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1. Bee)leHHe 

HaMe'laeMoe nHpCKTHBSMH XXIV C'be3)la KDCG IlOBbillleHHe npOH3flo­

JlHTenbHOCTH TpyJla B I'OpHO)l06hiB810llleft npOMbiUIJleHHOCTH Tpe6yeT pOCTa 

MOIUHOCTH I'OpHOI1pOXO)l'leCKHX H )l06biB810IUHX MSUIHH C O)lHOBpeMeHHbiM 

/1/ 
yBeJIH'IeHHeM HX Ha)lelKHOCTH , 06bi'IHbiM, CTSTH'IeCKHM MeTO)lSM CTa-

HOBHTCSI ace TPYJlHCC OJlHOBpeMeHHo yJloBneTeopstTb aTHM Tpe6oeaHHRM, 

• H60 nepBOe H3 HHX Be)lCT K yKpynHCHHIO H yCJIOlKHeHHIO MSlliHHhi, 'ITO, 

B CBOIO O'lepeJlb, CHII.lKSCT ee Ha)lelKHOCTb. 

0JlHH H3 HSH6onec rrepcrreKTHBHbiX MCTOJlOB yrneno6hi'IH, HailpHMep,­

CTpyrOBbift MeTO)l HapMy C HeOCilOpHMbiMH )lOCTOHHCTBSMH (rrpOCTOTa KOH­

CTpyKUHH, BhiCOKSSI COpTHOCTb yrnR, Manoe IlhiJleo6pa30B8HHe H )lp.) o6na­

naeT 11. CYUleCTBeHHhiMH He)lOCTSTKaMH, ,KaK H 60JihUIHHCTBO I'OpHhlX rropon, 

yronb rrpe)lCT8BJlsteT C060H MOTepii.SJl C rrpaKTH'IeCKH IlOJlHb!M OTCyTCTBHCM 

o6naCTH rrnaCTH'IHOCTH. no9TOMY rrpouccc peaaHHSI HOCHT HepaBHOMepHbiii, 

CKa'IKOo6pa3HbiH xapaKTep. Bcnen aa no'ITH nonHofi ocTaHOBKoft 

CTpyra npH epe3aHHH ero B MaCCHB YI'JIH H8THlKeHHC TSIHYIUCH UOilll. B03--

pacTaeT, )l8BJleHHe CTpyra Ha M8CCHB yeeJIH'IHBaeTCH, 38TeM IlpOHCXO)lHT 

CKOJI yrJISI H CK8'10K CTpyra. DOA06Hbie CK8'1KII. Ilpii.BOAHT 38'18CTYIO 

K 60JlblliHM HapyUieHHHM TeXHOJIOI'H'IeCKOI'O rrpouecca 
0

H IlpOCTOHM, OC06eH­

HO rrpH pe3aHHH yrnefi cpeAHeH H IlOBhillleHHOH KpenOCTH, (TaKHe rrpOCTOH 

)lOCTHI'810T 40% pa6oqero BpCMCHH CTpyra! ) 
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Pa3perneaHe rrpOTHBOpe~HR MOlllHOCTH H HaAe*HOCTH HllieTCSI 

H8 rryTH pa3BHTHR HOBbiX 4JH3HKo-MeXaHH~eCKHX MeTOAOB pe3aHHR, 
/2,3/ 

B oco6eHHOCTH HMITynbCHbiX H yAapHbiX MeTOAOB , KOTOpbie IT03BOnSI-

roT rronaee ~~:crronb30BaTb xpyrrKOCTb yrnR, a raK*e ero cnoHCTOCTb H rpe­

lliHHOBarocrb. K HHM, B ~aCTHOCTH, OTHOCHTCR pe3aHHe BH6pocrpyraMH CO 

6 
" /4/ 

BCTpOeHHb!MH B KOprryc Ae anaHCaMH H rrpe)lJIO*eHHbiH OlliiHM 11:3 aBTOpOB 

HMITYJibCIIb!H MeTOll C reHepaUHeH CHJIOBb!X HMITYJibCOB caMHM *e 9JieKrpo­

JlBHPaTeJieM rrpHBO)la, KOTOpb!H CB060)leH OT MIIOI"'HX llellOCTaTKOB BH6pOCTpy­

!"'OB ( CJIO*HOCTb KOHCTpyKUHH H ITOBbillleHHbie Tpe60B811HR K rrpO"'IIOCTH) • 

l1MITYJibCIIble MeTO)lbl xapaKTepH3YIDTCSI 3Ha~HTeJibHO 60JiblllHMH ~eM 

CT8TH"'eCKHe, 110 KpaTKOBpeMeHIIbiMH ycHnHRMH Ha HCITOJIHHTenbHOM opra11e, 

'ITO paClllHpReT HX B03MO*IIOCTH rrpH pa3pa60TKe rropo)l cpe)llleH H ITOBbl­

llleHHOH TBepJlOCTH H IT03BOnReT 3a C"'eT 60nbllleH paBHOMepHOCTH rrpouecca 

pe3aHHSI 311a~HTeJibHO yMeHblllHTb KOJIH~eCTBO CKa"'KOB, rrpHBOJlS!lllHX K llapy­

rneHHRM rrpouecca, H ysenH~HTb ero a4J4JeKTHBHOCTb. 

OepcrreKTHBHOCTb HMITynbCHb!X MeTOJlOB llOATBep*JleHa H HCCnellOBa­
/5/ 

HHRMH rroseneHHSI ropHbiX nopon rrpH HMnynbCHbiX aarpy3Kax • 

0nbiT rroKa3biBaer, 'ITO HMnynbCH09 pe3alllf9 llaeT HaH60nbllllfH a<txlJeKT 

npH orrpeneneHHOM pe*HMe pa60Tbl. B rrepayiO o~epellb, 9TO OTHOCHTCSI 

K "'aCTOTe 3allaBaeMbiX CHnOBbiX HMnynbCOB, KOTOpag llOA6HpaeTCR 9MllHpH­

~eCKH H cocTaBnSieT o6hi~IIO necSITKH repu. Pa3yMHbiH Bbi6op TaKoro pe­

*HMa lleB03MO:Ji{9H 6e3, XOTSI 6hi rpy6oro, llOHHMaHHSI M9X8HH3Ma HMllynbC-

1101"'0 pe3aHHSI, npH"'IfHbl ero a4J4JeKTHBHOCTif. 

Oo ITOBOllY rrpH~HHbl ll0Bbllll911HR a4J4JeKTHBHOCTif lfMITynbCHblX MeTOllOB 

~aCTO 6biTYIDT MH9HifR, COBeprneHHO He BbilleP*HBaiDlliHe KpHTHKH. fOBOpSIT, 

aarrpHMep, 6yaTo HMnynbCIIOe ycHnHe pacrnaTbiBaeT KpHCTannH~ecKyro, HnH 

3epHHCTyro, crpyKTYPY rropOllbi 11:, TaKHM o6pa3oM, o6ner"'aer ee pa3pyrne­

HHe. HecocTOSITenbHOCTb nono6aoro B3PnRaa o"'eBHllHa, 11:60 raKoe pacrna­

ThiBaiiHe rpe6yer, ~ro6hi anHHa ynpyroM: aonHhi B nopoae 6hma 6bi cpaBIIH-

4 

-4 -2 
Ma C pa3MepaMH 3eplla, T.e. COCTaBJIRna 10 -10 1 

3 
BOJIH B cpene CO CKOpOCTbiD 3ByKa nopRAKa 10 M/CE 

TOT aM 105-10 7 
repU! 0 0 9TO! npH~HHe H90llHOpOllHOC 

CJlY*HTb OCHOBHOi!: rrpH~HHOi!: a<txlJeKTifBHOCTH HMnynbCHb 

6onblll99 3Ha~eHH9 llJlR ynapHb!X M9TOAOB C 0~9Hb K« 

paCT8HHR 1181'py3KH). 06 9TOM *e POBOpHT H lleKOTO] 

Ta (~~:nH rronoca qacroT). 

KaK npaBHJIO, BbilleneHHaR ~acroTa CBHJleTenbC1 

30HaHCIIOM RBneHHH B CHCTeMe, H B HaCTOS!lllee BpeM 

rrelllHb!X ITOllbiTOK HCITOnb30BaTb 9TO RBneHHe AnR HH1 

/6-8/ 
paspyrneHHR • 0nHaKO AO CHX nop, HaCKOnbKO HaM I 

K C03llaHHID pe30HaHCa B CaMOi!: MalllHIIe C U9JlbiD YB 

Kone6aHHl!: pe*ymero opra11a. l1MnynbCHhiH *e MeTol 

THBIIbiM BO MHOPHX CJiy~aRX, PAe rrono6Hb!l!: pe30HaH< 

crsyeT (HanpHMep, B su6pocTpyrax). 

OpennaraeMaR anecb r~~:iwTeaa o6'bSICHeHHSI aTe 

HT B TOM, 'ITO npH onpeneneHHblX ycnOBHSIX 8 HenHH 

CHCTeMe "nopona-pe*YlllHil. opralf B03HHKaeT CB~06] 

pe30HaHC" (eCJIH TepMHH "pe30HaHC" B006rne rrpHME 

ClfCTeMaM) OllHOil. HJIH rpynrrbl rapMOHHK ITO)l8BaeMOI 

KH, KOTOpb!il. . npHBOAHT K pe3KOMY yaenH~eHHID al.mJI 

pollhi H K eo paapyrneE>iiD. 

fopH8SI rropona, HeCMOTpS! H8 6onblllYID xpynKO 

ITOllaTJIHBOCTbiD, xapaKT9pH3yeMOil. MOllYJIRMH ynpyrc 

C HHMH CKOpOCTbiD 3ByKa c H ITJIOTHOCTbiD p ), H 

UHH aanacarb noTeau~~:anbHyro aHeprHIO c rrocnenyroi 

peaua m • Rcao rrpH aTOM, 'ITO ~eM 6onbrne o6na· 

c nopoaoil., xapaKTep~~:syeMaR HeKHM JIHHel!:HbiM pas1 

TeM 6onbrnyro 3HeprHro cnoco6Ha oHa aarracrH. l1a 
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pemeHue rrpOTHBOpe'iHH MOWHOCTH H HBAC*HOCTH Hlli9TCH 

pa3BHTHH HOBb!X ljJH3HKO-M9X8HH'i9CKHX MCTO)J.OB pe38HHH0 

/2 3/ 
OCTH HMITyJibCHbiX H ynapHbiX MCTOAOB 

0 
0 KOTOpbl9 IT03BOJIH-

UCllOJlb30B8Tb xpynKOCTb yrnH, a TBK*e ero CJIOHCTOCTb H Tpe­

Tb, K HUM, B 'i8CTHOCTH, OTHOCHTCH pe38HH9 BH6pOCTpyraMH CO 

6 
~ /4/ 

MH B KOprryc AC 8Jl8HC8MH H rrpeAJIO*CHHbiH OAHHM H3 BBTOpOB 

Ill MCTOA C r8H8p8UH8ll CHJIOBb!X HMITyJibCOB C8MHM *8 8Jl8KTpO-

M npHBOAB, KOTOpb!ll CB060A8H OT MHOrHX H8AOCT8TKOB BH6pOCTpy­

HOCTb KOHCTpyKUHH H ITOBb!lli8HHbl8 Tpe60B8HHH K rrpO'iHOCTH), 

JlbCHbl8 M8TO)J.bl XapaKT8pH3Y!OTCH 3H8'iHT9JlbHO 60JiblliHMH '18M 

U8, HO Kp8TKOBp9M8HHb!MH yCHJIHHMH HB HCITOJIHHT8JlbHOM opraH8, 

pH8T ux B03MO*Hocru rrpu paspa6oTK8 rropon cp8AH8H H ITOBhi-

8pAOCTH H IT03BOJIH8T 38 C'i9T 60Jiblll8ll paBHOM8pHOCTH rrpouecca 

H8'iHT9JlbHO YM8HblliHTb KOJIH'i8CTBO CKB'iKOB, rrpHBOAHlliHX K Hapy­

OU8CC8, H YB8JlH'iHTb 8rO aljlljleKTHBHOCTb, 

ll8KTHBHOCTb HMITYJlbCHbiX MCTOAOB ITOATB8P*A8H8 H HCCJ18AOB8-

/5/ 
8ACHHH ropHbiX rropon rrpu lfMnynbCHhiX HarpysKax • 

ITOK83b!B88T, 'iTO HMITYJibCHOC p838HHC A89T HaH60JiblliHH aljl¢eKT 

eneHHOM P8*HM8 pa60Tbi, B IT8pBy!O O'iepeAb, <ITO OTHOCHTCSI 

38)J.8B88Mb!X CHJIOBbiX HMITYJibCOB, KOTopaH ITOA6HpaeTCH 8MllHpH­

OCT8BJIH8T o6bi'iHo necSITKH repu. PasyMHhiH Bbi6op TaKoro pe-

03MO}I{eH 6e3, XOTSI 6hi rpy6oro, ITOHHM8HHSI M9XBHH3M8 HMTiynhC­

HHH, rrpH'ilfHbl ero aljlljleKTHBHOCTU, 

ITOBOJJ.y rrpH'iHHbl ITOBbllli8HHSI aljlljleKTifBHOCTH HMTIYJibCHbiX M9TOJlOB 

Y!OT MH9HHH, COB9plli8HHO He BbiA8P*HB8!0UlH9 KpHTHKH. fOBOpHT, 

6yATO HMITYJlbCHOe ycunue paClli8TbiB8eT KpHCT8JIJIH'i9CKY!O, HJIH 

, crpyKTypy rropOJlhi u, TaKHM o6pasoM, o6nerqaeT ee paspyme­

CTOHTeJibHOCTb nono6Horo asrnHna oqeaunHa, u6o TaKoe pacma­

pe6yer, 'iT06hr AJI!fHa ynpyrofi BOJIHhi B nopone 6hiJia 6bi cpaBHH-
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MB C pa3MepaMH 3epHa, T,e, COCT8BJISIJ18 10 -10 Merpa. TaKHe AJIHHbl 

3 
BOJIH B Cpene CO CKOpOCTb!O 3BYK8 rropSIAKB 10 MICeK COOTBeTCTBy!OT qac-

TOTBM 105-10 7 
repu! llo <ITO! rrpH'iHHe H90AHOpOAHOCTb M8CCHB8 He MOlK8T 

CJlY*HTb OCHOBHOi!: rrpH'iHHOi!: aljl¢eKTHBHOCTH HMITYJlbCHblX MeTOJlOB 1( HO HM88T 

60Jiblll99 3H8'i9HH8 )lJIH yJlapHblX M8TOJlOB C O'i9Hb KOpOTKHM ljlpOHTOM H8-

paCT81IHH HB l'py3KH), 06 <I TOM *9 roBOpHT H H9KOT0p8SI Bb!Jl8Jl9HH8SI 'i8CTQ­

T8 (anu nonoca qacToT). 

