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PaCCManI/IBaeTCSI BO3MOXHOCTBb HCIIOJB30BaHHUA HMIICAAHCHOI'O METOAA AJIA
MOHHUTOpPHHI'a COCTOAHUS IICCHAHBIX TI'PYHTOB. HpOBCI[eHO OKCIICPUMCHTAJILHOC
Ha6J'IIOI[€HI/Ie HN3MCHCHHUA XapPaKTCPUCTHUK IIECHAHOI'0 TIpyHTAa 1104 BHCIIHUMU
BO3I[€I>1CTBHHMPI. HpennomeHa CXE€Ma OpraHnu3allii MOHUTOPHHTIA.

KiroueBble cioBa: MMMEAAHCHBIA METOJ, MUIOTHOCTh CPE/bl, YCTAaHOBOYHBIN
pe30HaHC.

BBEJIEHUE

M3BeCTHO SIBICHUE CHMKECHHUS MPOYHOCTH CIAOOCBSI3aHHBIX T'PYHTOB IOJ BO3ACHCTBHEM
JUHAMHYECKUX Harpy3ok pasHoro mnpoucxoxzaeHus [1-4]. Ilo 3toil npuumHe IBHXKyIMACS
TPaHCHOPT, paboTa TSHKEJBIX MAIlMH U MEXaHU3MOB, PA3IMYHOTIO POJa B3PHIBBI, BETPOBBIC U
BOJIHOBBIE HArpy3Kd MOTYT IPUBECTM K pa3pylIEHUI0O MU TEXHUYECKHX COOPYKEHUI
pacloNIOKEHHBIX Ha 3THX TpyHTax. OCOOCHHO YyBCTBUTENbHBI K BHOPOBO3IEHCTBHIO
IIECYaHbIE TPYHTBl, 4YTO JENAeT AaKTyaJbHbIM IIPOBEJEHUE IOCTOSIHHOIO JKCIIpecc-
MOHHMTOPHMHIA COCTOSIHUS IPyHTa (M3MEHEHHUE €r0 XapaKTEPUCTUK) B OMACHBIX MECTAX, TAKUX
KaK [ecyaHble CKJIOHBI, HACBINH U T.JI.

BonpmmHCTBO TpyHTOB cornacHo [1, 2] yBenmuMYMBAaHOT CBOM OO0BEM IO/ BO3JACHCTBHEM
BuOpanuii. B mecyanbIx rpyHTax yBeIHueHHE 00bEMa MPOMCXOIHUT 3a CUET MEePEeyNaKoBKH U
o0pa3oBaHUs IyCTOT MEXAY TpaHylaMu [5], a B TpEIIMHOBATHIX — M3-3a 0Opa3oBaHUs
HOBBIX TPEIIMH M POCTA CYIIECTBYIOIUX. B 00oMX cilyyasx 3TO NPUBOIUT K CHUKECHHUIO
IPOYHOCTH TPyHTAa U HM3MEHEHUIO €ro aKyCTHUYECKMX XapaKTEpUCTUK M, B YaCTHOCTH,
CKOPOCTH pacIpOCTPaHEHUs yIPYTHUX BOJIH B HEM.

B OCHOBY MOHUTOpHHIA COCTOSHHSI TPYHTa MOXET OBITh MOJO0XEH KOHTPOJIb M3MEHEHHS
dazoBoro Habera 30HAMPYIOMIETO KOJIeOaHus, TPUMEHEHHBIH B pabote [6]. OmxHako, Ha HaIl
B3I, 3TOT CIOCOO JOCTAaTOYHO CIOXKEH JUIsl OpraHU3aldy MOCTOSHHOTO W JUIUTENLHOTO
HaOmronenus. Kpome 3TOro, HEOJHO3HAYHOCTb, BO3HMKAIOWIAS MpPHU TEPEXOJe BEITMUMHBI
pasHocTH (a3 3Ha4yeHHs +M, MOXKET NPUBECTH K OMMOKaM TNpPU TPAKTOBKE pe3yibTaTa
u3Mepenus. CyiecTByeT 0ojee MpOCTO Croco0 KOHTPOJIS 3a M3MEHEHHEM MEXaHMYEeCKHX
CBOWCTB IpyHTa, KOTOPHI B paboTe [1] Ha3BaH METOIOM PE30HAHCHOTO (PyHAaMEHTa — 3TO
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HaONIOZICHUE 33 M3MEHEHHMEM YacTOThl YCTAaHOBOYHOTO pPE30HAHCAa MCTOYHMKA KOJCOAHHI
HaXOJIAIIEroCs] Ha TTOBEPXHOCTH TPYHTA. DTOT METOJ, O0jee M3BECTHBIN B JUTEpaType Kak
UMIICITAHCHBIN, IHPOKO HWCIOJB3YETCS Uil TOWCKAa HEOJHOPOJHOCTEH B cpeae |
JIMarHOCTUKHU COCTOSIHUS cpeabl [7-14].

