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Boapocmae Tpe<SoBBRBs K B8'18CTBf B .u;eT&X&BOCTB rBAPOreOJiorB- , 
qecRBX BccJie.u;oBBBBA upe.u;onpe.u;ezBDT paaBBTBe • BBe.u;peBBe &Kcnpecc
MeTo.u;oB onpo6osasu cJtBSDs. B sacoromqee BpEIMI! paapa6oTaBH ROBBe 
CDOCo6H Ollpo60B8BU O.D;JIB011B&X CKB8DR~ KOTopHe B8IIIJJll npJIMe&eBBe 
B Dp8l'tTIJKe rB.u;poreoJiornecRBX BcCJie.u;oBSBBI • paaBe,JtO'IBHX pa6oT 
sa s~ • ras. 

• fio.u; 8KCDp8CC~060B8BB8M nOBJIM88TCJI KpaTKOBpeM8SB08 B03MY-
1118BB8 JUl&CTOB C ~eJIU) D0J11118BBR <Sea 605DIBX 88Tp8T cpe.u;cTB B 
:speMeRB DP8JUI8PBT8JIIoBBX c:se.u;e&BI o se6onJBOI no OXBSTf DJI0111.8.1U1f 

DJI8C'1'8. IIpoemteMHe B R8C'l'omll8e BP8MII MeTO.JtH .u;eT8JID&oro oupo6osa
BU B8C:&M8 'l'py.ll08MKB. C DOMOIQW) D B8CJIOSBHX 8Kcnpecc-iiliHO.D;OB 
BOSMOliBO DOJiy'IBT:& .u;aBBHe ,1{,JIJI o6oCBOB8BU o6i.8MOB B o6'118ll'l'OB ,lt8..6-

B8Rmlx .u;e'l'8JIDBHX BcCJie.u;oBBBBI. 3.Kcnpecc-Me'l'O.D;N nosBOJIBDT oxapa:K
orepno:san c'l'poro onpe.u;eJieBBYJ) aosy DJI8C'l'8 • DOJil"lll'1':& se o6o6mes
BylD no c:KB8use :seJIJifiDilsy npoBJ!It8eMOCTB nopo.u;, a .u;an xapa:K'l'ep •a
ueseBU npommaeuocTB nopo.u; :s paspeae, a :s oT.u;enHHX CJf1'I8.SX • 
:s DJI8Be. 

Cpa:sseRBe peaynT&TOB aKcnpecc-oopo6oBBHIB DJI8CTOB c .u;aBBH
MII o'l'B8qu, a '1'8be o~eHB8 roqsoc'1'B . a:Kcopecc-Mero.u;o:s onpo<SoB8BBII 
G DpBM8H8RB8M ,JtBCDepCBOHROro 888JIJII88 DOB83YB8!1'1' 1 'ITO ·npz COOTB8'1'
CTBymlii8M yqe'l'e KOBCTPYKTBBBHX Oco68BBOC'l'el CKB&DRH n0JIY118RBB8 
3B8'18HBH D8p8M8TpOB DJI8CTOB 6JIB8KI K BC'l'BHHBM. 

Co:sepmescTBOB8HBe 'l'eXJUn(B oopo6oBSBU, yuem.meJDie .u;mrTem.
socTB OTK8'18K B onpo6oBSBU O.u;BB011HHX CKB8liDIB Dpe,ltOnpe,u;eJIJm'l' 
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YCBOEH8HH8 M8TO~KB o6pa6oTKB ODHTHHX ~HHX. fiOSTOMy onpe~e~e
HBe paqeOHSXLHO~ o6naCTB DpBMeHeHHR paCCMaTpRBaeMHx MeTO~OB onpo-
60BSHBH, H8COMH8HHO, 6y~eT CDOC06CTBOBST~ 6onee mBpOROMy BHe~pe
HBD axcnpecc-MeTo~oB B upaxTBRy rm~poreonormqecKHx pa6oT. 

~KCllPECC-ODPOEOB.Ami.· BOJJ,OHOCHbiX I'OP~i30HTOB 

Onepezammee onpo6oBaHHe 

B nocne~e ro~ Ana onpo6onaHHR Bo~oHocHYx ropmaoHTOB npm
MeRRDTcH HOBH8 CDOC06H H T8XHHq8CKHe cpe~CTBa - BCDHT8T8BH DBS
CTOB aa Tpy6ax, onpo6onaTeJIB Ha xa6ene, permc'l'pBp~e r.n:y6HHHHe 
MaHOMeTpH, TepMOMeTpH, pSCXO~OMepY B ~yrHe npB60pY. 

fipm onpo60BRHBH PHDYX OTnOJJteHlll (~o IY KS'l'eropu nopo,l no 
6ypHMOCT~) aam6onee mxpoxoe pacnpocTpaaeHBe no.n:yqan cnoco6 onepe
aammero ODp060BaHBH BOAOHOCHYX DnaCTOB H onpo60BSHB6 CKBaxHH 0 
HCD0~30B8HH6M p83HHOBHX TSMDOHOB, D03BO~ HSOJIJilpOBaT~ ~HbTp 
OT HSXO~erOCH BHme paCTBOpa DpB npOB8A8HHH KpaTKOBpeMeHHHX OT
xaqeK ms onpo6yeMoro BBTepnana [I]. 

ITpm onepezammeM cnoco6e onpo6onaHBa BOAOHOCHHX nnacTOB 
$Hn~Tp-onpo6onaTe~ npm pacxaEHBSHHH 6ypoBoro cBS~ mnm ero 
Bpa~8HBH C OAR0Bp8M8HHYM HarH8'1'8HB8M qepea 6ypznDHY8 Tpy6H qg
CTOA BO.lli BBO~CH B BO~OHOCHHI DnBCT, npe,lCTSBneHHHI pHXXHMH 
nopo,1J,8M1! (pmc.l) •. 0,ItRaRO B 6on:&lllPIHCTBe C.nyti88B HB)J;elKHHe .n;a.H

HHe 0 DOHBB8HBH - BOCCTaHOBneHBH ypoBHH B XOA8 OTKaqKH RnM 
·nocne ee OCTaHOBKH MOryT 6UT.& DO.nyti8HH TonDKO C HCD0~30BSHTIBM 
nHeBMaT:aqecxoro ypoBHeMepa (IlYP). 

ITonyqeHHHe SHaqeHBH paCXOAa, DOHHE8HBH ypOBRR DpB DOCTOHH
ROM paCXOAe Jl AaHHYe 0 BOCCT8HOBJI8HBH ypOBRR, permcTpHpyeMHe DO
one OCTSBOBKH OTKS~ C DOCTOHHRHM paCXOAOM, HCDOHb3ymTCH DpB 
pacqeTaX BenmqmH KO~eHTB $HnbTpanHH H BOAODpOBO~MOCTH nna
CT8 c yqeToM conpoTBBneHHH ce~a'l'oro ~nbTpa. TiocKonbKy ~Ha 
qmn~Tpa-onpo6onaTeJJH o6JiqHO se npenHmaeT .lnyx MeTpoB, npm o6pa-
6oTxe ODH'l'HHX AaHHYX, K8K DpSBBBO, C ~OCTSToqHO~ TOqHOCT~m MO
~eT 6U'l'b Hcnon~aoBSHa ~p~na H.H.BepmrHHS [II] 

0.366 Q(t. 1,'17! + 4 ) /( = • '! {, r, z (I) 
· lSp 
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t·ne Q ·- pacx:o.D; CRB8DHH; 
f - .lVBIB8 qiB.JJDTpa-onpo6oBSTeJLR; 
rc - PBJUIYC cpwn;TJ)a-onpo6oBaTeJLR; 
~2 - noxasa'i'en conpoTHBJJeiDISl i{lzm.Tpa; 

· {., - KOaifxPBrt1118HT paBHhli 2 B CJIY"{ae, ecJJJJ i{lzJII>Tp KaCaeTCJI 
KpoBJIB HnB no.D;omBY DJiacTa, H I, ecnm i{lzJll>Tp HaXO.D;BTca 
B cepe.D;BHe nuacTa; 

Sp- pac~eTaoe no~eHHe ypoBHH c yqeToM noTepl> HaDopa 
B 6ypKJI~>BHX Tpy6ax • 

..r----6 
5 

u-----4 

:_:_.·.=::::· 

': ).4~:: o-;i'·;://~::' 

PBc. I. Cxam onpo6oBaHB.R: BO.D;OHOOHHX WiacTOB B pYXJII:IX 
OTJIOZeHaax onepe~ onoco6oM o ~Jll>TpaMH 

IDHeROBOro (aJ B DpOMYBOliHOrO (6,B} TBDOB 
I - dlHJII>Tp-onpo6oBaTem.; 2- 6ypBJII>HHe Tpy6a; 3 - BOS.D;yJCOIIO.D;alO!qHe 

TpyC5LJ i ~ - TpOIJmK .D;JI.II CnBBa i 5- npo6Ka i 6 - TpOifHHK 
sa BOs.D;ylllHofl JIBmrB; 7 - nopmen; 8 - rpys ; 9 - necKH 

c npocJio.R:MH rpaBlf.ll; IO - rJIBHBcTull pacToop 
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. . · ITpB6JmteHHHe ,li.'IUIBHe o B~eg2 {CSespaar.rep~A no~saTeJil> 
CODpOTBBneBHH CTB~,PTHOro ~Tpa-onpoOoB8TeAa Ha KOHTSKTe C no
po.n;o1t) B saBBcnocu OT xosifxilimBesora cliBnTpBIUJB K - nopop; IIJla

cora-npHBe.n;eBH HBZe: 

K, M/ cy'fR1I. 

- Jlo 5 
5-IO 

IQ-20 
. 2o-40 

40-60 
60-80 
80-100 

~a 
1,5 
2,8 
4,8 
6,0 
6,2 
6,4 
6,5 

P.aC11e'l'Hoe . nosimeoe ypoBBII S p. onpe.n;eue-rcs KaR pasaocn. 
B9JJHllBHH DORD8JDJJI B Tpy6ax ·So B B8Jllii1U!BH I'll.lij)8B.IIne~KIIX no-

. Tept. . tiS · --

S~ = S.0 - 4S (2) 

ITpoepHUe Be.JIB1UJHH rJII,Jij)8BJJJAeClOIX DO'tep:& .dS B 38BBCIIMOC"l'B OT 

p8.CX01l8 BO~, O"li<a1lBBaeMOit 11epes ~e 'tpyOB .n;Til8M8"f,POM 50 Jl 

6018 MM ,JtJDIIHOit OKO.IO 5 M, CJ18.JJYlCIIID.8: 

Pacxo.n;, 11/ceK 

·o,os 
O,IO 
0,20 
0,30 
0,40 
0,50 

ITO"f8,PB .lt8BJI9JDIJI Lf S , M 

. O,OI 
0,08 
0,08 c 

0,2! 
0,70 
r.oo 

BeJIB1DI~ rBJU)SBJIJA8CKBX UOTep:& B8 JJy"'rrf OT «anT,Pa-onpo6oBB-. 
Teu .n;o Jt8"f11]U(8 ypoDHeMepa B "f,P16ax _AD&olt L · ~· npouBe.n;e
BBII B8JDI'nJHII. DOT8,P!o B O.n;HOI '!'p~e 4$ H8 "UCBO Tp~. 

· BeJDNJIB8 KO.~eua f1BJJ:&'fP81tD JKQU'f <Sun JmliHesa MeTO
.n;OM DOCJ,181J.OB8"1'8JIIdiHX JJPBCSJiauBBI [!'1] C BCJIOJJ:&SOB8D8M ypaBBeJDIJI 

tSpK-D,J66Q(lg i~t ~~;-ltgK }=0 ~, (3)-

. ' 

.. -4 - . 
. -
.. ... .. -
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r,~~;e a r 6 - xo~sm; oupe,~~;emieMHe B 88BBCJIMocTB oT 

'l'JJDOB i{lub'l'pOBHX C8'1'0K [I] • 
Y'paBHeBHe (3) pemaeTCR rpl$fclecu Dy'l'eM nocTpoeBHa ·. KPBmx 

F,(K) B F;{K) . I 

F,{K)=lSpl<; (4) 

F; {1<)=0,366 Q(t; ;n -a-6tgl<) . (5) 
t;.ro . 

Hx nepecet~eHBe ,ItaeT sHSt~eBBe K c ,D;OCTSTO"'HO:A ,JI)IJl npaxTiflleCKBX 
~enet To"'HocT.&m. 

laHRHe 0 BOCCT8HOBn8BBB f.POBH.Il Doone OCTSHOBKH OTKS"'KH od

pa6aTHB8JDTC.Il IIJTeM nocTpoeHB.Il rpaq>uoB S=r ( !n t) , c zc

nOJD>soBaH:r.teM ItOTOpHX DO ~p.!Y'Jie (!) ODpe,D;eJJJDOTCJl BO,D;ODpo-

BO,ll;liJMOCT.& Km 11 It08qxii11tn~eHT m.esonpoBO,li;HOCTB i a • 
- npmueseBBe cnoco6a onepe~ero onpo6oB8HB4 c.~tepXHBaeTC.Il 

H8H8,ll;8lKHOCT.&m DOKasaad llYP 11 CJIOmiOCT:&Xl ero 8KCDJiy'8'1'8Iij!11 1 a 
TaKZe OTCJTCTBDeM Ha,D;eEHO~ B DpOC'l'OrO DpB60pa ,JI)IJl 88M8pa B8JIB

'IIIUIH DOHD8HB.Il JPOBH.Il DpB apJIBW'rHOI O'l'Ka"'K8 qepes 6ypBJIE.BH8 'l'pJ

Os. AsaJIBs MBTepBaJIOB npBMeseBB.Il cuoco6a onep~ero onpo6oBB

HB.Il B p8SJJII1UIHX opr8HBS8IlB.IIX DOK8SHBa8T 1 'liTO B 60Jil.IIDIHCTB8 '118 

BBX OS DpBM8B.Il8TC.Il TOJIJ>KO ,JI)IJl xalieC'rB8BHOI ~eBDI BO,li;OBOCBHX DM

C'l'OB [ 34] • Ilpaitmeco sToT cnocoO fCDeJDHo npoeB.IleTC.Il HS rJ!16m

aax ,11;0 600 M. IIP111 B8JJJII1DIB eooneTCTBfllllero o6oP1,D;OBBHB.Il 111 co6J.DD

,~~;esu M8TO,li;IIKB ODpo60BaHB.Il OR IIOU'l' 6an BCDOJJI.SOBaH B8 rJ!16111-

sax JtO !000 M. CJryqaB DpBXB&Ta CBaPHJtB, odBanoB nopo,~~; B Jq>yrme 

ocnouesu pe,ItKB. MMeeTC.Il OIIH'f npoBe,D;eHB.Il B O.ltROI CJtl!J'-DHe ,~~;o 

IO oupo6oBSHBI a Oonee. 
CyilleC'l'BeSBiil DHTep_~c upa Bcno.m.soBBHBB cno6o6a onepeellllte- . 

ro ODpo6oB8BB.Il Dpe,D;CT8Bn.ll8'1' BOSMODOCT.& DOJJY'I8BU '1'0"18'1BHX xa

p8KT8pBCTHK DJI8CT8 1 DOSB~ 0~8BB'l'~ ~BJIE.TpSQBOBBJD seo~o
po~OCT:& nopo,D; B paspese. ·. JlJIJI ~eHKB i{lubTpaJlHORBOI H80JtBOPO~o
CTB nopo,~~; nepcneKTBBHO npBMeseHBe onepezammero onpo6oBaBU B 

pSCXQJtOMeTpBB CKBSlDIB DOMe fCTUOBKH cprm.Tpa [ 3] • 
PasaoBBJtBocT:&m cnocoOa onepezaDlero onpo6oBSBB.Il .IIBJI.IleTC.Il 

npBOJDIVIt8RH8.11 0~8HK8 DapaMeTpOB DJISCTOB DpOCTHMB CBapswlMB C BC

DOn:&30B8HB8M p83JIB"'BHX TSMDOBOB -,li;XH 11130~ BCDHTJ8MOrO BHTep

BaJIS oT r.DBHcTOro pacTBopa B cKBSDHe. Ha pBc.2,a noxasaaa 

cxeMa onpo6oBSBU BO,D;oaocaoro DJiacTa, cJiozteHSoro rpaBJIIiHo-rBJie"'-
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HBKOBHMII nopo.Jt8M1!1. llocJie cnyCKa ~'l'pa :s CKBaQey aactm8m rpa
:ni B8 O,JtliR-,1tB8 M8TP8 BYIIIB ~'l'P8· 3aTeM 38CimaDT rusy ll otmJI
KJII, BSODpJillll1le cpvn.Tp OT :&YIIIeJieDDiero pacTBopa npa np()Be,u.emrra 
Kpa'fKO:SpeMeRRO:I O'l'K811KJJ • 

P11c.2. CxeMY onpo6oB8BBJI ' rpa:sJI:IBo-raJinHBKoBHX nopo,ttax (a), 
MBJIR03epmiCTHX IIBCKaX ( 6) , B3B8C'l'JUIK8X Jl JtP)TIIX JC'l'OituiiBHX 

. 1lOpoJt8X (B) 

I - !SypJ~JD>Riite HJ1JI O!SCEWme 'l'DYCSH; 2 - rDmiCTHI pac'l'BOP$ 
-3 - 'l'8MIIOR; 4- WBATP f 5 - rpa:niHasi aacH1IK8 

fipll OIIpo!SOB8HIIB BO,llOHOCBHX ropJJSOHTOB, np8,nc'l'8l3Jl8HHHX MeJI

XOSepHBC'l'HMll tteCX8MJJ (CM.pBc.2,!S),nnaCT BCKpHB8mT BaKOBB~M, 
J:tli8M8'1'p RO'.rOpol'O putK ;o;HaM8TPf WUJo'l'pa. l:an'l'p OIIy'CRam B 3'.rO'J 

BBTepBSJI CKBSQRR ttpJI O]OIO:Speli&BHOM B8l'B8'1'8BlDI 'DIC'.rO:I BOlt&. fiOCJW 

COSA&HM B84 i)wu.TpoM '1'8MIIOB8 ll8 OIIMO.K, rJiliHH H mrmt Ma'f8Pli8JIOB 

CTeBD CRB8QB1l COXpaBSIID'l yc'.rOfiq]moCS llpJI Dpo:Selle&D KpaTRO:Spe~ 
MeBBo:l OT.Ka'J:lm. 
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ilpH ODpOCIOB&HHH BO~OHOCRHX ropHSOHTOB B JCTOiqHBHX nopo~ax 
MOliHO !IpBM8HJl'l'll CH8pJUUi C peSJIBOBHMB TaMIIOHaMH II II8K8pmlll! paa
JIB'IlHHX XOBCTPYimHI, qro D03BOJIJI8T !IpOBO~T:& npo6HHe OTKaqRH 6es 
o6c~ CKBaEIHN Tpy6aMB (cM.pmc.2,B). B Kpacso~pcxoA SKene~
~ ~ 1130~B DnaCTOB B CKBBBBHe !IpB !IpOBe~eHBH xpaTKOBpeMeH
RHX OTX8118K JCDemBO DpHMeHJl8TCR 6peseHTOBHI T8MDOH, sanonHBeMHA 
nepeA CDJCXOM TpJ6 B CKBaEBHJ rJIBHBCTHM paCTBOpOM, CM8mBHHHM C 
~eMaHTOM. ~BHHHe KpaTKOBpeMeHHHX OTK8118K 06pa68THBSDTCH aH8-
JmTJilli8CM MJ/1 r~-aHaJI111TB'q8CKB aHaJIOI'll'qHO o6pa6oTKe pesyn
T8TOB ODepemaiD~ero OJipo6oBSHRa BO~HOCHHX nnaCTOB. 

K M8TO~ CKOpOCTBOrO ODpo6oBBHBR BOAOHOCHHX ropHSOHTOB, 
npe~cTaBneHHHX pHXnHMH noponaMH,OTBOcHTCR Taxze MeTo~ a~na
HBS cne~an:&Horo ~Tpa C IIOMO .. m C&MOXO~OI ycTaHOBKH CTaTBqe
CXOI neseTpaijHB TZDB CYrn-IO BXB C0KY [6,34]. B 3TOM cnyqae onpo-
6onaoe DpOB3BO~TCR C DOMO•m i{IB.n.TpOBOro ycTpOICTB8, COCTO.IIllle
ro ma ~n:&Tpa B sacoca c npBcnoco6~e&BeM ~ saMepa ypoBHH B npo
Itecce OTxaqa (ID • .II.ByurreAT, A~r.TeCJIJI, 8BT.CB. J I73I58). 

Sfo JCTpOICTBO MOZ8T DpBM88BTJ.CR AJ1J1 BccneAQBaHHR BOAOHOC
tna ropB30BTOB DpH DpOBeneBBB DHCxa&Bit ~ ocymeHHR II opomeHBH, 
JtM C8.m.<:KOXOSH:ItcTB8BBOrO BO,JlOCH86lJteJUU, Dpll HSHCKaBHJ'OC DO,Jl cWH
JSM8BTH rpuJtaBCKBX 111 DpOMYIDJI8BRHX coopyzeBBI. 

• Onpeneneoe ocsoBBHX rBJU)oreono!'B11eCKBX napaueTpon nnaCTOB 
J!PB onpo60B8Billl CKBalltWI yxaaaRBHMJI ~'l'pOBHMII csapH.nBMH C TaMDo-
88MB BXB DpH 88N1B.IDIB8JDUI (BimBaRBJf) ~Tpa B DnaCT He06XO.II,HMO 
Dp01l3BCWITJ. DO M8'1'()JtBK8, B3nOUBROI npoeSHTen:&BO K OD8peJKallllle
M1 onpo6ouBBm. 