KaK rrpBBHJIO, BbiJl8J18HH8SI 'i8CTOT8 CBHJl8TeJibCTByeT 0 KBKOM-TO pe-

30H8HCHOM SIBJ18HHH B CHCTeMe, H B H8CTOS!Ul88 BpeMH HM88TCH HeM8JIO yc­

IT8ll1Hb!X ITOllbiTOK HCITOJib30B8Tb <ITO SIBJ18HH8 JlJISI HHTeHCHljJHKBUHH rrpouecca 

/6-8/ 
paapymeHHSI • 0JlHBKO JlO CHX rrop, HBCKOJibKO HaM H3B8CTH0 0 Jl8JIO CBOJlHJIOCb 

K C03Jl8HH!O pe30H811C8 B CBMOi!: M8lliHH8 C U8Jlb!O YB8JIH'i8HHSI BMITJIHTyJll>l 

KOJie6aHHH pe*ymero opraHa, l1MrrynhCHblll *8 M8T0Jl OK83biB88TCSI aljlljleK­

THBHbiM BO MHOrHX cny'i8SIX0 r)le ITOJl06HbiH pe30H8HC, ITO•BHJlHMOMY, OTCYT­

CTByeT ( HanpuMep, B au6pocTpyrax), 

llp8JlJiaraeMBSI 3Jl8Cb rHITOT938 o6~SICH8HUSI 8TOH aljl¢eKTHBHOCTH COCTo­

HT B TOM, 'iTO npu orrpeJl8Jl8HHbiX ycnOBUSIX B H9JIHH8HHOi!: KOJie6aT8JlbHOH 

CHCTeMe "nopoJla-pe*ymuil. opran"' B03HHKaeT ca~o6pa3HbiH "HenuHeHHbii!: 

p830H8HC" (eCJIH TepMHH "pe30H8HC" B006Ule rrpHM8HHM K H8JIHH8HHb!M 

CHCTeMaM) OJlHOH HJIH rpyrrnhi rapMOHHK ITOJl8B88MOil: HMITYJibCHOH Harpya­

KH, KOTOpb!H rrpHBOJlHT K p83KOMY yB8JIH'i8HH!O BMITJIHTYJlhl JleljlopMB.UHll no-

pOJlhi u K ec paspymeL1JO. 

fopHaH rropoJla, HeCMOTpH Ha 6onblliYJO xpyrrKOCTb, o6na)laeT yrrpyroil 

ITOJl8TJ1HBOCTb!O, xapaKTepusyeMOH MOAYJ1HMH ynpyrOCTH (HJI~ CBSI38HHOil. 

C HHMH CKOpOCTb!O 3BYK8 C H ITJ10THOCTb!O p ) , u crroco6Ha rrpu Jl8ljlopMa-

UHH aanacaTb ITOT8HUH8J1bHY!O 8H8prHD C ITOCJ18JlY!Olll9H OTJl8'i9H ee Macce 

p8aua m , HcHo rrpH <~TOM, 'iTO qeM 6onbme o6nacTb KOHTaKTa pesua 

c rropoJloil., xapaKTepuayeMaSI HeKHM nuHeHHhiM paaMepoM L u ljlopMOH, 

reM 6onblliYJO aHeprHJO cnoco6Ha oHa aanacrH. Hs rrepe'iHCJieHHhiX Bhime 
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rrapaMeTpOB MO~HO COCT8BHTb TOnbKO oaHy KOM6HH8nHID C paaMepHOCTbiD 

CHnbi
0 

38BHCHillYID OT senH'IHHbl ae<jlOpManHH X H ee CKOpOCTH X 

2 2 X X 
-pc L ¢([;•-;;), 

(1) F (x,x) 
c 

rae ¢ - 6eapaaMepaag <jlyaKnHH 6eapaaMepHbiX napaMeTpos, KOTopaH onpe­

aenHeTcsr reoMeTpaeil. o6nacTH KOHTaKTa H csoil.cTBaMH nopoahi, npa'leM ~e 
• X X 

paano~eaae a pga aaqaaaeTcsr c nepBhiX cTeneaeil.: ¢ (xI L, x/ c)= L + y -;-+-
0Tcroaa B03HHK8eT C06CTBeHH8H '18CTOT8 

2 
pC L 

w = ..;---
m 

H soaMo~aocTb peaoaaaca. 

(2) 

0aHaKO ang nopoahi B ycnOBHHX, 6nH3KHX K paapyweHHID, CTSHOBHTCH 

cyllleCTBeHHhiMH OTKnOHeHHH OT naaefl.HOI'O 38KOH8 fyKa, KOTOpbie He ll03Bo­

nHIDT coaaaTb npOCTOH pe30H8HC H8 9TOil. '18CTOTe, HO npHBO~HT K xapaK­

TepHbiM allSI aenaaeil.HhiX Kone6aaan "gsneHHHM cphiBa" ( peaKHM ysenaqeaasrM 

H yMeHbiJJeHHHM aMnnHTYJlbi) aa qacToTax, 6nH3KHX (rrpH Manoil. aenaaeil.aoc-

TH) K co6CTBeHHOfl., 

3Ta I'HllOTe3a aenHHeHHOI'O pe30H8HC8 B03HHKna KBK eJlHHCTBeHHOe, 

H8 H8lll B3I'nHa, o6~HCHeHHe peaynbTSTOB 9KCnepHMeHT8nbHOI'O HCCneJlOB8-
. /~ 

HHH HMnynbCHOI'O MeTOJl8, rrpoBeJle~HOI'O OJlHHM H3 8BTOpOB H8 MOJl9nH 

cTpyrosoil. ycraaosKH a BopKyTHHCKOM <jlnnaane neaaarpaJlCKoro ropaoro 

HHCTHTyTa B 1964-69 I',I', H H3nO~eHHOI'O B p83Jlene 2, lleTanbHOe Teope­

TH'IeCKOe paCCMOTpeHH9 9TOI'O SlBneHHSl, npOBeJleHHOe B p83Jlene 3, ll03BQ­

nHnO 06'bHCHHTb o6aapy~eHHhl9 38BHCHMOCTH a<jl<jleKTHBHOCTH pe3aHHH OT 

'IBCTOTbi noJlaBaeMoro ycanHH H ero CKBa~HOCTH. HaKoaen, pa3Jlen 4 no­

CBHilleH o6cy~JleHHID nony'leHHhlX pe3ynbT8TOB H rrepcneKTHB8M npaKTH'IeC-

KOI'O npHMeHeHHH H3no~eHHOI'O MeTOJl8, 

6 

2. Onacaane aKcnepaMeHTa H peaym,raThi 

11ccneJlOBaHHH HMnyllhcHoro pe~HMa, nepshie P' 
/4/ 

6hinH ony6nHKOB8Hhl B pa6oTe , npOBOJlHnHCb H8 I 

HOBKH (pHCo 1a) C OJlHO<jla30BhiM aneKTpOJlBHI'aTeneM 

= 66 B8TT ( MSCCa pOTOpa 1,14 Kt' 0 JlHaMeTp - 56 M: 

(1 +50) c qacnoM o6oporos aa BhiXOJle 16,75. B Ka• 

raHa 6hin8 B3SIT8 nenb C C ~eCTKOCTbiD k I = 3,5 • ] 

OKOnO 0,2 Kr, 0JlHH ee KOHen COeJlHHSlnCSl CO CT8nbE 

4 5,9 • 10 Kt'/M) C HaKneeHHh!M Ha aee TeH30Jll k 
2 

pa6ore HaMaThiBanacb Ha BhiXOJlHOil. san peJlyKTopa 

KOHen nena 6hm npHKpennea K cynnopry C c peauo 

poro pasagnacb 1 eM. 11x o6maH Macca cocrasngna 

pe38HHH 0 cny~HnH KHpllH'IH t'HllC8 C MOJlyneM IOH 

K09<jl<jlHnHeHTOM nyaCCOH8 JL = 0,22 H npeJlenOM np0
1 

- 2 a = 21 Kt'/CM , qHCT8Sl CHna pe38HHSI (senH'IHHa 

rpeHHH) cocrasnsrna npn6nH3HTenbHO 38 Kr. 

CanoBhie HMnym,cbi reaepnposanacb pa3pbiBOM 

JlBHt'aTenH c IJOMOillbiD npepb!BSTensr n. Peaaaae ae 

0,5,8,10,15 H 20 I'll CO CKBS~HOCTbiD HMnynbCOB a 

Ycnnasr aa THHymeil. uerrn a Ka~JlOM cnyqae perncr~ 

H 3anHChiBa~HCb Ha wnel1<jlosoM ocunnnorpa<jle H-70 

HHSI 0- 700 I'Uo 

0nhiTbl ITOK838nH, 'ITO HeCMOTpSl H8 HeKOTOp< 

pe38HHSI B HMnynbCHOM pe~HMe no Cp8BHeHHID CO < 

HOe, O'leBHJlHO, C yMeHbllleHHeM cpeJlHeil. MOillHOCTH 

pbiBa B rraTaHHH) nnaaaocTb npouecca s onpeaenell 

CKBB~HOCTH) rronoce '18CTOT 3H8'1HTenbHO B03paCT8 

pe3KHX CK8'1KOB 3H8'1HTenbHO CHH~anOCb, 
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B MO)I(HO COCT8BHTb TOnbKO O.O.Hy KOM6HH8UHIO C pa3MepHOCTbiO 

CSIWYIO OT BenH'lHHbl .o.elf>opM8UHH X H ee CKOpOCTH X 

2 2 X X 

-pc L ¢(£•-;;J, ( 1 ) 'x) 

eapa3MepHaSI lf>yHKUHSI 6eapa3MepHbiX napaMeTpOB, KOTopaSI onpe­

eoMeTpHeii o6naCTH KOHT8KT8 H CBOti:CTBaMH nopOJJ.bl 1 npH'IeM ~e 
• X X 

e B PM na'lHHaeTCSI c nepBbiX cTeneaeA: ¢ (xI L, x/ c)=- + y -+-
L c 

·3HHK8eT C06CTB9HHaSI '18CTOTa 

2 
pC L 

OCTh peaonanca. 

w = .,j-­
m 

(2) 

aKO .o.ng nopO.O.bl B ycnOBHSIX, 6nH3KHX K pa3pymeHHI0 1 CT8HOBSITCSI 

HbiMH OTKnOHeHH:SI OT nH:HeHHOI'O 3aKOHa fyKa, KOTOpb!e He IT03Bo-

8Th rrpoCTOH pe30HaHC Ha 9TOH '18CTOTe, HO npHBO~SIT K xapaK-

SI HenHHeti:HbiX KOne6aHHH "SIBneHHSIM Cpb!B8" ( pe3KHM ysenH'l9HHSIM 

HH:SIM aMITnHTY.O.bi) Ha 'l8CTOTaX, 6nH3KHX ( ITpH ManoA HenHHeHHOC-

TBeHHOH. 

I'HITOTe3a HenHHeHHOI'O pe30HaHCa B03HHKna KaK e.O.HHCTB9HHOe 1 

I'nSI.O., 06bSICHeHHe peaynbTaTOB 9KCrrepHM9HTanbHOI'O HCCne.O.OBa­

/4/ 
bCHOI'O MeT0.0.8 1 rrpoBe.O.eHHOI'O O.O.HHM H3 aBTOpOB Ha Mo.o.enH 

ycTanoBKH B BopKyTH:HCKOM !f>HnHane fleHHHrpa.o.cKOI'Ot ropHoro 

B 1964-69 r.r. H H3n0)1(9HHOI'O B paa.o.ene 2. neTanbHOe Teope­

paCCMOTpeHHe aToro SIBneHHSI, npose.o.eHHoe B paa.o.ene 3 1 rroaso­

CHHTh 06Hapy)l(eHHhie 3aBHCHMOCTH alf>lf>eKTHBHOCTH pe3aHHSI OT 

o.o.asaeMoro ycHnHH H ero CKBa)I(HOCTH. HaKoHeu, paa.o.en 4 rro­

cy)I(JJ.eHHIO rrony'!eHHhiX peaynhTaTOB H rrepcrreKTHBaM npaKTH'!ec­

eHeHHSI H3nO)I(eHHOI'O MeTO)J.a. 

6 

2. 0nHCaHHe 9KCrrepHMeHTa H pe3yllbT8Tbl 

J1ccne.O.OBaHHSI HMnyllbCHOI'O pe)I(HMa, nepBbie peaynhT8Tbl KOTOpbiX 

/4/ 
6hinH ony6liHKOBaHbl B pa6oTe 1 npOBO.O.HnHCb Ha MaKeTe CTpyi'OBOil: ycTa-

HOBKH (pHC. 1a) C O.O.HO!f>a30BbiM aneKTpO.O.BHI'aTeneM D MOWHOCTbiO W 

= 66 BaTT (Macca pOTOpa 1,14 KI' 1 .O.HaMeTp - 56 MM), pe.O.yKTOpOM p 

(1 +50) c qacnoM o6opoTOB aa Bhixo.o.e 16 175. B Ka'!eCTBe TSiaywerocg op­

rana 6bma B3SITa uenb C c *eCTKOCTbiO k 1 = 3 15 •10
3 

Kr/M H Maccoti: 

OKOnO 0 12 Kr. 0.0.HH ee KORell COe.O.HHSinCSI CO CTallbHOft neHTOft (}l{eCTKOCTb 

4 
5 19 • 10 Kr/M) C HaKneeHHbiM Ha Hee TeH30.0.aT'IHKOM 1 KOTopag npli k 

2 

pa6oTe HaMaTbiBanaCb Ha BbiXOllHOti: san pe.O.yKTOpa ( cp = 44 MM) • BTopoil: 

KOHen uenH 6hin npHKperrneH K cynrropTy C C pe3UOM1 .o.nHHa ne3BHSI KOTo­

pOI'O paBHSinacb 1 CM. 11x o6waSI Macca cocTasnSina m = 8 19 xr. 06beKTOM 

3 2 
peaaHHSI 0 cny*HnH KHprrH'IH rHrrca c Mo.o.yneM IOnra E"' 44•10 xr/cM 1 

KOa!f>!f>HUHeHTOM llyaCCOHa p. "' 0 122 H rrpe.o.enoM rrpO'IHOCTH Ha pa3pb!B -

- 2 
a "' 21 KrlcM • YucTasr cuna peaaHHSI (senH'IHHa MaKCHMyMoB aa Bhi'!eTOM 

TpeHHSI) COCTaBnSina rrpH6nH3HTenbHO 38 Kt'. 

CHnOBhie HMrryllbChi renepHposanucb paaphiBOM uerrH rrHTaHHSI anexTpo­

.o.snraTenSI c UOMOWbiO npepbiBBTenSI n. PeaaHHe Benocb Ha qaCTOTax f = 
0 15,81 10,15 H 20 I'll CO CKBa}I{HOCTbiO HMrrynbCOB a = 1/81 1/4, 1/3 H 1/2. 

YcHnHSI Ha TSIHyweA uenH B Ka*.O.OM cnyqae perHcTpHposanHCb TenaoMeTpoM 

H aarrHChiBanHCb na wneti:!f>osoM ocuHnnorpa!f>e H-700 c nonocoti: nponycKa-

HHSI 0 - 700 I'll. 

0nb!Tbl ITOKa3anH, 'ITO HeCMOTpSI Ha HeKOTOpoe CHH*eHHe CKOpOCTH 

pe38HHSI B HMrrynhCHOM pe}I{HMe ITO CpaBHeHHIO CO CT8TH'!eCKHM (CBSI38H­

HOe, O'leBH.O.HO, C yMeHbWeHHeM Cpe.o.Heti: MOWHOCTH .O.BHI'aTenSI H3-38 rrepe­

pbiBa B ITHT8HHH) rrnaBHOCTb rrpouecca B orrpe.o.eneHHOti: (3aBHCSIWeti: OT 

CKB8}1{HOCTH) rronoce qacTOT 3Ha'!HTenhHO B03p8CTana, T.e. KOnH'leCTBO. 

pe3KHX CKa'IKOB 3H8'lHTenhHO CHH}I{8nOCb. 
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CaMoe aaMe'larenbHoe, 'ITO yaena'leHae nnaaHOCTH conpoBo~aercH 

11 p83Jlp06neHHeM" fiOJl8B8eMOI'O CHQOBOI'O eMnynbCa H8 BbiCOKO'I8CTOTHble 

Kone6aHHH (nopMK8 200 ru) C 6onbWOil: 8MfinHTYAOil:, JlOCTei'BIOIIleil: npe­

MepHO nonoBeHhl M8KCeManbHOI'O ycaneHeR !!- CTaTe'leCKOM pe:lKHMe ( 6e3 HM­

nynbCOB). noaroMy ocuennorpaMMa TaKoro npollocca HMeer Bell "'qacroKo­

na"', nu6o cnnowHoro, nu6o c rrepephiBaMe. DpuMepbi raKoro 'qacroKona" 

ABHbi Ha pee. 2,3. t.IeM pe:lKe "'qacroKon' I reM 6onbB"-' xapaKrep peaaHeH 

npe6nU:lK88TCH K CTa Te'leCKOMY ( CM. pee. 4,5) • Do9TOMy fi08BHQCib· HOH 

"a¢¢eKreBHOCTb", peaaaeH MO:lKHO. no-eanuMOMY· xapaKrepuaoaarb cpenaeH 

noneil: JIHKOB Bb!COKO'IaCTOTHOI'Q KOOe6aHHg, aeUH'IHffa KOTOpbiX cpaBHHMa 

- n 
c aenn'IUHOA cpegHero ycuneHuH. r.e. aenu'luHoA 1 = -- 1 rAe n - 'luc-

200 
no TaKUX nUKOB B CeKyHAY 1 a 200 - MaKCUManbHoe UX 'IUCQO, 3KcnepRMeR--

T8QbHbie Jl8HHbJe no CpenHeH AOne JIHKOB B 38BUCUMOCTU OT JIOllaB8eMOH 

200 
'18CTOTbl ( TO'IHee1 OT 6e3p83MepHOI'O napaMeTpa p = -,- ) npH p83HbiX 

aHa'leHuHX CKBa:lKHocru npencraaneHbi Ha puc. 6. 3xcnepuMeHTanbHbie oww:­

KU Ha 9TUX rpa~UKaX - CT8TUCTH'IeCKUe. 

