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OCHOBHBIE IYTH U METO/Ibl YCTAHOBJIEHUS 3AKOHOMEPHOCTEM
B3AUMO/JIEHCTBUS PABOYUX OPTAHOB C MACCUBOM

OCHOBHO# 1ENbIO HCCAET0BA-
HUS 3aKOHOMEPHOCTEH B3auUMO-
JeicTBHA paboyux OpraHoB C
MacCHBOM Ha COBPEMCHHOM 3Tarlie
SIBJISIETCS YCTAHOBJIEHUE CHIIOBBLIX
H HEPreTHUECKHX XapPaKTEPUCTHK
B3aUMOJICHCTBUS M OMpeeneHne
Ha X OCHOBE palllOHAIBHBIX Ma-
pameTpoB camoro pabodero opra-
Ha u ero nmpusoja. [Ipu stom Oa-
300 3TUX UCCIE0BAHUI ABIAIOTCS
OCHOBHBIE 3aKOHOMEPHOCTH IIPO-
Lecca paspyllueHHsi MaccuBa OT-
NeNbHBIM ~ pabo4YuM HHCTPYMEH-
TOM, T.€. CyTh BOTIPOCA CBOJUTCA K
H3Y4YEeHHIO ITpolecca pa3pyLIeHHs.

B mHactosmee Bpems mocta-
TOUYHO TayOOKO pa3obpaH Mexa-
HHU3M pa3pylieHHs TOPHBIX TIOPOJ,
H OCODEHHO yIiid, pe3llaMH BbI-
€MOYHBIX MAalllHH, CO3[aHbl Ha-
JeXKHbIE B LIMPOKOM JHAla30He
H3MEHCHHS MapaMeTpOB CTATH-
CTHYECKHE MOJEIH AN Oompese-
JIeHHsl Harpy3ok Ha pesuax. Tak
YTO MpPU CO3JAHHHM HOBBIX THIIOB
pe3LOB JIOCTATOYHO TMPOBEJCHHE
HeOOJIBIINX JKCHEPUMEHTAIbHbIX
HCCIEI0OBAHUH 111 YTOYHEHHA
BJIMAHUA KAaKHUX-TO HOBBIX HIH
HCCIJICI0BAaHHBIX B HEJJOCTATOYHOM
JManazoHe MapaMeTpoB, YTOOBI
MOJMYYUTh YTOUHEHHBIE MOJIEIH
IS ONpEJeNeHHsi CHIIOBBIX H
JHEPreTHYEeCKUX  XapaKTepUCTHK
BHOBbL pa3pabaThIBaGMBIX KOHCT-
PYKIIHiT pexyIero HHCTPyMEHTA.

[Tpu co3panny xe NPUHIUIN-
aIbHO HOBOI KOHCTpPYKUIHH pabo-
4ero WHCTPyMEeHTa M/ TOro, uTo-
OBl cokpaTHTh OoJbIIHE MO 00BE-
MY M JUIMTEJBHOCTH IKCHEPHMEH-
TaJbHbIE HMCCIEAOBAHUA, LEIECO-
00pa3HO MpOBeJEHHE AHATHTHYe-
CKHX HCCIeIOoBaHWIl ¢ pa3padoT-
KO MaTreMaTHYeCKHX MOJICNCH,
MO3BOJIAIOIIHX  YCOBEPILUEHCTBO-

BaTb METOJ/Ibl MCCICAOBAHUS Ha-
IPY30K, COKPAaTHTh YHCIO JKCIe-
PUMEHTAIBHBIX ~ H3MEpPeHHH W
npouecc  00paboTKH  JaHHBIX,
pacIiupUTh BO3MOKHOCTH MPHIIO-
KEHUSl UX K PacueTy KOHKPETHBIX
KOHCTPYKIIHH.

CymecTByeT nBa MOJIX0Aa K
[IOCTPOCHHUIO MaTeMaTHYECKHX
MOJeNei:

- N0 MNPHHUUNY YEepHOro
ALUIMKA - TOPOCTEHIIMI THN MoJe-
JIe#l, KOTOpBIA Ipeaiaraer OTcyT-
CTBHE KakuX Obl TO HH OBLIO an-
PHOPHBIX 3HAHMH O XapakTepH-
CTHKAX CHCTEMBI;

- C 3aJaHHOH BHYTpPEHHEH
CTPYKTYpOIi - 6osiee CIOKHBIN THIT
Mojeneil, Y4YUTHIBAIOIUX CTPYK-
TYpHBIE BHYTPEHHHE MapaMETpHhI.

