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• HMeJOWIIOCS! B ·BaCTOstmee BpeMS! CBeAeHIUI 0 Ce'!eHBliX B3aliMOAeliCTBIIS! HeCTa6HllbllldX ., 

, K +:K 11 T.A. eme 1tpal!11e 6eAHhi 11, xaJt npaBHno, HMeJOT xa-

paKTep rpy6hlX oneHOK II Jta'!eCTBeHHhlX 3SKnJO'!eHHll 1 a BO MHOrHX cny'lal!X STH Ce'!eHHII 

ll B006me Be H3BecTHblo BMeCTe C TeM HH¢"opMaUHSI 0 Ce'leHHliX B3aBMOAeiiCTBHSI ReCTa- , 

6HnbllblX 'laCTHll ,npeACTaBnl!eT Be TOllbKO 6om.mol!. CSMOCTOSITenbBhll! BHTepec, 110 COBep

meaHO BeOOXO)UIMa; HanpBMep1 AIUI CTSTIICTB'IeCKBX, paC'!eTOB 11eynpyrux CTOnKBOBeHBii npu , 
11 2( . - ' 

BhlCOKBX SHeprBliX (eM. 
0 

). IJosTOMy Cei!'!aC· BSlKHO HCnOnb30B8Tb BCO AOCTynllble cno-

C06bl AnSI nony'!eBHSI TSKOll H~¢opMaUBB. BalKBhlMB HCTO'IBHKOM HH¢opMaUIIII MOlKeT cny

lKHTb auanB3 TpeX'ISCTH'IHhlX peSI!:UHil THna 

a+:b ... a'+:b'+:c. 

B pll.!le cny'!aeB OCBOBBaSI 'ISCTb Ce'!eBHSI TSI!:HX peaKnBl! ""o6ycnoBneBa nepH¢epu'leCKHMB 
. . ' 

B3SHMOAellcTBHSIMH, KOTOphle xopomo onuchiBaJOTCSI. OA~OMe30HHhiMII AllarpaMMaMB. B STHX, 

cny'!al!X. AnSI npu6nBlKeBHOi! oneHKII BeH3BeCT/IblX Ce'leHHH B38HMOA!lllCTBHSI, aecTa6BllbHbiX 

MOlKHO HCnOllb30B8Tb SKCnepBMeHTanbHble ASHHble no nonHblM Ce'leHHSIM 

TpeX'ISCTH'IHhlX peSKUHii UjQ (E) 0 KOTOpbte B pSMKSX O):IHOMeSOHHOrO npH6nHlKeHIISI CBSI-

38Hbl C Ce'leHIIOM u· (cd) 
xy 

npOCThlM IIHTerpanbllhlM COOTIIOWeiiHeM 

B(E) 

u (E) = f K ( E, '"' ) u· (,) d"' 
in xy 

A 

Tuna 

(1) 

' ( (<) - QpnHaSI 9HeprHSI B CHCTeMe neHTPS MSCC '18CTHn X 11 Y K (:E,ru) 1 - H3aeCTHSSI 

¢YHKUHS1). 

HiiTepnonSIUH,II sKcnepBMeHTanbHhiX 3Ha'leHHll o
10 

(E) no3BOnSieT onpeAenHTb ce'!e-

HHe u· ("') B mupoKol! o6nacTB aaeprBll. Peme1111e 3SAa'IH cymecTBeuao o6ner'!aeTCll 
~ ' 

npuMeaeaHeM 6biCTpOAei!CTBY.JOWHX C'!eTIIblX Ma~H1H. 
i 

KoHe'IHO, MOlKBO paCC'IIITbiBSTb Ha AOCTSTO'IIIY.JO TO'IHOCTb nony'leHHblX TSKHM o6pa30M 

one Holt numb Tex ·o6nacTel! sneprnH "' , rAe 3apaaee H3BeCTllo,. 'ITO. OAHOMe3oaaoe npoMe

lKY.TO'IIIOe COCTOSIIIHe AaeT npeo6naASJOWHll BKnl!A B nonnoe Ce'l,eHHe Tpex'!aCTH'Il!Ol! peaK-

