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K BOITPOCY CTABMJIBHOCTU TOKTOTY/IbCKOV INTOTUHBI

B.U. Jloszanv

ﬂ.ﬂﬂ OUEeHKN CTabMAbHOCTN COCTOSAHMA MOTUHbI UCMNOJSIb30BaH MeTo4 KoppenAunOHHOro aHanunsa. B OCHOBY aHa-
Nin3a nernn HOpMnpoBaHHbIE CMEKTPDbI 3anucen 3eMﬂeTpﬂceHl/IIZ B AeCATN TOYKax Ha6J'IIO,EI,EHI/IIZ, PacnoNnoOXeHHbIX

Ha ruapoysne.

Kntouegble c108a: NNOTUHA; CENCMOMETpUYECKUE HabMoAeHNA; 3aMCy 3eMIIeTPSACEHNIA; CMEKTPAJIbHbIN 1 Koppe-

NAUNOHHDBIV aHanus.

TO QUESTION OF STABILITY OF TOKTOGUL DAM

V.I. Dovgan

It is used the method of the correlation analysis for an assessment of stability of the dam condition. The basis
of the analysis was formed by rated ranges of records of earthquakes in ten points of the supervision located

on the water-engineering system.

Key words: dam; seismometric supervisions; earthquakes records; spectral and correlated analysis.

Crenana TMONBITKA BBIACHUTH, MEHAETCS JIU CO-
cTostHuue TOKTOTYIBCKOH IIIOTHHBEI BO BpeMeHu? Temo
TUIOTUHBI OCTOSIHHO TIOJIBEPraeTcs BUOPAIMSIM — 3TO
ITyCKH THAPOArperaroB, MIyMbl OT UX PabOTHI, HA KO-
TOpBIC HAKJIABIBAIOTCS BHEIIHHE MHUKPOCEHCMEI W,
HaKOHeI, 3emJeTpsceHus. BuOpammum MoryT ocrna-
OWTh BHYTPEHHHE CBS3M MaTepHalia, MOJACTHIAIONIETO
MYHKT HAaOJIOIEHHH, YTO MPUBEAET K YBEIUYCHUIO aM-
TUTATY/, KOJICOaHHH.

Jlnst u3ydeHust cTaOMIIBHOCTH COCTOSIHUSI TIIOTHHBI
HCTIONB30BaHbI PE3yIIBTAaThl KOPPEIIIIMOHHOTO aHAIN3a
[1-3]. Mcxomum m3 TOTO, UTO 3eMIIETPSCEHIE — CITydaii-
HbIH iporiece. Curtaem, 4To Kakaas TOUKa HaOMOIeHN I
JIaeT XapaKTePUCTUKY OJIOKa, B KOTOPOM OHA HaXOJHUTCS.
Terno mIOTHHBI COCTOUT U3 CEMH BEPTHKAJIBHBIX OJIOKOB.
B neHTpansHOM ONIOKE pacIioNoKEHBI TPH ITyHKTA HA BbI-
cotax 770, 825 u 880 M. [IBa rmyHKTa HaxXomATCs B JIBYX
JIEBBIX, /IBA — B JIBYX INPaBBIX Pa3HbIX OJOKAX TUIOTHHBI
Ha BbIcoTax 825 u 880 M u ;1Ba — B OOopTax KaHbOHA Ha
BBICOTE 825 M, HECSThIN OMOPHBII IMyHKT HAOIIOMCHUIA
pacnonoxeH Ha paccrosHur 800 M OT IJIOTUHBI B CKaJe
(pucyHok 1).

B 0CHOBY KOppEJSIIMOHHOTO aHAIN3a JIETIH HOP-
MHpPOBaHHBIC CIEKTPHI 3amucedl 95 3emieTpsceHuit
B JICCSITH TOYKaX HAOIIONCHUH IO TPEM COCTAaBIISIO-
oM. SHI/ILICHTpaJ'H)HI)Ie PaCCTOAHUA UCIIOJIB30BAHHBIX
3emiieTpsiceHuil He npesbimany 200 kM, SHEpreTHye-
ckue kiaccel K > 8.5, mepuon HaOmroneHUi ¢ Mo

2005 r. mo mapt 2013 . [To u3MeHEeHHIO BO BpeMEHHU
k03 (HUIIUEHTOB KOPPEIISIIIMA MEKIY HOPMHUPOBAHHbI-
MU CIHEKTPaMH 3€MIICTPSICEHU MOXKHO CyIUTh 00 U3-
MEHEHHSIX, IPOUCXOSIINX B IUIOTHHE.

