABHUX PO3PaxyHKIB TEH30pa AIHIMHOL
CTHUCAMBOCTI (B ij) MOYKHAa CKOPHCTATHCS 3rOPTKOIO
TeH30pa IPY’KHUX IIOAQTAMBOCTEN 3a IIPaBoIo IIa-
poto iHpekciB [CupotuH, Lllackoabckas, 1975; Anek-
ca"ApoB, [TpoaatiBoaa, 2000]:

Bij = Sijkk-

PesyabraTi YNCEABHIX PO3PAXYHKIB {3 ; y Cran-
MAPTHINM aKyCTUYHIN CUCTEMI KOOPDAMHAT i IX BAAC-
Hi 3HAQUEHH4 Ta BAACHI HAIIPSIMKUA HABEAEHO B TaOA. 0.
3a AQHUMM TabOAUITi, KoeillieHT aHi30TPOIIii TeH-
30pa AiHINHOI cTUCAUBOCTI carae 30,3 % A TAU-
HucToi ToBII, 19,4 — AASI TOBIII HiITaHO-TAMHUC-
TUX BiAKAAAIB, 19,6 % — AAST TOBII KapOOHATHUX
TIOPIA,.

PesyabTaT uMceABHIX PO3PaxyHKiB KOMIIOHEHT
AeBiaTopa TeH30pa AiHIMHOI CTUCAUBOCTL D;; oca-
AOBUX BiAKAGAIB HABEAeHO B TaOA. 7. O6'eMHe po3s-
IIVPEHHS 0CAAOBOL TOBIII IMiA Al€I0 HANPy’KEHb
3cyBy (G ) BU3HAYAIOTh AEBIaTOPOM TeH30pa AiHii-
Hol ctucAuBocTi [ Cupotus, lllackoabckas, 1975;
AnekcaHppos, [TpoaatiBoaa, 2000]

AV —
7:2GDijpiq]"

A€ P, q — Iap¥ B3aEMHO IIePIEHAUKYASIPHUX Ha-
IPSAMKIB All HAIIPY’KE€Hb 3CYBY.
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3HauHi Ta Pi3HO3HAKOBI KOMIIOHEHTH AeBiaTO-
pa TeH30pa AIHIMHOI CTUCAUBOCTI 3aCBIAUYIOTE, IO
OCAAOBI TOBIIII IIA AL€IO HANIPY>KEHb 3CYBY TAKOIK
3a3HAIOTh 3HAQUHUX 3MiH 00'eMy (PO3IINPIOIOTHCS
ab0 CTUCKAIOTHCH).

AAST AOCAIAKEHHS a3UMYyTaABHOI aHi30TpoIIil
NIPY>KHUX MOAYAIB CKOPHCTAEMOCH iX XapaKTepuc-
TUYHUMU ITIOBEPXHAMU. XapaKTepHUCTUYHY I1I0BEpX-
Hio Moayas FOHTa E (1) MO>XHa 0049mcAnTH 38 DOP-
myaolo [CupotuH, lllackoabckast, 1975; ArekcaHA-
poB, ITpopaatioaa, 2000]

[E] ™ =Sy til; 11,

Ae | — oAMHWYHMT HaTpSIMOK BU3HAYEHHS ITHO-
IO MOAYASL.

BipnoBiaHO, KoedinieHT ITyaccona v (1) y 1po-
My BUTIAAKY MO’KHA BU3HAQUMTH 3a CITiBBiAHOIIIEH-
M [ CupoTtuH, [Ilackoabckas, 1975; AAeKCaHAPOB,
IMpoaaiiBopga, 2000]

Sijkt Lilj By =1 ly)
28 I 01,

vl =
part Lp

SIKI1IO HAIIPY’KEeHHS 3CYBY ALIOTH Y3AOBJK OAU-
HUYHUX BEKTOPIB p i q A0 OOKOBUX rpaHei TiAQq,
TO MOAYAB 3CyBY G (P, ) OOUMCAIOIOTE 3a POPMY-
Moo [AnekcaHApPOB, [TpoaatiBopa, 2000; CupoTuH,
Tackoabckag, 1975]

-1
[Gp. )] " =4S piajriar.