OaHO W3 NPHHUMIIHATBHBIX
OrpaHHYEHUH Ha OSMIIHPHYECKUE
MOJISNTH 3aKJIIOYAeTCs B TOM, YTO
OHHM HE MOTYT ObITh C KaKOH - JH-
00 cTeneHbl0 JOCTOBEPHOCTH pac-
IIPOCTPaHEHbI HA OPyTHe M0A00-
HBbIE CHCTEMbl WJIM Ha JaHHBIE 32
npeneaamMH JuanasoHa, UCHOIb30-
BAHHOTO TIPA MOCTPOCHHM 3THX
Mozeneil. KpoMe Toro, B JaHHBIX
MOJEJIAX OCTaeTCs HEsICeH Mexa-
HU3M TIPOUCXOJSIIETO SIBJICHUS.
OO6mas TEHJCHLMSA TAaKOBa, 4YTO
MOJIETIH CTaHOBATCA Bce ©Oonee
(GyHIAMEHTAIbHBIMH M MEHEe
AMIMPHYECKUMH TIO Mepe yrayo-
JeHHs 3HaHHH 00 M3yyaeMoMm fB-
JIEHHH.

OnuH M3 BHIOB IOCTPOEHHUS
MoZeleH IO OIpPEeNeIeHUI0 YCH-
il Ha IapoIIKax ¢ NeMeHTaMU
BHYTPEHHEH CTPYKTYphl ObLT ONH-
can Kpanmueuaeim M.I. 3gecs
YCHIIMA HA MHCTPYMEHTE oIpeje-
NANUCh B BHAE (YHKUMOHAILHBIX
3aBUCHUMOCTEH OT TreoMeTpHue-
CKMX BXOJIHBIX MapaMerpoB Iua-

POLIKH, XOTS caM MEXaHU3M paz-
PYLUICHHSA C BIUSAIOMIMMU HE HEro
PEeKHMHBIMH  TapaMeTpaMH  H
[IPOYHOCTHBIMH XAPAKTEPUCTHKA-
MH TOPHBIX MOPOJ] OCTABaJICS Yep-
HBIM SIUKOM.

fABnenue paspyuieHHs Ha-
CTONIBKO CIIO)KHOE W MHorodax-
TOPHOE, YTO ONHUCATh €ro CTaTH-
CTHYECKUMH TEOPHAMH B HACTOS-
miee BpeMs He NpejCTaBIsieTcs
BO3MOkKHBIM. Tem Gonee, 4yToO cBe-
JICHHS1 O CTPYKTYpPHBIX JeeKTax u
3aKOHaX MX B3auMojeiicTBHA B
(Hu3MKe Bce elle HeJI0CTATOYHO
IIOJHBI U HE BO BCEM JOCTOBEPHEL.
ITosToMy K OnucaHHIO MEXaHU3Ma
pa3spylIeHHs] HEOOXOAUMO TIOAXO-
JIUTh C HCIONB30BAaHUEM (heHOME-
HOJIOTHYECKUX MOAEIEH .

Otcroga crneayer, 4To Hccle-
JIOBAHHE MEXAHH3Ma pa3pyLIeHHs
U ONPEAETICHUE YCHIMM, NEHCT-
BYIOIIMX HAa JHCKOBYIO HIAPOMIKY,
BO3MOIKHO TONBKO C HCIIONb30Ba-
HHEM MOJEJICH, NOCTPOEHHBIX €
3a/laHHOW BHYTPEHHEH CTpPYKTYy-
POH.