Koppenayua mexncoy moukamu naonrooenuil.
PaccmoTpuM Koppernsiiio Mexay Toukamu | u 2, pac-
TIOJIOKEHHBIMH Ha OJHOM BBICOTE, HO DPa3AEICHBIMH
BEPTHKAIBHBIM O10KOM. ['padyky KOppEIsIuu MEXLy
HUMH Ha OCHOBE CIIEKTPOB 3EMJICTPSICCHUH, 3aru-
CaHHBIX 10 TPEM COCTOBIISIOIINM (X — HarpaBiIeHHE
“Bocrok — 3anan” nomnepek mioTuHel, Y — “Cepep —
Or” — Bgomb MIOTHHEI U Z — BEpTHKAIBHOE), IPHBE-
JICHBI Ha PUCYHKE 2.

JIist XapakTepuCTHKH rpaKoB OBUIN UCIIONB30-
BaHbI CIEAYIOIINE MapaMeTpbl: MaKCHMaJIbHOE ¥ MU-
HUMaJIbHOE 3HA4YeHHs KOod(D(UIIMEHTOB KOppEessiuu
U MOJIO’KEHUE JINHUM TpeHja. s cocrasisromei B —
3 TIpu HEKOTOPOM PacCesHUH NAaHHBIX (MaKCHMAIbHOE
3HaueHue kod(puirenta koppemsiuu r = 0.98, mu-
HumanbsHoe r = 0.81) HaOmonaeTCst HEOOMBIION TPEH/T
B CTOPOHY yMEHbUICHHs Koppeisiuuu. st cocras-
someit C — O — makcumanbHOe 3HadueHue r = 0.96,
MHUHAManbHOE T = 0.8, TPEHZ B CTOPOHY yBEIHYCHUS
Koppesauuy. s BEpTUKAIBbHOM COCTaBISIOUIEN npu
u3MeHeHnn Kod(dduimenta xoppemwimuu ot 0.8 1m0
0.96 tpenna He HaOmomaercs. Koppemsiumst mMexiy
OCTAJIBHBIMHM TIApaMU TOYEK MMEET IOAO0OHBIH BHI,
YTO U JAJs mapel 1-2.
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Pucynok 1 — Crnesa: Tokrorynbckas ['DC, Bu CBEpXy U CO CTOPOHBI HI)KHETO Obeda, udpaMu mokazaHo
pacnosioxkeHre Touek HabroneHni; cnpasa: Toxrorymbsckas ['DC n onopHas 10-s1 Touka HaOmoneHN
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Pucynok 2 — Koppemstiust mesxxay Toukamu 1 u 2: A — kom-
nonenta B — 3, B — xomnonenta C — 10, C — xommnoneHTa Z

3a HEOONBIIMM HCKIIOYEHHEM Kod((UIIMEHTHI
KOppersinnuy u3MeHsoTcs B npeaenax ot 0.7 mo 0.98.
OTH KOJIeOaHUsI MOXKHO OOBSCHUTH HEOJHOPOIHOCTHIO
HCXOJHOTO MaTepualia — ObLIM UCIIOJIb30BAHbI 3aITUCH
MECTHBIX U 0oJiee yHaJCHHBIX 3eMJICTPSICCHUH, cpaB-
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Pucynok 3a — YpoBeHb BOABI 1 KOPPEISIIUST MEKITY
toukamu 2 1 3 (komrnoHeHnTta C — FO — Bonb TeyeHus)
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PucyHok 30 — YpoBeHb BOJIbI U KOPPEIISIIHS MEKILY
Toukamu 2 1 3 (BepTHKaJIbHasi KOMIIOHCHTA)

HHUTEJIFHO CHIIBHBIX W He oueHb. CpejiHee Harpasiie-
HHE 3THX WM3MCHEHHUH ITOKa3bIBAIOT IIPSIMbIC JIMHUM
TpeH/a — TIOHATHE BBEpX (IIOJIOKHUTEIBHBIN Yroi Ha-
KJIOHA) TOBOPUT 00 YCHJICHHH KOPPESIMOHHBIX CBS-
3¢, OMyCKaHWe BHU3 (OTPHLATEIBHBIN YrOJ HAKIO-
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Pucynox 4a — Jlunuu tpenja,
cocraBisromas X (“Bocrok — 3aman”)

Ha) — 00 ociIabJIeHUN KOPPEISIIIMOHHBIX cBsizei. [1pu
OTCYTCTBUH HAaKJIOHA TPSIMOW MOXXHO TOJNararh, 4TO
HUKAaKAX N3MEHEHUH HE TIPOMCXOHT.