PesyabTaTit UnCeAbHIX PO3PAXyHKIB TEXHIYHAX
AVHAMIUHUX MOAYAIB IIPY’KHOCTI TOBII, OCAAOBUX
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Taoarumnsa 7. KomnoHeHTH AeBiaTopa TeH30pa AiHiHUX KoedilieHTIB CTUCAMBOCTI
0CapOBHX BiAKA@AIB 3a pe3yAbTaTaMé YHMCEABHHMX po3paxyHKis, TITa 13

KommonenTu aesiaTopa Kommonentu
Biakrapm II1apOBOTO
D, Do D3 TeH3opa*
TTinaHo-rAMHUCTI 11,85 3,86 —16,13 59,64
TI'anaMcTi 21,74 391 —2532 60,89
Kap6onatHi — 17,37 —10,37 27,73 95,87

C By =BY =B =1 (B + By +Bs),

BucHoBKuU. Briepiie 3a iHBepcielo mpoMeHe-  HOI MaTPUIi IPYKHUX CTAAWX MilTaHO-TAMHUCTO]
BUX i pa30BUX IHAUKATPUC KBA3IMO3AOBKHIX iKBa- 1 TAMHUCTOI TOBII BUSIBUAACS IAQHAABHOIO TPU-
3imonepevyHuxX XBUAb OCaAOBOI TOBIIT, IKi BU3Ha-  KAIHHOIO, @ KapOOHATHOI Ta TAMHUCTOTO CAQHITIO
geHO MeToA0M BCIT, yCTaHOBAEHO CUMETPit0 i IOB-  — aKCiaABHOIO i TA@HAABHOIO POMOiuHOO. IHTer-
HUY HaOip KOMIIOHEHT TeH30PHOI MaTPHUIli IPY>K-  PaAbHUM KoeillieHT IPY>KHOI aHi30TPOIIil TANHU-
HUX CTAAUX OCaAOBHX Mopip. CuMeTpist TeH30p-  CTOI TOBII csirae Marixe 22 %.

i "

Puc. 14. CrepeonpoeKkIii xapakTepucTU4YHOI noBepxHi Moayasa IOxra (E (1), I'Tla):
a — TilIaHO-TAMHUCTUX BIAKAAQAIB; 6 — TAWHUCTUX BIAKAAAIB; B — KapOOHATHUX IOPIA.

048
Sl

Puc. 15. Crepeonpoexilii xapakTepucTU4HOI noBepxHi koedinienTta [Tyaccona v (I).
YMOBHI no3HaueHHs AUB. Ha puc. 11.
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Puc. 16. Crepeonpoexkiiii XxapaKTepUCTUYHOI MOBEPXHI MOAyAs 3cyBy (G (p, q), I'Tla).
YMOBHI ITO3HaUeHHSI AUB. Ha puc. 11.

[To6yaoBaHi cTepeonpoeKIiil TapaMeTpiB aHi-
30Tpomil CeMICMIYHUX XBUAB 3aCBIAUYIOTE, 1110 IIPO-
CTOPOBHI XapaKTep a3uMyTaABHOI aHi30TPOIIil celic-
MIYHWX XBUAB IIOBHICTIO BU3HAUYAETHCS CUMETPIi-
€10 MaTpHUIli TEH30pa NPY>KHUX CTAAUX. Y TAUHU-
CTUX i KapOOHATHUX TOBIIAX Ta TAMHUCTUX CAQH-
151X Ha Pi3HUX TAMOMHAX iCHYIOTH OCOOAWBI Ha-
NPSIMKY — ITO3A0BKHBOI HOPMaAl ¥ aKyCTUYHUAX
ocen.

YBirayTicTh NOBEpPXHI pedpaKmil "ImoBIABHOL"
KBAa3IIIOIIePEeYHOI XBUAL 3yMOBAIOE IIOSABY IIETAL HA
ii XBUABOBIM TTOBepxHi. [ ToBepxHs pedpakIlil "IIBrA-
KOi" KBa3ilollepevyHOoi XBUAI OITYKAQ, TIOAIOHO A0
noBepxHi SH-XBUAI y IIOIIePEYHO-I30TPOIIHOMY Ce-
PEAOBHIII, XBUABOBA ITOBEPXHS I1i€l XBUAL TEXK HE
Mae€ neTAi. Pizanirg Mi>k "1mmBUAKOIO" Ta " IOBIAL-
HOIO" KBa3iNOIlepeuHUMU XBUASIMU B ACIKUX Ha-
npsaMkax csarae 0,6 km/c.

I'TokazaHo, 1110 aIIpOKCUMAllisd MAaTPUIL IPYK-
HUX CTAAUX TPUKAIHHOL CUMeTpil CUMeTpUYHIIIN-
MU MOAEASIMHM, 30KpeMa poM6iuHoi Ta HolepevyHo-
I30TPOITHOI CUMETPII, He AUIIIe CIIOTBOPIOE XapakK-
Tep a3UMyTaABHOI aHI30TPOIIII CEUCMIYHUX XBUAB,
a ¥ COPUYMHIOE 3HAUHI MTOXUOKU TIip Yac OIliHIO-
BaHHS a3UMYTaABHOI aHI30TPOMII CEeMCMIYHIX IITBUA-

Cnoucoxk Aiteparypu

Anexkcangpos K. C., IIpogatiBoga I. T. AHU30TpOIS
VIPYTUX CBOMCTB MUHEPAAOB M TOPHEIX IIOPOA,.
HoBocubupck: M3a. CO PAH, 2000. 354 c.