Ma arox rpa~uxoa BUAH01 'ITO 

a) 
11 9~~eKTUBHOCTb"' pe38HHH HMeeT MaKCHMYM npH HSKOTOpOil: cpen­

HeH 'laCTOTe U npu6nU:lKaeTCH K CTaTH'IeCKOH K8K C yaenu'leHUeM, TaK U 

C yMeHbWSHeeM 'laCTOTb!j 

6) aenU'IHHa MaKCUMyMa ·~~eKTUBHOCTU 3aBHCUT OT CKBa:lKHOCTU a 1 

nocroraH Hau6onhwero aHa'leHuH B pai!.oHe a "' 1/4 ·•1/3; 

B) nono:lKeHUe MaKCUMyMa 9~~eKTUBHOCTU nepeMelllaeTCH B 38BHCH­

MOCTU OT a 1 npU'IeM B pail:oHe a "' 1/4 .. 1/3 MaKCeMyM OKa3biBaeTCSI 

B o6naCTU HaUMSHbWHX p (HaH60nbWHX 'laCTOT). 

KaxoBa :lKe rrpu'IUHa BbiCOKO'IacroTHbiX HMny nbCOB u yxasaHHblX BbiWe 

aaxoHoMepHocrei!.? Xapaxrep BhiCOKO'IacroTHbiX xone6aHHil: ( oco6eHHO Ha 

puc. 7) BeCbMa HaJIOMUHaeT KOne6aHeSI neHei!.HOi!. AeCCUJIHPYIOIIleil: CUCTeMbl 

JIOA BQUHHUeM UMnynbCHOi!. Harpy3KU 1 nepeAHUil: ~pOHT KOTOpOH SHa'IUTenb-

8 

HO KOpO'Ie nepUOAa C06CTBeHHbiX KOne6aHui!. CH« 

aMnYHTyA8 UX 6nH3Ka K YABOeHHOil: CTaTU'IeCKOH, 

He o6~HCHHeT Ha6niOA8HHOI'O npona]laHHH "'laCTOI 

U OC06eHHO C yMeHbWeHHeM Kone6aHUi11 a TaK:lKE 

HOCTH. Bellb nepellHUH ~pOHT npH 9TOM He MO:lKE 

KUX H3MeHeHHi1. 

DOA06HaH SaBHCHMOCTb U CTOnb 6onbWaH a 

Kone6aHHi1 MO:lKeT 6hiTb CBSI3aHa C pe30H8HCOM 

HOH '18CTOTe CHCTeMblo 0nHaKO SIBHaH 3aBHCHMO 

puc. 6 OT CKBa:lKHOCTH H AOBOQbHO 6onbWaH WHJ 

'leCTBe o6~HCHeHUSI npOCTOA peSOHaHC Bb!CWHX I 

Ca Ha KaKOH-OH60 H3 Bb!CWHX C06CTBeHHblX '18C 

H01 aMnnHTYllbl Bb!CWHX rapMOHHK CHQOBOI'O UMI 

HO MO:lKHO C'IUTaTb npHMOYI'OnhHblM) naAaiOT Ka 

MOHHKH. D.nH TOI'01 'IT06bi 9Ta rapMOHHKa, nom 

CTBeHHOH 'laCTOTOH1 6bin8 6h! CpaBHUMa C rnaB 

.M01 'IT06bl 
pv 2 -1 

I p [ 1 - ( -J l I .. 1 , 
w 

rne W - UHKQH'IeCK8H 'laCTOTa 
11

'1aCTOKOna" 1 

ca • OrciOAa cpasy cnenyer1 'ITO Aa:lKe He6onb 

1 
~V"' --" v JlOQ:lKHO BbiBOJlHTb rapMOHHKY U3 

2p 
puc. 61 pe'lb Hner o pesoHaHce 12-oi!.- 20-oA 

2 .. 5% 1 TaK 'ITO T8KOi!. pe30HaHC Hecnoco6eH O! 

o6nacrH 'lacror noH~neHUH '-qacroKona•. Y:lKe 

B :lKeCTKOCTH runca paccrponna 6bi ero. (Ha « 

~v • 
K paccrpoAxe -- oxaabiBaercH ewe lKeCT'Ie 

v 
rapMOHUK MHI'KUMH U MaCCUBHb!MH aneMeHTaMJ 

MHI'KOi!. UeJibiO H 6onbWOA npHB8Jl8HHOA Maccol 
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MOe aaMe'laTe.llhHOe, 'ITO yae.JIH'IeHHe II.JlaBHOCTH COIIpOBO*AaeTCH 

oneHHeM" IIOt:taBaeMoro CH.JlOBOrO HMIIYllhC8 H8 BbiCOKO'ISCTOTHble 

g (rropMK8 200 ru) C OO.JlbiiiOH 8MII.IIHTYAOH, AOCTHraJOIUeH rrpH­

O.IIOBHHbl MaKCHMS.JlhHOrO yCH.Jl9HHR P· C'!'STH'IeCKOM pe*HMe ( 093 HM-

003TOMY OCUH.Jl.JIOrpaMMa TaKoro :Ipouocca HMeeT BHA 'qacTOKo­

CII.JIOIIIHOrO, nHoo c rrepephiaaMH, DpHMepbi TaKoro 'qacToKona' 

pHc. 2,3. 4eM pe*e "qacToKon', TeM oonb;;"'-' xapaKTep peaaHHH 

aeTCSi K CTaTH'IeCKOMY ( CM, pHC, 4,5), 003TOMY II.Jl8BHQCT'b· H.IIH 

HBHOCTb"' 

n 
IIHiUH "!J"'HIU:a v rCH.JleHHSI, T.e. ae.JIH'IHHOH 1 c --. rt:te n - 'IHC·· 

200 
X ITHKOB B CeKyHAy, a 200 - M8KCHM8.JlhHOO HX 'IHC.JIO, 3KCIIepHMeF·· 

t:taHHble IIO cpet:tHeif AO.Jle IIHKOB B 38BHCHMOCTH OT IIOt:taaaeMOH 

200 
II ( TO'IHee, OT 6e3p83MepHOro IIapaMeTpa p ~ -~- ) rrpH p83Hb!X 

SIX CKB8)!{HOCTH npet:tCT8B.JleHbl Ha pHC, 6, 3KCrrepHMeHT8.JlbHbie OIIIH': .. 

TUX rpa¢JHK8X - CT8THCTH'IeCKHe, 

3THX rpa¢JHKOB BHAHO, 'ITO 

"a¢¢JeKTHBHOCTb 
0 

pe38HHSI HMeeT MaKCHMYM rrpH HeKOTOpoif: Cpet:t­

TOTe H IIpHO.JlH)K8eTCSi K CT8TH'IeCKOH KSK C yae.JIH'IeHHeM, TSK H 

llleHHeM '18CTOTbl; 

Be.JIH'IHH8 MaKCHMyMa a<lJ<lJeKTHBHOCTH 38BHCHT OT CKBS*HOCTH a , 

Si HaH60.Jlblllero 3Ha'leHHSi B paHOHe a "' 1/4 '•1 /3; 

IIO.IIO)!{eHHe M8KCHMYM8 a¢J¢JeKTHBHOCTH rrepeMemaeTCH B 38BHCH­

T a , IIpH'IeM B pail:oHe a "' 1/4 +- 1/3 MSKCHMYM OK83bJBaeTCH 

HaaMeHbiiiHX p ( HauoonbiiiHX 'laC TOT). 

KOB8 )!{e IIpH'IHHa BbiCOKO'IaCTOTHb!X HMIIyllhCOB H YK838HHbiX Bblllle 

epaocTeA? XapaKTep BbiCOKO'IaCTOTHbiX KoneoaHHH ( ocooeHHO Ha 

BeCbMa HaiiOMHHaeT KO.JieoaHHSi .JlHHeHHOH AHCCHIIHpyiOIUeH .CHCTeMbl 

SiHHeM HMIIY.JlhCHOH Harpy3KH, nepet:tHHH <lJpOHT KOTOpOH 3H8'1HTe.Jib-

8 

~ 

HO KOpoqe rrepHOt:ta COOCTBeHHbiX KO.JieoaHHH CHCTeMble Ila)!{e IIHKOB8Si 

aMrr.JIHTyt:ta ax onH3Ka K yt:taoeHHOH cTaTH'IeCKoil:. Ot:tHaKo 3TOT MexaHH3M 

He oobHCHHeT HaonJOt:teHHOro rrporrat:taHHH "qacToKona" c yaena'leHHeM 

H OC009HHO C yMeHbllleHHeM KO.JieoaHHH, a T8K:lKe 38BHCHMOCTH OT CKB8)!{­

HOCTH. Bet:tb nepeAHHH ¢JpOHT IIpH 9TOM He MO)!{eT rrpeTepneaaTh CTO.Jlb pea-

KHX H3MeHeHHHe 

Dot:tooHaH aaaaCHMOCTh H CTO.Jlb oonblllaH aMrrnHTyaa BbiCOKO'IacroTHbiX 

KO.JieoaHHH MO)!{eT ObiTh CBH3aHa C pe30H8HCOM Ha IIOAXOaHIIIeA COOCTBeH­

HOH '18CTOTe CHCTeMbl, 0aHaKO SIBH8Si 38BHCHMOCTh M8KCHMYM8 KpHBblX Ha 

pHC, 6 OT CKB8)!{HOCTH H aoBO.IlbHO OO.Jlbiii8H 111HpHH8 IIHK8 OTaepraJOT B Ka­

'leCTBe OObSICHeHHSi IIpOCTOH pe30HaHC BbiCIIIHX rapMOHHK CH.JlOBOrO HMIIy.Jib­

Ca Ha K8KOH-.IIHOO H3 BhiCIIIHX COOCTBeHHbiX '18CTOT IIpHBOaa. I!eHCTBHTenb­

HO, 8MII.IIHTyabl BbiCIIIHX rapMOHHK CH.JlOBOrO HMIIY.JlbC8 (KOTOpbiH rrpHO.JlH:lKeH­

HO MO:lKHO C'IHT8Tb IIpHMOyro.JlbHbiM) naaaJOT KSK 1/p , rae P -HOMep rap­

MOHHKH. D.nH TOrO, 'ITOObl 3T8 rapMOHHKa, IIOIISB B pe30H8HC C HeKOH COO­

CTBeHHOH qacToToil:, obma Obi cpaaHaMa c rnaaaoil: rapMOHHKoii, Heooxoaa­

·Mo, 'ITOObl 
pv 2 -1 

lp[1 -(-} ]I "' 1, 
w 

rae W - UHK.JlH'IeCKSH '18CTOT8 "qaCTOKO.Jla", a V - noaaaaeMoro HMIIY.Jlb-

ca • OTc10aa cpaay cneayeT, 'ITO aa)j{e aeoonbllloe H3MeHeaae '18CTOTbl 

1 
1'111"'- 11 

2p 
aon:lKHO BbiaoaHTh rapMoijHKY H3 peaoaaaca. KaK aHaHo H3 

pHC, 6, pe'lb HaeT 0 
1'111 

peaoHaace 12-oil:- 20-oil: rapMOHHK, T.e. 
11 

2 +-5% , TSK 'ITO TSKOH pe30HaHC HeCrrOCOOeH OObHCHHTb aoBO.JlhHO IIIHpOKOii 

o6naCTH '18CTOT IIOR~.JleHHH "'laCTOKO.Ila"'. Y)!{e MHHHM8.JlhH8H HeOaHOpoaHOCTh 

a :lKeCTKOCTH rRnca paccTpoRna Obi ero. ( Ha caMoM aene, rpeooaaHHe 

f'1 II • 
K paCCTpOHKe -- OK83biB8eTCSi erue *eCT'Ie H3-38 OC.IISO.JleHHH BbiCIIIHX 

11 

rapMOHHK MHrKHMH H MSCCHBHbiMH 3.JleMeHTaMH IIpHBOaa, B OCOOeHHOCTH 

MRrKOH UerrbiO H OO.JlhiiiOH npaaeaeHHOH Maccoii pOTOpa aaaraTe.Jig (oKO.JIO 
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2300 Kr). 3TO npHBOaHT K aononHHT9nbHOMY 

(lJ' 2 
rnaBHO~ H (~} JlnSI P -TO~ rapMOHHK H 

BHCHMOCTb nono>KeHHSI M8KCHMYMOB Ha pHC, 

(lJ, 2 
K09tiJ<IlHUH9HTY (-} anSI 

v 
&v 1 

Tpe6oeaHHJO -"' --3 ) • 3a­
v 2p 

6 OT CKB8>KHOCTH HCKnJO'laeT 

T8K>K9 CBH3b "qaCTOKona' C pe30H8HCOM Ha HH3WHX 'l8CTOT8X npHBOaa, 

ne~CTBHTenbHO, ace ynpyrHe aneMeHTbl npHBOaa pa6oTalOT B o6nac'l'H ae­

IPopMaUH~, aaneKHX o'l' paapyrueHHSI, T.e. Ha npSIMOnHHe~HOM yqacTKe ryKOB­

CKO~ KpHBO~, n09TOMY C06CTB9HHb!9 'laCTOTbl anSI HHX He MOf'YT 3aBHC9Tb 

OT IPopMbl ~MnynbCOB Bb!HY>Kaarorue~ CHnbio 

C'l'Onb ceoeo6paaHaSI KapTHHa yKa3hiBaeT Ha npHCYTCTBHe B Hame~ 

CHCTeMe KaKo~-To "aenHHei!.aoA npy)I(HHbi"'. TaKoA "'npy>KHHoi!."' MO>KeT 6hiTb 

TOnbKO caM o6'beKT peaaHHSI, T.e. B HarueM cny11ae KHPIIH'l rHnca. TonbKO 

aaecb aeiPopMaUHH 6nH3KH HJ1H paBHbl paapyruaJOWHM, H noaTOMY OTKJ10He­

HHSI OT nHHeAHOf'O 38KOH8 fyKa CTaHOBSITCSI eeCbM8 cyruecTBeHHbiMHo BTo­

paSI B03MO>KH8SI npH'lHHa H9J1HH9i!.HOCTH - 9TO CTOXaCTH'l9CKaSI CHJ1a conpo-
/7/ 

THBJ1eHHSI nopOabi IlpH pe3aHHH ( CM., HanpMM9p, ) , KOTOpaSI If MeeT Xa-

paKTep nMnoo6pa3HOi!. KpMBOA. XapaKTepHb!i!. npMMep TaKOf'O po}la CHJ1bl 

}laeT CHSIT8SI Ha Harueft MOJl9J1H OCUMnnorpaMMa pe38HHSI B CTaTH'leCKOM pe­

>KHM9 (pH Co 8), 3KCIIepHM9HTbl, OJlHaKO, IIOKa3b!BalOT, 'ITO TaKaSI CTOXaC­

TH'leCK8SI CHJ18 CaMa no ce6e TaK>Ke He MO>KeT 6biTb nplf'IHHOA o6pa30Ba-

HHSI "qaCTOKOna"', 1160 nocneaHHA nOSIBJ1SI9TCSI aa>Ke TOf'}la, KOf'Jla 

OTCyTCTByeT. (B Ka'leCTB9 IIpHMepa CMo OCUHnnox:-paMMY Ha pHCo 

He06bi'lHOf'O ganeHHSI: 