MsI crenany MONBITKY BBIICHHTH, HE BIMSET JIU
YPOBEHb BOJIbI B BOJIOXPAHHJIMILE HA M3MEHEHHE KOppe-
JSIIMOHHBIX CBSI3€H MEXTy BEpXHMMH Toukamu. [Ipu-
Mepbl rpaMKOB M3MEHEHHSI BO BPEMEHH YPOBHS BOJbI
7 K03(hHUIIHEHTOB KOPPSUIAIIIA MEXITy BEPXHUMH TOU-
KamH 2 ¥ 3 IpUBEICHBI Ha PICYHKAX 3 a,0. ATIIpoKcHMa-
LIMS1 JAHHBIX BBIIIOJIHEHA IIOJIMHOMOM S5-11 CTEIIEHU.

J11st TOpU30HTANBHBIX KOMIIOHEHT Ha OIpeesIeH-
HOM HayaJbHOM BPEMEHHOM HHTepBajie (pa3sHOM s
Pa3HBIX Iap W COCTABIAIOIINX), HaOIomaeTcst oopar-
Has CBSI3b MEXKIY MapaMeTpaMi, T. €. C YMECHBIIICHUEM
YPOBHS BOABI KOPPEISAIHS MEXKIY TOYKAMH YBEINIH-
Baetcs. C TeueHHEeM BPEMEHH CBA3b MEHSAETCS Hampsi-
MYIO, T. €. C YBEJIMUYCHUEM YPOBHSI BOJbI KOPPEISIIHS
YBEIUYMBACTCsI, U HaoOopoT. Uro kacaercsi BepTH-
KaJIbHbIX COCTaBJIAIOIIUX, TO ¢ Hauana 2007 1. u nanee
HAOIIOaeTcs MpsiMasi CBSA3b MAapaMETPOB: yMEHBIIIE-
HUE (yBEIMYEHHE) OTHOTO COOTBETCTBYET yMEHBIIIE-
HUIO (YBEITHYEHHIO) APYTOTO.

Kak yxe ormewanoch Bbime, KO3()(OUIMEHTHI
KOPPEJISIIIMY U3MEHSIOTCS B HEOOJIBIINX TIpejiesniax, OT-
KJIOHEHHUSI OT CPEIHHUX 3HAYCHUH W3MEpSIOTCS B CO-
TBHIX JONIAX. TakuM 00pa3oM, MO)KHO KOHCTaTHPOBATH,
YTO XOTS U HAOJIOMAeTCs OTPE/ICICHHAS CBA3b MEXKITY
H3MEHEHHSIMHU YPOBHS BOJbI U Ko duimeHTamu Kop-
PEISIIIMU MEX/Ty TOYKaMH, HO B KOJIMYECTBEHOM BbIpa-
JKEHUM OHA HEBEJIMKA U JISKHUT B MpEJeiax TOYHOCTH
9KCIIEPUMEHTA.

BepHemcs Temeph K JMHHUSM TpPEH[A, KOTOpbIE
MIPECTABIICHBI B BH/E CICAYIOMNX IPapHKOB pa3ieiib-
HO JJIs1 TPEX COCTABIISIONTHX (PUCYHOK 4a, 0, B).

Komnonenma X (pucynox 4a)

B nanpasnenun “BocTtox — 3amax” mioTuHa
3akaTa MexJy Oopramu. M, HECMOTpst Ha 3TO, JUIs
OOJIBIIMHCTBA TIap TOYEK, PACIOIOKEHHBIX Ha ILIO-
THHE U 00OpTax, HAOIOIaeTCsl YMEHBIIIEHUE KOPpesi-
LMK BO BpeMeHH. VcKiroueHneM siBisercs Touka 1:
KOppesiius ee ¢ ToukamMu 3, 5, 6, 7, 9 ¢ TedyeHU-
€M BpeMeHH yBennuuBaercs. biok, B KoTopoM pac-
IIOJIOXKEHa TepBasi TOYKa HaOIIONEHUH, OTINYaeTCs
OONBIION TOJIBMXHOCTBIO M, IO HAamMUM HaOIo-
JIEHUsM, SBISAETCS Hambolee YA3BUMOH YacThIO
MIJIOTHHEL.