111111. 8 'ISCTHOCTII, 9TO 6yAeT HMeTb MeCTO, KOrAa OAII8 113 BepWHH OAIIOMe30H!IOl! AllarpaM-

' 
Mhl SIBnSieTCSI pe30HSHCIIOll. Hao6opOT, OTHOCHTellbHhlH BJtnaA OAHOMe30IIHOl! AHarpaMMbl 

6yAeT He60llbWUM0 _eCnH llapll.!ly C STOll AHarpaMMOl! cymeCTBY.JOT Apyrne pe3011811CHbie 
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nuarpaMMbl. Tax, uanpuMep, peaJti1UB rr +·N -+ N +:rr+·rr 110CT8TO~O TO~HO OllBCbiB89T-

·en onaoMe3oaaoil Teopueil llBWb aenanexo OT nopora «> =·MN+M B611U3U ·p -pe30BaHC8 

«> -A 750 MaB u npu 6on&mux aaeprunx, B o6nacTU aaepruil «> .. 40D-600 MaB B03M02KHO 

B03_6yJK.O:eBU9 rr -•N -p930JUIHCOB N* ( CM, pUC, 1) U Bltna.t:l OJtHOM930BHOil j:(UarpaMMbl 

CTaHOBUTCB OTBOCUT9n&BO B960n&WUM, 

B uacTonmeli pa6oTe yKa3aBBblli MeTon npuMeaueTCB caa~na x peaK!lUBM 

+: 
p +:p -+ p +:n +:rr P+:p-+p+:p+:,-. 

C 119/lb!O ycTaHOBHTb TO~BOCTblO STOrO M9TOna nyT9M CpaBH9BUB Bbl~UC/19BRbiX Ce~eHBli 

rr-N -B3aUMoneliCTBUJI urrN (c.>) C U3B9CTBbiM~ 9KCnepHM9HTan&BbiMH naBBbiMU, a 3aTaM 

auannaHpyroTCn Tpex~acTH~Hble pealt11UU 

+ + + +" + 
.r- +·p .. n +:rr+·rr , rr- +:p .. p +:rr-+.,-., ,.-+·p .. D +:2rro 

II 
+ + 

K +:p .. K + p +:rr•, K+ +:p ... K 0 +:p +:rr +, · 
+ + +· K +:p .. K +:n +:rr 

C 119/lb!O DOily'IHTb CB9Jt9BIIH C00TB9TCTB9BHO 0 C9'19BU.!IX 

CTB!Ill, 

rr-·n 11 rr-K B3aHMoneil-

Mbt He 6yneM DpHBO.ItHTb 3n9Cb .S::HOrO BBna HHTerpallbHOro ypaBH9HHB (1) nil.!! 

paCCMaTpHBa9MblX Cny'laeB p -p H w'-p B3aHMOneliCTBHil, TaK ·KaK COOTB9TCTBYIOWH9 
/3-5/ 

Bblpa:IKeHBn o6cyJK.O:annc& y:~Ke BO Mnorax pa60Tax (eM,, uanpHMep, ), 

Pe3yn&TaTbl aLI'IHC/leHHll nnu cny~au peaK!lHH 
+ 

p +:p .. p +:a +:rr 

2 ( 
. /6/) 

npuaeneubl ua puc, axcnepuMeHTan&Hble 3Ha'leauu uh B3BTbl ua Ta6nu11 o6aopa , 

KaK BHnHO, peWeHUe ypaBH9HIIB ( 1) npaBUilbHO nepenaeT DO/IO:IK9HU9 Naa pe3o-

BaRCa, B911H~IIHa C9'19HHB rr· 
IT+P 

DO DOpBilltY B9/l~HHbl TaK:IK9 611113Jta K 9KCD9pUM9H-

Tanpnoll, oco6eBBO 9C/IH y'laCTb HHTap~epeBili!IO BKnanoB nayx B03MO:IKHbiX OnHOM930HHbiX 
2 

aepTeB:ca OT nepena'IH 'ISTblpexMepuoro uMnyn&ca ll llHarpaMM H 3aBUCHMOCTb 11-N 

BMecTe C TeM cnenyeT OTM9THTb1 ~TO pemeu~e ypaBH9HH.!I (1) OB:a3b1Ba9TCB nOBO/lb• 