Ilensto HacTosIIEH pabOTHI ObLIA YKCIIEPUMEHTAIbHAS TPOBEPKA BO3MOKHOCTH KOHTPOJIS
C TIOMOIIBI0O HUMIIETAHCHOTO METO/Ia M3MECHEHHS MEXaHMUECKHX XapaKTEPHUCTHK TECUYAHBIX
TPYHTOB TI0Jl BHEITHUMHU JUHAMUYCCKUMH BO3JICUCTBUSAMH M PACCMOTPEHHE BAPHUAHTOB €TO
peanu3aiyy B YCIOBHUSAX TTOCTOSSHHOTO MOHUTOPUHTA.

1. DKCIIEPUMEHTAJILHA S OITEHKA D®DEKTUBHOCTH UMITEJIAHCHOTO
METOJIA

st 0ObsICHEHUST IPOBEICHHBIX KCIIEPUMEHTOB JIOCTATOYHO MPOCTEHIIEeH MOAETH — TPYy3,
YCTAHOBJICHHEINA Ha YIPYrOM OCHOBAaHHW. Pe3oHaHCHas gacToTa TaKoil cucremsl m=(k/m)"?,
rae k — ynpyrocts TpyHTa, a m — Macca, SIBISIOIascs CyMMO Macchl HICTOYHHMKA U3ITy4YEHUs
U TPUCOCAMHEHHOM K HEW Macchl KojeOumomierocsi rpyHra. [Ipy M3MEHEHMHM TUIOTHOCTH
TPyHTa TIOJ BO3JCMCTBHEM BHEIIHUX JIUHAMHYECKUX BO3JACHCTBUN MPOUCXOAMUT Kak
U3MEHEHHUE €ro yIpyIruX CBOWCTB, TaK U U3MEHEHUE NMPUCOETUHEHHOW Macchl. Pasnenenue
BIUSHUS 3TUX 3(PPEKTOB HA N3MEHEHNE PE30HAHCHOM YaCTOTHI 3aTPYTHEHO.

DKCIEPUMEHTHI MPOBOAMINCE B Oake BeicoTOM 0,7 M, muamerpom 0,7 M, 3amOJHEHHOM
MEJIKUM CYXUM pEYHbIM IeCKOM. MeToauKa MpOBENEHUS M3MEPEHMH IMOJIHOCThIO MOJ00HA
OTMHMCaHHOW B paboTax Mo MOMCKY HEOAHOpOoAHOCTEH B rpyHTE [13, 14] ¢ Toil pazHwuIe, uTo
M3MEPEHHs] MPOBOAMINCH MPU HEU3MEHHOM TOJOKEHUH HMCTOYHUKA HW3IIYYCHHS, KOTOPBII
ObUT YCTaHOBJICH Ha TOBEPXHOCTH TECKa B IeHTpe Oaka. CxeMa MpOBEACHUS HW3MEPEHHU
npejacraBieHa Ha puc. 1. Mcrounukom konebGanuil siBisuics aatduk ckopoctu CB-20 (1),
pabotaronuii B 0OpallieHHOM peXUME, Ha KpPBIIMIKE KOTOPOro OBLUT JKECTKO 3aKperuieH
akcenepomeTp KB10 (2). HeoOxonumMo oTMETHTH, YTO Macca akCeJIepoOMeTpa MHOTO MEHBIIIE

MAacChl HCTOUYHHUKA KOJIEOaHUH.
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Puc. 1. Cxema 3KkcriepuMeHTa