0npo60B8BB8 DnaCTOB BCllH'l'&TeJIJ!Mlll H8 Tpy6ax 
11 onpo6onaTeDHMH. sa xa6ene 

fisaCTOBCDHT8'1'8JIB B ODp06oBaT8JIB DonyqBnm mBpOXOe DpBMeRe
HB8 B DpaKTBKe Onpo60B81DUI CKBaDB sa Re<pTJ. 11 ras. EcJm B !965 r. 
B CCCP BCDHT&TaKRMH nnacToB 6sno onpo6onaso IO,S% Bcex o6~exron, 
TO B 1968 r. yn 32,9%. B CiliA OKOno BOJ' pasBe,Jl011HHX CKBalmH Ra 

·s~:r. Bras uccneAJ&TCR c nouo•m BcDHTaTenet·• onpo6onaTenel 
nnacTOB. fipB npone~eHHB ra.lij)oreo.nornecux Bccne~onaHHI ODHT liiX 

111cnon~>sonaHHH senenHK. 
finaCTOBCDHT8T8JIB 111 0Dp060B8T8JIB ,Jl8ARTCR sa TpB rpyDDH: nna

CTOBCIIHT8'1'8nB H8 6yplln:&RHX Tpyelax i ODp060Ba'l'eJIH H8 KapOTalKHOM 
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Ka6ene BJIH Tpoce B DJiaCTOl!ICIJHTaTeJIB, OIJYCKaeMYe B 6ypl!IJI&&yll KD-
JIOHHY• • 

flAaCTOHCDHTaTeJIH Ha 6ypB~HHX Tpy6ax B Rac~ee BpeMS BSrO
TaBJIHBaiDTCfi B ~yx B~ax: C naxep~MB SJieMeHTaMB - KOMnneKT B3-
M8pHT6JihHHX HHCTPYM8HTOB (HMH) ROHCTpyxnBB fPo3B8HCKOro B 1~ 
CKOro H~HHHX HayqHo-BCCJI8~0BaT8~CKBX HBCTBTyTOB - B 6es uaxe
p~ 3JI8MeHTOB - BCUHTaTe~ UJiaCTOB KOHCTPYKQBB BCErHHr.EO. 

llpeH~SCTBSMH OUp060BaHHR BO~OHOCRHX ropB39HTOB DJiaCTOBC
UHT8T6ASMB RBASDTCR BOS~O~OCTD onpo6oBaHMH nnBCTOB 6es xpeDJie
HHH cxBa~ TpyCSaMH B CSes y~eHHB rJIBHHCToro pacTBopa, a Taxze 
onpe~eneHBe ocHOBHHX rB~oreonorm~ecKBx napaMeTpoB Bccne~eMHX 
nnacToB B npo~ecce CSypeHBB. 

K He~OCTaTKSM C~8CTB~X DJiaCTOHCDHTaTenel OTHOCRTCR 8606• 
XO~MOCTD npoBe~eHKR KaBepHOMeTpHB HJID np~pOBa&mR CKBSEHHH 
~ BHRCHSHBH HHT8pBaJIOB, DpBrOARH% K yCTaROBKe peSBBOBHX 3JI6M6H• 
TOB naxepa,B B03M03HOCTD DpBXBaT8 XBOCTOBBK8 nnBCTOBCDHTSTeJiel 
rrocne AJIHTeJIDaoro cToaRHS sa npBTOKe. 

B HaCTORmee BpeMH OTe~eCTB6HHOI npOMHmJI6HHOCTDID BHDYCKamTCS 
HCDHT8T6JIB DJiaCTOB, npe~asaa~eHHH6 ~ H6~RHHX B ra30BHX CKBa
iKBH. O~axo rrpB CSypeHH:z rJIYCSOI<li!X cx:saDH sa npoMHIIIJieswe, Tep
MaJ~DHHe B MHBepaJIDHHe BO,lOi 1 a TaiOJte DpB COOpYJ!temnt CKBalltHB ~ 
saxopoHeHBR DpOMCTOKOB MOXHO DpBM68RTD BCDHTaTeJIB DJI8CTOB, pas
pa6oTaHHH6 B H~HHOI npoMHmJieHHOCTB. llpBMeHeHBe BCDHT8T6Jiel no-
3BOXH6T OT06p8TD Up06H BO.lni H rasa R3 ICCJI6~6MHX DJISCTOB, onpe
AeJIHTh nnaCTOB06 ~BJISH:Ze H UpB0JIBX6HHO 0~6HRTD OCHOBHH6 ~o
reoJIOrB~ecKHe uapaMeTpH nnacTOB. 

nn& BCIJHTaHBR HHT6pB8JI8, H8XO~erOCH 3H8~T8JihHO BHWe sa-
60H, BJIJJ ,IVIH BCmiT8HIDi o~oro nnBCT8, KOrJta CKBaDHOI pe :BCKpH
TO H8CKOJIDRO UJI8CTOB1 UpBM6HHmT KOMUOHOBKY CHap~a BB cepBiRYX 
Y3JIOB KMH c JI:BYMH uaxepaMB [27] • 

B nocneAHBe ro.ltH ycuemHo BRe~HeTcH onpoCSoBaTeJID DJiacToB 
"CapaTOBe~" oCSme:lt ~HOi 8 M, JU18M6Tp0M I?Q MM, COCTO&Dtlll B3 
nHPKY~OHHOrO H npe~oxpAHHT6X&BOro KnaDaBOB, ~ uaxepOB 
OllTC-8/IO, nepexo~HRS C MaROM8TPOM B yan8 ~ OT6opa npo6H[26]. 
PasMBTBe uaxepoB ocymecTBJIReTca IJYTeM saraeTaHBR ~epes 6ypmJih
HHe Tpy6H BSOHTOqHoro ~BJieHBH OT 6ypOBoro H8COC8 HJIB ~eMeHTB

pOBO~Horo arperaTa. 
B nocne~e ro~ paspa6oTaB e~e o~a TBnopaSMep nnacToxc~ 

nsTaTeJI.fl ImM-127, KOTopuit npomell ycneJIIBHe npoMBlllJieHHYe BCDY'J'8· 
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BBB B8 CKB&ZBBSX Tp8CT8 ~paCBO~pBepreras•. KHK-!27 COCTOHT H3 
CJI8Jt1l!lllUIX J3JIOB: 4iiJn.Tp-XBOCTOBBK, naKep, <Sesonacmdi nepexomum, 
JiCC, DepeXOlUIBR C MaHOM8TpOM 88 ~0 8'1', C06CTB8HHO HCIIH'1'8T8JI!. 
DJI8CTOB 1 S8DOpHo-IIOBOpOTKHi Knan&B, !00 M 6ypHJI:LHHX Tpy6 B ~p-

KJJIJiilHOBHHI . KJiaDSB ( 27). . . 
· <bpMOI JIJiilHS (CD!A} paspa60T8B JICIIllT8T8JI!> DJiaCTOB MBOrOKpaT

BOro A8ICTBBJi C BaCOCOM AJIJi p8SAYB9BBJi r~aBJIBqecKHX IIaKepoB, 
IIOSBOJIJilDIItBI onpo60B8T!. sa O.ltliiB CIIyCK B8CKOJI!>KO IIJiaCTOB. Hacoc 

5 

a. 

Pxc.3. CxeMS sacoca B OTKaqltH qepes 
6yp11!JIDBlle Tpy6~o~ 

a - cxeMa oTRa'IU ms c:RBaDHH: I - sa
npaBJI.lllDIID!I dioHap:L; 2- TBMDOBllj 3- 6y
plVll>HH8 Tpy6~o~; 4 - cpwn,Tp; 5 - sacoc
&1 yseJI; 6 - BaCOCHaJi K8118JIK8; 
6- cxeMa sacocsoro ysJia: I- IIJIYDep 
R8COC8 C RJIIliB1!IM KJI8II8BOM 3 Ha Tpo
ce 5; 2 - n»JJIHR,Iq); 4 - nepexo;JJJDUt 
~ no~ HDHez:o KJiaiiaHa 
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npHBO~TCJi B A8ICTBHe Bpa
~eHHeM ROJIOHBH 6ypHJI:LBllX 
Tpy6, a OTRpllTH8 H 38Rpll
TH8 RJiaiiaHOB HCIIll'1'8T8JIJi 
OC~8CTBJIJi8TCJi Ha'l'JiE8HH8M 
H CIIyCKOM ROJIOHHll (40). 

llOMBMO HCIIOJI!.SOBaHHJi 
perHCTpHp~X MSHOM8TpOB, 
AJIJi nonyqeHHJi cBe~eHHI o 
rHAPO.ItliiBaMHqecKHx xapaxTe
pHCTHKax IIJI8CTOB MOXHO TaK
ES DpOHSBO.Itlll'l'!. OTKaqxy qe
pes 6ypHJI!.HHe Tpy6H [4]. 
~ STOro npB C60pKe HB
CTpyM8HTa Ba He06XO.ItliiMOfi 
rny6HB8 MOEBO DO M8'1'0~ 
3.M.ApaK8JIJiH8 ycTaBaBJIH
B8'1'!. IIOpiBH8Blll ~JIHHAP H 
nepeXOlaHK ~ noc~ HEX
sere RJianaaa. IlnyHJtep Haco
ca H BHXHBI KJianaa onycRa
mca Ha Tpoce. ROTOplll 
yxpeiiJIJi8TCJi Ba KpHBOWHDe 
BaJia no~eMBHRa ( pHc. 3) • 

BllnycRaewe OTe'le
CTBeBBo~ IIpOMHWJI8HHOCT!.D 
KOMDJ18K'l'll HCIIHTaTeJIDHllX HH-
CTpyM8HTOB ~ CKB8EHH H8 
SepT!. B ras KOMDJI8KTyroTCH 
naxepaMH ms xecTKol pesm
&, 'ITO B 60JI:LIIIHHCTBe CJIY-



saeB ae nosBoAReT cos~T~ seodxo~e BBrpysKB ~ pasxaTB~ 
naxepoB npm CSypeHHB Cp8BBHTe~ao serH,YdoRHx.cKBaBBa sa Bo~. no
aTOMy npmMeHeHHe KMH ue~ecoodpasao B cKBamaRax r~dBHOM do~ee 
300-500 M RnR B Tex c~aax,xor~ HMeeTc~ BOSMomHoc~ cos~SHRH 
:UODOJIBl!TeJil>HOro ~6HM Ha RO~OHHy Tpyd OT ~ede):tlm C DOMO!l!l>ll'l 
N.n;poCHCTeMI:l 6ypoBOro CTaH.Ka [36) • 

BCErHHrEO paspadoTaa BCDHTaTex.HHt caa~ HCB ~ nocnoiHo
ro onpodOBaHBR BO~OROCHHX ropBSORTOB B npoqecce dypeRBS CKBBEBR 
B YCTOhlrmYX paapesax. Csa~ HCB COCTOft i!S DOCTOBBRa, ItWIJlH
~pi!~ecxoro ce~oHRoro naxepa, Knan&RBHX yanoB m xonoHBH Bo~o
no~'i>eMRHX Tpyd. B XBOCTOBHKe H dypiiX.HHX Tpydax YCT8H8BJlJ4B8JDTCJI 
rnydBHBHe MaROMeTpH (pBc.4). OT BCDHT8Tenel ngacTOB RHK rposaea
cxoro B Y~MCROrO aayqBo-HCCne~OBaT~CKi!X H~BBHX BHCTBTyTOB 
~ KepT~ H rasOBHX CKBaBB& OH OTnzqaeTCJI DpOCTOTOI KOHCTpyx
qiH H MeH&mei E8CTROC~D peSIIHOBOro naxepa.IDBpORoe ce~eHHe upo
XO~OrO RaMana B DaKepe DOSBOAR8T DOMH~O DQnyq8BHR C DOMO~D Ma

HOM6Tpa ,tUIIBrpaMMY ~eRd DpOHSBO,tUIIft Ta:ae MliiKPOOTRa'!IKy BO,llH 
Ill'S no,1UI8Kepaoit soHY ~epes dypBJJ:&BJie 'l'pydu, KaX • npB onepexam
ll{eM onpodoBBBBl!l. Jlml ODpodOBSBHR BerJJY(SoKBX ORBUIIH DpHM8Hli8TCJI 
YDPOIIl8RBaJl ROMIIOHOBKa CH&pRJl$: XBOCTOBR~'l'p, naxep H Tpy6Y. 
KoJIOHHa Tpyd, Ba ROTOpliX ODyCKalO'l' B OKBalliJIHY CHap~, MOEeT dYTJ> 
KOMdi!HHpoBaBROil: (CM.pHc.4,6). llpBM8B8HJII8 'l'BKOro CHap~a COKpa
maeT BpeMR ODYTHYX padoT, BcxnmqaeT aeodxo~oc'l'l> saapenneBBa 
CKBaEHHB ode~ 'l'pydBMH H HX qeMeHTaqHD. 

ARaJiorzqHYI oaap~ CHn-3 paspado'l'aa B Bo~o-noaoxOM reono
r~ecxoM ynpaBneBHB B cocTOBT BS ~nTpa, naxepa, desonacaoro 
nepexo~, ypaBHH'1'8X.HOrO RJISDSBS Ill KOM6HHJ4f' .aHHOft KOJIOHBH 
( dypHnHBe H Od~e 'l'pydy) • 06Jl11BO 0 DOMO~D CHfl-3 DpOBO,IU!'l' 
DOHH'l'6pBanl>HYe OTKB~ (3I]. 

Ha pmc.S noaasaHa saBBCHMOO'l'l> ,tUIISMe'l'pa oaaepa D~nax oT 
sarpysKH P ~ ~yx THDOB naxepoB - BCErKHrEO H cepmDaoro. 
0CHOBHYM np~6C'l'BOM Uaxepa B OBap~e HCB HBAR6TCJI BOSMOEHOCTl> 
ero UpHM8H8BBH npH HedonmBX Harpysxax CHap~. 

PesynTa'l'Y CT6~0BYX B ODH'l'HHX padOT C oaxep~ 3JI6M6H
T8MB, HOJiyqeHBYe BCErHHrEQ, DOKSSHBBD'l'; ~TO UpH Harpysxe ~~ 3 T 
HCDYTB'l'eX.HYI caap~ BCErHHI'EO MOliHO DpHMeM'l'l> B C:K:BSJmB8X )018-
MeTpOM ~0 I50 MM, B TO BpeMH KSK cepz~e naxepy Tpe6ymT B STBX 
YCJIOBBSX HarpysoK ~0 7 '1'. 
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4 

PBc.4 •. GJceMS DpBM8B8BHSI C.HapH;ta HCB 
a .:. ~ c- o,ltBBM a JtBYW1 uattepaMH: I - ·noWiaBKOBHi
uanaa;. 2 ':" yseJI c MaBOMe'fpOM; 3 - naxep; 4 - WUJII>Tp; 

6- eBB~ ~ oTRaqxa BO~ us no~epsoi·soas: 
I - o608.1UIHe 'l'_p;y;6u; 2 - 6ypHJII>HHe Tpy6s; 3 - naKep; 

: 4 - ~OM8Tpj 5 - fllDJIJ>'l'_I>-XBOC'.OO~HK _ 

CHa.PJ!A JiiCB peKOM8H.Jcy"8'l'CSI npBMeHSI'l':& )J)ISI HC~aBHSI rJJ,IU>Oreo
JiorW.eCKBX CBBaBBB B nponecce 6ypeBHSI B ycToftqHBux nopo~ no 
Mepe BCKPH'l'llll BO,AOROCBHX ropRSORTOB. IlpOnyut8HRH8 UJiaCTH MODO 
OJJ.POOO:BaT:& UOCJI~ DpOXOAKH CKBUBHH no CXeMe CBHSJ BBepx. 
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llpe~CTBBAH8'1' HBTepec DPBM8B8BB8 ~ DCCX8~0BSBBS Ba.PBOc

BI.IX ropHSOBTOB HCDHTBT8Jlll IIJia.C'l'OB CO CTpyls:ml BSCOCOM (H.tt.I'py-
- p - meBCKIIt aBT.CB~ .I 1!0560). 

m ' 
B ' HarseTaeMM no CSypJIJJ!oBHM 

6 

2 

0 

v 
v 

/ 
-~ ~ 

lY" ......, /'I' 

70 lliJ 

/ 
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2~ / ...... 

130 
0mdr. M/111 

150 

PJIIc.5. 3aBJIICBMOC'l'b' JP18M8'1'p8 
naxepa oT sarpysxa 

I - cepHAHtcr~ 2 - naxep 

TpyCSaM BO~ pas~e'l' pesu

HOBHe MSBEeTH naKepa Jl 11Jt8T 

.lt8JI88 B CM8CBT8Jil>Bfll UMepy 

Bo~ocTpyboro sacoca. ~ npo

!lecce O'fK81JKII perJic'l'pBPJI)

Illl!il Ma!IOM8'lp tnCBPJ8'1' BS

M8H8~8 ~eBBS. 

B CeaepoKaBKasCKOM 

Be{fl'l'RBOM B8J11B<rBCCJl8,1tOBa

TeJJl>CKOM BBC'l'll'l'j'l'e paspaCSo

TaHa BOB8JI XOil01'pJKIUUI llc

DHTBT8Jlll IIJlaC1'0B AU CKN.

DB JPf8118'l'poM 190-295 Millo 

'l'BDOB8Jl. XOMDOBOBK8 ysJIOB .. 

sroro BCDHT8'1'8Jlll C MBROMeT

paMII B ~Tpe, XBOC'l'OBIIK8, 

M~ BCCOM B BCDH'l'aT6X8M 

oCSecne~eT MBoroKpa'l'HHe 

SaKpHTH8 H OTKpH'l'H8 DepBO~ C DonyqeHBeM ~yx-Tpex a CSonee xpB

BiiX BOCCTaBOBJI8HBB .n,aBJ18BBB sa OJPJB CDy'CK. B STOll CB8.PBJl8 Bnep

BH8 npBMeBeB D8Kep C pas~oil ODOpOI BS M8'l'annHq8CKIX Dn8C'l'BB, 

'liTO DOSBOAH~O JB8~'1'1> K0~8B'l' D8KepOBKB ~ 1,22 B 7~

DIB'l'J. npoxoAJ~MOCTI> naxepa npB cnycxe B CJtBSDRY. 3axpa'l'Jle - o~ 
KPY'l'Jle DpB'l'OKa OC~8C'l'BAH8'1'CB Be DOBOpO'l'OM CBS~, a ero DO~
MaBJII8M sa I M. 

llpB DpOBSBO~CTB8 O'l'Xa1UOI qepes 'l'py<S& JIS DOJlll81t8JlROI . SOHH 

)IJJB onpe~e~eBJIB OCBOBBYX I'IIIJQ)OreOJIOI'JI118CKBX napaMeTpoB MODO 

DpHM8HBTb M8TO,l\JIKY, BS~OZ8BifYD DpJ!M8HB'l'eJJl>BO K OD8PezaDiteMJ onpo

CSOBaBBHl. 0.JU18KO TDf'l'HBaB, 11'1'0 CB8PBJtB C peaBBOBBMB naKepYDQBMJII 

s~eMeHTBMB npHMeHBHl'l'CB B CSo~ee r~ORJIX CJtBSURSX, seoCSxoJO!MO 

BCer)la yqH'l'I:D3BTJ. I'JIAP8BJJ11118CD8 DOTepB B CSypliJil>BHX Tpydax. lf.ml 
yqeTa rJI.lij)8BJJH118CKHX DOT8pl> MODO DOnSOBa'l'bCB '1'86JDI1umra )lalllDi

MD CDpaBO'IIBZKa. DO rJIJij)8BJJ1111eCKHM p8C118'1'8M B CSypeBJIIJII (24]. . 
To'IIBOCTI> onpe~eneBBB napaMeTpoB onpoCSyeMUX nnacTOB B .ssa

"'BTenaol Mepe S8BJIICliT 0'1' DOR838HBI DpB6opoB AJIII perBCTPmvUr ;JtBB-
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.18BIIUI-B CKB8llll&e; JPOBIDI, 'l'8MD8p8'eypH II MIIR8p8Jilii38IWH BO,ml, pao

XO.U CKB&DRY B ,Jijl. 

r.IJ'(SDRYe MSHOM8TpY - OOROBRB8 DpB60pH, 0 DOMOIIII>ID KOTOPHX 

no.ayqam .JUI&rp&MMH Jl&BJI8RIIJI, aeo6xo)tBMBe Jt,Jill o~eRIUI Ita'leoTBa mc
DH'l'aRBS B oupene.aeBBS oc~oBBHX r~oreo.aoraqecKBx napaMeTpoB 

IIJI8C'l'B, JWI 88M8p8 JJJIBCTOBOro ,n&JieHU II ,Jijlyi'HX ~_eJieA. B RBCTO.H-

11188 Bp81Ul HBa8o-4palmOBCKIIM S&BonoM B3roT8BJIJ4BalDTC.H rJIY6BHRHe 

MlUIOMeTpH _'l'BDB Ml"'I B MIT aa Jl&BJieBIIJI I00-160; 220-250; 400-600 aT, 

KoTOpse MOUo upBMeHRn upa TeMDepa'fYPBX 11.0 ·r6oC?. -
IJpJI CO'l8TBIJDf o608JtRSX KO.IORR II HaOOCOB )UI8M8Tp8MM 5 B 2, 5", 

6 B S" Dp11M8R8RB8 C'l'8HJtBP'l'RHX rJIYCSBHIIHX DpB60poB (,JU18M8Tp 36 MM 

II CSOJiee) 118 Dpenc'l'8BJJJI8TC.II BOSMO&HM. .ltJm TaKIU CJI1'188B B Y~HIDI 
paapaCSOTBR MUOraCSapBTBJd DpymiHRo-DOpDJHeBOit MBROM8Tp MIJM-4 0 

DpDOJlOM O'l' MIIKpo&JieK'lponBJII'&Teu. B 118CTO.HDtee BpeMS aa.son 

· "B.ealrrOMaTBita" (r.OKoraCSp:&CKd,BACCP) OCBOU DpOMilDIJieHRHI BH

DyClt IIBJIOMe'l'poB MllM-4. 
rJIYCSBHRH8 renBKCRHe MBROMeTpH C M8CTROit perxcT~eit MrH-I 

BXO.ltft B CBMOX0JlB111 DOJI8ByJI .na6opaTOpii1D CIJ.n-I B Dp8nlf83H8'18RH 

JW1 IISMepeBIIUI .1f$B.I8RB.II B npaaa6olaoi SORe B B 'l'pyCSax DpB BOC.Ie-

1I.OB8JDDI CltBBDB C DOMC;q&IO BODYT&TeJiefl DJUlCTOB. 0TJJli'IBTe.I:&ROit 

oco6eRROCT:&ID MBROMeTpOB Mrl-1 .IIBAR8TC.II YCTBROBita M8X8RB3M8 aa

Jiepmm BlUIIIJIJ8BIIUI '1800BOro DpDO,l8 perBOTpaQHB. 3TO D03BOJI.II8T IIo

JJY'lllft fB8JIII'l8RRHi MBC111'1'8CS saDIICB DO BpeMeRB, TBK K8K B nepliiO.ll 

BCDHTBRB.II BI&CTa fBeJIII'l8HRHi M8QmT&6 perBOT~ oCSecne'IBB88T 

no.ayqeue CSOJiee no.~&ol .. PM8ItiiB oCS accnenoBaHRoM DJiaCTe. 

HCCJ181I.OB8RJDJMII A.H.lleTpoBa (28] ycTaROBJieao, 'ITO rnyCSBHRHe 

.JUI~P8BllliU:&RH8 M8ROM8TPH ~uecooCSpasRO DpBM8JI.II'llo DpB BSMepeRBB 

,ll8Dp8Ccd OT S0 no 50% OT MaKCJIIIBJli>ROrO ,uB.I8BIIJI B 01038DH8 BMe

C'-'0 oepBIRHx 'fBDOB 1IpB6opoB IIOpDIH8BHX B renBKORHX. 