SIX, 6nH3KHX K paapyrueHiflO, 

peaaHHe 

7). Ta-

B rronbay aTo~ rHnoTe3hi roeopHT H qacToTa qacToKona, pasHaS~ 

npMMepHO 200 ru. nei!.CTBHTenbHOoCOrnaCHO 4lopMYne (2) co6CTBeHH8SI 'l8C­

TOT8 CMCTeMhi "rMnc-peaeu" cocTaenSieT npMMepHo 360 ru ~ecnH a Ka-

'leCTBe C 
B3SITb CKOpOCTb pacnpOCTpaHeHHSI IIpOJlOJ1bHb!X BOJ1H, a B Ka-

10 

lj 

'leCTBe L -JlnHHY peaua), 'ITO cooTBeTcTeyeT >Kec· 

2 (1-11) L 3 
k=pcL=E "'50·10, 

( 1 + 1J.)(1 -211) 

KoHe'lHO, KnacCH'leCKaSI TeopHSI ynpyrocTH noaeonSI 

eenH'IHHY L , oaaaKo aTo yTo'IHeHHe 6eccMbicneHI 

!13MeHeHHSI, KaK Mbl YBHaHM HH>Ke, BHOCSITCSI OTKJ1C 

KOTOpOe, eo-nepBbiX, npMBOaHT atMJeKTHBHO K "pa3 

'18CT0Tbl B uenyro IIOJ10CY 'l8CTOT ruHpHHOH /). ' , Ilp 

aMnJ1HTyahi pe30HHpyrorue~ BbiiDei!. rapMOHHKH, T,e. 

yronhHbiX HMnynhCOB) ; BO-BTOpb!X, - K caBHry 9T 

M9HhlliHX 'laCTOT 11 1 B'"'I'peThHX, ... K OCUHJ1J1SIUHSIM 9T 

v H c aMnnHTyao~ A , nponopUHOHanhHO~ aMnnH 

1 
T,e. -

2
- , npH'19M Bb!XOJl Ha pe30H8HCHbi~ pe>KHlV 

v 
B cnyqae, KOrJla BbiCruaSI rapMOHHKa nepeceKaeT r 

Hamfl rMnOT93a COCTOHT B TOM, 'ITO a¢"PeKTi 

TOJla CBH3aHa C B03MO>KHOCTblO nona}laHHSI BbiCIDHl 

nonocy • .Hcao, 'ITO rrpH 6onhlliHX v , Koraa A << 

J1H60 Bb!Clli9H rapMOHHK9 OKa38ThCSI y npaeoA rpa 

HHHlf, Mem.moM 'ICM A (a, TaKHM o6paaoM, nona 

cy), rrponopmwHanLHa A H o6paTHO nponopiU!OHa. 

rapMO!HIKO~m v ' T.e. A/v ~ J!v 
3 

• npH M8llb' 

I\/ « A , aTa nepoSITHOCTh 6yneT nponopuHoHanb 

pa:JOM, BCpOSITHOCTL, a CJ1C'}10JHlTCllhH0 1 11 s~Pt\JeKTI 

m.Ix HMUynLcax H nanaeT npu 6onhWHX. Bonee T< 

9TOI'O MCX8HH3Mfl noCBHll\OH cneayJOlliH~ pa3.[(CJ1, 

3. Monenb HenHneiiHoro peaoHaHc 

3aMCHHM HAHIY MOT\Cffi• npOCTOM KH~JeM8TH'IE 

KOTOpaH OllHCl>IB8CTCSI CHCT9MOM 
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0 Kr), 3TO ITpHBOAHT K AOITOnHHTenbHOMY 

(<), 2 

BHOH H (--p-i;) llnSI P -TOM rapMOHHK H 

HMOCTb rronO)I(eHHS! MBKCHMYMOB Ha pHC, 

(<), 2 
KOS~HUHeHTy (---) UnH 

v 
L'.v I 

Tpe60B8HHJO -"' --3 ) , 3a-
v. 2p 

6 OT CKB8)1(HOCTH HCKnJO'IBeT 

)l(e CBH3b "qaCTOKOna" C pe30H8HCOM Ha HH3WHX '18CTOTBX rrpHBOUa, 

CTBHTenbHO, Bee ynpyrHe aneMeHTbl rrpHBOUB pa60T8JOT B o6naCTH ne­

M8UHH1 naneKHX OT paapyweHHH, T,e, Ha rrpHMOnHHeHHOM y'laCTKe ryKOB­

'H KpHBOH, IT09TOMY C06CTBeHHbl9 'laCTOTbl llnS! HHX He MOI'yT 3aBHCeTb 

OpMbl ~MrrynhCOB Bbl.lly)l{flaJOWeH CHnbi, 

CTOnb CBoeo6pa3HaH KapTHHa yKa3biBaeT Ha rrpHCYTCTBHe B HaWeH 

eMe KaKo.l!:-To "HenHHefiHoti npy)I{HHbi", TaKoA "'npy)I(HHoA.. MO)I(eT 6biTh 

Ko caM o6'beKT peaaHHH, T,e, a HaweM cny'lae KHprrHq rHrrca, TonhKO 

b !le<jlOpMaUHH 6nH3KH HnH paBHbl pa3pyWaJOWHM, H ITOSTOMY OTKnOHe­

OT nHHeil:Horo 3aKOHa fyKa CTaHOBHTCH BCCbMa CYWCCTBeHHb!MH, BTo­

B03MO)I(HaH llpH'IHHa HeJ1HHeHHOCTH - STO CTOX8CTH'I9CKaH CHna Corrpo-

/7/ 
eHHH rropO/lbi llpH pe3aHHH ( CM,, HarrpHMep, ) , KOTOpaH HM99T Xa-

ep rrHnoo6pa3HOH KpHBOH, XapaKTepHbiA rrpHMep TaKoro po/la CHnbi 

CHHTaH Ha Hawefi MO/leJ1H OCUHnnorpaMMa pe3aHHH B CTaTH'I9CKOM pe­

e ( PHC, 8). 3KcrrepHMeHTbl, 0/lHaKO, ITOKa3biBaJOT, 'ITO TaKaS! CTOXaC­

CKaSI CHna CaMa ITO ce6e TaK)I(e He MO)I(eT 6b!Tb rrpH'IHHOA 06pa30Ba­

"'laCTOKona", 1160 rrocneaHHH ITOHBJ1HeTCH /la)l(e Torna, KOT'IlB pe3aHHe 

TCTByeT, (B Ka'leCTBe rrpHMepa CM, OCUHnno~paMMY Ha pHC, 7). Ta­

o6pa30M, OCTaeTCH 9/lHHCTBeHHaH I'HITOTe3a llnH 06'bHCHeHHH 9TOT'O 

bl'IHOT'O BBJ1eHHH: 

)I(HHe, KaKOBOH 

nH3KHX K 

B rronbay aToM: rHrroTe3bi roaopHT H 'lacToTa qacToKona, paaHaH 

epHo 200 ru. Deil:cTBHTenbHo,cornacHo <jlopMYne (2) co6cTBeHHaH 
'lac-

CHCTeMbl "rHrrC-pe3eU" COCTaBJ1HeT rrpHMepHO 360 ru 'eCJ1H B Ka-

e c 
B3HTb CKOpOCTb paCrrpOCTpaHeHHH rrpO/lOJlbHbiX BOJ1H

0 
a B Ka-

10 

• 

~ 

,, •• IJJJilJ....~.J.... • ...._~ 

'leCTBe L -llnHHy peaua), 'ITO COOTBeTCTayeT )l(eCTKOCTH rHrrca 

2 (1-fl.) L 
k = pc L = E------

( I+ f1.}(1-2p.) 

3 
SO·IO • (3) 

KoHe'IHo, KnacCH'IecKag TeopHH ynpyroCTH noasongeT TO'IHee orrpe/lenHTh 

aenH'IHHY L , O/lHaKo aTo yTO'IHeHHe 6eccMbiCneHHo, H6o ropa31lO 6onbwH' 

H3MeHeHHH, KaK Mbl YBH/lHM HH)I(e, BHOCHTCH OTKJlOHeHHeM OT 38KOHa fyKa 

KOTOpoe, BO-rrepBbiX, rrpHBOUHT a<l><l>eKTHBHO K "pa3Mb!B8HHJO" pe30H8HCHOH 

'18CTOTb! B UenyJO rronocy 'laCTOT WHpHHOil: fl.', rrporropUHOHaJ1bHOil: KBa/lpaT 

8MITJ1HTY/lbl pe30HHpyJOweft BbiWeH rapMOHHKH, T,e, "'v 2 (!lnH 'IHCTO rrpHMo­

yronbHbiX HMITYJlbCOB); BO-BTOpbiX, - K C/lBHry STOH rronOCb! B CTOpOHy 

MeHbWHX 'laCTOT H, B-rpeTbHX,•K OCUHnnHUHHM STOH ITOJ10Cbi C 'laCTOTOH 

v H c aMnnHTYilOil: A , rrponopuHoHanbHOH aMrrnHTYile nepaoil: rapMOHHKH, 
I 

T,e, ~ , rrpH'IeM BbiXO/l Ha pe30HaHCHhiH pe)l(lfM rrpOHCXO/lHT TOnhKO v 

B Cnyqae, KOI'/lll BbiCWaH rapMOHHK8 rrepeCeKaeT rrpaByJO r•paHHUY ITOnOCb!, 

HamR I'HITOTe3a COCTOHT B TOM, 'ITO 8<fl<jleKTHBHOCTb lfMrrynbCHOT'O Me­

TO/la CBH3aHa C B03MO)I(HOCTbJO ITOITa/l8HHH BbiCWHX rapMOHHK B pe30H8HCHyi 

nonocy • .flcHo, 'ITO rrpH 6onhWHX v , KOrlla A << L'. ', aepomHoCTh KllKoil:­

nH6o BbiCWeil: rapMOHifKe OK838TbCSI y rrpaBOH rpaHHUbl ITOilOCbi Ill! paCCTQ­

HHHH, MeHI.IllOM 'ICM A ( 11, TaKHM o6pa3oM, nonacTL n pcoof!aHcHyJo nono­

cy)' nponopuHoHanbHll A If oupRTHO ·nporroplUIOH£lnhHa jJllCCTOHHifJO Me)I{JlY 

3 
rapMOIHIKllMif v ' T.o. A/v ~ 1 lv • nplf Mtlllb!X )I(C 'll1CTOTax, KOI'll/l 

t\1 << A , a'J'a nepOHTHOCTh 6yneT nponoplllfOHRnbHa !\ 'lv"' v • TaKHM o6-

!JtKIOM, BCpOHTHOCTL, ll CJlC'JIOJHlTOlihHO, H 8<jltjlf'KTHRIIOCTb paCTOT rrpH Ma­

Jlh!X HMuynLcax H nanaeT npn 6oJlhWHX, Eonce TO'IlloMy paccMoTpE>HifJO 

9TOI'O MeXaHH3Mtt fi0CDHU1CH CnCilYJOWH:ii pa3):{CJ1, 

3, ~ogenb HCJ1HH9HHOI'O pe30HRH£8 

3aMCHHM Hamy MOJICffi, rtpOCTOti Kif HCM8TH'IeCKOH (' X:E'MOti ( p11c, 16 ), 

KOTOJ.l8H QITHCLIB8eTCst CHCTeMoti 
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M";;I= -ki (xi -x) + F(t), 
( 4) 

mx k (x -x)- F (x,x), 
I I e 

n:~e M - nplmelleHHaSI K TSIHy!lleMy lllKHBY Macca poropa 8neKrpo-

llBMTaTenSI \ = 2300 Kr) 
1 

m - Macca "crpyra" 1 k I - *eCTKOCTb 

uenH
1 

F ( t) - BbiHY*IlaiO!llaSI cHna 1 a Fe - conpoTHBneHHe r1111ca. 

DpeAcraaneHHe o xapaKrepe HenHHeAHOCTH CH1lhl F (x,i) e 

MOlliHO 1101IY'lHTb H3 aHa1IH3a 110C1leAHero 11HKa rpa¢HKa pe3aHHH 

Ha pHC. 8, rAe 110 OCR OpAHHaT OT1IO*eHbl CH1lb1 0 a 110 OCH a6c-

UHCC - apeMSI, KOTOpOe Mbl 6yAeM C'IHTaTb 11p0110pUHOH81lbHb!M 

BellH'IHHe Jle~opMaUHHo llnSI 8TOrO 11epenH!lleM ¢opMyny (1) B BH-

Ae 

Fe (x, x) 
X X 

-k x¢(-:=-, -), 
X C 

rAe x - Ae¢opMaUHH pa3py!lleHHSI. Torna 11pocraH o6pa6oTKa 

8Toro nuKa JlaeT (eM. puc. 9) 

kx- F e 

k~ 

X 5 
= 0,3(-=} 

X 

4To *e KacaercSI oueHKH aenH'IHHbi K08¢¢uuueHTa nepeA qneHOM 

C nepBOH npo~3BOllHOH B pa3no*eHHH 
Fe (x, x) , KOTOpb!il: Mbl 

6yAeM BBOllHTb !11ISI 8¢¢eKTHBHOrO yqeTa nornomeHHSI 8HeprHH, TO 

H3 coo6pa*eHHH pa3MepHOCTH OH paaeH k L I c • Eonee TO'IHbiX 

caeAeHHH o6 8TOM qneHe y HaC HeT. TaKHM o6pa3oM, nonyqaeTCSI 

cneAyromee Bbipa*eHHe nnSI CHllbi! 

X X 5 r ; 
kx[(-=- e(-=}) + -(-=}); 

X X W X 
F (x,x) 

e 

(5) 

e 0,3 r=wL/c. 

1 :! 

~.:~· 

• 

' 

.. 

l1ccnellOBaHHe CHCTeMbl ( 4) ynpomaeTCSI Te~ 

noasonSieT npH61IH*eHHO pacmenHTb ee Ha llBa yp~ 

Chi M Ha aaKpenneHHoi!: npy*HHe k I noll Jlei!:CTI 

Mx =-k x + F(t), 
I I I 

H KOne6aHHe MaCChi m Ha "HenHHeHHOil: 11PY*HHe• 

k X ( t) 
I I 

mx =-F(x,x)+k x 1 . 
e 1 

l13 acex rapMOHHK F ( t) Mbi 6y lleM y'IHTbiBaTb · 

H Te H3 Bb!CillHX rapMOHHK p , 'laCTOTbl KOTOpbl 

"qacToKona' (200 ru). CnellyeT 3aMeTHTb, 'ITO 

eTCSI 'IHCTO npSIMOyronbHbiMH HMI1Y1lbCaMH Hal1pSI: 

llBHraTellSI, C qaCTOTOi!: v H CKBa*HOCTblO a , 

CHa'lana 81leKTpOMarHHTHhlMH xapaKTepHCTHKaMH 

eMKOCTbiO H T.n.), a 3aTeM peAYKTopoM. 3TH H( 

MallO 110B1IHSI!OT Ha aMI11IHTYilY H nepaoil: rapMOHI 

BbiC!llHe. TaKHM o6pa30M, 6ylleM cquraTb, 'ITO 

F (t) 

rne 

2¢ 2 ¢p sin rrj 
F ( f3 + _1 sin f3rr cos vt + ... + -- --

rr TT p 

{3=1-a ,a ¢1 
H ¢ y'IHTbiBaiOT HCK 

p 

¢opMbl HMI1Y1lbCOBo 

PemeHHe ypaaHeHHSI ( 6) c raKoii BbiHY*IlE JT;' 
v >> w. ( A1ISI Hallie it MOilellH w '/2 rr =- ..j-M 2rr 
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M':;;I= -k1 (xi-x) + F(t), 

(4) 
mx k (x -x)-F (x,x}, 

I I c 

ae M - rrpHaeaeHHa.H K rsmymeMy lllKHBy Macca poTopa :omexrpo-

BHraren.H ( ~ 2300 xr), m - Macca "crpyra", k 
1 

- :>KeCTKOCTb 

errH, F ( t) - BhiHY*LIBJOIIJa.H cHna, a Fe - conporHaneHHe rHrrca. 