B. B. lN'ywuH, C. H. Py6uos
AKYCTUYECKUA MOHUTOPUHI COCTOSAHMA MECYaHOro rpyHTa
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Ha Bxom CB-20 c¢ curnan-reHeparopa mnepconaiabHoro kommbroTopa (IIK) momaBamuch
MOCBUIKM CUTHAJIA C JUHEHHOW dYactoTHOM Monymsmuedn (JIYM) BeixomHolt curnan
akcenepomerpa peructpupoBaics IIK, rne onpenemnsiiace  aMIIUTyIHO-4acTOTHAs
xapakrepuctuka (AUX) cucteMbl m3mydarenb-niecyaHblid rpyHT. Tunmunas AUYX cuctemsl
npuBeneHa Ha puc.2. Temmepatypa u atmochepHOe AaBlieHHE B JaHHOM Clydae He
KOHTpoaupoBanuck. Ha pucynke BuaHo, uto AUX nmeeeTr HECKOJIbKO MAaKCUMYMOB, YacTh U3
KOTOPBIX  BBI3BaHbl COOCTBEHHBIMH pPE30HAHCAMU CHCTEMbl H3MEpPEHUH, OJHAaKO,
MPOBEJCHHbIE 3KCIEPUMEHTHl TOKa3aldh, 4YTO HWH(OPMATHUBHBIM SIBISETCA TOJOKEHUE
OCHOBHOro Makcumyma AYX.
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Puc. 2. Tunnunas AYX cuctemsl: uznyuarens CB-20-necuanslii TpyHT

Ha mnepBom »sTame wu3MepeHuil ompenensuiach 3aBUCUMOCTb YacTOThl YCTaHOBOYHOTO
pe3oHaHca MCTOYHMKA Koyie0aHUIl OT aTMOC(EpHOro JaBi€HHUS M TEeMIIepaTyphl B
nomernieHuu. J{is aToro Ha Bxoa ucrounuka CB-20 nomaBanock konedbanue ¢ JIUM (AF - 100
— 1000 I't, nymurenbHOCTH MOChUTKU 10 c.). Pe3ynbpTaThl M13MepeHuid MpeICTaBIeHbI Ha pHUC. 3.
CrnenyeT OTMETHTB, UTO Ha TpaduKax, B OTIIMYHE OT puc. 2, paccMmarpuBaetcss AUX cucteMbl
TOJIKO B pailoHE TJIaBHOTO MaKCUMYyMa.

C yBeIMYEHHWEM JaBJEHUS MPOUCXOIUT CIBUT MaKCMMyMa pE30HAaHCHOW KpHUBOM B
CTOpPOHY 00Jiee BHICOKMX YacTOT, YTO YKa3bIBAET HA YBEIMUEHUE YIIPYTOCTH MOTOKKH.

CBOIHBIN pe3ynbTaT 3aBUCUMOCTH YacTOThl YCTAaHOBOYHOTO PE30HAHCA HCTOYHUKA OT
aTMoc(epHOro JaBlieHUs TOKazaH Ha puc. 4. M3aMmepenus npoBoauinck B TeueHue 20 aHEH
IpY HEU3MEHHOM IOJIO)KEHWU MCTOYHUKA KojeOaHui. l3MeHeHue BHEIIHEW TeMIepaTypbl
npu 3ToM ObUTO B mpenenax 1 rpamyca. HaGmromaeTcss nuHEHHash 3aBUCUMOCTH YacTOTHI
YCTAaHOBOYHOT'O pe30HaHca OT BEIMYUHBI arMmochepHoro aaBieHus. OTKIOHEHHUS OT
JUHEMHOCTH (TOYKHM 1) CBA3aHO C BHEIIHUM HEKOHTPOJHMPYEMBIM BHUOpPALMOHHBIM
BO3JIEHICTBUEM.

B. B. lN'ywuH, C. H. Py6uos
AKYCTUYECKUA MOHUTOPUHI COCTOSAHMA MECYaHOro rpyHTa
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Puc. 3. I3MeHeHne 4acTOThl yCTAHOBOYHOTO pe3oHaHca uctounnka CB-20 B 3aBUCUMOCTH OT
aTMoc(epHOTro JaBICHHUS
1 —atmocdepHoe naBnenue 729 mm (t = 22.8°), 2 — atmochepHoe gaBienue 738 mm (t = 23°)
3 —armocdepHoe gaBiienue 746 MM (t = 21.8°)
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Puc. 4. I3aMeHeHMe 4acTOThl YCTAHOBOYHOTO pe3oHaHca uctounuka CB-20 B 3aBHCUMOCTH OT
aTMoc(epHOTro JaBJICHMS.
Touku 1 COOTBETCTBYIOT IHSIM, B KOTOPBIX B IIOMEIICHUH HAOII01a/1ach CHIIbHAS
HU3KOYACTOTHAsl BUOpalus, BbI3BaHHAs pabOTON HEKOHTPOJIUPYEMOr0 HCTOUHHKA