Dei ~yBCTBHT9/lbHbiM K aapbHIIOBaHUIO' 3Ha'I9HUll 8"t·,;,(E),::JTO oco6eHHO 3aMeTHO CKa;3b1Ba9TCB 

B o6nacTu noporoabtX aueprHll :E = .E nopor , rna HMeeT MeCTO o~ellb 6btCTpoe B03pacTa-

uue ce~eu11ll rrin: , 6naronapSI '19MY .~ta:IKe 8e6on&woe CMemeuue BHTepnon.HDHOHHOll 

B:pUBOll 8u . . (E) Bnom, OCII 
lD 

E IlpUBOnUT K O'I9Bb cymeCTB9BHbiM OTHOCHT9/lbHbiM 

H3MeaenHBM 8rriri /rr1
11 

• B 'laCTHOCTR ·, BU3KoaaepreTU'IeCB:Be ce~eBRH ynpyrux IT-N 

B38HMOA9iiCTBHil ODpene/IBIOTCB ypaBH9BH9M (1) 3H8'1HT9/lbHO M9H99 TO~H00 '19M noporo

Bble ce~eHHB B3aHMOneiiCTBBil (eM, .~tanee), Tat< K8K HCDO/lb3yeMb19 B DOC/19JlH9M cny~ae 

rrN ( ) ce'leHH<I u·in .E B o6nacTH E • t;.opor B03pacTaJOT cpaauuTen&HO Menneuno. 

H3 auanu3a peaK11HH 

4 

l 
! -

__ ., 

p +·p ... p +:p +:rro 

DOilY'IalOTCB B9CbMa DOXOJKIIe pe3yn&TaTbl, . 

B pe3oHaacuoM npu61IIl:IKeHHR 6Lin 011eaea Tlilt:IKe BJtnan nByx u Tpex~acTH~RbiX 

npoMe:~KyTO~BbiX coCTOHHIIli, XOTn nocTOHHHble B3aiiMonellcTBIIB rr-rr pe30JUIHCOB c eyx-

nouoM II Ce~eBUH IIX B38HMOneliCTBIIil C fr -M930HaMB f 1 U 
1 

f 
1 

u· 
N <UN <Urr N pN prr 

11 T.n. 113BeCTBhl cel!~ac 111111 o~ellb xmoxo un11 Boo6_me aeii3BeCTRbi, B paMxax pa3yMRbiX · 

npellllonO:IK9HIIli OTHOCHTenbHO STHX B9/l~BH BKnan MHOro~aCTH~biX npOM9:1KfTO~HbiX Co

CTOHHIIil OKa3hiBaeTCB Ma/lbiM, 

Aaanorn~HbtM o6pa30M no aKcnepuMeHTan&BbiM ce'leHHHM Tpex~aCTII~LIX rr-N 
/61 . 

B38HMOJt9ilCTBIIJI (eM, 0030p .) 6btnll Bbi~IIC119Hbl C9'19BII.!I rr· 
rrrr 

(c.,) • Pe3yllbTaTbl 

pac~eTOB 38M9THO H3Mel£s:tiOTC.!I Dpll BapbBpOBaHHB HHTepllon.!IDUOBHblX ltpHBblX u· (E) 
hi 

B Dpe.~tenax 9KCD9p11M9HT81lbBblX OmH60K t_: flu· . (E) 1 OJtBaKO TO~HOCTb Bbi~HC/19HHblX 
1 In . 