EciH 'lepea D.I8CTOBCDBT8T8Aio Ilp0113BO~TC.II OTKB~, TO ASHHH8 

3TBX OTK8'18K DpB B3B8CTRO¥ paCXO.ll8 B DOK838RB.IIX saCSoiHoro MaHO

M8TpS oCSpaCSa'l'Hl181lTC.II J!O Me'l'o;JtBlt8, a&aJ.IOrB'IROI p8C'I8Ty napaMeTpOB 

uo ~ onepe~ero onpo6oBaBIIUI c yqeTOM aeooBepmeHcTBa cKBa

DBH: JlBarpSMMa lit& .GB.I8RJ/I.II, IISMepeRROrO ·r.nyCSBHIWM .MaHOM8TpOM 

DO.ll DaltepOM,TpeCSyeT CIIeuaax&BBX MeTOnOB BRTepnpeT~. 

KoJIII'l8CTB811R8.11 liRT8pDp8'1'8ltll.ll yq&CTita KPBBQi BOCCT8ROBJI8RB.II 

.1f$B.I8RB.II OCROBBB88TC.II B8 T80pBB BOCCT8HOB~8BB.II ,ll8BJI8BB.II B CKBa

DJHaX, O,llH8KO r~KII 38BBCIIMOCTB &{fn.f) B &TOM CJIY'l88 BCDOA:&-

30Ba'l':& Re.a:&3.11, TaR K8K Dpll'l'OK liJ3 DJiaC'1'8 R MOM8RTy IIpOC.IeDJBaRB.II 
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BOCCTaHOBJI8Bl'IJl ;ztaBJI8BJm 88 JnWie7CJ! YC'f8BOBJIBIIIIIIICS, . 8 upll'lOK :B 

cKBaDsy saCSmmaeTCJI :s 7e1JeBJie. seJipOJtOJDD!J7~oro :apeMeBB ·.t ~ 
KpOMe Toro, DpB DOC'eyliJl8Bl!ll! llllfJtKOC'1'll B nycme 11ypl!JJI!IBH8 Tpy6B 

npBTOR :s CICB8lliJIIBY <S~eT :sce·:BpeMII :yMem.manCJI 11.0 Tax nop,· nou 
rK~OCTaTgqecxoe ~X8BJie CTOXCSa ~OCTB He ypa:sso:seciT DnaCT~ 

BOB ,l¥mX8Bl!J8. CJie1I,OBaT6Jll>HO, Will o6pa60'fRII 8KCD8pBM8H'l8Jll>IIIDt' 

.i(BHimX H606XO,li.BMO SHaft Jll'ICSO 3SKOB )'Menmemm paCX01I,OB, -!~J~Ido 
onpe11,exsT~ ero :s nepmo11, npo:se.D:eHBR onpoCSoBSBJIB •. 

.Ilrul yqeTa 1ilSM8H8HHJ! B8JlBlmBH paCX011.8 BOJtR, DpBT&KaliDI(ei B 

mracToHcwTaTen B npoqecce onpo6oBaims, xpuym maMeseim& pacxo

.tta BIIDpOXCBMHpym )JlJyx- HJ1111 TP8XCTyll8)11JS'fOi.XOM&BOi DBBei D 

onpe,IteJJJDOT napaMeTpB onpo<SyeMOro unacTa, oc_so:Blrilascll sa JipJ~JJQ~

ne cJioEemm Te"leHBit. Pacqem npH aToM mmOJIHmDTea TaX .E8.m • 
np11 oelpaCSoTxe .ttaHimX OllhlTBHX OTKB"lex c nepeM8BB&III pacxo.JtOM. 

O,D;Haxo saB60Jiee TO"lRHe SHB"leBJIB napaMeTpo:s onpo6yeMHX.nnaCTO:B 

MOryT 6HT~ II~8RH C BCDOJll>80BaBJI8M peKOM6~ 3~B.qeKaKDKB 
[2IJ J1I MeT0,11,1mH Y~ [22]. . 

Ha OCHOBe cpSBHilT8Jll>HBX. BCCJieJlOBaH!ll TO"lHOCTB paSJ.IB1JBHX Me

TO.i(OB o6pa6oTX!l OllHTHHX ,ll8HBHX, npoBe)teBBHX B YID~ [21], npll 

pac~eTax npe~araeTcs Bcnonso:sa'fll WOPM.Y~ S.B.qexaxmK& 

~ - P, .JH . (<o a ) - c.n-- + fn t, (6) 
~n - +'ifKm rl . 

r.D:e ~ - .ttaBJieoe sa xosoeype nnacH; 

P, =(0,933>lf+0,07)Pn; 
S* - oTsomeoe Mouta.liJa, orpaBJAeBBoi apBBOI P(t) B op-

V. ,JViJHBTOI P, K P, · t n ; · 
~n = { - cpe~A .neCSB'f; 

Yn n - BSKOIIJ!&!UIIll. O~M D,llKOCTB; 

tn .:. BpeMB 0'1' MOM8HTS OTKpBTJIJB BUDyCKBOI'O M8JI8Ba, cex; 

.J"' - BB3KOCT1:t DJiaCTOBOI litJiJ,llKOCTB, CDS. 

KpoMe Toro, oqeHK8. napaMeorpoB DJiaCTOB MOJJte'l' CSsn DpOJISlle

.nena 0 BCIIOJll>30B8Hli8M 8TaJIOBBOi KpBBOI, KO'fopaJl DpJII Dp811.110JlOEe

HJdU , 'iTO H3M8H6HB8 ,IteCIBTB D0].1.11BBB8TCJl 8KCDOB8BIUI8Jll>JIOJI: SBBBCJJMo-

CTB 'J(f) = ~ e -oc.t 
. . . ~ . 

C( - onpe,It~XH8T T8MII Da,It8HliB ,ItedliTS), MOEeT dHT~ BOCTpOeRB 

C P.ICDOJll>SOBBBJieM ;ypaBB8HilB 
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L1P(t)= }Hfl(t) ftn Z,25o. + (Ei(a:t)-Ei(a.)JJ 
#1lKm lL r-,;2 - L 1 

(7) 

r;p;e fi, (a) - BBTerpam.HaS noitasaoreJiJ.HaH iPYHKI:tWI oT apryMeH-
Ta a:. ; 

0( - napaMeTpH 9KCUORemtHain.Hc~'t ~H, Ko
·Topol annpOKCHMBpyeTCH KpKBSn·yr~ea&meHKR ;J~;e6HT8 
B xo;J~;e onpo6oBaRBR. _ 

JVm STHX ~te.nel -TSKllte uoryT'ICSaT!; mcnoJit.SOBSHbl wopt~yJThl ~ .M .Bo
~eBepa AXR nporsosa pa6oTH o~ao~aoi cKBaZHHH, pa6oTa7mel c axc
noaaBQHaH&RO yMeH&m~ca ;JJ;aCSHToM [IO]. 

BXBSHBe TexaoJiorBB npoBe;J~;eHHR onpo6oBaHBH sa TO~HOCTt. no
nyqeHHHX napaMeTpoB UJiacTa paccMaTpHBaeTca B pa6oTax B.A.KoJio
KOJIJ.IteBa, H.H.Jlanmuaa, A.H.lle'l'poBa [21,28]. 

KapO'l'aERH8 ODpo6oB8T8JIH nJiaCTOB KORCTpyKJ:tHH Bonro-YpSJit.CKO
ro WUzaJia (~) BIOOfi'eo({Jlla14KH o6ecne1D.I:sam repMeTJ/JsaitHIO ~acT
Ita 0!6opa npoCia aa onpe;J~;eJiesaoit rJiy6ne, HCnHTaHHe B o;J~;Roi TotJ
xe nnacTa H no;JJ;~aM npo6a aa noBepxaocTt. c coxpaHaRHaM B ael nna
CToBoro ~JieBBS. 0;J~;HHM HS C~8CTB8HBHX H8;J!;OC'l'8TKOB ~RHoro 
annapaTa aBJIH8TCR H8;J!;OCT8TO~RHI ~eM OT6HpaeMHX npo6 (5-20 JI) 
11 B8JIJIJ1U{8 B RHX r.mumcToro pacTBopa. 

OTe~ecTBeHHHe np116opa THna 011K (onpo6oBaTeJm aa Ita6eJie) se 
MOryT 6&Ta DpHM8R8BH ~ HCCJI8;J!;OBaBHH RerJiy60KHX r~oreOJIOrHtJe
CKHX cKB8DJI, 'l'aK K8K OHH pa6oTaiOT npu ~JieRHH ae Mesee 25 aT, 
T.e. aa rJiy6uax 6oJiee 250 M [9]. B nocne;JJ;HHe ro.ro.t Bonro-Ypa.n.
CKHM ~JIIIUOM (~) Bmmi'e~sliiKH paspa6o'l'aa onpo6oBaTem. nJia
CTOB c aJieK'l'po~raTeJieM lll cHcTeMoi npHMoi MexaHKtJecxoi nep~~
~ (c ~H2Hol Jiattol),o6ecne1DIB8~ 6oJibmym Ha;J~;e~ocTt. pa6o
TH npB6opa Iii .nytmJyll pa60TOOUOCo6HOCT'L ero B CKBali!BHe. BY~ 
Bmmi'e<XJlBs14KH paapa6oTaH TaKJB:e cnewiaH&mrlt r:ammreonorHtJecKHi 
onpo60B8TeJib nJiaCTOB Ollr, Dp8;J!;B88HatJeHHHa ;J!;JIR OT6opa repMe
~ ripo6 ~OCTH K rasa H3 DJI8CTOB. C ero UOMOmPIO MomRO 
onpe;J~;eJIH'l't. Taxxe cTaTKtJeCKH~ ypoBeHt. HCcJie;JJ;yeMoro nnacTa [9]. 

-BceOOmBHHM BayqHO-HCCJI8;J!;OB8T8JI'LCKHM HHCTHTYTOM 6ypOBOi TeX
BHKB (~) H Y~HHM paapa6aTSBaiOTCR onpo6oBaTeJIH ~ HCCJI8;JI;O
.B8BBS UJiaCTOB 6ea: no~eMa 6ypoBoro HHCTpyMeHTa . sa noBepxuocTt. [401 

llpoeaeHBe onpo6oBaTeJiei nnacTOB Ha KaCieJie '1'810Ke noaBo.m1eT 
npm6JIHSHTaXbHO oneHBTt. napaMeTpH nnacToB [45]. nocxoJit.xy npH 
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JIICDOJli>SOBSJmB 'l'SDX OnpodOB8'1'8Jl8fl JJpJI'l'Olt B 68JumB_ npoBCXOJOI'l' 

TOJli>KO B O}.UIOM D8~paq!IOBHOM O'l'Bepc'l'JIJJII, 'l'8"18BII8 lllfJtltOC'l'B B6Jm-
sw aToro oTBepcTHR oKa3HB8e'l'OR BeciMa d~KBu p~ax&ao-~p~e
cxoMy, 8 J/JSME!B8Jm8 ,JtaBJI8BU BO_- Bp8M8HJI MOJt8'1' 6H'l'I> Blij)8Jt8BO (lo~ 
MyJIOI 

rAe 

P(t)-P-. ;11 ,{OC • !..(-'-- 1 - ) 
_- I( lf1{/( FiT T {if vr + At . , (8) 

- Batre:"!l.H08 IIJiaC'lOB08 JU!BJ18BB8; 

}f c n ( · ...;,.y......... - . = -K-- S.lt8CI> C - R0~8B!l Clltl1Ma8MOCTJI, n - KD-o 

s~eHT nopmcToc!B); 

V - 06DU~I Od'.DeM Ao6HTOI itJwtocu;. 
T - o~l nepmoA npe6HB8HJIJJI oni>o6oB8TeJIJI OTKpH'l'HM (JUDI

ua nepBO,lla CBDeHIIJt JU!BJ18BIUI); 

At - BpeMI! noCJie saxpurrB.a onpo6oBa'l'e~!l(Bpe.S. BOCC'l'a&OBJie

BU Jt8J3JI8BIUI) • 

IlpaKTJII1J8CKJI BO BC8X ~ o6pa60'l'K8 JT,8HBHX BOCCTaBOBJJ8BJIJl 

,llaBJie.tmH npB onpodOBSBJDI IJJJ8C'l'OB onpo60B8'1'~8M B8 K868Jle MOlleT 

npoliiSBO~TI>CR nyTeM DOCTpoeHBR ~OB SSBHCBMOC'l'JI 

dPor (;dr - VT: At ya. onpe;tteJieBJIS{ Be.mrcmBH- npc:i~eMOC~ 
4 no yKJI.Oiry DOJIYII88MOI npRMOI.i . -

Onpo6oBaBBe DJISCTOHcnHTaTeJI.eM ODK ll03BOJmeT IioJ~yqB'ii> so88JIIro. 

BHe cBe;tteBBR o napaMeTpax nnacToB B paspese QJTeM BX TO~eqsoro 

80MHPOBaBBR. 

CJI8)1,y8'1' OTM8'l'B'l'll 1 liTO ·axcnpeCc-Me'fO;Itll onpo60li8BJDI, K KO'l'O

pGM OTHOCRTCR ODHC8BBH8 CDOCo6H B '1'8XHB118CKJI8 CP8AC'l'Ba1 ~'l'BB-o 
BH B KOMDJI8KCHOM DpBM8B8HBB C re~SH118CKBMB BCCJI8;1tOB8BISMI, 

a T8KlK8 C O'l'K811KSMH, BaJIJIBOM B T.;lt. TOJIDKO paq!IOB8Jli>B08 KomeR.., 

cBpOBa&Be pasJIB1UIHX M8'1'0;1t0B B SaBBCBMOCTB 0'1' QeJlei II fCJIOQI pa-,. 
dOT DOSBOJIBT DOBHCB'I'll B~PMQTBBHOCTI> cBe;tteBHI 0 BCKpHBSeMHX 

DJiaC'l'ax B CBBSBTI> CTOBMOC'l'l> ODHTBHX JICCJI8Jt()B8Jml. 

B . KOMDJI8KC8 3Kcnpeoc-MeTO;ttOB Onpo60BSJDIJI BOJt()HOOBHX D.ISC'l'OB 

CKBalliJIBH811 _ p8CXO,ltOM8_TpBR B8XOJI,BT BC8 do.m.mee pacnpoC'l'paB8BJI8 1 

npneM, cor.nacllo BMe~cs pexoMeB,1lallBJIM, no.ayqeBHHe pesym.TaTR 

x)3TOT pa~e.JI aaDHcas npB ~c'l'JIJII A.Jl~ltypMaae~. 

-16-



BBTepnpe'l'JIIpymcm o,JOIIB8KOBO ue 88BIICIDIOC'l'll oT cuocoda dypeRIISI m 
KOBCTpyRJlBJI CKBSDBH. Oti8BB,IUIO, 'q'fQ )'C'l'8BOB,"'f'!UI8 pan!i10B8Jil,RO:R 

o6JiacTB npoeaeRU pacxOJtOMeTpD 6yAeT cnoco6cTBOBS'l':& CSOJiee um
.poKOMJ BB811.P8RBII &'fOrO Me\'011.8 B JJp8KftKy r.II11.PDr80Jl0l'JI118CK1iiX Bc

CJ1811.0B8Bd. 

011.BBM 1118 fCJIOBBI IIICDOJI:&SOB8BHSl p8CX011.0M8poB IIBJIII8'1'CJI oCSec

D8118RB8 R8o6X011.RMOI T011BOCTB BSMepeRBB CKOpOCT81t OC8B0ro DOTOKa 

BOII.H B CTBOJI8 CKBSDBH. J(.IJI p8CX011.0Me'fPBB CKBSDB MOITf CSHTJ> 

BCDOJJ:&80B8BH DpBCSOpY, BYDJCKaeMY8 .Jt,JIJI lt8JJ8ft onpoCSOB8HI!Si Be4)TJUJYX 

111 rl1111.POreoJiornecK1iiX CKB8lDI,B. 'l'eXBJillecue ASHBYe c~RBYX pac

XOAOMepoB DpBBe~eBH B TadJI.I. YK888RBY8 npBCSOpH BMellT 11.0CT8TO'I

JIYII '1'01UIOCTI> II MOry'l' BCDOJI:&80B8Tl>OJI llpB ODpOdOBSRBH rJ111.P0reOJID

rJJ118CXJIX CKBSZim B X011.8 ODHTBHX OTR8118K. 'J(BaMeTp Jl8!'1UIKOB D08Bo

JIS8'1' DpOJISBO,m!Tl> onpoCSOBSRBe K8K O,JtTIIBO'IBYX, TSK B qeB'l'paJII>RYX 

CKBSDB R8 ODHTRYX KYCT8X, BRJ'1'P8BRIIII11.H8M8'l'p KOTOpHX OdH11BO Be 

ueaee IOO MM (40]. · 
B npaK'l'JIKe I'JI11.POreOJiornecm BcCJieAOB8RHI RaJifdoJiee 111111poxo 

npBMe&HDfca pacxOAOMeps TIIDB !Cf,:BsroTOBJIBeMHe B YpaJILcxol reo-

4lJISJJ11ecKol 8KCDe~. Bes 11.H84JparMIIpOB8RII.ll paCX011.0M8pH STOro 

'l'JIIDa, B8CMO'l'.PJI R8. M8JiyJD BB8PiliiOBROCTI> KpHJI:&118'l'KJI, oCSeCD8'111BalDT 

BSMepeaue· cxopocTel noroKa, BB'IBRaJ{ c 0,8-i,O cM/ceK, a npa cxo

pocTm: .JilDWIRIIJl BOII.H CSOJiee 180-200 eM/Celt CT8HOBJITCB 88Tpy.mm

'l'8Jil>Bol BBcTpoiKa c11enBKa npBdopa • oqeRKa ero paCSom. 

PaCXOAOMep SJleKTpoonym.cBHi (CKBUBRBHI) · P3H KOBC'fPJK

roD Y&MJ Dpe11.R8SR8118B ,1tlUl Onp811.8Jl8RIIJl DpB'l'OR8 -BO.ltH BS DJlSCTa B 

SOBH JX0Jl8 D,PoMHB01UIOI DII.KOC'l'B B CKB8DR8X 11.HBM8TpOM O'l' 5 11.0. 
!2"'. UpBCSop (IDiKCJipye'f pacxOAH OT !,5 11.0 IOO CM8/ce'R, nopor qyB-

C'l'BBTall>BOC'l'B ·!,4 ~/ceK. . 

PaCX011.0M8p r.uy<S~I 11.HCTaBitBORBHI PI'Jt-IM Dp811.R83R8'18B .Jt,JIJI 

JtedBTOMeTpnecRHX HCCJl8llOB8mtt B cKB&Daax ,JtTIIBMe'l'pOM 5-6", pa6o

'l'811QJJX C p8CX011.0111 OT 5 JI.0 ·:200 rJI /qac .. 

rJ1Y6BBRH:R ~CT~OBBHI.pacxoAOMep Prl-6B KORCTpyxqHB Y~HMH 
Dp811.R88B8'18B Ana BSM8p8HBS DpB8MHCTOC'l'B OT11.8Jll>RYX DJlSC'l'OB B npo

IJJUlCTKOB B RBrB8'l'8T8Jll>BHX CKBaDRaX, 8 T8Kllte ,ltJIS Ollp811.8Jl8JDIJI 

M8CT paspasa 8KCDJiya'l'~OHROI KOJIOBHH,(CM.TaCSJI.I). 
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llaHMeHOBaRBe 
pacxo,JtOM:;;pa 

Pacxo,JtoMe~ s~exTpo-
BMJiyJIJ.CHHH P3H 

TaxoMeTpBqeoul 
c:KBaDHlmit~cxo-
AOMep TCP 

TaxoMeTpBqecRJII 
cKBaU!Iimi~cxo-
.JtOMep TCP- 3 

TaxoMeTpnecnft 
cKBaJKHHHHI pacxo-
AOMep ~~TOS~8RTPB-
t~ecul TCP-7(» · 

Pacxo,JtoMep cKBS-
DHHHI T8XOM8'1'PJI-
t~ecKHi PCT 

H~oHHHI! CKBS-
JmHHHi pacx~oMep 

-3 JI.AY 
p acxo,JtoMep Prl-6B 

n Prl-IM 

Ta6JIBJl8 I 

OpraRBsanu- llpe.JteJIH ifiim- To'lllocn llmaMeTp 
BSrOTOBHT8JIJ. CBpyeMHX JISMepe- ,JtaT1DIK8' 

pacxo.Jt<m qe- T· MM 
pes K8H8Jf 

.Jt8~a, cex •~ 

0xTsCSp:&ClU!II 0,2-l,5 ±2,5 120 
38BO.Jt "H*-e-
aBTOM8TBKa" 

YpanCKaSI o,or..:.r:o ±3-IO 34 
reo~snecK8SI 
8RCD8.1tBJVJB 

To lite 0,005-2~0 :!:S-IO 70 

" 0.005-2,0 ±3-IO 70 

3ana.ttHo-CB6~p. 0,003-2,0 _:!:3-IO 43 
cxoe reOJIOI'JI-
qecxoe ynpaB-
~eRBe 

Yj!EaBJieHBe 
" OHCSaccaHT-
panmT" 

0,015-2.0 :!:6,0 73 

Y~HKH 
f 0,06-26,0 ~ 2,0 IIO 

"H*-eaB'l'OMa- I,0-50,0. :!:2.5 I20 
THKa" (r.By- ~ 
rynMa} 

Bo :OOEI'mii'EO H :BHHH BOJll'E() n~Be,lleJJH paoom no o~eB.Ke 
npe.Jte~OB npHMaHHMOCTH paCXO,JtOMSTpRB B Sa:BHCHMOCTB OT r~CSBBH 
onpoCSyeMoft cKBaEHHH, cnocoda dypeHHSI B xosCTpyKQ~B' BO,Jtonp&eM&ol 
1180'1'14 CKBSDHH. BOSMOltBOCT:& BCDOJll>SOB8HJISI pacXO.Jt()M8poB BeiflTSIHQ
ro THDa ~ onpoCSOBaHHSI r~CSOKBX CKBalltBH He BSSHB88T COMBeRBi. 
OnsT xe npHMeHeRBSI npB6opoB THna TCP c SJiexTpxqecxoA B «oTOSJieR
TpHqecxoft perHCT~efi HMD)"JIJ.COB o6opOTOB He Bam8Jl OTpazeBBSI B 
JIJlTepaTYPe• ffimCSonee UIHpORO DpHCSOpH STOro 'l'Bna OCB8JIB81DTCSI B 
CRBaDH8X r~CSJmOft ,JtO 300 M. 0nsTHH8 pa60TH 1 npOB8,Jt8HHH8 COBM8CT
HO c llepnoMalcxol r•~oreoJiorut~ecKbl napTBel B'l'oporo r~reo-
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JIOl'll'leCKOI'9 yup8l!Jiemm. noKa38JUI BOSMOJIHocn DpBMelleBIIIJl pacxo~~ 

epa 'l'CP-703 B CKBUIIIII8X rJJYd&Oi 11.0 !200 M. 
B fCJIOBBSX npoHlJ.emm paSBelJ.0101&X pado'l BaDo s~mn., 118M 

ODP811.8XR8TCS H86Bm1J.88M8B ~ectBeBBBR paSBRqa B BOlJ.OIIpBTOKax DO 

JtDHe ~Tpa (HeodCaJJteHHOI 1laC'l'Jif) CltB8JD!H - ~HJil>T~OHHOI H80Jt

HOpo1J.HOC'nlD CKpHTHX nopOlJ. JIJIII BSMaHeHBeM DpOIU!IlaeMOCTIII IlpJI8860it

HOft SOHH CRBaDHH B npoqecce ee dypeHBJl, OCBOaHJIJl B YCT8HOBD 

~Tpa. lloSTOlllf dHJIII IlpOB811.8HH CD8J:VIam.HS8 BCCJI8ll.OBaBIIIJl 3aBIIIC111-

MOC'1'Jif KpmBHX paCXOlJ.OMeTpBB OT CDOCoda dypeHJIJl DpB pa~HHX ROB

CTpym:tiJJIX ~TPOB C:KBaDH. Pacxo~MeTpnecD:e BCCJI8ll.OB8BIIIJl Dpo

BOll.IIJIHC:& Ba CRBUJJimX, npodypeHHHX pOTOPHHM CDOCOdOM C r.lliiiHBCTOI 

IlpOMiiiBROI J/I IlpOMHBROI 11BCTOI BOlJ.OI, Jll.BpHHM, pOTOpHHM DpB DOCM

Ke ~T}la l'llf,lq)ODOJtMHBOM. 