M3MeHeHHe 4YacTOThl YCTaHOBOYHOIO pe3oHaHca ucrtouHuka CB-20 ot Temmeparypsl

Oprxca}omeﬁ Cpeabl IIpU IMOCTOAHHOM [JaBJICHHU IIOKA3aHO Ha PpHC. 5. C YBCIIMUCHUCM

TEMIICPATYpPbl CPEAbl YMCHBIIACTCA €€ IUIOTHOCTb, 4YTO HNPUBOAHUT K YMCHBIICHHIO €€

yIpYTOCTH.

B. B. lN'ywuH, C. H. Py6uos
AKYCTUYECKUA MOHUTOPUHI COCTOSAHMA MECYaHOro rpyHTa
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Puc. 5. I3MeHeHne 4acTOThl yCTAHOBOYHOTO pe3oHaHca uctounnka CB-20 B 3aBUCUMOCTH OT
BHEITHEH TeMIepaTypbl

1 —t=22° armocdepHoe naBienue 751 mm; 2 —t = 24.5°, atmocepHoe naBienue 751 Mm

Huxe npuBeneHsl pe3ynbTaThl H3MEPEHHS YaCTOThl YCTAHOBOYHOTO PE30HAHCA UCTOYHHUKA
MO/ BO3ACHCTBHEM KOHTPOJMPYEeMbIX BuOparuii. Ha puc. 6 mokazaHo M3MEHEHHE YacTOTHI
YCTaHOBOYHOT'O pe30HaHCa MCTOYHUKA TOCJIe HECKOIBKUX y/IapoB MO CTEHKE 0aka ¢ MEeCKOM,
a Ha puc. 7 TOCJIE TOTO, Kak B 2-3 M OT €MKOCTH ¢ TeckoM B TedeHue 10 MuHyT padoTan
BuOpoctern B3J1-10. M3 pucyHKOB BHIIHO, YTO B OOOMX CIly4asX BHEIIIHEE BO3JICHCTBHE
MPUBOJUT K YMEHBUICHUIO YaCTOTHl YCTAHOBOYHOT'O PE30HAHCA CUCTEMBI.

[IpoBeneHHbIE AKCMEPUMEHTHI TOBOPAT O MPUMEHMMOCTH MPEIJIOKEHHOTO MeToda JUIs
OLICHKH U3MEHEHHUSI MEXaHUYECKUX XapaKTePUCTUK IPyHTa BbI3BaHHbIEC Pa3HBIMU IPUUYUHAMHU.
HenocraTtkom MeToza SBIsS€TCS OTHOCUTENBHO Majiasi TITyOuHa KOHTPOJIS.
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Puc. 6. CMemenre 4aCTOTH YCTAaHOBOYHOTO pe30HaHca (2) mociie HEeCKOIbKHUX CIa0bIX
yZIapoB IO CTeHKe Oaka

B. B. lN'ywuH, C. H. Py6uos
AKYCTUYECKUA MOHUTOPUHI COCTOSAHMA MECYaHOro rpyHTa
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Puc. 7. CMenieHne 9acToThl yCTaHOBOYHOTO pe3oHaHca (2) mociie 10 MuH paboTh
BUOpOCTEHIA

2. CUCTEMA C ITOJOXUTEJIbHOM OBPATHOU CBSI35LIO

B Hammx »JKkcmepuMeHTax B KayeCTBE IIMPOKOIOJIOCHOTO TECTOBOTO CHUTHAla
ucnonp3oBaics curHan ¢ JIYM. AHanoruusble pe3ylnbTaThl AAcT MPUMEHEHHUE ITyMOBOTO
CUTHaJa 3a/JaHHOI Mosiockl. HemocTaTkoM paccMOTPEHHOTO croco0a SIBISIETCS CIOXKHAs
cuctemMa o0pabOTKM CUTHAJIa, BKIIOYAOIIAs B ce0sl TeHepaTop MIKUPOKOMOIOCHOTO CUTHANA U
YCTPOMCTBO CHEKTPAIILHOTO aHalu3a. B To jke BpeMsi JoCcTaTOYHO NOOPOTHBIE pEe30HAHCHBIE
KPUBBIE YCTAHOBOYHOT'O PE30HAHCA MO3BOJIAIOT MPUMEHUTH JIJIS 1IeJield MOHUTOPUHTA CUCTEMY
C TIOJIOKUTENIbHOM 00paTHOM CBSI3BIO.