HauOonbiuii MHTEpEC NpeACTaBIsIeT H3MEHe-
HUE KOPPEJSAIUN MEXIY COCEAHMMHU Todukamu. Jlms
HanpaBieHus: “Boctox — 3aman” MakcumanbHas
KOoppersinysl B Havaje HaOMIoJeHWH Oblia Mexay
5-1f TOUKOH M OOpTOM TUIOTHHBI (TOUka 4). DTH TOU-
KH pacrojOKeHbI Ha OIHOM BBICOTE M OJOK, B KOTO-
pOM pacmojOXKeHa 5-f TOYKa, BIUIOTHYIO TPaHHYUT
c OOpTOM B TOW €ro 4acTH, Iieé HaXOIWUTCS TOYKa
4. OpgHako ¢ TEYEHHEM BPEMEHM CBSI3b MEXKAY STHU-
MU TOYKaMH YMEHbBIIAETCS — HAOIIONACTCS CaMblil
0oBIION TpeHa. Beicokas Koppemsus, yMEHBIIar0-
masicsi Co BpeMEHeM, HaOIIONaeTCss MeXAy TOYKaMH
6 u 7 (LeHTpaJbHBIN U JIEBBIA cOCeqHUE OOKH, BbI-
cota 825 M) U Ha MEHbILIEM YPOBHE — MEXKIYy TOYKa-
MU 5 1 6 u BepxHuMH 1 U 2, 2 u 3, a Takke MEXITY
7-# TOYKOM W JIEBBIM OOpPTOM IUIOTHHBI (TOUKa §).
Koppensnus MexXay COCeTHHMH TOYKaMH, PacIIONo-
JKCHHBIMH Ha OJHOM YpOBHE, BBHIIIE IO CPABHEHHIO
C TOYKaMHM Ha Pa3HBIX YPOBHAX (Kpome mapsl 1 u 5).

Camast HU3Kas KOPpPEJSLUSA C MOCTETIEHHBIM €€
yBEJIMYECHUEM JUIsl HarpasieHus B — 3 HaOmonaercs
st 10-i1 TOUKHM, PAcMONIOKEHHOW BHE IUJIOTHUHBI, CO
BCEMH OCTAJIEHBIMU TOYKaMu. HanGompmmii pocT Kop-
PEIALNY IPOUCXOAUT C COCETHEH 9-if TOUKOI.

Komnonenma ¥ (pucynok 46)

B mnampasnenun “Ceep — IOr” mmoruna o00-
JlajlaeT MaKCUMaJbHOW CTereHblo cBoOoxbsl. Ho st
OornbIlel YacTu map TOYEeK HaOIIOIAaeTCsl yBEInYeHHEe
KOppEeJSIAY, MO0 OTCYTCTBHE BCSKHUX H3MCHEHUH
(tperna Het). MckimrodeHHEM SABISIOTCS COCEIHHE
TOYKH 5 1 6, TOUKU B OGOpTax IIIOTHUHBI — 4 U 8, TOUKH
419, touku 3 u 10, KOppeISALMOHHAS CBA3b MEXKIY
KOTOPBIMH HE3HAYHMTEIILHO — Ha COTHIE JIOJHM BEJINYH-
HBI I — YMEHBIIIAETCS BO BPEMEHH.

MaxkcuManbHas CBsI3b  HAOMIOMACTCS  MEXKIY
3 u 7-# TOYKaMH, PacIOIOKESHHBIMU B COCETHUX OJI0-
Kax, HO Ha Pa3HBIX BBICOTAaX. BBICOKas KOpPEAIHs
Mexay 1-il u 5-if ToukamMu HE MEHsIeTCsI BO BpeMe-
Hu. Ha pucynke 50 BHIHO, YTO JOCTATOYHO BBICOKAs
KOppEeJSIMsl HaOIIOAAaeTCs MEXIy MapaMy COCETHHX
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Pucynox 46 — Jlunuu Tpenna,
cocrasisronas Y “Cesep — FOr”

BEPXHUX TOYEK M COCEJHHX TOYEK BTOPOTO YPOBHS
u OopToB (BBICOTa 825 M), a TaKke MEXIy Hapamu,
PAcIONOKEHHBIME B COCEJHHMX OJ0Kax, HO Ha pas-
HBIX BbIcOTax (880 u 825 m). Koppensamus 9-i Toukn
(amxHUI ypoBeHb, BbicoTa 770 M) ¢ 6-if TOUYKOMH, pac-
TIOJIOKEHHOH B OJTHOM OJIOKE Ha BTOPOM YpOBHE, CpaB-
HUTEJIEHO HU3KAsl, 3HAYNTEIBHO HIDKE, YEM €€ Koppe-
JSIOUS ¢ TOYKAMH BTOPOTO YPOBHS, PACTIONOKEHHBIMHU
B coceqHHNX Oyiokax (Touku 7 U 5), a TakKe ¢ TOUKaMH
B Ooprax (4 u 8). Koppensius 9-if Touku ¢ ornopHoii
10-1i HUKe, YeM ¢ 6-1i.

Bepmuxanvuas komnonenma (pucynox 48)

Jnst  BepTUKaIbHOW  COCTABISIONIEN  yMEHb-
IraeTcsl Koppemsmus Mexny 1-it m 5-i, 4-it u 5-i,
6-if m 9-if Toukamu. J[JS OCTAJIBHBIX COCEAHHX Iap
TOYEK Ha TUIOTHHE W 0OpTax KOppessiius CTaOWIbHO
BbICOKasi Oe3 TpeHzaa, Jub0 HaOIoAaeTCs HEKOTOpOe
€€ yBeIIMYCHHUE.