3Ha~eHHil 0 ( c.> ) B 119/IOM OKa3biBaeTCH He Xy:IKe, '19M y 3Ha'I9HHil, llOUY'I9HHblX C no-
rrrr /3/ 

MOWbiO jtpyriiX OAHOM930HHbiX M9TOnOB 11/IH nyTeM SKCTpaDOil.!IDIIOHHOJI npol1enypbl l.{y-noy o 

Hau6onee TO'IHO B uacToamee BpaM.!I onpenen.!IIOTCB (eM, puc. 8) ce'leuue ynpyroro 

pacceBHHH 
I'T+:+·rr• -+ 11+.+:11° 

u ce'lenue pacceHHuu c nepeaapB!lKOll 11-· +·rr+:..17° +"17° 

HB3K09BepreTH'I9CKUe 3Ha'leHUH nepBoro U3 ~~TUX Ce'leuull onpenenueTCB 113 auannaa 

peaK11HH 
rr + p -+ p +:u-·+_.17° 

B o6nacTu KHHeTH'IeCKHX aaeprull uaneTaromero IT-._Me3oua E < 400 MaB, rna ce'lenuu 
/6/ 

u; 113Mepeabl nau6onee To~no • llpu 6ollbWIIX aneprn.HX c.> > 600 MaB ce'leHBe ynpy-
ln 

roro IT+.:_,-. pacceBHIIB ny~we Bcero onpenens:reTCSI peaKI1Beil IT++:p .. p +:IT ++:IT0 , 

XOTB C9'19l!IIB STOll peaKDl!U U3B9CTBbl Be TO'!Bee, ~eM C9'19HHH IT--p B3aBMOA9liCTBBil, 

CaMO OnHOM930BB09 Dpll6nB:IK9BHe B CUY'Ia9 If+_, p B3aHMOneliCTBHJI, KaK 9TO 113B9CTBO 

( /3/) . -
113 pB!la npyrux pa6o'l' nonpo6nee CM, , onpaB!lbiBaeTCu UY'~We, '!eM a cny'!ae 11 -·P 

B3aHMOneliCTBIIil, 

B npoMe"'fTO~Holl o6nacTH ru ~ 400-600 MaB pe3y.m,TaTbl pac'leTOB cymecTB~HBO 

B3M9HBIOTCH B 3aBIICBMOCTB OT Toro, KaB:BSI peaK11HH 6epeTC.!I 3a OC.ItOBY o :2JTO MOlKHO 

o6'bBCHIITb BllBBHHeM. ney~TeHBbiX peaoaaacubtX nuarpaMM Tuna puc. I. 
. . 

HenocpencTBeHHbtll KHHeMSTII'IeCB:Bil aaanH3 aKcnepnMeHTam,nblx nauHbiX no Tp_ex-

'laCTH'IHbiM IT-N peaKI1BSIM B o6naCTH aHeprulfE .::',0,4-1 raB nonTBepJK.O:aeT 6on&moi! 

* 111 x) BKnan B3auMoneilcTaHll c Bo36ymneaneM peaouancoB N • 

x) AnanorH~blli BblBOn nony'!eB B ny6He T. BnoXBHI19BOil. n. HeMeBOBbiM, Mbl 6na
ronapHb1 n.HeMeHOBy 3a o6cy:IKn9HHe aTOro BODpoca, 
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I 

Ceqenne nepeaaplJJlKH 

rr++.·,-:. ,o +:JTo t ·. 

KaK sTo anano na pnc. 3, B nnTepaane sneprnll "' .< 400 Mas ne npeBhlmaeT 

."10-15 M6·n aoapacTaeT no Mepe npn6nn)Kenna K peaonancy. B npoMe~TO'Inoll o6nacTn 

aTO Ce'leHHe onpeJtemteTCSI TaK)Ke He O'leHb TO'IH01 XOTSI paa6poc Bhl'IHCnOHHhiX TO'IeK 
. • . JT+~ 

OKa3hiBaeTCSI He CTORb CHRbHhiM1 KaK ana C~'IOHHSI ynpyroro paCCeSIHHSI U. 

HnsKosnepreTn'leCKne anaqennSI ce'!ennll, yKaaannhle na pnc. 43 

u,;+~o = 4 M6 H -u· JT+JT .!!!, 2 M6, 

npnaoaSIT K _cneayromnM ana'!ennliM anna pacceSinna: 
·13 

I 82 I : =. 0,2. :tO 
·13 

-I a 01 ~.0,4 • :10 

{B npeanono)Kefinn, 'ITO 3HaKH ao H a 2 oannaKOBhl), Bhl'IHCnennoe no aTHM aan!IhiM 

nnaKosnepreTn'leCKoe ce'lenne "+·_,"- pacceSIIIHSI 

. 2 
u = ~12 a +: a I :a 16 

"+,.- " 0 2 

cornacyoTCSI C aaHHbiMH, IIOny'IOHHhiMH H3 HOIIOCpoaCTBOHHOrO pOWOHHSI ypaBHOHHSI ( 1), 