B pesy.m.TaTe a'fBX IIICCJielJ.()BaJmi ycTaHOBJieao, ~TO KpiiiB8Jl pac

X:Oll.OM8'1'PBII . B 311811B'f8JJ:&HOI CTeDeBI!I 0Dp811.8JUI8TCS D8paM8TpaMJII DpJII

sadobol so&, a ae DJiacTa B qeJIOM. Hall.emme paclle'l'H I'JI,lq)Oll.HKa

MifCieCKIIIX napaM8T}lOB DO 8'1'IIIM MBH!iM MODO DOJIY'UIT:& 'l'OJILRO B TOM 

CJIJ1188 1 acD . npoHBqaeMOC'n IIJI8C'1'8 B DpB3860bOI 80He He: Ji13MeBJl-

8'l'CS u.1m _..., "isMeBJle'l'cs HeSKa11BTe.m.Ho, JIHdo BeJlJIITDIHa IICK8lltaBIIIJl no 

uomROCTH DJI8C'1'8 DOCTORBBa. fiOS~ Me'l'Oll. paCX:Oll.OMa'l'piiiB H~eJieCO
~paSHO RCDOJII>SOBaft 1f,7IJl ODpe,JleJieiDIJI rJIIll.PO~aCIO!X DapaMeT

poB paspeSOB CRBalDIH, npodypeHHHX :&pallt8T8JII>HHM CDOcodoM C rJIII

fDIOTOI IIpOMHBROi, T8K R8R CT8D8H:& pasrJIRHBSaqml dOJil>IJIBBCTBOI'J r '· 
cnocodoB, CYJilaC'fBY'I!DitHX B saoromii8e BpeMH, aepaBsOMepmi no ,If,liBHe 
BOlJ.ODpJ/IeMHOit_l!aC'l'B ORB8lDIH. .. 

Ha 11.8Hil0M 8T8D8 lii3Yli8HHOC'l'l!l M8'l'Oll. paCXOlJ.OMeTpiiiB MOliUIO peRo

MeBJI;OBaT:& B CRBalDIImX, npodypeHHHX pO'l'OplniM CDOOodoM C np.rwoi 

BJIB odpa'l'HO~ DpOMHBROI tmCTOI BOAOI liiJIR YlJ.SPBHM CDOCodoM H odo

PYlJ.OBaHHHX ce'f1Ul'l'HMII m rpaBII1hmlm ~TpaMH c :mpxacaMB JDD6ol 

KOHCTpymtiiDI 1 HO paBBOMepHO De~pllfPOBBHHHMH • 

OTMelleBHOe oTKJioHeBIIIe ~epeBQHam.sol pacxo11.orpaMMH B Oll.
BOpolJ.HOM DJISCTe OT 11PJ!!t10I, DapaJIJie.m.ROI OCJI CKB8JJD11B, CBaSaHHOe 

0 ROHC'i'PyR'lrlBH6MII OC068BHOCTIIMII. 4iTfJ!J.TpoB, MOllteT d&T:& B nepBOM 

npJid.uimeHD Jll'l'8Jl0 B COOTB8TCTBIIIB C peROMelf,1(8ItiiJlMH, .lll3JIOllt8HHHMII 

B pado'l'e B.C • .AJiexceeBa, A.Jl.~eHRo H ll.P• [2]. 
C Bcnom.soB8HIIIeM pemeBJilJl; 3.A.rpneBwra -[I6] ll.HcMepe.BitBam.

.aas KpiiiB8Jl pacXO,D;OIIIeTpJIB BHpaJmaTCJl ~pMyJIOI 

.P*'l 
~X= ~en ,.f66JJ f 1 (IO) 
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r.tte Vlx - cxopocn BXO.U . BO.ltll B .lllt50M ce1JeBIDI l uo BHCO!'e 

ifui.Dl.Tpa, N/cex; • 
Vg - CKopOCTl> BXO.ltll BOJlH B B8118JJ1tBOM C81J8BJDI ifui.Dl.!'pa, . 

N/cex; 

_fiflf - K0~8RT p8CXO,lt8 j 

·q - K0~8BT CKBaZBOCTB ifui.Dl.Tpa; 

J) - ·,lUIJaMeTp ifui.Dl.'l'p8, -CM. _,II* 'I . 
llpll O'l'BOCliT8JIJ.BO 6om.IDBX 8881J8RIIJJX BHPaze.DS : 566 .J) f 

,1tX! CKOPOCTBI BXO,lt8 MOZBO BaDBCBT) 
. Ri6£'fl 

31· 
V. -V. e (II) 'lx-o 2 · 

CJie.ttoBBTem.ao, 11'l'06H on;eBBn sepBBBoMepsocn Jl8l'PYBD. p.&t
pa cKBSDBH B cy,lUIJ'l':& o seO,llllopo.uocu IL18C'l'a B paspese; seo6xo

,1UIJMO B KU.ItOM CJ!Y1188 Baps!JtY 0 ODH'l'SOI ~peBn;II8JilosOI KpBBOI 

p8CXO,ltOM8'l'pHH CTpOB'l':& '1'80p8TB118CBJD• Ala &'!'Oro seo6X0,1UIJMO 388'1':& 

BeJI1111mBY V0 , xoTopaa: 6epeTCS-Ba oiJB'l'soro rpapxa "pacxo.ttOMe'l'

p:u, II B8JIH1UIBY .)f* '/ = l , oupe,It8J!JieyYII KOBCTP)'K'1'IIIBIIYMII oco-

6eBBOCT8Mlll ifui.Dl.orpa II BJiliJJIBJI8M KOBT8K'!'a ~'l'p - DOPO.ltlle 

CorJISCRO J186op8TOpBI:DI BCCJ18,ltOBBBBJIM, B8Jlii1WI8 JH'f'f C 11J8-

TOM KOB'l'SKTBHX DOT8p!> sauopa B 80S8 ~Tp - rpaBJIIRSJI o6ci:IDR8 
.ltJJR DpOBOJ!O"'IBHX ~J!I>'l'pOB CO CKBaDOCftll 'l =0, 2 B8X0,1UIJTCJ! B upe

,lt8JISX 0'1' 4·!0-2 ,ItO 4•IO:""I; ,ltJJJI IQ8J!8BOro ~m.'l'pa 0 BHCTyD~ 
KpOMKSMH DpB 'I =0,048 B8JIII1DJBa .fl'/* '/ =2, 7•!0-2+4,2•!0- .! ]JpB-
B8,lt8BBH8 SB8118BBJI JH* 'l X8p8KTeplllSym'l' BepaBHOM8pBOCT:& &arpJ.SKB 

~JIJ.TpOB, BSXO,ltSIQBXCB B KOH'I'8KT8 0 rpaBBeM C paSM8pOM sepes OT 

1,4 ,ItO 20 MM. BnJISKHe K 8'1'HM SB8118BHB J'*'l 6HJIH D0ny118BH 

Bffi1H BO,lli'EO Dpll HCOJI8,ltOB8BBBX ~TpOB sa rop!>KOBCKOM O'l'an;Kosape. 

0.7.~~~ . 

0.5 

0.3 

O,f 

.....,I"'" 

\ / 
_l I 

{ 3 .• 5 7 9 If f3 

PHc.6. I'par})HK SSBHCHMOC'l'B 

KO~es~ pacxo,lla _p* 
oor--fL-

!o~ 

llpB DOC'l'p08BBJI TeopeTB-

118CKOI KpBBOI C BCDOJil>SOBBBB-

8M uapaMeTpa .1'* 'l , xpoMe 'fo
ro, MOlleT 6Hft BCDOJIJ.SOBBB. 

r~. upm:ee.tteBHHI sa pxc.6, 

f- _(omrrs r .B.)!oscxoro [I9] ), xa-
~ paxTepBSym!QKI SBBICBMOCT:&. 

KOS~IlH8HTa PJ,CXO,lla J"* 0'!' . 

cooTsomeBBB -p-_ ( d25- pas

. Mep 11aCTHil rpBBBIHOI o6CHJJKB 
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BJJIIf :BO,II;OROCRHX DOpo.u;, COOT:B8'l'CT:BYJIIIIBI 25%-aoMy co.u;eplKS.Hlll!l J11X B 

npode, 6 - ump111aa lll8.1JB lfJlJI .ltliiBMeTp Kpyrzoro onepcTu). fipH 

Olt8HK8 .}f* 'f B8JIB1DJH8 CKBUHOCTZ JJplr'IRHM88'1'CJI B ,II;OJVDC 8.1tl11Rlr'II.lHo 

- TOX&Ko uocxe cpa:aseRBS o~oi m TeopeTH~ecxoi RPBBHX pac

xo.u;oMeTpllllll MODO C DOJJ_BOI y:aepe&ROCTI>!l roBOpliTI> 0 HaJIH1D!lll ~Jil>T

~OBHOI seo.u;aopo.u;aoc'l'H Dopo.u; :a paspese. 

1xa 0It8HKH BO.ItODPOBBita8MOCTB DOpO.u; DO ,11;8HBHM paCXO,II;OM8TpHH 

MODO npe,II;JlODTI> CJI8.u;,ylllllylD DOM8,11;0Ba'l'8JII>HOCTI> pac~eTOB. 

- I. Ha OCBOB8 ODHTHOI KpliBOi paCXO,II;OM8'l'pl'Jll CTpOBTCJI .u;HIMJe

peBitB8JII>B8H xpKBaR BsMeseBBH cxopocTel :axo.u;a npu npexpameHIIIH 

pacxo.u;o:a DO :BHCO'ftl pn'l'pa •. 

2. .AimJI:Bsapye'l'CJl Bl1llt KpBBOft 11 BH.u;eJIJDDTCJl sa sel TO~ nepe

r&da,. ~8'1'8Jil>CT:BymmH8 0 CM8B8 BO,II;OJipOHBita8MOCTIII nopo.u; B paspe-

88. flo DOJIOUJDII) TO~ Deper&da, 'ITO Moxe·T dHT:& ycTa&OBJI8HO Dy

T8M llOCTpoeBIIIJl rpaWJmOB S8B111CIIIMOCTIII e,~x.OT !j]) • onpe.u;eJI.HeT

CJl MOIIIHOC'l'l> CJJ08B pa8J1!ABOI DPOHJIIl88MOC'l'H. 

3.. B- upe.u;eJJSX K8lf,ll0ro npoCJIOJl Dplll saxosoMepHOM pocTe :axo.u;

BHX CKOpOC'l'el DO BHC0'1'8 ~Tpa, KOTOp&l pasee IIIB'l'epnpeTBpOBaJI

CJl KaK DOC'l'8D8BH08 y.B8BH118HB8 JJpOHJIIl88MOCTIII DOpO,II; B paspese, 

JipOIIISBO.Itlll'l'OSI DOC'l'po8RII8 T80p8'1'11111~CKOft KpHBOI C BCDOJII>80BaHB8M 

.cfloPMYJIH (II) Ill Dap8M8'l'pa ft* 'f , DOJIY118HROrO opBeHTl'.IPOBOliHO DO 

naBBBM 8KCD8p111M8BTQJII>RHX BCCJI6,11;0BaHIIII. 

DPB co:ana.u;eBBJil Teopeflllqecxoi a s~cDepBMeRTaJil>Bol KpHBsx-.u;e

me'l'CJl :BBBO,Il od o.u;aopo,llHOC'l'H Bs~eMoro CJIOR DO BepTIIIKaJIB. 

4. Oope,llenR&'l'CJI cpe.u;Hllll xo~eBT WHJI:&T~ oDpodoBa&Hol 

CJlOBC'l'OI 'l'OJliiPl DO cflopMyJie ,JbomoH. IlpB STOM B8J.Illl1lmla Pa.JtUYCa BJm.ll

HBJl sa IIp8,1tBapBT8JI:&IIHX C'l'8.ltlll.llX paSB8,llKIII DpJil.llJiJMa8TC.Il DO SMIIHpH'IIe

CKBM SaBBCIIIMOO'l'JDI, a Ba CT8,ltm/l ,11;8TaJII>BOI pasBe.u;KH - llO ,ll;aHHHM 

xycTOBHX 0Txa118K. 

5. fipOIIIS:BO.ttlll'l'C.Il xoppeK'l'J!POBaHHe pacxo.n;orpaMMH c pesyJI:&TaTa-

-MB 'l'O~eqsoro ODpOdOB&HH.Il BO,II;OHOCBHX DJiaCTOB B nponecce dypeHEH. 

Tot~e~oe onpodoBSHBe ~PHXJIHX oTJioxeHHHX ocymecTBJI.IleTc.ll onepe

~ M8'l'O,II;OM, B YCTOi'IIHBHX DOpo.u;ax - C DpBM6H6HJii6M DJiaCTOJiJC

DH'l'S'l'eJiei .. -OqeHHBae'l'C.Il DpO&KqaeMOCT:& OT,II;8Jil>HHX DpOCJIOeB, DO~
ra.ll, ~'1'0 

At-p= 
K,m, +K2 m2 + .. . .,. Knmn 

m1 +m2 + ••• +mn 
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r.Ite lfcp - cpe,JUDJI RO~eft .(lui.TPSIODI DJJaC'l'8; -

K,~ ... - xo~eBD ~Tp&IUDJ pa~ npoCBoeB; 

m1 ,m2 ••• - MOIQROCTH 8'f11X BpOc.IOeB. 

laBe&,DpB BSB&CTBOM 3B8~8BBB upDBHQaeMOOTB B ~01 TO~e 

nnacTa B opeA&e:as:aemeBBol DpOHBQaeMOCTH onpo6yeMOro paspesa no. 
.PO.It · BS OCBOBSBBB ,I{8BBHX pSCXO.ItOM&Tpmi MOI'Y'f 6B'l'l> paCC1DIT8BB npo

·~8MOOTB OCTSBDBHX DpOCJl08B. TIP• STOM B8~BH K0~8HTOB 

~B.lll>TPanHB OT.ltfJnBHX MSCTOB MOJIUIO Dpii6JID88RO C~TS'lll D.PJDIIO 

fiPOllOPIUIOHaJII>BHWI .ICOJlneOTB8U BO~~IIOO'l'JII8lllllll1 lil3 STU DJia.CToB 

B e,ItHBHQY BpeMeBB. 

3oBanDB8Si DpOHIUl8eMOO'lll BO,ItOHOCBSX IIOPO.It MO!t8'1' 6&'1'1> 0Dp8.l8-

B8B8 B CSes TO~e~oro ODpOCSOBSBB~, 8 B8DOCPe.lt0~6BBO 0 BOII~So
BaBH8M .ItSHHYX paCXO.ItOMe'l'pBIII • .ltJm S'fOro IIOCJl8 DOCTpoeBU Omt'l'HOI 

m TeopeTJil-qeoxoi xpoux paoxo.ItOM8'l'pBJII B RU,itol ommrol TO~e BB-

qm~eT~ OTHOmeBBe ~ B DpOBSBO,JtiiT~ IIOC'l'p06Dl8 ~ 
ero maMe&eDS no )tJili!He~'l'pB. cnauBH. TIP• nBeC'l.liODI cooTHOme
HBJII OIIB'fBHX II TeopeTJilqeoDX BXO,JtHHX CKOpOO'l'el B pasJD11una npo
CJlOJDt OllpoCSyeMOI B80.ltHOPOltHOI 'fOJIIQI B p8001Dl'l'aJIROM Cp8,Ue:B3:Be

meBB~M ssaqeBBJII ee DpOHBQa8MOC'fll (BOJJ;OBpOBOADOC'f_ll) H8'1'py]UIO 

OJ:t8Bll'l'I> DpoHli!Jl88MOC'l'I> ~oro CB~ B O'l,It~OC'l'B. 

6. flpB p83D'qBHX IIOBO!t8JD!SX Dl>830M8'l'pJA80KOro fl)OBJUI B DpO... 

CJJOSX :a paoqeT CB&.It18'1' IJpBIIBMB'll> sHaqeJD!S oTanqeClU!X ypoBHei, 

no~eSBHe no .It8JUDDll no11peoc-onpo6o:B81Dll1 MSC'l'OB B DpOitecce esy. 
peHJII~ BD 110 pesylll>TSTSM p80XO,ItOM8'l'pBll DpJI H80Ko.m.KBX DOHJUte

IUIJDt [15,29]. 
7. B MHOroOBObOI OBCTeM8 M8'fO,JtiiK8 llfHTepnpeTaitJDI p8CXO,lto

rpaMM ooTaeTo~ npeDel. CJ!elJ.Ye'l' JDIIIIlo npe.Q"CMS'lpliBSTJ. BOSMODOCtl. 

pas.~tensoro onpoCSoBaJDlS Me'lOJtOM paCXOJtOMe'lpu O'f.lte.m.BHX D.I80TQG 

.IUU! O!lElBRII BX HSO.ItHOpo.ItHOCTJil B paspese. Bea .ItOIIOJIBII'l'8lll>BHX 38-

'l'p&T 8'1'0 BOSMO!tHO DpB JCT8HOBJI8BD KOJIOBBH 0 ~TpaMII, paso6-

11(8HBJ:,JMJI It8M8HTBHMB Dp06R8MII 1 KOTOplie pasdypBB811'1'~ O:BepXJ BBB3 

110 Mepe llpoBe.IteBBS onpo6oBSJDU1 B nparteoce OCBOeBBB ODHTBOI CKBS~ 

DBW. 

PpRMeHSBB8 TepMOMS'l'pBH 1!1 ODSBKI 118paM8'1'poB DJJaO'l'OB 

TepMOMeTpnecoe BCCJl8JtOB8BBJI :a noCJieuee :apeMll JISXO)tR'f :ace 
CSoxee mmposoe npBMeseKBe npB ~reonar.rqeoltiiX Bccxep;o:a8JDU1X 

Be TOJII>KO R8K Me'lO.ltR D'lleC'fBeJIBYX cyJIUI;8BIIi 0 MBrpartBB JJ peDMe 
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JIO.OeMBHX BOX, so :1!1 npm pemeRD moesepRHX sap;a11. 3ToMy cnoco6-
CTByeT paspa60TKa ROBHX, 6onee TOliRHX TepMOMeTpOB. rny6HRHH6 re
XHKCHH8 TepMOM8Tps C M8CTROI perzcTpaqmei TfK-I ROHCTpyxqRH 
BHKKKAHe~eras BXOXRT B coeTaB caMOXOJtHOi noneBo~xa6opa!opHH 
Clln-I ~ :I!!SMepeRRR :1!1 San:I!!C:I!! TeMnepaTypH B CKBaKRH~ npH HCCP.ep;o
BaHHH 06h8KTOB C DOMO~D Tpy6HHX HCDUTaTeneR·nnaCTOB. 

lloMHMo npz6opoB TTH-I H MMT-6, paspa6oTaHHNX B noc~e)J;Hee 
BpeMH, Dp:l!! BCCB8)t0BaHHH CKBaXHH m:l!!pORO HCDORLSyroTCH 5R6KTpOT6pMO
M8TpH, RpaTRaS xapaRTepHCTHKa ROTOPHX .ttaHa B Ta6n.2. 

B noenep;nme rop;y Bee 6onee mHpoRoe npHMeHeHHe no~aDT Tep
MOpeSHCTOpJ:il, 1IOSBOJIJIIOilll'l8 HSM8psiT:& T8Mli6paTypy B ,l{!ii8!I8SOHe ]1.0 

30°C C TO"'IHOCT:&D ]1.0 0,05° • llo X8paKTepy T6pitOrpru.ru:'IJH OI!p8]J.6Jlf.UOT 
B8npaBn8HH8 DOTOKa H YCT8H8BnHBamT HHTepBaXH DpHTOROB H nor~ome
HBi; 6onee T011HH8 T8pMOM8TpH ~e ycnemHO npHM6HRIDT ~ BHHBR8-
Hl'IJ'I saTpy6Hol IlHPRYJISnVm 1 .ttaJ!t8 CDyCTJI npO]I.OJIJ!G'IT6Jil>HOe BpeMH ()tO 
nyx ae.~ten) nocJie saKaliRH Jm,ltROCTH B CKBauey. 

-EonLmHHCTBO O'l'8116CTB8HHHX T8pMOM6TpOB C M6CTHO~ perHCTpaqH
ei MOZ8T 6HT:& HCDOJI:&SOBaHO B cpe,~te c'TeMnepaTypof ]1.0 I50°C.B CffiA 
~pMol ~cTep" paspa6oTaHH npz6opu,npHMeH.lleMHe rrpn Ter~epaT,ypax 
p;o 400°C. 

BHIDmAH*eras. paspa60TM xoH,JteHcaUHoHHHI (napoJKH.n;KocTHHi) 
TepMOMeTp ,ltBR HSMepeHH.ll TeMDepaTyp ,ItO 400°CJ~ YB6JIH116HEJI 11YB
CTBHT8n:&HOCTB I!.JM6H:&M6BHJI DOrpemHOCTH TeMITepaTypHaJI mKaJia pas-
6HT8 Ha TPH-~asoaa: 50-I50; I50-250; 250-4oo0C. 

B DOCR8,ltHH8 rop;y paspa60TaHH .DpB60pY, DOSBORRromH6 O,ltHOBpe
M88HO DpOHSBO.n;BT:& HSMepeRBJI H8CROR:&KKX napaMeTpOB. rny6HHBHi 
CHSPJI.lt annapaTYPY "TioTox-4" xoacTp~B BHMHHe~T:&, npe~aasHa~eH
HHI ~ O~OBp8M8HHorO ~CTBHqHOHHOrO HSMepeHHH ,JtaBA6HH~ H T6M
DepS'fYP9 DO ·cTBOny CKBWKHBH, Sa6oibmx H DJiaCTOB!iX ,ItaBJieBHii,. i:Io-
3B0n.li8T DpOH3BO~T:& DOCTpoeBHe Dp~na UpHTOKa ~]I.KOCTR DO Mom
BOOTH M8CTa. UpB6op COCTQHT BS MaHOMeTpa, T8pMOM6Tpa, ,JteO:RTO
Mepa, H3M8pHTeJIH COOTHomeH:I!!a q\as, SR6KTpOHHOrO 6JIOKa )U1BR8HBH H 
TeMDepaTyps, 6Jioxa ,~te6HTa B cocTaBa ~OCTR H naKepymmero ysna 
C npHBO]J.OM. ·B CKBaJmHy Dp:1!!60p OfiYCKalOT Ha c.ipOHJfpOB8HHOM O,lUIO
DJ!l>HOM Ka6exe. 