B nacrosmee Bpems mpu mo-
CTPOEHHH MOJENEH HU YHCTO TEO-
perudeckue (JAEIyKTHBHBIE), HH
YUCTO OSKCMEPUMEHTANbHBIE (MH-
JyKTHBHBIE) METO/bI cebd He om-
paBaand. ITO HAIUIO CBOE OTpa-
’KEHHe B psAne padoT Kak IIpH I10-
CTPOEHUH MPOCTHIX MoJenel, Tak
U MPH NOCTPOEHUH CIOKHBIX CHC-
TeM. [loaTomy onTuMansHO# mpo-
LHEedypoil  NOCTPOCHHA MOJEIH,
ONpee/AIONICH YCHIHA Ha JHC-
KOBOH LIapOLIKE MPH Pa3pyHICHHU
€0 TOPHBIX MOPOJ, ABIAETCA OJ1-
HOBpPEMEHHOE MMPHMEHEHHE Teope-
THYECKHX M DKCIIEPHMEHTAJIbHBIX
[OJXOJ0B C  HCIOJb30BaHHEM
HTEPaTHBHOTO Tpolecca, Tpea-
CTaBJIEHHOTO HA PUCYHKE.
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OTOT mTpouecc cCHpaBelIHB
KaK IIPDH HCCIEJ0BAHHH MEXaHH3-
Ma paspyIICHHus!, TaK H IIPH OIpe-
JIeIEHMH HArpPY>KEHHOCTH HWHCT-
pymenta. HakomneHHslii sxcme-
pPHMEHTAIBHBII MaTepHal Mo OIH-
CaHHIO IIpolecca pa3pylIeHHs
TOPHBIX TIOPOJ TMOKAa3bIBAaeT, YTO
pazIMyHbIe BULI PE30B HAKIA/bl-
BAlOT CBOH 0COOEHHOCTH Kak Ha
NPOLIECC paspylIeHus, TaK W Ha
CHIIOBBIE TApaMETPBl HHCTPYMEH-
Ta.

B HacTosuiei pabore KaxK bl
BHJI PE30B pacCMaTPHUBAIICA Kak
YCTOHYHBOE COCTOSHHE CHCTEMBI:
«MHCTPYMEHT -  pa3pyliacMblii
MAacCHB» C LEJIbI0 YCTAHOBICHHUS
3aKOHOMEpPHOCTeH (DYHKLHOHHPO-
BaHMs CHCTEMBI OT BXOIHBIX Ia-
paMeTpos.

Ha ocHOBaHWMM HM3II0KEHHOTO,
I8 BBIAETCHWS W ONHCAHHA
BXOJHBIX MapameTpoB Oblia pac-
CMOTpEHA CXeMa MOJICIHPOBAHUSA
HATrPY30K Ha JIMCKOBOI MIApOILIKe
B BHJIE CIEJAYIOIIEro 0oToOpaKe-
HHST:

F:C{ZnSnV)—>P, (1)
raie C - MHOXKECTBO NOCTAHOBOK

peuraemMbIx 3a1ad; S - COBOKYII-
HOCTb Oa3HMCHBIX XapaKTEPUCTHUK
marepuana; V - MHOXeCTBO 3ie-
MEHTOB THIIEPIOBEPXHOCTH pa3-

pymaemoro Mmatepuana; Z -
MHOXECTBO 3JIEMECHTOB XapakTe-

PHCTHK AHCKOBOIT mapomku; P -
BEKTOP HArpy3oK Ha JHCKOBOi
LapollKe.

Ha ocnoBe manHOro orobpa-
HKEHUS BO3MOXKHO TOCTPOCHHE
pa3IMYHBIX  MOACIBLHBIX — Tpea-
CTaBJICHHH HArpy30K Ha JHCKOBOI
apolIKe OT BXOAHBIX NapaMeT-
poOB.

B obmem Buae nmobas mare-
MaTHYeCKas MOJENb  ABJseTCs
CHCTEMOM, pa3pelleHue KOTOpOi
CBsI3aHO MO0 C YMEHBIIIEHHEM €€
pazMepHOCTH, 1160 ¢ pazdueHreM
ee Ha ONOYHO - HepapXH4ECKHE
YPOBHH.