ITpeacrasneHHe o xapaKTepe HenHHeiiuocrH cHnhi F (x,;) 
c 

o~'Ho nony'IHTb H3 aHanHaa rrocneaHero ITHKa rpa~HKa peaaHH.H 

puc. 8, rae ITO OCH OPLIHHaT OTnO:>K8Hbl CHnbi, a no OCR a6c­

CC - Bp8M.H, KOTopoe Mbl 6yaeM C'IHTaTb I1pOI10p[(HOHanbHhiM 

aelj:JopMaUHH. Lln.11 BToro rreperrHmeM ~OpMyny ( 1) s BH-

Fe (x, x) 
X X 

-kx¢(-;::-,-}, 
X C 

e x - ae~opMaUHR paapymeHHR. Toraa rrpocraR o6pa6oTxa 

oro rrHKa aaeT (eM. pRe. 9) 

k x- Fe x 5 

---- = 0,3(-=J 
kx x 

0 )l{e KacaeTCR Ol.leHKH aenH'IHHhl K08~~Hl.lHeHTa rrepeJl qneHOM 

F (x, x) , KOTOPI>IH Mhl 
e ' 

rrepaoii rrpo~3BOLIHOH B paano)l{eHHH 

8M BBO.IlHTb .llnR 8~8KTHBHOI'O Y'IeTa rrornomeHH.I'I 8HeprHH, TO 

coo6pa:>KeHH:ii paaMepHOCTH oH paseH k L I c • Bonee TO'IHhiX 

aeHH:ii o6 8TOM 'IneHe y Hac Her. TaKHM o6paaoM, nonyqaercg 

LIYJOmee Bhipa)l{e HHe ansr CHnhr: 

X X 5 r ; 
kx[(=- e(-=J) + -(-=)]; 

X X CU X 

F (x,x) 
c 

e 0,3 r"'cuL/c. (5) 

L! 

.. 

f 

.. 

HccneaoaaHHe CHCTeMhi ( 4) ynpomaeTCSI TeM, 'ITo k >> k • 3To 
I 

noaaonHeT rrpH6nH*eHHo pacmerrHTb ee Ha aaa ypaaHeHHH: xone6aHHe Mac· 

Chi M aa aaxpenneaao:ll: IIPY*HHe k I noa ae:ll:cTaHeM CHnhi F ( t) 

.. 
Mx =-k x +F(t), 

1 1 I (6) 

H KOne6aHHe MaCChi m Ha "Hen'HHeHHOH IIPY*HHe"' k ITO.ll .lleHCTBHeM CHnh 

k X ( t) 
I I 

m x = -F ( x, x) + k x
1 

. 
" I 

(7) 

Ha acex rapMOHHK F ( t) Mhi 6yaeM Y'IHThiBaTb TonbKO HyneayJO, nepay10 

H Te H3 Bh!CWHX rapMOHHK p , 'IaCTOThi KOTOphiX p V 6nH3KH K 'IaCTOTe 

"qacToxona' (200 ru). CneayeT aaMeTHTb, 'ITO XOT.H cHna F(t) H coaaa-

eTCH 'IHCTO rrp.I'IMOyronbHhlMH HMrrynbCaMH Harrp.I'I)!(8HH5! Ha 38)1(HM8X BneKTp 

.llBHf'aTeng, C 'IaCTOTO:ll: V H CKBa:>KHOCTb!O a 
1 
~OpMa HX HCKa)l{aeTC.H 

CHa'Iana BneKTpOMaf'HHTHblMH xapaKTepHCTHKaMH MOTOpa (HH.IlyKTHBHOCTbJO, 

eMKOCTb!O H T.rr.), a aaTeM pe.llyKTOpOM. 3TH HCKa:>KeHHR, IIQ-BH.IlHMOMY, 

Mano IIOBnH.I'IIOT Ha aMrrnHTY.IlY H rrepao:ll: rapMOHHKH, HO MOryT H3MeHHTb 

BhiCWHe. TaxHM o6paaoM, 6yaeM C'IHTaTb, 'ITO 

F(t) 

rae 

2¢ 2¢, sin11{:3p 
F ((:3 +_I sin (:311 cos vt + ... ,+---cos pvt + ... }, 

11 11 p 

(:3=1-a ,a ¢I 
, 

H ¢ Y'IHTbiBaJOT HCKa)l{eHHe rrp.I'IMoyronbHOH , 
~OpMhl HMrrynbCOBo 

PeweHHe ypaBH8HHSI ( 6) C TaKOH Bh1Hy)!(Jl8HHOH CHno:ii JlaeT rrpH 

v >> cu' ( Jln.l'l Hawe:ll: MOJlenH cu '/2 11 = -
1
- v T;,O, 7 a f- v/211"' 5 ~ 20 ru) 

211 M , 

13 



2¢I w'2 2 
kx = F({3--(-} p sin{3rrcosvt] 

I TT p V 

2 w 2 
F- (-} X 

TT p V 

¢p sin rr (3p 
X ( COS p v t] - ... 

p 
F(x +x J. 

aep pe3 

(8) 

DepexoaH K HCCneaOB8HH~ perueHHH ypaBHeHHH (7) C H9JlHH9HHbiM 

COIIpOTHBJleHHeM (5) H BbiHy)Kaa~rueil CHJIOA (8) 1 BBeaeM 6e3p83MepHyiO 

X 
ae<PopMaUHKi I; = -::- = Y + C , KOTopyiO Mbi rroapa3aenHeM aa aepe3o-

x 
H8HCHYIO '18CTb C 1 orrpeaeJIHeMyiO ypaBH9HH9M 

2 
rwC + w K)( (t), Rep 

(9) c 
2 

+ w c 

H pe30H8HCHYIO '18CTb Y , orrpeaenHeMyiO ypaBH9HH9M 

5 2 
ew(Y + C) + w K )( y + w

2
y + r'wy 

pe3 

rae 
K = F/k; 

He BaaBaHCb B rroapo6aocTH rrpH6JIH)KeHHoro perueHHH sToro ypaBHe­

HHH, KOTOpOe aoCT8TO'IHO XOpOlliO H3B9CTHO ( CM., HaiipHMep, rrpeKp8CHYIO 

/11/ . 
MOHOrpa<t>HIO ) 

1 
38M9THM, 'ITO rrepBOe IIpH6JIH)K9HHe IIpHBOaHT K ycTa-

HOBHBlliHMCH KOJie6aHHHM rapMOHI1'19CKOrO BHaa, 

y = a cos ( p v t + e)' 
C 8MIIJIHTyaH0-'18CTOTHOH xapaKTepHCTHKOH 

2 2 5 4 15 2 5 4 p v 2 2 2 -J 
a = E 1[1- e(-a +-a C(t}+ -C (t)}-(-} 1 + r I , (10~ 

16 4 2 w 

E 
2 cPp K W, 

--(-} 
rr pv 

sin rr/3 P 

p 

D>¢p 

p 
(11) 

14 

',I 

'{ 

t 
r 

i 

j 
' 

): 
'/ 

t 

a C ( t) - MeaneHHO MeHHIOlli8HCH H8 IIp0TH)K9H1111 IIepHO): 

orrpeaemmMaH ypaBHeHHeM (9). B rrpH6mf)KeHHH w >> v 

'ITO 

c ( t) 
2 

K )( H (t) "' K {3 - b cP p COS V t , 
ep I 

2K W 2 
b =- (-} sin rr{3 

TT p V 

B aanbHeilrueM Mbi 6yaeM rrpeae6peraTb cnaraeMbiM 
5 

16 

C OCT8JlbHbiMH BBHay M8JIOCTH KOs<t>iPHUH9HT8 11 TOrO, 'IT 

HHM, I y + C I= 1 o3Ha'laeT pa3pyrueaHe rropoahi). 

Ha puc. 10 H3o6pa)KeH rrpHMepHbiH BHa 3aBHCHMoc· 

B '19M COCTOHT ee OCHOBHbl9 OTJIH'IHH OT JlliH9llHOll pe3< 

pHCTHKH ( rryHKTHpHaH Kp11B8H e = 0)? 

Bo-rrepBbiX, IIOCTOHHH8H '18CTb Hepe30H8HCHOll CHJI 

BO ( yMeHblli9HI19 )K9CTKOCTH) 1 HO 110CKOJlbKY, KpOMe 110( 

C ( t) coaep)KHT li Meane!IHO OCUHJIJIHpy~lliYIO '18CTb, T 

HHHhiM caBHroM BCH KpHBBH CAB MeaneHHO rrepeMeruae· 

BJieBO. 

Bo-BTOpbiX, aenHaeilaocTb rrpHBOaHT K aaKnoay oc 

H8HCHOH KpHBOll H CBH38HHbiM C HHM HBJI9HHHM Cpb!B8 I 

)K9HHH CAB BIIpaBo 11 B TO'IKe A - rrpH aBH)KeHHH ee B 

npOHCXOaHT JIH60 pe3K09 B03pacT8HH9, JIH60 pe3K09 yM 

Llbl BbiHy)KaeHHbiX KOne6aHHll. ManoCTb r 1103BOJIHeT H· 

H8HTH 6e3 Tpyaa, 'ITO KOopaHH8Tbl TO'I9K A,B,C paBHbl 

2 2 D ¢ P 2! 3 

a = ( 2 ) 
1 15eCp 

,2 
a 

2 
4a1 

2 
a2 

2 2 J!J 

z 
I 

5 
-e 
2 

4 3 15 2 D ¢p 
C + -(-eC --) 

2 2 p 2 

15 

D¢ P 2 
( ) 

fp 

5 4 15 
z =-eC +-t 

2 2 4 



2 <PI w' 2 2 
F[{3---(-} p sin{3rrcosvt] 

7T p v 

2 w 2 
F- (-} X 

7T p v 

sin rr {3p 
p cos p v t l - ... F(x +x 

aep pe3 
) . 

p 

(8) 

peXOAR K HCC1leAOB8HHID perueHHR ypaBHeHHR (7) C HenHHeMHbiM 

neHHeM (5) H BbiHY)KJl8WllieM CHllOil (8), BBeJleM 6e3p83MepHyiD 

UHID t 
X 

-=-=y+C 
X 

, KOTOpyw Mbl IIOJlp83Ael1ReM Ha Hepe3o-

'18CTb C , orrpenenReMyw ypaBHeHHeM 

2 ( t) ' 
K X aep 

2 
+ w c (9) - r w c + w 

aHCHYID '18CTb Y , orrpenenReMyiO ypaBHeHHeM 

5 2 
ew (y + C) + w K X w

2
y + I'wy 

pe3 

K = F/k; 

BA8B8RCb B IIOAp06HOCTH IIpH6llH)KeHHOrO perneHHR 9TOrO ypaBHe­

TOpoe AOCT8TO'IHO XOpOlliO H3BeCTHO (eM., HaiipHMep, rrpeKpacHyW 

/11/ . 
~HID ), 38MeTHM, 'ITO rrepBOe IIpH6J1H)K9HH9 IIpHBOAHT K ycTa-

MCR KOne6aHHRM rapMOHH'IeCKOrO BH.Il8 1 

y = a cos ( p v t + e)' 

HTY.IlH0-'18CTOTHOM xapaKTepHCTHKOM 

5 4 15 2 5 4 p v 2 2 2 -I 
![1- e(-a +-a C(t}+ -C (t)}-(-}] + 1 l , 

16 4 2 w 

¢p K w' 
~(-) 

rr Pv 

sin rr{3 P 

p 

D'¢p 

p 

14 

(10~ 

(11) 

\~1 i\ 

~ 
! 

l 
"I 
i( 

,1 

t 
r 

i 

f 

.{ 
(' 
I 

f 
t 
.'/ 

1 

a C ( t) - MenneHHO MeHRWlli8RCR H8 IIpOTR)KeHHH rrepHOAa. 
2rr 

p v 
~yHKUHR, 

onpenenReMaR ypaBHeHHeM (9). B rrpH611H)KeHHH w >> v MO)KHO C'IHTaTb, 

'ITO 

c ( t) 
2 

K X (t) ~ K {3 - b ¢ p cos v t ' 
Hep I (12) 

2K w' 2 
b = - (-} sin 77 {3 

7T p v 
5 4 

B nanbaewrneM Mhi 6yneM rrpeae6peraTh cnaraeMhiM J6 a no cpaBHeHHID 

C OCT8llbHbiMH BBHJlY M8110CTH K03~~HUHeHTa H TOro, 'ITO a < 1 • (HarroM-

HHM, I y + C I = 1 03Ha'laeT pa3pyweaue rroponhl). 

Ha pHc. 10 H3o6pa)KeH rrpHMepHhlM BHA 3aBHCHMOCTH a 
p v 2 

OT Z=1-(-) • 
w 

B qeM COCTORT ee OCHOBHbie OTllH'IHR OT llHHeMHOM pe30H8HCHOM XapaKTe-

pHCTHKH (rryHKTHpHaR KpHB8R e = 0)? 

Bo-nepBbiX, IIOCTORHH8R '18CTb Hepe30H8HCHOM CHJlbl CMeruaeT ee BIIpa­

BO ( yMeHbllieHHe )KeCTKOCTH) 1 HO IIOCKOllbKY, KpOMe IIOCTORHHOrO 'lneBa, 

C (t) CO.Ilep)KHT H MeJlllEliiHO OCUH1111Hpywruyw qaCTb, TO aapRAY C IIOCTO­

RHHbiM CABHroM BCR KpHBBR CAB Menneaao rrepeMewaeTCR TO BnpaBo, TO 

BlleBO. 

Bo-BTOpbiX, aenHHewaocTb rrpHBOAHT K HaKnoay oceBOM nHHHH pe3o­

aaacaow KpHBOM H CBR38HHbiM C HHM RBJleHHRM Cpb!B8 B TO'IKe B IIpH ABH­

)KeHHH CAB BIIpaBo H B TO'IKe A - rrpH ABH)KeHHH ee BneBo. OpH 3TOM 

I!pOHCXOAHT nH60 pe3KOe B03paCT8HHe, nH60 pe3KOe yMeHbllieHHe aMIIllHTy­

Abl BhiHY)KJleHHhiX Kone6aHHM. ManocTb 1· no3BOJ1ReT H3 ypaBHeHHR ( 10) 

H8MTH 6e3 Tpyna, 'ITO KOOpAHH8Thl TO'IeK A,B,C paBHhl: 

2 2 D¢ P 2/ J ,2 
2 D¢ P 2 

a = ( 2 ) a = 4a I ; a = ( ) ; (13) 
I J5eC p 2 2 r P 

2 2 I!J 2 2 

5 4 3 15 2 D ¢p 5 4 15 2 D ¢ ( 14) 
z = - e C + - (- e C --) ; z =-eC +-eC :__::::_£_ 

I 2 2 2 p 2 2 2 4 l'2p 2 
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d. 

CneaoBaTenbHO, "IUHpHHa" pe3oHaHca B rnaBHOM rrpH6nHlKeHHH 

15 2 o 2 
¢1>

2 

z = --eC ---
I 4 r2 P 2 

I'!, = (15) z2 

0pH KBKHX lK9 ycnOBHSIX K8K8SI-nH60 H3 BblClllHX rapMOHHK MOlKeT no­

naCTb Ha pe3oHaHCHbiH yqacTOK CA? HcHo, 'ITO ecnH oHa ( T.e. cooTBeT-

CTBYIOIIIee z ) oKa3anacb npaBee H 6nHlKe K 
3 

UHil: pe30H8HCHOH KpHBOH ( T.e, 20 e C b cP 
I 

Z 
1 1 '19M pa3M8X OCUHnnSI-

2 
p , TBK KBK OCUHnnSIUHH 

TO'IKH B H3-3a BToporo cnaraeMoro !lJopMynhi ( 14) Manhi no cpaBHeHHIO 

C JlBHlK9HHeM BCeil: KpHBOH KBK uenoro, H3 -3a OCUHnnSIUHH 'lneHa 

4 
5 I 2 e C (t}), TO npH JlBHlKeHHH BnpaBo npoH30il:JleT cpbiB c TO'IKH B, a npH 

B03BpaTe aMnnHTYJlB 3TOH rapMOHHKH nona)laeT Ha pe30H8HCHbiH y'laCTOK 

CA. 