HaH60JI68 DpoKO T6pMOM8Tp:1!!116CIUJ8 RCCJIS,I\OBaHH.ff np~iVl6lUlmTCJI 

npx onpe,~teJieHHH napaMecrpoB cJia6onpoHID:(aeMax O'i')io~e~:.:tll, pa3~eJJJilO

JQIIX BO).J;OBOCBHe M8CTH 1 H CKOpOCTJ..i BepTZRaJIJ,HOrO !Ie~, . )i\a MelK,I(y 
rop~SOHTSMJIJ 1 BM8J!llltl'IMJIJ Cfm8CTB6HHO OTJIH'lfW6 HanopH, 
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TaClJI:Pin;a .2 

HlmMeBOBaHBe Tmn, ~adapmTH, TO'IlHOC.Tl> IIorpem- IIpe;o;eJ.tH 3aBo;u;-msroTOBHTeJI.D, Mapxa ,:B 'IP.Io.mr.reJie HSMepe- JiiSMepeHU 
~eTp, B BOCT:D, CTOP!MOCTl> 

I .lmR:, 
<>c 

TeMIIepaTypS, SHaMeHaTeJie . oc oc 
·. ~a),_MM 

3neETpoTepMOMeTp :1l'Ma' . 42/980 !0,2-0,5 !0,3 IO-I20 TpecT "rP.osH~r ·ere~-

. G0/980 i 
SJiiRa", 44 pyu. · . 

To-Xte SC0-2 ·_~QL-~ ±0,5 - • IO-I20 -
n :1l'C:-2M '42/542 :!:Ot2-0, 5 :!:O,I 20-I20 Y(bmtcm s~m~~ reo@!-. SIAeCKOrO·IIP.J4 OpOOTpoe 

.lmR:, IOO pyCS. . 

~ 
I 

•If :11'0-2 ~71L ::1:0,3 - IO-I60 -
3neKTpOHHSft O.D;BO!JiiJii- :11'0-3 68/2750 :tO,I ±O,I - TpecT "AsH~ere~SJii-Hrdi TepMOMeTp xa", r.~. 400 j)y6. 

3neKTpOTepM0111IeTp Ka- '' TSI'-2 73/!960 :!:O,I I% - Tpec~ ~~sHe~er~o~-pOTE!lKHLJI . _(; sua , ·3 py • • ,i 

I 

Snc:KTpoHBSI aHOMa.mdl-
Tep»J{OMeTp O.D;HOJitlllJIIoam1 3ATO 48/I735 ±b~I -tO,OI . - TpecT "~sH:rere~-

SHKa". 8 PY' •· 
I I ,• 



Jtm CJiy1I8JI BBPTDaJIJ>ROI'O JC'1'8HOBBBIII8I'OCJI IJO'J'OR8 DO)t88MBHX 

BOA ~epes CAa6onpOHBQB8MHI RnaCT CXOHCTOI OBcTeMH Bp~eX~M B 

IJana,nonyJJOCOM ( 4!] II0Jly118HO pemeue, OIDICHBalllt88 KOBBeKTJIBima 

TepMOnepeaoc B c.ue~eM B~e: 

7;-Tq ,. 
7j,-r, =f(fl;nJ ,. -· (13) 

rAe J2 , lQ H T H - IISMepeHHI:le TeMII8pa.TJPU; 

jJ . - napaMeTp~ samtcmqd OT YA8J1LBOJ! '1'81JJJOeM

KOCTB DJJaC'l'OBOI lltHAKOCTB,. ee DJIO'l'HOCTB If 

K08~BUH8HT8 T8lJJJOUpOBOAUOCTH p83AS~e-

ro CJJOH; 

H - MOIIIHOCT:r. pas~ro CJJOH, M. 

~BKqliiJI r ( jJ j :) Ta6y.JI.KpOBaHa BpeAeXO(pToM ~ ITana,nonyJJOCOM 

II -COCT8BJI8HH 8TaJJOHHH8 KpiiBHB 38BHCBMOCTH f() i7f) OT ; Uplf 

pasma. 3R8118.HIIJIX Be~ jJ • fio BHJf:! &THX KpHBBX MOlitHO CJAH'fit 

0 B8DpaBJJ8mDI II6p.8TOKa, 8 T8Rllt8 HCDOJIJ>.30B8TI> HX npH OJ.t8HK8 CKo

pOCTH nepeTOKa K K0~8HT8 ~TpaqKH-CJJa6onpoaHnaeMHX OTJJo

EBRIII. 

fioJJOZKTBJJ:r.HBI ODHT OJ.t8HKB DpOHB~eMOCTH pas,l{e~X CJJOBB 

Ba ODHTHQM ~8CTK8 ~pxaHOKOI'AP8H8litHOI CMCTBMH 1{CeBepHaJI 

-~en Myraac.Kol pamium AsCCP) uSJJoliteii B paeioTe n.n-~Cefum>:aa 
:a·H.T.I'aBpHJIOBa .[33]. 

. limlsue DO 3H8'118mUw KOI3®BQHSHTH WHJJ:r.TpaQHH IOpCKHX rJJHR . 

B DpeAeJJax Me~epCKOI BHSMBHHOCTB nonyqeau H.A.!e6eA8BOI B

Jl.H.BP.PeMOBHM (23] pa3JI.K'IIHHM111 MB'l'OAaM!ii: TepMOMeTpH'IIBCKHM, OIIH'l

BHMB O'l'Ka'IJKaMK Jol Dy'l'eM MOA8JJHpoBaHM •. 

3Jtcnpecc-oTKa~KJol B HSJJHBH B Olt!HO"'HH6 CKSallll'IHH 

B rBAPOreOJJorH'IIecxol~paKTBKe HSmJJH npBMeHeHHe KpaTKOBpe

MesHHe HaJJHBH (MrROBBJQml DO).tJJIIB) HJJH OTKa'IKH (MrHOB8HH08 OTTap

TOB&B8HB8)'BOAH B cKBBiBHax AnH OJ.t6HKH KO~J.tHBHTOB DOAODpOBO-

AKMOCTH H B0.1{00'1'A811H onpo6yeMHX DJJaCTOB. 

Te:mOJJorJAecKHe MeponpBHTHH no MrHOBeHHoMy DO.lfbBMY ypoBHH 

.BO~ B C~HB OC~BCTBJJHIOTCJI JJH60'Dy'l'6M 6AHHO~peMeHHOro HaJJHBa 

BOAH B SSA8HHOM 06i>eMe , JJB60 IIOrppeiUieM DO){ ypOBBH!> BO,l{!l eMKHX 

COOJAOBo MrHOBBHHOB CHKE8HH8 ypOBHJI OR83HBa6TCJI ~eKTHBHHM B 

DOpoAQX C MBJJOI IIPOHHI.t88MOC'fl>IO, ROrAQ rp~K DOim;:<eHHJI - BOCCT8-
HOBJJ8RBJI J.POBHJI M0lit8T·6H'l'Io CHJIT C AOCT8T0qft0~ TO'IIHOCTI>IO. 
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Jt7ul OJIHTHHX HarBe'l'aBBI BJIB B8JJJJBOB BO,ltH MODO Dpmi8JUI'fio 

paspa6oT8.BBlll B MRCTIITyTe I'li~Jq)onpoex'l' KOMDJI!'lt'f ~pbBaBBoro 

o6opy.ltOBaHMJI YKH-IM JIJDil KOMDJ.I8KT OHB-I. B COCTaB KOMJIJI8KT8 

YKH-IM BXO~T T8MUOB C ea6opOM CM8HBHX pesRBOBHX KOBe~ ~ BSORE
Il11111I Y"!8CTKOB CKBalEHH 1 pacnp8,1t8JiliJ'i'eJI1>ROe JC'l'po~C'lBO JtU peryDpo
:aaBlfJI saraeTaeMOro· pacxo,Ita, eauopsHe pyxaBa ,'ltDJI coe,Jtm~e!WI aaco
ca C 8T1Dol YC'l'pOIC'i'BOM, Mep.B!ile 6aRH ~ JIISMepe!WI paCXO.lt& 11 ~ -

R8JDill8 HS BBX nplll O'l'cy'l'C'i'BD B8COC8. 

KoMIIJieK! OBB-1 npe,ItRaSHaqeB lP!S BCJIH!'SHJIS. CJXIIX BJISC'l'OB n:y- -
TeH &arHeTaus B BU BOB1cyXS, O,ltHaxo o& uoze'f 6sn ycnem&o npBue
BeB 111 .JtBS sxonpecc-aMHBa. B CSOJI:&DIJIIBO!B~ CJ.1111aeB .JtBR aToro 
,ltOO'faTOqao HcnoB:DBOBa~ TaMnOBH ma KOMDneK'fa OBB. 

fipB MI'HOB8HR!i1X DO,IPDmaX JU.IJJ O'l"l'ap'l'OBtmSIIMX B COBepmeBBHX 

cKBaDuax noJUilleBlle ypoBBS B .moCSol M:oMeB'l' BpeMeBB MOD'l' CSH'l'lt
onpeneJieao no cJie,ItyJllllei sam~cBMoc'l'JII [ 36, 42]: 

1 
S0 = s; K* (To ; .J1) , . _ (!4) 

rne $0 - nosneoe ypoBBS B cRBa.Dise npu MrBOBeRBol O'l'lt811-

xe JU.IJJ DOBHIII8BBB yt)OBRJI; 

KM{f;;JA)- cJmmmm, SaBJICJDIIM 0'1' CSespamrepsoro JiapaMe'l'pa ' 
ro p·:. ar -.-'o--,;,r • . . . 

c 
.JI' - KO~eR'l' BO,ltOOT,JtaliB. 

~ K * ( f; ; .JI) BBB®Bee DO.J«lo6Ho TaCiy.mpoB8.R8. B pa6o'l'e 

Kynepa Iii )lp. ( 42), B8 OCROBe p80118'1'0B KO'l'OpYX DOC'l'pOeRB r~, 
npoenemme aa pBc. 7. .lt7ul onpeneBe!Df.II xoa@)BltlleB'l'& ~'l'pano 
CB8.JtY8'l' <J!aK'l'B118CDe MHJIH8 &aCIJIII)teHBI 38 . DOBBJIIeBBeM ypoBRJI B 

clCBUi.Uie noCJie OKOJAao.s: oTKB11Kl1 B8ReCTB sa rpa~ B xoop.ltHB8Tax 

Sq- fnf B *DOJIY"!8HIIyl.• TaDM odpa30M KPlfBYlD COBM8CT.H:D 0 ~.ltBOI 
n xpnra K (/;;,11)-lnf;. np:m: nBeoTBOM ssa11eBD .J1f • Dpa &'1'0111 

oc:r. a6~cc s'l'aJIO~ KPHBLIX B «mt'fneCKOro rpa~ CIYJteT CM&Dte

aa aa BeJIII1DIBJ [ 0 =..!C.._ , O'l'KY.lt8 2 a r. 
a=-c-

- . to 
3H8.1I B8D11BBH jlf If Q B BCBOB:r.3JJI OCROBBH8 BHPSJK81111.1I ~ 

lt0~8B'l'S III>830npOB<wlOCTll, H8XO,lti!T BOJ,tOnpOBO,ltBMOCTlt 

Km =_a ·jJf. 
B ,1t8B88 KO~eBT WHBI>TplmJIIB. 2 

llpB ,Jt11B'l'8B:r.HHX Ra6.mo]J.e:•z.s:x, KOr,Ita f >. 2.;-!0 ..iff-. BllleCS'O 

mrp&lKeBU (14) OX8SHB88TC.II cupaB8,1VIBBRM CJ1e.eylllll8e: 
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ct1 2 
,Jfl I! -s. = c 

1J .. ~t (!5) 

ft'K1.1Ul, J1DI'rHB8S, "''fO _po =Km' , IIOJI1'f8811 
s.' 2 

K ~ +~~t . (16) 

EcJm DpJIWlT:& ~ 1ftO B 6.miaralmel K CKB8JDIBe 80B8 BO,II;OBOCBOro 

~Bft B npoitecce oiDml ~e'lca zecmd peDM WBAT
~. '10 BO,II;ODpO~,JIJDIOC'H> MOll8'l dBn 0Dp8,11;8.118Ba HDocpeAC'l'B8B-

50 0 COO'fBOIII8JIJIUI 

'ilrz d3·=2'1{Km d.3 (I'1) 
dt dr 

Y'lliiTHBSJI, qTo u:sas ,sen ero B &'rOM CJJ11188 pamra pacxo,v, 

DOC'f()SJIJIOMJ DO. :&pellf8Rll, lllOlKIIO 88DIIcaft 

'!{r.2 dS -q (IS) 
c tit -

HIJ 
f/10 

......... -t"\ .......... "" ~ ' t'\. 

..... 1\ \ \ 1\ \ ..- \ \ \ \ ' . 
1\ \ ~\ ~ 

,.\ ,_.. 

~\ ~ ~ 
r-<e r--

• \ ~ 1\ 
~, -

\ \ 1\ q._ 
\ ' 1\ \ ,, 

...... I\ \ \ \ 
\ \ \ \ 

' 1\ \ \ 
i\. I • 2407C ~~ B • 

·~· 40 1!,0 148 

· he. 7. I'paqsm 88BBCJIMOCD: O'fBOIIIeJIJIUI HKJIIlero sauopa 

B CKB8DB8 R D8pBOJI8'18JJ:&:~ OT D8paM'e'l'pa ~:&8 

. ( t;=r.r- ) . 
G -
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llpHIDIIM8Jl Q Z'l£;:"30 , rJte .11 - seKo'fopoe <SespasMepsoe 

tiJln'fP8JUIIOBROe COUpoTJIBJleiiJIIe (AM COB8PJDe,JtBOit CKB8DB& B IJJJ8C'l'8 

c P8Jt1YCOM Roll'l')'p8 DB'l'8JDUl r.K , N = tn-'L ) , UOJll"ISeM 
'i: 

r. Nfn~ 
.f.' . s, 

K 
1fm(t2~t,) 

(I9) 

rJte 81 B S2 - uoJJDeioui JPOBBH B MOMes'l'i.r BpeMeHB t, B tz. . 
.U. pac11e'1'a opOBJ1It8eMOC'fll aecoBepmelfBBX «ntm>'l'POB - m.esoMe'l'- . 

poB <S.muoro TB118 - saimcBMOcn (19) BcuOJDosoBUac:& B.M.mecT&Ro

BBM (IO]. 

ICCJI8Jl()B8BJIIR CKB8DB CUOCOCIOM UOl[!&"'KB rasa 

UpB &'l'OM cuocoCSe B CDSDHJ, :rene RO'l'opol repMe'fJ111Bo sa

KJlH'l'O, ROMDp8CCOpOM BJDI O'l' CSaJ.uroaa U0,1tR811BB88'l'CI.l C1!8.'l'HI BOSJtYX 

BD ras c paC118'1'0M d'l"l'ec&eHJIJI JPOBBB B8 aecxom.xo MeTpOB. Te~m 

UOltl'f811RB rasa MOZ8'1' <San opoBSBOJDoHHM, 'l'O.U.RO UO lt8JDIIiM aa6Jm
lt8BBI ~eoCSXOltilMO 8B8'1':& dH ( t )" - B8M8B8BB8 JPOBBB BO BpeMeBB 

B Q ( [) - o<St.eMBHI .JieCSBT CRB8DBH B IJJJ8C'l'OBHX yc.DOBIUIX BJIB. 

V (t) - oCSmee BSM8BeBB8 OCS'J.eM!l llllltROC'l'B B ·cTBOJie CRBUJIIfH. 

Jl,mi OCSpado'l'EB OUH'l'BHX )t8.BJDIX MOJt8'1' dun BCDOJII>SOBSB JJIIOOI 

BS Me'l'OltOB oCSpaCSo'l'RJI KpQHX BOCC'l'81lOBJI8BIIJI JPOBBB C yqe'l'OM opB

TOKS BO.lnl B CRB8l111B,Y. PacCMO'l'pBM, B 118C'l'BOC'l'B, BOSMODOC'l'l> npz

MeBeBM cnocoda r.H.Bapes<SJia'l'Ta [5,12]. 

4H{ft) .)1 I 1,26fl ) . 
J!l(jJ)- ftV(jJ) 0,16J Km llg~-lgft _, 

AH(JJJ= r AH(t)e -..Btdt. 

V(8) =! V(t)e -)td.t , 

(20) 

{_21) 

(22) 

r,11;e jJ - DOC'l'OBBBOe "IIBCJIO, paCCM8'1'pBB8eMOe RaE uap&Me'!'P, :mt
dllpaelld B SaBI!ICBMOC'l'B 0'1' DpOltOJID'l'8JI:&BOC'l'll BCCJI8.D;OB8Bd -CeK -~ 

IJyC'l'!. :tiMell'l'CI.l RpJ1BH8 BSM8B8BIIJI B8110p8 B CRBUJIB8 B pesym.

'1'8'1'8 BB'l'eCBeiDIJ! llll'Ut"itoc'l'll r&BOM B JIISMeBeBBB 06'.&8M8 DltEOCTJI B 

CTBOJie. }lag UOC'l'pOeHJIJl rpa~ JPSBB8BBB (20) B80dXO,li;BMO BB

Opa'l':& secxonxo saa11emd uapaue'l'pa ft . OCSH11Bo np11IBBM811'1' TPB• 

118'1'1:1P8 SB8'18BIIJI: MllHBII8JilJBOe, M8RCBM8JI:&BOe m UpoMezy'r011BH8, 
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JICXO,JUI liS. CJI8.QillllliX YCJIOBJII: 
MJIBIIM8JiloB08 388'11811118 

. /{ = 2ts 
.;:rmin T .• 

l'Jl8 T - ocses opO,AOJID'feABOCft JICCJI8JlOJ181111&. ceK; 
1118l'tCJIMa.'P soe &Ba'lleoe 

ftmax· =<2,5+3> fimln ; 
upoM8BJ'f011BYe asa11eDB jJ oope.JteJDDJ'fCS n opB<S.mmeRIIBX puesMB 

.Pmin ft~. A . 
ftz ~= ftmax · • . 

Jl,m JmJ!QtOrO S&a'lleBu - sSlto-nmn 3Ba'lleBe secodCDe~· 
JIB'l'erpUOB (21)" J1 .(22f.-·Jtm Hero· B JtpDBe· .4H(t) Jl V (t) 
seodxo.JtBMO BDBcan JIOMBBiifil JlJIBJIJI JJJlll B8Bie'flll'n. TO'IID BSJIOMB. Bee 
'l'O'IIl'tll JI8JlOIIIB'Jip08l't'fJipymCJI B8 om. adCQBCC Jl Jllll8py!JfCS :a.. Ballp8B-

Jl8BJIJI .CJleBa saupuo (0, I, 2, ••• j,. . j +I,. It). ltJm BCex '1'0-

118l't OJip~JleJDDJ'fCJI 86ClliiCCB . lj • COO'fB8'fC'lBJiliU[8 OPJUU18'fB AH('tj) 
B V(lj)o . 

b'ferpBpoB8BJ18 Oeylll8C'fBJJJI8'fCJI no npB(S.lniDBBOI ~PJIYJ18 

· .. · LIH(ft)=~fK 4~+!= Ll~ (e -JJtj - eflti~1) .• 
. ) J'7D 14'} tj . (23) 

• Bu'IIIICJIJIB .IWl KalQOro~· mm jJ BeJDIJliBJJK AH (ft) • V ( fl ) 
J1 DOJIY'DIB OTJIOID8BJI8 lp= iJ , nOJIY'I8Il'l' JICXOJlBB8 lt8BBB8 ,1lJUl 

DOC'fPOeDB rpaipDa yp8BII 20) 

JJ, - ~ ; fi,- ~; 
ftz- ~ ; ), - ~ 

Jl p8C'II8'f8 B8JIJI'IIJIBB /( m Jl ~ 
'C 

DpB6JDDit8BB8JI OU8JIB8 80B8,1J,ROI npOR!!JReMOC'lJI IJJJ8C'fOB 

no lJaiiRNM 0 nor.nomeBD DDOMBBOliHOI DPPC'l'JI 

B upouecce CSypeHBH 

DOrJiomeHBe opoMHBoliHol ZR.JtKOC'lJI B nponecce poTOpsoro CSype

BJIJI D08BOJUI8T KOCB8BBO CJ'Jlllft 0 CpaBBJIT8JIJ>HOl npB8MBCTOCD (BO
Jl006HJIAHOCTB) ~88JIJ111BHX ropBSOB'fOB, BCBPHBBeMHX B paspese CKB&
ZJIBOI, Jl COOTB8TCTB8BHO BH6BpaT~ nep~eK'lJIBBH8 ropBSOB'lB AXH 

,PIIPOCSOBBDB. B COOTB8TC'flmll_ c IIP'IIBB'fBM cy1!Jl8BJI8M 0 'l'OM, 'll'fO DPB 

, O~OCSO~ . OJlliHO"'JJO:I CKBBDBH B8Jn11DIB8 BOJtODpoHBUBeMoC'lJII oope-
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]1;8JIR8TCJI D8paM8TpaMII DpliiS86obol SOHH, Ott8Biii:Ba'l'Jo ~TpattliiOBBH8 

xapaRTepJJCTmm DJI80TOB OK88HBa8TCJI BOSMOJtHHM TOJIJ:.KO DO ,JtaHHYM 

o nornomeBHm qwcoroi Bop;e. 

RaJJ6onee npep;noqTBT8JIJ:.BO DpOB8]1;8BB8 'f8KOro pop;a liiCCB8]J;OB8-

BBi Dplil dypeBBB ODHTBHX B paSB8]1;0~ CKBaZBB poTopHYM CDOC060~ 

c ~6paoruoi npoMHBRoft. DpB soroM cnocode 6ypeBBR o6ecne~eorcu 

BaB6onee sap;eaaoe onpep;~neHBe rpaaynoMeorpmqecxoro oocoraBa Bcxps

:eaeMHX nopop; Bcne::.tcTBme npax'fBqeCKB nonuoro oorcyorcTBBB p;m~pes

ttBailJIB pHXJIHX o6pasOBaBBI B BOCXO,ltfDQeM DOTOKe nyJIJ:.DH { 46) • .Aaa
BBSH rpaByBOM8'fpJJq8CKOrO COCTaBa BO]J;OBOCHHX nopop; DOSBOBBIDT cp;e

~'l'Jo KOCB8HBY8 BHBO]J;N 0 paSBOI DPOBBU!8MOCTH BO]J;OHOOHHX.OTAOXe

BBI. KpoMe 'fOro, STB ,JtaHBYe MOry'l' 6HTJ. DpOBepeHH !18 OCHOBe aua

BBSa DorBOIIl8BBB BO,ltH B pas~ BB'i'ep~X DpOXO]J;KB CRBaJmHB •. 