MakcnmanbHast KOppeJsiiusl TIPU YBEIWYCHUN e¢
BO BpEeMEHH HaOIomaeTcss MeXIy Toukamu 2 u 6, pac-
TOJIOKEHHBIMU B IIEHTPAJILHOM OJIOKE Ha Pa3HbIX BHICO-
Tax. Beicokast koppensaius Mexay ToukaMu 1 u 5, pac-
TIOJIO’KEHHBIMU B COCEIHMX IPaBbIX OJIOKAaX IIOTHHBI,
a TaKKe MeXIy S5-I TOUKOH M MpUMBIKAIOIEH K Hel
4-ff TOYKON TIpaBOTO OOpPTa YMEHBINACTCS BO BPEMCHU.
Jlist 1eBoil CTOPOHBI MJIOTUHBI HEBBICOKAST KOPPEISILIUS
MEK/Ty TOYKaMH COCEIHUX OJI0KOB 3 M 7 yCHIIUBACTCS BO
Bpemenu. HeborbIoe yBenuueHne Koppersiiuy Hadmo-
JIAeTCsl M MEX/Ly 7-H TOUKOM M TOUKOH 8§ B JIeBOM OOpTY.

Koppensuus ¢ 10-if onopHO# TOUKOI HUXKE, YeM
MEXK1y MapamMH, pacloloKEHHBIMH Ha TUIOTHHE U 00p-
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Pucynox 48 — JIunuu Tpenaa,
BEPTHKaJIbHAsL COCTABIIAIOIAS

tax. Jusamap 1 u 10, 2 u 10, 3 u 10 ona yBenuuusaer-
Cs1, UIsl OCTAJIBHBIX MTap — YMEHBILAETCSI.

PaccMoTpuM OTHENBHO IEHTpaIbHBIA OJOK, Jie-
BYIO, IIPaBYI0 CTOPOHBI TUIOTHHBI U WX TPUMBIKaHHS
K OopTam.

Llenmpanvuvui 6n0x. J10CTaTOUHO BBICOKAsT KOP-
persius MeXly Toukamu 2 1 6, 6 1 9 B HalpaBJIEHUU
B — 3 ymenpmaercs Ha 0.02 enuHWIEI 7, B HaIpaB-
nenun C — FO HE3HAUUTENbHO yBEIMYMBACTCA, IJIS
BEPTUKAJIBHON COCTABIISIOLIEH KOPPEISALUS MEXIY
ToYKaMU 2 U 6 — MakcUMajbHa U pacTeT BO BPEMEHH,
MEXIy TOYKaMH 6 ¥ 9 HEe3HAYMTENIHHO (Ha THICSYHbIC
JIOJTN BEJTMYMHBI T) YMEHBIIACTCSI.

Lenmpansnulii 010K U 1€6as CMOPOHA NIOMUHbL.
CBs13b MEXTy TOUKaMu 2 1 3, 6 1 7 TI0 COCTaBIISAIONICH
B — 3 ymensmaercs, no cocrasnsonmm C — O u Bep-
TUKaNbHOM pacTeT. CBA3b 9-11 TOUKM HIKHETO YPOBHS
¢ 7-i Toukol mo cocrasisomeil B — 3 takke ymeHb-
maetcsl, a o cocrasisitomuM C — FO 1 BepTUKaIbHOM
C TEUCHNEM BPEMEHH HE MEHSIETCS.

LlenmpanvHeiti 610K U npagas cmopoHa nio-
munsl. CBSI3b MEXIy Toukamu 1 u 2, 5 u 6 1o co-
crapinsolie B — 3 ymeHbIIaeTcs, Mo coCTaBIstonieit
C — IO mexny Toukamu 1 u 2 pacTer, MeXJy TOUKa-
MU 5 U 6 — yMEHbILIAETCs, IO BEPTUKAIBHON COCTaB-
nsrome s mapel 1 u 2 — He MeHSeTCs, I maphl
5 m 6 — HEe3HAYNTEIHHO YBEIMUYMBAeTCsA (HA THICSIY-
HBIE JIOJTM BENMUYUHBI 1). CBsI3b TOUKH 9 ¢ 5-i Toukoit
TaKKe yMEHbIIAeTcs Mo cocTaBmstomeid B — 3, mo
cocrasisomeil C — 1O pacrer, a 1o BepTUKaJIbHON —
HE MEHSETCS.
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Pucynok 5 — 3nauenus monynel BeTMUUHBI U3MEHEHUS
KOPPEJISALUN MEX/Ty TOUKaMH HaOII0ACHUH

Jlesaa cmopona nnomunsi. CBA3b MEXKIY TOUKa-
mu 3 u 7 o cocrapistouiet B — 3 ymenbinaercs, mno
cocrapsromuM C — FO 1 BepTUKANbHOW — YBEIHYH-
BaeTcs. CBA3b 7-1 TOUKH C OOPTOM IUIOTHUHEI (TOUKA &)
TaK)Xe YMEHbIIaeTcs Mo cocTapistomel B — 3, mo co-
crapisronieit C — KO He MeHsIeTCs, 10 COCTaBIISIOIICH
Z — yBeIM4YNBAETCSI.