IToaTOoMy cucTema, MoOAENIH-
pyioiiasi Harpy3kd Ha JHCKOBOW
mapomnike, paz0OuBanace Ha jBa

6noka mozeneit X ,Y, kotopbie

TAKKE ABIAIOTCS MOJETSAMH, HO C
Oonmee HHM3KHM HEpapXHYECKHM

ypoBHeM. Harpy3ku Ha MHCTpY-
MEHTE OIHCHIBAIKCH CIIETYIOIIHM
obGpaszom

= S
P= P(X,Y) (2)
rie K(XI,...XH)— MOJIeNH,

OMHUCBIBAKOIIKAC CBA3H HArpy3oK Ha
JTTUCKOBO# mapomkKe ¢ recoMeTpu-
HECKHMH XapaKTCpUCTHKaMKi HH-
CTPYMEHTa U KOHTAKTHLIM CHJIO-
BbLIM BO3I[€F[CTBPI€M Imoa JIE3BHEM

HHCTPYMEHTA,; ?(Y] iy, ) -

MOJIEJIM, OIMCBIBAIOLIME MeXa-
HH3M paspylieHuss MaTtepHasa OT
KOHTAKTHOTO CHJIOBOTO BO3JICHCT-
BUS [10]] JI€3BUEM HHCTPYMEHTa C
yuyeToM  (QU3HKO-MEeXaHUUECKHX
CBOWCTB TOPHBIX MOPOJ, TEOMET-
pMYECKHX [apaMeTpOB HHCTPY-
MEHTa U PEKHMHBIX [IAPAMETPOB.
Bxoanas unpopmManus B Mo-

nensix X,Y, cornacuo (1), pa3du-

Bajach Ha JETCPMUHHPOBAHHBII
CTAallHOHAPHBIH BEKTOP M BEKTOP
CTOXACTHYECKUX BEIMUHH.

K jerepMHHHUPOBaHHBIM Be-
JHYHHAM OTHOCHIIUCH BEJIMYHHbBI
TOYHO OIPEE/ICHHbIE!

ceomempuyecKue xapakmepi-

cmuxu uncmpymenma Z\Z |:

TeopeTHUeCKOS HCCTIe-
—»] JTOBAHHE (IPOTHOZHPO-
BaHHE, [‘PIHOTBZLI)

i

AfeTpakTHas MaTeMaTH-
gecKas Mo/IeITh

Z; = D - nuamerp nuckosoit
Wapowkx, M; Z> = ¢ - yron 3a-

OCTpEHHUs WApPOLIKHy, pan.; Z3 = P
- pamMyc 3aKpyrJeHHus JIe3BHs
JIMCKOBOI IaPOLIKH, M;

2unepnogepxHocms  paspy-
waemozo maccusa, V:

Vi=h - rny6una suempenus
HHCTPYMEHTA B MAacCUB, M; V>=f -
mar paspyuieHus (pacCTOSHHE
MENY COCEJHHMH IHHUSMH pe-
sanus), M; V3 - onement, xapak-
TepU3yIomMil TIaJKOCTh MOBEpX-
HOCTH, [apajule/IbHOH BeKTOpYy

CKOpOCTH Vp JBHKCHHUA JHUCKO-

BOI IIAPOLIKH.

K croxactuueckum Bennuu-
HaM OTHOCATCA ¢du3uko-
MeXaHM4ecKHe CBOHCTBa paspy-
IIAEMOT'0 MacCHBA.

B ¢wusuke ropHeix mopoa u
TOPHO-T€0JIOTHYECKOM TOPOJ0BE-
JICHHH YCTaHOBJICHO, YTO MEKIY
OT/ENbHBIMH  (PU3UUECKUMU  Xa-
PaAKTEPUCTHKAMH CYILECTBYET
B3aHMOCBSI3b.

Ha ocnoBanuu »5TOrO OBLI
BBeJICH Da3uc (PU3MYESCKHUX Xapak-
TEPUCTHK TOPHOTO MAacCCHBA, TaK
KaK M3 MHOXECTBAa (PH3MUECKHX
[IapaMeTPOB BCErja MOXHO BbI-

SKCHﬂpHMﬂHTaJIbHLIS
HCCIICOBAHHS

MareMaTHIeCKAST MOJETE
TIOCTPOCHHSI TI0 TAHHBLIM [
H3MepeHHH

CpagHenue, BepuprKalus
H MoauduKalua MoJeseH

Koneunsrit peaynstart
MOJIeTHPOBAHHA

Aneopumm nocmpoenus modenu ycuauil, 0elcmaviouux Ha ouc-
KOBYIO WAPOWKY
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OpaTh  TaKky®  COBOKYTHOCTB