DpB poTOpHOM 6yp8BBB C o6p8THOi DpOMHBKOI JC'i'O~OCT:r. C'fe

ROK CKBBDRH o6ecneqw:eaeorCJI BS6H'i'OqBYM p;aueBBeM coron<Sa BO,JUI sap; 
CT&'fBq80KIIM ypOBB8M B CKBamiHe. IlpB STOM, KaF. DpaBJI!BO, B· ORBaD

Be DOlOl8PllllfB88'1'CJI DOCTOJDUIYI ypoBeB:r., npeBHJBaiOIIIBI Ha 3 M B 6oJiee 

OTMe!RJ CT&TJ~qecxoro uan~pa B nnacore. 

norno~eBBB Bop;y B xop;e 6ypeBBB B nocJie ooorSBoBRm pasxmqHH 

no Benmqmue,B saxoaOMepuocTB nsMeHeBBH paoxo~oB norJiomaeMOI npO
·MYBo11f!oi D)tKOCTll MOry'l' 6&'1'Jo ucnonso:ealm ~ xapaxorepBc'l'BK11l 

~Bn'i'paQBOBHOI seop;uopop;socTH nopop; B paspese." Op;uaxo BaB6~ee 
npep;noqTB'f8JIJ:.BO DpOB8]1;8Hll8 Ha~eHBi B DepBO~ OCTaHOBKI 6yp~HliB, 

xorp;a npoliSBO~ cuycxo-no]J;'J>eMHHe onepaitD no RS.P8II!IIB8BIDD 6y
poBol KOJIOBHB. B STOT nepBO]J;, Korp;a BSBeOTBO DOJIOJiteHBe sa60B 
CKB8DHH, BHaqe roBopa, coreneH:r. ee secoBepme.e:cTBa, BaJimq]IHS :so
p;onpoBO]J;HMOCD BCK.PJmU. nopo::.t MOlleT 6HT!. onpe;n;eJieH& .HBJU nyTJl-

Mil. 

B nepBOM c:ayqae B CBcoreMe ttBP1tYJUillllll BO)lbl, B oicTobue B 

lK8JI06ax I:Ol0l8p&B88TCJI DOCTOBBBHI ypOB8BI> s Ilpl2! 8'l'OM IDmtCBPJ8TCJI , 

pacxop; no.wmasoi B oorcro~ :so;o;a. IIpm crra6JTJJIB38IzylE paoxo- · 

p;a Jlf DOCTOJlBHOM. ypoBBe BO,IlH B CRB&DH8 BSJIJillniBa BO]J;ODpOBO,JUIMo
CTB paccqg'l'HBaaTCJI DO ~pMJJI8 ;JlmrmJI C DODp8BKOI Ha H8cOBepmes

CTBO no c'l'eDeHll BcKp&TBJl DJiacrra. J{aJiee aeJiod, coe,w.~.HJIII'Jlllld cKBa

lltBJij" C OTC'fOIJmKOM, MOlite'l' d&T:r. nepeKpHT B, IIO p;a!IBHM 0 D8p;8BBB 

ypoBU, no oCStmlol MeTO::.tBKe paccqg'.l'LlB8eTCJI B&JDABHa Km npB 

BSBeCTHHX D8p8Me'l'p8X· rp&ql:ua S - fn t . 
Bo BTOPOM cnyqae npo:nBO.ltllTCR sa6JIIQ1leHIIm sa na::.teHBeM ypoBBJI 

B CKB8DB8 DpB Dp8JPIOJIOJt8BlQ'l, qTQ B R88 DpOMSB8,11;8B MI'ROBeHBYI Ba

nBB. nn& 8TOrO UOCJie BCKpSTBJl BO]J;OBOCBOro D~&CT8 B DpOXQ::.tKB ero 
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B8 Bec5oJilo11111D r.JlYdny, KO'l'Opaa Dp0113:BO;IVIITCS :B Tnemle B8CltOJD>RIIX 

IIJDBY'l'o llteJlod, DO,nBO~ :BOJI:! 113 OTC'l'Oimima, nepeKpHli88'1'CS,B npo

BO~CS sa~HJIJl sa D8Jt8RBeM ypo:aB.B :ao :apellleBR. 3ft ,ll8HBHe mc

non:aymca upm pac"ieTax npOBJ1tt8eMOC'1'111 oupodyeMoro cJJOJI. 

TaKiiiM odpasou, upm dypes:rm cK:B8litHB poTOpBHM cnocodOM c od

pa'l'HOI IIpOMBBKOI Ilp8JtC'l'tu!JJJ!8'1'CS :BOSIIIOJtBOC'l'l>- O~es:rm KOaifxilmJ;IleB

'1'8 ~Tpmum :BCKPH'l'HX nopon yze :a np~ecce ee ooopyxeBIIUI. IlpH 

&TOM CJJ8JI:18'f omeun I '1{'1'0 ,ItaHBHe 0 CBDeBBJil ypo:sB.B B CD8lUIB8 

DOCJJe BBJJD8 C DOC'l'OJUDD.JM pacXQAOlll li1 CBJIJlt8BiilB ypoBBS: JipB SKC

npecc-aanm:ae (:BCKpgTBJil BOAOBOCHOrO DnBCTS) DOS:BOJJHm'l' DO~'l'l> 
:BeJIIABBY KO~eBT8 ~TpattJDI :BO,JtOBOCBHX O'l'JJOU.BIIIi des BJIU

BIIlSI II&Me&eBBR npo~aeMOC'l'Jil nopon B npHsadoiBol soae. IlpH npo

:sene.BIIIB aadJJIO,ll;eRIII :a xone dypeB!IR aeodxo;JVIIMO od~'l':& :a.IDIM8BIIIe 

B8 '1'0 1 "i'l'odH .p83ROC'l'l> ,liji.I~8CltOro II C'l'8'1'111'1{8CltOrO ypo:BRel B 

cKli8.DBe :a KOHQe onpoc5o:aaBBR dwm He ueaee 3 u. 

I'WABJIMliECIGIE COilPOTiiBJIEHWI CKB.mlH M METOltbl 1dX OUBGI 

IJapaue'l'pH IIJJBCTa, -noJJY'I{aeMHe npm &Kcupecc-onpodoli8BJIII O,lijl.l

ifO'I{RHX cltB8.iUi'IB :a nponecce m:x coopyll[emui Ill no oKb~NSBD dypemm, :a 
SR8"iJJl'l'8JJ!IBOfi CT8D8Rlii 88BBCST 0'1' COIIpO'l'KBJJeRBI npmsadoiRol SOBH. 

B CUSJI C a·'fBM npB p8C"i8'1'8X napaueTpo:B IIJJBC'l'OB Olt8SHB88'l'CS Beod

XO,JUIMHM J1DITHB8'l'l> COIIpO'l'BBJ18BBJI cSMoi CKBADBH II IIO'l'epH R!UIOp8 

H8 tul>'fP8 B B Ilp~KJJ:&TpO:BOI SORe. Ilp1! MBCCOBOIII OupodoB8BIIDII IIJJB

CTOB CKB&DBaMI O;JVIIBBltOBOI KOBCTpyRltD[ AOC'l'8TO'I{BO Oit8BB'i'!l OOilpO

'lBBJJeBBe B BeKOTOpHX ll3 Bl1JX C '1'8M, 'l{'l'OdH p8CC"iB'f8'1'!1 01Ip8,1{9.!1Jl8MH8 

1I8p8Me'l'pY IIJJBC'l'8 BB8 38BIICDOCTB 0'1' CDOCoda coop_y:aeBBII lil KOH

CTpJKit& CltB8DJIH. 

J1pJl p8C"i8'1'8X CKBSDB rB,J.q)8BJIB118Clt08 COilpO'rBBJJeHBe OK88Hll8-

e'l'CH J;!tOdBHlll npeACT8BJJJIT:& :a BRAe coupoTBBJJeBIIR IJ'JJaC'l'8, onpeAe

JJJieMOro ero i{la.nTpaitJIOJUIBIIIIII c:aoiC'l'li8MH, reOMe'l'pneCKHMIII ocodea

aoc'l'JDIJI, ycJJoBBJDIB Ba ero KOB'fYPe, P8lllllfil0llil OTKa'IIKlil 11 AOIIOJDDI

TeJJ:&BBX CODpOTJIBJieBRI, odyCJJOBJJ8BBHX B8C~pllle&CTBOM CKBSDH DO 

Cftli8BII 11 DpaKTepy BCltpH'l'U IIJJBC'f8 • IloA ·l'BJij)0.10'1JlBMB'!{eCD HeCo

BepmeBBHMII DO C'1'8DeBR BCltpHTBJI IIJJBCTa CJtBS~HBMif DO.IIBMBlD'l'CH CKB8-

Jill!Bl:i ,ae DOJJBOC'l'l>ID :BClq)HBalllllUI8 DJUilC'l' (AJJBR8 BClq)HTOI "i8C'l'Jil IJ'JJa0'1'8 

u&nme ero MOIIIIIOCTB) • B.lm.mme sororo BQa. aeoo:sepmeac'!B8 upoCJJe

moaeorcs B OJtB~POABHX liSOTpODBHX IJ'JJaC'l'SX B8 p&OC'l'OSBIIJJIX, paBBHX 
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JIJDf BeCKOJI!tKO 6oJIJ.mBx MOJQHOCD u.nacTa. HecoBepmeBcTBo Do xapu

Tepy BCK,PHTJIJ! DJJaC'l'B B COOTB8'lC'lBBJI C 0Dp8Jle.JI8BJI8M B.H.meJJI<a'le

BB [38] OK83HB88TCR CBIIS8BBRM C KOBCTpJlCIVIel cpua.Tpa B, T8K ll8 

K8K B8COBepm8BCTBO DO CT8Demt BCKpBTJIJI, SBBliCJIT OT .reOMeTpne

ClDIX OCo68BBOC'fel BO,lODpB8MBOI 'll8C'fll CKBalOIHB. Jl*PMBIOUi JJBBJIP.. 
TOKOB B ·cBJISJI C Ba.JJnlleM cpua.orpa, COrJ18CRO ,l8BB1IM 8.Jl8K'l'pOMO,le.DI

poBSBU,B8 Dp8BBm88T JtBJX-Tpex p8.li1JCOB CKBSDBB (44). 
B COOTB8'l'CDJDI C DpJIJUI'rOI CX8Ma'niSSJV181 ~Tp8IVIIOHH08 co

DpO'DIBJI8BJJ8 DpJI DpiiTOK8 BO,lH B CKBSlDIR)' (pzc.8) paBBO 

K = iJH. . 
~ Q . 

JI IIIOD'l' t:SBU. Dp8,lCTBBJ18BO cyMMOI BBeJIIIIerO JI BRJ'l'P8RH8ro CODpo

'liiBJl8BJII 

o •-- He-Hn 
"1/J Ulf/!IIIIF . IJ II 

r,le He - D8PBOBa1fliu.BBI jpOBeJri. DO,l88MBHX BO.l 'Jf.O OTK&'Iltll; 

H0 - JPOBen BO.lH B B8ROTOpoM c.e'leBJJJJ BS. pacC'l'OJIBJJJI 

K0 0'1' coaDBB; 
Hal- ~OBen BO.lli :s- cRBBDHe; 

Q - pBCXO,l CKB8DBB; . 

IJH = He- HCKI • 
PUMeps soRB c p8.li1JCOM K0 , B KOTOpol oem uecTO .lODOJI

BIITe.&BHe DO'l'8pll BS.DOpa, ODp8,leJIJII)TCR.CryDl8H118M JDDid TOKO~, 
CBII88BBHX C. IIBJIII'IJII8M D8piflopattBOBBBX OTBepc'l'd, B8.pymeHII8M IIpOBII

It881110Cft BOpo,l B Ilp0Il;8CC8 (SypeBU II DpOK&'IKII II B8COBepmeHC'tBOIII 

cKB&nRN DO C'l'eueo BCK.PH'l'JIJI DJIBC'l'B. PeSJ.U.TB'l'H BCKPBDJI DpB-
. i)JI&~BHX SOB CDf!QB DOEBSBBBJ)T, 'liTO pa3M8pY SOB lleM8BTBIU111 II 

06pym8BU M8JIODJlOHBll8eMHX DOJlO,l BBXOJ{IITCR B Dpe.le.n&X Tpex-'llem

pex pQBJCOB fJB.u.Tpa (13). CJ.te,lOBB'l'eJildiO,B8JIJJ'DH8. R0 oripe;~te
JIB8'1'CR C'feDem.m BecOBepmeacTBB CKB8DHH, 11 ee 11103HO npBBIIn . K0 
=U+I,S)m. 
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Ana X&paKTepBCTBKB BSdSToqssx DOTep~ sanopa B Dp~TPOBHX 

80BaX CRBBDH B p&C118TBH8 8BBBCJIMOCTB, ODBCBBBIIIIIII8 Ilpll'l'OK K CKBa

DJBe, Xepc'l'OM B BaH 3BepuBreBOM [ 43,47] dBJJB BB8.1teBa despa3Mep

S8JI B8JIB1DIIBB ~ - DORa3B'l'8Jilo CDB-~K'l'B, J11B'fHB8IQTII B co:eo
·KynsOM BB,lt8 ~eCKBe DO'l'eplil, 00yCJlOBJI81UIH8 H8COBepmeBC'l'BOM 

CKB8DBH DO xapBK'l'epy BCKPB'l'JJJI B JJBpymeBBeM C'l'pyK'QPH DOPO.lt B 

upo~tecce 6ypeBBs B upouqu. C BBe,JteBBeM ~ noBDeBBe S9 B 
_ 6ypoBOI CKBaDUie, pa60TBIIIQel C DOC'l'OJIBIIYM pacXO,ltOII (/ -)Ulll Bpe-

MeBB ( , Dp8,1tC'l'BBJIJ18'l'CS B BB,lt8 

r,Jte 

q 1,_ 2,2Sat ) 
So= Sc+4SHc= #7CKmt'" ~2 + 2~ ' 

c 
(24) 

Sc- DOHB.JteBBe ypo:eu, o6ycJJoBJieBHoe OTKB11Kol Bs co:eep

meHHoA CRBBDBH; 

AS8(r .ltODOAHHTe~aoe noBB.JteHBe ypoBHR B pesy~TBTe seco
:eepmescTBB cKBBZBHR. 

IIocaonuy B DPBWBn'l'POBHX sosax CKBBllt!IB upuTnecKB pe 

11epes se6~mme upoMezyTKH :epeueHB upB uoc'l'OSHHOM pacxo,Jte OTKB11-

u ~pMH})yeTCJt KBBSBC'l'BIV'IOBBpBHI peDJM, ,lt1lJl 0Dp8,1t8Jl8BBS DOKBSB

Tena 06o6meBBoro CODpOTBBJI8HBS MOltHO C ,ltOC'l'BT011BBM OCBOBBBB8M 
UpBMeHBT:& 4J<>PMYJJH .llJomaH-4opxrefi!Mepa 
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(25) 
no:msaTen I'BJQ>8BJJH118CKOro CODpoTBBJJ:eJIBS N onpe,lteJUfeTCJI 

B 38YCIJMOC'lll OT rpaHJAHHX JCJIO:BH! :a DJJaC'l'e llfJDt CJICTeMe DJiaCTOB 1 

8 TaDe OT KOBC'l'pymnm BO,Jt038CSOpa. 3&a118BHJI 8'l'Oro DOR838T8JrJI 
npgo,;JUI'lcs: B paC:SOTe ~.M. Eo11e:aepa,. H.B •. rap.toaosa B l'@• ( IO} • 
.Uono.mmTeABOe conpoTJ~~MeBJie :a coODeTCDBB c DPJIIBS'l'OI paaee cxe-. 
Ja4lftl38Itllel no'l'OKB. MOlleT ·csan ope~TSB11eao :a· B:r.Qte 1f1l1X CJr81'8eMHX ' 

~ = ~1 + 42 t (26) 

rne ~ 1 111 42 - oo:msa'l'eJIB coopo'l'liBJleBBJI, oopene.mewe cooTBeT

cTBeRBo aecoBepmescTBoM no CTeDeBB B xapaKTepy BCKP&TBJI nnac'l'a. 

llaBBHe DO BeJD11DIBe coopoTlUIJleBBI, oCSyCJioBJieBBBX aeco:aepmea

CTBO~ CKBaDHll DO CT8D8BB BCKpH'lJIJI DJiaC'l8 (~ 1 ) , MOryT Cl&'flo D0-

Jll"I8Rll B Sa:aBCJJMOC'lll 0'1' COOTBOmeBBJI ,lt1DIBH1 ,Jti118M8'fP8 ~Tpa B 

MO.SOC'lJI BO,JtOBOCBOro nn&C'1'8 DO rpa~, DpBB8,Jt8BBHM B pa6oTe 

~.M.Boqe:aepa B l'@• [IO]. 
BTopoe CJI81'8eM08 {~2 ) B BHp8llt8BD (26) ope,ltC'fSBJIS!8'1' coeioi 

KOMDJieRCByl) xapaK'l'epBC!BKJ :acKp&'l'JIIJI nn:acTa. To oCSc'loJITenc'l'BO, 

'liTO BeJDI'U.IBB 42 38:BHCJI'l' 0'1' KOBCTPJKQD @II.U.'l'pa CKB8m!IRR 1 ero 
I'liiJW8BJD1118CDX OCOCI8BBOCTel, BSMeBeBBfi B 'CTpyK:eype JII BO,JtODpOBB

Il88MOC'l'J4 oopon BCSJDISI/l cRBBmum, a oorJtQ OT "Uic'l'IJ'moro BJIB DOJI

soro SSM811l8BBJI BX MaJIODpOBB!lBe!IOIMII oopo.uMB ~tpo:BJJJII :a opo~ecce 
dypeBU :II 8BCDJlYBTaipDl 0 ~8MeB'f8IPDI o:opO,Jt B DPB~TPOBOI BOBe Ill 

sapaC'l'SJDfJl OTBepcTBI .pu:&'fP81 TJPCSJJD188qll!ll DO'l'OK8 y CKBUBBB1 

DpeJl()Dp8)t8JUI8'l' BCKJIIRB'l'8.6Byl) CJ10&0Cft DOJJY1!8BU 'fO'IIBOro peme

BBJI JtJ1,II DOJIBOI OQeBBB sTOI uc'tll coo:po'l'DJleBfiLfl. B o::SmeM :BH.Jte :ae

J11111l1H8 t; 2 CiiJiaJumaeTCJI D CJl~ OOC'l'8B.MDI\IIX (_8] : 

4z = 4z, + ~211 + •(ul.ll , {27) 

~ec~ J~R.JteBCSMB •w•, •u•, ·s~JI." oCSossa~eHH conpo~eBBJI, 
oCSyCJIOBJI8BBH8 COO'l'B8TC'l'B8HBO 4)B,.n.TpOM, DOpO,JtOI II OTKJlOB8DeM 0'1' 

mmeboro saBOsS ~'fP&JlHII. B 'IISCTBOM. CJ1111&e. op11 coxpaseBIIII 

JIBBeboro 88KOH8 'f8'18HJISI H8 BCD Dy'1'JII qJJviJ.tp~ DOR888T8.6 o6- . 
OCSIIl8B&OrO CODpO'l'JIBJieHU ~e JIBJJJI8TCJI CJMMO!'tt OODJlO'fDJI8BJIJI 4)B,.n.T

pa m opm~JI&TpOBOi SORB C B8M8B8BBOA DpOBB~aeMOCt~m. 

BoB888feJDI, BXO,JtRIIIIIe B JP8BB8HB8 (27) o <ParrfieCBB xapaBT8-

PII8Jlll'l' D8paM8'fpH CKBUBB, Ka'II8C'fBO paCSoT DO JIIX 6ypeBJII) ll 

oc:aoe.BIDl). Ho TSKIIe oapBMeTpH RaK ilpommaeuoc-r:& o:pmsaCSobol~soBH, 
DOR838Te.U. oCioCS~eJia:oro CODpo'l'l!BJieBJIJI ((BtJIJ.Tpa II !1p~'l'pOBOI 
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. ' . . - . 
aomc-111 Y.Ite.J.tl>Biii ,1te6111T aeo6xo,1tBMo onpeJteJf.llTio ae--roJII>RO -nplll-o~eBRe--

, eqxpeitTHBHOC'.l'B 6ypeiD11! B OCBOBHB.II CRBalltBH, HO B npB pacqeTSX napa

MeTpoB IJJ18CTOB no O,ll;HHO'iHBM CitBalltliiHBM B npa!tTB"'BC.ItB JllDCSOM MBT0lt8 

sxcnpecc-onpo6oBaHB.II. IIo.KasaTeJmMB I'Jlltpa.BJilRecitoro conpo'l'Ji!BJieHJU!. 

C.KBammH MOryT smru1T:&M: 06061lleHH08 conpoTHBJieHHe !PBJI:&Tpa B np:a

!PBJI:&TpoB01lr SOBS C.KBalllllHH, DpBBe,lterumi ,lJ;MaM8'JlP BJIB .KOeqxpmuteR'l 

·!PBJI:&Tpamm nopoJ:t B soae, np:ra.nerBlO!Ilei .K !PBJI:&'lpy. Bee STB no-

. ItasaTeJill xapa!t'l'ep:rasym J:tOno.mmt.reJI:&HBe ~ecRBe oonpo-

TBBHeRBS npzsa6oiao1lr SOHH 111,- no OYTB ltaRa,SKBHBaHeRT-
RH ~yr ~ycy • HaJICSoJiee . Ba)teJKRHe. BBa'I:!8BiiSI B8Jllf'IHBH nOK888'f8JIJ'l 

0006D(eBBOro OOnpoTBBJiemm c))BJI:&Tpa Jr1 npJ$Ul.TpoBOA SOBH OxBaDRH 

MOry'l' CSB'r!o n9JIY1:J:8RH npB RaJlH'Illlli1 SaTpyCSsoA CRBADHH, p80DOJIOlt8B

BOI B8 paoc'l'OJIJIBB 0,5-I M OT BOSMYJIIBDitel CRBSDBH. IlpB '1'8KOM 

paCDOJIOEeBHI.BaCS~TeJI:&ROI CKBSXKBH (aa~pyCSsoro DD830M8'l'pa) 

npell;OT8BJIJ'l8TCH BOSMOEHHM y'l:!80'l:& DOTepH sanopa, o6yOJIOBJI8BHH8 B8-
JIH1:J:Jr18M ~HJI:&'l'p8 H OBH38HHH8 0 Jr13M8R8BlfeM DpOBBQaBMOO'.l'B BOltOBOOBHX 

nopolt B npo~ecoe CSypeBDS li1 aKODJIY&~ cKBaZBB. 