PacCMOTpHM Tenepb, KBKY!O JlOniO BpeMeHH nonHOf'O UHKna OCUHnnSI­

UHH KPHBOH CAB KaKaSI-nH6o H3 BbiClllHX rapMOHHK 6yaeT HaXOllHTbCSI B pe-

30HaHcHoil: o6nacTu.(3Ta aonSI BpeMeHH, o'leBHJlHO, paBHa cpeaHefi aone nu­

KOB BbiCOKO'IaCTOTHoro Kone6aHHSI.) EyaeM C'IHTaTb, 'ITO 6nulKail:IUaSI rapMo­

HHKa MOlKeT C paBHOH BepOSITHOCTb!O OK838TbCSI Ha nro60M paCCTOSIHHH OT 

TO'IKH Cpb!B8 Z 1 (pHC, 10), OT -1 JlO -1 + l) 1 f')le a - paCCTOSIHHe MelK­

JlY Bb!ClllHMH rapMOHHKBMH, 2 /p, HOpMHpOBBHHHOe Ha aMnnHTYJlY OCUHnnSI­

UHH pe3oHaHCHOH KpHBOH, T,e, 

a 
,ga 

5eC 3 b¢ P
2 

l 

(16) 

( HeKOTOpbie H3 Bb!ClUHX rapMOHHK OK83b!B8!0TCSI nOJlaBneHbl ManhiM sin 11 {3p, 

TBK 'ITO, Jl8lKe HBXOJlSICb B pe30H8HCe, He MOf'YT Jl8Tb 6onblllOH aMnnHTYJlbl, 

Y'leT TonbKO "cHnbHhiX" rapMOHHK, c sin 11 {3 p"' 1 , 03Ha"!aeT yBenu'leHHe 

s!lJ!lJeKTHBHOf'O paCCTOSIHHSI a 1 KOTOpOe npH3B8H y'leCTb MHOlKHTenb ga ). 

TaKHM o6pa30M, BepoSITHOCTb roro, 'ITO BhiClllaSI rapMOHHKa oKalKeTCSI 

16 

.l.: 

dz 
B HHTepBane d Z , H8 paCCTOSIHHH Z 6yJleT a . I 

TO rapMOHHK8 He norra)laeT B pe30HaHCHyiO o6naCTb 

B pe3oHaHCHOil: o6nacTH paBHO Hynro). EcnH lKe \z\~ 

KpHBOH BneBO OHa o6SI3aTenbHO nonaaaeT B pe30H8HC 

KOf'Jl8 COS II t 
I 

z , 11 "cpbiBaeTc5!" B TO'IKe A B M 

z + I'!, ecn11 z + i\ < I nH60 IIpOCTO BbiXOJlHT H· 

B MOMeHTbl COS v t = Z npH o6paTHOM JlBHlK9HHH, ec 

HOpMHpOB8HH8SI Ha aMrrnHTYJlY OCUHnnSIUHH lllHpHH8 pE 

(15), T.e. 

I'! 
2 2 

JD ¢ P 

8 c b r 2
¢ P 4 

1 

0THOCHT9nbHOe BpeMSI npe6hiB8HHSI B pe30H8HCHOH O( 

6yaeT 

t2 t 
1 

r(z) = 11 211 

1 
- (arcos z - arcos ( z + !'!)) 
271 

I 
arcos z 

71 

Y cpeJlHSISI Tenepb no BC9M B03MOlKHblM 3H8'19HHSIM Z 

nony'IHM, 'ITO npH 

-1+a 

T = r 
-1 

d z 
r(z) B 

a 2: 2 Cpe)lHee OTHOCHTenbHOe Bpi 

1 1 1 
-;a r arcos z dz .= 8 npi! 

- 1 

1 1- I'! 1 

2 11a r r- r + 2 
-1 -1+ I'! 

r ) arcos z 

J-1'1. 

0pH a <2 B pe30H8HCHY!O o6naCTb 38 OJlHH ne1 

nonaCTb "H9CKOnbKO BbiClUHX rapMOHHK, 0JlH8KO ecnH 

30H8HCHOH o6naCTH HaXOJlHTCSI TOnbKO OJlH8 rapMOHi! 

TO HX o6mee CpeJlHee a!lJ!lJeKTHBHOe BpeMSI OCTaHeTC~ 

TenbHO, HanpHMep, 
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OBaTeJibHO, "ruHpHHa" pe30H8HCa B I'JI8BHOM IIpH6JIHlKeHHH 

15 2 [/¢ 2 

~, = z -z = -eC ___ P_ 
2 1 4 r2 P 2 (15) 

ITpH KaKHX lKe ycnosHSIX KaKaSI-JIH6o H3 BhiCWHX rapMOHHK MOlKeT no­

b na pe3oHaHCHhiH yqacTOK CA? HcHo, 'iTo ecnH oHa ( T.e. cooTBeT­

JOillee z ) oKa3anacb rrpasee 11: 6nHlKe K z 1 , 'ieM pa3Max OCUHJIJISI-
3 2 

pe30H8HCHOH Kpii:BOH ( T,e, 20 e C b ¢
1 

P , TaK KaK OCUHJIJISIUII:H 

11: B 11:3-3a sTopoi'O cnaraeMoro ljlopMyJihi ( 14) MaJihi no cpasHeHII:JO 

ll:lKeHHeM BCeH Kpii:BOH KaK uenoro, H3 -3a OCUHJIJISIUHit 'iJieHa 

4 
C (t}), TO IIpll: JlBII:lKeHII:II: BIIpaBO IIp011:30HJleT Cpb!B C TO'iKII: 8, a IIpll: 

paTe aMITJlii:TYJla 3TOH rapMOHII:KH norra)laeT Ha pe30HaHCHhlH y'iaCTOK 

PacCMOTpii:M Terrepb, KaKyJO JlOJIJO BpeMeHH IIOJIHOf'O UII:KJia OCUHJIJISI­

KpHBOH CAB KaKaSI-JIH:6o 11:3 BhiClllHX rapMOHHK 6yJleT HaXOilHTbCH B pe­

HCHOH o6naCTH,(3ra JlOJISI BpeMeHH, O'ieBHJlHO, pasHa cpeJlHefi JlOJie nH­

BbiCOKO'iaCTOTHOf'O Kone6aHII:SI.) EyJleM C'iii:TaTb, 'iTO 6JIII:lKaitmaSI rapMo­

MOlKeT C paBHOH BepOS!THOCTb!O OKa38TbCSI Ha JIJ060M paCCTOHHHH OT 

II: Cpb!Ba Z l ( pHC, 10), OT -1 JlO -1 + l) , f'Jle 8 - paCCTOSIHHe MelK­

b!ClllHMII: rapMOHII:KaMII:, 2 /p, HOpMHpOBaHHHOe Ha aMITJIHTYllY OCUII:JlJISI-

pe30HaHCHOH KpHBOH, T,e, 

8 
ga 

SeC 3 b¢ p2 

l 

(16) 

OTOpb!e 11:3 BhiCIIIHX rapMOHHK OKa3hiBa!OTCSI no)laBJieHbl MaJibiM sin 11 f3 p, 

'iTO, JlalKe HaXOJl.IICb B pe30HaHce, He MOf'YT Jl8Tb 60JiblliO:i!: aMnJIHTYJlbl, 

TOJibKO "CHJlbHhiX" rapMOHHK, C sin 11 f3 p "' 1 1 03Ha'laeT yseJIH'ieHHe 

KTHBHOf'O paCCTOSIHHH 8 , KOTOpoe 1IpH3BaH y'leCTb MHOlKHTeJib ga ), 

M 06pa30M 1 BepOS!THOCTb TOf'O, 'ITO Bb!Clll8H rapMOHHKa OKalKeTCSI 

16 

d z 
B HHTepsane d z , Ha paCCTOSIHHH z 6yJleT 

0 
• Ecn11: l z I> 1 (rrpH 8> 2 ) , 

TO rapMOHHKa He norra)laeT B pe30HaHCHYIO o6naCTb ( !3peMSI rrpe6biB8HH.II 

s pe3oHaHCHOi1 o6naCTII: pas no nyn10). EcnH lKe I z 15: 1 , To rrpH JlBHlK8HHII: 

KpHBOH BJieBO OHa 06SI3aTeJibHO IIOIIa)laeT B pe30H8HCHYIO o6naCTb B MOM8HT, 

K0f'Jl8 COS II t 
I 

z 11 "Cpb!B88TC Sl" B TO'iKe A B MOMeHT, KOf'Jla cos v t 
2 

= 

Z + ~ , 8CJIH Z + !\ < 1 JI11:60 npOCTO Bb!XOJlHT 11:3 pe30H8HCHOH 06JI8CTH 

B MOM8HThl cos v t = Z np11: 06paTHOM JlBHlK8HHH, eCJIH Z + ~ > 1 1 f'Jle i\ 

HOpMHpOB8HH8SI Ha aMUJIHTYJlY OCUHJIJISIUHH lllHpHHa pe30H8HCHOH o6naCTH 

(15), r.e. 

~ 

2 2 
3D ¢ P 

8 c b r 2
¢ P 4 

1 

(17) 

0THOCHTeJibHOe Bp8MH npe6biBaHHSI B pe30H8HCHOH 06JiaCTH B 3TOM CJiyqae 

6yJleT 

1 
-(areas z - arcos(z + ~)) npu z+~<1, 

t - t 

1 

211 
2 l 

r{z)=v = 
211 1 

Z+~>1. - areas z npH 
11 

YcpeJlHSISI Tenepb no seeM B03MOlKHhiM 3Ha'ieHII:SIM z oT -1 JlO -1+ 8 , 

nony'III:M, 'ITO npH 

-I+o 
T = r 

-I 

d z 
r(z) B 

0 ?_ 2 CpeJlHee OTHOCII:TeJibHOe BpeM.II 6y)leT 

1 I J 
- r areas z 11 z = -
118 . 8 npH ~>~. 8~2. 

-I 

1 I-~ I 

2118 r r- r + 2 
-I -I+~ 

r 
I-~ 

~ 
) areas z dz = -

28 
npH ~<2, 8~2. 

f1pH 8 <2 B pe30HaHCHYIO o6naCTb aa OJlHH nepHOJl OCUII:JIJISIUH:i!: MOf'YT 

nonaCTb HeCKOJlbKO BbiClllHX rapMOHII:K, OJlHaKO eCJIH B K8)!{Jlb!:l!: MOMeHT B pe-

30HaHCHO:i!: o6JiaCTH HaXOJlii:TCSI TOJlbKO OJlHa rapMOHHKa, T,e, eCJIH ~ < 8 , 

To HX o6mee cpeJlHee aljlljleKTII:BHoe speMSI ocTaHeTCSI npelKHII:M, DeiicTBH-

TeJibH01 HanpHMep, 
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\ ~ ' 

1 -I+o -I+o+L'l -1+2o -z+2o+L'l I 1 ! 
T = -- [( r - r J + r r 

2rro -I -z+L'l -I+o 
r J+ ... +r r -r +nJ.x 

I+ L'l+ o -I +(,....I!D -I+L'l+rn- I!D 1:-L'l 

x arcos z d z 
l 1 I 

-- ( r - r + r ) arcos z d z 
2 rro -I -I+L'l I-L'l 

L'1 

28 

(19) 

HaH6onee cno*eH cnyqafi, Koraa B peaoHaucuofi o6nacTH KaKoe-To 

BpeMH MOryT oaHOBpeMeHHO HSXOaHTbCH aBe HnH 6onee rapMOHHK, T,e, 

Koraa 0 < 2 H L'1 > o . 3aecb Heo6xoaHMO cneuHanbHo noaa6oTHTbCH, qTo6bi 

He yqeCTb 9TOT nepHoa "nepeKphiTHH" aBa*abi, H60 HHTep!lJepeHUHH aByX 

coceaHHX Bh!CIIIHX rapMOHHK aaeT KOne6aHH5l C HX ycpeaHeHHOlt qaCTOTOif, 

HO C nepeMeHHOlt SMITnHTyaoif ("6HeHHe"), 

ilyCTb K8K85l-TO rapMOHHK8 C paBHOif BepOHTHOCTbiD H8XOaHTC5l rae­

TO Ha paCCTOHHBH OT 1 ao 1+ D nesee UeHTpa OCUHnnHUHH npasoit rpaHH­

Ubl pe30H8HCHOH o6naCTl! z 2 , Tor a~ OHa, Bo-nepBhiX, He CMO*eT Cpbl­

B8TbC5l B TOqKe A H, BO-BTOphiX, 6yaeT BXOaHTb B pe30H8HCHyiD o6naCTb 

I 
paHbiiie apyrHX rapMOHHK C 6onbiiiHMH HOMepaMH ( MeHbiiiHe Z H BbiXO-

aHTb paHbiiie HX, ilo9TOMY HMeHHO oHa 6yaeT onpeaenHTb cpeauee 9!lJ!lJeK-

THBHOe BpeMH BCeX 9THX 

-, 
T 

rapMOHHK: 

1 -L'l+o 
r arcoszdz 

T70 
j-/1. 

I 
0cTanbHhie ITOITMWIDIIIHe B pe30H8HCHyiD o6naCTb rapMOHIIKH ( C 6onbiiiHMH 

Z ) 6yayT CphiB8TbC5l B ToqKe A npH KS)I{aOM UHKne OCUHnnHUHH, npHqeM 

nepeKpblTHe HX !lJaKTHqecKH yMeHbiiiaeT IIIHpHHY pe30H8HCHOH oonaCTH ao 

senHqHHbi o . CpeaHee 94l4JeKTHBHoe speMH HX paBHO 

1 
--( 
2rro 

-~ +o 

r 
-I 

~-fl.+o 

r ) arcos z d z 

I- fl. 