B cucreme ¢ mosoXuTenbHOW OOpaTHOW CBSI3bIO, B OTJIWYHE OT pacCMaTpPUBAEMOI0 Ha
MpEIbIIyIIEeM dTale METOIa, XapaKTepPUCTUKA ONPEENISIeTCS He 10 U3MEHEHUIO aMIUIUTYIHO-
YAaCTOTHOW XapaKTePUCTUKH BUOPOMCTOYHUKA (YCTAaHOBOYHOT'O PE30HAHCA CHUCTEMBI), a IO
4acTOTE€ TEHEPUpPYyEeMOM yCTpolcTBOM. YacTora TreHepaluu CBs3aHa C 4YacTOTOU
YCTAaHOBOYHOT'O PE30HAHCA CHCTEMbI M TaK)K€ 3aBUCUT OT IUIOTHOCTU M YIPYIOCTH TPYyHTa
MOJ] ICTOYHUKOM. biok-cxema makera npeacTaBieHa Ha puc. 8.

Cucrema pabortaer ciemyromuM oOpa3oM. BuOpowusiydaTenb ¢ 3aKkperjieHHBIM Ha HEM
BUOPONPUEMHHKOM YCTaHaBIMBAIOTCA Ha TpyHT. llemb oOpaTHOW CBsi3W, oOpazoBaHHAS
YCWIIUTENIEM C PETyJIupyeMbiM Kod()(PHUIMEHTOM YCHJIEHHS, MOJOCOBBIM (QWIBTPOM U
dazoBpaiiareneM, coeIUHIET BUOPONPHUEMHHUK ¢ BuOpousmyuateneM. lllymel ycunurens u
IIyMbl MHKPOCEHCM IpyHTa 4epes3 LIeNb O0paTHOM CBSI3M «pacKauMBaroT» BHOPOM3IydaTeh
Ha YacTOTaX, COOTBETCTBYIOLIMX MoabemMaM B AUX cUCTeMbl HCTOUYHUK-NIPUEMHUK-TPYHT.
HeoOxoaumpiMU yCIOBUSIMM TEHEpallMd CHrHaia B cucTeMe (YCJIOBHE TOJIOXKUTEIbHOM
00paTHOM CBsI3M) SBISIIOTCA: HaOer ¢a3 B CHCTEME JOJDKEH COCTaBIATH 27n, TIE 1 — IeJI0e
qucio, u kodpdunueHt ycuieHus Oonbine 1. OOBIMHO 5TH YCJIOBHS BBITIOJHSIOTCS ISt
YaCTOT COOTBETCTBYIOIIMX PE30HAHCAM AaMIUIUTYIHO-4aCTOTHOM XapakTepucTuku (AUYX),
BOJIM3U KOTOPOTO 00ecreuynBaeTCs HeOOXOIUMBIH T aBToreHeparuu Haoer ¢as. [Tomocosoit
buneTp otmenser B AUX cucTeMBbl HCTOYHUK-TIPUEMHUK-TPYHT YaCTOTHBIN JMAIia3oH
BO3MOXXHBIX YCTAHOBOYHBIX PE30HAHCOB CHUCTEMBI, SBISAIOMUXCS WHGOPMAIMOHHBIMU