IlpBCSJIBlltBBHall B8JIH1:J:HH8 DOKaS8T8JIJl o60CSIII8BBOI'O OODpOTBBJI8RIIS 

MOllt8T CSHT:& DOJ!yq8H8 C BODOJI:&SO:aamieM DD830M8'lpoB, YC'f8B8BJDIB88-

MBx 0,1tHOBpeM8BBO 0 c))BJI:&TpOM 8KCnJIY8T~OHBOill CRBSDRH. IlpH BTOM 

BO BCBX CJIY'I:!SSX Dp~ll;n0'1:!THT8JI:&H88 38Tpy6BHI DD830M8Tp YOT8BaBJIH

B8T:& H8 MaKCBMaJI:&BO BOSMOlltHOM y.u;aneHBB OT OT8HOK IPBJI:&fPS, B8Dplii

Mep, npHBHSHBaB: x sanp~ <PosapSM. O'I:J:eBBJtHo, liTO B JtBBBOM 
cnyqae Mil MOllt8M nOJiyqlf'llo JIHIII:& B8JiiAHBy ~ Ztp , KOTOpM T8Kllt8 CSy
.1{8'1' Blfllte o6oCS~eHBoro conpoTBBJieBBa npBcJ)BJI:&'lpOBol aoBH. 

llOCKOX&RJ BCSJIHSH OKB8lltHBH nOTOK li1M88T paltH8JlloHHfi xap8KT8p, 

'1'0 B BTHX YCJIOBBSX CDp8Be)1;11Bll8 ~prqJia llJoDJDH l'I K98®Bin18H'l 

!PBJI:&'lp~ DOPOlt B npHc))BJI:&TpOBOI SORe OKB8lltl'IBH MOllt8'l CSHT:& ~CC'I:!H
T8B DpH BMe~ca JtBBBHX 0 p8CXOlt8 li1 ypOBHRX B D:&8SOMeTpe Jr1 

CKB8DH8 DO ~prqJie r. 
Qtn ..:...tL 

/(.= 'i: 
n 2nm(S0 - S,) (28) 

rJ:te Kn - xo~eHT c))BJI:&T~ nopoJ:t BO ~parMeat.re n:&eaoMe'l'p-

CKBalltHR8 r RO'lOpHill xapaRTepH&ye'l' Iii OODpOTBBJI8Blf8 

IPU:&'l'pa; 

~ - p8CCTOSHB8 0'1' OCB OKBBXBHH ltO D:&830M8Tp8j 

Sn- DOHHllteHHe ypOBBR B n:&esoMeTpe. 

llpl'I JI13B8CTHOM KO~~eHTe ~BJI:&Tp~ DOPOlt B npHc))BJI:&TpOBOit 

SORe CKB8lltHHH MOlltBT CSHT:& paCC'iHTaH DOK838T8Jllo oCSodmeHHOI'O CODpo-
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'l'IIIBJ18DJl ~.fpa Ill np$JII>'l'pOBOI SOHH Dplll Dp8.JOIOJIOllt8HIIIJII 0 11'1'0 upo

IDDl88MOC'l':& DOC'1'0JlBH8 BO BCeM paCCM8TpBB88MOM lflp8I'M8BT8 CKB8JIHB8-

m.esOMeTp 

~ = f K - 1 ) ln r;, (29) 
Kn . 'C 

rne K - KO~eBT ~T~ DJJacTa. 

Onpe,JteBeBBe 6espasMepsoro noKasaorens o6~eBBoro coupo!HBXe

BJIJI np$JII>TpOBOI SOBH (DOK888T8U CDR-~K'l'a) MOD'1' 6un npo

BSB8,11;8BO Dy'l'eM 8BUB88 lq)IIIBHX CBBllt8BJIJI-BOCC'1'8BOBJ18BBJI ypoBBJt. 

Teope'f111118CKOI OCBOBOI BCDOJlloSOBaBJIJl R1J1BHX ODp06oB8BBJI CKBa

DB npa seyc'faBOBBBIDeMCS peDMe JliWI8TCJt pemeBBe S8,1t81DI o jptu.T

paiUDI B DJJaCTe C KOJII>Il8BOI B80ASOP0.1tBOCTI>II, DPJAeM BBY'fPeBBSIB 
80B8 0 B qesorpe KO'l'Opol paCDOJ18I'a8TCJl CKJ!8DB8 • BII8M )tB8118Tp 2R, 
a BB~. rpaJDI1I8II¥UI c seA, npocupaeTCR B8 BecJ.Ma 8881DI'f8JII>BOe 

pacc'l'OJtBBe . ( 'l'eope'f11111eco no 6ecxoseuocu) • &ra 88.1Ul118 B CCCP 
BD8PBH8 BCCJIQO:saJIBC:& B.H.me.na118BBM [ 38] •. 

fipB6~RBOe pemeBBe B.H.meXKa118~Dp8,11;C'1'8BJIB8'l'CJt B BBA8 

S Q ftn T,ffi;l fn (K ) l -t ] ,= 2'it(Km)1L' r .,._ T (30) 

npa (rc:ser:rseJ ,_ 
S. Q • !n 1,5 ra;t 

2 2'/((Km)2 r 
(3!) 

DpB (iE,. Eoo} 1 

8,11;801. 51 B &z - DOBJIDBBS JPOBBB COODHC'1'B8BBO BO BBY'!',PeBBel 
B BB81DH81_ SOBBX 880ASOpoAB01'0 DJI8CT8 11PJ1 DOC'l'OJtBBOM ,11;86:1-

'1'8 CKB8DBB Q ; 
· (Km)1 • (Km)2 - BO.Jt~npOBO,ltBMOC'l'll sux· aos; 

a2 - xo8C)IDugleB'l' m.esonpoBOABOCTB BBemBel so~;. 

r - P8JtiYC-BeK'l'Op 'l'0118K, B KO'l'OpBX ODpe,JtenH8'l'CJl Do

BBllt88118 ypoBBJt. 
lopMyJJB (30) Ill (SI) DpB118BBIIIi npa. 88811BT8JII>BOI Jt&'l'e.GBOC'l'B 

O'mlliD [38) • flo SliM MOr1'f 6&'1':& 0Dp8Jt8HBH BeJlJI'IDUI8 BO,JtODpOBO.lUI

MOC'l'B BB8111Bel BOBB JLISC'l'a ( Km)2 • a DpB B8J1B1DU1 OASOI B86~
'1'8JII>BOI f?DUIIBB - B. BO,llODpOBO,IUIMOCfi Blll"fp8BB81 SOBB ( K.m) 1 • 

la.Jiee~DpB B8B80'1'BOit.B8XIliiB8 (/(nn~ Dp8~8BJIH8'1'CJl BOSM~OC'l':& 
oqeBII'l'Jo CODp0'1'BBJ18BB8 DpB~TpoB~I BOD Cimal!DUIJI. , 

BoJiee oorporoe pemeBBe S'l'OI 88Jll'IIJI D0Jty118BO r .H. BapeBC11aT'l'OM 
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H B.A.MaKCBMOBHM [5]. BMH J'C'l'8BOUeBo, liTO DpB <Som.JDBX -Jr 
(T.e. DpB dom.mHX P8Jt~IYC8X DpBSadobol SOBS IIIJIH M8JIBX [ ) ~-
ItWl BaDOpa B&p8Z88'l'CJI COO'l'BOmeBBeM 

Q , Q . T'i: 
H{t)= #7l(Km)1 tnt- 2'il(Km), tn lfii; (32) 

D.PB lnT=0,9?7I. 
COOTB8TC'l'BJDn!IM uapaM8Tp8M DpBBadobot BOBS. 0,JU18RO CJI8)1y8'1' 88-

M&TKT~, ~TO B p8CCMO'l'P8BBHX r.H.Eape&dJia'l''l'OM B B.A.MaKCBMOBBM 

1DJCJ18BBHX DpDMepax SaBBCBM~C'fit (32} OK8SHB88'l'CJI CIIp8B8AJBBOit ,JlJUI 

0~8~ KOpO'l'ImX DpOM8llt)"l'KOB BpeMeBJII Ill BHXOJtB'r 88 8CIIIMII'l'O'l'J', COOT

B8'1'CTBYIIIQYil DapaM8Tp8M BBem&ei" SOBS ~epes 0~8~ MaJJHe t (pill C. 9). 
3'1'0 cmiJteTem.CT:syeT o dom.mu, 11BCTO 'l'e~eCKBx TPYltBOC'l'JIX EaR 

C.IIJI'lBS:, .'1'8It Ill odpado'l'KB Ba.~BHX rpf$mOB DpOCJlemm&miR ypOBIUl 

B BOSMYJil8llllll81 CXBali!IB8 • Pac~e'l'H DORaSHBaiD'l', ~'1'0 IIpB B8.IIJI1DJlll DpB

sadobol SOBH pa.ltJ1YCOM 2 M 0 D:pO.m.maeMOC'fb!D, B"q8TBepo M8Bb

mel DpOBJJIUi8MOCTB BCero DJI8C'1'8, B81DJIW! C · [ =100 C8K.,KPBB8JI 

H{61t) pepeBBo BliiXO,IU'I'l' sa aCJIMDTO'l'J, BaKJIOB KO'l'opol coo'l'B&'l'C'fBY

eT IIpOJIB!UleMOC'l'll BB81DB8it SOBS. QqeBBJtBO, qTO NU18 B 'l'aKBX &eCSJia

roiipBR'l'BHX yc,.oBBRX no~n KPJIBYID DpOCJielUIBBlDIJI, xapait'l'epBsym-

111Y11 IIpl!l~'l'pO:eyD SOBJ ~ oqen Tpy)UIO. Ho 8'1'0'1' 118'1'0~ MOJ!t8'1' dHT~ 
BCDOJII>SOBBB Dpll aB8JIBS8. A8BBHX 01IpOdoB8BIIR DJI8CT8 C B8SB81DJT8~ 

BBMB KOs@.ili:I:OieHTaMB tPzJII>Tpaiti/IH · BO~OBOCBHX DOpO~ Ill yxy.liJII8BBOit 

IIpOBIIQ8.8MOCT~Jl Dplil~Jll>TpOBOI SOBH. EcJm pesym.'l'8'l'H odpado'l'KB 1/Ji

Jl'l' RPIIJBY'Il H { fn t) , odp81JteBBym BO~Ocnm BBBS, TO MOJitBO yTBepz-

1/Jift, ~TO BOKpyr CKBaDJIH BM88TCJI B8Cl>Ma CYJn8CTBellB8S (DO B8Jllil-

1DJB8 BJIB no cTeneBB sarp.Rs&eBBOC'l'l!l) JJPBiPUJ>TPOBB.II sosa. Onpe~e
JieBBe B8JDNBBB DpBBe~eBBoro pa,wayca CKNUPBS DOSBOJIJI8'1' paCC1DJ

T8ft DpoBBQa8MOCn IIp~'fPOBOit SOllY B B8KO'l'OpOM 88,lt8BBOM pa
~Ce. PaccMBTpBBaeMoe B81Ip8BJle.t;me onpe~eJieBIIR xapaKTepBCTBR 

IIpBt~B..IIll'fpOBOit SOBH DO rpaiplmaM DpOCJI8ZIIMBBR BSM8B8BIIR ypOBIUl 

O'l'pueso B padoTax D.II.IeJITOBB B A.~.BJIBBOBa ( 7 ,20]. 
AB8JIBs rpa@mOB DOBIDt8BIIR-BOCC'1'8BOBJI8BBJI ypOBB.II, 06HUO npo

BOJO'IMHI npB Oit8BK8 DapBYe'l'pOB BO~OBOCBiiiX DJIBC'l'OB (K09CP)iBitB8B'rOB 

BO,llODpOBO,ltBMOCTB B neSOIIpOBO,llBOCTB), TBUe MOllt8T CSH'fit BCDOJII>So

BBB )lJUI OIIp8~eJI8BIIR DOR8S8TeJIJI odOdllt8BiiOro COD:pO'l'BBJI8HJUI DpB

IPBm.TpoBOI SOBH DO O'l'pesxy, OTC8R88MOM;Y B8 OCB Op,llHBBT. Qqe:BB,ll

BO, qTO ODpe~eJieBBe c;z BOSMOlltHO JIBdO DpB JIJSB8CTHOM K0~8B
T8 ~eSOIIpOBO,llBOC'fB, JIBdO DpB B8JIB1DJB rpaiPBKa IIpOCJI8lltiiB8BJ4R XO

'l'$1 dH no O,llBOii H86JI11Wi'l'8Jll>HOI CKBalltHHe. Mer.ro~a 0It8HKB 4 2 B 
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&TOM cnyqae .aHanOr,KqHa cnoco6y ero onpe~e~eHHs no ~RHM onuTBHX 
B axcunyaT&qHOBHHX oTxa~ex, o~axo ~aBnH~ecxoe con~oT~~eBHe 
D.DaCTa s~ecr. Jm.JU~eTCH nepeMeliBYM BO BpeMeHH ( N = 2• 21 a: ) , 

'(; 

PJJc, 9, l'pl$rmB _ BOCCTaHORreBIIIJl 
ypGBM B CICB8DJI8 C B8M8B8BHOI DpoBBit88MOCTr.l) 

npmsa6oboi sOBH 

Dpa saaqaTe~ paSMepax soBH nxacTa c msueaeBHol npoBH
Il8eMOcnm 1 ~'l'pa CJCBADBH BJJB MaJIOM aaa11eBHB ee xo~eB'l'a 
cf!Bnr.Tpano napoe'l'PH BB1'fpemel soBH MOry'l' pacc~~Tr.ca, KSK 
B CJ111188 O,IUIOpO)U{Oro ILI8CT8. no. B8118Jli>BOMY 11J8C'f'KY BSM8B8BWI ypoB-

M no~seMBHX BO.Jt, _ 
Onpe~ueBHe ~ z no Ba118Jli>BOMJ .1118CTKY rp~B BOccft\BoMe

BHH J.POBM DpOBSBO~~ocr. DpB 06CR8~0BSBBB pa60TH CKBBZBB, o6opy
~OB8BB&X 6ecxapxacBHMB xepaMJNecKBMIIl ~':l'paMH, B KpacsoJtapCKOI 
xouuexcsol reORorneoxol axene~. BoccTaaoueBBe ypoBM B · 

It8R'fp8Jlr.BHX OKB8DB8.X rpKCBpOB8ROC:L DB8BM8'f'B118CKBM ypoBReMepOM,. 

B pesym.Ta.Te _OliH'l'OB BeJmqag8 ~29~· B . XBJX CKB8.
lmll8X OOC'famrJia COO'l'B8'l'CTB8BHO. !,8 III !,93, 8 K0~-

8B'f' ~Tpmum xep8MnecKr/IX 6ROKOB - 0,368 III 0,!30 WCY'l'KH· 
no ~8BBBM OTR81!8K, DPIII yCTaHoBlmmeMCSI pelltliMe ~'f'-
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paiUm,DPJI :ris::eec'fl!HX JiapaMeTpfiX IIJiac'lOB s.&.a"leiWI KOaqxp!IIXBeam 
w:ur.TpaiUm KepaiiDII'IecKBX 6Jlo1t0B cocTaBliJJIIII COOTBeTcTBemo 0,42 ll 

0,!30 PI/CytrR111. CJle~OB8TeJI&BO, BoSMODOCTI> O!l9BKll B8.mABBH. ~ 
R8K DO B81Wil>BOMy J1mCTXy r~a BOCC'.f8BOBJ!9BIIIJI ypoBBJi, TU i 
DO J'I8C'!'KY, COOTB9TCTByJllii9My D8p8M_eTp8M BBemBeiJ SOBH IIJJ8CT8, SIB-

M9'1'CII ,ltOC'.f&TO"UUO o60CBOB8BBOI. . 

Or.teBRa uapoeTpoB Dpnadoboil aoHH ( coDpo'lBBJleBlll ~T

po::e, HaXO,IglliiiiXOJI B KOB'l8RT9 C BO~OBOCBIDIB DOp0,11,8M11) MOlleT JIPOBS

BO,JUifiCJI DO Jl8BIDilll p&CXO~O~eTpD. O'r. B9.Jm11BB: .J'f* 'f , paCC'm'l8B

BHX upm as::eeoTBOM pacnpe~exeBD ::exo~ cxopocTei,MOlKBO Depei!B 

K SIJB"IIeBBSM ~ 2 • B9JDilDIBH ~ 2 1!1 .J11 'l , onpe~exeBBHe B Jiadopa

TOPBHX ·111 DOX8BBX JCXOBI!ISIX AM CTaB,l{apTBHX KOBCTpyKitd ~TpOB 

11 -CKB8DB,. aeot1xo,AHMo J'lll'l'JiB8'll> np111 sitcnpecc-oupo6oBaBD BO~o
socBHX nxac'l'a::e, y-qBTHBU, "liTO se6oxl>moe BOSMJ~QeBBe. IIJJacTa onpe

~exseT:DoxyqeBlle COBM8CTBBX xapaKTepBCTHK B Dpi!IS860IJBOI 30~ 
- CKBBJmB B IIJJ8CT8 •.. 

. -0~0 B8o6XO~OCTI> BB8C8BBR DOop&BOK Ba CODpOTHRBeBBX 

upBSadoABBX sos Jl WDI>Tpo::e cKBaDB BOSBBK88T . o6H"UUo JDtllll> npm 

JXY)UII8BBOI BX . IlpOJIIIIl88MOCTH . ::e· cpaBB8BJIB C IlpO.Bllll88MOCfill IUI8CT8 • 

npm ctporoM co~eBD·TexsoxorBB ::ecKpHTBa BO~osocsoro DJiacTa, 

. OdeCDe1D!B81DIQei MBBBM8JII>&y1D ~eWCPMlU\liDD BO~OHOCBBX DOpo~, 111 Ilp8BBJJl>

sOM DO~GQpe ~~pOB C ~01-CKB&ZROCTI>ID DOT8PJ11 BSBOpOB B 

npBsa60ibmx 30saX B83B8-qjJ'f8Xl>BH lr'l Be OR88BB8JD'l' CYJil8CTB8BBOrO 

BJ!I!IBBBR sa paCC"IIBi'llB&eMH8 uapoeTpH IIJJ8CT8o 3TO DO~TB9PJI,B.88TCJI 
p88JXI>T8T8MB 0Jl8HKB ~OCTOBep&OCTB Dexy-q&eMHX D8p8M8TpOB BO~OBOc

BHX IIJJ8CTOB, IIO A8BBfllll 8KCupecc-onpodOB8RWI CKBamiB. 

OitEHKA JJ;OCTOBEPHOC'Jll PESYJIDTATOB 3KCI1PJOC:C-OIIPOBOBABHH 
BOJJ;OHQCBW( I'OPHSOB'l'OB 

JlnH Oll8BKll p88JXI>T8TOB 8KCDp8CC-onp06oB8RWI BO~OBOCBBX ro

pBSOB'l'OB MOlltHO BCDOX1>80B8'll> ,nHCDepCBOIIHHft 8BB.Jm3 1 Ilp14M8BRllliiiJliCJI 

Dpll 1118;y"II8B1/1B CT8D8Bll BJ!I!IBBBR B8CR0Xl>KI!IX M8TO~OB sa p83JXI>T8TH BX 

BCCX8~0B8Blll [25]. ~ DpOBe~eBHH asaxHSa COCT&BnR8TCJI KOM6BHB

.ItPlORBU T&d.mma, B KOTopol IlpBBOA!ITCJI .J«lBBH8 0 B8XIr'f"qBB8X BCCJ18-

JIY8MOrO uapaMeTpa IJJI8C'.f8, paccUTaRBoro no pesynTaTaM 1fJJYX JUDI 

Cioxee MeTo~o::e. Co::eoeynsocu ::ecex SHa11eHHi uapaMeTpa, paaMellleBHHX 

no RXeTKQM ROM61!1B8IlPlOBBOil T86nB!lY, Dpe~CT8BXR8T CT8TBCTB118CBlll 
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KOMnn8KC ~8HHOI C!PJK!JpH. fio CBOei C!vJK!ype KOMnn8KC Mo.Be! 
<San O~OWU!OpHIDI, ~ByJ$Ut!opm.m B !.~. 

llpB no~cqete aanacoB B npoeK!BpoBaHHB paaBe~ uectopo~eBHI 
no~s8MHHX Bo~ aeotSxo~o asatJ. cpe~aee aaaqeBHe DapauetpoB nuac
ta, aanplliaep, · KOa($1IUieH!a tu~>tpaJ.lU. ()qeu qacto otSflell BCXo;!t- _ 
soro !PaftHqecxoro uatepHua CSHBaet 'Ol'paaneaHIDI. Ilpu &tOll uoze!! 
Ba<Snm~a!J.CB cnyqal, ·K01'~8 KUee!CB B8~KOXDKO ODpe~eneBHI KO~B
IU18H!a WBnDtpaqaa I , paccqutaBBoro DO pesyn~.tatau DpBMeaeBBs 
aecKOX»KBX ueto~oB ODpotSoBaHHa ~ o!Kaqex, axcnpecc-ueto~o~ 1 

~.~. B !aKBX JMOBBG oupe~eneHHe cpe~aero saaqeoa it no l&B
BHII O!KaqeK HnB DO ~IIBYII 8KCUpecc-Ue!O~OB 88 UOE8! CU!8!J.CB 
~OC!a!Oq&o H~8EHHM B CBBSB C UBIHU qJIOJIOU O!~eii>BHX ODpe~e

~eHBI. B !0 ze Bpeus O~e~B8BII8 paa&OpOAHBJt DO CBOeMJ DpOBCXOE
~ellQ ~8BBHX B OtSIQYil rpynny DOBHCBJIO 6H B~8EBOC!D OD~8118RIIB 
cpe~ael BMBUP aa cqet peuqeBBs uc~a O!~e1JDBHX aaaqeol IC. 
Ho otSfle~HeRBe pasaopo~BHX ~aama: Boauozao miDI}) tor~a, xor~a · 
ueto~ ODpe~e~eRBa I ae ~set sa BenKqBBj D~eBHHX aaaqeBBI 
WBnD!p8fUIII. 

TaKJUI o6paaou, B08HHK88! 88l&qa Oit8HD MIHIIMS paanBqBJa 
ueto~oB onpe~eneBBa.aa BenBqmay KO~IUI~Bta WBX»tpaQBB.PemeBBe 
3!01 88A8U 118!0~0U ~cnepCBOHBOl'O a&anB38 {O~BOWSJt!OpBHI KOMD
~8KC) uoaao npocxeA.!l aa KOBKpetaou npauepe. 