18 

TaKHM o6paaoM, npH 2 > L'1 > o 
-, , 

T = T + 1 
1 • o 

-[rro + 2(1-8)arsm.,j- + 2(1-L'l~ 
2 rr8 2 

L'1 
- 2 ( 1 - L'1) ars in ..j - + v L'1 ( 2 - L'1} - v ( L'1 - 8) ( 2 - L'1 + 8 

2 

HaKoHeu, npH L'1 > 2 > 8 He 6yaeT cpbiBSTbCH HH oJJ 

1 -1+8 1 ~ 
T = -- ( arcos Z d Z != - ( T7 8 + 2 (1 - 8) arsin V-

rr8 rr8 2 
-J 

06nmit xapaKTep noseaeHHSI r (p) TaKos: npH a ocT 

aa 8>2 H 8>2 (eM, (18) ), 

-
r (p J 

1 1 p 3 
- = -(-) 
o 2 PI ~ 

3 ga 

..; 10 e C3 ¢ b 
I 

T.e. pacTeT nponopuHoHanbHO TpeTbeA cTenenH. ilpt 

p , Koraa L'l<min(8,2) • 
2 2 

L'1 1 p2 15 eD c 
r(p) = 28 = 2(p); p2 = --

8 g r 
a 

T,e, anSI HMrrynbCOB, 6nH3KHX K npHMOyronbHbiM ( 

p ) , naaaeT KaK nepsaH cTeneHb, ilpH cpeaHHX 3H 

BCTpeqaiDTCSI nH60 npH ~ < 1/2 , H TOraa TOqKa BC 

CHM8nbHOe 3HaqeHHe r,...,, nH60 BCTpeqa npoHCXOaHT 

nocne nepeceqeHHH nHHHH -; =1 12 KPHBbie (22), (23 

BeHHO B KpHBbie (21 ) , (20) • 

PaccMoTpHM Tenepb xapaKTep aaBHCHMOCTH M· 

TH ( TOqHee, OT {3 = 1 - a ) , BcTpeqa KpHBbiX (22) 

H0
0 

H M8KCHMSnbHOe 3HaqeHHe ;(p) npH -;< J/2 

19 



1 -I+o -I+o+A -1+28 
-- [( r - r ; + r r -I+28+L\ 1 1 l 

r J+ ... +r r -r +nl.x 
2778 -I -I+L\ -I+8 

I+ L\ + 8 -I +(n- IJ8 - I+A+(n-n8 1-L\ 

I I 

2-;;8 r r 
-I 

r + r ) arco s z d z 
-I+L\ I-A 

L\ 

28 

(19) 

a116onee cnoMeH cny~ail:, KOP~a a peaoHaHcHoil: o6nacTH KaKoe-ro 

MOPYT O~HOBpeMeHHO H8XO~HTbCR ~Be HnH 6onee PapMOHHK, T,e, 

8 < 2 11 L\ > 8 , 3~eCb HeOOXO~HMO CIIeUHBnbHO II03800THTbCR, ~TOObi 

CTb 3TOT rrepHO~ "rrepeKpb!THR" ~B8M~bl, HOO HHTep<jlepeHUHR ~BYX 

HX BbiCIIIHX P8pMOHHK ~BeT KOne6aHHR C HX ycpe~HeHHOH ~aCTOTOH, 

epeMeHHOH BMIInHTY~OH ( "6HeHHe"), 

ycTb KaKaH-TO PapMOHHKa c paaaofi aepoRTHOCTbro aaxo~HTCR r~e­

paccToHHHH OT 1 ~0 1+ 8 neaee UeHTpa OCUHnnHUHH rrpaaofi Pp8HH­

OH8HCHOH o6naCTI! ;:. 2 , ToP~~ OHa, ao-rrepBbiX, He CMOMeT Cpb!-

B TO~Ke A H, BO-BTOpbiX, 6y~eT BXO~HTb B pe30HBHCHyro o6naCTb 

I 
~PYPHX PapMOHHK C OOnbiiiHMH HOMepaMH ( MeHbiiiHe Z } H BbiXO-

aHbllle HX, Do3TOMY HMeHHO OHa oy~eT orrpe~enHTb cpe~Hee 3<jl<jleK-

BpeMH BCex 3THX P8pMOHHK! 

770 

I-!H8 
r arcos z dz 

I·- A 

I Hhie rrorra~aronme B peaoHaHCHyro o6nacTb PapMOHHKH ( c 6onbiiiHMH 

~YT Cpb!BBTbCH B TO~Ke A IlpH KBM~OM UHKne OCUHnnHUHH, IIpH~eM 

!THe HX <jlaKTH~eCKH yMeHblll8eT IIIHpHHy pe30H8HCHOH o6naCTH ~0 

hi 8 . Cpe~Hee 3<jl<jleKTHBHoe speMH HX paaao 

1 
--( 
2778 

-j ~0 

r 
-I 

1-t\+o 
r ) arcos z d z 

j- t\ 

18 

T aKHM o6paaoM, rrpH 2>L\>8 

, , 
T = T + T 1 8 L\-8 

-[rr8 + 2(1 -8)arsiny- + 2(1-L\+ 8)arsin.,j--_ 2 rr8 2 

L\ 
- 2 (1 - L\) arsin v- + v A ( 2 - A) - v (A - 8) ( 2 - A + 8) - v 8 ( 2 - 8)] · · 2 

(20) 

HaKOHeU, IIpH L\ > 2 > 8 He 6y~eT CpbiBaTbCR HH O~Ha 113 PapMOHHK H 

1 -1+8 1 8 
r = -- r arcos z d z • - [ 77 8 + 2 (1 - 8) arsin v-

rr8 · rr8 2 y8(2-8)] .. (21) 
-I 

00IIIHH XapaKTep IIOBe~eHHR T (p) TaKOB! IlpH ~OCTaTO~HO ManbiX p 
1 

KOP-

~a 8>2 H L\'>2 (eM, (18) ), 

r (p) 
1. 1 p 3 

- = -(-) 
8 2 p

1 
~ 

3 g 
v-----..!! 

10 e C3 ¢ b 
1 

(22) 

T.e. pacreT rrporropuHoHanbHO rpeTbei!: crerreHH, DpH ~ocraro~ao 6onbiiiHX 

p, KOP~a L\<min(8,2) , 

r(p) 
L\ 1 P

2 - = -(-); 
28 2 p p2 

15 

8 

2 2 
eD C ¢p 

g r2 
a 

(23) . 

T,e, AnR HMIIynbCOB, OnH3KHX K IIpRMOYfGnbHbiM ( cp cna6o 3aBHCHT OT p 

p ) , rra~aeT KaK rrepaaH crerreHb, DpH cpe~HHX aaa~eHHRX p o6e KPHBbie 

BCTpe~aiDTCR nHOO IIpH -:; < 1/2 , H TOP~a TO~Ka BCTpe~H OIIpe~enReT MaK­

CHManbHOe 3Ha~eHHe ~-, nHOO BCTpe~a IIpOHCXO~HT IIpH -; > 1/2 , H TOP~a 
IIOCne rrepece~eHHR nHHHH ; =1 /2 KpHBhie (22), (23) IIepeXO~HT COOTBeTCT­

BeHHO B KpHBbie (21 ) , (20), 

PaccMoTpHM Terrepb xapaKTep aaaHCHMOCTH MaKCHMyMa oT CKBaMHoc­

TH (ro~Hee, or f3 = 1 -a ). Bcrpe~a KpHBhiX (22) 11 (23) (a cne~oaaTenb-- -HO, H MaKCHManbHOe 3Ha~eHHe T (p) IIpH T < J/2 
IIpOHCXO~HT B TO~Ke 
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4-J- -
P = VP P 

2 
npH r max = P 

2 
/p 

3 
• llpeHe6pei'aR MHO>KHTeneM 

3 1 J -1h 2 
Mbl BHaHM, 'iTO p 

1 
"' ( {3 sin 11{3) , a p

2 
= {3 , T,e, 

. -114 - 9 . 114 
p
3

"'({3sm11{3) , rmax"'(/3 sm11{3) . 

g (22). (23) 
a ' 

TaKHM o6paaoM, npH cnHlliKOM ManhiX ( {3"' 1) R cnHlliKOM 6ollblliHX ( {3 ,. 0) 

CKBa>KHOCTRX r., a" cTpeMHTCR K Hymo H yxoaHT a o6nacTh 6ollblliHX p • 

Caoei'o HaR6onhlll9I'O aHa'ieHHR r aocTHI'aeT B pat\oHe a == 1/6 • ('·ITo-
ma" 

6bl YK83aTb STO 3H8'i9Hii9 6onee TO'iHO, He06XOJlHMO 3HaHH9 g ) • a 

4. CpaaHeHRe c onbiTOM R o6cy>KaeHHe 

llpe>Kae BCei'O 3aMeTHM1 'iTO OITRCaHHbiil: BHa'lane SKCI1epHMeHT BOB-

Ce He npeaHa3Ha'ianCR JlnR npoaepKH pe30H8HCHOil: MO)lenH, ITOSTOMY 0 MHO­

I'IiX napaMeTpax, Heo6xoaHMbiX an.s~ Bbi'iHCneHRil:, npnxoJlnnoch nn6o aoi"aJlbi­

aaThCR, nn6o 6paTb nx R3 caMoro SKcnepnMeHTa. 

KaK anaHo na pnc. 6, xapaKTepHaR anR nMnynbCHOI'O MeToJla aaancn­

MOCTh s«lJ<lJeKTHBHOCTH OT 'i8CTOTbl H CKB8>KHOCTH I10Jl8B8eMOrO ycHnHSI. (ee 

yMeHbllleHHe C B03p8CT8HHeM H y6biB8HHeM 'iaCTOTbl H CKB8)1{HOCTH) K8'ieCT­

B9HHO npaBHilbHO OI11iCbiBae,TCSI. H3nO)I{eHHOH B rrpeahiaymeM paaaene rHIIOTe-

30H HennHeil:Horo peaoHaHca. Bonee Toro, rroaxoaSimHM noa6opoM napaMeT-

pOB p 
1 

H p 
2 

CKB8>KHOCTeil: a 

PI 
= 17; 12,5; 16; 16,5, a p = 8; 19; 22; 16 anSI 

2 

1/2; 1/3; 1/4; 1/8 COOTB9TCTBeHHO) MO)I{HO ao6HTb-

CSI aa)l{e Herrnoxoro KOnR'ieCTB9HHOrO OI1HC8HHSI ~KCIIepHMeHTSnhHblX aaHHbiX, 

OC06e HHO B o6nac Tli 60ilblliHX ~KB8)1{HOCTeil: ( 1 /2 1i 1 /3 ) • .Qng MSnbiX CKB8)1{-

HOCTeH Ha6mo)laeTCSI HeKOTOpoe OTKnOHeHHe OT TeopeTH'ieCKHX KpHBbiX, 

0JlH8KO ecnli rrpH MSnbiX p OTKnOHeHHe, I10-BHJlHMOMYo MO)I{HO 06'bSICHHTb 

CT8T1iCTH'ieCKOil: 4JniDKTY8UHeil: (oHO He rrpeBbllll8eT Tpoil:HOil: CT8TH'ieCKOil: 

Olllli6KH H HeCRCTeMSTii'iHO), TO B o6naCTH 60nblliHX p (aa IIHKOM) OHO 

SIBHO HOCHT CHCTeMSTH'ieCKHil: X8p8KTep H C!iCTeMSTH'ieCKH yMeHhlll8eTCSI 

C poCTOM CKB8)1{H0CTH, llpH'IHH8 STHX OTKnOHeHHH CBSI38H8, no BCel aepo-

20 

51THOCTH, C HCKS)I{eHHeM IIpSIMOyrollbHOil: 4JopMbl IIO)l 

nynhCOB, T,e, C 38BHCHMOCTbiD cp OT p H a 
p 

llpHBe)leHHbie Bblllle 3H8'1eHHSI p (a) 1i p 
I 2 

poe OK83biaaeTCSI a 1,3 - 1,5 pas 6onbllle TeopeTH 

C <jJOpMYnSMH (22) H (23), rrpH'IeM BXOJlSIUlHe B Hli 

4JopMYnaMH (11), (12), C "'K{3, -
1 

<U',.0,7, an 
1 211 

KH - p II "' 200 (STY '18CTOTY Mbl BHaHM Ha OCUHJ 
211 

ee JlSIDT pac'leTbi B Ha'lane paaaena 3) , K ,. 3, 3 , 

= 2 j 3/2 j 4/2,5 j 8/2,6 anSI CKB8)1{HOCTeil: 1/2, 1/: 

aeHHO, MaKCHMallbH8SI aMrrnHTyaa IIpH STOM OK83bl 

r,e, paaMax 2a 2"'0,6 npH p"' 10 , 'ITO TaK*e cor 

MU OCUHnnorpaMM8MH. 

Bnpo'leM, KOnH'IeCTBeHHOH cTopoHe aena He • 

KOM 6onhlliOrO 3HS'IeHHSI. CornacHe I1pOCTO ITOKa3b 

pe30H8HC BITOnHe cnoco6eH o6'bSICHHTb K8K cymHOC 

rrynhCHOrO MeToaa pe38HHSI 1 TaK H ero 3aKOHOMep 

npH3biBaiDT K aanbHeH:llleil: TeopeTH'IeCKOif paapa6o'l 

aeTanhHOil: sKcnepHMeHTanhHoil: npoaepKe sToro Me: 

~HTb OCHOBOif HOBOrO MeToaa pe38HHSI ropHhiX IIO 

ahiaymeM paaaene TeOpHSI - OCHOBOil: npoeKTHpOBB 

rrapaMeTpOB HOBblX ropHoao6biB8IDlliHX H npoxoa'le 

T8HOBOK H SKCK8B8TOpOB H JlpyrHX ycTpOifCTB, pa 

c xpynKoil: I'OpHoil: nopoJloif. ( HanpHMep, a ycTpoH:c 

aTOM I1pHHUHI1e, MOryT OK838TbCSI BeCbM8 none3H 

Tbl
0 

6nH3KHe K pe30H8HCHOil:, KOTOpble Bbi3biB8IDT 

BbiClliHX I'8pMOHHK, H60 OT HHX cymeCTBeHHO 38BI 

3!2 
s«lJ<fleKTHBHOCTH ("' cp ) ) , 

p 
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g (22), (23) 
a ' rrpH ;max = P 

2 
I P 

3 
• TipeHe6peraSI MHO)KHTeneM 

3 . -,/3 2 
BRAHM, 'iTO p 

1 
"" ( {3 Stn rr{3) , a p

2 
= {3 , T,e, 

-11-s - 9 d-s 
sinrr{3) , rmax~ (/3 sinrr{3) . 

o6pa30M, IIpH CnlllllKOM M8llb!X ( /3 ~ 1) H CliHlllKOM 60IIblllHX ( /3 "' 0) 

CTpeMHTCSI K Hymo H YXOJlHT B o6naCTb 60IIblllHX p • 

0 H8H60llblll9I'O 3H8'i9HHSI T max ltOCTHI'aeT B patiOHe rz "' 1/6 , ( lJTo-

STO 3H8'I9HHe 6onee TO'iHO, He06XO.rtHMO 3H8HHe g ) , a 

4. CpasHeHHe c OIIbiTOM H o6cy)KJleHHe 

Tipe)K.rte BC9I'O 38M9THM, 'ITO OIIHC8HHbiA BH8'ialle SKCIIepHMeHT BOB­

rrpe.rtHa3Ha'ialiCSI ltliSI rrposepKH pe30HaHCHOA MO.rteliH, II09TOMY 0 MHQ­

rrapaMeTpax, He06XOilHMblX ltliSI Bbl'iHCll9HHA, IIpHXO.rtHliOCb l1H60 ltOI'a)lbi­

SI, liH60 6paTb HX H3 CaMOI'O SKCIIepHMeHT8, 

KaK BHilHO H3 pHc. 6, xapaKTepHaSI AliSI HMrrynbcHoro MeToAa aaBHCH­

a<PclJeKTHBHOCTH OT 'iaCTOTbl H CKB8)KHOCTH IIO)laBaeMOI'O yCHliHSI. (ee 

eHHe C B03paCT8HH9M H y6biBaHHeM 'IaCTOTbl H CKBa)KHOCTH) Ka'ieCT­

OIIHCbiBae,TCSI H3ll0)1{9HHOA B rrpe.rtbiltYill9M pa3Jlelle I'HIIOTe­

pe30HaHca, Eonee Toro, IIOilXOilSI!llHM rron6opoM rrapaMeT-

p = 17; 12,5; 16; 16,5, a p = 8; 19; 22; 16 .rtll.H 
I 2 

a = 1/2; 1/3; 1/4; 1/8 COOTB9TCTB9HHO) MO)KHO A06HTb-

HerrnOXOI'O KOliH'I9CTBeHHOI'O OIIHCaHH.H SKCIIepHM~HTallbHbiX Jl8HHbiX, 

B o6naCTH 6ollblllHX CKB8)KHOCTeA ( 1/2 H 1/3), LJ.ng Mallb!X CKBa)K­

Ha6mo.rtaeTCSI HeKOTOpoe OTKliOHeHHe OT TeopeTH'ieCKHX KpHBbiX, 

ecnH IIpH M8llb!X p OTKliOHeHHe, IIO-BH.UHMOMY, MO)KHO 06'bSICHHTb 

THCTH'ieCKOA $niDKTyaUHeH (oHO He rrpeBbi!llaeT TpofiHOA CTaTH'ieCKOH 

6KH H HeCHCTeM8TH'IHO), TO B o6naCTH 60llblllHX p (aa IIHKOM) OHO 

HOCHT CHCTeMaTH'IeCKHA X8p8KTep H CHCTeMaTH'ieCKH YM9Hblll8eTC.H 

OM CKB8)KH0CTH, TipH'IHHa STHX OTKliOHeHHA CB.H3aHa, IIO BCeA Bepo-

20 

S!THOCTH, C HCK8)1{9HHeM IIpSIMOYI'OllbHOfi 4JopMbl IIO)laBaeMbiX CHliOBblX HM-

rryllbCOB, T,e, C 3aBHCHMOCTbiD cp 
p 

OT p H a 

TipHBe.rteHHbie Bbi!lle 3Ha'ieHHSI p (a} H p (a) (KpOMe p (1/4)0 KOTo-
1 2 1 

poe oKa3biBaeTCSI B 1,3 - 1,5 pas 6ollbllle TeopeTH'ieCKoro~ cornacymTCSI 

C 4JopMYll8MH (22) H (23), npH'ieM BXOlt.HlllH9 B HHX b H D orrpeAeliSI!OTCSI 

4JopMYll8MH (11), ( 12), C "' K {:3 , 
1 , 

- w .,0, 7, llliSI pe30HHpyiD!lleH rapMOHH-
2rr 

1 
KH - pv "'200 

277 
(STY 'i8CTOTY Mbl BHltHM H8 OCUHllliOI'p8MMaX, HO IIOPS!IlOK 

-5 
ee namT pac'IeTbi B Ha'iane pa3Aena 3), K ~ 3,3 , 1/¢ "'10 , a g a 

= 2; 3/2; 4/2,5; 8/2,6 llll.H CKBa)KHOCTeA 1/2, 1/3, 1/4 H 1/8 COOTBeTCT-

BeHHO. MaKCHMallbHaSI aMIIliHTylla IIpH STOM OKa3biBaeTCSI paBHOH: 'l}a
2 

"'3/p, 

T,e, paaMax 2a 
2
.,0,6 npH p"' 10 , 'ITO TaK*e cornacyeTCSI c npHBeAeHHbl­

MH OCUHllliOrpaMMaMH. 