ACB, uro Bce ocTanbHble Xapak-
tepuctukn E=(B/A) 6ynyr npo-
H3BOJNIBHBIME OT Gasuca A, To ecTh
E; = @ii(q.a;),
aj€ AE; e E.
[ToaToMy OCHOBHBIMH CTOXAc-
THYECKUMH Oa3uCHBIMH (PU3HKO-
MEXaHMYECKUMU  XAPAKTePHCTH-
KAMH TOPHOTO MacCHBa S ObLIH

BBIOpAHBI: Oy - MPEIe MPOYHO-
CTH Ha oxHOOCHOe cxkatue, MIla;

O} - Npejiel NPOYHOCTH Ha OJIHO-
ocHoe pactskenme, MIla; E -

Moaynb FOwura, H/™M: V- ko-

a¢ppuuuent Ilyaccona, npumene-
HUE KOTOPBIX TO3BOJIACT C €H-
HBIX TO3HMLHIl HCIONB30BaTh HUX
Kak B TEOPETHYECKHX MOJEIX,
TAK ¥ B JKCIEPUMEHTATBHBIX HC-
CIICIOBAHUSX.

I[Hﬂ HCCIIea0BaHHUA MCECXaHU3-
Ma pa3pyLleHHs TOPHBIX TIOPOA
JMCKOBBIMH INAPOIIKaMH OT pa3-
JINYHBIX TEOMETPUYECKHX M pe-
KHUMHBIX TTapaMeTPOB MPHUMEHSII-
¢ MeTO]| IOMCKOBOTO MOIETHpO-
panua Ha DBM, cocTrofgmMii H3
LEMOYKN MATEMaTHUCCKUX IKCIIe-
PUMEHTOB.

Teopetnueckue MOJAEIN
B3aUMOJICHCTBUA HHCTPYMEHTa C
MAacCHBOM CTPOMJIHNCH C HCIIONB30-
BaHHEM MaTEMaTHYECKOW TEOpPHH
ynpyrocTtv, 4tro I[O3BOJAIO HC-
CIIEeJI0BATh HaMpsKEeHHO-
nedopmupoBaHHOE COCTOSIHHE
MaccHBa MOJl JIE3BHEM JIHCKOBOMH
LIAPOIIKH.

IIpu nocTpoenun Mojaene
ObUIH cIenaHbl CIENYIONNE J0-
MYIIEHHS.

CuuTanoce, 4T0 TOPHBIH Mac-
CHB ABIACTCA OJHOPOIHBIM, H30-
TPOMHBIM U BeleT ceds Kak ymnpy-
roe tesno. PeanpHble cpenpl neict-

] ABTOpBI CTaTbH:

BHTENBHO BEIYT ceds Kak ympyrue
TeJla - COMPOTHBIAIOTCA H3MEHe-
HUIO 0o0beMa M (opMmbel. MHOTHE
KPHCTAJUTB cpelibl 001aaaloT aHH-
30TPOIMHBIMH CBOHCTBAMH, TEM HE
MeHee TeJ0, COCTOAIIee W3 IPYIN
KPHCTAJNIOB MJIM XaOTHYECKH pac-
MOIOKEHHBIX aHU30TPOIHBIX 00b-
€KTOB, MOYKHO CYHTATh H30TPOT-
HBIM C XOPOILIHM NPUOIHKEHHEM.
Ha ocHoBe 3KCHepHMEHTANBHBIX
HCCNeoBaHuil  ObLTO  MOATBEP-
*JCHO, 4YTO TOPHBIE MOPOJABI B
o0beMe, 3HAYHTENBHO TIPEBBI-
mraomeM OObEeM CIAararoIluX HMX
MHHEPAJIOB, MOXHO paccMarpH-
BaTh KaK KBazuusoTpomnHee. ['op-
HbIE TIOPO/Ibl HEJIb3S CYUTAThH MOJI-
HOCTBIO OAHOpPOAHBIMH. OHAKO
OedeKThl, UMEIOIHe OCTATOYHO
MaJIble pa3Mepbl M0 CPaBHEHUIO C
pasMepamMH  paccMaTpHUBAEMOro
Tesla, B CHIYy CTaTHCTHYECKHX 3a-
KOHOB, CO3Jal0T KapTHHY KBa3H-
onHOopoaHOro Marepuana. Ilpu
9TOM HMJeanu3alus cpeisl OTHO-
CHTEJIBHO €€  OJHOPOAHOCTH,
CIUIOIIHOCTH M H30TPOMHOCTH HE
MPHUBOJMUT K 3aMETHBIM OMIHOKaM
B COOTBETCTBYIOIINX pacueTax.