TI'oabgun C. B. CelicMuuecKyue BOAHBI B @HU3OTPOII-
HBIX cpepax. HoBocubupcek: Mza. CO PAH, 2008.
375 c.
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KocTelt. Lle MOKe CyTTEBO BIIAMBATH Ha AOCTOBIp-
HiCTb pe3yAbTaTiB 3D CceliCMOPO3BIAKH.

Briepiire 3a A@HUMU TIOABOBUX CENCMIUHUX CIIO-
CTepe’>KeHb BCTAHOBAEHI lTapaMeTpU a3UMyTaAb-
HOI aHI30TPOIII TeXHIYHUX AUHAMIYHUX MOAYAIB
IIPY>KHOCTI 0CAAOBUX TOBII] Pi3HOT'O AITOAOTIYHO-
ro CKAQAy. BusBaeHi mupoki Bapianlii KoedirieH-
Ta [TyaccoHa B Me>kax OpHI€I TOBIII Ta CKAQAHUN
XapakTep IPOCTOPOBUX 3MIH yCiX MOAYAIB IIPYK-
HocTi. OTpUMaHi YMCAOBi 3HaYEHHS AeBiaTopa TeH-
30pa AIHIMHOI CTUCAMBOCTI CBIAYATH PO 3HAYHI
3MiHN 06'€MYy 0Cap0BOI TOBII 3a Al HaNIpy>KeHb
3CyBY.

3amporoHOBaHUY iHBapiaHTHO-TIOASIPU3allili-
HUU CeMCMIiYHUU MeTOA BU3HAUEHHST cCUMeTpii i
IIPY>KHUX CTAAUX BIAKPMBAE HOBI MOJKAUBOCTI B
IIPOIIeCi AOCAIAJKEHHS YIIOPSIAKOBAHOI'O I€OAOTIY-
HOTO cepepoBHUIlla MeTopamu 3D celicMOpO3BiAKHT
i cIpUATHUME CYTTEBOMY IIIABUIIIEHHIO e(DeKTUB-
HOCTI CeMCMOPO3BIAKH ITiA Yac MOIIYKIB HA(MTH 1
ra3y B CKAGQAHUX I'€OAOTIUHUX YMOBaX.

Poboma BukoHaHa 3a nigmpuMku 010gKemHoi
KOMNAEKCHOI HAQyKOBO-mexHIYHOoI nporpamu Kuis-
CBKOI'O HAUIOHAABHOIO yHIBepcumemy imeni Tapaca
IlleBuenka.

Aaxosuykuli @. M., Cupomenko A.O. I'lapamMeTpsl
YIIPYTOM aHU30TPOINY OPTOTPOIHBEIX TeOAOTHYEeC-
Kux cpep. Qusuka 3emau. 1994. Ne 9. C. 46 —
50.

IlpogatiBoga I.T. AKyCTUKa TEKCTypP IipCbKUX IIO-
pia. Kuis: BI'A "OO0pii", 2004. 144 c.
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Numerical calculation of elastic constants for sedimentary
strata in triclinic approximation based on vertical seismic
profiling data

© G.T. Prodayvoda, P. M. Kuzmenko, A.S. Vyzhva, 2015

It is firstly defined the symmetry and complete component set of tensor matrix elastic con-
stants and elastic compliances by inversion of radial velocity indicatrices for quasi-longitudi-
nal, “quick" and “slow" quasi-transverse waves that are obtained according to the VSP method
in the standard acoustic coordinate system. It was established that the elastic constants of clay
strata have planar triclinic symmetry and carbonate strata have axial rhombic symmetry. The
value of the elastic anisotropy integral coefficient is nearly 22 %. Longitudinal axis and acoustic
normal of sedimentary strata were firstly determined according to field seismic survey. The es-
timation errors of elastic symmetry approximation for sedimentary strata by models with trans-
versely isotropic and orthorhombic symmetry were calculated. It is proved that such approxi-
mation significantly changes the nature of the seismic wave azimuthal anisotropy and causes
high error, which can significantly reduce the 3D seismic efficiency to the oil and gas explora-

tion in the complex geological conditions.

Key words: azimuthal anisotropy, elastic constants, symmetry, seismic waves.
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