Bnpo'ieM, KOliH'IeCTBeHHOH cTopoHe 11ena He cne11yer rrpH.rtasaTb cnHlll­

KOM 60llblllOI'O 3Ha'i9HHS!o Cornac:ae I1pOCTO IIOKa3biBaeT, 'ITO H9liHH9llHblll 

peaOHaHC BIIOliHe cnoco6eH 06'bSICHHTb K8K cy!llHOCTb a4J4JeKTHBHOCTH HM­

IIyllbCHOI'O MeTo.rta peaaHHSI, TaK H ero aaKoHoMepHOCTH. Pacxo*.rteHHSI *e 

rrpH3blB8IDT K llBllbHeil!lleil TeopeTH'IeCKOil paapa6oTKe H, rnasaoe, K 6onee 

lleTanhHOfi aKcnepuMeHTanhHOA nposepKe aToro MexauuaMa. OH MO)I{eT rrocny-

~HTb OCHOBOA HOBOI"'O MeTO.rta pe3aHHSI I'OpHbiX nopo.rt, 8 pa3BHT~SI B IIpe­

Jlbllty!lleM paa.rtene TeOpHSI - OCHOBOA npoeKTHpOBaHHSI H paayMHOI'O Bbi6opa 

napaMeTpOB HOBblX ropHO.rt06biBa!O!llHX H IIpOXO.rt'ieCKHX MalllHH, 6ypOBbiX yc­

l'aHOBOK H 9KCK8BaTOpOB H ltPYI'HX ycTpOil.CTB, pa6oTaiD!llHX B KOHTaKTe 

c xpyrrKoll. ropuoA rropo.uoA, ( HarrpHMep, B ycTpoll.cTsax, ocH~BaHHbiX aa 

9TOM I1pHHUHI191 MOI'YT OK838ThCSI B9CbM8 IIOl193HblMH C06CTB9HHbl9 'IaCTO­

Tbl1 6nH3KHe K pe30HaHCHOll., KOTOpble Bbl3blB8IDT ysel1H'l9HH9 aMIIliHTYltbl 

BblClllHX rapMOHHK 1 H60 OT HHX Cy!lleCTB9HHO aaBHCHT B9liH'iHH8 MaKCHMyMa 

3h 
atiJclJeKTHBHOCTH ("' cp ) ) , 

p 
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B 38Kni0'19HH9 OTM9THM, 'ITO OCHOBOit rrpoeKT8 "lll8XTbl 6yJlyUiero' 

gangeTCSI HMIIynbCHblit CTpyr, !1crronb30B8HH9 pe30H8HCHOrO pe:lKHM8 B T8-

KHX CTpyrax Morno 6bl IIOBbiCHTb HX s<lJ<lJeKTHBHOCTb H B03MO:lKHOCTH, OCo-

6eHHO rrpH paapa6oTKe yrneil: rroahillleHHOil: KperrocTH. B sToil: CBSJ3H oco6oro 

BHHM8HHSI 3acny:lKHB89T rrpeJlnO:lKeHHbiil: OllHHM H3 8BTOpOB MeTOil reHepaUHH 
/4/ 

HMIIynbCOB pa3pblBOM UeiiH OCHOBHOrO llBHraTenSI , 0IIhiTbl 0 IlpOBelleHHbie 

H8 llBHraTenSIX cpeJlHeil: MOUIHOCTH (5-8 KBT) p83HblX THIIOB 0IIOK838nH, 'ITO 

B03HHK810UIHe IlpH STOM CHnOBbie HMIIynbCbl OK83biB8IOTCSI JlOCT8TO'IHO 6onb­

lllHMH, 'IT06hl C03Jl8Tb HHTeHCHBHblil: pe30HaHC, 8 Bbi3biB8Blllee OIIaCeHHe rre­

perpeaaHHe llBHraTenSI IIpH pa6oTe B T8KOM pe:lKHMe JlnSI CKB8:lKHOCTeil: rro­

pSIIlK8 1 I 4- 1 /8 OKaaanocb aecbMa He3H8'1HTenbHbiM. npoaepKa STOrO Me To­

llS B ycnOBHSIX, 6onee 6nH3KHX K eCTeCTBeHHbiM, II03BOnHn8 6hl, HaiipHMep, 

IIO'ITH 6e3 rrepeo6opyJlOB8HHSI rrepeBeCTH H8 pe30H8HCHblil: pe:lKHM y:lKe cy­

UieCTByiOUIHe CTpyrOBbie yCT8HOBKH, 'ITO 3H8'1HTenbHO ycKOpHnO 6bl H yJle­

lllHBHnO C03Jl8HHe IIOJl06HblX "lll8XT 6yJlyUiero', 

flHTepaTypa 

1. A.B.lloKyKHH. Ka'ieCTBO, aaJle:lKHOCTb 11 JlOnroae'IHOCTb yronbHoro o6opy­

llOB8HHSI rrpH sKcrrnyaTaUHH. Hall. 11rn HM. A.A. CKop'IHHcKoro, M., 1965. 

2. n.H. EapoH, IO.r. KOHSilllHH. Hay'IHbie OCHOBbl paUHOHanbHblX pe:lKHMOB. 

Hall. 11rn HM. A.A. CKop'IHHcKor,o, M., 1966. 
' 

3. A.B. noKyKHH. Hay'IHbie OCHOBbl C03Jl8HHSI rrpOXOil'ieCKHX KOM6aii:HOB. 

Hall. 11rn HM. A.A. CKop'IHHCKoro, M., 1967. 

4. B.C. Mopoaoa. HcrronbaoaaHHe MexaHH'ieCKHX BH6pauHA JlnSI IIOBhillleHHSI 

pe:lKyUIHX Ka'ieCTB yronbHhiX cTpyroa. KoMHH3JlaT, 1969. 

5. !1ccneJlOB8HHe rrpO'IHOCTH ropHblX rropOJl. l13Jl. Hf n HM. A.A. CKOp'iHH­

CKoro, M., 1970. 

6. B. EpyKC, n. PeHJlepcoH, <1>. lllenn. HoBble MeTOJlbl 6ypeHHSI, IV Me:lKJlY­

JlyHapOJlHblil: ae<PTHHOA Koarpecc, T. 11l , M., foci-orrTexHsP.aT, 1956. 

22 

7. B.O. Manb'leHoK, H.A. YTKHH. 3ayKOBbie BH6paTopi 

l13Jl-BO "HeJlpa", 1969, 

8. H.A.KHKneBH'I, A.A. KpacaorronbCKHi!:, K.H. Xapnat 

!1HTeHCH<lJHK8UHSI lll8pOllle'iHOrO 6ypeHHSI Hano:lKeHHe 

nHe IIOJl8'1H. l131lo "noa6acc", lloHeUK, 1970. 

9. A.B. noKyKHH, IO.n. KpaCHHKOB, 3.H. XyprHH. Aaa 

JlHHBMHKH BbieMO'IHhiX MalllHH. l13Jl, "HayKa", Moe 

10. B.n. Kyrrpallse. MeTOJlhi rroTeHUHana a TeopHH yrr1 

MocKaa, 1963. 

11. H.H. Eoron106oa, IO.A. MHTporronbCKHil:. AcHMIITOT 

a TeopHH aenHHeitHhiX Kone6aHHil:. c!>H3MaTrH3, Mo 
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M 
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B 38Kni0'19Hne OTM9THM, 'ITO OCHOBOH npoeKTa 0 lll8XTbl 6yJly!llero"' 

H HMnynbCHblH CTpyr, !1cnonb30B8HHe pe30H8HCHOI'O p9)KHM8 B Ta­

crpyrax MOI'no 6bi nOBbiCHTb HX s<j><j>eKTHBHOCTb n B03MO)KH0CTH, OCo-

npH paapa6oTKe yrneii noabillleHHoii KpenocTn. B sToii casraH oco6oro 

nsr aacny)KHB8eT npeano)KeHHblH OllHHM H3 8BTOpOB MeTOil I'eHepaUHH 
/4/ 

nhcoa paapbiBOM uenn ocHoaHoro aanraTensr • OnbiTbi, npoaeaeHHbie 

MOIIlHOCTH (5-8 KBT) pa3Hb!X THnoa ,noKaaanH, 'ITO 

npH 3TOM CHnOBble nMnynbCbl OK83biB810TCSI Jl0CT8TO'IHO 60nb-

' 'IT06bi C03Jl8Tb nHTeHCnBHb!H pe30H8HC, a Bbl3b!B8Blll9e onaceHHe ne­

eB8HHe llBHI'8Tensr npn pa6oTe B T8KOM pe)KHMe AnSI CKB8)KH0CTeH no-

1 I 4- 1 /8 OKaaanocb B9CbMa He3H8'1nTenbHbiM. npoaepKa 3TOI'O MeTo-

6onee 6nHaKnx K ecTeCTBeHHbiM, noaaonHna 6bi, HanpHMep, 

nepeo6opyaoaaHHSI nepeaecTn Ha peaoHaHCHbiH pe*HM Y*e ey-

e CTpyrOBbie ycTaHOBKn, 'ITO 3H8'1nTenbHO yCKOpHnO 6bi H yae­

C031l8HHe noao6HbiX "lllaXT 6yaymero"'. 

flnTepaTypa 

.B.lloKyKHH. Ka'leCTBO, HaAe*HOCTb n aonroae'IHOCTb yronbaoro o6opy­
H npn 3KCnnyaTaUHH. 11aa. 11f n nM. A.A. CKOp'IHHCKOI'O, M., 1965. 

EapoH, IO.r. Koasr!llHH. Hay'IHbie OCHOBbi paunoaanbHbiX pe*HMoa. 
11fll nM. A.A. CKOp'lnHCKOI'O, M., 1966. 

Hay'l:Hb!e OCHOBbl C03Jl8HnSI npOXOJl'leCKHX KOM6aiiHOBo 
A.A. CKop'lnHCKOI'O, M., 1967. 

11cnonb30B8HHe MeX8HH'IeCKnX an6paUHH AnSI nOBbillleHHSI 
K8'ieCTB yronbHbiX CTpyroa. KoMnH3Jl8T, 1969, 

ropHbiX nopoa. 11aa. 11fll nM. A.A. CKop'IHH-

EpyKc, n. Peaaepcoa, <t>. Wenn. HoBbie MeTOilbl 6ypeHnH, IV Me)Kay­
H8pOJlHbiH He<j>THHOH KOHI'pecc, T. lll , M., focTonTexHa.gaT, 1956, 
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7. B.O. Manb'leHOK, 11.A. YTKnH. 3ayKOBbie an6paTOpbl mist 6ypeHifH, n .. 
11aa-ao "Heapa ", 1969. 

8. H.A.KnKnean'l, A.A. KpacaononbcKnii, K.H. XapnaTKifH, A.n. MaaaKnH. 
11HTeHcn<j>HK8UnSI lll8pO!Ile'IHOI'O 6ypeHnSI H8nO)KeHneM KOne6aHHH Ha yen­
nne noaa'IH. 11aa. "lloa6acc", lloHeUK, 1970. 

9, A.B. lloKyKHH, IO.ll. KpacanKoa, 3.R. XyprnH. AaannTn'lecKne ocaoabi 
anaaMHKH BbieMO'IHbiX M8lllHH. 11aa. "HayKa", MocKaa, 1966. 

10, B.ll. Kynpaaae. MeTOilbi noTeaunana a TeopHH ynpyroCTH. <t>HaMaTrna, 
MocKaa, 1963. 

11. H.H. Eoron106oa, IO.A. MHTpononbcKnii. AcnMnToTn'leCKne MeTOilbi 
B TeOpHH HennHeHHb!X KOne6aHHH, <l>!f3M8TI'If3, MocKaa, 1958. 
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Y CJIOBHB 06MeHI 
flpenpHHTbl H C00611IeHHR 0J1.HJ1 paCCbin810TCR 

HMHOrO 06MeHa,yHHBepCHTeTaM, HHCTHTyTaM, na 
H8Y'IHbiM rpynnaM H OT.llenbHbiM y'leHbiM 6onee l 

flonyqaTem!M HaaaaHll: 011.HI1 npeaocTaBnReTc 
SIBHTb HHHUH8THBy B 6ecnnaTHOll: nOCbinKe ny6nHI 

o6MeHa npHHHM810TCSI H8Y'IHbie KHHrH, )KYPH8nbi
1 

ny6nHK8UHH no TeMSTHKe 011..fll1. 
EaHHCTBeHHbill: BH.ll ny6nHK8UHll:, KoTopbill: aa 

9TO penpHHTbl ( OTTHCKH CTaTell: , y)Ke ony6nHKOB8J 

e psu:1e cnyqaes Mbi caMH o6pamaeMcH K aa~ 
6onee KpynHbiM nony'laTenHM H8WHX H3Jl8HHR: - C 
cnaTb H8M K8KHe-nH60 KHHrH HnH BbinHC8Tb anSI 
)l(ypH8nbi 0 H31l810!1lHeCSI B HX CTp8H8Xo 

OT~eJibHIIIe 3anpo1 
11anaTen~:>cKHll: oTaen e)l(eronao BbmonHSieT OKI 

COB Ha Bb!CbinKY H3ll8HHI!: 011..HJ1. B T8KHX aanpo 

yKa3biB8Tb HHaeKc aanpawHsaeMoro H3ll8HHSI. 

A~peca 

fiHCbMa no seeM sonpocaM o6MeHa ny6nHK8Ul 

oTnenbHbie HaaaHHSI cnenyeT aanpaBnSITb no anpec) 

MocKBa, 

FnaBHbiit no"'TBMT, n/H 
Ha~arenbCKHit or~en 
06~e~HHeHHoro HHCTHTyj 

H~epHbiX Hccne~OBBHHit. 

Aapec anSI nocbinKH scex ny6nHKauHft B nopSl 

6ecnnaTHoll: nonnHCKH Ha Hay'IHbie )l(ypHanbi! 

MocKBa, 

FnaBHbiit fl0"1TBMT1 fl/H 

Hay"'Ho-rexHHqecKaH 6~ 
06~e~HHeHHOrO HHCTHTy• 
H~epHbiX. HCcne~OBBHHit. 