Ipasas cmopora niomunwl. CBSI3b MEXKIY TOUKA-
Mmu | 1 5 mo cocraBmsttonieit B — 3 yBenmnanBaeTcs, mo
cocrapisromeii C — O — He MeHseTCs, 10 BepTUKAIb-
HOU cocTapmsonieil — ymenbInaercs. CBsizb 5-i TOUKH
¢ OopToM IIOTHHBI (TOukKa 4) 1Mo cocTaBistone B —
3 ymensbiaercs, no cocrasisiomuMm C — O u Z — He
MEHSIETCSI BO BPEMEHU.

Cea3b 9-11 mouku 6 ocHogauuu niomursvl ¢ 10-u
MOYKOU 8 CKaJle YBEINIUBALSTCS TI0 TOPH30HTAIIBHBIM CO-
CTaBIISIONINM U YMEHBIIIAETCS — TI0 BEPTUKAIILHOM.

Ces13b meodicdy bopmamu naomunsl (mouxu 4 u 8)
[0 TOPHU30HTAIBHBIM COCTABJSIFOLIMM YMEHbBIIAETCS
(ocoOeHHO 3HAUMTENBHO — MO HampasieHuio “Boc-
TOK — 3aman’), B BEpTHKAJIHFHOM HAIpaBICHUN — yBe-
JTUIHUBACTCA.

VYBenuueHHe KOPPENAIUN MEKIy TOYKAMH Ha-
OJIFOCHUI TOBOPUT 00 YCHIICHHU CBSI3¢i MEKIy OJ10-
KaMH, B KOTOPBIX 3TH TOUKH HAXOJSTCS, YMEHbIICHUE
Koppensiiun 06 ocnabnennu csizeil. Jlioboe n3mene-
HHUE KOPPEISAIUI MEXKTy TOUKaMH HaOIIOICHUN — yBe-

JIMYCHNE WM YMEHBILICHHWE — CBSI3aHO C ONpEJeIIeH-
HBIMH JIe(pOpMaLMsSIMU, TTPOUCXOAAIIMMH B TUIOTHHE.
OtBieKasiCh OT HANPABICHHOCTH ATUX M3MEHEHUH Mo
TpEM COCTaBJISIOIIUM, TepeinemM Kk ux moaymo. Ha
pUCYHKE 5 IOKa3aHbl 3HAYEHHUS MOMYNS H3MEHEHUS
BEJINYMHBI KOPPEISLUN MEXKIY COCETHHMH TOUYKAMH
32 PaCCMOTPEHHBIH TIEepHO/] HAOMIONCHNH.

Ha pucynke 5 BUMAHO, 4TO MakcUMajbHbIE H3-
MEHEeHHs Ha IUIOTHHE MPOU30LLIA MeXIy 7-i u 2-#,
7-t m 3-f1 ToukamMH HAONIONEHWH, a TaKke MEXIY
3-ii TOuKOi M JIeBbIM OOPTOM TIOTHHEI (Touka 8). [a-
Jiee M0 YPOBHIO U3MEHEHUH UAYT TOUKH [IEHTPAIbHOIO
0J710Ka — OHM TIO/IBEPKEHBI MAaKCHMaJIbHOMY BO3JICH-
CTBHIO BOJIOXPAHWININA, & TAKKE TOUKa 5 — €€ CBs3H
¢ 1-# u ¢ Touxoif 4 B mpaBOM OOPTY TUIOTHHBL.

Koppenayusa mesxncoy komnonenmamu 013 Kajic-
001t u3 10 mouex. B 0CHOBY KOppeJsIUH BOILIN JaH-
HBIE O 3aIllUCAX TeX K& 3eMJIETPSICEHHH, YTO W IS
KOPPEJSIIIMOHHON CBS3M MEXIy Toukamu. l3mewne-
HHUE KOPPEIUIAMOHHBIX CBA3€il MEXIy KOMIIOHEHTa-
vu X-Y, X-Z u Y-Z todex HaOIONEHUI BO BpeMEHHI
TaKXKe MMeeT OCHMIUTpYIomuil xapakrep. O Hampas-
JICHUH 3TUX U3MEHEHUH MOXKHO CYIUTh 10 BEIUYHMHE
Tpenaa. OcpenHsionye JMHUU TPEH1a MOKa3aHbl Ha
CJICITYIOIINX PUCYHKAX.