B. B. lN'ywuH, C. H. Py6uos
AKYCTUYECKUA MOHUTOPUHI COCTOSAHMA MECYaHOro rpyHTa
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napamMeTpamMH MPH KOHTPOJIE XapaKTePUCTUK IPYHTA, OT JJIEKTPOMEXaHHUECKUX PE30HAHCOB
BUOpomsmyuatens. Pa3zoBpamiaresib KOMIIGHCHPYET (a30BbIe CIBUTH, BHOCHMEBIC MTOJIOCOBBIM
(GUIBTPOM M TEPEeXo/IoM BUOpoM3ITyUYaTenb-BUOponpruemMHuK. [locie kommencanun pa3zoBbIx
CIBUTOB M BBIOOpA KOd(pPUIIMEHTA YCHIICHHUS YCUIUTEIS LETbI0 00PaTHOM CBSI3M CO3MIAI0TCS
yCIIOBHSI TEHEpallMd Ha 4YacTOTe YCTAHOBOYHOTO pe3oHaHca. Hanmwume reHepanuu
OTpeneNsieTcsl CUCTEMOW pacro3HaBaHUs. B ee KauecTBe MOXKET OBITh IMPHUMEHEHBI
4acTOTOMEp WJIM JAWHAMUK. BBIBOJ O XapaKTepHUCTHKaX TPyHTa JAETaeTcs IO 3HAYCHUIO
94acTOTHI TeHEPaIHH.

Maker npeiaraeMoi CUCTeMBI ObLT COOpaH W ONPOOOBAH HA CYXOM CYIUIMHKE. Pe3ynbrar
paboThI MakeTa YCTaHOBJICHHOTO Ha Pa3pBIXJICHHOM CYTJIMHKE MPHUBEJICH Ha puc. 9.

Bubponpuemank
dazoBpalaresnb

ITomocosoit —1 Bubponcrounuk

¢ueTp

Vcunurens ¢
pETYIUPYyEeMBIM
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Cucrema
pacrno3HaBaHuUs

Puc. 8. biok-cxema ycTpoicTBa ¢ MOJI0KUTEILHON 00OpaTHOM CBSI3BIO /I MOHUTOPHUHTA
TpyHTa
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Puc. 9. YacToTa aBTOreHEepallii MakeTa, yCTaHOBJIEHHOT'O Ha Pa3phIXJICHHOM I'PYHTE.
Kpugas 1 — AUX cuctemsl Ipu pa30MKHYTONH 00OpaTHOM CBSI3U

B. B. lN'ywuH, C. H. Py6uos
AKYCTUYECKUA MOHUTOPUHI COCTOSAHMA MECYaHOro rpyHTa
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Cy1iecTBeHHOM 0Ka3ajach yCTaHOBKA MOJIOCOBOTO (PHIIbTPa, T.K. 0€3 HEro aBTOreHepalus
MPOUCXOIUT HE Ha yacToTe Makcumyma AUX, a Ha yacTOTe Mapa3UTHBIX BHICOKOYACTOTHBIX
MakcuMmymoB AUYX.

B npunnumne ams paboThl CUCTEMBI C TOJIOKHUTEIBHOM OOPATHOW CBSI3BIO JOCTATOYHO
BCETJla MPUCYTCTBYIOIMIUX MHUKPOCEHCMOB, OJHAKO JUIsi OONBIICH YCTOMYMBOCTH €€ PabOThI
MO>KHO OPTraHHU30BaTh MAJIOMOIIIHYIO IITyMOBYIO MO/ICBETKY.

3AKIIIOYEHUE

MMrieqancHBIM METOJ SBJISICTCS Haunboee YYBCTBUTCIIbHBIM, IPOCTBIM H y,Z[O6HI>IM JIA
OHepaTHBHOﬁ n ,I[OJ'IFOBpCMCHHOfI peructpangi BO3MOXKHBIX OTKJIOHEHHUH COCTOSIHHUS
MNeCYaHOIro rpyHra OT HOMHUHAJIBHBIX 3HAaYCHUH. OTH OTKJIOHCHMSA MOT'yT OBITH BBI3BAHBI
BI/I6paI_II/IOHHBIM BO3,Z[GI\/‘ICTBI/IGM, MNpUBOAAIINM K IIOTECPEC yCTOﬁqHBOCTH IT'pyHTa H
TCXHNYCCKHUM KaTaCTpO(l)aM. HenocratkoMm MeToja sBIsSICTCS Manas FJ'IY6I/IHa KOHTPOJIA
COCTOAHUA I'PYHTA, U3-3a YCTO CYIKACTCIA KJIACC PCIIACMBIX € €TO IMOMOIIBIO 3aJay. CnenyeT
OTMCTHUTB, UTO WMIIeJaHCHBIA METO/I KOHTPOJII NPUMCHHUM HE TOJIBKO K IICCUAHBIM I'DYHTaM.
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