OanaKo sTn aannhlo (eM. pnc. 3) SIBnSIJOTCSI ana'IHTOnhHO Menee TO'IHbiMH, '1oM npnseaon

Hhlo Ha pHC, 3 , 'ITO o6ycnOBnOHO OTHOCHTORbHO HH3KOli TO'IHOCTbJO H3BeCTHbiX B HaCTOSI

WOO · BpOMSl aKcnepHMenTaRbHblX CO'IOHilli pOaKllHH 

-· +· -· " +"P .. n + " + " • 

Tipn6nHlKOHHbill y-qeT BKnaaa MHOrO'I8CTH'IHhiX npoMeJKyTO'IHhiX COCTOSIIIHli (B peso-
I 

HaHCHOM npn6nH)KOHHH) IIOKa3an, 'ITO B paMKaX pa3yMHhiX npeanO!IO)KeHHli 0 KOHCT8HTaX 

B3aHMoaeliCTBHSI po30HaHCOB aTOT BKnaa CaM IIO Ce6e 6e3 y'leTa B036y)KaeHHSI JT-N 

pe30HaHCOB N* OKa3biBaeTCSI CpaBHHTORbHO H060RbWHM, 

B nonoM TO'IHOCTb paccMaTpnaaeMoro MeToaa onpeaenSieT ce'leHHSI JT-JT -B3aHMo-

aeHCTBHli He Xy~e, '10M apyrne HCIIOnh30BaBWHeCH ao CHX nop anSI STOrO MeToahl o6pa60T• 
/4 8/ 

KH SKCnepHMeHTaRbHblX aaHIIbiX ' , 

' Oco6bili HHTepec npeacTaBn!leT oneHKa cosepmonno nenaseCTHblX B nacTorunee speMSI 

ce'!ennii 11-K B3aHMOaoliCTBHR, 

+ 
TaK KaK aKcnepnMenTanbnblo co'!e.nna TPeX'IaCTH'IHbiX K- p B3aHMoaeliCTBHii 

eme BeCbMa neTO'IHbl (CM, pHC, 4), TO pe'lb MO)KeT HaTH nHWb 06 OpHeHTHpOBO'IHOli 

onenKe no nopll.llKY senH'IHHbl, 

KaK n B cny'lae 11-11 ~~anMoaeliCTBnll, nan6onoe.TO'IHO onpeaenSioTCSI Ce'lenne 

nopeaaplJJlKH, 3TO Ce'lenne HMeeT pe3KO BblpalKOHHbiR peaoHaHCHblli xapaKTOp ( CM, pHC, 5), 
J •• + 

CooTaeTcTayromnli -poaonancnblii nnK OT'Ie:mmo nposransreTCSI n B ceqenHH ynpyroro 11°-K -

pacceSIHHSI. Tiono)KeHHe IIHKa "'res :;!, 850 Mss HeCKOnbKO HII)KO H3BOCTHOro 890-MaB-

.6 

t 
J. 

:,. 

~I i.i 

noro peaonanca K * • OT'IaCTH aTo o6ycnoanono BKnaaoM peaonanca K npn 725- Msa, 
. . -~ . 

KpoMo Toro, ecnH AnH Bbl'lncnoBnSI u· oK+· HCIIOnh30BaTb ana'IOHHSI u · P(:E) c· 6oneo 
JT In 

BbiCOKHM MaKCHMYMOM npn T ~- 1 rss, TO poaonaHCHblll !IRK B CO'IOHHH (1• +" casn-JTOK 

raeTcH K 900 · Mss • 

+ + 
liTO KaCaOTCSI CO'IOHHSI ynpyroro 11 -·K . paCCOSIIIHH, TO B aTOM CO'IORHH np,n- BCOX 