Brlicokolt koppensiuueit s Bcex Tpex map KoM-
MMOHEHTOB oTimyaercs 10-1 Touka HaOIIOAEHUH, pac-
MOJIOKEHHAs 3a TpeaeiTaMu ToTUHBL. [Ipn aTom s
TOPU3OHTAJIBHOU napsl X-Y 3Ta KOppessilus yCUId-
Baercsi co BpeMeHeM. J[Jist map ¢ BepTUKaJIBHON KOM-
TIOHCHTON KOPPEJISIHS HE3HAYNTEIHHO YMCHBIIACTCH.

JlocTaTtouHO BBICOKAs KOPPEILSIIUS MEXKITYy KOM-
MIOHEHTAaMH C HEOOJBIINMU M3MEHEHUSIMU HaOIIoza-
eTcs Takke /sl 4-i u 8- Touek B OOpTax IUIOTHHBI:
st nap X-Y u Y-Z — yBenuuenue kodpduipeHta
I BO BPEMEHM WJIM TOJIHOE OTCYTCTBHE TaKUX H3Me-
HEHMH, 1 napel X-Z — yMEHBIICHHE KOPPENLuy,
N3MEpsieMOE B COTHIX JOJISIX BEJINYMHBI ¥ MUHUMAaIIb-
Hasl KoppeJsinus HaOmomaercs it 2-i U 6-1 TodYex,
pacToNIOKEHHBIX B IEHTpalbHOM OJioke, Hamboiee
MTOJIBEPKEHHBIX BIMSHUIO BOAOXPAHWININA, a AT Ma-
pbl X-Z — emie u 11t 3-i Touku. J{Jist Bcex ocTallbHBIX
TOYEK KOPPEJISIINS MEXTy KOMIIOHEHTaMH UMEET IIPo-
MEKyTOUHBIC 3HAUCHHSI.

Takum o0pa3om, aHaaM3 KOPPEIAUOHHBIX
CBsA3€H MEXIy TOYKAMHU HaOJIOJEHUH MOKa3al, 4To
K03 PUIMEHTH UMCIOT BBICOKHEC 3HAYCHHS W 3a He-
OOJIBIIIMM HCKITIOYCHNEM M3MEHSIOTCS B Ipefiesiax oT
0.7 mo 0.98. Takue komeOaHUS MOKHO OOBSICHUTH HE-
OIHOPOJHOCTBIO HCXOAHOTO MaTepHhalia, Tak Kak Obl-
JI UCTIONB30BAHBI HOPMHUPOBAHHBIE CIEKTPHI 3allv-
cell MECTHBIX M Oojiee YIAJCHHBIX 3eMIICTPSICCHHMH,
OTIIMYAIOIINXCS U IO BEIWYMHE DSHEPreTHYEeCKUX
kiaccoB. Kpome Toro, /st BEpXHHUX TOYEK HaOIona-
JIach OMpECIICHHAs CBSA3b MEXAY KOJIeOaHHSIMHU KO-
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Pucynoxk 6 — Koppemnsiins mexny komnoneHTamu X-Z, X-Y u Y-Z

3¢ GUIMEHTOB KOPPESIIMA U U3MEHCHHUSIMU YPOBHS
BOJIbI B BOJIOXPAHIJIHILE, HO B KOJINYECTBEHHOM BbI-
paKCHMM OHA HEBEJHMKA U JIEKHUT B IIPeesax TOUYHO-
CTH KCTIEPUMEHTA.

JUis OLleHKH CPeIHEro HarpaBieHHUsS W3MEHEHUIH
KOPpEJSIIMU MEKAY TOYKaMH BO BPEMEHH ObUIM HC-
MI0JTb30BAHBI MPSIMBIE JIMHUM TPEHJAA: HAKJIOH BBEPX
TOBOPHUT 00 YCHWJICHWH, BHU3 — 00 OCIAabICHUU Koppe-
JSIUMOHHBIX cBsi3ed. Ilpu OTCyTCTBHM HakJIOHA mpsi-
MOl MOYKHO T0J1araTh, 4YT0 HUKAKUX W3MEHEHUN MEX-
Jly OJIOKaMH He MPOUCXOAMNT.