Heynpyroe noseneHue rop-
HBIX MOPOJ MOA AeHCTBHEM Mexa-
HHYECKHX HAarpy30K XapaKTepH3y-
ercs KOd((UIHEHTOM XPYINKOCTH
X =0,/ Ccye. Tpn y>0,2 ropusie
IOpPOJbl OTHOCATCA K IUIACTHY-
HeIM, a ipu y<(), 2 - k Xpynkum.

Tlecuanuku M yrnu mpencras-
TSI0T co00i BechbMa XpYyTNKHE MO-
POBL.

[lo paHHBIM HCCIIEIOBaHMIA
WU um. A.A.CKOYHHCKOrO, WUH-
crutyTta l'eorexHumyeckod Mmexa-
Hukn AH VYkpauHbl oTHOLICHHE
npeaena MPOYHOCTH Ha pacTske-
HHE K Tpeleny MPOYHOCTH Ha
ckaTHe [IJIg TEeCYaHHKOB paBHO
0,0625 - 0,07, a gna yraeil B 3aBu-
CHMOCTH OT CTEMEHH TPEIIHHOBA-

toct - 0,0714 - 0,0125. Takwue
MaTepHaabl MOABEPraloTCsa Xpyll-
KOMY pa3pyIlleHHI0 0e3 CKOJBKO-
HUOYIb 3aMETHBIX MIACTHYECKHX
nedopManHii ¥ [IOJI3y4eCcTH.
TBepabie BKIIOYCHHS B yCIO-
Buax pyanukoB HI'MK xapaxre-
PHU3YIOTCA 110KA3aTeNIIMH XPYIIKO-

ctu ¥=0,0625-0,08, a nopoansie
TIPOCIIOHKH ¥ TBEP/IBIC BKIHOYCHHS
Ha maxrtax Kysbacca - 0,01-0,13.

H3BecTHO, YTO TOpHEIE MOPO-
JIbl B 3aBUCHMOCTH OT CYIILECTBO-
BaHUs CBOOOAHBIX OOHAKEHHBIX
MOBEPXHOCTEH MPOABIAKOT cehst
KaK XpYyNKHE MaTepHalabl M Kak
KBa3HILIACTHYECKHE.

Kpazunnacrtuueckue aedop-
MallMd BO3HHKAKT B TFOPHBIX IO-
POAax TOIBKO B YCIOBHSIX BCECTO-
POHHEro, HEPaBHOKOMIIOHEHTHOI'O
CKATHUA.

[Mopoasl BegyT ceds  Kak
XPYNKHH Martepuall M paspymia-
I0TCA  XPYNKO TPH CYIIECTBOBA-
HHH  CBOOOJHBIX  OOHa)KEHHBIX
[OBepXHOCTEH. XapaKkTepHbIM 1
XPYIKUX TIOPOJ SIBISIETCS KPUTH-
YECKUH  «IOpOr  paspylICHUsD,
nocje oOpa3oBaHMA  KOTOPOro
clenyer JaBHHOOOpa3oBaHUE
MaKpOTpEIIMH Ha  CBOOOAHYIO
noBepxHocTh. [loaTOMy B OCHOBY
pac4eToB ObLIa MMOJIOXKEHA MOJIEIb
XPYIIKOrO Tela.

Takum 00pa3oM, MOCTpOCHHE
Mojened s pacuera yCHIMIA,
JNEHCTBYIOIIMX HA JIMCKOBYIO IIa-
POLIKY, Ha OCHOBE MeEXaHHM3Ma
pa3pyLIEHUs BO3MOXHO TOJIBKO C
HCITOIB30BAHHEM MOJIC/ICH ¢ 3a-
JIJAaHHOH BHYTpPEHHEH CTPYKTYpoii,
BKJIIOUAIOLIUX B ce0s pe3ylbTaThl
KaK TEOPETHYECKHX, TaK H JKCIIe-
PHUMEHTANBHBIX METOJIOB HCCIIe-
JIOBAHUSL.
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