HCCneaoBaBWHXCH aHeprHHX OT "' = MK+:M11 ao (,) ::!, 1,5 rsa HOT HHKaKOrO pe30I,IaHCa, 

ll pSC'IOTHbiO TO'IKH HC!IbiTbiBaJOT CHnhHbiR. pa36poc. MO)KHO nn~ BOCb~a npn6nH)KOH.IIO 
+" "+ 

yTBep)!(JlaTb, 'ITO npn 1,5 ras CO'IeHHO U~ K COCTaBnSIOT OKanO 10-20 M6, CnoayoT 

O)!{lJJlaTb, 'ITO B STOM cny'laO CYWOCTBOHHblli BKnaa aa_JOT HOy'ITOHHbiO anarpaMMbl c· B03-

6y)!(JleHHOM 11-•N , nocTaTO'IHO TO'IHO onpeAe!IiJ:eTCSI nHWb HH3KOSHepreTH'IeCKOO CO'IOHHe 

B6nH3ll "'= M +:M u"f,tK+.:;!, 5 M6 (n BO BCmtOM Cny'laO < 10-15 M6), 'ITO COOTBOTCTBYOT 
K 11 e 

AaHHbiM JT -•K paCCOSIHHSI, 

I ,.. . -13 
a IV~ -•0,2•10 . CM 

(n 3aBeaOMO MOHbWO 0,3-0,4 •I0-
13

cM), 

Ha cpaaneHHSI c nnsKosnepreTH'ISCKHMH ce'IOHHSIMH 

(eM. pnc. 5) cneayeT one.HKa 

+: 
~ :::,4 M6 H o"°K+:.1 M6 

fx 

I -~ li I • I a31 J • 
TaKHM o6pa30M, ce'lenne 11,-K B3aHMOAellcTanli B o6nacTB "' -~ 1,5 rsa aocTnraeT 

TaKOro )KO nopsraKa BOIIH'IHHbl, KaK . C1 H CO'IOHHSI apyrHX CllnhHbiX. B3aHMOaeliCTBHll, 
1111 
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Pnc. 2. 

G;;'tp 
m~. 

,2.00, 

I I · II \ 1 I I 
1601 

I I ' . k r, \ I . . I · 

I 
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Ceqeime ynpyroro 11 '-p pacceSIHHSI. CnnowHaSI KpHBaSI - pe3yllbTaT pacqeToa, y'IHThiBBIOlllHil 

BKnan HHTep<jlepennnB nayx 
2 

onnoMe30HHhiX AHarpaMM 11 HyKnoHHhlil <jlopM<jlaKTop Cennepn 

c napaMeTpOM o6pe3SHIISI !J. .<a=·90M ,.2 ( M" - Macca " -Me30Ha). np11B9A9HHaSI KpHBaSI 

ycpeAH9H8 no pe3yllbTaTaM HeCKOflbKHX paC'I9TOB, OTnii'1810llliiXCII BbiOOpOM 3H8'19HHI! UjD 
(a npenenax 9KCnepHM9HTallbHbiX OWIIOOK ~Uj ). nnSI xapaKTepHCTIIKII YCTOii'IBBOCTII pewe-

HIISI Ha pucyHKe YK838Hbl TO'IKII ( x) , nony~eHHbie AnSI ABYX pa3nH'IHbiX Ha6opoB 3H8'19HH!lu· ·• 

nyHKTHpHol! KpBBOi! 11306pa)l<eHbl pe3ynbT8Tbl ananorH'IHbiX pacqeTOB, BbinOnHeHHbiX 093 yqeTa
1

D. 

BHpTyanbnoro npoMelK)'TO'IHOro Me3oHa. lllTpmc-nynKTHpHaSI KpHBaSI - pe3yllbTaT pac'leTOB, 

BbinOnHeHHhiX 093 Y'I9T8 BllpTyanbHOCTII nPOM9lKYTO'IHOro M930H8 II HHTep<jlepeHllHH AHarpaMM • 

. nnH cpaBHeHIIH YK838Hbl 9KCnepHM9HT8llbHble 3H8'19HIIH u • E - KHHeTH'IeCKaH aneprnH 

naneTa!Omero npoTOHa B naoopaTopnol! CUCTeMe KOOPfiHHHt! 
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