PaccmoTpenune TpeHIOB HO TpeM COCTaBIISIO-
LM MOKAa3bIBAE€T JOBOJBHO CIOKHYIO KapTUHY H3-
MeHeHnH. B Hampaenennn “Boctox — 3aman” miiotu-
Ha 3akaTa MexnJy oopramu. 1, HEcMOTps Ha 3TO, A
OONBIIMHCTBA MAp TOUEK, PACTIONIOKECHHBIX Ha IJIOTH-
He ¥ 0opTax, HaOIIOfaeTCsl TEHICHLUS YMEHBIICHHS
Koppensauuu Bo BpeMeHu. Camasi HU3Kasl KOppessiius
C TIOCTETICHHBIM €€ yBEJIMYCHHUEM HaOomaeTcs JuIs
10-#1 ToYKH, pacnonoKEeHHON BHE MJIOTUHBI, CO BCEMU
OCTaJIbHBIMH TOYKaMH.

B namnpasnennu “Cesep — FOr” miotuna obnama-
€T MaKCHMaJIbHOM CTENEeHbI0 CBOOOIBI, HO Uil 0O0JIb-
IIMHCTBA T1ap TOYEK HAOJIOIAaeTCsl yBeIMYESHUE KOoppe-
JSIIUH, JTNOO OTCYTCTBHE BCSKUX M3MEHEHUH.

il BEpTUKAIBHOM COCTABJSIIOIIEN YMEHbLIAETCS
KOpperws Mexny 1-if u 5-i, 4-it u 5-#, 6-it u 9-i1 Tou-
Kamu. [[J11 OCTabHBIX COCEIHMX Map TOUEK Ha TUIOTHHE
1 Ooprax KOppessiliys CTaOMIIBHO BBICOKasi Oe3 TpeH/a,
6o HabmroaeTcst Hekotopoe eé yBenmdeHue. Koppeis-
1yt ¢ 10-1 onopHO TOYKON HIDKE, YeM MEXIy Mapamu,
PacroNoKeHHBIMH Ha TNIOTHHE U OOpTax.

Ecnu nmepeiiTh OT HampaBIIEHHOCTH 3TUX U3-
MEHEHHUH K MX MOAYJII0, TO MaKCHMaJbHbIC H3MEHE-
HUSl TIPOM3OIIIN B JIEBOM CTOPOHE IUIOTHHBI MEXIY

7-%i n 2-#, 7-1 u 3-H TOUKaMH HaOJIOACHHM, a TakKe
MeXIy 3-¥ TOUKO# U JIeBbIM OopToM (Touka §). [amee
M0 YPOBHIO W3MEHEHHH HIyT TOYKH MEHTPAIHHOTO
OJloKa — OHM TIOABEPKEHBI MAKCUMATHHOMY BO3JEH-
CTBMIO BOJIOXpPAHWJIMIIA, @ TAK)KE TOUKa 5 — e€ CBs3U
¢ 1-ii u ¢ Touxoii 4 B mpaBoM OOpTY IUIOTUHEL. Bee atn
HM3MEHEHHUS HEBEIIMKH U U3MEPSIIOTCSL COTBIMU JTOJSIMU
BEJIMYUHBI 7, HO MBI, K COKaJICHHIO, He 3HAeM KPHUTH-
YECKHUX 3HAUEHUH 3TUX U3MEHEHUM.

AHanuz cBs3eld MeX1y KOMIIOHEHTaMHU MoKa3zall,
YTO CAMOM BBICOKOM KOppEJsILIMEeN AJIs BCEX TPexX map
KOMITOHEHTOB OTiu4aeTcst 10-s1 Touka HaONHOICHUM,
pacrniofioxkeHHast 3a mpeaenamMu IiIoTuHbl. Jocra-
TOYHO BBICOKAS KOPPEIALIUS MEKAY KOMIIOHCHTAMHU
C HEOONBIIMMH WM3MEHEHHSIMH HaOIFOMaeTCs TaKkKe
Jutst 4-i 1 8-i Touek B 6opTax MiIoTHHBL. MUHUMAIb-
Hasl Koppesiius HaOiromaeTcs it 2-d U 6-if Touek,
PACIIOJIOKCHHBIX B ICHTpPAJILHOM OJIOKe, HamOoee
MOJIBEP>KEHHBIX BIMSHUIO BOAOXpaHWINIIA, a JUIs Ia-
pot X-Z — emie u s 3-i Toukn. Cienyer y4ecTb, 4To
Pa3NAYHs MEXTy MAKCUMAIbHBIMI I MUHUMAITLHBIMHU
YPOBHSIMU TPEHJIOB HEBEIMKH U COCTABISIOT COTHIE
JIOJTU OT BEJIMYUHBI 7. DTH PE3yIbTaThl CBUACTEILCTBY-
FOT O OCTaTOYHOW CTaOMILHOCTH PabOThI celicMoMe-
TPOB B 00 OTCYTCTBUH OCOOBIX H3MCHCHHI B MOACTH-
Jarouieit cpene.
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