}biH 0It8Hml BUBHIB B08H8U l&BBHe onpe~81l8BBll K08WPaiU18H!a 
Waxi!P&IUII oDepeE&D .. u ueto~ou 1 npotSaol otxaqxol B necqaa~ 
l'JIJ!RIC!.'HX 0!~038HBSX. flo 8!'.D l&BBIDI. DOC!pOBM KOM61118IUIOBByiD 
!atS.uQ'. 

onepealD~e.e onpotSoBaue 

1,23 
1,62 
1,95 
2,75 
3,39 
3,4'7 
4,90 
~.or 
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1,29 
2,~ 

5,01 
8,71. 
9,33 

II,22 
I39I8 
t3~49 



onepemmqee onpot50JI8BIIe 

5,25 
5,37 
6,31 
6,46 
7,59 

10,23 
10,47 
18,20 . 
ss,n 
96,31 

n1 =18 

I.K'=I63,62 

Dpoxo.aeoe Ta6JI. 3 

npoc5B8SI O'lDAKB 

13,80 
14,13 
14,45 
15,14 
15,49 
17,3& 

. 18,20 
19,95_ 
21,38. 
21,88 
22,39 
29,51 

CpeJUD~e ua:qesu Ia?~es'fti ~TpalWI no peay.nm'f811 one-. 
pe3811il81'0 onpoc5oB8BJUI Mcm:, BO "JUlBBBII O'fKa'UB 110! B 0~ cpe;~t
IUII! B8 ODpeJlUeal odo1101 118'1'0Jallll I 0118BJili8MCJI C BCDO.U.SO:B&

JDIEII Jl811BBX,npueJl8BB&X B ft0Jl.3. 
rx' 

lion = ~ = I~A62 = 9,1; 

rx" 
M. = _t-_· = 288002 =14,4; o.. n2 2 

., = [K' + f K" = 163.62 + 288.02 II 9 
• n, + n2 18 + 20 = ' • 

SaHli BSXO,ltR'fCJI CJI~e BeJDI'IDIBB: 

· t6 = K - II · - O'l'IUIOHeoe KU.JlOro 11a 31181lead xoacfxPmnleea 
\Pfn'l'p8111111 OT OCSJilel. cpe.uel_ (118aa:BBCDIO OT 

M8TO,U. Onp8Jl8Jl8BU) ; 

~on -;,_ K'- lion - O'l'IUIOII8BB8 KU,JlOro 118 3R8118ad KOalJJ1Bn;II811T8 
({llil.n'l'pa!UDI, onpeJtueiiBBX no Jl8B1IHII on, OT 

CBOeit Cp8Jllleit; 
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dJ.. =M -M 
-MoT OT . 

- OtKJIOB8HB8 KaJlQ.{Ol'O 118 SBa"!eHHi K0~-

8BT8 I))Tvn.TpaqJ~R, onpe,~te.neBBoro no .JtSilBHM 
OTKa"'KKI, OT CB08i cpe)Uiel; 

- O'i'KJIOR8BJ/I8 cpe)Uiel, ODpe.JteJJ8BBOI no NlJI-
BHM Ofi, OT 06~el·cpe)UI8Ii . ' 

- O'i'KJIOH8BJI8 cpe)Uiei 1 ODp8,11;8JI8BBOI DO ,JtaH

BHM OTKa"'KJJ, OT 00Dt81 cpe)Uiel. 

llOJIY1!8HBH8 B8JIB"'KmJOTKJIOH8HJII DpJIB8,11;8HH B Ta6JI.4. 

ODJioeeHBH 6 xapaRTepmsym ;oo~ee paccemme Bcex 38 ssa"!e

al K0~8RT8 I))Tvn.Tpalpm OKOJIO 06~eit cpe,11;Hei, BOSH]Utmee K8K 

B pesynTaore npiiMe&eHJIIa paSJDJliHHX MeTO,D;OB oDpe,D;eJieHJIH R, Tax 11 

B CJIJI1 APJI'BX DpJ!1UIIH. 

0'l'KJIOH8HHJI tf, OD II fP OT X8paK'l'8pB8JIOT p8CC8JIHII8 0'1',11;8Jilr:" 

HBX ~BB"!8HHI K OKOJIO "'aC'i'HHX cpe,1tRBX M0D II Nbor• S'i'JI O'i'KJIOH8HJIH 

B08BIIlK8Jl'l' ses8Bllc11Mo oT Ma'l'O.Jt8 onpe,D;eJieHJIH R B CBIISaHB c APtrH
Mll npJ!1UIIBaMII (H8M8B"'JJBOCTl>lD DpO.HBit881VlOC'i'JI DO ~OIIlS.U :ti paspesy, 

H8JDI'qJfeM oD6oK 1181Vlepemd 11 T.D. ). OHB xapaxTepJJsym CJJy1181Boe 

paccemme. 

0TKJIOH8HJIH {6MOD II . 0 ~: XB,PBKT8p113yJOT O'i'KJIOH8BJII8 8R8"!8-

BIIII KO~eRTa c}}JI.Jn.'l'paitBJI OT o6~ei Cpe,D;Rei, BHSBBHH08 BJIM

.BlleM ronxo pa8JI111DII B MeTo.itax onpe,D;e.neRU R •. -· · 

Ina Toro, "''l'06H KOJIJI'q8C'l'BeBBO oxapSKT~pBSOBaTL 9Tll !pJIJ BJIJ

,Jta pBCC8SDDIJI, liB)tO B81Tll COOTB8TCTBYJOIIllrl8 nzcnepcmi, JtDJI "!erO, 

B CBOID 01!8pe,D;L, B8o6X0,1tliMO BBITII eyMMH KB8,1ij)B'l'OB Dep81DICJI8BBHX 

oTKJio&eBBI. Hcnonsya .tta.BBHe Ta6JI.4, ·saxoJtHM B8JD111JIJHH cyo 

KBB,1ij)8.TOB, xapaxTep~r~s~ o6~ee paccemme · S : 
S = l:<K'- M)2 + JCCR"- M)2= 1898,8+!059,6 =2959,2. 

CyMMa KBB,1ij)8.TOB ,S0 o'l'KJioseul, xapaxTepnYJ!~IW4x CJIY"'8ieoe 
paccemme R,onpe,D;eJIHeTca BYpaESHBeM 

S0 = "r:. rJ0 / + L 60 '1' 2 = 1755.,4+933,9 = 2sa9,S~ · 

0yuMa ~'i'OB O'l'KJIOHeBIIII $/tl 1 ~6yCJIOBJI8HIWX BJIIIHBII8M 

Me'l'O.ItB onpe,D;eJieBIIIH K, onpe,D;e.nseTca xax 

SM = [ 6M 2 + [.tOM 2 =!41,0+105,8 = 246,8. 
OD OT 

IlpoBepxa npaBwii.BOC'i'JI BS1mCJI8HJIH cyMM RBa,D;P8'1'0B DpoBSBo-

·,li;B'i'CH DO CJI~eMJ· COOTHOM8Hm!D: 

3 = SM+ S0 
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Ta0JIUJla .4 

K' K'-N (K!..Nf {10 )2 z K" K'~N (K'!..N/ tP. (@Afprl tiJQT 
2 

GN. @1111 ftPon) (6,,) 
'011 Non iflor 

1,23 -IO, 67 II4,5 -2,8 7,84 -7,8? 3I,9 1,2\:! -IO, 31 II2,4 +~,.3 5,2~:0 -I3,II I7I,3 
1,62 -10,26 IOG,1 -2,8 7 ,8;1 -?,48 55,£ .2, [19 -9,f;1 96,-Z +2,3 5, 2£' -I2,3I ~5!,.3 
1,95 -9,95 99,0 -3,8 7,84 -'7,15 51,1 5,01 -3,.E9 47,) +2,3 5,2P -9,3~ 138,2 
2,75 -9,I5 83,7 -2,8 7,84 -·3,35 ·10,3 8,?1 -.J,I9 10,2 +2,3 5,29 -~j, 6S· :32,4 
3,39 -8,51 72,4 -:2,8 7,C4 -5, 7I 32,6 9,33 -2, :~·'/ 

,. ~ 

+2,J 5,29 -1,07 2:5,7 · ... >,o 

3,4? -8,43 7I,I -2,8 7,81 -'J,-33 31,7 II,22 -O,S.3 0,5 +2,3 5,29 -3,12 9,? 
4,90 -?,00 49,0 -2,8 7,84 -4,20 17,6 1:3,18 +1,<:8 I,S +2,3 5,2~. -1,22 1,5 
5,0I -6,89 47,5 -2,8 7,84 -4,0S 1:3,7 13,49 +1,5:3 2,5 +2,3 5,28 -0,91 0,8 
5,25 -6,65 44,2 -2,8 ?,84 -3,85 14,[1 13,80 1,90 3,6 +2,'3 5,29 -0,60 0,4 

t; 
I 

5,37 -6,53 42,6 -2,8 7;84 -3,73. !'3,9 14,13 2,2'3 5,0 +2,3 5,29 -0,27 0,1 
6,31 -5,59 31,2 -2,8 7,84 -2,?£' ?,8 14,4.5 2,:35 6,5 +2,3 5,29 +0,05 0,0 
6,46 -5,44 29,6 -2,6 7,84 -2,,34 7,0 15,14 3 '"ll ,.:;i 10,5 +2,3 5,20 +0,?4 0,5 
7,.59 -4,31 18,6 -2,8 7,84 -1,51 2,3 15,4~ 3 ·-o . .).., 12,9 +2,3 5,29 1,09 1,2 

10,23 -1,6? 2,8 -2,8 ?,84 +I,I3 1,3 I?,J!.J 5,48 . 30,0 +2,3 5,29 2,98 8,9 
10,4? -1,43 2,m -2,8 . 7,84 +1,3'i' 1,9 18,20 3,30 ~39, 7 +2,3 5,29 3,80 14'4 

' ' 
18,20 +6,30 39,7 -2,8 7, 8<1 +9,10 82,8 I£1,95 8,05 . f.i!,8 +2,3 5,29 5,55 30,8 
33,II +21,21 . 449,4 -2,8 7,84 +24,0! 575,0 21,38 9,48 m?,9 +2,3 5,29 S,98 48,7 
36,31 +24,4! 595,4 -2,8 7' El4 +27,21 739,8 21,82 9,98 99,6 +2,.3 5,29 ?,48 55,9 

163,62 -50,58 1898,8 ~50,4 141,0 -O,If 1'7:55,4 22,39 !0,49 II0,2 +2,3 5,29 7,99 63,8 
2S,5l 17 ,·.~I 309,8 +2,3 5,29 '15,II 228,6 

285,02 +50,02 1059,6 +46,0 105,8 +0,08 933,9 



B pacCM&TpBB&eMOM npBMepe S =2959 ,2, a SH .,. S0 =2689, 3+246,8, 
T. e. np8RTJN6CD IIOJ1Y1!88M BeCI>Ma 6JmSDe 3B811eHB.I!. 

HessalfJITem.soe pacxoa,JteDe o6YcmteTCJl oJDBCSKSMB upm oKpyr

aeRD. 

JlJ1II BIAIICJ18RIIUI JtiiiCIIepClltl BeoCSXO~O KpOMe cyMM ltBBAP8TOB 

SB&'l'I> elite COOTB8TCTBy1DIIIIIe 11J11CJ18 CTeiieHeJ CB060,llY. IlpJI1. oCSDiel ,1tBc

IIepCHB 11J11CJl0 CTeiiesel CB060,llY paBBO 

C = -0+ n2- I= 18+20-I = ~. 
l1M xapaKTepmcTIIKJII paccemmR, o6yCJioBJieHBoro BJIJIJUDieM Me'l'o

.JtOB, CI=I, T8K lt8lt IIpJI BIAIICJ18BJIJI1 COOTBe'l'CTBj'lDIIIIIX OTIUIOBeBBI JllC

IIOJ!l>S~Clt JtBe B8Jnl11J11BH: M0II Jl1 MOT" 

IIpB X&pUTepBCTJillte CJIY11&1Boro p8CC8JUIJIJI BIAIICJlltiiJIICl> O'l'lUlOBe

RIUl OT,Ite.m.BHX oupe,IteJJead K aa CSase ASBBHX onepexallllJiero onpo6oBa

RIUl Jl_ O'l'K811KJ11 0'1' COOTB8TC'l'BylllllliiX cpe,ItBJIX. llJUI KU,JJ;Oit rpyiiDH ASB

BHX CB060JlRO MCme'l' MeBa'l'JoCJl n1-I Jl n2 -I 8B8118Hd · KO~eH
Ta i)Bnl.'l'p8IlJIIll. CJ!e,~tOBSTe.m.ao. ,1tJill Bcero oCS'beMa aaa;ms~~pyeMYX ASB

BHX 11HC~o cTeneael CB060.llY paBHo 

C0 = n1 -I + ~-I = n1 + n2 -2 = I8+20-2 = 36. 
Onpe,ItenHB cyMMH KBaAPSTOB OTIUIOBeHBI Jl COOTB6TCTB~e JIM 

11HCJ18 CTeueael CB060,llY, BlAIIICJDIM 3BS11eHB.I! .InlCDepCIIJl. 061J11lfl AJJC

nepcu 

62 = __§_ = 2~59,2 
c 37 

::::: ao.o~ 

,ItJI1CDepCBB,06ycJIOBJieHBaH BnHBBJ~eM MeTO,ItOB, 

~2 = ~ = 246.8 = 246,8; 
1 C1 I 

~bali Jt111CD6pCBJI, Be CBH88HBSH C MeTOAOM onpe,Ite~eBJIJi 

KOatix'f>JJttJ!eH'l'a cJlwn.'l'PailD, 

~2 =_.Eo_= 2689.3 = 74.7. 
0 c, 36 

llJUI JC'1'8BOBJI8HB.I! :BJil1IJIBim MeTD,W! onpe,IteJieRIIUI K0~8RT8 
~Tpa!lD. aa BeJUAJIBY K aeoCSxo,JtBMo cpaBBBn Be.mrnl1sy .ItBCnepc11111, 

BHSBaB!::yJO pasJIJJ1DleM Me'l'OltOB, CO ~bOA AJIICIIepcmei. C 9TOI 

ueJ!bD BU11HCBHeTCJl IIOKSS&Te.m. ·~'l'B11eCKOJl ,ltOCTOBepHOCTB 

74,7 
246.8 
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~ 0,308, 



IlO.JIY'I8HH08 SH8118HJII8 &~ Cp8BHMB8JDT C T80pe'lJA8CKBM (} T 
{ 39]. Ec.ml IY ~ < 9 T, pacxo~eBHe Mellf.DY .Jtl'ICnepcMMB MOl!HO c1DII
TaTh cnyqaiHHM, aecymec'lBeHBHM. 

B B8llleM npoepe saa11eHHe &~,PaBHoe 0,303. BH'DICJieao npB 
C0=36 H Cr=I. nxa TeopeTH118CKHX 11HCeJI CTeneaei C»o6o~ ~ =C0 = 
= oo Iii KT =Cr=l DOM'31lt8Hll CJI8,IIJ1CIItB8 ,JJ;Ba saaqeHJIUI @T ( IB] : 

2 -

IY T o. 5 = 2543 (P=0,5); 

9 T O,I = 6366 (P=O,OI). 
0TC~ B~O. 'liTO s,,paBHOe 0,303,SH81IJIIT8JlhHO MeK&me BC8X 

saa11e8HI TeopeTH11ecxol ~ocToBepaocTm 9T. CJie~o»aTeJihHo. onpe~e
JieHHe xo~eHTa ~nDTpaUBB no ~HHHM onepe~ero onpo6oBa
HJIIH He ~eT pesyJihTS'l'OB, CYDteCTB8HHO O'l'JIH118lDllntXC.li OT ~. 
DOJIY1J8HHHX npm aH8JDISe OTKa11eK. 0TCJD,Ita CJie.nyeT, 11TO pesynDT8TH 
onpe~eJieHHH KO~eHTa WHXbTp~m. no ~HHHM orr Iii OTKa11eK. 
o~opo~ m MoryT 6HTh o6~e~eHB npm BH11HcJieHHB cpe~ero K no 
DJIOotanm BCCJie.nyeMoro yqBCTKa. 

3TOT BHBO~ DO~TBep~eT pesyJihTSTH npe~ HCCJie~OBSBHi 
(3I] o paBaosaa11Hoi ~ocToBepaocTH pesyJIDTaTOB npHMeHeHHH onepe
llt810Dlero onpo6oBSHHs I!l npo6HHX oTxa11eK, 11'!'0 oqem. BalltHO npm 
DOHCKOBHX pa60T8X H8 BO.ny. 

3aKJIJDqeaJ/Ie 

YBeJIJAeHHe o6~eMa rx~oreoJiorxqecKHx uccJie~oBaaai npi~I»o.Jtl'IT 

K SH811HT8JIDHHM S8Tp8T8M cpe~CTB H BpeMeHH H8 npoBe~eHHe ODHTHQ
~JIDTpar(HOHHHX pa60T B CKB8DHax. B STOI CBHSH OCo6YJO 8KTYBJ1li
HOCTh npzo6peTaeT M8TO~ 3Kcnpecc-onpo60B8HB.li CKBaEI!IH ~ BX 
npe,11;BapBT8JIDBOrO HCCJI8~0BaHBH Iii DOJIY1183B.li npH6xazeBHHX CBe~eHHi 
o ~BJibTpaqmoBBHX c»olcTBaX nopo~. 

llpB 6ypeHHH CKBaDH B pWCJIHX nopo~ c npHMeHeHHeM rJD!HJII
cToro pacTBopa Moxao pexoMe~OB8Th npHMeHeHBe onepe~ro onpo-
6oB8BH.li ~ DOJIY118HH.li Ka118CTB8HHOI H DpB6JIHE8HHOi KOJIJAeCT»eH
HOI xapaKTepHCTHKH BO~OHOCHHX ropHSOHTOB~ Ero npHMeBeHJIIe OC06eH
HO nepcneKTBBHO Dplil BHDOAHeHHH DOBCKOBo-c~eM011HHX 1/I pa3Be~011BHX 

pa60T B YCJIOBHHX 11epe~CH D8C118Ho-rJIHHJIICTHX OTJIOMeHJIII. ~ 
BCCJI8~0B8HJII.li BO~OHOCHHX ropBSOBTOB B PHXAHX DOpO~X H8 rny611IR8X 
~o IOO M QeJiecoo6pasao npoBO.Jtl'ITh xpaTKoBpeMeHHHe oTKa11KB c me-
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DOX&80B8BB6M DpOCTYX TaMnOHOB nxR H80ASUKB RB&CTOB OT p8CTBOp8 
B OKBaDHe. 

ijpm 6ypeHBB r~60KKX pasBe~O~BHX CKBSZHH B yOTO~qaBHX DOpo
~ npBMeHeHBe BCDHTaTenei nnacToB H onpo6oBaTenel aa xa6ene no
SBOBBT DO~T& xaqecTBeBHYD xapSRTepBCTBK,Y BCKPHTHX CKBa!BHOI 
u.iacroB B M.fi npm6mmeHBYIO oneHKy ~TpanBOHHYX OBolcTB B~o
BMem&~ nopo~. 

appeKTBBRO DpHM8H8HBe paCXO~OMeTpBB ~ BHRBB6HHR r~6BBH 
saneraBBS B MOmHOCTB nnBCTOB BBB SOH BO~ODpO~eKBi, nxR BHSCRe
HI'UI ~~ neperoxa BBB soa norno~eRBI B cKBaZBae. Pacxo~oMeT
pu '1'8Kllt6 M.6'1' BOSMOliROCTI> Oll8RB'l':L DpH6JJJmeBHoe 3Ha~eBBe SOHaX&
HOi npOBHQ86MOCTB B OiteHBT:L CTaT&q8CKHI Hanop BO~OHOCHOro nBS~ 
0'1'8, l'JI)ijlaBBBqecU CBH8aBHOro B CKB8JKIIIR8 C ropBSOBT8Mll, BM8mtH
MH CYII!6CTB8880 OTBnBH8 HaDOpH. 

·HaneEBHe 3Ha~6HB8 napaMeTpOB BO~OHOCHHX nopo~ MOryT 6&'1'1> no
~eHH npm npomsBO~cTBe axcnpecc-RSBBBa BnH axcnpecc-oTKB~. a 
TaKEe ups npRMeae8BB cnoco6a no~qxm rasa. 

IIIH:pOKOe BH8;1ijl6HB8 B DpSK'l'Hicy' 6ypeHB8 OKBal:IHB 88 BO.lijl' poTOp
BOro CDOC068 6ypeHIUI C o6paTHOA DpOMHBROI q&CTOI BO~ol npe~onpe
~eAReT seo6xo~OCT:L HCUOX&SOBSHHR M.HBHX o norno~eRBH npoMHBoq
aol lmltKOCTB ~ Olt8Hlm 80BSX&BOI DpOHBU86MOCTB BCKpl>IB86MYX B 
paspese DJiacTOB. 

llpH pacqeTax uapaMeTpoB nnacToB, no ~HHHM sxcnpecc-onpo6o
BSHI'UI, MOryT 6&'l'h xaqecTB8BHO B KOBHqecTB6HHO OiteHeHH ~
qecxme DOTepB B DpB3860AHHx SOHSX ODHTHYX CKBSEHB C BCDOn:&SOBS
HBeM DORBsaBJ.Ii 38Tpy6HYX D:LeSOM8TpOB, a TSKllte nyTeM aH8JlJI!Sa Ha
~HI>BHX yqaCTKOB rp~BKOB DOHBZeBKR-BOCCTaHOBB6HHR ypoBag. 

~cnpecc-Me'l'o~M onpo6oBSRBS upHc~ ae~ocTaTKm. xap&KTep
HYe .J.VlJI onpo6oBSRBs o,usoqHYX cKBBDH,. xor~a !llCKSJ[eHll!e qiwn.Tpa
ItBOHRYX CBOICTB BOAOHOCBHX nopo~ MOE6T CK838TbCS H8 D0~8HHHX 
uapaMeTpax nnacTOB. lloaTOMY onpe~eneHBe PanHOHSB:&Ho~ o6nacTH npm
MeReRBB ~Oro M8TOA! B 3TOM cnyqae OC06eHHO BSERO. 

Eon1.moe saaqeame npzo6peTa~T s~qa oneHKH aecoBepmeacTBS 
CKBSEHH DO XSpaKTepy BCKPHTBS Dn8C'l'S, KOTOpas MOZeT 6HTI> O~o-
3Haqso pemeaa Toni>KO DpB CTaHM.pTH38llHB cpe~CTB 0Dpo60B8HI'UI. 
0DHT 0It8BRB ~OCTOBepBOCTB onepeza~ero ODp060BSHBS BO~OHOCHYX 
DBSCTOB ~ CpaBH8BBB C ~ RYCTOBHX OTKaqeR yKS3HB86'1' Ha ero 
nepCII8KTBBROCT:Lo 

B p&BROI CTBII8RB DepcneKTBBHO H BH8~6HHe ~yr~X, OIIHCaHHHX 
B o6sope MeTonoB onpo6oBSRBS Bo~osocHHX n~acTOB B nponecce 6y-
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peH11!.S: Ill no OKOIA8HHJ4 COOPJEeHBJI C!tBaDH.MOli!BO Q JB8peHHOCSJD Uo
naraT~, qTo 6onee mHpOKOe HX HCD0~30B8BH8 B np8KTHK8 6y~eT CUo
C06CTBOB8T~ noBsmesmm o6~ero ypoBHa ra~oreonorHqeCKHX Bcane~o
~. 
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